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BACKGROUND

This summaryreportoverviewsa State of Arizonaand U. S. Departmentof

Energy funded drilling project to determine if near-term hot dry rock (HDR)

geothermalpotentialexistsin the eastern portionof the White Mountainsregionof

Arizona. A 4,505 feet deep slim-holeexploratorywell,Alpinel/Federal, was drilled

within the Apache-Sitgreaves National Forest at Alpine Divide near the Alpine

Divide camp ground about 5 miles north of Alpine, Arizona in Apache County

(Figure 1). A comprehensivetechnicalreport, intwo parts,details the resultsof the

project. Part 1, Alpinel/Federal, DrillingReport, discussesthe drillingoperations,

loggingprogram, permittingand site selectionfor the hole. Part 2, Temperature

Gradients, Geothermal Potential, and Geology, summarizes the temperature

gradients,heat flow,geothermalpotential,and subsurfacegeology.

HOT DRY ROCK (HDR) GEOTHERMAL

Hot dry rock (HDR) geothermalenergy is a method of mining or extracting

the natural heat energy within the earth (Tester and others, 1989). As originally

conceivedby scientistsand engineersat Los Alamos National Laboratory, heat is

extractedfrom relativelyimpermeablerock by artificiallyfracturinga hot volume of

rockand introducingwater intothe man-madefracture systemwith an injectionwell

(Potter and others, 1974). A second well removes or produces the heated water

from the fracture reservoir for use at the surface. As currently field tested, the

concept requires a relatively impermeablerock volumewith predictablefracturing

characteristics. A volumetrically-large,structurally-simplerock body with high

temperaturesis desired.

OBJECTIVES

The main objectivesof the Alpinel/Federal drillingprojectwere to drill 100

feet into crystalline Precambrian basement, determine subsurface temperatures,

temperature gradients, and heat flow. Based upon sparse regional geologic

information, the target depth was selected at 4,500 feet below the surface.





Overall, the primarymissionof the drillingprojectwas to obtain the data necessary

to estimate subsurface temperaturesdeep into the Precambrian basement and

assess the HDR geothermal energy potential of the eastern White Mountains

region•

SITE SELECTION

Topographyand regionalgeology indicatedthat the depth to Precambrian

basement at Alpine Divide was greater than at potentialsites near Springerville,

Nutrioso,and Alpine. Therefore, the sedimentsthat act as thermal blankets have

greater thickness. With the same heat flow, this translatesinto highertemperatures

because intervalswith low thermal conductivitysedimentshave higher temperature

gradientsthan high thermal conductivityPracambrianrocks. Second, the site was

known to have the highest shallow heat flow in the area (115 mWm-2) (Stone,

1980).

PARTICIPANTS

The project was administered by the State of Arizona Department of

Commerce, Energy Office, Phoenix with procurement through the Arizona

ProcurementOffice, Phoenix. Fundingwas a grant from the U. S. Department of

Energy, Geothermal Division,Washington, D. C. to the State of Arizona with a

matching contributionfrom Arizona's share of the Petroleum Violation Escrow

Funds. U. S. Departmentof Energy oversightof the projectwas through the DOE

Albuquerque Field Office. In addition, the State of Arizona Department of

Commerce, Energy Office, formed a Geothermal EvaluationCommittee to provide

assistance in project directionand procurement. Prime contractor to the State of

Arizona for the Alpine Geothermal Project was Tonto DrillingServices, Inco,Salt

Lake City, Utah. Well site geotechnicalservices,permitcoordination,and reporting

were subcontractedby Tonto to the SouthwestTechnologyDevelopment Institute

(SWTDI/NMSU) at New Mexico State University. The U. S. Geological Survey

(USGS), Geothermal Division,an invited participant,contributedequipment and

personneltowardheat-flowstudies.



PERMITS

All operations conformed to the regulations, permitting and operational

proceduresadministeredby the U. S. ForestService (USFS), the U. S. Bureau of

Land Management (BLM) and the Arizona GeologicalSurvey (AGS), Oil and Gas

Administrator. All access and surface issues were closely coordinatedwith the

USFS. All drilling was in compliance with federal Geothermal Resources

OperationalOrders (GROO's), directivesof the USFS, BLM, AGS, and stipulations

of the permits. Priorto commencing any operations,specificdetailswere submitted

to the USFS, BLM, AGS through the Applicationsfor Permits to Ddll (APD's) or
. ,

Sundry Notices. Access to the drill site road from the highwaywas permittedwith

the Arizona Department of Transportation(ADOT). As operator, Tonto Drilling

Services posted a PluggingBond with the AGS and a Compliance Bond with the
. USFS/BLM

DRILLING METHOD

The Alpine l/Federal hole was drilledwith an UDR1500 rig, designed for

deep continuouswirelinediamondcore drilling and shallowrotary drilling. The rig
was mounted on a 12 feet tall steel substructureto allow clearance of blow out

prevention (BOP) equipmentand to providea stable drillingplatform. The BOP

stack, consistingof a double-gateram and an annularpreventer,was installedon a

well head with flow and kill line ports. Continuoushydrogensulfide detectorswith

alarms were operated for the duration of core drilling. The hole was drilled with

mud rotary to 500 feet and continuous wireline cored from 500 to 4,505 feet.

Continuouswirelinecoring had severaladvantagesover rotarydrilling. Drillingwas

continued even with lost lost circulation. Lost circulation, if not successfuly

controlledwith expensiveremediationmeasures,wouldhave stoppedrotary drilling.

Reduction of borehole size to solve a drillingproblemwas done through the drill

string without an expensive intermediate casing job. Also, better geological

informationwas obtainedwith core than with smalldrillchipsof rotary tools.



DRILLING HISTORY

Figure 2 is a diagram showing depth in feet versus time in days since

moblizationon to the site began on I July, 1993. After the suface casingwas run

and cementedand the BOP stackwas nippled-upand tested, the daily footage rate

' averaged over 137 feet per day from 500 to 2,700 feet depth. Below 2,700 feet

depth the dailyfootagerate decreasedto les._than 74 feet per day. Depth of drilling

played some role in the rate decrease; however, the nature of the lower Mogollon

Rim formationwas the primary cause of penetration rate reduction. Startihg at

2,700 feet depth, maintenanceof properdrillingmud became increasinglydifficult

and penetrationrates slowed.The sandyclay and clayey sand in matrix-supported

conglomerate in the basal MogollonRim formationwere easily eroded from the

borehole walls. As a result, the drillingfluids became more viscous and sandy.

Formation washouts also left loose gravel behind that fell into the hole and

contributedto drill stringsticking. The stic_kingand wedging resulted in bent drill

rods on two occasions. Rather than reduce from HQ to NQ coring at the base of

the MogollonRim formationand place the bad formation behind cement and the

HQ drill string,Tonto decidedto continuecarefuly and slowlycoring HQ to insure

againstprematuredrillstringreductionto NQ size drillstring. Priorto actualdrilling,

the Permian San Andres and Glorieta Formations were iden*'_ied as potential

problem zones for drillingthat could requirereductionfrom HQ to NQ core. In the

top of the San Andres Formation, a reductionfrom HQ to NQ core was forced

because the drillstringbecame differentialstuckat 3,369 feet depth. Differentialor

hydraulicstuck is a term usedto describea conditionwhere the drillstringis unable

to be turned and/or be withdrawn or advanced without snapping the rods. This

resultswhen differential hydraulicpressurespush the drillstring into the hole wall

and frictionpreventsrod movement.

Drillingrates increased dramatically below 3,369 feet depth after the NQ

reductionand the bad formationinthe lowerMogollonRimformationwas cemented

behind the HQ rods. NQ core rates for the lower750 feet of the Alpine 1/Federal

averaged about 100 feet per day. A 100 feet per day rate of coringat depthsbelow

3,500 feet is generallyregardedas excellent. Overall, core recovery exceeded 99

percent and the targetdepth of 4,505 feet was reachedon the 2_h of August.
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OBSERVATION WELL COMPLETION

Because Precambdanbasementwas not reached, the well completionwas

changed to providea contigencyfor re-enteringthe hole. Instead of a steel pipe

liner, the holewas completedwith the NQ drillrodsafterretrievingthe HQ rodsfrom

2,510 feet depth to the surface. The remaining850 feet of HQ rods were left in

place to hold backthe badformationin that interval(Figure3 and Table1). The NQ

rodswere cappedat the bottomand filledwith water to allowformationtemperature

measurements. The completionwillallowfor later drillingto continuewith a NQ drill

string if the NQ rodsin the hole can be retl:eved or with a BQ drill string if the NQ

rods cannot be retrieved. A BQ drillstringmay be inserted in the NQ rods and the

bottomcap drilled-outfor continuedcoringto Precambrian.

Table 1 Alpinel/Federal temporary observation completion.

II IIIIII I I

item hole size top bottom OD ID weight cement
inches ft ft inches inches Ibs/ft sacks

wellheadflange 0 0 7.0625

conductorcasing 7.875 0 20 6.625 5.796 24 5

surfacecasing 5.875 20 502 4.5 3.875 11.6 44

HQhole 3.850 500 3,369

HQcasing 3.782 2,510 3,360 3.5 3.0625 7.7 22

NQhole 3.040 3,369 4,505

NQcasing 2.98 3,369 4,505 2.75 2.375 5.2 0

PREVIOUS STUDIES

A variety of regionalgeological,geophysical,and geochemicaldata indirectlyinfer

geothermal potential. The Stone (1980) heat-flow study is the only "hard" data

available to reliablypredictsubsurfacetemperature. Stone concludedthat the heat

flow was somewhat elevated; but did not project temperaturesto greater depth.

Some proponentsof HDR in the area have relied heavily on indirect indicatorsto

infer 2C0 C (400 F) temperaturesat 10,000 feet depthor less.
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GEOLOGY

Table 2 is a summaryof formationsencounteredin the core hole. Figure4

showsa pre-drillingestimateof geologythat is based uponthe Belcher 1/State well

(Foster, 1964), located21 miles north-northeastfrom Alpine Divide, and projection

of major regionalunconformitiesinto the subsurfaceof the area. No pre-Tertiary

informationis available for 60 milesto the southand east. The nearest pre-Tertiary

well and outcropdata to the northwestand west is over 40 milesdistance. Several

reasonableassumptions,giventhe amountand qualityof data available,were used

to make the pre-ddllingestimate. First,no major structures(faults) were assumed

between the Belcherwell and Alpine Divide. Existinggeologicmaps for the area

show no faults. Structurally,the area north of the Belcherwell is relativelyflat with

minor folds and the Precambdanis generallyat higherelevationtoward the south.

Second, Tertiary sediments and volcanics were assumed to be inset against

paleotopography, resulting from major regional unconformities. Inset Tertiary

sediments and volcanicsalong the Mogollon Rim, a mostly Mesozoic to earliest

Tertiary erosionalscarp, is commonin the regionto the west in the TrsnsitionZone

between the Colorado Plateau and Basin and Range Provinces. The subsurface

model was tested by comparing it with Tertiary subcrops in the Whiteriver area

approximately50 miles to the west. In the Whiteriverarea, the Tertiary Mogollon

Rim formation,was observedrestingunconformablyon Permian Supai equivalent

rocksat elevationssimilarto the pre-drillingmodel.

Figure5 showsthe actualgeologyto 4,505 feet depth at Alpine Divide. All

of the Triassic Chinle, most of the Permian San Andres, and most of the

Cretaceous Dakota sandstonewere removed by erosion beneath the two major

regional unconformities. However,more than 600 feet of Tertiary sedimentswere

cored than predictedby the pre-ddllingmodel. Also, the unconformityat the top of

the Cretaceous Dakota Sandstone is approximately1,600 feet lower in elevation

above sea _evelinthe Alpine 1/Federalthan inthe Belcherl/State well. At least of

1,600 feet of structuraldisplacement,faulting (?) down to the south, has occurred

after depositionof the LaOrange formation, a probable new formation identifiedby

this project. The LaOrange was deposited on the low topographicrelief Dakota
Sandstone erosionalsurface.



Table 2 Formation Summary of the Alpinel/Federal corehole.

I I l lill li I i

Tertiary Pueblo Creek Formation and MogollonRim formation
0 to 3,139 feet (0 to 957 m)
thickness3,139 feet (957 m)

Tertiary (?)/Cretaceous(?)LaOrangeformation
3,139 to 3,246 feet (957 to 989 m)
thickness107 feet (32 m)

CretaceousDakota (?) Sandstone
3,246 to 3,362 feet (989 to 1,025 m)
thickness 116 feet (36 m)

Permian San Andres Formation

3,362 to 3,436 feet (1,025 to 1,047 m)
thickness74 feet (22 m)

Permian GlorietaSandstone
3,436 to 3,639 feet (1,047 to 1,109 m)
thickness203 feet (62 m)

Qt,atemary(?)/l'ertiary (?) basalticintrusion
3,639 to 3,751 feet (1,109 to 1,143 m)
thickness112 feet (34 m)

Permian Corduroymember"SupaiFormation"
3,751 to 4,266 feet (1,143 to 1,298 m)
thickness515 feet (15? m)

Quatemary(?)/Tertiary(?) basalticintrusion
4,260 to 4,322 feet (1,298 to 1,317 m)
thickness62 feet (19 m)

Permian Fort Apache Limestonemember "SupaiFormation"
4,322 to 4,327 feet (1,317 to 1,319 m)
thickness5 feet (2 m)

Quatemary(?)/Tertiary (?) basalticintrusion
4,327 to 4,362 feet (1,319 to 1,330 m)
thickness35 feet (11 m)

Permian Fort Apache Limestonemember "SupaiFormation"
4,362 to 4,405 feet (1,330 to 1,343 m)
thickness43 feet (13 m)

Permian Big A Butte member '_SupaiFormation"
4,405 to 4,454 feet (1,343 to 1,358 m)
thickness49 feet (15 m)

Quatemary(?)/Tertiary(?) basalticintrusion
4,454 to 4,505 feet (1,358 to 1,373 m)
thickness51 feet (15 m)

10



Qal Quaternary alluvium
Qb Quaternary_salt
T Tertiary PuebloCreekand MogollonRim
T/K Tertiary (?)/Cretaceous(?) LaOrange
K CretaceousDakota Sandstone
TRch TriassicChinle
Pu Permian San Andres
PO Permian Gloriata
Psu Permian Supei
PG Precambrien

Alpine Divide -- 9000
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Figure 4. Pre-drillinggeologicmodelof subsurfacegeology.
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Qil Quaternaryalluvium
Qb Quatemery basalt
T Tertiary PuebloCreek andMogollonRim
T/K Tertiary (?)/Cretaceous(?) LaOrange
K Cretaceous Dakota Sandstone
TRch TriassicChinle
PIe Permian San Andres
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Figure 5. Post-drillinggeologicmodelof subsurfacegeology.
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The Precambdanis at least another800 to 1,000 feet below the Alpine Divide site

or 5,400 feet depth, assuming no additionaJ basaltic intrusions and no

Pennslyvanian to Devonian sediments. With additional basaltic intrusions and

Pennslyvanianto Devonian sediments, Precambrian may be at least 2,000 feet

below the total depth of the Alpine l/Federal borehole or more than 6,500 feet

dep_;1.The type of Precambdanrockbeneath theAlpine Divideis unknownwithout

drilling. The nearest available subsurfaceand outcrop information suggests that

the top of the Precambrianwill either be schistor Apache Group sandstones and

limestonesratherthan granite.

THERMAL REGIME

Temperature gradients in the earth are the result of several heat transfer

processes and properties. In the shallow crust, conductionand convection are

primary processes. The magnitudeof a temperature gradient in a conductive

temperatureregime is regulatedmostlyby rockthermalconductivityand local heat

flow from the earth's interior. Heat flow is the product of the rock thermal

,:onductivityand the temperaturegradient. A preliminaryheat-flow estimate is 96

m.Wm-2 (personnel communication, John Sass, USGS/Flagstaff). The Alpine

l/Fed_ml heat flew is practicallythe same as the SJ-116 measurement of Stone

(1980) (115mWm-2) if thermalconductivitymeasurementerrors are considered for
both setsof data.

Figure 6 is an equilibrium temperature versus depth plot for the Alpine

l/Federal borehole. Overall, temperaturegradients decrease with depth in this

borehole (Table 3). A moderatelyhightemperaturegradient(72 C/km) in the upper

300 to 800 feet depth intervalchanges to a relativelynormal temperature gradient

(33 C/km) inthe lower700 feet of the hole. Thermalconductivityvariationaccounts

for the temperaturegradient differences. Clay-rich sandstonesand voicar,oclastic

sedimentsin the upper portionof the hole have relativelylow thermal conductivity.

Quartzosesandstonesand carbonaterocksin the lowerportionof the hole typically

have high thermal conductivity. Similarhigh thermal conductivityrocks will occur

downward, deep, intothe Precambrianbasement.
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Figure 6. Equilibriumtemperatureversusdepthfor the Alpine l/Federal
borehole.
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, Table 3 Temperature gradients in the Alpine 1/Federal borehole.

I I I

depth (It) temperature intercept correlation formation

gradient temperature

(C/km) (C)
300to 800 72.1 7.7 0.99970 PuebloCreek

800 to 1100 64,1 9.7 0.99938 PuebloCreek

1500to 2600 57.2 10.8 0.99978 MogollonRim

2800to 3400 47.8 17.8 0.99931 Dakota/San

Andres

3800to4500 32.8 33.8 0.99920 Corduroy/Ft

Apache

Detailed rockthermalconductivitymeasurementsand heat-flow analysisfor

the Alpine l/Federal borehole will be reported by John Sass, U. S. Geological

Survey (USGS), an invited participantof the State of Arizona, in a forthcoming

USGS Open-File Report.

Figure7 is a pre-drillingtemperatureversusdepth projection(solidline) that

was based on heat-flowinformationreported by Stone (1980) for the SJ-116 wellat

Alpine Divide. Thermal conductivity_stimates,used in the temperature projection

at depth, were typical generic values for rock types expected at depth. Actual

temperaturesmeasured in the Alpine l/Federal borehole are shown at 1,000 feet

intervals with the "X" symbol. Predictedtemperatureat 4,500 feet was 76 C and

very closeto the actual measuredtemperatureof 78.6 C. An average temperature

gradient in the Precambrian will range between 30 and 40 C/km. Heat flow and

thermalconductivityconstraintsindicatethat a gradientover40 C/kmwillnot occur.

GEOTHERMAL POTENTIAL

The Alpine l/FederaJ borehole is not situated over a convective

hydrothermal geothermal system. Convective geothermal systems are generally
0

associated with shallow temperature gradients that greatly exceed 150 C/kin.

Therefore, any geothermal resource potential in the Alpine-Nutrioso area is

conductive hydrothermal (deep confined aquifer) and hot dry rock (HDR).

15
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Figure 7. Pre-drilling temperature-depth projectionbased on heatflow data
forAIpine Divide(SJ-116).
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Hot dry rock (HDR) is a technologyunderdevelopment. The concept and a

degree of technical feasibilityhas been demonstratedat Fenton Hill, New Mexico.

On the other hand, commercial feasibilityhas not been demonstrated for the

general use of HDR beyond the Federal research effort at Los Alamos National

Laboratory. Electricalpower productionand direct-usegeothermal applicationsare

possible end uses of a productiveHDR geothermal reservoir. Each will have

unique requirementsand economicsaside from the costs and requirementsof the

HDR reservoir. Consideringcurrentand projectedfossil fuel cost, assuming no

majorunforeseenoverseasoilcrises,a sitewith near-termHDR potentialshouldbe

located in an area with currently high electricaland/or other high utilityfuel costs

and highdemand. In otherwords,the site shouldbe ina good marketableposition.

Also, a near-term HDR site should have relativelyhigh resource quality for lower

end drill costs and for fewer problems in creating the man-made reservoir that

connectsthe injectionand productionwells.

Because of drillingcosts, which currentlyincrease non-linearlywith depth,

the qualityand near-termfeasibilityof a sitewill largelydepend upon the basement

(Precambrian) temperaturegradient. This is because the temperaturegradientwill

dictate the depth necessaryto drillfor temperaturesrequiredfor economicthermal

energy extractionfrom the HDR reservoir.

Tester and He=og (1990) define three grades of HDR resources for the

purposeof investigatingeconomicfeasibility. A high-graderesourcehas a gradient

above 80 C/km; a mid-graderesourcehas a gradientof 50 C/km; and a low-grade

resource has a gradient of 30 C/km. Within the Tester and Herzog (1990)

framework, the Alpine-Nutriosoarea falls into the low- to mid-grade category. In

other words, wells depths of 10,000 to over 20,000 feet are required to obtain

, usable heat, dependingupon whether direct-useor electrical power productionis
done.

Table 4 summarizes the breakeven cost of electricity with current

technology. The Tester and Herzog (1990) model calculates cost on a per KWe

installedbasis. With a 40 C/km gradient,costsforelectricityare 12 to 18 cents per

kUowatt-hour.These costsare unlikelyto be economicallyattractiveto a utilityor its

customers. The consumersactual costswoL,Idbe even higher.

17



Table 5 summarizesthe break even costs for direct-use HIDR geothermal

utilizationwith the Tester and Herzog (1990) model. Costs are based upon a

, supplyrate of heat at one millionBtu per hour (MMBTU). Costs for direct-useare a

little more attractivefor HDR in the Alpine area. This is especially true for space

heating, using lowertemperature fluids. The key parameters involvedwith direct-

use geothermal in the Alpine-Nutriosoarea are heating loads and natural gas

availibility. Climatein the area requiresspace heating for much of the year so that

potentiallylarge heatingloadsmay existin the area. Inexpensivenatural gas is not

available. Direct-usespace heating in the Alpine-Nutriosoarea, using the 40 C/km

gradient model of Tester and Herzog (1990) indicatesa $4 to $7 per MMBTU break

even cost. Thiscost may be marginallyeconomic for specifictypes of large space

heating requirements. With naturalgas costs in the $3 to $5 MMBTU ($5 to $7

MMBTU with boiler inefficiencies accounted), it is unlikely that commercial

enterpriseswouldrelocateto the area for industrialprocessheat or sl_aceheat from

geothermal resources.

Table 4 Economic model costs for HDR electrical power.

IIII

temperature gradient (Clkm) electricity breakeven cost ($/wlhr)

with current technology

30 0.375 to 0.235

40 0.184 to 0.119

50 O.121 to 0.082

Table 5 Economic model costs for HDR direct-use geothenn_al.

I I

temperature cost high-temp (> 80 C) cost Iow.temp (<80 C)

gradient direct-use for industrial direct-use for space

(C/km) applications ($1MMBTU) heating ($1MMBTU)
30 16.6 to 9.7 10.6 to 6.3

40 9.7 to 5.7 7.2 to 4.3

50 6.9 to 4.1 5.5 to 3.3
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The best potentialdirect-useHDR geothermalapplicationis likelyto be a

districtheatingsystemfor homes,schools,businesses,andgovernmentbuildings

at Alpine. Costs per MMBTUwillbe higherthan modelcosts because additional

costswould be encurredfordistributionlines. For HDR geothermalenergy to

competewith currentpropaneuse inAlpine,the systemwouldhave to operate as a

utilityand probablyhave initialcapitalcosts subsidizedwithgovernment aid and

matchinggrants.

OIL AND GAS POTENTIAL

A qualitative petroleum potentialexists in the area (Fellows, 1994; Rauzi, 1994a;

and Rauzi, 1994b). The organic-richDakotaSandstone and fetid and petroliferous

dolomitesand limestonesin the San AndresFormation,Corduroymember, and Fort

Apache Limestone member indicate potential as source rocks for petroleum

maturation.Oil shows, first noted on site by project geologists, in the Alpine 1/

Federal may be from local maturation,resultingfrom the heat of basaltic intrusions

inthe Paleozoicsection. Detailedpetrographicanalysisand facies studiesof core,

hydrocarbonmaturationstudies,delineationof the burialand thermal historyof the

Cretaceous and Permian rocks, assessment of the hydrodynamichistory of the

area, and analysis of potential structuraland stratigraphictraps and potential

reservoirrocksis requiredbeforethe trueoiland gas potentialof the area is known.

The Alpine 1/Federal core and logs do provide important information toward an
assessment.

CONCLUSIONS AND RECOMMENDATIONS

The Alpine 1/Federal drillingproject provided valuable new information on

the geologyof the region. Exceptfor drillinginto Precambrian rocks, the objectives

of the projectwere accomplished. Sufficienttemperatureand heat-flow information

were obtained to assess the near-term HDR geothermal potential of the eastern

White Mountains region. Therefore, the primary mission of the project was
successful.
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The HDR potentialfor near-termelectricalpower productionis not economic.

Potential for HDR direct-use space heating is marginal at best and should

realisticallybe considereduneconomic.

The Alpine1/Federal holeshouldbe deepened to Precambrianbasement to

providedefinitivesubsurfacegeologicalinformationfor this region. Deeper drilling

, will determine Precambrianlithologyand assess if older Paleozoic rock units are

present. The hole may be deepenedwith a BQ drillstring. Depth to Precambrian is

likely to be between 800 and 2,000 feet below the current 4,505 feet total depth,

The failureto reach Precambrianbasement due to majorstructuraloffset highlights

the need fordetailedsurface geologicalmappinginthispoorlyunderstoodregion.
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