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KAarHD STaTE L, Thermal Fowee Co.(deiller: Water Resowrces Int’ 1)
mlevations:

oy f per fors
davs: 971/81 HI (4
temperature: bobttom hole &350 F or S
o water table at 5340 4307, bailed for sample at £08°, L13F
casing leaks determined atb 200-940° and 1040-10807
P-5/8" casing found jammed into the expansion spoo
flow test, well substantially "dried up” during t i
G562 DA K 1  chemical emission control problem ensued
resulting in a temporary shut downy well produces 1004 steam
at a FWHPF of 120 psig with mass flow rate of 72,000 1b/hr
pipe to flange well failed, flowsd uncontrolled for 28 hrs
spection,  wellhsad considered to  be  sound,FRI
CLE ~xonal Flow, & gas
the well,
3 le founod &t
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FOLs bailed for water sample to DLMNR
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1w test
. flow test
flow test with separator system
wireline, temperature and pressure tools lost in holes due to
emnbrittlemsnt of JO%E" carbon plow steesl

i stainle stesl found embrittled, study indicated thst

with moderate tensile strength would be

Py Thermal Fower Co.d(driller: Water FResources [Int’ 1)

most cost eff

k. bhetwsen 109310977

11l lost in haole, cement plug placed at

EAFOHD STATE Lo, Thermal Fower CQo.{(drillerildater Resources Int’ 1)
elevations “&40°
weall depths HHGHT
casing: 40007 cement, 3505 perforated linsre
drilling davss 7F/8/85-9/353/85
temperatitre: &534.7F bottomholeg
well bore deviation: &1%.21
TALE/ESs water table BSTY

bailed for sample #4187,

ion test

gen reservolr 21,000 ppm



LAMIFUNA 1, Barmnwell Indus.(drillsrs
elevation:
well depths 84007 (DFED 7/
CABLNG:
2 odrilleds 1981
mperature:
1 bore deviation:

Fublic Sector bGeo Deyv Programd

LANTFUNA &, Barnwel 1 /GEDCO (drillers
elevation:
well depthy 40007
2 g
crilled: 1284 {completion in May)
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chloride: 110-298 ppm ‘277/3 7
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well depth: 41277 -
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date drilleds 1973 7
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{edrillers

ony near Bryson’ses cinder pit, land owner Harold Ashida
chlorices:
temperature:

iG-0L FUNA THERMAL 1.Haw.Thermal Power(driller: Samson Zerbs)
GEOTHERMAL. 1
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temperature: 54,50

Se0Vd PLUNGS THERMAL THZ . Haw.Thermal Fowsr {(drilleriSamson Zerbs)

ulPthkmh" 1
well depth: 556
casings: 10775 14°
date drilled: 1941
LSS LML
lovations 1926
chilorides
temparature:
Ahandonsd a

15454648 Opihikao off highway

(Freliminary gional Burvey, HIG 1974)
clue to loose formation; lost drill piece

E-0 4 HH!HMH I, DHHALD (drillers: UOoean View Drilling)
elevaltion:

7 lzgﬂlaﬁwm;/ua AWQLl_ /.9
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rrrigation

Ratio, HIG,197%: 1774 =80 SElppm chloride
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asthma attack reported

bad amell in Leilani, steam blocking FPoholki road
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s oventing, HIE exceeded instrument calibration of 150pph
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Héh s odor complaint (plant abatement system out of service for repailr)
abated through rock maffler
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December 13, 1991

Hand-Delivered

Mr. Edwin Sakoda, Geologist

DIV. OF WATER RESOURCE MANAGEMENT
Dept. of Land & Natural Resources

P. O. Box 373

Honolulu, HI 96809

Subject: nteri - I 15-01
- - 15-02 15.

Dear Mr. Sakoda:

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.

Very truly yours,
Robert G. Diffley
V. P., Development

RGD:jsy

Enclosures

City Financial Tower
201 Merchant Street, Suite 2100
Honolulu, Hawaii 96813
Phone: (808) 532-2121 Fax Phone: (808) 532-2130



ALPHA MOLOKAI
EXPLORATORY DRILLING SUMMARY

December, 1991

pir ) pp

1 10"/ 424’ 405.8 1.0’ 20,300] Not Available No Test Capped - 20" Casing
A Ll

2 8" /364 344.4| 0.8 " 22,000{ Not Available No Test Capped - 20' Casing

3 8" /401’ 381.8] 1.6 8250 94 F 8}?0-8,250 Capped - 20' Casing
A e SN f/'

4 8" /387" 367 1.1 / 12,500 93 F 10,50¢L-1 4,300| Capped - 20' Casing

T, ',7"") I/
5 8"/ 409’ 388.5 1.6 8,600 9 F ﬂ,/é,600-8,700 Capped - 20" Casing
\ 7

/’/’
//

* Estimate

12/12/91



State of lHawoell
COMAMISSION OH WATFR RESQURCE MAHAGEMENT
Department ol Land and Haturn) Resources
Division of Water Resource Mesnagement

INTERIM WwELL COMFLETIOH REFORT

INSTIRRUCTIONS: Tlease prlnt or type and submit complcted report within 30 days of well coniplation 1o the Division ol Waier licsource Management,
P. O. Box 373, Honolulu, Hawail 96809. An as-built drawing of the well and chemical analysis, il available, should also be submitted. If necessary, phone

548-7543, Hydrology, Geology Scction for Assistance.

Alph
A. STATE WELL No. 0615-01 WELL NAME Exofljoiatorv -Hole #11SLAND_Molokaj
B. LOCATION 4 miles East of La'au Pt., West Molokai TAX MAP KEY 5-1-(02-030
C. WELL OWHNER Sekihyo Seibaku
D. DRILLING OR PUMP INSTALLATION CONTRACTOR Fred Page Drilling International
E. TYPE OF RIQ Cable Tool DRILLER Scott Couch
F. DATE OF WELL COMPLETION N/A DATE OF PUMP INSTALLATION Pump Not Installed
Q. GROUND ELEVATION (mal) 405.8 1t

Top of Drilllng Platform (mal}_A4(0g8, 8 ft.

Helght of drllling platform above ground surface 3 () ft,
Bench mark and method used to determlne ground elevailon_Halena Bench Mark (Surveyed by

. TOTAL DEPTH OF WELL BELOW QROUND 424 ft. : Cummins & Cummins)
I. HOLE SIZE: 12 Inch dla. from 0 ft. to 20 (t. below ground
10 Inch dls. from _ 2() {t. to _ 424 {t. below ground
Inch dla, from ft. to ft. below ground
J. CASING INSTALLED: * *Note: See att
in. LD, x 1/4 1n. wall solld sectlon to _ 20 ft. below ground sheet for d §Chedf
I LD, x In. wall perforated esectlon to ft. below ground e O ra\?llng o
Type of perforation N/A casing to be installed.
K. ANNULUS: Not Grouted
Qrouted from ft. to ft. below ground

Qravel packed Irom It 1o ft. below ground

L. PERMANENT PUMP INSTALLATION:
Pump type, make, serial No, No Pump_to be Installed

Motor type, H.P., voltage, r.p.m.

Depth of pump intake setting [, below which elevsilon Is i
Depth of bottom of alrline . below which elevation ls ft.

Capaclty gpm

A

M. PROPOSED USE Monitoring Only
N. INITIAL WATER LEVEL 404 (t. below ground. Date and tlme of measurement 10/3/90 7110:30 AM
0. INITIAL CHLORIDE 111000 ppm, - Date and time of enmpling 10/3/90 !
P. PUMPINQG TESTS: Reference polnt (R.P.) used: which elevation ls ft.
Date ...Not Pumped. ... DAE oo '
Start water level ....eivrencenn, {t. below R. P, Start waler level ... it. below R. P.
End water level ......vecvveiiineciiines it. below R. P. End water level ... it. below R. P.
Depth of well .................. vevemeberessaeaneenn ft. below R. P, Depth of well . ’ctl below; R. P.
- I- , Elapsed Rate Draw- - emp.
TInE1'ea hs:gts) (23;‘5) do?v':‘(ll.) (p(;:am) Tej?p Time {hours) {gpm)  down{it) (ppm) “F

Water Level

Q. - DRILLER'S LOG: water Level
Depth, It, Rock Description & Remarks t Depth, 1t Rock Description & Remarks In.

.............. | (o U UU P U OPPPIPTR SR D IR [SURTURTUTTUU { o BRI P ASE EL  AL
.............. O oiieeeeee eerereereeeesteinesanaessrsaesae s besreneranrtane  Ssisabnevees [SUSSSTUTTTRE L PO PR S R
.............. to ... . TO BE.FURNISHEDR.WITH. FEINAL. . 1 i st i
.............. to . WELL.COMPLETION..RERORT .  ois 10 s s i
.............. O oiereesiee oveeeeesteresbasasanarseanaanree saaesnsnsreas  tasessenasaas i b0 et e s s
.............. L oo ies vevveseeseentesreesaseteasaassnentseen s annaebas  pssesirseaes i O et e s
.............. {0 JUTUTTT T TSSO PO OO PP TP RPR PRI i 0 eeveevreeee e e s
.............. B0 o oeeeecs evvreeeteeeestsaste e ra e e enessnsaseraentaere sensesiireanes i 10 e e e
.............. O oo ies eeeeeeee et et et e s et ar s et ensnatesrare sanersesssneat i LD e et s
.............. B0 oo e et eeveee e eetesvaaeeteeaerar e e sae e e senarees weeseesbeniee it B0 s e
.............. DO ooieeciree veveesistessiereraeesanteaae e et e e sreeeraraan tesiseenhieans D it s s
REMARK ST toooooveeeeseossessssessesesseeessessossssonssssesesseessssssesss e ss 880888 0080

Titte Exec. Vice President, Dev.

Date December 13, 1991

Stgnature

FOR DRILLER'S USE ' Latitude ..o

Job Name ... Longitude oo -
Job NO. Well NO. oo
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State of llawell
COMMISSION ON WATER RESOUNCE MANAGEMENT
Department of Land and Haturn) Resources
Divislon of Water Resource Mansgement

INTERIM WELL COMPLETION REFORT

INSTRUCTIONS: Flease print or iype and submit completed report within 30 days of well completion to the Division o Walcr llcsouice Management,
P. O. Box 373, Honolulu, Hawail 96809. An as-built drawing of the well and chemical analysis, il available, should also be submltied. If necessary, phone

548-7543, l1ydrology, Geology Scction for Assistance.

Alpha
A. STATE WELL NO.__ 0615-02 WELL HAME ExpEl)oratory Hole #2 ISLAND Molokai
B. LOCATION 3.2 miles East of La'au Pt., West TAX MAP KEY 5-1-02-030
C. WELL OWNER __ Sekihyo Seibaku M5Iokai
D. DRILLIKQ OR PUMP INSTALLATION CONTRACTOR Fred Page Drilling International
BE. TYPE OF RId Rotary priLLER  Geoffrey Feldman
F. DATE OF WELL COMPLETION N/A DATE OF PUMP INSTALLATION Pump Not Installed
Q. UROUND BLEVATION (mel) 344.4 ft,

Top of Drilling Plnt!orm"(mslr—ilz LA

Helght of drilling platform sbove grouna— surface 3
Bench mark and method used to determine ground elevailon Halena Bench Mark (Surveyed by

H. TOTAL DEPTH OF WELL BELOW GROUND 364 ft. . Cummins & Cummins)
1. HOLE SIZE: 10 Inch dla. from 0 ft. to 20  {t, below ground
inch ‘dle. f{rom 20 {t. to __ 364 {t. below ground
Inch dia. from {t, to ft. below ground
J. CASING INSTALLED: ¥ *Note: See attached
10 in. LD, x 1/4 1In. wall solid sectlon to 20 ft. below ground Sheet for drawing of
__In. LD, x In, wall perforated section to ft. below ground : be instal
Type of perforation N/A _ casing to installed.
K. ANHULUS: Not Grouted
Qrouted from I, to ft. below ground

Qravel packed Irom I 1o {t, below ground

L. PERMANENT PUMP INSTALLATION:

Pump type, mske, serial No. No Pump to be Installed Capacity ___ gpm
Motor type, H.P., voltage, r.p.m, R e R
Depth of pump Intake setting H below which elevailon la it
Depth of bottom of alrline below which elevation fs ft.
M. PROPOSED USE Monltorlng Only
N. INITIAL WATER LEVEL 345 . (t. below ground. Date and tlme of measurement 7/16/91 / 8:00 AM
O. INITIAL CHLORIDE 11,000 _ ppm. - Date snd time of sampling 7/16/91 1 9:00 AM
P. PUMPING TESTS: Reference point (R.P.) used: which elevation i ft.
Date ... Not. . Pumped.....mn DALE oo '
Start water level .....occiveeinniinnn, ft. below R, P. Start waler level ... it. below R. P,
End water level .......eonrencnnins ft. below R. P. End water level ... it. below R. P.
Deplh Of Well e ft. below R. P, Depth of Well e fti below; R. P,
Draw- - Temp. Elapsed Rate Draw- cl- emp.
Tlme FhOUIS) (sg}:) dow:\rﬂ) (p(;;)m) e"Fp Time Fhou:s) (gpm) down ({it.)  {ppm) F

Water Level

Q. - DRILLER'S LOG: water Level
Depth, It Rock Description & Remarks ? Depth, ft. Rock Description & Remarks n.
.............. | (o PRSP AU PRI PPPPIPD JTURTEUTTURURE { o RO TP PRI L LI AL S L S LA
.............. O ovoereeee veeveesresecsnerssnesaes e aeere s e et ireas et ne sansashisnets i 8D st et b
.............. o . TO BE.FURNLSHEDR. WITH. EINAL . 10 s i sssrnt e
.............. to ... WELL COMPLETION REPORT. i 10 i s
.............. O ooeeeeeeeee eevereeeeeressbeaeaseresreae s srben s et eanene Hesesrsierens i B s e s
.............. 1 o ST OO U PRSPPSO TOPPO SRS i O et e s
.............. DO e eeeee ereeceeeeisreesastaae et e e aataea e s s st et e reae paessstaneear it d0 e e
.......... O e eeeee eeeeee et i ee e tebeete e s s aaebnaete wrnseritsesas i R s e s
R (O e o et N —
.............. B0 i ieiieiiee cveeeeressoreees e eaanetar s s te e et arese it eetns sassreesaienes it BO s e e
.............. B0 oroeieeoee everereeesanneenssesaeerrensann et e re e e st aeeas aeansaseraiias i 80 e es e
REMARK ST 1ovveivessesseescsessessoessesssossenssessssssssssstesssssssesssssssssessssessosc s soss s h8sss 0 148110 b 08 R S0 e

Submitted by (print Rgbelg,,)(,;./@ifﬂy/eﬁ Title Exec. Vice President - Dev.

//MM pate December 13, 1991
L+

Slgnature
/ FOR OFFICIAL USE
FOR DRILLER'S USE. ' Latitude oo
Job Name ... Longitude .o
Job NOw s Well NO. oo
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State of {laws)|
COMMISSION OH WATPER RESOUNCE MANACEMENT
Depactment of Land and Hsturnl Resources
Divislon of Waler Resource Management

INTERIM WELL COMFPLETION REFORT

INSTRUCTIONS: Tlease print or type and submit coumplcted report within 30 days of well complation to the Division ol Waicr llcsouice Minagement,
P. Q. Box 373, Honoluly, l1awaii 96809. An as-built drawing of the wcll and chemical analysis, il available, should also be submitted. If necessary, phone

548-7543, liydrology, Geology Scction [or Assistance.

Alpha
A. STATE WELL No. 0715-01 WELL NAME Exgloratory Hole #3 istanp Molokai
B. LocATioN 4.25 miles NE of Ia'au Pt., West Molokai TAX MAP KEY 5-1-02-030
C. WELL OWNER Sekihyo Seibaku
D. DRILLING OR PUMP INSTALLATION CONTRACTOR Fred Page Drilling International
BE. TYPE OF RIQ Rotary DRILLER__ Geoffrey Feldman
F DATE OF WELL COMPLETION N/A DATE OF PUMP INSTALLATION Pump Not Installed
Q. QNIOUND ELEVATION (mel) 381.8 1,

Top of Drilling Platform {meal})_ 383 .8  ft.

Helght of drilling platform sbove ground surface 3 ft,
Bench mark and method used to determlne ground elevailon Halena Bench Mark (Surveyed by

401 ft, . Cummins & Cummins)

H. TOTAL DEPTH OF WELL BELOW QROUND
I, HOLE SIZE: 10 Inch dla. (rom 0 ft. to {t. below ground
8 Inch ‘dla. from 20 ft. to ~ 4071 _(t. below ground

Inch dla, {rom ft. to ft. below ground
J. CASING INSTALLED: * *Note: See attached
. 1.D, | tlon t . bel — traui
10 In, 1 x in. wall solld sectlon to 20  ft. below ground Sheet for awing of

in, I.LD. x In, wall perforated section to ft. below ground - !
Type of perforation casing to be installed.

K. ANHULUS: Not Grouted
Qrouted from _ ft. to ft.
Qravel packed Irom It. 1o

L. PERMANENT PUMP INSTALLATION:

below ground
ft, below ground

Pump type, make, serial No. No . Pump Installed Capaclty gpm
Motor type, H.P., voltage, r.p.m. _ . —
Depth of pump Intake setting t. belo which elevailon 1s (.
Depth of bottom of airline balow which elevation is ft.
M. PROPOSED USE Future Source for Desalination
N. INITIAL WATER LEVEL . {t. below ground, Dats sand time of measurement /
— 5
0. INITIAL CHLORIDE 4,400 _ ppm: - Wateg’"e and time of sampling /
P. PUMPING TESTS: Reference polnt (R.P.) used: ILevel which elevation s 1. 8 ft.
Date ..o erereeereraeerereesaeeane D8 e '
Start water level ........... 0.oreeeeeriees ft. below R. P. Start water level ... it. below R. P.
End water level .. Qo ft. below R. P. End water 1evel .......ooorveisererirereceninsiennins it. below R. P.
Depth of well .............. 2L i, ft. below R. P, Depth of Well oo S H; below; R. P
- - . Elapsed Rale raw- cl- emp.
Ms:\iea?ho s) (gpm) do%’:v(lt.) (p%'m) Te"?p IIme1 hours) {gpm}  down (L)  ppm) “F
12:00 P 0 Y 00 PM. %28 1.2 ..4.,.4.00 ............................ RO oo oo s v e eersins
1:00 . PM. to .2:00.PM...228 ... BrB0Q s e 8O s ereesearene ssssesresesen s s
.............. 10 i 0020 s s i ST s T OO OO SRRV RSP
2:00.PM. to .12:00. ....240 ..0.9. 4 400 95,5, RO oo eveeesesmannns | erereinseesseeereceessare s
.............. 10 e BM s e e e SRS [ TSRO OO UO U OO PRSI
.............. L0 i e e e e SSSRUTUTRE (¢ T OUU OO rUTU O U O RO PSSO PIPRU T
Q. - DRILLER'S LOG: water Level Water Level
Depth, It Rock Description & Remarks ft. Depth, (L. Rock Description & Remarks It
.............. L0 coereeeier rersrerererene et nsesesesnersfaen b s ensasanaes sasesiiitsans ST 1 TPV OUU U POOR e S TR
.............. O oieeriiiis cevrrreresee e et e e s sue e a s sanen prerereiteneen e RO s st
.............. 00 s L TQ. BE..EURNISHER. WITH. . EINAL..o 10 s et s
.............. to . WELL COMPLETION REPORT. ..ol 10 e oot st
.............. L0 et rererererer et st e sre s rebares sasasisirsiens ST L TP USROS
.............. O orierieses cereerireee e renes e a et ae e sansaens besaereeteaeas i XD s e e e
.............. 1O veivteeeeeies erireeeevaerreseseetresa e e s e b a s bt s sesesae rnesbesianan i RO s e
.............. [ 3o TSP UO U OO PSPPI SRV 1s TSSO OO YOS S SO T
.............. 1 (o TRV O U U T O OT O YOO PRSPPI i 8O it e s e
.............. O it e e sara e araseseeeas i BD it et e e
.............. O creteeeerit ettt eer et ene e seres et s e aneaae tesbrnserens S STSTUTTTUTTIE s T OO OO PP RO SO O PP TSI TI LAY
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P : State of Hawel}
COMMISSION OH WATER RESOUNRCE MANAGEMENT
Depsctment of Land and Halural Resources
Divislon of Water Nesource Mansgement

INTERIM WELL COMFPFLETION REFORT

INSTRUCTIONS! Please print or type and submit completed report within 30 days ol well complction (o the Division of Waicr licsource Management,
P. Q. Box 373, Honolulu, Hawail 96809. An as-built drawing of the well and chesnical analysis, if available, should also be submitied. If necessary, phone

548-7543, llydrology, Geology Scction [or Assistance.

Alpha
A. STATE WELL NO. 0715-02 WELL HAME Exgloratory Hole #4 ISLAHND_Molokai
B. LOCATION 3.75 miles NE of La'au Pt., West Molokai TAX MAP KEY 5-1-02-030
C. WELL OWNER Sekihyo Seibaku
D. DRILLING OR PUMP INSTALLATION CONTRACTOR Fred Page Drilling International
E., TYPE OF RIQ Rotary DRILLER Geoffrey Feldman
F. DATE OF WELL COMPLETION N/A DATE OF PUMP INSTALLATION NO Pump Installed
0. GQROUND ELEVATION (mel) 367 1.

Top of Drilling Platform {msl] 370.__. ft.

Helght of drilling platform sbove ground surface 3
Bench mark and method used to determlne ground elevailon Halena Bench Mark (Surveyed by

H. TOTAL DEPTH OF WELL BELOW GROURD 387 ft. . Cummins & Cummins)
I. 1IOLE SIiZE: 10 inch dis. {rom Q ft. to 20 (1, below ground
fnch ‘dia. {rom 20 _ft. to {t. below ground
Inch dia. from ft. to {t. below ground
J. CASING INSTALLED: * *Note: See attached
10 In. I.D. x _1/4 In. wall solid sectlon to _ 2 ft. below ground Sheet for drawing of

in., 1.D. x In. wall perforated sectlon to ft. below ground - A
Type of perforation - casing to be installed
K. ANHULUS: Not Grouted

Qrouted from ft. to ft. below ground
QOravel packed Irom I 1o ft. below ground

L. PERMANENT PUMP INSTALLATION:
Pump type, meke, serial No. No Pump Installed Capacity gpm
Motor type, 'l1.P., voltage, r.p.m. P P
Depth of pump Intake setting ? IF*Below which elevsilon 18 It
Depth of bottom of airline below -~ which elevation s / ft.
M. PROPOSED USE Future Source_for Deqa]matmn
N. INITIAL WATER LEVEL 365.9 (t. below ground, Date and tlne of measurement !
0. IMITIAL CHLORIDE 6,625 _ ppm: - S&g}é‘é ate and time of sampling /
P. PUMPING TESTS: Reference point (R.P.) used: Ievel which elevation fs _1.1 ft.
Date .o Date s )
Start water level ............. (O {t. below R. P. Start water 1evel ........cooecoveivsnreccermeminnnens it. below R. P.
End water level .............. (R ft. below R. P. End water 1evel ....oonereeennesnninns it. below R. P.
Depth of well e 2be it. below R. P, Depth of well .ceeveeveveecrcrcinnn A Ltl belov: R. P.
. emp.
TI(E\I:HSMIS) (gpm) do?v':\:lt) (p%'r-n) TQJ?D. TlnE\LaB\ours) (g;m) down(lt) {(ppm) F
11:00 AW "10° 12200, B 276 1087 L BIBO0. s e 10 i
12:00.PM. to .. 1:00 PM.. 276 . Nil.. 64600 e oo to ......................................................................
.............. T o [ A o 8O e v sersmsamiennen | seesseennssens s
1:00 PM to..9:00.AM 260 0.9. ..7.000..93.. . 1O oo eevreoesis eemesen ot e
.............. L0 it reerrierine esveveenrere bosesserennes sseneseetans [SSUTTTUTTURE L NPTU OO U YU UOOPU RSO OIS S SRS
.............. L0 e e et e e SRR L T OO R P IOPRSP S Si
Q. - DRILLER'S LOG: Water Level Water Level
Depth, ft, Rock Description & Remarks it Depth, ft, Rock Description & Remarks .
.............. | (o TP PP PPN SYPTRTIITETT SUTUTRUUTURUTEE 1 JTUUU OO PR RRPY PP PP S A LI B
.............. (o TSV SOV SR UYOO PP PPN TP Tt ST £ JTUT O U PPV ST R L e
0 oo e 7O, BE. FURNTSHED. WITH.EINAL..... 0D oo ooevee ereeee e sesae s s S
.............. 0 o WELL COMPLETION. REPORT. el 00 s s s
.............. 0 ooeeres eeveeeeeerei et rs e e tsr s etee rebssasisnanes i 8O eereeeees et st
.............. O o ovirrecrese eeoreareessiinrereaeseneeas e e tsanane e eae saacareareasas TS UTURE 1+ TSRO PRSPPI SRS A
.............. {0 T OO OO PT S PR STS TR i RO e et
.............. (o TSSOV U OO OSSP PO RO PP e B0 s e e
.............. O ooeveerees eereeeeee st re e st ny tnisEinines kD s e e
.............. {5 ST U OO OP OO PO POV P PSPPI PRT IR i LD s e s
.............. (s JUUUT OO O OO PO P ORI PR PSP i 8D et e e s
REMARKS! ..viivvierssinisieens e eesssusssepames s eesmoone s8R

Thle Exec. Vice President - Dev.

Submitted by (print)_ Robert G.,Diji\fley/ A/
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. State of llawsl!
COMMISSION ON WATPR RESOURCE MANAGFMENT
Department of Land and Haturn) Resources
Division of Waler Resource Mansgement

INTERIM WELL COMPLETION REPORT

INSTRUCTIONS: Tlease print or type and submit completed report within 30 days ol well completion to the Division ol Watcr llesource Management,
P. O. Dox 373, Honoluly, Hawail 96809. An as-built drawing of the well and chemical analysis, if available, should also be submlitied. I necessary, phone

548-7543, llydrology, Geology Scction for Assistance.

Alpha
A. STATE WELL No, 0815-01 weLL nNaMe Exploratory Hole #5 isianp Molokai
B. LOCATION 4.5 miles NE of La'au Pt., West Molokai TAX MAP KEY 5-1-02-030
C. WELL OWNER Sekihyo Seibaku
D. DRILLING OR PUMP INSTALLATION CONTRACTOR Fred Page Drilling International
E. TYPE OF RIQ Rotary priLLer ~ Geoffrey Feldman
F. DATE OF WELL COMPLETION N/A DATE OF PUMP INSTALLATION No Pump Installed
a. QGROUND ELEVATION(muUT 3?8.5 ft.
Top of Driling Platform (mal¥_397 , ft.
Helght of drliling platform sbove gro'uSnI surfsce 3
Bench mark and method used to determine ground elavailon Halena Bench Mark (Surveyed by
il. TOTAL DEPTH OF WELL BELOW QROUND 409 ft. . Cummins & Cummins)
I. HOLE SIZE: 10 inch dla. {rom 0 t.to__ 20 (t. below ground
inch dla, (rom ft. to _409 ft. below ground
Inch dia. from ft, to ft. below ground
J. CASING INSTALLED: * *Note: See attached
10 n. I.D. x _1/4 In. wall solid sectfon to _ 2 (t. below ground sheet for drawing of

in, .LD. x In. wall perforsted sectlon to ft. below ground . .

Type of perforation —_— casing to be installed.

K. ANHULUS: Not Grou}:te(%
. to

Qrouted from
Qravel packed [rom It 1o

ft. below ground
{t. below ground

L. PERMANENT PUMP INSTALLATION: No Pump Installed -
Pump type, mske, serial No. Application to Follow Capaclty gpm
Motor type, H.P,, voltage, r.p.m. —.
Depth of pump Intake setting It below which elevsilon 1s it
Depth of bottom of alrline __ — —1t. below which elevation la ft.
M. PROPOSED USE Irrigatlon Test Well - Possible Desalination Feedwater
M. INITIAL WATER LEVEL 390.1 ft. below ground, .. Date and time of messurement /
O. IHITIAL CHLORIDE 4,500 ppms Water Date and time nf sampling /
P. PUMPING TESTS: Reference polnt (R.P.) used: Level which elevation 1s 390.1 t1t.
Date ..ot Dala e '
Start water level ... Qe ft. below R. P. Start water level ... it. below R. P,
End water level ... Qe it. below R. P, End water 1evel ..o it. below R. P.
Depth of well .............. 2 It. below R. P. LT R L LR —— lt; belov; R. P.
I . Elapsed Draw- ct- emp.
TlrE\Lam:th’ls) (gptln) down(ﬂ) ZS.p(;;:m) Te‘agp Time rhouvs) (gpm) down (IL.)  [ppm) °F
1:00 PM. to2:00.PM...2L1.. .. B w96 O e eeeeeeeiein veaereseuaes meeaeanieieren rasasenaens
2:00.PM. to 3:00.PM. 211 309 s o 6. v O oot ot e
.............. 80 o EOLQL s O e e ernsinenns st srieins
3:00.PM t03:00.PM..225.. .2.1... .. 4,400 ..96... e 8O oo eereoeeeeeeeeviieeeneeressennnnrane s
.............. 1O ceieciiiiee eereinienee sseennins saerereerens sresessniaines i 10 eeveeiees erererieene e et
.............. 10 it et eveeseiini st ieniiress it 8D e eeees e ererenniers s s
Q. - DRILLER'S LOG: Water Level Water Level
Depth, ft, Rock Description & Remarks ft. Depth, It. Rock Description & Remarks i,
: L0 oo evereeetebeb s e SeusirsasEee

REMARKSE oo veveesesssessssssesensessessssessssesessesossss s besssss csmsssssssss 401400 L L L

Title Exec. Vice President - Dev.

Slgllal\lre Date Dece”lk)el I ; ’ I 99 l

/44 / o
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Alpha U.S.A., Inc.

October 3, 1991 =
"\' o P
f _ o
i ‘-}3 -

Mr. Edwin Sakoda, Geologist 'xf:;x o
DIVISION OF WATER RESOURCE MANAGEMENT =
Department of Land & Natural Resources
P. O. Box 373 S
Honolulu, HI 96809 Az VO 0805 - O )

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

Dear Mr. Sakoda:

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.

Very truly yours,
Robert G. §1fﬂcy
Executive Vice President
Development

RGD:jsy

Enclosures

City Financial Tower
201 Merchant Street, Suite 2100
Honolulu, Hawaii 96813
Phone: (808) 532-2121 Fax Phone: (808) 532-2130



I 10]1 a. Torx Maede)
A pmn Mo N
_ . - —
[01" 9 DMWM«/” g 6—/?0//5//7‘ 1E5 7 m«lefl)\r» It
l/lrf" M e A 3 /(o1i5-01) poseh
e SewrremBen 26, |99 —
~Tim e Antre P Flwwws Time fav) = T
e (sravic s ) Av 3%%’\’ (MD.NA- ,;An'—:v)m (3/»\) (v S> ( 'F)
o Fi= 6L — o OIB & J—
———
g
amn |2i00 N‘g/ ,;04 0.5 /ors 1 a6 225t | _Geeo™ | —
B | | os | s | e e S —
o~ 1. ;l""" — 96(;.4
53?5 . _!bg). 0‘”( D [1S 9287 30 mu 228 | _B®3C —_
NN .
' o s ‘.9 Syl 25w | 2259 X X
@ : (1%
| 2 05 a3 1o | 1ass| M X
o (k)
ACh 025 G574 " tOm | 1S4 <
. (SD) :
l \)’5’4 ot ?SB-"“; (DM'\ _W')- X ><
Z.wo oQV P TERT = P x <
204 T 04 W32 15 X "¢
SR | ' ' s Lo BeoC
Ty Bieo 007 |reoSST | Sk a%q\c]fn ez | 957 |
oo 01 1701 3w | 220 | o 9c.5°
Qe 6.7 A6L | 2y | 83ec| 958°
” ~ ,,
1220 6 03 |p 297 UV | gz | 955
o0l 6.4 s N 0.9 53] 2 4T “3°5
Goo 5"'1 0%’}‘ l.6! 66 ¢ “ Up ; 9
G300 | 632 : 77?% " 2 4| | 795.5
2.0¢) 65 qﬂi 3w | 229 83 | 955
s : S : ,
5
o ¥
L o
A
| N 7 {
. i }“i‘; o e
)( - “«u, X | QI ,;,g%,. X




AAAAA

22-141 50 SHEETS

. 22-142 100 SHEETS

22-144 200 SHEETS

ALPHA U.S.A., INC. - MOLOKAI - HOLE #3 9/20/, |
Date: September 26, 1991
Time:
S 1 Temperature: 24
Field Salinity a
)
|
)
‘/ o 2& J‘ lﬂ
~o
~ 4
; &
o -
£ il
1
o 3 kd ,S o
< J
3 <
2 y
3
PET
79 AAD-A D A—AD T A D - .
4 O~ )
) )
! —t t t + t t t '
e 3 @ 9 12 2 9 %2
7 A Naar/ MiDuyyry NopH
“Tiwa &




Ahn\rﬁhxw [ AR>S T

3 LY
~ hadl}
] w
S o
4
~
—
r4
3
- <I; N
iy
,M
Ly T
)
™% T n
] 2
» o
” x
—
. } | “ - \ ~ \ o
0 ¥ ¥ 4 Al \
~/
4

(/) pmoaemng

S133HS 00T PPI-TT  ovawey

S133IHS 001 ZvL-TT G

S133HS 0§ lri-te



i | <22

Aoeprr MHoce e )

50 SHEETS

22-142 100 SHEETS
22-144 200 SHEETS

22-141

()Y

AMPAD

<2 P Dordewdows) TiesT 2eplt 3072
e ne #Hef  (0715-02) Frem TABY
Sgﬂﬂ«jc-’la’cw /‘7’7/ < 29 '/1 " g Tl
< Tores AT
< T 7~ /)A,a'ss/r/to' : L ,‘7/
ToesWe =
TIME AL Line Feo SR > :
PrcEsyic AF DrawDowy ZE::::MG ,-Z;’/r;::/m =
(™) | (Acttv.00)|  (arin) (oypm)
/7. 08 Am 4-‘/ /o - STATIC |0/ &2l START
io® 4.8 e ¥z
/o9 1, &3
/o2 5.8 0.0 /. d £97.5]
/ST &9 .5 &7
nioon| S8 6.0 K ;4 8735 s6 ¥ 27¢ qp
. 5.9 05
.20 :ar 24 ®* 0.9 &87 20§ 220 gpm
’ - 0'0 —
12:25% Lop o 4 .9 90 S zzajf,.,
7t ol o3 0.7 897 Y X 1L3 qpu
o2 - _ —
12' 35 4.2 >~ * .5 b2 A s K 130 ¢
re. uo by L5 D 0.0 ¢ - x4
[,‘\I/ i ‘ 89 ! N :)/;,91
R 4.9 | s | z
Y ¢ > o 0 29¢.% s S 90
/2 L dS 6.0 o4 6.9
| o6 m 6.0 o.d 64 908,y 15 2543;.
3 6 0 o J o4 oc 4. o /
¢ ¢ .0 o o9 !
9 .8 o ¢ /Y s
s M s g 0 G .4 T el
3 ol 308 & ) d T
- Aw 5.5 0.9 - ] .y
a) Am : 3')/' O.C\ - 012 8¢ < "g“%;'.‘:-‘:,)r

l T A derd et sl Con STy 73




/} 22141 50 SHEETS
‘ . 22142 100 SHEETS
‘‘‘‘‘ 22-144 200 SHEETS

v

cerdo iAo ( /7)
\\!

N
oy

DA Deous v

-o\ /o o © ,

)

j
Az

‘/4(/1’/’

(SR s VNN S

g

\j
-

3 i 6%’” qu. /LM BA.«

/4--4/9/\»‘ flrLo s

) At O s TS T

/e #d 5 /5 /
#




A
Ot I ¢
N w
\ X ‘
X
\ R .
- RO, /MJ
N
” —
m /,. M _\\
% f j
< o 3 / v
w M \ \3
M W d ,W
N )
RN ™ 2
J
W
A
& 9
- I//l.
Q o
3 ~ N -
\\Q%&?\U\Q \(RQ/V\S*\\»\QI
S133IHS 00T PPI-TT ovawy

S133HS 00l ZPI-TT
S133HS 05 Lv1-zT G



Job No, ....Q_yd‘ : { é

Doate Sent:

N Tom NANCE |
WATER RESOURCES ENGINEERING
FACSIMILE HEADER

To: PP (o) Fax No. 5302-21%0

Attention: % ‘\K'% (e? Date: SE{\:Q' (C

From: Tom Npnce No. of Pages: [
(Including Header)

Subject: Wt 4 W S’W?QM

If you do not receive all pages, please telephone immediately.
Mbj w&vxj’ v?’ccv;\M!l & Smr‘QM U St re) bl
S %)ﬂ:) MALAE 1 g;@;‘,;tb, WM%*J&/ ,

___-_(_A_/.sL _
[ ﬁ(ﬁezﬁéﬁ_wmm 4
1|12 (29| L
| | d
_____ ¢ | oAt le _.._9_1.5_1./.\.!5“" oD, |
‘,_ﬂ?,_-..“..f’f’? T [l [yt
L 9/u I A RYX 2]
I/ T N1 i R R R
3 ™ 2.0 | 134
A | | mw| g 19350
G |G| 126 | 20,400
G} || s 240
1. ..9/12..._ (2:00™) 14,9 | 22,950
R . 0;.;609‘?' 15.2. Zzef'_f"l
9. |G| 15,6 | 28,150
[0 9t tobu| 157 | 23,460

680 Ala Moana Boulevard, Suite 200 » Honolulu, Hawaii 96813 ¢ Phone: (808) 521-5361 » Fax: (808) 538-7819
A Belt Collins & Associates Company
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GEOPHYSICAL SURVEY FOR
CHARACTERIZING THE HYDRO-
GEOLOGIC REGIME OF THE
PUU ANAHULU AREA OF NORTH
XKONA, ISLAND OF HAWAII

BLAckHAWK GEOSCIENCES, INC.




GEOPHYSICAL SURVIY FOR
CHARACTERIZING THE HYDROGEOLCOGIC REGIME
OF THE PUU ANAHULU AREA OF NORTH KONA
ISLAND OF HAWAII

Prepared For:

State of Hawaii
Department of Land and Natural Resources
Division of Water Resource Management
Kalanimoku Bldg., Room 227
1151 Punchbowl Street
Honolulu, HI 96809

Prepared By:
Blackhawk Geosciences, Inc.
17301 West Colfax Ave., Suite 170
Golden, CO 80401

(BGI Project #91052)

December 3, 1991
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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 Cctober 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. 1In 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. 1In 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 technigques 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.
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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 (BCP)

" 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 BCP, bearings of N40°%W and s50°W 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 m? 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
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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)

Table 2-1. Daily log of field activities

Activity

October 27

October 28

October 29

October 30
October 31
November 2
November 3

November 4-5

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)

I
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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 WAIK1 (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-m. 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.
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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 gecelectric 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 geocelectric 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 2.8 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 -800 ft below sea level). 1In 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, TDEM data often exhibit
intermediate resistivity values (10 to 100 ohm-m) that may occur
both above and below sea level. 1In 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-D interpretations
for TDEM data.

4.2 GEOELECTRIC CROSS SECTIONS

The results of the 10 TDEM 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 gecelectric sections.

Lines 1 and 2

The geocelectric 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 chm-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 geocelectric 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 chm-m to greater than 6,000 ohm-m. 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 ochm-m. This lower layer may be caused by changes in



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 HYDRCGEOLOGIC 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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INTRODUCTION

Electromagnetic transient methods for soundings have been used for many
vears 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 ( <1 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:

1) 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
¢) 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 1 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 (1). 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.
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FiGURE 1. Different arrays of transmitter-receiver 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, B, is given
as a function of the dimensionless parameter Ty .

r
T Ti=/2WP 1107

and t istime after turn-off
Py is half-space resistivity

where



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.

T, .
At early stage -1 <2, and at late stage Il> 10, the behavior of the field
r r

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

im
274

early stage ( 1;1 <2): BZ £y 8]

umr . _l_ (2)

T ooyg)y RE - _Umr
late stage ( + >10):B 40THth 0%

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

7 . . .
Late stage commences when Tl> 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 wiil 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-
tetluric 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. [t 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.

= Bzigr‘ 3)

2/3
Late Stage P = (:;7:-;% B)

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,

Pq, 7 7
) /p1 and b, (or L )

Early Stage QO

In transient EM the parameter 7yplays a role similar to skin depth in
frequency domain sounding, or electrode spacmg in direct current sounding.
For a certain section 7y is proportional to t /2

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 |/ >10, Oy approaches
Py . At early time the apparent resistivity exceeds P, 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 0, 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 -1<2 all curves merge into one, corresponding to the behavior
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 0, can be obtained. With increasing time Pg /

increases, whcn/ >1, and decreases when 2I31<l In this range of
time currents progressxvcly 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 shouid 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 fieid 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 S0 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 |1 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
¢) disappearance or change in thickness of producing horizon

Thgsc conductance maps of producing horizons were used to compliment
seismic interpretations to better define drilling targets.
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FIGURE 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, ¢ 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 45 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, S00m 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.
Increasing 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

¢) 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 facitities. The increase in resistivity upon freezing is the basis for
electrical methods to map permafrost.
Blackhawk 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 weil 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, of , above the basement is shown. It was computed from the
relation: H

where H is total thickness of sedimentary section
and  H1, H2 are thicknesses of layer | and 2, respectively

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

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

1



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 1in similar settings in Hawaii.

1,000 ft.
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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.

Table 2-1. Daily log of field activities

Date (1990) Activity

September 6 Mobilization from Denver, CO to Kailua-Kona,
HI in conjunction with other geophysical
surveys.

September 9 Reconnaissance of Kawaihae Exploratory Well

Project Area for sounding sites. Data
acquired on soundings 1 and 2.

September 10 Data acquired on sounding 3.

September 15 Reconnaissance for sounding sites on north
side of Honokoa Gulch. Data on soundings 4
and 5.

September 19 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)



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 }oop. Receiver coils with effective areas
of 100 m? 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.
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3.0 DATA PROCESSBING

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 S1. 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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MODEL : 2 LAYERS

RESISTIVITY THICKNESS ELEVATION CONDUCTANCE (S)

(OHM-MD M) M (FEET) LAYER TOTAL
3%0.1 1280.0 :

1155.24 437.4 -47.3 -155.0 0.4 0.4
3.43
TIMES DATA CALC % ERROR STD ERR

1 1.40E-03 4.13E+02 3.89E+02 6.222

2 1.77E-03 3.04E+02 2.97E+02 2.472

3 2.20E-03 2.38E+02 2.32E+402 2.409

4 2.80E-03 1.,76E+02 1.78E+02 -1.003

S 3.55E-03 1.34E+02 1.38E+02 -2.964

6 4.43E-03 1.09E+02 1.09E+(2 -0.463

7 5.64E-03 &.09E+01 3.53E+01 -5.15%

8 7.13E-03 6.54E+01 6. 77E+01 -3.337

2 8.81E-03 5.44E+401 5.54E+01 -1.842

10 1.10E-02 4.42E+01 4.55E+01 -2.80¢

11 1.41E-02 3.68E+01 3.65E+01 0.744

A 1.8CE-02 3.01E+01 3.00E+01 0.365

13 2.22E-02 Z2.58E+01 2.54E+01 1.838

14 2.85E-02 2.21E+01 2.12E+01 4.360

R: 152. X: 0. Y: 152, DL: 305. REQ: 1469. CF: 1.0000

CLHZ ARRAY, 14 DATA POINTS, RAMP: 160.0 MICROSEC, DATA: S!I
0209 002N 001S Z OPR XTL H 4 8+100

Ch.21 = 0.16 Ch.22 = 0.089 Ch.23 =15 Ch.24 =9

RMS LOG ERROR: 2.00E-02, ANTILOG YIELDS 4.7133 %

LATE TIME PARAMETERS

* Blackhawk Geosciences, Incorporated *

FARAMETER RESOLUTION MATRIX:

"F'" MEANS FIXED PARAMETER b
P 1 0.01

P2 -0.04 0.93

T1 0.61 0.00 1.00

P1 P2 T1

/\BLACKHAWK GEOSCIENCES, INC.

EXAMPLE DATA SET
State of Hawali Division of
Water Resources Management

PROJECT NO: 9004 1 Figure 3-2




4.0 RESBULTS AND INTERPRETATION

4.1 CORRELATING GEOELECTRIC SBECTIONS WITH
HYDROGEOLOGIC INFORMATION

Thus, the results of the interpretations of individual
soundings 1is the resistivity layering (gecelectric 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 S1 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-m. 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

6



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.



(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 ground water 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)

(2)

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

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.



Table 4-1. Hydrogeologic information derived from TDEM soundings

Approximate Thickness
of Fresh/Brackish

Ssounding # Burface Elevation (ft) Water Lens (ft)
S1 1280 155
S2 1350 239
S3 1600 291
S4 1320 236
S5 1200 75
iw 830 98
4w 1665 771
5W 1340 484
6w 1450 778
W 1680 905
8W 1885 10007

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 S1 through S5.
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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?

Answer.-- TDEM is a surface geophysical method
for determining the lateral and vertical resistivity
variation (geoelectric section) in the subsurface.

Question.-- What wuseful information be
derived from the geoelectric section?

can

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
and differences in salinity (e.g., salt water
intrusion) can often be delineated from
geoelectric sections.

Soil and rock types. Clays and clay shales,
and formations of low hydraulic permeability,
have lower resistivities than formations of
high hydraulic permeability, such as sands
and gravels, sandstones, basalts, and high
porosity limestones. The geoelectric section
can, therefore, be used to map continuity of
clay and clay shale lenses.

Fractures and shear zones. Such zones are
conduits for ground water flow and con-
taminant migration, and they are often
characterized by zones of low resistivity.
The reasons for the lower resistivities of
these zones are infilling 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 electromagnetic con-
ductivity profiling with the Geonics EM-31 and EM-34?

[ TRME-ON-24- T IME—OF F 24e-TIME-O!

1 . -lIL'lAl'Tlﬂ

Fig. 1.
frequency domain EM (FDEM)

| I CURRENT IN TRANSMITTER LOOP !

INDUCED ELECTROMOTIVE
FORCE CAUSED BY CURRENT }

SECONDARY MAGNETIC FIELD
CAUSED BY EDDY CURRENTS

—1-

Answer.-- The advantages of TDEM
electrical and electromagnetic methods are

over other

o

better vertical and lateral resolution

lower sensitivity to geologic noise (see
page 5)

the ability to explore below highly con-
ductive layers {(e.g., brine saturated
Tayers 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 profiling, such as used in
the Geonics EM-31 and EM-34?

Answer.-- Yes, the principles of electromagnetic
induction profiling in the frequency domain (FDEM),
used in the Geonics EM-31 and EM-34, are in many ways
similar to the principles of TDEM.

An important difference between FDEM and TDEM is
the current waveform driven through the transmitter
loops. It is a continuous, harmonic-varying current
in FDEM, and a half-duty cycle waveform in TDEM.

Question.-- Why does the current waveform of the
transmitter make a lTarge 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
determine subsurface conductivities. The induced emf
js a harmonic-varying function in FDEM and consists of
narrow pulses in TDEM.

N N

PHASE LAG

System waveforms in time domain EM (TDEM) and
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Fig. 4. Schematic illustration of eddy current

distribution at different times after turn-off.

Another useful presentation of distribution of
current intensity as a function of time is given in
Figure 4. At early time, tg, 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.,
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Fig. 5. Spatial behavior of emfs due to vertical

(emfz) and horizontal (emfy) magnetic field on a pro-
f1le through the center of square transmitter loop at
“ane time (2.2 millisec) after turn-off.

The emfs caused by square transmitter loops vary
vith time and distance from the center. Figure 5
shows a typical measured behavior of emfs at a certain
time (2.2 milliseconds) after turn-off. At other
times the amplitudes will be different, but the spa-
tial behavior 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-
reying the center of the loop, or to deviations from a

square Tloop. This is clearly of practical value
because it (1, reduces the cost of land surveys and
measurement errors, and (2) allows for some flexibil-
ity in the field in positioning the measurement sta-
tions.
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Fig. 6. Typical transient behavior of emf, 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 (emf,) as a function of time
during the period the transmitter is off. Figure 6
shows a typical behavior of emf, as a function of
time. Emf, can be seen to decay rapidly with
increasing time. One transient decay recorded over a
few tens of milliseconds contains information about
resistivity layering over a signific.nt 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 powerlines, and other man-made sources. It
is common to stack several hundred transient decays to
jmprove signal to noise. Stacking of several hundred
transient decays requires only a few seconds, and
multiple data sets can be quickly obtained.
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Fig. 9. Schematic geologic section of Floridan

aquifer,
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 (ty) 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 dominantly flow at

greater depth. The emf measured at time t3 is near
transparent to near surface layers, so that their
influence is greatly reduced at time t3 and later

times.

EDDY CURRENT INTENSITY

""""" ! to
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T CURRENT

to ty t2
TIME TIME

Fig. 10. Eddy current intensity in FDEM and TDEM.
In the FDEM method current intensity is always
highest near the surface amplifying 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 mainly a function of
time rather than  transmitter-receiver
separation, The  transmitter-receiver
separation need not be altered to change
exptoration depth as is the case in FDEM
(EM-31 and EM-34), and direct current

resistivity methods.

Relatively small transmitter-receiver
separations compared to effective explora-
tion depth are employed.

(b)

(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-

tures, and shear zones below considerable 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)

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

different times.
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Measurements 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
are shown on the right. Depth to bedrock in the
models is varied by 20 m. It is evident that vertical
resolution of determining 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.-- Summarize for me the potential 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 relates to clay content and hydraulic 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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MODEL : 2

RESISTIVITY

(OHM-11)
1155.34

3.43

TIMES
1 1.40E-03
2 1.77E-C3
3 2.20E-03
4 2.80E-03
S 3.55E-03
é 4.43E-03
7 5.64E-03
8 7.13E-03
9 &.831E-03
10 1.10E-02
11 1.41E-02
12 1.80E-02
13 2.22E-02
14 2.85E-02

R

152. ¥:

CLHZ ARRAY,

0209 002N 001S Z
Ch.21
RMS LOG ERROR:

= 0.16

LAYERS

(N
—

THICKNESS ELEVATION COMNDUCTANCE
M (M (FEET LAYER
390, 1 280.0
437.4 -47.3 -155.0 0.4
DATA CALC s ERROR STD ERR
4,13E+02 3.8FE+02 6222
3.04E+02 2.97E+02 2.472
2.38E+02 Z2.3ZE+02 2.40%
1.76E+02 1.78E+02 -1.003
1.34E+02 1.38E+02 -2.%964
1.Q9E+02 1.09E+02 -0.463
&.0%E+01 S.53E+401 -5.152
6.54E+01 &.77E+01 -3.387
5-"14E+01 5054E+Ol '—10642
4.42E+01 4.55E+01 -2.809
3.68E+01 3.,65E+01 0.744
3.01E+01 3.00E+01 0.365
2.58E+01 2.54E+01 1.838
2.21E+01 2.12E+01 4,360
0. VY: DL: 305. REQ: 16%9. CF: 1.0000
14 DATA POINTS, RAMP: 160.0 MICROSEC, DATA:
OCPR XTL H 4 &+100
Ch.22 = 0.08%9 Ch.23 =15 Ch.24 =9
2.00E-02, ANTILOG YIELDS 4.7135 %

LATE TIME PARAMETERS

* Blackhawk Gegsciences,

Incorporated =

PARAMETER
"F' MEANS
P 1 0.01
P 2 —0004
T1 0.01

P

RESOLUTION MATRIX:

FIXED PARAMETER

0.93
0.00
1 P

1.00
2 T1

(3)

TOTAL

¢.4

S1
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MODEL : 2 LAYERS

RESISTIVITY THICKNESS ELEVATION CONDUCTANCE

(OHM=-TD D (D (FEET) LAYER
411.5 1350.0

2001.20 454.3 7208 -2386.% Gz
3.23
TIMES DATA CALC % ERROR  STD ERR

1 1.10E-03  6.5S8E+02  6.65E+02  -1.107

2 1.40E-03  S.06E+02  4.98E+02 1.581

3 1.776-03  3.76E+07  3.78E402  -0.148&

5  2.80E-03  2.30E+02  Z.24E+0Z 3.057

6 3.55E-03  1.61E+02  1.72E+02  -6.36s

7 4.43E-03 1.31E+02 1.35E+02 -2.68%

8 5.64E-03 1.08E+02 1.05E+02 3.004

? 7.13E-03 8.40E+01 &.24E+01 1.847

10 8.81E-03 6.72E+01 €. 69E+01 0.450

11 1.10E-02 5.33E+01 5.43E+01 -1.8%5

12 1.41E-02 4.31E+01 4.31E+01 -C.152

13 1.80E-02 3.52E+01 3.50E+01 C.311

R: 152. X: 0. Y: 152. DL: 305. REQ: 169. CF: 1.0000
CLHZ ARRAY, 13 DATA POINTS, RAMP: 140.0 MICROSEC, DATA:
0902 002N 0025 Z OPR XTL L 6 10+1000 '
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EXECUTIVE S8UMMARY

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

f 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. 1In 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.
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2.0 LOGISTICS8 AND DATA ACQUISITION

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

Laying out a sguare 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 £t by 500 ft
transmitter loop was used.

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

of:

l.

2.
conmpleted.

A daily log of field activity is given in Table 2-1.

Figure 2-1 shows the location of the soundings conducted for KRD.



Date

March

April

April

April
April
April
April

April

April
April
April
April

April

1990

26

10

11-12

18

23

24

25

26

Table 2-1. ail og 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.
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3.0 DATA PROCEBBING

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 KR1l. 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
5 ohm-m. 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).

2. 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.



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. 1In
the geoelectric section layers with similar resistivities have
been linked together. 1In 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
" 4> 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). 1In 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 approximately equal to the thickness of the fresh-
brackish water lens if the basal water is in equilibrium. 1In
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).

The 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 lie 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 1é 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. 1In 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.



Table 4-1. Hydrogeologic information derived from TDEM soundings

Bounding # gurface Elevation Approximate
(ft) Thickness of
Fresh/Brackish

wWwater Lens (ft)

6 1550 . 272

9 1420 204
10 1850 419
16 1890 295
iw 830 98

4w 1665 771
SW 1340 484
(1] 1450 778
w 1680 905
8w 1885 10007?
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5.0 CONCLUSIONS8 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
eguilibrium 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

Lanai Island

4954-02 Lanai 8

4854-01 Lanai 9

Lanai 12

Molokai Island

0801-03 Kualapuu
Mauka

Maui Island

5539-01 Kaanapali

5539-02 Kaanapali

5332-04 Kepaniwai
4300-02 Hamoa

Hawaii Island

6340-05 Kohala
Mtn. 1

6649-01 Kohala
Ranch
3

Recently Drilled Wells

31 SEP2T P Lt 02

Temperature shows s11 h c'ea ar bottom
to a maximum of 76.8°C. *“Chdmtd: & %ﬁmp051tlon
indicates low Cl/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.

Temperature, silica, and Cl/Mg are elevated;
well should be resampled.

All characteristics of this well appear normal
for a groundwater source; no geothermal
evidence is apparent. In the absence of other
indications, no further sampling recommended.

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

As for 5539-01 above.

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

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

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
Cl 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

Waikii 2
Kohala
Estates

Kohala
Estates

Kohala
Estates

ouli 2

Puuwaawaa

Ranch

Kaupulehu

Huehue

Ranch 1

Huehue

Ranch 2

Huehue

Ranch 3

Kaloko

Kaloko

Keauohou

2

Olaa 3

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.

No data.
possible).

Should be sampled and logged (if

High chlorides, no other data.
convenient.

Sample only if

High chlorides, no other data.
convenient.

Sample only if

High chlorides, no other data.
convenient.

Sample only if

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

Temperatures and salinities are 1low. No
geothermal indicators found.

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

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
within 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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