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Sequoyah Fuels Corporation
Reclamation Plan Surface Water Hydraulics and Erosional Stability Review

Request for Additional Information

SW7 PMP Event
Please explain your reasoning for applying durational factors based on Urban
Drainage and Flood Control District (Appendix B, p. B-2). NRC guidance in
NUREG-1623 (Design of Erosion Protection for Long-Term Stabilization, 2002)
suggests using Nelson's method for addressing durations less than one hour. If
you choose an alternate method you must explain the applicability of the
durational factors to the SFC site. Address whether the factors have universal
applicability or have been established based on regional information. If regional
information has been used to develop the durational factors, please provide a
basis for applying them to the SFC site and show that they lead to conservative
estimates of flooding. Note that revisions to the durational factors will affect the
results listed for Table B.1 on page B-3, the time of concentration calculated for
each sub-basin.

Response:
The procedure for calculation of rainfall intensity from the Probable Maximum
Precipitation (PMP) event was chosen to be consistent with the procedure used for the
conceptual design report for the disposal cell (ESCI, 1996), which had been previously
submitted to NRC. The procedure for calculation of rainfall intensity following NRC
guidance in NUREG-1623 (NRC, 2002) is outlined below.
The procedure described in Nelson and others (1986) was followed to address
durations less than one hour. As described in this procedure, rainfall intensity (I) is
calculated as follows:

%PMPx PMPx 60

Where:
%PMP = ratio of precipitation during short duration thunderstorm to the 1-hour
PMP for short duration thunderstorms
PMP = probable maximum precipitation event, as shown in Hydrometerological
Report 51 (HMR 51, Schreiner and Riedel, 1978)
Tc = time of concentration

Nelson and others (1986) list %PMP as 45% for 5 minutes, but this value is specific to
the Colorado River basin. The %PMP used in Appendix B of MFG (2002), taken from
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the Urban Drainage and Flood Control District document, references the NOAA Atlas 2,
Vol. III, which was developed for the western United States. HMR 52, Figure 36 shows
%PMP values specifically for the eastern United States. From this figure, the %PMP is
33% for 5 minutes for the SFC site. Because this value is specific for the eastern
United States, 33% is a more applicable value. Using this value, the intensity is 75.2
inches per hour, which is slightly higher than the calculated value of 66.1 inches per
hour in Appendix B of MFG (2002).

Peak flow was calculated with the Rational Formula, as follows:
Q = CIA

Where:
Q = peak flow (cfs)

C = runoff coefficient

I = rainfall intensity (inches/hour)
A = area (acres)

The time of concentration was computed using the Kirpich (1940) equation as follows:
L 0.385

T = 0.0078 xL0' x (
Where:

TC = time of concentration (minutes)
L = slope length (feet)

H slope height (feet)
Tc is a function of basin geometry and therefore is not affected by the durational factors.
However, the increase in unit discharge as shown in the updated Table B.2 (below) will
have an effect on the calculated median rock size for riprap, which is discussed in the
response to Comment SW9.

Table B.2 (updated). Results of Peak Flow and Unit Discharge for Each Drainage
Basin

Slope Drainage Intensity Peak Flow Downstream Unit Discharge
Description Area (acres) (in/hr) (cfs) Width (feet) (cfs/foot)

Top 7.8 75.2 469.2 1200 0.39
North 2.5 75.2 150.4 575 0.26
South 1.4 75.2 84.2 600 0.14
East 1.8 75.2 108.3 830 0.13
West 3.6 75.2 216.6 850 0.25
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SW9 Abt Method

Table B.3 on p. B-9 of Appendix C lists median rock sizes for each sub-basin
calculated using the Abt method. Please provide your calculation details as our
independent verification is not matching the values in the table.

Response:

The median rock size is given by the following equation:

D50 = 5.23 X S0 -4 3 X qf0 .5 6 X C

Where:

S = Slope of area

q,= Adjusted design unit discharge

C, = Amount of oversizing required = 1.0 for angular rock, 1.4 for rounded rock

Since rounded alluvial material is planned for the rock mulch, 1.4 was used for the
amount of oversizing.

The adjusted design unit discharge is given by the following equation:

qf = q x C 1 X C,,

Where:

q = unit discharge (cfs/ft)

C, = flow concentration factor

Cm = coefficient of movement = 1.35

The coefficient of movement is an adjustment to the unit discharge to prevent riprap or
stone movement (discussed in Abt and Johnson, 1991).

As discussed in the response to SW7, adjustments have been made in this response to
the unit discharge presented in Appendix B. These changes will carry through the
riprap sizing calculations.

The flow concentration factor accounts for the amount of channelized flow that may
occur across the area and is given in the following table:

Flow ConcentrationDescription of Flow Factor, C,

Overland sheet flow 1.0
High probability of overland sheet flow 2.0
High probability of channelized flow 3.0
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For the west and north side siopes, the flow concentration factor would be 1.0 to 2.0
due to short slope lengths and runoff from the side slopes only. For the east and south
side slopes, the flow concentration factor would be 2.0 to 3.0 due to runoff from the top
surface carrying over these side slopes.

In addition to changes in the design unit discharge, the C, was adjusted to account for
the use of rounded alluvial material for the riprap (which was not incorporated in the
original calculations). Updated Table B.3 reflects these changes.

Updated Table B.3 Results of Riprap Sizing Calculations
Slope Design Unit Slope, Flow Coef- Adjusted Median Median
Descrip- Discharge, S, (ft/ft) Concen- ficient of Design Rock Size Rock
tion q (cfs/ft) tration Move- Unit (inches) Size

Factor, ment, Discharge Stephen- (inches)
Cf Cm qf (cfs/ft) son Abt

Methoda Methodb

Top 0.39 0.01 1.0 1.35 0.47 1.2
North 0.26 0.20 2.0 1.35 0.70 2.6 3.2
South 0.39c 0.20 3.0 1.35 1.42 3.3 4.7
East 0.39c 0.20 3.0 1.35 1.42 3.3 4.7
West 0.25 0.20 2.0 1.35 0.68 2.5 2.9

8 Safety Factors Method
b For rounded rock
c From discharge off of top surface

For the side slopes of the disposal cell, slightly larger median rock sizes were calculated
due to higher unit discharge values and use of rounded rock mulch. Based on
Updated Table B.3, rock mulch with median rock mulch size of 4.7 inches should be
applied on the east and south side slopes of the disposal cell. In the updated design,
this median rock size is conservatively applied to all of the side slopes of the disposal
cell. The rock mulch would be extended to the perimeter apron areas as well. The rock
mulch layer thickness (recommended to be 1.5 to 2 times the median size or the
maximum size in Johnson, 2002) should be 9 inches.

A value for median rock size by the Abt method is not presented in the updated Table
B.3 for the top surface, since the Abt method is not applicable for surfaces with less
than 10 percent slope. Although a rock size is calculated for the Stephenson Method
for the top surface, the calculations in Appendix B of MFG (2002) indicate the vegetated
top surface provides acceptable erosional stability for runoff from the PMP.

An updated version of Appendix B from MFG (2002) is attached with this response,
reflecting the updated calculations presented above.

REFERENCES CITED IN THIS RESPONSE
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B.1 INTRODUCTION

One of the technical criteria for the stability of the disposal cell is acceptable erosional stability

from extreme storm events (Appendix A of 10 CFR 40). The NRC has interpreted this criterion

to be able to safely pass the peak runoff from storms up to the Probable Maximum Precipitation

(PMP) event (NRC, 1990; Johnson, 1999, Johnson, 2002).

This appendix presents the hydrologic analysis and evaluation of erosion protection for the cover

of the disposal cell. This analysis encompasses the following tasks:

1. Determine the PMP event for the disposal cell area.

2. Determine the peak unit discharge from the PMP on the drainage basins of the
disposal cells.

3. Evaluate erosional stability of the disposal cell cover surface using the peak unit
discharge.

4. Where required, calculate the median rock size for erosion protection materials on
the disposal cell cover using the peak unit discharge.

These analysis tasks are described in the following sections.

B.2 PROBABLE MAXIMUM PRECIPITATION EVENT

This section discusses the precipitation event used to predict the peak discharges for design of

the disposal cell cover. For long-term erosion protection of cover surfaces at lle.(2) material

disposal sites, the NRC-STP (NRC, 1990) requires that the PMP be used to determine the peak

design discharge.

The depth of the PMP is derived from Hydrometerological Report 51 (HMR 5 1, USCOE, 1978).

HMR 51 provides depths for the all-season PMP for basins with an area of 10 square miles or

larger. Figure 18 from HMR 51 indicates a PMP depth of 29 inches over a duration of 6 hours

for a drainage basin of 10 square miles. For this analysis, it was necessary to derive the PMP

event for a smaller duration and smaller drainage area. This was accomplished by using the

Hydrorneterological Report 52 (HMR 52, USCOE, 1982). HMR 52 takes the PMP estimates

Sequoyah Fuels Corporation AYFG Inc.
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from HMR 51 and applies them to specific drainage areas both temporally and spatially. From

Figures 23 and 24 in HMR 52, the 1-hour PMP for a drainage area of one square mile is 0.65

times smaller than the 6-hour PMP for 10 square mile drainage areas. This results in a 1-hour

PMP of 19 inches, which was used for this analysis. Factors for durations less than one hour

where taken from Hydrometeorological Report No. 52 for durations of 5, 15 and 30 minutes.

The rainfall intensity was determined by multiplying the PMP depth by its corresponding

duration based on the time of concentration for that specific drainage basin.

B.3 RUNOFF FROM THE PMP (PEAK DISCHARGE)

The Rational Method was used to determine the peak discharge from the PMP for evaluation of

cover erosion protection. Five drainage areas were delineated on the cover of the disposal cell;

four on the side slopes (north, south, east and west), and one on the top surface. The area of

these drainage basins was calculated using computer-aided design (CAD) tools.

Time of Concentration. The time of concentration is computed using the Kirpich (1940)

equation (give below) as recommended in the NRC STP.

Tc= 0.0078L0 ' 7(L/H)0 385

Where:
Tc = time of concentration (minutes)
L = slope length (feet)
H = slope height (feet)

Table B.1 (below) shows the areas of each drainage basin, the slope, and slope length, which are

used for the time of concentration calculation. As seen in Table B.1, all calculated times of

concentration are less than 5 minutes except for the cover, which is 5.4 minutes. As

recommended in the Urban Drainage and Flood Control District Strom Drainage Criteria Manual

(UDFCD, 2001) and Nelson and others (1986), time of concentration less than 5 minutes does

not lead to realistic runoff estimates, and therefore a T, of 5 minutes was used for each basin.

Sequoyah Fuels Corporation AfFG Inc.

P:A100734\DispowI Cell Design\Preliminary Design Rpt\AppendixBrev2.doc B-2 Mlarch 200S



Disposal Cell Design Erosional StabilityAppendix
Disposal Cell Design Erosional Stability Appendix

Table B.1 Results of Time of Concentration Calculations

Drainage Area Slope Length Time of
Description (acres) Slope (feet/feet) (feet) Concentration

____ ____ ____ ____ (m inutes)

Top 7.8 0.01 500 5.4

North 2.5 0.20 190 0.9

South 1.4 0.20 110 0.6

East 1.8 0.20 100 0.5

West 3.6 0.20 225 1.0

The rainfall intensity for each basin is 75.2 inches per hour based on a T, of 5 minutes. From

Figure 36 of the Hydrometeorological Report No. 52 (Schriener and Riedel, 1978), a ratio of

0.33 is multiplied to the 1-hour PMP depth for a duration of 5 minutes. Rainfall intensities for

each basin are determined as follows:

P xFx60minthr

7;,

Where:
I = intensity
Ppmp = 19 inches (depth of 1 hour PMP)
F = ratio of 5 minute duration to 1-hour duration = 0.33
Tc = time of concentration (minutes) = 5 minutes

Peak flow. The peak flow was calculated with the Rational Formula, as follows:

Q=CIA
Where:

Q = peak flow (cfs)
C = runoff coefficient = 0.8
I = rainfall intensity (inches/hour)
A = area (acres)

The NRC STP recommends using a conservative runoff coefficient of 0.8 when evaluating

erosion protection for cover systems. Peak flow was then divided by the downstream width of

the appropriate drainage area as follows:

q = Q/w

Sequoyah Fuels Corporation
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Where:
q = unit discharge (cfs/fcot)
w = unit width (feet)

Table B.2 shows the results of the peak flow and unit discharge calculations for each drainage

basin.

Table B.2 Results of Peak Flow and Unit Discharg for Each DriaeBasin______

Drainage Rainfall Peak Flow Downstream Unit Unit
Description Area Intensity (cfs) Wi~dth (feet) Discharge Discharge

(a cres) (in/hr) _________________ (cfs/acre) (cfs/foot)

Top 7.8 75.2 469.2 1200 60 0.39

North 2.5 75.2 150.4 575 60 0.26

South 1.4 75.2 84.2 600 60 0.14

East 1.8 75.2 108.3 830 60 0.13

West 3.6 75.2 216.6 850 60 0.25

For the top surface of the disposal cell, the peak flow in Table B.2 (469.2 cfs) represents the flow

over the top of the east and south side slopes. The unit discharge (0.39 cfs/foot) is this flow

distributed over the slope width at the top of the east and south side slopes (1,200 feet).

For sizing riprap for erosion protection on the side slopes, the unit discharge values in Table B.2

were used in evaluating the north and west side slopes. On the east and south side slopes, the

unit discharge from the top surface (0.39 cfs/foot) was used, since this value was larger than the

unit discharge for runoff from precipitation on the slope itself (0.13 and 0.14 cfs/foot). Due to

the differences in time of concentration between the top surface and side slope runoff, the peak

flows on the east and south side slopes were not added to the peak flow from the top surface.

B.4 TOP SURFACE EROSIONAL STABILITY

The top surface of the disposal cell was evaluated for erosional stability without a rock layer. As

outlined in NRC (1990) and Johnson (1999), the peak discharge over the top surface (from Table

B.2) was first converted to a peak velocity and depth of flow using Manning's Equation. The

peak unit discharge flow (0.39 cfs/foot) was multiplied by a concentration factor of 3.

Depending on surface roughness (due to vegetation conditions), peak velocities range from

Sequoyah Fuels Corporation AIFG Inc.
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approximately 1.4 to 2.3 feet per second and corresponding depths of flow of 0.87 to 0.50 feet

(for Manning's roughness coefficient values ranging from 0.10 to 0.04). Permissible velocities

presented in Johnson (1999) for these depths of flow range from approximately 2.0 to 2.4 feet

per second. This indicates that some of the peak velocities from the PMP are less than

permissible velocities, but not under all of the surface roughness conditions that were analyzed.

As the next step of evaluation, procedures for vegetated surfaces outlined in Temple and others

(1987) were used (as recommended in the NRC STP).

Method of Analysis. Temple and others (1987) outlines procedures for channel design,

including calculation of channel velocities and depths of flow. These procedures include

methods for estimating stresses on channel vegetation as well as the channel surface soils. The

evaluation for the disposal cell used the peak discharge values from the PMP (summarized in

Table B.2) to conservatively represent the effective stresses from runoff on the cover surface.

The stresses on both the vegetation and soils were evaluated.

The erosional stability of the cover surface was evaluated by calculating a factor of safety against

erosion due to the peak runoff from the PMP. 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). The stress

calculations are summarized below.

Allowable stresses. Allowable stresses for the cover soils were calculated using the equations in

Temple and others (1987). Materials planned for cover soils range from silty clays to gravelly

sandy silts (depending on how much of the underlying sandstone and siltstone is present in the

cover material). For cohesive soils, the resistance is based on the plastic limit and void ratio of

the material. From testing of on-site silty clay in 1996 (classified as a low-plasticity clay or CL),

the plastic limit was 16 and the void ratio (at 90 percent of Standard Proctor density) was 0.723.

The equation for allowable shear strength for cohesive soils is:

Ta = Tab Ce

Where Ta = allowable shear strength (in psf)
Tab = basis allowable shear strength (for a CL) = (1.07 [PL]2 +14.3[PL]+47.7)xl04

Sequoyah Fuels Corporation AfFG Inc.
PA10734\1Disposal Cell DesignPreliminary Design Rpt\AppendixBrev2doc B-5 March 2005



Disposal Cell Design Erosional Stability Appendix
Disposal Cell Design Erosional Stability Appendix

C= soil parameter = 1.48 - 0.57e
PL = plastic limit = 16
e = void ratio = 0.723

For the plastic limit and void ratio values given above, Tab = 0.055, Cc = 1.07 and la = 0.063 psf.

For non-cohesive soils, the resistance is based on particle size, specifically the size where 75

percent of the material is finer, or d75. For a d75 larger than 0.05 inches (1.27 mm, No. 14 sieve

size, or a medium-grained sand), the allowable shear strength is:

Ta = 0.4 d75, where d75 is in inches

For a soil cover d75 of 0.157 inches (4 mm, No. 4 sieve size, or a coarse-grained sand), the

allowable shear strength is 0.063 psf.

For a vegetated surface primarily of mixed grasses, the allowable vegetation shear strength is:

Tva = 0.75 Cl

Where: Tva= allowable vegetation shear strength (in psf)
Cl = cover index = 2.5 [h(M)h/] v'
h = stem length (in ft)
M = stem density factor

For average vegetation conditions, h=1.0, M=200 and C1=6.05. For poor conditions, h=0.5,

M=150, and Cr=4.57. The resulting vegetation shear stress values are 4.53 to 3.43 psf for

average to poor vegetation conditions, respectively.

Effective stresses. The effective shear stress on soil due to peak runoff from the PMP was

calculated as:

Te = ydS(l-CF)(ns/n)2

Where:T, = effective shear stress (in psf)
y = unit weight of water = 62.4 pcf
d = depth of flow (in fit)
S = slope of cover surface (0.01)
CF = cover factor (0.7 for average vegetation, 0.5 for poor vegetation)

Sequoyah Fuels Corporation MFG Inc.
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n, = soil grain roughness factor (0.0156 for cohesive soil, 0.018 for soil with a d75 of 4
mm)

n = Manning's roughness coefficient (0.10 to 0.04)

The effective shear stress on vegetation is calculated as:

Tv = ydS - TA, where Tv= effective vegetal stress (in psf)

Varying the vegetation conditions and the soil grain roughness factors,

stresses for Manning's n values are summarized below.

the effective shear

Manning's n value 0.10 0.10 0.10 0.10 0.04 0.04 0.04 0.04
Depth of flow, d (ft) 0.87 0.87 0.87 0.87 0.50 0.50 0.50 0.50
Cover factor, CF 0.7 0.5 0.7 0.5 0.7 0.5 0.7 0.5
Soil grain roughness factor, n, 0.0156 0.0156 0.018 0.018 0.0156 0.0156 0.018 0.018
Effective shear stress, -r(psf) | 0.004 0.007 0.005 0.009 0.014 0.024 0.019 0.032
Effective vegetal stress, tv (Psf) 0.539 0.536 0.538 0.534 0.298 0.288 0.293 0.280

Factors of safety. The calculated factors of safety from the shear stresses above are outlined

below.

Allowable Effective Factor of Safety
Condition Strength Stress (alloraofeSafety

(Psallowabl/effective)
Vegetation on cover surface

(average) 4.53 0.539 8.4
(poor) 3.43 0.536 6.4

Soils on cover surface _

(cohesive) 0.0627 0.024 2.6
(granular) 0.063 0.032 2.0

The calculated factors of safety above show that for average to poor vegetation conditions, the

allowable shear strengths are higher than the effective shear stresses on vegetation due to peak

discharge from the PMP (with factors of safety above 6). For the conservative condition of no

vegetation with the topsoil eroded away, the underlying cover soil shear strengths are higher than

the effective shear strengths due to peak discharge for the PMP (with factors of safety at or

above 2).

Sequoyah Fuels Corporation
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These analyses indicate that the cover on the top surface of the disposal cell can be vegetated

without a riprap or rock mulch layer and meet the erosional stability criteria outlined in NRC

(1990), Johnson (1999), and Johnson (2002). In the following section, riprap sizing calculations

are included on the cover surface for comparative purposes.

B.5 RIPRAP SIZING FOR THE COVER SURFACES

The design unit discharge from each drainage basin was used to size riprap for the protective

cover. The design unit discharge is based on the assumption of uniform sheet flow across the

entire drainage basin. The NRC STP recommends using the Safety Factors Method for top

surfaces (less than 10 percent) and Stephenson's method for side slopes (greater than 10

percent). Johnson (1999) recommends the use of the Abt method for side slopes, so this method

was used for riprap sizing on the side slopes, with comparison with Stephenson's method.

The equation for the Safety Factors Method (Richardson and others, 1975) and Stephenson

Method (Stephenson, 1979) are outlined in NUREG CR-4620 (Nelson and others, 1986). The

key parameters used in the riprap sizing calculations are outlined below.

Flow Charactcristics. The peak unit discharge values from Table B.2 were used to represent

flow conditions on the cover surface. Where applicable, a concentration factor of 3 was used.

Rock Characteristics. Properties for durable rock from nearby gravel pits was used in the

calculations. The rock specific gravity was 2.65, with a friction angle or angle of repose of 37

degrees (representing rounded rock, consistent with Table 4.8 of NUREG CR-4620), and a

porosity of 0.33.

The riprap sizing results are summarized in Table B.3 below.

Sequoyah Fuels Corporation MFG Inc.
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Table B.3 Results of Ri rap Sizin Calculations
Flow Coef- Adjusted Median Median

Drain Design Slope Concen- ficient of Design Rock Rock
-age Unit Slope Length tration Move- Unit Size Size
Basin Discharge (ft/ft) t) Factor, ment, Cm Discharge (inches) (inches)

(cfs/ft) Cr qr (cfs/ft) Stephen- Abt
______ _____son

Top 0.39 0.01 500 1.0 1.35 0.47 1.2 _

North 0.26 0.20 190 2.0 1.35 0.70 2.6 | 3.2

South 0 .39 b 0.20 110 3.0 1.35 1.42 3.3 4.7

East 0 .3 9b 0.20 100 3.0 1.35 1.42 3.3 4.7

West 0.25 0.20 225 2.0 1.35 0.68 2.5 2.9
' - Safety Factors Method
b _ From discharge off of top surface

Using Abt's method for the side slopes (at 20 percent) the median rock size ranges from 2.9

inches on the west slope to 4.7 inches on the east and south slopes of the disposal cell (based on

runoff from the top surface flowing over the east and south slopes).

For the disposal cell cover design, two modifications are made from standard surface riprap

design, as outlined below.

Rock mulch. A rock mulch will be used for the riprap, utilizing alluvial (rounded) gravel from

nearby sources with smaller materials to fill the void spaces. Using the median size for the east

and south sides of the cell of 4.7 inches, the median rock mulch size for all of the side slopes was

conservatively chosen to be 4.7 inches. The maximum size (based on available screen size) will

be 9 inches. The rock mulch layer thickness (recommended to be 1.5 to 2 times the median size

or at the maximum size in the NRC STP) will be 9 inches.

Below-surface layer. In order to promote establishment and maintenance of vegetation on the

side slopes, the rock mulch layer will not be on the cover surface. A layer of topsoil (9 inches

thick) will be the top layer on the side slopes, followed by the rock mulch layer (9 inches thick).

The topsoil will provide the seed bed and "A" horizon for plant establishment and growth, and

the rock mulch layer will allow root penetration. The rock mulch layer will provide an erosion

protection layer in the event that the topsoil is eroded.
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SURFACE/SLOPE SLOPE LENGTH (FT.) SLOPE AREA (AC.)
TOP 500 . 7.8

WEST 225 3.6
EAST 100 1.8
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SCALE IN FEET

0 200

_' i consutmng
scentits and

°0 engineers

FIGURE B.1
DRAINAGE AREAS USED IN EROSIONAL

STABILITY ANALYSES

Date: DECEMBER 2002

Project: 100734

File: SITE-01.DWG


