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I NTRODUCTION

Loca t i on and extent

Thi s r eport d e~l s wi t h th~ ent ire Ewa Dl 8t r l c t exeeptln~

t hat par t wh i ch ) 1e 8 On t he e ~8te rn and s outhern e l ope or t he

WBl anee Range l~edlate ly und~ rlaln by Wa i a na e b a salt. The

report t herefore over16p~ t r.e Ral awa por t i on of the Woana l ua 

HAl .w8 report end 18 intended to oover al l that part or --the

l eeward elope or t he Koolau Range whi ch l i ea northwest of the

Honolulu D1. t r 1c t (Red Hi l l ridge) and south of the Schof i e l d

saddle d i vide . Thi n d i vi de Be parate. t he dr ainage of Wai kaka 

l aua St r e am. whi ch flow8 Bouthwnrd to Pea r l Ha rbor , and t hat

ot XAukoDQbua St r e am, which (10. & nor thwar d to ~a la lua Bay .

(See Fi gure 1) The Kool au portion of t he Ewo D1etr 1c t i . a

we l l-marked na t ural unit. It i ncludes t he wh ole Koolan slope

wh l ch dralns t o Pee r l Her bor and n o other part , and so tDr a ,

we ~o. 1t Includ ~8 Q simil ar area of gr ound -wa t e r dra lnar,e

e n t 4! r l ng Peo pr l H. r~ or . I t ~8ft been c onep t e u oua s ince pr e 

h i s t oric time f o!" t he gr-es t res.r l Horbor Spr I n.t"; !I" .

The part of the E.& D1&t r 1ot excluded fr~ t h1. r eport 1.

t he r elRt l ve l y pmn l l portion l ying on the ea s torn and sou t hern

s l ope of t he Wa I anae Ren~e whi ch . &8 high enough eo t hAt it

W88 not ove r l a pped by t he later Kool au l ava s t hat fo rm t he

l ar ger pa r t of t he fLat t e r s l ope s be t ween the t wo r6nge e .

Becau se the ge ol ogi c and hydr ol ogl c cond i t l ons of t he Wa18nae

- 1 -
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Flgure 1 - I ndex ma p showlng chlef ge omorphlc
Includ~d i n each p~ovlnce 1s aD area in which
found and i n whi ch 8 80mewha t un i f orm hi s t ory
va l 1ed dur l n~ ~eo]o~ lc time . The 8r~a shaded
tr l ct treated l n thl s repor t •

province s of the I sland or Oahu .
a s l ml lar type of t opography 1.
of land - f or m dove l opme nt has pre 
in b lue 1s the Pe arl Harbo r dl e-



Range a re qulte dl~tlnct It ~eemB be pt to limi t th~ d lFeup~lon

a t t h i s p o ln t. . The r e l e t l on llhip be tween t hfll Koolau An d Wa i A

nae Ran~e8 i~ de~crlbed e l ~e.he~p. (1) .

(1) ~entworth , C. K. , an~

Se r i e s , (In c our~e or
I nche ll , H.

pre parat ion f The x e e 'teu
1945 .

Basal t

Included In t he Pe a rl IInrbor a rea are t he c h ief l eeward

KoolAu va l leys of South ond Nor th Halawa , ~B laU8 o , ~8 1ma lu ,

Wal~8no , Wa lawa , Kl pa pa , and a lkeka l aua . At t he northwe st

a nd 78S t a r e W.l e l l and Hon ou l 1ul i va l leys . Pina lly t here

are t he low9r d ome s lopes e nd . id~ , fr l ngi ng r eef plain e d-

jacent to the mouth s of a l l t he se e treAQ6 around Pearl Harbor .

The area 18 bounde d on the 50u t heA" t by t he bound a ry of t he

Honolulu Di s t r i c t , whi ch runs r ~om a poi nt eR ~ t ot Fort K~~e -

h nmeha through Puu loB St a t i on , t~nee e as t of MA kn l r pa Cr gter

and northeast alon g t he Red Hl 1 l ridKe t o the Koola u e r~ ft t

at t h e mi d d l e or t he h~Ad or B~iku Valley . From he r e t~~ b ound -

Rr y runs n orthwA~ t.n rd n~ Arly 10 "11. ~ A lnn~ t he ~ool Ru cr~ 8 t

to
u

Pun Kaaneku8 ~eyonQ t he h~8d of ~8 i kan~ VA l ]~y , w~~nce it
A

(

runs generAl l y westwDrd brtwee n t he va l leys of Kaukonahua a nd

WAi kaka l a na s t r e ams to B po i n t ~outh of Rhi s .a . The bound a r y

•oontinue ft we s t wnrd s o 8 ~ t o incl~~ nr anohe s of Nai! l i St r e a m

~h ich heRd s near ~olekole pa 8s . The l ine i 8 t hen dr awn a ppr oxi 

ma t ely a long t he l ower ma r gin of t he outcrop of Wa i a nae basa l t ,

a s pre vi ous l y mapped , and th~nce ~n a s outhwe sterly line running

ess t of the r ailwa y sta tlon Gilbert t o Barber I s Po i n t . The
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tot a l l and ar ea or t h is hydr ologic di. t r i c t i . 131 s quare mi le .

end I t 1£ t hus not only much l arger t hsn any of t he oomponen ts

or t he Hon ol u l u Di str i c t on whi ch repor t s have be en prepared

bUt ha s o ve r t wice t he area of a l l t he se togett~r .

Purp ot:e , :teope a nd methoo ll: o f Kl ud y

Met od' u Red I n t ! !! Rtlldy WAr e' 1l: 1':":111&r t o t ho!'" u sed I n

ear- Lfe r- e t.ud Le a End 1<1''' t h e r e-In d", tI;e r l , ,..(1 . llo....~ vp r . t h ('> pro 

por t l onnte eoph8 ~l e on d l rfe r e n t a a~c t . of t h p. wor h a s be e n

ma t~r18 1 1y d i f fe ren t . I n t h e en , t p rn p. r t of t h & are a , el 

~c1 8 1 1y ll8 1~w. , • ~oderA le a mount o f d -tal1ed t r a ve r fllng or
t h e mount~ lnoul ar~A was c o~ple ted , a8 r e p orte d In the oan a ! ua 

Hal awa repor t . There has hoen I nc r e&Rlng r e a s on , pe r t l y be -

CAU•• of t he 9~11or n~~ e r or d ike s [ ound en d partl y because

of t he grea t e r length or v 11e1 P, t o d ou t 1f epec i f l c s truc

t ure s havi ng crili cAl l oe~l ~~ .ring on t he wat t r s uppl y cond i 

ti on ~ wou l d b~ f ound s nd t o d oub t if A lr~ ve r 8e ne t on 5 sca l e

c~P8rabl e t o t ha t used i n t hp c~ntr9 1 and P RRtprn Hon olul u

are a wa s lik e ly t o pr ov& prof1 lG l ~ .

The vf!, ry much l ar f!;e r are a 1nvol ved , t h e gr e a te r )~ n~lh

of valle y " , li n d r l!' l n t l vo l y vr''!' l!llf!lr d 1r f t cll l t y or a C C " ' !'I B e e

we ll •• t e curtAoIItflenl of 8 8~ .t !'t ~ncp d llJ"l np: t bfl! l a t t e r pAr t

or t e war pe r I od have prevent~d on t l nul ng t~e d~ta l led

~ount8 1n wor descr ibed 1n ea r l i e r r eport s . Fur t he rmor e , the

chong i n the chn r ac t e r of t h e ge ol ogl c s t r u c t ur e or t he \r'a l ley8 ,
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wl th lack or pos t - Koolau vo loanlc r ock s ond of ~erehed wa t e r

bod ies in val ley f ll1s , hal r educed the expec t ation of f i nd i ng

specific high - l evel water b odden i n t he inl &n d mounta i n c oun t ry.

Al l t he se c ondition s ha ve doveta i led with the centering

of hydrologio pr ob lems a round the Pearl Harbor Spr i nge , t he

l a r ge number of Brte~i«n we l l s and hc&vy draft for l r r l gQ t l on

in the Pearl lle r bor are a . Oppo r t uni t y I n the Pear l rrnr~or

a r-ea t o s t u.d y , In c Lc ee Juxt npofllt l on the relat i on ship o!" f ree

bess I water end a rte sian ba~al wa t~ r 11 superior t o t nt 1n the

Honol u lu ar-ea b ecs. u ee of the d i s s e c t i on of t he ce pr-oc by t h e

a rms of Pee r-], He e bcr- f~nd b e e a ue e t h e upper , u r f o c a of the c e p -.

rock Ie f,r Rde d t o onl y a f ew fee t ah~v~ 9 ~ ~ le vel . Tr~ c on-

t.e n por-s r-j- sh1ft rro~ d r ve lor'O"{'int , r ~rou r.rl -. n tpr by a r- t e r Lan

wel l s t o deve l op~~nt by hsesl ~tn f t ~ h£ s been gr~ ~ t ly acce l e 

r a t ed !! t prft sent In t he ennt.er-n Pearl n~rbor e eee , Hence

und p r Et and l ng of the ~ e r e l Rt lonth l pr. i a o r t he gre a t es t I mpor t 

nnce end ha s r~ qu1 red c on~ ld e rs t l on in the pre sen t r e por t equa l l y

of t e ge ol ogI c f ec tor s . nd of ove r a l l hydr ol ogi c dut a , avs I 1n 

ble up t o t he end of 1944.

filn tor v ~ nd ockno.l~dgmen t ~
• ! '

EAr lier repor- t.e of t h i s " eo]"' I '-.:,. have ee t. f (tr t h t ~ t ' l:o: t or y

of ge ologic work fi nd or thi s fl tudy . ThE' }1oa ne }ue - l!e ler.n r "por t

wu e co~pl~ tE"d i n 1942 , D ft~r t~ f' e u t .br-e ek o r t r-e raci f Ic wa r ,

and 8)) wor k ror t~ ~ pr~~~~ t r~~o~t ~~ . b~~n d on~ d ~r lng w~r
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tl~ And much o f it 1n cl os~ p r ox i mi t y to man y c onstruct i on

pro j ec t! related t o t he WAr . W1t h out In81~t1ng on 8n y need

t or de t n l 1ed eXRmination of a l l excav~t l ons . interesting a s

the s e !:li ght ~~ f l'or!! & p;eo l og10 s ta nd po i n t , t he wr i t e r ha s a t

n~ p oi n t en countered 8~tBln~ d ob jec t i on to su ch ob s e rva t i ons

1n ~111tgr7 .r~ ~ nd pr o j~ c t s 8 S have be e n deem~ e ~ Fent la l

t l) t be r-e ee rrt, t' tudy . Of f'lco rt! nnd men of t h t' '!I. l 11 t " r y ~ervle e ,

8S well a s c on t r c t or ft Anrl emnloyee s , h a ve wi t h out e xc ep t i on

b~en c ourt~~J! end ~el pfu l 1 mal In~ n~ee, e.ry . rrAn~~m~nte

8 ft t o PB~ft~ 8 , or escorl ~ , or pp. r mlF Rl on 1n .~ e l.1 t n ~ t enee8

to t ake p~otoyr~ph ~ . Oth~r t ~Dn 1n the & ~old8nr~ of mil i t ary

In!lltAII Atlon p «nd !l' 'ho~l l1''!fI! s In ,..l d e r-e n e e e nd pen r a o:nlc v t e e e ,

t~er~ h ~ ~~~n no rp et rl e t l ~~ In th~ t~~l n ~ ~r I I I ~p~ lovle

rho togr~ ph. t het wou l d ord ln~ r1 ly be t a ken .

Rl jo Hor l 8~rved eff ie i e ntly a s heneral l aboratory 8ssia t 

s n t , dra f t sma n e nd computer , p e _e l l ~ 8 t aking pa r t i n many

field opera t ion s , n nt i l h ie t ran s fe r to t he eHvi sion of wa t e r

re ~ource 8, J anua ry 1 , 1944 . Us s&ml I wamura proved a very

e ffec t i ve f i e l d a s sistant until h is transfer on June 1, 194~

to t he c o~~~r~lRl d i vl Rlon . Dan Ca in served as fie ld assilt 

ant. du r- Lng thft BU!D 'lIe r of 1943 . Rose Umeda a nd Georpe }~d8chl

were e mp l oyed 81 Under Physical Sc i enc e ~ lde 8 c~enclng In

Jun~ 1944, and have provI de d valuftbl~ .~~i~ tence wh i le l e.rnln~

t he dutl~ s Bnd pr~ c t l e~ s of t~ d i vl ~ ion . Fln8 11y, th~ wr l t e r

I s esp~clal1y under oh llr ntl on t o El lw ood Ba rtz , Ae , oc l a t e

En,g:ine~ r , who compl1pd data or ve r- t ou e !l'ort l'l i n theo la t t er
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pa r t o r t he r epor t end took e ha r- ge of muc h of the de t.a 11 of

a r r An ging bot h t e xt a nd 111u:\tT· ~ t l on fl . Hi !! eugge e t d on a an d

cr l tl c l ~~~ , &t ti~ ~ cha l l enr,i ng , hn v~ ed t o ma terial impr ove 

ment and clar i f i ca t i on a t ve r-Lou a pointe .

a OOR. r1 IY

Geomorphic divi s i ons

Th e r e l a t i on s hi p of t he Pea r l Harb or d Le t.r- Lc t , El f! tr~nted

1n t his r eport , t o th~ ~eornorph1 c a l vi e i on . r e coR l zed on t he

I alnnd o f O~hu 1. shown in Fl r.ure 1 . P&rt ~ of f i ve d i vl~ lon8

a~ r~pr~ft~nt~d . ~~ mAi n , inland dr~ lnR ~e s r ea 18 pa r t o f t he

Koo l a u Re.np;e , l eewa rd e Lope , {Se e FI F'U'e 2) A pJi r t of the

Inte~d 18 tA upl and or t he n or t he r n and l onge r ~ tream bAslns

1 ~ i nc l ud hd 1n t he S~horle ld Platea u , and t he coa s t a l mar gi n

inc l ude s B l~o!l t the whole or the Ewa Pl a l n , t he l owl an d whi ob

wh ol l y su r r ound s Pearl Har bor . A small s 8c t 10n or the Lee wa r d

Cra t~r9 a rea i s i ncluded. The line be t ween t he Koolau Ra nge

pr ovInce a nd t he Ewa Pla i n province i8 much les8 d 1s t i nc t

1n t h I s Br ea t hen i8 t he mar gi n of the r ange In t he Honol ulu

area, s i n ce in t his Pe a r l Ha r bor bi~ht t here 18 n o very Ms r ked

c li f f c u t a~R In B t th~ rAnge . How~ v~r , t he spur s of tt~ Kooleu

dome ri pe Inl end f r om th~ l e vel of the pl a i n At r~t~ ~ or 250

t o 500 r e e t to t he mOle , so th&t t he f 1 8 t ~ of t he Int~rv~nln~

va l l e y s a re ~e t orf by VAl ley wn l l c l i r f a ond Koo l au roev 1s

e~p08ed 1n nume rou~ low ro~d h~ n~R wh pr e the o ld~ r rOAd ~ b orde r
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Figure 2 - Panorama of a pr on area and Koolau Range from Honolulu on t he rl~ht

to t he ~alkakalaua-K9.ukonahua divide on the left . View from point north of
Schofield road junction ov er-looking 'Nala:N8 Valley. Negat i ve s No. 2 17 98 - 9 -800 .



t he e nd s of epur-e ,

On t h e o t h Et r 'ha nd . t he 11ne be tween t he Sch o!' l e l d Platea u

ond the Koolau R&nge . thour~ the Be nre t~o pe r f ec t l y Ju s t i f i able

and dist i n ot d i vI s i ons , has t o b A ~r.wn s o~.ha t ar bitrar ily

I n sny per t l c u l kr l ocalIty . Pi na l l y , t he 11 bet~'3en t he

we ~ lern part of Ewa Pl a in &nd t he Pl a teau Ib not topogr~phlc£ lly

sh ~ ~p but ~ ~n us'~1 1 7 e ~18 or ml nn t~d on t h e baft l s or s ol I

c olor , t h e r -e eLdue L ecdL or t h'J P 18l~A ll he i n ~d and. t he ..ot l

d~rlved f rom tl'rt.> t.r-enepor-t.e.' d r pol!'lt ll of the lId J8Cf" n t. ::wr tz i n

of tho Pl ~ ln be ing brown .

Tor o~r~ phl pnd rlra lna r e

CEF llR L

Th e cent.r-e I p or-t t on or t1".t'" [0"" 0 11 f.!:e n jrp. t-" f\~~ r.l:,·· t'J ~ t

e x.B~tly In II r.oll t'he a ~ t t o n "rlhwe e t d i r e o t t"n . T e Le ewa r-d

Qargln or th~ pa ~t Inc] ud~d i n t he Knnlsu Renge di vi s i on 1 ~ B

line y;h l ':: h 1 0 onl y !'\ 1 1K1~ t l~... c en vs x t.owerd the eou t bwe e t , f nc l ng

t wo ee p. rl! t~ gf! o:norph l e d f. vf e t on s , In the a r ea. oove r ed in t h1s

!'("por t , 'the ee a re the h"wo. Plc l n e nd the Scho1'i Ie P 'le t.eeu , The

Sch ofield Plnte au 1" B wide ex tension or t1:e Koo l s u dO:1l9 wh i ch

e xt~ n~ . to the 90uthwe 8~ ~o ~ 1~ t o e lg ~t mi les be y ond t e

cor~ sp~nd lng d ome margin i n t h e Hon ol u l u on d Pe~r l Harbor

kre08 . TIll. plate,u a buts on t he ~8 1an&. do t e 1p.vst l on s

or n9 Qr ly 1000 r ee t i n t he c"'ntrAl pot' ion snd it 1 ,. t' vld "'n t

t h .. t ll" iC oo h lt.l do .~ s Lope e , i n th i !! eeet t c n , era "'-1'::- e .



Tt.e j olnl n,c: or t ,fO W£ ! e nee And t_h~ XOo]s 'J d.,!'lW' ~ e}'ovft. e ee l E- v~ l

b:r the bull~ 1nG of t h e r,c hofie l<l platca u l eft tt.e ..e ll - pr ot e o t 

ed bl t in t he COI.l s t in wh i c h Fer. r l Ha rbor a nd t he Ewa j)la i n

ha ve bee eba ped ,

Til KOOUU KOm ;? II; :~REA

The mounta lnm18 pert of thl ~ di Rt- l e t 1 8 R r e ti on or t he

l ee war1 s lope Wblc~ ~s a et r 1 ~ l ine wl d t h e lon t he c rft.~ t

.'
or t he rlLnee~ 8 i ll' f' . Tte l e n g t h of e u e ee e e t ve y t'> lle y !'l! nta

18 n~ Tl y unlto~ &t 6 ~lo , wl t~ rl~tlons o f I ft. ~~ t hen 8

to 81 t..

lene re r e i n of lr~ mou ta lnou8 s r et1 n t . ~ tdt , -PD ~U~~~

f or.: ~r th~ d o~~ .

EleVfl.t1.onft e j cn t he e r f.:'l t t r tt~ r ~nr~ i n t h lB sec t i on

vAr y rro~ ~200 t o Zr.~ r~~ t , .1 t~ tte low olnte a nd hi h point s

d e ter ' llD d more pa r t l c u.11l r1 7 b t~f': oPilt lont of the e te~por

."i ndwlI! rd va l e y . han \.y t

The cr"!pt "r the r r,r.r,e in thl~ !I "!'et1-:m 1s ve ry !! 11E:htly e cn ee x

t o•• 'do t ie Lee'ss r-d co c t in i t " xor- t eon enI pattern ant1 1~ ma rle 

d b y ."'ou t f our 100 1 eo vexltle !l i n t.he fiB _ d lree tl or" wh l ch

~re oruee~ by thr erod1r~ he~ cl~ or t~e
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of He llen , ~"heluu , ri f he f' , En d . 1 ~r. o fO . I n tt>e h~.ds of t'"l"' ~e

v 1l~Y8 , th., c lr~p, ~ - 1\rt" . opt'" fe 1! r.arr 1200 to 150 0 f ... .. t ~ t.

a ve 11 e n g l ,. . o f 55 ~e EM"~'" ,!j t h J;T. 1 til' . ~ l" t tl' .... 11 , e

mon ly 500 t ee t or ~ore , ot 70 t o 80 degr ee r. . BP t ween tt~ !e

va L'le j-e e r-e buttre~ s 1'1<1 lll" t1": ~t e xt.end t OWArd t ho II' l nd1l's r d.

e08,t 8 ml 1~ Or ~ore efore rea~h1 r. tre lOOO- f~o t conto~r .

The ~n~'" ~ le of t re va l l ·1 hen~. and Intervening . pur s , aeen

r~ ~e ~lndw ~ hl Gh~ GY two t o th~ee mi les dlstent , 1 ~ the

w1rod. rd 011 (el ~r) Qnd 1. only r l1~htl y l~r . Rtr1k i ne t hon

t he pal lor t e e ~uuanu or W. l-~nD l o ~eot l ons os ftp.~n rr~

Ksl1u.8 And LA n lkA l .

The moun te l nouF- I p. ewnrd 8 ] 0

up or the ~r&l n. re e F l n ~ of flv~ M~ J or .tr~.~ ftj3 t,..~~ .h l ~~

drain Int o r " f'r l n. r h o r . k t r.e Por~ .. t . R"''' l'" rv... l!n ~ th~~e

Rr- e

( )

eever s l !'Jf t"' e V II 1", 11 ~ "J' rt'. l'ld to r ('ll"'::'l ra t~·~r 't)YO"' Ad 'hA:"Iln '"'e fu1. s ,

e.pr'3ret."Id l' t h fO !lli h t l ,. MOYO'" do l . t ino t r ld gel'\ t 'hQt l ie 'b fll tw6 pn

t . e b-~ ln 3 , ~t h m~~ V~ ~ dl y ld~~ tn~ ~b or t~ r rid ~ e h a t

f r~ C~ or r Ith t h~ ~r i n of h~ • • vara l he d branc he s .

S O:l~ of t~ e~e fra t r~ will toe br-eu ht O'lt 1 t he t ol la- Ing

1" a f , val l~ b V1' l l e , de :!o!"t p t on , ( 8 e '" F l r e 3 )

The Ha l e . ba s i n I n I t loy~r port i on i r a b out 1 . l l~ .

Wid " e nd t he t wo vf'l l ey!l of Norot'h nd !;011t h Hfl l . w. !'I tr~ "' m ~ .r~

her-e ne arly eqUAl In wl d t.l . T....~y Il YO. ..... p pl"a t-E!d "by a f 10"l 

slope f e ee t , 8or;l~.hQ t c ut ,. h r "'n r h "" whi ch ..~~ 17 f lo,", t
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t outll Ua l Bwa Str €l Go r.l . Fa rther Lnk nnd t h e head of Nor th Htl lullB

ba s Ln 1s lUUC'h e a pe nded e nd 1 8 dr-u Ln e d b y ee ver- e I l arge b r -e n cb e a ,

over J!.. mi lt' in e ngt h , whI c h .e r·d a t t h " :P;ool a u e r e s t , In

t.h e c cr r -e epondt ng LnLs.nd po r t I on , tt;e r ad of Sou th F. I nll' .

Va l ley cons Le t.a of a e i nel e , unbroncted C .e nne t , 1'h 1s i t one

or t wo h u ndre d f e e t hlhh~r t h e n ad jace n t c-ran cb lJ e of or lh

Helew8 and &t one r- ~ln t co~ ~ wl tr n ] e ~~ tr~ n 75 fer t o f ,p i l l 

Ln g over i nto t he Nor t h Hnl e.wn d r -e tr. f?, f!' . I t. i s t r oh"'t l~ ,

t h oug.; pe r1 l a p!' n ot !" u'-f''' p tt 1,- o f rr""r , thn t the tor-t.h IT'"l nwn.

heed dr-e i n e:e he e r!'o~r. ""'" r l !"Fl Cy Clf h!"~".,t- ... ,. f r o:!! 5C1ut" He Lawa

1n e G rll~r ero~ l ~ne l st. P l' .

!.e. ln 0 St.r-e in dY' f n e 8. o1n g l e- , unbr-e c l-tC' d ve I I p, y '1' l- l ch

be a d s r: t t h e Koo I a u e r e e t , The R Ai D If 1/ '!J t o 1/2 t I e « I de

a n ftbou t 6 .. mi leR lon g . Por ne f"ly :3 ro t. @~ of t he I n l c.nd

port i o i t 1 ~ eepc r-e te I'r-om · or t h lIo l a wa by e. t ypIe o l '.rnl f e 

edge r idge sne Ln t h l!' !Ieftw~rd por t ion t h e l wr p,c k l e n f ace t

intervenes •

..a i :r.a I u Stre r.rn dr8 1n~ & ba s i n t hu t i e I i to 1 01 II,. :'!

w ld~ from the Koolnu c re ~t t o th~ e o: s t . Th~ ~ t r~om h HS

sever~l hrQ n~t~f. on ~ p. ch ~ lde n It ~ hp,~d 1 ~ eo~po~~d of

f Ollr br-cnc ....e e Ei r.Jl1t'" or ..~ c-e i n l (' r~ "' ~h . 'I'll- l e r - ... r e '"' t. ~l" crE' l! t .

n.i~He b r-c ncbe e c on ver-rre ~1Jc C'fIt!' ''lvply and tl~ eosr- Lned "'Hlin

channel a t a r-t e o t j une on .e.~ Ctu :nl )~ :" fr "'\: t .he C!' I'!' .. t

and. e s e t~an 700 f,!, .. t I'It:O\~ [>t' f.; l !': vel . 10. l !lr r-:e r n:.c"' .

I'unnnsrif , o.r ,. l r.. !" uch e r t~·(" f~~~t ..... ':1 t.'ht' "'J::"t1" !" t~ ~ !l:n(l' .~ " ln s
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.. &l mal u ohnnne L ncr..r t.he :.1 r g ln of t.h , c oa s t .aL p In I n .

'l'lJe ne x t s tt~u. !"D ::y n ter:s t o l r.e nor thwe st 1 s a l C": n o , wh i ch

c vn~18 t $ ot th~e l or ~ ~P. ~ r nc~e~ . ~ _ to ~ ~11 S l D 1 n~th ,

enc ae ve r-a I oth r I::::.) 1 b :o ' ncbe f a.rtLc r !" f1" e ee , 7be 't: L. slr.

1 3 1~ to 1 :nile s wi d l n d U.e ee t.n ehanne L Ls t cr c '!:d bY' c cn -'

ve rg~nc e of the l onr, hCLC t r~ ~c~e ~ a t n en r ly 3: ~i l e ~ f ro= t he

c r e s t only 500 f~ t. in e le ~tlon . W 1m. n o wt am join!

l a WE ~ ll""::' e t t l.e III rr;ln or t r.e :" n~ end 1.. p. no epa r- t o

c~u t " . .a l ew.... :.. t re t>c 1..: s t wo c h Le f I on . br unc hes wb l eh rece ive

se ve n or c: l r:h t shor t t r l bu t r- Le-e I'r-om the KOJl a u c r e a t ove r a

width st u b ou :. 2 ml e e , The J ~ e t t on of t.c hIO chl~ f 1"Inc~ ' ~ e

1 s J u s t outnld c t ho P ore et ound r 1 I nd ~nana . s le . ~ cc ~plr

e r- do t h i rd b r-anc h c.r I n s a narr ow b a r Ln t o the 'O~l '1 ro n d

r c t t e 1 s h o l t =1 e t o rt' a .'~ r t~ xo c 't e u e-te a t. ,

Tl.e ~xt Ls r-ge c r-e Ln Fe " y~.t.m in t. P.I ••..cun t s t ... ens r" n ~:'t

t ha t o r !.l ps ps • t l'e.a m, .. t ic h t P.., c r-e s t, ot t j-e r lln,;:e ~JU! Il t

le , ~ t 4 l&r~ rr r.~t~ ~ 1n~ ~rrt ~ pr c~n r t rp £ - ~.~ v ~ l ou ! ~ t~~r , .

Th l . system 1n I t inl nc moun lnou~ a re a la, a ~u t tr~ ta -

le gth Ii ot' r s1.. r e "'-..s t ~t. c~l so rvl1os~ Il 101_6 c u:- v l n r. COur 8C

on t .he gen t I e r- ~ r f ce of t t -e ~ e"'"r1e ld Fl. t e e u pr-o vtnce , TJ:.e

ma in cb~nnel or lt1P8P 1111 f'ot't:ted by ~("Jnrluence :-f head br ancbe s

at ab out. ~ n i l e. f r om t he cr-e s t of t.he r ange- A, Il.; Ill.. lin e I e va t.Lcn

of • Qut 000 re~t . ~ l i t s l o. er ~ nd , tt • p~lnl a bou t. 2 ffi l 1~ e

nort~ o f t ";,e end or He sl L.:>e h of Fe 1 Ear-bor , Lpnpa t t r-ec. :n

J o tn .. lth n lklLk .... l a ua ~ tre"'m. t.o for 6.1 p~hu Straa ( ,:;e:1e rr..ll y

called 17a l l<e l e n .. r o>o sm) wl. l c r flows i nto Pes r -I Har- bor- i1fee t o r

- 11 -



'!I", 1 '!!"'11 .

Between t ~p ~~ 1 1 ~~rln~~ ~ ~ ~y~ ~r Ki p r ro , ~~ . r ~a~& .

ir. 0 t.he . 1~ c- l1end of t'~ p. t r~e'r e n P "e tc !:o r l !' l~ FIa e u ,

t~~r~ 1- ~ · r~ ~~ ~ ! ~ l· ~ e ~n Ll nr or t~ t~~nk s od ~eve rrl

b r ane""'t'!' of f'nnnlrlla.l:J h1 ~ tr". - . w Lch dra ins an e r n a of r e,,"e r !'.l

s qua re ~11e~ . Tb l e $t r e a a t pre ~enl ~nto rs t he lower channe l

or I ftw!' b u t; t opo FT :-'llc r-.. J e t t c n e l r .d l c s u tha t it ""'n e t' , I d

e e p ,., ... e t e ou t, t' t t o ~ 't ,... '" . tl a~ o f JUd~ P, Lceh , j. _ r: 73 t ~ :'lJ. r e acher !

on l y 1!I !'I}'or t o t e t.r r ee l n ~i"' '' t t-e Pore- i'l L P.: l" !!f' rv~ I1ne t.o 't ou t

1500 f e eo t At!. I !" C""::'P !'" .. t o t ..... ,. bs r-L n of Al £ t. t r e .... ,10 '

dr~l . p t~ - ~ 1e R frc~ t .

t " t dr'" n f r o., t"' ~ Koo181t C !"f" r t ""l r..,. n r l p."·r .... e r , "e't~'l 1""1')1j t o

th- ""! "uth of "'1. 1r" "'u rtrf"r ~ t ~ ,. -:1' in l~l"" ]"rl(!t.,.. o~ u· ,~ '.'1' 1 " -;-

I!'" - co "',, t \'-'''' n PO - i l " r- rr.~ t'...,.. - .. t 1 ! t t-1 ... ~ ""lh t t~ $. t t,l--I"> ,... h (> n..,,. l

lcn rt\.o b c! ~t ,.!1 ,. 1 t t:~ "''' ' l1I'f"' _,~ r. " "' CI1l ':' #II ..... 1 D o v" 30

t!l1 1<:'s . T"'_~ 1'ft, oJP. U01.m t Ln ee c t.t en of th (l! a !l n t e ne.r- r- cw ,

h lnr 'hut 11 tt ),. 0" "1" h~ f ~1 (' _ 111. on t.ne 'J ve r-ege , " M ther e

e -e f~ .. t r l , l1 t !'l r 1 ~ r. . Tr 't'" (:I lvlde t-~tw(' f" n t.hl Sl b e e tn s nd t h 'l t

o r Knl1k on r. ~u . f tr mo Ls t h 0 nor tber-n 1 1 1 t of th~ t (' r r l t ory

c ov" r " " 1n t l' l e r-e por-t , !ti n c", l'i:nl"J;"on Ahu8 · tr~A r:2 drlllns to

t he r. o!' th co. ~ t •

• a lKo k. lf, U~ St r e m 8 I n r~ t o t~e • ~ tw. ~ 1n e ~nd rt l 1 l

wl d"r t .... n t lJ" t of ~ lpr:: p" f r- "" . h ('l h ~ nr r m"" . '"!"'nt f"]) y

dp t~~ln"' d by t h e !.1 1o~ 0" 1 ~ 't'~ r .,.. .. err.. t " .. "'!'''"" c' 11. ':) ....0':".. !') f'

t~p. 1':001"u d one , Wa. l fI 'l:I '' ' J ~ trc • ., l'!t r ~ l n t r. "' ~".1t 5 1 ~ ':!!I

- 12 -



(

WIlII<c-(e-

n orth of Pearl lla r bor . Re s t Loc h . 1s Joine~ by ~~ le li St~~ m

'W hi c h c o fl d own to t e s l op e of t he ':h l a ne e cse f 1' o:11 Ii\ poin t

n e a r Kol e k o l e QlII~ . The ma i n cha nne k of .•rd.ka ka l nun 13 J oined

3! c l1ea t'Qrt;he r scut.h b : t l :.e ';jffj, t :> r f l'o::l f.. l pG.'P:i ~tre e a , Dnd f r om

t.hat poin t s~Q W'~rd 18 de e f gne t .ed ••• 1pa h u :J. tr6 a~ by rece nt, clec l -

sion of t.tie , ..d v1&vr y Gommi t t.\ia OD Geogr b. pola l;oQC s , i n Bccor d 

onoe wi t h ~l~ be ~t; dv l d nee ~ s to ~ast usa ge . ( 1 ) Lo~ tour

( 1 ) Tho fix t h Repor t of tt" U .~.• Geographi c " oa r . W OO t o
1 932 , p,l ve!l t be fol lo. in" t)€t rt l nfSn t dec Ls Len e r

W" l kf'l e :

81e 11 :

Y..l pe pa :

Ws l r ahu :

lare d i vision . Ews. Distri o t .
Out-.u , T . H.

s t r e r.. m t r ibu t Br y to Wa 1kSl1(e le u la.
Sur-eam f r om t.he we- r- t . 'twa. Dl atrl o t ,
Onhu , T . H.

s tr .~ , r i f lng i n Kool a u . ount ~ ln ~ ,

flowln~ Fou t hw8r d , ~ oin l ng K1p pH
Str f"f'J:D rro~ t h e e e to r or-e
~a l pr. ~u ~ t r~k~ , • • Dl ~trlc t ,

Oahu , T . E .

s t .r-e- e.m, r l "' l n;: 1n xo o'le u oun n s ,
f lowi ng Gou tt.wn r d . j o ln1ng

., 1.k.lltkc.laa w ~ trcrm t o for m ~ ll. l?6 t·. u

~ tro&m, r~a Dl~ trle L , O&t.u , T. n.
~ tr~&m , ro~m~d by Junc tion of K1pa p s

e nd a 1ka BI ens e t r-eeeis , flo?" lng
80uthva rCl i n t o e st Lo ch of fe!lrl
He r -b or- , r:;wa Dis t ric t , Oa hu , 'l' . h •

(

•tx c e r-p t f rom l e t.t e r wr l t tet~ by ....a x Ii , Cnr-ecn , Chie f
liydr ol7.r l!phe r t o R~ D. King , .6 d vi l\' o r y Commi ttee on Ceo
g r llph ic u e a e s . 00 t . 22 , 1 iJ4~ .

mila ! of t he e aste rn e Lope of tho ' e renee Ran ge ou th of

Kol ekol e ~a ~ B d ra i n s i nt o t hi s Wa i pahu ~Y8 tem ~ok ing i t Q

1 sr .~ t r lkngu l .r u rp.~ , on~ of t he t wo l R rg~ ~ t ~ rp.1nn ~p b~ ~ 1 n 8

- l~ -



on Onhu . ( See H gu ,.e 4)

:~out of t t llP her,d or t he •.",l ptbu. draiflllge ba !Jln I s II s e ct i on

d~G lre d by b Ad h r ,:..c t.ee of ll on oul lu l l ... t.r- o!: , wr. lc~ enters
(

J e arl r~?r . fi n by o t~·r t t reams f l ow ing d i re c t l y t o t~e

mar gi n or th~ W~ Plf l n e pt or Bar er 'F Poin t . r or t t e os t

part , the he d p or-t.Lone or tt.c ba s in s f rOID Re I .... to iYa U: :a l,{a l ,n lB .

i n l a nd fr o t" • r ~.." . • 0 as t ... t e s

~oun t 1 au8 ter-r- of N Ximua:. :"Uf. edne e e , 1 U rro c t t c 117 no

r t 1 nd I d c~ le rl y I p ~~ Avl~ y 7 ood~ Fl o s of 3~ to SO

4 er.r.e' ~ . 1""' 1 0 1 s en 8 r(O& of ne r ' 7 40 ~ cpll'. re f I e e , wit a

t:>r evl l 11 l ; 1I! 1 1e f f r 0C\ v l fli"" .b o t.t .om t o r l <! t;e c re s t of 70~

t o 1200 t4!'et . f e wa rd f:-xt t his: b" l l 1 on e in . 1'::.lc l':. t h e

r e c e t.e , c enc t nr e t

e lev tion a r llT. 1.r..r f I' (,') -J 1 £j~ ) to 10:>3 re - t , e nd ~ l o'!'l 1n t u e n e e

down t o Le c c t ":an 10 ) t ee t w """ ~ r~ the l'J\1 r f l e e of th~ o ca e e r iS8 1l

w1 t h. uur-r -cundf ng t e r -r-e.ce e ur-r - ce r , Be t 'seen th~ f l O1l' - s l opp.

f cc t c~ch of the ~ jar v~ lley~ 1 ~ a 8t~ ~ p -.s l 1 p~ err. In , T1 h

ho v1 In

j e ee t ul l :; ~-! r ·:"'C1 · 1. ~t~~ · "on , r

t h a n in tv-e -rount.e Ln ee e tton t-ere" ck flXp08U....e s are f 'e.. s r:c

- 14 -



Fig . 4 - View acros s par t of surface of Koolau apron to southern halt of Waianae Range ,
from point east of Honou1iu11 Valley at elevation about 360 teet. Negatives No . 21626- 7 .



r,

Figure 5 - Panorama looking inland i n South Halawa Valley trom point on boundary
ot Honolulu and Ewa Dis tricts . At l ett is view of sliver spur and small valley
beyond it . In the bottom of the main valley Is a characteristic meandering or
the stream channel and alternation ot talus spur s. Negat i ves No . 21240-1 .



( (

Figure 6 - Panorama looking inland from r idge west of Waimalu , showing mountain
t opography and crest ot the Koolau Range . Negatives No . 21576-77-78 .



(

Figure 7 - View of Ki pa pa Gulch at mai n highway cr os s i ng in Long i t ude
158 -01 . The h or i zon 1s t he pr of i l e of the ap r on sur face and_the north
end of the Waianae Range s hows a t the l e f t . Ne ga ti ve s NO . 21790- 9 1 .



r n ncr n .or~ H:RfACE

The generkl era r acter or t~e tri angular re~&nts of t he

or i6 l n" } d oae e j ope e U lat pre c n l l e d f 1 0"'-:'I10 ;_'8 f acet s ha s

bee n ne t. f or tr. i n o t r.e r- r e tio;::·t L i n t he on olul u area . In t t e

Fer;rl fa r b o r ere , we !) C&rlced. f a ce ts s re foun .. 11 t h e &7

r.or t~.ard to t~~ fc~ofleld d i vi d e . Tee lr.larA apft xe s er~ t he

~ r In~ 0 ~r l ~o~1nr tt~ v 1 1 . y~ ~ n ~ lth.r s l~ e ~ re t pic 1

bu t a t t~·e r. or- t.~ p . P f"ol ~ rortlor~p e. r~ not J 11-: t e d

nnd ecoee - l "'r:F.J" t "'d 1 t o ! r l y cr;- tl " tror ! t '" · lo~e 8

E:pn"r- 11 y r s l ow e e "-0 r e ... t ('I " .. ~ t o t"'I:' - Le , Tt' ~s,. rl. r~ t o

be oomr r cr' .... it. tl.. e e j o » r f tho t 1 (l "~ r"1'" nr: " f" f"f'j(' ''' tll

• i e1 OUIlt t o "'00 O~ 40 0 r e e t. per mi le in t"' lp l -,. a .~ a.p 

pr-oe cv 500 f e . t i n ~a r t ct or tt l! Flcn of u Lu srell •. Lsee PiF,u.re 8 )

tJo I nnflllr .r.. .... of • flllc~t 1 ft t~ pC'lnt . r- e t. t .e rsee e

I v~ ! • 7 t o • ~l ~rlp pt a r p r Idge d i r-ct 1 oY~ rlo?kln- t w? ~r

v lI e ,. . . e fi nd t ha t eo o f the t. ,~ e ~ s of t he fe5rl har bo r

s r-ee , e s pe e I 1 y P -o!'e havln,.. pexe e s t e I e vr t Lon e or o ve r

1200 feet , er e mue ~ d 1c e~ c t~ in the i r.Jsnd port ion , nd ~. ve

e lrfsces U".ot a r e n ot " ....0 11,. ma n t led by b6s a l t l c r -e e i ouua ,

good ex".=.p1r 1 t h r J i e o f sC"et ..r i c . If' cut I n t o ee v r- )

e ub -eu r-e !' hy t he br-r ne r.e e of If' a I"" ~ . . t e r e efllt hR P a n

OPf"A a t Puu Uf'1U , r. t e J e ve t t on }6f' So . 0" ~r , Ae. . f ro

t'11, po i n t 1 ~ R ae of ~'1df'" f'II p n~ !"l d.r" t.e 1Y defl'p va l l ey, a nd

t ~ ... In l" n~ 1 1 of f l r l 't"" un.... r- ....••..n -ur!'pce r t l ",d ~:r r ('! " t d ' J 'Tt

c ou f d rp dr", wn t 1 l'" ':'U f'~ . ...vP..... e-u o--o'1 n tf'l ~ r~x r sue - • t"' ''l. t

I nl pn d fr r) tve .avy Hosplt 1 a t e v cu t 1000 f eet . 7 li l s 1. "ure l y

- 1



(

)t Wa1malu Valley a t about 700 feet, showing head ot small,
!lane8 Range to the l et t. Negat i ves No . 21571- 75 .



(

Figure 8 - Panoram1c: view trom po i n t on facet west ot Wa!malu Vall ey a t abou t 700 feet , showi ng he ad ot small ,
branch1ng valley on f acet , with apro n surface and Wai anae Range to the lett . Negatives No . 21571- 75 .



ft m t ter or ~ er1nl t1 ons; f r om a di ~t.ne e t ho t r 1angul ar ,

t e u lM r uni ty of l ~ e l ..r~er r ee t ~nd 1n At Puu Ua , i l "e l l

I nd l oa t ':d , hut to s n ooF8rv·r on the t keet i t . !" l f t he ! e~.r ... 

ti on o r the ~~broken unl t p of a r Abl e l and by t he In te r venin

far e t or eeru te r rane 1s equa l l y e vi de nt .

Pr aery t 10n ?f the tee t . 1' a s f r o e r o_l on ls par t l y .

a t t r of f e t r y ; t r e lower ~orge . o f Jor strea~~ are f art he r

ap rt , a nd cu t l e s s ~eeply , he nce i nvade t he f aoe t . lop~~ lea.

t h n in t e inlonc! e r-ee .he r .,. t..~ e.~. of expend e d t r l u teri'! .

~r ~ a t th ~ knlr~ -ed~~ r~& . Thp d i ffer ne~ 1. d ue i n part

to t h e l owe r r a 1nf&11 of t he l owe r l~e.ard alope • • i e~ i nduca R

• 1.,.s ac t i ve e r-oeLon "r:d dr'Yelop nt o f tJ'i \.8 1"1 ,, -: . W. ca n

oone l ud t" t i t the F-fl Ollilet.r1c arr n gecent o r f Jar .,. . 11~1 1l 1 ~

euc & (11 to I f!'a" e Co l k T';;c pm lonr. rl' c e t , ~ ' lC 'h a . t ha t a t A i ~a ,

t~ 8 n it i e l i kely c~u~ e of i t a re l a \.l on to 1nor 6 t~ d r a i n 

t a l t h t t b l n l lln d r·or' t.l 0 ..111 If' oon " l 11e r .bl y d 't e se c t.ed ,

Ill! SOU' H SCl.O],'IX:..IJ RON

Ttll a 1 s t.he .outhCi rr~ b al f o f wha t. t ie a be e n call ed t he

t.c hof l e l d l atesu . o r wt lob mlp:ht. b e c e l l ed t b e Sehof 1e l d

aadd l o . MOT'\Jh o 0 _i Oli l 1 y , t h l a 18 onl y one or t h e t ypi c a l s a d 

d l e are• • 1n nav e l l J ote.e r-e occ ur- on oth e r 1. 1and l w'h&r e

t he l a va . o r ... b t t> r c one t o rM • geon t.l y rio I n R: B. ddl e e n 

veloping th . tp.~r ,. l oI-~tI of e n f!' (,r l l e r e ene , (cr . t h.e

isthmus of Ka u i or the Humu ul a . add l e or Ea.a l l ) I t I s

o t t.en . ald t.h ll.t th l li.vlIl a o r tot. l at.er c one · p on e d agains t

t he a l ope or t h e e a r l i e r c one" . h on h thi s i • • o!r.flwha t

vivid a nd ug ILive , i t oa n a t · e llter l 1y t rue s i ne e n o

- 15 -



· .dd l e prep ~ s ~~r ~e~n ~ t or.r t i:e f l ood ( c by s u c h volu-~ 8

of l ave &8 t o n ~ B Ur.e • w1 ~ ~ p~~d 1pve l or uni l hJdra 1 1e

~ur f~ c . The hp~eor~nc of l owe r e d ~ d lent a t be txp l o lne d

y r-ec -u-r n t r~ tl! rc! ft l ') n ot eue e e e l ye f l o1l'!' unde r a 'acr-e

C 0 11p ex !!(Ot of ot r- u to d tj-e r- 1 C' '''nd 1tl ns , r l~ -

cu!'~ i or t ... .e p o r pl.... f e w-e'" e n t.c e 'Jf !'l addIe rod r !" Ori f o r-:: -

t ten !' ,. ....onc' t "'r r (" O '~ f l~ t!' rpplJr t . e "'e r~ onl y e P~& -

!' Z.- t r r~ t t "' '' '' .. ,... Jl!r ,.. ~ r .. ..1"1 ..,. -=:: 0 ,. ... ~ r'e ~ 1 1 "' !" !' ..... t""' ,.

"'e ~c 'h o rt ,. d ('n .v (le t r u ~ f"r'" l r. ''' • r fI a t .. ~'P'''' a s

ow!'!' l r·o feel t o t.he 11.. 5n~ t l t '!" e'.1 J>@'r ! "rflllc !' of

t~ ... e e fl " fI lA e e '01: 11 fl r o f l !".. t: ool .. ·~ d o~" e Lc p . ~ "'Dy

of t ! ~ tttf" t:'rer pr r- t e , &e!1 11~f1 ",r t e ee 1 0 p ope. and t 1'e

I 1m'ttl"c! r - 1r.f 1 of 1.1.... a r ea , e r-cs Lon 1 Bl i ght a nd t.be r-e 1 :3

onI R v~ry od,. rnt~ d l - s ee t l on b str~ ' ~ aris1ng l oca l I •

T' e RI·.... ill or o· '-e d t 'y P I'" l"'~ : fl ~ r.f' or th- r.l Fl .1or £t r t.:' a m!" f l M i ng

in v I Je j.!' P :l" t. a r p co.....,on l y ~C-O t e- (' t. rl ~ . "r.d 1000 t o SOO

r e t , 1t1 ,. , r 1'" t o r 1"!l . Be t .we en t ~ " 1! ~ v . l 1t" j f; nr-e e r-e e e 8 f ew

equs t-e m114'" i n e x t.e-nt l \>- " t T'@' no t. ~'ro~l"n b ~ ny l rr ~ u l f1 r l t y

oP·.r \-<I n t~4" prof" ' '' 11 1r.r t C'l!"'C" 0 '" Ah " t , ~O f~. t t o t'" ~ m 1A.

T! '~ 'r't> 1) l"""" f"'" T"'r.~

~" I! ". -(' fr~- t ". - "rr 1" "'I r .. ,..T" .... . ... ~ Y,., ,,, , . ' 1 '!" ' 1 r ~ ~ ... t.\-"r 

art" t~o e~ ir r ~"'rrt"'l"'~le un t ~ , t ~. r ~~~ t~ ' t ...~· p ~ · ~! ~ ~

\-cr 'b e n .... ,. 11 c P oe for

~o n I t. r ,. Lef 1liN' l'l.

• \0 rt~ r "" 1'"1111" "r: c t ..·.. ~.r fI t

~ t~ (I' ~. Gnr @l F ) _ t n . Tt ~ t erra c e

- 17 -



f oreta ti ona wi l l be e eecr-I ed in t ~: f' sec t Lcn , FOnT f F7Lft r-R

• CE . 01 I ~ . The t opobr& p~lc s urfac e is no t re8~1 1y d is -

t ingui s he f r o t t t of t he apron of Kool&u re sld~~ wI th ~blch

it tae r-ge s , appIn6 Gf l t D I nne r m~rgln 1n t he we3 t~ rn 8 r~9 .

whe ro thfO a pr-e n has ueh 10.. e Lop e , r e l l e. ch i ef ly on c i l -

In t he oaster ~ ;>tLrt or he er- Ii flud]o 11y f r, t1" (" ce r.t r- 1

pe r t a r ound e Lpaj.u , whe r e e r-o s t on expoee r t .l-e edp:eo or t~ ,.

ter r ace e nd i t 3 fo ' o.
In c ert£' In c r-e S ot t

of t h e .re~ , i n t b e c r n t r-e M ' ,., "ra f!!'~ A 1"1 - nu , p ." tu ~ f

!"lIrb l c e Lemen t

• oonpl)tl~nt o r t he f :,r t.Lons ...l"' l c 'mO&rll e hI> ter"·a e ')1'

r ee f fla t s rr. c~ s .

n.z T.!>. C. L l Ull"

not e uc t, a nd we ~t of t Q «nt r-e.nc e 0 Pe a r-I lior!' !'l:" t"":e r oc k

e t ruc t r w :d e r l yl nl; t he- o s r t n L t tr c eee t e t, ,. "': l ~ rly "r

cor-e1 , a s t n t d 1n ~-: ... " ... · L

•
- Id -



t he n~ ~t ~I~~ I n ~ e l t 3 ~r 4 ~~ w ~e s nd ~x t nd tn a fr Q~

t h e h a r bor e n t r-nn c n t o Bort,e>r 's Po i n t , t't ct t ho e o..· ~ 1 p l e I n I !!

-aoe t conapLc u ous , MUf1h or tt l ~ s ur f "'ce 2! no oth~ r s o 1 t.h a n

c or. 1 eand , 0 '" c )s.y &(' 113 de r- Lved f r'J'lI mar- Ln e f o "x, t.t on e ,

The r e 1s ~ r ~ c t l~ 5 1 1 y n o f~rtl 1~ ~o l l nnd 8 go od ehe r~ o f t t~

sur -re ce !'l l,o'Jr ! a o Lu t ton -cp f t. t.e d , r-u gged , c or&l r e e f r- oc k , on

wr l e "l g row s f!~1e f' J y e Lg a r-ob a s c r-ub , ec e t t.e r-ee Gf's e!' t gr e ee e

"l.n d oV""'r t '- or n, p l ant s .

DR. I: ~G PATT't.'Rr

The dr~ !n8 ~ p tte r n of thp- P~ n~l H~ r~~~ Rr~~ , ~ t~~ pr o

d uc t of ee ve t- 1 f 'ee t ot-e p n~ :0 ' 0-'" t "'P' ~r "'jl!> (' t C' .. th~ r e r. l t~

•

s t r~ 0 , cryn~~1 ' PD t on t~a J p~-~rd ~ l ~ .e of t~ Koo u ~ ~~~ .

~e l'e liOd po r t. ?l'l f' "'~ t l'-e ~~.~ {'lT'" . t ,,"'"'!.. f' ......_ p" ll'.l .... t o r ! ' r '(' 01 u q

s r-e " f thl~ ty r e • lio!t t Y·I T.l t. l ve r t.'1e - !"trAr.-::!' 1 ~ T. A " 118C.

~~ i ~h ~ ! ~ ~~~t lcfl l ]y n o tr l butarie ~ . u t~~ r t l r. some dp cr e e

t-a ~e r .... r p ond ed to t,," e t e nde n l"' Y t.owe t-d t rrt e e r-e e r on end h ve

c~vp l oped n m or~ c ~mpl~7 pat t er n , wi th h~rd trlbut~ rl~ ~ . or

mld - rh nne hranc he~ , or ~v~n se~ond or th i rd or~er t ribu t ar ies .

In th~ -nourr t e Lrious sect i on , the Je t -spe ~Y B em. 1 ft t he -ao s t.

~~ t~r~ , wl t~ 8 r t ~ r c om 1. X, B~m l -d~r.dr l t l ~ . t ho g~ e l on~B te d

pe t t.e r n ,

Tee s e cond r e e t.or- 1 det l'\ ..t n f ns- P t .te r -n of s t .r-e s-ns I r.. t b i s

art Ls t n e s ndd I e nd t'l"''' or. "e r -n o.... tl; ... :,"mt ,.. " 1 0 g of te

~ e"' o r l p l C! ~ a. d d l ,.. . p. (' ~", t ... .... (1 i r t 1 ~ ~ o'lr~"" 0 " 1"'v " rl"... ",

9 -



•

are no Longe r- tr c e nb I e l'u t t E-r- 1 . llt. r c d oub t t t.e t t .t-e

pa t t e rn .tiS c lose ly s l'l:l1 1 r to t.hs t, o f tt.. p r-e s en t e ' 8 J'.''' oJ) ]

of 81& . , l pa pa , end 'a lk. kn l ua p: t r 'Aaa r .

Lownh l l l has f or ~~ nv t~ u~ R nd . of Y~ h r 9 be ~ n t h! r ~T.~

d lre ("t l n fO T str-'!IS II i t r- F rer t ' e t e r- l " VR r O~ ! t r

t 1 e c cu.oe o f t e l :' b u l 1l.11r.r . g 1 e t t t.e .... l a na e d o l ' ·e

on1:; i =portl.n t.. d l f f eren e 11 t t>.. i n lt t" e lis e o f t "r~ l a va flo• •

t~ e re • e n c c o ne ur-r-eri t, e xr e r-e t n of 1• •• to o ur c een t he

,., a l sn.& a l op a , wr.e r f.:I 1!1 t.h , u"" ren t r t s t.or y o r e r o r.Lon

a nd cj e p..) .. 1t ton t he r e r.e e b n CI' I n ll£." of r t l:e ..a la na e s l ope .

Thi s b&!O r il!tul t e d i n cu l t.ing or h nne I rr~!'ft t "1.t fl1d ,. , s nd

J,; fu · t.l ..:.lnrly t hP b u l 1u in( f de t r-Lt.s I r a n OO V I" a t 1 , on~

LO i,..e 11 . 1 t nc 0 f·r l a p s t I e It 0 a u I f;, 'V fI flowr t ... . t. l I e

eg In8 t the Le n e e e Lope , Een e- e t h l ong b~nd of II:. "' C'19u e t r-ea 1\

to! "not 9:xten 1&0 f a r 'fe!'t .a tl- ,. I on nd of' p ,- .~ ..• ..n -

.aoe t .. oo I a u f l o ~ t ?WOJ-c tl..e er~d 0" ! oo lo u lu, q " it •

_ l nn l l y , t h 4 l '!! "" . a r d d r- Lnea e of t , lt oo ... " R8rF" , r vr-t

o f t~· ~ , ... lt. ' '.<e ..... t;II t.,. r :- nt1 ,.~ C' t r, ~ t ..1'> '\fe 1,u".f1 e R r. c-"" • .,' I e l..

t e DJ" c cn~lb1r'"d i n t
'

e 1)\].t.J ~t "r - - ,. .... , t:l\r"'\- ,., .... , '-J'; ~ \",.. .... !'"

ereli. t l y !I1oo 1 #t·d. in t 'e our-se 'J f :: ·rt.. ll rJ'> vn ! ~- roe a l t ern

c '"' nn - t~r ':1upl ....ut Pl eo ! e l e ne t 1'P!lf" . I t if no t -aen t 14 t o

d e t.e L'l t~e • 1 re , 1'-I\1t l '-.-o y e r- ::wr. t.iol"' '' foB PI" l Q. Bt of the

fou. 0:\-0, 1 f f C1.01" F 1 r in$l;1n g a ".1 t' l ... t e g r ut en Of C. ::-Il n -

ag I h." f r o): .. t o t .a I o f b .ut. tt>n:a 0 - C" III ·1 . h l ch 0 0:::-:

or r t hp T"~ n"H e Lopo t.o t' 1 ~ .... ha nn 1,. 'l-. t --n t'"" r Pe a r ] Hnr-b or- •

- 20 -



a nd th~nc e t o th~ on~ c~kr.ne l tr.~ le E v~ r. rea r} ITnrh or . T~~ 88

shcre el-..a ngro It (o r e :

( ) t !"fI! e ~cn !' ~ t v,- ce usru't e t !. ~n nf .. ~ -e n t. fr:- b e and n

t 11- ~"' e 1 t f" r _ d T' ,, ~ n tr '" '".; 1r '" c.l'- J ~ ~ h..... e en th"'! Eool U finn

l an p. !, :- ~ ru:~ .. , ( 2 ) th~ e r r e{'t or vco c r:le ~ l1!.J.d ::'n r

exp l o 1 .....n pr-oduc t s t1"' stt C '"' e !r., t !".!" ~a l t Lekfl! ee n 8 e nd

'PT' odu~t"'(' ~ ~ V9r' 1 r ... .t Ol" a l' e " of n~-w 11l n(1 i n tje Dr .. . b t ween

t ..... ,. fi t r l ch anne I ,. r.~ t."''' r-e eent. Perr- Hs r b or , ( ~) t h e r:r'J1l't h

.,r " Or 1 !l~ r , r :::.c: t l on ...r e or-e r "!c t' n t, tJ. l l " ui t tbl e p o i n t s

tm '"' 1~ ~,.. <o:h o:-" r~r:G ( 4 ) t h e ~'!" . Le ve-L cl ngf"' 9 .... t e '"e.v~

9p t the I--f'!f:! l te ~ ~ t l{\ . ,.hl ~ und e r- wt-1eh E" ' '- lot p t-.!l!" f!' o f

t h e vo u t.Lo o ! t l : t bo r 1 1r. ~ tr r #>',( r n . e ce .

In t he c our- ee of t!"_l"' ''~ t1rr l n p.f" ehenr-.. r , the 2 rR Jel

b lJl1d n ~ :)t- t l ... C' Of' ~ !II: ~~,. l n t o ....k p} .. c e • 'j'l--a "'o(: !" t .. 'l p lr. l n

1 l":fI up r ~urr ee of l-- t '!" ~ r~l orl!" +" " ",;1 1 p -..- r"r p .... ., t:lc .

18 1 !J t h "" eoe t r-e 1 "'" . t.r-uc t u r-s I " l e"'en t 1n ~ t. r te ~ l. n

r.on<.1 ! t. on '".1',- 1. p r ,..,.r: l r '!: ~t ' , Lr- ~I" rl"'lr, Ol ' lJ ll t"!'·t'! Pe r l

r~ Lonr ,

:'" or

•

Rolnfe l 1

I n F1flt r e 9 1 s ej-o sn l Ao"" ,. • • 1 P o f t " PfHl.r l lia rb -:>l'

rt13 t rlr:t . The p ort1on o f tl- l ~ d l!l t r l (" t .""l et l i t'l i n t .t e

moun t.e Ln c u - - e r t of the Koo l &;u Rsppre h nn £1 d Le t.r- Lv u t.Lon o f

nn u 1 rv L fa l l .' 1("1-- Ls , lon" ln r- 0 ' r. r t of t . e !If" ct-r d l s -

t.r-Lc t ) 1' d y d l c ue s ed 1n thl~ ee r-t e e of -e por t. r , nfor t una -

- 21 -
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ISOHYETS AND

RAIN GAGE STATI ONS

PEARL HARBOR

DRAINAGE AREA

FIgure 9 - Is ohyetal map of Pea r l Ha r bor dist r lct showln~ numbe rs a nd
locations of r ai n ga ges . Rainf a ll data f r om U. S. Wea ther Bureau, Te r r i 
tori a l Planning Board, Oahu Sug ar Company , and U. S . Geol . Su r vey .



te l y we d o not ha ~e a suf r l c i sn t n' be r or r alnga ge reeor B

ove r adequa t e per iod s to EUppo~ t • tc t.l 1~d con t our i n g wi th a

• 11 eontou.r Lnt. e r-va L, u o.e ve r , t he b,.~d r ou tl i nel a r fl

ve r y cle.r nd t he pos i t i on of t h.p zone of !r! fl. :'I: lmll:!l r A! n r !r. l 1

can 'be dr~wrl 'd .or f l d '!!! n ee on t "'l~ best , nf b , th l oen l e t.e t Lcn e

and t he P t t ern in otht r ~ rt . or ~. ~lg~ !u~ l t . r~& .

The - xlzu r l r. 11 Iner e f. P8 . l on~ s 11n~ par~l l e l t o

t h c~. t o f th~ ~.nFP a nd Rhout a ~1 1e l~~.r. rd of 1t . e

l owe et va l ue o f the x l HIJI 18 jus t OYf' r 50 I ne _ n~. r t h e

2 40 i nc he s n " It:" t he l~ead or l ks kalftua Va }le y . Al ong the

cr~ B t or the r ~~ te nnn\ .l r a int 11 i p ~o t o 40 Inor~ , l e l a

t Lcn , PrO=t t he x lmu=x, the Dml 1 ra. l r.f a l l r-ee u ee e ra pi dly

to l e e.....r-e , to reacl- to t ou t :55 1nc ' '' , ne a r Ai e e cm d ... b ou t 50

inchea n~ar £hlc • The "'ro.d s.pr-cn &C'uth or ~ otof i e ld . adcH o

n owhe re g~ t. ove r 50 Ln cbe e II pr ob bIt d o~ . n ot ••&rn ~e mlleh

1 8.rg~ 8t e ntrl t u t l 'Jn to t ot"' 1 ~Ol w8 ter Bupp ly 18 made b y

t he I n l a n d mounea l ~u. area , ~ ~peo l 111 Ine e t h e l n t akp condl -

t 10ne on tbe a ron areR a r e r l atl 11 l ese r .. ..or.bl e .

An . na ly.i. of ar&a r. a n l oh 10

(

d e ..e l oped la t er i n thl ~ r~p ort l~ad . Lo I nt l l tra ion · ua n t i 

t i p. wh I ch at¥" S~ l l e r t l.ln the quon t1t l • • t h"t a r e i nd i oa te d

by ye ar by y~~ r ~no*n d l ~ c l~rg. . (l l r,ure 10 ) Thi. r a i s e D t he

qa e e t.Lcn . e t o tl': ... t1 s1.1m&Lod rainf.ll quen t i t l e a . I t wou ld

be u eru l t o ha ve ee ve r a l mor e r.ln~a~• • i n thl ~ a rea , bu t

..- """ -
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Figure 10 - Hydro logic pr ovi nce s of Pearl Har bor distri ct .
(Table I . p , 83)
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•
. t he r e 1s nO re8 ~on to b~ 11~ve t h t ~qn rainfall wou l d be s hown

t o be grenter i n en ~mottn t surrlo1 nt to re~olv~ t h is dl~

cr eponc y . (1"1 >rC 11 ) I t 1 . ~l le~d t h t t he ge~r. 1 ~.'n

or e nnunI r a i nfal l ror ~ n1 l a r ge er~. I s 1ndl09ted wl t 'h l n 10,",

by t exlG t l ng d,.tn .

Ve "jo tctl on !:o nd f1 o l l s , !le t t l e tlen t , e t c .

The 801 l s of t i r. ar~8 vary wi t r r ent r oc , r l or 11 ,

Fede t -a I t on : ur ve y . ( r l g-,r . 12) (1 ) 'r"" f cll o"lnr. t ob l e

(l) 'l ftr s • ~oe t er , ~o1 1t'l of It••a ll , Te r r i t ori al Ph :nn l n g
Bc er-d , fl'l 1"~ t Progrf)ft l! He- p o r t , pp . 5 '7- 81 . Pla t e s ZO-2~ ,

1 \139.

t Bken Cr om FOB t~~ IE r eport r. lv. ~ t he chi e f ehprac t er 18t l es

of t be 8011e found in t b l R areG.

" Abhre v l ste d Out line or So l I Cba rec ter l . t l c n'l'l

I Burb~r ' 6 Folnt-~pnd HI l l A ~ 9 0c l~ t l on (Spnd . and R oe~

of Kr r l ne Orl~ln )

Looee c c r- 1 s r.:r,da and nGIld dune s , s o l Is with hea vy
c lay t opsoila ov~r ~o1 1 d cor til r oc k , pn d A ~81 1 u. r ed 
dish - brown lo~~y ~ ol l ~ . V~r.~t~ t l an do~1~a n l 17 of l aTe ,
sand b ur , t l 1m.11 end cpe e f e e or C" l >l a .

II :i wa -lillns -,. e.l 1u'!cu- h i 8: l u ft J.. lu o c iatlon (Sol I s fro:: Ql 1u
v1um nnd · &r lne ·r~d ~~ent s )

TheRO !loll .. are
and J:1lir i r.e d r- pos Lt e ,

dprl v~d r rom al luvi al , colluvi a l
The 1 are l nberen t 1r rer t l le ,

- 2:1 -
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Figure 11 - Rai ngage as installed on a l ow, interstream
ridge in Nort h Halawa Valley . Negative No . 21419 .
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Figure 12 - Map showing types of solIs 1n the Pearl HArbor d istr ict . The 801 1 types
and pattern are important not only becAuse of t he i r 8~rlcultu~81 poss ibilit ies , but
because the ir types may ind i cate the effectiveness of i nfi l t r a t i on and 1s 8 result of
l ong - s t anding cl imatic conditions which are c l ose l y simller to those of today . (From
map and report on 801ls by Z. C Foster U.S . 5011 Survey , printed 1n Firs t Progres8
Report of the Territor ia l Planning BoarA . 1939 )



r~ 18rg~ly uBe~ for
y ield.s or Any 80118

(
III

~~~ rr~Qt dl ~r~lty of t ext~ end
s ugar c ane , wi th eome of t be hl~he8 t

i n t~~ ter r t ?ry .

""awe l - llo1ok :"! 1- pr l t\ Ao:S ....C!R ton ( Re~ -brown 100.,..8 )

Theft8 :!I:ol11!1 are r e s l'1.ual f r o!D b RRl'llt lc and a r.d"' £l t l a
lava f low B. The 7 gene ra l l y ha ve go od tl11. ~e prope r tie s
n'ld mol , t.ur e -re tolnln'" q.l,.:ll l t. l .... end II! e among t he mon t
d pa l red 801ls of t he t e r ritory , aaed t o r ~ug r cane growth
w~p r~ ~ 1nr~ ~ ' or ~ t~ r a r'" ~ v. l 1nble a nG tor plnenp~ l~ ~

ot berwl e e . Deetructi ve erosion 1. telt in s ome area" .
Dlv 1. Lon t11- 18 .".\ .... r -e r~ h.fF' 1 "'xlJt'r. ds "':I'~P:)T' tion on l y
dl.lr l ng ur-Ler c;.own ours , and Dlvl$lon I II-a 18 " rere
mrynt~ ly rr lnf~ 1 1 exce!ds e v por~tlon t le~et two ~~ t~ r "'e

mont hs of the y.~r, ~lth approp~ l n te effect on b o t h crop.
s nd e ot r.e , l. vl ~1 or. III - i: 1~ w- e r-e th!' !" ,.,11R ., ""tt pt- r:~!'811y

too 5hallow, atony a nd d r y to be ue ed oth"'r t.he n " or
pnqtUI- .

I V n,.. 11~1 t -rl t lj, 1 - PR A 18a A!l:!'or.la tl0 (YeJl ow-'broll'n, R"'t1d !,,~_hT" o.n ,

nr own l s h - y. l l Qw Laterit. i c &0 11 11 , ~. 3 1dua l )

These a re r~ 81nu.l ~01 1 . oceurrin~ topo~. r hleallT

e ..... eve thp rp~ -h!'o-r l r"" -r .. rot" t 'h ., ...~,..f" ~ c - ., v" r ,.._ ~ ft

different color fr om t j-e underly1rl~ IMte r h.l . 1''1- '1\, . s o i l s
oce .u- I n rr~r:"'r. ll fT O:t 60 t o 2 ll' In ..l #o! ~T1~ i n a .t'}nt'l'
hs vi n K a rmu I temper a t ures tw o or eor-e d e Freea 10 e r t h a n
t~r pr-e eed Lnr- r-TOUr . Thl be Lt rupt,orta ca ne p,row th only
in places 'lI'here v~ry favorab le relief f acilitat.es c u lt.l-
vr t. t on , or plr.t'An)l~ r rlJW' t h on l y _"'en r-ke t pr- Lce e are
hi~h . Di vi s i on IV -; has ~ o i ls th~t are pale - b ro.n t o
n'"v-"' rown , e nd ,, 1 t.~ s or t r-ock e. 40 inches o r Le e e ,
Di vis i on I V-B haa ~ore cla7ey g~&1er surrac .o11. ~ he
l at r t- SF 'DO"!' a 1fflcu lt ie!l in c u Lt.Lv t.Lon , Un let' s
srote e t.Lc progr. m of BlA llll.gelll8 n t. e nc i .B1p r o ,,·e e n t, is edop t -,
e d t ~ ~e Qre ~st DS forps t .r"a~ . Di vision IV- E in
cludes badly erode d e r-••• •

v 011.)

heae Bolla oc c upy are .1< 01 h i ) rt. i nfall a na d e pp
llil!d moun t.e Ln Tf. rpo:eor. a l\d s Lope s , Le ve Lope d ur.cr r- condi 

tions of b i gh r.11.f ... 11 a nd low temi/eI'81.u r E- 6 , ox Lda t Lcn 111
r~tflrd ~rt &nl1 l·~ (! t 1r 1T PT ws te r- r-e e ovo e iron . "d8rt l"d t o
r-e Ln r Ol'ea t V8 1:."8 L8 t ion .

VI Alska l - Kaw. l a - l uu Ku kui A••oc1at ion

l'helle 5011
i n "1 pl 1"J11n ""l" "

occ upy mor e or 1.85 f l.t-top~d Sre &A
1- p l t , .~-"T"I'" c on{11t l l"m l" 'P"'rm it d"';f'! 1"'p:nl'lt n t

- 24 -



or peat . Open are•• of Krft eaes . ,edge . ehrub ohia
aurrounded by t al1t'r ohi_ . Th e-ee are t he ana !! or
potentia l oera mi c ft0 11 end are 8 0 11mlt~d on Oahu t~At

t he,. were not _i'~d liP s r. t p l ,. r:-~2 v.

Ao might be expected rr~ t he mop or Fi gure 12 e nd t .e

~ore~oln d~8erlptl on of • 11 tyr. . he 1. r~~r ~.r t of the

a ooral la in ne-at" tl1e c at 1. use ful ~ n1. ., r l ,. for p::raz !.n p'.

Farther lnl r.nd a nd ex tending over aol 1 area. I I . II I - A,

and I11 -B 18 a wide be l t a rou d t he shor e e of Pearl Harbor

eevot. d to t },e gr-owt h or 1u.C"r cane . (!'ip;Uore 13) HIghe r u.p

on th ~~hofl. 1d saddle area a r p extenai ve .~•• of pine

appl es . a bove tne l e ve l or the . u. i .bo l e d itch. whi l e 1nland

t owa rd U' ft Koo l a u rorest are_ 1•• be l t eul t ble for gr zi ng .

( Figure 14) (. cO. n at.. '3, Ter,ltor1a1 PlalUl i1>8 Boa rd , F1rs t

Progre~ . Re por t , p . 7' ) There are ••ver~ l l.~te area. and

..ny ~mal1 area~ arou nd t he Pearl Harbor whore dpvo ted to •• t

ga rd 4: n pe t.cf-e s punted in t aro , c r-e- ft . n~d ot1': r tIluoh crops .

(PI rc 15 ) Hi cka m Pi ld )1 s to t he . a s t or P••rl Harbo r

a nd uch of the houp lnR a nd e.r11~r l and utl11~atlon conn~cted

wi th tl.& neval bac. 1& a I Da en t~e P'Juloa Peninsula . 5 0

attempt 1••ade he re to t!"Pat of the ,cr".. t '1 e rpendec.1 p.8ttem

ot teder sl aDd military l ane ~'e , ~ lnce d~ pcr lpt on 1.

ne1ther esse-ntI.l nor appropr i a t e at t ~~ . time .

The t~~. ehI~f towne in t hi s aren a~ Al e. , a i poh u

and Ewa, i den t l f i ed re~pe c tlvelT Wi th the lr~ee =aJor augar

plant8t1ona , hon olu l u Flanta ti on Com.;.any , Oahu ~ ugar CO!:1pany

- 25 -
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Figure 13 - Sup,a r cane i n t he apron a rea we s t of Klpapa
Gulch 6 t about 600 f ee t, shcmlng a fie ld road a nd para l l e l
main contour d i tch with divers i on gates at a r-oad inte r 
section . Negative No . 21780 .
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Figure 14 - Pineapples st t he edge of a pi ne a ppl e f ield at
about ?OO fee t , above the Walahole ditch , we s t of Wa l kakalaua
Gulch . Negat ive No . 21761 .
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Figure 1 , - Taro growing 1n t errace d wet gardens at Wal e.u Springe . Nego.t1vB No . 21476 .



r

and Ewa Plan tat ion Company. A i~ a ond ~n ipahu e~e ~ ltuate~

on th~ ~a ln hi r~&7 fr~m Hon ol u l u a r ound t he Pearl Har b or

r. l'1 ore Il.nd a re not e xe 11l~1ve l ,. r u r:Br pla n ts. t ion t.ce n s , t.a

i f!: b nl 1t wh ol l y s r oun rt EYf\ p Lerr t .a t.Lon b us i n e s s and empl oyee e .

Wahi ft " . t te e bet.e 'n t he f or k. of Ko. u\c onahutl St r eam on t he

Wa i a l ua aide of the Schof i e l d Di v1de and hence 1s not i n

t his distr 1ot. fc r ts o f ~chofl e ld ba r ra oks and Whe e l er

Ple ld army pos ta ar e In~ lde t he ar e a here d i seusc~d . Tr.~re

are ee ve r-a L ot. t-e r- :!I-al l ece ttlc:tent~ , end a l e r ge Bne! changl ng

ee evt ee and eon at. u e t t cn popul tion ho vi n,l:';' t o do w1 t h t he

pre s e n t WA r ~ ond i ti on . On t e Ai , s fpoe t tt~ r~ 1 ~ l ome

s e t t lement , wi t n f,rowln~ n-rab er- o r r e r !n8nen t hcrn~ F. of

pert'lOn " e~p '] oyed I n Hon oku 'lu or a t Fe-a r l Ha rbor , up to an

e l~v9 tlon or nbout SOO f ee t . The W~ 1~9 r, o R~@ , ~ t~ r ltor l a l

I n e t I u t l on f or t-he ff'> f'b 1 ~ m n de d , 1 f\' t o -e t.ee on t~''!' :f"n t:'! Rt

9 0 11 t . of Q'ai-rAr:.o Va lle y e t. a b ou t aoo f e f!' t e l e ve.t.Len ,

I n 'ta i ma l u , ~6l I awll. , e nd W8I lke l e va ll e,. !!! , t <herc ore s ::ul l l

PU.1:P statI cn ee t t n:r.e n t s o f a ( r.V! !)118 C S &. t p oln tF not over

t . o l!'I. l 1 ~s f r o""3 t he eoe s t. , Tlie r e e r-e (a l so a t v ,~rlou s re 

ewr-vo Lr-e , wh i ch ar-e r e r-t, of tt,~ i rr i ga t I on sy ~ te m. f or r u g ... r

~row th On t he a?r on el ope ~et.een ele v t i ons 200 And 000

.ree t , ee ver-e t Rmsl l p Lente t t on C" 1tt e o f e f e w h oue e s , It

op pe APs t ha t i n r e cen t ye r r ~ , w1 t Ino~~ s lng u t P. or t he

aut.oe ob f.Le t j-e r-e h f! !'! be e n Le s s a nd Le e e u e e o f teose !" !!I p ] l e I"

camps a nd mor~ o f t he plen t~ tl on pmpl oy~~ p II v~ i n t~

lo r ger t ownp and clot ~r t o th~ main ~ l ~~wr ~ . ~o t,. I . "' ~ !"~Fl npn
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re c l den ce l r. known ab ove 1000 r~et .

J. pa r t of tl~e mount. n fnou e , l eewa r d s Lcpe o f t 1"c x oe l eu

Ronge 1 ~ government l~nd 1n th~ For~F t Re se r ve , bu t rno ~ t 1s

pr lvn te l y own~d end Ad- nl~ ter~d und e r tr~ rulee ?f t~e

Dc part~ent of Fore s t ry ~ o r~r &~ ncc~s r. b y hun t e rs ond

h i ker !: I E c once r ne d . {Se e r"l gur e 16 ) At c e rtaln poInt:!

pe ~ 8age On tr-nLje mo. ,. a t pr-e- een t b e M~tr l c ted. a_lo g to

proxl~ :ty of s ome ~ or t of outpOFt ~1 1 1 t6 ry In s t8 1 1~tlon

bu t on t he o bhe r- ba nd the re hOB been no ge ne r a l exc t u e t cn

ordnr wi t h r efe rence t o t he I n l a nd moun ta i n cO\Jn t ry In t h l!

are a .

nuntln~ wI th rl ree rm ~ is ~ t pr p s e n t p r ohi b i t e d fo~

e l vl11ane . The r e rp~8 1 n e e ~ode r9te amount o f h~~t lng of

wi l d pigF wi t h d ogs and s kn i f e , bu t t ~ 1 8 I ! pn In ~urrl 

ele n t c on t rol 8ne. tbe r~ hF ~ be~n Fn inc re a~~ i n t he ? l g

popul at 1on i n t he P6 ~ t three ye ~ r ~ .
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part s of the WB l ahol e -~a ikane a r ea are Wa te r Re se r ve s, boundarie s not s hown .



ar OLOOY

Gen~rFl geol oFl of t he Kooleu Ren£!

T~e gener s l ge ol oty of t~e Koolau Ra r.Fe he~ bee n ! e t

f or t h by St e a rnI' (0) ,. i n pr-e v t oua M"rOf"t ~ o f' t ': t8 eer- lIl" f1

(1) , e nd heR pIpo b~en u t l 1ned i n 0 r~port whi ch wIll

e ven t u81 1y ~e pu ) lp~~ d i n the Bu l l o t l n of t .e ~ologlec l

Soe l e t y of A r i c a . (2) Th@ l ~~• • rd ~l o?e Mnd unde r l ying

~tructure o f the Hor.ol ul u par t or t he r ange a r e known I n

ve ry ~t1oh or-e d .. t 1!l 11 t h An . ny o the r part . The go o l ogy

( 0 )

(1 )

( 2 )

r t oer n p, n . T. , T. of fi . , Pl v. ot Hydr ogr phy , Bull . I ,
11l35 .
G~olo&1 an~ Qr ound- s ter Re e ource e, r. l o 1o-~n lalA e

DI s t r i c t ( 1 9~B ) . . noa - . k l k l (1 P40 ) . ~. l Ih l Dl . t r l ot
(1 941 ), l uuanu- Fa uoa Dl . t r l c t (1 941 ) . or~ koaeo1ua 
Ha10ws Dl atrlc t (lP42) .
Went wor t h , c. t . ~nd Wi nche l l , n. , The Kool uu Bn8pl t
~er lf'l " , 0 hu , I! nu ec r-Lpt , 1 941. ( Tl"',1 !!11 P8 'Pf!'T l'I o::;e
wha t de l ~d 0.1nr, t o r~ 1 1ur- of Bn8 1~t t o c ~=plo te

ana l y. e 8 of trznf ml t t ed ·~~rl . · or rOA~ r rri o~ t n
golnR i n t o wa r wor k . !hi E wo rk provld~d un~er O~ol .

5oc . hM. ~.nt , 0 . 297- 39 )

l~d ." ~ ]!"~. In-

t e n s l ve l t.f-en t~ t! P.on ol u l u por t l n .u neV* r tl~ l e !! s -e e r-e

dlffer~ncP8 1n d~t~ 11 of sludy in va rloua &re AS, we ~a ve a

re. eona bly eo~leLe view 01 tt~ ~or l~por t { n~ re ~ tur~s

lind e r-e j UI, t l1' l ed in In. \;: l ng cert... l n ge ne N. 1 I z &t t cn e , If

ny or t hA8e a rp ~upersed~d I t wl 11 only be by vi r t ue of

i n t.ens i ve .. tudles or e o-so er-e e , or of s cee pa r t lcu l e. r
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fe a t ure , which ~oe8 not . eern likely t o be mad i n the nea r

futur e .

Down t o t he e l evat i on of ep. r ox l · t el y 1200 f ee t &bove

pre ·~nt ne a I pve l t~e ~ool &u do~ I e elor~Rte sod q~l te

r ~ v r y e I pt l cal On I t s I e w rd s i de r.d t re nor t he rn

l".a l f of i t s l tdw.. r d 81d . e eeu t.v.e r-n h e I r of t!'.e wi nd -

wa rd a i d ' 11 mu ch cut s way . pr oh9 11 in p rt b~ Bid of f aul t 

I nf-. I n t . s p or t ion . l r. o tt~ Ka I l ua f ~ r l~ ~ ~~ r oe k- 1~

s o ewha t a l t.en d ero d In J" cted '1 d k"- P t o !'l1g~1"t t . a t t"~T

not on y ~ r0 ~ ~nt ~ vent .~e t or. of th~ for t.l on ~r T~ l c

ttey .~ ft per t , but l ~ o t~ t t~e7 I e c l o~~ to t . ~ v~n t

f ro • t e t- .- Pfl r t e f t t-e 1 .t~r Xoola u e-e 7 ft !' 't u t t • roo

ot~~ r p x porur~ ~ f r ~~ ~ · 0 a l te r~1 . ~ ~ ~~ f ~ur.d 1n 8&7

ot~er fl o f Le ae f"r od c. d pur t~ of t~e Koo'au mass . e. nd i t I .

not 1-' r own ow d Le t Lnc t. Lve l .i a ee r- t e e I !' . Tt_t> wr 1. t f" r ha l

n ot s t ud i ed It In d e t a I l a n d ha t' n o t Lln l; t o a c d t o l J:c d s 

or ' pt l nn orr e red r S t u r no . (Fi gur e 17)

0I:t t .he 8ou t \;we s t e r n or l e e w r-d £l d " . the e Lcpe s of tIle

doee c ln t l nu p, t o t he c os s t wi t h t he r. R tI~ e Lope di re c t i on s

a t t he nor-t.l este rn end cut be us te r-n end s u t; i n t he :nl d d l e

s e c t ion a r e 0 '81 t ly e xpFr.c:!ed llind c e r I ec t eo \.0 a r d t h o II l a 1 u8

An~ Pe a r l EGr b or COR5t. rl 0~ \h~ . ' dd l ~ t~r~9 n~ wh i ch h8 ~

been b u f Lt, age Lne t, t !'f" 1 na t!' Re nr e!' . 'i'''" '' "outl~"~ lIJ t.~rn " n d

o f th~ rJlo n gf' di f f er r!! I n t.e o 0 he r- r-e e pec t e f r m t he r e -

ma l nd " r . I'Lr-s t , t.". - j c r- ley, On the l~ * 8.rd 9 1~e "'e r e

e r-cd ... ., t o 1\ t>, ~~ or about; 1000 f ee t t ~ l re l ent !' ~

,
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l e ve l , and ee c ond , t he e n t i r e ee r-t.e e o f !e con~ e ry ve nt ~

wh ic y ie l d ed u ] tr~b6 6 1c ex tru~ ive la va s a nd t u ft t 1 s oon 

rin~d to t h i s B outheR ~ tern par t .

Se t a ga i n s t the ~e dl rrer~nc ~ s 1n th~ re r lp~ern l ~8 rt9

of t~e Koo l au dome , whi ch ~ gh t ~~~ ! t d l r f e r e ne e e i n a ge

Bnd I n h l s tor or dlrr~r~nt r-s rt ~ , 1s t h e re~arKnbly un1ro~

a ll t he "Ns y fr o":1 t.he d fk~ c o-rp 'le x , T!"' l ch ll- s (' h i p f l y 8 l i ttl e

to wi n dws rd or t he pr~ ~~ n cre pt , owIn g to ~ rollon8 1 ph l r t ,

to the mr rgl n g t or n~.r r~ 8 l~ve l , I e e~poped or t h i n ,

~8 ~8 1 t lc l~ VD r 10. 9 1n whi ch no ~ 1 n e lt~e r or dlrre rp. n t l ~t i on

or of nnconror-m t t y or d i vi sion tnt o d i l!lt l nct ee r- Le a , ha e

ever b~ ~n r ound . I t 1 ~ ~ Rs7 t o ~o~tulote , r.Av l ng t n mi nd ,

(1 ) t"~ e ore a l t~ r"!d K.1l 11ua Ser- t e s , ( 2) t he a c r-e c c-ap Le t e I 'y

e roded wi ndword ~ l ope or Kool~upo~o , n d ( 3 ) . ~.c _

cut ~8J ~ vnl1eys ~ uthe~9 t of Monna l u , a nd ( 4 ) t hp d l g-

t r l but l l)n or ve rre e o f t r.~ u Lt r-abns-L c se r-fe e , t h at t he !O'lth -

h l st~ry . Thl ~ r em I ne en t re 7 por s l b le , b u t l , p n~nc e t

r -r. ln~

tr~ nd or dlffer~ nee b~ twe~ t~e end s of t~e r En e ha e b e ~n

f ound . Th~ soutr.· '~ tern e nd 1~ e g~ t ly ~ore e r oded a nd

d ike co~lex I s f ound out to t~e extre~e p oi n t of t he l s -

l and ; t~e no~thwe stc rn e nd is r ounde d by n or ma l do~e s l ope s
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1

Bnd no di ke c ocpl~x 1$ known ne r th~ CORet . lhe rec ogni 

zable d ike co~lex pa s s e s be l o~ t he pre ~ ent surrace a nd i ts

au or ,:> ? f a d e s I n s. l i ne or f.::la l 1 lnl l e r eX?OBUre ~ 1n t h e

hendo ~r wi ndward va lleys in t~e kal~ ekahana ar ea .

I t appea rs- t lult the nor t.hwes t e r n e r.d of t he r vnfE' 1s

e i t he r !lor e de eply alid f u ll y c o vort-d by slope ::oant l 1ng In ....

rlow ~ not out by ~ubpar~ l l e l dikes L~fn t ve ~ euthe& ~ te rn

.r.~ ever WS!l , or the ecut.t .cr.e r e- r-n end . . .. Once eo c ove r-ed

a nd bul l t u p to 5::>0 or l OQO f , e t hl~her t .t.en I). t P s e n t ,

a nd " rr . i n c "'! b een er-oded , !"-:C!l{, art' - he a Lt.e r-na t. Lve s

t Ub .~ B l~d by t~e r~ 1 8t 1on~~lp ~r ~ 1 ~ c~ pl~x and ~urrA ee

tl ow!t . t t!" , C' !I ~ two e r.d s , On he c t he r- hand , tl:~e cor-.f'1 f\u:- 6 t l0

or Inter ' 1 r idge cre s t s nd t he r Lops of t t-..e r e f-tor ed d Oine

c cn t.e u e a t t he TI on ol u u end d ce s r.o:. :; l.lgJ;-! ~ t t t-.st ther e

a s b~en an e r ~ i on of or~ t~ 8 n ~uo or 400 f eet a t tr.e

c r -e n t, o f t n - e r f-flbo e rid d OFl5 0 ') 1. ppcu. r t o J u r . t lfy e x p I u L n L n g

t e whol e d l rferenc~ O ~ t he rp ~ u t of e r os i on .

The pr-Lnc Lpa I sec mc.r r y f e a t ure s t oo t e ppea r- i n an

overall vie w of t he x cc I c u e cee a r -e t he e r -o eLon of :nany

vel l e ys a nd d r- ve l c peen t of Q. ture Lopo5?l'e ; l1y over muc h o f

t l'ft In terior . end t}-~ bu l l d l n ond d l v..r~1.flc f'lt Ion e- f tl>~

c oa s t; 1 pl8.1n . Tte .... o !"t 1 por t ent. p pr t of this e o ~ tfl

e voLut.Lon Is h e t, a r-ound th: ::oull.e l' l' t e r n end of t he - e nge

f ro liI o n u f ". in~ u l ~ ('1 I'e e r -I Har or . 1l1c 1udln~ t he Hono-,

ul u C 0 8 !l' t .. p la 1n . Prlou- f( e t or- r t'"' 1 ~ e volut. Lcn . "!l t. j-e

p~rll'!' or ~ ~ ~ nc sry C n~ s tul1 t r ound t~~ ul t r a - ba El c

- ~l -



vent~ of the Hono u u ~er l ~ p. , & 9 wi 1 be d~ ~er lb~d in or~

d,.. t611 b~ l o... .

Th e- l: oo l l\u f o r!!'8 t Ion

Bl.f J.LT FLOWS

The en t i r e i n l end r or t l Qn or thl ~ d l~ trio t l A und er 

l ain by t hi n bIiEt'.ltlc b ve rlo'C~ of I t.e Kools. u se r-Le e ,

( ~e e Fi gur e 18) . I t no o t~ ~ r cover t~& n Rol l or I t s own

r-eet e uu-a, A l l o tt,e r f o ea t.t ens , sun I S t he t errfl. ce .11u 

v ln'2 , tU:f , or c o'!" 1 r e '!"fr a nd !II nc.1 , r t e ult t ::a tely on t l1e

8ame b.~e , the ool.u tedr oc k b~ lng r. ov~ r~~ n~ r t t e pr~ ~en t

c ot'1 Rt l 1ne y a m£7. 1"":!u~ t~l c' . f'! ~ :"' of pr.r~. l'\.pr 90 ') f (" r- t or

c or ro l pnd ~ ll uvln

pl . ln .

T!'e Kocl au "er-e r t o- p.ru'·,"''' y f'I ' J C'T" ....p" i n p .... -"11 ]] ""

of n .e- l ower ;i.rt s of v lhy:. wi t ':'n a t Le or t wo or t, e

r -s r Ee - I; T£ln , w. r- e t vt e' r e s s e e or zoo o r :500 r(>~ t e r -e

or t e-e e nrrt Lnu cus '7 expos ..e ~J':.11 w'" CJ r C O~T OE i t.e t ee t t one of

r,O!:'le. r,at l e ts t ' an 1000 f e e t c a r. be c o:nrl1ed . On t he fl ow

nl ope fDcett bnd ov~r rn c~ or t~~ arep. of t e apr on sou t h

o r t .. e ~c~ orl Id ': lJdd l e , thf! b e dr-o k l avA flo.. e e rE" beT.e rs l l ,.

c ove r d '!)y 0 t o 3~ f e ... L of t. ~ol , '1 l"('n i c'J U ll '1l. '1 ~ th1.n tho ~e

II o r l~e

- :'>2 -



Fi gure 18 - Thin l a va flows o f the Koolau s e rie s on wes t side of
Wai awa Gulch, lOC o 1 3835 . Nega t i ve No . 21603 .

~



!II ~f!'l"'~ ld '! ] y w"at' e r-ed l~r.r~"'l I"I:"'~ t"" s !'" '! r",... t ~n d l n

neter.~ Po Rr~anye~e .t serve • • 1 an Ind teat?r ~r Arby

edrock . T~u. without ~x en~lve expo~u~, i t I , atl11

po.st.... te t? ld ...~ti:ry t~~ t ftr r c.r.e and if n ee~8.ry , to co l l e c t

• ~Rn~ .re e l ~~ a

In t t:e low r ottomtt of t) e 1 rg~r v.. l le7 s ex t.era~ I ve

r ,.,. "r t 11 1_ COY r th~ ro }( ut.c r-cps e nd in e o t he r"ck

;"r.,rl 1~ 1 8 cu - <0:0 W" OW f I e ve l , In tt.e IIl dd le

II c'.. o r t.be l "'rp:er Y , If"y8 nd

"" -e li e t 1.V~ ~ t.r"" a eat 1 1 t o beC""()('

"'0 11,. i n1. , tl e

at • • ter l evp. l on t tp

1L Pld ... v r ~f d ~ , Qfte ~ r i nv ~ ... h ae n f r _orl ~rrt p l y

t"' 1 1 PJfj:.091l"r:; ,-1 1 f '" one or- 0' ' 1 (1 l'"fld f,. ~t " 1 ", a 1).l!' e In

11111" l' po 1 t 'hp ~ ld( 1,. ou , I "'UP flPCt. :'c.n Ar" r-(n ')Ily

....... fl It ~ r- 11 '''' - e . . .. ,. Tr""fI: do t' f." d - (' t one ,

rtr- G rll~ t

1 + 1 cve r-, .. .e .. 1 ~r:;

(

<' ... ..... 1 ..r r. r c:-*" ,1 et.e e-pn l , l e nd t o 1.1t-€t:- Il. tt" be t .ee .-n

It-ronE" 1 v, rl owt:l r e .. ,,' pr f lo or e o r- t b " J r n le t ta ke

r 109'-T" ... , -1<" s-nd C T'f' -.fi r tl d b y l u~ and. t""·e « or-e ful ly

over~own b- eog t .e 1. 1 or. a n.e r rt er l r.J "nl. we g o, t he

-ro... f' ,0"'j) 1 t e l ,. lir e t ~ It t r 1 ldge "" c o -e r e c 1. t!- ~ o1 1

r.d '''f'"l!'l t.~ tlon , 0 t. \,hf' r e o out.e r-o I of wea L ereod r,~ek:

1n .,Iree a r-e U I Jy D t l c ' ute e~ n l Ls ,

Under U cCtrd l Lone C s c r n e , V, d o l r.:l. J'l t. l :l.pre aslon

or tl- o c r-• ... .... r of 1(001,.'.1 la vn f'l o ~ 1 ,..ec1 r. t": fr o Jit l l !'l

r t '1e J r v·1 1~·~ i t ... • n a 1 1~ or t ... ..,f t "''' "'l',.,..,,. l n f

- ~3 -



section , ~ t .hi ch we eRn ~~rtry t~~ renert l ~1~1 1 f rlty

r OT' V·e DlJIlller, of (' 1k,. !" t> rv'l !" l ' l" o '·... ' 1~ th ... , ~ "" vrco tHt

.:"nf 11 , d e f ea t

!' ny ..". 11, v l 1.d Lcc e I c mp r 1~ '"In r-e t.eeen Ln Lend nnd m'r~l 

ns I se c t Lon s I t' i-e g r-d to t' 1~i{np !'l9 "r f1 0- .. , ..hf:. t}o,~r

. ofJIl . .e , emoun 51 o r o Ll nke ~ lin the l i ke . {Se e

vesi cu la r , b anded '('1' "'I"e' ror'~d l e n F!;F' - l a d " n en g.ae pOU!'!!

h id I ' .... ..... ".

pe'".oel'oe flo t .. .,. de ur ~f' no e f-a t. ~ 1~. Ie.ced r-LntLe d

bloc 't 8 ~f c r-u s , ee p r-s t.1C! b " ck e due to Lo e a of :nolte n

F'1f.11re 19 , Dlo.nA lun -ll~llil". Repor t )

. 8 flows i n .ot loI"' 0 i~ Ji 1. t~ a 1111.11d interior on wh i ch

11 ca rri ed c oepIe t e cove r of !I ' 11dlf l.... "' l oc!( ~ or e ::ttr e r¥" l y

Lr-r-egu l !" , r ug e d ecor -re, oec aee t hle ec or-t s e cver- m.... ve ~

- 34 -



r~rw.~ s rd r~J J s down t~· fr ~ ta l !]ope , Q nllt lea ~f

tl-~ "c""tr ta Br" (]fIopo, 1.t"d or! t.~e e ur r e ce Ahe ad. of the flow.

Ro l l o.... a re 11i.::~ly fill e d er-e de p.ply t l 1a n h1r.h s po ts ,

? t t t~e 1. u l d lQ~a pr u~ab 11 eO~~8 to rest on a alope

t t. 1 "1 A) h t '.-Jot}, r t lA D tho pre-fl·,. terrane . ... i!'

entlr., .a ' ln l t lherf'fore JOf':!' 1ato :Jf t hf> d n •• l r.terlor ,

r :'c.m 1 11 uld , e l.ue t t.e det1" lt.. l

cltn or IH 1 Yt!' rr:.

l)8 \..opo,l-r bl~! u r-re c e of a a f lowlll 11

~tool'lc tel:: run#'> 01

18,10 t ur,'",11;:-\ till!' rju'" e no l t hI e . ..r-e ve I flc r:"lBfI

ue" • urf nfll , e v n "'~,.,r· I t ttl' 'PV 1, 1!l r Lc Ar '-lTd ":')1".
t 1.!\

r-e "\f 'II' - • t. ~- ,

~e'n ..... n in ee e t t or, ;.. l-

-; ""dirt" U 'lttlly I nc re .. tr.-- t In -l

... ... ... t "'t"'''' "'. 1i .. , ... n'" C "'. r'"

oe flo are 1.1: 1.1:'1g:..l.1 s hed

rot , • ,1 • ,he•
c 1 ) e t.r rc .)Nt

, , i F o cn ort _c. .l. or-ee

~1 • • 1 c. ..
• "!nt • n J. # eo a ...... e

t\-ln bund •..1e \ s ct 111 d" .. ,..1Il' Cl r rd .. c o: only

u Lt et- 1 too Jl )'U ty cond f t.Lor , bl> (' [ -e e I" 0(' Cf& flo '" ha ve

I1ttl-" or no ecor-I 1 ..... .('i t. c lOP',.l,. l Of('lt.l-:l" r " [:I{ c cr.t.e c t s

-r , ~ po' rv r: Or '1 l'v t ,. 0 1'('11:""-

- 35 -



Aa flow s e on s Ls t, of ,. rl"'n - e 1nterlo!" . or tl)[l w' le '"' \.8

usuall ,. rel. tlv~l,. fN! ~ r ro.... ,.·lel fD" or ~ tU "'n 17 II reo

no t a r r5nPecl t o ~ ow d e tf 11 d t-enc Lng , oat d' nse interiora

of a£ f lo.a are 8u r t l c l e n t l y rre~ rro~ v~ ! l e l . p 80 that

0" r-one ft nd ... one -ean • tone"

1:' r e gu 2a r nc, t1.1 c'.er... d t:rln act' ?rd lnr to t} e d e ".lls -;,f

t e1r fo t,lve e ond I U .. or.e • .... '/fp"'~ 1 t o , -Ll '... 4 r. · t h ick

•• t G

I,. J to 6 r t Lcnr- r nr.

ar n gf" eo. in ..~ •

'" i.e'\- r : Cl""tl' ... e n t " .... (l,. ·,,,. ' nT"-

t tI-

0.:. .... z. +-.'_.....,. ...."'" ..p · .... r- ' U". 'l" ... , - ' '' I'' •• r1 . \ ..- " ' " _ I'"t e .,..- ~ C ; I h • • •

1t cu t, pxtel'i t ve

l" t, & 1'- _'T J r ranI'. Il ••
..,

c 1'1 'n it 1. n r:)!Is 1b l e

~"'"
,.. , , , .. • r .., ,r ..., f.Of:' ·J.· J r " ut it,

\ - 'l ? 1" • -• • or.. • rt~ ... •• n ." ~r e l ope •
T>-,.. Un ,.. .. 1 T -. or r' r• r-r ... .. .• t I e ••

- .. ,. ..



,
.~ ucb

live ... . vlnr

1 r t 1':1 ...'"7 t '" e e ae , "'!r:CfO· "" " f " "." c r'" e s ., ,..,.. ... t

~ -atl1 ,

l!"~·"'..l] rr 1 n- r or , or tr cvle fl ow. a r e oft@n [ ,'.lnc1

It 1. et t e n n ot clear

It e".ne c

t l c~ ] r rlln r ma • • ~e l ong to

nd rlylr y or o~-rlT1r.r a ~l ow .~ int

1~ t~ ~ fie d. t ~er 8

8 pe t.r- c r- --'''' l e. - i f"- t L en 4 m·t n t l"e cf"c l ,.t e .

1 • gl/lon .. t t e N"h + l ·\tP· ~lp e t .aeen - f! h ot' '' ~ a,,~ •• llva

fl o". L. ..11 und r-s' t "ad fr '" l" pe r ·" t lor . On bl .. t c r- I. c lava

fl ow. on R a ll . ...1.... ",;r ~1l .. . " 1 t 1.-. .- I- 1Y y.

In t ~ • .,.' " ' ''Tld '' t !"","" -I .~ It I- ,."' .....r:- It· 0 arx\

'\.-s r; - t o ,. • 1. y

•

... r +' ... "O"'lf"

t o • • ."
•

.,.. t·

r •

. '

e ::"0 . a r, l l- 00 ] ,.

• f 1

a nd cry. ta I H -

t cool in~ a r-e t '!10F t t· r' f.l .... J..e rr.odl -

fll":r t 1.)D in lo.,. '- r- -t'l' f r l)

., ., • p -.'

"' ?@,.~ t:l a.a lt VIl . J..ppa r e n t l y

o"! l t 1 ..~ H,. d "'~j'I »t: s t t r r l nF'

xln '" ,.. 1 por

- ~7 -



( 1 ) F~rm.tlon of th ~ c ~uFt.l ~l~ok, snd detr ital el ink~r

(1) E~erson , O. H. , For Btlon of 88 ar.d pahoeh~ , A
Journal of Sc lance . Vol . XI I . 1926 . pp . 109-11 4 .

rlc8n
1926 .

,

\

e..r> , i t is )0 ... \. ...111 t o - u ppcee tl--f)t R f" N!$.ter r r-r e t t cn of the

n ~~ts n~ thp. d~ . It h~G ~en tr ted tho t th i s 1 ~ the c~ee

(1) ~ t eer-ne , • T . , T1 e n~olorY end Grounc t "'r R... ... - w- c e e
ot the I ~l.nd of Oahu . Ha••l1 , T~rrltory of Hawai l ,
Dlvlplon of t1,.d r O~R ?'lly , Bu lle t in 1 , p , S~ , 1 935 .

d ouh t lng t ha t thl0 10 proh hly t rue , he d o• • not f ee l t ha t

a va lid ob aez-va t.Lona I e cne t ue i on nan t-e drf:lW!1 ht~ eftu!'le of

ted by dl.mo~ crl l1 boles In t he Red Hl11 , ~.h. ulkl . r unch

h owl and K~pahulu "pure in pos i t ions f Qlrly ncar to t he margi n

of th~ r qnr,e !t w e Tound that ebou t 75% or the section e on-

- :'18 -



Ell!:t l" d of pp fl O'.. EI. In one ee c t.Lon of ab out eon fe et , t here

•• !' 8 ! l lr'~ t p r-c p onde r-r nc e o f p"' t' oe h:)~ fl 0'11' e . I t i s 8

I'iltt._r of ob s e r- vs t.Lcn , ncee ver- , t hat ocee e t on e t s e c t.t cne of

50 OT' ""O!'~ l' ~ t Pic " , ("O!u' ! p t ing w~- o ll r o f peboeboe I'Low e ,

gr~ round i n t~p. ~ r 1p~ ~ r r ] Br e , a nd ~roh·bly n o se c t 'on

IS nu c h s 10 0 or -n or-e re e t tl , 1ck 1 8 whol ly f r e f -om ab ce -.

hoe fl o...s ,

1 !1 t"' ~ ,.. fl ow!" thPt I'n~"" "~T' ~ ,...t "' 1 1"' 1~ n1Jt,. r1T'.... , .. " tl-o,.t It

1~ Quite 11~~lv t~n thA8~ Ar e, orp tran rep~~~~nted in the

p .... 1. ~ t i n l:" ont c r- op s , Ar y t l- l " r- 11 ' ~ 11 nume t-Lca I s t.e t e men t; or

c"nrl~ t'" !1 t e~tlm19tp of I r-or- or-t .rcn e i n t,t,e c rp"t area i s not

A V"l 1 1 B 'hl~ .

"e 1:'Ut :'7 noll' de.ec"'l he t he f1r o~ s e t.r -ic t -n-e o f tt'e e.oo Lau

Jl'BSS ylo .tch 1P': t""e llnd~rlytnf r-f'd-o(":',:, ~,.f t 'h,.. en t Lr- e ares ..

\

eoeer-ed

18 no t 1"10 ' J, 1.0 he ') tl er- t ill 1~ "' ''o t''e l .''' \.\U P: , Trroup' out i t

l p mad up of reI, t lvpl y t llr. l-. - e t t t e Le va fJo.vg o f" bo th a e

and pet-oej-oe t "r , e-upPl"" ol"ed lilt E-nr ] ~ r .... f 4 t o B d~rr "' ''''"

in "I'll) t o f t.l"P. ,"ol1nt~d.n "n~ ro r . n "'nrl T.' l t 1~ l O flP fl ~ !l low UP 2

t o ~ degre~~ in tr ~ r. ~rOr arp8 ~ out~ of t~e [c~~field ~add le .

T"'e rlow" e r-e p ] cm p' 'l tp~ i n t"' ... ~i 1"' Dl'! t ' "n or th~ s Lope end

r n e fr " "'Il 5 t o 20 -11p!'! i n , "'l",rt'h , ... ,.. .... "ud f ne- " h ", ':-' ) ~' '''! '3 ''' ln'''

• 3 9 -



pa rte O'lltoide the pr-eeen t c cae t , 'l"rt:> c l ng of specl f ~c f low a

laterally 1s l mpr e c t l c a bl e and .~ csn ovly .ur~l "e t hat the

wi der r 0_ . may be two or thre mi le s .1d~ D8 Lr Leeir lower

~ndB , by c omparison with the h lotor l c f l ows fr om ~11auca

and »s un. Loa .

'e e~ s •• rlly we m0sn pr l m& r l 1y f lo. uni ~••r~n we ~?esk

of the 1..10 ;"I .e • • c r f l o_it ; it 1 3 not. pr-ac t.Lceb I e to Fegrl!'ga t e

t ~ unk t e into r :HJ.ys "h ie}: ma y I',ep r e ee n lo r "'I'.tion dur1ng

one c onb Lrruoua ftruJ.\, on as wou Ld be t }-.e ce se wi th his torio

1 1 ~'M. tl-- te l l 1',0 ob se r-ved , In fIl 031f!' lost f nce s y l e r-e fliJ"pOBu r e

MI •c E.lOI ~ efloB1b l).L t,y a r-e exoe pt.Lom 1]1 r e v o r-e b I e , tl P on t.ve
ba r-e s te-e p 1 0 -,1 P o.r M" kof'uu Pe nd , it c e n r-e r.r..1.1y 1:'0 ..: peen

tl-!'t ~~ v .,. .. 1 l;l-1r " .... r t oe e ~prR ~!"'t jl> r1 ~'" ,"'1 i r.'I,jll r 18 '=- rs J o i n

f:R!:'lf"- iA Locr h t.ruf' 0' ,.ce oe H o ,. j b ou t r .'f' be e t t ha t

"'. y be • 10 1 t t fl ow Ill'll t.s re i'· l! F.,nc ~:'.n tl:r If's,s t . oS n

15 , lJO· · lhly Ie 's tur n 10 te ~ 1. t. nf c • S lit." t.1":.a:.. t 1t 10 d oubt -

ful If uni tt 40 t . t t.:.ick o.;cur 60 I'r-e., u:nt.,;.y ~. one .8 1'

on e t vue Ol. r. t 0 ] L. .Lc t. ! s , f t;...~ it:l:;,' ~ t. t.L r d of the

t o 1 section 8Y te de up of Wil!. !! vve r 1" fflP t, tJ Lc •

••.ncen t vi ol' 0 1 h.vl.. flo • tIl 1''"l 1 ~ vort c tl .., on Hawa ii

eug v e e t. e L_J.t>t un f t, f, r I J re- t. t ! i d e JUy L n u pe r-poae d

or, tt~ s Lop e e of t.} e ..ant, 1 r 1"'0.. 1 ] y to r Oral an & ~J<:.rel:.fJ te

f l o .. f1 d d. l t l on of ~ ,J Lo 4C .ree t. , I t l~ very d o ub t.f'u I if a n y

flo ItVer8 f':f; F e o t, lc~ o""~ r I t!< .. h ole e ree , It 1a t houc.h t

t l-JIlt, ~ ve~"Jl8 f l (tW' U l clmofl. &. oppo sed t o unit. t;' lcj(n " , .

- ~C -



mi gh t r e a ch 25 feet , b u t certa inl y no more . It ~ po " Ie

tha t flo.. aT t i:e so uree a re t l. l cke r and I e . . l C:e L a n

t ,.,~ ~ ll'lll ~ flow n e a r the • rgln ; it see 2 1111:e1 y a13 0 ttl t

fl ows of ~~~eylFt rlml1a r t y e p t e r.d t o t e r epre s ented in

a or t.ion of t t.e sect on owi ng t.c pl mi l " r l i nes of flow

f rom t "e vent gove r n i ng QCO UJllU lr t.Lon over a ll:nl 'Led pe r i od

from eucce 1ve e r'.1 f tl on!' .

• c e s t e t. of no r-e 1 b • It!' ,

o l i vine b . I tt; 10.1",'- t

witt- out.) ivlne . Br le"f petrogr"'phlc d :"C'rtl t. t ene t> "'fIl e flln

Ion . t '

in n ~ per l'lv ent nrt'" "C" 11""" l' n :, ,.,.r • ~ on ,

o n~ e t f , r ve c o ~ .~ , n" 1" __ ~ " tt "' r" t, t' • "ooI e u

• rie!' 11 ~ Ie ", ,
I' I' • " •• ., 0 v P .. ~~~ t~ 1•

»er-e to c r ' I 1 e • 11 .. .. I tly ur 1J o " c • c t I'

of t' • Y. oole u no 0 , f .. p to b o t.i o , nd f ro e,~ t o e n:!

o f t~

,}.. U

r ft •

1 •

I n t . or.olul u e~t~~ or t'e le ~w r d . l op~ of t~ e

. 001 .1 c. '0 10 I' b r be r- or c t.t e r- bedF a nd l e nse s

or p 1 goa 1t 1c tuff fowrl lr lert'!' ec .iL. cf.e l a y.

n t , c r it~d in ~~ ~e ye~ 1 repor t .

on T\ rt !ll f' t

lh r or r it T l ~ e • r-e t lo e NJ;ll.

- 41 -



t ~ t,. J ,", in tl- e r- R fr""1l '" IslAe to JIIuuanu . ..ue h bed s

a on t se?lor;lc P ~ut

t --"f pe r to e 'Of r~egllglble l~ort&nc e .

)1.. U 11'>. • I ••~

Po I Lc Inr- t'"" s t ldy ':J.f t;eo ••onoluJu a r-ee e t :>f

11.1 , th 41 1.1'_ u t Lcn

dl sad t> lll", of u.e t ee e :-d ., Lope of' t.t €" Koola u Po.nye

(1 ) . ntwor th , C• .It . , eno "on o: ,~ . . , Intr' I'I'l v8 e c'
or t he Le~Frd 10 e of tt II! xee Ieu R. r~ , O. h u ,
:ourr~ or a-olo~y, Vol . 4 , pp . n~~ - 100~ , 1.!O

not own wi th c$rtalnly t~ et c tter d } ~•• rd dike s were

" l nee th. t haa Ill ter a pr Bred t o ~e t e e e ee , little f ur t her

I nrO~. t l on h • e

.~d 1 t hl. r eport .

to h_nc and. !wnce t htre 1 . lit tle to

In t h e ro or 8u rra ce 0 tcrop~ th e dike compl ex, whicb

r th e IU C! 1 Vl!"nt acne or t h d e , lif!! f' It l"ln tl:.

pre.fln t dl l'ltrlct onl y in fl l mal } are a a t •

- ,... -



d ike omplflX , as _Pff"' d y :; t e llil r n p , 11 ~ 1'" to t'le I nd w" rd

of t.j-e r n s-e e r- e e t by , t o ).. ':"J l1e ; n or th of 1t t"f" -"Ju th -

•

r- ,..... tl-,.. ... .. e u .... -

r e nee in t1"l F are s 'eeeeue e r limi t e d e xpoe ur-e s u t i t s

or the r: 1. 0 1011' . 1ft.. e\'ll . In t1'

(1 ) t .e -e r-ne , f . T o, Op e e lt . , f' l gu . :52, p , 400 , ] g~ 5

10 "' r t"' ,.. .. t lo
". 1- ( '''~

Itl - n ot l

I t l~ Uw ('1 1 pO!! fll I e t ..... t a t sea l e ve l the d i k e

cn J." (1)

(1) T f! .~l ter t-" .. e l !'f"p. l.. ... up',f' ~t ..d tl- t .
or 10 d1ke . to t he a l le would pr obably not

oncentr ti on
c oll ed



• d ike complex , u t t bat l OJ d ikes to the a i le , or a
d i ke ever y 50 fe.t on the ave r . g. very like l y woul d
be 80 c one Ld - red . It 1. not -encen tha t any one has bad
oppor t uni ty I n t he 1 1e10 to map f orme t l on e on such .
basla .

Xu anu Pepor t , p . 31

l In of t e er-e t. , At r.7 rate l. t .pI-ear~ t ha t ve r y l ittle

pI c e r de; t' e of" .. c Lur. r- ""," :0.. fe t 0 6_ no t to be

r '" cll,. e e ce e e t b 't e t.o lUI el l' d r iven fr r'lr I t;e l e e'!l' r -d a ide .

a re encountere by. long

o e t:: t s l~r~ ly JU~ ll rled by 1 .5 runct~Jn 1n

mi t.' in bo t. euz-f'uce no. b r J 1 d a te r ce ve l cpe .. en t h e

Indwt d ::':'de ", r the r .r.gc: • ven in the e: 11 ar ea where

t II! dike C ) :'I .. X outc rops on t be l e e-eu d slope , t he ";later

1.t La r.o t.o ...::1 cunc s at Fuel- e re v t Lcn t r.L ... o~ly a v6ry

eXlen31vc prcJec t could nf10rd pocslbl to upcert&kc it e

devolopn~nt b c~use of t·~ r~1~Llve17 ~ntle s lopeE on t ha t

"ide .

Oldf'I" ~ .. c 1 ntEr y seri f'S

( ~ l r f o tl on c ot lrl "'t! of t.r.e ~ n body or l a nd -

(!e r l ve-d gr ve"l n ( e Ll.L Ln •• '1ey \.ot.t v e , ve lle:r -s ide ran.

~nd i n ~ c o st~l epro¥k ma.~ !Ie! •• de~o81 ted f ol owing

- u -



t he 1n p" rlod of velley cu t t.Lng , T'!"e pr-f ne I pe L c j-ar-e e t.e r-Le-.

t le of a ll a ccess Ible part! of t bi . t 0r28tlon i ' t t e h i gh

d e~ree of wea th~rlnp' with the r e !ll '.1l t a nt e oe a c t i ng 90 P !' to

cl os e a l l v oid~ or any ~Ize but the ~~lle p t . Thl~ c los l nr

of voi ds haw r-suited fr~ t vo l e l r.e~~ ~ ~ wrlc~ A CCO~PA 

nies che l e a l wep therln v o r hs~~ l tlc ~~c's . ( I ~ure ]9)

In many pl.e~~ thl. f o tl n 1~ Qv- r l. 1n ~ . 1 8 t ~ r

sedl--nt" IIIn" es n ~ t 1'-- r-oe f t.t .... 1T "'1 !'t tl!'1 1 · .. .. '" ...... ..-, t .... ee ,

T~e nr1ne l 1 ~~n08U~~ ~rflO t ~ o·. i n 10 - r ~F l '.T ~ tt~-I

s tl!'"~P ~An'ltll ~ tl-o._ r" "~T"t "' '''-'1' ....r fl' L r "' n "" ~ nT' tt" 1 \ fO "'''''t '''!Il.

or r-oa d or ,..th r C" .... !" lII t!'nrt 1O~ . I n 1II" r-\o ""x r "~t:l!"" ...~_ ~I"'!,, _

t lon ~ r OW ft i ts &tructu~ . r.d orl~ln by III varl - co]or-d

mot t I! ~ but 1111 U Ily 110 CO~ I ptflOI y .e.t~ered t hM 1 dl vl 

dnal b~111d"r . are as e c r e a nd. 8111' c u t by tioo Ls 8 S t~

tl~r ~r I ned =atrlx . The da. 1nant color e are d8 r k red .

or red brown . and t he for t Lon r e ta i n !! Il'l Ol . tll r~ !!O. ~f fe cti 

ve l y t hnt i t r& ve l ~ on] v ve ry ~ ]ow]Y . Too l ~~r~ ~ n outcrop s

expo8ed to t~e open a i r r t e n re~ft l n 5 to 10 v~~ ... ~ ~n~ t r oge

1n no1s t t unnAl . Ot e~ r ~ u 1 te r e .~ f·er p~r10~ . of 25 ""A r e

0 .... - r e .

Inl&nd r om tr~ 10Wf1l~ v~' l ""T ~ot 0 ~ .~nl .~ ~.~ ~ ,

t.h fl! lrier a l 111vi u", "1". oo~onl" T""'o!"'pr- '., ...... "'+- ~ ,.t 'lIF'~ t ~

h~dr oc ~ 1n t~. ~.nrl ~ ~r thp • ...~.~m ,. ~~,..~~ ] . ~~.~~ n ....o ~ore

cOl"mlon lvexrH'UilE'n I!" t "" 1"'", ... ""1..,. ' .. n f' "' .. "' .... n _ • ..,. , ,, \ " .. f-t ,., ......

or the P"'lirl Ho r-t-or- a1"p" , ,,}o1 1"': ' 1I'....r. n- ... ,."t ,..~_~ ~.. ...

- 45 -
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Fi gur e 19 - Ou t crop of weathered g ra ve l 1n north bank of Balews
Stream below Hal aw8 Undv r-gr-oun d Shaft . Th i s i s part of the older
alluvium; in the upper left part of t he exposur-e 1!": finer, harder
grave l of intermediate a ge . Nega t i ve No . 21142 .



' f" ow pr-e een t en PVC , t ...... n 1 t he e r.nn~ le of tt~ !'lt re~!ns

of tt>

~t l11 ra rth~r Inl~nd , eyond t ·

e d~~ p ftll.

f airly l ow grnd l en t or

the 1n c t .a.nne l , s r.d u p t .6 h~ R t! nn c. ~ 1(te br-encbe e , t e

o l d r- r a t tu vru 1. _CAre" "1 eve r erposeod. , nil "'r ob 101 ne ve r-.... d posIted i n t n 1c a 1 f or T. . T 10 10 pre ab l y DC C " l1H'

1:1 t he !;e ~ 1 e ope r- p rt. of t ' dr& lnf, ~. t e e Ln , e v n ~ur1 r:g

t e po r-Lod or cf,I:,· r dn . nn t o] oJ/i n ,... l ot of d e fllo p cu t .rr.r- ,

en t Ln ue d , 71' '' c czer- " ) u v1

(leva cpae t IUt r t"r" r-tr t i on ~ c "'''": d ltl ~! . or s L.. l-o, · ' t ..... f' f'd

Po o l de r "'1 1 u v I. ... , it vr r "r l:7 n t t-.. ::: t d r! ll" '"' !ld owe r

ty- lc~ l I" ,.. e n n r lnr,; r'lP " " f'~ . ( F i ur-e 20 ) Tle older a l l uvi um

, r ,

"'t ... r ~ r r c: m-.



"

Ff.gu r-e 20 - Cemented , older grave 1 above r ailroa d t rack i n wes t
wa l l of mouth of We lkakal s ua Gulch. Negat i ve No . 21570 .



OJ n o - "•." 11,(1 J?f"? "'T t ) . Un f"? Y"tul'1 a t ~ l

0) rt~ M1 Il , H. T . aM V lea n , K . . , Op e e l l . , r Ie t e 2 9

~ ft onlj f or vf" ry r elit' We- ~~ fl e nd e ve n und r tte be e t c ond l -

t 1 ru f hr:- Lr- t.e r-p r-e t r- t " on o r tl :p. ge o l o gy fr om C tur -n 01'111
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(
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Just t e l o-,i e nd a r.cve ee e l e ve l . It 1s o8e l b l f> t.be t, t uf f

wh i ch lie s b e l ow t i s l e vo l h e s be n In c I ud ed ,: eo c l ay .

Re-nee e do not ••ave e cle a r En s.we r t o tl oe quo e t.t on o f t '"'e

d~r t~ of t~ f> t~ 8~ nl on ' lc~ t ~~ ~ p ] t Lpv~ c r~ t · r ~ w~ r e

built , nor A F t o ho" muc l of t.be pr-e se n t r c r-n o f t.he f'!a r l

1:F.r""or d rp 1nrre br d 'h" f"n out 1 1n p.~ t-e ro-e t t-e s e ven t.e "'e re

"'t r "' t 9C ve ,

t~~ zo~p of ~~ r)y o ~ l~ c ~- 1 fr ~ - 2~O fe~ t up t o

s e e Le ve I c or r e s ponc s r tr,tr c Lc s e y to t he e: l Ll e r- z one

e- ,,", own i n t~.'" f ' 1 r-ec or-d r o f' t.t :c I on o t u Iu c c s e t.e I .1n l n r r-oe

" 0 V 1 ~T to -:-1:'8. U VF-~ r.:y. rro:n t:".ls f eet . e c a n c on

c l~c t r' t Ln tt.e l ater .. t a..gss or s ccuauf e t.L cn 0: t" e CO& l! t 

81 P ~ ln wedge , fFlr1y ~ta~ l~ re~f gr o. h ~r. ~ tepn e et ' -

b I !'lhpG i n a po s Lt. Lon 1:-.1 n f 03! llon c Iu l u Ba. r or ~ nd 1T.

8 30n.- c r :J !\. 1I t h e Lnr-e-r- en t. r- n c t o l l:' 'lr ] ... r ' or . Ttl .

Dl or e r . vo)rs ble a r. r trb e r-e t r.r:. lh e v Ld e n t.Ly ca-ae a

l on g t 1 p. e I'f .er- t ' 4'Io ~. ( nnl nr of V!' pe r l ')c ,!" de p ov Lt Lon ,

a f ter t''f'' s ea 1 d l' ee n t e III 'l e w I not O·u ar 1'J0 1) 1" 2 J J ree t

~e l o7 1 • ~r e~ fit ~v6 1 .

t ... f" "' '\ V ,... r c o s- 1 ('" 'ne nc od f o l lowi ng

t e Y..a~ p e s t.s n (\" p ... ,. "'(I, ... t - ~) . At '.' i n l ;np t'1e

s t t-ee ms lIf"rn """,, "'wh t f lx~c1 Ln w: l ~ r.: y ,. 'l r-e adj- C Jt &r.d

~"'1.ddy I (\ 1"(1 It'E'': I'e eor e c on s t r i c t ' t l I) L. l.e y ·:r.6. hc v be e n

d ,tr l n '" t!"o ... os t, r e t .... 't-p r l ,,1 or ,.. r-t t e r- d p 3 fl' l tlon t

n r-e t .e t " ~O'G t h of O"' 1iI eeee to have b e' n 1"9 t h er- fi o t ! ve

Lon g pe r i od o f" r i se of' lIea 1, vel unti l t Le ae ne
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~ tr. ,r1 r he r::ltOJ'r.R !ttr e ~x t~r. s lv~ t e r r ac e

ret ll~ or t~e ~r~ -Kn~nD ~ l story ~f tr~ fea r l Hor~~r ~reA
(

A. r~ !D1 !l~ ln • On y t hp f set of f" r I 1e r , l a r ge l y non-cn l -

c ..rE- .... u depo!Jlt1on ( lJl l eo Y e or-e nc t.ab I e t:l';rowth of c or s L,
•

o t ot a t'" o'cn e e e " f ntto r l y a tt: ous ~nd f(: ~ t c vn t-e

Y f. n ve had eepr r- c t.e e~ c !'"a ng-

e r-osL on I)!" ~\f'> n on- ce r r -e cu- eod L e n t r of th f~",er.a t e r r ace

0) :-t e . r I.=- , ... . ~ o. cI.d V& '·o.:k , i'~ o.

1935 .

~• •• OF . e Lt , ; ~ . 52 ,

'h_ . ",
" ,J ' " f f c t o"oat c t ee r-e ou

\
de poa Lt s tt.C'"ln!'el v.... r ... ... r .., .. :- -rC'cr rrtl!;t"r l re ~ f on l y On

the I de f c t ... U'" oc r; .t r:~ .. ~ c r- t ~ .ll f ,-, A1 ted In c eec -,
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wr at e n c O ~~d ~ '7~ t r u ~ unl y *~ nk n~ ~ ~ rl J7 ~ ~~~ J 9

g'" OtID .... ~ !"' t c 't) r r .... .... 1 ~ r: tn1. ~ r. r. e l". r'! L".lB us ~1 V ' 1",,. 9

or Onhu ,

Deep Lt e U'(' I e ev "f' ( r"c l f 1 ~

of t~e ol d. r r- Lne depoe 1tfl , we

1 " n o ~ u.... t C" ~ t he i r 1o:." ,,!" ~ "! " (O J e

e t r-a l""r "l ;:: " ' l~ vn - w - Ot"' ''':

~ t ~~,h cs lze hs t t~~r~

1~~1 • t~ t he ~ld r r

•

\

£' u vf um , I n fCl~ r a c ...-rpa r- a I veo17 ~ N'e c t l vc ,;" R P~"'C

.~ l c '1 rr F t l ' f1 1 n ~ t~~ ou t .i r. r-d -o\"~",,:en t "f the b e ee I e e t e r-

r n d - VfI>' r ! " C - 0 n... ::"' t ...·t n rr" '" p" l .p t~ r heed !: . '"':"! 1(It

I mp or t &nt :- -('Int"~ t l .. fn '" (" ""'1d l t l or :r- wi l l to,. 91 1 <! e d to

cl~ew'pro i n t~ l r pport .

r u S l :r U.~ 'I' ·IT

~~:N' 1~ li t I f! r.~"d or d e t e Lked t~.t nt 0:' he ee

-oe~t in t 1 ~ r~-~t · ! n~ ~ t "'.... ~~ue Al r. ~~ ~~.n d p~!"t '" d

in tt'.e lII or. ne.l~'A -Ellla f. Re or t e nd p!" & c t.i ~ f1 117 a ll t "'- !r

oceur-r e r, e 1 " ubt l t:. !'. t ln a: 0 t tl in t h... I-lt llr ] h r bo!' orea

1~ i n t .... c e .. ~ t~rn pnr t e l reAdy c~v~r·d i n t~8 t r epor t .

n"'l.I~h t l"e I n ve flo"l! t v -» ....E." 1(~ t'uf! 1l1 1 ve t ne r t r.e cre !l t

of t h e ~n ~e on th~ K l ih l - Mnna lk1 di v i d e 1 8 l nvol . ed i n

the tl iDg of verl ou e o ponen t or t he ~ort Shafter t e r r ace

(1 ) . thl ~ l Ave f low i ~ r n" hydrol o 10 s lhnir1c nee e ven

in Ma nRl k l Va l l ey . Exce p t f or . bur i ed r l ow or t re Uonol u l Q

(1 ) Koanal ua -lin la w Rep or t , p . ~7-60 , 19 42
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~e rl ~r r~v~a l~d i n ~l l 160 , pr etl ~ 81 1 y on t~e ~~und rj

line bfotw."n Honolulu r nd E1!' ~ 19t !'1 ~t ~ , U~"r~ it 0 other

1_ " of th~ u onot ut u ("~ 1'"\. " !'; r:.. t"~ f"' n t i !"t" sre' e o-re r-...d i n

t hltt ~p~t•

... .......!"~ t h ,. t " .... .

t l o~ ..

r < t (' .. ... t" a-" .. , r, ~ - ........ eo... t ...l"' . ~ ... "! .- ..... ". - \- ' .. " ...-... ~ ...,:",

1"

l
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t h 1s ne -ne 1s tl ,s.t OJ! wLl ch t h e- or t ~haftor post heedquar te r s

a nd ? r~ de f,r ound i t l~.ted . V~rlous othe r remnan t s a re

f ound od j £. c nt t o the r -e nge At r-gfn or t o t ha t. l gh ground

of c ra te r mA ~ 5e~ a r ound t ~~ n ~orA of Pe Lr l llor bor fi ~ f p r

..e e t, "' !I n lpa u a nd 1.. e t e r -r-e ce il'\ r-epr -e s eu t.ed in t h e e x1 !lt -

1n t ~ro ~~ph lc ~urrpce of l a r pe ar~ ~s of th ~ lo ~~ 1n l Rnd

fr"", t h - I'c s r-L Har" or so-o r-e f r om " & 1 8 .,.,9 ~tr r, m t o t1-f'l e outb -

wny of f l! -n t l-y t t he o I d o r- n. l 1u v b • s n d W' l t~ cobble!

) '"TP r , In ...

11"1 t}1t:> ower- sml ':11d d l -e ve Ll.e y < ot t.cee I s c a Ll ed t be I n t.e r -.

of' I) r I ' 1 ' l u 'd .1J"'.::. .

o~ ~ ... ,.t.1onl!l A Lb Ln

I t 1 l'l qu teo o~ 10 !' q ·"t ny q l u vl a ac c u 'nul a t t cn s

~ . ...." ~. .'" . t t t-e "'nt,;. s of

~.•
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or.s o r }1£- Fo r t ~ 'l-:£ ft.t"'r t .er-r-e ce

(

t, t .e b r.ee ,

T';e o .. t !lrn 1t"l cn n t tlml'l :nsr k i n t he

e rr-fl ee - r-r d e i r. ..~ j u e t .se n t

'"-.." .... ,

. (. "

,
• • ~ 're n p I nce

• r te r- 1 J :'".iIl t

aeoc 1 t 1 ""!J, ,- in QI • bot~ th o

•• I • , r • e J "na t ill!e •

Old r llIl Yl u..~ o r- f



E, A COR .L RE7 } Or~.TI01;

T~e Ewa orl R~e f fo~~tl on I nc1 ude c prl~ar l y t~ o~ e

r~e f l ~m~ ~ t one ~~ ~ ~~r wr l ch hr e expo E~~ a t re sur f p ~ ?f

tj-e 'l':"... c cr- r 1 l ll ;' n t l- ... we r !: e o of Lbe r e 'rl Blrhor

e rr t r- n nc e , E~ e L'l S f s.es t t e r- s r- e s e ne sr- (r,,~ ~ q: t ')f L uu l o a

on t he e st s ide of t he ent rance . r.o fa t l f~ c ~ o ry age

e per o t Lon ('I l " p. r ert: " or- £ ~ l.ot:. :: ). ~ !" b e en e or-ke d 0 11t . In

ar. ~ ~r t e r ~ e c t 1 oL or th i s r e ort re r~ rE'~ce ~ ~ b ~ en ~~de

t o &. t.' 1 ~1( !'erl e ~ or Ii s t.onc :oe e f t'orc.e t.i cne ex t.e r.c.Lng

f r ')m 0 out 23 0 fe e t be Low eee Le ve I t o s e a Le v 1 . ;'he

g r-e t e r- pe r- t, o~ 1.1.1. c r r e , t " i-evea Le d 111 e r-be r Lan we l l

bor-Ln s , Ls nppu r-en t Ly 0 car 1.. r n t be .. l r t . ~ rter t.e r-r-a ce

[!.nj »e n c c p r- e - Kee- n i n c ee , ch t l np: ff'O'TI 8 t Le e wven t.I e s e s

was r-e t.ur-n t r .g f r .:>m t hp de .... n , -~ o ::> r oot . y"ft. 1 l lfl e t.ond , 'I''h1 3

o d r 1: r e s t. o ne ::" r ::'l""'r i n i n p In c e s h7 t '" tur f o e t t-

p r 1 i e t o f' ., l. } t ke

';.e E-.a

.1 l ;ufl r:f..1 0 r. t nd o f

le w"] e r-e f ounc e t n bl' l y

s uc e e 0' 1. ns I to "" ...ne o ue ,

f. f -o t , a

c t tr. l !'

l·l r r .,. •

fl.l } the r e r -~ Ot·c. e r " C

La Lua , K l aku , Lono Iu u to 6.r~(>r l s Ec Ln t Bod tl: Le n e e

c ou s t , In 9(1/1'11" Lnd Lv Ldue I 1r. f! l · ! C· r i t 1 11 nc t c Le r tl">n t

me s s e e " h id. :u y h i ve b een r cr-se c r; t t.I;e ..s l:llI,ns: 10 e t s nd
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eou 16 n ot a lr.o have b ! en fo rme d &t a l ater Etan a t ab out

12 f eet . :-to arn6 , on tt e ba ~ l~ ~f e uc- e d e po i t s , h a s be e n

:"~ uc t.en t v c ':)nced p t1.e e xis t e n ce of a 1'::: f oo t a t e nd (1 ) ,

(1 ) rtoe r n e , H. T. , =:l-lo I'e be n ch e e on t h e I s l an d of Ooh u ,
Hawa i i , Bull : Geol . Soc . A _r . , Vo l . 46 , pp . 1470
1480 , 1934 .

tr )' t . e p-eeent, lI' r l t p r , .. · .lIe Tp. c cr,nlz1ng t he c onfu s i on

1n exl st1 r. ..... e vLd ence , be Lf e ee a t hat 8 a t nd a t 8 ~pr ox lOA -

d tfl~~ ~ n~ c ~nd c"n ~y n u ~ 1 1 ' c de~ona tra ted .

(2) • n bwcr-t.b , C"" e t.e r- !: . , and Hor""mel~ te r , s, d e a r-d ,
G~ o1l)ry of t'lu pa u Ile ed , c e bu , ,u l . Geol . ... ..,0. :-.er . ,
";0 1 . ~O , pp , 1570 -1571 , 1 939 .

on!' of ~~O 5(,- d l Et u te c p oLn t- a ml11t e.~e t>.g i n t t he

f"" c t or e xt.eru 1 ve r ec r l:18 3 1'C F if1 t.t. U iJe r surfa ce s

that g•.J 1'· 1 1y -Lre fr ) tl 10 t o 15 ! ee t .. t t he c oe s t ;'0 2 0

~ Lc ' er' rol~.bl for' c ur lr~,:" t he

~ _'li E,. cor! 1 f lir t Le ne of tttt c on ep f »

Cl.lOUS e xa mpI e s of l'-' ! ' rr '"' !" f ·-;) ... ta t on a n d 1. l olIDd o ve r l a r ge

~' r'?p f! i n tl:e ne n r-d pr r-t, or t l e I k r l Hu r- bo r- Grell . I t 1 s

e r-u p t ' or.!' "' 8 ... " fl r- .. c l e tl

- 55 -
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t e r nc e , nc by t t r~lb t l on t o t t e ~ k lmknalo reef , mu~ t

r.s.ve be e .. v r- JnJ.c b I ii te r- ,

... e e e r eo ] t L o n n l . L p a Lnd L c e t .e t l'. L. L b o t h t be I' o r -ren t. L on

~ It La ke pe r lc ~ h ve tone on ov~~ & lon~ pe ri od . On l y

in 1 t p Loc e I !" l t us c c n Rl.Y one of t h meP.lbeo r s be d 1 8 o r l~1ns t d

lo 0 0 • e xten b y 1l lo 00- I e r os t t t o • . n e l- o f t-"' l!l

cu t e r-o p or 11 es l ne 01" of l ufr I • • B ! l ,..r Ie :"f'l y V 1 oc 1

e I to l . .. , ! I , to 1:I. =:' 1 t ~ ¥en . Il U I ~ O5 £' •e r-L

. t.e 0 1 r e e!" c r: r ~l"t $ or .... .. s or e O e l , I nc l ud i ng

mo l l ..lp e ro .:It ' , I" It t" l Is , , .) e t ....~ r lth de L:' l t.a l ftc c u;t.u l ll -

t~ on:: o! c a l .J r- oaf> u te r i , c l c ",r .... U li lIi. n O ..' e t Lc ,.,

! n pl a o - t,h@re e r-e I f! yer s or 1Wrl ne c 1tl ,:; or e r t , ror-eec or

.1&Sl r =- Otn tr~ .. 8 .0 , o j t, n • ~ n nc I u a h e . I s or t.hl n

d ..II -. 11 pr-cpor-t.Lo o e i n t o t hp

•

1">(' nI:l< d ope n t. x cu c- d '- y s oLu t.Lon lind 1I,"' y Loc e l Ly fs c 1l 1 -

tf. t.e L

In l c P -o ck "0;- ' Li on . Howe ve r -, i n g r.el' t. l t 'e c ot-e I

i e t oo ! ' P. ':'1,.

~y c u r. r t ..... fOI

o t oJ f t.l e OJ' -.: .. s 1 ee c e e 1 01' '" c. p onent, p rt o f t.he

f1'ner 1 1" tn I ' l :ie ":6 . I' OC . c or-e o II!' " be ca us e or t.n..

ca p e ~ty , r t ' e "0 1 t o r Ol" , r rLe t.e nt, e ! 0:-. pl.. t.1 J r :l,

CT. ~ t el r ' l u ' i w: • de o~ lt ".
__e

.. ,) I"t. .: or o t h h I. 8 bea n •



(

dominAnt e l emen t i n t he expanft lon or the e oaatal plain and

the bu i ldi ng of a wi de ond t hick caprock .

Reoent 8edlm~ntary ro~tlon.

RE:; IDU~L , 0 1. . :;'1

In th~ aggregate i t 1s di f ficult to over- ec pha elze

t he Import~ nee or the re Ridu-1 cover t hat man t l e . ~ueh

or the bedrock eurf@ce . A grea t !h arP of t he waa t e whl ob

il oa rrl pd o ff t he l and b- s tr~ ftm. he ! e en f lrft t prepa r~d

by we e the r l nR. ~uch of th~ .~.t~er1nn he . ta ~en p I a e

prior t o t he ~~~lnr. lnr of tren ,portR t~on , whpn t r~ ~Rter l . 1

1n que~tlon • ~ re~ lduo] , 1n p l aee , HI t he upr~r pa r t or

th~ bedrock l~va f l o.. . ~uch or t~~ r e 81duU3 e .c~pe8

ord i nary not l ce 6 8 a d1 etlnet f orea t i on bec kuae o f Its

o l ofte Id~n t l fles t i on . i t~ bedrock ~ or be cause a grea t

s hAre of It I n lowla nd a r~8 . lie a under and ad j a ce n t to

and grade s Into tt~ I nterm~dl~te a l l u vi um of the mountaln

oua a r e a . (Figure 21 )

On the ot her hend , the s u r f a e e of t he l l ttle-di~ peoted

flow- 81ope f.cet~, a nd e 8peclplly t h e e~ ten.lon of t~e ~e

f aceta in t r.e bro~d ~ pr on of Kool Bu t e r rane whioh ~xt~nd ~

from the Sohof ie ld d i vi de to t~ m~ rr.ln or t h8 terr ace

~urroundin~ Pe arl llnr bor , 1. underl a i n by a r~ 'idua l laye r

wh1ch r a nge s from 10 t o 40 r~e t or more In t hl ckne 8$ and

y~ leh ~hryw• • hi ~r. l y ~ l . t lne t l ve ~~A r~ c t~r ~ nd Id - nt lty
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Figure 21 - Be ea Lt Lc residuum of the Koolau series show ln,lZ' spher
oidal wentherlnp . Thl~ 1 ~ wi thin the f irst e ight feet b e low the
sur fece on which euge r- cane 1s growing and shows the r a pi d t rans 
i ti on f rom sol I to Bub- s oi l and the l ack of 8 well -marked s ol I
profi le . Negat1ve No . 2 1618 .



a. a t'OrM.t t oo . Tl"'e ~ner.l eee ee or wpat'herlnr and

t~ nature ot' t he r e sultir.g for tl 'n ~.s be en described

in an ear l ier report and ne~d not be repeated her e . (1)

(1 ) .oanal uo - llalawa Report . pp . 75- 82 . 1942 .

It 11 ImportLnt here t o emjhasi z. that in the Pearl Ha rbor

area , t his f ormation cover. Q large nearlT cont lnuouo ar ea

s outh ot t he ~chorie ld divide , s previouslT menti oned , and

that in -n~ places t hl e t'oraatlon . or very s l al ler , wea ther

ed f~ vel ot the ter~cce f o t lon covers th~ hedrock ot

t he Koolau a qui f er d own to sea I p ve l . below . Thie 1 ,

due Lo the le••· r degr~e at .ra Ion 01' the Ioolau r in

1n t he . purl a t and . 1 1~~t ly a a ve Beo le~l tn t he Ppa r l

Harbor 8 r p.a t~.n 1n th~ Honol n l arns .

H~nce we fi nd t hat I n t~e r Ar ) H.r~n~ ~~R , ~~peel. 1 1y

in t be vleini t y of t t:e Pear l Harbor ~prl np;9 t he Kool au

re ~ iduum 00 G t o be of very m- r ked hTdr ~logic ~ lgnltl

cunce in pr otecttng th~ i -media t e vl oi n i ty of t he s pring.

trom gr ound . a t e r coot. a1na t l on and a l l o In l=pedlng a nd

loc.li.ing t he outrlow of b••a l • • t e r . Si mi l a r c onditions

ha ve be n ~ncountered in t he vicinity or t he Hough te l 1i ng

pri ng in ap 1 ma and . l s••he r e i n Honolul u , but not

nearly on 10 l lr£e a l ea le I I i n tLe Pelrl Harbor Springs .

This conditi on . i l l t e t~~ au jeet or more e~terded dil 

e U. 8 i on e l Be.~ere in t i _ r eport .
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Smsll pa t ehe s or eo11an s l l l en d eo11an l ag ~r l t e r e

c only found to Ift~.Ard or e r~ ~l on Bears a t the ~dge.

or exposed bl urt . but t~e.e are or nesl1g1bl e i _port. nce

and are u s 117 depoa ited on rora.tlon~ t hat are the~.e lv••

re lo tively I 8peraeoble .

Ler ••mount~ or tRluvlal a nd colluvial ma teriale a r e

i ncluded i n t h e ror~ tlon e l r ei dy d~tcrlbed a a the I n t er

=ed t t o Ai l u vi • In 0 country of c h r~d t opogrophy

a nd eteep a l oprp . th~ d lBcr l in.tion of a l l u v l o f the

rl r -bot l o t.ype tr t"'~ t alus n d eolluv l .1 uteri.].

oe cur-r-fng on .1 110" tty . t p", pe r e Lope e 1 . impract icable ,

e t nce t.'t' y mln,.l p ' n~ In tert"!""<! · , b o t.h l.o:rl zo ta l l y Bnd

vl' r Lte .lly . F.v~ :r,. e ofP '-' ne t en o f" t 'h ue p~. ,~ . l lIl . r uoo

8~ "F l~. fro" U"I' 1 Yri ~.,. anf! e t al fI .ta whe r fll

clea r t ypp e of f I ne gr. ln~d ",cent e, l l uv iwc occur , 0 1' the

bould ry l ow~ r etc_m'l I of . c l l 'e etre lUU! ene r-e t he channe l

detrl tu! cs n e lIed re cenL a lluv l~. it 1. moa t use t ul

to include all other de trit&l . transpor ted accumula t ions

o f later da t e a i th U.. Intermediato I..ll u t' l~.

R CZ. 1 n LillVlU

T.o t TPe l of re cent 8 1 1 uv i~ have h ee n i d e n tifIe d

i n II1B pplnst thi~ are . One of U: e 11 t 4' ehennftl " a.,.el

and nea r by blr ~rB Yel In tre lower ~r d l e nt p.rt. of t he

chi e f cha nnela . (See i~ur. 39 . KOlnl l - B. l ..... Rl!' por t )
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I n 0 pI ece,. f r c t l~ of t~ ~~p it 0 0 . i s t s or he r d .

un .t~erAd 8 t . 'r~e ly l _r ~r oul . r~ or d ike

001 • end &e lect ed r-e l . t a n t. fI e- salt . a nd e L 0 much

ot 1. r e .. t 1. ma teri.] t'r C"2 .-h i e • N • • on.blfl lIo1J.!ld hand

.~.c 1-en C~n ~e t8k _n . t i n t pla ces the larger

b uld r_ a r~ aa.e_ha t • •• t h.red on the outside . ana muce

or t~.. n r Ler ia l 11 O'1Hlclent17 l ot t tha t II t e"d l

too pu.lverl e r tle r t \ltI n aha t t r WId r the ba r . all -

gr .4 gr• • 1 whi ch woul 1••• good r a ttler te s t LO

hlghWI7 I Fe ol r l ca t l on . 1. practl cl 117 non-el l l Lent In hu

,t aD ohllrtn 1ft or ~epo i t l! a nd 1 , r-e on Oahu beeehe e ,

I 1 probab e t} .t ~~ areas or 1 re. ?f ~c.nt ~r.Te l

have be~n ~'I.d . ~t in gene r ! Buob eter t a l s 10 ~urled

.1 to ~~ 0 p. ure Ire .1~o u r r l ~ 1.ntl 1 ••• t e r e .1 n~t

t o qua l 1r7 under t 1, ~Idl~~.

1"" o t hf'r t~ f:- - ce n t a 11uv l Wi 13 t he o. f l"t1 oe n t

c ove r ~n l ow coasta l or sire .-b~ttom . re~ • • ~1oh 1s 1c en tl

tl~d l l r e1 7 ty I t a toro~~.hlc . 1t ul t l an and nau- lndura t ed

c ":Ar ll. c t 't Y". 1. l eyl!'r 1 . ort. r.ot&ewnat cha r p l y dlst1n-

gul.h.~ trom older 10 ~~ undern at b • d ma1 l ie ~n &0 &r~ d

aurr ee , on U\ eo'u tlon-eteced . u r r ea of a 00 %'&1 e f' .

1- t (lrl 1 is of r e l. tl elr.1 h t. 1 0 l an ce t1"0111 the

at nd roln t of developoble water au"'p1r because o r i t.s

shall?W a r ctcr End t~e r.c t tl~ t l ar £. und.rgro~ . a t r

bodl • do not occur In t 1 11e7 bottom re latlon. ip in

Ba.. 1 1 .
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Pormat! n or ~ed1 ,en t E i n of fshore . a ter goe ~ en ot

pre sent • • i n tte rfe~r.t p ! t • owewr. f'.'xcep t f or t ;e

• ~ore de pos its of bee h land and a ve l whic h a r e peen

. I on ar t of U'o€ e ce t , I'nd t he very r•• plac • wher e

a t . l n vene~r or grow1Dg reet o r nl .~. 1. f ound . l itt le

1 ~ mown of t l-;e'31 . " t uc l"F y ood !t on 8n~ o tt:"rF l~t(! rte

in r . ct thlt tt~ ~ro.th ~r ea r 1 1 ~l.tl ~ T r"eb e o f f

B• ••il nco -t" t odr.r. nnd ('I t ref!r a rea ,. ~"-OIJ ot- evl -

d enee r . brar: · on or or nt Inv, rn~ ,.. rl 1 "'r ee Lee p ~us

or 1 nt!-der l~c1 d e t r- Lt.ue t ""..!I n ('I f f' f~ c t tvt> f"r"owt~ .

,. t r r OT'!" h rpo r r n t r o f!' . .. t r·rellert 11 P 'l· ""!od l t' l -

e e. t en or the eee et 11". n<! t "don ~r e r-Url.! J r 11

• 11 ' .rj ;!"~Je (" t. . It r~' I d r-e tncorr-ec t to 1 .ply

t ""at t 1~ r r oes ua 1~ ~u~ntl t 1vely 11rre ~ 1 c omp~ rlt on t o

t ~e are ~ or vel u ~r tt~ i . end . ~ut i t involver. ! uff1c l 

e nt l y l r,~r.e ~r~ ~ r. t o e ~ lgr. lf ic.nt ith reference to

• t~r u t l 11r.a tl on . n e c ombin t i OD of e xter.sl ve r 1l11n &

or ~ o . ta l fl a t . wi t h t~rt al. M&k ln~ I relatively ~r-

II!' . t o ett :er w1 t,l c OnC'l r l"'e n t d rain1nr of !'a~h

l ow rea • • tf! ~11 t o t r oo' Ice Ilr t l t le la l d e ee t t e I'rflln.

Fo llowln t he Y~n erln~ r pJ r t 1 or • e ~ rea . \ t~ lOp

11 ~ nd pl~ntlnr of tr~ F. d rr~ st . w. t- r ( r lrrt t On

1_ \l Ied 1n ~on1!l16 rahlr _ o\'n t~ . I t 1 · r-rtl ~r:t _1"0 t h.t
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Ing 800 aveml"nt A~ nCIl .11 8 i t tl e ne ur 1 ~oi1Dd 

water r-c"arre lor-a " y . ":'f" r e Ji u l t • w}.o11y rt P'l~ll! l

b~rolo i e o~d ltlon , t ons-ter= r~ ull or . n l ch 1 ~ not

ent1rely e le.r . but 1. not l l ke ly t o be benef le la l . Th1s

pattern 1& tru~ or . ch of t ••~ w8r~ rgln or Honolul u

and will hold in area! odi f i ed by an I nc re• • lng DUMber

or c i v l ~ nd rn ~l itary project • • Dotll1e6 are 1 dlscu8al on

of' t hese p r-o je c t s i !l nei ter pr- ctlc& Le nor d.ulrable

at thlo tl e .
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TE~T fiLLS. BOLE "Ton PITS

Ar tes ian weIll

A tot e l of 281 arta liln wella have bee n dr i l l ed In

th la area or wh i ch 262 a r e 1n Koolau rock aDd haye a c ee • •

to • • ter troM the Jtool a u a qui f e r . Thea. wella reveal

ce r tain t.ct~ or geol og i c atrqcture ut unfor tunately the

recorda are not. n approxl t e 17 c omplete for . Ol t of

t he we ll • • (Figure 22 )

The r l rat arte~ l. n well to be drl 11~d 1n the B••• l1an

1.1.nd ~ ••• e t 18 now known • • W.ll '0. 267 , at Bonoul1 -

uli ville~a. Thil wal l wal dril led by J l oe . ""hley and

••• c

about 250 teet below 5e a l e vel a t a h~.d ~~ lch ~r Itt~d

1t to flow out of t he wel l c.l ing a t a n .t tl tu~e or ab ou t

15 tee t above ee a le ve l . The well • •• dri lled tor J ace s

Ca mpbe l l , who • • owne r of the Bon ou l l u l l Ranch . Campbell

bad become a cqua inted wi t h Al h l e y 1n the sa n t a Clara Valle7

in CaUforn i a wha r e a uc h dr i ll i ng w.. being done a t tha t

time e nd bec e ue e or tht 8el' rc l t y or fre a h wa t e r in t he ltlra

Dl l tr l c t he Wkl le~ to underta ke wate r Oeve lopment b y

drilling e t Honouliuli . There i a not~~ag to lndie lte t hat

t he ground water e ond l tloD8 were u.r.d eo ratt>oo or th_t I n ,.

epeel. l tee~~lcnl c on sld pr a t J on 8 l ed to the Re le lion or
the l ite for t 10 wall . (1 )

- -------- - - - - -
(1 ) . cCAnd l e s e , J . S . , D@ve l o~nt or Art~. l. n • • t~r in

t~ H.we i1ar. Itt1 nels . pp . 1 -"1 • 1036 , p , ] 7 .

_ 6~ _
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Figur e 22 - Map showing l ocati ons a nd depths of artesian wel ls i n the Pear l Harbor ares .
For e ach we ll the upper f igure 1 s the number i n t he new e j-s t e m, t h e middle f l ,Q:ur e i s t he
d e pth me a sured fr om ee e Ie ve I to th~ top of the KooLeu rock and t j-e lowe r J'Lgur-e 1 s the
total depth below sen l e ve l. The data are aumme r-Laed h-r th~ contours e howf ng p os i t i on
of the s ur f ace of Kool a u rock both be low and above se a Le ve L, The limi t ed da t.e augge e t
8 ne a r l y un iform slope wh i c h nowhe r~ depart s gr eat l y fr om 250 fee t per mi le e xcept on
t he eastern s ide where the ove r - el l sl ope 1s nea r 500 feet t o the mile . Da t a are i n
suff i c i ent to de f i ne 8 cliff ur be nc h i n any par t icu l ar pos i t i on .
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By Apr l 1 2B, leBO thr oec ond .a11 on Oabu and the f lr.t

In Honol ulu . the . o-e.ll~d ••r~u~ . ye l l . o . ~e , ha~ ~~n

drl11ed b1 another d r l 1ler , ~ . D. Ple r ce . A r a at aony

other wel ls were dr~11ed In Y r lou. otber perts or OGbu

and B•••l l and gr dually th. are .m i n wh i ch fl ow ing •• t er

c ou l d be expeetad were outl lned . Tb la a arly drll lln g .aa

.holly experl a ntal , gg.1drd on ly hy .ho t hod been roWl<!

o he ullleru l work ing princlplelt on t h tt lD111nl ..~ and wh i ch

••re o ften wholly ml.1e~dln~ in B•••11. The ~ dl~ont.ry

prin c iple or t he e I ta l o a p rook: .~. N'e omlzed b y • t ew

l ndlv1dudo (1) a t the t l ... or t hlo drlll1nr, but it 0

not until 1910 or 1.t&r t hat any eIo • rP r 8 rd wes ps ld to

the u nderlylD a ondl t l on. or v olo~lc t ru~tu I n t! "'1 1 11n~

wel1 8, nd not until 1930 or 18t~r t ha t r~~tle. l u ~~ ~o an

to be de or t~~ r. a t th_ t ne. r by r~e ~ ·~ 1 w.t~r ~u.l1y

ha. t hP . amp ~ead •• t~e .rt~.1~n •• t @r, t t ~ t ~ .r~

In ~.ct t he . a ••tpr and that )~ tat ~ 1, eo only

t o d.ve l o~d und~r mueh ~or. ad. n t a g8ou8 ~ ~n~ it l on• •

Sue ].~ 1n under~ t. nd1~ 1~ .trl~lngly . ~ orn t7 ,uch

1n.tall.t lon~ •• the . rtes ian ••11. a t Pu=p Stat ton 2 a Dd

4 1n a l alu va l ley , operpted by the Honol ulu Planta -

tloo COOIpan y . At th... atotl0n0 WIder t~.. nu boor. 196A to

'I' and I gor" to I the~ 10 • total or 29 ""n., .1 th an

agg~gat. or over 20 ,000 ree t o r drl 111n , 1n t~e 1d~ a

of a valley r loor not over 1000 teet .1«1.... Th.. vl":ll-!1'

floor .tand~ .t an ~l.vrtl~ or shout ~o r~~ t ~~~ ~~.
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l evel . The~e wella &8 ne&rly as the lO~B caD be int er pre t ed

(1) go t hr ough 100 to 200 t eet ot d.tr i te l ceprock end tt~n

enter &oolau .qulf~r r ock wh i c h i8 apparen t ly not very

per:aeRble .~ 18 ratl"er r;en ~Ml l l y weAther~d. . The pump !I ta. -

(1 ) St ea rn• • H. T•• Bull . ~ . pp . 1~5 - 1~6 . 19~B .

t100 t l oor are In deep e c a t.ions 80 thfl t t~ U1I!f'I!I ar-e

beloY tr~ h 1 ~rte.l.n le v~ l . The a l te rn_t1 v . h l eh wou ld

now b e ueed In luoh • s i t ua tion would be t o drive a sh a f t and

tunnel 1n the Koo lR u r ook of the v'II I.y wall at about tlea

level s o that ba ee I w8te r c ould be sk i ed f ro. t he ,t r e e

wat e r table . The supe r i or i t y of thi s pI n i ' i nd i ca t ed by

t he tact t hat -.any i f n o t a l l Ule ••11_ , or whIch . nw:o.ber

appr ox l .ted 900 re t dee p , hnve been s.a l e d be low abou t

600 ree t , bec.u~e ~allnl ty rune igh 1n ny ot them. I t

is obYIQua to u a n OW that t hi s .~uld b e 80 , since wi t h . besa l

heed that av..,r8~. not oh e ve r- 20 r,...t fil m • t t1m'"'!! 1 ~ . ... 11

und~r 20 ter t , W8 could not pOB~ lbl y px~ct rrAl~ w.ter in

e ll. r.achi n p' . O " A t n 600 or 700 r ee t be1ow ."'8 It" 'Ye 1 .

T"~ fte 118 Nt drill ed rro. I BQ to l Q04 , at. t l eo w n

d r il ling In. ]] P y 'h~t t pp.e"'ed t-.e n tu 1 t )..ln ,.. t o ~ ~ e nd

DO one had ~ee eccent r ic enou~L to ...ven try d r il l i ng or tun

nftl lng i n t qu t r'ez- rock of t~ valley • • ll e . Data on t h e • •

we l lfl are t abul Jlted 1n t.be fteo tl on , ARTT:'SIA R BA 5n. L iJiATER,

Tabl e 10 .
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Ba s a l ~hA ft~ a nd tunne la

Sha f t . and t unnel . dr ive n Ju. t bel ow the baea l water

t~ble d i f f er In prl ciple f r om Mr t es l a n we l l a whl ch re&eh

tb!t l fe- on l y After p&s l!I l ng t tl.rough oap rock . Howe ve r ,

~ha rta and t unnels , or co.bin tions of the~e . e ven l nc l udlnR

lome auxiliary d r i lling, are i n pr inoiple a ll the . ame ; on 17

tt. t ons nd aize of t h!t e xc .,e tl on currer f roo r-e ~ct t o

r aj Qt .

~ ~ first ba • • t tun~ l on Olhu Ya P drl v~n i n 1906 a t

1 hu at :3 fee t Il~ ove'

'1h1 1. If • 48 o r t,..,. Oahll SUf"" r C ""':"' tlftnT t lII T'!d t t .., e "

l~n~t" of 1140 f e.. t 1n ](no a u Ie e n ee e , ( ) I!l 905 ond

(1) tearn l , Bull . 1 , p . 355 , 1 9~.

1907 ••1m11a r t unnel , at 7 re.t abo•• aea le vel , • •• drl

.,~n . t Oahu ugar Co ~ anT fum 8 . I t 1. 2~ r.et long .

Co!: r ati.-e data for the.e t unnelll a re g iven 1n the ."e t i on ,

.:u.SAL A. T"'~ "' UP ~ ST rora , Tab l e 7 .

A n ~er or ba58 1 t unnel_. driven t r om tht bott ~ of

Te r t ia. l or 1ne11ne", ah art " ba ve been "Tea. d on the

11':1'00 f u1 a o2 n e ve provp.d very Ituc"".fl. ful . ft... rnlt

ha . g i ven t o such 1n t~ l ). tl n t he na~ .~ul -typ wel l a

and h as been a e t.Lve in r-ecc e oo l n r thl!!t lr DON' eztf'np l".

U~. in d""velopinfT 1,ell . 1 • • t r tn p lAce or a r tell ia n welle .

(1) The e f fe o t i ve d..v~lopwnt uoontl on 1n tt>,. _a"i -type

(1) seeer-ne , all . I , pp ,
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wel l in s'k Ing Ya t e r f ro:!. t he ba!al wa ter t abl e wi t h 8 S

li t tle d rawdcnn lUI p oe e t .bI e , 121 oqulllly true o f any beee L

tunnel regRrdle ~ s of th~ ror~ o f ne~ e s~ . It i e i uma t.er i s l.
fr ':lTll t h " s t fl ndp ol n t or qua l i t ,. end quanti t1 of water whe t h e r

thf! b 8. !!Rl t unno l 1l!1 driven fro =:! t he b ot t oo of a s haft or from

t he bR~e of $ c l i f f ; t hp ~ ort o f e x c p. vst lon re quir e d 1 ft pu r e l y

It n t t e r o f t opogrPlphy Po n d e on e r ue t i on pr-ocedu re end t he

~ nl tunne l , or b9 ~al ~ art Rnd tunnel , a~ ore de . -

\

erlpt l ve a nd ee e m pr-e r e r-ebIe t o t!'~ rnt he r t\ r t l f l clg1 fin d

n ot 1~ed 1 t~ly ~xp18nator,. t f! Aul-t~ ..e l l .

To e t h -er '1 t h h1 n pP rfftl1tl s e c ppt" 'h l e r~ o lY.:l.:'!!) nda tl on

of t~e bAe~l tu~n~l e ~ 8 r~nt 1 rO~~p.nt o~r c~te ~ 18 n

ing or wR t f'! r l evel 1n "-"~Bl tu!'!nP' tn. t tl 1 a t.L one " t .... or- A

li t tl fl' b elow !"!!" A Le ve 1" , wi t h the stated e rre c t of d e c r e a s i ng

t he neturJIIl d i !lc h a r ll:!' ( lp !lkB~ ) end £reat e x tenat cn c r t t'e

eone or influe nce . ll_ l r.tp l 1 p !'I the eue proe":"C!ure w ld re -

~ul t i n gre At i ne r e R!'Ie o r fl ow i nt o the are a i n q ue~ t l on

rr~ adj 8c~nt 8re8 ~ and h~nce rp ~ul t in a great increase in

t l1p wat~T' eu ppI a VAi l ahle t o e g i ve n s t e t Lon , (1 )

(1) ~ teurns , bull . 1 , f p . 324- 325 , 1 935 .

De flpl t e thf" I p::1"nt f' r y c or -t-e c t.ne s s of t ·e r-ea e on t n g h e i n c:!
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thIs vi e" , the r e ~ re r-e e eone ror ~('l'lbt tn 1 f r: ~h - r!" e t.t ee

wou ld be \1" 011'1 advantage ous a nd " leo i f I t 1'l appl ica t ion 1s

indeed ph181cal ly po.albIe to t~ de gre e e nvi eD d by St ea rn• •

Th is pro~le. 18 dlecu e eed i n th aGot ton , Ea t loBt es of ws~r

qusntl t lefl .

'the nex t bRaa l tunne l In t he oolsu r oc~ 1n t he FeRr I

lia r or I r ea • •• due , 1036 to 10 , by _ 8 PlantatIon Company ,

c o ,Dc l ng y . a f t fr o'S thf't e le vat i on of ab ou t 1 0 tee t

on t he !ou th au. of nonoal l u l l Va ley , nbout 2 ~1 1e . nor t h

or ~a Bill . Th e t ot. l l e ngth of turmel dr i ve n wo . 1138

f e-t s nd the finAl ~ l~ c~r r~~ w~p 8 1 . 0 . • DB t~ on t h l s

pr oJ ct are c~nt. l ne 1n 'f 'l b l e 7 , in the see t t on , BA~AL .A T~R

SUPPLY ~T~ TI • •

Early I n 1~~6 he ~e~ ~r le ld ~ r.A ft was c ~~need . Thi s

WB S dug f r o t~ p. ~urr .c~ e ~ Tf, t on ~f 0 r~ t , U~ - :r t~~

d lr':!ct lon o f Lt . Co l . ; . r , KI lpatrick , O. Z• • , "hl) ha d c on 

f erred wi th ma ny Drinef1rl ' ·nd ee ol osl s t~ of t he Te r r i tory .

T'l-te i nc lined ahaft ...a s d r-Lven t o t 1 . 7~ 1 of t he p L"ll ,· - r oOl::ll.

f loor a t 287 t ee t abo ve Be R l evel . Sl~ t l c .ala r l e ve l r i e d

f ro.. 276 t o 28 4 f e. t dur in the pe r i od l~a t o 1938 . The

w.ter t a .e n t r » tb in 8t t lon i s ee ve f. o d in 3~ verc l 16 and.

12 I n c h w~ l l B drl1lr d fr o the le v~ l of : 87 fee . ~ 16 con

eon~UE of e etlc te .mo~ ge ol ogi s t s 1n Raw 11 at t~e t l~e

thl pr oj o t wes prop o!ed wnft t~el . a t a r in ya l uable 80 0un t a

w~uld be round . Ho_e vpr no one exp~ c ted I t t o p. t s nd h I ~~ er

t~nn ~O fept , c~r t 1n ly no 9~O~ 50 f e et , r l n ce th e r.r &d l ent

ot b l'ta l Yat e r . 11 ~ ur. f'r~ t o~ to "'e low .
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Gp OphZ~ l cD l tA ~t9

Si n ce t he ah c f t wee dug 6n d wat e r e ne ~lntere~ , g~ o-

P y ~ l cRl measure~p.nt B mnd- b y J . ll . Swnr tz and h i s a~ s 15 tnnt 8

of th e Geol og i co ! S,urv" y "' F. V P. eh oan t~t we t - r e t e nd Ln r- (I t

"',Qve 50 f E" " t l i t' s u nd e r the Se h of' Le Id Pla t lJlsu f 'r-om a eh o r- t;

d Le ba n e e sou t h of t ~ shaft t o R po i n t ne a r Ka uk onahua Camp

m kin g B wl d t o f I p s e ~n n 3 ml 1 ~ ~ . (1 ) So f e r as c ou ld

"

( 1 ) Swa r tz , J . H. # G~ophys lcn l Inve ~tlg8 t l on~ i n t he
Ha wa i i an I s l a nd s , A~r . Ge ophys i cal Uni on TrR nse ot ions
1 939 . PP . 292 - 29 , 1939. , •
Swa r t z , J . H. , Re s i s t i v i t y Sur ve y of t h e Sch o f i e l d
Pl a t e a u , T . o f U. , nrv, Byd r op.r '·phy , Bul l . 5 , p p .
56- 5 9 , 1 940 .

be d e t ermin e d und pr th~ di f f i c u l t conditions encounter~d ,

t he hi gh le vel o f the w~ t~r f a l ls of f Rt s b ryut the ~e po~l-

ground wnt e r l Ave ) r n d tte re ~~ on f~r t~ ind l e ~ t~d nort~ern

an d. e outbe r-n 11m1 t e t e n o t kn own . No eur-r'e ce ind ica t 1 on of

R d ike or dl\rfl' e orap le x i f! r'ourd , t' u t the pr-e e e n c e of d i ke s

i s r e r h np e t he mo et; pl Fu l'l l b le epe c t r'Lc C OUPII!' th~t c e n be

l!Iugg ... ~t Pd .

The gr-e e t.a e t, dep t h B. t whi ch ge o j.h ye Lc a L mea eu r-emen t a

pro ve d t he exi stence o f t re sh wa t e r wa e abou t ~200 ree t ~

Si n ce tho WliJ t t" r !l. t Sc h o.fl e ld shi f t would r e q ui r e about

11 ,000 feet or f r esh wa t e r t o ~tow Gh~~en-Her~b~rg br.1ance ,
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t bl . c ond1 t lon we8 not ~ rm~n p tr~ t~d . ~e watpr t _ble 1n t h l .

area 1. t he refore not c)e £r1y bes. 1 w . t~ r , and n ot t ru~

h i gh l~ve l • • t~r . t hough i t 10 pr obably fed f rom t he re 1ny

I n t pke .~~ l pr wa rd of t he ma p p!d Kool au d ike c omjlex, a nd

some or i t may com~ t rom wa t e r bod i e . reetr &lned be hInd d i kee.

The station waa oomp le ted and opera tions s t a r ted October

5 . 1938.

In 1936 and 1937 th~ bo•• l .haft now known •• th~ ••vy

Ba1.w. a t stl on waR constructed on t he line between the l and

d i vi s l ons Al e s a nd ti~ la•• , i nland trom Ai ee Sch ool . "nd a t

the e l evation of .bout 95 fe. t . ( 1 )

(1) St e arne . H. T. , Bul l . 5 , pp . 29-~O, 1940 .

In Se pt~m~r 1940 a h8 e~1 wa t e r ~~A rt wrw oomr le ted hy

the Clty e nd County or Honolulu _t • poi n t ah ou t • ha lf ~11e

north of Pearl C1t y Junction . Thi . 1• • vert ical _ha f t 8

re ~t in d iame te r , ~xt~nding t o a bout 4 .5 re~t a bove s e a l e vel .

There 1. .. tunnel e fee t l ODp; wl t h I t " I nver t a t 15 ree t ,

and a t ota l of 28 hol e s ot 2-1n ch dl &meter a nd a bout 6 f e e t

de~p dril l e d in t hft bottom a nd aide. to l nc re81e the y1eld.

In eonneet ion wi t h the Under~ound Fue l St or8ge Pr oJeot

or t he U. S. Na vy a t Red HI l l , • ba aal w.te r d~ve loPQ8nt

tunnel ha s be~n drl v~n fr om. sump tha t 1 e conneQt~d unde r 

ground wi t h the tr~lJlflmi l!a1 on tunnel t o PeArl Bfl. r b or . The

, a r k 'R. d on · chl~rly rlurin~ 1942 e nd th~ ~~ce • • t ion ot t he
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t unnel .A~ rlnls~ed l ate in De cember 1942 . The tlr8t tunnel

. 8e driven from an invert or 15 teet above sea level and

reached a l e n g t h or 525 teet . At this ata ge . d ~ aplte a k nown

bA ~.l water lev~l in the r e g ion of ab ou t 24 tee t , the yield

from t h e s ump and t .unne I W. 8 only 0 .6 K. G.D. and prectlcplly

n one of thi s came fr om the t unne l . A new tunnel W. 8 sta rted

a t invert l e vel or 5 feet and stoppe d out to J otn wI th t he

upper tunne l . I t • total hel~ht or .~e t l on or tg teet . At

525 teet , t he tot~l yield .aa 2. 0 K. O.D. The tunnel &t t he

low level we 8 turned 45° to t h e rl~ht s nd dri ven 596 re~t

ore . t 8 ~8d" or o.ss , Fln"l d l . ch"-". r ,:;e Rt th'!' tot91

l ength or 1121 feet walll a110\1 t 3 0 K. G.D. ERp.!'l r. le l l v In t h e

esrly 8 tft~,.. , the uni t d i sch ar ge In t h1 8 tur~e l per root or

exposed a r e a , p~r foot or drs.down W8ft very l ow.

PIn 8 were mAd~ by t he Hoard of Wa t e r Su ppl y in 1941

to e onstr uct 8 bSlo l w. te r 8tetion i n t he north . a l l of

n.lav8 Valley. a l oca t i on determine d b r ge l y by the enc r-c e en 

ment of t he Navy on th~ Yoana l U8 area in Red filII . Cons t ruc 

tion W88 commence d i n 8Y 1942 , t he inclined aha f t wa.

et a rt"d 1n Jul ,., and U~ f1r!lt ba sn l • • ter .... I"e fl ched On

~epte~her 21 , 1942 . Af t e r compl e t i ng t he pump roo~ ch.~b~r,

a n upper t unnel wes d riven t o a total len~th of 321 fe~t .

The sump wee derpen~d to 18 f eet be l ow ~ea level and a t thi s

point the tot al of 2 . 0 Y. G.D . WIl 8 dpv~loped . The lo.~r

do ve l opm~n t tunn~l , at 8n Inv~ r t or - 2 . 0 feet , .R ~ c omm~nc~d

on June rr , 1943. I t W8 9 dri ven to II. t otfll len~th or 919

- '71 -



(

f ee t wi th a di s charge of sl i ghtly over ~O X. O. D. Tr ack snd

t oo111 were removed a nd J;,umpl ng . t OPi~ on J an u.a ry 15 , 1 9 44 .

Details of v ~ l o~ t e et. end ge ol ogi c s truc t ure ere pre sented

on pa ges 64-~ of the lOt h Bl enni . l Repor t . Boa rd of Wa ter

~uppl:r .

The Hon ol ul u Plen t l ion C~peny , I n J Anus r y 1942 , co~menc

ed t he exca vat i on of a v~rtlc . l ~ rt • • t t~ ~ levat l ~n r

195 t ee t . 1n the e a st . 1~ e of t~ aEal1 VQl l p7 t~ a t cro~. ~ .

the old r o d .es t of the Al e a Fo. t Office . Th1••haft

r eached the l eve l of ba ~81 .ater about Kay I, I V42 . The

bot t O:ll of t he . ha rt • •• t'1n1ehed b y ~ r 1 v1ng tunnel 1n t he

t'our dl~ctlon. a t. .ater leve l and deepeni ng ea ch of t he se

t~~el. a. muc h ~8 po.s1b l e b y work i ng ULd~r .~t8r . ID

March 1945 t hl. statIon W~ . Bt l ll under conatruc t l on . in t ha t

extension or tunr~ l and aunp area • •• In ~rogre~t .

Teat hol e s

In Addition t o t he a r t .,1.n wel le end t he various water

development eh.rt~ end tur~e l . d~.crlted , a num~er or t~ st

b ol es ~a ve '~~n dr il l pd in t he Pp rl Harb or erea , and r eoords

or a~e of t he t @ ar e on r l 1p. . ~...e l ne Jade _ever ] d i amond

drill ~ole . a l on the ftx l p of R~d Bi l l r idge , on or ne. r t~~

line be t we en t he Honol u l u and Ewa Pin t r l cte , wh i ch wer e

dr i l l ed in eonnpctl on wi t h tr~ extene i ve exca vations l ater

carried ou t in t he- Undrrr.round Fue l o;> t or llge Pr oj e c t . ~

wr i ter r~ . hnd t he use of r ec ord . or s ome of t he se holes ,
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ha a examined 80me of t he c ore ~. and on seversl occasions

ea. par t ft of t he underground s truc t ure of the Red lii l l

r i dge . I mpre s s i ons ga i ne d trom the se s ou r ce s fo rm par t or
h l s un~e~ 8 tftndlng o f tl~ gener al rook ch arac t e r . Excep t f or

the wa t e r de ve l opment tunne l in Red RlII , t he ex c8vr t lons or

h oles did not go down to Bee l evel, Qnd t hey d id not r.i ve

any d ire ot or re ~dl1y r~o ognl zD I e e l gn of t~e r e l At i ve l y

lu8~r pe r me 9b111ty s .own b y t~e a c tu~ l yl~ ld ~ i n t he f i r s t

~.r t of t~ Red HI l l wB t~ r pr o j e c t .

A 6- 1noh c je W8r dr i l l ed for C~ !! t~ r Cl llrk:e a t t h e be ee

or t he rook p l o~ on t ~e ~ out~ ~ ld~ or the I nte r - H, lBwa ! pur ,

inlAn d f r cm1 t h., Board or ·:'In t e r ~uJ,': r l 1 t r en s 'tll,: el C1n tl1~T' e l .

Th l~ h a I R, fr om 8n ele v6 t l ~n of 255 f eet , re ~ a hed bS8u l

wnter and Y&S u s ed by t h l. ofr i ce t or w&te r t a b l e =e g6uremen t a

f rom 1941 t o 194 4. I t _A S o over~d by qu r r y wa Gt e in Uar cb

1944, and . tiS a oe i de nta lly f il l ed 10 cour se of a t temp t s to

clear i t. Wa ter leve1 ~ i n t hi s bol e ha ve been tab~la ted

(Ta b l e 6) a nd wl l l be d l s cu!i aed in too . eo t i an , FREE UASAL

:fATr'R. li o r-e c or-c of t he secti on penetr a t ed h n c bee n ~ e~n .

Berore 1940 • u1omond dr 1l l hole . 86 pu t down undpr the

dlr e ot ion of n . A. R. Austin , a t ft l evAt l on 216 fe~ t , a b ou t

t :"11 1~ I nlan d fr om Ales mi l l in t h", e n flt WR l l o r Ai n t\ ve t ley.

Th l r. bol e r-eeened be s e L we t.e r- Elr.d I f' s t i ll I n u s e ne n • • t e r 

~en ~urInr- poin t f or thl ~ Qr~8 . Wor ~ l Kool~u r o ck .&. pene 

t ra t ed a nd no d f' t s.. l 1ed p r-e s en t.s t t cn of r~e "' :o"'t1~ or e or-e e I tt

.tl: t t ernp t f.'d he r-e ,
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nole 42 s nd 4~ we re dr i l led i n lU' Z on th~ eaet and ~~ At

. i~~ 8 . rcspqe t l v~ly. or Uoana ua Ve l ei . Thou;h ~e~~ h ole e

a r e ~ ot~ 1n t Honol u l u Di s t r i c t , t hey ar e ~entioned be r e

~ee~ufte t ~ey wer~ dr ll lpd and Qre no. 1n u se r~ water t ab le

t:1':! eur-eee t l!! in conne e t I on wi th th~ conjoin t wtJ. t e r pr oblec

of t he Moe.na l u9 end P~. rl iia rbor a r ea l .

The tran eml ~ 91on tunne l s t hr !>ugh t he Red Ul i l and I nter

He lft~n rl~~ s wi l l be do ac r lbed i n conneo tion wI th t he lla law8

P oJect . The,. pene tra ted x e e j.e u rock i n the 119 1n , wi th t u f t

nn~ ot or urrI c l s l ror~tlon~ &~ ~xpec ted . on t~~ ea~t e nd .

of enoh .

In Add i t i on t o t~ v r1ou~ t e st h ol e s ~ nd oth~r ~~O~VB 

tions ~ntl?n~ t~ere 6~ se ve r a l quarries 1n t he Pearl Hnr

1')or a r -ee which r 'icl11 t li t e 10e·1 e !!llnl'lt!~ or t-". l'!~AraO 

ter o r t~" r ock . T~~ roek 1 ~ ~~ a n ~e l 1 h~ ro 6! 1n Rny

o t~e r ~ ls t~le t ~n 0 hu ~ut our Inro~~ t l~ ct t 1 ftUr r e r s

tr~ e~rtB ln 11 I t a t l one . r.ue h RS l ac k or ayatezatlc d r i l l 

I n or o t 1"l!'r e xcava t i on I n t 'he Inl[l,nd . mountain ou s e r-ee ,

a nd l ack of e C CC8~ t o ro~tl on 8 a t a nd be l ow tea l evel

except t~rough t he ace . alonal c hurn drill log8.
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PHYSI CI,L FROPF.RTIF S OF Tl!F. ROCll: FORl!ATI Oil t.

TI;e ooleu formation

The on l y r ock f orme t ton i n t h18 are a the t 1~ of

Lepor-t en c e a s e n a qu ifer i s t h e Koo l ou I A VB f o~at1on .

The l~ oolau r oc k he r e r-e t .e Ine i n 8 br oa d wny the SQC:C cr,nr r.. c 

t.e r-Le t f c e i t hu s e Ls ee t.er-e , In t h e Ee owar d se c t fcn , r e vealed

i n v~ rlou9 e xposures , bu t ps r t l cula r l y i n t he dri ll core s

t aken f r om t e nt holes klong t he fied Hill axi s , 1t c£n be

. een thbt t he l Lr ger po r t , p er hBps 2/ 3 t o 3/ 4 of the t ot a l

~e c t l on 18 ma de of a n f l ows nnd the remj lr~e r c on~1 8 t8 of

pa h oe h oe f'Lo wa , The r ec t.ure s of t h e fl f! t wo ty pe s o f flows

have ba en d ~ ft c rlbed e l ~e . he re bu t c prt81n poi n ts ne~d r e pe 

t.t t.Lcn ,

'r h e pa hoeh oe f l oMs e r e f o r me d o f h i g h l y fluid and .gUI

rille l QVQ t ha t hes r erus l ncd i n t he pr l~ ltlve ~ ond l t l on 1n

wh i c h I t 8 1" . ,9 ~ l!Ie rgfl " f ro,n t he ve n t , Ps h oe h oe f 10W 8 Are

u~UQl1y rorm~d in Fu~ c eps l~ c ] 8 yer~ or · tonrue ~ Dnd u~u~1 1 7

ho ve R K]M8PY, f~ lrl y 8mooth F nrfne~ t~9 t o r t~n n~ o.p wr ln ~

k l e s , r oper a t r- uc t u r- e e , Le r-ge bub b Le e end of t e n 8 b r oke n ,

spongy eu r-f'e c e , The edge!! of t he d t r r e ren t, l a yert'- o f a

p&hoeho~ f l ow u p. un lly a re qui t e ve s i cula r , ~ l t h ra t her soe l l .

re~~lh rly SPQ C ~U , unlform- ~ l zed bub ble ho l es , arr a nged in a

bn ndod c onr' f gur-e t.Lcn , 'he b ..nd Lng of t he roc k 1 s ofte n

o ve r-Lappfng , i n f o l d e d , s nd o t he r wl ee cont or ted i n t he COUTre

of flow . Succe 8 ~ l ve unit l ayerA or ev~n &u ec8 es l ve la v&
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f l ev. ~oy l l e directly on the unde~111ng one s , wit h no

c linker l &y~r , and t hey or t on nh ow R sl igh t rusty or wea 

t~ ered zone, a r r p- ct l on of en inch thi ck , ~ t t he Con tAct .

Pe heeh oe Le VB fl e ~ r-e t.~r~ror~ chi e fly f!ol l c! 1" ve

r ock of the ·~~kftpukP_ ft t~ , ~t not of t he den.e , bl ue roek

t _. On the ot~pr r. ~ '8 l a ve rlo- ~ i nclude , a r. Be~n In

a- otl n , t wo ~ort~ of ~ eri al , the aa e \nk~r ] R yer ~ ~ t he

aa e e n ee l r.yer~ . T'"' ~ l iqu i d I a 'r llll , ... . l ch Al .. -: !1 1 ·1!1I 1~ p' e e

h~~ , Y . rt~r a t l tnt'" """" 0 ~~w~nt rool"'d lin r-e -.

dueed In ~~" etnlt~nt a ro e Oln::JP.neo to undergi> cry s t a l] l ze 

t i on . LAvn .~ lch co~ pncc s t 1~ c r y s t a l llzation ern f orns R

con~ tantly broke end ~ on 8 tantl ~n~.cd e r ttpt Ie own BS

a a . Wl e n an AB f low 1s In pr OCe 8! of ove~~t downs l ope ,

I t 1 8 a 1::'02t c omp lete ly e ove r-ed b 7 !I t hi ck a e cumu Ia t.Lon

or very rO'J l;;h , Lr- r-e guI c r- raeeee e of s o 11d lf1f1"d er-ue t , t r o:n

o f ew 1nohe~ to se~r~ l re~ t I n d1A~e ter , Wh I c h i 9 borne

"lonn R fJ a l or.d on t op o f" t he f l u i d t ongue 1ns 1de . These

ms a ae e mo ve f or wa rd and c ontinua lly e e s e a d e dOWl'l t.re f ron t n l

elopt1 ; 1n 8 thletc: & 9 rl ~.' , th1~ fr on t- flil slore !!1 y b e 25 t o

50 f e --t h igh a nd wi th a n an 1,. of ~15 or 40 d e ~ ee e , At t hl!'

rr t , t h 18 loo~~ ~~ t ~ r181 f~ l lq down t~ e ver t~ ground

ov~r w~1 ch t hA l1qu1 rt 1n t~rt or ~. e ft w111 flow , ~ o t hn t e

jns t r~c~n tly F ol ld1 ~1€ d l o~ ~ ~ cl lnk~r . p~ ~t or t~e f l ow It 

,elf , b '!l"!O'1l,," p' 1 00 :,.e d b o t h 1n n. la..e r l a yer e nd ; n u;, pcr l aye r .

The rl en ~e layrr 1 s ror~d rr~ the o vtn; l i quid lying

- 76 -



·.,
At t 1:c p'~\rf.ce J on the 81o~!' of .II une L and ll l a uea ,

(

t h e p oen ce flo p. .re rf;o 19 tl vfIll,. ! Moo lt'4) r a re a s o ve r wh I c h

trnvel 1e not t oo difficult f or ~d strlor.s ftnd b ore~ . On

t h e e "ntr a r y the :mrfrco o f An a s :flow, covfJre d who l ly by

1'1 e e ot a ll ft l ze ~ . plIed l oose l y

Ln the moa t ns t able r ~l lon , 1 nbout th~ rougt.e 8t snd ~8t

d i f ficul t lturt'tl ce Over wte l c h t.o lr£ ve l for e l t.l-:t"r con or

en i . 1. On . 1wh a Gurf ee t~~re 1s pr~ c t l e 1 y no vi·. of

the i nter i or den ~ c par 1

o t le yoe n i n liLwal 1 t . ~ t .~ looc~ •• e l 1 ~'er B E t e l n2 t he

en lre t y or n . r r 0 • •

etllt!l l '3P 1 t wou l d be qu f t e lr.p~r r lhl e f or I 1 \'9. ' l ow

to e on s Ls wl-o l l y o f h Jl e l t r. Il! l'" ; t~~ or:.ly lU y t e e !c.k""'r

c an ::ovc i n t o a n r-e i ft 'by trl nepo r-t, on t tot!' )' odr o f ... ::oonr.£

11'1111d lnto r l 0 . 7h1o 11 ul 1nter1or oo11dlfh . t o r o...,

t dr n !\o pe r t . Loce i.l,. , f or e r,.. r e (-t , tbe ~n'e p r t

'.l11 ,C th1n , perh pa l e p: a t hon 20J ot t h e who le t h1c'kn('[l[l

hut Ln gene r 1 trrf' denee part 1" 'Pr obRbly much over- b l!: 1f

th~ t o t al . I n SmA l l pot~ l ocally , d~ to the acc ident s

or t opo , pt1 a nd he Y10r a t the t 1

(

t t er the top 110 r or t he ot t m c l lnkp r :ay be t h i n or

I ft f'lln r;, ut ever- t .he E:!'"<"' r t r- p r t of t "'e RI"ft5 eeee c l I nker

w111 b e 'Pla cpd "'ot" j-ove nnd .e l o'llf t h e d " n.8 p AT' t o f a n y

flOW'.

r:r.t'9 or blue
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lavR roek whi ch are e R ~ent l. 11y the on l y par t p or t~ Hs wal 1

8n I avo r10- £ ~u lta~l~ t or cru~~~ roe~ or e oner~t~ . ~~-~R t~ .

The b ody o f ·p!l " oet.oe l e va r I o.. . . be i ng II r uka puk a " r oo k . l '

no t ~ul t.b l p. ror u te Be ~ or.cre te .,~regR te and 1 . not u l ed

e xcept 1n very 11m led or l oca l oper ation. . ~uarry ope r a t or .

1n eeeklng qua r r y ~ l te . Ch008~ v 11e7 wa l l a a nd spur s whe r e

f air l y t l e t d ~n se e~ber. or a . f l ows can be aeen . The y then

hll ve to 'Pu t ~p wi t h t:a nd l ln 8 =h o verburden a 1nter b e d dfl!'d

sa c linker .~ 1s f ound the r~ . 1~1 1 r educe s t he pe r oant cge

of usab le r ac E t ake n out of t~e quar r y . bu t onl y a f ew l Ava

ro~tlon 8 or quarry thlc~n~ a . r Ld ~ l thou t c l lnk~r ha ve been

f ound . (01111 11 Qua r r y 1 I n ~ thi ck ma. a or Bono1u l u

b~ .a lt _h1ch cemr from Sur r l oar And r l 1t d up on t ha f l oor

of en os Va lley ) .

Fr ?:l tb~ ror~ ynlnf" d l C" U 9 11 1 on i t I :; ft ee-n t r _ t a n Il l! fl ow

c en e Le t !t b ot "r t M e I 1n'.t:"r layer. , aho 'fe e nd 'Nt 10_ , e n d

the dAn l'le , " I ue -e-oc v'" , 1:.&118 h1c h t Le e in t he mIdd le . Th l.

den~e roc~ , wh l ~ h h n n n f e . lAr~ ve ~ lc left , bu t I s not f i nely

ve e t u 'ts r , t . H a t i n p&r t o r t .he a a f l eM . Thol.1gh t he a a

rock ; rnp onderll. te , .8 see n i n the I. r un s lill • • Lon t .unne Ls a nd

a c c e ss ~ha.f't o f' t l:r. Hflla wa Job , i n t he e x t .en e t.ve exca va t i on s

o f t h e Red HI l l pr oJ (lc t , a m e Lee e ne r -e , t.h e r e 1 e eti l l a

mi n or f 1'"8c t i on of' I. t.Of'r.oe r oc k , wh i ch 1DM 7 be c ent fnuous f'or

25 ~r 5 f e e t or ve rt i c a l se c t. l ~n , an~ S8y e c ontinu ous t o r

lJev oe r ft l hund r f"d t~E' t o f' any tur..ne ] &Jl:C fa Vtlt l on . f u eh r ?clc

I 1nf"'d Itt Ott t o f t h... pump e nd - c r-e t ha n 5 00 re~t or t hf' d . ve l op-
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men t tunne l In t e Ba l s. a Job.

In t he e& ~tern pe r t or t h e P~.rl Ha r b or . re. , es pe elnlly

r r~ Koanalua to l ie. , v~ r lou. q~rr le . and ~xc8 vA t l on~ ehcw

t hat t he . fl ow ~ a rp ti e er- t~ Rn 1. O(P7t on I n t~ f' nonol u l u

a r e . . a rh" p, - , -ln~ 15 t o nO- f oo t n o • r _ tl--,t-r t ". ~ r, t l--,O ~'". '" c- '0'

lenr. t han 10 r~e l t ~l ck . ~u rr~ c e outarop~ & u~$e ~t t a t t hlf

COJ'\d l t.Lon ~y e on t.Ln ue l\ r ou ~d t Le re f;, r l F." rt or n e r-g Ln , bfl l ng

pe r-be pe d ue t.o tte 1 0 e r- ! ngl ~Ul o f ' e Lope o rA th~ t.endenc j- of

l e v fl ow:! t o thi c ken t ·E"re . I n ve r- i .ou s qua r- r-f e e P.nd Ln t he

t r snF l !1 ~ l on tunnel~ 6 el l e r mo~ d s 15 or 20 f e et or ore

l h l c \c: are not unc cer on e nd t be l rre gul . r l 11e8 of t he d" n !"' e

s ees a re e e r-r-e e n 11ngl y gr-ae te r -, bny ~:u 11 La va uc e n

and ee ve r- 1 1 r e one vere e ncou ter~ d i n the I n u- r - !ln l a " .

t rRnB t s s 1 0n t unne l . At on e p oint A I r 0 bJ ~ , 15 t o ~O

t6Pt .. ld~ and u p t o 9 Or 1 0 t~e t h ie '-'h ave tl--e d ..t 'r1 8 .~l eh

p a r t l y f 1Il tH'! i t , er- c e ee a ove r- P !P. tur r:-p] and " !I !'I' ~xp or d:

for t TO or thro~ h u nd rpd, fe ~ t in ~ nd . Th l '" t l.l ." end t re

)
tu~n~l dr l vl n~ 0 p. 1"A tlons t~ t i t • ~ d ee ed r ud nt t o de -

rl~ct he t.ur- ne :-o" s t o "I t under ao I d eo ve e , The' ofmtft r

l ine we e t urne d at 22i d~grec s , t tll a n o f f s e t of ~5 f e e t

was reac d ; the lin w& _ thon earr 1e d pa ra l e I tor 200 t eot

an d t ":.ence r-e t .ur-ned t o h e o1"1 i;ln 1 c ente r- 11M 40J f e e t t om

t he f l l"!Q t I') n t ·:>f de !' e e t t c n ,

- 79 -



(

(

The i mpr e s sion migh t be ga i ned trom t he seye r hl r ather

l ar ge l ava t unc E encountered In t he Inter- Halawa t unne l t ha t

l a va t ube s a re very l a r ge eont rlt u t ora to t he wa te r -yiold ing

oapao l tle ~ of r ock s and tba t uc h of t he ••t~r t o t e d e ve l oped

1n a wa t e r de velopment t unne l would come In t hr ough l ava tube s .

Howeve r , wi t hou t d~nyln t hat auch tu~e . could inde e d trLns~l t

l arge voluJ:'Ip !I or watA r .. 1t 111 rr~'h8bl t! t l1lt t t he age nc y o r

I 8VB UO,,1" hAa bee n e xn (';y'9rAtl!'d . I n t ,h@ He l . we de-vel o prr.B nt

t unne l abou t; ]500 tee t or t u nne l was driven 'a' l t..'l.out e nc ount e r 

i ng any but rather p~~ l l tUh~ . . All t he t ube. ~nc oUDt.red

1n psho~hoe l oy .. whi e 1n ~nftra l . 58 a poor yleld~r or
w8tf!r . Se ve ra l of t he t ube s b r ouRb t 1n a s tea dy f l ow ot

wRter , up t o D qur. r~e r or ha l t M. G.D . wh I ch laBted t hr ough-

ou t t~e perl 00 of e eee • • to the t unne l . 'fhe f l o. of wa ter

t'rOlSl t he !li dos am t he r oot of t.hf!. lume l , l no l u iog t he t ut.e e ,

i n the pehoe h oe see t .L n. B qu1 t~ -111'1p re 8 11 1 ve 8 nj pl cturftfl ue

but Mell8ure :llen t8 show ue tf.ib t s u ch wa t e r . a l l t old , from

o ver- 500 tept or t unnel .. WRII l e s 8 t hAn th~ a mount yielde d.

i nto ~ OO~ 8ectlon~ of 100 feet 1n t he SA ~1 1nk~r rr o~ t he

t u n 1 f l oor wi t h ~R rd 1 1 8 r1ppt~ .

It lirould n ot ~p. jus t1 r t"'d . r r('l~ r r fa v l ou ! f'lJ: pf'rl~nce .. or

f rom t t-e Hrtl nw& pr o j e c t , to tM1(!I I'l gener- 1 8tA t@"~ent _ s to

whe t~er a fi ~~ rn hoeh~ l avft rl ~. ft a re mo s t pr oduc t i ve or

water . So many d \ rrer~noe s are r ourd 1n e Ac h .. and the t h ick

ne s s and jolntlnc or r low~ .. t Ube R, bu ble a , and t . l1k e a re

all 80 v a ria b l e t ha t an y summs ry s t a teme nt would r r ob b t l b e

- no -



m1s l ead i ng . Both SA f l owp end p9hoeho~ fl ow~ o f t te Kool Ru

8erle . C5n be h l y,hl y ~ ro~uc t i vc of water i n t u nnel or we ll

exe.va t cne , r-unnfn g lIP to yield s of 1000 or e o r -e Enl l onfl. per

do y per f oot or expo~pd urf~ce per t oo t of d r s .down. I t

ha s c o~only ~een ~ uppo~~d th~ t any exc8ve t l on I n Koolo u rock ,

be l ow wa t e r t abl e . a hund red f e et or more below t he wenthered

SIU"t'f!c e . and a few hUJ'ldr~d e quar-e t eet i n a rea . would y i e ld

not l~ s8 than 250 t o 5~J p'a l l on~ pe r day pe r root of dr aw-

d ean p a r 3 QU r-e f'oo t, of ~urrfl e e 1I1~8 . .x-pe r l e nce i n bot h

t h e Red Ei l l and Ra l .wa Job e t ~ U(.h t u s t h t c . ~ l n~d ~ r. . ft

and t 11nne l ~:J"C ill tion,. _ I t tot I l ength of t u r- ] r e - c hl ng

sever- 1 hu nd r ed feE" t r.ni wi th fl:y.po~ -- d ~urr ee und e r- t h e .n t~ r

."" )"1e10 8

a s 1,..", . 1' 10 fl"" I on s r- r ~ 1\. y r- r root n""!" ~ r' i 1 ~ "'(> r e o t , ~1~

1 ~ a r a t " wl" Lc h !;g;ly n o t; .1 n ~ t l r I n Y- "Il t",n!1 Jlln ~ 1!'l l'I.,t e " ,. ,.

/ t h r ll t l'" llt' !' r "1fled t " G" oa t, tt" . t1.- '" t hi s A- O!] t ,.., C"I'! 

tl nul n to n .... ,.C 8. Y t 0 or e or-e t ....en d r.1} Le t he f! r l l er

l ~n~th end r~A O In~ mor~ p~r ~pbl " ~ook .

o _ad 1 _ n t Ar y rO~oft t l on I ~ found 1n th e r ee r l fiur bor

a r-ea whI eh c u n ~~ e on e t de e e e S 8 ws t flr - yl e ldln r oc ' . I n

f .. pIa oe s t fl l 10 I' l t ~ nd wel l !! ~ Eortve f: O~ "up?1y or

c "p~ock wAt e r , u~u. ]l y br c~1 ~ ~ , f r

bu t i n e ll e $ ~~ Sl; t.he ee . r ob~ h l re t u~ ,. wia t e r toy trant f ., r

f r o1'l. t he ~oo1&u roek u l t l l!\! til!" 1,. .
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oaouno- ' f.TER I:XSOU RCES

R lnfa ll

The tota l r Q1nf a ll of th ara~ trlbt e ry t o t he Pe Rr I

liarb or s hor e l i ne I p uch le ~ e accuratel y Kn own thAn for t~~

adjace nt rionolu lu area , 0. 1n to l ac k of ~.R~ e and l on v tp.r~

r ec ord e 1n mu ch of t~e ~ountaln~l a .r~R . Loc R t l on ~ or vn~e !

a re ho n i n Figur e 9 • • _ e l l • • t he 1. ohyet 8 d r~.n f r om

~ ""own 1n Plp;nr e 10 . Tr e e r -e • • o f e e h f t .he se 0 0 poee nt lt

r.lI: ve be e n d t~~tned b y p l"'nl t.e r r.Z'ld t.he al@p n r e i n f . l l

e fl t.l "'n t e d 1 Ln e pe c t.f on of t.hlit l "ohye t e on t h ,t c ompon e n t .

I n Ta b l e 1 a re gl w n t ho lire.s , t he e l'tlC1&t.ed m8 11lD r I nfa l l

. &1\ II , a nd t .he 1" &l Ilr8 ~ 1 q ua n t i t le s t r.at are d flrl vcd f rom

. I1f! t.h e ee Q U n t 1l1e a c a nnot be r-e gar-de d e e b e i ng

el o ser t 1': n pe r-hc pe 20 ':' t o t he t rue va l ue , t.hey e r-e t 1::8 b~ tl t

we nON l ll: v und de ep f t e tl'e r . c t th o,t t h e to t als a p pe nr-

tI :Jlbl l in r- e La t.Lon t o itn O'rlf! df s c he r-ge , we ha ve no d i r e c t b a els

t or rn 1 s JJlg the e 5 lima te ~ .

I t 1 R fl hown i n U p l : hIe t h a t t ot. 1 r ainfall B:10un t :r 1n

t he ee a ue r-n , ce rit .r-a j, end we e t rn s e e t.or-s r ough ly " re 118 ,

140 a nd 166 M. O. D. , lcp ~r nd t ot .l be ln~ 4~ . a. D. Bu t

or t.t:efle amount ... on ly 83 , 117 • • 00 9~ ~ . G .D . , r f" r '" e e t l ve ) y

or a t ola l of 292 • •O.D . 8~e rro~ t he coun t a i n l r.t eke area .

I f we combln~ the eoun tEln I n t c ke , ~ nd f a ce t aDd ap~ on are a s ,

- 8 •
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Il1mP1u. ClUJlITI1I1lS D I C PRev ill e III III 01 A 1.1

1:• • ot A.... ra _ 0 t a b.
In t ..l l Int ake

abo.... 100·

Facet lID!!
Apron " n a

V. 11"7
!!ott
Ar..

Coaot al
. in

~-

'ount . 1Jl
l otal

l)l,jrrtd n plv.
,.• .,..t, rJ"'Oll

••
Orand
Total

,...1_

val1~ t t 1.01
112 Ratail '. 1zoalu '.on 4il 1.;4

o.
111 • • at lu .-.on 75 8.41
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m ~••t W&Imilu ' acet ild i.w
Chnnn«1B 0 .&1
Sub-Tota tl . 0 82.sa lB , ..£, ) 0.- . 68 i T.C.? 117. 76
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2. 00
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lZ1 lly11 Apr ", zo 0."
0 . 15'

1M _ eeIlull '.n, llot t ... 28 0. 48
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'"rftnd Tot.

0.S8
.tis

2 . 00

49. ., • 4 • 40. :
l b . . M 1.11 Z9. 1t

~ . C
M. U (l )

- S .M . ... 3 :I• • v • •
';J., • • • ,. ar or
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t o make the Ia r-ge e t, poe e I b Ie ecur-ce e 8tl~ 8 telJ , we deri ve t l'1e
/

umounbe 103 , 140 , und 1~ 2 U. G. D. rP Bpe ot l ve l y , or a totA l

of 375 » . G.O . Vl hen we d ,,,: due t t h e portion e • • t of t he a x l e of

Sou t h Us l s w8 Va l ley , t. t-e t o ta l eorNl ~ ondl ng the be a a I are a

e I s ~69 • •G. D. The l e t ter rlr.ur~ 1~ t~ t ot~ l rro~ wh i c h

t~e a c tua l d re l't Mus t t-e d"rlv~d , a s we Ln t.e s-pr-e t thf" g e o l o t e

8 t.r-uc Lu r-e ,

Run of f

Recordl!l of n& tur 1 r-ano r r In t h i s a r ('ta li r e ve r y ~~8 gre .

Ac c ord 1 t o c oopl1nt l on s by t h e Te r:" l torl al Pl a nn ing Boa r d

we 11 1"' 11 c cnve r-aa t.Lona wI t tl x C 8 r ~on , Di s tric t [ n Ine~ r J

u • •. • G. s . , t he on l y r e cord of nat 1"1. 1 run.,rr f M = B c oe p Leue

r.::I ounteln eee tn 18 t hll t f or Jo:"' t I. 1 , ,,,. . T~l!" eo ve r-s 4-

Y~ A.r ~rlod e nd st"'ows a e n dl!'lch nrg~ o f 1 . 8 4 R. O.I. • pe r- ~ qu.re

118 of dr ll l na;,:f'! nr-e a , J lI l'l t ~c,.ond t ....e n or th TRr r,l n of t he

u r -e a Dr ll'!' t

r f" r uno ff !'nn monr. t~lr. ee ct. Lo ne

r-en ce n fr"m o . a;~ to 3 . 02 , " i t h (I n E V Il"'T' ( f! o f L BO - . a. D.

per s~u re ml lp (K~ 1 1 ~ 1 Rppo~t, p . 68 ) . Trpc e .co t t e red re -

~ord!" cC\mtt l tutp tr onl,.. b a s i s f o r ~ S Sl11g t he <1tUlD t l t l e l

of ru~orf t or t· ~ Whole r~~ rl li8rhor n~e . ~P5 plt~ t hr. h l~~

r t.e f o r' r ' -l\ronr hu ft , i t do('p n o t eeesa l ike ly t t. r.t \' } >f! c ve e -.

- e. -



1 1 r o te f or t l"'fI' a o r-e i n l o nd pa r-t, o f the i nt a ke a res ( t ot a l

a re . Dbov& 100ft r a l nf £11 , 2 9 .25 £qus r e mi les ) wou l d exce~d

. O~ a . Q.D . per e ~uare ml l e , n or h~ und ~r 2 .50 K. G.t . per

s qua r e :n1 1 ~ . Th~ hi g '"l 6.ll.d l oW' .. ater quant i t t e e "l' fI' r e ...ou l d

then ~e 8 7 . 75 and 73 . 12 ' . G. D.

For tre II un t.e Ln int ake Ar e a e l O'll' 100" re l nfe l l (15. 35

!'t • mI . ) e e en on l e. ~ ,. U:!1'" f!8 1 .5 to 1 .0 t' .G . t . pe r- !Iqua r e

!Dl 1~ , p; l v I n r ~ l1Jm t. I t l~ f'. of 23 . 0 4 tln" 1 :; . ~'; It . tt • • , !" ~ ~ :-e tlve l ,.

f or h I 'h arid l ow. For t h ,. ....e ce t, e n d J;; pr-m fl rll" Q nf' ~ 9 . "i 6

!I qn8~ m1J .. Pl t"'!f"~ 18 "t" t-c e I y " . Y "~ ~ 1!11 f .r e e t.t ee t e , b u t

"1ncp t~ ~ t~ r in on h 19 Rrp a 18 on l y 82 .54 M. G.D . an

e 8 t !~q te ? f 0 . 5 t o 0 .25 IiI. G.D . pe r- e qunr-e 1:1119 , g 1v1ne 19 . 78

and 9 .n9 Ii . G. D. h l F'h a nd low t ot alp , eee ree r -ee aonab I e , Th e s e

br~. krj own~ p: l vf! Ii. h l ,.h t.c t.e I for M l:off fr o tne mO'.mt-A l n

a nd . pron e r-• • or 130 (l30 . 57 ) . • 10 t o t .e L of 10 0 ( 98 .37 )

11 . 0 .0 . of r-un -r'r t or t h e f ear l Har-l or di pt.l' l c t . It. s h ou l d be

p o i nte d o a t t hat th t'- !"!e fl r:ur{"~ e r-e for i rrn e d, l a t f" r u roff t o

c na nn La , t .her-e ~AY he much Lc e e f r~'O c l- nne Le nnd t be t ot.s l

r u.n off t.o t.t-~ (' o~~ t ~ ~t !,-". 11 ..." t-e Ar.S l t: t !", ,, l ob.} !'" shown

ab ove , How mlle~ If"1'!1 1 !'l ttl(' emoun t a t tb e "' ~r Eln of t.he c a p 

roe l( WI"! "wve 1'1 0 -,. ,. ,.. ~ ('I f" d "'tf'M:iint f"l t n or d o .....e kn". ho. -auc h

o f th d lfr "' r-f'n ee r-e t.u r-ns- to to ~. l ",.t,.. r .

f o~ s ibllU l"'· o f .~ t l""ll' t1 r: t rlln~ l r . tl o r. and ~ v~ poratl on

Ar e no be te- r- tt fin i n f be e ee of r u n o f f . Ir .~ foll olF the
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proce dure or K\me sh r. nd use 20 t of r ai nfall f or c vuporatlon ,

t h e II ~Oun t f or t~ ecunt a In en d f fiee t a rea wou l d. be 75 . O. D.

I f e a~e h i s m~ thod 81so f o r t r a n s p i r a tion , we ~U8 t t.~e ~O

i ne~ e ~ ~r r Ai n ~n en a r ea o f app r oximately 7J B q~8re ~ 1 1e B

t l a t r e ~ l ve~ ~O I nc he e . Thl~ ~Ke8 a t otnl of 2100 x 0 .0476.

or 100 • • 0 .0 . ( 911 . 95) . 'l'hh . . ..uml n g t h t a ll tr.nop l r o t1 on

tor a r e &s ge tling und ~r 30~ was ~upp1 1~ by i r rl er. t l on , wou l d

make a total of 175 b . G.D . f or tra r.sp l r lion 9 f'l~ pv"por a l l o n .

I f . on t.he- ot h l!'r h~ r;c1 , ..e Fi.!· ~ u"e th~ t . 11 e vs.p c r- c t.i cn

.n~ t~anspl ra t l on In t h e 1rrl ga t~~ r~o ~ 1. 3upp l 1Bc toy l r ri 

ge t Lon , t hl P1 wI l l 1 ~ d t., II t :",a l1 E' r ~ F t l tot " of 1018 b y t~~e

Avonu('_ . T'h(' i r !" l ga t e d a re a a t-"'.-e t . . capr 'e if! ne r e I 2J

s- qua r-e mi les . If we or.1 1t t~; l p r t t he r"P i ll' ~ ~'l'I'e ' '1 \. s t. "w t1 er

7~ aqu re 1]~ " (\f r a t ur-: v~,.etnt1or:. . I f on tl: \ " e r-e e wee

a s su~ CD e vt p or-e t t on Po 1 as 2 0 nc}-,ee ::;. t.r-e n e p Lr-a t.L on a s

l ow e ~ t~e lO-l n~h mi n i ~ ~f r e cent c ea £ureoen Lt , th~ t ota l

of ~O inc e e 70 s qua r-e mi les 1 s equa l t o a b out 100 . 0.0.

We ha ve n o d t or f ac t !". t ha t s e e a to ju~ t l r7 9 i! lr~ e t e s -

t 1 . s t~ o f "' v·r~ t' '!'' e vs pcr- t !. on and t I's n spl l'rctl on on n-.e ac un

t ain and f a ce t are a ·.,r 1e 5. tt.an abOlJt 100 . G. f;.

- 8 6 -



78

15

19

:

InfIlt r Ation recs inder

TABLE 2

Breakd olrD I. (r;uneah !!:U1od )

HOTE - Tbi. b~qkdown. s o f ar . a data permi t i. identi 
cal wi th thpt uaed I n t he Hono l ul u area.

Tote l Rainf Al l on Uount pl n Areo and Face t Ar e B
(Exc l udlng Capr ook ) (M. O.D. ) 369

Runof f (Ii. O. D.)
Inland er-ee abo ve 100" .
28 . 5 aq . mlle . 2 . 75
It . Q. D. per .
InlaId erea below lOO~ .

15. 36 .q. mHe. 1.25
M. O.D. pe r ,
Face t end a pron ar e a .
39. 56 eq , mUe . 0 0. 375
X. G. D. per .

Tot a l

Evapora t l on (1l.0.D. )
20i of 369 M. O.P .

Tran spira tion ( ~ .G .D .)
30" on 70 . quare 111 18 8

Toto 1 (llI .G. D. )

Re~alnder fo r l nfll t r atl on (M. G.D. )

112

..
74

100

28 6

83

\

Dedu ct f or Peo r l Rar b or Spr l ng. (a ••~d) (1)
(M. O. D.) 30

Remal nder f or ar t U' lc18l d r aft (M.O.D.)

( 1 ) A t ab le In t h i s report .hotr l ne t:. measu red 10tll
t o oceRn or unu~ed • • t er trom l arge p prl~ tI of
3 3 .7 V.D .p .
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BNakdown

TABU! 3

( "od l f l c . t l n of Run of f ~uant ltle . )

10

15

57

Tot al Ra l nr. l l on Mount a i n Ar ea
and Pac e t are. ( Excl udlny. Caproek)

Runoff
In1&1 area above 100·,
20 . 5 s q. mi le 8 it 2 .00

. O. D. per . ( fionol u lu
G8.n t o ~ge e: tatl on a)

Inland are a be l ow 100·
15 . 36 Rq . ml leR 1 .00
W: . G. D. per ,
Faoa t ond apron aras ,
3 11 .56 eq . ..l Ie R 0 . 25
U.O.D. per ,

Total

Eva porat ion
2~ of 3 611 • •G.D.

82

7 4

3611

Tr a n Rf l r. tl on
30 on 70 Squa r e mi le R 100

Total (U.O . D. ) 256

RemQ lnd~ r tor 1nfl1tru tlon 113

Deduc t for Pear l llarbor Spr l n bs (a RRumed) 30
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10

57

15

TABLE •

Br.- ,f'c:d nwn C Run of f ~M E YR orati on and 1 1'"8"1'1 !rati on JTre.. t lv
mod e

Tot~l Ra lr~ . l l on Kount a l n Ar ea and Fa ce t
a r ea (Exc l udi ng Coproc )

Run of f
I n l a nd ar ea a b ove 100·,
28.5 . q. ~1 le . - 2 .00
1I .0. r. . per , (Honol ul u
~pn t o to ge D t.Lone I

In l and a r ea b elow 100·
15. 36 s q . mil e s 0 1 . 00
K. O. D. Pf"' J" ,
Fa c e t &.rd qpron area.
3 9 . 55 s q . mlle . 0 . 25
K. G. D. r ,

Tota l

'[ya p o ra t l on Am Tranftpl r s tlon

OMit nI l l OB ~~ p ~O~

agric ul t ural Ar en,
e ESuce 1 0 . as8 frOM r emal nlnc
70 s quare tl1 1e- s or n a t ure l
vegeta t. i on lsI 011' • ., 2 0" tar
evapora ti on end 10· f or t rttn e
plra tl on. appl"oxlr.tP t~ y t 'he:
• • me 81'1 lo"est melu!Urtn~Ym tl
mfid e on 0" hu

Total ( II.G.D.)

Re~fl lnder tor I nfl 1 t r £.t l on

Deduc t f or P~. rl Har b or Spr i ng e (a s.uo~d)

Remll l n::1e r f or. r t l f l e l a l dr a f t

82

100

182

187
30

-
157

( Pre ~ent t ot e l u se d d r af t , 19~ 4. ar t l r l o1a l 1y rro~

wolle , tunnel~ and epr l nr,p
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I n the preoeding tab le s U"'.ero are t h ree atte=pts t o

b a l anc o t.."m hjdrolQe1e . rpllOtlon . In Bre o. kd06n A i t appeArR

t ha t t h e uee of' K\U1f!'llh ' lI proceoure b a sed on t hf!: :LfOagre r unoff

da t a a rod with t~ ~8me a pp lic a ti on or per centages on e vapora 

t i on a nd transpira tion . ~ u~ed f or fion ol u l u by hIm a nd by

17e n twor th , 1 n l'tfl r l l e r r-e p o r- t e , r" !'lul t. ~ I n tI _t.. r l u W 1y e e -.

t lmate tl~ @i t 1 s Le ea t}'l fln It f ourth of t he kn own d raf t , snd

d eficie n t h '" e t l eli Pt 160 II . H. D.

In Br efl kd""n 5 , rlftl" p r ... r\"ll t~ 'lrl1 y , t t:e r u noff es t ! a t e

1!' cut d own t o t l"~ v~rfl ge "At e f or Bono ' u lu , d- ..p l te t h ,.

mu"'h hlg~.. r r f. l n f h ll 1n t}' p P... a r ] Far tor eeunt e t n eu e d i s t r ic t .

Wi t h t hlf!' cr,f.l~ tbe p oe "lh l e wll t e r supply renl9.1nd f'r i s r-e t ee o

to p. :5 . Ga D. , ~ t l 1 1 f Ar p<hort of lrn cwn dr"rt .

Finan " i n Br c a kG own C. tt.e tt V per-at, 1 0 n and lrp.r:s p l r a -

tlon n re . a .... c ut 60lin t o the ml n l mu:n kn own :tee 8ure:ncn t a

and t he los. r e lltrlcted to t he torv r:t are a , w1 th n o .11ow~ nce

tor l os s t rom c nlt lvRted a re a . ny t h l. d r e. Il. t l c :rt.~d uct1 on ,

s u pporta b le purely aa an 8d J ua t mer. t to lmown drCl ft , - e ge t

• pO!ls l ble wa ter sup 11 tlp:ul't' ot 157 • • O. D. , whI ch le still

1!lueb u~d'9r t te known dr,.rt .

Proll t re a djup.tDl f" t~ t hflt a re s hown to 1'8 r~q lllred 1n

order t o e ven aopr-caeh t he own d r rf t , 1 t Ap ~fi r!' tr.e. t ' u ah

,

t a bulntlons t:8 rno t hy sny ~nn' 1"e cODslde1"e' d n lJ e!l t l ":M. te ll or

a c t ua l aWll1abl t" wllter pupp li, hut ' a re mer-e Jy br4tqkdownl'.

whi c h c on b" ex t ra"", JU{".F,U".. be !;r our.ht i nt o 11ne wi t ' t~

known dr~ rt . C~r talnl.... t~-
J on I ~ bR !l I ~ or 'P~lIe Dt dA ta we c annot-- -
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u ee t h e h 1rlr ol oe 1c e qua ti on t o ~s~e even 8 gu~ ~a Ae t o po

t~n tiA l wAt ftr sut1p l y . Thf' chl~f V I u e lie £" in t he f lr:ur"! for

t o t a l r ain ral l wh i oh fl Ul~ee: !l t. tt an ontr l0!'l' totR l on 'l'h l eh the ,/

o r e A dr• • e .

The p l ain f a c t is tha t \'I'f! a vo lUI 'jet no bas i s f or l'!' s t l 

~atlng the t o t£.1 r.nu a l r 1.n t. 1 l on t he .aters~d ar~ a t r i 

b u t e ry to U-.e bSfl81 w , - t~r a t ov'!'r ;5,69 . a . D., n "r the net

I n fl 1t T!lt t on 8 t even .. e M'\l C .HI 200 &. G. D. Yet we lcn <::w tha t

total 8r t 1r 10101 dr&r t pl u , loee fro~ U;~ Fearl Har bor Spr i n g s

i n 1944 • s over 250 K.G . t . (See Table g ) . I t would be very

attr nc t l ve t o ~fr8r a n expla natIon t or t he recoY~ry o f qt

le B ~t 50 M. G.D. And p09~ lble 100 W. G.D . ~O~ e wAter then ap-

I t is c o~~only ~ ~ ld t~ Bt re turn lrrl«s t l on .8t~r must

a c ecun t I n l erge rae eu r e f ar fl110M d l s e repa n e le l'.t . It 1~ ..~th

t not

(

ov~ r 12 ,000 .cr~ e of lrri£~tr.d r u£. r lend l l~8 inla nd of .~a t

we belIeve t o ~~ c~prock . ~l l thl~ nre~ I e on fa ce t .nd a pr on

l s nd whe r e r e s i d ua l s oi l end 3ub - Bol 1 a re thic~ and trom whi ch
.;

in r i 1 re tian 1. b e Lfe ved to l- e r-el a tl ve l '1 Inerrectl.,e . The

8 Ve" r fl l!e r ,.ln f elJ on t hi s e r ea 1 11 a bout 35 i nche s or about

2700 g. l l oti r r er dRy f-- t" e r e . The t o t 1 &l:IIioun t of l rrlgst lon

w~ tpr .ppl l~d to t h1 8 Qr~R 1, pr oba b l y not over B~ . O.D.

I n vl ("w of tt~ e l-e r- c t e r of t he !!o11 and t~e r "et t "'nt. even

unc ont r ol l ed r rlnfe ll wmtl d n ot like ly ~uppl'1 ~o much a p 40$
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to Intll tre.tlon , i t eeeme to t ho wr l t t" r c! c-libt fnl if t he e f f e o

t i ve dC9P i n f i l t r a t i on t r om i r riga t i on 9~OU~ tE t o ~ore t han
,
15~ of t hl"! lrrigot lon App l1f1Jd . (Th i s 1 ~ o f course e d l r r l"l"en t

fl ,:rlr e f r ol11 t bi t f or I flf!tl ( r oM: 11" T'1 ", t aon in t.r-en em se e Lon r Itluch

of t he t Rt er I s ~ t l 1 1 ra taln~ ~ i n tr~ , ~ 1 1 . ) On th i s b a s i s , i t

eee me u n l ike ly t h at :nor e t .ben 12 or 15 it . G. D. I B r e t urne d to

b e s a I w~ t~r 1":00 11 l r "'l p · t 1 ':'ln 'tl' a t oP, r 1n t l '("' Pe RrI He r-b or- ar-ea

fr om He lfi" V. I c y t o t 1" ~ "i tt oOl llU e er- g I n wes t of llonouLku.Lf ,

This 1i",r I s e t.r-e n g 'th e ned by kn owl e dge o f Lhe pr9c t lr::e of

pl rJ Ji t a t l 'Jn s i n ::!1E'hsurl ng we te r- quarrt Lt I e e a nd t.he t act t ha t

nee rly 0.11 t111:-: ~n. ter 19 p u mped wR t er. It f: ~'em s 11rlH::t:') y

t ha t. l a rge or c otltinuortf' Lo e s e a or ws t .er- QVI."lT' t, nd ab ove B

e q l c ule t e-d appLto e t.Lon t o R')1 1 ."ou l d be u nd ... t.ec t.e d And pe r -

21s t . jte c ent.Lj- , i n o cu r- r- e o f d. l l'1 c 1J !H~ l nJ'? t ,h l lt p J"' oh l "m.. Dr .
~

Ha r ry C l~ l'Beo nt e . p I nn t, p1ll s: 1 01orJ. Pt t of Castl f! IlI n ~ C" ('o \{ l"' ° n~ t.be

Un1v"'! r u l t y of J!.nw 11 . e t e t.e d t hJtt In & f eVl Ln s t a nee e i n t.he

pa e t , owi ng to e x c e ae Lve Jy eoncen t.rn t.e d Itppl 1('!"t t on fl o f lrrl

ga t t on wat e r , p. ~ 0 c h ~ 8 1/3 of th~ t o t pl hop pr obE.b l y be~ n

l o t t i n t o th ~ 3ub - ~ o1 1 alruct ur~ . ilu t e ve n I n t~ ~e O ~ 8~ C .

on l y tl t r a c tion of' t -h e ope r a tions o f e gi ve n p Len t .at .j on wou l d

be Invo ~v,, { ' . a u J t.re n on11 f or II :Ihor t t t e e , He r~ l t t h 9 t

c on tInu c us lo~ s O V P T a ] p r p;e e r -e e for R pe r-t od of month s

would be we l l u nd er- 1/4 of the wh o l e , 0 view w~: lch accor d s

wi t h th~ pre~cnt wrltqr ' s op i n ion . (1 )

( 1) Cl e cnt s . RRr~y{ , Persona l conmun l o& tlon , Wa t 17, 1945
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Tho sU&- e s l ed poss lblr amount or 15 1 . 0 . 0 . rr~ retur n

irr1" lion w t~r 1~ t oo l i t tle t o ~tcri~ 1 17 a Bs I~t u s In

r-e o n e iltnr. t hf' f1101 I! f'or r r. tr.!' , l I'd illnItro t l on .. it h

h ce e for d l r. c }- r ee f r I FF~l "fit r . 51 h r e tud t .es i n

t~e Bono~ nl u r~a hAV-. led t o t he bel Ie f t he t part of t he

exee ee of ~ l ~ ch. rge over plf u~ lb le Inrl l t r nt l on f i gur e s ma r

be ~~p l~l~d * ~ dr !t fro o- cal I fi' d t ·otto:n ntor aee . I n

t he Honollllu e r-ee it 1 8 known U ·.a t t here ha., been a p r ma ne nt

l Oflerins f t .he 'ba LIo l . a t e r t abl e 'by 10 t o l ~ reft t lind accord -
/

i ng t o th~ Ghy~en-nerzber g thPor1 eueh l o.~rlng of th~ wa te r

t abl e ..euId r e u j t, ever-t un 11'1 I n It. rl s~ of t.h e d lrfu~· l C'n zone

by 400 t o 600 tee t, R ~ rl~k~ re 1n hot tom !t or~he ~ . i eh woul~

y ield . 11 t ol d very l a r ~ vmount of • • t e r . I n the Uonol ulu

are l , tlie rset ot !:t.rink.~ In th~ a mount or f t.o r ed wli t~r 1.

prove ~ t y t hr c ne ro~ehr~n t Dr P81t WA ter _t t he bot to~s of

w811 whi e f oroe r l y drew only f re t h wat r .

I n t he Pe~ rl Hcrbor fir es t 0 ev1den oe or proere ~ B i ve

18 1t1ng end r b o or tt,flI !'&I t wa t t>r ~ "undCl ry 111 Je ae c Lea r- and

t l'-e a mount of I" o l' s l b le pvrlnka~e of t .t,e fr o£ h . Rte r 1s re l a -

live l y les8 . Hor~ovpr . we ha ve as ye t l eB8 dat. ~ on t.he s tor -

e ge ~r root i n t he Pe rl Hfl r"'o r e r- e. , 80 t~. t r el i . b le data

a ril!! Lee l n g to su pport E. '""11 e r.tl on t l~ t a n exees lI of dl sc!::.nrge

over 1nflo. or t te r~Qulrea 50 or ~ore mI l l i on Z l I ons d a l l y

c ould hAve a o~~ dur1n~ t he ~a .t 20 , e ar . or more f rom stor ge .

~uab a d rar t , t o ta l ling 365 , 000 , 000 , 000 gall on s , wou l d repre ~ent
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water .tored a t 1 gr.11on pe r cubic r oot (13 . 3% porosity .

r oughly compar b l ~ to ~hn t 1 Incl lest~d in t he Honolulu area )

in 13 ,000 Rqu~r~- 11~-ree t . or An ~r~. ~ r 52 I ~U re ~1 1~ 8 to•
Ii. t.h 1eme.a o r 260 ree e , Be y ond the observati on t h At eac h

rlgu~e tor a r ea of bA ~A l 7a ter t able and pOI Pl b l e t hl c kn~ S B

o r r .,ek do l' l., t~d or ~. lt we. t f! r e r e p l a u ft lbl e 11""1tll in t he

Peor l li8r bor B~ • no A~Bertl on oe .n ~ ju~ t1 tl ed .

Kuch le .s c t ha n in t he Honol u lll area e r-e we a b l e t o & & 1'

t rA t t he ob ~~rv~d ~xne s . of d l s oha r 0 ove r any pIA U I hl e Infl 1-

t r st n e -rn be r-e 611 x p I c I n "! 1'1 - r- eeour- ee t o dr n r t from

bott o:a at;:)r ge ;'1'" U :nt t hflJ d epl e t.f on of o t t o ~ or ~e to

t h e Po t-L HAr b or RrP f';. '""" e ,",nl l o!"t!, l ng f a c t t h t tie ar- e ~e. 8ur -

SU!lFIC U. L GRot; II) ATER

Zur f l c 1a l ground wa t e r , o r wi'S:! t 18 c a l led !lol l ili e. t ",r

by 8~ . 1. wa t e r h-~d i n t he 8011 and ~ound 1~~ l a t e l y

be l ow t he " '..L" f " ee . I t 1 8 tRos t l y wro t e r stl11 . us ceptl b l e of

r-e t ue n t o t he eur -rr.c e b y e ve j .or-e t Lcn a nd of u s e by La n t, s , (1 )

( I) :J.e l n . e r , O. E . ,
~ te r Sup 17 p",

Ou t l i ne or G~ound ete r
r 494 , p . 2~ , 1 9?~ .
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e n t on i t a nd it 1 ft the sourco 0: e v p o r c t l cn a nd t ranopl r a -

t ~ on . In t u • u-" v goUtlon cover a n d t t,e woa t rlrog 1'0 . -

ponaca of t1'e rock in 1ffere r..L :.or~ \1 ontr-.)} t l.e ex ls u'.n£

1nt r:ke char c t .er- or tr e cu r. t .lno terrane . Dl r 8 c t artlf l -

1n 1 er-e t't 0 t.er r r c. tl' I!'II fourf i c l a l gr-ew d wat e r 1s cu e.nt 1 -

t stlve l y l c p r ecllcab"e . T'htl ub l~r o cc ur-r -en c e of p.\l~f1c 18 1

gr-cu d WR t A J'" Ip. i n (l ol1 - co YlIJre d QrO IlS whe r e l h. Intl 11r-o ti on

of wfi ter t o de ~ p~r grould w~t~r 1. pe r hnpe no t e c t t ve . It

Is not k no n .. c e u r- r ~ly h ow t'l\lc h of the I nftl l r ti n of l"hln 

f lll l t o d~p. r I t.l.Yfl'T!I l ~ ke e p la c e lhrollvh _h a t al ght be en Lke d

surf!. inl wa t e r' " I.e ht...... u e t . ttk,... pl l'cl! SiO~ direct ly . 8

percolat 1ng . ... te r- i n p:

flrd t~ l" like , but tb e r -e I. r-e e e cn t o t t l

pr-ep oud er-a rrt •

U!l latte r ..,r ';)c e as

VAG'U••: T I"""RC I 'J'l XG. j. T: R

The . " t r r Ln e Lud ed tu d el" t .18 t e r:1 1 1,; e qnln. l ent t o t he

wste r d 1! 1r,Nl: t nd hy f 6 1n ze r e e " lnt(Orm~dla te Y!ld oe e ,.8.t "r" .

It I s w f!. t~ r h r.t 1 ~ movl n r.: e- p"'rrolc.t.lnv t1

in ne eor-ee n oe I th tl-.e e t r-nc t ur- .. o r pe rm"eb1 ~ ro ck: t-e tw - n

t he OVfI' l y l nv E OTP o f" "'u !"f" l "la l ".~r fi nd t.fe under l ylDf; wa t.e r

t ab f" , .. 1ch 1 f! t h,. u ~r f1l1r r .08 of t t e ", o rAl o f e e t.ur-s t Lc n ,

I n SOO1l'" ...., } f't (':... to ."l:oe r~ t ....~ ee n",e m or l s t " r e} eve A nt ':>f t t e

v&. ~ ~ t pe r-c o'la t.tn . R t~ r 1 s Im~ded f ood iee of ~re"'ed or

conrln~d w te r lIJI r e rl')r~d , 8 8 d - pc r l bed i n U·.e ae e t.Lon ,

p~~~ " .l" r T"'~ '- 7PA! -e- r Ht OH- Lf.:Vt:: L 'liAr- 6 The , e l\r~ n o t !I t !'' l ~ t

11' a pa r t "J f t~ ~ vrrgr-nn t. pe r-c o Ia t i n '" ·n :. t e r hu t t.her ·:::ay r c c c ,
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or be fed by , tb~ Lc t t e r- , I f t l-e p a S2 &£,C of 'WEl t e r down.. "'rd

i8 b y tr i ckl i ng t.t:rou~h op(lnlnf,u i n such n 1.81 li S t o f a ll

f r e l y And n o t t o dev~lop ~ d ~r ln1te wa t e r col wnn with 1n-

d i eated he e d , t l. l s wou l d be e r L'le d VtJgr6 T1 t I;e r c o l a t l on .

col u mn of «e t.ur-e c t on wi t h a he[>~ t e ee t, u p i t woul d

. .

l ocel l y be c onfiderpd conf ir4d we ter , i f knoKn .

The %I".fl ve:ll f>n t of • t .e r- d U'I.'Uws r 'd f y om t he s ur r s ce ·:;'f the

gr ound to cn e lI!\ fll l n or b f ee I 'Wa t e r t £ble e vide nt 17 ems t t c ke

p j.e ce e i t".flr b:,~ ·...i. yrU 1t pe r-c oj a t.Lc n ot- t .hr-ough confined " c.ter

e hazme Le 0 · ' c o t uen e , I t i ~ 1. .p o u :. ib lf!' t o 111 0 1 -.hlot. of t he ee

Is o f ics t q un n t L t e t L v e Ln pcr- t .e r c e , One o f he '!lo s t 1 p r- e e s L v e

re e. tur~!' of t't. e Int(.l rm~~l t e , a e ra t e d r e c k ZOne t"·r o'.l "'~ . !" · 1. e~

mo ve ::Jiln t by o t t e r- Clt'l t}~ od rsu s t. t l:\ kft p l pce i o tre xCfN1t. n g

s n I l amoun t of w~ ter to b e me t i n ny r gnd

i t . po k n ow 1:y l=r('l lor. ~ed ex p,,:- ~ (' .n ':' t"I t h : t r-e nd cta Lu.rme lln;: 'R i l l

n o t p i ck u p eve n de t.o ct(;.ble li.n oW1.L !l. of !Wa t e r i n e oe t ps e t e

or t he Koo lau r ock abo ve t b (J lin ter t e b Le end 0 1 t. e. Lde the

d i ke e oep I ex , Th i s (;oI ,dl t Lon cr.n be e x pLa Lned by a 11 t t I e

ce Lcu La t.L on ,

lo'or ex.' :ap l e , i f we fl; IH1 UZ"oa t ne a nnua L t r An si t C2 oorT'ritl. r d

or 1r.f11tra t N:2 we. t~r to be eque I t o 50 I n c e e , t t~ . ·111 Cl" n

a. d &.1 1y eoun t. e qua l t o c.. lr. 7f-r n bou t, 1/ 7 - 1n c11 t 1el{ . I f

we • . su.me k eunne I eec t Lcn 10 r e e t Ide- a nd 10 0 I 'ee t, l on tr ,

or 10 0 0 squa r-e f e e t , .h i !! 1/ 7 - 1r!ch 16y_ r wo u Iu amou n t; t o

a b out 12 c ue t c r e e t, ...- 90 LI.... .. rr. r on e ,

Q dey 1 ~ »ppr- ox fne t e l y 1 ow i-t. (/!v"!, r y t our C'l. ~ nut~! , or- 1 c u p
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per C11nu t c . Such e n ll.r.1.oun t woul d n o t eb oe up a t e l l i n 10 0

fee t of t unne l un le t t it e r r nl 1 concent r et p,d 1n one dr 1f Plng

p oint . Or , on t.h e 0 he r l :e nd , if lI O o on s i der e ono a ucr; f l o'.

a s 5:) , 00 0 gu Lkon a 8 d &Y, wor t h put tln~ In 1\ p ipe l i ne f or

mlm l c l <nl u s e , i t 1 ~ ~ecn t~~ t tt~ s n~ount wou ld co r r~ : p ond

to P- O~E" 00 , 000 f e e t of tunno L, ti l n c e t h e p_ st f"ge o f u l 1 t .he

we t.e r i n vol ved cou ld t &l lr..e p l a ce wi th vt-ry l i t tle ob s ervlJ b l e

f l ow. we c~nnot e aee r -t, tb,l t t.he wate r "'e f ind 1n U ',C' 'fir.. t er

t able ~us t f low ty c 8rt s i n c oncen trhted cha nne l e t hat W~ do..
no t of t en f i nd . Ther~ l ~ n o vBl l d r e a s on f~r ~~yln r- th~ t t h is

Le t c-ue , t b ough nome e uch C'hQnr.61 ~ 0 0 OA IE1t .

Ie may ar: k ,..hct~er vn Rr {'n t per-c o I e t Ln s; wil t p r srove e t o

a ny ·...~;"ked x t.e n t 1r; tE! T'sl17.. in c our-ec or i t s d ownwflT·d mo ve 

4en t . I t 1s we l l known thr t in mLny ~l r t ~ of t h~ w vr l~ t he r e

are c e r er r n n~ 8 rly bcr-L a orrt c I b e d - or ... . ter- 5I1 turet., ~ r oc k s

',fhl ch ne r ve 5 E ct.enre 1 eo to t r~ ' n ~ '!ll t r l"onnd . 6 t.e r- fo r F C ·') :rP f;

or hund r ed " " f ~ l e from t he po j.n t. o f 1n f l1 t r ... t t on , S i n c e

t t-e llawe. .t lGll Ie v f lOWt e r e t hin rcr -ee t Lone , la i d one on

Iinotll~r , i t t e r-e a e onebIe t o e ek t r WA t er cOl:"..Mon l y 1'01 10. "

l n d1vl o 1.lBl fluNa so s e t o a ove pe r -bc p a t h:'lu F- "'n c'h o f r ee t

'torlz ontLl~ y 11'h l lf." movl~ d o nwu r -d by a f a. hund red fee t on l y .

F i e Ld e vr e en ce ehow3 tju. t a o vecie nt. o r th l~ k i n d Le e~.cep t 1 ona l .

A few vo I cenfc tt Rh bedn , oc ce e t cnc r !! 1 1 1 ~ , ....e r- ... l y 8. we a the r e d

a c ne 0 1' a ~ o 1 1 ] a y"" r ma y pe r ch wa t e r a t ova i t , 'but onl y f or

ve r y 11:nl t e d d l p; t "r.r:fH' d oe s wa l e !" f o] lo l nd i vlduu l La ve

fl ows . I t ll pPC' f, r ~ , in t.he ma i n . b e c s u sc of coolin g J o i n ts

e nd the br... k l · r 1 ve rlow~ i n to b Loc ke t he t e r-e no lon~E'r
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or wi der t hen t he y a r e t h i ck , t ha t t h e t.ot.e L C!8 S S of' h .va

fl ows 1 ~ t o a l l r~ c tl c~ l rurpo~ e ~ j U8t ~8 perme abl e vert 1

c n l]y tl 1t I s h o r i z on t a l l y . It 19 tru~ thA.t e oe e I f>vA 1'l Otrs

a re mor e pe rme eb I e t .ben ot r.e r-e .Rnc t ".t wa te r ~.a1 be y i elded

Into 8 t unne l f r o T. one f low a t A r~ te 10 to 50 t l~e e gre o t~ r

t~8n t~~ t fr ~~ not her . Ho~e ver , th~ ~~n~r~l ~r~eRbl11ty

1 ~ e o gr pg t t hB l ~ueh d l rfl"' rpnc ~ ~ d o no t Bppe Rr to r e f u lt 1n

hor I zont Al d lve rn l f or ~r~e t d l ft lpnc 89 . Apr arr n l Jy th~

dl elpn c e 9 o f h or i zon t [lll ] ri l v~ rl'l l on p r e ree e t t-e n t h t'! v jIIlortlc ftl

dl s t r.n c e fl t.h r-ou h wh i e h t hf' ve grnn t wa t e r 1Il0V~~ . Af t f" r t he

vA gr~ nt per c olat i ng wAler r e echf" ft t he bR l!I s l wR ter t~b le .

d i f feren c e !' I n I f' r mt''l b l 1 1 l y Rnd I n e e ee of e ACI' p e May , In

80u~ pl nce s , r e s ult I n h orl~ on t n l move~n t ro~ ~~ v~rp l ml 1ee .

PERC D ID, R!" S jR" Ill -n li: Gfi- U<;tn-'L . " 'fER

I n p I nc e e whe r e '('I~ J-f':olr. tin ,::" w. t~r ee cueuf e t .ee i n p or-ou s

rock~ 0. eve ecee lr.1p t'lr v ! ('u llt 1 y f!o r eo P . to IIUl.turlil t .e t he r ock

And t o e~ t.b l 19h Q l oc al wa ter t ab I d i t i 8 known 8 S PPc r~ ~ed

wa t e r . The Imper v1 ou~ l~y~ r ~ or th i ~ kind found 1n Hawa i 1

e r e ; ( 1 ) a a h o r t u r f bed s , ( 2 ) b R 8 .. 1 t l e fi l I I .. . o r ( 3 ) eo Ll

and o t '~er we a t t .e r e d l ta YiDrs . \m l y 1n .. r~. p l fl Cf" 1I In f pwa l 1

a r e auch h y fO r s 1\: 0 p La c e t •• to e e u ee th~ aocu mulat 1on of

sl ~J'l;lr leo r.t e a c urr t e of pe r-c j-e d . ~ te r . t t" o'J v)-, 1 t 18 n ot 't t

e l l uncommon t or ~~e l 1 a~oun t s or ~e ~pa Fe to pa ..p out o r th!

f a ce of a r ock ~xpo~ure a l on . t he we a t her ed e ont.c t~ be t we en

tl o~s ~~ r~~~ a hove ~ 1 1 1~ a nd k~ ~ h~d s . Such zone, oft~n ere
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~rked by er ow tb of gra 8~ or ferce but u -ua lly th ey In vo l v~

v9rr supe r fl~ 181 .nd F~ 11 ~u~ ~1 1 e e or .at er . In t he ~. ~ t -

e r-n pa r t of t ji e- Pe o}'} .a rbor tacun t .a Ln se e t.Lcn it e p pes r r t : 's t.

hot~ s 11 1s a n d a eh e d l I re :nuch l e es " hundan t t~ lIo r:. t 'l--, 1 a r e

1n tl:~ Iuuenu to 1 18 1 oE" ; rt of t e trone aI u w. te r:!ll- ed . As

s tated e l.ees -e r- e , t he ee s t.e r-a p ~r t of the :n.oun ta l n ous a e t.e r-s n e d

loISI n ot ':'e n eXli1!l lnpd 1n de l.: ! 1 ut a c c c r-d Lng to a ll l.nd lca -

110n thn"e 19 no 1. e r- e ... e 1n t'"'e ab und ence o f e i t he r e xpc ee t

Res tr8 1~d high - l evel •• t e r on ~ l & t s of lace l gr ound w. t ~ r

d l ke ~ . In :natl C.I,! t' ~ i t i e n ot vn osn 1 r t .... e ee do o r d o no t

&1 0 ve lm~~rvl o"" l.ycr . rue ' os .1lh urd< r th. ~ . Th~

mos t ext~n ~ lve s nC

gr ound .. ,.-. t e r i n EaT'- ! ! 1-.Jl: t'J be en d,. vp } o ped In t~", ~ , l l'l ho l e

proje c t . h e gr-... . t e r pAr t or U ~e ucc e aa Lb Le •• t.er or t t: l s

of t he ;'anp:e , ou t f l d, t he Peu r-I Jia r-bor' e r-ee nnl1 1!! e l--. l .. f l y

r-ea eved by devp l op:nent r - ,. U :eo .. 1~•• :"'1 s Lc pe , It d It no t

(

e ppe e r- t htl. t 8ny f" 1 j;!.' n if 1.cll o t pa..r t o r t h l z 1IR t r c e n e c onee u ce r 1y

'be r-e a ch ed troc. t h e le e .l1 r~ s Lcpe by t unne La e r-t een expr l"!ls l y

for t t ?urr. Oft~ a

( 1) On l y 8 bri~f d f ecu r a Lon on
e t nee 1 t 1,. l:\t\ l n ly OlJ ~ let e

t h i s pro J ~ c t 1$ offe r ed ~~ roe ,

j-e Fe rl Hnrbo!' dr!l. l r..e e e a r e a .
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The ~ Pl 1e.hole 'me l en e c oaenced 1n 1913 , wi t.h t h e 8 1

I

o r t rRnomL t t i n ,,0. t.e r , derl ve d l llrGo17 f .·om :'lu rt:. c e s our-ce e

on t'h~ w lnd~ rd a Lopo , tl rough t~e f. 00 10lU :a n f e for U!~ or; t he

. e tiunne I w!'s c oapI e tod l a t e i n 1 9 15 , ..nc

d ~ 11veo r8 we to r- into t.he \. ead of ;,1 (1. 1...& Vn l l o y ro t an e l o vo. t 1.on

of '724 feEC . Fr '):l t l .lr- point t 1e .at er is c e r-r-Led 1 f,; d l t ot.

ut i' e l ope o f t be ~ ehof le ld '::' a~ d lfl r nd

.e Lene e :-,:lg lit" n f'!1 8V1 lion or IlblJut: 6S fe t . I n ::mot. or

of' "US r - canp agr1. cult1.lr"' ; nbove 1t &. re pf.ne e p p I e fl c 1d r. , c c -.

t l ve or ah8nd or~d •

...' he '&1 h ol F'l Twnel e t pr-e ee-nt 11 . c o:nb lt1 £oc pr oj e ct de r l -

vl n g P:I" 'Jund .ter t r o::. to 'tnf.el r d r i ve 1nto t t:e ~ lkl!' c o-rp I e x

on t h~ v ..ndWbra a lde of t he r ' Fe nnd 81:- 0 eur-rs c e we t e r- r !'~

" lnd. li r d c na ru.e B Lhbt. pe e e _oro-. I tr. ~~llect 1. ~n d !.t ch t75t

( ~re 23 ) Jt, dd l t lonn l . a te r ent.e r-s t lowe eunne I wl t t l n t he

1 4 , OO'J odd r. t of t t a ::. 1n t .cr-e , !' ~ e .l!l t ~r ent"' r lnr. t he = 1n

tunn e I I.ewer of Lt . c r-e e t l a c pute or. the ho s is of we l r

r-e e d Lns s 1n t he tunne l li t t be line o f t he c r-ee t. Ana a t. LLe

Le Wtl "d p or t . l ; t ie c t r re r-ecee t-elnp: t h wri te r e n t e r i ng t h1!

pa rt of t t e tunne l . mi. qu ntlty h it apr" OX! fl ted 6 t. . J . V.

1n r ecen t y tttl :" s .

•

( At t t le tlmfl, t .he .a l l'lhole tlfjne l ••• p kenned , 1 1. "r~ T PC Ot: 

nl z.ed by t t.c d ~lgne~ , J . D. L11Jp1n oo t t , t)lI t ] &JTe taoun 't s

of w te r woul d prob bly be developed i n d r l v l g tb~ rl~ t
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Figure 23 - Detail of compound dike i n the di ke complex on the
to Walkane , windward slope. The close j o i n t i ng of these dikes
d oubted ly has i t s origin i n the stre sses set up at t he time of
ing but at depth und prground apperently d oe s not t ake t he f orm
openings capable of transmit ting s ignifi c an t amounts of water.
release in the f orm of vi s i b l e cracks se ems to come only after
reduction of pr e s sur e ne ar the surface. Negative No. 13721.
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2000 fe e t of t unne l On t~e wi nd P&rd s ld ~ of t t e ra nr~ and Dl t O

t hnt a con~ lde rAble Lmour.l of pe r c o 'a t l Lg wat e r tri but a ry t o

tote 1e e..ard: !'ldt' m16!'. t be e ne ount.e r-ec i n t he t'H.n~l Jr. t. h t s Lde ,

(1) ::Out on t~e o t te r ha nd , r ne e e t e n o j, nd ie ~ tl c l1 , in t e

r- e po r- t; c ited , of nny no I f"d e of t j-e poe s I b I e c cnr t n r m- of

( 1 ) Lipl' lr.cott , J . B. , Re p or t t o Boa re. of D 1rect?r ~ of Oahu
Sur: t' r Co . , s ugu s t, 19 , 19 11 , Copy i n R~ port Hon ol u l u Wa t e r
Co~mls B 1on of 1917 , 01 . 4 , P? 4 -~2 , 1917 .

wa t er be bf nd d i k e s , of t ho e x .te een ce of a d ike c oap I e x , or of

it s r]drol o~ic a 1 Fnlf ic ~nce . 7~e Cuv.I.~ ~ t i ?n th a t w ta r ~gtt

b e expec t ed i n t he trunne I .r. t t. e wi nd..arc s i d '" would cS 311y

fol l ow f r aJ: cb eer-ve t.tc n ;,Jf f l o1ll1n ,," , h igh - le ve l e pr- Lng a ,

Hoee ve r- , Mr . Jol' ge n Jo r genson ha s stated t.he t r.e bud ~'e rha ps

o t he r s c onnected wi t h t 'r". work were awa re of t .he pOf: s 1.b l 11ty

of e cnrrred wa t e r be Ln g e n e c un t e r-ed behlr:d d Lke s on t.j-e Ie e e e r e

sid e . ( 2 ) I n e ny ~ ve ~ i i t i 8 c l e a r th t t h e disti nc ti on ~6 t -

( 2 ) Pe ~ 8 ona l c OMmun i c a t i on .

ween vf.: f,T R.nt ps r-c o I e t Lng .s t~r .tI nd we t e r con f l r.e d be t ween d i k e s

was n ot t h e n ger. er-e, 1 11 unde r tood t en d i t appe a !' ~ t h a t t ":e

ge ol o~l c pt ruc~ure a nd bydro l o~l c ~l gn lf ie a nee of t dike CO!D-

p l e x 81l n o t; eve n a u gg e s t ed at U:e.t t 1:l:e . lXl'e r i enc~ in t he

Bl ahol e Tunnel a nd e speciall y the l &r r,e e mour. t~ of wate r

- J 01 -
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enooun t e r ed under pressure be hi nd d ike! we e a c os t vivid

ob j e c t l e as on nnd ' Ut~e e ted t o a nny l e r SOD t he p o!ft lbl1 1ty o r

d e ve Lopeen t o f h l p: Le ve I •• te r bv t unnelln p; in other place ~ .

Kot al l l t e pr ojftc t . und pr t cen were baae d on suf f icien t .t~dJ

or ge ol ogi c a nd r a inf a ll c ondl tlQn8 and we know t oO y t ha t

e aoh ar a h RI! ita oen s pe c i f i c feature8 wh i c h a u e t be talce n

I n to e e co t ,

e r hap a t~~ ORt 1m or t.nl eonp l d r&l lo~ i n t h e c velop 

~.,n t o r c onfln"l .i Gh- l e e I water 1 the' d Lt tlr.ct on V,t. eeon

t he e opf ou a , ini l i a l flow ueder- '"lgl" pre EtPJr , ba aed Of1

r a pid de p l e t lon or unde r-g j-ou r.d 81.or 6g , lor. t r.• r;; t~"c. 1 , r e r 

i!le nt"n t. fl o ... ~ lo~. e s n reAl'lOtl b ly be f" ),, ~cted ar l~ r a ne w

t1'l'Jl1 1 I' ll ha l. b e e n r-e e e eeo , I t h . Sflort t u n ne l a nd 8

8~ 11 d r In~re a rr e , f a ir l y c t e a d y co ndit i on s muy b~ re6c ~ed

in on e or t... o 7 fH l, t" E> , "tIu.t in 8 0::'l~ of l l!l I e r-ge r- projee t.s d "'c l l ne

o r t r'l!' r a t a of d, lacLar ge lIay ocnt .Inu e J or d e c ad e or mor e .

In such prQ J~ ct . V6t·y c J~J'of ul a t ten t.ion s hould be Ai ven t e t ....~

que e t t cn or how i t La ttd.l"e t o lis e t r.e s eee e s tb te witte r .

On ly the :'I',oo \. e t .r-t.nr.e r. t, e~e I·genc1 cvnd i t ilJn fl con J u s t i f y t he

d Le cuur-ge a nd use of t he wll. l e r a ft r a p i d ly as i t ..1 1 1 r un ou t .

To .110 t he wft t e :- t o run ou t unusec .rt e r oone t.r-ue t Lcn I J

c oetp Le t .ed 1. c on t r a ry to e lU,er pr l e t.e o r f'ub l l e poli cy .

I n e on a t.r-uc t t.n n e-ach II t.unne I r-c jec t, the f\'xc. va tton ch oul d

b(l c ocp.Ie t, d £.8 r e pleil)' lOS VO~ 11ble . lu l ft ~ ! I h l Ch or t he

wa te r as p08 9 1bl~. an~ bu1k)~ os . houle ~ ~en b e pl a c e 3 0 t het

t h e r l olt c ar.; ... e c on t r-c f Ieo , n ow t he f low ah ula be c on t rol led.
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i n v o l ve s c /)n.ld era.t l ·,n of pr-e ee n t a nd rut u r-e ve tue In a nne r-

s imi l ar t o t ha t i nvo ved In f l rAncle l pr oh l e ft . If emerg~nc 7

cond it ions r,lve t he fu 1 flow of wa te r en exce ptionel pre ~~nt

va lue , I t CDn e u eed t o full oe pec l t y, bu t wi t h r~ Lf ae t.L en

tlwt the amoun t wl l 1 s ur e l y decl ino e nd ma,. re a ch vnlu ":J ! l /~

or 1/10 of i nit i al a~ount~ . On t)~ other ha nd pr~rervi t ion

of th ~ tOr d suppl y f or •• lon~ . ~ po~~ l b le msy be 1 por t an t

and at t he ••::8 time It 8r on l d ~("J r-e ....... ml z..d t '-'qt n 1lrq }

Lce ee e a re e:r". t e r ~ t h ll:"~ ~ r hn l k ""'-.d ?r-!'i!!\P·"~ . E,. r e t~~r6

1 ~ ne~d f or clo!~ w~ l rin? or ft l l tb c ond ltion ~ to ee t up a

pr o~"'r"'~ t .he t wI l l ,:r ~ "'hc l ly ta ke " nd n tl11 ze the e t.cr- d wa t e r

and r-ee -ree t se r-s.t.~ nr outflow t o rpr.,ec~ th .fl t expe c bed on 8

per-aane n t, be,,1. . ] y e n t Lnu d op r-e t.Lon ove- r 8 I t)n v "e r l od

w111 d tnr~lr.'" t). ,.. ~ ,. d !" .t~ t"'" t w!.11 r- r it "' '1 1'' r ~ l r or
ann~l ~r I ? ~~r p~ r l~ · r 1 ~~ r r.~ ~w r~ 1~ r· l] .

The to '1 d 1!: c' '-l r ~l"! .... t r-r- o-md 11" t(' l' rr 'J~ t". sllJho le

~y te~ ~~r b~~D 1ncr~ " ~~d ~ - ro~r~~!t~~ ~ x t~n·lon of te-ve r A]

devel op~~nt tun~ el on l h~ w 1 r.dw~r~ · 1 rl ~ o ~ t~fl r~n~~ . In

r ecent yf" s r e t~ eo t o t o l r... (\'T, t"",p "'1r.d II ?'(] t unn.... ~ \- !: bee n

above 20 )l .0 • • , and t ... , t fr~ t"' '' ]e!!.. rd t.u m-e I PI'!et1 n

a~ou t 6 . G.D., i r. O~lt lnr t o ~~rf~c ~ w~ te r t~ t r~ nce s f ro:

5 to 12 U. G. T" . ':."'t-~ t o t, 1 a r-ee f'r r:- 1. ~<,,:"" it 1 !" r p ' l" or.!F h l c t

supp ose t"- t r! 1n .( t e r- could r-e c er- t t ,e l r. hl ho!- r j-s t....~ E' 1 t!'-e r

Sf' g r- ound 'J: 9 t " r or au r-Fr c c e o t.e r- lar d l y e J: ccf"dr, 6 !!'-.i1l8 re ::I l l e s .

Thfl r I n fr, l l 1l" bove 2 00 I nc~e l!: ie r- Y'~ 'l'r , u t. prob e' ";j c ec a

not n ve r- p;e 250 In!'!l-,... . 1').- ,. pr-od ue t o f 6 roue r-e- 1 ,.~ nnd
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2 00 1n o eo h . b ou t 57 11 . 0 . 0 . ; t he t ohl yie l d t r OO!. t he

·. l at.o l e syste m ~:" 8 f or S017.e yea r s bee n in exces s or ha l f

t~A t m ~ount but i t wl1 pr ob A 11 not ~. lnt in t hat rr~ c:: t l on .

At t 'N: sou t he r n e nd of' t he !" 3-~ d ike !:ya t e l:l , a t li a l k u , l ~ a

~eve l op':ten t t unnel n o", t a k lf1E! CO!:Je wh6 L uneer- '" . c,n. , a nd a

~ro J~c t a~~ut t o be co e nced a K9~ l u u c onte~pla te s d~ vc l op

i n a ou t ~ M.O.! _, of .h l c ~ u lA rf.~ r~. etl n 1, pa I d t o b e in

a l ht i n t e ~~ l stlnr ~ prl n s .

probab l e t h. t ~~er ' to m unl r ? f ~~dl tl on. l r,round • • l e r can

rro~ B~lku t o 8i ah a l e

end t h a t 1" 0

,.. e l k" co~pl e

(

of t t c 001 u e r-e '"' t r{! t '" tI t s e xpoaed l e ewar d oun ds r y It

opt ! t s t t e eo:tt t~ te . ! n t Le .!l l r '"Ql" r c r-t t on , w1t l i t. a 1-. 1~

r "' l n f 11 Gn j r " vornblo p os Lt Lon of t~o (Hl~e c o::op l x tho wa t e r

cur !"' n t l y l.e l d.,.d t' r "'l- Ve g round p~~oxlt;!.liI tns 5 . 0 . -:-' . pe r-

iII . J .'r . 'r. r- l ine Ar T.11p. ,r Koola u c r-e e t , Te n pr-e ee n t wr l t t" r

thlnlf"f/I 1 t doub t fu l 1f more t' n " It' ~r e l thl" r or t h l') " r too

0' 0 e r fll<(' hed i n t "'e !"lvC' 11. m fro'1l. tia 1Ah o l "" t~ n "l lkl1, n nd

it t e l l(O vl."1'1 t. • t • ~ .. tr '" l-> l clo- w t e r- o. n t,e t Q' fllD t•

" t I e Ole l ~ 10 ..... \ \ C l- Je, s , r < 1011 n o t ov r 3 e qun r e mi l e s •

o ne r. l p Ir n a #":)...- c".,,1-1: t t on d e l o . . t n~ t r-nn 131-

ss lon t r~ 1. to co~n c t u !. a p o l e 81 :""'!tj, .It} t e cI t y of



Honol u lu have been provosed by JOrb~n ,er. , Ft l mer , une s h , end

sees r-n e , POT' ver-t eue d e l nl 1 1ll r e f e rence I:! de t o t he 0 1s -

(1) J or en~en , J . , Hon ol u l u et~r Co~i ssl~ Re por t , pp .
92-9'7 , 1918 .

P. l~er , li . S o, k~ nu~ e r1pt Repor t , 1921.
tun~ ~~ , J . P . , nonolulu €" Y~r an ~a ter Co~s~lon Repor t ,

p , 1 ~2 . 1n9 .
St ear n _, R. T . , • ~r H. , Dl v1810n of H c r of rophy , Bul l .

1 , pp . 444- 451 , 1935 .

reeD e ~Qbl~ f -om t~- ro o~ed K~ 1 1hl - R l ~h o lp tu . ~ ! ! t e

~i r~ t ~~ ~ ~ rr. ~ t ~ t he t~~r. - ~ ~~wn ~cov~ry or t~ i nl nbol e

Brs te~ ( C~ . 33 · . G. D. ) hu t t t e t r. ~On ~~v t l v~ e 9 t l =.a t~ would

or r er • !'tUb F "'n t. fil l y loyer n.r r 0 ( 2 ) Kllne ft h i n h i!! re po r t

l~l d from Kal1hl to .n 18 ~ o l ~ . In t~ ~ ~~ ver y p~~ l lr ~nn ry r e -

~ 'It'''r to b'9 d r- ve l oped hy tt1~ nt"! ~r te rn f r o:b llfl 1\c\l t o 'tt Lnh o Le ,

i n c n l"! t n ,7 ~'" rrr- e ee n t II lkn t u nno I and t .... ,.. pr-oposed Kah 1 u

( 2 ) op , oit • • p , 4413 , 1 , 5 .

Wn lnhole t o Ho 01111u t.unne I r I':te ":l , e Tist1tli'" n d l' r o p<J s e d , 1.
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.a t~ r , 1 1~ce sca l I pLr L or t he ~ lk. c omp l ex eyt t e m bord ~r On

t he Pear l lia r . or dra i r. r;e e r-e s Gr.d II S 11 t"r ac t,i on of l ""le

wate r 18 i nvo lved i n t he i nven t cry attec ptec in t hl £ re p or t .

I n t er:'1etdl s t e be t .we cn l.cr. :JWT1 -re rc~ied or c onf l ne d h i gh- le ve l

•• t.er e.nd t .r-u 'bb.r."l iu. ta r 1 11 the e Le ted trla t e b ody f ound

in t.ne ...c h of l e l d t:hf'r t . I t t eens e oe r 11k 1y that t hl .! 1 :"

c on f i ne d on the eor th e nd s ou th sid F b y to • true l ure 1 11.

t he lto ')}Oll 1& s , oas1t l y d i k e , or cH k e f! ys t e a s , ..nd b t . e

.e- 8tr.~ r~d 8 1.,;i Aoi l - c:oH,r"'c 0 "* ' ~ t'" or L'"' tl' . 1nt"Be d o~.~ on t r r&

•• e t . On t h e ee e t, 1t proh1ll-1y rle rOll p; Ith t.".(" d1k~ -conf l n&d

wa te r of tt:r tcc I eu &..x 1a a nd 13 f'e d I n 181"1::0 ae e sur- 'hy ) 6s kE

fr o~ U:.p La r.t e r- . ..e ~tt V~ n a r.otl" fo r .. ""t l ro 'l i n t'" e r ') 1I 1l i on

or • £roun~ • t e l'" d l ' l~~ hAr~ ~ nc n o ~nn~ of ~t~tln l t t t hla

• t e r- b od1 or t e P"'f rl Hn t-b c r- b. a. l ..·. t t" r 1*' fed .fro"" '-n a rea

1 r- er to' Ion U~ t opo gr r '"' 1c wa tt" r ... 1 d i n th~ 1.... rclt l on .

Th i, b ody Wld l d 1s cu. s e(! n t h,. eee t.L en ':) !1 .,t ,. r t !=' 8 ! t.unr- e t e ,

F . ';" i! ~I" ,TER

T' tIltI . t o e eo urnu Ia t.Lon o~ lnr11tr!J, t~d .. s t er , no t wl t h 

d!' ~ 'in a t b 1.R!l- l'" levels l DC n o t r-app ec in ~\-.e .cee r d lk:., 0 0 :\-

plsx , 11 f ound i n the 88 1 'Ka Le r b ] . ..hi s " ater 18 bound.

e 1ow su i t .Ht~r ~ nd 19 .- i n l y i f n ot wnol l y 1n hldreu l l e

(

b a I ne e . I t It . r ,. n f e Q , r-d port1 t . of h. Kl w . t~ r in p l A. c e a

8 "("lftncts: ( , r 1100 r- l 1 ~e co At ,·1 ''''up r f1 c 'k tlnd 1 I'"Q {1C e' undt' r a r t l3 f" l e n

pre Po eur-e , Th1. port ion 1. e r-t.e !!lan oS lI a l 'Ii L.er . The por t i on

wl-o l c!" 1 1. " ", in a n 1 ~( th... c'" p " ('1( '
. ., t';a t 1n '" . ~ .e ..e t "'fIO r e• r••
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1 :-: no c apr ock end 1f"': l c! p-x h 1. 1ts a r r-ee 1fn t rtr l ablt t e rr-ee

ba l a l wDter . T~e het?ht t o wh1.c t .e wat pr t R le r fe B t a

lve n p oi n t i n A moe au r-e of t he p r-e esur-e r-aqu Lr-e d t o d ls cl-'01"Re

f rom trnt ar~e t t.e aoount of wpter r a c . i n g i t , by 8 11 e ve l l a -

nd j acent a r-e n s ~r 1 0..1"'1' t-l"9d . T~e t-eud i n grt>!tt r: r 1n a re !!

"PI""' !) O' I t 1 c.epr o":' k 1. f' l a t l ve l y 1 h t en n c on tinuous 8 d

pe r-txt e , wi t' h i '" r- \",r ,, 11 t "'n r ",1. '1 t~.., r ... v... ..ee , qnd t e e ub -.

ject to c"nt tnuou! f l u C"luRtl . • I .. 1 ~ one or t ve- n t e 1~ f a -

t. ..,-,s "I f H~1fa l 1 , t ho t 'l" l t 'hl n t. l 1 !:c ody of n,. o f t he ch l"! t

er-a- 1 ity of' tl'-fI! h.Vtl rlow", 1 ft !"O

1s r"'~ r'lr ,.. 1,. n.r! ro~ in IflOve I , nh

or t~n or~ er of 0 .2 or O .~ f oot o~r

4I!' R t t~ t t lot

ln~ d i ~rerene·~ of le ve l

on A t:'l!" -') ..- ~ ""l .'r" ~ 1,.. ... ,

per U e .

(

lb e base l •• t~r in the Peorl Hprhor are n re ~ c ~e! a gene r a l

l~ ve l o r f r om 16 t o 25 re~t 8 ove e leve l , ~ c rd l r. ~ t o

Hcn o LuI'u a r-e e , t h" Pe llrl Hl'l rbor fir-en 'hg t tl! br- oa d e s t a r.d

pr"bflbl.,.. tl""-l ~ \(p. ~ c e r-r-oe e r e n !!I r - " in HA.~ 1 1 . ~ tudT of t he. .
Hon ol u l u a r flo R h al' e hoa n t h e q~ htfllon c · o f" unit . re a ~ :rl t b l n

wh i e I l' fHUl) l wa te r Ie ve Ls an d t he e qua I 8r t~ ~1 .n h~ ad! !!lre

co~monly u n l r or Wi thi n 0 .1 or 0 . 2 f oot . T~ele a r f S a re

se pa l' ted by ton~u~ s or e~ D roc~ f i l l i n t h ft e l~f vBI Jeys
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~ere t h e rock bot t o~~ a re cut ~o~ h undr ed" o r fee t ~lo.

s e a l e vel . T'tl1.t t~.1ese va l er f i l l s a ot a s h yd rau l i c: b nr-r-Le r-s

1 s now we l l e e t .u b Lf eh ed l ul 1t a e not c ppe li.r l h:. t tiny or t t.e

v~ ll~y~ of tr~ r~Rrl Hs r o r a rea n r p e u t n~r! lc i t l y 10. t o

r or-e e r ree etve bound- -L e s , e c c rd t n g'l y , th~ ::'I.a j or p ~l r t or tl" e

Pe irl Uar h or a r e a h &s bee n cona ldp r~d to p e one l sop1e s tlc ar e a .

despi t e t~e f nct trat be 'd ~ ft ~ l l!"e '"!eo nt G t h ow i t!" wat- r leve ls

to be R) t t;, l ) y -eo r- e l r' { e I u r- t ".3 r. l'"' o ~ or cny r f n Le Le cp f e e -,

t i c e r-e e of tte- Honovu 'tu see ton . I n s-ene r-e , 1~ we t J .e

t h e llu ItlY8 - tJ.l~f'.l'.1 part , . el L lAO to 97 , e t h e CRt ' , we

find t e . t " fill l ~ in tt.f" P~.r) Ci ty a r PD, 200 t o 220 , h ave hea d B

1 to 2 !"~ t j oe e r- , 1: t~ ec e s t em " l e d v l c!l1.ll 1 :'l' I t tl l l cnrer •

. e l l s in t he 1 ill'fl. - .. a lpe .u see f on , 225 t.o 260 , h n e ~ &d

u p t o f 01 ~ 1 9 l~ r t~ ~n t t p d tu~ , . nc t ho rp 1n th~ pe~ te rn

s r-e of !lonou l l u l l an•.' ~ 1I" n , 261 t o 2 I , "'My "''' n f e qu 1 e le va 

t i on or 1"9 muc h !l ;' fe t l ~'!t r . 'i'h e dlfrer~n coa~ ee r- t Lcned

are roo v- » Lab Le Bud s ub j e ct t o Lnd LvLdue I d - v l~t l on s t h ¥t 8

~6pnr tl~n i n l o 1 ~opl~ 8 l 1 c ~~p e , ~ l th po s tul ~t~d v ~11~7 bnr 

r l ~ r ~ ~ ~ n~t ~p. · ~ed p ~p c l c nble .

Kno.l p ( 0 of bQ ~ ,l w9 l r r· ~d ~ up to t he pr~ t~nl i s Bl -

oe t w"::o l l y b !lRCC on '·rt"!' i .4tl l ~ ; t he be t t e r- ..e Lj e fi r e ort e n

ac ti ve l:; p-unpe-d nd n o t. e VR11, I e rcr- :- y s t e"!'s " l c s t t i c e e .ur~ 

....f"n t. ~; t O!l: f' on y Ji t tl~ tUO" a r- e orton in c ourv e f de ve Lop-.

l r. p l Arkr: I' nd r) r dou tllful or r ; Ii nG1nr v 11 d lt.y . e l l s 1n t he

Pee r-I 1!ttr""o r er-c e ~ 'hor. "1ur:"- - r- e o i.l i n l t y end e nd tl i l c t grea t e r

v ri e l ,. in e I 1niLy t~ t!"t lr. UtI! U U u and e I t n l t :r i n .u r-n My
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(

b e as~oclnted wi th low hc~ d s . Ao oor d lng17 , plens h ve be~n

I n l d f or t he In ~ t ll! l lln g ('I f fou r c cnt.Lnucue r-ec or-dLng ba ee I

wa t e r l e ve l 8 t &. t 10n8 . These a r e t o b e 12 -1nch h o l e s r e a ching

t .he r r-e e ur f R e of be e a I •• te r- 1n ....oolau r-ock a t t.he c o. r g i n

In the !. oo l o '.l d o- e e t. e I e v t Lon e of n o t. o Vl!I r 100 f eet . 1'h~y

are t o be s ur~ounted by 8~ 1 1 c on c r ete k i osks I nrge eno~gh to

carry t ~~ cloc~-d~lven wa te r l evel roc orde r a and t o ~ercl t

c~ a~lng of r~ c ord ~ . T~~ l o~n t t on .n~ pr f e n t ~t tu~ of pech

I s s ho n 1n th~ fol l owln~ t ab l e .
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TABlX 5

BA~J. L WJ.,."f£P. - lEV EL REC OTIDItXl ST,\ TI Oli S

-,

(0 )

~ t90tU B

May .
1945

L~nr. l tuce I E' le v~ t l cn

I
or

Or oW'ld

1 57-' ~-~0 I 51 . 05 (c • • l n g ) l( A) (b )

1&7 - 06 - 5 7 26 .51 (cou pling ) 1\ (a )

157 -~ 9- 15 ? I
I

Lal1 t ud a

I 21 - 24-?

Loca t i on

Wal ewA V~ l l el ' 'OF t 'ide ,
r ook bl u f t , .,cl· orl ~ ld

111gt...ay ou t -or r

1:onoul1ul l , on ol d 61l 1anLe
Road , 1/ 4 ni le wanL or

l K1In l . Roed I 21- 22 - 52 I 15 8 - 0]- 08 8~ . 10 (8M. ) f· (a ) ,1

,

I Y8n8 1~1 V.) l~y , w~ ~ t wal l , I I
I n land f r oc KoonAJua Ga rd e n 21- 21- 25

Ws l mA l u Val l e y , e r- s t ..ni l , I
nenr bend i n ol d h 1 ~1~ ay 21 -23-~O...

::;
I

( 0 ) Dr I 1 l . d an d o• • ed .
(b ) R.co~ar .Ler t ed 2/ 6/ 45 .
( 0 ) r aw l oc a tion p r obob ly nen r a r Pe a r l Cit , .

' "



Thr e e of th s e e t.atlons a r e 1n t be Pe arl Harbo r e ree

Bnd i t i ~ e xpe c t e d t hLt tl~y will g i ve n ~ore r e l i a bl e

and r.te Edy pi c ture of bas a l wnt.c r- leve l ch a nge s t r..a n i s

ob t · r nec f r Oill t hf' we-l I fO n ee U~ f"' O 8S l ro ex s e r Le , :. tur 

t.~.pr d Lac us e Lon of nrtt; r.l&n t oo. D Is f1 v n 1& tt,e aec t.Lon ,

ARrt r

Zl nce 1941 , fre e he e. ) • to r lev~]c hr.ve b~~ n mP neur ed

a t ee ver-a t pofnt,e in t .h e e e e t er-n I'ea r -I He .r- b or- a r es 8.!" 6 !l O

In Tabl e 6 .

l e a s a :raaen l s eec 1n 1942 nod 1 9';' ~ ebcee d t h a t t he

ba e eI wa t e r t Lb l n of Ar e a .~ . K.o l 1.hl to oana I ua , yras t hen

ve ry u nlfor:.'l 1n Le ve I w1th only a bou t. 0 .15 f oo t f a l l f r:.lm

~ s t to .c~t . }ro~ th~ la tter pnr t o r 1 94 4 t o th~ pr e epnt

l l~.l" t"'e Le ve s t, t.~,. K" l ':' 1 " 1'1<1 '!l d ~{"1 1n(td e ce t 8nrl 1s

no_ abou t 0 . 6 ':> foot lOYl~:r t j-en t olp 4 2 . ft t t"-oe oene I us

end .

Throu'" out t.he pel' 1od of me a aur-e taen t, tl'Je " n ea I 'ht-"'d

of Ar e a 4 hn ~ re u~cd fr~ ~ to 5 f~~t rtove t ! e water lo ve l

o. t t.he ;. l~B -.' at. t n r o~ f' wh i ch ho ~ b~en t e lren 8 P repre!"en ta 

t J.ve o ~ t~ e- !ltf'"'Ml p .rt or Ar9 1. 6 . T.e trlln sitl on f:r O:1

.\ rIJ -4 0 h r~1I 6 t e fil' 0 t o nns lst:'lf' 0 f1~al ' drop s e r OS8

o n a l u Vs l ley ond Ii nn 1 1 d i r r l!;l l'f'nC!8 : r o:1 !i 11\;1"9 i'UI'!UQ l

to tr.c 1'. ~~ o -AU 8t. n h oI o , wi t 16 ' (~~ r e nd Lfl 1'11 qu 1 drops

e cr-o ce b)t l ' :::'.o u t h fino '"~rth Fa I n• • vr·Ur.13 . 'rl, ueh t.re ee

dl ffe r-nr, .... e I n.' l c r t f! ~ .:mw . dogr-ee of eepa r- t Lcn , n on of t t:e

f" \lbdlv l s 1on~ b ve !!uffl c1ent ly e lA . r l y ~rlne~ irl t"k:e & : ' f'"P.!1
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T/-BLF 6 , BASAL ¥AT::'R- l.'r'VEl. X'!1l SURI }; ~ POINT!"

If e. :ne Loc At i on A r e tA l a va t 10n ! a.u a) 'lIra t e r Le ve Le
~ - T

ll<tnch I 19 42-1945 I ~ e nent
IW.x l ~u:n"'-. 1nl w mi-Ke en j

Dc. t e

......
lO

D. D. Hole Knl1" 1 . end of 4 18 7 .84 I 24 .06 I 20 . 42 121, 991 20 . 05 15/ 30/ 45
No . 19 j i ' - ,
lIenaik l ne- ~ ••t wo n , « ill . 06 I I m 1 20. 56 I -
c ord1n g We l l Man81k 1 Val ley
Bole 1. 0 . 42 hos t wall , 4 176 . 87 I ;.;: 3 . 91 20 . 46 '2 1. 87-' ,2 ] .16 "

I
t! o8nR lu~, Vll lle y I

Hole ho. 43 I' 'b e et ... 11, k 4 I 235 . 00 I 22. 91 Ig. 31 120 . 571 I I
YoanRl uH V. l l ey I r

~lRrke-H&.18w " I North wal l , I 6 I 255 . 62 I 20 .~~5 (1 ) I (1 ) I ( f ) I'
Ho1 8 s , Hal ..". Val l p. v I

Ai• • -AllO tin Al e. Von e,. 1/ 2' 6 I a s .3S I 20 .85 16.32 11 . 011 1 16. B2 5/ 23/ 45 I
I Hole ::11 . f r om 11111 I I

\,oI ma 1u He - I Fon t wo ll , 6 28 .51 I m I 15. 0"1 'I 5/30/ 45 I
c or d1n g ;Ve ll IId ",. l u Vo l l e v I I I

I.. t"". ~e- t a n t of .Bi.... 6 ( 3 ) I I I ( 4) I I I
e ord 1n~ li e ll I Valley I , ,
Kunioe- "eot 01' ..uni o 6 66. 4i , I (( ) I 13. 0g I 5/30/45 I
o ord1n g iell Roa d I I

(1) Th h h ol e not opHa t1n g dllr 1ng l ater pnr t of pe r 1ocl .
( 2 ) Aooe ns lost .
( 3 ) Uo l e nol y e t d r 1 1 l ed .
(4 ) Per1 0cl ve e ahor t .

•



- 113 -

w..s,...L. ",T" . f.U 1 LY JTATI ..1': '

The h i e t.or y o f eone:t ructlon of tU. F: RI _f' Le r s upp ly

s t otions hap b e e n s ke leh. d 1n . n o the r par t of t hi s r~port .

Ta b l e 7 ~l ve! duta on ~xla tlng 8t. ~ions .

• 2~ • 1935 .(1) r tP.e.!"Tl~ , op , ci t .

a nd ~urr e ent, l r.t! lD r " rtd " nc e <:'f '!'"~"' d t JI.l:-- t"lfy c 11 1 !'1 ~ t".. . ~

even p ~ ·l, - I': r" .. rr~. p ... !1 t~ r.dfl"lnt ':'l ' y .. t er- ~'Jp l y or r.

euLe t Lon of u5nt ' tl~B . e e e t e it' f'otmd for d~v1 $' tln,:r

fr eY.!! t'h~ orl , l J'1.R l r, ("l UIIl1· - ,. l"~t."."'!1 t r .... 19 f!' 4 find. 6 e e e e t

"'y ~a.~~ rT' fI I n out. h H 1" e Fl ev , (J)

h e ll vy dr aft 1'1"0. the Jifld h111 e t .e t Lon ot t he }iav)'"

i n r-e cent mou ths he e r -e eu Lt.e d in .. a Lc-.. bu t p r-og "Jive

I nc r-e . ee i n t he <Urf e r nee or l e v 1 a c r-oee oan"lua V.llel .

On th e o th e r h.nd , . 8 'lAt e d above , t he 1e \~1 of .~t8r a t

Hol~ 19 ha s One below t h* t Ml Ho l e 42 , t • l~ & vl np the

e as t !I df!! o f 0"n11 1 Vh l l e y IUS t .he h l p o Int. ot' t.be . ea l

wa t er tabl e on ~re~ 4 .



TAbU 7 to bh Sfl,L ~h'., J!'T !i. Alit' TUNl t:' LS

'Name
I
INU":Ihfll r Owne r I [ ,a t e

Co,",p l e ted
I

j ~ 1~~ n~ 1 on~

I E l~ v \' tl on-r~ et1 Purme L Ar e s (2 ) rn
Bot t(tai-- f~-t hm gth e ppeox , , I
~ump Tunn e l (fe e t ) :'I q .. f t . ~,

~ "-,, o lL.1 94_b I
d r r .ohr" o cnre-:

( 3 ) I
)1 ..G. D..

" oAr:ALU). ARPA
( 1:0 . 4 )

Red Hi ll I II UJ . J/ovy ' ,De o . 1942 I lio l e . 5 . 00 11121 41'.000 119. ,. ] 9 . 5 \;7
:!-O t 1:1",-
10 -1 3 . L. "

PEARL !.L ,Rb OR I
AliEf. ( NO, 6) ,I

a . l owa 12 b •• • S . I. a n . 194 4 I - l B - 2 I 919 36 , 000 17 . 2 6 . 6B 3 1
Hd .". ' ~ ~ . : , ~ ". vy IlIa r ' ,, 1 937 I - 5 15 .0 I 2 . 00~ 116 . 7 10 . 93

.... Al e . I 1~ ..on . P . Co . I ' 7 . 00" 15 . 7 1 . 43 17B
:;: . p l au i e Ift.Leo. !J lm . 1939 3 . 0 428 6 . 000 lV . 9 130

Pe ~, rl C11,.1 I 9 eke Hon , I 4 . 5 15 Se ve r- e I
I we t t e ,

I
hol es: , &:

, t .unne I ..
R.'a I 3 1':". P . 00 . Se p t . 1\' 3 9 ' - 4 - 4 110 8 5 36 . 000 I"'L 2 1 . 2
~ ohor le ld I 4 U. S . Ar ::rrl' Aug . 1 938 h 1 1. Co . 600 ' < . 000 27 5 5 . 4

( 4 ) h elo.. of \\'e l ls
3 .L .

o 11<.l e j 'Ill> I' O . ~ . 0 0 . I 1906 .~ 1140 23 . 000 I 3 . 99
... l 1<e ] . O. f • . Co . 906 7 290 6 . 0 00

( 1)
( 2)

(3 );
(4)

,... r t e e H. "1' .. [ ·t f'lr.arnlt .

E. t l "", t e d by O. K. , We nt wor t l;
.. a n 1 944.

Not ptrie t ly a b~ sri l tunre l .
I
\1,
I
I
\



•

Except Schof i e ld. the~e I t at i on . a re e l l be 8ed on t he

c oncept or dr • • ln~ WA ter rr~ th~ upper f ew tee t or th~ bese l

wat e r t able wi t h out penetr ating deepl y i n to t he t~lh .a t e r

l en.. The . t a t i oos yary grea t l y 1n AreA or a qui f e r e xposed

below the wster t able, tho TBr 1a t 1on be1ng 1n par t determ1e4

by conatruc tlon l imita t i ons and 1n pa r t br t he Aeeldent or

t YJe or r ock enoount ered. ~e c oride cont ent or . ater

drawn trom t hea. s t a t i on . under operating condition. 8180

Ta r l • • gr~5t 17 ut i t 1. c~rt~ln t hat it 1. much l e '8 t han

that or water d r bwn i n 81al 1ar aa oun t trom deep ar tes i an

wella 10 t he Bame s ec t or.

The wa t e r d r awn from bR~. l . t a t i ona I n ~le Pea r l Barbor

area baa noy. 1n 1945. become about 25~ or the total used.

wI th ~ troo a r t el15n . e l l a a nd about 15 ' rr~ .prl~l .

(Teble 9) (In Honol u l u , s r ee s 1 to 5, the dr.~t ~r~ bs o.l

s tst10ns e t t h e end o~ 1944 wo o sbou t 4e~ or the t ots l

pub 11e s nd pr 1v t e dr. ~t . ) Th1s 1• • tre nd wb1eh w1l l c on 

tInue. though s ome draft from mr t e a l a n wel l. y l 11 doubt l e ••

c on t i nue t or na nr ye~ r8 .

I t 1 8 evident t hs t the b Ra s } wa ter l upply prob le~ 1 8 •

pr o!>l em o~ t he whole SM t hat bulld 1"ll o~ new otatio"" ...,.

provi de .ore Ad vant8~ou. poI n t s and mattod_ or dr a r t but

very likely w111 not prOVi de add i t ionsl wa t e r , except 9S t he

ge ne ra l cha nge to baaal s t a t i on • • 111 permi t d r Af t t o l ower

beadB. This matter wI l l be d i s c us sed in t he aec t l on, Ea t l -
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..te l or . a ter quan t i t iea.

PEARL HARBOR SFRIEGS

It ha a been empha. i zed t hc t the h1gh b.ss l wa t er l~ vell

or t he Honolulu and Pearl Harbor area a are due to ov~rlapplng

ot the water - be Ar 1ng Koolau rock by t he le l a perme8bl ~

eapr-cck t o e l ~ vo tlon9 above t he ba ae L he ad . In the Pearl

Hnrbor a r e a a r e a number of pIece s _her e t he ~ oolB u r ock

. i th i t a overlyiny, aoi 1 pa Sfte a d own nearly to ae e l evel

wI t hout a cove r or de t ritAl ca pr oek . In moa t such place s ,

t he ~oolau rock I~ suf fIcie ntly we.t~e red a nd mBd~ ~ o tight

by t h l • • e ft t~p r ing t hat ita su r fa ce parts aerve a•• c.pr ock.

Thl. I s wel l shown i n t he cur r e n t excava t ions a t t he H. w. i i an

Electric Company plant a t . i au . In a number or ot he r pl. c~.

howe ver , ad j acent to stream c ha nnell, or e l eewhere Whe r e ero

sion ha a tn ~~n p l ace , t he ~ool.u r oc k wi th open cracks &nd

other ope ni nRA 18 exposed a t e l e va t i ons below 20 teet. At

t he se poInts t he re a r e a number of very l arge spr lnp, ~ whi ch

ha ve l one bp ~n own ae th~ P~8 rl Hnr bor Spr ln~~ . I8 ~ue or

bB ~ q l water ~ t tr.e ~e polntft hA m trom early ti~e. enc ourA g~

t he devft lo~ent or te r 9Ced wet ga r dPnB .he r e r i ce , t aro,

water cre•• e nd ot her such c r op. are gr own. Unt i l quite

rece nt l y no l arge s ca le deTe l opment or • • ter has been ca rried

out, thou~h ema l l pr r ing poole h Bye be~n bu i ld end ~ueh sea.on

to-sea .on repai r and e labor~ t l on of t he t err ace. s nd channel .

goe s on.

The na mes, loc a ti ons, and oth~r charac t e ristics ot these
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spring s a re Ri ve n in Ta b l e B.

At Xalaua o Sprin~ ia Pump Ro. 6 of tho Honol u l u Planta

tion Compan y , t h o ene nne L, tll the r ing ~pring effluent t' ro!D

t he t wo si de s of t he spur on wh i c h t he s ta t i on Iltand. . Al l

excess wa t e r pO Ises und~r t he road t o reeoh Pearl llprbor .

Th l~ channel 18 ge~d by u.s.a. s . The amount drewn by

Pump 6 i . r eported by t he Honol u l u Plantation Conpany .

WRl a u Spr i ngs , AS he r e conu l drred , aomcenos c wi th t he

i n l And port i on , on pr oper t y oene e by U. DOW' se t t , and Incl~e.

eprlng outr l ow on bot h s i des or t he ~Q1n hl r hwey . Wa t e r fro~

t h18 part 1s cRrr1ed 1n t he channe l gnge d by U. S. O. g . a t the

_o- ca l l od r ice n i l l a nd chiefly l ed _ l on , tc~ r a ilroad t o

t he ~pr1ng poo l a t t he HBwai i an El e ct r i c Plant . A larKe

ag ount of wa ter r i s e l 1n thi. poo l . Ad dI t l Qna l wat e r come.

fron the wort group of . pring. (coI l ed KB l uaoopu ) and i_

addad to t he pool . FiN 11y t he d lecha r ge from t he Hawaiian

El e c t r i c tunnel ~nd th~ we l l s c onne c ted t o 1t 1 , added to

t he poo l . ~'rom t U. gott ,n ing pool t t.e Eawa H an El e c t r i c

Company pumps 8bo~t 36 . 4 e . G.D . whi ch 18 used f or plant e On

d e n eer-e , or t h l $ , . f t f' r us e i n t he plnn t , 11 M. O. D. 18 pump

ed t o Bcnct utu Ple.n t atl on Compa ny d i tch e s Inland . The re

mainder of 25 . 4 U. G. D. , with about 1 ~ .Q .D . Dot drawn r rom

the p ool . 1e d l l1'l c l'llt r ged t.hr-ou gb t h e Y.: c l u no opu chslin e l whe re

I t i s ge ged by U. S. O. S . i~e br e akd own or tt~se qU8n t 1tlea

for 1944 1s . hown in T&ble 8 . Ne t resul t ~hown hor e 18 t ha t

abou t 97 of' eo 11 t unne l find well , and spring water collected

- 117 -



TA8LE B. BA~,A L gPRIJ1GS'- PEAR L HARBOR AREA (so, 6 )

I 3 .3

I--;;'~

, I 2 . B I i 10 . 4

, I I 3 .4 +Puukapu 3 .4 I
~

' -----11. -t- - -l --- I I
Wa l ... 0 . 6 .00 . 13 . 2 I I I

: I

Wa i k. l e _~.S.c o . i'-_B.:..o (d ) .j ? ~'- .
Total. 79 . 0(.) , 19 .9

I I I
, ISource Opera t or Ale.lured. Tota l Loca l Pumped Plant Dl.ahRI"~e Chiorid.
I Irr igotion I rrlgotIon ,Condenoer . t o Sea (p .p . m.)

( i: . O. D. ) (K. G. D.) (K. G. D. ) ( II. G. D. )

I I I g~ I~ 1KQl auao I I II
Spr In~ Hon.f . 0 0. 16 . 3 I ? 1 .4 1 13 .9 164 (c)

-1-. --- - - -- -- I ----- o- rI Wd ou I I I I
Spr Ings 6 . 1 (A) ,

I
13B

Tunne l & I I
W. llo H. E . Co . I 10 . 9(8 ) I

,

I 136
I

I
,

W. ot Spr i~

Group I I
B. 7 (C) y II

I Pool B. E.Co . I
1l.7(D) . ,

II II Total ABeD B. E.Oo . 37 . 4 11.G 36 .4 J26 .4 " 4
I Hon. P.ce, I b l ua oe, - ~ - --- + -- - .~ - -

I Loko Itukone 1.7
-~ -'- - J 1__ . 1.7._-

I

........
ex>
I

(e) At . pr i ng ...all . (b) At pump intake . (0) At ocean d h . ha r "e .... ir . (d) B• ••d on
measurement. reportf~ by Kune sh , 1028-1931: condition. ~e l 1ft v~d to be 81m11_r in 1944 .
(e) ~l th except ion of (d ) , the ~e Rre me81ured mean. f or r i l eD ] ye s r 1 94~- 19'4 , recorda
by U. s .a . s . and H. E. Co.



/

I

i n the pool 18 u eed onae . t or eool1ng . end about l/~ ot t be

t ot R1 1~ u sed a Be e ond t l ~ f or l r ri r a t ion .

'r'tro r,roupl or s pr i ngs xnca n u. s 1.oko Ku'cona e nd Puukft pu

(aa l man o Gr oup ) l i e t o t he weat of s l au 1n t he .e ~ t c orner or
a. t Loch a nd d1 ltchs rge a bO\l t 5 . 1 . G.D. t o t he l e n . a r t ttr

l oco1 u~e 1n F.arde nR .

The ~ R l• • a c . nnel r.a~d by U . ~ .O . ~ . 1s repor t ed by Max

Carson t o ca r ry It G 1 amounts ot s t renm runof f a t t lze s . b u t

I n c l ud et t h e d 1 ~ oh8 r~e from t he .~ la• • ~ prl~~ . The Oah u

Sugnr Company curr ently UP~ R only about 2 .8 W. O. D. t r om t hle

fl ow, wi t h ~bout 10 . 4 U. O•• gol nf t o t he s en.

~ t the Nel k e l e Spr i n 8 t unne l ha s bee n driven end t he

Oahu wuger Co~p. ny ~PF nbou t 4 . ? M.G .D. f or i rrl ~. t l on .

Jlo r ecent mees l.lre rJe n t.1I 1: ve be e n : e.dc- on t he- d ischa r ge to the

sea u t i t l r bel i eved to b~ • li t t l e oyer 3 M.G .D.

~~~ deto R' orn In t he pre ced1 ng t ab l e lead t o t he f ol l o.

i n g eonc r ue t cne , Th e t o t.e 1 n e t ur-e L eee eur-ed d l e:ch&r ge or t he

Ptn r l Ue r b or f. pr 1n f,s in 1944 con t 1nued .. t abou t 68 !4 .0 .D .

Therg 1~ n o que nt.Lon tl'e t e 11 11 U'r-c . lI' u~d f l ow! p I u r wat e r

u s e d by gr'O.l nr plantt 1n 1 nd rro~ t~e ~elrF would ~ako the

r e 1 t ots l c ons i d e r s 17 hi h " r . To t he 68 ~ . O . ~ . 1 . added

10 . 9 • • G.D . o r t .unne I am we l l wa te r . Fr o:!. t h is t ot..l or

79 .a.D. t h e Honolul u F' l nn t Dt l on CompRn y , ~ lT'<" e t l ,. en d t t-rough

U....8. 118n l eo t r l e Compan y , u se e about 12 . 4 I .G • •• Oahu Suga r

C o~pany U B88 a b ou t 7 . 5 K.G . D. and Uawa l i nn Blect r l c C~pan1

usee n ot on1,. 11 • •0 • • ot the a bove h1.1t a n add Lt.Lona I 25 . 4
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M. O. D. f or c ool ing . Th e t o t o} u ce of wl\ter 18 a b ou t 45 .3

Il . G.D • • o f whi ch 11 M. G•• 18 ueed t wice . t.. l err.e a moun t of

water 1s u s e in 10cu l agr i c ulture b u t. not t r CX!'l. t he above t ot a l .

PlnRlly :s3 . 7 . 0. 0 . 18 ",hol l y unu s e d lit.U .1 pae ee e t o t he e e .. 1n

f Ive ctnnne l e . &8 gnge~ by U. S.G . S.

I n Ole ps at . excep t f or l i mite d dr af t s t cort ain poi n t s .

t he t l O'\l' fr om t h e Pea r l Ilaz-bc r- Spr i ng t> h£ . not be en u t i l l .. ed

1n deve loping t he vr ry la rge use of ground .a te r tor QRr 1cul

t ure I n t he Pe r l Ufil r 1"> or e r-e e , E'n Ae of dev~l opl I1R WBt.e r- trom

.rte81~ n wel l e h a R esu s ed t h e Bprlng ~ t o be l~o~ed ~lng t o

t h o ir l oca t i on . pr obl e ma of gQther ing. f luo t uAtion or fla.

a o1 t he l ike . Ea ch s Lng I e ll~nc1 . publ i c R ~ pr I~ te . 'h El!! a t

.-n y 61ven j u nc tur-e , fQund I t ehe sper- a oo c or-e f': l'I t b f p e t o r y t o

d e velop gr ound wa t e r d i ree t l y by wel l or tunne l . Lt t h e ' a~e

t i me. it h~ B l onr, been r~ c o r,n1zed t ha t he r~ wa s . la r ge ou t 

fl ow of r reFh .lI t er t t et f'h ould not eo al l owed t o • • • t e i n t o

Pearl lla r bor .

Pre s e n t ~e 1s chle~ly by d r a f t of v pr i ng wa te r a f te r

1t h e ft emer~~d . I n v i pw of t te lncre l ingl y t.ek VY d ruft On

t h e wh ole .18 t~m rd tl~ l ack o f c on tro of out f l ow r z-ee t he

s p r i n g.s 1t s e e !n8 c l e a r that long t e r:l. r ub l l c polIcy woul d be

be t t~ r ae rvft d by A pro~rGm of c on rtruc t l on de,1gr.ed to ]arRely

r-ed uce t he u c or. trol l eod leaknr:e . toge t !':e r '1to II eoor~ 1n stf'd

d t> ve l op:uen t of wRter eo conee r- ve d , ! n ch p l • . , 1f r ur.e~,.. rlt l .

wou l a c cn r e r- 51 r:rep.. t ul t l mc te b e nef 1t on al l wil t e r u r -e r -e i n t he
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ar- c e , b l l t wvul d n ot n p- r.c s s r: rl1,. ('It" bttedlate ly acer-ue to the

benf"f l t o f Bny indi vi d u a l . It t e not c ) e a r th~ t i t w111 b e

unc~rt · n ~y ?rl~lte ent ~ rprl ft e nor by nny ~x 1 ~ t lng pub l 1e

aun·o"'lty . Pur t .e r dt!-tei lit of such e pllm a re offe r e d 1n

Ar t ee ! ..n ae L I: t.e r- is t.ae t, • t e r wh i c h 1£ ob tRine d

~~der Rrte p. l on pre ft ~ur e from nr te~ lan .e l l a dr i l l ed t hrou gh

t he e. p rocl[ o f tte e c ea ba L p la In or of vJoll e y c t ecee , It

Le we l l \cn own tlu:. t i t. I f' the s.a me wa t e r I n or-Lgdn liS th~ free

b n se I wn t ft r 8m Lhe t; I t [l e xhl I t e d }1 Sl!.d 1 ~ du o t o the he lfth t

or t he f ree wote r t able I nl~nd f rom it . Muot or the ar t e Ri a n

water of t te Pearl Hgr bor are a 18 ~ore ea l l ne t h an t a t of the

cno t u t u a r e a , oa lng In r n r t t o l hP, exee eet ee d ·pth or cert filn

wel l a , a m I n po r t to ttl- p r obab l e gr-ea t.e-r- e r-o s Lon of psrtll

of t ho capr ock an6 opportu n1 ty for sea water t o mix wi th rre 8~ .

The lea s t 8811nft bAsa l wa~r of t he Pearl Ha r bor a r ea 1$ of

.ub~ t&n t ia jly t he . "' t!W" q'.l8 l 1 t y 8 8 t hat of t he Honol u l u a rea ,

bu t very l1 t t le wa t~ r or such qu a l i t y ~ ~me s fr~ a r t e l an

we Lj e ,

Tho amoun t of wa t er d rAwn 1& 1944 rro~ t~ oola u r ock

i n a.r te a 1an we11 3 in thl:o; a rea W81!1 e s t l '2 ted a t. 131 . :5 .a. D.,

8 8 c ompare d to 5 4 . 81 U. Q. t . drawn from ba sa l s ha f t s and tur~el• •
e nd 68 . 1 K.O . De me88u r ed d Lschar-ge t r o» t r.e PeRrI Ea r b or S- ::- l ngs .

The S OUTO a and u ee e of t hi s watf' r a re sh own in 'I'ab I e 9.
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1254 . 21

M. G.D .
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11~1; ~0

I 54. 81

68 . 10
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~~ .7
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i

a vere.Ft8
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( NO. &) (KOOLl,U lIATER ) ( K; G; ll .)

21 . 2

~
"Po

. ~
~ <.>

51 ·.~ 6

72 . 4&
( g )

a • • umed

~ . 99

7 .5

5 3 . 67
( g )

on an

10.~

Ie )
26 . 5
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1 . 4

1 . 4~

~
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~
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•
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"'

I
17.70 I 0 . 61
, (d) L ..

No me a s'lre me n t l Il. vBl 1ab l s ; t hl s
f or e ~ ch of 45 wel l a .
Thi s amount w111 be o uc h grea t fl r 1ar 19 45 ,' o. l ng t o t eldnf, ove r or wel ls lr:te i n 1944 .
'this amoun t 18 tunne l and well wat er , but 18 added t o s pr i ng tot nl a t H. E. Co . poo l .
To thi s amount from Area 6, mu~ t be add ~ d about 19 . 3 L.G. D. f r om Red Hil l end oe r t ain
other .maI l er amounts t o get JQ~Y oyer- al l t otsl i n llonol ulu- Pea r l Harbor regI on .
This 10 ra t e f o,. .pe r 1od s..ptemher to De cembe r . 1\144 ;
HawBl 10n Elec t r i c Co. pQ~ped 11 .0 M. G. D. ot i t s t ot a l ~6 . 4 M. O. D. to Honolulu Pl ant at i on
Company tor i rrigation. ThU!' ot t ot"l 3.7 •• aI . G. D. c ol l e cted b'1 U.E . C O ~ 36 .4 ),t . G. D.
ie ue,4 once tor e cneenee r- e and 11 .0 of t hi8 t e used again f or i rrigat i on. -
Bot h t he fte plantat ions de ve l op ~~~ w8 ter " tro~ WRi anae Rock , are e 11, not inc lud ed he re .
Thle amount cons i at e of excess d l scharr,o t o the ococn t rom voriOUB of t~ Peatl Hnrbor
.orina a.r ouo • • Pr 1o,. t o i t . c.1oeh.rr,e it • . • contrH>utpc. t o Jon.l • e e gs r-den 1r" 1" . t 1on
In 1It'..""t:'tP a"A ur @l(l amcur rt e ,

- r
Type of
Opening

TOT~ L KNO':ro IlASk L GROUI:D ;::ATER DI SCIlI. h GE IN I'FJ,RL IlARll OR All

(e )
( f )

(g)
(h)

I . )

(b)

l ~l

i

..
~
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)

~tR eone@rnln~ the a r te s i an we l l. of the Pea r l llnr bor

_re B a re sh own 1n Tabl 10 .

or t ! )lIt tot-a} o r 27 we l l a 1n the xco 'teu n qu l f e r , f1 nown

in T..b l e 10, ~8 ere et p r-e eent, owned or e ent.ee Hed by t he

U . ~ . ~.VY , 5 or thefle be1c~ unused . four ~u.ed .el1. are

own by the U . ~ . Anrr_ rwe llt y- t wo we'l le , :lto"tly pr l v tel)"

ornnd , a r e d~vo t~d to d~~o tl e ur~ft a~ 4 or h_r~ ~re

cur r ently unu~ed. t~ch~r~ rro~ ~ll or t~~ P@ It ,-~ 11 .

I t h t n t~ ec fl'r". url'"d for l r-rtr" 1" l! a r-e 18 7 ..e Tl s , tnQh ld 

i n 14? .e l1~ l r. ~u . or 2 t ZO wl'" 11 s .t .~ ~h " r ~ s t a 

tionfl , o~r,. '!d b 'V 01'1:~ or . r.ot~~r of t~ t'.. r-e.. ~ ' l ~fI ~ pl _n 

t p.t l "n . T~~ r ""~A lr. ln~ 40 y~11 1 or t~l ~ rrQU . r~ o~re d ~y

Ind@pen~.nt 18nd hold~rp and . r~ d~voted c ~le ly to !~A) l

SC II! 'r:r l eul t1J~ . Thl !' t e tan ttr tl':~ !lf' 8r" unu ae d at p r esent .

Xl ~t we l l p .~e lr.dle8t ~d e ll' uped i nd us trially and 12 wel ls

s r - kn own t~ r ve bePD ~ee led .

Re cent c atR for head , c1 1" er.argf'! a nd salInit)' a r e f i ven

i n th~ t eb le , so f nr ~r e o~pp.r~ble me.sur~m~nts are nva i ll -

1 ~ . It wl 11 be not~d t t at for • ~re. t nu~~er or i r ri ga

t ion we l l s of 10' ~ 1 r. e . r~ t ~e OSSUT. tl on of 0 .05 M. G• •

e e eh tlJPI ~"'n d.... I t t e ro~ ~b )~ t h lll t: I! r~w or t:f"!Il l'"

W 11 dltl ohrrr. -so r e , but thfl t t 't'e Qv.-r flr @' v l !:lto l@ <1 1 1t 

clt~ r e I s 1("!' .. . ('lr,; t ~ p ot!'- r hentJ l f1'r nlrll. FIllo r nr.lcr.oiln p.l'ld

" ro t r IS ('I' t( tf' 1~ rol->s.l:·)y t .ki ne: p h CA . Tl-- lI!' r l e .ft !'u"!",~d

i s t~ e te ~ t ~ en ~o t ?re ~~ ~ t .

T .e nl.:1ber of ~rt~"' l,. n ...t"'11 " t h ll t ~pv~ b p p n ! ee ] ..d 1n

- 12~ -
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TABLE 10 , I NVEI.1'ORY ~F ARTFfIH WEllS - r"ARL P.\RBOR AREA (1, 0 . e )

, ~

We U 110. Dlte Dr i lled s t AtUI Hoed. rean D1!! cr.a r-ge
( II. G. D. ) ( 1944 )

1
Chl or i do
(p . P . IlI. I

- -"

246 (d )

'72 ( f)

151 (d !"

420 (f l

128 ( f l

166

i

-
~.

/ .

~

"'-'=-?'~- .

4 . 59 (I )

6 . 4'7 (b )

4 . 51

16.55 (d)
16 . 6'7 (d )

•
•
•
•

( 1(59 )

(1944 )

•

"•
"
"•

•
•

Sea led ( 195 9 )
• •

B. P. Co . 1'1,1lll"p 1
( U, ~: ~. :,t8 yr)

B. P. Co . Pump 5
(U. n , !levy )
U. S. Ne vy

Unuse d (Loo t )
a, P. Co.

Seal ed
Unu sed

•

Ilrruaed__(U. I\ . II .) _
- " "

~ ---

1 Un~.ed

UnUBe u
Irrl ~n t lon ,

- t-~~"'~~ t~~:Jump-~- -1-115:18( '; )" : 61 ~ ~-' --

( e)

"
"
"

1902
1000

•

1 906
1002
190 B

1900

l lOB
180 9
194t

"
"

•

"

•

•

•

Be f ore 1902· "

Be f ore 1006
" "

1900
5 i n 1 925
1 i n 1942
!lefore 190 2

,

169
1'70
1'71
1'72
1'75
1'74
1'75
1'76
1 '7'7
1'76
1'79
160
161
182
185
164
165 A-Q

1'7 we Uo
16e A-H

6 ".11 0
18'7 A- D

4 weI ll
I BB
189 A- E

I 5 we llo- i -ilO- - -r-
100-1 I
1111

L

I

:;;...
I



~ -

TABLE 10 (OONT' D. )

We l l No. Date t'; 11 1<' d St e. t U! 1- He ad Mean D1 sohl rse Ch l or i d e

119 (d)

188 (d )

174 (0 )
3\)5 (d)

128 (t )

435 (tl
153

:'i84 (d)

A

(0 )
( 0)

( 0 )
(0 )
( 0 )
(0 )
(0 )

4 . 13

(d )
(0 )
(dl
( d

15 . 32 ( d )

12 . 88 ( el)

16 .17 ( el)

15. 6:>
15 . 45
16. 15
16 . 29

I
_. J I

•

•

(u. e, Navy )
Il , P . Co . Pump 7
Ir rl g:::. t i on,
H. F' . Co • •
l r rlf · tion

I r ri . ,F. tion
Do~e etl c

Unus ed
•

l rrl E;l! tl en ,
fl . P . Co . Pump 2
Do"e e t i a (lla ..l)
Irt" l r r.tl c-n ,

1'. 00 0 . Pump 4
~ I " r i l1a tion

1910
190"~

1910
•

1905
1926

1926
190 6

194~

18 97

• •

, Be f ore
•
•
•

192
193
194
195
196 A- T

20 we 11.
196-1
197 A- I

9 wen.
197- 1
198
198-1
199
200
201
202 A- C

:5 wel b
203 A- D

4 " . 11.
204

~Xl4- 1

~04-2

205
205 - 1 u. ~ . NS ~7

206 l r riga tion I 15 . 24 ( d )
207 Bef ore 1924 Unu• • d I
200 1922 • (With 207 )

__209 Befo~. 1912 Se.l ed_ (1 910

1
' 4- __

210 1939 S~imm ing p OO I
211 1922 t oa led (1941 ) I

....
'"co

•

\
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Ti< BL" 10 (COl1T' D. )

ell no , Da t e Dr1l 1e~ St 8 t UI k:cad Ke an Dl achar gl!'
,

Ch l or 1de
- -

21 2 Befor. 19 12 t ne us t r ie 1 ( 0 )
21 3 1 928 Dome et l c 13 . 30 (d) ( 0 ) 1450 (d )
214 •
215 1 921 n t h 214 14 . ~7 (d ) ( 0 ) 1220 (d )
2 15- 1 Unueed
n 6 , ~•• l ed (194. 0)
216- 1 I 14.77 (d ) (0 ) 1380 (d )
217 lie f or . 11110 I;eos l e d ( 1 92 8 )
218 I 1 006 \In ute d
21 0 -1 1 934 I rr1 g. ti en ! (0 )
:n O-2 19:.'11l
210 - 3 11140 111 . 00 ( el) (0) 2200 (d )
210 Unu,~d

I 220 !lef o r . 11115 •... 221 • 1000 •
'".. 222 • • •

223 • • •I
22 4 • l 1lO5 •
2 25 • 1 930 Indu. t r l li l ( 0 )
226 • l Q3 1 DO'1I.e!' t t e 16. 50 (d ) (0) 1 600 (d )
227 Unu.~d 1570 (d )
228 • 1n 1 ~n ~hron el___ (0 )
230 • 1910 1 r r11'," tl on (0 )
23 1 • • Dornettl . ( 0 )
232 " 1930 I \lnu aed
233 " " •

I234
I ] 099

I F1ehp on d ( a )
2 35 Unul!led
236 I !le ro re 191 0 I •
2 37 • 1930 I rr1g a t 10n

1 17 • 65 ( el )
(0 ) 1100 (d)

238 • 1910 • (0 ) 17 2 (d)
23 9 A- N Irri gat 1on, 0. 5 . Co.,

14 we ll. 1090 PWllP 6 t 6b 10. 5Q
I 240 DO'lle . tl o 17 . 4Q ( el ) ( a) 13 4 (d )
L



-

TAl:l lK 10 ( C O~1· ' D . )

'Ne ll ~ o . Date Dr il l e d Stl t u. -- lIe . d lI. a n Dh ehorl\O I Chl or I de
- .

2U I 192 6 • I 143 (d) I
2 42 !:lefore 1910 I rrlg~ t lon 11.54 (d) ( e )
243 • • • 11.53 (d ) ( e ) 138 (d) I
244 1909 Voce.U c 15 .9'7 (e ) (e)
2411 , B.for e 1930 • (e l 13 0 (d)
246 A- H 3 1n 1900 I r r lgo t l on ~

B ..el l1 3 In 1911 I nd us t r I a l , I I 0 . 75
2 In 192 4 O. I·. Co. l' UJIlp 1

247 A- J lrrl~lI t !. :m ,

10 ..ene l Befo r . 18 98 O . ~ . Co . rump 1 1 I 1 . 38
2 48 A-J I r r Iga t Ion .

10 ... 11 0 ' ue r or. 1901 O . ~ . Co. f u=. 4 3 . 61
, 249 A- L I I r r l". U on . ,

eo 25 1 B. r ore 1926 Unu.ed ' 1 I
... 25 2 • i oie I I "" I ",. t1"" 16 .95 (d ) ( 0 ) 65 (d)
I 253 11508 DOlIl.sU e 16 . 65 (d) (e l IW7 (d)

25 4 A-ll 1 b. f or" 1905 ' I rrl ..al Lon , I
1 in 192~ s , f . Co . , A 'Po~.. 1 .2 9

2511 Be r or " 1930 I ,."lre tl on 16 . 41 (d ) (0 ) I 111 (d)
256 • • L""" . t1 e 15 . 55 (e ) ( 0 ) I 50 ( el)
257 A-G 18 90 I l r r i p-,F tl on .

S ..e l le I 1921 s , I . Co . l ump 2 +3 . 01 II
258 !loor ors 1910 , !rri ~. t1on 11 . 68 (el ) . (e ) 1 91 (ll)

~it~;tl . ' U~J~~_ ' ~,~~~~~~ ~n tu"p '_5 & e _ , 15 . 14_ _ _ ,_
2 61 r 8er or e 11151 I r r l £lt l on 14 . 61 (el) ( e) [ 11 6 (ll ) I

262 I ' 1930 I • 14 . 51 ( ll) I ( 0 ) 195 (d)
263 A-f 1 in 1899 I rri ga t i on .

S ...110 5 I n 1900 h . l" . Co . /"=p 1 ' 1 .08
264 A- T 1 I n 18 90 Irr I gation .
~ ...n~ .l1 i n I B91 ~ . f :-C o . tUlIp. 3 6'_ 4 j _ ---,-_ 11 . 52



-

TABL:l 10 (CONT' e . )

St a t u . r Heod

I

r
, ,,11 ~ o . Da" Dr 111,,"

,
" 1n 18 99
4 1n 1921

2 64- 1 16 BO
266 l>e for~ 19 10
C66 u "
2 ('7 18'19
266 A-Ii 6 1n 16\>0

8 .,,11_ II 1n l eW
26 Q 1 926
2'10 Before 1 906
2'7 1 19~1

2'12 1902, 2'1 ~ A-I> 2 ~.c h i n
... 6 n I b I Bn , 18 99 .
N> 1\>00 & 190B
(Jl,

~ea l_d ( 1 940 )
Irr1f·· Uon

fea l ed (19~9)

Irr1r,aUon.
E. r. Co . Tump 1
F1shpoIl(\
f "o l e"-1l930 )

1 Unu ~ed
tec l ed ( 19~B )

Irr1 r,~ t l on,
f; . I' . Co . PU::lP 9

14 .22 (ll )
14 . 16 (d )

ken.D Dl e c~rGe I Ch l or i de I

( e )
(e)

~ . ll
( e )

5 . 45

(a ) Water 'r~m th lt , t ot i on u.~d by u . n. Na vy . July t o Dece:ber , 19.4 , Pl ant a t i on
total f or 1~ l r • • ~ 1 . 24 M. O. D.

(t- ) J!n~ """,,"',,,e.<1 to1c1nf u te r Oe e.:Ilbe r l B. IN' .
(c) Dl.o~)"rr.t" from t t f!'.If'; ..to l l s no t k: nOWn . Tl'l . ,. _re 'l!".Q "t l ,. Ittr.Rl l Dnd cor t a l n l y

.vera~e l ot . tt~n 0 .05 L. G.U . e 5 ch .
(4 ) J4e .lJurfl~nl. l!I l aken Aag\1I!l t t o Oc t ober, 1944 .
(0) lie'u5. J'ne n8ure:t!cnt or.. ln~e Jt ..e ll , ~.. rch 191.6.
( t ) • • • • urecP.nt. 1n ~ove~ber 1~44 .



the l'e .rl Har bor a N e 1. Imlch 1.... . r@} "tively, t h.n In the

Honol u l u area , a.lng to ..eyer 1 r actora. F1r~t , t he y~ltlng

of t he problem or dome_tic .ater aupply in the Board of ater

~upply and th~ c onduct of an act i Ye ~ rogr• • of •• t er oonaer

vatl~n has l~d to peft l l n£ or Ms ny ~ell. in t he munl c i pa l

a rea . The procesl ta ~ been gr ea tly sided by changi ng l and

use a nd urbanl z: atlon c ooblr..ed .1th t he l uperior value or

. te ed,. 1 t.l!lfldb1 of hi gh pre.lu re • • ter t r om a munio i pa l 87a t8111 .

To , f ar l argar extent , t he Pearl nar bor area ha . r e t ained

a n agrl c Tlltur a l pa t t eo r n or .ater u ee . Some o~nge-. and con

.1d rr.b ) ~ Incr~e t.e of u.e h• • co • ~lth t he. r but t tere

1s IIt l 11 n o O"Ipre ll d l at r lt-u t l on . ,.. t e o f t h-J ,.o!"t wh1 ch

th rea~n. t he oonv~n le n ee or An I ndlYldual wel l . The dRt~ .

of dr1 ll1ng . how • =arked f. ll 1 r.~ off 1n the dr 1l l 1ng of n~w

we ll. and 1t 1.. Mtt:~ r e I .. !!! r tl-o , t ne I t~e!" • 1!. I l I ndpper-d"'nt

owners nor th~ Ip.r ger plenta tlon, or oth~r .~p.~e l~s w111

drill mor e t~Bn an occ8 Pl or.al new . &1 1. Thi. 1. he c~ use o f

• greatly reduced vo l u~ of • s 1ngl e ••11 , r eI _l1ve l y . and

a l s o b~ c.u'. t~ ) . rg~r •• t~!" users are no•••11 eoo Tl n c&d

or the 8uper i ori ty or bFP.al _tatl on. OYe r • • l l a . The i nc t I

va tion, if no t t~e FFallng . ot l a r ge number . or • • 11. may be

e xpe cted wi thin t ho ne xt t wo or thr ee d- c ad., . and perhapi

by lIno t he pereent.f'0 of droft reee we ll. oy ro ll from t ho

pre .ent 6~ to und _r 2~ of" t ho t otol .

C!'.PROC " 1. TIi:R

Sma l l amollntl!ll or . a t e r a re t.eken locall y from ~ f! rJ!".e R bl f'1

- 12 9 -



a . prock l _yer . bu t n o _Ja to'J' t 1c a 't.ten t1on i.a :. r een g1Te n t o

.uch g... In & r eI , t ho a re • • or c aprook s t uDding a t sulla -

b l e elevR't lou . are l"ela tlvely IlBElller an i n Honol ul u ond

? he hld rol o~l c prohl~2

O' _ L

T e onl ,. ul tllHte ecos-ee ot .ater fo r huma n , . ~rle1l1 tt.lral ,

l nrall . If rella noe

ware pI e oed on d l r ec t ro lnfoll l t would qu l o~17 be f ound

t~. t th••n~u.l r a Inf . ll cl n r an£8 fr~ Ie • • t han 2/~ to

or e t han 3/~ t te me~r. a l t ha t t he sont hly r ainf.ll oen

r. c~ tr~ l i b t o 5 tlze . t ~. me an. tor.~ o r .at~r r up lI e s

tor peri Od ' or l onr,e r t t an • d . y ba a not p~oYed e tf ~ctl • • or

e o n~lcD l in ~o. l p« r t . of na.ai i . uec.u• • v5rlo t l ona ot

r a l n f ft ll , high p~~#~bl 1 1 t1 or roe~. , ~nd r~l.tlTe .toep

and l oe a l y~ lue . In t he iiot'lo l u l u Ind tearl r. r~"r ft r tt tt ,

~mc!

.ater 1. ot ex traorrlln s 17 velwt . lJ,. T l I d Inr~ r~ne~ t'r "J:'l

(1) e t wor t h . C. K• • St or a r.e COnBeq~enee8 or
H~rzber Th~ ory . '~r . ~op~7e la. 1 Union
1 1142 .

- 1:10 -
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1n t he Ohyr,e n- lle r zbe r g l e n l!l mus t be ve ry l ar ge. Cel oul a tlon s

1n t he Hono l ulu a r ea ft1ve • h'l s ia for an e e t l ma te of 200 :nl l l 

10 glll l ons pe r ve r- t ic e t t oot a t t he . a ter t.able i n t h e c om

b i n ed areBil 1 . 2 . • a nd ( . 'l'h ere III . ch r-e e acn t or t l< lcl ng a

. o~e .h. t l argeT f igure . s t he avs rage .tor~~ pe r f ot f r om

me a lev~l do _n••rd t o tLe bott o~ ot t be rr8 ~h ~a t~r nd on

tbi e bae13 8 oonr e r v6 t l ve r.ue!~ AD t o th ~ tot.1 I tora~e in

the Hon olul u a r e R d own t o 1000 f ee t .oul d be 200 . 000 m.Il lion

g t t one ,

I t .r ol l ow~ t hst Im y a 1::angeo s i n t he p O!!t I t l on ot t h Lone

of trBn slt l e n w ~u ld i n vo l ve g~ ln or losl of ve r y l a r ge amoun t ~

or .8 t~r and sinoe t he do~ln~n t trend ha s be en t ORa rd shr 1nk

a ge I t 11 t houf';h t tha t t here mu ltl be ,f'.Il rk.ed l og In t he shr i nk

age of t he 10. lir p" r t of t h e rr~ !lh • • t e l' l ens and t hrs. t t hi s

pro~e (; s h r.s mad t a va i l abl e l .rlle ,,~ounL. of wa t e r a b o ve t .hoee

pro vl d d b1 curr p- n t hn d recen t l y pa nt r~lnf.l l . S l~1 1&rl y

it 1 t h ought tnnt ,. i~ ld or ;ra te r fr o'3l: ehrlnko. f".6 of th~ b o t 

t OI!'l of t h e l e u ll!t h~ 1 l1 r1ite d , b~y M th~ I nl tle l t h r e e or ( Ollr

f eet . t he mu r r d l o~ ~ of t.csd th~t .o ul~ ba @xroo ted fro~

f: l1!: t l ne d ove r-dr -e f t , 'l'h l r doctr i ne 1 8 d l f1o u:! .lu,·d i n ,\ p'Pend l x

I I ent1tleO Tim CC CIrT OF BOTrOM ~TO~AOI .

he t e ve r vi e w I !' he l d a ll t.o t he Etle ctan i :-m o f the ba aa L

ws t e r body , it is e Ie s r- th!lt 1t 1. or the y;r a t e z t l :nporta ooe

to de ve J cp fr ~'$ _ reee eu r-e eer. t s , !rll9 t hemD t t c l l ~n. lY$ l$ . and a l l

poss i ble Inre~e noe rr~ r,e o l ogl e and other f acts. oompre 

h~nB l ve and Bou nd und~r s l~ . dlng or t he be havior of t b1. ground-

- 131 -



• t er b ody and ItE ~6t &nd j.r oc e 1. futur e r~tpOns~8 to sb or t

n~ long l e r Y r l. t l ec e I n r lr. t al l ~nd d r a r t . To . c eo pl lph

t .18 ..1 11 r e qu l J'e c onc e r t, d r.t. t e e r t ce in Gl. tl'if' r l ns ad e <;utl. l e

da t a on .s lld . r Inf$l ~ . une c!.r f t , 8 8 "'e l l e e on r. a l l n ity

en ot her el ~nt! of QU I 1 t y .

In c pr l _ l n WII YIR t he on<:)1 ~11u r-e e e , 1 . 2 , ~ , !t!'11 4 , C~-

f ned , a rt} e tte r 'ro o 1'.. t !" e f f'!' l r l HII 01' " r~ . It lilt

not n e,cee aar l l y t rU!' t h t t r s l 5t t l on:!' h l p e ~ t &b l 1!'h!Jd I n t he

H oI n I u ar" • • 11 1 l',o ' d, I n he Pe rl Rr..r-ber- .refl , bu t it 1 s

d r I r.b l e t o t ~ul t e o- r t In OO~OD ~8 sure 8 or t he two f or

e o or l . on . It l . 1. d one 1 Ta b le 11 .

I n ad.dItioD t o the r eature s l i s t ed i n t he t ab l e , cer t a i n

other di rrer",nce l Ere k:.o1Jn . Po r e.x.:~:p le , dur l nl t he pa r l

20 yeer s . t he mOt t r a pi d ch.~eF of h• • d i n the Honol u l u ' 1 8

t . 2 r e meh , bu t do ot e ~ t l 1 ~x ee~d , 1 f oot in one z on t h .

I n t.r:n~ or l' orere a t t!"'e 1fll t e r t ab l et , u e l n t 1"'e ve t ue or

200 ~1 1 10n g411on . p.r r oot . l h l WQu ld 1 ~ l e .te ~ Kee' .· e

or d~ r l e l &ne 1&~ of r, 1 nr~ 1 1 1e re)r.tl~ t~ dr t t or th~ ord.r

of Co to 7 . 0 •• thr ou",~ a ~o t ", w'h1('h 1,- It t l~A' t r-:,~ r"' l ,.

contl .tent with t h. kn n v. rl. tlon~ of dr f t or r r~ ~ rA l

i n t ltke .

On the ot.be r- band , l r e f0Pl:r l H. r ho r ee n t lfi" . d 'hAe b..-e n

kn o n t.o r tee a t l@ a lOl .; a n po a lrl b l e 5 r ee t i n • month . ..

- 1~2 -



TAb 11

83 .:!lO

124. 6'7

Pefl r l Es r or

D Il0 ROL.ULU !I :.

226 .11

Bl!..~ l Int.1nt Dr" 11:'1 r
Ar e • • :..q • • 1; .

Hon ol u l u
-----

Tot. l A~p.rent Dr.ln.~.

Ar en , t q . 1.11 .

70ta l AYera~. Ra infal l,
• •O.li .

(

De~~ l Int.~~ Arep R. l n
r aIl , • • O.D .

AYer. ,. IntAke Are a
RA inf 11, InQ~-~

129. 0 368 . 9

Lentth "r Out r l .,..
....h Ol"e l 1n" , IUle.

Intake re. Ra i nfa l l per
~horc l lne MIl . , W. O.D .

12

10 . '75

10

5 t o r r e pe~ Y~ot a t a a t e r
abl e . ~ B tlma te from
H~~d Chftnp,e He.ldu~ ) . ,

M.G . 200 1450

(

Mea s ured Dl . oh. r~ 19• • ,
&t . O. D.

Iha.x1.m!:J Mon t h l ,. . .. .. n
.ed , Feet

ODthlT ke_ n
prt' -11l4 4 . p.,.. t

1i!1nl lIo" t hl- Oonr.ll
~ 8n H~. d. F~ ... t

6 5

(••,.. rcsa)
31 . 10

( Oot . l W6)
2 . 0'7

254

(Dee . 192'7)
26 . 10

( Oe t . 11126 )
16.80

( ~.l' . 1 944)
16 .05



(

r 11 of 80 rruc ~ p :5 t o 4 f~et I s "pI:er en t l ,. l e 8. f r e quen t .

TI.e"'e ~npf! ~ e !'"I@> rt!l f'@ t .. ~ ry . e 1.1' r d,lf re r enceo s

i n dA l l y d r ft. enl3 ~ re cont'l l ,ten w1t.. t. b~ t ect t ha t P oe

~. i l,. dr f t 1 \o- eo 1'8s r l Harbor a r ea u 1 I n one month dr op

t o t~lrd of t rA pr. Y1 ~u. ~~ t~ a nd t te l t te r~ tl0 or h i gh

t o 10 on t ... i n a 1 ar 7 ~e 01'c r 9.;1 . Oel t be e s. t l u t e

or 1450 11 110n ga llona r e r root fo r s t ora ge 1n t he Pearl

Hs r or ar 8a , t cha nr,ns or 4 t eet coul d perhQp~ .~sn 6 .0~

~11 on r, Ions r or.th , t nc ?Cr hs p ~OO ~ . O . . Thl ~ 1 ~

1n Une ...1th diff e re noe 1n 1Ile n dr a f t or 80 to 100 . 0 . C.

1~-1 8 1n 11nr 7 1t h dl rr8r~nc~ in m~ pn dr~ rt or a -t o 100

K.G. . Thl . I e l i ne w ~ t~ ~ lrrc~r.e e in ~~~n ~ r~ rt -~r-ao

to lOO·-tt . O-; IJ. The!"e dn t ll ..... \"8 cot • Y!"t "-pen PO rul y 8nal,.

~ed 8 ~ t o~e of t he Eonol ul u are a , t ut ~re eon$l s t en t a ~

r r II 9 we e n ".

Ul: rI I'L': CO,H:EiATl u 0 ,_ I s , .J., 1-... • .... }·D 1; D

Becp u~e .,1' lesl eom.p1~ tf" d &ta t he ..1& t.r;e: t ':'otl l a nn17 !l11

or r -1.n ffll l . dr r r , rid hI'> d in t he Fe r1 tla rb? r a :-eD ba a

be n =ar Ipd le ~8 1'8 1'" tl a n ~h.t tor tte Honolul u ar e. , but

~ ome c nc l u~l~n~ Cfin l~ 8 ch~d . A r&lnf 11 r .o t or tor t he

~rl od I gzS-1940 hn~ be~n d rlv d on tte SDMe bc s la a tha t

e rl l~ 1'" u eee f or tt Hor..ol u Ju 8.1"'0 III . .. . 1f1] 1 no- be d ee r- Ibee ,

The r~ tl0 o f Botus 1 ra 1nf tl t o n o . 1 r In r . l 1 fo r e,oh

c ont h 1s dete r=.ln oo r or- t le ten r lillnr... l1 e Lation. u~ll!d .

:-.e s quare r oot of e De n aucli rat I o 1~ d ~ t-l"'1 1n..d . Bo t e- t~e

- 134 -



(

rat i o and tr~ 8quare r oot , in uRe , 6r~ multiplied by 100

80 t Mt 100 1s e que I t.o norma l r lll. l rJa l l . 'J't,e 11on t~ly f 1

~ure. now con.1ft 01 numbe r s e bove end be l o. 100 by tr~

s qu i.r e r o ot of t he .ct.u.l v8 r la t l on of r~ l nflil l a bove I:lrA

be l ow n or ma l . l 'ho 1: e monthl y nwnbe r s are n ow CUID.l11a t ed by

add l np, t he .,XC tHS a e ve 100 and ~ ubt.&".c tlng t he deficienoy

bo l ow 100 f o r 6 &>. o h rnor~tb. , find 6 t1t1 o h mon t .h ded.uetlr~ rro:n t.he

new total ~t of it o abso lute va l ue . The proces s 1 8 e ho an

tn Tabl e 12.

TI.BLV 12

' .Tf O 0'' ' CO!tPUtU f-'3 Hr.IlrPJ. LL YU '(:1 1 Cl;

I-
I

- ll
- 42
- I ll
- 16
- 33
- 40
- 53
- 57
- e ll
- In
- 07

-114

Cumul ation
Ad de d ~% orr

- 11
-4~

- 2 0
- 16
-~4

- 41
- 55
- 69
- 92

- 10 0
- 110

- 118

e.oo
4 .08

1~ . 7
9. ~5

5 .89
8 . 41
5 . 46
6 . 3 3,
4 .
6 . 96

10 . 17
4 . 16

Actual
R!!.1n1'. 11

Ro.t l 0 . t..c t UA 1 to-ISqUfO re Root ot -
~ ~'_O_r=_=a__l_.__( x 00 ) IR. t t o, ( x 10?)

7 0 e ll
46 I 68

150 1 22
106 I 103

67 8 2
95 92
~3 as
71 84
55 7
79 89

115 107
47 69

------

(
The r i ne l 3) debi t ed cumul~tl on. hs v~ bee n f ound t o

c or re ln t e wi t h dr eft ftnd he~d to ~ve £~aller ~tandard

de via t i ons t.han fl ny ot ~~r r nl nfell r une e t ce Y"!t dev1!1:ed .

- J;~5 -



(

U ~ ln& anr.ua l av~ ~ p. e ~ tor ra i nfa l l funo t lone . t or ~att ,

a Dd t'O]· heed , hi f o l l owi ng ftG,W& t,l n w , der 1vIf!d by l ~ e t

·1ua reo _ :

D : 4~1 .4 ~ 1 ~ .9 a R - 12 . 0 1 U

r~~re D 1s dr ar t , RR 1.

t , P r' Int 11 rU1"(~t l , 1 00 J; 1e U'.e eeen Nt d . A. s t h i s 1.

wr l tt~n t ~~ vc lue s tor RR hR. be e n a f s ln d i vi de d by 100

so thA. t l1 0 r lDRl r 1, f oll t or one :nor-.th 1_ 1 . 00 .

Th!e e u~ llon !\ll< e t e t hat wi t hi n t he r' nce of he d

f l ue 11l t 1 n r (' pre!l~ r. t ed in t ro r lod 1925-19. 0 , t t..e I n c reR• •

ot n t .' tr 1 l e \ca c e f or e ec h f ot of r i l e lL Dd i f a b ollt

12 • •G. D. IL d t ~ t e t, n h 'lLd of 17 feet (""1 . 1~5l wI t h

norsal rt i nru l l c - ulati on . e u : gb l e xp~ ct a y1eld of c bou t

4 ~1 - 20 4 , or ~~7 kt . O.D. Duri ng 1944 , e x c l ue l vc or r r 1r.

l c aka 60 whi ch i s r e l a ted t o ~ead , the t ot a l y Ield appr ox l 

a a t ed ~20 W.O .D. Sl r.cc t he r. 1~f8 1 1 t~ 1 be en Ie. ~ t~ ar.

nor a l Lhere 18 re. I On t o a peet t hat lo~e b~ne fit c '~

f r o':l s t.o" " fle , but we do n ot he ve full data t.o 0" . 1 _ lth

tl~l. r"c t or a ll ye t .

U. l n t.he e qu a t ion a t e c81eu l a t lona h.~~ b~ p.n a d

f or e a ch mon th t r em 1926 ~o 193 9 , sbo~l ~~ t~~ dl r rerenee

t ween a c t ua l r. t t r. t draft c~ 11ed t or by t~~ e qua 

t i on . he.e . ne. t hat durln~ ~rlod . or f &l l ln: ~, ad t~

'PI d . .. or -e e t.e r- a r,d wi th rl e: np: b ud 1~ . ....... ter t t:a n

t ~ eq J. tion c oalls f or . e e dlf fe r e l;'c• • , t li. kec 1 the

~onth , h. v b en d i v ided by t he amount or cor re l pondi ng

- 1:1& -



(

hfU:'d. e ), 1H'~q ('\! prope r "lgn t o t hOal the ilP'-r e n t. 4-:0an tti o f

ftxce" . 0- d f"l ele~t _ t f't" pet r 0 . 0 1 foot ot he ll o c t ur.£e .

Annu 1 ~v M ~~. f or ~h e, r~ ~r lent l nr ~ to t ol of l EO

-----
uant ltler or •• t e r per 0 .01
r~ot hes~ e ~ n • ~ l ned
exceaee p er.d derlcl~~o lPI .

B~ ~ed 0 ~ont · 1y ever ~ .

(KIllIon. or ga llon. pp r 0 . 01
' ""t. l

1926 11 . '78 18.8
19£7 2 . '79 20 . 2
1928 11.6 6 2 2 . 3
1929 12.70 20 . 5
19:10 14 . 011 22 . 0
1931 14 . 11 20 . 4
19:12 14.83 22 . 4
1933 15 .62 21 . 4
19M 15 . 55 20 . 1
1035 15 . '75 :;O .~

1936 15.45 20 . 0
193'7 15 . 75 23 .4
19:18 111 .12 2 :5 . 0
1939 1 . '70 21 . '7

J,. verago 14 .49
- --

~ er~ v~luP ~ rerr~ pn t t t p rur.r.lr~ r~t \o t ~ Y P n IUB

~ftt here re ot r ~nd l 10n. e u .lr~ aat n or l o! s or
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(

rr ~~ l P2C t ~ 1 9~O ·U~ ~ p t ~o~ s ys t ~a tl c d~pR ~tQ~ •

.o..~v!"r , t l': c .nt'!:-a1 " rr~er.!ent 1, !'ur pr l s 1ngl y c Le oe and

i t !I "e l 1e ve-d h!.t t}.l!It Il V~ rA re of 1·1.49 iI. G. flt"- r 0 .01

du r l - C'n t.!" ~rl~ p r .~ t~r va l l . 10 f r o2 r ock s tora g

near t~e . p t .-r ~b]e I n t t-e Fe arl lie r h or a r f!a .

Ott~r appl i ca t i ons of t~l r a nd 1 pr ov d ror ~la . are

A T ' 7 T ~. ( 1.)

Eetl~ tp . or • • t~ r qu- n t l t l e a

e l"w ..-e Been that p reeent. d ata i nd ica t e a t ota l

~sln f8 1 1 on t he Pes rI HArbor t opog,rephle dr. lnag~ area

(1 ) ·. hlle the fo c t ual materio l l n t hlo r epor t pertaln.
e !': l .. rl to t hl! Pe Rr I Harbor area , 1t 19 una..,ol d a b i e
t hAt t be 8 ry an d r.a~ enda t i ona 1n lar ge 4 gree
a 1 to bo tb t lit ttono I I u _nd Pe a r l nar bor are a . ,
•• oonald~reCl b y the wr ite r a t t h l . t 1me.

of 432 • •0 . 0 . .h~n r.or r e c t ed t o c or r e spond t o artesiAn

.ren :0. 6 t hl e Q~ount. to 4P.O I .G. D. e Bee n o h flrl l1
(

t or t no Juc I ng ..ucn o r tl e oe e t.e L p l a in arf'l!Q, nd tt:~ n e t

amount or r I n r. ll on ~ound wh~re i t elr~t r eRcr- the

- 1 :>8 -



Area 6 bABel .ater 18 eeleu l a t e &t ~~ X.D. D.

::e Y r-e I a t te p t a ta ve

Le t Inf l1 trrt l on hy ell t r ac t i on o f . ve por li en , tr r.s pl r etl on

a nd r unorf . ie re a u l t !" , i n 1'81.... t l on t o own dIonft , a r e

euch ae to ahor thAt no val i d ~. t1zate cnn he ~C on tte

ba e l$ of fl'xllll t.lr.p:, d e t.e , Fo r t. 8 pe r l

o f h e od , d r &ft. 1o["iJ r& lnf&:. 11 WIUI de , usln& a raln!'l~ 11 i t: e x

ba Aed n t he ..q ua r e root. o f t.r.e mon t h l ,. r a ti o d ob i t e d ~~

~ e e r- Lvec o q t.Lon indioat.ea the &mount »t wa t e r'

t ? be e xpe c t e r B e l r~e r a i ne. l l ol d r CHd c ond:tl ona ,

i t he fid 1 . to be be l COnE: nr , t s h .:>u ld LlDd"rs t ... ad t ba t

8uch i ndica t e a:ll .:Nntll a r e not e bao I t e , L t t.t:er D. r poe tu-

I a t ed on t ile e " l. ting . t a t l oJlll ~nd ~ t.h • of dra ft . it

t he bu ll 1 of I 'JI!.' If' 8' t . t., QIV' 1n f fl'7 0 r bl~ 1~e . ll 1" :r , It Ls

probable t h&t 1. r gf'r • 0 " t. of ..a t.e r or t e dr " n ro~ e on r r -

d " n b l e pp r l od ", , flnd t t.;l\t t tY' •
" rrt e might t:ee:r. t !) te n° .

f!'u r l l or e qu l i on . Howeve r , 1t 18 t he wrl t s r t ll vie w t "'a t tm e

a ppa r nt e xce a e araount .e e re ) ike t t.e appa rent e z ce e ee e o r

dra1" t t h ... t are foul' · .. t t 1 s or very low "~ad .

a l 10 . nee h 8 be en d e or red u.ced l e Ak a ge . rA f or d r-tt rt

tr~ wa te r tab le ~ to~. bC , tL 8e exc~ a2es e .. b11 on11

d . n storage a t po i n t e =or e remo te t~.n t t

( wa ter t able • d a loe ~ r' o t a b l y n ot t r'.t l y o n e ,

liulld 1 un•• a c t lon s .- 1 11 undoubt.eod.ly l ne r -as e flex 1-

b l11ty ot oper~t 1on , glve R ne .~ure 0 1 con t r ol t o new p en c l e s ,

- 13tJ -



and p robab l y tor n c onolderable 'P! r i od apl't' a r to yield 8

u ..a t e r t otA l from t he wholf!t a rea . There 1a atlll ur..t e h

r oo:! for doub t if t l~ wst e r 1a m w wa t er i n t te fl 41nee or,
u ltima t e s uppl y

COll J}TJ.t:j' -J 1\0 lift . FT " UAn'I'J'I ! S (AfiU 6 )
( .o,», ,,"c I udV" ~ any bere fi t f r om spr iT'Sa )

r
na l n r a n Cond i tion

25

th'lp.n 'Head
(}'e.t)

15
-------------t--------------~----~

Under 6 . or no-r:m 1
1'or P":" eeed 1rw ~t;.r
(- m of' 1 5 )

0 "", 1 eh f . n

114

I ~I

174

1III 2

A}<o .,ut 0.1' in ey.ee a ~

or n":!r1!UJl tor 1 08.1'
(::nd c(' 9:l 'l )

( 1 ) !l....d on t a-e

2 52

o : 43 1 ~ 13.11 RR - 12 . 01 U

Fo r e eapa r-Le on ve no t e t ts t tota l Pea r l Har bor dr ' f t

1n t he poet 20 years he z. for $ lngl e =ontha . been os low

li S 30 )f. G.D . and ft !oi h i gh DS 275 !f. O.D. , a M f or 7ft r ly o ve r-

agsn the extr eme s , f rlor t o 19 ta . we r e 1 4~ Bnd Rb out 2 1 ~

AI . U. D. re fl~c t lvely. Thl'!!! e f 1g:ur fHI or ue e h9 ve I n e l u d ""d
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water t aken tr t h f: PeDr l Harbor t pr l ng e ; t hOle I n the

t able d o not .

Table 15 Ind leate ~ the amoun t r wat er cODalde red t o

be BV l I a ble f r om ~ ro 6 unde r oer t ain . pao ified condl~ l on!.

The ae eat 1 te a a re b• • ed in rt on the o cp etion 1 ven

a bove . Rnd i n pnr t on e xl etlng eppr oxl~ te dRt~ . They

reprf'!itlJO t t !- wr1 t@r ' .. pr".",nt p tu1 1 '!'d 0 t nt en ,

Th o 1 e d l 0 t e q uo s t t on leh e et ee e 10 whe the r d r e f t

. 1~ il l. h o" Cl 1nr t h e e d dl)wn t e 1 ~ f Cl'tt 0" ~ f)~ 1.,.,e r

vDlue is sate . 7l"l c if JJ lrf l cl\l t o,!'! ~ r " "' F.'''T'' ~oa ] l T .

To lo~er t he h o d to 15 f e et an~ h o ' d it there 'o~ ld pr o

bably , a t p ·e n , rin "~ 1 1 n l t'j e .1l0 ilOl!! e t, se v-Ml l o~

Un ~l ,..r pt-odue trs- ,tet lons . ....1 eh wou l d di s c oura ge d f t

unle .. • tl e ~ed we r-e (" x t r l'l. o=-dlna rl1T ee ve ee , D fl p! t o t he

f act t bo t t h e l... r.d 1n 1944 e n t be l ow 1., te t t o r f our

t "s , 1 t 1. n 1 e xpe e t ",d tb t t 0 d ll'l l l bl! t a ken be -

l ::rR 15 r .e t a nd he l d r eo fo r ny pe r l od of 6 'Ilon t hft or

ore u..'"Itl1 t l ."a "t 8 0 the af to r 1950. 0 acco:p l l Bh

tr~l . , in t.lte wrlt fO r ' . tl t l a te , ..~l d tak e ~ DII Or e- ! &vQr bj e

l a 1 'I t o f l ..... 1 a t t1 o. D: , rD -or'" 0 "me~ rtNl c t l on JI m
nee-d . e m dl ! ;to. l t l on t o 1« n ore ! olin11 , t han 11 poz a lb l fll

at pre s e nt . Thl ~ 1 er t v Le n t? !f~71 f1.r t~ftt. i n r ccpp. c t

t o ... t or 'ill 1 1 tj 1 ."\·11~ "" U ".!' to .... 0 1" """ ",..." Ij ~e l 0.

15 r e t . I t.~ ~Tl!!1t rr- fIIt"t'11p"''3!l t .

rio e ve e , it iF: be 1.. ,," d tha w" e:1 ,. l r prQ",.cir. he l t

- 14 1 -



T~BLII 15

~T!R ~U.~TITl~~ I . ~HF~ 6 ( . G. D.)
--------- --,---------

Head t o be Ma I n ta Ined
(Pee t )

Ccepcne D t

-,
I

ater d i rec t l y e va l labl e
fr c~r~nt or%n l
~. lnr. l1 IndefInIte l y
( ~t.ud1 Plow . 1975 )

ddi t iona l • • t er d~r I vpd

fran He ad l a.prln~ at
t wo re"t per .... ... 1" ~
• • t lol. t fOd

dd iti onal • • t e r pOE . I~ lT

d~rl v d I" 1JJgtt~~ " 10 1
fo l 1u.l nc He&~ l owp,rln~ or
!::>ur f e ot 1n y!') ft r or 1 ,.

f " tor tI'J.1cen c'!.1r ::,," ntl y f"r~

P'!8r l Har bor ~l)]' lnp: r.

21

179

---

( 20 )

I II

215

( 20 )

15

~51

50

( 20 )

B

c

D

#at e r ap paren t l y e va l l hIe
rr~ pr~r ~nt r~~lr~s a t
1nd1c a t e d hell o ,

Tota l under mos t t~ vor&ble

ut t.~orQ~1 condit i on.

'T o t a l p r m.ane n t

113

241

241

50

2 e5

47 AlICE

209 i.E

(

Tot,, } pe r-ea ne nt , wi tt- out
lnore se a t apr l ngs 19 9

- 142 -
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or t ho wAter now pr oduced rr~ a r tes i an wel l s ha~e be en

r eplaced pr ope r l ,. de@lgned ba Bsl 8 tQ t lon~, aDsuml ~ tha t

t hose now i n ~o . t pre cari ous positi on i n re l .tion t o ~ a l t

a re lne lud~d a ong t ho e r aplaced , lowering of t he heed

per~s nen tl y be l o. 15 feet wl 11 be pr ec t l ccb l e . Thls wou l d

proba b l y r esu l t 1n 6n a ve r a ge .te~d1 dr. r t of 270 K. O.D .

Yl t boa t Incr e Ie 1n aprln u.e , or over 00 . U. ~. a 1th

t.: e t r the p re. s u r e of neett end t he

Rr o1l' t h of ent.e s- pr-Lee t o br i ng abou t t t.e e ap e nn t Vl'l e onye r -

~ lon. men t l oned w11 1 reach t r. su ~~~ s ted s t _he by 1960

or not until af te r 19 1 8 not kno¥n . t pre pe n t .

Mu ch tl'mpt.r.. 1 1 1".. , bee n gl\ien b y H. T . ("leerne to t h e

oetrl nlll t b t. t cper-a t t n t.he a r t e s ian s' lllem a t. 1 0. er h I!' dl

...111 ~re A t ly Lnc r-e li e Lr-tf " DOun t of' w. t e l ' l V3 11 "bl~ b y r e 

~ucln~ n t ur81 l • • k.~e . ne ~) p o by p r otint. th~ int10. or

.." ter fr o=. ot~ :e r . r e 2' . (1 ) I t 1. belleve d U: t t e nd vBDt -

(1 ) ~ tf}.rns , h . ' . 1 • of h . , Di v . of n yd.r-ogr ll''P by , uul 1 . 1 .
p . 45 5 , 1935 .

" . of ).,werlng M ad ill , . a a pol i cT r.n li 8 a be . l !l f or 0 t l !1.1 a -

t1 c e ~tl 'l'f t fl! o f r ut. o r-e wa t.er Bu pp l le ll , hR .. be vn overe t ted

g "'d U lft t I n "uf f l c l en t con l!l l d8 r t lon b•• bee n ~l v"n t>,. Dr .

e t e ~~ to the rob l ~M of r e t i r e n t or I r e~ l n • l Ie t~R t

w~uld he I n Ju~d by e head owcrirlF" , . n~ Lee e t e TeI ue
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b<><> n • t t->d tl-o t " ; . J

h .e f or ground .a ter fttor. ge dur i ng we t year. and reduc~ e

lta.1t . ~e fron tJ'e bs sl l h r our.J tj r Ings '" , ( 1 )

(1) ~ te.rD• • H. T. ; T. ~r U. , t 1Y. of BJd r or rRpby , Dul l .
S . p . 9 . 1940 .

Thl_ 1_ true , bu t o~ 1 1 . t o . 1nd the oon t llctln pollcle ~ a nd

need . o f t he r rocd-ec trol ","oa p . nd of t he p er-<!~ ve l op.

_ n t g r-oup I n t . e 'lMn. ", nt or d a l - p".1r'po tle dams end 1"f"P@l r 

Yoir. i n ya r l u s proJ et I n t he United t ptee . ~ lthout

doub t t hn ~.t~ . t tot a l a !!'20un t or ... t r.r e en be eeeouneee

ted water ~ ~~e.!. t pr .t y .

cond It ion of ~8r~t7 h- ~lrtu o f I oreO wa t e r 18 8 chl e v~d

in t he Honolul u-i'oar J U':l r b or a rec be o.u8e of t e eontl nuec1

\l II' or ••11 • • h lch w111 not. \l!ac t :"on s,QCoe. a1'u.lly I th t o o

d ras t l e a lowerlne 01 d e , he que l t,lon or h o. s r it w11 1

e vent 11y prove r . . 1 1. t o l o.er t ne he d . , _Den rrtealan

wel l n ~a ve ~en co pl t . l y replaced by ba pal .tat1oDI , I e

one f or whl oh t~ p n o~pl~ te n ~ Ar w111 rP Qulre or e ey e t

'en ] edr:a of drnn r-ht p ob e. ~1 1 1 t 1 , Il f'lrt a :=l OU t a RT.d - n t. • :)!

1 to or 10 B rr~ • or8~ , t n we y t ~VP . r.a t a for

l ta t 12t l ce l a

H -

d 1'0' 1 -



perfectl,. f :-om pa.~t and ~re e n perfor r.ce . I nee u1 '1.1 ce

b0h !ll Y or . : 11 e"r..('r.<! on eO'"' l @te eonvpr i on or sl.t .on~ to

t "'@ 1 • rat tr en "'lr1l18 II ~. pld ct.. " _ of "'- fle d

. 1 be " i t l t.e ... .... 1 t t e . d(' lt lo~ l f'fr~c t. o r 10PI t r _t or 

R e , a nd ~-VR ren t increL ~. in .v. l 1 ah l~ ••t~r ~upplJ rlur l n~

swe> (! 0 $.."" 5 111 only 1n pe r- h~ pf'r~"nf:n t .

e d o n ot oc r..,- }. t 'df!' 1 bC't Pea r ] nllrb or tint!

E o~olu 1 u r re~ . mw y ult1 . t ]y be I. r e l y 1 ~~r·d to ? ~ rhur !

12 f' .... t filbo l"e ,. to ,. v .. r IIlvt!lr , trer ft 1. ab undlHl t. In~ l ...

cst l o f t rnp d l oye r ~n of ad , t o f"J ~\~ f ! r:u~t" , lIIay

w1tl 1. «t or t 1" ~rl~ t'.n ~O ~a r:l. , .. 111 i n vol ve pu c

drE ti r ~~ 1r~cft lon of, r o uc tlon r 01 1t1e a , allcb hoat i l t 1

e t.l!~n r t.i t on Y :" 0 [,1'5 :- , .. r..d luch coof'ua1 a ll: to t t.e

8.:!!~U t e end quali t.i os of 1 tll- . t. l lcd s uppl l~ r lDa de ya U 4 Le

y 8n7 pr ocmdure , Lh a t i t 11 ~e g. ~ed a, u sa f e pub l I c ol l ey _

't':'l !" 11:~ a nd l r. r.-rt 18 of t he 1 1 ! f!.1 C . t e t. t t 1 t' 0 -

,1dered ~~ th unlike l y and unO ~ lrR 1. for r s pl d o~ dr a B 1

e l!I nr, f'! to \. mndf .. T~l! s Lr e Ir~d t nt'rot.i . er-e t h t>ydr ol o-

f,'l e - nd ee on 1 . r t' ,. plr. ~C'n r t he wr lt ., r t .e r O!l l t 1on

or u 11 ~ ~~c ~t t~l . t ! ~. o l ~ ~ t - t ~f pr • t1-

e n t - rl,. ,, ~f C"" l b" r . t ,. (!,. n e er o t s t e e e wi tt r ro I n '':''

~nowled,~ o~ t~r loo~ ter c onp~ - ~nct!'P . Tl l • • 111 In vol ve

th ... e onat r-oe t.t n (\1' s t, .. .. n . f"\f t'"- f!o be e 1 t ype t o e ve n t 11,.

r~~l e~ . ~1 ~ v~ ~ ~ n t , pu le ly u~~rl , .rt~ . l .n .~~ 1 8 S

••11 . !1 onllnulr.r I rA c entrlt-l l 1t1~ t he c o l l e c t i on &L a r.. 1, 

~ 1 . or da ta . r a remount in t he wh ol e- proce C1 ure 1_ t.he r eeognl -
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t1 0n or t~~ ~! Y or t~c p r ob om OG 8 whol e ~nd t~a need t or

oAnt rn.ll z~ 1j ~.t1 d lU:noe . Le ,1 l a tl on n l!tl1ng a t; a gr oun d -4's ter

oontr ol e o.... ·., l~ s l n , ~n lc'h e s e of"fe r fJ. d 1n t ue 1'd45 Le g Le I 

t .u r-e , ro d on ; c h a e t t on " BS d e r e r-r-ed , 15 eee -eeo a n t :.npor 

t ant and neC~ B $6~ s t e p .

e fl l z e , neol o r,l e e t eue ter-e , ond el1 ..ft t 1 0 81 t nstlc:'n

or t h e Uon o l u ) u -I'etl r l Efl r h or t: Pl r e l a t f! T ~Y !l ('l .... , .no ~ l'!r"" 

c 1a111 t he d gr e f' of d" .,.elop~.ent ~nd c Le s e !lp p r Ortc1"- t o f u l l

ultl~R te y1~ ld , ~ke c on t lnu~d F.tcdy of every d e t 11 of I t n

be'hfl v1o~ .. nr ee esl t y 't,o t h Tor !O s f e t y a nd f or t r.e mor.t 90 0

n oe t e ope r l ion . 1.. 1 1 e x: l s t l n p: r r ogr wf:1 fl: of r-e c c r-d f.ng o!

dr 6ft , r inta l l , he ad , und s a l i nI t y sh oul d be c vn t l nued a nd

no o-p port unl t y l os t t o supply ml ft s l n fi, ~ I!. ta 1nd t o 1mpres s

on pr i vAte OWner ! end ere I ,:,.a l l~r opl!' r rz.tor!' t h f!' ne ce e e Lt.y

fo r p oo11n lnj'or =--t.1oo. . n ·. r 1t l ag t r-;.e f ol l oll1ng s e c t i on ,

t h e wr i te r has r efe r r ed to t he ee c r-e nd ue , Uni ts of A Pr o 

gr f m or R~ s e & rch on Hydrol o ~l c probl . ms of t he Honol u l u and

Fe f:l r l Ha r b or a t.e r- Sur. p l y Ar e e , d 'l t.e d J.u &uat 7 , l Q44 , an~

p~pa red bl 'e ntw or ~h and Sa= ~ on a rt~ r ~ ae r Ie A of c onfe r~ nce .

w1 t b ? t !':e r .. t e l' d eps r t :!ten t e np:1t:Flerfi .

(1) HM d

I n e t B1 I Qt l on of Ifut ec r - l e ve l re e ord ;" !' st. t't,c a ns l -
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k i , WE 1~lu , ~9 iDWR , nnd Xunl& hol e s should be c ompleled .

a pe r i od or y~nrr wi t h t o~e current 1 ~t d r a t ar te~ l.n

w~ 18 l e~B, 190 , 19~ , 20 1 , 44, e nd 265 , 8 1 we l l ft m

t he n...... ,. o l t's wil l n-o ve !! t e ed l c r . n ~"re r-e t t e e IH I

A ~ n re of th~ po~ l t t ~n or t~e ~~ter t ab e and o f t~e

on t l'>... er- t.e c f an e e i t e , I t ..11 1 rroba b y I e t, r be In

t~e ~ubll c inte re s t t o puh l 18h t he re ~a ln gf on tt~ n~.

b ol c ~ in p I : co of t .. oth r-e , It wl 11 c ontinue t o be

u ~ ful to a ee sur-e tl-: 6 e co v" 1"0 or t he wfl. ter t nble a t

Vfl l"'10U8 po i n ts fo r !ilyec l al puz-poe e s , a ! her-e t o r cre , It

l IS: !)llr t l eu lar l :r ur g d t n t , ,, ~ e .ch bo.::a l !lI tR t l on I s

bU I lt , n pi l ot hole b~ ~rI l~rl pr i or t o cons t r uc t i on ,

11 0 e to det.e , 1n~ t be 100a 1 pAeul l l1 ~ l t,. or wat e r t nh le

posit ion , r. nd a i r o t o ~~ r~l t r.tQt lc 08a~urem~ntp to be

e~n t l nu~d ~ rt.r co vJ ~ t l on t

.~ ou 10 0 e ~ t ~~ y rr~ t~

'.1ch '" ho l w1 or t e ~a=e va lue i n rel t l on t o

t h e "'t r ton r thpt of the l nd "' x I'!'el at oany of t e

A rt~t

I ~ ), r.

fl. e trt :<'nr. .

Dr rt

essureme t ~ or drsrt &r~ mad~ a s a z n t l e r or r ou-
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the other I nrgl!"l" putt'plnl; !ltAtions . It 1!1 of c ontl n~ltt'd

Import&nce t hAt d~ tD on draft be c ompiled ~nd t~~t e ffort

be mud!" to ee e u r-e produ cti on rl gure ~ f or e ver y Bct l ve

we ll. epr-fng , o r oth~r point f)f outflow frOl3t the ground

••t~r eupply . Wa r time a hortages ot l .bor ha ve mad e

. e cur ing of full do t e d i f f i cul t I eyery effort 8houl d be

made ft S .er t ime dltflcul t le8 a re reduced t o resume t he

rullest r e c or d i ng or dAt a on d r &t t and s& l l nl t y • • 0 t hat

• qU8n t l tB t l ve inventory can be c~pl 1ed a nd ma i nta ined .

( 3 ) Ra1nfa11

It ha s bee n recogn i zed t hat ra infa l l dftt 8 ore Dot

.~eq~te t o mAke. close e. t l~A te or r a infal l qU8n t l t l e s

on the Pearl Ha r b or lI'a t e rl!'t'te d . Kot even fln a pprox l "!l8tp

spreAd or inland hlgn r eIn f sll reeord ~ ~xlp t f or y~~ r.

before 1900 end th~ nu~bf!r 1 . Inl!\1ff' le tf! n t l i P to n ow.

The W. t e r Rep ourc e a D1Tl el on plRn ~ to lnBtRll additional

~F.P' And ~mploy n~ee • • ArT h~lp t o re ~d t he m ae loon ••

personnel e~n be ob t~ ined . T r.~ rR~B ft .r~ a lre ~ d1 i n

hRnd . Je~d t or a c Arefully l ocated pa t tern of 12 to 15

gages 1~ by no ~e8nR le ~.ened b y t he apparen t imposa l 

bil1t,. of d r dllcinll Fr ound water . uppl,. b,. t he 8ubtraction

method. The r -e. Ln 68ge r e ad ings not only r.l ve datA for

t h e o ve r a l l total Mtl nft\ l l " but a l1 0 t or t he devl i1 tlon8

fr~ t he c ean " wh i oh are ~O ftt e asent l .l 1n developing

t he r s ln f s l1 f unc tI on fo nd 8ettln~ up the v5rIou B ~ulti

pIe e orr e l ntlon pr oblems th a t r.i ve lna re ~ 8 in~ly u.eful
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re~ultl on t ho rc l a t1oD ~ b~ t.een hea d , draf t , and r a ln-

t .ll. It 1 s not to be expe c t ed t ha t r ainf a ll in t he

Pear l Ea rbor a r ea. wl 11 .. 1" . 7 8 c l o sely pa ralle l t r.4t 1n

t he llonol lu a r ea and c ontinuing 10041 da La are needed .

(4) f._Unltz

'The a. l 11l1 t r o r aa t e r drafl1 ( 1"0:4 ••11. and b ;.L s a l

a t . t l on l un~r c10ae 1y d~rlned c ondi tions 1 . ~n e xt re:l y

v81u9b le I ndlc Rt l on ot t he sub- sea- l e ve l cond i tione a nd

1 t I s de s irab le t~~t ca re f ul attention be Ri Ten to t he

ch oo_inc end datining c t condit ion_ _0 t h at they can be

dupli c ated at aome l ater d ate .

(5 ) r .. r r ormano a o r .... 118

ge e e n t, e lud l e a ba ve r ei t e r-e ted t he r. ot t hAt t he

be~.ylor or Any ~ lven we l l 1n re l a tion t o d r aft and

_alinity i . hi~hly indi~idu_ l . and de pe nd. on t ha t ore

and s ize of openings eXlend i ng out war d 1n a l l direct ions

f r om t he i nt ake par t or t he ~e l l . In ~08 t ca 30a we

ha ve no .~~ c lriQ knowl ed ge of t hese ope n i ngs and c n

onl y .p~c ul £te On t he i r c . ar8cter t~03 t he change. i n

. alini t y t bat &re induce by dr af t undpr d i r t e rent e On

d i t.l on. a n .. t l CCerent. t b e B. In aa r lcl n g t.ha l ucce 8

e l ~e ch.n~ee or t re eh • • t e r I tor age 1t 1, hi gh l y i mpor t 

an t to t ake n8mp l~ 8 of wa ter y le lded und~ r undi s t ur bed

c ondi t i on . f r O!Q v f>rlou l d t"pt.!'u i n 8 • • 11 . Sa mp l e. t. ~~n

f l"'3· e rl owln wel l ar~ t yp i c . l. onl ,.. or .• t we l l _ t

be ~1~ tln« rAt ~ of f 1
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l~ t he .11Sht Incre• • e . o~ • • l lnl tr t hat . 0 ~

11 e vo accompany e f r l y . t .A~~ o f sa l t enoroR ch~e nt a re

t o be d ptea~d . ~.n th@y .t ~ rt the init i al 6n~ lqt~r

Dampl~. muat be col lpeted uT~~ r ve ry o .r~ ~~1 1 y e ~ntro l 18d

c Ond i t i o t ""'J:t c ln repr uced , 1I 0 hn t t h e on l y

c hango 1.B t~e eu p pe ee d cb.n~ in &c t31 ground wa t er

a vnl1sble t o the wol1 . Careful t est s o r • ~l ven we l l

~uet be sede ~ o t mlt neCe ftahry condltl9n~ CkD b~ de -

fi ned . e e t.s o r t wo su ch we ll" hnve be n I U" eo i n t he

Hon o ulu a r e a e nd otl',erlll ah ou.ld be 2It d <! 10 tlili t we have

a t l~n ~t one or i l l a.l ohaerv&t lon wa l l i n eaoh are. ,

includ i ng cevttr ll l I n t he l lirgar ta re e G.

Ie) Tr onRl t l on . one

Y~xt t o dr~rt , b aeRl h~ad . e nd TPlnfa l l , t he Ol t

l :Qo:, t ant tt 8 B"U re of t l ' o s t at l!' " nd pr-o ape c t e of •• t f!"r

su p ply 1 . t.he p0 !11 t l OD. of t h e tra l111t Ion 8ur f llc e or s one

b8 t.ft~n r~ 8h nnd ~. l t .R t~r . I t h • be~ n ~mphG 81 z~d

1 n v", r lous 8 t ate '!"'n t 8 on tt- d oc trlrf' of ot t o,"" s t o'!" M

t h a t tl e to bll II -e1OU'1 t or t re ..b " At e r i n a ny p or t i on or

t he bG s~l wa t e r len. CQn r.o t ind i c. ted alor~ by t he

pOl l tl on o r the w. l e r u b l e , bu t co..nJt 21: 0 d e ..end on t he

p os i t i on ot t he tr~, n~ l t1on . ur ft' oe . Tt',e ttlc l t 8. a au:l.p t l on

de in BO::Jl!' \1t. rl 1e r iIlo r k tllill t t.e he l- d c oul d. b e t!lken

• • • me eure o f ~o8 1 t lon of b o th t he wate r tQbl e un

t h e ~r. n_l tlon 8ur 1&ce I nd ~oe •• a n Index ot to~a l

at o go 11 to l l e vsa to be u ~s oULd .
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It t b l 1 1 . t he c~ ao , ~n espec lal 17 s ince t e

trans i t i on Burt. CC Dc cordl ng t o t he Ohybon- llerzbar g

t he Jry 1 s subject t o s~ch g rea t cbb nge , p r ob h I, t h

rk~d 1& • i t 18 ot t~e gre Kt es i mport a nce to r.e oure

I n t o . at 1 0n on the po s i t i on of the t r tJ,fl l l t l on sone , a .

t ba ll! _ f or e .t l~8 t 8 or chan fit. I n tot al a t o r e ge .

It 1. quite e Vi den t . i t t he 40 11 r e t ia hold s , snd i f

t he doc tri ne o r 1 a R h ol d l , t l". t Y1 t~ out t n\dnc: -.ccount

or t l-.ft 5: ctllD. l p oe t t.t cn of the trlll n " lt l on wcee , v l!' r v l llll"p'''

e r r or . 1~ ~ s t l ~ t. 8 or . t o~ ~c o~An~e a r e unav ol ~ .h l~ .

8.ure ~ " t r the e f f eot l Y8 po, i t ion or 't~e trcn

8 1 t l~n p. n- h. ~ not y~ t ~e rn . e e ocp l l ~hed ; beea ull e o r

t ho width of the zone , or tte l r regul a ri tle s of I n t . r 

penet r a t i on or ~ ~ lt n r~e ~b wa ter , an7 val i d date~l

n. t ion . 1 11 pr obab l y be ver y di f ficul t . It h as been

OI1(fge oted e Lee e ee r-e ( . U h i . eport , PP. 103-10 ) tha t a

d l f f u Ri on zone tes t hole be dr illed a nd t i tted f or

c ontinui mea.U~Bent. of the Qual i t y o f wa t e r a t d i ffe r 

ent l e ve l s al l th~ way tr02 f reah to . alt and wi th se a l 

i ng of e a c h ~~t po i nt f r oo e a ch of t he others . Th is

1 8 c on a idored to be the a oe t del lrab l e ult12 ft t e ~th •

Ke 8nt l M8 . cer t a in wel l t e s te a re b e i n g ~d• • ~ loh Ti~ ld

Info'Ml.At.i on of y81u~ an d wl'- leh ehould ('111de . n ,. ~11h 6e 

que nt f lt tlnr. of t~~t wel l .

( ? ) KCl t h ntlstl Cf\l e or"'e l e t.. l on

Moa t i mpo r t a n t ~ r the reco nd . tlone cont.in~d In
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t h e n t or t h -:eIl8 (m W1eDlo r " J".d u..s of A1.18US t ? 1945 ,

rerel' ('e to o abo ve , .L a t.l.at aa l i ne f o r cont.lnued a.:na ly 

1I 1 s .. n carrol. l l on of c a t . on r a lnff' l l , d.rll. ft. , he . dp"

. nd head d l rr~ renee . . Thl m l ' aga i n e r~or eed 8 8 a

neces s ary e nt l n uou8 du l y , ae much La po• • l~ l l nd. pen

d er. i, ly of t.rt' r.ds , ,«~ , e th. Z" lD omton t.a r1.1y f a vorAb l e or un

r avorab l e . Togre YI ~ • • be en ~d on t~ l r wor k , ~ut . 1 t h

t h e o ontlr.uln~ ~har.~p. in d r~rt e ~d l t l~np , n ot t o

ment i on t he e~eo ted i n t al I f l uc t ua tion . , qua a t l on,

e r i al) f !!'l t f" r t t a n Btl • • e r a e l n. tI r ound , a nd such wor k

will be ne~d ed mor e r. t e r than lOIs .

eco. end~d proje o te

h pro Je o t s auggee~d a r e t hol e whie • i n t he

.rl \.~r · . J ua g:aent . ~oa e un 1 orts . t r -e La t.Lon t o t he

• • t~r s upp ly prob l e 3 . 0 cO~nDn t 1 . ~ade l l b re fere nc e

t o projects t hat a r e re l ated to opera tLon8 or d l l t r l 

but1 n pr ocedure •

•8 . t a t &d MbOTe , bo t h t~e hOD~l ulu and Peerl Ha rbor

a r ea are c on" l~.red . O=1 B. l on or • p~cl rle pro~ l ~m

d oe . n o t l2!.e 'n d Lee ppr-o ve I lo u t . e r e l y t t at no p. rt t ul .r

e ph - 81, i s o r f e r ed a t t.bl. time .

( 8 ) Ba 88 1 l"cel-:s rr:e

Co=rle t1n~ of one or s or e or t he pro? o8ed ba • • l

recha r ge pr oJec t a 1. conside r ed ~ r Y~ ry gr ea t lmpor t s Dce ,
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b ot h be CRl1Qt' of t he l ne r oc. .a co 01' va t er r uppl y to 1='e

ex!,cct ed a nd bec s ue e t he t e . t1nc of t hlo e e t.bod on a

r ull ~c le 18 c1 t r eme l r ~' 8 1r.blo . The l on - te r~ val e

or r ue 11 p r o ject C"' r. 0 ..11 be tu11:r a S8&j"ed . r t e r ...e vo r e. l

7 erl of opera tion and i t Is ~ a lr~b le , 08 p ~at e~ or
pol l oy " t d f t fJ r i ns rOrr.a t ~'. Y e expected . Proj ec t s

of this kInd h~ve be~n l a l e o~t for Pe 10 10, Ya noa "

t uuMnu And .Gllbl valleys . Fxl s t e oc8 of ex~ena lve ~c ta

On w~ter l~ velG for t he yLl t 10 yea r~ ~QKe t he r a l olo

project ~o. t 11~elr t o f1 eld YAl uoble da t a On wst . r

qua nt 1t 1es . t t ough t t e other pro j~~ l 8

.~o t s or ~a t~r .
=-=--

(II) Baea 1 ata U en a

Dul 1~ 1.nf. of t s e L " t .. t t en e in the 'I nll l 1. " f a pak o-

l e a , and KAp~ lama ar~a . t o re~ s ee t t e pr ~ent ~al 1 "

Bere t.en1.. , e nd 1.&.11h 1 a r l e s lt.:c. we l l . t a t lont i n . re e .

1 . 2 . an 3 ( ~ol l 1 1 l1 . boretanl" . and Yd l lhl ) 1. r e 

ga rded aB l ~p r a t l ve _l t hin t he n~xt 10 , cars . Tto se

stat l ollt ar. r~ de I G ore r t o pr ovide .u~quAte wc t er

. up 11 . I t.h ~t tt~ eLl. t in t£zar rro~ ~altlnb ~ ue t

l owered he ad , ~nG to enable t hIs publ ic agency to le ~ d ,

raU..,r th l n to f olIos , in t he cr de r l r t r- ene Lt.Lon r 0".4
•

a r t c : L C s e l l de velop.. n L t o b ,a l 'Ks t er dt>Te ] o .en t ,

( wi th a t e ant 810w 1 r lt1G of heRc:! t o • eean l evel or

15 refi t b:.r uno. I t 1& no t f l n RD cl a l 1,. d l' o lrn ) e to
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t o r 10 t o 15 r p bu t it 1, be l \ eve ~ t hat order 17

t.r-ane t t Lon i n . o l v1n g t t., hydro l og10 probl III ., 1 11

J' tit)' It c cc le r t Lr the p. oce s . ~ O-:Je • . t 0 e r t he

a I_ Ie- flnt\ n e 11ll1 pr-ec ure , a s i n !lny o t e r e ee or

( 10) . 1 ! I\ ~ t u nr.flt l E xt: ~ n fl; l on

The e y t &n s l on r t h& d f'v~ l op:1 .,nt t\lnne l .,r "Il l f ae

n11 -

t ions , 1•• ~ro J ~e t .~le~ r~ou l d bp e,~ ~ tpd "~ ~ o~n

a s .ufrlel~n ~ l. t r ~~utl ~ r~ l ef for th ~ ~ e ~ ~ . r~ ~

ha p: b e e n pro vld ~d eo t"" t th~ .. t at 1)0 e an t eo !rut d own .

( I ll ra r r Ul" l ron ,,('nll! t e . t w'!11

I n vl~ ~ o r l ' !!! rl!' o o~ nde t1 Qn ma de nh cve ( 'J . 6 )

t t t e8 t wella, be f it ted ~o 8 8 ~o yie ld ~at. ~ n t he

pos i t ion of ie t r lln lll t on ecne , 8~ t he e r ll er- r e -

e ~nd. t lor. t~.t • rul l , zul t l pl ~ -, lpe In.t~] l.tl on

be 1'1&c d I n So d ee p _e ll , it I s I trongly u rge- c' t "'a. t

a t t.he time of Bea t i ng .lny wel l r!'l • • f'e~ f Or t h lft pur -

p Ol e , t he- -t eli . f u l e on lt ld or!ltl on be r 1vt'o t o :' n st 1] -

ing one or Ore . _ 11 p l~ r f r om. w!" l c. • a t flr ~ 8 l e e

one or t wo I f -inc '" r 1. - • 1ftRdI ng r

n ear t h b otto a nd ~u r""'ounded y t~ C~ e- ~ t ~~n ] no!" ~d

( no t

cont r o l } " l"'a'lr"e e , 1l I"I(1 .. h mI n or l e E. d 1s ~r'!pan ls i
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lUi may e ppe r can r:r a biy be r e eolv d by Modif l -

c 8 ti~~ of t 0 ro~ of &~ree~ c t .

or e ove r , dit f1c cl ~ 1e s i n t he S 8 l i n g oper L1on ,

c!ue t o 'th pr esen ce of the t.e st 1 e , c n r, :'e l u~b11

be overc me more e c on 10a l l .,. t h en b y r i 11 i ng a us

we l l . a t no e c ont1nued e one fder- e t.Loc ot 1"1111 g a new

ve r 1 uah l eB8 e x _lve po~. l 11 t 1 of u~lng QU oc ca alon -
.. l

al old wol1 18 we l l wort . conu iderl ng. Such t.e et we l l a

v i l l . veltu~ lly be f1tted In ea cb of t he bkBol are•• ,

o ol u lu ILnd 8erl a r r , It 1. ~l leYed t.hAt a

• t art 1n t.he' eont.inuo 'e r.cor~lng of" Islin i t ,. tom~. s

f r olS ,ue~ a n i r.a l- Il ltt l i ' on ., or the :<:IS t h,po r t ant

OYe£ we c n ....u i n t he ne e r- rut-..1~ .

( l~ ) rparl Har bo r pr ogr am

The oM l t r uo t.l on of . ..~r lup p l r pr o j ec t!. i n t ho

Fear l lierbCl' ana 1. o at. l y l')1Jte1d t,re ; r ov l n eo or t he

Boord of 'a t e r t.u .... 1 . ... a r e au.lt of Lhe e t udy e l~

report ed , i t 1. e vi den t tr~ t the MOa t 1 ~ort8nt pro~l.Q

fa o i n« t he rearl hA r bor ares 1. t ha t. or ~r.n. r ol=.l

t he e ve l o ent f ell ~ 1~. t or ml~~' • con trolled u .e

of the tot a l lUi 1 • 1 th U:.e pre.ent _ 0 nery . nc. w1 t h

(

t~e p recise of h o _ ing he ~ a bo e L t e ot.nd a511nl -

t i e . at prc:ent va lue . t h e a rea 1. at pre_en t b e ing

ovc l'"dr i7 . '1"t.f) pr e8a n t wr i t. r be l i e 'fe e t t... t tb e he ed

would all a t a eons ! t"r ~ t 17 gI't!8te r rilt6' I t h r pte
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benefi\:.. wore n ot comi ng t r om dee p .toroge . The.eo

ben.f1t~ wi l l de c l i ne in c ou r ' e of t 1 e .

On t he o t her hAnd , wi t h "tlr f> mr'nt of 1:10l"'- we l l e

and t heir rep18e ~~ent by b~e2 1 eta t 1ons . ard wi th c on

d l t l on~ thup 8~t to pe rmit l ower ing the Pear l Har b or

heed pe r ma ne nt l y to as l ow •• 12 r~et in t he c our se or

H .e ne r t 30 y«.I,r l . 1 t 18 b e- 11e ved t hr: t t h e t ot. l d r o. t t

eRn t o . t nuou l l y he l a a s h i gh as 270 U. G. D•• port1

c u l a r l y wi t h Grea t er u£e ot s pr i ng f l ow . I t must be

e~pho tl c nl ly ~ tn t.d t~ t thi s d o s not o~ ~n t hat ant

Di ngl e uPer bhou ld t~ke c omfor t i n aWl .~ B? pnr e n t new

."te r b CC IaUEQ h e rn:a b uil t a b. s :i. l Dt G: t l oL . Onl y by

t il e ",. _ tine of 11 t !'e o ond1t1one of t~,lo "a n cr.ph b y

e l l u s e r-s d ee s. i t a pp ea r t!'~ t t ho pr e f1e n t or Bl lp:,.b t l ,.

gre~ter ar~ft b~ ~8de perce nc n L; undfr e x i s t i ng c onOl

t.Lcne t he pr-e ee n t, amoun t 18 be l i e ved t o be ovftrdl"'sft .

(13) Pe Er ] E.rhor ' pr i n r r ep: 1r

Appe ndi x I I cnrr1es a su~~e s t 1on I n re~8 rd t o

re l r o f le.~· ' r:e or l 'te f e a r l fia rhor Spr l n/JII . _ 'rb i .

c e n on l y be c onr. ld~ red & F a c on ~erv& tlon mea s ur e on a

r e gi ona l b& ~l s und r fcd 'r~l or othe r o ve r~ll aut horI t y .

From i t s na t ur-e , i t is lJrob t.b lc: U t no e lngl e u ser ot

wat er c s.n und r-t.cke i t on U.lC h r.. i,; of snor t - t e r ']1 wa t e r

sup;:. y e e OI:OM . c e ,
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APtEllDH 1

he concep~ or bot tOQ Itora Ee

The doc trine or bottom .tor8g8 I e t hought to be a na

turnl cona~ quence of t he Ohyben- Hersber8 princlple of hydro,
I t .ti c balance be t.een fres h end • • 1t warer 1n t he perm~.ble

rocks of _n ocean i c 181end. (1) Ac cord l n, to t his t~~oryt

(1 ) Br own , J . S. , A Et udy ot Coa s t .l Ground Wa t e r , U. S.O . 5 . ,
Wa t e r SUPp17 r Aper 537 . pp . 16-17. 1925 . Car rIes re 
f"erf!ne P I t o r a per s by W. B8de n Gh yben and Herzb e rg .

t he t're_h ••t er or the .. In ground ...t er b ody f10ate on lea

. a t e r w1th one pert Above r e a level and 40 pa r te below.

Thul tor esc r oot or tre eh wa t e r ebo,. .e. level, t here

a re 40 teet ot treah .ater be l 0. a.. leYel . (2) It t hlo be

( 2) The rat10 l s40 1$ bn.~ on s e a ••ter wi t h a I pec ifi c
gravI t7 ot 1.025. about 1/40 heavi e r t han tresh . ater .
According to exten elve mea lur~ment ~ . t he true f i gu re
1. prob~ bly n~.rer to 1.026 end the r atIo nearer to
i isa,

(

true , then if the wllte r t ab le ehanFtll . b y one foot , up or

d own , a new e qul1ibrlu wil l be r~.e~ed only .~~n th~ loyer

11~t o r rr. . h .a t~r h e s etange~ by 40 t e et t • rev~r p. ~

d lr~ctl on, down or up , c orr~~pondln~ly . T~e t wo pa r ts or

t he fresh wD t~r body , above end be l ow ~~a lev~ l , whie 8re

- 1 -



thus 1n ho l once at a 1 to 40 r et i o , ha ve been co l l.d l2£
and b ot t om . tor _F.e . (~)

(~) lie nt oor t h , C. 11: . , St or a ge Conse quenoe. ot t he Gh7ben
H~rzberg The or y , A~~rlCAn Ge ophys I ca l Union, Trnnaa e 
t 10n., 1942, PP. 683-693 , 1942.

It t ollo,," t r om t he Gh;rbon- Uerzbe rg prino1pl e t ha t ehen

t he ratio or t op t o bott om at orage 1. not tha t requi red tor

8Qul 11brlum, water wl 11 t end to move towa rd t he def Icient

pQr t. Dire c t and r a pid galn~ or l osse s of .8 t~r tDk~ pl aoe

pr i mar i l y in top stors~e by r l ~e or f 811 ot t h e ._ t8r tftbl~ .

Sl owe r , .eoond~ ry ehAng~. in bot tom . tor.~ tpk~ pl.~e in

r e fil pon Fe to t he more r c: p ld f l u c t u a t i on lt o r top .t.,rf!ve.

There 1 ~ pr obab l y s fal r l y tteady l o~. f r 02 botto~ s tor -

age~d lreQ t to t h~ oee~n &t P. nd neAr the ~~• • Rrd ed~e of t he

e o_? r oulr:. Thill: I e pe r t of bbe e qu i l ibr l um c ond i t i on end d oe ,.

not brl nR ahout ~bange . in volume or bot tom Itor age. ~arked

ch.ng~ . in volume of bo t t CH1l s t or age , plu.s or m.i nus , cce e

abou t on l , i n r eBpon e t o ch8~ge s i n ft qa l 11br 1um due t o change

in t op 'tor $ ~e b r rl~6 Or f a 1 ot t he wat er t sbl e . b ot t om

stor a ge C6n ': k l n fre 8h .-a. t e r on l y b ::r t r An af er l"rolll t op s tor 

age; I O_Be. trom bo ttom s torege i nduced by lowerlng or t he

wa ter tfibl~ MUl t t ete pl a ce by transfer to top atorage and

r emovs l ~om top ~tor6 gn b y dr eft or oth~r 8u~ted dl l 

ch!lrt;:o .

DynAm Ically, t op ~ tor~ ,e 18 rre~ t o ru In or l o ~e r~ pldly

- 2 -



• •• net result of exce • • e. or def l c i e nc iea or r a i nf a l l, dr. tt ,

and vari oue kIn~. ot lea kage . But t op ator a ge variatione a r e

damp~d by t he O&mRnd e or t r a n s fe r t o or trom bottom stor a ge

• • equilIbr Ium 1. d l. tur~d .

The l a r ge vol ume ret10 of 40 to 1 , or po. ~ lbly ~.te~ ,

be twep. n b ottom . to~~ a nd t op p t ors~ ~l .e _ tb~ h o t tom p. tor.~

Rr e a t s ta b i l i t y 8 B. ln ~ t r ppid ehanr e orA ~y th~ tr.n.r~r ef

fec t I1mlt ~ t~8 ~~ l Itu~~ of vs r1atlon e 1n t op ! tD~. ge .

In theIr 40 to 1 r a t i o. he t we 8n equl v~ le nt . t or. ~e qua n 

t i tle l , t he b o t t om .r~ top e t or.~e 8ec~ t o he ha ve l i ke p4ired

r e l!! e r vol r s , on e l arge and ene sma ll , c ocnec t ed b,. • p i pe ofter

i ng ~~i stance to tlow. Except t or certa i n nea r ly ate Dd y l eake

from t he l a r Ae r e ser voir a l l ohRnge l ar e aa de t hrough t he ama l l

r ese r voir . Ana l ob1 wi t h Duch r e servoI r s I s i mperfect s ince the

o ova b le bound~rl or bot tom s t orage In t ne roe ks 1 . Dot • wa t~r

8i r bounlj"rr b llt fI r " f> l h "B t~r- I' . l t n w r bo~.ry . a:ove~nt e -n

be achi eyed only b y r.ov i ng aB l t w. t~ r out t o t he f ree aoe. D.

The f r ee 8urf~oe i n t hl tl d lft'c t 1<m 1 _ t he Bur fAce or t he cee en,

T~ gr. t a r e a of t he ace . n , t e rel ie t . nee to flow 1n roe~

trom t~e tr~n. i t lon surt ce out t o t he .e8 bott~ . end t ~~ 40

to 1 yol~ r a t 10 of bot t a: a tora~ ~lve ~r~ . t _tability to

' t he t r ansIt ion au~r.ce .

As • r e 8ul t, s udden or abr upt eh &ng~ s 1n input or outgo ,

e ven wr en .ppll~d to ~otto . t or Rre • • t~r , •• 1e • we ll be l ow

Bea l eve l , wIl l be ahown rl r~ t by c hanges In tt~ wa t er table .

In turn , t he t op s t or age 1. a t any tIme a c~~ulatlon of pl ul
. .
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or O11nu8 erre c h and 8 l ead1 ng e l ement with wh 1ch betto.. stor

a ge t e nd s to seek e quilibrIum. When bo t t om .tor.ge 1s ne arly

in ba lance , t he .at~r t able may var1 t r oa pOll tlona above t o

t hose be l ow e quil ibrium with t he tranaltlon surf ace. Botto~

~ t orRge a nd t he position of t he t r ansition surt. a. fluc t uate

wI th 2ove~nt or .a ter trom or to top Itor. ge but in an ampl1

tud r .r I e •• t han ~qulred f or ne w equl11brla~ .

I f bo t t o Etor.ge ~ i n l agging re a pon. ~ to l ar~~ pas t

eh a ea of t he wRt er t e b l e . I e out or bRl .n~e In on~ ~ l reo tlon .

t he f l uctuA t ions of t he . lIter t s b l fl! wI l l n ot 1~ 1! t\ to reve rsfl i

ot move~nt o f t h e tra n"l tl on eurf s ee b u t onl y t o oh R n~~ t I n

I t lll rAt~ or e oee ent ,

It 1~ eYld~nt t~8 t if t he un i t tr.n.r~r r 8 t e of wa ter

bet wee n top nd bott~ s tor age Ie grea t , ba lance wIl l be achley

ed Qui ck l y • . Thl. wl l 1 come about as th~ r~ l ult ot a ovement or

1,r6~ amounts o r water i n cho r t po r i od. . If we pos t ula t e a

t oo r api d r~te ot mov~men t t he Indic8t~d amounts ot wate r wl 11

e xceed t hose we enn a ccoun t t or in r e l a t i on t o r a inf All or

dr att tluctua t 1on E. Si mil ar l y ~uch r a t e . would tend t o r e s t r i o t

t he a~pl ltude or .8 t~r t a b l . moye~~nt bel a. t he va l uer we ob

8erve . On t he ot her ~~nd , i t t he uni t transfe r ra t e 1s ve r7

.~ll t he Ghyben-Herz~r~ princ lpl~ woul d be inoperattye , Which

we know I e not cor rect . Thus the pos s I b l e uni t ra t e MU!t I i.

between t he IDr~e vhlu~ r. w~ leh wou l d d eep ou t n~.rly Al l . Bter

tabl e rluot t lft t l o n fU:d tl"P. !l~8 l 1 velu. , .-t-t eh wou l " nullify

t he pr l ne ipl~ of h I p. n c8 .

- , -
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I n ord4r t o . xpl or e l @ os . 1 I 1 1 tl~ ~ of th~ hot t m stor

s r.e d oo trlno i t 1 8 dp, lNlbl ~ to a "nm ld~r ActUAl A'1IOU t e of

ws t er . '!hI e ..111 be uf'efu l d e B 1 t e l ",e'\r or !'e xac t or (!tr ac t

kno~ledge I n 9 0~ ~!rect $ . t8 t~ u sed appl y t o t he nonolul~

Iy s t em, 8r~•• 1 t o 4. Tot &l a Ye r.~ r &lntall in t he moun ta i n

1n t.k~ a r e a 1 . 129 K.O.D. Tho a~oun~ known ~aken (1930-1939)

by a r titicia l dr~ tt Bt tu! t~ ln&d h~ad ! 6pproxl~ t6 E ~5 X. G. D.

The amoun t which r e acc e s t he ba a. l 7a t~r body mus t l1e between

th~ se values and .i11 be a.su~e~ to .ver fi rS eo =.O.D. This

figure , * alumlng no change i n eto~gc , mus t e ~ l t he DUO of

d rf r~ plus a l l l e a kage .

Ar t i f i o ia l dr af t mn1 vary b~t.een 20 and 60 M .G.~ . and

I nfi l t r at i on for r~ort pe r l od r ~y ~~ . t li t t l e . , 50 or ~.

~uch t 120 Y. O.D . By co~h1nlnr ~o~~.~n t l~ R ~ t~ar. ~ppo Ite

crtreee s we eonclu~~ th~ t 8 ~~l n~t t he ~~an .t~8d7 e ondl l on ,

.te r e Inrl1t r~ tlon ~qu~l~ dra f t p] u~ l e~~sFe ~ t he net ~a l 17

r e , l due B may vnr1 from about ~O U. O.P. oxoe ss to ~O . 0.0 .

de f i c i onoy . Any h ypothe si. requl r 1nr CG11y usntltl es , plus

or I:llnu . , me t er ln l l ,. =.Ot'(o than t.h0' 8e :1 t1ft t a t te:spt to Ind.l c fi t e

t t.e1r aour-ee ,

Tber e are se ve rs 1 es ttmatea of t he unit yolU3e or t op

s t oPkge per root or WQ t o r t~b le change 1n t he r ange from 20

to 30 roo~ hoad . Thay var y rr~ 200 t ? 500 mi l l i on ~. ll on.

per f ~ot 111 !'. r~tl ~ 1 to ~ , o omh tned . Fo r d lf': c llS lfl on wo wl11

tS\~{e t ho value z.OO ral111 0n ~B ll on5 .

Rn t~ ' r changn or he~d f or ~hort p~~lod. or • r~w dny.
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a pproach but d o n ot ~xceed. 0 .10 f oo t pe r d e7. e 1 t l ..er r1p" o r

t a l . Suc h a c Iln r.e- cor re !'pondp on t~ .e above .tora~e to t o

3 0 a . G. D. r e '7 e:z:ce 8a or de f i c IencY". Tl e 0ol 11c i dene e I

a cold"ctYl ; bu t t h~ eeec t 1e l f a c t 1. t~c t verl nt l on s of ~upply

. re ,u f f l 1ent to $!.e~1",v. t t e i n d i c at ed e ":hn in t op st. oresf!' .

But t~e ~ ro~hl e unit amoun t or b~ ~~ tor a or ~. s~ond 

l n to 1 foot of bo d 1. ln t he order of 40 t 1 • 300 M. G. or

12 . 0'K) . G. end for 0 . 10 f O'Jt 1t 1. 11)00 11 . 0 . o. t her t H o

rigur e 1- valid or 1. d oubl~ or ha l t ~h& tr e f i gure 11 1~ ~e 

ri a l . The va r l tlon or J 30 •• P. t o - 30 .o.t . 1. ehol l r

1r~deq 'JBte t o ke suo cha nge. i n bott~ . t or "go . Tt e laS•

• sen W' 1 't~nu.t re t e re nce t o f rIction , .. ou l "- ha ve t o bo ny

day! or ':Don-tha .

I f t hDre . e r o no r l ot1on 0 0 t hat 40/41 or .11 . a r l . tl ona

wer e a t once trnnl~ltted t o hott~ s t ge t~. dal l7 ~i.e or

t . ll or t he •• t er t.ble wculd ~e r e s t ric t ed t o one O ~ t yO

t houas.r.d t h e of .. e ot ,

The c: onel u, 10 i ll l!"ld Icet.d t'!"r. t t'lnetulttlO!'1. In t hf! ,. .. t_ !"

t.ble . and t,.nee i n t eo pml')unt 'Jf t ,,'P s t. r !'l e , e r t~~ - . 1-

t u to ollened a rt' onl y J: or-z. l l': e t;-pce ,.. t ""e t t~r~ t-. nt,e o r

..t~r bet.~en ~op 6r.d b ott ~ r t0r8 6e 1p l~~dtd . ~1 . Is due

t o a l th~ rock l ylt between t he t wo bounda r y Bur r . e a a B&~

. 1ao ~~t t o th~ OCOAn t a t t oo . fb1. o~ C\~. to ~ de£r ee t ha t

~ 1 t a t~ t e Dr ry .; pl 1c. t lc~ ~r t he a aunt. uf dF117

f luota& ti on r.s i n 17 to t he t o . top~ ce a nd d~la7. dl~. lpa t1 oa

or tl: oUt naounts 1.0 the f'noM'!loll l'lly la r ge r atore ge c htln£e de -
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ma nded br u l tlcn t e equl1 lbrl~. To au

(

si t 10n of t he d oc t r l ne of ot t oz s t or age , t he ( 0110.1n£ co r -

ol lar1 8 8 1'0 se t fo r th :

( 1 ) The r otl 0 of dep t h bela. ee . l e ve l t o h e ight e b o • •
sea leve l In t he Qnyb@n-fl~rzh~rp' .y~tpm .p~roxl~~ te s

40 t o 1 . Th~ r n t l 0 or c or r e ap ondl r. ~tors ~aoun t.

or • • t~r ~ t t~~ bott~ end . t t te to~ in • b~]enee~

s y s t em 1 . ~ob..b l y 40 t o 1 , or r.~ . te r .

( 2 ) The 1& a un t s of w" t '!' r i n vol ved i n ~ l!I l 1 ,. flu e t ' l t l 0Df'
or dr Aft and Inr l 1tr- t l on er~ or elo ~e l ~ l~ tl ~ r

ord~ r of !nq~nl t ude to th~ R!:"o u n t p of a t or [0 Q t the
wate r t~b] e, e orre~pond ln~ t o o~~~rv~d ..xtr~~ ~. 1 y
r !'tl!' I' o f ehtmr.~ o f bf:l t ll l ho' l!d . As c u !'Zl l nJot t !"e r pl to
Inc."' le"te-d "~o.,,. . t '"'e l!~ p ~cn n t Itr" ......01 1,. 1nA~ .. qu ll t e
to ~ rr~Q t t~~ ~ or~ppond lr.~ e n~es or 8t or a Fo a t
t he z nn or t r p.n!l: ltl -n t:' !! Y • • au t10n o r t !r'!edl.te
or ¥J"o pt tra n ft r~r or w~tpr betw~er. t op & ~ ot t

.tor- Fe .

(3) Ea ch f luot uat l on of t he .a t~r t able and of top stor
a ge , aWIi T fro~ ~q lJ l 1 1brlwn under t he Ghybe n-Uer .zberg
t he ory , t end s t o be c.noell. d, e ithe r by r eve r ea)
a t t l ' .. wll t"' r tab ] t trour.h move nt tr ::I or t o b ot t om
.tor . re, or by eorr ee pond lng ehan~ 1n ~ottom etorBFe
t hr ough 51 11pr o ve :nent . If t he ne p 05 1 t 1on o r
t he .at er t a b l e 1 , ~1nt.1ned by ers1.tent appl l 
c&t l on or exce s.e~ or def101enc le. , t he bul&nclng
w111 e vent ua l ly be eccoopl l ehed b y comple te c r.. o Ee
Mt t he botto~ . t or8 ge ~ i t t h& cha n ge a t t he t op 1 _
not Int.1ned , t he 8qul 1 ~brl l~ , 1 11 b~ much ~or~

Qui ok) ,. r-ee tored b y e I most 110ledla t.e M ver us 1 a t t~~

t op , Ai n c e th~ 1. t t~r re e tor~ tlon onl y ~Q~ir9 8

Qpproxl~Dtely 1/40 th~ a mount of • • t er . r.d tlT~ t h a t
t h e form~r wou ld ~qu l re .

(4) In t he een ee of eve n t , th~ t o p , t o l ~ t '-4f' t n -
depend~n t el r _n t , nnd t~ hot to~! or~ r ol l? .
wi t h 1ep: ; in t he t @" n . " or f't @lt !e t n!l"rtt" . t '" f" l':>o t t OM
lI t o r lli ge 1 f11 inde~nden t a nd t 1e top s tor n F:8 t e nd . to
~wlDr h ~ok to ~ oul l lhrlu~ w l t~ I t ~X" ~ c t • • ' t ,&
ne lrr -A~..,'V e Or n fll J. O" 1':.7 {'11'rillll'1 t e n t f'l X' efl!o!l ~ e- 1J or de r-l 
o 1An c: l t" 51 .

(5 ) T. e r~ t~ or i n tprc h ange o r w. t~r ft twe ~n t op a nd b o t 
tOi a t.or-e jre 1". r- !" e. tl~ 'bJ,. J"op or t l on . t o t . dea:r"'"
of unbal. nce wh i ch e x i s t . betwee n th~. f 1 t s a b . o l u t e
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(

r a t e i t' n o t y~ t ( flOWn . To a e anee t h r. t I t 1s v e ry
r Apid I e to pOltulate t he movemen t or gr ea t e r amounts
of wote r t ~an we csn ~ ee ount f or in coy plau~ 1ble

WB1: to aesume t he rate too low 1s t o nullity tr~

Ghyben-Iierzb. rg pr-fnc Lp I e baloN t he val1dity 1nd i 
ca t e d b v o om~ on obser va tion• •

(&) If t t.P. l agg i ng r e s pon se of botto~ etorage be c orrect ,
wr:a t e ve r t he r u l e or r-eepcn ee 1F, t he r e I s here R

de f inite chall~nhe to t he ~uppo !l t lon e a r l i er made
t hot wnen t he r.e ...d r eturns to a f ormer va lue , t ho
total storage i n t he system has retur ned t o t he same
va Lue , I n v ie " of t he 40 t o 1 r- a t.Lo , It 1 f! e v1d f"n t
t ha t even i t a c on a l de rftble pu r t of the r~ ~pon pe

ot bott~ Etora ~e 1~ ~ c hle ve , t Le non -c omple t~d

pnrt ma y et 111 be ~everEl t i me ! a£ gr ea t ~ A t he Whol e
amount of ch£ng~ i n t op ~ tor 9 ge . nance , it wou ld
vi t iate c ny su ch po stulnte a s t h 8t e Rrl i e r ms de 1n
regard t o t he ~ 1 hend e~ ~ d l re c t i nde x of to ta l
s tor Gge .

(7) Con81de r~tlon of t h e amo un t o or wa t e r InvolvPd ~ak8

it d iff i c u l t t o eee ho'!" t"',~ l'l h l f t Cl f t t~ tr~ nr l t l on

zone hy t he r orty f eet corr~apondl~~ t o R on e f oo t
ch nn~e 1n bA 9 ~1 h~ ec e~n be pch levea F ~ o~ t of ~~ny

tlon t he if n ot y f'!8rE' . Uorp.- ov r , t t-e :r l ~ ~ ()f t.he
t rB nrlt on z ono nn~ t tr ln Rr.~ ~ r b ~t t o ~ torG Ge by
t h p. 600 t e e t c orrespon~l~ t o 15 fo e t lOBS or "ho a d
p inc ~ 1880 , on t~~ d~t . we hnv~ , i ! p re~l1med t o hn vo
y i e l ded ecee etu nr- of t he ord er 600 x 30 0 l:1i l l l on
r.al lon . (180, 000 M. G. ) of we t ~r to dro f t end .r t 1 f 1 
01&1 l eakBge over e nd s b ove t he no r ma l net a mount
f r oo r s.infa D . I f th i s ent i re s hr-Lnk a ge h EJ S be en
completed 1n the p~.t 60 year B (s bout 20 , 000 days)
i t hA~ 8 pproT. im8 t~d 9 V. G. D. of d r a f t fr om b ot t om
s t or a ge over t hat per i od . I f i t hp s not be en o om
ple t ed , thf" e ve r -s .g e esroun t. wi l l h&ve been Le ea ,
b ll t ther e Rl Ry s t i l l be It frAction or present draft
f r om t hat nour-ce , The s e a r e c onse r-vse tve fi eu-res ,
ee Lce Lbe se .Qmou.ot ~ a re e ore pl alls l b l e t han any
l e s s e r ~mount . «te the r t he ba l a ncing of botto~

Btorage 1~ rather r a pid , wi t h only 8 f e w months l $g
a nd la rg~ nmou- vt.n of ..,.ator y e l ded i nto the dtli ly
lnY~ntory fr om etorage , or w~e ther the l ag 1 ~ muc h
greR ter and ov~r mAn y yea r~, t~ ~ 9c o ountinp f or t he
wa t e r i n volve d 1n th~ s h i f t i ng of the t r Qnsi t i on
z on~ snd 1t ~ e f fe ct on e~ t lmR te ~ of eA fe yl~ld, or
justi fiab l e draft . rem8 in~ e prob lp~ of th~ flr~9te ~ t

Impor-t.e nce 1n t .be f'u t ur-e cp e- r-e t t.on »t: thf" Hono l u l u
wll t er supply.
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J. rr!:~lY II

IT.TROI:U .TI O

The Fe~r l Har bor Spr i ng. i nc l ude the la rge , bn8u l Epr ing.

or ~Alaua o , . e i au , .~ l~eno , W8i nw. , an d ~8 1ke le wI t h othe r

na d co~pCDe nt ~ or t bP !e . T~~re 1~ little ~ oubt tha t r Iou8

other , prob bI,. 1CL811er rpr lng s e xl l1 t a r ound t he e or-ec or

Fe RrI Harbor. Sut~n rlne r prlnGI ~~ve Al s o often be~n ~epo~t~d

but t he J or probl e of re Rl r 8~ r. on!erv~ tl on e~nters

around th~ !prIn~p nnd l oep.l ltl~B np~pd . r pr l n ~ of thl ~ !lze

ho ve ~ e n wel l ~nown t o t he : n.8 1 1 ~ n ~ from t~e d r te ~r t~ ir

f Irst 8 e t tlemen t~ on Ol"hu , !I n~ 1t I!' e 'ls ll 1": 1ltn r t "l ".t. n ·..·y

mur-t hsv e een t h e s1 t ""P' o f II O"!JP. of ho! rl '!" !lt

crowt !'} or t llro And pi t'll a r c rop• •

ot va r-L oue of t he TEO r l Ear~ ('Ir Sp r l n !' we r-e f irst :r.ade in 1911

by t h .... U. s , Geo o10Fl c o: 1 r ... rV~ 1 (1), wl'- l e'h 1"l1\ e I!:!l.d !" ""! D7 -te a eur e -

(1) )lar t ln , W.
Hawa l l , U.
190, 1913 .

., and Fle r ee , C. 5 . , liter xe e cu r c e e or
s . Oeo1. Curvey , ate r -Zu pp11 a per 318 , p .

~nt8 e lnce t t tic e .

Ot he r eaeure~ente w re de und r t~e d i re c t 10n of J .

F . Xune eh 1n th e c ou~ ~e of a stu~1 of .a t~r r. l ourc . ~ f or Hono 

l ulu . a nd eoee gone r 1 tta t",",f'nt!l; ....ere ~Ad,.. c on ce r-nf ng t he lr

- 1 -



t, ...T - • • •

( (I) JtWl" 8h , J . }' . ,

------------

: ur r lice nt.e r ...u~ p 17 of" tt- e l l!!la Z"l d .,r
Oahu , .... upple :'lent , Re port or liono 1u l u .
~e.~r and . ter Co sel on , pp . ~77-

2C2 , 1929 .
SUr f DCflJ , Epr lnG , lind Tunr..e l o te r Inv e s t. i 
gati ons , He -t . Honol ul u t e, e r Mnd Wat e r
Co_l es l on . ort I V. pp . 116- 124 . 1 29 •

• tenrn. ( 2 ) . I'al r- , l n 1926 (3 ) r-ec ognf ea d tho t t he ee s prl ng.

r.pre ~eDted pol n t 8 or eacnpe or le.~o ge of b~ ~ . l ground water ,

(2) t eem. , H. T•• T. or H•• Dlv . or ll~ro ophy . Bu l l . 1 ,
pp . 3 65-3 70 . 19~5 .

( :.5 ) rfl l l:1fl! r .. H. ~ ... Of.lolo~ of th f'J n <m ol u] u l r t ft s 1.a n ~ .t e~ ,
p . 43 , I n 6 .

w~ l ch ie n be t t~r way or ptet nr t ~~ c?nd l t ln tt on tv c all

th., . prl n, ... . rte. lur.- .. a. 8 ha ~e done . i~e l oeaLions or

tl' le ehl f:'f .pr lne's ar-e t'o. in F1r.ure 1 . Tr.e l oc al pat t e rn

B OLOO I C l",flJ.:rER

The ge ol ogic s t~~ Lur~ e.u fti~ t hese t prln~. i _ very

Imple . The i nn 1" Tn r- i n o f • Pe ar l U rbor loetm: 1!' th~

(
1 .,d a r-d l!H1,::e of U",e v~r1 wl C1P C0'll 8 t a 1 p l ~ln 1n wh l c h .. 11 ot'

c OR "t a l pla in .. exc e p t t or

a f e ll' s 1 1 lltl)' h1~her r-er:anant. !1 0 the 1" or t .!:r af t o!" r - U. l •••

- 2 -
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t e r r koe , llca wU.hl n e f ew fo e t of e e le-v-ol . a nc:! c ol n c l d t t

v.r~ c1o~e1 J' _ t h U. £ t' li 1. ve l u r p n or t l".e t.oolau .~ 1l 1 t

r orm. t i on of t he Kool u RUI ~ . Thh: 1s r.ot a \lolvlJ!r &8 ·c . nd l 

tton; 1n e ee t .er-n Hon ol u l u , b'·ok of }) lh~ond He d , t.he r. !:tE1

pla in 1 8 eurmounted by ~OO r.~t of 1.t~ 1.Y8 ro~tlonl ~Dd

t he: l:lc rgl n of tl.e 001...u rock It pas ,e" bE"n~pth t h is t hlc'c or

ma s s as Q •• ve aut ~e6 cl1f f .

I n &~rl$l 1 1r~ tJ1f) Pe ar- L rb<:r erea t he ool a u rook ,

c~v€r d by 1 ~& re f lduu~ . p6 f se b d o-n r alr l1 I. nr ~o S~~ leve l

a t the etld .. or t he spur" . and i n t.hc v.1Ie • t.tAl r ock b ot t.o

18 be la• • • a le \o f" l but. rIOt. ne6.rl y s o deep l n t.he l ari;cr

VDl1 e )'"1I or l.lut hO!.t.ol u. ~ u. . e , 'n.e re l kl l 1,. n r ro e r

boLt or the Fe 1"1 . r bor aroa h& Ye • t ong e 0 C P OC

wbl ch ext e nd. f ro'- a f ew r 8 to 0. mil e or Clor e in18to •

l1" y

fill

!:lost ol n ts on t he tlptlr!' be t we e n the v a lleys . a t t.l- p IL e••

where .weathe red ~ OOlI:U rock lies unde r t t.e l eaD" t Do ¥e r . t he

ln t s W'r.e re t he r e

r k .t.U"l • ab ove toke hlgt.ea t arte fll .. l1 t''' 8 or 25 te ltt . At

mOl t pl a ce. in t .re ee r.. t r r fl' of tho vr. I e }'U j-e re Bound r-eck 11 •

Mt"."" n • e l ev.- l end Ur Leve I of artCl'lan t.ea , t.. r QC It ':'

~ oY.r d by th ick c hpr oc . 1a . ra .

Ho-ever . I 1~ the 1~. 01 vall ya . a t

ion or hil i ber:r.. 8

too dee p 1 we t hered 1

1 s lea 8 e a f b n~l gr o

loc 11,. expo att U. "t Bach o11.t s t here

water .~ if t he open ln ~ in t~e



3 & 4) The ~UD . t1oD or whe t he r t he e l c ape of w5ter 8 oyer

t. ..$ ed.t;6 of • 10- pl ac e in U:e ca pr-ock , or t.hrough a perf'orlk 

tl on in 1 t , .~ .~ t h or t ho Ipr i nga cAn be c a lled a r t es i a n

~pr l n , depand 3' pl,r t l y on f a c t,a and \ 8 r t. l y on do f lnl t.l on lJ .

At any p l a ce .~ere Wl1 t Cl" r i sel t t. rou.gh we l l derln~d h ol e s

in 8 c ft prock f or t l oc ~nd 1. ca , Gble of ~ lr. In~ t o . l eve l

1 . r t~ an any o f t he surr~~~lng cur r ce . t re ~ prl n~ e ~ould

c e r t ain ly be ca l l pd a r e ~lfln . t e otrer ha n i f t te ~R ter

e mer gflO l e t, r. Sf;, rr..edl, to l e ve l On a 81opln& s ur-f e c e , l r~ o.) th

lar~.. r a r..d erLl }pr penlr.g~ and ~e ~ l' fl , e ve n t.l': 1J '; t he head

o lr r e r op~nln~ ~ would cmu~e a ~ l . e or l e v.ra l feet it c On

f i ne d , 1t rl oe R n o t aee o. JUi t 1f 1eo t o e . l1 t h1s c:.:nd l t 1 or. a n

a r tes l lln el' rIf" . I :c man,. o f t ~ t~r1n ar e a s t.t.e "oo lt~u r\JCZ

18 I ·lr r lc l cr. t l ,. wtta the r e so t h Li t . 8 .re c e is l os pe r--e ab l e

th~ n t~~ ~. ~r t~. i nte r 1 0r of t~e r ~ck . uc h a ~urt. c8

por t 1 n ~~erateB tiS a cor of A ca p , t ho !gh i t e x ten £ i n l and

t.o h t ele va t i on. SI nd 10£ not t o btl c oun t.tta (,. $ true cupr-cc k

f o!'"tr. t Lon , In vie. or ttltl r~a t t hat t he va r i ou 8 h ,s.r l ii r h or

Spr l nr ere not . 1n t~~ n , re~ t~ ~ ~ug d ~monstr bl e h o l es

i n lin e fre c t i ve ca p r-ock and 8i n ce t ho f' N"e' fnlr r .. ,.ft o f bit !! 1

ound w e~ ap~ r ~ e ve r ~ e re t o occur I n t t e Koo lau r ock

wi t h in A r~w r..,c t or v. . e , the,.. a r e n o t. l" flr e e ('ln "'id"'riP.d to

nr t e 1ftn ~p~1 n r. t . n e ~r~?er l t~ey 1 ~8 . 1~e -h l 1 1 apr1nr,1

",r.ere t~l!l (7X" I' 0:l Ut·C" of r e r- ~l': t-., l (' r oc k t ,. .. t-o@t'n lItec om f ahed b o t h

b :r tf' r no l e r-oe ion enc t l- lr o r 0fI . T}, fo w.. t.e r e - ~ f r oc

• n e r gr~ur~ wate r b ody ot extra ord lI~ry Cr e d 02 of rlo~

- 4 -
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_ _. -- .~ o r- ~ - --....
Figure :3 - View northeastw a r d « Lon g wall t o chl~f outflow point , KaLaun c
Spring . At left 1 s t he sprln,; pool 'Nl t h water !Itanding a t abou t 13 or
14 feet above s e a le ve l. Th e :JutflO'R of water t hr ough 8. pi pe 1s con ce ale d
1n the near foreground O' '!. the r i ght. Near a nd middl e ground at t he right
consists of irriga ted t e r r a ced gardens for t aro and cress. Flg~.lre 4 ,
f ol low i ng, 1s a view looki ng toward the camer a pos i t ion f or thls ~ lcture

f r om a point ne a r t he apex o f t he wet gar-de ns , Negatives No. 2162 ') -21 .



r-. "

Fl~e 4 - Detail of t e r r ace s and wa lls with f ace of spring wall
and pump sta t i on i n l eft d lstan ce a t Kal aua o Spring. The l arge
basalt b oulders seen near all-the spr i n gs are residual kernels
from the spheroidally we athered Kool au for~tlon . Basal gr ound
water emerge s all a Lon g the slope j u s t above the l e ve l of the
t errace s but at present, June, 1945, 1s at the l owe s t r a t e ever
observed. Negative No . 21543 .



and e ont in1ut7 of f ree wa t e r t able .

It may be f ound t ho t cert nl n of t he e p r lnge or ou t l e t s

roe f f'd by t.ube e or ope n l n ""' tI t h at OI'De f r oiD con s ider b l e de p t h

but , 1n edvcnce of proof , I t 1s be l ie ved t he t t he cont.rary

shou ld b9 a eeuned , and t !'-... t t he fl (W Le c h l fl tly l ateral . In

t.wm e l a a nd oth r exc t:v t i ons ,e 1a- t.he • • ter t8bl e . the !llo r e

c on ap l uou. f l o.s ot water orten c o fr?, Ol O~ a or e 1 r£~r

o?enlr.g th~ t appe ar nOEl' tre s urface of c~rgence t o t~ve

• r~ l t lv61y gre t r 1 po t nn e t~ n 1, ~ 111 t ho ca~ . ~ x 

pe rl~nce wi t h th~ te ~ v l our ?f r.r und wp tpr - r.t · r l nv e r t l ~d

e 11 :- 01" du tunne l. or ;-I t . in t he Xool fl.u • u f or 1r:. -~ l c t e s

t "'n t"'f11 f OJ"'!n8tl on CP E " o l e , ~p ~ pl te t.t t' l r re '1 I\r l ty of" tt,

o~~r. lnp'r - v 1 ""~ , dC"er not ' r ye rk"~ Y gr-ee t.e r- rt"l" b ~ 1 1 l1

i n on'! d f r-e C .. on t.' e n i n no t .her- , and tl,.t ls c'!< ln;. S" c! f l c

d~ n 1t ~ ould b~ ta~~n O~ Isotrop1n . ~~ nc e w~ ar~ Ju t t lrl ~d

nly 1n ~P!wa n r thlt ~Qer&cr.ce of w t ~r to t~ sp. cp r and

poo Le t h t cone t I tu t.e the Pen r l !il r b or ~ prln ,l:" s Ln vc Lve e n o ore ,

1n f,enere l , of ver t i ca l move ent t hnn t e i ndic t ed by «n i deal

r low r.o t po rtraj-!.r;, r t he hyc1 r ol ogl c e ond t t.Lcn a ,

Tbe r e a re th r e· ~le n t~ ry ethod s of rep~ lrlng l t e l e ek -

.y.~ o f ..1 8 -hl11 wpr-f n r-, ";h e r r. arc It t o l ow!' : ( 1 ) FIJl e e

cutoff 8t~~cture 8 uphi ll r o •• t~ ~ t ~p t~~ ~" j or p~. ~ " ] ~

fln t p rln r.: the .~·rln'" or ot l-e r l lli c t" of ~ l"' c .~, (2 ) f l o "' ~ C!l t o t r

- 5 -



.. truetur er, be low rrl t r ou:d tl." er r i ng P O fl.. t o t:"'!! r~i t it!:

he ad. t o r 1a e t t.~ f u ll Ie-vo l of t re £r~uro witte r l ou::- ce ,

t hwr us 1r.~ .... tor a s ,. a . 1 , end ( ~ ) r I ee e fi ll and pot ch 1n g

~terl .l i n an a 1' und l~e e xc t ed spr ins t o A ll to b a l l y

a t op I e ka e t t h a t point . I n t be c ae of • s pr i ng el t~ tcd

a d j a cen t to • e t.e nd Lng . a tfO r boor, sue 8. t he oeeen , ~re

t he i dde n a ~~ e f f e cts of t chi nd of . anL~ 1n •• t e r

l e ve l 1£.."'1 t not c! ter nab I e , t l.e wor k ahaul p roceed wi th

c ~ti on and wl ~~ lc~ tl l l . t i~ of ~e. our ir. ~ d t v1c ea to e e p

a c c ount ~r t~o r e aul t e . Mor.~v r I I =~~~t he e ~c ntl ] t o

c one t r-ue t L p r ldle l e,"'ve l o nt t ur ne l 18 0 IO. rrfl r! ,:;e d t ~ ll t

basa l b CIl.C!e cou ld t .e b e l d a~ 10. l. e. r ear ,cor ly t o b e Fu n t r At

e n be f ore .

If i n e ,:: 1 »n pI uc e 'Ke r:.r w ex c t I ~-e r. t h e la rger

rip ~ur., run .e c ou l d c hoote t } e te t ~lh of r opa i r wi t h

e OtAl!' llc c u1'bcy , bu t. in : o ::t p l a ce s we kn pr a c t l c lll l y n o t h I n g

or t l 'e d lrftct l onl! of rl GI~ rep. Wh i ch f eed t he ! ~'r1n . uc

c e hit' l ~ r -ne d by d l r e e l ex-ca y. l ion . b u t i t 1 1 be l ieved t hat

be f ore t h i . 1 19 d one D p r-eLt e n nry e xpLor- e t. Lcn Is c1 e- a l r fl. b l ll .

Le t I t be a ••""", t t.. t the tOt,l Job o f s p r l r- e pe Lr- . nd

d v l op:aen t e xc. vf. l l ,)D li t l\ !il logIc I p r l n , . 1. t hou t l r.c~ud lng

p ping _ c h1ner 7 , 10 11 ko ly t o co t .50 , 0 00 . 1th a po ~~nt

au p l y o r 10 I . G.t . 1n al( ht . Thor o w11 l pr oeab ly be a to ta l

o f t 0 or thr.~ t h ou.. a nd ya 1' _ or axea vat i n , To ~J id~ th l.

wor k ex .... n i t u.re of t Ieaat 2 ,000 f o r pr811 l". r, d r l l In

wl1 1 c r t alnly ~~ v. more t~an t h t s u i n i pr ov d ~e ~ lgn .

- G -



I

T1I e w ' 111 1ng should be Inlli. fr o... tho ftp r 1r: or "r ~· 1. rql

:10 8 t o Ntveo tt l t h r I' X: t ing wB. l-:,r t. l~ , a n d nd Ice t ... t .... e

r.Jlr-ot1on " of (tp.r rjo r r'W" t.l-" 'A ""1"' to,"'''' ... 1i):- ~ ' 1. d r

con am orary c id lt10IUJ .

In . 1gure 5 1,. I l<»n • 8.,: t t.Lc o r ol'!! M .:t.:on or a sa l

I pr ln f e fro th e ba a I .. t o r t able i n r..oolaa rock . T~o

l evel ¥t wa t e r In tb:'r ~pr lD6 II I n o w ge o 1. 1-. t a t , a s

e ~Mpft tlJ th~ bA&~l h e d of wO re t.. • apr1 : b.,in ~a

assu~ to be oorcer- d b .1001.u r i:l '')D .;) Bide And b y c p-

roo~ RJ.l1 OO!iCl rw. t.&<J e.~nk...nt on Uw ..... .,.. rd " l d l'" .

-; e ob JoIlo t or t.tw repn ~ c cna t r-uc t.Iou , to oy e r ·...1th

• devol o e r:t t u e l ine, 1 & t o ; (1) tee l or red uce pr-e e s ur-e

on 0 n lr.lf.1 t 'ha t a re re s onfl lbl . fo r leo .kD ':1~ J ( 2) Sell l or a t

l e • • t n~ t re uce pr e teu r e on op~r.inl~ tha t pr ot ] 7 ~~1r. ~ ut

lal t ft e r , atd ( .) i xc av8 t e a tllT-nel or 61 . t • • or t ur:.ne j "

t ha t w1 11 e r c l l l ar ~ dra rt. _ l.t 't Qnly cltiaJ l dr li... down a t t "': ,

d•• I>e - t p oi n t .

A fQ"'e . t vlir1e t y of e cne t a-uct. Lon proeedures cu~ be utl i Dfld ,

t " hl ! e1lrPhaflle _ 111 h ,, 1 n t o one i n whi ch the' exce v@-

ti n tor a cutoff wall 1 8 c.,)':'!1b ne t wi t b a t t o» B d ve l p-

n t t unnel . 8 8 8.e n t i al f e a tur I i n d ie .. tic t or:!'!

are • 04 n i n 1~ 6 . It 1tt ... . fl U_ hat t b4 werk 11 to •

OM on • I trflotoh t:I ) • • k:ln Kool e u a ·ll r . r In wtl l ch • " pr l ng

..

- '1 -
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Figure 5 - I de a l ee c t lon of ba sal spr i ng of the PeAr l Harbor type . The wa t~ r emerges
At t he point whe r e the r e s iduum i e t hin and t he cepr oek edge 1e low. At ~ome of
t hese points s a t u ra t ed Kool e.u e qu t rer- 1 ~ ree r-e s t to l ow gr ound bel ow the e le vation
of the water t able . The actua l trans i t ion from re siduum t o e qu f re r- i s muc h mor e
gr-adua I a nd ir r eg ula r t han is p r actica l t o show h e r e .
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Figur e 6 - Schemat i c di agr am of ground water condit ions ar ound a unit
basa l s pr ing . Sur fa ce c ont ours are in brown ; wa t e r table c ont our s and
line s of flow ~re bl ue . Oth e r fea t ures are spr i ng wa l l, A i dri l l hol e s,
BBB , and cee, and a sec t i on of cut -of f wal l and de ve l opment trench, DD.



outfl ow of B to 10 . C. D. 1 & vh1b l o . r ec uee t.on Is cent e red

(

a r ound ~p81r or Le ak s (.nd rc"uc lng f l o.. f or a g roup of .-pr i ng e

n o t Ove r 100 to 200 t e t l onr; . Th e eeee pr-o c e dur-e c s n .....e ex-

tended f or e cc-e e x t e ne I \I~ s pr int g r-eupe ,

Yl gure 6 al o.a a g roup of !prl~8 whi ch c~n8l1tute ! ~

b,. sc l • t r r . I t h.. ,. teen r " 0 ~ 1n

t e e t ee u ee t cn t fl: t ] e~k8 r~ ft""'lI.

averf.ce , excee-d more t} a n 5 t.o 10 IL .G .D . ;-er sl.o rel l ne !ni l e ,

or about 100 ,000 to 200 ,000 £~ 1] on5 a d6 Y r 10 fee t . D1 . -

C ~Rr ~ of 1 or or e . O.D. f r Nm Po . 1~le r.pr lr~ r e pre sent s

o ve r y c on centrated flow and ~u~t ob v i o us ly be f e d by wa t e r

f o1 1ow1n conve r g i ng fl ow lines i n t he baaa l wa t e r t a bl e a s

s hown . The s e ~te d p r ooedure I s 8 S f o l i ows l

(1 ) .1' ed.Uug apr-Lng , \fHb ou t ~1! ttlrb 1 "8 1t b o t tom

or mare l Da , eb ouj, b e eur-r -cunded b :. e m(l:q on r y wa l l 80 t hb l i t

c a n be 11 0Q'ed t o f i l l u p to the Bt u t,ic he a d of' t be I n f l o W'ing

wat e r . The wa l l nhouLd be f i t t e d wi t h Q vlillve o r ge t ~ f or ~ut-

rl~ con t r ol Qnd t he outf low etrcan w1 th 8 we i r . I ne ce s!ary .

t o ~ cther t he ou t f l c. f r om 0 fro n t a ge of one or ~ ev·r &] hund

r ed f eet . d i t che s nh oul~ b e nr rant-ad t o leud a l l ~ tr~ 8~t t ~ rou"b

• ma a te r we i r .

(2 ) .tor t nb1e t e s t h olo• • hou l d be d r 111ed . 0 • • to

p l ace 0 e to e di rectl 7 buck t t. ...l~ ) £es t out f l ow a m at B

po i nt wh e r e bedrock i s rNl BU d t o ri... 20 0 25 r e e t, ab v e-
s~a l eve l . Th l ~ =' y b e 0 t o 60 f ee t b.c~ of t h e ~prlng It-

- 6 -



(

~el r. At len~t t wo o t her n.~r h ?lcs Bhou ld b e d~ 1 11ed , one

~n e~ ,h sld~ nnd n n ~ l l~h t fire oont o re~ e0mew~t !on~nrd of

the t1prln~ . An ot '!te r ro'3' of' h d C 9 a t a. dl~ tan c e o f 200 or 300

fe e t l')A ct.:: n ~ ~;)$H'! ~ ," lil t 200 or ~o::> f e et npor t wl 11 ~ 1 8 o be

needed . re ee h o le f' ~b Oll d e d r l 11e 1 t o b out :t I!C l "!lve l r.nd

sh oul d be t" s te(\ to ne e t h t t h e y p r ov I de a r-o epcn s f v e i ndica -

tion of t h e ~ ve.l 1 1n;; l1nte-r lev el . r.l nce t he outflOol' n t, t he

1n !l'p r l n g r-epr-e s en t.o n. on ver-g n co ~ r !'l we ShOl1ld e xpe c t

an Ind~nted fo~ of Ya ter teble r ont~urs cent~r ~~ .n t hp. m i n

ou t fl a.. , ~Oo.o" l ' t e e ake t.cbe d i n Figu r e e. I t t e 1:'el l c v,,".t

t '" t !n.1C~ " t!~nr r-ur-r t . on ~ 11 l'-e . a e' 1 out 1 In- b ~ n ot "''' I' r

e b ot e a , 'but 1 ~ t '" ( o J:"':'!'! ,:; ot c lf" Rr it ';!\~ 'Y ~ n t;tee a9 tt.Y7 t ..,

d r i ll 9 dd.l t l ~nhl h o l e o a cr-t t t ce I o tn t.e , T'he hole's e n be

a ny <iiT. e t e r- rr~ 2 t nct -e e u p and sh oul d be c tl se d at t he t o p

e o " 2 t r, pr-e ee r-ve e ecee e t o t h e m t er .. 'n',ey ~~ould bo d r i l l e d

ft " lonr i n od v nc~ or oon 8t~J c t l on as p o ~s lb l e .

( ~ ) The gUl"V y of e xtA t lng c ond i t i on s ehou Ld l n cl u.d'!. ..

t ?po~r~p.lc ~~p wi t h 9 ~ont ~ur In t ~rv~l of 8~Y 2 ra ~t over un

a r t) a s wid.e ~ t he epr l r.r j:;roup u'.'id " r a t n t1 01'''.... This shou ld

e x ue nd t\8c k t o ~l1r r e e e t evn t t cn o ! 60 to 10 0 r e e e , fi t 6ny

r e t !!l' e o-ae 5 0 0 f'C' ... t or e or- f r om Ui~ f!: r lnE!' o . Th f' l e vel of

wa t er- i n t h. t.e s t, t -o e e nhaul d. he :1 A s F: l\I"e d Py ftt ~tl C l';1 1y

ov~r" r l od of ee ver-e r -nont h s , " .TL(1 p_ c Cln t l n'1ous - re C" ord · l"

r e cord tl . d e on one- ~ ol e , if d r l 1 I l r:r: ~ l lJ T' r.'c 'h o' r f r oV!' lI

prr et1c !t'!'>le . T\--~ 'lUJ t e r t h Ie c ee t our- e e p !th "U d b IQ de _ l t h

care , wl t r .n !rt r" "II> ] "!tl 'f f" co Jl' rt y."c l tl'l ~"'(tW l t il' cH e t l 1"t o-

- ~ -
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t l ve form in ro] atl0 t o t.!'" ~ e pr-f n ~ut:lO'J' . P' lna ' l y , t'1lJ

epr lng flow . :nd. V:e r c-u", flow a t. l r. t' te r ..ell' I hould ~e

mea l ured by c e nt.I u 011 8-reco rd l ng £8( It . 7e !l t! should 'b sd!'

in t h spr ing p ool t o ahow re lat l n be t.wo oo its d i s charge x'a t e

aed 1t s ~lnt. 1 • pool h. 1~ht dur1r~ .~ per l od of r. 1r 1r

atead,. b£58 1 1 vel. . hese a aur e:nen t.1 a r e ne ded t o s erv a s

b. ekg.r::.nlm.~ tor tr.. e xperl ent.a. l cOIlst.ruct.loll ~roce a r e .

( 4) .e . got·l e d. ... l ine "la Xi. i s t hot. o f plA cln .. e

crete cutoff . a l l On t he •• a r- a1d e or a t .r-aneve r-e e tr nch

c ut; in r ock to a ppr oxl:no te: l j "e~ I e ve L, Ih i s t.r-enc j. cen 'be

<! '.J.g in eee t.tone t11 f;. t.'l !' f'u f f l c lt!'ntly sor t s o t h. t de &.ter l ng wI l l

be PI' c t !cnb l e e nd 1'0 t h r L • • t a ge of WI te r wIl l e p"m 11 .

}\C line of t.hl. t.r-e ncb , e c I Ui"gt! J.te d i n 1 1 _ re 6 , • ou Id b~

f ar en ou ln l~ fro~ t c.le r ~~ rlDg 10 lh, t lte I •• rd

ts e e ,,11 1 be in ee c UI' to 20 or or e r-"t a ove Il e a 1~ \'e'1 ,

b ut. shoul d beo c l oee e nough t o l he 'Pr l r~g ~ t~.at. l t s Iltle - 1 1

c ut II I man y fi e po s e Lb'le of t j-e l inea of f la.r In t.he \ und Le wh l c h

e onverge ~ 5t the eprlr~ . It 1. 8~Ge t ted t h6 t & aec Lian of

a~~ut 50 feat 1n l enr,th be dt~ f ir ot . w1t h a w1d th deler~ln.d

by cor.8true t1 conpld tr8tl ons b u t pr ob ab l y ab out 10 fee t .

Th i . can be ea e ve ce t r Oll the surf ce • • Il.r out l It b r

by b\11 1-do~e J:' La about ~ f eet a bove lea level . t on euch •

1t hR~ been e xc v&ted to eea Ltv~ l muoh I n t oroat l on cue be

derived by 8 Ludyl~ wa t e r flo~ tt.rol~p 1t , prot~b11 a t nigh t

u81~ sub:orAe l1pht~ , current ~t.ra , j e t s t o r.le~~e plg-

- nt 0 ouce , c t e lkr . It. 1: unl i k e l ,. tho. t %oye::4cn t wl 11

- 10 -
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be o t hpr t~.n Ac roS ~ it i n a s eaward dire c t l on , but tl~ gen~ral

pIon c n e ~od l rle d 1n re l a t ion to a n7 l oca l cond l t t ons 6 1s -

c over-ed ,

On oonipI e t.Lng e x c e vn t.Lcn a nd t e e t e , e sln c:le r c e r " r :!l.

ceD c bui lt a t about 2 fee t f rom t he 'e 8.ar~ s ld~ nd ~ r 0 

I n of ...a t e r - t l gr t e oncr-e t e- our-ed, "'e "' pr I t I s e t eo Cf' l! t 

r able to l Ine t j e b o t t oe , and ; e r ha p!' e ve n a f • f e e t u p on

t~e inland eld ~ , E~ t be e stimated f ran t h e f or r flow I1n e l

, '-1 own by t e e t.e , t: an,. r -e t e 1 t 18 a s au:ned t ha t u large t r ac 

ti n of t he out f l O'. ohar n e Le c s n 1'0 p l ueged are I arge f r a c 

t i on of t he 1nf1071 c ncnne t e l e f t. ope n .

(5) On c ompl e ting One ea ch se c tion , a noth_ r c an b e e xca 

va ted ne x t to it , ~e~rat d by perha ps 10 f e e t or nHtural r oek .

I t it se e s nece ssary . concre te f a c i ng c n be p l aced ag~ lr.st

t h e na t ur-a I r-ock at the e nd of t h E< f i r s t p i t to reduce t he

c r-oa e flow . zuc c e e s r vr e c t.Lone c on thu~ b e (1•.J.E' 80 l on~ I! ~

t t e r teo of In k n ee t h r ong ne t.u r -n I r oc cee me t o I n dlc r. t'l

t .e i r u t i l i t y . If t h ere 1s ImHc t l on t h t l e a ka ge t '"r nuf;"-t

tt.e l~ foo t p i n t ,. " tU'n rr.lrd ba rllf"T i ll g r ea t , t "'l t ee e t Lon

c~ n ~xe.v. t.d end c~~c~ p. r ou r~r . f t er t~~ ~n ln s ~ ~ t on s

r, ve bPen c o.pl ~ L~d , uslr~ suet c or.cr~te . or ~ t . ~ r t~, of

u l\r-hf" ilid ing " 8 t pears ost e c on o l ea l wb l 1f! d ol - t !: ~ yor' •

( 5) Th ult ima t e 21 10 a t ir,h t concre te r a cing e Lon g

t ":! e s f!' s wnr d sid e and p o~ s lbl s e c t.t ene of t he ho t t ce , wi t h e n

ur.. l inAd expos ur-e of aqu i fe r a Long t ho inland f a ce t b r-ough a

cen t tnuc-se e ec t.Lcn ~arn l 1c l to the l i ne of s prings . It mny be

- 11 -



f ound qu i t e prac tlel:.ble t o 1!' e. .eo 10 root cros s _...11a i n

place a m 1'f"1:r b r eI'," t h roUfh the ntt r r t hf: b o t to , or it I!!a. ,.

( be de !ll r shle to 18 e~ a pl Pf' r'~etl on .. ! t h " l ye 1 n es e t ,

eoee r-e ee lkhe !o d , t~. t iT-r th suc ee f,s l v. rect i r.s . , . re

10 t II '• • l l e r:. lectr1.e

,~ , t o • o-e t.'"' t in ~n1

Y If e xe va t~d. It ! on t l Il UI)UI r~r.c- -.e. ,

wi th n~~ d tor peps 1>1 bu lth, ..d

n t er ~e tt \r b e la~r t o

(7) T>-p a e "", . ,. t1 v~ly tigh t

ee 1 on t • ~~.wa~ 8 ~~ . wi l l h~ .~ l rtt l~d r or ~r~rt of

t~r 1u n t.l t;l oe e cue I to C"t' in e XCl'!' ! 8 of t "'o~ e in t~e t o e r

I e k -

Age eon ~c ~du~d to 1e pa t en 20 ot i t a tor er v¥ l ue . ( i gur o

'1 ) If t h 19 1!! t~ CliI F-e t h lll' Ft a tton ond bArri e r '10' .0 1 1 ca n 4 UPl'"'oE!

f\ real Q • t ()1 ')f" 'if,.,t~r II l r . H01tr l y r o t s . " r drs;rt r;rc tl y

e xce""d l M.ny fl) ~.i1erly in f orC':fI! ..111 h . por t l b l e 'rod a t ot "'''C' r

t ,> to l I d " I' . t ora •

(e) 1"..- rench. wto e r. e '~]l'IJtf'd • I!t~ Quld •• roof~d ·'lve r a t

~ to ~O f e e t a t ,'!)vt> •• • I arc ,r .,h r. 1,. e!cf11 1,,<l e" Ove

wt t 5 t o 10 r .t or · "· r t a " er-... "ro t: d. t , t u t llra l .t_r l "( e ond Lt 'tons e r n h !"- !! .. -. " ... ! ~ "' ~ " J 1 rt> t~ ~ at oa r,f""er•

t h o ee c t 1oni' ~f>PP fU' to r-eeuce , ... ,..t. P hn V(' been du E:' , ee e -.

- 12 -
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tbe dealred value. conalatent wl t h oyer-all re g i 1 c a pa o i t y.

(11) '!'be pr e ae n t wrlter boo a no ad qUAte baab f or I:IlllI: lng

• clo.. ee ttma t e of oo at e CD 8uc h work but Dee ds c ert51n • • • u=p

t,lonll 1n oourse of l1i . cu•• l on . It wl11 therefore be ae.umed

t ha t t 1& one n-out exoavat1on , e ve n wi th eo_ . ater t o be band

Ie d , .111 not run to highe r oo at.. ~r ~rc.1 than t he genera l ·

c oat ot r ock 8xCRvptlon in t he tranem1ra lon t~nel, on t t..

!Ia l a wa J ob. The l a tte r c oa t e .a ab ou t $ 10 pe r yard. If we

t ake a a a unlt a eectlcn 50 feet l ong . 25 f . e t de e p and 10

feet wl de , t he to tal ya rd. or e"c. .... U on eUl be about 470 .

eetlma t.d a t , 000 .xc&V8tlon COlt. I t . e • • Iume pl.c~~ent

or 1/4 a a much conorpto ln a tl ~ht r acln and a t a uni t " o at

of 20 a ye. , t he total for t hl. el1l be . 2 , 500 . rh la 8 111

be v , 1100 f or a 50-foot aecUon e lthout r oof, p .::Iplng :Illlchln

ery, . uch eeotlon8 eRn be built tor 20 , 000 • • eh .

( 10) Only. teat ell1 ahoe quantitati ve ly Juat hoe

l ucae • • tul .uah pro je c t . oan be , but t he wr iter 18 oonvinced

t hat t ha y enl u l U _ t e l y be muc h DlOre than wo r t h the coat

1n t he t otal economy. By . Y or e xample , t he &Q l auao ~pr1ng

group c n he ,U a cuaaed . " t t hla ataUon in 11144 t he .....n

total t low ... 15 .3 M. G.D . , or wh Ich 1.4 • • G. D• •a. uae4 by

the Hono lulu Planta U on C ny. It 10 believed that by t he

procedure .et ror t h 000 t . buUdln~ Qr not OI"e t h on 5 auoh

50 r oo t sectlona 1n p la cea indio. t e d b y dri ll t e . t s . t ho l ..~

age CAn be r~uced n t leeet l~ M. G.D . DDd . t t~ .8~ tl

8 c ompo~lte int.k~ .tot1on or ~o V.G•• p~ .k e. ~.alty prov ided .

- I~ -



To r e e ch the EU ~ f" . ted Int • • c rpac lty 100 to 500 t e et or
intake tunne l might l".ave to be "-riven inland , at G. COs t of

p o.db y wl O. OOO c ore . Poeo1bl;r t he who l o pr o ject • • 1tbout

p p l n . t e t l on . ..ou1~ tote l ~12~ . OOO

Tho writ p.r does not pre t~nd to poeee as owledge ot t he

... r g lna l Luee or the conti nuous s avlr.g d 12 »' . O.D . , t t.e

c o ti l1l1oUS us e vulue of l2 I .O .D . , nar tm at.a rdb1 . .. hE ot

30 . C.V. D.te llIla lye.d b1 COX ( I I ' tlf;gut t hat . ev. n a t

• low pr1 ce f or s ug li.r and il IZd1~ l ar.d V Il l ". , lugllr i rr1ga-

(II Cox . Joel B. . a t . r ar~ lla.a l l <n A~loult ur• • Paradl ••
of the Pocit 10. Apr ll . 1"2.

tioo wa t.r 1JI wer t h at I . BO t UO • OI1111an l;" ll one o nd under

Ip801a1 e ondltionli !:!s." he wor th MUch e ee e , I t e. p~.r. V"J't7'

conlervat l'Ye t o • etll:la ee the u1 t l lftft u e t'!!IIUD l ty 'YSIue ot eon 

tlnuou= . av ing or 12 M. G. D. a t ~O a dAy, or $18 , 000 • yeur .

I t 10 l ..... t.riA l how th.. warth 10 t1l;Ured . wh.the r tar .avlng

-or bT u. er by any me tho1 1t app• • r8 gr~.te r t D the 1.Dve ..t at

coat or ar ound 6 ,000 . year t or aucb an installation.

Howeve r , s uch. ata t 10n cannot b. justified eaonomlcl:ll,.

until t h! cOCQPP.'t l t l on ot esc!lping wa t e r . wh1ch c an be ba d. tor

t he coat ot pumpln~ , 1. e l1mlnsted , e i t her by le gal e naot ment

l l:I& k l n g ch . oco pe t h e re eponolb l l 1 t y or the l ond a-nor . 1

need or woter tha t 1s s are fo r dOOle ! tl ~ uae , or by !'uffle!~nt

.ater ~bortage t o f orce publ i~ 8ct l o.n toward pd.1uate c onter-

- 14 -



(

va n oy"",a our.s . It 1. h OP<'d t h Bt t h o l"o"'" r.o1ns BurgeB t l on

will a r- ouse c te c uee t on oJ" r aulb1l1t y ~ a """,b1n" d pro je o t Bt

9u ch t i D:' t ft OJ1lB o r N'.ot~r of the Abov. e OI1d 1 t i ms d e ve I ope ,

The prescnt c ondi t i on of t he f'ea r l HAr b or Spr 1ngs , I!l po-ak

i na oollec tive ly 18 a s f 011o\lf B. Q-aing to the e xposure or per 

menbl ft Ko ol s u r " ok a t grO'lr.d , urts co b e l ow the l e vel ot ba s a l

he &d . l a r &! ft. 'CI oun ts or wetor emor ge tra e l y into tho poo ltt 2nd

nre v rl00. ely dlve r-t ed thr':Hl gh t~ e x ! ~ t lng " It t glird · 'n s ys tCM 'I'I

at 8uo a8s alvely l o~r l ove l s and e ventual l y are d 1a char~d

into the ee ean , Ther o 1s oona ld~rabl" u se or tluch g r ov l ty

flo. w . t -~r in .0U'.e ot the wo t g.ar d f'n B bu t tm over-e l l c ond1

tion s am lS~nagezen t a re auoh t h at effec tive agri c ultur a l

appl i ca t i on account. tor a very low percentage.

In additi on to nnch Ulte in O1'e t ~flrden•• the re liNt s ome

st" tione a t wh1 0h w"ter COtll1"!t fr om 181'1':'" spr1~ I" 10 ,,' ''''''''d

to higher 1~ve1 8 f or use i n ~~.r oane lrrl r.-tl on or i ndus

t r iA l ly_ To s uc h ex t e n t 8 8 N cb 1m t a r 18 intercep ted t"r ori1

entering t h! oce an , I t 1. u s e d am 8 & Veu J t o l uo h ex t.on t 8. .

t h h draft laorero tho he ad 1n ap r 1ng poola 1t y 100a l17

r ..d uoe h i dd en lea kage . On the other h"nd . whetr r 1L b .. fre..

flo" frol:1 t he s pring _ or a ug....n t ed fl ow by pWlIpa ge till 1eb s U ll

fur t he r lower ' heed , i t 18 Tfle ova l 0 b a .a.l .. at.er und f!r d r aw

d own c.ond l t l on s whi c h f a vor lncurl!l l on of t a l t . 6ueh dr af t 18

- 15 -



not 1n t he be tter inter~ pt ~ or l on~ t e rm use of e bas i n and

~lve. prac tioa l l y n O opportunity t or e t re e t l Ye eonserva tion

durl n~ time R of t he da y or se e sons ot t he 1 0ar .t~n water

i ~ n ot ne~d~d or t he c ondi t i on or tho be ad 1 8 t hr$n t enlng .

~uch U~. 1. co~pA rsble to t ak l n _ rho. er bath i n a J e t

f rom 8 leAking ws t er me ln : it moy ea ve t he wnter t ha t wou l d

. 0 be u.ed At one ' s hooe , ut i t I s no t n ?lRnn~d procedu r e

and I tft con. ~rvRtlon erre c t p .~ not evi~e nt if th~ ~ln

I s t h e I&m~ one t hAt ~~r v~ a th~ t. o~~ .

lIIPatmre"IP. nt .. hr.ve lrY11c gt e d t hAt In 1944 ..b Ol1t 5 9 H. . a . D.

ot wat~r @Kce ped r~om t~ h ,.1 ~prln,~ with ~ry I t t 1~ u~ e .

The prop ol s d e one t .r-uc t.f on , unde rtf\\cen At the . i t- It of t r e

chief ,pr in~p , i. be lle~d pUR~eptlhl~ o r dea l"n ttue~ t~.t

pe r h..p~ • • ~ueh ~ ~ 40 M. G.D . n~ L e~n be b r ou yh t nnder cont rol .

The , u c ce . s l ve e : recttt t o be a chieved a re c ~nee1ved 88 foll ows .

Fl rr. t , t pre s e n t n1r.h t Rnd d~1 uno on t rol l ed lea kar,e wou l d

be mater iR l l y I"educ e d e nd t o con& 1drr~b lo ex~nt any r~~alnd ~r

c ould be appl i ed .p. 8 per t of t he amount needed t or opera t i on

or wet g.rd~ne , thou~ t h la we t ~rd n agric u l t u re 1B cons1 

d e red not l 1ke ly t o aurv i ve &8 • ttound l and u ee i n t his vi c i 

ni t y. (1 ) Se cond , t~c wa t e r saved rro~ l~.k.C8 , let u, 1.,

( 1 ) Frszhtr , W. B. , HR_a i i Agri c ul t ur e l XXj e r l lPe n t ~ tBtioD ,
Pe r !'l ona l c O!!1mun lc8t i on.

~~ M. O.D . woul d b e t h . nm. • 40 M. O. D. l e • • dr.rt or 40
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X. O. D. o ore I nt l1 t r . t l on tr~ r tilnt&ll . Thl. would tend to

r alee t he ge ne ral he. d or the P~.rl Harbor area by a c~r t. In

a=ount . Accor d l ng t o " tud lee or bead . d r aft . and r a l nt a ll.

~de by the wr I t er , t h e Incr e ~e in he"d 8 0 CDua ed . und~r

ave r age he Ad e nd r Rinf a l l woul rl be of th ~ order of 3 t eet .

Such a rl ~e in 8e d wou l d be or ma t e r i . l ~ene r. l ber.efl t 1n

i mprovi ng both quan t l t l e • • nd qua 11t l e . or w. te r a t ot~" r

f ixed po in t . 1n the Pearl Ha rhor a r ea . Howe ver . 1noe we

suepe c t t.l 'f.!t Loeee e to t he OC «n .. t ueeneen poi nt e ;:m.. t i n

or ea se ark d lT _ l t h icc~. led he ad i n thi s a rea tr~ ~o s t

e f f i c i e n t. oper.tl on ae we l l aa i nc. r e a sad d olD£.l:ld. rill probab l ,.

~aul t i n d r a r t Bnd ut i li sation of the extr5 water i n th~ areas

ne6 r t he r e pa ired .pr l~i •

?hi l woul d be acco pllehed b y t he cons truct i on Bod oper a 

t i on or devo l op nt, tre ncho . co nJ't ructed a • •'..1 gee t ed , or olh~ r

t ype s of l oca l basa l tunno l s . I t i s be llc v~d t hA t t~ rou~h t he

re pa i r ea ruree de £c r t b . d . r eduoln6 the amount of Lt . ke f a t

p oln t ~ tha t ~ n b~ Ind~n t l r led , and by ua i n g the de v~lo~nt

t unnc l ll t o t~ ke t e e z t r li wat e r , th tl . v.r~ge h'! Adl C Rn b~ kept

8 S l ow a s a t pr eftent . BT t he gr. t ua l r t l reme nt or wel l . And

tr.n~r r or ~r.rt to e c pl e te I n, t al1st l on or haE=81 t um e l a

lnc 1ud l th 0' a t Lhe s ~r i r.g 11tos , t h e u.e or a l l r a ln'3'a t e r

. ch i c h 1 a c c (H . 1 I e . . sa l Fround .at r wil l be r o t to

• maxl::r. of c on t r ol er.e eo r..ae r ti on a c d greo t e r f r eed a::! trom

unpredlc ted ~ T~ ~ l ~ a tr u sborta ge .
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