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The chloride concentration of water has been used for S 60
many years in Hawaii as an index of suitability and as an i % —
indicator of sea-water intrusion. The concentration is ex- L occurred 1940-45
pressed as parts by weight of chloride to one million parts of
water (ppm). The maximum concentration recommended for o > - | 400 .
drinking water is 250 ppm, water used for irrigation on Oahu ] & FBRET 15 VHRLESmoES Wé[‘fFngga_l - el i WELLS 196 & 197
contains more than 800 ppm (well 197), and the sea water § 20 20 20 - .
in the basaltic aquifer contains more than 15,000 ppm. 1 - 400 0 i -
The chloride concentration varies with geographic location, J . .
depth, and time, and thus it is difficult to isolate the effects WELL 256-2 - 20 - ! 7 PEARL
caused by changes in land or water use. i s o 5 . 54 5 @
The variance with geographic location is demonstrated by Y 40 - & S i HARBOR
the isochlors for the top part of the basal water, 1965, which o 0 VA )
were constructed with data from shafts and shallow wells 15755} Y 4 4 .
(penetration of less than 50 feet below the water table). ¥ o v < : S - 400 \syess  \reached maximum
Fresh rainwater that infiltrates in the Ewa Forest Reserve P AR BRSO s a L A% -1
contains less than 20 ppm. As the ground water flows to- IR SRS LA AN I A58 T : : ™
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becomes more concentrated with chloride, exceeding 500 ppm 40 WELL 257 ) ' o 158°00" P N s R N R s
near Barbers Point. The increase is caused in part by the SHAFT 3 - A 2 S
infiltration of return irrigation water of higher chloride con- o In 1939, the pumpage was increased by 8 mgd in wells 247,
cer;gra(tu;r(l)cai]rgin:;:: p]arstel():{i(r)rrlll)xlnge;v‘?:r;v af:'il;x:ntfl}:ee tra;ﬁztl?)? 248, and 249. In previous years the chloride concentration of
fl(i)schalgge the chl?)ride concéntration abruptly incggases to o e o el g sliant 1 - during the menprmping N
about 1,000 ppm. Between the 1,000- and 2,000-ppm isochlors :‘ﬁl 3 ;}:}g;ﬁ; :g::g: tr?;“;a e“;).:;lig daﬁ’gigafg é%%r? Iglne %‘:;g;g_
the concentration varies with time (graph 268 and 201). Sea- ing was almost continuous, the chloride concentration of the
ward of the 2,000-ppm.1sochlor the concentration dpvuE I 400 water increased and stabilized at about 250 ppm. In 1946
creases abruptly, reaching 10,000 ppm at well T-133. g WELL 189 when pumpage was decreased 8 mgd to the prior rate,the chlo-
20 il S 8 ride concentration of the water followed the pre-1939 trend.
Because the effect of the increase in pumpage was not
detected in seaward wells, and because there was no residual
o increase in chloride, it is reasonable to assume that this case
' ' : ' : ' : ! represented a reversible upward movement of the transition
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<} zone rather than movement inland.
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The relation of chloride concentration to depth is demon- el ' Chloride concentration of water and monthly pumpage of well 249 A-F.
strated by results from well T-67, which was sampled at =S 9
various depths during drilling. This change in concentration i
with depth is similar to changes determined in tests at three 7 = Z
other deep test wells drilled on Oahu and is probably repre- = - CONCLUSIONS
sentative of conditions in much of the Pearl Harbor area. 0 0 > 22 : PN . :
Wells 197 and 239A-N were drilled to 899 and 664 feet below # Z: g e N s S
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water from these wells is presently in excess of 800 ppm, QT 4 - ) - A . / 1 L o = . SR g N been increasing. There has been a decrease of 10 mgd of
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lovel devution 1 3 g ;‘6 N\ &, ok . cent of the total ground-water flow and consequently the
’ i = o, - N 1 effects cannot be measured. )
i -~ 5 ’ 4 % 2o/ McGrewl! The changes in chloride concentration are clearly related
g s 'ow/s . ] it o , %  Point ‘X to at least the three different variables: geographic location,
RIS S| AL <, ’ _ s . ' : depth, and time. Because of these variations it is difficult
401600 . . . ' , : 1600 R0 % Wk }‘sﬁ £ 4 oy N - v < qﬁ"‘j{ =3 = Csrasn) o ) & WELLS 185 & 186 to determine the changes in chloride concentration caused by
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Pu > , o\ Ty A it s P s g o, = DT RIA RS o S Ot Large changes in pumping rate caused_ related changes in
— i | 7 IR BT launull o B OND A U . ‘6\3‘«;;' . I h- 3 st N P\ i - 400 chloride concentration of the water, but in some cases there
z $ < & ‘ N S "N BT 2 A, * apu NN, g g A0S was no clearly related change. In the cases cited, heavy
e : ] . ‘ - - . - 8, T N & : o\ R s 224 =T VN ‘ =Y 20 o pumping by shafts caused an inland movement of saline
o r— B / A ¢ : AR AW 2 0N \ ¢, & Ay ’ QA= RN =5 (865 L water, and heavy pumping by wells caused an upward move-
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There are three types of chloride concentration changes i - AN V. AL . S /'/ £ S AVAL, g . \ A /)%
related to time. One is the extremely large seasonal fluctua- ) 81 - dslecan " S w - o727 3 res G\ _xean Pt 5 T R
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(201 and 268). The second type is the overall increase in con- % 0 AN REZES NGO Ll . YA .. X N O hbun Pt
centration for the deeper wells (197 and 239A-N). And, the kY N P o ) Y oneuat X EXPLANATION
third type is related to a change in pumping rate. The first % _ B L> AR ‘?\f‘ TION/ [ L On T ! h 7
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third types are discussed in the following paragraphs. 800 I\ % s o _/ D v — B A 7 e e 8
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1940, and 1938, respectively. The pumpage increase (sheet - DECUNATION, 1567 T o T —— W = 62
1) of 35 mgd between 1937 and 1940 may have caused the g L b 400 od area of the basaltic aquifer. Ruled areas gg 30 400 Z¢
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upward movement of high chloride water existed prior to the = 2Z
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During the period 1940 through 1945 there was an increase CONTOUR INTERVAL 80 FEET basaltic aquifer
of 31 mgd of water pumped mostly from shafts in the Aiea 0 o 0l o DATUM IS MEAN SEA LEVEL
area (189, S5, Sl3, Sll, and 812). The Chloride concentration v v v s @ w®v w0 .
of water from installations seaward of the new development Basin boundary
(S11, 186A-D, 187, and 190) began to rise sharply, increasing
as much as three}tl‘old in well 186A—D.b In 1946 through 1948 A A’ 200
the pumpage in the area was reduced by 26 mgd. There was - » . [
a decrease in the chloride concentration of the water, but not o e Isochlor for the top {’;6"; of the basal water, L
to the level preceding the large development. Apparently, ——
this heavy pumpage exceeded the fresh ground-water flow, : ¥ Agricultural Urban Spring discharge
thus causing an encroachment of saline water that has not 2000" — 2000 g2t ol-67 gl3 p
wholly been displaced by fresh water since. The fact that Supply well Test well Shaft Spring WATER USE
the chloride concentration increased in seaward wells in this 5 .
case favors inland movement of the transition zone rather 1500 — £ &= — 1500 Supply wells are numbered serially from ) b )
than an upward movement. k) 5 east to west. Where several wells are Line grth is average annual chloride con-
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GEOCHEMICAL SECTION

Fresh water, less than 50 ppm chloride, grades both laterally and vertically into sea water. 1965 con-
ditions. The three components, fresh water, transition zone, and sea water, form the basal water
system. Isochlors and geologic contacts dashed where uncertain, queried where unkhown.
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