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Low enthalpy geothermal systems:

Doublet (producer & Injector)
provide heat to greenhouses
and heat networks

Large throughput of water:
50,000 bpd per well, requiring
big ESP’s

Water contains CO2: corrosive

Designs not always catered for
sand production

Injectivity decline due to
impairment
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Chemical Injection
line
for corrosion inhibitor

Sand Production
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High rate water injectors present challenges such as :

Flow {m3/hr), Temp (oC), Frequentie (Hz)

Frequent start/stops
Crossflow,

Backflow

Water hammer due to rapid shut-ins which lead to fines building up inside the
sand screen/liner completion and impaired injectivity.

Within 2-3 hrs shutdowns — start-ups to 300m3/hr: resulting in sand

production

Adjust SU/SD procedures may avoid this

ESP rates of doublet producer

—+—Motortemp. —#—Frequentie —&—Flow (m3/hr)
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Causes of water injectors to fail

SALT

2927 m

CLAYSTONE

2977m

oGwcC

—+—Vibratie (Vx) Vibratie (Vz)

2,50

Vibratiens (Vx, Vy)

WELLBORE FILLUP
by injected TSS and/or
formation sand/clays
and/or cement

RESERVOIR
SANDSTONE

WATERHAMMER
Pressure pulse
generated by shut-in
causes sand influx

3119 m

CLAYSTONE

Current HUD
gl |
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7 5/8" shoe 2948 m

A

BAD CEMENT BOND

cement influx with
/Crossflow

3009-3019
Shot 1 December 2000

3019-3029 m
Shot 13 June 1996

Examples issues in water injectors

FRACTURE PLUGGING
by injected TSS

—>

3058-3084 m
Shot 20 May 1975

CROSSFLOW

/ causing formation

sand influx

3084-3110m
Shot 1 May 1974

FORMATION INFLATION
Water table is at significantly
higher pressures than ROSL
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Injectivity decline example

Injection monitoring: Hall plots and injectivity

* Construct “Hall plots” j

* Injectivity was declining to level
that required rates could not
reached anymore

I P.At (bar.days)

* Injectivity index declined from 11.3
to 8.5 m3/hr/bar (ini. 20) with skin
of 3

—Hall Injectie index  —— Productie index  +--«se- Linear (Hall)

T

Observation from downhole
samples:

e Contains Iron (Fe) and Lead
(pb210)

* Fe from corrosion an Pb%*is
present in reservoir water

e Electrochemical reactions
results in Pb?1° deposits:

Mitigations

* Well cleaning by removing sand and jetting clean
the completion and possible stimulation

Avoidance:

e Corrosion / Iron control

CO, + H,O === H'(aq) + HCO5 (aq)
Fel(s)+2H* — Fe?*(aqg) + H,
Fel(s) + Pb?* (aq) —> Fe?*(aq) + Pb?'%(s)

Fel(s) + PbCO5 (s) == FeCO4(s) + Pb?'%(s)

(1
()
)
(4)
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Geothermal Well Design: Key To Success

Producer
30”7 4 .
18 5/8”
13 3/8”

95/8”

65/8”

Injector

y k Initial designs:

* Single barrier design; Carbon

Steel materials
18 5/8”

* Producer: Chemical injection
line to top screens.

e ESP at 500-800m depth
(producer)

133/8"
e Reservoir completions:

* 6-5/8" perf. base pipe/
WWS or 7” pre-perforated
liner

95/8”

7"
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Industry standard
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X-mas tree

ESP completion hanger
A-annulus outlet
Tieback hanger
B-annulus outlet

Wellhead

TOC surface casing

Conductor pipe shoe

Tie-back packer

Seal assembly

Liner hanger packer
TOC production liner
Surface casing shoe

New wells design:

* Double barrier; GRE materials
to avoid corrosion

* No chemical injection
required

* Reservoir completion tailored
to sand properties:

* The right sand control type (if
required) based on reservoir
properties
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