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Figure 1

LOCATION MAP
[-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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FIGURE 3

SITE PLAN AND BOREHOLE LOCATIONS
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Project No. 062-2002 Date: May, 2008

Camera used to video into Fissure #2
and #3

Opening for Fissure #3. Note the continuation of joints across
the opening and the apparent bedrock overlying the opening

Figure 23
Fissure #3

I-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Explanation

Blue = Domain 1

Green = Domain 2

Yellow = Domain 3

Black = Broken or core loss zones
Red Line = Fissure #2

Purple Line = Fissure #3

Brown Line = Perimeter of displaced rock

mass

NOTE:
1. All locations are approximate
2. Looking East

3. Abbreviated borehole numbers provided

at collar elevation of vertical boreholes

3-D Model developed by Haneberg
Geosciences
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11

23 24

Figure 25

Design Sector XllII: Borehole Projection — View East

I-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Explanation

Blue = Domain 1

Green = Domain 2

Yellow = Domain 3

Black = Broken or core loss zones

Red Line = Fissure #2

Purple Line = Fissure #3

Brown Line = Perimeter of displaced rock mass

NOTE: All locations are approximate
Looking Southeast
Abbreviated borehole numbers provided

3-D Model developed by Haneberg Geosciences

Design Sector XIllI:

06
11
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S 24
N\
. 23
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22~
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Figure 26
Borehole Projection — View Southeast

I-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Detail

avreves Rock

Steel dowel
[ Zone of plastic strain in steel

Grout

Joint

Dowel behavior due to shear movement (after Wyllie and Mah, 2004)

Ratlo Dowel ResIstance / Dowel Tenslle Strength

140%

130%

120%

110%

100%

/

Strength Premium

Assumes joint ¢ = 32°, dilation angle = 5°

10 20 30 40 50

Angle of Dowel to Joint Normal {degrees)

Figure 27
Dowel Reinforcement Behavior

I-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Min Slope DDR - 20° = 240°

Set 3 Mean Plane

Max Slope DDR + 20° = 295°

Equal Area
Lower Hemisphere

Mean Set Orientations

1778 Poles

Set Dip Dip Dir

Figure 30
Design Sector Xlll — Detailed Kinematic Analysis

I-90 Snoqualmie Pass East
Hyak to Keechelus Dam



Project No. 062-2002 Date: May 2007

See Figure 7 for key to borehole histograms
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58.9 — 59.8ft: High Probability (Core Loss / Broken zone)

71.10 ft: Low Probability (Weathered Joint 15°/273°)

100 l

Figure 31

Shear Surface Ratings: SI-5-07

[-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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See Figure 7 for key to borehole histograms

52.0 — 54.7 ft: High Probability (Core Loss / Broken zone)

58.55 ft: Medium Probability (Joint 43°/220°)

Figure 32
Shear Surface Ratings: SI-4-07

[-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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100

120

See Figure 7 for key to borehole histograms

7.3-9.3ft: Medium Probability (Joints)

36.6 — 38.3 ft: High Probability (Core Loss/Broken zone)

445 — 45 4 ft: Medium Probability (Core Loss / Broken zone)

-Ilr

47.5 - 48.6 ft: High Probability (Broken zone)

70.5—74.4 ft: High Probability (Broken zone)

Low probability joints at:
39.9 ft:
56.0 ft:
57.0 ft:
68.8 ft:
69.0 ft:
78.3 ft:

22°/289°
52°/285°
43°/269°
23°/267°
47°/284°
25°/272°

Figure 33
Shear Surface Ratings: H-107-06
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See Figure 7 for key to borehole histograms

29.4 — 33.0 ft: High Probability (Core Loss/Broken zone)

33.9-34.8 ft: Medium Probability (Core Loss / Broken zone)

-

39.4—-41.1 ft: High Probability (Core Loss / Broken zone)

60
80
76.9 — 78.6 ft: Medium Probability (Core Loss / Broken zone)
a Figure 34
100 Shear Surface Ratings: SI-1-07

[-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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:

20

40

60

80

100

See Figure 7 for key to borehole histograms

16.1 —19.0 ft: High Probability (Core Loss / Broken zone)

40.45 & 41.5 ft: Low Probability (Partial clay-filled joints 26°/236°)

—

47.08 ft: Low Probability (Partial clay-filled joints 40°/273°)

48.82 ft: Low Probability (Clay-filled joint 41°/256°)

51.13 ft: Low Probability (Joint 29°/242°)

54.3 — 55.7 ft: Medium Probability ( Broken zone)

Figure 35

Shear Surface Ratings: SI-7-07

[-90 Snoqualmie Pass East
Hyak to Keechelus Dam



Project No. 062-2002 Date: May 2007

20

40

60

80

100

See Figure 7 for key to borehole histograms

18.9-21.0ft High Probability (Core Loss / Broken Zone)

24.6 ft Medium Probability (Clay-filled joint: 58°/264°)

\

44.7 - 45.6 ft High Probability ( Broken Zone)

62.2 — 62.5 Low Probability (Clay —filled joints: 52°/290°)

Figure 36

Shear Surface Ratings: H-101-06

[-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Design Section at Station 1398+20WB

Section at 1398+20 WB

Shallow Surface

Deep Surface

Figure 37
Design Sector XlIl — Back Analyses

I-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Project No. 062-2002 Date: September, 2008

Step 1: Construct temporary work berm at nominal elevation 2570 ft.

Step 2: Install upper and lower rows of fully grouted dowels (15-foot spacing, centers
offset). Allow cement grout to set for minimum 7 days.

Berm

75 ft long, -10°

Dowels

Embankment
50 ft long, -45°

Existing slope

Step 3: Remove berm, make excavation cut to create nominal 4 ft high vertical face.

Step 4: Apply 4-inch thick, fiber reinforced shotcrete to limits shown, graded to direct
water to embankment underdrain.

Step 5: Cut off dowels, install 10-inch square face places, tension dowels to 10 kips.

Step 6: Drill and install 75-ft long PVC-lined drain holes at 20ft centers offset from dowels,
nominal collar elevation 2569 ft.

Install 12-inch diameter perforated pipe, backfill trench with drain rock and apply
4-inch thick drain rock blanket to base of excavation.

Embankment

Existing slope

Note: Treatment extends from Station 1397+00 to 1400+00 WB Figure 40

Design Sector Xlll — Ditch Detail

[-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Max Slope DDR + 20° = 250°

Min Slope DDR - 20° = 200°

September, 2008

Project No. 062-2002 Date:

Mean Set Orientations

Set Dip Dip Dir

Set 1 Mean Plane

Equal Area
Lower Hemisphere
386 Poles

Figure 44
Design Sector XVI — Detailed Kinematic Analysis

I-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Project No. 062-2002 Date: August, 2008

/ FS=1at $=40°¢c=0

R FS>1

FS<1 N

Note : Analysis for existing slope at Station 1410+20WB.

100% 1
90% -

o
=1
R

70%
60% -
50% -
40% -
0% T 100

20% - probability of
failure

Cumulative Probability

10% -

A

0% I I I I I I 1
0.8 0.9 10 11 1.2 13 14 15 16

Factor of Safety

Figure 46
Design Sector XVI — Static Back Analysis

I-90 Snoqualmie Pass East
Hyak to Keechelus Dam



Project No. 062-2002 Date: August, 2008

X FS>1

FS<1 Y

40% - 32% probability of failure

d
<

Cumulative Probabllity

06 0.7 08 09 10 11 1.2 13 14

Factor of Safety

Note: Analysis for existing slope at Station 1410+20WB with seismic coefficient = 0.07g.

Figure 47
Design Sector XVI — Pseudo Static Back Analysis

I-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Project No. 062-2002 Date
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Figure 49
Design Sector XVI — Probabilistic Stability Analysis

I-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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