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Current ConditionsCurrent Conditions

UpdatesUpdates
 2011 USGS Recharge2011 USGS Recharge
 2011 Rainfall Atlas2011 Rainfall Atlas

Future ConditionsFuture Conditions
 Monitoring ProgramMonitoring Program
 Hawaii WUDP AdoptionHawaii WUDP Adoption

TopicsTopics



April 30, 2008April 30, 2008
American Water Works AssociationAmerican Water Works Association

3434thth Annual ConferenceAnnual Conference

99 Wells



Kona Wells (Basal vs. HighKona Wells (Basal vs. High--Level)Level)

High-Level

Basal
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Keauhou Ground Water PumpageKeauhou Ground Water Pumpage

20 major wells reporting

SY





""Sustainable yieldSustainable yield" means the maximum rate at " means the maximum rate at 
which water may be withdrawn from a water which water may be withdrawn from a water 
source without impairing the utility or quality of source without impairing the utility or quality of 
the water source as determined by the the water source as determined by the 
commission. commission. (HRS(HRS §§174C174C--3  Definitions)3  Definitions)

Water Code and Sustainable YieldsWater Code and Sustainable Yields
Ground Water Protection Updates

•• CWRM discretion and decisionCWRM discretion and decision

•• Can vary depending on circumstances (examples; Ewa Caprock indiCan vary depending on circumstances (examples; Ewa Caprock individual vidual 
well chloride limits, well infrastructure limitations well chloride limits, well infrastructure limitations -- Lanai, Pearl Harbor, Iao?)Lanai, Pearl Harbor, Iao?)

•• 2008 WRPP developed ranges of SY, selecting the minimum SYs whe2008 WRPP developed ranges of SY, selecting the minimum SYs where re 
data was sparse or alternative SYs where data monitoring/analysidata was sparse or alternative SYs where data monitoring/analysis justified s justified 



2008 WRPP Big Island SY2008 WRPP Big Island SY
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 How does CWRM estimate Sustainable Yields?How does CWRM estimate Sustainable Yields?

•• Use best public information available Use best public information available 

•• RAMRAM

•• RAM2RAM2

•• Numerical Models and other public studiesNumerical Models and other public studies
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What is RAM?What is RAM?

Robust Analytical Model (RAM)Robust Analytical Model (RAM)
(Mink, J.F. (Mink, J.F. 1981.Determination of Sustainable Yields, in Groundwater in Hawa1981.Determination of Sustainable Yields, in Groundwater in Hawaii ii ––

A Century of ProgressA Century of Progress, Water Resources Research Center, University of Hawaii), Water Resources Research Center, University of Hawaii)
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Conceptual RAM ModelConceptual RAM Model
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Conceptual RAM ModelConceptual RAM Model
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By combining Darcy’s Law, conservation of mass, and GH principle - RAM Model:
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John MinkJohn Mink’’s Robust Analytical Model (RAM)s Robust Analytical Model (RAM)
(Mink, J.F. 1981.Determination of Sustainable Yields, in:Groundw(Mink, J.F. 1981.Determination of Sustainable Yields, in:Groundwater in Hawaii ater in Hawaii –– A Century of Progress, A Century of Progress, 

Water Resources Research Center, University of Hawaii)Water Resources Research Center, University of Hawaii)

D = I{1 – (h/H)2}
D = allowable draft (i.e. sustainable yield)
I  = Recharge
H = original head before pumping (important calibration point)
h  = equilibrium head

Limitations
•Assumes uniform distribution (optimized) pumpage
•Difficult, if not impossible, to define original & equilibrium head
•Does not directly assess changes in chlorides or water levels at a specific well
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John MinkJohn Mink’’s Robust Analytical Model (RAM)s Robust Analytical Model (RAM)
(Mink, J.F. 1981.Determination of Sustainable Yields, in:Groundw(Mink, J.F. 1981.Determination of Sustainable Yields, in:Groundwater in Hawaii ater in Hawaii –– A Century of Progress, A Century of Progress, 

Water Resources Research Center, University of Hawaii)Water Resources Research Center, University of Hawaii)
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John MinkJohn Mink’’s Robust Analytical Model (RAM)s Robust Analytical Model (RAM)
(Mink, J.F. 1981.Determination of Sustainable Yields, in:Groundw(Mink, J.F. 1981.Determination of Sustainable Yields, in:Groundwater in Hawaii ater in Hawaii –– A Century of Progress, A Century of Progress, 

Water Resources Research Center, University of Hawaii)Water Resources Research Center, University of Hawaii)
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John MinkJohn Mink’’s Robust Analytical Model (RAM)s Robust Analytical Model (RAM)
(Mink, J.F. 1981.Determination of Sustainable Yields, in:Groundw(Mink, J.F. 1981.Determination of Sustainable Yields, in:Groundwater in Hawaii ater in Hawaii –– A Century of Progress, A Century of Progress, 

Water Resources Research Center, University of Hawaii)Water Resources Research Center, University of Hawaii)



2008 WRPP Big Island SY2008 WRPP Big Island SY
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Observed Water Level BehaviorObserved Water Level Behavior
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Observed Water Level BehaviorObserved Water Level Behavior



Observed Water Level BehaviorObserved Water Level Behavior



Big IslandBig Island Recharge UpdateRecharge Update
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Big IslandBig Island Recharge UpdateRecharge Update



Effect on WRPP Big Island SYEffect on WRPP Big Island SY



Effect on WRPP Big Island SYEffect on WRPP Big Island SY
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Online Rainfall Atlas UpdateOnline Rainfall Atlas Update



Online Rainfall Atlas UpdateOnline Rainfall Atlas Update

2011 
1986

500

750

1000

1500500

750



Kona Ground Water Monitoring UpdateKona Ground Water Monitoring Update
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2011 Hawaii WUDP Update2011 Hawaii WUDP Update
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2011 Hawaii WUDP Update2011 Hawaii WUDP Update



2011 Hawaii WUDP Update2011 Hawaii WUDP Update



2011 Hawaii WUDP Update2011 Hawaii WUDP Update

 Hawaii WUDP adopted Hawaii WUDP adopted 
by county ordinance by county ordinance 
Feb Feb ’’1111

 CWRM Public hearing CWRM Public hearing 
Aug Aug ‘‘1111

 National Park Service National Park Service 
commentscomments

 Staff responseStaff response

 CWRM action Dec CWRM action Dec ’’1111
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Kona Ground Water IssuesKona Ground Water Issues

 Current SY estimates appear conservative, but latest Current SY estimates appear conservative, but latest 
hydrological information means the current SY range hydrological information means the current SY range 
does not consider best information available.does not consider best information available.

 Need to increase monitoring network for better Need to increase monitoring network for better 
management.  Selecting alternative SY to minimum SY management.  Selecting alternative SY to minimum SY 
estimates require this to happen.estimates require this to happen.

 Hawaii WUDP is ready for Commission action next Hawaii WUDP is ready for Commission action next 
month (December month (December ‘’‘’11) and provides best estimate for 11) and provides best estimate for 
future demands on the resource up to 2025.future demands on the resource up to 2025.


