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Purpose and Scope

This report serves as documentation of the initial fieldwork, aerial reconnaissance
and preliminary modeling of the existing and potential geologic hazards and risks that
may occur or become reactivated due to the loss of vegetation in the Angora Fire within
and near South Lake Tahoe, California. This work was requested by Stephenie Heller,
Lake Tahoe Basin Management Unit BAER Team Leader, as well as cooperators within
the interagency fire and emergency services teams. Information from this work has been
synthesized into the formal BAER report submitted to the Lake Tahoe Basin
Management Unit Supervisor and the Regional Forester. The size of the wildfire was just
over 3,000 acres and therefore the scope falls within a watershed scale or Level I slope
stability analysis as described in Hall et al. (1994).

Methods

Methods utilized for this work are described in detail in Hall et al. (1994) and in
summary include the following:

1. Review of all reports, maps and other sources of data pertaining to the geologic
hazards within the Angora Fire area.

2. Complete time-series stereo-pair aerial photogrammetry analyses using flight line
photographs to identify potential or existing geologic hazards.

3. Map potential geologic hazards during helicopter flights and record the mapped
features on a 1:24000 scale topographic map.

4. Identify and classify soil units within the area using the visual method of the
Unified Soil Classification (Howard, 1986).

5. Identify location of and spatial relationships between springs and seeps within the
fire area.

6. Characterize slope stability hazards including rockfall, debris flows, debris
landslides and rotational/translational landslides.

7. Deterministically assign values to physical parameters for evaluating slope
movements in bedrock and soil units following methods described in Hammond
et al. (1992), Hall et al. (1994) and Koler (1998). Forecast probabilities of slope
movement in response to vegetation loss in the Angora Fire through stochastic
iterations of the data evaluated in the deterministic step.

8. Using empirical field data model rockfall potential including zones of possible
runout applying the Colorado Rockfall Simulation Program (Jones et al., 2000).

9. Zone hazard areas using available information and tools that are available and
assign risk ratings to the resources at risk.

10. Document findings for the Angora BAER Report.
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Soil, Bedrock and Glacial Deposit Units

The soil within the fire area has been identified within the Natural Resources
Conservation Service’s (NRCS) soil inventory for the Lake Tahoe Basin Area as being
primarily coarse-grained non-plastic or low plasticity soils (SM, SP, GM and GP Unified
Soil Classification). A few minor soil units in the NRCS soil inventory for this area are
comprised of plastic soils but in the field work completed none were observed or
classified. Based on this information as well as work by Prellwitz and Koler (2003) the
following physical index property values were assigned and later tested deterministically:
phi angle range of 24to 35(some GP units the phi angles are as high as 45but in the
statistical analyses these values were constrained to within the statistical tail), dry unit
weight ranging between 70 pcf to 100 pcf, moisture content range of 0.02 to 0.08 (due to
the coarse texture of the soils), and an assumption that the soil is non-cohesive based on
field dilatancy, dry strength and toughness tests.

Bedrock in the area is several tens if not hundreds of feet below the overlying
Quaternary glacial till (Saucedo, 2005) and is composed of Jurassic and Cretaceous age
intrusive and metamorphic rocks. Overlying the bedrock are glacial tills that were
deposited as lateral moraines. Age for these tills is 10,000 to 150,000 years. Till
materials are composed of sands and gravels with large boulders that have diameters in
excess of 10 feet.

Springs and Seeps

Local conventional wisdom indicates the glacial till materials “act like a sponge”
holding a great deal of ground water. During field reconnaissance no positive indicators
such as hydrophilic vegetation and geomorphic landforms typically found in areas of
springs and seeps were observed. However, a major break in slope occurs along the
lower valley wall where numerous swales and ephemeral channel initiate near a common
contour. This elevation and drainage features may or may not be a topographical
expression of the local ground water phreatic surface. In the far southern portion of the
fire area are several lakes, ponds and springs. These wet areas are most likely related to
faulting and bedrock discontinuities (i.e., fractures and joints) where ground water is
routed to the topographic surface.

Geologic Setting

The Angora Fire area lies within glacial deposits comprised of glacial tills. These
materials were deposited along the lateral margins of a Pliocene age alpine glacier that
was moving in a northerly direction with a terminus now located under the southern
portion of Lake Tahoe. The till materials have been interpreted as being deposited as a
lateral moraine (Birkeland1964, 1966 and 1968; Wahrhaftig and Curtis, 1965) and range
in age from 10,000 to 150,000 BCE. A northwesterly trending Holocene fault trace has
been mapped by Saucedo (2005) crossing the fire area. This fault trace may explain the
presence of the lakes, ponds, and springs in the far southern portion of the fire area.
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Landslides

Landslides within the Angora Fire area are debris flows and rockfall. Debris flow
deposits are found along the western lower valley wall and across the valley floor of the
Angora Creek basin. In many areas of the valley floor the debris flow deposits have
influenced the drainage pattern of the streams. Angora Creek in particular has been
forced to change its drainage pattern in response to these deposits. For example, the
upper part of this creek has been displaced by a large debris flow deposit that is several
hundred feet wide and long. The stream channel has re-established itself by down-cutting
through the debris flow deposits. Rockfall has occurred in the fire area in the past as
indicated by the boulders (some with diameters greater than 10 feet) strewn down the hill
slope and across the valley floor. No debris landslides or rotational/translational
landslides were identified in this project. Avalanche source areas and chutes are not
present in the area but are located to the south and southwest of the area.

Resources at Risk and Treatment

Resources at risk from geologic hazards include the following: (1) private lots
along the lower valley wall and valley floor of Angora Creek; (2) water tank and the Elk
Lookout Circle neighborhood; (3) South Lake Tahoe High School and homes within the
vicinity of the high school; and, (4) the aquatic habitat and water quality of Angora
Creek. With the exception of the water tank and the Elk Lookout Circle neighborhood,
these areas have long runout distances between geologic hazard initiation sites (i.e.,
rockfall and debris flows) and the resources at risk. The runout distances are defined as
the slope lengths where the slope gradients are gentle (usually less than 10) and are
several hundred feet long before reaching the resources at risk. The longer the runout
distance the lower the consequences will be adverse.

Geologic Hazards and Risks

Geologic hazards related to the Angora Fire include debris flows and rockfall.
These hazards were evaluated using empirical field data applied in deterministic and
stochastic modeling with the Deterministic Level I Stability Analysis (DLISA), stochastic
Level I Stability Analysis (LISA) and the Colorado Rockfall Simulation Program (CRSP)
(Hammond et al., 1992; Jones et al., 2000). Hazard and risk determinations were
completed using the concept that risk is a combination of the likelihood that a hazard will
occurred with the predicted consequences that may result (e.g., Koler, 1998; and Fell et
al., 2005). The characterization of the geologic hazards and predicted consequences
applied in a risk matrix are summarized in Table 1 below.

A field transect was measured from the Angora Lookout Station down slope to
Angora Creek along a bearing of 130. Data included slope distances, slope angle (to be
used later for plotting a cross-section) soil properties (using the Unified Soil
Classification), hydrophobic soil conditions, and changes in hill slope shape and form.
From these data several thousand iterations of CRSP were completed to assess the
rockfall hazard. Additional transects were measured from the topographic map to
evaluate rockfall hazards above other housing areas as well as the South Lake Tahoe
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High School. All of these rockfall simulations resulted in an extremely low number of
rockfall reaching more than a few tens of feet from potential initiation sites. Therefore it
is extremely unlikely that rockfall will result in any resource damage directly related to
the vegetation mortality from the Angora Fire. However, in the event of a large seismic
event (probably M 5 or greater) there is a likelihood that rockfall may occur. Therefore
rockfall is assigned a very low to low risk value (i.e., rare likelihood and medium
consequence equal a very low to low risk in Table 1).

For determining the debris flow risk a deterministic analysis was first completed
applying DLISA using field data and the NRCS soil inventory. From these computer
iterations the data were input to the stochastic LISA for calculating the hazard rating for
the debris flows that may result from the vegetation mortality associated with the
wildfire. Prior to any field work the BAER team specialists agreed as a group that data
would be gathered according to three slope classes: 0% to 30%, 30% to 60%, and 60%
and greater. Therefore the hazard/risk assessment for debris flows was discriminated into
these slope classes. Results from these analyses are provided in Tables 2 through 4
below. Although no debris flow areas were within the 60% and greater slope class an
analysis was completed to assure a complete analysis.

The most significant difference between the four resources at risk is the runout
distance. As discussed above, the runout distance is defined as the slope length at which
the slope gradient becomes more gentle (usually 10or less) and the distance is several
hundred feet long. Of the four resources at risk only the second (i.e., water tank and Elk
Lookout Circle neighborhood) has the shortest runout distance. The photo in Figure 1
shows the water tank within the black zone of the fire. However, even this potential
runout distance is several hundred feet and therefore the predicted consequence was
characterized as “medium.” The other three predicted consequences were characterized
as “minor.” Fortunately there are no areas above this resource and the other three that
have a 60% and greater slope class. Consequently Table 4 is solely for information and
to complete the analyses as originally agreed to by the BAER team. Therefore, the only
resource at risk with a risk rating of low to moderate was the water tank and the Elk
Lookout Circle neighborhood. The other resources at risk were assigned lower risk
ratings.

Figure 1: Looking down slope above the water tank within the Elk Lookout Circle
neighborhood.
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Table 1: Qualitative terminology for use in assessing risk to property (modified by
Koler from Fell et al., 2005)

Qualitative measures of likelihood of landsliding
Level Descriptor Description

A Almost certain The event is expected to occur
B Likely The event will probably occur under

adverse conditions
C Possible The event could occur under adverse

conditions
D Unlikely The event could occur under very

adverse circumstances
E Rare The event is conceivable but only under

exceptional circumstances
F Not credible The event is inconceivable or fanciful

Qualitative measures of consequences to the resource
1 Catastrophic Resource is completely destroyed or

large scale damage occurs requiring
major engineering works for
stabilization

2 Major Extensive damage to most of the
resource, or extending beyond site
boundaries requiring significant
stabilization

3 Medium Moderate damage to some of the
resource, or significant part of the site
requires large stabilization works

4 Minor Limited damage to part of the resource,
or part of the site requires some
reinstatement/stabilization works

5 Insignificant Little damage
Qualitative risk analysis matrix – classes of risk to resource
Consequences to the resource

Likelihood Catastrophic Major Medium Minor Insignificant
Almost
certain

VH VH H H H

Likely VH H H M L-M
Possible H H M L-M VL-L
Unlikely M-H M L-M VL-L VL

Rare M-L L-M VL-L VL VL
Not

credible
VL VL VL VL VL

Legend – VH: very high risk; H: high risk; M: moderate risk; L: low risk; VL: very low risk
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Table 2: Debris flow risk values for 0%-30% Slope Class of the Angora Fire area.

Resources at Risk LISA
Probability

Table 1
Likelihood
Descriptor

Table 1
Consequence
Descriptor

Risk Rating

Houses below the
Angora Ridge excluding
the Elk Lookout Circle
and Water Tower

0% Not Credible Insignificant Very Low

Elk Lookout Circle and
Water Tower

0% Not Credible Insignificant Very Low

South Lake Tahoe High
School

0% Not Credible Insignificant Very Low

Angora Creek aquatic
and water quality

0% Not Credible Insignificant Very Low

Table 3: Debris flow risk values for 30%-60% Slope Class of the Angora Fire area.

Resources at Risk LISA
Probability

Table 1
Likelihood
Descriptor

Table 1
Consequence
Descriptor

Risk Rating

Houses below the
Angora Ridge excluding
the Elk Lookout Circle
and Water Tower

11% to 14% Unlikely Minor
Very Low

to Low

Elk Lookout Circle and
Water Tower

11% to 14% Unlikely Medium Low to
Moderate

South Lake Tahoe High
School

11% to 14% Unlikely Minor Very Low
to Low

Angora Creek aquatic
habitat water quality

11% to 14% Unlikely Minor Very Low
to Low
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Table 4: Debris flow risk values for greater than 60% Slope Class of the Angora
Fire area.

Resources at Risk LISA
Probability

Table 1
Likelihood
Descriptor

Table 1
Consequence
Descriptor

Risk Rating

Houses below the
Angora Ridge excluding
the Elk Lookout Circle
and Water Tower

19% to 23% Possible Minor Low to
Moderate

Elk Lookout Circle and
Water Tower

19% to 23% Possible Medium Moderate

South Lake Tahoe High
School

19% to 23% Possible Minor Low to
Moderate

Angora Creek aquatic
habitat water quality

19% to 23% Possible Minor Low to
Moderate

NOTE: No slopes evaluated for potential debris flow activity were within this slope
class.

Treatments

No treatments will be necessary to mitigate the geologic risks. However, if
possible, in order to reduce the moderate risk to the water tower and Elk Lookout Circle
neighborhood, it may be prudent to request a priority in having the upslope areas re-
seeded above this resource. In addition, for the first year after the fire, it will also be
prudent to advise residents in this area to be advised to the remote change that slope
failure may occur after a torrential rainfall or rain-on-snow event.

Conclusions

All resources at risk from geologic hazards were evaluated and classified as very
low to low to moderate. No high risk ratings were assigned to resources at risk.

Limitations

This study is preliminary in nature to give the Lake Tahoe Basin Management
Unit Supervisor and the Regional Forester an immediate report on the possible resources
at risk from the loss of vegetation in the Angora Fire. The information and commentary
are therefore a “first iteration” to be used for mitigating short-term effects that may occur
within the first year after the fire. Although these data can be used for evaluating long-
term effects they will probably be incomplete for a thorough study of the geological
hazards in this part of the Lake Tahoe Basin. The report is for an emergency response
following BAER guidelines and therefore should be solely treated as such.
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