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EXECUTIVE SUMIIARY

Los Alames Lational Laberatory cenducted an investigation of the geothernmal
potential for the island of St. Lucia in 1933-1984. The results of the study
indicated St, Lucia has a potential seothermal resource which may exceed 2500C
in the Quelibou caldera area nsar Soufricre. Potential sites for dgvelopment
include Zelfond, Sulghur Springs, Etangs, and Diamond areas.

since the existence of

The Sulphur Springs area appears the most promising
a 2129C system has been sho&n through earlier drilling. <The area is highly
fractured and the data iIndicate a drv steanm systom may exist boneath this gite.
The Belfond area also indicztes a high temperature dystoen cexists at depth but is

capped Ly aa impermeable layer of rock. Sitiuz 2 well in the Delfend arca should
consider intersecting the regional faulting ro et the fracture permeability for
fluid production. The other aveas rate a lower privrity because they either do
net exhiibit {racture potential or are of lower predicted temperature.

noincaring and ceomamtio stosoo DL L definite cost savings of pen-
therwal over coaveaticnal clectrical generasion for St. Lucia. The conant f
developing the geothermal in 5 lwe or 10 ifwe increvents way be better justilicd.,

won~electric developnment should be secondary to electrical developnent., The

only industry on the island which appears feasible to utilize the gaothernal
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brine is the sugar processing industyy. This is an established industry and

would require no new training or iuwperied materials.



Introduction

~

Aan evaluation of the St. Lucia

Alamos National Loboratory (LANL).

seothermal doevelogment potential of

in St. Lucia has been derived f{rom diesel ceneration,

which resulis in a heavy burden on the people of the island.

geothermal resource wasz conducted by Log

&

the islands.

ihe objective of the study vas to determine

liistorically, clactrical energy
This fuel must be imported

If geothermal

energy can be davcloped it would be a great stimulus {or the base economy of the

peonle of St. Lucia.

'T""l,n

4l

the St. Lucia geochermal resource.

felloving summary is on overview of the four LML documents evaluating

* Ceologic, geophysical and hydrochemical investigations

[+ s

*  Ingincoring

evazluztion znd cost estimate of the

devclopuant of the geetherwal resources in St. Lucia

* Macroeconomic wedel for rhe developmert of the geothermal
r

aseurces in $t, Lucia

' Lvalnation of the £t. Luciz geothermal resource sunmary

report

Geologic wnd geophysical investigation

L]

Geologic iuvestigations were conducted in the fall of 1983 and included

geologic mupping,

volcanic stratipraphy and structural interpretations.

The

report 1s quite detailéd ' for the arca of the Qualibou caldera located in the

soutawest portion of the island of St. Lucia. N

reguarding Lhe

1 2 cr s .
the dsiand's potential.

the rema

inder of Ct,

rather disconserting since the title indicates a complete

Other investigation indicate older volcanic activity

o information was presented

Lucia aeothntmal energy.

sgassment of

inown to have cecurred to the north which may contain sonme residual lieat for

direct usz applications.



Gezologic information from other investigators, Aquater (1982) and Williawson
(1974), was used as a basis for the gevlogic work presented by Los Alamos. The
Los Alamos investigation, liouever, did place more cwmphasis on integrating the
results of the geologic work with the ciher ¢isciplines of geochemistry and
geopiuysics. This nade for a much stronger report.

Stratigraphic cerrelations indicate a cequence of voleanic activity occurred
prior to the collapse of the volecano Corming the Qualibou caldera. The work by
Los Alamos and others also correlates the ages of Qualibou eruptions relative to
otiuer volcanic activity both pre and post. This data sives evidence the voleanic
activity wvas extensive over a rathor long period of time. The geologically youth-
ful nature of the wmost recent activity provides evidence a substantial heat source
18 present Leneath the islaud.

fhe poolepic description presented did not discuss in sufficient detail the

hrdrothermal clteration of the volcanics. The alteration precucts give an indi-
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cation of the thernal history of the system. 1t also provides valusble inforumation

L
.,

on tue civculation systen and rock-water interaction for resource evaluation., I
fecel more detail ou the hydrothermal azlteoration products would have been useful
ia the evaluation.

The siruvctural setting is dominated by the faulting and associated fracturing
resulting frem che formation of the Qualibou caldera. This type of faulting is
generally shallow and often does not extend to creat depths. Regional faulting is
evident in the caldera area and is thought to be the major counduit for upwelling
of high tcmperature geothermal fluids. The najor structural feature are two NE-SW
trending faults which transect the caldera. This deep structure is evidenced by
the accuronce of volecanic venta, denes and recent estrusives along the fault trace.
Tids in turs provides pood evidence the siructurc interscels the wagma chamber

beneath St. Lucia.

o
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The impertance of the shallower raldera faults li=s in cheir creating secondary
permeability. The ring fractures along the margin of the caldera provide conduits
for the civeulation of ercund -raters to the depths necesszry for contact with the
figh temperature rocks beaeath the calcéera. This mechaniem allows for drilling of

cuccessiul production wells in a voleanic environment. The aature of the sediwents

o

7elded tuff, ash flows.and volcanic bieeclasdo not have sufficient primary permea-

.

ility to transier {luids so adequate production must rely on secondary perneability

)

from faults and fractures.

The low permeclility of voleanie sediments does not support the conceotual
model presented Ly Los Alamos in Figure 5. This shows a lateral flow of 2-3 im
with upwelling in the center of the caldera. I feel the upwelling will be associ-

ated wvith desp foulting/fraocturing with lateral fiow occurring cnly for :zhort
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distancas of than 1 i before the cooled fiuid begins “eo sink to recharge the

wgher te

wperatures

syetan.  Thls rezults in smaller convecticn systems with the

in the center of the cells. To gain optinmun production one nwst drill to inter-
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sect tiue wajor [ractures to attein masionn permesdilitv.,  The Jdiscussion relatipg

at to adzguatly describe ghe variabie

to the system hydrvo-geoloay was insuific

nmechanisns whish coarrol the hydrotiarmal circulation within the caldera svstenm.

section i vary waak. Geophysical studies condncted bv other

The geopiwsd

e Ce e e

e
lavestigators were rut corrcelaced with the Los Alamos findings in sufficicnt de-

tail. Only briefly were the studies Ly the London Trstitute of Geological Sciences
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mentioned. Also no mention was mzde of b audiomagnetotelluric and sravimetric

survey of the Qualilbou caldera conducted by Aquater in 1982. The eophiysical work
J P e P,
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does indicate areas of potential high temperature fluids. This data has assisted

in interpretation of Lhe potential rarsct areas for drilling aichough I fcel it
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zeclocic satting.
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a&s not been folded adequa



Hydrochemistry

The hydrochemistry section was very complete. This section did a good job
of evaluating the past data and comparing it to information collected during the
Los Alamos investigation. From the geociiemistry of the waters near the Oualibou
caldera it appeare there is a substaniial rescurce on St. Lucia.

The chenicrry of the fluids in Salphur Springs is very typical of active high
teriperature steam systems. Also there exists substantial hydrotermal alteration
changing the host dasitic volcanic rocks to a cristobalite-kaolinite product. One
stesn vent is reported at 1719C vhich is of extremely high temperature for a sur-
face manifestation., The yil and high sulfates in the area indicate che presence

of an acid-sulfate
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The problen I note is the fact the conventional geothermometers (8i and ha,
K, Ca) give a lower temperature than observed in temperature gradicnt boreholes,
calculaticns based on gas arvalysis, and temperaturcs iaferred iron isotope and
enthalpy calculations. This could be caused by one or a combination of phenonena
st theaun those mentioned in the report. Significanc nining of colder sround
waters could be occurring as o ovestTu o f srvecipitatien infiltrTatine and nixiag
with the genthermal fluid. .netior rezzon couid be the achieve ciriuiaoion 5ys=
ten whichidischarges as thermal springs at the surface has not reached depths

necessary for the high temperatures. The higher temperature fluids may Le in a

"’.1

deener systemn.

. .

There was no information as to the producability of the existing drill holés

to checl this theory against. Tt may be a possibility the rocks at denth have
been hydrocherumzily altered to the pcint they have lost permeabilitv. As a result
the active deep hydrothermal system cannot flov to the surface excent in arcas of
deep regional fracturing., It is in the arecas of the dezper fractures where pro-

duction of the higher tempearature fluids could occur. This would also account for
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the existence of anomalcus high temperature surface manifestations within an area
of cooler waters.

In surmary I fzel the geolegic, gecchemical and geophveical report was an
excellent assessment of the resource. There are a Tov cnanswercd questious but
to gather the answers would require an extensive, deep exploratory hole program.
The completeness and integration of the data set definitely supports the concept
that a substantial potential for a high quality geothermal resource ~xists bencath
the tualibou calders.

I feel the priorities defined by Los Alzmos are valid except the proposed

site for the Belfond well., This site should be reviauved so the well would iuter-
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seet the regional {uult/fracture system widch crosses che northeast side of the
telfond area. This would provide a better chance of intersecting a higher per-
meability system so adequate fluids eould be aroduced, Pesistivity data indicate
driliing would have to tate place to depths proater than 900 = to interseck the
low resistive system in the Belfond area.

The first well should be locatad in the sulphur Springs area.
has essentially been proven to contain high temperatvre fluids.  The maior fostnr
In location of a wzll would be to accuracely target the fault/fracture svstem so
‘waximun production potential will occur. This well would then be {followed bv a
vell in the Belfond arca. The third site should be re-evaluated afrer deeper
arilling has occurred at the first two priority sites aund the conceptuzl model of

the Qualibou caldera re-ovaluated.

ol

The Ctangs arca locks good from the geophvsical and seochenical viewpoint

ra

but lacks evidence of faulting/fracturing which provides the permeability for

b,
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leid productien iz this trpc of wvoleanic sateing,

:

iequate potential for

“wo dinterseccing reglenal structures wvhich vould srovide ac

DIy

secondary permeatility but does not show the aipgh temperature potential as deter-

nined by seophysical and geochemical surveys. This is also true for the area
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north of Terre Blanche wieve faulting and an active hvdrothermal systen are

evident but data does uot support a high temparature resource.

As a result the

~ a

third site suould rot be drilled until the svsten has been re-evaluated based on

[l WNPPRES

aeep explovavery drilling o unloess high risk step-out wells are justified.

dacroeconomi.c models

The macroecononmic model vsed to describe

to 1932 econonic

the 5t. Lucia ecomomy utilizes 1670

data. It appears that St. Tucina possesses a good ecowmomic data

las required for thoe

considared represcutarive but one would prefer a betrer data base for
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Ol MmodeLlngd. Lo

peviecd and some v2

uota were not ava
inpovrts.

In geuneral,
the caneral ccono
tor the evaluatio

accurate nacro noe

e
Au.,' .

nodels equations having st least

data. The data on investnent populaiion and cmployment can be

this type

sources of the population and amployment dato varied by the time
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Jloble so assummtions vere o

.
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avs had uc data resorted at all.

the fvae of v

n. Also, che quality of the base daa appe
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Vhe tire period for the data Lase 1970 to 1082

ars adeau

Consuwption and investnenc

de that thes= variables wqualed

ariables used in the wodel are adequate to describe

is adequate

ate for an

Lucis's economy. betior data on investnenk would be

useful for Loth modeling and noumodeling reascns.' Assumpricons regard

meat belng cqual to imports is adequate for t

but does not consider potential

and source of inv

xind of invescors

estmants could

are attracied

a

.

Lag invest-

te purposes of macroncononic modeling

for domestic investment, Differentiating the type

to 5t. Lucia.

The nodels are comprised of several equations estinated

squares analysis.
and Iinvestaent.

of output in Ct,

satlions describe consumption, pro

Ceveral key variakles were identified @0 &

who, vy

Ly ordin
duction,

iulluonce

and what
ary least =
foreion trade

tite level

Lucia. lacroeccounomic medels of cutpul are generally dependent



upon capital and labor. In the St. Lucia case, the data base on employnient was
incomplete and little data was available on icvestrnent. This is the fundamental
veakness in the St, Luaia macrceconowic model. The model doos nrot have a production

function, Instead, it uses a2 value estimate of output for cartain available data.

The lack of fuvescnent data linics thc model's irsight of the eccnomyv. This linits

the model's ability to predict output. Thus the model only forcasts the cconomy's
zeneral ability fo grow. The macroaconomic mcdel does not forcast the abllity of

the ecoucmy to form capital for new inves .ments.

Nonlinear optimization model

The noulinear prograwming model was used to forccast srowth Iin consumption and
Sross National Troduct and to estirate encrey cost and {nvestment throush the year
2012, The wodel is a stawdannd optimal growth nodel., This type of medel iz well
sulted foar forescastiag scononmic crowca tut linited in its capability to evaluate
detailed issues of specific growth sectors. 7The trends fore asted in a unonlinear
programming model can be wsed to pradiesr frecds in demand for energy based on
acenomlice grovih as defiped LUy the macvoeconomic medel. “he basic raquirepent of
Fuls model is to integrate the forecasted economic treunds of tie macroeeonomni.c

model inco a lewg raage ferecast of energy dewmand.

. The critical factor involved is to foreszast a realistic price of oil and

. %) s . . . .
denand for energy, The model does have an inelastic relationsiip betweea the
-,
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price of oil and demand for electricity. Under the higher oil price scenarios
one weuld expect an elastic relatisnship which radically cffezte domand when
prices incrcase. Given the simplicity of the St. Lucia economy and confidence
laval of the data base, a satisfactory model of electricicy demand and capacity
was developed.

“ue basic conclusion that energy cost as a percentage of GNI' is decreased by

geothermal development is sound if the weothermal costs are accurate.



Geothernal electricity zvstem

The study assuues a maximun 30 10, geothermal production limit Lased on fore-

casted demand and the obility to acd Incremental geothormal capacity to reet basc

%]

demand through the year 2012, The use of 2.5 lwe units over the life of the project
is questicncd. The initial {pstallatice should be two 5 Iwe or a single 10 if,
unit. lhe cconomics of scale dictate a reasonable investor would want to initially
install larger units to capture as wuch of the base load as possibla. Also,
available cquipmoni from worldwide procurcment will play a pivotal role in size

of the unit. Pecauwse there are ne wells and, thus, no coufirmed resarvoir con-

ditions, it is <¢ifficult to project the unit size that vould be most optional. The

2.5 Mwg unit secws to uave been selected because it best fit the incremental STOV LG
curve,

Teuperature and flow censiderations will Se the major factors used in sclecting
the type of unit. COrmat Unics provide for a wide range of temperatures.  1200C to
190°C and units in the 1 to 2.5 ‘W, range are available. liphase provides a 1.3 lw,

v units., 7The

(&4

ille vadial {low turbines also are available in L to 2.3

facter Jpncred by the study is the possibility of larger rapacity for the initial

insvallation.  Indtiall w'g ol capacity could be installed thereky matching the
powar ceasumpiion curve for Sc¢. lLucia for 1983- This could readily bLe accom-

plished with a sirgle 10 Mwe flash unit or two 5 lwe flash units. Mitsubishi

currently sells a 4 Mu, unit as well as 5 lwe and 10 W units. Toshiba and GE

alse ave selling 5 e units. Neliability considerations may require . two 5 Mwe
unite Ingtand of a2 sgingle 10 (5. installation.
It is e¢lso more reasonable to expect that a develooer would increase capacity

[ .

in 3 l%e increwents. The axcess peothermal cavacicy weuld be used as spinning
raserve or peairing pewer.  Tue primary objective i to keep thz diescl power plants
off line while utilizing the geothermal units as Lase load units.

The capital cost estimate does ant contain sufficient detail to adeguately
]
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evaluate the estimate. Seveval items scem Lo be missing. The condenser cost and

cooling water supply system will be a npajor equipment item and should be a line

lcem cost.  If sea watav is ured for cooling, the pipeline cost will be significant

as will the parasitic load for pusping., The effect of pevasitic load oo net out-
put L5 not dlscussad v the plant cost, sizing and demand curves.  The report does
discuss the elovation effects on punzing end parasitic cost. Lxplanation of these
actors snould be a major cencera to tuis studv. Alsa, the efficiency of such a
tower could have been addressed and comvared to an ocenn water cooling system with
very little cffort. Tarasitic loads fcr cach could have been estimated zad shown

in the report.

The cost of iuterconnection to th2 regicnal power sysfaw is also not addressed.

]

The simple assumption that the power will te sold to existing svstems is unrealistic
La]

there will be approximately 5 to 3 Im of transmission 1ine required to interconnect

the plant to the existing prid. tlso, there may Le rocuirements for reinforcement

o]
e
[

w grid and intercenrection betwvesn the exlsting electrical systems. These

costs are directly related to the concept of a nev pownsr plant. These types of
transmissicon velated coszts howve Laosn ol it 1 T : S protilns
in Jorth Americs

The ezvincering econcmic renort evaluated costs on the basis of a pewer plant

being located in the northern part of the Jualibuu caldera near Soufricre. Since

the recormanded privary siies for driliing the produccion wells are listed as
pelfend, Sulphur Springs and S:lle Ylaire, Lic cost of oither additional power
transmisslon iines or additifonal piping costs would have to be factored in. It

t

ccduse eat

[%el

L5 a ceneral censensus the pewer plant be located near the .source

H

h I . . LY. ~ . . . e R oL . LR STE 2 B S . . oy qe B -
Loss Qla papesine cosin In o2 stean or briagc distribullion svsten are Liportant
conciderations,

Jiesel pencrated-electricity costs vere reasonanble and rapresceutative of

continuacion of the present svsten. poth oil-fired and coal-fired stean plaut
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electricity costs were reasonable cxcept for the pessibility tuat the price of
coal ray go down in the future when the Cerrejon Coal Mine in Columbie begins to, ...
export ccal in 1986, This nmine will be a major euporter of coal to lorth America

and Lurope and will undoubtedly affect the price of coal in the Carribean region.

Thermal systens

It is apparent by the level of detail shown in the report that considerably
more emdhasis was placed on evaluating direct use applications than electrical
power options. Cooling systems for a power plant was not discussed in as nuch
detail as the cornopts for the utilizing of waste heat from a power plant. e

coticaptiual evalurtions for direcc heat applications are adequate and tl.oc cenital

cost estimates ave realistic, civen the lavel of detail and tase data. The con-
L
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cept of industrial use of geothermal heat from the power plant warrants
investigaticn., lacause geothermal risources ara site speciiic, and fluid pipine
costs usually quite extensive, carefual exomination should be given only to those
indusirizs in close proximicy to the potential well field or industrics that could
relocate near the power plant.

The pessil:iilivy of atiracting new Industry to St. Lucia to utilize inexpensive
geotaermal energy was ewamined in sowe detail. The concept of locating industries
at geothermal sites cannot be based on atlractive energy prices alone. Industries
will be most lilely attracied to St. Lucia to talie advant age of available lahor
lov labor cost, aid domestic produnts. Leow energy coct will be an added dncentive
but taxes, cost of larnd, and political stability are just as significant consider-
ations. Further studies sheuld only cxamine rhose industrial applicaticns which
can readily wse leocul resources such as raw products and lsbor. Tt is not rea-
sonable to base long term cconmemje benefit on possinle dirazt heat erplications.,
Mnly two industrios, ccconnt-oil and supar cane, appear to he abl- to benefit
immedizcel; 0w Vv cost geotherral process beat. Auy additional industrizl appli-

J P

catin~ng may take other development incentives in addition_to low cost energy.
10



Surmary

The Los Alamos investigation of the geothersal resource poetntial of St. Lucia
involved rescarching publiched infermation; rupplementing this infeormacion with

field data ond engincering srudies; and condueting economic calculation. The in-

<

vastigation appeared well orgonized awld asproached the study in a lowical fashion.
: 1 7 A

The field data collected appeared vo adequately supplement ex: isting data to the
extent an exploratory drilling program could proceed.

The cenceptual model of the flow sysitem as presented bv Los Alamos does not

N AT

take into account the full extent of fault and fracture control that vas described

a0 -

within the geologle aud gzophyszical sections. The fracture perneability of the

caldera could modify the horizontal fiow system proposed for the shallow thermal

waters.  The importance of ‘ntersocring fracturaed rock with the production holes

was renrioned but not enphinsizod. A oa result, the final drilline sites should

be lecated such that the well will tarcet a regional fault/fracrure svsten at

depth to mazimize fluid production potential. I do not feel there will be any

problem with garting the temperoture predicted b Los Alamos but fluid nroduction

could bde a problem 1f sccondary porneabilivy were not found. The sites of Sulphur

Springs mid the crater arca in the north easrtorn porticn of tue Delfond r-on

appear to Le tiw best drilling targets. The other sites, Belle Plaine, Ctangs

and Dianoud Spring/Mipny Piver Valley area neced additional specific site work on

the structural setting prior te drilling.

The engineering/economic avaluation appears adeguate for the purpose of the

. r . +

tional woric on the size of units to be censtiucied and schedule of

Teporc. Addl

power on line to moet the demand nceds additional theught. Also the cost of
pover lincs and piping from wells to the »ower plant te the electrical crid was
weak. The discussions on direct utilization of geotiermal appeared to out weigh
the section on clectrical reneraticn. The thrust of developrent sheuld be for

elecerical potential to eliminate thwe dependence on oil imports for diesel

11



generation.  The cnly nonclectric use I feel should be studied in detail is
5ugar cane processing since tihis is an eon-going industry on the island so im-
ported row noterial would nor be necesgsarvy.

The econcnic wodel used appears to be good considering the data Lase avail-
able at preseus. Latil the actual recarvoiv has been drilled so wood cngincering

numbers can be obtaiaed on the cost of a powar plant, a more extensive ccoaomic

valuation Is not warranted.

Recommendations

* Troceced with cenfirmation dvrilling at Sulphur

w

privgs and Delfond areas -

o After drilling conduck flow test to Jdetermine rescervoir chnracteristics
(ive. (low, tevperaturs, chemdgtry, nencondensalle uas, cuthalpy)

) onduct preoliminary enpinecering wraluation to select plant evele for cost
eotimating (i.e. process flov diarranm and wmaterial balance dispesal
optcions)

» Ldentify eptimal cecling cyele for vovar nlant

* Tdentily transs quiremcnts aud cost

* Obtain vendos quotations for 3.4l roustad equipment packages

¢ Estimate capicul and enevating cost based on data listed above
+ Deterpine Laco case delivared cost aer kw/iir to the prid

+ Dstablist an economic wodel of yeothvrmnl power cost to evaluate various
and otiier wcconondce

forms of project financi royaloics
e 7 ]

variables

' Usae the coononic vodel ro ju"'ify financing o lendirg Zuscicuticns other
than C3AID {or capital cost of Ticld develovmaent and power plant

construction
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