
COLORADO PLATEAU UNIT HYDROGRAPH

Basin 3-PMP Proposed Conditions
18-May-06

Drainage Area =
Basin Slope =

L=
Lca =
Kn

3.47 sq. miles
57.1 ft./mile

Lg+D/2 =
Basin Factor =

V' =
Qs =

4.73
1.83

0.042

mi., Length of Watercourse
mi., Distance to Centroid
-, Ave. Weighted Manning's n

1.23 Hours
1.15

93.31 cfs/Day
76.1 * q, cfs

12.46 minutes
3.68 minutes

PARAMETERS:
Calculated: Lag Time, Lg = 1.14 Hours Unit Duration, D =

Calculated TimesteD =

Data to be used Unit Duration, D =
in Analysis Selected Timestep =

10 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU
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USBR calculated unitgraph peak = 2201 Interpolated Peak = 2181

Time t, % Qs
of Lg+D/2 Hours Min. q cfs

Time t, % Cs
of Lg+D/2 Hours Min. q cfs

5.0 0.06
10.0 0.12
15.0 0.18
20.0 0.25
25.0 0.31
30.0 0.37
35.0 0.43
40.0 0.49
45.0 0.55
50.0 0.61
55.0 0.67
60.0 0.74
65.0 0.80
70.0 0.86
75.0 0.92
80.0 0.98
85.0 1.04
90.0 1.10
95.0 1.16

100.0 1.23
105.0 1.29
110.0 1.35
115.0 1.41
120.0 1.47
125.0 1.53
130.0 1.59
135.0 1.65
140.0 1.72
145.0 1.78
150.0 1.84
155.0 1.90
160.0 1.96
165.0 2.02
170.0 2.08
175.0 2.14
180.0 2.21
185.0 2.27
190.0 2.33
195.0 2.39
200.0 2.45
205.0 2.51
210.0 2.57
215.0 2.63
220.0 2.70
225.0 2.76
230.0 2.82
235.0 2.88
240.0 2.94
245.0 3.00
250.0 3.06
255.0 3.12
260.0 3.19
265.0 3.25
270.0 3.31
275.0 3.37
280.0 3.43
285.0 3.49
290.0 3.55
295.0 3.61
300.0 3.68

3.7 0.19
7.4

11.0
14.7
18.4
22.1
25.7
29.4
33.1
36.8
40.4
44.1
47.8
51.5
55.1
58.8
62.5
66.2
69.8
73.5
77.2
80.9
84.6
88.2
91.9
95.6
99.3

102.9
106.6
110.3
114.0
117.6
121.3
125.0
128.7
132.3
136.0
139.7
143.4
147.0
150.7
154.4
158.1
161.8
165.4
169.1
172.8
176.5
180.1
183.8
187.5
191.2
194.8
198.5
202.2
205.9
209.5
213.2
216.9
220.6

0.32
0.48
0.74
1.21
1.81
2.63
3.68
5.47
8.41

12.61
16.50
20.50
23.97
27.75
28.91
28.07
26.38
24.18
21.55
18.92
16.08
14.19
12.61
11.04
9.99
9.04
8.20
7.36
6.78
6.20
5.83
5.47
5.15
4.84
4.57
4.31
4.10
3.87
3.68
3.47
3.28
3.10
2.93
2.75
2.63
2.47
2.33
2.22
2.10
1.99
1.88
1.78
1.68
1.59
1.50
1.43
1.36
1.28
1.21

14
24
37
56
92

138
200
280
417
640
960

1,256
1,561
1,825
2,113
2,201
2,137
2,009
1,841
1,641
1,441
1,224
1,081

960
841
761
688
624
560
516
472
444
417
392
369
348
328
312
295
280
264
250
236
223
209
200
188
177
169
160
152
143
136
128
121
114
109
104
97
92

305.0
310.0
315.0
320.0
325.0
330.0
335.0
340.0
345.0
350.0
355.0
360.0
365.0
370.0
375.0
380.0
385.0
390.0
395.0
400.0
405.0
410.0
415.0
420.0
425.0
430.0
435.0
440.0
445.0
450.0
455.0
460.0
465.0
470.0
475.0
480.0
485.0
490.0
495.0
500.0
505.0
510.0
515.0
520.0
525.0
530.0
535.0
540.0
545.0
550.0
555.0
560.0
565.0
570.0
575.0
580.0
585.0
590.0
595.0
600.0

3.74 224.2
3.80
3.86
3.92
3.98
4.04
4.11
4.17
4.23
4.29
4.35
4.41
4.47
4.53
4.60
4.66
4.72
4.78
4.84
4.90
4.96
5.02
5.09
5.15
5.21
5.27
5.33
5.39
5.45
5.51
5.58
5.64
5.70
5.76
5.82
5.88
5.94
6.00
6.07
6.13
6.19
6.25
6.31
6.37
6.43
6.49
6.56
6.62
6.68
6.74
6.80
6.86
6.92
6.98
7.05
7.11
7.17
7.23
7.29
7.35

227.9
231.6
235.3
239.0
242.6
246.3
250.0
253.7
257.3
261.0
264.7
268.4
272.0
275.7
279.4
283.1
286.7
290.4
294.1
297.8
301.4
305.1
308.8
312.5
316.2
319.8
323.5
327.2
330.9
334.5
338.2
341.9
345.6
349.2
352.9
356.6
360.3
363.9
367.6
371.3
375.0
378.6
382.3
386.0
389.7
393.4
397.0
400.7
404.4
408.1
411.7
415.4
419.1
422.8
426.4
430.1
433.8
437.5
441.1

0.66
0.63
0.59
0.56
0.53
0.50
0.47
0.45
0.42
0.40
0.38
0.36
0.34
0.33
0.30
0.28
0.27
0.26
0.24
0.23
0.22
0.21
0.20
0.19
0.18
0.17
0.16
0.15
0.15
0.13
0.12
0.12
0.11

50
48
45
43
40
38
36
34
32
30
29
27
26
25
23
21
21
20
18
18
17
16
15
14
14
13
12
11
11
10

9
9
8

NOTES: Use for models including Basin 3 for the PMP Local event



COLORADO PLATEAU UNIT HYDROGRAPH

Basin A-10, 25, 100, 200 Proposed Conditions
18-May-06

Drainage Area =
Basin Slope =

L=
Lca =
Kn =

0.3456 sq. miles
501 ft./mile
1.55 mi., Length of Watercourse
0.68 mi., Distance to Centroid

0.054 -, Ave. Weighted Manning's n

Lg+D/2 =
Basin Factor =

Qs =

0.55 Hours
0.05
9.29 cfs/Day
16.8 * q, cfs

5.59 minutes
1 66 minutes

PARAMETERS:
Calculated: Lag Time, Lg = 051 Hours Unit Duration, D =

Calculated Timestep =

Data to be used Unit Duration, D =
in Analysis Selected Timestep =

5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph
Svnthetic USBR COLORADO PLATEAU
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0
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UI
UI
Ul
Ul
UI
UI
Ul
UI
UI
'11

8
91
17

3

31
76
14

3

93
65
12
2

279
55
10
2

467
46

9

441
39

7

314
33

6

210
28

5

151
24

4

113
20

4



U1
U'
U'
U'
U'
U'
U'
U'

USBR calculated unitgraph peak = 485 Interpolated Peak = 467

Time t, % .-..... ..... ......--------- Qs
of Lg+D/2 Hours Min. q cfs

Time t, % ----..... ...... Qs
of Lg+D/2 Hours Min. q cfs

5.0
10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0
50.0
55.0
60.0
65.0
70.0
75.0
80.0
85.0
90.0
95.0

100.0
105.0
110.0
115.0
120.0
125.0
130.0
135.0
140.0
145.0
150.0
155.0
160.0
165.0
170.0
175.0
180.0
185.0
190.0
195.0
200.0
205.0
210.0
215.0
220.0
225.0
230.0
235.0
240.0
245.0
250.0
255.0
260.0
265.0
270.0
275.0
280.0
285.0
290.0
295.0
300.0

0.03
0.06
0.08
0.11
0.14
0.17
0.19
0.22
0.25
0.28
0.30
0.33
0.36
0.39
0.42
0.44
0.47
0.50
0.53
0.55
0.58
0.61
0.64
0.66
0.69
0.72
0.75
0.78
0.80
0.83
0.86
0.89
0.91
0.94
0.97
1.00
1.02
1.05
1.08
1.11
1.14
1.16
1.19
1.22
1.25
1.27
1.30
1.33
1.36
1.38
1.41
1.44
1.47
1.50
1.52
1.55
1.58
1.61
1.63
1.66

1.7 0.19
3.3
5.0
6.6
8.3

10.0
11.6
13.3
15.0
16.6
18.3
19.9
21.6
23.3
24.9
26.6
28.2
29.9
31.6
33.2
34.9
36.6
38.2
39.9
41.5
43.2
44.9
46.5
48.2
49.8
51.5
53.2
54.8
56.5
58.2
59.8
61.5
63.1
64.8
66.5
68.1
69.8
71.4
73.1
74.8
76.4
78.1
79.8
81.4
83.1
84.7
86.4
88.1
89.7
91.4
93.0
94.7
96.4
98.0
99.7

0.32
0.48
0.74
1.21
1.81
2.63
3.68
5.47
8.41

12.61
16.50
20.50
23.97
27.75
28.91
28.07
26.38
24.18
21.55
18.92
16.08
14.19
12.61
11.04

9.99
9.04
8.20
7.36
6.78
6.20
5.83
5.47
5.15
4.84
4.57
4.31
4.10
3.87
3.68
3.47
3.28
3.10
2.93
2.75
2.63
2.47
2.33
2.22
2.10
1.99
1.88
1.78
1.68
1.59
1.50
1.43
1.36
1.28
1.21

3
5
8

12
20
30
44
62
92

141
212
277
344
402
466
485
471
443
406
362
317
270
238
212
185
168
152
138
123
114
104

98
92
86
81
77
72
69
65
62
58
55
52
49
46
44
41
39
37
35
33
32
30
28
27
25
24
23
21
20

305.0
310.0
315.0
320.0
325.0
330.0
335.0
340.0
345.0
350.0
355.0
360.0
365.0
370.0
375.0
380.0
385.0
390.0
395.0
400.0
405.0
410.0
415.0
420.0
425.0
430.0
435.0
440.0
445.0
450.0
455.0
460.0
465.0
470.0
475.0
480.0
485.0
490.0
495.0
500.0
505.0
510.0
515.0
520.0
525.0
530.0
535.0
540.0
545.0
550.0
555.0
560.0
565.0
570.0
575.0
580.0
585.0
590.0
595.0
600.0

1.69 101.4
1.72
1.74
1.77
1.80
1.83
1.86
1.88
1.91
1.94
1.97
1.99
2.02
2.05
2.08
2.10
2.13
2.16
2.19
2.22
2.24
2.27
2.30
2.33
2.35
2.38
2.41
2.44
2.46
2.49
2.52
2.55
2.58
2.60
2.63
2.66
2.69
2.71
2.74
2.77
2.80
2.82
2.85
2.88
2.91
2.94
2.96
2.99
3.02
3.05
3.07
3.10
3.13
3.16
3.18
3.21
3.24
3.27
3.30
3.32

103.0
104.7
106.3
108.0
109.7
111.3
113.0
114.6
116.3
118.0
119.6
121.3
123.0
124.6
126.3
127.9
129.6
131.3
132.9
134.6
136.2
1.37.9
139.6
141.2
142.9
144.6
146.2
147.9
149.5
151.2
152.9
154.5
156.2
157.8
159.5
161.2
162.8
164.5
166.2
167.8
169.5
171.1
172.8
174.5
176.1
177.8
179.4
181.1
182.8
184.4
186.1
187.8
189.4
191.1
192.7
194.4
196.1
197.7
199.4

0.66
0.63
0.59
0.56
0.53
0.50
0.47
0.45
0.42
0.40
0.38
0.36
0.34
0.33
0.30
0.28
0.27
0.26
0.24
0.23
0.22
0.21
0.20
0.19
0.18
0.17
0.16
0.15
0.15
0.13
0.12
0.12
0.11

NOTES: Use for models including Basin A for the 10, 25, 100 and 200 year events



COLORADO PLATEAU UNIT HYDROGRAPH

Basin A-PMP Proposed Conditions
18-May-06

Drainage Area =
Basin Slope =

L=

Lca =
Kn

0.3456 sq. miles
501 ft./mile

Lg+D/2 =
Basin Factor =

0.44 Hours
0.05

1.55
0.68

0.042

mi., Length of Watercourse
mi., Distance to Centroid
-, Ave. Weighted Manning's n

V' = 9.29 cfs/Day
Qs= 21.1 * q, cfs

PARAMETERS:
Calculated: Lag Time, Lg = 0.40 Hours Unit Duration, D =

Calculated Timestep =
4 35 minutes
1.32 minutes

Data to be used Unit Duration, D =
In Analysis Selected Timestep =

5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU

700

600

500

400

C 300

200

100

0

0,00 0.50 1,00 1.50 2.00 2.50

TIME, (Hours)

3.00

UI Record - Unit Graph 5 minute Interval

UI
UI
UI
UI
UI
UI
UI
UI
UI

II

14
71

9

68
57

7

296
46

6

590
38
5

514
30

4

311
25

3

201
20
2

140
16

108
13

87
11



Ul
UI
U'
UI
U'
UI
Ul
Ul

USBR calculated unitgraph peak = 611 Interpolated Peak = 590

Time t, % Q- - - Os Time t, % IQs
of Lg+D/2 Hours Min. q cfs of Lg+D/2 Hours Min. q cfs

5.0 0.02 1.3 0.19 4 305.0 1.34 80.5 0.66 14
10.0 0.04 2.6 0.32 7 310.0 1.36 81.8 0.63 13
15.0 0.07 4.0 0.48 10 315.0 1.39 83.2 0.59 12
20.0 0.09 5.3 0.74 16 320.0 1.41 84.5 0.56 12
25.0 0.11 6.6 1.21 26 325.0 1.43 85.8 0.53 11
30.0 0.13 7.9 1.81 38 330.0 1.45 87.1 0.50 11
35.0 0.15 9.2 2.63 56 335.0 1.47 88.4 0.47 10
40.0 0.18 10.6 3.68 78 340.0 1.50 89.8 0.45 10
45.0 0.20 11.9 5.47 116 345.0 1.52 91.1 0.42 9
50.0 0.22 13.2 8.41 178 350.0 1.54 92.4 0.40 8
55.0 0.24 14.5 12.61 266 355.0 1.56 93.7 0.38 8
60.0 0.26 15.8 16.50 348 360.0 1.58 95.0 0.36 8
65.0 0.29 17.2 20.50 433 365.0 1.61 96.4 0.34 7
70.0 0.31 18.5 23.97 506 370.0 1.63 97.7 0.33 7
75.0 0.33 19.8 27.75 586 375.0 1.65 99.0 0.30 6
80.0 0.35 21.1 28.91 611 380.0 1.67 100.3 0.28 6
85.0 0.37 22.4 28.07 593 385.0 1.69 101.6 0.27 6
90.0 0.40 23.8 26.38 557 390.0 1.72 103.0 0.26 5
95.0 0.42 25.1 24.18 511 395.0 1.74 104.3 0.24 5

100.0 0.44 26.4 21.55 455 400.0 1.76 105.6 0.23 5
105.0 0.46 27.7 18.92 400 405.0 1.78 106.9 0.22 5
110.0 0.48 29.0 16.08 340 410.0 1.80 108.2 0.21 4
115.0 Q.51 30.4 14.19 300 415.0 1.83. 109.6 0.20 4
120.0 0.53 31.7 12.61 266 420.0 1.85 110.9 0.19 4
125.0 0.55 33.0 11.04 233 425.0 1.87 112.2 0.18 4
130.0 0.57 34.3 9.99 211 430.0 1.89 113.5 0.17 41
135.0 0.59 35.6 9.04 191 435.0 1.91 114.8 0.16 3
140.0 0.62 37.0 8.20 173 440.0 1.94 116.2 0.15 3
145.0 0.64 38.3 7.36 155 445.0 1.96 117.5 0.15 3
150.0 0.66 39.6 6.78 143 450.0 1.98 118.8 0.13 3
155.0 0.68 40.9 6.20 131 455.0 2.00 120.1 0.12 3
160.0 0.70 42.2 5.83 123 460.0 2.02 121.5 0.12 3
165.0 0.73 43.6 5.47 116 465.0 2.05 122.8 0.11 2
170.0 0.75 44.9 5.15 109 470.0 2.07 124.1
175.0 0.77 46.2 4.84 102 475.0 2.09 125.4
180.0 0.79 47.5 4.57 97 480.0 2.11 126.7
185.0 0.81 48.8 4.31 91 485.0 2.13 128.1
190.0 0.84 50.2 4.10 87 490.0 2.16 129.4
195.0 0.86 51.5 3.87 82 495.0 2.18 130.7
200.0 0.88 52.8 3.68 78 500.0 2.20 132.0
205.0 0.90 54.1 3.47 73 505.0 2.22 133.3
210.0 0.92 55.4 3.28 69 510.0 2.24 134.7
215.0 0.95 56.8 3.10 65 515.0 2.27 136.0
220.0 0.97 58.1 2.93 62 520.0 2.29 137.3
225.0 0.99 59.4 2.75 58 525.0 2.31 138.6
230.0 1.01 60.7 2.63 56 530.0 2.33 139.9
235.0 1.03 62.0 2.47 52 535.0 2.35 141.3
240.0 1.06 63.4 2.33 49 540.0 2.38 142.6
245.0 1.08 64.7 2.22 47 545.0 2.40 143.9
250.0 1.10 66.0 2.10 44 550.0 2.42 145.2
255.0 1.12 67.3 1.99 42 555.0 2.44 146.5
260.0 1.14 68.6 1.88 40 560.0 2.46 147.9
265.0 1.17 70.0 1.78 38 565.0 2.49 149.2
270.0 1.19 71.3 1.68 35 570.0 2.51 150.5
275.0 1.21 72.6 1.59 34 575.0 2.53 151.8
280.0 1.23 73.9 1.50 32 580.0 2.55 153.1
285.0 1.25 75.2 1.43 30 585.0 2.57 154.5
290.0 1.28 76.6 1.36 29 590.0 2.60 155.8
295.0 1.30 77.9 1.28 27 595.0 2.62 157.1
300.0 1.32 79.2 1.21 26 600.0 2.64 158.4

NOTES: Use for models including Basin A for the PMP Local event



COLORADO PLATEAU UNIT HYDROGRAPH

Basin B-10, 25, 100, 200 Proposed Conditions
18-May-06

Drainage Area =
Basin Slope =

L=

Lca =
Kn =

0.5218
666
1.38
0.86

0.054

sq. miles
ft./mile
mi., Length of Watercourse
mi., Distance to Centroid
-, Ave. Weighted Manning's n

Lg+D/2 =
Basin Factor =

V =
Qs =

0.55 Hours
0.05

14.03 cfs/Day
25.5 * q, cfs

PARAMETERS:
Calculated: Lag Time, Lg = 051 Hours Unit Duration, D =

Calculated Timestep =
5 54 minutes
1.65 minutes

Data to be used Unit Duration, D =
In Analysis Selected Timestep =

5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph
Svnthetic USBR COLORADO PLATEAU

800

700

600

500

400

300

a

200

100

0 ý-

0.00 0.50 1.00 1.50 2.00 2.50 3.00

TIME, (Hours)

3.50

UI Record - Unit Graph 5 minute interval

UI
UI
UI
Ul
UI
UI
UI
UI
UI
'JI

12
137

25
5

47
114

21
4

147
97
18
3

434
82
15

3

713
69
13

663
58
11

467
49

9

312
42

8

225
35

7

168
30
6



U1
U'
U'
U'
U'
U'
U'
U'

USBR calculated unitgraph peak = 738 Interpolated Peak = 713

Time t, %
of Lg+D/2 Hours Min.

Qs
Hours Min.

Qs
cfsq q

5.0
10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0
50.0
55.0
60.0
65.0
70.0
75.0
80.0
85.0
90.0
95.0

100.0
105.0
110.0
115.0
120.0
125.0
130.0
135.0
140.0
145.0
150.0
155.0
160.0
165.0
170.0
175.0
180.0
185.0
190.0
195.0
200.0
205.0
210.0
215.0
220.0
225.0
230.0
235.0
240.0
245.0
250.0
255.0
260.0
265.0
270.0
275.0
280.0
285.0
290.0
295.0
300.0

0.03
0.05
0.08
0.11
0.14
0.16
0.19
0.22
0.25
0.27
0.30
0.33
0.36
0.38
0.41
0.44
0.47
0.49
0.52
0.55
0.58
0.60
0.63
0.66
0.69
0.71
0.74
0.77
0.80
0.82
0.85
0.88
0.91
0.93
0.96
0.99
1.02
1.04
1.07
1.10
1.13
1.15
1.18
1.21
1.24
1.26
1.29
1.32
1.35
1.37
1.40
1.43
1.46
1.48
1.51
1.54
1.57
1.59
1.62
1.65

1.6
3.3
4.9
6.6
8.2
9.9

11.5
13.2
14.8
16.5
18.1
19.8
21.4
23.1
24.7
26.4
28.0
29.7
31.3
33.0
34.6
36.3
37.9
39.6
41.2
42.9
44.5
46.2
47.8
49.5
51.1
52.8
54.4
56.1
57.7
59.4
61.0
62.7
64.3
66.0
67.6
69.3
70.9
72.6
74.2
75.9
77.5
79.2
80.8
82.5
84.1
85.8
87.4
89.1
90.7
92.4
94.0
95.7
97.3
99.0

0.19
0.32
0.48
0.74
1.21
1.81
2.63
3.68
5.47
8.41

12.61
16.50
20.50
23.97
27.75
28.91
28.07
26.38
24.18
21.55
18.92
16.08
14.19
12.61
11.04
9.99
9.04
8.20
7.36
6.78
6.20
5.83
5.47
5.15
4.84
4.57
4.31
4.10
3.87
3.68
3.47
3.28
3.10
2.93
2.75
2.63
2.47
2.33
2.22
2.10
1.99
1.88
1.78
1.68
1.59
1.50
1.43
1.36
1.28
1.21

5
8

12
19
31
46
67
94

140
215
322
421
523
612
708
738
716
673
617
550
483
410
362
322
282
255
231
209
188
173
158
149
140
131
124
117
110
105

99
94
89
84
79
75
70
67
63
59
57
54
51
48
45
43
41
38
36
35
33
31

305.0
310.0
315.0
320.0
325.0
330.0
335.0
340.0
345.0
350.0
355.0
360.0
365.0
370.0
375.0
380.0
385.0
390.0
395.0
400.0
405.0
410.0
415.0
420.0
425.0
430.0
435.0
440.0
445.0
450.0
455.0
460.0
465.0
470.0
475.0
480.0
485.0
490.0
495.0
500.0
505.0
510.0
515.0
520.0
525.0
530.0
535.0
540.0
545.0
550.0
555.0
560.0
565.0
570.0
575.0
580.0
585.0
590.0
595.0
600.0

1.68
1.70
1.73
1.76
1.79
1.81
1.84
1.87
1.90
1.92
1.95
1.98
2.01
2.03
2.06
2.09
2.12
2.14
2.17
2.20
2.23
2.25
2.28
2.31
2.34
2.36
2.39
2.42
2.45
2.47
2.50
2.53
2.56
2.58
2.61
2.64
2.67
2.69
2.72
2.75
2.78
2.80
2.83
2.86
2.89
2.91
2.94
2.97
3.00
3.02
3.05
3108
3.11
3.13
3.16
3.19
3.22
3.24
3.27
3.30

100.6
102.3
103.9
105.6
107.2
108.9
110.5
112.2
113.8
115.5
117.1
118.8
120.4
122.1
123.7
125.4
127.0
128.7
130.3
132.0
133.6
135.3
136.9
138.6
140.2
141.9
143.5
145.2
146.8
148.5
150.1
151.8
153.4
155.1
156.7
158.4
160.0
161.7
163.3
165.0
166.6
168.3
169.9
171.6
173.2
174.9
176.5
178.2
179.8
181.5
183.1
184.8
186.4
188.1
189.7
191.4
193.0
194.7
196.3
198.0

0.66
0.63
0.59
0.56
0.53
0.50
0.47
0.45
0.42
0.40
0.38
0.36
0.34
0.33
0.30
0.28
0.27
0.26
0.24
0.23
0.22
0.21
0.20
0.19
0.18
0.1 7
0.16
0.15
0.15
0.13
0.12
0.12
0.11

17
16
15
14
14
13
12
11
11
10
10

9
9
8
8
7
7
7
6
6
6
5
5
5

4
4
3
3
3
3

NOTES: Use for models including Basin B for the 10, and 200 year events



COLORADO PLATEAU UNIT HYDROGRAPH

Basin B-PMP Proposed Conditions
18-May-06

Drainage Are
Basin Slor

Lc
14

a = 0.5218
pe = 666
L = 1.38
a= 0.86
n = 0.042

Lag Time, Lg =

sq. miles
ft./mile
mi., Length of Watercourse
mi., Distance to Centroid
-, Ave. Weighted Manning's n

Lg+D/2 =
Basin Factor =

V. =
Qs =

0.44 Hours
0.05

14.03 cfs/Day
32.1 * q, cfs

4.31 minutes
131 minutes

PARAMETERS:
Calculated: 0.40 Hours Unit Duration, D =

Calculated Timestep =

Data to be used Unit Duration, D =
In Analysis Selected Timestep =

5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU

1,000

90o

800

700

Li
CD
I3

600

500

400

300

200

100 L

0
0.00 0.50 1.00 1.50

TIME, (Hours)
2.00 2.50 3.00

Ul Record - Unit Graph 5 minute interval

UI
UI
Ul
UI
UI
UI
Ul
UI
UI
"I

22
106
13

106
85
11

460
69
8

901
56
7

770
45

6

463
37

5

299
30
4

208
24

162
20

131
16



U'
U'
U'
U'
U'
U'
U'
U'

USBR calculated unitaraph peak = 928 Interoolated Peak = 901

Time t, % -....--- . .......---------
of Lg+D/2 Hours Min.

as
cfsq

Time t,%. Qs
of Lg+D/2 Hours Min. q cfs

5.0
10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0
50.0
55.0
60.0
65.0
70.0
75.0
80.0
85.0
90.0
95.0

100.0
105.0
110.0
115.0
120.0
125.0
130.0
135.0
140.0
145.0
150.0
155.0
160.0
165.0
170.0
175.0
180.0
185.0
190.0
195.0
200.0
205.0
210.0
215.0
220.0
225.0
230.0
235.0
240.0
245.0
250.0
255.0
260.0
265.0
270.0
275.0
280.0
285.0
290.0
295.0
300.0

0.02
0.04
0.07
0.09
0.11
0.13
0.15
0.17
0.20
0.22
0.24
0.26
0.28
0.31
0.33
0.35
0.37
0.39
0.42
0.44
0.46
0.48
0.50
0.52
0.55
0.57
0.59
0.61
0.63
0.66
0.68
0.70
0.72
0.74
0.76
0.79
0.81
0.83
0.85
0.87
0.90
0.92
0.94
0.96
0.98
1.00
1.03
1.05
1.07
1.09
1.11
1.14
1.16
1.18
1.20
1.22
1.25
1.27
1.29
1.31

1.3
2.6
3.9
5.2
6.6
7.9
9.2

10.5
11.8
13.1
14.4
15.7
17.0
18.4
19.7
21.0
22.3
23.6
24.9
26.2
27.5
28.8
30.1
31.5
32.8
34.1
35.4
36.7
38.0
39.3
40.6
41.9
43.3
44.6
45.9
47.2
48.5
49.8
51.1
52.4
53.7
55.1
56.4
57.7
59.0
60.3
61.6
62.9
64.2
65.5
66.9
68.2
69.5
70.8
72.1
73.4
74.7
76.0
77.3
78.6

0.19
0.32
0.48
0.74
1.21
1.81
2.63
3.68
5.47
8.41

12.61
16.50
20.50
23.97
27.75
28.91
28.07
26.38
24.18
21.55
18.92
16.08
14.19
12.61
11.04
9.99
9.04
8.20
7.36
6.78
6.20
5.83
5.47
5.15
4.84
4.57
4.31
4.10
3.87
3.68
3.47
3.28
3.10
2.93
2.75
2.63
2.47
2.33
2.22
2.10
1.99
1.88
1.78
1.68
1.59
1.50
1.43
1.36
1.28
1.21

6
10
15
24
39
58
84

118
176
270
405
530
658
770
891
928
901
847
776
692
608
516
456
405
355
321
290
263
236
218
199
187
176
165
155
147
138
132
124
118
111
105
100
94
88
84
79
75
71
67
64
60
57
54
51
48
46
44
41
39

305.0
310.0
315.0
320.0
325.0
330.0
335.0
340.0
345.0
350.0
355.0
360.0
365.0
370.0
375.0
380.0
385.0
390.0
395.0
400.0
405.0
410.0
415.0
420.0
425.0
430.0
435.0
440.0
445.0
450.0
455.0
460.0
465.0
470.0
475.0
480.0
485.0
490.0
495.0
500.0
505.0
510.0
515.0
520.0
525.0
530.0
535.0
540.0
545.0
550.0
555.0
560.0
565.0
570.0
575.0
580.0
585.0
590.0
595.0
600.0

1.33
1.35
1.38
1.40
1.42
1.44
1.46
1.49
1.51
1.53
1.55
1.57
1.59
1.62
1.64
1.66
1.68
1.70
1.73
1.75
1.77
1.79
1.81
1.84
1.86
1.88
1.90
1.92
1.94
1.97
1.99
2.01
2.03
2.05
2.08
2.10
2.12
2.14
2.16
2.18
2.21
2.23
2.25
2.27
2.29
2.32
2.34
2.36
2.38
2.40
2.42
2.45
2.47
2.49
2.51
2.53
2.56
2.58
2.60
2.62

80.0
81.3
82.6
83.9
85.2
86.5
87.8
89.1
90.4
91.8
93.1
94.4
95.7
97.0
98.3
99.6

100.9
102.2
103.6
104.9
106.2
107.5
108.8
110.1
111.4
112.7
114.0
115.4
116.7
118.0
119.3
120.6
121.9
123.2
124.5
125.8
127.1
128.5
129.8
131.1
132.4
133.7
135.0
136.3
137.6
138.9
140.3
141.6
142.9
144.2
145.5
146.8
148.1
149.4
150.7
152.1
153.4
154.7
156.0
157.3

0.66
0.63
0.59
0.56
0.53
0.50
0.47
0.45
0.42
0.40
0.38
0.36
0.34
0.33
0.30
0.28
0.27
0.26
0.24
0.23
0.22
0.21
0.20
0.19
0.18
0.17
0.16
0.15
0.15
0.13
0.12
0.12
0.11

21
20
19
18
17
16
15
14
13
13
12
12
11
11
10
9
9
8
8
7
7
7
.6
6
6
51
5
5
5
4
4
4
4

NOTES: Use for models including Basin B for the PMP Local event



COLORADO PLATEAU UNIT HYDROGRAPH

Basin for Culvert C7-10, 25, 100, 200 Proposed Conditions
18-May-06

Drainage Area =
Basin Slope =

L=
Lca=
Kn =

0.4087 sq. miles
501 ft./mile
1.27 mi., Length of Watercourse
0.62 mi., Distance to Centroid

0.054 -, Ave. Weighted Manning's n

Lg+
Basin Fa

D/2 = 0.51 Hours
ctor = 0.04

V. = 10.99 cfs/Day
Qs = 21.7 * q, cfs

, D = 507 minutes
tep = 1.52 minutes

PARAMETERS:
Calculated: Lag Time, Lg = 0.47 Hours Unit Duratior

Calculated Times

Data to be used Unit Duration, D =
in Analysis Selected Timestep =

5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU

700

600

500

__400

U 4

Lh 300

200

100

0

0.00 0,50 1t00 1.50 2,00 2.50 3.00

TIME, (Hours)

3.50

Ul Record - Unit Graph 5 minute interval

UI
UI
Ul
Ul
Ul
UI
UI
UI
Ul

II

UI

12
98
16
3

49
82
13

174
68
11

456
57

9

619
47

8

483
39

6

307
33

5

210
27
5

152
23

4

120
19
3



U'
U'
U'
U'
U'
U'
U'
U'

USBR calculated unitaraph peak = 627 InterDolated Peak = 619

Time t, %
of Lg+D/2 Hours Min. q

5.0 0.03
10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0
50.0
55.0
60.0
65.0
70.0
75.0
80.0
85.0
90.0
95.0

100.0
105.0
110.0
115.0
120.0
125.0
130.0
135.0
140.0
145.0
150.0
155.0
160.0
165.0
170.0
175.0
180.0
185.0
190.0
195.0
200.0
205.0
210.0
215.0
220.0
225.0
230.0
235.0
240.0
245.0
250.0
255.0
260.0
265.0
270.0
275.0
280.0
285.0
290.0
295.0
300.0

0.05
0.08
0.10
0.13
0.15
0.18
0.20
0.23
0.25
0.28
0.30
0.33
0.35
0.38
0.41
0.43
0.46
0.48
0.51
0.53
0.56
0.58
0.61
0.63
0.66
0.68
0.71
0.73
0.76
0.79
0.81
0.84
0.86
0.89
0.91
0.94
0.96
0.99
1.01
1.04
1.06
1.09
1.12
1.14
1.17
1.19
1.22
1.24
1.27
1.29
1.32
1.34
1.37
1.39
1.42
1.44
1.47
1.50
1.52

1.5 0.19
3.0 0.32
4.6 0.48
6.1 0.74
7.6 1.21
9.1 1.81

10.6 2.63
12.2 3.68
13.7 5.47
15.2 8.41
16.7 12.61
18.2 16.50
19.8 20.50
21.3 23.97
22.8 27.75
24.3 28.91
25.9 28.07
27.4 26.38
28.9 24.18
30.4 21.55
31.9 18.92
33.5 16.08

.35.0 14.19
36.5 12.61
38.0 11.04
39.5 9.99
41.1 9.04
42.6 8.20
44.1 7.36
45.6 6.78
47.1 6.20
48.7 5.83
50.2 5.47
51.7 5.15
53.2 4.84
54.7 4.57
56.3 4.31
57.8 4.10
59.3 3.87
60.8 3.68
62.3 3.47
63.9 3.28
65.4 3.10
66.9 2.93
68.4 2.75
69.9 2.63
71.5 2.47
73.0 2.33
74.5 2.22
76.0 2.10
77.6 1.99
79.1 1.88
80.6 1.78
82.1 1.68
83.6 1.59
85.2 1.50
86.7 1.43
88.2 1.36
89.7 1.28
91.2 1.21

Qs
cfs

4
7

10
16
26
39
57
80

119
182
273
358
444
520
602
627
609
572
524
467
410
349
308
273
239
217
196
178
160
147
134
126
119
112
105

99
93
89
84
80
75
71
67
64
60
57
54
51
48
46
43
41
39
36
34
33
31
29
28
26

Time t, %
of Lg+D/2 Hours Min.

305.0
310.0
315.0
320.0
325.0
330.0
335.0
340.0
345.0
350.0
355.0
360.0
365.0
370.0
375.0
380.0
385.0
390.0
395.0
400.0
405.0
410.0
415.0
420.0
425.0
430.0
435.0
440.0
445.0
450.0
455.0
460.0
465.0
470.0
475.0
480.0
485.0
490.0
495.0
500.0
505.0
510.0
515.0
520.0
525.0
530.0
535.0
540.0
545.0
550.0
555.0
560.0
565.0
570.0
575.0
580.0
585.0
590.0
595.0
600.0

1.55
1.57
1.60
1.62
1.65
1.67
1.70
1.72
1.75
1.77
1.80
1.82
1.85
1.88
1.90
1.93
1.95
1.98
2.00
2.03
2.05
2.08
2.10
2.13
2.15
2.18
2.20
2.23
2.26
2.28
2.31
2.33
2.36
2.38
2.41
2.43
2.46
2.48
2.51
2.53
2.56
2.59
2.61
2.64
2.66
2.69
2.71
2.74
2.76
2.79
2.81
2.84
2.86
2.89
2.91
2.94
2.97
2.99
3.02
3.04

92.8
94.3
95.8
97.3
98.8

100.4
101.9
103.4
104.9
106.4
108.0
109.5
111.0
112.5
114.0
115.6
117.1
118.6
120.1
121.6
123.2
124.7
126.2.
127.7
129.3
130.8
132.3
133.8
135.3
136.9
138.4
139.9
141.4
142.9
144.5
146.0
147.5
149.0
150.5
152.1
153.6
155.1
156.6
158.1
159.7
161.2
162.7
164.2
165.7
167.3
168.8
170.3
171.8
173.3
174.9
176.4
177.9
179.4
181.0
182.5

0.66
0.63
0.59
0.56
0.53
0.50
0.47
0.45
0.42
0.40
0.38
0.36
0.34
0.33
0.30
0.28
0.27
0.26
0.24
0.23
0.22
0.21
0.20
0.19
0.18
0.17
0.16
0.15
0.15
0.13
0.12
0.12
0.11

Qs
cfsq

NOTES: Use for models including the Culvert C7 Basin for the 10, 25, 100 and 200 year events



COLORADO PLATEAU UNIT HYDROGRAPH

Basin D-10, 25, 100, 200 Proposed Conditions
18-May-06

Drainage Area = 0.3827
Basin Slope = 62.23

L = 1.25
Lca = 0.68
Kn = 0.054

sq. miles
ft./mile
mi., Length of Watercourse
mi., Distance to Centroid
-, Ave. Weighted Manning's n

Lg+D/2 =
Basin Factor =

V. =
Qs =

0.71 Hours
0.11

10.29 cfs/Day
14.4 * q, cfs

7 34 minutes
2 14 minutes

PARAMETERS:
Calculated: Lag Time, Lg = 067 Hours Unit Duration, D =

Calculated Timestep =

Data to be used Unit Duration, D =
In Analysis Selected Timestep =

5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph
Svnthetic USBR COLORADO PLATEAU

450

400

350

300
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0200 4

150

100

50

0

0,00 5,000.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50

TIME, (Hours)

Ul Record - Unit Graph 5 minute Interval
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5
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8
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7
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5
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54
15

4
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13
4

273
41
11
3
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U'
U'
U'
U'
U'
U'
U'
U'

USBR calculated unitaranh Deak = 416 Interoolated Peak = 412

Time t, % -...... . . Qs
of Lg+D/2 Hours Min. q cfs

Time t, % . .... .. ..
of Lg+D/2 Hours Min.

Os
cfsq

5.0
10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0
50.0
55.0
60.0
65.0
70.0
75.0
80.0
85.0
90.0
95.0

100.0
105.0
110.0
115.0
120.0
125.0
130.0
135.0
140.0
145.0
150.0
155.0
160.0
165.0
170.0
175.0
180.0
185.0
190.0
195.0
200.0
205.0
210.0
215.0
220.0
225.0
230.0
235.0
240.0
245.0
250.0
255.0
260.0
265.0
270.0
275.0
280.0
285.0
290.0
295.0
300.0

0.04
0.07
0.11
0.14
0.18
0.21
0.25
0.29
0.32
0.36
0.39
0.43
0.46
0.50
0.54
0.57
0.61
0.64
0.68
0.71
0.75
0.79
0.82
0.86
0.89
0.93
0.96
1.00
1.04
1.07
1.11
1.14
1.18
1.22
1.25
1.29
1.32
1.36
1.39
1.43
1.47
1.50
1.54
1.57
1.61
1.64
1.68
1.72
1.75
1.79
1.82
1.86
1.89
1.93
1.97
2.00
2.04
2.07
2.11
2.14

2.1 0.19 3
4.3
6.4
8.6

10.7
12.9
15.0
17.2
19.3
21.4
23.6
25.7
27.9
30.0
32.2
34.3
36.5
38.6
40.7
42.9
45.0
47.2
49.3
51.5
53.6
55.8
57.9
60.0
62.2
64.3
66.5
68.6
70.8
72.9
75.0
77.2
79.3
81.5
83.6
85.8
87.9
90.1
92.2
94.3
96.5
98.6

100.8
102.9
105.1
107.2
109.4
111.5
113.6
115.8
117.9
120.1
122.2
124.4
126.5
128.7

0.32
0.48
0.74
1.21
1.81
2.63
3.68
5.47
8.41

12.61
16.50
20.50
23.97
27.75
28.91
28.07
26.38
24.18
21.55
18.92
16.08
14.19
12.61
11.04
9.99
9.04
8.20
7.36
6.78
6.20
5.83
5.47
5.15
4.84
4.57
4.31
4.10
3.87
3.68
3.47
3.28
3.10
2.93
2.75
2.63
2.47
2.33
2.22
2.10
1.99
1.88
1.78
1.68
1.59
1.50
1.43
1.36
1.28
1.21

5
7

11
17
26
38
53
79

121
182
238
295
345
400
416
404
380
348
310
272
232
204
182
159
144
130
118
106

98
89
84
79
74
70
66
62
59
56
53
50
47
45
42
40
38
36
34
32
30
29
27
26
24
23
22
21
20
18
17

305.0
310.0
315.0
320.0
325.0
330.0
335.0
340.0
345.0
350.0
355.0
360.0
365.0
370.0
375.0
380.0
385.0
390.0
395.0
400.0
405.0
410.0
415.0
420.0
425.0
430.0
435.0
440.0
445.0
450.0
455.0
460.0
465.0
470.0
475.0
480.0
485.0
490.0
495.0
500.0
505.0
510.0
515.0
520.0
525.0
530.0
535.0
540.0
545.0
550.0
555.0
560.0
565.0
570.0
575.0
580.0
585.0
590.0
595.0
600.0

2.18
2.22
2.25
2.29
2.32
2.36
2.39
2.43
2.47
2.50
2.54
2.57
2.61
2.64
2.68
2.72
2.75
2.79
2.82
2.86
2.89
2.93
2.97
3.00
3.04
3.07
3.11
3.14
3.18
3.22
3.25
3.29
3.32
3.36
3.40
3.43
3.47
3.50
3.54
3.57
3.61
3.65
3.68
3.72
3.75
3.79
3.82
3.86
3.90
3.93
3.97
4.00
4.04
4.07
4.11
4.15
4.18
4.22
4.25
4.29

130.8
132.9
135.1
137.2
139.4
141.5
143.7
145.8
148.0
150.1
152.2
154.4
156.5
158.7
160.8
163.0
165.1
167.3
169.4
171.5
173.7
175.8
178.0
180.1
182.3
184.4
186.5
188.7
190.8
193.0
195.1
197.3
199.4
201.6
203.7
205.8
208.0
210.1
212.3
214.4
216.6
218.7
220.9
223.0
225.1
227.3
229.4
231.6
233.7
235.9
238.0
240.2
242.3
244.4
246.6
248.7
250.9
253.0
255.2
257.3

0.66
0.63
0.59
0.56
0.53
0.50
0.47
0.45
0.42
0.40
0.38
0.36
0.34
0.33
0.30
0.28
0.27
0.26
0.24
0.23
0.22
0.21
0.20
0.19
0.18
0.17
0.16
0.15
0.15
0.13
0.12
0.12
0.11

NOTES: Use for models including Basin D for the 10, 25, 100 and 200 year events



COLORADO PLATEAU UNIT HYDROGRAPH

Basin D-PMP Proposed Conditions
18-May-06

Drainage Area =
Basin Slope =

L=
Lca =

0.3827 sq. miles
62.37 ft./mile

1.28 mi., Length of Watercourse
0.68 mi., Distance to Centroid

Lg+D/2 =
Basin Factor =

Qs =
Kn = 0.042 -, Ave. Weighted Manning's n

0.57 Hours
0.11

10.29 cfs/Day
18.1 * q, cfs

5 75 minutes
1 71 minutes

PARAMETERS:
Calculated: Lag Time, Lg = 0,53 Hours Unit Duration, D =

Calculated Timesteo =

Data to be used Unit Duration, D =
in Analysis Selected Timestep =

5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU

600

500

400

300

200

100

0
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50

TIME, (Hours)
4.00

Ul Record - Unit Graph 5 minute Interval

Ul
Ul
Ul
Ul
Ul
UI
Ul
Ul
UlAI

8
104

20
4

31
87
17
3

92
74
15
3

278
63
12
3

477
53
11
2

490
45
9

366
38
8

244
33
7

175
28
5

130
24

5



U'
U'
U'
U'
U'
U'
U'
U'

USBR calculated unitqraph peak = 523 Interpolated Peak = 490

Time t, % --------
of Lg+D/2 Hours Min.

Qs Time t, % - --.-.--.------ Qs
q cfs of Lg+D/2 Hours Min. q cfs

5.0
10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0
50.0
55.0
60.0
65.0
70.0
75.0
80.0
85.0
90.0
95.0

100.0
105.0
110.0
115.0
120.0
125.0
130.0
135.0
140.0
145.0
150.0
155.0
160.0
165.0
170.0
175.0
180.0
185.0
190.0
195.0
200.0
205.0
210.0
215.0
220.0
225.0
230.0
235.0
240.0
245.0
250.0
255.0
260.0
265.0
270.0
275.0
280.0
285.0
290.0
295.0
300.0

0.03
0.06
0.09
0.11
0.14
0.17
0.20
0.23
0.26
0.28
0.31
0.34
0.37
0.40
0.43
0.46
0.48
0.51
0.54
0.57
0.60
0.63
0.65
0.68
0.71
0.74
0.77
0.80
0.83
0.85
0.88
0.91
0.94
0.97
1.00
1.02
1.05
1.08
1.11
1.14
1.17
1.20
1.22

* 1.25
1.28
1.31
1.34
1.37
1.39
1.42
1.45
1.48
1.51
1.54
1.56
1.59
1.62
1.65
1.68
1.71

1.7
3.4
5.1
6.8
8.5

10.2
12.0
13.7
15.4
17.1
18.8
20.5
22.2
23.9
25.6
27.3
29.0
30.7
32.4
34.1
35.9
37.6
39.3
41.0
42.7
44.4
46.1
47.8
49.5
51.2
52.9
54.6
56.3
58.0
59.8
61.5
63.2
64.9
66.6
68.3
70.0
71.7
73.4
75.1
76.8
78.5
80.2
81.9
83.7
85.4
87.1
88.8
90.5
92.2
93.9
95.6
97.3
99.0

100.7
102.4

0.19
0.32
0.48
0.74
1.21
1.81
2.63
3.68
5.47
8.41

12.61
16.50
20.50
23.97
27.75
28.91
28.07
26.38
24.18
21.55
18.92
16.08
14.19
12.61
11.04
9.99
9.04
8.20
7.36
6.78
6.20
5.83
5.47
5.15
4.84
4.57
4.31
4.10
3.87
3.68
3.47
3.28
3.10
2.93
2.75
2.63
2.47
2.33
2.22
2.10
1.99
1.88
1.78
1.68
1.59
1.50
1.43
1.36
1.28
1.21

3
6
9

13
22
33
48
67
99

152
228
298
371
433
502
523
508
477
437
390
342
291
257
228
200
181
163
148
133
123
112
105
99
93
88
83
78
74
70
67
63
59
56
53
50
48
45
42
40
38
36
34
32
30
29
27
26
25
23
22

305.0
310.0
315.0
320.0
325.0
330.0
335.0
340.0
345.0
350.0
355.0
360.0
365.0
370.0
375.0
380.0
385.0
390.0
395.0
400.0
405.0
410.0
415.0
420.0
425.0
430.0
435.0
440.0
445.0
450.0
455.0
460.0
465.0
470.0
475.0
480.0
485.0
490.0
495.0
500.0
505.0
510.0
515.0
520.0
525.0
530.0
535.0
540.0
545.0
550.0
555.0
560.0
565.0
570.0
575.0
580.0
585.0
590.0
595.0
600.0

1.74 104.1
1.76 105.9
1.79 107.6
1.82 109.3
1.85 111.0
1.88 112.7
1.91 114.4
1.93 116.1
1.96 117.8
1.99 119.5
2.02 121.2
2.05 122.9
2.08 124.6
2.11 126.3
2.13 128.0
2.16 129.8
2.19 131.5
2.22 133.2
2.25 134.9
2.28 136.6
2.30 138.3
2.33 140.0
2.36 141.7
2.39 143.4
2.42 145.1
2.45 146.8
2.48 148.5
2.50 150.2
2.53 151.9
2.56 153.7
2.59 155.4
2.62 157.1
2.65 158.8
2.67 160.5
2.70 162.2
2.73 163.9
2.76 165.6
2.79 167.3
2.82 169.0
2.85 170.7
2.87 172.4
2.90 174.1
2.93 175.8
2.96 177.6
2.99 179.3
3.02 181.0
3.04 182.7
3.07 184.4
3.10 186.1
3.13 187.8
3.16 189.5
3.19 191.2
3.22 192.9
3.24 194.6
3.27 196.3
3.30 198.0
3.33 199.8
3.36 201.5
3.39 203.2
3.41 204.9

0.66
0.63
0.59
0.56
0.53
0.50
0.47
0.45
0.42
0.40
0.38
0.36
0.34
0.33
0.30
0.28
0.27
0.26
0.24
0.23
0.22
0.21
0.20
0.19
0.18
0.17
0.16
0.15
0.15
0.13
0.12
0.12
0.11

12
11
11
10
10
9
8
8
8
7
7
7
6
6
5
5
5
5
4
4
4
4
4
3
3

33

2
2
2
2

NOTES: Use for models including Basin D for the PMP Local event



COLORADO PLATEAU UNIT HYDROGRAPH

Basin G-10, 25, 100, 200 Proposed Conditions
18-May-06

Drainage Are
Basin Slor

a = 1.3775 sq. miles
e = 353 ft./mile
L = 2.96 mi., Length of Watercourse

ca = 1.58 mi., Distance to Centroid

Lg+D/2 = 0.93 Hours
Basin Factor = 0.25

V, = 37.04 cfs/Day
Qs = 39.9 * q, cfsLc

Kn = 0.054 -, Ave. Weighted Manning's n

PARAMETERS:
Calculated: Lag Time, Lg = 0 89 Hours Unit Duration, D =

Calculated Timestep =
9 68 minutes
2.79 minutes

Data to be used Unit Duration, D =
In Analysis Selected Timestep =

5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU

1,400

1,200

1,000

Lii
0

C-)
U,
0

800

600

400

200

0

0,00 1.00 2.00 3.00 4.00 5.00

TIME, (Hours)

6.00

UI Record - Unit Graph 5 minute Interval

Ul
Ul
UI
Ul
Ul
Ul
Ul
Ul
Ul
'Jl

12
887
166
61
23
9

25
694
151
56
21
8

57
545
136

50
19
7

112
435
123

46
17
6

216
364
111

41
15
6

463
303
101

37
14
5

747
259

91
34
13
5

1009
228

83
31
11

1148
204

75
28
10

1056
183

68
25
9



U'
U'
U1
U'
U'
U'
U'
U'

USBR calculated unitgraph peak = 1153 Interpolated Peak = 1148

Time t, %
of Lg+D/2 Hours Min.

Qs
q cfs

Time t, % Qs
of Lg+D/2 Hours Min. q cfs

5.0
10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0
50.0
55.0
60.0
65.0
70.0
75.0
80.0
85.0
90.0
95.0

100.0
105.0
110.0
115.0
120.0
125.0
130.0
135.0
140.0
145.0
150.0
155.0
160.0
165.0
170.0
175.0
180.0
185.0
190.0
195.0
200.0
205.0
210.0
215.0
220.0
225.0
230.0
235.0
240.0
245.0
250.0
255.0
260.0
265.0
270.0
275.0
280.0
285.0
290.0
295.0
300.0

0.05
0.09
0.14
0.19
0.23
0.28
0.33
0.37
0.42
0.46
0.51
0.56
0.60
0.65
0.70
0.74
0.79
0.84
0.88
0.93
0.98
1.02
1.07
1.11
1.16
1.21
1.25
1.30
1.35
1.39
1.44
1.49
1.53
1.58
1.63
1.67
1.72
1.77
1.81
1.86
1.90
1.95
2.00
2.04
2.09
2.14
2.18
2.23
2.28
2.32
2.37
2.42
2.46
2.51
2.55
2.60
2.65
2.69
2.74
2.79

2.8
5.6
8.4

11.1
13.9
16.7
19.5
22.3
25.1
27.9
30.7
33.4
36.2
39.0
41.8
44.6
47.4
50.2
53.0
55.7
58.5
61.3
64.1
66.9
69.7
72.5
75.2
78.0
80.8
83.6
86.4
89.2
92.0
94.8
97.5

100.3
103.1
105.9
108.7
111.5
114.3
117.0
119.8
122.6
125.4
128.2
131.0
133.8
136.6
139.3
142.1
144.9
147.7
150.5
153.3
156.1
158.9
161.6
164.4
167.2

0.19
0.32
0.48
0.74
1.21
1.81
2.63
3.68
5.47
8.41

12.61
16.50
20.50
23.97
27.75
28.91
28.07
26.38
24.18
21.55
18.92
16.08
14.19
12.61
11.04
9.99
9.04
8.20
7.36
6.78
6.20
5.83
5.47
5.15
4.84
4.57
4.31
4.10
3.87
3.68
3.47
3.28
3.10
2.93
2.75
2.63
2.47
2.33
2.22
2.10
1.99
1.88
1.78
1.68
1.59
1.50
1.43
1.36
1.28
1.21

8
13
19
30
48
72

105
147
218
335
503
658
817
956

1,106
1,153
1,119
1,052

964
859
754
641
566
503
440
398
360
327
293
270
247
232
218
205
193
182
172
163
154
147
138
131
124
117
110
105
98
93
89
84
79
75
71
67
63
60
57
54
51
48

305.0
310.0
315.0
320.0
325.0
330.0
335.0
340.0
345.0
350.0
355.0
360.0
365.0
370.0
375.0
380.0
385.0
390.0
395.0
400.0
405.0
410.0
415.0
420.0
425.0
430.0
435.0
440.0
445.0
450.0
455.0
460.0
465.0
470.0
475.0
480.0
485.0
490.0
495.0
500.0
505.0
510.0
515.0
520.0
525.0
530.0
535.0
540.0
545.0
550.0
555.0
560.0
565.0
570.0
575.0
580.0
585.0
590.0
595.0
600.0

2.83 170.0
2.88
2.93
2.97
3.02
3.07

.3.11
3.16
3.20
3.25
3.30
3.34
3.39
3.44
3.48
3.53
3.58
3.62
3.67
3.72
3.76
3.81
3.86
3.90
3.95
3.99
4.04
4.09
4.13
4.18
4.23
4.27
4.32
4.37
4.41
4.46
4.51
4.55
4.60
4.64
4.69
4.74
4.78
4.83
4.88
4.92
4.97
5.02
5.06
5.11
5.16
5.20
5.25
5.30
5.34
5.39
5.43
5.48
5.53
5.57

172.8
175.6
178.4
181.1
183.9
186.7
189.5
192.3
195.1
197.9
200.7
203.4
206.2
209.0
211.8
214.6
217.4
220.2
223.0
225.7
228.5
231.3
234.1
236.9
239.7
242.5
245.2
248.0
250.8
253.6
256.4
259.2
262.0
264.8
267.5
270.3
273.1
275.9
278.7
281.5
284.3
287.0
289.8
292.6
295.4
298.2
301.0
303.8
306.6
309.3
312.1
314.9
317.7
320.5
323.3
326.1
328.9
331.6
334.4

0.66
0.63
0.59
0.56
0.53
0.50
0.47
0.45
0.42
0.40
0.38
0.36
0.34
0.33
0.30
0.28
0.27
0.26
0.24
0.23
0.22
0.21
0.20
0.19
0.18
0.17
0.16
0.15
0.15
0.13
0.12
0.12
0.11

26
25
24
22
21
20
19
18
17
16
15
14
14
13
12
11
11
10
10

9
9
8
8
8
7

6
66
5
5
5
4

NOTES: Use for models including Basin G for the 10, 25, 100 and 200 year events



COLORADO PLATEAU UNIT HYDROGRAPH

Basin G-PMP Proposed Conditions
18-May-06

Drainage Area =
Basin Slope =

L=
Lca=
Kn =

1.3775 sq. miles
353 ft./mile

2.96 mi., Length of Watercourse
1.58 mi., Distance to Centroid

0.042 -, Ave. Weighted Manning's n

Lg+
Basin Fai

D/2 = 0.73 Hours
ctor = 0.25

= 37.04 cfs/Day
Qs = 50.6 * q, cfs

, D = 7.53 minutes
tep = 2,20 minutes

PARAMETERS:
Calculated: Lag Time, Lg = 0.69 Hours Unit Duration

Calculated Times

Data to be used Unit Duration, D =
In Analysis Selected Timestep =

5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU

1,600

1,400

1,200

1,000

Ud
(5

L)

800

600

400

200

0

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00

TIME, (Hours)

Ul Record - Unit Graph 5 minute interval

Ul
Ul
Ul
UI
UI
Ul
UI
UI
UI

'Il4

18
556
119

34
10

51
444
106

30
9

126
355

93
27
8

293
297

82
23

6

715
258

73
21

6

1154
226

64
18

1460
199
56
16

1311
176

50
14

1025
155
43
12

740
136
39
11



U'
U'
U'
U'
U'
U'
U'
U'

USBR calculated unitocraph peak = 1463 Interpolated Peak = 1460

Time t, %
of Lg+D/2 Hours Min.

Qs
cfs

Time t, %
of Lg+D/2 Hours Min.

Cs
cfsq q

5.0
10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0
50.0
55.0
60.0
65.0
70.0
75.0
80.0
85.0
90.0
95.0

100.0
105.0
110.0
115.0
120.0
125.0
130.0
135.0
140.0
145.0
150.0
155.0
160.0
165.0
170.0
175.0
180.0
185.0
190.0
195.0
200.0
205.0
210.0
215.0
220.0
225.0
230.0
235.0
240.0
245.0
250.0
255.0
260.0
265.0
270.0
275.0
280.0
285.0
290.0
295.0
300.0

0.04
0.07
0.11
0.15
0.18
0.22
0.26
0.29
0.33
0.37
0.40
0.44
0.48
0.51
0.55
0.59
0.62
0.66
0.70
0.73
0.77
0.80
0.84
0.88
0.91
0.95
0.99
1.02
1.06
1.10
1.13
1.17
1.21
1.24
1.28
1.32
1.35
1.39
1.43
1.46
1.50
1.54
1.57
1.61
1.65
1.68
1.72
1.76
1.79
1.83
1.87
1.90
1.94
1.98
2.01
2.05
2.09
2.12
2.16
2.20

2.2
4.4
6.6
8.8

11.0
13.2
15.4
17.6
19.8
22.0
24.1
26.3
28.5
30.7
32.9
35.1
37.3
39.5
41.7
43.9
46.1
48.3
50.5
52.7
54.9
57.1
59.3
61.5
63.7
65.9
68.1
70.3
72.4
74.6
76.8
79.0
81.2
83.4
85.6
87.8
90.0
92.2
94.4
96.6
98.8

101.0
103.2
105.4
107.6
109.8
112.0
114.2
116.4
118.5
120.7
122.9
125.1
127.3
129.5
131.7

0.19
0.32
0.48
0.74
1.21
1.81
2.63
3.68
5.47
8.41

12.61
16.50
20.50
23.97
27.75
28.91
28.07
26.38
24.18
21.55
18.92
16.08
14.19
12.61
11.04
9.99
9.04
8.20
7.36
6.78
6.20
5.83
5.47
5.15
4.84
4.57
4.31
4.10
3.87
3.68
3.47
3.28
3.10
2.93
2.75
2.63
2.47
2.33
2.22
2.10
1.99
1.88
1.78
1.68
1.59
1.50
1.43
1.36
1.28
1.21

10
16
24
37
61
92

133
186
277
426
638
835

1,038
1,213
1,405
1,463
1,421
1,335
1,224
1,091

958
814
718
638
559
506
458
415
373
343
314
295
277
261
245
231
218
208
196
186
176
166
157
148
139
133
125
118
112
106
101
95
90
85
80
76
72
69
65
61

305.0
310.0
315.0
320.0
325.0
330.0
335.0
340.0
345.0
350.0
355.0
360.0
365.0
370.0
375.0
380.0
385.0
390.0
395.0
400.0
405.0
410.0
415.0
420.0
425.0
430.0
435.0
440.0
445.0
450.0
455.0
460.0
465.0
470.0
475.0
480.0
485.0
490.0
495.0
500.0
505.0
510.0
515.0
520.0
525.0
530.0
535.0
540.0
545.0
550.0
555.0
560.0
565.0
570.0
575.0
580.0
585.0
590.0
595.0
600.0

2.23
2.27
2.31
2.34
2.38
2.41
2.45
2.49
2.52
2.56
2.60
2.63
2.67
2.71
2.74
2.78
2.82
2.85
2.89
2.93
2.96
3.00
3.04
3.07
3.11
3.15
3.18
3.22
3.26
3.29
3.33
3.37
3.40
3.44
3.48
3.51
3.55
3.59
3.62
3.66
3.70
3.73
3.77
3.81
3.84
3.88
3.92
3.95
3.99
4.02
4.06
4.10
4.13
4.17
4.21
4.24
4.28
4.32
4.35
4.39

133.9
136.1
138.3
140.5
142.7
144.9
147.1
149.3
151.5
153.7
155.9
158.1
160.3
162.5
164.7
166.8
169.0
171.2
173.4
175.6
177.8
180.0
182.2
184.4
186.6
188.8
191.0
193.2
195.4
197.6
199.8
202.0
204.2
206.4
208.6
210.8
212.9
215.1
217.3
219.5
221.7
223.9
226.1
228.3
230.5
232.7
234.9
237.1
239.3
241.5
243.7
245.9
248.1
250.3
252.5
254.7
256.9
259.1
261.2
263.4

0.66
0.63
0.59
0.56
0.53
0.50
0.47
0.45
0.42
0.40
0.38
0.36
0.34
0.33
0.30
0.28
0.27
0.26
0.24
0.23
0.22
0.21
0.20
0.19
0.18
0.17
0.16
0.15
0.15
0.13
0.12
0.12
0.11

33
32
30
28
27
25
24
23
21
20
19
18
17
17
15
14
14
13
12
12
11
11
10
10
9
9
8
8
8
7
6
6
6

NOTES: Use for models including Basin G for the PMP Local event



COLORADO PLATEAU UNIT HYDROGRAPH

Design Point 1-10, 25, 100, 200 Proposed Conditions
18-May-06

Drainage Area =
Basin Slope =

L=
Lca =

0.1839 sq. miles
70.74 ft./mile

1.13 mi., Length of Watercourse
0.52 mi., Distance to Centroid

Lg+D/2 =
Basin Factor =

V' =

as=

0.63 Hours
0.07
4.95 cfs/Day

7.9 * q, cfs

Kn = 0.054 -, Ave. Weighted Manning's n

PARAMETERS:
Calculated: Lag Time, Lg = 0,58 Hours Unit Duration, D =

Calculated Timestep =
6+36 minutes
1.88 minutes

Data to be used Unit Duration, D =
In Analysis Selected Timestep =

5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU

250

200

150

U

J,,

0 100

50

0

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50

TIME, (Hours)
4.00

Ut Record - Unit Graph 5 minute interval

Ul
Ul
Ul
Ul
Ul
Ul
Ul
Ul
Ul
Ul

6
43

7

24
36

6

88
30
5

220
25
4

282
20
3

210
17

3

133 91
14 12
2 2

66
10
2

53
8
1



U'
U'
U'
U'
U'
U'
U'
U'

USBR calculated unitgraph peak = 229 Interpolated Peak = 282

Time t, % ------- S
of Lg+D/2 Hours Min. q cfs

Time t, % Qs
of Lg+D/2 Hours Min. q cfs

5.0 0.03 1.9 0.19
10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0
50.0
55.0
60.0
65.0
70.0
75.0
80.0
85.0
90.0
95.0

100.0
105.0
110.0
115.0
120.0
125.0
130.0
135.0
140.0
145.0
150.0
155.0
160.0
165.0
170.0
175.0
180.0
185.0
190.0
195.0
200.0
205.0
210.0
215.0
220.0
225.0
230.0
235.0
240.0
245.0
250.0
255.0
260.0
265.0
270.0
275.0
280.0
285.0
290.0
295.0
300.0

0.06
0.09
0.13
0.16
0.19
0.22
0.25
0.28
0.31
0.34
0.38
0.41
0.44
0.47
0.50
0.53
0.56
0.59
0.63
0.66
0.69
0.72
0.75
0.78
0.81
0.84
0.88
0.91
0.94
0.97
1.00
1.03
1.06
1.09
1.13
1.16
1.19
1.22
1.25
1.28
1.31
1.34
1.38
1.41
1.44
1.47
1.50
1.53
1.56
1.59
1.63
1.66
1.69
1.72
1.75
1.78
1.81
1.84
1.88

3.8
5.6
7.5
9.4

11.3
13.1
15.0
16.9
18.8
20.6
22.5
24.4
26.3
28.1
30.0
31.9
33.8
35.6
37.5
39.4
41.3
43.1
45.0
46.9
48.8
50.6
52.5
54.4
56.3
58.1
60.0
61.9
63.8
65.6
67.5
69.4
71.3
73.1
75.0
76.9
78.8
80.6
82.5
84.4
86.3
88.1
90.0
91.9
93.8
95.6
97.5
99.4

101.3
103.1
105.0
106.9
108.8
110.6
112.5

0.32
0.48
0.74
1.21
1.81
2.63
3.68
5.47
8.41

12.61
16.50
20.50
23.97
27.75
28.91
28.07
26.38
24.18
21.55
18.92
16.08
14.19
12.61
11.04
9.99
9.04
8.20
7.36
6.78
6.20
5.83
5.47
5.15
4.84
4.57
4.31
4.10
3.87
3.68
3.47
3.28
3.10
2.93
2.75
2.63
2.47
2.33
2.22
2.10
1.99
1.88
1.78
1.68
1.59
1.50
1.43
1.36
1.28
1.21

2
3
4
6

10
14
21
29
43
67

100
131
162
190
220
229
222
209
191
170
150
127
112
100

87
79
72
65
58
54
49
46
43
41
38
36
34
32
31
29
27
26
25
23
22
21
20
18
18
17
16
15
14
13
13
12
11
11
10
10

305.0
310.0
315.0
320.0
325.0
330.0
335.0
340.0
345.0
350.0
355.0
360.0
365.0
370.0
375.0
380.0
385.0
390.0
395.0
400.0
405.0
410.0
415.0
420.0
425.0
430.0
435.0
440.0
445.0
450.0
455.0
460.0
465.0
470.0
475.0
480.0
485.0
490.0
495.0
500.0
505.0
510.0
515.0
520.0
525.0
530.0
535.0
540.0
545.0
550.0
555.0
560.0
565.0
570.0
575.0
580.0
585.0
590.0
595.0
600.0

1.91
1.94
1.97
2.00
2.03
2.06
2.09
2.13
2.16
2.19
2.22
2.25
2.28
2.31
2.34
2.38
2.41
2.44
2.47
2.50
2.53
2.56
2.59
2.63
2.66
2.69
2.72
2.75
2.78
2.81
2.84
2.88
2.91
2.94
2.97
3.00
3.03
3.06
3.09
3.13
3.16
3.19
3.22
3.25
3.28
3.31
3.34
3.38
3.41
3.44
3.47
3.50
3.53
3.56
3.59
3.63
3.66
3.69
3.72
3.75

114.4
116.3
118.1
120.0
121.9
123.8
125.6
127.5
129.4
131.3
133.1
135.0
136.9
138.8
140.6
142.5
144.4
146.3
148.1
150.0
151.9
153.8
155.6
157.5
159.4
161.3
163.1
165.0
166.9
168.8
170.6
172.5
174.4
176.3
178.1
180.0
181.9
183,8
185.6
187.5
189.4
191.3
193.1
195.0
196.9
198.8
200.6
202.5
204.4
206.3
208.1
210.0
211.9
213.8
215.6
217.5
219.4
221.3
223.2
225.0

0.66
0.63
0.59
0.56
0.53
0.50
0.47
0.45
0.42
0.40
0.38
0.36
0.34
0.33
0.30
0.28
0.27
0.26
0.24
0.23
0.22
0.21
0.20
0.19
0.18
0.17
0.16
0.15
0.15
0.13
0.12
0.12
0.11

5

NOTES: Use for models including Design Point 1 (Basin E) for the 10, 25, 100 and 200 year events



COLORADO PLATEAU UNIT HYDROGRAPH

Design Point 1-PMP Proposed Conditions
18-May-06

Drainage Area =
Basin Slope =

L=
Lca
Kn =

0.1839 sq. miles
70.74 ft./mile

1.13 mi., Length of Watercourse
0.52 mi., Distance to Centroid

0.042 -, Ave. Weighted Manning's n

Lg+D/2 =
Basin Factor =

VQ=
Qs=

0.50 Hours
0.07
4.95 cfs/Day
10.0 * q, cfs

4 95 minutes
1 49 minutes

PARAMETERS:
Calculated: Lag Time, Lg = 0 45 Hours Unit Duration, D =

Calculated TimesteD =

Data to be used Unit Duration, D =
In Analysis Selected Timestep =

5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU

350

300

250

200

150

100

50

0

0.00
0.50 1.00 1.50 2.00

TIME, (Hours)

2,50 3.00 3.50

Ul Record - Unit Graph 5 minute interval

UI
Ul
U'
Ul
Ul
UI
Ul
UI
UI
UI

6
43

7

24
36

6

88
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5

220
25

4

282
20

3

210
17

3

133
14
2

91
12

2

66
10
2

53
8
1



U'
U'
U'
U'
U'
U'
U'
U'

USBR calculated unitgraph peak = 289 Interpolated Peak = 282

Time t, % Qs
of Lg+D/2 Hours Min. q cfs

Time t, % Qs
of Lg+D/2 Hours Min. q cfs

5.0
10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0
50.0
55.0
60.0
65.0
70.0
75.0
80.0
85.0
90.0
95.0

100.0
105.0
110.0
115.0
120.0
125.0
130.0
135.0
140.0
145.0
150.0
155.0
160.0
165.0
170.0
175.0
180.0
185.0
190.0
195.0
200.0
205.0
210.0
215.0
220.0
225.0
230.0
235.0
240.0
245.0
250.0
255.0
260.0
265.0
270.0
275.0
280.0
285.0
290.0
295.0
300.0

0.02
0.05
0.07
0.10
0.12
0.15
0.17
0.20
0.22
0.25
0.27
0.30
0.32
0.35
0.37
0.40
0.42
0.45
0.47
0.50
0.52
0.54
0.57
0.59
0.62
0.64
0.67
0.69
0.72
0.74
0.77
0.79
0.82
0.84
0.87
0.89
0.92
0.94
0.97
0.99
1.02
1.04
1.07
1.09
1.11
1.14
1.16
1.19
1.21
1.24
1.26
1.29
1.31
1.34
1.36
1.39
1.41
1.44
1.46
1.49

1.5 0.19
3.0 0.32
4.5 0.48
5.9 0.74
7.4 1.21
8.9 1.81

10.4 2.63
11.9 3.68
13.4 5.47
14.9 8.41
16.3 12.61
17.8 16.50
19.3 20.50
20.8 23.97
22.3 27.75
23.8 28.91
25.3 28.07
26.8 26.38
28.2 24.18
29.7 21.55
31.2 18.92
32.7 16.08
34.2 14.19
35.7 12.61
37.2 11.04
38.6 9.99
40.1 9.04
41.6 8.20
43.1 7.36
44.6 6.78
46.1 6.20
47.6 5.83
49.0 5.47
50.5 5.15
52.0 4.84
53.5 4.57
55.0 4.31
56.5 4.10
58.0 3.87
59.5 3.68
60.9 3.47
62.4 3.28
63.9 3.10
65.4 2.93
66.9 2.75
68.4 2.63
69.9 2.47
71.3 2.33
72.8 2.22
74.3 2.10
75.8 1.99
77.3 1.88
78.8 1.78
80.3 1.68
81.7 1.59
83.2 1.50
84.7 1.43
86.2 1.36
87.7 1.28
89.2 1.21

2
3
5
7

12
18
26
37
55
84

126
165
205
239
277
289
280
263
241
215
189
161
142
126
110
100

90
82
73
68
62
58
55
51
48
46
43
41
39
37
35
33
31
29
27
26
25
23
22
21
20
19
18
17
16
15
14
14
13
12

305.0
310.0
315.0
320.0
325.0
330.0
335.0
340.0
345.0
350.0
355.0
360.0
365.0
370.0
375.0
380.0
385.0
390.0
395.0
400.0
405.0
410.0
415.0
420.0
425.0
430.0
435.0
440.0
445.0
450.0
455.0
460.0
465.0
470.0
475.0
480.0
485.0,
490.0
495.0
500.0
505.0
510.0
515.0
520.0
525.0
530.0
535.0
540.0
545.0
550.0
555.0
560.0
565.0
570.0
575.0
580.0
585.0
590.0
595.0
600.0

1.51
1.54
1.56
1.59
1.61
1.63
1.66
1.68
1.71
1.73
1.76
1.78
1.81
1.83
1.86
1.88
1.91
1.93
1.96
1.98
2.01
2.03
2.06
2.08
2.11
2.13
2.16
2.18
2.20
2.23
2.25
2.28
2.30
2.33
2.35
2.38
2.40
2.43
2.45
2.48
2.50
2.53
2.55
2.58
2.60
2.63
2.65
2.68
2.70
2.72
2.75
2.77
2.80
2.82
2.85
2.87
2.90
2.92
2.95
2.97

90.7
92.1
93.6
95.1
96.6
98.1
99.6

101.1
102.6
104.0
105.5
107.0
108.5
110.0
111.5
113.0
114.4
115.9
117.4
118.9
120.4
121.9
123.4
124.8
126.3
127.8
129.3
130.8
132.3
133.8
135.3
136.7
138.2
139.7
141.2
142.7
144.2
145.7
147.1
148.6
150.1
151.6
153.1
154.6
156.1
157.5
159.0
160.5
162.0
163.5
165.0
166.5
167.9
169.4
170.9
172.4
173.9
175.4
176.9
178.4

0.66
0.63
0.59
0.56
0.53
0.50
0.47
0.45
0.42
0.40
0.38
0.36
0.34
0.33
0.30
0.28
0.27
0.26
0.24
0.23
0.22
0.21
0.20
0.19
0.18
0.17
0.16
0.15
0.15
0.13
0.12
0.12
0.11

NOTES: Use for models including Design Point 1 (Basin E) for the PMP Local event



COLORADO PLATEAU UNIT HYDROGRAPH

Design Point 2-10, 25,100, 200 Proposed Conditions
18-May-06

Drainage Area =
Basin Slope =

L=
Lca =
Kn =

0.0863 sq. miles
52.14 ft./mile

1.04 mi., Length of Watercourse
0.59 mi., Distance to Centroid

0.054 -, Ave. Weighted Manning's n

Lg+D/2 =
Basin Factor =

V' =

Qs =

0.66 Hours
0.08
2.32 cfs/Day

3.5 * q, cfs

6 79 minutes
1 99 minutes

PARAMETERS:
Calculated: Lag Time, Lg = 0.62 Hours Unit Duration, D =

Calculated TimesteD =

Data to be used Unit Duration, D =
in Analysis Selected Timestep =

5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU
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w
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t

3.00 3.5 0 4 00 4.50
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UI Record - Unit Graph 5 minute interval

UI
UI
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UI
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U'
U'
U'
U'
U'
U'
U'
U'

USBR calculated unitaraoh peak = 101 Interpolated Peak = 97

Time t, %
of Lg+D/2 Hours

Qs
Min. q cfs

Time t, %
of Lg+D/2 Hours Min.

Qs
q cfs

5.0 0.03
10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0
50.0
55.0
60.0
65.0
70.0
75.0
80.0
85.0
90.0
95.0

100.0
105.0
110.0
115.0
120.0
125.0
130.0
135.0
140.0
145.0
150.0
155.0
160.0
165.0
170.0
175.0
180.0
185.0
190.0
195.0
200.0
205.0
210.0
215.0
220.0
225.0
230.0
235.0
240.0
245.0
250.0
255.0
260.0
265.0
270.0
275.0
280.0
285.0
290.0
295.0
300.0

0.07
0.10
0.13
0.17
0.20
0.23
0.27
0.30
0.33
0.37
0.40
0.43
0.46
0.50
0.53
0.56
0.60
0.63
0.66
0.70
0.73
0.76
0.80
0.83
0.86
0.90
0.93
0.96
1.00
1.03
1.06
1.10
1.13
1.16
1.20
1.23
1.26
1.29
1.33
1.36
1.39
1.43
1.46
1.49
1.53
1.56
1.59
1.63
1.66
1.69
1.73
1.76
1.79
1.83
1.86
1.89
1.93
1.96
1.99

2.0
4.0
6.0
8.0

10.0
12.0
13.9
15.9
17.9
19.9
21.9
23.9
25.9
27.9
29.9
31.9
33.9
35.9
37.8
39.8
41.8
43.8
45.8
47.8
49.8
51.8
53.8
55.8
57.8
59.8
61.8
63.7
65.7
67.7
69.7
71.7
73.7
75.7
77.7
79.7
81.7
83.7
85.7
87.7
89.6
91.6
93.6
95.6
97.6
99.6

101.6
103.6
105.6
107.6
109.6
111.6
113.5
115.5
117.5
119.5

0.19
0.32
0.48
0.74
1.21
1.81
2.63
3.68
5.47
8.41

12.61
16.50
20.50
23.97
27.75
28.91
28.07
26.38
*24.18
21.55
18.92
16.08
14.19
12.61
11.04

9.99
9.04
8.20
7.36
6.78
6.20
5.83
5.47
5.15
4.84
4.57
4.31
4.10
3.87
3.68
3.47
3.28
3.10
2.93
2.75
2.63
2.47
2.33
2.22
2.10
1.99
1.88
1.78
1.68
1.59
1.50
1.43
1.36
1.28
1.21

1
1
2
3
4
6
9

13
19
29
44
58
72
84
97

101
98
92
85
75
66
56
50
44
39
35
32
29
26
24
22
20
19
18
17
16
15
14
14
13
12
11
11
10
10
9
9
8
8
7
7
7
6
6
6
5
5
5
4
4

305.0
310.0
315.0
320.0
325.0
330.0
335.0
340.0
345.0
350.0
355.0
360.0
365.0
370.0
375.0
380.0
385.0
390.0
395.0
400.0
405.0
410.0
415.0
420.0
425.0
430.0
435.0
440.0
445.0
450.0
455.0
460.0
465.0
470.0
475.0
480.0
485.0
490.0
495.0
500.0
505.0
510.0
515.0
520.0
525.0
530.0
535.0
540.0
545.0
550.0
555.0
560.0
565.0
570.0
575.0
580.0
585.0
590.0
595.0
600.0

2.03
2.06
2.09
2.12
2.16
2.19
2.22
2.26
2.29
2.32
2.36
2.39
2.42
2.46
2.49
2.52
2.56
2.59
2.62
2.66
2.69
2.72
2.76
2.79
2.82
2.86
2.89
2.92
2.95
2.99
3.02
3.05
3.09
3.12
3.15
3.19
3.22
3.25
3.29
3.32
3.35
3.39
3.42
3.45
3.49
3.52
3.55
3.59
3.62
3.65
3.69
3.72
3.75
3.78
3.82
3.85
3.88
3.92
3.95
3.98

121.5
123.5
125.5
127.5
129.5
131.5
133.5
135.5
137.5
139.4
141.4
143.4
145.4
147.4
149.4
151.4
153.4
155.4
157.4
159.4
161.4
163.3
165.3
167.3
169.3
171.3
173.3
175.3
177.3
179.3
181.3
183.3
185.3
187.3
189.2
191.2
193.2
195.2
197.2
199.2
201.2
203.2
205.2
207.2
209.2
211.2
213.1
215.1
217.1
219.1
221.1
223.1
225.1
227.1
229.1
231.1
233.1
235.1
237.1
239.0

0.66
0.63
0.59
0.56
0.53
0.50
0.47
0.45
0.42
0.40
0.38
0.36
0.34
0.33
0.30
0.28
0.27
0.26
0.24
0.23
0.22
0.21
0.20
0.19
0.18
0.17
0.16
0.15
0.15
0.13
0.12
0.12
0.11

2
2
2
2
2
2
2
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
0
0
0
0

NOTES: Use for models including Design Point 2 (Basin F) for the 10, 25, 100 and 200 year events



COLORADO PLATEAU UNIT HYDROGRAPH

Design Point 2-PMP Proposed Conditions
18-May-06

Drainage Area =
Basin Slope =

L=

Lca =
Kn

0.0863 sq. miles
52.14 ft./mile

1.04 mi., Length of Watercourse
0.59 mi., Distance to Centroid

0.042 -, Ave. Weighted Manning's n

Lg+D/2 =

Basin Factor =
V. =

Qs=

0.53 Hours
0.08
2.32 cfs/Day

4.4 * q, cfs

5 28 minutes
1 58 minutes

PARAMETERS:
Calculated: Lag Time, Lg = 0.48 Hours Unit Duration, D =

Calculated Timesteo =

Data to be used Unit Duration, D =
in Analysis Selected Timestep =

5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU
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U'
U'
U'
U'
U'
U'
U'
U'

0
USBR calculated unitgraph peak = 128 Interpolated Peak = 127

Time t, % Qs
of Lg+D/2 Hours Min. q cfs

Time t, % Qs
of Lg+D/2 Hours Min. q cfs

5.0
10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0
50.0
55.0
60.0
65.0
70.0
75.0
80.0
85.0
90.0
95.0

100.0
105.0
110.0
115.0
120.0
125.0
130.0
135.0
140.0
145.0
150.0
155.0
160.0
165.0
170.0
175.0
180.0
185.0
190.0
195.0
200.0
205.0
210.0
215.0
220.0
225.0
230.0
235.0
240.0
245.0
250.0
255.0
260.0
265.0
270.0
275.0
280.0
285.0
290.0
295.0
300.0

0.03
0.05
0.08
0.11
0.13
0.16
0.18
0.21
0.24
0.26
0.29
0.32
0.34
0.37
0.39
0.42
0.45
0.47
0.50
0.53
0.55
0.58
0.60
0.63
0.66
0.68
0.71
0.74
0.76
0.79
0.81
0.84
0.87
0.89
0.92
0.95
0.97
1.00
1.03
1.05
1.08
1.10
1.13
1.16
1.18
1.21
1.24
1.26
1.29
1.31
1.34
1.37
1.39
1.42
1.45
1.47
1.50
1.52
1.55
1.58

1.6 0.19
3.2
4.7
6.3
7.9
9.5

11.0
12.6
14.2
15.8
17.3
18.9
20.5
22.1
23.7
25.2
26.8
28.4
30.0
31.5
33.1
34.7
36.3,
37.9
39.4
41.0
42.6
44.2
45.7
47.3
48.9
50.5
52.0
53.6
55.2
56.8
58.4
59.9
61.5
63.1
64.7
66.2
67.8
69.4
71.0
72.5
74.1
75.7
77.3
78.9
80.4
82.0
83.6
85.2
86.7
88.3
89.9
91.5
93.1
94.6

0.32
0.48
0.74
1.21
1.81
2.63
3.68
5.47
8.41

12.61
16.50
20.50
23.97
27.75
28.91
28.07
26.38
24.18
21.55
18.92
16.08
14.19
12.61
11.04
9.99
9.04
8.20
7.36
6.78
6.20
5.83
5.47
5.15
4.84
4.57
4.31
4.10
3.87
3.68
3.47
3.28
3.10
2.93
2.75
2.63
2.47
2.33
2.22
2.10
1.99
1.88
1.78
1.68
1.59
1.50
1.43
1.36
1.28
1.21

1
1

2
3
5
8

12
16
24
37
56
73
90
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124
116
107
95
84
71
63
56
49
44
40
36
32
30
27
26
24
23
21
20
19
18
17
16
15
14
14
13
12
12
11
10
10

9
9
8
8
7
7
7
6
6
6
5

305.0
310.0
315.0
320.0
325.0
330.0
335.0
340.0
345.0
350.0
355.0
360.0
365.0
370.0
375.0
380.0
385.0
390.0
395.0
400.0
405.0
410.0
415.0
420.0
425.0
430.0
435.0
440.0
445.0
450.0
455.0
460.0
465.0
470.0
475.0
480.0
485.0
490.0
495.0
500.0
505.0
510.0
515.0
520.0
525.0
530.0
535.0
540.0
545.0
550.0
555.0
560.0
565.0
570.0
575.0
580.0
585.0
590.0
595.0
600.0

1.60
1.63
1.66
1.68
1.71
1.73
1.76
1.79
1.81
1.84
1.87
1.89
1.92
1.95
1.97
2.00
2.02
2.05
2.08
2.10
2.13
2.16
2.18
2.21
2.23
2.26
2.29
2.31
2.34
2.37
2.39
2.42
2.44
2.47
2.50
2.52
2.55
2.58
2.60
2.63
2.65
2.68
2.71
2.73
2.76
2.79
2.81
2.84
2.87
2.89
2.92
2.94
2.97
3.00
3.02
3.05
3.08
3.10
3.13
3.15

96.2
97.8
99.4

100.9
102.5
104.1
105.7
107.2
108.8
110.4
112.0
113.6
115.1
116.7
118.3
119.9
121.4
123.0
124.6
126.2
127.7
129.3
130.9
132.5
134.1
135.6
137.2
138.8
140.4
141.9
143.5
145.1
146.7
148.3
149.8
151.4
153.0
154.6
156.1
157.7
159.3
160.9
162.4
164.0
165.6
167.2
168.8
170.3
171.9
173.5
175.1
176.6
178.2
179.8
181.4
182.9
184.5
186.1
187.7
189.3

0.66
0.63
0.59
0.56
0.53
0.50
0.47
0.45
0.42
0.40
0.38
0.36
0.34
0.33
0.30
0.28
0.27
0.26
0.24
0.23
0.22
0.21
0.20
0.19
0.18
0.17
0.16
0.15
0.15
0.13
0.12
0.12
0.11

3
3
3
2
2
2
2
2
2
2
2
2
2
1
1
1
1
1
1
1
1
1
1

1

1
1
1
1
1
0

NOTES: Use for models including Design Point 2 (Basin F) for the PMP Local event



COLORADO PLATEAU UNIT HYDROGRAPH

Design Point 3-10, 25,100, 200 Proposed Conditions
18-May-06

Drainage Area =
Basin Slope =

L=

Lca =
Kn =

0.1675 sq. miles
77.56 ft./mile

Lg+D/2 =
Basin Factor =

0.71 Hours
0.11

1.34
0.7

0.054

mi., Length of Watercourse
mi., Distance to Centroid
-, Ave. Weighted Manning's n

V' = 4.50 cfs/Day
Qs= 6.3 *q, cfs

PARAMETERS:
Calculated: Lag Time, Lg = 0+67 Hours Unit Duration, D =

Calculated Timestep =
7 31 minutes
2.14 minutes

Data to be used Unit Duration, D =
In Analysis Selected Timestep =

5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU
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U'
U'
U'
U'
U'
U'
U'
U'

USBR calculated unitgraph peak = 183 Interpolated Peak = 181

Time t, % --

of Lg+D/2 Hours Min. q

5.0
10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0
50.0
55.0
60.0
65.0
70.0
75.0
80.0
85.0
90.0
95.0

100.0
105.0
110.0
115.0
120.0
125.0
130.0
135.0
140.0
145.0
150.0
155.0
160.0
165.0
170.0
175.0
180.0
185.0
190.0
195.0
200.0
205.0
210.0
215.0
220.0
225.0
230.0
235.0
240.0
245.0
250.0
255.0
260.0
265.0
270.0
275.0
280.0
285.0
290.0
295.0
300.0

0.04
0.07
0.11
0.14
0.18
0.21
0.25
0.28
0.32
0.36
0.39
0.43
0.46
0.50
0.53
0.57
0.61
0.64
0.68
0.71
0.75
0.78
0.82
0.85
0.89
0.93
0.96
1.00
1.03
1.07
1.10
1.14
1.18
1.21
1.25
1.28
1.32
1.35
1.39
1.42
1.46
1.50
1.53
1.57
1.60
1.64
1.67
1.71
1.74
1.78
1.82
1.85
1.89
1.92
1.96
1.99
2.03
2.07
2.10
2.14

2.1
4.3
6.4
8.5

10.7
12.8
15.0
17.1
19.2
21.4
23.5
25.6
27.8
29.9
32.0
34.2
36.3
38.5
40.6
42.7
44.9
47.0
49.1
51.3
53.4
55.5
57.7
59.8
62.0
64.1
66.2
68.4
70.5
72.6
74.8
76.9
79.1
81.2
83.3
85.5
87.6
89.7
91.9
94.0
96.1
98.3

100.4
102.6
104.7
106.8
109.0
111.1
113.2
115.4
117.5
119.6
121.8
123.9
126.1
128.2

0.19
0.32
0.48
0.74
1.21
1.81
2.63
3.68
5.47
8.41

12.61
16.50
20.50
23.97
27.75
28.91
28.07
26.38
24.18
21.55
18.92
16.08
14.19
12.61
11.04
9.99
9.04
8.20
7.36
6.78
6.20
5.83
5.47
5.15
4.84
4.57
4.31
4.10
3.87
3.68
3.47
3.28
3.10
2.93
2.75
2.63
2.47
2.33
2.22
2.10
1.99
1.88
1.78
1.68
1.59
1.50
1.43
1.36
1.28
1.21

Qs
cfs

1
2
3
5
8

11
17
23
35
53
80

104
130
152
176
183
178
167
153
136
120
102
90
80
70
63
57
52
47
43
39
37
35
33
31
29
27
26
24
23
22
21
20
19
17
17
16
15
14
13
13
12
11
11
10

9
9
9
8
8

Time t, %
of Lg+D/2 Hours Min.

Qs
cfsq

305.0
310.0
315.0
320.0
325.0
330.0
335.0
340.0
345.0
350.0
355.0
360.0
365.0
370.0
375.0
380.0
385.0
390.0
395.0
400.0
405.0
410.0
415.0
420.0
425.0
430.0
435.0
440.0
445.0
450.0
455.0
460.0
465.0
470.0
475.0
480.0
485.0
490.0
495.0
500.0
505.0
510.0
515.0
520.0
525.0
530.0
535.0
540.0
545.0
550.0
555.0
560.0
565.0
570.0
575.0
580.0
585.0
590.0
595.0
600.0

2.17
2.21
2.24
2.28
2.31
2.35
2.39
2.42
2.46
2.49
2.53
2.56
2.60
2.64
2.67
2.71
2.74
2.78
2.81
2.85
2.88
2.92
2.96
2.99
3.03
3.06
3.10
3.13
3.17
3.20
3.24
3.28
3.31
3.35
3.38
3.42
3.45
3.49
3.53
3.56
3.60
3.63
3.67
3.70
3.74
3.77
3.81
3.85
3.88
3.92
3.95
3.99
4.02
4.06
4.10
4.13
4.17
4.20
4.24
4.27

130.3
132.5
134.6
136.7
138.9
141.0
143.1
145.3
147.4
149.6
151.7
153.8
156.0
158.1
160.2
162.4
164.5
166.6
168.8
170.9
173.1
175.2
177.3
179.5
181.6
183.7
185.9
188.0
190.2
192.3
194.4
196.6
198.7
200.8
203.0
205.1
207.2
209.4
211.5
213.7
215.8
217.9
220.1
222.2
224.3
226.5
228.6
230.7
232.9
235.0
237.2
239.3
241.4
243.6
245.7
247.8
250.0
252.1
254.2
256.4

0.66
0.63
0.59
0.56
0.53
0.50
0.47
0.45
0.42
0.40
0.38
0.36
0.34
0.33
0.30
0.28
0.27
0.26
0.24
0.23
0.22
0.21
0.20
0.19
0.18
0.17
0.16
0.15
0.15
0.13
0.12
0.12
0.11

NOTES: Use for models including Design Point 3 (Basin C) for the 10, 25, 100 and 200 year events



COLORADO PLATEAU UNIT HYDROGRAPH

Design Point 3-PMP Proposed Conditions
18-May-06

Drainage Area = 0.1675 sq. miles
Basin Slope = 77.56 ft./mile

L = 1.34 mi., Length of Watercourse
Lca = 0.7 mi., Distance to Centroid
Kn = 0.042 -, Ave. Weighted Manning's n

Lg+D/2 =
Basin Factor =

V, =

Qs =

0.56 Hours
0.11
4.50 cfs/Day

8.0 * q, cfs

569 minutes
1.69 minutes

PARAMETERS:
Calculated: Lag Time, Lg = 052 Hours Unit Duration, D =

Calculated Timestep =

Data to be used Unit Duration, D = 5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
In Analysis Selected Timestep = 5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU
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U'
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USBR calculated unitgraph peak = 231 Interpolated Peak = 216

Time t, % ------ Qs
of Lg+D/2 Hours Min. q cfs

0.03 1.7 0.19 2

Time t, % Qs
of Lg+D/2 Hours Min. q cfs

5.0
10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0
50.0
55.0
60.0
65.0
70.0
75.0
80.0
85.0
90.0
95.0

100.0
105.0
110.0
115.0
120.0
125.0
130.0
135.0
140.0
145.0
150.0
155.0
160.0
165.0
170.0
175.0
180.0
185.0
190.0
195.0
200.0
205.0
210.0
215.0
220.0
225.0
230.0
235.0
240.0
245.0
250.0
255.0
260.0
265.0
270.0
275.0
280.0
285.0
290.0
295.0
300.0

0.06
0.08
0.11
0.14
0.17
0.20
0.23
0.25
0.28
0.31
0.34
0.37
0.39
0.42
0.45
0.48
0.51
0.54
0.56
0.59
0.62
0.65
0.68
0.70
0.73
0.76
0.79
0.82
0.84
0.87
0.90
0.93
0.96
0.99
1.01
1.04
1.07
1.10
1.13
1.15
1.18
1.21
1.24
1.27
1.30
1.32
1.35
1.38
1.41
1.44
1.46
1.49
1.52
1.55
1.58
1.61
1.63
1.66
1.69

3.4
5.1
6.8
8.4

10.1
11.8
13.5
15.2
16.9
18.6
20.3
22.0
23.7
25.3
27.0
28.7
30.4
32.1
33.8
35.5
37.2
38.9
40.5
42.2
43.9
45.6
47.3
49.0
50.7
52.4
54.1
55.8
57.4
59.1
60.8
62.5
64.2
65.9
67.6
69.3
71.0
72.6
74.3
76.0
77.7
79.4
81.1
82.8
84.5
86.2
87.9
89.5
91.2
92.9
94.6
96.3
98.0
99.7

101.4

0.32
0.48
0.74
1.21
1.81
2.63
3,68
5.47
8.41

12.61
16.50
20.50
23.97
27.75
28.91
28.07
26.38
24.18
21.55
18.92
16.08
14.19
12.61
11.04
9.99
9.04
8.20
7.36
6.78
6.20
5.83
5.47
5.15
4.84
4.57
4.31
4.10
3.87
3.68
3.47
3.28
3.10
2.93
2.75
2.63
2.47
2.33
2.22
2.10
1.99
1.88
1.78
1.68
1.59
1.50
1.43
1.36
1.28
1.21

3
4
6

10
14
21
29
44
67

101
132
164
192
222
231
224
211
193
172
151
129
113
101

88
80
72
66
59
54
50
47
44
41
39
37
34
33
31
29
28
26
25
23
22
21
20
19
18
17
16
15
14
13
13
12
11
11
10
10

305.0
310.0
315.0
320.0
325.0
330.0
335.0
340.0
345.0
350.0
355.0
360.0
365.0
370.0
375.0
380.0
385.0
390.0
395.0
400.0
405.0
410.0
415.0
420.10
425.0
430.0
435.0
440.0
445.0
450.0
455.0
460.0
465.0
470.0
475.0
480.0
485.0
490.0
495.0
500.0
505.0
510.0
515.0
520.0
525.0
530.0
535.0
540.0
545.0
550.0
555.0
560.0
565.0
570.0
575.0
580.0
585.0
590.0
595.0
600.0

1.72 103.1
1.75
1.77
1.80
1.83
1.86
1.89
1.91
1.94
1.97
2.00
2.03
2.06
2.08
2.11
2.14
2.17
2.20
2.22
2.25
2.28
2.31
2.34
2.37
2.39
2.42
2.45
2.48
2.51
2.53
2.56
2.59
2.62
2.65
2.68
2.70
2.73
2.76
2.79
2.82
2.84
2.87
2.90
2.93
2.96
2.98
3.01
3.04
3.07
3.10
3.13
3.15
3.18
3.21
3.24
3.27
3.29
3.32
3.35
3.38

104.8
106.4
108.1
109.8
111.5
113.2
114.9
116.6
118.3
120.0
121.6
123.3
125.0
126.7
128.4
130.1
131.8
133.5
135.2
136.9
138.5
140.2
141.9
143.6
145.3
147.0
148.7
150.4
152.1
153.7
155.4
157.1
158.8
160.5
162.2
163.9
165.6
167.3
169.0
170.6
172.3
174.0
175.7
177.4
179.1
180.8
182.5
184.2
185.8
187.5
189.2
190.9
192.6
194.3
196.0
197.7
199.4
201.1
202.7

0.66
0.63
0.59
0.56
0.53
0.50
0.47
0.45
0.42
0.40
0.38
0.36
0.34
0.33
0.30
0.28
0.27
0.26
0.24
0.23
0.22
0.21
0.20
0.19
0.18
0.17
0.16
0.15
0.15
0.13
0.12
0.12
0.11

5

NOTES: Use for models including Design Point 3 (Basin C) for the PMP Local event



0

Appendix B

Local Storm PMP Depth-Duration
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Table 6.3A.--Local-storm PNP computation, Colorado River, Great Basin and
California drainages. For drainage average depth PMP. Go to

viR. wo. 4 1 table 6.3B if areal variation is required.

Drainage Cre e. A-T 'o., D;sr :*I _ Area M 1 i
Latitude 3S7's-'o" Longitude %o9c4goo% Minimum Elevation q94o ft ýe%

Steps correspond to those in sec. 6.3A.

1. Average 1-hr 1-mi 2 (2.6-km 2 ) PNIP for
drainage [fig. 4.5].

2. a. Reduction for elevation. [No adjustment
for elevations up to 5,000 feet (1,524 m):
5% decrease per 1,000 feet (305 m) above
5,000 feet (1,524 m)].

b. Multiply step 1 by step 2a.

B ,__.. __ in.

B.A- in.

3. Average 6/1-hr ratio for drainage [fig. 4.7]. ]-I

Duration (hr)
S174l1/2 3/4 1 2 3 4 5 6

4. Durational variation
for 6/1-hr ratio of
step 3 [table 4.4]. ! A__ 91_ ljin A1 31D i_. 10 % LA ~0 5.* 1-mi2 (2.6-kin2) PMP for
indicated durations
[step 2b X step 4].4,5 .1 7, 2.0 1- 8% 5. ?. 9.0 in. (14

6. Areal reduction
[fig. 4.91. 61 _ z/- 7 73-2k IL. -go- 8-I/ 2-z

.7. Areal reduced PMP
[steps 5 X.61. S7 { 51 5.1 4.0 ,.7 43 -.5 7.4. in.

1~-

8. Incremental PMP
Isuccessive subtraction
in step 7].

9. Time sequence of incre-
mental PMP according to:

Hourly increments
[table 4.71.

Four largest 15-ain.
increments [table 4.8].

• , . 0.1 L. 6,3 0._ oil in.

o.S 0.6 0. 1 15-min. increments
(74L)

HM. No, 5,

4.5 o.- 0.74 *) in.(pn)



152

Table 6.3A.--Local-storm PMP computation, Colorado River, Great Basin and
California drainages. For drainage average depth PM?. Go t6

HM R, 1.4 table 6.3B if areal variation is required.

// 2
Drainage Sre.4eA- J,-',4'-• l;s.d s-- Area -,-4 Li2
Latitude 3•sg £so LongiLude %o?°4gow Minimum Elevation iq4o ft u'3

2r- 94, O

Steps correspond to those in sec. 6.3A.

1. Average 1-hr 1-mi2 (2.6-kn 2) PMP for ' ,. in.
drainage [fig. 4.5].

2. a. Reduction- for elevation. [No adjustment 4ic.- 1,f
for elevations up to 5,000 feet (1,524 m):
5% decrease per 1,000 feet (305 m) above
5,000 feet (1,524 m)]. /00

b. Multiply step 1 by step 2a. p,2- in. (s)
3. Average 6/1-hr ratio for drainage [fig. 4.71. I

Duration (hr)

-'/4 1/2 3/4 1 2 3 4 5 6
4. Durational variation

for 6/1-hr ratio of
step 3 [table 4.4]. to i 2L 3w Ito %

2 2
5. 1-mi (2.6-km2) PMP for

indicated durations
[step 2b X step 4].4,- 7.1 7,(. 1-0 q,- 8 .a S.o 9.0 in. )

6. Areal reduction "' C y , 9,
[fig. 4.9j. /47 QI•.. at- Y4- %

7. Areal reduced PMP •3 /• ' f .0 ,q Aj ,
[steps 5 X 6). 11ý - in.()

8. Incremental PMP[successive subtraction' ,0 , 0 ,/ d g .

in step 7]. - ge A. 3 Pi , in.

045 } 15-min. increments
• , 2•/ AZ-

9. Time sequence of incre-
mental PMP according to:

HM4~? N,.S5
Hourly increments O, .2- C, 0,, 0, C
[table 4.71. P,_ K..,7 9A in-

Four largest 15-ruin.
increments [table 4.81. m" o,( a, 5 in. (p)

F



10

*0

p-

z
"'A
u
Wo,

AWEA

Fiýgure 4.9. -- 4dopteld depth-cirea. re-lationc~ for ioca Z-itorm Th4P.
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Table 6.3A.--Local-storm PMP computation, Colorado River, Great Basin and
California drainages. For drainage average depth PM-. Go t6

Ut!1w.. •04 table 6.3B if areal variation is required. 2/

Drainage Cse•-7J J?__kp• J S'tc. Area ii ki k
Latitude 3*s 7's.o" LongiLude . lo? 4Lsj Miniimum Elevation '94o ft ixi

3 o n t946
Steps correspond to those in s Iec. 6.3A.

I
L

2 2
1. Average i-hr 1-mi (2.6-km2) PM? for

drainage [fig. 4.5].

2. a. Reduction for elevation. [No adjustment
for elevations up to 5,000 feet (1,524 m):
5% decrease per 1,000 feet (305 m) above
5,000 feet (1,524 m)].

b. Multiply step 1 by step. 2a.

6 -0 /lei_ in.

(/1)
3. Average 6/1-hr ratio for drainage [fig. 4.71. 1.1

Duration (hr)
T -41/2 3/4 1 2 3 4 5 6

4. Durational variation
for 6/1-hr ratio of
step 3 [table 4.4]. U 1 9 Z E Lou 10.7 1 lIog_

2 2
5. 1-mi- (2.6-km ) PMP for

indicated durations
[step 2b X step 4].4,- 7.1 7.( S.- iL B- , .0 ?.0 9.0 . /

6. Areal reduction
r4F i , A 1 (ý- .LJ- n ;iz qý :i ýY( ý9 ?;7 91- 7

7. Areal reduced PMtP 5 '/ 7'•" • % 2 •2 •
[steps 5 X 6]. !_7- 3 4 1 7 in. (Uy

-7

•)

a

8. Incremental PMP
[successive subtraction
in step 7]. 6

9. Time sequence of incre-
mental PMP according to:

Hourly increments
[table 4.71.

0" 65 e20'Z 0.!' .
-0g a-2 0_. 140. in.

_ . }15-min. increments

('Y

fHMg. N1 .

o, .i i.Four largest 15-miim.
increments [table 4.8].

0



I ~ I.7i--.... "'"r"'-r T-------'--'•"'. -- T"-T-fl" -r"T-r•-7 •-Iu, • •. .. DIP P liN HIR 3)

SI A

_ ID:• • .26.010 0

I' " K"' N- >N.

1 0 1000

A REA .

• - :.• -:t ,'• •' ,. , , - ,. ... ; • •.••.." " -•.•:,-•-.,>.'4/'
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Table 6.3A.--Local-storm PMP computation, Colorado River, Great Basin and
California drainages. For drainage average depth PMP. Go t6

HMNP,4No. 4 table 6.3B if areal variation is required. 27

Drainage Cr ea-ý_,J'f-,o D;sp-.J s , Area L"44&f mi2'44C6
Latitude 3%*s7' s ." LongiLude lo? 4gId0 V' Minimum Elevation J4o ft 7)

Steps correspond to those in sec. 6.3A.

1. Average 1-hr 1-mi2 (2.6-kn 2) PMP for
drainage [figs 4.5].

2. a. Reduction for elevation. [No adjustment
for elevations up to 5,000 feet (1,524 m):
5% decrease per 1,000 feet (305 m) above
5,000 feet (1,524 m)].

b. Multiply step I by step 2a.

___ __ in.

10c i %

•.- in. (A)
3. Average 6/1-hr ratio for drainage [fig. 4.7]. j.j.

Duration (hr)
1,./4 1/2 3/4 1 2 3 4 5 6

4. Durational variation
for 6/1-hr ratio of
step 3 [table 4.4]. 57-L 12• 1_7 116 i_.. L/•_• iLQ %

5. 1-mi2 (2.6-km 2) PMP for
indicated durations
[step 2b X step 4]. 4.5 7.1 71 1.0 q -L 8. B.9 •. ?.0 9.0 in. (ii)

6. Areal reduction
[fig. 4.9].

92 9 - q4 -9<-,96 96. 9 7 99 7 9 •7

7. Areal reduced PMP '+,I .1f 71 . 77• 8.4 S9-C S.7 V,7
[steps 5 X 61]. -4-3- 9 1 -9-1 A-0 .6-Y ! -4- in.

8. Incremental PMP
[successive subtraction
in step 71.

425

9. Time sequence of incre-
mental PMP according to:

I

Hourly increments
[table 4.71.

Four largest 15-min.
increments [table,4.8].

-.3 05 0.1 0,7--00 DA

0, 0•.5-0 &,1 o-0i-1 &ý. In.
&.Gr 0.3 15-min. increments

IMP, NO, S

_.0 o.7 j.• 05" 0.i 0.0.C-T .. :! -- 421-o -0-t. . :in. (7ý)

G• + .'57. i0. (; ,)-



e

10 100 (KM2 ) 1000

AREA

-Adopted depth-area relations for local-storm PMP.

H
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Table 6.3A.--Local-storm PMP computation, Colorado River, Great Basin and

California drainages. For drainage average depth PMF. Go to
HMt1W.. 45 table 6.3B if areal variation is required.

Drainage Crew-e^A- J"- D.5AS V IC_ Area mi ZOh,
Latitude 31°S7' so Longitude 10 ,4g Minimum Elevation 494& ft 3)

Steps correspond .to those in sec. 6.3A.

2 2
I. Average 1-hr 1-mi (2.6-kmn) PHP for

drainage [fig. 4.51.

2. a. Reduction for elevation. [No adjustment
for elevations up to 5,000Wfeet (1,524 m):
5% decrease per 1,000 feet (305 m) above
5,000 f eet (1, 524 M),.

b. Multiply step 1 by step 2a.

,______ in.

lob I%

_____ ____ in.

(7•;l)

3. Average 6/1-hr ratio for drainage [fig. 4.71. j.

Duration (hr)
f- :17/4,1/2-3/4 1 2 3 *4 5 6

4. Durational -variation
for 6/1-hr ratio of
step 3 (table 4.4]. 5~~T~ fl. L ~121J~ %

5. 1-mi2 (2.6-km 2) PMP for
indicated durations
[step 2b X step, 4].4.'4 7-. T o . U_ 8.ST .. i

6. Areal reduction ~g q,'.92~ 95y~q~7 6 .
£.~ ii' ~ ...- 7W '21 7A .Oi~ 64 e~1 V

7. Areal reduced PMP 7 .'9 7 W "
[steps 5 X 6]. 5:4- in .

VV

`7|

8. Incremental PMP
[success'ive subtractioi
in step 7].

o.~o.~0.31 5-mmi. increments

9. Time sequence of incre-
mental PMP according to-

H1I74 No.
Hourly increments
[table 4.71.

Four largest 15-min.

increments [table.4.8].

2A_ý 4.02ý 9.1L_ 0. 1. ini

4,8 0i..60O . i. in. (# )



0 0
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Table 6.3A.--Local-storm PMP computation, Colorado River, Great Basin and
California drainages. For drainage average.depth PIT. Go to

HMV IK 41 table 6.3B if areal variation is required.
•2

Drainage r DpsJ ":tL_ Area 4 mi2 - )

Latitude .j' sI 5o Longitude %o?"4g w Minimum Elevation qq4o ft

Steps correspond to those in sec. 6.3A.

1. Average 1-hr 1-mi2 (2.6-km 2) PMP for
drainage [fig. 4.51.

2. a. Reduction for elevation. [No adjustment
for elevations up to 5,000 feet (1,524.m):
5% decrease per 1,000 feet (305 m) above
5,000 feet (1,524 m)].

b. Multiply step I by step 2a.

.in.

/00 %

•.- in. (71)
3. Average 6/1-hr ratio for drainage [fig. 4.7). jj

Duration (hr)
• T1/4-i/2 3/4 1 2 3 4 5 6

4. Durational variation
for 6/1-hr ratio of
step 3 [table 4.4].9 R q0 I__7 JlAo 6 %i _1

5. 1-mi2 (2.6-km2) PMP for
indicated durations
[step 2b X step 4 ].) , 7.1 .t ,% 0 ?,_'L a:9 B,9 0 ? .0 9,_

6. Areal reduction
[fig. 4.9]. [fig 4.9] 9z_ CP AJ

in. (4)

in. ( M)

in..

7. Areal reduced PMP 3,t 5-A ,1 GG ,69 7.6 7-7 7.9 7. V9
[steps 5 X 6]. 51 £-D ' -1 4.00_. __

8. Incremental PMP
[successive subtraction
in step 71.

r9 V.VI. o.2- 0,0

_ • 0.3 1 15-min. increments

9. Time sequence of incre-
mental PMP according to:

HM9.RNo. 5
Hourly increments
[table 4.71.

Four largest 15-min.
increments [table.4.8].

Oil- , ,1 0' *i .0

a, A "___ _o,.3•__ in. (A) (



10 100 (KM2 ) 1000

AREA

-4dopted depth-area reZations for local-storm FMP.
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Table 6.3A.--Local-storm PMP computation, Colorado River, Great Basin and
California drainages. For drainage average depth PNP. Co to

HMp,. W-45 table 6.3B if areal variation is required.

Drainage "- S og.A Se_ Ar ea4
Latitude 3907' 5-oa Longitude %o? 4_o o~ Minimum Elevation q9 4 0 ft

Step icors (ti 61.
Steps correspond to those in sec. 6.3A.

1. Average 1-hr 1-mi (2.6-km 2) PMP for
drainage [fig. 4.5].

2. a. Reduction for elevation. [No adjustment
for elevations up to 5,000 feet (1,524 m)
5% decrease per 1,000 feet (305 m) above
5,000 feet (1,524 m)].

b. Multiply step 1 by step 2a.

3. Average 6/1-hr ratio for drainage [fig. 4.7].

in.

00 %

in.

9~116

(A1

4 5 6
Duration (hr)

6 ml- 1i4 1/2 3/4 1 2 3.
4. Durational variation

for 6/1-hr ratio of
step 3 [table 4.4. -5 ___ 9St 1_ J- .AIa _i• o _o

2 2
5o 1-mi (2.6-km2) PMP for

indicated durations
[step 2b X step, 4.I f 7. B,' B. , ,9 _O ?._0 9.__ in.

6. Areal reduction
[fig. 4.9]. 4!( -7- -76 -70 9 t 3 G(

7. Areal reduced PMP 1.0 4.S•. # 6• 1 7,0 -7.- -7.r-7,6 77
[steps 5 X 6]. __ E j4" .•:i .• .1wr •, -

8. Incremental PMP
[successive subtractii
in step 7].

on .fOX'

in. (00

in.()

__ .• 0,4 0,3 } 15-min. increments

9. Time sequence of incre-
mental PMP according to:

Hourly increments
[table 4.7].

Four largest 15-min.
increments [table.4.81.

, 1_._ ,. 0C i. ,

in-. M



AREA

-Adopted depth-area retations for local-storm PMP.
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ratios than storms with higi 3/1-hr ratios. The geographical di strihtrirtn
of 15-min to I-hr ratios also were inversely correlated with magniLtutdes of
the 6/1-hr ratios of figure 4.7. For example, 1os Angele,-, ;nnd San Diego
(h:Lgh 6/li-hr ratios) have low l_5--min to 1-hr rat:ios (approximate1' 0.60)
whereas the 15-uin to 1-hr rvt:i.os in Arizona and Utah (low 6/i-hr ratiVs)
were generally higher (approximawtely 0.75).

Depth-duration relations for durations less than 1 hour were then sroothed
to provide a family of curves consistent with the relations determined for 1.
to 6 hours, as shown in figure 4.3. Adjustment was necessary to some of the
curve.'} to provi.ee smoother relations -through the comuimn point Ft. hour.

We believe we were justifi-od in reducing the numbber of the curves shoun in
figure 4.3 for durations less than 1 hour, letting one curve ;. .pply to a
range of 6/1-hr ratios. The correspenldirag curves have been indicated by
letter designators, A-D, on figure 4..- As an exwxnple, for any 6-hr amount
bIt: wee(.n 11.5% and 135Z of l-hr, l-i.ui2 (2.6-kin2 ) PMP, the associated values
for durations less than 1 hour are obtained from the curve Lesignated as "B".

Table 4.4 lists durational variations in percent of 1-hr PM.P for selected
6/1-hr rain ratios. These values were interpolated from figure 4.3.

To determine 6-hr PMP for a basin, use figure 4.3 (or table 4.4) aid the
geographical distribution of 6/I-hr ratios given in figure 4.7.

Table 4.4.--Durational vari.tion of S-mt2 (2.6-ki2) local-storm PMP
in percent of I-hr PR. (see figure 4.3)

6/1-hr Duration (hr)0 ratio 1/14 1/2 3/4 1 2 3 4 5 6

1.1 86 93 97 100 107 109 110 1 10 ."11.0
1.2 74 89 95 100 110 115 118 119 120
1.'3 74 89 95 100 114 121 125 128 L30
1.4 63 83 93 100 '118 [26 -432 137 140
1.5 63 83 93 100 121 132 140 145 1.50
1.6 43 70 87 100 124 138 147 1-54 160
1.8 .43 70 87 I00 130 149 161 171 180
2.0 43 70 87 100 137 161 175 188 200

4.5 Depth-Area Relation

We have thus far developed local-storfn PMP for an area of I mi 2 (2.6 ki1i2 ).
To apply |PMP to a basin, we need to determine how 1-mi 2 (2.6-kin2 ) PM 1 should
decrease with increasing area. We have adopted depth-area relations based

on rainfalls in the Southwest and from consideration of a model thunderstorm.
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aceorm-peri-:d. The. s•equen,:ce of hour:tly incr~teMMta. PHYM] f~or c:he Se~u~hwest 6-hr
ch"nuerars in accord with thi's ru.dy im p oesenutd iU columrn 2 of table

4.7. Y s -al variation from this zLQaelceis gY -. K E'gi4eering Manua-I
11100- 14-- f,-.> 5 ...... , C ;'"'-r4 . f c nb i Lners '9 5) h l ate listed in

column 3 -! ! M. 4.2, pae1 greaver Lcreai a at.1 tnrs aov-,pia P31ore
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either of LhPe distitbu•jinLj is left to t-he user sWicme one nay prorve to
he more crir ica in a specif/ic case than the other.

Table 4. 7.---Time seq-n ue f o ar -3017VI2- Incr:eencaJ PM4P in 6-hr storm.

AId- no. 5" I2YiLIiO--2-ii411

.,Y s hourt-' t t
5th larges ,

leastI-~a-s
Ir ]Ir~

Sequence PostioL

Third
Four th
Secon-d

Fi f th

First
LaiS t

]:0•r c U
Th]' i rd
F i f: tht . t.o 'd

Last

F i • s.

... S. Weather I-ureai ,1941.
2ui . CSrps of ELnineers 9er 2
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A1_.o of. importance .:hi sequeicc of Lh four 15-vili Incfeueull tal P)HP
,61aloezs. We recouluund a time distri bution , tabIe IA .8, gi.vingL the greatlest
Jorensi ty in the first .I5-tirn Lnterval (U.S. Weatuher Bureau 1947). .This
is hased ou dIml:a Ctrom a broad geoguaphicl region. AdditJona.l. support for
thli, s tLime d:istribut:ion i found i i- rheý reports of specific storms by Keppell
(1 963) and Osborn and Renard (1969).

Taibl 4. .-- fine .. oqunc. [o [i, -rain imncremetl-al PIP within I hi..

Inc rement Seq., ence Posit ion

Largest 1.5-min amount: First
2nd largest Second
3rd largest 'Third
least Last

4.8 Seasonal Distribution

The Lime of the year when local-storm PMP is most likely. iS u, interest.
Cujiiance-was obtaine'd, from ana lysis of the distribution of maximum .L-hr
L:'hnderstorm events through the warm season at :the recording stations in

trah, /trizona, and in southern California (south of 37 0 N and east of the
Sierra Nevada ridgeline). The period of record used was For 1940-72 with an
avervage record length fo. :the stations consi.dered of 27 yeats. The month
with tihe one greatest thunterstorn rainfall for the period of record at each

_)tarhtn was noted. The totals of' these eventis For each month, by States,
art shown in table 4.9.

Table 4.9.-,-Seasonal distribition of thunder•torm rainfalls.

(The maximmi evenE at each of 1,08 stations, period of record 1940-72.)

3 3 .1 A S ' No. of Cases

Utah 1 5. 9 1. 5 34

Arizona 4 16 19 / 43

S. Calif.J 14 1-G 7 31

No. of cases/mo. 1 23 35 40 9 U

*South of 370N and east of S ie.rr a Nevada ridgeline.



Appendix C

HEC-HMS Output



0 Project: Crescent Junction Ex Simulation Run: CW 25

Start of Run: OlJan2006, 00:00 Basin Model: Crescent Wash-event
End of Run: 02Jan2006, 00:00 Meteorologic Model: 25-yr 24-hr
Compute Time: 18May2006, 13:20:23 Control Specifications: 1 day at 5 min step

Volume Units: IN

Hydrologic Drainage Area Peak Discharge Time of Peak Volume

Element (M12) (CFS) (IN)
Crescent Wash 22.5600 2975.47 OlJan2006, 14:15 0.49

1-70 22.5600 2975.47 01Jan2006, 14:15 0.49

0



Project: Crescent Junction Ex Simulation Run: CW 100

Start of Run: 01Jan2006, 00:00 Basin Model: Crescent Wash-event
End of Run: 02Jan2006, 00:00 Meteorologic Model: 100-yr 24-hr
Compute Time: 18May2006, 13:20:55 Control Specifications: 1 day at 5 min step

Volume Units: IN

Hydrologic Drainage Area Peak Discharge Time of Peak Volume

Element (M12) (CFS) (IN)

Crescent Wash 22.5600 5982.86 OlJan2006, 14:10 0.98

1-70 22.5600 5982.86 01Jan2006, 14:10 0.98



Project: Crescent Junction Ex Simulation Run: CW PMP Local

Start of Run: OlJan2006, 00:00 Basin Model: Crescent Wash-PMP
End of Run: 02Jan2006, 00:00 Meteorologic Model: PMP Local 22-sq mi
Compute Time: 18May2006, 13:06:09 Control Specifications: 1 day at 5 min step

Volume Units: IN

Hydrologic Drainage Area Peak Discharge Time of Peak Volume
Element (M12) (CFS) (IN)

Crescent Wash 22.5600 45196.66 OlJan2006, 04:40 6.11

Sink-1 22.5600 45196.66 01Jan2006, 04:40 6.11

0



Project: Crescent Junction Ex Simulation Run: BASIN 1-100

Start of Run: O1Jan2006, 00:00 Basin Model: Basin 1-event
End of Run: 02Jan2006, 00:00 Meteorologic Model: 100-yr 24-hr
Compute Time: 18May2006, 13:22:10 Control Specifications: 1 day at 5 min step

Volume Units: IN

Hydrologic Drainage Area Peak Discharge Time of Peak Volume
Element (M12) (CFS) (IN)

Basin 1 2.6300 2135.13 OlJan2006, 12:35 0.99

DP 6 2.6300 2135.13 1OlJan2006, 12:35 0.99



Project: Crescent Junction Ex Simulation Run: BASIN 1-PMP LOCAL

Start of Run: 01Jan2006, 00:00 Basin Model: Basin 1-PMP
End of Run: 02Jan2006, 00:00 Meteorologic Model: PMP Local 2.7 sq mi
Compute Time: 18May2006, 13:22:40 Control Specifications: 1 day at 5 min step

Volume Units: IN

Hydrologic Drainage Area Peak Discharge Time of Peak Volume
Element (M12) (CFS) (IN)

Basin 1 2.6300 21287.52 01Jan2006, 03:25 7.77

DP 6 2.6300 21287.52 01Jan2006, 03:25 7.77

0

0



Project: CrescentJunctionPr Simulation Run: Basin 1-100

Start of Run: 01Jan2006,1 00:00 Basin Model: Basin 1-event
End of Run: 02Jan2006, 00:00 Meteorologic Model: 100-yr 24-hr
Compute Time: 18May2006, 13:41:52 Control Specifications: 1 day at 5 min step

Volume Units: IN - -_-

Hydrologic Drainage Area Peak Discharge Time of Peak Volume

Element (M12) (CFS) (IN)

Basin 1 Routed 2.6300 2210.10 O1Jan2006, 12:35 1.00

DP 6 2.6300 2210.10 01Jan2006, 12:35 1.00



Project: CrescentJunctionPr Simulation Run: Basin 1-PMP

Start of Run: 01Jan2006, 00:00 Basin Model: 'Basin 1-PMP
End of Run: 02Jan2006, 00:00 Meteorologic Model: PMP Local 2.7 sq mi
Compute Time: 18May2O06, 13:42:53 Control Specifications: 1 day at 5 min step

Volume Units: IN

Hydrologic Drainage Area Peak Discharge Time of Peak Volume
Element (M12) (CFS) (IN)

Basin 1 Routed 2.6300 21321.77 OlJan2006, 03:25 10.80

DP 6 2.6300 21321.77 O1Jan2006, 03:25 10.80



Project: Crescent Junction Ex Simulation Run: BASIN 2-25

Start of Run: 01Jan2006, 00:00 Basin Model: Basin 2-event
End of Run: 02Jan2006, 00:00 Meteorologic Model: 25-yr 24-hr
Compute Time: 18May2006, 13:24:57 Control Specifications: 1 day at 5 min step

Volume Units: IN

Hydrologic Drainage Area Peak Discharge Time of Peak Volume

Element (M12) (CFS) (IN)

Basin 2 8.9600 1726.31 OlJan2006, 13:30 0.49

RR Bridge 8.9600 1726.31 O0Jan2006, 13:30 0.49

0



Project: Crescent Junction Ex Simulation Run: BASIN 2-100

Start of Run: O1Jan2006, 00:00 Basin Model: Basin 2-event
End of Run: 02Jan2006, 00:00 Meteorologic Model: 100-yr 24-hr
Compute Time: 18May2006, 13:26:09 Control Specifications: 1 day at 5 min step

Volume Units: IN

Hydrologic Drainage Area Peak Discharge Time of Peak Volume
Element (M12) (CFS) (IN)

Basin 2 8.9600 3453.04 01Jan2006, 13:30 0.99

1RR Bridge 8.9600 3453.04 1OlJan2006, 13:30 0.99

0

0



Project: Crescent Junction Ex Simulation Run: BASIN 2-PMP I

Start of Run: 01Jan2006, 00:00 Basin Model: Basin 2-PMP
End of Run: 02Jan2006, 00:00 Meteorologic Model: PMP Local 9 sq mi
Compute Time: 18May2006, 13:26:56 Control Specifications: 1 day at 5 min step

Volume Units: IN

Hydrologic Drainage Area Peak Discharge Time of Peak Volume
Element (M12) (CFS) (IN)

Basin 2 8.9600 29868.86 O0Jan2006, 04:05 7.01

RR Bridge 8.9600 29868.86 01Jan2006, 04:05 7.01



0 IProject: Crescent Junction Ex Simulation Run: 123 100

Start of Run: 01Jan2006, 00:00 Basin Model: Basins 123-event
End of Run: 02Jan2006, 00:00 Meteorologic Model: 100-yr 24-hr
Compute Time: 18May2006, 13:32:06 Control Specifications: 1 day at 5 min step

Volume Units: IN

Hydrologic Drainage Area Peak Discharge Time of Peak Volume
Element (M12) (CFS) (IN)

Basin 1 2.6300 2135.13 01Jan2006, 12:35 0.99

Basin 2 8.9600 3453.04 01Jan2006, 13:30 0.99

Basin 3 3.4700 1553.39 OlJan2006, 13:15 0.99

1-70 15.0600 5108.83 01Jan2006, 13:30 0.99

1-70.Culvert 15.0600 5108.83 01Jan2006, 13:30 0.99

Kendall Wash E 8.9600 3441.54 O1Jan2006, 13:35 0.99

Kendall Wash \N 2.6300 2066.77 OlJan2006, 12:40 0.99

0



Project: Crescent Junction Ex Simulation Run: 123 PMP Local

Start of Run: 01Jan2006, 00:00 Basin Model: Basins 123-PMP
End of Run: 02Jan2006, 00:00 Meteorologic Model: PMP Local 15 sq mi
Compute Time: 18May2006, 13:33:12 Control Specifications: 1 day at 5 min step

Volume Units: IN

Hydrologic Drainage Area Peak Discharge Time of Peak Volume

Element (M12) (CFS) (IN)

Basin 1 2.6300 16218.18 OlJan2006, 03:25 6.38

Basin 2 8.9600 27260.23 OlJan2006, 04:05 6.41

Basin 3 3.4700 12147.64 OlJan2006, 03:55 6.41

1-70 15.0600 40835.44 01Jan2006,:04:05 6.41

1-70 Culvert 15.0600 40835.44 OlJan2006, 04:05 6.41

Kendall Wash E 8.9600 26892.86 O0Jan2006, 04:10 6.41

Kendall Wash \M 2.6300 15865.63 OlJan2006, 03:25 6.39



0

0
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Project: CrescentJunctionPr Simulation Run: Basins 123-100

Start of Run: 01Jan2006, 00:00 Basin Model: Basins 123-event
End of Run: 02Jan2006, 00:00 Meteorologic Model: 100-yr 24-hr
Compute Time: 18May2006, 13:46:23 Control Specifications: 1 day at 5 min step

Volume Units: IN

Hydrologic Drainage Area Peak Discharge Time of Peak Volume
Element (M12) (CFS) ( (IN)

Basin 1 Route12.6300 2210.10 01Jan2006, 12:35 1.00

Basin 2 8.9600 3453.04 01Jan2006, 13:30 0.99

Basin 3 3.4700 1553.39 01Jan2006, 13:15 0.99

1-70 15.0600 5098.41 01Jan2006, 13:30 0.99

1-70 Culvert 15.0600 5098.41 01Jan2006, 13:30 0.99

Kendall Wash E 8.9600 3441.54 O0Jan2006, 13:35 0.99

Kendall Wash W 2.6300 2166.34 01Jan2006, 12:35 1.00



Project: CrescentJunctionPr Simulation Run:.BASINS 123 PMP

Start of Run: 01Jan2006, 00:00 Basin Model: Basins 123-PMP
End of Run: 02Jan2006, 00:00 Meteorologic Model: PMP Local 15 sq mi
Compute Time: 18May2006, 13:48:35 Control Specifications: i day at 5 min step

Volume Units: IN

Hydrologic Drainage Area Peak Discharge Time of Peak Volume
Element (M12) (CFS) (IN)

Basin 1 Route 12.6300 16252.58 OlJan2006, 03:25 8.88
Basin 2 8.9600 27260.23 OlJan2006, 04:05 6.41

Basin 3 3.4700 12147.64 OlJan2006, 03:55 6.41

1-70 15.0600 40871.36 O0Jan2006, 04:05 6.84

1-70 Culvert 15.0600 40871.36 OlJan2006, 04:05 6.84

Kendall Wash E 8.9600 26892.86 OlJan2006, 04:10 6.41

Kendall Wash V 2.6300 15899.38 OlJan2006, 03:25 8.89

0



Project: CrescentJunctionPr
Basin Model: Basins 123-PMP
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Project: CrescentJunctionPr Simulation Run: DP 4&5-25

Start of Run: 01Jan2006, 00:00 Basin Model: P-DP 4&5-event
End of Run: 02Jan2006, 00:00 Meteorologic Model: 25-yr 24-hr
Compute Time: 18May2006, 13:49:54 Control Specifications: 1 day at 5 min step

Volume Units: IN

Hydrologic Drainage Area Peak Discharge Time of Peak Volume
Element (M12) (CFS) (IN)

Basin B 0.5218 291.31 OlJan2006, 12:25 0.49
Basin D 0.3827 187.06 O1Jan2006, 12:35 0.57

DP 4 0.5218 291.31 OlJan2006, 12:25 0.49
DP 5 0.9045 447.59 1OJan2006, 12:30 0.52

West Ditch 0.5218 281.01 1OJan2006, 12:25 0.49

0l

0l



Project: CrescentJunctionPr Simulation Run: DP 4&5-PMP

Start of Run: 01Jan2006, 00:00 Basin Model: P-DP 4&5-PMP
End of Run: 02Jan2006, 00:00 Meteorologic Model: PMP Local <1 sq mi
Compute Time: 18May2006, 13:51:38 Control Specifications: 1 day at 5 min step

Volume Units: IN_

Hydrologic Drainage Area Peak Discharge Time of Peak Volume
Element (M12) (CFS) (IN)

Basin B 0.5218 5858.79 O1Jan2006, 03:15 8.21

Basin D 0.3827 3426.58 OlJan2006, 03:25 8.48

DP 4 0.5218 5858.79 01Jan2006, 03:15 8.21

DP 5 0.9045 8722.28 01Jan2006, 03:20 8.34
West Ditch 0.5218 5539.08 01Jan2006, 03:15 8.24



0

0

Project: Crescent Junction Pr
Basin Model: P-DP 4&5-event
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Project: CrescentJunctionPr Simulation Run: BASIN C-25

Start of Run: 01Jan2006, 00:00 Basin Model: P-BASIN C-event
End of Run: 02Jan2006, 00:00 Meteorologic Model: 25-yr 24-hr
Compute Time: 18May2006, 13:56:17 Control Specifications: I day at 5 min step

Volume Units: IN

Hydrologic Drainage Area Peak Discharg Time of Peak Volume

Element (M12) (CFS) (IN)

Basin C 0.1675 74.72 OlJan2006, 12:30 0.49

DP 3-ExCuiv @ RR 0.1675 74.72 O0Jan2006, 12:30 0.49



Project: CrescentJunctionPr Simulation Run: BASIN C-100

Start of Run: OlJan2006, 00:00 Basin Model: P-BASIN C-event
End of Run: 02Jan2006, 00:00 Meteorologic Model: 100-yr 24-hr
Compute Time: 1.8May2006, 13:57:43 Control Specifications: 1 day at 5 min step

Volume Units: IN

Hydrologic IDrainage Area Peak Discharge Time of Peak Volume
Element (M12) (CFS) (IN)

Basin C 0.1675 146.99 01Jan2006, 12:30 0.99
1 DP 3-ExCulv@RR 0.1675 146.99 01Jan2006, 12:30 0.99

0l



Project: CrescentJunctionPr Simulation Run: BASIN C-PMP

Start of Run: 01Jan2006, 00:00 Basin Model: P-BASIN C-PMP
End of Run: 02Jan2006, 00:00 Meteorologic Model: PMP Local <1 sq mi
Compute Time: 18May2006, 13:58:25 Control Specifications: 1 day at 5 min step

Volume Units: IN

Hydrologic Drainage Area Peak Discharge Time of Peak Volume
Element (M12) (CFS) (IN)

Basin C 0.1675 1488.43 O1Jan2006, 03:20 8.18

DP3-ExCulv@RR 0.1675 1488.43 OlJan2006, 03:20 8.18

0



Project: CrescentJunctionPr Simulation Run: P-DRAINAGE 25

Start of Run: 01Jan2006, 00:00 Basin Model: P-DRAINAGE-event
End of Run: 02Jan2006, 00:00 Meteorologic Model: 25-yr 24-hr
Compute Time: 18May2006, 14:02:40 Control Specifications: 1 day at 5 min step

Volume Units: IN

Hydrologic Drainage Area Peak Discharge Time of Peak Volume
Element .(M12) (CFS) (IN)

Basin A 0.3456 192.54 01Jan2006, 12:25 0.49

Basin B 0.5218 291.31 OlJan2006, 12:25 0.49

Basin C 0.1675 74.72 01Jan2006, 12:30 0.49

Basin D 0.3827 187.06 O0Jan2006, 12:35 0.57

Basin E 0.1839 91.30 01Jan2006, 12:30 0.49

Basin F 0.0863 41.65 OlJan2006, 12:30 0.49

Basinfor Culv C7 0.4087 238.92 0lJan2006, 12:20 0.49

Culv C1-DP 2 0.0863 41.65 01Jan2006, 12:30 0.49

Culv C5 1.2501 610.57 01Jan2006, 12:30 0.52

Culv C7 0.4087 238.92 01jan2006, 12:20 0.49

DP 4 0.5218 291.31 O1Jan2006, 12:25 0.49

DP 5 0.9045 447.59 01Jan2006, 12:30 0.52

DP 6 1.2501 608.41 01Jan2006, 12:30 0.52

Ex-Culv @ RR 0.1675 74.72 01Jan2006, 12:30 0.49

Reach-1 0.9045 445.60 OlJan2006, 12:30 0.53

Reach-2 1.2501 608.41 01Jan2006, 12:30 0.52

Texas Dip 0.1839 91.30 01Jan2006, 12:30 0.49

West Ditch 0.5218 281.01 O1Jan2006, 12:25 0.49



Project: Crescent Junction Pr
Basin Model: P-DRAINAGE-event
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0
TIME OF CONCENTRATION

tc = t +tt

Initial or Overland Flow = ti
ti = [0.395(1.1-C 5)SQRT(L)]/S

0'33

Overland Travel Time =

V = CSw0°5

Where: C, = conveyance coefficient from UD Table RO-2

S, = watercourse slope (ft/ft)

tt = L/60V

CHECK:
tc = (L/180) + 10

Minimum t, = 10 minutes

forUrbanized areas only

ONSITE CULVERTS
Initial/Overland Flow (G) Gutter or Channelized Flow (t) Total Travel Time check max check min Use

Basin L Slope C5 Ti L Slope Cv V Tt Tc=Ti+Tt Tc Tc Tc
(ft) (fttft) (min) ft) (%(ftlsec) (min) Tc (min) (min) (min) (min)

Culvert C2 500 0.014 0.09 36.5 1700 1.400 10.00 1.18 23.95 60.51 na 10.0 60.5

Culvert C3 500 0.014 0.09 36.56 900 1.400 10.00 1.18 12.68 49.24 na 10.0 49.2
Culvert C4 500 0.014 0.09 36.56 3500 1.400 10.00 1.18 49.30 85.86 na 10.0 85.9
Culvert C6 800 0.014 0.09 46.16 400 1.400 10.00 1.18 5.63 51.79 na 10.0 51.81

TABLE RO-2
Conveyance Coefficiant, C,

Type of Land Surface Conveyance Coefficient, C,

Heavy Meadow 2.5
Tillage/Field 5
Short pasture & lawns 7
Nearly bare ground 10
Grassed waterway 15
Paved areas 20
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25 YEAR PEAK FLOWS
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Appendix E

Calibration and Check of Flows in Crescent Wash



The purpose of this appendix is to document the calibration and provide a check of
calculated flows in Crescent Wash. The USGS had a gaging station in Crescent Wash at
a point slightly downstream of the analysis point for this project. The drainage area at the
old gage is 23.3 square miles, as opposed to 22.5 sq miles at the 1-70 crossing. There are
10 years of record taken between 1959 and 1969. It should be noted that the basin is
relatively undeveloped so flows taken 37 to 47 years ago should be relatively typical of
the basin today. However, there are only 10 years of record. Thus information derived
from the gaging station is considered only as a relative check for order of magnitude
compared to the computations.

Using the 10 years of data the USGS developed a flood frequency curve using Log-
Pearson Type III probability distribution (Vaill, 2000). The results of this analysis are shown in
Table El, below. These flows are compared to the 25-year and 100-year floods
calculated in HEC-HMS using the specified unit hydrograph, a CN value of 70 for
determining initial losses and a constant infiltration rate of 0.3 in/hour. Precipitation
values are derived from NOAA Atlas 14. The results of the analysis are within 3% of the

• USGS results, When adjusted for drainage area. Thus the calculated values are utilized
for this project and the parameters (CN, infiltration, and precipitation) are applied to the
ungaged basins within the study area for determining the 25-year and 100-year floods.

Table El. Flow comparison for Crescent Wash, 25-year storm
Storm Event USGS (23.3 mi2) HEC-HMS (22.5mi)

cfs c's/mi2n cfs cfs/mi 2

25-year storm 3,260 140 3,021 134
100-year storm 6,460 277 6,073 270

Several additional gaged sites were also checked for peak flows per square mile. Sites
selected for comparison are similar in elevation and size and are in similar environmental
conditions as the project site. Peak flows were calculated by the USGS using Log-
Pearson Type III probability distribution (Vaill, 2000). Table E2 indicates that the flows per
square mile are conservative as compared to the other basins. However, given the gaged
information available on Crescent Wash, the calculated values will be utilized.

0



Table E2. Comparison of Peak Flows per Square Miles

Station no. Station Name DA, mi_ elev Q25, cfs Q251DA, cfslmi 2 Q1oo, cfs Q100/1DA cfs/mi 2

9181000 Onion Creek nr Moab, Ut 18.8 5,702 2,470 131.4 3,380 179.8
9185200 Kane Springs Canyon nr La Sal, Ut 17.8 6,620 1,340 75.3 1,770 99.4
9306235 Corral Gulch below Water Gulch nr Rangely, Co 8.6 7,740 382 44.4 1,120 130.2
9606242 Corral Gulch nr Rangely, Co 31.6 7,490 883 27.9 2,450 77.5
9328900 Crescent Wash nr Crescent Junction, Ut 23.3 6,180 3,260 139.9 6;460 2713
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Table 3. Drainage-basin characteristics and flood-frequency data at streamflow-gaging stations-Continued

ILATDEG. latitude in decimal degrec,-: LNGDEG. longitude in decimal degree: DAREA. drainage area in square rniles: YRSPK. vcars
P2. P5. Fi0. P25. PI(X). P20X). and 1'5100 are ind nicated recurrence int ervals for the 2-%year. 5-'ear. It-ycar. 25-vear. 50-vear. 1OO-vea:r.

Map Station
number
(fig. 1) number

1271 09302500

- 272 09303000

-73 09303300

Station
name

ELEV PRECIPLATDEG LNGDEG DAREA YRSPK

Marvine Creek near.Buford, Colo. 40.0383

North Fork White River at Buford. Colo. 39.9875

South Fork White River at Budges 39.8433
Resort. Coio.

107.4875

107.6!39
107.3342

107.3361

59.7

259.0

52.3

12

24

19

9.780

9.529

10.569

3 2.2

311.9

40.0

274 09303320 Waconwheel Creek at Budges 39.8428
Resort. Colo.

S27"5 09303-ttl South Fork White River near Budges 3"9.864.
Resort. Colo.

7.4 14 10.640 40.0

107.5333 128.0 19 10.250} 40.0-

276
277

278
2 79

09304000

09304300

09304500

(9306007

South Fork White River at Buford. Colo. 39.9744
Coal Creek near Mecker. Colo. 401.0914
White River near Meeker. Colo. 40.0336

Piceance Creek belov.w Rio Blanco, Colo. 39.8261

107.6247
107.7694

107 .S6i7

108.1825

108.24336

108.258'3

177.0
2 5. 1
550

177.0

48.4

309. 0

11

66

2!

12

14

9.800

7.956

8.940
7.628

-7.500

36.3-

29.6
24.5

21.8
21.2

280 09306058. Willow Creek near Rio Blanco, Colo. 39.8372
281 09306)61 Piceance Creek above Hunter Creek. 39.8506

near Rio Blanco. Colo.

282 119306200 Piceance Creek below Ryan Gjulch. near 39.9211
Rio Blanco. Colo.

283 09306235 Corral Gulch below Water Gulch. near 39.9061
Rangely. Colo.

284 09306242 Corral Gulch near Rangelv. Colo. 39.9203

2 85 09306255 Yellow Creek near White River, Colo. 40.1686
286 09306800 Bitter Creek near Bonanza. Utah 39.7533

2S7 09307500 Willow Creek above diversions near 39.5664
Ouray, Utah

288 093080(X0 Willow Creek near Ourav. Utah 39.9389

289 093289(X) Crscent Wash near Crescent Junction. 38,9422
Utah

290 09340000 East Fork San Juan River near Pacosa 37.3694
Springs. Colo.

291 (9341500(K West Fork San Juan River near Pacosa 37.3786
Springs, Colo.

292 093425W0 San Juan River at Pagosa Springs. Colo. 37.2661

293 09343000X Rio Blanco near.Pacosa Springs, Colo. "37. "128
294. 0934350(0 Rito Blanco near Pagosa Springs. Colo. 37.1936

295 0934.40(0 Navajo River at Banded Peak Ranch. 37.0853
near Chromo, Cola.

108.2969 506.0 11 7.415 20.8

108.532

108.4722

108.4706
109,3542

109.5867

8_6 14 . 7.740 . 20.0

31.6
262.1

324.1

297.0

21

17
10

24

7 .494.

6.877

7.146

7.650

20.0
17.3

16.1

16.8

109.6478 897F0 23

109.8206 23.3 10

7,080 13 7

6.1A80 1 .

106.8917

11.16.8989

86.9 41 0.20) 39.0 -

87.9 26 1(,00X. 42.0'--

296 09345500 Little Navajo River at Chromo. Colo.

297 093460110 Navajo River at Edith. Colo.
298 093462110 Rio Amargo at Dulce. N. Mex.

299 09349(500 Piedra River near Piedra. Colo.

30X) 0934980( Piedra River near Arhbiles, Colo.
301 093508(00 Vaqueros Canyon near Gobernador,

N. Mex.

302 09352500 Los Pinos River below SnowsiideCanyon, near Werninuche Pass, Colo.

37.0456

37.(0028

36.9333

37 _22722

37.0883

36._7333

107.0103

106,7939

1 06.9047

106.6889

106.8425.

1(.9069

1 )7.1(8)
107_3422

107.3972

107.2833

298.0

58.0
23.3

69.8

21.9

172.0

168.0

371.0

629 0

60.5

46

37

18

41

17

36
26

34
20

31

9,7(X)
I 0.000}

9.400
10.5(8}

8.900

9,200
7.93(0

9,4(A)

8.300

7.500

36.0-
39.0

26.0

'7.7
330-

27.0

15.0

37.6389 107.3333 25.3 13 11.200 45.0

32 Analysis of the Magnitude and Frequency of Floods In Colorado



)f riec-rd:.ELEV. mean hasin leovaiii in feet: PRECIP. mean annual precipitation ia inches; BSL-OPE. mean basin ;bpe in fGat per foot;
26.6-year. and 500-year peak discharge: --. nor available]

Station BSLOPE
number

P2 P5 P1O P25 P50 P100 P200 P500

09302500 0.245

09303000 .01237

09303300 0,198

09303320 0.159

09303400 0.256

0930-4NX) 0.259

09304300 0.285

09304500 0.222
09306007 0.283

093016(58 0.272

09306061 0.263

09306200 0.243

09306235 0.253

318
1,380

924

400 447

1,890 2_230
1,380 1.7(Y)
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Project: Crescent Junction Ex Simulation Run: CW 25

Start of Run: 01Jan2006, 00:00 Basin Model: Crescent Wash-event
End of Run: 02Jan2006, 00:00 Meteorologic Model: 25-yr 24-hr
Compute Time: 16May2006, 17:21:41 Control Specifications: 1 day at 5 min step

Volume Units: IN

Hydrologic Drainage Area Peak Discharge Time of Peak Volume
Element (M12) (CFS) (IN)

Crescent Was 22.5600 3020.71 01Jan2006, 14:10 0.49

Sink-1 22.5600 13020.71 01Jan2006, 14:10 0.49



-Project: Crescent Junction Ex Simulation Run: CW 100

0 Start of Run: OlJan2006, 00:00 Basin Model: Crescent Wash-event
End of Run: 02Jan2006, 00:00 Meteorologic Model: 100-yr 24-hr
Compute Time: 15May2006, 15:48:31 Control Specifications: 1 day at 5 min step

Volume Units: IN

Hydrologic Drainage Area. Peak Discharge Time of Peak Volume
Element (M12) (CFS) (IN)

Crescent Was122.5400 6072.68 01Jan2006, 14:10 0.98

Sink-1 22.5400 6072.68 01Jan2006, 14:10 10.98

0



Appendix F

Master Drainage Plan
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Problem Statement:

* Design erosion protection for the north slope of the disposal cell to prevent 'detrimental erosion from
surface water flows from upland area, consistent with the requirements of 40 CFR Part 192 and NRC
guidance in NUR.EG 1623 (Johnson 2002).

" Provide grading such that upland flow will drain to the west around the north side of the disposal cell.

* Provide protection at northwest corner of disposal cell to prevent headward erosion as flow is
released to native ground.

Method of Solution:

The disposal cell needs protection against erosion from precipitation events occurring in the upland area.
A traditional diversion channel will likely become inundated with silt over time, reducing its capacity to
carry water. Therefore, water will be allowed to flow along the north slope of the disposal cell. The north
slope of the disposal cell will be armored to allow water to flow at the toe without negatively impacting the
disposal cell. Excavation along the toe of the north slope will create a uniform slope that drains to the
west.

.1

The magnitude of the probable maximum flood (PMF) is obtained from the "Crescent Junction Site
Hydrology" calculation (RAP Attachment 1, Appendix F). The depth and velocity of flow associated with
the PMF is calculated using Manning's equation. The size of rock required to prevent erosion is
calculated using the Safety Factor method as outlined in Chapter 3 of Appendix D of NUREG 1623
(Johnson 2002).

In addition to rock protection on the slopes of the disposal cell, sufficient riprap will be placed within the
diversion channel bed to act as self-launching protection to prevent undercutting beneath the north slope
of the disposal cell.

* Assumptions:

* Topographic maps provided in the "Crescent Junction Site Hydrology" calculation (RAP Attachment 1,
Appendix F) are accurate.

* Riprap stone is angular, possesses a specific gravity of 2.65, and has a minimum durability criteria
score of 80 (Johnson 2002); thus it will not require oversizing for use in frequently saturated areas.

* Upland area contributes flow to the disposal cell uniformly, such that flows along any reach of the
north toe can be calculated as a ratio of length of reach to total length of north toe multiplied by total
flow at northwest corner.

Calculation:

The upland drainage basin for the proposed disposal cell was determined in the "Crescent Junction
Site Hydrology" calculation (RAP Attachment 1, Appendix F), and is shown in Figure 1. A PMF flow
rate of 5,859 cubic feet (ft) per second (cfs) is the reported flow rate at the northwest corner of the
cell.

* The north slope of the disposal cell is divided into five reaches, each of approximately 1,000 ft long.

I in areas not requiring excavation to meet the 0.5 percent channel bed grade, a V-shaped channel will
convey flow, with the south slope consisting of the 5:1 (20 percent) side slope of the disposal cell, and
the north slope consisting of natural ground at an approximate slope of 2.8 percent. In areas requiring
excavation, the channel will consist of 5:1 side slopes with a 10-ft bottom width. Overbank flow will
have a north slope of 2.8 percent.

* Invert slope of the channel is computed from the difference in elevation between the northeastern end
to the southwest end, divided by the length between them:

(4,990 ft - 5,014 ft)/4,955 ft = 0.005, [-0.5%]

* U.S. Department of Energy Diversion Channel Design, North Side Disposal Cell
April 2007 Doc. No. X0176400

Page 3
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* Manning's n is computed using procedures discussed by Abt et al. (1987) and Abt and Johnson (1991)
as follows:

n= 0.0456 *(W50 * S)01'59
(1)

where: n is Manning's n,
D50 is the mean riprap diameter in inches; and
S is the channel slope (ft/ft).

A weighted value for n is used based on the length of erosion riprap and native ground submerged as:

]P * n,2+ P2*n 2+ ..pa*n 2
nave = (2)

where: p is the wetted perimeter. Manning's n for the native ground is taken as 0.02.

The depth of flow along the toe is conservatively calculated for the point within the reach where the flow is
most restricted (i.e. greatest cut required to meet 0.5 percent channel slope). The depth of flow during
PMF flow is computed with Manning's equation for open-channel flow:

2 1

1.486 *A* R' *S 2

n
(3)

0
where: Q is the PMF flow rate,

A is the cross-sectional flow area,
Rh is the hydraulic radius equal to the cross-sectional flow area divided by the wetted perimeter, and
all other variables are previously defined.

Assuming a trapezoidal cross-section, flow area and hydraulic radius are expressed as a function of the
flow depth (y), base width of the channel (B) and two side slopes, s, and s2 (ft/ft), by:

0.5*y 2 0.5*y 2

A= + 2 y*B
S1 S2

(4)

Hydraulic radius is evaluated by:

A
(5)

y2+r2jY
S+

For each reach of the north toe, equations (3), (4) and (5) are solved simultaneously to obtain depth of
flow y.

0 U.S. Department of Energy
April 2007
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Riprap to Protect Against Flows Within Channel:

Riprap size is determined using the Safety Factor Method (Johnson 2002) by computing the tractive
shear stress (t, psf) at the base of the channel as:

=yw* S *y (6)

where: yw is the unit weight of water (62.4 pcf),
y is the depth of flow (ft),
S is the channel slope (ft/ft) as previously defined.

Tractive shear stress is related to the mean rock size through equation (6) of the Army Corps of
Engineers (ACE) (ACE 1994) as:

c=*(y -yw)* D50 (7)

where: Ys is the unit weight of riprap (62.4 pcf times specific gravity of 2.65), and
(x is a coefficient of 0.04.

Equation (6) and (7) are solved simultaneously. The resulting D5 0 is used as input into Equation (2), and
all equations are solved iteratively until a depth of flow, computed rock size, and Manning's n converge.

For construction purposes, the diversion channel and north erosion protection are divided into two
reaches. Results for computed parameters for each reach are shown in Table 1. Further calculations are
shown in Appendix A.

Table 1. Computed Depth of Flow and Required Rock Size for North Diversion Channel.

Distance of Reach maximum Maximum Minimum D50

Reach from Northeast Corner Flow (cfs) Depth of Flow Required (inches)
of Disposal Cell (ft) F c(ft)

Upper Reach, Left 0 to 2,000 2,344 6.0 5.0
Channel Slope 0_to_,000_,344_.0_5.

Lower Reach, Left 2,000 to 5,000 5,859 8.0 7.0
Channel Slope 2,00to5,005,598.__7.

Channel Bottom All Reaches 469 3.9 30

Riprap should extend from the base of channel to the maximum depth of flow, as shown on Figure 2.

Riprap to Protect Against Flow from Gullies Discharging Into Channel:

Existing and future gullies upstream of the diversion channel will discharge into the diversion channel.
Due to the steeper slopes of the natural gullies, the riprap along the channel base is increased to protect
against the higher flow velocities from the gullies. In order to estimate the potential scour depth and flow
velocities from natural gullies, it is assumed that the 5,859 cfs of flow reporting to northwest corner of
disposal cell ("Crescent Junction Site Hydrology," RAP Attachment 1, Appendix F) is accumulated uniformly
along the 5,000 ft of the north toe of the disposal cell (i.e. unit flow is approximately 1.17 cfs/ft). It is
conservatively assumed that some of the larger gullies have a swath of up.to 400 ft that contribute to flow
in the gully. Therefore, the PMF associated with a gully is calculated to be up to 470 cfs. Using this flow,
an assumed v-channel configuration of the gully with 2:1 (50 percent) side slopes, and a gully slope of
approximately 3 percent, the maximum scour depth was calculated using procedures outlined in NUREG
1623 (Johnson 2002) and U.S. Department of Transportation (DOT 1983).

Diversion Channel Design, North Side Disposal Cell U.S. Department of Energy
Doc. No. X0176400 April 2007
Page 6
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The maximum scour depth associated with a gully is estimated to be 5.4 ft. Using the Safety Factor
Method, the required rock size to protect against the gully flows is 20 inches. Following guidance given in
NUREG 1623, the rock placed in the channel bottom is designed to collapse into the scoured area that
occurs immediately upslope of the diversion channel. The thickness of launched rock should be a
minimum of 1.5 times the average rock size. A rock volume of 38 cubic feet per linear foot of channel is
required. This rock volume assumes the scour hole develops at a slope of 1V to 2H to a depth of 5.4 ft,
the collapsed rock thickness in the scour hole is 1.5 times the average rock size, and assumes
approximately 25 percent of the launched rock is lost downstream.

Riprap for Diversion Channel Outlet:

As the diversion channel reaches the west edge of the disposal cell, it continues approximately 500 ft
west of the cell, turns south and discharges the flow onto natural ground. The channel extends an
adequate distance west of the cell to minimize the possibility of gully headcutting to impact the disposal
cell. A 4-ft-high riprap-protected berm is used to divert the water away from the cell. The channel width at
the outlet will transition from 11.5 ft to 100 ft in order to slow flow velocities. The rock size within the outlet
will increase as the flow velocities increase due to the steepening slope. Assuming a unit flow of 64 cfs/ft
across the outlet apron, a maximum scour depth at the outlet is estimated to be approximately 5 ft. A pre-
formed rock slope will be constructed extending vertically to the estimated depth of scour along a 10H:1V
buried slope. Using the Abt and Johnson (1991) method, the required median rock size for this slope is
20 inches. The rock should be placed at a minimum rock depth of 1.5 times median rock size, or
30 inches.

Expected Operational Performance:

Run-on from frequent storm events will flow along the north edge of the disposal cell. Erosion and
deposition of sediments from this run-on are expected to occur in the channel over the lifetime of the
facility. Scour will occur locally where upstream gullies develop and discharge into the diversion channel.
The 20-in rock placed in the bottom of the diversion channel is designed to launch into any formed scour
hole and prevent undermining of the disposal cell. Erosion and deposition will occur along the channel as
the channel system conforms to the local climate and ecology under frequent storm events.

During large-magnitude storm events, such as the design PMF, the higher flows may erode the
sediments deposited during smaller events.

At the northwest corner of the disposal cell, at the termination of the channel, flow is spread out and
transition to natural ground. It is expected that erosion will occur at this transition. The amount and
distance of upstream migration of this scour will be limited by the buried rock slope. This rock slope is
extended below the calculated depth of scour. Figure 3 shows the recommended channel cross-section
and outlet.

Conclusion and Recommendations:

Riprap protection should follow minimum sizes specified in text and figures. Design should be re-
evaluated once a specific rock source and actual durability test data are available.

Computer Source:

Not applicable.

Diversion Channel Design, North Side Disposal Cell U.S. Department of Energy
Doc. No. X0176400 April 2007
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Client:
Project:
)etall:

StollerCrescent Junction Disposal Cell

Erosion Protection

Job No.:
Date:
Computed By:

181268
3/16/2007
RTS

pron Protection
This is for areas where channel has cut 5:1 slopes and then overbank flow on native upland area

Area: North side of disposal cell
flow from upland area north of cell:
flow from disposal cell area A4:
total flow:

Reach 1 0
max flow in reach:

Trapezoid or triangularchannels
slope (ft/ft)
Channel Side Slope 1 (ftft)
Channel Side Slope 2 (ftift)
maximum cut height in reach
Channel Side Slope 3 (ft/ft)
bottom width

5859 cfs Source: DP 45 PMP file from Peggy Bailey email on May 11, 2006
0 cfs Flow was included in DP 45 PMP calc.

5859 cfs conservatively assumes peak flows are cummulative from cell and upland

to 1000 feet from northeast comer of disposal cell
1171.8 cfs

0.005 ft/ft
0.2 ft/ft
0.2 ft/ft
2.5 ft

0.028
19 ft

Assume flow is in trapezoidal channel with two 20% side slopes, and overbankflow
Q 1171.8 cfs
Assumed D50 on side slope (ft) 0.33 ft
Assumed D50 on side slope (in) 4 in
D50 on channel bottom (ft) 1.67 ft
D50 on channel bottom (in) 20 in
n riprap side 0.0245 Abt et al. 1987 as presented in UMTRA TAD pg, 69 developed for tailings piles
n riprap bottom 0.0316 Abt et al. 1987 as presented in UMTRA TAD pg. 69 developed for tailings piles
n native soils 0.020
weighted average n 0.023 EM 1110-2-1601, U.S. Army Corps of Engineers
Area of flow (A) 178.65 ftA2

Wetted Perimeter Rock Slope 19.81 ft
Wetted Perimeter Rock Bottom 19.00 ft

fetted Perimeter Soil Slope 62.20 ft, draulic Radius (R) 1.77 ft
Width (T) 100.4 ft

aximum depth of flow (d) 3.88 ft Iterate with d until Q calc equals Q design
Q calc. 1171.8 cfs note: d>max cut, so overbank flow, but rock size is conservative
average velocity (v) 6.559094 fps
unit discharge 30.49921 cfs/ft take as total Q divided by average flow width

Safety Factor Method (for rock on side slope of disposal cell)

Angle of repose of rock (degees) 37 See Fig 4.1 of TAD or Fig 4.8 of NUREG 4620, typically between 32 and 42 for angular, 29 and 41 for rounded
Angle of repose of rock (rad)) 0.646
Side Slope 5.0 XH:1V
Angle of side slope (degrees) 11.310
Angle of side slope (radians) 0.197
Specific gravity of rock 2.65
Concentration Factor I Typically between 1.1 to 3.2 for slopes. Set to 1 for channel
design flow (cfs) 1171.8
max shear stress, t 1.21 psf
Stability numnber for rock, il 0.742
3 0.959
Stability number for rock, 11' 0.674
Factor of Safety for side slope
rock 1.19 Iterate with D50 until FS equal or greater than 1.0

SP-\181268\RAP\Diversion Channel Design Caic Set\supporting files\North Toe Protection_2:Reach I



Client:
Project:
Detail:

Stoller
Crescent Junction Disposal Cell
Erosion Protection

Job No.:
Date:
Computed By:

181268
3/1612007
RTS

Apron Protection

This is for areas where channel has cut 5:1 slopes and then overbank flow on native upland area

Area: North side of disposal cell
flow from upland area north of ce
flow from disposal cell area A4:
total flow'.

Reach 2
max flow in reach:

Trapezoid or triangular channels
slope (ft/ft)
Channel Side Slope I (ft/fl)
Channel Side Slope 2 (ft/fl)
maximum cut height in reach
Channel Side Slope 3 (ft/ft)
bottom width

li: 5859 cfs
0 cfs

5859 cfs

Source: DP 45 PMP file from Peggy Bailey email on May 11, 2006
Flow was included in DP 45 PMP calc.
conservatively assumes peak flows are cummulative from cell and upland

1000 to 2000 feet from northeast corner of disposal cell
2343.6 cfs

0.005 ft/ft
0.2 ft/ft
0.2 ft/ft
5.5 ft

0.028
19 ft

Assume flow is in trapezoidal channel with two 20% side slopes
Q
Assumed D50 on side slope (ft)
Assumed D50 on side slope (in)
D50 on channel bottom (ft)
D50 on channel bottom (in)
n riprap side
n riprap bottom
n native soils
weighted average n
Area of flow (A)
Wetted Perimeter Rock Slope.
Wetted Perimeter Rock Bottom
Wetted Perimeter-Soil Slope
Hydraulic Radius (R)
Top Width (T)
Maximum depth of flow (d)
Q calc
average velocity (v)
unit discharge

2343.6 cfs
0.42 ft

5 in
1.67 ft

20 in
0.0254 Abt et al. 1987 as presented in UMTRA TAD pg. 69 developed for tailings piles
0.0316 Abt et al. 1987 as presented in UMTRA TAD pg. 69 developed for tailings piles

0.020
0.025 EM 1110-2-1601, U.S. Army Corps of Engineers

250.98 ftý2
27.71 ft
19.00 ft
27.71 ft

3.37 ft
73.4 ft
5.44 ft Iterate with d until Q calc equals Q design

2343.6 cfs
9.33777 fps

50.75327 cfs/ft take as total Q divided by average flow width

Safety Factor Method. (for rock on side slope of disposal cell)

Angle of repose of rock (degees) 37 See Fig 4.1 of TAD or Fig 4.8 of NUREG 4620, typically between 32 and 42 for angular, 29 and 41 for rounded
Angle of repose of rock (rad)) 0.646
Side Slope 5.0 XH:1V
Angle of side slope (degrees) 11.310
Angle of side slope (radians) 0.197
Specific gravity of rock 2.65
Concentration Factor 1 Typically between 1.1 to 3.2 for slopes. Set to 1 for channel
design flow (cfs) 2343.6
max shear stress, - 1.70 psf
Stability number for rock, ri 0.830
p 1.011
Stability number for rock, 7' 0.767
Factor of Safety for side slope
rock 1.08 Iterate with D50 until FS equal or greater than 1.0

P:\181268\RAP\Diversion Channel Design Calc Set\supporting files\North Toe Protection_2:Reach 2



Client:'
Project:
)etall:

Stoller
Crescent Junction Disposal Cell
Erosion Protection

Job No.:
Date:
Computed By:

181268
3/16/2007
RTS

pron Protection

This is for areas where channel has cut 5:1 slopes and then overbank flow on native upland area

Area: North side of disposal cell
flow from upland area north of ce
flow from disposal cell area A4:
total flow:

Reach 3
max flow in reach:

Trapezoid or triangular channels
slope (ft/ft)
Channel Side Slope I (ft/ft)
Channel Side Slope 2 (ft/ft)
maximum cut height in reach
Channel Side Slope 3 (ft/ft)

'bottom width

II: 5859 cis
0 cIS

5859 cis

Source: DP 45 PMP file from Peggy Bailey email on May 11, 2006
Flow was included in DP 45 PMP calc.
conservatively assumes peak flows are cummulative from cell and upland

2000 to 3000 feet from northeast corner of disposal cell
3515.4 cfs

0.005 ft/ft
0.2 ft/ft
0.2 ft/ft
7.5 ft

0.028
19 ft

Assume flow is in trapezoidal channel with two 20% side slopes
Q
Assumed D50 on side slope (ft)
Assumed D50 on side slope (in)
D50 on channel bottom (ft)
050 on channel bottom (in)
n riprap side
n riprap bottom
n native soils
weighted average n
Area of flow (A)
Wetted Perimeter Rock Slope
*fetted Perimeter Rock Bottom

ddbetted Perimeter Soil Slope
qndraulc Radius (R)

WWidth (T)
Maximum depth of flow (d)
Q calc
average velocity (v)
unit discharge

Safety Factor Method

Angle of repose of rock (degees)
Angle of repose of rock (rad))
Side Slope
Angle of side slope (degrees)
Angle of side slope (radians)
Specific gravity of rock
Concentration Factor
design flow (cfs)
max shear stress, T
Stability number for rock, q

Stability number for rock, if
Factor of Safety for side slope
rock

3515.4 cafs
0.50 ft

6 in
1.67 ft

20 in
0.0261 Abt et al. 1987 as presented in UMTRA TAD pg. 69 developed for tailings piles
0.0316 Abt et al, 1987 as presented in UMTRA TAD pg. 69 developed for tailings piles
0.020
0.025 EM 1110-2-1601, U.S. Army Corps of Engineers

338.58 ftA2
33.38 ft
19.00 ft
33.38 ft

3.95 ft
84.5 ft
6.55 ft Iterate with d until Q calc equals Q design

3515.4 cis.
10.3829 fps

67.96047 cfs/ft take as total Q divided by average flow width

(for rock on side slope of disposal cell)

37 See Fig 4:1 of TAD or Fig 4.8 of NUREG 4620, typically between 32 and 42 for angular, 29 and 41 for rounded
0.646

5.0 XH:1V
11.310
0.197
2.65

1 Typically between 1.1 to 3.2 for slopes. Set to 1 for channel
3515.4

2.04 asf
0.833
1.012
0.770

1.08 Iterate with D50 until FS equal or greater than 1.0
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Client:
Project:
Detail:

Stoller
Crescent Junction Disposal Cell
Erosion Protection

Job No.:
Date: ,
Computed By:

181268
3116/2007
RTS

Apron Protection

This is for areas where channel has cut 5:1 slopes and then overbank flow on native upland area

Area: North side of disposal cell
flow from upland area north of ce
flow from disposal cell area A4:
total flow:

Reach 4
max flow in reach:

Trapezoid or triangular channels
slope (ft/ft)
Channel Side Slope 1 (ft/ft)
Channel Side Slope 2 (ft/fl)
maximum cut height in reach
Channel Side Slope 3 (ft/ft)
bottom width

It: 5859 cfs
0 cfs

5859 cfs

Source: DP 45 PMP file from Peggy Bailey email on May 11, 2006
Flow was included in DP 45 PMP calc.
conservatively assumes peak flows are cummulative from cell and upland

3000 to 4000 feet from northeast corner of disposal cell
4687.2 cfs

0.005 ft/ft
0.2 ft/ft
0.2 ft/ft
5.5 ft

0.028
19 ft

Assume flow is in trapezoidal channel with two 20% side slopes, and overbank flow
o 4687.2 cfs
Assumed D50 on side slope (ft) 0.58 ft
Assumed D50 on side slope (in) 7 in
D50 on channel bottom (ft) 1.67 ft
D50 on channel bottom (in) 20 in
n riprap side 0.0268 Abt et al. 1987 as presented in UMTRA TAD pg. 69 developed for tailings piles
n dprap bottom 0.0316 Abt et al. 1987 as presented In UMTRA TAD pg. 69 developed for tailings piles
n native soils 0.020
weighted average n 0.023 EM 1110-2-1601, U.S. Army Corps of Engineers
Area of flow (A) ,490.12 ftA2
Wetted Perimeter Rock Slope 38.40 ft
Wetted Perimeter Rock Bottom 19.00 ft
Wetted Perimeter Soil Slope 100.63 ft
Hydraulic Radius (R) 3.10 ft
Top Width (T) 156.7 ft
Maximum depth of flow (d) 7.53 ft iterate with d until Q calc equals Q design
Q calc 4687.2 cfs note: d>max cut, so overbank flow, but rock size is conservative
average velocity (v) 9.563429 fps
unit discharge 82.72764 cfs/ft take as total Q divided by average flow width

Safety Factor Method (for rock on side slope of disposal cell)

Angle of repose of rock (degees) 37 See Fig 4.1 of TAD or Fig 4.8 of NUREG 4620, typically between 32 and 42 for angular, 29 and 41 for rounded
Angle of repose of rock (rad)) 0.646
Side Slope 5.0 XH:IV
Angle of side slope (degrees) 11.310
Angle of side slope (radians) 0.197
Specific gravity of rock 2.65
Concentration Factor 1 Typically between 1.1 to 3.2 for slopes. Set to 1 for channel
design flow (cfs) 4687.2
max shear stress, t 2.35 psf
Stability number for rock, il 0.822
(3 1.006
Stability number for rock, T' 0.758
Factor of Safety for side slope
rock 1.09 Iterate with DSO until FS eaual or greater than 1.0
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Client:
Project:
Detail:

,pron Protection

Stoller
Crescent Junction Disposal Cell
Erosion Protection

Job No.:
Date:
Computed By:

181268
3116/2007
RTS

This is for areas where channel has cut 5:1 slopes and then overbank flow on native upland area

Area: North side of disposal cell
flow from upland area north of ce
flow from disposal cell area A4:
total flow:

Reach 5
max flow in reach:

Trapezoid or triangular channels
slope (ft/ft)
Channel Side Slope 1 (ft/fl)
Channel Side Slope 2 (ft/fl)
maximum cut height in reach
Channel Side Slope 3 (fl/ft)
bottom width

IH: 5859 cfs
0 cfs

5859 cfs

Source: DP 45 PMP file from Peggy Bailey email on May 11, 2006
Flow was included in DP 45 PMP calc.
conservatively assumes peak flows are cummulative from cell and upland

4000 to 5000 feet from northeast corner of disposal cell
5859 cfs

0.005 ft/ft
0.2 ft/ft
0.2 ft/ff
1.5 ft

0.028
loft

Assume flow is in trapezoidal channel with two 20% side slopes, and overbank flow
Q
Assumed D50 on side slope (ft)
Assumed D50 on side slope (in)
D50 on channel bottom (ft)
D50 on channel bottom (in)
n nprap side
n riprap bottom
n native soils
weighted average n
Area of flow (A)
Wetted Perimeter Rock Slope
Wetted Perimeter Rock Bottom
etted Perimeter Soil Slope

draulic Radius (R)
Width (T)

Maximum depth of flow (d)
Q calc
average velocity (v)
unit discharge

5859.0 cfs
0.50 ft

6 in
1.67 ft

20 in
0.0261 Abt et al. 1987 as presented in UMTRA TAD pg. 69 developed for tailings piles
0.0316 Abt et al. 1987 as presented in UMTRA TAD pg. 69 developed for tailings piles

0.020
0.022 EM 1110-2-1601, U.S. Army Corps of Engineers

610.14 flA2

32.00 ft
10.00 ft

178.31 ft
2.77 ft

219.5 ft
6.28 ft iterate with d until 0 calc equals Q design

5859.0 cfs note: d>max cut, so overbank flow, but rock size is conservative
9.602772 fps
141.5795 cfs/ft take as total Q divided by average flow width

(for rock on side slope of disposal cell)

37 See Fig 4.1 of TAD or Fig 4.8 of NUREG 4620, typically between 32 and 42 for angular, 29 and 41 for rounded
0.646

5.0 XH:IV
11.310
0.197
2.65

Safety Factor Method

Angle of repose of rock (degees)
Angle of repose of rock (rad))
Side Slope
Angle of side slope (degrees)
Angle of side slope (radians)
Specific gravity of rock
Concentration Factor
design flow (cfs)
max shear stress, t
Stability number for rock, q

P
Stability number for rock, q'
Factor of Safety for side slope
rock

1 Typically between 1.1 to 3.2 for slopes. Set to 1 for channel
5859
1.96 psf

0.799
0.993
0.734

1.12 Iterate with D50 until FS equal or greater than 1.0
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Client: Stoller
Project: Crescent Junci
Detail: Erosion Protec

Channel Outlet

Area: North side of disposal cell
flow from upland area north of cell:
additional flow from upland area west of cell area
total flow:

Outlet1 immediately we.
max flow in reach: 5859 cfs

Trapezoid or triangular channels
slope (ftlft) 0.005 ft/ft
Channel Side Slope 1 (ft/ft) 0.333 ft/ft
Channel Side Slope 2 (ft/ft) 0.01 ft/ft
maximum cut height in reach --- ft
Channel Side Slope 3 (ft/ft) ---
bottom width 19 ft

tlion Disposal Cell
Iton

Job No.:
Date:
Computed By:

181268
3/16/2007
RTS

5859 cfs Source: DP 45 PMP file from Peggy Bailey email on May 11, 2006
0 cfs

5859 cfs conservatively assumes peak flows are cummulative from cell and upland

st of disposal cell

Assume flow is in trapezoidal channel
0 5859.0 cfs
Assumed D50 on side slope (fit) 0.75 ft
Assumed D50 on side slope (in) 9 in
D50 on channel bottom (ft) 1.67 ft
D50 on channel bottom (in) 20 in
n riprap side 0.0279 Abt et al. 1987 as presented in UMTRA TAD pg. 69 developed for tailings piles
n nprap bottom 0.0316 Abt et al. 1987 as presented in UMTRA TAD pg. 69 developed for tailings piles
n native soils 0.020
weighted average n 0.021 EM 1110-2-1601, U.S. Army Corps of Engineers
Area of flow (A) 757.04 ftA2
Wetted Perimeter Rock Slope 11.55 ft.
Wetted Perimeter Rock Bottom 19.00 ft
Wetted Perimeter Soil Slope 365.42 ft
Hydraulic Radius (R) 1.91 ft
Top Width (T) 395.4 ft Iterate with d until Q calc equals Q design
Maximum depth of flow (d) 3.65 ft
Q calc 5859.0 cfs
average velocity (v) 7.739383 fps take as total Q divided by average flow width
unit discharge 28.279661 cfs/ft 1.0 for angular, 1.4 for rounded rock

Safety Factor Method (for rock on side slopes of diversion channel)

Angle of repose of rock (degees) 37 See Fig 4.1 of TAD or Fig 4.8 of NUREG 4620, typically between 32 and 42 for angular, 29 and 41 for rounded
Angle of repose of rock (rad)) 0.646
Side Slope 3.0 XHA:V
Angle of side slope (degrees) 18.435
Angle of side slope (radians) 0.322
Specific gravity of rock 2.65
Concentration Factor 1 Typically between 1.1 to 3.2 for slopes. Set to 1 for channel
design flow (cfs) 5859
max shear stress, T 1.14 psf
Stability number for rock, ri 0.310
13 0.354
Stability number for rock, r7' 0.209 Iterate with D50 until FS equal or greater than 1.0
Factor of Safety for side slope
rock 1.57
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Client:
Project:.
letall:

,hannel Outlet

Stoller
Crescent Junction Disposal Cell
Erosion Protection

Job No.:
Date:
Computed By:

181268
3/16/2007
RTS

Area: North side of disposal cell
flow from upland area north of cell:
additional flow from upland area west of cell area
total flow:

5859 cfs
586 cfs

6445 cfs

Source: DP 45 PMP file from Peggy Bailey email on May 11, 2006

conservatively assumes peak flows are cummulative from cell and upland

Outlet
max flow in reach:

Trapezoid or triangular channels
slope (ft/ft)
Channel Side Slope 1 (ft/ft)
Channel Side Slope 2 (ft/fl)
maximum cut height in reach
Channel Side Slope 3 (ft/ft)
bottom width

Assume flow is in trapezoidal cha
Q
Assumed D50 on side slope (ft)
Assumed D50 on side slope (in)
D50 on channel bottom (ft)
D50 on channel bottom (in)
n riprap side
n riprap bottom
n native soils
weighted average n
Area of flow (A)
Wetted Perimeter Rock Slope
Wetted Perimeter Rock Bottom
Wetted Perimeter Soil Slope
'ydraulic Radius (R)

*)p Width (T)
i ximum depth of flow (d)

U ~calc
average velocity (v)
unit discharge

Safety Factor Method

Angle of repose of rock (degees)
Angle of repose of rock (rad))
Side Slope
Angle of side slope (degrees)
Angle of side slope (radians)
Specific gravity of rock
Concentration Factor
design flow (cfs)
max shear stress, T
Stability number for rock, q
P
Stability number for rock, 1j'
Factor of Safety for side slope
rock

approximately 5500 feet from northeast comer of disposal cell
6445 cfs

0.02 ft/ft
0.333 ft/ft
0.008 ft/ft

.- ft

100 ft

annel
6444.9 cfs

0.75 ft
9 in

1.67 ft
20 in

0.0347 Abt et al. 1987 as presented in UMTRA TAD pg. 69 developed for tailings piles
0.0394 Abt et al. 1987 as presented in UMTRA TAD pg. 69 developed for tailings piles

0.020
0.026 EM 1110-2-1601, U.S. Army Corps of Engineers

615.48 ftA2
7.64 ft

100.00 ft.
302.10 ft

1.50 ft
409.3 ft iterate with d until Q calc equals Q design

2.42 ft
6445.0 cfs

10.471333 fps take as total Q divided by average flow width,
25.306641 cfs/ft 1.0 for angular, 1.4 for rounded rock

(for rock on side slopes of diversion channel)

37 See Fig 4.1 of TAD'or Fig 4.8 of NUREG 4620, typically between 32 and 42 for angular, 29 and 41 for rounded
0.646

5.0 XH:tV
11.310
0.197
2.65

1 Typically between 1.1 to 3.2 for slopes. Set to 1 for channel
6444.9

3.02 psf
0.820
1.005
0.756 Iterate with D50 until FS equal or greater than 1.0

1.09

Rock size of Channel Outlet Toe (Abt and Johnson, 1991 method)
q (cfs/ft)-- 64 cfs/ft
S (V/H)= 0.5 0.25 0.2 0.1
D50 (in)= 40 30 27 20

0
P:\181268\RAP\Diversion Channel Design Calc Set\supporting files\North Toe Protection_2:Outlet2



Client:
Project:
Detail:

Stoller Job No.:
Crescent Junction Disposal Cell .Date:
Erosion Protection Computed By:

181268
7/24/2006
RTS

Depth of Scour

Scour depth is based on equations presented by FHA based on erosion a culvert outlets
Source: US Department of Transportation, Federal Highway Administration, Hydraulic Engineering Circular No. 14, September, 1983

upland of
cell, sheet
washFlow over riprap

Flow, q
Concentration factor

Design Flow,q
gravity, g
time, t
base time, to
D50
D50
Slope of gully
Manning's n
Side slopes of gully (XH:IV)
angle of side slopes of gully
Hydraulic radius of gully
Flow area of gully
depth of flow (iterate until
Qcalc=Qdesign)
Q
velocity
Native soils
plasticity index of alluvial soil
unconfined compressive strength
critical tractive shear (lb/ftA2)
modified shear number

d84 bedding

d16 bedding
gradation standard deviation, a
gradation classification

1.17 cfs/ft
3

3.52 cfs/ft
32.2 ft/sA2

15 minutes
316 minutes

native soil

0.02 (ft/ft)
0.025

0.59 ft

5.94 ft/s

5%
1.4 psi

0.25414336
269.411592

0.12 mm

0.002 mm
7.74596669

graded

upland of
cell, gully

cfs for gully picking up
468.72 swath of 400 ft area

1

468.72 cfs
32.2 ft/sA2
. 15 minutes
316 minutes

native soil

0.03 (ft/ft)
0.025

2.0
26.565 degrees

1.764
31.105 ftA2

3.94 ft
468.72 CFS
.15.07 ft/s,

5%
1.4 psi

0.254143
1733.365

0.12 mm

0.002 mm
7.745967

graded

from GEG, 2005 lab.data
assumed value for silty clays (200 psf)

Average for Eolian/shweet wash materials from
GEG, 2005 lab data
Average for Eolian/shweet wash materials from
GEG, 2005 lab data

Depth

0

ae

equivalent depth, ye

depth of scour (ft)

0.86
0.18

0.1
1.37

coefficients for clay with PI 5-16

0.59 ft

1.6 ft

1.40 ft

5.4 ft

P:\181268\RAP\Diversion Channel Design Calc Set\supporting files\North Toe Protection_2:Depth of Scour



e
Client:
Project:
Detail:

Safety Factor Method

Stoller
Crescent Junction Disposal Cell
Rock size to protect against high velocity gully flows upstream of disposal cell

Job No.:
Date:
Computed By:

181268
312012007
RTS

Use for sizing rock to resist velocities from incoming gullies
Assume gully locations can migrate, but spacing will be similar to existing conditions of 400-ft spacing
Design for SF of 1.5 for non-PMF applications, and slightly greater than 1.0 for PMF
Use for slopes less than 10 percent

Slope (ft/ft)
angle a (rad)

Top Slope
0.03

0.030

Angle of repose of rock (degees)
Angle of repose of rock (rad))
Specific gravity of rock
PMP flow in gully, Q (cfs)
average width of flow in gully (ft)
PMP unit flow (cfs/ft)
Depth of flow (ft)
Flow velocity (ft/s)
ave shear stress

Assumed D50 (in) #1

Stability number for rock #1
Factor of Safety for rock #1

See Fig 4.1 of TAD or Fig 4.8 of NUREG 4620, typically
37 between 32 and 42 for angular, 29 and 41 for rounded

0.646
2.65

468.72 cfs for gully picking up swath of 400 ft area
7.89 area/depth assuming 2H:1V triagular shaped gully

59.43 Q/width
3.94 from "Depth of Scour" calculation sheet

15.07 from "Depth of Scour" calculation sheet
7.38

20

0.903
1.06

Adjust assumed D50 until design criteria for Factor of Safety is greater than 1.0

P:\181268\RAP\Diversion Channel Design Calc Set\supporting files\North Toe Protection_2:Upland Gully flows



Client:
Project:
Detail:

Stoller
Crescent Junction Disposal Cell
Depth of potential scour at diversion channel outlet

Job No.:
Date:
Computed By:

181268
3/20/2007
RTS

Depth of Scour

Scour depth is based on equations presented by FHA based on erosion a culvert outlets
Source: US Department of Transportation, Federal Highway Administration, Hydraulic Engineering Circular No. 14, September, 1983

Flow at Outlet

Flow, Q
gravity, g
time, t
base time, to
D50
D50
natural slope downgradient of
outlet
Manning's n
velocity
depth of flow
Native soils
plasticity index of alluvial soil

unconfined compressive strength
critical tractive shear (Ib/ftA2)
modified shear number

d84 bedding

d 16 bedding
gradation standard deviation, a
gradation classification

6444.90 cfs
32.2 ft/s^2

15 minutes
316 minutes

native soil

0.02 (ft/ft)
0.025
10.47 ft/s
2.42 ft

5%

1.4 psi
0.254143
837.0029

0.12 mm

0.002 mm
7.745967

graded

from "Outlet"

from "Outlet"
from "Outlet"

from GEG, 2005 lab data
assumed value for silty clays (200
psf)

Average for Eolian/shweet wash
materials from GEG, 2005 lab data

Average for Eolian/shweet wash
materials from GEG, 2005 lab data

coefficients for clay with PI 5-16(ta
p

0.86
0.18

0.1
1.37

equivalent depth, ye

depth of scour (ft)

1.10 ft

3.73 ft

P:\181268\RAP\Diversion Channel Design Calc Set\supporting files\North Toe Protection_2:Depth of Scour-Outlet
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Problem Statement:

O Determine the rock protection required to protect the cover of the disposal cell from erosion due to action
of surface water and wind to meet the specifications of the Code of Federal Regulations (CFR)
(40 CFR part 192).

Method of Solution:

* Determine the peak unit discharge from both the Probable Maximum Precipitation (PMP) and the
100-year precipitation event on the drainage basins of the disposal cell using the Rational method
(Chow 1964):

* Evaluate erosional stability of soil cover on top slope of disposal cell using Temple method
(Temple et al. 1987).

Evaluate erosional stability of rock mulch on top slope of disposal cell using Safety Factor method
(Nelson et al. 1986).

* Evaluate erosional stability of rock mulch or riprap on side slopes of disposal cell using Abt and
Johnson method (Abt and Johnson 1991).

" Evaluate surface sheet erosion of top slope of disposal cell due to action of surface water and wind
using Modified* Universal Soil Loss Equation (MUSLE) method (Nelson et al. 1986).

" Evaluate required rock size for toe apron to accommodate flow transitioning from cell slope to native
ground using method proposed by Abt et al. (1998).

" Evaluate scour potential of toe apron from headward erosion using methods in NUREG 1623
(Johnson 2002) and U.S. Department of Transportation (1983).

" Evaluate the need for bedding layer between cover soils and erosion protection material by
estimating interstitial pore velocities using method proposed by Abt and Johnson (1991).

O Assumptions:

• The 100-year precipitation event is applicable for evaluating drought, fire, and post-construction
conditions when little or no vegetation is on the cover.

* The PMP precipitation event is applicable for long-term erosional stability analyses.

* The 1-hour PMP event is estimated to be 8.2 inches, and the 1-hour, 100-year event is estimated to
be 1.65 inches ("Site Drainage-Hydrology Parameters" calculation, RAP Attachment 1, Appendix E).

• The layout of the disposal cell is shown in Figure 1. This layout shows a 2 percent top slope,
5:1 (horizontal:vertical) side slopes, and a total footprint area of 251 acres.

* Rock available for erosion protection will be angular, have a specific gravity of 2.65, and will meet
Nuclear Regulatory Commission (NRC) durability requirements.

Calculation:

See Discussion section.

* U.S. Department of Energy Erosional Protection of Disposal Cell Cover
August 2006 Doc. No. X0175500
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Discussion:

Drainage Area Characteristics

Five drainage areas were delineated on the cover of the disposal cell, as shown in Figure 1. The area and
flow length of these drainage areas were calculated using computer-aided design (CAD) tools.

Peak flows occurring within each drainage area are calculated using a rainfall duration equivalent to the
time of concentration for each drainage basin. The time of concentration is a characteristic of the
geometry and slopes of the drainage areas, and is computed by three different methods, with the average
of the-three methods used to calculate peak discharges. The three methods used to calculate the time of
concentration are described below.

1) The Kirpich equation as presented in NUREG/CR-4620 (Nelson et al. 1986):

L0.77

T= 0.0078

where:
Tc time of concentration (minutes),

L = slope length (feet [ft]), and
S = slope (ft/ft).

2) The Soil Conservation Service (SCS) Triangular Hydrograph Theory, as presented in
NUREG/CR-4620 (Nelson et al. 1986):

0Tc (I11.9Lj3 0.8

where:
T= time of concentration (hours),
L = slope length (miles), and
H = slope height (ft).

3) The Brant and Oberman equation as presented in the Uranium Mill Tailings Remedial Action Project
(UMTRA) Technical Approach Document (TAD) (DOE 1989):

TC= C( L )3j

where:
Tc= time of concentration (minutes),
C = coefficient = 1.0 for bare earth,
S = slope (ft/ ft), and
i= one-hour rainfall intensity (inches/hour).

As specified in UMTRA TAD (DOE 1989), Tc is limited to a minimum of 2.5 minutes. Because precipitation
falling on the top of the cover flows to the south slope, the time of concentration for the south side slope is
equivalent to the time of concentration of precipitation on the top slope plus the time of concentration of
precipitation occurring on the south side slope. The characteristics of the drainage areas on the disposal
cell are summarized in Table 1.

U.S. Department of Energy Erosional Protection of Disposal Cell Cover
August 2006 Doc. No. X0175500
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Table 1. Drainage Area Characteristics

Incremental Slope Slope Time of Concentration (min)Drainage Area Drainage Slope Length Brant and
Description Area (acres) ______ (ft) _____ Oberman Average

Altop, 195.7 0.02 1,950 12.0 12.0 11.3 11.8
A2, south slope .24.0 0.2 230 13.0 13.0 13.9 13.3
A3, west slope 7.7 0.2 190 0.8 0.8 2.4 2.5*
A4, north slope 14.2 0.2 140 0.7 0.7 2.2 2.5*
A5, east slope 9.4 0.2 220 0.9 0.9 2.5 2.5*

*Time of concentration is limited to a minimum of 2.5 minutes.

Peak Discharge

One of the technical criteria for the stability of the disposal cell is acceptable erosional stability from
extreme storm events (10 CFR 40, Appendix A). NRC has interpreted this criterion to be able to safely
pass the peak runoff from storms up to the PMP event (Johnson 2002). The PMP event has a 1-hour
depth of 8.2 inches, and a 15-minute depth of 7.1 inches ("Site Drainage-Hydrology Parameters"
calculation, RAP Attachment 1, Appendix E). For events with durations less than 15 minutes, precipitation
depths as a percent of the 1-hour PMP are estimated using the following formula, as given in Table 4.1 of
the UMTRA TAD (DOE 1989):

RD%PMPI-ho... 0.0089RD + 0.0686

where: RD = rainfall duration (minutes).

The precipitation depth of any given storm duration is then calculated as:

PDPMP =%PMPlhour X PMPIhIo..r

where: PDpMp = precipitation depth of the PMP storm with duration equivalent to the time of
concentration (inches).

The precipitation events for 100-year recurrence interval for several storm durations were taken from
Appendix A of the "Site Drainage-Hydrology Parameters" calculation, (RAP-Attachment 1, Appendix E)
and are summarized in Table 2. Precipitation depths for durations other than those listed in Table 2 are
interpolated.

Table 2. 100-Year Storm Event Precipitation Depths

Precipitation Depth Intensity
Rainfall Duration (main) (inches) (inches/hr)

5 0.53 6.36
10 0.8 4.80
15 0.99 3.96
30 1.33 2.66
60 1.65 1.65
120 1.82 0.91
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0
The rainfall intensity is calculated for a rainfall duration equivalent to the time of concentration for the
drainage basin. Rainfall intensity (inches per hour) is calculated as follows:

PD x 60

RD

The Rational method (Chow 1964) was used to determine the peak discharge from the PMP and the
100-year event for evaluation of cover erosion protection. For each drainage area, the peak flow was
calculated with the Rational Formula, as follows:

Q =CIA
where:

Q = peak flow (cfs),
C = runoff coefficient,
I = rainfall intensity (inches per hour) corresponding to the time of concentration, and
A = area (acres).

The runoff coefficient is approximately 1.0 for PMP conditions, as discussed in UMTRA TAD
(section 4.1 •3). A runoff coefficient of 0.9 is used for 100-year storm events based on a conservative
estimate for a riprap/rock surface.

Peak flow may also be expressed as a unit discharge as follows:

Q CILq-=
w 43200

where:
q = unit discharge (cubic feet per second per foot [cfs/ft]),
w = unit width (ft),
C = runoff coefficient = 1.0,
I= rainfall intensity (inches per hour), and
L = slope length (ft).

Table 3 shows the results of the PMP peak flow in cubic feet per second (cfs) and the unit discharge
calculations in cubic feet per second per foot (cfs/ft) for the areas shown in Figure 1. Table 4 shows
results for the 100-year storm. These peak unit flows will be applied to the entire drainage area when
evaluating erosional stability. Additional supporting calculations can be found in Appendix A.

Table 3. Results of PMP Peak Flow and Unit Discharge

Peak Unit
Drainage Area Runoff Average Percent PDpMp Intensity Flow Dis

Description Coef. C T, (min) PMPl-h, (inches) (inches/hr) Flow, Discharge,
Q (cfs) q (cfs/ft)

Al, top 1.0 11.8 67.9 5.6 28.4 5,550 1.28
A2, south slope 1.0 13.3 71.1 5.8 26.3 .5,787 1.33
A3, west slope 1.0 2.5 27.5 2.3 54.2 417 0.24
A4, north slope -1.0 2.5 27.5 2.3 54.2 769 0.18
A5, east slope 1.0 2.5 27.5 2.3 54.2 509 0.28

0
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Table 4. Results of 100-Year Peak Flow and Unit Discharge

Drainage Area Runoff Average PD1o0-yr Intensity Peak Flow, Q Unit Flow q
Description Coef. C Tr (mi) (inches) (inches/hr) (cfs) (cfs/ft)

Al, top 0.9 11.8 0.9 4.6. 817 0.19
A2, south slope 0.9 13.3 0.9 4.3 849 0.19
A3, west slope 0.9 2.5 0.5 6.4 44 0.03
A4, north slope 0.9 2.5 0.5 6.4 81 0.02
A5, east slope 0.9 2.5 0.5 6.4 54 0.03

Top Surface: Erosional Stability of Soil Cover

The top surface of the disposal cell was evaluated for erosional stability without a rock layer using the
method developed by Temple et al. (1987). This procedure, developed to analyze grassy channels,
estimates stresses from runoff on channel vegetation as well as the channel surface soils. The erosional
stability of the cover surface was evaluated by calculating a factor of safety against erosion due to the
peak runoff. Factor-of-safety values were calculated as the ratio of the allowable stresses (the resisting
strength of the cover vegetation or soils) to the effective stresses (the stresses impacted by the runoff
flowing over the cover). As outlined in UMTRA TAD (1989), the 100-year peak unit flows (Table 4) were
used to analyze the stability of a non-vegetated slope, such as would be representative of post-
construction, drought, or burn conditions. PMP peak unit flows (Table 3) were used to analyze the stability
of a vegetated slope, assuming a poor to fair cover of grass eventually will be established on the cover. In
addition, peak flows are multiplied by a concentration factor of 3.0 to account for channelization of flow.

The stress calculations are summarized below. Potential materials evaluated for use as cover soils were
(1) low-plasticity silt and clayey material from excavated on-site alluvial and eolian deposits, (2) excavated
on-site weathered Mancos Formation shale, and (3) imported coarse-grained sands and gravels.

Allowable Stresses

Allowable stresses for the non-vegetated cover soils were calculated using the equations in Temple et al.
(1987). For cohesive soils, the resistance is based on the plastic limit and void ratio of the material. The
equation for allowable shear strength for cohesive soils is:

Ta Tab e2

where:
Ta = allowable shear strength (pounds per square feet [psf]),
Tab = basis allowable shear strength (for a CL) = (1.07 [PI] 2+14.3[PI]+47.7) x 10-,
Ce = soil parameter = 1.48 - 0.57e,
PI = plasticity index, and
e = void ratio.

For non-cohesive soils, the resistance is based on particle size, specifically the size where 75 percent of
the material is finer, or D75. The equation for allowable shear strength for nonmcohesive soils is:

Oa = 0.4D 75

where D75 is in inches.

Plasticity index and void ratio are estimated from preliminary geotechnical laboratory testing results for
on-site material (GEG 2005), assuming compaction to approximately 85 percent of maximum dry density
as determined from the Modified Proctor test.
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For vegetated slopes, the allowable stresses are a function of the quality of vegetation established on the
cover, as given by the following equation:

r V =0.75Ci

where:
Tva = allowable vegetation shear strength (psf),

C, =cover index = 2.5 x (h X _[Mi3

h = stem length (ft), and
M = stem density factor (stems per square foot).

Because of the arid climate at the site, vegetative properties are modeled as poor, with average stem
height of 0.3 ft, and a stem density factor of 17 as given in Temple et al. (1987), conservatively using poor
conditions represented by a poor stand of Sudan grass (a bunch grass providing incomplete surface
cover).

Effective Stresses

The effective shear stress on soil due to peak runoff from the 100-year event on the non-vegetated slope
is calculated as:

= ydS

where:
Te = effective shear stress (psf),
y unit weight of water = 62.4 pcf,
d depth of flow (ft), and
S = slope of cover surface (ft/ft).

For vegetated slopes, the effective shear stress on soil due to peak runoff from the PMP event is
calculated as:

where:

CF= cover factor = 0.25 for poor vegetation, and
ns= soil grain roughness factor, calculated by the following equation:

n,= 0.0 156, for cohesive soil
0.0256(d75), for granular soil, where d is in inches.

n= combination of resistance due to soil roughness, n, and vegetation, nr, calculated by:

nV r 2 0.01562+nI
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where: n, = resistance due to vegetation, calculated by:

n, = exp(O.O 1329Ci (In q) 2 - 0.09543C, In q + 0.297 1C, -4.16)

where: q = unit flow (cfs/ft).

The cover factor, Cf, is assumed to be 0.5 for good vegetation conditions, and 0.25 for poor vegetation, as
given in Temple et al. (1987) for Sudan grass. The effective shear stress on vegetation is calculated as:

rve = ydS- r

where rv = effective vegetal stress (psf).

The depth of flow is calculated by iteration of Manning's equation:

2

1.486dR 3
q =

n

where:
q = unit flow (cfs/ft),
d = depth of flow (ft),
R = hydraulic radius = d for wide channels,
S = slope (ft/ft), and
n = Manning's coefficient.

For bare-soil conditions, n is equivalent to ns, soil grain roughness. For vegetated conditions, n is
equivalent to nv, a combination of resistance due to soil roughness (ns) and vegetation (nr).

Table 5 summarizes the stability of the 100-year precipitation on bare-soil conditions, and Table 6
summarizes long-term stability of the PMP event on poorly vegetated cover. More detailed calculation
tables can be found in Appendix A.

As shown by the resulting shear stress ratios in Table 5 and Table 6, both the eolian/sheet wash on-site
soils and the weathered Mancos materials are too erosive to resist erosion (1) during the 100-year
precipitation without vegetation or (2) during the PMP event with vegetation. Imported coarse sandy
gravel with D75 of 1.1 inches would be adequate as a soil cover. The sandy gravel will adequately resist
erosion to the 100-year precipitation without vegetation, and can also resist erosion from the PMP event,
assuming at least a poor stand of grass or equivalent is established on the cover.
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Table 5. Erosional Stability of 100-Year Precipitation on Bare Soil

Top Slope (ft/ft) 2.0 percent
100-Year Flow (cfs/ft) 0.19

Concentration Factor 3

Cover Soil Eolian/Sheet Wash Weathered Mancos Sandy
Gravel

Soil Characteristic P1=5 P1=10 D75=1.1 in
ns 0.0156 0.0156 0.0260

Depth of flow, d (ft) 0.15 0.15 0.20

Allowable shear stress, Ta (psf) .0.018 0.038 0.440

Effective shear stress, Tz (psf) 0.187 0.187 0.254

Shear stress ratioa 0.10 0.20 1.73
aDesign criteria is shear stress ratio of 1.0 or greater

Table 6. Erosional Stability of PMP on Poorly Vegetated Cover

Top Slope (ft/ft) 2.0 percent
PMP Flow (cfs/ft) 1.28

Concentration Factor 3

Cover Soil Eolian/Sheet Wash Weathered Coarse Sand
Mancos

Soil Characteristic P1=5 PI=10 D7,5=1.1 in
ns 0.0156 0.0156 0.0260
nr 0.0261 0.0261 0.0261
nv 0.0261 0.0261 0.0334

Depth of flow, d (ft) 0.64 0.64 0.74
Allowable soil shear stress, 'r (psf) 0.018 0.038 0.440

Allowable vegetated shear stress, T va (psf) 2.01 2.01 2.01

Effective soil shear stress, Te (psf) 0.214 0.214 0.422

Effective vegetated shear stress, T ve (psf). 0.587 0.587 0.506
Shear stress ratio (soil)a 0.09 0.18 1.04

Shear stress ratio (vegetation)a 3.42 3.42 3.96

0
'Design criteria is shear stress ratio of 1.0 or greater

Rock Mulch Sizing for the Top Slopes

In addition to analyzing the top slope as a soil cover, the erosional stability of rock mulch is also analyzed,
using the Safety Factor method, as recommended in NUREG/CR-4620 (Nelson et al. 1986) and
NUREG-1623 (Johnson 2002) for slopes less than 10 percent. The safety factor against erosion for any
given rock is calculated as:

SF cos a x tan 0
q x tan 0 + sin a

where:
a = angle of slope measured from horizontal,

= angle or repose of rock, and
q = stability number.

0 U.S. Department of Energy
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The stability number is calculated as:

(Sý,- I)yD

where:
-u= bed shear stress (psf),
Ss= specific weight of the rock,
y = specific weight of water,
D = representative rock size (ft),

and:

-C0 = yds

where:
d = depth of flow (ft), and
s = slope (ft/ft).

The key parameters used in the rock mulch sizing calculations are outlined in Table 7. For a PMP event,
a factor of safety slightly greater than 1.0 is recommended (Nelson et al. 1986). The method assumes
uniform sheet flow across the entire drainage basin. The peak unit discharges due to the PMP (Table 3)
were used to represent flow conditions on the top slope. A concentration factor of 3 was used to account
for potential flow channelization. The angle of repose and specific gravity of rock were assumed and will
need to be verified for final design. More details of the calculation can be found in Appendix A.

Table 7. Rock Mulch Sizing for Top Slope Using Safety Factor Method

Top Slope (ft/ft) 2.0 percent
Angle of repose of rock (degrees) 37
Specific Gravity of rock 2.65
PMP unit flow (cfs/ft) 1.28
Concentration factor 3
Design flow (cfs/ft) 3.84
D50 rock mulch (in) 2.1
Factor of Safety 1.01

Riprap Sizing for the Side Slopes

The erosional stability of the side slopes is analyzed using the Abt and Johnson (1991) method, as
discussed in NUREG-1 623 (Johnson 2002). This method is recommended for slopes greater than
10 percent. The D50 rock sizes using the Abt and Johnson method is calculated as:

D50 = 5.23S 0 43q° 56

where:
q = unit discharge (cfs/ft), and
S = Slope (ft/ft).

The key parameters used in the rock mulch sizing calculations are outlined in Table 8. More details of the
calculation can be found in Appendix A.
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Table 8. Rock Mulch Sizing for Side Slopes

Method Abt and Johnson

Side Slope (fift) 20 Percent

A2 A3 A4 A5
Area South West North East

PMP unit flow (cfs/ft) 1.33 0.24 0.18 0.28
Concentration factor 3 3 3 3

Coefficient of 1.35 1.35 1.35 1.35
Movement

Design flow (cfs/ft) 5.38 0.96 0.71 1.12
D50 for angular rock 6.7 2.6 2.2 2.8

(inches)

The method assumes uniform sheet flow across the entire drainage basin. The peak unit discharges due
to the PMP (Table 3) were used to represent flow conditions on the top slope. A concentration factor of 3
was used to account for flow channelization. The angle of repose and specific gravity of rock were
assumed and will need to be adjusted (if necessary) with actual source characteristics.

Using Abt and Johnson's methods, the side slopes will have a median rock size ranging from 2.2 inches
to 2.8 inches for the north, east, and west slopes, and. a median rock size of 6.7 inches for the south
slope. If rounded rock is used for erosion protection, the median rock size should be increased by
approximately 40 percent (Abt and Johnson 1991). In addition, median rock size may be oversized for
durability considerations once the rock source has been identified.

The rock protectipn layer thickness should be at least 1.5 to 2 times the median rock size.

Sensitivity of Required Rock Size of Rock Mulch and Riprap Protection to Cell Configuration

The rock mulch on the top of the disposal cell and the riprap on the side slopes has been designed for
minimum D50 rock size based on the cell configuration given in Figure 1. Figure 2 and Figure 3 show how
changes in the disposal cell configuration may affect the rock sizes required for erosion protection, or
conversely, what changes in the disposal cell configuration would be required in order to be able to use
an available rock size.

Wind Erosion

The potential for wind erosion of the top surface of disposal cell during drought conditions was evaluated
using the MUSLE method, as presented in NUREG/CR-4620 (Nelson et al. 1986). Three potential cover
materials were evaluated: (1) on-site sheet wash/eolian soils, (2) on-site excavated weathered Mancos
Shale, and (3) imported coarse gravel.

0
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The soil loss equation was calculated as follows:

A =RxKxLSxVM

where:
A = soil loss in tons per acre per year,
R = rainfall factor,
K = soil erodibility factor,
LS = topographic factor, and
VM = dimensionless erosion control factor relating to vegetative and mechanical factors.

The rainfall factor is 30, as given in NUREG/CR-4620 (Nelson et al. 1986) for the eastern third of Utah. The
soil erodibility factor was estimated using the nomograph given in NUREG/CR-4620 (Nelson et al. 1986).

The topographic factor is calculated by the following equation:

LS-650+450xs+65xs2  (x( L

1O,OOO+S2  \.72.6)

where:
s = slope steepness in percent,
L = slope length in ft, and
m = exponent dependent upon slope steepness.

The dimensionless erosion control factor used was 0.4, from Table 5.3 of NUREG/CR-4620 (Nelson et al.
1986), representing seedings of 0 to 60 days to mimic light vegetation on the cover. Table 9 summarizes
the results of the soil loss equation..

Table 9. Results of Soil Loss Equation

Soil Cover Sheet Wash/Eolian Weathered Shale Coarse Gravel

Rainfall factor, R 30 30 30
Silt and very fine sand (%) 60 55 10
Sand (%) 25 5 20
Organic matter (%) 2 2 0
Soil structure Very fine granular Blocky, platy or massive Med. or coarse granular
Relative permeability Moderate Moderate Moderate to rapid
Erodibility factor 0.35 0.26 0.05
Topographic factor, LS 0.49 0.49 0.49
VM (low density seedings) 0.4 0.4 0.4
Soil loss (tons/acre/year) 2.04 1.51 0.29
Soil loss (inches/1,000 years) 11.2 8.3 1.6

The soil loss equation shows that the potential for sheet erosion is unacceptably high if either the native
sheet wash/eolian soils or weathered shale is used as a soil cover. The soil loss of less than 2 inches over
the life of the disposal cell for coarse gravel is acceptable; especially considering vegetation is not required
for stability of this material (but is required for stability of native soil cover to protect against PMP event).

Riprap Sizing.for Rock Aprons

Additional erosion protection will be provided for runoff from the east, west, and south side slopes of the
disposal cell with a rock apron. The north side of the disposal cell will receive runoff from the upland area
north of the cell, and will require a diversion channel. The design of this diversion feature will be covered in
the "Diversion Channel Design, North Side Disposal Cell" calculation (RAP Attachment 1, Appendix G).
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The perimeter apron will: (1) serve as an impact basin and provide for energy dissipation of runoff, (2)
provide erosion protection, and (3) transition flow from side slopes to natural ground. The median rock size
required in the perimeter apron was calculated using the equations derived by Abt et al. (1998) as outlined
in NUREG 1623 (Johnson 2002) as follows:

Dso..e.ergdissipation = 10.46S 0.41 (C f qd )0.56

where S is the slope, Cf is the concentration factor, and qd is the design unit discharge.

Based on Table 10, the rock apron should have a median rock size of 13.4 inches along the south toe and
between 5.1 and 5.6 inches along the east and west toes. Oversizing will be required for rounded rock or
for durability considerations. The width of the apron should be a minimum of 15 times the median rock size
or construction width. Rock apron thickness should be a minimum of 3 times the median rock size.

Table 10. Riprap for Toe Apron

Method Abt et al. (1998)

Side Slope (ftlft) 20 Percent
Area A2 South A3 West A5 East

PMP unit flow (cfs/ft) 1.33 0.24 0.28
Concentration factor 3 3 3
Coefficient of Movement 1.35 1.35 1.35
Design flow (cfs/ft) 5.38 0.96 1.12
D50 for angular rock (in) 13.4 5.1 5.6
Minimum apron width (ft) 17 6 7
Minimum apron thickness (in) 41 15 170/

The maximum unit flow off the south toe is 1.33 cfs/ft. A concentration factor of 3 was used to account for
flow channelization. Using this maximum flow, and an assumed slope of the rock apron of 2 percent, the
maximum scour depth was calculated using procedures outlined in NUREG 1623 (Johnson 2002) and U.S.
Department of Transportation (1983). The maximum scour depth from flow coming off the rock apron along
the south side of the disposal cell is estimated to be 2.2 ft. Therefore, the bottom elevation of the rock
apron should be placed approximately 2.5 ft below natural grade. The aprons along the east and sides of
the disposal cell should be placed approximately 1.0 ft below natural grade. Details of calculations can be
found in Appendix A.

Bedding Requirements

NUREG-1623, Appendix D (Johnson 2002), recommends a filter or bedding layer be placed under erosion
protection if interstitial velocities are greater than 1 ft/sec, in order to prevent erosion of the underlying
soils. Bedding is not required if interstitial velocities are less than. 0.5 ft/sec, and recommended depending
on the characteristics of the underlying soil if velocities are between 0.5 and 1 ft/sec.
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Interstitial velocities are calculated by procedures presented by Abt and Johnson (1991) as given in the
following equation:

Vf= 0.23*(g*DIo*S)
2

where:
Vi = interstitial velocities (ft/s), 2

g = acceleration of gravity (ft/s),
D10 = stone diameter at which 10 percent is finer (inches), and
S = gradient in decimal form.

The maximum D10 of the erosion protection is estimated based on D50 required for erosion protection,
assuming the erosion protection will have a coefficient of uniformity (CU) of 6 and a band width of 5. Band
width refers to the ratio of the minimum and maximum allowed particle sizes acceptable for any given
percent finer designation. USDA (1994) recommends CU to be a maximum of 6 in order to prevent gap-
grading of filters. Table 11 summarizes the results.

Table 11. Results of Bedding Requirements

A2 A3 A4 A5  A 2  A3 A5
Al South West North East

Location Al Suh Ws Not EatSouth West EastTop Side Side Side Side Sou West Ast

Slope Slope Slope Slope Apron Apron Apron
Minimum D5o 2.1 6.7 2.3 2.2 2.8 13.4 5.1 5.6

(inches) _ _I

Maximum D10  0.9 2.1 0.9 0.9 0.9 4.2 1.6 1.7
(inches)

Slope (%) 0.02 0.2 0.2 0.2 0.2 0.02 0.02 0.02
Interstitialerstiti 0.18 0.84 0.56 0.56 0.56 0.38 0.23 0.24

Velocity (if/s)___________ _____ ____ _______ _______

With the exception of the south side slope, the calculated interstitial velocities on the slopes and toe
aprons are low enough that a bedding layer is not necessary. However, the interstitial velocities within the
erosion protection on the south side slopes warrant a bedding layer beneath the. rock protection.

Conclusion and Recommendations:

" Rock mulch with median rock size of 2.1 inches is recommended for the top slope of the disposal cell;

" Angular riprap protection with a median rock size of 6.7 inches is recommended for the south side slope,
and a median rock size of 2.2 to 2.8 inches is recommended for the east, north, and west side slopes.

" Rock sizes should be adjusted if rock is not angular or does not meet NRC durability requirements
(without oversizing). If rock is rounded, the median rock size should be increased by 40 percent. If rock
has marginal durability, rock should be oversized using guidance given in NUREG-1623 (Johnson 2002).

" The riprap on the south side slope should be underlain with a bedding layer that meets filter criteria with
the riprap and the underlying soils.

" A toe apron should be provided at the base of the east, south, and west side slopes. Median rock sizes
of 5.6, 13.4, and 5.1 inches, respectively, should be provided. To protect against scour, the apron should
be constructed such that the bottom elevation of the rock apron is a minimum of 2.5 ft below natural
grade along the south side of cell and 1.0 ft below grade along the east and west sides.

" Figure 5 summarizes the different components of the erosion protection for a typical section drawn
through the south side slope.
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Appendix A

Supporting Calculations



Client: Stoller
"roject: Crescent Junction Disposal CellO etail: Erosion Protection

100-year precipitation event

Job No.: 181268
Date: 5/2/2006
Computed By: RTS

Values from NOAA Table (DOE 2005) Interpolated Values

Interpolated
Storm Duration Intensity Storm Duration Interpolated Intensity
(min) Precip (in) (in/hr) (min) Precip (in) (in/hr)

5 0.53 6.36 0 0.53 6.3E
10 0.8 4.8 5 0.53 6.3E
15 0.99 3.96 6 0.58 5.8C
30 1.33 2.66 7 0.64 5.4c
60 1.65 1.65 8 0.7 5.25

1201 1.82 0.91 9 0.75 5.OC

10 0.8 4.8C
11 0.85 4.64
12 0.89 4.45
13 W093 4.29
14 0.96 4.11
15 0.99 3.96
16 1.02 3.83
17 1.04 3.67
18 1.08 3.60
19_ 1.1 3.47
201 1.13 3.39

CL

4-

2
1.8
1.6
1.4
1.2

.1

0.8
0.6
0.4
0.2

0

s T Precip (in)
interp. values

5 6 7 8 9 10 1.1 12 13 14 15 16 17 18 19 20

Rainfall Duration (min)

0
P:\1 81 268\RAP\erosional stability\ripraprev2: 100yr precip



Client:
Project:
Detail:

Stoller
Crescent Junction Disposal Cell
Erosion Protection

Job No.:
Date:
Computed By:

181268
4/28/2006

RTS

PMP Event

PMP calculation from Calc. No.: MOA-02-08-2005-2-08-00, Site Drainage--Hydrology Parameters
Use values for drainage area <1 square mile

Table 2. Estimated Precipitation Depths For Local-Storm PMP, Crescent Junction, Utah Site
First Fourth Fifth Sixth

Hourly Increments Hour Second Hour Third Hour Hour Hour Hour

PMP Depths (inches)
0 0.1 8.2 0.6 0.1 0

Third-Hour
Component Depths

(inches) 7.1 0.5 0.4 0.2

98\RAP\erosional stability\ripraprev2: PM P



Client:
'roject:

Mtail:

Stoller
Crescent Junction Disposal Cell
Erosion Protection

Job No.:
Date:
Computed By:

181268
5/2/2006

RTS

, ime of Concentration
1-hour PMP (in) 8.2

For top slopes of 2.0%; side slopes at 1V:5H

Incremental Slope Time of Concentration (minutes)
Drainage Area Slope Length Brant and % of 1- Intensity

Description (acres) (feet/feet) (feet)' Kirpich SCS Oberman Average hour PMP PDpMp (in) (in/hr)

Al, top 213.91 0.02 2130 12.9 12.9 11.7 12.5 69.4 5.7 27.4
A2, slope 16.10 0.2 170 13.6 13.6 14.0 13.7 72.0 5.9 25.8
A3, s1ope 4.82 0.2 115 0.6 0.6 2.0 2.5 27.5 2.3 54.2
A4, slope 7.19 0.2 80 0.4 0.4 1.8 2.5 27.5 2.3 54.2
A5, slope 6.43 0.2 150 0.7 0.7 2.2 2.5 27.5 2.3 54.2

Note: Flow over A2 includes flow from Al

Source: Brant and Oberman(1975) as presented in UMTRA TAD (1989)
Formula: tc=C(L/SiA2)A(l/3).
Source:Kirpich (1940) as presented in NUREG 4620

Formula: tc=0.00013*LA0.77/SAO.385 with L in feet, tc in hours
Source: SCS as presented in NUREG 4620

Formula: tc=(11 .9LA3/H)^O.385 with L in miles, H in feet, t in hours
% of one-hour PMP=RD/(0.0089*RD+0.0686) for tc<15 min based on Table 4.1 of TAD

0

P:\M 81268\RAP\erosional stability\ripraprev2:Time of concentration



Client:
Project:
Detail:

Stoller
Crescent Junction Disposal Cell
Erosion Protection

Job No.:
Date:
Computed By:

181268
5/2/2006

RTS

Unit discharge of PMP

Top slope =2.0%

Total Drainage Intensity longest slope unit discharge
Description Area (acres) C Tc (min) (in/hr) Q (cfs) length (ft) (cfs/ft)

Al, top 213.91 1 12.5 27.4 5863.3 2130 1.35
A2, slope 230.01 1 13.7 25.8 5928.1 2300 1.37
A3, slope 4.82 1 2.5 54.2 261.0 115 0.14
A4, slope 7.19 1 2.5 54.2 389.4 80 0.10
A5, slope 6.43 1 2.5 54.2 348.2 150 0.19

Note: Flow over A2 includes flow from Al.

P:\181268\RAP\erosional stability\ripraprev2:Flow-PMP



Client:
Project:
,Detail:

Stoller
Crescent Junction Disposal Cell
Erosion Protection

Job No.:
Date:
Computed By:

181268
512/2006

RTS

i0nit discharge of 100-year precipitation

Top slope =2.0%

Total Drainage Precip. Intensity longest slope unit discharge
Description Area (acres) C Tc (min) Depth (in) (inlhr) Q (cfs) length (ft) (cfslft)

Al, top 213.91 0.9 12.5 0.9 4.5 856.7 2130 0.20
A2, slope 230.01 0.9 13.7 0.9 4.3 888.5 2300 0.21
A3, slope 4.82 0.9 2.5 0.5 6.4 27.6 115 0.02
A4, slope 7.19 0.9 2.5 0.5 6.4 41.2 80 0.01
A5 R slope 6.43 0.9 2.5 0.5 6.4 36.8 150 0.02

Note: Flow over A2 includes flow from Al

P:\1 81268\RAP\erosional stability\ripraprev2\ripraprev2:Flow- 100yr



Client: Stoller Job No.: 181268
Project: Crescent Junction Disposal Cell Date: 512J2006
Detail: Erosion Protection Computed By: RTS

Temple Method for 2% Top Slope

Reference: Temple, D.M., Robinson, K.M., Ahrlng, R.M., and Davis, A.G., 1987. Stability Design of Grass-Lined Open Channels, USDA Handbook 667.
And as presented in UMTRA TAD Section 4.3.3 and NUREG 1623, Appendix A

nafive soil Is classified as CIJML with average values of LL=22, P1=4, %flnes=70
This doesn't truly fit any of Temple's soil types, asPI Is less than 10, but also not a sand

100-,r Design flow cfsflt) 0.20
PMP Design flow (cfsaft) 1.35
Concentration Factor, F 3

100-,r Design flow (cs/fl), q 0.6
PMP Design fiow (cfs/ft), q 4.05
S•a'ops (ft/f) 0,02
average dry density (pcf) 103 lat 85% modified proctor)
average specific gravity 2.68
vold ratlo, e 0.624
unit welghi water (pcf) 62.4

If SW or SP If CL if CL weathered If ML If imported coarse
eol eoIlan/sheetwash "nances lolian/sheetwash sand

calculated q (cfs/ft), with veg

P:%1812fif\RAP\erosional stability\ripreprev2\:Temple S=0.02



Client:
Project:
"1etail:

Stoller
Crescent Junction Disposal Cell
Erosion Protection

Job No.:
Date:
Computed By:

181268
5/212006

RTS

,afety Factor Method
ppropriate for evaluating rock stability from flow parallel to cover and adjacent to the cover.
esign for SF of 1.5 for non-PMF applications, and slightly greater than 1.0 for PMF

Use for slopes less than 10 percent

Slope (ft/ft)
angle a (red)

Top Slope
0.02

0.020

Angle of repose of rock (degees)
Angle of repose of rock (rad))
Specific gravity of rock
PMP unit flow (cfs/ft)
Concentration Factor
design flow (cfs/ft)

design flow over rock (cfs/ft)

Assumed D50 (in) #1
Assumed D50 (in) #2
Assumed D50 (in) #3
Assumed D50 (in) #4
Assumed D50 (in) #5

Manning's n for rock #1
Manning's n for rock #2
Manning's n for rock #3
Manning's n for rock #4
Manning's n for rock #5

Assumed depth of flow for rock #1 (ft)
Assumed depth of flow for rock #2 (ft)
O•ssumed .depth of flow for rock #3 (ft)

ssumed depth of flow for rock #4 (ft)
k umed depth of flow for rock #5 (ft)

alalculated flow for rock #1 (cfs/ft)
Calculated flow for rock #2
Calculated flow for rock #3
Calculated flow for rock #4
Calculated flow for rock #5

See Fig 4.1 of TAD or Fig 4.8 of NUREG 4620, typically
37 between 32 and 42 for angular, 29 and 41 for rounded

0.646
2.65

1.35 (max from "flow-PMP" worksheet)
3 Typically between 1.1 to 3.2

4.05

4.05 assumes negligible flow through rock

2
2.1
2.2
2.3.
2.4

0.0273 Abt et al. 1987 as presentedin UMTRA TAD
0.0275
0.0278
0.0279
0.0281

0.681
0.684
0.687
0.690
0.693

4.05
4.05
4.05
4.05
4.05

modify depth of flow until calculated q = design q

calculated velocity for rock #1, (f/s) 5.95
calculated velocity for rock #2, (ft/s) 5.92
calculated velocity for rock #3, (ftls) 5.90
calculated velocity for rock #4, (ftls) 5.87
calculated velocity for rock #5, (Ift/s) 5.85

ave shear stress, -c for rock #1 0.85
ave shear stress, t for rock #2 0.85
ave shear stress, t for rock #3 0.86
ave shear stress, T for rock #4 0.86
ave shear stress, T for rock #5 0.86

Stability number for rock #1 1.040
Stability number for rock #2 0.995
Stability number for rock #3 0.954
Stability number for rock #4 0.916
Stability number for rock #5 0.882

Factor of Safety for rock #1 0.94
Factor of Safety for rock #2 0.98
Factor of Safety for rock #3 1.02
Factor of Safety for rock #4 1.06
Factor of Safety for rock #5 1.10

Adjust assumed D50 until design criteria for Factor of Safety Is bracketed.

181268\RAP\erosional stability\dpraprev2:Safety Factor Method



Client:
Project:
Detail:

Stoller
Crescent Junction Disposal Cell
Erosion Protection

Job No.:
Date:
Computed By:

181268
519/2006

RTS

Abt METHOD (Abt and Johnson, 1991) applicable for slopes of 50% or less.

Equations assume specific gravity of rock is 2.65 or greater and angular rock.
For rounded rock, increase size by 40%.

ROCK SIZING EQUATION d50 = 5.23*SAO0.43q*AO. 56

Area A2 A3 A4 A5
Side Slope (ft/ft) 0.2 0.2 0.2 0.2
angle a (rad) 0.197 0.197 0.197 0.197

PMP unit flow (cfs/ft) 1.37 0.14 0.10 0.19
Concentration Factor 3 3 3 3
Coef. Of Movement 1.35 1.35 1.35 1.35
design flow (cfs/ft) 5.56 0.58 0.41 0.76

design flow over rock (cfs/ft) 5.56 0.58 0.41 0.76

D50 (inches) angular 6.8 1.9 1.6 2.2
D50 (inches) rounded 9.6 2.7 2.2 3.1

(max from "flow-PMP" worksheet)
Typically between 1.1 to 3.2
1.35 to prevent movement

assumes negligible flow through rock

'q8\RAP\erosional stability\ripraprev2:CSU-Abt 0



e
Client:
Project:
Detail:

Stoller
Crescent Junction Disposal Cell
Erosion Protection

Job No.:
Date:
Computed By:

181268
51912006

RTS

STEPHENSON'S METHOD FOR SIZING RIPRAP
Applicable for shallow flow on slopes greater than 10%

Area A2 A3 A4 A5
slope (ft/ft) 0.2 0.2 0.2 0.2
slope angle a (rad) 0.197 0.197 0.197 0.197

See Fig 4.1 of TAD or Fig 4.8 of
NUREG 4620, typically between 32

and 42 for angular, 29 and 41 for
Angle of repose of rock (degees) 41 41 41 41 rounded
Angle of repose of rock (rad)) 0.716 0.716 0.716 0.716
Specific gravity of rock 2.65 2.65 2.65 2.65
Dry unit weight of rock (pcf) 125 125 125 125
Porosity of rock 0.32288 0.32288 0.32288 0.32288

varies from 0.22 for gravel and
C 0.22 0.22 0.22 0.22 pebbles to 0.27 for crushed granite
PMP unit flow (cfs/ft) 1.37 0.14 0.10 0.19 (max from from "flow" worksheet)
flow concentration 3 3 3 3

design flow (cfs/ft) 4.12 0.43 0.30 0.56

design flow over rock (cfs/ft) 4.12 0.43 0.30 0.56 assumes negligible flow through rock

D50 (inches) for angular rock 9.47 2.11 1.65_ 2.52
050 (inches) for rounded rock 13.25 2.95 2.32 3.52

P:\181268\RAP\erosional stability\ripraprev2:Stephenson



Client: Stol
Project: Crei
Detail: Eros

Preliminary Gradations

ler
scent Junction Disposal Cell
!ion Protection

Job No.:
Date:
Computed By:

181268
2/612006

RTS

This spreadsheet calculates preliminary gradations of riprap based on D50
Source: NUREG 4620
Source: USDA, National Engineering Handbook, Part 633, Chapter 26, Gradation Design of Sand and Gravel Filters, October 1994.

Area Al A2 A3 A4 A5 A2 Apron A3 Apron A5 Apron Comment
Assuming angular rock, average between Abt and

2.20 8.15 2.02 1.62 2.38 13.68 3.87 4.49 Stephenson methodsMinimum D50 (in)

Rock thickness (in)
Maximum D50 (in)
Maximum D50 (in)

Maximum D50 (in)
Maximum D100 (in)
Maximum D100 (in)

Maximum D100 (in)
Minimum D100 (in)
Minimum D15 (in)
Maximum D15 (in)
Minimum D60 (in)
Maximum D60 (in)
Minimum D10 (in)
Maximum D10 (in)

6.00 16.31
4.00 10.87

11.00 40.77
4.00 10.87
6.00 16.31

20.00 54.35
6.00 16.31
4.40 16.31
0.38 1.02
1.88 5.10
3.08 11.41
5.60 15.22
0.51 1.90
0.93 2.54

6.00
4.00

10.11
4.00
6.00

20.00
6.00
4.04
0.38
1.88
2.83
5.60
0.47
0.93

6.00
4.00
8.09
4.00
6.00

20.00
6.00
3.24
0.38
1.88
2.26
5.60
0.38
0.93

6.00
4.00

11.91
4.00
6.00

20.00
6.00
4.76
0.38
1.88
3.33
5.60
0.56
0.93

27.36
18.24
68.40
18.24
27.36
91.20
27.36
27.36

1.71
8.55

19.15
25.54

3.19
4.26

7.75
5.16

19.37
5.16
7.75

25.82
7.75
7.75
0.48
2.42
5.42
7.23
0.90
1.21

Based on constructability: 2*D50. May consider 12" as
8.99 minimum thickness for rock
5.99 Based on constructability: Thickness/1.5

22.47 Prevent gap-grading: minimum D50*5
5.99 Smaller of two above criteria
8.99 Based on constructability: 1*Thickness

29.97 Based on internal stability?: 5*maximum D50
8.99 Smaller of two above criteria
8.99 Based on internal stability: 2*minimum D50
0.56 Based on internal stability: Maximum D100/16
2.81 Prevent gap-grading: Minimum D15*5
6.29 Prevent gap-grading: D60/D10<=6
8.39 Prevent gap-grading: D60/D10<=6
1.05 Prevent gap-grading: D60/D10<=6
1.40 Prevent gap-grading: D600D10<=6

Summary
Percent Passing Diameter (mm)

50 56 207
50 102 276

100 152 414
100 112 414

15 10 26
15 48 129
60 78 290
60 142 387
10 13 48
10 24 64

51
102
152
103

10
48
72

142
.12
24

41
102
152
82
10
48
58

142
10
24

60
102
152
121

10
48
85

142
14
24

347
463
695
695

43
217
486
649

81
108

98
131
197
197

12
61

138
184
23

.31

114
152
228
228

14
71

160
213
27
36

. "'8\RAP\erosional stability\ripraprev2:gradation specs



e
Job No.:
Date:
Computed By:

0
Client:
Project:
Detail:

Stoller
Crescent Junction Disposal Cell
Erosion Protection

181268
2/6/2006

RTS

Interstitial Velocities

Source: NUREG 1623, Section D
Abt, SR, JF Ruff, RJ Wittier (1991). Estimating Flow Through Riprap, Journal of Hydraulic Engineering, Vol. 117, No. 5, May.

Area Al A2 A3 A4 A5 A2 apron A3 apron A5 apron

Minimum D50 (inches)
Maximum D10 (inches)
Slope (ft/ft)
Velocity (ft/s)
Underlying filter
required?

2.20
0.93
0.02
0.18

8.15
2.54

0.2
0.93

2.02
0.93

0.2
0.56

1.62
0.93

0.2
0.56

2.38
0.93

0.2
0.56

13.68
4.26
0.02
0.38

3.87
1.21
0.02
0.20

from Safety Factor Method, or ave of Abt,
4.49 Stephenson etc. assuming angular rock
1.40 from preliminary gradation specs
0.02 from preliminary disposal cell layout
0.22 calculated from Abt et al. (1991)

no maybe maybe maybe maybe no no no Per NUREG 1623, Appendix D, section 2.1.1

P:\181268\RAP\erosional stability\dpraprev2: Interstitial Velocity



Client: Stoller Job No.:
Project: Crescent Junction Disposal Cell Date:
Detail: Erosion Protection Computed By:.

Modified Universal Soil Loss Equation (MUSLE)

Source: Clyde et al. (1978) as presented in NUREG 4620, section 5.1.2
A=R*K*LS*VM

181268
519/2006
RTS

Inputs for K factor
Percent silt and very fine sand
Percent sand (0.10-2.0 mm)
Percent oganic matter
Soil structure
Permeability

Inputs for LS factor
Slope length (ft)
slope steepness (%)
m exponent

Sheet -
wash/eolian

60
25
2

No. 1
No. 3

2130
2

0.3

weathered coarse
shale gravel/sand

55 10
5 20
2 0

No. 3 No. 3
No. 3 No. 2

2130
2

0.3

2130
2

0.3 from table 5.2 of NUREG 4620

Sheet Weathered Coarse
Wash/Eolian Shale Sand

R Rainfall Factor 30 30 30
K Soil Erodibility factor 0.35 0.26 0.05
LS Topographic factor 0.50 0.50 0.50
VM Dimensionless erosion control factor 0.4 0.4 0.4
A, Soil Loss (tons/acre/year) 2.09 1.56 0.30

Soil density (pcf) 100 100 100
A Soil Loss (inches/1 000 years 11.5 8.6 1.6

From Table 5.1 of NUREG 4620 for eastern third of Utah
From nomograph Fig. 5.1 of NUREG 4620

From Table 5.3 of NUREG 4620 for seedings, 0-60 days

" 9 68\RAP\erosional stability\ripraprev2:Soil Loss Equation



Client:
Droject:
)etail:

9pro'n Protection

Stoller
Crescent Junction Disposal Cell
Erosion Protection

Job No.:
Date:
Computed By:

181268
5/12/2006
RTS

Source:

Equation:

Abt, SR, Johnson, TL, Thornton, Cl, and Trabant, SC, Riprap Sizing
at Toe of Embankment Slopes, Journal of Hydraulic Engineering, Vol. 124, No. 7, July 1998.

D50=10.46*SAO.43*qd^O.56

North South East West
unit discharge (cfs/ft)
Cr
Cf
Cm
design discharge (cfs/ft)
Slope (ft/ft)
D50 (in)

0.10
1

3
1.35

0.406164
0.2
3.2

1.37 0.19
1 1
3 3

1.35 1.35
5.557379 0.761558

0.2 0.2
13.7 4.5

0.14
1
3

1.35
0.583861

0.2
3.9

P:\181268\RAP\erosional stability\ripraprev2



Client:
Project:
Detail:

Stoller
Crescent Junction Disposal Cell
Erosion Protection

Job No.:
Date:
Computed By:

181268
5112/2006
RTS

Scour depth is based on equations presented by FHA based on erosion a culvert outlets
Source: US Department of Transportation, Federal Highway Administration, Hydraulic Engineering Circular No. 14, September, 1983

Flow over riprap
Flow, q
gravity, g
time, t
base time, to
D50
D50
Slope of Apron
Manning's n
depth of flow
velocity
Native soils
plasticity index of alluvial soil
unconfined compressive strength
critical tractive shear (lb/ftA2)
modified shear number
d84 bedding
d16 bedding
gradation standard deviation, a
gradation classification

A2, south A3, west A5, east
1.37
32.2

15
316
13.7
1.14
0.02

0.040
0.45
3.06

0.14
32.2

15
316
3.9

0.32
0.02

0.033
0.10
1.41

0.19 cfs/ft
32.2 ft/sA2

15 minutes
316 minutes
4.5 in

0.37 ft
0.02 (ft/ft)

0.034 COE
0.12 ft
1.54 ft/s

1.4
0.254143
71.41606

0.12
0.002

7.745967
graded

Depth
0.86
0.18

0.1
1.37

5
1.4

0.254143
15.15466

0.12
0.002

7.745967
graded

5%
1.4 psi

0.254143
18.19436

0.12 mm
0.002 mm

7.745967
graded

(1970) for submerged riprap

from GEG, 2005 lab data
assumed value for silty clays (200 psf)

Average for Eolian/shweet wash materials from GEG, 2005 lab data
Average for Eolian/shweet wash materials from GEG, 2005 lab data

coefficients for clay with PI 5-16

0 .
0
ae

equivalent depth, ye

depth of scour (ft)

0.45

0.98

0.10

0.22

0.12 ft

0.27

N8\RAP\erosional stability\ripraprev2
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Problem Statement:

O Estimate the total volume of tailings and associated fill materials requiring removal and re-location from the
Moab Tailings Impoundment, including an estimate of the various material types (i.e., cover fill, sands,
transitional tailings and slimes).

Method of Solution:

Review site geotechnical data including boring logs, test pit logs, laboratory test results and cone
penetration test soundings conducted at the Site. Using AutoCAD and Land Development Desktop,
develop cross-sections both laterally (northwest to southeast) and transversely (southwest to northeast)
across the site in order to estimate the volumes. Where laboratory test data are available, use the data to
divide the material into the following general classifications:

. Sand: <30 percent fines (minus 74 micron).

* Transitional tailings: >30 percent and < 70 percent fines.

* Slimes: >70 percent fines.

Assumptions:

" Relative percent fines can be estimated from the cone penetration soundings based on relative
resistance, whereby higher resistances infer presence of sandy soils and lower resistance infer
presence of fine-grained soils.

" The average end area method, wherein averaged cross-sectional areas from two adjacent sections
multiplied by the distance between those two sections provides a reasonable estimate of the volume of
material between the same sections.

Calculation:

Volumes were calculated using the average-end area method, whereby cross-sections were developed
across the site and the material constituents of each cross-section were averaged with the same from the
adjacent cross-section and multiplied by the distance between the sections.

Discussion:

* Based on the method discussed herein, results of the volume evaluation using lateral cross-sections (0
through 10) and transverse cross-sections (11 through 25) are summarized as follows, with volumes
presented in cubic yards (yd 3):

Material Type Lateral Cross-Sections (yd3) Transverse Cross-Sections____ ___ ____ ___ ____ __ ___ ____ ___ ____ ___ ___(yd3)

Cover Fill 452,800 440,800
Sand-Tailings 2,860,100 2,736,700

Transitional Tailings 3,930,500 3,903,100
Slimes 3,116,100 3,236,600

* The total volume of tailings and cover soils was calculated to be 10.36 million yd 3 and 10.32 million yd 3

using the lateral and transverse cross-sections, respectively.

* See Tables 1 and 2 for summary of cross-sectional areas and volumes based on the lateral and
transverse cross-sections, respectively.

* See Figures 1 through 8 for map and cross-sections.
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Table 1. Area and Volume Summary

GOLDER ASSOCIATES INC

TABLE I
AREA AND VOLUME SUMMARY
BASED ON LATERAL SECTIONS

Data from AutoCAb Sections 22-May-06 0532269 DR 18MayO6.dwg

Cover Fill Area Sand Tailings Transitional Tailings Slimes Tailings Area

Section (tt2) Area (ft) Area (f 2 ) (ft2)
0 0 33,613 0 0
1 2,427 60,649 44,207 3,213
2 4,657 35.088 72,000 30.949
3 6,963 20,934 73,724 "51,085
4 8,843 29,590 43,767 71,139
5 9,724 28,294 70,101 52,258
6 12,217 39,020 34,538 68,572
7 8,570 21,813 64,582 58,960
8 7,366 25,373 63,253 60,320
9 361 . 58,795 64,448 24,171

10 0 61,556 0 0

Volumes Calculations

Section Cover Fill Sand Tailings Transitional Tailings Slimes Tailings

Increment Volume (ft
3
) Volume (ft3) Volume (ft3) Volume (ft3)

Outside 0 0 2,100,813 0 0
0 to 1 242,700 9,426,200 4,420,700 321,300
1 to 2 708,400 9,573,700 11,620,700 3,416,200

S2 to 3 1,162,000. 5,602,200 14,572,400 8,203,400
3 to 4 1,580,600 5,052,400 11,749.100 12,222,400
4 to 5 1,856,700 5,788,400 11,386,800 12,339,700
5 to 6 2,194,100 6,731,400 10,463,900 12,083,000
6 to 7 2,078,700 6,083,300 9,912,000 12,753,200
7 to 8 1,593,600 4,718,600 12,783,500 11,928,000
8 to 9 772,700 8,416,800 12,770,100 8,449,100

9 to 10 36,100 12,035,100 6,444,800 .2,417,100
Outside 10 0 1,692,790 0 0

Total (ift) 12,225,600 77,221,703 106,124,000 84,133,400 279,704,73
Total (y) 452,800 2,860,063 3,930,519 3,116,052 10,35,3

Volume Calculation for the Moab Tailings Pile
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Table 2. Area and Volume Summary Based on Transverse Sections

GOLDER ASSOCIATES INC

TABLE 2
AREA AND VOLUME SUMMARY

BASED ON TRANSVERSE SECTIONS

Data from AutoCAD Sections 1-Jun-06 0532269A027

Sand Tailings Transitional Slimes Tailings

Section Cover Fill Area (fte) Area (ft2) Tailings Area (fte) Area (fte)
11 0 27,774 5,649 0
12 3,430 16,667 31'875 567
13 2,897 16,159 48,193 9,117
14 5,356 21704 38,804 29.743
15 6,881 17,276 25,998 51.028
16 8,435 171476 20,190 58,429
17 7,138 23,344 24,057 56.265
18 4,848 18,228 23,136 70T274
19 4,790 17,565 46,072 56.152
20 5,212 25,587 50,827 52,443
21 6,864 24,841 71.631 42.733
22 2,238 31,676 100,069 10,192
23 1,624 80,991 41,118 0
24 0 44,823 0 0
25 0 12,373 0 0

Volumes Calculations

Transitional
Section Cover Fill Volume Sand Tallings Tallings Volume Slimes Tallings

Increment (ft) Volume (ft') Jft,) Volume (fte)
Outside 11 0 2.083,050 423,675 0

11 to 12 343,000 4,444,100 3,752.400 56700
12 to 13 632,700 3,282.600 8,006.800 968,400
13 to 14 825,300 3.786.300 8.699,700 3,886,000
14 to 15 1,203,700 3,898,000 6,480,200 8,076,900
15 to 16 1.511,600 3 475 200 4,618.800 1
16 to 17 1,557,300 4,082,000 4,424.700 11,469,400
17 to 18 1,198,600 41157.200 4,719.300 12,653,900
18 to 19 963.800 3,579,300 6.920.800 12,642,600
19 to 20 1000.200 4,315.200 9.689900 10,859.500
20 to 21 1,207,600 5,042.800 12.245,800 9.517.600
21 to 22 910,200 5.651.700 17,170,000 5,292500
22 to 23 386.200 9,266,700 14,118,700 1,019,200
23 to 24 162,400 106811400 4,111 ,80 0
24 to 25 0 5,719,600 0 0

Outside 25 0 525,853 0 0

0

Total 11,902,600 73,891,003 1105382,575 87,388,200 278,564,379
Total (yd') 1 440,837 2736,704 3,903,058 3,236,600 10,317,1991

U.S. Department of Energy
June 2006

Volume Calculation for the Moab Tailings Pile
Doc. No. X0176600

Page 5



Cr

--I

Co.

U.

Figure 1. Section and Test Locations Map

0



0
C.

0ZC

5.v

CXi
0NI F-r

COVEFILL

ESAN LAYE
TRPAumw*J. LAYER
SAMS LAVER

-uRAC WMT 1)

UIWACE OWE 2)
-.-- EST1MUATEDALLVRJM

GOWATT

I. wwx S.

125 a

-OWI am Po

= -I-- ag n inr

MGM TM.UIS 1141IST ANLAINRA

100110884=1nMe 1uin I OF 3)

*A=Am 215

I.-V--V7v

Figure 2. Moab Tailings Impoundment Lateral Cross-Section (Sheet I of 3)



71)

M,

LEGMI

COVER .LL

SAND LAYM

TRdN1IORAL LAM

.WMES LAM

WAM• POM 1)

MO O, 0UND
SUOVACE DNOM2)

E"BT- MIAcmALLtUvRM
€ONTRAT

4'm -•- , __• , - i ,

i -1

emL -----
UOM MU Fe

L ai~a112WMMamA

*,g... = a

MO'B PROI•T kAWLS MAD~L3N

"TOAIJ IOU T lAlRMAL
110 1 2 OF 3)

,~ec-1 - -.- 3I
Figure 3. Moab Tailings Impoundment Lateral Cross-Section (Sheet 2 of 3)



c-a

01
M

0<

Z.-

4 10 1- " -. m.- . - A•--
1W~~ kS~n

'4Q.'. - - - I T fri, ..

SAND LAYM

TRANINT1O9ifL LAYM

SLUdESLA"M

SWACE OOE 1)

BWACEP~OTE2)
ERMTEWALAI~UWA
CONTAC

SW In

N•R•trlL lIJ• Feet

- ~ & IlL LER
MM~BP7OACTUATI"L KANLH

EVALATO

.tm 4M &.
4.-. fl

L LWw -WMf 00ADTAU.USS MPUIUUET LATERAL
CROS101MCTIOS(UINT 3OF 33

a I~~Lat N m418

Figure 4. Moab Tailings Impoundment Lateral Cross-Sections (Sheet 3 of 3)



<

OSO

a-

CH

-u

'10

WRN11OKW~LLAVM

OLuME LAYE

MWAE PVVE 1)
* raWmRUN

SUMDEVOTE2)
m-.-E$§iMDAnL%

OONTACT

r1=wMww-ift"Mýý MR
JMMOMM-11=1

uOM swrz
Mo

-OEN IM redC

C-

II

xt, 'Ar S

tLK STIOLE~
MOAN PRDWrMAMA HANDLING

EVALATO

a1

Figure 5. Moab Tailings Impoundment Transverse Cross Sections (Sheet I of 4)



C.

I,
&AM LAYER

TWNUflONAL LAYER

S•LU8 LAYER

-EXlONOG 1)

UUFA2C (NOTE 2)
--. _- ESIdAT'D ALLUVUM

CONT.CT

Z
9-,.

2. *L - minin N

12;
%SMDAL IM ftd

-w Fed
m 0 R

8M. STOLULE
mPOmCT kATU8r rm• HAMmm

EVP.UATON

NOATALMNMMXIýT1

.U9... ti

-1- - 1 I

Figure 6. Moab Tailings Impoundment Transverse Cross Sections (Sheet 2 of 4)



4~I~

Ii
I
U-4

-u

SAND LAYER

TRE3IMNL LAYER

i•Mi8 LA'YER

MMACEWM 1)

MACE (NOW 2)

CONTACT

C
-CD

i~1

L

Voo WLE red
MO~ANPROJ AcTENNA "AMOLM

EVALUATION

a '.l. nt - nMOR

-~ -. -

Figure 7. Moab Tailings Impoundment Transverse Cross Sections (Sheet 3 of 4)



c-C

0-
M

'4CC

405q

- 8 -~~~or -c6

Ta.O maAVIR A

TUM8oK LAYER

SURFAIN PNOIX2)
----- ESTIMATED ALLUVIUM

I

5.

OX

m; .... E
a•_j__ T I -- I-" I -

w sainiinslma
L flL - -WI -

WU ~

IA XTOUMAMOAB .Ui.1UUW1Eou
VALUAmr IWS ' mh

masinubonuEfn40F4)

gig*tCI - I,'~, Al

Figure 8. Moab Tailings Impoundment Transverse Cross Sections (Sheet 4 of 4)



Conclusion and Recommendations:

* The total volume of tailings and cover soils requiring removal is approximately 10.3 to 10.4 million yd 3 .
This volume includes no allowance for excavation of contaminated alluvial soils at the base of the
tailings pile.

" Volume estimates of the individual constituents were made by developing lateral and transverse
cross-sections through the impoundment. The total volumes compare well for the two sets of
calculations.

Computer Source:

Not applicable.
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Problem Statement:

Estimate the total weight and relocated volume of tailings and associated fill materials requiring removal
and re-location from the Moab Tailings Impoundment, including an estimate of the various material types
(i.e., cover fill, sands, transitional tailings, and slimes).

Method of Solution:

1. Determine the average in-place wet density and in-place moisture content for each material type
based on data from earlier studies plus recent lab test data (D&M 1981, D&M 1984, SRK 2000, and
Golder 2005b).

2. Determine the average Standard Proctor maximum dry density and optimum moisture content for
each material type based on the bench-scale Standard Proctor test results.

3. Revise and update a working draft spreadsheet sent by Greg Lord of S.M. Stoller Corp. to calculate

the following:

" In-place total weight.

" In-place water weight.

" Solids weight.

* Final water weight.

" Final total weight.

" Final wet density.

" Final volume.

Assumptions:

Material to be placed and compacted in the Crescent Junction Disposal Cell at 90 percent of the Standard
Proctor maximum dry density at the optimum water content for each material type, based on prior UMTRA
experience.

Calculation:

Table 1 shows the resulting spreadsheet. Input data are located in columns 1, 2, 3, 7, and 10.
Calculations are performed in columns 4, 5, 6, 8, 9, 11, and 12. The input data and calculations are
discussed on a column-by-column basis below. Note that initial input values are wet densities.

Column 1. The in-place volumes are calculated as the average of the volumes determined using the
lateral and transverse cross-sections in the "Volume Calculation for the" Moab Tailings Pile"
calculation (RAP Attachment 1, Appendix I).

Column 2. The in-place wet densities were calculated as the average of all wet density lab test data
from recent lab tests performed by Shaw, E & I, Inc. These lab results were separated by material
type before being averaged. This same method was used to average older lab test data, the results of
which were compared to the more recent averages. The numbers used in Table 1 are slightly
conservative estimates based on the most recent lab test data.

Column 3. The in-place moisture contents were calculated in the same manner as the in-place

densities in Column 2.

Column 4. The in-place total weight was calculated by multiplying the in-place volume (1) with the in-
place wet density (2).

Column 5. The in-place water Weight was calculated using the following two equations: w = Ww/Ws,
and Wt = Ws + Ww. Where w is the moisture content, Ww is the weight of water, Ws is the weight of
solids, and Wt is the total weight. Combining these equations, Ww can be solved for knowing w (3)
and Wt (4).

U.S. Department of Energy Weight / Volume Calculation for the Moab Tailings Pile
August 2006 Doc. No. X018 1000
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" Column 6. The solids weight is calculated as the total weight less the water weight.

* Column 7. The final moisture content was assumed to be equal to the average optimum moisture
content determined through the Standard Proctor tests, based on a limited number of Proctor density
tests.

* Column 8. The final water weight is calculated as the solids weight multiplied by the final moisture
content, as per the definition of moisture content.

* Column 9. The final total weight is calculated as the solids weight added to the final water weight.

* Column 10. The final wet density was calculated by first averaging the maximum dry density (MDD)
results for each material type from the Standard Proctor tests. The assumption was then made that the
material would be placed at 90 percent of the MDD, based on prior UMTRA projects. Lastly, 90 percent
of the MDD was converted to a wet density using the final moisture content (ywet=0.9*MDD*(l+w)).

* Column 11. The final volume is calculated by dividing the final total weight (9) by the final wet
density (10).

* Column 12. The volume change is calculatedby subtracting the in-place volume (1) from the final
volume (11). A positive number in Column 12 indicates volume expansion, and a negative number
indicates volume compression.

* Conversions Used:

a. 1 cubic yard (yd3) = 27 cubic feet (ft3)

b. 1 ton = 2,000 lbs

Discussion:

The input properties for the off-pile material, vicinity property, and subpile material were not calculated by
Golder. With the exception of the in-place wet densities for these materials, the numbers in Table 1 were
left unchanged from the original.spreadsheet received from Stoller on June 6, 2006, The in-place wet
densities were changed, as they previously appeared to represent the dry densities of these materials. All
other input values for these materials appear to be reasonable based on available information.

The total in-place wet weight of the cover, sand tailings, transitional tailings, and slimes tailings is
15.8 million tons, and the equivalent dry weight of solids is 12.5 million tons. These values are slightly
lower than predicted previously (Golder 2005a) (see also the "Volume Calculation for the Moab Tailings
Pile" calculation, RAP Attachment 1, Appendix I) when the wet weight was estimated as 16.6 million tons
and the equivalent dry weight as 13.2 million tons.

The final volume is nearly 600,000 yd3 less than the in-place volume, indicating a net reduction in
volume of material. This reduction, can be attributed to a denser state following compaction,
assuming sufficient water loss to achieve compactable moisture contents.

Conclusion and Recommendations:

* The total wet weight of tailings material plus interim cover soils is estimated to be 15.8 million tons. In
place, this material occupies 10.3 million yd 3. When dried or wetted to the optimum moisture content
and compacted, this material will occupy 9.7 million yd 3 of storage space.

* The total wet weight of tailings material and other residual radioactive material (RRM) is estimated to
be 18.1 million tons. In-place, this material occupies an estimated 11.9 million yd3 . When dried or
wetted to the optimum moisture content and compacted, this material will occupy 11.2 million yd 3 of.
storage space.

Computer Source:

Not applicable.
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Table 1. Volume and Weight Calculations Per Material Type

1 2 3 4 5 6 7 8 9 10 11 12
In-

In-Place In In-Place In-Place Final Final Final
Material Place In-Place Total Water Solids Final Water Total Wet Final Volume

Volume Wet Moisture Weight Moisture Volume Change
3 Density Content ( ) C Weight Weight Density (yd 3) (yd 3 )(yd (pcf) Content (tons) (tons) (tons) (tons) (pcf)

Tailings Material
Sand

Tailings 2,798,384 109 10% 4,117,821 374,347 3,743,474 14.3% 535,317 4,278,791 109 2,903,606 105,222

Transitional 3,916,789 115 25% 6,080,814 1,216,163 4,864,651 17.5% 851,314 5,715,965 115 3,676,985 -239,803Tailinqs

Slines 3,176,326 114 50% 4,888,366 1,629,455 3,258,910 25.0% 814,728 4,073,638 111 2,712,368 -463,958
Tailings _____I_

Subtotal 9,891,498 15,087,001 3,219,965 11,867,036 2,201,358 14,068,394 9,292,959 -598,539

Other RRM Material
Interim 452,800 109 9% 666,295 55,015 611,280 12.9% 78,855 690,135 115 443,053 -9,747
Cover _____ ____

Off-Pile 700,000 105 9% 992,250 81,929 910,321 11.0% 100,135 1,010,456 113 659,796 -40,204Material
VicinityVicinity 120,000 105 9% 170,100 14,045 156,055 11.0% 17,166 173,221 113 113,108 -6,892
Property __________ ____ ____

Subpile 774,000 115 20% 1,201,635 200,273 1,001,363 12.0% 120,164 1,121,526 114 725,783 -48,217Material

Subtotal 2,046,800 3,030,280 351,262 2,679,019 316,320 2,995,339 1,941,740 -105,060

Total 18,117,281 3,571,227 14,546,054 2,517,678 17,063,733 11,234,699 -703,599
Notes:
Column 1 - In-Place Volume calculated as average of lateral and transverse method results
Column 2 - In-Place Wet Density calculated as average of lab test results per material type, conservative rounding
Column 3 - In-Place Moisture Content calculated as average of lab test results per material type
Column 4 - In-Place Total Weight calculated as In-Place Wet Density (2) times In-Place Volume (1) with appropriate unit conversion factors
Column 5 - In-Place Water Weight calculated as [(4) x (3)] / (1-(3)1 (Das 1998, page 40)
Column 6 - Solids Weight calculated as Total Weight (4) less Water Weight (5)
Column 7 - Final Moisture Content calculated as average optimum moisture contents determined via Proctor tests conducted on bench-scale tests
Column 8 - Final Water Weight calculated as Solids Weight (6) times Final Moisture Content (7)
Column 9 - Final Total Weight calculated as Solids Weight (6) plus Final Water Weight (8)
Column 10 - Final Wet Density calculated as 90 percent of maximum dry density determined via Proctor tests, converted to wet density by multiplying by (1+w)
Column 11 - Final Volume calculated as Final Total Weight (9) divided by Final Wet Density (10) with appropriate unit conversion factors
Column.12 - Volume Change calculated as Final Volume (11) less In-Place Volume (1) (Positive numbers in this column indicate volume expansion)
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Problem Statement:

Evaluate the available radium-226 data to determine an average radium-226 concentration for the
material that will be disposed of in the Crescent Junction Disposal Cell.

Method of Solution:

Review published literature and maps of radium-226 concentration at the Moab tailings pile.

Assumptions:

Literature sources are reliable and there is sufficient data, as well as geospatial variability, that the data is
statistically suitable.

Calculation:

The data was averaged both on a volumetric-weighted basis and as a straight average. The straight
average was determined to be the most conservative and is used in the "Radon Barrier Design Remedial
Action Plan" calculation (RAP Attachment 1, Appendix B).

Discussion:

Although the data was acquired at different times by different groups and, in some cases, for different
purposes, there is sufficient geospatial variability, both vertically and horizontally, to create a valid
representative sampling.

Samples were obtained by Oak Ridge National Lab as part of a ground water modeling task; by Stoller as
part of a task to determine the quantity of subpile soils requiring removal; by Steffen, Robertson, and
Kirsten as part of a pile characterization task; and by Stoller to characterize samples for shipment.

Conclusion and Recommendations:

Based on the results of the averages, 707 pCi/g is the average radium-226 value to be used in the
"Radon Barrier Design Remedial Action Plan" calculation (RAP Attachment 1, Appendix B)

Computer Source:

Not applicable.

0

U.S. Department of Energy
August 2006

Average Radium-226 Concentrations for the Moab Tailings Pile
Doc. No. X0187200

Page 3



Table 1. Moab Project, Crescent Junction Disposal Cell Tailings, and Other Contaminated Materials
I I U 0Sample Depth Ra-226 Activity Material Sample

I I (pCi/g)I
Depth

Ra-226
Activity
(PC[hg)

Material

PB-2 34-36 782 slime

PB-2 54-56 2070 slime

437 40.75-41 2194.9 slime
438 72.75-73 1891.7 slime
439 82-82.25 2157.5 slime

AR-10 75-86 588.8 slime

BH-700 30-60 466.5 slime

BH-701 40-60 758.9 slime

BH-701 60-80 1215.8 slime

BH-703 40-60 1396.3 slime

BH-703 65-73 1333 slime

BH-705 40-60 1232.8 slime

BH-709 40-60 1195.3 slime

BH-709 60-65 1205.8 slime

BH-715 0-20 1000.5 slime
BH-715 40-60 1225.9 slime

BH-715 60+ 1518.6 slime
BH-718 40-43 1601.7 slime

BH-719 20-40 1117.7 slime
BH-719 40-51.5 1669.7 slime

PB-I 59-61 236 slime

PB-1i 69-71 748 slime

PB-1 83-85 1600 slime
PB-i 85-87 2040 slime

PB-I 87-89 1640 slime

PB-i 89-91 1690 slime

PB-2 44-46 1740 slime

PB-2 71-73 1390 slime
qA • Jl

Impouna im 1z.f m B-2 73-75 1280 sitme
Impound 3 i 87.4 imp PB-2 75-77 1130 slime

AR-10 3-4 311.8 sand PB-2 77-79 1240 slime
AR-10 20-25 98 sand PB-2 79-81 1550 slime

AR-6 35-40 100.4 sand PB-2 84-86 1620 slime

AR-9 10-11 320.2 sand 437 44-44.25 135.5 alluvium

AR-9 30-32 87.2 sand 438 74-74.25 134.3 alluvium

BH-705 0-20 186.2 sand 438 75-75.25 92.8 alluvium

BH-709 0-20 289.9 sand 438 76-76.25 31.3 alluvium

PB-I 9-11 215 sand 438 78-78.25 118.4 alluvium

PB-I 14-16 99.7 sand 439 87-87.25 23.9 alluvium

PB-1 19-21 202 sand AR-5 0-1 84.3 alluvium

PB-i 24-26 148 sand AR-6 0-1 17.3 alluvium
PB-i 29-31 153 sand PB-1 94-96 208 alluvium

PB-1 34-36 447 sand PB-2 89-91 1.83 alluvium
PB-1 54-56 849 sand
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' Ra-226
Sample Depth Ra226 Activity Material Sample Depth Activity Material(pCilg) _ (pCi/g)

PB-2 14-16 269 sand
PB-2 19-21 150 sand
PB-2 24-26 100 sand
AR-2 5.5-10 786.5 silt
AR-7 20-25 562.2 silt
AR-9 50-55 543.6 silt
AR-9 60-62 239.1 silt

11

Measurements All Data Sands

Max: 2,195 849

Min: 2 13

Average: 697 272

Median: 564 202

Std Dev.: 589 224

Count: 94 23

Material Dry Weight 14,546,054 3,743,474
(tons) _4,_6,05_3,73,47

Dry Weight %: 100% 26%

Weighted Activity (pCi/g) 565 70

Slimes

2,195

236

1,349

1,333

479

33

3,258,910

22%

302

Subpile &
Interim Cover

Materials
(Alluvium)

208
2

85
89

66
10

2,679,019

18%

16
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