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Abstract: Hawaii’s reservoirs face increasing scrutiny due to heightened dam safety and flood control concerns,
growing water demands, and uncertain water pollution effects. In order to promote long term reservoir
sustainability, it is vital that we improve our understanding of reservoir capacity loss due to sedimentation. We
collected, organized, and analyzed existing physical data about reservoirs located on the main Hawaiian Islands, and
interviewed reservoir managers throughout the state about storage capacity and sedimentation processes. Results
showed that although sedimentation of Hawaii’s reservoirs is rarely measured and poorly documented, it is a serious
concern and the accurate measurement of reservoir sedimentation is a challenge for proper reservoir management.
We grouped reservoirs into five different management types —federal, state, county, private agriculture and private
development — and found that management practices and reservoir maintenance differed significantly between these
groups. Sedimentation, in some cases, was significant enough to lead to dry reservoirs conditions. However, unlike
in other parts of the world where reservoir sedimentation can be directly correlated with watershed erosion practices,
most reservoirs in Hawaii are off-stream impoundments, fed by stream diversions and irrigation systems that are far
from the watersheds above the reservoir. Existing engineering surveys focus on the structural integrity and safety of
dams, few surveys address capacity loss. We suggest that the use of dual-frequency bathymetric surveying
equipment would provide accurate assessments of reservoir depths, and recommend a cooperative effort to
systematically conduct statewide surveys. Reservoirs in Hawaii are a significant resource for adaptive and
sustainable water supply, conservation, and flood control, and as such the maintenance, including assessment and
removal of sediments, is an important consideration for water use and development on each island.

INTRODUCTION

Worldwide, sedimentation is a leading causes of reduced capacity in small reservoirs (Wang and Hu, 2009). Global
water use is rising with population and development, while long-term water availability is declining, posing
challenges for resource managers. Water needs and constraints in Hawaii follow this pattern (Water Resources
Associates, 2003; Bassiouni and Oki, 2013). With a rapidly growing population, increasing development, and the
forecasted establishment of a diversified agricultural sector, Hawaiian resource planners and managers must
carefully consider how to meet growing water demand while balancing human welfare, economic impact, and
ecological sustainability. Reduced reservoir storage capacity has real economic costs, including less available water,
higher maintenance costs (i.e. dredging), greater risk of dam breach, less capacity to reduce flooding and capture
sediments, and lower potential for electricity generation (Hawaii Department of Agriculture, 2010; Randle et al.,
2013).

In addition to providing water capacity, small reservoirs are also effective sediment retention basins that positively
impact downstream water quality (Liu et al., 2014). Small reservoirs also increase water availability and reduce the
peak flow of storm runoff (Deitch et al., 2013). Aquatic ecosystems can benefit from small dams that reduce the
amount of sediment and nutrients carried in surface runoff (Verstraeten and Prosser, 2008). The ability to retain
sediment is especially important for Hawaii where very small watersheds (often < 20 km?) are directly connected to
coastal waters that are highly valued for their coral reef systems and recreation use capacity. Sedimentation on the
reef is considered to be a primarily driver of the ecosystem’s decline in Hawaii (Jokiel et al., 2014).

Reservoir sedimentation data is used widely to better understand the relative contribution of watershed
characteristics to sediment and nutrient export (Verstraeten et al., 2003). Modeling approaches that calculate annual
sediment yield based on land use, such as InVEST and N-SPECT, are limited by a lack of validation data. For
Pacific high islands such as Hawaii and Guam, the particular watershed physical characteristics and land use and
management actions that dominate sediment export remain unclear (Nakama, 1992; Hoover and Mackenzie, 2009;
Storlazzi et al., 2009). Additional sediment export data would help to calibrate and validate sediment export models
for developing watershed-scale conclusions. Reservoir accumulation provides data that integrates physical and
human processes over longer periods of time than most in-situ sampling efforts can achieve.
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Regardless of whether reservoir sedimentation data are used to describe changes in water storage capacity or to
better understand watershed processes that contribute to sediment export, an understanding of reservoir
sedimentation processes is critical to surface water management (Angulo et al., 2011; Ignatius and Jones, 2014). The
United States Geological Survey (USGS) maintains nation-wide information about reservoir sedimentation for the
Reservoir Sedimentation Database (RESSED, http://water.usgs.gov/osw/ressed/). However, the RESSED database
currently does not currently contain any records for Hawaii reservoirs.

Therefore, the objectives of our research were to (1) analyze existing Hawaii reservoir data for trends that could be
related to reservoir sedimentation, and to (2) conduct semi-structured interviews with the reservoir managers and
owners to augment and explain archival information and available reservoir records.

BACKGROUND

The Hawaiian island chain, located in the north central Pacific Ocean, has a total land area of 16,636 km?. The
formation of the volcanic islands created high, steep, rain-catching ridges and dikes that confine freshwater in basal
and high level aquifers. The islands have few natural freshwater lakes, 376 perennial streams (providing more than
half the irrigation water statewide), and nearly all water for domestic and industrial use is obtained from
groundwater supplies (Tribble, 2008). Flashy streams in short watersheds prevent streams from storing sediment in
floodplains. Streams supply more than 50% of irrigation water in Hawaii, which is often stored in reservoirs (Oki,
2003).

The sugar industry was a major driver of Hawaii’s economy from the mid-1800s until the mid-1900s. The first
successful sugarcane plantation began on Kauai in 1835. As the forests were cut down to create more land for sugar,
records indicate that the amount of rainfall decreased, as well (MacLennan, 2007). Ambitious irrigation ditch
systems were created to bring water from higher elevations to the plantations, and reservoirs were used to store that
water. The major irrigation systems include the Pioneer Mill irrigation system in west Maui, the Waimea irrigation
system on Hawaii Island, and the East Kauai irrigation system in Kauai (Wilcox, 1996). The sugar industry began to
falter in the 1930s, and continued to decline into the 1940s and 1950s, when pineapple rose in prominence as a cash
crop. Pineapple was farmed commercially in the islands until the late 1990s to early 2000s, when industrial farms
stopped production. Land use changes (urbanization) in the last century led to decreases in overall water demand but
increases in potable water demand. Climate change impacts may create conditions that are drier in some areas, and
wetter in others, that could change vegetation patterns and the frequency and intensity of large storm events leading
to more erosion into reservoirs (Timm and Diaz, 2009).

Agriculture in many parts of the islands depends on a steady irrigation supply, yet Hawaii’s 140 largest reservoirs
that store water for irrigation are currently being breached and decommissioned at a rapid rate. This is due to a
variety of factors, including (1) tighter dam safety regulations that took effect following the 2006 Kaloko dam break,
(2) the risk of structural instability due to age, construction, and deferred maintenance, (3) the loss of storage and
operational capacity caused by sedimentation, debris accumulation, and clogging of inlet and outlet structures; and
(4) the lack of paying customers for reservoir-based water service. Figure 1 shows the location, size and use type for
DLNR-regulated reservoirs in Hawaii. Reservoir water use was valued at $436 million by the US Department of
Agriculture in 2003. The Hawaii Dam Safety Act, which determined that the landowner was responsible for the
maintenance of reservoirs on their land, was passed in 1987. On March 16, 2006, the Kaloko reservoir on
northeastern Kauai broke during heavy rains, killing seven people (Godbey, 2007). The Dam Safety Act was
updated in 2007 to more closely supervise the safety of the remaining reservoirs (Hawaii State Legislature, 2007).
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Figure 1 Reservoirs classified by use type. The total number of reservoirs in the Hawaii Dam Safety database (as of
March 2013) is listed next to the island name. Some reservoirs have since been decommissioned. GIS data made
available from the State of Hawaii Office of Planning, the Coastal Geology group at University of Hawaii at Manoa
and the Department of Land and Natural Resource Dam Safety program.



METHODOLOGY

Data Acquisition

We obtained permission from the U.S. Army Corps of Engineers to access the National Inventory of Dams (NID)
via its secure online portal. At an initial meeting with the staff of the State of Hawaii Dam Safety Program (HDSP),
we obtained similar permission to access the HDSP inventory. The NID and HDSP contain about the size, capacity,
spillway characteristics, year built, and ownership of most of the 140 regulated reservoirs in Hawaii. Management
types in the databases were further classified by owner into five categories: Federal, State, Local, Private-
Agriculture and Private-Development (defined as private owners who manage three reservoirs or less by a single
private owner).

With the federal and state inventories as our foundation, we conducted literature searches and gathered references
that document reservoir-specific physical characteristics (e.g., geotechnical investigations, dam safety inspections,
emergency action plans, and environmental assessments). We collected the HDSP reports to the legislature from
2007 to 2015 describing changes in the dam status (Dam and Reservoir Safety Program, 2011) and private reports
on selected reservoirs, obtained with the permission of reservoir owners and the cooperation of reservoir authors.
Additionally, we used remote sensing products including 2011 World View 2 (1m resolution) to determine whether
a reservoir was being maintained dry or not dry, and compared these results to other sources.

To house this information, we created a database in Microsoft Access that mimics the structure of the national
RESSED database for data input, and combined and cross-checked the data from both the NID and HDSP databases
with the RESSED fields. Lastly, we added fields that are not part of the official RESSED structure, yet allow for
more detailed analysis of the dataset, including operational water level, excavation history, and level of
sedimentation.

Interviews with Reservoir Owners

Using the HDSP inventory, we contacted the 42 dam owners and operators, covering the 140 reservoirs in the HDSP
inventory, to participate in our project. The survey instrument used in the follow-up phone and on-site interviews is
presented in Table 1. The survey was designed to locate and acquire existing information, and to provide a semi-
structured opportunity for reservoir managers to describe possible problems related to sediment accretion and
mitigation efforts. After the interview was conducted, we summarized open-ended responses into themes (Wengraf,
2001). Interviewees are not identified by name in this report, and information provided about specific reservoirs was
acquired through public records.

Table 1. Survey instrument for Hawaii’s regulated reservoir owners and managers.

Question Answer format
1 When was the last time your reservoir(s) was (have been) Year
surveyed/measured?

2 Original plans available? Yes/no

3 As-built drawings available? Yes/no

4 How many times has it been surveyed? Number
4a Who did the survey? Name
4b What method? Acoustic, bathymetric survey,

sediment sampling,

4c How much did it cost? Number

5 Why did you do it? Open

6 What will you do with the results? Open

7 Are you willing to share those results with us? Yes/no

8 What is your level of interest in conducting new surveys/measurements Scale (1-5)

in order to find out how much the reservoir has filled in with sediment?
-5
9 Is sedimentation a significant issue in the reservoirs you manage? Open
10 What mitigation efforts have you used to prevent additional sediment? Open




build-up?

11 What are your incentives for continuing to use/maintain the reservoir? Open

12 Would you like to continue to talk with us and help us gather more Yes/No
information on reservoir sedimentation in Hawaii?

Between April and August 2013 we visited publicly and privately owned reservoirs on the islands of Oahu, Maui,
and Hawaii, and gathered other information through email and phone calls. The primary purpose of the site visits
was to visually survey and assess the extent of reservoir sedimentation and to gather otherwise unavailable copies of
documents describing sedimentation. Through extensive collaboration with the Hawaii Department of Agriculture
we obtained particularly significant information about a number of reservoirs.

RESULTS

Although there were 140 regulated reservoirs in the state of Hawaii as of 2013, only one is documented sufficiently
to populate the record fields required by the national RESSED database: Kaneohe reservoir, Oahu (see Wong
(2001)). Of the 25 regulated dams removed statewide since the program began, most of the removals were initiated
after the 2006 Kaloko dam disaster and the 2007 regulatory response (11 on Oahu, 3 on Maui, 5 on Hawaii and 4 on
Kauai). Seven reservoirs that were local or state owned had partial information that could be provided to the
RESSED database, including Nuuanu Dam and Kalihiwai Reservoir (Aqua Technex, 2009) have bathymetric
surveys. We identified recent engineering studies for 34 reservoirs that were conducted for dam safety compliance
purposes, many involving dam breach, removal or undersizing. Our research indicated that each reservoir has a
unique history of maintenance, sediment build-up and water use, and that to acquire sedimentation data for specific
reservoirs requires a detailed, recorded history of how it was managed and operated in the past. Evidence is mostly
anecdotal, and the types of documents typically did not include formal sedimentation surveys. The most complete
datasets are associated with public works reservoirs and reservoirs owned by large corporations. During this
investigation, we found that many irrigation systems are spatially disconnected from the watersheds that provide the
system water.

Data Analysis of Reservoirs in Hawaii

Hawaii’s reservoirs have the capacity to store 44.6 million cubic meters (11,800 Mgal) of water at normal levels,
with the majority of the capacity (43%) located on Kauai (Table 1). Statewide, most reservoirs are used for irrigation
purposes (80%), as seen in Table 2, and only 10 reservoirs are purposed for municipal water supply. Categorical
analysis made some calculations difficult, especially when reservoirs were listed with multiple uses (this occurred in
26 out of 140 dams). An example is Alexander reservoir in Kauai, used for both hydroelectric power generation and
for irrigation. Multiple uses of reservoir water allow for multiple benefits to the hydrologic systems.

Table 1 Storage capacity by island.

Normal Storage Maximum Percent of
(thousand m’) Storage total
(thousand m’) capacity

Hawaii 1532 3681 3%
Kauai 19184 33872 43%
Maui 5362 8349 12%
Molokai 5261 6269 12%
Oahu 13325 25655 30%
Total 44665 77825 57

Compared to other worldwide locations where significant information for watershed sedimentation processes are
collected from sediment deposition rates, 80% of the reservoirs used for irrigation in Hawaii often have water
delivered far from the reservoir, or only a portion of the stream is used to supply the reservoir. These off-stream, and
sometimes off-ditch reservoirs do not offer enough information to be able to discern larger watershed processes, but
are still relevant to understanding the loss of capacity due to sedimentation.



Only Kualapu’u reservoir on Molokai is used for both irrigation and water supply, and its normal operating level is
kept close to capacity. In general, we found that the reservoirs were only kept close to capacity when used for water
supply (80% of max) or for fish and wildlife ponds (97% of max) (Table 2). The operating level for irrigation
reservoirs, which represent 80% of all reservoir use averages at 67% capacity. The one hydroelectric dam that is
currently regulated in Hawaii operates at 42% maximum storage capacity. However, conversations with the owner
indicate that sediments are problematic and contribute to reduced storage level. Although 64% of the reservoirs are
considered small in size, 74% of the capacity is provided by intermediate sized reservoirs (n = 49)'.

Table 2 Data for reservoirs use type across the Hawaiian Islands.

Reservoir Type Normal Max Number  of Percent of Percent High or
Storage Storage Reservoirs Total Capacity Proposed
(thousand m®) (thousand m®) High (%)"
Debris control 191 773 5 4 25 100
Flood control 1298 13791 11 8 9 91
Fish and wildlife 1771 1826 3 2 97 67
pond
Recreation 2456 12184 7 5 20 100
Hydroelectric 1320 3133 1 1 42 100
Irrigation 38957 58164 112 80 67 88
Water supply 6297 7876 10 7 80 80
Other 4188 5653 17 12 74 82

+ Hazard classification refers to the design of the dam spillway relative to the probable maximum inflow flood

The majority (by number) (70%) are reservoirs are owned in part by private owners, including large farms (56%)
and a diverse array of owners, including small farms, housing developments and recreation and tourism facilities
(14%) (Figure 2). The Private-Development group is more likely to be using the reservoirs for development or other
urban reservoir uses, including for aesthetic reasons. Unlike the private and agriculture owners, smaller private
owners are less likely to have the resources to repair or excavate reservoirs.

' The National Inventory of Dams specifies small reservoirs as less than 1,000 ac-ft (1,233,481 m®) and greater than
50 ac-ft (61,674 m3); intermediate reservoirs are between 1,000 ac-ft (1,233,481 m3) and 50,000 ac-ft, (61,674,092
m’) and large reservoirs are greater than 50,000 ac-ft. Academic literature generally considers small reservoirs to be
less than 100,000 m”.
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Figure 2: Storage capacity of Hawaii's reservoir by management type

Figure 3 presents the cumulative age of reservoirs for the four counties of Hawaii. Many of Hawaii’s reservoirs are
approaching 100 years old. The rate of reservoir building slowed considerably after 1920, and no new reservoirs
were built before and after World War II (1935-1951), or between 1958 and 1965. With the exception of Kualapu’u
on Molokai, finished in 1969, reservoir size too declined over time, by about 4800 m® per year, on average.
Kualapu’u, as a large reservoir, was created during the water engineering boom post-1950 that was seen nationwide.
The results are more striking if you consider the many reservoirs that were built and decommissioned from use
before the Hawaii Dam Safety Program was established in 1987, known today only through archival records.
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Figure 3. Age distribution of reservoirs by county, State of of Hawaii. Note that nearly 60% of the reservoirs were
completed by 1920. The most recent dams have been constructed for flood prevention and sediment retention.



Interviews with Reservoir Owners

Table 3 indicates that most reservoir managers have experienced some level of sedimentation issue with their
reservoir, and that others have developed methods to mitigate the effects of sediment build-up.

Table 3 Summary of survey responses by owner type.

Federal State Local Private- Private-Other  Total
Government Agriculture
Number of 1 4 6 9 15 35
owners
Number 1 3 3 5 10 22
responded to
survey
Mean 5 4 5 5 34
interest level
(1-5)

Interviews and field visits suggest that sedimentation is not the primary issue for compliance with safety regulations;
dams are vulnerable to aging infrastructure. As a result of the new regulations after the Kaloko reservoir breach,
many owners are shifting towards decommissioning their reservoirs. Historically, Private-Agriculture reservoirs
were maintained through public-private partnerships, but lack of finances and demand combined with a more robust
dam safety regulatory structure led to their disuse. Individuals, trusts, and smaller business associations that
generally managed only one or two reservoirs (private/other) are facing greater struggles to understand and comply
with the new dam safety regulations, and some have made significant investments in engineering studies to
substantiate their position with dam safety regulators (see for instance Kalihiwai homeowners, County of Honolulu
Board of Water Supply).

Notably, many former and current large agricultural land owners with multiple reservoirs employed a single point
person to manage all the reservoirs. These managers made few written records available, but shared their
institutional knowledge and expertise. Larger agriculture owners acknowledged sedimentation as a fact of life,
actively used reservoirs as detention basins, and implemented schedules for dredging accumulated sediments. It
appears that this group may be an important source of formal records, and represents some of the most useful sites
for field surveys of sedimentation rates.

Another theme that emerged from the conversations was that there are at least 300—400 unregulated dams with no
reporting requirements that would otherwise provide information to facilitate the achievement of watershed research
objectives. Not surprisingly, there is a trend towards taking a regulated reservoir and converting it to a smaller non-
regulated reservoir. Increasingly, watershed management plans are suggesting that smaller dams (often smaller than
the regulated limit), including gabion dams, be used as retention basins to mitigate sedimentation into coastal waters
(for instance, the Ala Wai Watershed Management Plan (2013) and the Lanai Community Plan (2014)). The
longevity of these structures and their ability to withstand flood events remains unclear.

Many of the interviewees perceived that there is an ideal method for removing sediment from a reservoir. Current
practice is to drain the reservoir, which may take several weeks, and then manually remove sediment using backhoes
and other mechanical equipment. If the reservoir was not originally designed to allow access for these types of
vehicles, then the sediment must be removed manually. This was done recently at Waikoloa Reservoir No. 2 on
Hawaii Island, which suffered earthquake damage in 2006. Private agricultural companies have the heavy earth
moving and forming equipment available, and can also divert water to allow the reservoir to be dredged. The dredge
spoils can be then placed on land. If the landowner does not have a use for the excavated sediment, transport and
disposal pose additional challenges. Material including sediment-sorbed contaminants may prevent movement of the
sediments to other properties or landfills.

Reservoirs that are operated and maintained for public water use consider sediment in their maintenance costs. For
instance at the Waikoloa reservoirs, sediments are removed through flocculation processes (requiring flocculant
additives), and the water is treated in sedimentation basins. The sediments must periodically be dredged and treated
per Department of Health requirements.



The interviews and government document research found that many owners and operators conduct new
investigations to support dam removal and compliance with newly revised dam safety regulations. These
investigations (often by consulting companies) typically do not include measurement of reservoir bathymetry and
determination of base elevation and changes in bed elevation over time, thereby neglecting possible capacity loss to
sedimentation. Investigations consist primarily performing of structural analyses and presenting recommendations
for maintaining the reservoir in a safe condition.

Interviewees suggested that while the sugarcane plantations frequently dredged out small reservoirs to retain full
capacity, large reservoirs were not usually dredged unless sediment and debris blocked the reservoir inlets. In most
case, sedimentation is not the only limitation to water capacity. Most of the aging reservoirs require the installation
of new-HDPE style liners (or equivalent) to prevent seepage, as well as vegetation removal and structural
improvements for earthen embankments that have degraded over time. Maintenance of dilapidated spillway, pump
systems and removing vegetation are the primary modifications that need permits.

Another theme that emerged from the interviews, specifically with larger agricultural managers, was the use of
reservoirs (both regulated and non-regulated) for fire mitigation. . It is estimated that 0.5% of the total state land area
burns each year (Hawaii Wildfire Management Organization 2014), and fire is recognized as a major threat to native
species in remaining forest lands (Conry, 2010). Interviewees, especially managers of agricultural lands that had
gone fallow, indicated that reservoirs were often used by local and state agencies to combat wildfire. Previously,
plantation and ranch personnel served as fire wardens, but changing land use practices reduced the amount of people
willing and knowledgeable to serve in this role. In combination with the reduction of reservoirs operating at
capacity, reduced capacity from sedimentation presents a significant threat.

Erosion of irrigation channels is a concern that is separate from normally modeled hillslope processes, yet one that
was mentioned by participants. The ditch system that once fed reservoirs today diverts water directly into streams,
including Honokowai and Wahikuli Streams on Maui (Department of Land and Natural Resources, 2011) and
streams in the Upper Kapaa region on Kauai. In other subtropical islands, many off-stream reservoirs that are fed by
irrigation ditches, sedimentation is not a significant issue (Morris, 2010). Others, such as the Lower Hamakua ditch,
reported an approximate one-foot depth of sediment build-up when it was refurbished in 2004. For the Maunawili
ditch system on Oahu leading to Waimanalo Reservoir, interviews revealed that hired workers manually clean the
ditches of silt and debris on a daily basis. Because many of the reservoirs are off-stream, they are often disconnected
from the watershed-scale hydrologic processes. Sedimentation in the reservoir is still evident, although minimal,
from the degradation of the channel leading into the reservoir.

Many reservoir managers (n=14) reported that the use of their reservoirs changed over time. For some managers,
reducing the size of the reservoir below the regulatory limit was a solution more amenable than creating a new
reservoir or maintaining the old reservoir at regulatory size. Other managers maintain their reservoir in a dry state,
yet keep the reservoir in the system for possible future use or until it can be breached (for example, Manuhonuhonu
reservoir, Kauai). Private-Development managers consider the reservoir that is now amongst homes and golf courses
as an aesthetic asset, and the homeowners association or builder adopts the responsibility of maintaining the
reservoir and the safety documents (for example, Kauai Lagoons, Kauai). These reservoirs are often still considered
for irrigation use, flood control or other use in the database, but are providing a new ecosystem service to residents
within their viewshed.

Two reservoirs on Oahu are notable for providing different uses than originally intended. Wahiawa reservoir,
otherwise known as Lake Wilson, is a state recreation area known for its bass fishing. It also provides the important
function of flood mitigation of the Kaukonaua streams leading to populated Haleiwa. As one of the largest
reservoirs, no study has ascertained its current bathymetry, although it is assumed that sedimentation has reduced its
capacity. Nuuanu Dam No 4, also used for flood protection, is currently being dredged (R.M. Towill Corporation,
2013). A bathymetry was completed in 2010, acknowledging that sediments had reduced capacity. Neither reservoir
was originally designed for flood control. Similarly, the reservoirs build in west Maui in the 1980s for debris control
(Honokowai Structure #8, Mahinahina, Kahana, and more) today are being used to capture sediment, yet their
design does not permit efficient trapping of sediments during larger storms.



DISCUSSION

The level of information available for bed elevation and other sediment-related reservoir characteristics varies
widely. It would take considerable effort (beyond the resources of the current project) to track down reasonably
complete information about each reservoir. We determined that bed elevation is not routinely included in reservoir
inventories, databases, and documents. In some cases, bed elevation may be derived from existing inventory data
about dam height, site elevation, and reservoir depth (which by itself must generally be derived from reservoir
surface area and storage capacity). However, initial estimates of original bed elevation are available for reservoirs
national program investigations in the 1970s, which include area-capacity curves that indicate a base elevation at
which storage capacity is zero (Harding-Lawson Associates, 1978).

No new reservoirs have been built since 2006, and a majority of the reservoirs built in the last three decades were
built on Maui for a distinctly different purpose: to prevent debris from getting to the coral reef ecosystem offshore.
Figure 3 represents only the ages of the reservoirs that are currently in the database; archival research indicates that
many more reservoirs existed pre-1950 that were removed from use before the Dam Safety program was created.
Similar with the responses of larger agricultural managers today, sugarcane-era documents support that reservoir
building and maintenance occupied a significant amount of workers time. Lacking this maintenance, sedimentation
of reservoir and degradation of irrigation ditches will continue to be a problem. Future research is needed to identify
and employ efficient sediment removal methods that meet environmental protection requirements.

Funding is a critical issue for all aspects of reservoir sustainability. In 2014, Hawaii voters approved a legislatively
referred amendment to the state constitution that authorizes the state to issue special purpose revenue bonds and use
the proceeds from the bonds to offer loans to qualifying dam and reservoir owners to improve their facilities to
protect public safety and provide significant benefits to the general public as important water resources (Hawaii
State Legislature, 2014d). In addition, the state budget typically includes line items for generic reservoir safety
improvements in state-owned irrigation systems and for specified capital improvements particular public reservoirs.

For example, the current biennium budget (July 2013-June 2015) includes $9 million for land acquisition, design,
and construction for statewide reservoir safety improvements (deemed necessary to qualify for federal aid financing
and/or reimbursement) and $7 million for compliance-related improvements to three specific reservoirs (Hawaii
State Legislature, 2014a). However, the legislature did not approve separate measures that proposed to spend an
additional $1.8 million for dam rehabilitation and remediation at a different public reservoir (Hawaii State
Legislature, 2014b), and to require that a state agency prepare all studies to determine the safe removal or retirement
of a dam or reservoir upon the request of a homeowner association or homeowner of property where a dam or
reservoir is situated (Hawaii State Legislature, 2014c).

Re-developing agriculture in Hawaii will require reliable access to water for irrigation. Yet, the overall number of
reservoirs in the state of Hawaii is in a steady decline. Irrigation reservoirs, which make up a majority of the
reservoirs, have been decommissioned in the last five years at a disproportionately high rate, yet it was determined
that sedimentation is not the highest concern of reservoir managers. Many reservoirs act like sediment retention
basins, and prevent sediments from delivery and transport to coastal waters, thereby preventing possible water
quality problems. The State of Hawaii may not have sufficient resources and interest to support the development and
implementation of extensive reservoir sustainability measures. It remains to be seen how many more dams will be
removed due to safety concerns and economic constraints. However, sediment deposition in reservoirs is an ongoing
problem, and leaving issues unaddressed until problems become acute leads to costly, ineffective solutions.

CONCLUSION

The reservoirs of Hawaii serve multiple purposes — they are essential for irrigation, provide a safety net for water
supply, offer possible provide habitat for aquatic ecosystems and perform as fire mitigation, flood and sediment
controls. Our findings indicate that many reservoir managers consider sedimentation an operational concern, and
that the current bathymetric data available does not allow for reliable estimates of watershed-scale sediment export
processes. The database information analyzed here presents only part of the story, as there are many smaller
reservoirs that are not regulated that serve important water capacity, fire prevention, flood regulation and sediment
retention services. Quantifying actual reservoir storage capacity and the costs of restoring capacity lost to
sedimentation are important considerations for water supply planning, as are detailed assessments of relationships



between stream diversions, ditch flows, reservoir storage, stream baseflows, and the achievement of instream flow
objectives.
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