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Outline

= Overview: Isabella Dam Modification Project

= Overview: Seismic Source Characterization (fault
rupture)
» Site-specific paleoseismic data
» Scenario-based fault displacements using empirical
relationships
= Overview: Design of the (size and location) of
filter and drain zones for the downstream buttress
modification of the Auxiliary Dam
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Auxiliary Dam
« 100 ft high
« Homogeneous silty sand |
« Foundation = alluvial soils

and bedrock

S Spillway
% ¥ -Ungated spillway
b -OgéeWelr
S ;'".:" %, ‘ XM .’f“ 20

Constructed 1948 1953
Primary Purposes: Flood control (~ 74%);

Irrigation (~21%); |

Non-Federal Hydropower (~5%o)
Reservoir Capacity = 568,100 ac ft
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Primary Issues (Potential Failure Modes)
Isabella Dam Modification Study

Erosion Through|
¢ a Crack Near the £\

Main Dam Crest | 4
3 e }'l{ﬁ‘

a

Kern Canyon Fault
(Previous Interp: Inactive)
Rupture through Erodible,

Homogeneous Auxiliary Dam

Seismic Stability: of
the Embedded
Borel Conduit and
Tower,

Internal Erosion and
Liguefaction Potential of the

. e Foundation Alluvium
SR B

- Hydrol
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Kern Canyon Fault Characterization
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Kern Canyon Fault Characterization

Starting from scratch: KCF previously uncharacterized (inactive)
Comprehensive program of fault evaluation (2005 to 2010)
» Geologic, geomorphic, seismologic, paleoseismologic, age-dating analyses
» Integrated with geotechnical and geophysical data
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Active Fault

140 km long;
four sections

Multiple Holocene
surface ruptures

Return period ca. 3ka

Maximum magnitude:
M, 7.5
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Potential Failure Mode:
Fault Rupture Beneath Right Abutment

Kern Canyon Fault Rupture Summary:

Normal (east-down) displacement
Design fault rupture displacement = 6.8 ft

Mean maximum displacement of 9.8 ft
(unsegmented rupture scenario)
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(vertical scale about 6:1)
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PFM #47 — Transverse Cracking Due to Fault Rupture

The potential cracking due to fault
rupture propagates 0.15 to 23
meters up through the overlying
colluvium/embankment.
Embankment consists material is

The embankment material is

Because of the erodible
nature of the clayey sands
that comprise the
Auxiliary Dam, gross
enlargement is the likely
breach mechanism.

generally well-compacted and
dense, with the fines content
averaging 32 percent, and ranging
from 18 to 44 percent. Although,
the embankment material is
classified as a cohesionless soil,
the fines content is high enough

that the material will hold a roof

primarily of clayey sands — highly or crack.
erodible material.
P
Reoccurrence for fault rupture Yos Lo 4
based on site specific paleo Peg
seismic hazard evaluation. Fault Yes Breach
Rupture would initiate at the base
of the dam. Pee . No <
Progression of
Yes erosion
E Continuation of
Yes ontinuation o No
erosion
Praw Tt
Initiation of No |———
erosion

Continuous flaw
due to fault

<—o

Earthquake
Frequency

rupture

Pool
Duration

No

—

A 5-foot thick horizontal drainage
blanket was placed under the
downstream shell, but there is no
filtering material present to
intercept potential flaws that
develop through the
embankment.




Kern Canyon Fault at Right Abutment

Site-specific Fault Data

 Paleoseismic trenches (16-ft-deep, 350-ft-long)
 Multiple geotechnical boreholes

« Dam construction trenches /exploratory shaft

« USGS geophysical data

2F-07-15/A/B
2F-07-27  2F-07-28
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Dam Site Field Investigations

Site-Specific ~ Oblectives: o
Rupture » Define Rupture Characteristics

 Location, Width, Sense of Slip
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Cross Section: trenches and shallow borings
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| | | | | | | |
Fault strands identified in trench exposures
Marker horizons tracked below groundwater level with eight
hollow stem auger borings
1Boring projected into cross-section obliquely (N40°E trend) HORIZONTAL DISTANCE (feet)
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Cross Section: Trench data, USACE (1948)

ELEVATION (NAVD 88, feet)
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Cross Section: trench, USACE (1948)

ELEVATION (NAVD 88, feet)
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Trench data, USACE (1948), URS (2008)
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Four fault strands, slightly asymmetric basin
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ctive Deformation on KCF

Isabella Tectonic displacement in 150-ft-
Lake wide zone

Two active fault strands, 50 ft
apart; Secondary deformation
between two primary strands

Overall displacement:
East-down normal

2 datable surface ruptures
at Auxiliary Dam in past 10,000 yr
M6.5-M7.1. Average 1.1m offset

Estimated recurrence on Lake
Isabella section is 700 to 3600 yr,
Most Recent Event:

3,600 years ago
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Scenario 1

Total Displacement (percent)
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Distribution of Slip Across the Fault Zone

Fault strand B

Displacement along fault
sfrand B is expected to fall
within a narmow portion of
a 50-foot wide zone

Distributed
Slip Model

Displacement along fault strand A
expected to fall within a namow
portion of a 50-foot wide zone and
may be east-side down or west-side down
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Coseismic Rupture Estimation

Fault Segmentation

Annual Exceedance Probability
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Coseismic Rupture Estimation
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Coseismic Rupture Estimation

Annual Probability of Exceedance of Fault Rupture Displacement at the

Dam Site

s Minimum Normal Fault Offset (ft) - Wells and Coppersmith (1994) Empirical Approach for Risk Evaluation
= »/Average Normal Fault Offset (ft) - Wells and Coppersmith (1994) Empirical Approach for Risk Evaluation

= Maximum Normal Fault Offset (ft) - Wells and Coppersmith (1994) Empirical Approach for Risk Evaluation

1.0E-01

1.0E-02

1.0E-03

1.0E-04

1.0E-05

[
|
|
Design Value I
(6.8 ft) [
Best Estimate A I
from Field Data N !
|
\\ \_ |
\ I
i
\\ Py
\, |
AN
|
b'-'—11----7-1 . i
S A I ——

s |
~ B,

e S—

~ i B XS o
|
[
1
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0

Normal Fault Displacement (ft)

- 10 %
[1}]
| -
x=]
: 2
B [1}]
- [1}]
= o
: M
- 100 o
£
[1}]
il
L =
I (]
i £
L Li}]
| [ %]
» (0]
- 1,000 =&
o
8
‘s
u O
L .o
§ @
N o
C [
- 10,000 5
©
i [
[1]
L {=)]
@
: C
r 4
~ 100,000

®

24

BUILDING STRONGg

and Taking Care of People!




Auxiliary Dam STA 65+00

Auxiliary Dam Section at Station 65450
(95% Design) . .

Top of Dam elevation 2653.26'
without camber; elevation
2653.8 with camber.

Transition (Zone 3): 12" wide,
Drain Rock (Zone 2B): 5' wide,
Filter Sond (Zone 2A): 12" wide.

Rip Rap Stone underlain
with Bedding Stone.

g P Pool (2649.26) ook sie s ot 1east 12 within
=Top of inth Weir (2637.26) Rock Fill (Zone 4 k size is at leas
gTop of Labyrinth Weir ( /,n’ | o il (Zone 4B) e e,

Gross Pool (2609.26) 7

Legend—""

k]

Core Materidl
P (Zone 1)

Excavation Line

Berm to protect drain.
- Construct berm using
8" minus rock

material (Zone 6).

"__ Core (Zone 1) e R S - = A= — —
[ |Filter Sand (Zone 2A) . — f1
Existing Drain Blanket

I Orain Rock (Zone 28B)

Drain pipe between
Station 55+25 and

0425

I:I Transition (Zone 3) Slope break at 10 feet above " DB bR
I Rock Fill (Zone 4B) criginal ground surface. | H\ grrZ?r5|tFlle;k(%3220358)-'33’t?rﬁzﬁ

! - (1V: 2H above; 1V:2.7H below) \ Filter S Ud (7 "A): 1 5 thick
[ | Road Base (Zone 5) | fter -and fsone 2A s 1.0 thick.

\
- Bedding Stone L Excavation elevation 2536 feet
- Rio R St at Station 685450,
ip Rap Stone P X G Ll

| | ! ! | ! | ‘ | SR ] § i U,

500

—200 —100 0 100




Auxiliary Dam STA 58+00

oo | Filter Sand Layer 14 ft thick (vertical dimension)

: U lllzet=— | |2
Rip Rap Stone underlain
with Bedding Stone

Drain Rock layer 14 ft thick
(vertical dimension)

Rock Fill (Zone 4B). Place rock fill
so that the average rock size is at least
12" within 3 feet of the surface.

v PMF Pool (2649.26)
= Top of Labyrinth Weir (2637.26)

= _——
-

[f]

Gross Pool (2609.26) Fore Material
T (Zone 1) Berm to protect drain.
Construct berm using

8" minus Rock

——

Excavation Line

Legend  seweseosssades., O SGOlREEEE. 00000000
[ Core (Zone 1) Existing Drain Blanket ﬁﬂ
. 2.7 :
[ ]Filter Sand (Zone 2A) Slope break at 10 feet above Excavation Line
. original ground surface
[ Orain Rock (Zone 2B) (1V: 2H above; 1V:2.7H below). Transition (Zone 3) thickness: 1.5,
[ ] Transition (Zone 3) Drain Rock (Zone 2B) thickness: 14’

Filter Sand (Zone 2A) thickness: 14

[ Rock Fill (Zone 4B)

Excavation elevation:
(£ Road Base (Zone ) | . . 2522 feet at Station 58+00

- Bedding Stone 0 100

|:| Rip Rap Stone
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Auxiliary Dam Right Abutment

Filter and drain is thickest between Sta 52+00 and 58+00
to accommodate deformation from faulting
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Kern Canyon Fault Rupture Mitigation

~

Thicker Filter and
Thicker Drain

Isabella

Lake

Design value for fault rupture
(6.8 ft normal offset) based
on maximum estimated
displacement from site-
specific fault displacement

Minimum and maximum fault
rupture displacements from
global empirical database

To maintain filter
compatibility, filter and drain
layers designed to have
same thickness over the fault
zone area (2x design fault
displacement)

/x2=14

®
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Questions
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