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Size side slope riprap using the Abt and Johnson Method (1991)
For the PMP, the requirement is that the safety factor, S, by greater than 1.
The top slope RipRap is sized with the safety factor method.
Only marginal exceedance is required for safety factor.

Then
Maximum Flow Length on Top (ft) 1292

Slope on the Top of Cell (ft/ft) 0.02
      Length of the Side Slope (ft) 176

      Side Slope (ft/ft) 0.2

Results are Below

    Don't enter any data below this point !!! Top Side

Tc(minutes) Tc(minutes)

Maximum Flow Length on Top (ft) 1292       Length of the Side Slope (ft) 176 Kirpich 8.75 0.78

Slope on the Top of Cell (ft/ft) 0.02       Side Slope (ft/ft) 0.2 SCS 8.76 0.78

B&O 9.87 2.36
Mean 9.12 1.30

Use Angular Riprap with a D50 of 1.8 inches on the top slope Top + Side 10.43

Use Angular Riprap with a D50 of 5.8 inches on the side slope q Top(cf/ft-sec) 0.982 x3 2.95

Use Angular Riprap with a D50 of 11.6 inches on the apron. q Side(cf/ft-sec) 1.016 x3 3.05

Minimum apron rock depth is 34.7 inches

and minimum width of apron is 9.6 feet

For flow in cfs/ft width use with i(inches/hr), L(ft) is the flow path length
This is almost the rational formula but is more
theoretically based.

Find the time of concentration using three formulas and take the mean.

Tc for Top of Cell Tc for Side Slope

Feet Miles Feet Miles
Maximum Flow Length 1292 0.2447 176 0.0333
Slope of watershed  = 0.02 0.2

Delta H  = 25.8 feet 35.2 feet

Kirpich(1940) 8.75 minutes 0.78 minutes

SCS 8.76 minutes 0.78 minutes

Brant & Oberman 9.87 minutes 2.36 minutes

Mean Tc 9.12 minutes 1.30 minutes

Combined Tc Top and Side 10.43 minutes

Unit Weight of Water 62.4
Specific Gravity of Rock 2.65

1 Hour PMP = 8.2 inches for 1 square mile watershed

9.12 minute PMP   = 60.9% of 1 hour = 4.99 inches Set up Solver
10.43 minute PMP   = 64.6% of 1 hour = 5.30 inches

D50 1.8 inches 0.1468 feet

For Rock on top Slope Ss 2.65 specific gravity
Rainfall Intensity = 32.84 inches/hour Gamma 62.4 lb/cf

Safety Factor 1.01

Max Q/ft width  = 0.982 cfs/ft Alpha 1.146 degrees
Multiply by Concentration Factor of 3 2.95 cfs/ft Phi 37 degrees

n 0.0268 manning

Rock size on top slope by Safety Factor Method y 0.556 ft

q 2.95 cfs

where and Tau_0 0.6934406

Slope 0.02 ft/ft

Eta 0.9634

Velocity (fps) 5.30
For Rock on Side Slope
Rainfall Intensity = 30.48 inches/hour

Max Q/ft width  = 1.016 cfs/ft
Multiply by Concentration Factor of 3 3.05 cfs/ft

Multiply by stone movement to stone failure ratio   = 1.35 4.11 cfs/ft
For side Slope  D50 = 5.8 inches
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Tc    = 10.43 minutes

Fluid Density 1.94 slugs/ft^2

Q 1.016 cfs

Concentration Factor 3 for overland sheet flow concentrating Use solver to find y

Design Flow 3.048 cfs Assume V Shaped Channel

G 32.2 Rh  = 0.33

Time t 10.43 p. 73 HEC14 - 30 min or peak flow duration Area  = 1.10

Base Time to 316 from HEC14 after eq 5-1 Q = 3.05
D50 Native Soil y  = 0.74

Apron slope 0.02 WP = 3.31

RipRap D50 11.6 inches Solve Q by varying y

Manning n 0.036 Channel Shape

Horizontal 2
Vertical 1

Hydraulic Radius 0.33 Depth of Scour  = 1.66   ft

Flow Area 1.10

Flow Depth 0.74

Q 3.048

Velocity 2.78

PI 5

Unconfined Compressive strength(psi) 1.4

Critical Tractive Shear 0.145

Modified Shear Number 103.49

α 0.86

β 0.18

θ 0.1

αe 1.37

Equivalent Depth ye =Culvert Diameter 0.74   or sqrt(A/2)

Dimensionless Depth 2.25

Depth of scour 1.66 ft
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Size side slope riprap using the Abt and Johnson Method (1991)
For the PMP, the requirement is that the safety factor, S, by greater than 1.
The top slope RipRap is sized with the safety factor method.
Only marginal exceedance is required for safety factor.

Then
Maximum Flow Length on Top (ft) 1292

Slope on the Top of Cell (ft/ft) 0.02
      Length of the Side Slope (ft) 176

      Side Slope (ft/ft) 0.2

Results are Below

    Don't enter any data below this point !!! Top Side
Tc(minutes) Tc(minutes)

Maximum Flow Length on Top (ft) 1292       Length of the Side Slope (ft) 176 Kirpich 8.75 0.78
Slope on the Top of Cell (ft/ft) 0.02       Side Slope (ft/ft) 0.2 SCS 8.76 0.78

B&O 9.87 2.36
Mean 9.12 1.30

Use Angular Riprap with a D50 of 1.8 inches on the top slope Top + Side 10.43
Use Angular Riprap with a D50 of 5.8 inches on the side slope q Top(cf/ft-sec) 0.982 x3 2.95
Use Angular Riprap with a D50 of 11.6 inches on the apron. q Side(cf/ft-sec) 1.016 x3 3.05
Minimum apron rock depth is 34.7 inches
and minimum width of apron is 9.6 feet

For flow in cfs/ft width use with i(inches/hr), L(ft) is the flow path length
This is almost the rational formula but is more
theoretically based.

Find the time of concentration using three formulas and take the mean.

Tc for Top of Cell Tc for Side Slope
Feet Miles Feet Miles

Maximum Flow Length 1292 0.2447 176 0.0333
Slope of watershed  = 0.02 0.2

Delta H  = 25.8 feet 35.2 feet

Kirpich(1940) 8.75 minutes 0.78 minutes

SCS 8.76 minutes 0.78 minutes

Brant & Oberman 9.87 minutes 2.36 minutes

Mean Tc 9.12 minutes 1.30 minutes

Combined Tc Top and Side 10.43 minutes
Unit Weight of Water 62.4
Specific Gravity of Rock 2.65

1 Hour PMP = 8.2 inches for 1 square mile watershed

9.12 minute PMP   = 60.9% of 1 hour = 4.99 inches Set up Solver
10.43 minute PMP   = 64.6% of 1 hour = 5.30 inches

D50 1.8 inches 0.1468 feet
For Rock on top Slope Ss 2.65 specific gravity
Rainfall Intensity = 32.84 inches/hour Gamma 62.4 lb/cf

Safety Factor 1.01
Max Q/ft width  = 0.982 cfs/ft Alpha 1.146 degrees
Multiply by Concentration Factor of 3 2.95 cfs/ft Phi 37 degrees

n 0.0268 manning
Rock size on top slope by Safety Factor Method y 0.556 ft

q 2.95 cfs
where and Tau_0 0.6934406

Slope 0.02 ft/ft
Eta 0.9634
Velocity (fps) 5.30

For Rock on Side Slope
Rainfall Intensity = 30.48 inches/hour

Max Q/ft width  = 1.016 cfs/ft
Multiply by Concentration Factor of 3 3.05 cfs/ft

Multiply by stone movement to stone failure ratio   = 1.35 4.11 cfs/ft
For side Slope  D50 = 5.8 inches
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Safety Factors M ethod 
 

Overtopping Flow  
 

Toe of Embankments
 

Culvert Scour
 

Interstitial Flow 
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5.1.1 C r i t i c a l  Shear Stress Ap 

The c r i t i c a l  shear stress a 
t e r i a l  w i th  a d 0 gra i  
arser than the &O) t h  

sheet f l  ow maximum permi 
the  PMP over the e n t i r e  

be determined using the c 
ocedu res discus 
low. A numeric 

provide armoring has 

The design approach described above, i r i t i c a l  gra in size 
i s  selected t o  r e s i s t  the  o set of sheet e r  evaluate the run- 
o f f  from PMP storms o f  d i f f e ren t  durations, such as 0.5, 1, 2, 4, and 6 
hours t o  select the  maximum dig required. a i n f a l l  depths w i l l  
usual ly be based on 2.5 t o  15 m small drainage basins as 
presented i n  Section 2.1.2. Ty m construction 1 ayer 
thickness i s  speci f ied t o  be a t  e maximum p a r t i c l e  size. 
I f  the above approach resu l ts  1 ckness less than about 6 
inches, then other considerations - such as nonuniform placement o f  cover 
and p a r t i c l  e breakdown due t o  hand1 ing, lacement and weathering - would 
suggest t ha t  a minimmn cover thicknes 10 inches should be considered. 
I f  a self-armoring cover can be provi  and there i s  no major concern for 
weathering o f  the cover material, the design i s  independent o f  time and the 
cover should remain In tac t  i nde f in i t e l y .  

5.1.2 So i l  Loss Equation Approach 

The concept o f  sheet erosion was recognized by ear ly  researchers and 
the Universal So i l  Loss Equation (USLE) was developed i n  the l a t e  1930's by 
the  Agr icu l tu ra l  esearch Service t o  evaluate s o i l  conservation pract ices 
f o r  cropland th ro  ghout the  United States. Af ter  i t s  inception, the s o i l  
loss procedure was used and i f i e d  as f i e l d  experience and data were 
obtained incorporating the te rs  o f  f i e l d  slope and length, 
precip i tat ion,  and crop man n t  t o  estimate s o i l  losses on an annual 
basis. Appl icat ion o f  the  USLE t o  non-c areas and spec i f i ca l l y  f o r  
construct ion s i t es  became feasib le when i e r  e t  a1. (1971), using 
basic s o i l  loss character is t ics,  develop implemented a s o i l  
erodi b i  1 i t y  f ac to r  (K) i n  the s o i l  loss computation. Subsequent e f f o r t s  
ref ined the parameters used i n  t h e  USLE for  mining and construct ion 
a c t i v i t i e s  i n  the i n t e r i o r  wes ern United States. 
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SLE) was developed by t 
ncipal objective of est 
i v i t i e s .  A1 terat ions 
i a1 conditions encoun- 
deep cuts and f i l l  

ng adjacent or nearby roadways, 
i s  apparent that  the 

c t i on  and mining s i tes  beyond the 

rec l  aimed t a i  1 i ngs pond. Recent 

a 40-year h is tory  o f  runoff and s o i l  
loss data. 

The MUSLE i s  us s o i l  losses f o r  certa in types of  
slopes as a fun es not consider the potent ia l  
f o r  gu l ly  devel discussed i n  Chapter 4 because the 
topographic tea are assumed t o  remain constant 

cept o f  the PMP but 
rather a r a i n f a l l  f a  lues. The MUSLE i s  
defined by Clyde e t  

where, 

A = the  computed i t  area i n  tons per acre per year wi th the 
R properly selected; 

R = the r a i n f a l l  fac tor  which i s  the number f o r  r a i n f a l l  erosion index 
u n i t s  plus a fac tor  f o r  sn It, if applicable; 

K = t h e  soi 1 e r o d i b i l i t y  factor, e s o i l  loss ra te  per ero- 
sion index u n i t  f o r  a speci f ied s o i l  as measured on a u n i t  p l o t  
t h a t  i s  defined as a 72.6-ft length o f  uniform 9% slope continu- 
ously maintained as clean t i l l e d  fallow; 

graphic factor, which 1s the r a t i o  o f  s o i l  loss from the 
pe length t o  tha t  from a 72.6-ft length under otherwise 

iden t i ca l  conditions ; 

VM = the dimensionless erosion control factor  re la t i ng  t o  vegetative 
and mechanical factors. This factor  replaces the cover management 
fac tor  (C) and the support factor  (P) of the or ig ina l  USLE. 
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5.1.2.1 The Ra in fa l l  and Runoff Factor (R) 

As noted by previous research a t  Los Alamos National Laboratory (tlyhan 
and Lane, 1983). the R fac tor  as us SLE i s  of ten misinterpreted 
only as a r a i n f a l l  factor. I n  real  quant i fy  both the raindrop 
impact and provide information ount and ra te  of  runof f  l i k e l y  t o  
be associated wi th the rain. he R factor  i s  described 
i n  terms o f  a r a i n f a l l  storm 
i n t e n s i t y  (I3 ). Generalized R fact  
western uni ted States are given i n  Ta 5.1. For R factors i n  specif ic 
areas o f  the United States, it i s  rec nded t h a t  erosion index d is t r ibu-  
t i o n  curves be obtained from loca l  SCS off ices. 

Table 5.1. Generalized Ra in fa l l  and Runoff (R) Values. 

State Eastern Third Central Thi r d  Western Third 

N. Dakota 
S. Dakota 
Montana 
Wyoming 
Col orado 
Utah 
New Mexico 
Arizona 

5.1.2.2 The Soi l  E r o d i b i l i t y  Factor (K) 

The s o i l  e r o d i b i l i t y  fac tor  (K) recognized the fact  tha t  the erodi- 
b i l  i t y  potent ia l  of  a given s o i l  i s  dependent on i t s  compositional make~p, 
which i n  t u rn  r e f l e c t s  the gra in s ize d i s t r i b u t i o n  o f  the so i l .  To predict  
s o i l  e r o d i b i l i t y  , f i v e  s o i l  character is t ics t ha t  include the percent s i l t  
and f ine sand, percent sand greater than 0.1 run, percent organic material , 
general so i l  s t ructure and general permeability are determined. The K fac- 
t o r  i s  then found by using the  Wischmeier nomograph presented i n  Figure 
5.1. 

The makeup o f  the various s o i l  f rac t ions  presented i n  Figure 5.1 i s 
based on separating sand and s i l t  a t  t he  0.1 mm size. This d i f f e r s  from 
the  Uni f ied So i l  C lass i f i ca t ion  System which uses the (to. 200 sieve size 
(0.075 mm) f o r  the separation between sand and s i l t .  The value t o  enter 
Figure 5.1 w i t h  should be the percentage o f  material f i n e r  than 0.1 mm i n  
size. not the percentage passing the  No. 200 sieve. Also, the determina- 
t i o n  of the  Soi l  E r o d i b i l i t y  Factor (K) as shown on Figure 5.1 does not 
spec i f i ca l l y  reference the percentage of c lay 

' 

iner  than 0.002 mm) con- 
ta ined i n  the material .  The percentage of s i l r  plus very f i n e  sand t o  be 
used f o r  Figure 5.1, therefore, 1s the percentage of material  contained 
between 0.002 mm and 0.1 mm. 
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5.1 -2.3 The Topographic Factor (LS) 

Although the ef fects o f  t h  length and steepness of  slope have been 
investigated separately i n  d r ts ,  i t  i s  more con- 
venient f o r  analyt ical  purpo i n t o  one topographic 
factor, LS. Wischmeier and plots correlat ing the 

n length a t  slope inc1 ina- 
t slopes w i l l  have less 

benefit o f  the design 
engineer t o  optimize slope length and gradients t o  f i t  the topography. 

The equation t o  determine the LS factor i s  as follows: 

where LS = topographic factor  

s 3 slope steepness i n  percent 
m = exponent dependent upon slope steepness 

The slope dependent exponent m i s  presented i n  Table 5.2. 

Tab1 e 5.2 Slope Dependent Exponent 

S l  ope (percent) m 

5.1.2.4 The VM Factor 

The VM fac tor  i s  t e erosion control factor  applied i n  place of the 
cover and erosion control  factors found i n  the  USLE. The erosion control 

. factor accounts f o r  measures implemented a t  the construction s i t e  t o  
i ncl ude vegetation, mu1 chi  ng, chemical treatments and sprayed emu1 sions t o  
impede or reduce erosion due t o  the overland f low o f  water. Values o f  the 
VM factor  r e l a t i v e  t o  s i te -spec i f ic  conditions are presented i n  Table 5.3. 

The VM fac tor  i s  perhaps the most sensit ive factor  t o  e f fec t  the 
computed erosion loss for a given s i te.  As shown by the values presented 
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ent vegetative 

ncluded i n  the 

how t o  use the MUSLE i s  provided 

Assumptions: 

S i t e  location: 

Pond size: 

Slope: 

Length: 

Materi a1 : 

stern Colorado 

Uncovered t a i  1 i ngs pond 

160 acres 

a ter  than 0.10 
d and s i l t  less 
than 0.002 mm; 

us f i n e  sand less than 0.1 - f i n e  granular; - slow t o  moderate. 

The fo l lowing factors have been determined f o r  use i n  Equation 5.1. 

R = 20 from Table 5.1 

K = 0.50 from Figure 5.1 

LS = 0.747 from Equation 5.2 and Table 5.2 

VM = 1.0 (average from Ta l e  5.3 based on an undisturbed surface) 

Using Equation 5.1, the annual s o i l  loss (A )  from the t a i l i n g s  pond due t o  
sheet erosion caused by f lowing water i s  computed t o  be 7.47 tons/acre/ 
year, o r  1195 tons/year from the f a c i l i t y .  Therefore, the cover i s  e s t i -  
mated t o  erode a t  a ra te  o f  0.003 ft per year, o r  0.3 f t /century. 

RY AND FUTURE STUDIES 

The main appl icat ion o f  the soi 1 Toss equation approach i n  the evalua- 
t i o n  o f  cover i n t e g r i t y  i s  t o  determine whether it i s  possible f o r  sheet 
erosion t o  penetrate the  t a i l i n g s  cover, thereby exposing bare t a i l i n g s  and 
cons t i t u t i ng  a f a i l u r e  o f  the cover. The followup study w i l l  concentrate 
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Condition 

not  t i l l e d  algae crusted 
t i l l e d  algae crusted 
compacted fill 
undisturbed except scraped 
scar i f i ed  only 
sawdust 2 inches deep. disked i n  

Asphult emulsion on bare s o d  

1250 gal Ionsfacre 
1210 9al lonslacre 
605 gal lonslacre 
302 9al lonslacre 
151 gal lonslacre 

Dust binder 

605 gal  lonslacre 
1210 gal lons/acre 

Other chemicals 

1000 lb. f i be r  Glass (taring Ã§rit 60-150 gal lons asphalt 
Aquatain 
terospruy 70, 10 percent cover 
Curasol AE 
Petroset SB 
PVA 
Terra-Tack 
Wood f i b e r  s lurry ,  1000 lb /acre fresh6 
Wood f i b e r  s lurry ,  1400 lb facre freshb 
Hood f ibe r  slurry. 3500 lb/acre fresh1' 

Seedings 

tenyiprary, 0 t o  60 days 
temporary, a f t e r  60 days 
permanent, 0 t o  60 days 
perÃ§anefit 2 t o  12 months 
penhnent. a f te r  12 months 

Brush - 
Excelsior blanket wi th p last ic  net 

the va r ia t ion  <n values o f  VK factors reported by d i f fe ren t  researchers for the sane 
treasures. References containing de ta i l s  o f  research xhich produced these VK values are 
Included i n  NCHRP Project 16-3 report, Erosion Control Ouring Highway Construction. 
Vol . 111. Bib1 iography o f  Uater afld Kind Erosion Control References, Transportation 
Research Board, 2101 Consti tut ion Avenue, Washington, K 20418. 

bThis material i s  c o m ~ n l y  referred to as hydrmuleh. 
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SLE for  several a l ternate cover designs i n  order 
t i c a l  approach can be successfully us 

protective soil  covers fo 
ns w i l l  be compared, both f 
uction d i f f i cu l t y .  The c 

a1 shear stress approach to  det 
t i d e  size necessary to  protect 
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APPENDIX B

METHOD FOR DETERMINING

SACRIFICIAL SLOPE REQUIREMENTS

1 INTRODUCTION

In many cases where tailings extend over a large area, slope lengths may be so long that

extremely gentle slopes will be needed to provide long-term stability. Such gentle slopes may

necessitate the use of very large amounts of soil, such that some of these slopes (with no tailings

directly under them) may extend greatly beyond the edge of the tailings pile.

In such cases, licensees may be able to demonstrate that it is impractical to provide stability

for 1,000 years and may choose to show that stability for less than 1,000 years, but for at least 200

years, is a more cost-effective option. Such a design may incorporate tailings embankment "out

slopes," where there are no tailings directly under the soil cover. Such slopes, designed for less than

the 1,000-year stability period, may be acceptable if properly justified by the licensee.

Itshould be emphasized that the staffconsiders thata 200-year sacrificial slope design should

be used only in a limited number of cases and only when a design life of 1,000 years cannot be

reasonably achieved. However, it should not be assumed that the design period should immediately

jump from 1,000 to 200 years. The staff concludes that the selection of a design period should

proceed in a stepwise fashion, with consideration given to intermediate design periods from 200

1,000 years. In determining a minimum design, a 200-year sacrificial slope design, as presented

below, may be used. However, such a design has a considerable amount ofuncertainty associated

with its use, due to its development by extrapolation of a relatively limited data base. Therefore, the

staff considers that the procedure should be used only after other reclamation designs have been

considered. The staff considers that the procedures forjustifying a design period of less than 1,000

years, as discussed in Appendix C, should be carefully followed to document that a 200-year

sacrificial slope design is the best design that can be reasonably provided.

2 TECHNICAL BASIS

The long-term gully erosion process has the potential to destabilize an earthen embankment

or soil cover constructed to prevent waste material release to the environment. Figures B-1 and B-2

present photographs ofearthen embankments damaged by gullying. It was apparent to the staff that

little criteria were available that assisted the designer in predicting the potential impacts ofgullying

processes to long-term stability ofthe wastematerial. TheNRC thereby supported a series of studies

to expand the knowledge base on the potential impacts of gullies on reclaimed impoundments and

provide guidance for assuring the long-term stability of the waste.

In 1985, Falk et al. conducted a pilot study in an attempt to develop a procedure to predict

the maximum depth a gully may incise into a tailing slope as a function oftime. Falk characterized

16 reclaimed mine and/or overburden sites in Colorado and Wyoming that demonstrated incision

NUREG-1623B-1
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Figure B-1. Damage caused by gullying.
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Figure B-2. Damage caused by gullying.
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on the side slope and in some cases extended into the top slope areas. Field measurements included
gully length, slope length, pile height, pile age, maximum gully depth, and width, tributary drainage
area, vegetative cover and soil composition. From these data, Falk et al. attempted to formulate a
procedure for estimating the maximum depth of incision, width of gully, and location of the
maximum incision from the crest. The estimation procedure hada limited application but indicated
that an estimation procedure could potentially be developed.

Pauley (1993) performed a series of flume studies in which near prototype soil embankments
were constructed simulating a reclaimed waste impoundment. Figure B-3 presents a photograph of
the flume used in the study. A series of rainfall and subsequent runoff events were conducted
resulting in gully incision into the embankment. The gullying processes were documented as a
function of rainfall duration and volume, soil type, embankment slope and the maximum depth of
incision. The results of the study indicated that the gully incision depth was a function of the clay
content of the soil, volume of runoffto the gully, and the embankment height (Abt et al. 1994). The
gully processes observed by Pauley and later documented by Abt et al. (1995b) in the flume study
closely paralleled those observed in the field by Falk (1985) and others.

In an attempt to expand the Falk et al. (1985) data base, Abt et al. (1995a) conducted a study
in which 11 field sites that demonstrated gullying on reclaimed impoundments were located,
characterized, measured, and sampled in the Colorado and Wyoming region and each gully was
characterized (Falk et al. 1985).

The information presented by Falk et al. (1985), Pauley (1993) and Abt et al. (1995a) was
consolidated into a composite data base as reported by Abt et al. (1995b). A comprehensive
procedure was presented to estimate the maximum depth of gully incision, top width of the gully,
and location of the maximum incision from the crest. The procedure allows the designer to
determine gully depths and to predict the location ofmaximum gully incision.

Areview of existing waste and tailing reclamation designs in conjunction with extensive site
experience indicates that three primary embankment/cover configurations are commonly proposed.
The three embankment configurations or types have been proposed or constructed as presented in
Figure B-4. It is important to recognize that although each embankment type is similar along the
main embankment face, the top slope, and subsequent potential tributary drainage, significantly
impact the maximum depth of gully incision,D., thatmay intrude into the main slope. Therefore,
a different procedure was developed to estimate the potential tributary drainage area and volume of
runoff for each embankment type.

An empirical gully incision estimation procedure is presented as a function of the
embankment/cover geometry, hydrologic parameters, soil composition, and the design life. It is
anticipated that the estimation procedure will provide the user themaximum depth of gully incision,
the approximate location of the maximum depth of incision along the embankment slope, and the
approximate top width of the gully at the point of maximum incision as schematically presented in
Figure B-5. The user will need to insure that the gully incision does not expose the waste/tailings
materials.

NUREG-1623 B-4
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Figure B-3. Flume used by Pauley (1993).
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Type 1 Embankment

Type 2 Embankment

Type 3 Embankment

Figure B-4. Three types of embankment geometry.
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Figure B-5. Schematic of typical waste impoundment.
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Staff review indicates that locating the depth ofmaximum gully incision is the most unpredictable
part ofthe design procedure. The field data and flume data cannot be relied on totally to adequately
describe the gully profile along the length ofthe slope. Forexample, the procedure may predict that
the maximum gully depth will be 20 ft andwill occur 500 ft from the embankment crest. However,
not reflected in the design procedure is the possibility that the same gully could be 19 ft deep at the
crest. The gully profile data available and staff experience suggest that gully depths approaching
the maximum gully depth could occur near the crest. Thus, until more data are available, the staff
recommends that the location ofmaximum gullying be assumed to occur near the crest of the slope.
In addition, because of the need for significant data extrapolation, the staff suggests that this
procedure be used to determine sacrificial slope requirements for a 200-year period.

In situations where increasing the set back distance ofwaste with respect to the embankment
crest is not feasible, the concept of embankment stabilization utilizing launching riprap may be
examined. Abt et al. (1997) presents a preliminary approach to the stabilization technique. Figure
B-6 presents a photograph of a laboratory simulation ofembankment stabilization using launching
riprap. Based upon the fimdings ofthe pilot test series, a set of preliminary guidelines and a design
procedure is outlined by Abt et al. (1997). The procedure presented represents the pilot test series
and its application has not been tested and verified under field or near prototype conditions. It is
recommended that the procedures outlined by Abt et al. (1997) be applied with a high degree of
engineering judgement.

3 PROCEDURES

A procedure has been developed to estimate the effects ofgullying over time. The following
steps outline the estimation procedure.

Step 1. Determine the embankment design life as outlined in Appendix A. Stability of the
embankment must be insured for periods ranging from 200 to 1,000 years.

Step 2. Select the embankment type (Type 1, Type 2, or Type 3) and determine values of the
appropriate design variables.

Embankment/cover variables applicable to all three types of embankments include
the embankment height (H0) (m), slope length (L.)(m), slope angle (0) (degrees), and
horizontal distance from the embankment toe to the crest (X,) (in) as presented in
Figure B-4.

Step 3. Determine the embankment/cover soil composition, expressed as a percentage of the
sands, silts, and clays. Discriminating thresholds for gully intrusion potential for
embankments are segmented into soils with clay content less than 15 percent, clay
content between 15 and 50 percent, and clay content greater than 50 percent.

Step 4. Determine the average annual precipitation (P), expressed in meters, for the
embankment site. Estimates of precipitation can be obtained from U.S. Weather
Bureau isohyetal maps, local climatological data, or other appropriate means.

NUREG-1623 B-8
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Figure B-6. Photograph of launching riprap flume test.
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Step 5. Determine the drainage area tributary to the embankment to estimate the
volume ofrunoff to which an embankment will be exposed in its design life.
For embankments without external drainage basins, the tributary drainage
area that forms on the face of the embankment will determine the total
volume of runoff (Abt, Thornton, and Johnson, 1995b). The tributary
drainage area that forms on the embankment face is a unique function of the
type of embankment being evaluated.

Type 1Embankment

The tributary drainage area for a Type 1 embankment may be estimated by

A = 0.276 * [L. * Cos(O)]1.636 (B-1)

where: A = tributary drainage area (m2)

L. = original embankment length (m)
0 = slope angle in degrees computed as Tan1'(S.)

Type 2 Embankment

The tributary drainage area for a Type 2 embankment is computed by summing the
embankment face length (L0) and the embankment top length (L2). The resulting
length (L) is then entered in Equation B-1 as:

A = 0.276 * [Lt *Cos(O)]1"636 (B-2)

where: A = tributary drainage area (m2)

= total length of embankment
0 = slope angle in degrees computed as Tanf'(Sd)

Type 3 Embankment

The tributary drainage area for a Type 3 embankment can be estimated using
Equation B-i; however, an effective embankment length (L3) must be determined.
Flume and field observations indicate that a gully forming on aType 3 embankment
can extend past the crest and into the adverse slope. When this condition occurs, the
effective length of the embankment is increased. To provide an estimate of the
tributary drainage area at any point in time, the value of the effective embankment
length is determined by estimating the final gully bottom slope. Abt et al. (1995b)
reported that the gully bottom slope may be estimated as

Sb= [1.008 *S0]-0.063 (B-3)

NUREG-1623 B-10
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where: Sb = gully bottom slope (rise/run)
So = original embankment slope (rise/rmn)

The effective embankment length can then be computed as:

L3 = 1.175*.Lo (B-4)

where Lo and L3 are expressed in meters. The tributary draihage area can then be

computed using Equation B-I where L3 is substituted for Lo.

In situations where the embankment toe is exposed to runoff that develops on

a tributary drainage area external to the embankment, the supplemental area (A,) is

added to the drainage area value computed using Equation B-1.

Step 6. The total depth ofprecipitation to which the site may be exposed to over the design

life needs to be determined. In Step 1, the design life of the embankment was
estimated. The average annual precipitation for the project site was then estimated

based on Step 4. The expected depth of precipitation, in meters, is then calculated

as:

Dt = Average Precipitation Depth (m) * Design Life (years) (B-5)

Step 7. The runoff to rainfall ratio, Rr, is needed to convert the potential depth of
precipitation for the embankment design life to potential runoff tributary to the
developing gully. The U.S. Geological Survey (USGS) developed a runoff map

method (Gebert et al., 1989) to determine the average annual runoff expected from
any location in the United States. The USGS map provides the user the annual depth
of runoff from a site specific location. The ratio of the runoff to rainfall is computed
by dividing the runoff depth derived from Gebert et al. by the average annual

precipitation for the appropriate locale. The average runoff-ratio using the USGS
Average Annual RunoffMethod is 0.127. The runoff-rainfall ratio of0.127 provides
a reasonable estimate for the arid and semi-arid regions of the western United States.

Step 8. The cumulative volume of runoff (V,) tributary to the embankment toe, in cubic

meters, is calculated as:

Vr = Dt * Rr* A 03-6)

where A is the tributary drainage area, expressed in square meters, as determined in

Step 5. It is acknowledged that a single storm event will significantly impact the
development ofthe gully. Abt et al. (1995 a) indicates that the total volume ofrunoff

can serve as apredictor ofthe ultimate dimensions (i.e.,maximum depth, width, etc.)
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of the gully. The volume of runoff tributary to the gully for the embankment design

life is the primary element reflecting the analysis period.

The maximum depth of gully incision (D.)can be estimated as a function of the
cumulative volume ofrunoff, Vr, the embankment height, Ho, the embankment slope

length, Lo, L2, or L3 , the embankment slope, and the clay content of the soil

composition. A gully factor, Gf, was developed from the analysis described by Abt
et al. (1994) for varying clay content of the proposed construction material. The
gully factor is defined as:

f Li * So (B-7)

where L, is L0, L•, or L3 as applicable and the embankment slope So, is H,/Xo. The

gully factor is computed as:

Clay content < 15%:

Drmax

Gf-= D
L. ,S

1

(B-8)
2.25 + 0.789 . 55

Clay content > 15%, <50%:

Gf-Dn
LI *S

Clay content > 50%:

Dm.,

LO *S

NUREG-1623

-0.702.80 + 0.197. Vr

3.55 + 0

B-12

II

Step 9.

I I

(3-9)

03-10)

I
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Step 10. The maximum depth of gully incision expected on the embankment slope may then

be estimated as:

Dmax Gf * Li * S (B- 1)

where D. is in meters.

Step 11. After the value of Dx is determined, the top width of the gully at the deepest

incision can be calculated as:

W = (B-1a
w=( .7x) 1.149 (-12)

where: W = top width of gully (in)

Dn = depth of deepest gully incision (m)

Step 12. In some applications, it is important to estimate the location of the maximum gully

incision to evaluate the stability of the embankment or the potential to penetrate into

the waste storage area. The location of the maximum depth of incision, measured

down slope from the crest, may be determined as:

( Wr 8),-0"15

D, 0.713 * (B-13)

where: D, = location ofD.

Vr = cumulative volume ofrunoff (n 3)

so = original embankment slope (rise/run)

Lo = original embankment length (in)

Step 13. To piovide a conservative estimate of the possible damage caused to an earthen

embankment by a migrating gully, it is assumed that the maximum depth of gully

intrusion occurs at the crest of the embankment. The embankment material is then

assumed to erode, at the angle of repose of the embankment material, up slope of

Dm,'- The set back distance of the waste material is determined for each of the three

types of embankments by assuming the embankment erodes at the angle of repose.

Step 14. If altering the set back distance is not feasible, protection may be examined utilizing

launching riprap. A detailed-explanation of the launching riprap application is
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presented by Abt et al. (1997). The following preliminary guidelines should be
followed in a launching riprap application:

"* The minimum riprap size should be determined using accepted riprap sizing
criteria for overtopping flow. A minimum median stone size (D..) of 9 cm
was found to work well in flume studies.

"* The protective riprap layer should have adequate volume to provide slope
coverage under maximum expected gully conditions. A layer thickness of
approximately 3 D50 is recommended, depending on the volume requirements
and the length of the riprap layer.

4 RECOMMENDATIONS

The stable slope should be determined using the procedures presented in Appendix A.
Appropriately conservative values of input parameters should be used in the computation.
Additional refinements can be made after the analysis of the sacrificial slope requirements.

In analyzing Type 2 Embankments, the top slope of the cover should be much flatter (less
than or equal to 5%) than the slope of the embankment face. The gully would likely occur far
upstream from the crest if the top slope were steep. The followirig example is presented to outline
the stability assessment procedure, not to promote or compare any embankment types.

5 EXAMPLE OF PROCEDURE APPLICATION

The following example is used to outline the procedure of stability analysis of a Type 2
Embankment. Type 2 Embankments, presented in Figure B-4, are identified by an embankment
slope that transitions into a flatter top slope. Embankments constructed with Type 2 geometry are
evaluated by superimposing the total length ofthe embankment, L1, on the slope ofthe embankment
face.

Step 1. Design Life

An embankment design life of 200 years will be evaluated.

Step 2. Embankment Geometry

Once the embankment type is determined, the initial design variables are required.
It will be assumed that the embankment has the following physical dimensions:

H. = embankment height = 9 meters
Lo = embankment slope length =55 meters
So = embankment slope = 0.15 rise/run
L2= top embankment length = 100 meters
S2 = top embankment slope = 0.05 rise/run

NUREG-1623 B-14
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Step 3. Soil Composition

It is assumed that a soil analysis has been conducted and that the embankment
material is composed of 13 percent clay by volume, and has an angle of repose of

34 degrees.

Step 4. Precipitation

Local climatological data indicate an average annual precipitation of 0.20 meters for

the site.

Step 5. Potential Tributary Drainage Area

The total potential tributary drainage area for a Type 2 Embankment is determined
by computing the total embankment length as shown below

Lt = L, + 1-2 (B-14)

where: L, = total embankment length (m)

L. = length of embankment face (m)

2= length of embankment top slope (m)

The value determined for the total embankment length is then combined with the
slope of the embankment face and entered into Equation B-2 as shown below

A = 0.276 * {155 meters ,cos(8.53)}1'
636

(B-15)
A = 1038 meters

2

Therefore, the total potential tributary drainage area for the Type 2 Embankment is
1038 square meters. It is assumed that there is no additional drainage area external

to the embankment.

Step 6. Potential Depth ofPrecipitation

The first step in computing the total runoff volume for the site is to determine the
potential depth of precipitation, Dt, that the site will be exposed to during the design
life. As described in Step 6, the total depth of precipitation is the product of the

average annual precipitation and the design life. Therefore,
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Dt = 0.20 meters/year * 200 years

=t 40.0 meters of precipitation -16)Dt= 400mtr f rcptto

and a potential depth of precipitation of 40.0 meters is computed.

Step 7. Runoff to Rainfall Ratio

A value of 0.13 is assumed as the average runoff to rainfall ratio, R, for the

embankment area.

Step 8. The cumulative volume of runoff, Vr, is defined as the product of the potential depth
ofprecipitation, D, the runoff to rainfall ratio, Rr, and the potential tributary area, A.
Substituting the values ofDt, R, and A, obtained above into Equation B-6 yields

Vr = 40.0 meters * 0.13 * 1038 meters 2

(B-17)
Vr = 5,400 meters3

Therefore, the embankment slope will drain approximately 5,400 cubic meters of
runoff during the 200 year design life.

Step 9. Determination of Gully Factor

The gully factor, Gf, for the embankment should be determined as outlined in Step 9.
A clay content of 13 percent in the embankment material requires that Equation B-8
be used to calculate the gully factor. Substituting values for H. and V, into Equation

B-8 gives

Gf1

2.25 1" 9 5,399.97meters
3 11055

2. (9.0meters) 3 (](B-18)

Gf = 0.380

Step 10. Maximum Depth of Gully Incision

Agully factor of0.380 is entered into Equation B-8 to determine the maximum depth
of gully incision as follows

NUREG-1623 B-16
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Din= = 0.380 * 55.Ometers * 0.15

(B-19)
Dmx = 3.14 meters

Thus, after a 200 year period, a gully incision 3.14 meters deep would be expected
on the face of the embankment.

Step 11. Gully Top Width

EquationB-12 presents an empirical relationship that can be used to predict gully top
width,W, as a function ofmaximum gully incision, D,. Substituting the value of
3.14 meters computed for D,. into Equation B-12 gives

3.14 meters/
1.149w 0.-61 CB-20)

W = 6.57 meters

therefore, 6.33 meters would be the estimated gully width at the point of deepest

gully incision.

Step 12. Location of Maximum Depth

Equation B-13 presents an empirical relation predicting the location ofD,, as a
function of the total volume of runoff, embankment length, and embankment slope.
Substituting the values determined above into Equation B-13 gives

DI = 0.713 . { (5,399.97 meters
3 * 0.15) } -°'

15

(55 meters)3 ((B-21)

DI = 6.50

which represents the number ofD-'s down slope from the crest the deepest incision
is expected to occur. To determine the location in meters, multiply the value
determined forD,by that determined forD.. For this example the deepest incision
point will occur approximately 20.4 meters down slope from the embankment crest.

Summarizing the results obtained above yields
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D.x = 3.14 meters,

W = 6.57 meters

DI = 20.4 meters

However, forlong-term stability applications, the location ofD. should be assumed

to be at the crest of the slope.

Step 13. Set Back Distance

For conservatism, the maximum depth of incision is assumed to occur at the crest of

the embankment and the material is assumed to erode at the angle of repose (340 for

this example) upstream ofthe crest. For the conditions of this example, the set back

distance would be 4.66 meters up slope from the crest of the embankment.

Therefore, tailings should be located a minimum horizontal distance of 4.66 meters

up slope and a vertical distance of 4.71 meters down from the embankment crest.

Step 14. Rock Launching Application

Ifproviding adequate setback distance is not feasible, embankment stabilization with

launching rock may be considered. For details and a preliminary application

procedure, see Abt et al. (1997). The findings discussed by Abt et al. (1997) should

be adapted to each specific site with engineering judgement. In general, a volume

of rock should be provided to cover the collapsed slope with a rock layer of 1.5 times

the D50 size, considering the depth of gully intrusion and the length. It is

recommended that the required D)50 size be specifically determined for a collapsed

slope of 1V to 2H. Figure B-7 presents a schematic ofthe rock launching application

concept.

The results of the example outlined above can then be checked with the original design of the soil

cover, as described in Appendix A. Engineering judgment then determines if the design is adequate

to provide the level of protection necessary throughout the design life.

6 COMPUTER APPLICATION

To aid in the analysis of the stability assessment, a computer program has been developed.

The WindowsTM application provides an automated method of evaluating the stability procedure

described above (Thornton, 1996). The program is available from the U.S. Nuclear Regulatory
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in column 6 is given from the sediment rating curve, or Equation 6. For each interval, the water
yield in column 5 is calculated from multiplying columns 2 and 6. Likewise, the annual sediment
yield in column 7 is calculated from Equation E-5 given Ap, Q and C. from columns 2,4 and 6. The
interannual total sediment yield is finally obtained from the sum of column 7.

2.5 Trap Efficiency

When sediment-laden water enters reservoirs, lakes, impoundments, and settling basins, the
settling of sedimentwill cause aggradation ofthe bed. The trap efficiency is used to determine how

much sediment is expec.ted to settle in backwater areas. The trap efficiency is defined as the
percentage of incoming sediment for a given size fraction (i) that will settle within a given reach.

The trap efficiency can be calculated as follows:

-Xw,

TO~ = I - e hV (E-7)

where X is the reach length; wi is the settling velocity for sediment fraction i from Table E-4; h is
the mean flow depth; and V is the mean flow velocity. The exponent is dimensionless and'any
consistent system of units can be used in this equation.

The sediment load that settles within the reach is given by the product of the incoming
sediment load and the trap efficiency. The outgoing sediment load is calculated by subtracting the
settling load from the incoming load. The trap efficiency varies with sediment size through the
settling velocity. Typically, the trap efficiency is approximately one for coarse sediment,
e.g., gravels, and approaches zero for fine sediment, e.g., clays.

2.6 Sediment Transport Capacity ofa Channel

Simons, Li, and Fullerton (1981) developed an efficient method of evaluating sediment
discharge. The method is based on easy-to-apply power relationships that estimate sediment
transport based on the flow depth h and velocity V. These power relationships were developed from
a computer solution of the Meyer-Peter and Miller bedload transport equation and Einstein's
integration of the suspended bed sediment discharge:

qs = c.,h 'V 5 3 (E-8)

The results of the total bed sediment discharge are presented in Table E-2. The large values
of ce3 (3.3 <c, 3 < 3.9) show the high level of dependence of sediment transport rates on velocity.
Depth has comparatively less influence (-0.34 < c,2 < 0.7).
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Table E-2. Power equations for total bed sediment discharge in sand- and fine-gravel-bed streams.

Gr = 2.0
Cs1 1.59x10"5 9.8x10 6 6.94x10 6 6.32x10.6 6.62x10 6 6.94x10-6

Cs2 0.51 0.33 0.12 -0.09 -0.196 -0.27
Cs3 3.55 3.73 3.86 3.91 3.91 3.90

Gr = 3.0
Cs1 1.21x10-5 9.14x10.6 7.44x10-6

Cs2 0.36 0.18 -0.02
Cs3 3.66 3.76 3.86

Gr = 4.0
CSI 1.05x 10"
es2 0.21
SCs3 _ 3.71 _ 1 _ _ _1

•, Definitions: qs, unit sediment transport rate in ft2/s (unbulked); V, velocity in ft/s; h, depth in ft; Gr = 0.5 [(D84/D50) + (D501D, 6)]

gradation coefficient.

Calculation   C-03   Project 35DJ2600    Appendix A  Page 29 of 53



For flow conditions within the range outlined in Table E-3, the regression equations should
be accurate within 10%. The equations were obtained for steep sand- and gravel-bed channels under
supercritical flow. They do not apply to cohesive material.

The equations assume that all sediment sizes are transported by the flow without armoring.
The sediment concentration cg.,, is calculated from

CrA = 2.65 x 10 6q1 (E-9)
q

where q%is calculated from Equation E-8 and q = Vh is the unit discharge in ft2/s.

3 DESIGN AND ANALYSIS PROCEDURES

The following procedures may be used to determine: 1) sheet and rill erosion; 2) gully
erosion; 3) calculated sediment yield; 4) measured sediment yield; 5) trap efficiency, and 6) sediment
transport capacity of channels.

3.1 Sheet and Rill Erosion Procedure

The following sheet and rill erosion procedure based on the USLE may be used to determine
soil erosion losses from upland erosion. Ifdata are available, this approach should be supplemented
with field measurements to properly calibrate and ascertain the accuracy of other procedures and/or
computer models.

Step A-1. Gather topographic, soil type and land use information. Subdivide the domain into
sub-watersheds. For each sub-watershed, determine: drainage area, runoff length,
average slope, soil type,. percentage of canopy cover and ground cover and any
particular method of soil conservation practice.

Step A-2. Determine the mean annual rainfall erodibility factor R for the specific site location.

Step A-3. Determine, for each sub-watershed, the soil erodibility factor K from soil samples.

Step A-4. Determine the slope length-steepness factor LS from the runoff length and average

slope.

StepA-5. Determine the cropping-management factor Cfrom the ground and canopy cover data.

NUREG-1623 E-8

I I I

I I

Calculation   C-03   Project 35DJ2600    Appendix A  Page 30 of 53



Table E-3. Range ofparameters for the Simons-Li-Fullerton method.

Parameter Value range

Froude number 1 -4

Velocity 6.5 - 26 ft/s

Manning coefficient n 0.015 - 0.025

Bed slope 0.005 - 0.040

Unit discharge 10 - 200 ft/s

Particle size Dm k 0.062 mm

D50o_ 15rmm

NUREG-1623E-9
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Ratings – 1 to 40 inches 
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Grand County, Utah - Central Part  

75—Toddler-Ravola-Glenton families association  

Map Unit Setting  

Elevation: 4,000 to 5,000 feet  

Mean annual precipitation: 5 to 8 inches  

Mean annual air temperature: 52 to 55 degrees F  
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Frost-free period: 150 to 180 days  

Map Unit Composition  

Ravola family and similar soils: 25 percent  

Toddler family and similar soils: 25 percent  

Glenton family and similar soils: 20 percent  

Description of Toddler Family  

Setting  

Landform: Flood plains, drainageways  

Landform position (three-dimensional): Talf  

Down-slope shape: Linear  

Across-slope shape: Concave  

Parent material: Alluvium derived from sandstone and shale  

Properties and qualities  

Slope: 0 to 3 percent  

Depth to restrictive feature: More than 80 inches  

Drainage class: Well drained  

Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 to 

0.60 in/hr)  

Depth to water table: More than 80 inches  

Frequency of flooding: Rare  

Frequency of ponding: None  

Calcium carbonate, maximum content: 15 percent  

Gypsum, maximum content: 3 percent  

Maximum salinity: Nonsaline to slightly saline (2.0 to 8.0 mmhos/cm)  

Sodium adsorption ratio, maximum: 10.0  

Available water capacity: Moderate (about 8.5 inches)  

Grand County, Utah - Central Part  

75—Toddler-Ravola-Glenton families association  

Map Unit Setting  

Elevation: 4,000 to 5,000 feet  

Mean annual precipitation: 5 to 8 inches  

Mean annual air temperature: 52 to 55 degrees F  

Frost-free period: 150 to 180 days  
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Map Unit Composition  

Ravola family and similar soils: 25 percent  

Toddler family and similar soils: 25 percent  

Glenton family and similar soils: 20 percent  

Description of Toddler Family  

Setting  

Landform: Flood plains, drainageways  

Landform position (three-dimensional): Talf  

Down-slope shape: Linear  

Across-slope shape: Concave  

Parent material: Alluvium derived from sandstone and shale  

Properties and qualities  

Slope: 0 to 3 percent  

Depth to restrictive feature: More than 80 inches  

Drainage class: Well drained  

Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 to 

0.60 in/hr)  

Depth to water table: More than 80 inches  

Frequency of flooding: Rare  

Frequency of ponding: None  

Calcium carbonate, maximum content: 15 percent  

Gypsum, maximum content: 3 percent  

Maximum salinity: Nonsaline to slightly saline (2.0 to 8.0 mmhos/cm)  

Sodium adsorption ratio, maximum: 10.0  

Available water capacity: Moderate (about 8.5 inches)  

Interpretive groups  

Land capability (nonirrigated): 6e  

Ecological site: Alkali Fan (Castlevalley Saltbush) (R034XY003UT)  

Typical profile  

0 to 7 inches: Silt loam  

7 to 12 inches: Silt loam  

12 to 36 inches: Sandy clay loam  

36 to 60 inches: Fine sandy loam  

Calculation   C-03   Project 35DJ2600    Appendix A  Page 43 of 53



Description of Ravola Family  

Setting  

Landform: Flood plains  

Landform position (three-dimensional): Talf  

Down-slope shape: Linear  

Across-slope shape: Concave  

Parent material: Alluvium derived from sandstone and shale  

Properties and qualities  

Slope: 0 to 3 percent  

Depth to restrictive feature: More than 80 inches  

Drainage class: Well drained  

Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 to 

0.60 in/hr)  

Depth to water table: More than 80 inches  

Frequency of flooding: Occasional  

Frequency of ponding: None  

Calcium carbonate, maximum content: 40 percent  

Gypsum, maximum content: 4 percent  

Maximum salinity: Very slightly saline to moderately saline (4.0 to 16.0 mmhos/cm)  

Sodium adsorption ratio, maximum: 10.0  

Available water capacity: Moderate (about 8.5 inches)  

Interpretive groups  

Land capability (nonirrigated): 7s  

Ecological site: Alkali Flat (Black Greasewood) (R034XY006UT)  

Other vegetative classification: Alkali Flat (Black Greasewood) (034XY006UT_1)  

Typical profile  

0 to 3 inches: Silt loam  

3 to 7 inches: Silt loam  

7 to 10 inches: Fine sandy loam  

10 to 29 inches: Silt loam  

29 to 60 inches: Silt loam  

Description of Glenton Family  

Setting  

Landform: Drainageways, flood plains  

Landform position (three-dimensional): Talf  
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Down-slope shape: Linear  

Across-slope shape: Concave  

Parent material: Alluvium derived from sandstone and shale  

Interpretive groups  

Land capability (nonirrigated): 6e  

Ecological site: Alkali Fan (Castlevalley Saltbush) (R034XY003UT)  

Typical profile  

0 to 7 inches: Silt loam  

7 to 12 inches: Silt loam  

12 to 36 inches: Sandy clay loam  

36 to 60 inches: Fine sandy loam  

Description of Ravola Family  

Setting  

Landform: Flood plains  

Landform position (three-dimensional): Talf  

Down-slope shape: Linear  

Across-slope shape: Concave  

Parent material: Alluvium derived from sandstone and shale  

Properties and qualities  

Slope: 0 to 3 percent  

Depth to restrictive feature: More than 80 inches  

Drainage class: Well drained  

Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 to 

0.60 in/hr)  

Depth to water table: More than 80 inches  

Frequency of flooding: Occasional  

Frequency of ponding: None  

Calcium carbonate, maximum content: 40 percent  

Gypsum, maximum content: 4 percent  

Maximum salinity: Very slightly saline to moderately saline (4.0 to 16.0 mmhos/cm)  

Sodium adsorption ratio, maximum: 10.0  

Available water capacity: Moderate (about 8.5 inches)  

Interpretive groups  

Land capability (nonirrigated): 7s  

Ecological site: Alkali Flat (Black Greasewood) (R034XY006UT)  

Calculation   C-03   Project 35DJ2600    Appendix A  Page 45 of 53



Other vegetative classification: Alkali Flat (Black Greasewood) (034XY006UT_1)  

Typical profile  

0 to 3 inches: Silt loam  

3 to 7 inches: Silt loam  

7 to 10 inches: Fine sandy loam  

10 to 29 inches: Silt loam  

29 to 60 inches: Silt loam  

Description of Glenton Family  

Setting  

Landform: Drainageways, flood plains  

Landform position (three-dimensional): Talf  

Down-slope shape: Linear  

Across-slope shape: Concave  

Parent material: Alluvium derived from sandstone and shale  

Properties and qualities  

Slope: 0 to 3 percent  

Depth to restrictive feature: More than 80 inches  

Drainage class: Well drained  

Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 to 

0.60 in/hr)  

Depth to water table: More than 80 inches  

Frequency of flooding: Rare  

Frequency of ponding: None  

Calcium carbonate, maximum content: 40 percent  

Gypsum, maximum content: 3 percent  

Maximum salinity: Nonsaline to slightly saline (0.0 to 8.0 mmhos/cm)  

Sodium adsorption ratio, maximum: 10.0  

Available water capacity: Moderate (about 7.2 inches)  

 

 

18—Hanksville family-Badland complex  

Map Unit Setting  

• Elevation: 4,200 to 6,100 feet  

• Mean annual precipitation: 6 to 8 inches  

• Mean annual air temperature: 46 to 54 degrees F  
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• Frost-free period: 120 to 170 days  

Map Unit Composition  

• Hanksville family and similar soils: 40 percent  

• Badland: 35 percent  

Description of Hanksville Family  

Setting  

• Landform: Cuestas, mesas  

• Down-slope shape: Linear  

• Across-slope shape: Convex  

• Parent material: Colluvium derived from shale and/or residuum weathered from shale  

Properties and qualities  

• Slope: 30 to 50 percent  

• Surface area covered with stones and boulders: 7.0 percent  

• Depth to restrictive feature: 20 to 40 inches to paralithic bedrock  

• Drainage class: Well drained  

• Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately low (0.00 to 

0.06 in/hr)  

• Depth to water table: More than 80 inches  

• Frequency of flooding: None  

• Frequency of ponding: None  

• Calcium carbonate, maximum content: 15 percent  

• Gypsum, maximum content: 10 percent  

• Maximum salinity: Nonsaline (0.0 to 2.0 mmhos/cm)  

• Sodium adsorption ratio, maximum: 4.0  

• Available water capacity: Low (about 5.8 inches)  

Interpretive groups  

• Land capability (nonirrigated): 7s  

• Ecological site: Desert Clay (Castlevalley Saltbush) (R034XY103UT)  

• Other vegetative classification: Desert Clay (Castlevalley Saltbush) (034XY103UT_1)  

Typical profile  

• 0 to 3 inches: Extremely bouldery silt loam  

• 3 to 14 inches: Silty clay loam  

• 14 to 23 inches: Silty clay  

• 23 to 35 inches: Silty clay  

• 35 to 39 inches: Weathered bedrock  

Description of Badland  

Setting  
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• Landform: Cuestas, mesas  

• Down-slope shape: Linear  

• Across-slope shape: Convex  
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Appendix C 
 

RUSLE2 Results 
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