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S bl Fargo-Moorhead Metro Feasibility Study

e maoarPs Phase 3 Geotechnical Design/Analyses of MN Diversion Alternatives
Compiled By: KAH Revised By: KAH Target Factor of Safety 1.400 1.400 1.200 1.200 1.300
Date: 7/23/2010 Date: 8/3/2010 variation 0.050 0.050 0.050 0.050 0.050
1.350 1.350 1.150 1.150 1.250
Minnesota Diversion Channel, Section 1 STA 20+00 0+00 70+00 7,000 1.3
Channel Configuration Spoil Pile Surcharge Stability Analysis: Min FS Water Below Height
Bottom Bottom Bench Bench Bench Ground | Channel (A) Global (C) Lower (D) Upper (2) Undrained Exits Ground above Top of X-Sectional
Filename Width Elev. Width Height Slope Surface Slope Depth Setback Height Other Changes  |Entry/Exit (B) Wedge Localized Localized Global Slope Surface Bottom slope |% Increase Area % Increase
Original MN Sect-01 360 875 895 7 20 320 10066
FM_P3_MN_Div_Sect-01_DSGN 225 875 70 7 10 895 7 20 50 11 1.701 1.828 2.604 2.230 1.331 882 13 7 344 7% 9879 -2%
Minnesota Diversion Channel, Section 2 STA 175+00 70+00 220+00 15,000 2.8
Channel Configuration Spoil Pile Surcharge Stability Analysis: Min FS Water Below Height
Bottom Bottom Bench Bench Bench Ground | Channel (A) Global (C) Lower (D) Upper (2) Undrained Exits Ground above Top of X-Sectional
Filename Width Elev. Width Height Slope Surface Slope Depth Setback Height Other Changes  |Entry/Exit (B) Wedge Localized Localized Global Slope Surface Bottom slope |% Increase Area % Increase
Original MN Sect-02 360 876 894 7 18 306 8814
FM_P3_MN_Div_Sect-02_DSGN 225 876 70 7 10 894 7 18 50 1.911 1.899 3.647 3.245 1.368 876 18 0 330 8% 8533 -3%
Minnesota Diversion Channel, Section 2B STA 350+00 220+00 420+00 20,000 3.8
Channel Configuration Spoil Pile Surcharge Stability Analysis: Min FS Water Below Height
Bottom Bottom Bench Bench Bench Ground | Channel (A) Global (C) Lower (D) Upper (2) Undrained Exits Ground above Top of X-Sectional
Filename Width Elev. Width Height Slope Surface Slope Depth Setback Height Other Changes  |Entry/Exit (B) Wedge Localized Localized Global Slope Surface Bottom slope |% Increase Area % Increase
Original MN Sect-02B 360 878 896 7 18 306 8814
FM_P3_MN_Div_Sect-02B_DSGN 225 878 70 7 10 896 7 18 50 2.041 1.834 2.642 2.680 1.476 878 18 0 330 8% 8533 -3%
Minnesota Diversion Channel, Section 3 STA 510+00 420+00 570+00 15,000 2.8
Channel Configuration Spoil Pile Surcharge Stability Analysis: Min FS Water Below Height
Bottom Bottom Bench Bench Bench Ground | Channel (A) Global (C) Lower (D) Upper (2) Undrained Exits Ground above Top of X-Sectional
Filename Width Elev. Width Height Slope Surface Slope Depth Setback Height Other Changes  |Entry/Exit (B) Wedge Localized Localized Global Slope Surface Bottom slope |% Increase Area % Increase
Original MN Sect-03 360 880 906 7 26 362 14158
FM_P3_MN_Div_Sect-03_DSGN 225 880 70 7 10 906 7 26 50 11 1.657 1.634 2.029 1.703 1.442 881 25 1 386 6% 14253 1%
FM_P3_MN_Div_Sect-03_kratio_1-5 225 880 70 7 10 906 7 26 50 1.669 1.664 2.029 1.743 1.442
FM_P3_MN_Div_Sect-03_kratio_1-10 225 880 70 7 10 906 7 26 50 1.671 1.670 2.100 1.751 1.442
Minnesota Diversion Channel, Section 4A STA 582+00 570+00 640+00 7,000 1.3 43rd Ave N
Channel Configuration Spoil Pile Surcharge Stability Analysis: Min FS Water Below Height
Bottom Bottom Bench Bench Bench Ground | Channel (A) Global (C) Lower (D) Upper (2) Undrained Exits Ground above Top of X-Sectional
Filename Width Elev. Width Height Slope Surface Slope Depth Setback Height Other Changes  |Entry/Exit (B) Wedge Localized Localized Global Slope Surface Bottom slope |% Increase Area % Increase
Original MN Sect-04A 360 881 910 7 29 383 16393
FM_P3_MN_Div_Sect-04A_Raise4FT_70 400 884 70 7 10 910 10 26 50 13 Left Side 1.474 1.478 1.652 1.502 1.306 19886 21%
Right Side 1.475 1.306
FM_P3_MN_Div_Sect-04A_Raise4FT_70_kratio_1-5 400 884 70 7 10 910 10 26 50 13 Left Side 1.504 1.252
Right Side 1.506 1.306
FM_P3_MN_Div_Sect-04A_Raise4FT_70_kratio_1-10 400 884 70 7 10 910 10 26 50 13 Left Side 1.519 1.252
Right Side 1.516 1.306
Minnesota Diversion Channel, Section 4B STA 688+00 640+00 730+00 9,000 1.7 15th Ave N
Channel Configuration Spoil Pile Surcharge Stability Analysis: Min FS Water Below Height
Bottom Bottom Bench Bench Bench Ground | Channel (A) Global (C) Lower (D) Upper (2) Undrained Exits Ground above Top of X-Sectional
Filename Width Elev. Width Height Slope Surface Slope Depth Setback Height Other Changes  |Entry/Exit (B) Wedge Localized Localized Global Slope Surface Bottom slope |[% Increase Area % Increase
Original MN Sect-04B 360 881 912 7 31 397 17953
FM_P3_MN_Div_Sect-04B_35k_Raise4FT_70 400 885 70 7 10 912 10 31 Left Side 1.457 1.456 1.571 1.447 1.357 901 11 16 20956 17%
Right Side 1.447 1.419 1.484 1.420 1.395
Minnesota Diversion Channel, Section 5B STA 796+00 730+00 850+00 12,000 2.3 12th Ave S
Channel Configuration Spoil Pile Surcharge Stability Analysis: Min FS Water Below Height
Bottom Bottom Bench Bench Bench Ground | Channel (A) Global (C) Lower (D) Upper (2) Undrained Exits Ground above Top of X-Sectional
Filename Width Elev. Width Height Slope Surface Slope Depth Setback Height Other Changes  |Entry/Exit (B) Wedge Localized Localized Global Slope Surface Bottom slope |% Increase Area % Increase
Original MN Sect-05B 360 884 912 7 28 376 15634
FM_P3_MN_Div_Sect-05B_Raise4FT_70 400 888 70 7 10 912 7 24 Left Side 1.498 1.483 1.722 1.488 1.436 896 16 8 459 22% 16939 8%
0 Right Side 1.568 1.442
FM_P3_MN_Div_Sect-05B_Raise4FT_70_kratio_1-5 400 888 70 7 10 912 7 24 Left Side 1.488 1.436
0 Right Side 1.556 1.442
FM_P3_MN_Div_Sect-05B_Raise4FT_70_kratio_1-10 400 888 70 7 10 912 7 24 Left Side 1.512 1.436
0 Right Side 1.573 1.442
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52 o Dt Fargo-Moorhead Metro Feasibility Study

GEOTECHNICAL
of Engieoras Phase 3 Geotechnical Design/Analyses of MN Diversion Alternatives
Compiled By: KAH Revised By: KAH Target Factor of Safety 1.400 1.400 1.200 1.200 1.300
Date: 7/23/2010 Date: 8/3/2010 variation 0.050 0.050 0.050 0.050 0.050
1.350 1.350 1.150 1.150 1.250
Minnesota Diversion Channel, Section 6 STA 930+00 850+00 1055+00 20,500 3.9
Channel Configuration Spoil Pile Surcharge Stability Analysis: Min FS Water Below Height
Bottom Bottom Bench Bench Bench Ground | Channel (A) Global (C) Lower (D) Upper (2) Undrained Exits Ground above Top of X-Sectional
Filename Width Elev. Width Height Slope Surface Slope Depth Setback Height Other Changes  |Entry/Exit (B) Wedge Localized Localized Global Slope Surface Bottom slope |% Increase Area % Increase
Original MN Sect-06 360 886 914 7 28 376 15634
FM_P3_MN_Div_Sect-06_Raise4FT_70 400 890 70 7 10 914 7 24 50 1.611 1.592 1.952 1.476 1.393 901 13 11 459 22% 16939 8%
Minnesota Diversion Channel, Section 7 STA 1100+00 1055+00 1155+00 10,000 1.9
Channel Configuration Spoil Pile Surcharge Stability Analysis: Min FS Water Below Height
Bottom Bottom Bench Bench Bench Ground | Channel (A) Global (C) Lower (D) Upper (2) Undrained Exits Ground above Top of X-Sectional
Filename Width Elev. Width Height Slope Surface Slope Depth Setback Height Other Changes  |Entry/Exit (B) Wedge Localized Localized Global Slope Surface Bottom slope |% Increase Area % Increase
Original MN Sect-07 360 890 914 7 24 348 12738
FM_P3_MN_Div_Sect-07_Raise4FT_70 400 894 70 7 10 914 7 20 50 1.839 1.839 2.048 1.819 1.533 899 15 5 431 24% 13379 5%
Minnesota Diversion Channel, Section 7B STA 1185+00 1155+00 1235+00 8,000 1.5
Channel Configuration Spoil Pile Surcharge Stability Analysis: Min FS Water Below Height
Bottom Bottom Bench Bench Bench Ground | Channel (A) Global (C) Lower (D) Upper (2) Undrained Exits Ground above Top of X-Sectional
Filename Width Elev. Width Height Slope Surface Slope Depth Setback Height Other Changes  |Entry/Exit (B) Wedge Localized Localized Global Slope Surface Bottom slope |% Increase Area % Increase
Original MN Sect-07B 360 891 910 7 19 313 9433
FM_P3_MN_Div_Sect-07B_Raise4FT_70 400 895 70 7 10 910 7 15 50 2.191 2.195 2.127 2.115 1.683 900 10 5 396 27% 9244 -2%
Minnesota Diversion Channel, Section 8 STA 1270+00 1235+00 1309+80 7,400 1.4
Channel Configuration Spoil Pile Surcharge Stability Analysis: Min FS Water Below Height
Bottom Bottom Bench Bench Bench Ground | Channel (A) Global (C) Lower (D) Upper (2) Undrained Exits Ground above Top of X-Sectional
Filename Width Elev. Width Height Slope Surface Slope Depth Setback Height Other Changes  |Entry/Exit (B) Wedge Localized Localized Global Slope Surface Bottom slope |% Increase Area % Increase
Original MN Sect-08 360 893 912 7 19 313 9433
FM_P3_MN_Div_Sect-08_Raise4FT_70 400 897 70 7 10 912 7 15 50 2.080 2.080 1.875 2.189 1.724 902 10 5 396 27% 9244 -2%
Minnesota Diversion Channel, Section 9A EXT CH STA 80+00 0+00 105+00 10,500 2.0
Channel Configuration Spoil Pile Surcharge Stability Analysis: Min FS Water Below Height
Bottom Bottom Bench Bench Bench Ground | Channel (A) Global (C) Lower (D) Upper (2) Undrained Exits Ground above Top of X-Sectional
Filename Width Elev. Width Height Slope Surface Slope Depth Setback Height Other Changes  |Entry/Exit (B) Wedge Localized Localized Global Slope Surface Bottom slope [% Increase Area % Increase
Original MN Sect-09A 50 887 911 7 24 193 5298
FM_P3_MN_Div_Sect-09A_DSGN 215 897 911 7 14 2.026 2.029 2.156 2.025 1.872 898 13 1 206 6% 4448 -16%
Minnesota Diversion Channel, Section 9B EXT CH STA 130+00  105+00 164+84 5,900 1.1
Channel Configuration Spoil Pile Surcharge Stability Analysis: Min FS Water Below Height
Bottom Bottom Bench Bench Bench Ground | Channel (A) Global (C) Lower (D) Upper (2) Undrained Exits Ground above Top of X-Sectional
Filename Width Elev. Width Height Slope Surface Slope Depth Setback Height Other Changes  |Entry/Exit (B) Wedge Localized Localized Global Slope Surface Bottom slope |% Increase Area % Increase
Original MN Sect-09B 50 890 914 7 24 193 5298
FM_P3_MN_Div_Sect-09B_DSGN 215 900 914 7 14 1.616 1.620 1.996 1.615 1.600 901 13 1 206 6% 4448 -16%
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File Name: FM_P3_MN_Div_Sect_01_DSGN.gsz

Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability
Section 1

(1) Steady-State Seepage Analysis

Elevation (x 1000)

19 18 17 16 15 14 13 12 11 10 09 08

Distance (x 1000)

Created By: Heckendorf, Kurt A MVP
Last Edited By: Killian, Elizabeth A MVP
Date: 8/11/2010

0.7

Soil Properties

Name: Sherack  Model: Saturated / Unsaturated _ K-Function: Alluv/Sherack Vol WC. Function: Alluv/Sherack  K-Ratio: 1 K-Direction: 0
Name: Poplar River _Model: Saturated / Unsaturated _K-Function: Alluv/Sherack  Vol. WC. Function: Allav/Sherack _ K-Ratio: 1
Name: Brenna  Model Mv: 30005 fpsf  K-Ratio: 1 K-Directon: 0
N ile " Model Mv: 30-005 psi  K-Ratio: 1 _ K-Direction: 0
Name: il Model: Saturated Only K-Sat: 0,057 fidays _ Volumetric Water Content: 0.45 e Mv: 3-005 Jpsf _K-Ratio: 0.25  K-Direction:0°
Name: Sand  Model Saturated / Unsaturated _K-Function: Sand _Vol. WC. Function: Sand _ K-Ratio: 1 K-Directon: 0~
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FMMFS: Phase 3, MN Diversion Section 1
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(1) Steady-State Seepage Analysis
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FMMFS: Phase 3, MN Diversion Section 1
FM_P3_MN_Div_Sect_01_DSGN.gsz

(1) Steady-State Seepage Analysis
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File Name: FM_P3_MN_Div_Sect_01_DSGN.gsz

Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability
Section 1
(A) Slope Stability (2)

Elevation (x 1000)

-1.0 -0.9 -0.8
Distance (x 1000)

Created By: Heckendorf, Kurt A MVP
Last Edited By: Killian, Elizabeth A MVP
Date: 8/11/2010

Soil Properties

Name: Sherack Model: Mohr-Coulomb _Unit Weight: 118 pcf _ Cohesion: 0psf _Phi: 28° _ Phi-B:0°
Name: Poplar River _Model: Mohr-Coulomb Unit Weight: 119 pef _ Cohesion: 0 psf _Phi: 26° _ Phi-8: 0
Name: Brenna  Model: ShearfNormal Fn.  Unit Weight: 104 pef _ Strength Function: Brennia _Phi-B: 0
Name: Argusville  Model: Shear/Normal Fn.  Unit Weight: 106 pef _ Strength Function: Argusville  Phi-8: 0
Name: Till_ Model: Mohr-Coulomb_ Unit Weight: 122 pci Cohesion: Opsf Phi:31° _Phi-B:0°

Name: Sand_ Model: Mohr-Coulomb  Unit Weight: 125 pef _ Cohesion: 0 psf _ Phi:32°  Phi-B:0°

FMMFS: Phase 3, MN Diversion Section 1
FM_P3_MN_Div_Sect_01_DSGN.gsz
(A) Slope Stability (2)
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FMMFS: Phase 3, MN Diversion Section 1
FM_P3_MN_Div_Sect_01 DSGN.gsz

(A) Slope Stability (2)
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FMMFS: Phase 3, MN Diversion Section 1

FM_P3_MN_Div_Sect_01 DSGN.gsz

(B) Wedge Slope Stability
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FMMFS: Phase 3, MN Diversion Section 1
FM_P3_MN_Div_Sect_01 DSGN.gsz
(C) Lower Localized Stability
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FMMFS: Phase 3, MN Diversion Section 1
FM_P3_MN_Div_Sect_01 DSGN.gsz

(D) Upper Localized Stability
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File Name: FM_P3_MN_Div_Sect_01_DSGN.gsz

Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability
Section 1
(2) Undrained Stability

Soil Properties

Name: Sherack Undrained _ Model: Undrained (Phi=0) _ Unit Weight: 118 pcf _ Cohesion: 900 psf
Name: Poplar River Undrained _ Model: Undrained (Phi=0) _ Unit Weight: 119 pef ~ Cohesion: 1200 psf
iame: Brenna Undrained  Model: Undrained (Phi=0) _ Unit Weight: 104 pcf _ Cohesion: 525 pst
Name: Argusvile Undrained  Model: S={(depth) - Unit Weight: 106 pcf  C-Top of Layer: 525 psf  C-Rate of Change: 10 psfft  Limiting C: 1025 psf
Name: Till Undrained ~ Model: Undrained (Phi=0) _Unit Weight 122 pci  Cohesion: 1900 psf

and  Model: Mohr-Coulomb_ Unit Weight: 125 pcf Cohesion: 0 psi _Phi: 32°  Phi-B: 0

FMMFS: Phase 3, MN Diversion Section 1
FM_P3_MN_Div_Sect_01_DSGN.gsz
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FMMFS: Phase 3, MN Diversion Section 1
FM_P3_MN_Div_Sect_01_DSGN.gsz
(2) Undrained Stability
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File Name: FM_P3_MN_Div_Sect_02_DSGN.gsz

Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability
Section 2

(1) Steady-State Seepage Analysis

Soil Properties

Name: Sherack  Model: Saturated / Unsaturated  K-Function: Alluv/Sherack Vol WC. Function: Aluv/Sherack  K-Ratio: 1 K-Direction: 0
Name: Poplar River  Model: Saturated / Unsaturated ~K-Function: Alluv/Sherack  Vol. WC. Function: Allav/Sherack _ K-Ratio: 1 _K-Direction: 0 *
Name: West Fargo _ Model: Saturated / Unsaturated  K-Function: West Fargo  Vol. WC. Function: West Fargo  K-Ratio: 1 _ K-Direction: 0 °

Name: Harwood _ Model: Saturated / Unsaturated _ K-Function: Harwood Vol WC. Function: Harwood  K-Ratio: 1 _ K-Direction: 0

Name: Brenna  Model Mv: 30005 psf  K-Ratio: 1 K-Direction: 0°

fodel: Mv: 30-005 psf  K-Ratio: 1 _K-Direction: 0
Name: Til_ Model: Saturated Only K-Sat: 0,057 fidays _ Volumetric Water Content: 0.45 ¢/ Mv: 3-005 Jpsf _K-Ratio: 0.25  K-Direction:0°
Name: Sand  Model: Saturated / Unsaturated _K-Function: Sand _Vol. WC. Function: Sand _ K-Ratio: 1 K-Directon: 0~

FMMFS: Phase 3, MN Diversion Section 2
FM_P3_MN_Div_Sect_02_DSGN.gsz
(1) Steady-State Seepage Analysis
1.00

Elevation (x 1000)

Distance (x 1000)

Created By: Heckendorf, Kurt A MVP
Last Edited By: Killian, Elizabeth A MVP
Date: 8/11/2010

07

06

(x 1000)

Final Fargo-Moorhead Metro Feasibility Report and Environmental Impact Statement
July 2011

Attachment I-11, pg 12
Geotechnical Design and Geology




FMMFS: Phase 3, MN Diversion Section 2
FM_P3_MN_Div_Sect 02 DSGN.gsz

(1) Steady-State Seepage Analysis
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File Name: FM_P3_MN_Div_Sect_02_DSGN.gsz

Elevation (x 1000)

Created By: Heckendorf, Kurt A MVP
Last Edited By: Killian, Elizabeth A MVP
Date: 8/11/2010

Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability
Section 2
(A) Slope Stability (2)

10

Distance (x 1000)

Soil Properties

Name: Sherack  Model: Mohr-Coulomb _Unit Weight: 118 pcf  Cohesion: 0psf  Phi: 28°  Phi-B:0°

Name: Poplar River  Model: Mohr-Coulomb  Unit Weight: 119 pof - Cohesion: 0 psf ~ Phi: 26 Phi-B: 0

Name: West Fargo  Model: Mohr-Coulomb  Unit Weight: 123 pcf _ Cohesion: 0ps! _ Phi: 34°  Phi-B: 0"
g

Name: Brenna  Model: Shear/Normal Fr.  Unit Weight: 104 pcf _Strengih Function: Brenna _Phi-B: 0
Name: Argusville  Model: Shear/Normal Fn. Uit Weight: 106 pcf  Strength Function: Argusville  Phi-8: 0
Name: Till_ Model: Mohr-Coulomb  Unit Weight 122 pcf  Cohesion: Opsf Phi: 31 Phi-B: 0

Name: Sand  Model: Moh-Coulomb  Unit Weight: 125 pcf _ Cohesion: 0 psf  Phi:32°  Phi-B: 0

FMMFS: Phase 3, MN Diversion Section 2
FM_P3_MN_Div_Sect_02_DSGN.gsz
(A) Slope Stability (2)
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FMMEFS: Phase 3, MN Diversion Section 2
FM_P3_MN_Div_Sect_02_DSGN.gsz
(A) Slope Stability (2)
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FMMFS: Phase 3, MN Diversion Section 2
FM_P3_MN_Div_Sect_02_DSGN.gsz

(B) Wedge Slope Stability
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FMMFS: Phase 3, MN Diversion Section 2
FM_P3_MN_Div_Sect_02_DSGN.gsz
(C) Lower Localized Stability
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FMMFS: Phase 3, MN Diversion Section 2

FM_P3_MN_Div_Sect_02_DSGN.gsz

(D) Upper Localized Stability
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File Name: FM_P3_MN_Div_Sect_02_DSGN.gsz

100 —

Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability
Section 2
(2) Undrained Stability (2)

Soil Properties

Name: Sherack Undrained _ Model: Undrained (Phi=0) _ Unit Weight: 118 pcf _ Cohesion: 900 psf
Name: Poplar River Undrained ~ Model: Undrained (Phi=0) ~ Unit Weight: 119 pef - Cohesion: 1200 psf

Name: Argusvile Undrained  Model: S={(depth) - Unit Weight: 106 pcf  C-Top of Layer: 525 psf  C-Rate of Change: 10 psfft  Limiting C: 1025 psf
Name: Till Undrained ~ Model: Undrained (Phi=0) _Unit Weight 122 pci Cohesion: 1900 psf
Name: Sand  Model: Mohr-Coulom  Unit Weight: 125 pef _ Coesion: 0 psf _Phi:32° ~ Phi-8:0°

FMMFS: Phase 3, MN Diversion Section 2
FM_P3_MN_Div_Sect_02_DSGN.gsz
(2) Undrained Stability (2)
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Date: 8/11/2010
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FMMFS: Phase 3, MN Diversion Section 2
FM_P3_MN_Div_Sect_02_DSGN.gsz
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File Name: FM_P3_MN_Div_Sect_02B_DSGN.gsz Soil Properties

Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability e Shec_ o Sogms s, o ot G e ot Kol Koo

Name: West Fargo _ Model: Saturated / Unsaturated _ K-Function: West Fargo _ Vol. WC. Function: West Fargo _K-Ratio: 1 K-Direction:0°
Name: Brenna_ Model K-Ratio: 1 K-Direction: 0

Rt
. Vode: Wy 36,008 fpst K Raior1 ' K-Drecton:0*
ectlon Name: Tl Model: Saurated Only _K-Sat; 0.057 days _ Volumeric Water Content: 045 fefe. _Mv: 36-005/ps{ _K-Raio: 025 K-Directon: 0

Name: Sand " odet Saturated Unsaturated < Fundion: Sand ol WC. Functon Sand K Rato: 1~ K- Dirccson 0

(1) Steady-State Seepage Analysis

FMMFS: Phase 3, MN Diversion Section 28
FM_P3_MN_Div_Sect_02B_DSGN.gsz

(1) Steady-State Seepage Analysis
1.00

Elevation (x 1000)
(x 1000)

Distance (x 1000)
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FMMFS: Phase 3, MN Diversion Section 2B
FM_P3_MN_Div_Sect 02B_DSGN.gsz

(1) Steady-State Seepage Analysis
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File Name: FM_P3_MN_Div_Sect_02B_DSGN.gsz

Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability
Section 2B
(A) Slope Stability (2)

Elevation (x 1000)

Created By: Heckendorf, Kurt A MVP
Last Edited By: Killian, Elizabeth A MVP
Date: 8/11/2010

Distance (x 1000)

Soil Properties

Name: Sherack  Model: Mohr-Coulomb _Unit Weight: 118 pcf _ Cohesion: 0psf _Phi: 28° _ Phi-B: 0

Name: West Farg Mohr-Coulomb  Unit jon: 0 psfPhi:34° Phi-B: 0
Name: Brenna - Model: Shear/Normal Fn.  Unit Weight: 104 pcf _ Strength Funciion: Brenna_Phi-8: 0°
Name: Argusville  Model: Shear/Normal Fn.  Unit Weight: 106 pef _ Strength Function: Argusville  Phi-8: 0
Name: Till_ Model: Mohr-Ct Weight: 122 Phi31® PhiBO°

si
Name: Sand_ Model: Mohr-Coulomb  Unit Weight: 125 pef _ Cohesion: 0 psf _ Phi:32°  Phi-B:0°

FMMFS: Phase 3, MN Diversion Section 28
FM_P3_MN_Div_Sect_02B_DSGN.gsz
(A) Slope Stability (2)
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FMMFS: Phase 3, MN Diversion Section 2B
FM_P3_MN_Div_Sect_02B_DSGN.gsz

(A) Slope Stability (2)
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FMMFS: Phase 3, MN Diversion Section 2B
FM_P3_MN_Div_Sect_02B_DSGN.gsz

(B) Wedge Slope Stability
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FMMFS: Phase 3, MN Diversion Section 2B
FM_P3_MN_Div_Sect_02B_DSGN.gsz
(C) Lower Localized Stability
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FMMFS: Phase 3, MN Diversion Section 2B
FM_P3_MN_Div_Sect_02B_DSGN.gsz

(D) Upper Localized Stability
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File Name: FM_P3_MN_Div_Sect_02B_DSGN.gsz

Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability
Section 2B
(2) Undrained Stability

Soil Properties

Name: Sherack Undrained _ Model: Undrained (Phi=0) _ Unit Weight: 118 pcf  Cohesion: 900 psf

Name: Argusvile Undrained  Model: S={(depth) - Unit Weight: 106 pcf  C-Top of Layer: 525 psf  C-Rate of Change: 10 psfft  Limiting C: 1025 psf
Model: Undrained (Phi=0) Uit Weight: 122 pcf  Cohesion: 1900 psf
Name: Sand _ Model: Mohr-Coulomb  Unit Weight: 125 pef _ Cohesion: 0 psf _Phi:32° ~ Phi-8:0°

Name: Til Undrained

FMMFS: Phase 3, MN Diversion Section 28
FM_P3_MN_Div_Sect_02B_DSGN.gsz
(2) Undrained Stability
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5 09— 0.5
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FMMFS: Phase 3, MN Diversion Section 2B
FM_P3_MN_Div_Sect_02B_DSGN.gsz
(2) Undrained Stability
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File Name: FM_P3_MN_Div_Sect_03_DSGN.gsz

Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability
Section 3

(1) Steady-State Seepage Analysis

Soil Properties

Name: Sherack  Model: Saturated / Unsaturated _ K-Function: AlluviSherack  Vol. WC. Function: Aluv/Sherack _ K-Ratio: 1
herack _ K-Ratio:
1. WC. Function: West Fargo  K-Ratio: 1 K-Directon: 0
Vol. WC. Function: Harwood  K-Ratio: 1 _ K-Direction: 0*
k.

K-Direction: 0 °

Name: Harwood _ Model: Saturated / Unsaturated _ K-Function: Harwood
Name: Brenna  Model

1 K-Direction:0°

Ratio
fodel: Mv: 30-005 psf  K-Ratio: 1 _K-Direction: 0
Name: Til_ Model: Saturated Only K-Sat: 0,057 fidays _ Volumetric Water Content: 0.45 ¢/ Mv: 3-005 Jpsf _K-Ratio: 0.25  K-Direction:0°
Name: Sand  Model: Saturated / Unsaturated _K-Function: Sand _Vol. WC. Function: Sand _ K-Ratio: 1 K-Directon: 0~

FMMFS: Phase 3, MN Diversion Section 3
FM_P3_MN_Div_Sect_03_DSGN.gsz
(1) Steady-State Seepage Analysis
1.00

Elevation (x 1000)
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Distance (x 1000)
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FMMFS: Phase 3, MN Diversion Section 3
FM_P3_MN_Div_Sect 03 _DSGN.gsz

(1) Steady-State Seepage Analysis
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File Name: FM_P3_MN_Div_Sect_03_DSGN.gsz Soil Properties

Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability B S B ST B i

Name: Brenna  Model: Shear/Normal Fn.  Unit Weight: 104 pef _ Strength Function: Brenna Pl

M Name: Argusville  Model: Shear/Normal Fn. Unit Weight: 106 pcf ~ Strength Function: Argusville  Phi-B: 0 *
ection fone e Mot ool im0 Sy ot At

(A) Slope Stability (2)

FMMFS: Phase 3, MN Diversion Section 3
FM_P3_MN_Div_Sect_03_DSGN.gsz
(A) Slope Stability (2)
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FMMFS: Phase 3, MN Diversion Section 3

FM_P3_MN_Div_Sect_03 _DSGN.gsz

(A) Slope Stability (2)
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FMMFS: Phase 3, MN Diversion Section 3

FM_P3_MN_Div_Sect_03 _DSGN.gsz

(B) Wedge Slope Stability
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FMMFS: Phase 3, MN Diversion Section 3
FM_P3_MN_Div_Sect_03_DSGN.gsz
(C) Lower Localized Stability
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FMMFS: Phase 3, MN Diversion Section 3
FM_P3_MN_Div_Sect_03_DSGN.gsz
(D) Upper Localized Stability
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File Name: FM_P3_MN_Div_Sect_03_DSGN.gsz

Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability
Section 3
(2) Undrained Stability

Soil Properties

Name: Sherack Undrained _ Model: Undrained (Phi=0) _ Unit Weight: 118 pcf _ Cohesion: 900 psf
Name: Poplar River Undrained ~ Model: Undrained (Phi=0) ~ Unit Weight: 119 pef - Cohesion: 1200 psf
Name: West Fargo Undrained _Model: Undrained (Phi=0)  Unit Weignt: 123 pef _ Cohesion: 1900 pst
Name: Harwood Undrained  Model: Undrained (PhI=0) Uit Weight: 116 pei _Cohesion: 1200 psf
Name: Brenna Undrained Model, Undrained (Phi=0)  Unit Weight: 104 pci__ Cohesion: 525 psf
Name: Argusvile Undrained  Model: S={(depth) - Unit Weight: 106 pcf  C-Top of Layer: 525 psf  C-Rate of Change: 10 psfft  Limiting C: 1025 psf
Name: Till Undrained ~ Model: Undrained (Phi=0) _Unit Weight 122 pci Cohesion: 1900 psf
and  Model: Mohr-Coulomb_ Unit Weight: 125 pcf _Cohesion: 0 psi _Phi: 32°  Phi-B: 0

FMMFS: Phase 3, MN Diversion Section 3
FM_P3_MN_Div_Sect_03_DSGN.gsz
(2) Undrained Stability
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FMMFS: Phase 3, MN Diversion Section 3
FM_P3_MN_Div_Sect_03_DSGN.gsz
(2) Undrained Stability
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Elevation (x 1000)

File Name: FM_P3_MN_Div_Sect_04A_Raise4FT_70.gsz Soil Properties

Far go- Moorhead Metro Feasibil ty Stud y i S omiem GiEmedaen (i gme
P h aS e 3 A n al y S I S ::: :':"" vie _ Mode Kosat Volumetric anenc 05 e oL A A

KcRalo;025 K Dircton: 0°
ame:Sand ot Salumledlunsamrmed K Fimtion Sand Vol WiC_Funcuon Sand K Reio 1 K Dieci

Name: Sits __ Mod afe

n:0°
. . ' 00028 fldays 2 Mv:30-006 fpsi K-Ratio: 1 K.Directon: 0°
M N DI version h ann el t ab i | Ity Nerme. iy Sands. Modts Sattated Only K-St 023 hdays " vormowe water Conont 0.4 01 Yoy 360061081 Kekato 1 - K. Dwecion: 0°
‘ S e e —————————————————————————————————————————

Section 4A
(1) Steady-State Seepage Analysis

EMMES: Phase 3, M Diversion Section 4A
MN_Div_Sect_04A RaisedFT_70.gsz
(1) Sleady -State Seepage Analysis
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FMMFS: Phase 3, MN Diversion Section 4A
FM_P3 MN_Div_Sect 04A Raise4FT_70.gsz
(1) Steady-State Seepage Analysis . 1.00
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FMMFS: Phase 3, MN Diversion Section 4A
FM_P3 MN_Div_Sect 04A Raise4FT 70.gsz
(1) Steady-State Seepage Analysis
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FMMFS: Phase 3, MN Diversion Section 4A
FM_P3 MN_Div_Sect 04A Raise4FT 70.gsz
(A) Slope Stability
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FMMFS: Phase 3, MN Diversion Section 4A
FM_P3 MN_Div_Sect 04A Raise4FT 70.gsz
(E) Slope Stability right

S s 1.475

Final Fargo-Moorhead Metro Feasibility Report and Environmental Impact Statement Attachment I-11, pg 43
July 2011 Geotechnical Design and Geology



FMMFS: Phase 3, MN Diversion Section 4A
FM_P3 MN _Div_Sect 04A Raise4FT _70.gsz
(B) Wedge Stability . 1.00
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FMMFS: Phase 3, MN Diversion Section 4A
FM_P3 MN_Div_Sect 04A Raise4FT_70.gsz
(C) Localized Lower Stability . 1.00

0.75
0.0

oe)
1
o
\l
1
o
(@)
1
o
o1
1
o
~
1
o
w
1
o
N
1
o
[HEN

Final Fargo-Moorhead Metro Feasibility Report and Environmental Impact Statement Attachment I-11, pg 45
July 2011 Geotechnical Design and Geology



FMMFS: Phase 3, MN Diversion Section 4A
FM_P3 MN_Div_Sect 04A Raise4FT_70.gsz
(D) Localized Upper Stability . 1.00
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Elevation (x 1000)

File Name: FM_P3_MN_Div_Sect_04A_Raise4FT_70.gsz

WY

Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability

Section 4A

(2) Undrained Stability (3) mod

FMMFS: Phase 3, MN Diversion Section 4A
FM_P3_MN_Div_Sect_04A_RaisedFT_70.gsz
(2) Undrained Stability (3) mod

1.306

-4 -16 -15 -14 -13 -12 -11 -1.0 -09 -08 -0.7
Distance (x 1000)

Created By: Heckendorf, Kurt A MVP
Last Edited By: Killian, Elizabeth A MVP
Date: 8/19/2010

Soil Properties

Name: Alluvium Undrained  Model Undrained (Phi=0)  Unit Weight: 119 pcf  Cohesion: 900 psf
Name: Sherack Undrained  Model: Undrained (Phi=0) _Unit Weight: 118 pef  Cohesion: 900 pst
N

renna Undraine fl: Undrained (Phi=0)  Unit Weight: 104 pcf__ Cohesion: 525 psf

Name: TillUndrained ~ Model: Undrained (Pi=0)  Unit Weight 122 pef _Cohesion: 1900 psf
fe: Mohr-Coulomb__ Unit Weight: 125 pef _ Cohesion: 0 psf _Phi: 32~ Phi-B:

Name: Sty Sands _ Model: Mohr-Coulomb _ Uit Weight 106 pci _Cohesion: 0 psf _Phi: 15*
Name: Silts Undrained _ Model: Undrained (Phi=0) __Unit Weight: 106 pef — Cohesion: 825 pst
e—————————————————————————————————————

lame: Poplar River Undrained _Model: Undrained (Phi=0) _Unit Weight: 119 pef  Cohesion: 1200 psf,

Name: Argusville Undrained  Model: S=i(depth) Uit Weight: 106 pef | C-Top of Layer: 525 psf  C-Rate of Change: 10 psfft  Limiting C: 1025 psf

0
PhiB:0"

FMMFS: Phase 3, MN Diversion Section 4A
iv_Sect_04A_Raise4FT_70.gsz

FM_P3_MN_Div_:
(2) Undrained Stability (3) mod
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FMMFS: Phase 3, MN Diversion Section 4A

FM_P3_MN_Div_Sect 04A_Raise4FT 70.gsz
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FMMFS: Phase 3, MN Diversion Section 4A
FM_P3 MN_Div_Sect 04A Raise4FT 70.gsz
(3) Undrained Stability right (2)
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Elevation (x 1000)

File Name: FM_P3_MN_Div_Sect_04B_35k_Raise4FT_70.gsz

Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability

Section 4B
(1) Steady-State Seepage Analysis

FMMES: Phase 3, MN Diversion Section 4
3_MN_Div_Sect_04B_35k RasaET _70gsz
(1) ‘Steady-State Seepage Analysis

19 18 E i 16 15 14 13 12 11 10 09

Distance (x 1000)

Created By: Heckendorf, Kurt A MVP
Last Edited By: Killian, Elizabeth A MVP
Date: 8/16/2010

Soil Properties

Name: Sherack  Model: Saturated / Unsaturated  K-Functon: AlluviSherack  Vol, WC. Function: Altv/Sherack K-Rai
Name: Poplar e Model:Sauated Unsatrted  K-Euncio: ASherack Vol WC, Funci: AkwSherack e
Name: brenna  Model: Saturated Only _K-Sat 000028 fdays . Volumetic water Coment 063 06 My:36.006psf  KcRaio: 1 K-Diecion:0°
Name: Argusile Mol Sauried Only K-St 000028 fdays Volumetic Waer Contnt 0.6 11 _ Wy eoos s KRas1 Koretton 0°
Name:Til Model: Saturated Orly _K-Sat: 0.057 fuidays _ Volumetic Water Cont fO/fe Mv:30.005 pst  K-Ralio:0.25  K-Directon: 0
ol Sautated/ Unsanrted K Funcion: Sand ol WG, Funcion Sand a1 KDiesion 0°

Name: Sits _ Model: Saturated Only _K-Sat: 0,002 fidays _ Volumetic Water Content: 0.4 f¥fc_ Wy: 3e-006 /psf _K-Ratio: 1 K-Difec

Neme. Sy Sands o Saturmed Ol K Sat 025 eys " vlumrc Wter Conant 04 01 . Se0o8 o Ko 1 K-Dreeaon:0°
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FMMES: Phase 3, MN Diversion Section 4B
FM_P3 MN_Div_Sect 04B_ 35k Raise4FT 70.gsz
(1) Steady-State Seepage Analysis
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FMMFS: Phase 3, MN Diversion Section 4B
FM_P3 MN_Div_Sect 04B 35k Raise4FT 70.gsz
(1) Steady-State Seepage Analysis
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Elevation (x 1000)

File Name: FM_P3_MN_Div_Sect_04B_35k_Raise4FT_70.gsz
Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability

Section 4B
(A) Slope Stability

FMMFS Phase 3, MN Diversion Section 4l
IN_Div. Sec _04B_35k_| RalseAFf 70.9sz
) Siope Stabity

FMMFS Phase 3, MN Diversion Section 4
M_P3_MN_Div_Sect_04B_35k_f RalseAFT 70.9s2

(A) Slope Stability
1.457

11 10 09

Distance (x 1000)

Created By: Heckendorf, Kurt A MVP
Last Edited By: Killian, Elizabeth A MVP
Date: 8/16/2010

Soil Properties

Name: Sherack  Model: Mohr-Coulomb _ Unit Weight: 118 pcf _ Cohesion: 0psf _ Phi: 28
Name: Poplar River _Model: Mohr-Coulomb _ Urit Weight: 118 pef _ Cohesion: 0psf _ Phi: 26
Name: Brenna  Modet: Unit Weight: 104 pef

Name: Argusvile  Mode: Shear/Normal Fn.  Unit Weight: 106 pef
Name: Til Model: Mohr-Coulomb Unit Weight: 122 pe
Name: Sand - Model: Mohv-Covlomb  Unit Weight 125 pef
Name: Sifs_ Modet: Mohr-Coulomb.

Neme. Shy Sands oo ok Coulom. Uk Welgh 10850~ Cohaion 03 - PH 5"

Phis0°
PhiB:0*
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FMMFS: Phase 3, MN Diversion Section 4B
FM_P3 MN_Div_Sect 04B_ 35k Raise4FT _70.gsz
(A) Slope Stability
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FMMFS: Phase 3, MN Diversion Section 4B
FM_P3 MN_Div_Sect 04B 35k Raise4FT 70.gsz
(E) Slope Stability Right
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FMMFS: Phase 3, MN Diversion Section 4B
FM_P3 MN_Div_Sect 04B_ 35k Raise4FT _70.gsz
(B) Wedge Stability
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FMMFS: Phase 3, MN Diversion Section 4B
FM_P3 MN_Div_Sect 04B 35k Raise4FT 70.gsz
(F) Wedge Stability Right
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FMMFS: Phase 3, MN Diversion Section 4B
FM_P3 MN_Div_Sect 04B_ 35k Raise4FT _70.gsz
(C) Lower Localized Slope Stability
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FMMFS: Phase 3, MN Diversion Section 4B
FM_P3 MN_Div_Sect 04B 35k Raise4FT 70.gsz
(G) Lower Localized Slope Stability Right

10-83 10-10C
(50" Right) (765'F

Final Fargo-Moorhead Metro Feasibility Report and Environmental Impact Statement Attachment I-11, pg 59
July 2011 Geotechnical Design and Geology



FMMFS: Phase 3, MN Diversion Section 4B
FM_P3 MN_Div_Sect 04B_ 35k Raise4FT _70.gsz

(D) Upper Localized Slope Stability 100

1.447 o5
®
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FMMFS: Phase 3, MN Diversion Section 4B
FM_P3 MN_Div_Sect 04B 35k Raise4FT 70.gsz
(H) Upper Localized Slope Stability Right
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File Name: FM_P3_MN_Div_Sect_04B_35k_Raise4FT_70.gsz Soil Properties

Name herck ndaned Mot Undind (i) U Weght 110t Coesion o0t

Fargo-Moorhead Metro Feasibilty Study
Ph ase 3 Anal SiS Neme. Argoole Uniaed M“&‘;‘nﬁ“;’l’.‘(::i“ﬁ"‘z“dm.xll;:“.e‘,“u"é,;“ ’DS‘;";‘JS.E?;T. et of Change: 10pst  Liniing C: 1025 pst
y Neme. i s et A

Undrained (Phi=0) Uit Weight: 122 pef _Conesion: 1800
Name: S ioal- Mo Codloms Ut Welgh 1255 Conein: 0o P 32+ I o0
Name: Sits _ Model: Mohr-Coulomb__ Unit Weight 106 pci _ Cohesion: 0psf P 15 *

M N Dlvers | on Ch ann eI St abl I Ity Netme: Sy Sanis - Model o Coulomy. Uok W 105 ot Gohesion: 0 et - P35 PH-8:0°

Section 4B
(2) Undrained Stability (2)

FMMES: Phase 3, MN Diversion Section FMMES: Phase 3, MN Diversion Section 4
MN_Div_Sect_04B_35k_f RalseAFT 70.9s2 FM_P3 MN_Div_Sect_04B_35k_Rai seAFr 70.9sz
(2) Undrainat Stability (2) @ ‘Undraina ‘Stabiny (2)

1.357

W’ '

Elevation (x 1000)

Till Undrained
| | | | | | | | | | | | | | | |

E -16 -15 -14 -13 -12 -11 -1.0 -09 -08 -0.7 -0.6 -0.5 04 -03 -0.2 -0.1 0.0
Distance (x 1000)

Created By: Heckendorf, Kurt A MVP
Last Edited By: Killian, Elizabeth A MVP
Date: 8/16/2010
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FMMFS: Phase 3, MN Diversion Section 4B
FM_P3 MN_Div_Sect 04B_ 35k Raise4FT _70.gsz

(2) Undrained Stability (2) — 1.00
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FMMFS: Phase 3, MN Diversion Section 4B
FM_P3 MN_Div_Sect 04B 35k Raise4FT 70.gsz
(2) Undrained Stability Right (2)

—~ +O0 (1568;' ht) s
' Right 765' R
o (765
-
o
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X
‘«|Illllllllllllﬁliillﬁlﬂﬂ'p‘
migralneg
Till Undrained
LL
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Elevation (x 1000)

File Name: FM_P3_MN_Div_Sect_05B_Raise4FT_70.gsz

Phase 3 Analysis
MN Diversion Channel Stability

Section 5B
(1) Steady-State Seepage Analysis

Soil Properties

Fargo-Moorhead Metro Feasibilty Study

-47 -1.6 -1.5 -1.4 -1.3 -1.2 -1.1 -1.0 -0.9] -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 ’
Distance (x 1000,

Created By: Heckendorf, Kurt A MVP
Last Edited By: Killian, Elizabeth A MVP
Date: 8/16/2010

Model: Saturated / Unsaturated ~ K-Function: Alwv/Sherack Vol WC. Function: AlluviSherack ~ K-Ratio: 1 K-Direction: 0°
Model: Saturated / Unsaturated _K-Function: Aluv/Sherack  Vol. WC. Function: Alluv/Sherack ~ K-Ratio: 1 K-Direction: 0 °
K-Sat: 0.00028 fidays  Volumetric Water Content: 0.63 f¢ft®  Mv: 3e-005 /psf  K-Ratio: 1 K-Direction: 0 *
K-Sat: 0.00028 fiidays  Volumetric Water Content: 0.6 ff/f®  Mv: 3e-005 /psf  K-Ratio: 1 K-Direction: 0 °
K-Sat: 0,057 ftdays  Volumetric Water Content: 0.45 féft®  Mv: 3e-005 /psf  K-Ralio: 0.25  K-Direction: 0 *

K-Function: Sand  Vol. WC. Function: Sand  K-Ratio: 1 _ K-Direction: 0

K-Sat: 0.0028 flidays  Volumetric Water Content: 0.4 /i Mv: 36-006 /ps  K-Ratio: 1 K-Direction: 0 °
K-Sat: 0.28 ftdays _Volumelric Water Content 0.4 f€/ffs  Mv: 3e-006 /psf _K-Ratio: 1 K-Direction: 0 °

FMMFS: Phase 3, MN Diversion Section 58
FM_P3_MN_Div_Sect_05B_Raised4FT_70.gsz
(1) Steady-State Seepage Analysis
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FMMFS: Phase 3, MN Diversion Section 5B
FM_P3 MN _Div_Sect 05B Raised4FT 70.gsz . 1.00
(1) Steady-State Seepage Analysis
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FMMFS: Phase 3, MN Diversion Section 5B
FM_P3 MN _Div_Sect 05B Raised4FT 70.gsz
(1) Steady-State Seepage Analysis
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Elevation (x 1000)

File Name: FM_P3_MN_Div_Sect_05B_Raise4FT_70.gsz

Fargo-Moorhead Metro Feasibilty Study

Phase 3 Analysis
MN Diversion Channel Stability

Section 5B

(A) Slope Stability

FMMFS: Phase 3, MN Diversion Section 5B
FM_P3_MN_Div_Sect_05B_Raise4FT_70.gsz

(A) Slope Stability

FMMFS: Phase

(A) Slope Stabil

FM_P3_MN_Div_Sect_05B_Raise4FT_70.gsz

Soil Properties

Name: Sherack  Model: Mohr-Coulomb  Unit Weight: 118 pcf ~ Cohesion: 0 psf  Phi: 28°  Phi-8:0°
Name: Poplar Rver  Modet: Mob-Coulom | Unit Weiht 119 el _ Cohesion: Opsi _ phi 267 Phi:0°
Name: Brenna  Model: Shear/Normal Fn.  Unit Weight: 104 pcf _ Strength Function: Brenna _Phi-8:

Name: Argusvile  Model: Shear/Normal Fn. Uit Weight: 106 pcf  Strength Function: Argusville Prie0
Name: Till Model: Mohr-Coulomb  Unit Weight: 122 pcf Cohesion: Opsf Phi:31° Phi-8:0°

Name: Sand . Modet Mol Coulom _ Uit Weight 125 pef - Cohesion 0psf Ph: 32 PhB:0°

Name: Sis  Model: Mohr-Coulomb Uit Weight: 106 pef _ Cohesion: 0 psf  Phi: 15°  Phi
Name: Sty Sands__Model: Mohr-Coulomb__ Unit Weight: 106 pcf _ Cohesion: 0 psf _ Phi: 15 >
—————————— —

Prigio0°

3, MN Diversion Section 58

ity

47 -16 15 1.4 13 ‘1.2 11

Created By: Heckendorf, Kurt A MVP
Last Edited By: Killian, Elizabeth A MVP
Date: 8/16/2010

-1.0
Distance (x 1000,

-0.9]
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FMMFS: Phase 3, MN Diversion Section 5B
FM_P3 MN _Div_Sect 05B Raised4FT 70.gsz 1.00
(A) Slope Stability

1.498 s
-+

— 0.90

e D e R

0.75
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FMMFS: Phase 3, MN Diversion Section 5B
FM_P3 MN _Div_Sect 05B Raised4FT 70.gsz
(E) Slope Stability right

0.95 — 1568
| ®
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FMMFS: Phase 3, MN Diversion Section 5B
FM_P3 MN _Div_Sect 05B Raised4FT 70.gsz
(B) Wedge Slope Stability

1.483
®

e
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FMMFS: Phase 3, MN Diversion Section 5B
FM_P3 MN _Div_Sect 05B Raised4FT 70.gsz 1.00
(C) Lower Localized Slope Stability
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FMMFS: Phase 3, MN Diversion Section 5B
FM_P3 MN _Div_Sect 05B Raised4FT 70.gsz . 1.00

(D) Upper Localized Slope Stability
1.488 oo
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Elevation (x 1000)

File Name: FM_P3_MN_Div_Sect_05B_Raise4FT_70.gsz Soil Properties

Name: Sherack Undrained  Model: Undrained (Phi=0)  Unit Weight: 118 pcf  Cohesion: 900 psf

. . Name: Poplar River Undrained  Model: Undrained (Phi=0)  Unit Weight: 119 pcf  Cohesion: 1200 psf
F argo- M oorhea M etro Feas ibilt St u Name. Brenna Undraned Mol Undraned (Pned) - UritWeight 104 pct  Coesion: 525 pef
Narme: svauml e " o oy it e 138 o oy S C.Retl of Change: 10 pfft_ Liniing C: 10255t
Name: Till Undrained  Model: Undrained (Phi=0)  Unit Weight: 122 pcf ~ Cohesion: 1900 psf

. Name: Sand ~ Model: Mohr-Coulomb  Unit Weight: 125 pcf  Cohesion: 0 psf  Phi: 32°  Phi-B: 0 °
as e n a yS I S Name: Sily Sands  Model: Mohr-Coulomb _ Unit Weight: 106 pef _ Cohesion: 0 psf  Phi: 15°  PhiB:0°

MN Diversion Channel Stability

Section 5B
(2) Undrained Slope Stability (2)

FMMFS: Phase 3, MN Diversion Section 5B
FMMFS: Phase 3, MN Diversion Section 58 FM_P3_MN_Div_Sect_05B_Raise4FT_70.gsz

A

FM_P3_MN_Div_Sect_05B_Raise4FT_70.gsz (2) Undrained Slope Stability (2)
100 — (2) Uhdrained Slope $tability (zi 436 1.00
0.95 — —_ =
[X <l o g
id IR
0.85 — Silty S:
Sl gadened
0.80 —
ors | | | | | | | | | | ors
-2.0 -1.9 1.8 -3 -1.6 -1.5 -1.4 -13 -1.2 -1.1 -1.0 -0.9] -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0

Distance (x 1000)

Created By: Heckendorf, Kurt A MVP
Last Edited By: Killian, Elizabeth A MVP
Date: 8/16/2010
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FMMFS: Phase 3, MN Diversion Section 5B
FM_P3 MN_Div_Sect 05B Raise4FT 70.gsz
(2) Undrained Slope Stability (2) — 1.00

S5 agiained

— 0.80

+ + + + + + + + e
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FMMFS: Phase 3, MN Diversion Section 5B
FM_P3 MN_Div_Sect 05B Raised4FT _70.gsz
(3) Undrained Slope Stability right (2)

8 1.00 —
§ 0.95 — 1 4 4 2
X 0.90 — i ;
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©
5 0.80 —
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File Name: FM_P3_MN_Div_Sect_06_Raise4FT_70.gsz
Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability
Section 6
(1) Steady-State Seepage Analysis

Soil Properties

Name:Sherack _ Model: Saturted  Unsaturated - Functon; AluvSherack Vol WC. Functr; AluSherack  (Rat; 1 K-Ditcton: 0

Neme: WestFargo | Modst Satrate  Unssursted  KCPuncton: West Fargo vol. W Funclon: West Fargo K-Raloid _K-Disctn: 0

Name: Model: Saturated / Unsaturated _ K-Function: Harwood _Vol. WC, Function: Hanwood _ K-Ratio: 1 KD ecion;0°

Name Elem\a el 0:1  K-Direction: 0
Sonst CRaso 1 KDrecion 0°

Name. T Moot Sanratod Oty -Sat 051 days - Wolumetrc Water Comlnt 045 s W 30:008 ol KeRat; 025 K-Diecto: 0°

Name: Sand  Model: Saturated / Unsaturated _K-Function: Sand Vol. WC. Function: Sand _ K-Ratio: 1 K-Dire B

FMMFS: Phase 3, MN Diversion Section 6
FM_P3_MN_Div_Sect_06_RaisedFT_70.gsz
(1) Steady-State Seepage Analysis

Elevation (x 1000)

-19 -18 -17 -16 -15 -14 -13 -12 -11 -1.0 -0.9 -0.8
Distance (x 1000)

Created By: Heckendorf, Kurt A MVP
Last Edited By: Killian, Elizabeth A MVP
Date: 8/16/2010
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(x 1000)
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Final Fargo-Moorhead Metro Feasibility Report and Environmental Impact Statement
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FMMFS: Phase 3, MN Diversion Section 6
FM_P3 _MN_Div_Sect 06 Raise4FT_70.gsz
(1) Steady-State Seepage Analysis
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File Name: FM_P3_MN_Div_Sect_06_Raise4FT_70.gsz

Elevation (x 1000)

Created By: Heckendorf, Kurt A MVP
Last Edited By: Killian, Elizabeth A MVP
Date: 8/16/2010

Fargo-Moorhead Metro Feasibilty Study

Phase 3 Analysis

MN Diversion Channel Stability

Section 6
(A) Slope Stability

-1.0
Distance (x 1000)

Soil Properties

Name: Sherack  Model: Mohr-Coulomb _ Unit Weight: 118 pcf _ Cohesion: 0 psf _Phi: 28 *

ior
Name: Brenna  Model: Shear/Normal Fn.  Unit Weight 104 pcf _Strengih Function: Brenna. B0"
Name: Argusvile _Model: Shear/Normal Fn. Uit Weight: 106 pci __ Strength Functon: Argusville  Phi-8: 0°*
Name: Till_ Model: Mohr-Coulomb _ Unit Weight: 122 pcf Cohesion: O psf _Phi: 31° Phi-8:0°

Name: Sand_ Model: Mohr-Coulomb  Unit Weight: 125 pef ~ Coesion: 0 psf  Phi:32°  Phi-8:0°

FMMFS: Phase 3, MN Diversion Section 6
FM_P3_MN_Div_Sect_06_Raise4FT_70.gsz
(A) Slope Stability

1.611

(x 1000)
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FMMFS: Phase 3, MN Diversion Section 6
FM_P3_MN_Div_Sect_06_Raised4FT_70.gsz
(A) Slope Stability

1.00
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FMMFS: Phase 3, MN Diversion Section 6
FM_P3_MN_Div_Sect_06_Raised4FT_70.gsz
(B) Wedge Slope Stability

1.592
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FMMFS: Phase 3, MN Diversion Section 6
FM_P3_MN_Div_Sect_06_Raised4FT_70.gsz
(C) Lower Localized Stability
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FMMFS: Phase 3, MN Diversion Section 6
FM_P3_MN_Div_Sect_06_Raised4FT_70.gsz
(D) Upper Localized Stability

1.476
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(x 1000)
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File Name: FM_P3_MN_Div_Sect_06_Raise4FT_70.gsz

Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability
Section 6

(2) Undrained Stability (2)

Soil Properties

Name: Sherack Undrained _Model: Undrained (Phi=0)

Name: Til Undrained _Model: Undrained (Phi=0) _ Unit
iame: Sand  Model: Mohr-Coulomb. Uit Weight: 125

Unit Weight: 118 pcf _ Cohesion: 900 psf

Name: West Fargo Undrained _ Model: Undrained (Phi=0)  Unit Weight: 123 pef _ Cohesion: 1900 psf

Unit Weight: 116 pef _Cofesion: 1200 psf
9

Name: Argusville Undrained  Model: S={(depth) - Unit Weight: 106 pcf  C-Top of Layer: 525 psf  C-Rate of Change: 10 psfft  Limiting C: 1025 psf

Weight: 122 pef_Cohesion: 1900 psf
pel Cohesion: 0psf Phi: 32° Phi-B:0°

FMMFS: Phase 3, MN Diversion Section 6
FM_P3_MN_Div_Sect_06_Raise4FT_70.gsz
(2) Undrained Stability (2)

1.00 — —/ 100
5 0 1.393 —oss
o
S —

0. r —g0 3
% BlerrblUnlrdile ‘ g
= EIeLy S
2 s - Joss X
©
>
Ko
i} | _

080 Till Undrained 080
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-2.0 -1.9 1.8 1.7 -16 -15 -14 -13 -1.2 -11 -1.0 0.9 0.8 0.7 -06 05 0.4 0.3 0.2 0.1 0.0

Created By: Heckendorf, Kurt A MVP
Last Edited By: Killian, Elizabeth A MVP
Date: 8/16/2010

Distance (x 1000)
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FMMFS: Phase 3, MN Diversion Section 6
FM_P3_MN_Div_Sect_06_Raise4FT_70.gsz
(2) Undrained Stability (2)
1.00
0.95
<)
— 0.90 S
o
—
085 X
Till Undrained 0-80
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File Name: FM_P3_MN_Div_Sect_07_Raise4FT_70.gsz
Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability
Section 7
(1) Steady-State Seepage Analysis

Soil Properties

Name:Sherack _ Model: Saturted  Unsaturated - Functon; AluvSherack Vol WC. Functr; AluSherack  (Rat; 1 K-Ditcton: 0

Neme: WestFargo | Modst Satrate  Unssursted  KCPuncton: West Fargo vol. W Funclon: West Fargo K-Raloid _K-Disctn: 0

Name: Model: Saturated / Unsaturated _ K-Function: Harwood _Vol. WC, Function: Hanwood _ K-Ratio: 1 KD ecion;0°

Name Elem\a el 0:1  K-Direction: 0
Sonst CRaso 1 KDrecion 0°

Name. T Moot Sanratod Oty -Sat 051 days - Wolumetrc Water Comlnt 045 s W 30:008 ol KeRat; 025 K-Diecto: 0°

Name: Sand  Model: Saturated / Unsaturated _K-Function: Sand Vol. WC. Function: Sand _ K-Ratio: 1 K-Dire B

FMMFS: Phase 3, MN Diversion Section 7
FM_P3_MN_Div_Sect_07_RaisedFT_70.gsz
(1) Steady-State Seepage Analysis

Elevation (x 1000)

-19 -18 -17 -16 -15 -14 -13 -12 -11 -1.0 -0.9 -0.8
Distance (x 1000)

Created By: Heckendorf, Kurt A MVP
Last Edited By: Killian, Elizabeth A MVP
Date: 8/16/2010
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06

(x 1000)
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FMMFS: Phase 3, MN Diversion Section 7
FM_P3 _MN_Div_Sect 07_Raise4FT_70.gsz
(1) Steady-State Seepage Analysis
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File Name: FM_P3_MN_Div_Sect_07_Raise4FT_70.gsz

Elevation (x 1000)

Created By: Heckendorf, Kurt A MVP
Last Edited By: Killian, Elizabeth A MVP
Date: 8/16/2010

Fargo-Moorhead Metro Feasibilty Study

Phase 3 Analysis

MN Diversion Channel Stability

Section 7
(A) Slope Stability

-1.0
Distance (x 1000)

Soil Properties

Name: Sherack  Model: Mohr-Coulomb _ Unit Weight: 118 pcf _ Cohesion: 0 psf _Phi: 28 *

ior
Name: Brenna  Model: Shear/Normal Fn.  Unit Weight 104 pcf _Strengih Function: Brenna.
Name: Argusvile _Model: Shear/Normal Fn. Uit Weight: 106 pef __ Strength Funcion: Argusville
Name: Till_ Model: Mohr-Coulomb _ Unit Weight: 122 pcf Cohesion: O psf _Phi: 31° Phi-8:0°
iame: Sand  Model: Mohr-Coulomb Uit Weight 125 pcf ~ Cohesion: 0 psf _Phi: 32° Phi-8:0°

B0"
Pi-B0°

FMMFS: Phase 3, MN Diversion Section 7
FM_P3_MN_Div_Sect_07_Raise4FT_70.gsz
(A) Slope Stability

1.839

(x 1000)
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FMMFS: Phase 3, MN Diversion Section 7
FM_P3_MN_Div_Sect_07_Raise4FT_70.gsz
(A) Slope Stability
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FMMFS: Phase 3, MN Diversion Section 7
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(B) Wedge Slope Stability
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FMMFS: Phase 3, MN Diversion Section 7
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(C) Lower Localized Stability
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FMMFS: Phase 3, MN Diversion Section 7
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(D) Upper Localized Stability
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File Name: FM_P3_MN_Div_Sect_07_Raise4FT_70.gsz

Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability
Section 7

(2) Undrained Stability

Soil Properties

Name: Sherack Undrained _ Model: Undrained (Phi=0) _ Unit Weight: 118 pcf _ Cohesion: 900 psf

Model: Undrained (Phi=0)  Unit Weight: 123 pef _ Cohesion: 1900 psf

Name: Harwood Undrained  Model: Undrained (PhI=0) Uit Weight: 116 pci _Cohesion: 1200 psf
9

Name: Argusville Undrained  Model: S={(depth) - Unit Weight: 106 pcf  C-Top of Layer: 525 psf  C-Rate of Change: 10 psfft  Limiting C: 1025 psf
Name: Till Undrained ~ Model: Undrained (Phi=0) _ Unit Weight 122 pci  Cohesion: 1900 psf
iame: Sand Model: Mohr-Coulomb Uit Weight: 125 pci_Cohesion: 0 psf _Phi: 32°  Phi-8:0°

FMMFS: Phase 3, MN Diversion Section 7
FM_P3_MN_Div_Sect_07_Raise4FT_70.gsz
(2) Undrained Stability
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FMMFS: Phase 3, MN Diversion Section 7
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(2) Undrained Stability
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File Name: FM_P3_MN_Div_Sect_07B_Raise4FT_70.gsz

Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability
Section 7B
(1) Steady-State Seepage Analysis

Soil Properties

Name:Sherack _ Model: Saturted  Unsaturated - Functon; AluvSherack Vol WC. Functr; AluSherack  (Rat; 1 K-Ditcton: 0

Neme: WestFargo | Modst Satrate  Unssursted  KCPuncton: West Fargo vol. W Funclon: West Fargo K-Raloid _K-Disctn: 0

Name: Model: Saturated / Unsaturated _ K-Function: Harwood _Vol. WC, Function: Hanwood _ K-Ratio: 1 KD ecion;0°

Name Elem\a el 0:1  K-Direction: 0
Sonst CRaso 1 KDrecion 0°

Name. T Moot Sanratod Oty -Sat 051 days - Wolumetrc Water Comlnt 045 s W 30:008 ol KeRat; 025 K-Diecto: 0°

Name: Sand  Model: Saturated / Unsaturated _K-Function: Sand Vol. WC. Function: Sand _ K-Ratio: 1 K-Dire B

FMMFS: Phase 3, MN Diversion Section 78
FM_P3_MN_Div_Sect_07B_Raise4FT_70.gsz
(1) Steady-State Seepage Analysis

Elevation (x 1000)
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(1) Steady-State Seepage Analysis
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Elevation (x 1000)

Created By: Heckendorf, Kurt A MVP
Last Edited By: Killian, Elizabeth A MVP
Date: 8/16/2010

Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability
Section 7B
(A) Slope Stability

-1.0
Distance (x 1000)

Soil Properties

Name: Sherack  Model: Mohr-Coulomb _ Unit Weight: 118 pcf _ Cohesion: 0 psf _Phi: 28 *

ior
Name: Brenna  Model: Shear/Normal Fn.  Unit Weight 104 pcf _Strengih Function: Brenna. B0"
Name: Argusvile _Model: Shear/Normal Fn. Uit Weight: 106 pci __ Strength Functon: Argusville  Phi-8: 0°*
Name: Till_ Model: Mohr-Coulomb _ Unit Weight: 122 pcf Cohesion: O psf _Phi: 31° Phi-8:0°

iame: Sand  Model: Mohr-Coulomb Uit Weight 125 pcf ~ Cohesion: 0 psf _Phi: 32° Phi-8:0°

FMMFS: Phase 3, MN Diversion Section 78
FM_P3_MN_Div_Sect_07B_Raise4FT_70.gsz
(A) Slope Stability
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(x 1000)
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FMMFS: Phase 3, MN Diversion Section 7B
FM_P3_MN_Div_Sect_07B_Raise4FT_70.gsz
(A) Slope Stability
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FMMFS: Phase 3, MN Diversion Section 7B
FM_P3_MN_Div_Sect_07B_Raise4FT_70.gsz

(B) Wedge Slope Stability
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FMMFS: Phase 3, MN Diversion Section 7B
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(C) Lower Localized Stability
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FMMFS: Phase 3, MN Diversion Section 7B
FM_P3_MN_Div_Sect_07B_Raise4FT_70.gsz

(D) Upper Localized Stability
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File Name: FM_P3_MN_Div_Sect_07B_Raise4FT_70.gsz

Soil Properties

Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability
Section 7B

Name: Sherack Undrained _ Model: Undrained (Phi=0) _ Unit Weight: 118 pcf _ Cohesion: 900 psf
Name: West Fargo Undrained _ Model: Undrained (Phi=0)  Unit Weight: 123 pef _ Cohesion: 1900 psf
Name: Harwood Undrained  Model: Undrained (PhI=0) Uit Weight: 116 pci _Cohesion: 1200 psf
Unit Weight: 104 pcf__ Cohesion: 525 psf
C-Top of Layer: 525 psf  C-Rate of Change: 10 psfift ~ Limiting C: 1025 psf
Name: Til Undrained Model: Undrained (Phi=0) _ Unit Weight; 122 pcf Cohesion: 1900 psf
iame: Sand Model: Mohr-Coulomb Uit Weight: 125 pci_Cohesion: 0 psf _Phi: 32°  Phi-8:0°

(2) Undrained Stability (2)

FMMFS: Phase 3, MN Diversion Section 78
FM_P3_MN_Div_Sect_07B_Raise4FT_70.gsz
(2) Undrained Stability (2)
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FMMFS: Phase 3, MN Diversion Section 7B
FM_P3 _MN_Div_Sect_07B_Raise4FT_70.gsz
(2) Undrained Stability (2)
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File Name: FM_P3_MN_Div_Sect_08_Raise4FT_70.gsz
Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability
Section 8
(1) Steady-State Seepage Analysis

Soil Properties

Name: Sherack  Model: Saturated / Unsaturated _K-Function: Allav/Sherack Vol WC. Function: Alluv/Sherack _K-Ratio: 1 _K-Direction: 0~
Name: Brenna_ Model K-Ratio: 1 K-Direction: 0°

Ratio:
fodel: Mv: 30-005 psf  K-Ratio: 1 _K-Direction: 0
Name: Til_ Model: Saturated Only K-Sat: 0,057 fidays _ Volumetric Water Content: 0.45 /e My: 3-005 Jpsf _K-Ratio: 0.25  K-Direction:0°
Name: Sand  Model Saturated / Unsaturated _K-Function: Sand _Vol. WC. Function: Sand _ K-Ratio: 1 K-Directon: 0~

FMMFS: Phase 3, MN Diversion Section 8
FM_P3_MN_Div_Sect_08_RaisedFT_70.gsz
(1) Steady-State Seepage Analysis

Elevation (x 1000)
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FMMFS: Phase 3, MN Diversion Section 8
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(1) Steady-State Seepage Analysis
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Elevation (x 1000)

Created By: Heckendorf, Kurt A MVP
Last Edited By: Killian, Elizabeth A MVP
Date: 8/16/2010

Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability
Section 8
(A) Slope Stability

-1.0
Distance (x 1000)

Soil Properties

Name: Sherack  Model; Mohr-Coulomb  Unit Weight 118 pcf  Cohesion: 0psf  Phi: 28°  Phi-B: 0©
Name: Brenna_ Model: Shear/Normal Fn.  Unit Weight: 104 pcf uncion: Brenna__Phi-B: 0°
Name: Argusvile _Model: Shear/Normal Fn. Uit Weight: 106 pcf __ Strength Functon: Argusville  Phi-8: 0*
Name: Till_ Model: Mohr-Coulomb _ Unit Weight: 122 pcf Cohesion: O psf _Phi: 31° Phi-8:0°

iame: Sand  Model: Mohr-Coulomb Uit Weight: 125 pci ~ Cohesion: 0 psf _Phi: 32° Phi-8:0°

FMMFS: Phase 3, MN Diversion Section 8
FM_P3_MN_Div_Sect_08_Raise4FT_70.gsz
(A) Slope Stability
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FMMFS: Phase 3, MN Diversion Section 8
FM_P3_MN_Div_Sect_08_Raise4FT_70.gsz
(A) Slope Stability
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FMMFS: Phase 3, MN Diversion Section 8
FM_P3_MN_Div_Sect_08_Raise4FT_70.gsz
(B) Wedge Slope Stability
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FMMFS: Phase 3, MN Diversion Section 8
FM_P3_MN_Div_Sect_08_Raise4FT_70.gsz
(C) Lower Localized Stability
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FMMFS: Phase 3, MN Diversion Section 8
FM_P3_MN_Div_Sect_08_Raise4FT_70.gsz
(D) Upper Localized Stability
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File Name: FM_P3_MN_Div_Sect_08_Raise4FT_70.gsz Soil Properties

Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability
Section 8

Name: Sherack Undrained  Model: Undrained (Phi=0)  Unit Weight: 118 pcf Cohesion: 900 psf
Name: Brenna Undrained  Model, Undrained (Phi=0)  Unit Weight. 104 pci _ Cohesion: 525 psf

Name: Till Undrained ~ Model: Undrained (Phi=0) _ Unit Weight 122 pci  Cohesion: 1900 psf
iame: Sand  Model: Mohr-Coulomb. Unit Weight: 125 pcf Cohesion: 0 psf _Phi: 32°  Phi-B:0°

Name: Argusvile Undrained  Model: S={(depth) Unit Weight: 106 pcf  C-Top of Layer: 525 psf  C-Rate of Change: 10 psfft  Limiting C: 1025 psf

(2) Undrained Stability (2)

FMMFS: Phase 3, MN Diversion Section 8
FM_P3_MN_Div_Sect_08_Raise4FT_70.gsz
(2) Undrained Stability (2)
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FMMFS: Phase 3, MN Diversion Section 8
FM_P3_MN_Div_Sect_08 Raise4FT_70.gsz
(2) Undrained Stability (2)
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File Name: FM_P3_MN_Div_Sect_09A_DSGN.gsz

Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability
Section 9A
(1) Steady-State Seepage Analysis

Soil Properties

Name: hersck Mol Sarsted [ Unsaurted KcPuncton; AluviSherscc Vo, W, Functo: AlliStersck (GRa: 3 K Dircton; 0
5 /psf  K-Ratio: 1 _ K-Direction: 0 *
Name. T et Sanrited Ol -Sat 057 days - Vometrc Water Comant 048 i W 36:008 el . Rallo-0.28. K. Drecton-0 -
Name: Sand  Model: Saurated /Unssturied _KcFuncion: Sand  Val WC.
ime: OX Brenna  Model: Saturated / Unsaturated _ K-Funcion: OX Brer o
Name. iy Sands  Moda. Satrated Ony K-Sat: 0.2 gays. Volumet Walor Conent 0.4 1t
Model oo "Vissercon st Kmaso 1 Kbrecuon 0°

il KDiecian,0°

FMMFS: Phase 3, MN Diversion Section 9, MN Extension Channel
FM_P3_MN_Div_Sect_09A_DSGN.gsz
(1) Steady-State Seepage Analysis
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FMMFS: Phase 3, MN Diversion Section 9, MN Extension Channel
FM_P3 MN_Div_Sect 09A DSGN.gsz
(1) Steady-State Seepage Analysis
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File Name: FM_P3_MN_Div_Sect_09A_DSGN.gsz

Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability
Section 9A
(A) Slope Stability

Elevation (x 1000)

Soil Properties

Name: Sherack  Model: Mohr-Coulomb _Unit Weight 118 pcf  Cohesion: Opsf _Phi: 28° _Phi-B: 0
Unit Weigh: 1000ct  Srengh Functon: rgusvile Phisior
Weight 122 pef _Coh
o

8.0
UniWelgh, 111 pct _ Sirength uncior; OX Brenna, _ PH-8:0°
Name: Siy Sands ~ Model: Mohr-Coulomb Uit Weight: 125 pf ~ Cohesion; 0 psf  Phi: 30°_Phi-B:

Name: Sancy SIC_ Model Monr Coromp. Uni Weght 113 i Conbdon 0 P4 P 267 Pt 0°

FMMFS: Phase 3, MN Diversion Section 9, MN Extension Channel
FM_P3_MN_Div_Sect_09A_DSGN.gsz
(A) Slope Stability
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FMMFS: Phase 3, MN Diversion Section 9, MN Extension Channel
FM_P3_MN_Div_Sect_ 09A DSGN.gsz
(A) Slope Stability
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FMMFS: Phase 3, MN Diversion Section 9, MN Extension Channel
FM_P3_MN_Div_Sect_ 09A DSGN.gsz
(B) Wedge Slope Stability
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FMMFS: Phase 3, MN Diversion Section 9, MN Extension Channel
FM_P3_MN_Div_Sect_ 09A DSGN.gsz
(C) Localized Stability
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FMMFS: Phase 3, MN Diversion Section 9, MN Extension Channel
FM_P3_MN_Div_Sect_ 09A DSGN.gsz
(D) Localized Stability
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File Name: FM_P3_MN_Div_Sect_09A_DSGN.gsz

Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability
Section 9A
(2) Undrained Stability

Soil Properties

Name: Sherack Undrained  Model: Undrained (PRi=0) _Unit Weight 118 pef_ Cohesion: 900 pf
Name: Argusville Undrained  Model: S=f(depth)  Unit Weight: 106 pcf ~ C-Top of Layer: 525 psf  C-Rate of Change: 10 psffft  Limiting C: 1025 psf
Name: Til Undrained  Modet: Undrained (Ph=0)
fodel: Mohr-Coulomb. _ Unit Weight 125 pet ?
Name: Sity Sands Mool Mohv-Coulam _Uni Weigh: 125 pcf _ Cohesion: 0pst Pz 30° _Phi-8:0*
Name: OX Brenna Undrained  Model: Undrained (Phi<0) Uit Weight: 111 pcf ~ Cohesions 900 pst
Name: Sandy Sit Undrained _ Modet Undrained (Phi<0)  Unt Weight: 119 pef _ Conesion’ 1200 pst

FMMFS: Phase 3, MN Diversion Section 9, MN Extension Channel
FM_P3_MN_Div_Sect_09A_DSGN.gsz
(2) Undrained Stability
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FMMFS: Phase 3, MN Diversion Section 9, MN Extension Channel
FM_P3_MN_Div_Sect_ 09A DSGN.gsz

(2) Undrained Stability
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File Name: FM_P3_MN_Div_Sect_09B_DSGN.gsz

Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability
Section 9B
(1) Steady-State Seepage Analysis

Soil Properties

Name: Brenna_ Model Volumetric Mv: 30:005 jpsf  K-Ratio: 1 K-Direction: 0°
N fle " Model Mv: 3e-005 psf  K-Ratio: 1 K-Direction: 0°
Name: Till Model: Saturated Only K-Sat; 0.057 fidays _Volumetric Waer Content: 0.45 fe/fie _My: 3e-005 fpsf _ K-Raio: 0.25

Name: Sand  Model: Saturated / Unsaturated _K-Function: Sand __ Vol. WC. Function: Sand _K-Ratio: 1 _ K-Direction: 0

Name: OX Brenna  Model: Saturated / Unsaturated _ K-Function: OX Brenna _ Vol. WC. Function: OX Brenna_K-Ratio: 1 __ K-Direction: 0 *

Name: Silty Sands _ Model: Saturated Only _ K-Sat: 0.28 fdays _ Volumeric Water Confent: 0.4 f2f?  My: 3¢-006 /psf K-Ratio: 1 K-Direction: 0°
Name: Allovium _ Model: Saturated / Unsaturated  K-Function: Alluv/Sherack  Vol. WC. Function: Alluv/Sherack  K-Ratio: 1 K-Direction: 0*

K-Direction: 0*

FMMFS: Phase 3, MN Diversion Section 9, MN Extension Channel
FM_P3_MN_Div_Sect_09B_DSGN.gsz
(1) Steady-State Seepage Analysis
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FMMFS: Phase 3, MN Diversion Section 9, MN Extension Channel

FM_P3 MN_Div_Sect 09B_DSGN.gsz

(1) Steady-State Seepage Analysis
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File Name: FM_P3_MN_Div_Sect_09B_DSGN.gsz

Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability
Section 9B
(A) Slope Stability

Elevation (x 1000)

Soil Properties

Name: Brenna  Model: Shear/Normal Fn.  Unit Weight: 104 pcf _ Strengih Funciion: Brenna__Phi-B;

Name: Ausvile  Mode,Shearomal Fr, _ UnftWeigt 106t~ Srngtn Functo: Arusvie B 0"
Name: Till_ Model: Mohr-Coulomb_ Unit Weight: 122 pcf_Cohesion: 0 psf_ Phi: 31° _ Phi-8:0°
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Name: OX Brenna. Model: ShearNormal . UnitWeight: 11 pef - Siengih Funcion: OX Brenna P00
Name: Siy Sands _ Model: Mohr-Coulomb Uit Weight: 125 pef _ Cohesior: 0 psf _ Phi: 30 _ Phi-B:

Name: Ao Mode Mo -Coutomy  Unk Weigne 19 pe - Cobeeion 0 pe Pl 31 P s 0

FMMFS: Phase 3, MN Diversion Section 9, MN Extension Channel
FM_P3_MN_Div_Sect_09B_DSGN.gsz
(A) Slope Stability

(x 1000)

-20 -19 -18 -17 -16 -15 -14 -13 -12 -11 -1.0 -0.9 -08
Distance (x 1000)

Created By: Heckendorf, Kurt A MVP
Last Edited By: Killian, Elizabeth A MVP
Date: 8/16/2010

Final Fargo-Moorhead Metro Feasibility Report and Environmental Impact Statement
July 2011

Attachment I-11, pg 124
Geotechnical Design and Geology




FMMFS: Phase 3, MN Diversion Section 9, MN Extension Channel
FM_P3_MN_Div_Sect_09B_DSGN.gsz
(A) Slope Stability
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FMMFS: Phase 3, MN Diversion Section 9, MN Extension Channel

FM_P3_MN_Div_Sect_09B_DSGN.gsz
(B) Wedge Slope Stability
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FMMFS: Phase 3, MN Diversion Section 9, MN Extension Channel
FM_P3_MN_Div_Sect_09B_DSGN.gsz
(C) Localized Stability
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FMMFS: Phase 3, MN Diversion Section 9, MN Extension Channel
FM_P3_MN_Div_Sect_09B_DSGN.gsz
(D) Localized Stability
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File Name: FM_P3_MN_Div_Sect_09B_DSGN.gsz

Fargo-Moorhead Metro Feasibilty Study
Phase 3 Analysis
MN Diversion Channel Stability
Section 9B
(2) Undrained Stability

Soil Properties

Name: Brenna Undrained  Model; Undrained (Phi=0)  Unit Weight: 104 pci _ Cohesion: 525 psf
Name: Argusvile Undrained  Model; S={(depth) Unit Weight: 106 pcf  C-Top of Layer. 525 psf  C-Rate of Change: 10 psfft  Limiting C: 1025 psf
Name: Til Undrained  Model =

Name: Sity Sands _ Model: Mohr-Coulomb _ Unit Weight: 125
Name: Allavium Undrained  Model: Undrained (Phi=0) Uit Weight: 119 pef_Cohesion: 900 psf
iame: OX Brenna Undrained  Model: Undrained (Phi=0)  Unit Weight: 111 pcf ~ Cohesion: 900 psf

FMMFS: Phase 3, MN Diversion Section 9, MN Extension Channel
FM_P3_MN_Div_Sect_09B_DSGN.gsz
(2) Undrained Stability
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FMMFS: Phase 3, MN Diversion Section 9, MN Extension Channel
FM_P3_MN_Div_Sect_09B_DSGN.gsz
(2) Undrained Stability
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Phase 3 Analysis
MN Diversion Channel Stability
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Slide Analysis Information

Document Name

File Name: Slide_ MN_Section_6_raise4FT_70.sli

Project Settings

Project Title: SLIDE - MN Section 6 raise 4FT 70
Failure Direction: Left to Right

Units of Measurement: Imperial Units

Pore Fluid Unit Weight: 62.4 Ib/ft3

Groundwater Method: Finite Element Analysis
Tolerance (groundwater): 1e-006

Maximum number of iterations (groundwater): 500
Data Output: Standard

Calculate Excess Pore Pressure: Off

Allow Ru with Water Surfaces or Grids: Off
Random Numbers: Pseudo-random Seed
Random Number Seed: 10116

Random Number Generation Method: Park and Miller v.3

Analysis Methods

Analysis Methods used:
Spencer

Number of slices: 30

Tolerance: 0.005
Maximum number of iterations: 50

Surface Options

Surface Type: Non-Circular Block Search
Number of Surfaces: 15000
Pseudo-Random Surfaces: Enabled
Convex Surfaces Only: Disabled

Left Projection Angle (Start Angle): 135
Left Projection Angle (End Angle): 135
Right Projection Angle (Start Angle): 45
Right Projection Angle (End Angle): 45
Minimum Elevation: Not Defined
Minimum Depth: Not Defined

Loading

2 Distributed Loads present:

Distributed Load Triangular Distribution, Orientation: Vertical, Magnitudes 1,2: 0 and 1875
Ib/ft2

Distributed Load Constant Distribution, Orientation: Vertical, Magnitude: 1875 Ib/ft2

Groundwater Analysis

Maximum Number of Iterations: 500
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Iteration Tolerance: 1e-006

Mesh Element Type: 4 noded quadrilaterals
Number of Elements: 9552

Number of Nodes: 9619

Material Properties

Material: Sherack
Ks: 3.24074e-008
K2/K1: 1

K Angle: 0

Model: User Defined - Alluv/Sherack

Material: West Fargo
Ks: 3.24074e-006
K2/K1: 1

K Angle: 0

Model: User Defined - West Fargo

Material: Harwood
Ks: 3.24074e-007
K2/K1: 1

K Angle: 0

Model: User Defined - Harwood

Material: Brenna
Ks: 3.24e-009
K2/K1: 1

K Angle: 0

Model: Simple

Material: Argusville
Ks: 3.24e-009
K2/K1: 1

K Angle: 0

Model: Simple

Material: Till
Ks: 6.59e-007
K2/K1: 0.25
K Angle: 0

Model: Simple
Material: Sand
Ks: 0.000324074
K2/K1: 1

K Angle: 0

Model: User Defined - Sand
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List of All Coordinates

Material Boundary
-2000.000 908.000
-417.000 908.000

Material Boundary
-2000.000 906.000
-403.000 906.000

Material Boundary
-17.000 890.000
-17.000 888.000
-5.000 883.000
0.000 883.000

Material Boundary
-2000.000 900.000
-361.000 900.000

Material Boundary
-2000.000 865.000
0.000 865.000

Material Boundary
-2000.000 825.000

0.000 825.000
External Boundary
0.000 750.000
0.000 825.000
0.000 865.000
0.000 883.000
0.000 885.000

-5.000 885.000
-17.000 890.000
-200.000  890.000
-270.000 897.000
-340.000 897.000
-361.000 900.000
-403.000 906.000
-417.000  908.000
-459.000 914.000
-2000.000 914.000
-2000.000 908.000
-2000.000 906.000
-2000.000 900.000
-2000.000 865.000
-2000.000 825.000
-2000.000 750.000
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