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Mauna Loa Strip Dilatometer

4.0” casing inside 4.5” borehole
with 4” cored section from 356’10 to 387'5”

total length of borehole cemented back to 50’ of surface

4
A,

Inclination of hole = 1.75 degrees

—— Pinnacle Self leveling Tiltmeter
at 50 ft, sand packed
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) 1.25" fill pipe top of seismometer
1/{,_ . pipe top
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356’10” casing depth

From notes of 09/01/00
G.D. Myren

bottom 14’ 8" filled with
rocks to 372'4"T.D.

372'2" bottom of strainmeter

T.D.=387'5"



Hokukano Dilatometer

4.0” casing inside 4.5” borehole
with 4” cored section from 399.5’ to 425’ 6”

total length of borehole cemented back to 50’ of surface

Pinnacle Self leveling Tiltmeter
at 50 ft, sand packed
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1.25" fill pipe top of seismometer
Cement
QOyo/wilcoxon

seismomter/accelerometer

300’ seismometer

399’ 6” casing depth

SET Grout to casing

| 425’ bottom of strainmeter

T.D. =428 9"
From notes of 09/01/00 bottom 3’ filled with rock

G.D. Myren



Mauna Loa Observatory Dilatometer

4.0” casing inside 4.5” borehole
with 4” cored section from 350’ to 367’3

total length of borehole cemented back to 45’ of surface

Cement

From notes of 09/01/00
G.D. Myren
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T.D.=367'3"

Pinnacle Self leveling Tiltmeter
at 50 ft, sand packed

Inclination of hole = 0.0 degrees

1.25" fill pipe top of seismometer

QOyo/wilcoxon
seismomter/accelerometer

243.5’ seismometer

' 367" bottom of strainmeter



Keller Dilatometer

13.0" casing to 1000’

Tiltmeter sandpacked
at 50’

1.25" fill pipe to top of strainmeter

Casing set at 1000’

\ 50’ of 1.5 Stainless tubing
as pass by of 2 .875” 0.d.
Strainmeter installed in 8”
| borehole
Strainmeter at 1198’

\
Cement Umbrella set at

1205’

\
Drilling Mud at 1600° From notes 05/18/04
G.D. Myren
Open hole to 3800’

1.5"t0 3"
Bell fitting
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Borehole Signals Wires

#4 AWG Ground
attached to casing

Pinnacle Technologies
Self Leveling Tiltmeter
Borehole Package

Strainmeter Signals from
Borehole

Y axis signal

X axis signal

Power & Signal Ground

+12 power

Black/White = Dt2 Com out

Blue/Black = Dt2 sig out

Red/Black = Dt1 com out

White/Black = Dt1 sig out

Green/Black = Dt2 Supply Power

Orange/Black = Dt1 & Dt2 Supply common

Blue = Dt1 & Dt2 Supply common

Orange = Dt1 Supply Power

Red = + Valve 2 Close & - Valve 2 Open

Black = + Valve 1 Close & - Valve 1 Open

Green = + Valve 2 Open

White = - Valve 1 Open



Strip Road

Seismic

Telemetry Wiring

F'rom llole

Eeismic {unble

Strain Cable

Reftek Inputs

Color

f,' Hexd
s BIK

! Drk Bru
/ Pink

4 Orange
r"/ Yellow

5 Blue
N, Green

\, Grey
" White

Y Furple
Lt. Brown

—— " R

— Green

Channel Component

1 Accel, V+
Accel, V-

2 Aceel. H1 +
Accel. H1 -

3 Accel. 112 -4
Areel. H2 -

1 Yel ¥V +
Yel ¥V -

5 Strain DT1 +
Commeon -

¥ Pressure +
Common -

Component
Accel
Yert+
Yert-

Horizl. +
lHorizl. -

Hori2 +
Horie? -

Velority
Vert. +
Vert-

Horizl +
Horizl -

Hor? +
Horie? -

DT1 Strain

Pressure
Commwon




Hokukano

Seismic Telemetry Wiring

I'rom lHaole
f‘llrlrl
J'IJII'II'
Iy
/a"
£
s
Seismic {uble ,./
I|Il‘a
Y,
Y,
"‘""L
"
N
\I\
Y
I|Il".
Y,
Strain Cable e
Channel
1
Reftek Inputs
2
3
1
A
O

Color Component
Accel
Red Yert+
H ack Yert -
reditk Horizl, +
bk iary Ioril. -
org ..
Horizl +
SElE: .
ok Hore? -
Velority
B Yert. +
gT Yert-
st K Horiel +
st Horizl -
Lt Horie2 +
gk Horie2 -
Red DT1 Strain
Black Pressure
Green Commwon
Component
Accel. ¥+
Accel, ¥V -
Aceel. H1 +
Accel. H1 -
Aceel, 112 4
Accel, H? -
Yel ¥V +
Yel ¥ -
Strain DT1 +
Commnon -
Pressure +
Commen -




Seismic

Maunaloa  Telemetry Wiring

From Huole Color Component
Aveel
; FRed Yert 4
,r“!j H ack Vert -
;’H reditk Horizl. +
/ Ak y Torizl. -
,.‘;
S / g Horiz2 +
\ Velocity
" B Vert.
‘\ g Vert-
“\
5, st k Ilorizl +
\\'\.‘ st Horizl -
'
H\ hlLAE Horizl +
. ok Toriz2 -
Strain Cable _———— Red DT1 Strain
——— — Green Common
Channel Component
1 Accel, V4
Reftek Inputs Accel V.
2 Aceel, HT +
Accel 111 -
1 Accel. H2 +
Awecel, HE -
4 Vel ¥V +
Yel ¥ -
5 Strain DT1 +
Common -
[} Pressure
Common -
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Keller Seismic Telemetry Wiring

I'rom llole

Eeismiv Cuble

Strain Cable

Reftek Inputs

——

Channel
1

2

—_—

Color Component
Accel
s Ked Yert +
Bl Yert-
Drk Brn Horizl. +
Fink loril. -
Orange Horiz2 +
Yellow Horiz2 -
Velority
Blhue Yert. +
Green Vert-
Grey Horizl +
White loril -
Furple Horie +
Lt. Brown lHori2 -
Red DT1 Strain
Black Pressure
Green Comnon
Component
Accel, V+
Accel, V-
Aceel. H1 +
Accel. H1 -
Accel. 112 -
Aceel. H? -
Vel ¥V +
Yel ¥V -
Strain DT1 +
Commeon -
Pressure +
Common -

11



H1

H2

Wilcoxon Box Inputs

Wilcozon B ox Inputs Heolmkano & Mamnaloa
whi 1ed

bik black

1ed 1edhlk

bl blk/ony

Zm oI,

bk a1e/hik

Wilcoxon Outputs
W1 BNC Cable
H1 BENC Cable

H2 BNC Cable

Eeller & Stip

1ed
Hlk

drk brn
pink

I,
Ww

12



From Borehole
Burndy 10 pin

Wilcoxon Wireing

connector
+24V
iN5305
O
T 10 uF
A +
V red/black 200 Kohm
B -
23 14
DC/DC HLO1R
1 12
+12 Bat -BAT
+24V
1N5305
> 10 uF
E 4+ |
H1 bed-black/black-grey 200 Kohm
F -
+24V
1N5305
T 10 uF
W+ ]
H2 orange/orange-black 200 Kohm
J -

To Telemetry

Individual BNC
Cables
+
BNC V1
+
BNC H1
+
BNC H2

13



To Telonics g
Earth GRD [ o e
¢ zeNoDcP T 5
25 pin datalpwr line ii“;r o Caie 8
@
| o)
< m
\ (4]
‘ ‘ ‘ ‘ ‘ To AGND m
2 2 2 g2 =2 2
=3
[ 5
[adi ool dsdofodorpo [ | [ [ ] |
| L1 .
Dt1 Dt2 Bp X v N
B B o
z =
g [ ol
: £ = == :
Lol g 8= e BE=E |EET :
5 o ol 8| al > o oo S| o2 8 z
* ZENO |ZENO Tie | Tilt | Tie | Tilt Rs232 Rs232 p
+12 |GRD +12 |GRD| X | Y Tx  Rs232 |gy  |R232 0
lgnd gnd c
— I L] [ [ g
oo
2
5 ‘ ‘
g | H—
3 os]
3 Strn | Strn | Dt1 | Dt2 Dt | D2 | Dt | D2 | sig BP BP P |BP B‘P QP o
H | +12 | pwr | A A B B c c com | Si9 sig Eﬂ/r% sig sig o
H R | com | out |out | out | out u out out | com T |Lyd| out | com %
E +— ] +— —
Ol X| |2 8 Clc|o|x 8 X C |x £ c o}
¥ aslolS2o38|a 2|5 =8 o2
—I—I I I H I I I Analog Out A I I —
Vv |Vivi |Vivz Dt |Drg2|DRg DNC(Ding | 2| DR D;g ==
Il cls cls pwr+ |com | pwr=t |ouT= |lc o= E * |[o é g C
e BB S o 3
(] — ~ 4\_, e —_ = 1)
65593558:928:852 :
3 _— — — — — — Ie}
m S oo 8o 28 o0 2o 2 oo s z
©
Gme&wht Bk  Red  Org  Blu Gmblk Whblk Red/blk Orghik Blublk Blkwht o
=}
)
=
=}
) QD
@ =3 =
T w =)
— g 9]
+12 fuse ZENO |__| 3 =
+12 fuse Baro = o
j E S
e} S
‘ =3 o
o
7]
{Analog OutA [
Power
[ Analog Out B Strainmeter Operation & Control Box
SOC Box |
RS-232 out Borehole Signals In
Lightning Grd NC
‘ - - Analog Out B
ﬁ I To SOC Box Power Switch
SOC RS-232 RG-8 3/8" x 20 feed
through copper
ZENO & Tilt Power and Signals Spare Strain Power Cable Analog Signals Out ground lug
Barometer Power Borehole Strain Signals
MS3106A -18-2SP MS3106A -18-12PF MS3106A-18-128 VISS106A-18-209 VIS3106A 16195 MS3106A -22-14S
MS3106A-14S-5P
PolyPhaser

* Not Used

Carlon #C2420A4

247x20"x7.5”

Hinged cover NEMA Circuit Safe
Cabinet Enclosure

@ ZENO & Telonics share
the same power, but are
switched sepately.

lightinng protection
RG-8 #IS-BS0HN-C2

#4 AWG
to borehole
casing

14



ZENO®-3200 Specilications

- Wite Dy Input Rans
e, with = 16 o iny

» Up W four multiplever boards
allowing 32 additanal siagle
inputs.

- Optionzl Digital 10 Analog

= Corunt Linpu!
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i er:w
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ed power management far
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lock. DC-pawered sysiem
\DNDC" 1012 100 ma, dependi

e (3) m tandky

1207230 Volts AC, S0460Hz power
iazger s cptional.

b

of semsor type aad

P 1 4507C with

ENVIRONMENTAL, SYSTrpgg

www.caastalenvirormental £om

EEPROM STORAGE
© | s and progre seings
changesbe gely by uaing ZENOI20 menes. f diseieed

APPLICATION SOFTWARE
A \VI‘DO\\IS program called ﬂ s‘l‘\ INTERCEPTOR .sp‘au‘iuc
by Unssta
&wmu!w datn fram ll—s 3.5'\'03“00 Tt nnds dete
g ke meed 1o déci-

NDOW:!
cusio, L ey
propiiucary

THE MARK OF ZENO. ..

STAND-ALONE PRODUCT OR TURN KEY SYSTEMS
The ZEND-320t is 2 stand-alone prodoct or 2 tum key s
with housings, sexsar, . cammnicetion devices and
saftware spplications 21l supolied by Coastal Caviranmental
QUALITY CONTROL

Smass tesmu f ZENO-3200 un!

32-bit technology

CUSTOMER SUPPORT

Customer suppart kas been 2 hallmerk of Coestal Environmertal

‘Systemns since: 1981, The ZEND-J200 is & proguct of under-

+fanclag customer needs—progd that we Listen, 4 custocaer

Al shse yoars, i wpmu»‘w
omars—in the

e el e

Exampie of WINDOWS™

Serean resented
dsecribes ourput from
ZENT-32D1 displaying

ZENO®.3200— ADVANCED MEASUREMENT,
CONTROL, DATA STORAGE AND TELEMETRY
The ZENC-3200 reads sensors, processes data, checks alarms and control
functions and stores and/or telemeters remotely collected data. A Motorola 68332,
32-bit microcontroller allows extremely fast and powerful computing of multiple
routines and uses advanced power management for very low power consumption.

A frue real

ime executive is used to ach

e multi-tasking which samples and

communicates simultaneously. Unmatched analog signal conversion, digital 140,
serial communication, programming and data memary are all Incated in o single

housing.

Easy to follow, help-assisted menus gnide you througk minor changes or

major projects invalving sensors, proces

sing end telemetry.

The primary component of ZEND-3200 is a four-layer, printed circuit board,
including transient and RFI protection, in @ housing designed to make the
ZENO-3200 nearly impervions 1n noise or radin interfarence. Every aperation
is confirmed using both a hardware and software “watchdog.”

ART pouts with multl
ability o intelligant sensass,
ZENO's, ather sys-
5ams o communication davices

axecuted using rmarkably
T su:;]!s sen-

sy tomes
par st srpaning an
zots, providicg mere acuzats
el S,

o 2ver: contzul
outyuts, the VO-5200
makies decizions afficting
elisted devices ar signal
alarms,

www.coastal.org

ine the i i i and
call [20 for more information
about hew the hnghly sophisticated
and versatile ZENO-3200 elevates data
gathering capabilities to a new level.
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Model 270

SETRACERALM™ for Barometric, Gauge or Absolute Pressamrs

Bzrorrmstric Presors: B00-1100 hPafmb, 2007700 kP mb
Abaoibe O o T4 240 50 100 peia f Gaog e Pregana O o 5, 16020, 50,100 psig
Morrcondesrsing A or G

rrsantal and et resesanmenta pple

catiorEaroUnd theaworkd bekersised on
thwao resistrert perforTr a rocm of s Saeire M oclsl
270 présssre ransdocer. Ap plicationsrangsas
from marmcts weathser monitoring and
Fwion i SyStams, andorsed by o nrsant
aqancies, 1o crocial compsaneation for
baro rrstric pressars variations in Bssar
irdtsarfsanorrmters,
Long-term malEbiliy and sabilitye in sach
charnanding = pplication snvronments ams

F or rany pears high accurmey anviron-

ach e in the 270w ith thee combination of
thea SETRACERANM™ capacitive senzor and
Sefra's propristary castorm K- analog o inea it
Theafiurcts e tzlbysirn pls cdesign and therrmalty
stab b gl fesd coramic snsing capadk &
coup ke with thes sop histicatesd capacita nes
& hiangee- b Binc 12 cirouitwhksrecacs s e signal
condition ingandssrdronresanalc ormpsanestion
iz performred. Standem scoaesy = 005% Al
Sy wencd point rrmsthodd Higkssr 2ccorssy and
therrra | speec icatio neares o awaib bk

T}":HEM Praeamr Mainum
PFrasame Fang= Fraeams
Bararnetric | 00401100 WPa/mb 2l R
G004z 1100 hPa/rb
PAlechite | 04010, 20, 50, 1.5 = ribed
100 p iy
Fauge 048, 10, 20, 15w rated
50,100 p2ig

HOTE S+ bra debras ko nick qudicy tarrdardtirelding
12000007 ard ARELZ 30T . Tk calibrati om ofdads prodhuct e
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Free Wave Box

Instrument Case Company, Los Angeles, Ca 90039
Part #DP01-MC-08M1

Switched Exc
EXC+ Return A

]

Thermister

AGND AGND

pr— ]2 DWI

o ] GND

©
o |

bl

7

Signal Cable

Dtl Dt2 Baro

900 mhz qut

Battery Supply
Rs232
+12 pwr
GND
FreeWave Radio
Battery Supply

Radio telemetry Antenna

Battery Supply

Brwn

o
2
5

yelw
prpl
grn-
wht-
h

Therm GM

org
W

Signal Cable from USGS/SOC Box

Signals from USGS/SOC Box

18




6T

5 pin female
ZENO/BARO
power
A - Bat DCP blk
B + Bat DCP wht
C + Bat Baro Setra wht
D NC
E - Bat Baro Setra blk

XOQINVINTO0Z

6 pin male
Tlitmeter

A -Bat tilt blk
B X out brn
CNC

DY out ylw
E + Bat red
FNC

Inputs2001dcpbox.cdr

6 pin female
Pore Pressure

ANC
B Pore Pres sig out BLK
C Pore Press Com GRN
D Pore Press BAT RED
ENC
FNC

Solder side

Receptacles

5 pin male

Strainmeter Power

A + Bat Red
B - BatBlk
C - Bat Blk
D NC

E + Bat Red

Female
RS-232
Strainmeter
A tx wht
B iso-GND grn
CRX red
D iso - gnd blk
E NC

A
B C
D EFG
H J
K

10 pin female
Signal to A/D
A dtlA out +
B dtlB out +
C NC
D Baro out +
E Baro out com
F dt2C out +
G dt2A out +
H dt1&2,A,B,C com
J dt2B out +
K dt1C out +

brn
red

red
blk
blu
ylw
blk

grn

wht

Rev 09/29/01

Strainmeter cable
19 pin female

A Valve #1,2 open + Blk
B Valve #1 close + wht
C dtl C out - sig red
D Valve #2 close + grn
E dt1 AB,CIN + pwr org
F dt1&2 A,B,C IN - pwr blu

G dtl A out + sig wht/blk
H dt 1 A out - sig red/blk
J dt2 A,B,C IN pwr + grn/blk
K dtl B out - sig org/blk
L dt2 A out + sig blu/blk
M dt2 A,B,C out - sig  blk/wht
N dt2 B out + sig red/wht
P dt2 C out + sig grn/wht
R dtl B out + sig blu/wht
S dtl C out + sig blk/red



0c

XOQIAVINTO0C

STRAINMETER ELECTRONICS BOX CONNECTOR

12 & 17
1
9
11
2
13
4
5
3
7
10
14
16
15
6
8

- valve 1&2 close
+valve 1 close
DT1 C sig out -
valve #2 close
DT1AB,CIN+
DT 1&2 AB,CIN -
DT 1 A sig out +
DT 1 A sig out -
DT 2A,B,CIN +
DT 1 B out -

DT 2 Aout +

DT 2AB,C out -
DT 2 B out +

DT 2 Cout +

DT 1B out +

DT 1Cout+

Strainmeter Electronics Box connector
solder side

BoreholeDCPBox.cdr

Borehole cable

black

white

red

green
orange

blue

wht/blk trace
red/blk trace
grn/blk trace
org/blk trace
blu/blk trace
blk/wht trace
red/wht trace
grn/wht trace
blu/wht trace
blk/red trace

Solder side

strainmeter to

1
2
3
4

©O© 00 g4 O

10
11
12
13
14
15
16

REV 9/29/01

19 pin DCP BOX connector

OO0 g >

WOV ITZz"TXaeI@n

Strainmeter Cable to
Strainmeter/DCP BOX
plug connector, solder side

pIaIys |10}

J0YONPUOD-NW 28/ 0D#3IGRD [0JeD

sinduj Js18wiurens



2001electConnctr.cdr

2001 DTM-CIW Strainmeter
Electronics Connectors

BATPOWER ® O @,
1 -BAT
B © o0 0o O
2 -BAT e
4 +BAT
WHT
5 +BAT
STRAINMETER
OUTSIDE WORLD DTM DATA LOGGER
Black 12+17 - VALVE 1&2 CL
white 1 +VALVE 1 CL BUFFERED SIGNAL-OUT BUFFERED SIGNAL-OUT
green 11 +VALVE 2 CL
1 A-DT-10UT BROWN 1 A -DT-10UT
orange 2 A .DT1sUPP 8 A DT1-COM-OUT BLACK 8 A DT1-COM-OUT
blue 13 A.DT SUPP COMM
A 7 A -DT-2 0UT YELLOW 7 A -DT-20UT
grn/blk trce | 3 -DT2 SUPP
8 A DT2-COM-OUT BLACK 8 A DT2-COM-OUT
2 B DT1 SUPP
orange 2 g -DT-10UT RED 2 B-DT-10UT
blue 13 B. DT SUPP COMM
8 B DT1-COM-OUT BLACK 8 BDT1-COM-OUT
grn/blk trce | 3 B.DT2 SUPP
9 B-DT-2 0UT GREEN 9 B-DT-2 0UT
orange 2 C DT1SUPP
8 B pT2-com-ouT BLACK 8 B.pT2-com-out
blue 13 C DT SUPP COMM
gmiblk tree | 5 C DT2 SUPP 10 C-DT-10UT WHITE 10 C-DT-10UT
8 C-DT1-COM-OUT BLACK 8 C -DT1-COM-OUT
wht/blk tr 4 A-DT10UT
t/blk trce 6 C.pT-20UT BLUE 6 C -DT-20UT
red/blk trce 5 A-DT1-COM-OUT
8 C.pT2-com-ouT BLACK 8  C-DT2-COM-OUT
10 A-DT2 OUT
blu/blk trce 4 BAROMETER Red 4 BAROMETER
blk/wht trce 14 A-DT2-COM-OUT
5 BARO-COM-OUT black 5 BARO-COM-OUT
blu/wht trce 6 B-DT10UT
org/blk trce 7 B DT1-COM-OUT
red/wht trce 16 B -DT20UT
blk/wht trce 14 B-DT2-COM-OUT
1 TX
8 -DT10UT
bik/red trce c e () s 150.0ND
red 9 C DT1-COM-OUT
Q O s
grniwht trce 15 C-DT-20UT 4 1SO-GND
14 C-DT-2-COM-OUT
blkfwht trce VC-RS232-0UT
o 18 SHIELD

WHT
GRN
RED
BLK

*Color scheme shown was used to construct cables for use with valve control boxes for use in Hawaii USGS summer 2000 installation.

2001MAMbox
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ZENO AGND Input location color ID
10 k ohms

Chl -
Chl+ brown dtl
Ch2-
Ch2+ yellow dt2
Ch3-
Ch3+ green baro Setra
Ché+ blk short/AGND
Ch4-
Ch4+ brn/blkstrp X tilt
Ch5-
Ch5+ ylw/blkstrp y tilt
EXC + red therm / 5k ohm
Cheé- black therm
Swich EXC RTN A black 5 Kohm
Ch24 + black/wht rain bucket

To Strain AGND

ZENO INPUTS.cdr
2001 analog inputs

Colored lines represent input signal
location

Coastal Environmental Systems
ZENO DCP #3200

Telonics TGT-1 Domestic GOES Transmitter

Setra Systems, INC. Pressure Transducers
#270 800-1100 millibar ranges

11-15VDC excitation

0-5vdc output

Carnegie Institute of Washington / Department

of Terrestrial Magnetism SOC Box

(Strainmeter Operation & Control (electronics) Box
for 2 transducer strainmeter

22



) Batteries
Electronics Solar

Borehole )
Satellite Antenna

Photo taken September 2000

Strip Road Strain Site
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Hokuna Strain site

Solar Panels Satellite Antenna
Battery Box & FreeWave

Fran Coloma

Electronics Box
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Mauna Loa Strain Site

Borehole

Electronics Box Solar Panels

Satellite Antenna Battery Box
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Keller Strain Site

Battery & Freewave Satellite Antenna
Solar Panels

Electronics Enclosure
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Mauna Loa STRIP RD Strainmeter Site



Hokukano Strain site
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Mauna Loa Strain Site
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Keller Well Strain Site

<~ Kilauga hilitary Camp

%

Narmakani Fsic
Campgriund

Topo 1154 2.0 Copyright © 1999 DeLorme W armouth, RIE Q409 Scale: 1 : 28,125 Detail:

p————— 1500 ft
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