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Geothermal power supply possible from US oil field waters
Flare practices improve ofefins plant start-ups, shutdowus
Study assesses thermomechanical buckling in pipelines




The rising price of electsical powes
and the current high price of hydro
carbons have changed the geathermal
outlook in the US ln a major way.
Several methods of geothermal
system development previously deemed
unprafitable may be viable at the pres-
ent time, especially in the presence of
higher electricity prices, increased or
new state portfolio standards, and pos-
sible tederal

ieothermal electric power
pply possible from Guif Coast,

Midcontinent oil field waters | &t

Lax incentives,
The Gulf
Coast and
Midcontinent
states POSSESS
few, if any,
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electrical grade
geothermal
hydrothermal resources. However, states
such as Texas, Louisiana, Mississippi,
Alabama, and even Arkansas do possess
thousands of wells that reach depihs
where temperatures are 2507 I 10 more
than 400° F

Some ol these wells (or sites) are
candidates for exploitation of geopres
sured geothermal resources, already
proven leasibile at prices similar to thase
existing today.” Others are candidates
tor more conventional gu.-ulhcrnml
exploitation similar to the geothermal
sites currently producing electrical
power in the Great Basin of Nevada.

£OST COMPONENTS FOR CONVENTIONAL HYDROTHERMAL DEVELOPMENT

Existy

Gult Coast waterflood tield conditions

» Many wells with BHTs at over 250" F. at 15,000 k or less

» Water produced from welis, stripped of hydrocarbons. and remjected (paid for by disposan

* In-place infrastrycture of powar lines, roads, pipelines

s Posaible continued stipping ©f gas ant ol in oihenmse nonsconomic wells

Direct costs 10 develop a Texas waterdlood fald

+ Busid powear station
* Minor surficual infrastructure upgrades [ie., insulating surface coliection pipas)

Still others are candidates for
enhanced geothermal system (EGS)
development whereby either fluid is
introduced, and-or permeability is
enhanced, w artificially generae geo
thermal reservoirs capable of sustained
electrical power production (see hup://
WWWELTE.eNCrEY. g /gm il]n‘rnh‘l]ﬁl.‘g»_
technology hunl)

Geothermal opportunities associated
with rhese last two situations are the
subject of this arucle,

Many challenges

The characteristic target for initial
large-scale geathermal development is
EGS exploitation and has been consid-
ered to be assoctated with hot, deep,
basement settings.

This is especially so in the western
US, where commercial electrical devel-
opment is currently occurring,

The problem with development in
this seuting is that drilling character
istics, stress situations, and lithologic
details remain poorly constrained and
the water supply is uncertain

Since most economic geothermal
wells flow at 1,000-5,000 gpm, the
probability of obtaining similar flow
rates, even in stimulated bedrock reser-
voirs, is low, not 1 mention geographi-
cally resiricied

Second, the energy required t pump
the fluid to the surface will generally
be a significant fraction of the energy
obtained by passing the fluid through a
heat exchanger.

tgnoring other issues such as the
availability of high background tem-
peratures, infrastructure, and proven
reservoir, the two main problems
stated above are sufficient to slow the
widespread use ol EGS-rype reservairs
and therelore the
widespread wiliza
tion of geothermal
electrical power

Thtie 1

production.

Thus the impedi
ments o large-scale
development are:
Dritling condi-
tions are uncertain;
field development costs are high; water
supplies are guestionable, developnient
costs are difhcult 1o quantify, and, so far
at least, energy companies with large
capital resources are not involved

So as currently envisaged, EGS-type
situations in the western US are unlikely
10 penerate signmbicant electricity in the
US in the immediate future
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Uncertain future GULF COAST TEMPERATURES

Combine the uncertainties inherent
in the EGS approach, the fact that very At 4 km
lite new geothermal exploration is ' :
occurring, the absence of imvolvement C Wy e
of highly capitalized energy companies, ' : o
and the future of electrically produced ’ R
geothermal energy looks uncertain. % oy

The large-scale use of geothermal by 5 2B
energy in the US will depend on the de- " i I ) e .
velopment of unconventional geother- : M

mal systems outside the hard rock areas 1 e e
of the western US. One way to increase

the share of geothermal-derived electri- R %
cal pawer is 1o take advantage of condi- 4 X T Sy
tions that eliminate or at least partially ' it :
mitigate limirations to development a5 il 5 o i h:

encountered in hard rock sites. Oanig o 7 ; L4y ".

Temperatures above 300° F. are ' : :
considered potentially economic with . BN & LT .
binary energy conversion systems. SsvmTéme) < N o : Wor - e . i
Therefore, the question for geathermat 50010 2,000 w0 | A} RRagT 4 {
development needs to be: Where are A 20010300 :“ : 2 N __Ié 3 .
such temperatures available with well © 2000 400 ,: I .
(field) development costs that are more @ 4ok 0
quantifiable and lower? @ somwnm "

Fortunately. there are areas outside
the western US where regional condi- At 6 km
tions lead 1o large areas of high heat PRl
flow and high temperatures in the crust
that can be exploited commercially
because of the existing knowledge base
and infrastructure, '’

By developing EGS and-or more
conventional types of geothermal res-
ervoirs in existing hydrocarbon fields,
particularly in the Midcontinent and
the Atlantic-Gulf coastal plains,” it is
pn.\hihl(‘ to take .!d\'anmgw of the conflu
ence of high-permeability engineered
reservoirs, high temperatures, high flow
rates, and existing infrastructure.

Fig. I is a map of the Texas state
region showing areas in Fast Texas
characterized by high temperatures in

excess of 300° F (~150°C.y at 13,123 Degth of BHT data.m | °C ‘ AT
ft (4 km; Fig. la)and 19,684 ft (6 km; = w0 I B
Fig. Ib). Data from BHT and high- At it w . f
resolution log segments in a well from O 200010 400 1o [

sl C AR 125 |
South Texas (Duval County) are shown @ 4900106000 « =,
in Fig. 2. The temperature is over +00° @ 500010 10000 lﬁ = —
F. (200° C.) at 16,000 ft (5 km) and is

typical of many wells in the area.

3 J Source Data from Brackwail arpl | 1994
In the East Texas area (Freestone
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HIGH GRADIENTS FROM TEMPERATURE LOGS AND BHT DATA

8,000

9,000

Part of Texas and Louisiana

15,800
De Soto Parish,, La.,
corrected BHT gradients 15,826
*C/km =394 .
F/100 ft=2.17 L

US Guif Coast,
particularly in

15,87%

A

northeastern Texas,
southwestern Ar-
kansas, and coastal
Alabama-Mississip-
pi, the produced
water-oil cut is
95%. ln some

[ Precision 0O of these types of
10,000 : temperature logs ] N = 18500 fields, over 50.000
a K \\O E 15,925 b/d of Huid are
__;_- R = O éb \\ o m— ?r(}tfinwd .1.m:| l;-lud
2 i o ) @) \‘ Duval County, Tex., or (in terms o
b o 15975 I temperature log gradi pumping costs) by
12,000 - g gradients :
L o 16,000 L *C/km=344 existing opera-
:: 0 °F/100 ft = 1.89 tions.
13.000 |- b 16,025 Collecting
L ~ T
- Freestone Co. Tex, & 16,050 1 L 1 .mt.i passing the
14000 = corrected BHT gradients o s 421 423 45 477 fluid through a
- °C./km = 33.5 o N Temperature, °F hinary electrical
15,000 |- F/100ft=184 S plant would take
i » SOMe engineering
16,000 B FPRREET Oy ONY o NN R R CNP US| (PPN (W O T T 9- Y T (LN VRN TR TINCY W T YNEY Y (Y | hul 15 a I'('I-l[l\'['l\
200 250 300 350 400 450 500

County, for example) temperatures are
over 3007 E (1507 C) in the depth
range of 11,000 to 13,000 ft (3.5 10 +
km). And in DeSoto Parish, northwest
Louisiana, BHTs and equilibrium tem-
perature logs document temperatures
of 250-310° F. (121-160° C.) at only
10,000 ft (3 km).

Since actual in situ thermal con-
ditions have been verified in these
specific areas, it strongly suggests that
the substantial areal extent of potential
geothermal resources shown in Fig. | is
in fact valid.

Conditions in hydrocarbon fields

Conventional geothermal systems
Given the existence of high tempera-
tures, what about the producibility of
large amounts of hot water?
In fact there are two typical types
of existing situations associated with
hydrocarbon development that are very
favorable for geothermal development.
The first might be considered “conven

Temperature, °F

tonal™ hydrothermal development. This
situation exists in massive waterflood
secondary vecovery fields (Table 1),

The other ¢ritical factor required
for successful geothermal electrical
power generation is sufficiently high in
situ permeability 10 provide fluid Aow
rates equal to or greater than 1,000
gpm (kgpm). Fig. 3 shows the average
total produced water by state, and the
produced water cut (water-oil ratio) for
31 states,

In certain waterflood fields in the

COST COMPONENTS FOR EGS DEVELOPMENT

Components of direct EGS development cost

straightlorward
PrOCEss since most
of the produced
fluid already is passed to a central col
lection facility for hydrocarbon separa-
ton and water disposal.

Hence, piggy-backing on existing
infrastructure should eliminate most
of the need for expensive drilling and
hydrofracturing aperations, therchy
recdlucing the majority of the upfrom
cost of geothermal electrical power
production.

As an example, three counties in
Arkansas and Alabama in which hydro-
carbon production is presently occur

Table 2

* Dl wells that reach hot temperatures (>300° F)
* Fracture or horizontally drill wells to develop high water flow and-or acquire makeup water
* [nstall infrastructure, roads, piping, and power line routing

* Build power stations

Actual Texas figld conditions

« Many walls with BHTs over 300° F at 15,000 ft or less

* Walls fractured or harzontally drilled in many cases

* Water avaitable from well or adjoining wells in fislds or as disposal water (paid for by disposer)
* In-place infrastructure of power lines, roads, pipalines

* Possible continued stripping of gas and ol in otherwise noneconomic welis

Diract costs 1o develop & Guif Coast EGS system
* Build power station

* Recomplete walls in some cases and test flow system
* Minor surficial infrastruciure upgrades (1 e,. insulating surface collection pipes. etc.)
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ring are shown in
Fig. 4 along with
the temperature
expected at depth
and the exist-

ing sedimentary
blanket.

PROCESSED WATER FROM US HYDROCARBON PRODUCTION
US water .lndul:lin: T

Yourwy 101l prodiced wwler, 1,000 ki

TR LN 180

Pracenad watei cul S

« 11
® N m w6

It is clear that
these three coun-

ties possess high
enough tempera-
tures for geo-
thermal electrical
power generation.
Most of the fluid,
pumped from
10,000-16,000 ft,
is at least 3007 E
The primary
unknown and
hence limiting
factor in these
three areas is the
magnitude of the
combined flow rates in these exist
g hydrocarbon fields. Since in most
mature hydrocarbon fields, the disposal
of produced water is a problem (i.e.,
expense), similar opportunities are to
he found in most continental US basins.

EGS in hydrocarbon fields

The second situation exists in many

[V
t:{'_#w;

W

of the areas developed for deep gas.

Table 2 is a comparison of needs
lor EGS-type development costs versus
reality in existing hydrocarbon fields.

[t is clear that most of the up-front
reservoir costs have been reduced and
that the existing infrastructure can be
readily adapted to geothermal electrical
power production. Future work must be
performed on the suitability of some of
the wells-fields now being developed as
deep, hot, tight sandstone gas reser-
voirs, but overall it appears that large
areas of the Texas Gult Coast are sunable
tor geothermal exploitation,

Many of these areas are hot (Figs. |
and 2), and most are being artificially
stimulated (fractured) or horizonally
drilled (or both). Thus these areas are
clear "EGS” types of systems but with
known drilling and development costs
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ELECTRICAL POTENTIAL OF GEOTHERMAL, OIL, GAS WELLS® 1, «

water. abd
Because ol the 3.75 | ® Indvidual geatharmat well (most data not shown)
thousands of wells 3 g
" 16
drilled the costs z - 300fF
are one half 1o f; f; Z;Z’: 1 well at.27 kgpm
one third those for 23 anf
hard rock drilling E i 21‘:::
and fracturing, 22
plus a well failure g- = 1‘::: 1 well at .64 kgpm
usually means = i) SR
too much water 50 .
production. 2sp_Total field at 1.01 kgpm -

In some areas
such as the Wilcox
Trend in South
Texas are massive
sands filled with
water at high temperature. In order
for the EGS concept to be more than a
limited success, such areas will have 1o
be developed.

Theoretical modeling suggests that
stimulations in sedimentary settings
where there is some intrinsic porosity

and permeability are in fact more favor-

able than a fractured basement rock
setting.

Production data from the hydro-
carbon industry indicate that most of

0
270 220 230 240 250 260 270 280 290 300 310 320 330 340 350 260

Inlgt temperature, *F
10 run the

the hydrocarbon bearing basins and
Gulf Coastal Plain in Texas, Louisiana,
Mississippi, and Alabama host elevated
temperatures and the potential for
significant water flow (unfortunately
from the present point of view of the
industry).

Research into the suitability of such
basin-hosted geothermal resources has
been begun in the North German basin,
although low formation permeability
there still requires stimulating potential
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PRODUCED WATER REINJECTED IN TEXAS COUNTIES

2002 Texas disposal
waler reinjection, bbl

é Nonpraductive

Q Productive

2002 volumes

& Secootary recovory
@D e
@ 1738039415
@ 347,600,201

White
S njected inty rong

cted into

atesfiond condaions

sandstone reservoirs and-or significant
lateral drilling®

Energy production

The inlet temperature necessary o ob
tain electrical power in binary plants is a
function of wellbore flow rate and binary
generator heat exchanger fluid type.

One such relationship is shown
{utlizing isopentane in the secondary
loop) in Fig. 4 and accounts for in-plant

parasitic loss but not the energy costs of

pumping the fluid from the subsurface.
The calculated electrical production
from several currently producing geo
thermal wells is also shown.

In order to generate 1.5 MW of
electricity at a reservoir temperature
of 300° F. a flow rate of about 1,000
gpm, or about 1,029,000 bbl/month is
required. State energy records in both
Arkansas and Alabama suggest that the
combined flow rates for production
wells in existing hydrocarbon fields
in these areas is suthcient to meet the
1,000 gpm flow rate requirement.

i

W represini no datn “Nonproductve” refiprs to produced
wiitions, whersas " production”
aducing formations, and

shnson, Teaus Rajirasd Comin|ssinn

Water production from hydrocarbon
production inTexas is not reported
to any state agency, but the volume
of reinjected (i.c., disposal) water is
reported at a county level. Fig, 5 shows
the volume of reinjected water in Texas
counties in 2002 (the last year avail
able from the Texas Railroad Commis-
ston at press) into nonproductive and
productive formations and waterflood
situations.

Reinjected water is considered a
"nuisance” 1o hydrocarbon producers,
but if the flow rawes per county are de-
termined (in kgpm or 1,000 gpm; see
Fig. 6), then it is apparent that produced
fluid Aow rates in Texas are present to
generate significant electrical power. Fig.
7 shows the resulting geothermally de-
rived electrical power in Texas at + and
6 km if | kgpm is present everywhere
and the relationship shown in Fig. + is
valid.

Il the Texas potential MW is spatially
integrated, water produced from exist
ing hydrocarbon fields can potentially

&l
(sl
il
I
]
L

generate at least
250,000 MW of
electrical power.

g 2

This averages out
to about | MW/sq
mile for the state

Discussion

2002 Texas disposal
water flow rates, kgpm

Qur pre-
liminary analysis
shows that the
"conventional”
geothermal devel
opment may re
quire =30 wells/
field to generate a
usefu) Aow rate in
some of the more
marginal tempera
tre fields, but this
estimate of the
number of wells
could be sub-
stantially reduced
if deeper, hotter
wells are utilized

The success of
the methodology however, is not criti
cally dependent on the number of wells
required 1o generate the flow rate since
most of the produced fluid is centrally
collected for separation anyway. Fur
thermore, production occurs at such
high rates that cooling prior 1o heat
extraction is not a concern either.

We stress that given current limita
tens in heat extraction technology, the
success of the approach outlined above
requires that the hydrotarbon fields
utilized for geothermal exploitation are
producing and the pumping-disposal
costs are met by the production com
pany. Otherwise the eleciricity extracted
from produced fluids may closely equal
the costs required to produce and
dispose of the fluid, generating lower
CCONOMIC return.

We estimate that almost $4/bbl of oil
revenue is utilized by production com-
panies (o meet electrical needs in high
flow rate fields (i.c., waterflood fields).

If the entire volume of processed
water arising from existing hydrocar

Ol & Gas Jovernal / Sept. 5, 2005



bon production
were run through
a heat exchanger,
we estimate that
the combined
geothermal
electrical power
of the 7 states

nearest the Texas
Gulf Coast Plain
would be ahout
1,000-5,000 MW
(Table 3). This is
essentially "lree”
electricity as no
drilling and engi
neering would be
required 10 ohain
the power other
than the upfront cost of the turbines.

An estimate of the possible payout
period is 3 1o 4 years for the investment
in the generation faciliries.

At the present time the objective in
most hydrocarbon felds is to limit wa-
ter production as much as possible be-
cause it is a major expense, Fracturing
and completion strategies are designed
to accomplish this goal.

I there were an incentive to produce
water then the existing density of drilling
and the depth (temperature) of the wells
is great enough that the potential power
production is in the 10,000’ of MW

The two approaches outlined above
avoid most or all of drilling and well
bore stimulation costs and suggest a
solution to both the desire to increase
renewable-sustainable energy in the
US, and a desire by energy companies
to reduce the costs of hydrocarbon
extraction. Hence, both the societal
and economic benefits are substamial
to all parties desiring an increase in
US clean, renewable, electrical energy
generation
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AVERAGE FLOW RATES OF REINJECTED WATER IN TEXAS COUNTIES

2001 Texas disposal water flow rate, kgpm

Fa b

2002 Texas disposal water flow rate, kgpm
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GEOTHERMAL POWER FROM EXISTING GULF COAST HYDROCARBON PRODUCTION

Table 3

Statewide  Statewide

Yearly total Processed Water power at power at
water production 210" F 400° F.

State water, bbl cut, % 1,000 gpm Mw
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Total 217781 985.97 5,334.09
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