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Preface	
	
	

In	response	to	the	September	13,	2013	petition	filed	by	the	Kaloko‐Honokōhau	
National	 Historical	 Park	 to	 designate	 the	 Keauhou	 Aquifer	 System	 as	 a	
Groundwater	Management	Area,	four	professionals	prepared	summaries	of	their	
ongoing	work	in	the	region.	
	
The	 findings	 of	 these	 studies	 come	 to	 a	 consistent	 conclusion:	 no	 evidence	
collected	to	date	indicates	that	withdrawals	of	groundwater	resources	from	the	
high‐level	 and	 basal	 aquifers	 in	 the	 northern	 section	 of	 the	 Keauhou	 Aquifer	
System	 have	 negatively	 impacted	 basal	 groundwater,	 the	 ponds,	 and	 the	
nearshore	marine	waters.	
	
This	document	 summarizes	 their	decades	of	work	 in	 and	around	 the	Keauhou	
Aquifer	 System	 area.	 	 These	 collective	 scientific	 investigations	 and	 research	
address	the	issues	from	several	perspectives:	looking	at	the	area’s	quantity	and	
quality	of	water	 in	 the	subsurface,	 in	anchialine	pools,	 in	 fish	ponds	and	 in	 the	
nearshore	marine	environment.	 	This	document	contains	findings	 from	all	 four	
reports.	
	
The	 	reports	 	are	 	presented	 	to	 	the	 	Kona	 	Water	 	Roundtable,	 	a	 	cooperative	
assembly	of	government	representatives,	professionals,	landowners,	consultants	
and	others	who	share	an	 interest	and	concern	 for	 the	condition	of	 the	aquifer.	
The	 Roundtable	 is	 a	 venue	 to	 share	 information.	 The	 reports	 provide	 a	
comprehensive	 look	 at	 respective	 findings	 and	 conclusions	 of	 their	 ongoing	
research.	
	
Following	are	highlights	of	their	respective	findings.	 	This	is	followed	by	a	map	
of	the	region	and	Executive	Summaries	of	each	report.	
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Summary of Findings: 

Steve Bowles, Groundwater Geologist 
	“Cumulative	 hydro‐geologic	 data	 and	
field	observations	of	the	Keauhou	Aquifer	
System	 obtained	 during	 the	 past	 half	
century	 support	 the	 conclusion	 that	
declaration	 of	 the	 Keauhou	 Aquifer	
System	is	not	necessary	at	this	time.”	
	
“The	 discovery	 of	 high‐level	 ground‐
water	 by	 Kamehameha	 Schools/KSBE	 in	
1990	 set	 the	 precedent	 for	 the	
subsequent	 development	 of	 high	 level	
ground‐water	by	the	DWS	and	others.”	
		
“The	 high	 level	 ground‐water	 system	 is	
complex	 with	 various	 water	 levels	 and	
has	 numerous	 compartments.	 Large	
quantities	 of	 high	 level	 ground‐water	 in	
the	south	sector	remain	undeveloped.”	
	
“Sustainable	 yield	 assumptions	 based	
upon	 only	 a	 basal	 lens	 inaccurately	
describe	 the	complexity	of	ground‐water	
occurrence	 in	 the	 Keauhou	 Aquifer	
System.	 The	 recharge	 estimates	 by	 the	
USGS	further	reduce	the	present	accuracy	
of	sustainable	yield	estimates."	

 

Steve Dollar PhD, Coastal Zone Specialist 
“Repetitive	 analyses	 of	 water	 chemistry	
in	the	two	large	fishponds	in	KAHO	reveal	
no	 negative	 impacts	 were	 detected	 in	
nutrient	dynamics	over	the	last	12	years.	
In	 fact,	 time‐course	 data	 indicate	 a	
potential	 reversal	 of	 pond	 metabolism	
toward	a	less	senescent	(biological	aging)	
stage.”	
	
“Based	on	the	results,	 it	appears	that	the	
existing	development	upslope	of	KAHO	is	
not	 causing	 detectable	 input	 of	 nutrient	
subsidies,	 or	 reduction	 in	 groundwater	
flux	to	the	ponds.”	

Tom Nance, PE, Hydrologist 
“High	 level	 pumpage	 began	 in	 1994	 and	
is	 now	 at	 about	 4.0	 to	 4.5	 MGD	 …	 The	
TNWRE	 monitoring	 data	 (of	 continuous	
water	 level	 recording	 in	 the	 Kamakana	
well	 and	 time	 series	 salinity	 profiles	 in	
three	others	 in	 the	 immediate	vicinity	of	
the	 National	 Park)	 establish	 that	 no	
impact	 to	 basal	 groundwater	 as	 a	 result	
of	 high	 level	 groundwater	 pumpage	 has	
been	identified	to	date.”	
	
“The	 discovery	 of	 fresh	 water	 under	
artesian	 pressure	 at	 depth	 below	 the	
basal	 lens	 in	 the	 Keōpū	 and	 Kamakana	
deep	monitor	wells	suggest	that	some	or	
possibly	 even	 most	 of	 the	 high	 level	
groundwater	 actually	 flows	 beneath	 the	
nominally	 downgradient	 basal	 lens	
rather	 than	 into	 it.	 	 If	 discharge	 of	 high	
level	 groundwater	 into	 the	 basal	 lens	 is	
only	 occurring	 in	 limited	 amounts,	 then	
foreseeable	 future	 increases	 in	 pumpage	
of	high	level	groundwater	will	have	little	
or	no	impact	on	the	basal	lens.”	

	
Richard Brock PhD, 
Aquatic Resource Specialist 

“Despite	 the	 fluctuations	 in	
concentrations	 of	 some	 nutrients	 in	
anchialine	 pools,	 there	 is	 no	 evidence	 of	
decline	 to	 pond	 biota	 connected	 to	
changes	in	water	quality.”	
	
“In	 the	 Ocean:	 No	 evidence	 of	 increased	
nutrients	 due	 to	 development	 when	
compared	to	adjacent	control	areas.”	
	
“On	 Land:	 	 Transitory	 increases	 seen	 in	
anchialine	pools	but	 the	signature	 is	 lost	
at	 the	 shoreline.	No	decline	 found	 in	 the	
pond	biota	connected	to	changes	in	water	
quality."	



3 
 

 
Google Earth Image Noting Keauhou Aquifer System Area, the Kona CDP Urban Area and the National Park 
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Steve Bowles 
Groundwater Geologist 

Findings	and	Conclusions	
 

Cumulative	 hydrogeologic	 data	 and	 field	 observations	 of	 the	 Keauhou	 Aquifer	 System	 (KAS)	
obtained	 during	 the	 past	 half	 century	 support	 the	 conclusion	 that	 declaration	 of	 the	 Keauhou	
Aquifer	System	(KAS)	is	not	necessary	at	this	time.	The	KAS	as	a	whole	is	underdeveloped	at	this	
date.	
	
Early	work	in	preparing	estimates	of	sustainable	yield	is	inadequate.	Many	of	the	descriptions	of	
the	hydrogeology	have	oversimplified	the	actual	occurrence	of	the	 local	ground‐water.	 	 	Further	
deep	 core	 drilling	 is	 needed	 to	 better	 under‐stand	 the	 geologic	 elements	 which	 make	 up	 the	
working	components	of	the	KAS.	A	comprehensive	water	resource	management	plan	must	also	be	
prepared	and	modified	as	knowledge	through	exploration	continues.	
	
Findings:	
Our	work,	 covering	40	years	of	 investigation,	has	 led	us	 to	create	 the	 findings	 listed	 in	 the	 first	
four	items	below.	

1) The	Keauhou	Aquifer	System	consists	of	four	basic	units:	
a) North	sector	–	high	level	and	basal	
b) South	sector	–	high	level	and	basal	

2) Likely	causes	of	high	level	ground‐water	occurrence:	
a) Fault	scarps	covered	by	younger	lavas	
b) Trachyte	lava	flows	
c) Combinations	of	a	and	b	

3) Multiple	water	levels	in	the	high	level	aquifer	region	of	KAS	indicate	a	complex	of	aquifer	
compartments.	

4) Cold	water	shoreline	basal	springs	between	Keahole	Point	and	Kaiwi	Point	result	from:	
a) Deep	ocean	temperature	intrusion	
b) Highly	permeable	shallow	lavas	
c) Tide	fluctuations	and	their	efficiency	

The	bullet	points	listed	below	best	describe	the	present	operating	status	of	the	KAS.	
 The	 management	 programs	 of	 well	 spacing	 and	 pumping	 at	 the	 Huehue	 Ranch	 and	

Kohanaiki	well	fields	have	had	no	significant	direct	impact	on	the	basal	lens	quality	at	the	
shoreline.	

 The	high	level	well	pumping	has	had	no	direct	impact	on	the	basal	lens	in	the	north	sector	
to	date.	

 Over	pumping	of	the	Kahaluu	shaft	and	the	Kahaluu	wells	in	the	south	sector	has	resulted	
in	dynamic	salt	water	encroachment	which	is	reversible	when	pumping	is	reduced.	

 Water	 development	 in	 the	 north	 sector	 does	 not	 impact	 the	 south	 sector	 ground‐water	
flow	or	quality.	Efforts	to	provide	a	model	simulation	of	the	entire	KAS	are	futile.	

 The	 specific	 migration	 of	 high	 level	 ground‐water	 flow	 to	 the	 ocean	 is	 not	 yet	 defined.	
Evidence	 from	 the	Kamakana	Bore	 (well	3959‐01)	and	 from	well	3858‐01,	 (thick,	dense	
lavas,	 combined	 with	 artesian	 flow)	 provides	 some	 explanation	 (see	 Tom	 Nance	
presentation).	Similar	evidence	is	also	found	in	the	Huehue	wells	and	in	wells	on	the	north	
slope	of	Hualalai.	
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 The	 high	 level	 ground‐water	 system	 is	 complex	 with	 various	 water	 levels	 and	 has	
numerous	compartments.	Large	quantities	of	high	level	ground‐water	in	the	south	sector	
remain	undeveloped.	

 Sustainable	 yield	 assumptions	 based	 upon	 only	 a	 basal	 lens	 inaccurately	 describe	 the	
complexity	 of	 ground‐water	 occurrence	 in	 the	 Keauhou	 Aquifer	 System.	 The	 recharge	
estimates	 by	 the	 USGS	 (J.A.	 Engott	 2013)	 further	 reduce	 the	 present	 accuracy	 of	
sustainable	yield	 estimates.	The	actual	 sustainable	 yield	most	probably	 lies	between	 the	
two	estimates.	

 It	is	important	to	note	that	all	pumped	water	is	either	discharged	to	the	atmosphere	by	
o evapo‐transpiration;	
o infiltration	from	irrigation;	or	
o shallow	disposal	of	storm	water	and	wastewater.	

There	is	no	discharge	or	runoff	directly	to	sea	in	the	north	sector.	Some	extreme	storm	runoff	does	
occur	in	the	south	sector.	

Tom Nance, PE 
Hydrologist/Water Resource Engineer 

Findings	and	Conclusions	
 

Using	 monitoring	 data	 of	 North	 Kona	 groundwater	 that	 TNWRE	 has	 compiled,	 this	 report	
addresses	whether	or	not	impacts	to	basal	groundwater	have	occurred	as	a	result	of	pumping	the	
six	high	level	groundwater	wells	located	above	Mamalahoa	Highway	from	Kalaoa	to	Waiaha.	High	
level	pumpage	began	in	1994	and	is	now	at	about	4.0	to	4.5	MGD	(Figures	2	and	3	in	the	report).	
	
The	 TNWRE	 monitoring	 data	 that	 addresses	 this	 question	 consists	 of	 continuous	 water	 level	
recording	in	the	Kamakana	well	and	time	series	salinity	profiles	in	the	Kamakana,	Kaloko‐2,	Ooma	
Mauka,	and	Ooma	Makai	wells.	The	report	presents	and	evaluates	 this	data.	The	water	 levels	at	
Kamakana	and	the	salinity	profiles	at	all	four	wells	establish	that	no	impact	to	basal	groundwater	
as	a	result	of	high	level	groundwater	pumpage	has	been	identified	to	date.	
	
A	 key	 unresolved	 issue	 is	 whether	 or	 not	 the	 high	 level	 groundwater	 actually	 drains	 into	 the	
nominally	downgradient	basal	lens	in	the	area	between	Keahole	Point	and	Kailua	Town.	Evidence	
gathered	 to	date	suggests	 that	at	 least	some,	 if	not	most,	of	 the	high	 level	groundwater	actually	
flows	at	depth	beneath	the	basal	lens	to	discharge	into	the	marine	environment	offshore.	
	
The	anomalous	characteristics	of	the	basal	lens	suggest	this:	very	low	water	levels	relative	to	the	
actual	 ocean	 level;	 very	 high	 salinity;	 temperatures	 significantly	 lower	 than	 the	 high	 level	
groundwater;	and	increasing	salinity	in	wells	under	modest	pumping	rates.	
	
The	 more	 compelling	 evidence	 is	 provided	 by	 the	 discovery	 of	 fresh	 water	 under	 artesian	
pressure	at	depth	below	the	basal	lens	in	the	Keopu	and	Kamakana	deep	monitor	wells.	If	leakage	
of	high	level	groundwater	into	the	basal	lens	is	limited	or	only	occurring	in	modest	amounts,	then	
foreseeable	future	increases	in	pumpage	of	high	level	groundwater	will	have	little	or	no	impact	on	
the	basal	lens.	
	
With	this	unresolved	issue,	monitoring	for	potential	impacts	to	basal	groundwater	going	forward	
should	be	continued	and	even	expanded.	This	expansion	should	include	deepening	the	Kaloko‐2	
well	so	that	possible	changes	to	the	thickness	of	the	basal	lens	at	this	location	can	be	tracked.	
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Dr Steve Dollar, Ph.D. 
Coastal Zone & Coral Reef Specialist 

Findings	and	Conclusions	
	
This	report	has	been	prepared	in	response	to	a	petition	by	the	National	Park	Service	(NPS)	to	the	
State	 Commission	 on	 Water	 Resource	 Management	 to	 designate	 the	 Keauhou	 Aquifer	 as	 a	
Groundwater	 Management	 Area.	 The	 petition	 asserts	 that	 present	 or	 planned	 future	 use	 of	
groundwater	from	the	Keauhou	Aquifer	will	reduce	the	flow	of	basal	groundwater	through	Kaloko	
Honokohau	(KAHO)	National	Historical	Park,	 thereby	causing	harm	to	KAHO’s	anchialine	ponds	
and	its	nearshore	marine	environment.	
	
This	 report	 summarizes	 data	 collected	 by	 Marine	 Research	 Consultants,	 Inc.	 during	 four	 field	
surveys	between	2000‐2012	for	the	purpose	of	evaluating	the	composition	of	waters	within	two	
large	 fishponds	 within	 KAHO(Aimakapa	 and	 Kaloko)	 and	 the	 coastal	 ocean	 offshore	 of	 these	
fishponds,	with	particular	emphasis	on	evaluating	the	contribution	and	fate	of	groundwater	input.	
	
In	 the	 earlier	 studies	 (2000,	 2007)	 Aimakapa	 Pond	 exhibited	 little	 vertical	 and	 horizontal	
stratification,	 appearing	 as	 a	 uniformly	 well‐mixed	 system	 with	 long	 residence	 time.	 These	
conditions	were	 characterized	 by	 near	 complete	 uptake	 of	 all	 inorganic	 nutrients	 entering	 the	
ponds	through	groundwater	flux,	and	elevated	values	of	organic	nutrients	that	are	the	product	of	
decomposition	of	organic	material.	This	condition	 indicated	 the	pond	was	progressing	 toward	a	
terminal	 successional	 stage	 where	 the	 pond	 becomes	 a	 sediment‐filled	 wetland.	 More	 recent	
studies	in	2012	reveal	consistent	input	of	groundwater	along	the	landward	shoreline	of	the	pond,	
resulting	 in	 steep	 gradients	 of	 salinity	 and	 inorganic	 nutrients	 found	 in	 groundwater.	 These	
results	suggest	that	there	has	not	been	a	detectable	decrease	in	basal	groundwater	to	the	ponds;	
in	fact	the	opposite	appears	to	be	the	case.	While	the	differences	in	groundwater	dynamics	within	
the	ponds	over	the	12‐year	interval	of	studies	may	reflect	the	relationship	between	sampling	and	
tidal	state,	results	of	these	studies	indicate	that	at	a	minimum	the	fishponds	are	not	in	a	cycle	of	
uninterrupted	progression	toward	a	more	senescent	state.	
	
Scaling	 nutrients	 concentrations	 to	 salinity	 indicate	 that	 there	 are	 no	 nutrient	 subsidies	 to	 the	
ponds	 from	 sources	 other	 than	 naturally	 occurring	 groundwater.	 None	 of	 the	 data	 scaling	
inorganic	nutrients	to	salinity	within	the	ponds	or	nearshore	ocean	indicate	substantial	nutrient	
subsidies	to	groundwater	that	could	be	a	result	of	human	activities	in	upland	areas.		These	results	
indicate	that	under	the	present	scenario,	the	existing	development	upslope	of	KAHO	is	not	causing	
detectable	 input	 of	 nutrient	 subsidies,	 or	 reduction	 in	 groundwater	 flux	 to	 the	 ponds.	 Rather,	
recent	conditions	in	the	ponds	appear	to	represent	a	more	open	system	with	respect	to	hydraulic	
and	nutrient	fluxes.	
	
In	 a	 companion	 report	TNWRE	 found	no	 impacts	 to	basal	 groundwater	have	been	 identified	 to	
date	as	a	result	of	high	 level	groundwater	pumpage.	While	 it	 is	not	resolved	whether	high	 level	
groundwater	 actually	 drains	 into	 the	 nominally	 downgradient	 basal	 lens,	 evidence	 gathered	 to	
date	suggests	that	at	least	some,	if	not	most,	of	the	high	level	groundwater	actually	flows	at	depth	
beneath	the	basal	lens	to	discharge	into	the	marine	environment	offshore.	If	leakage	of	high	level	
groundwater	into	the	basal	lens	is	limited	to	the	modest	amounts	that	evidence	collected	to	date	
suggests,	 then	 the	 foreseeable	 future	 increases	 in	pumpage	of	high	 level	groundwater	will	have	
little	or	no	impact	on	the	basal	lens.	
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If	indeed	pumping	of	high	level	groundwater	has	minimal	effects	on	basal	groundwater,	then	it	is	
clear	 that	 pumping	 high	 level	 groundwater	 will	 also	 have	 no	 effect	 on	 nearshore	 processes	
influenced	 by	 basal	 groundwater.	 The	 results	 summarized	 in	 this	 report	 correspond	 to	 such	 a	
conclusion,	 as	 no	 negative	 impacts	were	 detected	 in	 nutrient	 dynamics	 of	 the	 KAHO	 fishponds	
over	the	last	12	years.	

Dr Richard Brock, Ph.D. 
Aquatic Resource Specialist 
Findings	and	Conclusions	

	
As	 part	 of	 the	 permitting	 process	 allowing	 the	 Kohanaiki	 development	 to	 occur,	 the	 County	 of	
Hawai'i	imposed	a	requirement	for	a	water	quality	monitoring	program	to	insure	that	the	quality	
of	the	ground	and	nearshore	marine	waters	are	not	degraded	as	the	development	proceeds.	
	
This	monitoring	program	was	 reviewed	by	 federal	 and	 approved	by	 state	 and	 county	 agencies.	
The	 methods	 follow	 the	 Hawai'i	 State	 Department	 of	 Health	 (DOH)	 Regional	 water	 quality	
monitoring	 protocols.	 Sampling	 is	 carried	 out	 six	 times	 a	 year	 during	 dry	 periods	 as	 well	 as	
following	 high	 rainfall	 events	 where	 the	 “trigger”	 initiating	 sampling	 is	 1.5	 inches	 or	 more	 of	
rainfall	falling	within	a	24‐hour	period.	In	each	survey	between	105	to	110	samples	are	collected.		
	
Samples	are	collected	from	the	ocean,	in	brackish	anchialine	ponds	present	on	the	project	site	and	
from	wells	present	in	the	project	area.	Ocean	samples	are	collected	fronting	the	project	site	as	well	
as	at	control	sites.	Sampling	commenced	in	2005	and	up	to	present	there	have	been	57	monitoring	
surveys	 collecting	 and	 reporting	 on	 5,683	 samples	 making	 this	 monitoring	 program	 the	 most	
stringent	of	all	such	non‐potable	monitoring	programs	in	West	Hawai'i.		
	
Findings:	

1. Non‐compliance	with	 state	water	 quality	 standards	 among	 parameters	measured	 in	 the	
ocean	occurs	on	a	coast‐wide	basis	and	is	not	differentially	greater	at	sample	sites	fronting	
the	 Kohanaiki	 development.	 Indeed,	 highest	 parameter	 means	 are	 found	 at	 control	
locations	which	is	related	to	greater	groundwater	flow	at	those	locations.	

2. In	natural	undisturbed	West	Hawai'i	environments,	nutrient	concentrations	(which	is	what	
we	measure)	in	the	seaward	flowing	coastal	groundwater	vary	tremendously	through	both	
time	and	space.	At	some	locations	concentrations	are	naturally	elevated	and	at	others	they	
are	low,	but	all	of	them	have	high	variability	in	concentrations	through	time.	However	as	
groundwater	 approaches	 the	 ocean	 these	 high	 concentrations	 decrease	 tremendously	
primarily	due	to	dilution.	

3. With	 development	 the	 same	 facts	 hold	 but	 coastal	 development	 will	 usually	 cause	
increases	in	some	nutrient	concentrations	and	these	are	seen	at	sample	points	makai	of	the	
development	(primarily	in	anchialine	pools)	but	again	the	signature	continues	to	be	lost	at	
the	shoreline.	 Increases	 in	concentrations	are	 transitory	and	are	usually	 seen	during	 the	
period	 of	 golf	 course	 turf	 establishment	 and	 once	 completed,	 concentrations	 decrease.	
Despite	the	fluctuations	in	concentrations	of	some	nutrients	in	anchialine	pools,	there	is	no	
evidence	of	decline	to	pond	biota	connected	to	changes	in	water	quality.	This	is	due	to:	(1)	
these	 increases	 are	 usually	 less	 than	 the	 concentrations	 found	 at	 some	 completely	
undisturbed	sites,	(2)	the	anchialine	biota	have	evolved	in	a	system	with	this	high	natural	
variability	in	concentrations	and	are	completely	insensitive	to	it	and	(3)	if	a	nutrient	is	in	
excess,	adding	more	will	not	have	an	impact	at	the	concentrations	measured	in	this	study.	

	


