FINAL REPORT:
Simulation of Kalihiwal Reservoir
Dam-Break Flooding

Prepared for:

Kalihiwai Ridge Community Association
c/o Certified Management Inc.

4-1579 Kuhio Hwy, #102A

Kapaa HI 96746

Tel (808) 821-2122

Prepared by:
FlowSimulation, LLC

5 Twain St.

Irvine, California 92617

October 17, 2006



Kalihiwai Reservoir Dam-Break Flooding FlowSimulation, LLC

Qualifications

FlowSimulation, LLC is a single-member limited liability company of California operated
by Brett F. Sanders, Ph.D. Flow Simulation, LLC offers highly specialized expertise
related to computer modeling of water motion in rivers, harbors and estuaries including
studies of flooding, erosion, circulation and water quality. Clients have included major
ports, city and county governments, judicial offices, film production companies and
other private entities.

Dr. Sanders is internationally renowned expert in water flow modeling and the author
or co-author of over 30 archival journal publications on water research topics. He is a
full-time faculty member of the Department of Civil and Environmental Engineering at
the University of California, Irvine where he is appointed Associate Professor, teaches
courses in hydraulics and numerical methods, and leads a research group focused on
water modeling topics. Full-time faculty members of the University of California are
permitted to consult up to one day per week, and FlowSimulation, LLC was founded by
Dr. Sanders to facilitate such activity.
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Disclaimer

The information contained herein is provided as a service to Kalihiwai Ridge Community
Association and neither Flow Simulation, LLC nor any of its employees makes any
warranty, express or implied, concerning the accuracy, completeness, reliability, or
suitability of the information for any purpose. You are advised to verify the accuracy of
any information contained herein before relying on it and any reliance you place on it is
done at your own risk.
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Figure 1: Kalihiwai Reservoir on the island of Kauai in the State of Hawaii.

Introduction

A computer modeling study was carried out to estimate flooding that would likely result
following catastrophic failure of Kalihiwai Dam on the Hawaiian Island of Kauai. As
shown in Fig. 1, Kalihiwai Reservoir sits on a ridge above a deep gorge (Kalihiwai
Valley) that is drained by Kalihiwai River and terminates at Kalihiway Bay. Kalihiwai
Lagoon is a prominent feature in the lower reaches of Kalihiwai Valley. From Kalihiwai
Bay, the lagoon extends inland roughly 1.5 km. The lagoon passes under the Highway
56 Bridge (Big Bridge) and into a relatively flat, low-lying area known locally as the
Taro Patch.

For this study, no attempt was made to evaluate the integrity of the Kalihiwai Dam
and/or examine the likelihood of dam failure. All questions regarding dam safety should
be directed to the State of Hawaii Department of Land and Natural Resources, which
operates the State’s Dam Safety Program. The most recent visual inspection report is
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dated March 20, 2006 (DLRN 2006). In addition, no attempt was made to evaluate or
estimate the potential impact of dam-break flooding on the Big Bridge.

Inundation resulting from a dam-break flood event can be expected to vary depending
on a number of factors such as the volume of water in the reservoir at the time of
failure, the location and size of the dam breach, topography downstream of the dam,
the condition of the flood path at the time of failure (e.g., a dry or flowing stream
channel and the presence or absence of other water bodies), and factors that control
flow resistance including vegetation and structures in the flood path. It is impossible to
know, a priori, the conditions of an actual dam-break event. Consequently, the utility of
any single model prediction, which must adopt particular settings to represent each of
these controlling factors, is of limited value. However, by performing multiple model
simulations that adopt a range of model settings, it is possible to estimate the range of
inundation patterns that are likely to occur and therefore narrow down the possible
range of flooding outcomes. This strategy is adopted for the present study.

Model simulations in this study utilized: two possible water volumes in the reservoir at
the time of failure, a single dam-failure configuration involving a slot in the dam, two
different water levels in the lagoon at the outlet of the flow path, and two different
estimates of a parameter that scales the magnitude of bed resistance used by the
model. These factors were all selected with the aim of bracketing the “worst case
scenario” relative to flood inundation in Kalihiwai Valley. For this study, the “worst case
scenario” represents the largest extent of flooding that can realistically be expected to
occur based on all factors known at the time of this study. However, due to the
unpredictable variability of natural phenomenon it is impossible to completely rule out
the possibility of even greater flooding than that characterized by the “worst case
scenario.”

Lastly, it is noted that a mixture of metric and U.S. customary units are cited in this
report based on the origin of the data. USGS terrain data used for this study adopt the
former, while historical maps and local survey data adopt the latter. All model results
are reported in metric units. In addition, horizontal distances reported here are in
meters and adopt the Universal Transverse Mercator (UTM) system of projection.

Selection of Water Volumes

Water volumes in the reservoir equal to 40 and 80 million gallons of water were
adopted. The smaller of these two volumes corresponds to the reservoir at a normal
operating level, i.e., at the level of the spillway or 17 feet relative to the scale used on
an old Kilauea Sugar Plantation (KSP) map of the reservoir (Appendix). The larger of
these two volumes (80 million gallons) represents the largest volume of water that
could realistically be stored in the reservoir at the time of failure. It corresponds to a
condition whereby water is overtopping the dam by a height of one foot, assuming the
dam height is 20 feet according to the KSP scale. This represents a severe case of
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overtopping that an earthen dam would not be designed to withstand. No attempt was
made to estimate the risk of such a condition based on hydrologic and meteorological
factors. Furthermore, it is not known whether such a condition could or would ever
develop.

The values of 40 and 80 million gallons were estimated based on the ca. 1958 KSP map
of the reservoir (Appendix) and the associated table which lists water volumes at
various water levels. Based on correspondence with Mr. Sterling Chisholm, a life-long
resident of the area who supplied this and other maps, the 19 foot level corresponded
to the spillway height prior to the 1980s and the 17 foot level roughly corresponds to
the present spillway height (Chisholm 2006). That is, the spillway was reportedly
lowered during the 1980s. To obtain the volume associated with water at the 21 foot
level (one foot above the dam), United States Geologic Survey (USGS) one-third arc-
second terrain data were utilized to determine the volume between the 19 and 21 foot
levels.

According to the State of Hawaii, Department of Land and Natural Resources, Visual
Dam Safety Inspection Sheet dated March 20, 2006, the normal and maximum storage
of Kalihiwai Reservoir are 90 and 140 million gallons, respectively (DLNR 2006). These
volumes were not used for this study because they did not appear credible based on
the surface area of the reservoir, the height of the dam, and the volumes reported in
KSP documentation (see Appendix 1). DLNR staff did not respond to an email inquiry
about this discrepancy.

Dam-fallure Configuration

For flood simulation purposes it is necessary to assume that the dam fails through a
breach of some kind so the model can predict the resulting inundation. For this study, a
single “worst case scenario” was adopted. It was assumed that the dam
instantaneously fails creating a roughly 200 foot (61 m) wide and 20 foot (6 m) deep
slot in the dam along its eastern half. The eastern side was found to be slightly lower
than the western side, based on a recent survey (Appendix), which motivated the
placement of the breach in this location. The depth of the opening was selected so the
entire volume of the reservoir would eventually drain over the course of the model
simulation. That is, using a more shallow breach a fraction of the reservoir volume
would remain in the reservoir after failure and this would lead to less inundation
downstream. The width was selected to be roughly one third the length of the dam.
This value is large compared to formulae in the literature which suggest a breach width
roughly 3 times the depth of the dam (Wahl 2004), consistent with the “worst case
scenario” approach adopted for this study.
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Flow Resistance

Flow resistance in the model is scaled by a parameter called the Manning coefficient
(e.g. Chow 1959), and simulations were run using a Manning coefficient of either 0.05
or 0.1. There is presently very little research to support a precise characterization of
this parameter for dam break inundation studies. Based on channel flow studies, these
values correspond to a range of vegetated conditions and this motivated their selection.
As a point of reference, the simulation of flooding recently prepared by the authors for
Ka Loko Reservoir was based on a Manning coefficient equal to 0.05.

Flood Simulation Method

Flood simulations were carried out using BreZo flood modeling software
(FlowSimulation, LLC, Irvine, CA). BreZo predicts water motion by solving the shallow-
water equations using a Godunov-type finite volume scheme. A description of the
theory and numerical scheme adopted by BreZo has been published the ASCE Journal
of Hydraulic Engineering (Begnudelli and Sanders, 2006).

BreZo runs on an unstructured mesh of triangular cells, and for this study mesh
generation was accomplished using a Delaunay mesh generator. A variable mesh
resolution was used. In the path of flood waters, a grid resolution of roughly 3-5
meters (10-16 ft) was adopted while a coarser resolution was used outside the flow
path. The mesh included roughly 80,000 cells, and a convergence test was done with a
mesh containing roughly 120,000 cells. Fig. 2 shows the computational grid around the
Big Bridge (left) and lagoon outlet (right).

Figure 2: The model runs on a grid of triangular cells. Here the cells around
the Big Bridge (left) and the Lagoon Outlet (right) are shown.
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BreZo requires two key sets of input parameters: terrain data and resistance data. The
primary source of terrain data was the one-third arc-second National Elevation Data
(NED) supported by the United States Geologic Survey (USGS) and available on-line at
http://seamless.usgs.gov. These data were selected because NED can be obtained for
free on-line, because no better source of data was available, and because USGS data
such as this has been previously used by the US Army Corps of Engineers and other
agencies for dam-break modeling studies. The resolution of these data is roughly 10
meters in the horizontal direction. The stated vertical accuracy of the NED is 7 m, but
the USGS states that this accuracy varies with location. No specific information for the
accuracy of the data at this site is available. NED elevations are reported relative to
North American Vertical Datum 1988 (NAVD 88) according to metadata distributed by
the USGS. However, this is illogical because Hawaii is not in North America. Follow up
discussions with Drs. Dan Roman and Ed Carlson of the NOAA National Geodetic Survey
clarified that the vertical control is Mean Sea Level (MSL) at the Waimea tidal bench
mark of 1964. Three additional sources of data were utilized to improve the mapping of
terrain in the vicinity of Kalihiwai Lagoon, where there are buildings. These data
sources included aerial imagery from http://maps.google.com, ground survey data and
Interferometric Synthetic Aperature Radar (IfSAR) data collected by Intermap Corp. and
made available at no-cost by the NOAA Coastal Services Center. These data sources
were utilized to improve the mapping of terrain in the vicinity of Kalihiwai Lagoon. In
addition, tidal data were obtained and reviewed to establish water levels in the lagoon.

Ground surveying was conducted by Mr. Sterling Chisholm (a retired building contractor
with many years of surveying experience) to estimate the depth and width of the
channel, ground elevation along lagoon banks, ground elevation at buildings, and the
height of buildings (several of which are built on elevated platforms to guard against
coastal flood hazards such as tsunamis). Surveying was conducted in three phases: (1)
depth of lagoon and height of lagoon banks, (2) width of the lagoon and (3) ground
elevation and height of buildings. Survey results are included as an Appendix and Fig. 3
shows buildings that were surveyed. These are labeled A-X. Survey heights were
measured in feet relative to the lagoon level. The outlet of the lagoon was reported
partially blocked at the time of the surveys by Mr. Chisholm, a condition typical of the
summer season, and the water level in the lagoon was found to be equal to the high
tide level in Kalihiwai Bay. Note that tidal amplitudes on Kauai are small, roughly 0.3 m.

IfSAR data were collected ca. 2005 by flying an aircraft and scanning the ground below
with a radar sensor. In general, IfSAR data are of limited use for flood modeling for two
reasons. First, the sensor will measure the heights of treetops and buildings instead of
the ground surface when such features cover the ground surface. In addition, surfaces
mapped by IfSAR will appear wavy even if they are flat, and the amplitude of this
waviness is roughly 1 meter and this waviness can obscure real flow paths.
Nevertheless, there are open fields along the lagoon and the IfSAR data were obtained
with the aim of improving the representation of terrain here. IfSAR data were also
reported relative to NAVD 88.
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Figure 3: Aerial imagery of terrain along western bank of lagoon. Buildings
labeled A-X were surveyed for ground elevation and building height above the
ground.

Tidal bench mark data for Kauai, including measurements at Nawiliwili, Port Allen, and
Waimea indicate that Mean Higher-High Water (MHHW) is roughly 0.3 m above mean
sea level, the highest recorded tides are at most 1.3 m (4.3 ft) above mean sea level.

Ground survey data, measured relative to the lagoon level, were first converted to
elevations comparable to the NED by assuming a lagoon level of 0.3 m. However, NED
and ground survey measurements were inconsistent based on this approach. For
example, the NED predicted lagoon bank elevations of roughly 4 meters while ground
survey data predicted elevations of roughly 1 meter. To bring the data in better
agreement, MHHW (and the level of the lagoon) was taken to be 3 m and the ground
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survey data were again converted to elevations. For example, an elevation measured to
be 2 ft above the lagoon level was assigned an elevation of 3.0 m + 2 ft * (0.3048
m/ft) = 3.6 m. Lagoon depths were converted to ground elevation in a similar way, but
by subtraction. For example, a depth of 10 ft was assigned an elevation of 3.0 m — 10
ft * (0.3048 m/ft) = -0.05 m.

Next, Tecplot visualization software (Tecplot Inc., Bellevue, WA) was used to
superimpose elevation contours based on NED, IfSAR, survey measurements, and aerial
imagery in the vicinity of the lagoon and to create a computational grid that leveraged
the best available information. Aerial imagery was used to define the width and path of
the lagoon channel, the width and path of the channel through the Taro Patch, and the
overbank area on the western side of the lagoon where buildings were observed. The
channel widths defined by aerial imagery were compared to survey measurements, and
a very good agreement was achieved (within 5%). To prepare the computational grid,
bed elevation at all nodes was first defined by NED and then updated as follows: (a)
the lagoon channel path and width was defined based on aerial imagery and the
elevation was interpolated from survey measurements by an inverse-distance
methodology (b) the Taro Patch channel path and width was defined based on aerial
imagery and the elevation was set 1 m below the bank height, (c) overbank elevations
west of the lagoon were interpolated by an inverse-distance methodology using survey
data and additional hypothetical survey points. These hypothetical survey points were
established using the IfSAR data. First, a set of 16 elevations were randomly sampled
from a roughly 50 x 50 m swath and averaged to filter out waviness in the IfSAR. This
process was repeated for several other open-field swaths (stations) including a station
where a survey measurement had been taken (Survey Point “S”, see Appendix I). This
station served to ground-truth all of the hypothetical stations. The final, synthesized
topographic dataset used in the model is shown in Fig. 4, along with topography based
on NED for comparison purposes. Note that exclusive use of NED would cause
underestimation of flood inundation for two reasons: first, the NED overestimates the
width (and conveyance capacity) of the lagoon channel, and second, the NED
overestimates the height of terrain where buildings are present.

The approach used here to define terrain elevations made best use of all available
information, but it is not ideal. A better approach is to carry out a comprehensive
ground survey or Light Detection and Ranging (LIDAR) survey (e.qg.
http://www.lidar.org). However, it is understood that a survey is not possible at this
time because it is cost prohibitive.
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Figure 4: Model dpiction of terrain based on NED data only (top and
synthesized data: NED+IfSAR+ground survey data (bottom). Flood modeling
performed with synthesized dataset.
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BreZo also requires an initial condition, which in this case represents the volume of
water initially in the reservoir and the river channel. As was noted earlier in this report,
the reservoir volume was set to either 40 or 80 million gallons. To initialize the river
channel, the model was pre-run to a steady state with water flowing at 28 cubic meters
per second (1000 cubic feet per second or 7,500 gallons per second) from a point
source upstream of Kalihiwai Reservoir along Kalihiway Valley. The steady state solution
to the river-flow problem was saved as an initial condition for the dam-break
simulation, and during the dam-break simulation water continued to flow from the
previously mentioned point source so the effects of river water and reservoir water
were additive during the simulation. The river flow rate was based on USGS stream flow
records for Kalihiwai River (USGS Gage 16098000) which cover the period 1914-1923.
The value used (1000 cfs) is slightly larger than the largest average daily flow rate on
record (967 cfs; Sept. 25, 1914) again consistent with the “worst case scenario”
approach adopted for this study.

The ocean level must also be specified to run BreZo, both to carry out the initialization
procedure described above and to continue with the dam-break flood simulation. The
principles of flood hydraulics dictate, for relatively flat terrain, that over-bank flooding
along rivers is exacerbated by higher downstream water levels. Simulations were
carried out using a downstream water level of 3.0 and 3.3 meters. Accounting for the
datum offsets described earlier, these levels correspond to MHHW and one foot above
MHHW, respectively.

Once BreZo was initialized, the prediction was advanced in time using a time step of
0.025 seconds. The model was run for 140,000 time steps, or a period of just over 58
minutes. The solution in all cells was saved at 2.5 minute intervals for animation
purposes. Second, the solution in four selected cells roughly aligned with the Lagoon
Outlet, OId Bridge, Big Bridge, and Taro Patch was saved every five seconds for time
series analysis. The location of these stations is noted in Fig. 4. Third, the maximum
depth at each location was also saved to a file. Visualization of BreZo results, including
both static images and computer animations, was accomplished using Tecplot software
(Tecplot Inc., Bellevue, WA).

BreZo has excellent conservation properties. In all simulations the global mass
conservation error was negligible, roughly 10°%. BreZo simulations do not account for
infiltration of water into the soil or changes in topography resulting from flow induced
erosion or sediment deposition. In addition, BreZo simulations cannot account for
channel flow at horizontal scales smaller than the grid resolution which in this study
was set between 3 and 5 meters. Predictions of very shallow inundation (say, less than
10 cm) are therefore likely to overestimate the spreading of water and underestimate
the peak velocity of water in sub-grid scale channels and rivulets.

Four simulations were carried out based on four different model configurations.
Whereas all simulations adopted the same breach configuration and river base-flow as
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described above, factors that were varied included: the reservoir volume, the Manning
coefficient of resistance and the downstream water level (ocean level). The precise
configuration of each simulation is as follows:

Simulation 1 (Base Case): A reservoir volume of 80 million gallons, a Manning
coefficient equal to 0.05 (n=0.05), a downstream water level of 3.0 meters.

Simulation 2 (Average Reservoir Volume): A reservoir volume of 40 million gallons, a
Manning coefficient equal to 0.05 (n=0.05), and a downstream water level of 3.0
meters.

Simulation 3 (Greater Flow Resistance): A reservoir volume of 80 million gallons, a
Manning coefficient equal to 0.1 (n=0.1), and a downstream water level of 3.0 meters.

Simulation 4 (Higher Ocean Level and Greater Flow Resistance): A reservoir volume of

80 million gallons, a Manning coefficient equal to 0.1 (n=0.1), and a downstream water
level of 3.3 meters.
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Figure 5a-d: Contours of maximum flood depth in meters for Sims. 1-4
showing the relative effect of reservoir volume, flow resistance and ocean
level on flood inundation predictions. Note that all simulations show the Taro
Patch completely inundated, and the extent of flooding along Kalihiwai

Lagoon varies between simulations.
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Contours of Peak Flood Elevations (m)
from Simulation 1
(5.2)

Ground Elevations in Parentheses (m) Iii-"g F E:-l.';:uu f
) - 3 (49" B
For Vertical Control Purposes, High Tide Level =3 m l‘ H

Contours of Peak Flood Elevations (m)
from Simulation 2

Ground Elevations in Parentheses (m)

For Vertical Control Purposes, High Tide Level =3 m

Figure 6a-b: Contours of flood elevations and ground elevations of buildings
for Sims. 1 and 2. Ground elevations at buildings are shown in parentheses.
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Contours of Peak Flood Elevations (m)
from Simulation 3

Ground Elevations in Parentheses (m)

For Vertical Control Purposes, High Tide Level =3 m

Contours of Peak Flood Elevations (m)
from Simulation 4

Ground Elevations in Parentheses (m)

For Vertical Control Purposes, High Tide Level =3 m

Figure 6¢-d: Contours of flood elevations and ground elevations of buildings
for Sims. 3 and 4. Ground elevations at buildings are shown in parentheses.
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Flood Simulation Results

Fig. 5a-d presents contour plots of the maximum flood depth predicted by Sims. 1-4,
respectively. This figure shows the sensitivity of model predictions to the reservoir
volume, resistance factor and downstream water level. Fig. 6a-d presents contours of
maximum flood elevations in the vicinity of the lagoon superimposed upon an aerial
image of the site for geo-referencing purposes. Ground elevation is also shown to
interpret the susceptibility of buildings to flooding. Note that several of these buildings
are built on elevated platforms, 2-3 meters above the values reported in Fig. 5. All
heights are reported in the Appendix.

Fig. 6 includes a dashed line that bounds an area labeled “Estimated Flood Extent”. This
was added because close inspection of the final terrain map shown in Fig. 4 revealed a
subtle ridge 0.1-0.2 m high running parallel the lagoon, like a levee that guarded point
“R” (see Fig. 6) from flooding. However, this ridge is an artifact of the interpolation
process, and not grounded in survey data. Recall that survey data were clustered
around buildings, not open space areas such as this. Therefore, any flood protection
that it seemingly offers cannot be justified. The “Estimated Flood Extent” represents the
area of inundation that the model would have most likely predicted if the ridge was not
present in the final terrain map used by the flood model.

Fig. 8 presents time series of flood heights (or stage) predicted at four stations: the
Lagoon Outlet, the Old Bridge, the Big Bridge and the Taro Patch (at its western most
point).

Trends in Results

All simulations depict flooding of the Taro Patch, the low-lying terrain south of the Big
Bridge. As shown in Fig. 8, the model predicts water as deep as 3 m (10 ft) based on
an 80 million gallon release and roughly 2 m (6 ft) based on a 40 million gallon release.
Between the Big Bridge and the Old Bridge, model predictions are sensitive to the
reservoir volume. Based on 40 million gallons, the model predicts the flood will be
contained within the lagoon channel. But based on 80 million gallons, the model
predicts over-bank flooding. The extent of lateral flood varies between Simulations 1, 3
and 4, with Simulation 4 showing the highest flood stages and the largest flood extent.

Sims. 2 and 3 (see Figs. 5 and 6) show that a doubling of the Manning coefficient leads
to only a minor increase in flood depths and area of inundation predicted by the model.
However, Fig. 8 shows that the larger Manning coefficient slows the speed of the flood
wave leading to a longer travel time.

Sims. 3 and 4 (see Figs. 5 and 6) show that a 0.3 m (1 ft) increase in the ocean level
will leads to more over-bank flooding along the lagoon between the Old Bridge and the
Big Bridge.
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The hydrographs (Fig. 8) indicate that the ocean level influence on flood stage
diminishes with distance inland, while the dam-break influence on flood stage increases
with distance inland. At the Lagoon Outlet, Fig. 8 shows that flood stage is primarily
dependent on the ocean level which is to be expected based on the proximity of this
station to the ocean. At the Old Bridge, Fig. 8 shows flood stage is also strongly
affected by the ocean level and in addition, water levels are predicted to rise by as
much as 0.65 m (2.1 ft) due to the dam-break. At the Big Bridge, flood stage is
predicted to rise by as much as 1.9 m (6.2 ft) due to the dam-break, and in the Taro
Patch flood stage is predicted to rise up to 3 m (10 ft).

Based on Fig. 8, the model predicts that the flood wave will reach the Taro Patch
somewhere between 10 and 16 minutes after dam failure, depending on the amount of
water in the reservoir and the amount of flow resistance encountered by the flood
wave. The flood wave here could be characterized as a “wall of water”, because water
levels are predicted to rise several meters over a period of 1-2 minutes. Flood waters
are predicted to reach the Big Bridge between 11 and 18 minutes after failure and flood
waters will continue to rise for another 10-15 minutes before slowly receding. Flood
waters are predicted to reach the Old Bridge 15-20 minutes after dam failure and rise
for 15-20 minutes before receding. Finally flood waters are predicted to reach the
Lagoon Outlet 16-22 minutes after dam failure and rise for 15-20 minutes before
receding. Overall, the model predicts that peak flooding will occur no later than 45
minutes after dam failure throughout the study site, and dam-break flood waters are
predicted to recede over a similar time scale.

Two factors help to mitigate over-bank flooding along Kalihiwai Lagoon. First, the Taro
Patch acts as a natural detention basin. The accumulation of flood waters here
decreases the volumetric flow rate of water entering the lagoon area. Second, the
conveyance capacity of the lagoon channel is substantial given its breadth and depth.

Vulnerability of Buildings to Flooding

Two buildings along the lagoon appear vulnerable to dam-break flooding, those labeled
R and S in Fig. 6. These correspond to a “small illegal structure” and a “boat storage
structure”, respectively, based on comments in the ground survey report (Appendix).
Peak flood elevations exceed the ground elevation by roughly 0.2 m (0.7 ft) at both of
these sites based on flood Simulation 4.

Residences along the lagoon are built on land that is least 0.5 m (1.6 ft) above peak
flood stage predicted by the model, based on the residence labeled K in Fig. 6 which is
the limiting case. The floor height of K is 1.0 m above the ground, so the clearance
(difference between floor and flood height) is 1.5 m (4.9 ft). Residence L is built on
slightly higher terrain, but the floor height is less than that of L and the clearance is 1.3
m. Other buildings appear close to flood waters based on Fig. 6, e.g. A, B, C and T.
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However, ground elevation at these sites is more than 1.0 m (3.3 ft) above peak flood
stage and there is at least 3.0 m (10 ft) of clearance. The clearance of buildings D and
Eis 1.5 m (4.9 ft), less than that of A, B, Cand T.

Summary and Recommendations

Modeling was carried out to map terrain in Kalihiwai Valley susceptible to flooding as a
result of a catastrophic failure of Kalihiwai Reservoir dam. Model predictions are
sensitive to many factors that relate to the physical setting and these cannot possibly
be precisely known. Therefore, parameters were selected with the aim of bracketing
the “worst case scenario” relative to dam break flooding. This involved the reservoir
filled higher than the height of the dam (an overtopping condition), Kalihiwai River
flowing with the highest flow rate on record, and the ocean at a high tide.

Under the “worst case scenario,” the model predicts complete inundation of the Taro
Patch, the low-lying terrain south of the Big Bridge, with water as deep as 3 m (10 ft).
Between the Big Bridge and the Old Bridge and along the lagoon, the model predicts
over-bank flooding in the vicinity of buildings. Two non-residential structures
characterized as a “boat storage structure” and a “small illegal structure” by surveyors
are predicted to be inundated by as much as 0.2 m (0.7 ft) of water. No residential
structures are predicted to be inundated. Flood stages would need to rise another 0.5
m (1.6 ft) to reach the foundation of residence K, 1.3 m (4.3 ft) to reach the first floor
of residence L, and at least 3 meters to inundate residences built on elevated platforms
(e.g. A, B, and C).

With the reservoir filled to its normal operating level, i.e. the height of the spillway, the
model predicts that a dam-break flood would inundate the Taro Patch but that flood
waters would be contained by the lagoon channel downstream of the Big Bridge.
Hence, the model predicts that no buildings would be impacted by a dam-break flood
based on the reservoir filled to its normal operating level.

That residences are built on elevated platforms serves as a reminder of coastal hazards
such as tsunamis, storm surge, and even sea level rise. Surely the design of these
stilted structures was motivated by the risk posed by coastal hazards and not the risk
posed by a possible dam failure. Indeed, simulations presented in this report show the
sensitivity of flood stages to the ocean level, particularly at the Lagoon Outlet and Old
Bridge stations.

Were a dam-break flood ever to happen, two factors would help to minimize over-bank
inundation along the lagoon. First, the Taro Patch acts as a natural detention basin.
Second, the lagoon channel offers substantial flood conveyance capacity due to its
breadth and depth.
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Figure 8a-b: Time series of flood elevation predicted at Lagoon Outlet (a-top)
and Old Bridge (b-bottom). Flood elevation at time zero differs between
simulations due to Manning coefficient value and ocean water level.
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Part 1 of 5: Kilauea Sugar Plantation Maps of Kalihiwai Reservoir and
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Appendix

Part 3 of 5: Survey of Lagoon Depth and Bank Elevation by Mr. Sterling
C. Chisholm
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Appendix

Part 2 of 5: Survey of Kalihiwai Dam by Mr. Sterling C. Chisholm
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Appendix

Part 4 of 5: Survey of Lagoon Widths by Mr. Sterling C. Chisholm
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Appendix

Part 5 of 5: Survey of Buildings by Mr. Sterling C. Chisholm



Memorandum

To: Brett Sanders

From: Sterling C. Chisholm
Date: October 8, 2006

Re: Survey of Buildings

Today, Sunday, October 8, 2006, beginning at 10:00 a.m. my brother, Robert Bruce Chisholm
and | began the elevation shots of the various homes in the Kalihiwai Valley from the ocean area
up to the Kalihiwai Bridge and according to the lettered outline on your aerial photograph sent to
me via e-mail on October 2, 2006. The weather was clear with the temperature in the mid 80ies
F. The Kalihiwai River was at it's standard non flood level and moving at an almost un-noticeable
pace. We used the elevation of the Kalihiwai River as our zero mark and took all ground
elevations from that benchmark point. All ground elevations elevations are in feet and inches
above the level of the Kalihiwai River.. The elevation of the various structures are from the
ground level to the joist level of the first habitable floor and not from the river level. Some of the
homes in this area have been constructed to meet Federal Food Zone requirements, however
there are some structures that were built prior to these flood zone requirement elevations have
simply been "grandfathered" in according to our County of Kauai building guidelines. The
following is an account of our measurements:

Location Ground Elevation Joist Height Comments
ref map 10/2/06

A 6'-4" 9'

B 6'-0" 8'

C 6'-0" 8'

D 5-10" 1'to O Old structure

E 6'-2" 2' Old Structure

F 7'-4" 9'

G 8'-0" 8'

H 6'-2" 2' Old Structure

I 9'-5" 2' Old Structure

J 6'-5" 2"-5" House on moving
blocks

K 5'-0" 3'-5" Old house

L 5'-6" 2' Old House

M 7'-2" 3 Old House

N 7'-0" 2' Old House

0] 16' plus est. Elevation Estimated
No Access

P 6"-5" 3 Old House

Q 16’ plus est. (0} Pit-bulls in yard

R 3-0" 2" Small lllegal
Structure

S 3-9" 0 Boat Storage
Structure

T 16'-18' plus est. 8' est. Not in Flood Zone
U 40' plus est. 0' oo "

V 14" est (0} Old Structure

W 15' 0) Old Structure

X 15-7" o' Old Structure





