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Chinde Diversion

Location and Function

The Chinde Crossing (road segment) will be located on permanent program lands in the
northeastern portion of AREA II. Lands utilized for the crossing will be reclassified as
permanent program lands. The crossing creates a route that connects regrade cut with regrade
fill. The road will connect to an existing ancillary road to the south and the cut area to the north.
The crossing will exist for an indefinite period of time pending soil mitigation. As-Built and

design information for this road is available in Exhibit 11-74A and Exhibit 11-74B.

Design and Construction Specifications

The crossing is designed to meet primary road standards per section 11.5.6.1 of the Permit
Application Package (PAP) NM-0003D and CFR30 Part 816.151. The subgrade material will
consist of native material excavated during road construction and fill from nearby spoils, both
materials will be compacted during placement. The surface will consist of native soils, no
surfacing materials (e.g. gravel) will be utilized. All construction materials that will be used are

classified as non-toxic and non-acid forming.

The length of the road will be about 600 feet and the width about 70 feet. The maximum
elevation of the road is 5320 feet and the minimum elevation is 5311 feet. The road has typical
cross-sections similar to those shown in Exhibit 11-84A of the PAP. Any special cross-sections
(pipe and drop structures) are shown on Exhibit 11-74A. For safety reasons berms in excess of 5
feet will be constructed in locations where the fill height exceeds 4 feet. Road ditches will be
established along the running surface and will be cut to a depth of 1.5 feet with side slopes of 2:1

and 4:1. All cuts and fill for the road will have slopes of 2:1.
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Chinde Diversion Culvert

Included with the road, the crossing will consist of one 96 inch culvert near the midpoint of the
road. The culvert has been sized to safely pass the 10yr-6hr storm event for the related Chinde
Diversion area, consisting of more than 22,000 acres which produce 616 cfs (see Sedcad for
more details). The culvert has also been structurally designed to handle a live load of 190 ton
trucks with a minimum cover of 4 feet and a dead load of an embankment at 4-8 feet. To meet
this criteria the culvert will be buried at a minimum depth of 4 feet and a maximum depth of 8
feet. During construction the culvert will be placed on 4 feet of compacted fill (preferably road

base) and will be surrounded by similar compacted fill for about one culvert radius.

Surface Water Drainage (road only)

The Chinde Crossing involves a total drainage area of 1.062 acres. The drainage area is split by
the crown of the road, which forms 2 watersheds, the West and the East. The West has an area of
0.536 acres which flows along the road ditch, through a drop structure (#1), and terminates in the
Chinde Diversion. The East has an area of 0.526 acres which flows along the road ditch, through
a drop structure (#2), and terminates in the Chinde Diversion. All adjacent areas will be diverted
away from the crossing to prevent runoff from these areas from entering the Chinde Diversion.

For more details see Exhibit 11-74A and the Sedcad runs.

Routine Maintenance

Regular road maintenance will be performed for surface repairs, ditch cleaning, safety berms, and
dust suppression. Following all storm events all damage will be repaired in order to maintain the
crossing within compliance parameters. The road will be inspected during use to ensure proper

maintenance. Dust suppression will take place as required.





Restoration
When the crossing is no longer needed it will be removed. This includes all material and the

culvert that lies within the Chinde Diversion. The original berms along the diversion will also be

re-established. The remaining areas will be reclaimed with the adjacent lands.

Chinde Culvert Crossing

As-Built Description

The Chinde Crossing is located in the northeastern part of Area II. This crossing has been
established to accommodate the reclamation process in the area. The crossing consists of a 96

diameter corrugated metal pipe (CMP) with a road connecting the reclamation activities.

The road consists of compacted material and is approximately 65 feet wide by 750 feet long.
The minimum elevation of the road is estimated at 5318 feet and the maximum at 5324 feet. The
cross sections of the road and the culvert crossing are shown on Exhibit 11-74B., The design and
supporting design data for the crossing can be found on Exhibit 11-74A and the Sedcad runs in

this section.

Two drop structures are constructed to control erosion in the vicinity of the culvert and are
shown on Exhibit 11-74B. Two drainage areas are present, both draining alongside the road
ditches and flowing into the drop structures and terminating in the Chinde Diversion. All
adjacent areas are diverted away from the crossing to prevent runoff into the Chinde Dijversion.
Sedcad runs for these two watershed areas are included in this appendix under the as-built

portion.
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Culvert CP-111

Refer to the attach drawing for the h ydrology model. Culvert

Filename: C-P11_1 .sé4_

CP-111 is at Structure 33,
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BHP Navajo Coal Company
Navajo Mine
PO Box 1717
Fruitland, NM 87415

Phone: 505-598-5861
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General Information

Storm Information:

Storm Type:  NRCS Type 1I-60
Design Storm: 10yr-6hr
Rainfall Depth: 1.300 inches

Filename: CP111.sc4 D - ' ) s it Printed 03-03-2004





SEDCAD 4 for Windows

Copyright 1998 Pamela J. Schwab
Civil Software Design

Structure Networking:
Type S;ru (if:‘%s sgu M(l;frl;)K Musk. X  Description
Null #1 ==> #2 2.838 0.176
Null #2 ==> #3 0.477 0.340
Null #3 ==> #5 0.000 0.000
Null #4 ==> #5 0.000 0.000
0.000 0.000
#18 ==> #32 0.000 0.000
0.000 0.000

#20 ==> #30 0.061 0.372
Null #22 ==> #30 0.263 0.292
Null #23 ==> #24 0.330 0.323
Null #24 ==> End 0.000 0.000
Null #25 ==> #28 0.572 0.328
Null #26 ==> #29 0.053 0.385
Nuil #27 ==> #28 0.622 0.330
Null #28 ==> #23
Null #29 ==> #30 0.224 0.327
Null
Null 0.060 0.360
Null #32 ==> #23 0.476 0.318
Culvert #33 ==> #18 0.505 0.316 Culvert CP-111
Null #34 ==> #38 0.237 0.331
Null #35 ==> #23 0.098 0.357
Null #36 ==> #27 0.034 0.341
Null #37 ==> #4 1.755 0.316
Null #38 ==> #39 0.270 0.326
Null #39 ==> #15 0.379 0.320

Filename: CP111.sc4 Printed 03-03-2004
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‘&: #35
Null
& #26
Null
@ #37
Null
&: #4
Null
@ #1
Null
&{ #2
Null
‘&: #3
Null
‘&: #5
Null
‘&: #6
Null
‘&: #29
Null
‘&: #22
Nulf
‘&: #20
Null
‘&: #30
Null
#19
Null
‘&: #33
Culvert
‘&: #31
Null
&{ #18
Null
‘&: #17
Null
& #34
Nul
&K #14
Null
@ #38
Null
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‘&{
@ #32
null
@
‘Og
‘Og
‘&: #28
Null
@ #23
Null
#24
Null
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#27
Null
#25
Null
#21
Null

#39
Null
#16
Null

#36
Null
#13
Null
#12
Null
#11
Null
#10
Null
#9

Null
#8

Null
#7

Null

Structure Routing Details:

Printed 03-03-2004





SEDCAD 4 for Windows

Copyright 1998 Pamela J. Schwab
Civil Software Design

Stru
#

#6
#6

#7

#7

#8

#8

#9

#9

#10

#10

#11

#11

#12

#12

#13

#13
#14
#14
#16
#16
#20
#20

#21

Land Flow Condition

9. Small streams flowing bankfull
Muskingum K:

5. Nearly bare and untilled, and
alluvial valley fans

8. Large gullies, diversions, and low
flowing streams

Muskingum K:

5. Nearly bare and untilled, and
alluvial valley fans

8. Large gullies, diversions, and low
flowing streams

Muskingum K:

5. Nearly bare and untilled, and
alluvial valley fans

8. Large gullies, diversions, and low
flowing streams

Muskingum K:

5. Nearly bare and untilled, and
alluvial valley fans

8. Large gullies, diversions, and low
flowing streams

Muskingum K:

5. Nearly bare and untilled, and
alluvial valley fans

8. Large gullies, diversions, and low
flowing streams

Muskingum K:

5. Nearly bare and untilled, and
alluvial valley fans

9. Small streams flowing bankfull
Muskingum K:

5. Nearly bare and untilled, and
alluvial valley fans

8. Large gullies, diverslons, and low
flowing streams

Muskingum K:

8. Large gullies, diversions, and low
flowing streams

Muskingum K:

8. Large gullies, diversions, and low
flowing streams

Muskingum K:

8. Large qullies, diversions, and low
flowing streams

Muskingum K:

8. Large gullies, diversions, and low
flowing streams

Filename: CP111.sc4

Slope (%)

0.94

10.00

0.97

10.00

0.87

10.00

0.98

12.00

0.81

12.00

1.00

15.00

1.58

10.00

2.67

148

2.01

2.73

1.07

Vert. Dist.
()
30.00

50.00

60.00

70.00

40.00

70.00

40.00

60.00

30.00

60.00

30.00

60.00

30.00

80.00

20.00

55.00

145.00

30.00

80.00

Horiz. Dist.
(f)
3,200.00

500.00

6,200.00

700.00

4,600.00

700.00

4,100.00

500.00

3,700.00

500.00

3,000.00

400.00

1,900.00

800.00

750.00

3,716.00

7,209.00

1,100.00

7,500.00

Velocity
(fps)
8.71

3.16

2.95

3.16

2.79

3.16

2.96

3.46

2,70

3.46

3.00

3.87
11.30

3.16

4.89

3.64

4.25

4.95

3.09

Time (hrs)

0.102
0.102

0.043

0.583
0.626

0.061

0.457
0.518
0.061

0.384
0.445

0.040

0.380
0.420

0.040

0.277
0.317
0.028

0.046
0.074

0.070

0.042
0.112
0.283
0.283
0.471
0.471
0.061
0.061
0.674
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Stru
#

#21

#22

#22

#25

#25
#26
#26
#27
#27
#28
#28
#29
#29
#31
#31
#32
#32
#33
#33
#34
#34
#35
#35
#36
#36

#37

#37

Land Flow Condition

Muskingum K:

5. Nearly bare and untilled, and
alluvial valley fans

8. Large gullies, diversions, and low
flowing streams

Muskingum K:

5. Nearly bare and untilled, and
alluvial valley fans

8. Large gullies, diversions, and low
flowing streams

Muskingum K:

8. Large gullies, diversions, and low
flowing streams

Muskingum K:

8. Large gullies, diversions, and low
flowing streams

Muskingum K:

8. Large gullies, diversions, and low
flowing streams

Muskingum K:

8. Large gullies, diversions, and low
flowing streams

Muskingum K:

8. Large gullies, diversions, and low
flowing streams

Muskingum K:

8. Large gullles, diversions, and low
flowing streams

Muskingum K:

8. Large gullies, diversions, and low
flowing streams

Muskingum K:

8. Large gullies, diversions, and low
flowing streams

Muskingum K:

8. Large gullies, diversions, and low
flowing streams

Muskingum K:

5. Nearly bare and untilled, and
alluvial valley fans

Muskingum K:

5. Nearly bare and untilled, and
alluvial valley fans

8. Large qullies, diversions, and low
flowing streams

Muskingum K:
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Slope (%)

3.48

1.00

10.00

1.19

3.64

1.22

1.67

1.15

2.11

0.98

0.94

1.23

2.00

13.33

1.22

1.51

Vert. Dist.
()

40.00

10.00

80.00

70.00

40.00

90.00

30.00

30.00

20.00

50.00

50.00

35.00

30.00

60.00

50.00

145.00

Horiz. Dist.
(ft)

1,150.00

1,000.00

800.00

5,900.00

1,100.00

7,400.00

1,800.00

2,600.00

950.00

5,100.00

5,300.00

2,841.00

1,500.00

450.00

4,087.30

9,585.51

Velocity
(fps)

1.86

3.00

3.16

3.26

5.72

3.30

3.87

3.22

4.35

2,97

291

3.32

4.24

3.65

1.10

3.68

Time (hrs)
0.674
0171

0.092
0.263
0.070

0.502
0.572
0.053
0.053
0.622
0.622
0.129
0.129
0.224
0.224
0.060
0.060
0.476
0.476
0.505
0.505
0.237
0.237
0.098
0.098
0.034
0.034

1.032

0.723

1.755
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Stru . Vert. DIst.  Horiz. Dist. Velocity
( ),.-..\ # Land Flow Condition Slope (%) (") (f) (fps) Time (hrs)
- 8. Large gullles, diversions, and low
#38 fiowing streams d 1.13 35.00 3,101.00 3.18 0.270
#38 Muskingum K: 0.270
8. Large gullies, diversions, and low
#39 flowing stream é & 1.02 42.00 4,129.00 3.02 0.379
#39 Muskingum K: 0.379
Filename: CP111.sc4 Printed 03-03-2004
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Structure Summary:
Immgdiate Tgtal ‘ Peak Total

Contributing Contributing Discharge Runoff

Area Area Volume

(ac) (ac) (cfs) (ac-ft)
#35 94.420 94.420 11.63 0.92
#26 192,840 192.840 140.43 9.34
#37 3,125.900 3,125.900 8.21 4,93
#4 2,906.830 6,032,730 103.37 28.27
#1 461.890 461.890 12.85 2,38
#2 2,706.150 3,168.040 24,19 7.95
#3 1,521.560 4,689.600 30.54 12,12
#5 0.000 10,722.330 108.67 40.39
#6 1,935.730 12,658.060 174.28 64.98
#29 180.900 13,031.800 225.83 77.15
#22 233.240 233.240 59.19 9.38
#20 739,390 739.390 80.28 22.48
#30 98.260 14,102.690 277.52 109.97
#19 472,910 472,910 62.53 10.89
- #33 0.000 14,575.600 311.16 120.86
C / #31 125.800 125.800 16.83 1.22
#18 285.580 14,986.980 320.41 124.86
#17 862.260 862.260 37.09 12.45
#34 185.300 185.300 1.46 0.39
#14 5,677.210 5,677.210 92.00 23,98
#38 0.000 5,862.510 91.03 24,38
#39 0.000 5,862.510 89.92 24.38
#16 1,178,150 1,178.150 9.57 3.23
#15 690.540 7,731.200 109.38 33.43
#32 0.000 23,580.440 426.34 170.74
#36 32.140 32.140 37.20 1.56
#13 40.400 40.400 46.77 1.96
#12 76.220 76.220 40.09 3.69
#11 146.010 146.010 106.33 7.07
#10 35.810 35.810 23.87 1.73
#9 13.770 13.770 1594 0.67
#8 70.710 70.710 51.49 3.42
#7 190.080 190.080 110.49 8.41
#27 404.670 1,009.810 255.61 32.44
#25 344.350 344.350 111.40 16.67
— #21 97.540 97.540 43.31 3.59

@®

Filename: CP111.sc4
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X lmmgdla}e thal ’ Peak Total
@ e i o R
(ac) @c) (cfs) (ac-ft)
#28 865.010 2316710  403.13 61.11
#23 177.530 26,160.100 74562  235.32
#24 522.500 26,691.600  766.59  253.60

Filename: CP111.sc4 Printed 03-03-2004
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Structure Detail:
Structure #33 (Culvert)
Culvert CP-111

Culvert Inputs:

Max. > Entra
Length (ft)  Slope (%) Manning's n Head?;/(ater Tal?f/gter Lor;s Crc;ceef.
(f) (Ke)
175.00 1.10 0.0200 12.00 0.00 0.90
Culvert Results:

_Fil_er;ame: E:.P1_1;.sc4_

Design Discharge = 311.16 cfs

Minimum pipe diameter: 1 - 66 inch pipe(s) required
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Subwatershed Hydrology Detail:

Time of Peak Runoff
5;’“ 5‘;\’5 SWS Area Conc Musk K Musk X R UHS Discharge Volume
(ac) (hrs) (hrs) Number (cfs) (ac-f)
#26 1 192.840 0.140 0.000 0.000 91.000 M 140.43 9.335
> 192.840 140.43 9.335
#37 1 3,125.900 5.055 0.000 0.000 67.000 M 8.21 4.930
> 3,125.900 8.21 4,930
#4 1 602.390 0.976 0.265 0.360 69.000 M 6.68 1.653
2 647.360 0.892 0.265 0.340 74.620 M 26.32 5.153
3 564.330 1.077 0.263 0.350 75.300 M 23.29 4.970
4 1,092.750 1.355 0.000 0.000 76.610 M 48.63 11.563
> 6,032.730 103.37 28.269
#1 1 461.890 0.647 0.000 0.000 72.000 M 12.85 2.380
> 461.890 12.85 2.380
#2 1 1,115.700 1.952 1.842 0.186 69.000 M 8.86 3.062
2 1,346.190 3.778 0.000 0.000 67.000 M 4.34 2,123
1.23 0.385
24.19 7.950
#3 1 1,521.560 2.500 0.000 0.000 69.000 M 10.65 4.175
> 4,689.600 30.54 12,125
#5 3 10,722.330 108.67 40.394
#6 1 561.070 1.759 0.265 0.360 72.000 M 9.48 2.891
2 511.480 2.559 0.265 0.340 72.000 M 6.88 2.635
3 521.580 1.799 0.263 0.350 82.000 M 39.78 10.543
4 341.600 0.414 0.000 0.000 84.000 M 87.47 8.515
Y,  12,658.060 174.28 64.978
#29 1 180.900 0.191 0.000 0.000 79.750 M 40.14 2.840
> 13,031.800 225.83 77.153
#22 1 233.240 0.982 0.000 0.000 88.960 M 59.19 9.378
> 233.240 59.19 9.378
#20 1 739.390 2.058 0.000 0.000 86.000 M 80.28 22.481
> 739.390 80.28 22.481
Filename: CP111.sc4 Printed 03-03-2004
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Stru
#

#30

#19

#33
#31

#18

#17

#34

#14

#38

#39
#16

#15

#32
#36

#13

#12

#11

SWSs  SWSArea
# (ac)

1 98.260
Y  14,102.690
1 472.910
)X 472,910

Y  14,575.600

1 125.800
PN 125.800
1 285.580

Y  14,986.980

1 730950

2 131.310

> 862.260
1 185.300

X 185.300
2,955.900
2,002.300

3 719.010

Y  5677.210
>  5862.510

Y 5862510
1 1,178.150
Y 1,178.150
1 690.540
Y 7,731.200

Y 23,580.440

1 32.140
hX 32.140
1 40.400
)X 40.400
1 76.220
)X 76.220
1 146.010

Filename: CP111.sc4

Time of
Conc

(hrs)
0.232

1.024

0.142

1.217

1.927
0.325

6.005
3.940
1.032

1.866

0.567

0.109

0.092

0.411

0.129

Musk K
(hrs)

0.000

0.000

0.000

0.000

0.551
0.000

0.000

5.147
0.755
0.000

0.000

0.000

0.000

0.000

0.000

0.000

Musk X

0.000

0.000

0.000

0.000

0.222
0.000

0.000

0.270
0.339
0.000

0.000

0.000

0.000

0.000

0.000

0.000

l4c

Curve
Number

76.000

83.230

76.000

76.000

78.000
83.700

68.000

67.000
67.000
83.000

69.000

75.000

91.000

91.000

91.000

91.000

UHS

=

Peak
Discharge

(cfs)
11.19

277.52
62.53
62.53

311.16
16.83
16.83
12.32
320.41

31.69
37.08

37.09
1.46
1.46

6.79
6.28
92.00

92.00
91.03

89.92
9.57
9.57
37.90
109.38

426.34
37.20
37.20
46.77
46.77
40.09
40.09
106.33
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0.956

109.968
10.890
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120.858
1.224
1.224
2.779
124.861

9.275
3.174

12.450
0.393
0.393

4.662
3.158
16.164

23.984
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24.377
3.233
3.233
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sgu s\gs SWS Area T'é::::f Musk K Musk X Curve UHS Disr::‘le-laa':g e ";‘;::‘f:
(ac) (hrs) (hrs) Number (cfs) (ac-ft)
pX 146.010 106.33 7.068
#10 1 35.810 0.218 0.000 0.000 91.000 23.87 1.734
PN 35.810 23.87 1.734
#9 1 13.770 0.101 0.000 0.000 91.000 15.94 0.667
pX 13.770 15.94 0.667
#8 1 70.710 0.126 0.000 0.000 91.000 51.49 3.423
PN 70.710 51.49 3.423
#7 1 190.080 0.255 0.000 0.000 90.000 110,49 8.406
PN 190.080 110.49 8.406
#27 1 404.670 0.870 0.000 0.000 76.000 21.22 3.938
Y 1,009.810 255.61 32.437
#25 1 344.350 0.928 0.000 0.000 91.000 111.40 16.670
PN 344.350 111.40 16.670
#21 1 97.540 0.316 0.000 0.000 88.000 4331 3.588
pX 97.540 43.31 3.588
#28 1 865.010 0.623 0.000 0.000 76.000 54.51 8.417
Y  2,316.710 403.13 61.112
#23 1 177.530 0.521 0.000 0.000 79.000 20.64 2.549
Y 26,169.100 745.62 235.319
#24 1 446.280 0.598 0.000 0.000 87.620 M 136.17 15.840
2 76.220 0.157 0.269 0.346 86.530 M 37.74 2.439
Y 26,691.600 766.59 253.598
Subwatershed Time of Concentration Details:
S;ru S\;VS Land Flow Condition Slope (%) Verlé&l))ist. Hori(z‘;t)D ist. V?;ggi)ty Time (hrs)
#g g O Near '\)’a'l’lz;efgsg untilled, and 1.75 7000  4,000.00 1.320 0.841
gbﬁ;gesg:'a"sfé diversions, and low 2.27 50.00  2,200.00 4.520 0.135
#4 1  Time of Concentration: 0.976
#7 1 gaﬁ;gesg‘;'gﬁfé diversions, and low 3.62 190.00  5,250.00 5.700 0.255
#7 1 Time of Concentration: 0.255
Filename: CP111.sc4 Printed 03-03-2004
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Stru
#

#8
#8
#9
#9
#10
#10
#11
#11
#12
#12
#14
#14
#14
#14

#14

#14

#15

#15

#16

#16

#18

#18

#23

#23

#27

SWS
#

1

Land Flow Condition

8. Large gullies, diversions, and low
flowing streams

Time of Concentration:

5. Nearly bare and untilled, and
alluvial valley fans

Time of Concentration:

5. Nearly bare and untilled, and
alluvial valley fans

Time of Concentration:

8. Large gullies, diversions, and low
flowing streams

Time of Concentration:

5. Nearly bare and untilled, and
alluvial valley fans

Time of Concentration:

5. Nearly bare and untilled, and
alluvial valley fans

Time of Concentration:

5. Nearly bare and untilled, and
alluvial valley fans

Time of Concentration:

5. Nearly bare and untilled, and
alluvial valley fans

8. Large gullies, diversions, and low
flowing streams

Time of Concentration:

5. Nearly bare and untilled, and
alluvial valley fans

8. Large gullies, diversions, and low
flowing streams

Time of Concentration:

5. Nearly bare and untilled, and
alluvial valley fans

8. Large gullies, diversions, and low
flowing streams

Time of Concentration:

5. Nearly bare and untilled, and
alluvial valley fans

8. Large gullies, diversions, and low
flowing streams

Time of Concentration:

5. Nearly bare and untilled, and
alluvial valley fans

8. Large gullies, diversions, and low
flowing streams

Time of Concentration:

5. Nearly bare and untilled, and
alluvial valley fans

Filename: CP111.sc4

Slope (%)

5.16

9.09

7.14

6.67

4.69

0.98

1.42

1.32

1.94

5.56

1.76

2.10

0.38

2.41

1.07

5.29

1.11

9.17

14e

Vert. Dist.
(f)

160.00

100.00

150.00

240.00

150.00

210.00

240.00

30.00

140.00

100.00

90.00

80.00

28.00

130.00

30.00

90.00

40.00

110.00

Horiz. Dist.
(f)

3,100.00

1,100.00

2,100.00

3,600.00

3,200.00

21,403.00

16,880.00

2,269.00

7,212.00

1,800.00

5,100.00

3,817.00

7,451.00

5,400.00

2,800.00

1,700.00

3,600.00

1,200.00

Velocity
(fps)

6.810

3.010

2,670

7.740

2.160

0.990

1.190

1.140

4.170

2.350

3.980

1.440

1.830

1.550

3.100

2.300

3.160

3.020

Time (hrs)

0.126
0.126
0.101
0.101
0.218
0.218
0.129
0.129
0.411
0.411
6.005
6.005
3.940
3.940

0.552

0.480
1.032

0.212

0.355
0.567
0.736

1.130
1.866
0.967

0.250
1.217

0.205

0.316
0.521

0.110
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Stru  SWS - Vert. Dist.  Horiz. Dist. Velocity
# # Land Flow Condition Slope (%) ) ) (fos) Time (hrs)

8. Large gullies, diversions, and low
flowing streams ’ 0.72 50.00 6,950.00 2.540 0.760

#27 1 Time of Concentration: 0.870
5. Nearly bare and untilled, and

#28 1 alluvial valley fans ’ 5.31 170.00 3,200.00 2.300 0.386
8. Large gullies, diversions, and low
flowing streams ' 111 30.00 2,700.00 3.160 0.237

#28 1 Time of Concentration: 0.623
8. Large gullies, diversions, and low

#29 1 flowing streams ' 3.75 150.00 4,000.00 5.800 0.191

#29 1  Time of Concentration: 0.191
5. Nearly bare and untilled, and

#30 1 alluvial valley fans ’ 5.00 50.00 1,000.00 2.230 0.124
8. Large gullies, diversions, and low
flowing streams’ 1.88 30.00 1,600.00 4.100 0.108

#30 1 Time of Concentration: 0.232
5. Nearly bare and untilled, and

#31 1 alluvial valley fans ’ 6.00 30.00 500.00 2.440 0.056
9. Small streams flowing bankfull 1.67 60.00 3,600.00 11.610 0.086

#31 1 Time of Concentration: 0.142
5. Nearly bare and untilled, and

#34 1 alluvial valley fans ! 1.74 55.00 3,167.00 1.310 0.671
8. Large gullies, diversions, and low
flowing strea ms' ! 1.94 110.00 5,672.00 4.170 0.377

#34 1  Time of Concentration: 1.048
8. Large gullies, diversions, and low

#35 1 flowing str eams’ 3.16 120.00 3,800.00 5.330 0.198

#35 1 Time of Concentration: 0.198
5. Nearly bare and untilled, and

#37 1 alluvial valley fans ’ 1.21 240.00 19,836.00 1.090 5.055

#37 1 Time of Concentration: 5.055
Subwatershed Muskingum Routing Details:

Stru  SWS - o Vert. Dist.  Horiz. Dist. Velocity

# # Land Flow Condition Slope (%) ) ) (fos) Time (hrs)

5. Nearly bare and untilied, and

#14 1 alluvial valley fans 0.97 150.00 15,497.00 0.980 4.392
8. Large gullies, diversions, and low
flowing streams 1.43 140.00 9,761.00 3.590 0.755

#14 1 Muskingum K: 5.147

#14 2 8 Largegullies, diversions, and low 1.43 140.00  9,761.00 3.590 0.755
flowing streams ' : e : ’

#14 2  Muskingum K: 0.755
8. Large gullies, diversions, and low

#24 2 flowing streams ’ 1.62 60.00 3,700.00 3.820 0.269

#24 2  Muskingum K: 0.269

Filename: CP111.sc4 Printed 03-03-2004
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Civil Software Design -- SEDCAD+ Version 3.1
Copyright (Z) 1987-1992. Pamela J. Schwab. All rights reserved.

Company Name: BHP MINEZRALS
(,\ Filename: C:\BRIAN\CHINDEE User: DJR
: Date: 08-10-1996 Time: 07:38:05
CHINDE TzZMP CROSSING EAST SIDE DRAINAGE 10YR-06HR EVENT
Storm: 1.30 izches, 10 year- § hour, type II-65
Zydrograph Convolution Interval: 0.1 hr

STORM #1:

User-Defined Distribution

Label: type II-65
Accumulated
Accumulated Time (hrs) Dimensionless Depth
1 0.0C 0.000
2 0.5 0.006
3 1.0 0.012
4 1.5 0.019
5 2.0 0.026
6 2.5 0.034
5 7 3.0 0.043
(: 8 351D 0.055
S 4.0 0.067
10 4.5 0.083
11 .0 0.105
12 5.5 0.139
13 6.0 0.711
14 6.5 0.789
15 7.C 0.818
16 i s 0.837
17 5.0 0.851
18 E.ZD 0.861
19 .0 0.872
20 =5 0.880
21 10.0 0.888
22 10.5 0.894
23 11.0 0.900
24 11.5 0.905
25 12.0 0.910
26 12.5 0.915
27 13.0 0.920
28 13.5 0.925
29 14.0 0.930
30 14.5 0.934
31 15.0 0.938
32 15.5 0.943
33 16.0 0.947
& 34 16.5 0.951
35 17.0 0.954
36 i7.% 0.958
37 i8.C 0.962
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Civil Software Design -- SEDCAD+ Version 3.1
Copyright (C) 1287-1992. Pamelia J. Schwab. BAll rights reserved.
Company Name: BHP MINERALS
™ Filename: C:\BRIAN\CHINDEE User: DJR
A4 Date: 08-10-1996 Time: 07:38:05
CHINDE TEMP CROSSING EAST SIDE DRAINAGE 10YR-06HR EVENT
Storm: 1.30 inches, 10 year- § hour, type II-65
Hydrograph Convolution Interval: 0.1 hr
SUBWATERSHED/STRUCTURE INPUT/OUTPUT TABLE
-Hydrology-
Base- Runoff Peak
JBS SWS Area CN UHS Te K X Flow Volume Discharge
(ac) {hrs) (hrs) (cfs) (ac-£ft) (cts)
iyl L. it e 0.53 89 M c2.059 0.000 0.000 0.0 0.02 0.57
Type: Earthen Channel Label: EAST SIDE ROAD DITCH
111 Structure €.53 0.02
111 Total IN/OUT 0.53 0.02 0.57
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Civil Software Design -- SEDCAD+ Version 3
Copyright (C) 1987-1592. Pamela C. Schwab. ZZl1l1 rights reserved.
Company Name: BHP MINERALS
(“\ Filename: C:\BRIAN\CHINDEE User: DJR
- Date: 08-10-1996 Time: 07:38:05
CHINDE TEMP CROSSING EAST SIDE DRAINAGE 10YR-06HR EVENT
Storm: 1.30 inches, 10 year- 6 hour, type II-€53

-
1

Hydrograph Convolution Interval: 6.1 hr

Seg. Land Flow Segment Time Muskingum
J B S SWS # Condition Distance Slope Velocity Time Conc. K X
(f£t) (%) (fps) (hr) (hr) (hr)
111 1 -a 5 338.00 2.46 1.587 .06 0.05¢
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Civil Sofcware Design -- SEDCAD+ Version 3.1

Copyright (C) 1987-2992. Pamela J. Schwab. All rights reserved.

Company Name: BHP MINERALS

(”I Filename: C:\BRIAN\CEINDEE User: DJR
~ Date: 08-10-1996 Time: 07:38:05
CHINDE TEMP CROSSING EAST SIDE DRAINAGE 10YR-06HR EVENT
Storm: 1.30 inches, 10 year- 6 hour, type II-65
0.1 hr

Hydrograph Convolution Interval:

Jl, Bl1l, S1
EAST SIDE ROAD DITCH
Drainage Area Zrom J1, Bl, S1, SWS(s)1l: 0.5 acres
0.5 acres

Total Contributing Drainage Area:

MATERIAL: SANDSTONE COBBLES AND SHALE
Triangular Earthen Channel
Timicing Variable: Velccity = £.000 Ips
Sediment-.adern Water

Design Bottom

Discharge Width ZLeft ZRight Slope n
(cfs) (f£t) (%)
<:, 0.57 2.0:1 4.0:1 5.5 6.025
Top Hydraulic Froude
Depth Velocity Width Radius Numbexr
(£t) (£ps) (ft)
0.24 3.28 1.4 0.114 1.67
w/ Freeboard: 0.74 4.4
Runofz Peak
volume Zischargs
(ac-£ft) (cLs)
IN/OUT 0.02 0.57

******************************************************************************
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SEDCAD+ RIPRAP CHANNEL DESIGN

DROP STRUCTURE #2

INPUT VALUES:

Shape
Discharge
Slope
Sideslopes (L and R)
Freeboard
RESULTS:

Steep Slope Design - Simons/OSM Method

Depth

with Freeboard

Top Width

with Freeboard

Velocity

Cross Sectional Area
Hydraulic Radius

Manning’s n
Froude Number
Dmax

D50

D10

21

TRIANGULAR
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CHINDE TEMP CROSSING WEST SIDE DRAINAGE 10YR-06ER ZVZNT

by

Name: DJR
Company Name: IZHP MINERALS

File Name: C:\3RIAN\CEINDEW

Date: 08-10-19%6
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Civil Software Design -- SEDCAD+ Version 3.1
Copyrignt (C, 1987-1592. Pamela J. Schwab. A&All rights reserved.

Company Name: BHP MINERALS
(“\ Filename: C:\BRIAN\CHINDEW User: DJR
- Date: 08-10-1996 Time: 07:33:28
CHINDE TEMP CROSSING WEST SIDE DRAINAGE 10YR-06HR EVENT
Storm: 1.30 inches, 10 year- 6 hour, type II-65
Hydrograph Convolution Interval: 0.1 hr

STORM #1:
User-Defined Distribution

Label: type I1I-65

Accumulated
Accumulated Time (hrs) Dimensionless Depth
1 0.0 0.000
2 0.5 0.006
3 1.0 0.012
4 1545 0.019
5 2.0 0.026
6 2.5 0.034
: 7 3.0 0.043
(j 8 3.5 0.055
i 9 4.0 0.067
10 4.5 0.083
11 5.0 0.105
12 5.5 0.139
13 6.0 0.711
14 6.5 0.789
15 7.0 0.81°¢
16 755 0.837
17 g.C 0.851
18 8.5 0.861
19 9.0 0.872
20 9.5 0.880
21 10.0 0.888
22 10.5 0.894
23 11.0 0.900
24 11.5 0.905
25 12.0 0.910
26 12.5 0.915
27 13.0 0.920
28 13.5 0.925
29 14.0 0.930
30 14.5 0.934
31 15.0 0.938
32 15.5 0.943
y 33 16.0 0.947
_ 34 16.5 0.951
35 17.0 0.954
36 17.5 0.958
37 18.0 0.962

23





38 18.5 0.966
39 LS 50 0.969
40 LS E 0.973
41 20.0 0.976
(’“ 42 20.5 0.979
: 43 21.0 0.982
44 21.5 0.985
45 22.0 0.988
46 3 22.5 0.991
47 23.0 0.994
48 23.5 0.997
49 24.0 1.000
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Civil Software Design -- SEDCAD+ Version 3.1
Copyrighz (C) 1987-199z. Pamela J. Schwab. All xrights rsserved.
4, Company Name: BHP MINERALS
( ) Filename: C:\BRIAN\CHINDEW User: DJR
- Date: 08-10-1996 Time: 07:33:28

CHINDZ TEMP CROSSING WEST SIDE DRAINAGE 10YR-06HR EVENT
Storm: 1.30 inches, 10 year- 6 hour, type II-65
Hydrograph Convolution Interval: 0.1 hr

-Hydrology-
Base- Runoff Peak

JBS SWS Area CN UHS Tc K X Flow Vciume Discharge

(ac) (hrs) (hrs) (cfs) (ac-ft) (cfs)
Al 1= gl 0.54 8¢ M 0.063 0.000 0.000 0.C .02 0.58

T-/oe: Earthen Channel Label: WEST SIDE ROAD DITCH

112 Structure 0.54 .02
111 Total IN/OUT 0.54 0.02 0.58

-
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Civil Software Design -- SEDCAD+ Version 3.1
Copyright (C) 1987-1992. Pamela J. Schwab. All rights reserved.

Company Name: BHP MINERALS

(““ Filename: C:\BRIAN\CHINDEW User: DJR
~ Date: 08-10-1996 Time: 07:33:28
CHINDE TEMP CROSSING WEST SIDE DRAINAGE 10YR-06HR EVENT
Storm: 1.30 inches, 10 year- 6 hour, type II-65
Hydrograph Convolution Interval: 0.1 hr
DETAILED SUBWATERSHED INPUT/QUTPUT TABLE
Seg. Land Flow Segment Time Muskingum
J B S SWS # Condition Distance Slope Velocity Time Conc. K X
(ft) (%) (fps) (hr) (hr) (hr)

11 1 -a 5 352.00 2.37 1.54 0.06 0.063
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Civil Softwar=s Design -- SEDCAD+ Version 3.1
Copyright (C) 1987-1992. Pamela J. Schwab. All rights reserved.

Company Name: BHP MINERALS
Filename: C:\BRIAN\CHINDEW User: DJR
Date: 08-10-1996 Time: 07:33:28
CHINDE TEMP CROSSING WEST SIDE DRAINAGE 10YR-06HR EVENT
Storm: 1.30 inches, 10 year- 6 hour, type II-65
Hydrograph Convolution Interval: 0.1 hr

Jl, B1l, Ss1
WEST SIDE ROAD DITCH
Drainage Area from Jl1, Bl, S1, SWS(s)1l: 0.5 acres
Total Contributing Drainage Area: 0.5 acres

MATERIAL: SANDSTONE COBBLES AND SHALE
Triangular Earthen Channel
Limiting Variable: Velocity = $.000 fps
Sediment-.aden Water

Design Bottom Manning’s
Discharge Width ZLefz ZRight Slope n
(cfs) (£t) (%)
(j 0.58 2.0:1 4.0:1 5.5 0.025
g Top Hydraulic Froude
Depth  Velocity Width Radius Number
(ft) (fps) (ft)
0.24 3.29 1.4 0.114 1.67
w/ Freeboard: 0.74 4.4
Runozi: Peak
Volume Discharge
(ac-ft) (cfs)
IN/OUT 0.02 0.58

dkhkkkdkddhhhkhkhdhkhkdhdhdhkhkdhhdbhkhkhhhhhdhhhhdhdhhhdodhhhhhdhhhhhhkrhrrhdhhrhdbhhhhbhrhdhhbhdbhhhhrhhdd-
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SEDCAD+ RIPRAP CHANNEL DESIGN

DROP STRUCTURE #1

INPUT VALUES:

Shape
Discharge
Slope

Sideslopes (L and R)

Freeboard

RESULTS:

TRIANGULAR
0.58 cfs

7.
3.00:

1 ft

16
1

o
T

3.00:1

Steep Slope Design - Simons/OSM Method

Depth

with Freeboard

Top Width

with Freeboard

Velocity

Cross Sectional Area
Hydraulic Radius

Manning‘s n
Froude Number
Dmax

D50

D10
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SEDCAD+ CULVERT SIZING UTILITY
CP - 27 CHINDE TEMP CROSSING

Design Discharge 616.000 cts

12.000 feet
0.000 feet

Maximum Headwater
Tailwater Depth

Entrance Loss Coefficient = 0.9

Pipe Length = 175.000 feet
Pipe Slope = 1.147 %
Manning’s n = 0.024

Smallest Diameter Required to Pass Flow is 96 inches

PERFORMANCE CURVES:

Diameter: 72 inches

Headwater Discharge Flow
(ft) (cfs) Control Type
1.20 16.52 Iniet (Supercritical) 3
2.40 46.71 Iniet (Supercritical) 3
3.60 85.81 Inlet (Supercritical) 3
4.80 120.93 Outlet (Subcritical) 2 *
6.00 W57, 535 Outlet (Subcritical) 1 *
7.20 285156 9 Outlet (Subcritical) 1
8.40 274 .94 Outlet 6
9.60 304.44 Qutlet 6
10.80 331.32 Outlet 6
12.00 356.18 Outlet 6
13.20 379.42 Outlet 6
14.40 401.31 Outlet 6
15.60 422.07 Outlet 6
16.80 441 .85 Outlet 6
18.00 460.79 Outlet 6

* (Transition Region - Dataz may need to be smocthed.)

Diameter: 84 inches

Headwater Discharge Flow

(ft) (cfs) Control Type
1.20 19.27 Inlet (Supercritical) 3
2.40 54.50 Inlet (Supercritical) 3
3.60 100.11 Inlet (Supercritical) 3
4.80 154.14 Inlet (Supercritical) 3
6.00 210.58 Inlet (Supercritical) 3

7.20 239.50 Outlet (Subcritical) 1-*
8.40 314.62 Outlet (Subcritical) il
9.60 404 .58 Outlet 6
10.80 445 .43 Outlet 6
12.00 482.83 Outlet 6
13.20 517.54 Outlet 6
14.40 550.07 Outlet 6
15.60 580.77 Outlet 6
16.80 609.93 Qutlet 6
6

18.00 637.76 Cutlet

29
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* (Transition Region - Data may need to be smoothed.)

Diameter: 96 inches
Headwater Discharge Flow
(ft) (cfs) Contrcl Type
1.20 22.02 Inlet (Supercritical) 3
2.40 62.28 Inlet (Supercritical) 3
3.60 114 .42 Inlet (Supercritical) 3
4.80 176.16 Inlet (Supercritical) 3
6.00 246.18 Inlet (Supercritical) 3
7.20 323.62 Inlet (Supercritical) 3
8.40 344 .88 Outlet (Subcritical) il
9.60 435.76 Outlet (Subcritical) 1
10.80 561.46 Inlet 5
12.00 618.15 Outlet 6
13.20 667.63 Qutlet 6
14.40 713.69 Outlet 6
15.60 0.00 o
16.80 .00 0
18.00 c.o00 0]

Diameter: 108 inches

Headwater Discharge Flow
(ft) (cfs) Control Type
1.20 24 .78 Inlet (Supercritical) 3
2.40 70.06 Inlet (Supercritical) 3
3.60 128.72 Inlet (Supercritical) 3
4.80 198.18 Inlet (Supercritical) 3
6.00 276.96 Inlet (Supercritical) 3
7.20 364.07 Inlet (Supercritical) 3
€.40 458.78 Inlet (Supercritical) 3
S.€0 £07.90 Outletz (Subcritical) 2 %
10.80 57%.564 Qutlet {(Subcritical) 1 0*
22.00 2.00 o =*
13.20 0.00 0]
14 .40 0.00 0
15.60 0.00 0
16.80 0.00 0
18.00 0.00 0

Diameter: 120 inches

Headwater Discharge Flow
(£t) (cfs) Control Type
1.20 27.53 Inlet (Supercritical) 3
2.40 77.85 Inlet (Supercritical) 3
3.60 143.02 Inlet (Supercritical) 3
4.80 220.19 Inlet (Supercritical) 3
£.00 307.73 Inlet {(Supercritical) 3
7.2 404.5 Inlet (Supercritical) 3

30





8.40 509.75 Inlet (Supercricical) 3
.60 622.80 Inlet (Supercrizical) 3
10.80 716.10 Inlet (Supercrizical) 3
12.00 0.00 o *
13.20 0.00 0
14.40 0.00 0
15.60 0.00 0
16.80 0.00 0
18.08 0.00 0

* (Transition Region - Data may need to be smoothed.)
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@ SEDCAD Data for the Chinde Crossing As-Built for
10 year - 6 hour Storm Event

33





Civil Software Design -- SEDCAD+ version .-
-Copyrignt (C) 1987-1992. Pamela 5. Schwab. All rights reserved.

Company Name: BHP MINERALS
Filename: C:\CHXG1l User: £tj
Date: -3-24-1997 Time: 14:11:53
Chinde Crossing drop structure il
Storm: .30 inches, 10 year- 6 hour, c<ype iI-65
Hydrograph Convolution Interval: 0.1 hr

SUBWATERSHED/STRUCTURE INPUT/OUTPUT TABLE

-Hydrology-
Base- Runoff Peak
SWS Area CN UHS Tc X X Flow Volume Discharge
(ac) (hrs) {hrs) (cfs) (ac-ft) (cfs)
i 0.72 39 M 9.145 2.200 0.000 3.0 0.03 0.56
Type: Null Label: chxgl
Structure 0.72 0.03
Total IN/OUT 0.72 0.03 0.56

O

34





NAVAJO COAL COMPANY 10-Apr-97
NAVAJO MINE

PROJECT: CHINDE CROSSING AS-BUILT
ENGINEER FRANCIS T. JOHNSON

FILENO :
DRWG NO :
MMD REF:
Channel Design
Precipitation Event: 10YR-6HR
Design Flow Q10 0.56 CFS
Bottom Channel Width W= 0.00 Ft(min)
Side Slopes (Z1:1) Zi= 4.00
(Z2:1) 2= 4.00
Manning's Roughness Coefficient n= 0.038
Channei Bed Slope S= 27.90 %
STAGE FLOW
Flow Area Hydrauiic | Discharge Velocity
Depth Radius Rate
(FY) (Sq Ft) (CFS) (FPS)
0.00 0.00 0.00 0.00 0.00
025 025 0.12 1.26 5.04
0.50 1.00 0.24 8.02 8.02
0.75 225 0.36 23.67 10.52
1.00 4,00 0.49 51.02 12.76
1.25 6.25 0.61 92.58 14.81
1.50 9.00 0.73 150.63 16.74
1.75 1225 0.85 227.33 18.56
2.00 16.00 0.97 324.72 20.29
225 20.25 1.09 44472 21.96
2.50 25.00 1.21 589.19 23.57
2.75 30.25 1.33 759.93 25.12
3.00 36.00 1.46 958.67 26.63
3.25 4225 1.58{ 1187.09 28.10
3.50 49.00 1.70| 1446.83 29.53
3.75 56.25 1.82{ 1739.47 30.92
4.00 64.00 1.94 | 2066.59 32.29
425 72.25 2.06 1 2429.70 33.63 |
Flow Depth at Peak Discharge 0.19 Ft
Minimum Channel Depth Required 0.49 Ft
Ciritical Depth 0.27 Ft
Flow Type Supercntical flow
Froude Number 1.69
Flow Velocity 4.19 fps
Soil Type: SANDY CLAY
Erosive Velocity 3.50 fps
Flow Velocity is Greater than Erosive Velocity, Therefore Riprap Required
D50 Rock Size Available 1.00 Ft
Angle of Repose of Riprap Material 40.00 Degree
Minimum D50 Rock Size Required 0.70
Riprap Safety Factor for Minmum DSO Required
A. Channel Bed 154
B. Channel Slopes 2.14
Safety Factor for Riprap Design 1.50

Reference: 1. Hydraulic Engineering Circular No. 15;
Federal Highway Administration
2. Applied Hydrology and Sedimentology for Disturbed Areas
Chapter 3; B.J. Barfield and R.C. Wamer
University of Kentucky
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Civil Software Design -- SEDCAD+ Version .21

(jﬁopyright (C) 1987-1992. Pamela J. Schwab. All rights reserved.
" Company Name: BHP MINERALS
Filename: C:\CHXING#2 User: Z£t3
Date: 03-24-1997 Time: 14:19:34
Chinde crossing drop structure #2
Storm: 1.30 inches, 10 year- 6 hour, type II-65
Hydrograph Convolution Interval: 0.1 hr
SUBWATERSHED/ STRUCTURE INPUT/OUTPUT TABLE
-Hydrology-
Base- Runoff Peak
SWS Area CN UHS Tc K X Flow Volume Discharge
(ac) (hrs) (hrs) (ctfs) (ac-£ft) (cfs)
i 2.63 39 M 0.085 0.000 0.000 2.0 0.03 3.587
Type: Null Label: chxing#2
Structure 0.63 0.03
Total IN/OUT 0.63 0.03 0.67

@

36





CHINDE CROSSING DS #2 (WEST)
INPUT VALUES:
Shape TRIANGULAR
Discharge 0.67 cfs
Slope 15.60 %
Sideslopes (L and R) 5.00:1 5.00:1
Freeboard .5 ft
RESULTS:
Steep Slope Design - Simons/0SM Method

Depth 0.13 £=

with Freeboard 0.63 ==
Top Width 1.28 f=

with Freeboard 6.28 ft
Velocity 8.21 fps
Cross Sectional Area 0.08 sq ft
Hydraulic Radius 0.06 ft
Manning's n 0.037
Froude Number 5.72
Dmax 0.938 ft (11.25 in)
D50 0.750 ££ { 9.00 in)
D10 0.250 ft ( 3.00 in)
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APPENDIX 11-00

CHINDE WASH SURFACE WATER GAIN/LOSS REPORT





A

Chinde Wash Surface Water Gain/Loss Report

Introduction

In the 1997 annual hydrology monitoring report, BHP reported surface water losses (approx. 165
acre-feet) in Chinde Wash between the NAPI discharge point (up gradient of mining and CD-
1A) and Navajo Mine surface water site CD-2A below the Bigfill, a distance of approximately
nine miles. OSM requested (January 19, 1999 letter) that BHP characterize flow rates in several
shorter sub reaches of Chinde Wash between the (NAPI) discharge point and Navajo Mine

downstream surface water site CD-2A.

The gain/loss study plan is a product of discussions between OSM and BHP to address OSM’s
concerns about Chinde Wash and revise the portion of the Probable Hydrologic Consequences
(PHC) that discusses Chinde Wash. The purpose of the gain/loss study is three fold: 1)
characterize and document gains and/or losses of surface water flows along specified reaches of
Chinde Wash, 2) revise the PHC section of the Navajo Mine Permit, and 3) address OSM’s

concern of surface water losses occurring across reclaimed lands.

Gains and/or losses were determined by measuring flow rates within discrete sub reaches of
Chinde Wash. These flow measurements were then compared to determine if gains/losses are

occurring and where. Quarterly data results were submitted to OSM.

Background
Chinde Wash flows from Navajo Agricultural Products Industry (NAPI) lands, east of the permit

area, through the lease area to its confluence with Chaco River, west of the lease area. Chinde
Wash traverses the Navajo Mine near the middle of the lease area, entering the lease area above
Yazzie Pit and leaving the lease area at the Bigfill. The watershed area of Chinde Wash above the

lease boundary is 9,532 acres; the total premine watershed size is 26,136 acres.

Under natural conditions, Chinde Wash is a dry, ephemeral drainage that would flow only in

response to runoff from large precipitation events. Chinde Wash has artificially become an
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intermittent drainage as a result of irrigation return flow and direct NAPI discharges. The
attached Navajo Indian Irrigation Project (NAPI) information map, Exhibit 1, shows the extent

of NAPI activities relative to Navajo Mine.

Springs and seeps occur along upper Chinde Wash, above the lease boundary; due to NAPI
irrigation return flows. The source of water for the transient springs and seeps is extensive
irrigation activity up gradient of Chinde Wash. The saturation of the regolith (eolian sand) and
spring occurrence represents a distinct change from baseline conditions. No springs in the
regolith would have been present prior to NAPI activities, and thus Chinde Wash would not have

been an intermittent stream.

The springs are the result of excess, unused irrigation water migrating downward through a
spatially extensive and permeable eolian sand that underlies the irrigated fields. When this water
encounters the less permeable siltstones and shales of the underlying Fruitland Formation, it
migrates laterally along a stratigraphic contact between the unconsolidated eolian sand and
bedrock. As Chinde Wash progressively down cuts through the eolian sand and into the
underlying bedrock, the water migrating along this stratigraphic contact discharges onto the

surface and ultimately flows into the wash.
The springs are limited to the area of the sand bedrock contact along the banks of the wash.
Downstream of the eolian sand deposits, Chinde Wash no longer receives spring discharges

because the wash traverses a badlands area that is devoid of the eolian sand.

Monitoring Locations and Sub reaches

BHP determined where channel transmission losses were occurring by collecting one year of
quarterly synoptic flow measurements from three additional flow monitoring sites (CD-3T, CD-
4T, and CD-5T). The new monitoring sites were determined in the field by BHP and OSM
representatives on February 24, 1999. The three additional temporary monitoring sites, in
conjunction with CD-1A and CD-2A continuous flow measurement sites, allowed transmission

gain/loss determinations for five sub reaches within Chinde Wash.





The location of the three additional flow monitoring sites is:
CD-3T - free flowing section of Chinde Wash above the vegetated area at the Yazzie highwall.
CD-4T - free flowing section in the temporary diversion immediately downstream of culvert CP-

111.

CD-5T - free flowing section in the temporary diversion immediately downstream of culverts
CP-31, 32, 33, and 34.

The five sub reaches defined by the flow monitoring locations are:
Reach 1 — Length - 15,190 feet. NAPI monitoring/discharge site downstream to BHP site CD-
1A.
This reach begins at the headwaters of Chinde Wash and flows adjacent to thick sand (dune)
deposits where extensive irrigation takes place, the channel is well defined, open and

partially bedrock controlled. There are some contact springs along this reach.

Reach 2 — Length - 9,210 feet. CD-1A downstream to CD-3T
This reach is through badlands and the channel is well defined, deeply incised and
dominantly bedrock controlled. Channel bottom deposits are likely thin and are underlain by
bedrock. Low permeability rock units composed of mudstone and siltstone of the Kirtland
Shale Formation dominate the bedrock. There are several contact springs between the eolian

sand and bedrock units long this reach.

Reach 3 — Length — 11,640 feet. CD-3T downstream to CD-4T
This reach consists of the densely vegetated area above the Yazzie highwall and the diversion
along the highwall. Because of the dense vegetation and low gradient (<0.5%), there is no
defined channel and water sheet flows until it reaches the diversion. The vegetated area is
approximately 3,500 feet long and 700 feet wide. Artificial, low flow seeps have developed
at the top the Yazzie highwall immediately below the vegetated area. The seeps have
developed because of the pooling of water in the vegetated area above the highwall and occur
at the contact of Chinde Wash alluvial materials with the low permeability mudstones of the

Fruitland Formation.





Reach 4 — Length — 4,770 feet. CD-4T downstream to CD-5T

This reach flows in the diversion entirely on spoil through a regraded area.

Reach 5 — Length — 5,924 feet. CD-5T downstream to CD-2A
Parts of this reach flows through the vegetated area upstream of the Bigfill. There is only a
limited channel in the vegetated area, until flows reach an incised diversion that connects to

the culvert through the Bigfill. The length of the vegetated area is approximately 2,000 feet.

The total length from the NAPI discharge point to CD-2A is 46,735 feet (8.85 mi.). The five
sub reaches and the three quarterly monitoring sites are shown on Exhibit 1. The quarterly
data allowed a determination of gains/losses by comparing flow measurements for the

particular sub reach between monitoring points for that particular synoptic event.

Flow Data

Two types of flow data were collected and utilized as part of this study: synoptic quarterly
measurements at CD-3T, CD-4T, CD-5T, and continuous flow measurements at CD-1A and CD-
2A. The collection of flow data at CD-1A and CD-2A is detailed in Navajo Mine’s Permit and is

part of the permanent surface water-monitoring program at Navajo Mine.

Synoptic Data

The quarterly synoptic measurements consisted of a single instantaneous measurement of flow.
Measurements were taken at the beginning of the quarter for four quarters during the year from
April 1, 1999 through March 31, 2000. Specific dates when flow measurements were taken are
April 15, 1999; July 13, 1999; October 12, 1999 and January 19, 2000.

A summary of the synoptic quarterly data is provided below in Table 1. The objective of the
synoptic monitoring was to measure base flow at different points in the wash as close to the same
point in time as possible to determine whether surface water flows were increasing or decreasing.

Detailed data and methodology is provided in Appendix A.
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Table 1. Quarterly Synoptic Flow Data (gpm)

Station CD-1A (sensor) CD-3T CD-4T CD-5T CD-2A (sensor)
April 15,1999 680 974 202 321 320

July 13, 1999 <200? 283 0 11 <200*

October 12,1999  <200? 390 115 85 <2007

January 19,2000 ! 378 458 507 800

Ice and backwater condition prevented accurate stage measurement at CD-1A.
? Estimates only; very low stage measurements (<0.1°) recorded are approximating the accuracy of the sensor.

Continuous Discharge Monitoring Data

Stations CD-1A and CD-2A continuously recorded storm events and base flow caused by NAPI
irrigation flows. Ultrasonic stage sensors were used to determine water levels and store this
information in on-site data loggers. The stream stage data is converted to discharge by means of
stage-discharge curves developed for each station. Both stage and discharge continuous

hydrographs are then produced.

Data collected at Station CD-1A was impacted by weather, culvert maintenance and equipment
problems, which are detailed in Appendix A, Data and Methodology. The cumulative result of
these effects is that there are short blocks of time were the data is either inaccurate or the data is
not available at station CD-1A. However, the majority of the data is still of high quality and
allows for flow characterization between CD-1A and CD-2A.

Specifically, upstream-downstream comparisons of flows between CD-1A and CD-2A can be
made for select time intervals to examine base flows, and high flows due to NAPI releases and
precipitation events. Table 2 lists both peak flow measurements and flow volumes for selected
events and time intervals for stations CD-1A and CD-2A. Hydrographs for selected events are in

Appendix B.





Table 2. Continuous Flow Data and NAPI Operational Spills (cfs, ac-ft)

Peak Flow
Station Date Discharge Volume Type of Event

(cfs) (ac-ft)
NAPI 604+00 - -
CD-1A April 17, 1999 8.8 4.8 NAPI Discharge
CD-2A 22 1.8
NAPI 604+00 - -
CD-1A April 18,1999 14.5 8.0 NAPI Discharge
CD-2A 1.3 0.5
NAPI 604+00 42 1.7
CD-1A July 1, 1999 33.50 11.11 NAPI Discharge
CD-2A 1.88 0.82
NAPI 604+00 4.2 4.1 Base Flow and NAPI
CD-1A July 4-11, 1999 239 28.0 Discharge
CD-2A 8.7 18.1
NAPI 604+00 11.9 114 Base Flow and NAPI
CD-1A July 16-22, 1999 23.8 19.8 Discharge
CD-2A 3.3 5.1
NAPI 604+00 11.9 4.6
CD-1A July 22, 1999 23.8 14.5 NAPI Discharge
CD-2A <1.0 0.1
NAPI 604+00 4.2 0.7
CD-1A July 23, 1999 21.5 3.0 NAPI Discharge
CD-2A 5.9 53
NAPI 604+00 42 0.7
CD-1A July 27, 1999 252 4.6 NAPI Discharge
CD-2A <1.0 <0.1
NAPI 604-+00 - -
CD-1A August 3-4, 1999 308.1 38.9 Thunderstorm
CD-2A 132.6 76.1
NAPI 604-+-00 - -
CD-1A August 5-6, 1999 169.1 24.4 Thunderstorm
CD-2A 1174 64.2
NAPI Data

NAPI tracks operational spills into Chinde Wash and the information for 1999 is provided in
Appendix C. NAPI station 604+00 corresponds to the headwaters of one of the branches of
Chinde Wash. According to the information provided by NAPI, the total volume of water
released into the upper Chinde Wash during 1999 was 312 acre-feet. The information provided
by NAPI is an estimated total (see letter from Michael Francis, Appendix C) and is not an
absolute measurement of peak flow or volume. BHP data indicates that NAPI reported peak
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flows and volumes are conservative when compared to data collected at CD-1A. Information for
selective NAPI operational spills is listed on Table 2.

NAPI discharges are identified at stations CD-1 and CD-2A by information provided by NAPI
and sudden increase in discharge recorded at CD-1A and CD-2A during periods when no
precipitation was recorded at nearby Navajo Mine Meteorological Station MET II. Table 2 also
assumes the occurrence of NAPI spills that were not documented in information provided to

BHP based on CD-1A hydrographs from April 1999.

Discussion

Flow Characteristics

Chinde Wash storm flows are typical of ephemeral drainages in the semi-arid southwest. Storm
flows are characterized by a rapid increase in discharge from a low base flow to peak discharge,
followed by a recession to low discharge over several hours (see Appendix B for storm
hydrographs of August 3-4, 1999 and August 5-6, 1999). Chinde wash is unusual because it has
become perennial due to extensive agricultural return flows and direct discharges (operational
spills) from NAPI. Synoptic monitoring records a base flow of approximately 0-2 cfs (see Table
1), with the lowest flow measured on July 13, 1999.

Peak flows decrease from CD-1A to CD-2A during storms and NAPI operational spills. This is
particularly true for the thunderstorm of August 3-4, 1999 in which the peak flow decreased from
308.1 cfs at CD-1A to 132.6 cfs at CD-2A. NAPI operational spills also show a similar decrease
in peak flow downstream, and in some cases, the NAPI operational spill is barely recorded at
CD-2A. The reduction in the peak flow is due to the extensive vegetation in two vegetated areas
between the stations. The vegetation restricts flow, which causes the flow to spread out and
decrease the flow velocity. Furthermore, as discussed below, the vegetated areas cause increased

infiltration, evaporation and have high transpiration rates.

Gain/Loss

The synoptic, NAPI and continuous surface water monitoring data for Chinde Wash records that
during base flow and NAPI operational spills there is a net loss of surface water from the NAPI
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discharge point to Navajo Mine monitoring station CD-2A. For example, on April 18, 1999, flow
volume declined from 8.0 acre-feet at CD-1A to 0.5 acre-feet at CD-2A during a NAPI
operational spill. Similar instances of flow volume decreases between CD-1A and CD-2A
occurred throughout the year, such as on July 1, 1999 in which CD-1A recorded 11.11 acre-feet
of volume and CD-2A recorded only 0.82 of volume for the same NAPI operational spill.

However, the synoptic flow measurement data collected documents that the majority of the
declines in surface water base flow occur along Reach 3, from CD-3T to CD-4T. Identification
of the loss along this reach is significant because it pinpoints that the loss of surface water is

occurring upstream of reclaimed lands.

In contrast, during large storm events, the continuous monitoring data recorded that there is an
increase in flow volume from CD-1A to CD-2A (Table 2). For example, on August 3-4, 1999 a
large thunderstorm produced a flow volume of 38.9 acre-feet at CD-1A and a flow volume of
76.1 acre-feet at CD-2A. This increase is a result of increasing watershed size downstream and
thus the contributions of additional flow from tributaries progressively produce an increasing
volume of flow. Note also that the peak flow decreased from 308.1 cfs at CD-1A to 132.6 cfs at
CD-2A during the same storm due to the effect of the vegetated area above the Yazzie highwall.

Reach 1

Due to the conservative nature of the data provided by NAPI, changes in flow were not identified

in this reach.

Reach 2

Synoptic and continuous monitoring data record an increase in surface water flow during all
three measurements along Reach 2. The average gain along this reach of 189 gpm is attributed
to the addition of flow from springs caused by irrigation return flows. Surface water in this reach

flows dominantly on top of low permeability bedrock that limits surface water infiltration.
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Reach 3

Synoptic monitoring recorded a decrease in flow of surface water during three measurements
along Reach 3 for the first three quarters of 772 (974 to 202), 283 (283 to 0) and 275 (390 to
115) gpm, respectively. The decreases are primarily due to a densely vegetated area and to a

lessor extent, the proximity of the Yazzie highwall to the diversion.

The vegetated area upstream of the Yazzie highwall is responsible for significant losses of
surface water in Chinde Wash. The effect that the large vegetated area has on surface water
flows is two-fold: 1) reduces peak flows, and 2) enhances surface water loss. Surface water
losses occur due to the flows spreading out, creating a larger surface area for infiltration and
evaporation. Flows spread out and peak flows are reduced due to the low gradient and the silt
fence effect produced by the dense vegetation. The extensive and densely vegetated area will
also consume water by transpiration during the majority of the year. In addition, un-quantified
seeps have been observed on the Yazzie highwall face beneath the Chinde temporary diversion
confirming that surface water is infiltrating in the vegetated area. The cumulative effects of
these processes, without an additional source of incoming water, is to reduce the amount of

available water for downstream flows

During the fourth quarter, on January 19, 2000, an increase in flow of 80 gpm was recorded. The
increase is likely due to no evapotranspiration and limited infiltration during frozen conditions
present during the winter months. This measurement supports the conclusion that a majority of

surface water losses from the diversion are due to the vegetated area above the hi ghwall.

Reach 4

Synoptic monitoring identified that flow increased during three measurements by 119 (202 to
321), 11 (0 to 11) and 49 (458 to 507) gpm and decreased during one measurement by 30 (115 to
85) gpm along Reach 4 (Table 1). Surface water in this reach flows in the diversion entirely on
spoil through a regraded area. The data documents that surface water flows are dominantly

increasing slightly when flowing across spoil.





The small amounts of change in flow rates are attributed to the naturally low permeabilities in
spoil at Navajo Mine. The spoil is derived from dominantly sodic mudstone and siltstones that
when disturbed produce fine-grained material and swelling clays that have inherent low
permeabilities. Pit run spoil permeability was determined in the Leach Study (Chapter 11,
Appendix K) to be 10 cm/sec (four samples that ranged from 1.66 X 10%to 5.4 X 106 cm/sec),
which is a similar permeability to that of a compacted soil liner. The low measured permeability
values indicate that spoil material has the ability to minimize vertical infiltration of surface
water. Furthermore, the low permeability lab values measured in spoil independently support the

field flow measurements that surface water losses are not occurring across reclaimed lands.

Reach §

Synoptic monitoring recorded that flow was constant or increased slightly during four
measurements along Reach 5 (Table 1). Some of this reach is comprised of a vegetated area
upstream of the Bigfill. There is a poorly defined channel through the vegetated area until flow

reaches an incised diversion that connects to the culvert through the Bigfill.

The July 13, 1999 and October 12, 1999 continuous flow estimates at CD-2A during the synoptic
measurements are approximating the accuracy of the sensor. Nevertheless, the very low stage
measurements (<0.1”) recorded at CD-2A indicate that the very low flows are similar to the low

synoptic flow measurements.

Conclusion

Synoptic flow measurements and continuous flow data have adequately characterized and
documented gains and losses of surface water flows along specific reaches of Chinde Wash.
Specifically, the data collected support the conclusion that future reconstructed channels built in
spoils will not significantly alter surface water flows due to vertical infiltration. The data also

record that flow volume increased from CD-1A to CD-2A during large, high intensity storm

events.

Surface water losses occur during base flows and NAPI operational spills from the NAPI

discharge point to CD-2A. However, by dividing this nine-mile reach into smaller reaches and
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measuring flow between these reaches, Reach 3 was identified as losing a significant amount of
flow. Thus, the decrease in surface water flows is occurring upstream up the lease area in the

vegetated area.

Synoptic monitoring also identified that that surface water flows are dominantly increasing
slightly when flowing across regraded spoil in Reach 4. The small amounts of change in flow
rates across a spoil area are attributed to the naturally low permeabilities in spoil at Navajo Mine
that have been measured at 10 cm/sec. Thus, surface water flow data collected along the

temporary diversion demonstrate that impacts to surface water flows across reclaimed lands will

be minimal.

The conclusions and the supporting documentation presented in this report are the basis for

characterizations of Chinde Wash presented in the PHC.
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Data and Methodology





Appendix A
Data and Methodology

Sites for flow measurements were selected based on: 1) parallel flow lines of uniform velocity;
2) free flowing straight section of channel with measuring point and above and below; 3)
relatively free of obstructions such as rocks and plant material; 4) accessibility and ease of
measurement. Minor improvements were made to the channel to remove loose debris
(tumbleweeds and accumulated dead vegetation). Flow measurements were taken at 3)
locations: Stations CD-5T, CD-3T, and CD-4T.

To determine flow, two types of measurements were taken: 1) cross-sectional area of stream, and
2) velocity. Measuring the width and corresponding depth at numerous points along a cross-
section perpendicular to the stream determined cross-sectional area. Both edges (banks) of the
wetted perimeter were staked and a tape measure strung horizontally between the stakes. Depths
of flow measurements were taken using a second tape measure. Velocity was measured by
timing a weighted cork floating a staked and measured distance (either 5 or 10 foot stream
length). Five timed runs were taken over the staked stream length for each site and the average
was used to calculate flow velocity. Stream lengths were measured outside to outside of the

stakes.

April 15, 1999 Chinde Wash Flow Measurements

Station Velocity (f/s)  Area (sqft) Discharge (cfs) GPM
CD-1T 1.96 0.78 1.52 682
CD-1A (sensor)? - - - -
CD-3T 2.69 0.81 2.17 974
CD-4T 0.98 0.46 0.45 202
CD-5T 1.3 0.55 0.70 321
CD-2A (sensor) - - 0.70 320

]Station added due to backwater condition at CD-1A and located approximately 200 yards downstream of CD-1A
during April only.
? Backwater condition prevented accurate stage measurements (see note above).
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July 13, 1999 Chinde Wash Flow Measurements

Station Velocity (f/s)  Area(sqft) Discharge (cfs) GPM
CD-1A (sensor) - - 0.5 <200'
CD-3T 1.36 0.46 0.63 283
CDh-4T No Flow No Flow 0 0
CD-5T 0.64 0.038 0.024 11
CD-2A (sensor) - - <0.25 <<200"

" Estimates only; very low stage measurements (<0.1’) recorded are approximating the accuracy of the sensor.

October 12,1999 Chinde Wash Flow Measurements

Station Velocity (f/s)  Area(sqft) Discharge (cfs) GPM
CD-1A (sensor) 0.5 <200
CD-3T 1.81 0.48 0.87 390
CD-4T 0.67 0.38 0.26 115
CD-5T 0.28 0.68 0.19 85
CD-2A (sensor) <0.5 <200’

! Estimates only; very low stage measurements (<0.1°) recorded are approximating the accuracy of the sensor.

January 19, 2000 Chinde Wash Flow Measurements

Station Velocity (f/s)  Area(sqft) Discharge (cfs) GPM
CD-1A (sensor) - - * *
CD-3T 1.31 0.64 0.84 378
CD-4T 0.99 1.03 1.02 458
CD-5T 0.75 1.55 1.16 507
CD-2A (sensor) - - 25 800

“Ice and backwater condition prevented accurate stage measurement at CD-1A.

Due to culvert maintenance, the majority of the stage data collected during April, May,
December and part of November 1999 and January and part of F ebruary 2000, may not be
representative of actual flow stage within Chinde Wash at CD-1A. The maintenance work by
the Bureau of Indian Affairs (BIA) consisted of reconstructing the culvert down drain with
concrete blocks and earthen fill to slightly above the level of the culvert, creating a dam and

backwater/pool condition inside the culvert and beneath the ultra sonic sensor. Thus, the ultra
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sonic sensor measured an artificially higher stage than what would have been measured under

flowing conditions.

In late December 1999, the situation created at monitoring station site CD-1A by BIA resulted in
the pooled water inside the culvert freezing solid. The ice blockage inside the culvert persisted

through January and into February 2000.

During each occurrence, the backwater/ice situation persisted until large flows eroded the fill
material elevation to below the level of the culvert, eliminating the backwater area. The

problems with stage measurements have been identified on the quarterly hydrology monitoring

reports.

Weather problems associated with the ability to collect samples at CD-1A and CD-2A included a
brief power outage during a thunderstorm in late May 1999, which prevented measurement of

stage during a storm induced high flow.

Stage measurement accuracy was affected by the size and spacing of large corrugations on the
large culvert at CD-1A. The corrugations sporadically produced an offset in the stage readings
of approximately 0.1-0.2 feet. Several actions were taken to correct for this error, such as
modifying the equipment and station set-up and replacing components (transducer) on the sensor.
The ultra sonic sensor was lowered from a distance of approximately 17 feet to 10 feet above the
base of the culvert, but with limited improvement in accuracy. Following the manufacture’s
recommendation, the transducer component inside the sensor was replaced which produced some

improvement in stage readings.
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Appendix B
Chinde Wash Gain/Loss Report

Discharge Hydrographs
CD-1A
CD-2A





Continuous Hydrographs
Corresponding to Synoptic Flow Measurements
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Appendix C
Chinde Wash Gain/Loss Report

Navajo Agricultural Products Industry
Operational Spill Data for Chinde Wash
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NAVAJO AGRICULTURAL PRODUC TS INDUSTRY

B

P.O. DRAWER 1318 FARMINGTON, N.M. 87499, PH. (505) 327-5251, FAX (505) 326-3152

Andrew Young 00-OMSC-07
BHP Navajo Mine
P.O. Box 1717
Fruitland NM
87416

Re: Navajo Agricultural Products Industry (NAPT)
Operation & Maintenance
1999 Operational Spill Report

Dear Andrew;

Enclosed please find the requested information pertaining to the operational spills from the Navajo
Indian Irrigation carriage system for the 1999 NAPI irrigation season. The information is an estimated total,
The information was provided in the past voluntarily to assist BHP in their compliance reports.

If you need further assistance please call Daniel Lopez in our System Control branch at (505) 326-
2970/7650.

Id
> -{;‘r.ga-z
Michael Fraficis
O&M Director

CC.: files
Daniel Lopez, NAPI O&M, Systems Control Manager





NAVAJO AGRICULTURAL PRODUCTS INDUSTRY
Station 604+00/245+50 Operational Spill

FOR 1999
A}
FOR MONTH ENDING MARCH, 1999
Date Station No.” Total Gaged ~ CFS Time Acre Feet |
3/25 245+50 200.00 7.00 115.9
3/127 604+00 0.10 4.20 9.00 3.1
3/28 604-+00 0.10 4.20 12.00 4.2
3/28 604+00 0.10 4.20 12.00 42
3/28 245+50 200.00 2.00 33.1
3129 604+00 0.10 4.20 8.00 2.8
604+00 SPRAY WATER PUMP 9.9
TOTAL SPILL 173.10
FOR MONTH ENDING APRIL, 1999
[ Date Station N6. _ Total Gaged CFS Time Acre Feot |
4R 604+00 0.10 4.20 22.00 7.6
4/3 604+00 0.10 4.20 16.00 5.6
4/4 604+00 0.10 4.20 21.00 7.3
4/5 604+00 0.10 4.20 24.00 8.3
4/6 604+00 0.10 4.20 24.00 8.3
a7 604+00 0.10 4.20 3.00 1.0
4/9 604+00 0.20 11.88 1.00 1.0
4/9 604+00 0.10 4.20 7.00 24
4/12 604+00 0.10 4.20 4.00 14
413 604+00 0.10 4.20 1.00 0.3
414 604+00 0.10 4.20 1.00 0.3
4/16 604+00 0.10 4.20 6.00 2.1
4/20 604+00 0.10 4.20 2.00 0.7
4/24 245+50 200.00 7.00 115.9
4/28 604+00 0.10 4.20 4.00 1.4
604+00 SPRAY WATER PUMP 9.9
TOTAL SPILL 173.65
FOR MONTH ENDING MAY, 1999 .
| Date Station No.  Total Gaged CFS Time Acre Feet |
5/4 245+50 200.00 1.00 16.6
5/6 604+00 0.10 4.20 2.00 0.7
5/7 245+50 200.00 6.00 99.3
5/12 604+00 0.10 4.20 1.00 0.3
5/12 245+50 200.00 6.00 99.3
5/15 245+50 200.00 3.00 49.7
5/15 604+00 0.10 4.20 2.00 0.7
5/15 604+00 0.20 11.88 2.00 2.0
5117 245+50 200.00 1.00 16.6
5117 604+00 0.10 4.20 1.00 0.3
5118 245+50 200.00 1.00 16.6
5/18 604+00 0.30 21.80 1.00 1.8
5/18 604+00 0.50 45.40 1.00 3.8
5/18 604+00 0.60 61.60 2.00 10.2
5/21 604+00 0.10 4.20 2.00 0.7
5/21 245+50 200.00 3.00 49.7
5/23 604+00 0.10 4.20 4.00 1.4
5/24 604+00 0.10 4.20 2.00 0.7
5/29 604+00 0.10 4.20 3.00 1.0
5/30 604+00 0.10 4.20 1.00 0.3
5/31 604+00 0.10 4.20 1.00 0.3
604+00 SPRAY WATER PUMP 9.9

TOTAL SPILL 381.78





FOR MONTH ENDING JUNE, 1999

| Date Station No.  Total Gaged CFS Time Acre Feet |
6/2 245+50 200.00 3.00 49.7
6/2 604+00 0.10 4.20 2.00 0.7
6/4 604+00 0.10 4.20 1.00 03
6/6 245+50 200.00 9.00 149.0
6/6 604+00 0.10 4.20 2.00 0.7
6/7 245+50 200.00 2.00 33.1
6/7 604+00 0.10 4.20 3.00 1.0
6/9 604+00 0.10 4.20 1.00 0.3
6/11 245+50 200.00 2.00 33.1
6/12 245+50 200.00 6.00 99.3
6/12 604+00 0.10 4.20 1.00 0.3
6/12 604+00 0.20 11.88 1.00 1.0
6/13 604+00 0.10 4.20 2.00 0.7
6/13 604+00 0.20 11.88 2.00 2.0
6/14 604+00 0.10 4.20 2.00 0.7
6/16 245+50 200.00 4.00 66.2
6/16 604+00 0.10 4.20 6.00 2.1
6/17 245+50 200.00 7.00 115.9
6/17 604+00 0.10 4.20 1.00 03
6/17 604+00 0.20 11.88 5.00 4.9
6/18 604+00 0.20 11.88 1.00 1.0
6/18 604+00 0.10 4.20 4.00 14
6/19 604+00 0.10 4.20 2.00 0.7
6/20 245+50 200.00 4.00 66.2
6/23 604+00 0.20 11.88 1.00 1.0
6/25 604+00 0.10 4.20 2.00 0.7
6/26 604+00 0.10 4.20 2.00 0.7
6/26 245+50 200.00 2.00 33.1
6/27 604+00 0.10 4.20 4.00 1.4
604+00 SPRAY WATER PUMP 9.9
TOTAL SPILL 677.34
FOR MONTH ENDING JULY, 1999
| Date Station No, Total Gaged CFS Time _Acro Feot |
77M 604+00 0.10 4.20 5.00 1.7
7/2 245+50 200.00 2.00 33.1
7/2 604+00 0.10 4.20 5.00 17
7/3 604+00 0.10 4.20 7.00 24
7/3 604+00 0.20 11.88 7.00 6.9
7/13 245+50 200.00 5.00 82.8
7/3 604+00 0.30 21.80 1.00 1.8
7/4 604+00 0.10 4.20 4.00 14
7/5 604+00 0.10 4.20 2.00 0.7
777 245+50 200.00 3.00 49.7
7/9 604+00 0.10 4.20 3.00 1.0
7/9 245+50 200.00 9.00 149.0
710 245+50 200.00 1.00 16.6
7/10 604+00 0.10 4.20 3.00 1.0
7113 604+00 0.10 4.20 2.00 0.7
713 604+00 0.20 11.88 2.00 2.0
7/16 245+50 200.00 7.00 115.9
717 245+50 200.00 2.00 33.1
7/18 604+00 0.10 4.20 6.00 2.1
7/19 245+50 200.00 2.00 33.1
7/21 245+50 200.00 2.00 33.1





7/21 604+00 0.20 11.88 3.00 29
7/21 604+00 0.30 21.80 1.00 1.8
7122 604+00 0.10 4.20 2.00 0.7
7/22 604+00 0.20 11.88 4.00 3.9
7/23 245+50 200.00 3.00 49.7
7/23 604+00 0.10 4.20 2.00 0.7
7127 604+00 0.10 4.20 2.00 0.7
7/28 245+50 200.00 2.00 33.1
7/28 604+00 0.20 11.88 1.00 1.0
7/28 604+00 0.30 21.80 1.00 1.8
7/28 604+00 0.40 33.60 2.00 5.6
7/29 604+00 0.10 4.20 1.00 0.3
7/29 604+00 0.20 11.88 1.00 1.0
7/31 245+50 200.00 3.00 49.7
7/31 604+00 0.10 4.20 4.00 14
7/31 604+00 0.20 11.88 4.00 3.9
7/31 604+00 0.30 21.80 1.00 1.8
604+00 SPRAY WATER PUMP 9.9
TOTAL SPILL 739.54
FOR MONTH ENDING AUGUST, 1999
[ Date Station No. Total Gaged CFS Time Acre Fest |
812 245+50 200.00 8.00 132.4
8/2 604+00 0.10 4.20 1.00 0.3
8/3 245+50 200.00 2.00 33.1
8/3 604+00 0.10 4.20 1.00 0.3
8/4 245+50 200.00 1.00 16.6
8/5 604+00 0.20 11.88 1.00 1.0
8/5 245+50 0.20 44.55 1.00 3.7
8/5 604+00 0.30 81.75 5.00 33.8
8/5 604+00 0.40 126.00 1.00 104
8/5 604+00 0.50 170.25 1.00 14.1
8/9 245+50 200.00 3.00 49.7
8/10 245+50 200.00 9.00 149.0
8/10 604+00 0.10 4.20 1.00 0.3
8/10 604+00 0.30 21.80 6.00 10.8
8/11 245+50 200.00 5.00 82.8
8/11 604+00 0.10 4,20 3.00 1.0
8/12 604+00 0.10 4.20 5.00 17
8/13 604+00 0.10 4.20 2.00 0.7
8/14 245+50 200.00 2.00 33.1
8/14 604+00 0.10 4.20 2.00 0.7
8/15 604+00 0.10 4.20 3.00 1.0
8/16 245+50 200.00 2.00 33.1
8/16 604+00 0.10 4.20 3.00 1.0
8/17 245+50 200.00 9.00 149.0
8/18 245+50 200.00 3.00 49.7
8/19 604+00 0.10 4.20 3.00 10
8/19 245+50 200.00 2.00 33.1
8/23 604+00 0.10 4.20 4.00 14
8/26 245+50 200.00 9.00 149.0
8/27 245+50 200.00 5.00 82.8
8/30 245+50 200.00 6.00 99.3
604+00 SPRAY WATER PUMP 9.9
TOTAL SPILL 1185.76





FOR MONTH ENDING SEPTEMBER, 1999

Date Station No.  Total Gaged CFS Time Acre Feet |
917 604+00 0.10 4.20 2.00 0.7
917 604+00 0.20 11.88 1.00 1.0
9/8 604+00 0.10 4.20 3.00 1.0
9/8 604+00 0.20 11.88 2.00 20
9/13 604+00 0.10 4.20 2.00 0.7
9/13 604+00 0.20 11.88 1.00 1.0
9/13 604+00 0.10 4.20 3.00 1.0
9/28 604+00 0.10 4.20 1.00 0.3
9/28 604+00 0.20 11.88 1.00 1.0
9/30 604+00 0.10 4.20 6.00 2.1
9/13 604+00 0.20 11.88 3.00 29
604+00 SPRAY WATER PUMP 9.9
TOTAL SPILL 23.67
FOR MONTH ENDING OCTOBER, 1999

Date Station No, Total Gaged CFS Time Acre Feet |
10/15 604+00 0.10 4.20 6.00 2.1
10/26 604+00 0.10 4.20 2.00 0.7
10/27 604+00 0.10 4.20 5.00 1.7
10/27 604+00 0.20 11.88 3.00 29
10/28 604+00 0.10 4.20 10.00 3.5
10/28 604+00 0.20 11.88 2.00 20
10/29 604+00 0.20 11.88 3.00 2.9
604+00 SPRAY WATER PUMP 9.9
TOTAL SPILL 25.76
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1.0 PROJECT SCOPE

1.1 INTRODUCTION

URS Corporation (URS) was retained by BHP Navajo Coal Company (BNCC) to provide
professional engineering services for the revision of final design report, design drawings, and
construction bid specification packages from a design proposed by URS (2006). The original
URS design was based on the review of a design prepared by MWH Americas, Inc. (MWH) for
permitting that consisted of an aggregate haul road, and low-flow culvert (MWH, 2004). URS’
final design report is dated June 2006 and titled, Cottonwood Arroyo Crossing, BHP Navajo
Coal Mine, Farmington, New Mexico (URS, 2006). Subsequent to the June 2006 design report,
BNCC provided a purchase requisition to URS on May 2, 2006 to:

e Review the design previously proposed by MWH for compliance with acceptable
standards of practices of the New Mexico Board of Registration for Professional
Engineers and Land Surveyors (NMBR);

o Assess the availability of materials specified on the drawings and identify those with
long procurement times that could impact the project schedule;

¢ Revise the design drawings per a list of items provided in Appendix A of this report;
¢ Finalize the engineering drawings for issue of bidding and construction;

e Prepare detailed material and construction specifications covering all aspects of earth,
concrete, and steel construction; and

e Prepare and provide a final engineering report that contains drawings and appendices.
The June 2006 design consists of:
e A box culvert structure in the existing arroyo channel to drain runoff from the low flow

storm event;

e Heavy vehicle haul roads to accommodate the frequent use of 735,000-pound (Ib) haul
truck and the occasional use by a 13-million-pound excavator; and

e An emergency light vehicle bridge (conceptual)
In February 2007, BNCC issued a scope of work to revise the June 2006 design per the
following:

e General

o Provide professional engineering services in accordance with acceptable
practices of the State of New Mexico Board of Registration for Professional
Engineers and Professional Land Surveyors.

o Provide all supervision, labor, materials and equipment required to perform the
engineering services.

¢ Work shall include but not limited to the following:

o Assess the availability of the materials specified on the drawings and identify
those with long procurement time that could impact the project schedule.
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C 1.2

o Revise the engineering drawings and report with the following changes:
* Eliminate the emergency bridge and revise the drawings accordingly.

* Evaluate and provide an estimated cost for armoring the down stream
side of the haul road at the spillway; consider the 25 year-6 hour and 50
year — 6 hour storm events.

* Consult with Owner in selecting the armoring option and revise the
drawings accordingly.

* Update the pay item quantities.

* Evaluate box culvert design based on changes in flow rate based on
revised BNCC hydrologic model.

* Finalize the engineering drawings.

= If necessary update/modify the detailed material and construction
specifications covering all aspects of earth, concrete and steel
construction.

Final Engineering Report

o Provide updated/modified sections for the engineering report, and
update/modified drawings and appendices.

o Provide electronic files on a CD of all the contents in the report in PDF format
and the drawings in dwg format including PDF format.

DESIGN CRITERIA

The following design criteria were established by BNCC:

1.3

The design flow for the box culverts is 2,186 cubic feet per second (cfs) without
impoundment and this is equivalent to the maximum flow generated by the 10-year,
6-hour storm event;

The design flow for the spillway is 4,040 cfs and this is equivalent to the maximum flow
generated by the 50-year, 6-hour storm event;

A minimum 120-ft (ft)-wide crossing is required to provide a drag-line walk-road and an
80-ft heavy vehicle haul road and 40-ft regular vehicle access road:

The design drag-line load is created by a Marion model 8750 with 116-ft outside width,
13,050,000-Ib working weight, and two 16-ft by 80-ft shoes with a bearing pressure of
5,098 pounds per square foot (psf);

The design heavy vehicle load is created by a Kress CH-220C 114-ton coal hauler with
a maximum operating weight of 735,000 Ibs. Each dual wheel unit has a bearing
pressure of 14,700 psf on an 12.54-square-foot (sq ft) area;

The frequency of one-way haul truck trips per week is 720 (BNCC, 2006); and
DESIGN ASSUMPTIONS

BNCC is responsible for inspecting the haul road and associated structures for
maintenance issues after each significant storm event, which is not limited to the 50-
year event.
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e URS provided alternatives for armoring the downstream portions of the haul road during
the 25-year and 50-year, 6-hour events. URS also recommended armoring critical
portions of the haul road the upstream. BNCC notified URS that they selected the 50-
year, 6-hour armoring alternative in an email from Kevin Bahe on April 10, 2007 BNCC
will also monitor and maintain the haul road integrity as required.

e BNCC directed that an un-compacted, 7-ft-high safety berm with 1.5H:1.0V slopes be
constructed along the west side of the haul road where a 3.0-ft drop-off exists. BNCC
also requested that a Mine Safety and Health Administration (MSHA)-approved double-
railed guardrail be placed along the west side of the haul road where the haul road
crosses the box culvert.

e BNCC directed that the haul road tie-in elevations are 5272 ft at the north and 5280 ft at
the south.

o Net cut and fill materials (run-of-mine) are within 0.50 mile of the project site.
1.4 TERMS OF REFERENCE

BNCC provided a purchase requisition under contract SA# 612, Change Order #2 to URS on
March 12, 2007 to conduct the following work:

Task 1 incorporates the bulk of the design revisions. The purpose of this task is to ensure that
the final design package meets the Scope of Work and is in accordance with the State of New
Mexico Board of Registration for Professional Engineers and Professional Land Surveyors.
URS will ensure that all aspects of the design and design documentation meet these
requirements to the extent that the project team will affix their professional seals to the design
drawings and specifications. Task 1 is broken down in to three subtasks:

Subtask 1.1 - Drainage Scope
1. Review original construction drawings, specifications, and quantities to determine the

extent of changes, affected work, and long term procurement issues, as well as,
coordinate with other URS engineering disciplines.

2. Review the revised hydrologic data as provided to URS by BNCC on February 7, 2007.

3. Revise hydraulic computations to reflect necessary changes. The HEC-RAS model will
be revised to reflect the elimination of the bridge and to modify discharge values as
needed. The culvert computations will be revised to reflect a shorter length to reflect the
smaller roadway footprint. Based on the hydrologic data changes, the culvert sizing will
be re-evaluated to determine if the size can be decreased or a barrel(s) can be
eliminated.

4. Revise roadway and structural drawings with respect to hydrology and update
appropriate material quantities

5. Respond to and incorporate any client comments to construction documents.

Subtask 1.1.1 — Erosion Protection Alternatives Analysis and Drawings
1. Perform erosion protection calculations for two options:
a. Armoring Downstream Face of Haul Road for the 25-year event
b. Armoring Downstream Face of Haul Road for the 50-year event
2. Develop cost estimates for the two options for armoring of the haul road downstream
face.
3. Revise the drainage drawings to reflect the updated roadway footprint and embankment
grading and selected armoring alternative.

Subtask 1.2 — Structural Scope
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1. Review original construction drawings, specifications and quantities to determine extent
of changes, affected work, and long term procurement issues as well as, coordinate with
other disciplines.

2. Revise structural drawings to meet drainage hydraulic and soil grading requirements
including CAD and detail check revisions. It is anticipated that culvert lengths and end
treatments, and the number of culvert barrels may change. Integrate review of roadway
and hydrology drawings with respect to structure and update appropriate material
quantities.

3. Respond to and incorporate any client comments to construction documents.

Subtask 1.3 — Ramps and Haul Road Scope
1. Review original construction drawings, specifications and quantities to determine extent
of changes, affected work, and long term procurement issues, as well as, coordinate
with other disciplines.
2. Revise haul road drawings to meet drainage group hydraulic and soil grading
requirements including CAD and detail check revisions.
3. Respond to and incorporate any client comments to construction documents

Task 2 This task includes revising and resealing the design report to incorporate the above
design revisions. This task also includes project management and intemal URS Independent
Technical Review on all calculations, plan sheets, report, and cost estimates. URS will provide
BHP with two hard copies of this report, drawings, and appendices. URS will provide electronic
files of the report, drawings, and appendices on a CD in PDF format. In addition, the drawing
will also be provided in AutoCad format.

Both the May 2, 2006 and the March 12, 2007 Change Orders are presented in Appendix A.

7 May 2007





Cottonwood Arroyo Crossing Final Design Report

2.0 SITE DESCRIPTION

The site is located at approximate elevation 5,260-ft above sea level (asl) on the Cottonwood
Arroyo approximately 24 miles southwest of Farmington, New Mexico and within the BNCC
mine permit area on the Navajo Reservation as shown on Figure 1 — Key Plan (MWH, 2004).

Cottonwood Arroyo is a major sand-bed ephemeral drainage with a watershed area of
approximately 77 square miles (Figure 2 — Area of Proposed Crossing Site). Approximately 14
percent (%) of the watershed lies within the permit area. This drainage area includes
approximately 12.4 square miles of the adjacent Chinde Wash drainage to the north that is
diverted into Cottonwood Arroyo by the Navajo Indian Irrigation Project's Ojo Amarillo canal into
the Cottonwood drainage. About 49% of the watershed is covered by badlands, direct
contributors to the high runoff/discharge, flow intensities and sediment load observed in this
drainage (MWH, 2004).

Typically, the channel at the crossing site will experience a rapid increase in discharge from a
dry channel to peak flow, followed by a recession to a low discharge in a matter of several
hours. These conditions can result in the transport of large of amounts of sediment and cause
extensive change to the shape of the channel during just one event. The dynamic character of
the channel is clearly evidenced by the traces of previously abandoned channels along the
edges of the current Cottonwood Arroyo channel (MWH, 2004).

Sources of strong durable rock for riprap and channel armor protection are limited in the
immediate vicinity of the site and this is an important cost consideration for the project. The
best locally available material for riprap and channel armor is fairly durable, compact, cemented
sandstone from an old BNCC pit, but that this material is available in only very limited quantities.
Durable rounded river rock, sand, gravel, and good-quality concrete aggregate is available from
sources in Farmington, New Mexico, and Durango, Colorado (MWH, 2004); however, the river
rock Ds; dimensions do not meet the wire enclosed Class A rip rap specifications. Therefore,
river rock gabions, gabion mats and Reno mattresses will be utilized for all erosion protection
structures.

Progressive overburden stripping, coal extraction and land reclamation activities are ongoing
immediately north of the site at the Dixon Pit. The ground surface slopes gently from the mining
areas at approximate elevation 5,280-ft above sea level (asl), across the broad floodplain of the
Arroyo at approximate elevation 5,263-ft asl and into the incised main channel with thalweg
invert at approximate elevation 5,258-ft asl. The ground surface then rises rapidly to the south
to reach a plateau elevation of approximately 5,300-ft asl. At the crossing site, the topography
is gently rolling (see Figure 3 — Oblique View of Proposed Crossing Site) (MWH, 2004).
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3.0 SITE INVESTIGATIONS

MWH conducted a geotechnical site investigation, which included three soil borings and six test
pits. Geotechnical testing was performed by GEOMAT, Inc, of Farmington, New Mexico for in-
situ density and moisture, Unified Soil Classification System (USCS) classification, gradations,
compaction characteristics, and direct shear. Run-of-mine materials were tested for R-value.
Soil boring and test pit locations are shown on Drawing C-2. Details of the geotechnical
investigation are presented in MWH's permitting design report along with summary tables, soil
boring and test pit logs, and geotechnical laboratory results (MWH, 2004).

3.1  SUMMARY OF MWH GEOTECHNICAL INVESTIGATION RESULTS

Generally, the subsurface conditions were investigated from a floodplain elevation of 5264 ft asl
with a poorly graded, medium dense, dry sand being encountered to an approximate elevation
of 5257-ft-asl. Underlying the poorly graded sand is a well-graded, medium dense, moist sand
and sand with gravel that extends to an approximately elevation of 5243-ft asl. Groundwater
was encountered at approximately 20-ft below ground surface (bgs) in all three soil borings
(approximately 5243-ft asl). North of the arroyo channel, soft and plastic clay was encountered
from approximately 19 to 24-ft bgs (5242 to 5239-ft asl). However, this soft clay material was
not encountered in DH-3 south of the channel. On both sides of the channel and at an elevation
of approximately 5239-ft asl, a hard, dry siltstone was encountered. The siltstone has seams of
black coal up to 6 in. thick and it extends to at least an elevation of 5226-ft asl (MWH, 2004).

12 May 2007
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4.0 CROSSING DESIGN

The crossing design is presented on 12 civil drawings (C-1 through C-12), four hydrology and
hydraulics drawings (D1 through D-4) and four structural drawings (S-1 through S-4).

4.1 HAUL ROAD

A 120-ft-wide haul road is required across Cottonwood Arroyo to carry a Marion 8750 dragline
weighing 13,050,000 Ibs south to the Area IV - North Development and to carry Kress CH-220C
haul trucks with loaded weight of 735,000 Ibs, north to the coal blending area. The haul road
was designed to withstand one-way truck traffic frequency of 720 trips per week and routine
maintenance would be performed by BNCC. The haul road surface profile is constrained by:

* The elevation of existing haul roads on the north side of the Arroyo;
 The elevation of proposed haul roads on the south side of the Arroyo;
 Vertical curvature and gradient constraints on operating equipment;

e Minimum cover over proposed box culvert sections; and

e The required spillway’s invert elevation.

A proposed profile has been developed that consists of a series of three vertical curves with
lengths of 120 ft, 300 ft, and 100 ft and maximum 4% grades. The haul road drops from 5272 ft
asl to the north into a sag curve. The low point of the crossing acts as a proposed low-level
spillway crossing of the existing floodplain on the north side of the Arroyo and rises above a
proposed box culvert crossing of the existing channel reaching elevation 5280 ft asl on the
south side of the Arroyo. The minimum cover area of the box culvert is 4-ft The haul road will
be divided into an 80-ft-wide haul truck traffic-way to the west (downstream of centerline) and a
40-ft-wide regular vehicle traffic-way to the east (upstream of centerline). The road surface will
be crowned between the two traffic-ways and will be graded with outward cross slopes of 2.5%
in each direction to facilitate rapid drainage during rainfall and snowmelt events. In addition, a
downstream earthen safety berm has been added where the elevation differential between the
edge of the road is 3-ft or greater above the native ground surface. In the constricted area
along the culvert, an MSHA approved guardrail will be constructed instead of an earthen berm.
Typical roadway sections are shown on Drawing C-3. In the 2006 design, Drawings C8 and C9
presented roadway sections though the proposed emergency access road, which is no longer
required. Therefore, current equivalent drawings C-7 and C-8 have been deleted from this
design as indicated on the cover sheet. Due to the curvature of the haul road and presence of
protected 2H:1V drop-offs, and the potential for night usage, URS recommends that the posted
speed limit of the haul road be 30 miles per hour. Because the roadway will be subject to over-
topping during major storm events, URS also recommends signage warning drivers not to cross
arroyo when water is flowing over the road. Details of the surfacing, base and sub-base for the
haul road are indicated on Drawing C-4. The plan and profile for the haul road is shown on
Drawing C-5. Guardrail location plan view is shown on Drawing C-6. Drawings C9 through C-
12 show metal barrier and guardrail details. Pavement design calculations are presented as
Appendix B.

BNCC requires a pavement design to handle 25 years of extremely heavy mining haul road
trucks on the order of 368,500 Ibs/axle load, for a significant number of axle passes over the life
of the project. This would correspond to over 20,000,000 Equivalent Standard Axle Loads
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(ESALSs) in the standard 18 kip axle load design method; therefore, geogrid is recommended to
prevent a punching failure of the road pavement cross-section. At the request of URS, BNCC
provided traffic loadings for the period 2007 through 2031; therefore, the 25-year design life for
the haul road pavement design was selected. URS reviewed the previously furnished pavement
section developed by MWH, which was:

e 6-in. Wearing course (California Bearing Ratio [CBR] 80)
¢ 10-in. Base course (CBR 80)

e 42-in. Alluvial sand (sub-base course) (CBR 80)

e Sub-grade preparation (CBR 3) (MWH, 2004)

URS determined that the above pavement section was inadequate based on the wheel loads for
the mine haul trucks (the tire pressure) and the 25-year expected traffic loadings. Based on the
pavement design calculations in Appendix B, the required un-reinforced (no geogrid) pavement
section would need to be 82 in. Therefore, URS has prepared the pavement section illustrated
in Appendix B and the contract drawings and it is expected that the reduction in the sub-base
course thickness, and the lower CBR requirement (40 versus 80), will enable BNCC to save
contract dollars in the final bid and construction of the haul road. Furthermore, the
recommended pavement section will have significant constructability benefits and, because of
the sub-grade improvement reinforcement to be provided, is expected to provide a full 25-year
design life.

4.2 CONCRETE BOX CULVERTS
4.2.1 Introduction

The MWH Permitting Design Report had developed the concept for this project whereby the
10% annual chance event flows of the Cottonwood Arroyo would be carried through an eight-
barrel, 8-ft by 8-ft pre-cast concrete box culvert, located in the natural channel beneath the
crossing. Based on the revised flow data provided by BNCC and results obtained from
analyses performed by URS, it was determined that a four-barrel box culvert would be sufficient
to contain a 10% annual chance event. Larger design storm events would overtop the haul
road, and the haul road would then essentially act as a spillway. The culvert crosses beneath
the haul road (MWH, 2004).

4.2.2 Structure Selection

Culverts are used to convey water beneath a roadway. Box shapes are typically used to
accommodate large flows without excessive vertical headroom requirements. Box culverts have
been proposed for this project because of their low profile and their high vertical load carrying
capacity.

Box culverts may be either cast in place or pre-cast. Due to the distance of the site from the
nearest Redi-Mix plant, pre-cast concrete box culverts are expected to be more cost effective.
The pre-cast units could be manufactured at a location such as the Albuquerque Rinker
Materials - Concrete Pipe Division (Bernalillo), New Mexico. As an example, details of the
Rinker MEGA Box Culvert are presented in Appendix C.

Alternative culvert concepts may be available, and we recommend providing flexibility in the
design drawings for the Contractor to bid on creative alternatives. The alternatives would be
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constrained to maintain cover and hydraulic design parameters. One alternative that may be
practical is the use of multiple pre-cast concrete arch culverts.

4.2.3 Hydraulic Analysis
Refer to Section 5.2 of this report for discussion on the culvert.
4.2.4 Culvert Description

The final hydraulic analysis shows that for the design flow, a four-barrel, 8-ft by 8-ft concrete box
culvert is required. The culvert is aligned approximately parallel with the natural channel and is
approximately 187-ft long with a slope of 0.24%. The invert elevation is approximately
coincident with the bottom of the existing Cottonwood Arroyo channel, and a 4-ft minimum cover
was used during the design of the vertical roadway profile of the haul road. The ends of the box
culvert are skewed 30 degrees to improve the hydraulic efficiency of the culvert. Because the
skew angle is too great for the pre-caster to fabricate, a cast in place concrete headwall is
proposed.

Inlet/outlet concrete aprons will be incorporated into the box culvert structure to control scour.
Gabion mattresses are proposed at the inlet and outlet to control erosion and scour. Gabion
mattresses, 18-inch thick, will extend up the embankment on the inlet side to the Elevation of
5264 for the 10-yr storm event. 18-inch gabion mattresses are proposed on the outlet structure
up to Elevation 5264 for scour control.

The depth of sub-excavation and replacement of foundation material to develop suitable bearing
for the culvert structure will need to be determined during construction since test pit excavation
and drilling in the stream channel was not possible during the investigation phase. It is
anticipated that 1 or 2-ft of sub-excavation and backfill with compacted native sand will be all
that is required.

4.2.5 Culvert Design

The culvert design will be robust due to the very large vehicle loads imposed on top of the
boxes. The design vehicles consist of a dragline and haul truck. Design information regarding
vehicle geometry, and loads can be found in Appendix C. In the MWH Permitting Design
Report, design vehicle loads were reduced to 80% for the dragline and almost 60% for the haul
truck. After consultation with BNCC, URS was unable to determine the justification for allowing
such a reduction, so final design will use the total vehicle weights. This will result in a substantial
increase in the box section.

URS approached Rinker Materials - Concrete Pipe Division to provide preliminary design
information for the pre-cast reinforced concrete box (RCB) culverts. Their preliminary design is
provided in Appendix C and consists of walls and slabs having a thickness of 8 — 10-inches.
The culvert design details are presented in Drawings S-1 through S-4.
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5.0 HYDROTECHNICAL ANALYSIS

5.1 HYDROLOGICAL ANALYSIS

For the proposed Cottonwood Arroyo crossing, BNCC had provided MWH preliminary discharge
values. These values were based on a BNCC hydrologic model generated in 2003, in the
software SEDCAD 4 and were used for the permitting process (MWH, 2004). SEDCAD 4 is the
regulatory software approved by the Office of Surface Mining. Since 2003, BNCC had updated
their hydrologic model to represent the ever changing mine topography. As a result of the
BNCC update, there were differences between the 2003 and 2007 calculated peak discharge
values for each storm. The new 2007 peak flow values were 2186 cfs, 3263 cfs, and 4040 cfs
for the 10%, 4%, and 2% annual chance storm events, respectively. These values reflected a
23% decrease from the values reported in the previous design report.

URS completed a general overview of the BNCC hydrology. The review was performed as a
check of the reasonableness of the BNCC discharge values. URS evaluated the post mine
watershed area (77 square miles) and calculated a peak discharge using the National Flood
Frequency (NFF). The equations from NFF for New Mexico's Northwest Plateau are the
following:

o Qo= 3.06 x 102A%*5, where A is in square miles
o Q= 4.86 x 102A%*, where A is in square miles
e Qs = 6.54 x 10?A%*, where A is in square miles

The values calculated by the NFF program were 2260 cfs, 3430 cfs, and 4620 cfs for the 10%,
4%, and 2% annual chance storm events, respectively. The values obtained from the NFF
program appeared reasonable as a check of the SEDCAD 4 values.

Based on the precedent set by BNCC to provide MWH with the peak discharge values from the
BNCC model for the permitting document and preliminary modeling, URS continued to use peak
discharge values generated by BNCC. Therefore, peak discharge values of 2186 cfs, 3263 cfs,
and 4040 cfs were used for the 10%, 4%, and 2% annual chance storm events were used for
hydraulic calculations.

52  HYDRAULIC ANALYSIS

The scope of this study is to determine the number of 8-ft by 8-ft concrete box culverts
necessary to pass the revised 10-year flood event without overtopping the haul road. Utilizing
the aforementioned scenario, the overtopping flow velocities, as a result of the revised 50-year
flood event, will also be determined. The U.S. Army Corps of Engineers’ one-dimensional
hydraulic model, HEC-RAS, was used for the analysis. Of the two models developed during the
analysis, one model was used to simulate the overall hydraulics of the channel/culvert, while the
second one simulated the hydraulics of the overtopping flow.

5.2.1 Culvert Analysis (10-year Event)

The revised peak flow for the 10-year flood event is approximately 2,186 cfs, which is lower than
the original estimate of 2,936 cfs. Utilizing the revised flow rate, it has been determined that the
10-year flood event can be passed through four 8-ft by 8-ft concrete box culverts without
overtopping the haul road. The maximum water surface elevation, upstream of the culverts, is

16 May 2007





Cottonwood Arroyo Crossing Final Design Report

expected to be approximately 5,265.4-ft asl. The upstream culvert inverts and crowns have
been modeled at elevations 5,257.6-ft asl and 5265.7-ft asl, respectively. Therefore, the flow
depth at the upstream end of the culvert is expected to be approximately 7.8-ft, leaving
approximately 1.2-ft of freeboard between the maximum water surface elevation and the lowest
crown elevation of the haul road (El. 5,266.7-ft asl). As flow passes through the culverts, the
HEC-RAS model indicates possible critical depth near the culvert exit. Therefore, a hydraulic
jump may occur either in the downstream end of the culvert or on the downstream apron.
Additionally, the exit velocities from the culvert are expected to approach 13 ft/s with a flow
depth of approximately 5-ft. Consequently, scour protection downstream of the culvert must be
provided. The culvert plan and profile and grading plan are presented as drawings D-1 and D-
2, respectively. Gabion armoring details are presented on Drawings D-3 and D-4.

5.2.2 Overtopping Analysis (50-year Event)

The revised peak flow for the 50-year flood event is approximately 4,040 cfs, which is lower than
the original estimate of 5,173 cfs. Four 8-ft by 8-ft concrete box culverts will not be able to pass
the 50-year flood event without overtopping the haul road. The culverts are expected to pass
approximately 2,731 cfs; therefore, approximately 1,309 cfs is expected to overtop the haul
road. The maximum water surface elevation, upstream of the culverts and haul road, will be
approximately 5,268.4-ft asl. The upstream edge of the haul road traffic lane has an elevation of
approximately 5,265.7-ft asl, therefore, approximately 2.8-ft of overtopping is expected at this
location. Flow velocities are expected to be relatively low (i.e. less than 2 ft/s) on the upstream
embankment face and the haul road traffic lane, as flow approaches the crown of the haul road.
The overtopping flow is expected to pass through critical depth at the crown, before transitioning
to supercritical flow over the haul road truck haul lane. The overtopping flow on the haul road
truck lane and the downstream embankment is controlled by the tailwater from the downstream
channel, which reaches the upper section of the embankment face. The flow velocities are
expected to be approximately 5.2 ft/s near the haul road crown and increase to approximately
8.2 ft/s at the downstream edge of the road. The flow velocity on the downstream embankment
face is expected to decrease as the overtopping flow interacts with the downstream channel
tailwater.

5.2.3 Gabion Armoring

The haul road is to be armored using gabions to protect the road during the 50 year design
storm. Fifty year protection plus one foot of freeboard will be provided. Maccaferri gabions,
gabion mat and Reno mattress will be used. All Reno mattresses are 9-in thick. Gabion mat
and gabion blocks are 18-in thick. Filter cloth will be required around all armoring. The gabion
layout is shown on plan sheet D-3. Details are shown on plan sheet D-4 including the sections
described below.

East/upstream side of haul road
An 8-ft width of Reno mattress with an additional 3-ft cut off wall, Section B on the detail sheet,

D-4, will extend from Station 0+10 to 2+30 with a 3-ft cut off wall. A 14-ft wide plus 3-ft cut off
wall, Section A, extends from 2+30 to 4+47. Reno mattress extends from Station 4+47 to 5+62,
Section F, to the culvert. Section F varies from 18-ft to 30-ft in width with a 5-ft cut off wall.

West/downstream side of haul road

An 8-ft width of Reno mattress, with 3-ft cut off wall, identical to Section B on the east side,
extends from Station 0+11 to 3+00. A stepped gabion structure consisting of gabions and
gabion mat, with a 10-ft deep concrete cut off wall, labeled Sections C and G, extends from
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Station 3+00 to 4+00. The roadway grade begins to rise from existing ground at about Station
2+50 and extends up at 3 percent. Thus the west side of the road is approximately 2-ft to 6-ft
above existing ground, creating the need for the stepped structure.

18 May 2007

J/ ’-_‘\\





Cottonwood Arroyo Crossing

Final Design Report

APPENDIX B

PAVEMENT DESIGN

May 2007





Cottonwood Arroyo Crossing Final Design Report

APPENDIX B

PAVEMENT DESIGN - MINING HAUL ROAD
BNCC COTTONWOOD ARROYO CROSSING

Project Description

BNCC requires a pavement design to handle 25 years of extremely heavy mining haul
road trucks on the order of 368,500 Ibs/axle load, for a significant number of axle
passes over the 25-year life of the project. This would correspond to over 20,000,000
ESALs in the standard 18 kip axle load design method; therefore, the use of geogrids is
recommended to prevent punching failure in the road pavement cross-section.

6501 Americas Parkwa NE 300 West Arrin ton
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SUBGRADE IMPROVEMENT CALCULATION

Design Methodology

The aggregate fill thicknesses determined in the Results section below are based on the
methodology prescribed in Giroud and Han (2004). The design method is intended for the
calculation of the required unbound aggregate layer thickness for unpaved roads (such as haul
roads) constructed on weak sub-grades.

Validation of the thicknesses achieved for pavement sections reinforced with Tensar biaxial
geogrids using this method were achieved through calibration with several sets of test data,
including the results obtained from work undertaken in the pavement test facility at North
Carolina State University (Gabr, 2001).

Design Parameters

a) Trafficking Requirements

Property Value
Axle Load (kips) 368.5
Tire Pressure (psi) 102
See Pages B-3 through B-5

Axle Passes (per week)

()

b)

Maximum Rut Depth (in.)

1.5

Pavement Soil Properties

Property

Value

Aggregate Fill CBR (%) 40
Field Subgrade CBR (%) 3

c) Geosynthetic Properties

Parameter BX1200
Geogrid Type

Integrally formed,
single layer

Rib Shape Rectangular/square
Rib Thickness (in.) 0.05

Aperture stability moduius 0.65
(m-N/degree)
Junction Efficiency (%) 90
Aperture dimensions (in.)

-Machine direction 1
-Cross machine 1.
1

Thickness adjustment
factor
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AGGREGATE FILL THICKNESS SAVINGS

Aggregate Fill Thickness (in.)

Aggregate Fill Thickness Savings

Geosynthetic (in.)
Calculated Required (in.) (%)
Unreinforced 102 82 N/A N/A
Tensar BX1100 67.7 68 34 33
Tensar BX1200 45.2 46 56 55
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Appendix B

COTTONWOOD CROSSING TRUCK FREQUENCY

e by Shrea Rpugiuetivita AURSCHD on 054172006 0329 PH —
“Rugmcnd, Lencess LA™ a
“Leonsrd LR Rayreond@uie To “Strva_Racgust [E-reail’ <Ruve_Rauguat SURSCop com>
: Hoshle@bhotidien
Ay € Hoshle. Don BIN” <Ben BN cume
A Coton Craxieg track bequency

Stever Alinch is o Sfradahiit Shiiing B fequincy of the Sucks for 20, 13 and 10 shifls per ok work
echedu’e. The Fuchs wil most ey bo on 16 shits por week wonk schac.4e but on 30 oecssiony Mgy

un 20 shits par woak depanding on roduction requiremants
L. Roymond
<oCWIC Froguarsy2 051706 dxr>

This messnge omd any atached files may cvatin information that is confidential and'os subjoat
of legal privilége infendedd enly for uss by the intended recipient. 1f yoa are not the imendsd
resipicm of the person respormsible for deliventng che message to the Intended reclpiess, be
advised that you have received this message in error and thas any disseniingiioa. copying or
Af this esssge or sltackenent 18 stricily forbidden, s is the disclosure of the information therein.
[f you have received chis message i ervor please notify the sender immedeately sd deleic the
message.

jatiazhenm "CWE Froquency? 063700 3is* deleted by Michele AndersonARuquergue/URSCo:D)
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TRUCK LOADS PER SHIFT FOR 20, 15 AND 10 SHIFTS PER WEEK

8791 7,753 9,567 8909 8976 8940 933 8602 8908 8875 8 850

5,708 9,373 - - - - 546 2,353 928 5,00
858 550 1,000 550 55
643 413 750 413 43
429 275 500 25 275
36 29 39 ‘ 37 38
48 39 52 ‘ 50 51
72 58 78 75 76

Freq is number of trucks per shift, max payload of 240 tons loaded one way.
Tons Mined is from FY07 LR mine plan at high bum.
A4 tons mined are the tons hauled over the Cottonwood Crossing

FY2016]|FY2017|FY2018| FY2019| FY2020| FY2021|FY2022| FY2023| FY2024| FY2025| FY2026| F Y2027} FY2028) FY2029| FY2030| FY2031

8 28| 8601 | 8658 9,567 | 8,319 | 8928 8,760 | 9373 | 8,887 | 8 84| 8,737| 9,087 | 9094 | 8496| 7,753 | 8,189

4543]| 4290 4890 7,014 8319| 8928 | 8760 ) 9,373 | 8887 | 8384 | 8,737 9,087 | 2094 8496 | 7,753 | 8,189
550 50| 550 4,000 1,000| 4,000 1,000 1,000 1,000 1,000) 1,000 1,000 1,000 | 1,000 1,000 1,000
413| #13| #413| 750 750| 750| 750 V50| 750| 750) 750 750} 750 750| 7S50 750
2715| 25| 275| 500 500 500| 500f 500) 500 5001 500 500( 5000 500| 5001 500
34 32 37 29 35 37 36 39 37 35 36 38 38 35 32 34
46 43 49 39 46 50 49 52 49 47 49 50 51 47 43 45
69 65 74 58 69 74 73 78 74 70 73 76 76 71 65 68
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DRESSER INDUSTRIES, INC. ® MARION DIVISION
~*PAACHINE SPECIFICATIONS
L]

- Model: 8750 WALKING DRAGLINé #
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Kenneth P, Akins, Jr., P.E.
Monager cfcamﬁmw&mﬂw'
5883 Glermidge Drive
Suite 200
Atlanta, GA 30328
Tcl. 404021405332
Tensar; T i
INTERNATIONAL R SeBeuerapom
May 2, 2007
URS Corporation
6501 Americas Parkway, NE
Suite 900 .
Alberquerque, NM 87110-5311
Aften:  Mr. Samrat Mohanty
Mining Enginesr
VIA E-MAIL: Semrat_Mohanty@ URScorp.com
C Re:  BHP Navajo Mine Haul Road
Mr. Maohanty:

Thank you for the opporiunity to assist you on the Haul Road for the BHP Nevajo Mine. We have
considered the proposed section provided in your e-mail of April 28, 2007. Vehicie information
and loads were supplied previously. Qur evaluation included three basic congiderations;

s  Section geometry
»  Layered elastic anaiysis
¢ Damage mode}

Lest year, URS developed a proposed section based on the US Bureau of Mines approact by
Kaufmen. As an altemative design pracedure to establish a basic geomelry, Tensar considered
the British Ports Dasign method. The British Ports method provides material equivalencies for
CBR=80. We have considered the effect of a CBR of 40 rather than 80 using the Keufman
curves, The increase ¢an be overcome by the geagrid reinforcement, The section in the April 26
e-mell 18 similar to that developed from the two design methods. The URS method last year
consklered a thicker but lower quality base. The British Ports mettiod coneiders a capping and
subbase layers now addressed by the prepared subgrade layer (Calculation Sheet attached).

We performed a layered elastic analysis to determine the vertical sirain et the top of each layer,
in aft cases, the strain was less than recommended 2000 p-sirain (Analysis attached). Minor
variatiohs and rather {hicknesses of vary simllar layers will not appreciably affect streins.

11/09
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URS Corporation ) May 2, 2007
BEP Navajo Mine Haul Road Page 2 of 2

We then evaluated the damage from repetitive taads to determine the laysrs tgreatest risk to aid
in the selection of geogrid placemant to protect those layers, The SpeciraPove analysis was set
to model the faur aggregate lavers and subgrade, Layers limiting performance were the first
subbase layer and subgrade, thus grid would be of most benefit if placed above those layers
(Analysls attached).

Based on our evaluation nd our discussions,  recommend that he two layers of BX 1200 he
placed 12 inches above the position currently show, orahi  as possible In the subbass
consistent with constructability requirements, snd at the m of tha subbase, directly on the
prepared subgrade.

Bys Crequest, we have * cluded an earlier index enaly is for * goapacity, mod”  for
asre®  ing. The bearing capacity Is insensitive to geogrid pi cement s long as it is
reaconably distributed in the zone.

If you should have eny questions please call (800-826-7271) or e-mall (kakins@tensarcorp.com).

Regards,
Tensarl mational Corpor

Kehneth P, Ak’ s, Jt., P.E. (GA 10186)
Mena rof Consulting Eng ng

cc: Nicholas Reak, TIC

Aftachments
British Ports Analysis
Layered Elastic A 5
Damage Mode}
Index Analysi rin Capacity
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Pavement Situation At Start of Phase 1 0f 1
Method: Distinct Phase Calculation Without Adjustment For Incremental Damage
Design Name: Tensar BHP Mine Haul Section

Pavement Description: Changed 18" Subbase to lower  ition, to provide greater overlying
protection to the thicker layer, as the grid will offer less support to the layer from the bottom up.
Thel ' r will r m fm rid.

Detailed view for axle : BHP Mine Haul Truck

Total Capacity for All Phases is 25 thousand

Critical layer for this phase and axle: Layer 5
Phase starts in year 0 and ends In year 0.25
Note: Damages & critical parameters shown are for this axle type only.

6 Inches; Sh  Safety Factor: 8.66
‘ng Course Position: Between Loads/ |2 of Layer
Stiffness 600 MPa; Poisson = 0 35; Axie - dty: >100 million (Effective: > 100 "lion)
Criterion: BC Granular Materjals Cat A Cum Damage, Phase Start to End: < 001 to < 0.0t
\ Coheslan = 9.17 psi; Angle of Frictian = 54 2
Thickness = iiInches; =~ = Vertical Compressive Strain: 643 Migostrain
rse Crushed Rock Base  rse Positian: Load Centrefine/Top of Layer

Stiffness = 600 ; Poisson = 0 35, AxleC - - :>100 million (Effective: > 100  fion)
Criterion: SG 20mm Rut, Cat A Curn Damage, Phase Start to End: < 0.01t0 < 0 01

No spec i properties needed

¢ 4 o4 sbms bmtee e

" Thickness - 2 Inches; ™ ~Vertial Compressive Strain: 772 Migostain

Subbase Course Position: Load Centreline/Top of Layer
Stiffness = 400 MPa; Poisson 0 35; Axle C  dty: 2653 million (Effective: 26.53 milllon)
Criteri  : SG 20mm CatA Cum Damage, Phase Start to End: < 0.01t0 < 0.01
No speci properties needed

\..“‘ — - —— .
Thickness 18 Inches; Vertical Compressive Strain: 539 Micrastrain
Selected Subbase Course Pasition: Load Centreline/Top of Layer
Stffness MPa; Palsson 0 39; AxieC dty: >100 llon (Effective: > 100 llon)
Criterion: 5G 20mmR CatA Cum Damage, Phase Start to End: < 0.01 to < 0.01
No speci  material properties needed

.~ Thidess  Semi-Infinite; Vertical Compressive Strain: 1548 Microstrain
‘ PreparedSu  de Position; Load - - ine/Top of Layer
/  Stffness 34.5 MPa; Poisson 0 35; Axle  .dty: 25 thousand (Effective: 25 thousand)

Crite :SG20mmRut, C A Cum Damage, Phase Startto End: < 0.01t0 > 10

No special matesial properties needed

Standard Axie Lo  Details:
Setup: BHP Mine Haul Truck ; Daily Count = 240; Growth Rate = 1 {%)
Description: Equivalent Tridem Wheel Axde Configuration

Pavement Notes: BX1200 to be inserted at top of subgrade and above the iower 18" subbase
tayer.

BHP Mine Haul Road

Tensar Propased Alternative - Rutting Analysis

1
Rublean Toolbox: LET: Standard Axle Analysis / Ver: 2 é 3 / (Licenced)
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SpectraPave2 — Tensar Earth Technologies, Inc.
Copyright ©1998 - 2003 Printed on 4/27/2007 11
SUBGRADE IMPROVEMENT
INPUT DATA
Axle Load = 368.5(kip) Tire Pressure = 102(psi)
Number of Axle Passes = 1872000 Rut Depth = 1.5(in)
Field Subgrade CBR = 3 (%) Field Subbase CBR = 40 (%)
GEOGRID PROPERTIES
BX1100 8x1200
Geogrid Type Integrally formed Integrally formed
single layer single layar
Rib Shape Rectanguilar/Square Rectangular/Square
Rib Thickness (in) 0.03 0.05
Aperture Stability
Modulus(cm-kg/deg) 3.2 6.5
Junction Efficiency (%) 80 90
(Percent of Tult)
Aperture Dimensions
(Inside to inside)
MD (in} 1.0 1.0
XMD (in) 1.3 1.3
ANALYSIS RESULTS
Unreinforced BX1100 BX1200
Subbase Thickness (in) = 102.0 67.7 45.2
Subbase Saving (in) = 34.3 56.8

Appendix B 12
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Base Course Reinforcement Page20f4 ]

Design Methodology

The calculations contained in this section are based on the methodology prescribed in the AASHTO
(1993) gulde. When reference Is made to the ‘AASHTO (1993) Equation’, the equation concemed is
that given at the top of Figure 3 1 on Page 1i-32 of the document.

In addition to ensuring that the overall Structural Number of the pavement Is at least equal to that required

to canry the Intended traffic load, i is also recommended to ensure that individual layers are designed in
accordance with the Layered Analysis approach prescribed In Section 3.1, Part Il of the AASHTO (1903) documen

Design Parameters

a) Pavement Layer Properties
Elastlc
Cost Layer Drainage
Layer Description “'g‘(’:;‘l')" srcY) | coeficient | factor
ACC1t Wearing Course 90,000 130 0.14 N/A
Accajliy coame Crushed 80,000 118 0.14 NA
ABC Subbase Course 50,000 43 014 10
SBC Se'e‘f:mss';bm 50,000 30 0.14 10
b) Input Parameters for AASHTO (1993) Equatian Y
Parameter Value ( 4
|Reliabillty (%) o5
[Standard Normal Deviate -1 845
|standard Deviation 0.49
finitial Serviceability 42
Terminal Serviceability 20
[Change in Serviceability 2.2
[Subgrade Resilient Modulus (psi) 5,000

¢) Input Parameters for Tensar Geogrid

Proms an 04-30.2007 CAProgran Ples\Thaear\pacaPave? Vernon 2 | intitied ee

Parameter Valus
[Supply cost for Tensar BX1100 $/SY 2.00
|Suppty cost for Tensar BX1200 $/SY 3.00
TBR value for Tensar BX1100 3
TBR value for Tensar BX1200 3
fCost to install geogrid $/SY 0.25
TR et el el Yein 27

Copyright 1963 - 2008, All Rights Reserved
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Base Course Reinforcement Pege3of4
Results
Table 1 - Proposed Pavement Section
mickness] o | [
Layer (in) ai | mi | SN ; £
ACC1 80 014 NVA |0 B4
ACC2 120 014 NVA | 168 ABC 48in
ABC 120 014 10 |1868
sBc| 180 |o14]10 252 SBC
Overall Structural Number (SN){ 6.72
Table 2a - Calcutated Trafficking Based on Overall Structural Number
Reinforced
Unreinforced
Allowable traffic load
(ESAL’s) BX1100 BX1200
40,308,000 120,924,000 120,824,000
Table 2b - Calculated Trafficking Based on a Layered Analysis
Underlying layer Allowable traffic (ESAL’s)
Layer SN o}' overlying
Modulus ayers 1
Name (esi) Unreinforced BX1100 BX1209
ACC2 ABC 50,000 252 7,881,000 23,643,000 23,643,000
ABC SBC 50,000 42 240,787,000 722,361,000 | 722,381,000

A Layered Analysis ensures that individual layers within the pavement remain intact during its design life;
full details are presented In Section 3.1.5, Part |l of AASHTO (1993)

ctralawe? Veraon 2 J4WUntiBed eox
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MATERALS® Concrete Plpe Divislon
Reinforced Concrete
MEGA Box Culvert
Slab Thickness
{12
7 Rise (R)
Wall — el
Thickness
. /
Slab Thickness
Section thru Box Culvert

Joint
’ Depth
ST e kv
Wal & e | ag g (R ~
Thickness 1+ . ( T
i = lid N The
LlnsldeOf a4
R, C. Box

Sectior®hru Box Joint

Welghts (lbs,) Per Foot

wfs[w|ulw][w[o[a[2]n]2
6000 | 6300 | 6600 | 6900 | 7700 { 8000 [ 8300 | 8200 [40200]10500] 11500] 11500
6300 | 6600 | €900 | 7200 | 8000 ] 8300 | 9200 | 8500 {10500]10800] 11800] 12200
6600 | 6300 f 7200 | 7500 | 8300 | 8600 | 8500 | 8800 | 10800]11100] 12100]12500
6900 | 7200 | 7500 | 7800 | 8600 | 8300 | 8500 [ 101001 1100] 11400} 12400] 12800
7200 | 7500 | 7600 | 8100 | 8900 | 9200 [10100] 10400] 11400] 11700] 12700] 13100

wal
Trickness (inches) 1212122121212 12]j12]|12|122]12]12
Slab
Tickessgnoneg)| 2 2] 2| 3|3 u|efs|s|e| e
Box dimensions may vary depending upon eguipment availability and location,
Notes:
1. Produced to meet ASTM Specifications. )
2. Contact a Concrete Pipe Division representative for details not listed on this sheet. Rinker 014
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Cottonwood Arroyo Crossing Final Design Report

Goodyear Off-the-Road Tire Data Sheet
33.00R51 2* RL-3J Haulage (E-3)

FEATURES BENEFITS

Specially formulated all natural Cooler running for long haul, high

compound speead service

Centerline zig-zag groove Ideal for high torque applications and
superior lateral traction

Tapered shouldsr lugs Excellent forward traction and self-
cleaning

100-Level tread depth Cool running, value tire and good fuel
economy

Radial construction Better fuel economy, softer ride and
improved treadwear

High tensile steel belt package Impact resistant

SUMMARY STATEMENT:

This 100-level radial rock tire is specifically designed for 130-150 ton dump trucks used in high speed service.
Tapered shoulder lugs and a centerline zig-zag groove make this radial ideal for high torque applications and give
it superior forward and lateral traction. The radial construction also allows for a softer ride, improved treadwear
and better fuel economy.

DIMENSIONAL SPECS
Tread Depth: 63 /32° Overall Diameter: 118.7 in.
Design Rim Width: 24.00-5.0 in. Static Loaded Radius: 53.7 in.
New Tire Width: 36.5in. Revs per mile: 177 —
Loaded Tire Gross Contact Arga: 970 sq.in.
Minimum Dual Spacing: 42.3 Compound/Construction: 25
Performance Capability Data: Product Code: 154-070-746
Industry Code: E-3 Ply Rating: 2*

RATED LOAD/INFLATION TABLE
(Per ETRO & T&RA Industry Standards)

Operation Speed (mph) 0.0 25 5.0 10.0 16.0 25.0 30.0 45.0
Rated Load (Ibs) 85500
Inflation (psi) 102
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PRECAST BOX CULVERT DESIGNS

Fil | Lve | Sfab/Wall Thickness | BxWt.|  Circumt. Reinf. Areas, in? /. Long. Clear Cancrete Cover, in. fo| &
Spec.| BoxSze] Ht | Load | Top | Bim | Side|Haunch| (bf) | Au | A | A | Au| Av [ AslAs | As| M) 6| clo|c| ol c|hkskd
C1433) &x8 | & O |10 107| 8 | 12° |42331044/1.21/1.21]/060 - | - | - | - | © J1.00/1.00(1.00|/100} - | - |50} 65

]

© Allloadings are per criteria stated on MWH Drawing Number S-3, except as follows:
- Dragline surface loading of 5,008 psf on two 16' x 80' shoes.
- Haul truck tire surface loading of 14,700 psf on 12.54 sq. fi. contact area.

© As1 must extend the entire length of the top and bottom slab.
lowah 1esSur i 9 Dragfine loading @ 8' depth & 2314 psf
Surcharge loading = 120 psf
Seismic loading = 80 psf
Earth load = 1104 psf
Weigth of box culvert = 454 psf
Weight of water inside box culvert = 400 psf
Total = 4472 psf
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Barry To Christi Tanner/Albuquerque/URSCorp@URSCorp
Chung/Tampa/URSCorp

04/26/2007 12:35 PM

cc
bce
Subject Cottonwood - Rinker Culvert Design

Christi -

Here is the Rinker culvert design to place into the design report. Note that the roof, base and walls are
thinner, which will save the client money.

The top slab is 2" thinner so the headwall will be 2" higher than the 1'-5" we discussed, but it is still OK.

RCB Designs pdf

Barry

This e-mail and any attachments are confidential. If you receive this message in error or are not the intended reclpient, you
should not retain, distribute, disclose or use any of this informatlon and you should destroy the e-mail and any attachments or

copies.
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Cottonwood Arroyo Crossing Final Design Report
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SEDCAD 4 for Windows

Camrinhl 1008 Damals 1| Qrkwush

O

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, NM

87416

Filename: COTTONWOOD_premine_rev jan2007.sc4 Printed 02-01-2007
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SEDCAD 4 for Windows
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General Information

Storm Information:

Storm Type:

Type 11-60

Design Storm:

10yr-6hr

Rainfall Depth:

1.300 inches
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Null #36  ==> #37 | 338 0.4 N
Null #37  ==> End | 0000  0.000] T

S
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#15
G Null
#12
Null
#13
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#14
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#16
Null
#20
& Null
#22
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Null
#23
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#35
& Null . - ]
#36
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Null
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null
Structure Routing Details:
Stru : Saai e C g e .Vert Dist. - Horiz.Dist.  Velocity TR
g, Lan_d Flow Condition . prg (%) T C® (fos) ﬁme_(hrs?
8. Large gullies, diversions, and low
#1 o owing streams 0.81 76.00 9,347.00 2.70 0.961
#1  Muskingum K: - 0.961
8. Large guilies, diversions, and low
A fiz flowing streams 1.23 10.00 814.00 3.32 0.068
#2 Muskingum K: . " | 0.068
" 8. Large gullies, diversions, and low
#3 flowing streams 0.00 0.00 0.00 0.00 0.000

Filename-

COTTONWOOQD_premine_rev jan2007.sc4

Printed 02-01-2007





SEDCAD 4 for Windows

S anurinkt 1008 Damala | Qaktanh

6
Sty s s e Lo Vert.'Dist: . Horz Dist.  Velogity . . (
- Land Flow Condition Slope (% U : ; ; S0 T h \
( § .- and Flow Cor e (hY L e L e e i) |
#3  Muskingum K: 0.000
8. Large gullies, diversions, and low
#4 flowing streams d 0.53 30.00 5,637.00 2.18 0.718
#4 Muskingum K: 0.718
8. Large gullies, diversions, and low
#5 flowing streams 0.93 165.00 17,810.88 2.88 1.717
#5 Muskingum K: 1.717
8. Large gullies, diversions, and low
#6 flowing streams 0.70 14.00 2,006.01 2.50 0.222
#6 Muskingum K: 0.222
8. Large gullies, diversions, and low
#8 flowing streams 0.61 65.00 10,726.07 2.33 1.278
#8 Muskingum K: 1.278
8. Large gullies, diversions, and low
#11 flowing stream s' 30.00 8,801.00 29,336.66 16.43 0.495
#11 Muskingum K: 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
8. Large gullies, diversions, and low
#13 flowing streams 0.92 363.00 39,301.00 2.88 % 3.790
_ #13 Muskingum K: 3.790 Wiy
. 8. Large gullies, diversions, and low ( )
L #14 flowing streams 0.58 57.00 9,834.00 2.28 1.198 o
#14 Muskingum K: 1.198
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
8. Large guilies, diversions, and low
#16 flowing streams 0.52 37.00 7,084.00 2.16 0.911
#16 Muskingum K: 0.911
8. Large gullies, diversions, and low
#19 flowing streams 0.33 19.00 5,699.00 1.73 0.915
#19 Muskingum K: 0915
: 8. Large gullies, diversions, and low
#22 flowing streams g 0.31 15.00 4,852.00 1.66 0.811
#22 Muskingum K: 0.811
8. Large gullies, diversions, and low
#24 flowing streams 1.46 184.00 12,568.00 3.62 0.964
#24 Muskingum K: 0.964
8. Large gullies, diversions, and low
#25 fiowing streams 1.28 228.00 17,755.00 3.39 1.454
#25 MuskingumK: 1454
8. Large gullies, diversions, and low
#26 flowing streams 1.28 228.00 17,755.62 3.39 1.454
£ #26 Muskingum K: b . 1.454
Lo 8. Large gullies, diversions, and low ( |
#27 flowing streams 1.07 96.00 8,938.00 3.10 0.800 on ¢
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Stru- @ o SeEE E gy At ory . Vert.Dist.  Horiz. Dist. . . Velocity . :
C T Land Flow.-CondltIpn SIop_e (%) TR ) TR Time (hrs)

#27 Muskingum K: 0.800
8. Large guliles, diversions, and low

#28 flowing streams 1.07 96.00 8,938.00 3.10 0.800

#28 Muskingum K: 0.800
8. Large gullies, diversions, and low

#29 flowing streams 0.70 30.00 4,313.00 2.50 0.479

#29 Muskingum K: 0.479
8. Large gullies, diversions, and low

#30 flowing streams 0.70 30.00 4,313.00 2,50 0.479

#30 Muskingum K: 0.479
8. Large gullies, diversions, and low

#33 flowing streams 0.65 77.00 11,910.00 241 1.372

#33 Muskingum K: 1.372
8. Large gullies, diversions, and low

#35 Flowing streams 0.33 15.00 4,554.00 1.72 0.735

#35 Muskingum K: 0.735
8. Large gullies, diversions, and low

#36 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 oI -l Total

.ContAnbupng Oontributlng Discharge Runoff

. Area Aréa ; : . Volume

@) (ac) RG]
#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
#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
y 48 0.000 6,161.500 660.04 232.04
- [ #10 1,053.200 7,214700  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
#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 0000 29385600 1,750.57  862.72
#23 ) 752.900 30,138.500  1,749.20 888.40
‘ #35 0.000 48,329.700  2,189.60  1,174.95
{“y #36 891.700 49,221.400  2,186.29  1,195.57
' #17 2208500  51,429.900 2,16591  1,247.56
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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 (Nul|
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 (Nujl
Structure #3 (Null
Structure #4 (Null)
Structure #9 (Null)
Structure #11 (Null)
Structure #21 (Null)
Structure #18 (Null)
(J 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:
L o edpbl Timeof - i b 3 g Ak o e il PEK Runoff-
Sgu S\;‘VS SWS Ares. - conc : M“Sk £ Musk X _Cutve .. "UHS.: :|. Discharge Volume
' L) (hrs). (i) i Number ) T (=15 - (acR).
#30 1 476.400 1.131 0.000 0.000 70.300 M 1698 1.757
)3 476.400 6.98 1.757
#28 1 772300 0.657 0.523 0.334 88.300 M 238.37 29.212
2 445.600 0.587 0.000 0.000 88.300 M 147.51 16.855
Y 1,217.900 283.47 46.067
#26 1 447.600 2.192 0.000 0.000 71.800 M 6.36 2223
2 2,038.800 3.000 0.000 0.000 74.700 M 39.98 16.427
Y 2,486.400 46.07 18.649
#24 1 2,607.500 5.367 2.377 0.305 72.800 M 24.68 15.479
2 2,331.900 4,813 2.431 0.304 72.300 M 21.92 12.683
3 1,758.500 2.231 1.788 0.297 73.900 M 3670 12518
4 1,363.900 2.618 0.000 0.000 74.700 M 29.33 10.989
Y 8061.800 65.88 51.669
C #25 1 515200 0.990 0.342 0357 75.900 24.69 4.943
o 2 130.500 0.787 0.342 0.357 75.800 699 1.235
3 370.000 0.516 0.000 0.000 83.600 79.10 8.853
3 9,077.500 80.90 66.700
#27 1 354,400 0.612 1.233 0.337  81.000 M 49.31 6.918
2 305.200 0.529 1.054 0.328 81.900 M 52.11 6.103
3 289.800 0.692 0.551 0.328 72.900 M 9.52 1.750
4 253.000 0.361 0.551 0.328 77.200 M 27.66 2.89
S 581,300 0.980 0.000 0.000 79.900 M 51.62 9.286
T 13,347.600 183.29  111.802
#29 1 508.800 0409 0416 0.312 87.300 M 187.01 17.522
2 233.200 0.521 0.291 0.312 89.600 M 94.22 9.944
3 224.000 0.467 0.000  0.000 87.900 M 81.36 8.162
3 15531500 42699  193.497
#32 1 293.700 0.576 0.000 10.000 91.000 M 128.15 14.218
Y  16,301.600 44167  209.472
#31 1 431100 0.588 0450 033  89.400 M 159.20 18.049
2 35800 0432 0149 0327 91.000 M 167.10 15.772
3 200200 0.373 0.000 0.000 90.900 M 109.10 9.605
( | 5 gusea 271.94 43.426
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of bt c avna . Timeof N A ; Peak :' . Runoff
S:u 5\;’_5 SWvAwear s Conc - plasa Musk X Cucve UHS , | Discharge  Volime

= w0 umber . il en)
#33 3 17,258.700 | 52537 252,898
#34 1 91.700 0.244 0.965 0.300 90300 M 55.63 4.167
2 105.200 0.256 0.965 0.300 91.000 M 66.86 5.003
3 735.600 0.885 0.000 0.000 86.900 161.37 24.388
S 18,191.200 549.99  286.547
#5 1 503.600 0.707 0.000 0.000 85.600 M 110.93 14.726 |
2 406500 0.492 0.747 0.336 82.800 M 81.19 8.949
3 439.600 0.626 1.036 0.331 85.800 M 107.12 13.109
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
6  216.600 0.341 1.413 0.336 88.100 M 93.95 8.042
S 2,023.000 353.61 61.884
#6 1 149.100 0.331 0.000 0.000 90.600 M 83.23 6.962
2 245.000 0.529 0.228 0.320 85.900 M 67.10 7.377
3 276200 0.450 0.605 0.306 87.400 M 97.37 9.602
4 158.400 0.380 0.605 0.306 91.000 M 86.41 7.668
5  206.200 0.402 1.110 0.307 87.400 M 77.23 7.169
6  414.000 0.430 1.512 0309 85.200 M 118.75 11.639
7 294.300 0.535 1.512 0.309 84.400 M 67.58 7.639
P 3,766.200 378.03 119.941
#7 1 731.700 1.274 0.000 0.000 91.000 M 189.49 35.422
2 445800 1.486 0.000 0.000 91.000 M 102.97 21.581
3 270.800 1.110 0.000 0.000 91.000 M 77.45 13.110
a 78900 0.260 1.207 0.322 91.000 M 49.86 3.820
5 154.900 0.320 1.207 0.322 91.000 M 90.90  7.499
6 101.400 0.313 1.318 0323 90.900 M 59.49 4.865
7 117.700 0.300 1.547 0.323 90.200 M 65.80 5.301
8 494.100 0.645 1.547 0.323 89.300 M 170.71 20.498
Y  6,161.500 660.04 232,036

48 1 0.000 0.000 0.000 0.000 1.000  0.00 0.000

T 6161500 660.04  232.036
#10 1 355.500 1.046 0.000 0.000 91,000 M 106.00 17.210
2 307.100 1.282 0.724 0.301 80.800 M 25.62 5.438
3 147.300 1.245 0.587 0.297 88.600 M 30.47 5.729
4 126,400 0.585 0.587 0.297 91.000 M 54.65 6.119
5 116.900 1179 0716 0.297 91.000 M 2.0 5659
Y 7,214.700 69502  272.191
#1 1 557.400 0.941 0.000 0.000 81200 M 60.60 10.322
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(\_' [ i Timeof - e O e s Degle * Runoff .

- Sgu SWS :SWS.'{‘\nfea .51 Cone Mo Musk X Cu,rve. - UHs- | ‘Discharge Volume: . =
% @ " sy (hes) it i i o Number A L(d) (ach) J

2 169.600 1.616 0.677 0333 91.000 M 36.76 8.210

3 636.400 1.842 0.729 0.333 78.800 M 31.75 8.918

4 223.400 0.846 1.005 0.336 82.100 M 29.20 4.565

5 77.700 0.330 1.392 0.341 79.400 Mo 12.50 1.170

6 746.600 0.678 1.392 0.341 86.200 M 180.72 23.145

Y 2,411.100 280.48 56.330

#2 1 257.000 0.423 0.000 0.000 91.000 Mmoo 133.24 12.442

2 180.500 0.562 0.478 0.281 89.700 Mo 70.50 7.767

3 200.700 0.687 0.574 0.283 91.000 M 78.80 9.716

4 438.600 0.811 0.574 0.283 91.000 M 155.00 21.233

5 420.200 1.247 0.801 0.293 85.800 M 64.79 12,530

Y  3,908.100 345.41 120.018

#3 1 172.600 0.443 0.000 0.000 91.000 87.36 8.356

311.200 0.890 0.000 0.000 86.900 68.02 10.318

378.900 0.632 0.209 0.314 85.700 M 90.77 11.189

Y 4,770.800 457.63  149.880

#4 Y 4,770.800 457.63 149.880
| e
Cr #9 1 425.500 0.830 0.000 0.000 50.700 M 143.84 20.049 \ %

Y  5,196.300 481.74 169,929

#11 Y, 12,411,000 1,064.62 442.120

#21 1 272.800 0.819 0.000 0.000 86.900 M 62.96 9.044

2 230500  0.388 0.694 0.266 89.200 M 104.58 9.475

3 181.100 0.289 0.877 0.256 89300 M 94.29 7.513

4 396.400 0.939 0.877 0.256 86.100 M 76.84 12.170

i

Y,  13,491.800 1,112.92 480323

#18 1 301.700 0.652 0.000 0.000 91.000 12231 14.605

2 546.800 0.768 0.561 0320  84.000 M 95.48 13.630

T 848.500 134.32 28,235

#17 1 182.200 0.462 0.000 0.000 91.000 M 90.17 8.820 |

3 182.200 90.17 8.820

#19 Y 1,030.700 209.51 37.056

#15 1 437.400 0.803 0.000 0.000 89.300 M 131.37 18.146

2 549.000 0.637 0.654 0.327 89.300 M 191.13 2.775

3 1,006.300 1.023 0.768 0.331 82.700 M 124.93 21.920
( . i S 1,992.700 [ 31441 62.841 9

4 #2 1 517.800 0.791 0.000 0.000 79800 M | 5201 8.176
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e ey s s ekt B0 e B 7 e SRR ST BRG T e | peak " -Runoff

Sg“ 5‘;'5 ‘$\.N5_Ar_ea - Conc i MUSk K U MuskX Curve ;. ‘UHS® - |..Discharge . Volume -
i Roa e S el vy B e N e e L e

| 2 229,000 0.571 0.043 0.418 78.100 M 21.91 2.943

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

5 348.100 0.618 0.487 0.362 78.000 M 31.17 4.417

Y  3,494.500 146.72 38.478

#13 1 411,600 0.725 0.000 0.000 77.600 M 31.27 4.963

2 636.400 0.774 0.322 0.336 78.700 M 55.18 8.810

3 319.000 0.575 0.685 0.318 83.500 M 62.92 7.554

4 231.700 0314 0.923 0.328 78.400 Mo 33.16 3.091

5 1,122.000 1.308 0.923 0.328 72.300 M 23.88 6.102

Y  6215.200 284.84 68.999

#14 1 405.900 0.384 0.000 0.000 88.700 M 176.21 15.934

2 411.100 0.452 0.707 0.308 88.600 M 162.89 15.989

3 787.400 0.658 0.975 0.307 89.300 M 268.72 32.665

4 144.200 0.341 1.716 0.310 84.000 M 41.09 3.594

5 343.800 0.289 1.970 0.312 84.500 M 112.09 9.014

6 392.800 0.806 2.107 0.316 79.700 M 38.45 6.130

7 528.200 0.518 2544 0.316 85.200 M 135.63 14.850

8 890.900 1253 254 0316  81.500 M 82.72 17.053

9 741.400 1.076 3.047 0.316 82.700 M 88.91 16.150

10 451.100 0.916 3.354 0.316 81.900 M 54.62 9.020

T 11,312,000 400.59 209.398

#16 1 329.600 0.641 0.000 0.000  91.000 M 134.99 15.956

348.400 0.542 0.509 0.286  90.500 M 149.98 16.122

198.500 0.266 0.943 0.279 91.000 M 124.54 9.610

Y  14,181.200 676.40 313.926

#20 1 296.300 0.667 0.000 0.000 89.700 M 10434 12.750

2 385.600 0.713 0.476 0.440 91.000 M 147.90 18.667

Y  15,893.800 724.23 382.399

#22 Y 29,385.600 1,750.57 862.722

%23 1 442.400 0.960 0.000 0.000  85.300 M 77.45 12.561

2 310.500 0.538 0.559 0.291 89.500 M 121.94 13.119

T 30,138,500 1,749.20 888.402

#35 ¥ 48,329.700 2,189.60  1,174.949

#36 1 298.200 0.987 0.000 0.000 85.000 M 49.57 8.219

2 196.800 0.441 0.000 0.000 87.900 M 73.77 7.171

3 396.700 0.433 0.166 0.372 78.300 M 46.46 5.227
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(\ ' e o N § T R e B Aol A LN - Peal ;b by Runoff
= Sl;u - SV:S_ SWSArea iy Conc. - Susial Musk X: . - ::Cm;v_e : -« yH§ ‘| Discharge  Volume
"L Get Lo ) MERBR Ll (e (e

Y. 49,221.400 2,186.29 1,195.566

#37 1 744.000 1.756 0.000 0.000 82.800 M 63.54 16.378

2 296.000 0.439 1.780 0.243 85.800 M 89.55 8.827

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 M 62.58 14.137

5 369.400 0.817 2,236 0.284 79.700 M 35.86 5.765

2 51,429.900 | 2,165.91  1,247.556

Subwatershed Time of Concentration Details:

Sfrul | SWS.v b AT, e ot . Vert Dist:. Horiz, Dist.  Velodty
# # Lam:j Flow Condition : : S!ope (°/o)_ : ® (R . {fps) Tsme (hrs)
5. Nearly bare and untilled, and
#1 1 alluvial valley fans 3.65 50.00 ] 1,369.00 1.910 0.199
8. Large gullies, diversions, and low
flowing stream s' 1.57 157.00 10,030.00 3.750 0.742
#1 1 Time of Concentration: 0.941
S. Nearly bare and untilled, and
C #1 2 alluvial valley fans 6.63 70.00 1,056.00 2.570 0.114
By S. Nearly bare and untilled, and
alluviah valley fans 1.98 150.00 7,573.00 1.400 1.502
#1 2  Time of Concentration: : ol 1.616
5. Nearly bare and untilled, and '
#1 3 alluvial valley fans 1.65 117.00 7,070.00 1.280 1.534
8. Large gullies, diversions, and low
fowing StrEams 243 126.00 5,188.00 4.670 0.308
#1 3  Time of Concentration: 1.842
5. Nearly bare and untilled, and
#1 4 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
S. Nearly bare and untilled, and
#1 5 alluvial valley fans 19.93 180.00 903.00 4.460 0.056
8. Large gullies, diversions, and low
flowing streams 330 178.00 5,393.00 5.450 0.274
#1 5 Time of Concentration: 0.330
5. Nearly bare and untilled, and
#1 6 alluvial valiey 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
N 5. Nearly bare and untiiled, and
(‘ #2 1 alluvial valley fans 6.84 70.00 1,024.00 2.610 0.108
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SHE . SWS | e e T ol Vert Dist. | Hodz.Dist.  Velodity | .
B | Flow Candition lope (%) . asT L g " ey
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8. Large guillies, diversions, and low
flowing streams 1.62 70.00 4,325.00 3.810 0.315
#2 1  Time of Concentration: 0.423
S. Nearly bare and untilled, and
#2 2 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
5. Nearly bare and untilled, and
#2 3 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
S. Nearly bare and untilled, and
#2 4 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
S. Nearly bare and untilled, and
#2 5 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
5. Nearly bare and untilled, and
#3 1 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
5. Nearly bare and unblled, and
#3 2 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
5. Nearly bare and untilled, and
#3 3 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
S. Nearly bare and untilled, and
#5 1 alluvial valley fans 17.19 110.00 640.00 4.140 0.042
8. Large gullies, diversions, and low
flowing streams 2.72 322.00 11,831.00 4.940 0.665
#5 1  Time of Cancentration: 0.707
5. Nearly bare and untilled, and
#5 2 alluvial valiey fans 11,58 105.00 907.00 3.402_ 0.074
8. Large gullies, diversions, and low
flowing streams 3.52 298.00 8,475.00 5.620 0.418
#S 2  Time of Concentration: 0.492
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#5 3 > Nearly bare and untilled, and 1.53 25.00  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 streams - 4
#5 3  Time of Concentration: 0.626
5. Nearly bare and untilled, and
#5 4 alluvial valley fans 14.19 85.00 599.00 3.760 0.044
8. Large gullles, diversions, and low 3.99 248.00 6.219.00 5.990 0.288
flowing streams v ) s 3 it
#5 4 Time of Concentration: 0.332
#5 5 > Nearly bare and untilled, and 4.15 85.00  2,049.00 2.030 0.280
alluvial valley fans
8. Large gullies, diversions, and low 3.24 142.00 4.377.00 5.400 0.225
flowing streams : - (o Y ;
#5 5  Time of Concentration: 0.505
5. Nearly bare and untilled, and
#5 6 alluvial valley fans 8.67 125.00 1,441.00 2.940 0.136
8. Large gullies, diversions, and low
flowing streams 4,81 234.00 4,865.00 6.570 0.205
#5 6  Time of Concentration: 0.341
. 5. Nearly bare and untilled, and
#6 1 alluvial valley fans 5.36 75.00 1,399.00 2.310 0.168
8. Large gullies, diversions, and low
C ) . P by 2.41 66.00  2,742.00 4.650 0.163
: #6 1  Time of Concentration: 0.331
S. Nearly bare and untilled, and
#6 2 alluvial valley fans 3.39 80.00 2,359.00 1.840 ~ 0.356
8. Large gullies, diversions, and low
flowing stream . 2.63 80.00 3,039.00 4.860 0.173
#6 2  Time of Concentration: 0.529
5. Nearly bare and untilled, and
#6 3 alluvial valley fans 4.60 34.00 739.00 2.140 OOQi
8. Large gullies, diversions, and low :
i flowing streams 2.33 136.00 5,845.00 4.570 0.355
#6 3 Time of Concentration: 0.450
5. Nearly bare and untilled, and
#6 4 alluvial valley fans 6.06 85.00 1,402.03 2.460 0.158
8. Large gullies, diversions, and low
flowing streams 2.52 96.00 3,810.12 4.760 0.222
#6 4  Time of Concentration: 0.380
— =
5. Nearly bare and untilled, and
#6 5 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: B 0.402
5. Nearly bare and untilled, and
#6 , 6 alluvial valley fans 4 : 31.83 183.00 575.00 5.640 0.028
( | 8. Large gullies, diversions, and low 3.38 270.00 7,990.00 5.510 0.402

flowing streams
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6 6 Time of Concentration: 0.430
5. Nearly bare and untilled, and
#6 7 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
5. Nearly bare and untilled, and
#7 1 alluvial valley fans Y 11.42 90.00 788.00 3.370 0.064
8. Large gullies, diversions, and low
flowing streams 1.46 230.00 15,769.62 3.620 1.210
#7 1 Time of Concentration: 1.274
5. Nearly bare and untilled, and
#7 2 allovial valley fans 11.19 60.00 536.00 3.340 0.044
8. Large gullies, diversions, and low
Aowing streams 1.26 220.00 17,444.00 3.360 : _1_.442
#7 2  Time of Concentration: 1.486
5. Nearly bare and untilled, and
#7 3 allwvial valley fans 5.35 60.00 1,121.00 2.310 0.134
8. Large gullies, diversions, and low
flowing streams 1.43 180.00 12,585.00 3.580 0.976
#7 3 Time of Concentration: 1.110
5. Nearly bare and untilled, and
#7 4 alluvial valley fans 14.29 35.00 245.00 3.770 0.018
8. Large qullies, diversions, and low
flowing streams 2.76 120.00 4,349.00 4.980 9.242___
#7 4 Time of Concentration: 0.260
5. Nearly bare and untilled, and
#7 5 alluvial valley fans i 5.36 65.00 1,213.00 2.310 0.145.
8. Large gullies, diversions, and low
flowing Streams 2-51 b 78.00 3,034.00 4.810 0.175
#7 5 Time of Concentration: 0.320
5. Nearly bare and untilled, and
#7 6 alluvial valley fans 5.64 65.00 1,153.00 2.370 0.135
8. Large gullies, diversions, and low
flowing streams 2.63 82.00 3,119.00 : :1.860 0.178
#7 6 Time of Concentration: 0.313
5. Nearly bare and untilled, and
#7 7 alluvial valley fans 11.90 85.00 714.00 3.450 0.057
8. Large gullies, diversions, and low
flowing streams - ] 293 _~1_'_3_2‘.oo 3:5(13.00 5.130 2 0.243
#7 7  Time of Concentration: 0.300
5. Nearly bare and untilled, and
#7 8 alluvial valley fans 3.61 25.00 693.00 1.890 0.101
8.Lame guites, dhersions, and low 4.12 492.00  11,931.00 6.090 0.544
owing streams . ) =
#7 8 Time of Concentration: _ _ 0.645
5. Nearly bare and untilled, and
#9 1 alluvial valley fans 3.35 90.00 2,687.00 1.830 0.407
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Stru  SWS o § . R . - -Vert. Dist. - Horiz. Dist. . Velocity :
C " # L;nd: Flow Condition . .- Slope (‘_’/q) ) L E Ry (fps) Time (hrs)
8, Large gullies, diversions, and low 0.58 2000  3,463.00 2.270 0.423
flowing streams j i !
#9 1 Time of Concentration: - - 0.830
5. Nearly bare and untilled, and
#10 1 alluvial valley fans 1.76 22.00 1,252.00 1.320 0.263
8. Large gullies, diversions, and low
flowing streams 0.63 42.00 6,683.00 2.370 0.783
#10 1 Time of Concentration: 1.046
S. Nearly bare and untilled, and
#10 2 alluvial valley fans 2.25 125.00 5,554.07 1.500 1.028
8. Large gullies, diversions, and low
flowing streams 2.13 85.00 3,997.36 4.370 0.254
#10 2  Time of Concentration: 1.282
5. Nearly bare and untilled, and
#10 3 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
5. Nearly bare and untilled, and
#10 4 alluvial valley fans 3.76 51.00 1,357.00 1.930 0.195
8. Large gullies, diversions, and low
flowing streams i 0.65 22.00 3,3%5.00 2.410 0.390
C._ #10 4  Time of Concentration: 0.585
S. Nearly bare and untilled, and
o #10 5 alluvial valley fans 1.63 88.00 5,391.16 1.I270 1.179
#10 5  Time of Concentration: 1.179
S. Nearly bare and untilled, and
#12 1 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
5. Nearly bare and untilled, and
#12 2 alluvial valley fans 2,99 50.00 1,674.03 1.720 0.270
8. Large quillies, diversions, and low
flowing streams 1.67 70.00 4,201.17 3.870 0.301
#12 2  Time of Concentration: 0.571
5. Nearly bare and untilled, and
#12 3 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
5. Nearly bare and untilled, and
#12 4 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
5. Nearly bare and untilled, and
- #12 5 alluvial valley fans 3.68 53.00 1,442.00 1.910 0.209
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Stru SWS G oo © . Vert.Dist.© Horiz: Dist..  Velodity”
: Land Flow Condition Slope (% - = : Time (hrs
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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
5. Nearly bare and untilled, and
#13 1 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
5. Nearly bare and untilled, and
¢i13 2 alluvial valley fans 291 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
4_#13 2  Time of Concentration: 0.774
5. Nearly bare and untilled, and
#13 3 alluvial valley fans 6..18 95.00 1,537.00 2.480 0.172
8. Large gullles, diversions, and low
flowing streams 2.13 .1_35.00 6,347.00 4.370 0.403
#13 3  Time of Concentration: 0.575
5. Nearly bare and untilled, and
#13 4 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
S. Nearly bare and untilled, and
#13 5 alluvial valley fans 3.10 70.00 2,255.00 1.760 0.355
8. Large gullies, diversions, and low
flowing streams i 1.23 140.00 11,392.00 3.320 0.953
#13 5 Time of Concentration: 1.308
S. Nearly bare and untilled, and
#14 1 alluvial valley fans 10.59 63.00 595.00 . 3.250 0.050
8. Large gullies, diversions, and low
flowing streams ?.60 151.00 5,808.00 4.830 0.334
#14 1 Time of Concentration: 0.384
5. Nearly bare and untilled, and
#14 2 alluvial valley fans 7.28 67.00 920.00 2.690 0.095
8. Large gullies, diversions, and low
flowing streams 217 123.00 5,670.00 4,410 0.357
#14 2 Time of Concentration: 0.452
S. Nearly bare and untilled, and
#14 3 alluvial valley fans . 21.46 150.00 699.00 4,630 0.041
8. Large gullies, diversions, and low
flowing streams B 3.10 364.00 1 ~1,“728.00 5.280 0.617
#14 3  Time of Concentration: - ey - 0.658
5. Nearly bare and untilled, and
#14 4 alluvial valley fans - 3.39 L 35.00 1,032.00 1.840 0.155
8. Large gullies, diversions, and low
. flowing streams | 2.97 103.00 1470.00 gy 5.160 0.186
#14 4  Time of Concentration: 0.341
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# # Land ﬂqw andjdon Slope (%) ) (f) (fs) . TFime (hrs)
5. Nearly bare and untilled, and
#14 5 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 § Time of Concentration: 0.289
5. Nearly bare and untilled, and
#14 6 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
S. Nearly bare and untilled, and
#14 7 alluvial valley fans i 16.72 100.00 598.00 4.080 0.040
8. Large qullies, diversions, and low
flowing streams 2.81 243.00 8,649.00 5.020 0.478
#14 7  Time of Concentration: i k: 0.518
5. Nearly bare and untilled, and
#14 8 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
S. Nearly bare and untilled, and
#14 9 alluvial valley fans B 2.87 105.00 3,657.00 1.690 0.601
8. Large qullies, diversions, and low
flowing streams - T r 2.43 194.00 7,991.00 4.670 0.475
#14 9 Time of Concentration: 1.076
5. Nearly bare and untilled, and
#14 10 alluvial valley fans 2.75 80.00 2,907.00 1.650 0.489
8. Large gullies, diversions, and low
flowing streams ok 241 1?2.00 7,149.00 4.650 0.427
#14 10 Time of Concentration: 0.91_6J
S. Neariy bare and untilled, and
#15 1 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
S. Nearly bare and untilled, and
#15 2 alluvial valley fans ' 44.22 260.00 588.00 6.640 0.024
8. Large gullies, diversions, and low
 flowing streams B 2.45 254.00 10,354.00 4.690 0.613
#15 2 Time of Concentration: 0.637
5. Nearly bare and untilled, and
#15 3 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
5. Nearly bare and untilled, and A
#16 1 allwial 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
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#16 1 Time of Concentration: 0.641
S. Nearly bare and untilled, and
#16 2 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
5. Nearly bare and untilled, and
#16 3 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
5. Nearly bare and untilled, and
#17 1 aluvial 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
S. Nearly bare and untilled, and
#18 1 alluvial valley fans N 9.00 60.00 667.00 2.990 0.061
8. Large gullies, diversions, and low
flowing streams i 0.97 _61.00 6,287.00 2.950 0.591
#18 1 Time of Concentration: =L e . 0.652
5. Nearly bare and untilled, and
p #18 2 alluvial valley fans = 2.47' 33.00 1,336.00 1.570 0.236
o 8. Large qullies, diversions, and low
fiowing streams 2.01 164.00 8,154.00 Y -4.250 0.532
#18 2  Time of Concentration: - 0.768
5. Nearly bare and untilled, and
#20 1 alluvial valley fans 11.87 45.00 379.00 3.440 0.030
8. Large gullies, diversions, and low
flowing streams b 0.75 45.00 5,969.00 2.600 0.637
#20 1 Time of Concentration: 0.667
S. Nearly bare and untilled, and
#20 2 alluvial valley fans 5.40 45.00 833.00 2.320 0.099
8. Large gullies, diversions, and low
flowing streams 130 98.00 7,547.00 3.410 0.24
#20 2  Time of Concentration: ) 0.713
5. Nearly bare and untilled, and
#21 1 alluvial valiey fans 4.09 60.00 1,467.00 2..020 0.201
8. Large qullies, diversions, and low
Rowing streams 0.93 60.00 6,433.00 2.890 0.?18‘
#21 1 Time of Concentration: 0.819
5. Nearly bare and untilled, and
#21 2 alluvial valley fans 3.“52 50.00 1,4.30.00 1.860 0.213
8. Large qgullies, diversions, and low
 Flowing streams B 2,15 60.00 2,785.00 4.400 0.175
#21 2 Time of Concentration: N o.;_gg_
( 5. Nearly bare and untilled, and
| #21 3 O vial valley fans 5 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
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#21 3  Time of Concentration: 0.289
5. Nearly bare and untllled, and
#21 4 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
5. Nearly bare and untilled, and
#23 1 allyvial valley fans 2.44 65.00 2,660.01 1.560 0.473
8. Large gullies, diversions, and low
Aowing streams 0.33 10.00 3,017.50 1.720 0.487
#23 1 Time of Concentration: 18 0.960
5. Nearly bare and untilled, and
#23 2 alluvlal valley fans 349 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
5. Nearly bare and untilled, and
#24 1 alluvial valley fans 1.71 430.00 25,118.00 1.300 5.367
#24 1  Time of Concentration: 5.367
S. Nearly bare and untilled, and
#24 2 alluvial valley fans 1.84 430.00 23,393.00 1.350 4.813
#24 2  Time of Concentration: 4.813
5. Nearly bare and untilled, and
#24 3 alluvial valley fans Y 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
5. Nearly bare and untilled, and
#24 4 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
5. Nearly bare and untilled, and
#25 1 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
5. Nearly bare and untilled, and
#25 2 alluvial valley fans 111 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
5. Nearly bare and untilled, and
#25 3 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
5. Nearly bare and untilled, and
#26 1 allwial valley fans 1.20 103.00 8,602.00 1.090 2.192
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#26 1  Time of Concentration: =B 2,192
5. Nearly bare and untilled, and
#26 2 alluvial valley fans 1.23 120.00 9,780.00 1.100 2.469
8. Large qullies, diversions, and low
flowing streams 2.18 184.00 8,454.00 4.420 0.531
#26 2  Time of Concentration: 3.000
5. Nearly bare and untilled, and
#27 1 alluvial valley fans g 4.32 50.00 1,158.02 2.070 0.155
8. Large gullies, diverslons, and low
] flowing streams 2.53 198.00 7,838.16 4.760 0.457
#27 1  Time of Concentration: 0.612
S. Nearly bare and untilled, and
#27 2 alluvial valley fans Si x 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: % k 0.529
5. Nearly bare and untilled, and
#27 3 alluvial valley fans 16.33 80.00 490.00 4.040 0.033
8. Large gullies, diverslons, and low
flowing streams 2.15 225.00 10,443.00 4.400 0.659
#27 3  Time of Concentration: 0.692
S. Nearly bare and untilled, and
> #27 4 alluvial valley fans 12.43 65.00 523.00 3.520 0.041
L‘ 8. Large gullies, diversions, and low
flowing streams 3.49 225.00 6,454.00 5.600 0.320
#27 4  Time of Concentration: - _ e 0.361
5. Nearly bare and untilled, and
#27 5 alluvial valley fans 9.40 25.00 266.00 3.060 0.024
8. Large gullies, diversions, and low
flowing streams 232 364.00 15,700.00 4.560 0.956
#27 5  Time of Concentration: il il o.9§o
S. Nearly bare and untilled, and
#28 1 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: e 0t Iy 0.657
S. Nearly bare and untilled, and
#28 2 alluvial valley fans 25.?6 105.00 406.00 5.080 0.022
8. Large gullies, diversions, and low
flowing streams “ 2.96 310.00 19,479.34 5.150 0.565
#28 2 Time of Concentration: 3 0.587
S. Nearly bare and untilled, and
#29 SR P ey fans 11.58I 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: " ) T 0.409
8 5. Nearly bare and untilled, and
% #29 2 alluvial valley fans 8.06 40.00 496.00 2.830 0.048
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(\ Sty SWS i g o Vert.Dist. Horiz. Dist. Velodty -
LI o e R S o N ) ARy ey v Pme ()
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
5. Nearly bare and untilled, and
#29 3 alluvial valley fans 7.25 25.00 345.00 2.690 0.035
8. Large gullies, diverslons, and low
flowing streams 2.26 158.00 7,001.00 4,500 0.432
#29 3  Time of Concentration: 0.467
5. Nearly bare and untilled, and
#30 1 alluvial valley fans 4,93 35.00 710.00 2.220 0.088
8. Large gullies, diverslons, and low
flowing streams: 1.67 243.00 14,540.00 3.870 1.043
#30 1 Time of Concentration: 1.131
5. Nearly bare and untilled, and
#31 1 allwvial valley fans 291 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: o588
5. Nearly bare and untilled, and
#31 2 alluvial valley fans 7.46 25.00 335.00 2.730 0.034
8. Large gullies, diversions, and low
Rowing streams 2.18 138.00 6,335.00 4.420 0.398
C g #31 2  Time of Concentration: 0.432
g S. Nearly bare and untilled, and
= #31 3 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
5. Nearly bare and untilled, and
#32 1 alluvial valley fans 3.48 22.00 632.00 1.860 0.094
8. Large gullies, diversions, and low
flowlng streams 1.56 101.00 6,494.00 3.740 0.482
#32 1  Time of Concentration: 0.576
5. Nearly bare and untilled, and
#34 1 allyvial valley fans 32 25.00 779.00 1.790 0.120
8. Large gullies, diversions, and low 2.80 63.00 2.251.00 5.010 0.124
flowing streams ) ’ e ; :
#34 1  Time of Concentration: 0.244
5. Nearly bare and untilled, and
#34 2 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
5. Nearly bare and untilled, and
#34 3 allyvial valley fans 2.67 40.00 1,500.00 1.630 0.255
8. Large gullies, diversions, and low
flowing streams N 1.28 98.00 7,675.00 3.380 0.630
3 Time of Concentration: 0.885

(J #34
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Stru sws : et ropy . Vert.Dist. - Horiz. Dist. - Velocity - P
: tand Flow Condmon Siope (%) i o S, (fps)“' Time (hrs)
5. Nearly bare and untilled, and
#36 1 alluvial valley fans 321 105.00 . 3,274.00 1.790 0.508
8. Large gullles, diversions, and low
flowing stream é B 0.21 5.00 2,367.00 1.370 0.479
#36 1 Time of Concentration: 0.987
S. Nearly bare and untilled, and
#36 2 alivial valley fans 5.50 140.00 2,547.00 2.340 0.302
8. Large gullies, diversions, and low
flowing streams d 1.58 30.00 1,897.00 3.770 0.139
#36 2  Time of Concentration: 0.441
S. Nearly bare and untilled, and
#36 3 alluvial valley fans 1.72 20.00 1,166.00 1.300 0.249
8. Large gullles, diversions, and low
flowing stream s: 2.31 70.00 3,029.00 4.560 0.184
#36 3  Time of Concentration: 0.433
5. Nearly bare and untilled, and
#37 1 Jiwvial 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
5. Nearly bare and untilled, and
#37 2 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
5. Nearly bare and untilled, and
#37 3 alluvial valley fans 8.10 100.00 1,234.00 2t840 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
S. Nearly bare and untilled, and
#37 4 Jlwvial valley fans 5.09 90.00 1,768.03 2.250 0.218
8. Large gullles, diversions, and low
flowing streams i 0.36 30.00 8,326.39 1.800 1.284
#37 4  Time of Concentration: 1.502
5. Nearly bare and untilled, and
#37 5 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 Vert. Dist.  Horiz. Dist. Velocity
# @ Land flow Condition Slope (%) ) () (fos) Time (hrs)
8. Large gullies, diversions, and low
#1 2 flowing streams 1.2-9 1 107.00 8,294.57 3.400 0.677
#1 2  Muskingum K: 0.677 |
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(-\ ) Stru  SWS - e B v gy Foic o Vert. Dist:  Horiz. Dist: - Velocity .
- p 4  LandFlow ?or:ldmon : .. Slope (%) - - () ST Time (hrs)
LY h "
8. Large gullies, diversions, and low
#1 j 3_ flowing streams 1.27 113.00 8,880.15 3.380 0.729
#1 3  Muskingum K: 0.729
8. Large gullies, diversions, and low
#1 4 flowing streams 1.35 17} (10 o 12,634.84 3.490 4 1.005
#1 4  Muskingum K: 1.005
gipl | oie JEgLareiqulicsddiversionis,apdjiow 1.49 274.00  18,351.08 3.660 1.392
h flowing streams ) . gt d : 5
#1 5 Muskingum K: 1.392
8. Large gullies, diverslons, and low
#1 6 Rowing streams 1.49 274.00 18,349.00 .3.660 1.392
#1 6 MuskingumK: ' 1.392
8. Large gullies, diversions, and low
#2 2 flowing streams 0.53 20.00 3,756.57 2.180 0.478
#2 2  Muskingum K: - 0.478
8. Large gullies, diversions, and low
#2 3 flowing strea ms: 0.55 25.00 4,570.38 2.210 0.574
#2 3 Muskingum K: 0.574
8. Large gullies, diversions, and low
#2 4 flowing streams 0.55 25.00 4,570.00 2.210 0.574
#2 4  Muskingum K: 0.574
: 8. Large gullles, diversions, and low
C ._ #2 S e 0.65 4500  6,955.17 2410 0.801
#2 5 Muskingum K: 0.801
8. Large gullies, diversions, and low
#3 3 Flowing streams 0.92 20.00 2,168.02 2.880 0.209
#3 3  Muskingum K: 0.209
8. Large gullies, diversions, and low
#5S 1 flowing streams 0..00 0.00 0.00 0.000 0.000
#5 1 Muskingum K: e 0.000
8. Large gullies, diversions, and low
#5 2 flowing streams 1.34 125.00 9,339.51 3.470 0.747
#5 2 Muskingum K: 0.747
8. Large gullies, diversions, and low
#5 3 flowing streams 1.24 155.00 12,461.81 3.340 1.036
#5 3  Muskingum K: 1.036
8. Large gullies, diversions, and low
#5 4 flowing sireams 1.24 155.00 12,461.81 3.340 1.036
#5 4  Muskingum K: 1.036
8. Large gullies, diversions, and low
#5 5 flowing streams 1.35 239.00 17,712.88 3.480 1.413
#5 5  Muskingum K: 1413
8. Large gullies, diversions, and low
#5 6 flowing streams 1.35 239.00 17,712.00 3.480 1.413
#5 6  Muskingum K: 1413
— 8. Large gullies, diversions, and low
(I #6 2 flowing streams 1.01 25.00 2,481.38 3.010 0.228
#6 2 Muskingum K: 0.228
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T v e, R T S ey
#6 3 gﬁ;gesg‘;'a"ﬁs' Sy S 0.80 47.00  5,846.00 2.680 0.605
#6 3 Muskingum K: 0.605
#6 4 gﬁ;gesg:gﬁ Chuersions;tandjow 0.80 47.00  5,846.00 2.680 0.605
#6 4  Muskingum K: 0.605
265 105 gbb?;gesgﬂi T g 0.82 89.00  10,838.00 2.710 1.110
#6 5 Muskingum K: 1.110
#6 6 gbvﬁ;gesg‘ggﬁ diversions; ancliow 0.84 12500  14,917.00 2.740 1512
_{tG 6  Muskingum K: 1.512
#6 7 g;);?r'\gesg‘;f:f; CIvErsiors, angiliow 0.84 125.00  14,917.00 2.740 1.512
i fﬁ 7 Muskingum K: 1.51_2
ST, i g&?;ge;;ﬂfnsg diversions, and low 0.00 0.00 0.00 0.000 0.000
4 #7 1 Muskingum K: 0.000
ER gbbvai;gesfr‘;'gﬁfé divecsions;and low 0.00 0.00 0.00 0.000 0.000
#7 2 MuskingumK: 0.000
7 4 g'ob‘?n'gesg‘;'g:s' dwersions, and fow 1.05 140.00  13,344.77 3.070 1.207
#7 4 Muskingum K: 1.207
o s gbﬁr’,gesg‘;'g% C=eons) and lov 1.05 14000  13,344.00 3.070 1.207
#7 5  Muskingum K: 1,207
6 ﬁab?;ﬁes?r‘éfﬁg diversions, and low 1.07 158.00  14,716.84 3.100 1318
#7 6 Muskingum K: o= | 1.318
#7 7 gb\';?;gesg‘;fﬁs' diEions Sadien 1.08 187.00  17,322.83 3.110 1.547
#7 7  Muskingum K: ) 1,547
#7 8 gﬁ;gesg‘:gf‘s' gsionshand oy 1.08 187.00  17,322.00 3.110 1.547
#7 8 Muskingum K: N 1.5-‘17
#0 2 ﬁak?ﬁges?rﬂﬁé ResIons) andiow 0.74 5000  6,729.00 2.580 0.724
#10 2  Muskingum K: e o 0.72"1_1_
#10 3 gﬁ;gesgﬂﬁs' dvErSions and tow 0.69 3600 5,241.00 2.480 0.587
#10 3 Muskingum K: ) 0.587
#0 4 gbﬁ;gesg‘;'m oSl 0.69 36.00  5241.00 2.480 0.587
#10 4  Muskingum K: B - 0.587
#10 S m;gesgﬂ;‘g giersioes fand IS 0.69 4400  6,399.00 2.480 0.716
#10 5 Muskingum K: R 0.716
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C_\ Strig, SWS, . CLELL G il e S ey Vert.Dist. - Horiz:Dist. - Velocty - . 'h :
h e e b R O e ad M Ak
8. Large qullies, diversions, and low
#12 2 flowing streams 8.24 111.00 1,347.00 8.610 0.043
#12 2  Muskingum K: ) 0.043
8. Large gullies, diversions, and low
#12 3 flowing streams 8.01 109.00 1,360.00 8.490 0.044
#12 3  Muskingum K: 0.044
8. Large gullies, diversions, and low
#12 4 flowing streams 2.24 176.00 7,866.09 4.480 0.487
#12 4  Muskingum K: p 0.487
8. Large qullies, diversions, and low
#12 5 flowing streams 2.24_ 176.00 7,866.00 4.480 0.487
#12 S5 Muskingum K: 0.487
8. Large gullies, diversions, and low
#13 2 flowing streams 1.34 54.00 4,025.00 3.470 0.322
#13 2  Muskingum K: ] . 0.322
8. Large gullies, diversions, and low
#13 3 flowing streams 0.98 72.00 7,333.00 2.970 0.685
#13 3 Muskingum K: 0.685
8. Large gullies, diversions, and low
#13 4 flowing streams 1.18 127.00 10,806.00 3.250 0.923
#13 4 Muskingum K: 0.923
B 8. Large gullies, diversions, and low
C #13 5 flowing streams 1.18 127.00 10,806.00 3.250 0.923
#13 5 Muskingum K: 0.923
8. Large qullies, diversions, and low
#14 1 flowing streams X 0.00 0.00 0.00 0.000 0.000
#14 1 Muskingum K: _ 0.000
8. Large gullies, diversions, and low
#14 2 flowing streams 0.83 58.00 6,957.00 2.730 0.707
#14 2  Muskingum K: 0.707
8. Large gullies, diversions, and low
#14 3 Rowing streams _ 0.81 77.00 9,480.00 2.700 0.975
#14 3 Muskingum K: 0.975
8. Large gullies, diversions, and iow
#14 4 flowing streams 0.8§ _ 147.00 17,117.00 2.770 1.716
#14 4 Muskingum K: - " 1,716
8. Large gullies, diversions, and low
#14 5 flowing streams 0.88 175.00 19,934.00 2.810 1.970
#14 5  Muskingum K: 1.970
8. Large guilies, diversions, and low
#14 6 flowing streams 0.95 211.00 22,155.00 2.920 2.107
#14 6  Muskingum K: 2.107
8. Large gullies, diversions, and low
#14 7 flowing sireams 0.96 257.00 26,835.00 2.930 2.544
#14 7  Muskingum K: 2.544
= 8. Large gullies, diversions, and low
(J #14 8 flowing streams 0.96 257.00 26,835.00 2.930 2.544
#14 8 Muskingum K: 2,544
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Stru- SWS i oL oY " Vert,Dist. ' Horiz. Dist.  Velocity ol
: Land Flow Condition: - . Slope (% ; : : ; m
W | e, PSR o e ] ) () RO

8. Large gullies, diversions, and low

#14 9 flowing streams 0.95 307.00 32,146.59 2.930 3.047

#14 9  Muskingum K: 3.047
8. Large gullies, diversions, and low

#14 10 flowing Streams 0.96 339.00 35,382.00 2.930 3.354

#14 10 Muskingum K: 3.354
8. Large gullies, diversions, and low

#15 b flowing streams . 0.00 0.00 0.00 0.000 0.000

#15 1 Muskingum K: 0.000
8. Large gullies, diversions, and low

#15 2 Aowing streams 1.14 86.00 7,535.00 3.200 0.654

#15 2  Muskingum K 0.654
8. Large gullies, diversions, and low

#15 3 flowing streams 1.25 115.00 9,236.00 3.340 0.768

#15 3  Muskingum K: 0.768
8. Large gullies, diversions, and low

#16 2 flowing streams 0.58 24.00 4,161.00 2,270 0.509

#16 2  Muskingum K: 0.509
8. Large gullies, diversions, and low

#16 3 flowing streams Oi 37.00 7,269.00 2.140 0.943

#16 3  Muskingum K: 0.943
8. Large gullies, diversions, and low

#17 1 ] flowing streams 0.00 0.00 0.00 0.000 0.000

#17 1 Muskingum K: r 3 L 0.000
8. Large gullies, diversions, and low

#18 1 flowing streams 0.00 0.00 0.00 0.000 0.000

#18 1 Muskingum K: 0.000
8. Large qgullies, diversions, and low

#18 2 flowing streams 1.02 62.00 6,103.00 3.020_ 0.561

#18 2  Muskingum K: 0.561
8. Large gullies, diverslons, and low

#20 2 flowing streams 17.00 3,605.00 21,205.88 : 12.360 0.476

#20 2  Muskingum K: 0.476
8. Large gullies, diversions, and low

#21 1 flowing streams 0.00 0.00 0.00 0.000 0.000

#21 1 Muskingum K: 0.000
8. Large gullies, diversions, and low

#21 2 flowing streams 0.41 20.00“ 4'82_4'_00 1.9?0 0.694

#21 2  Muskingum K: 0.694
8. Large gullies, diversions, and low

#21 3 flowing streams 0.36 20.00 5,6_2600 1.780 0.877

#21 3  Muskingum K: 0.877
8. Large guilies, diversions, and low

#21 q _ _ﬂ owing streams 0.36 20.00 5,6?6.00_ ] 1.780 0.877

#21 4  Muskingum K: 0.877
8. Large gullies, diversions, and low

#23 1 flowing streams L 0.00 0.00 0.00 0.000 0.000

#23 1 Muskingum K: 0.000
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O* Stru  SWS | N s Vert.Dist  Horiz. Dist.-  Velocity
S # ¢ Land Flow Condition ; .S.lope (%) ® y (fs) Time (hrs)
8. Large gullies, diversions, and low
#23 2 flowing streams 0.63 30.00 4,771.75 2.370 0.559
#23 2  Muskingum K: 0.559
8. Large gullies, diversions, and low
#24 1 flowing streams 0.79 180.00 22,769.00 2.660 2.377
#24 1 Muskingum K: 2,377
8. Large gullies, diversions, and low
#24 2 flowing streams 0.78 __180.00 23,111.00 2.640 2.431
#24 2  Muskingum K: ) 2431
8. Large gullies, diversions, and low
#24 4 flowing streams _0.?? 0.00 0.00 0.000 0.000
#24 4 Muskingum K: " 0.000
8. Large gullies, diversions, and low
#25 1 flowing streams 1.99 104.00 5,220.00 4.230 0.342
#25 1 Muskingum K: 0.342
8. Large gullies, diversions, and low
#25 2 flowing streams 1.99 104.00 5,220.00 4.230 0.342
#25 2  MuskingumK: 0.342
8. Large gullies, diversions, and low
#25 3 flowing streams 0.00 0.00 0_.00 0.000 0.000
#25 3 Muskingum K: o 0.000
. 8. Large gullies, diversions, and low
C‘ #27 1 flowing streams 1.38 216.00 15,629.00 3.520 1.233
5 #27 1 MuskingumK: 1.233
8. Large gullies, diversions, and low
#27 2 flowing streams 1.17 1?4.00 12,301.00 3.240 1.054
#27 2 Muskingum K: 1.054
8. Large gullies, diversions, and low
#27 3 flowing streams | 1.18 76.00 6,454.00 3.250 0.551
#27 3 Muskingum K: 0.5514
8. Large gullies, diversions, and low
#27 4 flowing streams 1.18 76.00 6,454.00 3.250 0.551
#27 4  Muskingum K: 0.551
8. Large gullies, diversions, and low
#28 1 flowing streams . 1.30 84.00 6,445.17 3.420 0.523
#28 1 Muskingum K: ) 0.523
8. Large gullies, diversions, and low
#29 1 flowing streams 0.88 37.00 4,210.00 2.810 0.416
#29 1 Muskingum K: 0.416
8. Large gullies, diversions, and low
- #29 2 flowing streams _ 0.88 26.00 2,949.00 2.810 0.291 |
| #20 2 Muskingum Ic 0.291
8. Large gullies, diversions, and low )
b .#31 1 flowing strea ms 1.35 76.00 5,639.00 3.480 0.450
) #31 1 Muskingum K: _ 0.450
—~ 8. Large gullies, diversions, and low
(’ — #31“ _i _ﬂowing streams 1.15 20.00 1,734.00 3.220 0.149
- #31 2 Muskingum K: 0.149
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Stru  SWS ; " % Vert. Dist.  Horiz. Dist.  Velocity
o # Land Flow Condition Slope (%) ") () (fos) Time (hrs)

8. Large guliies, diversions, and low

#34 1 flowing streams ¢ 0.73 65.00 8,900.00 2.560 0.965

#34 1 Muskingum K: Y 0.965
8. Large qullies, diverslons, and low

#34 2 flowing strea mé 0.73 65.00 8,900.00 2.560 0.965

#34 2  Muskingum K: 0.965
8. Large gullies, diversions, and low

#36 3 flowing streams B 271 80.00 2,957.00 4.930 0.166

#36 3  Muskingum K: 0.166
8. Large gullies, diversions, and low

#37 2 flowing streams 0.29 30.00 10,319.91 1.610 1.780

#37 2  Muskingum K: 1.780
8. Large gullies, diversions, and low

#37 3 flowing streams 0.31 30.00 9,800.71 1.650 1.649

#37 3 Muskingum K: 1.649
8. Large qullies, diversions, and low

#37 T, ng streams e 0.29 30.00 10,319.91 1.610 1.780

#37 4 Muskingum K: - - 1.780
8. Large qullies, diversions, and low

#37 S flowing streams' & 0.56 100.00 17,956.54 2.230 2.2364

#37 5  Muskingum K: 2.236
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General Information

Storm Information:

Storm Type:

Type II-_GO

Design Storm:

25yr-6hr

Rainfall Depth:

1.600 inches
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Structure Summary:

Immediste . Totat Peak . Total ”

:.Conn_'lbuﬁ.n.g A (;ont;i_bqtln_g Discharge " - Runoff

' Area Areg . . 2= 7 Volume
BN e e B o).
#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 9,077500  147.45  138.55
#27 1,783.700 13,347.600 31911  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 39536 62.12
#33 0.000 17,258.700 78516  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 3766200  575.19  181.93
#7 2,395.300 6161500  982.59  341.46|
#8 0.000 6,161.500  982.59  341.46
L #10 1,053.200 7,214700  1,026.78  400.15
#1 2,411.100 2411100  450.10 89.93
#2 1,497.000 3908100  539.84 18184
# 862.700 4770800  673.76  226.50
#4 0.000 4770800  673.76 ey
#9 425.500 5196300  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 848500  210.88 4235
#17 182.200 182.200  128.80 12.48
#19 0.000 1,030.700 30155 54.83
#15 1,992.700 1,092.700  484.43 95.22
#12 3,494.500 3494500  276.49 72.29
#13 2,720.700 6215200 52875  128.90
#14 5006800  11,312.000 70602  346.80
#16 876500  14,181.200 1,014.86  501.20
#20 681900 15893800  1,08051 60087
#22 T 0000  29,385.600 2,505.82  1,313.03
#23 752900  30,138.500 2,593.51  1,351.53
435 0000 48329700 3,267.78  1,832.86
2 #36 891700  49,221400  3,26349  1,865.82
“ #37 2,208500  51,429.900 3,234.48  1,949.23]
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General Information

Storm Information:

Storm Type:

Type 1I-60

i Design Storm:

S0yr-6 h_r_

Rainfall Depth:

1.800 inches
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Structure Summary:

: ;im}hediqte - Total - Py Total

@Qgirbphng ; Contri_bqﬁng Discharge Runoff

(] Area” = 7 Volume

(ét) (acy e ) (ac-ft)
#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
B 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
8 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
#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  3,20379  1,640.81
#23 " 752900  30,138.500 3,20038  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
#37 2,208.500 51,429.900  4,005.46  2,468.74
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General Information

Storm Information:

Storm Type:

Type 11-60_

Design Storm:

100yr-6hr

Rainfall Depth:

2.000 inches
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Structure Summary:
Imiediate - Total  pop 0 0 Totl
Contributing ~ Contributing: : pyeipage - RUNOM
Area 0 Area. . T2 1 Volume

. @) e B e

#30 476.400 476.400 48.15 9.85
#28 1,217.900 1,217.900  630.72 99.84
#26 2,486.400 2,486.400  194.88 73.81
#24 8,061.800 8,061.800 28323  219.79
#25 1,015.700 9,077.500 28991  264.16
#27 1,783.700 13,347.600 53681 41652
#29 966.000 15,531.500 1,051.27  594.15
#32 293.700 16,301.600 1,091.37  632.47
#31 957.100 957.100  573.16 88.75
#33 0.000 17,258.700  1,188.90  721.22
#34 932.500 18,191.200 . 1,217.27 795.10
#5 2,023.000 2023.000 81552  143.06
#6 1,743.200 3766200  868.02  273.64
#7 2,395.300 6161500 1,455.93  500.51
#8 0.000 6,161,500 1,455.93  500.51
#10 1,053.200 7214700 151216  586.13
#1 2,411.100 2411100 71139 141,39
#2 1,497.000 3908100  834.50  273.80
3 862.700 4770800  988.87  340.16
4 0.000 4770800  988.87  340.16
#9 425.500 5196300 1,03648  380.66
#11 0.000 12,411.000 231422  966.80
#21 1,080.800  13491.800 2,400.12  1,051.28
#18 848.500 848.500  326.50 63.15
#17 182.200 182200  182.95 17.67
#19 0.000 1,030.700  433.80 80.82
#15 1,992.700 1,092.700 74010  143.20
#12 3,494.500 3494500  493.90  128.59
#13 2,720.700 6215200  935.07  228.65
#14 5,096.800 11,312000 1,20198  563.09
#16 876.500 14,181.200 151307  790.26
#20 681.900 15,893.800  1,60507  934.99
422 0.000  29,385.600_ 3,839.19  1,986.27
#23 752900  30,138.500 3,834.77  2,043.61
435 0000 48329700 4,859.19  2,838.72
#36 891.700  49,221.400 4,85345  2,890.59
#37 3208500 51429900 4,813.30  3,022.02
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LEGEND

o~ —sp%e -~ EXISTING TOPOGRAPHY— IN FEET POINT NO. EASTING NORTHING ELEVATION
=y TEST PIT LOCATION CENTERLINE STATIONS AT FINAL GRADE

& DH-1 DRILL HOLE LOCATION A—-1 (STA 0+5B.50) | 299,760.000 2,008,778.500 5,273.000

B BASELINE A—2 (STA 3+50.00) | 299,760.000 2,008,487.000 5.266.000
"S5 GABION ARMORING

i1 BERM

A-3 (STA 6+41.50) | 2989,760.000 2,008,195.500 | 5,273.000

NOTES: 1.OWNERS SURVEYORS WILL RE—ESTABLISH CONTROL POINTS

2.COORDINATES LISTED ARE A LOCAL SYSTEM BASED ON THIS
MONUMENTATION

NOTES:

GENERAL

1. EXISTING GROUND TOPOGRAPHY AND CONTOURS WITHIN SITE
PLAN LIMITS SHOWN ON THIS DRAWING ARE BASED ON 2004
GROUND SURVEY PROVIDED BY BNCC. TOPOGRAPHY OUTSIDE

THESE LIMITS ARE UNKNOWN. ESTIMATED QUANTITIES

2 COORDINATES AND ELEVATIONS FROM THE 2004 BNCC GROUND
SURVEY ARE BASED ON BNCC MINE SURVEY CONTROL AND ITEM NO. DESCRIPTION OF ITEM UNIT ESTIMATE

DATUM. THE CONTRACTOR SHALL CONFIRM ALL COORDINATES 203000 CUT AND FILL WITHIN PROJECT B8OUNDARIES CU. YD. 57516

AND ELEVATIONS AND ENSURE TIE—IN OF THIS PROJECT WITH 203100 | CUT AND FILL FROM STOCK PILE cuU. YD. 14948 ey —

ggﬁggﬁ%ﬁg&"“ CONTROL AND DATUM PRIOR TO 207000 | SUB~GRADE PREPARATION CU. YD. 13058 0 PSSUED FOR CONSTRUCTION|05/07 | BTC | JAK | KMw
YO

SCALE
304000 SUB—-BASE Cu. YD. 16323 A |ISSUED FOR PERMITTING |[12/04 | MWH JTU AHR

3. EXISTING GROUDNE TOPOGRAPHY AND CONTOURS USED TO 304100 BASE COURSE Cu. YD. 6529 60 0 60 120° REV. REVISIONS DATE | DESIGN BY | ORAWN Y | REVENED AND
DEVELOP THE DESIGN OF THE ROADWAY TIE—IN AT STA —3+38 P ey — e
HAVE BEEN BASED ON EXTRAPOLATED AERIAL TOPOGRAPHY 100009 WEARING COURSE . YD 5014 CONTOUR INTERVAL 2' FT. B H P

INFORMATION PROVIDED BY BNCC. THE CONTRACTOR SHALL 511200 STRUCTURAL REINFORCED CONCRETE, CLASS AA CU. YD. 204

CONFIRM THE EXISTING GROUND GONTOURS AT THIS 517000 | PRECAST CONCRETE BOX CULVERT LIN. FT. 1582
LOCATION PRIOR TO CONSTRUCTION. ANY DISCREPANCIES 602000 | GABIONS CU. YD 860

| |
BROUGHT TO TH . ‘
fm,‘jcgg AL RESOLUTIONF ATTENTION OF THE PROJECT 602000A | GABION MATTRESSES (CULVERT) CU. YD. 820 Nava jo Coal Co,

606100 DOUBLE METAL BARRIER W—BEAM LIN. FT. 368

CONSTRUCTION 668100 GEOGRID BX 1200 SQ. F1. 352560 | PROJECT: BNCC AREA IV EXPANSION

1. NEW MEXICO DEPARTMENT OF TRANSPORTATION 2005 INTERIM _
SPECIFICATI WAY _AND BRID CTCN
SHALL APPLY.

DRAWING TITLE:

COTTONWOOD ARROYO CROSSING
GEQTECHNICAL DATA SITE PLAN

1. FOR BORELOG AND TEST PIT GEOTECHNICAL INFORMATICN URS CORPORATION Sheet 2 0f 20 Sheets
REFER TO THE DESIGN REPORT. “ m 6501 AMERICAS PARKWAY, NE |

SUITE 900 SCALE: C 2
ALBUQUERQUE, NEW MEXICO 87110 AS NOTED -
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C-3 TYP Sectiona.dwg

FILE:
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e
“—UNCOMPACTED BERM

; FILTER FABRIC

_2°—4" ROCK WITH
" FRACTURED "FACES

“GUTTER DETA/[\\

NTS

AN

80.0'

-

TRUCK HAUL LANE

2.5Z

HAUL ROAD - TYPICAL SECTION AT GUARDRAIL - STATIONS 5+00 TO 7+07 LEFT
STATIONS 6+00 TO 8+28 RIGHT

NTS

A

\_SEE TYPICAL PAVEMENT

SECTION FOR DETAILS

HAUL ROAD - TYPICAL SECTION - STAHIONS-9+10-FO-3+50LEFF-

NTS

* X ' a '
7.0 vgx‘s_* 40.0 e £0.0 VARIES
7.0°_MIN
TRAFFIC LANE TRUCK HAUL LANE —HEGHT OF —
I BERM
2 5% 2 5% . BERM SHALL
=T/ 7 . ’ BE gféagao
LOO
~ \ WITHOUT
SEE-GUTTER-DETAI “——SEE TYPICAL PAVEMENT COMPACTION
COMPACTED  THHS-SHEET SECTION FOR DETAILS
EMBANKMENT EMBANKMENT
HAUL ROAD - TYPICAL SECTION - STATIONS: PROJECT LIMIT TO -2+70, 6+97 TO 10+18 LEFT — SEE-GUTTER-DETANL
STATIONS: PROJECT LIMIT TO -2+70, 4+00 TO 6+ 10, 8+08 TO 10+18 RIGHT THIS-SHEET
NTS
40.0'
_—
TRAFFIC LANE
40.0' ? 80.0' 2.5%
.7y, TRAFFIC LANE TRUCK HAUL LANE
| SEE D—3 FOR GABION
2.5%_ 2.5% " LOCATIONS
i
EOMPACTED \ commcﬁ:o
MBANKMENT SEE TYPICAL PAVEMENT
SECTION FOR DETAILS EMBANKMENT
2H30LEET AND 2420 BT
HAUL ROAD - TYPICAL SECTION - STATIONS -2+70 TO O+1O-LEFTAND-RIGHT
NTS
D VARES | 40.0° *@‘. 80.0' _VARIES ,
TRAFFIC LANE TRUCK HAUL LANE BERM ZE?G#%NOF
BERM
. A BERM SHALL
__25% 2.5% BE GRADED
e LOOSELY
N\ WTHOUT
x COMPACT!
«———SEE D~3 FOR GABION o
LOCATIONS SEE TYPICAL PAVEMENT
SECTION FOR DETAILS
COMPACTED I . COMPACTED
EMBANKMENT 2420 EMBANKMENT
HAUL ROAD - TYPICAL SECTION AT BERM - STATIONS 3+56-TO 5+00 LEFT, STATIONS 3+80 TO 4+00 RIGHT
NTS |
4.0° 40.0° 8 80.0' 4.0'
SEE HAUL | | TRAFFIC LANE EN TRUCK HAUL LANE 1T
ROAD\| SEE HAUL
GUARDRAIL " ROAD
DETAIL GUARDRAIL
DETAIL
—2:5% 2.5%2
\\ ,f""'fv
COMPAGTED SEE TYPICAL PAVEMENT il
SECTION FOR DETAILS
EMBANKMENT EMBANKMENT

STATIONS 10 3+80 RIGHT
>y

peyad

LEGEND

GABION ARMORING
SEE SHEET D-4

O JSSUED FOR CONSTRUCTION|05/07 | MMA | JAK | KMW

~ BHP

o REWSIONS DATE | DESIGN BY | DRAWN By | REYIENED AMD

Navajo Coal Co.
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BNCC — AREA IV
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NOTES:

1. EXISTING GROUND TOPOGRAPHY AND CONTOURS WITHIN SITE
PLAN LIMITS SHOWN ON THIS DRAWING ARE BASED ON 2004
GROUND SURVEY PROVIDED BY BNCC. TOPOGRAPHY OUTSIDE
THESE LIMITS ARE UNKNOWN.

2. COORDINATES AND ELEVATIONS FROM THE 2004 BNCC GROUND
SURVEY ARE BASED ON BNCC MINE SURVEY CONTROL AND
DATUM. THE CONTRACTOR SHALL CONFIRM ALL COORDINATES
AND ELEVATIONS AND ENSURE TIE-IN OF THIS PROJECT WITH
THE BNCC SURVEY CONTROL AND DATUM PRIOR TO
CONSTRUCTION.

3. THE HYDROLOGIC DATA HAS BEEN FURNISHED BY BNCC,
AND/OR THIRD PARTIES, WHICH WAS USED iIN DESIGN
PREPARATION. URS HAS RELIED ON THIS INFORMATION AS
FURNISHED, AND IS NEITHER RESPONSIBLE FOR NOR HAS
CONFIRMED THE ACCURACY OF THIS INFORMATION.

4. FOR PROPOSED GRADING AT THE CULVERT INLET AND
CUTLET, SEE COTTONWOOD ARROYO CULVERT GRADING PLAN,
SHEET D-2.

5. FOR PROPOSED EROSION PRCTECTION, SEE EROSION
CONTROL DETAILS SHEET D-4.

- 6. FOR DETAILED DIMENSIONING OF THE CONCRETE APRON, AND
WINGWALLS, SEE STRUCTURAL DETAILS ON SHEETS S—-1 — S—4.
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- CONTROL POINT LISTING
S TR ~ EXISTING TOPOGRAPHY— IN FEET POINT NOQ, | EASTING | NORTHING [ ELEvaTion
= MY TEST PIT LOCATION CENTERLINE STATIONS AT FINAL GRADE
# OH-1 DRILL HOLE LOCATION A—1 (STA D+5B.50) | 289,760.000 2,008,778.500 5,273.000
B BASELINE A—2 (STA 3+50.00) | 299,760.000 2,008,4B7.0D0 5,266.000
=l GABION ARMORING
A—3 (STA 6+41.50) | 299,760.000 2,008,195.500 5,273.0D0
i BERM

NOTES: 1.OWNERS SURVEYORS WILL RE—ESTABLISH CONTROL POINTS

2.COORDINATES LISTED ARE A LOCAL SYSTEM BASED ON THIS —
MONUMENTATION

NOTES:

GENERAL

1. EXISTING GROUNC TOPOGRAPHY AND CCONTOURS WITHIN SITE
PLAN LIMITS SHOWN CN THIS DRAWING ARE BASED ON 2004
GROUND SURVEY PROVIDED BY BNCC. TOPOGRAPHY OUTSIDE

THESE LIMITS ARE UNKNOWN. ESTIMATED QUANTITIES

2. CODROINATES AND ELEVATIONS FROM THE 2004 BNCC GROUND
SURVEY ARE BASED ON BNCC MINE SURVEY CONTROL ANO ITEM NO. DESCRIPTION OF ITEM UNIT ESTIMATE
DATUM. THE CONTRACTOR SHALL CONFIRM ALL COORDINATES 203000__| CUT _AND FILL WiTHIN PROJECT BOUNDARES CU._YD. 57518
%’:‘E EE;EEATISNS AND ENSURE TIEBINTL?F ;HRIS PROJECT WITH 203100 CUT AND FILL FROM STOCK PILE CU. YD. 14948 —*%_/
CONSTRUCHS(J,?VEY CONTROL ANC DATUM PRIOR TO 207000 | SUB-GRADE PREPARATION CU. YD. 13058 oALE O SSUED FOR CONSTRUCTION|05/07 | BTC | JAK | kmw
304000 | SUB—BASF CU. YD. 16323 ! ] i A |ISSUED FOR PERMITTING 12/04 MWH | JTU | AHR
3. EXISTING GROUND TOPOGRAPHY AND CONTCURS USED TO 304100 BASE COURSE CU. YD. 6529 &0 9 50 120 REV. REVISIONS DESIGH BY | DRaw 5 | FEVEWED 4
RAVE BEEN BASED ON EXTRAPOLATED AERIAL TOPOCRARHY 400000 | WEARING COURSE CU. YD. 3014 e B —
INFORMATION PROVIDED BY BNGC. THE CONTRACTOR SHALL 511200 | STRUCTURAL REINFCRCED CONCRETE, CLASS AA CU. YD. 204 : B H P
CONFIRM THE EXISTING GROUND CONTOURS AT THIS 517000 PRECAST CONCRETE BOX CULVERT LiN. FT. 1582
LOCATION PRIOR TO CONSTRUCTION. ANY DISCREPANCIES B02000 | GABICNS CU. YD 860
o NAsE pxouetT 10 THE ATTENTION OF THE PROJECT : 602000A | GABION MATTRESSES (CULVERT) cu. YD 820 ava jo oal CO-
BOG10D0 | DOUBLE METAL BARRIER W—DBEAM LN, FT. 368
CONSTRUCTION 6GB100 CEOGRIY BX 1200 5Q. F1. 352560 PROJCT: BNCC — AREA IV EXPANSION
1. NEW MEXICO DEPARTMENT OF TRANSPORTATION 2005 INTERIM
SPECIFI Y_ANC BRI DRAWING TITLE:
SHALL APPLY.
COTTONWOOD ARROYO CROSSING
GEDTECHNICAL DATA SITE PLAN
1. FOR BORELOG AND TEST PIT GEOTECHNICAL INFORMATION URS. CORPORATION Sheet _2_of 20 Sheets
REFER 10 THE DESIGN REPORT. ES01 AUERICAS PARKWAY. NE ST
!ms ALBUOUERDUE, NEW MEXICO 87110 as PIJOTED -2
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HAUL ROAD - TYPICAL SECTION - STATIONS: PROJECT LIMIT TO -2+70. 6+97 TO 10+18 LEFT SEE GUTTER DETAIL
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B
40.0' \ 80.0"
TRAFFIC LANE TRUCK HAUL LANE
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SEE D—3 FOR GABION \
2.5% 5% LOCATIONS SEE TYPICAL PAVEMENT
SECTION FOR DETAILS

X

HAUL ROAD - TYPICAL SECTION - STATIONS 0+10 TO 3+50 LEFT

COMPACTED \ ,
EMBANKMENT SEE TYPICAL PAVEMENT COMPACTED STATIONS 0+10 TO 3+80 RIGHT
SECTION FOR DETAILS EMBANKMENT NTS

HAUL ROAD - TYPICAL SECTION - STATIONS -2+70 TO 0+10 LEFT AND RIGHT

NTS
GABION ARMORING
7o | varies 40,0 B 80.0' VARIES | o M SEE SHEET D—4
,: BERM TRAFFIC LANE TRUCK HAUL LANE BERM [ HEIGHT OF
y BERM
3 ).6‘5.'- A 7 |
S L _ R & BERM SHALL
: 2.5% 2.5% i BE GRADED
LOOSELY
NG WTHOUT

ol \ COMPACTION
9 | «———SEE D—3 FOR GABION 7
R ’ LOCATIONS SEE TYPICAL PAVEMENT Iy
SECTION FOR DETAILS -~
COMPACTED COMPACTED

EMBANKMENT

EMBANKMENT ’
HAUL ROAD - TYPICAL SECTION AT BERM - STATIONS 3+50 TO 5+00 LEFT, STATIONS 3+80 TO 4+00 RIGHT
NTS
4.0 40.0' a 80.0" 4.0' O JSSUED FOR CONSTRUCTION 05/07 MMA JAK KMW
| } 1 R REWSIONS DATE | DESIGN BY | DRawn By | REYENED A
SEE Eé}:lﬁ TRAFFIC LANE TRUCK HAUL LANE SEE HAUL [ E—
GUARDRAIL ROAD
DETAIL gg_)r\;ERAIL . B H P
. EE Navajo Coal Co.
Py = PROJECT:
X : . SEE TYPICAL PAVEMENT BNCC — AREA IV EXPANSION
COMPACTED SECTION FOR DETAILS COMPACTED DRAWING THTLE:
EMBANKMENT EMBANKMENT COTTONWOOD ARROYO CROSSING
HAUL ROAD - TYPICAL SECTION AT GUARDRAIL - STATIONS 5+00 TO 7+07 LEFT TYPICAL ROADWAY SECTIONS
NTS STATIONS 6+00 TO 8+28 RIGHT T o 0 e
URS CORPORATION eel o Of LU Shasts
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ALBUQUERGUE, NEW MEXICO 87110 AS NOTED c-3
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NTS
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BX1200 TENSAR GECGRID
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SEE C—3 FOR EDGE
TREATMENTS

WEARING COURSE — 67
COARSE CRUSHED ROCK BASE COURSE — 12*
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SUBGRADE PREFARATION — 127
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REY. REVISIONS DESIGN BY | DRAWN BY "%‘Eg#”
. SEE SHT C—2 FOR NOTES. PR OF /LE AL ONG HA UL R OAD @ B H P
2. LOW POINT ON HAUL ROAD PROFILE SHALL BE MAINTAINED TO *'—"%_/
ENSURE HAUL ROAD DOES NOT OVERTOP DURING THE 10 YEAR
STORM EVENT.

SCALE
o o Navajo Coal Co.
3. CONTRACTOR SHALL COORDINATE WITH BNCC REGARDING TIE—IN WITH I e —
APPROACH ROAD. TIE—IN ELEVATIONS PROVIDED BY BNCC, CONTOUR INTERVAL 2 FT. PROJECT: BNCC — ARFA IV EXPANSION
4. MAXIMUM TRAFFIC (ANY VEHICLE} SPEED IS 30 MPH. DRAWNG TITLE:
5. CONTRACTOR SHALL FIELD VERIFY GUARD RAIL POSTS DO NOT SCALE . COTTONWOOD ARROYQ CROSSING
CONTACT TOP OF BOX CULVERT. o 25 5 HAUL ROAD PLAN AND PROFILE

FEET {VERTICAL)

URS CORPORATION Sheet 5 0f 20 Sheets
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PROPOSED HAUL ROAD
BASELINE. SEE SHT. C-5
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SCALE
! 0 20 40°

CONTOUR INTERVAL 2" FT.
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COTTONWOOD
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——5255———  EXISTING TOPOGRAPHY- IN FEET
& CONTROL POINT
—_— FLOW ARROW

i EMBANKMENT FILL SLOPE
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PROPOSED ROAD CENTERLINE
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PROJECT NUMBER:

=1 Plan ond Prof.dwg

FILE:

¢ PROFILE

SCALE
i 1] 20 40"
FEET

2+00

oy

NOTES:

+ EXISTING GROUND TOPOGRAPHY AND CONTCURS WITHIN SITE
PLAN LIMITS SHOWN ON THIS DRAWING ARE BASED ON 2004
GROUND SURVEY PROVIDED BY BNCC. TOPOGRAPHY OUTSIDE
THESE LIMITS ARE UNKNOWN.

. COORDINATES AND ELEVATIONS FROM THE 20D4 BNCC GROUND
SURVEY ARE BASED ON BNCC MINE SURVEY CONTROL AND
DATUM. THE CONTRACTOR SHALL CONFIRM ALL COORDINATES
AND ELEVATIONS AND ENSURE TIE—IN OF THIS PROJECT WITH
THE BNCC SURVEY CONTROL AND DATUM PRIOR TO
CONSTRUCTION.

. THE HYDROLOGIC DATA HAS BEEN FURNISHED B8Y BNCC,
AND/OR THIRD PARTIES, WHICH WAS USED IN DESIGN
PREPARATION, URS HAS RELIED ON THIS INFORMATION AS
FURNISHED, AND IS NEITHER RESPONSIBLE FOR NOR HAS
CONFIRMED THE ACCURACY OF THIS INFORMATION.

. FOR PROPOSED GRADING AT THE CULVERT INLET AND
OUTLET, SEE COTTONWOOD ARROYO CULVERT GRADING PLAN,
SHEET D-2.

. FOR PROPQSED EROSION PROTECTION, SEE EROSION
CONTROL DETANLS SHEET D—4.

. FOR DETAILED DIMENSICNING OF THE CONCRETE APRON, AND
WINGWALLS, SEE STRUCTURAL DETAILS ON SHEETS 5-1 — S—4.

ABBREVIATIONS

CBC CONCRETE BOX CULVERT
FL FLOWLINE ELEVATION

BL BASELINE

STA STATION

L LENGTH

s SLOPE

HYDROLOGIC & HYDRAULIC DATA
DRAINAGE AREA = 76.99 SQ. M.
DESIGN FREQUENCY = 10 YEAR, 6 HOUR
DESIGN DISCHARGE = 2iB6 CFS
DESIGN SURFACE WATER (DSW} ELEV. = 5265.43
DESIGN TAILWATER ELEVATION = 5262.14
OUTLET VELOCITY = 13.01 FT/SEC
ROADWAY OVERTOPPING
HIGH WATER FREQUENCY = 50 YEAR, 6 HOUR
HIGH WATER DISCHARGE = 4040 CFS
HIGH WATER ELEVATION = 526B.37
ROADWAY FLOODING DEPTH @ BL = 1.67 FT

CONTROL POINT LISTING
POINT NO.[HAUL ROAD EASTING NORTHING
STA. OFFSET
c-1 7+00.00  1101.09' RT| 299,659.04 | 2,008,136.88
c-2 5+B87.13 94.40" LT | 299,854.53 | 2,008,249.75

NOTES: 1.0WNERS SURVEYDRS WILL RE—ESTABLISH CONTROL POINTS
2.COCRDINATES LISTED ARE A LOCAL SYSTEM BASED ON THIS

MONUMENTATION

O JSSUED FOR CONSTRUCTION 05/07 | RER JAK KMW
I REVISIONS DAT:_| OESi v | oRaw 5 | RYLIED 440
Navajo Coal C
avajo Coal Co.
PROJECT:

BNCC — AREA IV IXPANSION

DRAWING TITLE:

COTTONWOOD ARROYO
CULVERT PLAN AND PROFILE

URE CORPORATION Sheet 13 of 20 Sheets

6501 AMERICAS PARKWAY, NE
2]
ALBUQUERQUE, NEW MEXICQ 87110 AS NOTED D_T
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FL. FLOWLINE ELEVATION

#——5250———— PROPOSED CONTOUR - iN FEET

% GABICN ARMORING
K

BOX CULVERT GRADING PLAN

NOTES:

1. EXISTING GROUND TOPOGRAPHY AND CONTOURS WITHIN SITE
PLAN LIMITS SHOWN ON THIS DRAWING ARE BASED ON 2004
GROUND SURVEY PROVIDED BY BNCC. TOPDGRAPHY OUTSIDE
THESE LIMITS ARE UNKNOWN.

2. COORDINATES AND ELEVATIONS FROM THE 2004 BNCC GROUND
SURVEY ARE BASED ON BNCC MINE SURVEY CONTROL AND
DATUM. THE CONTRACTOR SHALL CONFIRM ALL COORDINATES
AND ELEVATIONS AND ENSURE TIE—IN OF THIS PROJECT WITH .
THE BNCC SURVEY CONTROL AND DATUM PRIOR TO
CONSTRUCTION,

‘,%—/

SCALE
30 0 0 60

g g —

CONTOUR INTERVAL 2' FT.

O )SSUED FOR CONSTRUCTION|05/07 | RLR | JAK | KMW
R REVISIONS DESIGN BY | DRAWN BY | FEJIENED AND

BHP

Navajo Coal Co.

PROJECT:

BNCC — AREA IV EXPANSION

BRAWING THLE:
COTTONWOOD ARROYO
CULVERT GRADING PLAN

URS CORPORATION

Sheet 14 of 20 Sheets

6501 AMERICAS PARKWAY, NC
SUIE 800
ALBUQUERQUE, NEW MEXICO 37110
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FiLg: D=3 GABION detail sheet.dwgorocor NUMBER:

l',gml;

NOTES:

—

. EXISTING GROUND TCOPOGRAPHY AND CONTOURS WITHIN SITE
PLAN LIMITS SHOWN ON THIS DRAWING ARE BASED ON 20D4
GROUND SURVEY PROVIDED BY BNCC. TOPOGRAPHY OCUTSIDE
THESE UMITS ARE UNKNOWN.

o5

]
! 2. COORDINATES AND ELEVATIONS FROM THE 2004 BNCC GROUND
| SURVEY ARE BASED ON BNCC MINE SURVEY CONTROL AND
i | o DATUM. THE CONTRACTOR SHALL CONFIRM ALL COORDINATES
N ; AND ELEVATIONS AND ENSURE TIE—IN OF THIS PROJECT WITH
! e THE BNCC SURVEY -CONTROL AND DATUM PRIOR TO
' S CONSTRUCTION.
5, T 3. ALL STATION AND OFFSET DATA BASED ON THE PROPOSED
; ! o . HAUL ROAD ALIGNMENT.
i " - 4. SEE SHEET D—4 FOR CROSS SECTIONS.
i ] T — I~
d ¢ < . 5. GALVANIZED WIRE SHALL BE USED FOR GABIONS.
e N : = GABION MATTRES X ; .
3 \ : » i SEE SHEET D-2 \\
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\% ; b e AND, CULVERT
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D4 EROSION AND GABION DETANS-H%@marr.

UNCOMPACTED

BERM

ARMORING
MAY BE COVERED
WITH UNCOMPACTED
BERM WHERE
REQUIRED

INSTALL MATTRESS A
EDGE OF HAUL ROAD.

CUT INTO TYPICAL » c ]
ROADWAY SECTION AS S ATICK RENO |
SHOWN. INSTALL FILTER M S ;
FABRIC (MACTEX MX275)
BETWEEN CUT SURFACE
FILTER FABRIC
AND MATTRESS. MACTEX MX275
ARMORING SECTION A
STA2+30T0 4+47
SCALE:
HZ 1" =%
vl 17 = 5

g v = GABION ARMORING MAY BE
Qocon COVERED WITH UNCOMPACTED
oc¥a BERM WHERE REQUIRED
6$ 1] "1-‘ ]
BE> L 1.5'x9" MACCAFERR
w
Sea8 V GABIONS
HAUL " TYP
ROAD_\

EDGE OF
UNCOMPACTED
BERM BEYOND

PLACE 1.5'x3" MACCAFERRI
GABIONS ON TDP OF
STEPPED STRUCTURE TO

HAUL EXIST +
ROAD GROUND 3_TY FORM SPILLWAY WALL
in g PLACE 1.5'x3" MACCAFERRI
INSTALL MATTRESS A ——— 3= GABIONS ON TOP OF
EDGE OF HAUL ROAD. STEPPED STRUCTURE TO
CUT INTO TYPICAL ™ FORM SPILLWAY WALL
ROADWAY SECTION AS >an
SHOWN. INSTALL FILTER R FILTER FABRIC /_I
FABRIC (MACTEX MX275) MATTRESS MACTEX MX275
BETWEEN CUT SURFACE
AND MATTRESS. FILTER FABRIC
MACTEX MX275
GABIONS SECTION E
ARMORING SECTION B GABIONS SECTION D A s
STA. 0+10 TO 2+30 EAST SCALE: VI = 5
STA 0+11 TO 3+00 WEST HZ " =&
SCALE: Vi =35
HZ 1" = 5
VI 1" = &
. HAUL
VARIES ¥ ROAD
EXIST. GROUND 15 MIN TO 27" |
TOP OF
" APPROX EL 526 e MATTRESS
_ ExisT 2 ELEV = 5269
EXIST GROUND Tt
4" | GROUND 3 "
9 CK RENO

INSTALL GABIONS AT EDGE OF

GROUT SOLID

FILE:

—1.5" THICK RENOC

6' DOWNSTREAM MATTRESS

FILTER FABRIC
MACTEX MX275

BOX CULVERTS WITH APRONS SECTION
NTS

2 _k MATTRESS
FILTER FABRIC

FILTER FABRIC/ 1.5" THICK RENC
MACTEX MX275 MATTRESS

ARMORING SECTION G

STA 3400 TO 3+40

SCALE:
HZ 17
VT 1"

5
5

HAUL ROAD. CUT INTO TYPICAL , A AT e '”
ROADWAY SECTION AS SHOWN. 4.5 jkﬁﬁm{"‘ : ; MACTEX MX275
" INSTALL FILTER FABRIC (MACTEX TP ! 3 8 . i
MX275) BETWEEN FACE 1=
AND G?‘\BIOL‘.\E QuT SUR 1.5" THICK RENO q
MATTRESS B
FILTER FABRIC CONCRETE cuT —— i GABIONS SECTION F
MACTEX MX275 OFF WALL _ 3 STA4+47 TO 5+62
GABIONS SECTIONC — SCALE:
STA 3+40 TO 4+00 eIl
SCALE:
HZ 1" = 5'
e NOTES:
1. GALVANIZED WIRE SHALL BE USED FOR GABIONS.
<L
[
Ol
258
fre)
9[3»'55 ,
24" MIN » gies 39.5
Ehed o 0 JSSUED FOR CONSTRUCTIONOS/07 | SJ JK | prL
. _ ~J_ 1 1.5'x9" MACCAFERR! R REVISIONS DATE | DESGN 5Y | DRAWK B | REVIEWED AD
o o N GABIDNS
BHP
I N i
_— _ avajo Coal Co
3' UPSTREAM V j "

PROJECT:
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PROJECT NUMBER:

5-1 Plan.dwg

FILE:

APRON TOE WALL (TYP)

WINGWALL, NW
4 — 8 X 8 PRECAST CONCRETE CULVERT

WINGWALL, NE\
e

APRON AND TOE WALL ——— |

SHALL BE CONSTRUCTED
IN ACCORDANCE WITH
DETAILS ON SHEET $—4 (TYP).

30°(TYR

y/i COTTONWOOD ARROYO

V4 |

PROVIDE CONTRACTION JOINTS
AT 15" MAX SPACING

83'—4" (NOM)

/

WINGWALL SHALL BE . |
CONSTRUCTED IN ACCORDANCE

WITH DETAILS ON SHEET ]
$—4 (TYP)

WINGWALL,

WINGWALL, SW

NOTES:

GENERAL

1.
2.

SEE SHT C-2 FOR GENERAL NOTES.
SEE SHT D—1 FOR HYDROLOGIC AND HYDRAULIC DATA AND SHT D—2 FOR
ELEVATIONS.

DESICN _SPECIFICATIONS

1.
2,

DESIGN: AASHTO STANDARD SPECIFICATIONS FOR HIGHWAY BRIDGES, 17TH
EDITION, 2002.

CONSTRUCTION: NEW MEXICO DEPARTMENT OF TRANSPORTATION 2005 INTERIM

SPECIFICATIONS FOR HIGHWAY AND BRIDGE CONSTRUCTION.

GECTECHNICAL DATA

1.

FOR BORELOG AND TEST PIT GEOTECHNICAL INFORMATION REFER TO THE
DESIGN REPORT.

REINFORCED CONCRETE

1

2
3
4,
5

PROVIDE 3/4" CHAMFERS ON ALL EXPOSED EDGES, UNLESS NOTED
OTHERWISE.

PROVIDE 2” MINIMUM COVER TO REINFORCING STEEL, UNLESS NOTED
OTHERWISE. :
CONSTRUCTION JOINTS SHALL BE MADE ONLY AT THE LOCATIONS SHOWN IN
THE PLANS, UNLESS OTHERWISE APPROVED BY THE ENGINEER.

ALL CAST—IN~PLACE CONCRETE SHALL HAVE A MINIMUM 28 DAY
COMPRESSIVE STRENGTH OF 4000 PS! (f'c = 4000 PSI).

ALL PRECAST CONCRETE SHALL HAVE A MINIMUM 28 DAY COMPRESSIVE
STRENGTH OF 5000 PSt (f'c = 5000 PSI).

REINFORCING STEEL

ALL REINFORCING STEEL SHALL CONFORM TO AASHTOC M31 / ASTM AB15
GRADE 60. DIMENSIONS TO REINFORCING STEEL LOCATIONS ARE TO
CENTERUNE OF BARS UNLESS NOTED OTHERWISE.

WELDED WIRE FABRIC SHALL CONFORM TO ASTM A185, FLAT SHEETS, UNLESS
NOTED OTHERWISE.

REINFORCING STEEL LAP SPLICES NOT SHOWN IN THE PLANS SHALL BE
APPROVED BY THE ENGINEER.

MECHANICAL BAR SPLICES MAY BE USED AS SHOWN IN THE PLANS OR AS
APPROVED BY THE ENGINEER IN LIEU OF LAP SPLICES. THE CONTRACTOR
SHALL SUBMIT CERTIFIED TEST RESULTS FOR EACH BAR SIZE AND EACH
MECHANICAL SPLICE TYPE, VERIFYING THAT THE MECHANICAL BAR SPLICE IS
CAPABLE OF DEVELOPING AT LEAST 125% OF THE YIELD STRENGTH OF THE
BARS BEING SPLICED.

CULVERT STRUCTURAL PLAN

SCALE
0 0 peic 40"

FOR 28 DAY CONCRETE STRENGTH OF 4000 PSI AND GRADE 60 REINFORCING
STEEL

BAR SIZE w | B ¥ 5 ] #8 ?B | #0
SPLICE LENGTH (FEET) | 1'=8" | 2'=3"| 2~7"| 3—3" | 4-3 | 5-5" | 6—10"

NOTE:

(A) FOR HORIZONTAL REINFORCING BARS WITH MORE THAN 12 INCHES OF
CONCRETE CAST BELOW THE REINFORCEMENT, THE ABOVE VALUES SHALL BE
MULTIPLED BY 1.4

CULVERT DESIGN

1. DESIGN SHALL CONFORM TO CURRENT AASHTO STANDARD AND ASTM C1433.
2. DEAD LOADS

NORMAL CONCRETE WEIGHT = 150 PCF

SOIL WEIGHT = 120 PCF

3. SOIL LOADS
LATERAL PRESSURE = 60 PCF (MAX) OR 30 PCF (MIN)
ALLOWABLE BEARING PRESSURE = 5000 PSF

4.  VEHICLE LOADS
DRAGLINE:
SURFACE LOAD = 5098 PSF ON TWO 16" X 80" SHOES
HAUL TRUCK:
SURFACE LOAD = 14,700 PSF ON 12.54 SQ FT WHEEL CONTACT

5. THE CONTRACTOR SHALL SUBMIT DESIGN CALCULATIONS AND SHOP DRAWINGS
FOR THE DESIGN OF THE BOX CULVERTS FOR APPROVAL. CALCULATIONS
SHALL BE STAMPED AND SIGNED BY AN ENGINEER LICENSED IN THE STATE
OF NEW MEXICO.

6. IN LIEU OF THE DESIGN SHOWN, THE CONTRACTOR MAY FURNISH AN
ALTERNATIVE DESIGN THAT MEETS ALL THE DESIGN, LOAD AND HYDRAULIC
CRITERIA. THE CONTRACTOR SHALL SUBMIT DESIGN CALCULATIONS AND SHOP
ORAWINGS FOR THE ALTERNATIVE OESICN FOR APPROVAL. CALCULATIONS
SHALL BE STAMPED AND SIGNED BY AN ENGINEER LICENSED IN THE STATE
OF NEW MEXICO.

SE/

CULVERT CONSTRUCTION

1. EXCAVATION AND BACKFILL SHALL BE IN ACCORDANCE WITH THE
DETAILS SHOWN ON SHEET S--3.

2. WINGWALLS AND APRONS SHALL BE CONSTRUCTED IN ACCORDANCE
WITH THE DETAILS SHOWN ON SHEET S-4,

3. LIFTING DEVICES SHALL BE THE SOLE RESPONSIBILITY OF THE
MANUFACTURER. THEY SHALL BE LOCATED 1" BELOW THE TOP OF THE
CONCRETE SURFACE AND SHALL BE FILLED WITH GROUT BEFDRE
BACKFILLING IS STARTED.

WINGWALL

DESIGNATION| H [ K| ¢ M
NE Bl_on' 6" 30I_0n 9!"_'9"
SE 80" 6° |56 =8| -9
NW 8—0" 6°|56'—8"| 8 =9"
SwW 8'-0" 6"[30'=0"[9'—8"

WINGWALL TABLE

REFER TO SHEET S~4 FOR LOCATION
OF WINGWALL TABLE VARIABLES H, K,
£, AND M,

SSUED FOR CONSTRUCTION| 5/07 | BTC JAK BTC

REV. REVISIONS DESICN BY | DRawn & |  REVIEWED AND

BHP
Navajo Coal Co.

PO BNCC — AREA IV EXPANSION

DRAWING TITLE:
COTTCNWOOD ARROYO CROSSING
BOX CULVERT STRUCTURAL PLAN

URS CORPORATION

Sbiy &7 |

1
6901 AMERICAS PARKWAY, NE SCALE:

AS NOTED S-1

sheet 17 01_20 Sheets

Ui 8O0
ALBUQUERQUE, NEW MEXICO 87110
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Detailg.dwg
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SECTION A-A
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PROJECT NUMBER:

FILE:
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| NECESSARY A \.‘P—\ ESE%QEE
- o BOX
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(AT ALL WALLS)
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\CEMENT STABILIZED
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COMPACTED TO
NOT LESS THAN
957 MAXIMUM
DENSITY

MULTIPLE UNIT PLACEMENT

O®

KEYED NOTES:

3—0" MIN 2'-0" MIN (TYP)
T 8 @ o !
[ N | 1"—0" MIN EXTENSION (TYP)
i 3" L :L —_ — 4
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+ - \
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END OF "PRECAST — -
CONCRETE e 4 ]
BOX CULVERT® —__— -
(F%ﬁ,)" AYMENT —_ CEMENT STABILIZED
gox —+ = BACKFILL BETWEEN
/—4‘. — =z MULTI-BOXES @
: ) T = . _ 4
—_—t 4
4H2 —— END OF CAST—IN—
— ' PLAGE CONCRETE
—— 1T T CLOSURE
4H1 / I j
—— — — - — e e - e
—_—
& : |
(SHOWING MULTI-BOX PLACEMENT)
N #4 EACH WAY
o ol = CENTRALLY PLACED
1"-9 ; W -
MIN AP | " |
E / |
o ) ] [ ] l. ! [ ] []
7 e r
| 2 1 L
=" o
L

TYPICAL APRON CONSTRUCTION JOINT

/7 OUTSIDE

WALL
THICKNESS

PLACE AN APPROVED JOINT SEALANT
MATERIAL ACCORDING TO
MANUFACTURER'S RECOMMENDATIONS

xmsmu—:

TYPICAL BOX CULVERT TRANSVERSE JOINT

CAST-IN-PLACE CONCRETE CLOSURE SHALL BE 3-0" MIN, BOXES SHALL
BE CAST SHORT OR BROKEN BACK IN THE FIELD. ALL REINFORCING IN

THE CLOSURE SHALL BE THE SAME SIZE AND SPACING AS IN THE PRECAST
BOX SECTION. EXCEPT WHERE SHOWN OTHERWISE, THE CAST—IN—PLACE
CLOSURE SHALL BE FLUSH WITH THE INSIDE AND OUTSIDE FACES OF THE
PRECAST BOX SECTION.

®

FOR MULTIPLE UNIT PLACEMENTS THE LENGTH OF THE CLOSURE FOR THE
INTERIOR WALLS MAY BE ADJUSTED AS NECESSARY. THE LENGFTH OF THE
TOP SLAB, BOTTOM SLAB, AND EXTERIOR WALL CLOSURE SHALL NOT BE
LESS THAN 3'~0".

®

PRECAST BOX REINFORCING SHALL EXTEND A MINIMUM OF 3'—0" INTO
CONCRETE CLOSURE (TYP).

CEMENT STABILIZEQ BACKFILL AND GROUT BETWEEN BOXES SHALL
BE CONSIDEREC INCIDENTAL TO THE BOX CULVERT.

ALL CAST IN PLACE CONCRETE AND REINFORCING SHALL BE CONSIDERED
INCIDENTAL TO THE BOX CULVERT.

HEADWALL AND WINGWALL. REINFORCING SHALL EXTEND INTO CONCRETE
CLOSURE. ANY REINFORCEMENT THAT DOES NOT FIT INTO THE
CLOSURE SHALL BE BENT OR TRIMMED AS NECESSARY.

@ ©®

SLAB SURFACE

%" CHAMFER
VAR R
N W o
. .
T \_ ]
CUT OR BUTT EVERY

CTHER HORIZONTAL
FRONT FACE BAR

TYPICAL APRON CONTRACTION JOINT
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* SEE NOTE 2 ?jl;lglNAL GROUND
EXISTING

GRADING PLANE

i (SEE NOTE 3)

GENERAL NOTES

1. COMPACT ROADWAY EMBANKMENT 10'-0" (MIN)
ABOVE BOTTOM OF ABUTMENT. EXCAVATION
TO BOTTON OF ABUTMENT ELEVATKIN
SHALL BE DELAYED UNTIL THE CONTRACTOR
IS READY TO PLACE THE ABUTMENT FORMS
) (SEE NOTE 3) - AND CONCRETE.

5 [7~~L(SEE NOTE 3
2. ALL DETALLS ARE SHOWN WITH THE ROADWAY
I, e : EMBANKMENT PLACED FIRST AND THE

: UL O+

SLOPE g
OR . EXISTING iy

= F=
ORIGINAL GROUND — 0 2 e OV 6 -

EXCAVATE TO STRUCTURAL BACKFILL MATERIAL PLACED ON
16 REAT UNES TOP OF M. THE CONTRACTOR SHALL USE
PLAN — ] THIS PLACEMENT ORDER SO THE STRUCTURAL

) RETAINING WALLS DERSITY ‘REQUIRED. N0, EMBARKWENT VT
SEMUNOTE 6 WHERE 20, - ~KE¥ SECTION DESCRIPTION SHALL BE WITHIN 2'~0" OF THE CONGRETE

APPROACH\SIAB REGUIRED No. STRUCTURE.

NAL —— ROADWAY
v e 82&!!!!0 O 1j2% EXCAVATION 3. WHERE THE SITE OF WORK OR CHARACTER OF
UNE

TOE OF Y OPE

ORIGINAL GRUND LIN'E/

MATERIAL T0 BE EXCAYATED REQUIRES A SLOPE

203 — ROADWAY LESS THAN VERTICAL AND THE CONTRACTOR
EMBANKMENT OBTAINS APPROVAL FROM THE ENGINEER

TO MAKE A CUT LESS THAN VERTICAL, INSTEAD

208 STRUCTURE - OF USING COFFERDAMS, THE SLOPE OF THE

210~ BACKFILL CUT SHALL NOT BE STEEPER THAN THE

STABILTY OF THE MATERIAL PERMITS AS

2//// 208 STRUCTURE DETERMINED BY THE PROJECT MANAGER. THIS
7/

HALF - 'ATICN
IN CUTYSECTION

AOOGANSN  suscrade = Ey
PROFIL \ L
ORIGINAL GROIl-l' .\ EXISTING _::
_ ; - 3l ~ (sEjNOTE 3y

GRADING~, || 1| AT Ll
PLARE™ "\ _+nmm il
®«@ &®

EXISTING =
=] = SUBGRADE = M
: ' ORIGINAL 2

{SEE NOTE 3)
U SECT’ON 4 T GROUND . !
S LINE ' . W

— ADDITIONAL EXCAVATION AND BACKFILL, BEYOND
NG 210 EXCAVATION A VERTICAL CUT, SHALL BE CONSIDERED
INCIDENTAL 70 THE COMPLETION OF THE WORK

I'—_ - ! _EI : NOTE: SECTION 206 = MINOR STRUCTURES 0 D0 ION
SECTION 210 = MAJOR SIRUCTURES i SODITIONAL PAYMENT WILL BE MADE

@e o ©

4. GRADING PLANE IS THE SURFACE TO WHICH
PRECISE GRADING IS FINISHED SUCH AS
SUBGRADE UNDER THE TEMPLATE SECTION
OF A ROAD, ROADWAY SIDE SLOPES, DITCHES
ADJACENT TO PIERS, DITCH SLOPES AT
WINGWALLS, SUBGRADE UNDER ABUTMENTS
AND RETAINING WALLS.

S. EARTHWORK FOR CBC'S TO BE IN ACCORDANCE
WITH SECTION 206 OR SECTION 210 OF THE
NEW MEXICO DEPARTMENT OF TRANSPORTATION
SPECIFICATIONS.

6. STRUCTURE BACKFILL AT APPROACH SLABS
SHALL -CONFORM TO AASHTO A-1-~g .

o

o,
2

*
Yo

®

Q.O

‘GRADING o2 122'=0" | ORIGINAL “ a4 4
PLANE GROUND 2
\ T
. - g ORIGINAL

2 0 2 EXCAVATE. TO NEAT GROUND
LINES iN ROCK LINE S)ORAE

EXCAVAYION IN ROCK Q@ OoR@

@ 6 0 ‘ . -
. ‘!-El : SEE NOTE 6 WHERE o @(;:!@ 16" | - i.{

APPROACH SIAB REQUIRED iN, HORIZONTAL LINED AREAS INDICATE BACKFILL
— FOR THE FULL LENGTH OF THE CBC's.

FILL SECIYON | - METHOD OF PLACING BACKFILL AROUND CBC’s

SUBGRADE )
_ . A <. " ORIGINAL - LIMITS OF STRUCTURE EXCAVATION
NG 2’0" o2 -0 W GROUND ORIGINAL — — rarr—sees QI
PLANE r""l. (SEE NOTE 1) RO/ ‘DWKME : oo = LINE . Ell;\“gUND @ @ OR@ @ NO.| DATE : REV, BY - Dw 4
ROCK GRADING _ ; - ' * & Lk P k&
SURFACE  PLANE 7 . : NEW MEXICO
< SEER '\ | OO0 2 ® 1 @ DEPARTMENT OF TRANSPORTATION

! 1°-0" Min, XA * NOTE: ONLY . - STANDARD DRAWING
5 ]
EMBANKMENT e = STRUCTURES

EXCAVATE. 1O JUEAT —~ - Yo Tias : ®Oor® Exca:gl’ggé)shl %’ND BAC#I;.IC[LBCFgR
: : » WALLS A '
EXCAVATION [N RCEK EXCAVATION IN FILL SECTIO I v =5 [IoTR)
1°-6" , I_ r-& | I_ WMW— 4L

CTION B-—B DETAIL SECTION A—A DETAIL | METHOD OF EXCAVATION AROUND CBC's e e

210-01-1/1 " 1
-, N ik i
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GENERAL NOTES

. Ml EXPOSED CONCRETE CORNERS SHALL BE CHAMFERED 3/i"

WINGWALL FOOTINGS AND FLOOR OF BOX CULVERT SHALL BE

PLACED MONOLTHICALLY. FILL SLOPE
1w 0" MAX. 17
. DIMENSIONS "H", "Bo”, “RISE", °K, T, "m" AND ANGLES FOR =1 UNLDATED, FOR SL0SS Fopmves THAH 1V
WIHGHALLS SHALL BE AS SHOWN ON THE PLANS. I
4. REINFORCING STEEL SHALL BE GRADE 60 L L i 4 2
— Top oF waL | |
5. THE MININUM SPLICE LENGTH FOR COMMON BAR SIZES SHALL BE: s T q4
BAR I 5 [ TR 7 R
SPLICE_LENGTH -3 -7 -0 1-; 1 T !
T Il
> fro01-0°
[ one ___T__\ T
C ~ BARS i —|
a1 4
[ L
! . | SKEWED HEADWALL, IF
oy DRANAGE BEHIND WALLS, IF SPECIAED ON PLANS.
SHORT C — BARS |——— REQUIRED, WILL BE SPEGIFIED
ALTERNATE WITH K AND PAID FOR AS SHOWN
LONG C - BARS. I ~ ON THE PROJECT PLANS
f/ - 1= e
Sy x 171 L § OF ROADWAY
o N- d — BARS — -
. 9" u_R__I_ N /_ STATIONING
(B 1 _ -0 T J— R T SK 4 (S OEAL K)
be-l-ed { 4 e f TR,
e =1 1§ 1'-6" -6 1-§" -3 1" CTRS. ¢ b
h = 2 3 ¢ 5 v w
a=[ T-00 =2 | 1+ (=3 70 77 74 76
b=| 1-8 70 24 28 ¥-g -0 £-4" +-5" TYP! Ti
w=| 78 ¥ 3-8 -7 58 52 58" 77
c&d RS |JHOT-F | 01— | HoT-5 | JHoT-5 Jsor-7 | 501 | fees | feer | CTs. |
* CONC.CUYD./LF. | 0.161 0.210 0.259 0.308 0457 0.508 0555 | 0.604 ‘
* RENF. LB./LF. 8.0 9.3 107 121 230 286 418 546 T
* DOES NOT INCLUDE TOE WALL QUANTITIES
- S I
# i B
DESIGN FOOCTING LINE. ews | 0. N
/ __ N — ? R
P e SR o pimry TYPICAL CULVERT LAYQUT
1L oee T ople | 10 }mmucnou FOOTING LINE. b=4'~0
7 : ]-2 i — ~ : " — l w =52
14" 1'-2" ] ,
I t r - -—[ e e e 0=2'-2"
— e R DESIGN DATA:
PN wi WA UNIT STRESSES: f, = 24,000 P8I
R SO o G s,/ # 0 1 iy
h=d’ [=~ h=5' ~~{=—h=6" h=7" h=8" h=g' . - TE /LN Pl 10" n=
j_- REINFORCEMENT 3.4 (8/LIX. FT. N, T EQUVALENT FLUID PRESSURE = 36 L8S./CU. FT.
] [ r 3 CIR L MAXIMUM TOE PRESSURE = 1 TON/SQ. FI.
-’ L b Y
// K = Z—] = — | — - T T T 7 ALL CONSTRUCTION JOINTS SHALL BE THOROUGHLY CLEANED
/ 13 L — & — BEFORE CONCRETE S POLRED.
/ . BARS = \|~ _________ J
. o'—g" 4 _n® [ s
. Foor g fx20" 016 WINGWALL AND APRON CONCRETE SHALL BE:
-~ MAX. N #o CONCRETE CLASS B, OR D (BOX CULYERT) FOR CBC's.
™= "\3'cuz CONCRETE CLASS B, OR D (WALL} FOR PiPES.
f g5 5-6" 6-6" 7&' -6 4 NCR APRON
k=€—0" | WAL Max. MAX. MAX, LVE L0AD SURCHARGE HAS NOT BEEN CONSIDERED. WALLS
} gl REINFORCEMENT 0.89 L&,/SQ. FT. WITHIN /2 OF THE EDGE OF THE ROADWAY SHOULDER WILL
= TN REQUIRE A SPECIAL DESIGN IN ACCORDANCE WATH MSHTO
. STANDARD SPECIFICATIONS FOR HIGHWAY BRIDGES.
TOP OF FOOTING APRON
TJOE WALL APRON REQUIRED AT INLEF OF THE CAC, IF USED
: ELEVATION 5 FOR CATTLE PASSAGE.
DESIGN EXAMPLE

o

N

K

CONCRETE APRON, IF SPECIFIED ON PLANS.

APRON
TOE WAL

INLET APRON WILL BE
REQUIRED ¥ CBC USED
AS A CATILE PASS,

© 12" CENTERS

UMLESS OTHERWISE SHOWN ON PLANS.

M =H 8g ORRSE + {(1-47)
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