Water Availability and Use Science Program

Hawai‘i Volcanic Aquifer Study FY2016 End-of-Year Report

Contact: Scot K. Izuka, Pacific Islands Water Science Center; skizuka@usgs.gov; 808-690-9586
(1) PROJECT ACCOMPLISHMENTS IN FY2016
FY2016 was the fourth year of the Hawai‘i Volcanic Aquifer Study, one of the regional groundwater availability assessments (RGAs) of the Water Availability and Use Science Program (WAUSP). The objective of the study is to update understanding of groundwater availability for the volcanic aquifers in Hawai‘i, which supply freshwater to 1.4 million people, a large component of the U.S. military in the Pacific, and diverse industries. The study is being conducted by the Pacific Islands Water Science Center (PIWSC) in Honolulu, Hawai‘i. Accomplishments in FY2016 included (a) publication of the study’s first major report, and (2) construction of models to assess groundwater availability for Kaua‘i, O‘ahu, and Maui
A.
USGS publishes a major report describing the hydrogeology, groundwater budgets, and conceptual models of groundwater occurrence and flow in Hawai‘i’s volcanic aquifers
The Hawai‘i Volcanic Aquifer Study published its first major report: Hawai‘i Volcanic Aquifers—Hydrogeology, Water Budgets, and Conceptual Models (SIR 2015-5146) in 2016. The report is a compendium of current information and scientific understanding that relate to the availability of groundwater in Hawai‘i. Although the report’s main purpose is to present all the data and conceptualizations that will be used to construct the groundwater models in later phases of the study, it is also a convenient reference on the current understanding of groundwater resources in Hawai‘i for instructors, students, researchers, and others interested in Hawai‘i’s groundwater. The report also has updated estimates of groundwater recharge and water use, and links to on-line spatial datasets of groundwater recharge. The report has received some positive feedback: 
“The USGS report, “Volcanic Aquifers of Hawai‘i—Hydrogeology, Water Budgets, and Conceptual Models” is a valuable summary of the current knowledge of Hawai‘i’s groundwater, and a source for updated estimates of groundwater recharge and water use. The USGS recharge estimates are an essential component of the aquifer sustainable yields developed by the State of Hawai‘i Commission on Water Resource Management as part of the Water Resources Protection Plan of the Hawai‘i Water Plan.”—Jeffery Pearson, Deputy Director, Hawai‘i State Commission on Water Resource Management
One of the primary messages in the report is that the availability of groundwater for human use is limited by the consequences of withdrawal, such as declining water tables, rise and encroachment of saltwater in the aquifer, and diminishing natural discharge to springs, streams, wetlands, and submarine seeps. The availability of groundwater for human use is limited by whether these consequences are deemed acceptable by the community. Furthermore, which of these consequences is most likely to limit groundwater availability differs from one location to the next in the islands. The report describes the consequences that are likely to limit groundwater availability in each area of Hawai‘i’s four largest islands.
B.
USGS constructs groundwater models to assess groundwater availability in Kaua‘i, O‘ahu, and Maui

The USGS created numerical groundwater models to assess groundwater availability for the islands of Kaua‘i, O‘ahu, and Maui. Groundwater withdrawals on these islands account for about 85 percent of the total groundwater withdrawn from Hawai‘i’s volcanic aquifers. The numerical models are designed to quantify the consequences of groundwater development, such as lowering of the water table, rise of saltwater, and reduction in the natural discharge to springs, streams, wetlands, and submarine seeps. Limitations placed on these consequences translate to limits on how much water can be withdrawn from Hawai‘i’s aquifers to meet future human needs. 
Because Hawai‘i consists of separate islands, each surrounded and isolated from one another by saltwater, a separate model had to be created for each island, but the models also had to be consistent to yield comparable results. To achieve this consistency, all models use the same key model aspects, including the capability to simulate freshwater and saltwater in aquifers. In addition, all models were constructed and evaluated using Python scripts, which facilitated (1) automated creation of model input files from consistent data sets, (2) easy adjustment of the models, and (3) automatic generation of graphs, maps, tables, and statistics. To ensure that each model accurately represents its island’s groundwater hydrology, the models must be calibrated. In this study, all models were calibrated to the same period of pumping and recharge using the USGS parameter-estimation software PEST. Calibration of the Kaua‘i and O‘ahu models was completed in FY2016; calibration of the Maui model will be completed in early FY2017.
(2) PROJECT WORK PLAN AND BUDGET FOR FY2017 
The work plan for the Hawai‘i Volcanic Aquifer Study can be summarized in terms of four major tasks:

1.
Describe the hydrogeologic framework, quantify the groundwater budgets, and develop conceptual models of groundwater occurrence and flow. (Completed)
2.
Construct and calibrate steady-state numerical groundwater-flow models.

3.
Use the models to assess groundwater resources—how resources have changed as a result of historical human activities and how impacts from human activity may limit groundwater availability in the future.

4.
Disseminate project findings through publications, community outreach, professional meetings, and project web pages.

Work-plan changes—The original work plan submitted in 2013 indicated that the study would take place from FY2013 though FY2016. Construction and calibration of the numerical groundwater-flow models has taken much longer than anticipated in the original work plan. The delay stems primarily from challenges related to (1) creating three separate groundwater models representing three different islands (Kaua‘i, O‘ahu, and Maui), (2) using a relatively new saltwater-intrusion package (SWI2) of MODFLOW, and (3) calibrating the models with parameter-estimation software (PEST). Estimating the amount of time needed for these tasks for the original work plan was difficult because there was no precedent—none of the previous RGAs had created more than one model or used SWI2. A revised work plan was submitted to the WAUSP coordinators in July 2016. This End-of-Year Report reflects the revised work plan.
In support of the major tasks listed above, the following subtasks will be completed, continued, or initiated in FY2017:  
· Prepare a draft Scientific Investigations Report (SIR) describing the construction and calibration of the models for this study; archive models and data sets.

· Use the models to assess groundwater availability and begin writing a Professional Paper describing the results.
· Continue communication and outreach with stakeholders and the community.
A. Prepare draft SIR describing model construction and calibration
Objective—Prepare a Bureau-approved draft SIR describing model construction and calibration. Archive models. 
Planned Activities for FY2017
· Complete initial draft report (writing started in FY2016)
· Submit draft for peer review; revise

· Archive models and data sets

· Submit report for Bureau approval; revise if necessary. 
Planned goals/products for FY2017—Bureau-approved SIR; archived models and data sets.
B.
Use models to assess groundwater availability
Objective—Use calibrated groundwater models to assess groundwater availability for Kaua‘i, O‘ahu, and Maui. Begin writing report describing results.
Planned Activities for FY2017
· For Kaua‘i, O‘ahu, and Maui, simulate current and predevelopment conditions and compare results to quantify the water-table decline, saltwater rise, and reduction in discharge to streams and coastal ecosystems resulting from 150 years of historical groundwater withdrawal by humans.
· For O‘ahu, estimate changes in groundwater recharge that are likely to result from climate (using the most current information from climate modelers) and land-use changes to about mid 21st century. Simulate these changes in the O‘ahu groundwater model to assess the possible impact of climate change and land use on future groundwater availability.
· Work with the Honolulu Board of Water Supply (HBWS) to project the quantity and location of increases in groundwater withdrawal for O‘ahu to about mid 21st century. Simulate these changes in the O‘ahu groundwater model to assess the impact on future groundwater availability.
· Write a substantial portion of a draft Professional Paper describing methods of model creation and calibration.

Planned goals/products for FY2017—Completion of the numerical-model analyses of groundwater availability. Substantial progress on writing of Professional Paper.
C.
Continue communication and outreach with stakeholders and the community
Objective—Disseminate results to stakeholders and other interested parties.
Planned Activities for FY2017
· Continue communicating and collaborating with stakeholders to ensure project outcomes are relevant to those responsible for managing Hawai‘i’s groundwater. 

· Continue informing stakeholders and the community of new information products as they come available.
· Give technical presentations at conferences such as AGU, AWWA, or GSA to engage and benefit from feedback from colleagues in hydrology and other water-resources professionals. 
· Continue updating project’s website.

Planned goals/products for 2017 —Timely release of information through publications, oral presentations, meetings, and the project website.
D. Budget for FY2017 
The PIWSC requests $270,100 to support the Hawai‘i Volcanic Aquifer study in FY2017. A budget breakdown is shown in Table 1. 
	Table 1. Estimated funding for the Hawai‘i Volcanic Aquifer Study in FY2017. 



	Item
	Cost

	Pacific Islands Water Science Center

	   Salary 
	  $263,200 

	   Equipment/supplies 
	300 

	   Contracts
	-  

	   Publications
	- 

	   Travel
	6,600 

	Total
	$270,100 


(3) NOTEWORTHY COLLABORATIONS, MEETINGS, AND TECHNICAL TRANSFER ACTIVITIES IN FY2016 
USGS gave presentations on groundwater availability at the University of Hawai‘i WRRC on Water-Resource Sustainability on Tropical Islands

USGS hydrologists working on the Hawai‘i Volcanic Aquifer Study gave two talks at the Water-Resource Sustainability on Tropical Islands Conference, organized by the Water Resources Research Center (WRRC) at the University of Hawai‘i. One talk explained how the consequences of groundwater withdrawal can limit the availability of groundwater for human use—this concept is an overarching theme of the Hawai‘i Volcanic Aquifer study, and a critical consideration for managers as demands on Hawai‘i’s aquifers increase. The second presentation detailed how numerical modeling can be used to quantify the effects of groundwater withdrawals and climate change. These talks helped inform the scientists, resource managers, and stakeholders in attendance at the Conference about the Hawai‘i Volcanic Aquifer Study, its objectives and approaches, and its value for advancing how Hawai‘i’s groundwater resources are managed.
USGS described how the Hawai‘i Volcanic Aquifer Study can help develop strategies to mitigate climate-change impacts for Honolulu
Predicted climate-change impacts—particularly sea-level rise and diminished rainfall—portend threats to the water supply and infrastructure of the City and County of Honolulu, which serves drinking water to more than 70 percent of Hawai‘i’s population and most of its industries. Assessment of the impacts of climate change is part of the objectives of the Hawai‘i Volcanic Aquifer Study; the objectives will be met by estimating groundwater recharge for projected future climate conditions and using this recharge in the O‘ahu groundwater model (also developed in the study) to simulate of the impacts to the island’s aquifers. These objectives are of particular interest to engineers and scientists who are working through a grant from the Water Research Foundation to develop strategies to mitigate the impacts of climate change for the Honolulu Board of Water Supply (HBWS). USGS hydrologists met with the engineers and researchers to discuss the Hawai‘i Volcanic Aquifer Study’s objectives, approach, and timelines, and the possibility of collaboration to help the HBWS cope with climate change.
USGS met with the Honolulu Board of Water Supply to discuss future groundwater pumping projections.

One of the objectives of the Hawai‘i Volcanic Aquifer Study is to determine how future demands for water will impact the groundwater resources of O‘ahu. The USGS met with the Honolulu Board of Water Supply (HBWS) initially in 2015 and again in 2016 to review the Hawai‘i Volcanic Aquifer Study and discuss future groundwater pumping projections that can be simulated in the O‘ahu numerical groundwater model. The USGS gave an overview of the general types of scenarios that could be simulated. The meeting was the first step in working collaboratively with the HBWS to ensure that the future pumping scenarios simulated in the O‘ahu model will be plausible considering the HBWS’ projections of future demand.
USGS presented methods for modeling Hawai‘i’s groundwater availability at AGU and the National Groundwater Workshop
Scientific conferences are an opportunity for USGS hydrologists to share their research and get feedback from colleagues on their study’s methods and findings. The USGS presented posters describing the modeling methods of the Hawai‘i Volcanic Aquifer Study at the 2015 Fall meeting of the American Geophysical Union (AGU) and at the USGS’ National Groundwater Workshop. The posters described the challenges presented by a region consisting of multiple islands separated from each other by seawater, the need for multiple separate models, and the methods used to ensure that the separate models would yield comparable results. 
USGS hydrologist interviewed by Hawai‘i Business Magazine
Hawaii Business Magazine ran an article on O‘ahu’s water resources in November, 2015. A USGS hydrologist working on the Hawai‘i Volcanic Aquifer Study was interviewed for part of the article to help explain the hydrogeology of the island, and why O‘ahu has particularly abundant groundwater resources compared to the rest of the State. The media exposure helped inform the general public that the USGS is working to provide scientific information on Hawai‘i’s water resources and a source of hydrologic expertise. 
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 (5) PROJECT TEAM DIRECTORY FOR FY2015
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Hydrologist

U.S. Geological Survey

Pacific Islands Water Science Center

1845 Wasp Blvd, Bldg. 176

Honolulu, Hawai‘i 96818
808-690-9586

skizuka@usgs.gov
Roles: Project lead, principal workplan author, development of hydrogeologic framework, development of conceptual model, groundwater modeling.
Kolja Rotzoll

University of Hawai‘i, Mānoa 

Water Resources Research Center
Currently located at:

U.S. Geological Survey

Pacific Islands Water Science Center 

1845 Wasp Blvd, Bldg. 176

Honolulu, Hawai‘i 96818

808-690-9565
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Roles: Hydrogeologic framework and groundwater modeling.
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California Water Science Center
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San Diego, CA 92101

Phone: 619-225-6148
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Role: Groundwater modeling.
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(6) PHOTOGRAPHS, ANIMATIONS, AND GRAPHICS 
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Featured below are the maps of groundwater recharge that appear in the Hawai‘i Volcanic Aquifer Study’s first major report: Hawai‘i Volcanic Aquifers—Hydrogeology, Water Budgets, and Conceptual Models (SIR 2015-5146) which was published in FY2016. These maps are one of the most anticipated products of the study, as they are used by the State to help manage Hawai‘i’s groundwater resources. Spatial data sets for these maps are available online so that the State and others interested in Hawai‘i’s groundwater can use them for their own purposes.
Figure 1. Distribution of mean annual groundwater recharge for recent land use and average climate conditions (1978-2007), Kaua‘i, Hawai‘i. Dataset available here.
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Figure 2. Distribution of mean annual groundwater recharge for recent land use and average climate conditions (1978-2007), O‘ahu, Hawai‘i. Dataset available here.
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Figure 3. Distribution of mean annual groundwater recharge for recent land use average climate conditions (1978-2007), Maui, Hawai‘i. Dataset available here.
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Figure 4. Distribution of mean annual groundwater recharge for recent land use and average climate conditions (1916-1983), Hawai‘i Island. Dataset available here.
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