anuary 2009

. 062-2002 Date: J

Project No

S i [T,

m.«—

F DEXg'B ak
=

\ ‘ 7 i
&Q@n\ﬁﬁ&f%ﬁ“NAEW%&Wﬁ%%ﬁﬂh%@ﬁ%@&@ﬂ%@ﬁﬁ A
D\ “&“w\ﬁ\fwﬁﬁlﬁ//&wmkﬁ( G W/) (i g NS TN AN B RN ‘ﬂ TN N
o \ 7 7 e SAngm N NN ch
= — /s:ifﬂ)? L"i“k\f"ii?f/f J%ﬁ/ B~ N ﬁﬁw\k kMﬁ”
W /_,& : . }r/é/{) ide Lahd—' N iz AT Ty %’/‘I' x L /J '
P[_uc hE? 'Ile/ors \7 ‘h y /}%% h_'w i ;, 'F s ) \

== (el | N\ Z g S = NN S ) ) e (P2
= k_f\’“gg—g;b \
?ﬁigggﬁﬁxﬁ ﬂmi/
: (N

v =0\

. Ampig

U

—
bl il ) e
= =i gl Ia
=F AF —
'—Qn . N '/,'—'-—u-'-’
ks
_ [l
I}

il

NS

i VA R 7 u -J e I NS
N S\ SN e G
i < 3 ol ) e 7 ; A [
A=K ?ﬁafa R \&%@ﬁ @* J 7, MR
= 2 O N\, =2l (AR SN Al
{:f???/ n i pém%—f“\\ Q‘*\\\\:\:& r\‘-‘:\\‘m\\\ \C( /f\wl‘lﬁ@ \\"’\WH f“”lx'/ ﬂ’/{f’,{\\\ W N i
== ~ &K ix _ NS o ™ \\ﬁ{ ' i
- - / I
X 0\

Figure 1
LOCATION MAP
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1. See Figure 4 for section location.
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construction purposes without verification.

Source:

Sections provided by WSDOT, April 15, 2009.
Elevation inconsistencies noted at several locations on the project datum
and may affect actual elevation data presented on the sections.
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1. See Figures 4 and 5 for section location.

2. Geologic cross-section data are inferred based on
surface mapping and limited borehole results. Contacts
between units are approximate and should not be used for
construction purposes without verification.
Source:
Sections provided by WSDOT, April 15, 2009.
Elevation inconsistencies noted at several locations on the project datum
and may affect actual elevation data presented on the sections.
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1. See Figures 4 and 5 for section location.

2. Geologic cross-section data are inferred based on
surface mapping and limited borehole results. Contacts
between units are approximate and should not be used for
construction purposes without verification.
Source:
Sections provided by WSDOT, April 15, 2009.
Elevation inconsistencies noted at several locations on the project datum
and may affect actual elevation data presented on the sections.
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Notes:

1. See Figures 6, 7 and 8 for section location.

2. Geologic cross-section data are inferred based on
surface mapping and limited borehole results. Contacts
between units are approximate and should not be used for
construction purposes without verification.

3. Borehole advanced at 80/029 degrees (Dip/Dip Direction) back into
the slope.

Source:

Sections provided by WSDOT, April 15, 2009.

Elevation inconsistencies noted at several locations on the project datum

and may affect actual elevation data presented on the sections.
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1. See Figures 6, 7 and 8 for section location.
2. Geologic cross-section data are inferred based on
surface mapping and limited borehole results. Contacts
between units are approximate and should not be used for
construction purposes without verification.
Source:
Sections provided by WSDOT, April 15, 2009.
Elevation inconsistencies noted at several locations on the project datum
and may affect actual elevation data presented on the sections.
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Notes:

1. See Figure 9 for section location.

2. Geologic cross-section data are inferred based on
surface mapping and limited borehole results. Contacts
between units are approximate and should not be used for
construction purposes without verification.

Source:

Sections provided by WSDOT, April 15, 2009.
Elevation inconsistencies noted at several locations on the project datum
and may affect actual elevation data presented on the sections.
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.. _ v
Glomeroporphyritic basalt (late and middle Eocene) 4 Strike and dip on foliation or igneous fabric

Feldspathic sandstone and volcanic rocks (late to middle Eocene)
Figure 25

Regional Geologic Map

[-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Figure 26
Discontinuities in Meta-Lapilli Ash Tuff (Sector X)

1-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Figure 27
Fault Discontinuities (Sector XlI)

1-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Carbonized Organic Matter

Weathered
Volcanic Ash

Jenkins’ Knob
~ ~ WB Stationing 1325+25

Figure 28
Flow Boundary Discontinuity (Sector V)

1-90 Snoqualmie Pass East
Hyak to Keechelus Dam



062-2002 Date: March_2009

Project No.

Figure 29
Flow Boundary Discontinuity (Sector Xll)
WB Station 1383+75

1-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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2565

2560 RKS-09-07 pressure head
s >¢<‘f~/\\
o *-—‘vr\ ___________________
2550
s \ M
Z { \
- |
£ 2540 h
z \ b \
) \
|_
< 2535
>
L
: /
2530 | —— RKS-09-07 Water Elevation RKS-10-07 pressure head
—— RKS-10-07 Water Elevation }
2525 | + RKS-09-07 InstrumentElevation
+ RKS-10-07 Instrument Elevation \%‘—.{ -@.hu!
2520
\4
P g . /0 g S
2515
2510
10/01/07 12/31/07 03/31/08 06/30/08 09/29/08 12/29/08
DATE

Piezometric data provided by WSDOT

Figure 30

Piezometeric Data for Design Sector IX

1-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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2680

2660

——RKS-12-07 Water Elevation
——RKS-18-07 Water Elevation
+ RKS-12-07 Instrument Elevation
+ RKS-18-07 Instrument Elevation

2620

2600

RKS-18-07 pressure head

2580

ELEVATION (ft msl)

2560

s

2540

2520

RKS-12-07 pressure head

R

===

2500

10/01/07

Piezometric data provided by WSDOT

12/31/07

03/31/08

DATE

06/30/08

09/29/08

12/29/08

Figure 31

Piezometeric Data for Design Sector X

-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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2590
Instrument |-J . T
Elevations =
2570
A
2550
Y . ~
- ma
2530 —— —fF———
%\ _______
£
£ syt
§ 2510
'_
s
w
_
T
2490 RKS-13-07(shallow) Water Elevation
—— RKS-13-07(deep) Water Elevation
—— RKS-15-07(shallow) Water Elevation
2470 —— RKS-15-07(deep) Water Elevation
- RKS-40-08(shallow) Water Elevation
—— RKS-40-08(deep) Water Elevation
"i‘\-\‘“
2450 '\‘ =
N O™
-
2430 T
10/01/07 12/01/07 01/31/08 04/01/08 06/01/08 08/01/08 10/01/08 12/01/08
DATE
Figure 32
Piezometric data provided by WSDOT Piezometeric Data for Design Sector Xl (Western)

[-90 Snoqualmie Pass East
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2680

2660 )
2640 — A
| ek VAR M

2620 } N ~N fN
= H-110-06 (shallow): N
UE) 2600 - Water Elevation

Instrument Elevation
E H-110-06 (deep) pressure head
=z H-110-06 (deep):
O 2580 1| ———— water Elevation
>R ] [ ——— Instrument Elevation
s
W 2560 H RKS-19-07:
d Water Elevation v
—————— Instrument Elevaton [T = T - -~~~ T - -~TTTTrTTT T T 77" - R I I
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+———— ———————————————————— — o - — —--- ————————————— —— —
2500
Instrumentation anomaly
2480 ! !
10/02/06 01/01/07 04/02/07 07/02/07 10/01/07 12/31/07 03/31/08 06/30/08 09/29/08 12/29/08
DATE
Figure 33

Piezometric data provided by WSDOT

Piezometeric Data for Design Sector XlI (Eastern)

1-90 Snoqualmie Pass East
Hyak to Keechelus Dam



Wedge Intersection

Project No. 062-2002 Date: February, 2009

Number of Poles
Tangent Sector Limit

Tangent Sector Limit 76° [275° B 1pole
76° /220° / —
> 4to5poles
0 6 to 7 poles
X 8 to 9 poles

10 to 11 poles

Set 1/Set 3

52°/271° Setl

Set 3 Mean Plane

+ Set3

Mean Set Orientations

. Equal Area
Set Pole Dip Dip Set 1 Mean Plane S Lower Hemisphere

Symbol

Dir 777 Poles

Figure 34
Design Sector VIII (Snowshed) — Detailed Kinematic Analysis

[-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Figure 35

Snowshed East Portal Plan

1-90 Snoqualmie Pass East
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EAST SNOWSHED PORTAL

(looking west)

Portal
Tower

Rockfall

|
/Zﬁ Vulnerability
[

]

——

Section at 1363+50 [

Reference Drawings: from WSDOT

Figure 36
Snowshed East Portal

I-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Number of Poles
Tangent Sector Limit

Tangent Sector Limit 76° [275° B 1pole
76° /255° / —
> 4to5poles
0 6 to 7 poles
X swo poles
10 to 11 poles
Setl

Set 1/Set 3

39°/256°

Set 3 Mean Plane

et3
-+
Mean Set Orientations
. Equal Area
Set Pole Dip Dl,p Set 1 Mean Plane S Lower Hemisphere
Symbol Dir 1192 Poles
Figure 37

Design Sector IX — Detailed Kinematic Analysis

[-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Typical Section 1363+50
Stabilization Applies to 1663+25 to 1664+25

-
-
-

—
-
-

Untensioned pattern dowels (L):

Modify overburden template

4 rows, 100 kip ultimate

_— and round crest to WSDOT

12ft v x 12% ft h, 25 ft long \ n

~

¥ M41-10 Section 2-03.3(5)

N

N

IF\ ~

E‘ S
.
\J

N 2600

N T

II ¥
® | 3\

4 Shotcrete & spot tensioned rock bolts:

Horizontal drains: i . )
X As required for poor quality rock zones
50 ft spacing, \ : g poorq 4
Centers offset “\\ Y :
50 ft long . T Slope drape from crest to nominal elevation 2535 ft |
\ E / \
\\ SR —_— g{ // A
e !
\ U;'- / a \\ i
RKS-09-07 e N | e e e [
— = M\:” P
LU D ]
100 50 0

Figure 38
Design Sector I1X Portal Area— Stabilization Detail

1-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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2675

2650

2625

2600

2575

2550

2525

2500

1363+00

from overburden crest

Slope drape coverage area. “Stairstep” as
required to provide minimum 10 ft setback

Untensioned pattern dowels (L):
2ft vert x 12% ft hor
25 ftlong

\

Crest Dowels (L) per
Design Sector IX

| Requirements

=
) A
[
i X |[x x x
X s s X Spot dowels/bolts

pattern area.

outside and below

ik e E
/
Snowshed Roof
25 ft
Q L noftmax. @ Q
/ ®
Portal Tower \ Grade line at hinge point of
cut slope (toe of slope)
1363+25 1363+50 1363+75 1364+00 1364+25 1364+50 1364+75 1365+00
Station WB - -
Horizontal drains:
@ 50 ft spacing,
Centers offset
50 ft long
Note: Uppermost dowels for each row closest to cut slope line to be installed prior to first lift of rock excavation.
Figure 39

Design Sector IX Portal Area — Stabilization Layout

I-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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e B S
] Typical Section 1365+00 [
\‘».\\
NN _ Modify overburden template
e — — and round crest to WSDOT
2 M41-10 Section 2-03.3(5) 2650
/‘ ~
/ \ -
T
N L — \ L |_A Slope drape from crest to elevation 2600 ft
Untensioned crest dowels (L): B s N
2 rows, 100 kip ult ) <]
12ftvx 12% ft h yo =<
\ .
25 ft long 3 NN
\‘o\ > 2600
!!\I \
Horizontal drains: \ \
50 ft spacing, \m L
Centers offset \\\ \ ‘
| —
50 ft long \ E\ Shotcrete & spot tensioned rock bolts:
\\ 7 As required for poor quality rock zones
\\ | HW’/ R 2550
RKS-10-07: NI T ===~ \
Poor quality rock interval N\ n ~ 1
ey —— —H=- === =L ) e e e e el
\\’ i
100 50 0 Figure 40

Design Sector IX — Stabilization Detail

1-90 Snoqualmie Pass East
Hyak to Keechelus Dam



GENERIC FLOW

BOUNDARY

STABILITY MODEL
(see Figure 29)

As required, 120 kip working
capacity tensioned rock bolts
based on 40-foot thick volcanic
flow. Final design during
construction to include 4-inch
thick fiber-reinforced shotcrete .

9873t

Lpper Face Height

Dist. to Slape Grest  Upper Face Width
30.000 ft

Tension Crack Angle 90.0 ° i

— Tension Crack

+—— Flow Boundary Discontinuity
(®=25°c¢c=0)

Generic Stability Analysis

With bolt reinforcement of 50 kips / ft slope

FS = 1.24 drained slope
FS = 1.00 transient groundwater = 50%

tension crack fill & base plane

Tension Crack

17.321
‘ Upper Face Angle 300 ° 29331 ft
- Peak Water Pressure 0455 tft"2
Sl Height - ) .
20000t Driving Force 33.52 tft Bolt Design
50 Kips/ft slope equivalent to 1.21 kips / sf

For 120 kip working load bolts, face area per bolt = 100 sf
Corresponds to nominal 10 ft x 10 ft pattern

Mormal Force 8171t/
Figure 41

Project No. 062-2002 Date: November 21, 2006

FLOW BOUNDARY STABILITY MODEL

[-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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® Extend 5 dowels to 75-
foot length and instrument in

accordance with Section 10.7

Install seven tensioned rock bolts, each 40 feet long,
prior to cut slope excavation below, 120 kip working
capacity. Finalize locations during construction.

Slope drape coverage area approximately 100,000 sf.
“Stairstep” as required to provide minimum 10 ft setback
from overburden crest
Continue 2 rows of crest dowels (L)
per Figures 40 and 44 / // \\
2700 \ yd e \ —../_'\\
2650 /‘/X"'(,\ \\_/ \_// Y N
2600
Bottom of drape at 72 feet above grade (nominal elevation 2600 ft). \
2550 |—w v v Continue 2 rows of drains per Figures 40 and 44 3
\ G 4 L ﬁ=r>
1364+00 1365+00 1366+00 1367+00 1368+00 1369+00 1370+00 1371+00 1372+00 1373+00 1374+00 1375+00
Sector IX < Sector X
See portal area stabilization detail, Figures 38 and 39 Figure 42

Design Sectors IX and X — Slope Drape Conceptual Layout

[-90 Snoqualmie Pass East
Hyak to Keechelus Dam






Tangent Sector Limit
76° [255°

Set 1/Set 3

Wedge Intersection
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32°/258°

Set 3 Mean Plane

Mean Set Orientations

Pole : Dip
Symbol

Set Dip

Dir

Number of Poles
Tangent Sector Limit

76° 1275° " ipoke
/ A 2 to 3 poles
P 4t05poles
‘ 6 to 7 poles
X 8 to 9 poles

10 to 11 poles

.|.Set 1

+
Set 3
S Equal Area
Set 1 Mean Plane Lower Hemisphere
2115 Poles
Figure 43

Design Sector X — Detailed Kinematic Analysis

[-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Tangent Sector Limit

76° [235°

Tangent Sector Limit
76° [275°

g

' Equal Area
S Lower Hemisphere
11 Poles

Most faults and flow boundaries do not represent kinematically
viable planar failure surfaces for Design Sectors IX and X.

Figure 44
Design Sector IX & X — Kinematic Analysis Faults & Flow Boundaries

I-90 Snoqualmie Pass East
Hyak to Keechelus Dam



| | | | . | Typical Section 1372+25
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N | | | | | | T
1~ Modify overburden template
w0 ——+ and round crest to WSDOT
N M41-10 Section 2-03.3(5)
R 2650
/ . \
h’ \
X 3 \
,/ /é, \\
A = %[
‘T = N Slope drape from crest to elevation 2600 ft
Untensioned crest dowels (L): a BN \
2 rows, 100 kip ult ]
12ftv x 12% fth it AN
25 ft long '-.3‘?( >
\ \ 2600
k) [l
T 1
Shotcrete & spot tensioned rock bolts:
ﬂ As required for poor quality rock zones
" =
) N
\
Horizontal drains: = \
50 ft spacing, _ | ) 5 2550
Centers offset i I s e - E-. ‘
50 ft long ! i
| — .Ii 74\————-—"1—%-_-#"@:@-“) =
il B [P R | B e e e e R A
,I_m___‘w._.-—-f—a-wl—
100 50 0
Figure 45

Design Sector X — Stabilization Detail

1-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Westbound Sector Limit

Wedge Intersection

Set 3 Mean Plane

76° [235°

Set 1/Set 3

17°/265°

Mean Set Orientations

Set

Pole

Symbol Dip

Dip

Dir

Eastbound Sector Limit Number of Poles

76° [285°
[ ] 1 pole

/_L/__JNH\‘\ A 2 poles

P 3poles

0 4 poles
T Equal Area

Set 1 Mean Plane S Lower Hemisphere
144 Poles
Figure 46

Design Sector XI — Detailed Kinematic Analysis

[-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Photograph “A”

1379+00

Section

1379+50 WB

KEY

STABILIZATION ITEM

ESTIMATED QUANTITY

50 kip (working) tensioned rock bolt

8 x 25 ft = 200 ft (includes contingency)

50 kip (working) untensioned rock dowel

4 x 20 ft = 80 ft (includes contingency)

Shotcrete

S5cy

General scaling / tree removal

50 crew hr

Photograph “B”

Stabilization Sequence:

2575 » Remove all coniferous trees greater than 4 inches at the butt from the rock face within scaling limit (Photograph “A”).
» Perform general hand scaling to remove loose blocks from rock slope face to the scaling limits shown (Photograph “A”).
» Install rock bolts or dowels from top down at specified locations and as directed by the Engineer. Dowels may be
substituted for bolts at the discretion of the Engineer to suit rock conditions. (Photograph “B”).
S » Apply shotcrete (3 inch minimum thickness) to seal fault to nominal limits shown (Photograph “B”)..
= 2550
A
\
> e s
R 2 T-~-|~-- .
2 .
525 Figure 47
100 50

Design Sector XI — Stabilization Detail

[-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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RKS-39-08

Flow
Boundary

RKS-39-08: 75.0 — 88.0

Flow boundary elevation in outcrop at this station
~ 2556 and inferred contact shown in yellow.

|-80 Snogualmie Pass East
Hyak to Keechelus Dam

Figure 48
Geologic Detail — Design Sector XI|

I-90 Snoqualmie Pass East
Hyak to Keechelus Dam






Number of Poles
Eastbound Sector Limit

Westbound Sector Limit 76° /295° L
760 /245‘l A 2 poles
P 3poles
’ 4 poles
X 5 poles
6 poles
gk Set 1
Set 1/Set 3
Wedge Intersection
33°/256°
=
Set la
gk
Set 3 Mean Pla
qp
+
Set 3
Set 1a Mean Plane
| Mean Set Orientations
g Pole : Dip | = Equal Area
N Set Dip ; Set 1 Mean Plane Lower Hemisphere
= Symbol Dir 1707 Poles
2
g
g Figure 49
g Design Sector Xll — Detailed Kinematic Analysis
o

[-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Eastbound Sector Limit

Westbound Sector Limit 76° [295°

76° [245° N

S~ A

Fault Set:
* 4902070
Kinematically viable planar
failure for SW dipping slopes
b Equal Area
Fault Set Mean Plane Lower Hemisphere
24 Poles

Figure 50
Design Sector XIl — Kinematic Analysis for Faults

I-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Section at 1385+25 WB

Critical failure surfaces: /
UCS= RMR =35

Circular Domain 3 Rock mass (Hoek Brown) : - 150
Non circular > 3000psi D=0.9
. Rock mass strength 45 10,000 160
Model phreatic surface Domain 2
Joint 38 800
Domain 1 Rock mass strength 50 15,000 160
Overburden Soil strength 35 100 120

Measured water levels Vv

Minimum FS
STABILITY RESULTS Circular Non-circular
Surface Surface
) Figure 51
Overall: static 1.20 1.15 . L .
Overall: pseudo-statc 0.07 g 105 oo Design Sector Xl — Back Stability Analysis

1-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Critical failure surface ——p

Model phreatic surface

\

Measured water levels Vv

Minimum FS
STABILITY RESULTS Circular Non-circular
Surface Surface
Overall: static +1.8 1.01
Overall: pseudo-static 0.175 g 1.4 0.74

Domain 3

Domain 2

Domain 1

Overburden

Section at 1385+25 WB

Rock mass (Hoek Brown)

Rock mass strength

Joint

Rock mass strength

Soil strength

ucCs=
3000psi

45
38

50

35

RMR =35

D=0.9 150
10,000 160
800
15,000 160
100 120
Figure 52

Design Sector XIl — Forward Stability Analysis No Reinforcement

1-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Support Type: Passive dowels
Design Load: 225 kips
Ultimate Capacity: 491 kips
Bond Strength: 35kips/ft
Pattern: 15ft h x 12 ft v

Critical failure surface ———p

Model phreatic surface

\

Measured water levels

Minimum FS
STABILITY RESULTS Circular Non-circular
Surface Surface
Overall: static 2.0 1.24
Overall: pseudo-static 0.175 g 1.6 0.99

Domain 3

Domain 2

Domain 1

Overburden

Section at 1385+25 WB

Rock mass (Hoek Brown)

Rock mass strength

Joint

Rock mass strength

Soil strength

ucCs=
3000psi

45
38

50

35

s
10,000 160
800
15,000 160
100 120
Figure 53

Design Sector XIl — Forward Stability Analysis with Reinforcement

1-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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2700

2675

Shotcrete coverage area,

O Instrument 75-foot long dowels

approximately 25,000 sf

2650

in accordance with Section 10.7

Shotcrete to nominal

elevation 2590 ft MSL

.
2625 | w \\X
/ I l ‘
YrTX XX M X X XX A X X O X| X X X X XX A X X X X X X X XX A X K XX X X KX
2600 Xl X1 X ¥ X WX ¥ XX XX % 0w xR X XX A e )
e
2575 ,/
X X X |[X X| X X X |[X X X K X [X X X K X [X X/ X XK X |[X X X X X Xl X xxx.x X & X| X o ®
°
® [} ® ® ® [ ® ¢ ¢ <
2550 e ® [} [ | @ @
) L [ () L] ® nd
2525
2500
1382+50 1382+75 1383+00 1383+25 1383+50 1383+75 1384+00 1384+25 1384+50 1384+75 1385+00 1385+25 1385+50 1385+75 1386+00 1386+25 1386+50 1386+75 1387+00 1387+25 1387+50 1387+75 1388+00 1388+25 1388+50 1388+75 1389+00 1389+25
2700
2675@\k
~—_ X Spot dowels/bolts outside Shotcrete coverage area,
2650 ></ and below pattern area. 3 \ // approximately 12,000 sf
2625 /, N i T XS?\ Shotcrete to nominal
N« ~— elevation 2590 ft MSL
\ \ X X
2600 N
7Rk X e e Y N XX KX Xk e NX
2575 @ ® ® ® 4
® ®
® ® ® [ ) ® X e
® L] ®
reso ® ® e _® \
55 \ ‘\
™~ Grade line at hinge point of
2% 25 ft nom cut slope (toe of slope)
N N N
1389+25 1389+50 1389+75 1390+00 1390+25 1390+50 1390+75 1391+00 1391+25 1391+50 1391+75 1392+00 1392+25 1392+50 1392+75 1393+00 1393+25 1393+50 1393+75 1394+00 1394+25 1394+50 1394+75 1395+00 1395+25 1395+50 1395+75 1396+00
Row Symbol Length No. Cum.
1+ X 60 17 1020 Notes: All pattern and crest dowels type “H”, 491 kip ultimate capacity, spot dowels/bolts as required.
5 X 60 32 1920 Uppermost dowels for each row closest to cut slope line to be installed prior to first lift of rock excavation.
3 50 36 1800 _ .
Horizontal Drains:
4 X 50 37 1850 ® 51 @ 50 ft = 2550 ft. total
5 X 40 51 2040
6 X 40 60 2400 .
Figure 54
7 X 30 84 2520 . .- . .
Design Sector XIl — Conceptual Stabilization Design
TOTAL 251 13550 ft

[-90 Snoqualmie Pass East
Hyak to Keechelus Dam






Eastbound Sector Limit Number of Poles

Westbound Sector Limit 76° /270°
76° /210° | 1 pole

‘ 2 poles

P 3poles

’ 4 poles

v
Set 1/Set 2
Wedge Intersection
43°/327°
Setl
=r
Set 3 Mean Plane
Set 1/Set 4
Wedge Intersection
29°/193°

g Mean Set Orientations ! | ] Equal Area
« Set 1 Mean Plane S Lower Hemisphere
> Pole . Dip 66 Poles
é Set Symbol Dip Dir
&
g
g Figure 55
g Design Sector XVII — Detailed Kinematic Analysis
[2

[-90 Snoqualmie Pass East
Hyak to Keechelus Dam



Westbound Sector Limit
76° [270°

—

Eastbound Sector Limit
76° [215°

Set 1/Set 2
Wedge Intersection
42°/305°

Set 3 Mean Plane

Mean Set Orientations
Set 1 Mean Plane S

Pole : Dip
Set Symbol Dip Dir

Project No. 062-2002 Date: February, 2009

Number of Poles
[ ] 1 pole
A 2 poles
} 3 poles
’ 4 poles

Setl

Equal Area
Lower Hemisphere
1230 Poles

Figure 56

Design Sector XVIII — Detailed Kinematic Analysis

[-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Slope Height or Catchment Width (ft)

140

Design Sectors

IX X Xl

Xl

120

e,

——e— Design Catchment Width
—e— Design Cut Slope Height

--------- Catchment Width per M22-01
— - = Catchment Width per M22-01
Catchment Width per M22-01

I

100

80

60 =%

40\

20

Catchm
Siope H
pe

0 T

136000

bnt Widt
eight Re
 M22-01
136500 137000 137500 138000
WB STATION

Slope height and catchment width data provided by WSDOT, January 22, 2009.

138500

139000

139500

140000

Figure 57

Design Sector IX to Xl — Catchment Design

1-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Project No. 062-2002 Date:

A: Rockfall Source at 144ft

25 30 35

C: Rockfall Source at 72ft

B: Rockfall Source at 96ft

25 30 35

Comparative Data:

1. Rock Island Rock Cut: 97-ft high
slope at ¥sH:1V: 20% of rock

airborne at 25 ft, 8% airborne at 30 ft.
(ref. Norrish and Findley, 2005)

2. ODOT Design Guide: 80-ft high
slope at ¥sH:1V: 99% probability first
impact at 22 ft or less from toe.

(ref: ODOT, 2001)

Distance from toe of slope (ft)

25 30 35

Figure 58
Design Sectors IX and X — Rockfall Analysis

I-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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50

45 1 Recommended design configuration if
upper slope is draped to provide an
effective slope height of 72 feet. Stope Heiaht
40 1 Catchment Area Width pe e
—_ \ Edgs of Pavement
g \
S
Cay i
c "’ener,-@vS\;'
)
2 30
= 25 ‘
-
) ™.
E 20 Stage 1 Design Guidance — Figure 640-7a,
e WSDOT Design Manual M22-01 Nov., 2006
O
+= 15
@© ———
U Rockfall Catchment Area Design Guide,
10 SPR-3(032), (ODOT, 2001)
90% retention — 4H:1V
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