
INVENTORY OF WELLS IN THE LOWER PUNA DISTRICT 

KAPOHO STATE 1, Thermal Power Co. (driller: Water Resources Int'l) 
f!.~IE'vo.tion:: 61'7' 
well depth: 72'70' 
casing~ 4072' cement; 7216' perforated 
drilling days: 9/1/81 - 11112/81 (65) 
temperature: bottom hole 650 F or 343 C 
9/11181: water table at 540'-630', bailed for sample at 608' ~ 113F 
2/20/82: casing leaks determined at 900-940' and 1040-1080' 
~j / 1 ~2 IEl2 : 9-'- ~.)I E3" co.s in<;) ·fou.nd j amrned in to thE.~ E::'( pan~:; i.on Si poo 1 
H!4--'6/H::::: "flow t.E-'S,t, WE-'ll '::;u.bs.ta.nti'Jlly "dl~iE-'d up" during tE~st:i.nq 

H/11-2H/82: separator test, chemical E-'mission control problE-'m ensuE-'d 
resulting in a tE-'mporary shut down; well produces 100% steam 
at. a FWHP of 120 psig wit.h mass flow ratE-' of 72,000 Ib/hr 

10/2/H2: pipE-' to flanqe well failed, floWE-'d uncontrolled for 38 hrs 
11/2/82: aft.E-'r inspection, wE-'llhE-'ad considered t.o be sound,FBI 

investigat.ion; as consequE-'nce of intE-'rzonal flow, a qas cap was 
forminq in t.he well, bled on 11/29 and 12/14 
casing leak found at 670' 

4/ :1. ~j / f3::::; : Dia-Loq caliper loqs, partE-'d casinq from 226-233', split casinq 
from 362-363', gaps at. numerous collars (buttress couplinq recE-'Ss) 
(found witb TV camera recordinq) 
top of cement plug at 1750' 

KAPOHO STATE 2, Thermal Power Co. (driller: Water Resources Int'l) 
F.:'le\/c':it:i.on: 718' 
well depth: 8005' 
casing: 4209' cement, 7891' perforated 
drillinq days: 1/19/82-4/2/82 (56) 
temperature: 659.9F or 34H.8C 
wellbore deviation: 399.32' 
1/2/82: 706' bailed for water sample to DLNR 
2/3/82: fluid level noted at 550' in wellbore 
3/30/82: flow test 
4/20-5/1182: flow test 
7/2H-H/2/82: flow test with sE-'parator system 
5/11/82: wireline, temperature and pressurE-' tools lost in hole due to 

E?mbl'-ittlf.·?mf?nt o"f' .09~?" ca.l~bon plow steel 
8/24/82: Sanicro-28 stainless steel found embrittled, study indicated that 

type 310 stainless steE-'1 with modE-'rate tensilE-' strength would be 
most cost effective 
casing leak found at 1040-1050' 
il··· SJE:'P E .. t I::.I···,I:."? '7-··~j/u'l c:.'"'~::;inq tiebcick 
with wireline debris still lost 
::::;.1. ~l ~5 : 

between 1093-10'77' 
in hole, cement pluq pi Ci.C t?cI 

KAPOHO STATE lA, Thermal Power Co.(driller:Water RE-'sources Int'l) 
E?l E:V i:i t :i. on: '-""~J40' 

well depth: 6505' 
casinq: 4000' cE-'ment, 5505 perforated liner 
drillinq days: 7/8/85-9/3/85 
temperaturE-': 654.7F bottomhole; 369F production tE-'st 
well bore deviation: 619.21' 
7/.1.H/f:3~i: 1!~.3.te!'·· tE:\blE-' ~)97" 

7/19/85: bailE-'d for sample @6.1.8', 75 gal . 
.1./29!H6: chloride from chemical analysis of geo resE-'rvoir 2.1.,000 ppm 

at. 



LANIPUNA 1, Barnwell Indus.(driller: 
~~IE·v.::\t:i.on ~ 

well depth~ 8400' (DPED 7/82 Public Sector Geo Dev Program) 
ca.sHlq ~ 
date drilled: 1981 
t.E·mpf.:::I--a tU.I'-e: 
well bore deviation: 

LANIPUNA 6, Barnwell/GEDCO (driller: 
E!IF:.'vation: 
well depth: 4000' 
C,3.sJ..nq: 
dc,. tE·! cit-ill ed ~ 1984 (completion in May) 
tE!m pi=.:! I'" a tur~?: 
well bore deviation: 

2102-01 PULAMA, DOWALD,(driller: Samson Zerbe) 
~?lE:va.tion: 2:::;0' 
well depth: 250' 
ca.~5inq: 250'; F3" 

1979 Prelimary Regional Survey HIG 

date drilled: 1963 
statu~;;: I.Jnu~;ed 

location: 192107x1550212 
chloride: 110-298 ppm 
temperature: 79F or 25.8C 

~ 3,8p1_ 
?1~ ff/'¥7 

2317-01 VOLCANO NATIONAL PARK, 
e I f2va ticm: ~::'606' 

Colorado Sc:hool of Mines(Water Res. Int'l) 

well depth: 4127' 
c:asinq :: 102::,', 14" 
date drilled: 1973 
status: observation 
loc:ation: 192344x1551721 (1 km S. Halemaumau) 
c:hloride: 1150 ppm (HIG Chloride/Magnesium Ratio 
temperature: 279F or 137C 

2487-01 KEAUOHANA 1, DWS (Oc:ean View Drilling) 
f.::: I E)VE:\t:ion : ,!'~:,:'?' 

well depth: 802' 
c':::I~;.:i .. ncJ: HnO' ; Ell! 
date drilled: 1961 
status: Municipal 
location: 192456x1545719 
chloride: 72-92ppm 
temperature; 72-75F or 23.9C 

24H7-02 KEAUOHANA 2, DWS (layne Driling) 
f:?lf:~va.t.ion= '7:5::::-:' 
~"'!E~ 11 clE!pt:.h: ElO:::::' 
c <:1. :'; :.i. n q :: ElU::;' 11 12" 
dat.e drilled: 1970 
st.atus: Munic:ipal 
locat.ion: 192457x154571El 
chloride: 124-134ppm 
t.emperat.ure: 23.5C 

/ 
2.1 j( 
/24 ppnt 

1979) 



:2 t.)~.':::'H' (:1;3 !·I I D (.:) 1, R3XTI l,oJ e I ]. / [J E: [) C C] 
el~vation: 244.Sm 
Nell depth: SOOO' 
e: EI. -::::. :L n q :: 

(dl-i 1IE?!·-: 

location: near Bryson's cinder pit, land owner Harold Ashida 
c:hlcJr-:i.dE? : 

2686-01 PUNA THERMAL l~Haw.Thermal Power(driller: Samson Zerbe) 
GEDTHEHlvIAL.. 1 

E'J.(~Vcl.tion: l009 
I/"JE~ll dF2pth:17D' 
c E:; ':::. 01 .. r·1 (J:: .17)"; 1 4 II 

date drilled: 1961 
s;t.::ttu::;: u.nu.~::;t.;~d 

location: 192634x1545646 
chIClr·ide: 
temperature: 54.5C 

2686-02 PUNA THERMAL TH2, Haw.Thermal Power (driller:Samson Zerbe) 
GEOTHE"::RI"1f:)L 2 

elevation: l035' 
we 11 d(':?pth: ~j'j6' 

casing: .107', 14" 
date drilled: 1961 
st<::\"I::.\..I.s-;: unused 
locatiCln: .192633x1545648 Opihikao off highway 
chloride: 
temperature: 83C (Preliminary Regional Survey, HIG 1974) 
Abandoned at 350' due to loose formation; lost drill piece 

2783-01 MALAMA KI, DOWALD (driller: Ocean View Drilling) 
f21.ev<::."ttion: :,?74 , 
tAIE?ll dE!pt:.h: ::~;.1..9' 

C:.:3.~:5ing: :::'19'; t3 II 

date drilled: .1..962 
s:· t .::\ t. u ~::; :: 1...\ n Ll ~::; (~C:! 

location: 192728x154530.1 
chloride: 2200-6600ppm (Preliminary 
temperature: 129F or 53.9C 

Regional Survey HIG 1974) 

Chloride/Magnesium Ratio HIG 1979: 9/62 
.1/74 
.1./75 

~.ii'35(lppm 

11000ppm 
::::;E311 ppm 

2t3S1-01 POHOIKI PUNA, Oneloa Co. (driller: Cont. Drilling) 
f:iL! .... ISON (Ralph) 

E~lE=vatic:ln: .1.::::;2' 
WE= 11. ciE'pt.h: 140' 
c.:~~:;inq: l:~;B'; 4" 
date drilled: 1973 
status: irrigation 
location: 192D19x1545110 
chloride: 722-2300ppm 
"1::. ;:,:,'i"il P E' r·· 03. t. u. r· (::": :::!; (:1 C 

{:!L.I .... I. bCll'j ~3F'P I NG 
1 Dcc-..t.iDIl : 
Chloride/Magnesium Rat.io, HIG,1979~ 

s: () Jjt , 
1Z2 ~?n-1 



1/75 37.8C 1400ppm chloride 

2883-01 HGPA, University of Hawaii(driller:UH/GEDCO) 
elevation~ 184.1m 
well depth: 6455' 
casing: 2270'; intermediate depth slotted liner rather than cement 
date drilled: 11/75-4/76 

p r"od uc t i on 
locC'.tiCln ~ 
chloride: 1040ppm (Chloride/Magnesium RatiCl HIG 1979) 
temperature: 358F 
water table: 5 samplings taken at drill time 
4/7t:.: \len t.i.nq 
7/2/76: Unabated 4 hrs, vertical plume 200-300' 
7/22/76: Unabated flashinq 4 hrs 
7/27-28/78: flashinq 
9/18/81: smell reported as bad 
12/11/81: ventinq thrCluqh silencers, plume over Lanipuna, 110dba 
2/8/82: asthma attack reported 
3/4/82: bad smell in Leilani, steam blocking Pohoiki road 
3/19/82: smell reported WClrse than ever 
3/30/82: smell & ear infections reported 
9/18-20/84: venting, H2S exceeded instrument calibration of 150ppb 
9/19/84: odor and noise (brine sparger) complaint filed 
8/25/86: odClr complaint (plant abatement system out Clf service for repair) 

abated through rock muffler 

2982-01 PUNA THERMAL TH3, Hawaii Thermal Power CCl (driller: Samson Zerbe) 
E·I (::.~\/ a -1:.: 1. on: ~j6:~;' 

well depth: 690'or 210.3m 
CE!~:;:i.nq:: .t8" 
date drilled: 1961 
~:3 -1::. d t u ~": u n u. ~::; i,':~ cI 
locatl0n: 192913x1545255, lanclowner Reginalcl Ho & Hiroo Sato 
temperature: 210m = 48.6C; 175m= 91.6C (USGS) 

:.1.. 97 !:.:, ::::: ::~; ::?"/ 4 j:) pm 

2986-01 PAHOA BATTERY 2A, DWS(clriller: Maui Drilling) 
E~levd-l::.ion: /.1.1' 
IA!(":! 11 c:li::!pth: ?~i~'i' 

ci:~5ing: /!:i4', B II 
date drilled: 1960 
St.i:ltuS: municipal 27 ff""1 
location: 192924x1545647 
t.emperature: 22.2C or /4F 
chloricle: 2-6ppm 

2986-02 PAHOA BATTERY 2B, DWS(clriller: Pacific Drilling) 
E!I('2vation: 70S' 
lA.I("! 11 c:lt:?pth: 
cC'.sinq: 
date clrillecl: 1963 
status: municipal 
locdtion: 192925x.1.54S646 
temperature: 23C 
chloride: 6-27ppm 

ISAAC HALE SPRING at Pohoiki (Chloride/Maqnesium RatiCl HIG 1979) 
temperature: 38.9C; ph:7.28; chloride: 4062ppm 



3080-01 KAPOHO CRA1ER, DWS (driller: Hawaii DWSl 

:~: ~~ ~~ f; U ~:: ~).,~, I.:~l ~ ~~ ~: i ~;: .:~ . .L 

location~ 1930.L6x1545021 
temperature: 25.3C 
chloride: 64-174ppm 

3081-01 KAPOHO AIRSTRIP, DWS 
f?l'"!':!vat.ion: 287' 
i'Je 11 dE'pth: ::::;~::;7' 

c:a.~:.inq ~ Ei 'J 

date drilled~ 1961 
~::; t<:~. tu·;:;: u.nu.secl 
location: 193024x1545159 

I :? .. G.o 6/. 
(/'4- Frill 

(clriller~ Ocean View) 

/ 8. / ~ I __ 

3?1/ fpn, 

temperature: 33.9C (1961= ~~L) 
chloride: 331-345ppm (1972 220ppm USGS) 

3081-02 PUNA THERMAL TH4,Hawaii Thermal Power Co (driller:Samson Zerbe) 
e:·lf.2vat.i.on~ :2:':iO' 
1."H211 depth: :290" 
c.~':l.sir·,(.:J = l'l" 
date drilled: 1961 
status~ unused, hole plugged with rocks at 98' 
location: 193039x1545119 
temperature: 43C 
chi Dr·· id,,:?: 

3185-01 HAWAIIAN SHORES 1, Miller & Lieb (driller: Ocean View Drilling) 
Edev,,~.tion: 40:2' 
~'-'E:·ll c:ieptl···,: 446' 
c.":1~:;.i .. n(] = 446", 8" 
date drilled: 1964 
status: domestic 
location: 193113x1545558 
temperature: 21.7C 
chloride: 11-16ppm 

/ 

3185-02 HAWAIIAN SHORES 2, Miller & Lieb (driller: Water Resources Int'l) 
f21 PV <,1. t. i on: :::;f30' 
\A)E::I.:I. c:l f.~. P t. h ~ 'l:~>O' 

c:a.~:;j .. n(::j: ::~;U7', 10" 
date drillpd~ 1971 
st.atus: domest.ic 
location: 193126x1545544 
"i.":E?mper··a tur-e: 
chloride: 23-28ppm 

/ 

3188-01 KEONEPOKO NUl, DWS (Driller: Roscoe Moss) 
E~l(.?vEI.tic)n: t~():~:'l 

It-Jr:::~ 11 ch,·: pt. I···, = 6~50' 

ca·=.~.i.ng: 621.'~, 14" 
date drilled: 1977 
status: municipal 
location: 193105x1545803 
temperature: 20C 
c: I···, 1 n I'.:i. cI ('2: 4 p pm 

/ 



Alpha U.S.A., Inc. 

December 13, 1991 

Hand-Delivered 

Mr. Edwin Sakoda, Geologist 
DIY. OF WATER RESOURCE MANAGEMENT 
Dept. of Land & Natural Resources 
P. O. Box 373 
Honolulu, HI 96809 

Subject: Interim Reports • Wells Nos. 0615-01. 
0615-02. 0715·01. 0715·02 and 0815·01 

Dear Mr. Sakoda: 

".9 [ ;f', "'. t;3 -- -. 
- •. - '- ". i-' J: 18 

Enclosed are Interim Well Completion Reports on the above-referenced wells. A summary is also 
attached for your convenience. 

At this stage of our progress, we have decided to test the water from Well No. 0815-01 (Hole #5) 
to see if salt-tolerant grasses can grow in water of this salinity. An application for pump 
installation is attached for this purpose. 

Until further testing has been completed, we are reluctant to perform any additional work on any of 
the other wells because we don't know at this time whether or not they may be of use in the future. 
Therefore, we would like to do the minimum amount of work necessary to secure the well and 
provide maximum flexibility for future use. With your approval, we would like to leave the wells 
with the top 20' cased and a steel cap welded to the top of the casing. Please let me know if this 
will be acceptable until such time as we have determined how we will use the holes. 

RGD:jsy 

Enclosures 

Yery truly yours, 

~~ 
Robert G. Diffley 
Y. P., Development 

City Financial Tower 
201 Merchant Street, Suite 2100 

Honolulu, Hawaii 96813 
Phone: (808) 532-2121 Fax Phone: (808) 532-2130 



1 405.8 

2 8" / 364' 344.4 

3 8" / 401' 381.8 
,. i " 

4 8" / 387' 367 
'" ~ > . ~:,;.) 

5 8" / 409' 388.5 

* Estimate 

12/12/91 

ALPHA MOLOKAI 
EXPLORATORY DRILLING SUMMARY 

December, 1991 

1.0' 20,300 Not Available No Test 

0.8' * 22,000 Not No Test 
~.~ ~. , 

1.6' ,250 94 F 0-8,250 

1.1' 12,500 93 F 10 14,300 

1.6' 8,600 96 F ,600-8,700 

Capped - 20' Casi ng 

Capped - 20' Casi ng 

Capped - 20' Casi ng 

Capped - 20' Casi ng 

Capped - 20' Casi ng 



SI81e or IIlwell 
COMMISSIOII 011 \'1 A IP.1t IlfSOIIlICF. IIAIIAUr.MEII r 

D~partrl1elll o( LAlld And lIalurn] Ileloureea 
Dlvl.loll of Waler "elourel Mlnage",elll 

INTERIM WELL COMrLETIOII "£rOIlT 

rNSTITU<:fiONS:--l'lcilsc pi1nl or I)'PC nnd suhmlt CUlllplCICd rcport wliJiTnlOdays oTWClrCoiil(iTCiIOiilO'iIiCTiI"'.rm.orwaiCriiC5OUfcc t.t;;n;;RCIIlCIII. 
P. O. Uox 373. IIonolulu. lIawaii 96809. 1111 as-built drawing of Ihe well and chemical anal)'Sis. If avallahle. should also be suhmltled. If neccssary. phone 
548-7543. IIydrology. Gcology Seclion for i\ssislance. 

A. 
B. 

C. 

D. 
E. 
F. 

O. 

II. 

I. 

J. 

K. 

L. 

M. 
N. 
O. 

P. 

Alpha 
STATE IYELL NO. 0615-01 IYELL tlMI!! Exoloratory Hole #lISLAIID Molokai 

LOCATION 4 miles East of La' au Pt., v·est .r-.blokai TAX MAP KEY 5-1 -02 030 
WELL OWNEIl Sekihyo Seibaku 

DRILLINO Oil PUMP ItlSTALLATIOU CONTltACTOIl Fred Paae Drillina International 
~ .c 

THE OF RIO Cable Tool DRILLER Scott COllch 

DATE OF \YELL COMPLETIOH_--"-NJ.,/--:;;A"'--____ DATE Of PUMP INSTALLATION Pump Not Installed 

onoutlD ELEVATION (mill) 405.8 ft. 
Top oC Drll1I/l1f Plolform ImiiJ). A 08. B ft. 
/lolghl oC drilling platform above grouno .urface 3. 0 tt. 
Belich mark and method ueed to determine grou'lOelev:iIoilHalena Bench Mark (Surveyed by 

TOTAL DEPTII OF WELL BELOW OROUND 424 ft. Cummins & Cummins) 

1I0LE SIZE: 12 Inch dla. from 0 (I. to 20 (I. below ground 
~L-Inch dill. from _20 ft. 10 424 fl. bl!low ground 

Inch illa. Crom ft. io Ct. below ground -----
CASHlO ItlSTALLED: * 

12 In. I.D. x 1/4 In. Willi Bolld section to 20 (I. below ground 
In. I. D. x ___ In. wall perforated aectlOiit-o - (I. below ground 

*Note: See attached 
sheet for drawing of 
casing to be installed, TYPeaC perforation N/A 

ANUULUS: Not Grouted 
Orouted Crom ft. 10 CI. below ground 
Oravel pllckedlro-m-- lr:t-o-_-_-_-___ It. below ground 

PEItMAlIENT PUMP INSTALLATION: 
Pump type, mBke, aerial No. No Pump to be Installed Capacity ____ spm 
~Iotor type, IJ.P., volhRe, r.p.m. L 
Depth oC pump Intake IIOttlng Zlr:-E'elo.... Z 
Depth o( boltom oC alrHne Z -no belo .... __ ---. .... 7<::.-_ 

w Ii IcJieIeviilonh 
which elevation III 

Z"lI. 
Z ft. 

PROPOSED USE Moni toring Only 
INITIAL WATEn LEVEL 404 ft. below grQund. 

INITIAL CIILOItIOE 11, 000 PP~I' 

PUMPIlIO TESTS: ReCerence poInt (R.P.) ueed: 

D ate .... J:J9.t ... 'P.Y.I:D~ ............................. . 
Start water level ................................... ft. below n. P. 
End water level ..................................... ft. below R. P. 
Depth of well ................. : ....................... ft. below R. p, 

Elapsed 
Time (hours) 

Rate Draw· CI· Temp, 
(gpm) down (fl.) (ppm) OF 

;;> > 

Dllte and time oC meesuremellt 10/3/90 110:30 AM 
10/3/90 Dllte 11111 time oC I1l1mpUng 

whIch elevlltlon I. --- ___ ft. 

Date .......................................................... .. 
Slart waler level ........................................... 11. below n. P. 
End waler level ............................................. Il. below n. P. 
Depth o( well ................................................. 11. below R. P. 

EI~psed Rate Draw· CI. Temp. 
Time (hour 5) (gpm) down (It.) (ppm) . f 

.............. to .................................................................... .. .............. 10 ..................... -.................... -.... -...... .. 
.. ............ to ......................................... . 
. ............. to .......................... .. 

.............. to.~ ............................................................... .. 

.............. to .............. .............. .............. . ...................... . 

.............. to .............. .............. . ......... .............. .............. . ............. to ............ .. 

.............. 10 ................ , ....... .............. .............. .............. .. ............ 10 ............. . 

t to ......................................... . 
.............. 0 .... . ............ ~~ ... ~ .. ~~~ ... ~ ... ~ ... ~ .. ~ ... ~~.~ ... ~. ~.~ ... ~ .. ~~~~~~~~~~~-

Q •. DIULLER t S LCG: Water Level 
Rock Description & Remarks fl. 

Depth, It. 
.............. to ............. . 
.............. to .............. . 
.............. !o ............ .. 
.............. to ............ .. 
.............. to ............ .. 
.............. to ............ .. 
.............. to ............ .. 
.............. to ............. . 
.............. to ............ .. 
.............. to ..... : ...... .. 
.............. to ............. . 

Water Level 
Rock Description & Remarks It. Depth, fl. 

.. .............................. :................... .............. .. ............ to ............ .. 
..... .............. .. ............ to ............. . 

i9.:::~i:::r.:6.:BNis.EED.:·.:~iITR .. E.INAL .............. t:J ............. . 
'wEML ... CO.Ml?LE.Tl.oN ... REP.ORT... .. .......... :. to ............ .. 

.. ............ to ............. . .................................................... 

..................................................... 

.................................................... 
.................................................... 
.................................................... 

.................................................... 

.................................................... .. ............ to ............ .. 
.. ............ to ............. . 
. ............. 10 ............. . 
. ............. to ............ .. 
. ............. to ............. . 
.. ............ to ............. . .................................................... 

............ , ...................................... . 

.................................................... .................................................... 

.................................................... .................................................... 

.................................................... .................................................... 

.................................................... .................................................... 
.................................................... 

REMARKSI , ............................................................ , ............................................................................. -- ................................. -............. . 

Title Exec. Vice President, Dev. 

Dale December 13, 1991 

FOR OFFICIAL USE 

FOR DRILLER'S USE Latitude ........... ------- .. -.. -........ -

Job Name .. _. __ ........ __ .......... .. Longilude .,, __ .- ... __ 

Job No ..... -.. -.. -- .. -- ....... --- .... -.. Well No. _ .. ". _._ ...... ___ . __ ........ 
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~tat~ or lIeweJl 
co~nllSSIOIl nil 1'111 IF-II III!SOIJIICF. 1IIIIIAGr.MEIIT 

Dp.partolelll or Lftlld ftnd IlalurnJ lIeBourc:ea 
DlvhlOIl or Wahr Iluoure. Manaiome"t 

INTERIM \YELL COMrLETIOII Il!!rOnT 

INS IHU<:1I0NS: Please prInl or I)'pc nnd lu1iii1itCuiiljilclcd re-port wiiTiTil10 daY' oTWClfCOilijlTCiiiiiliOiliCTiiVl,liiiiQlwiiiCriiCiOu,cc ,..tiiiiniCiiiCiiI, 
P. O. Box 373. 1I0nolulu. Hawaii 96809. An as·built drawing of the well and chcmical analrsis. Ir avallahlc. shollid olso be suhrnillcd. If necessary. phone 
548·7543. lIydrology. Geology Section ror Assistance. 

A. 
B. 

C. 

D. 

E. 
F. 

a. 

II. 

I. 

J. 

K. 

L. 

M. 
H. 
O. 

P. 

Alpha 
STATE IVELL NO. 0615-02 IVELL tlMIE Exploratory Hole #2 ISLAtID Molokai 
LOCATION 3.2 miles East of La' au Pt., West TAX MAP KEY 5-1-02-030 

WELL OIHum Sekihyo Seibaku MSlokai 

DRILLIttO OR PUMP INSTALLATIOH CONTItACTOR Fred Page Drillinq International 
TYPE OF RIO Rotary DRILLER Geoffrey Feldman 

DATE OF WELL COMPLETION N/A DATE Of PUMP INSTALLATION Pump Not Installed 

OIlOUtlD ELEVATION (mill) 344.4 fl. 
Top of D rllllJllf Plollorm {iiiiil r:.3A2:~_ ft. 
lIolght of drilling plattorm above grouno Burhce 3 (I. 

Belich mark and method ulled to determine irounaeleviiiloiitlalena Bench Mark (Surveyed by 
TOTAL DEPTH OF WELL BELOW aROUND 364 ft. Cummins & Cummins) 

1I0LE SIZE: 10 Inch dla. Crom 0 ft. to 20 (I. below ground 
-"""':;;'-7--8 Illch dla. from 20 fl. \0 364 (I. bl!low ground 

Inch dJa. (rom fl. \0 (t. below ground ----
CASINO ItISTALLED: * 

10 In. 1.0. x 1/4 In. wall solid section to ..-2.0-- (I. below ground 
In. l.D. x In. wall perforated lectlon \0 H. below ground 

'IYPeoC perforallon====== __ ....:N:.!.L../.!:.A~ ____________ _ 

ANIIULUS: Not Grouted 
Grouted trorn ft. to ft. below ground 
Oravel packedlro-m-- lr.t-o-- H. below ground 

PEHMANENT PUMP INSTALLATION: 

*Note: See attached 
sheet for drawing of 
casing to be installed. 

Pump type. make, aerial No. No Pump to be Installed Capacity ____ gpm 

Depth oC pump Intake seHlnil' lr.oelow /" wJilcJieleviiloilla Zit. 
Motor type, II.P .• voltage. r.p.m. ~ . _______ .,...__ • 

Dep th of boll om oC alrllne ::;;;;;:-:: • below Z: which eleva 11011 III ,Z rt. 

PROPOSED USE Moni toring Only 
;;> 

INITIAL WATER LEVEL 345. ft. below ground. 

INITIAL CIILORIDE 11.000 PP~I' 

PUMPWO TESTS: ReCerence point (R.P.) ueed: 

Date ........ N.9.t .... P.)Jm~.ed ..................... .. 
Start water level ................................... ft. below n. P. 
End water level ..................................... ft. below R. P. 
Depth or well ......................................... rt. below R. P. 

Rate Draw- CI· Temp. 
(gpm) down (ft.' (ppm) "F 

Elapsed 
Time \hours) 

Date and lime of measurement 7/16/91 

Date and lime of 811l11pllng 7/16/91 

which elevallon Is ft. ----- ------
Date .......................................................... .. 

8:00 AM 
9:00 AM 

Start water level ........................................... It. below R. P. 
End water level ........................................ · .... ft. below R. P. 
Depth or well ................................................. 11. below R. P. 

Et~psed Rate Draw· CI. Temp. 
Tim!! (hours) (gpm) down Ifl.) \ppm) . F 

.............. to ............ .. .............. to ..................................................................... . 

.............. to ............. . .. ............ to ........................................ .. 

.............. to ............. . . ............. to .............. .............. . ............ . 

to ............. . to ............ .. 

to ............. . to ............. . 

to ............. . to ............. . 

Q •. DRILLER I S LCG: 

Depth, It. 
.............. to ............ .. 

Water Level 
IL Depth. It. 

.................................................... .............. .. ............ to ............ .. 

Wat~r Level 
Rock Description & Remarks It, 

Rock Description & Remarks 
...................................................... 

.............. to ............ .. 

.............. to ............. . 

.............. to ............ .. 

.............. to ............ .. 

.............. to ............ .. 

.............. to ............ .. 

.............. to ............. . 

.............. to ............ .. 

.............. to ..... : ...... .. 

.............. to ............ .. 

.............. .. ............ to ............ .. 
::i9.::::~E:::f.JJ.RNis:HiD.:::i~ITH ... F.INAL ............ t:J ............. . 
WELL COMPLETION REJ?QET.. .. .......... :. to ............. . 

.................................................... .. ::.: ... :.... . ............. to ............. . .................................................... 
. ............. to ............ .. 
. ............. to ............. . 
. ............. to ............. . 
. ............. to ............. . 
. ............. to ............. . 
. ............. to ............. . 

.................................................... 
.................................................... 
.................................................... 
.................................................... 
.................................................... .................................................... 
.................................................... .................................................... 
.................................................... .................................................... 
.................................................... 

.................................................... 

.................................................... 

REMARKS, ..... , ............. , ............................ " ......... ,,', .................................................................... , ...................................................... .. 

Title Exec. Vice President - Dev. 

Signature ______ ~~~~~~~~~~~~~----t------
Oat e~D::.:e:::.c.::...::e~m=b:.:e::r=-=1.=3..!.,--=1::..:9~9:..-.-l-_-_-

-----------
FOR OFFICIAL USE 

FOR DRILLER'S USE. Latitude ......................... ..... . 

Job Name ........................ . l.ongitude ................... . 

Job No ............................ . Well No. 
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~l.le of lIeweJl 
CO~lr,1ISSI0tl Oil I"A TP.II IIfsotlllCr. rlAtlAGnlE11 r 

Department o( Lsnd ftnd lI,tl!Tn] Jlelourcel 
Dlvltlon or 1~.ler Ile.ource f.1onogunent 

INTERIM WELL COMrLETIOII n!!rOnT 

INsTITOcnONS: I'le"se prlnl or I)'PC nnd 5uliiiiTtCuii1jilclea Iq,o<l wiillTii3O<r.iYsOIwCIlCoiiijil('iTOi1lOilicTiT~TiiilOrwaiCriicroufC(~ ManniCiiiC'iii7 
P. O. Dox 373, lIonolulu, lIawaii 96809. An as·built drawing of Ihe well and chemical analrsis, If availahle, shollid also he suhmll1ed. If necessary, phone 
548·7543, lIydrology, Gcology Seclion for Assi~lance. 

A. 
B. 
C. 

D. 

E. 
F. 

a. 

II. 

I. 

J. 

K. 

L. 

M. 

Alpha 
STATE IYELL NO. 0715-01 WELL tlAME Exploratory Hole #3 ISLAtlO Molokai 

LOCATION 4.25 miles NE of la'au Pt., West Molokai TAX MAP KEY 5-1-02-030 
WELL OWNEIt Sekihyo Seibaku 

DRILLItIO Olt PUMP INSTALLATION CONTltACTOR Fred Page Drilling International 

TYPE OF n10 Rotary DRILLER Geoffrey Feldman 
DATE OF WELL COMPLETION N/A DATE OF PUMP INSTALLATIOH Pump Not Installed 

anOUlID ELEVATION (mel) 381.8 ft. 
Top ot DrllllllR' Platform (mel) ~ .8 ft. 
lIolght ot drilling pl'ttorm above Ifr~uno lurt,ce 3 tt. 
Belich mark and method ulled to detormille irourlcleleviiiliii11Ialena Bench Mark (Surveyed by 

TOTAL DEPTH OF WELL BELOW aROUND 401 ft. Cummins & Cummins) 

1I0LE SIZE: 10 Illch dill. from 0 Ct. to 20 (t. below groulld 
8 Illch dla. from --2.D--ft. to 401 ft. bl!low groulld 

Inch dJs. (rom ft. to ------Ct. below ground ----
CASIt-lO ItISTALLED: * 

10 In. I.D. x 1/4 In. Willi solid section to 20 ft. below ground 
In. I.D. x In. waH perforated lectlOi1-i-o- (t. below ground 

""T-y-pe-oC perCoratlon====== _________________ _ 

ANtlULUS: Not Grouted 
Grouted Cram ft. to ft. below ground 
Gravel packedlro-m-- 1t.1-0-- Ct. below ground ----

PEIlMANENT PUMP INSTALLATION: 

*Note: See attached 
sheet for drawing of 
casing to be installed. 

Pump type, niB ke, Ie rial No . ____ ..:..!.::=s.--.:...::'-'l!.II;:<.--=I~n...,S~t~a'""l ....... """'"__ ____ _ Capacity ____ gpm 
Motor type, II.P .. voltllge, f.p.m. ,( 
Depth o( pump Intake settlni ---7"'---n t.1ielow Z 
Depth of bottom oC alrllne • bolow Z 

PROPOSED USE Future Source for Desalination 

wIi IcJliIeviiilOnlII 
whIch elevlltlon Ie 

7 

7 ft. 
Z ft. 

H. IHITIAL WATER LEVEL ft. bolow iround. Dllta and time o( meaeurement _________ _ 
StatlG, O. INITIAL CIILOIlIDE A, 400 ppm. . vlatet'llte all1 time o( IIfIlIlpUlIg _________ _ 

P. PUr.1PH/G TESTS: Reference poInt (R.P.) used: Level whIch elevatIon 18 1.8 u. 
Dale .................................. ~......................... Date .......................................................... .. 
Start water level ............ 9 ..................... fl. below n. P. Start water level ........................................... It. below R. P. 
End water level .............. fL .................. ft. below R. P. End water level ............................................. It. below R. ~. 
Depth of well ................ ?l ..................... ft. below R. P. Depth of well ................................................. 11. below R. • 

D CI T [I~psed nate Draw· CI. Temp. 
[Iaw ed Rate raw- • ernp. llrne (floUlS) (gprn) down (11.1 (ppm) . F 

12 :.9.Q ... N~~et~°.1.~~O.0 .. PM.~~.21a ~~.ln~~:~ ..A:'~4~O ........ ~..... .. ............ to .................................................................... .. 
1 :.QQ ... rM. to .2.;.O.0 .. PM ... .22.8 ..... 0. •. 2... ..4.,.4.QO .............. .. ............ to .............. .............. .............. .............. . ............ . 

.............. to .............. ..to .. .2.Q .............. .............. .............. .. ............ to .............. .............. .............. .............. .. .......... .. 
2 :.QQ .. H1. to .12.;.00. .. ..... 41.0. ..... 0 •. 9... A,A.OO ... 9.5 .• .5.. .. ............ to .............. .............. .............. .............. .. .......... .. 

.............. to ........ PM .............. .............. .............. .............. .. ............ to .................................................................... .. 

.............. to ............ .. .............. to .............. .. ..................................................... . 

Q •. DRILLER I S r...o:;: Waler Level 
Rock Description & Remarks It. 

Depth. It. 
.............. to ............. . 

Water Level 
Rock Description & Remarks It. Depth, It. 

.. .............................. :................... .............. .. ............ to ............. . .................................................... 

.............. to .............. . 

. ....... ...... to ............. . 

.............. to ............. . 

.................................................... .............. .. ............ to ............ .. 

... J:Q ... BE ... E'.U.EN.l.SHED ... tH.TH .. E.INAL ........... !a ............. . 

. ... w.~.~.~ ... ~QMP.;Y.~.r.J.Q.N .... :~U;;r.Q.R');'.. .. .......... ;. to ............ .. 

.................................................... 
.................................................... 
.................................................... 

.............. to ............. . .. ............ to ............. . .................................................... .................................................... 

.............. to ............ .. 

.............. to ............ .. 
.................................................... .. ............ to ............. . 

.. ............ to ............ .. 

.................................................... 

.................................................... .................................................... 
.............. to ............. . .. ............ 10 ............. . .................................................... .................................................... 
.............. to ............ .. . ............. to ............. . .................................................... .................................................... 
.............. to ..... : ...... .. .. ............ to ............. . .................................................... 

.............. to ............. . .. ............ to ............. . .................................................... 

REMARKSI ............................................................................................................................................................................................ . 

Title Exec. Vice President - Dev. 

Date December 13, 1991 

FOR OFFICIAL USE 
FOR DRILLER'S USE. Latitude ............................... .. 

Job Name ........................... . l.ongitude .................... . 

Job No ............................ . Well No. 
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.,. -... . 
~t.te or lI,well 

CO~t~llSSJOIi QII \'/A TP.II neSQIIIICr. !1AIIAGr.~IEII r 
Dp.l'artnltllt o( Lftlld ftl1d II.turN Ilelourcel 

lJlvhlol1 or W,'er lIe.ourc, Managemenl 

INTERIM WeLL COMrLETIOII IIErOHT 

INsTITUCTIONS;---Plcasc prInl or I)'pc nnd suliiiillCoiiijilclcd report wiillln 30 days of wclfCoiiijilCiliiiilOiIiCTI1~loiiOrwaiCr"iicrou,cc t.im;;;Kclllcnl. 
1'. O. Dox 373. Honolulu. Hawaii 96809. An a~·built drawing of Ihe well and chemical anal)'sis. if availahle. should also be suhmltlcd. If necessary. phone 
548·7543, HYdrology, Geology Section for Assislance. 

A. 
B. 

C. 

D. 

E. 
F. 

O. 

II. 

I. 

Alpha 
STATE IYELL NO. 0715-02 lYELL !lAME Exploratory Hole #4 ISLA/to Molokai 

LOCATION 3.75 miles NE of La'au pt., vJest Molokai TAX MAP KEY 5-1-02-030 
WELL OWNER Sekihyo Seibaku 

DRILLItIO OR PUMP INSTALLATIOIl CONTnACTOIt Fred Page Drilling International 

TYPE OF RIO Rotary DltlLLEIt Geoffrey Feldman 

DATE OF WELL COMPLETION ___ N_I_A _____ DATE OF PUMP INSTALLATION No Pump Installed 

aROUND ELEVATION (mal) 367 ft. 
Top of Drllll/lg' Platform (miil) .-3..7.0 __ Ct. 
lIolghl of drilling plattorm above groun(J ludaee 3 Ct. 
Belich mark lind method uaed to determine Itrou,iOeleviiiloil1fal:.:e=n,-,-",a~B~e""n!..!.:ch Mark (Surveyed by 

TOT A L 0 E P T 1/ 0 F WELL DEL 0 WaR 0 U N D ___ --=3:.>8~7'---=f-l:t:..J.'--___ _ Cummins & Cummins) 

1I0LE SIZE: 10 Inch dla. (rom 0 (I. 10 20 (I. below ground 
8 Inch dla. (rom --2~O--(1. 10 --=-3"::=8"="7"---(1. bl!low ground 

--~-Inch illa. from ft. io ft. below ground -------- --------
J. CASINO INSTALLED: * *Note: See attached 

sheet for drawing of 
casing to be installed 

10 In. I.D. x 1/4 In. wall aolld section to -2D.- ft. below ground 
In. I.D. x In. wall perforated Bectlon to ft. below ground 

-T-y p-e-of perforatlon====== ___________________ _ 

K. AHIIULUS: Not Grouted 
Orouted Crom ft. to ft. below ground 
Oravel pllckedlrorn lr:t-o-- H. below ground 

L. PEBMANENT PUMP INSTALLATION: 
Pump Iype, make, aerial No. No Pump Installed 
Molor type, '1I.p .. voltage, r.p.m. / 
Depth o( pump Inlllke lIettlni Z; If:oelow Z 
Depth of bottom of airline Z t. below 7 

M. PltOPOSED USE Future Source for Desa] jnatjon 

Capacity _____ gpm 

w fi I enel mil OnIa 
whIch elevation la 

" 7 h. 
7 ft. 

N. IHITIAL WATER LEVEL 365.9 ft. bolow ground. D.llte and time oC measurement _________ _ 
StatlC:t, o. ItIITIAL CIILORIDE 6,625 ppm.· h1ater1tl! an1 time or aAJllpling __________ _ 

p, PUMPHIG TESTS: Reference poInt (R.P,) used: Level whIch elevation II 1.1 u. 
Date --.......................................................... Date ........... "." ......................... " .............. ". b I R P 
Start water level 0 rt below n. p, Slart waler level ........... " .... " ...................... ,,'1. e ow . . ................................... . b I R P 
Erld water level 0 rt below R. p, End water level ...... __ .............. " ............... " .... 11. e ow . . ..................................... . b I R P 
Depth or well .................. ZJ..!.l ............. rt. below R. P. Depth or well ... __ " ........... " ............................. It. e ow . . 

Ela sed Rale Draw. el- Temp. EI"psed Rale Draw· el. Te,rnp. 

11 :.Q.o .. Mre t~,o.li~:.o.Q. P~~.~.27.6 ~~.i~.~~:~ ... ~~~oo ...... ~~.... . .... ".~~~::e I~o.~~.~~........ ..I.~:'~~~ ... ~~~~.~~~:! .,,~~.~.~.' .... " ... ~." .. 
12 :.Q.O . ..l?.N. .. to ... 1:.0.0 .. PM. ... .27.6 .... N;i..J... . ... 9.,.9.00 ....... ::-..... .. ............ to .............. .. ................................................. " .. . 

to to 50 .............. .............. .. ............ to ....... --..... .............. .............. .............. .. ...... " ... . 
1 ::9.9.::~K to :j:~:9:9.: ~~ .. j:§P ::::Q:~:~C ... .7.,.9.00 ..... 9..3..... . ........ __ ... to .............. .. ..................... -- ...... " ......... " ....... "--. 

.............. to ............ .. ........ " .... to ............................ , .... " ........... " .................. " .. 

.............. to ............. . .. ....... " ... to .............. .." ......................... "" ......... """"""" 

Q. . DRILLER'S u::x:;: 
Water Level 

Water Level 

Depth. It. 
...... " ...... to ............. . 
.............. to ............. .. 
.............. to ............. . 
.............. to ............. . 
....... " ..... to ............ .. 
.. " .......... to ............ .. 
.............. 10 ....... "" .. . 
.............. to ............ .. 
......... " ... to ............. . 
.............. to ..... :." .. __ . 
..... __ ....... 10 ......... " ... 

Rock Description & Remarks It. Deplh, ft. 
.. .................. __ .............................. .............. .. ............ to ............ .. 

. .............. ... __ .. __ ..... to ............. . 
:::f.Q·.::~:~::::f.y.:~Nis.f.iEis.:·.:W:CrH ... F.JNAL ........... !~ ." ..... " ... , 
... ~~.H.H. ... C.QNR.LE:r.:J;QR .. ;REP.'O.RT.. ." ......... :. to ... "." .... .. 
.................................................... 
..................................................... 
.................................................... 
.................................................... 
.................................................... 
.................................................... 
.................................................... 

.. ............ to ..... " .. " .. . 

.. .... "".". to """" .. "" 

.. __ . ____ "".10 """"."" . 
"." ..... "" to "."."."." 
. ....... __ ,," to .. " .. "."" . 
.".".""", to ."."" .. " .. 
" .... ,,",," to ".".""." . 

Rock Description & Remarks It. 
..................................................... 
.................................................... 
.................................................... 
.................................................... 
.................................................... 
.................................................... 
.................................................... 
.................................................... 
.................................................... 
.................................................... 
.................................................... 

REMARKS: .............................................................................................. " .................. "" .. " .... " .. " .. " .. ,, .. "." ...... " ... " .. " .... "" .... " ...... "". 

S u bml! ted by (p rln t )-~~~~=-7'ihA;:"::;~:':::':=-";h~r---

FOR DRILLER'S USE. 

Job Name 

Job No. "" .. """""".",,.,,"" 

Title Exec. Vice President - Dev. 

08 te ___ D_e_c_e_m_b_.e_r_l_3_,:...--1-9-9-l-----

-----------
FOR OFFICIAL USE 

Latitude """" .. "".".,,"""""". 

Longitude .. "" .... "."""""" 

Well No .... " .. "."."" .. """",," 
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~1.le or lIewell 
CO~IMISSIOII QII HA TP./l IlfSQIJIlCr. IIA"A(;rr.IEII r 

DepsrlO1enl of LAnd And thlurru Heiourcel 
DIvisIon or Ihler nelourct Mtlllllelllelli 

INTERIM WELL COMrLETIOII nEI'OnT 

JNSTilUGIIONS: .. Icase panl or I)'pe nntl lulJiiiTlCtiiiijilclcd ,rllor' wiiliTrilOdaY1 of wclrCoiiiii1(,jiiJiilOiIiCTilvE,ro.tOlWiiiCr'iicwulce t.liiil;jiicIIlclIl, 
P. O. Dox 373, IIonolulu, \lawail 96809. An as· built drawing or Ihe well and chemical analysis, Ir availahle, shollid also be suhmilled. IC necessary, phone 
548·7543, Hydrology, Geology Seclion ror Assistance. 

Alpha 

A, STATE ItELL NO. 8815-01 IYELL tlA/lIE Exploratory Hole #5 ISLAtlD Molokai 

B. LOCATION 4.5 miles NE of La'au pt., West fulokai TAX MAP KEY 5-1-02-030 

C. WELL OIYNER Sekihyo Seibaku 

D, DRILLItlO OR PUMP INSTALLATION CONTHACTOR Fred Page Drilling International 
E. TYPE OF RIO Rotary DRILLER Geoffrey Feldman 

F. DATE OF \YELL COMPLETION N/A DATE Of PU/lIP INSTALLATION No Pump Installed 

a. aROUND ELEVATION (mill) 388.5 ft. 
Top oC Drllllnff Platform liiiiilr::rrr::.5 ft. 
/lelght or drilling plateornr abovlI 1tX':>uno ludace 3 ft. 
Belich nrark alld nrethod used to determine irouriOeliiViiilCiiirfalena Bench Mark (Surveyed by 

II, TOTAL DEPTII Of WELL BELOW aROUND 409 ft. Cummins & Cummins) 

I. 1l0LE SIZE: 10 Inch dIll, from 0 rtf to 20 rt. below groulld 
-S--Inch dla. from 20 rtf to 409 ft. bl!low groulld 

Inch dla. from rt. to rt. below ground ----
J. CASINO INSTALLED: * *Note: See attached 

10 In, 1.0. x 1/4 In. Willi lIolld section to -2.D- (t. below ground 
In. I.D, x ___ In, wall perforated section to ft. below ground 

sheet for drawing of 
casing to be installed. -T-yp-e-oC perforatlon ____________________ _ 

K. ANNULUS: Not Grouted 
Orouted trom Ct. to flo below ground 
Oravel packedlrom lr.t-o-- It, below ground 

L. PEBMAUENT PUMP INSTALLATION: No P\Jmp Installed -
Pump type, make, lIerial No. Application to Fol low Capacity ____ gpm 
Motor type, 11.P" voltllge, r.p,m. 
Depth oC PUIllP Intake I!ettlng --n:oelow wlilcJlilevaiJOrlla _____ Ct. 
Depth oC boltom oC aJrJ1ne ft. below which elevation III tt. 

M. PROPOSED USE Irrigation Test Well - possible Desalination Feedwater 

tI, INITIAL WATEB LEVEL 390.1 ft. below groun'Stat'p~te and time of nreaeurement , ____ _ 

O. ItHTIAL CllLORIDE 4 ,500 PP~I' Water Dille IIn1 tlnre or IInmpl1Jlg , ____ _ 

p, PUMPWG TESTS: ReCerence point (R.P.) used: Level which elevation Is 390.1 ft. 

D"te Date ........................................................... . 
U ............................................................ b I R P 

Start W .. ter level 0 tt below n, P. Start water level ........................................... 11. e ow , , 
U .................................. ' bl np 

Erld waler level 0 tt below R. p, End water level ............................................. It, e ow , , ..................................... ' bl RP 
Depth of well ............... ?~ .................... ft. below R, P. Depth of well ................................................. 11. e ow , , 

d Rate Draw· cr. Temp, EI;lpsed nale Draw. CI. Te.rn p. 

1 :.OD.J~~t~~;.glLPM ... ~~L. ~4.~~~~~:~ ... ~:2~D ..... 9~6.... . ....... ~~~~e t~o.~~.~~........ ..~.~:.~~~~ ... ~~~~~.~~~:~ ... ~~.~~.~ ......... ~ .... . 
2 :.Q9 ... r.M. 10 ~.:.Q.O .. J?M .... 211.. ..3. •. 9..... .............. .. ... 9.6.... .. ............ to .............. .............. .............. .............. .. .......... .. 

.............. to .............. ..to ... 91 .............. .............. .............. .. ............ 10 .............. .............. .............. .............. .. .......... .. 
3 :Jw' .. r.M. 10 3.;J).Q .. PM .... 2.25... ..2 •. 1.... ...4,..110D ..... 9.6.... .. ............ to .............. .............. .............. .............. .. ........... . 

.............. to ............. . 

.............. to ............ .. 

Q. . DRILLER'S UX;: 
Water level 

It Depth, It. Rock Description & Remarks 

.............. to ............ .. . ............................... ~................... . ............ . 

.............. to .............. .............. .. ...................................... .. 

. ............. to ..................................................................... . 

Water Level 
Depth, II. Rock Description & Remarks It. 

.. ............ to ............ .. ..................................................... 
.................................................... 

.............. to ............ .. 

.............. to ............. . 

.. ............ to ............ .. 
.. TO' .. BE .. ·FURNis'iiE'i:) .. ·~jliii· .. i.iNAL ............. !~ ............. . 

:.~1~~.~:::.~?0.?:~~:tfQk{:.*-~p..Q:F..r..:. .. .......... :. to ............. . 

.................................................... 

.............. to ............. . 

.............. 10 ............ .. 

.............. to ............ .. 

.............. to ............ .. 

.............. to ............. . 

.............. to ............ .. 

.............. to ..... : ...... .. 
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Alpha U.S.A., Inc. 

October 3, 1991 

Mr. Edwin Sakoda, Geologist 
DIVISION OF WATER RESOURCE MANAGEMENT 
Department of Land & Natural Resources 
P. O. Box 373 
Honolulu, HI 96809 .1 ~ _ .. ,t .J. I 

I _ -" ~ O<3 1r:;-OI) 

Subject: Test Hole #5 (Well No. 0717-02) -----.-. 
Laau Point. Molokai 

Dear Mr. Sakoda: 

r-
~~ .... ~ f::,.··.-
" \ .... ' .. .. 
\:." . 

c~:~,. 

--­c.::, 
c-::· 
__ ",j 

After receiving additional water samples from Exploratory Hole #3 (Well No. 0715-01) and 

.. 

Hole #4 (0715-2),we would like to request permission to drill Test Hole #5 closer to Hole #3 in 
an effort to find usable water. We are enclosing maps showing the originally approved location of 
Test Hole #5, as well as the new location where we would like to drill. 

For your information, also enclosed is interim field information on Test Holes #3 and #4. 

We look forward to receiving your approval on the change in location as requested above. 

RGD:jsy 

Enclosures 

Very truly yours, 

rR~ffley 
Executive Vice President 
Development 

City Financial Tower 
201 Merchant Street, Suite 2100 

Honolulu, Hawau 96813 
Phone: (808) 532-2121 Fax Phone: (808) 532-2130 
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1.0 INTRODUCTION 

This report contains the results of time domain 
electromagnetic (TDEM) geophysical surveys for ground water 
resource evaluation of the Puu Anahulu area of North Kona on the 
Island of Hawaii. The survey was performed by Blackhawk 
Geosciences, Inc. (BGI) for the Division of Water Resource 
Management, state of Hawaii, from October 29 to November 3, 1991. 

The main objective of the geophysical survey was to 
characterize the hydrologic regime near.Puu Anahulu. The concept 
for using geophysical surveys for ground water evaluations can be 
understood using the generalized hydrogeologic cross section 
shown in Figure 1-1. In the Hawaiian islands, the volcanic rocks 
are generally highly permeable and rain water rapidly percolates 
into the ground and migrates downward to the water table. Fresh 
ground water in island settings is generally found in two 
environments: 

1. Dike-confined waters. Intrusive dikes originating from 
a magma source below can form ground water dams, and 
behind these natural dams significant quantities of 
ground water can be stored. 

2. Basal fresh water. The high permeability of the 
volcanic rocks allows sea water to enter freely under 
the island, and a delicate balance is reached where a 
lens of fresh water floats on sea water. In cases 
where hydrostatic equilibrium exists, the Ghyben­
Herzberg relation states that for every foot of fresh 
water head above sea level there will be 40 ft of fresh 
water below sea level. 

The basal mode water resource was the main focus in the 
investigations for the state of Hawaii. 

Because the electrical resistivity of rock formations is 
highly dependent upon the salinity of ground water, electrical 
surface geophysical techniques can map the depth to salt water, 
and the thickness of the fresh water lens can then be estimated 
using the Ghyben-Herzberg principle. The impetus for using 
geophysics is that the cost of a geophysical sounding is about 
one-thousandth the cost of completing a well at elevations above 
1,000 ft. Geophysical surveys, combined with other hydrogeologic 
information, are used to provide optimum locations for well 
placement and well completion depths. The specific geophysical 
method employed was time domain electromagnetic (TDEM) soundings. 
This method was selected because it has proven effective in prior 
surveys in similar settings in Hawaii. 

1 
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2.0 LOGISTICS AND DATA ACQUISITION PROCEDURES 

The TDEM survey was performed by a three man crew consisting 
of two BGI geophysicists and one local field helper. The 
locations of the sounding sites were determined during 
consultation with state personnel and their consulting 
hydrologist. Due to the remoteness of the project area, no jeep 
roads or trails were available for access. Therefore, helicopter 
support was supplied by the Client for the duration of the field 
survey. At the start of the survey a base control point (SCP) 
was established on the east corner of sounding 1. The BCP was 
surveyed in by compass and hip-chain on bearing with the road 
west of Puu Hinai, and to the north edge of the Kaniku lava flow. 
The survey line numbers and loop locations are shown on Figure 
2-1. 

During the five days of field work, a total of 10 sounding 
measurements were acquired over the area of interest. As the 
survey progressed the location and number of soundings changed at 
the request of the consulting hydrologist, to include only 
measurements between approximately the 1,400 ft and 1,700 ft 
elevation level. From the sep, bearings of N400W and S500W were 
used throughout the survey area to layout transmitter loops and 
when measuring from loop-to-loop and from line-to-line. 
Elevations of sounding centers were measured with a handheld 
barometric altimeter in the field and checked periodically 
against the helicopter altimeter during each day to maintain 
reliable (± 20 ft) elevation readings. A daily log of field 
activities during the survey is given in Table 2-1. Transmitter 
loop sizes varied from 1,000 ft by 1,000 ft to 1,200 ft by 1,200 
ft in the study area according to depth of investigation needed 
and the logistics of accomplishing the sounding measurement. 

2.1 PROCEDURES 

The Geonics EM-37 TDEM system was utilized on this survey. 
The system basically consists of a transmitter and a receiver. 
The transmitter loop is constructed of 10 to 12 gauge insulated 
copper wire. The wire is laid on the ground surface in a square 
loop varying in size, depending upon the required depth of 
investigation (larger loop sizes for deeper measurement). A 
transmitter and motor generator are connected into the non­
grounded loop at one corner. A time-varying current is pulsed 
through the wire at two different base frequencies. The TDEM 
receiver measures and records the decay of the vertical magnetic 
field through a receiver coil placed at the center of the non­
grounded transmitter loop. Receiver coils with effective areas 
of 100 m2 and 1,000 m2 were utilized at base frequencies of 3 Hz 
and 30 Hz. During data acquisition numerous transient decays are 
collected with the receiver for each sounding. Readings were 
acquired at several receiver gains with opposite receiver 
polarities for each sounding location. The readings were stored 
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in a DAS-54 solid state data logger, and were nightly transferred 
to a personal computer for processing. A technical note is given 
in Appendix A which describes and illustrates the principles of 
TDEM. 

Date (1991) 

october 27 

October 28 

October 29 

October 30 

October 31 

November 2 

November 3 

November 4-5 

Table 2-1. Daily log of field activities 

Activity 

Demobilize from other Pacific jobs to Kailua-Kona, 
HI in conjunction with other surveys. 

One-half day of mobilization, clear equipment 
through customs. 

Perform reconnaissance of sounding site 1, and 
establish base control point (BCP) on east corner. 
Transport TDEM equipment and crew by helicopter to 
east corner of sounding 1. Acquire measurement of 
soundings 1 and 2. 

Measurement of soundings 3 and 4. 

Measurement of soundings 5 and 6. 

Measurement of soundings 7 and 8. 

Measurement of soundings 9 and 10. 

Demobilization of equipment and BGI personnel from 
Kailua-Kona, HI to Golden, CO. 

(October 28 and November 1 are work at other 
Hawaii locations) 

3 
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3.0 DATA PROCESSING 

The field data acquired each day was transferred from the 
DAS-54 data logger to a personal computer. The data for each 
sounding location is edited and combined (both 3 Hz and 30 Hz 
frequencies) to produce a transient decay curve. This decay 
curve is transformed into an apparent resistivity curve, which is 
entered into an Automatic Ridge Regression Transient Inversion 
Program (ARRTI). From the apparent resistivity curve a one­
dimensional model of resistivities and thicknesses is calculated. 

The inversion program requires an initial estimate of the 
geoelectric section, including the number of layers, and the 
resistivities and thicknesses of each of the layers. The program 
then adjusts these parameters so that the model curve converges 
to best fit the curve formed by the field data set. The 
inversion program does not change the total number of layers 
within the model, but allows all other parameters to float 
freely. 

An example data set is given in Figures 3-1 and 3-2 for 
sounding WAlKl (sounding number 1). Figure 3-1 shows the 
measured data points (in terms of apparent resistivity) 
superimposed on a solid line. The solid line represents the 
computed behavior of the true resistivity layering shown on the 
right. Thus, the section is interpreted to consist of two 
layers, - the first layer has a thickness of 527 m (1,729 ft) 
with a resistivity of 3,799 ohm-m, and the resistivity of the 
second layer is 2.8 ohm-me Figure 3-2 lists model and survey 
parameters, and in column 4 the error between measured and 
computed data in each time gate. 

The apparent resistivity curves and data sheets for all 
soundings are contained in Appendix B. 

4 



-~------..-.------- .. -.-

...----
L 

5 
10 

I 4 

~ 10 o 

>­
~-
I--i 

> 
~ 1000 
(f) 
I--i 

(f) 

W 
CY.: 

I-
Z 
W 
0:::: 
-t:: 
(L 
(L 

< 

100 

WAIKl 
.- ----,- - - ------l--- ---.------- ---,--------

MODEL~ 

u 3799. 
~OHM-M 
o 
L 
o 

I 
527. M 

0....,.--------1---
L 
o 
g2.80 

I--i OHM-M 
• 

(f) 
OJ 
U 
C 
OJ 

·M 

U 
(f) 
o 
OJ 
~ 

..x: 
~ 
o 

..c. 

..x: 
g % ERROR: 5. 65 

en CALIBRATION: 1 
10~1~~rnl~'~\I~'I---'-~~~~~~~~~~~~ OFFSET: 152. M 

RAMP: 165. 0 
-5 

10 
-4 

10 0.001 

TIME (SEC) 

o. 01 o. 1 
"BLACKHAWK GEOSCIENCES, INC. 

EXAMPLE OAT A SET 
SOUNDING WAlK 1 

DIVISION OF WATER RESOURCE MGMT. 
STATE OF HAWAII 

PROJECT NO: 91054 Figure 3-1 



vi 

I 

I 

I 

I 

I 

I 

I 

J 

I 

I 

I 

I 

I 

J 

i'IUDEL: 2 U4YEF:S 

f:;:r::!::; 1ST I V I TY TH 1 U::I,t:::::;S ELE')(';T I DH cUt··mUCT;~NCE (5) 
(OHi'!-,'!) , i"'1) 

:3}'0:.7'7. 13 
:~ .. E~~t 

J. 
._', 
.~ 

6 

8 
9 

lIZ) 
11 
12 
1 ::: 
14 
15 
16 
17 

-4. J.j.3E-I.2l4 

::'=:" /J4[ -'14 
7. 15::::-··04 
8. E<i E-(D4 
1 .. 1 ~iE --If):::: 
1.4:lE-Q)3 
1.80E--i,D3 
2.22E-·'93 
2. BflIE-03 
-.:;. 5SE --'~3 
4.43E-0::: 
5.64E-0:::: 
7 . .t3E-03 
8.81E-03 
1.10E-02 

1;:" .--, .• , ! 

..• !"'::'.'" • j. 

-.:::. 61bE +:2):'::, 
2 . 6 (? E-H):3 
2 • ~-'(ZlE +!Zt5 
1.44E+£)::' 
i . iZi(~E +03 
8.14E+flI2 

4.72E+i212 
3. [<1 E +iLi2 
::;. W1 E +02 
2. 0:3E +il12 
.t • 56E+'Z(2 
1 • 1 9E H.i;::' 
9.2.<.lE+01 
7.811:::+[11 
6.32E+01 

il::b. -j 

-1 el1.!l" :::;: 

CALC 

1 . ';'6E+~J3 
1.45E+iZC 
i.llE+~!:::'~ 

8 .. '-J.9E+02 
6. 22E.+Q)2 
4. 64E+02 
3. 6fDE +iZt2 
2., 74E+\iL: 
:2. [J9E+k}2 
1 • ,:::'21:: +1.02 
:i.24E+!Zt2 
9.65E+01 
7 .. 70E+~~ll 
,S.15E+01 

t.050 
0.837 
2" 25[:::, 

·-0. T':::'21 

-4.062 
·-1.~j46 

L 701 
5. ·:.i!:r9 
{~" 7,,+8 

-·(2.1.474 
-3 .. 839 

-4. :'237 
.l • -41Z16 
2 .. 708 

Li~';'\"EF~: TOTAL 

2i.. 1 ~1. 1 

R" 152. X: 0. Y: 152. DL: :'~[lJ~j. REG!: l.~9. CF: 1.IlHZlfij0 
TDHZ ARRAY~ 17 DATA POINTS, RAMP: 165.0 MICROSEC. DATA: WAIK1 
2910 1111 il11 Z OPR XTL L 6 10+1000 
Ch.21 = 0.165 
f:;:rlS LOG ERF:OR: 

Ch. '2:2 :::: 0.89 

LATE TIME PARAMETERS 

Ch.23 = 15 Ch.24 = q 

), B1 at: f::h<:~!-'/k Geosr.: i ences, IncDr-por ated :,,. 

PARAMETER RESOLUTION MATRIX! 
"F \I I'IEANS F:£ XED PARf-'J!'1ETER 
P 1 (,3. <i7 

F r, 
k~" 0Q) ~I. tb0 .t:. 

T 1 (2). lim 0. 12Htl 1. 00 
io=' 

., F 2 T 1 l 

j\BLACKHAWK GEOSCIENCES, INC. 

EXAMPLE DATA SET 
SOUNDING WAlK 1 

DIVISION OF WATER RESOURCES MGMT. 
STATE OF HAWAII 

PROJECT NO: 91054 Figure 3-2 



• 

4.0 INTERPRETATION RESULTS 

4.1 GENERAL 

The objectives of the geophysical survey for the state of 
Hawaii were to interpret from the individual TDEM soundings the 
resistivity layering as a function of depth. Also, to infer from 
the resistivity information the depth to salt water, and the 
thickness of the basal fresh water lens. The TDEM soundings were 
purposely acquired along traverse lines from about the 1,400 ft 
to 1,700 ft elevation level. The results of the individual 
soundings were used to construct geoelectric cross sections 
through several transects. From the 10 soundings taken on the 
area of interest, four geoelectric cross sections were 
constructed to display the interpreted data set. Figure 2-1 
shows the locations of the soundings and the geoelectric cross 
sections. 

Using available knowledge about the relation between 
resistivity values and local hydrogeology, geologic and 
geohydrologic information was inferred from geoelectric cross 
sections. The characteristic ranges of resistivities expected 
for local geohydrologic units in the survey area are shown in 
Figure 4-1. The resistivity range for ash flows, weathered 
volcanics or intrusives overlaps both the lower range of the dry 
unweathered or fresh/brackish water saturated volcanics and the 
upper range for salt water saturated volcanics. In many cases 
the geohydrologic units can be separated by their relative depth 
of occurrence in the section. 

In the TDEM interpretation, where a very conductive layer 
« 5 ohm-m) is detected below sea level, this layer is expected 
to be caused by salt water saturated volcanics. For this survey 
a fixed 2.S ohm-m resistivity value was used to represent the 
resistivity of the salt water saturated layer. The validity of 
using this resistivity value for salt water saturated volcanics 
was confirmed by a previous TDEM survey in the Waikoloa area to 
the north. static water levels (heads) can subsequently be 
calculated from these soundings by using the Ghyben-Herzberg 
principle. This principle states that under conditions of static 
equilibrium, for every foot of fresh water above sea level there 
will be about forty feet of fresh water below sea level. An 
illustration of the Ghyben-Herzberg principle is given in Figure 
4-2. This principle, however, assumes static equilibrium and may 
not apply to TDEM sounding data in close proximity to ground 
water damming structures (i.e., dikes, rifts, etc.). 

TDEM soundings in areas where ground water has been shown to 
be dike-confined, typically show high resistivity (greater than 
100 ohm-m) layers to the exploration depth of the TDEM system 
(typically -sao ft below sea level). In other words, no sea 
water saturated formations are interpreted within the entire 
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section. within the structure controlled areas which separate 
the basal mode and dike-confined areas, TOEM data often exhibit 
intermediate resistivity values (10 to 100 ohm-m) that may occur 
both above and below sea level. In cases where intermediate 
resistivities occur well below sea level (-300 to -500 ft) it is 
generally not possible to determine the exact origin and nature 
of the subsurface conditions influencing the formation 
resistivities. The data taken in these areas may be distorted or 
influenced by the nearby structures and may not be diagnostic of 
true resistivity layering. This is due to the large subsurface 
areas that are averaged below a large transmitter loop (1,500 ft 
by 1,500 ft) and the limitation of present 1-0 interpretations 
for TDEM data. 

4.2 GEOELECTRIC CROSS SECTIONS 

The results of the 10 TOEM sounding interpretations are 
presented as four geoelectric cross sections and are shown in 
Figures 4-3 and 4-4. Layers with similar resistivities have been 
linked together in the geoelectric sections. 

Lines 1 and 2 

The geoelectric cross sections for Lines 1 and 2 are both 
presented as northwest to southeast transects in Figure 4-3. 
Similar two-layer sequences are interpreted in the geoelectric 
cross sections for Lines 1 and 2. The upper layer of these two 
geoelectric cross sections exhibit high resistivities ranging 
from 2,857 ohm-m at sounding 3 to greater than 9,000 ohm-m at 
sounding 5 and are interpreted to represent unweathered 
volcanics. Below sea level, in both cross sections, this 
resistive layer is expected to be saturated with fresh/brackish 
water. The lower layer in both lines has been fixed to a 2.8 
ohm-m resistivity and is interpreted to represent salt water 
saturated volcanics. The approximate thickness of the 
fresh/brackish water lens for these soundings was found to vary 
between 329 ft at sounding 1 to 430 ft beneath sounding 2. 

Lines 3 and 4 

In Figure 4-4 the geoelectric cross section for Lines 3 
and 4 are displayed. The soundings were interpreted with either 
a two or three layer geoelectric section. The upper layer in 
both cross sections exhibits high resistivity values ranging from 
1,312 ohm-m to greater than 6,000 ohm-me This upper layer at 
soundings 7, 3 and 4 is interpreted to represent dry unweathered 
volcanics above sea level, and where it occurs below sea level, 
it is expected to be saturated with fresh/brackish basal mode 
water. The lower layer of Line 3 (and sounding 8 on Line 4) 
exhibits intermediate resistivity values ranging from 9.2 ohm-m 
to 71 ohm-me This lower layer may be caused by changes in 
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lithology (ash flows, weathered volcanics), changes in water 
quality or geologic structure. 

Beneath soundings 3, 4 and 7 of Line 4 where the lower layer 
is interpreted to represent salt water saturated volcanics, the 
approximate thickness of the fresh/brackish water lens can be 
estimated from these soundings and it was found to vary from 
344 ft at sounding 4 to 396 ft at sounding 7. Because of the 
rapid resistivity contrasts between soundings 7 and 8 (2.8 ohm-m 
to 71 ohm-m) lateral changes are expected to occur between the 
two soundings and a geologic structure is inferred. 

4.3 HYDROGEOLOGIC INTERPRETATIONS 

Table 4-2 lists the approximate thickness of the 
fresh/brackish water lens calculated from the elevation of the 
salt water interface interpreted from the individual TDEM 
soundings. The table includes the value of static water level 
(head) calculated by using the Ghyben-Herzberg principle. 

Table 4-1. Hydrogeologic information derived from TDEM soundings 
(values in ft) 

Approximate 
Thickness 

Elevation Calculated of Fresh/ 
Surface of Salt static Water Brackish 

Sounding # Elevation Water Level (head) Water Lens 

1 1400 -329 8 337 

2 1505 -430 11 441 

3 1645 -390 10 400 

4 1560 -344 9 353 

5 1405 -345 9 354 

6 1560 -422 11 433 

7 1660 -396 10 406 

8 1720 Not N/A N/A 
Detected 

9 1525 Not N/A N/A 
Detected 

10 1400 Not N/A N/A 
Detected 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

The main objective of the TDEM survey was to assist in the 
ground water resource evaluation of the Puu Anahulu area of North 
Kona, Hawaii. The results of the TDEM survey are summarized in 
Figures 4-3, 4-4 and 4-5. As shown in Figure 4-5 (beneath 
soundings 1 through 7), salt water saturated volcanics were 
detected at depth and fresh/brackish ground water resources are 
expected to be present in the basal mode. The thickness of the 
basal fresh/brackish water lens is expected to vary from about 
329 ft to 430 ft. Beneath soundings along Line 3 (10, 9 and 8) 
salt water saturated volcanics were not detected. The 
intermediate to high resistivity layer detected below sea level 
on these soundings may be caused by lithologic, geologic, or 
hydrologic variations and thus, estimates of available ground 
water resources cannot be made for these soundings. The depth 
and resistivities of the lower layer in these soundings display 
some similarities to soundings taken on previous surveys near a 
ground water damming structure. Thus, the potential for 
significant ground water resources may be present up-gradient of 
the structure if other favorable subsurface conditions exist, 
such as high porosity and permeability. 

The location of the boundary between areas with basal mode 
ground water resources and areas where a resistive basement was 
detected is not accurately determined because of the large 
distances between lines and soundings in this vicinity of the 
study area. To better define the boundary location and its 
relative direction, additional soundings between Line 2 and 
Line 3 are recommended. To determine if high level ground water 
resources exist southwest of Line 3, additional soundings are 
recommended in this area. 

The relative accuracy in determining the depth to the salt 
water saturated interface is expected to be about ± 5% of the 
total depth measured. 
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INTRODVCTIO"l 

Electromagnetic transient methods for soundings have been used for many 
years in the U.S. and the U.S.S.R. for mapping structures for hydro­
carbon and geothermal exploration. Transient sounding for shallow explora­
tion ( < I km) was until recently not possible. due to the lack of an instru­
ment with the necessary specifications. The situation has changed since the 
Geonics EM37 became commercially available. There are several important 
exploration objectives for shallow exploration using transient methods such 
as: 

I) structural mapping for coal. oil sands and oil shales 

2) structural mapping for mineral exploration 

3) hydrogeological investigations 

4) deep onshore and offshore permafrost mapping for design of well 
casings. facilities. and for static correction to seismic reflection data 

These soundings are being made with separations between transmitter and 
receiver comparable to the depth of investigation, so that good lateral 
resolution is obtained. 

These methods can be extended with similar equipment for such deeper 
exploration objectives (3 to 5 km) as: 

a) mapping hydrocarbon-water contacts 
b) mapping overthrust and thickness of volcanic covers 
c) geothermal exploration 

Examples of successfully using transient EM for some of these objectives 
are given in this note. 

PHYSICAL PRINCIPLES 

A transient system consists of a transmitter and a receiver. The trans­
mitter configuration can be a non-grounded loop or a grounded line. The 
configuration used in most of our work has been the non-grounded loop. 
The sensors are multi-turn air coils with effective areas varying from 32 
square meters to 1000 square meters. Figure I shows the transmitter­
receiver arrangements used for transient soundings. 

The current generated in the transmitter is shown in Figure 2. There are 
two periodS' of time, time-on and time-off. Measurements are made only 
during time-off. In accordance with Faraday's Law, an electromagnetic 
induction appears when the current in the transmitter varies with time. When 
the turn-off ramp is linear the induced electromotive force is a rectangular 
pulse. 

The electromagnetic induction creates eddy currents in the ground. These 
induced currents are time-variant and cause a time-varying secondary 
magnetic field, which is measured as an electromotive force in the receiver 
coil. It has been shown that the induced currents are horizontal closed rings 
in the absence of lateral inhomogeneities (I). There is no vertical component 
of current flow. Figure 3 schematically illustrates the distribution of eddy 
currents as a function of depth at different times. This figure shows that 
current maxima move down with increasing time. The currents not only move 
down, but also out. The current expansion can be described by a diffusion 
type equation. 

The electromotive force measured by the receiver coil is the result of 
the change of current flow with time. It is evident from Figure 3 that a 
measurement at time, to, will mainly be sensitive to the resistivity of near­
surface layers. With increasing time. when the current maxima diffuse down. 
the electromotive force will progressively become more sensitive to the 
properties of deeper layers. Therefore. by making measurements as a 
function of time, information about the geoelectric section is obtained. In 
transient soundings effective exploration depth is dominantly a function of 
time rather than distance. This fact results in a high lateral resolution for 
transient soundings. 

o~ . Rttri..,u o o-Recrivlf 

-_._--....... 
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GrO'.Jnceod Line Tronsm.ltter 

FIGL RE I. Different arrays of transmitter·recei\er used in transient soundings. 
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Behavior of Field 

Over certain ranges of time the transient field also has a higher sensitivity 
to the geoelectric section than other electrical methods. This fact can be 
understood from the behavior of the time derivative of the vertical com­
ponent of the magnetic field over uniform half-space. In Figure 4, Bz is given 
as a function of the dimensionless parameter 2!' 

where 71 71 =~ 21l'PI tl07 

and t is time after turn-off 
PI is half·space resistivity 

r 



Several stages of time can be distinguished in the behavior of the electro­
motive force. At early time the emf is independent of time; there is an inter­
mediate range of time in which the emf, rapidly decreases with time, and a 
late range of time in which the emf falls off as t -5/2. 

At early stage 3. < 2, and at late stage 3. > 10, the behavior of the field 
r r 

can be described by asymptotic expressions (1). The expressions are: 

early stage ( T1 < 2): SZ = 2~~4' P1 (I) 

late stage ( T1 > 10): SZ = _-=uc..:mc..:r,--
4071"'/,t', 

(2) 

It is evident that a measurement at late stage is more sensitive to ground 
resistivity than a measurement at early stage. 

Late stage commences when ~1 > 10. Thus, if r (transmitter-receiver 

separation) is kept small, late stage will commence in earlier time channels. 
The advantages of small transmitter-receiver separation, therefore, not only 
is a better lateral resolution, but also a higher sensitivity to the geoelectric 
section. This often results in a better vertical resolution. 

Some of these advantages of transient soundings are lost when large 
transmitter-receiver separations are used. In the first place increasing separa­
tion will decrease lateral resolution. When larger separations are used the 
geoelectric section measured does not occur directly under the receiver, 
but will be influenced by the subsurface conditions between transmitter and 
receiver. Secondly, at large separations the behavior of the field will cor­
respond to early stage, over a large time range, and the sensitivity to the 
geoelectric section will be less. This will decrease vertical resolution. 
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Definition of Apparent Resistivity 

It is common in all electrical and electromagnetic methods to transform 
the fields measured into apparent resistivities. The purpose of that transfor­
mation is to obtain a convenient visualization of how the behavior of the 
field measured, differs from the behavior of the field over uniform half­
space. Transient soundings are no exception. In direct current and magneto­
telluric soundings the relation between measured signal, and resistivity of 
uniform half-space, is the same for all electrode spacings (direct current) and 
over the entire frequency range (magnetotelluric). In transient soundings the 
relation between resistivity of uniform half-space and measured signal is a 
function of time of measurement. It is evident from Figure 4 and equation 1 
and 2 that there are two ranges of time over which that relation is 
constant, i.e. early stage and late stage. In these ranges of time the 
behavior of the field is described by the asymptotic expression in (1) and 
(2), and these expressions can be used to define the apparent resistivities, 
given below. 

Early Stage P 

Late Stage P 

$zZ7rT~ 
3m 

(3) 

(4) 

The definition used in practice depends on several factors. Generally, 
when the behavior of the field over the critical range of time corresponds 
to late stage behavior, the late stage (4) definition is used. This situation 
generally occurs when small transmitter-receiver separations are used. An 
early stage definition would be used, if the behavior of the field measured 
correspond to early stage behavior in the first layer. 

Figures 5 and 6 show computed late stage apparent resistivity curves for 
uniform half-space, and for two-layered sections respectively. The apparent 
resistivity curves are plotted in terms of the dimensionless parameters, 

P% and!! ( or .!!. 
PI hi r 

In transient EM the parameter 71 plays a role similar to skin depth in 
frequency domain sounding, or electrode spacing in direct current sounding. 
For a certain section 71 is proportional to t Yz. 

First, consider the apparent resistivity curve for uniform half-space. With 
increasing time the apparent resistivity gradually approaches the true 
resistivity of the half-space. For example, when 7 IIr >10, Pa approaches 
PI. At early time the apparent resistivity exceeds PI due to the fact that 

the field behavior has not reached "late stage", while the definition of 
apparent resistivity is based on "late stage". The early part of the curve, 
corresponds to the early stage behavior of the field and PI can be derived 
from this part of the curve also. 

The interpretation of transient soundings is based on the analysis of 
apparent resistivity curves for 2-, and other multi-layered curves. Along with 
inversion methods using large sections of curves, many emperical techniques 
for deriving parameters of the geoelectric section from parts of the curves 
have been developed and tested by geophysicists in the U.S.S.R. 

The behavior of two-layered curves are used for illustration in Figure 6. 
At early time 11 <2 all curves merge into one, corresponding to the behavior 

r 
of the field in the first layer. In this range of time the eddy currents are 
mainly concentrated in the first layer. From the behavior of the curve at early 
time information about PI can be obtained. With increasing time P% 

pz/ Pv' PI 
increases, when /PI > I, and decreases when /P1 < I. In this range of 
time currents progressively penetrate the second layer. At later time the 
apparent resistivity approaches the basement resistivity. In this range of time 
most currents are concentrated in the basement. 

The similarities between the behavior of apparent resistivity used in 
transient and other electrical soundings should now be evident. The root 
of time replaces L-spacing or frequency on the horizontal axis. 

Case History· Mapping Hydrocarbon· Water Contacts (2) 

The formation resistivities of petroleum bearing rocks is dominantly a 
function of porosity and the resistivities of the fluid (or gas) in the pores. 
Salt water is commonly found in all oil and gas fields, and the salinity of 
the water in the pores is invariably high. The formation resistivity of 
petroleum bearing rocks saturated with water is. therefore, generally low 
( _ 2 ohm-m). The resistivity rapidly increases when oil or gas replaces water 
in the producing formation. 

4 

These facts are illustrated in the four induction logs of a shallow gas 
producing iieid in Oklahoma in Figure 7. This figure shows that the resistivity 
in the producing horizon is less than 3 ohm-m when brine saturated, and 
more than SO ohm-m when gas saturated. This significant change in 
resistivity was measured from the surface by transient EM soundings in 
shallow fields. 

To measure the gas-water contact transmitter loops with dimensions of 
1500 ft. by 1500 ft. were used and measurements were made in the center 
of the loops. Figure 8a and b shows apparent resistivity curves obtained 
over locations with hydrocarbon saturation and brine saturation in the 
producing horizons, respectively. The difference between these curves at later 
time is readily observed. The curve obtained over a location with salt water in 
the producing horizon shows a decrease in apparent resistivity at late time; 
the curve obtained over a location with gas saturation shows a slight 
increase in apparent resistivity at late time. 
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FIGURE 7. Geologic section with four induction logs of a shallow gas field 
in Oklahoma. The producing horizon occurs at depth of 1500 ft. to 2000 ft. 
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FIGURE 8. Transient apparent resistivity curves over a field in Oklahoma: 
a) apparent resistivity curve over a location with salt water saturation 
b) apparent resistivity curve over hydrocarbon saturation 



From measurements at II transmitter loop positions a contour map of the 
conductance in the producing horizon could be made (Figure 9). Con­
ductance is the product of the thickness of the formation and its con­
ductivity (inverse of resistivity). The contour map derived from the measure­
ments is consistent with the data of the four available induction logs. 

Several similiar case histories are also found in the literature from the 
USSR. On the Siberian platform conductance contour maps of a horizon at 
depth of about 5000 ft. were constructed from transient soundings over a 
large area. Changes in conductance of producing horizons can have several 
causes. These are: 

a) change in brine saturation of the pores (hydrocarbon accumulations) 
b) change in lithology or porosity 
c) disappearance or change in thickness of producing horizon 

These conductance maps of producing horizons were used to compliment 
seismic interpretations to better define drilling targets. 
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F[GURE 9. Contour conductance map of the producing formation derived 
from 11 transient soundings. 

This case history can be used to illustrate the high sensitivity of transient 
sounding to the geoelectric section. In Figure 10 a, b, c computed apparent 
resistivity curves for the same section are shown for direct current, magneto­
telluric and transient soundings. In both direct current and magnetotelluric 
soundings the presence of a conductive layer of 30 mhos would cause 
approximately 20 percent maximum change· in apparent resistivity; for 
transient soundings the maximum change would be 4S percent. Moreover, 
it is clear from equation 2 that a 45 percent change in resistivity. will 
cause a 60 percent change in measured electromotive force. The sensitivity 
of transient EM to the presence of a conductive layer is approximately 
three times that of other electrical methods. 

It was discussed that lateral resolution in transient soundings to a large 
extent is a function of transmitter-receiver separation. In the survey in 
Oklahoma measurements were also made with the receiver outside the 
transmitter loop, 500m from the center. From curves outside the loop the 
brine-hydrocarbon contact could not be determined. It clearly illustrated 
that the effective geoelectric section is not measured under the receiver, but 
is affected by the subsurface conditions between transmitter and receiver. 
Increasin~ transmitter·receiver separation decreases lateral resolution. 
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FIGURE 10. Computed apparent resistivity curves for geoelectric section shown: 
a) direct current 
b) magnetotelluric 
c) transient 

Case History Onshore and Offshore Permafrost Mapping (3) 

The thickness of permafrost along the coast of the Beaufort Sea may 
reach 2000 ft. The permafrost distribution is variable, particularly near 
water bodies. Offshore permafrost has been found to exist tens of kilo­
meters from the shore line. The permafrost distribution is required for 
static correction to seismic reflection data, and for design of well casings 
and facilities. The increase in resistivity upon freezing is the basis for 
electrical methods to map permafrost. 
B1 ackhawk Geo has performed hundreds of transient soundings in Alaska 
and Canada for onshore and offshore permafrost mappings. Figure 11 shows 
a section of permafrost traversing the coast line passing by the Gull 
Island well near Prudhoe Bay (4). Above the section the measured 
apparent resistivity curves are shown. 

The section shows that on land permafrost is approximately 2000 ft. 
thick and has an average resistivity of about 400 ohm-m. The unfrozen 
ground underneath the permafrost has a resistivity of 2.5 ohm-m. Offshore 
the top to the permafrost falls off rapidly to 250m about 3 km from 
the shore line. The unfrozen sediments above the permafrost are saturated 
with brine and have a resistivity less than 2 ohm-m. 

The case history illustrates the ability of transient EM to detect a 
resistive layer under thick conductive sections. High resolution marine 
seismic methods sometimes can map top to permafrost, with transient 
EM both top and bottom could be determined. 
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FIGURE 11. Permafrost section with apparent resistivity curves. 

Case History· Mapping Depth to Basement 

In northern British Columbia a survey was performed in support of a coal 
exploration program. The objective of transient sounding was to deter­
mine the thickness of the sedimentary rock overlaying the crystalline 
basement, and the contact of sedimentary and volcanic rock. 

The geoelectric and geologic section derived from the various soundings 
is given in Figure 12. In addition to the geologic cross-section the longitudinal 
resistivity, pi , above the basement is shown. It was computed from the 
relation: f _ H 

P - HI HZ 

751+fS2 
where H is total thickness of sedimentary section 
and HI, H2 are thicknesses of layer 1 and 2, respectively 

The behavior of pi shows a relatively constant value of about 20 
ohm-m from Station 2200m to Station 1 200m. From Station 1200m to 
200m, pi increases to a maximum value of about 60 ohm·m. The increase 
in pi at Station 1200m was interpreted as the contact of sedimentary and 
volcanic rock. This interpretation was consistent with the information ob· 
tained from two dri1lholes placed on the cross-section. The dri1lholes did 
not penetrate into basement rock. 

The section of Figure 12 was largely derived from soundings in the 
center of 100m by 100m loops. 

FIGURE 12. Geoelectric section derived from transient soundings. 
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1.0 iNTRODUCTiON 

Time domain electromagnetic (TDEM) geophysical surveys were 
conducted to assist in ground water resource evaluation near the 
recently drilled Kawaihae exploratory well northeast of the town 
of Kawaihae, Island of Hawaii. The surveys were performed by 
Blackhawk Geosciences, Inc. (BGI) between September 9 and 
September 15, 1990 for the State of Hawaii (State). 

The location of the measurement stations and the 
interpretations and conclusions derived from this survey were 
influenced by a prior TDEM survey conducted north of Honokoa 
Gulch for Kohala Joint venture (KJV). By agreement from all 
concerned parties the results of the survey north of Honokoa 
Gulch are used in this report. 

The primary objective of the geophysical survey was to 
assist in characterizing the hydrologic regime in the vicinity of 
the Kawaihae well. Drilling results disclosed a low static water 
level (1.1 ft above msl) in the well. Important reasons for 
conducting a geophysical survey were (i) to evaluate if such low 
static water levels are characteristic of a large area, and 
(ii) if perhaps the potential for better water resources exist 
elsewhere nearby. The basis for geophysical surveys for ground 
water evaluations on volcanic islands are illustrated in Figure 
1-1. The volcanic rocks are generally highly permeable and this 
allows rainwater to percolate with little impedance directly 
downward through the island mass. The fresh water in these 
island settings is generally found in two environments: 

1. Basal fresh water. The high permeability of the 
volcanic rocks allows sea water to enter freely under 
the island, and a balance is reached where a lens of 
fresh water floats on sea water. In cases of 
hydrostatic equilibrium, the Ghyben-Herzberg principle 
states that for every foot of fresh water head above 
sea level there will be 40 ft of fresh water below sea 
level. 

2. Dike-confined waters. Typically, above the rift zone 
intrusive dikes originating from a magma source below 
can form ground water dams, and behind these natural 
dams significant quantities of ground water can be 
stored. 

Because the electrical resistivity of rock formations is 
highly dependent upon the salinity of ground water, electrical 
surface geophysical techniques can map the depth to salt water, 
and the thickness of the fresh water lens can then be estimated 
using the Ghyben-Herzberg principle. The impetus for using 
geophysics is that the cost of a geophysical sounding is about 
one-thousandth the cost of completing a well at elevations above 
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1,000 ft. Geophysical surveys, combined with other hydrogeologic 
information, are used to provide optimum locations for well 
placement and well completion depths. The specific geophysical 
method employed was time domain electromagnetic (TDEM) soundings. 
This method was selected because it has proven effective in prior 
surveys in similar settings in Hawaii. 
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2.0 LOGISTICS AND DATA ACQUISITION 

2.1 GENERAL 

The TDEM survey was accomplished by a three man crew 
consisting of two BGI personnel and one local temporary field 
helper. The location of the TDEM soundings were determined from 
consultation with state personnel and were partially based on the 
results from a prior geophysical survey conducted north of 
Honokoa Gulch for Kohala Joint Venture (KJV). TDEM measurements 
were initially made near the Kawaihae Exploratory Well at about 
the 1,300 ft and 1,600 ft elevation, south of Honokoa Gulch. 
Several other soundings were also acquired north of Honokoa Gulch 
on Hawaiian Homelands Property. The TDEM sounding locations for 
this survey and the March and April 1990 surveys for KJV are 
shown on Figure 2-1. The report of the KJV survey are contained 
in Appendix C, and the results are also incorporated in this 
report. 

During the three days of field work a total of 5 soundings 
were acquired around the well site. A daily log of field 
activities is given in Table 2-1. Soundings locations were 
surveyed using a compass and hip chain from known landmarks 
(i.e., road junctions, rock walls) located on the field map. 
Elevations of sounding centers were measured with an altimeter in 
the field and checked with USGS field maps. Transmitter loop 
sizes of 1,000 ft by 1,000 ft were used on all of the TDEM 
soundings to detect the salt water interface. 

Date (1990) 

September 6 

September 9 

September 10 

September 15 

september 19 

Table 2-1. Daily log of field activities 

Activity 

Mobilization from Denver, CO to Kailua-Kona, 
HI in conjunction with other geophysical 
surveys. 

Reconnaissance of Kawaihae Exploratory Well 
Project Area for sounding sites. Data 
acquired on soundings 1 and 2. 

Data acquired on sounding 3. 

Reconnaissance for sounding sites on north 
side of Honokoa Gulch. Data on soundings 4 
and 5. 

Demobilize equipment and BGI personnel. 

(September 7, 8, 11 through 14, and september 16 through 18 are 
days of field work at other Hawaii locations) 
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2.2 PROCEDURES 

The Geonics EM-37 TDEM system was utilized on this survey. 
The system basically consists of a transmitter and a receiver. 
The transmitter loop is constructed of 10 to 12 gauge insulated 
copper wire. The wire is laid on the ground surface in a square 
loop varying in size, depending upon the required depth of 
investigation (larger loop sizes for deeper measurement). A 
transmitter and motor generator are connected into the non­
grounded loop at one corner. A time-varying current is pulsed 
through the wire at two different base frequencies. The TDEM 
receiver measures and records the decay of the vertical magnetic 
field through a receiver coil placed at the center of the non­
grounded transmitter loop. Receiver coils with effective areas 
of 100 m2 and 1,000 m were utilized at base frequencies of 3 Hz 
and 30 Hz. During data acquisition numerous transient decays are 
collected with the receiver for each sounding. Readings were 
acquired at several receiver gains with opposite receiver 
polarities for each sounding location. The readings were stored 
in a DAS-54 solid state data logger, and were nightly transferred 
to a personal computer for processing. A technical note is given 
in Appendix A which describes and illustrates the principles of 
TDEM. 

4 



LEGEND 

State Sounding location 

Kohala Ranch location 

0#0 f Well Number and location 

,<J 
~= 
~~ 

HAWAIIAN ISLANDS D"w"" 
QUADRANGLE LOCATION 

.. 

"BLACKHAWK GEO$CIENCES, INC. 

GEOPHYSICAL SURVEY 
LOCATION MAP 

State of Hawaii Division of 



, 

3.0 DATA PROCESSING 

The field data acquired each day was transferred from the 
• DAS-54 data logger to a personal computer. The data for each 

sounding location is edited and combined (both 3 Hz and 30 Hz 
frequencies) to produce a transient decay curve. This decay 
curve is transformed into an apparent resistivity curve, which is 
entered into an Automatic Ridge Regression Transient Inversion 
Program (ARRTI). From the apparent resistivity curve a one­
dimensional model of resistivities and thicknesses is calculated. 

The inversion program requires an initial estimate of the 
geoelectric section, including the number of layers, and the 
resistivities and thicknesses of each of the layers. The program 
then adjusts these parameters so that the model curve converges 
to best fit the curve formed by the field data set. The 
inversion program does not change the total number of layers 
within the model, but allows all other parameters to float 
freely. 

An example data set is given in Figures 3-1 and 3-2 for 
sounding Sl. Figure 3-1 shows the measured data points (in terms 
of apparent resistivity) superimposed on a solid line. The solid 
line represents the computed behavior of the true resistivity 
layering shown on the right. Figure 3-2 is the inversion table 
and it lists in column 4 the error between measured and computed 
data in each time gate. 

The apparent resistivity curves and data sheets for all of 
the state soundings are contained in Appendix B. 
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4.0 RESOLTS AND INTERPRETATION 

4.1 CORRELATING GEOELECTRIC SECTIONS WITH 
HYDROGEOLOGIC INFORMATION 

Thus, the results of the interpretations of individual 
soundings is the resistivity layering (geoelectric section) of 
the subsurface. The translation of resistivity layering into 
meaningful hydrogeologic information is generally accomplished in 
two ways: 

(1) Calibrating the geophysical interpretation at a well. 
The Kawaihae Exploratory Well (#6448-01) was available 
for comparison, as well as three other wells on the 
Kohala Ranch property (wells #1, 2 and 3, Fig. 2-1). 

The Kawaihae Exploratory Well had a static water level 
of 1.1 ft above msl. Assuming validity of the Ghyben­
Herzberg relation the interface between fresh/brackish 
water and salt water is expected at about 45 ft below 
msl. The soundings in the vicinity of the well 
(soundings Sl through S5 - see Appendix B) show a two­
layer resistivity structure - an upper layer with a 
resistivity greater than 500 ohm-m, and a lower layer 
with a resistivity less than 3 ohm-me Comparison of 
well information with TDEM derived geoelectric 
sections, therefore, suggest: 

(a) resistivities greater than 500 ohm-m are 
characteristic of (i) unsaturated volcanics above 
the water table, and (ii) volcanics saturated with 
fresh/brackish water below the water table and 
above the interface with salt water; and 

(b) resistivities less than 3 ohm-m are characteristic 
of volcanic rock saturated with salt water. 

(2) Using available knowledge about the relation between 
resistivity values and hydrogeology. In many prior 
surveys over the volcanic rocks of Hawaii, rocks 
saturated with salt water also showed resistivities 
less than 5 ohm-m, and dry and fresh-brackish water 
saturated volcanic rocks and intrusives displayed very 
high resistivities (greater than 1,000 ohm-m). 

Thus, where a very conductive layer « 5 ohm-m) is detected 
below sea level, this layer is expected to represent salt water 
saturated volcanics. static water levels (heads) can 
subsequently be calculated from the geoelectric sections by using 
the Ghyben-Herzberg principle. This principle states that, under 
conditions of static equilibrium, for every foot of fresh water 
above sea level there will be about forty feet of fresh water 
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below sea level. An illustration of the Ghyben-Herzberg 
principle is given in Figure 4-1. This principle, however, 
assumes static equilibrium and may not apply in close proximity 
to ground water damming structures (i.e., dikes, rifts, areas of 
high hydraulic gradients). 

4.2 INTERPRETATION MAP 

The results of the 5 state soundings and the 24 Kohala Ranch 
soundings are summarized on Figure 4-2. The following 
information is summarized on this figure: 

(1) The soundings are classified in two categories: 

(i) soundings in which no layer of low resistivity 
« 5 ohm-m) was detected within the effective 
exploration depth of the measurement. In this 
area ground water is expected to be trapped by 
ground water damming structures. The interpreted 
boundary of this area is shown on the map in 
Figure 4-2. Wells #1, 2 and 3 are located in this 
area. The head observed at well #3 was 150 ft 
above msl and is typical of structural controlled 
ground water; and 

(ii) soundings in which a layer of low resistivity 
« 5 ohm-m) was detected. This layer is 
interpreted to represent the interface between 
fresh/brackish and salt water. Ground water in 
this area is expected to occur in a basal mode 
with a lens of fresh water floating on salt water. 

(2) For soundings which detected the interface between 
fresh/brackish water and salt water the elevation in ft 
of the interface is listed. 

(3) The elevation of the salt water interface is contoured. 

Several features stand out on the interpretation map: 

(1) The contours are approximately perpendicular to the 
interpreted boundary between basal and structurally 
controlled water. It suggests a dominant ground water 
flow direction in a westerly direction near parallel to 
the boundary of the mapped structure. 

(2) The area where ground water is expected to be 
controlled by structures is wedged shaped and extends 
from about 1,000 ft elevation near sounding 4 (on the 
Kohala Ranch property) and widens with increasing 
elevation toward the northeast. 
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(3) The gradients of the contours are highest in an area 
just north of the Honokoa Gulch. The results of the 
TDEM survey suggest a complex groundwater regime near 
the Honokoa Gulch. This can be further illustrated by 
constructing a hydrogeologic cross-section 
perpendicular to the coast consistent with the TDEM 
derived data. Such a cross section is shown on Figure 
4-3. Since no local recharge or discharge is known to 
occur along the cross section, the flow rate along the 
cross section must be expected to be basically the 
same. If this is true a large hydraulic transmissivity 
contrast must occur where the gradient is steep. A 
nominal hydraulic gradient and high permeabilities are 
expected from about the Kawaihae Exploratory Well to 
the ocean, and high hydraulic gradients with low 
transmissivities east of the well. 

Such large contrasts in transmissivity would be unusual. 
possible causes for such a contrast could be: 

(1) A trachyte flow several hundred feet thick. Trachytes 
are volcanic flows of fine grained intrusives and they 
can be of low permeability. 

(2) A series of north-south oriented leaky ground water 
damming structures. The origin of these structures 
could be from the same source as the inferred ground 
water damming structures on the Kohala Ranch. 

If indeed lower permeabilities are the cause of the change 
in gradient, than the higher heads observed north of the Kawaihae 
Exploratory Well may not directly convert to a successful well. 
Lower permeabilities of the rock could result in low yield. 

Table 4-1 lists the approximate thicknesses of the fresh­
brackish water lens computed from the elevations of the salt 
water interface derived from TDEM soundings. The list includes 
the five state soundings and the six soundings taken south of the 
interpreted boundary between basal and structure controlled water 
on the Hawaiian Homelands Property for the KJV. 
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Table 4-1. Hydrogeologic information derived from TDEM soundings 

Approximate Thickness 
of Fresh/Brackish 

soundinq II surface Elevation (ft) water Lens (ft) 

Sl 1280 155 
S2 1350 239 
S3 1600 291 
S4 1320 236 
S5 1200 75 

1W 830 98 
4W 1665 771 
5W 1340 484 
6W 1450 778 
7W 1680 905 
8W 1885 1000? 

When the surface elevations are plotted versus the 
approximate thicknesses of fresh water lenses (Fig. 4-4), it 
provides further evidence of the existence of two regions with 
different hydrogeologic characteristics. The head observed in 
the Kawaihae Exploratory Well is consistent with the results from 
TDEM soundings 51 through S5. 

9 



- ... - - - - - _ l_ A_ - - _ -_-------,-r--.....-..--..-----

Water Table --- .... -- - -.. e.n 
Se. Leve. ---~ 

Fre.h Water 
h 

.... ..... .... .... -- ..... -- ... _---- ........... -
Sea Water 

t :; 1/40 (h) 

!\SUCKHAWK GEOSCIENCES, INC. 

Illustration of the 
Ghyben-Herzberg Principle 

Stat. of IMwaU Dlflls/on of 
Water Re.ource. Management 

FROM: HERZ8ERG 
, 

PROJECT NO: 80042 fUIn 4-1 



" ,.,' 

o ;' o ? .~ 
C\I --,. 
I ., 

Sounding Location 

0+ 1 Well Number and Location 

11111111 Interpreted Boundary Between Basal 
and Structure Controlled Water 

-155 

c 
D 

Approximate Elevation of 
Top of Salt Water Interface 

Conductive Basement 

Puu Usia 

~= 
<:>~ 

HAWAIIAN ISLANDS (;>"WAII 
QUADRANGLE LOCATION 

• 

!\SLACKHAWK GEOSCIENCES, INC. 

TO EM INTERPRETATION MAP 

State of Hawaii Division of 
W:l'~r R~l:n"rt!A_(! MRnRlJ~m~nt 

I 
! ; 

M 



2000 

Ground Surface 

-I 
Approximate Location of TDEM 

S5 5W 8W 7W • • • • 

o F==-=-=-;"';;-;:;-;:;-::'-=-=--=-::-;;-;;;;;;";;;-::;::=-;""';;;;;-::-;:::--=-=---=--==-=-=-=-..;-=-=-=-_-=-=...;=::=_ -- - - - -- -- -Se. Leve. 

Approximate Elevation Salt Water Interface 

-4000~-----------------------------------------------------------------------

2000 0 2000 Feet , , , 

HORIZONTAL SCALE 

"BLACKHAWK GEOSCIENCES, INC. 

SCHEMATIC EAST-WEST 
HYDROGEOLOGIC CROSS-SECTION 

PERPENDICULAR TO COAST 
Stat,,- of Hawaii Division of 

Water Resources Management 
PROJECT NO: 80041 Flgur.4-3 



t 
~ 
1 

~ 
I 
I 

• 

I 

2000 

1800 

1600 

...: 
LJ.. 

~ 1400 
~ 

~ 
Lu 
jjj 

~ 1200 

~ 
§ 
CI) 

1000 

800~------~------~--------~------~--------~------~------~--------~-------J 
o 100 200 300 400 500 600' 700 800 900 

APPROXIMATE THICKNESS FRESH WATER LENS, FT. 

--

I\BUCKHAWK GEOSCIENCES, 

SURFACE ELEVATION VS 
THICKNESS FRESH WATER LEN 

State of Hawaii Division of 
Water Resources Managemen~ 

PRo.ECT NO: 80041 FigL 



5.0 CONCLUSIONS AND RECOMMENDATIONS 

The main objective of the TDEM survey was to assist in 
characterizing the hydrologic regime near the recently drilled 
Kawaihae Exploratory Well. Five soundings were made in an area 
around the well. The data collected for the state was combined 
with a data set of 24 soundings in an area mainly north of the 
Honokoa Gulch. The combined interpretation show several distinct 
zones of hydrogeologic behavior. These are: 

1. Two distinct areas where ground water occurs in the 
basal mode. One area north of the Honokoa Gulch, and 
one area around the Kawaihae well. 

2. A zone of structural controlled ground water. The 
contours suggest minor ground water flow from north to 
south across the boundary between areas of structurally 
controlled and basal ground water. 

It is not possible from the TDEM survey to determine the 
origin and nature of the subsurface structures causing the 
apparent complex ground water flow regime. The main information 
derived from the TDEM survey is 

• delineation of boundaries between areas (i) where 
ground water is trapped by structures, and (ii) where 
it occurs as a lens of fresh/brackish water floating on 
sea water (basal mode) 

• determining approximate thickness of fresh/brackish 
water lens where it occurs in the basal mode. 

It is likely that in this complex area TDEM surveys can 
further assist in resolving the ground water regime by stations 
east and south of the Kawaihae Exploratory Well. 
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Question.-- What is TDEM? 

Answe~. -.- TDEM is a su rf ace geophys i ca 1 method 
for. de.term1n1ng the lateral and vertical resistivity 
var1at10n (geoelectric section) in the subsurface. 

Question.-- What useful information 
derived from the geoelectric section? 

can be 

Answer.-- Electrical resistivity can be used as 
an indicator for mapping several important objectives 
in the subsurface, such as: 

1. Presence of contaminants. Dissolved solids 
in ground water decrease formation resistivi­
ties, so that industrial contaminant plumes 
~nd di~ferences in salinity (e.g., salt water 
1ntrus1on) can often be delineated from 
geoelectric sections. 

2. Soil and r?c k types. Clays and clay shales, 
and format10ns of low hydraulic permeability 
have lower resistivities than formations of 
high hydraulic permeability, such as sands 
and g.rave 1.s, sandstones, basalts, and hi gh 
poros1ty 11mestones. The geoelectric section 
can, therefore, be used to map continuity of 
clay and clay shale lenses. 

3. F ractu res and shear zones. Such zones are 
conduits for ground water flow and con­
tami nant mi grat ion, and they are often 
characterized by zones of low resistivity. 
The reasons for the lower resist ivit i es of 
these zones are infil1 i ng of the fracture 
zones by clay gouge, alteration of wall rock, 
and higher water contents. 

Question.-- What advantages does TDEM have over 
other electrical and electromagnetic methods such as 
resistivity (direct current) and e1ectromagn~tic con­
ductivity profiling with the Geonics EM-31 and EM-34? 

T ... -o .... TNE-o~F.,..T ... -o...., 

A~swer.-- The advantages of TDEM over other 
electr1cal and electromagnetic methods are 

o 

o 

o 

better vertical and lateral resolution 

lower sensitivity to geologic noise (see 
page 5) 

the .ability to explore below highly con­
duct1ve layers (e.g., brine saturated 
layers and clay lenses). 

Some of the most frequently asked questions about TDEM 
and their answers are given below. 

Question.-- Are the principles of TDEM similar to 
electromagnetic induction profi 1 ing such as used in 
the Geonics EM-31 and EM-34? ' 

Answer.-- Yes, the principles of electromagnetic 
induc~ion profil ~ny in the frequency domain (FDEM), 
u~e~ 1n the Geon1cs EM-31 and EM-34, are in many ways 
slm11ar to the principles of TDEM. 

An important difference between FDEM and TDEM is 
the c.urrent waveform dri ven through the transmitter 
~oops. It is a continuous, harmonic-varying current 
1n FDEM, and a half-duty cycle waveform in TDEM. 

Question.-- Why does the current waveform of the 
transmitter make a large difference?-

Answer.-- The large difference results from the 
fact that in FDEM the secondary magnetic field due to 
ground currents is measured when the transmitter. 
current is on, and in TDEM when the transmitter 
current is off. In both cases the time-variant 
current driven through the transmitter causes a time­
variant primary magnetic field. Associated with this 
primary magnetic field is an induced electromotive 
force (emf) that causes eddy current flow in the sub­
surface. The intensity of these currents is used to 
determi ne subsurface conduct i viti es. The induced emf 
is a harmonic-varying function in FDEM and consists of 
narrow pulses in TDEM. 

I I I 

I I I CURRENT IN TRANSMITTER LOOP 

I ~I...RA""" 

14----+0 ... PEIIIOO"-1 --..! 
INDUCED ELECTROMOTIVE 

FORCE CAUSED BY CURRENT 

I SECONDARY MAGNETIC FIELD 
CAUSED BY EDDY CURRENTS 

I I 

I I 

Fig. 1. System waveforms in time domain EM (TDEM) and 
frequency domain EM (FDEM). 
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EDDY CURRENT INTENSITY 
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Fig. 4. Schematic illustration of eddy current 
distribution at different times after turn-off. 

Another useful presentation of distrioution of 
current intensity as a function of time is given in 
Figure 4. At early time, to, all currents are con­
centrated near the surface. At later times (e.g., t3) 
the current maxima occur at increasingly greater 
depth. Thus, from measurements of the decay of emf at 
one location, the geoelectric section to a substantial 
depth is obtained • 

..... 
GIl 

-a 
> 

! 
LI. 
~ 
W 

Fig. 5. Spatial behavior of emfs due to vertical 
(emfz) and horizontal (emfx) magnetic field on a pro­
file through the center of square transmitter loop at 
~ne time (2.2 millisec) after turn-off. 

The emfs caused by square transmitter loops vary 
!lith time and distance from the center. Figure 5 
shows a typical measured behavior of emfs at a certain 
time (2.2 mill iseconds) after turn-off. At other 
times the ampl itudes wi 11 be different, but the spa­
tial ~ehavior is similar. The spatial behavior of the 
amfz is relatively flat about the center so that 
measurements of emf, due to the vertical magnetic 
field, are relatively insensitive to errors in sur­
leying the center of the loop, or to deviations from a 

-3-

square loop. This is clearly of practical value 
because it (1, reduces the cost of 1 and surveys and 
measurement errors, and (2) allows for some flexibil­
ity in the field in positioning the measurement sta­
tions • 

10-11 4---------+-----"---+--
10-2 

Fig. 6. Typical transient behavior of emfz in center 
of square transmitter loop. 

Thus, in TDEM soundings, the geoelectric section 
is derived from measurement of the emf due to the ver­
tical magnetic field (emfz) as a function of time 
duri ng the peri od the transmi tter is off. Fi gu re 6 
shows a typi cal behavi or of emf z as a funct i on of 
time. Emfz can be seen to decay rapidly with 
increasing time. One transient decay recorded over a 
few tens of milliseconds contains infonnation about 
resistivity layering over a signifi( Ant depth range. 

The emfs, due to the decay of the ground eddy 
currents, must be measured in the presence of ambient 
noise sources, such as geomagnetic storms, lightning, 
60 hertz powerl i nes, and other man-made sources. It 
is common to stack several hundred transient decays to 
improve signal to noi se. StacK i ng of several hundred 
transient decays requires only a few seconds, and 
multiple data sets can be quickly obtained. 



Fig. 9. 
aquifer. 

Schematic geologic section of Floridan 

Question.-- How does TDEM reduce geologic noise? 

Answer.-- This fact can be conceptually explained 
from Figure 10 where the intensity of eddy current 
distribution is schematically illustrated as a func­
tion of time for the FDEM and TDEM method. At early 
time (to) in TDEM all currents are concentrated near 
the surface, and near surface formations will largely 
determine the emf measured. At later time, for 
example, t3, currents have largely deCa{ed in near 
surface layers, and currents dominant y flow at 
greater depth. The emf measured at time t3 is near 
transparent to near surface 1 ayers, so that thei r 
influence is greatly reduced at time t3 and later 
times. 
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Fig. 10. Eddy current intensity in FDEM and TDEM. 

In the FDEM method current intensity is always 
highest near the surface amplifyiny the influence of 

~ near surface layers. 

In summary, geologic noise due to lateral and 
vertical resistivity variation in TDEM is reduced 
because: 

(a) Exploration depth is 
time rather than 
separation. The 
separation need not 
exploration depth as 
(EM-31 and EM-34), 
resistivity methods. 

mainly a function of 
transmitter-receiver 
transmitter-receiver 

be al tered to change 
is the case in FDEM 
and di rect current 
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(b) Relatively small transmitter-receiver 
separat ions compared to ef fect i ve exp 1 ora­
tion depth are employed. 

(c) Measurements at later times are nearly 
transparent to near surface layers, because 
eddy currents at later times dominantly flow 
at greater depth. 

Question.-- Can TDEM surveys be effective in 
mapping fractures and shear zones? 

Answer.-- Yes, TDEM can detect contacts, frac­
tu res, and shear zones below cons i derab 1 e overburden 
thickness. The physical concepts of fracture and 
shear zone mapping are briefly explained. 

Electrical and electromagnetic methods are often 
effective in mapping fractures and shear zones, 
because fractures and shear zones often are zones of 
low resistivity in more resistive host rocks. These 
lower resistivities are generally caused by clay 
gouge, higher water contents, and alteration in wall 
rocks. The mapping of fractures and shear zones beco­
mes increasingly more difficult with increasing over­
burden thickness where outcrops are limited. It is in 
these situations that geophysical surveys can play an 
important role. 

a) 11 

b) 12 

c) 13 

Fig. 11. Illustration of eddy current flow induced in 
overburden, host rock, and fracture or shear zones at 
different times. 



~easurements at the same location were made with 
TDEM in 200 m by 200 m transmitter loops, and the 
results of central-loop TDEM soundings are shown in 

• Figure 14. Again, the measured apparent resistivity 
curves are superimposed on three forward model curves, 
and the geoelectric sections of the three model curves 
a re shown on the ri ght. Depth to bedrock in the 
models is varied by 20 m. It is evident that vertical 
resolution of determininy depth to bedrock is now 
+ 10 m. 

Thus, not only was the physical effort required 
to sound to a depth of 168 m greatly reduced - only 
800 m (4 x 200 m) of wire needed to be laid out, - but 
the vertical resolution was greatly improved. 

Question.-- Summari ze for me the potenti al of 
TDEM in environmental and ground water geophysics. 

Answer.--Electrical surface geophysical methods 
are an important tool because (1) electrical resisti­
vity is the only readily measureable physical property 
highly dependent of concentration of dissolved solids 
(water quality), and (2) electrical resistivity often 
closely rel ates to clay content and hydraul ic per­
meability. In the past the vertical and lateral reso­
lution of electrical methods was poor. TDEM 
techniques are changing that reputation. 
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EXECUTIVE SUMMARY 

A surface geophysical survey was conducted at the Kohala 
Ranch Development between March 26 and April 25, 1990 for the 
purpose of assisting in mapping ground water resources. 

Ground water resources in geologic settings, such as that 
found on the Kohala Ranch Development, are of two types: 

(1) Basal fresh water where a lens of fresh water floats on 
sea water, and the elevation of the interface can be 
described by the Ghyben-Herzberg equation. This 
equation states that for every foot of fresh water head 
above mean sea level, 40 ft of fresh water is expected 
below sea level. 

(2) Dike-confined water where geological structures such as 
intrusive rock bodies and dikes control the ground 
water regime. Fresh water heads in these areas are 
controlled by many factors, and can be highly variable. 

At the Kohala Ranch both types of water resources occur and 
the geophysical surveys outlined boundaries between these types 
of hydrological provinces. In areas of basal fresh water 
occurrences the thickness of lenses of fresh water were computed. 
In areas of dike-confined water, areas of similarity in 
geophysical responses and expected hydrology were outlined. 



1.0 INTRODUCTION 

This report contains the results of a geophysical survey for 
ground water resource evaluation at the Kohala Ranch Development 
(KRD) on the Island of Hawaii. The work was performed by 
Blackhawk Geosciences, Inc. (BGI) for Kohala Joint Venture during 
March 26 to April 26, 1990. 

The general objective of the geophysical survey at KRD was 
to assist in characterizing the hydrologic regime in the study 
area. Recent drilling results revealed abnormally high static 
water levels in a well on the property, and the geophysical 
survey was performed to attempt to map the extent and cause of 
this anomaly. The generalized objectives for geophysical surveys 
for ground water evaluations on volcanic islands are illustrated 
in Figure 1-1. The volcanic rocks are generally highly permeable 
and this allows rainwater to percolate with little impedance 
directly downward through the island mass. The fresh water in 
these island settings is generally found in two environments: 

1. Dike-confined waters. Typically, above the rift zone, 
intrusive dikes originating from a magma source below 
can form ground water dams, and behind these natural 
dams significant quantities of ground water can be 
stored. 

2. Basal fresh water. The high permeability of the 
volcanic rocks allows sea water to enter freely under 
the island, and a delicate balance is reached where a 
lens of fresh water floats on sea water. In cases of 
hydrostatic equilibrium, the Ghyben-Herzberg relation 
states that for every foot of fresh water head above 
sea level there will be 40 ft of fresh water below sea 
level. 

At KRD both dike-confined and basal fresh water resources 
were indicated due to the large variation in static water levels 
at the various wells within the development (well #3 ~ 150 ft, 
wells #1 and #2 ~ 6 ft). The impetus for using geophysics is 
that the cost of a geophysical station is about one-thousandth 
the cost of completing a well at elevations above 1,000 ft. 
Geophysical surveys, combined with other hydrogeologic 
information, are used to provide optimum locations for well 
placement and well completion depths. 

The geophysical method employed was time domain 
electromagnetic (TDEM) soundings. This method was selected 
because it has proven effective in prior surveys in similar 
settings in Hawaii. 

1 
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2.0 LOGISTICS AND DATA ACQUISITION 

A brief description of the fundamentals of TDEM are given in 
Appendix A. Briefly, the logistics of a TDEM measurement consist 
of: 

1. Laying out a square loop of insulated wire. A 
generator placed in the loop is used to drive current 
pulses through this closed loop. The dimensions of the 
square loops employed depend on the exploration depth 
requirements. The dimensions of the loops used for KRD 
were 1,000 ft by 1,000 ft on each side for all loops, 
with the exception of loop 1W where a 500 ft by 500 ft 
transmitter loop was used. 

2. 

Transmitter loop wires were positioned so as not to 
cross utility lines. Soundings 1, 2 and 1W were 
positioned near wells. 

Making a measurement with a receiver in the center of 
the loop. The data acquired at each station was stored 
in the field on a solid state data logger and 
subsequently dumped to a computer at the end of each 
field day. The data acquired at each station usually 
consisted of measurements at several receiver gain 
settings and transmitter frequencies in order to assure 
data quality and to obtain data over the largest time 
range possible. Data quality was generally very good. 

During the 8 days of field work 24 stations (soundings) were 
completed. A daily log of field activity is given in Table 2-1. 
Figure 2-1 shows the location of the soundings conducted for KRD. 
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Date (1990) 

March 26 

April 5 

April 6 

April 7 

April 8 

April 9 

April 10 

April 11-12 

April 18 

April 23 

April 24 

April 25 

April 26 

Table 2-1. paily log of field activities 

Activity 

BGI personnel mobilize from Golden, CO to 
Kailua-Kona, Hawaii in conjunction with the 
other surveys. 

Meet with KRD personnel and check survey 
areas. 

Soundings 1, 2 and 3. 

Soundings 4, 5 and 6. 

Soundings 7, 8, 9 and 10. 

Soundings 11, 12 and 13. 

Soundings 14, 15 and 16. 

Demobilize to Golden, CO and perform 
preliminary analysis of data. 

Mobilize to Kailua-Kona, Hawaii. 

Soundings 1W, 2W and 3W. 

Soundings 4W, 5W and 6W. 

Soundings 7W and 8W. 

Demobilize to other Hawaii geophysical 
surveys. 

3 
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3.0 DATA PROCESSING 

The field data acquired each day was transferred from the 
DAS-54 data logger to a Compaq computer. The data for each 
sounding location is edited and combined (both 3 Hz and 30 Hz 
frequencies) to produce a transient decay curve. This decay 
curve is transformed into an apparent resistivity curve, which is 
entered into an Automatic Ridge Regression Transient Inversion 
Program (ARRTI). From the apparent resistivity curve a one­
dimensional model of resistivities and thicknesses is calculated. 

The inversion program requires an initial estimate of the 
geoelectric section, including the number of layers, and the 
resistivities and thicknesses of each of the layers. The program 
then adjusts these parameters so that the model curve converges 
to best fit the curve formed by the field data set. The 
inversion program does not change the total number of layers 
within the model, but allows all other parameters to float 
freely. 

An example data set is given in Figures 3-1 and 3-2 for 
sounding KR1. Figure 3-1 shows the measured data points (in 
terms of apparent resistivity) superimposed on a solid line. The 
solid line represents the computed behavior of the true 
resistivity layering shown on the right. Figure 3-2 lists in 
column 4 the error between measured and computed data in each 

, time gate. 
! -

The apparent resistivity curves and data sheets for all 
soundings are contained in Attachment A. 
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4.0 INTERPRETATION RESULTS 

4.1 GENERAL 

The main objective of the geophysical survey is not to 
obtain the resistivity layering of the subsurface, but to infer 
from the resistivity layering information about the elevation and 
thickness of the fresh water resource. The translation of 
resistivity layering into meaningful hydrogeologic information is 
generally accomplished in two ways: 

1. Using available knowledge about the relation between 
resistivity values and hydrogeology. For example, in 
the volcanic rocks of Hawaii, rocks saturated with salt 
water will generally have resistivities less than 

2. 

5 ohm-me On the other hand, dry and fresh 
water/brackish water saturated volcanic rocks and 
intrusives can have very high resistivities (greater 
than 1,000 ohm-m). 

Calibrating the geophysical interpretation at a well. 
In this case several wells were available for 
comparison. The approximate location of these wells 
are shown in Figure 2-1. The two wells (#1 and 2) 
located at lower elevation (1,460 ft) had static water 
levels (heads) of 6 ft above sea level. The well #3 
located at higher elevation (1,835 ft) had a head of 
approximately 150 ft above sea level. This large 
difference in heads over the approximate 4,000 ft 
distance can best be explained by major geologic 
structures (rifts, dikes, etc.) which act to dam ground 
water flow. 

In the case where a very conductive layer is detected below 
sea level in the TDEM interpretation, then the layer is expected 
to be caused by saline saturated volcanics. static water levels 
(heads) can be calculated from these soundings by using the 
Ghyben-Herzberg relation. This relation, however, assumes 
hydrostatic equilibrium and is not expected to apply to soundings 
in close proximity to ground water damming structures. 

The soundings acquired in a large area around wells #1, 2 
and 3 did not detect salt water saturated volcanics below sea 
level. The behavior of the ground water in these areas is, 
therefore, expected to be dike or structure controlled. Other 
TDEM soundings in the survey area were able to detect salt water 
saturated volcanics below sea level, and for these soundings 
ground water levels may behave according to the Ghyben-Herzberg 
relationship. 
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4.2 GEOELECTRIC CROSS-SECTION 

The results of some the TDEM interpretations are presented 
as a south to north geoelectric cross section in Figure 4-1. In 
the geoelectric section layers with similar resistivities have 
been linked together. In the geoelectric section soundings 6W 
and 4W (on the south) and soundings 10 and 16 (to the north) show 
similar three-layer sequences. The upper surface layer (44 to 
220 ohm-m) is interpreted to represent soils or weathered 
volcanics. The intermediate layer of very high resistivities 
{> 5000 ohm-m) is interpreted as unweathered volcanics. The 
portions of this layer below sea level are expected to contain 
fresh or brackish water. The deepest layer in the section with 
resistivities of 4.2 to 9.6 ohm-m is interpreted to represent 
salt water saturated volcanics. 

In the geoelectric section beneath soundings 3W, 3, 8 and 13 
a more complex layering sequence is interpreted. A third layer 
which exhibits resistivities from 2 to 22 ohm-m is interpreted as 
volcanic ash flows or altered volcanic occurring above and below 
sea level. The lowest layer beneath soundings 3, 8 and 13, with 
resistivities of 1030 to 1672 ohm-m, probably represents 
unaltered volcanics or intrusives to the maximum search depth 
(~ 3,000 ft). Generally, it is difficult to discriminate between 
unaltered volcanics which are dry or which contain fresh or 
brackish water (less than 250 ppm chloride). The reason is that, 
in addition to salinity, changes in porosity and lithology also 
influence formation resistivity. 

Within the geoelectric section several vertical structures 
are interpreted. These structures are likely caused by vertical 
dikes of impermeable rocks resulting in a barrier to ground water 
flow which may explain the high level ground water head (150 ft) 
at well #3. 

4.3 INTERPRETATION MAP 

In order to incorporate all the soundings into one data set, 
an interpretation map of the TDEM results for the Kohala Ranch 
area was constructed (Fig. 4-2). In this figure the soundings 
which detected saline saturated volcanics below sea level are 
separated from the soundings which have a resistive basement (or 
conductive basement which occurs above sea level). In other 
words, soundings which are expected to represent basal saline 
water are separated from soundings which are influenced by dike 
impoundment or other geologic structures. 

In this figure the elevation of the top of the salt water 
interface derived from the TDEM measurements is contoured. These 
values will be approxi~ately equal to the thickness of the fresh­
brackish water lens if the basal water is in equilibrium. In 
addition to the TDEM data, static water level (heads) from three 
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wells drilled on the ranch property are shown on the contour map 
(information furnished by Nance, 1990, personal communication). 

Th~ main features evident in the interpretation map are: 

(1) Areas outside the boundary between impounded and basal 
water generally show the salt water interface to deepen 
towards the northeast. On the south side of the 
boundary the depth to basal saline water increases 
rapidly with increasing elevation. On the north side 
of the boundary the depth to saline water increases 
gradually with increasing elevation. 

(2) The area interpreted to be effected by confining 
structures extends in a narrow zone from about 1,000 ft 
above sea level near sounding 4 and widens with 
increasing elevation towards the northeast. Wells #1 
and #2 also ~ie within the interpreted dike confined 
water zone. 

within the boundary the TDEM data can be grouped according 
to comparable model results. Soundings 2, 4, 11 and 14 (near 
wells #1 and #2) have similar two-layer model results. These 
soundings show a thick resistive (280 to 497 ohm-m) layer above a 
conductive layer (3 to 5 ohm-m) both occurring above sea level. 
This lower conductive layer is most likely interpreted as 
volcanic ash flows or altered volcanics. 

Soundings 1, 8 and 13 in the vicinity of well #3 have 
comparable model results. Each sounding shows a four-layer 
sequence (Fig. 4-1) with the deep resistive layer (1049 to 1775 
ohm-m) interpreted as unaltered volcanics or intrusives. 
Sounding 7, which does not fit in either of these two grouped 
areas exhibits a three-layer sequence with a lower resistive 
(181 ohm-m) layer occurring approximately 748 ft below sea level. 
This lower layer may also be best interpreted as unaltered 
volcanics or intrusives. 

Soundings 3 and 15 have similar four-layer model results 
with a resistive lower layer (1030 to 1688 ohm-m) occurring above 
sea level. This layer is most likely interpreted as unaltered 
volcanics or intrusives. 

Models for soundings 2W and 3W are similar to each other, 
but are quite different from surrounding soundings (Fig. 4-1). 
These soundings are located close to the interpreted boundary 
between basal and dike-confined water. This closeness to the 
boundary may be the reason for differences seen between these 
sounding sets. 

Soundings 5 and 12 have similar three layer model results. 
Both soundings show a resistive (79 to 360 ohm-m) layer at depth 
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occurring below sea level. This lower layer can best be 
interpreted as unaltered volcanics or intrusives. 

4.4 HYDROGEOLOGIC INTERPRETATION 

The geophysical interpretation (Fig. 4-2) outlined two areas 
of different hydrogeologic parameters, i.e., an area in which the 
ground water is expected to be controlled by geologic structures 
(dikes, intrusives, etc.) and an area in which the ground water 
is expected to occur mainly in the basal mode. Within the area 
interpreted to be controlled by geologic structures, the 
hydrologic parameters such as static head and volume of the 
ground water resource, cannot be inferred from the geophysical 
data. This is due to the fact that the presence or absence of 
fresh water has little effect upon the electrical resistivity 
measured by the TDEM method. In areas with comparable TDEM 
results (see Section 4.3) it can be assumed that similar 
hydrologic parameters may exist. For example, soundings 1, 8 and 
13 near well #3 all display similar results, and therefore likely 
outline the extent of the structure which creates the anomalous 
head at well #3. similarly, the soundings around wells #1 and #2 
(11, 2, 14, and 4) all display similar results and could be 
expected to define the boundary of the lower heads seen in these 
wells. Geologic structures are inferred between separate groups 
of soundings with similar results (reference Figs. 4-1 and 4-2). 

In the area interpreted to be represented by basal water 
resources, the fresh water resource can be estimated by the 
volume between sea level and the elevation of the interpreted 
saline water. If this water can be assumed to be hydrostatic 
equilibrium, then the static water level (head) can be calculated 
using the Ghyben-Herzberg relation. Table 4-1 shows the 
thickness of the fresh/brackish water lens obtained directly from 
the model results for each sounding. 
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, . Table 4-1. Hydrogeologic information derived from TDEM soundings 

sounding (I Surface Elevation Approximate 
(ft) Thickness of 

Fresh/Brackish 
water Lans (ft) 

6 1550 272 

9 1420 204 

10 1850 419 

16 1890 295 

1. ,830 98 

4. 1665 771 

5W 1340 484 

6. 1450 778 

7. 1680 90S 

l- 8W 1885 10001 

I-

1 -
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

The results of the TDEM survey at KRD are summarized in 
Figure 4-2. In this figure areas of the development in which 
ground water is expected to be controlled by geologic structures 
(dikes, intrusives, etc.) are separated from the area in which 
the ground water is expected to exist in the basal mode. The 
ground water resources within the area controlled by geologic 
structures cannot be determined directly from the TDEM data, 
however, sub-zones in which the hydrologic parameters are 
expected to be the same have been identified. For example, 
soundings 1, 8 and 13 near well #3 all exhibit similar behavior, 
and therefore can be expected to define the limits of the 
structure in which well #3 was positioned. structures are 
inferred to exist between groups of soundings with similar 
results. 

In the area interpreted to be represented by basal water 
resources, the fresh water resource is expected to be the volume 
between sea level and the elevation of the interpreted salt 
water. If the area can be assumed to be in hydrostatic 
equilibrium then the static water level (head) can be calculated 
using the Ghyben-Herzberg relation. The applicability of the 
Ghyben-Herzberg relationship in the area is expected to be 
marginal due to the existence of ground water damming structures. 
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Assessment of Well Data from 
Recently Drilled Wells 

FO. -
91SEP27 pl:02 

Lanai Island 

4954-02 

4854-01 

Lanai 8 

Lanai 9 

~~m~e~:~~~~m s~~w~ 6 ~~ i~1;~~t~~4%f~~\t:~o~~~I~~ 
indicates low CI/Mg ratios, possibly indicative 
of residual heat. Would be worth resampling. 

Temperature is elevated; chloride and 
magnesium are elevated for a water source as 
distant from the coast as this one is. 
Resampling is in order for this well. 

Lanai 12 Temperature, silica, and CljMg are elevated; 
well should be resampled. 

Molokai Island 

0801-03 Kualapuu All characteristics of this well appear normal 
Mauka for a groundwater source; no geothermal 

evidence is apparent. In the absence of other 
indications, no further sampling recommended. 

Maui Island 

5539-01 

5539-02 

5332-04 

4300-02 

Kaanapali Chloride slightly elevated; no temp or other 
chemistry data available. For completeness, 
should sample for chern and temperature when 
convenient. 

Kaanapali As for 5539-01 above. 

Kepaniwai Temperature and salinity appear normal for 
location. No further sampling is recommended. 

Hamoa Temperature and chloride appear normal for 
location. No further sampling is recommended. 

Hawaii Island 

6340-05 

6649-01 

Kohala 
Mtn. 1 

Kohala 
Ranch 
3 

Temperature appears normal; no chemistry data. 
In the absence of other indications, no further 
sampling is recommended. (Note: This well 
appears to have been cored throughout.) 

Temperature appears to be normal; chemistry 
data indicate a slight elevation of silica but 
CI and Mg data are not available. Given the 
proximity to other wells having thermal and 
chemical anomalies, it might be useful to 
obtain full chemistry for this well. 



5339-01 

5339-02 

6451-01 

6451-02 

6451-03 

6046-02 

4650-01 

4658-02 

4558-01 

4558-01 

4459-01 

4160-01 

4160-02 

3457-02 

3603-01 

Waikii 1 Temperature is elevated with a higher rate of 
increase at depth. Cl/Mg appear normal to low. 
Further sampling should be done when wells come 
into production. 

Waikii 2 

Kohala 
Estates 

Kohala 
Estates 

Kohala 
Estates 

Ouli 2 

No data. Should be sampled and logged (if 
possible) . 

High chlorides, no other data. Sample only if 
convenient. 

High chlorides, no other data. Sample only if 
convenient. 

High chlorides, no other data. Sample only if 
convenient. 

Temperatures are slightly elevated; chloride 
is low but no other chemistry is available. 
Proximi ty to thermal wells suggests further 
sampling would be useful. 

Puuwaawaa Temperatures and salinities are low. No 
Ranch geothermal indicators found. 

Kaupulehu Temperature and chloride appear normal; no 
other chemical data available. Sample only if 
convenient. 

Huehue 
Ranch 1 

Huehue 
Ranch 2 

Huehue 
Ranch 3 

Kaloko 

Kaloko 

Keauohou 
2 

Olaa 3 

No data available. Close to Hualalai rift zone 
so sampling would be useful. 

No data available. Close to Hualalai rift zone 
so sampling would be useful. 

No data available. Close to Hualalai rift zone 
so sampling would be useful. 

No temperature data. Cl/Mg data appear normal. 
Additional sampling not recommended. 

No temperature data. Cl/Mg data appear normal. 
Additional sampling not recommended. 

Temperatures and salinity appear normal. No 
additional sampling appears warrented. 

Temperatures are normal, chlorides are low. No 
evidence of thermal effects. Additional 
sampling not recommended. 



Quarterly Progress Report 

Brine Silica Control project 

Project efforts were initiated in April, 1991 with the 

completion of a data search for reports on silica control and 

recovery efforts that have been conducted at geothermal facilities 

wi thin the continental U. S. and North America. The results of this 

effort indicated that very few projects have encountered silica 

deposition problems as severe as those present in Hawaii. The 

areas chiefly experiencing difficulties were Salton Sea and Cerro 

Prieto. At present, there are no commercial efforts to recover 

silica from the geothermal brines. 

The second area of effort has been the relocation of a 

laboratory trailer from Keahole to the Puna Research Center. The 

laboratory trailer will enable us to conduct analyses of geothermal 

brines from well tests performed in the Kilauea East Rift Zone and 

to perform extensive experimentation on recovered silica 

immediately after acquisition. The laboratory has been moved and 

we are now in the process of testing out the equipment and bringing 

it into operation. 

The third area of effort has been the analysis of alteration 

minerals from the SOH core. Samples of material have been taken 

from the core, x-ray analysis are currently being conducted, and 

samples are being prepared for electron microscopy and elemental 

analysis. 
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