WATER AVAILABILITY AND USE SCIENCE PROGRAM
work plan for the completion of the hawaii Volcanic aquifer regional groundwater availablity study
Prepared by the Pacific Islands Water Science Center
INTRODUCTION
The volcanic islands of Hawaii (fig. 1), as a group, form one of the principal aquifers in the United States (Reilly and others, 2008). In 2012, a work plan was prepared for the Hawaii Volcanic Aquifer Study (HVAS), an effort to assess groundwater availability in Hawaii’s volcanic aquifers. At the time, the study was part of the Groundwater Resources Program’s (GWRP) regional groundwater availability assessments (RGAs). The RGAs became part of the Water Availability and Use Science Program (WAUSP) in October 2015. 
The original work plan indicated that the study would take place from FY13 though FY16, with some startup funding in the fourth quarter of FY12. Some tasks in the work plan were modified in accordance with recommendations from the 2015 Office of Groundwater (OGW) Technical Review team, and with consultation with the GWRP coordinator. 
The first task was to describe the hydrogeologic framework, quantify groundwater budget, and develop conceptual models of groundwater occurrence and flow (table 1). This task has been completed and a report has been published (SIR 2015-5146). For reasons discussed below, the remainder of the HVAS has fallen behind the timeline in the original work plan and faces the prospect of depleting funds before the project can be completed.
PROBLEM
The second task, construction and calibration of steady-state numerical groundwater-flow models (table 1), is taking 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 (Kauai, Oahu, and Maui), (2) using a relatively new saltwater-intrusion package (SWI2) of MODFLOW (Bakker and others, 2013), and (3) calibrating the models with parameter-estimation software (PEST) (Doherty, 2010; Doherty and Hunt, 2010) (table 2). 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 to create a model. Accommodating recommendations from the 2015 OGW Technical Review team to ensure consistency among the three models (table 2) caused the first major departure from the original time line. Also, calibration using PEST was not part of the original work plan, but was added at the urging of the GWRP coordinator and the 2015 OGW Technical Review team. No previous studies had used PEST to successfully calibrate an SWI2 model. The use of PEST to calibrate SWI2 models can be problematic because each SWI2 model run requires a long execution time and each PEST run requires hundreds of SWI2 model runs. The HVAS has worked closely with the OGW and a PEST expert to deal with this problem (table 2). The collaboration has been very helpful in finding solutions, but implementation of the solutions has caused model creation and calibration to fall even farther behind the work plan. 
Delays in the completion of task 2 will delay task 3—analysis of groundwater availability, preparation of the Professional Paper and Fact Sheet, and release of related data sets (table 1). Parts of task 4 are already complete, such as creation of the project website and participation in outreach, but other activities, such as communicating study results through outreach with stakeholders, will be delayed. These delays will not only set back completion dates, but will also affect funding distribution and requirements. The purpose of this work plan is to seek resolution to these problems. 
RELEVANCE AND BENEFITS
Results of the HVAS are critical to the management of Hawaii’s fresh groundwater resources, on which 1.4 million residents (U.S. Census Bureau, 2011), diverse industries, and a large component of U.S. military presence in the Pacific rely. Groundwater provides about 93 percent of water for public supply in Hawaii (SIR 2015-5146). Groundwater also supplies natural base flow to streams and discharge to coastal ecosystems; these flows support legally recognized cultural practices, aesthetic and recreational uses, and habitat for aquatic biota, including some threatened and endangered endemic species. Although Hawaii receives abundant rainfall, groundwater availability is limited by the consequences of pumping groundwater, such as saltwater rise, streamflow reduction, reduced flow to coastal ecosystems, and water-table decline. The major goal of the HVAS is to quantify the impacts of historical groundwater development and use this information to assess which consequences are likely to limit groundwater availability in the future. The study will also demonstrate to resource managers that the means to quantify the consequences is available. This can provide impetus for substantial advancement in the way groundwater resources are managed in Hawaii. 
Resolution of the principal cause of the setbacks in completion of the HVAS—working through calibration of SWI2 models using PEST— will also be of substantial value to ongoing and future RGAs (such as the Floridan Aquifer Study) that are considering the use of SWI2.
PROPOSED RESOLUTION
The problems described above were discussed at a meeting with WAUSP in Honolulu in May 2016. Possible approaches to mitigate the problems were also discussed, including modifying the tasks in the original work plan and requesting additional funding. These approaches are discussed in detail below.
Modifying Tasks
Use One Method for Groundwater Recharge Estimates—Consistent with the original work plan, groundwater recharge for predevelopment and current conditions was estimated for tasks 1 and 2 of the HVAS (table 1) using a computer program (herein called the “Hawaii Recharge Code”) that had been developed specifically for Hawaii and used in several previous studies (e.g., Engott, 2011). The USGS Soil Water Balance (SWB) model (Westenbroek and others, 2010) did not have the features needed to accurately estimate recharge in tropical islands. A separately funded study to revise SWB was conducted concurrently with HVAS, and the HVAS staff had agreed to consider using the results for task 3 if they were available in time. The SWB revision effort produced recharge estimates for Kauai, Oahu, and Maui for model verification, but neither the documentation of the SWB revision nor its recharge estimates for Hawaii have been published yet. Using the SWB results at this stage would (1) require additional HVAS resources to archive and release the new data sets, and (2) require an explanation of why a consistent method was not used throughout the entire study. Whereas HVAS funding and time are already overtaxed, and recognizing that differences between the recharge estimated by the two methods are small, this revised work plan proposes to forego SWB, and use the Hawaii Recharge Code estimates for all tasks requiring recharge. WAUSP concurred with this approach in the May 2016 meeting. 
Eliminate Transient Simulations—According to the original HVAS work plan, the groundwater models would be created and calibrated in the transient mode, if adequate data are available. After discussions with the 2015 OGW Technical Review team, it was decided that steady-state simulations would be more appropriate because of the lack of aquifer-storage data and funding to compute fine-scale time-series data for recharge for Hawaii. With agreement from the GWRP coordinator, the modeling task was revised so that steady-state models would be constructed and calibrated (task 2, table 1), and these models would be used to simulate the impacts of historical groundwater development (task 3). The HVAS staff agreed to do transient simulations for future conditions using a range of storage values and linearly varying recharge, but such a transient simulation would be largely hypothetical. Given the funding and time challenges facing the HVAS, this revised work plan proposes to forego the transient model simulations of future conditions. The HVAS will do steady-state simulations of future conditions.
Approach for Modeling Report—At the WAUSP meeting in May 2016, concern was raised that the report describing groundwater-model construction and calibration (table 1, task 2) would be time consuming and burdensome to review because it would cover three separate models, and that finding reviewers for such a report would be difficult. Representatives from WAUSP, the Water Science Field Team, and the Pacific Islands Water Science Center (PIWSC) addressed these issues in a conference call in June 2016. A final decision on how to handle the reviews will be made when the draft report is completed, but the conference-call participants developed a plan to make review of the modeling report more tractable. All three models will be described in a single report (rather than three separate reports), aspects common to all models will be described in a section near the front of the report, and aspects related to a specific model will be presented in a separate section for that model. In addition, the modeling report will have only a short review of hydrogeology, water budgets, and conceptual models, because those topics were already described in detail in SIR 2015-5146. The modeling report will also contain no descriptions or results from analyses of groundwater availability; those discussions will be deferred to the Professional Paper.
Additional Funding
In the original work plan, total gross funding of $2,300,000 was distributed over 4.25 years. The GWRP planned to distribute the funding nearly equally among the years, starting with $100,000 in the 4th quarter of FY12, and $550,000 in each of the following four years (table 3). The PIWSC asked to have the last year of funding split between FY16 ($424,000) and FY17 ($126,000); this request was granted by WAUSP. WAUSP also provided an additional $6,000 in FY16 to cover the costs of a workshop and consultation for PEST, bringing the total funding for FY16 to $430,000. Due to the substantial extra time and resources spent creating multiple models using relatively new software as discussed above, the HVAS cannot be realistically completed within these time and funding levels.
Completion of the remaining tasks of the HVAS is projected to extend into FY18, with final report publication in FY19 (table 4). Table 5 shows the estimated gross funding to complete the study distributed over FY17 and FY18. Funding for FY17 tasks is $270,100; subtracting $126,000 that has already been assigned previously with agreement from WAUSP, the additional funding needed in FY17 is $144,100. Estimated gross funding for FY18 tasks is $106,000. 
It should be noted that, in accordance with suggestions from WAUSP during its meeting with the HVAS in May 2016, and subsequent telephone and email discussions:
1. 	These estimates are for a worst-case scenario, that is, they use the highest reasonable estimate of time and funding required to complete each remaining task. It is possible that some tasks will take less time.
2.	To address a request by WAUSP, the estimate includes additional time for outreach activities, such as stakeholder communication. 
3.	Although virtually all of the writing for the Professional Paper and Fact Sheet (table 1, task 3) is expected to be done in FY18, table 4 projects that the final publication of these reports will be in FY19. The projection is based on experience with SIR 2015-5146, which spent nearly eight months in the Science Publishing Network (SPN) between Bureau approval and final publication. It is possible that the publication process for the Professional Paper and Fact Sheet will not take as long, but this depends mostly on SPN and is largely out of the control of the HVAS authors. If final publication extends into FY19, some of the funding from FY18 will be carried over into FY19.
4.	The funding estimate assumes that the PIWSC will not incur costs for report peer reviews from outside the science center. Although most science colleagues provide peer reviews on an in-kind basis, some reviewers may request reimbursement for large or complex reports. If so, WAUSP indicated that they may be able to provide funding for peer reviews.
5.	Science support in the PIWSC covers technical assistance and review from the science-center groundwater specialist, publication costs, and other support activities. 
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Figure 1. Main islands of Hawaii.


	Table 1. Summary of approach tasks for the Hawaii Volcanic Aquifer Study 

[SIR, Scientific Investigations Report]

	Task
	Description
	Deliverables

	
	
	Item
	Completion date in original work plan

	1
	Describe hydrogeologic framework, quantify groundwater budget, and develop conceptual models of groundwater occurrence and flow

	SIR, related data sets 
	Approved draft by March 31, 2015

	2
	Construct and calibrate steady-state numerical groundwater-flow models

	SIR, archived models, related data sets 
	Approved draft by June 30, 2016

	3
	Use models to assess groundwater resources, how they have changed as a result of historical human activities, and how impacts from human activity may limit groundwater availability in the future
	Professional Paper, Fact Sheet, archived models, related data sets

	Approved drafts by September 30, 2016

	4
	Other dissemination of project findings
	Project website, professional meetings, outreach
	Continues through duration of project





	Table 2. Summary of events related to construction and calibration of the groundwater models for the Hawaii Volcanic Aquifer Study 

[HVAS, Hawaii Volcanic Aquifer Study; PEST, Parameter Estimation software; SWI2, MODFLOW’s Saltwater Intrusion package (version 2); WAUSP. Water Availability and Use Science Program; OGW, Office of Ground Water]


	Date
	Event

	January-April 2015
	Initial models of Kauai, Oahu, and Maui were created by three different HVAS modelers. Each modeler used different model-construction methods, but the modelers had agreed in advance on many of the aspects that were to be consistent among the models.

	May 2015
	2015 OGW Technical Review—Review team recommends revision of model-construction workflow to further ensure consistency among the three HVAS models. Review team and GWRP coordinator also encourage the use of PEST for calibration. Workflow revision and model reconstruction took about 3 months. Thereafter, some model adjustments made; some manual calibration.

	November 2015
	PEST workshop in Honolulu—A PEST expert was sent to Hawaii to train HVAS staff to use PEST. PEST was also set up for Oahu model. Other models set up with PEST over following month. HVAS staff proceeded with using PEST and SWI2.

	February 2016
	Conference call to discuss progress and challenges of SWI2/PEST—Participants include HVAS, WAUSP, OGW, and a PEST expert. The problem put forth was that each SWI2 model run requires long execution time and the model is executed hundreds of times per PEST run. A PEST run therefore takes many days, and several PEST runs are typically needed to calibrate a model. The PEST/SWI2 combination can be impractically long unless methods are devised to shorten individual model runs. Some solutions were offered during the conference call; HVAS modelers tried these options over next two months.

	April 2016
	Solutions from February conference call did not work; models still not completed. HVAS requested another conference call (same attendees as in February) and expressed concern that model calibration is far behind schedule. HVAS proposed a strategy that is a hybrid of PEST and manual calibration. OGW and PEST expert agree to the strategy. 




	Table 3. Current gross funding by fiscal year for the Hawaii Volcanic Aquifer Study

	Fiscal year
	Gross funding

	
	Original work plan
	Current distribution

	2012
	$100,000
	$100,000

	2013
	$550,000
	$550,000

	2014
	$550,000
	$550,000

	2015
	$550,000
	$550,000

	2016
	$550,000
	$430,000

	2017
	 
	$126,000





Table 4. Proposed revised timeline for completion of the Hawaii Volcanic Aquifer Study
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	Table 5. Estimated additional funding required to complete the Hawaii Volcanic Aquifer Study 

[WAUSP, Water Availability and Use Science Program]


	Item
	FY17
	FY18

	
	Hours
	Rate
	Cost
	Hours
	Rate
	Cost

	PIWSC
	 
	 
	 
	 
	 
	 

	Estimated labor
	 
	
	
	 
	
	 

	Scot Izuka
	977
	$71.20
	$69,600
	806
	$74.76
	$60,300

	Adam Johnson
	228
	48.66
	11,100
	0
	51.09
	0

	Kolja Rotzoll
	532
	54.04
	28,800
	0
	56.75
	0

	Other expenses
	 
	
	
	 
	
	 

	Equipment and supplies
	 
	
	200
	 
	
	200

	Travel
	 
	
	4,000
	 
	
	4,000

	Total estimated labor and other expenses
	 
	
	$113,700
	 
	
	$64,500

	Assessments on additional funding
	 
	
	
	 
	
	 

	Science support
	 
	
	22,700
	 
	
	12,900

	Overhead
	 
	
	51,500
	 
	
	29,200

	Gross funding
	 
	
	$187,900
	 
	
	$106,600

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	CAWSC
	 
	
	 
	
	
	 

	Estimated labor
	 
	
	 
	
	
	 

	Tracy Nishikawa
	662
	$82.03
	$54,300
	0
	$86.13
	$0

	John Engott
	 
	
	 
	
	
	 

	Total estimated labor
	 
	
	$54,300
	
	
	$0

	Assessments on additional funding
	 
	
	 
	
	
	 

	Science support
	 
	
	0
	
	
	0

	Overhead
	 
	
	27,900
	
	
	0

	Gross funding
	 
	
	$82,200
	
	
	$0

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	Total gross funding
	 
	
	$270,100
	
	
	$106,600

	Already assigned in previous agreements
	 
	
	126,000
	
	
	0

	Additional funding required
	 
	
	$144,100
	
	
	$106,600
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Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Oahu calibration, predevelopment scenarios

Run SWI-PEST x x

Manual final calibration x x

Archive x

Report contribution x x

Kauai calibration, predevelopment scenarios

Run SWI-PEST x x

Manual final calibration x x

Archive x

Report contribution x x

Maui calibration, predevelopment scenarios

Reorganize caprock zones x

Adjust stream coverage x

Predevelopment prep x

List for regularization x

Run PEST-SWI x x x

Manual final calibration x

Archive x

Report contribution x

Oahu future scenarios

Future recharge, archive x x x

Future pumping x x

Archive (GW model) x

Report contribution x x

Model SIR

Writing x x x

Review x

Revise x x

Bureau approval: October 1, 2017

Publication release: April 1, 2018

Professional Paper

Writing x x x

Review x

Revise x x

Bureau approval: July 1, 2018

Publication release: January 1, 2019

Fact sheet

Writing x

Review x

Revise x x

Bureau approval: July 1, 2018

Publication release: January 1, 2019

Release hydrogeology shapefiles x x

Assisting Maui model x

Stakeholder communication, outreach x x x x x

Project management x x x x x x x x x x

FY 16 FY 17 FY 18

Task


