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Backgr ound

The ground-water flow systemin the Ewa Plain area is
conposed of a freshwater |ens overlying a brackish zone
transitioning to a saltwater body. G ound water noves generally
toward the ocean through volcanic rocks but is inpeded by a
wedge of sedinents (caprock) that overlie the vol canic rock near
the coast. The Ewa Plain caprock is a thick wedge of interbedded
marine and terrestrial sedinents that were deposited on the
fl anks of the Kool au and Wai anae vol canoes during sea |evel
changes and i sostatic subsidence of Gahu during the Pleistocene
ice ages. At the coast this sequence is greater than 1,000 feet
thick (Stearns and Chanberlain, 1967). Inland, the sedinents
thin and pinch out against weathered lava flows. Figure 1 is a
typi cal cross-section of the Ewa caprock that was presented in
Report R-79 (M nk, 1989).

The caprock contains nultiple sedinmentary |ayers
representing both | ow and high perneability (Stearns and
Vaksvi k, 1935). Water fromthe inland basaltic aquifers is
relatively fresh (less than one percent seawater), but as it
noves toward the ocean it mxes with seawater form ng a brackish
transition zone within the upper caprock sedinents. G ound
water in the upper layers of the caprock flow systemare
unconfined, but water in the |ower caprock layers and in the
under |l yi ng basalt near the coast is confined or sem -confined by
overlying geologic units.

Traditionally, major sources of water to the caprock
aquifer in the Ewa area are recharge fromirrigation, rainfal
infiltrating the land surface, and |ateral and upward subsurface
flow fromthe volcanic or basal aquifer. Infiltration from
irrigation water is derived frompunped wells within the caprock
area, and water punped fromwells outside the area that was
i mported and distributed for cane cul tivation.

The purpose of this report is to reevaluate the ground-
wat er resources of the Ewa Caprock aquifer. This aquifer is
1



also referred to the upper linestone aquifer. Reevaluation wll
i nvol ve review ng historical data regarding chloride (d)
concentration of water fromwells, punping records of wells and
wel | batteries, water levels in caprock wells, precipitation
records, land uses, irrigation practices, and sustainable yield
esti mat es.

Description of the Caprock Aquifer

The primary aquifer in the caprock is the highly perneable
upper coralline |linestone |ayer (referred to as "Li nestone
Aquifer 1" in Report R 79). This unit is the uppernost layer in
the caprock. The linestone |ayer continues offshore, but inland
contacts alluvial sedinents (Mnk, 1989). Between the coralline
limestone and the alluvial sedinents is a marl (linmey nud) |ayer
of low perneability. Gound water wwthin the aquifer is
unconfined with water levels ranging fromless than a foot to
several feet above sea |level. The general ground water gradient
is toward the coast. However, at Honouliuli ground-water
di scharges as springs into West Loch.

Bel ow thi s upper |inmestone |ayer, and found throughout the
Ewa Plain, is an ubiquitous brown clay layer that acts as a | ow
pernmeability bottom (aquitard) to the linestone aquifer. The
clay layer is deeper at the coast than inland. Therefore, near
t he coast the brackish ground water floats on saline water as a
Ghyben- Her zberg | ens, but inland the brown clay truncates the
salt water. Below the clay are other coral, sand, and nud
deposits that contain very brackish to very saline water. Al
pl antation caprock wells and nost recent caprock wells exploit
t he upper |inestone aquifer due to its high perneability.
Al luvial ground water may be avail able in the Honouliuli area.
However, developing alluvial water is not as easy as fromthe
I i mestone due to the generally |ower perneability of alluvium

Prior to sugar cultivation, the caprock received a | ong-
termconstant flux of ground water as natural |eakage fromthe
Kool au and \Wai anae basal aquifers, and intermttent recharge
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fromrainfall and occasional |arge stornms which allowed dry
streans, such as Kaloi @ulch, that flowto the Ewa Plain. The
anmount of ground-water inflow fromthe basalt into the caprock
is a function of the height of the water table in the basalt and
the perneability of the sedinents receiving the water. The
upper linmestone aquifer is not in direct contact with the
basaltic aquifers. Gound-water inflow fromthe basalt is al ong
t he geol ogi c contact between the basalt and old terrestrial

sedi nment s.

Prior to 1879 visible basal aquifer inflowinto the
Honoul iuli region was seen as springs and in drai nage ways to
West Loch (Stephen Bowl es, personal communi cation, 1996). Wen
the first artesian well was drilled near Honouliuli in 1879
ground water rose to an estimted height of 32 feet nsl (Cox,
1981, p. 55). West of Honouliuli the original ground water
| evel in the Wai anae aquifer would have been about 10 feet |ess
(M nk, 1980, p.37). The termnation of recharge from sugar
irrigation into the caprock aquifer is simlar to pre sugar
irrigation days, except that the anpbunt of ground-water inflow
is less due to the reduction of water |levels in the basal
aqui fer.

Because of Ewa Plain's |and use history, CARM Report R-79
(M nk, 1989) divided the caprock into five broad areas: 1)
Honouliuli; 2) Puuloa; 3) Kapolei; 4) BPNAS;, and 5) Ml akol e.
The Honoul iuli and Kapol ei areas essentially overlie alluvium
whi | e Puul oa, BPNAS, and Mal akol e areas essentially overlie
coral linmestone. However, for conveni ence of managenent this
report considers Honouliuli-Puul oa, Kapol ei-BPNAS, and Ml akol e
to be single regions. The upper linestone and alluvium aquifers
are hydraulically connected throughout the managenent units, but
there may be only a weak connection between this aquifer and the
| ower ones.
Hi story of Ewa Caprock Aquifer Devel opnent

Irrigation Wth Basal Wlls




The Ewa Plain has been irrigated with ground water since
1890. By 1930, Ewa Plantation had drilled 70 artesi an basal
wells (clustered as punping batteries) through the Ewa Plain
caprock sedinents to irrigate cane |ands south of Farrington
H ghway (Stearns and Vaksvi k, 1935). From 1930-35, five shall ow
wel l's (EP Punps 20-24) were dug into the Ewa caprock to produce
nmore irrigation water. All of them penetrated a shallow cora
aqui fer and were capabl e of producing |arge quantities of
irrigation water. Later, other caprock sources were brought on
line (EP Punps 26, 27, 28,29; EP Punp 30; and EP Punp 31). Figure
2 is a map that shows the location of Ewa Pl antation basal and
caprock punps and other wells |ocated throughout the Ewa Pl ain.

When the shal |l ow caprock wells were constructed, they
punped bracki sh ground water which is the result of caprock
water mxing with the basal water already irrigating the region.

Figures 3-5 illustrate the chloride and punpage history of
the Ewa Pl antation's basal sources. Punpage includes total
draft fromthe basal Kool au Aquifer, and individual well battery
punpage. For conveni ence, water quality fromthe various punp
batteries are shown separately. Figure 3 presents the nost
saline of the sources. EP Punps 1 and 9 probably applied all of
its water in the vicinity of Ewa MII| and near the first caprock
sources. These batteries had deep wells that were drilled into
t he upper transition zone of the basal aquifer. To inprove
quality sone were plugged back with cenent, but EP Punps 1 and 9
wer e abandoned and seal ed by 1951. Figures 4 and 5 show the
mar gi nal quality and potable quality sources respectively.

The freshest source, EP Punp 15,16, was reconmended by
Stearns (Stearns and Vaksvi k, 1935, p. 460) as a way to freshen
up the linmestone aquifer. He noted that chloride concentrations
in the basal sources had approached high |l evels and that punpage
fromthe new caprock wells would increase chloride
concentrations in the |limestone aquifer by recirculating
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irrigation water. Transpiration by sugar cane concentrated the
salts in the return water. Construction of EP Punp 15,16 began
in 1937 and it was put on-line to irrigate cane fields around
1939 or 1940.

Ef fect on Caprock Chlorides

Figure 6 shows initial (first 10 years) conditions in the
caprock when the shallow wells were first constructed. Average
yearly punpage fromthe caprock for 1930-1940 was about 11 ngyd,
whi | e seasonal variations ranged fromless than 5 ngd to nore
than 15 ngd. Average basal punpage for the sane period was
about 60 ngd. Water quality varied slightly with punpage and
with the seasonal variation of applied basal water. Though
Stearns nentioned (1935, p. 460) that nuch of the applied basal
wat er had chl orides as high as 700+ ng/l (and higher), Figure 6
shows that the caprock sources range between 700+ ng/l to 1,050+

ng/ | .

Figure 7 presents the history of punpage and chlorides for
all caprock sources utilized by Ewa Plantation and OGahu Sugar
Conmpany (0OSCo) for 1930-1995. Unfortunately there are mi ssing
nmont hl y punpage data between 1940 and 1963. The estinmated
average of 12 ngd is from CARM Report R 79 (M nk, 1989). Unti
the 1970's the average inported amount of Kool au basal water was
60-70 ngd. After 1981, the average ampunt dropped to |less than
50 ngd. The graph shows a significant rise in chlorides for al
caprock sources during the 1940's. CWRM Report R-88 entitl ed,
Drought in Hawaii, indicates that the period from 1940-1954 was
dry, and that "drought” was reported to be noderate to extrene.

To conpensate for the dry weat her a seasonal increase in
punpage may have contributed to the rise in chloride
concentration around 1947 as seen in Figure 7. After EP Punps 1
and 9 were abandoned and sealed in 1951, fresher basal water was
used to irrigate Ewa cane |lands. Specifically, EP Punp 8 was
used for cane wash water at the mll before irrigating cane
growi ng over the linmestone near the mll (Stephen Bow es,

per sonal conmmuni cation, 1996). The result was a whol esal e
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freshening of the caprock aquifer from about 1948-1952.

Chl oride concentration within individual wells renmained
relatively stable to the md 1970's, with EP Punp 23 conti nui ng
to freshen

Rise in Caprock Chlorides (Md 1970s)

The rise in caprock chloride concentration beginning in the
md 1970's was due to several factors: 1) an increase in
average caprock well punpage from 20 ngd to 30 ngd; 2) continued
use of marginal quality basal water on | ands near Ewa MII| and
Fort Waver Road; 3) several "extrene drought” periods
t hroughout the 1970's reported in R-88; and 4) swtching from
furrowirrigated cane to drip-irrigated cane in the md 1970's
to early 1980's (Hugh Morita, personal communication, 1996).
When OSCo t ook over from Ewa Plantation around 1970, they may
have operated the irrigation systemdifferently. Hugh Mrita
(personal comruni cation, 1996) said that EP Punps 3 and 7
supplied water to Field 57, which is just north of EP Punp 23.
From here the water split, sone was piped to the EP Punp 23
distribution system and the remai nder was sent towards Ewa MI 1.
Al of this water irrigated fields growi ng over the coral
aquifer. EP Punps 4 and 6 sent water west to a ditch system
that runs at elevation 120+ feet nmsl. EP Punp 5 supplied water

to a ditch at elevation 160+ feet nsl. EP Punp 2 and Punps 15
and 16 supplied water to cane in the Honouliuli area. Al of
this water irrigated fields growmng on the alluvium EP Punp 8
was for domestic use only.

Land- Use Changes in Late 1980s

Since the late 1980's, Ewa Plain | and use changes occurred
rapidly as many cane fields were replaced by golf courses and
housi ng devel opnents. Consequently, the anmount and | ocation of
applied irrigation water changed considerably. By Novenber 1994
all irrigation to BEwa Pl ain cane fields had ceased and all OSCo

caprock sources stopped punping (except EP Punp 22). This
6



action reduced the average 1994 punpage fromthe caprock aquifer
in the Puuloa area from17 ngd to 3 ngd, resulting in a smaller
portion of irrigation water returning to the caprock aquifer.

Peri ods of Apparent Chloride Stability

Exam nation of Figure 7 shows that only two periods of
relative chloride stability exist in the record. The first is
from 1930 to about 1940, and the second is from 1952 to 1970.
Though chl oride concentration varies in individual wells by as
much as 100 ng/l, the overall long-termtrend is stable. These
interval s represent periods of probable stable punping (no
record exists from 1940-1964), cultivated acreage, and
irrigation nmethods. The chloride quality of the m xture of the
appl i ed basal water (Figures 3-5) was relatively stable during
the early 1930's, and again between 1952 to 1970. Chlorides in
the caprock wells rose in the early 1940's when water quality in
EP Punps 1 and 9 worsened.

All other periods in the record that show rising (1940-
1949; 1975-present) or falling (1950-1952) chloride values are
during tinmes of non-equilibriumwhen a major change took pl ace
such as caprock punpage, irrigation nethod, acreage, or quality
of applied basal water.

It is interesting to note fromFigure 7 that even after
sugar ceased, and total punpage reduced to |less than 5 ngd, sone
wel l's, such as EP Punp 22 used by Hawaii Prince Golf Course
continued to exhibit rising chlorides. As will be shown bel ow,
rising chlorides at EP Punp 22 may in part be due to |ocalized
upconi ng.

Any ground-water flow or solute transport nodel constructed
for the Ewa Caprock should calibrate to the two the quasi-stable
periods outlined above, or ideally when all conditions are
known. Unfortunately, for the period of 1952-1970 caprock
punpage can only be estimated at 12 ngd, and ground-water inflow
fromthe basal aquifer can only be estimted for any peri od.
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Nat ural Sources to Ewa Caprock G ound Water

There are three natural sources that supply water to the
Ewa caprock. Gound-water inflow fromthe basaltic aquifers may
be the | argest source, but the hardest to estimate. Hydrologic
budgeting can estinate recharge fromrainfall precipitation that
falls directly upon the Ewa caprock. The third source of water
is frominfiltrating stormflow that originates inland of the
caprock, but flows overland through a network of drai nage
channel s to the coast.

Esti mat es of Basal G ound-Water |nflow

Report R-79 utilized a single cell chem cal nass-bal ance
m xi ng nodel to cal cul ate ground-water flows and caprock water
chl oride concentrations. As stated by Mnk (1989, p. 2), AThe
m xi ng nodel is used for deriving groundwater fluxes and
salinities for past plantation activities...@. The nodel
cal cul ated a steady-state inflow at Honouliuli-Puul oa area of
return water and ground-water inflow for 1930 at 15 ngd. For
the drip irrigation period between 1982-87 the nodel still
assunmes a 15 ngd total inflow of water with a quality of 550
mg/1 chloride. The nodel cal culated a steady-state m x of 1226
ng/1 chloride for water punped fromthe caprock. The m xing
nodel assunes conplete mxing wthin a control vol une (caprock
aqui fer) and does not account for Ghyben-Herzberg conditions
where bracki sh water volunme is reduced where it overlies
saltwater. Mnk (1989) estimates that 4 ngd of the 15 ngd was
due to basal ground-water inflow, and 11 ngd was return
irrigation water. The 4 ngd is taken as |ong-term average
i nfl ow of basal water.

Nance and McNulty (March, 1991) constructed a conputer
ground-wat er flow nodel of the Ewa |linmestone aquifer. In their
nodel report, recharge into the caprock from basal water inflow
originates entirely fromthe Koolau aquifer and estimted to be
4 to 5 ngd (Nance and McNulty, 1991, p. 14). Their nodel also
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consi dered post-0OSCo tine, and concl uded that basal ground-water
i nfl ow woul d be 6.5 nyd.

The Canp Dresser & McKee (CDM nodeling report (Decenber
1993) estimtes ground-water inflowat 1.25 ngd/mle. This
inflow rate assunes that | eakage fromthe basalt into the
caprock only takes place into the upper |Iinmestone (report
negl ects alluviumat Honouliuli). The CDMreport uses a total
basalt aquifer inflowrate of 3 ngd.

Bol ke and Bauer (in prep.) constructed a cross-sectional
nodel across the Ewa Plain. The nodel extends fromthe Kool au
basal aquifer to five mles offshore. The base of the nodel is
assunmed to be 5,000 feet below sea level. Using the CGhyben-
Her zberg principle (i.e. the depth to the saltwater interface is
40 times the freshwater head) the nodel calculated the flow for
vari ous val ues of head, ranging from10.0 to 19.6 feet above
nmean sea |level (nsl). Gound-water inflow values varied from
3.6 to 6.3 ngd/ mle. Leakage fromthe basalt into the caprock
is calculated by the nodel to occur to the depth of the
saltwater interface.

Eyre (1987, p. 12) estimated a net inflow of 30 ngd | eaking
into the caprock (Kapolei area) fromthe Wai anae basal | ens
during the plantation era (after renoving plantation punpage),
and 33 ngd for pre-devel opnent (pre 1879) tinme (8 ngd of
rainfall and 25 ngd natural ground-water flow from Schofiel d).
The hydrol ogi ¢ budget was based on work by G anbel | uca (1986)
and enpl oyed by Eyre to solve a m xing-cell nodel that
determ ned the effects of drip irrigation to water quality in
t he basal aquifer.

More recently Eyre and Nichols (in press) simulated
recharge and di scharge rates for Southern Gahu ground-water flow
system for pre-devel opnent and average conditions during the
1950's. The nodel cal cul ated ground-water inflow fromthe
Wai anae aquifer to be 40.6 ngd and 17.5 ngd for pre-devel opnent
and 1950's conditions respectively. Gound-water inflow from
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t he Kool au aquifer is harder to discern since caprock |eakage is
calculated for the entire Pearl Harbor area.

Estinmates to Recharge by Rainfall Precipitation

The average yearly rainfall for the Ewa Plain is ranges
from 15-20 i nches/year. The average pan evaporation for the
area is approximately 85 inches/year. Direct recharge by a
rainfall event can only occur when the intensity of the stormis
sufficient to overconme evaporation and infiltrate past the root
zone in the soil mantle.

The effective direct infiltration by rainfall was estinmated
in R-79 to be about 25 percent of actual rainfall. Assum ng 20
i nches/year (25% = 5 inches/year) at Honouliuli and Kapol ei
areas and 15 inches/year (25% = 3.75 inches/year) for the other
areas, Mnk (1989) calculated a total of 4 ngd infiltration for
Honoul iuli and Puul oa areas, a total of 1.5 ngd for Kapol ei-
BPNAS areas, and 1 ngd for Ml akol e.

O her studies (CDM nodeling, Nance and McNulty) |unp direct
infiltration by rainfall as part of the irrigation conponent in
t he hydrol ogi ¢ budget for the ground-water nodels. G anbelluca
(1991) estimates that for natural ground cover the direct
infiltration is 3.9 inches/year for the Ewa Plain at about 5.2

ngd.

Estimates to Recharge by Storm Fl ow

Stormflow fromthe Wai anae Muuntains that reaches the Ewa
caprock and the sea occurs infrequently. Stream channels from
Kal oi and Makakilo Gul ches cross the plain. Mnk (1989, p. 23)
suggested that if all of the runoff infiltrated, it would anount
to 2 ngd. However, sone of the flow reaches the ocean so that a
nore reasonabl e recharge nunber is 1 ngd. The CDM nodel (1993)
uses a value of 2 nyd.
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Esti mat ed Sustainable Yield of the Ewa Pl ain

Report R-79 provided sustainable yield estimates for the
Ewa Pl ain caprock aquifer. Unlike the methodol ogy used to
cal cul ate sustainable yield (SY) for large basaltic aquifer
systens (State Water Resource Protection Plan, Vol. I, 1992),
the sustainable yield estimate for the caprock is based on an
opti mal anmount of punpage to achi eve an acceptable water quality
for irrigation (assuned to be =< 1,000 ng/l chloride).
Irrigation water with chloride concentration greater than 1,000
ng/|l can be detrinmental to crop growh due to the absorption of
the sodiumion by clay mnerals in the soil. The type of soils
found over the Ewa Plain are prone to sodium buil d-up especially
if the chloride concentration exceeds 1,000 ng/l (Visher and
M nk, 1964, p. 78).

Under steady-state conditions the inflow of water to the
caprock formation equals the outflow of water fromthe caprock
formati on. Quasi steady-state conditions existed prior to sugar
cultivation on the Ewa Plain and during periods of stable
irrigation practices and plantation punpage. These periods, as
revi ewed above, are reflected by apparent chloride stability.
During the plantation period the sustainable yield for the
caprock aquifer is defined as "net punpage" or the difference
bet ween total punpage and the return irrigation conponent. Wth
the present land use and irrigation practices very nuch
di fferent than several years ago, the new sustainable yield
estimate nust be less than the total of the presuned ground-
wat er inflow, recharge fromstormflow and rainfal
precipitation, and fromgolf course, park, and urban return
irrigation. The present irrigation recharge conponent is
| ocalized and smal|l when conpared to sugar irrigation return.
Ground-water inflow can al so be estinmated by conputer ground-
wat er flow nodels and geochem cal m xing nodels. Precipitation
recharge and recharge fromother |and uses can al so be estimated
(G anbel I uca, 1991; M nk, 1989).

During the plantation era (1930-1994), water quality was a
11



function of cane acreage, caprock punpage, irrigation nethod
(furrow or drip), and basal water quality. Assum ng that
ground-water inflowis constant (in reality it is a function of
freshwat er head), changes in the irrigation nmethod and acreage
changed net punpage or sustainable yield. Since water in the
upper linmestone aquifer is a result of a 100 years of
irrigation, past |and use changes and irrigation nethods have
altered the sustainable yield several tinmes. Return basa
irrigation water and natural ground-water inflow fromthe
Honouliuli alluviuminto the |linmestone aquifer contributed to
recharge. Table 1 bel ow summari zes these changes as presented
in R79 and Figure 5 for the Puul oa area.

Table 1. Summary of Irrigation and Chl ori de Changes

Aver age Capr ock

Peri od Caprock | Chloride lrri. Renmar ks
Punpage (mgy/ 1) Met hod
(mgd)
1930- 1940 11 700- 1050 | Furrow | Apparent C stability

2500 acres of cane

1952- 1970 13 500- 850 Furrow
Apparent C stability
EP Punp 15,16 on line
Seal i ng EP Punps 1&9

12



Aver age Capr ock

Peri od Caprock | Chloride lrri. Remar ks
Punpage (mgy/ 1) Met hod
(mgd)
1970- 1980 22 600- 800 Furrow

Drip Apparent C instability
EP Punps 20, 21, 22
i ncreasing chlorides

1980- 1989 21 900- 1000 Drip Apparent C instability
1989- 1994 14 1000- Drip Apparent C instability
1400 Reduced acreage

Report R-79 estimates (p. 41) that fields irrigated by
Kool au or Wi anae basal sources return 53 percent of the applied
water if furrowirrigation nethods are enployed or 41 percent if
drip nethods are used (using water balance coefficients applied
in COARM Report R-78, 1988). For caprock sources 49 percent is
returned for furrow, whereas only 29 percent is returned for
drip. Using 1981 and 1986 (nmentioned in R-79 as predom nately
furrow and drip years respectively) to conpare differences for
return water quantities over the entire region, the report
estimates that 32 ngd of basal water and 15.3 ngd of caprock
water was return irrigation in 1981, while 16 ngd basal and 5.5
ngd caprock was return water in 1986. Net punpage in 1981 was
15.7 nmgd, while in 1986 it was 13.5 ngd (R 79, p. 43).

From t he above analysis of the return conponent, R-79 (p.
48) estimated the sustainable yield for the three areas. The
report defines sustainable yield as maintaining chlorides at
"l ess than 1,000 ng/l for current [as of 1989] and antici pated
| and use conditions". "Future" nmeans when sugar operations
cease, our present condition, and when there is no significant
anount of return irrigation water. Table 2, bel ow, was
presented in R79 (p. 48).

Table 2. Report R 79 Estimated Sustainable Yields
13



Esti mat ed Sustainable Yield
Caprock Aqui fer

Ar ea Current (ngd) Future (ngd)*
Honoul i ul i - Puul oa 10- 15 <10
Kapol ei - BPNAS 5 <5
Mal akol e <1 <1

The present tinme

Presently, and in the recent past, the Puul oa area caprock
aquifer is in a state of non-equilibrium Al inported basal
wat er has ceased. Though punpage fromprivate wells averages
between 2-3 ngd, a snmall and | ocalized fraction of that anount
returns as recharge. Recirculation of the same water and salt
build-up in the soil can only be alleviated by direct infusion
of fresh water. This infusion comes fromsporadic |arge w nter
storms and frominflow fromthe basal aquifer.

Changes to Sustainable Yield

Ground-water conditions in the caprock aquifer are
currently changing. It will take a period of tinme for a new
quasi-equilibriumto set in. One and a half years have el apsed
since the cessation of both sugar and the infusion of basal
irrigation water. Presently, ground water (residual cane
irrigation water + stormrecharge + basal ground-water inflow +
mnor irrigation return water) slowy noves through the coral
aquifer. Hydraulic properties and hydraulic stresses in the
aquifer will determne how long it takes to reach a quasi -
equi librium

As stated above, estimated sustainable yield for the
caprock was based on a net punpage that supported a particul ar
water quality. Net punpage now does not include a large return
irrigation conmponent, but may include an increase in basal
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ground-water inflow due to reduction of 60+ ngd of basal punpage
and attendant changes in the basal water level. Therefore, a
new sustai nable yield that would nmaintain irrigation quality
wat er nmust be nuch | ess than previously assigned. For the
Honoul i uli- Puul oa area, estimates for ground-water inflow range
from3 ngd (CDM to 6.5 ngd (Nance and McNulty), while rain
recharge is about 4 ngd for the area. Though Eyre (1987)
estimated 30 ngd basal water inflow from Wai anae by hydrol ogic
budgeting, future work needs to be done to refine this estimnate.
Presently the inflowis |ess due to the loss of return
irrigation water on fields overlying the Wai anae basal aquifer.

Golf course irrigation is different than drip irrigation
for cane since it is less intensive and is concentrated over a
smal | area. G anbelluca (1991, p. 43) estimates that recharge
attributed to park irrigation is about 6 percent of recharge
fromthat of drip-irrigated cane fields. That is, 1.5
i nches/year as opposed to 24.8 inches/year. Colf courses may be
somewhat greater. For natural areas G anbelluca' s water bal ance
puts recharge at 16 percent of drip irrigation or 3.9
i nches/ year.

The Conmmi ssion granted a current allocated use of 28.115
mgd for the caprock aquifer (excludes salt-water uses). |If
everyone with a permtted use punped their allocated anount, the
aqui fer would quickly salt up and becone unusabl e for
irrigation. Every user would have to either cease or
drastically reduce punping and wait for natural ground-water
inflow or for sone kind of artificial recharge to inprove water
quality. FromFigure 7, nonuse of EP Punp 27,28 after 1994
drastically reduced the chloride concentration at that source.
Fi gures 8-10 show a freshening of water in the area surroundi ng
EP Punps 27, 28.

The profound changes in land and water use indicate a need
to better understand the resultant changes occurring wthin the
aquifer. The new sustainable yield for the Puuloa area will be
| ess than 10 ngd, perhaps close to 5 ngd. Constant nonitoring
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of punpages and chloride data will provide a refined estinmate.
As will be discussed bel ow, we know that | ow capacity wells in
Puul oa Sector have nmaintained relatively stable or inproving

wat er quality, whereas |arge capacity plantation wells appear to
cause |l ocalized up-coning and increasing chlorides.

Anal ysi s of Caprock Aquifer Since 1994

Backgr ound

Anticipating the cessation of sugar and the acconpanyi ng
w despread | and and water use changes, the CARM staff have
regul arly sanpled OSCo and private wells since April 1994.
Chl ori de sanpl es and specific conductance neasurenents are
coll ected fromabout 20 wells on a nonthly to six week schedul e,
and over a single day. Most of the wells are |ocated in the
Puul oa Sector, three wells are in the Kapolei Sector, and two
wells are in the Mal akol e Sector. Since the program began,
several wells were dropped and ot hers added dependi ng upon
access or reliability of the neasurenent. The primry purpose
of sanpling is to provide baseline data that can neasure changes
to the caprock aquifer with tine.

Figures 8, 9 and 10 are conputer-drawn isochlor (lines
representing equal chloride concentration) maps based on
chloride data collected fromwells in June 1994, Septenber 1995,
and February 1996. The isochlor lines only relate chloride data
between the wells fromwhich they were collected. 1In June 1994
(Figure 8) sugar was still being cultivated in the vicinity of
EP Punp 23. Figures 9 and 10 represent | and and water use
conditions after sugar irrigation was discontinued. Recharge by
rainfall and ground-water infloww Il |ower chloride
concentrations. What is apparent when conparing Figures 8 with
9 and 10 is the worsening water quality around EP Punp 22, and
fresheni ng taking place west and sout heast of Kapol ei Golf
Course toward EP Punps 27,28. The EP Punp 22 situation may be a
result of punping and irrigation practices at Hawaii Prince CGolf
Cour se, whereas changes in water quality west of Kapolei Colf
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Cour se are probably natural

CGenerally, the data collected since 1994 support an
estimated sustainable yield that is |ess than 10 ngd for the
Puul oa area (current punpage averages 2-3 ngd). As will be
shown later, individual wells equipped with snmall capacity
punps, show either a reduction or stabilization of chlorides,
while EP Punp 22, fitted with a | arge capacity punp (700 gpnm,
shows a continuing rise in chlorides. Figures 8-10 provide a
"snapshot @ of the changes now occurring. Under the present
condition, a concept known as the "sustainable capacity"” of a
well or well field beconmes inportant. That is, a |large capacity
punp can exceed the quantity of water that can be drawn wi thout
degradation, and therefore, surpass its sustainable capacity.
This concept also applies to a well field where wells are
cl osely spaced and the conbi ned punpage causes conti nued
degradation of the resource.

I n the Kapol ei - BPNAS Sector, the majority of the punpage
fromthe caprock is for the Kapolei Golf Course. Chlorides in
the golf course wells are stable, and may be a result of basal
ground-water inflow fromthe Wi anae aquifer. The sustainable
yield estimated by Mnk (R-79, 1989) was | ess than 5 ngd.
Present usage is about 1.1 ngd. A large portion of this aquifer
is |located under BPNAS where no punpage occurs. G ound-water
inflow fromthe Wai anae basal aquifer is no |longer 30 ngd
estimated by Eyre (1987) but some |esser quantity. This anpunt
woul d be ground-water flux (estimated 33 ngd) m nus total
punpage i n Ewa- Kuni a Aquifer System (present average about 9
mgd) or about 24 ngd. As stated above, irrigation water no
| onger is applied over the Wi anae aquifer.

R-79 estimated the Ml akol e area sustainable yield to be
| ess than one ngd after sugar irrigation. Mst of the usage is
industrial. The upper linmestone aquifer supplies sonme water
that is in excess of 1,000 ng/l. Punpage fromthis sector is
over 12 ngd. Sone of the punpage is froma | ower coral aquifer
in the caprock.
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Honoul i ul i - Puul oa Area

Since the dem se of OSCo the greatest aquifer changes will
occur in the Puuloa area. Present punpage fromthe caprock for
the area averages 2.8 ngd. About 1.5 ngd of the punpage is east
of Fort Waver Road at the Hawaii Prince Golf Course and Ewa
International Golf Club. Gentry Devel opment Conpany irrigation
wel l's and the Honouliuli Sewage Treatnent Plant wells nmake up
the remai nder with small capacity wells.

Figures 11, 1l1a, 12, 12a, 13, and 13a focus on chloride as
related to punpage and | and use changes since 1992 at Hawai i
Prince Golf Course. Six wells supply the course with water.
HPGC wells 1, 2, and EP Punmp 22 (wells 1901-03, 1900-17, and
1900- 02 respectively) are | ocated about 500 feet, 1,000 feet,
and 2,000 east of Fort Waver Road respectively. Water quality
at HPGC wells 1 and 2 appears to be inproving over timnme, whereas
at EP Punp 22 the opposite is occurring. EP Punp 22 punps about
four times the amount of water produced fromeach of the other
wells. Though not shown, water quality at the HPGC wel | s near
EP Punp 22 are affected by the high punpage, suggesting possible
upconi ng. Evaporation fromthe |large reservoir ponds prior to

irrigation will increase the chlorides of the applied water.
Pan evaporation in Ewa is about 85 inches/year (R 79, p. 43).
Salt can build up in the soil, only to be flushed back into the

aquifer after a storm The wells closer to Fort Waver Road may
al so be affected nore by stormrecharge because of inproving
qual ity.

Currently, there is a request to increase the usage at EP
Punp 22. Fromthe data presented in Figures 11 and 1la, an
increase in punpage is not warranted since chlorides are already
in excess of what the grass can tolerate and exceeds the 1,000
ng/| associated with sustainable yield. Geater punpage at this
wel | coul d adversely affect their other sources by increasing
the chloride mxture of the irrigation water applied to the west
end of the course, as well as exacerbate the |ocalized up-coning
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on the east side. Ewa International CGolf Cub, |ocated south
and down gradient of Hawaii Prince, could also be detrinentally
af f ect ed.

Figures 14, 14a, 15, 15a, 16, and 16a illustrate chloride
and punping trends at three Gentry sources. PalmVilla 1 (2001-
06), and Palm Court (2002-12) show a general decline in chloride
concentration since 1994. PalmVilla 2 (2001-08) declined from
1,200 nmg/l froma sanple collected in 1993 to an average of
about 800 ny/l since 1994.

Gentry Devel opnent is proposing two new wells and water use
permts in Puuloa. Because of the small punp capacities
proposed for these wells, the likelihood that they would
detrinmentally affect the aquifer or neighboring wells is unknown
but the effect is likely small. Wat will occur will be a
reducti on of ground-water normally | eaking fromthe caprock at
the coast that is equal to the anpbunt of punpage.

Figures 17 and 17a show an unusual phenonena at the
Honouliuli Sewage Treatnent Plant (STP). Wells 1902-03 and 04
are about 20 feet apart, drilled to a bottom el evati on of
-15 feet nmsl. Differences in chloride concentrations range from
50-300 ng/l with concentrations rangi ng between 500 and 700
mg/ | . The general trend shows that chlorides have increased in
Wel | 1902-03 but have renmmined stable in Well 1902-04. The
difference in water quality nust be due to sone geol ogic
control, such as a crack or solution cavity within the coral
aqui fer.

Water Levels in the Puul oa Area

As stated above, water levels within the caprock do not
enter into estimting sustainable yield as with basaltic
aquifers. Water levels can fluctuate as nmuch as 0.5 feet during
the day due to the ocean tidal signal, and over tine, appear to
be influenced by long-termtidal signals. From 1957-1963 water
| evel s were collected in EP Punps 21-24. Figure 18 shows the
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variation of average nonthly water |evels during the six and
hal f years of neasurenent. The average water |evel at EP Punp
24 was 1.95 feet nsl.

Figure 19 plots 1995 water |evel data collected by Tom
Nance at EP Punp 24 and average daily ocean tidal record with
daily rainfall at Ewa M Il and Honol ulu Cbservatory at Ewa
Beach. There does not seemto be any correl ati on between storm
events and rising water levels. |In fact, several high water
| evel periods are during the driest part of the year. The ocean
tidal signal accounts for |arge water |evel changes observed in
Figure 19. Oher factors that can effect water |evel are
punpage, ground-water novenent, and di scharge of ground-water
t hrough the caprock aquifer. Stormevents seemto have a
greater inpact on water quality. The average water |evel for
the short period of record is 1.75 feet nsl. These water |evel
data are difficult to explain as a result of the post-0SCo
conditions. Nance (personal comunication, 1996) believes,

t hough, that for those wells that he has neasured, water |evels
reflect both positive and negative changes due to cessation of
OSCo punpage and irrigation.

M nk (1989, p. 32) used the Darcy equation to roughly
cal cul ate the natural |eakage fromthe caprock to the ocean:

q = Kb(dh/ dx)

Wer e:
g = ground-water flux in ft./day/ft.
K = hydraulic conductivity in ft./day
b = depth of ground-water flowin ft.
dh/dx = ground-water gradient in ft./ft.

Usi ng a hydraulic conductivity of 2,500 ft./day, a gradient of
1.6 ft./mle (0.0003 ft./ft.), and an average water |evel of 2
feet (where b = 80 feet using Ghyben-Herzberg principle), Mnk
cal cul ated an approxi mate discharge rate of 11 ngd | eaving the
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Puul oa area al ong the 25, 000-foot |ong coastline. However, from
the data presented in Figure 19, changes in natural |eakage from
t he caprock cannot be cal culated with confidence, but can only
be derived for conparative purposes.

For the present condition the water level at EP Punp 24 is
assunmed to be 1.75 feet nsl, then the gradi ent becones 0.00025
ft./ft. fromthe well to the coast (7,000 feet), and b becones
70 feet. Again using K equal to 2,500 ft./day, a rough estimte
for | eakage al ong the Puul oa coastline is 8 ngd.

Kapol ei - BPNAS Ar ea

Present water use in this area averages about 1.1 ngyd.
Most of the caprock punpage occurs at the Kapolei (HFDC) Colf
Course. O the six wells drilled, five are punping. Water
quality has stayed relatively constant. Figures 20 and 20a
present punpage and chloride data for Wll B (2003-02). Average
chloride for 1992-1995 is 450 ng/l and is relatively constant.
Leakage fromthe basal aquifer is thought to be the reason for
t he constancy of the chloride data because inported water from
basal wells ceased in 1994 while chloride concentration renmai ned
nearly constant.

QG her wells in the sector include the Kapol ei Canpbell
wel I s 1905-08 and 1905-10. The primary source, 1905-08, punps
about 0.150 ngd with chlorides averaging 500 ng/l. The Desalt
Plant wells are presently off line. |Its caprock source, Well
1905- 09, averaged about 700 ng/l. The Desalt Plant wells are
cl ose to the Ml akol e area boundary.

Water quality underlying Barbers Point Naval Air Station is
unknown. Punpage fromthe Kapolei Golf Course wells and the
Kapol ei Canpbell wells will affect ground-water quality and its
avail ability.

Mal akol e Area
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Punpage fromthe Ml akole Sector is presently about 12.2
nmgd. The estimated sustainable yield for 1,000 ng/l water is
less than 1 ngd. O the total quantity punped, 2.6 ngd fromis
bracki sh wat er devel oped by Kal ael oa Partners (wells 1805-03-
09). Specific conductivity of the water devel oped by them
aver age about 10,000 umhos which is equivalent to a chloride
concentration of 3,000-4,000 ng/l. The additional 9.6 ngd is
essentially highly brackish and saline used for wash down,
cooling and other industrial purposes.

CWRM personnel sanple the Hawaii Raceway Park well (1905-
01). This well is used infrequently for dust control.
Chl ori des ranged between 1,100 ng/l in June 1993 to 580 ng/l in
Cct ober 1995. Most of the sanples collected average around 870

mg/ | .

As nentioned above, water quality for wells supplying
cooling water for industrial purposes exist primarily south of
Mal akol e Road, while better quality water exists north of
Mal akol e Road. Total punpage for new wells north of Ml akol e
Road should be less than 1 ngd to maintain chloride
concentration of 1,000 ng/l or |ess.

Ref i nement of Data and Future Projects

Water quality and punpage data col |l ected by CARM per sonne

and by water users will be continually updated by graphs and

i sochlor maps. Mre sanpling points need to be added to the
CWRM networ k. Three or four test holes should be drilled within
or near BPNAS. A network of small dianeter water level wells
and deeper nonitor wells should be drilled throughout the Ewa
Pl ai n. G ound-water data bel ow the upper |inmestone aquifer and
brown nud | ayer are |acking. Several injection and punping
wells penetrate the nmud | ayer into the |ower |inestone aquifer.
These wells are located in the Mal akol e area. There are no
data or sanpling points in the Puul oa area where nobst

devel opnent is occurring.
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Bol ke and Bauer (report in prep.) began a prelimnary
cross-sectional flow nodel to aid in understandi ng the ground-
wat er flow system of the Ewa caprock. The nodel ed flow system
i ncluded the basal aquifer and the caprock. The prelimnary
nodel was used primarily to test a range of hydraulic
conductivity and ground-water inflow values from which
reasonabl e results could be attained. These results included
changes in water levels and salinities in the caprock after the
cessation of sugar and the effects of marina construction.

Addi tional work should be done to calibrate the nodel to the two
stabl e periods as average conditions. Further nodeling work
conbined with caprock nmonitor wells (outlined above) need to
address the changes in ground-water inflow that are now
occurring fromboth the Wai anae and Kool au aqui fers. Deeper
wells are need to aid in nodel calibration. Several nore cross-
sectional nodels across the plain should be constructed. Future
nmodel i ng coul d be 3-di nensi onal .

Concl usi ons and Recommendati ons

Several major conclusions can be drawn fromthe above
di scussi on:

1. Salinity in the caprock aquifer, especially the
Honoul i ul i - Puul oa area, has not reached stability
since cessation of cane irrigation in 1994. The
caprock aquifer in the region is undergoing the nost
pr of ound changes since the begi nning of sugar
cultivation in the late 1800's. The length of time to
reach stability is unknown; however, because of the
relatively small volunme of the aquifer, a “quasi”
stability should be reached over a short period of
tine.

2. Any estimate of sustainable yield for the caprock
aquifer will be restricted by the limted area. Mre
data regardi ng the natural post-0SCo changes that are
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occurring within the |linestone aquifer will be
benefi ci al .

Sust ai nabl e yield for the caprock aquifer assunes that
total punpage within an area will maintain a chloride

concentration of 1,000+ ng/l. To achieve and maintain
a good irrigation quality water will require a change
in the sustainable yield estimate to about 5 ngd for
the Mal akol e area. The historical record of the
caprock aquifer argues for a reduction of permtted
uses, unless there is a large increase in the inflow
of ground water either naturally or fromartificial
nmeans.

The Ml akol e area is punping much higher than the
sustainable yield of less than 1 ngd estimated in R-
79. However, much of the punpage is for industrial

pur poses in Canpbell Industrial Park and chloride
concentrations greater than 1,000 ng/l are acceptable.
There should still be some limt established, because

heavy punpage could affect ground water underlying
BPNAS. North of Ml akole Street, sustainable yield
shoul d be 1 nygd.

Addi tional nodeling efforts, including a 3-dinmensional
ground-wat er nodel to better simulate basal ground-
wat er inflow and the areal effects of punping, wll be
beneficial in better understanding the hydrol ogy of
the caprock. The period from 1955-1970 coul d possibly
be used for establishing average hydrol ogi c conditions
in the caprock, because chloride concentrations during
this period show the |east variation of any conparabl e
period from 1930 to 1995.

In conjunction with future nodeling, or perhaps as a
separate project, a nore thorough water bal ance

24



i nvestigation should be initiated as a result of the
significant | and use changes.

Separation of the Ewa caprock aquifer into three broad
managenent areas has nerit. These broad regions can
be subdivided into smaller areas that require special
managenent. Perhaps the concept of "sustainable
capacity", the anount of water devel oped froma well
or a battery of wells (such as Hawaii Prince ol f
Course) that will allow stabilization of chlorides,
shoul d be nore fully devel oped and used by the

Comm ssion for special managenent of snmaller areas.
Sust ai nabl e capacity of a source wll [imt punp size
and well depth. A maxi numdepth for wells in Ewa
could be limted to -15 feet nsl.
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APPENDI X A
Summary of Chloride Data’

Col | ected by CARM St aff, 1994-96
EP28 | EP22 [HPGC1|HPGC2|HPGC3|HPGC4|HPGC5| PVl | Pv2 | PC | HSTP | HSTP | KGC B | HRWP

1902-011900-02[1901-03|1900-17|1900-18{1900-19|1900-20|2001-06|2001-08|2002-12|1902-03|1902-04|2003-02 | 1905-01
194 440
F 450
M 1140 440
A 1295 925 525 1110[ 1240 650 490 430
M 1315 833 680 710 660|  455|  410| 865
J 1335 1015 910 928 785 735 695 405 850
J 865 1090 605
A 1330 1010 970 1105/ 1180 985 700 660|  540|  405| 845
S 885 1370 990 515 1080 970 755 1030 415
o 805 990 575 525
N 1390 990 1005 925 670 600 425/ 910
D 800 860 475 490
J95 1350 1005 880 930] 810 670 675 985 435/ 830
F 750 1368]  843] 643 990 680| 430
M 1360 770 460] 990] 865 740  730] 955 500 870
A 750 1397 920 860 1240 620 675
M 1450  985] 920 1135 1240 1300 675 740 740 555  425| 870
J 775| 1400 960/ 870 1190 1295  780] 960| 940| 785 490
J 875 1500 940 885 1230 670 715 945 795  515| 415 865
A 850 1363] 903 868 1245]  640[ 728
S 1460  900] 875 1150 1160 645 685 850 795 520 410/ 580
o 850 1460| 885 815 1045 645 700 790  520] 420
N 1430 770 1210 654| 680 850 780
D 1440 810/ 800 1100[ 1090 635 845  845| 745 505
196
F 875 1440] 795 795 1105| 1125 1225 730 40| 825 755 505] 430
M 850 1510 1030 1135] 1235 700] 685 810| 725/ 520 410 890
A
M
J
J
A
S
O
N
D
197
*Data in ny/l
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