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Newest CORKs — X336 — North Pond

Ll

3 \—— Fluid sampling umbilical connections

“GeoMicrobe Sled”

Not shown — on opposite side:
pressure sensors

Platform with continuous
fluid and microbial
colonization samplers

4 inch ball valve
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Newest CORKs — X327 — Juan de Fuca
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Newest CORKs — X327 — Juan de Fuca
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Fluid sampling with GeoMicrobe Sled at seafloor

. . . . Fluid flow
Umbilica connect to Fluid Delivery Lines,
each from separate basement horizon Comm/PowWer e e =
CORK A I Quick connect
wellhead ! Sensor/sampler
) insert modules
Main Optode, Temp, pH
- Pump sensors module .
3to1l 1 Switch valve
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Fig. 2. Cartoon illustrating the fluid flow and communication/power pathways of the newest generation GeoMICROBE sled. Solid black lines represent fluid flow pathways
and dashed red lines the power and communications cabling.

Cowen et al. Deep Sea Research 2012



Components for sealing, sampling borehole for geochem & microbio

Electromagnetic flow sensor, repackaged for use in the deep sea, logger memory

Calibrated in the lab and at sea (pump, elevator), deployed on CORK in Hole
1362B

Opened valve, jet of hydrothermal fluids (i.e. shimmering water)

Measuring once per hour over a year to get flow rate

Opportunity for fluid sampling  Finer et al. 2012 Scientific Drilling
Photos:WHOI



NO POWER Fluid sampling from CORKs

‘ I‘\:}smmi{' pLimp:

» Brine discharge

“Osmopumps”

* Displacement liguid {brine)

» Expess Mall in brine

* Osmeadic membranes (Alzal

= Spction chamber
{disailled waer)

gl sample iselation:
Thas valve con be erther pressurne
or mechanically operated,

Sample tubing on spool:
o (LB to 1.2 o [0

* 100 g0 over 2000 m long

¢ Initially filled with
distilled water

. Mu|1i|1|= conls can be
connected in series

Stndard semple e BACKGROUND READING:

= Intake can be rermotaly

located Jannasch et al. 2004 Limnology & Oceanography
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Regular (Teflon) — major/
mINor 1ons

Acid Addition — trace

metals
Copper — gases

BOSS — biological
preservation

MBIO — microbial
colonization experiments

Enrichment — microbial
enrichment experiments

BACKGROUND READING:
Wheat et al. 201 | (IODP X327 volume)

Photo Geoff Wheat ; " L



Using CORKSs to explore subsurface microbiology

umbilical

screens

subsurface
observatory

warm

Subsurface microbial colonization experiments combined with

“OsmoSamplers” to pull fluids over substrates for microbial growth
Fisher et al., 2005; Orcutt et al. ISME | 2010




EXAMPLE — Juan de Fuca CORKS (IODP X301/327)

FLOCS = FLow-through
Osmo Colonization System

Orcutt et al., Geomicrobiology | 2010

Connected with long-term
(~5 year) chemical sensors to
track changes in borehole
environment



EXAMPLE — Juan de Fuca CORKS (IODP X301/327)

’c

[umol/kg]

‘RECHARGE’ - sucking

cold seawater into borehole

[umol /kg] [mmol/kg]

[umol/kg]
©
1=
S

‘DISCHARGE’ - venting

warm, reduced fluids out of

Mn2+
[umol/kg]

= 80 crust
= 60
oo 40
“E 20
2 5 A
Ju Jan Jul Jan Jul Jan Jul Jan Jul Orcutt et al. /SME] 2010;

2005 2006 2007 2008 Wheat et al. GB 2010



CORKs on the eastern Juan de Fuca Ridge flank

Orcutt et al. ISME | 2010

Mineral chips
deployed in the
subsurface for 4

years were
colonized by cells
with differing
morphology

Biogenic-like
twisted stalks also
evident - indication

of iron oxidizing
bacteria ?



Many Shapes and Sizes

OsmoSamplers

Assembled Purhpj'
Qsmosammﬂﬁ.,z

~ Sample coil
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A: Housing for pressure monitor Steel housing —

B: Osmotic pump (1 of 3) Rubber mounts

C: BioChamber (top and bottom) p—

D: Chemistry sample coil Seala el . /ﬁjél

E: Biology sample coil Pressure line » 1
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Downhole instruments

Fisher et al. 201 | X32

\“
&" ' >
\ : »

-

3 : [ e Temperature
i . loggers
v
b g 2 %\
¥/ ' =

N\,

§ L0

j

Oxygen sensor

o
+

M Attaching |3
y tocable §

Py "

p—

Edwards et al. in press X336 vBIumé




New sensors |

224 nm
HeAg
Cathode
laser

A new wireline logging tool for
imaging borehole and conducting
Borehole photographs taken

deep UV scanning at Hole 896A
Becker et al. 2004

. 2:18:30 - 11 M ****

2:17:01 - Unit6 M

Images courtesy Ken Nealson (USC)



DEBI-t principles

Deep UV - Excitation: 224 nm Deep UV Raman
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DEBI-t principles

* Excitation below 250nm

* Label-free (no stains, antibodies, etc)

* Rapid

Sample from the Lohi’i Seamount

Low-resolution
* Non-contact Deep UV map visible image Superimposed image

A ."

Detection of cells on mineral chips incubated at Loihi Seamount

—1x10"

Lighter areas
indicate regions
of high microbial
density

(sw090°0/wu/sucoyy )
WU OZ£ ¥e ANsuasu) uddsaon|§

Bhartia et al., AEM 2010



Current DEBI-t design

‘Fire & forget’ methodolgy
Communications via LDEO MFTM
3-axis downhole acceleration

Deep UV laser source
224 nm HeAg hollow cathode laser

Collection optics
/-channel detection system
JPL High-definition pin-hole camera
NASA
LDEO

Photon Systems X336 Logging report




DEBI-t results
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500-

DEBI-t results

Down Log 1

0 10 20 30 40 50 60 70 80 S0 100 110
Incidence of microbial signal

downhole

SALAS et al. IN REVIEW

JPL
NASA
LDEO
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Future — Refining sensors for logging legacy boreholes

Elevator Package
for down hole
Instrument Cluster -

Elevator / Gantry
Structure

$————____ Winch with 1000m

cable

Elevator
(lowered by wire and
released close to the™

reentry unit) Interface Housing awards w
/Hydraulic Pwr Couple Systems
Miniaturizing
ROV electrochemical sensors
— Brian Glazer

10 inch bore hole

Designing new logging
system




Phase 2 — Legacy Borehole Observatories

"CORK-Lite"

design for retrofitting legac
boreholes for monitoring , -

ati
e 1d be deployed by a
providin y s boreho-  remotely operated vehicle (ROV) on a planned dive series

CORK:-Lite: Bringing Legacy Boreholes Back to Life

0i:10.2204/0dp.54.14.05.2012

tha penetrate into the basaltic crust, each ripe for future  five months later. To prepare for this deployment, a standard
investigations of crustal propertics and experiments to ROV platform that is used with CORKs was modified to be
cesses (Edwards etal., 2012). During  seléguiding in the re-entry cone and deployed. The n

Integr

toNorth Pond on
Hole U1383B (Fig. 1) was planned o be o shipping and deployment within three months. Several
abandon when a 14.75-inc! ne bt functional ctated the design of the new CORK-
ailed at 89.9 meters below the seafloor (mbsf)  (Table )

ted in about 36

uccessful demonstration at e iy |

inch pipe with
al ring that has a diameter of

ole U1382B at North Pon A

for deployment
ve to aid in moving the body
operations, and a grooved top
ring made of stainless steel to insure
Lis achieved with the cap. A
s designed to fit the bottor
of the body to protect it during deployment
and to prevent it from penetrating into the
sediment during free fall. In addition, a li.
ting bar assembly was fabricated that con-
nects the body to a float package and ez

drled during Exp. o0 handling by the ROV
1e. 2010 deployed at i

Wheat et al. 2012 Scientific | e
Drilling




Phase 2 — Legacy Borehole Observatories

OsmoSampler package

Nangs Insiae the (CORK

LIFTING BAR
ASSEMBLY

SAMPLING ﬁ
VALVE BODY — | I

I L
INSTRUMENT
Y HANGER HODK
58 m
(228.3 in
PLUG BODY
(323.8 mmd 49 m




Phase 2 — Legacy Borehole Observatories

CORK-Lite versus Multi-level CORK

Umbilicals $335,000
parts $52,000
Well Head $40,000
Packers $240,000
$928,000 $190,000
pressure $50,000 $43,000
temperaature $9,000 $5,000
engineering/body $30,000
OmoSamplers $170,000 $70,000
hardware $20,000 $5,000
top plug $5,000
$254,000 $153,000
TOTAL $1,182,000 $343,000




