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Hot WaterHot Water
CoCo--Produced With OilProduced With Oil

• Temperatures for power generation
• Plant Type

•Binary
•Flash

• Direct use applications
•Industrial, commercial, and residential



Plant TypesPlant Types

Binary Technology Binary Technology Flash TechnologyFlash Technology
(starting at 225(starting at 225°° F) F) (starting at 350(starting at 350°° F)F)



Direct Use ApplicationsDirect Use Applications

Green house heating >80Green house heating >80°°F F 
(Green house)(Green house)
Space heating >80Space heating >80°°F (Industrial F (Industrial 
building)building)
Food drying >170Food drying >170°°F (Onion plant)F (Onion plant)
Air conditioning/ice making >175Air conditioning/ice making >175°°FF



Empire Farms Geothermal Power Empire Farms Geothermal Power 
Plant/Onion and Garlic Drying FacilityPlant/Onion and Garlic Drying Facility

Onion and Garlic DehydrationBinary Generation Units



Poplar Dome Oil FieldPoplar Dome Oil Field



Located on Fort Peck Indian Located on Fort Peck Indian 
ReservationReservation



Poplar Dome Oil FieldPoplar Dome Oil Field

Operated by Ballard PetroleumOperated by Ballard Petroleum

Producing oil with hot water from Producing oil with hot water from 
180180°°F F -- 265265°°FF



Poplar DomePoplar Dome

Elongate dome Elongate dome 
North South orientationNorth South orientation
Cretaceous at surfaceCretaceous at surface
Mississippian productionMississippian production



Poplar Dome Cross SectionPoplar Dome Cross Section



3D Poplar Diagram3D Poplar Diagram



Production from Madison Production from Madison 
LimestoneLimestone

Mainly from Charles zoneMainly from Charles zone
Mission CanyonMission Canyon
LodgepoleLodgepole
Production depth Production depth –– 5400 5400 –– 8600 ft8600 ft
Other fields in Williston Basin produce Other fields in Williston Basin produce 
from deeper zonesfrom deeper zones
Deeper zones may have higher Deeper zones may have higher 
temperaturestemperatures



Hot water productionHot water production

Oil separatedOil separated
Stored in tanks for coolingStored in tanks for cooling
Injected into Injected into BearpawBearpaw Fm and Fm and 
Madison Ls.Madison Ls.
Some possible movement of Some possible movement of 
injected brines into shallow ground injected brines into shallow ground 
waterwater



Water temperaturesWater temperatures

Average production 190Average production 190°°FF
Some wells produce 265Some wells produce 265°°F waterF water
Highest temperature not necessarily Highest temperature not necessarily 
deepest wellsdeepest wells
Highest temperatures on southern limb Highest temperatures on southern limb 
of domeof dome
High temperature possibly related to High temperature possibly related to 
Brockton Fault zoneBrockton Fault zone



Temperature vs. DepthTemperature vs. Depth



Temperature Contour MapTemperature Contour Map



Location, Depth, and Location, Depth, and 
TemperatureTemperature



Production ratesProduction rates

~40,000 BPD total water over 180~40,000 BPD total water over 180°°FF
~20,000 BPD water over 260~20,000 BPD water over 260°°FF
Could increase production of 260Could increase production of 260°°F F 
water to 40,000 BPD from existing water to 40,000 BPD from existing 
wells with stimulationwells with stimulation
Could maximize hot water production Could maximize hot water production 
by drilling and stimulating geothermal by drilling and stimulating geothermal 
wellswells



Scenarios for EconomicsScenarios for Economics

Wells of opportunityWells of opportunity
Enhanced productivityEnhanced productivity
Geothermal development Geothermal development 
using EGS technologyusing EGS technology



WendellWendell--AmedeeAmedee Binary PlantBinary Plant



Wells of OpportunityWells of Opportunity
Use 20,000 BPD at 265Use 20,000 BPD at 265°°FF to to 
produce power (583 produce power (583 gpmgpm))
Use power to run field Use power to run field parasiticsparasitics
Use existing wellsUse existing wells--no costno cost
Surface piping in one area of fieldSurface piping in one area of field
Remainder of fluids for direct useRemainder of fluids for direct use
Inject at depth enhance oil recoveryInject at depth enhance oil recovery
Reduce risk of seepage into Reduce risk of seepage into 
groundwater aquifersgroundwater aquifers



Enhanced Water Production Enhanced Water Production 
RecompleteRecomplete dry holes to maximize productiondry holes to maximize production
5 wells 5 wells –– dry or abandoned wellsdry or abandoned wells
350 350 gpmgpm each welleach well
Stimulate to enhance productivityStimulate to enhance productivity
Electric submersible pumpsElectric submersible pumps
265265°°FF
Remainder of water also available for direct useRemainder of water also available for direct use
Inject deep to enhance recovery and protect Inject deep to enhance recovery and protect 
groundwatergroundwater



Wells of Opportunity CostWells of Opportunity Cost



Enhanced Water Production CostEnhanced Water Production Cost



Future WorkFuture Work

Look at economics of developing EGSLook at economics of developing EGS
Coordinate with tribal council Coordinate with tribal council 
Assess demand for power in areaAssess demand for power in area
Look for direct uses of hot waterLook for direct uses of hot water
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