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SOIL\ROCK MATRIX DESIGN CALCULATION
WESTERN NUCLEAR, INC.

PURPOSE. As agreed by Western Nuclear, Inc. (WNI) and the NRC, a soil\rock matrix will
be used as the top erosion protection layer at the Split Rock Mill. This layer overlies the
borrow soil layer which in turn overlies the cody shale radon barrier and tailing. The matrix
will consist of a rock mulch layer overlain by a thin borrow soil layer which will be compacted
into the rock mulch. The purpose of these calculations is to determine the required rock size
and layer thickness of the rock mulch. The gradation for the rock mulch is also included in this
calculation brief.

METHOD. The methods described in the NRC’s Final Staff Technical Position will be used
to determine the size and thickness of the rock mulch. Since no method exists for conservative
design of a soil/rock matrix, and as indicated in the STP, a soil/rock matrix has similar or better
stability characteristics as the rock layer alone (i.e. without soil), the rock layer will be evaluated
alone thus adding some conservatism to the design. The soil/rock matrix for the areas inside
the diversion ditches was designed differently than the soil/rock matrix located outside the
diversion ditches.

The design procedure for the soil/rock matrix inside the diversion ditches is as follows:

1) Locate several profiles on the tailing cover such that these profiles form a
representative model of the range of slopes on the impoundment. Include worst case
scenarios (i.e. steepest slopes) for rock mulch sizing purposes. Divide each of the
profiles into segments with relatively constant slopes. The locations of the profiles are
shown on Figure E.1.1 (page E-/}).

2) Run each slope segment from each profile through the Safety Factors Method overland
flow spreadsheet (for slopes less than 10%) or the Stephenson’s Method overland flow
spreadsheet (for slopes greater than or equal to 10%). These spreadsheets calculate the
required D50 of the rock comprising the matrix.

Profile #1, Slope Segment #1 = 550 ft

Profile #1, Slope segment #2 = 550 + 415 = 960 ft.

Profile #1, Slope segment #3 = 550 + 415 + 275 = 1245 ft.
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Profile #1, Slope segment #4 = 550 + 415 + 275 + 250 = 1510 ft.
Profile #1, Slope segment #5 = 550 + 415 + 275 + 250 + 550 = 2060 ft.

As discussed in the following paragraph, the time of concentration is calculated
separately and manually input for Tc (actual).

The time of concentration (Tc) is calculated for each slope segment. The Tc of slope
segments which are downgradient from other slope segments along the same profiles, are
calculated by adding the Tc’s from all slope segments located upstream from the segment
in questions.

3) Based on the calculated rock sizes, determine the design rock size and develop an
appropriate gradation envelope. The rock mulch gradation requirements are determine
in the same manner as the diversion channel riprap gradation development described in
Appendix C, section C.3.

These calculations were completed on spreadsheets and are attached. Sample calculations are
. also attached for clarification of the methods used. '

The design procedure for the soil/rock matrix outside the diversion ditches is as follows:

1) Locate the "worst case" area outside of the ditches to design the soil/rock matrix.
This is determined based on slope and length and is shown on Figure E.1.2 (page E-=).

2) Using HEC-1 and the procedures set forth in Appendix B, determine the flow over
the "worst case" area.

3) Size the soil/rock matrix using Stephenson’s Method for rock fill on steep slopes.

These calculations are attached.

RESULTS. The results of the rock sizing calculations are presented in Table E.1.1 (page
E-§) and Table E.1.2 (page E-7). A uniform rock Dy, of two (2) inches was chosen for the
soil\rock matrix. This size rock exceeds the minimum criteria in all areas of the tailing cover.
The rock mulch gradation required for a Ds, of two (2) inches is presented in Figure E.1.2 (page
E-/3).

£
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Table E.1.1
Rock Mulch Sizing Results Inside of Ditches
PROFILE | SEGMENT | SLOPE TOTAL AVERAGE | FLOW D50
LENGTH | LENGTH | SLOPE VELOCITY | (in)
# @) (fuft) (fps)
1 1 550 550 .044 3.32 0.54
2 415 965 .034 3.89 0.62
3 275 1240 .095 4.75 1.97
4 250 1490 .040 4.58 0.96
5 550 2040 .022 4.74 0.68
2 1 275 275 .051 2.67 0.39
2 965 1240 .033 4.21 0.71
3 210 1450 .048 4.63 1.12
4 1520 2970 .012 351 0.72
3 1 140 140 .050 2.12 0.25
2 140 280 .029 2,51 0.23
3 1040 1320 .010 2.57 0.36
4 1 275 275 .011 1.56 0.14
2 1245 1520 .008 2.56 0.34
5 1 210 210 .048 2.42 0.31
2 725 935 .014 2.47 0.38
3 415 1350 .019 2.98 0.62
6 1 690 690 .030 3.42 0.44

£
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Table E.1.2
Rock Mulch Sizing Results Outside of Ditches

" LOCATION

FLOW (cfs)

AREA (acres)

REQUIRED Dy (in) "

|  SEE FIGUREE.12

24

0.6135

T
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SAMPLE CALCULATIONS FOR AREAS INSIDE THE DIVERSION DITCHES
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ROCK MULCH GRADATION CALCULATIONS
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TIME OF CONCENTRATION CALCULATION SPREADSHEETS



SPREADHEET FOR CALCULATING TIME TO CONCENTRATION

PROJECT: SMI 336 - JEFFREY CITY

I PROFILE #1

SLOPE SEGMENT

a b wNn =

PROFILE #2

SLOPE SEGMENT

HWOWN =

PROFILE #3

SLOPE SEGMENT

® .

PROFILE #4

SLOPE SEGMENT

PROFILE #5

SLOPE SEGMENT

PROFILE #6

.SLOPE SEGMENT
1

FILE R\\PROJECTS\335\QP\TIMECONC.WQ1

ESH7

LENGTH OF SLOPE SLOPE OF SLOPE TIME OF TOTAL TIME OF
SEGMENT (FEET) SEGMENT (FT/FT) CONCENTRATION (MIN) CONCENTRATION (MIN)
550 0.044 © 3.345 3.345
415 0.034 2.974 6.320
275 0.095 1.459 7.778
250 0.04 1.891 9.669
550 0.022 4.369  14.038
LENGTH OF SLOPE SLOPE OF SLOPE TIME OF TOTAL TIME OF

SEGMENT (FEET)

SEGMENT (FT/FT)

CONCENTRATION (MIN)

CONCENTRATION (MIN)

275 0.051 1.853 1.853

965 0.033 5.762 7.615

210 0.048 1.541 9.157

1520 0.012 12.068 21.224
LENGTH OF SLOPE SLOPE OF SLOPE TIME OF TOTAL.TIME OF

SEGMENT (FEET) SEGMENT (FT/FT) CONCENTRATION (MIN) CONCENTRATION (MIN})

140 0.05 1.110 1.110

140 0.029 1.370 2.480

1040 0.01 9.665 12.145
LENGTH OF SLOPE SLOPE OF SLOPE TIME OF TOTAL TIME OF

SEGMENT (FEET) SEGMENT (FT/FT) CONCENTRATION (MIN) CONCENTRATION (MIN)
275 0.011 3.345 3.345
1245 0.008 12.097 15.443
LENGTH OF SLOPE SLOPE OF SLOPE TIME OF TOTAL TIME OF
SEGMENT (FEET) SEGMENT (FT/FT) CONCENTRATION (MIN) CONCENTRATION (MIN)
210 0.048 1.541 1.541
725 0.014 6.431 7.973
415 0.019 3.721 11.694
LENGTH OF SLOPE SLOPE OF SLOPE TIME OF TOTAL TIME OF
SEGMENT (FEET) SEGMENT (FT/FT) CONCENTRATION (MIN) CONCENTRATION (MIN)
690 0.03 4.617 4.617
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ROCK SIZING SPREADSHEETS



OVERLAND FLOW AND RIPRAP CALCULATIONS USING THE SAFETY FACTORS METHOD

PROJECT: SMI 335 - JEFFREY CITY

LOCATION: PROFILE # 1

FILE: R\PROJECTS\335\QP\OVERFS.WQ1

SLOPE SEGMENT # 1

OVERLAND FLOW CALCULATIONS (NUREG-4620, Methodologies for Evaluatiing Long-Term
Stabilization Designs of Uranium Mill Tailings Impoundments)

INPUT PARAMETERS

RUNOFF COEF:
SLOPE LENGTH:
AVE SLOPE:

RETURN PERIOD:
1-HR PPT AMOUNT:
FLOW CONC:

ASSUMED MANNING'S n:

0.8
550 FEET

0.044 FT/FT
PMP YRS

9.2 INCHES
1

0.0169

CALCULATED PARAMETERS

DRAINAGE AREA:
Te (actual):

% OF 1-HR PPT:
PPT AMOUNT:
PPT INTENSITY:
MANNING'S n:

PEAK DISCHARGE:
CONC. DISCHARGE:
DEPTH:

TRACTIVE FORCE:
FLOW VELOCITY:

0.01263
3.345
15.16

1.40
25.02
0.0169

0.253
0.253
0.076
0.209
3.316

£E27

ACRES
MIN

(INTERPOLATED FROM TABLE 12.4)

INCHES

INCHES/HOUR

ANDERSON'S METHOD USED IF SLOPE < 2%
CSU METHOD USED IF SLOPE > 2%

CFS

CFs

FEET

PSF

FPS

TABLE 12.4 - From HMR-55A East of Continental Divide and West of 103 degree meridian
Percent of 1-hr local storm PMP for selected durations for &- /1-hr ratio of 1.35 (HMR NO. 49)

RAINFALL PERCENT OF

DURATION  1-HRPPT
(MiN)
0 0
15 68
30 86
45 94 -
60 100
120 116
980 - -. - 123 .
240 128
300 132
360 135

RIPRAP SIZING CALCULATION (NUREG CR-4651, Development of Riprap design Criteria by
Riprap Testing in Flumes: Phase I, Safety Factor Method)

INPUT PARAMETERS:

. Spec. wt. of water:
Rock specific gravity:
Friction angle (phi):
Slope angle (alpha):
Safety factor:

62.4 pcf
2.65

41 degrees
252 degrees
-1

CALCULATIONS:

TAN(phi):
. COS(alpha):

SiN(alpha):
x:
y:

D50:

0.8693
0.9980
0.0440

0.0427

0.8245

0.045
0.54

FEET
INCHES



OVERLAND FLOW AND RIPRAP CALCULATIONS USING THE SAFETY FACTORS METHOD

PROJECT: SMI 335 - JEFFREY CITY

LOCATION: PROFILE # 1

FILE: R\IPROJECTS\335\QP\OVERFS.WQ1

SLOPE SEGMENT # 2

OVERLAND FLOW CALCULATIONS (NUREG-4620, Methodologies for Evaluatiing Long-Term
Stabilization Designs of Uranium Mill Tailings Impoundments)

INPUT PARAMETERS

RUNOFF COEF:
SLOPE LENGTH:
AVE SLOPE:
RETURN PERIOD:
1-HR PPT AMOUNT:
FLOW CONC:

ASSUMED MANNING'S n:

0.8
965 FEET

0.034 FT/FT
PMP YRS

9.2 INCHES
1

0.0166

CALCULATED PARAMETERS

DRAINAGE AREA:
Te (actual):

% OF 1-HR PPT:
PPT AMOUNT:
PPT INTENSITY:
MANNING'S n:

PEAK DISCHARGE:
CONC. DISCHARGE:
DEPTH:

TRACTIVE FORCE:
FLOW VELOCITY:

0.02215
6.320
28.65

2.64
25.02
0.0166

0.443
0.443
0.114
0.242
3.885

E50

ACRES
MIN

(INTERPOLATED FROM TABLE 12.4)

INCHES

INCHES/HOUR

ANDERSON'S METHOD USED IF SLOPE < 2%
CSU METHOD USED IF SLOPE > 2%

CFS

CFs

FEET

PSF

FPS

TABLE 12.4 - From HMR-55A East of Continental Divide and West of 103 degree meridian
Percent of 1-hr local storm PMP for selected durations for 6- /1-hr ratio of 1.35 (HMR NO. 49)

RAINFALL PERCENT OF

DURATION  1-HR PPT

(MIN)

0 0

15 68
30 86
45 94

60 100
120 116 -
180 128
240 128
300 132
360

135

RIPRAP SIZING CALCULATION (NUREG CR-4651, Developmaent of Riprap design Criteria by
Riprap Testing in Flumes: Phase |, Safety Factor Method)

INPUT PARAMETERS:

Spec. wt. of water:
Rock spacific gravity:
Friction'angle (phi):
Slope angle (alpha):
Safety factor:

62.4 pcf

265

41 degrees

1.95 degrees
1

CALCULATIONS:

TAN(phi):
COS(alpha):
SIN(alpha):
x:

Y-

D50:

0.8693

0.9994
0.0340
0.0494
0.8348

0.051
0.62

FEET
INCHES



OVERLAND FLOW AND RIPRAP CALCULATIONS USING THE SAFETY FACTORS METHOD

PROJECT: SMI 335 - JEFFREY CITY

LOCATION: PROFILE # 1

FILE: R\PROJECTS\335\QP\OVERFS.WQ1

SLOPE SEGMENT # 3

OVERLAND FLOW CALCULATIONS (NUREG-4620, Methodologies for Evaluatiing Long-Term
Stabilization Designs of Uranium Mill Tailings Impoundments)

INPUT PARAMETERS

RUNOFF COEF:

SLOPE LENGTH:
AVE SLOPE:
RETURN PERIOD:

1-HR PPT AMOUNT:
FLOW CONC:

ASSUMED MANNING'S n:

0.8
1240
0.095
PMP
9.2

1
0.0235

FEET
FT/FT
YRS
INCHES

CALCULATED PARAMETERS

DRAINAGE AREA:
Te (actual):

% OF 1-HR PPT:
PPT AMOUNT:
PPT INTENSITY:
MANNING'S n:

PEAK DISCHARGE:
CONC. DISCHARGE:
DEPTH:

TRACTIVE FORCE:
FLOW VELOCITY:

0.02847
7.778
35.26

3.24
25.02
0.0235

0.570
0.570
0.120
0.712
4,745

E3/.

ACRES
MIN

(INTERPOLATED FROM TABLE 12.4)

INCHES

INCHES/HOUR

ANDERSON'S METHOD USED IF SLOPE < 2%
CSU METHOD USED IF SLOPE > 2%

CFS

CFs

FEET

PSF

FPS

TABLE 12.4 - From HMR-55A East of Continental Divide and West of 103 degree meridian
Parcent of 1-hr local storm PMP for selected durations for 8- /1-hr ratio of 1.35 (HMR NO. 49)

o
15
30

45
60
120
180
240
300
360

RAINFALL PERCENT OF
DURATION

(MIN)

1-HR PPT

0
68
86
o4

100

. 116

123 .

128
132
135

RIPRAP SIZING CALCULATION (NUREG CR-4651, Development of Riprap design Criteria by
Riprap Testing in Flumes: Phase |, Safety Factor Method)

INPUT PARAMETERS:

Spec. wt. of water:
Rock specific gravity:

Friction angle (phi): -

Slope angle (alpha):
Safety factor:

62.4
2.65
- 41
5.43

pcf

degrees’

degrees

CALCULATIONS:

TAN(phi):
COS(alpha):
SiN(alpha):
x:

y:

DSO:

0.8693

0.9955

0.0946
0.1452
0.7708

0.164
1.87

FEET
INCHES



OVERLAND FLOW AND RIPRAP CALCULATIONS USING THE SAFETY FACTORS METHOD

PROJECT: SMI 335 - JEFFREY CITY

LOCATION: PROFILE # 1

FILE: R\PROJECTS\335\QP\OVERFS.WQ1

SLOPE SEGMENT # 4

OVERLAND FLOW CALCULATIONS (NUREG-4620, Methodologies for Evaluatiing Long-Term
Stabilization Designs of Uranium Mill Tailings Impoundments)

INPUT PARAMETERS

RUNOFF COEF:
SLOPE LENGTH:
AVE SLOPE:
RETURN PERIOD:
1-HR PPT AMOUNT:
FLOW CONC:

ASSUMED MANNING'S n:

0.8
1490 FEET
0.04 FT/FT
PMP YRS
9.2 INCHES
1
0.0183

CALCULATED PARAMETERS

DRAINAGE AREA:
Te (actual):

% OF 1-HR PPT:
PPT AMOUNT:
PPT INTENSITY:
MANNING'S n:

PEAK DISCHARGE:
CONC. DISCHARGE:
DEPTH:

TRACTIVE FORCE:
FLOW VELOCITY:

0.03421
9.669
43.83

4.03
25.02
0.0183

0.685
0.685
0.150
0.373
4.577

EFR

ACRES
MIN

(INTERPOLATED FROM TABLE 12.4)

INCHES

INCHES/HOUR

ANDERSON'S METHOD USED IF SLOPE < 2%
CSU METHOD USED IF SLOPE > 2%

CFS

CFS

FEET

PSF

FPS

TABLE 12.4 - From HMR-55A East of Continental Divide and West of 103 degree meridian
Percent of 1-hr local storm PMP for selected durations for 6- /1-hr ratio of 1.35 (HMR NO. 49)

RAINFALL PERCENT OF

DURATION  1-HRPPT

(MIN)

0 )
15 68
30 86
45 94
60 100
120 116
180 123
240 128
300 132
360 135

RIPRAP SIZING CALCULATION (NUREG CR-4651, Development of Riprap design Criteria by
Riprap Testing in Flumes: Phase I, Safety Factor Method)

INPUT PARAMETERS:

Spec. wt. of water:
- Rock specific gravity:
Friction angle (phi):

Slope angle (alpha):
Safety factor:

62.4 pcf
2.65
41 degrees

2.29 degrees -

1

CALCULATIONS:

TAN(phi):
. COS(alpha):

SiN(alphay: -
x:
y:

D50:

0.8693
0.9992
- 0.0400
0.0762

0.8286 -

0.080
0.96

FEET
INCHES



OVERLAND FLOW AND RIPRAP CALCULATIONS USING THE SAFETY FACTORS METHOD

PROJECT: SMI 335 - JEFFREY CITY

LOCATION: PROFILE # 1

FILE: R\PROJECTS\335\QP\OVERFS.WQ1

SLOPE SEGMENT # 5

OVERLAND FLOW CALCULATIONS (NUREG-4620, Methodologies for Evaluatiing Long-Term
Stabilization Designs of Uranium Mill Tailings Impoundments)

INPUT PARAMETERS

RUNOFF COEF:
SLOPE LENGTH:
AVE SLOPE:
RETURN PERIOD:
1-HR PPT AMOUNT:
FLOW CONC:

ASSUMED MANNING'S n:

0.8

2040 FEET
0.022 FT/FT
PMP YRS

9.2 INCHES
1

0.0158

CALCULATED PARAMETERS

DRAINAGE AREA:
Te (actual):

% OF 1-HR PPT:
PPT AMOUNT:
PPT INTENSITY:
MANNING'S n:

PEAK DISCHARGE:
CONC. DISCHARGE:
DEPTH:

TRACTIVE FORCE:
FLOW VELOCITY:

0.04683
14.038
63.64
5.85
25.02
0.0158

0.938
0.838
0.198
0.272
4,737

&323

ACRES

MIN

(INTERPOLATED FROM TABLE 12.4)
INCHES

INCHES/HOUR

ANDERSON'S METHOD USED IF SLOPE < 2%
CSU METHOD USED IF SLOPE > 2%
CFs

CFS

FEET

PSF

FPS

TABLE 12.4 - From HMR-55A East of Continental Divide and West of 103 degree meridian
Percent of 1-hr local storm PMP for selected durations for 6- /1-hr ratio of 1.35 (HMR NO. 49)

RAINFALL PERCENT OF

DURATION  1-HRPPT
(MIN)
0 0
15 68
30 86
45 o4
60 100
120 116
180 123
240 128
300 - 132
360 135

RIPRAP SIZING CALCULATION (NUREG CR-4651, Development of Riprap design Criteria by
Riprap Testing in Flumes: Phase |, Safety Factor Method)

INPUT PARAMETERS:

Spec. wt. of water:
Rock spacific gravity:
Friction angle (phi):
Slope angle (alpha):
Safety factor:

62.4 pcf

2.65

41 degrees

1.26 degrees
1

CALCULATIONS:

TAN(phi):
COS(alpha):
SIN(alpha):

x:
y:

D50:

0.8693
0.9998
0.0220
0.0554
0.8471

-0.057 FEET
0.68 INCHES



OVERLAND FLOW AND RIPRAP CALCULATIONS USING THE SAFETY FACTORS METHOD

PROJECT: SMI 335 - JEFFREY CITY

LOCATION: PROFILE # 2

FILE: R\PROJECTS\335\QP\OVERFS.WQ1

SLOPE SEGMENT # 1

OVERLAND FLOW CALCULATIONS (NUREG-4620, Methodologies for Evaluatiing Long-Term
Stabilization Designs of Uranium Mill Tailings Impoundments)

INPUT PARAMETERS

RUNOFF COEF:
SLOPE LENGTH:
AVE SLOPE:
RETURN PERIOD:
1-HR PPT AMOUNT:
FLOW CONC:

ASSUMED MANNING'S n:

0.8
275

0.051
PMP

9.2
1

0.0165

FEET
FT/FT
YRS
INCHES

CALCULATED PARAMETERS

DRAINAGE AREA:
Tc (actual):

% OF 1-HR PPT:
PPT AMOUNT:

PPTINTENSITY: -

MANNING'S n:

PEAK DISCHARGE:
CONC. DISCHARGE:
DEPTH:

TRACTIVE FORCE:
FLOW VELOCITY:

0.00631
1.853
8.40
0.77
25.02
0.0165

0.126
0.126
0.047
0.151
2.665

£37

ACRES

MIN

(INTERPOLATED FROM TABLE 12.4)
INCHES

INCHES/HOUR

ANDERSON'S METHOD USED IF SLOPE < 2%
CSU METHOD USED IF SLOPE > 2%
CFS

CFs

FEET

PSF

FPS

TABLE 12.4 - From HMR-55A East of Continental Divide and West of 103 degree meridian
Percent of 1-hr local storm PMP for selected durations for 8- /1-hr ratio of 1.35 (HMR NO. 49)

0

15

30
45
60

120

- 180

240
300
360

RAINFALL PERCENT OF
DURATION

(MIN)

1-HR PPT

0
68
86
94
100

116
123

128

132
135

RIPRAP SIZING CALCULATION (NUREG CR-4651, Development of Riprap design Criteria by
Riprap Testing in Flumes: Phase |, Safety Factor Mathod)

INPUT PARAMETERS:

Spec. wt. of water:
Rock specific gravity:
Friction angle (phi):
Slope angle {alpha):
Safety factor:

62.4
2.65

41
2.92

pet

degrees
degrees

CALCULATIONS:

TAN(phi):
COS(alpha):
SIN(alpha):
x:

y:

D50:

0.8693
0.9987
0.0509
0.0308
0.8172

0.033
0.39

FEET -
INCHES



£3s5~

OVERLAND FLOW AND RIPRAP CALCULATIONS USING THE SAFETY FACTORS METHOD
PROJECT: SMI 335 - JEFFREY CITY FILE: R\PROJECTS\335\QP\OVERFS.WQ1
LOCATION: PROFILE # 2 SLOPE SEGMENT # 2

OVERLAND FLOW CALCULATIONS (NUREG-4620, Methodologies for Evaluatiing Long-Term
Stabilization Designs of Uranium Mill Tailings Impoundments)

INPUT PARAMETERS CALCULATED PARAMETERS
RUNOFF COEF: 0.8 DRAINAGE AREA: 0.02847 ACRES

SLOPE LENGTH: 1240 FEET Te (actual): 7.615 MIN

AVE SLOPE: 0.033 FI/FT % OF 1-HR PPT: 34.52 (INTERPOLATED FROM TABLE 12.4)
RETURN PERIOD: PMP YRS PPT AMOUNT: 3.18 INCHES
1-HR PPT AMOUNT: 9.2 INCHES PPT INTENSITY: 25.02 INCHES/HOUR
FLOW CONC: 1 MANNING'S n: 0.0169 ANDERSON'S METHOD USED IF SLOPE < 2%

ASSUMED MANNING'S n: 0.0169 CSU METHOD USED IF SLOPE > 2%

PEAK DISCHARGE: 0.570 CFS

CONC. DISCHARGE: 0.570 CFS

DEPTH: 0.135 FEET
TRACTIVE FORCE: 0.279 PSF
FLOW VELOCITY: 4.211 FPS

TABLE 12.4 - From HMR-55A East of Continental Divide and West of 103 degree meridian
Percent of 1-hr local storm PMP for selected durations for 6- /1-hr ratio of 1.35 (HMR NO. 49)

RAINFALL PERCENT OF
DURATION 1-HR PPT

(MIN)
) 0
15 68
30 86
45 o4
60 100
120 116
180 = - 123
240 128
300 132
360 135

RIPRAP SIZING CALCULATION (NUREG CR-4651, Developmant of Riprap design Criteria by
Riprap Testing in Flumes: Phase |, Safety Factor Method)

INPUT PARAMETERS: CALCULATIONS:
Spec. wt. of water: 62.4 pct TAN(phi): 0.8693
Rock specific gravity: 2.65 COS(alpha): 0.9995
Friction angle (phi): 41 degrees SiN(alpha): 0.0330
Slope angle (alpha): 1.88 degrees x: 0.0568
Safety factor: 1 N "4 0.8358
D50: 0.059 FEET

0.71 INCHES



£E3<

OVERLAND FLOW AND RIPRAP CALCULATIONS USING THE SAFETY FACTORS METHOD
PROJECT: SMI 335 - JEFFREY CITY FILE: R\PROJECTS\335\QP\OVERFS.WQ1
LOCATION: PROFILE # 2 SLOPE SEGMENT # 3

OVERLAND FLOW CALCULATIONS (NUREG-4620, Methodologies for Evaluatiing Long-Term
Stabilization Designs of Uranium Mill Tailings Impoundments)

INPUT PARAMETERS CALCULATED PARAMETERS
RUNOFF COEF: 0.8 DRAINAGE AREA: 0.03329 ACRES
SLOPE LENGTH: 1450 FEET Te (actual): 9.157 MIN
AVE SLOPE: 0.048 FTI/FT % OF 1-HR PPT: 41.51 (INTERPOLATED FROM TABLE 12.4)
RETURN PERIOD: PMP YRS PPT AMOUNT: 3.82 INCHES
1-HR PPT AMOUNT: 9.2 INCHES PPT INTENSITY: 25.02 INCHES/HOUR
FLOW CONC: 1 MANNING'S n: 0.0193 ANDERSON'S METHOD USED IF SLOPE < 2%
ASSUMED MANNING'S n: 0.0193 CSU METHOD USED IF SLOPE > 2%
PEAK DISCHARGE: 0.666 CFS '
CONC. DISCHARGE: 0.666 CFS
DEPTH: 0.144 FEET
TRACTIVE FORCE: 0.431 PSF
FLOW VELOCITY: 4.632 FPS

TABLE 12.4 - From HMR-55A East of Continental Divide and West of 103 degree meridian
Percent of 1-hr local storm PMP for selected durations for 6- /1-hr ratio of 1.35 (HMR NO. 49)

RAINFALL PERCENT OF
DURATION 1-HR PPT

(MIN)
0 0

15 68

30 86

45 94

60 100

120 116

180 - .- 123 - . Lo B

240 . 128 - . ' o

S 300 o182 ) )

360 135

RIPRAP SIZING CALCULATION (NUREG CR-4651, Development of Riprap design Criteria by
Riprap Testing in Flumes: Phase |, Safety Factor Method)

INPUT PARAMETERS: CALCULATIONS:
Spec. wt. of water: 62.4 pef TAN(phi): 0.8693
Rock spacific gravity: 2.65 COsS(alpha): . 0.9988
Friction angle (phi): - 41 degrees SIN(alpha): © o 0.0479
Slope angle (alpha): ) 2.75 degrees X: 0.0879
Safety factor: 1 y: 0.8203
DSO: 0.093 FEET

1.12 INCHES



E3o

OVERLAND FLOW AND RIPRAP CALCULATIONS USING THE SAFETY FACTORS METHOD
PROJECT: SMI 335 - JEFFREY CITY FILE: R\PROJECTS\335\QP\OVERFS.WQ1
LOCATION: PROFILE # 2 SLOPE SEGMENT # 4

OVERLAND FLOW CALCULATIONS (NUREG-4620, Methodologies for Evaluatiing Long-Term
Stabilization Designs of Uranium Mill Tailings impoundments)

INPUT PARAMETERS CALCULATED PARAMETERS

RUNOFF COEF: 0.8 DRAINAGE AREA: 0.06818 ACRES

SLOPE LENGTH: 2970 FEET Te (actual): 21.224 MIN

AVE SLOPE: 0.012 FI/FT % OF 1-HR PPT: 96.22 (INTERPOLATED FROM TABLE 12.4)
RETURN PERIOD: PMP YRS PPT AMOUNT: 8.85 INCHES :
1-HR PPT AMOUNT: 9.2 INCHES PPT INTENSITY: 25.02 INCHES/HOUR
FLOW CONC: 1 MANNING'S n: 0.0247 ANDERSON'S METHOD USED IF SLOPE < 2%

ASSUMED MANNING'’S n: 0.0247 CSU METHOD USED IF SLOPE > 2%

PEAK DISCHARGE: 1.365 CFS

CONC. DISCHARGE: 1.365 CFS

DEPTH: 0.389 FEET
TRACTIVE FORCE: 0.291 PSF
FLOW VELOCITY: 3.511 FPS

TABLE 12.4 - From HMR-55A East of Continental Divide and West of 103 degree meridian
Percent of 1-hr local storm PMP for selected durations for 6- /1-hr ratic of 1.35 (HMR NO. 49)

RAINFALL PERCENT OF
DURATION  1-HR PPT

(MIN)

0 0

15 68

30 B
45 . 94

60 . 100

120 116

180 - - 123

240 . 128 )

300 7 ¢ 132 : : _ : Ll .
360 135 ' |

RIPRAP SIZING CALCULATION (NUREG CR-4651, Development of Riprap design Criteria by
Riprap Testing in Flumes: Phases |, Safety Factor Method)

INPUT PARAMETERS: CALCULATIONS:
Spec. wt. of water:. 62.4 pcf . TAN(phi): 0.8693
Rock specific gravity: 2.65 S COS(alpha): 0.9999
Friction angle (phi}: | 41 degress . SiN(alpha): 0.0120
Slope angle (alpha): 0.69 degrees x: 0.0594
Safety factor: 1 y: 0.8572
Dso: 0.060 FEET

0.72 INCHES



&3P

OVERLAND FLOW AND RIPRAP CALCULATIONS USING THE SAFETY FACTORS METHOD
PROJECT: SMi 336 - JEFFREY CITY FILE: R\PROJECTS\335\QP\OVERFS.WQ1
LOCATION: PROFILE # 3 SLOPE SEGMENT # 1

OVERLAND FLOW CALCULATIONS (NUREG-4620, Methodologies for Evaluatiing Long-Term
Stabilization Designs of Uranium Mill Tailings Impoundments)

INPUT PARAMETERS CALCULATED PARAMETERS
RUNOFF COEF: 0.8 DRAINAGE AREA: 0.00321 ACRES

SLOPE LENGTH: 140 FEET Te (actual): 1.110 MIN

AVE SLOPE: 0.05 FT/FT % OF 1-HR PPT: 5.03 (INTERPOLATED FROM TABLE 12.4)
RETURN PERIOD: PMP YRS PPT AMOUNT: 0.46 INCHES
1-HR PPT AMOUNT: 9.2 INCHES PPT INTENSITY: 25.02 INCHES/HOUR
FLOW CONC: 1 MANNING'S n: 0.0153 ANDERSON'S METHOD USED IF SLOPE < 2%

ASSUMED MANNING’S n: 0.0153 CSU METHOD USED IF SLOPE > 2%

PEAK DISCHARGE: 0.064 CFS

CONC. DISCHARGE: 0.084 CFS

DEPTH: 0.030 FEET
TRACTIVE FORCE: 0.095 PSF
FLOW VELOCITY: 2,116 FPS

TABLE 12.4 - From HMR-55A East of Continental Divide and West of 103 degree meridian
Percent of 1-hr local storm PMP for selected durations for 6- /1-hr ratio of 1.35 (HMR NO. 49)

RAINFALL PERCENT OF
DURATION 1-HR PPT

(MIN} -
0 0
15 68
30 86
45 - o4
60 - 100
120 118
.. 180 .. & . 123 .
240, . 128
"800, 777182 : .

360 135

RIPRAP SIZING CALCULATION (NUREG CR-4651, Development of Riprap design Criteria by
Riprap Testing in Flumes: Phase |, Safety Factor Method)

INPUT PARAMETERS: CALCULATIONS:
v.Sp.ec. wt of water: 62.4 pct - : TAN(phi): 0.8693
Rock specific gravity: 2.65 COS(alpha): - . 0.9988
Friction angle {phi): 41 degrees - SIN(alpha): o 0.0499 -
‘Slope angle (alpha): 2.86 degrees x: - 0.0184
Satety factor: 1 y: 0.8183
D5o: 0.021 FEET

0.25 INCHES



OVERLAND FLOW AND RIPRAP CALCULATIONS USING THE SAFETY FACTORS METHOD

PROJECT: SMI 335 - JEFFREY CITY

LOCATION: PROFILE # 3

FILE: R\PROJECTS\335\QP\OVERFS.WQ1

SLOPE SEGMENT # 2

OVERLAND FLOW CALCULATIONS (NUREG-4620, Methodologies for Evaluatiing Long-Term
Stabilization Designs of Uranium Mill Tailings Impoundments)

INPUT PARAMETERS

RUNOFF COEF:

SLOPE LENGTH:

AVE SLOPE:

RETURN PERIOD:

1-HR PPT AMOUNT:

FLOW CONC:
ASSUMED MANNING’S n:

0

0.8
280 FEET

.029 FT/FT

PMP YRS

9.2 INCHES
1

0.0139

CALCULATED PARAMETERS

DRAINAGE AREA:
Te (actual):

% OF 1-HR PPT:
PPT AMOUNT:
PPT INTENSITY:
MANNING'S n:

PEAK DISCHARGE:

CONC. DiISCHARGE:
DEPTH:

TRACTIVE FORCE:
FLOW VELOCITY:

0.00643
2.480
11.24

1.03
25.02
0.0139

0.129
0.129
0.051
0.0e3
2511

E35

ACRES

MIN

(INTERPOLATED FROM TABLE 12.4)
INCHES

INCHES/HOUR

ANDERSON'S METHOD USED IF SLOPE < 2%
CSU METHOD USED IF SLOPE > 2%
CFS

CFS

FEET

PSF

FPS

TABLE 12.4 - From HMR-55A East of Continental Divide and West of 103 degree meridian
Percent of 1-hr local storm PMP for selected durations for 8- /1-hr ratio of 1.35 (HMR NO. 49)

360

- RAINFALL PERCENT OF

DURATION - 1-HRPPT
(MIN)
0 ]
15 68
30 86
45 - 94
60 100
120 116
180 - . 123
240 - . 128
30 =~ 132 °
135

RIPRAP SIZING CALCULATION (NUREG CR-4851, Development of Riprap design Criteria by
~ Riprap Testing in Flumes: Phase |, Safety Factor Method)

INPUT PARAMETERS:

Spec. wt. of water:
Rock specific gravity:
Friction angle {(phi):
Slope angle (alpha):
Safety factor:

62.4 pcf

2.65

41 degrees

1.66 degrees
1

CALCULATIONS:

TAN(phi):
COS(alpha):.
SiN(alpha):
X:
y:

Dso:

0.8693 .

0.9996

0.0290 °

0.0189
0.8399

0.020
0.23

FEET
INCHES



EYo

OVERLAND FLOW AND RIPRAP CALCULATIONS USING THE SAFETY FACTORS METHOD
PROJECT: SMI 335 - JEFFREY CITY FILE: R\PROJECTS\335\QP\OVERFS.WQ1
LOCATION: PROFILE # 3 ) SLOPE SEGMENT # 3

OVERLAND FLOW CALCULATIONS (NUREG-4620, Msthodologies for Evaluatiing Long-Term
Stabilization Designs of Uranium Mill Tailings Impoundments)

INPUT PARAMETERS CALCULATED PARAMETERS
RUNOFF COEF: 0.8 DRAINAGE AREA: 0.03030 ACRES
SLOPE LENGTH: 1320 FEET Te (actual): 11.694 MIN
AVE SLOPE: 0.01 FT/FT % OF 1-HR PPT: 53.01 (INTERPOLATED FROM TABLE 12.4)
RETURN PERIOD: PMP YRS PPT AMOUNT: 4.88 INCHES
1-HR PPT AMOUNT: 9.2 INCHES PPT INTENSITY: 25.02 INCHES/HOUR .
FLOW CONC: 1 MANNING'S n: 0.0221 ANDERSON'S METHOD USED IF SLOPE < 2%
ASSUMED MANNING'S n: 0.0221 © CSUMETHOD USED IF SLOPE > 2%
PEAK DISCHARGE: 0.607 CFS.
CONC. DISCHARGE: 0.607 CFS
DEPTH: 0.236 FEET
TRACTIVE FORCE: 0.147 PSF
FLOW VELOCITY: 2.569 FPS

TABLE 12.4 - From HMR-55A East of Continental Divide and West of 103 degree meridian
Percent of 1-hr local storm PMP for selected durations for - /1-hr ratio of 1.35 (HMR NO. 49)

RAINFALL PERCENT OF
DURATION 1-HR PPT

(MIN)
0 0
15 68
30 86
.45 -7
60 100
120 116
180 . . 123
~240 - 128 .
. 800 C 7132’
.30 135

RIPRAP SIZING CALCULATION (NUREG CR-4651, Development of Riprap design Criteria by
Riprap Testing in Flumes: Phase |, Safety Factor Mathod)

INPUT PARAMETERS: ' . ) CALCULATIONS:
Spec. wt. of water: 62.4 pct . TAN(phi): . ~ 0.8893
" Rock specific gravity: 25 ... COS(aIpha)_: - - 1.0000 .
Friction angle (phi): -~~~ 41 degrees - o SIN(alpha): ©0.0100 -
Slope angle (alpha): 0.57 degrees ' x: © 0.0301
Safety factor: 1 y: 0.8592
Dso: 0.030 FEET

0.36 INCHES



OVERLAND FLOW AND RIPRAP CALCULATIONS USING THE SAFETY FACTORS METHOD

PROJECT: SMI 335 - JEFFREY CITY

LOCATION: PROFILE # 4

FILE: R\PROJECTS\335\QP\OVERFS.WQ1

SLOPE SEGMENT # 1

OVERLAND FLOW CALCULATIONS (NUREG-4620, Methodologies for Evaluatiing Long-Term
Stabilization Designs of Uranium Mill Tailings impoundments)

INPUT PARAMETERS

RUNOQFF COEF:
SLOPE LENGTH:
AVE SLOPE:
RETURN PERIOD:
1-HR PPT AMOUNT:
FLOW CONC:

ASSUMED MANNING'S n:

0.011

08
275 FEET
FT/FT

PMP YRS

9.2 INCHES
1

0.0188

CALCULATED PARAMETERS

DRAINAGE AREA:
Te (actual):

% OF 1-HR PPT:
PPT AMOUNT:
PPT INTENSITY:
MANNING'S n:

PEAK DISCHARGE:
CONC. DISCHARGE:
DEPTH:

TRACTIVE FORCE:
FLOW VELOCITY:

0.00631
3.345
15.16

1.40
25.02
0.0188

0.126
0.126
0.081
0.056
1.855

Esy

ACRES

MIN

(INTERPOLATED FROM TABLE 12.4)
INCHES

INCHES/HOUR

ANDERSON'S METHOD USED IF SLOPE < 2%
CSU METHOD USED IF SLOPE > 2%
CFS

CFS

FEET

PSF

FPS

TABLE 12.4 - From HMR-55A East of Continental Divide and West ot 103 degree meridian
Percent of 1-hr local storm PMP for selected durations for 6- /1-hr ratio of 1.35 (HMR NO. 49)

360

RAINFALL PERCENT OF

DURATION  1-HRPPT
(MIN)
0 0
15 68
30 86
45 94
60 100
120 116
180 . . 123"
L2400 . 128 -
300 - 182

T35

RIPRAP SIZING CALCULATION (NUREG CR-4651, Development of Riprap design Criteria by
Riprap Testing in Flumes: Phase |, Safety Factor Mathod)

INPUT PARAMETERS:

Spec. wt. of water:
Rock specific gravity:

Friction angle (phi):

Slope angle (alpha):

Safety factor:

62.4 pof
2.65

41 degrees

0.63 degrees
1

CALCULATIONS:

TAN(phi): - '
COS(alpha):
SIN(alpha): .
x:
y:

D50:

0.8693
0.9989
0.0110

0.0114

0.8582

0.012
0.14

FEET
INCHES



OVERLAND FLOW AND RIPRAP CALCULATIONS USING THE SAFETY FACTORS METHOD

PROJECT: SMI 335 - JEFFREY CITY

LOCATION: PROFILE # 4

FILE: R\PROJECTS\335\QP\OVERFS.WQ1

SLOPE SEGMENT # 2

OVERLAND FLOW CALCULATIONS (NUREG-4620, Methodologies for Evaluatiing Long-Term
Stabilization Designs of Uranium Mill Tailings impoundments)

INPUT PARAMETERS

RUNOFF COEF:
SLOPE LENGTH:
AVE SLOPE:
RETURN PERIOD:
1-HR PPT AMOUNT:
FLOW CONC:

ASSUMED MANNING'S n:

0.8

1520 FEET

0

.008 FT/FT

PMP YRS

9.2 INCHES
1

0.0218

CALCULATED PARAMETERS

DRAINAGE AREA:
Te (actual):

% OF 1-HR PPT:
PPT AMOUNT:
PPT INTENSITY:
MANNING'S n:

PEAK DISCHARGE:

CONC. DISCHARGE:
DEPTH: .

TRACTIVE FORCE:
FLOW VELOCITY: .

0.03489
15.443
70.01
6.44
25.02
0.0218

0.699
0.699
0.273
0.136
2.563

£z

ACRES

MIN

(INTERPOLATED FROM TABLE 12.4)
INCHES

INCHES/HOUR

ANDERSON’'S METHOD USED IF SLOPE < 2%
CSU METHOD USED IF SLOPE > 2%
CFs

CFS

FEET

PSF

FPS

TABLE 12.4 - From HMR-55A East of Continental Divide and West of 103 degree meridian
Percent of 1-hr local storm PMP for selected durations for 6- /1-hr ratio of 1.35 (HMR NO. 49)

RAINFALL PERCENT OF

DURATION  1-HR PPT
(MIN)
0 0
15 68
30 86
45 94
60 100
120 116
180 2123
240 -
- 300 132 -
" 360 1357

128 . .

RIPRAP SIZING CALCULATION (NUREG CR-4651, Development of Riprap design Criteria by
Riprap Testing in Flumes: Phase |, Safety Factor Method)

INPUT PARAMETERS:

Spec. wt. of“water: “

Rock specific gravity:

- Friction angle (phi):

" Slope angle (alpha):
Safety factor:

. 624 pcf

2.65

41 :_ degrees -

0.46 degrees
1

CALCULATIONS:

TAN(phi):
COS(alpha):
SIN(alpha):
x:

y:

D50:

0.8693

1.0000
© 0.0080

' 0.0278

0.8613

0.028 FEET

0.34

INCHES
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OVERLAND FLOW AND RIPRAP CALCULATIONS USING THE SAFETY FACTORS METHOD
PROJECT: SMI 335 - JEFFREY CITY FILE: R\PROJECTS\335\QP\OVERFS.WQ1
LOCATION: PROFILE # 5 SLOPE SEGMENT # 1

OVERLAND FLOW CALCULATIONS (NUREG-4620, Methodologies for Evaluatiing Long-Term
: Stabilization Designs of Uranium Mill Tailings Impoundments)

INPUT PARAMETERS CALCULATED PARAMETERS
RUNOFF COEF: 0.8 DRAINAGE AREA: 0.00482 ACRES
SLOPE LENGTH: 210 FEET Te (actual): 1541 MIN
AVE SLOPE: 0.048 FT/FT % OF 1-HR PPT: 6.99 (INTERPOLATED FROM TABLE 12.4)
RETURN PERIOD: . PMP YRS PPT AMOUNT: 0.64 INCHES
1-HR PPT AMOUNT: 9.2 INCHES PPT INTENSITY: 25.02 INCHES/HOUR
FLOW CONC: 1 MANNING'S n: 0.0157 ANDERSON'S METHOD USED IF SLOPE < 2%
ASSUMED MANNING’S n: 0.0157 CSU METHOD USED IF SLOPE > 2%
PEAK DISCHARGE: 0.097 CFS
CONC. DISCHARGE: 0.097 CFS
DEPTH: . 0.040 FEET
TRACTIVE FORCE: 0.119 PSF
FLOW VELOCITY: 2.420 FPS

TABLE 12.4 - From HMR-55A East of Continental Divide and West of 103 degree meridian
Percent of 1-hr local storm PMP for selected durations for 6- /1-hr ratio of 1.35 (HMR NO. 49)

RAINFALL PERCENT OF
DURATION 1-HR PPT

(MIN)
0 0
15 68
30 '86
45 94
60 100
120 116
-~ 180 . 123 -
.. 240 128 )
300 - 132
30 135

RIPRAP SIZING CALCULATION (NUREG CR-4651, Development of Riprap design Criteria by
Riprap Testing in Flumes: Phase |, Safety Factor Method)

INPUT PARAMETERS: _ ~ CALCULATIONS:
Spec. wt. of water: 62.4 pcf ' TAN(phi): . 0.8693
~ Rock specific gravity: . 2.65 . _ COS(alpha): ~~  0.8988 -~
Friction angle (phi): * E ~ 41 degrees SiN(alpha): ~ 0.0479
Slope angle (alpha): 2.75 degrees x: - 0.0244
Safety factor: 1 y: 0.8203
Dso: 0.026 FEET

0.31 INCHES
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OVERLAND FLOW AND RIPRAP CALCULATIONS USING THE SAFETY FACTORS METHOD
PROJECT: SMI 335 - JEFFREY CITY FILE: R\PROJECTS\2335\QP\OVERFS.WQ1
LOCATION: PROFILE # 5 SLOPE SEGMENT # 2

OVERLAND FLOW CALCULATIONS (NUREG-4620, Methodologies for Evaluatiing Long-Term
Stabilization Designs of Uranium Mill Tailings Impoundments)

INPUT PARAMETERS CALCULATED PARAMETERS
RUNOFF COEF: 0.8 DRAINAGE AREA: 0.02146 ACRES
SLOPE LENGTH: 935 FEET Te (actual): . 7.973 MIN
AVE SLOPE: 0.014 FT/FT % OF 1-HR PPT: 36.14 (INTERPOLATED FROM TABLE 12.4)
. RETURN PERIOD: PMP YRS PPT AMOUNT: 3.33 INCHES
1-HR PPT AMOUNT: 9.2 INCHES PPT INTENSITY: 25.02 INCHES/HOUR
FLOW CONC: 1 MANNING'S n: 0.0222 ANDERSON'S METHOD USED IF SLOPE < 2%
ASSUMED MANNING'S n: 0.0222 CSU METHOD USED IF SLOPE > 2%
PEAK DISCHARGE: 0.430 CFS
CONC. DISCHARGE: 0.430 CFS
DEPTH: 0.174 FEET
TRACTIVE FORCE: 0.152 PSF
FLOW VELOCITY: 2469 FPS

TABLE 12.4 - From HMR-55A East of Continental Divide and West of 103 degree meridian
Percent of 1-hr local storm PMP for seiected durations for 6- /1-hr ratio of 1.35 (HMR NO. 49)

RAINFALL PERCENT OF
DURATION 1-HR PPT

(MIN)
0 0
15 68
30 86
45 94
60 100
120 116
180 - - . 123
240 128,
- 300 132
360 135

RIPRAP SIZING CALCULATION (NUREG CR-4651, Development of Riprap design Criteria by
Riprap Testing in Flumes: Phase |, Safety Factor Method)

INPUT PARAMETERS: CALCULATIONS:
Spec. wt. of water: 62.4 pct _ TAN(phi): 0.8693
Rock specific gravity: . 2.65 ~ COS(alpha): . 0.9999 -
* Friction angle (phi): - 41 degrees SiN(alpha): - 0.0140
Slope angle (alpha): 0.80 degrees X 0.0310
Safety factor: : 1 y: 0.8552
DS0: 0.032 FEET

0.38 INCHES



OVERLAND FLOW AND RIPRAP CALCULATIONS USING THE SAFETY FACTORS METHOD '

PROJECT: SMI 335 - JEFFREY CITY

LLOCATION: PROFILE # 5

FiLE: R\APROJECTS\335\QP\OVERFS.WQ1

SLOPE SEGMENT # 3

OVERLAND FLOW CALCULATIONS (NUREG-4620, Methodologies for Evaluatiing Long-Term
Stabilization Designs of Uranium Mill Tailings Impoundments)

INPUT PARAMETERS

RUNOFF COEF:
SLOPE LENGTH:
AVE SLOPE:
RETURN PERIOD:
1-HR PPT AMOUNT:
FLOW CONC:

ASSUMED MANNING'S n:

1

0.

0.8
350 FEET
018 FT/FT

PMP YRS

9.2 INCHES
1

0.0241

CALCULATED PARAMETERS

DRAINAGE AREA:
Te (actual):

% OF 1-HR PPT:
PPT AMOUNT:
PPT INTENSITY:
MANNING'S n:

PEAK DISCHARGE:
CONC. DISCHARGE:
DEPTH:

TRACTIVE FORCE:
FLOW VELOCITY:

0.03099
11.694
53.01
4.88
25.02
0.0241

0.620
0.620
0.208
0.247
2.983

EYs

I

ACRES
MIN

(INTERPOLATED FROM TABLE 12.4)

INCHES

INCHES/HOUR

ANDERSON'S METHOD USED IF SLOPE < 2%
CSU METHOD USED IF SLOPE > 2%

CFS

CFS

FEET

PSF

FPS

TABLE 12.4 - From HMR-55A East of Continental Divide and West of 103 degree meridian
Percent of 1-hr local storm PMP for setected durations for 8- /1-hr ratio of 1.35 (HMR NO. 49)

DURATION  1-HRPPT
(MIN)

0 0
15 68
30 86
45 94
60 100
120 116
180 123
240 128
300 132
360 135

RAINFALL PERCENT OF

RIPRAP SIZING CALCULATION (NUREG CR-4651, Development of Riprap design Criteria by
Riprap Testing in Flumes: Phase |, Safety Factor Method)

INPUT PARAMETERS:

Spec. wt. of water:
Rock specific gravity:
_Friction angle (phi):

Slope angle (alpha):
Safety factor:

624 pct
2.65

" 41 ‘degrees
1.09 degress
-1

CALCULATIONS:

TAN(phi):
COS(alpha):
SiN(alpha):
.

y:

D50:

0.8693
0.9998
'0.0190
0.0503
0.8501

0.051
0.62

FEET
INCHES



OVERLAND FLOW AND RIPRAP CALCULATIONS USING THE SAFETY FACTORS METHOD

PROJECT: SMI 335 - JEFFREY CITY

LOCATION: PROFILE # 6

FILE: R\APROJECTS\335\QP\OVERFS.WQ1

SLOPE SEGMENT # 1

OVERLAND FLOW CALCULATIONS (NUREG-4620, Methodologies for Evaluatiing Long-Term
Stabilization Designs of Uranium Mill Tailings Impoundments)

INPUT PARAMETERS

RUNOFF COEF:
SLOPE LENGTH:
AVE SLOPE:
RETURN PERIOD:
1-HR PPT AMOUNT:
FLOW CONC:

ASSUMED MANNING'S n:

0.8

690 FEET
0.03 FT/FT
PMP YRS

9.2 INCHES

1

0.0154

CALCULATED PARAMETERS

DRAINAGE AREA:
Te (actual):

% OF 1-HR PPT:
PPT AMOUNT:
PPT INTENSITY:
MANNING'S n;

PEAK DISCHARGE:
CONC. DISCHARGE:
DEPTH:

TRACTIVE FORCE:
FLOW VELOCITY:

0.01584
4.617
20.98

1.93
25.02
0.0154

0.317
0.317
0.093
0.173
3.422

E6

ACRES

MIN

(INTERPOLATED FROM TABLE 12.4)
INCHES

INCHES/HOUR

ANDERSON'S METHOD USED IF SLOPE < 2%
CSU METHOD USED IF SLOPE > 2%
CFs

CFS

FEET

PSF

FPS

TABLE 12.4 - From HMR-55A East of Continental Divide and West of 103 degree meridian
Percent of 1-hr local storm PMP for selected durations for 6- /1-hr ratio of 1.35 (HMR NO. 49)

0
15
30
45
60

120
180
240
300
360

RAINFALL- PERCENT OF
DURATION
(MIN)

1-HR PPT

0
68
86
94

100
116
123
128
132
135

RIPRAP SIZING CALCULATION (NUREG CR~4651, Development of Riprap design Criteria by
Riprap Testing in Flumes: Phase 1, Safety Factor Method)

INPUT PARAMETERS:

Spec. wt. of water:
Rock specific gravity:
Friction angle (phi):
Slope angle (alpha):
Safety factor:

62.4
2.65

41
1.72

pef

degrees
degrees

CALCULATIONS:

TAN(phi):
COS(alpha):
SIN(alpha):
x:

y:

D50:

0.8693
0.9996
0.0300
0.0354
0.8389

0.037 FEET
0.44 INCHES
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Appendix E SMI 336
. Section E.1 October 1993
Soil/Rock Matrix Design .

CALCULATIONS FOR AREAS OUTSIDE THE DIVERSION DITCHES
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* * * *
*  FLOOD HYDROGRAPH PACKAGE (HEC-1) * *  U.S. ARMY CORPS OF ENGINEERS  *
* MAY 1991 * *  HYDROLOGIC ENGINEERING CENTER  *
* VERSION 4.0.1E * * 609 SECOND STREET *
* * * DAVIS, CALIFORNIA 95616 *
* RUN DATE 10/25/93 TIME 08:14:14 * * (916) 551-1748 *
* *

‘*********************************** vk e e e e e e e e Fe e de e de e e v e 3 e I e e v e de v g de de e de e de e de ke ke e

X X XXXXXXX  XXXXX X

X X X X X XX

X X X X X

XXXXXXX  XXXX X XXXXX X

X X X X X

X X X X X X

X X XXXXXXX  XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM



LINE

S W N -

o

10
1
12
13
14
15
16

17

HEC-1 INPUT
ID....... Teeeenen 2.0.un.n K bovuenon. S5....... [ JP Taeenen. - J e 10
1D INPUT FILE NAME: R:\PROJECTS\336\HEC1\CANCNIE .PMP\COVPRC. IH1
1D DATE: 09-27-93
ID  EMBANKMENT COVER
ID JEFFREY CITY
*DIAGRAM
iT 1 0 0000 120 0 0
IN 3 0 0
10 5 0
*
KK RUNOFF FROM SUB-BASIN
KO 21
PB 9.20
PC .01 .02 .03 .04 .055 .07 .085 .105 .15 .205
PC .285 425 .655 .765 .83 .88 9 .93 .945 .96
PC 97 .98 .99 1.0
BA .00096
Ls 0 89
up  .0195
*
P24

PAGE

1

ES7
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SCHEMATIC DIAGRAM OF STREAM NETWORK

INPUT
LINE (V) ROUTING (--->) DIVERSION OR PUMP FLOW
. NO. (.) CONNECTOR (<---) RETURN OF DIVERTED OR PUMPED FLOW
8

(***) RUNOFF ALSO COMPUTED AT THIS LOCATION



o

OPERATION

HYDROGRAPH AT

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES

PEAK  TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN
STATION FLOW PEAK 6-HOUR 24-HOUR 72-HOUR AREA
24. 0.60 2. 2. 2. 0.00

**% NORMAL END OF HEC-1 »**

MAXIMUM
STAGE

£ES3

TIME OF
MAX STAGE
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Appendix F SMI 336
Section F.1 October 1993
Confluence Erosion Protection

CONFLUENCE EROSION PROTECTION
WESTERN NUCLEAR, INC.

PURPOSE. The purpose of these analyses is to determine the riprap sizes to prevent erosion
during the 1000-year design life for the major drainages entering the diversion ditches.

METHOD. The design of the confluence modifications consisted of three steps:
1) surface hydrology,
2) open-ditch hydraulics, and

3) riprap design.

SURFACE HYDROLOGY. The Corps of Engineers HEC-1 model was used to calculate the
run-off for the sub-basins shown in Figure F.1.1 (page F-/%). The confluence basins were
defined to estimate only the area that contributed to the flow through the confluences.
Therefore, the basins delineated for the confluences are sub-basins of the larger basins delineated
for the diversion ditch design. Based on the drainage basin characteristics and the precipitation
distribution, the computer model determines peak flow of the entire basin. The HEC-1 output
1§ attached.

The flood event used to evaluate the surface hydrology was the Probable Maximum Flood
(PMF), which will result from the Probable Maximum Precipitation (PMP) of 9.2 inches for a
6-hour storm. This storm was selected according to the requirements of the NRC as set forth
in the Final Staff Technical Position, Design of Erosion Protection Covers for Stabilization of
Uranium Mill Tailing Sites (NRC, 1990). The calculations for determination of the PMP value
are given in Appendix B. The precipitation event was distributed for the HEC-1 analysis using
the SCS Type II distribution (SCS, 1973) also discussed in Appendix B.

The SCS curve number method representing the antecedent moisture condition III (SCS, 1973)
was used to estimate the precipitation runoff rate. Curve numbers for each sub-basin were
calculated as described in Appendix B and provided in Table F.1.1 (page F-/0).

The SCS dimensionless Unit Graph method (SCS, 1973) was used to generate the runoff
hydrographs. This method requires the determination of the SCS Lag Time which is expressed
as:



Appendix F SMI 336
Section F.1 October 1993
Confluence Erosion Protection

. IO'B(S'F 1)0;7
?" 71900y°"

where
t, = lag time (hr.)
1 = length to divide (ft.)
y = average watershed slope (%)
S = (1000/CN)-10
CN = curve number

The basin areas, curve numbers, hydraulic lengths, slopes, and lag times for the
watersheds are provided in Table F.1.2 (page F-//).

OPEN-CHANNEL HYDRAULICS. As shown in Figure F.1.2 (page F-/s), each confluence
will be regraded such that the base of the confluence and bed of the diversion ditch are equal
in elevation. This prevents the run-off’s velocity from increasing as water flows down the
original 3:1 diversion ditch side slope. A uniform bed slope at least 100 feet upstream from the
diversion ditch will be provided so that uniform flow velocities and depths are achieved prior
to the confluence. When the flow in the confluence reaches the uniform slope the flow will
stabilize and conform to the ditch’s normal depth and velocity.

The side slopes of the confluences will be regraded at a slope of 3:1 to allow riprap placement.
At the intersection of the confluence side slopes and the diversion ditch side slopes, the surface
will be rounded to improve the convergence of the two flows and to minimize erosion.

Using the peak discharges from the HEC-1 model, the hydraulic characteristics of the
confluences were determined using normal depth as suggested by the NRC in the Final Staff
Technical Position, Design of Erosion Protection Covers for Stabilization of Uranium Mill
Tailing Sites (NRC, 1990).

S
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Confluence Erosion Protection

Normal depth was calculated using an iterative solution of Manning’s equation in conjunction
with Darcy’s equation (Chow 1959):

V = 1.49 R2/3 Sl/2

n

where V=mean velocity (ft/s)
R=hydraulic radius (ft)
S=slope of ditch bed (ft/ft)
n=Manning’s coefficient

Q = V4)

where Q=discharge (ft*/s)
V=mean velocity (ft/s)
A =cross-sectional area (ft?)

RIPRAP DESIGN. Stephenson and Safety Factors methods (Abt et.al, 1988) were used to
determine the appropriate rock size required to prevent erosion due to confluence flow. For
slopes greater than or equal to 10% the Stephenson Method was used, and for slopes less than
10% the Safety Factors Method was used. Both methods used the peak flows, calculated using
HEC-1, to calculate the rock size necessary for the erosionally stability of the confluences.
However, since the Safety Factors Method also requires the flow depth to compute the riprap
size, the Normal depth iterative method, described above, was used to calculated the flow depth.
The riprap calculation spreadsheets are attached.

In accordance with NRC guidance (NRC STP, 1990 pp. 18, 19 and D-29), the thickness of each
riprap layer is based on the Dy, of the riprap and is determined as:

riprap thickness 6" when Dy < 3"
2 x Dy, when 3 < Dy, <8"
1.5 x Dy, when Dy, > 8"

fo
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RESULTS. The riprap sizes, as provided in Table F.1.3 (page F-/2), will protect the diversion
- ditch against erosion at the major confluences.

The modified confluences will be lined with the appropriate riprap size to meet erosional
stability. In each confluence the riprap will be placed along the side slopes allowing for 1-foot
of freeboard. The flow depths of each confluence are also provided in Table F.1.3

(page F-/2).

At the point of each confluence, riprap will also be placed as shown in Figure F.1.3

(page F-/6). The riprap sized for the confluence will also be placed in the diversion ditch 50
feet upstream and downstream of the confluence. This will prevent erosion due to the additional
‘turbulence caused by the convergence of the two flows. Beyond this distance the two flows will
be converged, and ditch riprap as designed in Section C.1 of Appendix C will be sufficient to
prevent erosion. Figure F.1.3 (page F-/, ) shows the riprap placement upstream and
downstream of a typical confluence.
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TABLE F.1.1 .
Proportions of Each Soil Type Within Each Drainage Area and
Drainage Basin Weighted Curve Number

CONFLUENCE TOTAL AREA AREA WEIGHTED
SUB-BASIN AREA GRANITE | NATIVE SOIL CN
ACRES (CN=96) (CN=67)
E (North 1) 18.26 13.97 4.29 89
H (South 1) 9.27 8.63 0.64 94
I (South 2) 18.00 16.34 1.66 93
J (South 3) 10.79 9.12 1.67 92
K (South 4) 20.52 19.39 1.13 94
O (North Central 1) 1.77 1.59 0.18 93
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TABLE F.1.2
Confluence Sub-Basin Characteristics

Confluence Area Hydraulic | Surface Curve Lag
Sub-Basin R " Length Slope Number Time

(ft)) (mi%) (ft) (%) (hr)

E 795,435 0.029 1715 15.3 89 0.091
H 403,979 0.014 1376 223 94 0.051
I 784,098 0.028 1322 19.3 93 0.056
J 469,994 0.017 1363 22.6 92 0.055
K 893,859 0.032 1952 15.0 94 0.082
o 77,052 0.003 485 25.5 93 0.022
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TABLE F.1.3
Riprap Sizes for Erosional Stability
CONFLUENCE | DISCHARGE | DRAINAGE FLOW RIPRAP
(cfs) SLOPE (%) DEPTH Dy, (in)
(f
NORTH 1 495 9.2 0.66 12
SOUTH 1 300 6.25 0.61 8
SOUTH 2 584 7.0 1.20 16
SOUTH 3 354 11.3 0.774 11
SOUTH 4 590 6.7 1.21 16
NORTH 76 33.2 0.254 13
CENTRAL 1 '

A Estimated using normal depth.
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NORMAL DEPTH CALCULATION AND RIPRAP SIZING USING SAFETY FACTORS METHOD /9
REF: NUREG/CR-4651, pp. 18
FOR SLOPES LESS THAN 10%

File: R:\PROJECTS\336\QPRO\MANSF.WQ1

' 9-27-93

Location: North Ditch Confluence 1

Channel hydraulic properties using normal depth calculation

P 1 e A ——

INPUT Flow (cfs): 495
INPUT Riprap D-50 (ft): 1

Manning’s n: 0.0463
INPUT Bottom Width (ft): 100
INPUT Right Side Slope, z: 3
INPUT Left Side Slope, z: : 3
INPUT Channel Slope (ft/ft): 0.092

QPro "Solve For" tool:

Depth (ft) = 0.663

variable: formula: : Hydraulic Radius (ft) = 0.649

Cross-Sectional Area (sq ft) = 67.66

Depth F(y) Average Velocity (fps) = 7.32

Topwidth (ft) = 103.98

.6634 0.00 Froude Number = 1.60
Flow Condition: supercritical

RIP RAP CALULATION USINGS SAFETY FACTORS METHOD

INPUT Riprap Angle of Repose: 42
INPUT Rock Specific Gravity: 2.65
RISE/RUN RADS DEGREES
Bed Slope: 0.092 0.092 5.26
Steepest Bank Slope: 0.3333333333333 0.322 18.43
Angle of Repose: 0.733 42.00
T N
D-50 DEPTH TRACTIVE STABILITY B B SAFETY
(ft) (ft) FORCE PARAMETER (RADS) DEGREES N FACTOR
0.25 0.66 3.81 311 1.26 72.31 3.07 0.30
0.5 0.66 3.81 1.55 1.07 61.36 1.49 0.57
0.75 0.66 3.81 1.04 0.91 52.29 0.95 0.81
m 0.66 3.81 0.78 0.79 45.00 0.69 1.01
_‘ 1.25 0.66 3.81 0.62 0.68 39.18 0.53 1.19
1.5 0.66 3.81 0.52 0.60 34.52 0.42 1.33
1.75 0.66 3.81 0.44 0.54 30.74 0.35 1.45

2 0.66 3.81 0.39 0.48 27.66 0.30 1.55



NORMAL DEPTH CALCULATION AND RIPRAP SIZING USING SAFETY FACTORS METHOD 7
REF: NUREG/CR-4651, pp. 18
FOR SLOPES LESS THAN 10%

File: R:\\PROJECTS\336\QPRO\MANSF.WQ1

‘ 9-27-93

Location: South Ditch Confluence 1

Channel hydraulic properties using normal depth calculation

INPUT Flow (cfs): 300
INPUT Riprap D-50 (ft): 0.667

Manning’s n: 0.0408
INPUT Bottom Width (ft): 75
INPUT Right Side Slope, z: 3
INPUT Left Side Slope, z: 3
INPUT Channel Slope (ft/ft): 0.0625

QPro "Solve For" tool:

Depth (ft) = 0.607

variable: formula: Hydraulic Radius (ft) = 0.5