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Diectory: K:PROJECTSE0095742 - TVAWGeo Studio Anshysic'Name: Cell 2 NW Section Stage 1 Case 1.gsz

Title: TVA - Kingston RCA

Comments: Slope Stability Analysis for Cell 2 Northwest Section Stage 1 Case 1 (Average Strength of Ash Slimes)
Method: Morgenstern-Price

Analysis Sluiced Ash Drained Condition

Block Specified Failure Surface
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Name: Ash - Dike

Model: Mohr-Coulomb

Unit Weight: 107 pef

Unit Wt. Above Water Table: 102 pef
Cohesion: 0 psf

Phi: 37 °

Name: Dike - Compacted Clay Fill
Model: Mohr-Coulomb

Unit Weight: 120 pcf

Cohesion: 600 psf

Phi:15°

Name: Ash - Sluiced
Model: Mohr-Coulomb
Unit Weight: 107 pcf
Cohesion: 0 psf

Phi: 30

PhiB: 0°

Name: Soft Clay
Model: Mohr-Coulomb
Unit Weight: 110 pcf
Cohesion: 600 psf
Phi: 0 ®

Name: Alluvium - Clays and Silts
Model: Mohr-Coulomb

Unit Weight: 110 pcf

Cohesion: 1200 psf

Phi: 0 ®

Distance (feet) (x 1000)

0.75 0.80

Name: Alluvium - Silty Sands and Silts
Model: Mohr-Coulomb

Unit Weight: 130 pcf

Cohesion: 600 psf

Phi: 30 *

Name: Laminated Sensitive Silts and Ash Slimes 1
Model: Mohr-Coulomb

Unit Weight: 90 pcf

Cohesion: 700 psf

Phi: 0 ®

Name: Laminated Sensitive Silts and Ash Slimes 2
Model: Mohr-Coulomb

Unit Weight: 90 pcf

Caohesion: 800 psf

Phi: 0 ®

Name: Laminated Sensitive Silts and Ash Slimes 3
Model: Mohr-Coulomb

Unit Weight: 90 pef

Cohesion: 900 psf

Phi: 0 ¢

Name: Laminated Sensitive Silts and Ash Slimes 4
Model: Mohr-Coulomb

Unit Weight: 90 pef

Cohesian: 1100 psf

Phi: 0 *

Name: Laminated Sensitive Silts and Ash Slimes 5
Model: Mohr-Coulomb

Unit Weight: 90 pcf

Cohesion: 1300 psf

Phi: 0 ¢

Name: Laminated Sensitive Silts and Ash Slimes 6
Model: Mohr-Coulomb

Unit Weight: 90 pcf

Cohesion: 1500 psf

Phi: 0 °
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Title: TVA - Kingston RCA
Comments: Slope Stability Analysis for Cell 2 Northwest Section Stage 1 Case 2 (Low Bound Strength of Ash Slimes)

Methoq: Mor_genslem-Prit_:e - Name: Ash -Dike Name: Alluvium - Silty Sands and Silts
Analysis Sluiced Ash Drained Condition ﬂ‘,ﬂ’i‘:"\.'.,‘e"—':’.,'}'f.,‘}";‘{"’ Model: Mole-Coalomby
: 2 I : A x "
Block Specified Failure Surface Unit Wt. Above Water Table: 102 pcf 22::.}'::.'.2."2'91.335"
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Elevation (feet)

Title: TVA - Kingston RCA

Comments: Slope Stability Analysis for Cell 2 Northwest Section Stage 1 Case 2 (Low Bound Strength of Ash Slimes)
Method: Morgenstern-Price

Analysis Sluiced Ash Drained Condition

Grid and Radius Failure Surface
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Directory: K PROJECTSG0095742 - TVAG eoStudio Analyxis'Mame: Cell 7 MW Section Stage 1 Case ? Groulargss

Distance (feet) (x 1000)

Name: Ash - Dike

Model: Mohr-Coulomb

Unit Weight: 107 pcf

Unit Wt. Above Water Table: 102 pcf
Cohesion: 0 psf

Phi: 37 *

Name: Dike - Compacted Clay Fill
Model: Mohr-Coulomb

Unit Weight: 120 pcf

Cohesion: 600 psf

Phi: 15 °

Name: Ash - Sluiced
Model: Mohr-Coulomb
Unit Weight: 107 pef
Cohesion: 0 psf

Phi: 30 *

Phi-B: 0 ®

Name: Soft Clay
Model: Mohr-Coulomb
Unit Weight: 110 pef
Cohesion: 600 psf
Phi: 0 ©

Name: Alluvium - Clays and Silts
Model: Mohr-Coulomb

Unit Weight: 110 pef

Cohesion: 1200 psf

Phi: 0 ©

"H__-.'.Lﬂ_u“llura?-_ = - u )

0.75 0.80

Name: Alluvium - Silty Sands and Silts
Model: Mohr-Coulomb

Unit Weight: 130 pcf

Cohesion: 600 psf

Phi: 30 °

Name: Laminated Sensitive Silts and Ash Slimes 1
Model: Mohr-Coulomb

Unit Weight: 90 pcf

Cohesion: 600 psf

Phi: 0 ®

Name: Laminated Sensitive Silts and Ash Slimes 2
Model: Mohr-Coulomb

Unit Weight: 90 pef

Cohesion: 700 psf

Phi: 0 *

Name: Laminated Sensitive Silts and Ash Slimes 3
Model: Mohr-Coulomb

Unit Weight: 90 pef

Cohesion: 800 psf

Phi: 0 *

Name: Laminated Sensitive Silts and Ash Slimes 4
Model: Mohr-Coulomb

Unit Weight: 90 pcf

Cohesion: 1000 psf

Phi: 0 *®

Name: Laminated Sensitive Silts and Ash Slimes §
Model: Mohr-Coulomb

Unit Weight: 90 pcf

Cohesion: 1250 psf

Phi: 0 *

Name: Laminated Sensitive Silts and Ash Slimes &
Model: Mohr-Coulomb

Unit Weight: 90 pcf

Cohesion: 1400 psf

Phi: 0 °
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Elevation (feet)

Title: TVA - Kingston RCA

Comments: Slope Stability Analysis for Cell 2 Northwest Section Stage 2 Case 1 (Average Strength of Ash Slimes)

Method: Morgenstern-Price
Analysis Sluiced Ash Undrained Condition
Block Specified Failure Surface
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Name: Ash - Dike

Model: Mohr-Coulomb

Unit Weight: 107 pcf

Unit Wt. Above Water Table: 102 pcf
Cohesion: 0 psf

Phi: 37 ©

Name: Dike - Compacted Clay Fill
Model: Mohr-Coulomb

Unit Weight: 120 pcf

Cohesion: 600 psf

Phi: 15 °

Name: Ash - Sluiced
Model: S=floverburden)
Unit Weight: 107 pcf
Tau/Sigma Ratio: 0.3
Minimum Strength: 0

Name: Soft Clay
Model: Mohr-Coulomb
Unit Weight: 110 pcf
Cohesion: 600 psf
Phi: 0 °

Name: Alluvium - Clays and Silts
Model: Mohr-Coulomb

Unit Weight: 110 pcf

Cohesion: 1200 psf

Phi: 0*

055 0.60 0.65 0.70 075 0.80

Distance (feet) (x 1000)

Name: Alluvium - Silty Sands and Silts
Maodel: Mohr-Coulomb

Unit Weight: 130 pef

Cohesion: 600 psf

Phi: 30 ©

Name: Laminated Sensitive Silts and Ash Slimes 1
Model: Mohr-Coulomb

Unit Weight: 90 pcf

Cohesion: 700 psf

Phi: 0°

Name: Laminated Sensitive Silts and Ash Slimes 2
Model: Mohr-Coulomb

Unit Weight: 90 pef

Cohesion: 800 psf

Phi: 0°

Name: Laminated Sensitive Silts and Ash Slimes 3
Model: Mohr-Coulomb

Unit Weight: 90 pcf

Cohesion: 900 psf

Phi: 0 °

Name: Laminated Sensitive Silts and Ash Slimes 4
Model: Mohr-Coulomb

Unit Weight: 90 pcf

Cohesion: 1100 psf

Phi: 0 °

Name: Laminated Sensitive Silts and Ash Slimes 5
Model: Mohr-Coulomb

Unit Weight: 90 pcf

Cohesion: 1300 psf

Phi: 0 °

Name: Laminated Sensitive Silts and Ash Slimes 6
Model: Mohr-Coulomb

Unit Weight: 90 pcf

Cohesion: 1500 psf

Phi: 0 ®°
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Elevation (feet)

Title: TVA - Kingston RCA

Comments: Slope Stability Analysis for Cell 2 Northwest Section Stage 2 Case 2 (Low Bound Strength of Ash Slimes)
Method: Morgenstern-Price

Analysis Sluiced Ash Undrained Condition

Block Specified Failure Surface

860 —

as0 - 0.97
840 —

830 —

SARE gl Nip——
o0 = T
800 .‘i:l‘.lﬂl
780
780
770
T60
750
740
T30

720 Ll . ! :
0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55
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Name: Ash - Dike

Model: Mohr-Coulomb

Unit Weight: 107 pcf

Unit Wt. Above Water Table: 102 pef
Cohesion: 0 psf

Phi: 37 ¢

Name: Dike - Compacted Clay Fill
Model: Mohr-Coulomb

Unit Weight: 120 pcf

Cohesion: 600 psf

Phi: 15 °

Name: Ash - Sluiced
Model: S=f{overburden)
Unit Weight: 107 pcf
Tau/Sigma Ratio: 0.3
Minimum Strength: 0

Name: Soft Clay
Model: Mohr-Coulomb
Unit Weight: 110 pcf
Cohesion: 600 psf
Phi: 0 °

Name: Alluvium - Clays and Silts
Model: Mohr-Coulomb

Unit Weight: 110 pef

Cohesion: 1200 psf

Phi: 0 *

0.60 085 0.70 0.75 0.80
Distance (feet) (x 1000)

Name: Alluvium - Silty Sands and Silts
Model: Mohr<Coulomb

Unit Weight: 130 pef

Cohesion: 600 psf

Phi: 30 °

Name: Laminated Sensitive Silts and Ash Slimes 1
Moadel: Mohr-Coulomb

Unit Weight: 90 pef

Cohesion: 600 psf

Phi:0°

Name: Laminated Sensitive Silts and Ash Slimes 2
Model: Mohr-Coulomb

Unit Weight: 90 pcf

Cohesion: 700 psf

Phi:0°

MName: Laminated Sensitive Silts and Ash Slimes 3
Model: Mohr-Coulomb

Unit Weight: 90 pcf

Cohesion: 800 psf

Phi: 0 *®

Name: Laminated Sensitive Silts and Ash Slimes 4
Model: Mohr-Coulomb

Unit Weight: 90 pcf

Cohesion: 1000 psf

Phi:0°

Mame: Laminated Sensitive Silts and Ash Slimes §
Model: Mohr-Coulomb

Unit Weight: 90 pcf

Cohesion: 1250 psf

Phi:0°

Mame: Laminated Sensitive Silts and Ash Slimes 6
Model: MohrCoulomb

Unit Weight: 90 pef

Cohesion: 1400 psf

Phi:0°
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Elevation (feet)
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Title: TVA - Kingston RCA

Comments: Slope Stability Analysis for Cell 2 Northwest Section Stage 2 Case 2 (Low Bound Strength of Ash Slimes)
Method: Morgenstern-Price

Analysis Sluiced Ash Undrained Condition

Grid and Radius Failure Surface
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Coft 2 NW Section Stage # Case ? Circulargsr

Name: Ash - Dike

Model: Mohr-Coulomb

Unit Weight: 107 pcf

Unit Wt. Above Water Table: 102 pcf
Cohesion: 0 psf

Phi: 37 ¢

Name: Dike - Compacted Clay Fill
Model: Mohr-Coulomb

Unit Weight: 120 pcf

Cohesion: 600 psf

Phi:15°

Name: Ash - Sluiced
Model: S=f(overburden)
Unit Weight: 107 pcf
Tau/Sigma Ratio: 0.3
Minimum Strength: 0

Name: Soft Clay
Model: Mohr-Coulomb
Unit Weight: 110 pcf
Cohesion: 600 psf
Phi: 0 ®

Name: Alluvium - Clays and Silts
Model: Mohr-Coulomb

Unit Weight: 110 pcf

Cohesion: 1200 psf

Phi: D *

0.60 0.65 0.70 075 0.80

Distance (feet) (x 1000)

Name: Alluvium - Silty Sands and Silts
Model: Mohr-Coulomb

Unit Weight: 130 pcf

Cohesion: 600 psf

Phi: 30 ¢

Name: Laminated Sensitive Silts and Ash Slimes 1
Model: Mohr-Coulomb

Unit Weight: 30 pcf

Cohesion: 600 psf

Phi: 0 °

Name: Laminated Sensitive Silts and Ash Slimes 2
Model: Mohr-Coulomb

Unit Weight: 90 pcf

Cohesion: 700 psf

Phi: 0 °

Name: Laminated Sensitive Silts and Ash Slimes 3
Model: Mohr-Coulomb

Unit Weight: 90 pef

Cohesion: 800 psf

Phi: 0 ®

Name: Laminated Sensitive Silts and Ash Slimes 4
Model: Mohr-Coulomb

Unit Weight: 80 pcf

Cohesion: 1000 psf

Phi: 0 °

Name: Laminated Sensitive Silts and Ash Slimes 5
Model: Mohr-Coulomb

Unit Weight: 90 pcf

Cohesion: 1250 psf

Phi: 0 *°

Name: Laminated Sensitive Silts and Ash Slimes &
Model: Mohr-Coulomb

Unit Weight: 90 pcf

Cohesion: 1400 psf

Phi: 0 *

085 0.80 0.95 1.00
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M:\PROJECTS\ 60095742\ DWG\ slope_stabilty—figs\G60095742_4C_7—CELL 2 NW SECTION STAGE 3 POST FAILURE CASE1.dwg; 6/12/2009 1:41:49 PM; BRAATZ, DAN T.; STS.stb

Title: TVA - Kingston RCA

Comments: Stability Analysis for Cell 2 Northwest Section Stage 3 Post-Failure Case 1

Method: Morgenstern-Price
Block Specified Failure Surface

FAILED ASH SURCHARGE = 1,600 PSF

0.55 0.60

Name: Ash - Dike
Model: Mohr-Coulomb
Unit Weight: 107 pcf
Unit Wt. Above Water Table: 102 pcf
0.68 Cohesion: 0 psf
._ Phi: 37 °

Name: Dike - Compacted Clay Fill
Model: Mohr-Coulomb

Unit Weight: 120 pcf

Cohesion: 600 psf

Phi: 15°

Name: Soft Clay
Model: Mohr-Coulomb
Unit Weight: 110 pcf
Coheslon: 250 psf
Phi: 0 °

Name: Laminated Sensitive Siits and Ash Slimes

Model: Mohr-Coulomb
Unit Weight: 90 pef
Cohesion: 600 psf
Phi: 0 °

Distance (feet) (x 1000)

Directory: K:\PROJECTS\60095742 - TVA\GecStudio Analysis\Name: Cell 2 NW Section - Stage 3 Post-Failure.gsz

0.65 0.70

0.80 0.85

Name: Alluvium - Silty Sands and Silts
Model: Mohr-Coulomb

Unit Weight: 130 pcf

Cohesion: 600 psf

Phi: 30 °

Name: Alluvium - Clays and Siits
Model: Mohr-Coulomb

Unit Weight: 110 pef

Cohesion: 1200 psf

Phi: 0°®

Name: Ash - Sluiced
Meodel: Mehr-Coulomb
Unit Weight: 107 pef
Cohesion: 0 psf

Phi: 30 °

Name: Ash - (Sus=100 psf)
Model: Mohr-Coulomb
Unit Weight: 107 pef
Cohesion: 100 psf

Phi: 0°

0.95 1.00
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M:\PROJECTS\ 80095742\ DWG\ slope_stabilty—figs\G60095742_4C_8CELL 2 NW SECTION STAGE 3 POST FAILURECASE2.dwg; 6/12/2009 2:10:04 PM; BRAATZ, DAN T.; STS.stb

Title: TVA - Kingston RCA

Comments: Stability Analysis for Cell 2 Northwest Section Stage 3 Post-Failure Case 2
Method: Morgenstern-Price

Block Specified Failure Surface

FAILED ASH SURCHARGE = 1,600 PSF

1illlllﬂ

TSR

Name: Ash - Dike

Model: Mohr-Coulomb

Unit Weight: 107 pcf

Unit Wt. Above Water Table: 102 pcf

Cohesion: 0 psf
0.96 Phi: 37 °

Name: Dike - Compacted Clay Fill
Model: Mohr-Coulomb

Unit Weight: 120 pcf

Cohesion: 600 psf

Phi: 15°

Name: Soft Clay
Model: Mohr-Coulomb
Unit Weight: 110 pcf
Cohesion: 600 psf
Phi:0°

Name: Laminated Sensitive Silts and Ash Slimes
Model: Mohr-Coulomb

Unit Weight: 90 pcf

Cohesion: 600 psf

Phi: 0°

0.55 0.60
Distance (feet) (x 1000)

Directory: K:\PROJECTS\80095742 - TVA\GeoStudio Analysis\Name: Cell 2 NW Section - Stage 3 Post-Failure Case 2.gsz

0.65 0.70

0.75

0.80 0.85 0.90

Name: Alluvium - Silty Sands and Silts
Madel: Mohr-Coulomb

Unit Weight: 130 pef

Cohesion: 600 psf

Phi: 30°

Name: Alluvium - Clays and Silts
Model: Mohr-Coulomb

Unit Weight: 110 pcf

Cohesion: 1200 psf

Phi: 0°

Name: Ash - Sluiced
Model: Mohr-Coulomb
Unit Weight: 107 pcf
Cohesion: 0 psf

Phi: 30°

Name: Ash - (Sus=100 psf)
Model: Mohr-Coulomb
Unit Weight: 107 pcf
Cohesion: 100 psf

Phi: 0°

0.95 1.00
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Title: TVA - Kingston RCA
Comments: Stability Analysis for Cell 2 Northwest Section Stage 3 Pre-Failure Case 1
Method: Morgenstern-Price

Block Specified Failure Surface

Name: Ash - Dike

Model: Mohr-Coulomb

Unit Weight: 107 pcf

Unit Wt. Above Water Table: 102 pcf
Cohesion: 0 psf

Phi: 37 °

Name: Dike - Compacted Clay Fill

—

Name: Laminated Sensitive Silts and Ash Slimes
Model: Mohr-Coulomb

Unit Welght: 90 pef

Cohesion: 600 psf

Phi:0®

Name: Alluvium - Silty Sands and Silts
Meodel: Mohr-Coulomb
Unit Weight: 130 pcf
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M:\PROJECTS\ 60095742\ DWG\ slope_stabilty—figs\G60095742_4C_9—CELL 2 NW SECTION STAGE 3 PRE FAILURE CASE1.dwg; 6/12/2009 1:33:03 PM; BRAATZ, DAN T.; STS.stb

Model: Mohr-Coulomb | ) <
Unit Weight: 120 pcf Cﬂl]eSloon: 600 psf Y )
Cohesion: 600 psf Phi: 30 %) % i
Phi: 15° > LU
Name: Alluvium - Clays and Silts 1 w 0
Name: Soft Clay Model: Mohr-Coulomb <=z &
Model: Mohr-Coulomb Unit Weight: 110 pef 5: @) 3 >
Unit Weight: 110 pcf Cohesion: 1200 psf = = S
Cohesion: 250 psf Phi: 0 ® >0 < i
Phi: 0° EOWw —
Name: Ash - Sluiced 1 Z j R
Meodel: Mohr-Coulomb m XY ] =z
Unit Weight: 107 pef <& 0O <
Cohesion: 0 psf = = =
Phi: 30 © 7)) e (us x
L x
o B <
@) o LT
-
%) ()]

oimes 8 N N N N-lIB

0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00
Distance (feet) (x 1000)

Directory: K:\PROJECTS\60095742 - TVA\GeoStudio Analysis\Name: Cell 2 NW Section - Stage 3 Pre-Failure Case 1.gsz
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CASE2.dwg; 6/12/2009 1:48:52 PM; BRAATZ, DAN T.; STS.stb

M:\PROJECTS\ 60095742\ DWG\ slope_stabilty—figs\G60095742_4C—10—CELL 2 NW SECTION STAGE 3 PRE FAILURE

Title: TVA - Kingston RCA

Comments: Stability Analysis for Cell 2 Northwest Section Stage 3 Pre-Failure Case 2
Method: Morgenstern-Price

Block Specified Failure Surface

Name: Ash - Dike
j—'?—z- Model: Mohr-Ceulomb
. Unit Weight: 107 pef
Unit Wt. Above Water Table: 102 pef
Cohesion: 0 psf
Phi: 37 °

Name: Dike - Compacted Clay Fill
Model: Mohr-Coulomb

Unit Welight: 120 pef

Cohesion: 600 psf

Phi: 16°

Name: Soft Clay
Model: Mohr-Coulomb
Unit Weight: 110 pef
Cohesion: 600 psf
Phi: 0°

‘-mmm-mw-ﬁﬁﬂ;!!llll-l

0.55 0.60
Distance (feet) (x 1000)

Directory: K:\PROJECTS\60095742 - TVA\GeoStudio Analysis\iName: Cell 2 NW Section - Stage 3 Pre-Failure Case 2.gsz

0.65 0.70

0.80 0.85 0.90

Name: Laminated Sensitive Silts and Ash Slimes
Model: Mohr-Coulomb

Unit Weight: 80 pef

Cohesion: 600 psf

Phi: 0 °©

Name: Alluvium - Silty Sands and Silts
Model: Mohr-Coulomb

Unit Weight: 130 pef

Cohesion: 600 psf

Phi: 30 °

Name: Alluvium - Clays and Silts
Model: Mohr-Coulomb

Unit Weight: 110 pcf

Cohesion: 1200 psf

Phi: 0 °

Name: Ash - Sluiced
Model: Mohr-Coulomb
Unit Welight: 107 pef
Cohesion: 0 psf

Phi: 30 °

0.95 1.00
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Title: TVA - Kingston RCA

Comments: Stability Analysis for Cell 2 Northwest Section Stage 3 Pre-Failure Case 1 Circular
Method: Morgenstern-Price

Block Specified Failure Surface

M:\PROJECTS\ 60095742\ DWG\ slope_stabilty—figs\G60095742_4C_11—CELL 2 NW SECTION STAGE 3 PRE FAILURE CIRCULAR.dwg; 6/12/2009 1:50:02 PM; BRAATZ, DAN T.; STS.stb

Name: Ash - Dike Name: Laminated Sensitive Silts and Ash Slimes X
Model: Mohr-Coulomb Model: Mohr-Coulomb <
Unit Weight: 107 pef ®e Unit Weight: 90 pef 5'
Unit Wt. Above Water Table: 102 pef e, : *e, Cohesion: 600 psf O
Cohesion: 0 psf 0 %0, %0, 0%~ Phi: 0 ° x
Phl; 37 ° ®eo®e,% 1500 0
® ) o . @
. °® :: ® :: ™ :'. ® .': ® :: e, Name: Alluvium - Silty Sands and Silts O
Name: Dike - Compacted Clay Fill e - [ ™ . ® ®e (X Py ey ® ® M ®e - Model: Mohr-Coulomb L
Model: Mohr-Coulomb eleal0 o 0 %0 %0 %0, UnitWeight: 130 pef X ow <
Unit Weight: 120 pef .I..l'...:..:I.:..:’. Cohesion: 600 psf 2w O
Cohesion: 600 psf 00 00000000000 rhine ='9 x
i 150 o )
Phke Solegl0 g 0000 0% 0%, _ ) E_l w o
0 0, "0 g "0, "0, 0,90, Name: Alluvium - Clays and Silts < @ wn
Name: Soft Clay 0 %0 %0 %0 g% 0 %%, Model: Mohr-Coulomb LIJZZ:)LLI
Model: Mohr-Coulomb :..:c.:-.:o.:-.:..:.. Unit Welight: 110 pef g<|9_|z
Unit Weight: 110 pef 0 20,%0,%0,%0,%0,%,°% Cohesion: 1200 psf < =
Cohesion: 250 psf 00%0 0% 0 % 0% 0.%0,%,."° Phi: 0 ° mﬁgim
Phi: 0° 00%05%0,°%0,% 0% 0,%," wS=>_F
©0.%0.%0.%0,%,%,%, Name: Ash - Sluiced (D='—_|Z‘
...:..:..:..:..:'.:'. Model: Mohr-Coulomb <2¥,LIJ<
el l000,00, 0% Unit Weight: 107 pf 5|_<>EO§
[ © ® .
0g %e, e Cohesion: 0 psf 14p) w =
Coglegdee? Phi: 30 ° z,Fox
® ' L Y
On 0QOZ
o YT
oo X
wn O
)}
=z
AN
-
0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 095 d
©)

Distance (feet) (x 1000)

Directory: K:\PROJECTS\60095742 - TVA\GeoStudio Analysis\Name: Cell 2 NW Section - Stage 3 Pre-Failure Case 1 Circular.gsz

Analytics :

PCC  06/05/2009

Checked:

LWB 06,/05,/2009

Approved:

WHW 06,/05,/2009

PROJECT
NUMBER

60095742

FIGURE
NUMBER

4C_11




M:\PROJECTS\ 60095742\ DWG\ Seepage Figures\VOL_4\GB60095742_4C_12—Cell 2 NW Section Stage 4.dwg; 6/12/2009 2:30:26 PM; BRAATZ, DAN T.; STS.stb

Elevation (feet)

Title: TVA - Kingston RCA
Comments: Slope Stability Analysis For Cell 2 Northwest Section Stage 4
Method: Morgenstern-Price

Grid and Radius Failure Surface o

™ ° ° Name: Ash - Sluiced
Model: Mohr-Coulomb
Unit Weight: 107 pef
L L] L] L ] [ ] Cohesion: 0 psf
™ ® ° ° ° # Phi: 30 ®

Name: Ash - Sluiced (Tao/Sigma=0.30)
® L] [ ] 0.66 ™ ® B ° Model: S=f(overburden)
- L L] & o ® > Unit Weight: 107 pef
L » Taw'Sigma Ratio: 0.3
. Minimum Strength: 0
860 — L ® ® [ @ 2 ™
® ™ ™ Name: Ash - (Sus=100 psf)
850 [— e . s . » ] ] Model: Mohr-Coulomb
. ° @ ° ® ° @ ° B Unit Weight: 107 pcf
840 |— ® ® ™ ® ° P & = Cohesion: 100 psf
Phi: D °

830 —
[ ] L ] - [} ® ® Name: Laminated Sensitive Silt and Ash Slimes
820 — . ° ® ® - Model: Mohr-Coulomb
Unit Weight: 90 pcf
Cohesion: 1200 psf
L] ® ° Phi: 0 °

800 Name: Alluvium - Clays and Silts
* Model: Mohr-Coulomb

Unit Weight: 110 pcf

Cohesion: 1200 psf

Phi: 0 *

790
780
770
760
750
740

3 — laminated Sencitive Sits ang dAsh Slmes .

720

0 50 100 150 200 250 300 350 400 450 500
Distance (feet)

Directory: K:\PROJECTS\B0095T42 - TVAYGeoStudio Analysis\Name: Cell 2 NW Section - Stage 4.gsz
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M:\PROJECTS\ 60095742\DWG\Seepage Figures\VOL_4\G60095742_4C_13—Cell 2 SW Section Case 1.dwg; 6/12/2009 2:32:21 PM; BRAATZ, DAN T.; STS.stb

Elevation (ft)

Title: TVA - Kingston RCA

Comments: Slope Stability Analysis for Cell 2 Southwest Section Case 1
Method: Morgenstern-Price

Analysis Sluiced Ash Drained Condition

Block Specified Failure Surface

860 —
o |- 1.49
830 —
820 —
810 |—
800 —
790 —

780 |—

770 — i B
760

750

740
730
720
710

700
100 150 200 250 300 350 400 450

Distance (feet) (x 1000)

Directory: KAPROJECT 860095742 - TVAIGeoStudio AnalysisiName: Cell 2 SW Section Case 1.g5z

Name: Ash - Dike & Dike B2

Model: Mohr-Coulomb

Unit Weight: 107 pef

Unit Wt. Above Water Table: 102 pef
Cchesion: 0 psf

Phi: 37 ©

Mame: Ash - Sluiced
Model: Mohr-Coulomb
Unit Weight. 107 pef
Cohesion: 0 psf

Phi: 30 ®

Name: Dike B1 & Swan Pond Road
Model. Mohr-Coulomb

Unit Weight: 114 pcf

Cchesion: 0 psf

Phi: 37 °

Name: Railroad Shale Fill
Model: Mohr-Coulomb
Unit Weight. 120 pef
Cohesion: 0 psf

Phi: 37 ®

Name: Alluvium - Clays and Silts
Model; Mohr-Coulomb

Unit Weight: 110 pcf

Cohesion: 1200 psf

Phi: 0°

550 600

Mame: Laminated Sensitive Silts and Ash Slimes 1
Madel: Mohr-Coulomb

Unit Weight: 90 pef

Cohesion: 1100 psf

Phi. 0°

Name: Laminated Sensitive Silts and Ash Slimes 2
MModel: Mohr-Coulomb

Unit Weight: 90 pcf

Cohesion: 1175 psf

Phi: 0

Name: Laminated Sensitive Silts and Ash Slimes 3
Model: Mohr-Coulomb

Unit Weight: 90 pcf

Cohesion: 1250 psf

Phi: 0 ¢

Mame: Laminated Sensitive Silts and Ash Slimes 4
Model: Mohr-Coulomb

Unit Weight: 90 pcf

Cohesion; 1400 psf

Phi. 0

Name: Alluvium - Silty Sands and Silts
Model: Mohr-Coulomb

Unit Weight: 130 pcf

Cohesion; 600 psf

Phi: 30 *

650 700

750
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M:\PROJECTS\ 60095742\ DWG\ slope_stabilty—figs\G60095742_4C_14—Cell 2 SW Section Case 2.dwg; 6/12/2009 8:31:31 PM; BRAATZ, DAN T.; STS.stb

Elevation (ft)

Title: TVA - Kingston RCA

Comments: Slope Stability Analysis for Cell 2 Southwest Section Case 2
Method: Morgenstern-Price

Analysis Sluiced Ash Undrained Condition

Block Specified Failure Surface

850

i ) 1.08

820 —
810 —

700
100 180 200 280 300 350 400 450

Distance (feet) (x 1000)

Directory; KAPROJECTS\E0095742 - TYA\GeoStudio Analysis\Name: Cell 2 SW Section Case 2_r.gsz

Mame: Ash - Dike & Dike B2

Model: Mohr-Coulomb

Unit Weight: 107 pef

Unit Wt. Above Water Table: 102 pef
Cohesion: 0 psf

Phi: 37 °

Mame: Ash - Sluiced
Model: S=f(overburden)
Unit Weight: 107 pcf
Tau/Sigma Ratio: 0.3
Minimum Strength: 0

Mame: Dike B1 & Swan Pond Road
Model: Mohr-Coulomb

Unit Weight: 114 pcf

Cohesion: 0 psf

Phi: 37 °

Name: Railroad Shale Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion: 0 psf

Phi: 37 °

Name: Alluvium - Clays and Silts
Model: Mehr-Coulomb

Unit Weight: 110 pef

Cohesion: 1200 psf

Phi: 0 *®

A

S

550 600

Name: Laminated Sensitive Silts and Ash Slimes 1
Model: Mehr-Coulomb

Unit Weight: 90 pcf

Cohesion: 1100 psf

Phi: 0 °

Name: Laminated Sensitive Silts and Ash Slimes 2
Maodel: Mohr-Coulomb

Unit Weight: 90 pcf

Cohesion: 1175 psf

Phi: 0 ®

Name: Laminated Sensitive Silts and Ash Slimes 3
Model: Mchr-Coulomb

Unit Weight: 90 pcf

Cohesion: 1250 psf

Phi: 0°

Mame: Laminated Sensitive Silts and Ash Slimes 4
Model: Mohr-Coulomb

Unit Weight: 90 pcf

Cohesion: 1400 psf

Phi: 0 ®

Mame: Alluvium - Silty Sands and Silts
Model: Mohr-Coulomb

Unit Weight: 130 pef

Cohesion: 600 psf

Phi: 30 ©

650 700 750
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M:\PROJECTS\ 60095742\ DWG\ slope_stabilty—figs\G60095742_4C_15—Phase 1 East Section Case 1.dwg; 6/12/2009 8:27:22 PM; BRAATZ, DAN T. STS.stb

Elevation (ft)

Title: TVA - Kingston RCA

Comments: Slope Stability Analysis for Phase 1 Emergency Dredge Cell East Section Case 1
Method: Morgenstern-Price

Analysis Sluiced Ash Drained Condition

Grid and Radius Failure Surface * o
.. .. I. ®
] v ®
] G .. o -. L » [ ]
e ® e e e * °
® ® ® 8 L ® L ] ° ® ®
a e o ® A L - [ ] * [ ]
Pe Ss 0 0 D) o ©® o
" e @ @ o "e » e e °,
® o ® o ® L e o ® o
e ® @ o %, ® e "o "
o 8 g0 8g 0 o Ve S50 ®
.o.'o. ..'o.o.' o e
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.o.‘.:.o ..'..O o o
.0..........| 0....
[ ] ® ™ L ® &
840 ®e e o ®l e %,
o * o © e ©® .. e ©®
[ ] ® ® ® ® o ® | ]
820 *e ..
® L]
=0 [ [ T ® e .'
il NS
ST L Pt
- e AR
760
740
720
700
06 0.7 0.8 0.9 1.0 1.1
Distance (ft) (x 1000)
D y: KAPROJECT 742 - TVA\GeoStudio AnalysisiName: Phase 1 Emergency Dredge Cell East Section Case 1_r1.gsz

Name: Ash - Dike Name: Alluvium - Clays and Silts
Model: Mohr-Coulomb Model: Mohr-Coulomb
Unit Weight: 107 pcf Unit Weight: 110 pef
Unit Wt. Above Water Table: 102 pcf Cohesion: 1200 psf
Cohesion: 0 psf Phi: 0
Phi: 37 *
Name: Alluvium - Silty Sands and Siits
Name: Ash - Sluiced Model: Mohr-Coulomb
Model: Mohr-Coulomb Unit Weight: 130 pcf
Unit Weight: 107 pcf Cohesion: 600 psf
Cohesion: 0 psf Phi: 30 ¢
Phi: 30 *

12 13 14 15

16
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M:\PROJECTS\ 60095742\ DWG\ slope_stabilty—figs\G60095742_4C_16—Phase 1 East Section Case 2.dwg; 6/12/2009 9:47:54 PM; BRAATZ, DAN T. STS.stb

Elevation (ft)

Title: TVA - Kingston RCA
Comments: Slope Stability Analysis for Phase 1 Emergency Dredge Cell East Section Case 2
Method: Morgenstern-Price

Analysis Sluiced Ash Undrained Condition ° .
Grid and Radius Failure Surface .. e ®,
L ] ® o
® ®
© [ ] . ® b °® L ] ®
@ d @ °
e o o ® ™
o o ® °
L ] & ® L L J e ®
L ® ® ® L o ® o ® ® e
s °® ] L e °* > . o * [ ]
* e %o ° @ o °® ® @
. ® o e ® Xy ® e
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SLOPE STABILITY ANALYSIS FOR CELL 2 SW SECTION CASE 1 (SECTION ALONG SWAN POND ROAD)
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276 PLASTIC EQUILIBRIUM IN SOILS

arrangement (Fig. 35.11). Inasmuch as the value of F
determined in this manner refers to only one trial surface,
the calculations must be repeated for other surfaces until
the minimum value of F is found. Computer programs
are available to expedite the calculations. However, to
ensure that the results are reasonable and that no untenable
assumption has been incorporated into the routine, a man-
ual check by means of the foregoing procedure is
advisable.

For most practical prbblems involving a noncircular
surface of sliding, the assumption that AT, is equal to
zero leads to sufficiently accurate results. If the cross-
section of the surface of sliding departs significantly from
a circular shape, the use of Eq. 35.29 with AT, = 0 is
preferable to the assumption of a circular cross-section
and the use of Eq. 35.22. However, if greater refinement
is justified, values of AT, may be inserted in Eq. 35.29
and the factor of safety recalculated. The calculations are
laborious and hardly practicable without a computer.

Because the interslice forces 7 and E depend on the

deformation and the stress-deformation characteristics of

the sliding mass, they cannot be evaluated by limit-equi-
librium procedures, but values must be assigned to them
arbitrarily. Any set of values 7, satisfying Egs. 35.30

and 35.36 will ensure compliance with all conditions for .

_expected because the earth stretches horizontally un

" moves to the left under the influence of the active pres:
_ on 4f. The left-hand part of the sliding mass cde expe*f

equilibrium of the slide as a whole and for the horize
and vertical equilibrium of each slice. However, not
such sets of values are reasonable or possible. For
ple, the values of 7, must not exceed the shearing streﬁ
of the soil along the vertical boundary of the corres;
ing slice~under the influence of the normal force
Moreover, tensile stresses should not occur across :
nificant portion of any vertical boundary between sk
These requirements form one basis for Judgmg the reas
ableness of a computer solution.

If the subsoil contains one or more thin exception:
weak strata, the surface of sliding is likely to consi
three or more sections that do not merge smoothly
into another. In stability computations such a sus
cannot be replaced by a continuous curve w1thout
introduction of an error on-the unsafe side. _

Figure 35.12 represents a slope underlain by a
layer of very soft clay with undrained shear stren,
If such a slope fails, the slip occurs along some comp C
surface abcd. In the right-hand part of the sliding m
represented by the area abf, active failure must

the influence of its own weight. The central part

Col- 11 2|afals| 6 |7] 8 {o|w|u}|s 1 15 16 17
— [
Stice\ [bl a || fla|tana}c|tand| cb | ub | W.| W |AT Wo + Wi + AT.| (14) — o | (15) tan &] (9) + ¢
1
2
n
Col| 18 19 20 21 22 |" 23 |26] 2 26 21 |28 29
stice \ | D) el Wa+ Wi | (19) 'z | dbtan ¢’ | (21) — cb | (22) tan a| P, fkﬂ (149) + (25) | (26) -f | ma %Q
. s N ]
1
2
=
Z(20) = Z(29) =
Fpm —2(29) Z(30) =
2(20) — Z(30)

"Repent steps 24 to 30 ihcl

Figure 35.11 Tabular form for calculating factor of safety of slope by method of slices, if

surface of sliding is not circular.




c Very Soft Clay

igure 35.12 Failure of slope underlain by thin layer, of very
yft clay.

1ces passive failure due to the thrust of the advancing

atral part beef.

The first step in investigating the conditions for the
ability of the slope is to compute the passive earth
essure Pp of the soil located on the left side of a tenta-
rely selectéd vertical section ec located near the toe of
e slope. It is conservative to assume that P, acts in
¢ horizontal direction. The next step is to estimate the
isition of the right-hand boundary & of the horizontal
1t cb of the potential surface of sliding and to compute
sactive earth pressure P, on a vertical section fb through
The tendency for the mass bcef to move to the left is
sisted by the passive earth pressure Pp and the total
drained shear strength C along bc. If the slope is stable,

> sum of these resisting forces must be greater than the

tive earth pressure F,, which is assumed to act in a
rizontal direction. The factor of safety against sliding
equal to the ratio between the sum of the resisting
‘ces and the force F,. The investigation must be repeated

: different positions of the points ¢ and b until the
'face of least resistance to sliding is found that corres-
nds to the least factor of safety.

oblems

l. A wide cut was made in a stratum of soft clay that had
wel surface, The sides of the cut rose at 30° to the horizontal.
Irock was located at a depth of 12 m below the original
und surface. When the cut reached a depth of 7.5 m, failure
urred. If the unit weight of the clay was 19.2 kN/m’, what
3 its mobilized undrained shear strength? What was the
racter of the surface of sliding? At what distance from the
t of the slope did the surface of sliding intersect the bottom
he excavation?

‘Ans. 24 kPa; midpoint circle; 5.25 m.

« The rock surface referred to in problem 1 was located at
:pth of 9 m below the original ground surface. What were
mobilized undrained shear_strength of the clay and the
racter of the surface of sliding?

“Ans. 22 kPa; toe circle.
. A cut is to be excavated in soft clay to a depth of 9 m.

material has a unit weight of 18.3 kN/m’ and a s, (UC) -

4 kPa. A hard layer underlics the soft layer at a depth of
n below the original ground surface. What is the slope angle
thich failure is likely to occur?

“Ans. B = 69°.

{
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4. A trench with sides rising at 80° to the horizontal is
excavated in a soft clay which weighs 19.2 kN/m? and has an
undrained shear strength of 12 kPa. To what depth can the
excavation be carried before the sides cave in? At what distance
from the upper edge of the slope will the surface of sliding
intersect the ground surface?

Ans. 275 m; 246 m.

5. A bed of clay consists of three horizontal strata, each 4.5
m thick. Thé values for s, for the upper, middle, and’ lower
strata are, respectively, 30, 20, and 140 kPa. The unit weight
is 18.4 KN /m>. A cut is excavated with side slopes of 1 (vertical)
to 3 (horizontal) to a depth of 6 m. What is the factor of safety
of the slope against failure?

Ans. 13, . X

6. To what depth can the trench in problem 4 be excavated
without bracing if the soil is located above water table, and
has a cohesion intercept ¢ of 12 kPa and an angle of internal
friction of 20°7

Ans. 425m.

7. To what depth can a permanent trench in problem 4 be
excavated without bracing if the clay bed is completely sub-
merged and the effective cohesion intercept ¢’ is 4 kPa and the
angle of internal fnctmn is 20°?

Ans._ 2.96m.

Selected Reading

An excellent overview of the methods of stability analysis
and the assumptions on which they are based is given by
D. Nash, “A Comparative Review of Limit Equilibrium,

Methods of Stability Analysis,” Chap. 2 “Slope Stability,”

. Anderson, M. G. and K. S. Rlcha;ds, Eds., Wiley, 1987.

A similar comparison is found in Fredlund, D. G. and
J. Krahn, “Comparison of Slope Stability Methods of
Analysis,” Can. Geot. J., (1977), 14, 429-439,

Lafleur, J. and G. Lefebvre (1980). “Groundwater regime asso-
ciated with slope stability in Champlain clay depos1ts ”
Can. Geotech. J., 17, No. 1, pp. 44-53.

Charles, J.A. and M.M. Soares (1984). “The stability of slopes
in soils with nonlinear envelopes.” Can. Geotech. J., 21,
No. 3, pp. 397-406.

ARTICLE 36 STABILITY OF EARTH DAMS

36.1 Critical States for Design

Thefactorofsafetyofanearﬂadamwnthrespecttoa
slope or foundation failure depends to a large extent onf
the porewater pressures. In a dam of given cross-section
on a given foundation, the intensity and distribution of
the porewater pressures vary with time between wide
limits. For purposes of design it is convenient to distin-
guish among the porewater pressure conditions corres-
ponding to  three stages: during construction, and
especially immediately after construction has been com-
pleted; after the reservoir has been full long enough to
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/ Surface of
seepage

H M )
<. 0 @

¥ = total unit weight of soil

Seepage parallel to slope

= unit weight of wat X >
Ty = Unit weight of water l’u=~y—wCOSB
¢’ = cohesion intercept Ty
¢’ = friction angle b

s

r, = pore pressure ratio = u/yH

= . t th H
u = pore.pressure at dep —

Steps: 4{(

1. Determine r, from measured pore

! Seepage emerging from slope
pressure or formulas at right.

/e/

2. Determine A and B from charts r= Y—W‘L__
below. y 1+tanftan®
3. Calculate F = A tang’ + BEL
tanp yH
1.0 =0 10
0.1
0.8 g - 0.2 s ’ sl
0-6 A B [ 6 R -
e 1]/, 105 e I\ ]
(% 04 417 > — © 4 : //
s 04 ” ///_ 06 1 g1\ -
> o ” [ - u 2 \_/
ool dff .
0 1 2 3 4 5 6 0 1 2 3 4 6

Slope ratio b = cot 8 Slope ratio b = cot B

Figure E-7. Slope stability charts for infinite slopes (after Duncan, Buchianani, and DeWet 1987)
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CD. The bar indicates that N is the resultant of the
effective stresses,

3. The resultant of the shear stresses around the
boundary. The shear stresses on the vertical side
of the element must cancel each other, leaving only
the resultant T of the shear stresses on CD. Since
the pore water can carry no shear, 7 must be carried
entirely by the mineral skeleton.

4. Theresultant of the boundary pore pressures. Since
there is no seepage, this force is buoyancy (as proved
in Chapter 17), which is the volume of the element
times the unit weight of the water.

Some readers may be puzzled by the fact that the
resultant of the boundary pore pressures is vertical even
when the top and bottom of the unit element are not
horizontal. Figure 24.2 shows the actual boundary pore
pressures and proves that the resultant is indeed vertical.
Note that the pressures vary along the top and bottom of
the element as well as along the sides of the element, and
that the resultants against the two vertical sides are not
equal. (In other words, buoyancy acts upward regardless
of the shape of the submerged mass.)

Because the resultant of the boundary pore pressures
is vertical, the final result of the analysis is the same as in

[l 9]

Net boundary
water force

@ ___= adyy
d
Total weight
=ady: ]
D
()

By analysis of Fig. 13.33,

N = ady, cosi

T = ady,sin i

& = yyd cos?i

7 = Pd COSISINT  wamsmmmnonm
If full resistance is mobilized so that = & tan ¢, then

i=4¢
Fig. 24.1 - Analysis of submerged infinite slope. (a) Sub-
merged slope. - (b) Analysis of equilibrium,
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Fig. 13.33 except that the buoyant unit weight replaces
the total unit weight. The final result is that the slope is
stable for i < &, i.e., the maximum value of i is the
strength angle & in terms of effective stresses. Thus the
maximum stable slope angle is the same for a given sand
whether the slope is completely dry or completely
submerged under water.

Seepage Parallel to Slope

Figure 24.3 shows the case of a slope with seepage
parallel to the slope. The flow net consists of straight
lines with the flow lines parallel to the slope and the
equipotential lines perpendicular to the slope. Such a
condition is often reached in the lower portions of
natural slopes, as noted in Fig. 24.4.

- [e— @—>
Yw
(z + atani)yy
atani
d
(z+d)vw

(z+ d + atani)vy

(a)

(z+5 tani)vw

(-+) vd

(z+ g + atani)ywd

. a
(z+.d+ 5 tani) x (’Yw a;s—i)

®)

Sum of horizdntal forces:

{ a ] a ., . a , a .
z + —tani|y, —sini — |2 + d + = tani }y,, ——sin i
"2 cos i 2 " cos i

o
+ (z +g+avtani)y.wd— (z +i)ywd

a

.= —dyy sini + ay,dtani =0

cos {

Sum of vertical forces:
z + Ztani ywicosi ~ (2 +d+Ztani yw—a-_cosi
2 Cos i 2 COs i
= ady,
Fig. 24.2 Resultant boundary pore pressure for submerged

slope. (@) Boundary pore pressures. (b) Resultants of bound-
ary pore pressures.
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