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Criteria for Designation

Authorized planned use > 90% SY

Withdrawals causing saltwater intrusion

Chlorides increasing

+» EXxcessive preventable waste is occurring

5) DOH finds actual or threatened water quality degradation
Serious disputes over water use are occurring

7)  Declining groundwater levels

Public development projects may result in one the above

N
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@

@®

(HAR §13-171-7; HRS §174C-44 )

*NPS Petition pages 23 - 47



Outline

m Potential threats
m Hydrogeology
m Aquatic habitat

m Scientific uncertainty



Water Resources

Kaloko-Honokdohau
National Historical Park




Pumping Wells
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Desalination

“Desalination is a costly, but viable resource enhancement measure...
the area between Queen Kaahumanu Highway and Mamalahoa

Highway might be a suitable location for brackish water wells.”
2010 Hawaii County Water Use and Development Plan Update
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Presentation Notes
Fukunaga & Associates, Inc., 2010. Hawaiʻi County Water Use and Development Plan Update, Hawaiʻi Water Plan, Final Report, August 2010. Prepared for the County of Hawaiʻi Department of Water Supply, Hawaiʻi. 



Hydrogeology

Recharge & discharge areas
Conceptual models
Mathematical models
Monitoring data



Temperature

s 31 major
groundwater
discharge plumes
along Kona coast

University of Hawaii
(Johnson et al. 2008)


Presenter
Presentation Notes
Johnson, A. G., Glenn, C.R., Burnett, W.C., Peterson, R.N., and P.G. Lucey, 2008. Aerial infrared imaging reveals large nutrient-rich groundwater inputs to the ocean. Geophysical Research Letters, 35: L15606, doi:10.1029/2008GL034574.


Salinity

(Grossman et al. 2010)
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Grossman, E.E., Logan, J.B., Presto, M.K., and C.D. Storlazzi, 2010. Submarine groundwater discharge and fate along the coast of Kaloko-Honokōhau National Historical Park, Island of Hawaiʻi, Part 3, Spatial and temporal patterns in nearshore waters and coastal groundwater plumes, December 2003–April 2006. U.S. Geological Survey. Scientific Investigations Report 2010-5081.


roundwater Recharge

(Engott et al. 2011)
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Engott, J.A., 2011, A water-budget model and assessment of groundwater recharge for the Island of Hawai‘i: U.S. Geological Survey Scientific Investigations Report 2011–5078, 53 p.


Conceptual Models

(Courtesy of S. Anthony, USGS, 2012)



Conceptual Models

(USGS Open File Report 2009-1135)
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Pierce, H.A., and Thomas, D.M., 2009, Magnetotelluric and audiomagnetotelluric groundwater survey along the Humu’ula portion of Saddle Road near and around the Pohakuloa Training Area, Hawaii (ver. 1.1): U.S. Geological Survey Open-File Report 2009–1135, 160 p., available at http://pubs.usgs.gov/ofr/2009/1135/ofr2009-1135.pdf. 



Conceptual Models

(USGS Open File Report 2014-1173)

*NPS Petition pages 44 - 46
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Tillman, F.D, Oki, D.S., and Johnson, A.G., 2014, Water-chemistry data collected in and near Kaloko-Honokōhau National Historical Park, Hawai‘i, 2012–2014: U.S. Geological Survey Open-File Report 2014-1173, 14 p., http://dx.doi.org/10.3133/ofr20141173.



Geochemistry

(Courtesy of J. Fackrell, UH, 2012)

Our results indicate that a hydrologic connection exists between the
high-level and basal systems and that withdrawals from the high-
level system have the potential to impact the quantity and quality of

basal groundwater and the SGD it feeds.
University of Hawaii (Fackrell & Glenn 2014)
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Presentation Notes
Fackrell, J. and C. Glenn, 2014. How much do high-level aquifers impact SGD and the coastal zone in Hawaii? Unscrambling the SGD mis with water isotopes. Poster presentation 1068, 2014 Ocean Sciences Meeting, Honolulu, Hawaii. Abstract available at http://www.sgmeet.com/osm2014/viewabstract.asp?AbstractID=15422.


Effects of Groundwater Withdrawal

(USGS Water-Resources Investigation Report 03-4178)
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Presentation Notes
Carruth, R.L., 2003, Ground-Water Resources of Saipan, Commonwealth of the Northern Mariana Islands: U.S. Geological Survey Water-Resources Investigations Report 03-4178, 3 Plates.


Effects of Groundwater Withdrawal

(Courtesy of S. Anthony, USGS, 2012)



Mathematical Models

Robust Analytical Model

m Basal aquifer

m Recharge and wells
evenly distributed

m  Sharp interface

(2008 Water Resources Protection Plan)

SY = Recharge X

Postdevelopment water level ?
Predevelopment water level
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State of Hawaii, 2008. Hawaii Water Plan, Water Resources Protection Plan, June 2008. Prepared by Wilson Okamoto Corporation for State of Hawaii Commission on Water Resource Management.


Mathematical Models

Sustainable Yield for Keauhou Aquifer System:
m \Water levels reduced by 25%
m Coastal discharge reduced by 44%

m Does not explicitly consider water needed non-
consumptive public trust uses

*NPS Petition pages 23-25



Mathematical Models

1999 USGS numerical model 2015 USGS numerical models

* Deep well data

* New recharge estimates

- Water level decline = 0.5 ft
* Discharge reduced 47% « Geochemistry

*NPS Petition pages 11, 23-25, 41 and 44-46

(Oki et al. 1999)
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State of Hawaii, 2008. Hawaii Water Plan, Water Resources Protection Plan, June 2008. Prepared by Wilson Okamoto Corporation for State of Hawaii Commission on Water Resource Management.

Oki, D.S., Tribble, G.W., Souza, W.R., and E.L. Bolke, 1999. Ground-water resources in Kaloko-Honokōhau National Historical Park, Island of Hawaiʻi, and numerical simulation of the effects of ground-water withdrawals. U.S. Geological Survey. Water-Resources Investigations Report 99-4070.


Monitoring

Monthly (periodic)

15-min (continuous)



Periodic Data (provisional)

(Sparks 1963 ; Kikuchi & Belshe 1971; Maciolek & Brock 1974; Brock & Kam 1997; Marine Research Consultants 2000; TNWRE
2002; Bienfang 2007; Knee et al. 2008 ; Dollar & Nance 2012; NPS 2013)

*NPS Petition page 29
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Knee, K., Street, J., Grossman, E., and A. Paytan, 2008. Submarine ground-water discharge and fate along the coast of Kaloko-Honokōhau National Historical Park, Island of Hawaiʻi, Part 2, spatial and temporal variations in salinity, radium-isotope activity, and nutrient concentrations in coastal waters, December 2003–April 2006. U.S. Geological Survey. Scientific Investigations Report 2008-5128.
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Marine Research Consultants, 2000. An assessment of potential effects to the marine and pond environments in the vicinity of the Kaloko Industrial Park, phases III and IV, North Kona, Hawaiʻi. Appendix B in Final Environmental Impact Statement, Kaloko Industrial Park, Phases III & IV, Kaloko, North Kona, Hawaiʻi, October 2000. Prepared for Wilson Okamoto & Associates, Honolulu, Hawaiʻi.

National Park Service, 2013. Pacific Island Network Anchialine Pool Database. Available at https://irma.nps.gov/App/Reference/Profile/2192753 (accessed 30 January 2013).
Sparks, A. K., 1963. Survey of the oyster potential of Hawaiʻi. Honolulu, Division of Fish and Game.

Tom Nance Water Resources Engineering (TNWRE), 2002. Assessment of the potential impact on water resources of the proposed Kaloko-Honokohau Business Park in North Kona, Hawaiʻi. Prepared for Lanihau Partners, LP, Honolulu, Hawaiʻi.




Periodic Data (provisional)

(Oki et al. 1999; Brock & Kam 1997; TNWRE 2008; USGS 2013; Waimea Water Services 2006; Bienfang 2007; Dollar & Nance
2012)
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Bienfang, P., 2007. Assess nutrient sources, fluxes, and water quality of ponds within the Kaloko-Honokohau National Historical Park, Final Report. Unpublished Report-2186087. Hawaiʻi-Pacific Islands Cooperative Ecosystem Studies Unit, University of Hawaiʻi at Manoa, Honolulu, Hawaiʻi.
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Oki, D.S., Tribble, G.W., Souza, W.R., and E.L. Bolke, 1999. Ground-water resources in Kaloko-Honokōhau National Historical Park, Island of Hawaiʻi, and numerical simulation of the effects of ground-water withdrawals. U.S. Geological Survey. Water-Resources Investigations Report 99-4070.

Tom Nance Water Resource Engineering (TNWRE), 2008. Assessment of the potential impact on water resources of the proposed Oʻoma Beachside Village in North Kona, Hawaii. Appendix A in Oʻoma Beachside Village Preliminary Final Environmental Impact Statement, North Kona, Hawaii, December 2009. Prepared for Oʻoma Beachside Village, LLC, Atascadero, California.

U.S. Geological Survey, 2013. National Water Information System data available on the World Wide Web (USGS Water Data for the Nation). Available at http://waterdata.usgs.gov/nwis.

Waimea Water Services, Inc., 2006. Geology and ground-water hydrology in the vicinity of Honokohau Harbor, a field study by Waimea Water Services, Inc., assisted by Mink and Yuen, Inc. In Kona Kai Ola Final Environmental Impact Statement, July 2007, Appendix G-1. Prepared for Jacoby Development, Inc. 








Continuous Data

Start of pumping/injection/irrigation
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Natural Fluctuations

Barometric pressure

Well

Ocean tide



Regional Trends

http://hi.water.usgs.gov/recent/westhawaii/pumpage.htm!

http://www.wrcc.dri.edu

http://tidesandcurrents.noaa.gov/index.shtml



Removing Natural Fluctuations

Filtered Water Level: Visitor Center Well (KAHO1)

Variance reduced by 97%

March 2011 earthquake



Removing Natural Fluctuations

Filtered Salinity: Upper Kaloko Road (KAHO?2)

No reduction in variance




Periodic Data



(Courtesy of C. Hunt, USGS, 2010)




Declining Rainfall

University of Hawaii climate researchers encouraged the Commission to
determine which non-designated areas are most threatened by climate-
related trends, and commence the process of designating such areas.

University of Hawaii (Wallsgrove & Penn 2012)

(Courtesy of A. Frazier, University of Hawaii, 2014)
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Wallsgrove, R., and D. Penn, 2012. Water Resources and Climate Change Adaptation in Hawaiʻi: Adaptive Tools in the Current Law and Policy Framework. University of Hawaiʻi, Center for Island Climate Adaptation and Policy, Honolulu, Hawaiʻi.


2005 Water Use in Designated Areas

(2008 Water Resources Protection Plan; http://dinr.hawaii.gov/cwrm/groundwater/activities/keauhou/)



Summary

s RAM/1999 USGS models predict water levels and
coastal discharge will decline due to planned water use

m \Water demand is increasing
m Rainfall is declining
m Withdrawals in the area of the park are increasing



Aquatic Habitat

m Rare native species in anchialine pools and wetlands
m Culturally important fish and limu
m Potential effects of reducing groundwater discharge

*NPS Petition pages 11 - 16



Anchialine Pools

(Tango 2010)

Larva displayed a threshold response to salinity above 15 ppt
with no naiads surviving at 20 ppt. The results of this study
raise awareness of the importance of water quality and quantity

for organisms in these rare environments.
University of Hawaii (Tango 2010)
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Presentation Notes
Tango, L.K.K., 2010. The effect of salinity and temperature on survival of the orange-black Hawaiian damselfly, Megalagrion xanthomelas. Master’s Thesis, University of Hawaiʻi at Hilo, Hawaiʻi.


Saltwater intrusion and reduced freshwater discharge may

adversely affect the long-term recovery of Hawaiian waterbirds.

(U.S. Fish & Wildlife Service 2011)
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U.S. Fish & Wildlife Service, 2011. Recovery plan for Hawaiian Waterbirds, Second Revision, Region 1. U.S. Fish and Wildlife Service, Portland, OR.


Sustained freshwater discharge into estuaries and natural
estuarine conditions are primary mechanisms influencing

suitable fish habitat and enhanced juvenile fish recruitment.
Hawaii Dept. of Aquatic Resources (Shimoda et al. 2014)

Bays with Hawaiian fishponds may need further protection to

restore the native striped mullet.

Hawaii Dept. of Aquatic Resources (Nishimoto et al. 2007)
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Nishimoto, R.T., Shimoda, T.E. and L.K. Nishiura, 2007. Mugilids in the Muliwai: a tale of two mullets. Pages 143-156 in N.L. Evenhuis and J.M. Fitzsimons, editors. Biology of Hawaiian Streams and Estuaries. Bishop Museum Bulletin in Cultural and Environmental Studies, vol. 3.

Shimoda, T.E., Sakihara, T.S., Nishiura, L.K., Shindo, T.T., and K.A. Peyton, 2014. Investigations of Hawaiian estuaries as fish habitat: species assemblages, abundance, biomass, and seaonality from three estuary types. Poster presentation 3011, 2014 Ocean Sciences Meeting, Honolulu, Hawaii. Abstract available at http://www.sgmeet.com/osm2014/viewabstract.asp?AbstractID=17685.
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Excessive groundwater withdrawals may limit the
productivity and distribution of culturally important species

such as the native limu manauea.
University of Hawaii (Duarte et al. 2010)
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Amato, D., 2009. The physiological effect of submarine groundwater discharge on the Hawaiian endemic edible alga Gracilaria coronopifolia. Master’s thesis. University of Hawaiʻi at Manoa, Honolulu, Hawaiʻi.

Duarte, K., Pongkijvorasin, S., Roumasset, J., Amato, D., and K. Burnett, 2010. Optimal management of a Hawaiian Coastal aquifer with nearshore marine ecological interactions. Water Resources Research, 46: W11545, doi:10.1029/2010WR009094.






Coastal Waters

(Courtesy of T. Wiegner, Univ. of Hawaii, 2014)

At current nutrient-loading rates, Honokohau Bay will exhibit

evidence of further degradation in future years.
University of Hawaii (Parsons et al. 2010)

“Decreases in groundwater discharge may significantly alter the
chemical properties of coastal waters endangering unique plants

and animal species with ecological, cultural and economic value.”
University of Hawaii (Duarte et al. 2010)
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Duarte, K., Pongkijvorasin, S., Roumasset, J., Amato, D., and K. Burnett, 2010. Optimal management of a Hawaiian Coastal aquifer with nearshore marine ecological interactions. Water Resources Research, 46: W11545, doi:10.1029/2010WR009094.

Parsons, M.L., Walsh, W.J., Settlemier, C.J., White, D.J, Ballauer, J.M., Ayotte, P.M., Osada, K.M., and B. Carman, 2008. A multivariate assessment of the coral ecosystem health of two embayments on the lee of the island o Hawai‘i. Marine Pollution Bulletin, 56, 1138-1149.
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Kaloko-Honokohau National Historical Park
www.nps.gov/kaho
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