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Executive Summary
This study was conducted as part of a class project by students in the
Advanced Watershed Science and Policy (ENVS660) course at California
State University at Monterey Bay (CSUMB).
There is potential for an increase in large wood (LW) on the lower Carmel
River due to the pending removal of the San Clemente Dam. Because of
seismic safety concerns, the dam is slated to be removed by 2016, which
will add seven river miles of potential LW source area to the active
channel. This is of particular interest to resource managers, because the
movement of LW downstream during high flow events has threatened
several bridges over the years. Our survey of twelve 500-meter long
reaches on the Carmel River found a significantly higher abundance of LW
and LW accumulations upstream of the dam as compared with the
reaches downstream, implying an increased threat to bridges after dam
removal. We quantified that potential threat by ranking the 20 public and
private bridges based on the available LW that was larger than the
smallest span of each bridge. Our ranking indicates that the elevated
abundance of LW would negatively impact between four and eight
bridges.
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1

Introduction

San Clemente Dam, on the Carmel River of central California is scheduled
for removal (Capelli 2007; Fig. 1). Dam removal will allow logs now
located upstream of the dam to impact bridges located downstream of
the dam. This report investigates the potential effects.

Figure 1. The Carmel River Watershed in Monterey County, CA.

The movement of large wood (LW), also commonly referred to as large
woody debris or drift, from the riparian corridor to the active river
channel has both positive and negative effects on streams and rivers.
Large

wood

and

large

woody

accumulations

(LWA)

are

typically

transported along the thalweg of a stream during large floods or
prolonged periods of high water (Lagasse et al. 1991), and can create fish
habitat by forming pools, providing cover and acting as a source of
5

nutrients for aquatic biota (Lienkaemper and Swanson 1987). Other LW
benefits include bank and bed stabilization, and retention of fine
sediment and particulate organic matter which creates habitat for a
number of aquatic invertebrates (Fetherston et al. 1995). Scour pools
associated with LW in the channel are utilized by salmonids as a refuge
from predators as well as for spawning. However, LW can complicate the
flow hydraulics through bridge openings and increase the risk of flooding
and cause localized scour on banks and around bridge supports (Lyn et
al. 2003). Scour is the leading concern related to drift accumulation on
bridge piers, secondary only to lateral forces (Pangallo et al. 1992). The
maximum width of LW accumulations on single piers and the maximum
length of bridge span that can be completely blocked are defined by the
length of the largest sturdy logs present in the stream system, making a
study of LW abundance and size critical for understanding potential
bridge impacts (Lyn et al. 2003).
Although LW and debris accumulations were historically common in
American rivers, much of this wood was removed during the 19th and 20th
centuries to improve river navigation and reduce the risk of avulsion and
flooding when LWAs blocked the channel (Montgomery et al. 2003). This
management method gained further traction as a way to alleviate the
negative effects of local scour near bridge pillars or abutments caused by
LWAs (Lyn et al. 2003). Large wood removal has become less frequent
since the recognition of its ecological importance and role in creating
habitat for threatened fish species. In 2004, partially due to concerns
about the degradation of habitat for steelhead, a federally endangered
species on the Carmel River, the Monterey Peninsula Water Management
District

(MPWMD)

produced

and

distributed

educational

materials

outlining an updated LW management approach. The guidelines urge
landowners to leave native wood in the riparian corridor and debris jams
on the banks. Further, these new management practices suggest that LW
and LWAs be removed only if the wood is determined by outside experts
to pose a hazard to infrastructure or bank stability (MPWMD 2004).
Locally, the function, accumulation, and movement of LW along the
6

Carmel River is of particular interest to natural resource managers,
private landowners, and public officials in the context of the pending
removal of the San Clemente Dam.

Figure 2. The San Clemente Dam after heavy rainfall on the Carmel River, Carmel
Valley California (NOAA 2010).

The San Clemente Dam is a 106-foot-high concrete arch dam that was
built in 1921 to create a reservoir to serve urban development. Originally
designed to hold 1,425 acre-feet of water, the dam‟s capacity has been
reduced by 90% as a result of 100 years of sediment buildup and woody
accumulation (Capelli 2007). Additionally, during very high water events
the dam traps floating LW too large to pass through the concrete pillars
spanning the top of the dam (Fig.2).
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The condition of the dam and its location in a seismically active area led
the California Department of Water Resources‟ Division of Dam Safety to
declare the dam unsafe in the early 1990s. They determined the dam
could fail in a Probable Maximum Flood or Maximum Credible Earthquake
(Capelli 2007). In response, the local water purveyor (California American
Water or CalAm), the California Coastal Conservancy, and the National
Marine Fisheries Service began working together on a project that will
remove the dam and reroute the river around the sediment-filled
reservoir. The river will be rerouted into the nearby San Clemente Creek,
just upstream of where the creek and river naturally converge (Fig. 3).

Figure 3. The Carmel River Reroute and San Clemente Dam
Removal project in Monterey, California
(sanclementedamremoval.org 2012).
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When the dam is removed it will reconnect the reaches above the dam
with those in the 16 river miles between the dam and the Carmel River
lagoon, adding seven river miles of potential LW source area. Movement
of LW, especially during high flow events, is of particular interest to
resource managers and local residents. For example, LW contributed
strongly to the failure of the Highway 1 Bridge on the Carmel River in
1995 and has threatened several other bridges throughout the years
(Avila 2008). Evidence suggests that forces from lateral drifts of LW
exerted on bridge decks and structures can cause displacement of bridge
spans and damage to pillars. The greater the distance between pillars the
more likely that the majority of LW will pass rather than accumulate at the
bridge site, but it can also accumulate where flow separates to pass
around obstacles (Diehl 1997).
In this report, we evaluated the abundance of LW and LWA, and LW length
in the active channel of the Carmel River, both above and below the San
Clemente Dam. Reaches above the dam were used as indicators for the
potential quantity and length of LW and LWAs that could be found
downstream of the dam site after dam removal. We also assessed
potential threat to bridges that might result from the movement of LW
downstream post-dam removal.
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2

Methods

2.1 Overview
The abundance and distribution of LW in the active channel were
measured along 60 short reaches of the Carmel River between the Los
Padres Dam and the Carmel River lagoon on September 7th and 8th, 2013.
Large wood was defined as a piece of wood with a diameter of at least 15
cm and a minimum length of 1.5 m. A LWA was recorded when there
were two or more pieces of LW touching.

The number of reaches

surveyed was selected following a preliminary statistical analysis of data
from a previous LW survey conducted in 2003 (Smith and Huntington
2004). Further statistical tests were performed on the 2013 survey data
to compare LW located upstream and downstream of the San Clemente
Dam.
The primary objectives of our survey were to determine whether there
were significantly more occurrences of LW and LWAs upstream than
downstream of the dam and whether the LW and LWAs upstream of the
dam were greater in length than those downstream. These specific
comparisons were selected because null rejection would indicate elevated
threat to downstream bridges. Upstream reaches were used as a possible
indication for what the area downstream may look like after dam removal.
Additionally, we sought to provide an estimate of potential threat to
bridges downstream of the dam due to drifts of LW and LWAs after dam
removal.

2.2 Study Area
The 36 mile long Carmel River, located in Monterey County, California,
drains 255 square miles of the central coast. The watershed includes the
Santa Lucia Mountains to the south and the Sierra del Salinas Range to
the north (Fig. 3). Bedrock in the basin consists mainly of Sur Series
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crystalline rock (granite, gneiss, schist), Monterey Shale and sandstone
(Page and Matthews 1984). Upper reaches on the Carmel River flow
through steep-sided canyons covered in mixed oak woodland habitat on
the steep drainages. The lower 16 miles of the river wind through a
relatively flat, moderately urbanized, alluvial valley to the ocean.

The

forests in the riparian corridors of both the upper reaches and the valley
are predominantly willows, cottonwoods, and sycamores (MPWMD 2004).
Mean annual rainfall varies from approximately 14 inches along the
northeast perimeter of the basin to over 40 inches in the peaks of the
Santa Lucias (James 1999). The mouth of the Carmel River flows into a
lagoon that is connected seasonally to the Pacific Ocean (Kondolf and
Curry 1986).

2.3 Statistical Analysis of 2003 Data
The 2003 study consisted of 471 LW occurrences located within a 23 km
study area downstream of the San Clemente Dam (Smith and Huntington
2004). In order to optimize our sampling design for the 2013 study, we
used the Smith and Huntington dataset to determine a sample size (N)
that was statistically representative of the study area. Initial data
exploration using R (R Core Team 2012) indicated that the 2003 data had
a negative binomial distribution, high dispersion, and potential autocorrelation due to contiguous sampling, so parametric power analysis
methods were not appropriate. Given that time constraints limited our
study to 6 km of stream, we sampled a 3 km reach above the dam and a
3 km reach below the dam. To determine the optimal subsampling
strategy within each 3 km reach, we conducted a cumulative mean
analysis of 5000 iterations for 100 m, 300 m, 500 m, and 1 km subreach lengths using the 2003 data. Plots for the different reach lengths
were visually compared, and the 100 m reach length was considered
optimal (Fig. 4), yielding an N = 30 with an estimated effect size of 0.53.
A histogram of results from the cumulative mean analysis for the 100 m
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sub-reach length at N = 30 was created in order to illustrate the
cumulative mean frequencies at N = 30 (Fig. 5). To provide further visual
analysis, a 95% confidence interval, which was assumed to be within two
standard deviations of the total mean, was imposed on the histogram.
This allowed us to assess whether or not the difference from the mean at
N = 30 (1.2 pieces per 100 m sub-reach) was within the 95% confidence
interval.

Figure 4. Cumulative means analysis of LWD abundance from randomly sampled
sub-reaches of different lengths using data from Smith and Huntington (2004) and
normalized for comparison at 100 meters. At an effect size of 0.5 the 100-m
subreach plot yielded optimal results with 3000 meters (N30 x 100m) while the other
reach length plots each would have resulted in 5000- 5400 m surveys.
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Figure 5. Frequency of cumulative mean abundance values taken from
the cumulative mean analysis for 100 m sub-reach length at the
chosen N (N = 30). The total mean is illustrated, along with the 95%
confidence interval and the interval of the difference

2.4 2013 Study Reaches
A power analysis of the 2003 survey data determined that thirty 100 m
reaches below and thirty above the dam were required to obtain a sample
of LW occurrences that would be representative of the entire study area
within an effect size of 0.5. Due to limited access, these study reaches
were combined into six 500 m reaches between the Los Padres Dam
(River Mile 25) and the San Clemente Dam (River Mile 18.5), and six 500
m reaches between the San Clemente Dam and the Carmel River Lagoon
(River Mile 0). These reaches were then randomly subsampled at the 100
m reach scale during statistical analysis.
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The locations of the six 500m study reaches upstream of the San
Clemente Dam (Fig. 6):


Reaches 1 & 2: Upstream of the Cachagua Community Park,
River Miles: 25.75-25.14.



Reaches 3 & 4: Downstream of a residential property at
Cachagua Road near Nason Road, River Miles: 24.56-23.96.



Reaches 5 & 6: Downstream of Los Compadres Access Road,
River Miles: 20.36-19.88.

These reaches were contiguous due to access limitations, which leave a
possibility of autocorrelation. The inability to randomly sample
throughout the study area implies that pseudoreplication effects might
impair accurate extrapolation of statistically derived results to the entire
study area. The locations of the six 500 m study reaches downstream of
the San Clemente Dam (Fig. 6):


Reach 7: Upstream and downstream of Esquiline Road Bridge,
River Miles: 15.09-14.82.



Reach 8: Along and downstream of De Dampierre Park, River
Miles: 13.89-13.59.



Reach 9: Along Garland Ranch Regional Park, River Miles:
11.30-10.99.



Reach 10: Upstream of Schulte Road Bridge, River Miles:
7.20-6.83.



Reach 11: Downstream of San Carlos Road Bridge, Rive Miles:
3.80-3.49.



Reach 12: Upstream of Crossroads Shopping Center, River
Miles: 1.60-1.32.
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Figure 6. Site map showing reach numbers and river mile markers.

2.5 Data Collection
Large wood occurrences and accumulations in the active channel were
located using GPS, and their dimensions were measured with metric
tapes. The active channel was defined as either the bankfull channel or
at elevations no higher than approximately 1.6 m above the riffle thalweg
(roughly eye-level). Single occurrences were documented by measuring
the length and diameter of the wood. Two or more pieces of LW were
considered an LWA and documented by measuring approximate length,
width, and height of the mass. Accumulations of debris too small to be
considered as LW individually were also recorded if touching other LW.
The location of each LW feature was recorded using a Trimble
GeoExplorer 2008 handheld GPS unit (6-7 m accuracy). When the GPS
15

unit wasn‟t able to acquire enough satellites to record locations, an
iPhone application called EveryTrails (GlobalMotion Media 2013) was used
(20 m accuracy). Occurrences of bed and bank scour related to the
presence of LW were also noted. Attached and unattached rootballs were
recorded, as well as the whether or not the LW was embedded in the
sediment. Refer to Appendix 1 for an example of the field data sheet and
Appendix 2 for photographs of LW measured.

2.6 Statistical Analysis of 2013 Data
The 2013 survey data were tested for normality using the Shapiro-Wilk
test in R. A Wilcoxon Signed-Rank Test was used on the non-normally
distributed data to test the significance of mean length of LW, and
occurrences of both LW and LWAs between the above-dam and belowdam reaches of the river. This test assumes a non-normal, randomly
paired data set, so the count and length data respectively for the reaches
above and below the dam were randomly paired and the pairs were
iteratively sampled to determine statistical significance. While the data
were likely to be autocorrelated because of contiguous sampling, random
sampling in the Wilcoxon Signed-Rank test minimizes the effects of
autocorrelation on the analysis.

2.7 Statistical Validation of Sample Design
Analysis of the 2003 data set led us to a
randomized sampling

study design requiring

(N=30) of 100 m segments of the river, but as

noted previously, due to access constraints the final sampling design was
not completely randomized. Thus, it is possible that the sampling design
did not accurately estimate the true mean LW and LWA abundance. In the
statistical analysis of the 2013 data, we saw that formal inference would
be drawn from a pseudo-randomized Wilcoxon Signed-Rank test. In
order to test the validity of using pseudo-randomization when true
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randomization was required, we used the 2003 data set to compare, 1) as
a percentage difference, the mean of the entire 2003 survey to its mean
when using the completely randomized sampling design, where an
iteration of N = 30 100 m segments were randomly sampled and
averaged, and 2) as a percentage difference, of the mean of the entire
2003 survey to the mean acquired through pseudo-randomization where
the survey was iteratively resampled in random 6 x 500 m and 3 x1000
m (N = 30) blocks. The means from each of these comparative iterations
were averaged in order to produce a final mean value that was
representative of the sampling design. Finally, in order to make a formal
inference, we performed a Wilcoxon Signed-Rank test iteration that
compared the ideal randomized sampling design with the pseudorandom design by testing for a meaningful difference in mean LW
abundance between the two approaches.

2.8 Bridge Potential Threat Analysis Methods
Dimensions of bridges located on the Carmel River downstream of the
San Clemente Dam were collected from the Monterey County 2007 Flood
Insurance Study and its accompanying U.S. Army Corps of Engineers
Hydrologic Engineering Center‟s River Analysis System (HEC-RAS) model
of the Carmel River (FEMA 2007). Specifically, the spans at each bridge,
meaning the distance between bridge pillars and/or river bank, were
measured from the HEC-RAS model.

Bridge locations were mapped in

ArcGIS using the Flood Insurance Study‟s flood profile graphs that contain
measurements of distance from each bridge to the Pacific Ocean.
Each bridge was ranked for potential threat based on the amount of LW
available to cause bridge damage both before and after dam removal, as
informed by data collected from our sample reaches. We conservatively
defined potential threat as the amount of LW and LWA present upstream
of the bridge whose length exceeded the smallest span at each particular
bridge. We estimated the number of span-exceeding LW pieces available
in the continuous length of river between each bridge and the San
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Clemente Dam using sample-based calculations (see Appendix 3). The
same calculations were performed to include LW data from the section of
river between the San Clemente Dam and the Los Padres Dam in order to
rank and compare the current (before) and post-dam removal (after)
potential threats.
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3

Results

3.1 Field Data
We sampled six 500 m reaches between the Los Padres Dam and the San
Clemente Dam, and six 500m reaches between the San Clemente Dam
and the Carmel River Lagoon. LW occurrence and length data were
collected (Table 1). Accumulation size and volume (Table 2) were
recorded and included with single LW occurrence data in Figures 7, 8 and
9
Table 1. Total count of LW upstream and downstream
of the dam.

Table 2. Total count and volume of large wood
accumulations (LWA) upstream and downstream of
the dam.
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Figure 7. Large wood occurrence counts at each of the 12 reaches (numbered) found above and below

the San Clemente Dam on the Carmel River in Monterey County, CA.
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Figure 8. Large wood density and lengths per 100 m reach sampled above the San
Clemente Dam (SCD).
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Figure 9. Large wood density and lengths per 100 m reach sampled below the San
Clemente Dam (SCD).

3.2 Statistical Analysis

LW Count
A frequency histogram of LW abundance (count/100 m) shows that the
data are strongly positively skewed (Fig. 10). The Shapiro-Wilk normality
test performed on LW occurrences per 100 m sub-reach showed that the
data are not normally distributed (p < 0.05).
The mean LW count per 100 m sub-reach above the dam was 6.2 pieces,
while the mean below the dam was 3.7 pieces (n=30; Table 3). On
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Table 3. Summary statistics for LW and LWA occurrences and mean LW length per
100-meter section of river. Comparisons of above and below dam data for mean and
standard deviation are shown, along with percent increase from below to above the
dam.

average, the reaches above dam contained 2.5 pieces/100 m (68 %) more
LW than the reaches below dam.
The Wilcoxon signed rank test for differences between LW occurrences
above and below the dam indicated significantly more LW above dam
than below (p = 0.009).

LWA Count
The Shapiro-Wilk normality test performed on LWAs showed that the data
are not normally distributed (p < 0.05).
The mean LWA count per 100 m sub-reach above the dam was 2.4
pieces, while the mean below the dam was 0.6 pieces. On average, the
reaches above dam contained 1.8 pieces more LWAs than below the dam.
The Wilcoxon signed rank test for differences between LWAs indicated
significantly more LWAs upstream of the dam than downstream.

(p =

0.003).
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LW Length
The Shapiro-Wilk normality test performed for average LW length
occurring within each 100 m sub-reach showed that the data do not
follow a normal distribution (p < 0.05).
The mean LW length within each 100 m plot above the dam was 4.9 m,
while the mean below the dam was 4.4 m.
A Wilcoxon signed rank test did not find a significant difference in mean
lengths between reaches upstream and downstream of the dam.
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Figure 10. Comparison of boxplots and histograms for LW occurrences, accumulations,
and mean length per 100 m sub-reach.
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3.3 Post-Hoc Analysis of Sampling Design Validity
The mean LW counts obtained through imposing the pseudo-random
sampling design (both 3x1000 m sub-reaches on the upper reach and
6x500 m sub-reaches on the lower reach) on the Smith and Huntington
(2004)

data

were

2.05

pieces/100

m

and

2.09

pieces/100

m,

respectively. These values are very close to the known population mean
of the 2003 data (mu = 2.13 pieces/100 m), differing by only 3.76 % and
1.88 %, respectively. This close agreement indicates that the pseudorandom sampling design used in 2013 may have been adequate to
faithfully estimate the true abundance of wood in the Carmel River above
and below the dam.
The mean of the random sampling design was 2.15, which differs from
the pseudo-random sampling design means by 0.10 and 0.06, or 4.88 %
and 2.87 %, respectively. No significant difference was found between the
pseudo-random sampling designs and the random sampling design when
the Wilcoxon signed rank test was performed (p = 0.52 and p = 0.43,
respectively). Therefore, it is likely that the data obtained through the
sampling methods used in this study were sufficiently randomized to be
representative of the LW population on the Carmel River.

3.4 Potential Threat to Bridges
The amount of LW upstream of each bridge that exceeded the smallest
pier span of that bridge was determined for both before and after dam
removal conditions (Fig. 11). Each bridge was categorized for potential
threat from available LW (Fig. 12). The bridges with the greatest potential
threat from available LW include Ward‟s Bridge, Schulte Road Bridge, the
access road bridge, and Don Juan Bridge.
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Figure 11. Estimated available wood above each bridge on the Carmel River before and after removal
of the San Clemente Dam (SCD). “Available wood” is defined as the abundance of large wood with
length greater than the smallest distance between bridge pillars and/or the bank. * There were no
sample reaches between these bridges and the dam, so the nearest sample reach downstream of

these bridges was used to estimate LW availability.
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Figure 12. Estimated potential threat to bridges by available large wood after removal
of the San Clemente Dam. Classifications were based on the estimated amount of
available wood post-dam removal that is larger than the smallest pier span of the
bridge. White call-out boxes denote bridges which are named in the legend below
the map and blue call-out boxes denote river-mile (RM) from mouth of river.
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4

Discussion

4.1 Implications of Results
We found a significantly higher abundance of LW and LWA in the active
channel of the Carmel River above San Clemente Dam as compared to
downstream of the dam (68% and 300% respectively). While there was no
significant difference in the mean length of logs above and below the
dam, rare very large pieces (>20 m) located upstream of the dam pose an
additional threat to downstream bridges. With the assumption that LW
abundance in the study reaches above the dam may reflect the
abundance of LW downstream following dam removal, our results suggest
there will be an increase in LW abundance in the lower reaches of the
Carmel River once the San Clemente Dam is removed.
In general, channel evolution after dam removal includes several stages,
beginning with an initial stage of vertical erosion that forms deep, narrow
incised channels followed by period of lateral erosion in which steep
banks fail causing channels to widen and migrate laterally (Stanley and
Doyle 2002). This type of channel migration could lead to treefall into the
river, since most LW is sourced from trees growing close to the channel
that fall into the stream as a result of bank erosion (Diehl 1997). In the
case of San Clemente Dam, some of these effects may be mitigated by
the proposed re-routing of the river around the sediment plug and into
the San Clemente Creek, but it remains a potential concern. LW itself can
significantly affect channel evolution through its ability to divert flow
(Fetherston et al. 1995, Abbe and Montgomery 1996). Though a natural
riverine process, channel migration in areas where stream banks are
highly developed such as the lower Carmel River can lead to property
loss. Furthermore, LWA on bridges can undermine their stability (Lyn et
al. 2003).
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On the Carmel River, undermining of bridge piers due to LW in
combination with channel incision poses a threat to bridge stability. In
1984, Williams and Wolman postulated that the presence of dams on the
Carmel River was causing channel narrowing and incision by reducing the
supply of bedload to downstream reaches; a trend documented on many
rivers post-dam construction (Kondolf and Curry 1986, Williams and
Wolman 1984). A direct result of channel incision is the undermining of
bridge piers (Kondolf 1997). Additional LW in the Carmel River
immediately after dam removal may compound threats to infrastructure
already posed by an incised channel. In the long term however, with
increased sediment movement and potential aggradation of the stream
channel, LW may have a stabilizing effect through its ability to trap
sediment, and encourage vegetation growth along the river banks (Assani
and Petit 1995). ). In addition, LW has ecological benefits to a number of
aquatic species, including species of special concern, as it diversifies
stream morphology, and provides cover and nutrients (Lienkaemper and
Swanson 1987, Fetherston et al. 1995)
It will be important to manage the quantity of LW in the river in order to
balance the ecological benefit with the risk to human infrastructure.
Central to management will be erosion control and bank stabilization,
both of which can be facilitated by planting riparian vegetation along
stream

banks.

Stabilizing

effects

of

vegetation

include

canopy

interception of rainfall, reinforcement of soil by plant root systems, and
reduction in soil moisture due to evapotranspiration (Simon and Collison
2001).

4.2 Additional Considerations for a Subset of Bridges
Maintenance records were available for four bridges that are maintained
by the County of Monterey. Since comparable information was not
available for the 16 privately maintained bridges, this information was
not factored into our analysis of potential threat. However, it is valuable
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information to note, especially in the case of Robinson Canyon Road
Bridge, which ranks low in our assessment but is at higher risk due to
critical scour.

Boronda Bridge
The Boronda Bridge ranked 7th highest among the 20 bridges regarding
current potential threat from LW and LWA (see Figure 11). Additionally,
Caltrans recently noted that the bridge has an unknown foundation type
(Caltrans-Boronoda BIR, 2013), and performed a study suggesting that
the steel structure is experiencing fatigue prone issues (CaltransBoronoda BIR, 2013). These concerns have placed the Boronda Bridge on
a yearly schedule for fracture monitoring and in-depth steel inspections,
which should be considered in any future bridge threat assessments.

Esqualine Bridge
Esqualine Bridge is at low potential threat from LW and LWA in both
before and after dam removal scenarios. There are no additional threats
to bridge safety based upon a Caltrans inspection in 1995 that estimated
the scour position to be above the footings (RCGSIANB, 1995). A more
recent

survey

found

a

few

minor

transverse

cracks

with

light

efflorescence in the soffit of the deck overhangs (Caltrans-Esqualine BIR,
2010).

Valley Green Road Bridge
The Valley Green Road Bridge appears relatively safe based upon our
study. However, Caltrans noted a vertical exposure of the Pier 2 pile cap
along the entire length of both sides of Span 1 and Span 2 (CaltransValley Green BIR, 2012), whereas a prior study found the foundations to
be sound (RCGSIANB, 1995). The change may indicate gradual exposure
of the pilings by scour.
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Robinson Canyon Road Bridge
Robinson Canyon Road Bridge appears to be relatively immune to threats
posed by LW and LWA. On the other hand, significant erosion of the
embankment is taking place near the front of Abutment 1 (CaltransRobinson Canyon BIR, 2012). Even a 1995 study noted that “Bridge is
scour critical; bridge foundations determined to be unstable for
calculated scour conditions: scour below spread-footing base or pile tips”
(RCGSIANB, 1995). Given the structural and erosion issues recognized in
past studies, LWA at Robinson Bridge may pose a greater threat than
estimated by span width alone.

4.3 Limitations
Due to spatial access constraints on the Carmel River, randomized data
collection was not attempted for the 2013 LW analysis. The Carmel River
has few public access points, so the 30-100 m sub-reaches above the
dam were grouped into three sets of paired 500 m sub-reaches, and
those below the dam were grouped into 6-500 m sub-reaches. As a
result of this approach, the data were spatially autocorrelated. The issue
was addressed using pseudo-randomization and could be a potential
source of error. In addition, our accepted effect size of 1.2 was relatively
large compared to the mean, which may have led to error in the proper
representation of the statistical sample mean for the population.
Accumulations that were not large enough to meet the standards defined
for LW were not included in the survey, indicating that the potential
threat to bridges could have been underestimated. It should be noted
that we did not account for the potential sieve effect that upstream
bridges could have on downstream LW delivery. If an upstream bridge is
able to prevent LW from moving downstream, the downstream bridge
would have a reduced risk potential (Diehl 1993).
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4.4 Areas for Future Study
According to Marcus et al (2002), LW accumulates more readily where
channel shifting is minimal, because in more dynamic channels, LW is
mobilized frequently, thus limiting the opportunity for accumulation.
Faustini and Jones (2003) found that large wood is more stable in highgradient streams, because those stream channels tend to be smaller
relative to the size of the wood and have more roughness elements that
can retain LW. Stream gradient and channel shifting were not examined
in this study and analysis of those processes could provide insight into
the movement and stability of large wood in the Carmel River, especially
in the proposed new high-gradient channel that will be routed past the
present San Clemente Dam position and in the many river miles that have
bank hardening (Smith et al. 2005). Other future research could include a
more thorough analysis of bridge risk using factors such as building
materials, channel structure, flow rates, and maintenance history.

5

Conclusion

Our study found significantly higher quantities of LW and LWA upstream
of the San Clemente Dam compared to downstream. We used the change
in available LW post dam removal to categorize potential threat to bridges
on the Carmel River, and found four of the 20 bridges on the river at the
highest level of threat.

33

6

References

Abbe TB, Montgomery DR. 1996. Abbe and Montgomery 1996.pdf. Regul.
Rivers Res. Manag. 12:201–221.
Assani a. a., Petit F. 1995. Log-jam effects on bed-load mobility from
experiments conducted in a small gravel-bed forest ditch. Catena
[Internet] 25:117–126. Available from:
http://linkinghub.elsevier.com/retrieve/pii/034181629500004C
Avila CMC. 2008. Collapse Scene Investigation ( CSI ) Carmel River Bridge
Failure. In: Fourth International Conference on Scour and Erosion 2008. p.
707–711.
[Caltrans-Boronda BIR] Bridge Inspection Report. (06/20/2012).
Department of Transportation. Structure Maintenance and Investigations.
Bridge No. 44CC099.
[Caltrans-Boronda BIR] Bridge Inspection Report. (04/29/2013).
Department of Transportation. Structure Maintenance and Investigations.
Bridge No. 44CC099.
[Caltrans-Esqualine BIR] Bridge Inspection Report. (06/21/2010).
Department of Transportation. Structure Maintenance and Investigations.
Bridge No. 44C0018.
[Caltrans-Robinson Canyon BIR] Bridge Inspection Report. (06/20/2012).
Department of Transportation. Structure Maintenance and Investigations.
Bridge No. 44C0017.
[Caltrans-Schulte BIR] Bridge Inspection Report. (06/20/2012).
Department of Transportation. Structure Maintenance and Investigations.
Bridge No. 44C0115.
34

[Caltrans-Valley Green BIR] Bridge Inspection Report. (06/20/2012).
Department of Transportation. Structure Maintenance and Investigations.
Bridge No. 44C0116.
Capelli MH. 2007. San Clemente and Matilija Dam Removal : Alternative
Sediment Management Scenarios. In: U.S. Society on Dams – Annual
Meeting Conference. Philidelphia, PA. p. 1–13.
Diehl TH, Bryan BA. 1993. Supply of Large Woody Debris in a Stream
Channel, Hydraulic Engineering. In: 1993 ASCE National Conference. San
Francisco, CA. p. 1055–1060.
Diehl TH. 1997. Potential Drift Accumulation at Bridges. Available from:
http://tn.water.usgs.gov/pubs/FHWA-RD-97-028/drfront1.htm
Faustini JM, Jones J a. 2003. Influence of large woody debris on channel
morphology and dynamics in steep, boulder-rich mountain streams,
western Cascades, Oregon. Geomorphology [Internet] 51:187–205.
Available from:
http://linkinghub.elsevier.com/retrieve/pii/S0169555X02003367
[FEMA]. 2007. Flood Insurance Study of Monterey County, California and
Incorporated Areas. Flood Insurance Study: 06053CV001.
Fetherston KL, Naiman RJ, Bilby RE. 1995. Large woody debris, physical
process, and riparian forest development in montane river networks of
the Pacific Northwest. Geomorphology 13:133–144.
Global Motion Media Inc. 2013. Every Trail. Available from:
http://www.globalmotion.com/
James GW. 1999. Carmel River Basin: Surface Water Resources Data
Report, Water Years 1996-1999. Monterey, CA.

35

Kondolf GM, Curry RR. 1986. Channel erosion along the Carmel river,
Monterey county, California. Earth Surf. Process. Landforms [Internet]
11:307–319. Available from:
http://doi.wiley.com/10.1002/esp.3290110308
Kondolf GM. 1997. Application of the pebble count: reflections on
purpose, method, and variants. J. Am. Water Resour. 33:79–87.
Lagasse PF, Schall JD, Johnson E V., Richardson JR, Chang F. 1991. Stream
Stability at Highway Structures. Pub. No. FHWA-IP-90-014. Hydraulic
Engineering Circular No. 20. Fort Collins, CO.
Lienkaemper GW, Swanson FJ. 1987. Dynamics of large woody debris in
streams in old-growth Douglas-fir forests. Can. J. For. Res. 17:150156.
Lyn DA, Cooper TJ, Yi Y-K, Sinha RN, Rao AR. 2003. Purdue e-Pubs. West
Lafayette, IA.
Marcus WA, Marston R a, Colvard CR, Gray RD. 2002. Mapping the spatial
and temporal distributions of woody debris in streams of the Greater
Yellowstone Ecosystem, USA. Geomorphology [Internet] 44:323–335.
Available from:
http://linkinghub.elsevier.com/retrieve/pii/S0169555X01001817
Montgomery DR, Piégay H. 2003. Wood in rivers : interactions with
channel morphology and processes. Geomorphology 51:1–5.
[MPWMD]. 1984. Carmel River Management Plan. Monterey, CA.
[MPWMD]. 2004. Guidelines For Vegetation Management And Removal Of
Deleterious Materials For The Carmel River Riparian Corridor.

36

Pangallo, J.D., Gray, Teresa, Land, Walter, and Toillion, S.E., 1992, Bridge
span lengths for passage of drift: Indianapolis, Indiana Department of
Transportation, 11 p.
[RCGSIANB] Recording and Coding Guide for Structural Inventory and
Appraisal of the Nations Bridges. (1995). Report No. FHWA-PD-96-001.
US Department of Transportation. Federal Highway Administration. Office
of Engineering-Bridge Division. 37-76 p.
Simon A, Collison AJC. 2002. Quantifying the mechanical and hydrologic
effects of riparian vegetation on streambank stability. Earth Surf. Process.
Landforms [Internet] 27:527–546. Available from:
http://doi.wiley.com/10.1002/esp.325
Smith D, Huntington P. 2004. Carmel River Large Woody Debris Inventory
from Stonepine To Carmel Lagoon Fall 2003. Seaside, CA. Available from:
www.watershed.csumb.edu
Smith DP, Newman W, Watson F, Hameister J. 2005. Physical and
hydrologic Assessment of the Carmel River Watershed, California. Report
to Carmel River Watershed Conservancy. The Watershed Institute,
California State University Monterey Bay, Rep. No. WI-2004-05/2. 94 pp.
Stanley EH, Doyle MW. 2003. Trading off : the ecological effects of dam
removal. 3220.
Williams GP, Wolman MG. 1984. Downstream Effects of Dams on Alluvial
Rivers. :1–88.

37

7
Date

Point #

38

Name(s) of surveyors

GPS

Appendix 1: Sample Field Sheet
Reach #

Accumulation
Width Length
Rootball
(>15 cm) (>1.5 m) Rootball only
Height Width

Non-LWD Bed Bank
Length Embedded Accum. Scour Scour

8

Appendix 2: Photos of LW on the Carmel River

Figure A2.1. Example of a Large Woody Accumulation (LWA) being
surveyed on the Carmel.

Figure A2.2. Example of a piece of large wood included in the 2013
survey.
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Appendix 3: LW Extrapolation Methods

This study estimated the number of LW and LWA larger than each bridges
smallest span, where span is the spacing between pillars and/or river
bank, present upstream of each bridge.

This required extrapolation of

our sampled data to estimate the availability of LW and LWA in reaches of
the river that were not sampled. The estimation was calculated twice for
the reaches upstream of each bridge, first for the river reach upstream of
each bridge and downstream of the San Clemente Dam (SCD) to estimate
the current availability of LW and LWA. The second calculation estimated
LW and LWA availability upstream of each bridge and downstream of the
Los Padres Dam, to simulate conditions after the San Clemente Dam
removal.

The „before‟ and „after‟ conditions for each bridge were

calculated using the equations below:
ET = Estimated total number of LW upstream of bridge with lengths that
exceed the smallest spacing at bridge.
Es = Number of sampled LW upstream of bridge with lengths that exceed
the smallest spacing at bridge.
LT = Length of river upstream of bridge.
Ls = Cumulative length of sample reaches upstream of bridge.
Note: “Upstream” refers to river reaches upstream of each bridge to either
the San Clemente Dam (before) or the Los Padres Dam (after).
Extrapolation of Exceeding LW:
ES / LS = ET / LT
LT (ES / LS) = ET
Our main assumption:

The sampled LW upstream of the bridge is

representative of all LWD upstream of the bridge. The main problem with
this assumption is that several of the bridges only have limited sampled
reaches upstream of them, especially when estimating the LWD available
downstream of the San Clemente Dam. We decided not to use all of the
40

sampled reaches downstream of the San Clemente Dam (both upstream
and downstream of the bridges) to estimate availability for each bridge
because much of the literature stated that length of LWD decreases
moving downstream.
We also did not consider the ability of each bridge to act as a LWD sieve
for the bridges downstream of them. Possibly the largest effect of this
assumption was that no LWD is currently transported through the San
Clemente Dam.
The smallest spacing at every bridge included in this study was the
distance between the bank and another feature, either pillar or opposing
bank.

This distance would likely be different at different river stages if

the bank is sloped, which would change the length of LWD capable of
passing through the spacing.
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10 Appendix 4: Additional Material on Bridge Classification

Table 4. Bridges ranked from highest potential risk to lowest potential risk
determined by bridge‟s smallest span length and the quantity of LW and LWA
upstream of each bridge. Estimated LW & LWA represent those larger than smallest
span.

42

Table 5.
determined using the HEC-Ras model. Percentages of LW and LWAs that
are larger than span length were determined for each span.
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Figure 13: Percent change of available LW and LWA that are larger than the smallest span of each bridge
before and after dam removal.
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11 Appendix 5: Photos of Bridges on the Carmel River

Figure A5.1. Highway 1 Bridge was rebuilt in 1999. It has five
piers with an average span of 82 feet.

Figure A5.2. Boronda Bridge near Carmel Village has 3 piers and
was built in 1946. Average distance between piers is 37 feet.
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Figure A5.2. Randazzo‟s Bridge, located just before Garland Ranch
Park, has no piers. Its total span distance is 76.5 feet.

Figure A5.3. Don Juan Bridge in Garland Ranch County Park has a
single pier.
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