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1.1.3 MSHA Numbers  

 

The MSHA Identification number for Navajo Mine is 29-00097.  Section numbers have been 

assigned to industrial areas, existing pit areas and proposed pit areas.  They are: 

 

Watson Pit Area 001-0 

Bitsui Pit Area 001-0 

Dodge Pit Area 002-0 

Custer Pit Area 003-0 

Bighan Pit Area 004-0 

Pinto Pit Area 005-0 

Doby Pit Area 006-0 

Yazzie Pit Area 007-0 

Hosteen Pit Area 008-0 

Barber Pit Area 009-0 

Mason Pit Area 010-0 

Lowe Pit Area 011-0 

Dixon Pit Area 012-0 

Area 4 North Pit Area 013-0 

Surface Area 090-0 

 

1.1.4 Names and Addresses of Legal Owners of Record within Leased Area 

 

The names and addresses of the legal or equitable owners of record (known to Applicant) of the 

surface and mineral property within the leased area are shown below.  Tribal and Bureau of 

Indian Affairs (BIA) records are unavailable and cannot be verified by Applicant. 
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CHAPTER 11 

OPERATION PLAN 

 

11.1 LAND STATUS AND MARKERS 

 
EXHIBITS 11-1 through 11-6 show the land status classifications of lands within the Navajo Mine leasehold.  

These lands are divided into Pre-Law, Interim, and Permanent Program land classifications.   

Signs clearly identifying BHP Minerals and/or Navajo Mine, the permit identification number, and blast 

warning signs are posted at all points of public or permittee road access into the permit area.  Signs are made of 

durable material and will be maintained until bond release. 

 

11.1.1 Stream Buffer Zones 

 

Stream Buffer Zone designations have been evaluated and identified for the permit areas and lands adjacent to 

the leasehold (see Section 11.6.4).  A buffer zone was established in December 1995.  The requirements under 

30 CFR § 816.57 will be observed, and the zones marked as specified under Section 816.11.  Identified Stream 

Buffer Zone designations and authorized stream crossings are delineated and shown on EXHIBITS 11-9 

through 11-11. 

 

The markers are spaced approximately 300 feet apart and are routinely checked and maintained.  Any 

adjustments to the buffer zone boundary will be made as necessary. 

 

Activities that necessitate travel into or through the designated crossings follow.  Access to surface water 

samplers, access to groundwater wells, access to Area IV North for environmental data and resource gathering 

for future mine planning (i.e. surveys, core drilling), access for locals (public) use, and access for routine 

maintenance (i.e. powerlines, roads, Lowe Diversion outlet, etc.). 

 

11.1.2 Incidental Boundary Revision (IBR) 

 

The IBR appends an additional 106 acres contiguous with the permit boundary along the east boundary of the 

Lowe and Dixon pits in Area 3 as shown in Exhibit 1-2, Sheet 2 of 2.  The IBR area will be used for power 

lines and access roads, and to facilitate activities ancillary to mining and reclamation.  The IBR area will not be 

used for any new major facilities such as preparation plants or coal mine waste disposal areas.  The IBR area 

will not increase the size of the area from which coal will be removed beyond the existing permit boundary in 

accordance with the current Resource Recovery and Protection Plan (R2P2). 
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denoted based upon their in situ location in the soil profile.  The material found in the top 60 inches of 

the soil profile is called “topdressing”, while the material found deeper than 60 inches in the soil 

profile is called “regolith”. 

 

Navajo Mine will salvage all suitable topdressing for use as topsoil substitute. The maximum extent of 

allowable disturbance in front of the pit is 1,800 feet beyond the extent of mining (i.e., highwall). 

Topdressing removal will precede pre-stripping activities where required or to facilitate mining 

activities where no pre-stripping is required, refer to section 11.2.3.2 Overburden Stripping Method.   

The extent of topdressing removal will fully consider and comply with the applicable hydrology 

performance standards.  

 

The defined extent of topdressing removal will facilitate the ability to utilize opportunistic direct live 

haul of topdressing, which may result in increased reclamation success.  In addition, the defined extent 

offers greater flexibility in mining and equipment operations. 

 

Navajo Mine currently has no in situ reserves for Areas I and II. There is in-situ topdressing material 

remaining in Area III and IV North. This material will be direct hauled to active reclamation areas 

whenever possible. Topdressing removal activities are conducted in opportunistic blocks that maximize 

the direct haul and respread of the topdressing into active reclamation plots.   

 

Suitable regolith may be salvaged for use in reclamation as either topsoil substitute or root-zone 

material, or it may be spoiled if deemed necessary by the operator.  Regolith in each resource area (I, II, 

III and IV) will be salvaged or spoiled depending on the need for topsoil or root-zone material in that 

specific resource area.  Where practical and feasible, regolith that has been found  
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At the Navajo Mine, the pit names are also associated with area names such as; Area 1, Area 2 

and Area 3. The progression of uncovered coal is in linear strips as shown on Exhibits 12-02 and 

12-03.  Pre-Stripping is done in the deeper parts of  Area 3 and Area 2 to keep the total pit depth 

for the dragline under 200 feet.  Pre-Stripping is accomplished using a fleet of end-dump haul 

trucks and a front-end loader.  Pre-Strip material will be removed in front of the active mining 

strip and placed in final grading areas.  Information compiled from Exhibits 12-02 and 12-03 is 

on Table 11-25 (Areas Mined by Year).  This table summarizes pit locations, mining sequences, 

start and end dates of mining and approximate acres disturbed.  

 

Refer to Exhibit 12-02 for Area 2.  The current active pits in this area are Hosteen/Yazzie and 

Yazzie Overlook.  Pre-Stripping with a truck and loader fleet will occur for the entire area.  

Exhibit 12-02 provides specific stripping sequence by permit term year. Upon finishing the 

Hosteen/Yazzie and Yazzie Overlook pits, coal-mining activities in Area 2 will be complete.  

 

For Area 3, refer to Exhibit 12-03.  The current active pits in Area 3 are Lowe and Dixon pit.  

Exhibit 12-03 provides specific stripping sequence by permit term year.  Pre-Stripping with a 

truck and loader fleet in Area 3 will continue 4 strips ahead of the active mining strip. Lowe pit 

will be mined out ahead of Dixon pit.  Upon finishing Dixon pit, coal-mining activities in Area 3 

will be completed. 

 

For Area-4N, refer to Exhibit 12-03. Area 4N will become active in Pit development in Year 1 

and will begin mining in Year 2. Area 4N will remain active throughout the permit term.  Upon 

finishing Area 4N pit, coal-mining activities in Area 4N will be complete. 
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There are explosives magazines at the north-end of Lowe Pit which was built in accordance with 

the Bureau of Alcohol, Tobacco, and Firearms Division regulations 26 CFR Parts 181.198 and 

181.200.  This area is used for storing primers, blasting cord, delays, and wet hole blasting 

product.  See EXHIBIT 11-7 for locations of these stores. 

 

11.5.2 Coal Facilities 

 

11.5.2.1 Coal Storage 

 

The Navajo Mine has four coal stockpiles.  Three are field stockpiles located at railroad spurs, 

one is a field stockpile in Area IVN for operational capacity, and the last is an emergency coal 

stockpile located near the north area coal plant.  The approximate maximum capacities and date 

of construction of these stockpiles are: 

 

Name  Capacity (tons)  Construction Date 

Barber  1,500,000  1973 

Hosteen  800,000  1974 

Emergency   80,000  1988 

Lowe  2,700,000  1982 

Proposed A4N  2,000,000  2009 (estimated) 

Total 
 5,080,0007,080,

000 

 
 

     

 

Barber Hosteen and Lowe field stockpiles are divided down the center by the railroad spur to 

facilitate blending.  This division allows coal of varying qualities to be stacked on either side of 

the rail. 
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TABLE 11-3 

 

TOPDRESSING STOCKPILE APPROXIMATE VOLUME 

New Stockpile Name1 Old Stockpile Name  Approx. Volume 
(cyds)3 

Airport_TS Airport 1 9,919 
DBR12_TS_E2 
DBR13_TS_W 

Doby 1 
Doby R13 

732,845 
412,272 

HSR1_TS_S - 144,865 
BBR3_TS_S 
BBR5_TS_S 

 
Barber 5 

36,016 
164,829 

LWR1_TS_W2 
LWR2_TS_E 
LWR4_TS_N 
LWR4_TS_E 
LWR4_TS_S 

Lowe 2 
Lowe 4 

- 
Lowe/Dixon 1 

- 

250,338 
17,162 

716,713 
118,668 

0 
DXR1_TS_N 
DXR1_TS_S 
DXR2_TS_W 
DXR4_TS 

- 
- 
- 
- 

0 
372,164 
413,515 
899,820 

TS-401 
TS-402 
TS-403 

- 
- 
- 

60,333 
71,444 

148,000 
IBR_TS_N - 136,200 

 
 
 
 

Regolith Stockpiles Capacities 
 

New Stockpile Name1 Old Stockpile Name  Approx. Volume 
(cyds)3 

DXR1_RG_W Dixon 3 475,100 

LWR1_RG_N 
LWR4_RG_N 

Lowe 9 
Lowe 10 

 

1,818,552 
468,633 

 
 
 

1Topdressing stockpiles are shown on EXHIBITS 11-9, 11-10 & 11-11 (CHAPTER 11). 
  TS, Topdressing stockpiles.  RG, Regolith stockpiles. 
2Designates stockpiles that have snow fences installed. 
3 Volumes were calculated using aerial survey and/or loader count. Volumes do not include 10% 
rehandling loss so total volume will differ from 12-4 and 12-9. 
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Dixon Haulroad 

 

The Dixon Haulroad begins at the south end of Dixon pit, bends to the west toward the spoils, 

and then follows the regraded area north to the Lowe Coal Stockpile. The road will be used for 

truck haulage for coal mining and reclamation, and as an access road to south Dixon and 

eventually to Area IV North.  The road is designed to Primary Road standards per Section 11.5.6.  

The road design and location can be found in Exhibit 11-137 and 11-83, respectively. The road 

information is included in TABLE 11-11, Section 11.5.6. Hydrology information for culvert 

design on CP-128 is located in Appendix 11-V, with the culvert location on Exhibit 11-12E also 

in this appendix.  The road shall be constructed and maintained as outlined in Section 11.5.6.1.6 

“Roads General Performance Standards”. 

 

Burn's Pass Road 

 

The Burn's Pass Road begins at Turnout #2 (shown on EXHIBIT 11-81) and ends at the 

intersection with North Hosteen Ramp #1. 

 

This road is primarily a maintenance access road to North Hosteen Ramp #1 and the main 

irrigation line.  The road's sub-grade is mostly original ground that has been bladed.  The road is 

in good condition. 

 

Hosteen Haulroad 

 

The Hosteen Haul Road serves Hosteen Pit Ramps #1 and #3.  The haulroad is also the 

continuation of the Burn's Pass Road at the top of Ramp #1. 

 

This road is used mainly for hauling the Hosteen Pit coal to the railroad stockpile.  The majority 

of the road is built on reclaimed surface and is presently in good condition. 
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Area Peak Flow Sediment Area Peak Flow Sediment Area Peak Flow Sediment
(acres) (cfs) (tons) (acres) (cfs) (tons) (acres) (cfs) (tons)

S21 S21 13,492 1,561 13,076 1.0 13,332 1,527 13,029 1.0 -160 -34 -48 0.0
S34 S34 18,191 674 7,939 0.4 18,279 665 8,049 0.4 88 -9 110 0.0
S36 (lease line) S36 49,221 2,890 30,538 0.6 49,104 2,880 30,409 0.6 -117 -10 -129 0.0
S37(Outlet) S37 51,430 2,854 30,543 0.6 51,173 2,831 30,586 0.6 -257 -22 43 0.0

COTTONWOOD WASH
10-YEAR, 6-HOUR PRECIPITATION EVENT

TABLE 11-22

COMPARISON OF PRE- & POSTMINING AREAS, PEAK FLOWS AND SEDIMENT YIELDS

Yield 
(tons/acre)

SEDCAD 4.0 
WATERSHED 

DESIGNATION
Pre-Mine Post-Mine

Pre Post Yield 
(tons/acre)

Yield 
(tons/acre)

Difference From Pre-Mine
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The comparison indicates there is no significant change between the pre and post-mine peak 

sediment and peak settleable concentrations. For the same storm event the total sediment yield in 

tons per acre declined for the post-mine condition. 

 

11.6.3.11 Pinabete/Chaco Tributaries 

 

Three tributaries to the Pinabete Arroyo will be disturbed by mining activities in Area 4 North. 

The tributaries are identified as Tributary A, B, and C on Exhibit 11-77. The Pinabete Arroyo 

drainage basin is about 59.1 square miles.  A small portion, approximately 1.7 square miles or 

2.9 percent of the drainage basin will be disturbed.  The post-mining topography increases the 

Pinabete Arroyo drainage basin by 84 acres.  This is primary due to the topography changes at the 

drainage divide between the Pinabete Arroyo and Cottonwood Arroyo. 

 

A tributary to the Chaco Wash will also be disturbed by mining activities in Area 4 North. The 

tributary is identified as Tributary A to the Chaco on Exhibit 11-77. The Chaco Wash drainage 

basin is approximately 4,350 square miles. A very small portion, approximately 0.8 square miles 

will be disturbed. Due to the topography changes at the drainage divide between the Chaco Wash 

and Cottonwood Arroyo the drainage basin or affected tributary decreases by 53 acres. 

 

Pre-mining drainage density within the Area 4 North disturbance area was estimated to be 2.64 

mi./sq. mile.  Post-mining drainage density for the area was estimated to be 2.67 mi./sq. mile. 

The pre and post-mine drainage density are approximately equal.  This will achieve 

geomorphically stable conditions that are equivalent to pre-mine. 

  

Final Surface Configuration designs were developed in CHAPTER 12 (see Section 12.3, 

EXHIBITS 12-7A). For design of the reclaimed channels, see Section 11.6.5.3.   

 

Comparison of SEDCAD 4 predictions for pre- (see CHAPTER 7, APPENDIX 7-O) and 

postmining (see CHAPTER 11, APPENDIX 11-SS) flows and sedimentology are provided in 
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TABLE 11-30.  The comparison of the peak flows and sediment yields from the 10 year-6 hour 

storm event indicates decreases in flow and sediment yield in the post-mine conditions from 

Tributary B and C to the Pinabete that are sufficient to offset the increases in sediment yield and 

flow from Tributary A to the Chaco and Tributary A to the Pinabete. The total sediment yield is 

predicted to decline from 468 tons pre-mine to 346 tons post-mine. The total flow leaving the 

permit area is predicted to decline from 238 cfs pre-mine to 180 cfs post-mine. 

 

The runoff volume resulting from a 10 year-6 hour precipitation event in the post-mine condition 

is predicted to decline from a pre-mining estimate of 30 ac-ft to a post-mining estimate of 23 ac-

ft for all the tributaries combined. 

 

The SEDCAD 4.0 modeling for the 10 year-6 hour event indicates that the predicted peak 

sediment concentration for Tributary A to the Chaco and Tributary B to the Pinabete in the post-

mining conditions are similar to pre-mine even though the predicted peak settleable solids 

concentration increased from 8 ml/l to 9 ml/l and  0 ml/l to 11 ml/l, respectively.  The increase in 

peak settleable solids is attributable to replacement of premining badland areas (clay-rich) with a 

postmining sandy loam soil. The clay rich areas will increase the suspended solids concentration, 

while sandy loam areas will decrease the suspended solids concentration and increase the settable 

solids (sand) concentration. 

 

The modeling also indicates a decrease in peak sediment concentration for Tributary C to the 

Pinabete in the post-mine condition that is sufficient to offset the increase peak sediment 

concentration for Tributary A to the Pinabete. The peak sediment concentration for Tributary C 

and A to the Pinabete are 41,628 mg/l pre-mine, 31,607 mg/l post-mine and 9,517 mg/l pre-mine, 

15,224 mg/l post-mine, respectively. The overall sediment yield, all tributaries combined, is 0.4 

tons/acre pre-mine and 0.2 tons/acre post-mine. 

 



11-202a (11/04; 02/11)

Area Peak Flow Sediment Area Peak Flow Sediment Area Peak Flow Sediment
(acres) (cfs) (tons) (acres) (cfs) (tons) (acres) (cfs) (tons)

Tributary A to Chaco S1SW1 S1SW1 295 31 4 41 0.1 381 47 6 68 0.2 85 16 2 27 0.0
Tributary A to Pinabete S1SW1 S1SW1 345 30 5 40 0.1 371 42 6 67 0.2 26 12 0 27 0.1
Tributary B to Pinabete S1SW1 S1SW1 476 130 17 269 0.6 401 44 6 96 0.2 -75 -86 -10 -173 -0.3
Tributary C to Pinabete S1SW1 S1SW1 142 47 4 118 0.8 314 46 5 114 0.4 172 -1 1 -4 -0.5
Total Sediment Yield and 
Flow off Permit area 1,258 238 30 468 0.4 1,467 180 23 346 0.2 209 -59 -7 -123 -0.1

TABLE 11-30

COMPARISON OF PRE- & POSTMINING AREAS, PEAK FLOWS AND SEDIMENT YIELDS

Yield 
(tons/acre)

SEDCAD 4.0 WATERSHED 
DESIGNATION Pre-Mine Post-Mine

Post Yield 
(tons/acre)

Yield 
(tons/acre)

Runoff 
(ac-ft)

Runoff 
(ac-ft)

Runoff 
(ac-ft)

TRIBUTARIES TO THE CHACO AND PINABETE
10-YEAR, 6-HOUR PRECIPITATION EVENT

Difference From Pre-Mine

Pre



 

(9/06;02/11) 11-224 

11.6.5.2 Ephemeral Stream Diversion Designs 

 

All streams within the Navajo Mine Permit Area with the possible exception of Chinde Arroyo 

are hydrologically ephemeral streams.  Nevertheless, OSM regulations classify all streams with 

drainage areas greater than one square mile as intermittent streams regardless of flow conditions.  

Therefore, this section provides information concerning design of permanent diversions for 

ephemeral streams and addresses low order stream segments with drainage areas less than one 

square mile.  Reclamation structures will be designed in accordance with the Reclamation 

Surface Stabilization Handbook. 

 

Design flows were developed using the SEDCAD+ computer model following the procedures 

and assumptions described in CHAPTER 7. 

 

11.6.5.3 Area IV North Reclaimed Channels 

 

All the drainage basins in post-mining topography are less than one square mile (640 acres). Per 

the Reclamation Surface Stabilization Handbook the channels for these drainage basins will not 

require detail designs. The detail designs will be developed during the final regrading and 

reclamation process. 

 

11.6.5.4 Area I South Reclaimed Channels 

 

There is one reclaimed channel in the Area I South FSC with a watershed larger than 640 acres, 

which requires detailed designs according to the Reclamation Surface Stabilization Handbook. 

The reclaimed channel is designated as the Doby North Channel. The alignment of the reclaimed 

channel is shown on EXHIBIT 11-85 and 12-5A. 

 

In the vicinity of Doby Pit, the pre-mine surface sloped down towards the west with primarily 

sheet flow drainages and some small channels. The post-mine topography changed the pre-mine 

drainage pattern by diverting the westward drainages from the off lease undisturbed surface 

towards the south via a post-mine channel that runs north to south along the eastern lease 
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APPENDIX 11-88 


CHACO AND PINABETE TRIBUTARIES 

POST-MINING HYDROLOGY AND SEDIMENTOLOGY 

(2 YR-6 HR, 10 YR-6 HR, 25 YR-6 HR, & 100 YR-6 HR STORM EVENTS) 
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SEDCAD 4 for Windows 
Copyright 1998 Pamela J. Schwab 
Civil Software Design 

Tributary A to the Chaco Wa~h 


Post-mine Hldrology and 

Sedimentolo91 


" The drainage subdivisions used to model the hydrology is 
presented on Exhibit 11-77. 

LR 

BHP Navajo Coal Company 

PO Box 1717 


Fruitland, NM 87416 


Phone: 505-598-5861 
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General Information 

Storm Information: 

Storm Type: 
NRCS Type II 

60 

Design Storm: 2yr-6hr 

Rainfall Depth: 0.800 inches 

Particle Size Distribution: 

Size (mm) 

PostMine-
LoamySand 

PreMine-
LoamySand 

PreMine-Badlands 
LoamySand 
Postmining 

2.0000 100.000% 100.000% 100.000% 0.000% 

0.1000 26.500% 30.000% 83.500% 0.000% 
-..... .._---_.__.. -~-

0.0500 14.000% 17.000% 77.000% 0.000% 

0.0020 11.000% 11.000% 56.000% 0.000% r--....----....----....--.-.....--... - ....--...- .....--~-.----.--
0.0010 0.000% 0.000% 0.000% 0.000% 
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Civil Software Design 
, 

Structure Networking: 

Type Stru 
# 

(flows 
into) 

Stru 
# 

Musk. K 
(hrs) 

Musk. X Description 

Null #1 ==> End ! 0.000 0.000 Tributary A to Chaco 

FI 
~ 

, 

Filename: Tributary A to Chaco postmine.sc4 Printed 11-17-2004 

3 

Refe
ren

ce
s t

o A
rea

 4 
Nort

h  

with
in 

thi
s A

pp
en

dix
 ha

ve
 be

en
 re

da
cte

d



3.72 

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

Structure Summary: 

Immediate Total Total Peak PeakPeakContributing Contributing Runoff Sediment Sediment Settleable 24VWDischargeArea Area Volume Cone. Cone.(tons) (mill)(ds)(ae) (ae) (ae-ft) (mg/l) (mill) 

#1 380.500 380.500 5.07 0.94 7.0 9,043 4.95 

, 
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Panicle Size Distribution(s) at Each Structure 
I 

Structure #1: 
Size (mm) In/Out 

2.0000 100.000% 

0.1000 66.047% 

0.0500 34.893% 

0.0020 27.416% 

0.0010 0.000% 

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

(., 
Subwatershed Hydrology Detail: 

Stru 
# 

sws 
# 

SWS Area 

(ae) 

Time of 
Cone 

(hrs) 

Musk K 

(hrs) 
Musk X 

Curve 

Number 
UHS 

Peak 
Discharge 

(ds) 

Runoff 
Volume 

(ae-ft) 

I 

#1 1 380.500 0.559 0.000 0.000 79.700 M 5.07 0.944 

L 380.500 5.07 0.944 

Subwatershed Sedimentology Detail: 


Stru 
# 

SWS 
# 

Soil K L (ft) S(%) C P PS # 
5ediment 

(tons) 

Peak 
sediment 

Cone. 

(mg/l) 

Peak 
Settleable 

Cone 

(mill) 

24VW 

(mill) 

#1 1 0.242 300.00 2.35 0.3150 1.0000 1 7.0 9,043 4.95 3.72 

L i 
7.0 9,043 4.95 3.72 

Subwatershed Time ofConcentration Details: 

Stru 

# 
SWS 

# 
Land Flow Condition Slope (%) 

Vert. Dist. 
(ft) 

Horiz. Dist. 
(ft) 

Velocity 
(fps) 

Time (hrs) i 

#1 1 
5. Nearly bare and untilled, and 
alluvial valley fans 

2.46 47.00 1,908.00 1.560 0.339 

8. Large gullies, diversions, and low 
flowing streams 

1.60 48.00 3,006.01 3.790 0.220 

#1 1 Time of Concentration: 0.559 

---- --..~---- --_._--------------
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SEDCAD 4 for Windows , Copyright 1998 Pamela J, Schwab 

Civil Software Design 


General Information 

Storm Information: 
NRCS Type II - •Storm Type: 

60 

Design Storm: 10 yr - 6 hr 

Rainfall Depth: 1.300 inches 

Particle Size Distribution: 

Size (mm) 

PostMine-
LoamySand 

PreMine-
LoamySand 

PreMine-Badlands 
LoamySand 
Postmining 

2.0000 100.0000/0 100.000% 100.000% 0.000% 

0.1000 26.500% 30.000% 83.500% 0.000% 

0.0500 14.000% 17.000% 77.000% 0.000% 

0.0020 11.000% 11.000% 56.000% 0.000% 

0.0010 0.000% 0.000% 0.000% 0.000% 
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Structure Summary: 

Immediate Total Total Peak Peak

PeakContributing Contributing Runoff Sediment Sediment Settleable 24VW
DischargeArea Area Volume Cone. Cone.(tons) (ml/I)

(cfs)(ae) (ae) (ae-ft) (mg/I) (mill) 

#1 380.500 380.500 46.88 5.94 i 67.9 15,154 8.84 6.13 

, 


.................---...... 
--~ 
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Civil Software Design 
, 

General Information 

Storm Information: 

Storm Type: 
NRCS Type II 

60 

Design Storm: 25 yr - 6 hr 

Rainfall Depth: 1.600 inches 

Panicle Size Distribution: 

Size (mm) 

PostMine-
LoamySand 

PreMine-
LoamySand 

PreMine-Badlands 
LoamySand 
Postmining 

2.0000 100.000% 100.000% 100.000% 0.000% 
----------

0.1000 26.500% 30.000% 83.500% 0.000% 

0.0500 

0.0020 

14.000% 

11.000% 

17.000% 
-------------

11.000% 

77.000% 

56.000% 

0.000% 

0.000% 

0.0010 0.000% 0.000% 0.000% 0.000% 
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Structure Summary: 
Immediate Total Total Peak PeakPeakContributing Contributing Runoff Sediment Sediment Settleable 24VW

DischargeArea Area Volume Cone. Cone;(tons) (mill)
(ds)(ae) (ae) (ae-tt) (mgtl) (mill) 

• 

I #1 380.500 380.500 86.92 10.37 i 131.1 16,805 10.04 6.93 

Filename: Tributary A to Chaco postmine.sc4 Printed 11·17·2004 

10 

Refe
ren

ce
s t

o A
rea

 4 
Nort

h  

with
in 

thi
s A

pp
en

dix
 ha

ve
 be

en
 re

da
cte

d
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Civil Software Design 


General Information 

Storm Information: 

Storm Type: 
NRCS Type II 

60 

Design Storm: 100 yr - 6 hr 

Rainfall Depth: 2.000 inches 

Particle Size Distribution: 

PostMine- PreMine- LoamySand ISize (mm) PreMine-Badlands

LoamySand LoamySand Postmining 

2.0000 100.000% 100.000% 100.000% 0.000% • 

0.1000 26.500% 30.000% 83.500% 0.000% 

0.0500 14.000% 17.000% 77.000% 0.000% 
••••••••••••_______w ___.............. ··~· 


-~---

0.0020 11.000% 11.000% 56.000% 0.000% 

0.0010 0.000% 0.000% 0.000% 0.000% 
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SEDCAD 4 for Windows 
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Civil Software Design
, 

Structure Summary: 
Immediate Total Total Peak Peak

Peak
Contributing Contributing Runoff Sediment Sediment Settleable 24VW

Discharge
Area Area Volume Cone. Cone.

(tons) , (mill)
(ds)

(ae) (ae) (ae-ft) (mgtl) (mill) 

#1 380.500 380.500 153.21 17.45 ; 241.0 18,391 11.20 7.72 
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SEDCAD 4 for Windows 
Copyright 1998 Pamela J. Schwab 
Civil Software Design 

Tributary A to the Pinabete Wash 

Post-mine Hydrology and 


Sedimentology 


(, 
The drainage subdivisions used to model the hydrology is 

presented on Exhibit 11-77. 

LR 

BHP Navajo Coal Company 
PO Box 1717 


Fruitland, NM 87416 


Phone: 505-598-5861 
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Civil Software Design 

General Information 

Storm Information: 

Parlicle Size Distribution: 
PostMine- PreMine-

Size (mm) PreMine-Badlands 

, 

LoamySand LoamySand 


2.0000 100.000% 100.000% 100.000% 


0.1000 26.500% 30.000% 83.500% 


0.0500 14.000% 17.000% 77.000% 
!----_.._-----_.._. 

0.0020 11.000% 11.000% 56.000% 
---------..~------

0.000% 0.000% 0.000% 

Storm Type: 
NRCS Type II 

60 

Design Storm: 2 yr - 6 hr 

Rainfall Depth: 0.800 inches 

1--

---- 

0.0010 

LoamySand 
Postmining 

0.000% 

0.000% ! 

0.000% 

0.000% I 
0.000% 

... -------,--,-- 

Filename: Tributary A to Pinabele postmine.sc4 Printed 11-17-2004 

14 

Refe
ren

ce
s t

o A
rea

 4 
Nort

h  

with
in 

thi
s A

pp
en

dix
 ha

ve
 be

en
 re

da
cte

d



SEDCAD 4 for Windows 
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Civil Software Design 

Structure Networking: 


Type Stru 
:ti 

(flows 
into) 

Stru 
:ti 

Musk. K 
(hrs) 

Musk. X 'Description 

Null :til ==> End 0.000 0.000 Tributary A to Pinabete 

Filename: Tributary A 10 Pinabele poslmine,sc4 Printed 11-17-2004 
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SEDCAD 4 for Windows 
Copyrighl1998 Pamela J. Schwab 
Civil Software Design 

Structure Summary: 
Immediate 

Contributing 
Area 

(ac) 

Total 
Contributing 

Area 

(ac) 

Peak 
Discharge 

(ds) 

Total 
Runoff 
Volume 

(ac-ft) 

Sediment 

(tons) 

Peak 
Sediment 

Cone. 

(mg/I) 

Peak 
Settleable 

Cone.' 

(mill) 

24VW 

(mill) 

#1 370.850 370.850 4.75 0.92 • 7.1 9,367 5.07 3.83 

, 
,I 
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c; -- ...~--.- ..--------------~---

Parlicle Size Distribution(s) at Each Structure 

Structure #1: 
Size (mm) In/Out 

2.0000 100.000% 

0.1000 67.521% 

0.0500 35.672% i 

0.0020 28.028% 
-

0.0010 0.000% 

(, 


....-- ....._-------- ._--_..__..._._-----
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SEDCAD 4 for Windows 
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Civil Software Design 

Subwatershed Hydrology Detail: 


Stru 
# 

SWS 
# 

SWS Area 

(ae) 

Time of 
Cone 

(hrs) 

Musk I< 

(hrs) 
Musk X 

Curve 

Number 
UHS 

Peak 
Discharge 

, 
(ds) . 

Runoff 
Volume 

(ae-ft) 

#1 1 370.850 0.631 0.000 0.000 79.700 M 4.75 0.920 i 

L 370.850 
: 
i 4.75 

, 
0.920 

. 

Peak PeJak 
Sediment Sediment Settleable 24VWStru SWS 

# # 
Soil I< l (ft) S (%) C P PS # cineCone.

(tons) (mill) 
(mg/I) (n,III) 

Subwatershed Sedimentology Detail: 


#1 1 0.242 300.00 2.52 0.3150 1.0000 7.1 9,367 5.07 3.83 1 

7.1 9,367 5.07 3.83 iL 

Subwatershed Time ofConcentration Details: 

Stru 

# 
SWS 

# 
Land Flow Condition Slope (%) 

Vert. Dist. 
(ft) 

Horlz. Dist. 
(ft) 

Velocity 
(fps) Time (hrs) 

#1 

#1 1 

5. Nearly bare and untilled, and 
alluvial valley fans 

8. Large gullies, diversions, and low 
flowing streams 
~---.....-~~-~~---

Time of Concentration: 

2.03 

1.21 

25.00 
._-_.__ .. _- . 

56.00 

1,230.01 

4,636.14 

1.420 0.240 
.......----.-----~"------

3.290 0.391 

0.631 

-- ...... .......
------~ -~--
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General Information 

Storm Information: 

Storm Type: NRCS Type II 
60 

Design Storm: 10 yr - 6 hr 

Rainfall Depth: 1.300 inches 

Particle Size Distribution: 
PostMine LoamySand I

Size (mm) preySMine- PreMine-Badlands 
LoamySand Loam and Postmining • 

2.0000 100.000% 100.000% 100.000% 0.000% 

0.1000 
-_....... 

0.0500 
----~ 

26.500% 

14.000% 

30.000% 
._- ...._----

17.000% 

83.500% 

77.000% 

0.000% 

0.000% 

0.0020 11.000% 11.000% 56.000% 0.000% 

0.0010 0.000% 0.000% 0.000% 0.000% 
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6.14 

SEDCAD 4 for Windows 
Copyrighl1998 Pamela J, Schwab , Civil Software Design 

Structure Summary: 
Immediate Total Total Peak PeakPeakContributing Contributing Runoff Sediment Sediment Settleable 24VW

DischargeArea Area Volume Cone. Cone.(tons) , (mill)(cfs)(ae) (ae) (ae-ft) (mg/l) (mill) 

#1 370.850 370.850 42.35 5.79 67.3 15,224 8.74 

, 
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SEDCAD 4 for Windows 
Copyright 1998 Pamela J. Schwab 

Civil SOftware Design
, 

General Information 

Storm Information: 

Storm Type: 
NRCS Type II 

60 

Design Storm: 25 yr - 6 hr 

Rainfall Depth: 1.600 inches 

Particle Size Distribution: 

PostMine- PreMine- LoamySand

I Size (mm) PreMine-Badlands
LoamySand LoamySand Postmining 

2.0000 100.000% 100.000% 100.000% 0.000% 

0.1000 26.500% 30.000% 83.500% 0.000% 

0.0500 14.000% 17.000% 77.000% 0.000% 

0.0020 11.000% 11.000% 56.000% 0.000% 

0.0010 0.000% 0.000% 0.000% 0.000% 

, 
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Copyright 1998 Pamela J. Schwab 
Civil Sottware Design 

Structure Summary: 

Immediate Total Total Peak Peak

Peak
Contributing Contributing Runoff < Sediment Sediment Settleable 24VW

Discharge
Area Area Volume Cone. Cone.,(tons) (ml/I)

(ds)(ae) (ae) (ae-ft) (mg/I) (ml/I) 
• 

#1 370.850 370.850 78.68 10.10. 130.1 16,945 9.97 6.96 

(.., 


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

General Information 

Storm Information: 

Storm Type: 
NRCS Type II 

60 

Design Storm: 100 yr  6 hr 

Rainfall Depth: 2.000 inches 

Panicle Size Distribution: 

Size (mm) 

PostMine-
LoamySand 

PreMine-
LoamySand 

PreMine-Badlands 
LoamySand 
Postmining 

2.0000 100.000% 100.000% 100.000% 0.000% 

0.1000 26.500% 30.000% 83.500% 0.000% 
--~...~-.~-.---.~------.--.~~~.....~.---..--..---.---..

0.0500 14.000% 17.000% 77.000% 0.000% 

0.0020 11.000% 11.000% 56.000% 0.000% 

0.0010 0.000% 0.000% 0.000% 0.000% 
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SEDCAD 4 for Windows 
Copyrighl1998 Pamela J. Schwab 
Civil Software Design 

(., 
Structure Summary: 

Immediate Total Total Peak PeakPeak iContributing Contributing Runoff Sediment Sediment Settleable 24VW
DischargeArea Area Volume Cone. Cone.,(tons) (mill)

(ds)(ae) (ae) (ae-tt) (mg/I) (mill) 

#1 370.850 370.850 138.28 17.01 : 238.9 18,505 11.12 7.75 

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

(" 


Tributary B to the Pinabete Wash 

Post-mine Hydrolog\, and 


Sedimentology 


, The drainage subdivisions used to model the hydrology is 
presented on Exhibit 11-77. 

LR 

BHP Navajo Coal Company 

PO Box 1717 


Fruitland, NM 87416 


Phone: 505-598-5861 


Filename: Tributary B to Pinabete postmine.sc4 Printed 11-17-2004 

25 

Refe
ren

ce
s t

o A
rea

 4 
Nort

h  

with
in 

thi
s A

pp
en

dix
 ha

ve
 be

en
 re

da
cte

d



SEDCAD 4 for Windows 
Copyrighl1998 Pamela J. Schwab 

Civil Software Design 
, ..__.__.._--_.._-_..__..__.. _--

General Information 

Storm Information: 
NRCS Type II Storm Type: 

60 
~-..-----..- ..~--~-

Design Storm: 2 yr - 6 hr 


Rainfall Depth: 0.800 inches 


Particle Size Distribution: 

Size (mm) PostMine

loamySand 
PreMine

loamySand PreMine-Badlands 
loamySand 
Postmining 

2.0000 100.000% 100.000% 100.000% 0.000% 

0.1000 26.500% 30.000% 83.500% 0.000% 

0.0500 14.000% 17.000% 77.000% 0.000% 

0.0020 11.000% 11.000% 56.000% 0.000% 
-~..  ..---.----.--..--.~-.--~.--.~-.--.~.-~-.. 

0.0010 0.000% 0.000% 0.000% 0.000% 
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SEDCAD 4 for Windows , Copyright 1998 Pamela J. Schwab 

Civil Software Design 


Structure Networking: 
Stru (flows Stru Musk. K I 

Type Musk. X i Description
I# into) # (hrs) 

! Null ; #1 ==> End 0.000 0.000 • Tributary B to Pinabete 
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SEDCAD 4 for Windows 
Copyright 1998 Pamela J. Schwab 
Civil Software Design, 

Structure Summary: 

Immediate Total Total Peak Peak

Peak
Contributing Contributing Runoff Sediment Sediment Settle<ilble 24VW

Discharge
Area Area Volume Cone. Cone.

(tons) , (mlfl)
(cfs)

(ae) (ae) (ae-ft) (mg/l) (mf/I) 

#1 401.600 401.600 5.05 1.001 10.2 12,385 6.68 5.05 

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

Particle Size Distribution(s) at Each Structure 

Structure #1: 
Size (mm) In/Out 

2.0000 100.000% 

0.1000 68.214% 

0.0500 36.038% 

0.0020 28.315% 

0.0010 0.000% 
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SEDCAD 4 for Windows 
Copyright 1998 Pamela J. Schwab 
Civil Software Design , ._----_..............._ ..... . 

Subwatershed Hydrology Detail: 

Time of Peak Runoff

SWS Area Musk K CurveStru SWS Cone Discharge VolumeMusk X UHS# # (ae) (hrs) Number
(hrs) (ds) , (ae-ft) 

5.05 .#1 1 401.600 0.664 0.000 0.000 79.700 M 0.996 ! 

401.600 5.05 0.996 

Subwatershed Sedimentology Detail: 

Peak ~ak 

Stru 
# 

SWS 
# 

Soil K l (ft) S (%) C P PS# 
Sediment 

(tons) 

Sediment 
Cone. 

Settleable 
c;one 

24VW 

(mill) 
(mgtl) (lnlll) 

#1 1 0.242 200.00 3.92 0.3150 1.0000 1 : 10.2 12,385 6.68 5.05 

10.2 12,385 6.68 5.05L 

, Subwatershed Time ofConcentration Details: 
Stru SWS Vert. Dist. Horiz. Dist. Velocity

land Flow Condition Slope (%) Time (hrs) 
# # (ft) (ft) (fps) 

5. Nearly bare and untilled, and 
#1 1 1.21 15.00 1,238.13 1.100 0.312

alluvial valley fans -_.._--_..............__................_ ....._-_._---_ ...._--_....... 


8. large gullies, diversions, and low 
2.03 110.00 5,424.06 4.270 0.352

flowing streams 

#1 1 Time of Concentration: 0.664 

------ -_..._---_..... _-----_............__................ _------- 
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SEDCAD 4 for Windows 
Copyright 1998 Pamela J. Schwab 
Civil Software Design, --------~- ...-------..-- ..- ...---...--..--..~...--...-.----~----~ 

General Information 


Storm Information: 

NRCS Type II 

Storm Type: 
60 

...~----.---...-  ..
Design Storm: 10 yr - 6 hr 

Rainfall Depth: 1.300 inches 

Particle Size Distribution: 

Size (mm) 

PostMine-
LoamySand 

PreMine-
LoamySand 

PreMine-Badlands 
LoamySand 
Postmining 

2.0000 100.000% 100.000% 100.000% 0.000% 
.-~... -~...-  ...~ -~... ...--~...--  ...-~...-~...----~ 

0.1000 26.500% 30.000% 83.500% 0.000% 

0.0500 14.000% 17.000% 77.000% 0.000% 

0.0020 11.000% 11.000% 56.000% 0.000% 
...--.--...~--.-----...-----.-... 

0.0010 0.000% 0.000% 0.000% 0.000% 

, 


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

Structure Summary: 

Immediate Total Total Peak Peak

Peak
Contributing Contributing Runoff Sediment Sediment SettleClble 24VW

Discharge
Area Area Volume Cone. Cone.

(tons) (mill)
(cfs)(ae) (ae) (ae-ft) (mgjl) (mill) 

#1 401.600 401.600 44.44 6.27 ! 96.1 19,906 11.34 8.01 
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SEDCAD 4 for Windows 
Copyright 1998 Pamela J. Schwab 
Civil Software Design 

General Information 

Storm Information: 

Storm Type: 
NRCS Type II 

60 

Design Storm: 25 yr - 6 hr 

Rainfall Depth: 1.600 inches 

Particle Size Distribution: 

Size (mm) 

PostMine-
LoamySand 

PreMine-
LoamySand 

PreMine-Badlands 
LoamySand 
Postmining 

2.0000 100.000% 100.000% 100.000% 0.000% 

0.1000 26.500% 30.000% 83.500% 0.000% 

0.0500 14.000% 17.000% 77.000% 0.000% 

0.0020 11.000% 11.000% 56.000% 0.000% 

0.0010 0.000% 0.000% 0.000% 0.000% 
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SEDCAD 4 for Windows 
Copyright 1998 Pamela J. Schwab 
Civil Software Design , ~~~~-~~~~~~- ....... -- 

Structure Summary: 

Immediate Total Total Peak Peak

PeakContributing Contributing Runoff Sediment Sediment Settleable 24VW
Discharge

Area Area Volume Cone. Cone.
(tons) (mill)

(ds)
(ae) (ae) (ae-ft) (mg/l) (mill) 

#1 401.600 401.600 82.60 10.94 185.9 22,177 12.97 9.10 

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

, 


General Information 


Storm Information: 

NRCS Type II 

Storm Type: 
60 

Design Storm: 100 yr - 6 hr 

all Depth: 2.000 inches 

Particle Size Distribution: 
PostMine- PreMine- LoamySand

Size (mm) PreMine-Badlands
LoamySand LoamySand Postmining 

2.0000 100.000% 100.000% 100.000% 0.000% 

0.1000 26.500% 30.000% 

0.0500 

0.0020 

0.0010 

14.000% --_....... 
17.000% 

11.000% 11.000% 

0.000% 0.000% 

83.500% 0.000% 
--~---..----------- 

77.000% 0.000% 
.--.--~---.~------....... 


56.000% 

0.000% 
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SEDCAD 4 for Windows 
Copyright 1998 Pamela J. Schwab 
Civil Software Design 

(., 
Structure Summary: 

Immediate Total Total Peak Peak
Peak

Contributing Contributing Runoff Sediment Sediment Settleable 24VW
Discharge

Area Area Volume Cone. Cone.
(tons) (mill)

(cfs)
(ae) (ae) (ae-ft) (mgtl) (mill) 

#1 401.600 401.600 144.97 18,42 340.9 24,191 14.44 10.11 
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SEDCAD 4 for Windows 
Copyright 1998 Pamela J. Schwab 

Civil Software Design 


.... ...---~, 1 

Tributary C to the Pinabete Wash 
j 

Post-mine Hydrology and / 

Sedimentology 


, 
The drainage subdivisions used to model the hydrology is 

presented on Exhibit 11-77. 

LR 

BHP Navajo Coal Company 

PO Box 1717 


Fruitland, NM 87416 


Phone: 505-598-5861 
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SEDCAD 4 for Windows 
Copyright 1998 Pamela J. Schwab 
Civil Software Design 

General Information 

Storm Information: 

Storm Type: 
NRCS Type II 

60 

Design Storm: 2 yr - 6 hr 

Rainfall Depth: 0.800 inches 

Parlicle Size Distribution: 

Size (mm) 

PostMine-
LoamySand 

PreMine-
LoamySand 

PreMine-Badlands 
LoamySand 
Postmining 

2.0000 100.000% 
. 

100.000% 100.000% 0.000% 
. 

0.1000 

0.0500 

26.500% 

14.000% 

30.000% 
-_._----------

17.000% 

83.500% 

77.000% 

0.000% 

0.000% 

0.0020 11.000% 11.000% 56.000% 
- .. 

0.000% 

0.0010 0.000% 0.000% 0.000% 0.000% 
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SEDCAD 4 for Windows 
Copyright 1998 Pamela J. Schwab 
Civil Software Design 

(., 

Structure Networking: 


Stru (flows Stru Musk. KType # into) # (hrs) Musk. X : Description 

Null #1 ==> End 0.000 0.000 : Tributary C to PinabeteI 

FI 
~ 

(., 

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

Structure Summary: 
Immediate 

Contributing 
Area 

(ae) 

Total 
Contributing 

Area 

(ae) 

Peak 
Discharge 

(cfs) 

Total 
Runoff 
Volume 

(ae-ft) 

Sediment 

(tons) 

Peak 
Sediment 

Cone. 

(mg/I) 

Peak 
Settleable 

Cone. 

(mill) 

24VW 

(mill) 

#1 314.200 314.200 4.41 0.78 i 10.9 16,905 9.38 7.13 
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SEDCAD 4 for Windows 
Copyrighl199B Pamela J. Schwab 

Civil Software Design 
, 

Panicle Size Distribution(s) at Each Structure 
I 

Structure #1: 
Size (mm) In/Out 

2.0000 100.000% 

0.1000 64.162% 

0.0500 33.897% 

0.0020 26.633% 

0.0010 0.000% 
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SEDCAD 4 for Windows 
Copyright 1998 Pamela J. Schwab 

Civil Software Design 
, 

Subwatershed Hydrology Detail: 
Time of Peak Runoff

SWS Area Musk K CurveStru SWS Cone Discharge VolumeMusk X UHS# # (ae) (hrs) Number 
(cfs) (ae-ft) 

#1 1 314.200 0.417 0.000 0.000 79.700 M 4.41 0.779 

(hrs) 

L 314.200 4.41 0.779 

Subwatershed Sedimentology Detail: 


Stru 
# 

SWS 
# 

Soil K l (ft) S (%) C P PS # 
i 
I 

Sediment 

(tons) 

Peak 
Sediment 

Cone. 

(mg/I) 

Peak 
Settleable 

Cone 

(mill) 

24VW 

(mill) 

#1 1 0.242 175.00 4.61 0.3150 1.0000 1 10.9 16,905 9.38 7.13 

L 
i 

10.9 16,905 9.38 7.13 

, Subwatershed Time ofConcentration Details: 
Stru SWS Vert. Dist. Horiz. Dist. Velocity

land Flow Condition Slope (%) Time (hrs) 
# # (ft) (ft) (fps) 

5. Nearly bare and untilled, and 
#1 1 1.59 15.00 943.00 1.260 0.207

alluvial valley fans 
__ ___, __,____._•......... __________""", - _________............_~___ . __ . _ __J
,~_._ .... 

8. large gullies, diversions, and low 
2.86 110.00 3,850.00 5.070 0.210

flowing streams 
........._--_. 
 ~.--<----...- .....----.---- 0:417]

#1 1 Time of Concentration: 
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General Information 

Storm Information: 

Storm Type: 
NRCS Type II 

60 

Design Storm: 10 yr - 6 hr 

Rainfall Depth: 1.300 inches 

Particle Size Distribution: 

Size (mm) 

PostMine
loamySand 

PreMine
loamySand 

PreMine-Badlands 
loamySand 
Postmining 

2.0000 100.000% 100.000% 100.000% 0.000% 

0.1000 26.500% 30.000% 83.500% 0.000% 

0.0500 14.000% 17.000% 77.000% 0.000% 

0.0020 11.000% 11.000% 56.000% 0.000% 

0.0010 0.000% 0.000% 0.000% 
-

0.000% 
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SEDCAD 4 for Windows 
Copyrighl1998 Pamela J. Schwab 
Civil Software Design 

(., 
Structure Summary: 

Immediate Total Total Peak Peak
Peak

Contributing Contributing Runoff Sediment Sediment Settleqble 24VW
Discharge

Area Area Volume Cone. Cone.
(tons) , (mill)

(cfs)
(ae) (ae) (ae-ft) (mg/l) (mill) 

#1 314.200 314.200 46.23 4.90 114.3 31,607 19.09 12.82 

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

General Information 


Storm Information: 

NRCS Type 11 - . Storm Type: 60 i

I 

Design Storm: 25 yr - 6 hr I 
-Ra-in-fa--'-'De-p-th-:---1.-60()i~~heS] 

Particle Size Distribution: 
Size (mm) PostMine-

LoamySand 
PreMine-

LoamySand PreMine-Badlands LoamySand 
Postmining 

2.0000 100.000% 100.000% 100.000% 0.000% 

0.1000 26.500% 30.000% 83.500% 0.000% 

0.0500 14.000% 17.000% 77.000% 0.000% 

0.0020 11.000% 11.000% 56.000% 0.000% 

0.0010 0.000% 0.000% 0.000% 0.000% 

Filename: Tributary C to Pinabete postmine.sc4 Printed 11-17-2004 
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SEDCAD 4 for Windows 
Copyright 1998 Pamela J. Schwab 
Civil Software Design 

(., 

Structure Summary: 


Immediate Total Total Peak Peak
Peak

Contributing Contributing Runoff Sediment Sediment Settleable 24VW
Discharge

Area Area Volume Cone. Cone.
(tons) (mill)

(cfs) 
I 

(ae) (ae) (ae-ft) (mgjl) (mill) i 
#1 314.200 314.200 86.02 8.56, 221.0 35,047 21.61 14.49 

Filename: Tributary C to Pinabete postmine.sc4 Printed 11·17-2004 
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SEDCAD 4 for Windows 
Copyright 1998 Pamela J. Schwab 
Civil SOftware Design 

-----_ .._----_...... 

General Information 

Storm Information: 

Storm Type: 
NRCS Type II 

60 

Design Storm: 100 yr - 6 hr 

Rainfall Depth: 2.000 inches i 

Panicle Size Distribution: 

PostMine- PreMine- LoamySand

Size (mm) PreMine-Badlands
LoamySand LoamySand Postmining 

2.0000 100.000% 100.000% 100.000% 0.000% 

0.1000 26.5000k 30.000% 83.500% 0.000% 

0.0500 14.0000/0 17.000% 77.000% 0.000% 
r----"~"--"--"-"~"--"'-----''''-'-'''--'---'--'' 

0.0020 11.000% 11.000% 56.000% 0.000% 
---"-_._-_.---.r

0.0010 0.000% 0.000% 0.000% 0.000% 

Filename: Tributary C to Pinabete postmine.sc4 Printed 11-17-2004 
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SEDCAD 4 for Windows 
Copyright 1998 Pamela J, Schwab 
Civil Software Design 

Structure Summary: 
Immediate 

Contributing 
Area 

(ae) 

Total 
Contributing 

Area 

(ae) 

Peak 
Discharge 

(ds) 

Total 
Runoff 
Volume 

(ae-ft) 

Sediment 

(tons) 

Peak 
Sediment 

Cone. 

(mg/l) 

Peak 
Settleqble 

Cone. 

(mill) 

24W/ 

(mill) 

#1 314.200 314.200 150.51 14.41 • 404.7 37,973 23.80 16.01 

--_...__... 
---~...~-- ... --.... -----------~--- ..--.-

Filename: Tributary C to Pinabete postmine.sc4 Printed 11-17-2004 
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Text Box
Post-mining watersheds within Area 4 North have been redacted.



12-6 (6/10; 2/11)

Volume Moved 
(Bank Cyds)

Year Area 2 Area 3 Area 4
2010 6,113,331 4,602,065

2011 5,583,134 4,826,890

2012 4,249,955 5,770,431

2013 4,942,521 5,463,651

2014 5,452,429 4,064,407

2015 6,063,844 4,378,689 248,000                  

2016 3,759,176 6,781,872 1,140,000               

2017 2,500,000 8,308,488 2,330,000               

2018 2,500,000 7,354,127 3,320,000               

2019 2,500,000 10,775,504

2020 5,500,964 4,599,732 2,660,000               

2021 2,192,310 5,052,194 5,930,000               

2022 4,571,000               

Table 12-2

Regrade Volume by Area

Location

Estimated volume (cubic yard) of spoil material moved each fiscal year for cut and/or 
fill requirements to meet Final Surface Configuration (FSC)
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Area 4 North Slope Histogram
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Table 12 - 8

Slope Distribution by Area for Pre- and Post-mining Topography

12-9e (9/06; 02/11)

AOC PRE Variance AOC PRE Variance AOC PRE Variance AOC PRE Variance
0-2.9% 47.2% 62.0% -14.8% 26.9% 34.9% -8.0% 50.1% 57.4% -7.3% 49.2% -49.2%
3-5.9% 25.9% 23.4% 2.6% 28.3% 27.6% 0.7% 25.6% 18.7% 6.9% 20.9% -20.9%
6-8.9% 12.7% 7.9% 4.7% 20.4% 14.3% 6.1% 11.7% 9.0% 2.7% 9.9% -9.9%
9-11.9% 6.4% 3.3% 3.1% 11.6% 8.4% 3.2% 6.2% 4.8% 1.4% 5.5% -5.5%
12-14.9% 3.7% 1.6% 2.1% 6.6% 5.1% 1.5% 3.1% 2.8% 0.3% 3.5% -3.5%
15-19.9% 2.5% 1.1% 1.5% 4.1% 4.3% -0.2% 2.1% 2.8% -0.7% 3.7% -3.7%
> 20.0% 1.6% 0.7% 0.8% 2.2% 5.5% -3.3% 1.2% 4.6% -3.4% 7.2% -7.2%
Total 100% 100% 100% 100% 100% 100% 100%

AOC PRE Variance AOC PRE Variance AOC PRE Variance AOC PRE Variance
0-2.9% 1,035      1,360      (325)        1,579      2,047      (467.6)     2,060        2,359        (298.9) 1,866 (1,866.4)
3-5.9% 568         512         56           1,660      1,622      38.5        1,052        768           283.6 794 (793.7)
6-8.9% 278         174         104         1,198      838         360.0      481           369           111.8 376 (376.1)
9-11.9% 140         72           68           679         493         186.0      255           196           59.3 208 (208.4)
12-14.9% 81           35           46           387         297         89.5        129           115           14.3 132 (132.0)
15-19.9% 56           23           33           240         251         (11.3)       85             116           (30.7) 141 (140.8)
> 20.0% 34           16           19           126         321         (195.2)     50             189           (139.3) 274 (274.3)
Total 2,193      2,193      5,870      5,870      4,113      4,113      3,792      

Percent

Acres

Area 1 Area 2

Area 1 Area 2 Area 3

Area 3

Area 4 North

Area 4 North
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12.9 DETERMINATION OF BOND 

 

The determination of the bond is an estimation of the maximum reclamation cost that the 

Regulatory Authority would incur in the event of bond forfeiture by Navajo Mine during the 

permit term ending in 2014.  Areas bonded include those areas which will be disturbed in the 

process of recovering coal from the permit area and those facilities that support the mine.  The 

following costs and procedures apply only for determining the bond dollar figure at year 2014 

and are not necessarily meant to represent current or future operational practices.  Direct costs are 

calculated in Worksheets 2 through 15 and are totaled in Worksheet 16 in APPENDIX 12-B.  

Indirect costs are applied as percentages of the direct cost in Worksheet 16 to achieve a total 

bond cost. 

 

12.9.1 Maximum Reclamation Requirements 

 

The point at which reclamation liabilities will be greatest occurs during the first year of the five-

year term ending in 2014 (see Worksheet 1, APPENDIX 12-B). The open volume of North and 

South Barber are at the maximum during year 1. As Hosteen and Yazzie pits progress, the final 

pit associated continually decreases in length. 

 

For the purposes of this calculation, the disturbed areas have been updated with aerial flight 

topography and merged with the bond post mining configuration. BNCC will evaluate, and adjust 

if neccasry, the bond amount based on significant permit revisions, mid-term renewals, and 

permit renewal periods. 

 

The amount of disturbance taking place during the permit term is primarily controlled by strip 

progression, which is shown on EXHIBITS 12-2 and 12-3. 

 

Mining activities will continue in Dixon, Lowe, Barber, Hosteen and Yazzie pits.  Additionally, a 

box-cut and strip progression will commence in Area IV as seen in EXHIBIT 12-03.  Pinto pit 

will be reclaimed during the permit term.  Consequently Areas II and III are the primary areas for 

reclamation during this permit term. 
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1.1  IDENTIFICATION OF INTERESTS 

1.1.1  Ownership and Control Information 

BHP Navajo Coal Company (referred to in this permit application package as “BNCC”, “BHP”, 

“BHP Billiton”, “BHP Minerals International”) is the applicant, owner, and operator of Navajo 

Mine. 

 

1.1.1.1  Applicant Identification 

Legal Structure:  

( ) Single proprietorship 

( ) Partnership 

(X) Corporation - Date Inc. July 14,1994 

   State:  Delaware 

( ) Association 

( ) Other Business  

Name  BHP Navajo Coal Company 

Address 300 West Arrington, Suite 200 

City Farmington State NM ZIP 87401  

 Telephone  (505) 598-4350 

 Employer Identification No. Federal I.D. No. 85-0436672 

The applicant assumes responsibility for mail delivered to this address and must 

notify the Office of Surface Mining Reclamation and Enforcement (OSMRE) by 

submittal of a permit revision of any change of this address until the time of final 

bond release. 

1.1.1.2  Resident Agent Identification 

 Name  CT. Corporation System 

 Address 123 East Marcy Street, Suite 201 

 City Santa Fe State NM ZIP 87501 

 Telephone (505) 983-9122 

 Employer Identification No. Federal I.D. No. 51-0006522   
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1.1.3 MSHA Numbers  

 

The MSHA Identification number for Navajo Mine is 29-00097.  Section numbers have been 

assigned to industrial areas, existing pit areas and proposed pit areas.  They are: 

 

Watson Pit Area 001-0 

Bitsui Pit Area 001-0 

Dodge Pit Area 002-0 

Custer Pit Area 003-0 

Bighan Pit Area 004-0 

Pinto Pit Area 005-0 

Doby Pit Area 006-0 

Yazzie Pit Area 007-0 

Hosteen Pit Area 008-0 

Barber Pit Area 009-0 

Mason Pit Area 010-0 

Lowe Pit Area 011-0 

Dixon Pit Area 012-0 

Area 4 North Pit Area 013-0 

Surface Area 090-0 

 

1.1.4 Names and Addresses of Legal Owners of Record within Leased Area 

 

The names and addresses of the legal or equitable owners of record (known to Applicant) of the 

surface and mineral property within the leased area are shown below.  Tribal and Bureau of 

Indian Affairs (BIA) records are unavailable and cannot be verified by Applicant. 



August 30, 2010
BHP Navajo Coal Company Corporate Organization Structure

BHP Navajo Coal Company
Corporate Organizational Structure

Figure 1-A
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VERIFICATION OF OWNERSHW AND CONTROL 


BHP NAVAJO COAL COMPANY 

NAVAJO MINE PERMIT RENEWAL APPLICATION 


SAN JUAN COUNTY, NEW MEXICO 


(.., swear and affinn, under oath and in writing that the A VS infonnation submitted to update the ownership and 
control infonnation in the Navajo Mine PAP is accurate and complete in accordance with Federal regulations 
under 30 CFR 778.9. 

The following changes have occurred: 
• Updates to the Officers and Directors listing: 

o The most current listing for Officers and Directors is included in this package 

ancis 
Gene anager 
BHP Navajo Coal Company 

STATEOFNEWMEXCIO § If) 

,COUNTY OF SANJUAN § reP\\ i1 
SUBSCRIBED AN SWORN to before me, in my presence, this i day of &1)(y.~ ,~, a Notary Public in 
and for the State of New Mexico . 

.~""'" 
",\ ..... ,.. ~ , 
~':~... . 
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...I..' .~~\0- .,:-••~ • • 
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Updated through January 26, 2011 
 
 
 

BHP BILLITON LIMITED 
ACTIVE OFFICERS 

 
 
Name Title Date Elected 
 
Crawford, David Alexander Director 5/1/94 
Schubert, John Michael Director 6/1/00 
Buchanan, John Gordon St. Clair Director 2/1/03 
Codeiro, Carlos Antonio Souza Director 8/26/05 
Kloppers, Marius Jacques Director 1/1/06 
Nasser, Jacques Director 6/6/06 
McAloon, Jane Secretary 10/25/06 
Smith, Fiona Catherine Davis Secretary 6/28/07 
Rumble, Keith Christopher Director 9/1/08 
Boeckmann, Alan Lee Director 9/1/08 
Murdy, Wayne William Director 6/18/09 
Broomhead, Malcolm William                  Director                                                    3/31/10 
Hewson, Carolyn Judith                           Director                                                    3/31/10 
Vadera, Shriti Director 1/1/11 

 
 

 
BHP BILLITON LIMITED 
RESIGNED OFFICERS 

 
Name Title Date Elected Date Resigned 
 
Taylor, Roger Vernon Assistant Secretary 4/26/85 3/4/05 
Codeiro, Carlos Antonio Souza Director 2/3/05 4/3/05 
Chaney, Michael Alfred Director 5/24/95 11/25/05 
Lord Renwich of Clifton (Robin) Director 6/29/01 11/25/05 
Salamon, Miklos Director 2/24/03 10/26/06 
Wood, Karen Joy Secretary 6/1/01 7/12/07 
Lynch, Christopher James Director 1/1/06 6/30/07 
Mallet, Ross Edwin Secretary 3/21/05 9/28/07 
Brink, David C. Director 6/29/01 11/28/07 
Goodyear, Charles Waterhouse Director 11/30/01 9/30/07 
Mallett, Ross Edwin Secretary 3/21/05 9/28/07 
Butcher, Samuel Andrew               Secretary             3/19/04    7/16/08 
Morgan, David Raymond               Director                        1/1/08    11/24 09 
Jenkins, David Anthony Lawson    Director                        3/1/00                                11/26/09 
Anderson, Paul Milton                    Director                        6/6/06                                 1/31/10 
de Planque, Eileen Gail                  Director                       10/19/05                              1/31/10 
Argus, Donald Robert                     Director                      11/30/96                              3/30/10 
 
 
 
 
 
 
Names in Bold indicate new changes since last report 
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BHP CAPITAL NO. 20 PTY LIMITED 
ACTIVE OFFICERS 

 
 
Name Title Date Elected 
 
Chadwick, Nigel Director 8/23/02 
Merlo, Anthony Joseph     Director 10/29/08 
Gayfer, Angeli                        Secretary  9/1/08 
Rix, Brett Andrew     Director  9/3/09 
Rowntree, Ian     Director  1/1/10 
 
 

BHP CAPITAL NO. 20 PTY LIMITED 
RESIGNED OFFICERS 

 
 
Name Title Date Elected Date Resigned 
 
Taylor, Roger V. Secretary 5/17/89 3/4/05 
Butcher, Samuel Andrew Secretary 6/3/04 10/5/06 
Mallett, Ross Edwin Secretary 5/3/05 9/28/07 
Edney, Ian C. Director 4/7/95 1/16/09 
Austin, Anthony Harold Director 6/3/04                             12/16/08 
McKaig, Natalie Ellen Secretary 10/5/07  9/1/08 
Wong, Susie Secretary 10/5/07  9/1/08 
Williams, Mark Lindsay       Director                            10/29/08  12/31/09 
 
 
 
 
 
 
Names in Bold indicate new changes since last report 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(dba: BHP Capital No. 20 Pty Ltd) 
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BHP HOLDINGS (USA) INC. 
ACTIVE OFFICERS 

 
 
Name Title Date Elected 
 
Moore, Earl Kenneth President & Director 3/1/00 
Teel, Paul Lawrence Director & Vice President 12/20/05 
White, Catriona Treasurer 1/28/09 
McGrath, Gail Secretary 1/28/09 
Gayfer, Angeli Assistant Secretary 6/17/09 
Jr., David T. Grand Assistant Secretary 6/17/09 
 
 

BHP HOLDINGS (USA) INC. 
RESIGNED OFFICERS 

 
 
Name Title Date Elected Date Resigned 
 
Huisman, Brian Vice President – Tax 11/30/04 11/1/05 
Koach, John J. Director  12/6/04 1/13/06 
Rhodes, Malinda Ruth Secretary 2/28/03 7/1/07 
Theron, Ian David Treasurer 1/1/04 7/1/08 
Tlachac, Kelly D. Secretary 7/1/07                                9/1/08 
Bowden, Jon M. Assistant Secretary 2/28/03                              9/11/08 
 
 
 
 
 
 
Names in Bold indicate new changes since last report 
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BHP HOLDINGS (INTERNATIONAL) INC. 
ACTIVE OFFICERS 

 
 
Name Title Date Elected 
 
Moore, Earl Kenneth President & Director 3/1/00 
Teel, Paul Lawrence Director & Vice President 12/20/05 
White, Catriona Treasurer 1/28/09 
McGrath, Gail Secretary 1/28/09 
Gayfer, Angeli Assistant Secretary 6/17/09 
Jr., David T. Grand Assistant Secretary 6/17/09 
 
 

BHP HOLDINGS (INTERNATIONAL) INC. 
RESIGNED OFFICERS 

 
 
Name Title Date Elected Date Resigned 
 
Huisman, Brian  Vice President – Tax 11/30/04 11/1/05 
Koach, John J. Director 12/6/04 1/13/06 
Rhodes, M. Ruth Secretary 6/16/03 7/1/07 
Theron, Ian David Treasurer 1/1/04    7/1/08 
Tlachac, Kelly D. Secretary 7/1/07                                9/1/08 
Bowden, Jon M. Assistant Secretary 6/16/03                              9/11/08 
 
 
 
 
 
 
Names in Bold indicate new changes since last report 
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BHP NAVAJO COAL COMPANY 
ACTIVE OFFICERS 

 
 
Name Title Date Elected 
 
Moore, Earl Kenneth Vice President & Director 1/17/00 
Jones, Evan Y. Director & Vice President 3/1/01 
Clarke, Steve C. Assistant Treasurer 10/30/01 
Francis, Alfred Vice President 7/14/04 
Teel, Paul Lawrence Vice President 6/1/05 
Groves, Darrell Treasurer 7/1/08 
Fourie, Jacobus Gerhardus                      Director, President & COO 4/1/10 
Jr., David T. Grand Assistant Secretary 12/22/09 
Roybal, Charles E. Secretary 3/3/09 
 
 

 
BHP NAVAJO COAL COMPANY 

RESIGNED OFFICERS 
 
 
Name Title Date Elected Date Resigned 
 
Grubb, J. W. President & Director 8/22/00 7/1/05 
Huisman, Brian J. Vice President 11/30/04 11/1/05 
Isaacs, Lewis Wayne President 7/1/05 3/14/07 
Isaacs, Lewis Wayne Director 7/1/05 4/23/07 
Rhodes, M. Ruth Secretary 8/30/03 7/1/07 
Theron, Ian David Treasurer 3/18/04 7/1/08 
Tlachac, Kelly D. Secretary 7/1/07 9/1/08 
Neumann, Michael J.        Assistant Secretary                   8/30/03    3/3/09 
Pettigrew, Ed A.                Vice President                           8/28/07                             12/31/09 
Kellow, Glenn Leslie         President & COO                       3/14/07                               4/1/10 
Kellow, Glenn Leslie         Director                            4/24/07                               4/1/10 
Roybal, Charles E.           Assistant Secretary                    8/1/02      3/3/09 
 
 
 
 
 
 
Names in Bold indicate new changes since last report 
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SAN JUAN COAL COMPANY 
ACTIVE OFFICERS 

 
 
Name Title Date Elected 
 
Moore, Earl Kenneth Vice President & Director 1/17/00 
Jones, Evan Y. Vice President & Director  3/1/01 
Clarke, Steve C. Assistant Treasurer 10/30/01 
Teel, Paul Lawrence Vice President 6/1/05 
Jones, James Scott Vice President 8/11/08 
Groves, Darrell                        Treasurer                                        7/1/08 
Fourie, Jacobus Gerhardus                      Director, President & COO 4/1/10 
Jr., David T. Grand Assistant Secretary 3/3/09 
Roybal, Charles E. Secretary 3/3/09 
 
 
 

SAN JUAN COAL COMPANY 
RESIGNED OFFICERS 

 
 
Name Title Date Elected Date Resigned 
 
Grubb, John W. President & Director 8/22/00 7/1/05 
Huisman, Brian J. Vice President - Tax 4/30/05 11/1/05 
Lansdale, Gary Vice President 3/1/01 3/28/06 
Isaacs, Lewis Wayne President 7/1/05 3/14/07 
Isaacs, Lewis Wayne Director 7/1/05 4/23/07 
Rhodes, M. Ruth Secretary 2/28/03 7/1/07 
Tlachac, Kelly D.  Secretary 7/1/07 9/1/08 
Theron, Ian David Treasurer 3/18/04 7/1/08 
Langley, Scott B. Vice President 3/28/06 8/11/08 
Neumann, Michael J.        Assistant Secretary                  2/28/03    3/3/09 
Pettigrew, Ed A.                 Vice President                         8/28/07                             12/31/09 
Kellow, Glenn Leslie          President & COO                     3/14/07                               4/1/10 
Kellow, Glenn Leslie          Director                                    4/24/07                               4/1/10 
Roybal, Charles E.           Assistant Secretary                   8/1/02     3/3/09 
 
 
 
 
 
 
Names in Bold or dates indicate new changes since last report 
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SAN JUAN TRANSPORTATION COMPANY 
ACTIVE OFFICERS 

 
 
Name Title Date Elected 
 
Moore, Earl Kenneth Vice President & Director 1/17/00 
Jones, Evan Y. Vice President & Director 3/1/01 
Clarke, Steve C. Assistant Treasurer 10/30/01 
Teel, Paul Lawrence Vice President 6/1/05 
Jones, James Scott Vice President 8/11/08 
Groves, Darrell                        Treasurer                                        7/1/08 
Fourie, Jacobus Gerhardus                      Director, President & COO 4/1/10 
Jr., David T. Grand Assistant Secretary 12/22/09 
Roybal, Charles E. Secretary 3/3/09 
 
 

SAN JUAN TRANSPORTATION COMPANY 
RESIGNED OFFICERS 

 
 
Name Title Date Elected Date Resigned 
 
Grubb, J. W. President & Director 8/22/00 7/1/05 
Huisman, Brian J. Vice President - Taxes 12/1/04 11/1/05 
Lansdale, Gary Vice President 3/1/01 3/28/06 
Isaacs, Lewis Wayne President 7/1/05 3/14/07 
Isaacs, Lewis Wayne Director 7/1/05 4/23/07 
Rhodes, M. Ruth Secretary 2/28/03 7/1/07 
Theron, Ian David Treasurer 3/18/04 7/1/08 
Langley, Scott B. Vice President 3/28/06 8/11/08 
Tlachac, Kelly D. Secretary 7/1/07 9/1/08 
Neumann, Michael J.        Assistant Secretary                  2/28/03    3/3/09 
Kellow, Glenn Leslie          President & COO                    3/14/07                               4/1/10 
Kellow, Glenn Leslie          Director                                   4/24/07                                4/1/10 
Roybal, Charles E.            Assistant Secretary                  8/1/02     3/3/09 
 
 
 
 
 
 
Names in Bold indicate new changes since last report 
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CHACO VALLEY ENERGY LLC 
ACTIVE OFFICERS 

 
 
Name Title Date Elected 
 
Jones, Evan Y. Vice President 3/19/04 
Moore, Earl Kenneth Vice President 3/19/04 
Clarke, Steve C. Assistant Treasurer 3/19/04 
Teel, Paul Lawrence Vice President 6/1/05 
Groves, Darrell                        Treasurer                                        7/1/08 
Fourie, Jacobus Gerhardus                      President & COO  4/1/10 
Jr., David T. Grand Assistant Secretary 12/22/09 
Roybal, Charles E. Secretary 3/3/09 
 
 

CHACO VALLEY ENERGY LLC 
RESIGNED OFFICERS 

 
 
Name Title Date Elected  
 
Grubb, John W. President 3/19/04 7/1/05 
Huissman, Brian J. Vice President 11/30/04 11/1/05 
Rhodes, M. Ruth Secretary 3/19/04 7/1/07 
Isaacs, Lewis Wayne President 7/1/05 3/14/07 
Theron, Ian David Treasurer 3/19/04 7/1/08  
Tlachac, Kelly D. Secretary 7/1/07 9/1/08 
Neumann, Michael J.        Assistant Secretary                  3/19/04    3/3/09 
Pettigrew, Ed A.                Vice President                          3/19/04                             12/31/09 
Kellow, Glenn Leslie          President                                 3/14/07                               4/1/10  
Roybal, Charles E.            Assistant Secretary                  8/1/02    3/3/09 
 
 
 
 
 
 
Names in Bold indicate new changes since last report 
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CHAPTER 3 

CULTURAL RESOURCES 

 

 

3.1 INTRODUCTION 

 

The cultural resources information in this chapter covers Areas I, II, III, and IV North, industrial 

sites, and right-of-ways associated with BHP Navajo Coal Company’s (BNCC) mining lease (see 

EXHIBIT 3-1).  Information concerning the nature and location of cultural, historic, and 

archaeological resources and properties, including survey and study reports submitted as part of 

this permit application package are understood to be confidential under applicable law. 

 

Archaeological actions on the Navajo Mine leasehold have taken place in phases corresponding 

to the sequence of mining activities. Permitting activities on BNCC’s mining lease have been 

and will be conducted in compliance with all applicable federal laws, including without 

limitation:  National Historic Preservation Act (NHPA) of 1966 (Public Law 98-655), the 

Archaeological Resources Protection Act (ARPA) of 1979 (Public Law 96-96), and the Native 

American Graves Protection and Repatriation Act (NAGPRA) of 1990. (Appendix 3-1).  In 

addition, BNCC intends to comply with the appropriate, applicable Navajo Nation policies, 

statutes and guidelines to the extent they are not inconsistent with applicable federal law. 

 

3.2 CULTURAL/HISTORICAL BACKGROUND 

 

At the onset of mining activities on the mining lease, BNCC (formerly BHP, Utah Construction 

& Mining Co., and Utah International Inc. (UII)) and Arizona Public Service Company (APS) 

obtained the services of the Museum of New Mexico’s Laboratory of Anthropology to conduct 

an archaeological survey of the Area I and Area II prior to any land disturbances associated with 

the start of the Four Corners Power Plant and Navajo Mine.  The northern portion of this area 

was cleared (reflecting approval) in June 1961 and the report from this initial survey was 

completed in 1962 (Greminger and Sciscenti, 1962).  Area II was subsequently cleared on 

August 25, 1969.  
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An archaeological survey (Reher, 1977) was conducted for Areas III, IV North, IV South and V 

from September 1973 to December 1974.  In this survey, 718 archaeological sites were identified; 

153 of those sites were determined eligible for listing on the National Register of Historic Places 

(NHRP).   

 

The archaeological compliance actions taken by BNCC and its consultants from 1961 to 2008 have 

resulted in the completion of BNCC’s obligations under its permits and in the completion of OSM’s 

(and other federal agency) obligations under applicable cultural resources management statutes and 

regulations within BNCC’s mining lease lands from Area I to Area IV North.  TABLE 3-1 

summarizes the archaeological actions with compliance completion dates, the principle agency 

involved, area clearance granted, and principle consultant involved in the major mitigation projects.   

 

Artifacts and records from these mitigation and research activities that have not been returned to the 

Navajo Nation are maintained at the Museum of New Mexico, University of New Mexico in 

Albuquerque, New Mexico, or at the San Juan County Museum in Bloomfield, New Mexico. 

 

In 2004, BNCC contracted with San Juan County Museum Association’s Division of Conservation 

Archaeology (DCA) to perform an updated inventory/evaluation of archaeological sites and historic 

properties within the Area IV North portion of the Navajo Mine lease area.  DCA reviewed the 

literature and conducted field inventories to re-locate and characterize 57 sites previously identified 

within this area (Hofan and Winter, 1983: Reher, 1977).  As part of its work, DCA identified 16 

new sites of varying potential significance.  A total of 73 archaeological or cultural resources sites 

were located and/or identified during the evaluation project (Meininger and Wharton, 2004).   
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TABLE 3-1 

 

NAVAJO MINE ARCHEOLOGICAL CLEARANCE 

 Clearance Area Acres Clearance Approval Clearance Date Project Documentation1 

1. Mining Area I2 and Industrial 
Complex. 

5307.60 Museum of New Mexico 
(MNM)3  

06/61 Report: "Archaeology of the 4 Corners Power 
Project", Greminger & Sciscenti, 1962. 

2. Mining Area II. 3391.10 MNM  08/25/69 Recommendation from MNM to NPS after 
survey finds no arch. sites. 

3. The "Neck", North of Area 
III. 

160.00 National Park Service (NPS). 12/16/76 Report: "Archaeological Survey of the 160 ac. 
part of Area III of the Navajo Mine Leasehold 
known as "the Neck"", conducted for UII, 
Cultural Resources Management Prog., New 
Mexico State Univ. 

4. NW Corner of Area III. 661.80 NPS. 06/26/81 Report: "Human Adaptations in a Marginal 
Environment, The Mitigation Project, 1980, 
Office of Contact Archaeology (OCA), UNM. 

5. SW Corner of Area III. 1583.74 NPS. 12/10/79 11/27/79 letter from OCA to NPS 
recommending clearance. 

6. Eastern Side of Area III. 2709.70 NPS. 09/25/81 08/27/81 letter from UII to NPS requesting 
clearance based on CGP survey. 

7. 106 acres on Eastern Side of 
Area III plus most of the 
Southern part of Area IV 
North. 

4247.20 Office of Surface Mining 
(OSM). 

12/12/84 Report: "Economy and Interaction Along the 
Lower Chaco River", OCA, May 1983. 

1All documentation, correspondences, reports, etc., have been submitted to OSM/WSC and are maintained as confidential. 
2Acres reflecting Mining Area I only. 
3The Museum of New Mexico in 1961 certified the "clearance" since no clearances were required at that time. 
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TABLE 3-1 Continued 

 

NAVAJO MINE ARCHEOLOGICAL CLEARANCE 

 Clearance Area Acres Clearance Approval Clearance Date Project Documentation1 

8. 27 EQ Areas. 842.00 OSM. 12/07/88 Report: "Archaic, Puebloan, and Navajo Land Use 
and Occupation Along the Middle Chaco River", 
Southwest Archaeological Consultants Inc. (SAR). 

9. Block "B". 820.00 OSM. 02/10/92 Approval letter from OSM/WSC to BHP.  OSM in 
receipt of 2/5/92 submittal of the Navajo Nation 
Historic Preservation Officer & the State Historic 
Preservation Officers, 1/7/92 concurrence with 
DCA's 8/5/91 report "Archaeological Testing & 
Evaluation Report" for site NM-H-21-162. 

10. Block "D". 19.50 OSM. 10/12/93 Approval letter from OSM/WSC to BHP, based 
upon review of "Preliminary Data Recovery 
Report for Site LA 88815", DCA, August 1993. 
 

11. Block “A” 210.8 NNHPD 06/18/96 Approval by NNHPD for sites in Block A via 
OSM with effects/Conditions of Compliance to 
include a testing plan and a data recovery plan in 
consultation with NNHPD. 

1All documentation, correspondences, reports, etc., have been submitted to OSM/WSC and are maintained as confidential. 
2Acres reflecting Mining Area I only. 
3The Museum of New Mexico in 1961 certified the "clearance" since no clearances were required at that time. 
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TABLE 3-1 Continued 

 

NAVAJO MINE ARCHEOLOGICAL CLEARANCE 

 Clearance Area Acres Clearance Approval Clearance Date Project Documentation1 

12. Area 3 Lowe Pit  111.41 BIA 11/02/99 11/2/99 Approval by NNHPD for A Cultural Resources 
Inventory of a Proposed Surface Addition to the 
Navajo Mine Area III Lowe Pit with No historic 
properties affected Cultural Resources Compliance 
Form signed and issued by BIA 

13. Area 4 North 4500 , BIA 06/08/05 06/08/05 NNHPD HPD-04-1252 Cultural Resources 
Compliance Form signed and issued by NNHPD 
via BIA. Effect/Conditions of Compliance to test 
33 sites and mitigate 19 sites including 
ethnographic study completion prior to mining 
activities within the project area.  The Eligibility 
evaluation of Cultural Resources for A4N 
submitted in 2004, Data Recovery and Treatment 
plan for 44 Sites submitted in 2006. Data 
Recovery and Treatment plan for 47 Sites 
submitted in 2006.  NRHP Eligibility testing 
report  for 33 sites submitted in 2007, 
Ethnography Each Place Brings Stories submitted 
in 2007, Preliminary Report on Excavation of 19 
Sites in Area 4N completed in 2008.  All material 
submitted to NNHPD. 

14. Burnham Road Realignment 188 BIA 12/27/07 03/07/08 NNHPD HPD-06-843 Revised Cultural Resource 
Survey of 188 Acres for a Proposed Realignment 
of Burnham Road, within and outside the Navajo 
Mine Lease Area. Cultural Resource Survey 
submitted to NNHPD in 2006. 

 TOTAL: 25594.85    

 
1All documentation, correspondences, reports, etc., have been submitted to OSM/WSC and are maintained as confidential. 
2Acres reflecting Mining Area I only. 
3The Museum of New Mexico in 1961 certified the "clearance" since no clearances were required at that time. 
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Based on the review of the DCA report, and in coordination with OSM, the Navajo Nation Historic 

Preservation Department (NNHPD) issued a Cultural Resources Compliance Form that outlined the 

Effects and Conditions of Compliance of the proposed project to conduct mining and related 

operations throughout Area IV North of the Navajo Mine lease.  Of the total 73 cultural resources 

located in the proposed mine area, OSM, in coordination with NNHPD, determined that 21 were not 

eligible for listing on the National Register of Historic Places (NRHP) and 52 were NRHP eligible.  

In addition to the cultural resource or archaeological sites, one Traditional Cultural Property (TCP), 

also determined not eligible for the National Register, 4 burial locations, and 2 In-use sites were 

identified.  OSM, in coordination with NNHPD, determined that a thorough ethnographic study, a 

data recovery plan, and additional testing were required to mitigate the adverse effects of the 

proposed mining impact. 

 

In 2005, BNCC contracted Ecosystem Management, Inc (EMI) to draft a data recovery and 

treatment plan to conduct a thorough ethnographic study for Area IV North, to survey the proposed 

Burnham Road realignment, and to conduct additional eligibility testing in that area .  The data 

recovery plan provided a framework for the mitigation and testing of 47 previously recorded 

archaeological sites located within Area IV North (Burelson, Phippen, and Yost 2006).  This plan 

provided methodology for formal data recovery at 12 sites and testing at 35 sites to determine 

whether or not additional data recovery was warranted. 

 

EMI subcontracted the prescribed ethnographic study to Dinetahdoo CRM. A plan was made for 

gathering ethnographic information, based on the review of the local literature, field visits to Navajo 

archaeological sites in Area IV North, and preliminary contacts with members of the families using 

the project area.  This plan was submitted to and approved by OSM, in coordination with NNHPD, 

in 2006.  Officials of the chapters that encompass the project area were consulted:  Nenahnezad, 

Burnham, San Juan, Upper Fruitland, Sanostee, and Newcomb chapters.    Individuals were 

identified for ethnographic interview by using data from the chapter contacts, historical users of the 

area, and individuals identified in previous ethnographic interviews.  All together 36 people within 

six chapters were contacted.  Nineteen individuals were taken on field visits to old family sites and 

or camps, and portions of interviews were conducted on those site visits.  The results of the
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ethnographic study were presented in the publication “Each Place Brings Stories” that was 

submitted to NNHPD in 2007 (Kelley et al 2007). 

 

EMI also conducted a cultural resources Class III survey of the proposed Burnham Road 

realignment, including on and off lease segments of the realignment.  In the survey area, four 

cultural resource sites were located (Burelson 2006).  Based on the review of EMI’s report, OSM, in 

coordination with NNHPD, issued a Cultural Resources Compliance Form that outlined the Effects 

of the project and the Conditions of Compliance.  All four sites were determined to be eligible for 

inclusion to the NRHP; three of the sites could be avoided by rerouting and one required mitigation.  

Mitigation work for the one site was completed in 2007 (Honeycutt 2008). 

 

During the spring of 2007, EMI conducted evaluative investigations at 33 sites in Area IV North.  

Subsurface testing was conducted at 19 sites and detailed mapping and artifact analysis was 

conducted at the remaining 14 sites.  The results of the testing indicated that 7 sites should be further 

mitigated according to the data recovery plan.  In addition, it was recommended that the sites dating 

to the Navajo period should be considered as part of an eligible historic landscape (Johnson et al, 

2007).  

 

A Programmatic Agreement (PA) for Area IV North was developed, approved, and executed by 

OSM, NNHPD, and BNCC.  The PA details the steps and methods to be followed when taking into 

account effects of cultural properties by a federal undertaking in association with Section 106 of the 

National Historic Preservation Act of 1966.  In this case, the PA is an agreement between the 

proponent (BNCC), the federal agency (OSM), and the Navajo Nation Historic Preservation Office 

(NNHPD).  The Advisory Council on Historic Preservation chose not to participate in the PA.  

Various tribes were consulted during the process of developing the PA.  In addition to procedures 

for mitigation and reporting, the PA included a plan for treatment of unanticipated discoveries of 

archaeological resources. 

 

In 2007, BNCC contracted Ecosphere Environmental Services to mitigate 6 of the 12 sites initially 

identified for data recovery.  Under subcontract, Woods Canyon Archaeological Consultants, Inc. 

(Woods Canyon) completed the mitigation work at these sites.  The mitigation of this work was



3-8 (6/05; 2/11) 

conducted under the approval of an ARPA permit issued by the Bureau of Indian Affairs and a 

Navajo Nation Class C permit.  As the fieldwork on this project was nearing completion, the results 

of EMI’s testing were finalized.  Based on the results of the testing, the contract for mitigation was 

expanded by 13 more sites; to include the 7 additional sites and the remaining 6 sites.  Mitigation 

work was completed in May of 2008 and a preliminary report on the findings was submitted in 

October of 2008 to NNHPD (Honeycutt 2008).  The technical report is in draft form and has been 

submitted to NNHPD. 

 

In addition to the mitigation work, Woods Canyon was tasked to investigate the location of historic 

human burials in Area IV North.  As a result of the ethnographic study, the locations of 10 human 

burials were claimed to exist.  Investigations include surface inspection of locations, metal detector 

investigations, hand test units in the potential areas of the burial, and in the case of two locations 

mechanical testing.  The investigations located probable evidence of burials (2) at one location in 

Area IV North.  In accordance with Navajo Nation Jishchaa’ Policy, the closest lineal descendants 

were interviewed and it was their desire to leave the graves were they are located.  A fence has been 

built around the location of the burials and proposed mining activities will avoid the location.  A 

confidential report on the investigations was written and filed with NNHPD. 

 

In July of 2007, a meeting was held with representatives from NNHPD, BNCC, Woods Canyon, 

and EMI to discuss mitigation plans associated with the proposed historic landscape.  It was decided 

to produce a web-based product that presents the results of the survey, excavation, and ethnographic 

data.  In addition, a cultural landscape study was written as part of the technical report submitted to 

NNHPD.   

 

DCA and the Ethnographic Study identified a Traditional Cultural Property (TCP), TCP1, within 

the Area IV North lease area.  Ethnographic interviews were conducted with the individuals and 

their families familiar with the TCPs.   

 

BNCC has and will comply with the American Indian Religious Freedom Act (AIRFA), the Native 

American Graves Protection and Repatriation Act of 1990 (NAGPRA), and the adopted 1996 

Navajo Nation Policy for the Protection of Jishchaa’: Gravesites, Human Remains, and Funerary
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Items, to the extent it is consistent with NAGPRA.  A copy of policy is located in Permit NM-

0003F, Chapter 3, Appendix 3-1.  A confidential exhibit of possible human burial locations within 

and adjacent to Navajo Mine Permit Area is kept on file at Navajo Mine and the Office of Surface 

Mining/Western Regional Coordinating Center (OSM/WRCC). 
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3.3 PROTECTION OF PUBLIC PARKS AND HISTORIC PLACES 

 

No existing public parks will require measures to be taken at Navajo Mine to minimize or 

prevent impacts due to mining and reclamation operations. 
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Table 4-5 (Continued) 
 

Monitor 
 
 

Land 
Status Siting Criteria Rationale Access 

NM07 Permanent 1. W of Area IVN mining 
area. 

2. Outside of 5 year mine 
plan. 

3. Location is in the vicinity 
of a local residence. 

 

1. Location will provide 
background data. 

2. Long term monitoring 
data collection. 

3. Assess the 
effectiveness of 
Navajo Mine Fugitive 
Dust Control Plan in 
the future Area IVN 
pit area. 

 

Two track dirt road and 
walk in. 
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CHAPTER 6 

GROUNDWATER HYDROLOGY 

6.1 AQUIFER DELINEATION 

 

The Navajo Mine is located on the western flank of the San Juan Structural Basin in 

northwestern San Juan County approximately 15 miles west of Farmington, New Mexico.  The 

geologic formation dips gently to the east toward the center of the basin at an angle of one to two 

degrees and steepens toward the outcrop areas where a fairly abrupt monocline (Hogback) can be 

observed.  A more thorough description of the regional and localized geology of Navajo Mine is 

provided in CHAPTER 5. 

 

The mine and adjacent areas are underlain by the Pictured Cliffs Sandstone Formation, Fruitland-

Kirtland Formation, and unconsolidated alluvial deposits in the valleys of the San Juan River, 

Chaco River, and the Chinde and Cottonwood Arroyos.  A number of ground water monitoring 

wells have been completed (EXHIBIT 6-1) in the geologic formations on and near the permit 

area. These monitoring wells are described in the Billings & Associates (1989) report found in 

APPENDIX 6E.   Permit NM-0003C, CHAPTER 12, APPENDIX 12-D.  Additional baseline 

data were also obtained from monitoring wells and vibrating wire piezometers (VWPs) installed 

in the Fruitland coals and in the underlying Pictured Cliffs Sandstone Formation for baseline 

hydrogeology characterization of Area IV and Area V of the BHP Navajo Coal Company 

(BNCC) coal lease.  The data from these wells and VWPs are provided in Appendix 6.G along 

with a charaacterization of the groundwater aquifers within the Area 4 North resource area of the 

BNCC lease area.  This Appendix also provides the baseline data that are used to support the 

development and calibration of multilayer, numerical, groundwater flow model of the 

hydrogeologic system of Areas IV and V of the BNCC lease. 

 

To obtain hydrologic information, a piezometer installation program was conducted throughout 

the mine area to estimate the water-bearing potential of the above geologic formations.  



(2/11) 6-1a 

Information on the water-bearing zones within these formations was obtained during drilling by 

monitoring fluid return, air injection pressure, and lithology. 

 

Aquifers were delineated using two different methods.  The first approach treated the individual 

coal seams in the Fruitland Formation as separate aquifers.  This resulted in the potentiometric 

surface maps for the major coal seams (EXHIBITS 6-2 through 6-5).  Since the coal seams are 

discontinuous through the formation, an alternate approach for delineation was considered which 

utilized United States Geological Survey (USGS) data and treated the coal seams and 

interbedded lithologic units of the Fruitland Formation as a single aquifer.  The single aquifer 

approach was previously evaluated (Billings, 1987) A copy of the Billings (1987) report 
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6.G-1 Introduction 

 

This Appendix has been prepared to summarize and interpret the additional baseline data obtained from 

monitoring wells and vibrating wire piezometers (VWPs) that were installed in the Fruitland coals and in 

the underlying Pictured Cliffs Sandstone (PCS) for baseline hydrogeology characterization of Area IV and 

Area V of the BHP Navajo Coal Company (BNCC) coal lease.  Completion diagrams and lithologic logs 

for these monitoring wells and VWPs are provided in Attachment 6.G-1.  The data from these wells and 

VWPs locations provide additional information on groundwater levels, aquifer characteristics, and 

groundwater quality within and adjacent to the Navajo Mine permit area.  Geologic information as well as 

data from monitoring wells installed in Area III of the BNCC lease are also included in this Appendix to 

support the hydrogeologic interpretations.  This Appendix also provides the baseline data that are used to 

support the development and calibration of multilayer, numerical, groundwater flow model of the 

hydrogeologic system of Areas IV and V of the BNCC coal lease.  

 

The hydrogeologic units within and adjacent to Navajo Mine Area IV North include: 

 The alluvial groundwater of the Chaco River, Pinabete Arroyo, and Cottonwood arroyo  

 The coal seams of the Fruitland Formation 

 The Pictured Cliffs Sandstone (PCS), located below the Fruitland Formation  

 

The location of baseline monitoring wells and VWPs completed within or adjacent to Areas III, IV and V 

of the BNCC coal lease are shown in Exhibit 6.G-1.  This exhibit also provides hydrogeologic sections, 

depicting the various coal seams of the Fruitland Formation and the top of the PCS.  Water level elevations 

measured in the monitored coal units and in the underlying PCS are plotted in the hydrogeologic sections in 

Exhibit 6.G-5 to depict both horizontal and vertical gradients.  

 

6.G-2 Alluvial Groundwater 

Alluvial fill deposits occur in the valley bottom of Cottonwood Arroyo within the permit area and along the 

Chaco River and Pinabete Arroyo, to the west and south of the permit area.  However, these deposits are 

not considered Alluvial Valley Floors (AVF).  Refer to of Chapter 6.5 for information on the negative 

determination for AVF within and adjacent to the permit area.  The Chaco River alluvium is saturated and 

provides limited stock water supply at several dug wells.  Likewise, portions of the alluvium of 

Cottonwood and Pinabete Arroyos are saturated and will yield water to wells, as evidenced by the dug 

wells completed in the alluvium of both Cottonwood and Pinabete Arroyos  

 

Baseline monitoring of the alluvium of Cottonwood Arroyo was conducted at four alluvial well monitoring 

locations shown on Exhibit 6.G-1.  Baseline water quality information obtained prior to year 1983 from the 

monitoring wells GM-17 and QACQ-2 (GM-18) are included in Appendix 6-C.  Well GM-17 is completed 
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in the alluvium of North Fork of Cottonwood Arroyo.  A dug well, GM-18, completed in the alluvium of 

Cottonwood Arroyo west of the permit area, was converted for use as a monitoring well and is designated 

as QACW-2 in Exhibit 6.G-1.  This well was included in the Navajo Mine quarterly monitoring program.  

However, the well is usually dry and relatively few samples have been obtained during baseline 

monitoring.  Water quality samples could not be obtained from alluvial monitoring well QACW-1 because 

it was dry during baseline monitoring from 1989 through 1998.  The well was subsequently removed by the 

advance of mining operations in Area III.  BNCC has also performed baseline monitoring of well QACW–

2B completed in the alluvium of Cottonwood Arroyo west of the permit area as shown in Exhibit 6.G-1.  

This well is a dug well that has been used for stock water supply and is not owned by BNCC.  

 

The baseline water quality monitoring results for these Cottonwood alluvial wells are summarized in 

Table 6.G-1.  These results show the water quality of the alluvium of Cottonwood Arroyo to be a sodium-

sulfate type with variable TDS concentrations.  Water within the Cottonwood alluvium is unsuitable for 

drinking water use because of TDS, sulfate, fluoride, iron, and manganese exceedances of the criteria listed 

Table 6.G-2.  The water in the alluvium of the mainstem of Cottonwood is marginally suitable for its 

current stock watering use, although the TDS, sulfate, and fluoride concentrations often exceed the Navajo 

Nation water quality criteria for livestock (Table 6.G-2).  Also, the alluvium is variably saturated and often 

will not yield sufficient water for sampling.   

 

Two alluvial monitoring wells, PA-1 and PA-2, were installed in 1998 within the alluvium of Pinabete 

Arroyo at the locations shown in Exhibit 6.G-1.  Table 6.G-3 summarizes the baseline water level readings 

and aquifer test results are summarized in Table 6.G-4.  The estimated hydraulic conductivities for the 

Pinabete Arroyo alluvium of 51.3 ft per day (ft/day) (1.8 x 10-2 cm per second (cm/sec)) and 10.7 ft/day 

(3.8 x 10-3 cm/sec) are within the range expected for clean sand and are considerably higher than the 

bedrock values in the area.  Well yields from the alluvium, however, are limited by a very low saturated 

thickness of about 5 ft or less.   

 

Water quality analytical results from the baseline sampling of alluvial wells PA-1 and PA-2 are provided in 

Table 6.G-5 and Table 6.G-6, respectively.  These results show the water quality to be a sodium-sulfate 

type with TDS concentrations ranging from 1,500 to 4,310 mg/L.  Water within the alluvium is unsuitable 

for drinking water use due to TDS, sulfate, fluoride, iron, and manganese concentrations above drinking 

water criteria.  The water is marginally suitable for its current use for stock watering, although the TDS, 

sulfate, and fluoride concentrations usually exceed the Navajo Nation water quality criteria for livestock 

and wildlife use and selenium concentrations exceed the Navajo Nation water quality criteria for wildlife 

use. 
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Some information on the baseline water quality in the Chaco River Alluvium is provided in the well 

inventory included in Appendix 6E –Addendum 12-D-A of the PAP.  The available water quality 

information from this well inventory show TDS concentrations ranging from 1,950 mg/l to 3,110 mg/l and 

sulfate concentrations ranging from 1,100 to 1,790 mg/l at wells located west of Areas II, III and IV at the 

Navajo Mine.  Limited groundwater quality baseline data are also provided by Thorn (1993) for the Chaco 

River alluvium.  The results show considerable variability in the alluvial water quality with TDS 

concentrations ranging from 742 to 11,900 mg/L, sulfate concentrations from 350 to 6,600 mg/L, and 

fluoride concentrations ranging from 0.4 to 1.7 mg/L. 

 

6.G-3 Fruitland Coal Seams 

Groundwater is also found in the coal units of the Fruitland Formation and in the PCS, which underlies the 

Fruitland Formation at the Navajo Mine site.  The geologic strata within the permit and adjacent area dip 

gently to the east toward the center of the San Juan Basin at an angle of 1 to 2 degrees as depicted in the 

cross sections provided in Exhibit 6.G-1.  Based on both regional and site-specific information, the 

Fruitland Formation and associated coal units, and the PCS are unsaturated or partially saturated near the 

outcrop of these units on the western side of the Navajo Mine permit area but become saturated to the east 

and down dip of the outcrop.  The pre-mine groundwater in the Fruitland Formation throughout most of the 

BNCC coal lease will not support beneficial use because of the very low well yields and poor water quality.  

There are no known water supply wells completed in the Fruitland Formation within or adjacent to the 

BNCC coal lease. 

 

Based on baseline information obtained from water level elevations measured in the wells and piezometers, 

the general groundwater flow directions in the Fruitland Formation within Areas III, IV and V of the 

BNCC coal lease are vertically downward through the interbedded shale and coal units of the Fruitland 

Formation and into the PCS and laterally within individual coal seams toward the north-northeast with 

some localized flow toward the topographic lows along Cottonwood and Pinabete Arroyos.  Direct 

recharge rates measured by chloride mass balance methods on undisturbed areas at the Navajo Mine ranged 

from 0.002 to 0.09 in/yr (Stone 1987).  The highest recharge rate of 0.09 in/yr was for valley terraces while 

the lowest recharge rate of 0.002 in/yr was for badland areas.  Recharge from upland flats averaged 0.03 

in/yr.  Recharge is expected to be higher from saturated alluvium and surface impoundments.  Although 

Stone’s research (1986 and 1987) did not include recharge estimates for surface impoundments, it does 

provide an estimate of an average recharge rate of 0.16 in/yr from depressions within reclaimed mine areas 

at the Navajo Mine. 

 

Based on the previous mining experience at the Navajo Mine, the coals, the overburden, and the 

interburden in the Fruitland Formation are not expected to yield much water during mining.  The mine pit 

has remained dry except on rare occasions when surface flows are captured.  Groundwater seeps are rarely 
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observed along the highwall as any groundwater in the Fruitland overburden and coals is consumed by 

evaporation along the highwall. The few seeps that have been observed during mining were at locations 

within Area I where the highwall was near Navajo Agricultural Products Industry (NAPI) irrigation plots.  

NAPI irrigation plots do not occur within the drainages associated with proposed Area IV mining, although 

Cottonwood Arroyo does receive direct discharges of water from irrigation canals.  The direct discharges 

occur when an over supply of water in the canal is released directly to the stream channel.  Direct discharge 

is highly variable, occurs quickly, and can last up to 12 hours.  However, usually there is no flow in 

Cottonwood Arroyo and it retains the characteristics of an ephemeral stream  

 

One conceptualization of the hydrogeology of the Navajo Mine site is to consider the Fruitland Formation 

as a single hydrogeologic unit.  The single hydrogeologic unit approach was previously proposed by 

Billings and Associates (Appendix 6.D) for modeling groundwater at the Navajo Mine because of the 

complexity of the individual coal seams, which often split or pinch out.  This conceptualization has been 

used for predicting steady-state post mining flow in the Fruitland Formation from the Navajo Mine to the 

discharge locations along the subcrop with the San Juan River alluvium.  This conceptualization may be 

best for regional modeling and is the appropriate conceptualization when baseline hydrogeologic 

information does not exist to calibrate a more complex hydrogeologic model.    

 

However, given the extensive baseline hydrogologic information that was available within areas IV and V 

of the BNCC lease, a conceptual hydrogeologic model and the numerical groundwater model that 

delineates the coal beds as distinct hydrogeologic units was developed to assess the baseline hydrogeologic 

conditions and to simulate the effects of mining within Area IV North.  This conceptualization supports the 

calibration of a numerical model because the potentiometric information is developed from monitoring 

wells and piezometers completed in specific coal units.  This conceptualization is also better for evaluating 

local influences and the potential changes in vertical and horizontal groundwater flows that may occur as a 

result of mining and reclamation.   

 

The potentiometric elevations in the specific coal units decline with depth within Areas III, IV and V of the 

BNCC lease as shown in Exhibit 6.G-1, indicating a vertical downward component of flow through the 

Fruitland Formation.  One of the primary hydrogeologic changes to occur as a result of mining is the 

removal of the coals, interbedded shales, and sandstone strata, thus resulting in more homogeneous and 

isotropic conditions within the mine backfill.  This change is expected to result in a steady-state post-

mining water table that is lower than pre-mining but steady-state potentiometric elevations at the base of 

the mine backfill that are higher than the potentiometric elevations that occurred in the lowest coal seam 

prior to mining.  The result of this change would be an increase in vertical flow from the mine backfill into 

the PCS under steady-state post-mining conditions relative to the vertical flow from the Fruitland 

Formation to the PCS prior to mining.     
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However, these changes would not be expected within Area I.  The pre-mine vertical downward gradient 

may not have occurred in the Fruitland Formation within Area I because of its closer proximity to the San 

Juan River, a location for regional groundwater discharge where upward gradients would be expected.  

Also, Morgan Lake has increased potentiometric elevations in the PCS, which further limits the potential 

for downward flow into the PCS from the Fruitland Formation. 

   

The PCS, the first hydrogeologic unit below the Fruitland Formation, has been included in the groundwater 

flow model.  The top of the Lewis Shale, the first hydrogeologic unit below the PCS, has been included as 

the base of the model domain.  The delineation of these hydrogeologic units within the model domain was 

created from the extensive geologic and groundwater information developed for Areas IV and V.  

Information was also obtained from a variety of sources to help delineate the hydrogeologic units and 

define groundwater conditions for the portions of the model domain that are beyond the limits of Areas IV 

and V.  The hydrogeologic model and simulations generated to support the probable hydrologic 

consequences assessment are provided in Appendix 11-UU.   

 

Baseline potentiometric elevations measured in the wells and in the VWPs completed in specific coal 

seams within Areas IV and V are summarized in Table 6.G-7.  The potentiometric surface for the No. 3 

coal seam is provided in Exhibit 6.G-2.  This potentiometric surface was constructed from the baseline 

potentiometric elevations for the No. 3 coal seam presented in Table 6.G-7 and the July 1989 baseline 

potentiometric elevations measured in the No. 3 coal wells located within Area III.  The modeled baseline 

potentiometric surface for the No. 3 coal in Figure 6.G-2 was also used to estimate the potentiometric 

contours beyond the limits of the monitoring data.  The potentiometric gradient in the No. 3 coal indicates 

groundwater flow components toward the north-northeast with local gradients toward Pinabete Arroyo and 

Cottonwood Arroyo.  The lower coal seams pinch out and do not extend north of Area III.  The 

groundwater moving along the potentiometric gradients to the northeast flows through the undifferentiated 

Fruitland Formation into either the upper coal units or into the underlying PCS.   

 

Potentiometric gradients in the other coal seams within Areas III, IV, and V of the BNCC coal lease are 

expected to be generally toward the northeast, similar to the gradients shown for No. 3 coal.  However, the 

upper coal seams (No. 6, No. 7, and No. 8) outcrop to a greater extent within the valleys of Pinabete 

Arroyo, No Name Arroyo, and Cottonwood Arroyo within the BNCC coal lease.  The groundwater 

associated with these upper coal seams is expected to show greater local influence from the topographic 

lower elevations along the arroyos.  The baseline hydrogeologic model generated to support the probable 

hydrologic consequences assessment simulated local potentiometric gradients toward the topographic lows 

along Pinabete Arroyo, No Name Arroyo, and Cottonwood Arroyo in all of the Fruitland coal units.  The 

local influence of topography on potentiometric gradients was greatest for the shallowest coal, the No. 8 

seam (see Appendix 11-UU).  Field observations of salt deposits and enhanced vegetation production also 
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indicate that local discharge may occur from the No. 8 coal at the coal outcrop along Pinabete Arroyo.  

Baseline groundwater model simulations in Figure 6.G-3 and potentiometric elevations at wells KF-2007-

01, KF84-22A, and KF83-10A were used to prepare the potentiometric surface of the No. 8 coal seam that 

is provided in Exhibit 6.G-3.    

 

A displacement (slug) test was performed at well KF-98-02 and bailed recovery tests were conducted at 

wells KF-98-03 and KF-98-04 to determine transmissivity and hydraulic conductivity in the No. 3 coal 

seam within Area IV South.  Test results in Table 6.G-8 show very low hydraulic conductivity values for 

the No. 3 coal consistent with the low hydraulic conductivity values reported in Table 6-1 for the No. 2, 

No. 3, and No. 4-6 coal seam wells located within Area IV North.  A pumping test of the No. 8 coal seam 

well KF2007-01 was also performed and interpreted using the Papadopulos-Cooper method as shown in 

Table 6.G-8. The higher hydraulic conductivity for the No. 8 coal seam relative to the No. 3 seam is 

consistent with the results in Table 6-1, which show higher hydraulic conductivities for the No. 7 and No. 8 

coal units relative to the lower coal units.   

 

In a separate set of tests, the transmissivity and hydraulic conductivity values calculated from the 

observation well response during a pumping test of the No. 8 coal seam well, G-20, located at the San Juan 

Mine were 0.017 ft2/day and 0.001 ft/day (3.5 x 10-7 cm/sec), respectively (San Juan Coal Company, 2009).  

These results for the hydraulic conductivity from G-20 are lower than the values from well tests at Navajo 

Mine.  However, the observation well response from well G-20 pumping test is useful because it provides a 

reliable estimate for the storage coefficient (4.2 x 10-4) associated with the No. 8 coal seam. 

 

Water quality monitoring data from Fruitland Formation coal wells at the Navajo Mine and BNCC coal 

lease monitoring locations show that baseline groundwater in the coals is very saline.  Table 6.G-9 provides 

a summary of the baseline water quality obtained from coal wells located within Areas II, III, and IV at the 

BNCC coal lease.  This table provides median baseline concentrations measured at the coal wells along 

with the number of baseline analyses obtained for each constituent at each well.  Given the variability in 

some of the analytical results, the median provides a good representation of baseline water quality at each 

well location.  The median, unlike the mean, is not biased by an anomalous value resulting from analytical 

or transcription errors or by a sample that may not be representative due to sampling method or impact by 

drilling fluids or annular grout seal. 

 

The TDS concentrations in Table 6.G-9 for the coal water at the Navajo Mine monitoring locations exceed 

the Navajo Nation and EPA Water Quality criteria for both drinking water and livestock use  The chloride 

concentrations also exceed the Navajo Nation Water Quality criteria for both drinking water and livestock 

use in most of the wells.  Fluoride concentrations are quite variable but the median values in several of the 

wells exceed the Navajo Nation Water Quality criteria for both drinking water and livestock.  Sulfate is 
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also quite variable among coal wells with concentrations above the Navajo Nation Water Quality criteria 

for both drinking water and livestock in the shallow coal wells near the outcrop but very low sulfate 

concentrations in the coal water in the deeper coal units and down dip of the outcrop.  The low sulfate in 

these deeper coals is due to apparent sulfate reduction in the groundwater.   

 

Groundwater monitoring results in Table 6.G-9 show that sodium is the dominant cation in the coal water 

and that bicarbonate-chloride are typically the dominant anions except for the relatively high sulfate in the 

shallow coals near the outcrop.  The TDS concentrations in the coal units at the Navajo Mine typically 

increase from south to north and from shallow to deep.  Furthermore, baseline TDS concentrations in 

excess of 40,000 mg/L have been reported in Table 6-2 of Navajo Mine Permit Application for the 

Fruitland coal monitoring wells SJKF84#2 and SJKF84#3 installed in the No. 8 coal northeast of the 

Navajo Mine as shown in Exhibit 6-6 of the Navajo Mine Permit Application.    

 

Groundwater chemistry can change or evolve along its flow path from the recharge area to the discharge 

area.  Precipitation is low in TDS, is naturally weakly acidic, and contains bicarbonate due to the solution 

of carbon dioxide in the air.  In this portion of the San Juan Basin, the precipitation reaching the ground is 

immediately neutralized and acquires sodium, sulfate, and other ions.  Water that has only a short residence 

time in the ground is still typically high in TDS concentrations, with sodium, sulfate, and bicarbonate the 

dominant ions as indicated by both the surface water and alluvial groundwater samples.  Calcium is also 

present due to dissolution of calcium carbonate, but at concentrations that are considerably lower than 

sodium.  Chloride concentrations in precipitation are low.  Chloride concentrations in groundwater increase 

due to evapotranspiration and are typically lower in groundwater in the alluvium and in shallow bedrock 

near recharge areas.  As groundwater migrates through the saturated zones it is no longer in contact with 

atmospheric carbon dioxide and its capacity to dissolve carbonates diminishes.  The chemistry of the 

groundwater continues to evolve as other soluble minerals dissolve and cation exchange processes reduce 

the proportion of calcium and increase the proportion of sodium in solution.  Sulfate reduction also occurs 

when groundwater transitions from oxidizing to reducing conditions, particularly within the coal units. 

 

6.G-4 Pictured Cliffs Sandstone 

The PCS is a well-cemented, low-permeability, marine sand and is the first water-bearing unit below the 

Fruitland Formation.  Based on the geologic information presented in Section 5 of the Navajo Mine Permit, 

the PCS is approximately 110 to 120 ft thick and follows the structure of the Fruitland Formation, dipping 

to the east at approximately 2 degrees, although the structure varies locally.  The PCS conformably overlies 

the Lewis Shale, with the contact marked by a zone of interbedded sandstones and mudstones in the lower 

part of the PCS (Stone et al. 1983).  It outcrops just west of the mine lease and east of the Chaco River.  

The PCS is a marginal water resource due to low permeabilities, poor water quality, gas production, and 

low yields (Stone et al. 1983).  The PCS is also a natural gas reservoir in the San Juan Basin.  Stone et al. 
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(1983) state that the PCS cannot be considered a major aquifer and it is important only because it is the 

water-bearing horizon immediately underlying the coals in the Fruitland Formation.  

 

Well KPC-98-01 was installed in 1998 near the PCS outcrop at the location shown in Exhibit 6.G-1.  In 

2007, wells KPC2007-01, KPC2007-02, and KPC2007-03 were completed in the PCS at locations around 

the perimeter of Area IV South (Exhibit 6.G-1).  VWPs were installed in the PCS at four of the five VWP 

locations as shown on Exhibit 6.G-1.  A VWP was not installed in the PCS at the VWP2007-03 location 

because monitoring well KPC2007-02 was installed in the PCS at this location.  Potentiometric elevations 

measured at the PCS wells and the VWPs are summarized in Table 6.G-10.   

 

The water levels measured in the PCS well KPC2007-01 at the VWP2007-01 location show elevations in 

the PCS monitoring well that are consistently about 6 feet lower than the potentiometric elevation measured 

in the PCS at the VWP.  The VWP in the PCS at this location is installed at the top of the PCS, while the 

well screen and filter pack extends through about 75 ft of the PCS.  The difference between the two 

measurements suggests that hydrostatic heads are higher at the top of the PCS at this location and decline 

with depth.  Thus, downward gradients are believed to continue through the PCS at this location.  

 

Historical water level data are also available for six PCS wells that were completed within or adjacent to 

BNCC lease Areas IV and V during the mid-1970s.  Data from these well are included in a report by 

Science Application, Inc. (1979) that was prepared for a proposed coal gasification project.  These PCS 

monitoring wells are designated as the GM wells with water elevations shown on Exhibit 6.G-4.  These 

PCS monitoring wells and piezometers were plugged and abandoned in 1994.   

 

The modeled baseline potentiometric surface for the PCS in Figure 6.G-1 together with the baseline 

potentiometric elevations from the PCS wells and VWPs were used to prepare the PCS potentiometric 

surface provided in Exhibit 6.G-4.  The measurements of the baseline potentiometric elevations for the 

abandoned GM wells were obtained in June 1989.  The potentiometric surface for the PCS shows overall 

gradients to the north.  The highest potentiometric elevations for the PCS shown in Exhibit 6.G-4 

correspond with a structural high in the PCS located within the southeast portion of Area V of the BNCC 

coal lease.  There are also local gradients toward the topographic lows along No Name Arroyo, Pinabete 

Arroyo and Cottonwood Arroyo. 

 

Water yields are quite low from these PCS monitoring wells completed around BNCC lease Area IV South.  

Two of the PCS wells were quickly pumped or bailed dry during conventional sampling.  The yield from 

one of the PCS wells was sufficient to sustain a rate of about 0.4 gallons per minute (gpm) during a 

constant rate pumping test.  The fourth PCS monitoring well was pumped dry after about 140 minutes 

during a constant-rate pumping test at a rate of about 1 gpm. 
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An aquifer test was also conducted in 1975 at well T4-1 installed in the PCS near the western side of the 

Navajo Mine lease boundary as shown in Exhibit 6.G-4.  The drawdown and recovery measurements were 

recorded at the pumped well and at observation well GM30A, located 55.8 ft from the pumping well, and at 

observation well T4-2 located 12.5 ft from the pumping well (Science Application Inc. 1979).  The results 

of this aquifer test and those performed at the PCS monitoring wells installed within or adjacent to Area IV 

South are summarized on Table 6.G-11.   

 

Water quality analytical results from the baseline sampling of KPC-98-01 are provided in Table 6.G-12.  

The initial sample collected from this well in 1998 showed some influence from drilling fluids based on 

elevated pH and nitrate in the well sample results (Table 6.G-12).  It is suspected that the well was not fully 

developed due to low permeability and limited saturation.  Sampling results starting in 2007 are more 

consistent and representative of baseline conditions within the PCS at this location.  Based on the recent 

samples, the PCS groundwater at this location is a sodium-sulfate type with TDS concentrations slightly 

above 6,000 mg/L. 

 

The baseline water quality results from PCS well KPC2007-01 are summarized in Table 6.G-13. The PCS 

groundwater at this location is similar to the groundwater at well KPC-98-01 with TDS concentrations 

slightly below 6,000 mg/l.  Baseline water quality information was also collected during the mid-1970s 

from PCS wells GM-19, GM-20, GM-30A and GM21 located within or in close proximity to the BNCC 

coal lease as shown in Exhibit 6.G-1.  Water quality data from these wells are summarized in Tables 6.G-

14 through 6.G-17.  Baseline water quality data for these PCS monitoring wells indicate a sodium-sulfate 

type with TDS concentrations between 5,000 and 9,000 mg/l.  The water quality results are consistent with 

the results from wells KPC-98-01 and KPC2007-01, although the initial well samples from a number of the 

PCS wells is suspect due to either poor ion balance or insufficient well development.   

 

In summary, groundwater quality data from monitoring wells located within and adjacent to the Navajo 

Mine indicate that the groundwater in the PCS has high TDS concentrations, ranging from 5,000 mg/L to 

over 9,000 mg/L.  Sulfate is the dominant anion, although the concentrations of chloride and bicarbonate 

are also relatively high.  Sodium is the dominant cation.  Magnesium and calcium concentrations are quite 

low and are typically less than the potassium concentrations.  Generally, water quality changes are 

observed in the first few samples obtained from PCS monitoring wells, apparently due to the difficulty in 

developing these low-yield wells.  Thus, samples obtained after the initial two samples are believed to 

provide a better representation of baseline conditions. 

 

The groundwater in the PCS groundwater within Areas IV and V of the BNCC coal lease is unsuitable for 

either domestic or livestock use.  The concentrations of TDS, sulfate, chloride, and boron in the PCS wells 

are considerably higher than the domestic use criteria provided in Table 6.G-2.  The TDS and sulfate 
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concentrations in the PCS are also considerably higher than the livestock use criteria provided in Table 

6.G-2.  The low permeability and low yield of the PCS also limits the potential for groundwater use from 

the PCS.  There are no known water supply wells completed in the PCS within or adjacent to Navajo Mine 

Permit Area.  

 

6.G-5 Hydrologic Model 

Conceptual and numerical groundwater models are useful to support the interpretation of baseline 

hydrogeologic information.  Furthermore, conceptual or numerical groundwater models are required for the 

predictive evaluations needed to prepare a probable hydrologic consequence (PHC) assessment of proposed 

mining and reclamation activities.  Groundwater models used for a PHC assessment can range from 

conceptual depictions, to simple empirical equations, to complex numerical computer simulations of 

groundwater flow and chemistry. 

 

Site-specific data or data representative of the site conditions are needed to apply groundwater models.  

Numerical groundwater flow models can help develop a better understanding of the hydrogeologic system, 

including the groundwater flow relationships between hydrogeologic units and between surface water and 

groundwater.  Extrapolation of data from adjacent or nearby areas or using typical values for parameters 

from similar hydrogeologic environments is often used in developing numerical flow models.  Model 

calibration can also serve to revise the conceptual model of the groundwater system and provide a better 

assessment of the properties of hydrogeologic units on a regional scale that cannot be obtained solely from 

local pumping testing results. 

 

The first step in developing a groundwater model is to establish the objectives of the study.  There are three 

primary objectives for the development of a groundwater model for Area IV North mine permit revision 

application: 

 To provide a better understanding of the baseline groundwater flow systems within and adjacent to 

the proposed mine area. 

 To predict the steady state groundwater flow system that is expected to occur long after mining 

and reclamation activities have been completed in the area.  In particular, this evaluation will need 

to estimate the expected level of saturation within the mine backfill and the groundwater flow 

rates and directions into and from the mine backfill. 

 To predict the transient groundwater changes that are expected during and after mining.  In 

particular, these evaluations will assess the extent of drawdown in the Fruitland coals and the PCS, 

and the approximate time frames for recovery to steady state conditions following mining. 

 

Potentiometric elevations in the monitored coal units and in the underlying PCS are plotted in the 

hydrogeologic sections in Exhibit 6.G-1, to depict vertical gradients.  Quarterly monitoring performed on 
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many of these wells and VWPs show no seasonal changes but occasional fluctuation in some wells due to 

slow recovery following bailing, purging and sampling.  Results show downward potentiometric gradients 

through the Fruitland formation.  Generally the gradients are downward from the Fruitland to the PCS 

except at locations VWP2007-02 and VWP2007-05.  The slightly higher potentiometric elevation in the 

PCS at these locations indicates a slight upward gradient from the PCS to the No. 2 and 3 coal units of the 

Fruitland Formation. 

 

6.G-6  Numerical Groundwater Model 

A multilayer, numerical, groundwater flow model has been developed to model the groundwater flow 

systems within and adjacent to Navajo Mine Area IV.  A detailed presentation of the numerical 

groundwater flow model is included in as Appendix 11-UU.  This numerical model is based on the 

conceptual model of the hydrogeology of the Fruitland coals, the PCS and the alluvial groundwater systems 

within and adjacent to Navajo Mine Area IV.  A conceptual groundwater model is a complex hypothesis of 

the characteristics and functions of a hydrogeologic system, including recharge and discharge relationships, 

groundwater flow within and between hydrogeologic units, and the expected properties of these 

hydrogeologic units.  An essential part of the both the conceptual and numerical models is a graphical 

representation of the horizontal and vertical boundaries of the hydrogeologic system (the model domain) 

and the delineation of the hydrogeologic units within the model domain that are believed to have the 

primary controlling influence on groundwater flows.  Another element of the conceptual model is to define, 

to the extent possible, the properties of these hydrogeologic units, including the thickness, hydraulic 

conductivities, and storage characteristics across the model domain.  The conceptual model also includes 

the hydrogeologist’s understanding of spatial relationships between and approximate rates of recharge and 

discharge, including the groundwater inflows and outflows from the model domain. 

 

The delineation of the hydrogeologic units within and adjacent to Navajo Mine Area IV was based on the 

extensive geologic and groundwater information obtained from a variety of sources, including the baseline 

information presented in this Appendix.  The multilayer groundwater model was calibrated to obtain a good 

match with potentiometric surfaces and water levels established from the baseline groundwater information 

while maintaining consistency with the site-specific recharge estimates from Stone (1986) and the range of 

hydraulic conductivities associated with each hydrogeologic unit.  During model calibration, hydraulic 

conductivities were applied only for the entire hydrogeologic unit and not spatially within a unit.  Without a 

consistent geologic basis, spatial adjustments in hydrologic conductivities would lead to over-

parameterization of the model to match modeled potentiometric levels with observed values.  Although 

some of the differences between the modeled and observed potentiometric levels may be associated with 

spatial variation in hydrogeologic properties within a hydrogeologic unit, the chosen method for model 

calibration allows for the overall groundwater flow within each hydrogeologic unit and between units to be 

represented by the calibrated groundwater model. 
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Generally, a shale zone such as the Lewis Shale would be considered as an impermeable boundary.  

However, given the low recharge rates at the Navajo Mine site, the overall low permeability of the 

Fruitland Formation shales and coals, and the relatively low permeability of the PCS, the flow conditions at 

the boundary between the PCS and Lewis Shale were found to be significant for calibrating the 

groundwater flow model.  Providing for downward flow from the PCS into the Lewis Shale was required in 

order to reach an adequate calibration with recharge rates consistent with the measurements from Stone 

(1987).  Downward flow and downward gradients are also indicated by hydrogeologic studies and tests of 

the Lewis Shale and the PCS immediately west of Area V of the Navajo Mine lease (Science Application, 

Inc. 1979).  Also, as discussed in Section 6.G-4, the water levels measured in the PCS well KPC2007-01 

and in the PCS VWP at the same location show that downward gradients continue through the PCS at this 

location. 

 

Table 6.G-18 shows the relationship between the modeled recharge rates and the measurements by Stone 

(1987).  Outside of the alluvial valleys, recharge rates were adjusted by slope within the range of estimates 

from Stone (1987) for badland areas and for upland flats.  The modeled potentiometric surface for the PCS, 

the No. 3 coal seam, and the No. 8 coal seam are provided in Figure 6.G-1, Figure 6.G-2, and Figure 6.G-3, 

respectively.  These results are consistent with the baseline potentiometric elevations obtained from 

monitoring wells completed in these hydrogeologic units.  However, the modeled potentiometric surfaces 

extend beyond the limits that could be depicted from well measurements.  These potentiometric surfaces 

and flow patterns are consistent with the conceptual model and all the geologic and hydrogeologic 

information and the specified boundary conditions. 

 

The results in Figure 6.G-1 show a component of groundwater flow from the PCS to the topographic lows 

along the west side of the model domain in the valleys of Brimhall Wash, No Name Arroyo, Pinabete 

Arroyo, and Cottonwood Arroyo.  The results for the No. 3 coal seam in Figure 6.G-2 also show a 

component of groundwater flow to the topographic lows along the west side of the model domain in the 

valleys of  No Name Arroyo, Pinabete Arroyo, and Cottonwood Arroyo.  The No. 3 coal seam is not 

present over a portion of the Brimhall Wash drainage or along the western portion of the model domain.  

Also, the No 3 coal seam is unsaturated in areas along the western outcrop and remains unsaturated in the 

modeled potentiometric surface as indicated in Figure 6.G-2.  A similar pattern is observed in Figure 6.G-3 

for the No. 8 coal seam, although this coal is not present over a large portion of the Brimhall drainage or 

within a large portion of the No Name, Pinabete, and Cottonwood valleys within the BNCC coal lease.  In 

addition to the flow toward the topographic lows, there is a component of flow down dip to the northeast.  

Portions of the No. 8 coal seam near the western outcrop are unsaturated.  Not shown in these figures for 

individual hydrogeologic units are the overall downward gradients and downward flow between units.  In 

fact, the model predicts perched groundwater conditions in the shallower coals along the western portion of 

the lease area as depicted by the north-south section in Figure 6.G-4. 
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Figure 6.G-1.  Modeled Potentiometric Surface for the PCS 
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Figure 6.G-2.  Modeled Potentiometric Surface for the No.3 Coal 
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Figure 6.G-3.  Modeled Potentiometric Surface for the No. 8 Coal 
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Figure 6.G-4.  Modeled Saturation for a N-S Section 
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The calibrated numerical model helps confirm the conceptual model.  The numerical model is well 

constrained and consistent with the recharge rates measured by Stone (1987) and with the hydraulic 

conductivities and heads measured within the various hydrogeologic units in the model domain.   
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Appendix 6.G Tables 



QACW-2 QACW-2B GM-17
1979 - 1998 1987 - 1998 1979 - 1982

n 5 10 6
median 7.95 7.65 6.9

n 10 32 9
median 2,078 3,015 15,300

n 0 15 0
median NA 388 NA

n 0 15 0
median NA <1 NA

n 10 33 9
median 338 138 104

n 10 32 9
median 1,227 1,605 9,380

n 5 33 6
median 89 154 365

n 7 33 8
median 20.0 22.7 150.0

n 5 32 6
median 2.0 6.5 25.0

n 5 33 6
median 451 778 4,610

n 10 33 9
median 3.06 1.36 0.30

n 5 7 9
median 0.18 0.09 1.06

n 8 33 9
median 0.11 0.13 0.29

n 4 16 9
median 0.03 1.04 0.62

n 10 33 9
median 0.25 0.25 0.10

n 3 16 8
median 0.02 0.37 1.78

n 10 33 9
median 0.10 0.11 1.77

Table 6.G-1  Baseline Water Quality at Cottonwood Arroyo Alluvial Wells

Boron (mg/L)

Iron, total (mg/L)

Iron, diss.(mg/L)

Potassium (mg/L)

Sodium (mg/L)

Fluoride (mg/L)

Nitrate as N (mg/L)

Cottonwood Alluvial Well
Parameter

Baseline Monitoring Period

pH (SU)

Magnesium (mg/L)

Calcium (mg/L)

Chloride (mg/L)

Manganese, diss. (mg/L)

Manganese, total (mg/L)

TDS -180° (mg/L)

Bicarbonate (mg/L)

Carbonate(mg/L)

Sulfate (mg/L)
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Parameter (units)
Livestock and Wldlife 

Watering Criteria1

Domestic Water Supply 
Criteria for Surface Water 

by 2007 Navajo Nation 
Standards2

EPA Secondary 
Drinking Water 

Standards3 

Arsenic (mg/L) 0.02 0.01

Barium (mg/L) 10 1

Boron (mg/L) 5 0.63

Cadmium (mg/L) 0.05 0.005

Chloride (mg/L) 600 250

Chromium (mg/L) 1 0.1

Copper (mg/L) 0.5 1.3 1

Fluoride (mg/L) 2 4 2

Total iron (mg/L) - 0.3

Lead (mg/L) 0.1 0.015

Total manganese (mg/L) - 0.05

Mercury (mg/L)4 0.01 0.002

Nitrate (mg/L-N) 10 10

pH (su) 5.0-9.0 6.5-8.5

Potassium (mg/L)

Radium-226 (pCi/L) 30** 5**

Radium-228 (pCi/L) 30** 5**

Selenium (mg/L)5 0.05 0.05

Silver (mg/L) 0.035 0.1

Sulfate (mg/L) 1000 250

Total dissolved solids (TDS) (mg/L) 2212 500

Uranium (mg/L) 0.03

Zinc (mg/L) 25 2.1 5

3 http://water.epa.gov/drink/contaminants/secondarystandards.cfm
4 Wildlife standard for mercury is 0.000012 mg/L, which is below detection limits of the analytical procedure
5 Wildlife standard for total selenium  is 0.002 mg/L
** Ra-226 + Ra-228
(-) s no analysis performed
mg/L - milligram per liter

2 Navajo Nation Environmental Protection Agency Water Quality Program, 2008, Navajo Nation Surface Water 
Quality Standards 2007, passed by Navajo Nation Resources Committee on May 13, 2008

1 Navajo Nation Environmental Protection Agency Water Quality Program, 2004, Navajo Nation Surface Water 
Quality Standards.

Table 6.G-2.   Water Quality Criteria
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Well Name

Date Water level (ft)
Elevation        
(ft msl) Water level (ft)

Elevation        
(ft msl)

3/26/1998 - - 7.61 5423.82

3/29/1998 11.35 5341.55 7.69 5423.74

4/30/1998 11.42 5341.48 7.72 5423.71

5/12/1998 11.46 5341.44 7.94 5423.49

6/11/1998 11.63 5341.27 8.16 5423.27

7/21/1998 12.04 5340.86 8.38 5423.05

8/20/1998 11.87 5341.03 8.24 5423.19

9/30/1998 11.7 5341.20 8.09 5423.34

11/8/1998 11.4 5341.50 7.88 5423.55

12/17/1998 11.18 5341.72 7.63 5423.8

8/22/2007 11.85 5341.05 8.78 5422.65

9/4/2007 11.95 5340.95 8.76 5422.67

10/4/2007 12.1 5340.80 NA -

11/5/2007 12.14 5340.76 - -

11/15/2007 - - 8.76 5422.67

12/3/2007 12.09 5340.81 - -

12/5/2007 - - 8.7 5422.73

1/17/2008 12.0 5340.90 8.6 5422.83

2/19/2008 - - 8.6 5422.83

2/21/2008 11.7 5341.20 - -

3/20/2008 11.6 5341.30 8.3 5423.18

4/24/2008 11.5 5341.40 5.5 5425.93

5/27/2008 11.0 5341.90 5.0 5426.43

6/24/2008 12.0 5340.90 8.2 5423.23

7/24/2008 12.2 5340.70 9.0 5422.43

8/19/2008 - - 9.2 5422.23

8/20/2008 11.2 5341.70 - -

9/30/2008 11.0 5341.90 9.0 5422.4

ft msl - feet above mean sea level
(-) no measurement taken

Table 6.G-3  Water Levels in Pinabete Alluvial Monitoring Wells

PA-1 PA-2

Measuring point elevation (ft 
msl)

5352.9 5431.43
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Northing      Easting (ft/day) (cm/sec)

PA-1 1990260.34 300409.2 2.1 5351.2 15.2
2.0 gpm pumping 

test 230.7 51.3 1.8E-02 4.5

PA-2 1980956.93 306702.8 2.1 5429.6 9.6
0.75 gpm pumping 

test 53.6 10.7 3.8E-03 5
ft2/day - square feet per day
cm/sec - centimeter per second
NA - information not available
ID - inner diameter

Table 6.G-4  Alluvial Monitoring Well Summary and Aquifer Test Results

Well

Location (ft)   

ID (in) Elevation (ft)

Saturated 
thickness 

(feet)
Well depth 

(ft)          Test type
Transmissivity 

(ft2/day)

Hydraulic conductivity 
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Parameter (units) 3/29/1998 5/15/1998 8/20/1998 11/8/1998 11/5/2007 2/21/2008 5/27/2008 8/20/2008 11/21/2008

Total Alkalinity as CaCO3 (mg/L) 300 297 282 301 304 314 310 224 344

Arsenic (mg/L) <0.005 <0.005 <0.005 <0.005 0.0008 <0.0005 0.0007 <0.0005 0.0008

Barium (mg/L) 0.05 0.03 0.9 0.03 0.0161 0.0144 0.0262 0.0164 0.0174

Bicarbonate as HCO3 (mg/L) 365 362 344 367 371 383 378.2 216 344

Boron (mg/L) 0.17 0.2 0.2 0.22 0.787 0.2 0.2 0.2 0.2

Ion balance (%) 6.77 0.89 3.88 2.38 5.99 1.06 1.78 0.85 1.64

Cadmium (mg/L) <0.001 <0.001 <0.001 <0.001 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005

Calcium (mg/L) 85.4 68.5 103 90.6 110 116 137 139 101

Carbonate (mg/L) <1 <1 <1 <1 <10 <10 <10 <10 <10

Chloride (mg/L) 25 22 29 16 14 17 36 25 18

Chromium (mg/L) 0.03* (total) <0.01 <0.01 <0.01 0.005 0.004 0.004 <0.001 <0.001
Electrical conductivity (EC) 
(uS/cm) 2540 2410 2310 2150 2380 2380 2680 3050 2520

Copper (mg/L) <0.01 <0.01 <0.01 <0.01 0.0106 0.0151 0.0101 0.0094 0.0079

Fluoride (mg/L) 2.49 2.36 2.39 2.53 2.2 2.2 2.1 2.2 3

Hydroxide (mg/L) <1 <1 <1 <1 <10 <10 <10 <10 <10

Iron (mg/L) 0.99 0.06 <0.02 <0.02 <0.05 <0.05 <0.05 <0.05 <0.05

Total iron (mg/L) 41.9 3.07 4.43 0.25 16.7 17.5 53.2 1.39 3.88

Lead (mg/L) <0.005 <0.005 <0.005 <0.005 <0.0001 <0.0001 0.0002 0.0002 0.0003

Magnesium (mg/L) 15.4 13.4 16.5 13.8 16.3 17.9 22.3 22.3 16.4

Manganese, D (mg/L) 0.138 0.005 0.017 <0.01 0.118 0.057 0.488 0.218 0.087

Manganese, T (mg/L) 1.31 0.843 0.37 0.03 0.487 0.302 3.56 0.350 0.142

Mercury (mg/L)1 <0.001 <0.001 <0.001 <0.001 <0.0002 <0.0002 0.0002 <0.0002 <0.0002

Table 6.G-5  Water Quality at Pinabete Arroyo Alluvial Well PA-1

Table 6.G-5 pg. 5 (2/11)



Parameter (units) 3/29/1998 5/15/1998 8/20/1998 11/8/1998 11/5/2007 2/21/2008 5/27/2008 8/20/2008 11/21/2008

Table 6.G-5  Water Quality at Pinabete Arroyo Alluvial Well PA-1

Nitrate (mg/L-N) 0.66 0.72 <0.05 NM 0.05 0.03 0.04 0.10 0.05

pH (su) 7.6 7.5 7.5 7.7 7.61 7.54 7.53 7.48 7.78

Potassium (mg/L) 9.8 1.8 1.7 2.9 1.4 1.3 2.7 1.7 1.7

Radium-226 (pCi/L) <1.69 5.78 NM 0.91 2.9 ± 0.9 0.42 ± 0.34 1.3 ± 0.4 0.6 ± 0.42 0.10 ± 0.22

Radium-228 (pCi/L) <1.9 5.77 NM 11.74 1.5 ± 0.7 0.60 ± 0.40 1.1 ± 0.6 0.53 ± 0.49 0.48 ± 0.38

Selenium (mg/L)2 0.005 0.005 <0.005 <0.005 0.006 0.004 0.006 0.003 0.006

Silver (mg/L) <0.01 <0.01 <0.01 <0.01 <0.00005 <0.00005 0.00006 <0.00005 <0.00005

Sodium (mg/L) 375 458 374 377 418 457 511 503 445

Sulfate (mg/L) 893 833 875 805 1040 1060 1140 1280 980
Total dissolved solids (TDS) 
(mg/L) 1610 1640 1730 1500 1680 4310 1950 2030 1750

Uranium (mg/L) - - - - 0.01010 0.01080 0.01350 0.01620 0.01230

Zinc (mg/L) 0.053 0.037 <0.025 0.043 0.007 0.002 0.002 0.002 0.007

1 Wildlife standard for mercury is 0.000012 mg/L, which is below detection limits of the analytical procedure
2 Wildlife standard for total selenium  is 0.002 mg/L
*secondary standard
** Ra-226 + Ra-228
(-) s no analysis performed

mg/L - milligram per liter

µS/cm - microsiemens per centimeter
su - standard units
pCi/L - picocuries per liter

Table 6.G-5 pg. 6 (2/11)



Parameter (units) 3/30/1998 5/15/1998 8/20/1998 11/11/1998 11/15/2007 2/21/2008 5/27/2008 8/19/2008 11/20/2008

Total alkalinity as CaCO3 (mg/L) 293 281 315 327 410 308 328 405 430

Arsenic (mg/L) <0.005 <0.005 <0.005 <0.005 0.0012 0.0007 0.0018 0.0008 0.0027

Barium (mg/L) 0.04 0.02 <0.2 0.02 0.0107 0.0129 0.0195 0.0143 0.0119

Bicarbonate as CaCO3 (mg/L) 357 342 384 398 451 376 400.16 405 430

Boron (mg/L) 0.19 0.2 0.22 0.31 0.2 2.1 0.2 0.3 0.2

Ion balance (%) 4.27 2.64 1.65 3.2 16 6.5 5.57 0.61 8.18

Cadmium (mg/L) <0.001 <0.001 <0.001 <0.001 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005

Calcium (mg/L) 56.8 61 101 95 95 96.0 96.8 90.8 92.3

Carbonate (mg/L) <1 <1 <1 <1 24 <10 <10 <10 <10

Chloride (mg/L) 22 65 51 35 38 30 32 42 45

Chromium (mg/L) 0.03* (total) <0.01 <0.01 <0.01 0.006 0.004 0.003 <0.001 0.009

Electrical conductivity (EC) (uS/cm) 4390 4510 4530 4520 4600 4410 4110 5010 4860

Copper (mg/L) <0.01 <0.01 <0.01 <0.01 0.0508 0.0116 0.0225 0.0226 0.0220

Fluoride (mg/L) 2.47 2.81 3.06 2.91 2.8 2.4 2.5 3.1 3.3

Hydroxide (mg/L) <1 <1 <1 <1 <10 <10 <10 <10 <10

Iron (mg/L) 0.11 <0.02 <0.02 0.04 <0.05 <0.05 <0.05 <0.05 <0.05

Total iron (mg/L) 63.9 2.88 6.55 0.13 1.86 5.61 3.03 1.86 3.19

Lead (mg/L) <0.005 <0.005 <0.005 <0.005 <0.0001 <0.0001 0.0001 0.0002 0.0001

Magnesium (mg/L) 12 11 16 15 0.0277 15.5 16.7 15.5 16.7

Manganese (mg/L) 1.33 0.456 0.22 0.11 0.0277 0.090 0.141 0.128 0.135

Total manganese (mg/L) 3.71 0.525 0.88 0.24 0.552 1.27 0.599 0.551 0.748

Mercury (mg/L)1 <0.001 <0.001 <0.001 <0.001 <0.0002 <0.0002 0.0002 <0.0002 <0.0002

Table 6.G-6  Water Quality at Pinabete Arroyo Alluvial Well PA-2
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Parameter (units) 3/30/1998 5/15/1998 8/20/1998 11/11/1998 11/15/2007 2/21/2008 5/27/2008 8/19/2008 11/20/2008

Table 6.G-6  Water Quality at Pinabete Arroyo Alluvial Well PA-2

Nitrate (mg/L-N) 0.27 0.32 <0.05 NM 0.06 0.08 0.08 0.11 0.05

pH (su) 7.9 7.4 7.3 7.5 7.19 7.41 7.5 7.21 7.31

Potassium (mg/L) 5 2 3 5.4 2.1 2.0 2.4 3.3 3.2

Radium-226 (pCi/L) <1.69 27.9 - 0.48 0.67 ± 0.43 0.40 ± 0.39 0.45 ± 0.34 0.60 ± 0.40 2.5 ± 0.7

Radium-228 (pCi/L) <1.9 1.74 - 9.02 0.62 ± 0.48 1.4 ± 0.6 0.19 ± 0.56 1.2 ± 0.5 0.55 ± 0.37

Selenium (mg/L)2 0.0007 0.006 <0.005 <0.005 0.012 0.009 0.014 0.010 0.018

Silver (mg/L) <0.01 <0.01 <0.01 <0.01 <0.00005 <0.00005 0.00009 <0.00005 <0.00005

Sodium (mg/L) 781 981 872 891 809 850 907 966 1000

Sulfate (mg/L) 1670 1760 1690 1940 2200 2100 2150 1950 2400

Total Dissolved Solids (TDS) (mg/L) 2990 3150 3600 3420 3500 3070 3030 3540 3580

Uranium (mg/L) - - - - 0.01230 0.01120 0.01350 0.01160 0.01170

Zinc (mg/L) 0.051 0.025 <0.025 0.18 0.003 0.008 0.009 0.004 0.008

1 Wildlife standard for mercury is 0.000012 mg/L, which is below detection limits of the analytical procedure
2 Wildlife standard for total selenium  is 0.002 mg/L
*secondary standard
** Ra-226 + Ra-228
(-) no analysis performed
mg/L - milligram per liter
µS/cm - microsiemens per centimeter
su - standard units
pCi/L - picocuries per liter

Table 6.F-6 pg. 8 (2/11)



Well/VWP Name KF-98-02 KF-98-03 KF-98-04 KF2007-01
VWP 2007-01 

(yellow)
VWP 2007-01 

(green)
VWP 2007-01 S6 

(white)
VWP 2007-02 

(yellow)
VWP 2007-02 

(white)
VWP 2007-

02 (blue)
VWP 2007-02 

(green)
VWP 2007-03 

(yellow)
VWP 2007-03 

(red)
VWP 2007-05 

S2 (blue)
Coal Unit S3 S3 S3 S8 S2a/S2b S3 S6 S2 S3 S7 S8 S3 S2 S2

Date

4/30/1998 5325.75 5294.77 5289.62 - - - - - - - - - - -

5/12/1998 5331.00 5294.95 5289.59 - - - - - - - - - - -

6/11/1998 5340.83 5292.87 5289.03 - - - - - - - - - - -

7/21/1998 5349.56 5293.74 5289.07 - - - - - - - - - - -

11/8/1998 5361.85 5293.78 5288.83 - - - - - - - - - - -

12/17/1998 5315.64 5292.75 5288.85 - - - - - - - - - - -

8/22/2007 - 5292.21 - 5392.33 5275.44 5278.48 5331.54 5292.06 5288.98 5372.05 5394.32 5366.22 5360.25 -

8/23/2007 5359.70 - - - - - - - - - - - - -

9/4/2007 5352.12 5292.37 - 5392.60 5273.72 5278.78 5331.85 5291.73 5288.58 5371.69 5394.47 5367.05 5357.72 -

10/4/2007 5354.47 - 5288.48 - - - - - - - - - - -

10/9/2007 - - - 5392.81 5273.44 5278.79 5330.39 5291.30 5287.63 5371.25 5393.71 5367.63 5357.26 -

11/5/2007 5356.16 - - - - - - - - - - 5367.88 5357.23 5410.91

11/15/2007 - - - 5392.86 5273.37 5278.69 5329.97 5290.94 5288.21 5370.93 5393.77 - - -

12/3/2007 - - - - - - - - - - - 5367.74 5357.60 -

12/5/2007 5323.44 5291.94 - 5392.01 - 5278.56 5329.88 5291.09 5287.85 5370.81 5393.67 - - 5410.61

1/17/2008 5329.14 5292.73 - 5393.06 - - - - - - - - - -

1/31/2008 - - - - 5273.42 5278.79 5329.84 5291.91 5288.15 5370.74 5393.81 5368.04 5357.83 5410.71

2/19/2008 5332.94 5291.73 - 5393.36 5273.05 5278.62 5330.05 5289.57 5287.20 5370.63 5393.56 5368.70 5357.74 -

3/20/2008 5328.04 5292.13 - 5392.96 5273.15 5278.39 5330.09 5289.18 5286.96 5370.63 5393.71 5366.44 5385.30 -

4/24/2008 5331.34 5292.83 - 5393.26 5273.23 5278.30 5330.11 5289.12 5286.86 5370.60 5393.67 5366.52 5385.50 5410.22

5/27/2008 - - - 5393.06 - - - - - - - - - -

5/28/2008 5332.54 - - - 5273.42 5286.86 5330.11 5289.70 5286.86 5370.54 5390.11 5365.97 5385.40 5410.27

6/24/2008 5299.04 5291.73 - 5393.06 5273.47 5278.62 5330.15 5287.02 5287.02 5370.59 5390.11 5365.97 5385.40 5410.33

7/24/2008 5303.84 5293.43 - 5365.96 5273.30 5278.76 5330.17 5289.63 5286.89 5370.51 5390.05 5366.05 5385.50 5410.33

8/19/2008 5305.84 - - 5392.96 5273.42 5278.56 5330.17 5286.99 5287.51 5370.45 5393.48 5366.19 5358.26 5410.33

8/20/2008 - 5293.03 - - - - - - - - - - - -

9/30/2008 5300.24 5292.73 - 5392.76 5273.45 5278.53 5330.42 5287.63 5287.42 5370.51 5393.36 5366.14 5358.11 5410.39
ft msl - feet above mean sea level
VWP - vibrating wire piezometer
(-) no measurement taken

Table 6.G-7.  Potentiometric Elevations in Coal Monitoring Wells and Piezometers

Potentiometric  Elevation (ft msl)
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Northing      Easting (ft/day) (cm/sec)

Kf-98-02 1974601.45 2526796.60 #3 5505.9 216.5 Displacement Test 0.0010 0.0001 4.6E-08 7.5

Kf-98-03 1984332.35 2527508.40 #3 5423.5 133.9 Bailed Recovery Test 0.010 0.002 7.1E-07 5

Kf-98-04 1990225.42 2523277.83 #3 5351.8 64.8 Bailed Recovery Test 0.010 0.001 3.5E-07 10

Kf2007-01 1995163.61 2525504.37 #8 5557.2 118
Papadopulos-Cooper Pumping 

Test 1.398 0.056 2.0E-05 25
ft2/day - square feet per day
cm/sec - centimeter per second
1 Coordinate system - State Plane New Mexico West, NAD 1983

 Table 6.G-8.  Coal Monitoring Well Summary and Aquifer Test Results

Well

Location (ft)1

Coal 
seam

Ground 
Elevation 

(ft)
Well depth 

(ft)        Test type
Transmissivity 

(ft2/day)

Hydraulic conductivity Saturated 
thickness   

(feet)
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Well 
Depth 
(feet) n median n median n median n median n median n median n median n median n median

KF2007-01  (No. 8) 118 2007-2008 5 8.75 5 3460 5 1490 5 260 5 338 5 740 5 3.2 5 1.6 5 17.9

KF98-02   (No. 3) 216.5 1998          
2007-2008

8 8.06 8 3160 8 1329 8 40 8 925 8 119 8 6.9 8 1.0 8 12.6

KF84-21A  (No 2) 119.3 1985-2001 31 7.9 31 14200 21 1180 31 ND 31 4440 31 64 31 13.4 31 15.0 31 13.4
KF84-22A   (No 8) 125.5 1991-2001 30 8.02 30 4615 22 1145 12 ND 30 273 30 2050 30 15.5 30 3.5 30 6.3
KF84-22B    (No 7) 141.65 1991-2001 25 7.4 25 6010 21 845 21 ND 24 3215 25 5 25 45.0 25 13.1 25 11.7
KF84-20A  (No 7) 190 1985-2001 24 7.93 24 7260 14 1090 14 ND 24 3715 24 5 24 18.4 24 11.0 24 11.9
KF84-20B   (No 4) 216 1986 1 12.31 1 6660 0 0 1 79 1 172 1 16.5 1 0.0 1 337.0

KF84-20C (No 2 & 3) 236 1985-2001 23 7.9 23 2770 14 1560 14 ND 23 715 23 7 23 9.6 23 5.8 23 2.9
KF84-18B  (No 8) 134.7 1985-2000 24 7.1 24 9270 14 1030 14 ND 24 4890 24 5 24 113.0 24 24.2 24 14.6

KF84-18A  (No. 6 ) 180.2 1985-2001 25 7.43 25 13400 15 451 15 ND 25 7900 25 5 25 159.0 25 51.2 25 22.5

Well 
Depth 
(feet) n median n median n median n median n median n median n median n median

KF2007-01 (No. 8) 118 2007-2008 5 1180 5 2.70 5 0.29 5 0.329 5 0.310 5 ND 5 0.017 5 0.008

KF98-02  (No. 3) 216.5 1998          
2007-2008 8 1170.0 8 1.65 8 0.03 8 0.4 8 0.485 8 0.080 8 0.035 8 0.017

KF84-21A (No 2) 119.3 1985-2001 31 3090 31 1.57 5 0.1 30 0.61 31 0.100 18 0.220 23 0.030 23 0.100
KF84-22A  (No 8) 125.5 1991-2001 30 1600 30 2.20 4 0.88 26 0.26 26 0.360 30 0.080 26 0.023 30 0.012
KF84-22B (No 7) 141.65 1991-2001 25 2330 25 0.88 1 0.08 22 0.39 23 1.130 25 0.200 23 0.300 25 0.300
KF84-20A (No 7) 190 1985-2001 24 2690 24 1.39 2 0.12 23 0.56 16 2.670 24 0.250 16 0.175 24 0.100
KF84-20B  (No 4) 216 1986 1 904 1 0.80 0 1 0.13 0 1 0.037 0 1 ND

KF84-20C (No 2 & 3) 236 1985-2001 23 1040 23 1.74 2 0.18 23 0.42 16 0.640 23 0.180 16 0.075 23 0.082
KF84-18B  (No 8) 134.7 1985-2000 24 3365 24 0.44 3 0.1 23 0.74 16 11.550 24 0.555 16 0.375 23 0.082

KF84-18A  (No. 6 ) 180.2 1985-2001 25 4660 25 0.67 2 0.1 24 0.72 15 5.09 25 0.25 17 1.33 25 1.33

Well
Baseline 

Monitoring 
Period

Sodium 
(mg/L)

Fluoride 
(mg/L)

Nitrate as N 
(mg/L)

Boron (mg/L) Manganese, 
diss. (mg/L)

Manganese, 
total (mg/L)

Potassium 
(mg/L)

Chloride 
(mg/L)

Sulfate (mg/L) Calcium 
(mg/L)

Magnesium 
(mg/L)

Iron, total 
(mg/L)

Iron, 
diss.(mg/L)

Table 6.6-9. Baseline Water Quality in the Fruitland Coals at the BNCC Coal Lease
Bicarbonate as 
HCO3 (mg/L)

Carbonate as 
CO3 (mg/L)Well

Baseline 
Monitoring 

Period

pH (SU) TDS -180° 
(mg/L)
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VWP 2007-01 Kpc 
(blue)

VWP 2007-02 Kpc 
(red)

VWP 2007-04 Kpc VWP 2007-05 Kpc 
(red)

Date
Water 

depth (ft)
Elevation 
(ft msl)

Water 
depth (ft)

Elevation 
(ft msl)

Water 
depth (ft)

Elevation 
(ft msl)

Water 
depth (ft)

Elevation 
(ft msl)

Potentiometric elev 
(ft msl)

Potentiometric  
elev    (ft- msl)

Potentiometric  
Elev.  (ft- msl)

Potentiometric  
Elev.  (ft- msl)

3/29/1998 91.31* 5275.15 - - - - - - - - - -
4/30/1998 86.62 5279.84 - - - - - - - - - -
5/12/1998 84.84 5281.62 - - - - - - - - - -
6/11/1998 106.37 5260.09 - - - - - - - - - -
7/21/1998 97.27 5269.19 - - - - - - - - - -
11/8/1998 80.30 5286.16 - - - - - - - - - -
12/17/1998 89.81 5276.65 - - - - - - - - - -
8/22/2007 - - 93.61 5262.10 217.55 5297.51 - - 5270.44 - - -
8/23/2007 75.09 5291.37 - - - - 128.66 5341.57 - 5298.44 - -
9/4/2007 79.35 5287.11 93.68 5262.03 169.11 5345.95 128.03 5342.20 5268.35 5297.90 - -
10/4/2007 77.56 5288.90 93.65 5262.06 - - - - - 5297.37 - -
10/9/2007 - - - - - - - - 5267.89 - - -
11/5/2007 76.51 5289.95 93.78 5261.93 183.30 5331.76 130.67 5339.56 - - 5393.83 5411.60
11/15/2007 - - - - - - - - 5268.14 -
12/5/2007 78.15 5288.31 93.71 5262.00 163.16 5351.90 133.71 5336.52 5268.26 5296.81 5397.48 5411.26
1/31/2008 - - - - - - - - 5268.09 5297.32 5393.68 5411.54
2/19/2008 - - - - - - - - 5268.91 - - -
2/21/2008 - - - - - - - - - 5296.42 - -
3/20/2008 89.80 5276.66 96.80 5258.91 158.80 5356.26 128.30 5341.93 5268.95 5296.48 5401.50 5410.79
4/24/2008 85.00 5281.46 94.10 5261.61 156.40 5358.66 123.50 5346.73 5268.78 5296.42 5401.82 5410.76
5/27/2008 81.50 5284.96 98.50 5257.21 155.90 5359.16 126.50 5343.73 - - - -
5/28/2008 - - - - - - - - 5269.01 5296.28 5402.20 5410.82
6/24/2008 79.90 5286.56 94.10 5261.61 157.10 5357.96 127.10 5343.13 5269.04 5296.48 5402.40 5410.88
7/24/2008 79.20 5287.26 94.00 5261.71 156.30 5358.76 126.70 5343.53 5268.76 5296.39 5402.86 5410.85
8/19/2008 - - - - 157.80 5357.26 - - 5268.83 5296.14 5402.95 5410.85
8/20/2008 78.40 5288.06 94.10 5261.61 - - 126.70 5343.53 - - - -
9/30/2008 77.70 5288.76 94.40 5261.31 155.20 5359.86 126.80 5343.43 5268.66 5296.25 5403.30 5410.94

ft msl - feet above mean sea level
*1 day after well development
(-)  no measurement taken

Well or Piezometer Name

Measuring point 
elevation (ft msl) 5366.46 5355.71 5515.06 5470.23

Table 6.G-10  Water Depths and Potentiometric Elevations in the Pictured Cliffs Sandstone Monitoring Wells and Piezometers

KPC-98-01 KPC2007-01 KPC2007-02 KPC2007-03
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Northing   Easting (ft/day) (cm/sec)

KPC-98-01 1993802 290787 5366.46 125.7

0.4 gpm 
pumping 

test 0.79 0.020 7.1E-06 39 NA
KPC2007-01 1995103 302596 5355.71 208.84 NA 0.576 0.0074 2.6E-06 78 NA
KPC2007-02 1975119 303891 5515.06 320.98 NA NA 0.0001 3.5E-08 NA NA
KPC2007-03 1982885 295091 5470.23 138.4 NA NA 0.0040 1.4E-06 NA NA

Pumping test well T4-1 1976250 289850 5520 228
0.15 gpm 
pumping 0.1203 0.0014 4.9E-07 84 0.00032

Recovery test well GM-30A 1975811 290347 NA 191.6 NA 0.1337 0.0016 5.6E-07 84 0.00034
1 Coordinates State Plane New Mexico West NAD 1983

ft2/day - square feet per day
cm/sec - centimeter per second
gpm - gallon per minute
NA - information not available or not determined

Test type
Transmissivity 

(ft2/day)

Hydraulic conductivity 
Saturated 
thickness 

(ft)
Storage 

coefficient

2 18.3 gpm for 8.7 min

Table 6.G-11  Pictured Cliffs Sandstone Monitoring Well Summary and Aquifer Test Results

Well

Location (ft)1   
Elevation 

(ft)
Well Depth 

(ft)         
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Parameter (units) 3/29/1998 11/8/1998 8/23/2007 11/5/2007 2/21/2008 5/27/2008 8/20/2008 11/21/2008

Total Alkalinity as CaCO3 (mg/L) 131 581 750 930 900 870 740 850

Arsenic (mg/L) <0.005 <0.005 0.0042 0.00193 0.0019 0.002 0.0017 0.0035

Barium (mg/L) 0.02 0.02 0.0138 0.0101 0.0123 0.0236 0.0132 0.0126

Bicarbonate as HCO3 (mg/L) 132 709 891 1135 900 870 740 850

Boron (mg/L) 0.12 0.61 0.6 1.11 0.7 0.7 0.6 0.7

Ion balance (%) 2.13 3.71 4.6 8.3 2.17 0.49 6.89 1.61

Cadmium (mg/L) <0.001 <0.001 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005

Calcium (mg/L) 26.5 33.1 28 25.2 26.8 30.8 28.4 28.6

Carbonate (mg/L) 14 <1 12 <10 <10 <10 <10 <10

Chloride (mg/L) 39 177 310 212 234 244 220 236

Chromium (mg/L) <0.01* (total) <0.01 0.018 0.124 0.012 0.004 0.001 0.021
Electrical conductivity (EC) 
(uS/cm) 1380 6550 5510 8250 8250 8250 8730 8700

Copper (mg/L) <0.01 <0.01 0.0396 0.026 0.0571 0.43 0.0468 0.0807

Fluoride (mg/L) 2.29 1.13 1.3 1.4 1.4 1.3 1.5 1.5

Hydroxide (mg/L) NM NM <10 <10 <10 <10 <10 <10

Iron (mg/L) 0.46 1.51 0.68 <0.05 <0.05 <0.05 <0.05 <0.05

Total iron (mg/L) 2.51 1.74 0.68 29.5 7.60 2.71 0.16 0.51

Lead (mg/L) <0.005 0.005 0.0001 <0.0001 0.0003 0.0003 0.0002 0.0001

Magnesium (mg/L) 2.7 5.7 8.2 6.8 7.7 8 7.4 7.7

Manganese (mg/L) 0.013 0.08 0.063 0.0673 0.058 0.051 0.037 0.039

Total manganese (mg/L) 0.038 0.1 0.073 0.111 0.183 0.082 0.044 0.045

Mercury (mg/L)1 <0.001 <0.001 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

Table 6.G-12  Water Quality at Pictured Cliffs Sandstone Monitoring Well KPC-98-01
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Parameter (units) 3/29/1998 11/8/1998 8/23/2007 11/5/2007 2/21/2008 5/27/2008 8/20/2008 11/21/2008

Table 6.G-12  Water Quality at Pictured Cliffs Sandstone Monitoring Well KPC-98-01

Nitrate (mg/L-N) 1.54 NM <0.02 2.29 1.94 4.46 2.68 1.92

pH (su) 9.1 8 7.78 7.76 7.70 7.79 7.73 7.87

Potassium (mg/L) 8.2 17.3 9.2 7.1 8.6 10 8.5 8.1

Radium-226 (pCi/L) <1.69 3.92 0.92 ± 0.49 1.0 ± 0.5 1.2 ± 0.5 1.5 ± 0.5 0.76 ± 0.44 0.61 ± 0.36

Radium-228 (pCi/L) <1.9 5.42 1.2 ± 0.5 1.6 ± 0.6 1.1 ± 0.4 1.2 ± 0.5 1.2 ± 0.5 1.3 ± 0.4

Selenium (mg/L)2 <0.005 <0.005 0.005 0.00346 0.006 0.005 0.005 0.011

Silver (mg/L) <0.01 <0.01 <0.00005 0.00006 <0.00005 0.00007 <0.00005 <0.00005

Sodium (mg/L) 202 1490 2150 1790 1930 2270 1690 1980

Sulfate (mg/L) 350 2680 3900 3350 3300 3800 3300 3400
Total dissolved solids (TDS) 
(mg/L) 800 4830 6640 6060 6050 5900 5820 6360

Uranium (mg/L) - - 0.01901 0.01230 0.01220 0.00952 0.01000 0.01010

Zinc (mg/L) 0.093 0.365 0.002 0.201 0.018 0.022 0.019 0.027
1 Wildlife standard for mercury is 0.000012 mg/L, which is below detection limits of the analytical procedure
2 Wildlife standard for total selenium  is 0.002 mg/L
*secondary standard
** Ra-226 + Ra-228
(-)  analysis not performed for parameter
mg/L - milligram per liter
µS/cm - microsiemens per centimeter
su - standard units
pCi/L - picocuries per liter
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Parameter (units) 8/16/2007 11/15/2007 2/19/2008 5/28/2008 8/20/2008 11/20/2008
Total alkalinity as CaCO3 (mg/L) 1480 1870 1900 1280 1600 1440
Arsenic (mg/L) 0.006 0.0058 0.0052 0.0234 0.0025 0.0051
Barium (mg/L) 0.0342 0.0096 0.0214 0.0341 0.0191 0.0173
Bicarbonate as CaCO3 (mg/L) 1420 710 340 1220 620 1060
Boron (mg/L) 0.3 0.429 0.5 0.6 0.4 0.5
Ion balance (%) 9 10.4 11.1 6.13 17.9 7.82
Cadmium (mg/L) <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005
Calcium (mg/L) 13.4 3.6 2.4 18.6 3 11.6
Carbonate as CaCO3 (mg/L) 60 1160 1560 60 980 380
Chloride (mg/L) 320 304 292 374 365 580
Chromium (mg/L) 0.005 0.025 0.040 0.008 0.002 0.063
Electrical conductivity (EC) 
(uS/cm) 8240 8260 8070 7950 8560 9250
Copper (mg/L) 0.0934 0.104 0.0785 0.2470 0.0369 0.0412
Fluoride (mg/L) 1.7 1.5 1.5 1.8 1.6 1.6
Hydroxide as CaCO3 (mg/L) <10 <10 <10 <10 <10 <10
Iron (mg/L) <0.05 <0.05 <0.05 0.13 <0.05 <0.05
Total iron (mg/L) 1.11 0.0892 0.93 533 0.17 1.57
Lead (mg/L) <0.0001 <0.0001 <0.0001 0.0004 0.0002 0.0002
Magnesium(mg/L) 7.3 0.0056 4.2 9.4 4.4 7.1
Manganese (mg/L) 0.034 0.0244 <0.005 0.022 <0.005 0.0785
Total manganese (mg/L) 0.055 0.024 0.022 9.73 0.006 0.137
Mercury (mg/L)1 <0.0002 <0.0002 <0.0002 0.001 <0.0002 <0.0002
Nitrate (mg/L-N) <0.02 <0.02 0.03 0.05 0.65 0.07
pH (su) 8.19 9.82 10.3 8.35 9.85 9.14
Potassium (mg/L) 18.1 76.9 73.3 14.3 35.2 16.2
Radium-226 (pCi/L) 0.18 ± 0.28 0.61 ± 0.39 0.01 ± 0.28 2.0 ± 0.7 0.33 ± 0.32 0.10 ± 0.22
Radium-228 (pCi/L) 0.86 ± 0.57 0.19 ± 0.44 0.37 ± 0.57 0.42 ± 0.45 0.50 ± 0.47 0.37 ± 0.43
Selenium (mg/L)2 0.008 0.003 0.004 0.006 0.004 0.008
Silver (mg/L) <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 0.0001
Sodium (mg/L) 1720 2020 1920 1840 1600 2020
Sulfate (mg/L) 2750 2500 2000 2900 2350 2800
Total dissolved solids (TDS) 
(mg/L) 5820 5820 5650 6790 5640 6280
Uranium (mg/L) 0.00187 0.00149 0.00065 0.00472 0.00080 0.00089
Zinc (mg/L) 0.006 0.004 0.001 0.012 0.003 0.008
1 Wildlife standard for mercury is 0.000012 mg/L, which is below detection limits of the analytical procedure
2 Wildlife standard for total selenium  is 0.002 mg/L
*secondary standard
** Ra-226 + Ra-228
mg/L - milligram per liter
µS/cm - microsiemens per centimeter
su - standard units
pCi/L - picocuries per liter

Table 6.G-13  Water Quality at Pictured Cliffs Sandstone Monitoring Well KPC2007-01

(2/11)



Parameter (units) 11/16/1974 8/5/1976 8/8/1977 9/10/1979

Arsenic (mg/L) <0.5 <0.001 <0.05 0.33

Barium (mg/L) - <0.1 <0.5 0.08

Boron (mg/L) 1.03 0.3 1.0 0.88

Cadmium (mg/L) 0.016 <0.001 <0.01 <.01

Chromium (mg/L) - 0.001 <0.01 <.01

Copper (mg/L) 0.015 0.001 0.02 0.02

Iron (mg/L) 0.4 0.005 <0.05 0.01

Lead (mg/L) <0.05 0.001 <0.05 0.1

Manganese (mg/L) 0.245 0.088 0.06 0.11

Mercury (mg/L)1 <0.0005 <0.0004 <0.001 -

Selenium (mg/L)2 <0.05 <0.01 <0.01 0.002

Silver (mg/L) - <0.001 <0.05 <.01

Zinc (mg/L) 0.240 0.031 0.07 0.42

Total iron (mg/L) - - - 0.01

Total manganese (mg/L) - - - 0.12

pH (su) 8.1 7.83 7.9 7.5
Electrical conductivity (EC) 
(uS/cm) - - - -
Total dissolved solids (TDS) 
(mg/L) 9172 8437 7810 9270

Fluoride (mg/L) 1.7 0.76 0.9 1.49

Bicarbonate (mg/L) 1000 - - -

Carbonate (mg/L) - - - -

Chloride (mg/L) 1020 534.8 668 1077

Sulfate (mg/L) 4050 3685 4000 4535

Calcium (mg/L) 43 13.2 200 -

Magnesium (mg/L) 19 3.83 38 -

Potassium (mg/L) - - - -

Sodium (mg/L) 3040 1610 2200 -

Hydroxide (mg/L) - - - -

Total alkalinity (mg/L) - - - -

Nitrate (mg/L-N) - - 1.2 -

Ion balance (%) 2.4 - - -
1 Wildlife standard for mercury is 0.000012 mg/L, which is below detection limits of the analytical procedure
2 Wildlife standard for total selenium  is 0.002 mg/L
*secondary standard
(-) analysis not performed for parameter
mg/L - milligram per liter
µS/cm - microsiemens per centimeter
su - standard units

Table 6.G-14  Water Quality at Pictured Cliffs Sandstone Monitoring Well GM-19

(2/11)



Parameter (units) 11/16/1974 5/18/1976 10/6/1976 8/22/1977 12/20/1977 9/10/1979
Arsenic (mg/L) <0.5 0.01 0.03 <0.01 <0.01 <0.001
Barium (mg/L) - 0.24 <0.1 <0.5 <0.1 0.1
Boron (mg/L) 0.68 0.88 0.2 0.9 1.2 2.24
Cadmium (mg/L) <0.010 0.001 <0.001 <0.01 0.001 <0.1
Chromium (mg/L) - 0.013 0.019 <0.01 0.012 0.01
Copper (mg/L) 0.025 0.016 0.006 0.01 0.008 0.03
Iron (mg/L) 0.15 0.64 0.066 <0.05 0.35 0.01
Lead (mg/L) <0.05 0.035 0.034 <0.05 <0.001 0.10
Manganese (mg/L) 0.035 0.026 0.008 <0.001 0.16 0.29
Mercury (mg/L)1 <0.0005 <0.0004 <0.0004 <0.001 <0.0004 -
Selenium (mg/L)2 <0.05 <0.01 <0.01 <0.01 <0.01 0.001
Silver (mg/L) - <0.001 <0.001 <0.05 <0.01 <.01
Zinc (mg/L) 0.08 0.08 <0.001 <0.05 0.04 1.06
Total iron (mg/L) - - - - - 0.03
Total manganese (mg/L) - - - - - 0.29
pH (su) 11.8 9.3 8.6 8.7 7.3 7
Electrical conductivity (EC) 
(uS/cm) - - - - - -
Total dissolved solids (TDS) 
(mg/L) 5033 5711 5822 5880 5050 5260
Fluoride (mg/L) - - - - - -
Bicarbonate (mg/L) 192 475 - 462 269 -
Carbonate (mg/L) 471 105 - - - -
Chloride (mg/L) 1030 2118 1280 1430 757 803
Sulfate (mg/L) 1880 1725 1830 2050 2380 2250
Calcium (mg/L) 11 10.6 8.5 11 9.3 -
Magnesium (mg/L) 0.7 4.32 4.56 7 19 -
Potassium (mg/L) - - - - - -
Sodium (mg/L) 1640 2000 1690 2020 1600 -
Hydroxide (mg/L) - - - - - -
Total alkalinity (mg/L) - - - - - -
Nitrate (mg/L-N) - - 0.08 0.6 0.2 -
Ion balance (%) 9.5 9.8 - 0.9 2.5 -
1 Wildlife standard for mercury is 0.000012 mg/L, which is below detection limits of the analytical procedure
2 Wildlife standard for total selenium  is 0.002 mg/L
*secondary standard
(-) analysis not performed for parameter
mg/L - milligram per liter
µS/cm - microsiemens per centimeter
su - standard units

Table 16.G-15  Water Quality at Pictured Cliffs Sandstone Monitoring Well GM-20

(2/11)



Parameter (units) 5/19/1976 8/22/1977 9/10/1979
Arsenic (mg/L) <0.01 <0.01 0.0019
Barium (mg/L) 0.4 <0.5 0.03
Boron (mg/L) 0.46 0.6 0.96
Cadmium (mg/L) <0.001 <0.01 <.01
Chromium (mg/L) 0.010 <0.01 0.01
Copper (mg/L) 0.007 0.01 <.01
Iron (mg/L) 0.49 <0.05 0.01
Lead (mg/L) 0.20 <0.05 0.13
Manganese (mg/L) 0.07 0.04 <.01
Mercury (mg/L)1 <0.0004 <0.001 -
Selenium (mg/L)2 <0.01 <0.01 0.002
Silver (mg/L) <0.001 <0.05 <.01
Zinc (mg/L) 0.09 <0.05 0.16
Total iron (mg/L) - - 0.02
Total manganese (mg/L) - - 0.05
pH (su) 7.6 7.5 7.5
Electrical conductivity (EC) (uS/cm) - - -
Total dissolved solids (TDS) (mg/L) 6573 6930 7070
Fluoride (mg/L) - - -
Bicarbonate (mg/L) 171 210 -
Carbonate (mg/L) - - -
Chloride (mg/L) 1215 1120 1203
Sulfate (mg/L) 422 3100 3105
Calcium (mg/L) 30.8 102 -
Magnesium (mg/L) 17.7 22 -
Potassium (mg/L) - - -
Sodium (mg/L) 2070 2110 -
Hydroxide (mg/L) - - -
Total alkalinity (mg/L) - - -
Nitrate (mg/L-N) 0.51 0.4 -
Ion balance (%) 34 4.5 -
1 Wildlife standard for mercury is 0.000012 mg/L, which is below detection limits of the analytical procedure
2 Wildlife standard for total selenium  is 0.002 mg/L
(-) analysis not performed for parameter
mg/L - milligram per liter
µS/cm - microsiemens per centimeter
su - standard units

Table 6.G-16  Water Quality at Pictured Cliffs Sandstone Monitoring Well GM-30A

(2/11)



Parameter (units) 11/16/1974 8/4/1976 8/22/1977 9/10/1979
Arsenic (mg/L) <0.5 <0.01 <0.01 <.0001
Barium (mg/L) - <0.1 <0.5 0.05
Boron (mg/L) 0.88 0.7 1.0 1.10
Cadmium (mg/L) 0.081 <0.001 <0.01 <.01
Chromium (mg/L) - 0.005 <0.01 0.03
Copper (mg/L) 0.025 <0.001 0.01 <0.01
Iron (mg/L) 0.2 0.198 <0.05 0.04
Lead (mg/L) <0.05 0.001 <0.05 0.26
Manganese (mg/L) 0.05 <0.039 0.07 0.03
Mercury (mg/L)1 <0.0005 <0.0004 <0.001 -
Selenium (mg/L)2 <0.05 <0.01 <0.01 0.001
Silver (mg/L) - <0.001 <0.05 <0.1
Zinc (mg/L) 0.447 0.045 0.06 0.62
Total iron (mg/L) - - - 0.41
Total manganese (mg/L) - - - 0.11
pH (su) 7.9 7.2 7.3 7
Electrical conductivity (EC) 
(uS/cm) - - - -
Total dissolved solids (TDS) 
(mg/L) 6923 6624 6370 6140
Fluoride (mg/L) - - - -
Bicarbonate (mg/L) 585 - - -
Carbonate (mg/L) - - - -
Chloride (mg/L) 780 646 150 118
Sulfate (mg/L) 3600 2502 2625 3740
Calcium (mg/L) 423 155 414 -
Magnesium (mg/L) 65 148 62 -
Potassium (mg/L) - - - -
Sodium (mg/L) 1470 920 1440 -
Hydroxide (mg/L) - - - -
Total alkalinity (mg/L) - - - -
Nitrate (mg/L-N) - - 0.4 -
Ion balance (%) 8.2 - - -
Radium-226 (pCi/L) - - - 0.11
Radium-228 (pCi/L) - - - -
1 Wildlife standard for mercury is 0.000012 mg/L, which is below detection limits of the analytical procedure
2 Wildlife standard for total selenium  is 0.002 mg/L
*secondary standard
** Ra-226 + Ra-228

(-)  analysis not performed for parameter
mg/L - milligram per liter

µS/cm - microsiemens per centimeter
su - standard units
pCi/L - picocuries per liter

Table 6.G-17  Water Quality at Pictured Cliffs Sandstone Monitoring Well GM-21

(2/11)



Surface characterization
Recharge range1   

(in/yr)
Mean recharge1 

(in/yr)
Modeled 

recharge (in/yr)

Badlands 0.002 to 0.01 0.006

Slopes > 5% 0.002

Slopes: 2 to 5% 0.01

Upland flat 0.02 to 0.05 0.03  

Upland flat (slope <1%) 0.03

Upland (slope 1 to 2%) 0.02

Alluvial valley 0.09 0.09 0.09

Table 6.G-18  Measured and Modeled Recharge Rates

1From Stone 1987  
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Comparison of predicted sediment concentrations with measured sediment samples from storm 

runoff events on Cottonwood Arroyo shows total suspended sediment concentrations of the 

magnitude predicted by SEDCAD 4.0 for events of a magnitude similar to that predicted for a 10-

yr., 6-hr storm or less.  Table 7-6 lists the SEDCAD predictions for different design events.  The 

results suggest that the SEDCAD 4.0 predictions for peak sediment concentration in Cottonwood 

Arroyo are reasonable compared to observed conditions.   

 

The storm events of August 21, 1998 and August 3, 1999 may have been equivalent to a 25 year, 

6 hour event or larger in portions of the watershed.  Although the SEDCAD predictions for peak 

discharge, runoff volume and sediment yields are greater, the results compare reasonably to 

actual data for large flow events. 

 

7.2.10 Pinabete Arroyo 

 

Pinabete Arroyo flows east to west through the BNCC lease area south of the existing permit area to 

the Chaco River.  Pinabete Arroyo is a large ephemeral stream that flows only in direct response to 

precipitation events. The Pinabete Arroyo has a drainage basin of approximately 59.1 square miles 

of which approximately 2.9 percent lies within the permit area. 

 

For the pre- mine, the hydrology modeling was done only on the subwatersheds or the tributaries to 

the Pinabete Arroyo that are projected to be disturbed by mining and reclamation support activities, 

not on the entire drainage basin. This should be appropriate since the stream channel will not be 

disturbed and only a small portion of the drainage basin (approximately 0.002 percent) will be 

disturbed by mining and reclamation support activities.  

 

The peak flows and sediment yields were predicted using the SEDCAD+ computer program 

following the methodology and assumptions outlined in Section 7.2.3.2. The computer model was 

used to simulate the 2, 10, 25 and 100 year-6 hour storm events, the results are presented in 

Appendix 7-O. The watershed subdivisions used to model the hydrology are presented on Exhibit 7-

4. The post-mining predictions and hydrologic impacts are reported in CHAPTER 11, Section 

11.6.3.12. 



 

APPENDIX 7-H 
COTTONWOOD ARROYO PRE-MINING HYDROLOGY & SEDIMENTOLOGY 

(2 YR-6 HR, 10 YR-6 HR, &100 YR-6 HR STORM EVENTS)  
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Cottonwood Arroyo Pre-mine
Hydrology and Sedimentology

The drainage subdivisions used to model the hydrology is
shown on Exhibit  7-4.
Revised Febuary 2011

AAY/LR/RY

BHP Billiton
Navajo Mine
PO Box 1717

Fruitland, NM 87416

Phone:  505 598 2007
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General Information

Storm Information:
Storm Type: Type II-60

Design Storm:  2 yr - 6 hr

Rainfall Depth: 0.800 inches

Particle Size Distribution:
Size (mm) PostMine-

LoamySand
PreMine-

LoamySand PreMine-Badlands LoamySand
Postmining

2.0000 100.000% 100.000% 100.000% 0.000%

0.1000 26.500% 30.000% 83.500% 0.000%

0.0500 14.000% 17.000% 77.000% 0.000%

0.0020 11.000% 11.000% 56.000% 0.000%

0.0010 0.000% 0.000% 0.000% 0.000%
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Null #1 ==> #2 0.961 0.307

Null #2 ==> #3 0.068 0.331

Null #3 ==> #4 0.000 0.000

Null #4 ==> #9 0.718 0.281

Null #5 ==> #6 1.205 0.328

Null #6 ==> #7 0.189 0.304

Null #7 ==> #8 0.000 0.000

Null #8 ==> #10 0.989 0.300

Null #9 ==> #11 0.000 0.000

Null #10 ==> #11 0.000 0.000

Null #11 ==> #21 0.495 0.453

Null #12 ==> #13 0.076 0.330

Null #13 ==> #14 3.790 0.314

Null #14 ==> #16 1.198 0.286

Null #15 ==> #16 1.198 0.286

Null #16 ==> #20 0.911 0.280

Null #17 ==> #19 0.000 0.000

Null #18 ==> #19 0.000 0.000

Null #19 ==> #20 0.915 0.252

Null #20 ==> #22 0.000 0.000

Null #21 ==> #22 0.000 0.000

Null #22 ==> #23 0.811 0.247

Null #23 ==> #35 0.000 0.000

Null #24 ==> #25 0.964 0.340

Null #25 ==> #27 1.454 0.333

Null #26 ==> #27 1.454 0.333

Null #27 ==> #29 0.800 0.323

Null #28 ==> #29 0.800 0.323

Null #29 ==> #32 0.479 0.298

Null #30 ==> #32 0.479 0.298

Null #31 ==> #33 0.000 0.000

Null #32 ==> #33 0.000 0.000

Null #33 ==> #34 1.372 0.293 Inlet to North Fork Diversion

Null #34 ==> #35 0.000 0.000

Null #35 ==> #36 0.735 0.251

Null #36 ==> #37 3.388 0.246

Null #37 ==> End 0.000 0.000
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#30

Null


#28

Null


#26

Null


#24

Null


#25

Null


#27

Null


#29

Null


#32

Null


#31

Null


#33

Null


#34

Null


#5

Null


#6

Null


#7

Null


#8

Null


#10

Null


#1

Null


#2

Null


#3

Null


#4

Null


#9

Null


#11

Null
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#21

Null


#18

Null


#17

Null


#19

Null


#15

Null


#12

Null


#13

Null


#14

Null


#16

Null


#20

Null


#22

Null


#23

Null


#35

Null


#36

Null

#37

Null

Structure Routing Details:
Stru
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 8. Large gullies, diversions, and low
flowing streams 0.81 76.00 9,347.00 2.70 0.961

#1 Muskingum K: 0.961

#2 8. Large gullies, diversions, and low
flowing streams 1.23 10.00 814.00 3.32 0.068

#2 Muskingum K: 0.068

#3 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.00 0.000
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Stru
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#3 Muskingum K: 0.000

#4 8. Large gullies, diversions, and low
flowing streams 0.53 30.00 5,637.00 2.18 0.718

#4 Muskingum K: 0.718

#5 8. Large gullies, diversions, and low
flowing streams 1.17 165.00 14,065.00 3.24 1.205

#5 Muskingum K: 1.205

#6 8. Large gullies, diversions, and low
flowing streams 0.78 14.00 1,799.25 2.64 0.189

#6 Muskingum K: 0.189

#8 8. Large gullies, diversions, and low
flowing streams 0.72 65.00 9,046.00 2.54 0.989

#8 Muskingum K: 0.989

#11 8. Large gullies, diversions, and low
flowing streams 30.00 8,801.00 29,336.66 16.43 0.495

#11 Muskingum K: 0.495

#12 8. Large gullies, diversions, and low
flowing streams 1.21 11.00 906.00 3.30 0.076

#12 Muskingum K: 0.076

#13 8. Large gullies, diversions, and low
flowing streams 0.92 363.00 39,301.00 2.88 3.790

#13 Muskingum K: 3.790

#14 8. Large gullies, diversions, and low
flowing streams 0.58 57.00 9,834.00 2.28 1.198

#14 Muskingum K: 1.198

#15 8. Large gullies, diversions, and low
flowing streams 0.58 57.00 9,834.00 2.28 1.198

#15 Muskingum K: 1.198

#16 8. Large gullies, diversions, and low
flowing streams 0.52 37.00 7,084.00 2.16 0.911

#16 Muskingum K: 0.911

#19 8. Large gullies, diversions, and low
flowing streams 0.33 19.00 5,699.00 1.73 0.915

#19 Muskingum K: 0.915

#22 8. Large gullies, diversions, and low
flowing streams 0.31 15.00 4,852.00 1.66 0.811

#22 Muskingum K: 0.811

#24 8. Large gullies, diversions, and low
flowing streams 1.46 184.00 12,568.00 3.62 0.964

#24 Muskingum K: 0.964

#25 8. Large gullies, diversions, and low
flowing streams 1.28 228.00 17,755.00 3.39 1.454

#25 Muskingum K: 1.454

#26 8. Large gullies, diversions, and low
flowing streams 1.28 228.00 17,755.62 3.39 1.454

#26 Muskingum K: 1.454

#27 8. Large gullies, diversions, and low
flowing streams 1.07 96.00 8,938.00 3.10 0.800
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Stru
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#27 Muskingum K: 0.800

#28 8. Large gullies, diversions, and low
flowing streams 1.07 96.00 8,938.00 3.10 0.800

#28 Muskingum K: 0.800

#29 8. Large gullies, diversions, and low
flowing streams 0.70 30.00 4,313.00 2.50 0.479

#29 Muskingum K: 0.479

#30 8. Large gullies, diversions, and low
flowing streams 0.70 30.00 4,313.00 2.50 0.479

#30 Muskingum K: 0.479

#33 8. Large gullies, diversions, and low
flowing streams 0.65 77.00 11,910.00 2.41 1.372

#33 Muskingum K: 1.372

#35 8. Large gullies, diversions, and low
flowing streams 0.33 15.00 4,554.00 1.72 0.735

#35 Muskingum K: 0.735

#36 8. Large gullies, diversions, and low
flowing streams 0.30 60.00 20,005.00 1.64 3.388

#36 Muskingum K: 3.388
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Structure Summary:
Immediate

Contributing
Area

(ac)

Total
Contributing

Area

(ac)

Peak
Discharge

(cfs)

Total
Runoff
Volume

(ac-ft)

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc.

(ml/l)

24VW

(ml/l)

#30 476.400 476.400 0.20 0.03 0.1 3,489 2.23 1.76

#28 1,217.900 1,217.900 127.50 16.94 739.9 45,906 0.00 0.00

#26 2,486.400 2,486.400 5.44 1.83 8.0 4,125 2.21 1.71

#24 8,061.800 8,061.800 6.64 3.90 9.6 3,240 1.51 0.84

#25 1,015.700 9,077.500 25.38 7.24 39.4 12,153 6.31 2.07

#27 1,783.700 13,347.600 51.42 14.78 134.0 17,591 8.96 3.39

#29 966.000 15,531.500 173.24 44.74 1,587.3 54,538 2.41 1.14

#32 293.700 16,301.600 178.81 50.64 1,694.8 49,619 0.00 0.00

#31 957.100 957.100 135.01 17.47 610.8 34,117 0.32 0.24

#33 0.000 17,258.700 243.60 68.11 2,305.6 39,263 0.10 0.06

#34 932.500 18,191.200 256.20 80.12 2,205.4 32,513 0.05 0.03

#5 2,023.000 2,023.000 171.21 20.33 462.4 32,307 2.05 1.05

#6 1,743.200 3,766.200 212.42 40.43 934.0 28,405 0.14 0.08

#7 2,395.300 6,161.500 387.09 85.94 2,914.9 36,696 0.00 0.00

#8 0.000 6,161.500 387.09 85.94 2,914.9 36,696 0.00 0.00

#10 1,053.200 7,214.700 408.03 101.32 2,888.5 33,288 0.04 0.03

#1 2,411.100 2,411.100 102.40 16.59 452.6 29,702 2.57 1.72

#2 1,497.000 3,908.100 165.97 41.66 776.1 20,475 0.10 0.07

#3 862.700 4,770.800 217.82 52.22 899.7 17,142 0.03 0.02

#4 0.000 4,770.800 217.82 52.22 899.7 17,142 0.03 0.02

#9 425.500 5,196.300 225.97 58.39 914.0 14,897 0.00 0.00

#11 0.000 12,411.000 567.35 159.72 3,802.5 27,497 0.01 0.01

#21 1,080.800 13,491.800 591.22 170.38 3,862.9 26,737 0.00 0.00

#18 848.500 848.500 63.40 10.11 89.4 9,383 0.00 0.00

#17 182.200 182.200 46.10 3.64 42.5 12,532 0.29 0.20

#19 0.000 1,030.700 106.20 13.75 132.0 8,986 0.07 0.05

#15 1,992.700 1,992.700 132.09 21.29 666.2 35,689 0.30 0.19

#12 3,494.500 3,494.500 29.47 6.13 64.8 10,798 5.21 3.74

#13 2,720.700 6,215.200 61.66 11.51 150.5 14,172 7.19 4.86

#14 5,096.800 11,312.000 166.07 56.22 1,310.1 62,956 0.45 0.12

#16 876.500 14,181.200 302.67 94.57 2,485.3 41,640 0.46 0.21

#20 681.900 15,893.800 327.56 120.97 2,763.2 31,815 0.24 0.12

#22 0.000 29,385.600 870.59 291.35 6,626.1 27,392 0.08 0.05

#23 752.900 30,138.500 867.57 297.93 6,609.5 26,955 0.00 0.00

#35 0.000 48,329.700 1,063.48 378.05 8,814.9 25,656 0.01 0.01

#36 730.590 49,060.290 1,061.94 382.05 8,845.9 29,111 0.00 0.00

#37 2,208.500 51,268.790 1,055.02 394.73 8,889.8 26,564 0.12 0.07
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Particle Size Distribution(s) at Each Structure

Structure #30:
Size (mm) In/Out   

2.0000 100.000%

0.1000 42.445%

0.0500 24.052%

0.0020 15.563%

0.0010 0.000%

Structure #28:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 100.000%

0.0010 0.000%

Structure #26:
Size (mm) In/Out   

2.0000 100.000%

0.1000 69.288%

0.0500 39.263%

0.0020 25.406%

0.0010 0.000%

Structure #24:
Size (mm) In/Out   

2.0000 100.000%

0.1000 84.148%

0.0500 49.683%

0.0020 32.148%
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Size (mm) In/Out   

0.0010 0.000%

Structure #25:
Size (mm) In/Out   

2.0000 100.000%

0.1000 71.787%

0.0500 41.659%

0.0020 26.956%

0.0010 0.000%

Structure #27:
Size (mm) In/Out   

2.0000 100.000%

0.1000 75.596%

0.0500 43.126%

0.0020 27.905%

0.0010 0.000%

Structure #29:
Size (mm) In/Out   

2.0000 100.000%

0.1000 97.956%

0.0500 95.215%

0.0020 93.528%

0.0010 0.000%

Structure #32:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 100.000%

0.0010 0.000%

Structure #31:
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Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 97.356%

0.0010 0.000%

Structure #33 (Inlet to North Fork Diversion):
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 99.300%

0.0010 0.000%

Structure #34:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 99.556%

0.0010 0.000%

Structure #5:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 93.482%

0.0020 90.338%

0.0010 0.000%

Structure #6:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 98.640%
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Size (mm) In/Out   

0.0010 0.000%

Structure #7:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 100.000%

0.0010 0.000%

Structure #8:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 100.000%

0.0010 0.000%

Structure #10:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 99.878%

0.0020 99.809%

0.0010 0.000%

Structure #1:
Size (mm) In/Out   

2.0000 100.000%

0.1000 97.983%

0.0500 90.770%

0.0020 87.230%

0.0010 0.000%

Structure #2:

Filename: COTTONWOOD_Premine_rev Feb 2011.sc4 Printed 02-14-2011

SEDCAD 4 for Windows
Copyright 1998 -2007 Pamela J. Schwab
Civil Software Design, LLC 12

12



Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 98.573%

0.0010 0.000%

Structure #3:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 99.513%

0.0010 0.000%

Structure #4:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 99.513%

0.0010 0.000%

Structure #9:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 100.000%

0.0010 0.000%

Structure #11:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 99.855%
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Size (mm) In/Out   

0.0010 0.000%

Structure #21:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 100.000%

0.0010 0.000%

Structure #18:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 100.000%

0.0010 0.000%

Structure #17:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 93.383%

0.0010 0.000%

Structure #19:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 97.868%

0.0010 0.000%

Structure #15:
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Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 97.622%

0.0010 0.000%

Structure #12:
Size (mm) In/Out   

2.0000 100.000%

0.1000 83.060%

0.0500 47.068%

0.0020 30.456%

0.0010 0.000%

Structure #13:
Size (mm) In/Out   

2.0000 100.000%

0.1000 76.526%

0.0500 43.365%

0.0020 28.060%

0.0010 0.000%

Structure #14:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 97.990%

0.0010 0.000%

Structure #16:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 96.912%
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Size (mm) In/Out   

0.0010 0.000%

Structure #20:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 97.911%

0.0010 0.000%

Structure #22:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 99.129%

0.0010 0.000%

Structure #23:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 100.000%

0.0010 0.000%

Structure #35:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 99.889%

0.0010 0.000%

Structure #36:
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Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 100.000%

0.0010 0.000%

Structure #37:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 99.531%

0.0020 99.309%

0.0010 0.000%

Filename: COTTONWOOD_Premine_rev Feb 2011.sc4 Printed 02-14-2011

SEDCAD 4 for Windows
Copyright 1998 -2007 Pamela J. Schwab
Civil Software Design, LLC 17

17



Structure Detail:
Structure #30 (Null)

Structure #28 (Null)

Structure #26 (Null)

Structure #24 (Null)

Structure #25 (Null)

Structure #27 (Null)

Structure #29 (Null)

Structure #32 (Null)

Structure #31 (Null)

Structure #33 (Null)

     Inlet to North Fork Diversion

Structure #34 (Null)

Structure #5 (Null)

Structure #6 (Null)

Structure #7 (Null)

Structure #8 (Null)

Structure #10 (Null)

Structure #1 (Null)

Structure #2 (Null)

Structure #3 (Null)

Structure #4 (Null)

Structure #9 (Null)

Structure #11 (Null)

Structure #21 (Null)

Structure #18 (Null)

Structure #17 (Null)
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Structure #19 (Null)

Structure #15 (Null)

Structure #12 (Null)

Structure #13 (Null)

Structure #14 (Null)

Structure #16 (Null)

Structure #20 (Null)

Structure #22 (Null)

Structure #23 (Null)

Structure #35 (Null)

Structure #36 (Null)

Structure #37 (Null)
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Subwatershed Hydrology Detail:

Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#30 1 476.400 1.131 0.000 0.000 73.100 M 0.20 0.034

 476.400 0.20 0.034

#28 1 772.300 0.657 0.523 0.334 90.400 M 106.00 10.740

2 445.600 0.587 0.000 0.000 90.400 M 65.74 6.199

 1,217.900 127.50 16.939

#26 1 447.600 2.192 0.000 0.000 74.200 M 0.34 0.091

2 2,038.800 3.000 0.000 0.000 77.000 M 5.10 1.740

 2,486.400 5.44 1.831

#24 1 2,607.500 5.367 2.377 0.305 75.200 M 2.02 0.992

2 2,331.900 4.813 2.431 0.304 74.700 M 1.48 0.662

3 1,758.500 2.231 1.788 0.297 76.200 M 3.66 1.087

4 1,363.900 2.618 0.000 0.000 77.000 M 3.63 1.164

 8,061.800 6.64 3.905

#25 1 515.200 0.990 0.342 0.357 78.200 M 3.32 0.663

2 130.500 0.787 0.342 0.357 78.100 M 0.89 0.163

3 370.000 0.516 0.000 0.000 85.700 M 25.34 2.504

 9,077.500 25.38 7.235

#27 1 354.400 0.612 1.233 0.337 83.100 M 11.81 1.500

2 305.200 0.529 1.054 0.328 84.000 M 14.02 1.532

3 289.800 0.692 0.551 0.328 75.500 M 0.59 0.129

4 253.000 0.361 0.551 0.328 79.400 M 3.26 0.463

5 581.300 0.980 0.000 0.000 82.300 M 12.58 2.093

 13,347.600 51.42 14.783

#29 1 508.800 0.409 0.416 0.312 89.500 M 80.63 6.230

2 233.200 0.521 0.291 0.312 91.600 M 44.78 3.842

3 224.000 0.467 0.000 0.000 90.000 M 35.63 2.942

 15,531.500 173.24 44.736

#32 1 293.700 0.576 0.000 0.000 93.000 M 65.60 5.870

 16,301.600 178.81 50.641

#31 1 431.100 0.588 0.450 0.336 91.500 M 75.71 7.004

2 325.800 0.432 0.149 0.327 93.000 M 85.40 6.520

3 200.200 0.373 0.000 0.000 92.900 M 55.57 3.945

 957.100 135.01 17.469
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#
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#
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Runoff
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(ac-ft)

#33  17,258.700 243.60 68.110

#34 1 91.700 0.244 0.965 0.300 92.300 M 28.02 1.678

2 105.200 0.256 0.965 0.300 93.000 M 34.57 2.114

3 735.600 0.885 0.000 0.000 88.900 M 65.22 8.216

 18,191.200 256.20 80.118

#5 1 503.600 0.618 0.000 0.000 87.600 M 44.56 4.621

2 406.500 0.388 0.501 0.350 84.800 M 27.28 2.356

3 439.600 0.342 0.681 0.347 87.800 M 57.48 4.181

4 162.600 0.280 0.681 0.347 86.000 M 16.74 1.161

5 294.100 0.375 1.021 0.348 92.000 M 71.65 5.116

6 216.600 0.272 1.018 0.348 90.100 M 46.35 2.899

 2,023.000 171.21 20.334

#6 1 149.100 0.331 0.000 0.000 92.600 M 41.87 2.831

2 245.000 0.529 0.192 0.328 88.100 M 26.07 2.430

3 276.200 0.450 0.461 0.319 89.500 M 41.36 3.372

4 158.400 0.380 1.385 0.185 93.000 M 44.23 3.163

5 206.200 0.402 0.796 0.320 89.400 M 32.46 2.488

6 414.000 0.430 1.066 0.323 87.200 M 42.38 3.578

7 294.300 0.535 1.066 0.323 86.400 M 22.70 2.235

 3,766.200 212.42 40.431

#7 1 731.700 1.274 0.000 0.000 93.000 M 96.39 14.602

2 445.800 1.043 0.000 0.000 93.000 M 67.76 8.894

3 270.800 0.804 0.000 0.000 93.000 M 49.02 5.404

4 78.900 0.267 1.035 0.328 93.000 M 25.53 1.584

5 154.900 0.310 1.071 0.326 93.000 M 47.40 3.105

6 101.400 0.288 1.164 0.328 92.900 M 31.46 2.004

7 117.700 0.298 1.344 0.329 92.200 M 32.72 2.112

8 494.100 0.518 1.344 0.329 91.300 M 90.89 7.807

 6,161.500 387.09 85.942

#8 1 0.000 0.000 0.000 0.000 1.000 0.00 0.000

 6,161.500 387.09 85.942

#10 1 355.500 1.286 0.000 0.000 93.000 M 46.51 7.093

2 307.100 1.282 0.668 0.305 83.200 M 7.05 1.324

3 147.300 1.245 0.517 0.303 90.600 M 13.65 2.105

4 126.400 0.585 0.517 0.303 93.000 M 27.97 2.527

5 116.900 1.179 0.621 0.305 93.000 M 16.29 2.333

 7,214.700 408.03 101.324

#1 1 557.400 0.941 0.000 0.000 83.600 M 16.72 2.594
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2 169.600 1.616 0.677 0.333 93.000 M 18.75 3.384

3 636.400 1.842 0.729 0.333 81.000 M 6.98 1.726

4 223.400 0.846 1.005 0.336 84.100 M 7.97 1.141

5 77.700 0.330 1.392 0.341 81.400 M 2.25 0.232

6 746.600 0.678 1.392 0.341 88.200 M 69.45 7.514

 2,411.100 102.40 16.592

#2 1 257.000 0.423 0.000 0.000 93.000 M 68.09 5.147

2 180.500 0.562 0.478 0.281 91.800 M 34.14 3.055

3 200.700 0.687 0.574 0.283 93.000 M 40.21 4.007

4 438.600 0.811 0.574 0.283 93.000 M 78.94 8.755

5 420.200 1.247 0.801 0.293 88.000 M 25.21 4.099

 3,908.100 165.97 41.656

#3 1 172.600 0.443 0.000 0.000 93.000 M 44.66 3.448

2 311.200 0.890 0.000 0.000 88.900 M 27.49 3.477

3 378.900 0.632 0.209 0.314 87.900 M 34.90 3.641

 4,770.800 217.82 52.221

#4  4,770.800 217.82 52.221

#9 1 425.500 0.830 0.000 0.000 90.700 M 52.76 6.171

 5,196.300 225.97 58.392

#11  12,411.000 567.35 159.716

#21 1 272.800 0.819 0.000 0.000 86.900 M 17.75 2.243

2 230.500 0.388 0.694 0.266 89.200 M 35.79 2.694

3 181.100 0.289 0.877 0.256 91.300 M 44.96 2.866

4 396.400 0.939 0.877 0.256 86.100 M 20.22 2.863

 13,491.800 591.22 170.383

#18 1 301.700 0.652 0.000 0.000 93.000 M 62.47 6.029

2 546.800 0.768 0.561 0.320 86.300 M 32.97 4.083

 848.500 63.40 10.112

#17 1 182.200 0.462 0.000 0.000 93.000 M 46.10 3.640

 182.200 46.10 3.640

#19  1,030.700 106.20 13.753

#15 1 437.400 0.803 0.000 0.000 91.300 M 60.86 6.898

2 549.000 0.637 0.654 0.327 91.300 M 88.81 8.663

3 1,006.300 1.023 0.768 0.331 84.700 M 36.49 5.725

 1,992.700 132.09 21.286

#12 1 517.800 0.791 0.000 0.000 81.900 M 11.30 1.714
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2 229.000 0.571 0.043 0.418 80.100 M 3.43 0.501

3 592.700 0.706 0.044 0.417 81.500 M 12.26 1.800

4 1,806.900 1.542 0.487 0.362 76.700 M 5.34 1.374

5 348.100 0.618 0.487 0.362 80.000 4.94 0.743

 3,494.500 29.47 6.132

#13 1 411.600 0.725 0.000 0.000 79.700 M 5.01 0.813

2 636.400 0.774 0.322 0.336 80.700 M 10.16 1.611

3 319.000 0.575 0.685 0.318 85.500 M 19.58 2.087

4 231.700 0.314 0.923 0.328 80.400 M 4.67 0.548

5 1,122.000 1.308 0.923 0.328 74.700 M 1.29 0.319

 6,215.200 61.66 11.510

#14 1 405.900 0.384 0.000 0.000 90.800 M 81.84 5.970

2 411.100 0.452 0.707 0.308 90.700 M 74.57 5.964

3 787.400 0.658 0.975 0.307 91.400 M 126.78 12.610

4 144.200 0.341 1.716 0.310 86.200 M 13.94 1.064

5 343.800 0.289 1.970 0.312 86.500 M 38.50 2.659

6 392.800 0.806 2.107 0.316 81.900 M 8.49 1.301

7 528.200 0.518 2.544 0.316 87.200 M 48.43 4.560

8 890.900 1.253 2.544 0.316 83.500 M 22.13 4.068

9 741.400 1.076 3.047 0.316 84.800 M 26.61 4.293

10 451.100 0.916 3.354 0.316 83.900 M 14.69 2.221

 11,312.000 166.07 56.222

#16 1 329.600 0.641 0.000 0.000 93.000 M 68.96 6.584

2 348.400 0.542 0.509 0.286 92.500 M 74.85 6.493

3 198.500 0.266 0.943 0.279 93.000 M 64.31 3.984

 14,181.200 302.67 94.568

#20 1 296.300 0.667 0.000 0.000 91.700 M 49.57 4.948

2 385.600 0.713 0.476 0.440 93.000 M 75.43 7.699

 15,893.800 327.56 120.968

#22  29,385.600 870.59 291.351

#23 1 442.400 0.960 0.000 0.000 85.300 M 18.91 2.793

2 310.500 0.538 0.559 0.291 89.500 M 41.66 3.791

 30,138.500 867.57 297.934

#35  48,329.700 1,063.48 378.052

#36 1 298.200 0.987 0.000 0.000 85.000 M 11.77 1.788

2 196.800 0.441 0.000 0.000 87.900 M 22.54 1.893

3 235.590 0.885 0.166 0.372 78.300 M 1.65 0.313
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 49,060.290 1,061.94 382.046

#37 1 744.000 1.756 0.000 0.000 84.800 M 19.52 4.306

2 296.000 0.439 1.780 0.243 87.800 M 33.37 2.805

3 237.700 0.333 1.649 0.246 85.500 M 20.26 1.561

4 561.400 1.502 1.780 0.243 84.100 M 14.17 2.866

5 369.400 0.817 2.236 0.284 81.600 M 7.35 1.147

 51,268.790 1,055.02 394.731

Subwatershed Sedimentology Detail:

Stru
#

SWS
# Soil K L (ft) S (%) C P PS #

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc

(ml/l)

24VW

(ml/l)

#30 1 0.095 200.00 3.80 0.3720 1.0000 2 0.1 3,489 2.23 1.76

 0.1 3,489 2.23 1.76

#28 1 0.187 100.00 10.10 0.3750 1.0000 3 555.9 52,723 0.00 0.00

2 0.196 100.00 10.20 0.3930 1.0000 3 348.4 58,373 0.00 0.00

 739.9 45,906 0.00 0.00

#26 1 0.155 400.00 1.40 0.3480 1.0000 2 0.2 2,448 1.53 1.18

2 0.155 300.00 2.40 0.3340 1.0000 2 7.8 4,238 2.26 1.74

 8.0 4,125 2.21 1.71

#24 1 0.128 300.00 2.30 0.3360 1.0000 2 2.7 2,661 1.33 1.00

2 0.136 300.00 2.70 0.3440 1.0000 2 2.3 3,360 1.86 1.39

3 0.107 300.00 2.30 0.3330 1.0000 2 3.3 2,811 1.56 1.23

4 0.163 400.00 1.60 0.3210 1.0000 2 3.9 3,194 1.73 1.35

 9.6 3,240 1.51 0.84

#25 1 0.125 400.00 1.90 0.3440 1.0000 2 2.6 3,677 1.96 1.55

2 0.124 300.00 2.60 0.3280 1.0000 2 0.7 3,754 2.08 1.63

3 0.122 175.00 4.90 0.2660 1.0000 2 28.7 12,170 6.76 4.66

 39.4 12,153 6.31 2.07

#27 1 0.127 175.00 5.90 0.3160 1.0000 2 20.7 13,801 7.09 5.20

2 0.122 150.00 7.50 0.2920 1.0000 2 23.8 15,793 8.49 6.12

3 0.070 125.00 8.40 0.3270 1.0000 2 0.7 4,438 2.66 2.32

4 0.097 125.00 9.60 0.3170 1.0000 2 6.0 12,370 6.54 5.00

5 0.126 125.00 8.90 0.3290 1.0000 2 35.7 16,624 7.78 5.85

 134.0 17,591 8.96 3.39
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Conc

(ml/l)

24VW

(ml/l)

#29 1 0.190 125.00 9.80 0.3930 1.0000 3 387.3 64,968 0.38 0.26

2 0.203 125.00 8.90 0.3940 1.0000 3 197.0 53,216 0.00 0.00

3 0.193 125.00 8.40 0.3940 1.0000 3 129.6 47,000 0.00 0.00

 1,587.3 54,538 2.41 1.14

#32 1 0.210 150.00 7.70 0.3990 1.0000 3 289.6 51,320 0.00 0.00

 1,694.8 49,619 0.00 0.00

#31 1 0.204 125.00 8.70 0.3620 1.0000 3 329.8 48,526 0.00 0.00

2 0.210 150.00 7.30 0.3990 1.0000 3 338.0 54,451 1.63 1.12

3 0.210 175.00 4.50 0.3980 1.0000 3 136.5 37,227 1.56 1.06

 610.8 34,117 0.32 0.24

#33  2,305.6 39,263 0.10 0.06

#34 1 0.189 175.00 4.60 0.2250 1.0000 3 29.8 18,628 1.29 0.90

2 0.206 175.00 5.10 0.3620 1.0000 3 73.8 36,250 2.51 1.76

3 0.176 175.00 4.20 0.2510 1.0000 3 111.6 13,883 0.00 0.00

 2,205.4 32,513 0.05 0.03

#5 1 0.149 75.00 12.50 0.3230 1.0000 3 165.7 37,263 0.00 0.00

2 0.133 75.00 15.80 0.3190 1.0000 2 102.5 45,635 26.07 18.02

3 0.103 100.00 11.00 0.2030 1.0000 3 78.2 20,017 0.17 0.12

4 0.093 75.00 13.80 0.2130 1.0000 2 20.6 19,161 11.51 7.80

5 0.123 100.00 11.00 0.1370 1.0000 3 80.0 16,445 0.58 0.40

6 0.149 75.00 14.70 0.1990 1.0000 3 98.7 35,948 1.74 1.20

 462.4 32,307 2.05 1.05

#6 1 0.208 175.00 4.30 0.3980 1.0000 3 91.6 35,102 1.73 1.16

2 0.183 175.00 5.40 0.3910 1.0000 3 69.3 29,853 0.00 0.00

3 0.188 150.00 7.60 0.3900 1.0000 3 141.7 44,004 0.00 0.00

4 0.210 150.00 6.30 0.3990 1.0000 3 135.6 42,816 1.77 1.28

5 0.185 125.00 8.10 0.3860 1.0000 3 99.0 41,472 0.28 0.20

6 0.104 100.00 11.30 0.2240 1.0000 3 69.9 20,288 0.00 0.00

7 0.164 100.00 11.20 0.3740 1.0000 3 98.6 44,820 0.00 0.00

 934.0 28,405 0.14 0.08

#7 1 0.208 150.00 7.80 0.3780 1.0000 3 568.9 38,847 0.00 0.00

2 0.209 100.00 10.20 0.3940 1.0000 3 464.2 52,246 0.00 0.00

3 0.210 150.00 6.70 0.3990 1.0000 3 205.7 38,872 0.00 0.00

4 0.210 100.00 11.50 0.3990 1.0000 3 122.7 79,219 5.29 3.71

5 0.210 150.00 7.10 0.3990 1.0000 3 156.1 51,819 2.96 2.08

6 0.209 150.00 7.90 0.3990 1.0000 3 107.1 54,958 3.37 2.37

7 0.206 75.00 15.50 0.3990 1.0000 3 201.7 96,052 5.25 3.72
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#
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8 0.202 75.00 14.50 0.3980 1.0000 3 669.7 85,902 0.00 0.00

 2,914.9 36,696 0.00 0.00

#8 1 0.000 0.00 0.00 0.0000 1.0000 0 0.0 1 0.00 0.00

 2,914.9 36,696 0.00 0.00

#10 1 0.190 300.00 2.70 0.1930 1.0000 3 46.3 6,587 0.00 0.00

2 0.153 200.00 3.50 0.3610 1.0000 2 10.6 7,825 3.48 2.62

3 0.189 200.00 3.70 0.3190 1.0000 3 22.9 10,906 0.00 0.00

4 0.190 300.00 2.10 0.1940 1.0000 3 15.6 6,459 0.00 0.00

5 0.201 300.00 2.00 0.3030 1.0000 3 17.5 7,554 0.00 0.00

 2,888.5 33,288 0.04 0.03

#1 1 0.157 150.00 6.80 0.3830 1.0000 2 54.3 20,582 9.89 7.35

2 0.210 150.00 6.60 0.3990 1.0000 3 91.1 26,615 0.00 0.00

3 0.149 200.00 3.90 0.3870 1.0000 2 14.2 7,833 3.10 2.38

4 0.169 175.00 4.70 0.3950 1.0000 2 19.1 16,624 8.23 6.06

5 0.157 100.00 10.10 0.3940 1.0000 2 6.6 28,074 15.42 11.39

6 0.175 75.00 12.60 0.2840 1.0000 3 290.9 39,015 0.00 0.00

 452.6 29,702 2.57 1.72

#2 1 0.190 150.00 7.90 0.1930 1.0000 3 123.1 25,644 0.82 0.56

2 0.184 175.00 4.80 0.2010 1.0000 3 42.3 14,436 0.00 0.00

3 0.202 200.00 3.90 0.3220 1.0000 3 68.3 17,482 0.00 0.00

4 0.203 150.00 7.40 0.3220 1.0000 3 301.9 34,875 0.00 0.00

5 0.181 175.00 5.10 0.3710 1.0000 3 81.0 19,571 0.00 0.00

 776.1 20,475 0.10 0.07

#3 1 0.190 175.00 5.20 0.1930 1.0000 3 56.3 17,538 0.48 0.33

2 0.177 175.00 4.20 0.2560 1.0000 3 43.6 12,816 0.00 0.00

3 0.166 175.00 4.30 0.2290 1.0000 3 43.8 12,524 0.00 0.00

 899.7 17,142 0.03 0.02

#4  899.7 17,142 0.03 0.02

#9 1 0.189 175.00 4.44 0.1970 1.0000 3 74.9 12,497 0.00 0.00

 914.0 14,897 0.00 0.00

#11  3,802.5 27,497 0.01 0.01

#21 1 0.177 175.00 4.44 0.2560 1.0000 3 28.1 12,793 0.00 0.00

2 0.184 175.00 5.81 0.2210 1.0000 3 53.4 20,771 0.18 0.13

3 0.185 300.00 2.70 0.2180 1.0000 3 30.0 10,952 0.56 0.39

4 0.175 300.00 2.66 0.2690 1.0000 3 22.1 7,715 0.00 0.00

 3,862.9 26,737 0.00 0.00
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#18 1 0.193 300.00 2.80 0.2200 1.0000 3 59.6 10,362 0.00 0.00

2 0.173 175.00 4.70 0.3880 1.0000 3 86.9 21,485 0.00 0.00

 89.4 9,383 0.00 0.00

#17 1 0.196 300.00 2.60 0.2600 1.0000 3 42.5 12,532 0.29 0.20

 42.5 12,532 0.29 0.20

#19  132.0 8,986 0.07 0.05

#15 1 0.201 125.00 8.20 0.3960 1.0000 3 284.0 41,954 0.00 0.00

2 0.161 100.00 11.40 0.3060 1.0000 3 372.2 43,886 0.00 0.00

3 0.118 100.00 10.20 0.2850 1.0000 2 104.7 18,046 8.67 6.42

 666.2 35,689 0.30 0.19

#12 1 0.124 150.00 6.30 0.3070 1.0000 2 20.4 11,661 5.67 4.23

2 0.132 200.00 3.60 0.3500 1.0000 2 3.5 6,903 3.51 2.63

3 0.136 175.00 5.00 0.3330 1.0000 2 22.6 12,336 6.09 4.54

4 0.188 200.00 3.40 0.3570 1.0000 2 11.0 7,280 4.16 3.35

5 0.228 175.00 4.10 0.3640 1.0000 2 12.6 16,394 8.29 6.26

 64.8 10,798 5.21 3.74

#13 1 0.128 150.00 6.90 0.3390 1.0000 2 10.6 12,556 6.27 4.76

2 0.130 175.00 5.70 0.3300 1.0000 2 20.5 12,360 6.02 4.53

3 0.191 175.00 6.00 0.2890 1.0000 2 46.2 22,620 12.32 8.80

4 0.122 175.00 5.10 0.3460 1.0000 2 6.4 11,408 6.15 4.62

5 0.137 175.00 4.20 0.3530 1.0000 2 2.2 6,078 3.78 3.16

 150.5 14,172 7.19 4.86

#14 1 0.196 100.00 10.20 0.3980 1.0000 3 390.8 70,290 1.68 1.13

2 0.193 150.00 6.70 0.4020 1.0000 3 254.4 44,287 0.26 0.18

3 0.169 75.00 13.80 0.3240 1.0000 3 675.2 54,052 0.00 0.00

4 0.114 100.00 11.00 0.2980 1.0000 3 26.7 25,596 0.00 0.00

5 0.078 100.00 10.10 0.1830 1.0000 3 29.3 11,302 0.14 0.10

6 0.084 150.00 7.10 0.2700 1.0000 2 9.9 7,446 3.61 2.71

7 0.087 100.00 10.00 0.1840 1.0000 3 48.3 10,687 0.00 0.00

8 0.126 150.00 6.70 0.2740 1.0000 2 46.3 11,063 4.96 3.74

9 0.117 150.00 7.30 0.2600 1.0000 2 50.6 11,548 5.49 4.11

10 0.115 125.00 8.50 0.2610 1.0000 2 27.1 11,936 5.79 4.34

 1,310.1 62,956 0.45 0.12

#16 1 0.200 200.00 3.30 0.3000 1.0000 3 96.3 15,320 0.00 0.00

2 0.204 150.00 6.00 0.3630 1.0000 3 229.8 36,609 0.07 0.05

3 0.210 150.00 6.10 0.3990 1.0000 3 184.0 47,468 3.18 2.24

 2,485.3 41,640 0.46 0.21
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Stru
#

SWS
# Soil K L (ft) S (%) C P PS #

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc

(ml/l)

24VW

(ml/l)

#20 1 0.186 175.00 4.80 0.2130 1.0000 3 73.2 15,471 0.00 0.00

2 0.194 200.00 3.80 0.2330 1.0000 3 94.9 12,766 0.00 0.00

 2,763.2 31,815 0.24 0.12

#22  6,626.1 27,392 0.08 0.05

#23 1 0.172 175.00 4.20 0.2810 1.0000 3 33.4 11,905 0.00 0.00

2 0.185 150.00 6.00 0.2160 1.0000 3 66.0 18,149 0.00 0.00

 6,609.5 26,955 0.00 0.00

#35  8,814.9 25,656 0.01 0.01

#36 1 0.190 175.00 5.94 0.2830 1.0000 3 30.8 17,048 0.00 0.00

2 0.180 125.00 9.92 0.2410 1.0000 3 57.7 32,827 0.00 0.00

3 0.151 300.00 2.63 0.3890 1.0000 2 1.9 5,825 3.11 2.43

 8,845.9 29,111 0.00 0.00

#37 1 0.196 200.00 3.80 0.3980 1.0000 2 55.5 12,520 5.18 3.91

2 0.193 175.00 5.40 0.4020 1.0000 3 93.4 33,384 0.00 0.00

3 0.173 150.00 7.11 0.2770 1.0000 3 37.8 24,351 0.00 0.00

4 0.171 150.00 6.52 0.2990 1.0000 2 42.8 14,476 6.23 4.70

5 0.078 400.00 1.20 0.1830 1.0000 2 1.2 1,055 0.51 0.39

 8,889.8 26,564 0.12 0.07

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 3.65 50.00 1,369.00 1.910 0.199

8. Large gullies, diversions, and low
flowing streams 1.57 157.00 10,030.00 3.750 0.742

#1 1 Time of Concentration: 0.941

#1 2 5. Nearly bare and untilled, and
alluvial valley fans 6.63 70.00 1,056.00 2.570 0.114

5. Nearly bare and untilled, and
alluvial valley fans 1.98 150.00 7,573.00 1.400 1.502

#1 2 Time of Concentration: 1.616

#1 3 5. Nearly bare and untilled, and
alluvial valley fans 1.65 117.00 7,070.00 1.280 1.534

8. Large gullies, diversions, and low
flowing streams 2.43 126.00 5,188.00 4.670 0.308

#1 3 Time of Concentration: 1.842

#1 4 5. Nearly bare and untilled, and
alluvial valley fans 5.77 260.00 4,506.00 2.400 0.521
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

8. Large gullies, diversions, and low
flowing streams 2.84 168.00 5,924.00 5.050 0.325

#1 4 Time of Concentration: 0.846

#1 5 5. Nearly bare and untilled, and
alluvial valley fans 19.93 180.00 903.00 4.460 0.056

8. Large gullies, diversions, and low
flowing streams 3.30 178.00 5,393.00 5.450 0.274

#1 5 Time of Concentration: 0.330

#1 6 5. Nearly bare and untilled, and
alluvial valley fans 13.43 105.00 782.00 3.660 0.059

8. Large gullies, diversions, and low
flowing streams 2.62 283.00 10,822.00 4.850 0.619

#1 6 Time of Concentration: 0.678

#2 1 5. Nearly bare and untilled, and
alluvial valley fans 6.84 70.00 1,024.00 2.610 0.108

8. Large gullies, diversions, and low
flowing streams 1.62 70.00 4,325.00 3.810 0.315

#2 1 Time of Concentration: 0.423

#2 2 5. Nearly bare and untilled, and
alluvial valley fans 5.56 45.00 810.00 2.350 0.095

8. Large gullies, diversions, and low
flowing streams 0.86 40.00 4,663.00 2.770 0.467

#2 2 Time of Concentration: 0.562

#2 3 5. Nearly bare and untilled, and
alluvial valley fans 5.89 50.00 849.00 2.420 0.097

8. Large gullies, diversions, and low
flowing streams 1.17 80.00 6,862.00 3.230 0.590

#2 3 Time of Concentration: 0.687

#2 4 5. Nearly bare and untilled, and
alluvial valley fans 12.63 95.00 752.00 3.550 0.058

8. Large gullies, diversions, and low
flowing streams 1.40 135.00 9,630.00 3.550 0.753

#2 4 Time of Concentration: 0.811

#2 5 5. Nearly bare and untilled, and
alluvial valley fans 11.02 70.00 635.00 3.320 0.053

8. Large gullies, diversions, and low
flowing streams 0.46 40.00 8,732.00 2.030 1.194

#2 5 Time of Concentration: 1.247

#3 1 5. Nearly bare and untilled, and
alluvial valley fans 1.24 10.00 805.00 1.110 0.201

8. Large gullies, diversions, and low
flowing streams 1.33 40.00 3,017.00 3.450 0.242

#3 1 Time of Concentration: 0.443

#3 2 5. Nearly bare and untilled, and
alluvial valley fans 0.68 10.00 1,478.00 0.820 0.500

8. Large gullies, diversions, and low
flowing streams 1.78 100.00 5,622.00 4.000 0.390

#3 2 Time of Concentration: 0.890
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#3 3 5. Nearly bare and untilled, and
alluvial valley fans 4.66 70.00 1,501.00 2.150 0.193

8. Large gullies, diversions, and low
flowing streams 1.17 60.00 5,126.00 3.240 0.439

#3 3 Time of Concentration: 0.632

#5 1 5. Nearly bare and untilled, and
alluvial valley fans 19.06 285.00 1,495.00 4.360 0.095

8. Large gullies, diversions, and low
flowing streams 2.64 242.00 9,174.00 4.870 0.523

#5 1 Time of Concentration: 0.618

#5 2 5. Nearly bare and untilled, and
alluvial valley fans 14.27 105.00 736.00 3.770 0.054

8. Large gullies, diversions, and low
flowing streams 4.08 297.00 7,279.00 6.050 0.334

#5 2 Time of Concentration: 0.388

#5 3 5. Nearly bare and untilled, and
alluvial valley fans 8.27 35.00 423.00 2.870 0.040

8. Large gullies, diversions, and low
flowing streams 3.44 208.00 6,049.00 5.560 0.302

#5 3 Time of Concentration: 0.342

#5 4 5. Nearly bare and untilled, and
alluvial valley fans 14.58 85.00 583.00 3.810 0.042

8. Large gullies, diversions, and low
flowing streams 4.53 248.00 5,473.00 6.380 0.238

#5 4 Time of Concentration: 0.280

#5 5 5. Nearly bare and untilled, and
alluvial valley fans 5.07 70.00 1,382.00 2.250 0.170

8. Large gullies, diversions, and low
flowing streams 3.89 170.00 4,375.00 5.910 0.205

#5 5 Time of Concentration: 0.375

#5 6 5. Nearly bare and untilled, and
alluvial valley fans 12.48 90.00 721.00 3.530 0.056

8. Large gullies, diversions, and low
flowing streams 5.16 274.00 5,308.02 6.810 0.216

#5 6 Time of Concentration: 0.272

#6 1 5. Nearly bare and untilled, and
alluvial valley fans 5.36 75.00 1,399.00 2.310 0.168

8. Large gullies, diversions, and low
flowing streams 2.41 66.00 2,742.00 4.650 0.163

#6 1 Time of Concentration: 0.331

#6 2 5. Nearly bare and untilled, and
alluvial valley fans 3.39 80.00 2,359.00 1.840 0.356

8. Large gullies, diversions, and low
flowing streams 2.63 80.00 3,039.00 4.860 0.173

#6 2 Time of Concentration: 0.529

#6 3 5. Nearly bare and untilled, and
alluvial valley fans 4.60 34.00 739.00 2.140 0.095

8. Large gullies, diversions, and low
flowing streams 2.33 136.00 5,845.00 4.570 0.355
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#6 3 Time of Concentration: 0.450

#6 4 5. Nearly bare and untilled, and
alluvial valley fans 6.06 85.00 1,402.00 2.460 0.158

8. Large gullies, diversions, and low
flowing streams 2.52 96.00 3,810.00 4.760 0.222

#6 4 Time of Concentration: 0.380

#6 5 5. Nearly bare and untilled, and
alluvial valley fans 7.24 70.00 967.00 2.690 0.099

8. Large gullies, diversions, and low
flowing streams 2.34 117.00 5,003.00 4.580 0.303

#6 5 Time of Concentration: 0.402

#6 6 5. Nearly bare and untilled, and
alluvial valley fans 31.83 183.00 575.00 5.640 0.028

8. Large gullies, diversions, and low
flowing streams 3.38 270.00 7,990.00 5.510 0.402

#6 6 Time of Concentration: 0.430

#6 7 5. Nearly bare and untilled, and
alluvial valley fans 23.08 325.00 1,408.00 4.800 0.081

8. Large gullies, diversions, and low
flowing streams 2.88 240.00 8,327.00 5.090 0.454

#6 7 Time of Concentration: 0.535

#7 1 5. Nearly bare and untilled, and
alluvial valley fans 11.42 90.00 788.00 3.370 0.064

8. Large gullies, diversions, and low
flowing streams 1.46 230.00 15,769.00 3.620 1.210

#7 1 Time of Concentration: 1.274

#7 2 5. Nearly bare and untilled, and
alluvial valley fans 10.97 60.00 547.00 3.310 0.045

8. Large gullies, diversions, and low
flowing streams 1.61 220.00 13,660.00 3.800 0.998

#7 2 Time of Concentration: 1.043

#7 3 5. Nearly bare and untilled, and
alluvial valley fans 6.40 60.00 938.00 2.520 0.103

8. Large gullies, diversions, and low
flowing streams 1.72 171.00 9,931.00 3.930 0.701

#7 3 Time of Concentration: 0.804

#7 4 5. Nearly bare and untilled, and
alluvial valley fans 19.23 80.00 416.00 4.380 0.026

8. Large gullies, diversions, and low
flowing streams 2.45 100.00 4,083.00 4.690 0.241

#7 4 Time of Concentration: 0.267

#7 5 5. Nearly bare and untilled, and
alluvial valley fans 6.09 67.00 1,101.00 2.460 0.124

8. Large gullies, diversions, and low
flowing streams 2.51 80.00 3,184.00 4.750 0.186

#7 5 Time of Concentration: 0.310

#7 6 5. Nearly bare and untilled, and
alluvial valley fans 5.93 63.00 1,062.00 2.430 0.121
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

8. Large gullies, diversions, and low
flowing streams 2.74 82.00 2,993.00 4.960 0.167

#7 6 Time of Concentration: 0.288

#7 7 5. Nearly bare and untilled, and
alluvial valley fans 7.97 65.00 816.00 2.820 0.080

8. Large gullies, diversions, and low
flowing streams 3.48 153.00 4,400.00 5.590 0.218

#7 7 Time of Concentration: 0.298

#7 8 5. Nearly bare and untilled, and
alluvial valley fans 6.60 50.00 758.00 2.560 0.082

8. Large gullies, diversions, and low
flowing streams 4.66 473.00 10,157.00 6.470 0.436

#7 8 Time of Concentration: 0.518

#9 1 5. Nearly bare and untilled, and
alluvial valley fans 3.35 90.00 2,687.00 1.830 0.407

8. Large gullies, diversions, and low
flowing streams 0.58 20.00 3,463.00 2.270 0.423

#9 1 Time of Concentration: 0.830

#10 1 5. Nearly bare and untilled, and
alluvial valley fans 1.24 41.00 3,317.00 1.110 0.830

8. Large gullies, diversions, and low
flowing streams 0.70 29.00 4,125.00 2.510 0.456

#10 1 Time of Concentration: 1.286

#10 2 5. Nearly bare and untilled, and
alluvial valley fans 2.25 125.00 5,554.00 1.500 1.028

8. Large gullies, diversions, and low
flowing streams 2.13 85.00 3,997.00 4.370 0.254

#10 2 Time of Concentration: 1.282

#10 3 5. Nearly bare and untilled, and
alluvial valley fans 1.39 68.00 4,904.00 1.170 1.164

8. Large gullies, diversions, and low
flowing streams 4.73 90.00 1,904.00 6.520 0.081

#10 3 Time of Concentration: 1.245

#10 4 5. Nearly bare and untilled, and
alluvial valley fans 3.76 51.00 1,357.00 1.930 0.195

8. Large gullies, diversions, and low
flowing streams 0.65 22.00 3,385.00 2.410 0.390

#10 4 Time of Concentration: 0.585

#10 5 5. Nearly bare and untilled, and
alluvial valley fans 1.63 88.00 5,391.16 1.270 1.179

#10 5 Time of Concentration: 1.179

#12 1 5. Nearly bare and untilled, and
alluvial valley fans 4.50 75.00 1,667.00 2.120 0.218

8. Large gullies, diversions, and low
flowing streams 1.85 155.00 8,400.00 4.070 0.573

#12 1 Time of Concentration: 0.791

#12 2 5. Nearly bare and untilled, and
alluvial valley fans 2.99 50.00 1,674.03 1.720 0.270
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

8. Large gullies, diversions, and low
flowing streams 1.67 70.00 4,201.17 3.870 0.301

#12 2 Time of Concentration: 0.571

#12 3 5. Nearly bare and untilled, and
alluvial valley fans 4.04 57.00 1,411.00 2.000 0.195

8. Large gullies, diversions, and low
flowing streams 1.55 107.00 6,884.00 3.740 0.511

#12 3 Time of Concentration: 0.706

#12 4 5. Nearly bare and untilled, and
alluvial valley fans 2.23 84.00 3,771.04 1.490 0.703

8. Large gullies, diversions, and low
flowing streams 1.62 186.00 11,515.60 3.810 0.839

#12 4 Time of Concentration: 1.542

#12 5 5. Nearly bare and untilled, and
alluvial valley fans 3.68 53.00 1,442.00 1.910 0.209

8. Large gullies, diversions, and low
flowing streams 1.95 120.00 6,155.00 4.180 0.409

#12 5 Time of Concentration: 0.618

#13 1 5. Nearly bare and untilled, and
alluvial valley fans 4.62 62.00 1,342.00 2.140 0.174

8. Large gullies, diversions, and low
flowing streams 1.91 157.00 8,225.00 4.140 0.551

#13 1 Time of Concentration: 0.725

#13 2 5. Nearly bare and untilled, and
alluvial valley fans 2.91 50.00 1,717.00 1.700 0.280

8. Large gullies, diversions, and low
flowing streams 2.28 183.00 8,039.00 4.520 0.494

#13 2 Time of Concentration: 0.774

#13 3 5. Nearly bare and untilled, and
alluvial valley fans 6.18 95.00 1,537.00 2.480 0.172

8. Large gullies, diversions, and low
flowing streams 2.13 135.00 6,347.00 4.370 0.403

#13 3 Time of Concentration: 0.575

#13 4 5. Nearly bare and untilled, and
alluvial valley fans 3.17 10.00 315.00 1.780 0.049

8. Large gullies, diversions, and low
flowing streams 2.30 100.00 4,344.00 4.550 0.265

#13 4 Time of Concentration: 0.314

#13 5 5. Nearly bare and untilled, and
alluvial valley fans 3.10 70.00 2,255.00 1.760 0.355

8. Large gullies, diversions, and low
flowing streams 1.23 140.00 11,392.00 3.320 0.953

#13 5 Time of Concentration: 1.308

#14 1 5. Nearly bare and untilled, and
alluvial valley fans 10.59 63.00 595.00 3.250 0.050

8. Large gullies, diversions, and low
flowing streams 2.60 151.00 5,808.00 4.830 0.334

#14 1 Time of Concentration: 0.384
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#14 2 5. Nearly bare and untilled, and
alluvial valley fans 7.28 67.00 920.00 2.690 0.095

8. Large gullies, diversions, and low
flowing streams 2.17 123.00 5,670.00 4.410 0.357

#14 2 Time of Concentration: 0.452

#14 3 5. Nearly bare and untilled, and
alluvial valley fans 21.46 150.00 699.00 4.630 0.041

8. Large gullies, diversions, and low
flowing streams 3.10 364.00 11,728.00 5.280 0.617

#14 3 Time of Concentration: 0.658

#14 4 5. Nearly bare and untilled, and
alluvial valley fans 3.39 35.00 1,032.00 1.840 0.155

8. Large gullies, diversions, and low
flowing streams 2.97 103.00 3,470.00 5.160 0.186

#14 4 Time of Concentration: 0.341

#14 5 5. Nearly bare and untilled, and
alluvial valley fans 28.15 125.00 444.00 5.300 0.023

8. Large gullies, diversions, and low
flowing streams 4.18 246.00 5,886.00 6.130 0.266

#14 5 Time of Concentration: 0.289

#14 6 5. Nearly bare and untilled, and
alluvial valley fans 3.18 40.00 1,257.00 1.780 0.196

8. Large gullies, diversions, and low
flowing streams 2.29 228.00 9,963.00 4.530 0.610

#14 6 Time of Concentration: 0.806

#14 7 5. Nearly bare and untilled, and
alluvial valley fans 16.72 100.00 598.00 4.080 0.040

8. Large gullies, diversions, and low
flowing streams 2.81 243.00 8,649.00 5.020 0.478

#14 7 Time of Concentration: 0.518

#14 8 5. Nearly bare and untilled, and
alluvial valley fans 1.70 47.00 2,765.00 1.300 0.590

8. Large gullies, diversions, and low
flowing streams 2.44 274.00 11,208.00 4.690 0.663

#14 8 Time of Concentration: 1.253

#14 9 5. Nearly bare and untilled, and
alluvial valley fans 2.87 105.00 3,657.00 1.690 0.601

8. Large gullies, diversions, and low
flowing streams 2.43 194.00 7,991.00 4.670 0.475

#14 9 Time of Concentration: 1.076

#14 10 5. Nearly bare and untilled, and
alluvial valley fans 2.75 80.00 2,907.00 1.650 0.489

8. Large gullies, diversions, and low
flowing streams 2.41 172.00 7,149.00 4.650 0.427

#14 10 Time of Concentration: 0.916

#15 1 5. Nearly bare and untilled, and
alluvial valley fans 12.80 54.00 422.00 3.570 0.032

8. Large gullies, diversions, and low
flowing streams 1.68 181.00 10,781.00 3.880 0.771
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#15 1 Time of Concentration: 0.803

#15 2 5. Nearly bare and untilled, and
alluvial valley fans 44.22 260.00 588.00 6.640 0.024

8. Large gullies, diversions, and low
flowing streams 2.45 254.00 10,354.00 4.690 0.613

#15 2 Time of Concentration: 0.637

#15 3 5. Nearly bare and untilled, and
alluvial valley fans 10.04 85.00 847.00 3.160 0.074

8. Large gullies, diversions, and low
flowing streams 2.34 366.00 15,663.00 4.580 0.949

#15 3 Time of Concentration: 1.023

#16 1 5. Nearly bare and untilled, and
alluvial valley fans 4.17 15.00 360.00 2.040 0.049

8. Large gullies, diversions, and low
flowing streams 1.42 108.00 7,618.00 3.570 0.592

#16 1 Time of Concentration: 0.641

#16 2 5. Nearly bare and untilled, and
alluvial valley fans 8.70 62.00 713.00 2.940 0.067

8. Large gullies, diversions, and low
flowing streams 1.99 144.00 7,241.00 4.230 0.475

#16 2 Time of Concentration: 0.542

#16 3 5. Nearly bare and untilled, and
alluvial valley fans 6.88 32.00 465.00 2.620 0.049

8. Large gullies, diversions, and low
flowing streams 2.29 81.00 3,543.00 4.530 0.217

#16 3 Time of Concentration: 0.266

#17 1 5. Nearly bare and untilled, and
alluvial valley fans 9.37 65.00 694.00 3.060 0.062

8. Large gullies, diversions, and low
flowing streams 1.19 56.00 4,712.00 3.270 0.400

#17 1 Time of Concentration: 0.462

#18 1 5. Nearly bare and untilled, and
alluvial valley fans 9.00 60.00 667.00 2.990 0.061

8. Large gullies, diversions, and low
flowing streams 0.97 61.00 6,287.00 2.950 0.591

#18 1 Time of Concentration: 0.652

#18 2 5. Nearly bare and untilled, and
alluvial valley fans 2.47 33.00 1,336.00 1.570 0.236

8. Large gullies, diversions, and low
flowing streams 2.01 164.00 8,154.00 4.250 0.532

#18 2 Time of Concentration: 0.768

#20 1 5. Nearly bare and untilled, and
alluvial valley fans 11.87 45.00 379.00 3.440 0.030

8. Large gullies, diversions, and low
flowing streams 0.75 45.00 5,969.00 2.600 0.637

#20 1 Time of Concentration: 0.667

#20 2 5. Nearly bare and untilled, and
alluvial valley fans 5.40 45.00 833.00 2.320 0.099
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Horiz. Dist.
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(fps) Time (hrs)

8. Large gullies, diversions, and low
flowing streams 1.30 98.00 7,547.00 3.410 0.614

#20 2 Time of Concentration: 0.713

#21 1 5. Nearly bare and untilled, and
alluvial valley fans 4.09 60.00 1,467.00 2.020 0.201

8. Large gullies, diversions, and low
flowing streams 0.93 60.00 6,433.00 2.890 0.618

#21 1 Time of Concentration: 0.819

#21 2 5. Nearly bare and untilled, and
alluvial valley fans 3.50 50.00 1,430.00 1.860 0.213

8. Large gullies, diversions, and low
flowing streams 2.15 60.00 2,785.00 4.400 0.175

#21 2 Time of Concentration: 0.388

#21 3 5. Nearly bare and untilled, and
alluvial valley fans 1.70 15.00 881.00 1.300 0.188

9. Small streams flowing bankfull 1.49 60.00 4,014.00 11.000 0.101

#21 3 Time of Concentration: 0.289

#21 4 5. Nearly bare and untilled, and
alluvial valley fans 2.21 40.00 1,811.02 1.480 0.339

8. Large gullies, diversions, and low
flowing streams 0.84 50.00 5,949.54 2.750 0.600

#21 4 Time of Concentration: 0.939

#23 1 5. Nearly bare and untilled, and
alluvial valley fans 2.44 65.00 2,660.01 1.560 0.473

8. Large gullies, diversions, and low
flowing streams 0.33 10.00 3,017.50 1.720 0.487

#23 1 Time of Concentration: 0.960

#23 2 5. Nearly bare and untilled, and
alluvial valley fans 3.49 60.00 1,718.01 1.860 0.256

8. Large gullies, diversions, and low
flowing streams 1.66 65.00 3,926.06 3.860 0.282

#23 2 Time of Concentration: 0.538

#24 1 5. Nearly bare and untilled, and
alluvial valley fans 1.71 430.00 25,118.00 1.300 5.367

#24 1 Time of Concentration: 5.367

#24 2 5. Nearly bare and untilled, and
alluvial valley fans 1.84 430.00 23,393.00 1.350 4.813

#24 2 Time of Concentration: 4.813

#24 3 5. Nearly bare and untilled, and
alluvial valley fans 1.82 155.00 8,498.00 1.350 1.748

8. Large gullies, diversions, and low
flowing streams 0.84 40.00 4,771.00 2.740 0.483

#24 3 Time of Concentration: 2.231

#24 4 5. Nearly bare and untilled, and
alluvial valley fans 1.24 50.00 4,042.00 1.110 1.011

8. Large gullies, diversions, and low
flowing streams 0.49 60.00 12,150.00 2.100 1.607

#24 4 Time of Concentration: 2.618
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#
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# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#25 1 5. Nearly bare and untilled, and
alluvial valley fans 0.51 10.00 1,950.00 0.710 0.762

8. Large gullies, diversions, and low
flowing streams 1.81 60.00 3,322.00 4.030 0.228

#25 1 Time of Concentration: 0.990

#25 2 5. Nearly bare and untilled, and
alluvial valley fans 1.11 25.00 2,254.00 1.050 0.596

8. Large gullies, diversions, and low
flowing streams 2.36 75.00 3,178.00 4.600 0.191

#25 2 Time of Concentration: 0.787

#25 3 5. Nearly bare and untilled, and
alluvial valley fans 3.23 30.00 929.00 1.790 0.144

8. Large gullies, diversions, and low
flowing streams 2.45 154.00 6,297.00 4.690 0.372

#25 3 Time of Concentration: 0.516

#26 1 5. Nearly bare and untilled, and
alluvial valley fans 1.20 103.00 8,602.00 1.090 2.192

#26 1 Time of Concentration: 2.192

#26 2 5. Nearly bare and untilled, and
alluvial valley fans 1.23 120.00 9,780.00 1.100 2.469

8. Large gullies, diversions, and low
flowing streams 2.18 184.00 8,454.00 4.420 0.531

#26 2 Time of Concentration: 3.000

#27 1 5. Nearly bare and untilled, and
alluvial valley fans 4.32 50.00 1,158.02 2.070 0.155

8. Large gullies, diversions, and low
flowing streams 2.53 198.00 7,838.16 4.760 0.457

#27 1 Time of Concentration: 0.612

#27 2 5. Nearly bare and untilled, and
alluvial valley fans 5.26 30.00 570.00 2.290 0.069

8. Large gullies, diversions, and low
flowing streams 3.15 278.00 8,822.00 5.320 0.460

#27 2 Time of Concentration: 0.529

#27 3 5. Nearly bare and untilled, and
alluvial valley fans 16.33 80.00 490.00 4.040 0.033

8. Large gullies, diversions, and low
flowing streams 2.15 225.00 10,443.00 4.400 0.659

#27 3 Time of Concentration: 0.692

#27 4 5. Nearly bare and untilled, and
alluvial valley fans 12.43 65.00 523.00 3.520 0.041

8. Large gullies, diversions, and low
flowing streams 3.49 225.00 6,454.00 5.600 0.320

#27 4 Time of Concentration: 0.361

#27 5 5. Nearly bare and untilled, and
alluvial valley fans 9.40 25.00 266.00 3.060 0.024

8. Large gullies, diversions, and low
flowing streams 2.32 364.00 15,700.00 4.560 0.956

#27 5 Time of Concentration: 0.980
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(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#28 1 5. Nearly bare and untilled, and
alluvial valley fans 5.25 40.00 762.00 2.290 0.092

8. Large gullies, diversions, and low
flowing streams 2.96 310.00 10,479.34 5.150 0.565

#28 1 Time of Concentration: 0.657

#28 2 5. Nearly bare and untilled, and
alluvial valley fans 25.86 105.00 406.00 5.080 0.022

8. Large gullies, diversions, and low
flowing streams 2.96 310.00 10,479.34 5.150 0.565

#28 2 Time of Concentration: 0.587

#29 1 5. Nearly bare and untilled, and
alluvial valley fans 11.58 30.00 259.00 3.400 0.021

8. Large gullies, diversions, and low
flowing streams 3.61 288.00 7,976.00 5.700 0.388

#29 1 Time of Concentration: 0.409

#29 2 5. Nearly bare and untilled, and
alluvial valley fans 8.06 40.00 496.00 2.830 0.048

8. Large gullies, diversions, and low
flowing streams 2.90 252.00 8,693.55 5.100 0.473

#29 2 Time of Concentration: 0.521

#29 3 5. Nearly bare and untilled, and
alluvial valley fans 7.25 25.00 345.00 2.690 0.035

8. Large gullies, diversions, and low
flowing streams 2.26 158.00 7,001.00 4.500 0.432

#29 3 Time of Concentration: 0.467

#30 1 5. Nearly bare and untilled, and
alluvial valley fans 4.93 35.00 710.00 2.220 0.088

8. Large gullies, diversions, and low
flowing streams 1.67 243.00 14,540.00 3.870 1.043

#30 1 Time of Concentration: 1.131

#31 1 5. Nearly bare and untilled, and
alluvial valley fans 2.91 15.00 515.00 1.700 0.084

8. Large gullies, diversions, and low
flowing streams 2.74 247.00 9,006.00 4.960 0.504

#31 1 Time of Concentration: 0.588

#31 2 5. Nearly bare and untilled, and
alluvial valley fans 7.46 25.00 335.00 2.730 0.034

8. Large gullies, diversions, and low
flowing streams 2.18 138.00 6,335.00 4.420 0.398

#31 2 Time of Concentration: 0.432

#31 3 5. Nearly bare and untilled, and
alluvial valley fans 3.84 20.00 521.00 1.950 0.074

8. Large gullies, diversions, and low
flowing streams 2.24 108.00 4,826.00 4.480 0.299

#31 3 Time of Concentration: 0.373

#32 1 5. Nearly bare and untilled, and
alluvial valley fans 3.48 22.00 632.00 1.860 0.094

8. Large gullies, diversions, and low
flowing streams 1.56 101.00 6,494.00 3.740 0.482
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Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#32 1 Time of Concentration: 0.576

#34 1 5. Nearly bare and untilled, and
alluvial valley fans 3.21 25.00 779.00 1.790 0.120

8. Large gullies, diversions, and low
flowing streams 2.80 63.00 2,251.00 5.010 0.124

#34 1 Time of Concentration: 0.244

#34 2 5. Nearly bare and untilled, and
alluvial valley fans 5.75 40.00 696.00 2.390 0.080

8. Large gullies, diversions, and low
flowing streams 23.00 2,100.00 9,130.43 14.380 0.176

#34 2 Time of Concentration: 0.256

#34 3 5. Nearly bare and untilled, and
alluvial valley fans 2.67 40.00 1,500.00 1.630 0.255

8. Large gullies, diversions, and low
flowing streams 1.28 98.00 7,675.00 3.380 0.630

#34 3 Time of Concentration: 0.885

#36 1 5. Nearly bare and untilled, and
alluvial valley fans 3.21 105.00 3,274.00 1.790 0.508

8. Large gullies, diversions, and low
flowing streams 0.21 5.00 2,367.00 1.370 0.479

#36 1 Time of Concentration: 0.987

#36 2 5. Nearly bare and untilled, and
alluvial valley fans 5.50 140.00 2,547.00 2.340 0.302

8. Large gullies, diversions, and low
flowing streams 1.58 30.00 1,897.00 3.770 0.139

#36 2 Time of Concentration: 0.441

#36 3 5. Nearly bare and untilled, and
alluvial valley fans 2.03 80.00 3,938.62 1.420 0.770

8. Large gullies, diversions, and low
flowing streams 2.52 50.00 1,981.86 4.760 0.115

#36 3 Time of Concentration: 0.885

#37 1 5. Nearly bare and untilled, and
alluvial valley fans 4.68 129.00 2,754.05 2.160 0.354

8. Large gullies, diversions, and low
flowing streams 0.16 10.00 6,108.73 1.210 1.402

#37 1 Time of Concentration: 1.756

#37 2 5. Nearly bare and untilled, and
alluvial valley fans 7.32 90.00 1,229.00 2.700 0.126

8. Large gullies, diversions, and low
flowing streams 1.62 70.00 4,309.01 3.820 0.313

#37 2 Time of Concentration: 0.439

#37 3 5. Nearly bare and untilled, and
alluvial valley fans 8.10 100.00 1,234.00 2.840 0.120

8. Large gullies, diversions, and low
flowing streams 2.66 100.00 3,763.21 4.890 0.213

#37 3 Time of Concentration: 0.333

#37 4 5. Nearly bare and untilled, and
alluvial valley fans 5.09 90.00 1,768.03 2.250 0.218
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(ft)
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8. Large gullies, diversions, and low
flowing streams 0.36 30.00 8,326.39 1.800 1.284

#37 4 Time of Concentration: 1.502

#37 5 5. Nearly bare and untilled, and
alluvial valley fans 0.81 20.00 2,466.09 0.900 0.761

8. Large gullies, diversions, and low
flowing streams 4.06 50.00 1,231.01 6.040 0.056

#37 5 Time of Concentration: 0.817

Subwatershed Muskingum Routing Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 2 8. Large gullies, diversions, and low
flowing streams 1.29 107.00 8,294.00 3.400 0.677

#1 2 Muskingum K: 0.677

#1 3 8. Large gullies, diversions, and low
flowing streams 1.27 113.00 8,880.00 3.380 0.729

#1 3 Muskingum K: 0.729

#1 4 8. Large gullies, diversions, and low
flowing streams 1.35 171.00 12,634.00 3.490 1.005

#1 4 Muskingum K: 1.005

#1 5 8. Large gullies, diversions, and low
flowing streams 1.49 274.00 18,349.00 3.660 1.392

#1 5 Muskingum K: 1.392

#1 6 8. Large gullies, diversions, and low
flowing streams 1.49 274.00 18,349.00 3.660 1.392

#1 6 Muskingum K: 1.392

#2 2 8. Large gullies, diversions, and low
flowing streams 0.53 20.00 3,756.00 2.180 0.478

#2 2 Muskingum K: 0.478

#2 3 8. Large gullies, diversions, and low
flowing streams 0.55 25.00 4,570.00 2.210 0.574

#2 3 Muskingum K: 0.574

#2 4 8. Large gullies, diversions, and low
flowing streams 0.55 25.00 4,570.00 2.210 0.574

#2 4 Muskingum K: 0.574

#2 5 8. Large gullies, diversions, and low
flowing streams 0.65 45.00 6,955.00 2.410 0.801

#2 5 Muskingum K: 0.801

#3 3 8. Large gullies, diversions, and low
flowing streams 0.92 20.00 2,168.00 2.880 0.209

#3 3 Muskingum K: 0.209

#5 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#5 1 Muskingum K: 0.000
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Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#5 2 8. Large gullies, diversions, and low
flowing streams 1.75 125.00 7,149.00 3.960 0.501

#5 2 Muskingum K: 0.501

#5 3 8. Large gullies, diversions, and low
flowing streams 1.65 155.00 9,418.00 3.840 0.681

#5 3 Muskingum K: 0.681

#5 4 8. Large gullies, diversions, and low
flowing streams 1.65 155.00 9,418.00 3.840 0.681

#5 4 Muskingum K: 0.681

#5 5 8. Large gullies, diversions, and low
flowing streams 1.67 239.00 14,273.00 3.880 1.021

#5 5 Muskingum K: 1.021

#5 6 8. Large gullies, diversions, and low
flowing streams 1.68 239.00 14,223.00 3.880 1.018

#5 6 Muskingum K: 1.018

#6 2 8. Large gullies, diversions, and low
flowing streams 1.16 26.00 2,241.00 3.230 0.192

#6 2 Muskingum K: 0.192

#6 3 8. Large gullies, diversions, and low
flowing streams 1.00 50.00 4,987.00 3.000 0.461

#6 3 Muskingum K: 0.461

#6 4 5. Nearly bare and untilled, and
alluvial valley fans 1.00 50.00 4,987.00 1.000 1.385

#6 4 Muskingum K: 1.385

#6 5 8. Large gullies, diversions, and low
flowing streams 1.02 89.00 8,685.00 3.030 0.796

#6 5 Muskingum K: 0.796

#6 6 8. Large gullies, diversions, and low
flowing streams 1.06 126.00 11,860.00 3.090 1.066

#6 6 Muskingum K: 1.066

#6 7 8. Large gullies, diversions, and low
flowing streams 1.06 126.00 11,860.00 3.090 1.066

#6 7 Muskingum K: 1.066

#7 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#7 1 Muskingum K: 0.000

#7 2 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#7 2 Muskingum K: 0.000

#7 4 8. Large gullies, diversions, and low
flowing streams 1.16 140.00 12,037.00 3.230 1.035

#7 4 Muskingum K: 1.035

#7 5 8. Large gullies, diversions, and low
flowing streams 1.14 140.00 12,307.69 3.190 1.071

#7 5 Muskingum K: 1.071

#7 6 8. Large gullies, diversions, and low
flowing streams 1.17 158.00 13,546.00 3.230 1.164

#7 6 Muskingum K: 1.164
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Horiz. Dist.
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#7 7 8. Large gullies, diversions, and low
flowing streams 1.18 187.00 15,784.00 3.260 1.344

#7 7 Muskingum K: 1.344

#7 8 8. Large gullies, diversions, and low
flowing streams 1.18 187.00 15,784.00 3.260 1.344

#7 8 Muskingum K: 1.344

#10 3 8. Large gullies, diversions, and low
flowing streams 0.76 37.00 4,861.00 2.610 0.517

#10 3 Muskingum K: 0.517

#10 4 8. Large gullies, diversions, and low
flowing streams 0.76 37.00 4,861.00 2.610 0.517

#10 4 Muskingum K: 0.517

#10 5 8. Large gullies, diversions, and low
flowing streams 0.79 47.00 5,956.00 2.660 0.621

#10 5 Muskingum K: 0.621

#12 2 8. Large gullies, diversions, and low
flowing streams 8.24 111.00 1,347.00 8.610 0.043

#12 2 Muskingum K: 0.043

#12 3 8. Large gullies, diversions, and low
flowing streams 8.01 109.00 1,360.00 8.490 0.044

#12 3 Muskingum K: 0.044

#12 4 8. Large gullies, diversions, and low
flowing streams 2.24 176.00 7,866.00 4.480 0.487

#12 4 Muskingum K: 0.487

#12 5 8. Large gullies, diversions, and low
flowing streams 2.24 176.00 7,866.00 4.480 0.487

#12 5 Muskingum K: 0.487

#13 2 8. Large gullies, diversions, and low
flowing streams 1.34 54.00 4,025.00 3.470 0.322

#13 2 Muskingum K: 0.322

#13 3 8. Large gullies, diversions, and low
flowing streams 0.98 72.00 7,333.00 2.970 0.685

#13 3 Muskingum K: 0.685

#13 4 8. Large gullies, diversions, and low
flowing streams 1.18 127.00 10,806.00 3.250 0.923

#13 4 Muskingum K: 0.923

#13 5 8. Large gullies, diversions, and low
flowing streams 1.18 127.00 10,806.00 3.250 0.923

#13 5 Muskingum K: 0.923

#14 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#14 1 Muskingum K: 0.000

#14 2 8. Large gullies, diversions, and low
flowing streams 0.83 58.00 6,957.00 2.730 0.707

#14 2 Muskingum K: 0.707

#14 3 8. Large gullies, diversions, and low
flowing streams 0.81 77.00 9,480.00 2.700 0.975

#14 3 Muskingum K: 0.975
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#14 4 8. Large gullies, diversions, and low
flowing streams 0.86 147.00 17,117.00 2.770 1.716

#14 4 Muskingum K: 1.716

#14 5 8. Large gullies, diversions, and low
flowing streams 0.88 175.00 19,934.00 2.810 1.970

#14 5 Muskingum K: 1.970

#14 6 8. Large gullies, diversions, and low
flowing streams 0.95 211.00 22,155.00 2.920 2.107

#14 6 Muskingum K: 2.107

#14 7 8. Large gullies, diversions, and low
flowing streams 0.96 257.00 26,835.00 2.930 2.544

#14 7 Muskingum K: 2.544

#14 8 8. Large gullies, diversions, and low
flowing streams 0.96 257.00 26,835.00 2.930 2.544

#14 8 Muskingum K: 2.544

#14 9 8. Large gullies, diversions, and low
flowing streams 0.95 307.00 32,146.59 2.930 3.047

#14 9 Muskingum K: 3.047

#14 10 8. Large gullies, diversions, and low
flowing streams 0.96 339.00 35,382.00 2.930 3.354

#14 10 Muskingum K: 3.354

#15 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#15 1 Muskingum K: 0.000

#15 2 8. Large gullies, diversions, and low
flowing streams 1.14 86.00 7,535.00 3.200 0.654

#15 2 Muskingum K: 0.654

#15 3 8. Large gullies, diversions, and low
flowing streams 1.25 115.00 9,236.00 3.340 0.768

#15 3 Muskingum K: 0.768

#16 2 8. Large gullies, diversions, and low
flowing streams 0.58 24.00 4,161.00 2.270 0.509

#16 2 Muskingum K: 0.509

#16 3 8. Large gullies, diversions, and low
flowing streams 0.51 37.00 7,269.00 2.140 0.943

#16 3 Muskingum K: 0.943

#17 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#17 1 Muskingum K: 0.000

#18 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#18 1 Muskingum K: 0.000

#18 2 8. Large gullies, diversions, and low
flowing streams 1.02 62.00 6,103.00 3.020 0.561

#18 2 Muskingum K: 0.561

#20 2 8. Large gullies, diversions, and low
flowing streams 17.00 3,605.00 21,205.88 12.360 0.476

#20 2 Muskingum K: 0.476
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#21 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#21 1 Muskingum K: 0.000

#21 2 8. Large gullies, diversions, and low
flowing streams 0.41 20.00 4,824.00 1.930 0.694

#21 2 Muskingum K: 0.694

#21 3 8. Large gullies, diversions, and low
flowing streams 0.36 20.00 5,626.00 1.780 0.877

#21 3 Muskingum K: 0.877

#21 4 8. Large gullies, diversions, and low
flowing streams 0.36 20.00 5,626.00 1.780 0.877

#21 4 Muskingum K: 0.877

#23 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#23 1 Muskingum K: 0.000

#23 2 8. Large gullies, diversions, and low
flowing streams 0.63 30.00 4,771.75 2.370 0.559

#23 2 Muskingum K: 0.559

#24 1 8. Large gullies, diversions, and low
flowing streams 0.79 180.00 22,769.00 2.660 2.377

#24 1 Muskingum K: 2.377

#24 2 8. Large gullies, diversions, and low
flowing streams 0.78 180.00 23,111.00 2.640 2.431

#24 2 Muskingum K: 2.431

#24 4 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#24 4 Muskingum K: 0.000

#25 1 8. Large gullies, diversions, and low
flowing streams 1.99 104.00 5,220.00 4.230 0.342

#25 1 Muskingum K: 0.342

#25 2 8. Large gullies, diversions, and low
flowing streams 1.99 104.00 5,220.00 4.230 0.342

#25 2 Muskingum K: 0.342

#25 3 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#25 3 Muskingum K: 0.000

#27 1 8. Large gullies, diversions, and low
flowing streams 1.38 216.00 15,629.00 3.520 1.233

#27 1 Muskingum K: 1.233

#27 2 8. Large gullies, diversions, and low
flowing streams 1.17 144.00 12,301.00 3.240 1.054

#27 2 Muskingum K: 1.054

#27 3 8. Large gullies, diversions, and low
flowing streams 1.18 76.00 6,454.00 3.250 0.551

#27 3 Muskingum K: 0.551

#27 4 8. Large gullies, diversions, and low
flowing streams 1.18 76.00 6,454.00 3.250 0.551

#27 4 Muskingum K: 0.551
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Horiz. Dist.
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Velocity

(fps) Time (hrs)

#28 1 8. Large gullies, diversions, and low
flowing streams 1.30 84.00 6,445.17 3.420 0.523

#28 1 Muskingum K: 0.523

#29 1 8. Large gullies, diversions, and low
flowing streams 0.88 37.00 4,210.00 2.810 0.416

#29 1 Muskingum K: 0.416

#29 2 8. Large gullies, diversions, and low
flowing streams 0.88 26.00 2,949.00 2.810 0.291

#29 2 Muskingum K: 0.291

#31 1 8. Large gullies, diversions, and low
flowing streams 1.35 76.00 5,639.00 3.480 0.450

#31 1 Muskingum K: 0.450

#31 2 8. Large gullies, diversions, and low
flowing streams 1.15 20.00 1,734.00 3.220 0.149

#31 2 Muskingum K: 0.149

#34 1 8. Large gullies, diversions, and low
flowing streams 0.73 65.00 8,900.00 2.560 0.965

#34 1 Muskingum K: 0.965

#34 2 8. Large gullies, diversions, and low
flowing streams 0.73 65.00 8,900.00 2.560 0.965

#34 2 Muskingum K: 0.965

#36 3 8. Large gullies, diversions, and low
flowing streams 2.71 80.00 2,957.00 4.930 0.166

#36 3 Muskingum K: 0.166

#37 2 8. Large gullies, diversions, and low
flowing streams 0.29 30.00 10,319.91 1.610 1.780

#37 2 Muskingum K: 1.780

#37 3 8. Large gullies, diversions, and low
flowing streams 0.31 30.00 9,800.71 1.650 1.649

#37 3 Muskingum K: 1.649

#37 4 8. Large gullies, diversions, and low
flowing streams 0.29 30.00 10,319.91 1.610 1.780

#37 4 Muskingum K: 1.780

#37 5 8. Large gullies, diversions, and low
flowing streams 0.56 100.00 17,956.54 2.230 2.236

#37 5 Muskingum K: 2.236
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General Information

Storm Information:
Storm Type: Type II-60

Design Storm:  10 yr - 6 hr

Rainfall Depth: 1.300 inches

Particle Size Distribution:
Size (mm) PostMine-

LoamySand
PreMine-

LoamySand PreMine-Badlands LoamySand
Postmining

2.0000 100.000% 100.000% 100.000% 0.000%

0.1000 26.500% 30.000% 83.500% 0.000%

0.0500 14.000% 17.000% 77.000% 0.000%

0.0020 11.000% 11.000% 56.000% 0.000%

0.0010 0.000% 0.000% 0.000% 0.000%
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Structure Summary:
Immediate

Contributing
Area

(ac)

Total
Contributing

Area

(ac)

Peak
Discharge

(cfs)

Total
Runoff
Volume

(ac-ft)

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc.

(ml/l)

24VW

(ml/l)

#30 476.400 476.400 12.85 2.37 14.2 5,823 2.63 1.99

#28 1,217.900 1,217.900 348.89 44.53 2,235.4 51,499 0.14 0.10

#26 2,486.400 2,486.400 65.87 20.75 120.8 5,583 1.83 1.40

#24 8,061.800 8,061.800 94.58 59.06 203.0 3,780 0.64 0.43

#25 1,015.700 9,077.500 103.41 74.45 286.7 13,375 3.76 0.80

#27 1,783.700 13,347.600 236.67 122.48 960.5 24,353 10.74 2.54

#29 966.000 15,531.500 535.73 201.59 5,382.3 61,965 5.75 1.80

#32 293.700 16,301.600 553.89 217.52 5,815.1 55,468 2.48 0.87

#31 957.100 957.100 333.75 41.62 1,654.1 37,577 0.51 0.39

#33 0.000 17,258.700 646.50 259.13 7,469.2 47,241 1.78 0.79

#34 932.500 18,191.200 673.81 291.44 7,139.8 39,505 0.08 0.03

#5 2,023.000 2,023.000 506.93 59.77 1,630.2 37,031 3.51 1.88

#6 1,743.200 3,766.200 630.69 115.88 3,138.3 32,912 0.18 0.11

#7 2,395.300 6,161.500 1,047.30 222.75 8,489.7 41,428 0.00 0.00

#8 0.000 6,161.500 1,047.30 222.75 8,489.7 41,428 0.00 0.00

#10 1,053.200 7,214.700 1,090.14 261.44 8,415.3 37,733 0.09 0.06

#1 2,411.100 2,411.100 349.94 55.56 1,695.8 33,350 4.70 3.13

#2 1,497.000 3,908.100 424.36 116.70 2,361.2 21,959 0.16 0.11

#3 862.700 4,770.800 559.86 145.57 2,728.8 17,946 0.05 0.04

#4 0.000 4,770.800 559.86 145.57 2,728.8 17,946 0.05 0.04

#9 425.500 5,196.300 582.11 161.54 2,763.7 15,917 0.00 0.00

#11 0.000 12,411.000 1,509.13 422.98 11,178.9 31,017 0.06 0.04

#21 1,080.800 13,491.800 1,551.27 454.62 11,229.3 30,029 0.02 0.01

#18 848.500 848.500 169.02 27.56 312.0 12,741 0.08 0.05

#17 182.200 182.200 108.99 8.41 110.0 13,892 0.66 0.46

#19 0.000 1,030.700 255.08 35.96 422.0 11,926 0.20 0.14

#15 1,992.700 1,992.700 386.36 60.50 2,083.2 40,738 1.65 1.01

#12 3,494.500 3,494.500 193.05 40.14 518.1 13,885 6.21 4.23

#13 2,720.700 6,215.200 371.99 71.83 1,125.3 16,885 8.41 5.71

#14 5,096.800 11,312.000 509.48 208.73 4,412.1 73,888 1.32 0.27

#16 876.500 14,181.200 826.28 308.99 7,823.8 48,939 1.39 0.52

#20 681.900 15,893.800 880.92 374.91 8,627.8 37,115 0.74 0.33

#22 0.000 29,385.600 2,341.22 829.53 19,857.1 31,245 0.28 0.16

#23 752.900 30,138.500 2,329.13 849.99 19,615.8 30,259 0.00 0.00

#35 0.000 48,329.700 2,891.62 1,141.43 26,755.6 28,682 0.01 0.01

#36 730.590 49,060.290 2,879.45 1,156.16 26,828.2 32,691 0.01 0.01

#37 2,208.500 51,268.790 2,841.60 1,203.14 26,816.0 28,166 0.22 0.13

Filename: COTTONWOOD_Premine_rev Feb 2011.sc4 Printed 02-14-2011

SEDCAD 4 for Windows
Copyright 1998 -2007 Pamela J. Schwab
Civil Software Design, LLC 7

47



General Information

Storm Information:
Storm Type: Type II-60

Design Storm:  25 yr - 6 hr

Rainfall Depth: 1.600 inches

Particle Size Distribution:
Size (mm) PostMine-

LoamySand
PreMine-

LoamySand PreMine-Badlands LoamySand
Postmining

2.0000 100.000% 100.000% 100.000% 0.000%

0.1000 26.500% 30.000% 83.500% 0.000%

0.0500 14.000% 17.000% 77.000% 0.000%

0.0020 11.000% 11.000% 56.000% 0.000%

0.0010 0.000% 0.000% 0.000% 0.000%
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Structure Summary:
Immediate

Contributing
Area

(ac)

Total
Contributing

Area

(ac)

Peak
Discharge

(cfs)

Total
Runoff
Volume

(ac-ft)

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc.

(ml/l)

24VW

(ml/l)

#30 476.400 476.400 30.89 5.19 36.1 6,848 3.20 2.38

#28 1,217.900 1,217.900 503.94 63.61 3,353.7 53,603 0.44 0.31

#26 2,486.400 2,486.400 129.71 39.61 252.2 6,132 2.13 1.63

#24 8,061.800 8,061.800 187.84 116.49 438.7 4,231 0.75 0.49

#25 1,015.700 9,077.500 192.60 142.05 565.2 13,913 3.62 0.76

#27 1,783.700 13,347.600 390.94 227.10 1,814.3 26,321 11.54 2.57

#29 966.000 15,531.500 811.81 340.27 8,464.1 64,471 7.33 2.05

#32 293.700 16,301.600 841.49 364.08 9,178.5 57,790 4.40 1.40

#31 957.100 957.100 468.62 57.72 2,405.5 38,963 0.70 0.54

#33 0.000 17,258.700 933.80 421.80 11,584.0 49,667 3.18 1.28

#34 932.500 18,191.200 970.74 468.31 11,094.0 41,995 0.16 0.06

#5 2,023.000 2,023.000 759.22 88.30 2,575.9 39,084 4.33 2.35

#6 1,743.200 3,766.200 937.84 170.00 4,873.0 34,451 0.20 0.12

#7 2,395.300 6,161.500 1,511.91 317.58 12,625.5 43,159 0.00 0.00

#8 0.000 6,161.500 1,511.91 317.58 12,625.5 43,159 0.00 0.00

#10 1,053.200 7,214.700 1,570.05 372.35 12,524.8 39,453 0.12 0.07

#1 2,411.100 2,411.100 539.70 85.33 2,707.2 34,591 5.44 3.63

#2 1,497.000 3,908.100 639.70 170.84 3,692.2 22,950 0.17 0.12

#3 862.700 4,770.800 796.58 212.60 4,101.8 17,905 0.05 0.04

#4 0.000 4,770.800 796.58 212.60 4,101.8 17,905 0.05 0.04

#9 425.500 5,196.300 828.60 235.31 4,152.0 16,461 0.00 0.00

#11 0.000 12,411.000 2,176.63 607.66 16,676.8 32,376 0.07 0.05

#21 1,080.800 13,491.800 2,235.06 654.51 16,746.8 31,156 0.03 0.02

#18 848.500 848.500 254.46 39.93 510.1 14,524 0.14 0.09

#17 182.200 182.200 150.01 11.54 157.1 14,384 0.80 0.55

#19 0.000 1,030.700 355.05 51.47 667.3 13,576 0.27 0.19

#15 1,992.700 1,992.700 573.85 88.69 3,170.2 42,664 2.31 1.40

#12 3,494.500 3,494.500 342.58 71.01 983.8 14,979 6.87 4.65

#13 2,720.700 6,215.200 652.52 126.55 2,108.3 17,849 9.04 6.17

#14 5,096.800 11,312.000 855.51 331.51 7,120.7 78,733 2.33 0.46

#16 876.500 14,181.200 1,197.97 474.97 12,195.1 52,354 2.06 0.73

#20 681.900 15,893.800 1,271.46 567.91 13,409.7 39,944 1.24 0.53

#22 0.000 29,385.600 3,381.04 1,222.43 30,156.4 32,772 0.47 0.26

#23 752.900 30,138.500 3,362.72 1,253.09 29,810.4 31,775 0.08 0.05

#35 0.000 48,329.700 4,201.38 1,721.40 40,904.4 29,996 0.09 0.05

#36 730.590 49,060.290 4,182.58 1,744.59 41,011.3 33,567 0.02 0.01

#37 2,208.500 51,268.790 4,121.09 1,818.24 40,933.4 30,075 0.28 0.15
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General Information

Storm Information:
Storm Type: Type II-60

Design Storm:  100 yr - 6 hr

Rainfall Depth: 2.000 inches

Particle Size Distribution:
Size (mm) PostMine-

LoamySand
PreMine-

LoamySand PreMine-Badlands LoamySand
Postmining

2.0000 100.000% 100.000% 100.000% 0.000%

0.1000 26.500% 30.000% 83.500% 0.000%

0.0500 14.000% 17.000% 77.000% 0.000%

0.0020 11.000% 11.000% 56.000% 0.000%

0.0010 0.000% 0.000% 0.000% 0.000%
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Structure Summary:
Immediate

Contributing
Area

(ac)

Total
Contributing

Area

(ac)

Peak
Discharge

(cfs)

Total
Runoff
Volume

(ac-ft)

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc.

(ml/l)

24VW

(ml/l)

#30 476.400 476.400 65.84 10.21 80.6 7,897 3.88 2.84

#28 1,217.900 1,217.900 724.22 90.75 5,014.7 55,579 0.74 0.53

#26 2,486.400 2,486.400 239.85 71.16 491.1 6,676 2.47 1.87

#24 8,061.800 8,061.800 347.67 214.00 875.6 4,680 0.88 0.57

#25 1,015.700 9,077.500 355.36 255.52 1,084.6 14,498 3.70 0.80

#27 1,783.700 13,347.600 632.57 400.49 3,310.4 27,999 12.29 2.66

#29 966.000 15,531.500 1,224.41 562.17 13,267.6 67,394 9.00 2.29

#32 293.700 16,301.600 1,271.84 598.03 14,429.8 60,085 6.29 1.84

#31 957.100 957.100 658.11 80.24 3,502.4 40,447 0.93 0.73

#33 0.000 17,258.700 1,380.10 678.27 17,932.2 51,948 4.61 1.71

#34 932.500 18,191.200 1,400.95 745.11 17,024.5 43,308 0.74 0.29

#5 2,023.000 2,023.000 1,134.33 129.85 4,047.1 40,903 5.32 2.95

#6 1,743.200 3,766.200 1,388.71 248.47 7,527.5 36,069 0.30 0.18

#7 2,395.300 6,161.500 2,178.26 452.80 18,760.6 44,925 0.00 0.00

#8 0.000 6,161.500 2,178.26 452.80 18,760.6 44,925 0.00 0.00

#10 1,053.200 7,214.700 2,258.75 530.48 18,793.8 41,539 0.16 0.10

#1 2,411.100 2,411.100 823.47 129.88 4,276.8 35,752 6.14 4.11

#2 1,497.000 3,908.100 957.23 249.69 5,734.6 23,757 0.18 0.13

#3 862.700 4,770.800 1,132.66 309.97 6,206.0 18,918 0.06 0.05

#4 0.000 4,770.800 1,132.66 309.97 6,206.0 18,918 0.06 0.05

#9 425.500 5,196.300 1,179.29 342.25 6,277.3 17,458 0.00 0.00

#11 0.000 12,411.000 3,137.48 872.73 25,071.1 34,011 0.10 0.06

#21 1,080.800 13,491.800 3,219.23 941.73 25,165.8 32,434 0.03 0.02

#18 848.500 848.500 380.92 57.77 823.4 16,272 0.19 0.12

#17 182.200 182.200 206.29 15.91 224.8 14,878 0.93 0.64

#19 0.000 1,030.700 494.85 73.68 1,048.2 15,219 0.34 0.23

#15 1,992.700 1,992.700 849.14 129.64 4,812.3 44,608 3.06 1.85

#12 3,494.500 3,494.500 584.36 120.82 1,787.9 16,061 7.55 5.09

#13 2,720.700 6,215.200 1,103.87 214.86 3,780.1 18,686 9.62 6.62

#14 5,096.800 11,312.000 1,402.27 519.98 11,403.3 82,900 4.66 0.89

#16 876.500 14,181.200 1,733.22 725.28 18,947.3 55,490 3.31 1.13

#20 681.900 15,893.800 1,832.17 856.51 20,783.5 42,612 2.15 0.89

#22 0.000 29,385.600 4,878.63 1,798.24 45,949.4 34,369 0.80 0.44

#23 752.900 30,138.500 4,851.70 1,843.91 45,442.9 33,353 0.32 0.17

#35 0.000 48,329.700 6,100.87 2,589.01 62,467.4 31,240 0.36 0.21

#36 730.590 49,060.290 6,071.91 2,625.03 62,622.7 34,666 0.27 0.13

#37 2,208.500 51,268.790 5,977.12 2,738.89 62,441.9 31,125 0.32 0.17
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APPENDIX 7-O 
CHACO AND PINEBETE TRIBUTARIES 

PRE-MINING HYDROLOGY AND SEDIMENTOLOGY 

(2 YR-6 HR, 10 YR-6 HR, 25 YR-6HR, & 100 YR-6 HR STORM EVENTS)  
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Tributary A to the Chaco Wash
Pre-mine Hydrology and

Sedimentology

The drainage subdivisions used to model the hydrology is
presented on Exhibit 7-4.

Revised Feb2011

LR / RY

BHP Billiton
Navajo Mine
PO Box 1717

Fruitland, NM 87416

Phone:  505 598 2007
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General Information

Storm Information:
Storm Type: Type II-60

Design Storm:  2 yr - 6 hr

Rainfall Depth: 0.800 inches

Particle Size Distribution:
Size (mm) PostMine-

LoamySand
PreMine-

LoamySand PreMine-Badlands LoamySand
Postmining

2.0000 100.000% 100.000% 100.000% 0.000%

0.1000 26.500% 30.000% 83.500% 0.000%

0.0500 14.000% 17.000% 77.000% 0.000%

0.0020 11.000% 11.000% 56.000% 0.000%

0.0010 0.000% 0.000% 0.000% 0.000%
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Null #1 ==> End 0.000 0.000 Tributary A to Chaco

#1

Null
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Structure Summary:
Immediate

Contributing
Area

(ac)

Total
Contributing

Area

(ac)

Peak
Discharge

(cfs)

Total
Runoff
Volume

(ac-ft)

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc.

(ml/l)

24VW

(ml/l)

#1 456.280 456.280 2.53 0.62 4.1 6,170 2.99 2.35
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Particle Size Distribution(s) at Each Structure

Structure #1:
Size (mm) In/Out   

2.0000 100.000%

0.1000 82.737%

0.0500 46.884%

0.0020 30.337%

0.0010 0.000%
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Structure Detail:
Structure #1 (Null)

     Tributary A to Chaco
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Subwatershed Hydrology Detail:

Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#1 1 456.280 1.570 0.000 0.000 78.400 M 2.53 0.625

 456.280 2.53 0.625

Subwatershed Sedimentology Detail:

Stru
#

SWS
# Soil K L (ft) S (%) C P PS #

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc

(ml/l)

24VW

(ml/l)

#1 1 0.151 200.00 3.48 0.3870 1.0000 2 4.1 6,170 2.99 2.35

 4.1 6,170 2.99 2.35

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 1.33 80.00 6,028.18 1.150 1.456

8. Large gullies, diversions, and low
flowing streams 2.00 35.00 1,752.01 4.240 0.114

#1 1 Time of Concentration: 1.570
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General Information

Storm Information:
Storm Type: Type II-60

Design Storm:  10 yr - 6 hr

Rainfall Depth: 1.300 inches

Particle Size Distribution:
Size (mm) PostMine-

LoamySand
PreMine-

LoamySand PreMine-Badlands LoamySand
Postmining

2.0000 100.000% 100.000% 100.000% 0.000%

0.1000 26.500% 30.000% 83.500% 0.000%

0.0500 14.000% 17.000% 77.000% 0.000%

0.0020 11.000% 11.000% 56.000% 0.000%

0.0010 0.000% 0.000% 0.000% 0.000%
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Structure Summary:
Immediate

Contributing
Area

(ac)

Total
Contributing

Area

(ac)

Peak
Discharge

(cfs)

Total
Runoff
Volume

(ac-ft)

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc.

(ml/l)

24VW

(ml/l)

#1 456.280 456.280 24.01 4.85 46.0 9,274 4.03 3.03
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General Information

Storm Information:
Storm Type: Type II-60

Design Storm:  25 yr - 6 hr

Rainfall Depth: 1.600 inches

Particle Size Distribution:
Size (mm) PostMine-

LoamySand
PreMine-

LoamySand PreMine-Badlands LoamySand
Postmining

2.0000 100.000% 100.000% 100.000% 0.000%

0.1000 26.500% 30.000% 83.500% 0.000%

0.0500 14.000% 17.000% 77.000% 0.000%

0.0020 11.000% 11.000% 56.000% 0.000%

0.0010 0.000% 0.000% 0.000% 0.000%
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Structure Summary:
Immediate

Contributing
Area

(ac)

Total
Contributing

Area

(ac)

Peak
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(cfs)
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Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc.

(ml/l)

24VW

(ml/l)

#1 456.280 456.280 45.58 8.76 91.7 10,334 4.71 3.50
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General Information

Storm Information:
Storm Type: Type II-60

Design Storm:  100 yr - 6 hr

Rainfall Depth: 2.000 inches

Particle Size Distribution:
Size (mm) PostMine-

LoamySand
PreMine-

LoamySand PreMine-Badlands LoamySand
Postmining

2.0000 100.000% 100.000% 100.000% 0.000%

0.1000 26.500% 30.000% 83.500% 0.000%

0.0500 14.000% 17.000% 77.000% 0.000%

0.0020 11.000% 11.000% 56.000% 0.000%

0.0010 0.000% 0.000% 0.000% 0.000%

Filename: A4NTributary A Chaco Premine Feb 2011.sc4 Printed 02-14-2011

SEDCAD 4 for Windows
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Structure Summary:
Immediate

Contributing
Area

(ac)

Total
Contributing
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Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc.

(ml/l)

24VW

(ml/l)

#1 456.280 456.280 82.07 15.12 173.0 11,391 5.41 3.98
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11-1 (8/09;2/11) 

CHAPTER 11 

OPERATION PLAN 

 

11.1 LAND STATUS AND MARKERS 

 
EXHIBITS 11-1 through 11-6 show the land status classifications of lands within the Navajo Mine leasehold.  

These lands are divided into Pre-Law, Interim, and Permanent Program land classifications.   

Signs clearly identifying BHP Minerals and/or Navajo Mine, the permit identification number, and blast 

warning signs are posted at all points of public or permittee road access into the permit area.  Signs are made of 

durable material and will be maintained until bond release. 

 

11.1.1 Stream Buffer Zones 

 

Stream Buffer Zone designations have been evaluated and identified for the permit areas and lands adjacent to 

the leasehold (see Section 11.6.4).  A buffer zone was established in December 1995.  The requirements under 

30 CFR § 816.57 will be observed, and the zones marked as specified under Section 816.11.  Identified Stream 

Buffer Zone designations and authorized stream crossings are delineated and shown on EXHIBITS 11-9 

through 11-11. 

 

The markers are spaced approximately 300 feet apart and are routinely checked and maintained.  Any 

adjustments to the buffer zone boundary will be made as necessary. 

 

Activities that necessitate travel into or through the designated crossings follow.  Access to surface water 

samplers, access to groundwater wells, access to Area IV North for environmental data and resource gathering 

for future mine planning (i.e. surveys, core drilling), access for locals (public) use, and access for routine 

maintenance (i.e. powerlines, roads, Lowe Diversion outlet, etc.). 

 

11.1.2 Incidental Boundary Revision (IBR) 

 

The IBR appends an additional 106 acres contiguous with the permit boundary along the east boundary of the 

Lowe and Dixon pits in Area 3 as shown in Exhibit 1-2, Sheet 2 of 2.  The IBR area will be used for power 

lines and access roads, and to facilitate activities ancillary to mining and reclamation.  The IBR area will not be 

used for any new major facilities such as preparation plants or coal mine waste disposal areas.  The IBR area 

will not increase the size of the area from which coal will be removed beyond the existing permit boundary in 

accordance with the current Resource Recovery and Protection Plan (R2P2). 
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denoted based upon their in situ location in the soil profile.  The material found in the top 60 inches of 

the soil profile is called “topdressing”, while the material found deeper than 60 inches in the soil 

profile is called “regolith”. 

 

Navajo Mine will salvage all suitable topdressing for use as topsoil substitute. The maximum extent of 

allowable disturbance in front of the pit is 1,800 feet beyond the extent of mining (i.e., highwall). 

Topdressing removal will precede pre-stripping activities where required or to facilitate mining 

activities where no pre-stripping is required, refer to section 11.2.3.2 Overburden Stripping Method.   

The extent of topdressing removal will fully consider and comply with the applicable hydrology 

performance standards.  

 

The defined extent of topdressing removal will facilitate the ability to utilize opportunistic direct live 

haul of topdressing, which may result in increased reclamation success.  In addition, the defined extent 

offers greater flexibility in mining and equipment operations. 

 

Navajo Mine currently has no in situ reserves for Areas I and II. There is in-situ topdressing material 

remaining in Area III and IV North. This material will be direct hauled to active reclamation areas 

whenever possible. Topdressing removal activities are conducted in opportunistic blocks that maximize 

the direct haul and respread of the topdressing into active reclamation plots.   

 

Suitable regolith may be salvaged for use in reclamation as either topsoil substitute or root-zone 

material, or it may be spoiled if deemed necessary by the operator.  Regolith in each resource area (I, II, 

III, and IV North) will be salvaged or spoiled depending on the need for topsoil or root-zone material in 

that specific resource area.  Where practical and feasible, regolith that has been found  
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At the Navajo Mine, the pit names are also associated with area names such as; Area 1, Area 2 

and Area 3. The progression of uncovered coal is in linear strips as shown on Exhibits 12-02 and 

12-03.  Pre-Stripping is done in the deeper parts of  Area 3 and Area 2 to keep the total pit depth 

for the dragline under 200 feet.  Pre-Stripping is accomplished using a fleet of end-dump haul 

trucks and a front-end loader.  Pre-Strip material will be removed in front of the active mining 

strip and placed in final grading areas.  Information compiled from Exhibits 12-02 and 12-03 is 

on Table 11-25 (Areas Mined by Year).  This table summarizes pit locations, mining sequences, 

start and end dates of mining and approximate acres disturbed.  

 

Refer to Exhibit 12-02 for Area 2.  The current active pits in this area are Hosteen/Yazzie and 

Yazzie Overlook.  Pre-Stripping with a truck and loader fleet will occur for the entire area.  

Exhibit 12-02 provides specific stripping sequence by permit term year.  Upon finishing the 

Hosteen/Yazzie and Yazzie Overlook pits, coal-mining activities in Area 2 will be complete.  

 

For Area-3, refer to Exhibit 12-03.  The current active pits in Area-3 are Lowe and Dixon pit.  

Exhibit 12-03 provides specific stripping sequence by permit term year.  Pre-Stripping with a 

truck and loader fleet in Area 3 will continue 4 strips ahead of the active mining strip.  Lowe pit 

will be mined out ahead of Dixon Pit.  Upon finishing Dixon pit, coal-mining activities in Area 3 

will be completed. 

 

For Area-4N, refer to Exhibit 12-03. A single mine pit is planned for Area 4 North.  Refer to 

Exhibit 12-03 for the timing of specific striping sequence by permit term.  Upon finishing Area 4 

North pit, coal-mining activities in Area 4 North will be complete. 

 



Table 11-25 Areas Mined by Year

LOCATION APPROXIMATE

YEAR AREA PIT NAMES STRIP # ACRES DISTURBED

1 Area 2 Hosteen / Yazzie 13-17 103

1 Area 3 Lowe 58-60 39

1 Area 3 Dixon 60-62 101

Sub Total Year 1 243

2 Area 2 Hosteen/Yazzie 18-19 19

2 Area 2 Overlook 23-24 10

2 Area 3 Lowe 63-64 29

2 Area 3 Dixon 63-65 82

Sub Total Year 2 140

3 Area 3 Lowe 65-67 48

3 Area 3 Dixon 66-68 76

3 Area 4N Area 4N OC-BC1 79

Sub Total Year 3 203

4 Area 3 Corridor Road 1-5 29

4 Area 3 Dixon 69-71 72

4 Area 4N Area 4N BC2-S2 46

Sub Total Year 4 147

5 Area 3 Dixon 72-74 63

5 Area 4N Area 4N 3-9 114

Sub Total Year 5 177

6-10 Area 3 Dixon 75-86 236

6-10 Area 4N Area 4N 10-20 303

Sub Total Years 6-10 539

* table does not include prestrip disturbance ahead of mining

 

Year 1 Commences Sept. 1, 2009
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(Appendix 11-LL), Department of Transportation (DOT), and Office of Safety and Hazard 

Administration regulations.  Non-hazardous materials that can be recycled or reused, are 

accumulated, managed, and recycled or reused following applicable EPA regulations.  The 

nonhazardous materials that can not be recycled or reused are accumulated, managed, shipped 

offsite and disposed of following applicable EPA and DOT regulations. Railroad ties are stored 

and reused on the mine site or offsite for landscaping.  Railroad ties are not disposed of on the 

mine site. Ties that can not be reused are disposed of following the applicable environmental 

standards. 

 

11.2.5.1 Historic Coal Combustion By-products (Ash) Disposal 

 

Between 1971 and January 2008 BNCC placed Coal Combustion Byproducts (CCB) from Four 

Corners Power Plant (FCPP) in mined-out pits or ramps at Navajo Mine.  BNCC does not intend 

to use CCB materials for future reclamation within the permit boundary. The following permit 

text is maintained for historical context.   

 

Under Navajo Mine’s fuel supply contract with Arizona Public Service (APS), Navajo Mine 

accepted Coal Combustion Byproducts (CCB) or ash, from Four Corners Power Plant units 4 and 

5 for disposal in final pits and ramps.  CCB disposed of at Navajo Mine included: fly ash, 

scrubber sludge and bottom ash.  In general, the major chemical constituents of CCB disposed of 

at Navajo Mine include: Silicon Dioxide (SiO2), Aluminum Oxide (Al2O3) and Calcium Sulfite 

(CaSO3) (see the Leach Study, APPENDIX 11-K).  

 

Fly ash and bottom ash are generated by the combustion of coal at Four Corners Power Plant.  

The fly ash is collected in emission control baghouses. Fabric bags in the baghouses act as a filter 

removing the fly ash from the flue gas stream of units 4 and 5.  Ash  too large to be carried by the 
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flue gas to the baghouse falls to the bottom of the boiler during the combustion process and is 

removed as bottom ash.  Scrubber sludge is the byproduct of removing SO2 from the flue gas.  

The SO2 reacts with lime to form calcium sulfite and calcium sulfate.  A description of the 

physical and chemical properties of the CCB is contained in APPENDIX 11-K.  

 

11.2.5.1.1 Ash Disposal Areas 

 

Historic Ash disposal locations at Navajo Mine through  January 2008 on interim and permanent 

program areas are shown on Exhibit 11-149.  

11.2.5.1.2 Ash Disposal Method 

 

The haulage and disposal of CCB  utilized any of the equipment listed in Section 11.4 of the 

PAP.  Typically, ash was hauled in 85-ton end dump trucks and is dumped into the pit. A dozer 

was used to push ash into the backfilled pit and for dump site maintenance. When equipment or 

other needs dictate, a single lift or multiple lifts  were used to backfill the pits and ramps.  A 

grader and water truck  were used to maintain the ash haul road and to control fugitive dust. 

 

11.2.5.1.3 Ash Regulatory Compliance 

 

In 1993 the United States Environmental Protection Agency (U.S.EPA) made a final regulatory 

determination that CCB are exempt from regulation as a hazardous waste under Subtitle C of the 

Resource Conservation and Recovery Act (RCRA, 58 FR 42466, August 9, 1993).  In its 

regulatory determination, EPA concluded that the State or Tribal industrial solid waste 

management programs implemented under Subtitle D of RCRA were adequate regulatory 

controls for managing the disposal of CCB.  

 

The Navajo Nation codified the Navajo Nation Solid Waste Act on 18 October 1990 (4 N.T.C. 

101 as amended by the Navajo Nation Council Resolution No. CJY–51– 97) and finalized their 

regulations on February 1, 1999. The Navajo Nation Solid Waste Regulations specifically 

excludes CCB from the definition of a Solid Waste.  Based on this exclusion, CCB are not 



 

(12/07; 2/11) 11-25 

regulated as a solid waste. In accordance with the following documents,  BNCC  had the right to 

dump CCB (ash) on leased premises. A mining lease between the Navajo Nation and BHP (Utah 

Construction Company) dated July 26, 1957 and the subsequent amendments. Resolution ACAP-

43-68 of the Advisory Committee of the Navajo Tribal Council dated April 15, 1968, Approval 

of Resolution ACAP-43-68 by the Bureau of Indian Affairs dated May 15, 1968. Copies of these 

documents will be kept on the mine site at all times and may be reviewed by the regulatory 

authority upon request. 
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These facilities have been constructed to minimize erosion and siltation.  Embankments and 

drainageways are regularly examined after each storm event.  The location of the water loadouts 

is shown on EXHIBITS 11-9 through 11-11. 

 

11.5.1.5 Electric Power Lines 

 

Arizona Public Service Company supplies the mine with power at 69,000 volts.  Approximately 

31 miles of mainline and nine miles of stublines make up the existing power distribution network 

for Areas II, III, and IV North.  The mainlines originate at the Four Corners Power Plant and 

branch to the east and west sides of the pits in Areas II, and III, and IV North.  Stublines service 

the pits about every 5,000' from the east side.  On the west, the power line follows the railroad 

catenary.  See EXHIBITS 11-9 through 11-11 for details.  Power lines will be constructed to 

meet the recommended design criteria (Miller et al., 1975) to prevent the electrocution of raptors. 

 

11.5.1.6 ANFO/Explosives Storage 

 

There are three ammonium nitrate storage facilities at Navajo Mine: 

1. Barber Stockpile, 

2. Yazzie Pit area, and 

3. Dixon. 

 

A typical ANFO facility has nitrate silos, diesel fuel storage tanks, and silos for emulsion 

blasting product. 
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There are explosives magazines at the north-end of Lowe Pit which was built in accordance with 

the Bureau of Alcohol, Tobacco, and Firearms Division regulations 26 CFR Parts 181.198 and 

181.200.  This area is used for storing primers, blasting cord, delays, and wet hole blasting 

product.  See EXHIBIT 11-7 for locations of these stores. 

 

11.5.2 Coal Facilities 

 

11.5.2.1 Coal Storage 

 

The Navajo Mine has four coal stockpiles.  Three are field stockpiles located at railroad spurs 

and the fourth stockpile is an emergency coal stockpile located near the north area coal plant.  

The approximate maximum capacities and date of construction of these stockpiles are: 

 

Name  Capacity (tons)  Construction Date 

Barber  1,500,000  1973 

Hosteen  800,000  1974 

Emergency   80,000  1988 

Lowe  2,700,000  1982 

Total  5,080,000   

     

 

Barber Hosteen and Lowe field stockpiles are divided down the center by the railroad spur to 

facilitate blending.  This division allows coal of varying qualities to be stacked on either side of 

the rail. 
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TABLE 11-3 

 

TOPDRESSING STOCKPILE APPROXIMATE VOLUME 

New Stockpile Name1 Old Stockpile Name  Approx. Volume 
(cyds)3 

Airport_TS Airport 1 9,919 
DBR12_TS_E2 
DBR13_TS_W 

Doby 1 
Doby R13 

732,845 
412,272 

HSR1_TS_S - 144,865 
BBR3_TS_S 
BBR5_TS_S 

 
Barber 5 

36,016 
164,829 

LWR1_TS_W2 
LWR2_TS_E 
LWR4_TS_N 
LWR4_TS_E 
LWR4_TS_S 

Lowe 2 
Lowe 4 

- 
Lowe/Dixon 1 

- 

250,338 
17,162 

716,713 
118,668 

0 
DXR1_TS_N 
DXR1_TS_S 
DXR2_TS_W 
DXR4_TS 

- 
- 
- 
- 

0 
372,164 
413,515 
899,820 

TS-401 
TS-402 
TS-403 

- 
- 
- 

60,333 
71,444 

148,000 
IBR_TS_N - 136,200 

 
 
 
 

Regolith Stockpiles Capacities 
 

New Stockpile Name1 Old Stockpile Name  Approx. Volume 
(cyds)3 

DXR1_RG_W Dixon 3 475,100 

LWR1_RG_N 
LWR4_RG_N 

Lowe 9 
Lowe 10 

 

1,818,552 
468,633 

 
 
 

1Topdressing stockpiles are shown on EXHIBITS 11-9, 11-10 & 11-11 (CHAPTER 11). 
  TS, Topdressing stockpiles.  RG, Regolith stockpiles. 
2Designates stockpiles that have snow fences installed. 
3 Volumes were calculated using aerial survey and/or loader count. Volumes do not include 10% 
rehandling loss so total volume will differ from 12-4 and 12-9. 



 

Table 11-5 Pond Cross Reference 
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 Cont’d 

 

 

 

Pond Name Pond Information 

Block C Pond 1 Table 11-5AG 

Block C Pond 2 Table 11-5AH 

Block C Pond 3 Table 11-5AI 

Lowe 3 Pond 3 Table 11-5AJ 

Mason Pond Table 11-5AK 

Employee Coal Dump Pond Table 11-5AL 

Pond 401 Table 11-5AM 

Area 4 North Pond 412 Table 11-5AN 

South Dixon Pond 7 Table 11-5AO 

Area 4 North Pond 3 Table 11-5AP 

Area 4 North Pond 4 Table 11-5AQ 

Pond 405 Table 11-5AR 

Pond 411 Table 11-5AS 

Pond 413 Table 11-5AT 

Pond 402 Table 11-5AU 

Pond 404 Table 11-5AW 

Pond 408 Table 11-5AX 

Pond 409 Table 11-5AY 

Pond 410 Table 11-5AZ 

Pond 301 Table 11-5BA 

Pond 302 Table 11-5BB 
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Table 11-5AM Area 4 North Pond 401 
 

Type of Pond Sediment  
Location EXHIBIT 11-13F 
Purpose Retains the runoff from box cut spoils 
Design Information APPENDIX 11-AA and Exhibit 11-01D 
As-Built Information Exhibit 11-01 As-built   
Intended Life Span Until Completion of Final Reclamation 
Watershed Area (ac) 20.8 
As-Built Capacity (ac-ft)  3.9 plus 1-foot freeboard (as-built) 
Curve Number (SCS) Refer to Appendix 11-AA 
Design Storm Event 100 year 6 hour 
Peak Discharge (cfs) Refer to Appendix 11-AA 
Runoff Volume (ac-ft) 1.45 
Max. Permissible Gauge Reading 
for Water/Sediment (ft) 

7.4 (as-built) 

Depth at Upstream Toe (ft) 9 
NRCS Hazard Classification Low  
Spillway Type N/A 
25 yr - 6 hr Peak Discharge (cfs)  N/A 
Foundation Soil Type Sandy Clay 
Comments  

 
 
 

Table 11-5AN Area 4 North Pond 412 
 

 
Type of Pond Sediment  
Location EXHIBIT 11-13F 
Purpose Retains the runoff from box cut spoils 
Design Information APPENDIX 11-AA and Exhibit 11-111D 
As-Built Information Exhibit 11-111 As-built  
Intended Life Span Until completion of final reclamation 
Watershed Area (ac) 30.6 
As-Built Capacity (ac-ft)  3.2 plus 1-foot freeboard 
Curve Number (SCS) Refer to Appendix 11-AA 
Design Storm Event 100 year – 6 hour 
Peak Discharge (cfs) Refer to Appendix 11-AA 
Runoff Volume (ac-ft) 3.0 
Max. Permissible Gauge Reading 
for Water/Sediment (ft) 

1.7 (as-built) 

Depth at Upstream Toe (ft) 9.8 
NRCS Hazard Classification Low 
Spillway Type Not required 
25 yr - 6 hr Peak Discharge (cfs)  N/A 
Foundation Soil Type Sandy Clay 
Comments  
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Table 11-5AP Area 4 North Pond 3 

Type of Pond Sediment  
Location EXHIBIT 11-13F 
Purpose Retains the runoff from box cut spoils 
Design Information APPENDIX 11-AA and Exhibit 11-115D 
As-Built Information Exhibit 11-115 Asuilt 
Intended Life Span Until completion of final reclamation 
Watershed Area (ac) 8.6 
As-Built Capacity (ac-ft)  1.2 plus 1-foot freeboard 
Curve Number (SCS) Refer to Appendix 11-AA 
Design Storm Event 100 year 6 hour 
Peak Discharge (cfs) Refer to Appendix 11-AA 
Runoff Volume (ac-ft) 0.8 
Max. Permissible Gauge Reading 
for Water/Sediment (ft) 

2.4 

Depth at Upstream Toe (ft) 7 
NRCS Hazard Classification Low  
Spillway Type N/A 
25 yr - 6 hr Peak Discharge (cfs)  N/A 
Foundation Soil Type Sandy Clay 
Comments  
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Table 11-5AQ Area 4 North Pond 4 
 

Type of Pond Sediment  
Location EXHIBIT 11-13F 
Purpose Retains the runoff from box cut spoils 
Design Information APPENDIX 11-AA and Exhibit 11-118D 
As-Built Information Exhibit 11-118 As-built 
Intended Life Span Until completion of final reclamation 
Watershed Area (ac) 46.3 
As-Built Capacity (ac-ft)  5.6 plus 1-foot freeboard 
Curve Number (SCS) Refer to Appendix 11-AA 
Design Storm Event 100 year – 6 hour 
Peak Discharge (cfs) Refer to Appendix 11-AA 
Runoff Volume (ac-ft) 4.5 
Max. Permissible Gauge Reading 
for Water/Sediment (ft) 

3.2 

Depth at Upstream Toe (ft) 8.7 
NRCS Hazard Classification Low 
Spillway Type Not required 
25 yr - 6 hr Peak Discharge (cfs)  N/A 
Foundation Soil Type Sandy Clay 
Comments  

 

Table 11-5AR Area 4 North Pond 405 
 
 

Type of Pond Sediment  
Location EXHIBIT 11-13F 
Purpose Retains the runoff from box cut spoils 
Design Information APPENDIX 11-AA and Exhibit 11-05D 
As-Built Information Exhibit 11-05 As-built 
Intended Life Span 2016 
Watershed Area (ac) 90.6 
As-Built Capacity (ac-ft)  8.2 
Curve Number (SCS) Refer to Appendix 11-AA 
Design Storm Event 100 year-6 hour 
Peak Discharge (cfs) Refer to Appendix 11-AA 
Runoff Volume (ac-ft) 6.3 
Max. Permissible Gauge Reading 
for Water/Sediment (ft) 

4.9 

Depth at Upstream Toe (ft) 8.9 
NRCS Hazard Classification Low  
Spillway Type Not required 
25 yr - 6 hr Peak Discharge (cfs)  NA 
Foundation Soil Type Sandy Clay 
Comments  
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Table 11-5AS Area 4 North Pond 411 
 

Type of Pond Sediment 
Location EXHIBIT 11-13F 
Purpose Retains the runoff from mining area 
Design Information APPENDIX 11-AA and Exhibit 11-161D 
As-Built Information Exhibit 11-161 As-built 
Intended Life Span Until completion of final reclamation 
Watershed Area (ac) 12.5 
As-Built Capacity (ac-ft)  1.7 plus 1-foot freeboard 
Curve Number (SCS) Refer to Appendix 11-AA 
Design Storm Event 100 year – 6 hour 
Peak Discharge (cfs) Refer to Appendix 11-AA 
Runoff Volume (ac-ft) 1.2 
Max. Permissible Gauge Reading 
for Water/Sediment (ft) 

3.2   

Depth at Upstream Toe (ft) 8.3 
NRCS Hazard Classification Low 
Spillway Type Not required 
25 yr - 6 hr Peak Discharge (cfs)  N/A 
Foundation Soil Type Sandy Clay 
Comments  

 

Table 11-5AT Area 4 North Pond 413 
 

Type of Pond Sediment 
Location EXHIBIT 11-13F 
Purpose Retains the runoff from mining area 
Design Information APPENDIX 11-AA and Exhibit 11-6D 
As-Built Information Exhibit 11-6 As-built 
Intended Life Span Until completion of final reclamation 
Watershed Area (ac) 6.8 
As-Built Capacity (ac-ft)  2.6 plus 1-foot freeboard 
Curve Number (SCS) Refer to Appendix 11-AA 
Design Storm Event 100 year 6 hour 
Peak Discharge (cfs) Refer to Appendix 11-AA 
Runoff Volume (ac-ft) 0.6 
Max. Permissible Gauge Reading 
for Water/Sediment (ft) 

7.7 

Depth at Upstream Toe (ft) 10 
NRCS Hazard Classification Low  
Spillway Type N/A 
25 yr - 6 hr Peak Discharge (cfs)  

N/A 
Foundation Soil Type 

Sandy Loam 
Comments  
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Table 11-5AU Area 4 North Pond 402 

Type of Pond Sediment  
Location EXHIBIT 11-13F 
Purpose Retains the runoff from box cut spoils 
Design Information APPENDIX 11-AA and Exhibit 11-02D 
As-Built Information Exhibit 11-04 As-built 
Intended Life Span Until completion of final reclamation 
Watershed Area (ac) 96.8 
As-Built Capacity (ac-ft)  7.9 
Curve Number (SCS) Refer to Appendix 11-AA 
Design Storm Event 100 year 6 hour 
Peak Discharge (cfs) Refer to Appendix 11-AA 
Runoff Volume (ac-ft) 6.8 
Max. Permissible Gauge Reading 
for Water/Sediment (ft) 

6.0 

Depth at Upstream Toe (ft) 15.4 
NRCS Hazard Classification Low  
Spillway Type N/A 
25 yr - 6 hr Peak Discharge (cfs)  N/A 
Foundation Soil Type Sandy Loam 
Comments  
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Table 11-5AW Area 4 North Pond 404 
 

Type of Pond Sediment  
Location EXHIBIT 11-13F 
Purpose Retains the runoff from box cut spoils 
Design Information APPENDIX 11-AA and Exhibit 11-04D 
As-Built Information Exhibit 11-04 As-built 
Intended Life Span 2016 
Watershed Area (ac) 11.7 
As-Built Capacity (ac-ft)  1.6 
Curve Number (SCS) Refer to Appendix 11-AA 
Design Storm Event 100 year 6 hour 
Peak Discharge (cfs) Refer to Appendix 11-AA 
Runoff Volume (ac-ft) 1.0 
Max. Permissible Gauge Reading 
for Water/Sediment (ft) 

3.9 

Depth at Upstream Toe (ft) 6.1 
NRCS Hazard Classification Low  
Spillway Type N/A 
25 yr - 6 hr Peak Discharge (cfs)  N/A 
Foundation Soil Type Sandy Loam 
Comments  

 

Table 11-5AX Area 4 North Pond 408 
 

Type of Pond Sediment  
Location EXHIBIT 11-13F 
Purpose Retains the runoff from topsoil stockpile TS-401 
Design Information APPENDIX 11-AA and Exhibit 11-158D 
As-Built Information Exhibit 11-158 As-built 
Intended Life Span Until completion of final reclamation 
Watershed Area (ac) 6.18 
As-Built Capacity (ac-ft)  1.5 
Curve Number (SCS) Refer to Appendix 11-AA 
Design Storm Event 100 year 6 hour 
Peak Discharge (cfs) Refer to Appendix 11-AA 
Runoff Volume (ac-ft) 0.4 
Max. Permissible Gauge Reading 
for Water/Sediment (ft) 

4.5 

Depth at Upstream Toe (ft) 5.2 
NRCS Hazard Classification Low  
Spillway Type N/A 
25 yr - 6 hr Peak Discharge (cfs)  N/A 
Foundation Soil Type Sandy Loam 
Comments  
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Table 11-5AY Area 4 North Pond 409 
 

Type of Pond Sediment  
Location EXHIBIT 11-13F 
Purpose Retains the runoff from topsoil stockpile TS-402 
Design Information APPENDIX 11-AA and Exhibit 11-159D 
As-Built Information Exhibit 11-159 As-built 
Intended Life Span Until completion of final reclamation 
Watershed Area (ac) 2.83 
As-Built Capacity (ac-ft)  0.26 
Curve Number (SCS) Refer to Appendix 11-AA 
Design Storm Event 100 year 6 hour 
Peak Discharge (cfs) Refer to Appendix 11-AA 
Runoff Volume (ac-ft) 0.2 
Max. Permissible Gauge Reading 
for Water/Sediment (ft) 

1.6 

Depth at Upstream Toe (ft) 3.5 
NRCS Hazard Classification Low  
Spillway Type N/A 
25 yr - 6 hr Peak Discharge (cfs)  N/A 
Foundation Soil Type Sandy Loam 
Comments  

 

Table 11-5AZ Area 4 North Pond 410 
 

Type of Pond Sediment  
Location EXHIBIT 11-13F 
Purpose Retains the runoff from topsoil stockpile TS-402 
Design Information APPENDIX 11-AA and Exhibit 11-159D 
As-Built Information Exhibit 11-159 As-built 
Intended Life Span Until completion of final reclamation 
Watershed Area (ac) 2.37 
As-Built Capacity (ac-ft)  0.93 
Curve Number (SCS) Refer to Appendix 11-AA 
Design Storm Event 100 year 6 hour 
Peak Discharge (cfs) Refer to Appendix 11-AA 
Runoff Volume (ac-ft) 0.17 
Max. Permissible Gauge Reading 
for Water/Sediment (ft) 

2.7 

Depth at Upstream Toe (ft) 3.0 
NRCS Hazard Classification Low  
Spillway Type N/A 
25 yr - 6 hr Peak Discharge (cfs)  N/A 
Foundation Soil Type Sandy Loam 
Comments  
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IMPOUNDMENT ID. LOCATION CURRENT 
STATUS

WATERSHED 
AREA 

(ACRES)

CAPACITY 
(AC-FT)

DEPTH  AT 
UPSTREAM 

TOE (FT)

HAZARD 
POTENTIAL COMMENTS(1):

Lowe Hole 3 Pond 2 Lowe active 688.0 11.6 see comment Low impoundment (incised), see App.11-AA, Exh. 11-127A & 11-127D
Lowe Hole 3 Pond 3 Lowe active 41.8 4.6 12.0 Low impoundment, see Appendix 11-AA and Exhibit 11-127B.
Lowe-Dixon Diversion Pond Lowe active 1,604.6 19.5 11.8 Low Impoundment
North Fork Pond Dixon active 198.7 19.5 12.3 Low Impoundment
South Dixon Pond 7 Dixon active 25.3 11.8 10.0 Low Impoundment
Area 4-North Pond 406 A4N active 238.1 14.2 9.0 Low Impoundment, see Appendix 11-AA and Exhibit 11-156.
Area 4-North Pond 407 A4N active 124.8 15.4 15.0 Low Impoundment, see Appendix 11-AA and Exhibit 11-157.

(1) The standard design and as-built information for the highwall impoundments are in Appendix 11-II.

TABLE 11-7

 HIGHWALL IMPOUNDMENTS AND IMPOUNDMENTS
HAZARD CLASSIFICATION
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The existing side drainages entering the diversion channel will be riprapped to control erosion. 

The riprap material is sized for the 10 year-6 hour peak flow. The locations and details of the 

riprapped downdrains are presented on EXHIBIT 11-74B and 11-74C. The hydrology and design 

data for the downdrains are in Appendix 11-RR in the PAP. 

 

The design criteria for the riprapped downdrains was revised, the flows to the downdrains are 

from ephemeral streams such flows are classified as miscellaneous flows. Temporary diversions 

for miscellaneous flows are designed to safely pass the peak flow from the 2 year-6 hour storm 

event (CFR 816.43(c)(3)). The revised design data for the riprapped downdrains are presented in 

Appendix 11-RR (as-built data) of the PAP. 

 

The Burnham Road will be re-routed three times to facilitate the mining of Dixon Pit Extension. 

The first re-route will occur during or prior to the construction of Lowe/Dixon Diversion 

Channel Extension. This re-route will be a short segment that will be aligned along the east side 

of the diversion channel extension as shown on EXHIBIT 11-74. The second re-route will occur 

just prior to mining out the Lowe/Dixon Diversion Channel and the extension. This re-route will 

align the road around the northern and eastern boundary of the pit extension area. The alignment 

and the design of the re-routes will be coordinated with the BIA Roads Department. For the 

location and alignment of the re-routes refer to Exhibits 11-143. For more detailed information 

refer to Section 11.5.6.1.7 “Relocation or Use of Public Roads”. 
 

When the diversion is no longer needed it will be re-graded and reclaimed in accordance with the 

guidelines and procedures outlined in Chapter 12, Sections 12.3, 12.5 and 12.6. 

 

 



Table 11-11

Primary Road Segments

Road Areas

Length 

(feet)

Width 

(feet)
Grade 

(%)

Surface 

Material Use

Area 

(acres)
Constr. 

Date

Anticipated 

Removal 

Date

Located on 

Exhibit References

Area 3 By-pass Road 3970 70 0-4% Gravel/Dirt Access/Haul 6.37 1982 2019 11-82 Exhibit 11-90 to 92

Area III Main Access Road 5,160 60 0-4% Pavement Access 7.09 1982 2019 11-82 Design shown on EX. 11-112D and 11-12E

Barber By-pass Road 6,300 70 0-6% Gravel/Dirt Access/Haul 10.10 2003 2019 11-82 Exhibit 11-100 and 11-101A-C

Barber Haulroad 11,000 60 0-6% Dirt Haul 15.12 1978 2019 11-82 Modification design shown in EX. 11-129. Typical shown on EX. 11-84a. 

Barber Hosteen Bypass (Gorman Road) 4,850 70 0-6% Dirt Access 7.78 1978 2019 11-81, 82 Typical shown on EX. 11-84A. Also known as Gorman Haulroad Road.

Big Fill Road 19,450 60 0-5% Gravel/Dirt Access 26.74 1973 2019 11-81 Typical shown on EX. 11-84A.

Block B Access Road 13,220 60 0-4% Gravel/Dirt Access 18.17 1992 2019 11-82 EX. 34-7F (CH. 34, NM-0003C PAP).

Burn's Pass Road 2,980 70 0-7% Dirt Access/Haul 4.78 1977 2019 11-81 Exhibit 11-64

Coal Plant Road 3,780 40 0-8% Gravel/Dirt Access 3.46 1996 2019 11-80 As-built shown on EX. 11-122a-d.

Dixon Haul Road 8,150 70 0-4% Gravel/Dirt Access/Haul 13.07 1999 2019 11-83 Exhibit 11-137, 137A & B

Doby Road 6,175 60 0-5% Gravel/Dirt Access 8.49 1970 2019 11-80 Typical shown on EX. 11-84A.

Employee Coal Dump Access Road 270 35 5% Dirt Access 0.22 1999 2019 11-82 Figure 11-28, Typical shown on EX. 11-84a. 

Hosteen Haulroad 7,000 60 0-6% Dirt Haul 9.62 1977 2019 11-81 Drainage design shown in EX. 11-130.  Typical shown on EX. 11-84a.

Hosteen Yazzie Haulroad 11,700 60 0-5% Dirt Haul 16.08 2000 2019 11-82 As-built shown on EX. 11-141c-e

Lowe Boxcut Road 5,720 70 0-6% Gravel/Dirt Access 9.17 1996 2019 11-82 As-built shown on EX. 11-103d-h.

Lowe Bypass Road 5,910 30 0-6% Gravel/Dirt Access 4.06 1994 2019 11-83 Design and as-built are shown on EX. 11-102a & b

Lynch Skyline 2,050 65 1-6% Dirt Access 3.05 1983 2019 11-81, 82 Typical shown on EX. 11-84A.

Mason Road 5,225 70 0-2% Dirt Access/Haul 8.38 1980 2019 11-82  Asbuilt shown on Exh. 11-138*.

Neck Road 8,500 120 0-6% Gravel/Dirt Access 23.37 1978 2019 11-82 Typical shown on EX. 11-84A.

Pinto Reroute 4,500 70 0-5% Gravel/Dirt Access 7.22 1989 2019 11-80 Typical shown on EX. 11-84A.

Pinto Road 5,500 60 0-5% Gravel/Dirt Access/Haul 7.56 1965 2019 11-80 Typical shown on EX. 11-84A.

Re-aligned Ramp 7 Road 5,225 30 0-6% Gravel/Dirt Access 3.59 1998 2019 11-80 As-built shown on EX. 11-119c-f.

Yazzie Skyline Road 6,450 65 0-7% Dirt Access 9.60 1970 2019 11-81 Typical shown on EX. 11-84A.

Yazzie Spoil Side Road 3,450 70 0-4% Dirt Access/Haul 5.53 2004 2019 11-81 Design shown on Exhibit 11-95

Yazzie Silos Access Road 400 50 0-8% Dirt Access 0.46 2005 2019 11-81 Design shown on Exhibit 11-07

Lowe Ramp-2 Haulroad 687 70 4% Dirt Access/Haul 1.40 2008 2019 11-83 As-built shown on EX. 11-153.

Dixon Ramp-2 Haulroad 1,398 60 0-7% Dirt Access/Haul 2.60 2008 2019 11-83 As-built shown on EX. 11-154.

Cottonwood Crossing Road 1,250 120 0-3% Gravel/Dirt Access/Haul 3.40 2009 2019 11-84 As-built shown in Appendix-TT

Area IVN Perimeter Haulroad (East segment) 2,200 120 0-1% Gravel/Dirt Access/Haul 6.05 2009 2019 11-94 Location shown on Exhibit 11-84

Area IVN Perimeter Haulroad (West segment) 4,100 120 0-4% Gravel/Dirt Access/Haul 11.27 2009 2019 11-94 Location shown on Exhibit 11-84

Total Length/Area Primary Roads [miles/acres] 31.5 253.8

Note*Typical Cross-sections for primary road is shown on Exhibit 11-84A

Road locations shown on Exhibit 11-79 to 11-84. 11-97 (1/10; 2/11)
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As shown in these EXHIBITS 11-79 through 11-84 one continuous Primary road is shown 

traversing through Areas I, II, III and IV North.  This road is the main Primary road with an 

approximate length of 15 miles.  The point of beginning for the road is the North Area facilities, 

ending at Area IV North.  There are several turnouts off this road which are also considered as 

Primary roads.  Refer to TABLE 11-11 for more detail.  

 

Ancillary Roads 

 

Locations of roads classified as Ancillary are shown in EXHIBITS 11-79 through 11-84. 

 

Where it is appropriate, most Ancillary roads are located where minimal or no road work is 

required for construction.  Ancillary roads are usually one lane (7 ft. to 12 ft.) roads with no 

embankment.  

 

11.5.6.1.3 Primary Road Conditions 

 

Refer to EXHIBITS 11-84A and 11-112D (Area III Main Access Road) for Primary Road 

Typical Cross Sections.  TABLE 11-11 contains information on each of the Primary Road 

segments. 

 

Pinto Haulroad and Pinto Reroute  

 

This haulroad was built during the early periods of Area I coal mining operations.  The 

approximate date of Pinto Haulroad construction is 1965.  The road is approximately 60 feet in 

width.  Presently the road is in good condition and maintained by periodic blade work and side 

ditch cleaning. 

 

A portion of the Pinto Haulroad was rerouted in 1989.  The newer section of the road is shown as 

Pinto Reroute in EXHIBIT 11-80. 
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Dixon Haulroad 

 

The Dixon Haulroad begins at the south end of Dixon pit, bends to the west toward the spoils, 

and then follows the regraded area north to the Lowe Coal Stockpile. The road will be used for 

truck haulage for coal mining and reclamation, and as an access road to south Dixon and 

eventually to Area IV North.  The road is designed to Primary Road standards per Section 11.5.6.  

The road design and location can be found in Exhibit 11-137 and 11-83, respectively. The road 

information is included in TABLE 11-11, Section 11.5.6. Hydrology information for culvert 

design on CP-128 is located in Appendix 11-V, with the culvert location on Exhibit 11-12E also 

in this appendix.  The road shall be constructed and maintained as outlined in Section 11.5.6.1.6 

“Roads General Performance Standards”. 

 

Burn's Pass Road 

 

The Burn's Pass Road begins at Turnout #2 (shown on EXHIBIT 11-81) and ends at the 

intersection with North Hosteen Ramp #1. 

 

This road is primarily a maintenance access road to North Hosteen Ramp #1 and the main 

irrigation line.  The road's sub-grade is mostly original ground that has been bladed.  The road is 

in good condition. 

 

Hosteen Haulroad 

 

The Hosteen Haul Road serves Hosteen Pit Ramps #1 and #3.  The haulroad is also the 

continuation of the Burn's Pass Road at the top of Ramp #1. 

 

This road is used mainly for hauling the Hosteen Pit coal to the railroad stockpile.  The majority 

of the road is built on reclaimed surface and is presently in good condition. 
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Hosteen Yazzie Haulroad 

 

The Hosteen Yazzie Haulroad will be used to facilitate the Area II pre-stripping activities in the 

North Barber and Hosteen Yazzie Pits.  The primary function of the road shall serve as a truck 

haulage road.  The road is designed to Primary Road standards per Section 11.5.6.1 of the PAP 

and 30 CFR 816.151.  The road design and as-builts can be found in Exhibits 11-141, 141a – e, 

and location on Exhibit 11-81.  The road information is included in TABLE 11-11, Section 

11.5.6.  For hydrology information on culvert designs CP-129 through CP-149 (excluding CP-

135, 140, and 147), refer to Appendix 11-V and Exhibit 11-12 & 12C-1.  The road was 

constructed and will be maintained as outlined in Section 11.5.6.1.6 “Roads General 

Performance Standards”. 

 

Cottonwood Crossing 

 

The Cottonwood Crossing connects with the south end of the Dixon Haulroad and continues 

south across the Cottonwood Arroyo connecting with the Area IV North East and West Perimeter 

Roads.  This road serves as the primary access to the mining activities in Area IV North. The 

Cottonwood Crossing is used for coal haulage, pit access, and power line access. The location of 

the crossing is shown on Exhibit 11-84 and the detail designs are presented in Appendix 11-TT. 

Only the detail civil drawings and the hydraulic analysis of the box culverts and spillway are 

included in Appendix 11-TT. The structural and geotechnical detail engineering data and 

drawings were not included in Appendix 11-TT. This information however can be made 

available upon request. The road is constructed and maintained as outlined in Section 11.5.6.1.6 

“Roads General Performance Standards”. 

 

Area IV North West Perimeter Road 

 

This road connects with the Cottonwood crossing and bends around the west end of the Area IV 

North pit. This road intersects with the ramps coming out the Area IV North pit. The West 

Perimeter Road is used for coal haulage, pit access, access around
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the west end of the pit, and power line access.  The location of the road is shown on Exhibit 11-

84 and the design is shown on 11-94A thru C.  Road information can be found on Table 11-11 

(Section 11.5.6).  The road is constructed and maintained as outlined in Section 11.5.6.1.6 

“Roads General Performance Standards”.  Slope stability analysis for the road embankments 

have been completed, see Appendix 11-I. 

 

Area IV North East Perimeter Road 

 

This road connects with the Cottonwood crossing and bends around the east end of the Area IV 

North pit. This road intersects with the ramps coming out the Area IV North pit. The East 

Perimeter Road is used for coal haulage, pit access, access around the east end of the pit, and 

power line access.  The location of the road is shown on Exhibit 11-84 and the design is shown 

on Exhibit 11-94.  Road information can be found on Table 11-11 (Section 11.5.6).  The road is 

constructed and maintained as outlined in Section 11.5.6.1.6 “Roads General Performance 

Standards”.  Slope stability analysis for the road embankments have been completed, see 

Appendix 11-I. 

 

Area 3 By-pass Road 

 

In order to facilitate the uninterrupted mining of the remaining South Barber strips, a single 

reroute around the remaining mining strips was constructed in December 1994.  The by-pass road 

is 60 foot wide, approximately 4,000 feet long, and is located west of the Area III Facility 

Complex. 

 

Exhibit 11-82 shows the location of the Area 3 By-pass Road.  Typical traffic will consist of 

pickup trucks and passenger vehicles using the road for pit access.  Other traffic will include: 1) 

one-ton service trucks, 2) low boy delivery of dozers, drills, and dragline buckets, 3) forty-ton 

fuel and lube trucks, and 4) special delivery to the north area of the mine. 

 



Table 11-12a Primary Road Culverts

(Culvert locations can be found on Exhibits 11-12B through 11-12E)

Culvert Watershed Culvert Installed Culvert Tailwater Design Required Available Hydrology

Label Area Diameter Slope Length Depth Q HW HW Information

(ac) (inches) (%) (feet) (ft) (cfs) (ft) (ft) Appendix

CP-185 24.38 24 9.0 130 0 9.94 1.8 3.2 11-V

CP-186 108.5 24 2.9 206 0 13.02 2.0 5.3 11.V

CP-187 54.5 24 1.5 206 0 4.95 1.3 3.95 11.V

CP-189 90.6 30 5.2 330 0 65.69 10 23 11.V

CP-300 8.9 24 8.2 110 0 4.59 1.0 3.2 11.V

CP-301 1.3 24.0 6.3 122 0 1.24 0.5 8.90 11.V

CP-302 8.4 18.0 5.6 80 0 8.31 1.3 3.50 11.V

CP-303 2.4 18.0 4.1 86 0 2.85 0.8 3.3 11.V

CP-304 2.3 18.0 5.0 80 0 2.23 0.7 2.8 11.V

CP-305A&B 14.6 18 (2) 6.3 120 0 8.23 1.5 2.6 11.V

CP-306 2.7 18 3.3 80 0 2.67 0.7 5.5 11.V

CP-307 20.6 18 5.4 80 0 11.5 1.3 6.8 11.V

CP-308A&B 22.2 18 2.7 80 0 12.01 1.8 2.3 11.V

CP-309 9.2 18 2.3 80 0 9.08 1.3 5 11-V

CP-310 23317.7 96 1.0 120 0 564.05 8.0 12.5 11-V

CP-311 37.9 24 1.3 100 0 17.73 1.5 7.3 11-V

CP-312 5.5 24.0 2.4 80 0 4.76 1.0 2.60 11-V

CP-313 9.4 24.0 2.0 100 0 8.07 1.5 2.60 11-V

CP-314 10.4 24.0 1.1 80 0 6.30 1.5 3 11-V

CP-315 84.5 24.0 1.3 100 0 31.67 2.0 6.5 11-V

CP-316 23.7 24 2.0 100 0 8.9 1.3 6.3 11-V

CP-317 23687.4 96 1.0 93 0 561.93 8.0 13 11-V

CP-318 5.2 24 1.6 92 0 6.22 1.0 5.6 11-V

CP-319 6.2 24 2.4 100 0 7.52 1.3 4 11-V

CP-320A&B 10.0 18 (2) 1.3 80 0 12.01 1.5 4.9 11-V

CP-321 28.4 24 1.4 100 0 33.95 2.0 7.1 11-V

CP-322 28.7 24 1.3 60 0 20.79 1.8 4.8 11-V

CP-323 106.8 18 1.0 124 0 7.03 1.8 3 11-V

11-113b (1/11; 2/11)
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To facilitate the mining activities in the Dixon Pit extension area portions of N5028 will be 

relocated in three phases as described below.  BHP will follow the guidelines as outlined under 

30 CFR 761.12(d)  (Procedures) and 780.33 (Relocation or use of public roads). 

 

• The first phase of relocating N5028, as detailed on the Exhibit 11-143, “South Dixon Pit 

Extension – Burnham Road Re-route Location Map”, re-routed approximately 3,750 feet 

of the road along the east side of the Lowe/Dixon Diversion Extension. This phase of the 

Burnham Road Re-route was mined through in 2009. 

• The second phase the road relocation re-routed N5028 around the northern and eastern 

side of the Dixon Pit extension, see Exhibit 11-143 for alignment.  The length of the re-

route is approximately 14,500 feet increasing the length of the road by approximately 

8,500 feet.  Culverts were installed where drainages intersect the roadway.  This road will 

also meet county road specifications and be passable in inclement weather and will be 

maintained by BHP.  For more detailed information refer to Exhibit 11-60 and 11-60A 

thru C.  The duration of this road alignment will be approximately 2009 to 2011. 

• The final phase will be the permanent reroute of the road, which will move the N5028 

alignment east of the Cottonwood Arroyo North Fork diversion.  The approximate timing 

for this phase is 2011.  The permanent road re-route will be constructed to meet the 

county road specifications, be passable in inclement weather, and be maintained by BHP 

until being released back to the BIA Roads Department.  

 

Blasting operations in the vicinity of N5028 will follow the procedures outlined in Section 11.2.2 

Blasting Operations.
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No. 4-6 Coal Seam 

 

The No. 4-6 Coal Seam is only partially saturated within the permit area.  These saturated areas 

are restricted to Area III and the extreme eastern permit boundary of mid-Area II.  As discussed 

in CHAPTER 6, the No. 4-6 unit pinches out entirely in the southern portion of the North Area.  

Flow from this seam is then encompassed in that of the interbedded lithologic units of the 

Fruitland Formation.  Flow from the entire formation is considered in Section 11.6.2.3.4.3. 

 

11.6.2.3.4.2 Areas II-III 

 

In Area II, the No. 8 Coal Seam was not found to contain water within the permit area.  Because 

of this fact, no transport of water will occur and no hydrologic impact assessment is needed. 

 

As discussed in CHAPTER 6, the No. 8, 7, 4-6, and 2-3 Coal Seams all exhibit extremely low 

permeabilities and flow velocities.  Travel times for all these units from the extreme southern 

portion of Area III, assuming that leachate will take the shortest path of travel towards 

Cottonwood Arroyo located in Area IV North, are in excess of 1,000 years. 

 

11.6.2.3.4.3 Coal Seams and Interbedded Lithologic Units Treated as a Single Aquifer 

 

When the coal seams and interbedded lithologic units of the Fruitland Formation are treated as a 

single aquifer, the potential migration of spoil leachate in groundwater is found to be similar to 

that predicted using No. 8 Coal Seam (i.e., flow rates were found to be 0.06 feet per day).  Travel 

time, using the formation as a whole, from the northern most point on the mine to the San Juan 

River was found to be at least 240 years.  See CHAPTER 6 for a complete discussion 

 



11-192 (10/06; 2/11)

Area Peak Flow Sediment Area Peak Flow Sediment Area Peak Flow Sediment
(acres) (cfs) (tons) (acres) (cfs) (tons) (acres) (cfs) (tons)

S21 S21 13,492 1,551 11,133 0.8 13,532 1,546 11,417 0.8 40 -5 284 0.0
S34 S34 18,191 674 7,201 0.4 18,279 665 7,298 0.4 88 -9 97 0.0
S36 (lease line) S36 49,060 2,879 26,803 0.5 49,184 2,903 27,364 0.6 124 24 561 0.0
S37(Outlet) S37 51,269 2,842 26,947 0.5 51,477 2,855 27,017 0.5 208 13 70 0.0

COTTONWOOD WASH
10-YEAR, 6-HOUR PRECIPITATION EVENT

TABLE 11-22

COMPARISON OF PRE- & POSTMINING AREAS, PEAK FLOWS AND SEDIMENT YIELDS

Yield 
(tons/acre)

SEDCAD 4.0 
WATERSHED 

DESIGNATION
Pre-Mine Post-Mine

Pre Post Yield 
(tons/acre)

Yield 
(tons/acre)

Difference From Pre-Mine
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The comparison indicates there is no significant change between the pre and post-mine peak 

sediment and peak settleable concentrations. For the same storm event the total sediment yield in 

tons per acre declined for the post-mine condition. 

 

11.6.3.12 Pinabete/Chaco Tributaries 

 

Three tributaries to the Pinabete Arroyo will be disturbed by mining and reclamation support 

activities (powerlines, ancillary roads, and monitoring stations) in Area 4 North. The tributaries 

are identified as Tributary A, B, and C on Exhibit 11-77. The Pinabete Arroyo drainage basin is 

about 59.1 square miles.  A small portion, approximately 11.5 square miles or 0.002 percent of 

the drainage basin will be disturbed. 

 

A tributary to the Chaco Wash will also be disturbed by mining and reclamation support 

activities (powerlines, ancillary roads, monitoring stations) in Area 4 North. The tributary is 

identified as Tributary A to the Chaco on Exhibit 11-77. The Chaco Wash drainage basin is 

approximately 4,350 square miles. A very small portion, approximately 8.2 acres (2.9 x10-6 

percent) square miles will be disturbed by the mining and reclamation support activities.  

 

Pre-mining drainage density within the Area 4 North disturbance area was estimated to be 2.64 

mi./sq. mile.  The surface support facilities planned within the Pinabete Arroyo and Chaco Wash 

watersheds will not affect the pre-mine drainage densities within these watersheds.. 

  

Final Surface Configuration designs were developed in CHAPTER 12 (see Section 12.3, 

EXHIBITS 12-7A). For design of the reclaimed channels, see Section 11.6.5.3.   

 

The reclamation of the surface support facilities (ancillary roads, powerlines, and monitoring 

stations) will only require minor final regrading and revegetation to tie the area into the existing 

topography.  Based on the planned activities within these watersheds, BNCC is not anticipating 

any changes in the sediment yields, runoff volumes, and peak sediment concentrations for the
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 three tributaries to the Pinabete Arroyo tributary or to the Chaco Wash.  Refer to Appendix 7.O, 

for the pre-mining Chaco and Pinabete Tributaries hydrology and sedimentology. 
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TABLE 11-30.  The comparison of the peak flows and sediment yields from the 10 year-6 hour 

storm event indicates decreases in flow and sediment yield in the post-mine conditions from 

Tributary B and C to the Pinabete that are sufficient to offset the increases in sediment yield and 

flow from Tributary A to the Chaco and Tributary A to the Pinabete. The total sediment yield is 

predicted to decline from 468 tons pre-mine to 346 tons post-mine. The total flow leaving the 

permit area is predicted to decline from 238 cfs pre-mine to 180 cfs post-mine. 

 

The runoff volume resulting from a 10 year-6 hour precipitation event in the post-mine condition 

is predicted to decline from a pre-mining estimate of 30 ac-ft to a post-mining estimate of 23 ac-

ft for all the tributaries combined. 

 

The SEDCAD 4.0 modeling for the 10 year-6 hour event indicates that the predicted peak 

sediment concentration for Tributary A to the Chaco and Tributary B to the Pinabete in the post-

mining conditions are similar to pre-mine even though the predicted peak settleable solids 

concentration increased from 8 ml/l to 9 ml/l and  0 ml/l to 11 ml/l, respectively.  The increase in 

peak settleable solids is attributable to replacement of premining badland areas (clay-rich) with a 

postmining sandy loam soil. The clay rich areas will increase the suspended solids concentration, 

while sandy loam areas will decrease the suspended solids concentration and increase the settable 

solids (sand) concentration. 

 

The modeling also indicates a decrease in peak sediment concentration for Tributary C to the 

Pinabete in the post-mine condition that is sufficient to offset the increase peak sediment 

concentration for Tributary A to the Pinabete. The peak sediment concentration for Tributary C 

and A to the Pinabete are 41,628 mg/l pre-mine, 31,607 mg/l post-mine and 9,517 mg/l pre-mine, 

15,224 mg/l post-mine, respectively. The overall sediment yield, all tributaries combined, is 0.4 

tons/acre pre-mine and 0.2 tons/acre post-mine. 
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11.6.5.2 Ephemeral Stream Diversion Designs 

 

All streams within the Navajo Mine Permit Area with the possible exception of Chinde Arroyo 

are hydrologically ephemeral streams.  Nevertheless, OSM regulations classify all streams with 

drainage areas greater than one square mile as intermittent streams regardless of flow conditions.  

Therefore, this section provides information concerning design of permanent diversions for 

ephemeral streams and addresses low order stream segments with drainage areas less than one 

square mile.  Reclamation structures will be designed in accordance with the Reclamation 

Surface Stabilization Handbook. 

 

Design flows were developed using the SEDCAD+ computer model following the procedures 

and assumptions described in CHAPTER 7. 

 

11.6.5.3 Area IV North Reclaimed Channels 

 

All the drainage basins in post-mining topography are less than one square mile (640 acres). Per 

the Reclamation Surface Stabilization Handbook the channels for these drainage basins will not 

require detail designs. The detail designs will be developed during the final regrading and 

reclamation process. 

 

11.6.5.4 Area I South Reclaimed Channels 

 

There is one reclaimed channel in the Area I South FSC with a watershed larger than 640 acres, 

which requires detailed designs according to the Reclamation Surface Stabilization Handbook. 

The reclaimed channel is designated as the Doby North Channel. The alignment of the reclaimed 

channel is shown on EXHIBIT 11-85 and 12-5A. 

 

In the vicinity of Doby Pit, the pre-mine surface sloped down towards the west with primarily 

sheet flow drainages and some small channels. The post-mine topography changed the pre-mine 

drainage pattern by diverting the westward drainages from the off lease undisturbed surface 

towards the south via a post-mine channel that runs north to south along the eastern lease 
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Cottonwood Arroyo Post-mine
Hydrology and Sedimentology

The drainage subdivisions used to model the hydrology is
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General Information

Storm Information:
Storm Type: NRCS Type II -

60

Design Storm:  2 yr - 6 hr

Rainfall Depth: 0.800 inches

Particle Size Distribution:
Size (mm) PostMine-

LoamySand
PreMine-

LoamySand PreMine-Badlands LoamySand
Postmining

2.0000 100.000% 100.000% 100.000% 0.000%

0.1000 26.500% 30.000% 83.500% 0.000%

0.0500 14.000% 17.000% 77.000% 0.000%

0.0020 11.000% 11.000% 56.000% 0.000%

0.0010 0.000% 0.000% 0.000% 0.000%
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Null #1 ==> #2 0.961 0.307

Null #2 ==> #3 0.068 0.331

Null #3 ==> #4 0.000 0.000

Null #4 ==> #9 0.718 0.281

Null #5 ==> #6 1.205 0.328

Null #6 ==> #7 0.189 0.304

Null #7 ==> #8 0.000 0.000

Null #8 ==> #10 0.989 0.300

Null #9 ==> #11 0.000 0.000

Null #10 ==> #11 0.000 0.000

Null #11 ==> #21 0.495 0.453

Null #12 ==> #13 0.076 0.330

Null #13 ==> #14 3.790 0.314

Null #14 ==> #16 1.579 0.287

Null #15 ==> #16 1.579 0.287

Null #16 ==> #23 0.000 0.000

Null #17 ==> #19 0.000 0.000

Null #18 ==> #19 0.000 0.000

Null #19 ==> #20 0.915 0.252

Null #20 ==> #22 0.000 0.000 End of Middle Fork

Null #21 ==> #22 0.000 0.000 End of South Fork

Null #22 ==> #36 1.315 0.260

Null #23 ==> #20 0.593 0.281

Null #24 ==> #25 0.964 0.340

Null #25 ==> #27 1.454 0.333

Null #26 ==> #27 1.454 0.333

Null #27 ==> #29 0.800 0.323

Null #28 ==> #29 0.800 0.323

Null #29 ==> #32 0.479 0.298

Null #30 ==> #32 0.479 0.298

Null #31 ==> #33 0.000 0.000

Null #32 ==> #33 0.000 0.000

Null #33 ==> #34 1.348 0.294 Inlet to North Fork Diversion

Null #34 ==> #36 0.825 0.261 End of North Fork

Null #35 ==> #23 0.203 0.259

Null #36 ==> #37 3.388 0.246

Null #37 ==> End 0.000 0.000
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#30

Null


#28

Null


#26

Null


#24

Null


#25

Null


#27

Null


#29

Null


#32

Null


#31

Null


#33

Null


#34

Null


#5

Null


#6

Null


#7

Null


#8

Null


#10

Null


#1

Null


#2

Null


#3

Null


#4

Null


#9

Null


#11

Null
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#21

Null


#35

Null


#15

Null


#12

Null


#13

Null


#14

Null


#16

Null


#23

Null


#18

Null


#17

Null


#19

Null


#20

Null


#22

Null


#36

Null

#37

Null

Structure Routing Details:
Stru
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 8. Large gullies, diversions, and low
flowing streams 0.81 76.00 9,347.00 2.70 0.961

#1 Muskingum K: 0.961

#2 8. Large gullies, diversions, and low
flowing streams 1.23 10.00 814.00 3.32 0.068

#2 Muskingum K: 0.068

#3 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.00 0.000
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Stru
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#3 Muskingum K: 0.000

#4 8. Large gullies, diversions, and low
flowing streams 0.53 30.00 5,637.00 2.18 0.718

#4 Muskingum K: 0.718

#5 8. Large gullies, diversions, and low
flowing streams 1.17 165.00 14,065.00 3.24 1.205

#5 Muskingum K: 1.205

#6 8. Large gullies, diversions, and low
flowing streams 0.78 14.00 1,799.25 2.64 0.189

#6 Muskingum K: 0.189

#8 8. Large gullies, diversions, and low
flowing streams 0.72 65.00 9,046.00 2.54 0.989

#8 Muskingum K: 0.989

#11 8. Large gullies, diversions, and low
flowing streams 30.00 8,801.00 29,336.66 16.43 0.495

#11 Muskingum K: 0.495

#12 8. Large gullies, diversions, and low
flowing streams 1.21 11.00 906.00 3.30 0.076

#12 Muskingum K: 0.076

#13 8. Large gullies, diversions, and low
flowing streams 0.92 363.00 39,301.00 2.88 3.790

#13 Muskingum K: 3.790

#14 8. Large gullies, diversions, and low
flowing streams 0.59 77.00 13,075.22 2.30 1.579

#14 Muskingum K: 1.579

#15 8. Large gullies, diversions, and low
flowing streams 0.59 77.00 13,075.00 2.30 1.579

#15 Muskingum K: 1.579

#16 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.00 0.000

#16 Muskingum K: 0.000

#19 8. Large gullies, diversions, and low
flowing streams 0.33 19.00 5,699.00 1.73 0.915

#19 Muskingum K: 0.915

#22 8. Large gullies, diversions, and low
flowing streams 0.38 33.00 8,713.00 1.84 1.315

#22 Muskingum K: 1.315

#23 8. Large gullies, diversions, and low
flowing streams 0.53 25.00 4,680.00 2.19 0.593

#23 Muskingum K: 0.593

#24 8. Large gullies, diversions, and low
flowing streams 1.46 184.00 12,568.00 3.62 0.964

#24 Muskingum K: 0.964

#25 8. Large gullies, diversions, and low
flowing streams 1.28 228.00 17,755.00 3.39 1.454

#25 Muskingum K: 1.454

#26 8. Large gullies, diversions, and low
flowing streams 1.28 228.00 17,755.62 3.39 1.454
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Stru
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#26 Muskingum K: 1.454

#27 8. Large gullies, diversions, and low
flowing streams 1.07 96.00 8,938.00 3.10 0.800

#27 Muskingum K: 0.800

#28 8. Large gullies, diversions, and low
flowing streams 1.07 96.00 8,938.00 3.10 0.800

#28 Muskingum K: 0.800

#29 8. Large gullies, diversions, and low
flowing streams 0.70 30.00 4,313.00 2.50 0.479

#29 Muskingum K: 0.479

#30 8. Large gullies, diversions, and low
flowing streams 0.70 30.00 4,313.00 2.50 0.479

#30 Muskingum K: 0.479

#33 8. Large gullies, diversions, and low
flowing streams 0.66 77.00 11,748.55 2.42 1.348

#33 Muskingum K: 1.348

#34 8. Large gullies, diversions, and low
flowing streams 0.38 21.00 5,497.38 1.85 0.825

#34 Muskingum K: 0.825

#35 8. Large gullies, diversions, and low
flowing streams 0.37 5.00 1,338.00 1.83 0.203

#35 Muskingum K: 0.203

#36 8. Large gullies, diversions, and low
flowing streams 0.30 60.00 20,005.00 1.64 3.388

#36 Muskingum K: 3.388
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Structure Summary:
Immediate

Contributing
Area

(ac)

Total
Contributing

Area

(ac)

Peak
Discharge

(cfs)

Total
Runoff
Volume

(ac-ft)

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc.

(ml/l)

24VW

(ml/l)

#30 476.400 476.400 0.20 0.03 0.1 3,489 2.23 1.76

#28 1,217.900 1,217.900 127.50 16.94 739.9 45,906 0.00 0.00

#26 2,486.400 2,486.400 5.44 1.83 8.0 4,125 2.21 1.71

#24 8,061.800 8,061.800 6.64 3.90 9.6 3,240 1.51 0.84

#25 1,015.700 9,077.500 25.38 7.24 39.4 12,153 6.31 2.07

#27 1,783.700 13,347.600 51.42 14.78 134.0 17,591 8.96 3.39

#29 966.000 15,531.500 173.24 44.74 1,587.3 54,538 2.41 1.14

#32 293.700 16,301.600 178.81 50.64 1,694.8 49,619 0.00 0.00

#31 957.100 957.100 135.01 17.47 610.8 34,117 0.32 0.24

#33 0.000 17,258.700 243.60 68.11 2,305.6 39,263 0.10 0.06

#34 1,020.000 18,278.700 249.26 73.26 2,254.3 35,683 0.13 0.08

#5 2,023.000 2,023.000 171.21 20.33 462.4 32,307 2.05 1.05

#6 1,743.200 3,766.200 212.42 40.43 934.0 28,405 0.14 0.08

#7 2,395.300 6,161.500 387.09 85.94 2,914.9 36,696 0.00 0.00

#8 0.000 6,161.500 387.09 85.94 2,914.9 36,696 0.00 0.00

#10 1,053.200 7,214.700 408.03 101.32 2,888.5 33,288 0.04 0.03

#1 2,411.100 2,411.100 102.40 16.59 452.6 29,702 2.57 1.72

#2 1,497.000 3,908.100 165.97 41.66 776.1 20,475 0.10 0.07

#3 862.700 4,770.800 217.82 52.22 899.7 17,142 0.03 0.02

#4 0.000 4,770.800 217.82 52.22 899.7 17,142 0.03 0.02

#9 445.600 5,216.400 220.11 55.28 915.8 16,187 0.35 0.26

#11 0.000 12,431.100 561.70 156.61 3,804.3 27,763 0.17 0.11

#21 1,100.460 13,531.560 585.86 167.44 3,901.5 27,009 0.53 0.34

#35 160.400 160.400 24.45 3.20 28.0 8,923 0.00 0.00

#15 1,992.700 1,992.700 132.09 21.29 666.2 35,689 0.30 0.19

#12 3,494.500 3,494.500 29.47 6.13 64.8 10,798 5.21 3.74

#13 2,720.700 6,215.200 61.66 11.51 150.5 14,172 7.19 4.86

#14 5,096.800 11,312.000 166.07 56.22 1,310.1 62,956 0.45 0.12

#16 1,022.000 14,326.700 306.00 96.71 2,476.6 38,833 0.43 0.20

#23 0.000 14,487.100 310.83 99.91 2,504.6 37,565 0.41 0.20

#18 848.500 848.500 63.40 10.11 89.4 9,383 0.00 0.00

#17 182.200 182.200 46.10 3.64 42.5 12,532 0.29 0.20

#19 0.000 1,030.700 106.20 13.75 132.0 8,986 0.07 0.05

#20 271.100 15,788.900 330.16 116.92 2,663.4 31,871 0.33 0.17

#22 0.000 29,320.460 859.53 284.36 6,564.9 27,432 0.44 0.27

#36 1,584.680 49,183.840 1,061.17 362.40 8,876.1 30,628 0.39 0.23

#37 2,292.810 51,476.650 1,054.04 370.54 8,832.4 27,265 0.12 0.08
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Particle Size Distribution(s) at Each Structure

Structure #30:
Size (mm) In/Out   

2.0000 100.000%

0.1000 42.445%

0.0500 24.052%

0.0020 15.563%

0.0010 0.000%

Structure #28:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 100.000%

0.0010 0.000%

Structure #26:
Size (mm) In/Out   

2.0000 100.000%

0.1000 69.288%

0.0500 39.263%

0.0020 25.406%

0.0010 0.000%

Structure #24:
Size (mm) In/Out   

2.0000 100.000%

0.1000 84.148%

0.0500 49.683%

0.0020 32.148%
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Size (mm) In/Out   

0.0010 0.000%

Structure #25:
Size (mm) In/Out   

2.0000 100.000%

0.1000 71.787%

0.0500 41.659%

0.0020 26.956%

0.0010 0.000%

Structure #27:
Size (mm) In/Out   

2.0000 100.000%

0.1000 75.596%

0.0500 43.126%

0.0020 27.905%

0.0010 0.000%

Structure #29:
Size (mm) In/Out   

2.0000 100.000%

0.1000 97.956%

0.0500 95.215%

0.0020 93.528%

0.0010 0.000%

Structure #32:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 100.000%

0.0010 0.000%

Structure #31:
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Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 97.356%

0.0010 0.000%

Structure #33 (Inlet to North Fork Diversion):
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 99.300%

0.0010 0.000%

Structure #34 (End of North Fork):
Size (mm) In/Out   

2.0000 100.000%

0.1000 99.796%

0.0500 99.570%

0.0020 99.516%

0.0010 0.000%

Structure #5:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 93.482%

0.0020 90.338%

0.0010 0.000%

Structure #6:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 98.640%
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Size (mm) In/Out   

0.0010 0.000%

Structure #7:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 100.000%

0.0010 0.000%

Structure #8:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 100.000%

0.0010 0.000%

Structure #10:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 99.878%

0.0020 99.809%

0.0010 0.000%

Structure #1:
Size (mm) In/Out   

2.0000 100.000%

0.1000 97.983%

0.0500 90.770%

0.0020 87.230%

0.0010 0.000%

Structure #2:
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Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 98.573%

0.0010 0.000%

Structure #3:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 99.513%

0.0010 0.000%

Structure #4:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 99.513%

0.0010 0.000%

Structure #9:
Size (mm) In/Out   

2.0000 100.000%

0.1000 99.127%

0.0500 97.609%

0.0020 96.908%

0.0010 0.000%

Structure #11:
Size (mm) In/Out   

2.0000 100.000%

0.1000 99.790%

0.0500 99.332%

0.0020 99.111%

Filename: A4N CW_Postmine_sedcad_Feb2011.sc4 Printed 03-02-2011

SEDCAD 4 for Windows
Copyright 1998 -2007 Pamela J. Schwab
Civil Software Design, LLC 13

13



Size (mm) In/Out   

0.0010 0.000%

Structure #21 (End of South Fork):
Size (mm) In/Out   

2.0000 100.000%

0.1000 98.807%

0.0500 97.721%

0.0020 97.307%

0.0010 0.000%

Structure #35:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 100.000%

0.0010 0.000%

Structure #15:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 97.622%

0.0010 0.000%

Structure #12:
Size (mm) In/Out   

2.0000 100.000%

0.1000 83.060%

0.0500 47.068%

0.0020 30.456%

0.0010 0.000%

Structure #13:
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Size (mm) In/Out   

2.0000 100.000%

0.1000 76.526%

0.0500 43.365%

0.0020 28.060%

0.0010 0.000%

Structure #14:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 97.990%

0.0010 0.000%

Structure #16:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 96.916%

0.0010 0.000%

Structure #23:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 96.950%

0.0010 0.000%

Structure #18:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 100.000%
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Size (mm) In/Out   

0.0010 0.000%

Structure #17:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 93.383%

0.0010 0.000%

Structure #19:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 97.868%

0.0010 0.000%

Structure #20 (End of Middle Fork):
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 97.049%

0.0010 0.000%

Structure #22:
Size (mm) In/Out   

2.0000 100.000%

0.1000 99.291%

0.0500 98.646%

0.0020 97.202%

0.0010 0.000%

Structure #36:
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Size (mm) In/Out   

2.0000 100.000%

0.1000 99.444%

0.0500 98.900%

0.0020 97.815%

0.0010 0.000%

Structure #37:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 99.855%

0.0020 98.893%

0.0010 0.000%
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Structure Detail:
Structure #30 (Null)

Structure #28 (Null)

Structure #26 (Null)

Structure #24 (Null)

Structure #25 (Null)

Structure #27 (Null)

Structure #29 (Null)

Structure #32 (Null)

Structure #31 (Null)

Structure #33 (Null)

     Inlet to North Fork Diversion

Structure #34 (Null)

     End of North Fork

Structure #5 (Null)

Structure #6 (Null)

Structure #7 (Null)

Structure #8 (Null)

Structure #10 (Null)

Structure #1 (Null)

Structure #2 (Null)

Structure #3 (Null)

Structure #4 (Null)

Structure #9 (Null)

Structure #11 (Null)

Structure #21 (Null)

     End of South Fork
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Structure #35 (Null)

Structure #15 (Null)

Structure #12 (Null)

Structure #13 (Null)

Structure #14 (Null)

Structure #16 (Null)

Structure #23 (Null)

Structure #18 (Null)

Structure #17 (Null)

Structure #19 (Null)

Structure #20 (Null)

     End of Middle Fork

Structure #22 (Null)

Structure #36 (Null)

Structure #37 (Null)
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Subwatershed Hydrology Detail:

Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#30 1 476.400 1.131 0.000 0.000 73.100 M 0.20 0.034

 476.400 0.20 0.034

#28 1 772.300 0.657 0.523 0.334 90.400 M 106.00 10.740

2 445.600 0.587 0.000 0.000 90.400 M 65.74 6.199

 1,217.900 127.50 16.939

#26 1 447.600 2.192 0.000 0.000 74.200 M 0.34 0.091

2 2,038.800 3.000 0.000 0.000 77.000 M 5.10 1.740

 2,486.400 5.44 1.831

#24 1 2,607.500 5.367 2.377 0.305 75.200 M 2.02 0.992

2 2,331.900 4.813 2.431 0.304 74.700 M 1.48 0.662

3 1,758.500 2.231 1.788 0.297 76.200 M 3.66 1.087

4 1,363.900 2.618 0.000 0.000 77.000 M 3.63 1.164

 8,061.800 6.64 3.905

#25 1 515.200 0.990 0.342 0.357 78.200 M 3.32 0.663

2 130.500 0.787 0.342 0.357 78.100 M 0.89 0.163

3 370.000 0.516 0.000 0.000 85.700 M 25.34 2.504

 9,077.500 25.38 7.235

#27 1 354.400 0.612 1.233 0.337 83.100 M 11.81 1.500

2 305.200 0.529 1.054 0.328 84.000 M 14.02 1.532

3 289.800 0.692 0.551 0.328 75.500 M 0.59 0.129

4 253.000 0.361 0.551 0.328 79.400 M 3.26 0.463

5 581.300 0.980 0.000 0.000 82.300 M 12.58 2.093

 13,347.600 51.42 14.783

#29 1 508.800 0.409 0.416 0.312 89.500 M 80.63 6.230

2 233.200 0.521 0.291 0.312 91.600 M 44.78 3.842

3 224.000 0.467 0.000 0.000 90.000 M 35.63 2.942

 15,531.500 173.24 44.736

#32 1 293.700 0.576 0.000 0.000 93.000 M 65.60 5.870

 16,301.600 178.81 50.641

#31 1 431.100 0.588 0.450 0.336 91.500 M 75.71 7.004

2 325.800 0.432 0.149 0.327 93.000 M 85.40 6.520

3 200.200 0.373 0.000 0.000 92.900 M 55.57 3.945

 957.100 135.01 17.469
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Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#33  17,258.700 243.60 68.110

#34 1 251.500 0.423 1.019 0.292 90.500 M 45.94 3.555

2 219.100 0.611 0.267 0.322 80.000 M 3.12 0.468

3 246.200 0.688 0.466 0.293 80.000 M 3.36 0.525

4 303.200 0.370 0.000 0.000 79.700 M 4.27 0.600

 18,278.700 249.26 73.258

#5 1 503.600 0.618 0.000 0.000 87.600 M 44.56 4.621

2 406.500 0.388 0.501 0.350 84.800 M 27.28 2.356

3 439.600 0.342 0.681 0.347 87.800 M 57.48 4.181

4 162.600 0.280 0.681 0.347 86.000 M 16.74 1.161

5 294.100 0.375 1.021 0.348 92.000 M 71.65 5.116

6 216.600 0.272 1.018 0.348 90.100 M 46.35 2.899

 2,023.000 171.21 20.334

#6 1 149.100 0.331 0.000 0.000 92.600 M 41.87 2.831

2 245.000 0.529 0.192 0.328 88.100 M 26.07 2.430

3 276.200 0.450 0.461 0.319 89.500 M 41.36 3.372

4 158.400 0.380 1.385 0.185 93.000 M 44.23 3.163

5 206.200 0.402 0.796 0.320 89.400 M 32.46 2.488

6 414.000 0.430 1.066 0.323 87.200 M 42.38 3.578

7 294.300 0.535 1.066 0.323 86.400 M 22.70 2.235

 3,766.200 212.42 40.431

#7 1 731.700 1.274 0.000 0.000 93.000 M 96.39 14.602

2 445.800 1.043 0.000 0.000 93.000 M 67.76 8.894

3 270.800 0.804 0.000 0.000 93.000 M 49.02 5.404

4 78.900 0.267 1.035 0.328 93.000 M 25.53 1.584

5 154.900 0.310 1.071 0.326 93.000 M 47.40 3.105

6 101.400 0.288 1.164 0.328 92.900 M 31.46 2.004

7 117.700 0.298 1.344 0.329 92.200 M 32.72 2.112

8 494.100 0.518 1.344 0.329 91.300 M 90.89 7.807

 6,161.500 387.09 85.942

#8 1 0.000 0.000 0.000 0.000 1.000 0.00 0.000

 6,161.500 387.09 85.942

#10 1 355.500 1.286 0.000 0.000 93.000 M 46.51 7.093

2 307.100 1.282 0.668 0.305 83.200 M 7.05 1.324

3 147.300 1.245 0.517 0.303 90.600 M 13.65 2.105

4 126.400 0.585 0.517 0.303 93.000 M 27.97 2.527

5 116.900 1.179 0.621 0.305 93.000 M 16.29 2.333

 7,214.700 408.03 101.324
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Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#1 1 557.400 0.941 0.000 0.000 83.600 M 16.72 2.594

2 169.600 1.616 0.677 0.333 93.000 M 18.75 3.384

3 636.400 1.842 0.729 0.333 81.000 M 6.98 1.726

4 223.400 0.846 1.005 0.336 84.100 M 7.97 1.141

5 77.700 0.330 1.392 0.341 81.400 M 2.25 0.232

6 746.600 0.678 1.392 0.341 88.200 M 69.45 7.514

 2,411.100 102.40 16.592

#2 1 257.000 0.423 0.000 0.000 93.000 M 68.09 5.147

2 180.500 0.562 0.478 0.281 91.800 M 34.14 3.055

3 200.700 0.687 0.574 0.283 93.000 M 40.21 4.007

4 438.600 0.811 0.574 0.283 93.000 M 78.94 8.755

5 420.200 1.247 0.801 0.293 88.000 M 25.21 4.099

 3,908.100 165.97 41.656

#3 1 172.600 0.443 0.000 0.000 93.000 M 44.66 3.448

2 311.200 0.890 0.000 0.000 88.900 M 27.49 3.477

3 378.900 0.632 0.209 0.314 87.900 M 34.90 3.641

 4,770.800 217.82 52.221

#4  4,770.800 217.82 52.221

#9 1 445.600 0.987 0.000 0.000 85.800 M 20.71 3.062

 5,216.400 220.11 55.283

#11  12,431.100 561.70 156.607

#21 1 292.400 0.819 0.000 0.000 86.900 M 19.03 2.405

2 230.540 0.388 0.694 0.266 89.200 M 35.80 2.695

3 181.120 0.289 0.878 0.256 91.300 M 44.97 2.866

4 396.400 0.939 0.878 0.256 86.100 M 20.22 2.863

 13,531.560 585.86 167.435

#35 1 160.400 1.039 0.000 0.000 93.000 M 24.45 3.201

 160.400 24.45 3.201

#15 1 437.400 0.803 0.000 0.000 91.300 M 60.86 6.898

2 549.000 0.637 0.654 0.327 91.300 M 88.81 8.663

3 1,006.300 1.023 0.768 0.331 84.700 M 36.49 5.725

 1,992.700 132.09 21.286

#12 1 517.800 0.791 0.000 0.000 81.900 M 11.30 1.714

2 229.000 0.571 0.043 0.418 80.100 M 3.43 0.501

3 592.700 0.706 0.044 0.417 81.500 M 12.26 1.800

4 1,806.900 1.542 0.487 0.362 76.700 M 5.34 1.374

5 348.100 0.618 0.487 0.362 80.000 4.94 0.743
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Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

 3,494.500 29.47 6.132

#13 1 411.600 0.725 0.000 0.000 79.700 M 5.01 0.813

2 636.400 0.774 0.322 0.336 80.700 M 10.16 1.611

3 319.000 0.575 0.685 0.318 85.500 M 19.58 2.087

4 231.700 0.314 0.923 0.328 80.400 M 4.67 0.548

5 1,122.000 1.308 0.923 0.328 74.700 M 1.29 0.319

 6,215.200 61.66 11.510

#14 1 405.900 0.384 0.000 0.000 90.800 M 81.84 5.970

2 411.100 0.452 0.707 0.308 90.700 M 74.57 5.964

3 787.400 0.658 0.975 0.307 91.400 M 126.78 12.610

4 144.200 0.341 1.716 0.310 86.200 M 13.94 1.064

5 343.800 0.289 1.970 0.312 86.500 M 38.50 2.659

6 392.800 0.806 2.107 0.316 81.900 M 8.49 1.301

7 528.200 0.518 2.544 0.316 87.200 M 48.43 4.560

8 890.900 1.253 2.544 0.316 83.500 M 22.13 4.068

9 741.400 1.076 3.047 0.316 84.800 M 26.61 4.293

10 451.100 0.916 3.354 0.316 83.900 M 14.69 2.221

 11,312.000 166.07 56.222

#16 1 475.100 1.721 0.000 0.000 92.400 M 45.79 8.728

2 348.400 0.542 0.951 0.283 92.500 M 74.85 6.493

3 198.500 0.266 1.384 0.278 93.000 M 64.31 3.984

 14,326.700 306.00 96.712

#23  14,487.100 310.83 99.913

#18 1 301.700 0.652 0.000 0.000 93.000 M 62.47 6.029

2 546.800 0.768 0.561 0.320 86.300 M 32.97 4.083

 848.500 63.40 10.112

#17 1 182.200 0.462 0.000 0.000 93.000 M 46.10 3.640

 182.200 46.10 3.640

#19  1,030.700 106.20 13.753

#20 1 271.100 0.978 0.000 0.000 89.400 M 24.47 3.259

 15,788.900 330.16 116.925

#22  29,320.460 859.53 284.360

#36 1 283.020 0.468 1.457 0.305 77.100 M 1.52 0.251

2 301.840 0.632 1.051 0.286 90.100 M 40.41 4.016

3 223.850 0.703 1.051 0.286 74.300 M 0.23 0.049

4 262.400 0.419 0.835 0.229 78.000 M 2.09 0.318
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Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

5 222.760 0.421 0.475 0.224 74.500 M 0.27 0.056

6 290.810 0.526 0.000 0.000 74.800 M 0.41 0.088

 49,183.840 1,061.17 362.396

#37 1 744.000 1.756 0.000 0.000 84.800 M 19.52 4.306

2 303.330 0.416 1.859 0.242 87.800 M 35.36 2.881

3 223.850 0.703 1.179 0.270 74.300 M 0.23 0.049

4 262.400 0.419 0.835 0.229 78.000 M 2.09 0.318

5 222.760 0.421 0.475 0.224 74.500 M 0.27 0.056

6 290.810 0.526 0.000 0.000 74.800 M 0.41 0.088

7 245.660 0.561 1.487 0.252 79.400 M 2.97 0.448

 51,476.650 1,054.04 370.542

Subwatershed Sedimentology Detail:

Stru
#

SWS
# Soil K L (ft) S (%) C P PS #

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc

(ml/l)

24VW

(ml/l)

#30 1 0.095 200.00 3.80 0.3720 1.0000 2 0.1 3,489 2.23 1.76

 0.1 3,489 2.23 1.76

#28 1 0.187 100.00 10.10 0.3750 1.0000 3 555.9 52,723 0.00 0.00

2 0.196 100.00 10.20 0.3930 1.0000 3 348.4 58,373 0.00 0.00

 739.9 45,906 0.00 0.00

#26 1 0.155 400.00 1.40 0.3480 1.0000 2 0.2 2,448 1.53 1.18

2 0.155 300.00 2.40 0.3340 1.0000 2 7.8 4,238 2.26 1.74

 8.0 4,125 2.21 1.71

#24 1 0.128 300.00 2.30 0.3360 1.0000 2 2.7 2,661 1.33 1.00

2 0.136 300.00 2.70 0.3440 1.0000 2 2.3 3,360 1.86 1.39

3 0.107 300.00 2.30 0.3330 1.0000 2 3.3 2,811 1.56 1.23

4 0.163 400.00 1.60 0.3210 1.0000 2 3.9 3,194 1.73 1.35

 9.6 3,240 1.51 0.84

#25 1 0.125 400.00 1.90 0.3440 1.0000 2 2.6 3,677 1.96 1.55

2 0.124 300.00 2.60 0.3280 1.0000 2 0.7 3,754 2.08 1.63

3 0.122 175.00 4.90 0.2660 1.0000 2 28.7 12,170 6.76 4.66

 39.4 12,153 6.31 2.07

#27 1 0.127 175.00 5.90 0.3160 1.0000 2 20.7 13,801 7.09 5.20

2 0.122 150.00 7.50 0.2920 1.0000 2 23.8 15,793 8.49 6.12

3 0.070 125.00 8.40 0.3270 1.0000 2 0.7 4,438 2.66 2.32
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Stru
#

SWS
# Soil K L (ft) S (%) C P PS #

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc

(ml/l)

24VW

(ml/l)

4 0.097 125.00 9.60 0.3170 1.0000 2 6.0 12,370 6.54 5.00

5 0.126 125.00 8.90 0.3290 1.0000 2 35.7 16,624 7.78 5.85

 134.0 17,591 8.96 3.39

#29 1 0.190 125.00 9.80 0.3930 1.0000 3 387.3 64,968 0.38 0.26

2 0.203 125.00 8.90 0.3940 1.0000 3 197.0 53,216 0.00 0.00

3 0.193 125.00 8.40 0.3940 1.0000 3 129.6 47,000 0.00 0.00

 1,587.3 54,538 2.41 1.14

#32 1 0.210 150.00 7.70 0.3990 1.0000 3 289.6 51,320 0.00 0.00

 1,694.8 49,619 0.00 0.00

#31 1 0.204 125.00 8.70 0.3620 1.0000 3 329.8 48,526 0.00 0.00

2 0.210 150.00 7.30 0.3990 1.0000 3 338.0 54,451 1.63 1.12

3 0.210 175.00 4.50 0.3980 1.0000 3 136.5 37,227 1.56 1.06

 610.8 34,117 0.32 0.24

#33  2,305.6 39,263 0.10 0.06

#34 1 0.193 200.00 3.84 0.2460 1.0000 3 49.4 14,450 0.17 0.12

2 0.214 200.00 3.66 0.3150 1.0000 1 4.8 9,950 5.38 4.05

3 0.214 300.00 2.54 0.3150 1.0000 1 4.3 7,920 4.23 3.20

4 0.242 200.00 3.50 0.3150 1.0000 1 7.1 11,319 6.28 4.82

 2,254.3 35,683 0.13 0.08

#5 1 0.149 75.00 12.50 0.3230 1.0000 3 165.7 37,263 0.00 0.00

2 0.133 75.00 15.80 0.3190 1.0000 2 102.5 45,635 26.07 18.02

3 0.103 100.00 11.00 0.2030 1.0000 3 78.2 20,017 0.17 0.12

4 0.093 75.00 13.80 0.2130 1.0000 2 20.6 19,161 11.51 7.80

5 0.123 100.00 11.00 0.1370 1.0000 3 80.0 16,445 0.58 0.40

6 0.149 75.00 14.70 0.1990 1.0000 3 98.7 35,948 1.74 1.20

 462.4 32,307 2.05 1.05

#6 1 0.208 175.00 4.30 0.3980 1.0000 3 91.6 35,102 1.73 1.16

2 0.183 175.00 5.40 0.3910 1.0000 3 69.3 29,853 0.00 0.00

3 0.188 150.00 7.60 0.3900 1.0000 3 141.7 44,004 0.00 0.00

4 0.210 150.00 6.30 0.3990 1.0000 3 135.6 42,816 1.77 1.28

5 0.185 125.00 8.10 0.3860 1.0000 3 99.0 41,472 0.28 0.20

6 0.104 100.00 11.30 0.2240 1.0000 3 69.9 20,288 0.00 0.00

7 0.164 100.00 11.20 0.3740 1.0000 3 98.6 44,820 0.00 0.00

 934.0 28,405 0.14 0.08

#7 1 0.208 150.00 7.80 0.3780 1.0000 3 568.9 38,847 0.00 0.00

2 0.209 100.00 10.20 0.3940 1.0000 3 464.2 52,246 0.00 0.00

3 0.210 150.00 6.70 0.3990 1.0000 3 205.7 38,872 0.00 0.00

Filename: A4N CW_Postmine_sedcad_Feb2011.sc4 Printed 03-02-2011

SEDCAD 4 for Windows
Copyright 1998 -2007 Pamela J. Schwab
Civil Software Design, LLC 25

25



Stru
#

SWS
# Soil K L (ft) S (%) C P PS #

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc

(ml/l)

24VW

(ml/l)

4 0.210 100.00 11.50 0.3990 1.0000 3 122.7 79,219 5.29 3.71

5 0.210 150.00 7.10 0.3990 1.0000 3 156.1 51,819 2.96 2.08

6 0.209 150.00 7.90 0.3990 1.0000 3 107.1 54,958 3.37 2.37

7 0.206 75.00 15.50 0.3990 1.0000 3 201.7 96,052 5.25 3.72

8 0.202 75.00 14.50 0.3980 1.0000 3 669.7 85,902 0.00 0.00

 2,914.9 36,696 0.00 0.00

#8 1 0.000 0.00 0.00 0.0000 1.0000 0 0.0 1 0.00 0.00

 2,914.9 36,696 0.00 0.00

#10 1 0.190 300.00 2.70 0.1930 1.0000 3 46.3 6,587 0.00 0.00

2 0.153 200.00 3.50 0.3610 1.0000 2 10.6 7,825 3.48 2.62

3 0.189 200.00 3.70 0.3190 1.0000 3 22.9 10,906 0.00 0.00

4 0.190 300.00 2.10 0.1940 1.0000 3 15.6 6,459 0.00 0.00

5 0.201 300.00 2.00 0.3030 1.0000 3 17.5 7,554 0.00 0.00

 2,888.5 33,288 0.04 0.03

#1 1 0.157 150.00 6.80 0.3830 1.0000 2 54.3 20,582 9.89 7.35

2 0.210 150.00 6.60 0.3990 1.0000 3 91.1 26,615 0.00 0.00

3 0.149 200.00 3.90 0.3870 1.0000 2 14.2 7,833 3.10 2.38

4 0.169 175.00 4.70 0.3950 1.0000 2 19.1 16,624 8.23 6.06

5 0.157 100.00 10.10 0.3940 1.0000 2 6.6 28,074 15.42 11.39

6 0.175 75.00 12.60 0.2840 1.0000 3 290.9 39,015 0.00 0.00

 452.6 29,702 2.57 1.72

#2 1 0.190 150.00 7.90 0.1930 1.0000 3 123.1 25,644 0.82 0.56

2 0.184 175.00 4.80 0.2010 1.0000 3 42.3 14,436 0.00 0.00

3 0.202 200.00 3.90 0.3220 1.0000 3 68.3 17,482 0.00 0.00

4 0.203 150.00 7.40 0.3220 1.0000 3 301.9 34,875 0.00 0.00

5 0.181 175.00 5.10 0.3710 1.0000 3 81.0 19,571 0.00 0.00

 776.1 20,475 0.10 0.07

#3 1 0.190 175.00 5.20 0.1930 1.0000 3 56.3 17,538 0.48 0.33

2 0.177 175.00 4.20 0.2560 1.0000 3 43.6 12,816 0.00 0.00

3 0.166 175.00 4.30 0.2290 1.0000 3 43.8 12,524 0.00 0.00

 899.7 17,142 0.03 0.02

#4  899.7 17,142 0.03 0.02

#9 1 0.212 175.00 4.17 0.2490 1.0000 2 40.1 13,069 6.46 4.74

 915.8 16,187 0.35 0.26

#11  3,804.3 27,763 0.17 0.11

#21 1 0.206 175.00 4.44 0.2760 1.0000 2 38.1 16,164 8.46 6.07
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Stru
#

SWS
# Soil K L (ft) S (%) C P PS #

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc

(ml/l)

24VW

(ml/l)

2 0.241 175.00 5.81 0.3130 1.0000 1 99.1 38,260 23.85 16.65

3 0.185 300.00 2.70 0.2180 1.0000 3 30.0 10,949 0.56 0.39

4 0.220 200.00 2.66 0.2980 1.0000 1 27.3 9,507 5.10 3.75

 3,901.5 27,009 0.53 0.34

#35 1 0.194 200.00 3.42 0.2330 1.0000 3 28.0 8,923 0.00 0.00

 28.0 8,923 0.00 0.00

#15 1 0.201 125.00 8.20 0.3960 1.0000 3 284.0 41,954 0.00 0.00

2 0.161 100.00 11.40 0.3060 1.0000 3 372.2 43,886 0.00 0.00

3 0.118 100.00 10.20 0.2850 1.0000 2 104.7 18,046 8.67 6.42

 666.2 35,689 0.30 0.19

#12 1 0.124 150.00 6.30 0.3070 1.0000 2 20.4 11,661 5.67 4.23

2 0.132 200.00 3.60 0.3500 1.0000 2 3.5 6,903 3.51 2.63

3 0.136 175.00 5.00 0.3330 1.0000 2 22.6 12,336 6.09 4.54

4 0.188 200.00 3.40 0.3570 1.0000 2 11.0 7,280 4.16 3.35

5 0.228 175.00 4.10 0.3640 1.0000 2 12.6 16,394 8.29 6.26

 64.8 10,798 5.21 3.74

#13 1 0.128 150.00 6.90 0.3390 1.0000 2 10.6 12,556 6.27 4.76

2 0.130 175.00 5.70 0.3300 1.0000 2 20.5 12,360 6.02 4.53

3 0.191 175.00 6.00 0.2890 1.0000 2 46.2 22,620 12.32 8.80

4 0.122 175.00 5.10 0.3460 1.0000 2 6.4 11,408 6.15 4.62

5 0.137 175.00 4.20 0.3530 1.0000 2 2.2 6,078 3.78 3.16

 150.5 14,172 7.19 4.86

#14 1 0.196 100.00 10.20 0.3980 1.0000 3 390.8 70,290 1.68 1.13

2 0.193 150.00 6.70 0.4020 1.0000 3 254.4 44,287 0.26 0.18

3 0.169 75.00 13.80 0.3240 1.0000 3 675.2 54,052 0.00 0.00

4 0.114 100.00 11.00 0.2980 1.0000 3 26.7 25,596 0.00 0.00

5 0.078 100.00 10.10 0.1830 1.0000 3 29.3 11,302 0.14 0.10

6 0.084 150.00 7.10 0.2700 1.0000 2 9.9 7,446 3.61 2.71

7 0.087 100.00 10.00 0.1840 1.0000 3 48.3 10,687 0.00 0.00

8 0.126 150.00 6.70 0.2740 1.0000 2 46.3 11,063 4.96 3.74

9 0.117 150.00 7.30 0.2600 1.0000 2 50.6 11,548 5.49 4.11

10 0.115 125.00 8.50 0.2610 1.0000 2 27.1 11,936 5.79 4.34

 1,310.1 62,956 0.45 0.12

#16 1 0.201 300.00 2.78 0.3030 1.0000 3 87.9 10,044 0.00 0.00

2 0.204 150.00 6.00 0.3630 1.0000 3 229.8 36,204 0.07 0.05

3 0.210 150.00 6.10 0.3990 1.0000 3 184.0 46,797 3.13 2.24

 2,476.6 38,833 0.43 0.20
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Stru
#

SWS
# Soil K L (ft) S (%) C P PS #

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc

(ml/l)

24VW

(ml/l)

#23  2,504.6 37,565 0.41 0.20

#18 1 0.193 300.00 2.80 0.2200 1.0000 3 59.6 10,362 0.00 0.00

2 0.173 175.00 4.70 0.3880 1.0000 3 86.9 21,485 0.00 0.00

 89.4 9,383 0.00 0.00

#17 1 0.196 300.00 2.60 0.2600 1.0000 3 42.5 12,532 0.29 0.20

 42.5 12,532 0.29 0.20

#19  132.0 8,986 0.07 0.05

#20 1 0.192 200.00 3.19 0.2430 1.0000 3 27.4 8,570 0.00 0.00

 2,663.4 31,871 0.33 0.17

#22  6,564.9 27,432 0.44 0.27

#36 1 0.172 200.00 3.14 0.1950 1.0000 2 1.0 3,526 2.19 1.77

2 0.195 150.00 6.18 0.1680 1.0000 3 56.6 14,434 0.00 0.00

3 0.166 150.00 7.47 0.1830 1.0000 3 0.3 5,009 0.44 0.38

4 0.187 175.00 5.07 0.1810 1.0000 1 2.4 7,085 4.34 3.39

5 0.173 175.00 4.89 0.1800 1.0000 1 0.3 3,772 2.51 2.26

6 0.177 175.00 5.15 0.1840 1.0000 1 0.5 4,227 2.74 2.47

 8,876.1 30,628 0.39 0.23

#37 1 0.172 200.00 3.14 0.1950 1.0000 2 20.0 4,526 1.87 1.41

2 0.195 150.00 6.18 0.1680 1.0000 3 43.5 15,229 0.00 0.00

3 0.166 150.00 7.47 0.1830 1.0000 3 0.3 5,015 0.44 0.38

4 0.187 175.00 5.07 0.1810 1.0000 1 2.4 7,085 4.34 3.39

5 0.173 175.00 4.89 0.1800 1.0000 2 0.3 3,772 2.44 2.20

6 0.177 175.00 5.15 0.1840 1.0000 1 0.5 4,227 2.74 2.47

7 0.175 175.00 4.90 0.2080 1.0000 2 3.7 7,824 4.06 3.14

 8,832.4 27,265 0.12 0.08

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 3.65 50.00 1,369.00 1.910 0.199

8. Large gullies, diversions, and low
flowing streams 1.57 157.00 10,030.00 3.750 0.742

#1 1 Time of Concentration: 0.941

#1 2 5. Nearly bare and untilled, and
alluvial valley fans 6.63 70.00 1,056.00 2.570 0.114
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

5. Nearly bare and untilled, and
alluvial valley fans 1.98 150.00 7,573.00 1.400 1.502

#1 2 Time of Concentration: 1.616

#1 3 5. Nearly bare and untilled, and
alluvial valley fans 1.65 117.00 7,070.00 1.280 1.534

8. Large gullies, diversions, and low
flowing streams 2.43 126.00 5,188.00 4.670 0.308

#1 3 Time of Concentration: 1.842

#1 4 5. Nearly bare and untilled, and
alluvial valley fans 5.77 260.00 4,506.00 2.400 0.521

8. Large gullies, diversions, and low
flowing streams 2.84 168.00 5,924.00 5.050 0.325

#1 4 Time of Concentration: 0.846

#1 5 5. Nearly bare and untilled, and
alluvial valley fans 19.93 180.00 903.00 4.460 0.056

8. Large gullies, diversions, and low
flowing streams 3.30 178.00 5,393.00 5.450 0.274

#1 5 Time of Concentration: 0.330

#1 6 5. Nearly bare and untilled, and
alluvial valley fans 13.43 105.00 782.00 3.660 0.059

8. Large gullies, diversions, and low
flowing streams 2.62 283.00 10,822.00 4.850 0.619

#1 6 Time of Concentration: 0.678

#2 1 5. Nearly bare and untilled, and
alluvial valley fans 6.84 70.00 1,024.00 2.610 0.108

8. Large gullies, diversions, and low
flowing streams 1.62 70.00 4,325.00 3.810 0.315

#2 1 Time of Concentration: 0.423

#2 2 5. Nearly bare and untilled, and
alluvial valley fans 5.56 45.00 810.00 2.350 0.095

8. Large gullies, diversions, and low
flowing streams 0.86 40.00 4,663.00 2.770 0.467

#2 2 Time of Concentration: 0.562

#2 3 5. Nearly bare and untilled, and
alluvial valley fans 5.89 50.00 849.00 2.420 0.097

8. Large gullies, diversions, and low
flowing streams 1.17 80.00 6,862.00 3.230 0.590

#2 3 Time of Concentration: 0.687

#2 4 5. Nearly bare and untilled, and
alluvial valley fans 12.63 95.00 752.00 3.550 0.058

8. Large gullies, diversions, and low
flowing streams 1.40 135.00 9,630.00 3.550 0.753

#2 4 Time of Concentration: 0.811

#2 5 5. Nearly bare and untilled, and
alluvial valley fans 11.02 70.00 635.00 3.320 0.053

8. Large gullies, diversions, and low
flowing streams 0.46 40.00 8,732.00 2.030 1.194

#2 5 Time of Concentration: 1.247
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#3 1 5. Nearly bare and untilled, and
alluvial valley fans 1.24 10.00 805.00 1.110 0.201

8. Large gullies, diversions, and low
flowing streams 1.33 40.00 3,017.00 3.450 0.242

#3 1 Time of Concentration: 0.443

#3 2 5. Nearly bare and untilled, and
alluvial valley fans 0.68 10.00 1,478.00 0.820 0.500

8. Large gullies, diversions, and low
flowing streams 1.78 100.00 5,622.00 4.000 0.390

#3 2 Time of Concentration: 0.890

#3 3 5. Nearly bare and untilled, and
alluvial valley fans 4.66 70.00 1,501.00 2.150 0.193

8. Large gullies, diversions, and low
flowing streams 1.17 60.00 5,126.00 3.240 0.439

#3 3 Time of Concentration: 0.632

#5 1 5. Nearly bare and untilled, and
alluvial valley fans 19.06 285.00 1,495.00 4.360 0.095

8. Large gullies, diversions, and low
flowing streams 2.64 242.00 9,174.00 4.870 0.523

#5 1 Time of Concentration: 0.618

#5 2 5. Nearly bare and untilled, and
alluvial valley fans 14.27 105.00 736.00 3.770 0.054

8. Large gullies, diversions, and low
flowing streams 4.08 297.00 7,279.00 6.050 0.334

#5 2 Time of Concentration: 0.388

#5 3 5. Nearly bare and untilled, and
alluvial valley fans 8.27 35.00 423.00 2.870 0.040

8. Large gullies, diversions, and low
flowing streams 3.44 208.00 6,049.00 5.560 0.302

#5 3 Time of Concentration: 0.342

#5 4 5. Nearly bare and untilled, and
alluvial valley fans 14.58 85.00 583.00 3.810 0.042

8. Large gullies, diversions, and low
flowing streams 4.53 248.00 5,473.00 6.380 0.238

#5 4 Time of Concentration: 0.280

#5 5 5. Nearly bare and untilled, and
alluvial valley fans 5.07 70.00 1,382.00 2.250 0.170

8. Large gullies, diversions, and low
flowing streams 3.89 170.00 4,375.00 5.910 0.205

#5 5 Time of Concentration: 0.375

#5 6 5. Nearly bare and untilled, and
alluvial valley fans 12.48 90.00 721.00 3.530 0.056

8. Large gullies, diversions, and low
flowing streams 5.16 274.00 5,308.02 6.810 0.216

#5 6 Time of Concentration: 0.272

#6 1 5. Nearly bare and untilled, and
alluvial valley fans 5.36 75.00 1,399.00 2.310 0.168

8. Large gullies, diversions, and low
flowing streams 2.41 66.00 2,742.00 4.650 0.163
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#6 1 Time of Concentration: 0.331

#6 2 5. Nearly bare and untilled, and
alluvial valley fans 3.39 80.00 2,359.00 1.840 0.356

8. Large gullies, diversions, and low
flowing streams 2.63 80.00 3,039.00 4.860 0.173

#6 2 Time of Concentration: 0.529

#6 3 5. Nearly bare and untilled, and
alluvial valley fans 4.60 34.00 739.00 2.140 0.095

8. Large gullies, diversions, and low
flowing streams 2.33 136.00 5,845.00 4.570 0.355

#6 3 Time of Concentration: 0.450

#6 4 5. Nearly bare and untilled, and
alluvial valley fans 6.06 85.00 1,402.00 2.460 0.158

8. Large gullies, diversions, and low
flowing streams 2.52 96.00 3,810.00 4.760 0.222

#6 4 Time of Concentration: 0.380

#6 5 5. Nearly bare and untilled, and
alluvial valley fans 7.24 70.00 967.00 2.690 0.099

8. Large gullies, diversions, and low
flowing streams 2.34 117.00 5,003.00 4.580 0.303

#6 5 Time of Concentration: 0.402

#6 6 5. Nearly bare and untilled, and
alluvial valley fans 31.83 183.00 575.00 5.640 0.028

8. Large gullies, diversions, and low
flowing streams 3.38 270.00 7,990.00 5.510 0.402

#6 6 Time of Concentration: 0.430

#6 7 5. Nearly bare and untilled, and
alluvial valley fans 23.08 325.00 1,408.00 4.800 0.081

8. Large gullies, diversions, and low
flowing streams 2.88 240.00 8,327.00 5.090 0.454

#6 7 Time of Concentration: 0.535

#7 1 5. Nearly bare and untilled, and
alluvial valley fans 11.42 90.00 788.00 3.370 0.064

8. Large gullies, diversions, and low
flowing streams 1.46 230.00 15,769.00 3.620 1.210

#7 1 Time of Concentration: 1.274

#7 2 5. Nearly bare and untilled, and
alluvial valley fans 10.97 60.00 547.00 3.310 0.045

8. Large gullies, diversions, and low
flowing streams 1.61 220.00 13,660.00 3.800 0.998

#7 2 Time of Concentration: 1.043

#7 3 5. Nearly bare and untilled, and
alluvial valley fans 6.40 60.00 938.00 2.520 0.103

8. Large gullies, diversions, and low
flowing streams 1.72 171.00 9,931.00 3.930 0.701

#7 3 Time of Concentration: 0.804

#7 4 5. Nearly bare and untilled, and
alluvial valley fans 19.23 80.00 416.00 4.380 0.026
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

8. Large gullies, diversions, and low
flowing streams 2.45 100.00 4,083.00 4.690 0.241

#7 4 Time of Concentration: 0.267

#7 5 5. Nearly bare and untilled, and
alluvial valley fans 6.09 67.00 1,101.00 2.460 0.124

8. Large gullies, diversions, and low
flowing streams 2.51 80.00 3,184.00 4.750 0.186

#7 5 Time of Concentration: 0.310

#7 6 5. Nearly bare and untilled, and
alluvial valley fans 5.93 63.00 1,062.00 2.430 0.121

8. Large gullies, diversions, and low
flowing streams 2.74 82.00 2,993.00 4.960 0.167

#7 6 Time of Concentration: 0.288

#7 7 5. Nearly bare and untilled, and
alluvial valley fans 7.97 65.00 816.00 2.820 0.080

8. Large gullies, diversions, and low
flowing streams 3.48 153.00 4,400.00 5.590 0.218

#7 7 Time of Concentration: 0.298

#7 8 5. Nearly bare and untilled, and
alluvial valley fans 6.60 50.00 758.00 2.560 0.082

8. Large gullies, diversions, and low
flowing streams 4.66 473.00 10,157.00 6.470 0.436

#7 8 Time of Concentration: 0.518

#9 1 5. Nearly bare and untilled, and
alluvial valley fans 3.01 55.00 1,829.00 1.730 0.293

8. Large gullies, diversions, and low
flowing streams 0.76 50.00 6,548.00 2.620 0.694

#9 1 Time of Concentration: 0.987

#10 1 5. Nearly bare and untilled, and
alluvial valley fans 1.24 41.00 3,317.00 1.110 0.830

8. Large gullies, diversions, and low
flowing streams 0.70 29.00 4,125.00 2.510 0.456

#10 1 Time of Concentration: 1.286

#10 2 5. Nearly bare and untilled, and
alluvial valley fans 2.25 125.00 5,554.00 1.500 1.028

8. Large gullies, diversions, and low
flowing streams 2.13 85.00 3,997.00 4.370 0.254

#10 2 Time of Concentration: 1.282

#10 3 5. Nearly bare and untilled, and
alluvial valley fans 1.39 68.00 4,904.00 1.170 1.164

8. Large gullies, diversions, and low
flowing streams 4.73 90.00 1,904.00 6.520 0.081

#10 3 Time of Concentration: 1.245

#10 4 5. Nearly bare and untilled, and
alluvial valley fans 3.76 51.00 1,357.00 1.930 0.195

8. Large gullies, diversions, and low
flowing streams 0.65 22.00 3,385.00 2.410 0.390

#10 4 Time of Concentration: 0.585
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#10 5 5. Nearly bare and untilled, and
alluvial valley fans 1.63 88.00 5,391.16 1.270 1.179

#10 5 Time of Concentration: 1.179

#12 1 5. Nearly bare and untilled, and
alluvial valley fans 4.50 75.00 1,667.00 2.120 0.218

8. Large gullies, diversions, and low
flowing streams 1.85 155.00 8,400.00 4.070 0.573

#12 1 Time of Concentration: 0.791

#12 2 5. Nearly bare and untilled, and
alluvial valley fans 2.99 50.00 1,674.03 1.720 0.270

8. Large gullies, diversions, and low
flowing streams 1.67 70.00 4,201.17 3.870 0.301

#12 2 Time of Concentration: 0.571

#12 3 5. Nearly bare and untilled, and
alluvial valley fans 4.04 57.00 1,411.00 2.000 0.195

8. Large gullies, diversions, and low
flowing streams 1.55 107.00 6,884.00 3.740 0.511

#12 3 Time of Concentration: 0.706

#12 4 5. Nearly bare and untilled, and
alluvial valley fans 2.23 84.00 3,771.04 1.490 0.703

8. Large gullies, diversions, and low
flowing streams 1.62 186.00 11,515.60 3.810 0.839

#12 4 Time of Concentration: 1.542

#12 5 5. Nearly bare and untilled, and
alluvial valley fans 3.68 53.00 1,442.00 1.910 0.209

8. Large gullies, diversions, and low
flowing streams 1.95 120.00 6,155.00 4.180 0.409

#12 5 Time of Concentration: 0.618

#13 1 5. Nearly bare and untilled, and
alluvial valley fans 4.62 62.00 1,342.00 2.140 0.174

8. Large gullies, diversions, and low
flowing streams 1.91 157.00 8,225.00 4.140 0.551

#13 1 Time of Concentration: 0.725

#13 2 5. Nearly bare and untilled, and
alluvial valley fans 2.91 50.00 1,717.00 1.700 0.280

8. Large gullies, diversions, and low
flowing streams 2.28 183.00 8,039.00 4.520 0.494

#13 2 Time of Concentration: 0.774

#13 3 5. Nearly bare and untilled, and
alluvial valley fans 6.18 95.00 1,537.00 2.480 0.172

8. Large gullies, diversions, and low
flowing streams 2.13 135.00 6,347.00 4.370 0.403

#13 3 Time of Concentration: 0.575

#13 4 5. Nearly bare and untilled, and
alluvial valley fans 3.17 10.00 315.00 1.780 0.049

8. Large gullies, diversions, and low
flowing streams 2.30 100.00 4,344.00 4.550 0.265

#13 4 Time of Concentration: 0.314
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#13 5 5. Nearly bare and untilled, and
alluvial valley fans 3.10 70.00 2,255.00 1.760 0.355

8. Large gullies, diversions, and low
flowing streams 1.23 140.00 11,392.00 3.320 0.953

#13 5 Time of Concentration: 1.308

#14 1 5. Nearly bare and untilled, and
alluvial valley fans 10.59 63.00 595.00 3.250 0.050

8. Large gullies, diversions, and low
flowing streams 2.60 151.00 5,808.00 4.830 0.334

#14 1 Time of Concentration: 0.384

#14 2 5. Nearly bare and untilled, and
alluvial valley fans 7.28 67.00 920.00 2.690 0.095

8. Large gullies, diversions, and low
flowing streams 2.17 123.00 5,670.00 4.410 0.357

#14 2 Time of Concentration: 0.452

#14 3 5. Nearly bare and untilled, and
alluvial valley fans 21.46 150.00 699.00 4.630 0.041

8. Large gullies, diversions, and low
flowing streams 3.10 364.00 11,728.00 5.280 0.617

#14 3 Time of Concentration: 0.658

#14 4 5. Nearly bare and untilled, and
alluvial valley fans 3.39 35.00 1,032.00 1.840 0.155

8. Large gullies, diversions, and low
flowing streams 2.97 103.00 3,470.00 5.160 0.186

#14 4 Time of Concentration: 0.341

#14 5 5. Nearly bare and untilled, and
alluvial valley fans 28.15 125.00 444.00 5.300 0.023

8. Large gullies, diversions, and low
flowing streams 4.18 246.00 5,886.00 6.130 0.266

#14 5 Time of Concentration: 0.289

#14 6 5. Nearly bare and untilled, and
alluvial valley fans 3.18 40.00 1,257.00 1.780 0.196

8. Large gullies, diversions, and low
flowing streams 2.29 228.00 9,963.00 4.530 0.610

#14 6 Time of Concentration: 0.806

#14 7 5. Nearly bare and untilled, and
alluvial valley fans 16.72 100.00 598.00 4.080 0.040

8. Large gullies, diversions, and low
flowing streams 2.81 243.00 8,649.00 5.020 0.478

#14 7 Time of Concentration: 0.518

#14 8 5. Nearly bare and untilled, and
alluvial valley fans 1.70 47.00 2,765.00 1.300 0.590

8. Large gullies, diversions, and low
flowing streams 2.44 274.00 11,208.00 4.690 0.663

#14 8 Time of Concentration: 1.253

#14 9 5. Nearly bare and untilled, and
alluvial valley fans 2.87 105.00 3,657.00 1.690 0.601

8. Large gullies, diversions, and low
flowing streams 2.43 194.00 7,991.00 4.670 0.475
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#
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# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#14 9 Time of Concentration: 1.076

#14 10 5. Nearly bare and untilled, and
alluvial valley fans 2.75 80.00 2,907.00 1.650 0.489

8. Large gullies, diversions, and low
flowing streams 2.41 172.00 7,149.00 4.650 0.427

#14 10 Time of Concentration: 0.916

#15 1 5. Nearly bare and untilled, and
alluvial valley fans 12.80 54.00 422.00 3.570 0.032

8. Large gullies, diversions, and low
flowing streams 1.68 181.00 10,781.00 3.880 0.771

#15 1 Time of Concentration: 0.803

#15 2 5. Nearly bare and untilled, and
alluvial valley fans 44.22 260.00 588.00 6.640 0.024

8. Large gullies, diversions, and low
flowing streams 2.45 254.00 10,354.24 4.690 0.613

#15 2 Time of Concentration: 0.637

#15 3 5. Nearly bare and untilled, and
alluvial valley fans 10.04 85.00 847.00 3.160 0.074

8. Large gullies, diversions, and low
flowing streams 2.34 366.00 15,663.00 4.580 0.949

#15 3 Time of Concentration: 1.023

#16 1 5. Nearly bare and untilled, and
alluvial valley fans 2.26 117.00 5,179.00 1.500 0.959

8. Large gullies, diversions, and low
flowing streams 0.46 26.00 5,601.00 2.040 0.762

#16 1 Time of Concentration: 1.721

#16 2 5. Nearly bare and untilled, and
alluvial valley fans 8.70 62.00 713.00 2.940 0.067

8. Large gullies, diversions, and low
flowing streams 1.99 144.00 7,241.00 4.230 0.475

#16 2 Time of Concentration: 0.542

#16 3 5. Nearly bare and untilled, and
alluvial valley fans 6.88 32.00 465.00 2.620 0.049

8. Large gullies, diversions, and low
flowing streams 2.29 81.00 3,543.00 4.530 0.217

#16 3 Time of Concentration: 0.266

#17 1 5. Nearly bare and untilled, and
alluvial valley fans 9.37 65.00 694.00 3.060 0.062

8. Large gullies, diversions, and low
flowing streams 1.19 56.00 4,712.00 3.270 0.400

#17 1 Time of Concentration: 0.462

#18 1 5. Nearly bare and untilled, and
alluvial valley fans 9.00 60.00 667.00 2.990 0.061

8. Large gullies, diversions, and low
flowing streams 0.97 61.00 6,287.00 2.950 0.591

#18 1 Time of Concentration: 0.652

#18 2 5. Nearly bare and untilled, and
alluvial valley fans 2.47 33.00 1,336.00 1.570 0.236
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Horiz. Dist.
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8. Large gullies, diversions, and low
flowing streams 2.01 164.00 8,154.00 4.250 0.532

#18 2 Time of Concentration: 0.768

#20 1 5. Nearly bare and untilled, and
alluvial valley fans 2.64 47.00 1,783.00 1.620 0.305

8. Large gullies, diversions, and low
flowing streams 0.56 30.00 5,405.00 2.230 0.673

#20 1 Time of Concentration: 0.978

#21 1 5. Nearly bare and untilled, and
alluvial valley fans 4.09 60.00 1,467.02 2.020 0.201

8. Large gullies, diversions, and low
flowing streams 0.93 60.00 6,433.62 2.890 0.618

#21 1 Time of Concentration: 0.819

#21 2 5. Nearly bare and untilled, and
alluvial valley fans 3.50 50.00 1,430.00 1.860 0.213

8. Large gullies, diversions, and low
flowing streams 2.15 60.00 2,785.12 4.400 0.175

#21 2 Time of Concentration: 0.388

#21 3 5. Nearly bare and untilled, and
alluvial valley fans 1.70 15.00 881.00 1.300 0.188

9. Small streams flowing bankfull 1.49 60.00 4,014.18 11.000 0.101

#21 3 Time of Concentration: 0.289

#21 4 5. Nearly bare and untilled, and
alluvial valley fans 2.21 40.00 1,811.02 1.480 0.339

8. Large gullies, diversions, and low
flowing streams 0.84 50.00 5,949.54 2.750 0.600

#21 4 Time of Concentration: 0.939

#24 1 5. Nearly bare and untilled, and
alluvial valley fans 1.71 430.00 25,118.00 1.300 5.367

#24 1 Time of Concentration: 5.367

#24 2 5. Nearly bare and untilled, and
alluvial valley fans 1.84 430.00 23,393.00 1.350 4.813

#24 2 Time of Concentration: 4.813

#24 3 5. Nearly bare and untilled, and
alluvial valley fans 1.82 155.00 8,498.00 1.350 1.748

8. Large gullies, diversions, and low
flowing streams 0.84 40.00 4,771.00 2.740 0.483

#24 3 Time of Concentration: 2.231

#24 4 5. Nearly bare and untilled, and
alluvial valley fans 1.24 50.00 4,042.00 1.110 1.011

8. Large gullies, diversions, and low
flowing streams 0.49 60.00 12,150.00 2.100 1.607

#24 4 Time of Concentration: 2.618

#25 1 5. Nearly bare and untilled, and
alluvial valley fans 0.51 10.00 1,950.00 0.710 0.762

8. Large gullies, diversions, and low
flowing streams 1.81 60.00 3,322.00 4.030 0.228

#25 1 Time of Concentration: 0.990
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#25 2 5. Nearly bare and untilled, and
alluvial valley fans 1.11 25.00 2,254.00 1.050 0.596

8. Large gullies, diversions, and low
flowing streams 2.36 75.00 3,178.00 4.600 0.191

#25 2 Time of Concentration: 0.787

#25 3 5. Nearly bare and untilled, and
alluvial valley fans 3.23 30.00 929.00 1.790 0.144

8. Large gullies, diversions, and low
flowing streams 2.45 154.00 6,297.00 4.690 0.372

#25 3 Time of Concentration: 0.516

#26 1 5. Nearly bare and untilled, and
alluvial valley fans 1.20 103.00 8,602.00 1.090 2.192

#26 1 Time of Concentration: 2.192

#26 2 5. Nearly bare and untilled, and
alluvial valley fans 1.23 120.00 9,780.00 1.100 2.469

8. Large gullies, diversions, and low
flowing streams 2.18 184.00 8,454.00 4.420 0.531

#26 2 Time of Concentration: 3.000

#27 1 5. Nearly bare and untilled, and
alluvial valley fans 4.32 50.00 1,158.02 2.070 0.155

8. Large gullies, diversions, and low
flowing streams 2.53 198.00 7,838.16 4.760 0.457

#27 1 Time of Concentration: 0.612

#27 2 5. Nearly bare and untilled, and
alluvial valley fans 5.26 30.00 570.00 2.290 0.069

8. Large gullies, diversions, and low
flowing streams 3.15 278.00 8,822.00 5.320 0.460

#27 2 Time of Concentration: 0.529

#27 3 5. Nearly bare and untilled, and
alluvial valley fans 16.33 80.00 490.00 4.040 0.033

8. Large gullies, diversions, and low
flowing streams 2.15 225.00 10,443.00 4.400 0.659

#27 3 Time of Concentration: 0.692

#27 4 5. Nearly bare and untilled, and
alluvial valley fans 12.43 65.00 523.00 3.520 0.041

8. Large gullies, diversions, and low
flowing streams 3.49 225.00 6,454.00 5.600 0.320

#27 4 Time of Concentration: 0.361

#27 5 5. Nearly bare and untilled, and
alluvial valley fans 9.40 25.00 266.00 3.060 0.024

8. Large gullies, diversions, and low
flowing streams 2.32 364.00 15,700.00 4.560 0.956

#27 5 Time of Concentration: 0.980

#28 1 5. Nearly bare and untilled, and
alluvial valley fans 5.25 40.00 762.00 2.290 0.092

8. Large gullies, diversions, and low
flowing streams 2.96 310.00 10,479.34 5.150 0.565

#28 1 Time of Concentration: 0.657
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#28 2 5. Nearly bare and untilled, and
alluvial valley fans 25.86 105.00 406.00 5.080 0.022

8. Large gullies, diversions, and low
flowing streams 2.96 310.00 10,479.34 5.150 0.565

#28 2 Time of Concentration: 0.587

#29 1 5. Nearly bare and untilled, and
alluvial valley fans 11.58 30.00 259.00 3.400 0.021

8. Large gullies, diversions, and low
flowing streams 3.61 288.00 7,976.00 5.700 0.388

#29 1 Time of Concentration: 0.409

#29 2 5. Nearly bare and untilled, and
alluvial valley fans 8.06 40.00 496.00 2.830 0.048

8. Large gullies, diversions, and low
flowing streams 2.90 252.00 8,693.55 5.100 0.473

#29 2 Time of Concentration: 0.521

#29 3 5. Nearly bare and untilled, and
alluvial valley fans 7.25 25.00 345.00 2.690 0.035

8. Large gullies, diversions, and low
flowing streams 2.26 158.00 7,001.00 4.500 0.432

#29 3 Time of Concentration: 0.467

#30 1 5. Nearly bare and untilled, and
alluvial valley fans 4.93 35.00 710.00 2.220 0.088

8. Large gullies, diversions, and low
flowing streams 1.67 243.00 14,540.00 3.870 1.043

#30 1 Time of Concentration: 1.131

#31 1 5. Nearly bare and untilled, and
alluvial valley fans 2.91 15.00 515.00 1.700 0.084

8. Large gullies, diversions, and low
flowing streams 2.74 247.00 9,006.00 4.960 0.504

#31 1 Time of Concentration: 0.588

#31 2 5. Nearly bare and untilled, and
alluvial valley fans 7.46 25.00 335.00 2.730 0.034

8. Large gullies, diversions, and low
flowing streams 2.18 138.00 6,335.00 4.420 0.398

#31 2 Time of Concentration: 0.432

#31 3 5. Nearly bare and untilled, and
alluvial valley fans 3.84 20.00 521.00 1.950 0.074

8. Large gullies, diversions, and low
flowing streams 2.24 108.00 4,826.00 4.480 0.299

#31 3 Time of Concentration: 0.373

#32 1 5. Nearly bare and untilled, and
alluvial valley fans 3.48 22.00 632.00 1.860 0.094

8. Large gullies, diversions, and low
flowing streams 1.56 101.00 6,494.00 3.740 0.482

#32 1 Time of Concentration: 0.576

#34 1 5. Nearly bare and untilled, and
alluvial valley fans 2.28 35.00 1,538.00 1.500 0.284

8. Large gullies, diversions, and low
flowing streams 2.89 74.00 2,560.00 5.100 0.139
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#34 1 Time of Concentration: 0.423

#34 2 5. Nearly bare and untilled, and
alluvial valley fans 2.69 38.00 1,415.00 1.630 0.241

8. Large gullies, diversions, and low
flowing streams 1.60 81.00 5,052.00 3.790 0.370

#34 2 Time of Concentration: 0.611

#34 3 5. Nearly bare and untilled, and
alluvial valley fans 3.80 56.00 1,474.00 1.940 0.211

8. Large gullies, diversions, and low
flowing streams 0.70 30.00 4,293.00 2.500 0.477

#34 3 Time of Concentration: 0.688

#34 4 5. Nearly bare and untilled, and
alluvial valley fans 4.17 35.00 840.00 2.040 0.114

8. Large gullies, diversions, and low
flowing streams 1.89 72.00 3,807.00 4.120 0.256

#34 4 Time of Concentration: 0.370

#35 1 5. Nearly bare and untilled, and
alluvial valley fans 2.34 113.00 4,831.12 1.520 0.882

8. Large gullies, diversions, and low
flowing streams 1.11 20.00 1,794.00 3.160 0.157

#35 1 Time of Concentration: 1.039

#36 1 5. Nearly bare and untilled, and
alluvial valley fans 3.35 20.00 596.46 1.830 0.090

8. Large gullies, diversions, and low
flowing streams 1.29 60.00 4,641.80 3.410 0.378

#36 1 Time of Concentration: 0.468

#36 2 5. Nearly bare and untilled, and
alluvial valley fans 3.33 40.00 1,200.57 1.820 0.183

8. Large gullies, diversions, and low
flowing streams 1.51 90.00 5,956.33 3.680 0.449

#36 2 Time of Concentration: 0.632

#36 3 5. Nearly bare and untilled, and
alluvial valley fans 3.77 77.00 2,043.74 1.940 0.292

8. Large gullies, diversions, and low
flowing streams 1.12 53.00 4,712.61 3.180 0.411

#36 3 Time of Concentration: 0.703

#36 4 5. Nearly bare and untilled, and
alluvial valley fans 6.40 60.00 937.44 2.520 0.103

8. Large gullies, diversions, and low
flowing streams 1.76 80.00 4,538.27 3.980 0.316

#36 4 Time of Concentration: 0.419

#36 5 5. Nearly bare and untilled, and
alluvial valley fans 1.68 10.00 596.48 1.290 0.128

8. Large gullies, diversions, and low
flowing streams 2.50 125.00 5,007.21 4.740 0.293

#36 5 Time of Concentration: 0.421

#36 6 5. Nearly bare and untilled, and
alluvial valley fans 1.57 10.00 638.43 1.250 0.141
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8. Large gullies, diversions, and low
flowing streams 2.06 123.00 5,966.63 4.300 0.385

#36 6 Time of Concentration: 0.526

#37 1 5. Nearly bare and untilled, and
alluvial valley fans 4.68 129.00 2,754.05 2.160 0.354

8. Large gullies, diversions, and low
flowing streams 0.16 10.00 6,108.73 1.210 1.402

#37 1 Time of Concentration: 1.756

#37 2 5. Nearly bare and untilled, and
alluvial valley fans 5.17 45.00 870.00 2.270 0.106

8. Large gullies, diversions, and low
flowing streams 2.01 95.00 4,737.20 4.240 0.310

#37 2 Time of Concentration: 0.416

#37 3 5. Nearly bare and untilled, and
alluvial valley fans 3.52 30.00 852.93 1.870 0.126

8. Large gullies, diversions, and low
flowing streams 4.02 180.00 4,473.94 6.010 0.206

#37 3 Time of Concentration: 0.703

#37 4 5. Nearly bare and untilled, and
alluvial valley fans 3.18 35.00 1,099.00 1.780 0.171

8. Large gullies, diversions, and low
flowing streams 1.49 38.00 2,544.00 3.660 0.193

#37 4 Time of Concentration: 0.419

#37 5 5. Nearly bare and untilled, and
alluvial valley fans 2.59 40.00 1,542.81 1.610 0.266

8. Large gullies, diversions, and low
flowing streams 1.48 67.00 4,528.71 3.640 0.345

#37 5 Time of Concentration: 0.421

#37 6 5. Nearly bare and untilled, and
alluvial valley fans 1.55 10.00 646.96 1.240 0.144

8. Large gullies, diversions, and low
flowing streams 6.34 157.00 2,475.12 7.550 0.091

#37 6 Time of Concentration: 0.526

#37 7 5. Nearly bare and untilled, and
alluvial valley fans 7.23 80.00 1,106.00 2.680 0.114

8. Large gullies, diversions, and low
flowing streams 1.05 52.00 4,950.00 3.070 0.447

#37 7 Time of Concentration: 0.561

Subwatershed Muskingum Routing Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 2 8. Large gullies, diversions, and low
flowing streams 1.29 107.00 8,294.00 3.400 0.677

#1 2 Muskingum K: 0.677

#1 3 8. Large gullies, diversions, and low
flowing streams 1.27 113.00 8,880.00 3.380 0.729
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#1 3 Muskingum K: 0.729

#1 4 8. Large gullies, diversions, and low
flowing streams 1.35 171.00 12,634.00 3.490 1.005

#1 4 Muskingum K: 1.005

#1 5 8. Large gullies, diversions, and low
flowing streams 1.49 274.00 18,349.00 3.660 1.392

#1 5 Muskingum K: 1.392

#1 6 8. Large gullies, diversions, and low
flowing streams 1.49 274.00 18,349.00 3.660 1.392

#1 6 Muskingum K: 1.392

#2 2 8. Large gullies, diversions, and low
flowing streams 0.53 20.00 3,756.00 2.180 0.478

#2 2 Muskingum K: 0.478

#2 3 8. Large gullies, diversions, and low
flowing streams 0.55 25.00 4,570.00 2.210 0.574

#2 3 Muskingum K: 0.574

#2 4 8. Large gullies, diversions, and low
flowing streams 0.55 25.00 4,570.00 2.210 0.574

#2 4 Muskingum K: 0.574

#2 5 8. Large gullies, diversions, and low
flowing streams 0.65 45.00 6,955.00 2.410 0.801

#2 5 Muskingum K: 0.801

#3 3 8. Large gullies, diversions, and low
flowing streams 0.92 20.00 2,168.00 2.880 0.209

#3 3 Muskingum K: 0.209

#5 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#5 1 Muskingum K: 0.000

#5 2 8. Large gullies, diversions, and low
flowing streams 1.75 125.00 7,149.00 3.960 0.501

#5 2 Muskingum K: 0.501

#5 3 8. Large gullies, diversions, and low
flowing streams 1.65 155.00 9,418.00 3.840 0.681

#5 3 Muskingum K: 0.681

#5 4 8. Large gullies, diversions, and low
flowing streams 1.65 155.00 9,418.00 3.840 0.681

#5 4 Muskingum K: 0.681

#5 5 8. Large gullies, diversions, and low
flowing streams 1.67 239.00 14,273.00 3.880 1.021

#5 5 Muskingum K: 1.021

#5 6 8. Large gullies, diversions, and low
flowing streams 1.68 239.00 14,223.00 3.880 1.018

#5 6 Muskingum K: 1.018

#7 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#7 1 Muskingum K: 0.000

#7 2 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000
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#7 2 Muskingum K: 0.000

#7 4 8. Large gullies, diversions, and low
flowing streams 1.16 140.00 12,037.00 3.230 1.035

#7 4 Muskingum K: 1.035

#7 5 8. Large gullies, diversions, and low
flowing streams 1.14 140.00 12,307.69 3.190 1.071

#7 5 Muskingum K: 1.071

#7 6 8. Large gullies, diversions, and low
flowing streams 1.17 158.00 13,546.00 3.230 1.164

#7 6 Muskingum K: 1.164

#7 7 8. Large gullies, diversions, and low
flowing streams 1.18 187.00 15,784.00 3.260 1.344

#7 7 Muskingum K: 1.344

#7 8 8. Large gullies, diversions, and low
flowing streams 1.18 187.00 15,784.00 3.260 1.344

#7 8 Muskingum K: 1.344

#10 3 8. Large gullies, diversions, and low
flowing streams 0.76 37.00 4,861.00 2.610 0.517

#10 3 Muskingum K: 0.517

#10 4 8. Large gullies, diversions, and low
flowing streams 0.76 37.00 4,861.00 2.610 0.517

#10 4 Muskingum K: 0.517

#10 5 8. Large gullies, diversions, and low
flowing streams 0.79 47.00 5,956.00 2.660 0.621

#10 5 Muskingum K: 0.621

#12 2 8. Large gullies, diversions, and low
flowing streams 8.24 111.00 1,347.00 8.610 0.043

#12 2 Muskingum K: 0.043

#12 3 8. Large gullies, diversions, and low
flowing streams 8.01 109.00 1,360.00 8.490 0.044

#12 3 Muskingum K: 0.044

#12 4 8. Large gullies, diversions, and low
flowing streams 2.24 176.00 7,866.00 4.480 0.487

#12 4 Muskingum K: 0.487

#12 5 8. Large gullies, diversions, and low
flowing streams 2.24 176.00 7,866.00 4.480 0.487

#12 5 Muskingum K: 0.487

#13 2 8. Large gullies, diversions, and low
flowing streams 1.34 54.00 4,025.00 3.470 0.322

#13 2 Muskingum K: 0.322

#13 3 8. Large gullies, diversions, and low
flowing streams 0.98 72.00 7,333.00 2.970 0.685

#13 3 Muskingum K: 0.685

#13 4 8. Large gullies, diversions, and low
flowing streams 1.18 127.00 10,806.00 3.250 0.923

#13 4 Muskingum K: 0.923

#13 5 8. Large gullies, diversions, and low
flowing streams 1.18 127.00 10,806.00 3.250 0.923
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#13 5 Muskingum K: 0.923

#14 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#14 1 Muskingum K: 0.000

#14 2 8. Large gullies, diversions, and low
flowing streams 0.83 58.00 6,957.00 2.730 0.707

#14 2 Muskingum K: 0.707

#14 3 8. Large gullies, diversions, and low
flowing streams 0.81 77.00 9,480.00 2.700 0.975

#14 3 Muskingum K: 0.975

#14 4 8. Large gullies, diversions, and low
flowing streams 0.86 147.00 17,117.00 2.770 1.716

#14 4 Muskingum K: 1.716

#14 5 8. Large gullies, diversions, and low
flowing streams 0.88 175.00 19,934.00 2.810 1.970

#14 5 Muskingum K: 1.970

#14 6 8. Large gullies, diversions, and low
flowing streams 0.95 211.00 22,155.00 2.920 2.107

#14 6 Muskingum K: 2.107

#14 7 8. Large gullies, diversions, and low
flowing streams 0.96 257.00 26,835.00 2.930 2.544

#14 7 Muskingum K: 2.544

#14 8 8. Large gullies, diversions, and low
flowing streams 0.96 257.00 26,835.00 2.930 2.544

#14 8 Muskingum K: 2.544

#14 9 8. Large gullies, diversions, and low
flowing streams 0.95 307.00 32,146.59 2.930 3.047

#14 9 Muskingum K: 3.047

#14 10 8. Large gullies, diversions, and low
flowing streams 0.96 339.00 35,382.00 2.930 3.354

#14 10 Muskingum K: 3.354

#15 2 8. Large gullies, diversions, and low
flowing streams 1.14 86.00 7,535.26 3.200 0.654

#15 2 Muskingum K: 0.654

#15 3 8. Large gullies, diversions, and low
flowing streams 1.25 115.00 9,236.00 3.340 0.768

#15 3 Muskingum K: 0.768

#16 2 8. Large gullies, diversions, and low
flowing streams 0.55 42.00 7,608.00 2.220 0.951

#16 2 Muskingum K: 0.951

#16 3 8. Large gullies, diversions, and low
flowing streams 0.51 54.00 10,615.00 2.130 1.384

#16 3 Muskingum K: 1.384

#17 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#17 1 Muskingum K: 0.000

#18 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#18 1 Muskingum K: 0.000

#18 2 8. Large gullies, diversions, and low
flowing streams 1.02 62.00 6,103.00 3.020 0.561

#18 2 Muskingum K: 0.561

#21 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#21 1 Muskingum K: 0.000

#21 2 8. Large gullies, diversions, and low
flowing streams 0.41 20.00 4,825.09 1.930 0.694

#21 2 Muskingum K: 0.694

#21 3 8. Large gullies, diversions, and low
flowing streams 0.36 20.00 5,627.46 1.780 0.878

#21 3 Muskingum K: 0.878

#21 4 8. Large gullies, diversions, and low
flowing streams 0.36 20.00 5,627.46 1.780 0.878

#21 4 Muskingum K: 0.878

#24 1 8. Large gullies, diversions, and low
flowing streams 0.79 180.00 22,769.00 2.660 2.377

#24 1 Muskingum K: 2.377

#24 2 8. Large gullies, diversions, and low
flowing streams 0.78 180.00 23,111.00 2.640 2.431

#24 2 Muskingum K: 2.431

#24 4 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#24 4 Muskingum K: 0.000

#25 1 8. Large gullies, diversions, and low
flowing streams 1.99 104.00 5,220.00 4.230 0.342

#25 1 Muskingum K: 0.342

#25 2 8. Large gullies, diversions, and low
flowing streams 1.99 104.00 5,220.00 4.230 0.342

#25 2 Muskingum K: 0.342

#25 3 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#25 3 Muskingum K: 0.000

#27 1 8. Large gullies, diversions, and low
flowing streams 1.38 216.00 15,629.00 3.520 1.233

#27 1 Muskingum K: 1.233

#27 2 8. Large gullies, diversions, and low
flowing streams 1.17 144.00 12,301.00 3.240 1.054

#27 2 Muskingum K: 1.054

#27 3 8. Large gullies, diversions, and low
flowing streams 1.18 76.00 6,454.00 3.250 0.551

#27 3 Muskingum K: 0.551

#27 4 8. Large gullies, diversions, and low
flowing streams 1.18 76.00 6,454.00 3.250 0.551

#27 4 Muskingum K: 0.551

#28 1 8. Large gullies, diversions, and low
flowing streams 1.30 84.00 6,445.17 3.420 0.523
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#28 1 Muskingum K: 0.523

#29 1 8. Large gullies, diversions, and low
flowing streams 0.88 37.00 4,210.00 2.810 0.416

#29 1 Muskingum K: 0.416

#29 2 8. Large gullies, diversions, and low
flowing streams 0.88 26.00 2,949.00 2.810 0.291

#29 2 Muskingum K: 0.291

#31 1 8. Large gullies, diversions, and low
flowing streams 1.35 76.00 5,639.00 3.480 0.450

#31 1 Muskingum K: 0.450

#31 2 8. Large gullies, diversions, and low
flowing streams 1.15 20.00 1,734.00 3.220 0.149

#31 2 Muskingum K: 0.149

#34 1 8. Large gullies, diversions, and low
flowing streams 0.64 56.00 8,773.00 2.390 1.019

#34 1 Muskingum K: 1.019

#34 2 8. Large gullies, diversions, and low
flowing streams 1.05 31.00 2,957.00 3.070 0.267

#34 2 Muskingum K: 0.267

#34 3 8. Large gullies, diversions, and low
flowing streams 0.64 26.00 4,031.00 2.400 0.466

#34 3 Muskingum K: 0.466

#36 1 8. Large gullies, diversions, and low
flowing streams 0.79 110.00 13,954.41 2.660 1.457

#36 1 Muskingum K: 1.457

#36 2 8. Large gullies, diversions, and low
flowing streams 0.58 50.00 8,630.15 2.280 1.051

#36 2 Muskingum K: 1.051

#36 3 8. Large gullies, diversions, and low
flowing streams 0.58 50.00 8,630.15 2.280 1.051

#36 3 Muskingum K: 1.051

#36 4 8. Large gullies, diversions, and low
flowing streams 0.23 10.00 4,329.90 1.440 0.835

#36 4 Muskingum K: 0.835

#36 5 8. Large gullies, diversions, and low
flowing streams 0.21 5.00 2,359.95 1.380 0.475

#36 5 Muskingum K: 0.475

#37 2 8. Large gullies, diversions, and low
flowing streams 0.28 30.00 10,642.07 1.590 1.859

#37 2 Muskingum K: 1.859

#37 3 8. Large gullies, diversions, and low
flowing streams 0.45 38.00 8,493.51 2.000 1.179

#37 3 Muskingum K: 1.179

#37 4 8. Large gullies, diversions, and low
flowing streams 0.66 104.00 15,664.00 2.440 1.783

#37 4 Muskingum K: 0.835

#37 5 8. Large gullies, diversions, and low
flowing streams 0.33 41.00 12,388.68 1.720 2.000
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#37 5 Muskingum K: 0.475

#37 6 8. Large gullies, diversions, and low
flowing streams 0.33 41.00 12,388.68 1.720 2.000

#37 6 Muskingum K: 0.000

#37 7 8. Large gullies, diversions, and low
flowing streams 0.33 31.00 9,267.00 1.730 1.487

#37 7 Muskingum K: 1.487

Filename: A4N CW_Postmine_sedcad_Feb2011.sc4 Printed 03-02-2011

SEDCAD 4 for Windows
Copyright 1998 -2007 Pamela J. Schwab
Civil Software Design, LLC 46

46



Cottonwood Arroyo Post-mine
Hydrology and Sedimentology

The drainage subdivisions used to model the hydrology is
shown on Exhibit 11-77.

Revised January 31, 2011

AAY/LR/RY

BHP Billiton
Navajo Mine
PO Box 1717

Fruitland, NM 87416

Phone:  505 598 2007
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General Information

Storm Information:
Storm Type: NRCS Type II -

60

Design Storm:  10 yr - 6 hr

Rainfall Depth: 1.300 inches

Particle Size Distribution:
Size (mm) PostMine-

LoamySand
PreMine-

LoamySand PreMine-Badlands LoamySand
Postmining

2.0000 100.000% 100.000% 100.000% 0.000%

0.1000 26.500% 30.000% 83.500% 0.000%

0.0500 14.000% 17.000% 77.000% 0.000%

0.0020 11.000% 11.000% 56.000% 0.000%

0.0010 0.000% 0.000% 0.000% 0.000%
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Null #1 ==> #2 0.961 0.307

Null #2 ==> #3 0.068 0.331

Null #3 ==> #4 0.000 0.000

Null #4 ==> #9 0.718 0.281

Null #5 ==> #6 1.205 0.328

Null #6 ==> #7 0.189 0.304

Null #7 ==> #8 0.000 0.000

Null #8 ==> #10 0.989 0.300

Null #9 ==> #11 0.000 0.000

Null #10 ==> #11 0.000 0.000

Null #11 ==> #21 0.495 0.453

Null #12 ==> #13 0.076 0.330

Null #13 ==> #14 3.790 0.314

Null #14 ==> #16 1.579 0.287

Null #15 ==> #16 1.579 0.287

Null #16 ==> #23 0.000 0.000

Null #17 ==> #19 0.000 0.000

Null #18 ==> #19 0.000 0.000

Null #19 ==> #20 0.915 0.252

Null #20 ==> #22 0.000 0.000 End of Middle Fork

Null #21 ==> #22 0.000 0.000 End of South Fork

Null #22 ==> #36 1.315 0.260

Null #23 ==> #20 0.593 0.281

Null #24 ==> #25 0.964 0.340

Null #25 ==> #27 1.454 0.333

Null #26 ==> #27 1.454 0.333

Null #27 ==> #29 0.800 0.323

Null #28 ==> #29 0.800 0.323

Null #29 ==> #32 0.479 0.298

Null #30 ==> #32 0.479 0.298

Null #31 ==> #33 0.000 0.000

Null #32 ==> #33 0.000 0.000

Null #33 ==> #34 1.348 0.294 Inlet to North Fork Diversion

Null #34 ==> #36 0.825 0.261 End of North Fork

Null #35 ==> #23 0.203 0.259

Null #36 ==> #37 3.388 0.246

Null #37 ==> End 0.000 0.000
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#30

Null


#28

Null


#26

Null


#24

Null


#25

Null


#27

Null


#29

Null


#32

Null


#31

Null


#33

Null


#34

Null


#5

Null


#6

Null


#7

Null


#8

Null


#10

Null


#1

Null


#2

Null


#3

Null


#4

Null


#9

Null


#11

Null
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#21

Null


#35

Null


#15

Null


#12

Null


#13

Null


#14

Null


#16

Null


#23

Null


#18

Null


#17

Null


#19

Null


#20

Null


#22

Null


#36

Null

#37

Null

Structure Routing Details:
Stru
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 8. Large gullies, diversions, and low
flowing streams 0.81 76.00 9,347.00 2.70 0.961

#1 Muskingum K: 0.961

#2 8. Large gullies, diversions, and low
flowing streams 1.23 10.00 814.00 3.32 0.068

#2 Muskingum K: 0.068

#3 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.00 0.000
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Stru
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#3 Muskingum K: 0.000

#4 8. Large gullies, diversions, and low
flowing streams 0.53 30.00 5,637.00 2.18 0.718

#4 Muskingum K: 0.718

#5 8. Large gullies, diversions, and low
flowing streams 1.17 165.00 14,065.00 3.24 1.205

#5 Muskingum K: 1.205

#6 8. Large gullies, diversions, and low
flowing streams 0.78 14.00 1,799.25 2.64 0.189

#6 Muskingum K: 0.189

#8 8. Large gullies, diversions, and low
flowing streams 0.72 65.00 9,046.00 2.54 0.989

#8 Muskingum K: 0.989

#11 8. Large gullies, diversions, and low
flowing streams 30.00 8,801.00 29,336.66 16.43 0.495

#11 Muskingum K: 0.495

#12 8. Large gullies, diversions, and low
flowing streams 1.21 11.00 906.00 3.30 0.076

#12 Muskingum K: 0.076

#13 8. Large gullies, diversions, and low
flowing streams 0.92 363.00 39,301.00 2.88 3.790

#13 Muskingum K: 3.790

#14 8. Large gullies, diversions, and low
flowing streams 0.59 77.00 13,075.22 2.30 1.579

#14 Muskingum K: 1.579

#15 8. Large gullies, diversions, and low
flowing streams 0.59 77.00 13,075.00 2.30 1.579

#15 Muskingum K: 1.579

#16 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.00 0.000

#16 Muskingum K: 0.000

#19 8. Large gullies, diversions, and low
flowing streams 0.33 19.00 5,699.00 1.73 0.915

#19 Muskingum K: 0.915

#22 8. Large gullies, diversions, and low
flowing streams 0.38 33.00 8,713.00 1.84 1.315

#22 Muskingum K: 1.315

#23 8. Large gullies, diversions, and low
flowing streams 0.53 25.00 4,680.00 2.19 0.593

#23 Muskingum K: 0.593

#24 8. Large gullies, diversions, and low
flowing streams 1.46 184.00 12,568.00 3.62 0.964

#24 Muskingum K: 0.964

#25 8. Large gullies, diversions, and low
flowing streams 1.28 228.00 17,755.00 3.39 1.454

#25 Muskingum K: 1.454

#26 8. Large gullies, diversions, and low
flowing streams 1.28 228.00 17,755.62 3.39 1.454
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Stru
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#26 Muskingum K: 1.454

#27 8. Large gullies, diversions, and low
flowing streams 1.07 96.00 8,938.00 3.10 0.800

#27 Muskingum K: 0.800

#28 8. Large gullies, diversions, and low
flowing streams 1.07 96.00 8,938.00 3.10 0.800

#28 Muskingum K: 0.800

#29 8. Large gullies, diversions, and low
flowing streams 0.70 30.00 4,313.00 2.50 0.479

#29 Muskingum K: 0.479

#30 8. Large gullies, diversions, and low
flowing streams 0.70 30.00 4,313.00 2.50 0.479

#30 Muskingum K: 0.479

#33 8. Large gullies, diversions, and low
flowing streams 0.66 77.00 11,748.55 2.42 1.348

#33 Muskingum K: 1.348

#34 8. Large gullies, diversions, and low
flowing streams 0.38 21.00 5,497.38 1.85 0.825

#34 Muskingum K: 0.825

#35 8. Large gullies, diversions, and low
flowing streams 0.37 5.00 1,338.00 1.83 0.203

#35 Muskingum K: 0.203

#36 8. Large gullies, diversions, and low
flowing streams 0.30 60.00 20,005.00 1.64 3.388

#36 Muskingum K: 3.388
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Structure Summary:
Immediate

Contributing
Area

(ac)

Total
Contributing

Area

(ac)

Peak
Discharge

(cfs)

Total
Runoff
Volume

(ac-ft)

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc.

(ml/l)

24VW

(ml/l)

#30 476.400 476.400 12.85 2.37 14.2 5,823 2.63 1.99

#28 1,217.900 1,217.900 348.89 44.53 2,235.4 51,499 0.14 0.10

#26 2,486.400 2,486.400 65.87 20.75 120.8 5,583 1.83 1.40

#24 8,061.800 8,061.800 94.58 59.06 203.0 3,780 0.64 0.43

#25 1,015.700 9,077.500 103.41 74.45 286.7 13,375 3.76 0.80

#27 1,783.700 13,347.600 236.67 122.48 960.5 24,353 10.74 2.54

#29 966.000 15,531.500 535.73 201.59 5,382.3 61,965 5.75 1.80

#32 293.700 16,301.600 553.89 217.52 5,815.1 55,468 2.48 0.87

#31 957.100 957.100 333.75 41.62 1,654.1 37,577 0.51 0.39

#33 0.000 17,258.700 646.50 259.13 7,469.2 47,241 1.78 0.79

#34 1,020.000 18,278.700 664.99 278.20 7,299.7 42,342 0.84 0.38

#5 2,023.000 2,023.000 506.93 59.77 1,630.2 37,031 3.51 1.88

#6 1,743.200 3,766.200 630.69 115.88 3,138.3 32,912 0.18 0.11

#7 2,395.300 6,161.500 1,047.30 222.75 8,489.7 41,428 0.00 0.00

#8 0.000 6,161.500 1,047.30 222.75 8,489.7 41,428 0.00 0.00

#10 1,053.200 7,214.700 1,090.14 261.44 8,415.3 37,733 0.09 0.06

#1 2,411.100 2,411.100 349.94 55.56 1,695.8 33,350 4.70 3.13

#2 1,497.000 3,908.100 424.36 116.70 2,361.2 21,959 0.16 0.11

#3 862.700 4,770.800 559.86 145.57 2,728.8 17,946 0.05 0.04

#4 0.000 4,770.800 559.86 145.57 2,728.8 17,946 0.05 0.04

#9 445.600 5,216.400 573.82 156.14 2,828.2 17,278 0.56 0.43

#11 0.000 12,431.100 1,503.28 417.59 11,243.4 31,250 0.31 0.20

#21 1,100.460 13,531.560 1,545.90 449.75 11,526.3 30,603 0.70 0.43

#35 160.400 160.400 58.34 7.39 72.9 10,039 0.00 0.00

#15 1,992.700 1,992.700 386.36 60.50 2,083.2 40,738 1.65 1.01

#12 3,494.500 3,494.500 193.05 40.14 518.1 13,885 6.21 4.23

#13 2,720.700 6,215.200 371.99 71.83 1,125.3 16,885 8.41 5.71

#14 5,096.800 11,312.000 509.48 208.73 4,412.1 73,888 1.32 0.27

#16 1,022.000 14,326.700 833.40 314.54 7,808.9 45,918 1.28 0.50

#23 0.000 14,487.100 843.93 321.93 7,881.8 44,645 1.23 0.49

#18 848.500 848.500 169.02 27.56 312.0 12,741 0.08 0.05

#17 182.200 182.200 108.99 8.41 110.0 13,892 0.66 0.46

#19 0.000 1,030.700 255.08 35.96 422.0 11,926 0.20 0.14

#20 271.100 15,788.900 889.57 366.93 8,390.8 38,245 1.02 0.44

#22 0.000 29,320.460 2,319.36 816.68 19,917.2 31,426 0.77 0.44

#36 1,584.680 49,183.840 2,902.61 1,115.45 27,481.1 31,166 0.76 0.44

#37 2,292.810 51,476.650 2,854.56 1,150.46 27,065.2 30,513 0.30 0.17
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Particle Size Distribution(s) at Each Structure

Structure #30:
Size (mm) In/Out   

2.0000 100.000%

0.1000 91.173%

0.0500 51.665%

0.0020 33.430%

0.0010 0.000%

Structure #28:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 99.240%

0.0010 0.000%

Structure #26:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 70.263%

0.0020 45.464%

0.0010 0.000%

Structure #24:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 90.403%

0.0020 65.131%
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Size (mm) In/Out   

0.0010 0.000%

Structure #25:
Size (mm) In/Out   

2.0000 100.000%

0.1000 80.442%

0.0500 69.554%

0.0020 58.985%

0.0010 0.000%

Structure #27:
Size (mm) In/Out   

2.0000 100.000%

0.1000 74.421%

0.0500 51.045%

0.0020 37.202%

0.0010 0.000%

Structure #29:
Size (mm) In/Out   

2.0000 100.000%

0.1000 95.473%

0.0500 91.301%

0.0020 84.762%

0.0010 0.000%

Structure #32:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 97.545%

0.0020 90.499%

0.0010 0.000%

Structure #31:
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Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 96.182%

0.0010 0.000%

Structure #33 (Inlet to North Fork Diversion):
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 98.089%

0.0020 91.757%

0.0010 0.000%

Structure #34 (End of North Fork):
Size (mm) In/Out   

2.0000 100.000%

0.1000 99.141%

0.0500 98.582%

0.0020 96.173%

0.0010 0.000%

Structure #5:
Size (mm) In/Out   

2.0000 100.000%

0.1000 98.202%

0.0500 90.662%

0.0020 85.006%

0.0010 0.000%

Structure #6:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 98.494%

Filename: A4N CW_Postmine_sedcad_Feb2011.sc4 Printed 03-02-2011

SEDCAD 4 for Windows
Copyright 1998 -2007 Pamela J. Schwab
Civil Software Design, LLC 11

57



Size (mm) In/Out   

0.0010 0.000%

Structure #7:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 100.000%

0.0010 0.000%

Structure #8:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 100.000%

0.0010 0.000%

Structure #10:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 99.750%

0.0020 99.617%

0.0010 0.000%

Structure #1:
Size (mm) In/Out   

2.0000 100.000%

0.1000 94.096%

0.0500 84.449%

0.0020 79.797%

0.0010 0.000%

Structure #2:
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Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 97.916%

0.0010 0.000%

Structure #3:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 99.231%

0.0010 0.000%

Structure #4:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 99.231%

0.0010 0.000%

Structure #9:
Size (mm) In/Out   

2.0000 100.000%

0.1000 98.135%

0.0500 96.306%

0.0020 95.462%

0.0010 0.000%

Structure #11:
Size (mm) In/Out   

2.0000 100.000%

0.1000 99.531%

0.0500 98.883%

0.0020 98.572%
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Size (mm) In/Out   

0.0010 0.000%

Structure #21 (End of South Fork):
Size (mm) In/Out   

2.0000 100.000%

0.1000 98.524%

0.0500 97.337%

0.0020 96.858%

0.0010 0.000%

Structure #35:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 100.000%

0.0010 0.000%

Structure #15:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 96.466%

0.0020 93.034%

0.0010 0.000%

Structure #12:
Size (mm) In/Out   

2.0000 100.000%

0.1000 81.344%

0.0500 52.324%

0.0020 33.857%

0.0010 0.000%

Structure #13:
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Size (mm) In/Out   

2.0000 100.000%

0.1000 73.909%

0.0500 44.750%

0.0020 28.956%

0.0010 0.000%

Structure #14:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 94.965%

0.0010 0.000%

Structure #16:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 99.073%

0.0020 93.302%

0.0010 0.000%

Structure #23:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 99.082%

0.0020 93.364%

0.0010 0.000%

Structure #18:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 98.314%
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Size (mm) In/Out   

0.0010 0.000%

Structure #17:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 86.607%

0.0010 0.000%

Structure #19:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 95.262%

0.0010 0.000%

Structure #20 (End of Middle Fork):
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 99.159%

0.0020 93.551%

0.0010 0.000%

Structure #22:
Size (mm) In/Out   

2.0000 100.000%

0.1000 99.146%

0.0500 98.105%

0.0020 95.464%

0.0010 0.000%

Structure #36:
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Size (mm) In/Out   

2.0000 100.000%

0.1000 99.070%

0.0500 98.081%

0.0020 95.504%

0.0010 0.000%

Structure #37:
Size (mm) In/Out   

2.0000 100.000%

0.1000 99.829%

0.0500 99.589%

0.0020 97.771%

0.0010 0.000%
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Structure Detail:
Structure #30 (Null)

Structure #28 (Null)

Structure #26 (Null)

Structure #24 (Null)

Structure #25 (Null)

Structure #27 (Null)

Structure #29 (Null)

Structure #32 (Null)

Structure #31 (Null)

Structure #33 (Null)

     Inlet to North Fork Diversion

Structure #34 (Null)

     End of North Fork

Structure #5 (Null)

Structure #6 (Null)

Structure #7 (Null)

Structure #8 (Null)

Structure #10 (Null)

Structure #1 (Null)

Structure #2 (Null)

Structure #3 (Null)

Structure #4 (Null)

Structure #9 (Null)

Structure #11 (Null)

Structure #21 (Null)

     End of South Fork
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Structure #35 (Null)

Structure #15 (Null)

Structure #12 (Null)

Structure #13 (Null)

Structure #14 (Null)

Structure #16 (Null)

Structure #23 (Null)

Structure #18 (Null)

Structure #17 (Null)

Structure #19 (Null)

Structure #20 (Null)

     End of Middle Fork

Structure #22 (Null)

Structure #36 (Null)

Structure #37 (Null)
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Subwatershed Hydrology Detail:

Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#30 1 476.400 1.131 0.000 0.000 73.100 M 12.85 2.369

 476.400 12.85 2.369

#28 1 772.300 0.657 0.523 0.334 90.400 M 294.08 28.234

2 445.600 0.587 0.000 0.000 90.400 M 181.58 16.298

 1,217.900 348.89 44.532

#26 1 447.600 2.192 0.000 0.000 74.200 M 9.95 2.658

2 2,038.800 3.000 0.000 0.000 77.000 M 56.53 18.090

 2,486.400 65.87 20.749

#24 1 2,607.500 5.367 2.377 0.305 75.200 M 36.40 18.008

2 2,331.900 4.813 2.431 0.304 74.700 M 32.79 14.952

3 1,758.500 2.231 1.788 0.297 76.200 M 53.22 14.003

4 1,363.900 2.618 0.000 0.000 77.000 M 41.60 12.102

 8,061.800 94.58 59.064

#25 1 515.200 0.990 0.342 0.357 78.200 M 35.51 5.338

2 130.500 0.787 0.342 0.357 78.100 M 10.20 1.335

3 370.000 0.516 0.000 0.000 85.700 M 100.68 8.714

 9,077.500 103.41 74.451

#27 1 354.400 0.612 1.233 0.337 83.100 M 64.12 6.415

2 305.200 0.529 1.054 0.328 84.000 M 67.36 6.066

3 289.800 0.692 0.551 0.328 75.500 M 15.73 2.092

4 253.000 0.361 0.551 0.328 79.400 M 38.72 3.045

5 581.300 0.980 0.000 0.000 82.300 M 70.74 9.662

 13,347.600 236.67 122.480

#29 1 508.800 0.409 0.416 0.312 89.500 M 231.71 17.181

2 233.200 0.521 0.291 0.312 91.600 M 114.51 9.503

3 224.000 0.467 0.000 0.000 90.000 M 99.86 7.898

 15,531.500 535.73 201.594

#32 1 293.700 0.576 0.000 0.000 93.000 M 155.77 13.555

 16,301.600 553.89 217.518

#31 1 431.100 0.588 0.450 0.336 91.500 M 195.23 17.409

2 325.800 0.432 0.149 0.327 93.000 M 201.53 15.054

3 200.200 0.373 0.000 0.000 92.900 M 130.94 9.154

 957.100 333.75 41.617
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Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#33  17,258.700 646.50 259.135

#34 1 251.500 0.423 1.019 0.292 90.500 M 124.24 9.297

2 219.100 0.611 0.267 0.322 80.000 M 26.64 2.822

3 246.200 0.688 0.466 0.293 80.000 M 27.79 3.169

4 303.200 0.370 0.000 0.000 79.700 M 47.70 3.774

 18,278.700 664.99 278.197

#5 1 503.600 0.618 0.000 0.000 87.600 M 150.18 14.208

2 406.500 0.388 0.501 0.350 84.800 M 118.13 8.756

3 439.600 0.342 0.681 0.347 87.800 M 185.10 12.703

4 162.600 0.280 0.681 0.347 86.000 M 62.76 3.956

5 294.100 0.375 1.021 0.348 92.000 M 177.00 12.404

6 216.600 0.272 1.018 0.348 90.100 M 124.31 7.741

 2,023.000 506.93 59.768

#6 1 149.100 0.331 0.000 0.000 92.600 M 99.69 6.664

2 245.000 0.529 0.192 0.328 88.100 M 84.56 7.253

3 276.200 0.450 0.461 0.319 89.500 M 119.60 9.300

4 158.400 0.380 1.385 0.185 93.000 M 103.69 7.303

5 206.200 0.402 0.796 0.320 89.400 M 93.79 6.898

6 414.000 0.430 1.066 0.323 87.200 M 146.68 11.277

7 294.300 0.535 1.066 0.323 86.400 M 84.49 7.413

 3,766.200 630.69 115.877

#7 1 731.700 1.274 0.000 0.000 93.000 M 230.24 33.718

2 445.800 1.043 0.000 0.000 93.000 M 161.73 20.536

3 270.800 0.804 0.000 0.000 93.000 M 116.60 12.479

4 78.900 0.267 1.035 0.328 93.000 M 58.83 3.657

5 154.900 0.310 1.071 0.326 93.000 M 109.87 7.170

6 101.400 0.288 1.164 0.328 92.900 M 73.18 4.649

7 117.700 0.298 1.344 0.329 92.200 M 79.02 5.069

8 494.100 0.518 1.344 0.329 91.300 M 236.39 19.599

 6,161.500 1,047.30 222.753

#8 1 0.000 0.000 0.000 0.000 1.000 0.00 0.000

 6,161.500 1,047.30 222.753

#10 1 355.500 1.286 0.000 0.000 93.000 M 111.10 16.378

2 307.100 1.282 0.668 0.305 83.200 M 34.57 5.611

3 147.300 1.245 0.517 0.303 90.600 M 37.29 5.476

4 126.400 0.585 0.517 0.303 93.000 M 66.43 5.835

5 116.900 1.179 0.621 0.305 93.000 M 38.91 5.387

 7,214.700 1,090.14 261.441
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Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#1 1 557.400 0.941 0.000 0.000 83.600 M 81.52 10.620

2 169.600 1.616 0.677 0.333 93.000 M 44.67 7.814

3 636.400 1.842 0.729 0.333 81.000 M 42.22 9.173

4 223.400 0.846 1.005 0.336 84.100 M 37.12 4.481

5 77.700 0.330 1.392 0.341 81.400 M 16.45 1.177

6 746.600 0.678 1.392 0.341 88.200 M 223.56 22.294

 2,411.100 349.94 55.559

#2 1 257.000 0.423 0.000 0.000 93.000 M 160.57 11.884

2 180.500 0.562 0.478 0.281 91.800 M 86.49 7.480

3 200.700 0.687 0.574 0.283 93.000 M 95.62 9.253

4 438.600 0.811 0.574 0.283 93.000 M 187.82 20.217

5 420.200 1.247 0.801 0.293 88.000 M 81.68 12.305

 3,908.100 424.36 116.699

#3 1 172.600 0.443 0.000 0.000 93.000 M 105.46 7.962

2 311.200 0.890 0.000 0.000 88.900 M 83.85 9.910

3 378.900 0.632 0.209 0.314 87.900 M 114.95 10.994

 4,770.800 559.86 145.565

#4  4,770.800 559.86 145.565

#9 1 445.600 0.987 0.000 0.000 85.800 M 80.88 10.579

 5,216.400 573.82 156.145

#11  12,431.100 1,503.28 417.585

#21 1 292.400 0.819 0.000 0.000 86.900 M 67.48 7.722

2 230.540 0.388 0.694 0.266 89.200 M 104.60 7.555

3 181.120 0.289 0.878 0.256 91.300 M 113.49 7.196

4 396.400 0.939 0.878 0.256 86.100 M 76.84 9.691

 13,531.560 1,545.90 449.749

#35 1 160.400 1.039 0.000 0.000 93.000 M 58.34 7.390

 160.400 58.34 7.390

#15 1 437.400 0.803 0.000 0.000 91.300 M 160.17 17.318

2 549.000 0.637 0.654 0.327 91.300 M 232.24 21.748

3 1,006.300 1.023 0.768 0.331 84.700 M 157.84 21.436

 1,992.700 386.36 60.502

#12 1 517.800 0.791 0.000 0.000 81.900 M 68.85 8.243

2 229.000 0.571 0.043 0.418 80.100 M 29.46 2.985

3 592.700 0.706 0.044 0.417 81.500 M 80.46 9.035

4 1,806.900 1.542 0.487 0.362 76.700 M 75.15 15.402

5 348.100 0.618 0.487 0.362 80.000 42.02 4.480
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Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

 3,494.500 193.05 40.145

#13 1 411.600 0.725 0.000 0.000 79.700 M 43.08 5.117

2 636.400 0.774 0.322 0.336 80.700 M 73.39 8.877

3 319.000 0.575 0.685 0.318 85.500 M 79.39 7.365

4 231.700 0.314 0.923 0.328 80.400 M 44.09 3.134

5 1,122.000 1.308 0.923 0.328 74.700 M 37.39 7.196

 6,215.200 371.99 71.835

#14 1 405.900 0.384 0.000 0.000 90.800 M 216.25 15.375

2 411.100 0.452 0.707 0.308 90.700 M 199.92 15.437

3 787.400 0.658 0.975 0.307 91.400 M 329.86 31.500

4 144.200 0.341 1.716 0.310 86.200 M 51.96 3.578

5 343.800 0.289 1.970 0.312 86.500 M 137.47 8.764

6 392.800 0.806 2.107 0.316 81.900 M 51.63 6.253

7 528.200 0.518 2.544 0.316 87.200 M 168.32 14.371

8 890.900 1.253 2.544 0.316 83.500 M 105.62 16.798

9 741.400 1.076 3.047 0.316 84.800 M 113.59 15.952

10 451.100 0.916 3.354 0.316 83.900 M 69.56 8.865

 11,312.000 509.48 208.729

#16 1 475.100 1.721 0.000 0.000 92.400 M 112.52 20.749

2 348.400 0.542 0.951 0.283 92.500 M 182.39 15.361

3 198.500 0.266 1.384 0.278 93.000 M 148.18 9.199

 14,326.700 833.40 314.541

#23  14,487.100 843.93 321.931

#18 1 301.700 0.652 0.000 0.000 93.000 M 148.51 13.922

2 546.800 0.768 0.561 0.320 86.300 M 123.34 13.636

 848.500 169.02 27.558

#17 1 182.200 0.462 0.000 0.000 93.000 M 108.99 8.406

 182.200 108.99 8.406

#19  1,030.700 255.08 35.964

#20 1 271.100 0.978 0.000 0.000 89.400 M 72.16 9.037

 15,788.900 889.57 366.932

#22  29,320.460 2,319.36 816.681

#36 1 283.020 0.468 1.457 0.305 77.100 M 25.98 2.550

2 301.840 0.632 1.051 0.286 90.100 M 114.26 10.726

3 223.850 0.703 1.051 0.286 74.300 M 9.65 1.351

4 262.400 0.419 0.835 0.229 78.000 M 29.92 2.661
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Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

5 222.760 0.421 0.475 0.224 74.500 M 13.21 1.391

6 290.810 0.526 0.000 0.000 74.800 M 16.02 1.897

 49,183.840 2,902.61 1,115.454

#37 1 744.000 1.756 0.000 0.000 84.800 M 79.95 16.001

2 303.330 0.416 1.859 0.242 87.800 M 116.15 8.752

3 223.850 0.703 1.179 0.270 74.300 M 9.65 1.351

4 262.400 0.419 0.835 0.229 78.000 M 29.92 2.661

5 222.760 0.421 0.475 0.224 74.500 M 13.21 1.391

6 290.810 0.526 0.000 0.000 74.800 M 16.02 1.897

7 245.660 0.561 1.487 0.252 79.400 M 28.93 2.948

 51,476.650 2,854.56 1,150.456

Subwatershed Sedimentology Detail:

Stru
#

SWS
# Soil K L (ft) S (%) C P PS #

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc

(ml/l)

24VW

(ml/l)

#30 1 0.095 200.00 3.80 0.3720 1.0000 2 14.2 5,823 2.63 1.99

 14.2 5,823 2.63 1.99

#28 1 0.187 100.00 10.10 0.3750 1.0000 3 1,691.3 60,778 0.00 0.00

2 0.196 100.00 10.20 0.3930 1.0000 3 1,057.3 66,779 0.38 0.27

 2,235.4 51,499 0.14 0.10

#26 1 0.155 400.00 1.40 0.3480 1.0000 2 10.2 3,675 1.35 1.03

2 0.155 300.00 2.40 0.3340 1.0000 2 110.7 5,916 1.92 1.46

 120.8 5,583 1.83 1.40

#24 1 0.128 300.00 2.30 0.3360 1.0000 2 69.0 3,751 0.72 0.55

2 0.136 300.00 2.70 0.3440 1.0000 2 73.7 4,806 1.05 0.79

3 0.107 300.00 2.30 0.3330 1.0000 2 61.4 4,240 1.58 1.20

4 0.163 400.00 1.60 0.3210 1.0000 2 57.4 4,592 1.60 1.22

 203.0 3,780 0.64 0.43

#25 1 0.125 400.00 1.90 0.3440 1.0000 2 31.7 5,921 2.90 2.13

2 0.124 300.00 2.60 0.3280 1.0000 2 8.3 6,299 3.23 2.34

3 0.122 175.00 4.90 0.2660 1.0000 2 124.8 15,325 9.03 6.18

 286.7 13,375 3.76 0.80

#27 1 0.127 175.00 5.90 0.3160 1.0000 2 120.5 19,245 10.86 7.75

2 0.122 150.00 7.50 0.2920 1.0000 2 124.1 21,150 12.27 8.67

3 0.070 125.00 8.40 0.3270 1.0000 2 20.4 9,772 4.95 3.62
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Stru
#

SWS
# Soil K L (ft) S (%) C P PS #

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc

(ml/l)

24VW

(ml/l)

4 0.097 125.00 9.60 0.3170 1.0000 2 68.7 24,070 14.12 9.66

5 0.126 125.00 8.90 0.3290 1.0000 2 221.3 23,130 11.96 8.64

 960.5 24,353 10.74 2.54

#29 1 0.190 125.00 9.80 0.3930 1.0000 3 1,234.6 74,373 2.77 1.92

2 0.203 125.00 8.90 0.3940 1.0000 3 553.5 59,967 1.62 1.13

3 0.193 125.00 8.40 0.3940 1.0000 3 401.2 53,399 1.47 1.01

 5,382.3 61,965 5.75 1.80

#32 1 0.210 150.00 7.70 0.3990 1.0000 3 750.9 57,078 1.49 1.04

 5,815.1 55,468 2.48 0.87

#31 1 0.204 125.00 8.70 0.3620 1.0000 3 933.4 54,844 0.71 0.50

2 0.210 150.00 7.30 0.3990 1.0000 3 873.4 60,205 3.21 2.23

3 0.210 175.00 4.50 0.3980 1.0000 3 353.4 40,877 2.61 1.79

 1,654.1 37,577 0.51 0.39

#33  7,469.2 47,241 1.78 0.79

#34 1 0.193 200.00 3.84 0.2460 1.0000 3 147.7 16,426 0.66 0.47

2 0.214 200.00 3.66 0.3150 1.0000 1 43.5 15,928 9.21 6.52

3 0.214 300.00 2.54 0.3150 1.0000 1 38.4 12,389 7.04 5.04

4 0.242 200.00 3.50 0.3150 1.0000 1 76.9 22,467 13.73 9.09

 7,299.7 42,342 0.84 0.38

#5 1 0.149 75.00 12.50 0.3230 1.0000 3 613.6 44,895 0.00 0.00

2 0.133 75.00 15.80 0.3190 1.0000 2 485.8 58,586 35.43 24.22

3 0.103 100.00 11.00 0.2030 1.0000 3 280.3 23,416 1.03 0.71

4 0.093 75.00 13.80 0.2130 1.0000 2 85.9 23,252 14.53 9.90

5 0.123 100.00 11.00 0.1370 1.0000 3 218.0 18,255 1.07 0.75

6 0.149 75.00 14.70 0.1990 1.0000 3 297.4 39,951 2.82 1.97

 1,630.2 37,031 3.51 1.88

#6 1 0.208 175.00 4.30 0.3980 1.0000 3 240.5 38,407 2.71 1.85

2 0.183 175.00 5.40 0.3910 1.0000 3 246.9 35,623 0.11 0.08

3 0.188 150.00 7.60 0.3900 1.0000 3 453.3 50,708 1.43 0.99

4 0.210 150.00 6.30 0.3990 1.0000 3 349.1 47,409 2.99 2.18

5 0.185 125.00 8.10 0.3860 1.0000 3 317.5 47,503 1.82 1.27

6 0.104 100.00 11.30 0.2240 1.0000 3 266.6 24,541 0.50 0.35

7 0.164 100.00 11.20 0.3740 1.0000 3 402.9 55,318 0.00 0.00

 3,138.3 32,912 0.18 0.11

#7 1 0.208 150.00 7.80 0.3780 1.0000 3 1,480.3 43,754 0.00 0.00

2 0.209 100.00 10.20 0.3940 1.0000 3 1,207.2 58,657 0.00 0.00

3 0.210 150.00 6.70 0.3990 1.0000 3 533.9 43,426 0.00 0.00
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Stru
#

SWS
# Soil K L (ft) S (%) C P PS #

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc

(ml/l)

24VW

(ml/l)

4 0.210 100.00 11.50 0.3990 1.0000 3 313.0 85,954 7.31 5.20

5 0.210 150.00 7.10 0.3990 1.0000 3 399.3 56,568 4.34 3.08

6 0.209 150.00 7.90 0.3990 1.0000 3 275.2 60,002 4.83 3.44

7 0.206 75.00 15.50 0.3990 1.0000 3 539.7 105,636 7.94 5.68

8 0.202 75.00 14.50 0.3980 1.0000 3 1,915.2 96,942 2.47 1.78

 8,489.7 41,428 0.00 0.00

#8 1 0.000 0.00 0.00 0.0000 1.0000 0 0.0 1 0.00 0.00

 8,489.7 41,428 0.00 0.00

#10 1 0.190 300.00 2.70 0.1930 1.0000 3 120.4 7,432 0.00 0.00

2 0.153 200.00 3.50 0.3610 1.0000 2 58.2 10,318 5.07 3.73

3 0.189 200.00 3.70 0.3190 1.0000 3 68.8 12,613 0.00 0.00

4 0.190 300.00 2.10 0.1940 1.0000 3 40.6 7,208 0.18 0.12

5 0.201 300.00 2.00 0.3030 1.0000 3 45.6 8,515 0.00 0.00

 8,415.3 37,733 0.09 0.06

#1 1 0.157 150.00 6.80 0.3830 1.0000 2 290.5 27,721 14.65 10.54

2 0.210 150.00 6.60 0.3990 1.0000 3 236.6 29,984 0.00 0.00

3 0.149 200.00 3.90 0.3870 1.0000 2 98.9 10,566 4.53 3.39

4 0.169 175.00 4.70 0.3950 1.0000 2 97.3 21,927 11.87 8.58

5 0.157 100.00 10.10 0.3940 1.0000 2 50.0 43,848 26.38 18.53

6 0.175 75.00 12.60 0.2840 1.0000 3 1,029.5 46,570 0.00 0.00

 1,695.8 33,350 4.70 3.13

#2 1 0.190 150.00 7.90 0.1930 1.0000 3 317.9 28,327 1.56 1.07

2 0.184 175.00 4.80 0.2010 1.0000 3 117.7 16,320 0.33 0.23

3 0.202 200.00 3.90 0.3220 1.0000 3 177.2 19,601 0.11 0.08

4 0.203 150.00 7.40 0.3220 1.0000 3 783.8 39,103 0.00 0.00

5 0.181 175.00 5.10 0.3710 1.0000 3 289.7 23,447 0.00 0.00

 2,361.2 21,959 0.16 0.11

#3 1 0.190 175.00 5.20 0.1930 1.0000 3 145.6 19,412 1.00 0.69

2 0.177 175.00 4.20 0.2560 1.0000 3 146.3 15,131 0.00 0.00

3 0.166 175.00 4.30 0.2290 1.0000 3 158.7 15,066 0.00 0.00

 2,728.8 17,946 0.05 0.04

#4  2,728.8 17,946 0.05 0.04

#9 1 0.212 175.00 4.17 0.2490 1.0000 2 172.1 16,552 8.85 6.36

 2,828.2 17,278 0.56 0.43

#11  11,243.4 31,250 0.31 0.20

#21 1 0.206 175.00 4.44 0.2760 1.0000 2 148.9 19,811 11.04 7.85

Filename: A4N CW_Postmine_sedcad_Feb2011.sc4 Printed 03-02-2011

SEDCAD 4 for Windows
Copyright 1998 -2007 Pamela J. Schwab
Civil Software Design, LLC 26

72



Stru
#

SWS
# Soil K L (ft) S (%) C P PS #

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc

(ml/l)

24VW

(ml/l)

2 0.241 175.00 5.81 0.3130 1.0000 1 321.7 43,913 28.08 19.74

3 0.185 300.00 2.70 0.2180 1.0000 3 84.4 12,142 0.88 0.62

4 0.220 200.00 2.66 0.2980 1.0000 1 114.0 11,859 6.77 4.92

 11,526.3 30,603 0.70 0.43

#35 1 0.194 200.00 3.42 0.2330 1.0000 3 72.9 10,039 0.00 0.00

 72.9 10,039 0.00 0.00

#15 1 0.201 125.00 8.20 0.3960 1.0000 3 817.5 47,967 0.00 0.00

2 0.161 100.00 11.40 0.3060 1.0000 3 1,067.8 49,947 0.10 0.07

3 0.118 100.00 10.20 0.2850 1.0000 2 498.0 23,281 12.24 8.91

 2,083.2 40,738 1.65 1.01

#12 1 0.124 150.00 6.30 0.3070 1.0000 2 135.0 16,811 9.01 6.42

2 0.132 200.00 3.60 0.3500 1.0000 2 32.0 11,340 6.30 4.37

3 0.136 175.00 5.00 0.3330 1.0000 2 159.9 18,316 9.97 7.04

4 0.188 200.00 3.40 0.3570 1.0000 2 187.1 11,816 5.06 3.81

5 0.228 175.00 4.10 0.3640 1.0000 2 114.1 26,144 14.32 10.17

 518.1 13,885 6.21 4.23

#13 1 0.128 150.00 6.90 0.3390 1.0000 2 98.8 19,801 10.52 7.50

2 0.130 175.00 5.70 0.3300 1.0000 2 161.3 18,474 9.82 7.06

3 0.191 175.00 6.00 0.2890 1.0000 2 205.0 28,748 16.69 11.77

4 0.122 175.00 5.10 0.3460 1.0000 2 59.8 20,201 12.12 8.37

5 0.137 175.00 4.20 0.3530 1.0000 2 83.1 11,197 4.92 3.72

 1,125.3 16,885 8.41 5.71

#14 1 0.196 100.00 10.20 0.3980 1.0000 3 1,143.6 78,218 3.93 2.68

2 0.193 150.00 6.70 0.4020 1.0000 3 752.8 50,128 1.77 1.24

3 0.169 75.00 13.80 0.3240 1.0000 3 1,926.0 61,423 0.00 0.00

4 0.114 100.00 11.00 0.2980 1.0000 3 110.0 31,352 1.15 0.82

5 0.078 100.00 10.10 0.1830 1.0000 3 116.7 13,621 0.69 0.50

6 0.084 150.00 7.10 0.2700 1.0000 2 65.7 10,554 5.64 4.12

7 0.087 100.00 10.00 0.1840 1.0000 3 184.7 12,978 0.00 0.00

8 0.126 150.00 6.70 0.2740 1.0000 2 245.8 14,467 7.18 5.31

9 0.117 150.00 7.30 0.2600 1.0000 2 237.9 14,783 7.70 5.68

10 0.115 125.00 8.50 0.2610 1.0000 2 140.7 15,749 8.39 6.18

 4,412.1 73,888 1.32 0.27

#16 1 0.201 300.00 2.78 0.3030 1.0000 3 236.1 11,383 0.00 0.00

2 0.204 150.00 6.00 0.3630 1.0000 3 612.8 40,528 1.17 0.84

3 0.210 150.00 6.10 0.3990 1.0000 3 469.1 51,076 4.35 3.14

 7,808.9 45,918 1.28 0.50
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Stru
#

SWS
# Soil K L (ft) S (%) C P PS #

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc

(ml/l)

24VW

(ml/l)

#23  7,881.8 44,645 1.23 0.49

#18 1 0.193 300.00 2.80 0.2200 1.0000 3 154.6 11,569 0.14 0.10

2 0.173 175.00 4.70 0.3880 1.0000 3 357.5 26,716 0.00 0.00

 312.0 12,741 0.08 0.05

#17 1 0.196 300.00 2.60 0.2600 1.0000 3 110.0 13,892 0.66 0.46

 110.0 13,892 0.66 0.46

#19  422.0 11,926 0.20 0.14

#20 1 0.192 200.00 3.19 0.2430 1.0000 3 88.9 10,055 0.00 0.00

 8,390.8 38,245 1.02 0.44

#22  19,917.2 31,426 0.77 0.44

#36 1 0.172 200.00 3.14 0.1950 1.0000 2 17.5 6,975 3.86 2.79

2 0.195 150.00 6.18 0.1680 1.0000 3 175.5 16,743 0.00 0.00

3 0.166 150.00 7.47 0.1830 1.0000 3 15.3 11,215 0.00 0.00

4 0.187 175.00 5.07 0.1810 1.0000 1 35.0 13,496 8.04 5.74

5 0.173 175.00 4.89 0.1800 1.0000 1 13.7 10,011 5.74 4.14

6 0.177 175.00 5.15 0.1840 1.0000 1 20.0 10,748 5.99 4.30

 27,481.1 31,166 0.76 0.44

#37 1 0.172 200.00 3.14 0.1950 1.0000 2 91.9 5,704 2.62 1.94

2 0.195 150.00 6.18 0.1680 1.0000 3 157.7 18,148 0.49 0.35

3 0.166 150.00 7.47 0.1830 1.0000 3 15.3 11,183 0.00 0.00

4 0.187 175.00 5.07 0.1810 1.0000 1 35.0 13,496 8.04 5.74

5 0.173 175.00 4.89 0.1800 1.0000 2 13.7 10,011 5.44 3.92

6 0.177 175.00 5.15 0.1840 1.0000 1 20.0 10,748 5.99 4.30

7 0.175 175.00 4.90 0.2080 1.0000 2 38.0 13,002 7.19 5.21

 27,065.2 30,513 0.30 0.17

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 3.65 50.00 1,369.00 1.910 0.199

8. Large gullies, diversions, and low
flowing streams 1.57 157.00 10,030.00 3.750 0.742

#1 1 Time of Concentration: 0.941

#1 2 5. Nearly bare and untilled, and
alluvial valley fans 6.63 70.00 1,056.00 2.570 0.114
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

5. Nearly bare and untilled, and
alluvial valley fans 1.98 150.00 7,573.00 1.400 1.502

#1 2 Time of Concentration: 1.616

#1 3 5. Nearly bare and untilled, and
alluvial valley fans 1.65 117.00 7,070.00 1.280 1.534

8. Large gullies, diversions, and low
flowing streams 2.43 126.00 5,188.00 4.670 0.308

#1 3 Time of Concentration: 1.842

#1 4 5. Nearly bare and untilled, and
alluvial valley fans 5.77 260.00 4,506.00 2.400 0.521

8. Large gullies, diversions, and low
flowing streams 2.84 168.00 5,924.00 5.050 0.325

#1 4 Time of Concentration: 0.846

#1 5 5. Nearly bare and untilled, and
alluvial valley fans 19.93 180.00 903.00 4.460 0.056

8. Large gullies, diversions, and low
flowing streams 3.30 178.00 5,393.00 5.450 0.274

#1 5 Time of Concentration: 0.330

#1 6 5. Nearly bare and untilled, and
alluvial valley fans 13.43 105.00 782.00 3.660 0.059

8. Large gullies, diversions, and low
flowing streams 2.62 283.00 10,822.00 4.850 0.619

#1 6 Time of Concentration: 0.678

#2 1 5. Nearly bare and untilled, and
alluvial valley fans 6.84 70.00 1,024.00 2.610 0.108

8. Large gullies, diversions, and low
flowing streams 1.62 70.00 4,325.00 3.810 0.315

#2 1 Time of Concentration: 0.423

#2 2 5. Nearly bare and untilled, and
alluvial valley fans 5.56 45.00 810.00 2.350 0.095

8. Large gullies, diversions, and low
flowing streams 0.86 40.00 4,663.00 2.770 0.467

#2 2 Time of Concentration: 0.562

#2 3 5. Nearly bare and untilled, and
alluvial valley fans 5.89 50.00 849.00 2.420 0.097

8. Large gullies, diversions, and low
flowing streams 1.17 80.00 6,862.00 3.230 0.590

#2 3 Time of Concentration: 0.687

#2 4 5. Nearly bare and untilled, and
alluvial valley fans 12.63 95.00 752.00 3.550 0.058

8. Large gullies, diversions, and low
flowing streams 1.40 135.00 9,630.00 3.550 0.753

#2 4 Time of Concentration: 0.811

#2 5 5. Nearly bare and untilled, and
alluvial valley fans 11.02 70.00 635.00 3.320 0.053

8. Large gullies, diversions, and low
flowing streams 0.46 40.00 8,732.00 2.030 1.194

#2 5 Time of Concentration: 1.247
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#3 1 5. Nearly bare and untilled, and
alluvial valley fans 1.24 10.00 805.00 1.110 0.201

8. Large gullies, diversions, and low
flowing streams 1.33 40.00 3,017.00 3.450 0.242

#3 1 Time of Concentration: 0.443

#3 2 5. Nearly bare and untilled, and
alluvial valley fans 0.68 10.00 1,478.00 0.820 0.500

8. Large gullies, diversions, and low
flowing streams 1.78 100.00 5,622.00 4.000 0.390

#3 2 Time of Concentration: 0.890

#3 3 5. Nearly bare and untilled, and
alluvial valley fans 4.66 70.00 1,501.00 2.150 0.193

8. Large gullies, diversions, and low
flowing streams 1.17 60.00 5,126.00 3.240 0.439

#3 3 Time of Concentration: 0.632

#5 1 5. Nearly bare and untilled, and
alluvial valley fans 19.06 285.00 1,495.00 4.360 0.095

8. Large gullies, diversions, and low
flowing streams 2.64 242.00 9,174.00 4.870 0.523

#5 1 Time of Concentration: 0.618

#5 2 5. Nearly bare and untilled, and
alluvial valley fans 14.27 105.00 736.00 3.770 0.054

8. Large gullies, diversions, and low
flowing streams 4.08 297.00 7,279.00 6.050 0.334

#5 2 Time of Concentration: 0.388

#5 3 5. Nearly bare and untilled, and
alluvial valley fans 8.27 35.00 423.00 2.870 0.040

8. Large gullies, diversions, and low
flowing streams 3.44 208.00 6,049.00 5.560 0.302

#5 3 Time of Concentration: 0.342

#5 4 5. Nearly bare and untilled, and
alluvial valley fans 14.58 85.00 583.00 3.810 0.042

8. Large gullies, diversions, and low
flowing streams 4.53 248.00 5,473.00 6.380 0.238

#5 4 Time of Concentration: 0.280

#5 5 5. Nearly bare and untilled, and
alluvial valley fans 5.07 70.00 1,382.00 2.250 0.170

8. Large gullies, diversions, and low
flowing streams 3.89 170.00 4,375.00 5.910 0.205

#5 5 Time of Concentration: 0.375

#5 6 5. Nearly bare and untilled, and
alluvial valley fans 12.48 90.00 721.00 3.530 0.056

8. Large gullies, diversions, and low
flowing streams 5.16 274.00 5,308.02 6.810 0.216

#5 6 Time of Concentration: 0.272

#6 1 5. Nearly bare and untilled, and
alluvial valley fans 5.36 75.00 1,399.00 2.310 0.168

8. Large gullies, diversions, and low
flowing streams 2.41 66.00 2,742.00 4.650 0.163

Filename: A4N CW_Postmine_sedcad_Feb2011.sc4 Printed 03-02-2011

SEDCAD 4 for Windows
Copyright 1998 -2007 Pamela J. Schwab
Civil Software Design, LLC 30

76



Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#6 1 Time of Concentration: 0.331

#6 2 5. Nearly bare and untilled, and
alluvial valley fans 3.39 80.00 2,359.00 1.840 0.356

8. Large gullies, diversions, and low
flowing streams 2.63 80.00 3,039.00 4.860 0.173

#6 2 Time of Concentration: 0.529

#6 3 5. Nearly bare and untilled, and
alluvial valley fans 4.60 34.00 739.00 2.140 0.095

8. Large gullies, diversions, and low
flowing streams 2.33 136.00 5,845.00 4.570 0.355

#6 3 Time of Concentration: 0.450

#6 4 5. Nearly bare and untilled, and
alluvial valley fans 6.06 85.00 1,402.00 2.460 0.158

8. Large gullies, diversions, and low
flowing streams 2.52 96.00 3,810.00 4.760 0.222

#6 4 Time of Concentration: 0.380

#6 5 5. Nearly bare and untilled, and
alluvial valley fans 7.24 70.00 967.00 2.690 0.099

8. Large gullies, diversions, and low
flowing streams 2.34 117.00 5,003.00 4.580 0.303

#6 5 Time of Concentration: 0.402

#6 6 5. Nearly bare and untilled, and
alluvial valley fans 31.83 183.00 575.00 5.640 0.028

8. Large gullies, diversions, and low
flowing streams 3.38 270.00 7,990.00 5.510 0.402

#6 6 Time of Concentration: 0.430

#6 7 5. Nearly bare and untilled, and
alluvial valley fans 23.08 325.00 1,408.00 4.800 0.081

8. Large gullies, diversions, and low
flowing streams 2.88 240.00 8,327.00 5.090 0.454

#6 7 Time of Concentration: 0.535

#7 1 5. Nearly bare and untilled, and
alluvial valley fans 11.42 90.00 788.00 3.370 0.064

8. Large gullies, diversions, and low
flowing streams 1.46 230.00 15,769.00 3.620 1.210

#7 1 Time of Concentration: 1.274

#7 2 5. Nearly bare and untilled, and
alluvial valley fans 10.97 60.00 547.00 3.310 0.045

8. Large gullies, diversions, and low
flowing streams 1.61 220.00 13,660.00 3.800 0.998

#7 2 Time of Concentration: 1.043

#7 3 5. Nearly bare and untilled, and
alluvial valley fans 6.40 60.00 938.00 2.520 0.103

8. Large gullies, diversions, and low
flowing streams 1.72 171.00 9,931.00 3.930 0.701

#7 3 Time of Concentration: 0.804

#7 4 5. Nearly bare and untilled, and
alluvial valley fans 19.23 80.00 416.00 4.380 0.026
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

8. Large gullies, diversions, and low
flowing streams 2.45 100.00 4,083.00 4.690 0.241

#7 4 Time of Concentration: 0.267

#7 5 5. Nearly bare and untilled, and
alluvial valley fans 6.09 67.00 1,101.00 2.460 0.124

8. Large gullies, diversions, and low
flowing streams 2.51 80.00 3,184.00 4.750 0.186

#7 5 Time of Concentration: 0.310

#7 6 5. Nearly bare and untilled, and
alluvial valley fans 5.93 63.00 1,062.00 2.430 0.121

8. Large gullies, diversions, and low
flowing streams 2.74 82.00 2,993.00 4.960 0.167

#7 6 Time of Concentration: 0.288

#7 7 5. Nearly bare and untilled, and
alluvial valley fans 7.97 65.00 816.00 2.820 0.080

8. Large gullies, diversions, and low
flowing streams 3.48 153.00 4,400.00 5.590 0.218

#7 7 Time of Concentration: 0.298

#7 8 5. Nearly bare and untilled, and
alluvial valley fans 6.60 50.00 758.00 2.560 0.082

8. Large gullies, diversions, and low
flowing streams 4.66 473.00 10,157.00 6.470 0.436

#7 8 Time of Concentration: 0.518

#9 1 5. Nearly bare and untilled, and
alluvial valley fans 3.01 55.00 1,829.00 1.730 0.293

8. Large gullies, diversions, and low
flowing streams 0.76 50.00 6,548.00 2.620 0.694

#9 1 Time of Concentration: 0.987

#10 1 5. Nearly bare and untilled, and
alluvial valley fans 1.24 41.00 3,317.00 1.110 0.830

8. Large gullies, diversions, and low
flowing streams 0.70 29.00 4,125.00 2.510 0.456

#10 1 Time of Concentration: 1.286

#10 2 5. Nearly bare and untilled, and
alluvial valley fans 2.25 125.00 5,554.00 1.500 1.028

8. Large gullies, diversions, and low
flowing streams 2.13 85.00 3,997.00 4.370 0.254

#10 2 Time of Concentration: 1.282

#10 3 5. Nearly bare and untilled, and
alluvial valley fans 1.39 68.00 4,904.00 1.170 1.164

8. Large gullies, diversions, and low
flowing streams 4.73 90.00 1,904.00 6.520 0.081

#10 3 Time of Concentration: 1.245

#10 4 5. Nearly bare and untilled, and
alluvial valley fans 3.76 51.00 1,357.00 1.930 0.195

8. Large gullies, diversions, and low
flowing streams 0.65 22.00 3,385.00 2.410 0.390

#10 4 Time of Concentration: 0.585
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#10 5 5. Nearly bare and untilled, and
alluvial valley fans 1.63 88.00 5,391.16 1.270 1.179

#10 5 Time of Concentration: 1.179

#12 1 5. Nearly bare and untilled, and
alluvial valley fans 4.50 75.00 1,667.00 2.120 0.218

8. Large gullies, diversions, and low
flowing streams 1.85 155.00 8,400.00 4.070 0.573

#12 1 Time of Concentration: 0.791

#12 2 5. Nearly bare and untilled, and
alluvial valley fans 2.99 50.00 1,674.03 1.720 0.270

8. Large gullies, diversions, and low
flowing streams 1.67 70.00 4,201.17 3.870 0.301

#12 2 Time of Concentration: 0.571

#12 3 5. Nearly bare and untilled, and
alluvial valley fans 4.04 57.00 1,411.00 2.000 0.195

8. Large gullies, diversions, and low
flowing streams 1.55 107.00 6,884.00 3.740 0.511

#12 3 Time of Concentration: 0.706

#12 4 5. Nearly bare and untilled, and
alluvial valley fans 2.23 84.00 3,771.04 1.490 0.703

8. Large gullies, diversions, and low
flowing streams 1.62 186.00 11,515.60 3.810 0.839

#12 4 Time of Concentration: 1.542

#12 5 5. Nearly bare and untilled, and
alluvial valley fans 3.68 53.00 1,442.00 1.910 0.209

8. Large gullies, diversions, and low
flowing streams 1.95 120.00 6,155.00 4.180 0.409

#12 5 Time of Concentration: 0.618

#13 1 5. Nearly bare and untilled, and
alluvial valley fans 4.62 62.00 1,342.00 2.140 0.174

8. Large gullies, diversions, and low
flowing streams 1.91 157.00 8,225.00 4.140 0.551

#13 1 Time of Concentration: 0.725

#13 2 5. Nearly bare and untilled, and
alluvial valley fans 2.91 50.00 1,717.00 1.700 0.280

8. Large gullies, diversions, and low
flowing streams 2.28 183.00 8,039.00 4.520 0.494

#13 2 Time of Concentration: 0.774

#13 3 5. Nearly bare and untilled, and
alluvial valley fans 6.18 95.00 1,537.00 2.480 0.172

8. Large gullies, diversions, and low
flowing streams 2.13 135.00 6,347.00 4.370 0.403

#13 3 Time of Concentration: 0.575

#13 4 5. Nearly bare and untilled, and
alluvial valley fans 3.17 10.00 315.00 1.780 0.049

8. Large gullies, diversions, and low
flowing streams 2.30 100.00 4,344.00 4.550 0.265

#13 4 Time of Concentration: 0.314

Filename: A4N CW_Postmine_sedcad_Feb2011.sc4 Printed 03-02-2011

SEDCAD 4 for Windows
Copyright 1998 -2007 Pamela J. Schwab
Civil Software Design, LLC 33

79



Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#13 5 5. Nearly bare and untilled, and
alluvial valley fans 3.10 70.00 2,255.00 1.760 0.355

8. Large gullies, diversions, and low
flowing streams 1.23 140.00 11,392.00 3.320 0.953

#13 5 Time of Concentration: 1.308

#14 1 5. Nearly bare and untilled, and
alluvial valley fans 10.59 63.00 595.00 3.250 0.050

8. Large gullies, diversions, and low
flowing streams 2.60 151.00 5,808.00 4.830 0.334

#14 1 Time of Concentration: 0.384

#14 2 5. Nearly bare and untilled, and
alluvial valley fans 7.28 67.00 920.00 2.690 0.095

8. Large gullies, diversions, and low
flowing streams 2.17 123.00 5,670.00 4.410 0.357

#14 2 Time of Concentration: 0.452

#14 3 5. Nearly bare and untilled, and
alluvial valley fans 21.46 150.00 699.00 4.630 0.041

8. Large gullies, diversions, and low
flowing streams 3.10 364.00 11,728.00 5.280 0.617

#14 3 Time of Concentration: 0.658

#14 4 5. Nearly bare and untilled, and
alluvial valley fans 3.39 35.00 1,032.00 1.840 0.155

8. Large gullies, diversions, and low
flowing streams 2.97 103.00 3,470.00 5.160 0.186

#14 4 Time of Concentration: 0.341

#14 5 5. Nearly bare and untilled, and
alluvial valley fans 28.15 125.00 444.00 5.300 0.023

8. Large gullies, diversions, and low
flowing streams 4.18 246.00 5,886.00 6.130 0.266

#14 5 Time of Concentration: 0.289

#14 6 5. Nearly bare and untilled, and
alluvial valley fans 3.18 40.00 1,257.00 1.780 0.196

8. Large gullies, diversions, and low
flowing streams 2.29 228.00 9,963.00 4.530 0.610

#14 6 Time of Concentration: 0.806

#14 7 5. Nearly bare and untilled, and
alluvial valley fans 16.72 100.00 598.00 4.080 0.040

8. Large gullies, diversions, and low
flowing streams 2.81 243.00 8,649.00 5.020 0.478

#14 7 Time of Concentration: 0.518

#14 8 5. Nearly bare and untilled, and
alluvial valley fans 1.70 47.00 2,765.00 1.300 0.590

8. Large gullies, diversions, and low
flowing streams 2.44 274.00 11,208.00 4.690 0.663

#14 8 Time of Concentration: 1.253

#14 9 5. Nearly bare and untilled, and
alluvial valley fans 2.87 105.00 3,657.00 1.690 0.601

8. Large gullies, diversions, and low
flowing streams 2.43 194.00 7,991.00 4.670 0.475
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#14 9 Time of Concentration: 1.076

#14 10 5. Nearly bare and untilled, and
alluvial valley fans 2.75 80.00 2,907.00 1.650 0.489

8. Large gullies, diversions, and low
flowing streams 2.41 172.00 7,149.00 4.650 0.427

#14 10 Time of Concentration: 0.916

#15 1 5. Nearly bare and untilled, and
alluvial valley fans 12.80 54.00 422.00 3.570 0.032

8. Large gullies, diversions, and low
flowing streams 1.68 181.00 10,781.00 3.880 0.771

#15 1 Time of Concentration: 0.803

#15 2 5. Nearly bare and untilled, and
alluvial valley fans 44.22 260.00 588.00 6.640 0.024

8. Large gullies, diversions, and low
flowing streams 2.45 254.00 10,354.24 4.690 0.613

#15 2 Time of Concentration: 0.637

#15 3 5. Nearly bare and untilled, and
alluvial valley fans 10.04 85.00 847.00 3.160 0.074

8. Large gullies, diversions, and low
flowing streams 2.34 366.00 15,663.00 4.580 0.949

#15 3 Time of Concentration: 1.023

#16 1 5. Nearly bare and untilled, and
alluvial valley fans 2.26 117.00 5,179.00 1.500 0.959

8. Large gullies, diversions, and low
flowing streams 0.46 26.00 5,601.00 2.040 0.762

#16 1 Time of Concentration: 1.721

#16 2 5. Nearly bare and untilled, and
alluvial valley fans 8.70 62.00 713.00 2.940 0.067

8. Large gullies, diversions, and low
flowing streams 1.99 144.00 7,241.00 4.230 0.475

#16 2 Time of Concentration: 0.542

#16 3 5. Nearly bare and untilled, and
alluvial valley fans 6.88 32.00 465.00 2.620 0.049

8. Large gullies, diversions, and low
flowing streams 2.29 81.00 3,543.00 4.530 0.217

#16 3 Time of Concentration: 0.266

#17 1 5. Nearly bare and untilled, and
alluvial valley fans 9.37 65.00 694.00 3.060 0.062

8. Large gullies, diversions, and low
flowing streams 1.19 56.00 4,712.00 3.270 0.400

#17 1 Time of Concentration: 0.462

#18 1 5. Nearly bare and untilled, and
alluvial valley fans 9.00 60.00 667.00 2.990 0.061

8. Large gullies, diversions, and low
flowing streams 0.97 61.00 6,287.00 2.950 0.591

#18 1 Time of Concentration: 0.652

#18 2 5. Nearly bare and untilled, and
alluvial valley fans 2.47 33.00 1,336.00 1.570 0.236
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8. Large gullies, diversions, and low
flowing streams 2.01 164.00 8,154.00 4.250 0.532

#18 2 Time of Concentration: 0.768

#20 1 5. Nearly bare and untilled, and
alluvial valley fans 2.64 47.00 1,783.00 1.620 0.305

8. Large gullies, diversions, and low
flowing streams 0.56 30.00 5,405.00 2.230 0.673

#20 1 Time of Concentration: 0.978

#21 1 5. Nearly bare and untilled, and
alluvial valley fans 4.09 60.00 1,467.02 2.020 0.201

8. Large gullies, diversions, and low
flowing streams 0.93 60.00 6,433.62 2.890 0.618

#21 1 Time of Concentration: 0.819

#21 2 5. Nearly bare and untilled, and
alluvial valley fans 3.50 50.00 1,430.00 1.860 0.213

8. Large gullies, diversions, and low
flowing streams 2.15 60.00 2,785.12 4.400 0.175

#21 2 Time of Concentration: 0.388

#21 3 5. Nearly bare and untilled, and
alluvial valley fans 1.70 15.00 881.00 1.300 0.188

9. Small streams flowing bankfull 1.49 60.00 4,014.18 11.000 0.101

#21 3 Time of Concentration: 0.289

#21 4 5. Nearly bare and untilled, and
alluvial valley fans 2.21 40.00 1,811.02 1.480 0.339

8. Large gullies, diversions, and low
flowing streams 0.84 50.00 5,949.54 2.750 0.600

#21 4 Time of Concentration: 0.939

#24 1 5. Nearly bare and untilled, and
alluvial valley fans 1.71 430.00 25,118.00 1.300 5.367

#24 1 Time of Concentration: 5.367

#24 2 5. Nearly bare and untilled, and
alluvial valley fans 1.84 430.00 23,393.00 1.350 4.813

#24 2 Time of Concentration: 4.813

#24 3 5. Nearly bare and untilled, and
alluvial valley fans 1.82 155.00 8,498.00 1.350 1.748

8. Large gullies, diversions, and low
flowing streams 0.84 40.00 4,771.00 2.740 0.483

#24 3 Time of Concentration: 2.231

#24 4 5. Nearly bare and untilled, and
alluvial valley fans 1.24 50.00 4,042.00 1.110 1.011

8. Large gullies, diversions, and low
flowing streams 0.49 60.00 12,150.00 2.100 1.607

#24 4 Time of Concentration: 2.618

#25 1 5. Nearly bare and untilled, and
alluvial valley fans 0.51 10.00 1,950.00 0.710 0.762

8. Large gullies, diversions, and low
flowing streams 1.81 60.00 3,322.00 4.030 0.228

#25 1 Time of Concentration: 0.990
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#25 2 5. Nearly bare and untilled, and
alluvial valley fans 1.11 25.00 2,254.00 1.050 0.596

8. Large gullies, diversions, and low
flowing streams 2.36 75.00 3,178.00 4.600 0.191

#25 2 Time of Concentration: 0.787

#25 3 5. Nearly bare and untilled, and
alluvial valley fans 3.23 30.00 929.00 1.790 0.144

8. Large gullies, diversions, and low
flowing streams 2.45 154.00 6,297.00 4.690 0.372

#25 3 Time of Concentration: 0.516

#26 1 5. Nearly bare and untilled, and
alluvial valley fans 1.20 103.00 8,602.00 1.090 2.192

#26 1 Time of Concentration: 2.192

#26 2 5. Nearly bare and untilled, and
alluvial valley fans 1.23 120.00 9,780.00 1.100 2.469

8. Large gullies, diversions, and low
flowing streams 2.18 184.00 8,454.00 4.420 0.531

#26 2 Time of Concentration: 3.000

#27 1 5. Nearly bare and untilled, and
alluvial valley fans 4.32 50.00 1,158.02 2.070 0.155

8. Large gullies, diversions, and low
flowing streams 2.53 198.00 7,838.16 4.760 0.457

#27 1 Time of Concentration: 0.612

#27 2 5. Nearly bare and untilled, and
alluvial valley fans 5.26 30.00 570.00 2.290 0.069

8. Large gullies, diversions, and low
flowing streams 3.15 278.00 8,822.00 5.320 0.460

#27 2 Time of Concentration: 0.529

#27 3 5. Nearly bare and untilled, and
alluvial valley fans 16.33 80.00 490.00 4.040 0.033

8. Large gullies, diversions, and low
flowing streams 2.15 225.00 10,443.00 4.400 0.659

#27 3 Time of Concentration: 0.692

#27 4 5. Nearly bare and untilled, and
alluvial valley fans 12.43 65.00 523.00 3.520 0.041

8. Large gullies, diversions, and low
flowing streams 3.49 225.00 6,454.00 5.600 0.320

#27 4 Time of Concentration: 0.361

#27 5 5. Nearly bare and untilled, and
alluvial valley fans 9.40 25.00 266.00 3.060 0.024

8. Large gullies, diversions, and low
flowing streams 2.32 364.00 15,700.00 4.560 0.956

#27 5 Time of Concentration: 0.980

#28 1 5. Nearly bare and untilled, and
alluvial valley fans 5.25 40.00 762.00 2.290 0.092

8. Large gullies, diversions, and low
flowing streams 2.96 310.00 10,479.34 5.150 0.565

#28 1 Time of Concentration: 0.657
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#28 2 5. Nearly bare and untilled, and
alluvial valley fans 25.86 105.00 406.00 5.080 0.022

8. Large gullies, diversions, and low
flowing streams 2.96 310.00 10,479.34 5.150 0.565

#28 2 Time of Concentration: 0.587

#29 1 5. Nearly bare and untilled, and
alluvial valley fans 11.58 30.00 259.00 3.400 0.021

8. Large gullies, diversions, and low
flowing streams 3.61 288.00 7,976.00 5.700 0.388

#29 1 Time of Concentration: 0.409

#29 2 5. Nearly bare and untilled, and
alluvial valley fans 8.06 40.00 496.00 2.830 0.048

8. Large gullies, diversions, and low
flowing streams 2.90 252.00 8,693.55 5.100 0.473

#29 2 Time of Concentration: 0.521

#29 3 5. Nearly bare and untilled, and
alluvial valley fans 7.25 25.00 345.00 2.690 0.035

8. Large gullies, diversions, and low
flowing streams 2.26 158.00 7,001.00 4.500 0.432

#29 3 Time of Concentration: 0.467

#30 1 5. Nearly bare and untilled, and
alluvial valley fans 4.93 35.00 710.00 2.220 0.088

8. Large gullies, diversions, and low
flowing streams 1.67 243.00 14,540.00 3.870 1.043

#30 1 Time of Concentration: 1.131

#31 1 5. Nearly bare and untilled, and
alluvial valley fans 2.91 15.00 515.00 1.700 0.084

8. Large gullies, diversions, and low
flowing streams 2.74 247.00 9,006.00 4.960 0.504

#31 1 Time of Concentration: 0.588

#31 2 5. Nearly bare and untilled, and
alluvial valley fans 7.46 25.00 335.00 2.730 0.034

8. Large gullies, diversions, and low
flowing streams 2.18 138.00 6,335.00 4.420 0.398

#31 2 Time of Concentration: 0.432

#31 3 5. Nearly bare and untilled, and
alluvial valley fans 3.84 20.00 521.00 1.950 0.074

8. Large gullies, diversions, and low
flowing streams 2.24 108.00 4,826.00 4.480 0.299

#31 3 Time of Concentration: 0.373

#32 1 5. Nearly bare and untilled, and
alluvial valley fans 3.48 22.00 632.00 1.860 0.094

8. Large gullies, diversions, and low
flowing streams 1.56 101.00 6,494.00 3.740 0.482

#32 1 Time of Concentration: 0.576

#34 1 5. Nearly bare and untilled, and
alluvial valley fans 2.28 35.00 1,538.00 1.500 0.284

8. Large gullies, diversions, and low
flowing streams 2.89 74.00 2,560.00 5.100 0.139
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#34 1 Time of Concentration: 0.423

#34 2 5. Nearly bare and untilled, and
alluvial valley fans 2.69 38.00 1,415.00 1.630 0.241

8. Large gullies, diversions, and low
flowing streams 1.60 81.00 5,052.00 3.790 0.370

#34 2 Time of Concentration: 0.611

#34 3 5. Nearly bare and untilled, and
alluvial valley fans 3.80 56.00 1,474.00 1.940 0.211

8. Large gullies, diversions, and low
flowing streams 0.70 30.00 4,293.00 2.500 0.477

#34 3 Time of Concentration: 0.688

#34 4 5. Nearly bare and untilled, and
alluvial valley fans 4.17 35.00 840.00 2.040 0.114

8. Large gullies, diversions, and low
flowing streams 1.89 72.00 3,807.00 4.120 0.256

#34 4 Time of Concentration: 0.370

#35 1 5. Nearly bare and untilled, and
alluvial valley fans 2.34 113.00 4,831.12 1.520 0.882

8. Large gullies, diversions, and low
flowing streams 1.11 20.00 1,794.00 3.160 0.157

#35 1 Time of Concentration: 1.039

#36 1 5. Nearly bare and untilled, and
alluvial valley fans 3.35 20.00 596.46 1.830 0.090

8. Large gullies, diversions, and low
flowing streams 1.29 60.00 4,641.80 3.410 0.378

#36 1 Time of Concentration: 0.468

#36 2 5. Nearly bare and untilled, and
alluvial valley fans 3.33 40.00 1,200.57 1.820 0.183

8. Large gullies, diversions, and low
flowing streams 1.51 90.00 5,956.33 3.680 0.449

#36 2 Time of Concentration: 0.632

#36 3 5. Nearly bare and untilled, and
alluvial valley fans 3.77 77.00 2,043.74 1.940 0.292

8. Large gullies, diversions, and low
flowing streams 1.12 53.00 4,712.61 3.180 0.411

#36 3 Time of Concentration: 0.703

#36 4 5. Nearly bare and untilled, and
alluvial valley fans 6.40 60.00 937.44 2.520 0.103

8. Large gullies, diversions, and low
flowing streams 1.76 80.00 4,538.27 3.980 0.316

#36 4 Time of Concentration: 0.419

#36 5 5. Nearly bare and untilled, and
alluvial valley fans 1.68 10.00 596.48 1.290 0.128

8. Large gullies, diversions, and low
flowing streams 2.50 125.00 5,007.21 4.740 0.293

#36 5 Time of Concentration: 0.421

#36 6 5. Nearly bare and untilled, and
alluvial valley fans 1.57 10.00 638.43 1.250 0.141
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8. Large gullies, diversions, and low
flowing streams 2.06 123.00 5,966.63 4.300 0.385

#36 6 Time of Concentration: 0.526

#37 1 5. Nearly bare and untilled, and
alluvial valley fans 4.68 129.00 2,754.05 2.160 0.354

8. Large gullies, diversions, and low
flowing streams 0.16 10.00 6,108.73 1.210 1.402

#37 1 Time of Concentration: 1.756

#37 2 5. Nearly bare and untilled, and
alluvial valley fans 5.17 45.00 870.00 2.270 0.106

8. Large gullies, diversions, and low
flowing streams 2.01 95.00 4,737.20 4.240 0.310

#37 2 Time of Concentration: 0.416

#37 3 5. Nearly bare and untilled, and
alluvial valley fans 3.52 30.00 852.93 1.870 0.126

8. Large gullies, diversions, and low
flowing streams 4.02 180.00 4,473.94 6.010 0.206

#37 3 Time of Concentration: 0.703

#37 4 5. Nearly bare and untilled, and
alluvial valley fans 3.18 35.00 1,099.00 1.780 0.171

8. Large gullies, diversions, and low
flowing streams 1.49 38.00 2,544.00 3.660 0.193

#37 4 Time of Concentration: 0.419

#37 5 5. Nearly bare and untilled, and
alluvial valley fans 2.59 40.00 1,542.81 1.610 0.266

8. Large gullies, diversions, and low
flowing streams 1.48 67.00 4,528.71 3.640 0.345

#37 5 Time of Concentration: 0.421

#37 6 5. Nearly bare and untilled, and
alluvial valley fans 1.55 10.00 646.96 1.240 0.144

8. Large gullies, diversions, and low
flowing streams 6.34 157.00 2,475.12 7.550 0.091

#37 6 Time of Concentration: 0.526

#37 7 5. Nearly bare and untilled, and
alluvial valley fans 7.23 80.00 1,106.00 2.680 0.114

8. Large gullies, diversions, and low
flowing streams 1.05 52.00 4,950.00 3.070 0.447

#37 7 Time of Concentration: 0.561

Subwatershed Muskingum Routing Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 2 8. Large gullies, diversions, and low
flowing streams 1.29 107.00 8,294.00 3.400 0.677

#1 2 Muskingum K: 0.677

#1 3 8. Large gullies, diversions, and low
flowing streams 1.27 113.00 8,880.00 3.380 0.729
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 3 Muskingum K: 0.729

#1 4 8. Large gullies, diversions, and low
flowing streams 1.35 171.00 12,634.00 3.490 1.005

#1 4 Muskingum K: 1.005

#1 5 8. Large gullies, diversions, and low
flowing streams 1.49 274.00 18,349.00 3.660 1.392

#1 5 Muskingum K: 1.392

#1 6 8. Large gullies, diversions, and low
flowing streams 1.49 274.00 18,349.00 3.660 1.392

#1 6 Muskingum K: 1.392

#2 2 8. Large gullies, diversions, and low
flowing streams 0.53 20.00 3,756.00 2.180 0.478

#2 2 Muskingum K: 0.478

#2 3 8. Large gullies, diversions, and low
flowing streams 0.55 25.00 4,570.00 2.210 0.574

#2 3 Muskingum K: 0.574

#2 4 8. Large gullies, diversions, and low
flowing streams 0.55 25.00 4,570.00 2.210 0.574

#2 4 Muskingum K: 0.574

#2 5 8. Large gullies, diversions, and low
flowing streams 0.65 45.00 6,955.00 2.410 0.801

#2 5 Muskingum K: 0.801

#3 3 8. Large gullies, diversions, and low
flowing streams 0.92 20.00 2,168.00 2.880 0.209

#3 3 Muskingum K: 0.209

#5 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#5 1 Muskingum K: 0.000

#5 2 8. Large gullies, diversions, and low
flowing streams 1.75 125.00 7,149.00 3.960 0.501

#5 2 Muskingum K: 0.501

#5 3 8. Large gullies, diversions, and low
flowing streams 1.65 155.00 9,418.00 3.840 0.681

#5 3 Muskingum K: 0.681

#5 4 8. Large gullies, diversions, and low
flowing streams 1.65 155.00 9,418.00 3.840 0.681

#5 4 Muskingum K: 0.681

#5 5 8. Large gullies, diversions, and low
flowing streams 1.67 239.00 14,273.00 3.880 1.021

#5 5 Muskingum K: 1.021

#5 6 8. Large gullies, diversions, and low
flowing streams 1.68 239.00 14,223.00 3.880 1.018

#5 6 Muskingum K: 1.018

#7 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#7 1 Muskingum K: 0.000

#7 2 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#7 2 Muskingum K: 0.000

#7 4 8. Large gullies, diversions, and low
flowing streams 1.16 140.00 12,037.00 3.230 1.035

#7 4 Muskingum K: 1.035

#7 5 8. Large gullies, diversions, and low
flowing streams 1.14 140.00 12,307.69 3.190 1.071

#7 5 Muskingum K: 1.071

#7 6 8. Large gullies, diversions, and low
flowing streams 1.17 158.00 13,546.00 3.230 1.164

#7 6 Muskingum K: 1.164

#7 7 8. Large gullies, diversions, and low
flowing streams 1.18 187.00 15,784.00 3.260 1.344

#7 7 Muskingum K: 1.344

#7 8 8. Large gullies, diversions, and low
flowing streams 1.18 187.00 15,784.00 3.260 1.344

#7 8 Muskingum K: 1.344

#10 3 8. Large gullies, diversions, and low
flowing streams 0.76 37.00 4,861.00 2.610 0.517

#10 3 Muskingum K: 0.517

#10 4 8. Large gullies, diversions, and low
flowing streams 0.76 37.00 4,861.00 2.610 0.517

#10 4 Muskingum K: 0.517

#10 5 8. Large gullies, diversions, and low
flowing streams 0.79 47.00 5,956.00 2.660 0.621

#10 5 Muskingum K: 0.621

#12 2 8. Large gullies, diversions, and low
flowing streams 8.24 111.00 1,347.00 8.610 0.043

#12 2 Muskingum K: 0.043

#12 3 8. Large gullies, diversions, and low
flowing streams 8.01 109.00 1,360.00 8.490 0.044

#12 3 Muskingum K: 0.044

#12 4 8. Large gullies, diversions, and low
flowing streams 2.24 176.00 7,866.00 4.480 0.487

#12 4 Muskingum K: 0.487

#12 5 8. Large gullies, diversions, and low
flowing streams 2.24 176.00 7,866.00 4.480 0.487

#12 5 Muskingum K: 0.487

#13 2 8. Large gullies, diversions, and low
flowing streams 1.34 54.00 4,025.00 3.470 0.322

#13 2 Muskingum K: 0.322

#13 3 8. Large gullies, diversions, and low
flowing streams 0.98 72.00 7,333.00 2.970 0.685

#13 3 Muskingum K: 0.685

#13 4 8. Large gullies, diversions, and low
flowing streams 1.18 127.00 10,806.00 3.250 0.923

#13 4 Muskingum K: 0.923

#13 5 8. Large gullies, diversions, and low
flowing streams 1.18 127.00 10,806.00 3.250 0.923
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#13 5 Muskingum K: 0.923

#14 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#14 1 Muskingum K: 0.000

#14 2 8. Large gullies, diversions, and low
flowing streams 0.83 58.00 6,957.00 2.730 0.707

#14 2 Muskingum K: 0.707

#14 3 8. Large gullies, diversions, and low
flowing streams 0.81 77.00 9,480.00 2.700 0.975

#14 3 Muskingum K: 0.975

#14 4 8. Large gullies, diversions, and low
flowing streams 0.86 147.00 17,117.00 2.770 1.716

#14 4 Muskingum K: 1.716

#14 5 8. Large gullies, diversions, and low
flowing streams 0.88 175.00 19,934.00 2.810 1.970

#14 5 Muskingum K: 1.970

#14 6 8. Large gullies, diversions, and low
flowing streams 0.95 211.00 22,155.00 2.920 2.107

#14 6 Muskingum K: 2.107

#14 7 8. Large gullies, diversions, and low
flowing streams 0.96 257.00 26,835.00 2.930 2.544

#14 7 Muskingum K: 2.544

#14 8 8. Large gullies, diversions, and low
flowing streams 0.96 257.00 26,835.00 2.930 2.544

#14 8 Muskingum K: 2.544

#14 9 8. Large gullies, diversions, and low
flowing streams 0.95 307.00 32,146.59 2.930 3.047

#14 9 Muskingum K: 3.047

#14 10 8. Large gullies, diversions, and low
flowing streams 0.96 339.00 35,382.00 2.930 3.354

#14 10 Muskingum K: 3.354

#15 2 8. Large gullies, diversions, and low
flowing streams 1.14 86.00 7,535.26 3.200 0.654

#15 2 Muskingum K: 0.654

#15 3 8. Large gullies, diversions, and low
flowing streams 1.25 115.00 9,236.00 3.340 0.768

#15 3 Muskingum K: 0.768

#16 2 8. Large gullies, diversions, and low
flowing streams 0.55 42.00 7,608.00 2.220 0.951

#16 2 Muskingum K: 0.951

#16 3 8. Large gullies, diversions, and low
flowing streams 0.51 54.00 10,615.00 2.130 1.384

#16 3 Muskingum K: 1.384

#17 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#17 1 Muskingum K: 0.000

#18 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#18 1 Muskingum K: 0.000

#18 2 8. Large gullies, diversions, and low
flowing streams 1.02 62.00 6,103.00 3.020 0.561

#18 2 Muskingum K: 0.561

#21 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#21 1 Muskingum K: 0.000

#21 2 8. Large gullies, diversions, and low
flowing streams 0.41 20.00 4,825.09 1.930 0.694

#21 2 Muskingum K: 0.694

#21 3 8. Large gullies, diversions, and low
flowing streams 0.36 20.00 5,627.46 1.780 0.878

#21 3 Muskingum K: 0.878

#21 4 8. Large gullies, diversions, and low
flowing streams 0.36 20.00 5,627.46 1.780 0.878

#21 4 Muskingum K: 0.878

#24 1 8. Large gullies, diversions, and low
flowing streams 0.79 180.00 22,769.00 2.660 2.377

#24 1 Muskingum K: 2.377

#24 2 8. Large gullies, diversions, and low
flowing streams 0.78 180.00 23,111.00 2.640 2.431

#24 2 Muskingum K: 2.431

#24 4 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#24 4 Muskingum K: 0.000

#25 1 8. Large gullies, diversions, and low
flowing streams 1.99 104.00 5,220.00 4.230 0.342

#25 1 Muskingum K: 0.342

#25 2 8. Large gullies, diversions, and low
flowing streams 1.99 104.00 5,220.00 4.230 0.342

#25 2 Muskingum K: 0.342

#25 3 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#25 3 Muskingum K: 0.000

#27 1 8. Large gullies, diversions, and low
flowing streams 1.38 216.00 15,629.00 3.520 1.233

#27 1 Muskingum K: 1.233

#27 2 8. Large gullies, diversions, and low
flowing streams 1.17 144.00 12,301.00 3.240 1.054

#27 2 Muskingum K: 1.054

#27 3 8. Large gullies, diversions, and low
flowing streams 1.18 76.00 6,454.00 3.250 0.551

#27 3 Muskingum K: 0.551

#27 4 8. Large gullies, diversions, and low
flowing streams 1.18 76.00 6,454.00 3.250 0.551

#27 4 Muskingum K: 0.551

#28 1 8. Large gullies, diversions, and low
flowing streams 1.30 84.00 6,445.17 3.420 0.523
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#28 1 Muskingum K: 0.523

#29 1 8. Large gullies, diversions, and low
flowing streams 0.88 37.00 4,210.00 2.810 0.416

#29 1 Muskingum K: 0.416

#29 2 8. Large gullies, diversions, and low
flowing streams 0.88 26.00 2,949.00 2.810 0.291

#29 2 Muskingum K: 0.291

#31 1 8. Large gullies, diversions, and low
flowing streams 1.35 76.00 5,639.00 3.480 0.450

#31 1 Muskingum K: 0.450

#31 2 8. Large gullies, diversions, and low
flowing streams 1.15 20.00 1,734.00 3.220 0.149

#31 2 Muskingum K: 0.149

#34 1 8. Large gullies, diversions, and low
flowing streams 0.64 56.00 8,773.00 2.390 1.019

#34 1 Muskingum K: 1.019

#34 2 8. Large gullies, diversions, and low
flowing streams 1.05 31.00 2,957.00 3.070 0.267

#34 2 Muskingum K: 0.267

#34 3 8. Large gullies, diversions, and low
flowing streams 0.64 26.00 4,031.00 2.400 0.466

#34 3 Muskingum K: 0.466

#36 1 8. Large gullies, diversions, and low
flowing streams 0.79 110.00 13,954.41 2.660 1.457

#36 1 Muskingum K: 1.457

#36 2 8. Large gullies, diversions, and low
flowing streams 0.58 50.00 8,630.15 2.280 1.051

#36 2 Muskingum K: 1.051

#36 3 8. Large gullies, diversions, and low
flowing streams 0.58 50.00 8,630.15 2.280 1.051

#36 3 Muskingum K: 1.051

#36 4 8. Large gullies, diversions, and low
flowing streams 0.23 10.00 4,329.90 1.440 0.835

#36 4 Muskingum K: 0.835

#36 5 8. Large gullies, diversions, and low
flowing streams 0.21 5.00 2,359.95 1.380 0.475

#36 5 Muskingum K: 0.475

#37 2 8. Large gullies, diversions, and low
flowing streams 0.28 30.00 10,642.07 1.590 1.859

#37 2 Muskingum K: 1.859

#37 3 8. Large gullies, diversions, and low
flowing streams 0.45 38.00 8,493.51 2.000 1.179

#37 3 Muskingum K: 1.179

#37 4 8. Large gullies, diversions, and low
flowing streams 0.66 104.00 15,664.00 2.440 1.783

#37 4 Muskingum K: 0.835

#37 5 8. Large gullies, diversions, and low
flowing streams 0.33 41.00 12,388.68 1.720 2.000
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#37 5 Muskingum K: 0.475

#37 6 8. Large gullies, diversions, and low
flowing streams 0.33 41.00 12,388.68 1.720 2.000

#37 6 Muskingum K: 0.000

#37 7 8. Large gullies, diversions, and low
flowing streams 0.33 31.00 9,267.00 1.730 1.487

#37 7 Muskingum K: 1.487
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Cottonwood Arroyo Post-mine
Hydrology and Sedimentology

The drainage subdivisions used to model the hydrology is
shown on Exhibit 11-77.

Revised January 31, 2011

AAY/LR/RY

BHP Billiton
Navajo Mine
PO Box 1717

Fruitland, NM 87416

Phone:  505 598 2007
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General Information

Storm Information:
Storm Type: NRCS Type II -

60

Design Storm:  25 yr - 6 hr

Rainfall Depth: 1.600 inches

Particle Size Distribution:
Size (mm) PostMine-

LoamySand
PreMine-

LoamySand PreMine-Badlands LoamySand
Postmining

2.0000 100.000% 100.000% 100.000% 0.000%

0.1000 26.500% 30.000% 83.500% 0.000%

0.0500 14.000% 17.000% 77.000% 0.000%

0.0020 11.000% 11.000% 56.000% 0.000%

0.0010 0.000% 0.000% 0.000% 0.000%
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Null #1 ==> #2 0.961 0.307

Null #2 ==> #3 0.068 0.331

Null #3 ==> #4 0.000 0.000

Null #4 ==> #9 0.718 0.281

Null #5 ==> #6 1.205 0.328

Null #6 ==> #7 0.189 0.304

Null #7 ==> #8 0.000 0.000

Null #8 ==> #10 0.989 0.300

Null #9 ==> #11 0.000 0.000

Null #10 ==> #11 0.000 0.000

Null #11 ==> #21 0.495 0.453

Null #12 ==> #13 0.076 0.330

Null #13 ==> #14 3.790 0.314

Null #14 ==> #16 1.579 0.287

Null #15 ==> #16 1.579 0.287

Null #16 ==> #23 0.000 0.000

Null #17 ==> #19 0.000 0.000

Null #18 ==> #19 0.000 0.000

Null #19 ==> #20 0.915 0.252

Null #20 ==> #22 0.000 0.000 End of Middle Fork

Null #21 ==> #22 0.000 0.000 End of South Fork

Null #22 ==> #36 1.315 0.260

Null #23 ==> #20 0.593 0.281

Null #24 ==> #25 0.964 0.340

Null #25 ==> #27 1.454 0.333

Null #26 ==> #27 1.454 0.333

Null #27 ==> #29 0.800 0.323

Null #28 ==> #29 0.800 0.323

Null #29 ==> #32 0.479 0.298

Null #30 ==> #32 0.479 0.298

Null #31 ==> #33 0.000 0.000

Null #32 ==> #33 0.000 0.000

Null #33 ==> #34 1.348 0.294 Inlet to North Fork Diversion

Null #34 ==> #36 0.825 0.261 End of North Fork

Null #35 ==> #23 0.203 0.259

Null #36 ==> #37 3.388 0.246

Null #37 ==> End 0.000 0.000
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#30

Null


#28

Null


#26

Null


#24

Null


#25

Null


#27

Null


#29

Null


#32

Null


#31

Null


#33

Null


#34

Null


#5

Null


#6

Null


#7

Null


#8

Null


#10

Null


#1

Null


#2

Null


#3

Null


#4

Null


#9

Null


#11

Null
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#21

Null


#35

Null


#15

Null


#12

Null


#13

Null


#14

Null


#16

Null


#23

Null


#18

Null


#17

Null


#19

Null


#20

Null


#22

Null


#36

Null

#37

Null

Structure Routing Details:
Stru
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 8. Large gullies, diversions, and low
flowing streams 0.81 76.00 9,347.00 2.70 0.961

#1 Muskingum K: 0.961

#2 8. Large gullies, diversions, and low
flowing streams 1.23 10.00 814.00 3.32 0.068

#2 Muskingum K: 0.068

#3 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.00 0.000
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Stru
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#3 Muskingum K: 0.000

#4 8. Large gullies, diversions, and low
flowing streams 0.53 30.00 5,637.00 2.18 0.718

#4 Muskingum K: 0.718

#5 8. Large gullies, diversions, and low
flowing streams 1.17 165.00 14,065.00 3.24 1.205

#5 Muskingum K: 1.205

#6 8. Large gullies, diversions, and low
flowing streams 0.78 14.00 1,799.25 2.64 0.189

#6 Muskingum K: 0.189

#8 8. Large gullies, diversions, and low
flowing streams 0.72 65.00 9,046.00 2.54 0.989

#8 Muskingum K: 0.989

#11 8. Large gullies, diversions, and low
flowing streams 30.00 8,801.00 29,336.66 16.43 0.495

#11 Muskingum K: 0.495

#12 8. Large gullies, diversions, and low
flowing streams 1.21 11.00 906.00 3.30 0.076

#12 Muskingum K: 0.076

#13 8. Large gullies, diversions, and low
flowing streams 0.92 363.00 39,301.00 2.88 3.790

#13 Muskingum K: 3.790

#14 8. Large gullies, diversions, and low
flowing streams 0.59 77.00 13,075.22 2.30 1.579

#14 Muskingum K: 1.579

#15 8. Large gullies, diversions, and low
flowing streams 0.59 77.00 13,075.00 2.30 1.579

#15 Muskingum K: 1.579

#16 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.00 0.000

#16 Muskingum K: 0.000

#19 8. Large gullies, diversions, and low
flowing streams 0.33 19.00 5,699.00 1.73 0.915

#19 Muskingum K: 0.915

#22 8. Large gullies, diversions, and low
flowing streams 0.38 33.00 8,713.00 1.84 1.315

#22 Muskingum K: 1.315

#23 8. Large gullies, diversions, and low
flowing streams 0.53 25.00 4,680.00 2.19 0.593

#23 Muskingum K: 0.593

#24 8. Large gullies, diversions, and low
flowing streams 1.46 184.00 12,568.00 3.62 0.964

#24 Muskingum K: 0.964

#25 8. Large gullies, diversions, and low
flowing streams 1.28 228.00 17,755.00 3.39 1.454

#25 Muskingum K: 1.454

#26 8. Large gullies, diversions, and low
flowing streams 1.28 228.00 17,755.62 3.39 1.454
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Stru
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#26 Muskingum K: 1.454

#27 8. Large gullies, diversions, and low
flowing streams 1.07 96.00 8,938.00 3.10 0.800

#27 Muskingum K: 0.800

#28 8. Large gullies, diversions, and low
flowing streams 1.07 96.00 8,938.00 3.10 0.800

#28 Muskingum K: 0.800

#29 8. Large gullies, diversions, and low
flowing streams 0.70 30.00 4,313.00 2.50 0.479

#29 Muskingum K: 0.479

#30 8. Large gullies, diversions, and low
flowing streams 0.70 30.00 4,313.00 2.50 0.479

#30 Muskingum K: 0.479

#33 8. Large gullies, diversions, and low
flowing streams 0.66 77.00 11,748.55 2.42 1.348

#33 Muskingum K: 1.348

#34 8. Large gullies, diversions, and low
flowing streams 0.38 21.00 5,497.38 1.85 0.825

#34 Muskingum K: 0.825

#35 8. Large gullies, diversions, and low
flowing streams 0.37 5.00 1,338.00 1.83 0.203

#35 Muskingum K: 0.203

#36 8. Large gullies, diversions, and low
flowing streams 0.30 60.00 20,005.00 1.64 3.388

#36 Muskingum K: 3.388
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Structure Summary:
Immediate

Contributing
Area

(ac)

Total
Contributing

Area

(ac)

Peak
Discharge

(cfs)

Total
Runoff
Volume

(ac-ft)

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc.

(ml/l)

24VW

(ml/l)

#30 476.400 476.400 30.89 5.19 36.1 6,848 3.20 2.38

#28 1,217.900 1,217.900 503.94 63.61 3,353.7 53,603 0.44 0.31

#26 2,486.400 2,486.400 129.71 39.61 252.2 6,132 2.13 1.63

#24 8,061.800 8,061.800 187.84 116.49 438.7 4,231 0.75 0.49

#25 1,015.700 9,077.500 192.60 142.05 565.2 13,913 3.62 0.76

#27 1,783.700 13,347.600 390.94 227.10 1,814.3 26,321 11.54 2.57

#29 966.000 15,531.500 811.81 340.27 8,464.1 64,471 7.33 2.05

#32 293.700 16,301.600 841.49 364.08 9,178.5 57,790 4.40 1.40

#31 957.100 957.100 468.62 57.72 2,405.5 38,963 0.70 0.54

#33 0.000 17,258.700 933.80 421.80 11,584.0 49,667 3.18 1.28

#34 1,020.000 18,278.700 961.80 452.03 11,315.2 44,295 1.67 0.69

#5 2,023.000 2,023.000 759.22 88.30 2,575.9 39,084 4.33 2.35

#6 1,743.200 3,766.200 937.84 170.00 4,873.0 34,451 0.20 0.12

#7 2,395.300 6,161.500 1,511.91 317.58 12,625.5 43,159 0.00 0.00

#8 0.000 6,161.500 1,511.91 317.58 12,625.5 43,159 0.00 0.00

#10 1,053.200 7,214.700 1,570.05 372.35 12,524.8 39,453 0.12 0.07

#1 2,411.100 2,411.100 539.70 85.33 2,707.2 34,591 5.44 3.63

#2 1,497.000 3,908.100 639.70 170.84 3,692.2 22,950 0.17 0.12

#3 862.700 4,770.800 796.58 212.60 4,101.8 17,905 0.05 0.04

#4 0.000 4,770.800 796.58 212.60 4,101.8 17,905 0.05 0.04

#9 445.600 5,216.400 819.55 228.88 4,230.5 17,092 0.62 0.49

#11 0.000 12,431.100 2,170.49 601.23 16,755.3 32,567 0.37 0.23

#21 1,100.460 13,531.560 2,229.67 648.87 17,196.2 31,736 0.77 0.47

#35 160.400 160.400 80.69 10.15 104.4 10,453 0.00 0.00

#15 1,992.700 1,992.700 573.85 88.69 3,170.2 42,664 2.31 1.40

#12 3,494.500 3,494.500 342.58 71.01 983.8 14,979 6.87 4.65

#13 2,720.700 6,215.200 652.52 126.55 2,108.3 17,849 9.04 6.17

#14 5,096.800 11,312.000 855.51 331.51 7,120.7 78,733 2.33 0.46

#16 1,022.000 14,326.700 1,207.11 482.85 12,177.5 48,723 1.88 0.71

#23 0.000 14,487.100 1,221.18 493.00 12,281.9 47,445 1.81 0.69

#18 848.500 848.500 254.46 39.93 510.1 14,524 0.14 0.09

#17 182.200 182.200 150.01 11.54 157.1 14,384 0.80 0.55

#19 0.000 1,030.700 355.05 51.47 667.3 13,576 0.27 0.19

#20 271.100 15,788.900 1,283.67 557.58 13,082.3 40,910 1.50 0.63

#22 0.000 29,320.460 3,353.12 1,206.45 30,278.5 32,934 0.98 0.54

#36 1,584.680 49,183.840 4,226.44 1,693.05 42,067.8 32,600 1.10 0.62

#37 2,292.810 51,476.650 4,149.05 1,750.73 41,307.5 31,893 0.53 0.30
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Particle Size Distribution(s) at Each Structure

Structure #30:
Size (mm) In/Out   

2.0000 100.000%

0.1000 87.139%

0.0500 49.379%

0.0020 31.951%

0.0010 0.000%

Structure #28:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 97.707%

0.0010 0.000%

Structure #26:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 67.267%

0.0020 43.526%

0.0010 0.000%

Structure #24:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 90.057%

0.0020 63.480%
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Size (mm) In/Out   

0.0010 0.000%

Structure #25:
Size (mm) In/Out   

2.0000 100.000%

0.1000 82.821%

0.0500 73.204%

0.0020 60.225%

0.0010 0.000%

Structure #27:
Size (mm) In/Out   

2.0000 100.000%

0.1000 73.827%

0.0500 51.501%

0.0020 37.330%

0.0010 0.000%

Structure #29:
Size (mm) In/Out   

2.0000 100.000%

0.1000 94.436%

0.0500 89.651%

0.0020 80.945%

0.0010 0.000%

Structure #32:
Size (mm) In/Out   

2.0000 100.000%

0.1000 99.096%

0.0500 94.578%

0.0020 85.330%

0.0010 0.000%

Structure #31:
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Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 94.937%

0.0010 0.000%

Structure #33 (Inlet to North Fork Diversion):
Size (mm) In/Out   

2.0000 100.000%

0.1000 99.284%

0.0500 95.704%

0.0020 87.325%

0.0010 0.000%

Structure #34 (End of North Fork):
Size (mm) In/Out   

2.0000 100.000%

0.1000 98.853%

0.0500 98.205%

0.0020 91.648%

0.0010 0.000%

Structure #5:
Size (mm) In/Out   

2.0000 100.000%

0.1000 96.991%

0.0500 89.266%

0.0020 82.245%

0.0010 0.000%

Structure #6:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 98.356%
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Size (mm) In/Out   

0.0010 0.000%

Structure #7:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 100.000%

0.0010 0.000%

Structure #8:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 100.000%

0.0010 0.000%

Structure #10:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 99.690%

0.0020 99.533%

0.0010 0.000%

Structure #1:
Size (mm) In/Out   

2.0000 100.000%

0.1000 92.734%

0.0500 82.507%

0.0020 77.639%

0.0010 0.000%

Structure #2:
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Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 97.854%

0.0010 0.000%

Structure #3:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 99.165%

0.0010 0.000%

Structure #4:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 99.165%

0.0010 0.000%

Structure #9:
Size (mm) In/Out   

2.0000 100.000%

0.1000 97.753%

0.0500 95.830%

0.0020 94.943%

0.0010 0.000%

Structure #11:
Size (mm) In/Out   

2.0000 100.000%

0.1000 99.433%

0.0500 98.715%

0.0020 98.374%
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Size (mm) In/Out   

0.0010 0.000%

Structure #21 (End of South Fork):
Size (mm) In/Out   

2.0000 100.000%

0.1000 98.391%

0.0500 97.183%

0.0020 96.685%

0.0010 0.000%

Structure #35:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 100.000%

0.0010 0.000%

Structure #15:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 94.848%

0.0020 91.226%

0.0010 0.000%

Structure #12:
Size (mm) In/Out   

2.0000 100.000%

0.1000 79.629%

0.0500 50.680%

0.0020 32.793%

0.0010 0.000%

Structure #13:
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Size (mm) In/Out   

2.0000 100.000%

0.1000 72.181%

0.0500 43.496%

0.0020 28.144%

0.0010 0.000%

Structure #14:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 99.707%

0.0020 92.016%

0.0010 0.000%

Structure #16:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 98.539%

0.0020 90.959%

0.0010 0.000%

Structure #23:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 98.551%

0.0020 91.036%

0.0010 0.000%

Structure #18:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 97.364%
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Size (mm) In/Out   

0.0010 0.000%

Structure #17:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 84.471%

0.0010 0.000%

Structure #19:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 94.327%

0.0010 0.000%

Structure #20 (End of Middle Fork):
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 98.661%

0.0020 91.318%

0.0010 0.000%

Structure #22:
Size (mm) In/Out   

2.0000 100.000%

0.1000 99.086%

0.0500 97.822%

0.0020 94.366%

0.0010 0.000%

Structure #36:
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Size (mm) In/Out   

2.0000 100.000%

0.1000 98.871%

0.0500 97.672%

0.0020 93.378%

0.0010 0.000%

Structure #37:
Size (mm) In/Out   

2.0000 100.000%

0.1000 99.734%

0.0500 99.455%

0.0020 95.959%

0.0010 0.000%
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Structure Detail:
Structure #30 (Null)

Structure #28 (Null)

Structure #26 (Null)

Structure #24 (Null)

Structure #25 (Null)

Structure #27 (Null)

Structure #29 (Null)

Structure #32 (Null)

Structure #31 (Null)

Structure #33 (Null)

     Inlet to North Fork Diversion

Structure #34 (Null)

     End of North Fork

Structure #5 (Null)

Structure #6 (Null)

Structure #7 (Null)

Structure #8 (Null)

Structure #10 (Null)

Structure #1 (Null)

Structure #2 (Null)

Structure #3 (Null)

Structure #4 (Null)

Structure #9 (Null)

Structure #11 (Null)

Structure #21 (Null)

     End of South Fork
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Structure #35 (Null)

Structure #15 (Null)

Structure #12 (Null)

Structure #13 (Null)

Structure #14 (Null)

Structure #16 (Null)

Structure #23 (Null)

Structure #18 (Null)

Structure #17 (Null)

Structure #19 (Null)

Structure #20 (Null)

     End of Middle Fork

Structure #22 (Null)

Structure #36 (Null)

Structure #37 (Null)
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Subwatershed Hydrology Detail:

Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#30 1 476.400 1.131 0.000 0.000 73.100 M 30.89 5.192

 476.400 30.89 5.192

#28 1 772.300 0.657 0.523 0.334 90.400 M 424.73 40.330

2 445.600 0.587 0.000 0.000 90.400 M 262.61 23.280

 1,217.900 503.94 63.609

#26 1 447.600 2.192 0.000 0.000 74.200 M 21.78 5.544

2 2,038.800 3.000 0.000 0.000 77.000 M 109.45 34.068

 2,486.400 129.71 39.611

#24 1 2,607.500 5.367 2.377 0.305 75.200 M 73.98 36.082

2 2,331.900 4.813 2.431 0.304 74.700 M 68.12 30.546

3 1,758.500 2.231 1.788 0.297 76.200 M 107.12 27.069

4 1,363.900 2.618 0.000 0.000 77.000 M 80.91 22.789

 8,061.800 187.84 116.486

#25 1 515.200 0.990 0.342 0.357 78.200 M 69.57 9.699

2 130.500 0.787 0.342 0.357 78.100 M 20.21 2.433

3 370.000 0.516 0.000 0.000 85.700 M 158.89 13.436

 9,077.500 192.60 142.054

#27 1 354.400 0.612 1.233 0.337 83.100 M 108.10 10.383

2 305.200 0.529 1.054 0.328 84.000 M 110.92 9.647

3 289.800 0.692 0.551 0.328 75.500 M 35.41 4.146

4 253.000 0.361 0.551 0.328 79.400 M 72.85 5.356

5 581.300 0.980 0.000 0.000 82.300 M 121.16 15.897

 13,347.600 390.94 227.095

#29 1 508.800 0.409 0.416 0.312 89.500 M 339.58 24.884

2 233.200 0.521 0.291 0.312 91.600 M 162.15 13.329

3 224.000 0.467 0.000 0.000 90.000 M 145.43 11.352

 15,531.500 811.81 340.269

#32 1 293.700 0.576 0.000 0.000 93.000 M 215.21 18.618

 16,301.600 841.49 364.079

#31 1 431.100 0.588 0.450 0.336 91.500 M 277.55 24.455

2 325.800 0.432 0.149 0.327 93.000 M 276.96 20.677

3 200.200 0.373 0.000 0.000 92.900 M 179.64 12.591

 957.100 468.62 57.723
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Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#33  17,258.700 933.80 421.802

#34 1 251.500 0.423 1.019 0.292 90.500 M 178.74 13.260

2 219.100 0.611 0.267 0.322 80.000 M 48.94 4.890

3 246.200 0.688 0.466 0.293 80.000 M 51.11 5.493

4 303.200 0.370 0.000 0.000 79.700 M 88.88 6.589

 18,278.700 961.80 452.034

#5 1 503.600 0.618 0.000 0.000 87.600 M 228.36 21.212

2 406.500 0.388 0.501 0.350 84.800 M 188.61 13.719

3 439.600 0.342 0.681 0.347 87.800 M 277.69 18.903

4 162.600 0.280 0.681 0.347 86.000 M 96.25 6.067

5 294.100 0.375 1.021 0.348 92.000 M 246.80 17.294

6 216.600 0.272 1.018 0.348 90.100 M 178.36 11.109

 2,023.000 759.22 88.303

#6 1 149.100 0.331 0.000 0.000 92.600 M 137.19 9.208

2 245.000 0.529 0.192 0.328 88.100 M 126.84 10.740

3 276.200 0.450 0.461 0.319 89.500 M 175.59 13.471

4 158.400 0.380 1.385 0.185 93.000 M 142.04 10.031

5 206.200 0.402 0.796 0.320 89.400 M 137.65 10.007

6 414.000 0.430 1.066 0.323 87.200 M 222.61 16.947

7 294.300 0.535 1.066 0.323 86.400 M 131.38 11.292

 3,766.200 937.84 169.999

#7 1 731.700 1.274 0.000 0.000 93.000 M 318.74 46.311

2 445.800 1.043 0.000 0.000 93.000 M 223.68 28.206

3 270.800 0.804 0.000 0.000 93.000 M 161.64 17.139

4 78.900 0.267 1.035 0.328 93.000 M 80.17 5.022

5 154.900 0.310 1.071 0.326 93.000 M 150.00 9.847

6 101.400 0.288 1.164 0.328 92.900 M 100.00 6.395

7 117.700 0.298 1.344 0.329 92.200 M 109.34 7.047

8 494.100 0.518 1.344 0.329 91.300 M 336.62 27.615

 6,161.500 1,511.91 317.580

#8 1 0.000 0.000 0.000 0.000 1.000 0.00 0.000

 6,161.500 1,511.91 317.580

#10 1 355.500 1.286 0.000 0.000 93.000 M 153.80 22.495

2 307.100 1.282 0.668 0.305 83.200 M 57.78 9.064

3 147.300 1.245 0.517 0.303 90.600 M 53.83 7.798

4 126.400 0.585 0.517 0.303 93.000 M 91.80 8.015

5 116.900 1.179 0.621 0.305 93.000 M 53.85 7.399

 7,214.700 1,570.05 372.352
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Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#1 1 557.400 0.941 0.000 0.000 83.600 M 134.99 17.020

2 169.600 1.616 0.677 0.333 93.000 M 61.86 10.732

3 636.400 1.842 0.729 0.333 81.000 M 74.17 15.527

4 223.400 0.846 1.005 0.336 84.100 M 60.69 7.114

5 77.700 0.330 1.392 0.341 81.400 M 28.79 1.974

6 746.600 0.678 1.392 0.341 88.200 M 336.35 32.961

 2,411.100 539.70 85.329

#2 1 257.000 0.423 0.000 0.000 93.000 M 220.56 16.323

2 180.500 0.562 0.478 0.281 91.800 M 122.18 10.460

3 200.700 0.687 0.574 0.283 93.000 M 132.40 12.709

4 438.600 0.811 0.574 0.283 93.000 M 260.34 27.767

5 420.200 1.247 0.801 0.293 88.000 M 123.48 18.251

 3,908.100 639.70 170.840

#3 1 172.600 0.443 0.000 0.000 93.000 M 145.01 10.936

2 311.200 0.890 0.000 0.000 88.900 M 124.77 14.489

3 378.900 0.632 0.209 0.314 87.900 M 173.80 16.333

 4,770.800 796.58 212.599

#4  4,770.800 796.58 212.599

#9 1 445.600 0.987 0.000 0.000 85.800 M 127.52 16.283

 5,216.400 819.55 228.881

#11  12,431.100 2,170.49 601.233

#21 1 292.400 0.819 0.000 0.000 86.900 M 104.45 11.663

2 230.540 0.388 0.694 0.266 89.200 M 153.97 10.993

3 181.120 0.289 0.878 0.256 91.300 M 159.50 10.140

4 396.400 0.939 0.878 0.256 86.100 M 120.52 14.838

 13,531.560 2,229.67 648.867

#35 1 160.400 1.039 0.000 0.000 93.000 M 80.69 10.150

 160.400 80.69 10.150

#15 1 437.400 0.803 0.000 0.000 91.300 M 227.94 24.401

2 549.000 0.637 0.654 0.327 91.300 M 331.35 30.643

3 1,006.300 1.023 0.768 0.331 84.700 M 254.66 33.649

 1,992.700 573.85 88.693

#12 1 517.800 0.791 0.000 0.000 81.900 M 119.27 13.677

2 229.000 0.571 0.043 0.418 80.100 M 53.86 5.160

3 592.700 0.706 0.044 0.417 81.500 M 140.95 15.122

4 1,806.900 1.542 0.487 0.362 76.700 M 151.04 29.284

5 348.100 0.618 0.487 0.362 80.000 77.20 7.765
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Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

 3,494.500 342.58 71.008

#13 1 411.600 0.725 0.000 0.000 79.700 M 80.11 8.935

2 636.400 0.774 0.322 0.336 80.700 M 131.90 15.131

3 319.000 0.575 0.685 0.318 85.500 M 126.20 11.395

4 231.700 0.314 0.923 0.328 80.400 M 79.79 5.380

5 1,122.000 1.308 0.923 0.328 74.700 M 82.11 14.702

 6,215.200 652.52 126.551

#14 1 405.900 0.384 0.000 0.000 90.800 M 308.41 21.828

2 411.100 0.452 0.707 0.308 90.700 M 287.06 21.949

3 787.400 0.658 0.975 0.307 91.400 M 469.71 44.317

4 144.200 0.341 1.716 0.310 86.200 M 79.84 5.469

5 343.800 0.289 1.970 0.312 86.500 M 208.84 13.327

6 392.800 0.806 2.107 0.316 81.900 M 89.44 10.376

7 528.200 0.518 2.544 0.316 87.200 M 257.06 21.597

8 890.900 1.253 2.544 0.316 83.500 M 175.26 26.974

9 741.400 1.076 3.047 0.316 84.800 M 182.87 24.995

10 451.100 0.916 3.354 0.316 83.900 M 114.32 14.126

 11,312.000 855.51 331.509

#16 1 475.100 1.721 0.000 0.000 92.400 M 157.45 28.756

2 348.400 0.542 0.951 0.283 92.500 M 254.12 21.257

3 198.500 0.266 1.384 0.278 93.000 M 201.91 12.635

 14,326.700 1,207.11 482.850

#23  14,487.100 1,221.18 493.000

#18 1 301.700 0.652 0.000 0.000 93.000 M 205.51 19.122

2 546.800 0.768 0.561 0.320 86.300 M 193.28 20.806

 848.500 254.46 39.928

#17 1 182.200 0.462 0.000 0.000 93.000 M 150.01 11.545

 182.200 150.01 11.545

#19  1,030.700 355.05 51.472

#20 1 271.100 0.978 0.000 0.000 89.400 M 106.40 13.110

 15,788.900 1,283.67 557.582

#22  29,320.460 3,353.12 1,206.449

#36 1 283.020 0.468 1.457 0.305 77.100 M 53.81 4.786

2 301.840 0.632 1.051 0.286 90.100 M 165.82 15.392

3 223.850 0.703 1.051 0.286 74.300 M 22.98 2.806

4 262.400 0.419 0.835 0.229 78.000 M 59.12 4.863
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Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

5 222.760 0.421 0.475 0.224 74.500 M 32.36 2.865

6 290.810 0.526 0.000 0.000 74.800 M 38.41 3.860

 49,183.840 4,226.44 1,693.054

#37 1 744.000 1.756 0.000 0.000 84.800 M 128.48 25.072

2 303.330 0.416 1.859 0.242 87.800 M 174.61 13.024

3 223.850 0.703 1.179 0.270 74.300 M 22.98 2.806

4 262.400 0.419 0.835 0.229 78.000 M 59.12 4.863

5 222.760 0.421 0.475 0.224 74.500 M 32.36 2.865

6 290.810 0.526 0.000 0.000 74.800 M 38.41 3.860

7 245.660 0.561 1.487 0.252 79.400 M 54.26 5.187

 51,476.650 4,149.05 1,750.730

Subwatershed Sedimentology Detail:

Stru
#

SWS
# Soil K L (ft) S (%) C P PS #

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc

(ml/l)

24VW

(ml/l)

#30 1 0.095 200.00 3.80 0.3720 1.0000 2 36.1 6,848 3.20 2.38

 36.1 6,848 3.20 2.38

#28 1 0.187 100.00 10.10 0.3750 1.0000 3 2,537.1 63,668 0.25 0.17

2 0.196 100.00 10.20 0.3930 1.0000 3 1,587.2 69,899 1.20 0.84

 3,353.7 53,603 0.44 0.31

#26 1 0.155 400.00 1.40 0.3480 1.0000 2 23.8 4,165 1.60 1.21

2 0.155 300.00 2.40 0.3340 1.0000 2 228.4 6,522 2.25 1.69

 252.2 6,132 2.13 1.63

#24 1 0.128 300.00 2.30 0.3360 1.0000 2 151.5 4,123 0.86 0.65

2 0.136 300.00 2.70 0.3440 1.0000 2 165.6 5,304 1.23 0.93

3 0.107 300.00 2.30 0.3330 1.0000 2 131.4 4,733 1.85 1.39

4 0.163 400.00 1.60 0.3210 1.0000 2 118.8 5,079 1.87 1.41

 438.7 4,231 0.75 0.49

#25 1 0.125 400.00 1.90 0.3440 1.0000 2 64.5 6,703 3.43 2.50

2 0.124 300.00 2.60 0.3280 1.0000 2 17.1 7,171 3.83 2.75

3 0.122 175.00 4.90 0.2660 1.0000 2 205.3 16,296 9.75 6.69

 565.2 13,913 3.62 0.76

#27 1 0.127 175.00 5.90 0.3160 1.0000 2 211.4 20,868 12.04 8.58

2 0.122 150.00 7.50 0.2920 1.0000 2 212.7 22,773 13.46 9.52

3 0.070 125.00 8.40 0.3270 1.0000 2 47.1 11,600 6.17 4.43
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Stru
#

SWS
# Soil K L (ft) S (%) C P PS #

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc

(ml/l)

24VW

(ml/l)

4 0.097 125.00 9.60 0.3170 1.0000 2 134.3 26,781 16.09 10.99

5 0.126 125.00 8.90 0.3290 1.0000 2 395.4 25,212 13.42 9.65

 1,814.3 26,321 11.54 2.57

#29 1 0.190 125.00 9.80 0.3930 1.0000 3 1,881.8 77,632 3.72 2.60

2 0.203 125.00 8.90 0.3940 1.0000 3 812.9 62,510 2.30 1.62

3 0.193 125.00 8.40 0.3940 1.0000 3 606.8 55,957 2.16 1.49

 8,464.1 64,471 7.33 2.05

#32 1 0.210 150.00 7.70 0.3990 1.0000 3 1,074.9 59,290 2.07 1.45

 9,178.5 57,790 4.40 1.40

#31 1 0.204 125.00 8.70 0.3620 1.0000 3 1,375.0 57,378 1.36 0.96

2 0.210 150.00 7.30 0.3990 1.0000 3 1,246.5 62,208 3.78 2.64

3 0.210 175.00 4.50 0.3980 1.0000 3 504.3 42,105 2.98 2.05

 2,405.5 38,963 0.70 0.54

#33  11,584.0 49,667 3.18 1.28

#34 1 0.193 200.00 3.84 0.2460 1.0000 3 220.9 17,143 0.86 0.61

2 0.214 200.00 3.66 0.3150 1.0000 1 83.2 17,720 10.49 7.36

3 0.214 300.00 2.54 0.3150 1.0000 1 73.5 13,754 8.02 5.71

4 0.242 200.00 3.50 0.3150 1.0000 1 148.9 24,937 15.55 10.28

 11,315.2 44,295 1.67 0.69

#5 1 0.149 75.00 12.50 0.3230 1.0000 3 971.1 47,419 0.00 0.00

2 0.133 75.00 15.80 0.3190 1.0000 2 811.8 62,098 38.05 26.14

3 0.103 100.00 11.00 0.2030 1.0000 3 439.5 24,540 1.33 0.92

4 0.093 75.00 13.80 0.2130 1.0000 2 138.7 24,353 15.34 10.51

5 0.123 100.00 11.00 0.1370 1.0000 3 316.3 18,929 1.25 0.89

6 0.149 75.00 14.70 0.1990 1.0000 3 445.6 41,387 3.25 2.29

 2,575.9 39,084 4.33 2.35

#6 1 0.208 175.00 4.30 0.3980 1.0000 3 344.6 39,498 3.05 2.10

2 0.183 175.00 5.40 0.3910 1.0000 3 386.1 37,504 0.58 0.40

3 0.188 150.00 7.60 0.3900 1.0000 3 691.6 53,090 2.09 1.46

4 0.210 150.00 6.30 0.3990 1.0000 3 497.4 49,017 3.42 2.51

5 0.185 125.00 8.10 0.3860 1.0000 3 484.7 49,832 2.44 1.71

6 0.104 100.00 11.30 0.2240 1.0000 3 423.0 25,849 0.82 0.58

7 0.164 100.00 11.20 0.3740 1.0000 3 653.0 58,720 0.31 0.22

 4,873.0 34,451 0.20 0.12

#7 1 0.208 150.00 7.80 0.3780 1.0000 3 2,121.4 45,599 0.00 0.00

2 0.209 100.00 10.20 0.3940 1.0000 3 1,729.1 61,032 0.00 0.00

3 0.210 150.00 6.70 0.3990 1.0000 3 765.7 45,290 0.00 0.00
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Stru
#

SWS
# Soil K L (ft) S (%) C P PS #

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc

(ml/l)

24VW

(ml/l)

4 0.210 100.00 11.50 0.3990 1.0000 3 444.6 88,428 8.02 5.74

5 0.210 150.00 7.10 0.3990 1.0000 3 567.8 58,355 4.83 3.44

6 0.209 150.00 7.90 0.3990 1.0000 3 391.9 61,848 5.35 3.82

7 0.206 75.00 15.50 0.3990 1.0000 3 778.4 108,944 8.91 6.41

8 0.202 75.00 14.50 0.3980 1.0000 3 2,828.6 101,302 3.62 2.60

 12,625.5 43,159 0.00 0.00

#8 1 0.000 0.00 0.00 0.0000 1.0000 0 0.0 1 0.00 0.00

 12,625.5 43,159 0.00 0.00

#10 1 0.190 300.00 2.70 0.1930 1.0000 3 172.5 7,751 0.00 0.00

2 0.153 200.00 3.50 0.3610 1.0000 2 101.5 11,181 5.67 4.16

3 0.189 200.00 3.70 0.3190 1.0000 3 103.0 13,257 0.00 0.00

4 0.190 300.00 2.10 0.1940 1.0000 3 58.1 7,508 0.25 0.18

5 0.201 300.00 2.00 0.3030 1.0000 3 65.3 8,886 0.00 0.00

 12,524.8 39,453 0.12 0.07

#1 1 0.157 150.00 6.80 0.3830 1.0000 2 501.8 29,917 16.21 11.63

2 0.210 150.00 6.60 0.3990 1.0000 3 339.2 31,285 0.00 0.00

3 0.149 200.00 3.90 0.3870 1.0000 2 182.1 11,553 5.17 3.85

4 0.169 175.00 4.70 0.3950 1.0000 2 166.0 23,610 13.07 9.43

5 0.157 100.00 10.10 0.3940 1.0000 2 91.3 47,747 29.24 20.52

6 0.175 75.00 12.60 0.2840 1.0000 3 1,610.8 49,221 0.00 0.00

 2,707.2 34,591 5.44 3.63

#2 1 0.190 150.00 7.90 0.1930 1.0000 3 453.6 29,264 1.83 1.26

2 0.184 175.00 4.80 0.2010 1.0000 3 172.3 17,027 0.52 0.37

3 0.202 200.00 3.90 0.3220 1.0000 3 253.9 20,410 0.32 0.23

4 0.203 150.00 7.40 0.3220 1.0000 3 1,124.0 40,767 0.00 0.00

5 0.181 175.00 5.10 0.3710 1.0000 3 455.3 24,864 0.00 0.00

 3,692.2 22,950 0.17 0.12

#3 1 0.190 175.00 5.20 0.1930 1.0000 3 207.9 20,078 1.18 0.82

2 0.177 175.00 4.20 0.2560 1.0000 3 226.1 15,982 0.00 0.00

3 0.166 175.00 4.30 0.2290 1.0000 3 249.7 15,930 0.00 0.00

 4,101.8 17,905 0.05 0.04

#4  4,101.8 17,905 0.05 0.04

#9 1 0.212 175.00 4.17 0.2490 1.0000 2 282.8 17,673 9.65 6.94

 4,230.5 17,092 0.62 0.49

#11  16,755.3 32,567 0.37 0.23

#21 1 0.206 175.00 4.44 0.2760 1.0000 2 239.6 21,111 11.98 8.52
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Stru
#

SWS
# Soil K L (ft) S (%) C P PS #

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc

(ml/l)

24VW

(ml/l)

2 0.241 175.00 5.81 0.3130 1.0000 1 492.8 46,077 29.71 20.94

3 0.185 300.00 2.70 0.2180 1.0000 3 123.7 12,551 1.00 0.71

4 0.220 200.00 2.66 0.2980 1.0000 1 186.2 12,653 7.35 5.34

 17,196.2 31,736 0.77 0.47

#35 1 0.194 200.00 3.42 0.2330 1.0000 3 104.4 10,453 0.00 0.00

 104.4 10,453 0.00 0.00

#15 1 0.201 125.00 8.20 0.3960 1.0000 3 1,207.0 50,092 0.00 0.00

2 0.161 100.00 11.40 0.3060 1.0000 3 1,578.7 52,259 0.70 0.50

3 0.118 100.00 10.20 0.2850 1.0000 2 838.0 24,987 13.44 9.77

 3,170.2 42,664 2.31 1.40

#12 1 0.124 150.00 6.30 0.3070 1.0000 2 243.8 18,353 10.10 7.17

2 0.132 200.00 3.60 0.3500 1.0000 2 61.0 12,522 7.14 4.94

3 0.136 175.00 5.00 0.3330 1.0000 2 292.1 20,029 11.19 7.88

4 0.188 200.00 3.40 0.3570 1.0000 2 396.4 13,294 5.96 4.45

5 0.228 175.00 4.10 0.3640 1.0000 2 218.2 28,979 16.34 11.54

 983.8 14,979 6.87 4.65

#13 1 0.128 150.00 6.90 0.3390 1.0000 2 191.1 22,097 12.13 8.57

2 0.130 175.00 5.70 0.3300 1.0000 2 301.9 20,384 11.16 7.98

3 0.191 175.00 6.00 0.2890 1.0000 2 339.4 30,713 18.13 12.80

4 0.122 175.00 5.10 0.3460 1.0000 2 112.8 22,191 13.59 9.38

5 0.137 175.00 4.20 0.3530 1.0000 2 192.5 12,866 5.90 4.40

 2,108.3 17,849 9.04 6.17

#14 1 0.196 100.00 10.20 0.3980 1.0000 3 1,697.6 81,141 4.79 3.29

2 0.193 150.00 6.70 0.4020 1.0000 3 1,122.7 52,409 2.37 1.67

3 0.169 75.00 13.80 0.3240 1.0000 3 2,842.1 64,277 0.66 0.47

4 0.114 100.00 11.00 0.2980 1.0000 3 177.4 33,008 1.55 1.11

5 0.078 100.00 10.10 0.1830 1.0000 3 186.4 14,274 0.86 0.61

6 0.084 150.00 7.10 0.2700 1.0000 2 118.7 11,524 6.33 4.60

7 0.087 100.00 10.00 0.1840 1.0000 3 294.1 13,740 0.18 0.13

8 0.126 150.00 6.70 0.2740 1.0000 2 425.5 15,628 7.99 5.90

9 0.117 150.00 7.30 0.2600 1.0000 2 399.4 15,866 8.46 6.23

10 0.115 125.00 8.50 0.2610 1.0000 2 241.2 16,973 9.26 6.81

 7,120.7 78,733 2.33 0.46

#16 1 0.201 300.00 2.78 0.3030 1.0000 3 342.1 11,907 0.00 0.00

2 0.204 150.00 6.00 0.3630 1.0000 3 885.0 42,217 1.60 1.15

3 0.210 150.00 6.10 0.3990 1.0000 3 666.4 52,593 4.78 3.46

 12,177.5 48,723 1.88 0.71
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Stru
#

SWS
# Soil K L (ft) S (%) C P PS #

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc

(ml/l)

24VW

(ml/l)

#23  12,281.9 47,445 1.81 0.69

#18 1 0.193 300.00 2.80 0.2200 1.0000 3 221.6 12,047 0.26 0.18

2 0.173 175.00 4.70 0.3880 1.0000 3 582.5 28,492 0.00 0.00

 510.1 14,524 0.14 0.09

#17 1 0.196 300.00 2.60 0.2600 1.0000 3 157.1 14,384 0.80 0.55

 157.1 14,384 0.80 0.55

#19  667.3 13,576 0.27 0.19

#20 1 0.192 200.00 3.19 0.2430 1.0000 3 136.1 10,607 0.00 0.00

 13,082.3 40,910 1.50 0.63

#22  30,278.5 32,934 0.98 0.54

#36 1 0.172 200.00 3.14 0.1950 1.0000 2 37.4 8,033 4.61 3.29

2 0.195 150.00 6.18 0.1680 1.0000 3 264.7 17,556 0.12 0.08

3 0.166 150.00 7.47 0.1830 1.0000 3 37.5 13,463 0.00 0.00

4 0.187 175.00 5.07 0.1810 1.0000 1 71.9 15,298 9.34 6.60

5 0.173 175.00 4.89 0.1800 1.0000 1 33.9 12,362 7.37 5.17

6 0.177 175.00 5.15 0.1840 1.0000 1 48.5 13,310 7.74 5.35

 42,067.8 32,600 1.10 0.62

#37 1 0.172 200.00 3.14 0.1950 1.0000 2 154.1 6,132 2.91 2.14

2 0.195 150.00 6.18 0.1680 1.0000 3 247.6 19,118 0.72 0.53

3 0.166 150.00 7.47 0.1830 1.0000 3 37.5 13,418 0.00 0.00

4 0.187 175.00 5.07 0.1810 1.0000 1 71.9 15,298 9.34 6.60

5 0.173 175.00 4.89 0.1800 1.0000 2 33.9 12,362 7.04 4.94

6 0.177 175.00 5.15 0.1840 1.0000 1 48.5 13,310 7.74 5.35

7 0.175 175.00 4.90 0.2080 1.0000 2 74.1 14,484 8.24 5.95

 41,307.5 31,893 0.53 0.30

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 3.65 50.00 1,369.00 1.910 0.199

8. Large gullies, diversions, and low
flowing streams 1.57 157.00 10,030.00 3.750 0.742

#1 1 Time of Concentration: 0.941

#1 2 5. Nearly bare and untilled, and
alluvial valley fans 6.63 70.00 1,056.00 2.570 0.114
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

5. Nearly bare and untilled, and
alluvial valley fans 1.98 150.00 7,573.00 1.400 1.502

#1 2 Time of Concentration: 1.616

#1 3 5. Nearly bare and untilled, and
alluvial valley fans 1.65 117.00 7,070.00 1.280 1.534

8. Large gullies, diversions, and low
flowing streams 2.43 126.00 5,188.00 4.670 0.308

#1 3 Time of Concentration: 1.842

#1 4 5. Nearly bare and untilled, and
alluvial valley fans 5.77 260.00 4,506.00 2.400 0.521

8. Large gullies, diversions, and low
flowing streams 2.84 168.00 5,924.00 5.050 0.325

#1 4 Time of Concentration: 0.846

#1 5 5. Nearly bare and untilled, and
alluvial valley fans 19.93 180.00 903.00 4.460 0.056

8. Large gullies, diversions, and low
flowing streams 3.30 178.00 5,393.00 5.450 0.274

#1 5 Time of Concentration: 0.330

#1 6 5. Nearly bare and untilled, and
alluvial valley fans 13.43 105.00 782.00 3.660 0.059

8. Large gullies, diversions, and low
flowing streams 2.62 283.00 10,822.00 4.850 0.619

#1 6 Time of Concentration: 0.678

#2 1 5. Nearly bare and untilled, and
alluvial valley fans 6.84 70.00 1,024.00 2.610 0.108

8. Large gullies, diversions, and low
flowing streams 1.62 70.00 4,325.00 3.810 0.315

#2 1 Time of Concentration: 0.423

#2 2 5. Nearly bare and untilled, and
alluvial valley fans 5.56 45.00 810.00 2.350 0.095

8. Large gullies, diversions, and low
flowing streams 0.86 40.00 4,663.00 2.770 0.467

#2 2 Time of Concentration: 0.562

#2 3 5. Nearly bare and untilled, and
alluvial valley fans 5.89 50.00 849.00 2.420 0.097

8. Large gullies, diversions, and low
flowing streams 1.17 80.00 6,862.00 3.230 0.590

#2 3 Time of Concentration: 0.687

#2 4 5. Nearly bare and untilled, and
alluvial valley fans 12.63 95.00 752.00 3.550 0.058

8. Large gullies, diversions, and low
flowing streams 1.40 135.00 9,630.00 3.550 0.753

#2 4 Time of Concentration: 0.811

#2 5 5. Nearly bare and untilled, and
alluvial valley fans 11.02 70.00 635.00 3.320 0.053

8. Large gullies, diversions, and low
flowing streams 0.46 40.00 8,732.00 2.030 1.194

#2 5 Time of Concentration: 1.247
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#3 1 5. Nearly bare and untilled, and
alluvial valley fans 1.24 10.00 805.00 1.110 0.201

8. Large gullies, diversions, and low
flowing streams 1.33 40.00 3,017.00 3.450 0.242

#3 1 Time of Concentration: 0.443

#3 2 5. Nearly bare and untilled, and
alluvial valley fans 0.68 10.00 1,478.00 0.820 0.500

8. Large gullies, diversions, and low
flowing streams 1.78 100.00 5,622.00 4.000 0.390

#3 2 Time of Concentration: 0.890

#3 3 5. Nearly bare and untilled, and
alluvial valley fans 4.66 70.00 1,501.00 2.150 0.193

8. Large gullies, diversions, and low
flowing streams 1.17 60.00 5,126.00 3.240 0.439

#3 3 Time of Concentration: 0.632

#5 1 5. Nearly bare and untilled, and
alluvial valley fans 19.06 285.00 1,495.00 4.360 0.095

8. Large gullies, diversions, and low
flowing streams 2.64 242.00 9,174.00 4.870 0.523

#5 1 Time of Concentration: 0.618

#5 2 5. Nearly bare and untilled, and
alluvial valley fans 14.27 105.00 736.00 3.770 0.054

8. Large gullies, diversions, and low
flowing streams 4.08 297.00 7,279.00 6.050 0.334

#5 2 Time of Concentration: 0.388

#5 3 5. Nearly bare and untilled, and
alluvial valley fans 8.27 35.00 423.00 2.870 0.040

8. Large gullies, diversions, and low
flowing streams 3.44 208.00 6,049.00 5.560 0.302

#5 3 Time of Concentration: 0.342

#5 4 5. Nearly bare and untilled, and
alluvial valley fans 14.58 85.00 583.00 3.810 0.042

8. Large gullies, diversions, and low
flowing streams 4.53 248.00 5,473.00 6.380 0.238

#5 4 Time of Concentration: 0.280

#5 5 5. Nearly bare and untilled, and
alluvial valley fans 5.07 70.00 1,382.00 2.250 0.170

8. Large gullies, diversions, and low
flowing streams 3.89 170.00 4,375.00 5.910 0.205

#5 5 Time of Concentration: 0.375

#5 6 5. Nearly bare and untilled, and
alluvial valley fans 12.48 90.00 721.00 3.530 0.056

8. Large gullies, diversions, and low
flowing streams 5.16 274.00 5,308.02 6.810 0.216

#5 6 Time of Concentration: 0.272

#6 1 5. Nearly bare and untilled, and
alluvial valley fans 5.36 75.00 1,399.00 2.310 0.168

8. Large gullies, diversions, and low
flowing streams 2.41 66.00 2,742.00 4.650 0.163
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#6 1 Time of Concentration: 0.331

#6 2 5. Nearly bare and untilled, and
alluvial valley fans 3.39 80.00 2,359.00 1.840 0.356

8. Large gullies, diversions, and low
flowing streams 2.63 80.00 3,039.00 4.860 0.173

#6 2 Time of Concentration: 0.529

#6 3 5. Nearly bare and untilled, and
alluvial valley fans 4.60 34.00 739.00 2.140 0.095

8. Large gullies, diversions, and low
flowing streams 2.33 136.00 5,845.00 4.570 0.355

#6 3 Time of Concentration: 0.450

#6 4 5. Nearly bare and untilled, and
alluvial valley fans 6.06 85.00 1,402.00 2.460 0.158

8. Large gullies, diversions, and low
flowing streams 2.52 96.00 3,810.00 4.760 0.222

#6 4 Time of Concentration: 0.380

#6 5 5. Nearly bare and untilled, and
alluvial valley fans 7.24 70.00 967.00 2.690 0.099

8. Large gullies, diversions, and low
flowing streams 2.34 117.00 5,003.00 4.580 0.303

#6 5 Time of Concentration: 0.402

#6 6 5. Nearly bare and untilled, and
alluvial valley fans 31.83 183.00 575.00 5.640 0.028

8. Large gullies, diversions, and low
flowing streams 3.38 270.00 7,990.00 5.510 0.402

#6 6 Time of Concentration: 0.430

#6 7 5. Nearly bare and untilled, and
alluvial valley fans 23.08 325.00 1,408.00 4.800 0.081

8. Large gullies, diversions, and low
flowing streams 2.88 240.00 8,327.00 5.090 0.454

#6 7 Time of Concentration: 0.535

#7 1 5. Nearly bare and untilled, and
alluvial valley fans 11.42 90.00 788.00 3.370 0.064

8. Large gullies, diversions, and low
flowing streams 1.46 230.00 15,769.00 3.620 1.210

#7 1 Time of Concentration: 1.274

#7 2 5. Nearly bare and untilled, and
alluvial valley fans 10.97 60.00 547.00 3.310 0.045

8. Large gullies, diversions, and low
flowing streams 1.61 220.00 13,660.00 3.800 0.998

#7 2 Time of Concentration: 1.043

#7 3 5. Nearly bare and untilled, and
alluvial valley fans 6.40 60.00 938.00 2.520 0.103

8. Large gullies, diversions, and low
flowing streams 1.72 171.00 9,931.00 3.930 0.701

#7 3 Time of Concentration: 0.804

#7 4 5. Nearly bare and untilled, and
alluvial valley fans 19.23 80.00 416.00 4.380 0.026

Filename: A4N CW_Postmine_sedcad_Feb2011.sc4 Printed 03-02-2011

SEDCAD 4 for Windows
Copyright 1998 -2007 Pamela J. Schwab
Civil Software Design, LLC 31

123



Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

8. Large gullies, diversions, and low
flowing streams 2.45 100.00 4,083.00 4.690 0.241

#7 4 Time of Concentration: 0.267

#7 5 5. Nearly bare and untilled, and
alluvial valley fans 6.09 67.00 1,101.00 2.460 0.124

8. Large gullies, diversions, and low
flowing streams 2.51 80.00 3,184.00 4.750 0.186

#7 5 Time of Concentration: 0.310

#7 6 5. Nearly bare and untilled, and
alluvial valley fans 5.93 63.00 1,062.00 2.430 0.121

8. Large gullies, diversions, and low
flowing streams 2.74 82.00 2,993.00 4.960 0.167

#7 6 Time of Concentration: 0.288

#7 7 5. Nearly bare and untilled, and
alluvial valley fans 7.97 65.00 816.00 2.820 0.080

8. Large gullies, diversions, and low
flowing streams 3.48 153.00 4,400.00 5.590 0.218

#7 7 Time of Concentration: 0.298

#7 8 5. Nearly bare and untilled, and
alluvial valley fans 6.60 50.00 758.00 2.560 0.082

8. Large gullies, diversions, and low
flowing streams 4.66 473.00 10,157.00 6.470 0.436

#7 8 Time of Concentration: 0.518

#9 1 5. Nearly bare and untilled, and
alluvial valley fans 3.01 55.00 1,829.00 1.730 0.293

8. Large gullies, diversions, and low
flowing streams 0.76 50.00 6,548.00 2.620 0.694

#9 1 Time of Concentration: 0.987

#10 1 5. Nearly bare and untilled, and
alluvial valley fans 1.24 41.00 3,317.00 1.110 0.830

8. Large gullies, diversions, and low
flowing streams 0.70 29.00 4,125.00 2.510 0.456

#10 1 Time of Concentration: 1.286

#10 2 5. Nearly bare and untilled, and
alluvial valley fans 2.25 125.00 5,554.00 1.500 1.028

8. Large gullies, diversions, and low
flowing streams 2.13 85.00 3,997.00 4.370 0.254

#10 2 Time of Concentration: 1.282

#10 3 5. Nearly bare and untilled, and
alluvial valley fans 1.39 68.00 4,904.00 1.170 1.164

8. Large gullies, diversions, and low
flowing streams 4.73 90.00 1,904.00 6.520 0.081

#10 3 Time of Concentration: 1.245

#10 4 5. Nearly bare and untilled, and
alluvial valley fans 3.76 51.00 1,357.00 1.930 0.195

8. Large gullies, diversions, and low
flowing streams 0.65 22.00 3,385.00 2.410 0.390

#10 4 Time of Concentration: 0.585
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#10 5 5. Nearly bare and untilled, and
alluvial valley fans 1.63 88.00 5,391.16 1.270 1.179

#10 5 Time of Concentration: 1.179

#12 1 5. Nearly bare and untilled, and
alluvial valley fans 4.50 75.00 1,667.00 2.120 0.218

8. Large gullies, diversions, and low
flowing streams 1.85 155.00 8,400.00 4.070 0.573

#12 1 Time of Concentration: 0.791

#12 2 5. Nearly bare and untilled, and
alluvial valley fans 2.99 50.00 1,674.03 1.720 0.270

8. Large gullies, diversions, and low
flowing streams 1.67 70.00 4,201.17 3.870 0.301

#12 2 Time of Concentration: 0.571

#12 3 5. Nearly bare and untilled, and
alluvial valley fans 4.04 57.00 1,411.00 2.000 0.195

8. Large gullies, diversions, and low
flowing streams 1.55 107.00 6,884.00 3.740 0.511

#12 3 Time of Concentration: 0.706

#12 4 5. Nearly bare and untilled, and
alluvial valley fans 2.23 84.00 3,771.04 1.490 0.703

8. Large gullies, diversions, and low
flowing streams 1.62 186.00 11,515.60 3.810 0.839

#12 4 Time of Concentration: 1.542

#12 5 5. Nearly bare and untilled, and
alluvial valley fans 3.68 53.00 1,442.00 1.910 0.209

8. Large gullies, diversions, and low
flowing streams 1.95 120.00 6,155.00 4.180 0.409

#12 5 Time of Concentration: 0.618

#13 1 5. Nearly bare and untilled, and
alluvial valley fans 4.62 62.00 1,342.00 2.140 0.174

8. Large gullies, diversions, and low
flowing streams 1.91 157.00 8,225.00 4.140 0.551

#13 1 Time of Concentration: 0.725

#13 2 5. Nearly bare and untilled, and
alluvial valley fans 2.91 50.00 1,717.00 1.700 0.280

8. Large gullies, diversions, and low
flowing streams 2.28 183.00 8,039.00 4.520 0.494

#13 2 Time of Concentration: 0.774

#13 3 5. Nearly bare and untilled, and
alluvial valley fans 6.18 95.00 1,537.00 2.480 0.172

8. Large gullies, diversions, and low
flowing streams 2.13 135.00 6,347.00 4.370 0.403

#13 3 Time of Concentration: 0.575

#13 4 5. Nearly bare and untilled, and
alluvial valley fans 3.17 10.00 315.00 1.780 0.049

8. Large gullies, diversions, and low
flowing streams 2.30 100.00 4,344.00 4.550 0.265

#13 4 Time of Concentration: 0.314
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#13 5 5. Nearly bare and untilled, and
alluvial valley fans 3.10 70.00 2,255.00 1.760 0.355

8. Large gullies, diversions, and low
flowing streams 1.23 140.00 11,392.00 3.320 0.953

#13 5 Time of Concentration: 1.308

#14 1 5. Nearly bare and untilled, and
alluvial valley fans 10.59 63.00 595.00 3.250 0.050

8. Large gullies, diversions, and low
flowing streams 2.60 151.00 5,808.00 4.830 0.334

#14 1 Time of Concentration: 0.384

#14 2 5. Nearly bare and untilled, and
alluvial valley fans 7.28 67.00 920.00 2.690 0.095

8. Large gullies, diversions, and low
flowing streams 2.17 123.00 5,670.00 4.410 0.357

#14 2 Time of Concentration: 0.452

#14 3 5. Nearly bare and untilled, and
alluvial valley fans 21.46 150.00 699.00 4.630 0.041

8. Large gullies, diversions, and low
flowing streams 3.10 364.00 11,728.00 5.280 0.617

#14 3 Time of Concentration: 0.658

#14 4 5. Nearly bare and untilled, and
alluvial valley fans 3.39 35.00 1,032.00 1.840 0.155

8. Large gullies, diversions, and low
flowing streams 2.97 103.00 3,470.00 5.160 0.186

#14 4 Time of Concentration: 0.341

#14 5 5. Nearly bare and untilled, and
alluvial valley fans 28.15 125.00 444.00 5.300 0.023

8. Large gullies, diversions, and low
flowing streams 4.18 246.00 5,886.00 6.130 0.266

#14 5 Time of Concentration: 0.289

#14 6 5. Nearly bare and untilled, and
alluvial valley fans 3.18 40.00 1,257.00 1.780 0.196

8. Large gullies, diversions, and low
flowing streams 2.29 228.00 9,963.00 4.530 0.610

#14 6 Time of Concentration: 0.806

#14 7 5. Nearly bare and untilled, and
alluvial valley fans 16.72 100.00 598.00 4.080 0.040

8. Large gullies, diversions, and low
flowing streams 2.81 243.00 8,649.00 5.020 0.478

#14 7 Time of Concentration: 0.518

#14 8 5. Nearly bare and untilled, and
alluvial valley fans 1.70 47.00 2,765.00 1.300 0.590

8. Large gullies, diversions, and low
flowing streams 2.44 274.00 11,208.00 4.690 0.663

#14 8 Time of Concentration: 1.253

#14 9 5. Nearly bare and untilled, and
alluvial valley fans 2.87 105.00 3,657.00 1.690 0.601

8. Large gullies, diversions, and low
flowing streams 2.43 194.00 7,991.00 4.670 0.475
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#14 9 Time of Concentration: 1.076

#14 10 5. Nearly bare and untilled, and
alluvial valley fans 2.75 80.00 2,907.00 1.650 0.489

8. Large gullies, diversions, and low
flowing streams 2.41 172.00 7,149.00 4.650 0.427

#14 10 Time of Concentration: 0.916

#15 1 5. Nearly bare and untilled, and
alluvial valley fans 12.80 54.00 422.00 3.570 0.032

8. Large gullies, diversions, and low
flowing streams 1.68 181.00 10,781.00 3.880 0.771

#15 1 Time of Concentration: 0.803

#15 2 5. Nearly bare and untilled, and
alluvial valley fans 44.22 260.00 588.00 6.640 0.024

8. Large gullies, diversions, and low
flowing streams 2.45 254.00 10,354.24 4.690 0.613

#15 2 Time of Concentration: 0.637

#15 3 5. Nearly bare and untilled, and
alluvial valley fans 10.04 85.00 847.00 3.160 0.074

8. Large gullies, diversions, and low
flowing streams 2.34 366.00 15,663.00 4.580 0.949

#15 3 Time of Concentration: 1.023

#16 1 5. Nearly bare and untilled, and
alluvial valley fans 2.26 117.00 5,179.00 1.500 0.959

8. Large gullies, diversions, and low
flowing streams 0.46 26.00 5,601.00 2.040 0.762

#16 1 Time of Concentration: 1.721

#16 2 5. Nearly bare and untilled, and
alluvial valley fans 8.70 62.00 713.00 2.940 0.067

8. Large gullies, diversions, and low
flowing streams 1.99 144.00 7,241.00 4.230 0.475

#16 2 Time of Concentration: 0.542

#16 3 5. Nearly bare and untilled, and
alluvial valley fans 6.88 32.00 465.00 2.620 0.049

8. Large gullies, diversions, and low
flowing streams 2.29 81.00 3,543.00 4.530 0.217

#16 3 Time of Concentration: 0.266

#17 1 5. Nearly bare and untilled, and
alluvial valley fans 9.37 65.00 694.00 3.060 0.062

8. Large gullies, diversions, and low
flowing streams 1.19 56.00 4,712.00 3.270 0.400

#17 1 Time of Concentration: 0.462

#18 1 5. Nearly bare and untilled, and
alluvial valley fans 9.00 60.00 667.00 2.990 0.061

8. Large gullies, diversions, and low
flowing streams 0.97 61.00 6,287.00 2.950 0.591

#18 1 Time of Concentration: 0.652

#18 2 5. Nearly bare and untilled, and
alluvial valley fans 2.47 33.00 1,336.00 1.570 0.236
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8. Large gullies, diversions, and low
flowing streams 2.01 164.00 8,154.00 4.250 0.532

#18 2 Time of Concentration: 0.768

#20 1 5. Nearly bare and untilled, and
alluvial valley fans 2.64 47.00 1,783.00 1.620 0.305

8. Large gullies, diversions, and low
flowing streams 0.56 30.00 5,405.00 2.230 0.673

#20 1 Time of Concentration: 0.978

#21 1 5. Nearly bare and untilled, and
alluvial valley fans 4.09 60.00 1,467.02 2.020 0.201

8. Large gullies, diversions, and low
flowing streams 0.93 60.00 6,433.62 2.890 0.618

#21 1 Time of Concentration: 0.819

#21 2 5. Nearly bare and untilled, and
alluvial valley fans 3.50 50.00 1,430.00 1.860 0.213

8. Large gullies, diversions, and low
flowing streams 2.15 60.00 2,785.12 4.400 0.175

#21 2 Time of Concentration: 0.388

#21 3 5. Nearly bare and untilled, and
alluvial valley fans 1.70 15.00 881.00 1.300 0.188

9. Small streams flowing bankfull 1.49 60.00 4,014.18 11.000 0.101

#21 3 Time of Concentration: 0.289

#21 4 5. Nearly bare and untilled, and
alluvial valley fans 2.21 40.00 1,811.02 1.480 0.339

8. Large gullies, diversions, and low
flowing streams 0.84 50.00 5,949.54 2.750 0.600

#21 4 Time of Concentration: 0.939

#24 1 5. Nearly bare and untilled, and
alluvial valley fans 1.71 430.00 25,118.00 1.300 5.367

#24 1 Time of Concentration: 5.367

#24 2 5. Nearly bare and untilled, and
alluvial valley fans 1.84 430.00 23,393.00 1.350 4.813

#24 2 Time of Concentration: 4.813

#24 3 5. Nearly bare and untilled, and
alluvial valley fans 1.82 155.00 8,498.00 1.350 1.748

8. Large gullies, diversions, and low
flowing streams 0.84 40.00 4,771.00 2.740 0.483

#24 3 Time of Concentration: 2.231

#24 4 5. Nearly bare and untilled, and
alluvial valley fans 1.24 50.00 4,042.00 1.110 1.011

8. Large gullies, diversions, and low
flowing streams 0.49 60.00 12,150.00 2.100 1.607

#24 4 Time of Concentration: 2.618

#25 1 5. Nearly bare and untilled, and
alluvial valley fans 0.51 10.00 1,950.00 0.710 0.762

8. Large gullies, diversions, and low
flowing streams 1.81 60.00 3,322.00 4.030 0.228

#25 1 Time of Concentration: 0.990
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#25 2 5. Nearly bare and untilled, and
alluvial valley fans 1.11 25.00 2,254.00 1.050 0.596

8. Large gullies, diversions, and low
flowing streams 2.36 75.00 3,178.00 4.600 0.191

#25 2 Time of Concentration: 0.787

#25 3 5. Nearly bare and untilled, and
alluvial valley fans 3.23 30.00 929.00 1.790 0.144

8. Large gullies, diversions, and low
flowing streams 2.45 154.00 6,297.00 4.690 0.372

#25 3 Time of Concentration: 0.516

#26 1 5. Nearly bare and untilled, and
alluvial valley fans 1.20 103.00 8,602.00 1.090 2.192

#26 1 Time of Concentration: 2.192

#26 2 5. Nearly bare and untilled, and
alluvial valley fans 1.23 120.00 9,780.00 1.100 2.469

8. Large gullies, diversions, and low
flowing streams 2.18 184.00 8,454.00 4.420 0.531

#26 2 Time of Concentration: 3.000

#27 1 5. Nearly bare and untilled, and
alluvial valley fans 4.32 50.00 1,158.02 2.070 0.155

8. Large gullies, diversions, and low
flowing streams 2.53 198.00 7,838.16 4.760 0.457

#27 1 Time of Concentration: 0.612

#27 2 5. Nearly bare and untilled, and
alluvial valley fans 5.26 30.00 570.00 2.290 0.069

8. Large gullies, diversions, and low
flowing streams 3.15 278.00 8,822.00 5.320 0.460

#27 2 Time of Concentration: 0.529

#27 3 5. Nearly bare and untilled, and
alluvial valley fans 16.33 80.00 490.00 4.040 0.033

8. Large gullies, diversions, and low
flowing streams 2.15 225.00 10,443.00 4.400 0.659

#27 3 Time of Concentration: 0.692

#27 4 5. Nearly bare and untilled, and
alluvial valley fans 12.43 65.00 523.00 3.520 0.041

8. Large gullies, diversions, and low
flowing streams 3.49 225.00 6,454.00 5.600 0.320

#27 4 Time of Concentration: 0.361

#27 5 5. Nearly bare and untilled, and
alluvial valley fans 9.40 25.00 266.00 3.060 0.024

8. Large gullies, diversions, and low
flowing streams 2.32 364.00 15,700.00 4.560 0.956

#27 5 Time of Concentration: 0.980

#28 1 5. Nearly bare and untilled, and
alluvial valley fans 5.25 40.00 762.00 2.290 0.092

8. Large gullies, diversions, and low
flowing streams 2.96 310.00 10,479.34 5.150 0.565

#28 1 Time of Concentration: 0.657
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#28 2 5. Nearly bare and untilled, and
alluvial valley fans 25.86 105.00 406.00 5.080 0.022

8. Large gullies, diversions, and low
flowing streams 2.96 310.00 10,479.34 5.150 0.565

#28 2 Time of Concentration: 0.587

#29 1 5. Nearly bare and untilled, and
alluvial valley fans 11.58 30.00 259.00 3.400 0.021

8. Large gullies, diversions, and low
flowing streams 3.61 288.00 7,976.00 5.700 0.388

#29 1 Time of Concentration: 0.409

#29 2 5. Nearly bare and untilled, and
alluvial valley fans 8.06 40.00 496.00 2.830 0.048

8. Large gullies, diversions, and low
flowing streams 2.90 252.00 8,693.55 5.100 0.473

#29 2 Time of Concentration: 0.521

#29 3 5. Nearly bare and untilled, and
alluvial valley fans 7.25 25.00 345.00 2.690 0.035

8. Large gullies, diversions, and low
flowing streams 2.26 158.00 7,001.00 4.500 0.432

#29 3 Time of Concentration: 0.467

#30 1 5. Nearly bare and untilled, and
alluvial valley fans 4.93 35.00 710.00 2.220 0.088

8. Large gullies, diversions, and low
flowing streams 1.67 243.00 14,540.00 3.870 1.043

#30 1 Time of Concentration: 1.131

#31 1 5. Nearly bare and untilled, and
alluvial valley fans 2.91 15.00 515.00 1.700 0.084

8. Large gullies, diversions, and low
flowing streams 2.74 247.00 9,006.00 4.960 0.504

#31 1 Time of Concentration: 0.588

#31 2 5. Nearly bare and untilled, and
alluvial valley fans 7.46 25.00 335.00 2.730 0.034

8. Large gullies, diversions, and low
flowing streams 2.18 138.00 6,335.00 4.420 0.398

#31 2 Time of Concentration: 0.432

#31 3 5. Nearly bare and untilled, and
alluvial valley fans 3.84 20.00 521.00 1.950 0.074

8. Large gullies, diversions, and low
flowing streams 2.24 108.00 4,826.00 4.480 0.299

#31 3 Time of Concentration: 0.373

#32 1 5. Nearly bare and untilled, and
alluvial valley fans 3.48 22.00 632.00 1.860 0.094

8. Large gullies, diversions, and low
flowing streams 1.56 101.00 6,494.00 3.740 0.482

#32 1 Time of Concentration: 0.576

#34 1 5. Nearly bare and untilled, and
alluvial valley fans 2.28 35.00 1,538.00 1.500 0.284

8. Large gullies, diversions, and low
flowing streams 2.89 74.00 2,560.00 5.100 0.139
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#34 1 Time of Concentration: 0.423

#34 2 5. Nearly bare and untilled, and
alluvial valley fans 2.69 38.00 1,415.00 1.630 0.241

8. Large gullies, diversions, and low
flowing streams 1.60 81.00 5,052.00 3.790 0.370

#34 2 Time of Concentration: 0.611

#34 3 5. Nearly bare and untilled, and
alluvial valley fans 3.80 56.00 1,474.00 1.940 0.211

8. Large gullies, diversions, and low
flowing streams 0.70 30.00 4,293.00 2.500 0.477

#34 3 Time of Concentration: 0.688

#34 4 5. Nearly bare and untilled, and
alluvial valley fans 4.17 35.00 840.00 2.040 0.114

8. Large gullies, diversions, and low
flowing streams 1.89 72.00 3,807.00 4.120 0.256

#34 4 Time of Concentration: 0.370

#35 1 5. Nearly bare and untilled, and
alluvial valley fans 2.34 113.00 4,831.12 1.520 0.882

8. Large gullies, diversions, and low
flowing streams 1.11 20.00 1,794.00 3.160 0.157

#35 1 Time of Concentration: 1.039

#36 1 5. Nearly bare and untilled, and
alluvial valley fans 3.35 20.00 596.46 1.830 0.090

8. Large gullies, diversions, and low
flowing streams 1.29 60.00 4,641.80 3.410 0.378

#36 1 Time of Concentration: 0.468

#36 2 5. Nearly bare and untilled, and
alluvial valley fans 3.33 40.00 1,200.57 1.820 0.183

8. Large gullies, diversions, and low
flowing streams 1.51 90.00 5,956.33 3.680 0.449

#36 2 Time of Concentration: 0.632

#36 3 5. Nearly bare and untilled, and
alluvial valley fans 3.77 77.00 2,043.74 1.940 0.292

8. Large gullies, diversions, and low
flowing streams 1.12 53.00 4,712.61 3.180 0.411

#36 3 Time of Concentration: 0.703

#36 4 5. Nearly bare and untilled, and
alluvial valley fans 6.40 60.00 937.44 2.520 0.103

8. Large gullies, diversions, and low
flowing streams 1.76 80.00 4,538.27 3.980 0.316

#36 4 Time of Concentration: 0.419

#36 5 5. Nearly bare and untilled, and
alluvial valley fans 1.68 10.00 596.48 1.290 0.128

8. Large gullies, diversions, and low
flowing streams 2.50 125.00 5,007.21 4.740 0.293

#36 5 Time of Concentration: 0.421

#36 6 5. Nearly bare and untilled, and
alluvial valley fans 1.57 10.00 638.43 1.250 0.141
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

8. Large gullies, diversions, and low
flowing streams 2.06 123.00 5,966.63 4.300 0.385

#36 6 Time of Concentration: 0.526

#37 1 5. Nearly bare and untilled, and
alluvial valley fans 4.68 129.00 2,754.05 2.160 0.354

8. Large gullies, diversions, and low
flowing streams 0.16 10.00 6,108.73 1.210 1.402

#37 1 Time of Concentration: 1.756

#37 2 5. Nearly bare and untilled, and
alluvial valley fans 5.17 45.00 870.00 2.270 0.106

8. Large gullies, diversions, and low
flowing streams 2.01 95.00 4,737.20 4.240 0.310

#37 2 Time of Concentration: 0.416

#37 3 5. Nearly bare and untilled, and
alluvial valley fans 3.52 30.00 852.93 1.870 0.126

8. Large gullies, diversions, and low
flowing streams 4.02 180.00 4,473.94 6.010 0.206

#37 3 Time of Concentration: 0.703

#37 4 5. Nearly bare and untilled, and
alluvial valley fans 3.18 35.00 1,099.00 1.780 0.171

8. Large gullies, diversions, and low
flowing streams 1.49 38.00 2,544.00 3.660 0.193

#37 4 Time of Concentration: 0.419

#37 5 5. Nearly bare and untilled, and
alluvial valley fans 2.59 40.00 1,542.81 1.610 0.266

8. Large gullies, diversions, and low
flowing streams 1.48 67.00 4,528.71 3.640 0.345

#37 5 Time of Concentration: 0.421

#37 6 5. Nearly bare and untilled, and
alluvial valley fans 1.55 10.00 646.96 1.240 0.144

8. Large gullies, diversions, and low
flowing streams 6.34 157.00 2,475.12 7.550 0.091

#37 6 Time of Concentration: 0.526

#37 7 5. Nearly bare and untilled, and
alluvial valley fans 7.23 80.00 1,106.00 2.680 0.114

8. Large gullies, diversions, and low
flowing streams 1.05 52.00 4,950.00 3.070 0.447

#37 7 Time of Concentration: 0.561

Subwatershed Muskingum Routing Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 2 8. Large gullies, diversions, and low
flowing streams 1.29 107.00 8,294.00 3.400 0.677

#1 2 Muskingum K: 0.677

#1 3 8. Large gullies, diversions, and low
flowing streams 1.27 113.00 8,880.00 3.380 0.729
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 3 Muskingum K: 0.729

#1 4 8. Large gullies, diversions, and low
flowing streams 1.35 171.00 12,634.00 3.490 1.005

#1 4 Muskingum K: 1.005

#1 5 8. Large gullies, diversions, and low
flowing streams 1.49 274.00 18,349.00 3.660 1.392

#1 5 Muskingum K: 1.392

#1 6 8. Large gullies, diversions, and low
flowing streams 1.49 274.00 18,349.00 3.660 1.392

#1 6 Muskingum K: 1.392

#2 2 8. Large gullies, diversions, and low
flowing streams 0.53 20.00 3,756.00 2.180 0.478

#2 2 Muskingum K: 0.478

#2 3 8. Large gullies, diversions, and low
flowing streams 0.55 25.00 4,570.00 2.210 0.574

#2 3 Muskingum K: 0.574

#2 4 8. Large gullies, diversions, and low
flowing streams 0.55 25.00 4,570.00 2.210 0.574

#2 4 Muskingum K: 0.574

#2 5 8. Large gullies, diversions, and low
flowing streams 0.65 45.00 6,955.00 2.410 0.801

#2 5 Muskingum K: 0.801

#3 3 8. Large gullies, diversions, and low
flowing streams 0.92 20.00 2,168.00 2.880 0.209

#3 3 Muskingum K: 0.209

#5 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#5 1 Muskingum K: 0.000

#5 2 8. Large gullies, diversions, and low
flowing streams 1.75 125.00 7,149.00 3.960 0.501

#5 2 Muskingum K: 0.501

#5 3 8. Large gullies, diversions, and low
flowing streams 1.65 155.00 9,418.00 3.840 0.681

#5 3 Muskingum K: 0.681

#5 4 8. Large gullies, diversions, and low
flowing streams 1.65 155.00 9,418.00 3.840 0.681

#5 4 Muskingum K: 0.681

#5 5 8. Large gullies, diversions, and low
flowing streams 1.67 239.00 14,273.00 3.880 1.021

#5 5 Muskingum K: 1.021

#5 6 8. Large gullies, diversions, and low
flowing streams 1.68 239.00 14,223.00 3.880 1.018

#5 6 Muskingum K: 1.018

#7 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#7 1 Muskingum K: 0.000

#7 2 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#7 2 Muskingum K: 0.000

#7 4 8. Large gullies, diversions, and low
flowing streams 1.16 140.00 12,037.00 3.230 1.035

#7 4 Muskingum K: 1.035

#7 5 8. Large gullies, diversions, and low
flowing streams 1.14 140.00 12,307.69 3.190 1.071

#7 5 Muskingum K: 1.071

#7 6 8. Large gullies, diversions, and low
flowing streams 1.17 158.00 13,546.00 3.230 1.164

#7 6 Muskingum K: 1.164

#7 7 8. Large gullies, diversions, and low
flowing streams 1.18 187.00 15,784.00 3.260 1.344

#7 7 Muskingum K: 1.344

#7 8 8. Large gullies, diversions, and low
flowing streams 1.18 187.00 15,784.00 3.260 1.344

#7 8 Muskingum K: 1.344

#10 3 8. Large gullies, diversions, and low
flowing streams 0.76 37.00 4,861.00 2.610 0.517

#10 3 Muskingum K: 0.517

#10 4 8. Large gullies, diversions, and low
flowing streams 0.76 37.00 4,861.00 2.610 0.517

#10 4 Muskingum K: 0.517

#10 5 8. Large gullies, diversions, and low
flowing streams 0.79 47.00 5,956.00 2.660 0.621

#10 5 Muskingum K: 0.621

#12 2 8. Large gullies, diversions, and low
flowing streams 8.24 111.00 1,347.00 8.610 0.043

#12 2 Muskingum K: 0.043

#12 3 8. Large gullies, diversions, and low
flowing streams 8.01 109.00 1,360.00 8.490 0.044

#12 3 Muskingum K: 0.044

#12 4 8. Large gullies, diversions, and low
flowing streams 2.24 176.00 7,866.00 4.480 0.487

#12 4 Muskingum K: 0.487

#12 5 8. Large gullies, diversions, and low
flowing streams 2.24 176.00 7,866.00 4.480 0.487

#12 5 Muskingum K: 0.487

#13 2 8. Large gullies, diversions, and low
flowing streams 1.34 54.00 4,025.00 3.470 0.322

#13 2 Muskingum K: 0.322

#13 3 8. Large gullies, diversions, and low
flowing streams 0.98 72.00 7,333.00 2.970 0.685

#13 3 Muskingum K: 0.685

#13 4 8. Large gullies, diversions, and low
flowing streams 1.18 127.00 10,806.00 3.250 0.923

#13 4 Muskingum K: 0.923

#13 5 8. Large gullies, diversions, and low
flowing streams 1.18 127.00 10,806.00 3.250 0.923
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#13 5 Muskingum K: 0.923

#14 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#14 1 Muskingum K: 0.000

#14 2 8. Large gullies, diversions, and low
flowing streams 0.83 58.00 6,957.00 2.730 0.707

#14 2 Muskingum K: 0.707

#14 3 8. Large gullies, diversions, and low
flowing streams 0.81 77.00 9,480.00 2.700 0.975

#14 3 Muskingum K: 0.975

#14 4 8. Large gullies, diversions, and low
flowing streams 0.86 147.00 17,117.00 2.770 1.716

#14 4 Muskingum K: 1.716

#14 5 8. Large gullies, diversions, and low
flowing streams 0.88 175.00 19,934.00 2.810 1.970

#14 5 Muskingum K: 1.970

#14 6 8. Large gullies, diversions, and low
flowing streams 0.95 211.00 22,155.00 2.920 2.107

#14 6 Muskingum K: 2.107

#14 7 8. Large gullies, diversions, and low
flowing streams 0.96 257.00 26,835.00 2.930 2.544

#14 7 Muskingum K: 2.544

#14 8 8. Large gullies, diversions, and low
flowing streams 0.96 257.00 26,835.00 2.930 2.544

#14 8 Muskingum K: 2.544

#14 9 8. Large gullies, diversions, and low
flowing streams 0.95 307.00 32,146.59 2.930 3.047

#14 9 Muskingum K: 3.047

#14 10 8. Large gullies, diversions, and low
flowing streams 0.96 339.00 35,382.00 2.930 3.354

#14 10 Muskingum K: 3.354

#15 2 8. Large gullies, diversions, and low
flowing streams 1.14 86.00 7,535.26 3.200 0.654

#15 2 Muskingum K: 0.654

#15 3 8. Large gullies, diversions, and low
flowing streams 1.25 115.00 9,236.00 3.340 0.768

#15 3 Muskingum K: 0.768

#16 2 8. Large gullies, diversions, and low
flowing streams 0.55 42.00 7,608.00 2.220 0.951

#16 2 Muskingum K: 0.951

#16 3 8. Large gullies, diversions, and low
flowing streams 0.51 54.00 10,615.00 2.130 1.384

#16 3 Muskingum K: 1.384

#17 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#17 1 Muskingum K: 0.000

#18 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#18 1 Muskingum K: 0.000

#18 2 8. Large gullies, diversions, and low
flowing streams 1.02 62.00 6,103.00 3.020 0.561

#18 2 Muskingum K: 0.561

#21 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#21 1 Muskingum K: 0.000

#21 2 8. Large gullies, diversions, and low
flowing streams 0.41 20.00 4,825.09 1.930 0.694

#21 2 Muskingum K: 0.694

#21 3 8. Large gullies, diversions, and low
flowing streams 0.36 20.00 5,627.46 1.780 0.878

#21 3 Muskingum K: 0.878

#21 4 8. Large gullies, diversions, and low
flowing streams 0.36 20.00 5,627.46 1.780 0.878

#21 4 Muskingum K: 0.878

#24 1 8. Large gullies, diversions, and low
flowing streams 0.79 180.00 22,769.00 2.660 2.377

#24 1 Muskingum K: 2.377

#24 2 8. Large gullies, diversions, and low
flowing streams 0.78 180.00 23,111.00 2.640 2.431

#24 2 Muskingum K: 2.431

#24 4 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#24 4 Muskingum K: 0.000

#25 1 8. Large gullies, diversions, and low
flowing streams 1.99 104.00 5,220.00 4.230 0.342

#25 1 Muskingum K: 0.342

#25 2 8. Large gullies, diversions, and low
flowing streams 1.99 104.00 5,220.00 4.230 0.342

#25 2 Muskingum K: 0.342

#25 3 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#25 3 Muskingum K: 0.000

#27 1 8. Large gullies, diversions, and low
flowing streams 1.38 216.00 15,629.00 3.520 1.233

#27 1 Muskingum K: 1.233

#27 2 8. Large gullies, diversions, and low
flowing streams 1.17 144.00 12,301.00 3.240 1.054

#27 2 Muskingum K: 1.054

#27 3 8. Large gullies, diversions, and low
flowing streams 1.18 76.00 6,454.00 3.250 0.551

#27 3 Muskingum K: 0.551

#27 4 8. Large gullies, diversions, and low
flowing streams 1.18 76.00 6,454.00 3.250 0.551

#27 4 Muskingum K: 0.551

#28 1 8. Large gullies, diversions, and low
flowing streams 1.30 84.00 6,445.17 3.420 0.523
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#28 1 Muskingum K: 0.523

#29 1 8. Large gullies, diversions, and low
flowing streams 0.88 37.00 4,210.00 2.810 0.416

#29 1 Muskingum K: 0.416

#29 2 8. Large gullies, diversions, and low
flowing streams 0.88 26.00 2,949.00 2.810 0.291

#29 2 Muskingum K: 0.291

#31 1 8. Large gullies, diversions, and low
flowing streams 1.35 76.00 5,639.00 3.480 0.450

#31 1 Muskingum K: 0.450

#31 2 8. Large gullies, diversions, and low
flowing streams 1.15 20.00 1,734.00 3.220 0.149

#31 2 Muskingum K: 0.149

#34 1 8. Large gullies, diversions, and low
flowing streams 0.64 56.00 8,773.00 2.390 1.019

#34 1 Muskingum K: 1.019

#34 2 8. Large gullies, diversions, and low
flowing streams 1.05 31.00 2,957.00 3.070 0.267

#34 2 Muskingum K: 0.267

#34 3 8. Large gullies, diversions, and low
flowing streams 0.64 26.00 4,031.00 2.400 0.466

#34 3 Muskingum K: 0.466

#36 1 8. Large gullies, diversions, and low
flowing streams 0.79 110.00 13,954.41 2.660 1.457

#36 1 Muskingum K: 1.457

#36 2 8. Large gullies, diversions, and low
flowing streams 0.58 50.00 8,630.15 2.280 1.051

#36 2 Muskingum K: 1.051

#36 3 8. Large gullies, diversions, and low
flowing streams 0.58 50.00 8,630.15 2.280 1.051

#36 3 Muskingum K: 1.051

#36 4 8. Large gullies, diversions, and low
flowing streams 0.23 10.00 4,329.90 1.440 0.835

#36 4 Muskingum K: 0.835

#36 5 8. Large gullies, diversions, and low
flowing streams 0.21 5.00 2,359.95 1.380 0.475

#36 5 Muskingum K: 0.475

#37 2 8. Large gullies, diversions, and low
flowing streams 0.28 30.00 10,642.07 1.590 1.859

#37 2 Muskingum K: 1.859

#37 3 8. Large gullies, diversions, and low
flowing streams 0.45 38.00 8,493.51 2.000 1.179

#37 3 Muskingum K: 1.179

#37 4 8. Large gullies, diversions, and low
flowing streams 0.66 104.00 15,664.00 2.440 1.783

#37 4 Muskingum K: 0.835

#37 5 8. Large gullies, diversions, and low
flowing streams 0.33 41.00 12,388.68 1.720 2.000
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#37 5 Muskingum K: 0.475

#37 6 8. Large gullies, diversions, and low
flowing streams 0.33 41.00 12,388.68 1.720 2.000

#37 6 Muskingum K: 0.000

#37 7 8. Large gullies, diversions, and low
flowing streams 0.33 31.00 9,267.00 1.730 1.487

#37 7 Muskingum K: 1.487
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Cottonwood Arroyo Post-mine
Hydrology and Sedimentology

The drainage subdivisions used to model the hydrology is
shown on Exhibit 11-77.

Revised January 31, 2011

AAY/LR/RY

BHP Billiton
Navajo Mine
PO Box 1717

Fruitland, NM 87416

Phone:  505 598 2007
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General Information

Storm Information:
Storm Type: NRCS Type II -

60

Design Storm:  100 yr - 6 hr

Rainfall Depth: 2.000 inches

Particle Size Distribution:
Size (mm) PostMine-

LoamySand
PreMine-

LoamySand PreMine-Badlands LoamySand
Postmining

2.0000 100.000% 100.000% 100.000% 0.000%

0.1000 26.500% 30.000% 83.500% 0.000%

0.0500 14.000% 17.000% 77.000% 0.000%

0.0020 11.000% 11.000% 56.000% 0.000%

0.0010 0.000% 0.000% 0.000% 0.000%
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Null #1 ==> #2 0.961 0.307

Null #2 ==> #3 0.068 0.331

Null #3 ==> #4 0.000 0.000

Null #4 ==> #9 0.718 0.281

Null #5 ==> #6 1.205 0.328

Null #6 ==> #7 0.189 0.304

Null #7 ==> #8 0.000 0.000

Null #8 ==> #10 0.989 0.300

Null #9 ==> #11 0.000 0.000

Null #10 ==> #11 0.000 0.000

Null #11 ==> #21 0.495 0.453

Null #12 ==> #13 0.076 0.330

Null #13 ==> #14 3.790 0.314

Null #14 ==> #16 1.579 0.287

Null #15 ==> #16 1.579 0.287

Null #16 ==> #23 0.000 0.000

Null #17 ==> #19 0.000 0.000

Null #18 ==> #19 0.000 0.000

Null #19 ==> #20 0.915 0.252

Null #20 ==> #22 0.000 0.000 End of Middle Fork

Null #21 ==> #22 0.000 0.000 End of South Fork

Null #22 ==> #36 1.315 0.260

Null #23 ==> #20 0.593 0.281

Null #24 ==> #25 0.964 0.340

Null #25 ==> #27 1.454 0.333

Null #26 ==> #27 1.454 0.333

Null #27 ==> #29 0.800 0.323

Null #28 ==> #29 0.800 0.323

Null #29 ==> #32 0.479 0.298

Null #30 ==> #32 0.479 0.298

Null #31 ==> #33 0.000 0.000

Null #32 ==> #33 0.000 0.000

Null #33 ==> #34 1.348 0.294 Inlet to North Fork Diversion

Null #34 ==> #36 0.825 0.261 End of North Fork

Null #35 ==> #23 0.203 0.259

Null #36 ==> #37 3.388 0.246

Null #37 ==> End 0.000 0.000
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#30

Null


#28

Null


#26

Null


#24

Null


#25

Null


#27

Null


#29

Null


#32

Null


#31

Null


#33

Null


#34

Null


#5

Null


#6

Null


#7

Null


#8

Null


#10

Null


#1

Null


#2

Null


#3

Null


#4

Null


#9

Null


#11

Null

Filename: A4N CW_Postmine_sedcad_Feb2011.sc4 Printed 03-02-2011

SEDCAD 4 for Windows
Copyright 1998 -2007 Pamela J. Schwab
Civil Software Design, LLC 4

142




#21

Null


#35

Null


#15

Null


#12

Null


#13

Null


#14

Null


#16

Null


#23

Null


#18

Null


#17

Null


#19

Null


#20

Null


#22

Null


#36

Null

#37

Null

Structure Routing Details:
Stru
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 8. Large gullies, diversions, and low
flowing streams 0.81 76.00 9,347.00 2.70 0.961

#1 Muskingum K: 0.961

#2 8. Large gullies, diversions, and low
flowing streams 1.23 10.00 814.00 3.32 0.068

#2 Muskingum K: 0.068

#3 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.00 0.000
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Stru
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#3 Muskingum K: 0.000

#4 8. Large gullies, diversions, and low
flowing streams 0.53 30.00 5,637.00 2.18 0.718

#4 Muskingum K: 0.718

#5 8. Large gullies, diversions, and low
flowing streams 1.17 165.00 14,065.00 3.24 1.205

#5 Muskingum K: 1.205

#6 8. Large gullies, diversions, and low
flowing streams 0.78 14.00 1,799.25 2.64 0.189

#6 Muskingum K: 0.189

#8 8. Large gullies, diversions, and low
flowing streams 0.72 65.00 9,046.00 2.54 0.989

#8 Muskingum K: 0.989

#11 8. Large gullies, diversions, and low
flowing streams 30.00 8,801.00 29,336.66 16.43 0.495

#11 Muskingum K: 0.495

#12 8. Large gullies, diversions, and low
flowing streams 1.21 11.00 906.00 3.30 0.076

#12 Muskingum K: 0.076

#13 8. Large gullies, diversions, and low
flowing streams 0.92 363.00 39,301.00 2.88 3.790

#13 Muskingum K: 3.790

#14 8. Large gullies, diversions, and low
flowing streams 0.59 77.00 13,075.22 2.30 1.579

#14 Muskingum K: 1.579

#15 8. Large gullies, diversions, and low
flowing streams 0.59 77.00 13,075.00 2.30 1.579

#15 Muskingum K: 1.579

#16 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.00 0.000

#16 Muskingum K: 0.000

#19 8. Large gullies, diversions, and low
flowing streams 0.33 19.00 5,699.00 1.73 0.915

#19 Muskingum K: 0.915

#22 8. Large gullies, diversions, and low
flowing streams 0.38 33.00 8,713.00 1.84 1.315

#22 Muskingum K: 1.315

#23 8. Large gullies, diversions, and low
flowing streams 0.53 25.00 4,680.00 2.19 0.593

#23 Muskingum K: 0.593

#24 8. Large gullies, diversions, and low
flowing streams 1.46 184.00 12,568.00 3.62 0.964

#24 Muskingum K: 0.964

#25 8. Large gullies, diversions, and low
flowing streams 1.28 228.00 17,755.00 3.39 1.454

#25 Muskingum K: 1.454

#26 8. Large gullies, diversions, and low
flowing streams 1.28 228.00 17,755.62 3.39 1.454
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Stru
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#26 Muskingum K: 1.454

#27 8. Large gullies, diversions, and low
flowing streams 1.07 96.00 8,938.00 3.10 0.800

#27 Muskingum K: 0.800

#28 8. Large gullies, diversions, and low
flowing streams 1.07 96.00 8,938.00 3.10 0.800

#28 Muskingum K: 0.800

#29 8. Large gullies, diversions, and low
flowing streams 0.70 30.00 4,313.00 2.50 0.479

#29 Muskingum K: 0.479

#30 8. Large gullies, diversions, and low
flowing streams 0.70 30.00 4,313.00 2.50 0.479

#30 Muskingum K: 0.479

#33 8. Large gullies, diversions, and low
flowing streams 0.66 77.00 11,748.55 2.42 1.348

#33 Muskingum K: 1.348

#34 8. Large gullies, diversions, and low
flowing streams 0.38 21.00 5,497.38 1.85 0.825

#34 Muskingum K: 0.825

#35 8. Large gullies, diversions, and low
flowing streams 0.37 5.00 1,338.00 1.83 0.203

#35 Muskingum K: 0.203

#36 8. Large gullies, diversions, and low
flowing streams 0.30 60.00 20,005.00 1.64 3.388

#36 Muskingum K: 3.388
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Structure Summary:
Immediate

Contributing
Area

(ac)

Total
Contributing

Area

(ac)

Peak
Discharge

(cfs)

Total
Runoff
Volume

(ac-ft)

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc.

(ml/l)

24VW

(ml/l)

#30 476.400 476.400 65.84 10.21 80.6 7,897 3.88 2.84

#28 1,217.900 1,217.900 724.22 90.75 5,014.7 55,579 0.74 0.53

#26 2,486.400 2,486.400 239.85 71.16 491.1 6,676 2.47 1.87

#24 8,061.800 8,061.800 347.67 214.00 875.6 4,680 0.88 0.57

#25 1,015.700 9,077.500 355.36 255.52 1,084.6 14,498 3.70 0.80

#27 1,783.700 13,347.600 632.57 400.49 3,310.4 27,999 12.29 2.66

#29 966.000 15,531.500 1,224.41 562.17 13,267.6 67,394 9.00 2.29

#32 293.700 16,301.600 1,271.84 598.03 14,429.8 60,085 6.29 1.84

#31 957.100 957.100 658.11 80.24 3,502.4 40,447 0.93 0.73

#33 0.000 17,258.700 1,380.10 678.27 17,932.2 51,948 4.61 1.71

#34 1,020.000 18,278.700 1,392.62 725.63 17,342.7 46,245 2.37 0.90

#5 2,023.000 2,023.000 1,134.33 129.85 4,047.1 40,903 5.32 2.95

#6 1,743.200 3,766.200 1,388.71 248.47 7,527.5 36,069 0.30 0.18

#7 2,395.300 6,161.500 2,178.26 452.80 18,760.6 44,925 0.00 0.00

#8 0.000 6,161.500 2,178.26 452.80 18,760.6 44,925 0.00 0.00

#10 1,053.200 7,214.700 2,258.75 530.48 18,793.8 41,539 0.16 0.10

#1 2,411.100 2,411.100 823.47 129.88 4,276.8 35,752 6.14 4.11

#2 1,497.000 3,908.100 957.23 249.69 5,734.6 23,757 0.18 0.13

#3 862.700 4,770.800 1,132.66 309.97 6,206.0 18,918 0.06 0.05

#4 0.000 4,770.800 1,132.66 309.97 6,206.0 18,918 0.06 0.05

#9 445.600 5,216.400 1,170.08 334.75 6,411.8 17,954 0.71 0.56

#11 0.000 12,431.100 3,131.48 865.23 25,205.6 34,177 0.44 0.27

#21 1,100.460 13,531.560 3,214.63 935.41 25,885.2 33,042 0.83 0.51

#35 160.400 160.400 111.85 13.99 150.0 10,899 0.00 0.00

#15 1,992.700 1,992.700 849.14 129.64 4,812.3 44,608 3.06 1.85

#12 3,494.500 3,494.500 584.36 120.82 1,787.9 16,061 7.55 5.09

#13 2,720.700 6,215.200 1,103.87 214.86 3,780.1 18,686 9.62 6.62

#14 5,096.800 11,312.000 1,402.27 519.98 11,403.3 82,900 4.66 0.89

#16 1,022.000 14,326.700 1,744.40 736.45 18,927.4 51,539 3.02 1.09

#23 0.000 14,487.100 1,763.29 750.44 19,077.4 50,202 2.92 1.07

#18 848.500 848.500 380.92 57.77 823.4 16,272 0.19 0.12

#17 182.200 182.200 206.29 15.91 224.8 14,878 0.93 0.64

#19 0.000 1,030.700 494.85 73.68 1,048.2 15,219 0.34 0.23

#20 271.100 15,788.900 1,850.79 843.08 20,328.1 43,387 2.41 0.97

#22 0.000 29,320.460 4,843.52 1,778.49 46,213.3 34,526 1.33 0.73

#36 1,584.680 49,183.840 6,148.59 2,561.11 64,386.1 33,979 1.52 0.83

#37 2,292.810 51,476.650 6,029.39 2,654.33 63,065.5 33,144 0.83 0.44
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Particle Size Distribution(s) at Each Structure

Structure #30:
Size (mm) In/Out   

2.0000 100.000%

0.1000 80.843%

0.0500 45.811%

0.0020 29.642%

0.0010 0.000%

Structure #28:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 96.265%

0.0010 0.000%

Structure #26:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 64.010%

0.0020 41.418%

0.0010 0.000%

Structure #24:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 89.673%

0.0020 60.935%
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Size (mm) In/Out   

0.0010 0.000%

Structure #25:
Size (mm) In/Out   

2.0000 100.000%

0.1000 84.948%

0.0500 75.885%

0.0020 58.545%

0.0010 0.000%

Structure #27:
Size (mm) In/Out   

2.0000 100.000%

0.1000 73.662%

0.0500 51.933%

0.0020 36.697%

0.0010 0.000%

Structure #29:
Size (mm) In/Out   

2.0000 100.000%

0.1000 93.484%

0.0500 88.062%

0.0020 77.327%

0.0010 0.000%

Structure #32:
Size (mm) In/Out   

2.0000 100.000%

0.1000 97.081%

0.0500 91.901%

0.0020 80.656%

0.0010 0.000%

Structure #31:
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Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 93.526%

0.0010 0.000%

Structure #33 (Inlet to North Fork Diversion):
Size (mm) In/Out   

2.0000 100.000%

0.1000 97.651%

0.0500 93.482%

0.0020 83.169%

0.0010 0.000%

Structure #34 (End of North Fork):
Size (mm) In/Out   

2.0000 100.000%

0.1000 98.593%

0.0500 97.864%

0.0020 88.223%

0.0010 0.000%

Structure #5:
Size (mm) In/Out   

2.0000 100.000%

0.1000 95.462%

0.0500 87.728%

0.0020 78.733%

0.0010 0.000%

Structure #6:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 97.681%
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Size (mm) In/Out   

0.0010 0.000%

Structure #7:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 100.000%

0.0010 0.000%

Structure #8:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 100.000%

0.0010 0.000%

Structure #10:
Size (mm) In/Out   

2.0000 100.000%

0.1000 99.893%

0.0500 99.603%

0.0020 99.426%

0.0010 0.000%

Structure #1:
Size (mm) In/Out   

2.0000 100.000%

0.1000 91.430%

0.0500 80.755%

0.0020 75.730%

0.0010 0.000%

Structure #2:
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Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 97.826%

0.0010 0.000%

Structure #3:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 99.123%

0.0010 0.000%

Structure #4:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 99.123%

0.0010 0.000%

Structure #9:
Size (mm) In/Out   

2.0000 100.000%

0.1000 97.401%

0.0500 95.432%

0.0020 94.523%

0.0010 0.000%

Structure #11:
Size (mm) In/Out   

2.0000 100.000%

0.1000 99.259%

0.0500 98.542%

0.0020 98.179%
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Size (mm) In/Out   

0.0010 0.000%

Structure #21 (End of South Fork):
Size (mm) In/Out   

2.0000 100.000%

0.1000 98.281%

0.0500 97.071%

0.0020 96.564%

0.0010 0.000%

Structure #35:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 100.000%

0.0010 0.000%

Structure #15:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 93.226%

0.0020 89.143%

0.0010 0.000%

Structure #12:
Size (mm) In/Out   

2.0000 100.000%

0.1000 77.729%

0.0500 48.910%

0.0020 31.647%

0.0010 0.000%

Structure #13:
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Size (mm) In/Out   

2.0000 100.000%

0.1000 70.563%

0.0500 42.286%

0.0020 27.361%

0.0010 0.000%

Structure #14:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 98.406%

0.0020 86.152%

0.0010 0.000%

Structure #16:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 97.370%

0.0020 86.762%

0.0010 0.000%

Structure #23:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 97.390%

0.0020 86.866%

0.0010 0.000%

Structure #18:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 96.744%
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Size (mm) In/Out   

0.0010 0.000%

Structure #17:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 82.575%

0.0010 0.000%

Structure #19:
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 100.000%

0.0020 93.706%

0.0010 0.000%

Structure #20 (End of Middle Fork):
Size (mm) In/Out   

2.0000 100.000%

0.1000 100.000%

0.0500 97.572%

0.0020 87.373%

0.0010 0.000%

Structure #22:
Size (mm) In/Out   

2.0000 100.000%

0.1000 99.037%

0.0500 97.292%

0.0020 92.521%

0.0010 0.000%

Structure #36:
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Size (mm) In/Out   

2.0000 100.000%

0.1000 98.687%

0.0500 97.098%

0.0020 91.006%

0.0010 0.000%

Structure #37:
Size (mm) In/Out   

2.0000 100.000%

0.1000 99.632%

0.0500 99.320%

0.0020 93.833%

0.0010 0.000%
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Structure Detail:
Structure #30 (Null)

Structure #28 (Null)

Structure #26 (Null)

Structure #24 (Null)

Structure #25 (Null)

Structure #27 (Null)

Structure #29 (Null)

Structure #32 (Null)

Structure #31 (Null)

Structure #33 (Null)

     Inlet to North Fork Diversion

Structure #34 (Null)

     End of North Fork

Structure #5 (Null)

Structure #6 (Null)

Structure #7 (Null)

Structure #8 (Null)

Structure #10 (Null)

Structure #1 (Null)

Structure #2 (Null)

Structure #3 (Null)

Structure #4 (Null)

Structure #9 (Null)

Structure #11 (Null)

Structure #21 (Null)

     End of South Fork
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Structure #35 (Null)

Structure #15 (Null)

Structure #12 (Null)

Structure #13 (Null)

Structure #14 (Null)

Structure #16 (Null)

Structure #23 (Null)

Structure #18 (Null)

Structure #17 (Null)

Structure #19 (Null)

Structure #20 (Null)

     End of Middle Fork

Structure #22 (Null)

Structure #36 (Null)

Structure #37 (Null)
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Subwatershed Hydrology Detail:

Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#30 1 476.400 1.131 0.000 0.000 73.100 M 65.84 10.213

 476.400 65.84 10.213

#28 1 772.300 0.657 0.523 0.334 90.400 M 613.21 57.537

2 445.600 0.587 0.000 0.000 90.400 M 378.55 33.212

 1,217.900 724.22 90.749

#26 1 447.600 2.192 0.000 0.000 74.200 M 43.15 10.566

2 2,038.800 3.000 0.000 0.000 77.000 M 199.35 60.598

 2,486.400 239.85 71.164

#24 1 2,607.500 5.367 2.377 0.305 75.200 M 138.94 66.983

2 2,331.900 4.813 2.431 0.304 74.700 M 129.86 57.441

3 1,758.500 2.231 1.788 0.297 76.200 M 200.87 49.039

4 1,363.900 2.618 0.000 0.000 77.000 M 148.03 40.537

 8,061.800 347.67 214.000

#25 1 515.200 0.990 0.342 0.357 78.200 M 126.55 16.814

2 130.500 0.787 0.342 0.357 78.100 M 36.89 4.227

3 370.000 0.516 0.000 0.000 85.700 M 245.27 20.475

 9,077.500 355.36 255.515

#27 1 354.400 0.612 1.233 0.337 83.100 M 176.32 16.470

2 305.200 0.529 1.054 0.328 84.000 M 177.03 15.085

3 289.800 0.692 0.551 0.328 75.500 M 70.23 7.639

4 253.000 0.361 0.551 0.328 79.400 M 127.70 9.067

5 581.300 0.980 0.000 0.000 82.300 M 200.12 25.549

 13,347.600 632.57 400.488

#29 1 508.800 0.409 0.416 0.312 89.500 M 492.86 35.938

2 233.200 0.521 0.291 0.312 91.600 M 228.60 18.711

3 224.000 0.467 0.000 0.000 90.000 M 210.10 16.283

 15,531.500 1,224.41 562.169

#32 1 293.700 0.576 0.000 0.000 93.000 M 296.99 25.652

 16,301.600 1,271.84 598.034

#31 1 431.100 0.588 0.450 0.336 91.500 M 392.70 34.378

2 325.800 0.432 0.149 0.327 93.000 M 380.33 28.489

3 200.200 0.373 0.000 0.000 92.900 M 246.26 17.371

 957.100 658.11 80.238

Filename: A4N CW_Postmine_sedcad_Feb2011.sc4 Printed 03-02-2011

SEDCAD 4 for Windows
Copyright 1998 -2007 Pamela J. Schwab
Civil Software Design, LLC 20

158



Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#33  17,258.700 1,380.10 678.272

#34 1 251.500 0.423 1.019 0.292 90.500 M 255.40 18.892

2 219.100 0.611 0.267 0.322 80.000 M 85.51 8.184

3 246.200 0.688 0.466 0.293 80.000 M 89.04 9.192

4 303.200 0.370 0.000 0.000 79.700 M 154.70 11.089

 18,278.700 1,392.62 725.629

#5 1 503.600 0.618 0.000 0.000 87.600 M 342.75 31.451

2 406.500 0.388 0.501 0.350 84.800 M 294.23 21.190

3 439.600 0.342 0.681 0.347 87.800 M 412.79 27.948

4 162.600 0.280 0.681 0.347 86.000 M 146.53 9.205

5 294.100 0.375 1.021 0.348 92.000 M 343.13 24.148

6 216.600 0.272 1.018 0.348 90.100 M 254.15 15.913

 2,023.000 1,134.33 129.855

#6 1 149.100 0.331 0.000 0.000 92.600 M 188.54 12.755

2 245.000 0.529 0.192 0.328 88.100 M 189.41 15.813

3 276.200 0.450 0.461 0.319 89.500 M 255.58 19.454

4 158.400 0.380 1.385 0.185 93.000 M 194.47 13.821

5 206.200 0.402 0.796 0.320 89.400 M 200.01 14.472

6 414.000 0.430 1.066 0.323 87.200 M 336.68 25.270

7 294.300 0.535 1.066 0.323 86.400 M 200.65 17.032

 3,766.200 1,388.71 248.471

#7 1 731.700 1.274 0.000 0.000 93.000 M 441.55 63.807

2 445.800 1.043 0.000 0.000 93.000 M 310.05 38.863

3 270.800 0.804 0.000 0.000 93.000 M 223.84 23.615

4 78.900 0.267 1.035 0.328 93.000 M 109.23 6.920

5 154.900 0.310 1.071 0.326 93.000 M 204.71 13.568

6 101.400 0.288 1.164 0.328 92.900 M 136.58 8.822

7 117.700 0.298 1.344 0.329 92.200 M 151.00 9.813

8 494.100 0.518 1.344 0.329 91.300 M 476.86 38.923

 6,161.500 2,178.26 452.802

#8 1 0.000 0.000 0.000 0.000 1.000 0.00 0.000

 6,161.500 2,178.26 452.802

#10 1 355.500 1.286 0.000 0.000 93.000 M 213.06 30.994

2 307.100 1.282 0.668 0.305 83.200 M 93.75 14.354

3 147.300 1.245 0.517 0.303 90.600 M 77.40 11.095

4 126.400 0.585 0.517 0.303 93.000 M 126.71 11.043

5 116.900 1.179 0.621 0.305 93.000 M 74.61 10.195

 7,214.700 2,258.75 530.483
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Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#1 1 557.400 0.941 0.000 0.000 83.600 M 217.91 26.782

2 169.600 1.616 0.677 0.333 93.000 M 85.71 14.787

3 636.400 1.842 0.729 0.333 81.000 M 125.52 25.518

4 223.400 0.846 1.005 0.336 84.100 M 97.32 11.107

5 77.700 0.330 1.392 0.341 81.400 M 47.66 3.222

6 746.600 0.678 1.392 0.341 88.200 M 500.31 48.463

 2,411.100 823.47 129.878

#2 1 257.000 0.423 0.000 0.000 93.000 M 302.74 22.490

2 180.500 0.562 0.478 0.281 91.800 M 171.89 14.645

3 200.700 0.687 0.574 0.283 93.000 M 183.08 17.511

4 438.600 0.811 0.574 0.283 93.000 M 360.54 38.258

5 420.200 1.247 0.801 0.293 88.000 M 185.00 26.910

 3,908.100 957.23 249.692

#3 1 172.600 0.443 0.000 0.000 93.000 M 199.24 15.068

2 311.200 0.890 0.000 0.000 88.900 M 184.03 21.098

3 378.900 0.632 0.209 0.314 87.900 M 259.75 24.115

 4,770.800 1,132.66 309.974

#4  4,770.800 1,132.66 309.974

#9 1 445.600 0.987 0.000 0.000 85.800 M 198.26 24.776

 5,216.400 1,170.08 334.750

#11  12,431.100 3,131.48 865.233

#21 1 292.400 0.819 0.000 0.000 86.900 M 159.15 17.466

2 230.540 0.388 0.694 0.266 89.200 M 224.19 15.942

3 181.120 0.289 0.878 0.256 91.300 M 223.26 14.292

4 396.400 0.939 0.878 0.256 86.100 M 186.37 22.478

 13,531.560 3,214.63 935.411

#35 1 160.400 1.039 0.000 0.000 93.000 M 111.85 13.985

 160.400 111.85 13.985

#15 1 437.400 0.803 0.000 0.000 91.300 M 324.47 34.393

2 549.000 0.637 0.654 0.327 91.300 M 470.93 43.191

3 1,006.300 1.023 0.768 0.331 84.700 M 403.29 52.052

 1,992.700 849.14 129.636

#12 1 517.800 0.791 0.000 0.000 81.900 M 199.22 22.130

2 229.000 0.571 0.043 0.418 80.100 M 94.06 8.620

3 592.700 0.706 0.044 0.417 81.500 M 237.99 24.636

4 1,806.900 1.542 0.487 0.362 76.700 M 283.93 52.443

5 348.100 0.618 0.487 0.362 80.000 134.86 12.995
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Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

 3,494.500 584.36 120.823

#13 1 411.600 0.725 0.000 0.000 79.700 M 140.29 15.038

2 636.400 0.774 0.322 0.336 80.700 M 225.71 25.000

3 319.000 0.575 0.685 0.318 85.500 M 196.10 17.417

4 231.700 0.314 0.923 0.328 80.400 M 135.08 8.937

5 1,122.000 1.308 0.923 0.328 74.700 M 164.68 27.647

 6,215.200 1,103.87 214.861

#14 1 405.900 0.384 0.000 0.000 90.800 M 437.25 30.973

2 411.100 0.452 0.707 0.308 90.700 M 409.53 31.187

3 787.400 0.658 0.975 0.307 91.400 M 666.73 62.380

4 144.200 0.341 1.716 0.310 86.200 M 122.05 8.274

5 343.800 0.289 1.970 0.312 86.500 M 316.48 20.073

6 392.800 0.806 2.107 0.316 81.900 M 149.31 16.789

7 528.200 0.518 2.544 0.316 87.200 M 388.39 32.204

8 890.900 1.253 2.544 0.316 83.500 M 282.74 42.513

9 741.400 1.076 3.047 0.316 84.800 M 288.96 38.606

10 451.100 0.916 3.354 0.316 83.900 M 183.66 22.123

 11,312.000 1,402.27 519.982

#16 1 475.100 1.721 0.000 0.000 92.400 M 220.23 39.939

2 348.400 0.542 0.951 0.283 92.500 M 353.24 29.484

3 198.500 0.266 1.384 0.278 93.000 M 275.07 17.409

 14,326.700 1,744.40 736.450

#23  14,487.100 1,763.29 750.435

#18 1 301.700 0.652 0.000 0.000 93.000 M 284.03 26.346

2 546.800 0.768 0.561 0.320 86.300 M 297.45 31.428

 848.500 380.92 57.774

#17 1 182.200 0.462 0.000 0.000 93.000 M 206.29 15.907

 182.200 206.29 15.907

#19  1,030.700 494.85 73.681

#20 1 271.100 0.978 0.000 0.000 89.400 M 155.77 18.959

 15,788.900 1,850.79 843.075

#22  29,320.460 4,843.52 1,778.486

#36 1 283.020 0.468 1.457 0.305 77.100 M 101.43 8.495

2 301.840 0.632 1.051 0.286 90.100 M 240.51 22.048

3 223.850 0.703 1.051 0.286 74.300 M 47.76 5.333

4 262.400 0.419 0.835 0.229 78.000 M 108.79 8.465
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Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

5 222.760 0.421 0.475 0.224 74.500 M 66.34 5.417

6 290.810 0.526 0.000 0.000 74.800 M 77.96 7.239

 49,183.840 6,148.59 2,561.112

#37 1 744.000 1.756 0.000 0.000 84.800 M 202.26 38.725

2 303.330 0.416 1.859 0.242 87.800 M 261.09 19.256

3 223.850 0.703 1.179 0.270 74.300 M 47.76 5.333

4 262.400 0.419 0.835 0.229 78.000 M 108.79 8.465

5 222.760 0.421 0.475 0.224 74.500 M 66.34 5.417

6 290.810 0.526 0.000 0.000 74.800 M 77.96 7.239

7 245.660 0.561 1.487 0.252 79.400 M 96.26 8.780

 51,476.650 6,029.39 2,654.327

Subwatershed Sedimentology Detail:

Stru
#

SWS
# Soil K L (ft) S (%) C P PS #

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc

(ml/l)

24VW

(ml/l)

#30 1 0.095 200.00 3.80 0.3720 1.0000 2 80.6 7,897 3.88 2.84

 80.6 7,897 3.88 2.84

#28 1 0.187 100.00 10.10 0.3750 1.0000 3 3,802.6 66,635 1.02 0.73

2 0.196 100.00 10.20 0.3930 1.0000 3 2,376.8 73,091 2.04 1.44

 5,014.7 55,579 0.74 0.53

#26 1 0.155 400.00 1.40 0.3480 1.0000 2 50.0 4,636 1.88 1.41

2 0.155 300.00 2.40 0.3340 1.0000 2 441.1 7,119 2.60 1.95

 491.1 6,676 2.47 1.87

#24 1 0.128 300.00 2.30 0.3360 1.0000 2 304.8 4,482 1.04 0.79

2 0.136 300.00 2.70 0.3440 1.0000 2 338.5 5,783 1.48 1.10

3 0.107 300.00 2.30 0.3330 1.0000 2 260.7 5,211 2.15 1.61

4 0.163 400.00 1.60 0.3210 1.0000 2 230.1 5,563 2.17 1.62

 875.6 4,680 0.88 0.57

#25 1 0.125 400.00 1.90 0.3440 1.0000 2 122.7 7,401 3.91 2.83

2 0.124 300.00 2.60 0.3280 1.0000 2 32.6 7,915 4.35 3.11

3 0.122 175.00 4.90 0.2660 1.0000 2 331.5 17,153 10.39 7.17

 1,084.6 14,498 3.70 0.80

#27 1 0.127 175.00 5.90 0.3160 1.0000 2 360.0 22,398 13.16 9.38

2 0.122 150.00 7.50 0.2920 1.0000 2 355.0 24,279 14.57 10.30

3 0.070 125.00 8.40 0.3270 1.0000 2 97.4 13,109 7.23 5.15
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Stru
#

SWS
# Soil K L (ft) S (%) C P PS #

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc

(ml/l)

24VW

(ml/l)

4 0.097 125.00 9.60 0.3170 1.0000 2 247.0 29,035 17.75 12.14

5 0.126 125.00 8.90 0.3290 1.0000 2 683.0 27,101 14.77 10.62

 3,310.4 27,999 12.29 2.66

#29 1 0.190 125.00 9.80 0.3930 1.0000 3 2,848.1 80,980 4.64 3.25

2 0.203 125.00 8.90 0.3940 1.0000 3 1,191.4 64,960 2.96 2.09

3 0.193 125.00 8.40 0.3940 1.0000 3 912.5 58,330 2.82 1.95

 13,267.6 67,394 9.00 2.29

#32 1 0.210 150.00 7.70 0.3990 1.0000 3 1,540.4 61,498 2.63 1.85

 14,429.8 60,085 6.29 1.84

#31 1 0.204 125.00 8.70 0.3620 1.0000 3 2,020.9 59,817 1.99 1.41

2 0.210 150.00 7.30 0.3990 1.0000 3 1,781.5 64,222 4.33 3.04

3 0.210 175.00 4.50 0.3980 1.0000 3 720.6 43,341 3.33 2.31

 3,502.4 40,447 0.93 0.73

#33  17,932.2 51,948 4.61 1.71

#34 1 0.193 200.00 3.84 0.2460 1.0000 3 329.0 17,859 1.05 0.75

2 0.214 200.00 3.66 0.3150 1.0000 1 151.7 19,311 11.66 8.18

3 0.214 300.00 2.54 0.3150 1.0000 1 133.8 15,005 8.93 6.34

4 0.242 200.00 3.50 0.3150 1.0000 1 271.8 26,868 17.00 11.31

 17,342.7 46,245 2.37 0.90

#5 1 0.149 75.00 12.50 0.3230 1.0000 3 1,519.9 49,802 0.38 0.26

2 0.133 75.00 15.80 0.3190 1.0000 2 1,328.4 65,257 40.43 27.97

3 0.103 100.00 11.00 0.2030 1.0000 3 683.1 25,601 1.64 1.14

4 0.093 75.00 13.80 0.2130 1.0000 2 221.6 25,442 16.16 11.16

5 0.123 100.00 11.00 0.1370 1.0000 3 458.6 19,605 1.43 1.01

6 0.149 75.00 14.70 0.1990 1.0000 3 664.4 42,859 3.67 2.59

 4,047.1 40,903 5.32 2.95

#6 1 0.208 175.00 4.30 0.3980 1.0000 3 494.2 40,595 3.37 2.34

2 0.183 175.00 5.40 0.3910 1.0000 3 600.1 39,469 1.09 0.76

3 0.188 150.00 7.60 0.3900 1.0000 3 1,048.5 55,521 2.74 1.92

4 0.210 150.00 6.30 0.3990 1.0000 3 709.6 50,644 3.85 2.82

5 0.185 125.00 8.10 0.3860 1.0000 3 734.7 51,956 3.02 2.14

6 0.104 100.00 11.30 0.2240 1.0000 3 667.1 27,199 1.18 0.84

7 0.164 100.00 11.20 0.3740 1.0000 3 1,042.0 61,946 1.11 0.79

 7,527.5 36,069 0.30 0.18

#7 1 0.208 150.00 7.80 0.3780 1.0000 3 3,046.7 47,486 0.00 0.00

2 0.209 100.00 10.20 0.3940 1.0000 3 2,484.2 63,579 0.00 0.00

3 0.210 150.00 6.70 0.3990 1.0000 3 1,099.5 47,148 0.25 0.18
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Stru
#

SWS
# Soil K L (ft) S (%) C P PS #

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc

(ml/l)

24VW

(ml/l)

4 0.210 100.00 11.50 0.3990 1.0000 3 632.6 91,073 8.73 6.25

5 0.210 150.00 7.10 0.3990 1.0000 3 808.6 60,147 5.31 3.79

6 0.209 150.00 7.90 0.3990 1.0000 3 558.7 63,697 5.85 4.19

7 0.206 75.00 15.50 0.3990 1.0000 3 1,122.7 112,192 9.84 7.11

8 0.202 75.00 14.50 0.3980 1.0000 3 4,166.3 105,464 4.72 3.40

 18,760.6 44,925 0.00 0.00

#8 1 0.000 0.00 0.00 0.0000 1.0000 0 0.0 1 0.00 0.00

 18,760.6 44,925 0.00 0.00

#10 1 0.190 300.00 2.70 0.1930 1.0000 3 247.8 8,076 0.00 0.00

2 0.153 200.00 3.50 0.3610 1.0000 2 172.1 11,995 6.24 4.57

3 0.189 200.00 3.70 0.3190 1.0000 3 153.8 13,918 0.00 0.00

4 0.190 300.00 2.10 0.1940 1.0000 3 83.3 7,807 0.32 0.23

5 0.201 300.00 2.00 0.3030 1.0000 3 93.8 9,265 0.00 0.00

 18,793.8 41,539 0.16 0.10

#1 1 0.157 150.00 6.80 0.3830 1.0000 2 845.8 32,046 17.74 12.72

2 0.210 150.00 6.60 0.3990 1.0000 3 487.2 32,623 0.00 0.00

3 0.149 200.00 3.90 0.3870 1.0000 2 322.9 12,509 5.82 4.31

4 0.169 175.00 4.70 0.3950 1.0000 2 277.6 25,266 14.27 10.29

5 0.157 100.00 10.10 0.3940 1.0000 2 159.4 50,816 31.51 22.19

6 0.175 75.00 12.60 0.2840 1.0000 3 2,496.7 51,727 0.00 0.00

 4,276.8 35,752 6.14 4.11

#2 1 0.190 150.00 7.90 0.1930 1.0000 3 648.1 30,207 2.08 1.45

2 0.184 175.00 4.80 0.2010 1.0000 3 251.8 17,735 0.70 0.49

3 0.202 200.00 3.90 0.3220 1.0000 3 364.3 21,239 0.51 0.37

4 0.203 150.00 7.40 0.3220 1.0000 3 1,614.1 42,423 0.18 0.13

5 0.181 175.00 5.10 0.3710 1.0000 3 709.7 26,277 0.00 0.00

 5,734.6 23,757 0.18 0.13

#3 1 0.190 175.00 5.20 0.1930 1.0000 3 297.2 20,748 1.36 0.94

2 0.177 175.00 4.20 0.2560 1.0000 3 346.9 16,807 0.00 0.00

3 0.166 175.00 4.30 0.2290 1.0000 3 389.0 16,748 0.11 0.08

 6,206.0 18,918 0.06 0.05

#4  6,206.0 18,918 0.06 0.05

#9 1 0.212 175.00 4.17 0.2490 1.0000 2 458.0 18,821 10.48 7.52

 6,411.8 17,954 0.71 0.56

#11  25,205.6 34,177 0.44 0.27

#21 1 0.206 175.00 4.44 0.2760 1.0000 2 380.3 22,339 12.88 9.17
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Stru
#

SWS
# Soil K L (ft) S (%) C P PS #

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc

(ml/l)

24VW

(ml/l)

2 0.241 175.00 5.81 0.3130 1.0000 1 748.9 48,037 31.20 22.09

3 0.185 300.00 2.70 0.2180 1.0000 3 181.0 12,991 1.12 0.80

4 0.220 200.00 2.66 0.2980 1.0000 1 299.9 13,463 7.94 5.76

 25,885.2 33,042 0.83 0.51

#35 1 0.194 200.00 3.42 0.2330 1.0000 3 150.0 10,899 0.00 0.00

 150.0 10,899 0.00 0.00

#15 1 0.201 125.00 8.20 0.3960 1.0000 3 1,782.6 52,395 0.00 0.00

2 0.161 100.00 11.40 0.3060 1.0000 3 2,329.6 54,616 1.29 0.92

3 0.118 100.00 10.20 0.2850 1.0000 2 1,384.0 26,700 14.67 10.65

 4,812.3 44,608 3.06 1.85

#12 1 0.124 150.00 6.30 0.3070 1.0000 2 425.5 19,804 11.15 7.91

2 0.132 200.00 3.60 0.3500 1.0000 2 111.2 13,682 7.99 5.51

3 0.136 175.00 5.00 0.3330 1.0000 2 514.7 21,691 12.39 8.72

4 0.188 200.00 3.40 0.3570 1.0000 2 782.3 14,751 6.93 5.13

5 0.228 175.00 4.10 0.3640 1.0000 2 397.9 31,665 18.28 12.86

 1,787.9 16,061 7.55 5.09

#13 1 0.128 150.00 6.90 0.3390 1.0000 2 350.0 24,065 13.55 9.56

2 0.130 175.00 5.70 0.3300 1.0000 2 540.3 22,139 12.41 8.85

3 0.191 175.00 6.00 0.2890 1.0000 2 550.9 32,526 19.47 13.78

4 0.122 175.00 5.10 0.3460 1.0000 2 201.3 23,731 14.73 10.20

5 0.137 175.00 4.20 0.3530 1.0000 2 404.9 14,501 6.98 5.16

 3,780.1 18,686 9.62 6.62

#14 1 0.196 100.00 10.20 0.3980 1.0000 3 2,511.0 83,864 5.61 3.88

2 0.193 150.00 6.70 0.4020 1.0000 3 1,667.6 54,585 2.95 2.09

3 0.169 75.00 13.80 0.3240 1.0000 3 4,187.7 67,081 1.37 0.99

4 0.114 100.00 11.00 0.2980 1.0000 3 283.7 34,754 2.02 1.45

5 0.078 100.00 10.10 0.1830 1.0000 3 296.0 14,991 1.05 0.76

6 0.084 150.00 7.10 0.2700 1.0000 2 207.2 12,432 6.98 5.07

7 0.087 100.00 10.00 0.1840 1.0000 3 463.5 14,493 0.37 0.27

8 0.126 150.00 6.70 0.2740 1.0000 2 717.6 16,744 8.77 6.46

9 0.117 150.00 7.30 0.2600 1.0000 2 658.3 16,932 9.23 6.79

10 0.115 125.00 8.50 0.2610 1.0000 2 404.4 18,166 10.12 7.44

 11,403.3 82,900 4.66 0.89

#16 1 0.201 300.00 2.78 0.3030 1.0000 3 496.2 12,436 0.00 0.00

2 0.204 150.00 6.00 0.3630 1.0000 3 1,278.3 43,876 2.02 1.45

3 0.210 150.00 6.10 0.3990 1.0000 3 948.1 54,231 5.21 3.78

 18,927.4 51,539 3.02 1.09
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Stru
#

SWS
# Soil K L (ft) S (%) C P PS #

Sediment

(tons)

Peak
Sediment

Conc.

(mg/l)

Peak
Settleable

Conc

(ml/l)

24VW

(ml/l)

#23  19,077.4 50,202 2.92 1.07

#18 1 0.193 300.00 2.80 0.2200 1.0000 3 317.8 12,523 0.37 0.26

2 0.173 175.00 4.70 0.3880 1.0000 3 934.2 30,254 0.00 0.00

 823.4 16,272 0.19 0.12

#17 1 0.196 300.00 2.60 0.2600 1.0000 3 224.8 14,878 0.93 0.64

 224.8 14,878 0.93 0.64

#19  1,048.2 15,219 0.34 0.23

#20 1 0.192 200.00 3.19 0.2430 1.0000 3 207.2 11,147 0.00 0.00

 20,328.1 43,387 2.41 0.97

#22  46,213.3 34,526 1.33 0.73

#36 1 0.172 200.00 3.14 0.1950 1.0000 2 73.6 8,932 5.26 3.74

2 0.195 150.00 6.18 0.1680 1.0000 3 398.6 18,418 0.34 0.24

3 0.166 150.00 7.47 0.1830 1.0000 3 80.9 15,414 0.00 0.00

4 0.187 175.00 5.07 0.1810 1.0000 1 138.0 16,893 10.51 7.42

5 0.173 175.00 4.89 0.1800 1.0000 1 72.4 14,081 8.62 5.99

6 0.177 175.00 5.15 0.1840 1.0000 1 102.5 15,096 9.03 6.20

 64,386.1 33,979 1.52 0.83

#37 1 0.172 200.00 3.14 0.1950 1.0000 2 253.5 6,544 3.19 2.34

2 0.195 150.00 6.18 0.1680 1.0000 3 386.1 20,108 0.98 0.72

3 0.166 150.00 7.47 0.1830 1.0000 3 80.9 15,354 0.00 0.00

4 0.187 175.00 5.07 0.1810 1.0000 1 138.0 16,893 10.51 7.42

5 0.173 175.00 4.89 0.1800 1.0000 2 72.4 14,081 8.27 5.75

6 0.177 175.00 5.15 0.1840 1.0000 1 102.5 15,096 9.03 6.20

7 0.175 175.00 4.90 0.2080 1.0000 2 137.1 15,855 9.24 6.66

 63,065.5 33,144 0.83 0.44

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 3.65 50.00 1,369.00 1.910 0.199

8. Large gullies, diversions, and low
flowing streams 1.57 157.00 10,030.00 3.750 0.742

#1 1 Time of Concentration: 0.941

#1 2 5. Nearly bare and untilled, and
alluvial valley fans 6.63 70.00 1,056.00 2.570 0.114
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

5. Nearly bare and untilled, and
alluvial valley fans 1.98 150.00 7,573.00 1.400 1.502

#1 2 Time of Concentration: 1.616

#1 3 5. Nearly bare and untilled, and
alluvial valley fans 1.65 117.00 7,070.00 1.280 1.534

8. Large gullies, diversions, and low
flowing streams 2.43 126.00 5,188.00 4.670 0.308

#1 3 Time of Concentration: 1.842

#1 4 5. Nearly bare and untilled, and
alluvial valley fans 5.77 260.00 4,506.00 2.400 0.521

8. Large gullies, diversions, and low
flowing streams 2.84 168.00 5,924.00 5.050 0.325

#1 4 Time of Concentration: 0.846

#1 5 5. Nearly bare and untilled, and
alluvial valley fans 19.93 180.00 903.00 4.460 0.056

8. Large gullies, diversions, and low
flowing streams 3.30 178.00 5,393.00 5.450 0.274

#1 5 Time of Concentration: 0.330

#1 6 5. Nearly bare and untilled, and
alluvial valley fans 13.43 105.00 782.00 3.660 0.059

8. Large gullies, diversions, and low
flowing streams 2.62 283.00 10,822.00 4.850 0.619

#1 6 Time of Concentration: 0.678

#2 1 5. Nearly bare and untilled, and
alluvial valley fans 6.84 70.00 1,024.00 2.610 0.108

8. Large gullies, diversions, and low
flowing streams 1.62 70.00 4,325.00 3.810 0.315

#2 1 Time of Concentration: 0.423

#2 2 5. Nearly bare and untilled, and
alluvial valley fans 5.56 45.00 810.00 2.350 0.095

8. Large gullies, diversions, and low
flowing streams 0.86 40.00 4,663.00 2.770 0.467

#2 2 Time of Concentration: 0.562

#2 3 5. Nearly bare and untilled, and
alluvial valley fans 5.89 50.00 849.00 2.420 0.097

8. Large gullies, diversions, and low
flowing streams 1.17 80.00 6,862.00 3.230 0.590

#2 3 Time of Concentration: 0.687

#2 4 5. Nearly bare and untilled, and
alluvial valley fans 12.63 95.00 752.00 3.550 0.058

8. Large gullies, diversions, and low
flowing streams 1.40 135.00 9,630.00 3.550 0.753

#2 4 Time of Concentration: 0.811

#2 5 5. Nearly bare and untilled, and
alluvial valley fans 11.02 70.00 635.00 3.320 0.053

8. Large gullies, diversions, and low
flowing streams 0.46 40.00 8,732.00 2.030 1.194

#2 5 Time of Concentration: 1.247
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#3 1 5. Nearly bare and untilled, and
alluvial valley fans 1.24 10.00 805.00 1.110 0.201

8. Large gullies, diversions, and low
flowing streams 1.33 40.00 3,017.00 3.450 0.242

#3 1 Time of Concentration: 0.443

#3 2 5. Nearly bare and untilled, and
alluvial valley fans 0.68 10.00 1,478.00 0.820 0.500

8. Large gullies, diversions, and low
flowing streams 1.78 100.00 5,622.00 4.000 0.390

#3 2 Time of Concentration: 0.890

#3 3 5. Nearly bare and untilled, and
alluvial valley fans 4.66 70.00 1,501.00 2.150 0.193

8. Large gullies, diversions, and low
flowing streams 1.17 60.00 5,126.00 3.240 0.439

#3 3 Time of Concentration: 0.632

#5 1 5. Nearly bare and untilled, and
alluvial valley fans 19.06 285.00 1,495.00 4.360 0.095

8. Large gullies, diversions, and low
flowing streams 2.64 242.00 9,174.00 4.870 0.523

#5 1 Time of Concentration: 0.618

#5 2 5. Nearly bare and untilled, and
alluvial valley fans 14.27 105.00 736.00 3.770 0.054

8. Large gullies, diversions, and low
flowing streams 4.08 297.00 7,279.00 6.050 0.334

#5 2 Time of Concentration: 0.388

#5 3 5. Nearly bare and untilled, and
alluvial valley fans 8.27 35.00 423.00 2.870 0.040

8. Large gullies, diversions, and low
flowing streams 3.44 208.00 6,049.00 5.560 0.302

#5 3 Time of Concentration: 0.342

#5 4 5. Nearly bare and untilled, and
alluvial valley fans 14.58 85.00 583.00 3.810 0.042

8. Large gullies, diversions, and low
flowing streams 4.53 248.00 5,473.00 6.380 0.238

#5 4 Time of Concentration: 0.280

#5 5 5. Nearly bare and untilled, and
alluvial valley fans 5.07 70.00 1,382.00 2.250 0.170

8. Large gullies, diversions, and low
flowing streams 3.89 170.00 4,375.00 5.910 0.205

#5 5 Time of Concentration: 0.375

#5 6 5. Nearly bare and untilled, and
alluvial valley fans 12.48 90.00 721.00 3.530 0.056

8. Large gullies, diversions, and low
flowing streams 5.16 274.00 5,308.02 6.810 0.216

#5 6 Time of Concentration: 0.272

#6 1 5. Nearly bare and untilled, and
alluvial valley fans 5.36 75.00 1,399.00 2.310 0.168

8. Large gullies, diversions, and low
flowing streams 2.41 66.00 2,742.00 4.650 0.163
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#6 1 Time of Concentration: 0.331

#6 2 5. Nearly bare and untilled, and
alluvial valley fans 3.39 80.00 2,359.00 1.840 0.356

8. Large gullies, diversions, and low
flowing streams 2.63 80.00 3,039.00 4.860 0.173

#6 2 Time of Concentration: 0.529

#6 3 5. Nearly bare and untilled, and
alluvial valley fans 4.60 34.00 739.00 2.140 0.095

8. Large gullies, diversions, and low
flowing streams 2.33 136.00 5,845.00 4.570 0.355

#6 3 Time of Concentration: 0.450

#6 4 5. Nearly bare and untilled, and
alluvial valley fans 6.06 85.00 1,402.00 2.460 0.158

8. Large gullies, diversions, and low
flowing streams 2.52 96.00 3,810.00 4.760 0.222

#6 4 Time of Concentration: 0.380

#6 5 5. Nearly bare and untilled, and
alluvial valley fans 7.24 70.00 967.00 2.690 0.099

8. Large gullies, diversions, and low
flowing streams 2.34 117.00 5,003.00 4.580 0.303

#6 5 Time of Concentration: 0.402

#6 6 5. Nearly bare and untilled, and
alluvial valley fans 31.83 183.00 575.00 5.640 0.028

8. Large gullies, diversions, and low
flowing streams 3.38 270.00 7,990.00 5.510 0.402

#6 6 Time of Concentration: 0.430

#6 7 5. Nearly bare and untilled, and
alluvial valley fans 23.08 325.00 1,408.00 4.800 0.081

8. Large gullies, diversions, and low
flowing streams 2.88 240.00 8,327.00 5.090 0.454

#6 7 Time of Concentration: 0.535

#7 1 5. Nearly bare and untilled, and
alluvial valley fans 11.42 90.00 788.00 3.370 0.064

8. Large gullies, diversions, and low
flowing streams 1.46 230.00 15,769.00 3.620 1.210

#7 1 Time of Concentration: 1.274

#7 2 5. Nearly bare and untilled, and
alluvial valley fans 10.97 60.00 547.00 3.310 0.045

8. Large gullies, diversions, and low
flowing streams 1.61 220.00 13,660.00 3.800 0.998

#7 2 Time of Concentration: 1.043

#7 3 5. Nearly bare and untilled, and
alluvial valley fans 6.40 60.00 938.00 2.520 0.103

8. Large gullies, diversions, and low
flowing streams 1.72 171.00 9,931.00 3.930 0.701

#7 3 Time of Concentration: 0.804

#7 4 5. Nearly bare and untilled, and
alluvial valley fans 19.23 80.00 416.00 4.380 0.026
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

8. Large gullies, diversions, and low
flowing streams 2.45 100.00 4,083.00 4.690 0.241

#7 4 Time of Concentration: 0.267

#7 5 5. Nearly bare and untilled, and
alluvial valley fans 6.09 67.00 1,101.00 2.460 0.124

8. Large gullies, diversions, and low
flowing streams 2.51 80.00 3,184.00 4.750 0.186

#7 5 Time of Concentration: 0.310

#7 6 5. Nearly bare and untilled, and
alluvial valley fans 5.93 63.00 1,062.00 2.430 0.121

8. Large gullies, diversions, and low
flowing streams 2.74 82.00 2,993.00 4.960 0.167

#7 6 Time of Concentration: 0.288

#7 7 5. Nearly bare and untilled, and
alluvial valley fans 7.97 65.00 816.00 2.820 0.080

8. Large gullies, diversions, and low
flowing streams 3.48 153.00 4,400.00 5.590 0.218

#7 7 Time of Concentration: 0.298

#7 8 5. Nearly bare and untilled, and
alluvial valley fans 6.60 50.00 758.00 2.560 0.082

8. Large gullies, diversions, and low
flowing streams 4.66 473.00 10,157.00 6.470 0.436

#7 8 Time of Concentration: 0.518

#9 1 5. Nearly bare and untilled, and
alluvial valley fans 3.01 55.00 1,829.00 1.730 0.293

8. Large gullies, diversions, and low
flowing streams 0.76 50.00 6,548.00 2.620 0.694

#9 1 Time of Concentration: 0.987

#10 1 5. Nearly bare and untilled, and
alluvial valley fans 1.24 41.00 3,317.00 1.110 0.830

8. Large gullies, diversions, and low
flowing streams 0.70 29.00 4,125.00 2.510 0.456

#10 1 Time of Concentration: 1.286

#10 2 5. Nearly bare and untilled, and
alluvial valley fans 2.25 125.00 5,554.00 1.500 1.028

8. Large gullies, diversions, and low
flowing streams 2.13 85.00 3,997.00 4.370 0.254

#10 2 Time of Concentration: 1.282

#10 3 5. Nearly bare and untilled, and
alluvial valley fans 1.39 68.00 4,904.00 1.170 1.164

8. Large gullies, diversions, and low
flowing streams 4.73 90.00 1,904.00 6.520 0.081

#10 3 Time of Concentration: 1.245

#10 4 5. Nearly bare and untilled, and
alluvial valley fans 3.76 51.00 1,357.00 1.930 0.195

8. Large gullies, diversions, and low
flowing streams 0.65 22.00 3,385.00 2.410 0.390

#10 4 Time of Concentration: 0.585
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#10 5 5. Nearly bare and untilled, and
alluvial valley fans 1.63 88.00 5,391.16 1.270 1.179

#10 5 Time of Concentration: 1.179

#12 1 5. Nearly bare and untilled, and
alluvial valley fans 4.50 75.00 1,667.00 2.120 0.218

8. Large gullies, diversions, and low
flowing streams 1.85 155.00 8,400.00 4.070 0.573

#12 1 Time of Concentration: 0.791

#12 2 5. Nearly bare and untilled, and
alluvial valley fans 2.99 50.00 1,674.03 1.720 0.270

8. Large gullies, diversions, and low
flowing streams 1.67 70.00 4,201.17 3.870 0.301

#12 2 Time of Concentration: 0.571

#12 3 5. Nearly bare and untilled, and
alluvial valley fans 4.04 57.00 1,411.00 2.000 0.195

8. Large gullies, diversions, and low
flowing streams 1.55 107.00 6,884.00 3.740 0.511

#12 3 Time of Concentration: 0.706

#12 4 5. Nearly bare and untilled, and
alluvial valley fans 2.23 84.00 3,771.04 1.490 0.703

8. Large gullies, diversions, and low
flowing streams 1.62 186.00 11,515.60 3.810 0.839

#12 4 Time of Concentration: 1.542

#12 5 5. Nearly bare and untilled, and
alluvial valley fans 3.68 53.00 1,442.00 1.910 0.209

8. Large gullies, diversions, and low
flowing streams 1.95 120.00 6,155.00 4.180 0.409

#12 5 Time of Concentration: 0.618

#13 1 5. Nearly bare and untilled, and
alluvial valley fans 4.62 62.00 1,342.00 2.140 0.174

8. Large gullies, diversions, and low
flowing streams 1.91 157.00 8,225.00 4.140 0.551

#13 1 Time of Concentration: 0.725

#13 2 5. Nearly bare and untilled, and
alluvial valley fans 2.91 50.00 1,717.00 1.700 0.280

8. Large gullies, diversions, and low
flowing streams 2.28 183.00 8,039.00 4.520 0.494

#13 2 Time of Concentration: 0.774

#13 3 5. Nearly bare and untilled, and
alluvial valley fans 6.18 95.00 1,537.00 2.480 0.172

8. Large gullies, diversions, and low
flowing streams 2.13 135.00 6,347.00 4.370 0.403

#13 3 Time of Concentration: 0.575

#13 4 5. Nearly bare and untilled, and
alluvial valley fans 3.17 10.00 315.00 1.780 0.049

8. Large gullies, diversions, and low
flowing streams 2.30 100.00 4,344.00 4.550 0.265

#13 4 Time of Concentration: 0.314
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#13 5 5. Nearly bare and untilled, and
alluvial valley fans 3.10 70.00 2,255.00 1.760 0.355

8. Large gullies, diversions, and low
flowing streams 1.23 140.00 11,392.00 3.320 0.953

#13 5 Time of Concentration: 1.308

#14 1 5. Nearly bare and untilled, and
alluvial valley fans 10.59 63.00 595.00 3.250 0.050

8. Large gullies, diversions, and low
flowing streams 2.60 151.00 5,808.00 4.830 0.334

#14 1 Time of Concentration: 0.384

#14 2 5. Nearly bare and untilled, and
alluvial valley fans 7.28 67.00 920.00 2.690 0.095

8. Large gullies, diversions, and low
flowing streams 2.17 123.00 5,670.00 4.410 0.357

#14 2 Time of Concentration: 0.452

#14 3 5. Nearly bare and untilled, and
alluvial valley fans 21.46 150.00 699.00 4.630 0.041

8. Large gullies, diversions, and low
flowing streams 3.10 364.00 11,728.00 5.280 0.617

#14 3 Time of Concentration: 0.658

#14 4 5. Nearly bare and untilled, and
alluvial valley fans 3.39 35.00 1,032.00 1.840 0.155

8. Large gullies, diversions, and low
flowing streams 2.97 103.00 3,470.00 5.160 0.186

#14 4 Time of Concentration: 0.341

#14 5 5. Nearly bare and untilled, and
alluvial valley fans 28.15 125.00 444.00 5.300 0.023

8. Large gullies, diversions, and low
flowing streams 4.18 246.00 5,886.00 6.130 0.266

#14 5 Time of Concentration: 0.289

#14 6 5. Nearly bare and untilled, and
alluvial valley fans 3.18 40.00 1,257.00 1.780 0.196

8. Large gullies, diversions, and low
flowing streams 2.29 228.00 9,963.00 4.530 0.610

#14 6 Time of Concentration: 0.806

#14 7 5. Nearly bare and untilled, and
alluvial valley fans 16.72 100.00 598.00 4.080 0.040

8. Large gullies, diversions, and low
flowing streams 2.81 243.00 8,649.00 5.020 0.478

#14 7 Time of Concentration: 0.518

#14 8 5. Nearly bare and untilled, and
alluvial valley fans 1.70 47.00 2,765.00 1.300 0.590

8. Large gullies, diversions, and low
flowing streams 2.44 274.00 11,208.00 4.690 0.663

#14 8 Time of Concentration: 1.253

#14 9 5. Nearly bare and untilled, and
alluvial valley fans 2.87 105.00 3,657.00 1.690 0.601

8. Large gullies, diversions, and low
flowing streams 2.43 194.00 7,991.00 4.670 0.475
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#
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# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#14 9 Time of Concentration: 1.076

#14 10 5. Nearly bare and untilled, and
alluvial valley fans 2.75 80.00 2,907.00 1.650 0.489

8. Large gullies, diversions, and low
flowing streams 2.41 172.00 7,149.00 4.650 0.427

#14 10 Time of Concentration: 0.916

#15 1 5. Nearly bare and untilled, and
alluvial valley fans 12.80 54.00 422.00 3.570 0.032

8. Large gullies, diversions, and low
flowing streams 1.68 181.00 10,781.00 3.880 0.771

#15 1 Time of Concentration: 0.803

#15 2 5. Nearly bare and untilled, and
alluvial valley fans 44.22 260.00 588.00 6.640 0.024

8. Large gullies, diversions, and low
flowing streams 2.45 254.00 10,354.24 4.690 0.613

#15 2 Time of Concentration: 0.637

#15 3 5. Nearly bare and untilled, and
alluvial valley fans 10.04 85.00 847.00 3.160 0.074

8. Large gullies, diversions, and low
flowing streams 2.34 366.00 15,663.00 4.580 0.949

#15 3 Time of Concentration: 1.023

#16 1 5. Nearly bare and untilled, and
alluvial valley fans 2.26 117.00 5,179.00 1.500 0.959

8. Large gullies, diversions, and low
flowing streams 0.46 26.00 5,601.00 2.040 0.762

#16 1 Time of Concentration: 1.721

#16 2 5. Nearly bare and untilled, and
alluvial valley fans 8.70 62.00 713.00 2.940 0.067

8. Large gullies, diversions, and low
flowing streams 1.99 144.00 7,241.00 4.230 0.475

#16 2 Time of Concentration: 0.542

#16 3 5. Nearly bare and untilled, and
alluvial valley fans 6.88 32.00 465.00 2.620 0.049

8. Large gullies, diversions, and low
flowing streams 2.29 81.00 3,543.00 4.530 0.217

#16 3 Time of Concentration: 0.266

#17 1 5. Nearly bare and untilled, and
alluvial valley fans 9.37 65.00 694.00 3.060 0.062

8. Large gullies, diversions, and low
flowing streams 1.19 56.00 4,712.00 3.270 0.400

#17 1 Time of Concentration: 0.462

#18 1 5. Nearly bare and untilled, and
alluvial valley fans 9.00 60.00 667.00 2.990 0.061

8. Large gullies, diversions, and low
flowing streams 0.97 61.00 6,287.00 2.950 0.591

#18 1 Time of Concentration: 0.652

#18 2 5. Nearly bare and untilled, and
alluvial valley fans 2.47 33.00 1,336.00 1.570 0.236
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8. Large gullies, diversions, and low
flowing streams 2.01 164.00 8,154.00 4.250 0.532

#18 2 Time of Concentration: 0.768

#20 1 5. Nearly bare and untilled, and
alluvial valley fans 2.64 47.00 1,783.00 1.620 0.305

8. Large gullies, diversions, and low
flowing streams 0.56 30.00 5,405.00 2.230 0.673

#20 1 Time of Concentration: 0.978

#21 1 5. Nearly bare and untilled, and
alluvial valley fans 4.09 60.00 1,467.02 2.020 0.201

8. Large gullies, diversions, and low
flowing streams 0.93 60.00 6,433.62 2.890 0.618

#21 1 Time of Concentration: 0.819

#21 2 5. Nearly bare and untilled, and
alluvial valley fans 3.50 50.00 1,430.00 1.860 0.213

8. Large gullies, diversions, and low
flowing streams 2.15 60.00 2,785.12 4.400 0.175

#21 2 Time of Concentration: 0.388

#21 3 5. Nearly bare and untilled, and
alluvial valley fans 1.70 15.00 881.00 1.300 0.188

9. Small streams flowing bankfull 1.49 60.00 4,014.18 11.000 0.101

#21 3 Time of Concentration: 0.289

#21 4 5. Nearly bare and untilled, and
alluvial valley fans 2.21 40.00 1,811.02 1.480 0.339

8. Large gullies, diversions, and low
flowing streams 0.84 50.00 5,949.54 2.750 0.600

#21 4 Time of Concentration: 0.939

#24 1 5. Nearly bare and untilled, and
alluvial valley fans 1.71 430.00 25,118.00 1.300 5.367

#24 1 Time of Concentration: 5.367

#24 2 5. Nearly bare and untilled, and
alluvial valley fans 1.84 430.00 23,393.00 1.350 4.813

#24 2 Time of Concentration: 4.813

#24 3 5. Nearly bare and untilled, and
alluvial valley fans 1.82 155.00 8,498.00 1.350 1.748

8. Large gullies, diversions, and low
flowing streams 0.84 40.00 4,771.00 2.740 0.483

#24 3 Time of Concentration: 2.231

#24 4 5. Nearly bare and untilled, and
alluvial valley fans 1.24 50.00 4,042.00 1.110 1.011

8. Large gullies, diversions, and low
flowing streams 0.49 60.00 12,150.00 2.100 1.607

#24 4 Time of Concentration: 2.618

#25 1 5. Nearly bare and untilled, and
alluvial valley fans 0.51 10.00 1,950.00 0.710 0.762

8. Large gullies, diversions, and low
flowing streams 1.81 60.00 3,322.00 4.030 0.228

#25 1 Time of Concentration: 0.990
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#25 2 5. Nearly bare and untilled, and
alluvial valley fans 1.11 25.00 2,254.00 1.050 0.596

8. Large gullies, diversions, and low
flowing streams 2.36 75.00 3,178.00 4.600 0.191

#25 2 Time of Concentration: 0.787

#25 3 5. Nearly bare and untilled, and
alluvial valley fans 3.23 30.00 929.00 1.790 0.144

8. Large gullies, diversions, and low
flowing streams 2.45 154.00 6,297.00 4.690 0.372

#25 3 Time of Concentration: 0.516

#26 1 5. Nearly bare and untilled, and
alluvial valley fans 1.20 103.00 8,602.00 1.090 2.192

#26 1 Time of Concentration: 2.192

#26 2 5. Nearly bare and untilled, and
alluvial valley fans 1.23 120.00 9,780.00 1.100 2.469

8. Large gullies, diversions, and low
flowing streams 2.18 184.00 8,454.00 4.420 0.531

#26 2 Time of Concentration: 3.000

#27 1 5. Nearly bare and untilled, and
alluvial valley fans 4.32 50.00 1,158.02 2.070 0.155

8. Large gullies, diversions, and low
flowing streams 2.53 198.00 7,838.16 4.760 0.457

#27 1 Time of Concentration: 0.612

#27 2 5. Nearly bare and untilled, and
alluvial valley fans 5.26 30.00 570.00 2.290 0.069

8. Large gullies, diversions, and low
flowing streams 3.15 278.00 8,822.00 5.320 0.460

#27 2 Time of Concentration: 0.529

#27 3 5. Nearly bare and untilled, and
alluvial valley fans 16.33 80.00 490.00 4.040 0.033

8. Large gullies, diversions, and low
flowing streams 2.15 225.00 10,443.00 4.400 0.659

#27 3 Time of Concentration: 0.692

#27 4 5. Nearly bare and untilled, and
alluvial valley fans 12.43 65.00 523.00 3.520 0.041

8. Large gullies, diversions, and low
flowing streams 3.49 225.00 6,454.00 5.600 0.320

#27 4 Time of Concentration: 0.361

#27 5 5. Nearly bare and untilled, and
alluvial valley fans 9.40 25.00 266.00 3.060 0.024

8. Large gullies, diversions, and low
flowing streams 2.32 364.00 15,700.00 4.560 0.956

#27 5 Time of Concentration: 0.980

#28 1 5. Nearly bare and untilled, and
alluvial valley fans 5.25 40.00 762.00 2.290 0.092

8. Large gullies, diversions, and low
flowing streams 2.96 310.00 10,479.34 5.150 0.565

#28 1 Time of Concentration: 0.657
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# Land Flow Condition Slope (%) Vert. Dist.
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Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#28 2 5. Nearly bare and untilled, and
alluvial valley fans 25.86 105.00 406.00 5.080 0.022

8. Large gullies, diversions, and low
flowing streams 2.96 310.00 10,479.34 5.150 0.565

#28 2 Time of Concentration: 0.587

#29 1 5. Nearly bare and untilled, and
alluvial valley fans 11.58 30.00 259.00 3.400 0.021

8. Large gullies, diversions, and low
flowing streams 3.61 288.00 7,976.00 5.700 0.388

#29 1 Time of Concentration: 0.409

#29 2 5. Nearly bare and untilled, and
alluvial valley fans 8.06 40.00 496.00 2.830 0.048

8. Large gullies, diversions, and low
flowing streams 2.90 252.00 8,693.55 5.100 0.473

#29 2 Time of Concentration: 0.521

#29 3 5. Nearly bare and untilled, and
alluvial valley fans 7.25 25.00 345.00 2.690 0.035

8. Large gullies, diversions, and low
flowing streams 2.26 158.00 7,001.00 4.500 0.432

#29 3 Time of Concentration: 0.467

#30 1 5. Nearly bare and untilled, and
alluvial valley fans 4.93 35.00 710.00 2.220 0.088

8. Large gullies, diversions, and low
flowing streams 1.67 243.00 14,540.00 3.870 1.043

#30 1 Time of Concentration: 1.131

#31 1 5. Nearly bare and untilled, and
alluvial valley fans 2.91 15.00 515.00 1.700 0.084

8. Large gullies, diversions, and low
flowing streams 2.74 247.00 9,006.00 4.960 0.504

#31 1 Time of Concentration: 0.588

#31 2 5. Nearly bare and untilled, and
alluvial valley fans 7.46 25.00 335.00 2.730 0.034

8. Large gullies, diversions, and low
flowing streams 2.18 138.00 6,335.00 4.420 0.398

#31 2 Time of Concentration: 0.432

#31 3 5. Nearly bare and untilled, and
alluvial valley fans 3.84 20.00 521.00 1.950 0.074

8. Large gullies, diversions, and low
flowing streams 2.24 108.00 4,826.00 4.480 0.299

#31 3 Time of Concentration: 0.373

#32 1 5. Nearly bare and untilled, and
alluvial valley fans 3.48 22.00 632.00 1.860 0.094

8. Large gullies, diversions, and low
flowing streams 1.56 101.00 6,494.00 3.740 0.482

#32 1 Time of Concentration: 0.576

#34 1 5. Nearly bare and untilled, and
alluvial valley fans 2.28 35.00 1,538.00 1.500 0.284

8. Large gullies, diversions, and low
flowing streams 2.89 74.00 2,560.00 5.100 0.139
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#34 1 Time of Concentration: 0.423

#34 2 5. Nearly bare and untilled, and
alluvial valley fans 2.69 38.00 1,415.00 1.630 0.241

8. Large gullies, diversions, and low
flowing streams 1.60 81.00 5,052.00 3.790 0.370

#34 2 Time of Concentration: 0.611

#34 3 5. Nearly bare and untilled, and
alluvial valley fans 3.80 56.00 1,474.00 1.940 0.211

8. Large gullies, diversions, and low
flowing streams 0.70 30.00 4,293.00 2.500 0.477

#34 3 Time of Concentration: 0.688

#34 4 5. Nearly bare and untilled, and
alluvial valley fans 4.17 35.00 840.00 2.040 0.114

8. Large gullies, diversions, and low
flowing streams 1.89 72.00 3,807.00 4.120 0.256

#34 4 Time of Concentration: 0.370

#35 1 5. Nearly bare and untilled, and
alluvial valley fans 2.34 113.00 4,831.12 1.520 0.882

8. Large gullies, diversions, and low
flowing streams 1.11 20.00 1,794.00 3.160 0.157

#35 1 Time of Concentration: 1.039

#36 1 5. Nearly bare and untilled, and
alluvial valley fans 3.35 20.00 596.46 1.830 0.090

8. Large gullies, diversions, and low
flowing streams 1.29 60.00 4,641.80 3.410 0.378

#36 1 Time of Concentration: 0.468

#36 2 5. Nearly bare and untilled, and
alluvial valley fans 3.33 40.00 1,200.57 1.820 0.183

8. Large gullies, diversions, and low
flowing streams 1.51 90.00 5,956.33 3.680 0.449

#36 2 Time of Concentration: 0.632

#36 3 5. Nearly bare and untilled, and
alluvial valley fans 3.77 77.00 2,043.74 1.940 0.292

8. Large gullies, diversions, and low
flowing streams 1.12 53.00 4,712.61 3.180 0.411

#36 3 Time of Concentration: 0.703

#36 4 5. Nearly bare and untilled, and
alluvial valley fans 6.40 60.00 937.44 2.520 0.103

8. Large gullies, diversions, and low
flowing streams 1.76 80.00 4,538.27 3.980 0.316

#36 4 Time of Concentration: 0.419

#36 5 5. Nearly bare and untilled, and
alluvial valley fans 1.68 10.00 596.48 1.290 0.128

8. Large gullies, diversions, and low
flowing streams 2.50 125.00 5,007.21 4.740 0.293

#36 5 Time of Concentration: 0.421

#36 6 5. Nearly bare and untilled, and
alluvial valley fans 1.57 10.00 638.43 1.250 0.141
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8. Large gullies, diversions, and low
flowing streams 2.06 123.00 5,966.63 4.300 0.385

#36 6 Time of Concentration: 0.526

#37 1 5. Nearly bare and untilled, and
alluvial valley fans 4.68 129.00 2,754.05 2.160 0.354

8. Large gullies, diversions, and low
flowing streams 0.16 10.00 6,108.73 1.210 1.402

#37 1 Time of Concentration: 1.756

#37 2 5. Nearly bare and untilled, and
alluvial valley fans 5.17 45.00 870.00 2.270 0.106

8. Large gullies, diversions, and low
flowing streams 2.01 95.00 4,737.20 4.240 0.310

#37 2 Time of Concentration: 0.416

#37 3 5. Nearly bare and untilled, and
alluvial valley fans 3.52 30.00 852.93 1.870 0.126

8. Large gullies, diversions, and low
flowing streams 4.02 180.00 4,473.94 6.010 0.206

#37 3 Time of Concentration: 0.703

#37 4 5. Nearly bare and untilled, and
alluvial valley fans 3.18 35.00 1,099.00 1.780 0.171

8. Large gullies, diversions, and low
flowing streams 1.49 38.00 2,544.00 3.660 0.193

#37 4 Time of Concentration: 0.419

#37 5 5. Nearly bare and untilled, and
alluvial valley fans 2.59 40.00 1,542.81 1.610 0.266

8. Large gullies, diversions, and low
flowing streams 1.48 67.00 4,528.71 3.640 0.345

#37 5 Time of Concentration: 0.421

#37 6 5. Nearly bare and untilled, and
alluvial valley fans 1.55 10.00 646.96 1.240 0.144

8. Large gullies, diversions, and low
flowing streams 6.34 157.00 2,475.12 7.550 0.091

#37 6 Time of Concentration: 0.526

#37 7 5. Nearly bare and untilled, and
alluvial valley fans 7.23 80.00 1,106.00 2.680 0.114

8. Large gullies, diversions, and low
flowing streams 1.05 52.00 4,950.00 3.070 0.447

#37 7 Time of Concentration: 0.561

Subwatershed Muskingum Routing Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 2 8. Large gullies, diversions, and low
flowing streams 1.29 107.00 8,294.00 3.400 0.677

#1 2 Muskingum K: 0.677

#1 3 8. Large gullies, diversions, and low
flowing streams 1.27 113.00 8,880.00 3.380 0.729
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#1 3 Muskingum K: 0.729

#1 4 8. Large gullies, diversions, and low
flowing streams 1.35 171.00 12,634.00 3.490 1.005

#1 4 Muskingum K: 1.005

#1 5 8. Large gullies, diversions, and low
flowing streams 1.49 274.00 18,349.00 3.660 1.392

#1 5 Muskingum K: 1.392

#1 6 8. Large gullies, diversions, and low
flowing streams 1.49 274.00 18,349.00 3.660 1.392

#1 6 Muskingum K: 1.392

#2 2 8. Large gullies, diversions, and low
flowing streams 0.53 20.00 3,756.00 2.180 0.478

#2 2 Muskingum K: 0.478

#2 3 8. Large gullies, diversions, and low
flowing streams 0.55 25.00 4,570.00 2.210 0.574

#2 3 Muskingum K: 0.574

#2 4 8. Large gullies, diversions, and low
flowing streams 0.55 25.00 4,570.00 2.210 0.574

#2 4 Muskingum K: 0.574

#2 5 8. Large gullies, diversions, and low
flowing streams 0.65 45.00 6,955.00 2.410 0.801

#2 5 Muskingum K: 0.801

#3 3 8. Large gullies, diversions, and low
flowing streams 0.92 20.00 2,168.00 2.880 0.209

#3 3 Muskingum K: 0.209

#5 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#5 1 Muskingum K: 0.000

#5 2 8. Large gullies, diversions, and low
flowing streams 1.75 125.00 7,149.00 3.960 0.501

#5 2 Muskingum K: 0.501

#5 3 8. Large gullies, diversions, and low
flowing streams 1.65 155.00 9,418.00 3.840 0.681

#5 3 Muskingum K: 0.681

#5 4 8. Large gullies, diversions, and low
flowing streams 1.65 155.00 9,418.00 3.840 0.681

#5 4 Muskingum K: 0.681

#5 5 8. Large gullies, diversions, and low
flowing streams 1.67 239.00 14,273.00 3.880 1.021

#5 5 Muskingum K: 1.021

#5 6 8. Large gullies, diversions, and low
flowing streams 1.68 239.00 14,223.00 3.880 1.018

#5 6 Muskingum K: 1.018

#7 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#7 1 Muskingum K: 0.000

#7 2 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000
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#7 2 Muskingum K: 0.000

#7 4 8. Large gullies, diversions, and low
flowing streams 1.16 140.00 12,037.00 3.230 1.035

#7 4 Muskingum K: 1.035

#7 5 8. Large gullies, diversions, and low
flowing streams 1.14 140.00 12,307.69 3.190 1.071

#7 5 Muskingum K: 1.071

#7 6 8. Large gullies, diversions, and low
flowing streams 1.17 158.00 13,546.00 3.230 1.164

#7 6 Muskingum K: 1.164

#7 7 8. Large gullies, diversions, and low
flowing streams 1.18 187.00 15,784.00 3.260 1.344

#7 7 Muskingum K: 1.344

#7 8 8. Large gullies, diversions, and low
flowing streams 1.18 187.00 15,784.00 3.260 1.344

#7 8 Muskingum K: 1.344

#10 3 8. Large gullies, diversions, and low
flowing streams 0.76 37.00 4,861.00 2.610 0.517

#10 3 Muskingum K: 0.517

#10 4 8. Large gullies, diversions, and low
flowing streams 0.76 37.00 4,861.00 2.610 0.517

#10 4 Muskingum K: 0.517

#10 5 8. Large gullies, diversions, and low
flowing streams 0.79 47.00 5,956.00 2.660 0.621

#10 5 Muskingum K: 0.621

#12 2 8. Large gullies, diversions, and low
flowing streams 8.24 111.00 1,347.00 8.610 0.043

#12 2 Muskingum K: 0.043

#12 3 8. Large gullies, diversions, and low
flowing streams 8.01 109.00 1,360.00 8.490 0.044

#12 3 Muskingum K: 0.044

#12 4 8. Large gullies, diversions, and low
flowing streams 2.24 176.00 7,866.00 4.480 0.487

#12 4 Muskingum K: 0.487

#12 5 8. Large gullies, diversions, and low
flowing streams 2.24 176.00 7,866.00 4.480 0.487

#12 5 Muskingum K: 0.487

#13 2 8. Large gullies, diversions, and low
flowing streams 1.34 54.00 4,025.00 3.470 0.322

#13 2 Muskingum K: 0.322

#13 3 8. Large gullies, diversions, and low
flowing streams 0.98 72.00 7,333.00 2.970 0.685

#13 3 Muskingum K: 0.685

#13 4 8. Large gullies, diversions, and low
flowing streams 1.18 127.00 10,806.00 3.250 0.923

#13 4 Muskingum K: 0.923

#13 5 8. Large gullies, diversions, and low
flowing streams 1.18 127.00 10,806.00 3.250 0.923
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#13 5 Muskingum K: 0.923

#14 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#14 1 Muskingum K: 0.000

#14 2 8. Large gullies, diversions, and low
flowing streams 0.83 58.00 6,957.00 2.730 0.707

#14 2 Muskingum K: 0.707

#14 3 8. Large gullies, diversions, and low
flowing streams 0.81 77.00 9,480.00 2.700 0.975

#14 3 Muskingum K: 0.975

#14 4 8. Large gullies, diversions, and low
flowing streams 0.86 147.00 17,117.00 2.770 1.716

#14 4 Muskingum K: 1.716

#14 5 8. Large gullies, diversions, and low
flowing streams 0.88 175.00 19,934.00 2.810 1.970

#14 5 Muskingum K: 1.970

#14 6 8. Large gullies, diversions, and low
flowing streams 0.95 211.00 22,155.00 2.920 2.107

#14 6 Muskingum K: 2.107

#14 7 8. Large gullies, diversions, and low
flowing streams 0.96 257.00 26,835.00 2.930 2.544

#14 7 Muskingum K: 2.544

#14 8 8. Large gullies, diversions, and low
flowing streams 0.96 257.00 26,835.00 2.930 2.544

#14 8 Muskingum K: 2.544

#14 9 8. Large gullies, diversions, and low
flowing streams 0.95 307.00 32,146.59 2.930 3.047

#14 9 Muskingum K: 3.047

#14 10 8. Large gullies, diversions, and low
flowing streams 0.96 339.00 35,382.00 2.930 3.354

#14 10 Muskingum K: 3.354

#15 2 8. Large gullies, diversions, and low
flowing streams 1.14 86.00 7,535.26 3.200 0.654

#15 2 Muskingum K: 0.654

#15 3 8. Large gullies, diversions, and low
flowing streams 1.25 115.00 9,236.00 3.340 0.768

#15 3 Muskingum K: 0.768

#16 2 8. Large gullies, diversions, and low
flowing streams 0.55 42.00 7,608.00 2.220 0.951

#16 2 Muskingum K: 0.951

#16 3 8. Large gullies, diversions, and low
flowing streams 0.51 54.00 10,615.00 2.130 1.384

#16 3 Muskingum K: 1.384

#17 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#17 1 Muskingum K: 0.000

#18 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000
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#18 1 Muskingum K: 0.000

#18 2 8. Large gullies, diversions, and low
flowing streams 1.02 62.00 6,103.00 3.020 0.561

#18 2 Muskingum K: 0.561

#21 1 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#21 1 Muskingum K: 0.000

#21 2 8. Large gullies, diversions, and low
flowing streams 0.41 20.00 4,825.09 1.930 0.694

#21 2 Muskingum K: 0.694

#21 3 8. Large gullies, diversions, and low
flowing streams 0.36 20.00 5,627.46 1.780 0.878

#21 3 Muskingum K: 0.878

#21 4 8. Large gullies, diversions, and low
flowing streams 0.36 20.00 5,627.46 1.780 0.878

#21 4 Muskingum K: 0.878

#24 1 8. Large gullies, diversions, and low
flowing streams 0.79 180.00 22,769.00 2.660 2.377

#24 1 Muskingum K: 2.377

#24 2 8. Large gullies, diversions, and low
flowing streams 0.78 180.00 23,111.00 2.640 2.431

#24 2 Muskingum K: 2.431

#24 4 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#24 4 Muskingum K: 0.000

#25 1 8. Large gullies, diversions, and low
flowing streams 1.99 104.00 5,220.00 4.230 0.342

#25 1 Muskingum K: 0.342

#25 2 8. Large gullies, diversions, and low
flowing streams 1.99 104.00 5,220.00 4.230 0.342

#25 2 Muskingum K: 0.342

#25 3 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.000 0.000

#25 3 Muskingum K: 0.000

#27 1 8. Large gullies, diversions, and low
flowing streams 1.38 216.00 15,629.00 3.520 1.233

#27 1 Muskingum K: 1.233

#27 2 8. Large gullies, diversions, and low
flowing streams 1.17 144.00 12,301.00 3.240 1.054

#27 2 Muskingum K: 1.054

#27 3 8. Large gullies, diversions, and low
flowing streams 1.18 76.00 6,454.00 3.250 0.551

#27 3 Muskingum K: 0.551

#27 4 8. Large gullies, diversions, and low
flowing streams 1.18 76.00 6,454.00 3.250 0.551

#27 4 Muskingum K: 0.551

#28 1 8. Large gullies, diversions, and low
flowing streams 1.30 84.00 6,445.17 3.420 0.523
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#28 1 Muskingum K: 0.523

#29 1 8. Large gullies, diversions, and low
flowing streams 0.88 37.00 4,210.00 2.810 0.416

#29 1 Muskingum K: 0.416

#29 2 8. Large gullies, diversions, and low
flowing streams 0.88 26.00 2,949.00 2.810 0.291

#29 2 Muskingum K: 0.291

#31 1 8. Large gullies, diversions, and low
flowing streams 1.35 76.00 5,639.00 3.480 0.450

#31 1 Muskingum K: 0.450

#31 2 8. Large gullies, diversions, and low
flowing streams 1.15 20.00 1,734.00 3.220 0.149

#31 2 Muskingum K: 0.149

#34 1 8. Large gullies, diversions, and low
flowing streams 0.64 56.00 8,773.00 2.390 1.019

#34 1 Muskingum K: 1.019

#34 2 8. Large gullies, diversions, and low
flowing streams 1.05 31.00 2,957.00 3.070 0.267

#34 2 Muskingum K: 0.267

#34 3 8. Large gullies, diversions, and low
flowing streams 0.64 26.00 4,031.00 2.400 0.466

#34 3 Muskingum K: 0.466

#36 1 8. Large gullies, diversions, and low
flowing streams 0.79 110.00 13,954.41 2.660 1.457

#36 1 Muskingum K: 1.457

#36 2 8. Large gullies, diversions, and low
flowing streams 0.58 50.00 8,630.15 2.280 1.051

#36 2 Muskingum K: 1.051

#36 3 8. Large gullies, diversions, and low
flowing streams 0.58 50.00 8,630.15 2.280 1.051

#36 3 Muskingum K: 1.051

#36 4 8. Large gullies, diversions, and low
flowing streams 0.23 10.00 4,329.90 1.440 0.835

#36 4 Muskingum K: 0.835

#36 5 8. Large gullies, diversions, and low
flowing streams 0.21 5.00 2,359.95 1.380 0.475

#36 5 Muskingum K: 0.475

#37 2 8. Large gullies, diversions, and low
flowing streams 0.28 30.00 10,642.07 1.590 1.859

#37 2 Muskingum K: 1.859

#37 3 8. Large gullies, diversions, and low
flowing streams 0.45 38.00 8,493.51 2.000 1.179

#37 3 Muskingum K: 1.179

#37 4 8. Large gullies, diversions, and low
flowing streams 0.66 104.00 15,664.00 2.440 1.783

#37 4 Muskingum K: 0.835

#37 5 8. Large gullies, diversions, and low
flowing streams 0.33 41.00 12,388.68 1.720 2.000
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#37 5 Muskingum K: 0.475

#37 6 8. Large gullies, diversions, and low
flowing streams 0.33 41.00 12,388.68 1.720 2.000

#37 6 Muskingum K: 0.000

#37 7 8. Large gullies, diversions, and low
flowing streams 0.33 31.00 9,267.00 1.730 1.487

#37 7 Muskingum K: 1.487
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Area 4 North Pond 3

The watershed for the impoundment is presented on Exhibit 11-
13F. The detail design is presented on Exhibit 11-115.

The pond is designed to retain the runoff from  the 100 year-6
hour storm event, therefore no spillway required.

Ron Van Valkenburg, PE

BHP Billiton
Navajo Mine
PO Box 1717

Fruitland, NM 87416

Phone:  505 598 2007
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General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  100 yr - 6 hr

Rainfall Depth: 2.000 inches
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Null #1 ==> End 0.000 0.000 Area 4 North Pond 3

#1

Null
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Structure Summary:
Immediate

Contributing
Area

(ac)

Total
Contributing

Area

(ac)

Peak
Discharge

(cfs)

Total
Runoff
Volume

(ac-ft)

#1 8.600 8.600 21.09 0.83
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Structure Detail:
Structure #1 (Null)

     Area 4 North Pond 3
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Subwatershed Hydrology Detail:

Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#1 1 8.600 0.019 0.000 0.000 91.000 M 21.09 0.833

Σ 8.600 21.09 0.833

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 6.00 6.00 100.00 2.440 0.011

8. Large gullies, diversions, and low
flowing streams 20.95 88.00 420.00 13.730 0.008

#1 1 Time of Concentration: 0.019
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Area 4 North Pond 4

The watershed for the impoundment is presented on Exhibit 11-
13F. The detail design is presented on Exhibit 11-118.

The pond is designed to retain the runoff from  the 100 year-6
hour storm event, therefore no spillway required.

Ron Van Valkenburg, PE

BHP Billiton
Navajo Mine
PO Box 1717

Fruitland, NM 87416

Phone:  505 598 2007

Filename: Area 4-North Pond 4 Jan2010.sc4 Printed 03-24-2010
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General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  100 yr - 6 hr

Rainfall Depth: 2.000 inches

Filename: Area 4-North Pond 4 Jan2010.sc4 Printed 03-24-2010

SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design 2

310



Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Null #1 ==> End 0.000 0.000 A4N Pond 4

Channel #2 ==> #1 0.013 0.443 Southwest Berm to Pond 4

Channel #3 ==> #1 0.006 0.452 Northeast Berm to Pond 4

#3 
Channel

#2 
Channel

#1
Null

Structure Routing Details:
Stru
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#2 8. Large gullies, diversions, and low
flowing streams 19.68 124.00 630.00 13.30 0.013

#2 Muskingum K: 0.013

#3 8. Large gullies, diversions, and low
flowing streams 28.57 100.00 350.00 16.03 0.006

#3 Muskingum K: 0.006
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Structure Summary:
Immediate 

Contributing 
Area
(ac)

Total 
Contributing 

Area
(ac)

Peak 
Discharge

(cfs)

Total 
Runoff 
Volume
(ac-ft)

#3 0.200 0.200 0.49 0.02

#2 6.600 6.600 16.19 0.64

#1 39.500 46.300 75.64 4.49
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Structure Detail:
Structure #3 (Erodible Channel)

     Northeast Berm to Pond 4

   Triangular Erodible Channel Inputs:

Material: Alluvial silts colloidal
Left 

Sideslope 
Ratio

Right 
Sideslope 

Ratio
Slope (%) Manning's n Freeboard

Depth (ft)
Freeboard
% of Depth

Freeboard
Mult. x (VxD)

Limiting 
Velocity (fps)

2.0:1 2.0:1 1.3 0.0250 1.00 5.0

   Erodible Channel Results:

w/o Freeboard w/ Freeboard

Depth: 0.35 ft 1.35 ft

Top Width: 1.41 ft 5.41 ft

Velocity: 1.98 fps

X-Section Area: 0.25 sq ft

Hydraulic Radius: 0.157

Froude Number: 0.83

Structure #2 (Erodible Channel)

     Southwest Berm to Pond 4

   Trapezoidal  Erodible Channel Inputs:

Material: Alluvial silts colloidal

Bottom 
Width (ft)

Left 
Sideslope 

Ratio

Right 
Sideslope 

Ratio
Slope (%) Manning's n Freeboard

Depth (ft)
Freeboard
% of Depth

Freeboard
Mult. x (VxD)

Limiting 
Velocity (fps)

6.00 1.5:1 3.0:1 0.2 0.0250 1.00 5.0

   Erodible Channel Results:

w/o Freeboard w/ Freeboard

Depth: 0.94 ft 1.94 ft

Top Width: 10.21 ft 14.71 ft

Velocity: 2.13 fps

X-Section Area: 7.59 sq ft

Hydraulic Radius: 0.715

Froude Number: 0.44
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Subwatershed Hydrology Detail:
Stru
#

SWS
#

SWS Area
(ac)

Time of Conc
(hrs)

Musk K
(hrs) Musk X Curve

Number UHS
Peak 

Discharge
(cfs)

Runoff 
Volume
(ac-ft)

#3 1 0.200 0.033 0.000 0.000 91.000 M 0.49 0.02

S 0.200 0.49 0.02

#2 1 6.600 0.084 0.000 0.000 91.000 M 16.19 0.64

S 6.600 16.19 0.64

#1 1 39.500 0.133 0.000 0.000 91.000 M 63.76 3.83

S 46.300 75.64 4.49

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 2.62 15.00 572.01 1.610 0.098

8. Large gullies, diversions, and low
flowing streams 9.89 120.00 1,213.00 9.430 0.035

#1 1 Time of Concentration: 0.133

#2 1 5. Nearly bare and untilled, and
alluvial valley fans 6.45 10.00 155.00 2.540 0.016

8. Large gullies, diversions, and low
flowing streams 2.25 25.00 1,110.00 4.500 0.068

#2 1 Time of Concentration: 0.084

#3 1 5. Nearly bare and untilled, and
alluvial valley fans 2.22 4.00 180.00 1.490 0.033

#3 1 Time of Concentration: 0.033
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Area 4 North Pond 4

The watershed for the impoundment is presented on Exhibit 11-
13F. The detail design is presented on Exhibit 11-118.

The pond is designed to retain the runoff from  the 100 year-6
hour storm event, therefore no spillway required.

Ron Van Valkenburg, PE

BHP Billiton
Navajo Mine
PO Box 1717

Fruitland, NM 87416

Phone:  505 598 2007
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General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  10 yr - 6 hr

Rainfall Depth: 1.300 inches
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Null #1 ==> End 0.000 0.000 A4N Pond 4

Channel #2 ==> #1 0.013 0.443 Southwest Berm to Pond 4

Channel #3 ==> #1 0.006 0.452 Northeast Berm to Pond 4

#3 
Channel

#2 
Channel

#1
Null

Structure Routing Details:
Stru
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#2 8. Large gullies, diversions, and low
flowing streams 19.68 124.00 630.00 13.30 0.013

#2 Muskingum K: 0.013

#3 8. Large gullies, diversions, and low
flowing streams 28.57 100.00 350.00 16.03 0.006

#3 Muskingum K: 0.006
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Structure Summary:
Immediate 

Contributing 
Area
(ac)

Total 
Contributing 

Area
(ac)

Peak 
Discharge

(cfs)

Total 
Runoff 
Volume
(ac-ft)

#3 0.200 0.200 0.27 0.01

#2 6.600 6.600 8.98 0.32

#1 39.500 46.300 38.57 2.57
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Structure Detail:
Structure #3 (Erodible Channel)

     Northeast Berm to Pond 4

   Triangular Erodible Channel Inputs:

Material: Alluvial silts colloidal
Left 

Sideslope 
Ratio

Right 
Sideslope 

Ratio
Slope (%) Manning's n Freeboard

Depth (ft)
Freeboard
% of Depth

Freeboard
Mult. x (VxD)

Limiting 
Velocity (fps)

2.0:1 2.0:1 1.3 0.0250 1.00 5.0

   Erodible Channel Results:

w/o Freeboard w/ Freeboard

Depth: 0.28 ft 1.28 ft

Top Width: 1.13 ft 5.13 ft

Velocity: 1.72 fps

X-Section Area: 0.16 sq ft

Hydraulic Radius: 0.127

Froude Number: 0.80

Structure #2 (Erodible Channel)

     Southwest Berm to Pond 4

   Trapezoidal  Erodible Channel Inputs:

Material: Alluvial silts colloidal

Bottom 
Width (ft)

Left 
Sideslope 

Ratio

Right 
Sideslope 

Ratio
Slope (%) Manning's n Freeboard

Depth (ft)
Freeboard
% of Depth

Freeboard
Mult. x (VxD)

Limiting 
Velocity (fps)

6.00 1.5:1 3.0:1 0.2 0.0250 1.00 5.0

   Erodible Channel Results:

w/o Freeboard w/ Freeboard

Depth: 0.67 ft 1.67 ft

Top Width: 9.03 ft 13.53 ft

Velocity: 1.77 fps

X-Section Area: 5.06 sq ft

Hydraulic Radius: 0.543

Froude Number: 0.42
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Subwatershed Hydrology Detail:
Stru
#

SWS
#

SWS Area
(ac)

Time of Conc
(hrs)

Musk K
(hrs) Musk X Curve

Number UHS
Peak 

Discharge
(cfs)

Runoff 
Volume
(ac-ft)

#3 1 0.200 0.033 0.000 0.000 91.000 M 0.27 0.01

S 0.200 0.27 0.01

#2 1 6.600 0.084 0.000 0.000 91.000 M 8.98 0.32

S 6.600 8.98 0.32

#1 1 39.500 0.133 0.000 0.000 91.000 M 33.48 1.91

S 46.300 38.57 2.57

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 2.62 15.00 572.01 1.610 0.098

8. Large gullies, diversions, and low
flowing streams 9.89 120.00 1,213.00 9.430 0.035

#1 1 Time of Concentration: 0.133

#2 1 5. Nearly bare and untilled, and
alluvial valley fans 6.45 10.00 155.00 2.540 0.016

8. Large gullies, diversions, and low
flowing streams 2.25 25.00 1,110.00 4.500 0.068

#2 1 Time of Concentration: 0.084

#3 1 5. Nearly bare and untilled, and
alluvial valley fans 2.22 4.00 180.00 1.490 0.033

#3 1 Time of Concentration: 0.033
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Area 4 North
Perimeter Road Pond 401

The watershed for the impoundment is presented on Exhibit 11-
13F. The detail design is presented on Exhibit 11-01.

The pond is designed to retain the runoff from  the 100 year-6
hour storm event, therefore no spillway required.

Ron Van Valkenburg, PE

BHP Billiton
Navajo Mine
PO Box 1717

Fruitland, NM 87416

Phone:  505 598 2007
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General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  100 yr - 6 hr

Rainfall Depth: 2.000 inches

Filename: A4N pond 401 100yr-6hr null.sc4 Printed 08-26-2009

SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design 2

384



Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Null #1 ==> End 0.000 0.000 Perimeter Road Pond 401

#1
Null
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Structure Summary:
Immediate 

Contributing 
Area
(ac)

Total 
Contributing 

Area
(ac)

Peak 
Discharge

(cfs)

Total 
Runoff 
Volume
(ac-ft)

#1 21.400 21.400 42.07 1.45
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Structure Detail:
Structure #1 (Null)

     Perimeter Road Pond 401
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Subwatershed Hydrology Detail:
Stru
#

SWS
#

SWS Area
(ac)

Time of Conc
(hrs)

Musk K
(hrs) Musk X Curve

Number UHS
Peak 

Discharge
(cfs)

Runoff 
Volume
(ac-ft)

#1 1 21.400 0.059 0.000 0.000 85.300 M 42.07 1.45

S 21.400 42.07 1.45

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 8. Large gullies, diversions, and low
flowing streams 4.56 62.00 1,360.00 6.400 0.059

#1 1 Time of Concentration: 0.059
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Area 4 North
Perimeter Road Pond 402

The watershed for the impoundment is presented on Exhibit 11-
13F. The detail design is presented on Exhibit 11-02.

The pond is designed to retain the runoff from  the 100 year-6
hour storm event, therefore no spillway required.

Ron Van Valkenburg, PE

BHP Billiton
Navajo Mine
PO Box 1717

Fruitland, NM 87416

Phone:  505 598 2007
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General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  100 yr - 6 hr

Rainfall Depth: 2.000 inches
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Null #1 ==> End 0.000 0.000 Perimeter Road Pond 402

Channel #2 ==> #1 0.000 0.000 Road Channel-East

#2 
Channel

#1
Null
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Structure Summary:
Immediate 

Contributing 
Area
(ac)

Total 
Contributing 

Area
(ac)

Peak 
Discharge

(cfs)

Total 
Runoff 
Volume
(ac-ft)

#2 60.800 60.800 88.97 5.21

#1 17.900 78.700 121.10 1.53
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Structure Detail:
Structure #2 (Erodible Channel)

     Road Channel-East

   Trapezoidal  Erodible Channel Inputs:

Material: Shales and hardpans

Bottom 
Width (ft)

Left 
Sideslope 

Ratio

Right 
Sideslope 

Ratio
Slope (%) Manning's n Freeboard

Depth (ft)
Freeboard
% of Depth

Freeboard
Mult. x (VxD)

Limiting 
Velocity (fps)

8.00 3.0:1 1.5:1 0.8 0.0250 1.00 6.0

   Erodible Channel Results:

w/o Freeboard w/ Freeboard

Depth: 1.43 ft 2.43 ft

Top Width: 14.42 ft 18.92 ft

Velocity: 5.56 fps

X-Section Area: 16.00 sq ft

Hydraulic Radius: 1.065

Froude Number: 0.93

Structure #1 (Null)

     Perimeter Road Pond 402
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Subwatershed Hydrology Detail:
Stru
#

SWS
#

SWS Area
(ac)

Time of Conc
(hrs)

Musk K
(hrs) Musk X Curve

Number UHS
Peak 

Discharge
(cfs)

Runoff 
Volume
(ac-ft)

#2 1 60.800 0.139 0.000 0.000 89.000 M 88.97 5.21

S 60.800 88.97 5.21

#1 1 17.900 0.015 0.000 0.000 89.000 M 40.87 1.53

S 78.700 121.10 1.53

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 15.00 6.00 40.00 3.870 0.002

8. Large gullies, diversions, and low
flowing streams 15.00 84.00 560.00 11.610 0.013

#1 1 Time of Concentration: 0.015

#2 1 5. Nearly bare and untilled, and
alluvial valley fans 6.67 10.00 150.00 2.580 0.016

8. Large gullies, diversions, and low
flowing streams 3.90 103.00 2,640.01 5.920 0.123

#2 1 Time of Concentration: 0.139
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General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  10 yr - 24 hr

Rainfall Depth: 1.600 inches
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Null #1 ==> End 0.000 0.000 Perimeter Road Pond 402

Channel #2 ==> #1 0.000 0.000 Road Channel-East

#2 
Channel

#1
Null
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Structure Summary:
Immediate 

Contributing 
Area
(ac)

Total 
Contributing 

Area
(ac)

Peak 
Discharge

(cfs)

Total 
Runoff 
Volume
(ac-ft)

#2 60.800 60.800 50.91 3.58

#1 17.900 78.700 68.56 6.26
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Structure Detail:
Structure #2 (Erodible Channel)

     Road Channel-East

   Trapezoidal  Erodible Channel Inputs:

Material: Shales and hardpans

Bottom 
Width (ft)

Left 
Sideslope 

Ratio

Right 
Sideslope 

Ratio
Slope (%) Manning's n Freeboard

Depth (ft)
Freeboard

% of Depth
Freeboard

Mult. x (VxD)
Limiting 

Velocity (fps)

8.00 3.0:1 1.5:1 0.8 0.0250 1.00 6.0

   Erodible Channel Results:

w/o Freeboard w/ Freeboard

Depth: 1.05 ft 2.05 ft

Top Width: 12.72 ft 17.22 ft

Velocity: 4.69 fps

X-Section Area: 10.86 sq ft

Hydraulic Radius: 0.825

Froude Number: 0.89

Structure #1 (Null)

     Perimeter Road Pond 402
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Subwatershed Hydrology Detail:
Stru
#

SWS
#

SWS Area
(ac)

Time of Conc
(hrs)

Musk K
(hrs) Musk X Curve

Number UHS
Peak 

Discharge
(cfs)

Runoff 
Volume
(ac-ft)

#2 1 60.800 0.139 0.000 0.000 89.000 M 50.91 3.58

S 60.800 50.91 3.58

#1 1 17.900 0.015 0.000 0.000 89.000 M 24.18 1.05

S 78.700 68.56 6.26

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 15.00 6.00 40.00 3.870 0.002

8. Large gullies, diversions, and low
flowing streams 15.00 84.00 560.00 11.610 0.013

#1 1 Time of Concentration: 0.015

#2 1 5. Nearly bare and untilled, and
alluvial valley fans 6.67 10.00 150.00 2.580 0.016

8. Large gullies, diversions, and low
flowing streams 3.90 103.00 2,640.01 5.920 0.123

#2 1 Time of Concentration: 0.139
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Material: Riprap

Bottom 
Width (ft)

Left 
Sideslope 

Ratio

Right 
Sideslope 

Ratio
Slope (%) Freeboard

Depth (ft)
Freeboard
% of Depth

Freeboard
Mult. x (VxD)

8.00 3.0:1 3.0:1 12.0 1.00

Simons/OSM Method - Steep Slope Design

w/o Freeboard w/ Freeboard

Depth: 0.48 ft 1.48 ft

Top Width: 10.86 ft 16.86 ft

Velocity*:

X-Section Area: 4.49 sq ft

Hydraulic Radius: 0.408

Froude Number*:

Manning's n*:

Dmin: 3.00 in

D50: 9.00 in

Dmax: 11.25 in

Velocity and Manning's n calculations may not apply for this method.
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Area 4 North
Perimeter Road Pond 404

The watershed for the impoundment is presented on Exhibit 11-
13F. The detail design is presented on Exhibit 11-04.

The pond is designed to retain the runoff from  the 100 year-6
hour storm event, therefore no spillway required.

Ron Van Valkenburg, PE

BHP Billiton
Navajo Mine
PO Box 1717

Fruitland, NM 87416

Phone:  505 598 2007

Filename: A4N pond 404 100yr-6hr null.sc4 Printed 08-26-2009

SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design 1

407



General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  100 yr - 6 hr

Rainfall Depth: 2.000 inches
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Null #1 ==> End 0.000 0.000 Perimeter Road Pond 404

#1
Null
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Structure Summary:
Immediate 

Contributing 
Area
(ac)

Total 
Contributing 

Area
(ac)

Peak 
Discharge

(cfs)

Total 
Runoff 
Volume
(ac-ft)

#1 9.800 9.800 22.38 0.84
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Structure Detail:
Structure #1 (Null)

     Perimeter Road Pond 404
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Subwatershed Hydrology Detail:
Stru
#

SWS
#

SWS Area
(ac)

Time of Conc
(hrs)

Musk K
(hrs) Musk X Curve

Number UHS
Peak 

Discharge
(cfs)

Runoff 
Volume
(ac-ft)

#1 1 9.800 0.012 0.000 0.000 89.000 M 22.38 0.84

S 9.800 22.38 0.84

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 8. Large gullies, diversions, and low
flowing streams 10.48 44.00 420.00 9.710 0.012

#1 1 Time of Concentration: 0.012
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Area 4 North Pond 405

The watershed for the impoundment is presented on Exhibit 11-
13F. The detail design is presented on Exhibit 11-5.

The pond is design to retain the 100 yr-6 hr storm event. No
spillway is required.

Ron Van Valkenburg, PE

BHP Billiton
Navajo Mine
PO Box 1717

Fruitland, NM 87416

Phone:  505 598 2007
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General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  100 yr - 6 hr

Rainfall Depth: 2.000 inches
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Null #2 ==> #5 0.000 0.000 A4N Pond 405

Culvert #5 ==> End 0.000 0.000 CP-189 Culvert under road

#2 
Null

#5
Culvert

Filename: A4N pond 405 100yr-6hr null.sc4 Printed 08-26-2009

SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design 3

415



Structure Summary:
Immediate 

Contributing 
Area
(ac)

Total 
Contributing 

Area
(ac)

Peak 
Discharge

(cfs)

Total 
Runoff 
Volume
(ac-ft)

#2 89.700 89.700 131.26 7.68

#5 0.000 89.700 131.26 7.68
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Subwatershed Hydrology Detail:
Stru
#

SWS
#

SWS Area
(ac)

Time of Conc
(hrs)

Musk K
(hrs) Musk X Curve

Number UHS
Peak 

Discharge
(cfs)

Runoff 
Volume
(ac-ft)

#2 1 89.700 0.146 0.000 0.000 89.000 M 131.26 7.68

S 89.700 131.26 7.68

#5 S 89.700 131.26 7.68

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#2 1 8. Large gullies, diversions, and low
flowing streams 4.59 155.00 3,380.07 6.420 0.146

#2 1 Time of Concentration: 0.146
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General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  10 yr - 6 hr

Rainfall Depth: 1.300 inches
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Null #2 ==> #5 0.000 0.000 A4N Pond 405

Culvert #5 ==> End 0.000 0.000 CP-189 Culvert under road

#2 
Null

#5
Culvert
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Structure Summary:
Immediate 

Contributing 
Area
(ac)

Total 
Contributing 

Area
(ac)

Peak 
Discharge

(cfs)

Total 
Runoff 
Volume
(ac-ft)

#2 89.700 89.700 84.63 3.62

#5 0.000 89.700 84.63 3.62
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Structure Detail:
Structure #2 (Null)

     A4N Pond 405

Structure #5 (Culvert)

     CP-189 Culvert under road

   Culvert Inputs:

Length (ft) Slope (%) Manning's n
Max. 

Headwater 
(ft)

Tailwater (ft)
Entrance 

Loss Coef. 
(Ke)

280.00 5.70 0.0150 23.00 0.00 0.90

   Culvert Results:

Minimum pipe diameter required: 30 inches
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Subwatershed Hydrology Detail:
Stru
#

SWS
#

SWS Area
(ac)

Time of Conc
(hrs)

Musk K
(hrs) Musk X Curve

Number UHS
Peak 

Discharge
(cfs)

Runoff 
Volume
(ac-ft)

#2 1 89.700 0.146 0.000 0.000 89.000 F 84.63 3.62

S 89.700 84.63 3.62

#5 S 89.700 84.63 3.62

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#2 1 8. Large gullies, diversions, and low
flowing streams 4.59 155.00 3,380.07 6.420 0.146

#2 1 Time of Concentration: 0.146
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Area 4 North Pond 406

The watershed for the impoundment is presented on Exhibit 11-
13F. The detail design is presented on Exhibit 11-156.

The pond is designed to retain the 100-yr 6-hr storm event,
therefore a spillway is not required.

Ron Van Valkenburg, PE

BHP Billiton
Navajo Mine
PO Box 1717

Fruitland, NM 87416

Phone:  505 598 2007
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General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  100 yr - 6 hr

Rainfall Depth: 2.000 inches
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Null #1 ==> End 0.000 0.000 A4N Pond 406

#1
Null
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Structure Summary:
Immediate 

Contributing 
Area
(ac)

Total 
Contributing 

Area
(ac)

Peak 
Discharge

(cfs)

Total 
Runoff 
Volume
(ac-ft)

#1 238.100 238.100 97.07 9.83
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Structure Detail:
Structure #1 (Null)

     A4N Pond 406
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Subwatershed Hydrology Detail:
Stru
#

SWS
#

SWS Area
(ac)

Time of Conc
(hrs)

Musk K
(hrs) Musk X Curve

Number UHS
Peak 

Discharge
(cfs)

Runoff 
Volume
(ac-ft)

#1 1 238.100 0.578 0.000 0.000 78.300 M 97.07 9.83

S 238.100 97.07 9.83

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 1.87 20.00 1,070.03 1.360 0.218

8. Large gullies, diversions, and low
flowing streams 1.00 39.00 3,890.00 3.000 0.360

#1 1 Time of Concentration: 0.578
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Area 4 North Pond 407

The watershed for the impoundment is presented on Exhibit 11-
13F. The detail design is presented on Exhibit 11-157.

The pond is designed to retain the 100-yr 6-hr storm event,
therefore a spillway is not required.

Ron Van Valkenburg, PE

BHP Billiton
Navajo Mine
PO Box 1717

Fruitland, NM 87416

Phone:  505 598 2007
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General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  100 yr - 6 hr

Rainfall Depth: 2.000 inches
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Null #1 ==> End 0.000 0.000 A4N Pond 407

#1
Null
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Structure Summary:
Immediate 

Contributing 
Area
(ac)

Total 
Contributing 

Area
(ac)

Peak 
Discharge

(cfs)

Total 
Runoff 
Volume
(ac-ft)

#1 124.800 124.800 142.00 9.98
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Structure Detail:
Structure #1 (Null)

     A4N Pond 407
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Subwatershed Hydrology Detail:
Stru
#

SWS
#

SWS Area
(ac)

Time of Conc
(hrs)

Musk K
(hrs) Musk X Curve

Number UHS
Peak 

Discharge
(cfs)

Runoff 
Volume
(ac-ft)

#1 1 124.800 0.306 0.000 0.000 87.900 M 142.00 9.98

S 124.800 142.00 9.98

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 0.79 6.00 760.00 0.880 0.239

8. Large gullies, diversions, and low
flowing streams 6.41 118.00 1,840.00 7.590 0.067

#1 1 Time of Concentration: 0.306
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Area 4 North Pond 408

The watershed for the impoundment is presented on Exhibit 11-
13F. The detail design is presented on Exhibit 11-158.

The pond is designed to retain the runoff from  the 100 year-6
hour storm event, therefore no spillway required.

RYazzie

BHP Billiton
Navajo Mine
PO Box 1717

Fruitland, NM 87416

Phone:  505 598 2007
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General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  100 yr - 6 hr

Rainfall Depth: 2.000 inches
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Null #1 ==> End 0.000 0.000 A4N Pond 408

#1
Null
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Structure Summary:
Immediate 

Contributing 
Area
(ac)

Total 
Contributing 

Area
(ac)

Peak 
Discharge

(cfs)

Total 
Runoff 
Volume
(ac-ft)

#1 6.180 6.180 12.52 0.44
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Structure Detail:
Structure #1 (Null)

     A4N Pond 408
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Subwatershed Hydrology Detail:
Stru
#

SWS
#

SWS Area
(ac)

Time of Conc
(hrs)

Musk K
(hrs) Musk X Curve

Number UHS
Peak 

Discharge
(cfs)

Runoff 
Volume
(ac-ft)

#1 1 6.180 0.105 0.000 0.000 86.000 M 12.52 0.44

S 6.180 12.52 0.44

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 1.33 1.00 75.00 1.150 0.018

8. Large gullies, diversions, and low
flowing streams 0.66 5.10 767.60 2.440 0.087

#1 1 Time of Concentration: 0.105
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Area 4 North Pond 409

The watershed for the impoundment is presented on Exhibit 11-
13F. The detail design is presented on Exhibit 11-159

The pond is designed to retain the runoff from  the 100 year-6
hour storm event, therefore no spillway required.
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BHP Billiton
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Fruitland, NM 87416

Phone:  505 598 2007
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General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  100 yr - 6 hr

Rainfall Depth: 2.000 inches
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Null #1 ==> End 0.000 0.000 A4N Pond 409

#1
Null
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Structure Summary:
Immediate 

Contributing 
Area
(ac)

Total 
Contributing 

Area
(ac)

Peak 
Discharge

(cfs)

Total 
Runoff 
Volume
(ac-ft)

#1 2.830 2.830 5.73 0.20
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Structure Detail:
Structure #1 (Null)

     A4N Pond 409
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Subwatershed Hydrology Detail:
Stru
#

SWS
#

SWS Area
(ac)

Time of Conc
(hrs)

Musk K
(hrs) Musk X Curve

Number UHS
Peak 

Discharge
(cfs)

Runoff 
Volume
(ac-ft)

#1 1 2.830 0.044 0.000 0.000 86.000 M 5.73 0.20

S 2.830 5.73 0.20

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 5.12 2.90 56.60 2.260 0.006

8. Large gullies, diversions, and low
flowing streams 2.24 13.80 614.75 4.490 0.038

#1 1 Time of Concentration: 0.044
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Area 4 North Pond 410

The watershed for the impoundment is presented on Exhibit 11-
13F. The detail design is presented on Exhibit 11-159

The pond is design to retain the runoff from  the 100 year-6
hour storm event, therefore no spillway required.
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BHP Billiton
Navajo Mine
PO Box 1717

Fruitland, NM 87416
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General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  100 yr - 6 hr

Rainfall Depth: 2.000 inches

Filename: A4N Pond 410 100yr6hr.sc4 Printed 08-27-2009

SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design 2

448



Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Null #1 ==> End 0.000 0.000 A4N Pond 410

#1
Null
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Structure Summary:
Immediate 

Contributing 
Area
(ac)

Total 
Contributing 

Area
(ac)

Peak 
Discharge

(cfs)

Total 
Runoff 
Volume
(ac-ft)

#1 2.370 2.370 4.80 0.17
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Structure Detail:
Structure #1 (Null)

     A4N Pond 410
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Subwatershed Hydrology Detail:
Stru
#

SWS
#

SWS Area
(ac)

Time of Conc
(hrs)

Musk K
(hrs) Musk X Curve

Number UHS
Peak 

Discharge
(cfs)

Runoff 
Volume
(ac-ft)

#1 1 2.370 0.059 0.000 0.000 86.000 M 4.80 0.17

S 2.370 4.80 0.17

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 1.67 1.90 113.50 1.290 0.024

8. Large gullies, diversions, and low
flowing streams 1.76 9.00 510.00 3.980 0.035

#1 1 Time of Concentration: 0.059
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Area 4 North Pond 411

The watershed for the impoundment is presented on Exhibit 11-
13F. The detail design is presented on Exhibit 11-161

The pond is designed to retain the runoff from  the 100 year-6
hour storm event, therefore no spillway required.

Ron Van Valkenburg, PE

BHP Billiton
Navajo Mine
PO Box 1717

Fruitland, NM 87416

Phone:  505 598 2007
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General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  100 yr - 6 hr

Rainfall Depth: 2.000 inches
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Null #1 ==> End 0.000 0.000 A4N Pond 411

#1

Null
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Structure Summary:
Immediate

Contributing
Area

(ac)

Total
Contributing

Area

(ac)

Peak
Discharge

(cfs)

Total
Runoff
Volume

(ac-ft)

#1 12.500 12.500 30.66 1.21
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Structure Detail:
Structure #1 (Null)

     A4N Pond 411
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Subwatershed Hydrology Detail:

Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#1 1 12.500 0.077 0.000 0.000 91.000 M 30.66 1.210

Σ 12.500 30.66 1.210

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 1.79 5.00 280.00 1.330 0.058

8. Large gullies, diversions, and low
flowing streams 9.85 65.00 660.00 9.410 0.019

#1 1 Time of Concentration: 0.077
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Area 4 North Pond 412

The watershed for the impoundment is presented on Exhibit 11-
13F. The detail design is presented on Exhibit 11-111.

The pond is designed to retain the runoff from the 100 yr-6 hr
storm event, therefore no spillway required.

The ditch that diverts the flows to the pond and the inlet
structures are designed to be stable for the 10 yr- 6 hr and 25

yr- 6 hr storm events, respectively.

Ron Van Valkenburg, PE

BHP Billiton
Navajo Mine
PO Box 1717

Fruitland, NM 87416

Phone:  505 598 2007
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General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  100 yr - 6 hr

Rainfall Depth: 2.000 inches
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Channel #1 ==> #3 0.002 0.454 Drainage Ditch

Null #2 ==> End 0.000 0.000 A4N Pond 412

Channel #3 ==> #2 0.004 0.423 Inlet B (West)

Channel #4 ==> #2 0.002 0.441 Inlet A (South)

#4

Chan'l

#1

Chan'l

#3

Chan'l

#2

Null

Structure Routing Details:
Stru
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 8. Large gullies, diversions, and low
flowing streams 31.72 46.00 145.00 16.89 0.002

#1 Muskingum K: 0.002

#3 8. Large gullies, diversions, and low
flowing streams 9.55 15.00 157.00 9.27 0.004

#3 Muskingum K: 0.004

#4 8. Large gullies, diversions, and low
flowing streams 18.09 17.00 94.00 12.75 0.002

#4 Muskingum K: 0.002
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Structure Summary:
Immediate

Contributing
Area

(ac)

Total
Contributing

Area

(ac)

Peak
Discharge

(cfs)

Total
Runoff
Volume

(ac-ft)

#4 10.900 10.900 26.73 1.06

#1 5.300 5.300 13.00 0.51

#3 3.400 8.700 21.34 0.84

#2 11.000 30.600 75.05 2.96
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Structure Detail:
Structure #4 (Riprap Channel)

     Inlet A (South)

   Trapezoidal  Riprap Channel Inputs:

Material: Riprap

Bottom
Width (ft)

Left
Sideslope

Ratio

Right
Sideslope

Ratio
Slope (%)

Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

10.00 3.0:1 3.0:1 18.0 1.00

   Riprap Channel Results:

Simons/OSM Method - Steep Slope Design

w/o Freeboard w/ Freeboard

Design Discharge: 26.73 cfs

Depth: 0.21 ft 1.21 ft

Top Width: 11.26 ft 17.26 ft

Velocity*:

X-Section Area: 2.24 sq ft

Hydraulic Radius: 0.197 ft

Froude Number*:

Manning's n*:

Dmin: 3.00 in

D50: 9.00 in

Dmax: 11.25 in

Velocity and Manning's n calculations may not apply for this method.

Structure #1 (Erodible Channel)

     Drainage Ditch

   Trapezoidal  Erodible Channel Inputs:

Material: Stiff clay very colloidal

Bottom
Width (ft)

Left
Sideslope

Ratio

Right
Sideslope

Ratio
Slope (%) Manning's n

Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

Limiting
Velocity

(fps)

4.00 3.0:1 3.0:1 3.2 0.0280 1.00 5.0

   Erodible Channel Results:
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w/o Freeboard w/ Freeboard

Design Discharge: 13.00 cfs

Depth: 0.48 ft 1.48 ft

Top Width: 6.90 ft 12.90 ft

Velocity: 4.94 fps

X-Section Area: 2.63 sq ft

Hydraulic Radius: 0.373 ft

Froude Number: 1.41

Structure #3 (Riprap Channel)

     Inlet B (West)

   Trapezoidal  Riprap Channel Inputs:

Material: Riprap

Bottom
Width (ft)

Left
Sideslope

Ratio

Right
Sideslope

Ratio
Slope (%)

Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

6.00 3.0:1 3.0:1 10.0 1.00

   Riprap Channel Results:

Simons/OSM Method - Steep Slope Design

w/o Freeboard w/ Freeboard

Design Discharge: 21.34 cfs

Depth: 0.30 ft 1.30 ft

Top Width: 7.81 ft 13.81 ft

Velocity*:

X-Section Area: 2.08 sq ft

Hydraulic Radius: 0.263 ft

Froude Number*:

Manning's n*:

Dmin: 2.00 in

D50: 6.00 in

Dmax: 7.50 in

Velocity and Manning's n calculations may not apply for this method.

Structure #2 (Null)

     A4N Pond 412
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Subwatershed Hydrology Detail:

Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#4 1 10.900 0.108 0.000 0.000 91.000 M 26.73 1.055

Σ 10.900 26.73 1.055

#1 1 5.300 0.064 0.000 0.000 91.000 M 13.00 0.513

Σ 5.300 13.00 0.513

#3 1 3.400 0.031 0.000 0.000 91.000 M 8.34 0.329

Σ 8.700 21.34 0.842

#2 1 11.000 0.082 0.000 0.000 91.000 M 26.98 1.065

Σ 30.600 75.05 2.963

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 2.00 2.00 100.00 1.410 0.019

8. Large gullies, diversions, and low
flowing streams 4.69 50.00 1,065.00 6.500 0.045

#1 1 Time of Concentration: 0.064

#2 1 5. Nearly bare and untilled, and
alluvial valley fans 2.50 10.00 400.00 1.580 0.070

8. Large gullies, diversions, and low
flowing streams 17.86 100.00 560.00 12.670 0.012

#2 1 Time of Concentration: 0.082

#3 1 5. Nearly bare and untilled, and
alluvial valley fans 4.00 4.00 100.00 2.000 0.013

8. Large gullies, diversions, and low
flowing streams 13.24 94.00 710.00 10.910 0.018

#3 1 Time of Concentration: 0.031

#4 1 5. Nearly bare and untilled, and
alluvial valley fans 2.44 10.00 410.00 1.560 0.073

8. Large gullies, diversions, and low
flowing streams 8.51 94.00 1,105.00 8.740 0.035

#4 1 Time of Concentration: 0.108

Filename: A4N pond 412 100yr-6hr.sc4 Printed 01-28-2010

SEDCAD 4 for Windows
Copyright 1998 -2007 Pamela J. Schwab
Civil Software Design, LLC 7

465



Area 4 North Pond 412

The watershed for the impoundment is presented on Exhibit 11-
13F. The detail design is presented on Exhibit 11-111.

The pond is designed to retain the runoff from the 100 yr-6 hr
storm event, therefore no spillway required.

The ditch that diverts the flows to the pond and the inlet
structures are designed to be stable for the 10 yr- 6 hr and 25 yr-

 6 hr storm events, respectively.

Ron Van Valkenburg, PE

BHP Billiton
Navajo Mine
PO Box 1717

Fruitland, NM 87416

Phone:  505 598 2007
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General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  10 yr - 6 hr

Rainfall Depth: 1.300 inches
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Channel #1 ==> #3 0.002 0.454 Drainage Ditch

Null #2 ==> End 0.000 0.000 A4N Pond 412

Channel #3 ==> #2 0.004 0.423 Inlet B (West)

Channel #4 ==> #2 0.002 0.441 Inlet A (South)

#4

Chan'l

#1

Chan'l

#3

Chan'l

#2

Null

Structure Routing Details:
Stru
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 8. Large gullies, diversions, and low
flowing streams 31.72 46.00 145.00 16.89 0.002

#1 Muskingum K: 0.002

#3 8. Large gullies, diversions, and low
flowing streams 9.55 15.00 157.00 9.27 0.004

#3 Muskingum K: 0.004

#4 8. Large gullies, diversions, and low
flowing streams 18.09 17.00 94.00 12.75 0.002

#4 Muskingum K: 0.002
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Structure Summary:
Immediate

Contributing
Area

(ac)

Total
Contributing

Area

(ac)

Peak
Discharge

(cfs)

Total
Runoff
Volume

(ac-ft)

#4 10.900 10.900 14.83 0.53

#1 5.300 5.300 7.21 0.26

#3 3.400 8.700 11.84 0.42

#2 11.000 30.600 41.64 1.48
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Structure Detail:
Structure #4 (Riprap Channel)

     Inlet A (South)

   Trapezoidal  Riprap Channel Inputs:

Material: Riprap

Bottom
Width (ft)

Left
Sideslope

Ratio

Right
Sideslope

Ratio
Slope (%)

Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

10.00 3.0:1 3.0:1 18.0 1.00

   Riprap Channel Results:

Simons/OSM Method - Steep Slope Design

w/o Freeboard w/ Freeboard

Design Discharge: 14.83 cfs

Depth: 0.13 ft 1.13 ft

Top Width: 10.79 ft 16.79 ft

Velocity*:

X-Section Area: 1.38 sq ft

Hydraulic Radius: 0.127 ft

Froude Number*:

Manning's n*:

Dmin: 2.00 in

D50: 6.00 in

Dmax: 7.50 in

Velocity and Manning's n calculations may not apply for this method.

Structure #1 (Erodible Channel)

     Drainage Ditch

   Triangular Erodible Channel Inputs:

Material: Stiff clay very colloidal

Left
Sideslope

Ratio

Right
Sideslope

Ratio
Slope (%) Manning's n

Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

Limiting
Velocity

(fps)

2.0:1 2.0:1 3.2 0.0280 1.00 5.0

   Erodible Channel Results:

w/o Freeboard w/ Freeboard

Design Discharge: 7.21 cfs

Depth: 0.85 ft 1.85 ft

Top Width: 3.40 ft 7.40 ft
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w/o Freeboard w/ Freeboard

Velocity: 4.99 fps

X-Section Area: 1.44 sq ft

Hydraulic Radius: 0.380 ft

Froude Number: 1.35

Structure #3 (Riprap Channel)

     Inlet B (West)

   Trapezoidal  Riprap Channel Inputs:

Material: Riprap

Bottom
Width (ft)

Left
Sideslope

Ratio

Right
Sideslope

Ratio
Slope (%)

Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

6.00 3.0:1 3.0:1 10.0 1.00

   Riprap Channel Results:

Simons/OSM Method - Steep Slope Design

w/o Freeboard w/ Freeboard

Design Discharge: 11.84 cfs

Depth: 0.19 ft 1.19 ft

Top Width: 7.15 ft 13.15 ft

Velocity*:

X-Section Area: 1.26 sq ft

Hydraulic Radius: 0.175 ft

Froude Number*:

Manning's n*:

Dmin: 2.00 in

D50: 6.00 in

Dmax: 7.50 in

Velocity and Manning's n calculations may not apply for this method.

Structure #2 (Null)

     A4N Pond 412
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Subwatershed Hydrology Detail:

Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#4 1 10.900 0.108 0.000 0.000 91.000 M 14.83 0.527

Σ 10.900 14.83 0.527

#1 1 5.300 0.064 0.000 0.000 91.000 M 7.21 0.256

Σ 5.300 7.21 0.256

#3 1 3.400 0.031 0.000 0.000 91.000 M 4.63 0.164

Σ 8.700 11.84 0.420

#2 1 11.000 0.082 0.000 0.000 91.000 M 14.97 0.532

Σ 30.600 41.64 1.479

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 2.00 2.00 100.00 1.410 0.019

8. Large gullies, diversions, and low
flowing streams 4.69 50.00 1,065.00 6.500 0.045

#1 1 Time of Concentration: 0.064

#2 1 5. Nearly bare and untilled, and
alluvial valley fans 2.50 10.00 400.00 1.580 0.070

8. Large gullies, diversions, and low
flowing streams 17.86 100.00 560.00 12.670 0.012

#2 1 Time of Concentration: 0.082

#3 1 5. Nearly bare and untilled, and
alluvial valley fans 4.00 4.00 100.00 2.000 0.013

8. Large gullies, diversions, and low
flowing streams 13.24 94.00 710.00 10.910 0.018

#3 1 Time of Concentration: 0.031

#4 1 5. Nearly bare and untilled, and
alluvial valley fans 2.44 10.00 410.00 1.560 0.073

8. Large gullies, diversions, and low
flowing streams 8.51 94.00 1,105.00 8.740 0.035

#4 1 Time of Concentration: 0.108
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Area 4 North Pond 412

The watershed for the impoundment is presented on Exhibit 11-
13F. The detail design is presented on Exhibit 11-111.

The pond is designed to retain the runoff from the 100 yr-6 hr
storm event, therefore no spillway required.

The ditch that diverts the flows to the pond and the inlet
structures are designed to be stable for the 10 yr- 6 hr and 25

yr- 6 hr storm events, respectively.

Ron Van Valkenburg, PE

BHP Billiton
Navajo Mine
PO Box 1717

Fruitland, NM 87416

Phone:  505 598 2007
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General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  25 yr - 6 hr

Rainfall Depth: 1.600 inches
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Channel #1 ==> #3 0.002 0.454 Drainage Ditch

Null #2 ==> End 0.000 0.000 A4N Pond 412

Channel #3 ==> #2 0.004 0.423 Inlet B (West)

Channel #4 ==> #2 0.002 0.441 Inlet A (South)

#4

Chan'l

#1

Chan'l

#3

Chan'l

#2

Null

Structure Routing Details:
Stru
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 8. Large gullies, diversions, and low
flowing streams 31.72 46.00 145.00 16.89 0.002

#1 Muskingum K: 0.002

#3 8. Large gullies, diversions, and low
flowing streams 9.55 15.00 157.00 9.27 0.004

#3 Muskingum K: 0.004

#4 8. Large gullies, diversions, and low
flowing streams 18.09 17.00 94.00 12.75 0.002

#4 Muskingum K: 0.002
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Structure Summary:
Immediate

Contributing
Area

(ac)

Total
Contributing

Area

(ac)

Peak
Discharge

(cfs)

Total
Runoff
Volume

(ac-ft)

#4 10.900 10.900 19.91 0.75

#1 5.300 5.300 9.68 0.36

#3 3.400 8.700 15.89 0.60

#2 11.000 30.600 55.89 2.09
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Structure Detail:
Structure #4 (Riprap Channel)

     Inlet A (South)

   Trapezoidal  Riprap Channel Inputs:

Material: Riprap

Bottom
Width (ft)

Left
Sideslope

Ratio

Right
Sideslope

Ratio
Slope (%)

Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

10.00 3.0:1 3.0:1 18.0 1.00

   Riprap Channel Results:

Simons/OSM Method - Steep Slope Design

w/o Freeboard w/ Freeboard

Design Discharge: 19.91 cfs

Depth: 0.17 ft 1.17 ft

Top Width: 11.00 ft 17.00 ft

Velocity*:

X-Section Area: 1.75 sq ft

Hydraulic Radius: 0.158 ft

Froude Number*:

Manning's n*:

Dmin: 2.00 in

D50: 6.00 in

Dmax: 7.50 in

Velocity and Manning's n calculations may not apply for this method.

Structure #1 (Erodible Channel)

     Drainage Ditch

   Trapezoidal  Erodible Channel Inputs:

Material: Stiff clay very colloidal

Bottom
Width (ft)

Left
Sideslope

Ratio

Right
Sideslope

Ratio
Slope (%) Manning's n

Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

Limiting
Velocity

(fps)

4.00 3.0:1 3.0:1 3.2 0.0280 1.00 5.0

   Erodible Channel Results:
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w/o Freeboard w/ Freeboard

Design Discharge: 9.68 cfs

Depth: 0.41 ft 1.41 ft

Top Width: 6.46 ft 12.46 ft

Velocity: 4.50 fps

X-Section Area: 2.15 sq ft

Hydraulic Radius: 0.326 ft

Froude Number: 1.38

Structure #3 (Riprap Channel)

     Inlet B (West)

   Trapezoidal  Riprap Channel Inputs:

Material: Riprap

Bottom
Width (ft)

Left
Sideslope

Ratio

Right
Sideslope

Ratio
Slope (%)

Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

6.00 3.0:1 3.0:1 10.0 1.00

   Riprap Channel Results:

Simons/OSM Method - Steep Slope Design

w/o Freeboard w/ Freeboard

Design Discharge: 15.89 cfs

Depth: 0.24 ft 1.24 ft

Top Width: 7.44 ft 13.44 ft

Velocity*:

X-Section Area: 1.61 sq ft

Hydraulic Radius: 0.214 ft

Froude Number*:

Manning's n*:

Dmin: 2.00 in

D50: 6.00 in

Dmax: 7.50 in

Velocity and Manning's n calculations may not apply for this method.

Structure #2 (Null)

     A4N Pond 412
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Subwatershed Hydrology Detail:

Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#4 1 10.900 0.108 0.000 0.000 91.000 M 19.91 0.746

Σ 10.900 19.91 0.746

#1 1 5.300 0.064 0.000 0.000 91.000 M 9.68 0.363

Σ 5.300 9.68 0.363

#3 1 3.400 0.031 0.000 0.000 91.000 M 6.21 0.233

Σ 8.700 15.89 0.595

#2 1 11.000 0.082 0.000 0.000 91.000 M 20.09 0.753

Σ 30.600 55.89 2.093

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 2.00 2.00 100.00 1.410 0.019

8. Large gullies, diversions, and low
flowing streams 4.69 50.00 1,065.00 6.500 0.045

#1 1 Time of Concentration: 0.064

#2 1 5. Nearly bare and untilled, and
alluvial valley fans 2.50 10.00 400.00 1.580 0.070

8. Large gullies, diversions, and low
flowing streams 17.86 100.00 560.00 12.670 0.012

#2 1 Time of Concentration: 0.082

#3 1 5. Nearly bare and untilled, and
alluvial valley fans 4.00 4.00 100.00 2.000 0.013

8. Large gullies, diversions, and low
flowing streams 13.24 94.00 710.00 10.910 0.018

#3 1 Time of Concentration: 0.031

#4 1 5. Nearly bare and untilled, and
alluvial valley fans 2.44 10.00 410.00 1.560 0.073

8. Large gullies, diversions, and low
flowing streams 8.51 94.00 1,105.00 8.740 0.035

#4 1 Time of Concentration: 0.108
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Area 4 North Pond 413

The watershed for the impoundment is presented on Exhibit 11-
13F. The detail design is presented on Exhibit 11-6.

The pond is designed to retain the runoff from the 100 yr-6 hr
storm event, therefore no spillway required.

The ditch that diverts the flows to the pond and the inlet
structures are designed to be stable for the 10 yr- 6 hr and 25

yr- 6 hr storm events, respectively.

Ron Van Valkenburg, PE

BHP Billiton
Navajo Mine
PO Box 1717

Fruitland, NM 87416

Phone:  505 598 2007
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General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  100 yr - 6 hr

Rainfall Depth: 2.000 inches
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Channel #1 ==> #3 0.003 0.458 Berm V-ditch

Null #2 ==> End 0.000 0.000 A4N Pond 413

Channel #3 ==> #2 0.000 0.000 Inlet B (West)

Channel #4 ==> #2 0.000 0.000 Inlet A (East)

#4

Chan'l

#1

Chan'l

#3

Chan'l

#2

Null

Structure Routing Details:
Stru
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 8. Large gullies, diversions, and low
flowing streams 37.73 83.00 220.00 18.42 0.003

#1 Muskingum K: 0.003

#4 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.00 0.000

#4 Muskingum K: 0.000
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Structure Summary:
Immediate

Contributing
Area

(ac)

Total
Contributing

Area

(ac)

Peak
Discharge

(cfs)

Total
Runoff
Volume

(ac-ft)

#4 5.500 5.500 13.49 0.53

#1 1.300 1.300 2.10 0.10

#3 0.500 1.800 3.17 0.15

#2 3.000 10.300 24.02 0.97
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Structure Detail:
Structure #4 (Riprap Channel)

     Inlet A (East)

   Trapezoidal  Riprap Channel Inputs:

Material: Riprap

Bottom
Width (ft)

Left
Sideslope

Ratio

Right
Sideslope

Ratio
Slope (%)

Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

6.00 3.0:1 3.0:1 15.2 1.00

   Riprap Channel Results:

Simons/OSM Method - Steep Slope Design

w/o Freeboard w/ Freeboard

Design Discharge: 13.49 cfs

Depth: 0.18 ft 1.18 ft

Top Width: 7.07 ft 13.07 ft

Velocity*:

X-Section Area: 1.16 sq ft

Hydraulic Radius: 0.163 ft

Froude Number*:

Manning's n*:

Dmin: 3.00 in

D50: 9.00 in

Dmax: 11.25 in

Velocity and Manning's n calculations may not apply for this method.

Structure #1 (Erodible Channel)

     Berm V-ditch

   Triangular Erodible Channel Inputs:

Material: Stiff clay very colloidal

Left
Sideslope

Ratio

Right
Sideslope

Ratio
Slope (%) Manning's n

Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

Limiting
Velocity

(fps)

1.5:1 1.5:1 2.0 0.0280 1.00 5.0

   Erodible Channel Results:
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w/o Freeboard w/ Freeboard

Design Discharge: 2.10 cfs

Depth: 0.66 ft 1.66 ft

Top Width: 1.99 ft 4.99 ft

Velocity: 3.19 fps

X-Section Area: 0.66 sq ft

Hydraulic Radius: 0.276 ft

Froude Number: 0.98

Structure #3 (Riprap Channel)

     Inlet B (West)

   Trapezoidal  Riprap Channel Inputs:

Material: Riprap

Bottom
Width (ft)

Left
Sideslope

Ratio

Right
Sideslope

Ratio
Slope (%)

Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

4.00 3.0:1 3.0:1 32.0 1.00

   Riprap Channel Results:

Simons/OSM Method - Steep Slope Design

w/o Freeboard w/ Freeboard

Design Discharge: 3.17 cfs

Depth: 0.05 ft 1.05 ft

Top Width: 4.27 ft 10.27 ft

Velocity*:

X-Section Area: 0.19 sq ft

Hydraulic Radius: 0.044 ft

Froude Number*:

Manning's n*:

Dmin: 4.00 in

D50: 12.00 in

Dmax: 15.00 in

Velocity and Manning's n calculations may not apply for this method.

Structure #2 (Null)

     A4N Pond 413
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Subwatershed Hydrology Detail:

Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#4 1 5.500 0.120 0.002 0.431 91.000 M 13.49 0.533

Σ 5.500 13.49 0.533

#1 1 1.300 0.156 0.000 0.000 91.000 M 2.10 0.102

Σ 1.300 2.10 0.102

#3 1 0.500 0.011 0.000 0.455 91.000 M 1.23 0.048

Σ 1.800 3.17 0.151

#2 1 3.000 0.030 0.000 0.000 91.000 M 7.36 0.290

Σ 10.300 24.02 0.974

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 1.84 14.00 760.00 1.350 0.156

#1 1 Time of Concentration: 0.156

#2 1 5. Nearly bare and untilled, and
alluvial valley fans 3.75 6.00 160.00 1.930 0.023

8. Large gullies, diversions, and low
flowing streams 23.68 90.00 380.00 14.590 0.007

#2 1 Time of Concentration: 0.030

#3 1 5. Nearly bare and untilled, and
alluvial valley fans 5.00 4.00 80.00 2.230 0.009

8. Large gullies, diversions, and low
flowing streams 43.75 70.00 160.00 19.840 0.002

#3 1 Time of Concentration: 0.011

#4 1 5. Nearly bare and untilled, and
alluvial valley fans 1.11 4.00 360.00 1.050 0.095

8. Large gullies, diversions, and low
flowing streams 9.76 83.00 850.00 9.370 0.025

#4 1 Time of Concentration: 0.120

Subwatershed Muskingum Routing Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#3 1 8. Large gullies, diversions, and low
flowing streams 33.33 15.00 45.00 17.320 0.000
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#3 1 Muskingum K: 0.000

#4 1 8. Large gullies, diversions, and low
flowing streams 12.38 13.00 105.00 10.550 0.002

#4 1 Muskingum K: 0.002
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Area 4 North Pond 413

The watershed for the impoundment is presented on Exhibit 11-
13F. The detail design is presented on Exhibit 11-6.

The pond is designed to retain the runoff from the 100 yr-6 hr
storm event, therefore no spillway required.

The ditch that diverts the flows to the pond and the inlet
structures are designed to be stable for the 10 yr- 6 hr and 25

yr- 6 hr storm events, respectively.

Ron Van Valkenburg, PE

BHP Billiton
Navajo Mine
PO Box 1717

Fruitland, NM 87416

Phone:  505 598 2007
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General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  10 yr - 6 hr

Rainfall Depth: 1.300 inches
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Channel #1 ==> #3 0.003 0.458 Berm V-ditch

Null #2 ==> End 0.000 0.000 A4N Pond 413

Channel #3 ==> #2 0.000 0.000 Inlet B (West)

Channel #4 ==> #2 0.000 0.000 Inlet A (East)

#4

Chan'l

#1

Chan'l

#3

Chan'l

#2

Null

Structure Routing Details:
Stru
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 8. Large gullies, diversions, and low
flowing streams 37.73 83.00 220.00 18.42 0.003

#1 Muskingum K: 0.003

#4 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.00 0.000

#4 Muskingum K: 0.000
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Structure Summary:
Immediate

Contributing
Area

(ac)

Total
Contributing

Area

(ac)

Peak
Discharge

(cfs)

Total
Runoff
Volume

(ac-ft)

#4 5.500 5.500 7.49 0.27

#1 1.300 1.300 1.10 0.05

#3 0.500 1.800 1.65 0.08

#2 3.000 10.300 13.21 0.49
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Structure Detail:
Structure #4 (Riprap Channel)

     Inlet A (East)

   Trapezoidal  Riprap Channel Inputs:

Material: Riprap

Bottom
Width (ft)

Left
Sideslope

Ratio

Right
Sideslope

Ratio
Slope (%)

Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

6.00 3.0:1 3.0:1 15.2 1.00

   Riprap Channel Results:

Simons/OSM Method - Steep Slope Design

w/o Freeboard w/ Freeboard

Design Discharge: 7.49 cfs

Depth: 0.11 ft 1.11 ft

Top Width: 6.68 ft 12.68 ft

Velocity*:

X-Section Area: 0.72 sq ft

Hydraulic Radius: 0.107 ft

Froude Number*:

Manning's n*:

Dmin: 2.00 in

D50: 6.00 in

Dmax: 7.50 in

Velocity and Manning's n calculations may not apply for this method.

Structure #1 (Erodible Channel)

     Berm V-ditch

   Triangular Erodible Channel Inputs:

Material: Stiff clay very colloidal

Left
Sideslope

Ratio

Right
Sideslope

Ratio
Slope (%) Manning's n

Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

Limiting
Velocity

(fps)

1.5:1 1.5:1 2.0 0.0280 1.00 5.0

   Erodible Channel Results:
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w/o Freeboard w/ Freeboard

Design Discharge: 1.10 cfs

Depth: 0.52 ft 1.52 ft

Top Width: 1.56 ft 4.56 ft

Velocity: 2.71 fps

X-Section Area: 0.41 sq ft

Hydraulic Radius: 0.216 ft

Froude Number: 0.94

Structure #3 (Riprap Channel)

     Inlet B (West)

   Trapezoidal  Riprap Channel Inputs:

Material: Riprap

Bottom
Width (ft)

Left
Sideslope

Ratio

Right
Sideslope

Ratio
Slope (%)

Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

4.00 3.0:1 3.0:1 32.0 1.00

   Riprap Channel Results:

Simons/OSM Method - Steep Slope Design

w/o Freeboard w/ Freeboard

Design Discharge: 1.65 cfs

Depth: 0.03 ft 1.03 ft

Top Width: 4.19 ft 10.19 ft

Velocity*:

X-Section Area: 0.13 sq ft

Hydraulic Radius: 0.031 ft

Froude Number*:

Manning's n*:

Dmin: 3.00 in

D50: 9.00 in

Dmax: 11.25 in

Velocity and Manning's n calculations may not apply for this method.

Structure #2 (Null)

     A4N Pond 413
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Subwatershed Hydrology Detail:

Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#4 1 5.500 0.120 0.002 0.431 91.000 M 7.49 0.266

Σ 5.500 7.49 0.266

#1 1 1.300 0.156 0.000 0.000 91.000 M 1.10 0.051

Σ 1.300 1.10 0.051

#3 1 0.500 0.011 0.000 0.455 91.000 M 0.68 0.024

Σ 1.800 1.65 0.075

#2 1 3.000 0.030 0.000 0.000 91.000 M 4.08 0.145

Σ 10.300 13.21 0.486

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 1.84 14.00 760.00 1.350 0.156

#1 1 Time of Concentration: 0.156

#2 1 5. Nearly bare and untilled, and
alluvial valley fans 3.75 6.00 160.00 1.930 0.023

8. Large gullies, diversions, and low
flowing streams 23.68 90.00 380.00 14.590 0.007

#2 1 Time of Concentration: 0.030

#3 1 5. Nearly bare and untilled, and
alluvial valley fans 5.00 4.00 80.00 2.230 0.009

8. Large gullies, diversions, and low
flowing streams 43.75 70.00 160.00 19.840 0.002

#3 1 Time of Concentration: 0.011

#4 1 5. Nearly bare and untilled, and
alluvial valley fans 1.11 4.00 360.00 1.050 0.095

8. Large gullies, diversions, and low
flowing streams 9.76 83.00 850.00 9.370 0.025

#4 1 Time of Concentration: 0.120

Subwatershed Muskingum Routing Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#3 1 8. Large gullies, diversions, and low
flowing streams 33.33 15.00 45.00 17.320 0.000

Filename: A4N pond 413 25yr-6hr.sc4 Printed 01-28-2010

SEDCAD 4 for Windows
Copyright 1998 -2007 Pamela J. Schwab
Civil Software Design, LLC 7

494



Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#3 1 Muskingum K: 0.000

#4 1 8. Large gullies, diversions, and low
flowing streams 12.38 13.00 105.00 10.550 0.002

#4 1 Muskingum K: 0.002
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Area 4 North Pond 413

The watershed for the impoundment is presented on Exhibit 11-
13F. The detail design is presented on Exhibit 11-6.

The pond is designed to retain the runoff from the 100 yr-6 hr
storm event, therefore no spillway required.

The ditch that diverts the flows to the pond and the inlet
structures are designed to be stable for the 10 yr- 6 hr and 25

yr- 6 hr storm events, respectively.

Ron Van Valkenburg, PE

BHP Billiton
Navajo Mine
PO Box 1717

Fruitland, NM 87416

Phone:  505 598 2007
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General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  25 yr - 6 hr

Rainfall Depth: 1.600 inches
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Channel #1 ==> #3 0.003 0.458 Berm V-ditch

Null #2 ==> End 0.000 0.000 A4N Pond 413

Channel #3 ==> #2 0.000 0.000 Inlet B (West)

Channel #4 ==> #2 0.000 0.000 Inlet A (East)

#4

Chan'l

#1

Chan'l

#3

Chan'l

#2

Null

Structure Routing Details:
Stru
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 8. Large gullies, diversions, and low
flowing streams 37.73 83.00 220.00 18.42 0.003

#1 Muskingum K: 0.003

#4 8. Large gullies, diversions, and low
flowing streams 0.00 0.00 0.00 0.00 0.000

#4 Muskingum K: 0.000
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Structure Summary:
Immediate

Contributing
Area

(ac)

Total
Contributing

Area

(ac)

Peak
Discharge

(cfs)

Total
Runoff
Volume

(ac-ft)

#4 5.500 5.500 10.05 0.38

#1 1.300 1.300 1.52 0.07

#3 0.500 1.800 2.29 0.11

#2 3.000 10.300 17.81 0.69
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Structure Detail:
Structure #4 (Riprap Channel)

     Inlet A (East)

   Trapezoidal  Riprap Channel Inputs:

Material: Riprap

Bottom
Width (ft)

Left
Sideslope

Ratio

Right
Sideslope

Ratio
Slope (%)

Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

6.00 3.0:1 3.0:1 15.2 1.00

   Riprap Channel Results:

Simons/OSM Method - Steep Slope Design

w/o Freeboard w/ Freeboard

Design Discharge: 10.05 cfs

Depth: 0.14 ft 1.14 ft

Top Width: 6.85 ft 12.85 ft

Velocity*:

X-Section Area: 0.91 sq ft

Hydraulic Radius: 0.132 ft

Froude Number*:

Manning's n*:

Dmin: 2.00 in

D50: 6.00 in

Dmax: 7.50 in

Velocity and Manning's n calculations may not apply for this method.

Structure #1 (Erodible Channel)

     Berm V-ditch

   Triangular Erodible Channel Inputs:

Material: Stiff clay very colloidal

Left
Sideslope

Ratio

Right
Sideslope

Ratio
Slope (%) Manning's n

Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

Limiting
Velocity

(fps)

1.5:1 1.5:1 2.0 0.0280 1.00 5.0

   Erodible Channel Results:
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w/o Freeboard w/ Freeboard

Design Discharge: 1.52 cfs

Depth: 0.59 ft 1.59 ft

Top Width: 1.76 ft 4.76 ft

Velocity: 2.94 fps

X-Section Area: 0.52 sq ft

Hydraulic Radius: 0.244 ft

Froude Number: 0.96

Structure #3 (Riprap Channel)

     Inlet B (West)

   Trapezoidal  Riprap Channel Inputs:

Material: Riprap

Bottom
Width (ft)

Left
Sideslope

Ratio

Right
Sideslope

Ratio
Slope (%)

Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult. x
(VxD)

6.00 3.0:1 3.0:1 32.0 1.00

   Riprap Channel Results:

Simons/OSM Method - Mild Slope Design

w/o Freeboard w/ Freeboard

Design Discharge: 2.29 cfs

Depth: 0.00 ft

Top Width: 0.00 ft

Velocity: 0.00 fps

X-Section Area: 0.00 sq ft

Hydraulic Radius: 0.000 ft

Froude Number: 0.00

Manning's n: 0.0000

Dmin: 0.00 in

D50: 0.00 in

Dmax: 0.00 in

Structure #2 (Null)

     A4N Pond 413
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Subwatershed Hydrology Detail:

Stru
#

SWS
#

SWS Area

(ac)

Time of
Conc

(hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak
Discharge

(cfs)

Runoff
Volume

(ac-ft)

#4 1 5.500 0.120 0.002 0.431 91.000 M 10.05 0.376

Σ 5.500 10.05 0.376

#1 1 1.300 0.156 0.000 0.000 91.000 M 1.52 0.072

Σ 1.300 1.52 0.072

#3 1 0.500 0.011 0.000 0.455 91.000 M 0.91 0.034

Σ 1.800 2.29 0.107

#2 1 3.000 0.030 0.000 0.000 91.000 M 5.48 0.205

Σ 10.300 17.81 0.688

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 1.84 14.00 760.00 1.350 0.156

#1 1 Time of Concentration: 0.156

#2 1 5. Nearly bare and untilled, and
alluvial valley fans 3.75 6.00 160.00 1.930 0.023

8. Large gullies, diversions, and low
flowing streams 23.68 90.00 380.00 14.590 0.007

#2 1 Time of Concentration: 0.030

#3 1 5. Nearly bare and untilled, and
alluvial valley fans 5.00 4.00 80.00 2.230 0.009

8. Large gullies, diversions, and low
flowing streams 43.75 70.00 160.00 19.840 0.002

#3 1 Time of Concentration: 0.011

#4 1 5. Nearly bare and untilled, and
alluvial valley fans 1.11 4.00 360.00 1.050 0.095

8. Large gullies, diversions, and low
flowing streams 9.76 83.00 850.00 9.370 0.025

#4 1 Time of Concentration: 0.120

Subwatershed Muskingum Routing Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#3 1 8. Large gullies, diversions, and low
flowing streams 33.33 15.00 45.00 17.320 0.000
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Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#3 1 Muskingum K: 0.000

#4 1 8. Large gullies, diversions, and low
flowing streams 12.38 13.00 105.00 10.550 0.002

#4 1 Muskingum K: 0.002
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Cottonwood Arroyo Pre-mine 

Hydrology and Sedimentology 


The drainage subdivisions used to model the hydrology is 
shown on Exhibit 7-4. 

Revised January 2007 

AAY/LR 

BHP Navajo Coal Company 

PO Box 1717 

Fruitland, I'JIVI 


87416 
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------------------_._----_.__._-- ------------------------------ _.._ ------------------_.---_._-------------_._- ------_..-._-_._---.' 

General Information 

Storm Information: 

Storm Type: Type II-60 

Design Storm: 10 yr - 6 hr 
--- ----------..- ------~---I 

Rainfall Depth: 1.300 inches 

----------"--,
Filename COTTONWOOD_premine_rev jan2007_sc4 Printed 02-01-2007 
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--.---------------_._- ---------------------- - _ .._._._----------

Structure Networking: 
TY. · Sbi.J •. (flows ··· stn/ •••• Musk.K •..•.•• : ·.·.M •. k.· ;•. X.·.· ..• t S.C.r.i.ptiO.n .•. ·... .. US •. . De." ·. . pe . . # '.' •· .. iritpf \ # . : (hrs) •: 1i
 

Null #1 ==> #2 0.961 0.307 i
I , --------._._---- --_._-- -_.+-j-------_.__._----_._-
Null #2 ==> #3 0.068 0.331 I

I-------+-----.----.---- - -- - -t--------------------f--.---- ------.--.--.--.----...----....-
Null #3 ==> #4 j 0.000 0.000 

r-----.-.---- ------.--
Null #4 ==> #9 0.718 0.281 
----------------+--------t--.-.-----.----f----------------.-..-.------
Null #5 ==> #6 1.717 0.314

1--- --_._--- .-------------------1----------+----
Null #6 ==> #7 0.222 0.298 
----~----------..--+---------'I----- ----------- ------------ .-- -------------.---
Null I #7 ==> #8 0.000 0.000 I 
~-------+------.----- .________________J.._ ____._ .....__________________ .__ 

Null L_~__:=>___!.10 1.278 0.289 1 

Null I #9 ==> #11 0.000 0.000 I 
r- ==> #11 I 0.000 O~OOO r--------·-------- 

t 
N~li·--------·l#lO --·

-f----------------~----.----..-.-------.------.----
Null #11 ==> #21; 0.495 0.453 

1__-----.- -.----------------~---.- . - ..- .--.----....-----1 
Null #12 ==> #13 j 0.076 0.330 
Null "--"--' - ' - ;13-------:-,:;--·-'#-1·-4- 1r--3-.7-9-0- --0.-3-14-+----- - ---

..---.------- ---- I --, --- .. - ------ 

Null #14 ==> #16 I 1.198 0.286 ~ 

~___:l;t -~:;~--~i~~F-:~~-----~~::r--- -~:=--=_= 

~::: .__ --·----._I_~_~~._ ~~J---~:~~~---~~-------
Null #19 ==> #20 i 0.915 0.252 i 

------.-------------- ---_·--------T----··- --------·_------_·_-----------
Null #20 ==> #22 0.000 0.000 i 

- - ----------------.---- ---------------- -+------ ---.---.-------1 
Null #21 ==> #22 0.000 0.000 ------_...._..._._._-_._-_. 
Null I #22 ==> #23 . __~.~_______ ~_:..~~_I ____.__._._. _... . _._......_ ___.____.. ____ 

Null i #23 ==> #35 0.000 O.O~O 
1------ .- ...-.-- .... - ----.-----.--.--------.-------.---.---.-- --- ... - -..---..- - -------1 

Null I #24 ==> #25 I 0.964 0.340.-- -----------.-;----.-- -------.------ I ' 
Null I #25 ==> #27 1.454 0.333 i 

.~~~.--------.--- :~~ ::: :~: -.--~::~~--·---·--~~ffl'=~~=·--~·~·--~ :~~::-~::-===~-~=-:~:~~= 

f----------f--.--.-----.----.-- 1----.--.------- . -.-.----- ----1 

Null I #28 ==> #29 i 0.800 0.323 
f-N~Ii--· ..-----·-·-·r-#29--------·:·:;:----#ii-T--..--O-.4-'-7-9--0-.-29-8-1j---- ------ - 

.~~::.-....-.-...-.--.- .-.- i ::~ ::: :~~ Ii - ..~~~~---·--~~~~~~F·=·=~~~=:~·~-~·~~===~..~=== 
N~-·- - · · --·-.. -·-#32-----..·--:-,:;:·---#33------- 0.000 0.000 ! -' -'-' 

~• • ; ____~._~___~ _____ •• _. _ _ • t I ____..!-~______ ~.____..___________.______.__._._ 

Null .-L~~---.~~~---~.~~t----.-~:?2~-.---- 0.293 1 Inlet to Nort~ Fork Diversion 
Null I #34 ==> #35 I 0.000 0.000 i 

........-.-.---- i I -......-..t--··_..·....·..-·- ..-·--..-·....-·-··-....-·-
Null I #35 ==> #36 I 0.735 0.251 
...-.-.-.- - ...-..- .....- --- ..-- - .------ ...- ---.---.--.---L.----.----------f------------.-.-.
Null i #36 ==> #37 I 3.388 0.246 ! . 

• _ ....._ ___....mm I I ...-.--.-.--~.-...- ..- ..- ...--.---....--...-........-..-.---.--. 

Null ! #37 ==> End ! 0.000 0.000 ! 

- - - -- ... _-_..._-- -_ ._-_.._- ---_._.., ..__ .-........ ... _

Filename: COTTONWOODyremine_rev jan2007 .sc4 Printed 02-Oi-2007 



4 

SEDCAD 4 for Wi ndows 

~=======================================================::::.:;------'--~-~-----' 
#30 

Null 
r----------- ------------------

#28 

Null
f----------------------------.--.-------------------------------.--------------.-------------1 

#26 

Null 
._------------------------.----------- -_.-----

#24 

Null 
r-----------------------------------------.--- - -.----.-----------.. 

#25 

Null
f----------..--.------- - --------_..._._---------------------------

#27 

Null 
r-------------------..---------------------------------------------------------~ 

#29 

Null 
._--------------- ------- ----------------------_._---- -._.__..-------------

#32 

Null1-- --------------- - ..-- .----------------------------___________________________________ --J 

#31 

Null 
----_._-- -------------------------- 

#33 

Null1------------------------____ __________ ___________________----- ______________________ .______.____________-1 

#34 

Null -------_._----_._- _._------------------_._---_._------ -- - ----------------_._
#5 

Null 

#6 

Null 
r--------------------------------------------- -----------..--.------.--.-------

#7 

Null 
--------------- ----------------------------------------------- - _._._---_.--------------! 

#8 

Null 
.-.-.-------------------------------------------------------_.-.._----.---_._..._---_._

#10 

Null --------_._--------._-.-------_. ..._._-----------_._---------------_._.__._--_._- -_.----_.__._----_._----- - ---
#1 

Null _•..._----------------------------- -------------------------------------_.
#2 

Null 
1-------- ----------------_.__._----------------------------------- -...---.--------------.--.----------.-- .---- --- - ----

#3 

Null 
r---..- .- -.----.-------.--------.-----.-----------------------------------.--..-..~-........-...-.-.-----..-..---- ..---.---.------ - ..-------

-<? #4 
Null 

~----.-..-.--- - -----.--.-.---..--.---..-----------.---_.. _._----_._--_.__._-_._-_._--- _._-----_.._--- ---_._-------_._--_...__.._-_._---- 
-<? #9 

Null
1---- - .-------- ---- ---.-.--------.---------.-.-......-..- -.---.--.-....- ..--.....- - ..------.-----..- - .---.----.-.--.-.--

#11 

Null 

_.._----------- ._.__.__._--_.._.__......_-_..__. ._----------------_._..... .__ ......
Filename: COnONWOODyremine_rev jan2007.sc4 Printed 02-01-2007 



----------------------- --- --------------------------- ----

5 

SEOCAO 4 for Windows 

._--------------;:::::::::===-:.:::-:.:::=-- --=-----:.:::- :.::: ---:.::::.:::----._.==========:.:::-:.::: --:.:::- ------- -- ----- ================:.:::-- :.:::-- ---. :.::: ---- ::::.:.: -- -:.:::----= =====;----- 
# 21 

Null
1--------------- -_._------------------ ------------------ - ------------------

#18 
~ 

Null 
r--------- ---- -------- ------------- --,---------- -------- ---------------------"..------- - ..

#17 
~ 

Null 
-------- --_.._ 

#19 
~ 

Null
f----------------------------------- ---------------------- - -- ------.---------------------- ----

#15 
~ 

Null 
-_.------- ------------_._----------- -------------- -----------------_._------_.--------------------------------

#12 

Null
1----- ---_.--- ----_._._-- --------- -------------- -----_.--------------- -

#13 

Null 
-----------------------_._------------------------------------------ - --_._---

#14 

Null
1------- -_.. __.----.-----_..-------------._-.._----------------- -----------------.- - ---------..--.-..----.---- -

#16 

Null 
-----------------------.------------------------------------ ------------- - ---------------------_.._-----

#20 

Null
f---.-.-- --------------- - ---..--------------------------------------~-----.------. ----. 

#22 
~ 

Null 
._ - - -------------------- --------------------

#23 
~ 

Null
1------------------ -_._------------------ ---------------- -...- --...--------

1----

#35 
~ 

Null 
.- _ .._-_..--_._---- --------_.._---- -

#36 

Null 
- ---- ------- -_ ._--- -------- -----------------_._------.---....----------.----------

#37 

Null 

Structure Routing Details: 

.: ," .: .. : .: :'. ": . -.Vert"Dist. :: "::: Hor:ii~ ' pjst. . VelocityS~u .• LandFlow cOndition . '. Slope(%) . •• (ft) • ·· (ft) . Time (hrs)(fps) 

8. Large gullies, diversions, and low
#1 0.81 76.00 9,347.00 2.70 0.961flowing streams 

- ------- - ----------------------..------------------------.. -_.._--_..--....__......__.._. __...._-_._. 
#1 Muskingum K: 0.961 --------------------------------------------------_.-------------_..--------- - -------_.. _..._------_ ._
#2 8. Large gullies, diversions, and low 1.23 10.00 814.00 3.32 0.068flowing streams 

-----.._._._..__...-_--.._-.._--------------------------------------------_..----------- - -----_..--.... ..-..._----- -_..__.._-_ ....._---_ .._--_.. 
#2 Muskingum K: 0.068 ---_ .._---_._----------------_...._--.._ ----- ..__ ._-----.. --_...._......._-_._-- ......_----_.._._._ --_..._ ._ 

I #3 8. Large gullies, diversions, and low 0.00 0.00 0.00 0.00 0.000I flowing streams 

._--_._--_....._ ._----_....._-_.__..__._._--- - - - - --- 
Filename: COTTONWOOD_premine_rev jan2007.sc4 Printed 02-01-2007 
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-------.~-~-~~. . . ...== . .. ~ . =============== .= . ' ··=v=e=~= : · ..~H~o=r~lz~;D~i~st=.=== i .· ==.=TI= •. (=h· ~=·· ..======= . ..=~ ..== . .== ..=== · ·· ~D7i~7== . · "~v~er~oc~~~~ . •. · .•.I=m=e=' . • '=)=]· ..
Stru •. L.·a·n.d FI~w. '. Con.d. i.ti.on • • '..5. lop.e (%) .. . ft" }... ..(ft\ •. .(f' . .) •:.. # ': .. ( . . .': F ':. ps : . 

#3 Musklngum K: 

#4 

#4 

------ _ .
8. Large gullies, diversions, and low 
flowing streams 0.53 30.00 

Muskingum K: 
1----- -----_._------------

#5 
8. Large gullies, diversions, and low 
flowing streams 0.93 165.00 

0.000 
._-- ---  -------

5,637.00 2.18 0.718 

0.718 

17,810.88 2.88 1.717 
------ -----==------_._---_._-_._------------ ------------- --- - -_._-- -----
#5 Muskingum K: 1.717 

-------------
8. Large gullies, diversions, and low 
flowing streams 

1-----

#6 
--_._--._._-_. _------

0.70 14.00 2,006.01 2.50 0.222 

#8 
8. Large gullies, diversions, and low 
flowing streams 0.61 65.00 10,726.07 1.2782.33 

-------_..._---------
#8 Muskingum K: 1.278 .--------_._-----_..__ ._--_. 

#11 8. Large gullies, diversions, and low 
flowing streams 

30.00 8,801.00 29,336.66 16.43 0.495 
._--------..._-_._-----_._

#11 Muskingum K: 
1--- - -

0.495 
-.----

8. Large gullies, diversions, and low
#12 

flowing streams>--------_._-------_.._-------_._- ---
1.21 11.00 906.00 3.30 0.076 

---------------------

#12 Muskingum K: 
- ----.:::....- -- - ----..---

0.076 

#13 8. Large gullies, diversions, and low 0.92 363.00 
1-___fl_oWl_· n-=-g_s~~~___.._..______ _ _____..___ ____.._.____ 

39,301.00 2.88 3.790 
- - ----------------.

#13 Muskingum K: 3.790 ._--_.._---_ .._- -------- --------------_ ..-----------

9,834.00 2.28 1.1980.58 57.008. Large gullies, diversions, and low
#14 

I-_ _ _fl_o_w_in-'-g_str_e_am__s._______.___._..________ ____________._________.____ ________.________ ____....___________... 

#14 Muskingum K: 
------------.--..:::.....--- ----

1.198 
---------------------------------.-------i 

8. Large gullies, diversions, and low 
#15 flowing streams 0.58 57.00 9,834.00 2.28 1.198 

-------- _._------_.----- ------- ------ --
#15 Muskingum K: 1.198 

-- -_.._-..--------_._---_._---_.__._------ --_.....------.- ..---~ 

7,084.000.52 37.00#16 2.16 0.9118. Large gullies, diversions, and low 
_flo_w_i_n_gstr__ea._m_s__ ___•_________ _____________ ___ __ ____ ____ _ _____.._ _ _______________ _ 

0.911f.-!~~__.!I_':'~kingum K: _____ __ ._._____...____. __ __ __ __ ______... ________..___.__.._--------------i 

5,699.000.33 19.00 1.73 0.9158. Large gullies, diversions, and low
#19 flowing streams - --------_..-_..._.------_.._- --_._ ..._-----------.. 

0.915#19 Muskingum ~~____._.._____ _.._____________ ____ _.._..____.____.._____ ._______________ 

#22 
8. Large gullies, diversions, and low 
flowing streams 

0.31 15.00 4,852.00 1.66 0.811 
----------------_.._----- _._------_.__._----------< 

0.811#22 Muskingum~:____________._________._.______.___.._ __ ________ ____ ._.....__ .._... 

8. Large gullies, diversions, and low 3.62 0.9641.46 184.00#24 
___ ___. ____fl..~~~~_~~e_a__m__s__________.__ _____.________ ___ --.. ...-----------..------ .. -------.. ---0.964 

#24 Muskingum K: 

12,568.00 

._._--_.._. _-_. _. _-- -----------_..._---_...-....-----_._------------ ---

#25 1.4548. Large gullies, diversions, and low 1.28 228.00 17,755.00 
flowing s_t:.~_~.___.._.._____ _______________..__........___ _____..________ ..._____._ _ ________ _ 

3.39 

#25 Muskingum K: 1.454 --_ ._ ----._.._--------_._.._-_._-_..._._--------_.._...._--.-......_.._._------_.

1.4548. Large gullies, diversions, and low 
_~~_ !!~~i~~_~~_a_m_s_ _ _ ___ __ __ ____.._____ _____ 

1.28 228.00 
- ---------._.--_..--_.._------_..._ --._-- - --

17,755.62 3.39 

#26 Muski~~.~~..~_:..__ .. __. __________ ._..____..__.___ _..._. __ ____ 

#27 
8. Large gullies, diversions, and low 
flowing streams 

1.07 96.00 

1.454 
--- - ------------_._.._.  --..._._--- ---

8,938.00 3_10 0.800 

Filename: COTTONWOODyremine_rev jan2007.sc4 Pnnted 02-01-2007 
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-------;:,::::-------==================-=:--= =- -=:.::::- - - -:.::::----==========================li------------ ----- =:----------:.:::::.::::---:.::::---::::---::::-
Stru - - - - - - Vert; Dist Hariz. DisC -Velocity • TI--_me_ (tl_rs) I 

# • Land Flow COndition Slope (%) (ft) (ft) - - (fps) .

#27 Muskingum K: 0.800 

8. Large gullies, diversions, and low
#28 1.07 96.00 8,938.00 3.10 0.800

flowing streams 
1--------------------------------------------------------------------------1 

#28 Muskingum K: 0.800 

8. Large gullies, diversions, and low 0.70 30.00 4,313.00 2.50 0.479#29 
flowing streams________________________________________________--------------------------------1 

#29 Muskingum K: 0.479 

8. Large gullies, diversions, and low
#30 0.70 30.00 4,313.00 2.50 0.479

flowing streams 
-------=----------------------------------------------------------------------------------------

_~~~____ _ K _ ___________________ ______________________ ________________________~..:~?_~_~~~!!~g::.u:...m_ _: 

'33 ~~~~~~e4~1~~~ diversions:_:_~~_I:~_______________~~~________~~~~~__ _1_1_,9_1_0_.0_0____2_.4_1____1_.372 

#33 Muskingum K: 1.372 ~-.-------~-------.----------------------------------~---------.---------._-----------------------

8. Large gullies, diversions, and low
#35 0.33 15.00 4,554.00 1.72 0.735flowing streams

f------------- ------------------------------.-----------------------------------------
#35 Muskingum K: 0.735 

-----------=----------------------------------------------------------------------------------------
#36 8. Large gullies, diversions, and low 0.30 60.00 20,005.00 1.64 3.388flowing streams 

~-----------------------------------------..---- --------------------------- ------- --------------------------

#36 Muskingum K: 3.388 

Filename: COTTONWOOD_premine_rev jan2007_sc4 Printed 02-01-2007 
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--_._._.._---- --- -----------. -_._._--_._._------_. ...__.._----_._---- - - _.._-_... _-

Structure Summary: 

. . 

• Immediate Total Total
PeakContributing Contributing Runoff

DischargeArea ' Area Volume 
(cfs) . 

(ac) (ac) (ac-ft) . 

#30 476.400 476.400 6.98 1.76 ----------_._-------_._.._----_._-- 
#28 1,217.900 1,217.900 283.47 46.07 

#26 2,486.400 2,486.400 46.07 18.65 

#24 8,061.800 8,061.800 65.88 51.67 

#25 1,015.700 9,077.500 80.90 66.70 

#27 1,783.700 13,347.600 183.29 111.80 

#29 966.000 15,531.500 426.99 193.50 

#32 293.700 16,301.600 441.67 209.47 

#31 957.100 957.100 271.94 43.43 _._-----_.._-----------_._----_.._--_._--_.------1 
#33 0.000 17,258.700 525.37 252.90 ' 

#34 932.500 18,191.200 549.99 286.55 

#5 2,023.000 2,023.000 353.61 61.88 

#6 1,743.200 3,766.200 378.03 119.94 

#7 2,395.300 
---------------

6,161.500 660.04
--'------------.

232.04 

#8 0.000 6,161.500 660.04 232.04 ------.- - ....- --------.----------------------1 
#10 1,053.200 7,214.700 695.02 272.19 

#1 2,411.100 2,411.100 280.48 56.33 
._--------_._- - ----_...---_ ._--_.,._------------------_. 

#2 1,497.000 3,908.100 345.41 120.02 

#3 862.700 4,770.800 457.63 149.88 

#4 0.000 4,770.800 457.63 149.88 

#9 425.500 5,196.300 481.74 169.93 

#11 0.000 12,411.000 1,064.62 442.12 
--------- _ .._-----.-.------------ ----

#21 1,080.800 13,491.800 1,112.92 480.32 ---_._ - - --------_._-_.----_.•..------ -------
#18 848.500 848.500 134.32 28 .24 

#17 182.200 182.200 90.17 8 .82 

#19 0.000 1,030.700 209.51 37 .06_._._----_.-- _._--_..._ ----------- - --------
#15 1,992.700 1,992.700 314.41 62 .84 

#12 3,494.500 3,494.500 146.72 38.48 ._---------_ .....__._ ----...._-_.-.....---_._--- - -._-- .----.-..--.-. 
#13 2,720.700 6,215.200 284.84 69.00 I 
- .---...--------.---.----------.--.----.-----~ 

#14 5,096.800 11,312.000 400.59 209.40 

#16 876.500 14,181.200 676.40 313.93 
---------------- -----_...-----.---------- ------.---.,- -

#20 681.900 15,893.800 724.23 382.40 

#22 0.000 29,385.600 1,750.57 862.72 - - - . ...-......- - .-..........----. - ........------ - - --1 


#23 752.900 30,138.500 1,749.20 888.40 

~~~_.. 0. ~00 ....~~1329.7~~_ _ 2!!8~.~~_~~~!mi74.95 
#36 891.700 49,221.400 2,186.29 1,195.57

•..._--------_.._--- -....-.._.._ _......__.__ ......_----------.-..~ 
#37 2,208.500 51,429.900 2,165.91 1,247.56 

._._- _.__._....._-_._ ...._....._-_...__ .._-_._- - - - ---- --
Filename: COnONWOODyremine_rev jan2007sc4 Printed 02-01-2007 
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-------------------- ---------------_._ ---------------~--------

Structure Detail: 
Structure #30 (Nul/) 


Structure #28 (Nul/) 


Structure #26 (Nul/) 


Structure #24 (Nul!) 


Structure #25 (Nul/) 


Structure #27 (Nul/) 


Structure #29 (Nul!) 


Structure #32 (Null) 


Structure #31 (Nul/) 


Structure #33 (Null) 


, Inlet to North Fork Diversion 


Structure #34 (Null) 


Structure #5 (Null) 


Structure #6 (Nul/) 


Structure #7 (Nul!) 


Structure #8 (Null) 


Structure #10 (Nul!) 


Structure #1 (Nul/) 


Structure #2 (Null) 


Structure #3 (Nul!) 


Structure #4 (Nul/) 


Structure #9 (Null) 


Structure #11 (Nul!) 


Structure #21 (Null) 


Structure #18 (NuIO 


Structure #17 (Nul/) 
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- - --_._-----_._-

Structure #19 (Null) 

Structure #15 (Nul/) 

Structure #12 (Nul/) 

Structure #13 (Nul!) 

Structure #14 (Null) 

Structure #16 (Nul/) 

Structure #20 (Nul/) 

Structure #22 (Null) 

Structure #23 (Nul/) 

Structure #35 (Nul/) 

Structure #36 (Null) 

Structure #37 (Nul!) 

- _._.__._---_. 

'- --._------ --_.. _----_._----_.._--_. 
Filename COTTONWOODyremine_rev jan2007.sc4 Printed 02-01-2007 
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---------------_.-.---- -------------- ------- .-.--...-._.-- ------_._-_._---_.-._._----------

Subwatershed Hydrology Detail: 
.... -. . 

. . .. .. Peak . Runoff ..' Time of . ' .• usk .KM.SWSArea . . Curve ' Stru SWS .Cone .' Discharge Volume . '· .. UHS 

# # . (ae) . (hrs) . Number 


Musk X 
(cfs) • • (accft)(hrs) 

#30----L--~..~4~:;.~~_-~_ -- .._--_--_.-1_.:_~~_~_--- _M 1______ --_ - . ____0.000-0~-0_::_ __ :;~~----!~;; 
#28 772.300 0.657 0.523 0.334 88.300 M I 238.37 29.212 


-·.... -.... --·------2---44-S~600----...---..0:587-------0.000------.... ----0·:000-- 88.300 M ! 147. 51-"-;6.-85-S
------..--------.. _.... -~---------------------------

1--#-2-6-"-L -i-----~~:;::: 2.192 --0.000------- --..0.000-------·-71.800--- -M---t- 28::: 46~::: 
__.. ____ ..____ ________.. ____________________ _..._ ..._________________ •______ ...._. ___..___ _";"'1_______ 

2 2,038.800 3.000 0.000 0.000 74.700 M j 39.98 16.427 
-------------------------------------~jf__ .. -------...-----....----------- 

__ 5_.3_6_7___f-- -# -24--_L-_-1-__-_~~2;_'__:6_~:_-~_:_:0_0_ __ 2.377 0305 72800 - M +--;:_-- ';~: 
__._......_________~_. _ _2_,3_3_1_.9_00____4_.8._13.____ .. ___~:~~~_________..__ O':~9~....__.____~3 .39.9___ .. _..__~______i- 21 .92 12.683 

I--_ ___~ _~;..~;;~~~-~~----~~i~--- ~::~~ ~:~~: ;~:~~~ ~ -F! ..__.__~~;~___.. ·---... --i~~~~; 
L 8,061.800 . 65.88 51.669 

---......_--------- _._---------_.. _-----------_..._._-- .._...._--------------_._---_._----------_ .. _--------
#25 1 515.200 0.990 0.342 0.357 75.900 M i 24.69 4.943 

1----- ---....------------ ...;-.-- ..-.--~-~:.::- -:-;~-~=-~;---~=;;~~- ~~ii~-=--:-~:.l--~~~~==-~:_; 
9,077.500 i 80.90 66.700 

1---------.......------------------- :..-.----.....------...----- ....--- ..-- 
#27 1 354.400 0.612 1.233 0.337 81.000 M ! 49.31 6.4181---------..--..- -...---.-------- .... ________ _ ____________________________ 1___.._____________.__----- 

2 305.200 0.529 1.054 0.328 81.900 M I 52.11 6.103
1-------------- -.---..---.-------------......------------- --------------------- i 

f--__________3_ __2_89_.~~~._...___..__.?~~__~~. 0.551 0.328 72.900 M i ______~:~_2.___ __ ...__~.!_~ 

4 253.000 0.361 0.551 0.328 77.200 M I 27 .66 2.896
1-------_._-----------..._ -----

581.300 0.980 0.000 0.000 79.900 M J---------51.--62-------- 9.2865 
r---·.. ---~... - ---~-~~;.;;-.~~-o--------- ....-- ..------------ ---··-..----·....-..-- ..---------..---··----..·····-I----.. -· ..-;~~~;; ..--- 111.8~;-

1---...._-------.--_.....-------... _ ---------_... _---_...._-- --------------.---..-------...---- .... --..--....----.....--. -

#29 1 508.800 0.409 0.416 0.312 87.300 M 187.01 17.522
1----_._--_.._--_....--_.. -_..--......._.....__ ._-_._--_._._------ -----------_._--------- 

2 233.200 0.521 0.291 0.312 89.600 M 94.22 9.944
j----------.-------------- 1 .-.-.---------- -.-------- 

r-------i ·~·-·-~;:;;~;:;~:-·--- _~:OOO ---.---0:"0?-. --'?9~-----M t- ~;;;--- 193~::;0.467 

r--·-;32-- 1---- 293.700 0.576---··---o .o<io -··----o:oOO 91.000 M - I 128.15 ----1·4:·218-· 
1------.--..--...--.--.......-------- .-..- ..---- .-- ------1-...-..-.........-..--- - ..------1 

16,301.600 441.67 209.472 
- - .---------.---...----..------------------..- ---.-.-..-.-- i ....--..----..- .. -.. 

~~~ ~:_1.;2~_O' . 0.588 .._ 9~ 450 _ __O ._~.~~_... __.. ____~~~"_~~__ .._____~__-+I ____.__~~?_:~~ __ .__~049 
2 325 .800 0.432 0.149 0.327 91.000 M ! 167.10 15.772----- _ ._---_._._-_.... _.......-_... -- ...._---_ .._._-_ .... _._......._-_ ..- . -------------
3 200.200 0.373 0.000 0.000 90.900 M 109.10 9.605- --_.__.._........ __._.. _-_...._.._-_.....__.- ...-.. _.._.. _-_._ -_.. __...... ...__..__..._-_.__....-._...._._-.......- -_.--......_---_..... __ .---_.. __. 


L 957.100 271.94 43.426 

---- ...__._ ..__.... __.. --------_...._..._--_........_.................._..._.._........._-_...._----_._...._._- - ------.. 

Filename: COTTONWOODyremine_rev jan2007.sc4 Printed 02-01-2007 
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[ 	 • Peak . . Runoff
Stru · sws . SWSAr:ea . T~~~:f . MuskK • . CUlVe 

Musk X · t)HS ... l Discharge · ·.Volume 
# # (act · (hrs) Number

(hrs) .. 	 .. J..(cfs) •• • .•• (ac-tt) 

#33 L 17,258.700 	 525.37 252.898 
---- -------------- ---_.__._ - - ---_._--------------- ------_._-- ------

#34 1 91.700 0.244 0.965 0.300 90.300 M 55.63 4.167 
r------------------- - ---- - ------------- -.

:~~==~__~~_~~--;---__ 	 ~~_ - - =~-_~~-~;-_~_~~-_-~-_-_~-~:~_~~_-_-_- -~; ;_- =~___+t==---lrl~ - - - __2_~_~~_~---I~_______ -_-~~=:=:~=~=~====_--_-~_~~_-_ --_- ~ __~- _ ---_ _ _;- ___====~ - ---i---_ _--_--·_ -_	 ___-_-;-; - ~ -_-
L 18,191.200 	 i 549.99 286.547 

----------------_._------_._-_._------._------------------- --,--------_._- - _._-_.
#5 1 503.600 0.707 0.000 0_000 85_600 M I 110.93 14.726 

------------··-···--2- -------406-.5-0-0---0-.4-92---- ·-·------0-.-7-47----0.-3-36--- -82-.-800- M I 81 . 19-------8~9-49-

r---------------------------- -------------------.-.--.. - -.-----------------
3 439.600 0.626 1.036 0.331 85.800 M 107.12 13.109 r---------------------------·· ----------------------------------------- .-----------------------.--
4 162.600 0.332 1.036 0.331 84.000 M 46.98 4.053 .__ .--_.__ ..--------.._-_._-----------_._----_._-----------------_..._-------.------+----------------------- 
5 294.100 0.505 1.413 0.336 90.000 M 125.65 13.006···_--_·_------_·______00- -_-_---- ----- -----------_·_·- ___ ____ 
6 216.600 0.341 1.413 0.336 88.100 M 93.95 8.042

1--------------_._--_._---------------_._------------------------- ---.-- - ------ 
2,023.000 	 I 353.61 61.884 

r-------------------------.--.---- ---------------.------- ---- --------1------------.----__ .._..___.._ 
#6 __ . _~_ __ _ _ _ _ 0_._3~~ ._ 0.OO ____ __ ________ M ___ _ _ ~~?_~~1_49.100___ _____ _____ _ 0 0.000 90.600 ____~1_ ~~~~__ _ ______ 

2 245.000 0.529 0.228 0.320 85.900 M 67.10 7.377 
.-.- ..----.--------- - - -----------------------------------------------------t-------..- ..------

3 276.200 0.450 0.605 0.306 87.400 M 97.37 9.602
1--------- ---------------.-- ------- ---------------..--...---.--.--.-------.----.----+------------1 

---·---:---~-~:-:4O-20-~------------~~~-..--.. --~-:-:~-~------~~;~~--- .	 -----+---------~-~~ii-.--- ----i-:~-·--.-----~;_:.:-O-~---~	 :
-- .- -----.-----.----- ------ ----- ------------ ----- - ------_._._-----_..------+-------_.._-----

6 414.000 0.430 1.512 0.309 85.200 M 118.75 11.639 
---- -----_._ ---_._------_._-_._------- 

7 294.300 0.535 1.512 0.309 84.400 M 
 67.58 7.639 ------ - --------_._--------_._--------_._-------_ .._--------- ---------------------_._------_ ...__. 

3,766.200 378.03 119.941 
1--- -----------------------_._---------------.-..._--- ..-- ------------

#7 1 731.700 1.274 0.000 0.000 91.000 M 189.49 35.422 
---- -------- - -00-.-----·--------- ----·--00-.-.-----.....--00 ...-..---------------·-1-·-- ----------- ----·------····-· 

2 445 .800 1.486 0.000 0.000 91.000 M _ 102.97 21.581 .- ~=:~_~__- .8-00----- - 0-- .00-0--"--------91-~OO -"- M I -------77~45---- ..----i3-~1o- -~ ._===2?-0- 1-.i-l0-- - --- 0-00----0-- -
- ------_._--_._ ---- _00_----_._----_____-00 I 

4 78.900 0.260 1.207 0.322 91.000 M ! 49.86 3.820
f---------.-------------------.-----.------...-------..--.------- ----- I 

5 

6 :;·;:-·:--~i--~ :::; ·· ·t:::-- -~ :i:-+t=~~~·i:7------_.. _------_..__--_00 00-_-- .____00. ____""_·___..· _"'____ '00____ ___ _____ _________ 00' __ 
8 494.100 0.645 1.547 0.323 89.300 M 170.71 20.498 

i
L 6,161.500 	 I 660.04 232.036 

1----- ------------_._-----_._-----_. __ ....._----.._._----.-__ . _ OO"" __ _ _ _____ ~,----..--...--.-•• "" ._. _ _ 

I#8 1 0.000 0.000 0.000 0.000 1.000 0.00 0.000 
......._00.__.__--------_._._-----_._ · 


6,161.500 	 660.04 232.036 
._ - - ------- -_._.__.._--_._""--------_._._.._00_.. ____------

#10 1 355.500 1.046 0.000 0.000 91.000 M 106.00 17.210--------____._00---_-_ _._-_._--- - --_._ _.._-_.._------_......______ ________.__..____._______.____..__._ __...___.._ 
2 307.100 1.282 0.724 0.301 80.800 M 25.62 5.438 

r-----...------------...------------""------- .....---..-.--.....- ---.- --------....-..-....00-----1--------------1 
3 147.300 1.245 0.587 0.297 88.600 M , 30.47 5.729 ___.____ ____ .____...____ .___ _________....__..._....__ ._ _____--+-.__00__________...._.......____.....____.._ 

4 126.400 0.585 0.587 0.297 91.000 M 54.65 6.119--_..._---..__._----_._--------_._-_...- ___--00_..__--_- ----- ______..___....___.._-+________ _ ----1 

5 116.900 1.179 0.716 0.297 91.000 M 32.03 5.659 
_._------------_._------ ---- --------_.._ .._...... 

7,214.700 	 695.02 272.191 
_ .__	._____....00 _____ --- ------- _..__··· ·_--_.._·· ....·_-_ ·----.-.-- ------ 

#1 557.400 0.941 0.000 0.000 81.200 M 60.60 10.322 


Filename: COnONWOODyremine_rev jan2007. sc4 	 Prin ted 02-01-2007 
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:.. of .' 

• ,,~ IIdl,:!,?X ..# # (hrs) Number 
..(hrs) '.' . . 

•'. : 
2 169.600 1.616 0.677 0.333 91.000 M 

3 636.400 1.842 0.729 0.333 78.800 M 

4 223.400 0.846 1.005 0.336 82.100 M 

5 77.700 0.330 1.392 0.341 79.400 MI 
746.600 0.678 1.392 0.341 86.200 M6• 

L 2,411.100 

#2 1 257.000 0,423 0.000 0.000 91.000 M 

2 180.500 0.562 0.478 0.281 89.700 M 

3 200.700 0.687 0.574 0.283 91.000 M 

4 438.600 0.811 0.574 0.283 91.000 M 

5 420.200 1.247 0.801 0.293 85.800 M 

L 3,908.100 

f3 1 172.600 0,443 0.000 0.000 91.000 M 

2 311.200 0.890 0.000 0.000 86.900 M 

3 378.900 0.632 0.209 0.314 85.700 M 
• 

L 4,770.800 

1_#9 

L 

L 

1 

4,770.800 

425.500 

5,196.300 

0.830 0.000 0.000 90.700 M 

L 12,411.000 

#21 1 272.800 0.819 0.000 0.000 86.900 M 

2 230.500 0.388 0.694 0.266 89.200 M 

3 181.100 0.289 0.877 0.256 89.300 M 
1--'-'" 

4 396.400 0.939 0.877 0.256 86.100 M 

L 13A91.800 

#18 1 301.700 0.652 0.000 0.000 91.000 M
1,,-, 

2 546.800 0.768 0.561 0.320 84.000 M 

L 848.500 

!17 1 182.200 0.462 0.000 0.000 91.000 M 

182.200 
- ..•.. 

..... (cfs) (ac-ft). . I 

36.76 8.210 

31.75 8.918 

29.20 4.565 

12.50 1.170 

180.72 23.l45 

280.48 56.330 

133.24 12.442 

70.50 .767 

78.80 
....~ 

155.00 21.233 

64.79 12.530 

345.41 120.018 
I 

87.36 8.356 
• 

68.02 .~ 
90.77 11.189 

457.63 14Q ARfl 

457.63 14Q.RRO 

143.84 20.049 

481.74 169.929 ! 

1 fll'<41'<" 442.120 

62.96 9.044 

104.58 9.475 

94.29 7.513 

76.84 12JJO 
1,112.92 480.323 

122.31 14.605 

95,48 13.630 

134.32 .235 

90.17 8.820 

90.17 8.820 

1,030.700 37.056I 
#15 1 437.400 0.803 0.000 0.000 89.300 M .37 18.146 .-.. 

2 549.000 0.637 0.654 0.327 89.300 M 191.13 22.775 

3 1,006.300 1.023 0.768 0.331 82.700 M 124.93 21.920lr' ! 

1,992.700 314.41 62.841L: 
!. 

#12 1 517.800 0.791 0.000 0.000 79.800 M i 52.01 8.176 

Filename COTTONWOOD_premme_rev jan2007.sc4 Prir1ted 02·01-2007 

L 
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. Stru '. . 5W5 
• •.. # .... # 

: . ' .....': :.: ',' ", TJme .of-, 
.· . SW';3 Arfia .. .. Cone • 

(ac) •.. (hrS) 

:". ' .": 

. ... cLirve·· 
. ::. Mus· ~·X.. . ·· . 

.. . •. Number UHS 

.. . Peak > 
DiScharge. •.· 

Runoff .. 
Volume: .. 
'. . 

(ac-ft) 

2 229.000 0.571 0.043 0.418 78.100 M 21.91 2.943 

. . 

.. • .... .. 

SEDCAD 4 for Windows 

. ... 

--- --- ---------- -------------.-------.--f--------------- 
3 592.700 0.706 0.044 0.417 79.500 M . 61.27 9.034 

-------~-------------. 
4 1,806.900 1.542 0,487 0.362 74.400 M ! 51.82 13.908 

----.--------- -------------_._-----j-----------_. 

~~_L5_3:4:::::_~ 0618_=0_48'-~- O~62- _78:0 -__ M__Im~l~~;; __ --;_8~;; 

#1~____~___4~:~__~2~____ O.OO~_.____.?OOO .____!~.600 ___ ._~_.__t----3-~-2-7------ 4.96~ ==- :-- -~::;,~~:;: -:-_~0=-~~:: -~~;~-; -i= ::~~~ ~~~ 

____ _~.._._~~~~__O.~_~_____~~?____ 0.32~_____?~.400 ____ ~__I---. 33.16 ___~~~ 

_.= ~~1: 5_~~~:';~=~3OB_~_0.:23 --=- 0.328 -~__ 72~OO _~__ -_IM -'8:;t--~~;; 

.!~4_ _ _~____ ~05.900 ______~~~____~~~9_0____ ~~~. _ ____.88. 7~~_ ____M___.l._-~?6 .21 _______1~:~34 

·~~=~-t~--i~~~~~~ --= ~:1{~_:__~::iL~~__;:~~~- ::::~= ~ t-:~:~: -=_:::~ 
_ 0.310 _ ____ 41.09..____ 4 144.200 0.341 ____1.716______________84.000_ _ M . ________ J 

3.594
~______________ --+--~ ___ 

5 343.800 0.289 1.970 0.312 84.500 M i 112.09 9.014 
------------- - -----------.--.-----.------------t------ ------------

~--=-::-~!::-:: --- -~~~~::~=--=~:~::-=~~ --:+~~--f,~~:~ 

---- - ..~--------.-------------------.---------------.-----------,-------------------

9 741.400 1.076 3.047 0.316 82.700 M i 88.91 16.150 ._ ----_...._ ._---------------_._-.----- -_.._ --------_.-----'-_. . _._--_._------_. 
_ _______~___45L100 _0.916_____~~~~__.__~~.1_6_____ . 81.90~. ___.__~_L--- 54.62 _______~~~20 

I 

._____~.._==~~~.OOO ________ _________..._________i--~~_.~____~09.39~ 
. #16_ _ 1.__. _~?~~_~~~~___ O.OO~__._ ___O.OOO ______9~~~~___ _.!:1___!___ 134.99 __15.956_, 

_.__ _____2.-.____ 348.400 0.542 _____?:509 _____O~~~ ___. 90.~~?_.___~___L-- 149.98 ____1~y2 
3 198.500 0.266 0.943 0.279 91.000 M 124.54 9.610 

- ----,----- ---- - -.--- ------- --------------------.-- ----t--------- ---------

-;2~._L_~_._14_~~~~~2_3:_:_~~ _ -~-~_0:Di~-_-_--~=.- . -~ - ---:~=:1-;-~-:~~.
===-_O._~~7 _ . . O~~_-_~_-=~9_-.7_0=0~--Mt--~ ~~4 .
_~0_ -: 3:-
2 385.600 0_713 0.476 0.440 91.000 M 147.90 18.667 

- - - - -_._-- -------_._ --------------_._- ----.._--------- ------ ----

L 15,893.800 724.23 382.399 

#22 L 29,385.600 : 
; 

1,750.57 862.722 

_ #2q=-=¥,~--.-:;;.--==::: = --::~ :: :~::--:-1~-1;:~-=-- ;~::: 

-..-- L 30,138.500 · -..-..----.--.---.-.----.-...- -...~- .... - .- ....- - ..--------r-1-:;~9.20 ~~~~2 

-_···---- 1-------_·__··_-_····
#35 48,329.700 ! 2,189.60 1,174.949 

; ._--------_._-- -- -----.-- ----...------..- .--.....--.----......... ---r--- ----.----.------.....
#36 1 298.200 0.987 0.000 0.000 85.000 M L 49.57 8.219 

·~==__. ~=..~~~-:s· . i-~== O.? 87~90~::- ··- ~ - -- i_ ~ ·.._.7} ·-77=~--7:~! ____Oi=_~.44- o~.~~O-··-=...._._ _?~..=~~ - . 
3 396.700 0.433 0.166 0.372 78.300 M 46.46 5.227 

Filename: COnONWOOD_premine_rev jan2007 .sc4 Printed 02-01-2007 

http:2,189.60
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. Peak, , ' . Runoff ' 5tru .. SWS sws Area Ticmt! of •. M~sk K 
, ..... one . MuskX . :", :." . "." : U~S •. '. Discharge: "oiume 

.. . ", .. .. . . . # . # (ac) '.' • (hrS) , Number (cfsl ' (ac~ft).'. (hrs) ' , :. . 

2,186.29 1,195.56649,221.4002: 
------1r-------------

#37 1 744.000 1.756 0.000 0.000 82.800 M 63.54 16.378 
,------_..._..  --~----------

89.55 8.8272 296.000 0.439 1.780 0.243 85.800 M 
.-.------_._-----------" --------... ---~------.----------.----.-

3 237.700 0.333 1.649 0.246 85.500 M . 80.62 6.883 

4 561.400 1.502 1.780 0.243 84.100 
r---"-' ---'-"'- .. 

5 369.400 0.817 2.236 0.284 79.700_______________________________________._..___________________________-~_-~--:- _+_ ::::~____'::~ 

2: 51,429.900 2,165.91 1,247.556 

Subwatershed Time ofConcentration Details: 

Stru sWs Vert: bist. · Horil.DistLand Flow Condition ' Slope(%) . (ft:) . V~~~~ty . " l1me(hrs) !. '(ft:) .. .# # 

5. Nearly bare and untilled, and 
#1 3.65 50.00 1,369.00 1.910 0.199 

alluvial valley fans 
----------.- --------------- --------.-.---..-----------1 

8. Large gullies, diversions, and low 
1.57 157.00 10,030.00 3.750 0.742

flowing streams -------------------_.._-------------- --- --------------- 
#1 1 Time of Concentration: 0.941 

-_._-------.------ ----_._- -----------------------.-._..---_._---- 
5. Nearly bare and untilled, and 

#1 2 6.63 70.00 1,056.00 2.570 0.114
alluvial valley fans 

f--.----------------------------------..----------.-- ------------------ 
5. Nearly bare and untilled, and 

1.98 150.00 7,573.00 1.400 1.502
alluvial valley fans - - -_..... _-_.__.__._.....-------_.f-----.--- ---------.---------------.-.-----

#1 2 Time of Concentration: 1.616 
------ ---- ------_._._._----_._---- - --------- 

5. Nearly bare and untilled, and 
#1 3 1.65 117.00 7,070.00 1.280 1.534

alluvial valley fans r----..-···----·---------·---·-----------..- ..-·---- -·- ------------------_._------
8. Large gullies, diversions, and low 

2.43 126.00 5,188.00 4.670 0.308
flowing streams 

f--.-...--.. - ....--- ------==-----.-.- -----.-- --------.----.-.-----.------------------j 
#1 3 Time of Concentration: 1.842 

r----..... -.-----.---.--..-----------------.-.. ------- --------._-_._._----_ .
5. Nearly bare and untilled, and 

#1 4 5.77 260.00 4,506.00 2.400 0.521
alluvial valley fans ------_._---_.._--_...._-- - -.--------- 

8. Large gullies, diversions, and low 
2.84 168.00 5,924 .00 5.050 0.325

flowing streams 
r-------.---...----------...---------.---------- ------- ------------------_._---1 

#1 4 Time of Concentration: 0.846 ----_._.._----------------_._-_.__..--.._----- --- ------------- .... - ._ ---------------- 
#1 5 5. Nearly bare and untilled, and 19.93 180.00 903.00 4.460 0.056

alluvial valley fans 
r--....-...-.--..-.---..---------.. -------.----.-.--.---.--.-.---.-- - ------.. .---------.- - ---------1 

8. Large gullies, diversions, and low 
3.30 178.00 5,393.00 5.450 0.274

flowing streams -----._------=---_._.- - - --_._---._--.._.._------_ ..---_...__...._._--- -_._---- _ .._._----- 

#1 5 Time of Concentration: 0.330
f------....-..-.---.--.--.------.- ----.--..--...-..------ ..-.. ----·-·..·- ..- --------·-------·-..------·1 

5. Nearly bare and untilled, and 
#1 6 13.43 105.00 782.00 3.660 0.059

alluvial valley fans - - - ----._.__ ...._-_._----_._----_.._-_._-_.._-_.__........._-------_._-_._-_.._------........._--_._-_....._... _---------- --------
8. Large gullies, diversions, and low 

2.62 283.00 10,822.00 4.850 0.619 flowing streams 
~------.-.--..--.-.-------.---.-..-.-----.-.-..........-.--..------_..._ ----_._.... _ .._----_._-_ .__...._----.._-------1 


#1 6 Time of Concentration: 0.678--...- .... .. ..._ -_._----_._----_..-----._---_....... _......_------_._---_.-....._._--_ ...._.. __.- ....._- --------_._--_._------
5. Nearly bare and untilled, and 

#2 6.84 70.00 1,024.00 2.610 0.108alluvial valley fans 

_._.__._._._-_._-_.._-_._..._---_....... _._- --_.._-_._.._.-- ...._._ _._._--- ......_...... .. _-_._-_._----_.__......-...--- - - ---- --..._--_._-_.... __._- 
Filename: COTTONWOODyremine_rev jan2007.Sc4 Printed 02-01-2007 
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---------------_._-_._--_._- _. 

, ·Str·: :.' ... :SW .' , : • . " : , ' ... :.... .,":.: ',. ': "'1> ( Yert.[)ist.. ·: · ' Horti.Dist. .' . :·.:,·.'." •.fi: .'·· ..)ty,.· ... . .. ••...:·l1 ..·:.· ':· ·( ·:h· .•'"'')·· ·u ·· · '5':·" , :'-- .• :: :', .. :" ' .. . ..-:.'.)' .... 	 .' . · s.'I.. · · ..:"Im.e..·'.. :. . . ...:.. ..•.,.:.,e(.OCp ••. ..'.· .. · .
. # .' " . # . L.ai;i~FIOW COnditiOn ::' .. , "' SOPEi% : : ' (ftj(ft» 	 '" 

8. Large gullies, diversions, and low 
1.62 70.00 4,325.00 3.810 0.315

flowing streams 	 _ ___ ______ ._____._ _____________ 
r-.----	 -.------------- - - .---- - 0.423 

#2 1 	 Time of Concentration: 
------------------.--.----~------------.-- 

5. Nearly bare and untilled, and 5.56#2 2 	 45.00 810.00 2.350 0.095
alluvial valley fans ____ _________ ________________._________ 

8. Large gullies, diversions, and low 0.86 40.00 4,663.00 2.770 0.467 
flowing streams _____________ __ _ _ ___.__________ 

r-!~~__~me o.f Conce~!rat~~~_______________________ 	 0.5~~ 

5. Nearly bare and untilled, and 5.89 50.00 849.00 2.420 0_097#2 3 
alluvial valley fans 

._------------ - --- - ------- -----------------------_._-----_._-- 
8. Large gullies, diversions, and low 

1.17 80.00 6,862.00 3.230 0.590 
_ ______ flowing stre_a_m._s_._ _ .____________________ _ 

__#_2____3.__T__im__e_o_f"C._o__"_ce_ntr_a_ti_o_n:__ ______._____________ _______.______ _ __~~ 

5. Nearly bare and untilled, and 12.63 95.00 752.00 3.550 0.058#2 4 
alluvial valleY., fans.______ ___ _________ ,,_ _ _ _ ___.___ ___ _ _ .______ 

8. Large gullies, diversions, and low 1.40 135.00 9,630.00 3.550 0.753
flowing streams 	 __ _______.._ ____._.______ _----------------------_._ ---- ---- 

#2 4 Time of Concentration: 	 0.811 -----------_._ - ---_._---------_ ._------ 
5. Nearly bare and untilled, and 11.02 70.00 635.00 3.320 0.053#2 5 
alluvial valier:. fans .___ ________ _______________ ..__________________

f---... 

8. Large gullies, diversions, and low 0.46 40.00 8,732.00 2.030 1.194
flowing streams 	 _________ ___..___________.______ -1 

~---------------.---.-----------	 1.247 
#2 5 TIme of ConcentratIon: 	 __.__.____.______ _ _ _________r--.---------------.--- ------- 
#3 1 	 5. Nearly bare and untilled, and 1.24 10.00 805 .00 1.110 0.201 

allUVial valley fans _ _ ______ _ ______ .________________ 
r--.-- ..-.------.-- .------ --------

8. Large gullies, diversions, and low 1.33 40.00 3,017.00 3.450 0.242 

.._ ._ ..__ _ __~.owing streams--·---·----·----------------- --- ·--·- - ---·------ ----0443 
#3 1 Time of Concentration: __..__ _._. ____________ _ _ .___--=-__

f-- -- ---------.-- ------..- - - ------.- -----
5. Nearly bare and untilled, and 0.68 10.00 1,478.00 0.820 0.500 

#3 2 alluvial valley fans __ ._._ ______________ 

8. Large gullies, diversions, and low 1.78 100.00 5,622.00 4.000 0.390 
flowing streams _ _ _________._ _____ _____________ 

- -------- --.- - -------------.- - - -	 0.890 
#3 2 Time of Concentration: 	 ____________ _______ 

-----.---------------------------~--------.--

5. Nearly bare and untilled, and 4.66 70.00 1,501.00 2.150 0.193#3 3 
alluvial valley fans 	 _ _ ____ _ ..______._ __.___._ ._____.__---------------_.------------ ----- 
8. Large gullies, diversions, and low 1.17 60.00 5,126.00 3.240 0.439 
flowing streams _____________ ___ ___ ___ ___.._ ________._ 

_ ._ __Tim~~ ~oncent"!tion______ _ _______ _ ..___ 	 0.632#3_ ___~ 	 : ._.._ _____ ._.__.._____.___._ 

5. Nearly bare and untilled, and 17.19 110.00 640.00 4.140 0.042#5 
alluvial valley fans 	 ______..___ ___ ____ ___._________---- ------- - --- - ---_._-----------_ ._---_._
8. Large gullies, diversions, and low 2.72 322.00 11,831.00 4.940 0.665 
flowing streams _ _________ ____ __....___ _ ___._.___._.____r----- ------_----.---.-.---------------------	 0.707 

#5 1 	 Time of Concentration: ____.__......_ ..._ .__ ._.__.__..____._.______-------	 -----------_._-----.._._--- _._--
5. Nearly bare and untilled, and 11.58 105.00 907.00 3.400 0.074#5 2 
alluvial valley fans 	 _ _ _____._ ..._ ._.____....______________--------_ ._-- _ ._._--- ..-- - ----_.._-- 
8. Large gullies, diversions, and low 3.52 298.00 8,475.00 5.620 0.418 

_ _____. flowing strea~s ____ _ _ .._____.. _ .._ _ ._.__.._ ... .._ _ ..____ ---- ..____	 .._ __ _ _ _ -.-. -0-.492 
#5 2 	 Time of Concentration: . 
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.
• Vert. Dist. .... Hor-ii. Dist.. Veiocity . 

. 

Stru SWS Land Flow Condition . 	 Tim~ (hrs) .·. •. Slope (%)(ft) . (ft) •# # 	 (fps) . 

5. Nearly bare and untilled, and 1.53 25.00#5 3 	 1,638.00 1.230 0.369
alluvial valley fans _______________________________________._______ 

------------------.--- - ------ - --- 
8. large gullies, diversions, and low 4.30 248.00 5,762.00 6.220 0.257 

-	 - flowing ~!~ms -----.-----------------·----·---------------·-·----------O~626-
#5 3 Time of Concentration: __ ______________ _ _______________.___________________ --._-------_ .-----------_.._------ _.-

5. Nearly bare and untilled, and
#5 4 	 14.19 85.00 599.00 3.760 0.044

alluvial valley fans 	 __ _____ _• ______ _ •__ ____ ___ ____________._
f---------------------------- -----

8. Large gullies, diversions, and low 3.99 248.00 6,219.00 5.990 0.288 
f---___ .______~Owing_~~:~~_____________ _ __ .______.__.___._-..----- -------------.------0-332 

#5 4 Time of Concentration: ____ __....__ ____________ .___ . 
~-------------..----.---------- ---- ---------------

#5 5 	 5. Nearly bare and untilled, and 4.15 85.00 2,049.00 2.030 0.280 
alluvial valley fans _________ _._____________ ._.__..__ ._.._________._ 

1---.----..-------------- .-----.-------- -------------

8. Large gullies, diversions, and low 3.24 142.00 4,377.00 5.400 0.225 
flowing streams _________________ ______.__ ______.. ___________ .._______ 


-----------:-.. ----fC ----t-t--·--- · 0.505 

#5 5 	 Time 0 oncen ra Ion. _____.__ ______._ ______________...__________ _

!------_.__._-----------------------------_._-

5. Nearly bare and untilled, and 8.67 125.00 1,441.00 2.940 0.136#5 6 
alluvial valley fans----------_._-- ------ - ..----------.--..-..----. .....--..-..- ...--..- ..- .-----1 

8. large gullies, diversions, and low 4.81 234.00 4,865.00 6.570 0.205 

~~__ 6·__..;~:~·~;~;::~!ati~;= _=~=~=~_=_~~~_=_-===_-·-=~~=_=- ~~ 
5. Nearly bare and untilled, and 5.36 75.00 1,399.00 2.310 0.168#6 

______a_"u~~~1 valley.!~_~_______._____________.._ ___._ ______________.__ _________.....__ 
8. Large gullies, diversions, and low 2.41 66.00 2,742.00 4.650 0.163 
flOWing streams ____ _ _ ____..___..____ _..______._ 

----.----..:...------------:-----.----.---- ----	 0.331 
#6 1 Time of Concentration: 	 __ ____________._ _______._______.__ _ .. ____ .._._ 

----------.-..--------------~-------.------------.-------..-- -._-
2 5. Nearly bare and untilled, and 3.39 80.00 2,359.00 1.840 0.356 


__ #6 __._._ __al~~.~~al valley'.!~~____ ___...__.____ _ ________.____ .__ ______ _____._ _ _ .___ _ ____ 


8. large gullies, diversions, and low 2.63 80.00 3,039.00 4.860 0.173 

f--__ .____..__ ~<:~ing ~~.~~-----------------.----------------.-----------.-----------'--0~529 ' 
#6 ______2 _ of Co.~~ntr~~~~ 	 ____.__T!_~~	 __________________________________________________
#6 3 	 5. Nearly bare and untilled, and 4.60 34.00 739.00 2.140 0.095 

alluvial valley fans _ _______._.____ ...__...____.______.__________..._---._._---------_.._ ------_._ .._-----_._.--
8. Large gullies, diversions, and low 2.33 136.00 ' 5,845.00 4.570 0.355 
flowing streams _______._______....____..____ _________ 

- - ---.-.---:------------..-.----.-------------- 0.450 

#6 3 Time of Concentration: _____..__....______.._______ _.. ___..._ _ ________ 


.._--_.---- -_..._----- ------------------------------- 
#6 4 	 5. Nearly bare and untilled, and 6.06 85.00 1,402.03 2.460 0.158 


alluvial valley fans __________________.__....._ ..________ 
~-----------8~·Large-g~liies, di;~~sion;,-~~dI~~--- --·-- 2.5;..---....;~.00 - 3,810.12 4.760 0.222 

flowing streams 	 ______ ...._____... __..._.._ .. _._ ._____.__ ..._
·-#6---·;-- Tim;--~f Con~~trati~~;----..·-------------·---·--	 ... __.....___~:~~ 
~~M__-----_..... . . _-_._•• --- ••--. - .-- ..---_- - - - - - -- _ ____...__ _______________ _ 

5. Nearly bare and untilled, and 7.24 70.00 967.00 2.690 	 0.099#6 5 	 alluvial valley fans 
----..- - _.._---------- ... _.-------- - _._- --. - - .. --- -.... _--- -- -- - - .. --- _. .._ ---......_.------.._._-

8. Large gullies, diversions, and low 2.34 117.00 5,003.00 4.580 0.303 

__....___ ... . __~OWi~_~_~?'eams_ __ _ ____.___.. _ __.._. __ .... _____ ..____..__ _ ______ ..__ _______.. ___.__ _ 


______#6 __ 5 Timeou__..._____ of Concentration:••_. __ _ _____ _____________ _ _ •• ___ ___ __ ._____ ______ ._.. __ ___ _ ___ .._ _ 0_.4_02_ ••_	 __ __ __ _ 

5. Nearly bare and untilled, and#6 6 	 31.83 183.00 575.00 5.640 0.028 
alluvial valley fans .. ___ __ _ .._..__.._ __._ _ _......_ _ .._____ ..___ __.._____.._._ ____. 

~-- -- - -- .. - - --------- - ... 

8. Large gullies, diversions, and low 3.38 270.00 7,990.00 5.510 0.402flowing streams 

._- - - _ .._._ - -----_ ._ - - ---_..._ - _._- - ----_...__ ._.. _-_._- _.-- ..._ ._ .._-
.-- -	 Printed 02-01-2007Filename: COTTONWOOD_premine_rev jan2007 .sc4 
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'-;::::::=:=:;::;::::'=':::::::::::;::::::::::::::;::::;::':==:==='::'===~===~~~=====:==~:::=;:::;::===i- -"-'-'------'
. .• . . . .• .... •. . . .• •.• .. .' Vert. Dist.· Hor'iz. Dist. Velocity 

s~u s~s .~ndFiow Condition Slope (0/0) •. . (ft) (ft) (fps) •Time (hI'S) • 

_._!6___6___TIme of Concentrat_i_o_n_:___ 0.430 
--------------------- -----------.------1 

#6 
I---

7 5. Nearly bare and untilled, and 23.08 325.00 1,408.00 4.800 0.081 
alluvial valley _f.a_n_s______.._._._______.________._________._______.__________.__ ._____ 

8. Large gullies, diversions, and low 2.88 240.00 8,327.00 5.090 0.454flowing streams ...__.__._----_._-----'=------_._----._-_._----.._-- -------------------
#6 7 

f------
Time of Concentration: 0.535 

-----_._- - ---_.----------- -. -.-~---.--------

#7 
5. Nearly bare and untilled, and 
alluvial valley fans 

11.42 0.06490.00 788.00 3.370 
.._._._----_...- ------_.__._._-- ._._..-._-----_._--- - -_ .--------.._--------------...

8. Large gullies, diversions, and low 
flowing streams 

1.46 1.210230.00 15,769.62 3.620 
._-_....__.._------_._-_._-_._---_.__. -

___l__T_i.m__e of Concentration: ..__.______.____ #7 1.274 --------_._---_._

#7 
r-- ---

5. Nearly bare and untilled, and 
alluvial valley fans

2 11.19 60.00 536.00 
._--...._._-- --------

3.340 0.044 

1.26
8. Large gullies, diversions, and low 
flowing streams 

f--.-...--..----..-----... ---- .-------.-----.--------..---

220.00 17,444.00 3.360 1.442 
------_..__._..._--- - -

#7 2 Time of Concentration: lAS6
f---.-.- -. -- --------.- . ---------.- - - ..- ..---------.----.--...-.--------1 

#7 3 
5. Nearly bare and untilled, and 
aI/uvial valJey fans 

5.35 0.13460.00 1,121.00 2.310 
._._._-------_._----_.__. .-  -- -_._-_.-_._---_._-----_.._-

3.580 0.9768. Large gullies, diversions, and low 1.43 180.00 12,585.00 
flowing stream~...________.__________.___._____._____.________,.----_. 

#7 3 Time of Concentration: 1.110 
1-.. .. '---' -----.--.----.. ._-_.-_...._----_.----------

#7 
f----- .-.-

4 5. Nearly bare and untilled, and 14.29 35 .00 245.00 3.770 0.018 
alluvial valley fa.~~.______....____..__.__________.____ ____.________._ 

4.980 0.2422.76 120.00 4,349.00
8. Large gullies, diversions, and low 
flowing streams 

f--.---.-.---- -------.--.--.- -----.---.--......--...----------. - - ---.. .._..__.._--_...._.._..--... 
#7 4 Time of Concent~~tLo_n_:____....___.._ __ ___ ___ .___________________ _ ___0_.2_6_0...j 

2.310#7 
1--------

5 5. Nearly bare and untilled, and 5.36 65.00 1,213.00 
alluvial valley fans _____._ .____...._ _ _ _ _._.__......__________.....__.-=--- ---_._-----._----_..-- --

0.145 

4.8103,034.0078.00
8. Large gullies, diversions, and low 
flowing streams 

2.57 0.175 
-- . -------_.---_. ._----_.._---_.. -_._------.__.

#7 5 Time of Concentration: 0.320 
-------.-----~------- -_._------ ------------

2.3701,153.0065.005. Nearly bare and untilled, and 
allUVial valley fans

6 5.64 0.135#7 
-- ---------------

4.8603,119.0082.00
8. Large gullies, diversions, and low 
flowing streams 

0.1782.63 
..- .._--------._--------_..---_.__._---- ,- - -_._ ---- .... --_... ---- - .....-

#7 6 Time of Concentration: 0.313 
,--.---------------_._-_. ..__.._-----_._----_._.._.. ---- ,----------------------

5. Nearly bare and untilled, and 11.90 85 .00 714.00 3.450 0.057 
#7 7 alluvial valley fans ..______________.._....____ _______________..____.___ ___ ___ _..----------- ------'----

1----.__.__. 

8. Large gullies, diversions, and low 
flowing streams 

2.93 
- -_._---_._---.._.. -... ... _... ----_._---_.._----

5.130132.00 4,503.00 0.243 

#7 . __7___~!~~_0_f.~~~e_n_tra_ti_o!'.:.___.____.__._ _ _ 0.300 ._---_.._-_._-_._- ...._--.._----_._-_.-_....
25.00 0.101693.00 1.8905. Nearly bare and untilled, and 3.61 

#_.7_ __8_ __~~~_~~~!..~~ley ~~_____._ _ ..____.___ ___.....____ ._ _____.._ ___.._...... _ ..________.._..._..__ 

8. Large gullies, diversions, and low 4.12 492.00 11,931.00 6.090 0.544 

f______.._ _ ~,owing streams .--......- ....----.....---...-.................------ .--.. --..- ..-....---.------ .. .---0'645 
#7 S Time of Concentration: _..._ _____ __ ..... .

f--.-.-..---. .- _ .. ---.--- ..-....--.. ------....-.. 

#9 5. Nearly bare and untilled, and 3.35 90.00 
1 alluvial valley fans 

2,687.00 1.830 0.407 

_.....__.._ -,- ------- .._---- ---_._ -_......,----
Filename: COTTONWOODyremine_rev jan2007.sc4 Printed 02-01-2007 
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:. :. : 
. .. ( . ) . Vert. Dist.. Horiz. Dis[ • VeloCitystru sws Liind Flow Condition • • .. Slope % (ft) •. ' (fps) Time (hrs)

# # (ft) 

8. Large gullies, diversions, and low 

f----.------..-

flowing streams 
0.58 20.00 3,463.00 2.270 0.423 

#9 1 Time of COncentration:____.._.__._____ _ . __ ________ 0.830-_._------_..__._._._-------_._--

#10 
5. Nearly bare and untilled, and 
alluvial valley fans 

1.76 22.00 1,252.00 1.320 0.263 
._._.____.________._____.___..___________---j 

..--- -.--.----- ..-. 
8. Large gullies, diverSions, and low 

0.63 42.00 6,683.00 2.370 0.783 
.__.__.______. flowing stre~_r:n.s_________ .__ --_._---_.__._-----------------_._-----_.._--_.__.._--_.--

#10 1 Time of Concentration: _ _____..__.____.____.____._________._._ ..... ______1_.0_4_61-------_._--_._- ..-----.-..--.----
5. Nearly bare and untilled, and

#10 2 2.25 125.00 5,554.07 1.500 1.028 
alluvial valley fans _________________._._...____f-----.--.---.---- ----- --....-...--..---.. 
8 . Large gullies, diversions, and low 

2.13 85.00 3,997.36 4.370 0.254 
.____flo_w_in_g, stream_s._________ __._.___..__.____________._______.______ ______.__._____._____________.___..___.._ 

#10 2 Time of Concentration: 1.282
f--.---.--.-------------.-----.-- .. --------..---.---- --.---------- 

5. Nearly bare and untilled, and
#10 3 1.39 68.00 4,904.00 1.170 1.164

alluvial valley fans ---------- ---_._--_._-_.._---_.._._--- -------- .__..._--_.__._-_._----._------_._---- 
8. Large gullies, diversions, and low 

4.73 90.00 1,904.00 6.520 0.081 
______.__.~owing strea~~_.___.___________ _ -------------------------_._--_._--/ 

1.245 

5. Nearly bare and untilled, and
#10 4 3.76 51.00 1,357.00 1.930 0.195

alluvial valley fans 
-----------._.._---_._-----_._---- - --_._------- --------------------_._.__._ ... _---_.__ .__.._._

8. Large gullies, diversions, and low 
0.65 22.00 3,385.00 2.410 0.390

flowing streams
1---------- -----..--.---.--.---..- ..- -------- - -----._---_._--_ .-_._---_._-----

# 10 4 _ T_im_e_o~_'=_~~::_n!ra_ti_o_n_:___. _ ._... _ . _____._.__ .._____. . __..._ __ ..__ 0.585_____ __ __ _ ___ ________. ________ __ _ ... _ .._._.___ 

5. Nearly bare and untilled, and
#10 5 1.63 88.00 5,391.16 1.270 1.179alluvial valley fans----_._ --_._.__.__._----- ._-----------_._.. _-----_._--_._.._-_..- ----------.__._.-_._-_._-.__...------_....._----_._--_... 

#10 5 Time of Concentration: 1.179 --_.__.._---- --_._---------_..._-----_.. _---- --_._-------------- 
5. Nearly bare and untilled, and

#12 4.50 75.00 1,667.00 2.120 0.218 
_____ __ _~.~~y fans ._.__..__._.___ . _ ______..._.______________ _ ___ _ ____________.._ .._ __a.II_~~~~ ______ ____ ___. _.. . ..______ .......___ ...._. 


8. Large gullies, diversions, and low 1.85 155.00 8,400.00 4.070 0.573flowing streams 
f--- ---...-.---.- -. - -.-.--------. --- -_.__._-------- - -------------, 

#12 1 Time of Concentration: 0.791 
._--------_.------_.-._------------------_._--.._--_..-..._.. . .._-------- 

5. Nearly bare and untilled, and 2.99#12 2 50.00 1,674.03 1.720 0.270 
alluvial val~:~.~~~~________________.__________..._______ __..._.__._. ___ ._..._.. _._..___ __________-j 

8. Large gullies, diversions, and low 
1.67 70.00 4,201.17 3.870 0.301

flowing streams 
~-- ...-..-..----.-...---...- ._--_._..-_._---_.•.__.__._----_._--------_._-----_..--..._._.._....-.__._---- --_.._- ....._-_..-..._- 

#12 2 Time of Concentration: 0.571 -----------_.__ . _.__._-- -_...._--_.----_._-----
5. Nearly bare and untilled, and

#12 3 4.04 57.00 1,411.00 2.000 0.195alluvial valley Fans
f-----.-.......-.---- .--..--. -.---....--.-.--. .------------------..-.-.-.-.------ ..._----_._----1 


8. Large gullies, diversions, and low 1.55 107.00 6,884.00 3_740 0.511 
flowing st_~:~_~~___...______.__ ._._.__.___ ___.__....._...__.._.__..._. ._____ _______________ 

· - _ _-- .-~-i _.-~_·-.0··-f-Concentra!!~~~ ___ ___....______. _ ___._._ ..... __1--#_1~2~~- _.~. -____ _!!1- __..__ .... . _ ___.._ ____ ._._. _ _____ ~:?~~ 
#12 4 5. Nearly bare and untilled, and 2.23 84.00 3,771.04 1.490 0'70~ 

alluvial valley fans1--- ------_._--_._--_..._-_. .---.----...-------------- ---.------.. __.__.____ ____ ._ _______________ 

8. Large gullies, diversions, and low 1.62 186.00 11,515.60 3.810 0.839 
_.____.___ ---..!l..~wing stre~.rTls___ ._ ...__ ___ _ .... _. ___...._. __________...____._______ . _. _.___...___ _____ ...._ ._______ __._____ 

#12 4 Time of Concentration: 1.542 ! ._---- ------- --------- -----....-..--.-.-----------..-.. -.----------.------.-.-----..--- --·-- --1 
5. Nearly bare and untilled, and#12 5 3.68 53.00 1,442.00 1.910 0.209 1alluvial valley fans 

-----_..--------- - -_.._-_.. _-------_.__..__.._-_..--_...._.._--_..__._---_....---------_. 

Filename COnONWOODyremine_rev jan2007.sc4 Printed 02-01-2007 
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----------,.~-~---...- .----.---.-.-. 

Stru . SWS Vert. Dist. Horiz; Dist. Velocity · lanq Flow Condition Slope (%) lime (hrs)# . # (ft) (ft) (fps) 

8. Large gullies, diversions, and low 
1.95 120.00 6,155.00 4.180 0.409flowing streams 

1----.------- ----.-----.----.----.------- ----- -- -..---.------..- -------- --------------Mis
r--!-~-.- 5 ~!"e of c:~~centr!~~on: __. ____ ..._______..___.__ __________ __.____....____'_" __ _ 

5. Nearly bare and untilled, and 4.62 62.00 1,342.00 2.140 0.174 
alluvial valley fans ___._.__._.__ __._.___.__.___________.___..•_.__ 

#13 
---_._._------------------------------------".--------_.-..-------

8. Large gullies, diversions, and low 1.91 157.00 8,225.00 4.140 0.551 
flowing streams __ ._ _________..___________.. __ _______.____ __...._____ .______.__ 

~!.~~ .---.-1_.____Time of_~ncent!~~on: --.---..--.----.-----..------...-----..---- --- ..-------.- -~~-~.. 
5. Nearly bare and untilled, and 2 91 50.00 1 717 00 1.700 0_280#13 2 . , _ 

__ _____vi~~~alley f~~ _ _ _ ...__ .. __...______..•..__ _ ..____ . _ _ ..___ _ _ __. . _....._. a I lu_ _____ ..._ ..._ _ _ ....._. __ _

8. Large gullies, diversions, and low 2.28 183.00 8,039.00 4.520 00494 
flowing streams ________ •________ ____________._.._._._ 

#li'-'--2--T'-ime of con~~~rati~~:_ ~...____ ...___._.__ ..._______ ___==.= __.._.______ ~.?.!.~ 
r---- - - 

5_ Nearly bare and untilled, and 6.18 95.00 1,537_00 2.480 0.172#13 3 
allUVial valley fans _____._._ ._.____ .______. ___..___1----._._-----------_._-- _._ - -----_._ ._._--.._- _._
8. Large gullies, diversions, and low 2.13 135_00 6,347.00 4.370 00403 
flowing strea~: _________ ___._____ •____._______. _ ___ .______.__________•..._ _ __.___.. ___._.__..__ 

- ------ ----- 0.575 
#13 3 Time of Concentration: _ _ _ .._.___.__.____. ._------- -.---- - -_.._-_.._..__ .._..--..._ --_._--_._-_._--_.._--

5. Nearly bare and untilled, and 3.17 10.00 315.00 1.780 0.049#13 4 
alluvial valley..!~~_.._____._________..._.______ _ ____..________._._________.______._ .__ _ 

8. Large gullies, diverSions, and low 2.30 100.00 4,344.00 4.550 0.265 
flowing !>treams ___.___._______ __________ •__..______ _- - _.-------_._----_._--_._-_._ --_.._--- --_.. 

#13 4 Time of Concentration: 0.314 
..._ _ ._.._--..__ ... --.-- ----_.__.--------_.__.._--..........

5. Nearly bare and untilled, and 3.10 70.00 2,255.00 1.760 0.355#13 5 
alluvial valley fans _ __ .._. _ ___________.__ _____ _ __.___ _ ._______._____.___

1----.-------- ... - ----- - - - - --- - - - - - ----. ..
8. Large gullies, diversions, and low 1.23 140.00 11,392.00 3.320 0.953 
flowing streams ______ _.________._______._______.___.__.. ' __ _ 

. ._------- ------------------- -------.- --

#13 5 Time of Concentration: . _ _ ____________._ ______ 1.308_ _ .___ 
f------.-~--.--- .- ..- -- -_._...--".-.------- -----_ ...- --------.- . 

5. Nearly bare and untilled, and
#14 10.59 63.00 595.00 3.250 0.050 

alluvial valley fans __._ _ .... __... .__________ ____ .._ _ .______________ _ 
...---..-.....--

8. Large gullies, diversions, and low 2.60 151.00 5,808.00 4.830 0.334 
I--_____..__ __~owing stre~~___._._._ ___ __..___.___.______ ..___.._._.. - - -.---------...---'0--384 

#14 1 Time of Concentration: ._._ ........__ ____._ _...____.....__....._____.....____ ......... .. _:..__ ____ 

----~~~.----~.-.-.----~----------

5. Nearly bare and untilled, and
#14 2 7.28 67.00 920.00 2.690 0.095 

allUVial valley fans _.____.._________ __ ._____.•. ___------_._-_.._- - -- --------.- .-----.----~--- -- -----
8. Large gullies, diversions, and low 2.17 123.00 5,670.00 4.410 0.357 
flowing strea~s__...._____ ........._..._ _...._... _ .__ _ _ ...._ _ .___ _ ._____.___ ___ ___.____ ..__...._
f-- --. 

#14 2 Time of Concentration: 0.452--_._-_.._ - --_..-- ---_._ - --- - _ ... 
3 5. Nearly bare and untilled, and 21.46#14 150.00 699.00 4.630 0.041 

___~I~uvial vall~~!~~...___._____ . _ _ _•.___ _____ .._ _______.__ _•._. ___.•_.._. 

8. Large gullies, diverSions, and low 
3.10 364.00 11,728.00 5.280 0.617

flowing streams
f--- .....---..-- - --=---- - - ---.-----..-- --....- ----

#14 3 Time of Concentration: 
..._ -..__ ._-- - ......_ . . . --------- - -

5. Nearly bare and untilled, and 3.39 35.00 1,032.00 1.840 0.155 

__#_1_4.. __... _ _.__ ..:.a..:."u:..,v...ia._I_v_al_le.:...y_fa_n..s___ .._ _ __.....___.._._.__ ........__ .........__.._. _ _ _ ._ _ _ ___ .__...._•.____...._ 


8. Large gullies, diversions, and low 2.97 103.00 3,470.00 5.160 0.186 1 

#-1- 4 - --- .. ----- ---·---- --- -·-- - --·-- 14-----~~::~;~:::;ntr~tio~;··-- --- · - ..--..·--0-.3-41·

---- --- - _._------ ----
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-----.-----------._.._---------... 

• Vert. Dist.Stril sws 	 La~d F1bw Condition Slope (%) . .. . (ft) Time (hrs)
# # 

5. Nearly bare and untilled, and
#14 5 	 28.15 125.00 444.00 5_300 0.023

alluvial valley fans 	 ______ ___________ _ _______________ _
1------------------------------ ---------..---- 

8. Large gullies, diversions, and low 4.18 246.00 5,886.00 6.130 0.266 
flowing streams ____ .____ ___ _____._____ _________ 

------------ ---------.------- ------.----	 0.289 
#14 5 	 Time of Concentration: __________________________ 

-- ------------------~------------.~-----..--- , - --- 
5. Nearly bare and untilled, and 3.18 40.00 1,257.00 L780 0.196#14 6 
alluvial valley fans 	 ______________ _______ __ ______.. ______" - -------------------------------_ ..-._ _..--- 
8. Large gullies, diversions, and low 2.29 228.00 9,963 .00 4.530 0.610 

_________ flo~ing ~ream_~__ __._ ________ _________..____________________________ ___ _ 

#14 6 	 Time of Concentration: __ _____ ____________ ____ . _____________ 0.806____ ___._ 
.._---...-----------------.------ ------_. 

5. Nearly bare and untilled, and 16.72 100.00 598.00 4.080 0.040#14 7 
alluvial valley fans 	 ______________________________

f-------------- --.------.-------....- - ..- - ----.- ----- 
8. Large gullies, diversions, and low 2.81 243.00 8,649.00 5.020 0.478 

_________ flowi~_~ stre~~s ---------...-----------.-------------------------------"--0-518 

#14 7 Time of Concentration: _ _________ _ ._ _ ___________ _ .._..__..___ _
- - -----_.----- - ._--------- _._------.._ --.-------
#14 8 	 5. Nearly bare and untilled, and 1.70 47.00 2,765.00 1.300 0.590 


alluvial valley fans __ ___________.._.___._____._______ ......... _.__ 

---------------~------------------.----.-.-,,--------- 

8. Large gullies, diversions, and low 2.44 274.00 11,208.00 4_690 0_663 
flowing streams _________________________________...._

1---------------------------------------- 1.253 
#14 8 Time of Concentration: ___ _______________.__ _ ____ .______-_..------------ - -----_._----_._ - _._-----------------._ -	 . 

5. Nearly bare and untilled, and
#14 9 	 2.87 105_00 3,657.00 1.690 0_601 

alluvial valley Fans 	 ____ __._______ __________..__ ___ .._
'---_._----------------------------- - -- - --- ------- 

8. Large gullies, diversions, and low 2.43 194.00 7,991.00 4.670 0.475 
------~~~~g st~ams___-: ____.___._.._____..__ ________ _..._ ..____ _.._____ -----..-.. ----------- ..1-076. 

#14 9 Time of Concentration: . .________.. __....______.. ___ _...__ .__ _ :...... __ _
r-.--------------.- -----------------------...-.------..- ----.---. -- 

5. Nearly bare and untilled, and 2 75 8000 290700 1 650 0.489#14 10 . 	 .. ,. . 
_______._	 ___allu~I~I~~y. fa~~__ .,,____......... ______ ______.._.._. _ ____ ______.__ ________.__...___________..__._.....___.. _ 


8. Large gullies, diversions, and low 2.41 172.00 7,149.00 4.650 0.427 
flowing streams _._______________.._______ ______.. _____________ _ 

__#14 . 1~___ Ti~~ of ~n~;~~ati~~: ---~=~~~----------------------.--..-------.----....-...-~:~~ 
#15 1 	 5_Nearly bare and untilled, and 12.80 54_00 422.00 3_570 0.032 


alluvial valley fans ._ _ ____ _____ _______._. _ ______..._ _ _ __..____...
1--_... _ ---.._ ---------_ ..._-----_ ... _._----------- ---- 
8. Large gullies, diversions, and low 1.68 181.00 10,781.00 3_880 0.771 

..._____.. _ _ flo~ng str:,ams_______._ .___..._ __________________...__ ______________... ____...._____..._ 

__!~__ 1_ Tim~ of C~~cen!~ati~~_:_ .... _.._ _______... _____ ____..._......__._..____....... __........_____...____ ~~_~~~_I 


5. Nearly bare and untilled, and 44.22 260.00 588.00 6.640 0.024#15 2 
alluvial valley fans 	 _.____ ___._ _... _ ___.____...____._______..____ 

..--...----..---------------..------ ..-,----~---.-.-- 

8. Large gullies, diversions, and low 2.45 254.00 10,354.00 4.690 0.613 
1----.---- - - - flowing str~~__... __.__..._ _ __ __.____.....____.. __...___.....______________... ________...__ 

#15 2 	 Time of Concentration: _ _ ._____.____ ____.._ ________.... ______._~637 ----_._-.------------ _..._------- -_ ..- ------- ------_._ -
5. Nearly bare and untilled, and

#15 3 	 10.04 85.00 847.00 3.160 0.074
alluvial valley fans 

8. Large gullies, diversions, and low 2.34 366.00 15,663.00 4.580 0.949 
flowing streams . _ ___...__..._._...__ .....___......___..._._._........_ ....__._.._....._____ .____... _.___ 

t--;;:5---3---Ti~e ;;t-Con~~nt;~ti~n:-- -... .___..._______..._....._____ _ ..__ _ _______.._...__~:~~~ 
".---.- - ...--.-~-.-----.-.-.---- ..----- -- ..--..-. 

#16 1 5. Nearly bare and untilled, and 4.17 15_00 
 360.00 2.040 0.049 
.... ____ _ _ _ s _ .._ . _ __ _ _ _____ ...._ ..... __ _ ...._ __......__.... _ ___ _____ _ ___ _.. 	 al!_u.~i~~II.~~_~_ ..__ _ ... . ...._ _ ..._ .... _ . ..... . ._.. . ...._ 

8. Large gullies, diverSions, and low 
1.42 108.00 7,618.00 3.570 0.592flowing streams 
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Vert~ Dlst. •. • Horiz..Dist. . Velocity , . Stru " SW5 · U'lndFtow Co~ditibn .' • . (ft) ' . {ttl . . . (fps) ' . Time (hrS). '# . ' ... # . . . .... . . 

#16 1 Time of Concentration: _ _ __________ _ _ ______~~~~!..
1-------------------- --- --------- --- -----------

5. Nearly bare and untilled, and 8.70 62.00 713.00 2.940 0.067 
alluvial valley fans ______________ ____ ________.____ 

#16 2 
1---._--_._-------- -------_._--_.._---------- 

8. Large gullies, diversions, and low 1.99 144.00 7,241.00 4.230 0.475 
flowing streams _______.___._________________

1--------- -------- --------------.- ---.---- -----...--------------- 0 542 
#16 2 Time of Concentration: ______________._ ____ . ___

f--------- .- ------------.---- - --..---- ..-.------- - ----------------
5. Nearly bare and untilled, and 6 88 32 00 465.00#16 3 . . . 2.620 0.049
alluvial valley fans ______ .______________________ ---- --------------- - ...---.-.-----~--..-
8. Large gullies, diversions, and low 2.29 81.00 3,543.00 4.530 0.217 
flowing streams ____._ ____ _ _ _________ 

~;1~_____3-----n;~-~f~~n~n_~~ation: __-=~~=_~=:-===~=_ _____ ~~~_ 
5. Nearly bare and untilled, and 9.37#17 1 65.00 694.00 3.060 0.062
alluvial valley fans ______ _ _ _______________________

f---------------.------ - --.----------- --------------- 
8. Large gullies, diversions, and low 1.19 56.00 4,712.00 3.270 0.400
flowing streams __ _________________________.._ _ __ 

=!17 ---~~1--n;~~~~ntr~~n: ~~===.~=:=-__________ .________ .. .____________~~ 
#18 5. Nearly bare and untilled, and 9.00 60.00 667.00 2.990 0.061 

1--_____ _ alluvia~valley f~ns _ _____.._______.__...____________ _ _______ __.__...__________ _ 

8. Large gullies, diversions, and low 0.97 61.00 6,287.00 2.950 0.591 

______.___..__fl?~ing str~_~_________._ ..-.-..- --.---.----- -----.---.-.-.--- -- - ---------..-- --0--652 
#18 1 Time of COncentrati~~_: ___.__..__._.. ______.______________________ ___.______ _ _:_.____ ..f-------.----

5. Nearly bare and untilled, and 2.47 33.00 1,336.00 1.570 0.236#18 2 
alluvial valley fans _____ _ ___.____..______.._________.._ .._._._------ ---- - -------------_.... _---_.-.....- .__•.. ..._- - 
8. Large gullies, diversions, and low 2.01 164.00 8,154.00 4.250 0.532 
flowing streams ___..__ _ __ _______ ____ __.___ _ ._,,_ ._ 

f-- -.- - --- -.-- -... . --._- 0.768----...--- -

#18 2 Time of Concentration: ________ _..___ _ _ _________.__________._______________..____.
f-- .-----.-. ----.------ ----

5. Nearly bare and untilled, and
#20 1 . 11.87 45.00 379.00 3.440 0.030 

____._____c:'~~vlal valley fans_________ _.._____. _ _ ._ ..._ ______._ ___ _ ____ .____.._________ 

8. Large gullies, diversions, and low 0.75 45.00 5,969.00 2.600 0.637
flowing streams ___..___ _____. ________.. _ _ __ ___._ _____ ________.___. 

f--.-oo------------ - --- -- - 0.667 
#20 1 Time of Concentration: _______ _____ ____________ _______.__ 

- ------------.----- - - --------- .-.-.---- ----- 
5. Nearly bare and untilled, and 5.40 45.00 833.00#20 2 2.320 0.099
alluvial valley fans ________________ ___._______._______ ..._____.

f--- ------------------- - - ---.- - ------.. 
8. Large gullies, diverSions, and low 1.30 98.00 7,547.00 3.410 0.614 
flowing streams ______ ____.__.__ ____________.._ _ _ __ _ _____.._________ _.__ __.... ___ ___ 

-- ---.----------·f C t t • 0 .713a

#20 2 Time 0 oncen ra Jon. ___.._______________ .____._._---- - _._----- ------------- - --_..._--_•.. _---_.---
5. Nearly bare and untilled, and 4.09 60.00 1,467.00 2.020 0.201 
alluvial valley fans _ ___...___________ ________ "._ _ ....._____..__ 

#21 
,-...__._---._--------------- - --- - _..

8. Large gullies, diversions, and low 0.93 60.00 6,433.00 2.890 0.618 
_ _ ________flc:""ing stre~~________________ .____ __.____....___________ ___.___...---- ----------0.819 
_#_2~____1_ ___ Time of Concentratio~~___ _......______.___ _.______ ..__ __.._ _ ____.._ ___..__._..__._.. 

5. Nearly bare and untilled, and 3.50 50.00 1,430.00 1.860 0.213#21 2 
alluvial valley fans ___ _ ____._____._ _ ___ _ _.__ __ .___ ____ 

--~--,. ---~--------.----.-- ..-..---.---- - ..--------- - 
8. Large gullies, diversions, and low 2.15 60.00 2,785.00 4.400 0.175 
flowing streams ___ .. ....____. _____ _ _ ___.______ _______.________

1----...---- ..- - - -- -- - ---- --.-.- ---. 0.388 
#21 2 Time of Concentration: ....._ ..... ____ _..__ _ _ ._ _ ____ _ __.___..___..._.__ __._.._.. __

1------ -- ----- ---- ..---.----- ------.,.--- .--.. 

5. Nearly bare and untilled, and 1.70 15.00 881.00 1.300 0.188 
. #21 3 alluvial valley fans._._ ._____________..._... ._ _ ____.____.._. __._ _.______ ....____ ____ .._.__...._._ 
------- ...--- · --·9.S~~il~tream~-fiowing bankfull 1.49 60.00 4,014.00 11.000 0.101
\ 

_.__._..._ - --- ----- - - - -.- -.--..- ..--- .. _..._._-- ......... _. --- -
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-- ------~.---------.-.----.-----------------.-------------_._._---._.-.-----_----- --~ ------------- - --.---	 ....--

Vert. Dist. · HorkPist, ". VelocityStru . SW#S LandF)owConditimi ' Slope (%) . 	 Time (hrs)•. (ft) ·· (fps) •# 	 '(ft) • 

0.289#21 3 	 Time of Concentration: _________ _________ _ _________________ 
--------- --------------- -------_._--------- 

5. Nearly bare and untilled, and 2.21 40_00 1,811.02 1.480#21 4 	 0.339
alluvial valley fans 	 ____.________________________ 

---~-- ---------------------------- - --------

8. Large gullies, diversions, and low 0.84 50.00 5,949-54 2.750 0.600 
___.______~owing _streams _______________.._____ ___________ __ __ ______________.________________ _.______ 

#21 4 	 Time of Concentration: _____________ ______ _______ __________________ 0.939 
._-----------------.------------------.

5. Nearly bare and untilled, and 2.44 65.00 2,660.01 1.560 0.473#23 
_____ ___ __ ___ ____ _________ ____.____ _______ _______ _____ __ _ ______ . _all~vial v~~':~~ _ _ _ _ . _	 _ _ .. ___ 

8. Large gullies, diversions, and low 0.33 10.00 3,017.50 1. 720 0.487 

________ _____ ~owing~_~~ams --------- ---- ---..-.----.-.----.---..-.- - ----------------------------.--0-:960 
#23 1 Time of Concentration: _______________ ___.__ 

5. Nearly bare and untilled, and 3.49 60.00 1,718.01 1.860 0.256#23 2 
alluvial valley fans ________________________________________________._ ________._ ____ 

8. Large gullies, diversions, and low 1.66 65.00 3,926.06 3.860 0.282 
I--.____ _.____fl~~!~g strea~.~___.____._________ __.._...________________._._________.__ _ ______________ 

#23 2 Time of Concentration: 	 ____ 0.538__._ 
- ---------- ------------------ ------------ --- --------._---

5. Nearly bare and untilled, and
#24 	 1.71 430.00 25,118.00 1.300 5.367

alluvial valley fans 
-.. - 

#24___ 1 --T~_me of ~~.centratio~_:_____ _ _________________._____________________ __..____. 5.367. 

5. Nearly bare and untilled, and
#24 2 	 1.84 430.00 23,393.00 1.350 4.813 

aliuvial__~_II_ey_fa~:.____ _ __ _____ _ _ _____ _____ _________________ _____________ .____._______ _ 

#24 2 TIme of Concentration: 	 __________________________________ 4.813 
--- --	 ------------ - ----- -------------. 

5. Nearly bare and untilled, and 1.82 155.00 8,498.00 1.350 1.748 
# 24 3 alluvial valley fans ___.________________._._______.._ _ ____._ ---- --------.---- - ------------- - -------- - ----

8. Large gullies, diversions, and low 0.84 40.00 4,771.00 2.740 0.483 
flowing streams __....____._. _ _ ___.___._ _______.____._ _ .._____ 

_ _ _ 0 _____ . - _. _ _ ••_--- --- ----- - - _._-_._- - - _ _ _ 

#24 3 	 Time of Concentration: _________________________.. 2.231 
------------ - ------_. ----- - ---._....--- -.------_ . 

5. Nearly bare and untilled, and 1.24 50.00 4,042.00 1.110 1.011#24 4 
aliuvial valley fans _ _ ______ .__..._ _ __ _____ _ _______ ___._____ ._ _ _ ---------- -----------.------.- 
8. Large gullies, diversions, and low 0.49 60.00 12,150-00 2.100 1.607 
flowing streams .. ___ .. ____ _______ _ ____._ _ ___._____ ____________----------_.----------- _.----------_.. 

#24 4 Time of Concentration: __ _____._______ _ _____ ____________ 2.618 
------ -----.- - - --------------------------- - ----- . 

#25 1 5. Nearly bare and untilled, and 0.51 10.00 1,950.00 0.710 0.762 
allUVial valley fans ____ _____ ____________ ----- ------ -.- - ---1 

._.~=!~~~~~s~~~;~ dl~;~~~~_~S~-~·~d_~~:_~_.__~_~_______~~.~__.:,322 ._~~._.__ _.~~_~~0__ . 02~ 
#25 1 Time of Concentration: 	 _______________._ ____.__ .__~~~_' ------------------------ ------- ---------- -----------_.-- -
#25 2 	 5. Nearly bare and untilled, and 1.11 25.00 2,254.00 1.050 0.596 

aliuvial valley fans ____ ________.________ .. ______________________ 
_.__.__.-- -----_.__..•._----_.._----------------_.._._-------- 

8. Large gullies, diversions, and low 2.36 75.00 3,178.00 4.600 0.191 
______.__.._~owin~ .:tr_~ams __ __.._ _ _ ____.__ _ ._..._ _ _ ...____ _ _______ _ ._____._ _________.._____._ _ ..____.__ 

_!!.~_5___ __ 	 _ .__. _____ ...__ __ __ ____________.___.__________ _ 0.787..~ ~~~_o_f_C_o.~~~_ra_t_io_n: _ _ . .._ . 	 __ __ ..___ _ 

5. Nearly bare and untilled, and
#25 3 	 3.23 30.00 929.00 1.790 0.144alluvial valley fans __.--- - -.- --------._ ----_-'___ _______ ____ - -- _______ ___ _ ___ .___ ,_ _ - _. __ _ __ _ _ ____ • ___._ ___·.u__~ ~ ~~ 	 ~ 

8. Large gullies, diversions, and low 2.45 154.00 6,297.00 4.690 0.372 

- .- - - _.____ !!.~.~~ng strea_".:: ---.---- - . -- .- - -..._ - .....-.- .- ..-.---..-----.- - ...-.. ---- - - ..--- - -0.516 
'!.?5_ _ 3.___ Tim~__~f Conc~~!~a..':~on: _..____ _ _ .._ __._...._ __.....____ ..______ .._._ _..._...___..._ ...._.._.._.._ _____ ... _______ 

5. Nearly bare and untilled, and
# 26 1 	 1.20 103.00 8,602.00 1.090 2.192alluvial valley fans 

- - _...-------- _ .- .._---_._......._-- _........_-- --_._----_...__.-._- --_.._._-_.._-._-- _._--- _ ...._- _._--
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-.--.-----~.~---~-.-..--.-------.--.-----.-

Stru 
# 

SZS. land Flow'Condition 

#26 1 Time of Concentration: 

Slope (%) 
vert. Dist. 

(ft) 
Horiz. Dist. 

. (ft) . 

- -------~-----.------------- -------------.- - ---- -----

Velocity 
(fps) 

Time (hrs) 

2.192 

5. Nearly bare and untilled, and 1.23 120.00 9,780.00 1.100 
alluvial valley fans __ __.._._____....___...._ ____.._._.._..... 

~----------..-.--...---..... --.-.-.---.... -. ---. 
#26 2 2.469 

8. large gullies, diversions, and low 2.18 184.00 8,454.00 4.420 0.531 

-.-.----...---.--.-. flowing ~eams - -- .  .---.- .--- -- - .........---..--...--.-...-.---------...---.--.3:000 
#26 2 Time of Concentration. _ _. ___ ..._...._ 
~.. . __._------- --_._...__ ._-..-  _...__._._-_..._-_....._ _ ..

5. Nearly bare and untilled, and 4.32 50.00 1,158.02 
alluvial valley fans __ _..___ ___. . __._.._____ _.____........_.._1---- ..----..- .--.-------.--_ . .... ---..-- -.-.. 

#27 2.070 0.155 

8. large gullies, diversions, and low 2.53 198.00 7,838.16 4.760 0.457 
flowing streams __ _..._. ___ _ __.. _ ___.___ .___...._ ._._.._____ .._._....._- ------_.._ ------ - - - - ----- . 

#27
1---_. 

1 Time of Concentration: 0.612 -_._-_.-- --._---_ . ----.- -----  ----- _.------- - --- ---_....... 

#27 2 5. Nearly bare and untilled, and 5.26 30.00 570.00 2.290 0.069 
alluvial valley fans __ ___ ._..._ ______.....__ .--.-.-- - ---------.------..... --... ---~-- ..---- ---- --...-----
8. large gullies, diversions, and low 3.15 278.00 

_ ___fl_o~~ng stre~~___ ..__ ____.. _ _ _.. ....__.__....._.___...___ _ ____.. 
8,822.00 5.320 0.460 

----...--..--.. ..---.. 
0.529#27 2 Time of Concentration: __.. _____.....__ _.._ ___ _._._ _ ... __ ______.._. _ _ __._..___...____ _.....------_.-._-_._----- ~----- --.---

#27 3 5. Nearly bare and untilled, and 16.33 80.00 490.00 4.040 0.033 
alluvial valley fans ___. ..._._ _ .._...__._____...._ ____ .__ .__.._ 

---~-.-. ------------------.--------------------. -- --- -

0.659
8. Large gullies, diversions, and low 
flowing streams 

225 .00 10,443.002.15 4.400 
.__._•..._ _..._.._. _ .....•_....__.-.----_...-_._._--_.._--_.._.._-_..._-

0.692#27 3 Time of Concentration: .__
f---.-. - .---.--.----.---- -- - ..- -- -.-...-  - - -.-..- - --- - - ------_._........  ....

5. Nearly bare and untilled, and 12.43 65.00 
#27 4 alluvial valley fans 523.00 3.520 0.041 

- --- ... -----_..__ .__._•._ -----_._---_..._ ..._... . _..__.._- - - ---_._--..._- -----_. 
8. Large gullies, diversions, and low 3.49 225.00 6,454.00 
flowing streams __ ....__ _ _ .....______.___________.._.__._____..__ ..._._._ 

---.-.-------.-~------ .. .----- -----_. - -.
5.600 0.320 

#27 4 Time of Concentration: __________ _ _ 
- --~ ----._---_.------_.- - -_.---- - -- -----~----- -~.----------

0.361 

#27 5 3.060 0.0245. Nearly bare and untilled, and 9.40 25.00 266.00 
alluvial valley fans ._ ____._.._......._ _ __.._.---_._._------_.....:._.__._.__ .._-......--_.............._ ...._...--...._ - -------
8. Large gullies, diversions, and low 
flowing streams ..__________._____.._. ______..____...._________ ___~_

1-- -_._---- ---..---.----.......... 
364.00 15,700.002.32 4.560 0.956 

#27 5 Time of Concentration: ..___ __ __..___ ___. 0.980 
f---- ... -  -- - - -------- -- -- .. .. -..... --

#28 1 5. Nearly bare and untilled, and 5.25 40.00 762.00 2.290 0.092 
allUVial valley fans _ _._..._ .___.._ __._ ..__ ____....__ ....___f-.. - - .... -.-- - -- - .----...- --.. ..--..- ...-.- -----. - . 

8. large gullies, diversions, and low 2.96 310.00 10,479.34 5.150 0.565 
f-___.___.._.._fl_ow_i_ng_~tre_am_s_ _.._ _ __...._ ___.__.. ...._ _ .... .. - - .. .---..-----...--- 0.657 

#28 1 Time of Concentration: _ .___......_.. __._________ _...._ __..___..._...
f--- ..---- - --..-. ..--...- -----..--.--....... ---......... -

5. Nearly bare and untilled, and 25.86 105.00 406.00 5.080 
#28 2 alluvial valley fans _ ..__ ._.... __~. ____ 

0.022 
1-.----.... - ...---...-.--- - .. .- ............---...- ......  . .. ... - . ._----_......._...... 

8. Large gullies, diversions, and low 2.96 310.00 10,479.34 5.150 0.565 
flowing streams . ._ _ _ ....____.._________...._.._ __-- -- -.. -- _ ...- ...- ............... _ ............... ........_ - ... 0587 

#28 2 Time of Concentration: ._ __ ___....___ ..._ ___ .______........:........_..}--_ ._  _. .._ _ .. _- _....... _ -- _... 
5. Nearly bare and untilled, and 

#29 1 alluvial valley fans 11.58 30.00 259.00 
.-._ ..._...__ .....-_._-- _.._ ---- -....."._-_. ... ..------------------.-. ~--- .. 

3.400 0.021 

8. large gullies, diversions, and low 3.61 288.00 7,976.00 

f---._ ____f1_ow_in~ stream:.._-- -----.. -- --.- .-~--.------- ... - ---..--..--......O:409. 
#29 1 Time of Concentration: 

5.700 0.388 

..._ - ------- .._- -- -  -- - --...__...- .. _._- -- .__...•. ._-_.. ._ .. 
5. Nearly bare and untilled, and 
alluvial valley fans 

40.00 496.00 0.0482 8.06#29 2.830 

Filename: COTTONWOOD~Dremine_rev jan2007.sc4 Printed 02-01-2007 



-----------

25 

SEDCAD 4 for Windows 

Stru , vert. DiSt'. HOriz; DiSt'. ' • Velocity .SWSLaridBow Condition Slope (%) . (ft) Time (hrs)
# # , . (ft:) " •,.. .•.• (fps) . 

8. Large gullies, diversions, and low 2.90 252.00 8,693.55 5.100 0.473 
flowing streams _ ___________ _ ______ ______________________________ 

-------------------- 0.521 I 

#29 2 TIme of Concentration: ___.__..._.__.___________________________ 


------~--·-··-__ I-_-------~------------------_ 
5. Nearly bare and untilled, and 7.25#29 3 25.00 345.00 2.690 0.035 
alluvial valley fans ._____.________________._________ ---_._----------------_.------------ -------- ----- 
8. Large gullies, diversions, and low 2.26 158.00 7,001.00 4.500 0.432 
flowing _streams ___________________ ____ . ___ ______.________________________________ 

_#29 .__._ ~------ T~~~ of Con~ntrat!!?~ ____ ____.___._____.__________.____________________._._____ .~..~7 
5. Nearly bare and untilled, and

#30 4.93 35.00 710.00 2.220 0.088 
alluvial valley fans __________ ________ .__ _____ _______._____________________ 

-_·01••--_· _ -----_·_-----"-- --

8. Large gullies, diversions, and low 1.67 243.00 14,540.00 3.870 1.043 
___ ____ flowing _~eams__.___.____ .___._______ ___...__ _ _____ _____.___________________ 

#30 1 Time of Concentration: _.__.___ ._. ___________________.________ 1.131--..----- --- .----------_.-----.--------
5. Nearly bare and untilled, and 2.91 15.00 515.00 1.700#31 1 0.084 
alluvial valley fans _ _ .__._ _________ _____________________•_____..______ 

--------~--.-.---~--------.-. - -------.-.-----_. 
8. Large gullies, diversions, and low 2.74 247.00 9,006.00 4.960 0.504 

____~owing ~~::~ms ________________ _________ ___ _ ______ _____________ _____ _ 

0.588_#3~_______1___'!:!.!!'e of ~o~~ntr_~~on: __________ _ _________ ...__._______________________ ____ 

5. Nearly bare and untilled, and 7.46 25.00 335.00 2.730 0.034#31 2 
alluvial valley fans ____________.____ ______________ ._____ _ 


--.~---------.------..----.-----------~-----------.- ..-.--- . 

8. Large gullies, diversions, and low 2.18 138.00 6,335.00 4.420 0.398 
flowing streams ______ _______._ _________________________._________ - - ----_.---- -----------

1 ______ 0.432!~__ _ ~__ Tim~~!.~once_"_trati~~: _________.._____._ ._______..___ _____________________ 

5. Nearly bare and untilled, and
#31 3 3.84 20.00 521.00 1.950 0.074 

_____________~~~~I valley_!~_~_________________ ______ .___ ____..______________ ___ _ __________ ____ _ 

8. Large gullies, diversions, and low 2.24 108.00 4,826.00 4.480 0.299 
flowing streams __..__..._..._ _______________.......___.._______.___._____ 

- #31 ---3--Ti;e of C~~~entr~ti~_;_----·------·-·---·-- _ ____ __ .____. ____._ ___._.___________ ~~~.~ 

-~-------------~--------------------- - .._.
#32 5. Nearly bare and untilled, and 3.48 22.00 632.00 1.860 0.094 


.. _________~~uvial vall_~y fans ____________ .__.______ _...____..__......__._._____________ __________ .__ ________. 


8. Large gullies, diversions, and low 1.56 101.00 6,494.00 3.740 0.482 
flowing streams---.---------------- -------------- -------.-.----..----------- ----------- - ..·--·-0576 

#32 _1_____~ime_!?~~oncen~~tio~:______.._____._ ______ ._ ______ _..___._______._.____ _________ _ 

#34 5. Nearly bare and untilled, and 3.21 25.00 779.00 1.790 0.120 

__________.____~~~~:'ial val!~y' fans '_ ________ ______...____.__ ..___ ._____.___..________________._..______._______ 


8. Large gullies, diversions, and low 2.80 63.00 2,251.00 5.010 0.124 
______._. f1owin~.~reams.____.._______________.___ ...____________---- - ---..-----1 

_ __ ,. ____Time of Concentration: _____ _ _ _____ #34 __ 1 __________' _________ . n_·_____'..#'r_·____._..···_ ·_.. _·_ _ _..._·__• ... _ .._ ____~:~~~ 

#34 2 5. Nearly bare and untilled, and 5.75 40.00 696.00 2.390 0.080 
__.____..___ alluv~~:'alley !~~___________._ _ ___.________________.. ___________._____ ...__ 

8. Large gullies, diversions, and low 
23.00 2,100.00 9,130.43 14.380 0.176flowing streams 

---- --- ----_.._-.. .-------- - ------..._ ----------------..--._---
#34---2---- Ti~;-~f-con~;ntration: _ _ _____ _________._.._ __._...__..____...__ .~.:~~~ 


t ·- ----..--....- ..---....-----·---- - ·- --·------------..·- ---.. 

~ #34 _3:II:~:~:§~::,,~::~:~~: Iw - _~;~-- ::~~ __;;:::____~:~-_:::: 
, flowing streams ..______ ._____ _- _._-"---_._-_._-,-_.-_...._--- ----- - _ ._--_ .._----_..----_.-----_._-----_._.__..._. 


#34 3 Time of Concentration: 0.885 
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._----------- _._-- - ------------

Stru Vert. Dist. Hork Dist. • -- Velocity 
time (hrs)# (ft) 	 (ft) • (fps) 

5. Nearly bare and untilled, and 3.21 105.00 3,274.00#36 1 	 1.790 0.508
alluvial valley fans 	 _ _ _________ ___ ._______ _ _______________________J--.------ - -- ------- ------ - - ---
8. Large gullies, diversions, and low 0.21 5.00 2,367.00 1.370 0.479 

~--- fI~Wing strea~s_ _ _:-___ _ _ ___ ..__.____________ _ ____ _____________ _----_ -0:987 
~~~____~__. Tlme_~f COnc~ntratlo~_~ __ ________ __ ___________ __________ ______________ _________ _________ 

#36 2 5. Nearly bare and untilled, and 5.50 140.00 2,547.00 2.340 0.302 
___._ _ _ _a_lIuvial valley .~~_________________ _..______.__..___.__ _ _____ _ __ ____ _________.__ 

8. Large gullies, diversions, and low 1.58 30.00 1,897.00 3.770 0.139 
flowing streams _.__ __ _____.__________ .._ ________ ____ __ 

~--= 2 -	 . _=_=~=- . . ___________ __ . 0.44~_. n~~~~~tr~ti~~:_ _=_~=_..________ ..________ _____ 
5. Nearly bare and untilled, and

#36 3 	 1.72 20.00 1,166.00 1.300 0.249 
alluvial valley fans 

-- --	 --- ------- --------_.-----_._----- - - ---- -- ---------
8. Large gullies, diversions, and low 2.31 70.00 3,029.00 4.560 	 0.184 

_flowing streams 	 _ ______ _ _ _ _______.._____ ___ 
f--- -----------..- ---------------------...- - -- -..---.----.-	 0.433 

#36 3 	 Time of Concentration: _ _____ _____.___________- -_.._------------------_.._-_.-- --_._--- _ ._- - - - -.----
5. Nearly bare and untilled, and 4.68 129.00 2,754.05#37 	 2.160 0.354
alluvial valley fans 	 ___ ________ ..________ _______________ ._ 

. -.----~-.---.--------------.------- ----.--------  -
8. Large gullies, diversions, and low 0.16 10.00 6,108.73 1.210 1.402 

~7' ----1--' ~~;~;~~~~=.~=__=~~~ _==~===~~~
~~~===__=_..------._- 
#37 2 	 5. Nearly bare and untilled, and 7.32 90.00 1,229.00 2.700 0.126 

allUVial valley fans _ _______________________
1----- --- ----.------------------------ .- - - -----..- --.-.----- .-

8. Large gullies, diversions, and low 1.62 70.00 4,309.01 3.820 0.313 
flowing streams ___ _____________________ 

.- ----- - -------------------- -_..._------ --•.....-------- -_._-- .._
#3~.._.__~.__:nme o~_~~ncen~~tion: _.____________ ___.__ __.____ ___._._____ ____ __._ .__..___...._____ __.~~_~ 


5. Nearly bare and untilled, and 8.10 100.00 1,234.00 2.840 0.120#37 3 
alluvial valley fans 	 _____ __ ___ _____ _____________ .___

1---. ..------...- - - - .- - - ----- .----- ---..---- ------.- . - ---

8. Large gullies, diversions, and low 2.66 100.00 3,763.21 4.890 0.213 

~:;~ : - j~gg~g~~~~~:::::~~~w-:- - ~;~ -~ 9::~ _' ;~8~3 ~ __ - ::~ -_ -	 - ~ o~~~ 
f--	 0.36 30.00 8,326.39 

flowing streams 	 _ _ _______ _ _ ____________ ____._.__..__..___._ _ 
f----....--- - --.----- ----------------.--	 1.502 

#37 4 Time of Concentration: _ _ _..____ _._._ _____________ _______ ______________ _
f----- - .------ --- ----- ----- --....- - ..----

5. Nearly bare and untilled, and 0.81 20.00 2,466.09 0.900 0.761#37 5 	 alluvial valley fans 

8. Large gull ies, diversions, and low 4.06 50.00 1,231.01 6.040 0.056
flowing streams 	 __ ____ ___...._ _._______ _ .__.._______ .._..____ 

----.-- - --------- - ----..--------------- ---- .. -. 	 0.817 
#37 5 	 Time of Concentration: 

Subwatershed Muskingum Routing Details: 

Stru 

# 
SWS 

# 
Land Flow Condition Slope (%) 

Vert. Dist. 
(ft) 

Horiz. Dist 
(ft) 

Velocity 
(fps) 

Time (hrs) 

#1 2 
8. Large gullies, diversions, and low 
flowing streams 

- --  -  --- ---_.. --~--- . ----  --- --- - .... . - - .
#1 2 Muskingum K: 

1.29 107.00 8,294.57 
_.. -- -- ._.. ------_._- 

3.400 0.677 
----- --  -- - ---  ---_.._._-- -

0.677 
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------_.- -_._ - - -- -- --- - -- -- -- - ---- -- ----.- - -- ----- .--- - - - -- - ---	 -- - -- --- -- --- - - --- -.--~-- - -- - --- -.-.----- -

Stru 	 Vert. DiSt. Horiz. Dlst, .... Velocity .• Tim.e (hrs)S~S Land Flow ConditiOn • . Slope(%; (ft) . (ft)' . .• Cfps)# , 
8. Large gullies, diversions, and low

# 1 3 	 1.27 113.00 8,880.15 3.380 0.729 
_ __.___ ~?'Ning st~_ams ______________ _ __ ___ _ _ _____________._ __________ _______._________ 

__ _____ 3 ____.---!:!.u~.~~ngu~_~_ _ ______ ____________ _ ___ __ ______. _______________ 0.729#1 ______	 . _ _ __________ 

8. Large gullies, diversions, and low
#1 4 	 1.35 171.00 12,634.84 3.490 1.005

flowing streams __ ______.. _.___ _____ _ _________________ 
--------4· u --u--- -----·---·------.--- ___ ______1_.o_o_--M-·--s-k-l·ng m-K.~-----	 ____ _______ 5 
__#_1____ ___._._______ ______ _ _____ ______ ___ ___ _ ____ _ ___._._ _ _ __ 

8. Large gullies, diversions, and low 1.49 274.00 18,351.08 3.660 1.392#1 5 
flowing streams 	 __ _.____ ._____ .__ __._ _____ ____ _ ___ ___ _ ____ ____ _ _____ 

.-- - -------- - ----- ---- ----.---.---- 1.392 
__1!._1_ ___5____~uski.!"~um ~_:_ ______._ ______________________ ____ _________ ____ _ ____ _ 

6 8. Large gullies, diversions, and low 1.49 274.00 18,349.00 3.660 1.392# 1 
flowing streams 	 .__ __ __________._______ ______ _ _ ___ 

-.-----,-~--------------------------. --------	 1.392 
#1 6 	 Muskingum K: _ _ _ ______ _____ ___ .__ _ _________ ______________ _ ._ ._----------- ----------_._- - ---_._-_.

8. Large gullies, diversions, and low
#2 2 	 0.53 20.00 3,756.57 2.180 0.478 

flowing streams 	 __ ._ ______ _____________ ____._._____._ 
.-_.__.._.•. _- -------------------- -- - ---- ----- - 
___112.. ___2_ Mu~~_ngum K: ________.__________.__ _ _.__._____ _________ _ __ ____________ __ 0.478 

#2 3 8. Large gull ies, diversions, and low 0.55 25.00 4,570.38 2.210 0.574 
________.__.._ _ ~~wing_~t..rea~~________ _ _________ ___ _______._ ____._ .__.__._______._ _.____ ____________._. _ __._. __ 

0.574...!!_2____~__ ~~skin..!lIm ~__ _____ ______ __ ________ ._ ______ ______ _____ __. ________.______ ____._ 

#2 4 	 8. Large gullies, diversions, and low 0.55 25.00 4,570.00 2.210 0.574 

..--#~._= _~_ -~;~t{~:~:._~~=__=_===_=____==--__==.=~=__==~_====_---O~74 
#2 5 	 8. Large gullies, diversions, and low 0.65 45.00 6,955.17 2.410 0.801 

flowmg streams . _ .____ ______ ._ ._ ____.__._______ 
-------- - -:--------------------- -.----- ----.-- --------- - -	 0.801 
#2 5 	 Muskm9um K: ------ -- -- - ----- --_._--- --_.------------------- _. __._--_ .-...'--_ .,--_ ._---------------
#3 3 8. Large gullies, diversions, and low 0.92 20.00 2,168.02 2.880 0.209 

.__#3=..---3.__ :;~;~~:~;m:: _-=~_~~~==~===~=:=__===~~~~-=~~_~~~:~o~~~ 
#5 8. Large gullies, diversions, and low 0.00 0.00 0.00 0.000 0.000 

_._ ______.._ _~~win~_~ealll:_ ____ _ _________________ ___- - --.- ---.-- - - ---.---- - -- ---- - --0.000

_. #5 ___ ~_ _fw!~skingum K:__ ______________ ____ ._______.___.______._ .___._ ___________________ .__ 

8. Large gullies, diversions, and low 1.34 125.00 9,339.51 3.470 0.747#5 2 
flowing streams 	 _______ _ _.____ _ _______ _______ _ _ ._____ 

~~=~_~__=~~~ski~gu~~~: .	 .. .... . ________. ___-===~_=~=______ _________________ ___ ~:747_ 
8. Large gullies, diversions, and low 1.24 155.00 12,461.81 3.340 1.036# 5 3 
flowing streams 	 _ _ ___ ____..__________________ ______________---_.. _ ------------ - - ----_._------ --

#5 3 	 Muskingum K: 1.036
-_.'"--------- - ---------------.------ .--- ----- ------- 

#5 4 8. Large gullies, diversions, and low 1.24 155.00 12,461.81 
 3.340 1.036 
___._ _~o_~!ng s~:am~______.___ _ __ ___._.__..___ .__.__ _..___.___.. __ ___ ------------.------- .-- -1-.036 

#5 4 	 Muskingum K: 

8. Large gUllies, diversions, and low 1.35 239.00 17,712.88 3.480 1.413#5 5 
flowing streams 	 ._..__ ._......__ ._ __ ___ ___ _______._ ._______._ ___ 

~~:~ :=- :~~ i"~:::g~:'~-d;:'~~:"';~~~O;--=--== ;~;5-- -=-_,;;~O- - ,7,7;2 .0;---- 3.480 -------~:::: 
! ~!5 -- -. - :'~~~i:-~:~i~~,-'~ ,:. --=~O~~=--~50~:B13~-=-3~O --=~;::; 

# 6 __ ~__ ~?':"~~~S!~~~~:.. ______._____.._._______ __ _____....___ ___ ____.___ ...._._ ...._.__ __.___ ..... .___ _......._ 
~#6 2 Muskingum K: 	 0.228 I! 
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---------~-----.------~.----- . - -------

Stru 
. . 	

Vert Dist. Hbriz~ .Dist. '. Velocity . . . .. . s~s Land F.'ow Condition . . . Slope (%) . (ft) ' . . (fPs) : . ' Time (hrs)# 	 (ft) 

8. Large gullies, diversions, and low 0.80 47.00 5,846.00 2.680 0.605#6 3 
flowing streams 	 __ ____________ _ 

#6---3-M~sking~m K: -------------------------.-=- --____________==~____ 	 ~..:.~~ ----_._ _._----------_._-_._ - - - -------------
8. Large gullies, diversions, and low 0.80 47.00 5,846.00 2.680 0.605#6 4 
flowing streams 	 ___ _ ______._.____________.______ _ 

#6---4M~Sking~;;K;-- - - ----------------- --.- ------ --.- _ ________________~.~~

f----;;;_.- ; --8.L~~ge 9~lIies, diverslons, -~-~d low --' --- -~;-----_;~0--10,838.00 2.710 1.110 
flowing streams _ _____ _____________ _ ____________._ 

~ - ----- ----------------- ------- - ---------- 1110 
#6 5 Muskingum K: _ _ ______ _ ___ _____. ___ 

- ------ - --- 8. Lar;e gUlli~~ dlversl~~s, andi;;---- --- 0.84---- 125.00 14,917.00 2.740 1.512 
# 6 6 flowing streams _ _ ____ ___ _ _____ _ 

---- ----- - --- .--- -------------- --------------- -- - ---- - - 1 512 
#6 6 Muskingum K: _ __ __ _.___ _______________~___ _i--. ----.------- ------------- ----- --.- ----.- ---. 
#6 7 	 8. Large gullies, diversions, and low 0.84 125.00 14,917-00 2.740 1.512 

flowing streams ___ _ ._ ____ __ ______ _____ _
f-----.- --------------- ------- --.- - ---------- ---- - 1 512 

#6 7 Muskingum K: _____ _________.________..:_____
i----.------------------- ------.-- -.-------- -----.-.- ---

8. Large gullies, diversions, and low 0.00 0.00 0_00 0_000 0.000#7 1 
flowing streams 	 _ ___ _ _____________________________

f------------------------------------- ----- 0.000 
#7 1 Musklngum K: _________________._________._________ ___ ________ 

8. Large gullies, diversions, and low 0.00 0.00 0.00 0.000 0.000#7 2 
flowing streams 	 _________ ____ ______ .__.__________. 

--#~__~_~_ '-Muskl~~um K~==~=-=_=________.____________.____ 0.000 

4 8. Large gullies, diversions, and low 1.05 140.00 13,344.77 3.070 1.207 
#7 flowing streams ______________ _ __ _ _________________

f----.. - ------ - --------- -------.-------.--- 1.207 
#7 4 Muskingum K: .____ _ ___.___.________.___________.. __. 
---.~--.---.-.----------------.---------.----.--.-.---

8. Large gullies, diversions, and low 1.05 140.00 13,344.00 3.070 1.207#7 5 
flowing streams 	 _________ ._________.______ _______ _ ___. 

- ----.-----.----------------.------- ----..- ---- - 1.207 
#7 5 Muskingum K: ._____._ ___________ ._ ____________.________.--- -..._-_..-- --------_.-----------------------
#7 6 	 8. Large gullies, diversions, and low 1.07 158.00 14,716.84 3.100 1.318 

flowmg streams __ __.____ ___.____._ _________________..__
1----- -.-- --------- ---- ----------.----.-- ---- 1.318 

#7 6 Muskingum K: ____ __ _____ _________________________________ 
.._ -_.._ --------------------- - --

8. Large gullies, diversions, and low
#7 7 	 1.08 187.00 17,322.83 3.110 1.547

flowing streams 	 ________ ______________ _ 
r ·-·--- --·- - ------- --------------------·---·-------- ---- 1.547 

#7 7 Muskingum K: _ ______ ______ .______________ _________.___ 
f------------------~-------------------

#7 8 	 8. Large gullies, diversions, and low 1.08 187.00 17,322.00 3.110 1.547 
flOWing streams . ____ _ ___________ _______________ 

- - -..--- --- -------- - --------- - ------- ------- 1.547 
#7 8 Muskingum K: __________.___ _._._ ._ ___.. 

._-_ ._.--- -- -------------_._- --- - _._-- - ---------_._----
8. Large gullies, diversions, and low 0.74 50.00 6,729.00 2.580 0.724#10 2 
flowing streams _ _ ___ _____ ___.__.__.______ _...__ _ __ _._ _ _____ _.________.____ _ 

.-- - -------- -------- 0.724 
#10 2 Muskingum K: _.__.__ _______________ ._ ______...___________---- - - --- _..-----------------_._

8. Large gullies, diversions, and low 0.69 36.00 5,241.00 2.480 0.587#10 3 

-_#_l~__ ~~;-~~n;e~~::_===__==_=_~====__=__=__====-_~· . 
8. Large gullies, diversions, and low 069 36.00 5,241.00 2.480 0.587 

# 10 4 tlowlng streams . _____ _ ______._ _ _ ___ _________ .__ ___ _
f-----.-----.-- -------------- .. --- ...---------- - ..-.- 0.587 

#10 4 Muskingum K: ._ ____... _._ _____ _ _...__ .._ __.___.___...._._ _._____ .____ .__.1-------- ----_.._---- ----- - --_._-_._._-
8. Large gullies, diversions, and low 0.69 44.00 6,399.00 2.480 0.716#10 5 flowing streams 

---._-_._ --_.__.__.._._--_._.. _ ._------- _ .._ --- ----- _.- ---- _..-... _...._
#10 5 Muskingum K: 0.716 
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--- - -_.._ --- ..------ --- --------- -------- ------_.----------------- ----- -------- _..------------_._ -. 

strii VerLDist. • . Horlz: Dist . Velocity .. . .' ; lime (hrs)SWS ·. LandFlow Condition. -- Slope(%) ' (ft) . (tt) - - - •. ' -. (fps)# #. 

8. Large gullies, diversions, and low
#12 2 8.24 111.00 1,347.00 8.610 0.043

flowing streams _ ___________________________ ___ ________ __ _______ _____ _______ 
- - ------ -- ---------- 0.043 

#12 2 Muskingum K: ______________ __ ____ .___ _______________ ________ 
----~-----------------------

8. Large gullies, diversions, and low 8.01 109.00#12 3 1,360.00 8.490 0.044
flowing streams __ __ ____________ ___ ____ ________ 

--#- M~-sk-ingu~-K~--------·------- -_~ _ ____ ___ ___ _ ________________ _ _ _1-2---3--- ___ -. -__. ~:0_44 
------ -------.- -------------- - -----

4 8. Large gullies, diversions, and low 2.24 176.00 7,866.00 4.480 0.487#12 
_.-!1~~ing s~~ea~~_____.______ ____ ______. _ ___ __ __________________ __________ 

#1-24-- Muskingum K: __ ___ __ _ __ ____________~~~7 
8. Large gullies, diversions, and low

#12 5 2.24 176.00 7,866.00 4.480 0.487 
__.~~ing ~~~am~__________ __ ____ ._________ ____________0__________.____________ 

_#1~___~_._ Mus~ing~m K~_____________ _ _________ _ _________ ___________ ~___________ 0.487
0 ___ _ _ 

B. Large gullies, diversions, and low 1.34 54.00 4,025.00#13 2 3.470 0.322
flowing streams ________0______ __.__ _____ ____________ _________ 

--- - ------ ----- ----------- - 0.322 
#!:~__ ~__.!:!.l!sking':'..~~~___ ______ _____ _________ ___ _ _ _ _ _ ___o___________ ______ __________ 

8. Large gullies, diversions, and low 0.98 72.00#13 3 7,333.00 2.970 00685
flowing streams _0 _______ 0___ ______ _0_ ________ ____ 

--..--- ----------------.- - - ------ ---- - 0.685 
~_~__ ~___ ~~skin~um __~_:_ _____________0. _ _ _ _ _________ ________ _ ____ _ 

#13 4 8. Large gullies, diversions, and low 1.18 127.00 10,806.00 3.250 0.923 
__ __ __!Iow~~~ str~ms ______ _____ _ .______ __ ___ _______ .__ _______ __.___ _ __.___._ 

_!13 __~_.__ ~~ski~~um_~_______.__ _ ___.__ _______ __.____ __._ ________ _._.. _ __.___.__ _ 0.923__. 

# 13 5 80 Large gullies, diversions, and low 1.18 127.00 10,806.00 3.250 0.923 

- _ .._ __.__ _flowl~_~ streams -------- ------.-------.-------------- --------------------------0.923 
#13 5 Muskingum K: ._ _ ____ ________ .__ __ 0 _ _ _ __ __ _ _ __ •___ __ _ ___ __ 0 _ __ _ _ _..-- -- ---_.--- ---- _.----- ------_. 

8. Large gullies, diversions, and low
#14 1 0.00 0.00 0.00 0.000 0.000 

flowing streams ___.____..__ ___ __________ .__.___.__ _ ._._ .______.. _ ____ _ _ _ _.__ ___._ ___ _ _.. 

--#14 __ ._ 1 M~~~ki~-g_'!;-~:=~~___ _______ .______~_.__ ..0 ~.o~~_ _ _____ _ _ ___ • ___ __ _ _ • • _ __ 

8. Large gullies, diversions, and low
#14 2 0.83 58.00 6,957.00 2.730 0.707 


___________ ~~win_~_stre~~__. _ ______._ __.__ _________----- .--- --------.- - --- ..-.---0.707 

_f!14 __..!__t<:!~ski~um ~____ _____________ __._ ___________._ ._.__ • __ • • _ ___ • ___ • ____ • __o __ __ _ • _ 

8. Large gullies, diversions, and low
#14 3 0.81 77.00 9,480.00 2.700 0.975

flowing streams 
----- --.---.------ -------.. - - ----------.--------- -- -.- --·------- -------- ----0:975 
___#14__ .~____~us~~ngu_~~___._ ____ _ . ________._._.____ _______ _.__ ..____ ._.._ __.______________ 

#14 4 8. Large gullies, diversions, and low 0.86 147.00 17,117000 2.770 1.716 
flowmg streams __ _ ______.___0_._ __ _____ _ ___ ______ 

#-14---4--M~~king~m K;---- -------------- ----·-- - - 1.716 
----- ----- -..,- ----_.•- --._- --- ---.- ...._ ----------- . - -- --- - .---------- -- ---_.

8. Large gullies, diversions, and low
#14 5 0.88 175.00 19,934.00 2.810 1.970flowing streams 

. .---- --- .--- -------- - -- - --- -.-- - .-- - .-----.-------- - - - --.- - ..--0..----- ------.-. .
#~~._ _._~_ __Mu~_~ing':l_m K~_ ________ _ _ ___ _____ .______ ____ _.___._ _____ _______..___1_..970 
#14 6 8. Large gullies, diversions, and low 0.95 211.00 22,155.00 2.920 2.107 

____..____ flo~I~~~_~ams_.___ __ _____._______ _._______ .------~-----.. ---.---o-----o-...------.---- ."i107 
#14 6 Muskingum K: ______ _____ ____________ ___ _________.0 _ _ ___• _ -------_._-- ---------- -._- - ----- -'.------------.._._

8. Large gullies, diversions, and low
#14 7 0.96 257.00 26,835 .00 2.930 2.544 

~ _ flowing streams_ _ _ _ __o ____ _ ___ .._ _ __ _ 0__ ___ ___ __ . _ _ _ _ _ __ _ .____ _ _·_··· _ · __ ~_ ___ _ _ _ _ _ _ _ _ ••_ __ _ .. _ ____ _ _ 

~~____7_ _~u=_kin~~~~:__ . __ ___ ____ _ _____ __________ _..____________ _____.._0_. _ __ _ _•__ _• ___ ____ _______ ~:544 

8. Large gullies, diversions, and low 0.96 257.00 26,835.00 2.930 2.544 I#14 8 
flowing streams J --....--- - .-.-------- -------.- -..-------.----- ..-- ----....--.---------- --- ------ --.-..------- ----------------..-- - -;l

I #14 8 Muskingum K: 2.544 
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--.- --------- - ----_ ..--------_._...,.- ---- --.-.-- 
. . . . ' Stru SWS . 	 vert. Dist. • HoriZ. Dist. Velocity 

# ' # L. and .Flow Condition . Slope (%) 	 . eft) . Time (hrs)(ft) 	 (fps) 

#14 9 	 8. Large gullies, diversions, and low 0.95 307.00 32,l'!6.59 2.930 3.047 
flowing streams _______________.__________.._..___ _ 

.._#14~=_ 9 .•~~~~~: ~:===:~=~__==__= :__.__..___.______...__....___~~~~7 
8. Large gullies, diversions, and low 096 339.00 3538200 2.930 3.354 
flOWing streams _____.._ _ ._.._.___...... ____....___ _ 

#14 1O . 	 ., . 

Y1-;- __ 10--'~~;~; ~~._===__-==~=:==:=-~~___________....____.__~:.~.~~.. 
8. Large gullies, diversions, and low 0.00 0.00 0.00 0.000 0.000#15 
flowing streams 	 __._ _____________._..__ _ 

_._----_..---',-----_.- - - - ---------.------.-.._._-------- -----
#15 1 Muskingum K: 0.000 


8. Large gullies, diversions, and low 1.14 86.00 7,535.00 3.200 0.654#15 2 
flowing streams 	 _____ _ _ _,_____ _ ..._..___ _ _______ 

---.---.-----.------------~---------. - ---------------	 0.654 
#15 2 	 Muskingum K; 

-_._-_._._- - - -----------------.._----------_..._------ ---- - ---_. 
8. Large gullies, diversions, and low 1.25 115.00 9,236.00 3.340 0.768#15 3 
flowing strea~_s_______•______ _.._____._________ _______ __._ _ _ ..___ _______ 

.,_i!_1_5_...._3 _ Mu~.ki"-gum K:..____ .... .._ ___ .._______ __. ___. _ 0.768_ _	 _ ..... ..___. ____. _ _ ____..___________ 

8. Large gullies, diversions, and low 0 58 24.00 4,161.00 2.270 0.509# 16 2 	 flOWing streams . 

r-"-- - - .---- --:------- - -----------------.--.------..--------. ------..----..-0509 
#16 2 Musklngum K: 	 __..____________ _ _ ..______ .___.___..______._1---------_._-------------_._--_...- _ ..--_....__.._---

8. Large gullies, diversions, and low 0.51 37.00 7,269.00 2.140 0.943#16 3 
flowing streams 	 __..__........___..____..__________ 


-----------	 --. --:-..----- ----------.--..--------..- ------..--.- - 0.943 
#16 3 	 Musklngum K: .__ _ _.___...____ ._ _ __..__ ______1------------....--_._-_.._--------- --_.._--.._---- 

8 Large gullies, diversions, and low 0 00#17 1 '. 	 . 0.00 0.00 0.000 0.000
flOWing streams 	 ___.._______._ _____ 

f---------....-....---:- ----.- ------.....- ..---......- ..- ----------------.-.--.. .- ... 0.000 
#17 1 Muskingum K: .__.-..._ _ _ ._ _ ____ _____ _.._-_....._._--_._,- --- ----_.....-_...--.._- --_..-----_ ..__._------- 

8 Large gullies, diversions, and low#18 1 '. 	 0.00 0.00 0.00 0.000 0.000 
flOWing streams 	 ____.... _._____ ._________...._....._ 

,-----.-..--- - ----. ..-- .-.-------..--...--......-----..- ..----..-- 0.000 
#18 1 .Mu~~ngu~~_..._ _ ___________________________._ ._____..___..____._ _ ....._______...._____ 

8. Large gullies, diversions, and low 1.02 62.00 6,103.00 3.020 0.561#18 2 
flowing streams 	 _____...._________....__r------·- ..--.. ...- - - --.---------.---..-----------------... 0.561 

#18 2 Muskingum K: _____._ _______.__ _._.._________ ---------- '•.._----_.._----------------------------.
8. Large gullies, diversions, and low 17.00 3,605.00#20 2 	 21,205.88 12.360 0.476
flowing s_tr__ea_m_s_ _ __ _____..____________....______ ..__.____________ _ ____._______.__~ 

-;2-0-2--- Muski~~um K: 	 _________ _ _ __._~:~ 
r-- "- - .. -.. ..----- .-- --------- .- - ------- ..---..- ....--.....---------..... 

8. Large gullies, diversions, and low 0.00 0.00 0.00#21 1 	 0.000 0.000
flowing stream:__ __________________________________._________.___ _____..______.__. 

~-------.-.------ 0.000 
#21 .~ .___ Mu~~~gum K:.___ ...._________.. .._..___ __......_______ _.._.. __......__ __..___._____...__ 
#21 2 8. Large gullies, diversions, and low 0.41 20.00 4,824.00 1.930 0.694 

f---... _.__~?.wln~ str~~~____ __._._ ..___...___....___... _____....__ _ .._ _ _ ..._ _ .___ .._ _ .....--...--0:694
#21 2 	 Muskmgum K: _....._ ....__.._..__...__.._ _ _ ......___..__.._.......___ __..__..._...._____.
-_._.-----_...----_._--- _._-_.__ .. 

8. Large gullies, diverSions, and low 0.36 20.00 5,626.00 1.780 0.877#21 3 
flowing streams .._ .._.._ .._ ......._ ..____......_.. __...__....._ _ ___ ____. ._ _ ..__.....____..... 


#21 3 Muskingum K: 	 _ _ _ _.__ _ ._._ _____....__ _ _ .___ ._.__ __~~~?!.. 
--.~-----~ .-------.~--- ..---....--------..-... ---.~ 

8. Large gullies, diversions, and low 0.36 20.00 5,626.00 1.780 0.877#21 4 
flowing streams 	 ......_ ..._._ _ _ . ....___........_ 


j-------,---- ... ---.~,,----- .. .--..----.-.""-.- ..-----.. -	 0.877 
....i!~.~~~~.~~gum ~:__. ..___ ___._ ___ ....___ _ .... __ _ __ ___ _ .._ __.._ ...._ ___...._ 

8. Large gullies, diversions, and low 0.00 0.00 0.00 0.000 0,000#23 1 
flowing strea'::.:....._.. _ ______....__ ___..._ .. ________________ _ _ ._ __ ___........ _
}-_ . ... 

0.000#23 1 	 Muskingum K: 
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--------.---~- ...---.....-..- --

Vert. Dist. Horiz; Dist. VelocityStru S-WS Land Flow Condition Slope(%) Time (I')I'S)
# # (ft) (ft) . . (fps) 

8 Large gullies, diversions, and low 063 30.00 4771 75 2.370 0.559#23 2 ' . ., . 
~-----..~~~ stre~~_s- .-..--- -.-------.---------.------ ------------- ---..- - ---.---- ---.-----0:559 

#23 2 Muskmgum K: _____ ..____.._. _ __________.___.___.._____ _._..___1---..- - ------_._-_ ....--_....-.. _-_._._- - -------_._
#24 1 8. L~rge gullies, diversions, and low 0.79 180.00 22,769.00 2.660 2.377 

~;2~. ---i~. _ ~~~~~n;;~;!.....=~=____==_:==~=--=-==-_=_=_---=-__=_--===__=~----2.~ 

#24 2 8. Large gullies, diversions, and low 0.78 180.00 23,111.00 2.640 2.431 

1--____.__..___ flo~!_~~strea.~~_ _._..__ ... ____._ __________.____.___ __.___ _ _.._..- -.--.--...-....--- ...- --.-2.431 
#24 2 Muskingum K: ______....____._.__._____._______.._ _._.______ ....___._ __ _ 

.._--_.. _------ _._-- -..- - --- - -.---
8. Large gullies, diversions, and low 0 00#M 4 . . 0.00 0.00 0.000 0.000 

f------ ---- flOW~~_~-~tre~~~---.--.----- ..-------.--------------.--- --.-.------..---.---- -----..---O~OoO 
#24 4 Muskmgum K: 

8 Large gullies, diversions, and low 1 99 104 00 522000 4.230 0.342# 25 1 '. .. ,. 
f--- - ----- flO""-I_~~ stre~~~__ _...._.._ _ ____.__.______________.___ __.______...------..------- ..- .----..0:342" 

___#25 _ • _ __1 _ _ ___Muskmgum___ _ _ K:_ u __ .._____.___ _______.._._._ _.... ___________ ..__ ... __ .._ _ ____..._ _ _.._ __.. 

#25 2 8. Large gullies, diversions, and low 1.99 104.00 5,220.00 4.230 0.342 

~!~_~~=2-~~~::n:~;;:: .~=_=~~====~~=::~.=~=-:=_=_=.==~~ 

8. Large gullies, diversions, and low 0.00 0.00 0.00 0.000 0.000#25 3 
flowing streams .._ _ ___ ._________ ____.___ ....___ ______ _ ________ _ .... __ __... ____....____ _ 

~!~5 --" _~___ ..-M~~_~n~~-~ ..~~ .. _.._ ____.._________...._. __._..__...________ ____..___...___ ....__... ___~_:~ 
#27 1 8. Large gullies, diversions, and low 1.38 216.00 15,629.00 3.520 1.233 

_____..____~~lng ~~~ms___ _ ..____________ _.______ ___.. ___..._ _____..... ____..... ________ ...._.._______.. _ _ -j 

#27 1 Muskingum K: __..._._ ......___.____ ......... __....__.. __..____._ .._~:..~ 
f-- ----...---------.- ..--.- .- --.-.---..-...-..----- -
#27 2 8. Large gullies, diversions, and low 1.17 144.00 12,301.00 3.240 1.054 

r-#~~___---2·:_.__~?~~~:~~1~;:.__ =~_=_-=~_=_==-==--_=~=~~=_=~~:~~_:~=:~ :~---1~~ 
8. Large gullies, diversions, and low 1.18 76.00 6,454.00 3.250 0.551#27 3 
flowing streams .__ ..._._____..__.._ _ .._ __ ......_________._ ___..__....._._.._..__.._______ ...__ 

r-------...- ..--..--....- .......---.- 0 551 
#27 3 Muskingum K: ...__ ____ ___.._.___ _ ....____ ___..___.___~___..._..- _._-- - -_..._-- - --_.._ _.._.._ .._-_.•._ .......-----_._---_.._._ 

4 8. Large gullies, diversions, and low 1.18 76.00 6,454.00 3.250 0.551 
#27 flowing streams ___ __..________.._ ____ _...._._ ..____ __.___ ...___ .__.__....- .._---_..._ -_._._---- - --_.._ --- -------

0.551#27 4 Musklngum K: _...__ __.. __._ _ __ ...____.....__.__..____.__------------ - - ----".--_.._--- ---_ .._ ------- --- -_._.--- ---- _ ._----_.
8. Large gullies, diversions, and low# 28 1.30 84.00 6,445.17 3.420 0.523
flowing streams _________ __ ..._ ___.____ _________________ ______.._- -----... _._ -------- - - - - ----._-------- _._

#28 1 Muskingum K: _ _ _______ ____._ ____ _______ __ _____ __ ______.__ ..______~~~..---- ----------_._- - -- _.-- - _..... --- _. 
8 Large gullies, diversions, and low#29 1 ' . 0.88 37.00 4,210.00 2.810 0.416 

I-------__ __ ...~~~~trea~~._ _..._..._ ______.. __.. __...__...__ ...__________________ __.__ .._ _ ___._ _ _____._..__._____ 

#29 1 Muskingum K: _ _ ____________..._ _________ _..____.._ _ .._. ____._ ._ _ ______... 0.416.--- - ------ ---------- .. -.-~-- ---~-- . 

8. Large gullies, diversions, and low
#29 2 0.88 26.00 2,949.00 2.810 0.291 

~~9 ...... ..~_=--~?~~i~:~e;7~·-_=.-~=___=_~==~==.-~==~.·====·=._==~-=-~==__=~~==~:.~~ 
#31 1 8. Large gullies, diverSions, and low 1.35 76.00 5,639.00 3.480 0.450 

::~31___---1 _____~~~;~~:~e~~: ===-=-=-=-=-===~:~===-_=~~--=~ __O'450 
#31 2 8. Large gullies, diversions, and low 1.15 20.00 1,734.00 3.220 0.149 
' flOWing streams _____ _ _____ _.___ ._ ._____ ___ __ ..._...__.__...__.._ 

·#31--"2"--M~;ki~~K:------------------·- ·-- 0.149 

---..------.-~-----..- . ---- - .- - --- -
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Stru SWS 	 Vert. Dist. Horiz. Dist. Velocity
Land Flow Condition .SloPe (%) 	 Time (hI'S)

# # 	 (ft) (ft) (fps) 

8. Large gullies, diversions, and low
#34 	 0.73 65.00 8,900.00 2.560 0.965

flowing streams 
-_..._ ---------_._ --_._- - --- ------- ------ - - -_.. _._ --------- --

#34 1 Muskingum K: 	 0.965 

8. Large gullies, diversions, and low
# 34 2 	 0.73 65.00 8,900.00 2.560 0.965

flowing streams - --_...--_..._------ --- --_ .. _ ._....-_ ...._.... _--------_... - -..-.. _-- - ---- -_._... __.... _...- - _ .....------------ 
#34 2 Muskingum K: 	 0.965 

8. Large gullies, diversions, and low
#36 3 	 2.71 80.00 2,957.00 4.930 0.166

flowing streams ...._ ........-_... .. _--- ----_._.._ .._----_..-- --...... .. _ _.._-_ .---- .. __...------..----.._ - _.- .._-----_ .. _-- -_. .. 
#36 3 Muskingum K: 	 0.166- --- ---- _ .. _------------------_.._--- ......_ ...-- ..--- - -_._-- _.----_ .. _-- - _._-_... .._--... 
#37 2 	 8. Large gullies, diversions, and low 0.29 30.00 10 319.91 1.610 1.780 

flOWing streams ' .-.. _----- - _... _---- --- ...... __......_- -_.._ -------...._ --._---_...----..--_.. _ -..-----..- ....... _---_.__.
#37 2 Muskingum K: 	 1.780

1------_.._--- ---_..._--_ ._-- ------_.. _..- _ .__ ...-..._ _.---_.. _-- .....------ ----..- .....- ...---......- --..---

#37 3 	 8. L~rge gullies, diversions, and low 0.31 30.00 9 800.71 1.650 1.649 
flOWing streams ' 

f-..- - -..- ---- --- ---- ..---- ....- ..---.........- - --..- --....- ....- --.- --- - - - - - - - - - -- .....- - - -.. ..- .. 
#37 3 Muskingum K: 	 1.649 

8. Large gullies, diversions, and low
#37 4 	 0.29 30.00 10,319.91 1.610 1.780

flowing streams 
r--.....---.....----.- ---...- --- .. - ......----..... - - ..-- ----- -....-.. ...- .... --- . ...--- --.. --..- .. - --..- - - .. - .. -.. - ----.-

#37 4 Muskingum K: 	 1.780 r---- -- ..-----..-- - - - --------------------..- -------.-.- .. - .---- -..---- .-- -.....- ..- --- 
#37 5 	 8. Large gullies, diversions, and low 0.56 100.00 17956.54 2.230 2.236 

flOWing streams ' 
1---_ .._ - ......_- - --- - -- - -_._-......_-_...._------_.. _--_......_ _...._ --..- - ------- ------..- --...- - 

#37 5 Muskingum K: 	 2.236 
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General Information 

Storm Information: 
Storm Type: Type IT-60

1------------ ------- --- -....
Design Storm: 25 yr - 6 hr ._ ----_._---_._----.__._.

Rainfall Depth: 1.600 inches 

..•._--- _._-.. _ - - - ------ ----- - - - - -_.-.. _-----
Filename COTTONWOOD _premine_rev Jan20Q7 .sc4 Printed 02-01-2007 
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-	 ----_._--------- _._ - ---------- _._----_.._ --- --------- ----------------------_._._-- 

Structure Summary: 
". .. •. •. immediate " . •• . . Total •••.',. .. .. .. .. . .. . Total. . 

co.ntAt· . .•.9• contrA tin9 < i~~~ge •... Runoff . '.. ··.	 . . .r.i.bU·. t l.·n .• ' .' ribeUa·•. . ~ · D. .e. 
ea	 > Volume · 

(ae) . · .(ac)< .. .. ... '•• '. (ds) .' . · .(~c~ft) 

#30 476.400 476.400 20.29 4.54 

#28 1,217.900 1,217.900 424.40 68.00 

#26 2,486.400 2,486.400 99.26 38.78 

#24 8,061.800 8,061.800 143.61 112.28 

#25 1,015.700 9,077.500 147.45 138.55 --- --_._ ------- --------------- 
#27 1,783.700 13,347-600 319.11 223.74 ------- ------- -------------- ---.
#29 966.000 15,531.500 673.55 344.54 

#32 293.700 16,301.600 697.34 369.21 

#31 957.100 957.100 395.36 62.12 

#33 0.000 17,258.100 785_16 431.33 

#34 932_500 18,191.200 818.88 481.33 

#5 2,023.000 2,023-000 540.04 94.54 
----------_._--.---------"-------------- ---

#6 1,743.200 3,766.200 575_19 181.93 

#7 2,395.300 6,161.500 982.59 341.46 

#8 0.000 6,161.500 982.59 341.46 

#10 1,053.200 7,214.700 1,026.78 400.15 

#1 2,411.100 2,411.100 450_10 89.93 

#2 1,497.000 3,908.100 539.84 181.84 

#3 862.700 4,770.800 673_76 226.50 _ ._ _._-- ------_..---._----- ------------- ---- ._-
__.!!~___ ____ _0:~_~0______~,77~~~_~?__~73.7~__ ~~:_~ 

#9 425.500 5,196.300 707.87 255.01 

#11 0.000 12,411.000 1,567.95 655_16 
_._ --------------- -- -._-------------------- 

#21 1,080.800 13,491.800 1,637.22 712.16 


#18 848.500 848.500 210.88 42.35_ _ __u ______ • ______ _ ___ _ ______ _ • _ _- --_ . 
#17 182.200 182.200 128.80 12.48 

t--------- ----- ------------------------------.---
#19 0.000 1,030.700 301.55 54.83 

#15 1,992.700 1,992.700 484.43 95.22 

#12 3,494-500 3,494.500 276.49 72.29 
-------------.----------.--.-- -----------------

#13 2,720.700 6,215.200 528.75 128_90 

#14 5,096.800 11,312.000 706.02 346_80 

# 16 876.500 14,181.200 1,014.86 501.20 
------._.--------------"._ ----- - -- ---------- - ------ 
#20 681.900 15,893.800 1,080.51 600.87 

#22 ____.. _ ___ _~?_?~. __ ..~_?~385 .6?~__ 2~~_?~.. _~~_ 
#23 752.900 30,138.500 2,593.51 1,351.53- - - - --_ .....---- _ .__ ...." ......_ ..._-_..__ .- .._---_.._ -- -- .---- -- ~ - -~	#35 0.000 48,329.700 3,267.78 1,832.86 

#36 891.700 49,221.400 3,263.49 1,865.82 

#37 2,208.500 51,429.900 3,234.48 1,949.23 

._ ..._ - _..._------------ _ .._--- ---- - 
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Structure Summary: 

.. •Immediate .Total .. Total

Peak•• .Contributing cOntributing Runoff 
. . .• Area . . . Area · Discharge Volume 

(cfs)
Cae) (ae) (accft) 

#30 476.400 476.400 32.83 6.99 

#28 1,217.900 1,217.900 525.53 83.61 

#26 2,486.400 2,486.400 143.85 55.25 
- ------------------.-- ----- --
#24 8,061.800 8,061.800 208.85 162.63 

#25 1,015.700 9,077.500 214.09 197.55 
---------------- ---- ...... ------~-------------. 

#27 1,783.700 13,347.600 423.24 314.60 

#29 966.000 15,531.500 856.40 463.26 

#32 293.700 16,301.600 887.94 494.50 

#31 957.100 957.100 482.72 75.24 

#33 0.000 17,258.700 973.26 569.73 

#34 932.500 18,191.200 1,013.26 631.43 
---~----------.------.----------.---.---.-------

#5 2,023.000 2,023.000 673.75 118.20 
-----'.-------------------------- --.-------------

#6 1,743.200 3,766.200 718.40 226.70 
-----------------------------------_._-----
#7 2,395.300 6,161.500 1,214.13 419.42 
._--------_._----- --------------
#8 0.000 6,161.500 1,214.13 419.42 

#10 1,053.200 7,214.700 1,264.38 491.32 

#1 2,411.100 2,411.100 576.49 114.84 

#2 1,497.000 3,908.100 683.05 226.67 
.------------------_.'._------------ -_.,------

#3 862.700 4,770.800 828.28 281.95 

#4 0.000 4,770.800 828.28 281.95 

#9 425.500 5,196.300 868.93 316.37 

#11 0.000 12,411.000 1,927.22 807.69 
------ ------------.-----------------

#21 1,080.800 13,491.800 2,011.10 878.14 
----------.----------------------"._--_.--------

# 18 848.500 848.500 267.05 52.51 

#17 182.200 182.200 155.60 15.04 

#19 0.000 1,030.700 366.68 67.55 

#15 1,992.700 1,992.700 608.76 118.63 

#12 3,494.500 3,494.500 379.69 99.03 

#13 2,720.700 6,215.200 721.87 176.27 

#14 5,096.800 11,312.000 942.87 450.84 
- - .--.-------------.----. -- -------0_---..-----.---.----

#16 876.500 14,181.200 1,258.26 640.88 
--------..._---._------ ---_.----------------------_...--------

#20 681.900 15,893.800 1,337.03 762.67 

#22 0.000 29,385.600 3,203.79 1,640.81 

#23 752.900 30,138.500 3,200.38 1,688.52 ' 

#35 0.000 48,329.700 4,045.08 2,319.96 
-_ ..----_.----,--- ----------- --- ---- ------ - -- _.._-

#36 891.700 49,221.400 4,039.79 2,362.07 __....___ .__ .____ .__.__._ ___._.___.._ ._..__________~__._____ - 00_-- 
#37 2,208.500 51,429.900 4,005.46 2,468_74 
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Structure Summary: 

#30 476.400 476.400 48.15 9.85 

#28 1,217.900 1,217.900 630.72 99.84 

#26 

#24 

2,486.400-----
8,061.800 

- 2,486.400- -
8,061.800 

- 194.88 

283.23 
-----. -- 73.81 -

219.79 

#25 1,015.700 9,077.500 289.91 ----- -- 264.16 

#27 1,783.700 13,347.600 536.81 416.52 

#29 966.000 15,531.500 1,051.27 594.15 

#32 293.700 16,301.600 1,091.37 632.47 

#31 

#33 

957.100 

0.000 

957.100 

17,258.700 

573.16 
----.

1,188.90 
-

88.75 
---

721.22 
-----------------~----

#34 932.500 18,191.200 1,217.27 795.10 
--------~------

#5 2,023.000 2,023.000 815.52 143.06 

#6 1,743.200 3,766,200 868.02 273.64 

#7 2,395.300 6,161.500 1,455.93 500.51 
- ------ - ------- --------.-------
#8 0.000 6,161.500 1,455.93 500.51 

#10 1,053.200 7,214.700 1,512.16 586.13 
--- -------- -- --- - -- - _ ._. 

#1 2,411.100 2,411.100 711.39 141.39 
------------- ---_ ._----- -

#2 1,497.000 3,908.100 834.50 273.80 

#3 862.700 4,770.800 988.87 340.16 

#4 0.000 4,770.800 988.87 340.16 

#9 425.500 5,196.300 1,036.48 380.66 
--- ---------- - - -_._------_ ..-- - - -

#11 0.000 12,411.000 2,314.22 966.80 

#21 1,080.800 13,491.800 2,400.12 1,051.28 

#18 848.500 848.500 326.50 63.15 
-- -----------._------------ - ---- - ---1 

#17 182.200 182.200 182.95 17.67 

#19 0.000 1,030.700 433.80 80.82 

#15 1,992.700 1,992.700 740.10 143.20 

#12 3,494.500 3,494.500 493.90 128.59 
-- - --_._------ --_._----.--- - 

#13 2,720.700 6,215.200 935.07 228.65
.____ _______ __~ _ _ ....____ ___J ____ 

# 14 5,096.800 11,312.000 1,201.98 563.09 

#16 876.500 14,181.200 1,513.07 790.26 --- ---- ------------ ------_._--_._---
#20 681.900 15,893.800 1,605.07 934.99 

#22 0.000 29,385.600 3,839.19 1,986.27 

#23 752.900 30,138.500 3,834.77 2,043.61 

#35 0.000 48,329.700 4,859.19 2,838.72 

#36 891.700 49,221.400 4,853.45 2,890.59 

#37 2,208.500 51,429.900 4,813.30 3,022.02 

----..__._._.__...._- -_..._ ......-_ ..•...__._-.. --- -_.._--- - -_.. .._----...-_.._-_._ .-... 
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Vegetation is sampled during the last two years of the liability period and as often as needed in 

the interim to determine trends of successful revegetation. The sampling is done from June 

through October. 

 

12.2.2 Backfilling and Grading Schedule 

 

SMCRA regulation state backfilling and grading activities “shall occur as contemporaneously as 

practicable with mining operations” (30 CFR 816.100).  BNCC use the following guidelines to 

define practicable backfilling and grading: 

• Sufficient equipment capacity and manning levels to sustain constant progress backfilling 

available areas simultaneous with mining operations 

• Holding equipment and manning levels at a steady rate (not hiring or laying off extra 

people to meet  demands caused by short term fluctuations in available regrade volumes). 

• Allowing spoil material that is reserved to fill final pits and ramps to remain ungraded in 

place until the final pits or ramps are available to fill (not double handing material to 

develop out-of-pit spoil dumps)  

BNCC provides information for short term and long term backfilling and grading. Both of these 

sources combined constitute the backfilling and grading plan.  

 

Short term information is provided in EXHIBIT 12-32a and 12-32b.  EXHIBIT 12-32a shows 

detailed regrading, mitigation and topsoil areas by year for three years.  EXHIBIT 12-32b shows 

detailed revegetation and irrigation areas by year for three years.  BNCC meets with the OSM 

Navajo Mine Team on an annual basis during the 4th quarter of each calendar year. At this 

meeting, BNCC presents these exhibits with the regrade commitment for the next calendar year 

and a general outlook at the following two years.  This meeting informs OSM and other agencies 

of the sequence of reclamation activities and solicits approval of EXHIBITS 12-32a and 12-32b, 

which are then updated in the permit each year. 

 

Long term backfill and grading information is provided in TABLE 12-2 and FIGURE 12-2-1. 

TABLE 12-2 show the approximate volume of material placed in final regrade of Area 2 and 

Area 3 by fiscal year until all pits in those areas are completely regraded.  Disturbed acres in this
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 table are based on EXHIBITS 12-1 through 12-3, Permit Term Disturbance Schedule. FIGURE 

12.2-1 shows a summary schedule for the final regrading of Area 2 and Area 3. The bars represent 

the cumulative fill volume available for final regrade i.e. final pits, ramps or fill areas. The lines 

represent the planned volume to be placed in final regrade in that fiscal year. FIGURE 12.2-1 and 

TABLE 12-2 do not provide information on the number of acres completed as “final regrade”, 

regrade acres are provided in EXHIBIT 12-32a and 12-32b. The volumes presented in TABLE 

12-2 and FIGURE 12.2-1 are general estimates based on the current mine plan and may be 

altered due to unforeseen significant changes  

 

There are several factors in determining the appropriate timing for contemporaneous reclamation to 

be completed.  Five examples of these factors are explained below. 

 

1. Pit Backfill    A buffer of approximately 4500 feet from the centerline of the final pit is 

required to leave enough cut material to backfill the final pit to FSC elevation. In order to 

successfully time the backfilling of pits, some spoil material must remain in place until their 

final resting place becomes available for regrading to the final surface configuration (FSC). 

This material is required for backfilling the ramps and pits, and will not be moved until the 

designated location for that material is available to be filled. 

 

2. Drainage Construction.  The re-establishment of postmining drainages requires that some 

acres not be regraded during active mining, but regraded after the area is inactive. This 

allows ramps and pits to be backfilled to proper elevations to establish drainage either 

through the old pits and ramps or through other mined-out areas as dictated by the FSC. 

 

3. Maximization of Coal Recovery.  In some areas, the land must not be regraded until a later 

date in order to facilitate future coal recovery in adjacent areas. 



12-6 (6/10; 2/11)

Volume Moved 
(Bank Cyds)

Year Area 2 Area 3 Area 4

2010 6,113,331 4,602,065

2011 5,583,134 4,826,890

2012 4,249,955 5,770,431

2013 4,942,521 5,463,651

2014 5,452,429 4,064,407

2015 6,063,844 4,378,689 248,000                  

2016 3,759,176 6,781,872 1,140,000               

2017 2,500,000 8,308,488 2,330,000               

2018 2,500,000 7,354,127 3,320,000               

2019 2,500,000 10,775,504

2020 5,500,964 4,599,732 2,660,000               

2021 2,192,310 5,052,194 5,930,000               

2022 4,571,000               

Table 12-2

Regrade Volume by Area

Location

Estimated volume (cubic yard) of spoil material moved each fiscal year for cut and/or 
fill requirements to meet Final Surface Configuration (FSC)
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Figure 12.2-3
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Figure 12.2-4
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Table 12 - 8

Slope Distribution by Area for Pre- and Post-mining Topography

12-9e (9/06; 2/11)

AOC PRE Variance AOC PRE Variance AOC PRE Variance FSC PRE Variance
0-2.9% 47.2% 62.0% -14.8% 26.9% 34.9% -8.0% 50.1% 57.4% -7.3% 23.8% 49.3% -25.6%
3-5.9% 25.9% 23.4% 2.6% 28.3% 27.6% 0.7% 25.6% 18.7% 6.9% 12.1% 11.5% 0.6%
6-8.9% 12.7% 7.9% 4.7% 20.4% 14.3% 6.1% 11.7% 9.0% 2.7% 15.0% 9.3% 5.7%
9-11.9% 6.4% 3.3% 3.1% 11.6% 8.4% 3.2% 6.2% 4.8% 1.4% 27.7% 5.3% 22.4%
12-14.9% 3.7% 1.6% 2.1% 6.6% 5.1% 1.5% 3.1% 2.8% 0.3% 9.6% 3.5% 6.1%
15-19.9% 2.5% 1.1% 1.5% 4.1% 4.3% -0.2% 2.1% 2.8% -0.7% 5.3% 5.0% 0.3%
> 20.0% 1.6% 0.7% 0.8% 2.2% 5.5% -3.3% 1.2% 4.6% -3.4% 6.5% 16.0% -9.5%
Total 100% 100% 100% 100% 100% 100% 100% 100%

AOC PRE Variance AOC PRE Variance AOC PRE Variance FSC PRE Variance
0-2.9% 1,035      1,360      (325)        1,579      2,047      (467.6)     2,060        2,359        (298.9) 167 347 (180.1)
3-5.9% 568         512         56           1,660      1,622      38.5        1,052        768           283.6 85 81 4.5
6-8.9% 278         174         104         1,198      838         360.0      481           369           111.8 105 65 39.9
9-11.9% 140         72           68           679         493         186.0      255           196           59.3 195 37 157.8
12-14.9% 81           35           46           387         297         89.5        129           115           14.3 68 25 43.1
15-19.9% 56           23           33           240         251         (11.3)       85             116           (30.7) 37 36 1.9
> 20.0% 34           16           19           126         321         (195.2)     50             189           (139.3) 46 113 (67.1)
Total 2,193      2,193      5,870      5,870      4,113      4,113      704         704         

Percent

Acres

Area 1 Area 2

Area 1 Area 2 Area 3

Area 3

Area 4 North

Area 4 North
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12.3.3  Railroad Removal and Reclamation 

 

The railroad and service road will be removed when mining operations terminate or when the 

facilities are no longer required.  The current plan for completion of mining operations is 

scheduled for the year 2016, though it is highly likely that operations will be extended beyond 

this date.  The removal of the railroad will begin at the time of ultimate closure. 

 

Upon removal and reclamation of the railroad, all salvageable structures and equipment 

components will be disassembled and removed from the area.  The unsalvageable materials, such 

as concrete, railroad ties and unsuitable rail will be disposed of in one of the final pits or by other 

approved methods. The reclamation of the railroad and service road will follow the measures in 

CHAPTER 12, Section 12.3.2 steps 1 through 7..  The Big Fill removal will consist of hauling 

580,000 cubic yards of material to Hosteen Ramp 3 for final regrade material. 

 

12.3.4  Reclamation of Surface Water Controls 

 

All surface water controls will be reclaimed and drainages re-established according to the 

following procedures and the timetable in TABLE 12-1: 

 

1. Sediment from ponds will be analyzed for potentially unsuitable constituents prior to 

removal and reclamation.  Any unsuitable sediments from the ponds will be disposed of properly 

(CHAPTER 11, Section 11.2.5).  After a database has been established, a determination will be 

made as to whether future sediment analyses need to be made. In addition, in the process of 

reclamation, clay liners installed in certain ponds will be ripped and either (a) covered in-place 

with 4 feet of suitable (root-zone) material or (b) physically removed and disposed of in the 

active pit or the ungraded spoils.  In either case, the clay liner material will no longer hold water. 
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for control structures on permanent program lands, are provided in Chapter 12, Appendix 12-F 

and listed below in Table 12.3.7-1. 

 

Table 12.3.7-1 Drainage Control Structures 

Structure Name Location Structure Type Comments
Lowe Corner 3 Drop 
Structures NE Lowe Highwall Drop 

Structure
Gabion mats and 
grouted rip-rap

West Lowe Drainage 
Control Structures West Lowe Ephemeral 

channel Gabion and rip-rap
 

 

In addition to using drainage control structures, where appropriate and feasible, cattle may also 

be utilized to stabilize reclaimed land and minimize erosion.  Cattle grazing will be used to 

impact reclaimed land to reduce erosion by incorporating mulch and seed into the soil, and 

increase water infiltration by creating increased surface roughness with cattle hoof action.  

 

12.3.8 Reclamation of Ash Disposal Areas 

 

Between 1971 and January 2008 BNCC placed Coal Combustion Byproducts (CCB) from Four 

Corners Power Plant (FCPP) in mined-out pits or ramps at Navajo Mine.  BNCC does not intend 

to use CCB materials for future reclamation within the permit boundary. The following permit 

text is maintained for historical context. 

 

12.3.8.1 Ash Cover 

 

Following closure of an ash disposal area, a total of three meters of material was used to cover 

the ash.  This three meters of cover includes all topdressing and suitable root zone materials.  All 

reclaimed ash disposal areas incorporated positive drainage. 

 

12.3.9 Use of CCB in Backfilling and Grading 

 

In specific areas of the mine, Coal Combustion By-products (CCB) were used to achieve the 

FSC.  The targets for ash disposal were generally final pits and ramps.  The specific permanent
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 program lands are indicated on EXHIBIT 1-4.   
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12.9 DETERMINATION OF BOND 

 

The determination of the bond is an estimation of the maximum reclamation cost that the 

Regulatory Authority would incur in the event of bond forfeiture by Navajo Mine during the 

permit term ending in 2014.  Areas bonded include those areas which will be disturbed in the 

process of recovering coal from the permit area and those facilities that support the mine.  The 

following costs and procedures apply only for determining the bond dollar figure at year 2014 

and are not necessarily meant to represent current or future operational practices.  Direct costs are 

calculated in Worksheets 2 through 15 and are totaled in Worksheet 16 in APPENDIX 12-B.  

Indirect costs are applied as percentages of the direct cost in Worksheet 16 to achieve a total 

bond cost. 

 

12.9.1 Maximum Reclamation Requirements 

 

The point at which reclamation liabilities will be greatest occurs during the first year of the five-

year term ending in 2014 (see Worksheet 1, APPENDIX 12-B). The open volume of North and 

South Barber are at the maximum during year 1. As Hosteen and Yazzie pits progress, the final 

pit associated continually decreases in length. 

 

For the purposes of this calculation, the disturbed areas have been updated with aerial flight 

topography and merged with the bond post mining configuration. BNCC will evaluate, and adjust 

if neccasry, the bond amount based on significant permit revisions, mid-term renewals, and 

permit renewal periods. 

 

The amount of disturbance taking place during the permit term is primarily controlled by strip 

progression, which is shown on EXHIBITS 12-2 and 12-3. 

 

Mining activities will continue in Dixon, Lowe, Barber, Hosteen and Yazzie pits.  Additionally, a 

box-cut and strip progression will commence in Area IV North as seen in EXHIBIT 12-03.  Pinto 

pit will be reclaimed during the permit term.  Consequently Areas II and III are the primary areas 

for reclamation during this permit term. 
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12.9.2 Reclamation Costs 

 

Reclamation costs are calculated as shown in APPENDIX 12-B, Worksheets 1 through 16.  

Reclamation liabilities for permit areas will occur in Areas I, II, III, and IV.  It is assumed that all 

final bond pits will progress as scheduled as noted in EXHIBITS 12-2 and 12-3 and will be 

stripped to their lowest recoverable coal seam.  Reclamation activities will consist of the 

following: 

 

1. Facility Demolition and Removal 

 

2. Earthmoving 

 

3. Revegetation 

 

4. Miscellaneous 

 

12.9.2.1 Facility Demolition and Removal 

 

Facility demolition and removal of all existing permit structures on the mine site includes the 

industrial complexes; water pipelines, intakes, and loadouts; electric power lines; explosive 

stores; coal facilities; water control structures; transportation facilities; and miscellaneous  

structures.  A summary of demolition unit costs is presented in TABLE 12-B-1, APPENDIX 12-

B. Most of these costs were obtained from R.S. Means software “Cost Works 2009” Version 

13.0. 

 

All permit structures are tabulated in Worksheet 2 (APPENDIX 12-B).  Structure dimensions are 

taken from existing plans, while unit costs are from TABLE 12-B-1, APPENDIX 12-B.  The 

resulting costs are totaled in Worksheet 16, Item 1 (APPENDIX 12-B). 

 

12.9.2.2 Earthmoving



(5/09; 2/11) 12-47 

Topsoil required to achieve the 5.6 inch depth is placed over the remaining (unmitigated) 

disturbed surfaces in Area II.  This is available in stockpile and in-situ reserves.  Area II 

topdressing material movement is shown on EXHIBITS 12-23 and 12-24. 

 

12.9.2.2.5 Area III 

 

Generally, ramps and pits are used as drainages, spoil material is required from the Dixon Pit 

area for pit backfill in North Lowe, and Lowe boxcut material is graded to the west.  Calculations 

for material movement and scheduling were performed without the inclusion of Dixon Box-cut 

Exchange.  Pending negotiations with the Navajo Nation, an update will be submitted including 

the Dixon Box-cut Exchange. 

 

As seen in EXHIBIT 12-13, a considerable volume of material is to be pre-stripped, or truck 

stripped, before dragline progression into strip DX74.  For calculation purposes, this pre-strip 

volume was removed from the Post Mining Configuration and added to balance the Bond 

Surface Configuration (BSC) using Microsoft Excel.  The pre-strip volume is accounted for in 

spreadsheet calculations, however the cut block “Dixon PS” is not shown in exhibits. 

 

Cut and Fill contours for Area III are shown on EXHIBITS 12-19.  Area III regrade material 

movement is shown on EXHIBIT 12-22. 

 

Area III topdressing and spoil mitigation material movement required to achieve four (4) feet of 

rootzone (including 9.7 inches of topsoil) is shown on EXHIBITS 12-25 and 12-28. As with 

Areas I and II it is assumed that 2% of the disturbed surface areas will require mitigation. The 

remaining surface areas will receive only the 9.7 inches of topdressing.  

12.9.2.2.6 Area IV North 

 

Ramps and pits are used as drainages and spoil material is used to backfill designed open 
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pits and ramps using dozer and front end loader operations.  Cut and Fill contours for Area IV 

North are shown on EXHIBIT 12-30.  Area IV North regrade material movement is shown on 

EXHIBIT 12-30c.    

 

Material to achieve the required four (4) feet of suitable root zone material/topdressing is 

available in stockpile reserves in southern Area III.  It should be noted that in realistic scenarios, 

BNCC will remove topsoil material prior to mining, and stockpile such materials for use in 

reclamation activities.  The Bond calculations however, represent a “Worst Case Scenario”, 

where BNCC strips without removing topsoil material.  In this “Worst Case Scenario”, topsoil 

would be hauled using trucks from Area III. 

 

The suitable rootzone and topsoil movement consists of the mitigation of four (4) feet of suitable 

rootzone material over 2% of the surface area, with this four (4) foot total inclusive of the 

required 5.6 inches of topsoil as outlined in TABLE 12-4. 

 

Area IV North suitable rootzone material movement is shown on EXHIBIT 12-30e.  Topsoil 

required to achieve the 5.6 inch depth is placed over the remaining (unmitigated) disturbed 

surfaces in Area IV North.  This is available in stockpile reserves in Area III.  Area IV North 

topdressing material movement is shown on EXHIBIT 12-30d.  It should be noted that in realistic 

scenarios, BNCC will remove regolith material prior to mining, and stockpile such material for 

use in reclamation activities.  The Bond calculations however, represent a “Worst Case 

Scenario”, where BNCC strips without removing regolith material.  In this “Worst Case 

Scenario”, mitigation material would be hauled using trucks from Area III. 

 

12.9.2.3 Revegetation 

 

After backfilling the pits and ramps the bonded areas will be graded with graders and then these 

areas and facilities areas will be topsoiled as noted in previous sections.  After topsoiling, 

revegetation activities will initiate.  This involves seeding, crimping, mulching and irrigation. Costs 

are noted on APPENDIX 12-B, Worksheet 14(A-C). 
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Item Source Amount
Total Facility and Structure Removal Worksheet 2 8,224,864$                    
Total Earthmoving Costs Worksheet 13 99,330,498$                  
Total Revegetation Costs Worksheet 14 $13,527,793
Total Other Reclamation Activities Costs Worksheet 15 2,251,645$                    

Subtotal: Direct Costs $123,334,799
Mobilization and Demobilization 1.00% $1,233,348
Contingencies 2.00% $2,466,696
Engineering Redesign Fee 1.80% $2,220,026
Contractor Profit and Overhead 15.00% $18,500,220
Reclamation Management Fee 3.90% $4,810,057

Subtotal: Indirect Costs $29,230,347
Grand Total Bond Amount $152,565,146

August 2006 Approved Bond Amount including Yazzie and A4N $150,289,771

1Bond summary information can also be found in APPENDIX 12-B and 12-C, Worksheet No. 16.

 

TABLE 12-7

RECLAMATION BOND SUMMARY1



Project: Navajo Mine

Date: May 2009

RECLAMATION BOND ADJUSTMENT SUMMARY

Item # Item OSM Project ID ADJ Sum
 1

ADJ Amount

1 Bond Cost Estimate in Approved PAP (Permit Renewal) NM0003F 1, 2, 3 152,565,146$                             

152,565,146$                             

1 
The BHP initial reclamation bond adjustments summary sheets and worksheets are found in APPENDIX 12-B.

2
 Section 12.0 and APPENDIX 12-B established the base reclamation cost estimate in the permit renewal application. 
3
 Reclamation bond adjustments summary sheets and worksheets are found in APPENDIX 12-D.

TABLE 12-7A
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Exibits 12-11 to 12-28 and 12-36 to 12-
41: Shows locations and volumes for 
regrade material, spoil mitigation, and 
topsoil replacement. 

Tables 12-B-3 to 12-B-22: Sums volumes 
and weight-averages distances.

Table 12-B-1: Demolition unit costs. 
Table 12-B-2: Culvert volumes 

Worksheet 3, A through E: 
Summarizes volumes and distances.

Worksheet 5, A to 
K: Dozer hours

Worksheet 8, A to 
O: Loader hours

Worksheet 9, A to 
O: Truck hours 

Appendix 12-C: 
Riprap requirements 

Worksheet 11, A to 
N: Scraper hours

Worksheet 12A: 
Grader hours

Worksheet 13, A through F: 
Summary of earthmoving costs. 

     Worksheet 16: 
 BOND SUMMARY 

Worksheet 2, A to B: 
Demolition costs. 

Table 12-B-26: 
Equipment availability

Worksheet 14: 
Reveg costs. 

Worksheet 15: 
Addt’l recl costs. 
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and operating costs. 

Table 12-B-24: 
Equipment operator 
wages. 

Table 12-B-25: Drill 
and blast quantities. 
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 Project Navajo Mine 
 Date May 2009 
 
 

WORKSHEET NO. 1 

DESCRIPTION OF WORST CASE BONDING RECLAMATION SCENARIO 

 

Determination of Maximum Reclamation Requirements 

 

The point at which reclamation liabilities will be greatest occurs during the first year of the five-year term 

ending in 2014 (see Worksheet 1, APPENDIX 12-B). The open volume of North and South Barber are at 

the maximum during year 1. As Hosteen and Yazzie pits progress, the final pit associated continually 

decreases in length. 

 

The Yazzie, Hosteen, North Barber, South Barber, Lowe, Dixon, and Area 4 North pits will all require 

reclaiming at the end of 2014.  Dozers will be utilized to push the maximum amount of material into the 

pits.  Any material the dozers cannot move in a cost effective manner will be moved by scrapers or trucks 

and loaders.  Any areas that do not pass the spoil sampling tests will be mitigated by one of the approved 

methods in the permit prior to topsoil placement.  For the purpose of this reclamation bond calculation, 

2% of the regraded area in the permanent program category will require spoil mitigation.  After all spoil is 

regraded, final pits will be shaped to their final contours, and mitigation material will be placed where 

required; topsoil will be placed, revegetation will occur with a 20% failure rate and the mine facilities will 

be removed.  Facility areas will be mitigated as required and topsoiled.  At this time, the mine will be 

ready to begin phased bond release with the ultimate goal of total bond release.  It will be necessary to 

move and place approximately 131,000,000 cubic yards of material during the reclamation effort.  The 

majority (approximately 122,000,000 cubic yards) will be moved and placed during the primary grading 

effort.  Therefore, the major effort for this reclamation bond calculation is focused on primary grading. 
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PIIIjKI: fQ\Iejo Mille 

Oal.:~ 

NO.1 
SlRUCTURE DEMOU11ON AND DISPOSAL COST SUMMARY 

StNdure 

~s 
Area 3 Guard Hou.. 

Ante 3 F'1IIld otIce 

Ant. 3 FIIIId 0fIIce 

Area 3 Field Ofb 
AIM 3 Field 0ftIce 

AIM 3 Field 0fI0e 

Area 3 Field 0fIce Sidewalk 

Aree 3 Plllting Lot 

Area 3 Ennnc:e Road 

MIa 3 Wabay to Maint Shop 

Area 3 Wa .... Facility 

Area 3 Pump House 

.Area 3 Shop - Atnbt.danc:e 

Area 3 Shop - Small bay. 

Area 3 Shop - TNCk Bays 

A.... 3 Shop • ~ Bays 

~ 3 Shop. W8feh0use Md. 

Area 3 Shop • Lube Ooc:k 

Area 3 Shop • Sidewalk 

h 3 Shop • OrivewIy 

~ 3 Shop. Driveway 

~ 3 Shop. 0rMwIy 

~. 3 Cable Shop 

~. 3 Cable Shop Sidewalk 

~ 3 Cable Shop Pad 

IAtu 3 Ready Une 

~. 3 FUll Tanks 

Atea 3 FUll TankS 

Fuel Tank Enao.ur. 

Fuel Tn EncmuAl - ShIb 

Fuel Tank Dtiw P.:I 

Dixon Wet... LoacIoUt Slab 

e.tler Loedout ~ 

Dixon ANFO LOIIdout ANFO Silos 
Dixon ANFO L.oadout ANFO Silos 

DixOn ANFO LoadOut Emulsion Silo 

Dixon ANFO Loadout Fuel Tank 

DbcOn ANFO lOadout Footings 

Barber Stkp AHFO LCMdaut ANFO Silo 

Barber Stkp ANFO LoadOut Emulsion SUO 

Building 

lMIgth[ft) Wdth[ftJ Hetohl{ft) Number Conswction Volume 
(yd3J 

Unit 
COlt 

Ref Cost 

16 18 11 1 Steel Building 2,688 0.26 1 $699 

60 147 14 1 $..aBuilding 123,.ao 0.26 1 $32,105 

40 80 14 1 Steel Building 44,800 0.26 1 $1' ,~ 

20 19 14 1 S.... Building 5,320 0.26 1 $1.383 

32 10 14 1 Steel Building 4._ 0.26 1 S1.165 

33 141 14 1 Steel Building 65,142 0.26 1 516,931 

900 5 1 C«Icrete - · - . 
393 168 1 AIphIIl - - - -
319 32 1 A8phIIt - · - -
215 10 1 Asphalt - - - -
80 36 32 1 COnc:rwte Building 92.160 0.37 2 $34,099 

12 12 20 1 Concrete Building 2.880 0.37 2 S1,066 

30 54 15 1 StN! Building 23.490 0.26 1 $6,107 

102 151 23 1 Steel BUIding 354.246 0.26 1 $92.1a. 

154 89.5 44 1 Steel Building 603,695 0.26 1 $156,961 

30 89.5 25 1 Steel Building 87.125 0.26 1 517,453 

78 84 20 1 StH! Building 131,0040 0.26 1 $34,070 

103 30 15 1 Steel Buiding 46.350 0.26 1 S12,051 

133 5 1 COncrete - · -
370 30 1 Cona"ete - - -
120 17 1 Concrete - - . 
102 10 1 Conc:tete - -
40 16 12 1 Steel Building 7,680 0.26 1 $1.997 

88 8 t Conr;rMI - - -
20 20 1 Conc:ntte - -

eoo 2 6 1 Concrete w/rOdI 7,200 5.51 30 $39.680 

25000 gal. 4 Steel SWCtunt 13,369 0.28 31 $3.743 

12000 gal. 2 Steel StrucUe 3.209 0.28 31 $898 

82 51 3 1 Conaete( 8"'waIs) - · - -
82 51 1 Concrete - . 
82 20 1 eonc...t. - · - -
60 24 2 1 Concrete 2,160 5.51 30 $1\,904 

72 24 1 1 Conctete 1.296 5.S1 30 $7.142 

55 13.5 dia. 1 Steel Structure 7.a73 0.28 31 $2,204 

55 13.5 dia. 1 Steel StrudLA 7,873 0.28 31 $2,204 

29 12 dia. 1 Steel StnlC:U'e 3,280 0.2' 31 $918 

10000 gal. 1 $&eel StrucllJrtI 1,337 0.28 31 5374 

<&8 4 .. 1 Concrete 768 5.51 30 $4,233 

<&8.3 11.5 dia. 1 Steel StNdure 5,017 0.28 31 $1 ,..as 
29 12 dia. 1 Steel Sttueture 3.280 0 .28 31 $918 

FlooR. Surfaces & Wah 

Unit
Area (12) 

C'* 
Ref Colt 

256 5.03 9a $1.287 

8,820 5.03 9a 544,330 

3.200 5.03 9a $16,064 

380 5.03 9. 51.910 

320 5.03 9. $1.608 

4,853 5.03 9a 523._ 

4,500 0.90 27 $4.050 

66.024 1.05 28 $69,435 

10,208 1.05 28 $10.735 

2.150 1.05 28 $2,261 

2.880 5.03 9a S14,475 

144 5.03 9a $724 

1.620 5.03 9a 58.142 

15,402 5.03 9a $77,412 

13.783 5.03 9a $69,275 

2,585 5.03 9a $13,<&95 

6,552 5.03 9a $32,931 

3.090 5.03 9a $15,531 

865 0.90 27 $599 

11,100 1.S1 29 516,804 

2,0040 1.51 29 53.088 

1,D20 1.51 21 $1 .544 

640 5.03 Sa $3,217 

704 0.90 27 5834 

400 5.03 9a $2.010 

- - - -
· - . -
· - · 

798 13.03 1ta $10.400 

4.182 6.70 10 $28.026 

1,&40 5.03 9a 58.2<&3 

- · -
- - - -
· - · 
- · - · 
· · - -
- - - -

- - -
· · - · 

· . · 

Footings 

Length Unit 
Ret Coat

[ftl Colt 

64.0 

414 

240 

78.0 

84.0 

343 

-
-
-
-

232 

48.0 

168 

506 

487 

239 

324 

266 

· 
· 
· 
-

1.344 

· 
-
· 

2e6 

-
· 

· 

13.85 

13.85 

13.85 

13.85 

13.85 

13.85 

-
-
-
-

13.85 

13.85 

13.85 

13.85 

13.85 

13.85 

13.85 

13.85 

· 

· 
-

13.85 

-
-
-
-
· 
-

13.85 

· 
-
-
· 
· 
-
-
-
-
· 

12a 

12a 

12a 

12a 

12a 

12a 

-
-
-
-

12a 

12a 

12a 

12a 

12a 

12a 

12a 

12a 

· 

12. 

-
-
-
-
-

12a 

-
· 
-
-
· 
-
-
-
-
· 

S886 

$5,734 

53,324 

$1.080 

$1 .164 

$4,52Q 

-
· 

53,214 

$66S 

52,327 

$7.008 

$6,746 

$3.31~ 

$t,4. 

$3,684 

-
· 
-
-

$18,616 

-
-
-
· 
-
-

-
-
-
-
-
-
-
-
-
-

-...J 

53.684 
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IWORKSHHT NO.2 
DEMOUTION AND DISPOSAL COST SUMMARY 

Building 

Structure LengIb(ft) WklU'I(ftI HeIOM(ft) N"",_ ConsttuctiotI Volume UM 
[y(3) Colt 

Ref 

e.rw SIkp ANFO Loadout Oil T.... 8000 ~.... 1 Steel SIiruc:IuN 1.070 0.28 31 

BartMt SIk:p AHFO LoadOut Footings (8) 32 4 .. aConcAIte 4._ 5.51 30 

SarI)er HWANFO LOIIdout .MFO Silo SS 13.$ c:Iia. t Stell SInICb.ft 7.873 0.28 31 

a.tIer HWANFO Loadout Emulsion Silo 2t 12 dia. lSte11~ 3,280 0.2& 31 

a.tIer HW ANFO Loadout Oil Tank 12000 oar. 1 Stell Stn.ictLn 1,604 0.28 31 

BartIet HWANFO LoadOut Footings (8) 32 .. " 8 ConcAIte 4.096 5.51 30 

e.ber HW ANFO Drive Pad 18 33 1 Conc:rete · - · 
a.ber HW ANFO EndoIurII 23 33 5 1~&"waIIs) · · · 
Barber HWANFO EndDu'e • Slab 23 33 1~ · - · 
Old Yazzie Silo Footinp 32 4 4 1 Con<nte 512 5.51 30 

Lowe MIga:zine Stcurily Fence 2000 10 1 Chain UnkJRazor wre · · · 
Lowe~LoadI.')ock 8 1. 4 1 ConcnIte Stn.Iduf1I S76 0.37 2 

Lowe Magazine Load I.')ock Wall 8 ,. 4 1 eonc..te (rwllll) - · · 
A-3 PoIabIe water Tank 25 40 dia. , Steel wi Cone Slab 31.418 0.28 31 

A-3 PoIIIbIe water Pump BuiIIInG 36 28 12 , Steel Building 12.098 0.26 1 

Safety Building 26 70 13 1 Steel Building 23,660 0.26 1 

iSoMnt SuiIdinO 30 82 13 1 Steel Building 24,180 0.28 1 

fAn- 3 w.IdinO Shop 80 120 40 1 Steel BuIldIng 288,000 0.28 1 

fAre. 3 Wash Bay AddItiOn 18 30 13 1 Steel BuIIc:IIng 6,240 0.26 1 

Area 3 W'aIh Bay DraiI'I& 3 10 1~ · · · 
~ 3 Propane T.... 70 10 die. 1 Steet $8'udure 5.418 0.28 31 

~ 3 Propane Tank LOldina COCk 10 18 4 1 ConcnM IIab - · 0 

lAre. 3 MaintInInCe Shop Addition 41 41 15 1 Steel Building 24,375 0.26 1 

IAru 3 Oil Blending Sys Enc::IoIure 40 Xl 5 1 8" ConcreIe Walla 0 - -
lAm 3 Oil Blending Sys &II) .. 0 'D 1 ConcAIte · -
lAra 3 Oil BlendIng Sys Drive Pad 18 40 t~ · · -
lAm 3 011 EIIen<Iing Tank 28 11 die. 1 SteelSfnJGt\.lre 2.881 028 31 

!Mta 3 Oil Blending Tank 15 12 c:Iia. 1 SteelSIrUc::tunt 1,696 0.28 31 

iGPs Antema Relocation FOOIings 4 4 4 1 Conaea. 84 0.37 2 

8iQh8m HauItoad Asphalt Removal 1 · - -
AIM 3 Filed Ofke (mechanicI) 32 28 13 1 &tel BuikIing 11.848 0.26 1 

....... :I Field Ofke (mechank:s) Foundation .. 2.5 die. 1~ 19.6 5.51 30 

0ragIine 0utIDe Pad 1 82c:1ia. 1 Conc:teW 5.281 5.51 30 

DragIine Outage Building 92 92 92 1 Sleet 178,688 0.13 1A 

Silo Pad 1 eoncr.te · - -
Area 3 Operator SimuLllOt Pad 50 50 1 1 eoncre.. 

AAta 3 0uId00t WOrtt Pad 40 60 2 1 eoncre.. · · ·...~ 
WIICIintJ & M~ Shop 91 1OS.5 20 1 Stael Building 192.010 0.26 1 

Seed SIotage BuildinG 60 30 20 1 StMI Building 36,000 0.26 1 

rAShOp 120 60 30 1 ConctOte Building 216.000 0.37 2 

Floors. SUrfaces & W8Is 

Unit
Cost AI'M[ft2) Cost 

Ret Cost 

$299 · · · 
$22,.5'74 · · · · 

S2.204 · · - · 
$918 - · · · 
$448 - · · 

$22,574 · · · · 
· st4 5.03 9a $2,98e 

· 560 13.03 19. S7.2ge 

- 759 6.70 10 $5.oae 
52.822 - · - -

· - - - · 
5213 144 5.03 9a $724 

- ,.... 13.03 1fa 51.m 

58.788 1.000 5,03 9a $5,02e 

$3.1<45 1,_ 5.03 9a 15.oee 

$6.152 1,820 5.03 9a $9.1'" 

56,287 1.1. 5.03 9a $&.349 

$74,880 7;J.«) 5.03 9a 536.188 

51,622 480 5.03 fa 52,413 

- 30 5.03 Sa 5t51 

$1,539 · - · · 
- 180 5.03 OIl $905 

$6,337 1,681 5.03 9a $8,449 

· 670 13.03 19a $8,732 

· 1,080 5.03 9a $5.428 

· 720 5.03 liI' $3,615 

$745 - - · -
$47.5 - · 0 -
524 0 · · · - 253.800 1.05 28 $266,913 

$3,028 · · · -
Sloe · - · · 

529.104 · · · · 
$101,229 - · - · 

· 39.2o.t 5.51 30 $216.058 

2,500 5.51 30 $13,778 

· 2,400 5.51 30 $13,227 

$49,923 9.801 5.03 fa s.-a,253 

$&.360 1,800 5.03 9a $9.047 

$79,920 7,200 5.03 9a 538,188 

Ulngth 
1ft) 

-
· 
· 
· 
-
· 
· 
· 

112 

· 
2.000 

52.0 

130 

128 

192 
184 

360 
92.0 

· 
· 
· 

184 

-
134 

-
· 
· 
· 
-
· 
· 
· 
· 

· 
383 

180 

360 

Footings 

Unit 
Oost 

Ref Cost 

· 
· -
· · - · -

· · 
· - · 
· · · 

· · 
13.85 12& $1,551 

· - · 
4.41 24 $8.821 

13.85 12. $720 

- - · 
13.85 't2& 51.801 

13.85 12& $1,773 

13.85 12& S2.6S9 

13.85 12. S2.S48 

13.85 12. "',187 

13.85 12. S1.274 

- - 0 

· 0 -
- - -

13.85 12. 52,272 

· -
13,85 12. 11.856 

· -
· · · 
· · -
- · -
· · -
· - · 
· · · 
- · · 
· · -
- · · 
- · · 

13.85 12. $5.444 

13.85 12. 12.493 

13.85 12. $4.987 

(XI 
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WORKSHEET NO. 2 

is'I1WC1URE DEMOU11ON AND DISPOSAL COST SUllllAR.Y 

BuiktinG Floors, Suc1acea &Wals FootingS 

StrudUnI Length (I] 'Mdth[1J Heighl[ItJ Number ConaIrudion Volume 
{yd3) 

unit 
Coat 

Ref Coat AIM {ft2] Unit 
Cost Ref Coat 

Length 
(I) 

UnIt 
Cost 

Ref Cost 

LabICarpentry Shop 104 70 '8 1 SteeIlMatonry 131,040 0.28 3 $31.891 7,280 5.03 9. $36,590 348 13.85 12. $U20 
jAru I Reedy Line .00 2 6 1 Conctele 4.800 5.51 30 $28.453 - . . · · . - · 
IArwa I Pllllcing LOC 

iOIdCoalL.m 

50 

30 

100 

22 ,. 1 AmpaIt 

1 Masonry Building 
-

9.240 
-

0.28 3 
-

$2,587 

5.000 
660 

1.05 

5.03 

28 

98 

55,258 

$3,317 
-

104 13.85 12. 
-

$1,441 

Areal Main Shop 302 118 30 1 Steel Building 1,050,_ 0.28 1 $273,250 35,032 5,03 98 $176,075 836 13.85 12a S",58O 
ConInII TCM8r 8 18 dia. 1 Steel 8uilding 2.036 0.28 1 $529 254 5.03 ill $1,278 52.0 13.85 12a $720 

S~ BuIlding. (12 lOCal) 25 12 12 12 Matonl"f Building 43.200 0.28 3 $12,096 3,600 5.03 9a $18,094 888 13.85 12. $12,300 

Plant Conveyor 1 - - - - 10,330 23,41 33 $241.830 

CoIweyor Footings (S04lotal) 7.48 S04 - - - - - - 7,540 13.85 128 $104.438 

ConveyorT,..,..Tower (15 total) 15 15 1III 15 Steel Stn.IcU'e 64,125 0.26 1 $16.673 - - - 900 25,s.4 15a $22,1il85 

Crushers (2 "*') 15 18 40 2 Steel SINdute 21,600 0.28 31 .,048 - - . - 132 25.54 1Sa $3.371 

Hoppets (2 total} 60 65 68 2 CotIcrete S\nIQUte 530,4(1) 0.37 2 $196,248 - - - - - - - -
Coal PIInt RecIMnefs (2 total) 30 116 30 2 Steel StrucUe 208,800 0.28 31 $58,464 - - - - · - - -
Coal Plant Stac«.... (2 total) 30 20 53 2 Steel SInIcIure 63,eoo 0.28 31 517,808 - - - - - - · 
~.. Plant Rail. 1 Rails and lie. - - . - . - - - 9.000 •.11 26 $36,990 

Area J Fuel TanJes 32 8 die. 1 Steel Structure 1,608 0.28 31 $450 - - - - - -
...... J Fuel Tanb (2 total) 27 8 dia. 2 Steel StrucVe 2,71. 0.28 31 $760 - - - - - - -
~ I Fuel Tank Enclosure 42 48 5 1 8" Concrete Walls - - - 900 13.03 198 $1',nS - - - -
~e I Fuel Tn Endoeure Slab 42 48 1 eoncret. - - 2,016 6.70 10 $13,510 180 13.85 12. $2,4~ 

~ I Fuel Tank Drive Pad 20 48 1 Conc:tet4I - - - 960 5.03 9a $4,825 - - · 
NoI1h WMer LOIdout 20 4 5 1 SIMI StNeture ~oo 0.26 1 $104 - - - - - -
NoI1tI water Loadout Drive P.c1 60 24 2 1 eona.ee 2.160 5.51 30 $11,904 - - - - - -
North Potable W...Tn 25 40 dia. 1St'" SIructLn 31,416 0.28 31 $8,7. 1,256 5.03 9a 56,313 126 13.85 12a $1.740 

!North Potable W..Pump Building 8 12 8 1 Concrete Building 768 0,37 2 $2&4 96 5.03 Sa 5483 40.0 13.85 128 $5S4 

lRemp 7 PeMble w-..r Building 20 16 10 1 S'MI Building 3.200 0.26 1 $832 320 5.03 8. $1.608 72.0 13.85 12. $997 

iRadio T~ (2 \OtII) 2 2 180 2 S'MI SIruCIute 1,440 0.28 31 $403 - - - -
lRadiO Ta.r footings (6 total) 5.5 5.5 2 6 Conc:tW 363 5.51 30 $2,001 - - · - -
Radio Tower Piers (6 total) 9 2 die. 6 Conca_ 170 5.51 30 5935 - . - · - -
North Radio Shack 12 16 8 1 S.... Building 1,536 0.26 1 5m 192 5.03 9a $965 56.0 13.85 128 $776 

SandSiO 21 8 Ga. 1 Steel SlrUQure - - - - - - · - - - -
Sand Sio Slab 10 10 1 - - - 100 5.03 ge $503 - - - · 
lITigation PipeIne (16 miles) 8ol,480 1.3 dia. 1 Steel 117,956 0.28 31 533,028 - - · · - . -
Concrete thI'uIt blocks (15 total) 6 6 6 15~te 3,240 5.51 30 $17,856 - - - - - -
~ lIMke Pump House 15 22 12 1 Steel Building 3,960 0.215 1 $1,030 330 5.03 ill $1,658 7".0 13.85 128 $1.025 

Irrigation !lUke Pump Houle Wall 72 15 1 r Concrete w..s - - - - 1,080 13.03 198 514,075 - - -
Sump Floor 8 22 1 eana.te - . - - 178 5.03 9a $885 60.0 13.85 12. $831 

Sumpw.a. 58 15 1 II" Conaete Wills - . - - 870 13.03 19& 511,338 - - - -
Inig8Iion In&IIce FIW Pad 18 11 1 Concnte - - - 196 0.90 27 5178 - - - -
SicSewaIIc 52 3.5 1Co~ - - - 182 0.10 27 $164 - - - -
Transformer Pad 11.5 22 1 Conc:rete - - . 253 5.03 9a $1).72 67.0 13.85 128 $928 

Lake Haul Road 1 - - 689,600 1.05 28 $704,196 - - L--___ .. --

to 



~"'MIIIIe
0IIe: ...,..2009 

NO. 2 

S1RUC1URE DEMOLI11ON AND DISPOSAL COlT SUMMARY 

Building 

Struc:b.lre Lenglhlft] ..... (ft) Height(t) Number Conlll'UCtion Volume Unit 
(yd31 Coat 

Ref 

PintO GuardraiIa 700 12 1 1 5tH! structure 8.400 10.Sl2 43 

~SlabUl'lderT~ 1 4" Concrete .. - .. 
~SlabUnderT~ 18"ConaW .. .. 
~teDnIin Pad 0 West Inlet tIO Pond 5 185 20 1 18"ConcnI&a - .. .. 
~ 
RabId Track and Ties 1 .. .. 
Catenary (13 miles) 1 69 kV Power Une .. . .. 
catenary tootinG- (kI&1II542) 48 542 .. .. .. 
~ kV Power line (4' milea) 1 .. .. .. 
w-rweh 14 .. .. 
ROIId and R.u ~ 1 Conctote 6. S.... .. 0.28 31 

8050 DnagIIne 0uIIIge Pild 1 63dia. 1 fconcnte 3,117 5.51 30 

~ DfaghOutige ~ 92 92 92 1 Steel 178.tI88 0.13 1A 

RailBaIIaIt Removal 27,053 18.15 45 

Removal 27.478 18.15 45 

~TAL 

lOTAL D!MOU11ON COST 
- - -- --

Floors. SI.Iffac:et 6. WIlls 

Unlt LengIhCOlt Area (ft2] Cost Ref Coat (tl) 

$91.728 . .. .. .. .. 
- 30,000 3.62 8a $108.722 .. 
. 40.000 7.55 10. S302.193 -
.. 2.200 7.55 108 S16.621 .. 

.. .. - .. 81,430 

.. .. .. .. .. 13.0 

.. .. .. .. .. 26,Q1' 

.. .. .. .. 4'.6 

.. .. .. .. .. 14.0 

$0 .. .. .. .. .. 
S17.17i .. .. .. . .. 

S101,22SI .. .. .. .. .. 
$4&1,015 .. .. .. .. .. 
$4S18.724 .. .. .. .. .. 

S2.1S1.704 S2.Ut,3.1 

FootitIg$ 

Unil 
COlt 

Ref Colt 

.. .. .. 
- - .. 
.. .. .. 
- - .. 

4.11 26 S334.8n 

23.41 33 S304 
13.35 1211 $380._ 
23.41 33 $974 

382.80 35 $5._ 
.. .. .. 

.. .. .. 

.. 

.. .. .. 

.. .. .. 
S1",~ 

$1,710_ 

..... 
o 

'-' '-' " 
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Protect: Navajo Mine 
Date: May-2009 

r.wRKSHEET NO. 2a 

STRUCTURE DEMOUTION AND DISPOSAL COST SUMMARY 

Structure Length (ft] Width 1ft] Height (ft] 
Numbe 

r 
Construction 

Building Floors. Surfaces & Walls Footings 

Volume 
[y(f) 

Unit 
Cost 

Ref Nea [ft2]Cost 
Unit 
Cost 

LengthRef Cost [ft] Unit Cost Ref Cost 

Area4N 

69 kV PowerIine (units in MI) 6 

Culverts 

Cottonwood Crossing 

Culvert: Concrete Box Top and Bottom (18 200 

Culvert: Concrete Box Walls (16 total) 200 

Bridge Piers (15 total) 14 

Bridge Footings (3 total) 16 

Bridge Guardrails (2 total) 320 

Oeck Sections (4-double sections) 80 

Abutement Walls (4) 436 

Concrete Apron 90 

WtIM around concrete apron (9 ft height) 180 

Wall around concrete apron (3 ft height) 150 

8 

8 

2 

4 

3 

8.5 

5-12 

75 
9 

3 

2 

4 

1 

Concrete and Steel 

1610· Concrete Walls 

16 8- Concrete Walls 

15 Concrete 

3 Concrete 

2 Steel 

4Steef 

4 Concrete/MSE 

Concrete 

Concrete 

Concrete 

-
11,025 

51.840 

5,440 

-
0.28 

11 

11 

-
31 

43 
43 

- -
$3,087 -

25.600 

25.600 

566.093 

59,405 

3,756 

6,750 

1,620 

450 

-
-

15 

2 

39 

18 

15.18 

15.18 

- - 6 

- - -

498 388.587 

23 49.920 

210 

48 

21 146.846 

50a 122.966 

49& $24,590 

498 $6,831 

7222.47 
. 

6.03 

136.20 

32 

. 

17 

51 

$43,335 

-

$1,266 

$6,538 

TOTAL $828,584 $739,7041 $51,139 

TOTAL Ao4N DEMOLITION COST 
- - -

$1,419,4804 



Project: Navajo Mine 
Date: May-2009 

WORKSHEET NO.3 

MATERIAL HANDliNG SUMMARY SHEET 

Description Qualtity Swell 
Factor 

Adjusted Quantity Push/Haul 
Distance (ft] 

Push/Haul 
Grade [%] Equipment 

Area 1 

Grading - Dozer 1,163,300 Ley 300 -6.67% 011R 

Topsoil - Trucks 552,932 Bey 1.142 631.448 Ley 14,730 0.30% 99200770 

Topsoil. Scrapers 9,919 BCY 1.142 11.327 LCY 2,300 0.00% 637G 

Mitigation - Trucks 49,955 BCY 1.142 57,048 LCY 10,149 1.16% 99200770 

Revegetation 481 ac. 

Area 2 
Drill & Blast 44,889 BeY DMM2 

Grading - Dozer 13,408.649 Ley 286 2.38% 011R 

Grading - Trucks 12,482.072 Ley 10.156 -0.50% 992G17770 

Grading - Scrapers 16,736.035 Ley 1,578 0.18% 637G 

Topsoil - Trucks 1,720,329 Bey 1.142 1.964.615 Ley 11.956 0.31% 99200770 

Topsoil. Scrapers OBey 1.142 o Ley 0 0.00% 637G 

Mitigation - Trucks 200,994 Bey 1.142 229.535 Ley 8.142 -1.24% 992GJ777D 

Mitigation - Scrapers 59,513 BeY 1.142 67,964 Ley 1,522 -2.88% 637G 

Revegetation 2.285 ac. 

Area3 

on. & Blast 3.342,325 BeY OMM2 

Grading - Dozer 21.265.419 Ley 1,177 0.35% 011R 

Grading. Trucks 21,331,902 Ley 6,190 -1.82% 992G17770 

Grading - Scrapers 28,912.821 Ley 2,112 -3.06% 637G 

TopsoH - Trucks 3,253,655 BeY 1.142 3,715.674 Ley 6,764 -0.66% 992G1777D 
Topsoil. Scrapers 542,262 BCY 1.142 619,263 Ley 1,787 8.22% 6370 

Mitigation - Trucks 284,534 BeY 1.142 324,938 Ley 7,776 -0.90% 992G17770 

Mitigation - Scrapers 16,776 Bey 1.142 19,158 Ley 894 14.24% 637G 

Revegetation 2,926 ac. 

Other 

Backfilling Ponds 482,858 BCY 1.142 551,424 Ley 168 0.00% 011R 

Backfill Old Nea 3 Diversion 26,000 Bey 1.142 29,692 Ley 55 0.000/0 011R 

Backfill New Area 3 Diversion 225,000 BCY 1.142 256,950 Ley 15 0.00% 011R 

Grade Road and Railroad Fill 685.256 BCY 1.142 782,562 Ley 55 0.00% 011R 
Road and Raifroad Ripping 425 sc. 160 

Contaminated Soli Disposal 

North Complex 

Area 3 

112,000 BCY 

164,500 BCY 

1.142 

1.142 

127,904 Ley 

181,859 Ley 

22,300 

6,200 

0.48% 

-0.65% 

992G17770 

992G17nO 

Swell factor = 1.142 Weighted Average Between In-situ and Stockpile Swells 

12 



Project: Navajo Mine 
Date: May-2009 

r-vORKSHEET NO. 3a 
MATERIAL HANDLING SUMMARY SHEET 

Description Quantity Swell 
Factor 

Adjusted Quantity Push/Haul 
Distance 1ft] 

Push/Haul 
Grade 1%1 Equipment 

Area 4 North 

Grading - Dozer 

Grading - Trucks 

Topsoil- Trucks 

Mitigation - Trucks 

Revegetation 

Cottonwood Crossing 

4,570,812 LCY 

2.258.797 LCY 

320,585 Bey 

47,582 BCY 

418 ac. 

1.142 

1.142 

366,108 LCY 

54,338 LCY 

287 

4.052 

5,205 

8,530 

1.94% 

-4.15% 

-0.49% 

-1.33% 

D11R 

992Gn77D 

992Gn77D 

99200770 

Fill Removal 

Base Course Removal 

Wearing Course 

Other 

101,845 BCY 

6,529 Bey 

3.014 BCY 

1.142 

1.142 

1.142 

116,307 LCY 

7,456 LCY 

3,442 Ley 

4,600 

4,600 

4,600 

-0.86% 

-0.86% 

-0.86% 

992Gn77D 

992Gn770 

992Gn77D 

Backfilling Ponds 

Grade Road 

Road Ripping 

Concrete &Asphalt Disp. 

133,536 BCY 

124.574 BCY 

77.2 ac. 

2 BCY 

1.142 

1.142 

1.142 

152,498 ley 

142,264lCY 

3 Ley 

200 

55 

0.00% 

0.00% 

D11R 

D11R 

16G 

(, 
Swell factor = 1.142 Wt. Ave between in-situ and stkpl swells 

13 



Plojecl: N4MIjo"'" 
DMI: May-2009 

NO. SA 
PRODUCTMTY AND HOURS REQUIRED FOR DOZER USE 

Earthmoving Activity: 

BackfUng Pands 

Charact8rization of Dozer Used (type, size, etc.f 

I 

CaterpiJIar 011R, Universal blade 

Description d Dazer Use (origin, destination, grade, haul cisIan<:e, material, etc.) 

0.0% grade on average 

188 ft typical dozer puSh distanCe 

2,700 Loose clay and sand density pblyd] 

Productivity ~: 

Operating .. 0.9 . 1.0 . 0.8 . 1.0 
,t4usunn operaIOr factor material factor WCIftc hour DraGe 

Factor factor factor 

Net Hourly • 0.6 . 1,730 LCYIhr .. 1,087 LCY"'r 
Production operating Normal Hourly 

adjtlstmenl Production 
factor 

Hocn : 551,424 LCY' 1,087 LCYltv .. 507.1 hI'S 
Reqc.WJ volume 10 be net hOutty 

moved' production 
-

. 0.9 
weight 

c:onection 
factor 

. 0.9 . 
'tisibiIity 
fader 

1.0 
elevation 

faQor 

. 1.1 
production 

factor 

.. 0.8 

! 
I 

o...SouR;ea; 

1) Volume to be mOl*l from work.". 3 

2) Howa twquired go to WofUheet 13 

3) C....... Perfonnanc;e Handbook, EditiCln 37 


-" 
~ 

'-' '-' '-' 
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Project: Navajo ~ 

eat.: May-2009 

WORKSHEET NO. Sa-A 

PROOUCTMTY AND HOURS REQUitED FOR DOZER use 

Earthmoving Activity: 

8ackfiHing Ponds 

Characterization of Dozer Used (type, size. etc.f 
Caterpillar 011 R. Universal blade 

Desaiption of Dozer Use (origin, destination. grade, haul distance. material, etc.) 

0.0% grade on average 

200 ft typical dozer push distance 

2.700 Loose clay and sand density pbIyd'J 

Productivity Calculations3 
: , 

• 0.9 " 1.0 . 0.8 . 1.0 
Operating 

Adjustment work hour grade 
Factor operator factor material factor 

factor factor 

= 0.6 . 1.510 lCY/hr = 949 LCY/hr 

Net Hourly 
operating Nonnal Hourly PrOduction 

adjustment factor Production 

. 
Hours 

152.498 Ley I 949 lCYlhr = 160.7 hrs 

Requirecr volume to be nethoulty 
moved' production 

. 0.9 

weight 
oonection 

factor 

" 0.9 

visibility 
factor 

" 1.0 

elevation 
factor 

. 1.1 

production 
factor 

= 
I 

0.61 

I 

Data Sources; 

1) Volume to be moved from Wortcsheet 3 

2) Hours requWed go to WorUheet 13 

3) Catetpillat PerformanoII Handbook, Edition 37 

->0 

(J1 



Project: NavIiO Mine 
Date: May-2009 

WORKSHEET NO. Sa..a 

PRODUCTMTY AND HOURS REQUIRED FOR DOZER USE 

Earthmoving Activity: 

Dozing Roads 

Characterization of Dozer Used (type. size, etc.t 
Caterpilar 011 R. Universal blade 

Description of Dozer Use (origin. destination. grade. haul distance, material, etc.) 

0.0% grade on average 

55 ft typical dozer push distance 

2.700 Loose clay and sand density ~blyd'} 

Productivity Calculations3 
: 

I 

i 

• 0.9 . 1.0 *' 0.8 . 1.0 
Operating 

Adjustment work hour grade 
Factor operator factor material factor 

factor factor 

= 0.6 . 4.110 lCYIhr = 2.584 LCYlhr 

Net Hourly 
operating Normal HourlyProduction 

adjustment factor Production 

== Hours 
142.264 LCY I 2.584 lCVItY • 55.1 hrs 

Requ~ voIometobe net hourly 

rnoved1 production 

. 0.9 

weight 
correction 

factor 

. 0.9 

visibility 
factor 

. 1.0 

elevation 
factor 

. 1.1 

productiOn 
factor 

I: O.~ 

Data Sources: 

1) Volume to be moved front Work$heet 3 

2) Hours required go to Wcnsheet 13 

3) Caterpillar Perb"n'l8nCe HandbooIt. EdiCian 37 

..... 
0) 

~ '-' '-' 
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Pra;ect: Navajo Mine 

Date: May-2009 

WORKSHEET NO. Sa-c 
PRODUCTIVITY AND HOURS REQUIRED FOR DOZER USE 

Earthmoving Activity: 

Area 4N Regrade 

Characterization of Dozer Used (type, size. etc.r 
Caterpillar 011 R. Universal blade 

Description of Dozer Use (origin, destination. grade. haul distance, material, etc.) 

1.9% grade on average 

287 ft typical dozer push distance 

2.700 loose clay and sand density ~blyd'] 

Productivity Calculations3 
: 

= 0.9 . 1.0 . 0.8 . 
Operating 

Adjustment 
Factor operator factor material factor wori( hour factor 

= 0.6 .. 1.110 lCY/hr = 666 lCY/hr 

Net Hourty 
operating adJuStment Normal Hourly Production 

factor Production 

= 4,570.812 lCY I 666 LCYlhr = 6,866 hrs 
Hours 

Requirecf volume lobe nethourty 
moved 1 production 

1.0 

grade 
factor 

.. 0.9 

weight 
correction 

factor 

. 0.9 

visibiUly 
factor 

.. 1.0 

elevation 
factor 

• 1.1 

production 
factor 

= 0.6 

Data Sources: 

1) Volume 10 be moved from Worksheet 3 

2) Hours required go to Worksheet 13 

3) C&terpilar PIIffonnanc:e Hendbook. Edition 37 

...... 
--..j 



p~ Nhe,jo Mine 
0..: May-200t 

WORKSHEET NO. sa 
PRODUCTMTY AND HOURS REQUIRED FOR DOZER USE 

Ear1hmoving N;tMty. 

Backfilling old Area 3 Diversion 

Characterization ~ Dozer Used (type, size, etc.fea....,... 011 R, Universal tUde 

Oe&aiption of Dozer Use (origin, destination. grade. haul distance. material. etc.) 

0.0% grade on average 

55 It typical dozer push diaIanoe 

2,700 Loose clay and sand density [JbIyctJ 

.. calculations': 
~ 

Operating = 0.9 . 1.0 . 0.8 . 1.0 
Aqustment operator factor material factor work hour grade

Factor factor factor 

NelHowty = 0.6 . 4,110 LCYJhr = 2,584 LCYIhr 
ProductiOn opefIIIing Normal Houdy 

adjustment ProcSudion 
factor 

HOlM'S • 29.692 Ley I 2.584 LCYIhr :: 11.5 IYs 
Requirecr voiumeto be net hourly 

moved' production 

. 0.9 
weight 

ccwrection 
factor 

. 0.9 
viel,)iJity 
fac:tor 

. 1.0 
elevation 

factor 

. 1.1 
production 

fador 

• 0.6 

I 

DataScQws; 

1) VokM'M to be moved from WofkIhoet 3 

2) Hours requAd go to Worbh..t 13 

3) CMerpiIIr P8ffotwMnCe Handbook. Edilion 37 

...... 
(X) 

'-' '-' '-' 
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Project: ~oMnt 
Data: aQy-2OOe 

WORKSHEET NO. 5C 

PRODUCnvrrY AND HOURS REQUIRED FOR DOZER USE 

Earthmoving Activity: 

BackfiIlng new Area 3 DNersion 

Characterization at Dozer Used (type. size. etc.f 
CaterpiUar 011 R, Universal blade 

Description of Dozer Use (origin, destination, grade, hauJ distance, material, etc.) 

0.0% grade on average 

7S It typical dozer push distance 

2.700 Loose clay and Ia'1d density [b\'cI] 

Productivity CaIc:uIations:': 

Operating = 0.9 1.0 0.8 1.0 
Adjustment operator factor INIIerial1actor work hour grade

Factor fador factor 

NetHourty = 0.6 . 3,230 LCVlhr • 2,030 LCYlhr 
Production opetllMng Normal Houdy 

adjustment Production 
factor 

Hours 256,950 Ley I 2.030 LeVlttr 126.6 hrs 
Requirecf voIum4Ilo be nethoutty 

moved' production 

0.9 
weight 

COfTec:tion 
factor 

0.9 
visibility 
factor 

1.0 
elevation 

facto( 

1.1 
productiGn 

facto( 

0.6 

O..Soun;es: 

1) VoIuIH to ~ mOYed tom 'NoIQheel3 

2) Holn raquil1ld GO to 'NoIbheet 13 

3) Caterpillar Pet10nnanCl Handbook. edition 37 

~ 

c.o 

-~~"""---:.'~""-:~~" ' -'0.. ~·.A_._~.__ 



Project NIMjo Mine 

Date: May-2009 

WORKSHEeT NO. 60 
PRODUCTMTY AND HOURS REQUIRED FOR DOZER USE 

EalthmcMng Activity: 

Oozing Road and Railroad Fils 

Characterization of Dozer Used (type, size, etc.t 
Ca1erpI.w 011 R. Universal blade 

Desaiption of Oczer Use (artgin. destination, grade, haul distance, material, etc.) 

0.0% grade on average 
55 ft typical dozer push distance 

2,700 Loose clay and sa"Id density l1bfY<fJ 

Produdivlty CaIc:uIationI': 

Operating • 0,. 1.0 0.8 1.0 
AqUSCment operator f.::tor material factor WO/'k hour grade 

Factor factor fac:tor 

NetHourty = 0.8 . 4.110 I.CVlhr = 2,584 LCYIhr 
Production opeIIIfing NotmeI Houdy 

~t Production 
factor 

Hotn '" 782.562 LCY I 2,584 LCYIhr == 302.9 hrI 
RequirJ volume to be net hourly 

moved! prodUc:tion 

0.9 
weight 

correctiOn 
factor 

0.9 
visibility 
factor 

1.0 
elevation 

factor 

1.1 
ptOducIon 

factor 

= 0.6 

Data Souron: 

1) Volume to be moved tom WOtbI'IHt 3 

2) Houra requinId 00 to WOI'tIaneet 13 

3) CIIterpiIIr Pnmumce Handbook, Edilion 37 

I\J o 

'-' '-' '-' 
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project Navajo Mine 

o.te: May-2008 

NO.SE 

PRODUCTIVITY AND HOURS REQUIRED FOR DOZER USE 

Earthmoving Activity: 

Area I Regrade 

CharacUrization of Dozer Used (type, size, ete.f 
I 

I 

Caterpillar 011 R, UniverSal bI8IcIe 

Deacriptjon of Dozer Use (origin, destination, grade. haul distance. materia~ etc.) 
I 

~.1% grade on average 
300 It typical doZer push distance 

2.700 Loose clay and sand density [lbIvcl] 

Productivity Calc:ulations): 

Operating = 0.9 . 1.0 . 0.8 . 1.1 
Adjustment operator fector material factor wotk hour grade 

Factor factor factor 

NetHourty = 0.7 . ',070 LCYlhr = 762 LCYIhr 
Production operating Normal Hourly 

ad;ustment factor Production 

Hours = 1,163,300 Ley I 762 LCYIhr ,. 1,528 hIS 
RequiI'ecf volume to be net houfty 

moved' pnxIuction 

. 0.9 
weIghl 

COfT8dion 
facIor 

. 0.9 
vIaiMIty 
factor 

. 1.0 
eJevaIon 

factor 

. 1.1 
production 

factor 

= 0.7 

I 

I 

I 

I 

oat. Sources: 

1) Volume to be mOYld from WoI1cshHt 3 

2) Ho\n required go to Worbheet 13 

3) Caterpillar PetformancI Handbook. Edition 37 

~ 

-~-- ..---



Project: NavaiO Mine 
Dale: Ma}O-2009 

NO. SF 
PRODUCTMTY AND HOURS REQUIRED FOR DOZER USE 

! 

Earthmoving Activity: 

Area 2 Regrade 

Charac:terizati of Dozer Used (type, size, ef1;.t 
ca~ 011R, Universal blade 

Oesctiption of Dozer Use (origin, destination. grade. haul distance. material, etc.) 

2.4% grade on average 
288 ft typical dozer push distance 

2,700 Loose day .m sand density pblyd) 

Productivity calculations': 

Operating • 0.9 . 1.0 . 0.8 . 
Adjustment operaIor factor m8lerial factor worthout' 

FKIor factor 

Net Hourty = 0.8 . 1,110 LCYIhr ,.. 885 LeYlttr 
Production operating Normal Hourly 

adjustment faclar Production 

HOtn • 13,408,849 Ley I 665 LCYlttr .. 20,176 hrs 
RequinJ YOIumeto be nethowty 

moved' production 
-

1.0 
grade 
factor 

. 0.9 
weight 

c:orrec:tion 
factor 

. 0.9 
vilibiflly 
factor 

. 1.0 
-.vation 

factor 

. 1.1 
production 

factor 

,.. 0.6 

Data SoIRes: 

') Volume to be moved fIvm WorUheet 3 

2) Hours ...... go to \NoIUhHt 13 

3) CaterpiIar Petform..,c:e H.ncIbook. Edlion 37 
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PrOtect Navajo Mine 
Date: Ma)'-2009 

NO.6G 
PRODUCTMTY AND HOURS REQUIRED FOR DOZER USE 

Earthmoving Activity: 

Area 3 Regrade 

Characterization of Dozer Used (type, size, etc.t 
CaterpiI.- 011R. Universal blade 

Oesaiption of Dozer Use (origin, destination, grade, haul distance. material, etc.) 

0.4% grade on average 

1,177 ft typical dozer push cistance 

2,700 Loose clay and sand density [bIycl) 

PJOduc;tivity Cek;uIations3: 

Operating a 0.9 1.0 0.8 
Adjustment operaaor factor material factor wont hour 

Factor factor 

NetHourty = 0.6 . 1,070 LCYJhr 668 LCYIhr 
Production operating Nannal Hourty 

adjustment factor Production 

HourI "" 21,265,419 LCY I 668 LCYIhr 31.843 hrs 
Requirecf YOIumetobe nethourty 

moved' production 

1.0 
grade 
factor 

0.9 
weight 

correction 
factor 

0.9 
vitlblity 
factor 

1.0 
elevation 

fad« 

1.1 
production 

factar 

0.8 

Dati SourQs: 

1) VOkme to be moved from "NOI'katIeet :3 

2) HOU'S required go to WofUheet 13 

3) CawpiIar Pefforrnanoe Handbook. Edition 37 

I'V 
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Project: Navajo Mine 
Date: May-2009 

WORKSHEET NO. 8A 

PRODUCTIVITY AND HOURS REQUIRED FOR LOADER USE 

Earthmoving Activity: 

Area 2 Regrade 

Characterization of Loader Used (type, size. etc.)3 
Caterpillar 992G with 15 CYD Bucket 

Description of Loader Use (origin. destination. grade,haul distance. etc.) 

Load Caterpillar n7D Trucks 

0.88 Bucket Fill Factor 

15 Rated Bucket Capacity [LCY] 

Productivity Calculations3 

Cycle Time ::; + + 0.65 min = ----loaded haul empty haul time basic cyde time 
time 

Net Bucket = 15 LCY • 0.88 = 13.2 LCY 
Capacity heaped bucket bucket fill factor 

capacity 

Net Hourly = 13.2 LCY I 0.65 min .. 50 mlnlhr = 
Production netbucketcapacHy cydetime work hour factor 

Hours = 12,482,072 LCY I 1.015 LCY/hr = 12,293 hrs 
Required

2 
volume to be moved1 net hourly 

production 

0.65 

1,015 

min 

LCYlhr 

Data Sources: 

1) Volume to be moved from Worksheet 3 

2) Hours required go to Worksheet 13 

3) Caterpllfar Performance Handbook, Edition 37 
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Project: Navajo Mine 

Date: May-2009 

WORKSHEET NO. 8a-A 

PRODUCTIVITY AND HOURS REQUIRED FOR LOADER USE 

Earthmoving Activity: 

Area 4N Regrade 

Characterization of Loader Used (type, size, etc] 

Caterpillar 992G with 15 CYD Bucket 

Description of Loader Use (origin, destination, grade,haul distance, etc.) 

Load Caterpmar 7770 Trucks 

0.88 Bucket Fill Factor 

15 Rated Bucket Capaci' [LCY] 

Productivity Calculations3 

Cycle Time = + + 0.7 min = 

Net Bucket = 

loaded haul 
time 

15 LCY * 
Capacity --he-a-p-e-d-b-uck-et-

Net Hourly = 
Production 

capacity 

13.2 LCY I 
net bucket capacity 

empty haul time basic cycle time 

0.88 = 13.2 LCY 
bucket fill factor 

0.7 min * 50 minlhr = 
cycle time work hour factor 

Hours 
Required2 = 

2,258,797 LCY I 1,015 LCY/h = 2,225 hrs 
volume to be net hourly 

production 

0.7 min 

1,015 LCY/hr 

Data Sources: 

1) Volume to be moved from Worksheet 3 

2) Hours required go to Worksheet 13 

3) Caterpllar Perfol1l1ance Handbook, Edition 37 
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Project: Navajo Mine 
Date: May-2009 

WORKSHEET NO. 8B 
PRODUCTIVITY AND HOURS REQUIRED FOR LOADER USE 

Earthmoving Activity: 

Area 3 Regrade 

Characterization of Loader Used (type, size. etc.)3 
Caterpillar 992G with 15 CYD Bucket 

Description of Loader Use (origin, destination, grade,haul distance, etc.) 

Load Caterpllar mo Trucks 

0.88 Bucket Fill Factor 

15 Rated Bucket Capacity [LeY] 

Productivity CalcuJations3 

Cycle Time = + + 0.65 min = 
--:-Ioa---:-ded~ha-u-:-I- ----:-~--:-:~-

empty haul time basic cycle time 

Net Bucket = 
Capacity 

Net Hourly = 
Production 

time 

15 LCY * 0.88 = 
~-=-~~-

heaped bucket bucket fill factor 
capacity 

13.2 Ley / 0.65 min * 
net bucket capacity cycle time 

13.2 LCY 

50 min/hr = 
work hour 

factor 

Hours = 21.331,902 Ley I 1,015 LCY/hr = 21,009 hrs 
Requlred

2 
volume to be moved1 net hourly 

production 

0.65 

1.015 

min 

LCY/hr 

Data Sources: 

1) Volume to be moved from Worksheet 3 

2) Hours required go to Worksheet 13 

3) CaterpiHsr Performance Handbook, Edition 37 
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Project: Navajo Mine 

Date: M8y-2009 

WORKSHEET NO. 8a-8 

PRODUCTIVITY AND HOURS REQUIRED FOR LOADER USE 

Earthmoving Activity: 

Area 4N Topsoil 

Characterization of Loader Used (type. size. etc.f 

Caterpillar 992G with 15 CYD Bucket 

Description of Loader Use (origin. destination. grade,haul distance, etc.) 

Load Caterpillar IT7D Trucks 

1.05 Bucket Fill Factor 

15 Rated Bucket Capad[LCy] 

Productivity Calculations3 

Cycle Time = 
loaded haul 

time 

+ 
empty haul time 

+ 0.7 min = 
basic cycle 

time 

Net Bucket = 
Capacity 

15 LCY * 1.05 = 15.8 Ley 

Net Hourfy = 
Production 

Hours 
Required2 = 

heaped bucket 
capacity 

15.8 Ley I 
net bucket capacity 

bucket fill factor 

0.7 min * 

cydetime 

366.108 lCY I 1,212 LCY/h = 
volume to be 

moved1 
net hourly 
production 

50 min/hr = 
work hour 

factor 

302 hrs 

0.7 min 

1,212 LCY/hr 

Data Sources: 

1) Volume to be moved from Worksheet 3 

2) Hours required go to Worksheet 13 

3) Caterpillar Performance Handbook. Edition 37 
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Project: Navajo Mine 
Date: May-2009 

WORKSHEET NO. 8C 

PRODUCTIVITY AND HOURS REQUIRED FOR LOADER USE 

Earthmoving Activity: 

Area 1 TopsoiHng 

Characterization of Loader Used (type, size, etc.)3 

Caterpillar 992G with 15 CYD Bucket 

Description of Loader Use (origin, destination, grade,haul distance, etc.) 

Load Caterpillar 7770 Trucks 

1.05 Bucket Fill Factor 

15 Rated Bucket Capacity [LCy] 

Productivity Calculatlons3 

Cycle Time = + + 0.65 min = 
-'o-aded""'-"""h-au""",

time 

----~-empty haul time basic cycle time 

Net Bucket = 
Capacity 

15 Ley * 1.05 = 

Net Hourly = 
Production 

--~.,.--,,---

heaped bucket bucket fill factor 
capacity 

15.8 LCY I 0.65 min 
net bucket capacity cycle time 

* 

Hours :: 552,932 LCY I 1,212 LCY/hr = 
Required2 

volume to be moved1 net hourly 
production 

15.8 LCY 

50 mln/hr = 
work hour 

factor 

456 hrs 

0.65 

1.212 

min 

LCY/hr 

Data Sources: 

1) Volume to be moved from Worksheet 3 

2) HOln required go to Worksheet 13 

3) Caterpillar Performance HandboOk. Edition 37 
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Project: NS'Iajo Mine 

Date: May-2009 

WORKSHEET NO. 8a-C 

PRODUCTIVITY AND HOURS REQUIRED FOR LOADER USE 

Earthmoving Activity: 

Area 4N Mitigation 

Characterization of Loader Used (type. size. etc.f 

Caterpillar 992G with 15 CYD Bucket 

Description of Loader Use (origin. destination. grade.haul distance. etc.) 

Load Caterpillar 777D Trucks 

1.05 Bucket Fill Factor 

15 Rated Bucket Capad [LCY] 

Productivity Calculations3 

Cycle Time = + + 0.7 min = ----loaded haul empty haul time basic cycle 
time time 

Net Bucket = 15 LCY * 1.05 = 15.8 LCY 
Capacity --he-a-ped--bu-c-ke-t-

Net Hourly = 
Production 

capacity 

15.8 LCY I 
net bucket capacity 

bucket fill factor 

0.7 min * 
cycle time 

Hours 
Required2 = 

54,338 ley I 1,212 LCY/h = 
volume to be 

moved' 

nethour1y 
production 

50 min/hr = 
work hour 

factor 

45 hrs 

0.7 min 

1,212 LCY/hr 

Data Sources: 

1) Volume to be moved from Worksheet 3 

2) Hours required go to Worksheet 13 

3) Caterpillar Perfonnance Handbook, Edition 37 
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Project: Navajo Mine 
Date: May-2009 

WORKSHEET NO. 80 

PRODUCTIVITY AND HOURS REQUIRED FOR LOADER USE 

Earthmoving Activity: 

Area 2 Topsoillng 

Characterization of Loader Used (type, size, etc.)3 
Caterpillar 992G with 15 CYD Bucket 

Description of Loader Use (origin, destination, grade,haul distance, etc.) 

Load Caterpillar 7770 Trucks 

1.05 Bucket Fill Factor 

15 Rated Bucket Capacity [LCY] 

Productivity Calculatlons3 

Cycle Time = + + 0.65 min = -----loaded haul 
time 

empty haul time basic cycle time 

Net Bucket = 15 LCY * 1.05 = 15.8 LCY 
Capacity heaped bucket bucket f~1 factor 

capacity 

Net Hourly = 15.8 LCY I 0.65 min * 50 minlhr = 
Production net bucket capacity cycle time work hour 

factor 

Hours = 
Requlred2 

1,720,329 LCY I 1,212 LCYlhr = 1,420 hrs 
volume to be moved1 net hourly 

production 

0.65 min 

1,212 LCY/hr 

Data Sources: 

1) Volume to be moved from Worksheet 3 

2) Hours required go to Worksheet 13 

3) Caterpillar Perfonnance Handbook. Edition 37 
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Project: Navajo Mine 

Date: May-2009 

WORKSHEET NO. 8a-0 

PRODUCTIVITY AND HOURS REQUIRED FOR LOADER USE 

Earthmoving Activity: 

Cottonwood Crossing Material Removal 

Charaderization of Loader Used (type. size, etc.' 

Caterpillar 992G with 15 CYO Bucket 

Description of Loader Use (origin. destination, grade,haul distance. etc.) 

Load Caterpillar 7770 Trucks 

0.88 Bucket Fill Factor 

15 Rated Bucket Capaci' [LCy] 

Productivity CalcLiIations3 

Cycle Time = 

loaded haul 
time 

+ 
empty haul time 

+ 0.7 min = 
basic cycle 

time 

Net Bucket = 
Capacity 

15 LCY • 0.88 = 13.2 LCY 

Net Hourly = 
Production 

Hours 
Required2 = 

heaped bucket 
capacity 

13.2 Ley I 
net bucket capacity 

bucket fill factor 

0.7 min • 
cycle time 

127.205 LCY I 1.015 LCY/h = 
volume to be 

moved1 
net hourly 
production 

50 minlhr = 
work hour 

factor 

125 hrs 

0.7 min 

1,015 LCY/hr 

Data Sources: 

1) Volume to be moved from Worksheet 3 

2) Hours required go to Worksheet 13 

3) Caterpillar Performance Handbook. Edition 37 
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Project: Navajo Mine 
Date: May-2009 

WORKSHEET NO. 8E 

PRODUCTIVITY AND HOURS REQUIRED FOR LOADER USE 

Earthmoving Activity: 

Area 3 Topsolling 

Characterization of Loader Used (~, size, etc.)3 
Caterpillar 992G with 15 CYD Bucket 

Description of Loader Use (origin, destination, grade,haul distance, etc.) 

Load Caterpillar 7770 Trucks 

1.05 Bucket Fill Factor 

15 Rated Bucket Capacity [LCy] 

Productivity Calculations3 

Cycle Time = + + 0.65 min = 
loaded haul 

time 

--~-.,...~-

empty haul time basic cycle time 

Net Bucket = 
Capacity 

15 LCY * 1.05 
~~~~--

heaped bucket bucket fill factor 
capacity 

Net Hourly = 15.8 lCY I 0.65 min 
Production net bucket capacity cycle time 

= 15.8 lCY 

* 50 minlhr = 
work hour 

factor 

Hours = 3,253,655 lCY I 1,212 LCYlhr = 2.686 hrs 
Required

2 
volume to be moved1 net hourly 

production 

0.65 

1,212 

min 

lCYlhr 

Data Sources: 

1) Volume to be moved from Worksheet 3 

2) Hours required go to WorkSheet 13 

3) Caterpillar Performance Handbook, Edition 37 
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Project: Navajo Mine 

Date: May-2009 

~ORKSHEET NO. 8F 

PRODUCTIVITY AND HOURS REQUIRED FOR LOADER USE 

Earthmoving Activity: 

Area 1 Mitigation 

Characterization of Loader Used (type, size, etC.)3 

caterpillar 992G with 15 CYD Bucket 

Description of Loader Use (origin, destination, grade,haul distance, etc.) 

Load Caterpillar 7770 Trucks 

1.05 Bucket Fill Factor 

15 Rated Bucket Capacity [LCY] 

Productivity Calculations3 

Cycle Time = + + 0.65 min = 
-Ioa-d-ed"""""'ha-u-I -~~~~-

empty haul time basic cycle time 
time 

Net Bucket = 15 LCY * 1.05 = 
Capacity heaped bucket bucket fill factor 

capacity 

Net Hourly = 15.8 LCY I 0.65 min * 
Production netbucketcapac~ cycle time 

Hours = 
Requlred2 

49,955 LCY I 1,212 LCY/hr = 
volume to be moved1 net hourly 

production 

15.8 LCY 

50 mlnlhr = 
work hour 

factor 

41 hrs 

0.65 

1,212 

min 

LCYlhr 

Data Sources: 

1) Volume to be moved from Worltsheet 3 

2) Hours required go to Worksheet 13 

3) Caterpillar Perfonnance Handbook, Edition 31 
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Project: Navajo Mine 

Date: May-2009 

WORKSHEET NO. 80 

PRODUCTIVITY AND HOURS REQUIRED FOR LOADER USE 

Earthmoving Activity: 

Area 2 Mitigation 

Characterization of Loader Used (type, size, etc.)3 
Caterpillar 992G with 15 CYD Bucket 

Description of Loader Use (origin, destination, grade,haul distance, etc.) 

Load Caterpillar 7770 Trucks 

1.05 Bucket Fill Factor 

15 Rated Bucket Capacity [LCY] 

Productivity Calculatlons3 

Cycle Time = + + 0.65 min = 
loaded haul 

time 

-----:---:--~~-

empty haul time basic cycle time 

Net Bucket = 
Capacity 

15 LCY *' 1.05 = 

Net Hourly = 
Production 

--:-""""':""-:-::'~--

heaped bucket bucket rll factor 
capacity 

15.8 LCY I 0.65 min 
net bucket capacity cydetime 

*' 

Hours = 
RequirJ 

200,994 LCY I 1,212 LCY/hr = 
volume to be moved' net hourly 

production 

15.8 LCY 

50 mlnlhr = 
work hour 

factor 

166 hrs 

0.65 

1,212 

min 

LCY/hr 

Data Sources: 

1) Volume to be moved from Worksheet 3 

2) Hours required go to WOft(sheet 13 

3) Caterpillar Performance Handbook. Edition 37 
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Project: Navajo Mine 

Oate: May-2009 

WORKSHEET NO. 8H 

PRODUCTIVITY AND HOURS REQUIRED FOR LOADER USE 

Earthmoving Activity: 

Area 3 Mitigation 

Characterization of Loader Used (!ype, size, etc.)3 
Caterpillar 992G with 15 CYD Bucket 

Description of Loader Use (origin, destination. grade,haul distance, etc.) 

Load Caterpillar 7770 Trucks 

1.05 Bucket Fill Factor 

15 Rated Bucket Capacity [LCY] 

Productivity CaJcuiations3 

Cycle Time = + + 0.65 min = 
loaded haul 

time 

----..,..--
empty haul time basic cycle time 

Net Bucket = 
Capacity 

15 LCY· 1.05 
.....,.-~~~--

heaped bucket bucket fill factor 
capacity 

Net Hourly = 15.8 LCY I 0.65 min 
Production net bucket capacity cyde time 

= 

• 

Hours = 
Requirec:r 

284,534 LCY I 1,212 LCY/hr = 
volume to be moved1 net hourly 

production 

15.8 LCY 

50 mlnlhr = 
work hour 

factor 

235 hrs 

0.65 

1,212 

min 

LCY/hr 

Data Sources: 

1) Volume to be moved from WorkSheet 3 

2) Hours required go to Worksheet 13 

3) Caterpillar Performance Handbook, Edition 37 
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Project: Nava;o Mine 
Date: May-2009 

WORKSHEET NO. 81 
PRODUCTIVITY AND HOURS REQUIRED FOR LOADER USE 

Earthmoving Activity: 

North Area Coal Contaminated Soil Disposal 

Characterization of loader Used (type, size, etc.)3 

Caterpillar 992G with 15 CYD Bucket 

Description of Loader Use (origin, destination, grade,haul distance, etc.) 

load CaterpUlar 7770 Trucks 

0.88 Bucket Fill Factor 

15 Rated Bucket Capacity [lCy] 

Productivity Calculations3 

Cycle Time = + + 0.65 min = 
loaded haul 

time 

--~-..,...--

empty haul time basic cycle time 

Net Bucket = 
Capacity 

Net Hourly = 
Production 

15 lCY • 0.88 
~~~~--

heaped bucket bucket fill factor 
capacity 

13.2 lCY I 0.65 min 
net bucket capacity cycle time 

= 

• 

Hours = 
Required2 

127,904 lCY I 1,015 lCYlhr = 
volume to be moved1 net hourly 

production 

13.2 LCY 

50 minlhr = 
work hour 

factor 

126 hrs 

0.65 

1,015 

min 

lCYlhr 

Data Sources: 

1) Volume to be moved from WOI'kaheet 3 

2) Hours required go to Worksheet 13 

3) Caterpillar Perfonnance Handbook, Edition 37 
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Project: Navajo Mine 
Date: May-2009 

~ORKSHEET NO. 8J 

PRODUCTIVITY AND HOURS REQUIRED FOR LOADER USE 

Earthmoving Activity: 

Area 3 Coal Contaminated Soil Disposal 

Characterization of Loader Used1~, size, etc.)3 
Caterpillar 992G with 15 CVO Bucket 

Description of Loader Use (origin, destination, grade,haul distance. etc.) 

Load Caterpillar 7770 Trucks 

0.88 Bucket Fill Factor 

15 Rated Bucket Capacity [LCy] 

Productivity Calculations3 

Cycle Time = + + 0.65 min = 
loaded haul 

time 
empty haul tine basic cycle time 

Net Bucket = 
Capacity 

Net Hourly = 
Production 

15 LCY· 0.88 
--~~--heaped bucket bucket fill factor 

capacity 

13.2 LCV I 0.65 min 
netbucketcapacHy cycle time 

= 

• 

Hours = 
Required2 

187,859 LCV I 1,015 LCV/hr = 

volume to be moved 1 net hourly 
production 

13.2 LCY 

50 minlhr = 
work hour 

factor 

185 hrs 

0.65 

1.015 

min 

LCVlhr 

Data Sources: 

1) Volume to be moved from Worksheet 3 

2) Hours required go to Wolitsheet 13 

3) Caterpillar Performance Handbook, Edition 37 
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PIojKt: ............ 
DIM; ...,.2001 

WORKSHEIT NO. M 
PRODUCTMTY AND HOURS RECURED FOR TRUCK USE 

Ewthrnovlng Ac:IvIty. 

ArN2R..

«Trude UMd (type,sIze, ett:..f 
Cater'pk 7T7O 

55 S1nJck CapadIy (Ley) 

79 Huped capay (Ley) 

87 AdjusIed CIIpac:iIy (AVWIIge of Struck .nd Heaped) (LeY] 

~ r:I Truc:k use (origin, destination, grede,haU distance, tn.Idc capacity, E .): 

10,158 It. avtI1Ige hIuI ~ 

.0.5% GnIde (loaded) 

3.0% Rolling Reaisance 

. . c.Ic:uIetiod 

LOilder .. 57 Ley I 13 Ley = 5 pasMS
Pauesp., IrudtClf*ity IoIcIer budtec 

Truck net c:.p8CiIy 

NetTruc:k = 13 Lev· 
C8padty INd.- bucIcet net 

~ 

5 = 
!oederpuNa 

pertrudt 

66 l.CY 

Loading • 0.7 min 5 = 3.3 min 
TimeFW loader qICIt liN loader 

Truck palMSpel' 

IIuck 

Numberot = 13.0 min I 3.3 min '"' 4 tNc:b 
Trucb trucIc c,dI time INdc IoIIding (1'CIlftI 

Requqd IimI 1tDWI) 

TNCkCyde • 5.7 rrWI + 
Time llaulline 

Production ~ e6 Ley I 
Rate net tN<:k QlPllCity 

3.1 min + 

rwmlime 

13.0 min = 
cydelime 

3.3 min + 1.0 min '"' 13.0 min 

IoecIing *- per dump and 
Well: mInIU",.,tirM 

5.1 LeY/min 

~= 5 lCYM*1 • 50 minlt1r = 253 LeylhI' 
ProducIion praduc:tion ..... work tIcM

r.dar 

Hours = 12,482.072 l.ey I 
R~ YCIIume 10 I»~' 

253 LCYIhI' '"' 
houIty 

produCIiOn 

49,321 hrs 

DIll SOuICoIt: 
1) Vobnetobe __ from w.an..t 3 

2) Hocn r..,nd .. -........ 13 

3) ~~ HMMIIIMI:,1E4IMn 37 
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Project: NaYljo Mine 
[)Me: M.,..2009 

WORKSHEET NO.Ia-A 
PRODUCTIVITY AND HOURS REQUIRED FOR TRUCK USE 

Earthmoving Activity: 
I 

Area 4N Regrade 

Characterization of Truck Used (type, size, etc.jI 

Caterpillar 7770 

55 Struck Capacity (LCY) 

79 Heaped Capacity (LCy) 

67 Adjusted capacity (Average of Struck and Heaped) {LCY] 

Description of Truck Use (origin, destination, grade,haul distance, truck capacity, etc.); 

4,052 ft. average haul distance 

-4.2% Grade (loaded) 
3% Rolling Resisance 

Productivity Calculation' 

Loader: 66.9 LCY \ 13 LeY .. 5 passes 
Passes Per truckcapadty loader bucket 

Truck net capacity 

Loading : 0.65 min . 5 : 3.3 min 
Time Per loader cy.;:1e time loader 

Truck passes per 
t",role 

Number of = 5.3 min \ 3.3 min .. 1 trucks 
Trucks ~cycletime trucklodlg (round 

Required time down) 

Net Truck = 13.2 LCY • 
Capacity loader bucket net 

capacity 

Truek Cycle = 0.7 min + 
Time haul time 

Production .. 66 LCY \ 
Rate net !ruck capacity 

5 
loader passes 

per truck 

0.4 min 
return time 

5.3 min 
cydetlme 

= 

+ 

= 

66 LCY 

3.25 min + 
Joacmg time per 

Irudt 

12.4 LCY/min 

1 min = 5.32 min 
dump and 
manewer 

limA 

Hourty & 12.4 LCYImin • 50 min/hr :8 620 LCYlhr 
Production production rata wen hour 

factor 

Hours = 2,258,797 lCY \ 
Requirecf volume to be 

moved' 

620 LCYlhr 
hourly 

produdon 

.. 3,642 hI'S 

Datil Sourt.s: 

1) Volume to '-lIIOWCI from Work_at 3 

2) Hou~ required 00 to WoIlIMet 13 

3) Catetpillar PerfcInnMc:e Handbook, Edilion 37 
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Pn:Jjed: Nav.;o Mine 
Dele: May-2OOiI 

WORKSHEET NO. 9a.a 

PRODUCTIVITY AND HOURS REQUIRED FOR TRUCK USE 

Earthmoving Activity: 

Area 4N Topsoiling 

Characterization of Truck Used (type, size, etc.r 

Caterpilar 7770 

SS Struck Capacity (lCY] 

79 Heaped Capacity (LCy] 

67 Adjusted Capacity (Average of Struck and Heaped) [lCY) 

Description of Truck Use (origin, destination, grade,hauI distance, truck capacity. etc.): 

5,205 ft. average haul distance 

.0.5% Grade (Loaded) 

3% Roiling Resisance 

Productivity Calculation3 

Loader '" 66.9 LCY \ 16 LCY = 4 passes NelTruck = 13.2 LCY • 5 = 56LCY 
Passes Per truck capacity loader bucket Capacity loader bucket net loader passes 

Truck oet capacity capaciCy per truck 

Loading = 0.65 min . 5 = 3.3 min Truck Cycle = 4.8 min + 2.6 min + 3.25 min + 1 min = 11.62 min 
Time Per loader cycle lime loader 1lme haul time retum time loading time per dump and 

Truck passes per truck maneuver 
Inlt:k limA 

Number of :: 5.3 min \ 3.3 min = 1 trucks Production = 56 LCY \ 5.3 min = 12.4 LCY/min 
Trucks IruCk cyde lime InIck loading (round Rate net lruck capacity cycle time 

Required time down) 

H~. 12.4 LCY/min • 50 minlhr = 620 LCY/hr Hours = 366,108 LCY \ 620 LCYlhr .: 590.4 hrs 
Production produclion ... work hour R8<IUIred2 volume to be hourty 

factor moved' production 

DeIa~: 

1) VoU!1.1o be ~ Inxn WOrksheet 3 

2) Houts required go 10 WorIcsheet13 

3) C8terpMer P8ffomIanc;e HIIndbook. Edition 37 

:: 




ProjMt: ........... 

0.: lMV-2OOII 

WOftKSHEET NO. Ie 
PRODUClMTY AND HOURS REQUIRED FOR TRUCK USE 

~ActMty: 

AIea 1 Topsoiling 

ChanIc:ter1%.AtiOn Of Truck uaecs (type, SiZe, etc.t 
c...piIIIrmD 

55 StNc:k Capdy [lCY] 

79 HetpecI c.pdy (LeY] 

87 Adjusted c:.pay (A~ of Sttudt end Heaped) [lCy) 

0escrIpti0n of Truck Ute (origin. dtistlnation, grade,n.uI ~, ItuC:k capacity, etc.): 

1".730 11. awrage haul ciItroce 

0.3% GrD (l'**') 

3.0% RolIng Resisanct 

.. CekuIeIIorl 

loader a 67 lCY / 18 Ley . " peases
P..... Pw ~CIPdY IUdIrbucket 

Truck net~ 

Loading = 0.7 min . 
" • 2.5 nW1 

TlmePer IoMercycietime Jo.def 
TNCk pas... ,.. 

tNck 

Number of .. 16.3 min I 2.6 min .. 8 trucks 
TruckS IIUCk cycle time tnldlloMtin!I (RlUnd

Required time doM'I) 

NetTrudt =: 

C8pacily 

TruckC~de .. 
Time 

Production = 
R... 

16 Ley· 
Io.w bucket net 

c.pecity 

8.3 .nn + 
haultirn1 

63 LCY I 
net INck c:II*iIY 

" "" 
IUderpUMJ 

perllUCk 

".5 min + 

"*"" time 

16.3 min . 
c:ydetime 

63 L.CY 

2.6 min + 
loading time 1* 

well 

3.9 LCY/min 

1.0 min "" 15.3 min 
clump and 

INIIIU'Ier ... 

H~", " LCYhnin • 50 minIhr. 183 lCYIhr 
PIoducIion pnIduc:Iion ,.... wortthour 

f-=

Hold • 
Required' 

631,448 LeV / 
voUnetobe 

moyed' 

193 LCYIhI' s 

hoIIrtt 
produc:Ion 

3,2" In 

DID 8cIurca: 

1) ",*-"be ~ hill WIWbIIHt:l 

2) IiIMn I'eqIIiIM 0- " WDrIaI/IMt 13 

3) ~~HancIIook, EdIIionU 

~ 
I\.) 

l, ~
'-' 
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Proied: Navajo Mine 
Daae: May.2009 

WORKSHEET NO. 9.-C 
PRODUCTIVITY AND HOURS REQUIRED FOR TRUCK USE 

Earthmoving Activity: 

Area 4N MitigatiOn 

Characterization of Truck Used (type, size, etc.r 
Cet~r777D 

55 Struck Capacity (lCY] 

79 Heaped Capacity (LCY) 

67 Adjusted Capacity (Average of Struck and Heaped) [LCy) 

Description of Truck Use (origin, destination, grade,haul distance. truck capacity, etc.): 

8,530 ft. average haul distance 

-1.3% Grade (loaded) 

3% Rolling Resisance 

Productivity Calcufatior\' 

Loader = 66.9 LCY , 16 LCY :II 4 passes Net Truck = 13.2 LCY * 5 = 66lCY 
Passes Per InJCk capacity loader bucket C8pacity loader bucket net loader passes 

Truck netcapadCy capacity per truck 

Loading = 0.65 min . 5 = 3.3 min Truck Cycle = 6.2 min + 3.3 min + 3.25 min + 1 min = 13.81 min 
Time Per loader cycle time Ioeder Time haul lime retum time IoacIng time per dump and 

Truck passespel' truck maneuver 
Inn lim.. 

Number of ;: 5.3 min \ 3.3 min ;: 1 lruc:ks Production = 66 LCY \ 5.3 min = 12.4 LCY/mln 
Trucks truck cycle time !rUck loading (round Rate net truck capacity cydelime 

Required lime down) 

Hourly = 12.4 LCYImin • 50 mint1\( = 620 LCY/hr Hours = 54.338 LCY \ 620 LCY/hr = 87.6 hrs 
Production production rale woril hour Requlted2 volume to be hourty 

faclor moved1 production 

o.t.~••; 

1) Volume 10 M moved from WOftlshee' 3 

2) Hours requir.d go 10 WoItIheet 13 

3) caterpillet' Petformance H8ndbook. Edition 37 

~ w 



ProjC MIYIjD ..... 

0.: Mly-2OOI 

WORKSHEET NO. to 
PROOUC1MTY AND MOUltS MQUIRED fOR TRUCK use 

EerttwnovinO Actvity. 

Area 2 T opsoiIing 

Characterization GI TIUdc Uaed (type, siZe, etc.t 
CatetpiIIar T110 

55 S1tudc Capac:iIy [LCY) 

7S1 Heaped Capacity [LeY] 

67 AdjuateCI Capdy (A~ GI SINCk and HMped) [LCY) 

Desaiption of Truck USe (origin, deStination, Q1'8dII.hauI dista'Ice, truck capacity. eIC,): 

11.9M ft. ...haul diatanc:e 

O.~ Grade (LOIIdeCI) 

3.0% Rolling ReaiMra 

Productivity ~ 

Loeder .. 67 LCY I 16 LCY c .. pasMs 
PessesPw tr\Ick~ Jo.- buc:ket 

Truck rwtQpM:ity 

a.o.ding .. 0,7 min . 4 ,. 2.8 min 
Time Per Iced.- eycIe time INder 

TIUdc .....1* 
IfUCk 

~ber~. 13.9 min I 2.6 min .. 5 tNck& 
TI\IQ<s INc* cycle time INCIIINding (round

Required time clown) 

NetTtue:k .. 
~ 

TruckCyde :: 
Time 

Production .. 
R"e 

1& ley· 

IoadIt bucUl neI 
ctpIICiIy 

6,7 rrin + 

haul time 

63 LCY I 

'*1tUdt~ 

.. z 

~detpaues 
perlNdl 

3.6 min + 

r-.n1irM 

13.9 min = 
crclllirM 

63 LCY 

2.6 min + 

IoMIinO lime pIf 
WudI 

4,5 LCYImin 

1.0 min :;; 13.9 min 
dump and 
~Iime 

Hcuty .. 5 lCYImin • 50 ~,. 226 lCVIhI' 
Production produaion ..... -nhout,.. 

Hours '" 
Requirecf 

1,9&4,615 LCY I 
YOUnetolle 

rnov.dl 

226 LCYh" 

hourti 
ptOduc:Iion 

8,m In 

Dllaa.u_= 
1) v.- .. __ ..-cI tom WorbIMet 3 

2) Hours ~ get. WarDh... U 

3) cu.,iIw "-tor....HIIIdooek. EdiIIoII U 

t 

~'-' '-' 
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Pfojec:t: NavIio Mine 
Dale: May-2009 

WORKSHEET NO. 9a-D 

PROOUCTMTY AND HOURS REQUIRED FOR TRUCK USE 

Earthmoving Activity: 
Cottonwood Crossing Material Removal 

Characterization of Truck Used (type, size, etc." 
Caterpllar 7770 


55 Struck Capacity [lCY) 


79 Heaped capacity (Ley) 


67 Adjusted Capacity (Average of Struck and Heaped) {LeY] 


Description of Truck Use (origin, destination, grade,haul distance, truck capacity, etc.): 

4,600 ft . average haul distance 

-0.9% Grade (Loaded) 
3% Rolfing Resisance 

Productivi1y Calculation3 

Net Truck = 13.2 Ley • 5 = 66 LeyLoader = 66.9 LCY \ 13 LCY = 5 passes 
CapacityPasses Per loader bucket net loader passes 


Truck net capacity 

INek capacity loader bucket 

capacity perlruck 

. Truck Cycle '"' 2.6 min + 1.4 min + 3.25 min + 1 min . 8.23 min ILoading = 0.65 min 5 = 3.3 min 
TimeTime Per haul lime relurn lime loading lime per dump and 


Truck passes per 

loader cycle time Ioedet" 

!ruck maneuver 
tirMInri 

Number of = 5.3 min \ 3.3 min = 1 trucks Production: 66 LCY \ 5.3 min = 12.4 LeY/min 
RateTrucks net lruck capacity cyctetlme 


Required Ume down) 

truck cycle lime trucklo~ (round 

Hours = 127,205 LCY \ 620 LCY/hr ::; 205.1 hrsHourty = 12.4 LCY/min • 50 minlhr = 620 LCYlhr 
~oduction Requirecr votumelobe hourly 

factor 
production rata work hour 

productionmoved' 

OIllaSo~; 

1} Volume 10 be moved from WOfIIIIIee. 3 

2) HourI required eo lID WOfII.al 13 

3) Caterpillar Perfonnance Handbook, Edition 37 
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PntjecI: Navejo Mine 

0.: w.y.aooe 

WORKSHEET NO. IF 
PRODUCTMTY AND HOURS REQ~ FOR TRUCK USE 

E.-thrT1oWIg Achily: 

ArM 1 Miligation 

ot Truck UMd (type. siZe. *-f 
CaIarpiIIar roo 

55 StNck Capacity (leV) 

79 Heaped capacity [L.Cy] 

67 A4Usted Capacity (Avnge of S1Nck and Heaped) (LCY) 

DescriptiOn ot Truck Ute (origin, deStinllliOn. grade,hauI distance. ttuc:k eapaciIy. etc.): 

10,1-49 ft. ~ haul di.-.ce 

1 . 2~ Glade (L.oaded) 

3.~ R~ Resisance 

Productivity Ca1cuIaIori' 

Leeder: 67 lCV I 16 Ley .. 04 passe$ 
PauesfW IrudI eap8City !Older bucKet 

Truck not capac:iey 

L.08ding .. 0.7 Irin . 
" = 2.6 min 

TmePer loMer tyde WIle \Golder 
Truck PUleSpet' 

trudc 

Number of = 12.04 min I 2.8 min .. 04 IM:b 
TruckS truck c.yde time !lUCk IoIding (round 

Required lime dcMn) 

NeITruck .. 
Capacjty 

TIUCk Cycle • 
Time 

Production .. 
Rate 

16 lev· 
Ioeder budl:e' net 

CII*itY 

5.7 min + 
haul lime 

83 LCV I 
netWUc*~ 

4 '"10..,.,...... 
1* truck 

3.1 min + 
return tiIM 

12.04 min "' 
~.time 

83 LCV 

2.6 min + 
loading time pet 

truck 

5.1 LCYImin 

1.0 min '" 12.04 min 
dump and 

1Mnewel'1ime 

Hourly .. 5 L.CYImin· 50 minIt1r. 254 lCVIhr 
Production pRIduCIion ,.. -.-khour 

t.c:sor 

Hours ". 

R~ 
57.048 LeV I 

volume to be 

mcMId' 

254 LCV...... 
houIty 

produdior1 

224 hrs 

o...Sour_: 
1) \fGIwM"'" ~ ..... WId:IIIHIl 

2) ....... requRcI 11''' WadaIhMt 13 

1) ~~HencIIook. Edihn 17 
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ProIKt Navajo Min. 
0.: May-2OOt 

WORKSHEET NO•• 
PRODUCTMTY AND HOURS REQUIRED FOR TRUCK USE 

e.tImoYing AcWity: 

North ...... Colli CanWrninaIed Soil 0isp0uI 

~ ofTNCk UMd (type,lize, etAt 
cawpiIar TT7D 

55 Struck C8paciIy (Lcy) 

79 HYped Capdy ILCy) 

67 AdjUllecS Capacity (A....of StRIck and Heaped) (LCY] 

~ of TfUd( Use (origin, destination, grade,MuI ~c:e, ruck capacity. *-): 

22.300 ft. ...haul distance 

O.5~ Grade (loadtd) 

3.0% ROlIng ReaiUnce 

Proct.dWy~ 

Loader = 67 LCY I 13 LCY .. 5 passes 
PassMPer truck QpM:ity INder bucket 

Truck nit CIpIICity 

Loading a: D.7 "*' . 5 .. 3.3 min 
TiMP« IoedIr 0Ide lime Joeder 

Truck plUMper 

1Ndl 

Nunbercl s 23.5 min I 3.3 min .. 7 tucks 
TfUd(1 trucK cycle tine truck kNIding (round

Required lime down) 

HoUIty = 3 LCYImin • 50 mmv.. 140 LCYIhr 
Produdion procIuQon 11M WOIIthOur 

fac:Iar 
-

NetTruc:tt = 
Capacity 

TNCkCy~;: 

Time 

Produclion • 
Rate 

Hours,. 
RequiNdI 

13 LCY' 
Joeder buc:lcet net 

Qf*ity 

12.5 JTin + 
heultime 

66 LCY I 
nellNCl C8pKily 

127,904 LCY I 
voIumetobt 

1'ftO¥ed' 

5 = 
100000p..... 

perlNdt 

6.8 1M + 

rWlmtime 

23.5 min '" 
c:ydetime 

140 LCYIhr" 
WOIIt hour fldClt 

66 LCY 

3.3 min + 

~1iI\'Ie,* 
trucK 

2.8 LCYImin 

913 hr$ 

1.0 min c 23.5 min 
clumpMd 

maneuver lime 

08lIl Sourc.: 

1) VoIwrM ~.. mowtd to. \NorDhee( :I 

2) HourI,..... eo to II'tIDrbIIHc 13 

JI c...,.., p~ HtIndboot. Edilion 37 

o 

~'-' '-' 
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P\'qec:t Nawjo Mine 
Dete:M• .,.2OOt 

WORKSHEET NO. IJ 
PRODUCTIVITY AND HOURS REQIMEO FOR TRUCK USE 

EwthmOWIQ Adivity: 

Ate. 3 CollI CortaminaIed Soil DIsposal 

ofTIUCk Used (type. size. elM.t 
C&terpk7770 

55 Struck Capacily [Ley] 

79 Heaped Capacity [LCY] 

67 AdjuIIed Capdy (A'W8ge of S1Ndt and HMped) [Lcy] 

Desc:ription of Truck Use (origin, destination, grade,hauI distance, Ir\ICk capacity. etc.): 

6,200 ft. average haul distance 

-0. 7~ Grade (Loaded) 

3.0% Rolling Reaiaance 

ProdudMty C8IcaAaticd 

Lotidei' :: 67 Ley I 13 LCY '" 5 passes 
Paaaea Per INck QptCity k*Wbudlel 

Truck netcap.aty 

LOIding • 0.7 min . 5 = 3.3 min 
Time Par !oed« eyc:a tirM loader 

TRick puusper 
Wdl 

Number of '" 9.6 min I 3.3 min = 2 truc:k1 
Truc:Ics trudt~time trudt Iollding (round 

RequinKI time dOOM'll 

NetTrueJ( = 
Capacity 

TNdtCyde. 
TIme 

ProcIuction = 
Rate 

13 Lev· 
laderbuc:ket flIIt 

CIP.atv 

3.5 min + 
haul..,. 

66 LCY I 
net tNeIc C8peCity 

5 :: 

loederpbNS 
petlrud!. 

1.9 min . 
rWmli'ne 

9.6 min = 
c:yc:lalime 

e& LCY 

3.3 min + 
IoD'II time pel' 

tNdc 

6.9 LCY/min 

1.0 min :: 9.6 min 
~WICI 

II1IIMIMIf time 

Hourly = 7 LCVhI'Iin· SO 1TinIhr. 3043 LCVIhr 
ProdudiOn procIucIian ,... .orkhour 

flCtOr 
- -

Hours .. 
RequinJ 

187.859 LCY I 
woIumetobe 

rnowd' 

343 Ley.tlr = 
.ork hour 

fIQor 

547 M 

I 

Delas.-.: 
1) Vobne to ba ___ flam WoIbIIMI3 

Z) HoI.n ,...lracI go til WarbIIMt 13 

3) ~~ I1ancIbo4*. E*Ien 3? 

U1 ...... 



Project: NavajO Mine 
Date: May-2009 

WORKSHEET NO. 11A 
PRODUCTIVITY AND HOURS REQUIRED FOR SCRAPER USE 

Earthmoving Activity: 

Area 2 Grading 

Characterization of Scraper Used (type, size, etc.)3 

Caterpillar 637G Scrapers Push-Pull Pair 


24 Struck Capacity [ydi 

34 Heaped Capacity 
 (ydi 

29 Adjusted capacity (Average of Struck and Heaped) [ydi 


Description of Scraper Use (Origin. destination. grade. haul distance, material, etc.) 

1,578 ft. average haul distance 

0.2% Grade (Loaded) 

30/0 Roiling Resisance 

Productivity Calculatlons3
: 

Cycle = 1.0 min + 1.0 min + 0.6 min + 0.7 min = 3.3 min 
Time3 

load time per pair loaded trip maneuver and return trip 
time spread time time 

Net Hourly = 29 LCY· 50 minthr I 3.3 min '* 2 885 LCY/hr= 

Production 
 adjusted capacity work hour cycle time number of 

factor scrapers 

Hours = 16.736.035 LCY I 885 LCYlhr = 18.900 hrs 

Requirecr volume to be net hourly 


handled' 
 production 

Data Sources: 

1) Acres from Worksheet 3 

2) Hours required go to Worksheet 13 

3) Calerpilar Performance Handbook. Edition 31 

52 



Project: Navajo Mine 

Date: May-2009 

WORKSHEET NO. 118 
PRODUCTIVITY AND HOURS REQUIRED FOR SCRAPER USE 

Earthmoving Activity: 

Area 3 Grading 

Characterization of Scraper Used (type, size, etc.)3 

Caterpillar 637G Scrapers Push-Pull Pair 

24 Struck Capacity (yd3
) 

34 Heaped Capacity [Y<f] 

29 Adjusted Capacity (Average of Struck and Heaped) [yd3
] 

Description of Scraper Use (origin, destination, grade, haul distance, material. etc.) 

2,112 ft. average haul distance 

-3.1 % Grade (Loaded) 

3% ROiling Resisance 

Productivity Calculations3 
: 

Cycle::: 1.0 min + 1.2 min + 0.6 min + 0.9 min 
Time3 

load time per pair loaded trip maneuver and return trip 
time spread time time 

Net Hourty::: 29 LCY * 50 mln/hr I 3.7 min • 2 
Production adjusted capacity work hour cycle time number of 

factor scrapers 

Hours = 28.912.821 Ley I 784 LCY/hr = 36,889 hrs 
Required2 

volume to be nethour1y 
handled1 production 

::: 

= 

3.7 min 

784 LCYlhr 

Data Sources: 

1) Acres from Worksheet 3 

2) Hours required go to Worksheet 13 

3) CaterpiAar Performance Handbook, Edition 37 
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Project: Navajo Mine 

Date: May-20OO 

WORKSHEET NO. 11C 

PRODUCTIVITY AND HOURS REQUIRED FOR SCRAPER USE 

Earthmoving Activity: 

Area 1 TopsoJling 

Characterization of Scraper Used (type, size, etc.)3 

Caterpillar 637G Scrapers Push-Pull Pair 

24 Struck Capacity [ycf] 
34 Heaped Capacity [yd1 

29 Adjusted Capacity (Average of Struck and Heaped) [yd3l 

Description of Scraper Use (origin, destination, grade, haul distance, material. etc.) 

2,300 ft. average haul distance 

0.0% Grade (Loaded) 

3% Rolling Resisance 

Productivity CalcuJations3 
: 

Cycle = 1.0 min + 1.3 min + 0.6 min + 1.0 min = 
Time3 load time per 

pair 

Net Hourly = 29 LCY • 
Produd~n ----ad~~u-s-t~----

Hours = 
Required2 

capacity 

11,327 LCY I 
volume to be 

handled1 

-----~ loaded trip maneuver and return trip 
time spread time time 

50 rninlhr I 3.9 min 
work hour --c-y-c-Ie-ti-m-e-

factor 

753 LCY/hr = 
net hourty 
production 

15 hrs 

* 2 = 
number of 
scrapers 

3.9 min 

753 LCY/hr 

Data Sources: 

1) Acres from Worksheet 3 

2) Hours required go to Worksheet 13 

3) CatarpiMar Performance Handbook, Edition 31 
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Project: Navajo Mine 

Date: May-2009 

WORKSHEET NO. 110 

PRODUCTIVITY AND HOURS REQUIRED FOR SCRAPER USE 

Earthmoving Activity: 

Area 2 Topsolling 

Characterization of Scraper Used (type, size, etc.)3 

Caterpillar 637G Scrapers Push·Pull Pair 

24 Struck Capacity [yd~ 

34 Heaped Capacity [ydi 

29 Adjusted Capacity (Average of Struck and Heaped) [yd3
) 

Description of Scraper Use (origin, destination, grade, haul distance. material, etc.) 

o ft. average haul distance 

0.0% Grade (Loaded) 

3% Rolling Resisance 

Productivity Calculations3 
: 

Cycle = 1.0 min + 0.0 min + 0.6 min + 0.0 min = 
Time

3 
road time per loaded trip maneuver and return trip 

p~r time spread time time 

Net Hourly = 29 LCY * 50 minlhr I 1.6 min 
Production --ad""!"!";u-s-ted~- ----:---::-:--

work hour cycle time 
capacity factor 

Hours = 
Required2 

oLCY I 1813 LCYlhr = - hrs 
volume to be 

handled' 

net hourly 
production 

• 2 = 
number of 
scrapers 

1.6 min 

1,813 LCYlhr 

Data Sources: 

1) Acres from Worksheet 3 

2) Hours required go to Worksheet 13 

3) Caterpilar Performance Handbook, Edition 37 
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PrOject: Navajo Mine 
Date: May-2009 

WORKSHEET NO. 11 E 
PRODUCTIVITY AND HOURS REQUIRED FOR SCRAPER USE 

Earthmoving Activity: 

Area 3 Topsoiling 

Characterization of Scraper Used (type, size, etc.)3 

Caterpillar 637G Scrapers Push-Pull Pair 

24 Struck Capacity [ydi 

34 Heaped Capacity [yd~ 

29 Adjusted Capacity (Average of Struck and Heaped) [yd~ 

Description of Scraper Use (origin, destination, grade, haul distance, material, etc.) 

1,787 ft. average haul distance 

8.2% Grade (Loaded) 

3% Rolling Resisance 

Productivity Calculations3 
: 

Cycle = 1.0 min + 
Time3 load time per 

pair 

1.1 min + 

loaded trip 
time 

0.6 min + 0.8 min = 
maneuver and return trip 
spread time time 

Net Hourly = 29 LCY * 50 minlhr I 3.5 min * 2 = 
number of 
scrapers 

Production --ad~~u-s-te-d-- work hour --cy-cle~~tlm-e--

Hours = 
Requlred2 

capacity 

619,263 LCY I 
vollAlle to be 

handled1 

factor 

841 LCYlhr = 
nethourty 
production 

737 hrs 

3.5 min 

841 lCY/hr 

Data Sources: 

1) Acres from Worksheet 3 

2) Hours required go to Wor1tsheet 13 

3) Caterpllar Perfonnance Handbook. Edition 37 
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Project: Navajo Mine 
Date: May-2009 

WORKSHEET NO. 11 F 

PRODUCTIVITY AND HOURS REQUIRED FOR SCRAPER USE 

Earthmoving Activity: 

Area 2 Mitigation 

Characterization of Scraper Used (type, size. etc.)3 

Caterpillar 637G Scrapers Push-Pull Pair 

24 Struck capacity [yd1 
34 Heaped Capacity [ydi 

29 Adjusted Capacity (Average of Struck and Heaped) (ydi 

Description of Scraper Use (origin, destination, grade, haul distance, material, etc.) 

1,522 ft. average haul distance 

-2.9% Grade (Loaded) 

3% Roiling Resisance 

Productivity Calculations3 
: 

Cycle = 1.0 min + 0.9 min + 0.6 min + 0.7 min 
Time3 

load time per loaded trip time maneuver and return trip 
pair spread time time 

Net Hourly = 29 LCY· 50 mln/hr I . 3.2 min • 2 
Production adjusted work hour fador cycle time number of 

capacity scrapers 

Hours = 67.964 Ley I 899 LCY/hr = 76 hrs 
Required2 

volume to be net hourly 
hancled1 production 

= 

= 

3.2 min 

899 LCYlhr 

Oata Sources: 

1) Acres from Wortcsheet 3 

2) Hours required go to WOOc.sheet 13 

3) Caterpillar Performance Handbook, Edition 37 

57 



Pro;ect NavaiO Mine 
c.: M.,..ZOO9 

WORKSHEET NO. 12A 

PRODUCTIVITY AND HOURS FOR MOTOR GRADER USE  GRADING 

Earthmoving Activity: 

Ripping Road Grades 

CharacteriZation of Grader UMd (type, size capacity, etc.)3 

caterpillar 16H 

Description of Grader Route (pUsh distance,% blade effective length, operating speed, etc.): 
9.75 Ripper width [ft] 

Productivity CaIcWations3; I 

Contour GntcIIngr 

! 

, 

Hourly = 3.4 miIhr x 9.75ft. x 5,280' ftlmi I 43,580 tr lac x 0.83 x 0.90 
ProductiVity speed ~ conversion c.onwnion work avaiJability 

blade faetor factor hOYr 
WIdth factor 

~: 

== 3.0 ac/hr Hours = 
Required 

425ac 

aereageto 
begraded1 

I 2.99 aclhr • 142 hr 
hourly 

prodUdMty 

...J 

Hourly == 1.25 milhr X 9.75 ft. x 5,280 ftImi I 43.560 tr lac x 0,83 x 0.90 
Productivity work ~ conversiOn conversion work availabitity 

&peed width factor factor hour 
factor 

:: 1.1ac/hr Hours. 
Required 

425 ac 
acreage to 
beripped1 

I 1.10 aelhr = 386 hr 
hourty 

productivity 

Tolaf Hours = 
Requirecr 

142 hr 
gracfing 
hours 

required 

+ 386 hr == 528 hr 
scarification 

hours 
required 

DaIa Sources: 

1) Acres from WOr1csheet 3 

2) Hcus requifec:I go to W:wIc&heet 13 

3) Caterpi8ar P.-bmance Handbook. Edition 37 

CJ'I en 

'-' '-' '-' 
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Project: Navajo Mine 
Dale: May-2009 

WORKSHEET NO. 12a-A 

PRODUCTIVITY AND HOURS FOR MOTOR GRADER USE - GRADING 

Earthmoving Activity: 

Ripping Road Grades 

Characterization of Grader Used (type, size capacity. etc.)3 

i 

Caterpillar 16H 

Description of Grader Route (push distance,% blade effective length. operating speed, etc.): 
I 

9.75 Ripper width [ftl 

Productivity Calculations3 
: 

ContoW' Grading: 

Hourly = 3.4 milhr x 9.75 ft. x 5,280 ftlmi f 43,560 ft2 lac x 0.83 x 0.90 
Productivity speed effective conversion conversion work availability 

blade factor factor hour 
width factor 

ScarIfication: 

=3.0 acfhr Hours = 
Required 

77ac 
acreage to 
be graded' 

\ 2.99 acJhr = 
hourly 

productivity 

26 hr 
I 

Hourly = 1.25 mifhr X 9.75 ft. X 5,280 ftlmi I 43,560 ft2/ac x 0.83 X 0.90 
Productivity work scarifier conversion conversion work availability 

speed width factor factor hour 
factor 

= 1.1 ae I hr Hours = 
Required 

77ac 
acreage to 
be ripped' 

\ 1.10 ac/hr = 
hourly 

productivity 

70 hr 

Total Hours = 
Required2 

25.8 hr 
grading 
hours 

required 

+ 70.2 hr = 
scarification 

hours 
required 

96 hr 

Data Sources: 

1) Aaes from WOI1<sheet 3 

2) Houts required go to Worksheet 13 

3) caterpillar Performance Handbook. Edition 37 
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Pn:lject: N8¥IIjo Mine 
Date: May-2OOQ 

~KSHEET NO. 128 

PRODUCTIVITY AND HOURS FOR MOTOR GRADER USE  GRADING 

Earthmoving Activity: 

Grading Areas to be Topsoiled 

Characterizatio ~Grader Used (type, size capacity, etcl 
Catarpilar16H 

Deac:ription of Grader Route (push <Istara,% blade effective length, openIting speed, etc.): 

11.9 Ripper width (ft) 

Productivity C8JcuIations3: 

~rGraclnt: 
Hourty = 3.4 mlIhr x 11.90 ft. x 5,280 ftlmi I 43.580 tr lac x 

Productivity speed etfedive conversion conversion 
blade factor fador 
Width 

: 

0.83 x 
work 
hoLW 

factor 

0.90 • 3.7 acl hr 
availability 

Hours = 5,892 ac 
Required acreage to be 

grtlded' 

I 3.65 achIr • 
hoOOy 

productivity 

1,559 hr 

Hourty = 1.25 milhr x 9.75 ft. )( 5,280 ftImi I 43,560 tr lac x 
Productivity ~ scarifier conversion 

speed width factor 
ccnvetSion 

faQor 

0.83 x 
wotk 
hour 

factor 

0.90 =1.1 ac/hr 

availability 
Hours = -ac 

Required acreage to be 
rippecr 

I 1.10 achIr = 
hourty 

productivity 

- hr 

'------

TOIa! HOlKS = 1,559 hr 
Requirecr gr.:ling hoLl'S 

required 

+ o hr = 
scarification 

hours 
required 

1,559 hr 

DIU Soun»s: 

1) Aa.. tom WOI'bneet 3 

2) Hours rwquired go to V\brtcsheet 13 

3) Catetpllar Petfarmance HandbOok, EditiOn 37 

"No Rippng 01'1 TopIOiIed At.. 

Ol o 

'-' '-' '-' 
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Project: Navajo Mile 

Dale: May.2009 

WORKSHEET NO. 12a-B 

PRODUCTMTY AND HOURS FOR MOTOR GRADER USE - GRADING 

Earthmoving Activity: 

Finish Grading Areas to be T opsoiled 

Characterization of Grader Used (type. size capacity, etci 

Caterpillar 16H 

Description of Grader Route (push distance.% blade effective length. operating speed, etc.): 

9.75 Ripper width [ftJ 

Productivity Calculations): 

Contour Grading: 

Hourly = 3.4 milhr X 9.75 ft. X 5,280 ftlmi I 43.560 fl2/ae X 0.83 X 0.90 =3.0 ael hr Hours = 418 ac \ 2.99 aclhr = 140 hr 
RequiredProductivity speed effective conversion conversion work availability acreage to be hourly 

blade factor factor hour graded t productivity 
width factor 

Scarification: 

Hourly = 1.25 milhr X 9.75 ft. X 5,280 ftlmi I 43,560 ft2 lac x 0.83 x 0.90 =1.1 acl hr Hours = oae \ 1.10 aclhr = ohr 
Productivity Requiredwork scarifier conversion conversion work availability acreage to be hourly 

speed width factor factor hour ripped' productlvtty 
factor 

Total Hours = 140 hr + 0.0 hr 140 hr= 
Required2 

grading hours scarification 
required hours 

required 

Data Sources: 

1) Acres from Worksheet 3 

2) Hou's required go to WorKsheet 13 

3) Caterpillar Performance Handbook, Edition 37 
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Project: Navajo MIfIe 
Date: May-2008 

WORKSHEET NO.13A 

SUMMARY CALCULATION OF EARTHMOVING COSTS· Dozers 

Equipment 
Equipment 

Project Ratio UnftCosts 
Type' (SIh'i~ 

Labor 
Costs 
(Slhrt 

Total 
Hours Total Coat [S) 

Required" 

BackfiRing Ponds D11R Dozer 100% ( $272 + $ 32) 507 .. $ 154.326 
~-....---....--..••.•....-....- ......---.....••-......._.._..•.•_...........__...__._-_......_._._.._......-_.............- ..••...._-_.__. 

Old Area 3 Diversion 011R Dozer 100% ( $272 + $ 32) 11 .. $ 3.498 
•••••••••••••••_._••••,.0••••••••_ ........_ ••••••_ ..._ ......._ .•••.•••••••••••••••••••••••••••_ ••_ ••_._............_••__.."~_...n~_~........._~........__•••_ 

New Area 3 Diversion D11R Dozer 100% ( $272 + $ 32) 127 .. $ 38.516 

Road and Rail Fills 011R Dozer 100% ( $272 + $ 32) 303 .. $ 92.189 
fo··········_······-····_·····················_·····_..·.•••.••._._-_...._..._..__.................................._._••...•.....••.•....--•..•.._.....••.._._.•._..•.._
Area 1 Regrade 011R Dozer 100% ( $272 + $ 32) 1,526 .. $ 464.463 

Area 2 Regrade 011R Dozer 100% ( $272 + $ 32) • 20.176 .. $ 6,140.702 

fArea 3 Regrade 011R Dozer 100% ( $272 + $ 32) • 31,843 .. $ 9.691,359 
fo-········_············_..·__·••···•····•••···•··••__·-••.--..•---.••.••.....--.-.-.. ..- ...-...-.--....-.--.•.•--..-...-~........-.,..... 

Total Cost • $18,585.053 

Equipment and Accesory Identlfication 

t) Catefpillar OUR with Univttsal Blade 

Data Sources: 

2) PRlMEOIA Equipmentwetch. "Cost Refetence Guide fOt ConslJUCtlon 

EtlJipment.·2OO7 tdltlon. (see Table 12·8-23) 

3) Labor Coat based en 2005 conII'ad with ACME Inc. (see Table 12.e·24) 

4) TOCII Houts Ret.IUir9d frem Wortcsheet 5 
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ProJect: Navajo Mine 

Date: May-2009 

WORKSHEET NO. 13a-A 

SUMMARY CALCULATION OF EARTHMOVING COSTS - DOZERS 

Equipment 
Equipment 

Project Ratio Unit Costs 
Type1 

[$lhrt 

Labor 
Costs 
($Ihr]' 

Total 
Hours 

Required· 

Total Cos1 
[$~ 

Backflfllng Ponds D11R Dozer 100% $ 272 

Dozing Roads D11R Dozer 100% ( $ 272 

Area 4N Regrade D11R Dozer 100% ( $ 272 

+ $ 32 ) 

+ $ 32 ) 

+ $ 32 ) 

161 a 

• 55 III 

6,866. 

$ 48,898 

$ 16,759 

$2,089,797 

Total Cost· $2,155,454 

Equipment and A~ Identifalion 

1) Caterpillar 011R with Universal Slade 

Data Sources: 

2) PRIMEDIA Equipmentwatch, ·Cost Reference Guide for Construction 

Equipment: 2304 edition. (see Table 12-S-23) 

3) Labor Cost based on 2305 contract with ACME Inc. (see Table 12-8-24) 

4) Total HoUl'S Required from Wor1<sheet 5 
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Project: Navato Mine 
Dale: May·2009 

WORKSHEET NO. 138 

SUMMARY CALCULATION OF EARTHMOVING COSTS· Load.... 

Project 
Equipment 

Type1 Ratio 
Equipment Labor 
Unit Coats Costs 

[SJhr)2 ($Ihr]' 

TotalHou... 
Required· Total Coat I$] 

Area 3 Regrada 992GLoader 100% ( 5224 + S 32) 21.009 • $ 5.381.891 
f---••.••••..•••.•••.----.••.•.---.•....•••--------.•••.-•••.---.--.---•••.•----.-•.•- •.••••..••.••••.•-.-. ..........__•.•_........_--•.•_ •••• •.•_ •••--._.-••-_._••• 

.~~~.?.~.!!......._..~~. _.__._.__..._L~_._~~...~_.~....~~_.L.....~.......~_~~~.~.__~...! __.~.~~.~!.~~~• 

.~.~_~~!!.:__ _..__ . !~~____.____.__.L~_~_~_..! __! .__~~..L.....~_...2.~!~..~__.!._.~~~~~.~~. ~. 

.~~~.!.~_...._..~~_......_...._L~.~.~.~...! ...~._.~~_.L..........~.?:~..~...!._~.'.~~?:. !.~~ 

~!!~.3 TOP~~IIIng..._ ._ _ •____•.•._ ..___•••.~~E_~~..!......}OO~__.•.•.••._.L~_~.~~._~_.~_....~..)._.....~......._.~:~~..!._...~!?:.~.?~_ 
.!~ G~!_._....~......_.._..L~___~.~._~.._~._.~._L.....~......._..~:~~:...! ....._~.~~~. 
.~R ~~!!.__.....!~~.__...._..___L~_~_~~__~__! .___~~_L.____~___ .____.3!~.~._.~._.!..._._~~~!'. 
WaterTruck 50% ( $117 + $ 32) • 1.343 - $ 200.791 

Total Cost. $21.824.727 

.J 


Equlpmenland Arxe&oty ldentilcatlon 

t) Caterpillar mG Loader with standard 1!S albic yard bucket 

caterpillar 1&1 Glade,. standard bIIde. road maintenanoe time" 112 loader time 

Calerpillar D9R Dozer with Sem/-unIYefsal 81aM ~ • loader time 

10,000 gal. Water truck, road maint8l'WlOe time ,. 112 loader time 

Data Sourcea: 

2) PRIMEDIA Equlpmentwaldl. ·Coat Reference GuIda for CansttuCUon 

Equipment: 2007 edition. (see Tabla 12-8-23) 

3) Labor Cost based on 2005 conllad will ACME Inc. (aee Table 12-8-24) 

4) Total HOUfS Requited frem WOIbheel8 and Note t above 
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PrOject: Navajo Mine 

Date: May-2009 

WORKSHEET NO. 13.-8 

SUMMARY CALCULATION OF EARTHMOVING COSTS - Loaders 

Project 
Equipment 

Type1 RatIo 

Equipment Labor Total 
Unit Costs Coata Hours 

[$lhrt [Slhr]' Required4 

Total Cost 
[$] 

~!.~.~..~!~..................................._.~.~~~..~~~~!~......~~.~~.............L~.3.~~..:!:...~....~~...~.............~:~~...~....~....~~~~~?~. 
..~.~.~..~.~~~.........~.~~............J...~....~.~...~...~....~~..1......~......~:.~.~.? ..:....~....~~?.~~~. 
.!?~.~.!??~~~..........~.~~.~.............~...~..~.~~...~...~....~~..1.............~:~.~.~....~....~...~.~.~!~~• 

.~~~~~.!.~~.........~.~7.~..............t..~...~.~.?...~...~....~~..}..............~:.~.~.?...~....~....~.~~~~~~. 

~~~~..~~.!.~!?~~........................................~.~.?~.~~~~~......~.~~~.............t ..~.3.?~...~...~....~~...t.....~..........~.~.~....:....~......?!.:~~~. 
..~.~.~.~.~~.........~.~~............J ..~....~?..:!:...~....~~...t....~..........~.~~...~....~......~.?:~~~. 
..'?~.~.~~~~..........~~.~~............J..~..~.~~..~...~....~~...L................~.?? ..:....~......~~:~~. 
.~~!!!:.!.~~.........~.~.~..............L.~ ..~.~.?...~...~....~~.}......~..........~.~.~....~...~......~~:~~~. 

~~!.~..~~..~!~~.!~~.~....................................~~?~.~~~~~......~.~~...........J...~..~.~.~...~...~....~~..l ..................~.~..~....~......~.~.:~~. 
..~.~~..~!.~~~~..........~.~............J...~....~?...'!:... ~....~~.}...................~.?.~....~........?.:~~~. 
..~~.~?~~~..........~£~:.~...........J...~..~.~~...:....~....~~...~...................~.~...:....~........~:~. 
.~~!~!..:.~.~.........~.7.~..............~...~..~.~.?...: ...~....~~..r.....~...........~.~....~....~........~:~~~. 

~?~?~~~?~.~~?~~~.~.~.~~~!.~!~.I..............~~.~~.~~!!:......~.~~:.~.............~...~.~.?~...~....~....~~...~.................~.~~..~....~......~?:~~~. 
.~.~~..~~~~~......,...~.~~.- ...........~...~....~~...~...~....~~...~......~............~~...~...~........?~~.~. 
..I?~~.~~~~~..........~.~.~!.~.............~...~ ..~.~..~....~....~~J......~..........~.~.?..~...~......~~:~~!.. 
, ~~!~~.!.~!:~.........~.~7.~..............~...~..~.~.!....'!:...~....~~...t .....~............~.~..~....~........~:~~!.. 

Total Cost. $1,554,498 

Equipment and kcesory IdentifICation 

1) 	Caterpillar 992G loader with standard 15 cubic yard bucket 

Catef'pillar 16H Grader, standard blade. road maintenance time =1/2 loader time 

CaterpiHar D9R Dozer with semi-Universal Blade time = loader time 

10,000 gal. Water truck, road maintenance time =112 loader time 

Data Sources: 

2) PRIMEDIA Equipmentwatch. -Cost Reference Guide for Construction 

Equipment: 2304 edition. (see Table 12-8-23) 

3) labor Cost based on 2305 contract with ACME Inc. (see Table 12-8-24) 

4) Tolal Hours Required from Wor1<sheet 8 and Note 1 above 
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ProjeCt: NavajO Mine 
Dale: May-2009 

WORKSHEET NO. 13C 
SUMMARY CALCULATION OF EARTHMOVING COSTS· LoMere 

Project 
Equipment 

Type' 
Ratio 

Equipment Labor Total 
Unit Coats Co.ts Houre Total Cost [5] 

(SlhrJ2 (Slhr]3 Required' 

Area 2 Coal Contaminated Soil 992G Loader 100% ( $224 + $ 32) It 185. $ 47.396_._ _____. ~_________...._..._.___..•_•..........._.•......._.___..._•.··········.·....•.·_····_w._.•_..•••.••...•••..••...•......_ .._._........... 
.~.~~.~.~!....._....~!._.........J...~..!~...'!:...~_._.~~_L.....:.._......~....~___...~.~~~. 
_~~~.~!~.._.......~.~~...........J._.~.!~...~...~___.~_~.J.._.._.:.........~!~_~....~......_._~~~_ 
Water Truck 5()0,{, ( $117 + $ 32) 93 • $ 13.833 

Total COlt. $ 434,012 

Equipment and Al::aJJsoty ldentillcation 

1) 	Clt,rpilW 992G Loeder with s&andarn 15 cubic yerd bucket 

Cac8q)i1ar 18H Grader, standard tUde, reed mainlel18n08 time • 112 loader lime 

Caterpilar 09R Dozer with Semt-lJntversai Blade Ii",. • loader lime 

10,000 gal. Water 1nJck, road mainlenlnce lime ::r 112 loader time 

o.ta Sources: 

2) PRIMEDtA EquipmentwalCh. ·Cosl R8f8f8nC8 GuIde far Consttuction 

Equipment; 2007 edllon. (see Table 12·8-23) 

3) Labor Cost based on 2005 c:onlnK:t with ACME Inc. (see ratlMa 12·8.24) 

4) Total HOtn Required from Worbheet 8 and NOIe 1 above 
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Project: Navajo Mine 

Date: May-2009 

WORKSHEET NO. 13a..c 

SUMMARY CALCULATION OF EARTHMOVING COSTS· Trucks 

Equipment 
Equipment Labor 

Project Ratio Unit Costs Costs
Type1 

[$/hrt [$/hr)l 

Total 
Hours Total Cost 

Requlred4 [$] 

Area 4N Regrade 777DTruck 100% ( $157 + $ 32 ) 

Area 4N Topsoil 7770 Truck 100% ( $157 + $ 32 ) 

Area -iN MItigation 7770 Truck 100% ( $157 + $ 32 ) 

Cottonwood Crossing Material 7770 Truck 1000k ( $157 + $ 32 ) 

• 3,642 = $ 689,118 

590 = $ 111,693 

88 = $ 16,578 

• 205 = $ 38,808 

Total Cost. $ 858,196 

Equipment and ~sory Identification 

1) Caterpillar 7770 Dump Truck. mechanical drive. standard bed 

Data Sources: 

2) PRIMEOIA Equipmentwatch, ·Cost Reference Guide for Construction 

Equipment: 2304 edition. (see Table 12-8-23) 

3) Labor Cost based on 2305 contract with ACME Inc. (Me Table 12-8-24) 

4) Total Hoan Required from Worksheet 9 
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Protect: NavaJo Mine 
Dale: May·2009 

WORKSHEE"r NO. 130 

SUMMARY CALCULATION OF EARTHMOVING COSTS - Truck. 

Project 
Equipment 

Type1 

Equipment 
Ratio Unit eo... 

[$lhr)z 

Total 
Hours Tota. eo.t [$' 

Requ~ 

ANa 2 Regrade 7770 Truck 100% ( $157 + $ 32) • 49,321. $ 9,331.020 

Area 3 Regrade 7770 Truck 100% ( $157 + $ 32) • 62,103· $11.749,249 
._.._. -_.-~.-~--. .-..•..-.-•..--.-........-..~.•..............-...................-.....•......•.•~-.......-....~...............-.---.-
Area 1 Topsoillng 7770 Truck 100% ( $157 + $ 32) 3.277 • $ 619.998 

1-........_ •••••_ ......._ ••_ ...._ ...._...._._••••••••_ ..................- ••••--.......--•••- ....-•.••-•••••- ........-.-.-•••••__._-•••••_ ••••.•••••_ . ......_ ..........

Area 2 Topsoiling 7770 Truck 100% ( $157 • $ 32) • 8.699 • $ 1.645.728 

A.... 3 ToplOlllng 7770 Truck 100% ( $157 + S 32) • 10.566. $ 1.998,927 

Area 1 MItigation 7770 Truck 100% ( $157 + $ 32) 224 • $ 42.429 _...__........_....._•...._._._.........__........._........................ •....•_..........__......-..__......_.._..._...-..........._-_...._--_....._..__._......._.... 
Area 2 Mitigation 7770 Truck 100% 

Area 3 MIUgation 7770 Truck 100% 

North ArM Coal Contaminated Soli 7770 Truck 100% 

~rea 3 Coal Contaminated Soli 7770 Truck 100% 

( $157 + $ 32) n6 .. S 146.771 

( $157 • $ 32) 1.066 • $ 201.588 

( S157 + $ 32) 913 • $ 172.677 

( $157 + $ 32) • 547 .. $ 103.562 

Total ea.t .. $ 26,011.951 

EcpPf1*lI and Acx:Mory ldentilcation 

1) Caterpillar mo Dump Truck. mechanical drive. standard bed 

0818 Sources: 

2) PRIMEOIA EquipmentwlllCh. "Co61 ~ferenc:e Guide for ConlMJctlon 

Equipment: 2007 editiOn. <He Table 12·B·23) 

3) Labor Cost baaed on 2005 conttac:t wilh ACME Inc. (lee Table 12·8-24) 

4) TOIII HcMn Required from Worbheel e 
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Project: Navajo Mine 

Data: May-2009 

WORKSHEET NO. 13a-D 

SUMMARY CALCULATION OF EARTHMOVING COSTS - Motor Graders 

Equipment 
Equipment 

Project Ratio Unit Coats 
Type1 

(S/hr]2 

Labor 
Coats 

($/hrt 

Total 
Hours 

Requlred4 

Total Cost 
[$] 

Ripping Roads 16H Grader, iii 100% ( $ 87 + $ 32 ) * 96= $ 11,473 

Finish Grading Areas to be Top.oUed 16H Grader 100% ( $ 82 + $ 32 ) * 140:0 $ 15,993 

Total Cost. $ 27,~ 

Equipment and Act;e~ry identificatiOn 

1) Caterpillar 16H Motor Grader with Ripper 81ade 

Data Sources: 

2) PRIMEOIA Equipmentwatch, ·Cost Reference Guide for Construction 

Equipment,· 2304 edition. (see Table 12-B-23) 

3) labor Cost based on 2305 oontract with ACME loc. (see Table 12-8-24) 

4) Total Hours Required from Wor1u>heet 12 
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project: Navajo Mine 

Date: May·2009 

WORKSHEET NO. 13E 

SUMMARY CALCUlA.TION OF EARTHMOVING COSTS - Scrapers 

Project 
Equipment 

Type' 
Ratio 

Equipment Labor 
Unit Costs Co... 

['lI1r]' [Slhr)' 

Total Hours 
Required' Total Cost ($) 

!Area 3 Grading 637G Scraper 100% (S 209 + $ 32) • 36,889. $ 8,893,390 
~....•.•...--•....•.....•--....- .•.•..•----.~...-.--.-_.-...----....-.•.__.••..._......_...••.._•....•_.••....•....__•..•._•...•._..•.•..••._._•...._-_...._._...._.._._.... 

_~.!~._~~~~__..~.~~_.____.__.. _._t..~..___~..!_..~.._~~..!.......: .......~~~~.._~...! ...~:.~?!~~~. 
.~.~~. _~~_.._...._!~~_ ..___..___.J._!_.._...~~_.~._.~._.~~..!....._:......_._~!~~.~._~_.._!.._._.~~~~~. 
.~~~~.!~~......_!~~!___..._.__L!._._!.~!_.~_._~....~~..!....._ ....._.~:!!~.!__~....~.......~~~!~. 

~!!~..!..!.~~~~~~~._...._...._...._.._..................~~?~..~~......~.~~~...........J...~_....~...~...~....~~.!..._.._............~.~...:-..-!....._...~~~. 
.~!.~..~~~P.!......!~~~.......__..J.._!...__~_._~__.~___.~~..!..__.._:............__!~...:.__! ..___.__..~;~~~. 
_~.~~..~~_..._..._~~~~_._.........._~_._!_.__..~~___~__.~___ .~~._l..____~_..__.._._..___..~..~_..! ...__........~!~. 
_'!!~~~.!~~...._.....!~~..............L!.....!.~?__ .~___~._..~~..L_..._:......._......_~..~_._~__~~~.. 

~~~.~..!~~!~!~_. _.....__...____......_._.....__~~!g__~~~..._.~~~!~......___L!.._.~...~_.!....~~..l..._.___....._.__._..:...~....!.__.......__._ 
.~?~..~~~~.._...~ .~~~..._.....__J...!...._~~...~.._~.__.~~.J....._:..__.._......_...:...~_...~...._...__...._.__.. 
_~.~~..~~!...........!~~_......._..J_..~....__~~_._~...~....~~..l.._..._~_........__ .._....:...~_...!.__ ....__._....__.. 
.~~~!.!~~_..._. __.!~_......._.-J...!..._.!!? ..~...~_.._~~J_......~__.......___:..~.._!_....__....__._... 

~!!~.~..!.~~~~~.~...._.........._.....................~?.~..~~~~!.....~.~~........._L.!._..~.?...~...~._~~.l..._........._...._!~!~....~.......~?!.~~.!~.. 
.~?~.~~~!._._~.~~!!.._..._..~...!..___~_..~_..~_~~..l.......: ...._.....!~!._.:....~...._.E!.:~~~.. 
.~.~~..~~~...-_..._~.~~...~_....~L~_ ._. ~~ .+. .~_ . ~~} . .. ..~ . _... _...~2•.~ .~ .......~~~~~~. 
Water Truck 13% ($ 117 + $ 32)· 92 • $ 13.770 

Total Coat. $29.127.554 

Equipment and Accesory Identification 

1) Caterpillar 837G Scraper Push-Pull PaIr 

Caterpillar 16H Grader, standard blade. road maintenance time. 118 scraper Mme 

10.000 gal. Water trudI. road mainlenara time ::r 118 saaper time 

0aIa Sources: 

2) PRIMEDIA Equlpmentwatch, -Cost Reference Guide for Construction 

Equipment: 2007 edili()n. eM. Tabl. 12-8-23) 

3) Labor Co6I based on 2005 CXlnIm:t wilt! ,,"CME Inc. (see Table 12·8-24) 

4) Total HoutS Required from Worbheet 8 and Note 1 above 
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Project: Navajo Mine 

Dale: MaV-2009 

WORKSHEET NO. 13F 

SUMMARY CALCULATION OF EARTHMOVING COSTS .. Scrape,. 

Project 
Equfpment 

Type1 Rlltlo 
Equipment 
Unit Coats 

[$ihr12 

Labor 
Costs 
[$lhrt 

Totel 
Hours Tobll Coat ($) 

Required' 

Total Cost· $ 38.938 

Equipment and AfX»SOIY Identillcalioo 

1) Catllq)illar "20 L<*Ier with standard 15 cubic Vlrd bucket 

caterpillar 1t1H Grad«, stam.rcl blade. ro.d maintenance time· 118 8Cl8pet lime 

10.000 gal. water truck. road maintenance time • 118 scnper lime 

Data Sourc8s: 

2) PRIMEDtA Equipmentw8tch, -co.t Reference GUde for Conslruction 

Equipment: 2007 dian. (see Table 12-8-23) 

3) l...abor Cosl baed on 2~ oontract with ACME Inc. (see Table 12-8-24) 

4) Tolal Hours Required from Work8heel8end Note 1 above 
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Protect: Navajo Mine 
Dale: May-20Ge 

~ORKSHEET NO. 13G 

SUMMARY CALCULAnON OF EARTHMOVING COSTS· Motor Orad.,. 

Project Equipment Type1 RIItio 
Equipment 
UnltCoac. 

[$Ihr)2 

Total 
Hours Total Cost [$] 

Required" 

Ripping Roads 16H Grader, ripping 100% 

Finish Grading Areas to be Topsolled 16H Grader 100% 

( $ 87 + $ 

($ 82+ $ 

32) 

32) 

• 528 $ 63.111 

1.559. $ 178.286 

Total Cost· $ 241.397 

Equipment and Accesav ldentlftcalicn 

1) Calelpillar 18H Motor Grader with Ripper Blade 

0818 Sources: 

2) PRIMEOIA Equ~tc:h. "ea.t Reference Guide tor Coostruction 

Equipment,· 2007 edition. (see Table 12-B-23) 

3) Labor Cost beHd on 2005 ocnlraCt with ACME Inc. (see Table 12-B-24) 

4) TOIaI Hours Requir8d from Worksheet 12 
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project: Navajo Mine 

Date: May-2009 

IWORKSHEET NO. 13H 

SUMMARY CALCULATION OF EARTHMOVING COSTS· Drilling 

Equipment
Project RaOo 

Type1 

Equipment 
UnltCoets 

[Slhr]2 

Labor 
Coata 

($ltv]' 

Total Hours 

R.qu~ "total Cost (S] 

iArea 2 Hlghwall OMM2Drtli 100% 
.._...................................._..._........-..•.•.•.....•.......-•....•-_.._..•..._•..... 

Area 3 Highwall DMM2 Drill 100% 

$ 285 + $ 193 ) 12 • $ 5.504 
_..•.._...._...•.....••.•.••-_........-._••••..••.........._-_._........_..._......•.•

( $ 285 + $ 193 ) 857. $ 409.838 

Total Coat. $ 415,343 

Equipment and Acc.sory Iden1iftca1ion 

1) Inget&oU·Rand OMM2 Crawltt·type Drill 

0aCa Sources: 

2) PRIMEOIA EqulpmentwalCh. "Cost Refenmce GuIde for COnslluCtion 

Equipmenl," 2007 edition. (Me Table 12·8-23) 

3) Total Yardage DrIlled and Blasted from WQf1(sheel 15 
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project: Navajo Ulne 

Date: May-2009 

WORKSHEET NO. 14A 

REVEGETATION COSTS 

Name and Description of Areas to be Revegetated: 

Area 1 

Description of Revegetation Activities 

20% Contingency for vegetatIon fallute: 

Costs For = 577 ac • ( 383 $lac. + 1281.5 $/ac. 
Seeding Acreage to cost for cost for seeding, 

be reseeded seedbed fertilizing, mulching, 
preparation and irrigation 

Reseeding 20% of permanent program landa that w.... revegged durtng or befOte 1999: 

) = $ 961,046 

Costs For::; 19 ac • ( 383 $lac. + 1281.5 S/ac. 
Reseeding Acreage to cost for cost for seeding, 

be reseeded seedbed fertilizing, mulching, 
preparation and Irrigation 

Other Revegetation Activity for this Atea (e.g. Soil Sampling): 

) = $ 31,622 

TOTAL REVEGETATION COST :I $ 992,887 

Data Sources: 

Navajo Mine records for contractor planting costs 

Seedbed Preparation Includes discing and ripping, driU seeding, topsoil and spoil sampling 

Irrigation cosls are included with leedlng, fertMizlng and mulching costs 
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WORKSHEET NO.1_ 

REVEGETATION COSTS 

Nam. end o..cripIian 0' Ani. to be R...,.tIIed: 

Anl4NOI1h 

DISCtipIIon ofRwegltMiOn AdMIill 

»% CeatI,..ncr fill' ~n tahuN: 

COI4I I'ow. 502 Ie: . ( 382.8 $lac. • 1211.5 $lee. ) • S 
SHdIng APMgeIoN 

__ lOt __ GIMdIng. 

AlHIdId aMdbed Idling. mlAchillg, llId 
JIAI~ ImgeIIgn 

1liMMdm. 2ft flII....-mllNl'Ml ....u.t_ ....................... tilt: 

835.4&4 

Coets For. Oee . ( 382.8 $I11e. • 1281.5 SI.e:. ) • SR...tdIng ",".IoN CDlttar ClllCtar.-Hng. 
reueded Medbed t.ItIizlng, _ching. and 

p,..,.uon ln1gIition 

OIIw ........IID"_~,.,IIII.AIM(•.•• • oIl .........J: 

None Req,,1red 

TOTAL REVEGETATION COST . $ .,5."".........._fDr_.,......,_
Dalas.ou.-: 

SeecIIIM ~.....cllalgand ................. 1apaaI and.,. ....... 
.......--- .... ...........~.......,...~ 

75 

http:Dalas.ou


project: Navajo Mine 

Date: May-2009 

WORKSHEET NO. 148 

REVEGETATION COSTS 

Name and Description of Areas to be Revegetated: 

Area 2 

Description of Revegetation Activities 

20% Contingency for veg....on failure: 

Costs For = 2,742 ac * ( 383 $/ac. + 1281.5 $/ac. 
Seeding Acreage to be cost for cost for seeding. 

reseeded seedbed fertilizing, mulching. 
preparation and irrigation 

R....dlng 20% of permeMnt program lands that were revagged during or before 1999: 

) = $4,563,451 

Costs For = 6 ac • ( 383 S/ac. + 1281.5 $/ac. 
Reseeding Acreage to be cost for cost for seeding, 

reseeded seedbed fertilizing, mulching, 
preparation and irrigation 

Other R~eg.tatlon Activity for this Area (e.g. SoIl Sampling): 

) = $ 10,685 

TOTAL REVEGETATION COST • $4,574,135 

Data Sources: 

Navajo Mine records for contractor planting costa 

Seedbed Preparation Includes dlscing and ripping. dril seeding, topsoil and spoil sampling 

Irrigation costs are included with seeding, fertilizing and mulching costs 
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PrQject: Navajo Mine 

Date: May-2009 

WORKSHEET NO. 14C 

REVEGETATION COSTS 

Name and Description of Areas to be Revegetated: 

Area 3 

Description of Revegetation Activities 

20% Contingency for vegetation failure: 

Costs For = 3.511 ae fr ( 383 $/ac. + 1281.5 $/ae. 
Seeding Acreage to be cost for cost for seeding. 

reseeded seedbed fertilizing. mulching, 
preparation and irrigation 

Reseeding 20% of permenent program lands that wer. rwegged during or before 1999: 

) = $5,843.249 

Costs For = 155 ac fr ( 383 $/ac. + 1281.5 S/ac. 
Reseeding Acreage to be cost for cost for seeding. 

reseeded seedbed fertilizing. mulching. 
preparation and irrigation 

Other Revegetation Activity for this Area (e.g. Soil Sampling): 

) = $ 257,500 

TOTAL REVEGETATION COST .. $6,100,749 

Data Sources: 

Navajo Mine records for contractor planting costs 

Seedbed Preparation Includes dlsdng and ripping, drill seeding, topSOil and spoil sampling 

lnigalion costs are Included with seeding, fertilizing and mulching costs 
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Project: Navajo Mine 
Date: May-2009 

~ORKSHEET NO. 14D 

REVEGETATION COSTS 

Name and Description of Areas to be Revegetated: 

Roads 

Description of Revegetation Activities 

20% ConUngency for vegetaUon failure: 

Costs For = 510 ac .. ( 383 $/ac. + 1281.5 $lac. 
Seeding Acreage to be cost for cost for seeding. 

reseeded seedbed fertilizing. mulching. 
preparation and irrigation 

iReseedlng 20% of permenent program .ands that .... ,w..-d during or before 1999: 

) = $ 848.285 

Costs For = oac .. ( 383 S/ac. + 1281,5 Slac, 
Reseeding Acreage to be cost for cost for seeding. 

reseeded" seedbed fertilizing, murching, 
preparation and irrigation 

Other Rev~.tatlon Activity for this Atea (e.g. Soil SIImpllng): 

) = $ . 

TOTAL REVEGETATION COST • $ 848.285 

Data Sources: 

NavajO Mine records for contractor planting costs 

Seedbed Preparation include. disclng and ripping. drill seeding. topsoU and spoil sampling 

Irrtgation COlts are included with seeding. fertilizjng and mulching costs 
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WORKSHEET NO.15A 

PRODUCTIVITY AND HOURS FOR DRILL USE 

earthmoving Activity. 

Blasting Matertal PYior 10 Oozing  Area 2 

Characterization d Drill Used 

0tilI MOdel IR OMM2 0IttI 
Onl Bit Diameter 11 (in) Burden 26(ft) 1.233 Volume Shot per hole (bey) 

OnJl Rod LengIh 35lftl Benctl Height "O(ftl 
Penetration Rate 228(Mv) SpICing 32 (ftl 

Oescriptlon or Activity: 

0riIIing holes to pnMde space fOf e)Cploslws 

C8k:u18CIon: 

Cycles per • 60 min I( 10.5 min + 1.6 min + 0." min + 2.0 min ) . ".1 cycIeSlhr
Hour urne available drlilime rod teedurne rodpulltlme misc. 

Operating - 30.0 min + 15.0 min + 10.0 min + 6.0 min + 5.0 min + 5 min . 71 min 
o.&ays lunch shiftcNnge blntng setVtoetlme mtWing misc. . 1".8% cia shill 

• 85.2% operational utilization 

Effective Pit • 85.2% · 90.0% · 78.7% 
Uti\iZ8li<ln operallonal aY8llability

(EPU) utilization 

Maximum • 40ft · " .1 cydeslhr • 76.7% EPU . 12e.5 Mlr 
P.anelraliOn bench height

Rate 
cydes per hour pit uUllz.atlon 

....ximum ProdUCtion: 
per • 26ft · 32ft · 126.5 ftlhr . 8.0 wlshift I 27 ~1yd3 . 31,184 bey/shift 

&:heduled burden spacing max. penelrallon hOUf'lln a shift con.....,on factor 
Shift: .... 

per • 31,184 bcllthift I 8 hrlshift · 3.888 beylhr Drill Hours • .....689 bey I 3,898 bCy/hr • 12 hr 
ScMduied INDI. proWctIon con.....ton fac:Ior ~ulnld volume to be blasled production rate 

Hour per Idled. shift 
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WORKSHEET NO. i. 

PROOUCTMTY AM) HOURS fOR DRILL. USE 


EartvnovIng Activity. 

Blasling Maletta! PI10r to Doling • Alee 3 

Chataete~tion t:J Drill Used 

Orill Modef !R OMM2 0tiII 

0riU Bit Diameter 11 (in] Burden 281ft) 1,233 Volume Shot I*' hole (bey) 

On. Rod Length 35(ft) BtnChHeIgN 40 [ftl 

PenetraliOn Ra'- 228 [Mlr) Spac;ing 321ft) 

0esaIpII0n of ActIvIly: 

Drilling holes to provide space for explolives 

Calculation: 

eyelesper • 60 min I ( 10.5 min + 1.6 min + 0." min + 2.0 min ) . " .1 cydeslhr

Hour 
 time avaleble dItIIlme rod feed Ikne rod pull lime mIsC. 

Opaaling • 30.0 min + 15.0 min + 10.0 min + 8.0 min + 5.0 min + 5 min . 71 min 

Delays 
 lunch ehift change bI8aIng 8eMc:e1lme nIOIAng mille. • 14.8% cia shift 

• 85.2% operational uWlzalion 

Effective PIt • 85.2% · 90.0% · 78.7% 
Utilization operational availebllily

(EPU) utiIIzallOn 

Maximum • 40ft ".1 7U%EPU . 128.5 Mwcydes.tw" • · Pen«fa1iOn bench height qdeaperhour pIIdzaIIon

Rate 


....ximum ProductIon: 

per. 28 ft 32ft · 128.5 Mw . 8.0 tv/shlft I 27fiJIyd' . 31,184 bcyIshift
· Scheduled burden spacing max.penetrallOn houIs In a IhIft conversIOn factor 

Shift: .... 
DrIll Hou,..per • 31 ,184 bey/shift I 8 tv/shill · 3,8Q8 bcyItlr 3,342,325 bc:y I 3•• bcyJhr. 857 hr 

~ max.produdon conversion factof R~ vobne 10 be blaslld ptOdudIon rate

Hour petsch_shift 
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PrqKt: NavajO Mini 
Date: May.2009 

!WORKSHeeT NO. 1SC 

PRODUCTIVITY AND COSTS FOR BLASTING ACTIVITIES 

Earthmoving Activity: 

Blasting Material Prior 10 Oozing - Area 2 

Characlerization of Blasting Parameters 

Ingersoll Rand DMM2 Dn11 

Burden 26 [ft) Powder Factor (Ib/bey] 0.9 [lb'bcy] 

Bench HeIght 40 [It) Volome Shot per hole [bey] 1.233 (bey] 

Spacing 32 (ftl 

Description of Activity: 

ANFO used with boosters and primaoord for explosive load 

calculation: 
TotalANFO • 44,889 bey . 0.91b1bcy · 40,400 Ib 

Required volume to be blasted powder factOf 

Miscellaneous • 40,400 Ib • 5% · 2,020 Ib 
Powder ANFO required contingency factor 

Supplies 

Cord Cost per II( 26ft + 32 ft + 40 ft )* 10% 
Hole burden spacing bench height waste factOf 

ANFOCost. 1,233 bey * 0.91b1bcy . 0.14 $I1b • 160 $/hole 
per Hole volume shot per hole powder factor ANFO unit CO$t 

Primer Cost • 1 * 4.45 $lea · 4.45 $/hole 
per Hole primers per hole primer unit CO$t 

Volumetric c( 10 $Ihole + 180 $nloIe + 4.45 $/hole )I 1,233 bey 
Blasting Cost cord cost per hole ANFO cost per hole primer coat per hole voluIJI8shot 

per hole 

Total Blasting • 0.14 $/bey • 44,889 bey II S 6,376 
Cost volumetric blasting volume to be blasted 

ccet 

• 

c 

0.10 $Jft 
cord unit OOIt 

= 

0.14 $It)cy 

10 $Ihole 
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Project: Navajo Mine 
oate: May-2009 

[WoRKSHEET NO. 15D 

PRODUCTIVITY AND COSTS FOR BLASTING ACTIVITII!S 

Earthmoving Activity: 

Blasting Material Poor to OozIng - Area 3 

Characterization of Blasting Parameters 

Ingersoll Rand DMM2 OrlD 

26 Burden eft] 0.9 Powder Factor (IbIbcy) 

32 $pacing (ft] 1.233 Volume Shot per hole (bey) 

40 Bench Height 1ft] 

Description of ActIvIty: 

ANFO used with boosters and pnmaCOfd for exploSiVe load 

Calculation: 
TotaiANFO II: 44,889 bey · 0.9 IbJbcy .. 40,400 Ib 

Required volume 10 be blasted powder factor 

Miscellaneous • 40,400 Ib · 5% • 2,020 Ib 
Powder ANFO required contingency facIot 

Supplies 

Cord Cost per -( 26ft + 32ft + 40 It ). 10% 
Hole butden spacing bench height WI." factor 

ANFOCost • 1,233 bey · 0.91bJbcy · 0.14 $lib • 160 $/hole 
per Hole YOIume shot per hole powder factor ANFO unit cost 

Primer Cost • 1 · 4.45 $lea • 4.45 $/hole 
per Hole primers per hole primef unit cost 

Volumetric _( 10 SI110fe + 160 $/hole + 4.45 $/hole " 1.233 bey 
Blasting Cost COld cost per hole ANFO COlI per hole primer coat per vdumeshot 

hole per hole 

T0181 Blasting _ 0.14 $/bey. 3,342,325 bey • S 474,739 
Cost YObnettc: bfaallng YOIume to be blasted 

c;ost 

. 

.. 

0.10 $1ft 
COI'd unit cost 

0.14 $/bey 

.. 10 SIhoIe 
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Project: Navajo Mine 
Date: MaY-2009 

WORKSHEET NO. 15E 

Other Reclamation Activity Costs 

Earthmoving Activity: 

Rip-Rap for Channels and Drop Structures 

Calculation: 

See detailed calculations in Appendix 12-C 

Cost for Area 2: $1,413,318 

Cost for Area 3: $ 178,606 

Total: $ 1 ,591,924 Inflated Cost for Areas 2 & 3: $ 1,591,924 

(X) 
w 



project: Navajo Mine 
Date: May-2009 

WORKSHEET NO. 158 

OTHER RECLAMATION ACTIVITY COSTS 

Earttvnoving Activity: 

Rip-Rap for Channels and Drop Structures 

Calculation: 

See detailed calcufations in Appendix 12-C 

Cost for Area 4N: ~s17~6oej 

Inflated Cost for Area 4N: [$,.~t~l 
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Project: Navajo Mine 
Date: May~2009 

WORKSHEET NO. 18 

AREAS 1 ..3 RECLAMATION BOND SUMMARY SHEET 

1 Total Facility and Structure Removal Costs 

2 Total Earthmoving Costs 

3 Total Revegetation Costs 

4 Total Other Reclamation Activities Costs 

5 Subtotal: Total Direct Costs 

$ 

$ 

$ 

2009 Estimate 

6,760,527 

94,678,973 

$12,515,837 

2,073,039 

$ 116.028,376 

6 Mobilization and Demobilization (at 1.0% of Item 5) 1.0% $ 1,160,284 

7 Contingencies (at 2.0% of Item 5) 2.0% $ 2,320,568 

8 Engineering Redesign Fee (at 1.8% of Item 5) 1.8% $ 2,088,511 

9 Contractor Profit and Overhead (at 15.0% of Item 5) 15.0% $ 17,404,256 

10 Reclamation Management Fee (at 3.9% of Item 5) 3.90/0 $ 4.525.107 

GRAND TOTAL BOND AMOUNT 

(Sum of Items 5 through 10) 

$ 143,527,101 
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Project: Navajo Mine 

Date: May·2009 

WORKSHEET NO. 16a 

AREA 4 NORTH RECLAMATION BOND SUMMARY SHEET 

2009 Estimate 

1 Total Facility and Structure Removal Costs $ 1,419,464 

2 Total Earthmoving Costs $ 4,593.614 

3 Total Revegetation Costs $ 835,484 

4 Total Other Reclamation Activities Costs $ 178,606 

5 Subtotal: Total Direct Costs $ 7,027,168 

6 Mobilization and Demobilization (at 1.0% of Item 5) 1.0% $ 70,272 

7 Contingencies (at 2.0% of Item 5) 2.0% $ 140,543 

8 Engineering Redesign Fee (at 1.8% of Item 5) 1.8% $ 126,489 

9 Contractor Profit and Overhead (at 15.0% of Item 5) 15.0% $ 1,054,075 

10 Reclamation Management Fee (at 3.9% of Item 5) 3.9% $ 274,060 

GRAND TOTAL BOND AMOUNT $ 8,692,606 

(Sum of Items 5 through 10) 
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Project: Navajo Mine 
Date: May-2009 

WORKSHEET NO. 18 

NAVAJO MINE RECLAMATION BOND SUMMARY SHEET 

1 Total Facility and Structure Removal Costs 

2 Total Earthmoving Costs 

3 Total Revegetation Costs 

4 Total Other Reclamation Adivities Costs 

5 Subtotal: Total Direct Costs 

$ 

$ 

$ 

2008 EstImate 

8,224,864 

99,330,498 

$13,527,793 

2.251,645 

$ 123,334,799 

6 Mobilization and Demobilization (at 1.0% of Item 5) 1.0% $ 1,233,348 

7 Contingencies (at 2.0% of Item 5) 2.0% $ 2.466,696 

8 Engineering Redesign Fee (at 1.8% of Item 5) 1.8% $ 2.220,026 

9 Contractor Profit and Overhead (at 15.0% of Item 5) 15.0% $ 18,500,220 

10 Reclamation Management Fee (at 3.9% of Item 5) 3.9% $ 4,810,057 

GRAND TOTAL BOND AMOUNT 

(Sum of Items 5 through 10) 

$ 152,565,146 
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Project: Navajo Mine 

Date: M8y-2009 

!TABLE 12-8·1 

DEMOUTION UNIT COSTS 

Means Reference Number (1) ID ltern UnIt 2009 Bare Costs (1) 2009 UnIt Coat! 

0241 16.13 12 1 Large urban buildings, steel CF $0.2. $0.26 

0241 16.13 5000 1. large urban buildings. Sleel. no interior walls ~ by 50% CF $0_13 $0.13 

0241 16.13 0050 2 Large urban buildings, concrete CF $0.37 SO.37 

0241 16.13 5000 28 l...arge urban buildings, concrete, no interior walls reduce .,.,. 50% CF $0,1' SO.1S 

0241 16.13 0080 3 large Urban buldlngs, INlsorwy CF $0,21 SO.2E 

0241 16.13 5000 3e l...arge Urban buftdings, mnonry, no interior walls reduce by SO% CF $0,1" $0.1" 

0241 16.13 0100 4l...arge Ufban buildings, mixllKe oIlypes CF $0.28 SO.2E 

0241 16.13 0500 !5 Small urban buildings, stH! CF $0.28 SO.2E 

0241 16.13 5000 Sa Small urban buildings, sa..!, no interior walls reduce by SO% CF $0.14 $0.14 

0241 16.13 0600 6 Small urban buildings. concrete CF $0,35 $0.35 

0241 16.13 SOOO 68 Sma. urban buildings. Q)nC:I'OIe. no interior walls reduce by 50% CF $0.1' SO.1E 

0241 18.13 0650 7 Sm.. Urban buildings. masonry CF $0.28 SO.2E 

0241 16.13 5000 7a 8m.. lJfban buildings. masonry. no interior wels reduce by 50% CF $0.14 $0.14 

0241 16.17 0240 8 Floor, 4W concrete stab, plain SF $3.19 $3.41 

0241 16.17 0280 8a FIoot, 4W conaele slab. mesh reinforced SF $3.40 $3 . 6~ 

0241 16.17 0300 8b Floor, 4w concrete slab. mesh reinforced. rods SF $4.00 $4.22 

0241 16.17 0400 9 Floor. 6w concreIe slab. plain SF $4.25 S4.59 

0241 16.17 0420 98 Floor. tr' concrete slab. mesh re~ SF $4_6t S5.03 

0241 18.17 0440 9b Floor. S- conc.rete slab, mesh reinforced, rods SF $5.33 $5.67 

0241 16.17 0420 10 Floor. roona'ete sIIIb, mesh reinfor08d SF $6.25 $6.70 

0241 16.17 0440 10e Floor, a"concntte slab. mesh reinforced, rods SF $7.11 $7.55 

1 41 16.16 0439 11 Floor, 1Tc::onaatelllab, mesh reinfofces rods SF $10.16 $11.33 

0241 16.17 1000 12 Footings, concrete. l' x 2' LF $11.37 $12.71 

0241 16.17 2600 12a Footings, concrete, l' x 2', avetage reinfotdng + 10% LF $12.51 S13.8! 

0241 16.17 1080 13 Footings, concrete, 1.5' x Z LF $13.65 $15.67 

0241 16.17 2600 13a Footings, conaete, 1.5' x Z, average reinfOtCing + 10% LF $15.02 $17.00 

0241 16.17 1120 14 Footings, concrete 1.5' x 3' LF $17.10 520.13 

0241 16.17 2600 148 Footings, concrete, 1.5' x 3', average nlinfM:lng + 10% IF $11.81 521.&4 

0241 16.17 1140 15 Footings, concrete, 2' x 3' LF $19.5~ 523.~ 

0241 16.17 2600 158 Footings, concrete, 2' x 3', average reinforcing + 10% LF $21.51 $25.54 

0241 16.17 1140 16 Footings, concrete, r x 6' lF $39.10 S47.11 

0241 16.17 2600 16a Footings, concrete, r)( 6', average reinforcing + 10% IF $43.01 $51 .011 

0241 16.17 1140 51 FooUngs, COflCI'ele, 2' )(16', average reinforcing + 10% LF $11·UI 5136.20 

0241 16.17 2400 17 rwalls, cona-ete, 3.5" thick SF $5.13 $6.03 

0241 16.17 2400 18 Walls, conctIIte. 6w thick SF $10.00 $10.34 

0241 16.17 2600 188 Walls, concrete, 6w thick. Av ..... ge reinfon:ing + 10% SF $11.00 511.34 

0241 16.17 2420 19 WaNs. c:oncnle. 8" flick SF $11.44 S11 .89 

0241 16.17 2600 19. Walls, concrete, 8" thick. Avetag8 reinforcing + 10% SF $12.51 S13.0:l 

0241 16.17 2440 49 WaUs, oonc:rete, 10" Chick SF $13.29 $ 13.8!i 

0241 16.17 2600 49a Walls, concrete, 10" thick, Average reinforcing + 10% SF 514.62 515.U 

0241 16.17 2500 50 WaIs, concrete, 12" thick SF $15.85 518.62 
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Project: NavajO Mine 
Date: May-200\) 

TABLE 12-9-2 

CULVERT VOLUMES FOR DEMOLITION AND REMOVAL 

CULVERT 10 Dfa.....r(inJ Length [ft] Vohlme [ft~ 
CP-1 48 76 955 
CP-2 48 76 955 
CP-3 48 100 1.257 
CP-4 48 68 855 
CP-5 84 311 11.969 
CP-6 60 218 4.280 
CP-7 42 158 1.520 
CP-8 30 81 398 
CP-9 30 48 236 

CP-10 24 120 377 
CP-103 30 124 809 

CP-11 24 107 336 
CP-12 24 101 317 
CP-13 30 73 358 
CP-14 30 129 633 
CP-15 24 108 339 
CP-16 60 153 3.004 
CP-17 108 187 11,896 
CP-18 90 305 13,474 
CP-19 30 203 996 
CP-20 24 262 823 
CP-22 48 282 3,544 
CP-23 58 146 2.879 
CP-24 58 146 2.679 
CP-31 48 150 1,885 
CP-32 48 150 1.885 
CP-33 48 150 1.685 
CP-34 48 150 1.885 

CP-35A 24 147 462 

CP-358 24 147 462 
CP-36 48 70 880 
CP-37 24 160 503 

CP-49 12 140 110 

CP-50 30 140 687 
CP-50 30 140 687 
CP-51 36 134 947 
CP-52 42 137 1,318 

CP-53 42 141 1,357 
CP-S4 18 178 315 
CP-55 42 204 1,963 

CP-56 48 170 2.136 
CP-57 18 174 301 
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Project: Navajo MIne 
Date: May-2009 

TAkE 12-8·2 

CULVERT VOLUMES FOR DEMOLITION AND REMOVAL 

CULVERT'D Dfameter [In) Length [ftl VoIume(ft~ 

CP.s8 
CP-59 

18 
18 

140 
142 

241 

251 
406CP-60 18 230 

CP·S1 30 140 687 
CP-62 18 128 228 

CP-63A 16 40 56 

CP-838 15 133 163 
CP·69 72 83 2.347 
CP-74 76 110 3.465 

CP-75A 7 106 30 
CP-758 7 106 30 

CP-76 24 89 280 
CP-77 36 231 1,633 
CP-63 24 155 487 
CP-64 16 48 64 
CP-85 16 65 88 

CP-86 15 14 17 
CP-67 16 19 25 
CP-68 15 22 21 
CP-91 18 70 124 
CP-92 30 50 245 
CP-92 30 50 245 
CP·93 48 230 2,890 
CP-9" 12 31 24 
CP·95 24 26 82 
Cp-96 18 144 254 
CP-97 24 140 440 
CP·98 16 80 112 
CP·99 16 80 112 

CP-100 24 60 188 
CP·101 12 40 31 
CP-102 24 50 157 
CP·103 30 124 609 
CP-104 36 161 1,138 

41CP-106 10 75 
CP·107 10 75 41 
CP·108 30 28 137 
CP-111 96 175 8.796 
CP-119 18 95 168 
CP-120 18 79 140 
CP-122 24 54 170 
CP-123 24 50 157 
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Project NavajO MN 

Dale: May-2OOG 

TABLE 12-8·2 

CULVERT VOLUMES FOR DEMOLmoN AND REMOVAL 

CULVERT 10 DIameter [In) Length ('!) Volume(ft" 

cp·124 24 50 157 

CP-129 24 148 465 

CP·13O 24 142 446 

CP-131 24 142 446 

CP-132 24 132 415 

CP-137 24 226 110 

CP·138 24 168 528 

CP·139 24 154 484 

CP-140 24 100 314 

CP·141 24 122 383 

CP·142 24 192 603 

CP-143 24 226 710 

CP-144 42 168 1.616 

cp·150 24 120 377 

CP·152 60 93 1.828 

CP·153 30 93 457 

CP·154 24 72 226 

CP·155 24 72 226 

CP-156 2" 72 226 

CP·155 24 72 226 
CP·156 24 72 226 

CP·169 18 40 71 

CP-170 18 48 85 

CP·174 18 35 62 

CP·175 16 40 58 

CP·176 16 35 49 

CP-177 30 40 196 

CP-178 16 38 50 

CP-179 16 40 56 

CP-180 16 40 56 

CP-181A 16 33 46 

CP-181B 16 33 46 

Cp·185 24 130 408 

CP·186 24 206 647 

CP·187 24 206 647 

CP-189 16 40 56 

CP-190 16 40 56 

cp·202 18 30 53 

CP-203 18 30 53 

CP-204 18 61 108 

DO-01 30 36 177 

DO-02 30 53 260 
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Prolect Navajo Mine 
oat,: M8y-2OOSl 

TABLE 12-a-2 

CULVERT VOLUMES FOR OEMOUJ1ON AND REMOVAL 

CULVERTIEl Dfameter [In] Length ltt) Volume [It'] 

00-03 
00-04 

00-05 
00-07 

00-08 

00-09 

00-10 
00-11 

00-12 
00-13 

00·14 

00-15 

00-16 
00-17 

00·18 
00·19 
00-20 
00-21 

00-22 

00-23 

00-24 

00-25 

00-29 

00-30 

30 

16 
42 

15 
15 

15 

15 

15 

15 
15 
15 

15 
15 
15 

15 
15 
15 

15 
15 

16 
10 
9 

16 
4 

53 

65 
29 

325 
90 

87 

105 
408 
68 

206 

153 
154 

160 

126 
170 

55 

55 
68 
250 

52 

45 
68 

73 

334 

260 
91 

279 
399 

110 

107 
129 
501 

83 

253 

188 
189 
196 
155 

209 

67 

67 

83 

307 
73 

25 

30 

102 

29 
.Total 
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Project: Navajo Mine 

Date: May-2009 

TABLE 12-8-2a 

CULVERT VOLUMES FOR DEMOLITION AND REMOVAL 

CULVERT 10 Diameter [in] Length [tt] Volume [ft3] 

CP-191 24 208 653 

CP-192 24 126 396 

CP-193 24 124 390 

CP-194 30 124 609 

CP-195 42 200 1,924 

CP-196 30 124 609 

CP-197 42 130 1,251 

CP-198 30 124 609 

CP-199 30 120 589 

CP-200 60 124 2,435 

CP-201 30 146 717 

00-28 30 172 844 

Total 11,025 
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TABLE 12-8-3 

BACKFILLING OF PONDS AND IMPOUNDMENTS 

Pond 

Pond Volume Oam! 
OourPush 

DI.""ce 
Iftl 

Backftl 
Volumes 

rbey)'(ac·ftl (bey]' 
Bottom 

[ftl 
Top 
[ft} 

HeIght 
[ftl 

Length 
[") 

Volume 
(bey)' 

Barber Loadout 1a.0 30,883 - - - - incised 200 30,653 

Lowe Loadout Pond 18.0 29.040 · - incised 200 29,040 

North Sewage Pond 6.9 11,132 - - - Incised 200 11,132 

~-3 Sewage Pond 4.3 8,937 70 45 5 750 7,988 125 8,937 

Barber Stockple Pond #2 8.0 12,939 180 40 13 100 4,815 200 4,816 

Barber Stoc:kple Pond #3 3.7 8,034 - - Incised 1SO 6,034 

!South Barber Pond 9.8 15,811 · . · incised 300 15,811 

Iemma's Pond 9.7 15,585 80 2 IS 1000 9,111 100 9,111 

HoSleen Stockpile Pond .1 10.7 17,279 140 30 10 460 14,187 125 14,161 

Hosleen Slockpile Pond #2 13.0 20,941 200 20 14 300 17,111 300 17,111 

HOsMen SCockpile Pond #3 7.4 11,874 - - incised 200 11,874 

Lowe Stockpile Pond 5.8 9,035 120 25 15 400 18,111 100 9,035 

North Pinto Pond 5.4 8,647 100 30 8 350 5.056 16<1 5,056 

Northwest Dixon Pond 5.9 9,468 - - Incised 200 9,488 

Southwest DIxOn Pond 3.0 4,840 - . - Incised 125 4,840 

VII1ne1 Pond 9.8 15,748 - - - incised 25(1 15,748 

Block-C Pond 1 5.1 8,141 · - - incised 100 8,147 

8lock-C Pond 2 8.Cl 9,712 - - · Incised 100 9,712 

B1ock-C Pond 3 13.3 21,467 · - incised 100 21,467 

Block-C Pond 4 15.9 25,6t52 · · Incised 200 26,852 

LowehoIe-3 Pond No. 2 9.8 16,811 - - - Incised 1SG 15,811 

N. Pond 1 (eels A,B,C) 29.3 47,271 - · Incised 200 47,271 

CRPood4 12.9 20,860 · - - - Incised 15Cl 20,860 

Pondt6 2.3 3,711 - - - - Incised 100 3,711 

South Dixon POfId 1 12.1 19,570 · - - - Incised 150 19.570 

South DIxon Pond 2 4.6 7,421 · - - · Incised 15Cl 7,421 

South DIxon Pond 3 4.6 7,421 · - - · Incised 100 7,421 

Mason Pond 4.7 7,602 - - . - Incised 125 7,502 

Lowehcle-3 Pond NO.3 4.8 7,683 - - - - Incised 125 7,863 

Employee's Coal Dump Pond 2.6 4,182 · - - · Incised 100 4,162 

Lowe Permanent Impoundment No. 7.2 11,800 · - - · Incised 100 11.600 

Lowe Ralroad Impoundment.1 19.2 30,978 - - - · Incised 200 30,978 

~ Ralroad Impounment #2 11.1 17,908 - - - - Incised 200 17,908 
_ Dixon Pond 7 9.4 15,165 - - - - Incised 200 16.165 

TOTAL 801_ Weighted Average PuSh Dlltance (ft] 180 482,858 

(1) BCyaBankCUlllc:yMb 

(2) DIm ¥Obnt Is Ihe bpezoIdaI aoSHeC1lOn8l ... tImeIlJIe 1efIgtII. 

(3) s.:IcM \IOI1II'Ie II fie UNIer of lie dam \IOIume Of pond \IOIume. 

TIll, .....ht eIfler III pond II flied Of"dim IS remcMd and palled InIo the pond. 
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Project: Navajo Mine 

Date: May-2009 

TABLE 12-8-3a 

BACKFILLING OF PONDS AND IMPOUNDMENTS 

i 

Pond 

Pond Volume Dam2 Dozer 
Push 

Distance 
IftJ 

Backfill 
Volume3 

[bcy]1 

I 

lac-ttl [bcyl1 
Bottom 

[ft] 
Top 
[ttl 

Height 
[ttl 

Length 
[ttl 

Volume 
[bcy]1 

Pond 1 

Pond 2 

Pond 3 

Pond 4 

Pond 5 

Pond 6 

Pond 7 

Pond 8 

Pond 9 

B.O 
4.9 

1.5 

7.8 

26.5 

17.6 

9.3 

4.3 

3.0 

12,907 

7,825 

2,452 

12,649 

42,673 

28,346 

14,939 

6,953 

4,792 

-
-
-
-
-
-
-
-

-

-
-
-
-

-
-
-
-
-

-
-
-
-
-
-
-
-
-

-

-
-
-
-
-

-
-
-

Incised 

Incised 

Incised 

Incised 

Incised 

Incised 

Incised 

Incised 

Incised 

200 

200 

200 

200 

200 

200 

200 

200 

200 

12,907 

7,825 

2,452 

12,649 

42,673 

28,346 

14,939 

6,953 

4,792 

TOTAL 133,536 Weighted Average Push Distance (tt) 200.0 133,536 

(1) Bey =Bank cubic yards 

(2) Dam volume is the trapezoidal cross-sectional area times the length. 

(3) Backfill volume is the smaller of the dam volume or pond volume. 

This assumes that either the pond is filled or the dam is removed and pushed into the pond. 

<0 
C1'I 



Project: Nava;o Mine 
Date: May-2009 

TABLE 12-&4 

ROAD RIPPING 

OeKrlption L.ngth [tt) Width (ft) 
Area 

(acrea] EqulpnMnt 
Area 3 By-pass Roac 3,970 70 6.38 Cat 16G Motor Grader 

Area 3 Main Access Rosc 5,160 60 7.11 Cat 160 Motor Grader 

Barber By-pass Rose: 6,300 70 10.12 Cat 16G Motor Grader 

Barber Haulroac 11,000 60 15.15 Cat 16G Motor Grader 

Barber Hosteen Bypas~ 5,600 60 7.71 Cat 16G Motor Grader 

Big Fill Road 19,450 60 26.79 Cat 16G Motor Grader 

Sighan Ramp 10 ROCK 5,225 70 8.40 Cat 16G Motor Grader 

BlOCk B Access Rosel 13,220 82 24.89 cat 100 Motor Grader 

Bums By-Pass Roael 520 40 0.48 Cat 16G Motor Grader 

Bum's Pass Roacl 3,500 65 5.22 Cat 16G Motor Grader 

Coal Plant R08C 3,780 40 3.47 Cat 16G Motor Grader 

Dixon Haul Roae 8,150 70 13.10 Cat 16G Motor Grader 

Ooby Roacl 6,175 60 8.51 Cat 16G Motor Grader 
Employee Coal Ownp Access Roaj 270 35 0.22 Cat 160 Motor Grader 

GonnanRoac 4,900 60 6.75 Cat 16G Motor Grader 
Hosteen Haul Road Modification (widei' 3.20 Cat 16G Motor Grader 

Hosteen Haulroacl 7,000 60 14.94 Cat 16G Motor Grader 
Hosteen Ready Une 400 200 1.84 Cat 16G Motor Grader 

Hosteen Yazzie Haulroae 11,700 60 16.12 Cat 16G Motor Grader 
Irrigatlon Access Road~ 79,200 10 18.18 Cat 160 Motor Grader 

lowe Boxcut Roa( 5,720 70 9.19 Cat 16G Motor Grader 
Lowe Bypass ROCK 5,910 30 4.07 Cat 16G Motor Grader 

Lowe Power Line Access Rose 0.25 Cat 16G Motor Grader 
lowe Stockpile Road Modificatioo 600 22 0.30 Cat 16G Motor Grader 

Lynch Skyline Road 2,050 65 3.06 Cat 16G Motor Grader 
MasonRoac 5,225 70 8.40 Cat 16G Motor Grader 

Neck ROM 8,500 120 23.42 Cat 16G Motor Grader 
PInto ReroutE 4,500 70 7.23 Cat 16G Motor Grader 

Pinto Rose 6,500 60 8.95 Cat 160 Motor Grader 
Pinto Rose 1,000 60 1.38 Cat 160 Motor Grader 

Power line Access Road 183,500 10 42.47 Cat 160 Motor Grader 
Railroad Access Roam 81,300 30 55.99 Cat 16G Motor Grader 

Railroad GradE 81,300 20 37.53 Cat 16G Motor Grader 
Re-allgned Ramp 7 Roac 5,225 30 3.60 Cat 16G Motor Grader 
Topsoil haulroad (Dixon 3,585 60 4.94 Cat 16G Motor Grader 

Yazzie Silo Access Road 350 30 0.24 Cat 16G Motor Grader 
Yazzie Skyline R<* 6,450 65 9.62 Cat 16G Motor Grader 

Yazzie Spoil Side Roe 3,450 70 5.54 Cat 16G Motor Grader 
Total 424.75 
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Project: Navajo Mine 
Date: May-2009 

TABLE 12-B-4a 

ROAD RIPPING 

Description Length [ftl Width [ft] 
Area 

[acres] Equipment 

Haul Roads 

Ancilary Roads 

28,825 

17,625 

80 

60 

52.94 

24.28 

~at 16G Motor Grader 

~at 16G Motor Grader 

Total n.22 

(t) 

.--- -.--------------~~ 

---I 



Project: Navajo Mine 

Date: May-2009 

TABLE 12~-5 

AREA 1 BOND REGRADE EARTHMOVING· Dozers 

Cut Block Fill Block 
Total Volume 

[y~ 
Permanent 
Program % 

Permanent 
VoIume[ydi 

Cut Elevation 
[ft] 

Fill Elevation 
Eft] 

Centroid 
Distance [ft] 

Adjusted 
Distance [ft] 

Grade 
[%] 

Comments 

Pinto Pit Pinto Pit 1.163.300 100% 1.163,300 5,430 5,410 300 300 -6.7% 

TOTAL 1,163,300 1,163,300 Weighted Average 300 -6.7% 
I 

I 

Total yards go to Woltsheet 3 

<0 
(X) 

~'-' '-' 



Project NlYajo Mine 

Dale: May·2009 
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TABLE 1206-6 

AREA 2 BOND REGRADE EARTHMOVING - Doze ... 

Total Volume Permanent Pennanent Cut Elevation Fill Elevation Centroid Adjusted Grade 
Cut Block Fill Block (yd3) Program % Volume (yd3] (ttl [ttl Distance [ft) Distance (ft) 1%' Commentl 

001 001 1.757 10<>-h 1.757 5.407 5,414 - 200 3.5% Internal 

002 002 1.005 100% 1,005 5,423 5,423 200 0,0% Intemal 

003 003 21 100% 21 5,400 5.394 · 200 -2.8% Intemal 

004 004 453 100% 453 5.384 5,381 200 -1.8% Internal 

005 005 222 100% 222 5,417 5,418 200 0.5% Internal 

006 006 1,200 100% 1,200 5,410 5,383 · 200 ·13.8% Internal 

007 007 8,749 100% 8.749 5.470 5,376 - 200 -20.0% Internal 

009 009 113,269 100% 113,269 5.363 5.354 · 200 -4.4% Internal 
010 010 64,945 100% 64,945 5.405 5.382 · 200 -11.6% Internal 

011 011 3,943 100% 3,943 5,353 5,378 · 200 12.6% Intemal 

012 012 11.849 100% 11,849 5,299 5,311 - 200 5.8% Internal 

013 013 16.940 100% 16.940 5,240 5,329 · 200 20.0% Internal 

014 014 12,620 100% 12.620 5.318 5,316 200 -1 .1% Internal 

015 015 1,243 100% 1,243 5,342 5.317 200 -12.2% Internal 

016 016 2,088 100% 2.088 5,288 5.323 200 17.3% Internal 

017 017 5,861 100% 5,861 5,356 5,344 200 -5.9% Internal 

P01 P 01 55,513 100% 55.513 5.296 5.320 - 200 12.0% Internal 

P02 P02 333,012 100% 333,012 5,308 5,314 - 200 2.7% Internal 

P03 P03 400,938 100% 400.938 5,347 5,371 · 200 11 .9% Internal 

P04 P04 53,269 100% 53,269 5,482 5,439 - 200 -20.0% Intemal 

Poo P05 9,625 100% 9,625 5,430 5,440 - 200 4.9" Internal 

Poe Poe 8.n5 100% 8,775 5,485 5,502 - 200 8.5"0 Internal 

R01 ROl 45,758 100% 45,758 5,263 5,339 200 20.0% Intemal 

R02 R02 154.945 100% 154,945 5.405 5,331 200 ·20.0% Internal 

R03 R03 29,585 100% 29.585 5,316 5,347 200 15.7% Internal 

R04 R04 13.210 100% 13,210 5,351 5,352 200 0.6% Internal 

R05 ROO 153.355 100% 153,355 5.367 5,457 200 20.0% Internal 

Roe R06 28,294 100% 28.294 5,397 5.352 200 -20.0% Internal 

T 01 T 01 2,481 100% 2,481 5,309 5,283 - 200 -13.2% Internal 

T02 T02 33 100-.4 33 5,410 5,301 - 200 ·20.0% Internal 

T03 T03 396 100e.4 396 5,319 5,410 - 200 20.0% Internal 

T04 T04 39,420 100% 39,420 5,427 5,333 - 200 -20.0% Internal 

T05 TOS 11,434 100% 11.434 5,448 5,447 - 200 -0.5% Internal 

T06 T06 38,524 100% 38.524 5.387 5,439 · 200 20.0% Intemal 

T07 T07 46,379 100% 46,379 5,396 5,383 · 200 -6.8% Internal 

T08 T08 23,988 100% 23,988 5,415 5,403 200 -6.1% Internal 
T09 T09 28.917 100% 28,917 5,429 5,391 200 .19.0°4 Internal 

T10 T10 7,644 100% 7,644 5,411 5.386 200 ·12.7% Intemal 

OS BLUFF 01 OS BLUFF 01 48.191 100% 48,191 5,386 5.411 200 12.3% Internal 

os BLUFF 02 pS BLUFF 02 10,432 100% 10,432 5,321 5,422 200 20.0% Internal 

HOSTRI HOSTRI 54,734 100% 54,734 5,530 5,321 200 -20.0% Internal 

001 P01 251,894 100% 251.894 5,407 5,320 2,087 300 -4.2% Externa' 

002 P 01 231,712 100% 231,712 5,423 5,320 420 300 -20.0% External 

003 P02 78,005 100% 78,005 5,400 5,314 2,542 300 -3.4% External 

004 R01 562,454 100% 562,454 5,384 5,339 535 300 41.4% Extemal 

DOS R01 472.235 100% 472,235 5,417 5,339 1,195 300 -6.5% External 

006 P03 1.245.545 100% 1.245,545 5,410 5.371 737 300 -5.3% External 

007 P04 2,262,047 100% 2,262,047 5,470 5,439 657 300 -4.7% Extemal 

008 P04 600,679 100% 600.679 5,356 5,439 1,209 300 6.9% External 

009 R02 316,184 100% 316,184 5,363 5,331 1.762 300 .1 .8% Examal 

010 Poo 158,658 100% 158,658 5,405 5,440 1,478 300 2.4% External 

010 R02 623,048 100% 623,048 5,405 5,331 1,938 300 -3.8% Eldemal 

011 P05 480,461 100% 480,461 5,353 5,440 2,051 300 4.3% Extemal 

011 R03 1,248,077 100% 1,248,077 5,353 5,347 1,162 300 -0.5% Extemal 

012 POG 21,492 100% 21,492 5,299 5,502 1.545 300 13.1% Extemal 

012 R03 392,596 100% 392,596 5,299 5.347 2.227 300 2.2"4 External 

013 P06 1.185,148 '00% 1,185,148 5,240 5,502 516 300 20.0% External 

015 ROO 442,640 100% 442,840 5.342 5,457 1,280 300 9.0% Extemal 

016 R06 734,211 100% 734,211 5,288 5,352 602 300 10.6% External 

017 ROO 254,061 100% 254,061 5,356 5.352 907 300 -0.4% ExtemBi 

TOTAl 13,408,141 13,408,841 Weighted Ave,.. 288 0.9% 

fCUII yards go to WotQheeI 3 
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prcject: Navlljo Mine 
0.1.: May-lOOt 

ITABLE 12·B·7 
AREA 3 BOND REGRADE EARTHMOVING· Dozers 

Total Volume Pennanent Pennanenl Cut Elevation Centroid Adjusted 
[yd3)Cut Block Fill Bloch Program % Volume (yd3) [ft) Fill Elevation [et) Distance [ft' Distance [ttl Grade [%) Commenbl 

0"()1 3,126 100%~1 3,126 5,361 5,362 0.2%300 Internal-
0"()2 4620-02 100% 462 5,400 5,301 300 -20.0% Internal-
0.()4 100%0-04 325 5,394325 5.378 300 -5.1% Internal· 

4,421 100% 4,421 5,3350-05 0-05 5,349 4.6%300 Internal· 
0..()6 3,269 100% 3,2690-06 5,374 5,355 300 -6.3% Internal· 

0"()7 0"()7 1,514 100% 1,514 5,339 5,367 300 9.4% !ntemal-
0..()8 0..()8 212 212 5,363 5,358 300 ·1.6% Internal100" · 

0..()90"()9 100%90 90 5,332 5.341 300 2.9% Inlema!· 
3,242 100% 3,242 5,3710·10 0·10 5.359 300 Intemal-4.2"
2.113 2.113 5,3490·11 0·11 5.353 1.5%300 Internal'00% · 

0-12 835 100% 8350·12 5.202 5.291 20.0%300 Internal 
0-13 310 100% 3100·13 5.348 5.298 300 ·16.7% Intemal 

0-14 768 100%0·14 768 5,305 5,280 -8,4%300 Internal 
14 100% 140-15 0-15 .15.5%5.328 5.281 300 Internal 
7 100% 70·16 0·16 5.328 5.279 -16.1%300 Intemlil· 

707,706 100%OX-PS OX-PS 707.706 5.378 5.376 300 -C.8% Internal-
F'()1 F'()1 240 100% 240 5.384 5.356 300 ·9.4% 1ntem81-

100%F-02 F-02 37,245 5,36137.245 5.375 .... 7% 300 In&emaI· 
100%F-03 F-03 180.363 180.363 5.300 5.370 300 20.0% Internal· 

F.()4 100%F-04 92,597 92,597 .19.3%5.355 5,.'3 - 300 !ntemal 
112P-02 P-02 100% 112 5.314 5,377 20,0%300 Internal· 

P-03 P-03 3,4633.463 100% 5.274 5,385 300 20.0% Intema!· 
P.()4 P-04 36,694 100% 36.694 5,222 5.337 300 20.0% Internal-
R-01 R-01 124 100% 124 5,374 5,368 300 -3.0% Internal-

3,614R-02 R-02 100% 3,614 5,381 5,38<1 300 1.1% Internal-
R'()3 R-03 1,260 100% 1,260 5,278 5.390 20.0%300 Internal· 

49,727 100%R-04 R-D4 5,56549.727 5,295 ·20.0%300 Internal· 
R-05 R-05 100%3.966 3.968 5.459 5.342 300 ·20.0% Internal 
R-06 R-06 29.121 100% 29.121 5.362 5.265 300 -20.0% Internal 
R'()7 R'()7 41 .315 100% 41.315 5.309 5.272 300 .12.3% Incemal 
S-05 S-05 5.411 100% 5.411 5.390 5.372 · 300 .s.8% Internal 
S-06 S'()s 787 100% 787 5.627 4.904 - 300 -20'(W. IntemaI 
S'()7 S-07 12.895 100% 12.895 5.328 5.340 - 300 3.9% IntemaJ 
S..()8 S..()8 336 100% 336 5.245 5.312 · 300 20.00/. Intemal 
8-09 S-09 33,884 100% 33.884 5.299 5.270 - 300 -9.8% Internal 
S·10 S·10 32 100% 32 5.332 5.283 - 300 -16.1% Internal 

TP·01 TP-01 1.-408 100% 1,408 5,401 5.433 · 300 10.7% Internal 
TP-02 TP-02 18.497 100% 18.497 5.382 5.395 · 300 4.3% Internal 
TP·03 TP·03 91.443 100% 91,443 5,452 5,453 - 300 0.3% Internal 
TP-04 TP·04 439 100% 439 5.374 5,367 - 300 -2.3% Internal 
TP.()6 TP-06 3.594 100% 3.594 5.368 5.363 - 300 -1.7% Internal 
TP-07 TP-07 103 100% 103 5.331 5,330 - 300 -0.3% Internal 
TP-08 TP-08 17.285 100% 17,285 5.300 5.302 - 300 0.7% Internal 
TP·09 TP-09 3.065 100% 3.065 5,420 5,441 300 7.0% Internal 
Tp·10 Tp·10 531.361 100% 531,361 5.374 5.328 300 ·15.3% Inlemel 
TP·11 Tp.11 5.577 100% 5,577 5.355 5.367 · 300 4.0% Internal 
TP·12 Tp·12 20.751 100% 20.751 5,408 5.392 300 -5.3% Intemal 
TP-13 TP·13 4.991 100% 4,991 5.350 5.344 300 -2.0% Internal 
TP-14 Tp·14 14.899 100% 14,899 5.387 5.360 300 -9.0% Intemal 
TP·15 TP·15 5.454 100% 5.454 5,458 5,456 - 300 -0.7% Internal 
TP-16 TP-16 2.485 100% 2,465 5,411 5.399 300 -4.0% Internal 
TP·18 TP·1S 7.163 100% 7.163 5.332 5.333 - 300 0.3% Internal 
Tp·19 Tp·19 23.455 100% 23.455 5.288 5.290 - 300 0.7% Internal 
TP-2O TP-20 867 100% 867 5,298 5.290 - 300 -2.7% Intemal 

0-01 R-01 250.957 100% 250.957 5.361 5.366 426 512 1.0% External 
0-02 R-01 686.198 100% 686.198 5.400 5.366 1,200 1.440 -2.9% Extemal 
0-03 R-02 1.207.107 100% 1.207.107 5,400 5.384 1.012 1.214 -1 .6% Extemal 
D-04 P-01 422.124 100% 422.124 5,394 5.232 1.582 1.899 -10.2% External 
0-05 R-03 2.269,276 100% 2,269.276 5.335 5.390 412 495 13.2% External 
0-06 R-03 1,679,203 100% 1.679.203 5,374 5.390 465 558 3.4% External 
0-07 P-01 124.385 100% 124.385 5.339 5.232 564 6n ·19.1% extern.. 
0-08 R-04 412.481 100% 412.481 5,363 5,295 2,312 2.n4 -2.9% External 
0-09 R-C4 1,630,449 100% 1,630,449 5,332 5.295 n2 926 -4.8% External 
0-10 R-04 1.381.763 100% 1.381.763 5.371 5.295 967 1.180 -7.9% External 
0-11 R-05 1.924,134 100% 1.924.134 5.349 5.342 1,338 1,606 -0.5% External 
0-12 P-04 2,660.950 100% 2.660,950 5.202 5.337 1.392 1.671 9.7% External 
0-13 R-06 514,109 100'4 514.109 5.348 5.265 745 894 ·11.1% Extemal 
0·15 P-04 2.059.994 100% 2.059.994 5.328 5,337 1.521 1.825 0.6% External 
0-16 R-07 

TOTAl 
2027871 

21215,419 
100% 2027.871 

21L265L419 
5328 5272 1186 

Weighted Average 
1423 
1,1n 

-4.7% 
0.4% 

Excemal 

100 
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~: NeVljo Mine 
DIIIe:~ 

ITABLE 12+7. 

!AREA .tN BOND REGRADE EARTHMOVING· Doura 

CUtBlodc AI BIocJc 
Total Volume 

fyd3~ 

p..........u 
Proer-m% 

P«manent 
Volume (yd3) 

CUt EMvation 
lft~ l'ft] 

F. EJevation Centroid 
Dla~(ftJ D'= Grade 

l% Comments 

D01 001 5,648 1~ 5,648 5,420 5,428 · 200 4.1~ Internal 

002 002 3,651 100% 3.651 5,429 5,313 · 200 ~.O% IrUmaI 

D03 003 163,624 100% 163,624 5,398 5,447 · 200 6.0% Internal 

D04 004 2,038 100% 2,038 5,310 5,329 · 200 6.0% Internal 

D05 DOS 8,872 1~ 8,872 5,333 5,355 · 200 6.0% Internal 
0Q6 006 49,550 100% 49,550 5,331 5,366 · 200 6.0% Internal 

007 007 117.100 100% 117,100 5,269 5,367 - 200 6.0% Internal 

008 DOe 71,885 100% 71,885 5,283 5,314 - 200 6.0~ Int.-naI 

D09 009 21,838 100% 21,838 5,352 5,336 - 200 ~.O% Internal 

010 010 2,690 100% 2,690 5,504 5.315 - 200 ~.O% IntemaI 

P02 P02 13 100% 13 5,364 5.383 - 200 6.0% Internal 

P03 P03 32 100% 32 5,282 5.340 · 200 6.0% Internal 

R01 R01 151 100% 151 5,423 5,423 · 200 0.0% Internal 

R02 R02 1,881 100% 1,881 5,341 5,434 - 200 6.0% InlemaI 

ROO R03 40,327 100% 40,327 5,355 5,336 - 200 ~.O% InlemaI 

R04 ROot 1,879 100% 1,879 5,311 5.321 - 200 5.2~ InIemaI 

R05 R05 18.316 100% 18,316 5,309 5.295 - 200 ~.O% Int.mei· 

T01 T01 1.859 100% 1,859 5,383 5.349 - 200 -6.0% IfQmaI ! 

I 

T02 1'02 81.603 100% 81,603 5,527 5,233 · 200 -6.0% Internal I 
T03 103 21.974 100% 21.974 5,453 5,294 - 200 -6.0% Internal 

001 R01 156,501 100% 156.501 5,420 5.423 274 300 1.3% External i 

001 R02 54,568 100% 54,568 5,420 5.434 167 300 6.0% External 

002 RQ2 84.414 100% 84.414 5,429 5,434 365 300 1.2% External 

003 P01 419,187 100% 419.187 5,398 5,267 367 300 ~.O% Extemal 

D04 R03 256,438 100% 256.438 5,310 5,33tl 311 300 6.0% External 

005 R03 256,438 100% 256,438 5,333 5,336 344 300 0.7% External 

006 P02 266,846 100% 266,846 5.331 5,383 339 300 6.0% External 

007 R04 595,523 100% 595.523 5,269 5,321 344 300 6.0% ExtemaJ 

008 R04 1,055,998 100% 1,055,_ 5,283 5,321 310 300 6.0% External 

D09 P03 323,738 100% 323,738 5.352 5,340 430 300 ·2.9% External 

010 ROS 486.228 100% 48&,228 5,504 5,295 409 300 -6.0% External 

TOTAL .,570,112 4,570,112 w.Jghted Aver.ge 217 1.1% 

TotaIyMb eo 10 ~) 

~ 



Project: Navajo Mine 

Date: May.2009 

TABLE 12-8·9 
I 

IAREA 2 BOND REGRADE EARTHMOVING· Trucks and Loaders 
Total vOlume permanent Permanent Grade 


Cut Block 

Fill E.levatlon centrolG Adjusted 

Program % Volume (yd3] Cut Elevation [ft] Distance [ft] Comments 

T02 

(yd3]Fill Block [tt] Distance 1ft] rk] 
POi 961,308 100% 961,308 5,410 4,590 5,600 ·2.0% 

T03 

5,320 

98,353P01 98,353 5,319 0.0% 

T04 

100% 5,320 6.461 7.800 

1,171,633 -1.4%100% 5,427P01 1,171.633 7,543 9.1005.320 

13,900943,132 100% 11,527 -0.8% 

T05 

POi 943,132 5.410 5,320006 
13,400 -1 .2% 

T06 

2,053,818 100% 2,053,818 5,320 11,107POi 5,448 

17,600 -0.5% 

T06 

1,131,761 100% 1,131,761 5,387 14,656P01 5.320 

5,387 8,941 10,800 .Q.8% 

T07 

1,433,122 100% 1,433,122 5,314P02 

12,400 -0.8% 


HOS BLUFF 02 


1,532,650 5,396 5,314 10,269P02 1,532,650 100% 

2.6%5,6005,321 4,643821,974 5,440P05 821,974 100% I 

4,700 0.0%1,763,183 5,411 5,411 3,8871,763,183 100%HOSBLUFF01T 10 
I2.4% 

D 10 

5,411 2,921 3,600518,911 5,342518,911015 HOS BLUFF 01 100% 

0.2% 


Triangle PS 


3,2005,411 2,64452,227 5,40552,227 100%HOS BLUFF 01 

16,000 -1.6%5,530 5,314 13,2793,041,142 100% 3,041.142 P 02 Not included in 

Overlook PS material movemenl 
costs. In the bond 

17,000 -0.5% 14,0965,386 5,314854,857P02 854,857 100% 

13,100 -0.4%10,8405,38628,252 5,33928,252 100%R01Overlook PS scenario, aI the 
material is located in7,000 0.9% 5,n82,338,931 5,439100% 5,3862,338,931P04Overlook PS 

final resting place. 
-1 .6% 

TOTAL 

3,535 4,3005,3313,594,589 5,386100%R02 3,594,589Overlook PS 

Weighted Average -0.5%10,15612,482,07212,482,072 

Total yards go to Worksheet 3 

Assumptions: Distance is adjusted to accomodate haulage routes 

o 
~ 

N 
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Project: Navajo Mine 
Date: May-2009 

TABLE 12-8-10 
AREA 3 BOND REGRADE EARTHMOVING - Trucks and Loaders 

Cut Block Fill Block 
lotal Volume 

(yd3 
Permanent 
Program % 

Permanent 
Volume (yd3] 

Cut Elevation 
[ttl 

Fill Elevation 
[ttl 

Centroid 
Distance 1ft] 

AdjUsted 
Distance 1ft] 

Grage 
rk] Comments 

TP-01 R~01 117,217 100% 117,217 5,401 5,366 9,964 12,000 ~.4% 

TP-02 R~1 509,853 100% 509,853 5,382 5,366 8,941 10,800 -0.2% 
TP-03 R~1 90,601 100% 90,601 5,452 5,366 6,480 7,800 -1.3% 
TP-04 R-01 49,773 100% 49,773 5,374 5,366 5,068 6,100 ~0.20/0 

TP-06 P~01 218,832 100% 218,832 5,368 5,232 5.864 7.100 ·2.3% 
TP-07 P-01 21,668 100% 21,668 5,331 5,232 6,920 8,400 -1.4% 
TP~08 P-01 241,185 100% 241,185 5,300 5,232 6,354 7,700 -1.1% 
TP-09 P-01 848,698 100% 848,698 5,420 5,232 3,941 4,800 -4.8% 
5-02 P-01 1,737,502 100% 1.737.502 5,402 5,232 3,112 3,800 -5.5% 

TP-12 P-01 484,192 100% 484,192 5,408 5,232 4,247 5,100 -4.2% 
TP-10 P-01 1.638,589 100% 1.638.589 5.374 5,232 7,683 9.300 -1.9% 
8-06 P~1 5,434.035 100% 5,434,035 5,627 5,232 5,015 6,100 -6.0% 

TP-16 R-05 369,815 100% 369,815 5,411 5,342 6,511 7.900 -1.1% 
TP-15 R-05 35,645 100% 35,645 5,458 5,342 5,252 6,400 -2.2% 
8-08 P~2 986,117 100% 986,117 5,245 5,377 3,963 4,800 3.3% 
F-04 TP-05 68,385 100% 68,385 5,413 5,381 13,733 16,500 -0.2% 
0-13 P-02 1,514,488 100% 1,514,488 5,348 5,377 4,405 5,300 0.7% 
TP~14 TP-11 29,349 100% 29,349 5,387 5,367 3,262 4,000 -0.6% 
F-04 TP-11 1,961 100% 1,961 5,413 5,367 7,787 9,400 ~.6% 

F-04 TP-17 161,302 100% 161,302 5,413 5,326 3,289 4,000 -2.7% 
0-14 P-02 1,600,357 100% 1,600,357 5,305 5,3n 5,064 6,100 1.4% 
0-14 P-03 1,348,271 100% 1,348,271 5,305 5,385 4,002 4,900 2.0% 
8-09 P-03 2,475,635 100% 2.475,635 5,299 5.385 5,593 6,800 1.5% 

TP-19 R-07 124,798 100% 124,798 5,288 5,272 3,365 4.100 -0.5% 
S-10 P-03 1,223,632 100% 1,223,632 5,332 5,385 5053 6,100 1.1% 

Dixon P8 
Dixon PS 
Dixon PS 
Dixon PS 
Dixon PS 
Dixon P8 

R~1 
R-02 
F-03 
P-01 
R-07 

TP-05 

335,352 
4,254,773 
2.673,127 
1,037,831 
1.221,942 

11896 

100% 
100% 
100% 
100% 
100% 
100% 

335,352 
4,254,773 
2,673,127 
1,037,831 
1,221,942 

11.896 

5,378 
5,378 
5,378 
5,378 
5,378 
5,378 

5,366 
5.384 
5,370 
5,232 
5,272 
5,381 

13,445 
11.840 
4,989 
8,nS 
4,784 

16.688 

16,200 
14.300 
6.000 

10,600 
5,800 

20.100 

-0.1 % 
0.0% 

-0.2% 
-1.7% 
-2.2% 
0.0% 

Not included in material movement costs. 
In the bond scenario, all the material is 

located in final resting place. 

TOTAL 21,331.902 
. 21,331,902 Weighted Average 6,190.09 -1.8% 

Assumptions: Distance Is adjusted to accomodated haulage routes 

....... 

o w 



Project: Navajo Mine 

Date: May-2009 

TABLE 12-8-108 

AREA 4N BOND REGRADE EARTHMOVING· TRIcks and Loaders 

Cut Block Fill BIoc~ 
Total Volume 

(yd'] 
Permanent 
Program % 

Pennanent 
Volume [ycf) 

Cut Elevation 
[tt) 

Fill Elevation 
[ftl 

Centroid 
Distance [tt1 

Adjusted 
Distance [ft) 

Grade 
[%1 Comments 

Inter-Block Yards 

D04 P01 560,882 100% 560.882 5.310 5.267 2.072 2.487 -2.1% 

T02 P01 1,152,932 100% 1,152,932 5.527 5.267 4.213 5,055 -6.0% 

103 P02 544,983 100% 544,983 5,453 5,383 2,951 3,541 -2.4% 

TOTAL 2,258,797 2,258,797 Weighted Average 4,052 -4.2-k 

Total yards go to Worksheet 3 

Asunptions: 

Distance is adjusted to accomodated haulage routes 

..... 
o 
.J::. 
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Project: Navajo Mine 

Date: May-2009 

TABLE 12-8-11 

AREA 1 BOND RECLAMATION TOPSOIL MATERIAL MOVEMENT-Trucks 

Cut Block Fill Block 
Area 

[acres] 
Topsoil Volume 

(ydi 
Cut Elevation 

(ft] 
Fill Elevation 

[ft] 
Centroid 

Distance [tt] 
Adjusted 

Distance [tt] 
Grade 

r~] 
Comments 

l 
I 

Doby #1 

Doby#1 

Doby#1 

Doby #1 

Doby#1 

Doby#1 

Doby #1 

Doby#1 

Doby #1 

Doby#1 

TP1 

TP2 

TP3 

TP4 

TP5 

TP6 

TP7 

TP8 

TP9 

TP10 

147.6 

16.0 

9.5 

20.5 

15.1 

44.8 

169.7 

4 

44 

2 

172,663 

18,767 

11,088 

23,978 

17.608 

52,399 

198.550 

4,430 

51.675 

1,774 

5,360 

5.360 

5,360 

5,360 

5.360 

5,360 

5,360 

5,360 

5.360 

5,360 

5.343 

5,394 

5,377 

5,380 

5,436 

5,411 

5,395 

5,330 

5,482 

5,350 

15.091 

13,817 

13,615 

11.961 

10,900 

10.575 

6.721 

7,951 

6.600 

14,470 

20,200 

20,000 

20,700 

17.300 

14,500 

17,700 

9,900 

9,100 

8,100 

17,000 

-0.1% 

0.2% 

0.1% 

0.1% 

0.5% 

0.3% 

0.4% 

-0.3% 

1.5% 

-0.1% 

Adj. Distance Reflects Haul Route 

Adj. Distance Reflects Haul Route I 

Adj. Distance Reflects Haul Route! 

Adj. Distance Reflects Haul Route 

Adj. Distance Reflects Haul Route 

Adj. Distance Reflects Haur Route 

Adj. Distance Reflects Haul Route 

Adj. Distance Reflects Haul Route 

Adj. Distance Reflects Haul Route 

Adj. Distance Ref/ects Haul Route 

TOTAL 472.7 552,932 Weighted Average 14,730 0.3% 

Total yards and acres go to Worksheet 3 

Assumptions: 

8.7 inches of topsoil to be replaced in Area 1 

Centroid distance is measured from the stockpile centroid to the reclaim centroid 

Distance is adjusted to accomodated haulage routes 

->. 

o 
CJ1 
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TABLE 12-8·12 

AREA 2 BOND RECLAMAnOH TOPSOIL MATERIAL MOVEMENT- TNeIIl and leNders 

CutB'ock FIII.Ioc~ 
DBRI3_TS_W lUFF 02 

DBR13_TS_W R05 

DBR13_TS_W TP24 

DBR13_TS_W R04 

09R13_TS_W 014 

OBR13_TS_W 015 

DBR13_TS_W Tl1 

D9R13_TS_W T10 

OBR13_TS_W P06 

OBR13_TS_W 013 

D8R13_TS_W 012 

08R13_TS_W 016 

DBR13_TS_W 017 

DBR13_TS_W ROIl 

OBR13_TS_W R03 

OBR13_TS_W 011 

DBR12_TS_E 011 

OBR12_TS_E LUFF 01 

DBR12_TS_E T08 

OBR.12_TS_E T09 

DBR12_TS_E POS 

D8R12_TS_E 010 

D8R12_TS_E 009 

D8R12_TS_E R02 

DBR12_TS_E HOSTRI 

DBR12_TS_E TP02 

D8R12_TS_E TP01 

DBRI2_TS_E TP04 

D8R12_TS_E TP03 

Yazzie Y TP03 

YuzjeY TP05 

YazzieY T07 

Yazzie Y DOlI 
Yazzie Y 007 

Yazzie Y T06 

YazzieY P04 

YauieY TP06 

YaWl Y TP07 

Yazzie Y TOS 

Yazzie Y 006 
Y.uIeY 005 
V.zzit Y 004 

Yazzie Y R01 

YlWieY POl 

HSR1_TS_S TPOI 

HSR1_TS_S P03 

HSR1_TS_S 003 

HSR1_TS_S T04 

HSR1_TS_S T03 

HSR1_TS_S T02 

HSRCTS_S P02 

B8R3_TS_S P02 

B8R5_TS_S TP 17 

B8R5_TS_S TP09 

B8R5_TS_S TP10 

8BR5_TS_S TP 11 

BBR5_TS_S TP12 

BBRS_TS_S TP13 

LWR1_RG_" TP13 

LWR1_RG_" TP14 

LWR1_RG_" TP15 

LWR1_RG_" TP18 

LWR1_RG_" POl 

LWR1_RG_" T01 

LWR1_RG_N 001 

LWR1_RG_N 002 
LWR1_RG_N P01 

LWR'_RG_N TP 18 

LWR1_RG_N TP1t 

LWR1_RG_N TP20 

LWRCRG_N TP2\ 

lWR1_RG_N TP22 

LWR1 RG N TP23 

TOTAL 

Toplol' VolurmArM 
[actM) ~ 

48,33864.2 

83.5 47.781 

8.5 8,4011 

48.2 36,322 

20.5 15,459 

15.8 11,893 

21.<1 16.128 

30.3 22.&15 

20.7 15.5116 

18.2 13,n9 
11.0 8.313 

10.6 7.982 

6.6 4.940 

41.1 30.975 

55.8 42.003 

30.3 21.344 

30.3 1.491 

43.2 32.548 

32.6 24.!I59 

44.3 33,318 

11.9 8.973 

35.2 26.475 

21S.1 21.182 

85.9 64,894 

38.i 29.253 

38.7 29,109 

52.7 39.880 

48.9 36.818 

50.2 3.357 

50.2 34,401 

54.8 41,234 

12.7 47,184 

5.7 4,282 

24.4 18,358 

53.5 40,248 

40.8 30.730 

5.4 4,048 

31.2 23,523 

51 .8 38,979 

31.2 23.490 

10.7 8,037 

17.6 13.279 

3'5.0 26,342 

92,1 24,378 

7.2 5.455 

92.1 44,982 

2.9 2,150 

44.6 J3,571 

7.7 5.834 

18.8 14.879 

119.3 23.m 
119,3 9,541 

53.1 39,977 

89.5 52,295 
30.3 22,846 

27.1 20,368 

3.2 2.433 

19.0 10,427 

19.0 3,893 

41,12154.6 

\5.5 11,741 

20.2 15.190 

119.3 sa,n2 

18.5 13.910 

14.3 10.756 

14.6 11,027 

91.4 68.813 

63.0 47,410 

8.9 6.720 

16.9 12.743 

20.8 15.681 

37.9 28,se9 

10.2 7.682 

2,715 1.720.329 

Cut Elevltio~ 
1ft] "" 1!Iw.t1on [ft 

5,347 5.422 

5.347 5.457 

5.347 S.300 

5.347 5.352 

5.347 5.316 

5.347 5.317 

5,347 5.384 

5,347 5.386 
5,347 5.502 

5,347 5,329 

5.347 5.311 

5,347 5.323 

5,3445.347 

5.347 5.352 

5.347 5.347 

5,347 5.378 

5.356 5.378 

5,356 5.411 

5.358 5.403 

5.356 5.391 

5,356 5,440 

5.3511 5,382 

5,356 5,354 

5.3S8 5.331 

5,356 5.321 

5,356 5,330 

5,356 5.270 

5.356 5.375 

5.356 5.2110 
5,270 5.290 

5.270 5.296 

5.270 5,383 

5.270 5,330 

5,270 5,376 

5.270 5,439 

5.270 5,439 

5,270 5,370 

5,270 5.360 
5,270 5,447 

5,270 5,383 

5,270 5.418 

5,270 5.381 

5,270 5.339 

5,270 5.371 

5,418 5,370 

5,418 5,311 

5,418 5,39ol 

5,<C18 5,333 

5.418 5,410 

5.418 5,301 

5.418 5,314 

5,353 5.314 

5.425 5.340 

5.42S 5,300 

5,425 5.320 
5,3905.425 

5,425 5,400 

5.425 5.380 
5.298 5.380 
5,298 5,400 

5.298 5.440 

5.298 5,440 

5,298 5,314 

5,298 5,283 

5,298 5.414 

5.2118 5,423 

5.298 5,320 

5.298 5,410 

5,298 5,424 

5.298 5,445 

5,298 5.456 

5,298 5,4110 

5,298 5,495 

WeIghted AYenlSlle 

Centroid 
DlItance [ftl 

7.263 

e.o33 

7,729 

8,789 

8.694 

9,001 

8,506 

9.515 

10.612 

10.282 

9.901 

8.465 

9.829 

8,927 

9.381 

10.116 

13.072 

1U56 

\3.987 

13.462 

13.617 

14,110 

14.832 

15.475 

13.071 

6,314 

5,874 

13,707 

14,180 

7,124 

10,483 

6,045 

5.817 

7.3'57 

7.456 

7.010 

1'.n5 
10.243 

10.930 

10,617 

12,n2 

13,504 

13,176 

11.22& 

3.5n 
7,929 

9,954 

10.338 

11.302 

13.150 

12.302 

3.963 
5.135 

7,783 

6.653 

2,888 

6,156 

5,849 

14,914 

14.366 

13.995 

11,715 

14,248 

9,474 

8,578 

9,124 

9.396 

9,438 

8,909 
7,_ 
9,232 

9.962 

8,919 

Adjust.cl 
Dlltance[ft 

UOO 
9.700 

8.300 

10.800 

10.500 

10.900 

10,300 

11.500 

12,800 

12.400 

11.1100 

10.200 

11.800 

10.800 

11.300 

12.200 

15,700 

14,400 

16,800 

16.200 

16,400 

17.000 

17,800 

18.600 

15.700 

7,600 

7.100 

16.500 

17.100 

8,600 

12,600 

7,300 

7,000 

8.900 

9.000 
8,500 

14,200 

12.300 

13,200 

12,800 

15,400 

16.300 

15.900 

13,500 

4,300 

9.600 

12,000 

12.500 

13.600 

15,800 

14.800 

4.800 

8.200 

9.400 

8,000 

3,500 

7,400 

7.100 

17 ,too 
17,300 

16,800 

14,100 

17.100 

11,400 

10.300 

11.000 

11.300 

11,400 

10,700 

9.600 

11.100 

12.000 

10,800 

11,t51 

Grade 
l%] Com"""'~ 

1.0% 

1.4% 

~.6% 

0.1% 

-0.4% 

~.3'11o 

0.4'110 

0.4% 

1.5% 

.0.2% 

.0.4% 

.0.3% 

0.0'110 

0.1'110 

0.0% 

0.3'110 

0.2'lIo 

0.5% 

0.3% 

0.3% 

0.6% 

0.2% 

0.0% 

.0.2% 

.0.3'110 

-0.4% 

-1.5'110 

0.1'110 

-0.5% 

0.3'110 

0.2% 

1.8% 

1.0% 

1.4% 

2.3% 

2.4% 

O.h. 

0.9% 

1.6% 

1.1% 

1.2'110 

0.8% 

0.5% 

0.9% 

-1.3% 

.0.6% 

.0.2% 

.0.8% 

.0.1% 

.0.9% 

.0.8% 

-1.0% 

·1.6% 

-1.6'110 

-1.6% 

-1.2% 

-0.4% 

-0.8% 

OJI% 

0.1% 

1.0% 

1.2% 

0.1% 

.0.2% --.~ TopeoII~ 

1.4% "' , end 2. u...: 
,....,..,frornArM3 

1.4% 1D1OpeoII~
1IIodIa.v....._

0.2% !rOmAnIa! 

1.2"'

1.4'110 ~~= 
1.8% 

1.7% 

1.6% 

2.2% 

'.3% 
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P\'atICI, ......jo ...... 
DIlle: w.,.2000 

TA8l£ 12-8-13 
AREA 3 BOND RECLAMATION TOPSOIL MATERIAL MOYEMENT· TI'UCIIa and t.o.dwI 

Top,oIl VoIUIIMI Cut Elev.tlon FUI E1evMlOll Cennle AdjusteclM. Gr-. 
Dlst__ lllj(_ClIftFlIIBIod (ft DI,,-eral (%JCut BIodI: lYd'l COIMIefIts1ft] 

33,616 5,332 5,388 4,647INR,_TS_W 25.8R001 0.6% 

INR1 TS W 


5.576 
0.()1 12,7079.7 5,332 5,382 4.223 5,067 0.6% 


WR(TS:W 
 5,5539.7 12,615 5,332D-02 5.301 6,8&4 .0.5% 

WR1 TS W 
 5,332 5,384 7,74636.7 6,455R002 "7,806 0.7" 

LINR(TS:W 33.044 5.357 8,49125.3 5.332 5.4095-02 0.4" 
11,277 5,332F001 8.6 7,1025.918 0.3%5.358~WR1_TS_W 

I11.7 15,231 5,3320.03 5.366 7.989 0.4'11WR1_TS_W 6.658 I 

5.332 6,477 7,7n.5-03 4.2 5.458 5.388 0.4'11 
ILWR1_TS_W 
I'-WR1_TS_W 

6,9386.4 5.378D-04 8.365 5.332 8.326 0.6'11 
LWR1_TS_W 5,33245.188 5,34942.9 4.8t5D-05 5.778 0.3'11 


WR4_TS_E 
 5,28042.9 10.751 5.349 2.918o.os 3.501 2.0'.11 
LWR4_TS_E 2,98559.3 57.656 5,280 5.390 3.1'l1 
LWR"_TS_N 

R-oJ 3.581 
5,25761.802 5.361 2.515 3.018F-02 "7.4 3."% 

LWR4_TS_N 0.07 2.7 3.513 5.257 5.387 3.077 3.892 3.0'.11 
LWR"_TS_N 3,2735.4 7,073 5.257 5,358D-08 3.928 2.6'11 
LWR4_TS_N 5,257 5,359 3.671 0-10 20.1 28.258 3.059 2.8% 
LWR4 TS N 5,25795.7 109,34G 4,356P-01 5.232 3.630 -0.6" 
LWR4-TS-N 102,088 5,257 4,904147.7 4.596S-Oe 3.830 ·7.7% 
OXR1:TS:S 5,444 4,9049O,t680 2.855 3.427147.7 ·15.8% 
DXR1_TS_S 

S-06 
5,310 6,372121.663 5.444 5.370F-03 93.3 ·1 .2% 

DXR1_TS_S 5,444 5,713 -1.0'lI0 
DXR1_TS_S 

20.2 26.357 5.377P-4r.! 6.856 
5.444 6,886 8,26328.2 38.734 5.385 -0.7% 

OXR1_TS_S 
P-03 

5,444 3,717 ·2.5% 
DXR1_TS_S 

0-11 32.9 42.942 5.353 3.098 
5,34032.3 5.444 5,038 -1.7% 

DXR1_TS_S 
6.04342.085S-07 

5,444 4.425 5,31053.6 89.911 5.342 ·1 .9% 
OXR1_TS_S 

R-05 
33,824 5.444 5.355 6.118 7.339 ·1.2% 

OXR2_TS_W 
F-04 58.8 

5,390 8,2285,355 7.47342.1118 -O.5'lfo 
OXR2_TS_W 

F-G4 sa.8 
.1.\% 

DXR2 TS W 
5,31217,143 5,390 6.11613.1 7.340s-oe 

24,811 .1.2% 
DXR2:TS:W 

5,390 6.525 7,83019.0 5.2980-13 
-1.3%5,390 8,25929.457 5.280 8.8820·14 22.6 

5,934 7,121 -1.8% 
DXR2 TS W 

35.876 5,390 5.26527.5 R-OeDXR2_TS_W 
.1.1% 

OXR2:TS:W 

5,291 7,47735.026 8.9735.3900-12 26.9 
s..og .1.8% 

DXR2 TS W 
5,499112.006 5.27085.9 5.390 6.599 

-1 .2% 
DXR4-TS-N 

5-1(l 75,028 5,390 5.283 7,33874.8 8.805 
5,283 4,92622,530 -0.8% 

DXR4-rs-N 
5.329 5.9115-10 74.8 

8,02524.493 5.281 7.230 -0.7% 
OXR.(TS:N 

5.32918.80·15 
5,20019,635 5,329 6.240 -0.8% 

DXR4_TS_N 
15.1 5.27G0-16 

4,1945,2n 5,033 ·1.1'110 
OXR4_TS_N 

146.388 5.329R-07 112.3 
5,329 5,337 8,529 7,834107,772 0.1~82.6 P-G4 

5,378 7,847 9.417 O.5~190,558Ox·ps 276.7 5.329OXR4_TS_N 
5,412 5,376 11,348 13,G18DX.pS -0.3% Regolith SIockpit 

WR1_RG_" 
170.331276.7DXR1_RG_W 

7,154 RegoIItI SlockpIe 

II-WR1_RG_" 
5.406 1.3'l17.512 5.298 8.585TP-01 5.8 
5,410 6,000 7.200 1.8'l1 RegoIitI Sloc:kph SO.41838.7 5.298TP-O. 

3,1105,2911 5.470 3,731 4.6% Regolith Slotkple 

WR1 RG" 

87,87867.4 TP-OWRf_RG_" 
2,7335,351 1.8~ RagoIiIh s.ockpIe 

LWR(RG:" 

35.743 3.279TP.Qf 27.4 5.2911 
3,118 Regoill &ockple 

INR1_RG_" 
2.605 o.n.TP-07 3.472 5.298 5.3262.7 

4,3245.308 0.2'l1 RegoIIIh s.ockple 
LWR1_RG_" 

27.509 5.298 3.110421.1TP.08 
1.",4,858 5,590 Regolitl SCockpie 

p.WR1_RG_" 
5.39338.361 5.298TP-09 29.4 

6,075 0.7'Mi RegoIIOI s.odcple 

p.WR1_RG_" 
5.341 5.063TP·1( 309.4 403.441 5.298 

7,1163 1.0'11 RegoIIIl SlotkpIe 
WR1_RG_N 

&6,180 9.195Tp·11 SO.7 5.298 5.389 
5,371 7,063 O.9"'A115.199 8.4765.298 R~SCockpIe88.3TP-l' 
5,3tiO 4,37228,267 3.844 ·1.5'M R.-. stoclqJleTP-14 21.7 5.42"Il.WR"_RG_" 

4,480$,424 .1 .0'11 RagoIiIh SIockph16,033 5,370 5.35212.3TP·1SWR.. RG" 
Regolith SIoekpItWR4-RG-" 42,540 5.424 5.013 6.10032.6 5.401TP·le -0."'" 

5,424 7.014 -1.~117.0 5.340 8.417152.~1 RePtt SIoc:IcpIe 
IoXR1_RG_W 

TP·17p.WR4:RG:" 
5,412 5.612 6.734 -2.2'110 RegoIiII SIoc:kple 

IoXR1 RG W 
TP.1t 5.2&439.11 51.968 

5,412 12088 RIIODIiIhSCockIlh5285 10.072 ·1.1%3.7 "-888TP-2<l 
6,714Wllgttted A-aae -O.7-ATOTAL 3,12.~ - - 3.253.~5 

ToIIII,.nII..cI_ go II> WO!tIaNeI3 

~ 
9.7 lndInailopealllo be""""" In_III ...... ~1aI_ .. _"-1IIe~pIIe-*'*l .............. CMftIICI 
o '*-.. ~ID~ .......f_
......, 



TABLE 12-8·13. 

IAREA"" BONO RECLAMATION TOPSOIL MATERIAL MOVEMENT. Truc:b and loaders 

CutBloclt FII8Iock 
Mil 

(acrft] 
TopHI VoIUIM 

(yet] 
Cut a.v.tIon 

(ttl 
FIIIElevallon 

(ftJ 
Cenll'old 

DIstance (ttl 
Ad~ 

Distance (tt) 
Grade 

l%l Com~ 

DXR4_TS_N 001 4.3 3.275 5.329 5.428 8.931 10,271 1.1" 

DXR4_TS_N 002 4.5 3,420 5.329 5.313 8.414 9.6" .0.2" 
DXR4_TS_N 003 25.8 19,821 5.329 5 ..... 7 8,838 7,864 1.'" 
DXR4_TS_N 004 6.5 5,003 5,329 5.329 4,_ 5.737 O.K 
DXR4_TS_N DOS 8.5 8,480 5,329 5,365 4,480 5,152 0.6% 

DXR,'-TS_N DOe 14.8 11,173 5.329 5,_ 4,215 4,847 O.n. 
DXR4_TS_N 007 17.8 13,835 5.329 5,387 2,910 3.347 1.3% 

DXR4_TS_N 008 18.5 14,199 5,329 5,314 3,004 3,454 -0.5% 

DXR4_TS_N DOe 8.3 8,386 5,329 5,338 4,208 ",840 0.2% 

OXR4_TS_N 010 12.2 9.342 5,329 5,315 3,990 4,589 .0.3" 
OXR4_TS_N P01 35.1 26,884 5.329 5.267 7,039 8,095 .0.9% 

OXR4_TS_N 

OXR4_TS_N 

P02 
P03 

35.6 
29.6 

27.30422._ 
5,329 

5.329 

5.383 

5.340 

4,545 

4,627 

5,228 

5.322 

1.2% 

0.2" 
OXR4_TS_N R01 3.5 2.694 5.329 5,423 9,199 10,519 1.0% 

OXR4_TS_N R02 2.3 1,762 5,329 5.434 8.778 10,095 1.2% 

OXR4_TS_N R03 10.0 7•• 5,329 5.338 4,753 5,488 0.1% 

OXR4_TS_N R04 12.7 9,725 5.329 5.321 2,iS7 3,401 -0.3% 

OXR4_TS_N R05 15.2 11.857 5,329 5.295 3,830 4,404 -0.9% 

OXR4_TS_N T01 25.7 19.879 5,329 5,349 6,~1 7,534 0.3% 

DXR4_TS_N T02 85.8 65,757 5,329 5,233 3,278 3,769 -2.9% 

DXR4_TS N TOO 42.1 32,255 5,329 5.214 3,050 3,508 -1.1% 
TOTAL 411 320,515 WelQhted Average 5,205 .0.5% 

.J
5.7 inct. oIlop101 to bI rtpItced In Arte 4N 

C4II1fOId _~ " rnteIUrtd frOm fie ltockple o.MoId to lie rlClMll clflCrOid 


CISIence 1$ IdjuSled t) tceomDd8led h8uIIge IOIMI 
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project: Navajo Mine 

Date: May-2009 

TABLE 12-8-14 

AREA 1 BOND RECLAMATION MITIGATION MATERIAL MOVEMENT· Trucks 

Cut Block Fill Block 
Area 

[acres] 
Mitigation 

Volume [yc:t1 
Cut Elevation 

[tt] 
Fill Elevation 

[ft] 
Centroid 

Distance [ttl 
Adjusted 

Distance [ft] Grade [%~ Comments 

Doby #13 Stockpile 

Doby #13 Stockpile 

Doby #13 Stockpile 

Doby #13 Stockpile 

Doby #13 Stockpile 

Doby #13 Stockpile 

Doby #13 Stockpile 

Doby #13 Stockpile 

Doby #13 Stockpile 

Doby #13 Stockpile 

M1 

M2 

M3 

M4 

M5 

M6 

M7 

M8 

M9 

M10 

147.6 

16.0 

9.5 

20.5 

15.1 

44.8 

169.7 

3.8 

44.2 

1.5 

15,599 

1,696 

1,002 

2,166 

1,591 

4,734 

17,938 

400 

4,669 

160 

5,350 

5,350 

5,350 

5,350 

5,350 

5,350 

5,350 

5,350 

5,350 

5,350 

5,343 

5,394 

5,377 

5,380 

5,436 

5,411 

5,395 

5,330 

5.482 

5,370 

13,541 

13,357 

13,602 

10,926 

8,805 

7,000 

4,747 

4,073 

1,473 

13,408 

15.000 

15,000 

19,000 

19,000 

9,100 

15,000 

5,000 

4,200 

1,600 

19,000 

0.0% 

0.3% 

0.1% 

0.2% 

0.9% 

0.4% 

0.9% 

-0.5% 

8.3% 

0.1% 

Adj. Dist. reflects haul route 

Adj. Dist reflects haul route 

Adj. Dist. reflects haul route 

Adj. Dist. reflects haul route 

Adj. Dist. reflects haul route 

Adj. Dist. reflects haul route 

Adj. Dist. reflects haul route 

Adj. Dist. reflects haul route 

Adj. Dist. reflects haul route 

Adj. Dist. reflects haul route 

TOTAL 473 49,955 Weighted Average 10,149 1.2% 

Total yards go to Worksheet NO.3 

Assumptions: 

2% of al reclaim acres require mitigation 

4 feet total of mitigation material and topsoH 

8.7 inches of topsoil to be replaced in Area 1 

...... 
o 
c.o 

""."~,. " , :.'''' ' -''''.'~.IP, ~.•. " ._ ...~_,"",~-..-.. "",,...._",,-,~,,,,~,__~_~_~ 



Project ~.joMine 
Date: May-2009 

TABLE 12-8-15 

AREA 2 BONO RECLAMATION MITIGATION MATERIAL MOVEMENT. Truckli 

Cut Block Fill Block 
Are. 

[acres) 
Mitigation 

Volume (ycI'J 
Cut Elevation 

[tt) 
FIJI Elevation (ft) Centroid 

Distance lft] 
AdJu.ted 

Distance [Il) 
Grade 

[%) Comment. 

Barber 001 14.3 1,629 5,414 5,414 13,036 15,700 0.0% 

Barber T01 18.5 2,106 5,414 5,283 11.375 13,700 -1.2% 

Barber 002 14.6 1.670 5,414 5,423 11,500 13,900 0.1% 
Barber P01 91.4 10,420 5,414 5,320 11,106 13,400 -0.8% 

Barber T02 19.8 2,253 5,414 5,301 6,586 8,000 -1.7% 

Barber T03 7.7 883 5,414 5,410 4,752 5,800 -0.1% 

Barber T04 44.6 5,084 5,414 5,333 3,596 4,400 -2.3% 

Barber 003 2.9 326 5,414 5,394 2.878 3,500 -0.7'" 
Barber P02 119.3 13,604 5,414 5,314 5,403 6,500 -1.9% 

Barber 004 17.6 2,011 5,414 5,381 2.745 3,300 -1.2% 

Barber R01 35.0 3,989 5.414 5,339 2,597 3,200 -2.9% 

Hosteen T08 32.6 3,719 5,444 5,403 3,108 3,800 -1.3% 

Hosteen T09 44.3 5,045 5,444 5,391 2,728 3,300 -2.0% 
Hosteen POS 11.9 1,359 5,444 5,440 2,893 3.500 -0.1% 

Hosteen 011 30.3 3,456 5,444 5,378 3,090 3,800 -2.1% 
Hosteen R03 55.8 6,360 5.444 5,347 3,808 4,600 -2.6% 
Hosteen 012 11 .0 1,259 5,444 5,311 3,841 4,700 -3.5'" 
Hosl8en 014 20.5 2,341 5,444 5,316 5.121 6,200 -2.5'" 
Hosteen R04 48.2 5,500 5,444 5,352 4,722 5,700 -1.9% 

Host"n 015 15.8 1,801 5,444 5,317 5,585 6,800 -2.3% 
Hosteen R05 63.5 7,235 5,444 5,457 5,712 6,900 0.2% 
Hosteen HOSTRI 38.9 4,430 5,444 5,321 3.795 4,600 -3.2% 
Hosteen D 13 18.2 2.079 5,444 5,329 4,875 5,900 -2.4% 
Hosteen T 11 21.4 2.442 5,444 5,384 6,284 7,600 -1.0% 
Hosteen T 10 30.3 3,459 5,444 5,386 6,053 7,300 -1.0% 
Hosteen P06 20.7 2,360 5,444 5,502 4,457 5,400 1.3% 
Hosteen 016 10.6 1,209 5,444 5,323 6,874 8,300 -1.8% 
Hosteen D 17 6.6 748 5,44-4 5,344 8,846 8,300 -1.5% 
Hosteen R06 41.1 4,691 5,444 5.352 7,020 8,500 -1.3% 
Hos_n aLUFF 02 64.2 7,320 5,444 5,422 5,904 7,100 -0.4% 
Hosteen ~LUFF 01 43.2 4,929 5,444 5,411 4,437 5,400 -0.8% 
Hosteen TP01 52.7 6,009 5,444 5,270 10,317 12,400 -1.7% 
Hosleen TP02 38.7 4,408 5,444 5,330 10,703 12,900 -1.1'" 
Hosteen TP03 50.2 5,718 5,444 5,290 6,702 8,100 -2.3% 
HosMen TP04 48.9 5,575 5,444 5,375 5,187 6,300 -1.3% 
HO$teen TPOS 54.8 6,244 5,444 5,296 6,246 7,500 -2.4% 

Barber TP06 5.4 613 5,414 5,370 5,276 6,400 -0.8% 
a.rber TP07 31.2 3,562 5,414 5,360 3,831 4,700 -1.4% 

Hosteen TP08 7.2 826 5,444 5,370 2,636 3,200 -2.8% 
Barber TP09 69.5 7,919 5,414 5,300 6,121 7,400 -1.9% 
Barber TP10 30.3 3,459 5,414 5,320 5,318 6,400 -1.8% 
Barber TP 11 27.1 3,084 5,414 5,390 9,086 11,000 -0.3% 
Barber TP 12 3.2 388 5,414 5,400 4,607 5,600 -0.3% 
Barber TP13 19.0 2,168 5,414 5,380 5,026 6,100 -0.7% 
Barber TP14 54.6 6,227 5,414 5,400 6,963 8,400 -0.2% 
Barber TP15 15.6 1,778 5,414 5,440 6,330 7,600 0.4% 
Barber TP16 20.2 2,300 5,414 5,440 10,839 13,100 0.2% 
Barber 

Barber 

TP17 

TP 18 

53.1 

63.0 

6,054 

7,179 

5,414 

5,414 

5,340 

5,410 

9,798 

13,092 

11,800 

15,800 
-0.8" 
0.0% 

Barber TP19 8.9 1,018 5,414 5,424 12,725 15,300 0.1% 
Barber TP20 16.9 1,930 5.414 5,445 14,950 18,000 0.2% 
Barber TP21 20.8 2.375 5,414 5,455 10,903 13,100 0.4% 
Barber 

Barber 

TP22 

TP23 

37.9 

10.2 

4,326 

1,185 

5,414 

5,414 

5,460 

5,495 

9,870 

10,549 

11,900 

12.700 
0.5'" 
0.8% 

Hosteen TP24 8.5 970 5,444 5,300 6,445 7,800 -2.2% 
TOTAL 1.763 200.994 Welght.d Average 8.142 -1.2% 

Toial yards WId ec:res go 10 Worbheet 3 

As8umplions: 

2% d .. t8CIaim .c:ret require milvllion 

.. reel lola! of mitigalion and toplOil 

U 	 inches of eopsoiIlO be rep/IIced In Am 2 

Cenlruid cIi.anc. is melMnd from "- IIOdIpi1e cenlfoid to 1M ..d8im CII'Itroid 

0iItan0t is adjuIt8d 10 Iccamodllte ~ IOU'" 
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Prc;Id: ......... MIne 

Dele: w.y.2OOe 

TABLE 12-8-1. 
AREA 3 BOND RECLAMATION IIITIGATfON MATERIAL MOVEMENT· Trucks 

Cut Block F. BIocIc 
A,.. 

(ac.... 
Mitigation 

Volume~ 
Cut m.ftlIon 

{ft} 
Fl. EleV8tlori 

1ft 
Centroid 

D!sI8ncelft 
"'dfwltecl 

DlstMlce[ft 
GracIe 

[%) C_tI 
LWR\ RG N 
LWR(RG=N 
LWR1_RG_N 
LWR1_RG_N 

[)'o1 
[)'o2 
[)'o3 
[).O4 

9.7 
9 .7 

11.7 
6.4 

1,003 
996 

1,203 
661 

5,298 
5.298 
5,298 
5.298 

5.362 
5,301 
5,368 
5.378 

3.577 
5,042 
6,805 
7.061 

4,292 
6,051 
7,926 
8.473 

1.5% 
0.1% 
0.9% 
1.0% 

LWRCRG_N [).()5 42.9 4,417 5,298 5.3411 5,361 6,433 0.8% 
LWR4 RG N 
LWR4=RG=N 
LWR4_RG_N 
LWR4_RG_N 

[).()6 
[)'o7 
[)..()8 

D-09 

44.7 
2.7 
5.4 

21.7 

4,600 
277 
559 

2,235 

5,424 
5,424 
5,424 
5,424 

5,355 
5,361 
5,358 
5.341 

3.934 
5,865 
5,669 
2,884 

4.721 
7,038 
6,803 
3,461 

·1.5% 
-0.8% 
·1.0% 
·2.4% 

lWR4_RG_N 0-10 20.1 2,074 5,424 5,369 4,501 5,408 ·1.2% 
LWR4_RG_N 0-11 32.9 3.391 5,424 5,353 5,109 6,131 ·1 .2% 
LWR4_RG_N 0-12 26.9 2,766 5.424 5.291 9,100 10,820 ·1.2% 
DXRt_RG_W 0-13 19.0 1.959 5,412 5,298 8,229 9,875 ·1,2% 
DXR1_RG_W 0-14 22.6 2,326 5,412 5,280 8,566 10,279 ·1.3% 
OXR1_RG_W 
DXR1_RG_W 

0-15 
0·16 

18.8 
15.1 

1,934 
1,551 

5,412 
5,412 

5,281 
5,2N 

9,997 
9,480 

11.996 
11,378 

.1.1% 
·1.2% 

DXR1 RG W 
lWR(RG~ 
LWR4_RG_N 
LWR4_RG_N 

DX·PS 
F-01 
F-02 
F..()3 

2:16.7 
8.6 

47.4 
93.3 

28,499 
891 

4.880 
9.808 

5,412 
5,424 
5,424 
5,424 

5,376 
5,356 
5.361 
5,370 

11.348 
5,803 
5,\21 
6,630 

13,818 
6,964 
8.145 
7.956 

-0.3% 
·1.0% 
·1.0% 
-0.7% 

DXR1_RG_W F-G4 58.8 6,052 5,412 5.355 7,943 9,532 -0.6% 
LWR4_RG_N P.o, 95.7 9,855 5,424 5.232 6,429 7,714 ·2.5% 
LWR4_RG_N P-02 20.2 2,081 5,424 5,377 8.578 7,894 -0.8% 
lWR4 RG N P-03 28.2 2,901 5,424 5,385 8,089 11.707 -0."% 
OXR1':RG':W P-04 82.«1 8.511 5.412 5,337 10,029 12,035 ·0.6% 
lWR1_RG_N R-01 25.8 2.655 5,2118 5,366 3,843 4,812 1.5% 
LWR1_RG_N R-02 36.7 3,775 5,298 5,384 5,949 7,139 1.2% 
lWR1 RG N R..()3 59.3 6.103 5.298 5,390 5,550 6.659 1.4% 
LWR4:RG=N 
LWR4_RG_N 

R-04 
R-oS 

107.5 
53.8 

11,075 
5.521 

5.424 
5.424 

5,295 
5,342 

3,601 
6.288 

4,322 
1,548 

·3.0% 
·1.1% 

DXR1_RG_W 
OXR1_RG_W 

R-06 
R-07 

27.!i 
112.3 

2,833 
11,560 

5.412 
5,412 

5,265 
5.2n 

7,623 
8,603 

9.148 
10,324 

·1.6% 
-1.4% 

LWR1 RG N 
LWR(RG=N 
lWR4_RG_N 

5-02 
S-03 
5-Q5 

25.3 
4.2 

6a 

2.6OSI 
431 

8,992 

5.298 
5,298 
5.424 

5,357 
5,386 
5,372 

5,461 
8,631 
3.905 

6.553 
7,957 
4.886 

0.9% 
0.9% 

·1.1% 
lWR4_RG_N 
OXR1_RG_W 

S-06 
5-(17 

141.1 
32.3 

15,207 
3,323 

5,424 
5,.'2 

4,904 
5,340 

4.344 
6,510 

5,212 
7,884 

·10.0% 
-0.8% 

DXR1_RG_W s-oa 13.1 1,354 5,412 5,312 7.829 9,395 ·1 .1% 
DXR1_RG_W s-os 85.9 8,845 5.412 5,270 7.066 8 •• 79 -1.7% 
DXR1_RG_W 5010 74.8 7.704 5 •• ,2 5.283 8,966 10.759 ·1.2% 
LWRCRG_N 
LWR1_RG_N 

TP.o1 
TP.o2 

5.8 
38.7 

583 
3,982 

5,298 
5,298 

5 •• 06 
5••,0 

7.154 
6,000 

8.585 
7,200 

1.3% 
1.6% 

LWR1_RG_N TP-03 67 .• 6,1140 5.298 5 •• 70 3.110 3,131 4.6% 
LWR1_RG_N 
LWR1_RG_N 
LWR1_RG_N 
LWR1_RG_N 
LWR1_RG_N 
L.WR1_RG_N 

TP·06 
TP-01 
TP.()8 
TP·09 
TP·10 
TP·11 

27.4 
2.7 

21.1 
29.• 

309.4 
SO .7 

2,823 
274 

2,112 
3,031 

31,859 
5,226 

5.298 
5.298 
5,298 
5,298 
5,298 
5,298 

5,351 
5,328 
5.308 
5.393 
5.341 
5,389 

2.733 
2.605 
3.&04 
4,858 
5.063 
7,663 

3.279 
3.128 
4,324 
5,590 
8.075 
9.195 

1.6% 
0.9% 
0.2% 
1.7% 
0.7% 
1.0% 

LWR1_RG_N TP·12 88.3 9.097 5,298 5.371 1,063 8,476 0.9% 
DXR1_RG_W TP-13 44.2 4,550 5.412 5,352 4.033 4.840 ·1 .2% 
DXR1_RG_W TP-14 21.7 2,232 5.412 5,360 3.107 3.729 ·1 .4% 
OXR1_RG_W 
DXR1_RG_W 
DXR1 RG W 

TP·17 
TP·19 
TP-20 
IOT..... 

117.0 
39.8 

3.7 
z.7C. 

12,048 
4,104 

386 
ZM.u. 

5 •• ,2 
5 •• '2 
5412 

5.340 
5.264 
5285 

5,131 
5,812 

10072_"w_ 
6.158 
6,734 

12088 
111. 

-1.2'4 
·2.2% 
·1.1% 
~.t% -

3Tot.I,.,w..-l-1iI01o-- 
AaIll/llplOna: 

3a1.......,,_ ....... 1IIIIIg.uon 
4 ,..lIMIaI~_ ...... 

11.7 IoIcMI allOpeoIlO lie ,..InAI.- IU 
~ c..*oId __I,._tro..".~cennidlollw~ ......d 
...... ~""'-'IO~....-g._ 



TABLE 12-8-1" 

AREA 4N II!IOND RECLAMATION MtnGATION MATeRIAL MOVEMENT· Trucks 

Cut Block F.BIocII 
Am 

(acres 
~ 

Volume~ 
Cut Elevallon 

(It' 
FI.EleYation 

(II] 
CenCroid 

DIstance (II) 
Adjusted 

Dlalance (ftJ 
Orade 

[%1 Comments 

DXR1_RG_W 001 0.09 486 5.412 5.428 9.1&9 10.545 0.2% 

OXR1_RG_W 002 0.09 508 5,412 5.313 8,673 9.974 -1.1% 

DXRCRG_W 003 0.51 2.912 5.412 5.447 7.719 8.877 0 .6% 

OXR1_RG_W 004 0.13 742 6,412 5.329 8.631 7.625 -1.3% 

OXR1_RG_W 005 0.17 962 5.412 5,3M 6.542 7.524 -0.9% 

DXR1_RG_W 006 0.29 1.668 5.412 5.366 7,3015 8.401 -0.6% 

OXR1_RG_W 007 0.36 2.024 5.412 5,367 8.768 7.784 -0.7% 

OXR1_RG_W 008 0.37 2.107 5.412 5,314 7,139 8.210 -1.4% 

DXR1_RG_W 009 0.17 945 5.412 5.336 8,475 9.746 -0.9% 

DXR1_RG_W 010 0.24 1.387 5.412 5.315 8,392 9.851 ·1 .2% 

OXR1_RG_W P01 0.70 3•• 5.412 5,267 8,059 9,268 -1.8% 

DXRCRG_W P02 0.71 4.053 5.412 5.383 7,623 8,767 -0.4% 

OXR1_RG_W P03 0.59 3,364 5.412 5.340 8,904 10.240 -0.8% 

OXR1_RG_W R01 0.07 400 5,412 5,423 9,433 10,848 0.1% 

OXR1_RG_W R02 0.05 281 5.412 5.434 9.004 10.364 0.2% 
DXR1_RG_W R03 0.20 1.141 5.412 5.336 6.597 7.567 ·1 .2"

OXR1_RG_W R04 0.25 1.443 5.412 5.321 6.971 8.017 -1.3% 

OXRCRG_W R05 0.30 1.730 5.412 5,29!S 8.287 9.530 ·1.4% 

OXR1_RG_W T01 0.51 2.921 5.412 5.349 7.349 8.452 -0.9% 

DXR1_RG_W T02 1.72 9.760 5,412 5.233 6.352 7.305 -2.8% 

OXR1_RG W TOO 0.84 4.787 5.412 5.294 7.381 8.488 .-1.8% 
TOTAL .... 47,582 WeIghted Average ',530 -1.3% 

~ 01 .. rectIinI *"I NIIIft mlll;tIIan 

4 feet total ~ IIIiIIOIUDn ancI toPIOI 

5.7 IncMI of~ 10 bI ......... 1n AIM 4N 

c.ntroId dIa1Inct .. rneaurtd 110m .,.lIOCkpile CIIIIIaid ID the redIin'I ~ 

DII1IfICI .. 8d/UIIed 10 M.CDnIOdIIed 1I1Uf1Ol1OUl. 
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PIUjId: IUYIjo Min. 
011.: ....y-2OO!I 

ITABLE 12-8-17 

AREA 2 BOND REGRADE EARTHMOVING - Serapen 

Cut Block FUI Block 
Tobll Volum. 

[yd3 
P,rmanen 
Program" 

P.rman.nl 
Volume [yd3) Cut Elevation (ft) 

Fill Elevation 
(ttl 

Centroid 
Dlst.nc;e [It) 

AdjUS;' 
Olstanee (ft 

Grade 
(% Comm.hts 

001 001 5.271 100% 5,271 5,407 5,414 - 1,000 0.7% Internal 
D02 002 3.016 100% 3,018 5.423 5,423 - 1.000 0.0% Internal 
003 003 64 100% 64 5,400 5.394 1.000 -0.6% Internal 
004 004 1.360 100% 1.360 5.384 5.381 1.000 -0.4% Intemal 
DOS 005 665 100% 865 5,417 5.418 - 1.000 0.1" Internal 
D08 006 3,600 100% 3.600 5.410 5.383 1.000 -2.8% Internal 
007 007 26.247 100% 26,247 5,470 5.376 - 1.000 ~. O% Internal 
D09 009 339.806 100% 339,806 5.363 5.354 1.000 -0.9% Internal 
010 010 194.834 100% 194.834 5.405 5,382 1.000 -2.3% Internal 
011 D 11 11.828 100% 11.828 5.353 5.378 1,000 2.5% Interna' 
012 012 35,546 100% 35,546 5.299 5.311 1.000 1.2"- Inlemal 
D13 D13 50,821 100% 50.821 5.240 5,329 1,000 6.0% Internal 
014 014 37.860 100% 37,860 5.318 5.316 1.000 -0.2% Internal 
015 D 15 3,728 100% 3,728 5.342 5,317 1,000 -2.4% Internal 
016 016 6.264 100% 6.264 5.288 5,323 - 1.000 3.5"- Intemal 
017 D17 17,582 100% 17,582 5.356 5.344 - 1.000 -1.2" Internal 
POl POl 166,540 100% 166.540 5.296 5,320 - 1.000 2.4" Internal 
P02 P02 999,036 100% 999.036 5,308 5.314 1.000 0.5% Intemal 
P03 P03 1.202.815 100% 1.202.815 5,347 5.371 1.000 2.4% h-.temal 
P04 P04 159,807 100% 159.807 5.482 5,439 1.000 .....2% Internal 
P05 POS 28,875 100% 28.875 5,430 5.440 1,000 1.0% IntemaJ 
P06 P06 26.325 100% 28,325 5.485 5.502 1.000 1.7% Internal 
ROl 
R02 

R01 
R02 

137.275 
464.836 

100% 
100% 

137.275 

"'.836 
5.263 
5,405 

5,339 
5.331 

1.000 
1.000 

6.0% 
~.O% 

Internal 
Intemal 

R03 R03 88.754 100% 88,754 5.316 5.347 1.000 3.1% Internal 
R04 R04 39.630 100% 39.630 5.351 5,352 - 1.000 0.1% Internal 
R05 R05 460.066 100% 460.0e6 5.387 5,457 - 1.000 6.0% Intemal 
ROO ROG 84.881 100% 84,881 5,397 5.352 - 1.000 -4.5% Internal 
TOl TOl 7.443 100% 7.443 5.309 5.283 - 1.000 -2.6"- Inlernal 
T02 T02 100 100% 100 5.410 5.301 - 1,000 ~.O% Intemal 
T03 T03 1,188 100% 1,188 5,319 5.410 1.000 6.0% Internal 
T04 T04 118,259 100% 118,259 5,427 5.333 1.000 ~.O% Internal 
T05 T05 34.302 100% 34,302 5.448 5.447 1,000 ~.1% Internal 
T06 T06 115.572 100% 115,572 5.387 5.439 1,000 5.2% Inlemal 
T07 T07 139,137 100% 139,137 5.396 5.383 1.000 -1.4% Intemal 
T08 T08 71.965 100% 71,965 5.415 5,403 1.000 -1.2% Inlemal 
TOO T09 86.752 100% 86,752 5,429 5.391 1.000 -3.8% Internal 
Tl0 T10 22.933 100% 22,933 5.411 5.386 1.000 -2.5% Internal 

HOS BLUFF 01 HOSBlUFF 01 144.574 100% 144,574 5.386 5.411 1.000 2.5% Internal 
HOS BLUFF 02 HOS BlUFF 02 31,297 100% 31.297 5.321 5.422 1.000 6.0% Intemal 

HOSTRI HOS TRt 164,202 100% 164.202 5.530 5.321 . 1.000 ~.O'" ln4emal 
TOl POl 426,001 100% 426,001 5.309 5.320 524 700 2.0% Extemat 
T 11 ROO 1.613,512 100% 1.613,512 5,422 5.352 1.133 1.400 ~.O% Extemal 
T 10 R06 128.896 100% 128,896 5.411 5,352 996 1.200 -5.9% External 
T 10 P06 1.320.760 100% 1.320.760 5,411 5.502 1.666 2.000 5.4% Ext.mal 
T 10 HOSTRI 220,738 100% 220,738 5,411 5,321 2.456 3,000 -3.7% External 
108 R03 579.643 100% 579.643 5.415 5.347 1.218 1.500 -5.6% Extema! 
T09 R03 1.282,473 100% 1,282.473 5,429 5.347 1.283 1.600 -6.0% External 
R04 R03 2.520.678 100% 2.520.678 5.351 5.347 1,995 2.400 ~.2% External 
ROot HOSBLUFFOl 1.357,192 100% 1,357,192 5,351 5.411 1,289 1,600 4.6% Exlemal 
014 HOS BLUFF 01 955,508 100% 955.508 5.318 5.411 1,914 2.300 4.8% External 

HOS BLUFF 02 HOS BLUFF 01 734,123 100% 734.128 5.321 5.411 1,506 1,900 8.0% External 
011 HOS BLUFF 01 45.048 100% 45.048 5,353 5,411 1.421 1.800 4.1% External 
012 HOS BLUFF 01 16,400 100% 16.400 5.299 5.411 1.920 2.400 5.8% External 

OVertook PS HOSBLUFF01 151352 100% 151352 5386 5411 1000 2.5% - ..._;,,12.... 

TOTAL 16736035 1.738035 Weighted Average 157a 0.2% 

TClCaI )'Irds go Co WOfIIshMt 3 
AaumpCiona: ~ is ".-110 acc.omodlle haul-a-lOUIn 
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PNlee!: HI.,. ..... 
0IIe: ...,.:1lI0II 

1=31:;;~.ReGRAD!. EARTHMOWtG .Icr_ ....  ....  ,..... ,,- ~ 
0-0

' 
p.o1 U77 l00'Jir 

0-02 D-02 1•• 100% 
--9.377 

1.386 
5,381 
5.400 

"1111:_
5.382 
5.301 

~IG -1.000 
1.000 

""'0.1% 
".0% 

~MII 

IMmaI 
IneIrMI 

D-04 o.G4 Sl75 1~ 975 5,394 5.378 1.000 ·1.5% InIemaI 
1).05 O-OS 13.2G' 100% 13.2&4 5.335 5.349 1.000 1.4% In*naI 
D-06 0-06 8,8011 100% 9,808 5.314 5.355 1.000 .1.9% INIm8I 
[).47 0-07 4.Sf3 1~ 4.543 5.339 5.387 1.000 2."" InIemIll 

o..oe o.oe 838 100% 838 5.383 U56 1.000 -4.5% InIeINI 
o.G9 0-09 218 100% 269 5.332 5.341 1,000 o.n InIem8l 
0-10 [).10 9.725 100% 9.725 5.371 5.359 1.000 .1 .3% InIemaI 
[).11 [).11 8,338 100% 8,330 5.340 5,353 1,000 0.4% lnlelnel 
[)O12 [)'12 2.505 100% 2.505 5,20:1 5.291 1.000 $.0% InIeIl1lll 
[).13 [).13 szg 100% 929 5.348 5_ 1,000 -5.0% mc.m.I 
0-14 [)'14 2.303 lOO1f. 2.303 5,305 5._ 1.000 -Z.5% lnaem.l 
[)O15 [)'15 43 100% 43 5.3211 5.281 1,000 ....R InIeInIl 
[)'18 [).1' 20 100% 20 5,32. 5.27S1 1.000 ....8% InIMnll 

DX-PS OX-PS 2.123.11$1 100% 2.123,11' 5.37' 5.376 1.000 -0.2% I/IIemIII 
f.Ol Fo01 720 100% 720 5.314 5.3e6 1.000 -2.8% 1nIemIII 
F.02 F.oZ 111.735 100% 111.735 5.375 5.381 1.000 -1 .4% \nUIaI 
F.()3 F-43 541.089 100% 541._ 5.300 5.370 1.000 8.0% InIemeI 
F-44 F-04 '07.110 100% 277,790 5.413 5.355 1.000 -5.8% InIiIInII 

P.02 P-42 338 100% 338 5,314 5,377 1.000 6.0% InIeINI 
POO3 P-03 10.38' 100% 10.386 5,274 5.385 1.000 8.0% IMImeI 
P-04 P-04 110.081 100% 110.081 5.222 5.337 1.000 8.0% If*maI 
RoOl RoOl 372 100% 372 5.374 5.386 1.000 -o.n InaIImaI 
R.02 R.02 10....3 100% 10....3 5.361 5.364 1.000 0.3" INemII 
Ro03 R-G3 3.779 100% 3.ns 5,278 5._ 1.000 &.0% InIImIll 
R-04 
Ft.Q5 

R-04 
R-G5 

"9.'82 
11 .• 

100% 
100% 

1411,162 
11,1199 

Utl5 
5.45& 

5,205 
5,342 

1.000 
1.000 

~.O% 
-$.0% 

In.".. 
InWmaI 

R-4& 
R-47 

R~ 
R-47 

'7.312 
123.944 

100% 
100% 

87.382 
123.944 

5.382 
5.309 

5.265 
5.272 

1.000 
1.000 

".0% 
-3.'" 

InWnaI 
InWnaI 

s-os s-os 18.234 100% 16.234 5.300 5.372 1.000 -1.7% Inwnal 
$.()6 

5-47 
S.Q6 
5-47 

2.361 
38.685 

100% 
100% 

2.381 
36.685 

5.827 
5,328 

4.904 
5,340 

1.000 
1.000 ~:~1. 

In.... 
In4emeI 

s-oe S-08 1.009 tOO% 1.009 5.245 5,312 1.000 8.0% InWnIII 
S-4e 
SolO 

TP-41 

$..Qg 

5-10 
TP-41 

101.853•4.225 

tOO% 
100% 
100'% 

101.653

•4.225 

5.299 
5.332 
5.401 

5.270 
5.283 
5.433 

1.000 
1.000 
1.000 

-3.0%-;:: Intern.! 
InIIImIII 
InIwMI 

TP-4Z TP-02 55,4110 100'% 55.490 5.382 5•• 1.000 1.3% InWneI 
TP-43 
TP-44 
TP-oe 

TP-03 
TP-44 
TP-oe 

274.328 
1.317 

10.783 

100% 
1~ 
100% 

214,328 
1.317 

10.783 

5.452 
5.3745._ 

5,453 
5.367 
5.383 

. 
-

1.000 
t.OOO 
1.000 

~:~-0. 
-4.5% 

InIam8I 
~ 
InIemII 

TP-47 TP-07 300 100% 309 5.331 5.330 1.000 -4.1% InIernli 
TP46 TP.o& 51.858 100'% 51,858 5,300 5.302 1.000 0.2% InIemaI 
TP-09 
TP-l0 

TP.Q9 
TP-10 

9.1SI4 
1.594.012 

100% 
100'% 

9.194 
1,594.012 

5.420 
5.374 

5.441 
5.328 

1.000 
1.000 ~!:-4.8 

~ 
IIIIefNI 

TP·l1 TP·11 16.732 100% 18.732 5,35$ 5.367 1.000 1.2" IIWm8I 
lP-12 TP-12 82.252 100'% 62.252 5.408 5,392 1.000 -1.8% InIe/I1III 
'[P-13 TP·13 14,974 100% 14.97. 5.350 5,344 1.000 -4.R InIlltnai 
TP.14 
TP.1S 
'!P-" 
TP-18 

TP·14 
TP-15 
TP·16 
TP·l. 

44.6" 
16,362 
7.395 

21.481 

100% 
100'% 
100% 
100'% 

.4,_ 
",382 
7•• 

21.488 

5.387 
5.458 
5,411 
5.332 

5.380 
5.4585._ 
11.333 

1.000 
1.000 
1.000 
1.000 

·2.7% 
-0.2% 
-1.~ 
0.1% 

IrIIernli 
InIe!Ml 
InIem8I 
InIemaI 

lP-1t 
'[P-20 

lP-19 
TP-20 

70,385 
2.800 

100% 
100% 

70.365 
2,800 

5.218 
5.298 

5.2110 
5.290 

1.000 
1.000 ! :: InIMIeI 

InIemli 
F-41 
S..o3 
'!P·12 

P-ol 
P-41 
R-G3 

383.224 
417.122 
674,258 

100% 
100% 
100% 

383.22. 
417.122 
1574.259 

5.364 
5.371 
5.401 

5.232 
5.232 
5,390 

2.n4 
1.158 
2.402 

3.'00 
Z.4OO 
2.900 

-5.5% 
~.O% 
-0.1% 

ExtIrnal 
ExwneI 
ExtIImII 

s-45 P-Gl 3.487.15" 100% 3.487,895 5,3SIO 5.232 2.525 3.100 -6.0% EldemII 

F-42 
W·13 
s-os 

DX·PS 
'[P.14 
5-07 
f..04 
5-10 
5-10 

TP-20 

P~1 

R-G4 
R-04 
P-04 

TP·18 
R-05 
R-05 
P-04 
R-07 
R.Q7 
lOTAL 

1.066.507 
SIS.2ea 

5.219.71" 
l2t.28426._ 
878,725 

1,414••,4 
5.214.278 
3.041.318 

53983 
21,"2,621 -

100% 
100% 
100% 
100" 
100% 
100% 
100% 
100% 

~= 

1.088.507 
515.2118 

5.219,714 
~.28428._ 
878.725 

U14••'4 
5.284.278 

3.~:~ 
za,"2.121 

5,375 
5.350 
5.827 
5,378 
5.367 
5.321 
5.413 
5.332 
5.332 
52911 

5.232 
5,295 
5.295 
5.337 
5.333 
5.342 
5.342 
5,337 
5.272 
5272 

Well 

1.513 
2.582 
1,734 
1.337 
1.815 
1.2'9 
1.72' 
2.115 

~.~: 
""edA........ 

1.900 
3.100 
2.100 
1.700 
2,300 
1.500 
2.100 
2.800 
2.100 
1800 
2.112 

-8.0% 
-2.1% 
-$.0% 
-3.1% 
-2.ft 
1.1% 

" .1% 
0.3% 

-3.15%
-1.8" 
4.1% 

ExtetneI 
EJ.1emII 
EIdemII 
ExIerMI 
EXIiIMII 
Ex1iIINI 
EldemII 
ExWnaI 

~ 

...... a-..e• .....,ID.........-..._
~: 

~ 

'-' '--' '-' 
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Project: Navajo Mine 
Date: May-2009 

TABLE 12-8-18a 
AREA 3 BOND REGRADE EARTHMOVING - Scrapers 

Total Volume Pennanent Cut ElevationPennanent Fill Elevation Centroid Adjusted Grade 
[ft)Program % VoJume(yd~ [ft) Distance [ft)Cut Block FW Block [yd~ Distance [ftJ Comments 

IJnter-Block SCraper Yards 
D01 

rio) 

100% 16,945 5,42016,945 5,428001 1,000 0.8% Interned 
002 

-
100% 10,952 5,31310,952 5.429002 1,000 -6.0%- Internal 

003 490,872 5,398 5,447490,872 1000.4D03 1,000 4.9% Internal-
6,114 5,3106,114 100% 5,329D04 1,000D04 1.8°,4 Interned-

100% 26,61626,616 5.333005 5.355 1,000DOS 2.2% Interned 
DOS 

-
100% 148,650 5,331 5,366148,650DOS 3.5%1.000 Internal 

007 
-

5,269100% 351,300351,300 5.367 1,000007 6.00/0 Internal'-
215,655 5,283100% 5,314215,655 3.2%DOS DOS Intemal1.000-
65,513 5,352 5,33665,513 100% 1,000009 -1.6%D09 Internal 

010 
-

8,071 5,504 5,315100%8,071010 -6.0%1.000 Internal-
P02P02 
P03P03 

R01 R01 
R02 R02 

R03R03 
R04 R04 

R05ROS 
101T01 

T02 102 
T03T03 
P01002 
P02DOS 

010 P03 
P01T01 
P02T02 
P03103 
R04T03 

38 
97 

452 
5,642 

120,982 
5,636 

54.949 
5.577 

244.809 
65.922 

457.565 
405,785 
935.321 

2,573,627 
5.481.359 
3.895,164 

28.967 

100% 
100% 
100% 
100% 
100% 
100% 
100% 
100% 
100% 
100% 
100% 
100% 
100% 
100% 
100% 
100% 
100% 

38 
97 

452 
5,642 

120.982 
5.636 

54.949 
5.5n 

244,809 
65.922 

457,565 
405.785 
935.321 

2.573,627 
5,481,359 
3,895.164 

28967 

5,364 
5,282 
5.423 
5,341 
5,355 
5.311 
5,309 
5.383 
5,527 
5,453 
5,429 
5,333 
5,504 
5.383 
5.527 
5.453 
5,453 

5,383 -
5,340 -
5,423 -
5,434 -
5,336 -
5,321 -
5,295 -
5,349 -
5,233 -
5,294 -
5,267 1,717 
5,383 1,670 
5.340 858 
5,267 726 
5,383 1,338 
5,340 1,5n 
5321 922 

1.000 
1.000 
1.000 
1,000 
1.000 
1,000 
1,000 
1,000 
1,000 
1,000 
2,100 
2,100 
3.000 

900 
1.700 
1,900 
3.000 

1.9% 
5.7% 
0.0% 
6.0% 

-1.9% 
1.0% 

-1.4% 
-3.4% 
-6.0% 
-6.0% 
-6.0% 
3.0°A. 

-6.0% 
-6.0% 
-6.0% 
-6.0% 
-6.0% 

Weighted Average 1~622--L58015622.580 1.638 -4.8% --~ 

Assumptions: Distance is adjusted to accomodated haulage routes 

.... 
-" 

Intemal 
Internal 
Internal 
Internal 
Internal 
Internal 
Internal 
Internal 
[ntemal 
Internal 

External 
External 
External 
External 
External 
External 
External 

01 
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Project: Navajo Mine 

Date: May-2009 

TABLE 12-8·19 

AREA 1 BOND RECLAMATION TOPSOIL MATERIAL MOVEMENT - Scrapers 

Cut Block Fill Block 
Area 

[acres] 
Topsoil Volume 

[Yeti 
Cut Elevation 

[ft] 
Fill Elevation 

[ft) 
Centroid 

Distance (ft] 
Adjusted 

Distance [tt] Graderh] Comments 

Airport #1 TP 1 8.5 9.919 5,350 5.350 2,000 2,300 0.0% Adj. Distance Reflects Haul Route 

I 

I 

I 

I 

I 

TOTAL 8.5 9,919 Weighted Average 2,300 0.0% 
I 

I 

Total yards and acres go to Worksheet 3 

Assumptions: 

8.7 inches of topsoil to be replaced in Area 1 

Centroid distance is measured from the stockpile centroid to the reclaim centroid 

Distance is adjusted to accomodated haulage routes 

...... 
C1l 

'-' '-' '-' 
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Project: Navajo Mine 

Date: May-2009 

TABLE 12-B-20 

AREA 2 BOND RECLAMATION TOPSOIL MATERIAL MOVEMENT-Scrapers 

I 

I 

Cut Block Fill Block 
Area 

[acres] 
Topsoil Volume 

(ycf) Cut Elevation [It] Fill Elevation [It] 
Centroid 

Distance [It] 
Adjusted 

Distance [tt] 
Grade 

[%] Comments 

All topsoil handled b~ 
trucks. 

TOTAL .. .. Weighted Average . 0.0% 

Total yards and acres go to Worksheet 3 

Assumptions: 

5.6 inches of topsoil to be replaced in Area 2 

Centroid distance is measured from the stockpile centroid to the reclaim centroid 

Distance is adjusted to accomodate haulage routes 

->. 
->. 
...... 



Project: Navajo Mine 
Date: May-2009 

TABLE 12-8-21 
AREA 3 BOND RECLAMATION TOPSOIL MATERIAL MOVEMENT - Scra"rs 

Cut Block Fill Block 
Area 

[acres] 

Topsoil Volume 
[ycf) 

Cut Elevation 
[ft] 

Fill Elevation 
[ftl 

Centroid 
Distance [ft] 

Adjusted 
Distance [ft] 

Grade 
[0/0] Comments 

LWR4_TS_N R-03 
LWR4_TS_N 0-06 
lWR4_TS_N S-05 
lWR4_TS_N 0-09 
lWR4_TS_N R-04 
lWR2_TS_E P-01 
LWR1_RG_N TP-04 
LWR1_RG_N TP-05 
LWR4_RG_N TP-13 
DXR1 RG W TP-18 

TOTAL 
-

59.3 
44.7 
67.9 
21.7 

107.5 
95.7 
4.4 

86.3 
44.2 
27.3 
SOD 

19,624 
58,251 
88,536 
28,303 

140,244 
15,445 
5,759 

112,557 
57,620 
35,547 

542.262 

5,257 
5,257 
5,257 
5,257 
5,257 
5,343 
5,298 
5,298 
5,424 
5.412 

5,390 
5,355 
5,372 
5,341 
5,295 
5,232 
5,360 
5,435 
5,352 
5,330 

Wei

1,694 
1,307 
1,200 
1,594 
2,181 

957 
1,737 

373 
2,214 
2,249 

Averageghted 

2,033 
1,568 
1,440 
1,913 
2,617 
1,148 
2,084 

447 
2,657 
2,699 
1,787 

6.5% 
6.30/0 
8.0% 
4.40/0 
1.50/0 

-9.7% 
3.0% 

30.6°A, 
-2.7% 
-3.00/0 
8.2% 

Regolith Stockpile 
Regolith Stockpile 
Regolith Stockpile 
Regolith Stockpile 

Total yards and acres go to Worksheet 3 

Assumptions: 
9.7 inches of topsoil to be replaced in Area III 

Centroid distance is measured from the stockpile centroid to the reclaim centroid 

Distance is adjusted to accomodated haulage routes 

.. 

'-' ~ '--' 


00 
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Project: Navajo Mine 
Date: May-2009 

TABLE 12·8·22 
AREA 3 BOND RECLAMATION MITIGATION MATERIAL MOVEMENT· Scrapers 

Cut Block Fill Block 
Area 

[acres] 

Mitigation 
Volume [ydi 

Cut Elevation 
[tt] 

Fill Elevation 
[tt] 

Centroid 
Distance [ft] 

Adjusted 
Distance [ft] 

Grade 
[0/0] Comments 

LWR1_RG_N 
LWR1_RG_N 
DXR1_RG_W 
DXR1_RG_W 
DXR1 RG W 

-

TP-04 
TP-05 
TP-15 
TP-16 
TP-18 

TOTAL 

4.4 
86.3 
12.3 
32.6 
27.3 

162.9 

455 
8,888 
1,266 
3,359 
2,807 

16,nS 

5,298 
5,298 
5,412 
5,412 
5,412 

5,360 1,737 
5,435 373 
5,370 1,295 
5,401 134 
5,330 2,249 

Weighted Average 

2,084 
447 

1,554 
160 

2,699 
894 

3.00/0 
30.60/0 
-2.70/0 
-6.9% 
-3.0°A, 
14.20/0 

Total yards and acres go to Worksheet 3 
Assumptions: 

2% of all reclaim acres require mitigation 

4 feet total of mitigation and topsoil 


9.7 inches of topsoil to be replaced in Area III 
Centroid distance is measured from the stockpile centroid to the reclaim centroid 
Distance is adjusted to accomodated haulage routes 

...... 

...... 

"' 



Pro;ed: Nwajo Mi~ 

Da&e: Mey-20Q9 

' 

TABLE 12-B·22a 

AReA 2 BOND RECLAMATION MITIGATION MATERIAL MOVEMENT - Scrapers 

Cut Block Fill arock 
Are. 

(ac....) 
MltJg8tlon 

VolumelYcn 
Cut Elevation [ft] Fill Elevation [ft] Centroid 

Distance [ft) 
Adjusted 

Distance [tl] 
Grade 

(%1 Comments 

Barber 005 10.7 1,217 5,414 5.418 1,871 2,300 O.~o 

Barber 006 31.2 3,557 5,414 5,383 702 900 -4.4% 

Barber T05 51.8 5,903 5,414 5,447 91 200 6.0% 

Barber P03 92.1 10,500 5,414 5,371 1,115 1.400 -3.8% 

Hosteen 007 24.4 2.780 5,444 5.376 1,835 2,300 -3.7% 

Hosteen T06 53.5 6,095 5,444 5,439 1,352 1,700 -0.4% 

Hosteen 008 5.1 648 5,444 5,330 1,838 2.300 -6.0% 

Hosteen T07 62.7 7.145 5,444 5,383 513 700 -6.0% 

Hosleen P04 40.8 4.653 5,444 5.439 2,147 2,600 -0.2% 

Hosleen 009 28.1 3,209 5,444 5,354 1,283 1,600 -6.0% 

Host"" 010 35.2 4,009 5.444 5.382 1.917 2,400 -3.2% 

Hosteen R02 65.9 9,797 5,444 5,331 1,572 1.900 -6.0% 

TOTAL 522 51,'13 Weighted Average 1,522 -2.~ 

TotM y8l'ds and acres go 10 Wotbhlel 3 

Aasuqtllons: 

2% of all reClaim acres require miligation 

4 feel lola! of mltlptlon and COpIOI 

5.6 inches of topsoil 10 be replaced In Area 2 

Centroid distanc:e i, measured from the $Iodcph centroid 10 the reclaim cenllold 

Distance Is adjusled 10 KCOmodate haulage routes 

120 
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ProjKt: HeYejo .... 
ON; ",,·2008 

TA1ll.E12+n 

-..-........ OWNIRSHP AND OP!JlATING C08T1I 

0wnwIhip CoCII ~ 0wrMuI eo.w ($Ihr)..... 
Model ~ ~ LMIor AdJuMM 
~ ..... ~ \.8bOr MuIIipIier LMor 

~DDzer Seri-UBINI S 25.211 0.83 $ 11. $ 11.70 0.... • 7.21 $ 

~OROoJer Seri-UBIMI S 34.24 0.83 • 21.53 S 1.70 0.... • 7.21 • 

~11RDoz8r UBIMI S tl.81 0.13 S 5UI I 1.10 0.14 • 1.21 S 

~7GScraI* S 38.27 0.83 • 12.13 $ 12.72 0.14 • 1US • 

~L"'" S 13.57 0.83 • ...... S S.30 0..14 • 4,44 • 

imOTruct S 42.09 0.83 S 35.. S 18.51 0.14 • 104 $ 

16H QnIdtr S 23.31 0.13 S , ....:J S 3.12 0.14 , 3020 S 

w...TIUCk 10.000~ S 30.$7 0.83 • 21.... S HIO 0.14 , U •• 

s-Iaacw CeI44418 S 5.112 0.13 • 4.13 $ 2.65 0." $ 2.22 • 
~RIpper S 2.11 0.13 • 1.1' S 0.04 0.14 I ...3 • 
1ai 0tIIdw.1ipping $ 25.42 0.83 • 21.1. $ 3M 0.14 S U3 • 

PIcIwp Truck 1 ton 4... S 3.31 0.13 S 2M , 0.... 0.... S 1.54 • 

MedllftiC Wdt U5k1n4x4 S 4.73 0.83 • U4 S 0.64 0..14 S 1.54 S 

Dto*2Dri11 $ 42,4, 0.83 • l ..... S 43.74 0.14 • .... S 
- -

(»I ...... 

11.1' S 

21.21 $ 

5U1 S 

27.... $ 

17.13 $ 

1S.22 S 

11.01 S 

1.14 S 

2.se • 

0." I 

11.11 $ 

I.n S 

1.12 I 

23,44 S 

F.-d R..-n Fuel eo.w (1IIv1 

20tt Toc.I 
L..bof AdjoIeWCI fwI ($/Iv) 

LAIbor MuIIiFI* a...or .... Fu.I MuIIiFI* AdjuMIdFueI ... r... rnMulllpller MJuMedln GEe (2) 

10.1' 0.14 S Ul • 21.55 S !!e.• 0.51 S :JUS S 10.31 • 1.00 S - $ UI $ 15'-0' 
10.11 0.14 • Ul S :n.53 5 79.56 0.56 S 44.2. • 14.15 I 1.00 S S 4.14 S 1t2..73 
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3.11 0.14 S 2." $ ".n $ 36.12 0.56 • M .11 S 1.• S 1.12 1.00 S 1.12 • OM S 12.17 
11.97 0.14 • 14.Z1 S 11.15 S 8O.n 0.58 • 3U3 • ..., . " .13 1.00 S 1D.1Il • • 117.313 

3.50 0.14 • 2.13 S 2.21 S 15.71 0.51 • 1.71 S UI S 1.71 1.00 S t.1. $ 0.27 • 21.13 

0.16 0.14 • 1.11 , ' .17 S 0.58 • • '.11 $ 1.00 • S o.t1 S !I.12 

4.03 0 .... • u •• 11." $ 31.12 0 .58 • 2U1 I 7.... • 1.12 1.00 • 1.12 I 1." • ,1.2, 
0.., 0 ." • .... , I.n • 18.27 0.58 S " .n • 2.13 • D.14 1.00 $ t.S4 , • 11.... 
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Project: Navajo Mine 

Date: Sep 2008 

TABLE 12-8-24 

EQUIPMENT OPERATOR WAGE RATES 

Equipment Operator 
Operator Rates 

[$/hr]1 

D9R Dozer $32.20 

D10R Dozer $32.20 

D11R Dozer $32.20 

16H Grader $32.20 

637G Scraper $32.20 

992G Loader $32.20 

7770 Truck $32.20 

Water Truck $32.20 

Tractor $32.20 

Track Hoe $32.20 

Small Backhoe $32.20 

Small Dumptruck $32.20 

Drill Operator $32.20 

Blast Laborer $32.20 

Blast Foremen $32.20 

Pickup Truck $20.27 

1) labor Rates including burden, excluding Profit&Overhead, 

from ACME Inc. contract in force for 2008. 
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Project: Navajo Mine 
Date: May-2009 

TABLE 12·8..25 

DRILL AND BLAST QUANTITIES 

Area Volume[yd~ Equipment Comments 

Area 2 

Area 3 

44,889 

3,342.325 

Ingersoll-Rand DM22 

Ingersoll-Rand DM22 

rilling and Blasting Area 2 pit highwalls - Hosteen Triangle 

Drilling and Blasting Area 3 pit hlghwalls - Dixon Prestrip 

Total 3,387,214 

123 



Project: Navajo Mine 

Date: Aug 2007 

TABLE 12·8·26 

BOND EQUIPMENT AVAILABILITIES 

EQUIPMENT 
AVERAGE 

AVAILABILITY 

Front-End Loaders 

Haul Trucks 

Dozers 

Scrapers 

Drills 

Motor Graders 

90.0% 

90.0% 

90.00/0 

90.0% 

90.0% 

90.0% 

124 
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 1 (5/09; 2/11) 

 

TOPOGRAPHY CHANNEL STABILIZATION 

FOR BOND RECLAMATION 

BOND SCENARIO 2014 

  

Introduction 

 

Protective lining requirements were developed for the stabilization of the drainage channels 

associated with Bond Reclamation Topography at the Navajo Mine.  A cost estimate for the 

materials and installation is also provided for use in reclamation bond determination. 

 

Hydrology and channel designs are based on procedures outlined in Reclamation Surface 

Stabilization Design Handbook for the Navajo Mine (Navajo Mine, 1992).  Peak flow estimates 

were developed at 38 prediction points within the Area II, Area III and Area IV North mining 

areas (see EXHIBITS 12C-1, 12C-2, and 12-30B).  Prediction Points 0 through 20 are located in 

Area II, 21 through 25 are located in Area III, and prediction points 26 through 31 are in Area IV 

North.  The peak discharges were used to evaluate the channel stability at each prediction point.  

Protective lining requirements were developed based on channel slope, expected peak flow rates 

and channel dimensions.  The cost estimates for materials and installation were developed using 

unit costs associated with recent placement of riprap and gabions at Navajo Mine. 

  

Hydrology 

 

Peak flow estimates were developed using the SEDCAD 4.0 computer model.  The estimates are 

based on the 100 yr–6 hr storm event for intermittent and perennial streams (watersheds > 640 

acres); and the 10 yr–6 hr storm event for ephemeral streams (watersheds < 640 acres).  Each 

lined channel was designed to be stable and to safely pass the peak discharge during the 

applicable design storm event. 



 
 

 2 (2/08; 2/11) 

 

Watersheds were developed and measured from USGS topographic quad sheets and topography 

of the bond reclamation areas. Soil types and the associated hydrologic soil group classification 

for the undisturbed portions of the watersheds were taken from the San Juan County Soil Survey, 

Eastern Part (USDA-SCS, 1980). The watershed data for each prediction point is presented in 

TABLE A. The watershed areas are on a drawing in APPENDIX A. 

 

Curve numbers for the undisturbed soils were taken from Table 11-16 in the Navajo Mine PAP.  

Curve numbers for the reclaimed areas were taken from Table 11-16B (Area II), Table 11-16C 

(Area III), and Table 11-16C (Area IV) in the Navajo Mine PAP. 

 

Hydrologic curve numbers were developed as an aerially weighted average of the curve numbers 

for undisturbed and disturbed soils occurring within the watersheds.  

 

The time of concentration (Tc) for each prediction point was determined by the Modified Kirpich 

method.  The SEDCAD 4.0 hydrology data sheets are located in APPENDIX A. 

 

Channel Proportioning 

 

The prediction points were located at the drainages entering the reclaimed areas along the 

highwall and on channel slopes greater than 2% for watersheds within the reclaimed area.  The 

main channels with slopes less than 2% will be constructed using an earth channel design.  

Channel slopes and lengths were measured from the bond reclamation topography. 

 

The SEDCAD 4.0 computer model was used to proportion the channels and compute the riprap 

sizes.  Channel side slopes of 3:1 were used in the designs. A minimum freeboard of 1.0 foot was 

used. FIGURE 1 shows a typical riprap/gabion channel section listing the hydraulic dimensions.  

The lengths of entrance and exit aprons were calculated as 5 times the exit channel flow depth 

with a minimum length of 15 feet.  Riprap layer thickness was designed as 1.5 times the D50 of 

the riprap.  A minimum riprap size of D50 equal to 0.5 feet was used. A filter fabric was utilized



 
 

 3 (5/09; 2/11) 

 

 in lieu of a graded sand and gravel filter beneath the riprap. Channel hydraulic dimensions for 

each prediction point is presented in TABLE B for Area II and TABLE C for Area III and Area 

IV North.  The SEDCAD 4.0 channel proportioning sheets are located in APPENDIX A. 

 

The availability of rock size greater than D50 equal to 9-inch is very limited in the local area.  

Therefore, if results from the hydraulic analysis specifies rip-rap size of D50 equal to 12-inch or 

greater, gabions filled with either D50 equal 4-inch or 6-inch rock will be used in lieu of the size 

specified. If a gabion structure is required the design of the structure is attach to the Sedcad 

output reports. 

 

Cost Estimate 

 

The riprap and gabion cost are based on the cost of material, labor, and equipment associated 

with recent riprap/gabion placement at the Navajo Mine.  

 
Riprap/Gabion Cost 

  Unit Cost 

 ($/cu yd) 

Riprap Material in place  67.85 

Gabion installed  119.00 

   

 

The cost for placing the filter fabric was developed by using the cost of geotextile fabric (200-lb 

tensile strength) from RS Means “Heavy Construction Cost Data – 2009”.  

 

The estimated material and installation costs for each reach of riprap or gabion lined channel are 

presented in TABLE D for Area II and TABLE E for Area III.  Channel lengths include apron 

lengths.   



 
 

 4 (5/04; 5/09) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D = Channel Depth 

H = Flow Depth 

T = Riprap/Gabion Layer Thickness 

W = Channel Bottom Width 

Z = Side Slope (Z:1) 

 

 

 

 

 

FIGURE 1 

TYPICAL CHANNEL SECTION 

D 

W 

H 
T 

1 
Z 

RIPRAP/ 
GABION FILTER FABRIC 

WATER SURFACE 

1.0 FREEBOARD 



Predicition 

Point

Watershed 

Area (ac)

Drainage 

Length (ft)

High Pt. Elev. 

(ft)

Low Pt. Elev. 

(ft) Delta Elev. (ft) Soil Type % of Area

Hydrologic 

Gp. CN

PP0 23.9 2,072.0          5,465             5,277             188                Ba 100 D 91

PP1 370.9 10,307.0        5,625             5,285             340                Ba 100 D 91

PP1A
(1)

27,705.5 62,720.0        5,890             5,190             700                

PP2 8.6 1,002.0          5,403             5,280             123                Ba 100 D 91

PP3 14.0 1,299.0          5,435             5,318             117                Ba 100 D 91

PP3A 7.2 1,064.0          5,435             5,330             105                Ba 100 D 91

PP3B 64.5 3,542.0          5,530             5,320             210                Ba 100 D 91

PPBC 12.9 1,186.0          5,465             5,320             145                Ba 100 D 91

PP4 6.1 1,265.0          5,463             5,340             123                Ba 100 D 91

PP4A 9.7 1,555.0          5,473             5,340             133                Ba 100 D 91

PP4B 9.1 1,676.0          5,482             5,340             142                Ba 100 D 91

PP5 57.6 3,306.0          5,575             5,360             215                Ba 100 D 91

PP6 22.0 2,228.0          5,525             5,330             195                Ba 100 D 91

PP7 152.8 4,976.0          5,645             5,350             295                Ba 100 D 91

PP8 34.5 2,455.0          5,605             5,360             245                Ba 100 D 91

PP9 9.8 1,679.0          5,515             5,370             145                Ba 100 D 91

PP10 56.0 3,422.0          5,620             5,360             260                Ba 100 D 91

PP11 12.3 1,819.0          5,512             5,380             132                Ba 100 D 91

PP12 10.9 1,535.0          5,495             5,330             165                Ba 100 D 91

PP13 201.4 7,082.0          5,655             5,340             315                Ba 100 D 91

PP14 332.8 9,091.0          5,645             5,378             267                Ba 100 D 91

PP15 76.4 3,923.0          5,542             5,410             132                Ba 100 D 91

PP16 678.2 14,649.0        5,655             5,432             223                Ba 100 D 91

PP17 NOT REQUIRED - REMOVED

PP18 117.3 4,222.0          5,465             5,320             145                Reclaimed 100 n/a 76

PP19 83.4 2,679             5,415             5,350             65                  Reclaimed 100 n/a 76

PP20 1,525.0 15,255           5,642             5,310             332                Reclaimed/Ba 31/69 n/a 86.4

1.  Refer to  Appendix 11-BB, "Chinde Arroyo Post-mine Hydrology" at Structure 23.

Refer to Appendix 11-BB

and Curve Number (CN)

TABLE A

WATERSHED DATA

Soil Classification, Hydrologic Soil Group,

5 (5/09;2/11)



Predicition 

Point

Watershed 

Area (ac)

Drainage 

Length (ft)

High Pt. Elev. 

(ft)

Low Pt. Elev. 

(ft) Delta Elev. (ft) Soil Type 
(1)

% of Area

Hydrologic 

Gp. 
(2)

CN
 (3)

PP21 79.1 3,700             5,460             5,390             70                  100 D 85

PP22 122.4 3,700             5,460             5,400             60                  100 D 88

PP23 396.9 8,200             5,530             5,355             175                100 D 87

PP24 16.7 1,000             5,410             5,340             70                  100 D 82

PP25 83.0 2,760             5,430             5,340             90                  100 D 82

PP26 13.9 1554 5,399             5,326             73                  Reclaimed 79.7

PP27 71.9 2230 5,409             5,289             120                Reclaimed 79.9

PP28 55.6 3040 5,428             5,280             148                Reclaimed 79.9

PP29 457.0 8590 5,447             5,282             165                Reclaimed 79.9

PP30 6.9 845 5,440             5,290             150                Reclaimed 79.9

PP31 11.5 1010 5,455             5,300             155                Reclaimed 79.9

and Curve Number (CN)

TABLE A (Cont'd)

WATERSHED DATA

Soil Classification, Hydrologic Soil Group,

6 (5/09; 2/11)



 
 

           7 ( 3/07; 2/08) 

 

TABLE B 
 

AREA II CHANNEL HYDRAULIC DIMENSIONS 
 
 

Prediction 
Point 

Q10 
(cfs) 
* Q25 

Slope 
(%) 

Bottom 
Width (ft) 

Side 
Slope 
(Z:1) 

Flow 
Depth 

(ft) 

D50 
(ft) 

Riprap/ 
Gabion 

Thickness (ft) 
PP0 32.5 7.6 6.0 3.0 0.44 0.75 1.2 

PP1(1) 187.8 9.0 8.0 3.0 1.15 0.50 1.0 
PP1A(1) 2,023.6 3.1 50.0 3.0 2.28 0.33 0.5 

PP2 11.7 13.0 6.0 3.0 0.17 0.50 0.8 
PP3 19.1 10.3 6.0 3.0 0.27 0.50 0.8 

PP3A 9.8 9.4 6.0 3.0 0.17 0.50 0.8 
PP3B 54.7 8.6 6.0 3.0 0.43 0.50 0.8 
PP3C 17.6 13.5 6.0 3.0 0.23 0.75 1.2 
PP4 8.3 15.5 6.0 3.0 0.12 0.50 0.8 

PP4A 13.2 15.2 6.0 3.0 0.17 0.75 1.2 
PP4B 12.4 15.7 6.0 3.0 0.16 0.50 0.8 
PP5 48.8 17.4 12.0 3.0 0.30 0.75 1.2 
PP6 29.9 16.6 12.0 3.0 0.20 0.75 1.2 

PP7(1) 124.4 16.8 12.0 3.0 0.64 0.50 1.0 
PP8 47.0 14.9 12.0 3.0 0.31 0.75 1.2 
PP9 13.3 15.6 6.0 3.0 0.17 0.75 1.2 
PP10 76.2 14.6 12.0 3.0 0.46 0.75 1.2 
PP11 16.7 14.7 6.0 3.0 0.21 0.75 1.2 
PP12 9.2 13.7 6.0 3.0 0.14 0.50 0.8 

PP13(1) 134.2 13.6 10.0 3.0 0.77 0.50 1.0 
PP14 173.8 4.4 14.0 3.0 1.10 0.75 1.2 
PP15 57.4 4.0 12.0 3.0 0.53 0.50 0.8 

PP16(1) 378.1 2.2 10.0 3.0 2.10 0.33 0.5 
PP17 Not required - removed     
PP18 15.9 2.4 6.0 3.0 0.28 0.50 0.8 
PP19 11.6 2.3 6.0 3.0 0.22 0.50 0.8 

PP20(1) 679.8 1.9 12.0 3.0 2.99 0.33 0.5 
                
        
        

 
(1)  Gabion structure 



 
 

 8 (11/04; 2/11) 

 

TABLE C 
 

AREA III AND AREA IV NORTH CHANNEL HYDRAULIC DIMENSIONS 
 
 

Prediction 
Point 

Q10 
(cfs) 
* Q25 

 

Slope 
(%) 

Bottom 
Width 

(ft) 

Side 
Slope 
(Z:1) 

Flow 
Depth 

(ft) 

D50 
(ft) 

Riprap 
Thickness 

(ft) 

PP21 18.01 13.5 12.0 3.0 0.15 0.50 0.8 
PP22 36.07 10.9 12.0 3.0 0.28 0.50 0.8 
PP23 64.57 7.0 12.0 3.0 0.53 0.50 0.8 
PP24 5.1 5.5 3.0 3.0 0.25 0.50 0.8 
PP25 17.1 5.9 6.0 3.0 0.29 0.50 0.8 
PP26 3.95 11.6 6.0 3.0 0.09 0.50 0.8 
PP27 20.02 6.6 6.0 3.0 0.32 0.50 0.8 
PP28 12.10 6.9 6.0 3.0 0.22 0.50 0.8 
PP29 58.01 8.4 12.0 3.0 0.46 0.50 0.8 
PP30 4.23 24.0 9.0 3.0 0.04 0.50 0.8 
PP31 7.05 17.8 9.0 3.0 0.08 0.50 0.8 

        
 
 



Prediction 

Point

Riprap 

Channel 

Length (ft) D50 (ft)

Riprap/Gabion 

Thickness (ft)

Channel Depth 

(ft)

Bottom Width 

(ft)

Side Slopes 

(Z:1)

Filter Fabric 

(SF)

Riprap/Gabion 

(CY) Cost ($)

PP0 870 0.75 1.2 1.5 6.0 3.0 13,376           595                42,745$         

PP1
(1)

710 0.50 1.0 2.0 8.0 3.0 14,555           539                66,770$         

PP1A
(1)

1010 0.33 0.5 3.5 50.0 3.0 73,503           1,361             175,209$       

PP2 680 0.50 0.8 1.5 6.0 3.0 10,455           310                22,900$         

PP3 670 0.50 0.8 1.5 6.0 3.0 10,301           305                22,564$         

PP3A 430 0.50 0.8 1.5 6.0 3.0 6,611             196                14,481$         

PP3B 490 0.50 0.8 1.5 6.0 3.0 7,534             223                16,502$         

PP3C 830 0.75 1.2 1.5 6.0 3.0 12,761           567                40,779$         

PP4 650 0.50 0.8 1.5 6.0 3.0 9,994             296                21,890$         

PP4A 670 0.75 1.2 1.5 6.0 3.0 10,301           458                32,918$         

PP4B 800 0.50 0.8 1.5 6.0 3.0 12,300           364                26,942$         

PP5 680 0.75 1.2 1.5 12.0 3.0 14,637           651                46,773$         

PP6 670 0.75 1.2 1.5 12.0 3.0 14,422           641                46,086$         

PP7
(1)

740 0.50 1.0 2.0 12.0 3.0 18,204           674                83,509$         

PP8 570 0.75 1.2 1.5 12.0 3.0 12,269           545                39,207$         

PP9 600 0.75 1.2 1.5 6.0 3.0 9,225             410                29,479$         

PP10 830 0.75 1.2 1.5 12.0 3.0 17,866           794                57,091$         

PP11 660 0.75 1.2 1.5 6.0 3.0 10,148           451                32,427$         

PP12 1080 0.50 0.8 1.5 6.0 3.0 16,605           492                36,371$         

PP13
(1)

1020 0.50 1.0 2.0 10.0 3.0 23,001           852                105,515$       

PP14 850 0.75 1.2 2.0 14.0 3.0 22,653           1,007             72,387$         

PP15 710 0.50 0.8 1.5 12.0 3.0 15,283           453                33,475$         

PP16
(1)

690 0.33 0.5 3.0 10.0 3.0 19,803           367                47,204$         

PP17 NOT REQUIRED - REMOVED

PP18 2530 0.50 0.8 1.5 6.0 3.0 38,899           1,153             85,203$         

PP19 870 0.50 0.8 1.5 6.0 3.0 13,376           396                29,299$         

PP20
(1)

2110 0.33 0.5 4.0 12.0 3.0 77,859           1,442             185,593$       

Totals 505,940         15,541           1,413,318$    

TABLE D

AREA II RIPRAP COST ESTIMATE

9 ( 2/03; 5/09)



Prediction 

Point

Riprap 

Channel 

Length (ft) D50 (ft)

Riprap 

Thickness (ft)

Channel Depth 

(ft)

Bottom Width 

(ft)

Side Slopes 

(Z:1)

Filter Fabric 

(SF) Riprap (CY) Cost ($)

Area III

PP 21 640 0.50 0.8 1.2 12.0 3.0 12,595           373                27,588$         

PP 22 185 0.50 0.8 1.3 12.0 3.0 3,755             111                8,224$           

PP 23 213 0.50 0.8 1.5 12.0 3.0 4,585             136                10,042$         

PP 24 1269 0.50 0.8 1.3 3.0 3.0 14,048           416                30,770$         

PP 25 373 0.50 0.8 1.3 6.0 3.0 5,276             156                11,557$         

Subtotals 40,259           1,193             88,181$         

Area IV North

PP26 410 0.50 0.8 1.1 6.0 3.0 5,295             157                11,598$         

PP27 1397 0.50 0.8 1.3 6.0 3.0 19,761           585                43,283$         

PP28 912 0.50 0.8 1.2 6.0 3.0 12,339           366                27,028$         

PP29 1472 0.50 0.8 1.5 12.0 3.0 31,685           939                69,401$         

PP30 329 0.50 0.8 1.0 9.0 3.0 5,058             150                11,080$         

PP31 463 0.50 0.8 1.1 9.0 3.0 7,403             219                16,216$         

Subtotals 81,542           2,416             178,606$       

Totals 121,800         3,609             266,787$       

TABLE E

AREA III AND AREA IV NORTH RIPRAP COST ESTIMATE

10 (5/09; 2/11)
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General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  10 yr - 6 hr

Rainfall Depth: 1.300 inches
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Channel #1 ==> End 0.000 0.000 Prediction Point PP-26

#1
Channel
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Structure Summary:
Immediate 

Contributing 
Area
(ac)

Total 
Contributing 

Area
(ac)

Peak 
Discharge

(cfs)

Total 
Runoff 
Volume
(ac-ft)

#1 13.900 13.900 3.95 0.22
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Structure Detail:
Structure #1 (Riprap Channel)

     Prediction Point PP-26

   Trapezoidal  Riprap Channel Inputs:

Material: Riprap

Bottom 
Width (ft)

Left 
Sideslope 

Ratio

Right 
Sideslope 

Ratio
Slope (%) Freeboard

Depth (ft)
Freeboard
% of Depth

Freeboard
Mult. x (VxD)

6.00 3.0:1 3.0:1 11.6 1.00

   Riprap Channel Results:

Simons/OSM Method - Steep Slope Design

w/o Freeboard w/ Freeboard

Depth: 0.09 ft 1.09 ft

Top Width: 6.51 ft 12.51 ft

Velocity*:

X-Section Area: 0.53 sq ft

Hydraulic Radius: 0.082

Froude Number*:

Manning's n*:

Dmin: 2.00 in

D50: 6.00 in

Dmax: 7.50 in

Velocity and Manning's n calculations may not apply for this method.
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Subwatershed Hydrology Detail:
Stru
#

SWS
#

SWS Area
(ac)

Time of Conc
(hrs)

Musk K
(hrs) Musk X Curve

Number UHS
Peak 

Discharge
(cfs)

Runoff 
Volume
(ac-ft)

#1 1 13.900 0.181 0.000 0.000 79.700 M 3.95 0.22

S 13.900 3.95 0.22

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 1.31 8.00 609.00 1.140 0.148

8. Large gullies, diversions, and low
flowing streams 6.88 65.00 945.00 7.860 0.033

#1 1 Time of Concentration: 0.181
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General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  10 yr - 6 hr

Rainfall Depth: 1.300 inches
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Channel #1 ==> End 0.000 0.000 Prediction Point PP-27

#1
Channel
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Structure Summary:
Immediate 

Contributing 
Area
(ac)

Total 
Contributing 

Area
(ac)

Peak 
Discharge

(cfs)

Total 
Runoff 
Volume
(ac-ft)

#1 71.900 71.900 20.02 1.15
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Structure Detail:
Structure #1 (Riprap Channel)

     Prediction Point PP-27

   Trapezoidal  Riprap Channel Inputs:

Material: Riprap

Bottom 
Width (ft)

Left 
Sideslope 

Ratio

Right 
Sideslope 

Ratio
Slope (%) Freeboard

Depth (ft)
Freeboard

% of Depth
Freeboard

Mult. x (VxD)

6.00 3.0:1 3.0:1 6.6 1.00

   Riprap Channel Results:

Simons/OSM Method - Steep Slope Design

w/o Freeboard w/ Freeboard

Depth: 0.32 ft 1.32 ft

Top Width: 7.90 ft 13.90 ft

Velocity*:

X-Section Area: 2.20 sq ft

Hydraulic Radius: 0.275

Froude Number*:

Manning's n*:

Dmin: 2.00 in

D50: 6.00 in

Dmax: 7.50 in

Velocity and Manning's n calculations may not apply for this method.
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Subwatershed Hydrology Detail:
Stru
#

SWS
#

SWS Area
(ac)

Time of Conc
(hrs)

Musk K
(hrs) Musk X Curve

Number UHS
Peak 

Discharge
(cfs)

Runoff 
Volume
(ac-ft)

#1 1 71.900 0.200 0.000 0.000 79.900 M 20.02 1.15

S 71.900 20.02 1.15

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 3.13 30.00 960.00 1.760 0.151

8. Large gullies, diversions, and low
flowing streams 6.57 90.00 1,370.00 7.680 0.049

#1 1 Time of Concentration: 0.200
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General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  10 yr - 6 hr

Rainfall Depth: 1.300 inches
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Channel #1 ==> End 0.000 0.000 Prediction Point PP-28

#1
Channel
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Structure Summary:
Immediate 

Contributing 
Area
(ac)

Total 
Contributing 

Area
(ac)

Peak 
Discharge

(cfs)

Total 
Runoff 
Volume
(ac-ft)

#1 55.600 55.600 12.10 0.89
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Structure Detail:
Structure #1 (Riprap Channel)

     Prediction Point PP-28

   Trapezoidal  Riprap Channel Inputs:

Material: Riprap

Bottom 
Width (ft)

Left 
Sideslope 

Ratio

Right 
Sideslope 

Ratio
Slope (%) Freeboard

Depth (ft)
Freeboard

% of Depth
Freeboard

Mult. x (VxD)

6.00 3.0:1 3.0:1 6.9 1.00

   Riprap Channel Results:

Simons/OSM Method - Steep Slope Design

w/o Freeboard w/ Freeboard

Depth: 0.22 ft 1.22 ft

Top Width: 7.29 ft 13.29 ft

Velocity*:

X-Section Area: 1.43 sq ft

Hydraulic Radius: 0.194

Froude Number*:

Manning's n*:

Dmin: 2.00 in

D50: 6.00 in

Dmax: 7.50 in

Velocity and Manning's n calculations may not apply for this method.
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Subwatershed Hydrology Detail:
Stru
#

SWS
#

SWS Area
(ac)

Time of Conc
(hrs)

Musk K
(hrs) Musk X Curve

Number UHS
Peak 

Discharge
(cfs)

Runoff 
Volume
(ac-ft)

#1 1 55.600 0.321 0.000 0.000 79.900 M 12.10 0.89

S 55.600 12.10 0.89

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 1.57 18.00 1,150.00 1.250 0.255

8. Large gullies, diversions, and low
flowing streams 6.88 130.00 1,890.00 7.860 0.066

#1 1 Time of Concentration: 0.321
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General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  10 yr - 6 hr

Rainfall Depth: 1.300 inches
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Channel #1 ==> End 0.000 0.000 Prediction Point PP-29

#1
Channel
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Structure Summary:
Immediate 

Contributing 
Area
(ac)

Total 
Contributing 

Area
(ac)

Peak 
Discharge

(cfs)

Total 
Runoff 
Volume
(ac-ft)

#1 457.000 457.000 58.01 7.30
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Structure Detail:
Structure #1 (Riprap Channel)

     Prediction Point PP-29

   Trapezoidal  Riprap Channel Inputs:

Material: Riprap

Bottom 
Width (ft)

Left 
Sideslope 

Ratio

Right 
Sideslope 

Ratio
Slope (%) Freeboard

Depth (ft)
Freeboard

% of Depth
Freeboard

Mult. x (VxD)

12.00 3.0:1 3.0:1 8.4 1.00

   Riprap Channel Results:

Simons/OSM Method - Steep Slope Design

w/o Freeboard w/ Freeboard

Depth: 0.46 ft 1.46 ft

Top Width: 14.76 ft 20.76 ft

Velocity*:

X-Section Area: 6.15 sq ft

Hydraulic Radius: 0.413

Froude Number*:

Manning's n*:

Dmin: 2.00 in

D50: 6.00 in

Dmax: 7.50 in

Velocity and Manning's n calculations may not apply for this method.
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Subwatershed Hydrology Detail:
Stru
#

SWS
#

SWS Area
(ac)

Time of Conc
(hrs)

Musk K
(hrs) Musk X Curve

Number UHS
Peak 

Discharge
(cfs)

Runoff 
Volume
(ac-ft)

#1 1 457.000 0.731 0.000 0.000 79.900 M 58.01 7.30

S 457.000 58.01 7.30

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 3.60 50.00 1,390.00 1.890 0.204

8. Large gullies, diversions, and low
flowing streams 1.60 115.00 7,200.00 3.790 0.527

#1 1 Time of Concentration: 0.731
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Bond Senario 9/2014

Prediction Point PP-30

Area 4 North

Ron Van Valkenburg, PE

BHP Billiton
Navajo Mine
PO Box 1717

Fruitland, NM 87416

Phone:  505 598 2007
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General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  10 yr - 6 hr

Rainfall Depth: 1.300 inches
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Channel #1 ==> End 0.000 0.000 Prediction Point PP-30

#1
Channel
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Structure Summary:
Immediate 

Contributing 
Area
(ac)

Total 
Contributing 

Area
(ac)

Peak 
Discharge

(cfs)

Total 
Runoff 
Volume
(ac-ft)

#1 6.900 6.900 4.23 0.11
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Structure Detail:
Structure #1 (Riprap Channel)

     Prediction Point PP-30

   Trapezoidal  Riprap Channel Inputs:

Material: Riprap

Bottom 
Width (ft)

Left 
Sideslope 

Ratio

Right 
Sideslope 

Ratio
Slope (%) Freeboard

Depth (ft)
Freeboard

% of Depth
Freeboard

Mult. x (VxD)

9.00 3.0:1 3.0:1 24.0 1.00

   Riprap Channel Results:

Simons/OSM Method - Steep Slope Design

w/o Freeboard w/ Freeboard

Depth: 0.04 ft 1.04 ft

Top Width: 9.22 ft 15.22 ft

Velocity*:

X-Section Area: 0.33 sq ft

Hydraulic Radius: 0.036

Froude Number*:

Manning's n*:

Dmin: 2.00 in

D50: 6.00 in

Dmax: 7.50 in

Velocity and Manning's n calculations may not apply for this method.
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Subwatershed Hydrology Detail:
Stru
#

SWS
#

SWS Area
(ac)

Time of Conc
(hrs)

Musk K
(hrs) Musk X Curve

Number UHS
Peak 

Discharge
(cfs)

Runoff 
Volume
(ac-ft)

#1 1 6.900 0.027 0.000 0.000 79.900 M 4.23 0.11

S 6.900 4.23 0.11

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 8.00 10.00 125.00 2.820 0.012

8. Large gullies, diversions, and low
flowing streams 19.44 140.00 720.00 13.220 0.015

#1 1 Time of Concentration: 0.027
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Bond Senario 9/2014

Prediction Point PP-31
Area 4 North

Ron Van Valkenburg, PE

BHP Billiton
Navajo Mine
PO Box 1717

Fruitland, NM 87416

Phone:  505 598 2007

Filename: Bond 09-2014 pp31 A4N typeII70.sc4 Printed 04-27-2009

SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design 1

233



General Information

Storm Information:
Storm Type: NRCS TYPE II-70

Design Storm:  10 yr - 6 hr

Rainfall Depth: 1.300 inches
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Structure Networking:
Type Stru

#
(flows
into)

Stru
#

Musk. K
(hrs)  Musk. X Description

Channel #1 ==> End 0.000 0.000 Prediction Point PP-31

#1
Channel
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Structure Summary:
Immediate 

Contributing 
Area
(ac)

Total 
Contributing 

Area
(ac)

Peak 
Discharge

(cfs)

Total 
Runoff 
Volume
(ac-ft)

#1 11.500 11.500 7.05 0.18
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Structure Detail:
Structure #1 (Riprap Channel)

     Prediction Point PP-31

   Trapezoidal  Riprap Channel Inputs:

Material: Riprap

Bottom 
Width (ft)

Left 
Sideslope 

Ratio

Right 
Sideslope 

Ratio
Slope (%) Freeboard

Depth (ft)
Freeboard
% of Depth

Freeboard
Mult. x (VxD)

9.00 3.0:1 3.0:1 17.8 1.00

   Riprap Channel Results:

Simons/OSM Method - Steep Slope Design

w/o Freeboard w/ Freeboard

Depth: 0.08 ft 1.08 ft

Top Width: 9.49 ft 15.49 ft

Velocity*:

X-Section Area: 0.76 sq ft

Hydraulic Radius: 0.080

Froude Number*:

Manning's n*:

Dmin: 2.00 in

D50: 6.00 in

Dmax: 7.50 in

Velocity and Manning's n calculations may not apply for this method.
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Subwatershed Hydrology Detail:
Stru
#

SWS
#

SWS Area
(ac)

Time of Conc
(hrs)

Musk K
(hrs) Musk X Curve

Number UHS
Peak 

Discharge
(cfs)

Runoff 
Volume
(ac-ft)

#1 1 11.500 0.046 0.000 0.000 79.900 M 7.05 0.18

S 11.500 7.05 0.18

Subwatershed Time of Concentration Details:
Stru
#

SWS
# Land Flow Condition Slope (%) Vert. Dist.

(ft)
Horiz. Dist.

(ft)
Velocity

(fps) Time (hrs)

#1 1 5. Nearly bare and untilled, and
alluvial valley fans 11.25 45.00 400.00 3.350 0.033

8. Large gullies, diversions, and low
flowing streams 18.03 110.00 610.00 12.730 0.013

#1 1 Time of Concentration: 0.046
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Figure B-1 ............................................................. Worksheet Flow Diagram (see Appendix 12-B) 
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Project Navajo Mine 
Date February 2011 

 
 

WORKSHEET NO. 1 

DESCRIPTION OF WORST CASE BONDING RECLAMATION SCENARIO FOR 

AREA 4 NORTH 

 

Determination of Maximum Reclamation Requirements 

 

The point at which reclamation liabilities will be greatest occurs during the first two years of the 

five-year term ending in 2009 (see Worksheet 1, APPENDIX 12-B). Throughout the five-year 

term, strip progression results in an increase in disturbed land, increased pit backfill volumes due 

to ramp extensions and increased pit depths and slight increases in pit lengths. During the first 

two years however, the open (final) pit volumes of South and North Barber are unreclaimed. As 

Hosteen pit and its associated prestrip advance, the final pit in South Barber receives prestrip 

material as backfill, as does North Barber later in the permit term. By 2009 South Barber is 

essentially complete and North Barber is the primary prestrip and CCB dump area. This in 

conjunction with the closure of Pinto Pit and the relative static size of the open pit volumes in 

Area III leads us to the conclusion that the maximum volumetric reclamation requirement occurs 

earlier in the term than would be the norm. Areas 2 and 3 will be the primary areas to be 

reclaimed with small areas in Areas 1 and 4 North.   

 

The Yazzie, Hosteen, North Barber, South Barber, Lowe, Dixon and Area 4 North pits will all 

require reclaiming at the end of 2009.  Dozers will be utilized to push the maximum amount of 

material into the pits.  Any material the dozers cannot move in a cost effective manner will be 

moved by scrapers or trucks and dozers.  Any areas that do not pass the spoil sampling tests will 

be mitigated by one of the approved methods in the permit prior to topsoil placement.  For the 

purpose of this reclamation bond calculation, 2% of the regraded area in the permanent program 

category will require spoil mitigation.  After all spoil is regraded, final pits will be shaped to the 
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their final contours, and mitigation material will be placed where required; topsoil will be placed, 

revegetation will occur with a 20% failure rate and the mine facilities will be removed.  Facilities 

areas will be mitigated as required and topsoiled.  At this time, the mine will be ready to begin 

phased bond release with the ultimate goal of total bond release.  It will be necessary to move 

and place approximately 154,000,000 cubic yards of material during the reclamation effort.  The 

majority (approximately 144,000,000 cubic yards) will be moved and placed during the primary 

grading effort.  Therefore, the major effort for this reclamation bond calculation is focused on 

primary grading. 

 

Area IV North reclamation costs for ownership and operating cost along with operator wage rates 

were taken from worksheets and tables located in Appendix 12-B.  
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