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U.S. GEOLOGICAL SURVEY (SHEET 1 OF 1)
INTRODUCTION
Southeastern Oahu The water supply for the population of the island of Oahu, Hawaii is obtained primarily from t{:round—water‘ sources, recharged by the infiltration of rainfall and irrigation North Centra! Ochu
water. The importance and limited nature of these sources caused the island of Oahu to be selected, along with 27 other aquifer snstems in the United States, as part of the
The distribution of ground-water recharge for southeastern Oahu was first calculated from o monthly water balance presented by Eyre }‘J.S. hGedologicul liurhvey's Regli‘onal AqxéifertSysltem!Anulzsitsh (RdAStA).bpiggromf. The dprimtury fp!urposca of this pirogrolm is to investigate the effects that ground-water development
: . ; b as had or could have on the ground-water levels and the distribution of ground-water flow on a regional scale. : - : .
and others (1986). Recharge and rainfall relations were developed from the earlier water balance for the GIS recharge model. In addition, An important factor in thg study of an aquifer system is the quontit? of water recharging and g1‘Iov1in through the system. Ground-water recharge can be estimated Horth central Oghu wes modeled a2 an extensnon_ at the Peort Rurbenilionolulu-ares, begsuse buih angus heye dimilar. climate, togograph{, am.i_ soils,
these relations enable the GIS recharge model to be applied to o similar arec, the Waianae area on the western part’ of the island (fig. 4) ; : ‘rati ‘ T ? TIye tetributi and large agricultural areas (fig. 5). Hence, ground-water recharge for the aree was calculated in the GIS recharge model by applying recharge
where a mors rigorous water balance ghus - cu!gg!uted ' P 9. %) from water-balance calculations, which subtract runoff and evapotranspiration from rainfall and irrigation. The quantification and distribution of recharge are necessary for cabnfell=land sse Telotions §tub|e 1) developed from Giambelluca's ?1986) water balance calculetions for the Pear! Harbor/Honolulu area. The
Two regression equations were used to calculate recharge for southeastern Oahu. One equation, Recharge = 0.927 x Rain - 16.742, SNy - T igien, oy inpprtami SlemERt X0 b RAREV ROl 0N Purpose and Scope distributions of rainfall and land use (fig. 5) were considered in choosing the appropriate rainfall-recharge ratio for a given ares. The mean
with o correlation coefficient (R') = 0.85, was applicable for soil areas classified as rock land, rock outcrop, and stony steep land (Foote annual recharge distribution is shown in figure 1 and the total for the north central area is 218.4 Mgal/d.
gnd °t.h°’;?' 1972). t'Thelsel arleos ‘”Teh chotrhoctenzeg.by. parm;able ’_°°g 5°0“1t°’°£s. and 1°3 Ehz'“ s?{'hl l°y°R’.f°535fd with 9’;’.”%,””: ey ?;V°p°' The purpose of this report is to show the spatial distribution of ground-water recharge over the island of Oahu, Hawaii (fig. 1). Various methods were used to
r%nsplretlotq is particu ?ry ov:’.t ebo er equa lém.h :ct;rggag 2 x Rain - s '”’th O’Ph = i “ts Oﬂplcﬂ ed ‘;’ :!e,ts"'l °°V°t’ calculate ground-water recharge, depending on the subsystem being analyzed and on the availability of prior information. These methods are discussed in the body of
05 Fegeiptinn Opp (F SOLET, S0 10 iR SIONE: SRR UL A6 e R 8 SraAMI-RUTE) TRON TAOEL THITLE SRl the report. The calculations of ground-water recharge, the display of the areally-distributed input data, and the resulting recharge distribution were cided by a
(Eyre and others, 1986) was assigned a land cover code. On the basis of this code, the appropriate re?resslon equation was applied to geographic information system (6IS)
the rainfall (Giambelluca and others, 1986) in that subarea. The mean annual ground-water recharge in the southeastern Oahu area totaled j DISTRIBUTION OF GROUND-WATER RECHARGE
18.7 million gallons per day (Mgul{d), and its distribution is shown in figure 1. This recherge value compares well with recharge calculated
Her"l’."S')’l(E)”:h ‘”‘dh °thl‘."3' 19&6 Golfs ’5-1d 'fg"'/;d-! t”:’e opge‘;"wls d‘"’k heshmqtetih.thot therew:gsh "°f gtfh°““d"t'!°t‘i’ recfhorg; in the elements The island was divided into 5 subs{stems shown in figures 2 through 6. Ground-water rechon};e was calculated using rainfall, streamflow, pan evaporation, land use,
g |te along t g 3d°’te ine, i be “‘t°h° d."f"fc““ € bot 9°t/h "03 0{'93;'3 (ils “{:0- 20 i 0 ) e ':‘l“’ ?tsh'o ;;c arge {s.n;oref vegetation, and soils data. The narrotive sections above fi?ures 2 through 6 describe how the GIS recharge mode! was applied to each subsystem. Figure 7 and table 3
f;c‘”“ie lc(,:gmo e determined because the difference between them, 5 Mgal/d {less than 20 percent), is well within the uncertainty o display the ground-water recharge distribution b{ ground-water area. Figure 8 and table 4 display the ?round-\vater recharge distribution by geologic fype. . —
e For each of the 5 subsystems the data input for the GIS recharge model was determined by the availability of a previously calculated water balance. For 2 of the Figure 5. Land-use characteristics and mean annual rainfall of north
. ; : subsystems, water balances had been calculated previously. For these subsystems regression analyses yielded relations with high correlation among rainfall, land use/ central Oahu used in the ground-water recharge GIS model.
Figure 2. Geologic and soil characteristics and mean annual rainfall of LA 87 3¢ land “cover, and recharge. These regression equations were then applied to the Waianae and north central subsystems. Because of the distinct hydrogeologic characteristics v 40}
southeastern Oahu used in the ground-water recharge GIS model. ar ot of the windward subsystem, the regression equations were not approgriote, and this area required a different approach. An annual water balance was calculated whereby stream-
flow and evaporation were subtracted from rainfall to determine recharge.
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N\ Figure 1. Distribution of ground-water recharge for the island of Oahu. 29 20°
RTTIRK 2 20
Al
NN §§§ EXPLANATION EXPLANATION
N 20 40 Nf— —ar 400 W [ LO¥, DENSITY  URBAN
N\ NN 30 GROUND-WATER RECHARGE,
N\ Y FURROW-IRRIGATED
: EXPLANATION S s A A\ SUGARCANE FIELDS
- l ’ DRIP-IRRIGATED
v Xy GREATER THAN OR EQUAL 100 NATURAL LAND USE
L bR By ey = o,
\y GREATER THAN OR EQUAL §0 =
—60 —LINE OF EQUAL ANNUAL RAINFALL-- N S TN Less THAN 100 ?nMiNnFcAhlél;. ilsnt:;:iu;!;!e
Interval, in inches, is variable 3
! ! § ‘ lGREATER THAN OR EQUAL 25
& \\\\\\\w\&\\\v \\\ \ \ AND LESS THAN 50
o T T v 1 N N R R e NN \
2 N A R Y GREATER THAN OR EQUAL 10
e EXPLANATION 1:100000 \“\$§\\§§’:\§\§\E\\§ FUINN ApL LRSS BN %
= i TN A RS \\Q‘ N S N
e B RECHARGE = 0.927 x RAIN - 16.742 i & 1 ) 3 ' 5 WILES ‘\'\\V \\ N \x... N LESS THAN 10
- : D RECHARGE = 0.501 x RAIN - 13.32 by b ey T e i ; SN
= - - i 150 1 2 3 4 5 KILOMETERS
=] 1:175000
i oL i SIS (O SR A SR TR S
B 50 B 100 125 oo it SLLG e )
RABEARL, TN Bioties 1 0 1 2 3 4 5 KILOMETERS
Pear! Harbor/Honolulu Area
The distribution of ground-water recharge in the Pear! Harbor/Honolulu area is the result of a detailed monthly water balance calculated \ \
by Giambelluca (1986). Rainfall-recharge-land cover relations were developed from Giambelluca's work; accordingly, the GIS recharge model \\\\\ Table 1. North central Oahu ground-water recharge/rainfall ratios.
could be applied to the area, and could be extended to areas with similar physical and climatological characteristics. The relations are \ \ Q
shown in figure 3. For most of the area, in urban, conservation, park, and mixed land use, two regression gquations were used. For N \\\\\ [For irrigated sugarcane the ratio is ground-water recharge/
areas with greater than 160 inches of rainfall annually, Recharge = 0.846 x Rain - 43.035 inches, with an R" = 0.95. For areas with less \ rainfall "+ irriga%ion.]
than or equal 160 inches of rainfall, Recharge = 0.596 x Rain - 12.092, with an R'= 0.89. The regression equation applied to areas planted »‘ NN
in pineoprle is Recharge = 0.935 x Rain - 13.54, with an R*= 0.98. Pineapple is a bromeliad, which reduces the natural rate of evapo- ‘ Rainfall  Ground-water recharge Land use
transpiration by closing its stomata during the day. Therefore, recharge in areas planted in pineapple is greater than in areas of natural (inches) (percentage of rainfall)
land cover. Recharge from sugarcane fields is not a function of rainfall, because the fields are irrigated to maintain o relotivelz constant
soil moisture for the plant. Wet areas receive little irrigation and dry areas receive abundant irrigation. Sugarcane fields irrigated by the
furrow method produce an average of 91.3 inches of ground-water recharge per year. Fields irrigated by the more efficient drip method 235 69 Natural
nroduce an average of 28.7 inches of ?round-water recharge per year. With these formulas, the GIS recharge mode! for the Pearl Harbor/ 215 64 Natural
onolulu area operates as a function of the mean annual rainfall and the simplified landuse distribution. By this method the mean annual 180 60 Natural
ground-water recharge in this area equals 428.3 Mgal/d, which is within 10 percent of the 393.5 Mgal/d recharge reported by Thomas 140 32 Natural
Giambelluca (University of Hawaii, written communication, 1989). The recharge distribution for this area is shown on figure 1. 138 i’g gg%zm
Figure 3. Land-use characteristics and mean annual rainfall of the Pearl Harbor/ G PN gg ?g ﬁm:::
Honolulu area used in the ground-water recharge GIS model. 0 50 65 Furrow sugar
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EXPLANATION
Windward Oahu
NN PINEAPPLE FIELDS
e l , | Ground-water recharge in windward Ochu is calculated from an annua! water balance applied by drainage area.
[ ] DRIP-IRRIGATED SUGARCANE FIELDS | - The annual water !;aiunce equation is: Rainfall - Direct Runoff - Potential 'Elyopotr(fmspiral ion = Rechortge.
BRSO i) e R rors T e e T er Tokesch, (RO%) Tokssst, Hrestime, asd Luvke b Bt ond Ehong (03 rs. th. U e Suts vaed 1o setnate Fecharge n seveh rdnage ree (f. o).
<Y URBAN. CONSERVATION. PARK AND Ls CL 1969), Takasaki and Valenciano (1969), and Visher and Mink (1964). The physical 'features that coincide with Most of the pan stations are .eqmﬁped with U.S. Weather Bureu Class A evaporation pans. Because of the
% : ' L ! Lew s R/ : H# o numerous types of vegetotion in the study area, and various stages of growth, the pan coefficient fluctuates
MIXED LAND USE Figure 7. Ground-water areas of Oahu. hese boundaries include topographic divides, erosional unconformities, and rift zones, 1t is important to abuh sd Wrelow 40, For this soter bulance ot meon sruab oonditishs, She pan enetticient: is “sesehes kv
60 —LINE OF EQUAL ANNUAL RAINFALL-- ‘ o 82?\?}"?«1r%gll:lnodri;mtt:: ;f::surg:mlbnertehdes; %euis(tg::ie 230) ft?::ergr?n‘i:qsdBzgzercofn!gi':ie!r“:bdlz“?!?écu::il;)nsive;r:r’di:;euhsowon equal 1.0, and pan evaporation equals potential evapotranspiration. Direct runoff is calculated as the
22t Interval, in inches, is variable 9 40" much of this water may be flowing from these oreas into either the Pear! Harbor/Honolulu area (fig. 3) or the difference between mean basin discharge and baseflow, and is expressed as o fraction of rainfall in the GIS
north central area (fig. 5). Ground-water recharge to the basalt and volcanic parts of the ground-water areas recharge model. Much of the streamflow information was obtained from Takasaki, Hirashima, and Lubke (1969)
= EXPLANATION (figs. 7 and 8) has bgén saleuloted and s shownqon Sglile 3 P g and from Takasaki and Valenciano (1969). Table 2 indicates the runoff/rainfall ratios that were applied to
e o et 1 4 T O LON TiL 1:300000 e : the mean annual rainfall over each drainage area. The mean annual ground-water recharge for the windward Ochu
=1 e . ““%%‘hfufxif‘g'&‘ L i 10 1 2 3 4 5 MLES EXPLANATION Table 3. Ground-water recharge by ground-water area. Bt T Wgalid anc thsSistibetion dn akown. - liie L
g o 1B RECHARGE = 0.935 x RAIN - 13.54 T = =S S [Mgal/d, million gallons per day. The total ground—
2| s ‘ I RECHARGE = 91.3 INCHES 1012345 KILOMETERS [ | GROUND-WATER AREA water recharge for the island of Oahu is 895 Mgal/d.]
TR T e o RAERHARRE % SRR BOUNDARY BETWEEN Figure 6. Mean annual rainfall and pan evaporation of windward Oahu
- 7 KOOLAU BASALTS Area Mean annual ground- Mean annual ground- Area Mean annual ground- Mean annual ground- used in the ground-water recharge GIS model.
o g g 9 9 1 :
g - ~ AND COASTAL PLAIN water recharge water rechar?e to water recharge water recharge to LLAL 18T, 50
? -, . ; (Mgal/d) volcanic part of (Mgal/d) volcanic part of 140
! i ‘ﬁm - ol 0 the area the area
= (Mgal/d) (Mgal/d)
: 1 5.7 3. 43 s 31.85 3t .49
Waianae Area 2 193.80 155.30 1 5t & 2.05
In the dry western Waianae area, soil types, land cover, and climate are similar to those of southeastern ‘Z gggg gggi }g 8?% 8?;
Ochu (figure 2). The same recharge regression equations developed for southeastern Ochu --(1) Recharge = 0.927 5 25 35 19 86 20 11 64 11 64 1
x Rain - 16.742 or (2) Recharge = 0.501 x Rain - 13.32-- were applied in Waianae. Equation 1 was applied where 6 1673 639 71 586 5 86
soils are thin or permeable. Equation 2 was applied where soils are thick or less permeable. Soil 7 771 7' %58 99 1390 8 57
characteristics were obtained from Foote and others &1972), and the spatial distribution of soil types is shown 8 118 1k 53 181.09 15945
in figure 4. Only notural land use is considered in the Waianae area, as there is little urban development. The 9 989 9 88 91 7903 2903
location of phreatophytes is a significant element in the land cover distribution. Phreatophytes transpire water 10 7' 55 155 95 79 95 9970 EXPLANATION
by way of roots that reach the water table. For areas of phreatophyte growth, any water that infiltrated into 11 4 e 1299 96 18.23 10 64
the soil was assumed to be transpired by these plants, and therefore, ground-water recharge in these areas was set 1:350000 19 1335 698 27 2395 1395 [[5 ] NUMBERED DRAINAGE AREAS
at zero. The distribution of mean annual ground-water recharge is shown in figure 1, and the total for the Waianae I 4 01 23 & 5MLES 13 T 17 59 98 12°17 768 —60 —LINE OF EQUAL ANNUAL
area equals 31.4 Mgal/d. el ity 11 61,62 61.62 99 7 95 6. 65 ?nMi"nFcAhl;I;—.ilsM:;:ianlble
1012345 KILOMETERS 15 59 .45 50.39 go ggg '2/:252 Ler e o EOE}AL S
1 . ;
Figure 4. Soil and land-use characteristics and mean annul rainfall of the e ok Ll
Waianae area used in the ground-water recharge GIS model. - e : oA i g
ol Table 4. Ground-water recharge by geologic type.
[Mgal/d, million gallons per day]
bEY Lk Type Ground-water recharge
Figure 8. Generalized geologic map of Oahu (modified from Stearns and Vaksvik, 1935). (Mgal/d)
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