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TASK 2A.5: TECHNO-ECONOMIC INFRASTRUCTURE ASSESSMENT AND ANALYSIS OF 
INFRASTRUCTURE REQUIREMENTS  

 

INTRODUCTION 

Analysis of the existing infrastructure and the Phase 2B-C and 3 activities indicates the FORGE 
Utah site can be upgraded without significant enhancements in order to build a state of the art 
EGS field laboratory. In this analysis, we have considered the existing network of roads, 
requirements for well pad construction and scientific investigations, day-to-day management 
activities, visitor (public and scientists) access, operational costs including availability of water 
and essential services (e.g. fuel, road maintenance, sanitation services), the needs for electric 
power, requirements for data collection and transmission, and the potential effects of 
Smithfield’s planned hog farms north of Milford. Drilling of the deep test well in Phase 2B 
requires only minor upgrading of existing roads and construction of the drill pad. Subsequent 
infrastructure development can be accommodated in Phase 2C within the designated 
timeframe to meet all drilling and scientific activities required of the project. Significantly, no 
cultural or environmental constraints have been identified that interfere with development of 
new infrastructure or that delay construction of laboratory site facilities.  

A. DESCRIPTION OF EXISTING INFRASTRUCTURE 

The location of the Utah FORGE site is ideally suited for a subsurface research facility. It is 
located in a sparsely populated portion of the state that enthusiastically supports renewable 
energy projects (Figure 1). The site is located within the Milford Renewable Energy Corridor 
adjacent to PacifiCorp’s 36 MW Blundell geothermal power plant (Roosevelt Hot Springs) and 
SunEdison’s 306 MW windfarm and 240 MW solar PV field. Approximately 25 km southwest of 
Milford, Cyrq operates the 10 MW Thermo geothermal plant. A 15 MW biogas facility owned by 
Smithfield is located closer to Milford. In October 2016, Ormat leased BLM land surrounding the 
Blundell Power Plant for geothermal exploration and development. Their westernmost parcel 
lies adjacent to the FORGE site. In January 2017, Smithfield released plans for construction of 
66 new hog farms immediately west and north of the FORGE site. Construction of the 
Smithfield facilities will have a major impact on infrastructure planning and development in the 
area, particularly with respect to the road system and new transmission lines. Potential effects 
of Smithfield’s developments are discussed below. Smithfield has enthusiastically supported 
the FORGE project (see email and MOU included as part of the Phase 2A report). 
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Figure 1. Overview of major infrastructure around the FORGE site. The IPP DC transmission line 
and the Kern River Natural Gas pipeline supply a large part of Southern California’s energy 
needs. In addition, the area around Milford is a center for renewable power generation. 

 

The existing roads provide excellent access to the FORGE and office site. To ensure access to 
the site during the winter months when snow might be present, we will contract for snow 
removal services. Portions of the existing roads will be graveled to reduce damage by heavy 
equipment required for drilling and stimulation operations.  

A variety of support services can be locally obtained in Milford, in Beaver (31 miles to the west), 
or Cedar City (54 miles to the south). Milford, which is 10 miles from the FORGE site, has two 
gas stations, a hospital, a high school, water for purchase, waste-dump facilities, an airport, a 
railroad line, an Ace Hardware store, and an all-night eating establishment and motel (Penny’s). 
Rollins Machine Company in Milford can provide earth moving, water hauling and construction 
equipment. Milford is serviced by Route 257 from the north (Delta) and Route 130 from the 
south (Minersville, Beaver). Both are two lane-paved roads. The Union Pacific rail (UPR) line 
parallels Route 257 and, if needed, can be used for transport of heavy equipment. The line runs 
north-south passing through Milford and close to the FORGE site. Milford is a hub for changing 
UPR crews.  
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The Milford Municipal Airport is 1.5 miles north of Milford. It has a 5000 ft paved runway that is 
suitable for small aircraft.  

Beaver is located adjacent to Interstate 15, the main north-south highway in Utah, and 
approximately halfway between Salt Lake City and Las Vegas. The 200 mile drive from Salt Lake 
City takes about 3 hours. Beaver has numerous eating establishments, service stations and 
motels. Both Salt Lake City and Las Vegas have international airports to serve overseas visitors. 

Cedar City has a population of 29,000 that is growing. It has a regional airport with service from 
Salt Lake City, and it is home to Southern Utah University and a regional Shakespeare festival. 
Numerous motels and eating establishments support the university and visitor activities. Both 
the UGS and the BLM have offices in Cedar City. 

Diesel fuel and propane are available in Cedar City and can be provided by Jensen Oil & C 
Stores. Rollins Machine in Milford can provide a range of light to heavy equipment and qualified 
operators. 

There are several sources of water available for the project. Water for drilling the 7000 ft well 
that will be drilled in 2B can be can be purchased from Milford and trucked to the site 
approximately 10 miles away. Smithfield’s water wells are located approximately 6 miles north 
of the drill pad. These wells provide an alternative source of water under a lease agreement 
between Smithfield and the University of Utah. Because the water near the FORGE site in North 
Milford Valley is not potable, bottled water will be used for drinking and cooking. A small-
diameter water well at the office site (water level at 150 ft depth) or water piped from the 
proposed groundwater wellfield to the office can be used for non-culinary purposes.  

The FORGE project has acquired sufficient water for drilling, stimulation and heat-sweep 
testing. We have acquired rights to 300 acre-feet per year from the State and Smithfield has 
agreed to lease an additional 200 acre-feet to the project if required (see attached MOU). A 
portion of the water (50 acre-feet per year) is for consumptive use to allow for evaporative 
cooling of the produced hot water if needed. 

A well that was drilled to 12,650 ft depth in 1979, Acord-1, was lightly plugged and is potentially 
available for testing tools and possibly also for experiments in the granite section at the bottom 
of the well. The well will be cleaned out during Phase 2C. 

There are several existing groundwater wells near the FORGE site that will be available for 
monitoring water level and water quality. These are discussed under the section “Groundwater 
Supply Wells”. 

The Project plans to reduce infrastructure costs wherever possible by taking advantage of 3rd 
party upgrades. Smithfield’s planned hog farm development adjacent to the FORGE site will 
require new transmission lines and roads, water wells, and road maintenance. Currently, the 
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nearest residential power line hookup is located approximately 3 miles southwest of the 
proposed FORGE office site. This line can provide up to about 200 kW to the FORGE project, 
which will be sufficient for groundwater pumping and the office facilities. Additional power will 
be required to run the injection and production pumps at the FORGE site, but these pumps will 
not be needed until 2020 or later. Smithfield has informed us they plan to begin construction of 
the hog farm this year. Utilizing infrastructure developed by Smithfield, rather than initiating 
new upgrades, will reduce FORGE expenditures and, in our opinion, represents the prudent 
approach to infrastructure development of the FORGE laboratory. Detailed analyses of the 
electrical needs and costs, including the use of diesel generators, are discussed below in 
sections on Phase 2C and 3.  

B. DESCRIPTION OF PLANNED INFRASTRUCTURE UPGRADES AND NEW 
INFRASTRUCTURE 

The project will showcase state of the art technologies for EGS reservoir testing and 
development. The supporting infrastructure that needs to be constructed and/or upgraded is 
shown in Figure 2 and includes: 

1. An office building housing the visitor center, communications hub, parking and 

storage/workshop facilities 

2. Expansion of the transmission line for electric power 

3. Water wells and water pipeline 

4. Fiber optic line to allow connection to the internet for remote data monitoring 

5. Drill pads and facilities for heat-sweep testing 

6. Monitoring networks (seismic, GPS, tiltmeter) for imaging reservoir formation and 

growth 

7. Road upgrades 

 

These are discussed separately below, and in each case the risks and uncertainties are 
identified. 
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Figure 2. Locations of new and existing facilities and roads. Labeled roads are maintained by 
Beaver County. SR257 is the main road linking Milford to Delta, and it is maintained by the State 
of Utah. Small numbered squares are potential water well sites. A1, A2, B1 and B2 are possible 
well pads. The deep 7000 ft well in Phase 2B will be drilled at A2; the strongly deviated 
production and injection wells required for Phase 3 will likely be drilled from A1. B1 and B2 are 
alternate sites for the deep wells if the A1-A2 area is found to be unsuitable during Phase 2B 
characterization work. The utility corridor is available for power, water and fiber optic lines. 
Light gray lines are existing roads shown on the state roads database; the bold black lines within 
the FORGE site, and linking to the existing Acord-1 well, show where existing roads will be 
graded and graveled to accommodate the drilling and stimulation equipment (discussed in more 
detail below). There are two scenarios, G1 and G2, for water wells which also have implications 
for the power line.  

 

LANDOWNERS 

The FORGE site is about 2 square miles in area and comprises mostly Utah School and 
Institutional Trust Lands Administration (SITLA) and Smithfield land (Figure 3). All proposed 
deep drilling will be on land owned by SITLA. Smithfield owns the adjacent land (half-sections to 
the west and south) that could have groundwater wells drilled on them. Both SITLA and 
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Smithfield are supportive of the project. There are two owners of private land parcels, for 
which one is 40 acres (Patricia Rule, Q on Figure 3) and the other is 80 acres (Fort Churchill 
Corp., EE on Figure 3) in the northwest corner of Section 32; both owners have also expressed 
support for the project. They were recently informed that during the course of geophysical 
surveying during 2017 (Phase 2B) vehicles and survey crews on foot may cross their land, but 
their land will not be involved in the project after that surveying is complete.  

 

Figure 3. Site ownership around the Milford FORGE site. The location of the site is shown by 
diagonal hachures. Ownership data are from the Beaver County Recorder’s Office. Details of 
proposed site activities are shown in subsequent figures. Black dots are existing wells; most are 
thermal gradient wells drilled during intense geothermal exploration in the late 1970s and early 
1980s and are now unusable due to degradation of the pipe left in the holes. 

The BLM land surrounding the FORGE site will be subject to minimal use. Apart from a 100 ft 
wide utility corridor crossing two BLM sections between the project office and the FORGE site, 
there will be no further impact on BLM land. PacifiCorp owns a half-section on the east side of 
the Forge site (Labeled P on Figure 3). They are also supportive of the project, and they will 
permit installation of a seismometer in that section. Ormat Nevada Inc. successfully bid for 
geothermal exploration leases on BLM sections around the Blundell facility (Figure 4). The 
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FORGE deep wells will be in Section 32 on the west side of one of the sale parcels picked up by 
Ormat. There has been limited discussion on access to data already acquired by FORGE.  

 

Figure 4. Geothermal exploration leases acquired by Ormat in September 2016. Solid red lines 
show the eastern edge of the FORGE site; dashed red oval shows the outline of the Blundell 
steam field.  

Uncertainties and Risks 

With all the landowners around the FORGE site being supportive of the project, there are no 
risks to land access and use. All landowners have been informed about the project, and there 
have been presentations at two meetings of the Beaver County Commission, and one meeting 
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of the Milford City Council. A stake-holder fieldtrip was run during Phase 1, and the Beaver 
County Journal (newspaper) wrote an article about the project in October 2016, immediately 
after the Milford City Council presentation. There has been no opposition to the project. We 
are strongly committed to effective communication in keeping the public and all stakeholders 
informed about activities and developments as the project progresses. 

 

OFFICE SITE 

The Utah FORGE project will require an office to: 

1. Serve as a visitor’s center where the public can obtain information on FORGE 
2. Provide a secure facility for researchers to meet and store equipment, receive safety 

training, and receive and send packages and equipment 
3. Serve as a data hub for the collection and transmission of field and test data 
4. Store auxiliary equipment for project needs  
5. Serve as a gathering site in the case of emergencies 
6. Provide emergency sleeping quarters 

 

The proposed site will be located adjacent to Antelope Point Road approximately 0.5 miles east 
of the SunEdison Maintenance Office. The FORGE office will be located on a gated and fenced 
1.5-acre lot. Figure 5 illustrates the layout for the office site and supporting facilities.  

The site has several important advantages. It is adjacent to a county maintained road with easy 
access to Route 257, the main road to Milford. It is close to the rail line and airport. SunEdison, 
the current owner of the windfarm, provides 24-hour security for its facilities and office. The 
proximity of the SunEdison office to the FORGE office will provide extra security during periods 
when no one is at the FORGE site. The FORGE office compound is adjacent to an existing fiber 
optic cable and the proposed electric power line that will be constructed for the FORGE project. 
The land proposed for the office compound is flat, easily graded, contains no identified cultural 
resources and is on private land owned by Smithfield. The water table at this location is at a 
depth of <150 ft depth. Tests of the well at the SunEdison facility indicate an adequate supply 
of water could be obtained from a shallow well for nonpotable use, including washing, non-
culinary applications and fire-fighting. Scenario G2 for the groundwater supply has the wellfield 
close to the office site. Alternatively, water could be piped from the groundwater well field 
located to the east if scenario G1 is adopted. 

The compound will have an office/visitor center, two storage containers for equipment owned 
by the University of Utah and the researchers, and an additional container unit which will be 
fitted out as a lab and workshop facility. These facilities will provide security for equipment 
required by the management and research teams working at the site. The compound will have 
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adequate space for parking vehicles and trucks making deliveries and pickups, and for storing 
large items such as casing and water pipes. For security, the compound will be fenced with a 
locking gate, and lit at night. Cameras will be placed around the compound for additional 
security. We have included the cost of solar panels to provide electricity for the office. 

The office is not intended for use as permanent living space. It will contain a dining and kitchen 
area, offices for the Site Manager and data hub, a room for conferences, a small visitor’s 
reception area, a bathroom, and a small sleeping area. Adequate motel and dining facilities for 
team members and researchers are available in Milford and in Beaver.  

Both the University of Utah and the State have expressed support for a visitor’s center and 
educational signage. At the moment, there are display panels near the southern end of 
Antelope Point Road, but these only describe wind energy and the wind turbines. A new panel 
display next to the FORGE office compound will expand awareness of the geothermal potential 
and the technology development planned at for the site.  
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Figure 5. Layout of office site, and possible design of the office. 

 

Alternative site options 

Several alternatives were considered for the office site. These include a site ~3 miles north of 
the proposed site on Antelope Point Road, renting space within the SunEdison office, and 
renting space in Milford. Secure storage facilities are also available in Milford.  
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The primary objection to the northern site is its remote location. Activity at the office 
compound will be limited during non-daylight hours and when no drilling or stimulation 
activities are occurring. The site’s security is important, and this northern location offers no 
advantages in this regard or cost savings in respect to construction.  

We have discussed the possibility of renting office space in the SunEdison facility with their 
manager. Utilizing their existing space has some cost advantages to the FORGE project but a 
secure storage yard would still be required and this could greatly increase foot and vehicle 
traffic at the SunEdison facility. SunEdison expressed that non-company visitors to a FORGE 
office in their facility will not be allowed in order to adhere to NERC security policies. Sun 
Edison are undergoing chapter 11 bankruptcy restructuring, and their wind farm has been 
offered for sale. A new buyer is expected to be announced early in 2017. 

We evaluated the availability of suitable rentable office space in Milford but there is none. Even 
so, Milford is too far from the FORGE site to store equipment and to serve as a hub for scientific 
studies and day-to-day operations.  

Uncertainties and Risks 

There are no risks or uncertainties in locating and constructing the office site. At this point, our 
preferred office site (Figure 2) is mostly influenced by practical issues such as proximity to the 
FORGE site. The large hog farm development Smithfield is planning throughout the area of the 
windfarm (discussed below) is expected to have a positive effect on FORGE infrastructure 
development. Their development will require upgrades in power and communication lines, 
road construction and maintenance and groundwater wellfield development. Thus there may 
be synergies in our preferred office site and preferred groundwater wellfield (option G2) with 
their operations and a possible truck-washing facility on the opposite side of Antelope Point 
Road. 

 

VERTICAL WELL DRILL PAD 

In Phase 2B, a 7000 ft vertical well will be drilled on pad A2. Figure 6 shows the general layout 
for the pad. The well will be located above the toes of the deep production/injection wells. In 
Phase 2B, the well will provide direct information on temperature, rock type and stresses within 
the granite reservoir. In Phase 3, geophones will be installed in the well to monitor crack 
formation and growth as the reservoir develops between the deep production and injection 
wells. This should allow very accurate detection of microseismicity associated with reservoir 
enhancement. At other times, the well can be used by researchers for testing tools and new 
techniques for monitoring the reservoir.  
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Figure 6. Layout of the A2 pad for the 7000 ft vertical test well during drilling.  

 

Once the drilling and testing of the well are complete, the trailers, storage tanks and drilling 
equipment will be removed. A large water storage tank will be installed after the site is cleared 
to provide water for drilling and stimulating the deep production/injection wells. The pad will 
be surrounded by a berm in case there are any spills. The site will be reclaimed at the end of 
the project.  

Uncertainties and Risks 
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The primary purpose of this 7000 ft well is to establish the thermal regime and characteristics 
of the granite beneath the FORGE site. There are always risks during drilling that result from 
equipment failures and unexpected drilling conditions (e.g. major loss zones), particularly at 
sites that have not been previously drilled. Uncertainties in drilling costs are always greatest for 
the first well, but decrease as site-specific experience is gained. A team with strong experience 
in drilling hot granitic rocks designed the drilling plan and will supervise the drilling. The design 
of the well and the testing once the hole reaches total depth is described in the Environmental 
Impact Volume (p. 16). The plan includes direct measurements of temperature, permeability, 
rock type and stress. 

During drilling operations, a minimum of 50,000 gallons of cool water will be stored on site. The 
well will be drilled through a Blow-out Preventer (BOP), although the likelihood of its necessity 
is low. 

During Phase 2B, in addition to the drilling and testing of this deep vertical well, a variety of 
geoscientific surveys will be conducted to develop an improved three-dimensional image of the 
site. Possibly the most important is the 3-D seismic reflection surveying using state-of-the-art 
data acquisition and interpretation techniques. At the end of Phase 2B, all the technical 
information will be integrated. Although considered unlikely, if for some reason the reservoir 
site beneath pads A1 and A2 does not meet FORGE requirements, the deep drilling site can be 
shifted south by 0.75 miles to pads B1 and B2. The B pads are also covered by seismic reflection 
and other geophysical surveys. 

 

WATER SUPPLY WELLS  

Water will be required for drilling the deep wells, the stimulation activities, and subsequent 
circulation testing. Water rights for 250 acre-ft per year (81 million gallons/year) of non-
consumptive use and 50 acre-ft per year (16 million gallons/year) for consumptive use have 
been acquired by the project. An additional 200 acre-ft of water has been offered by Smithfield 
under a lease arrangement. The pump requirements for supply wells and getting water to the 
main storage tank on drill pad A2 are expected to be the main source of power demand for the 
first few years of Phase 3. Pad A2 is about 100 feet higher than pad A1, so water can flow to 
smaller tanks on A1 during the drilling, stimulation and circulation testing in Phase 3. The 
drilling activities during Phase 2B will use water trucked in from either Milford City or from 
Smithfield groundwater wells about 7 miles north of the FORGE site.  

 

Two to three water supply wells may be required to supply the required water for Phase 3 
based on the productivity of a supply well drilled for the First Wind/SunEdison maintenance 
facility (Figure 2). A transfer pump will be required to pipe water to a tank on pad A2. Two 
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scenarios have been considered for the water supply system (called G1 and G2; Figure 2). 
Scenario G1, in the west half of Section 5, is the option closest to the deep wells, with the 
groundwater wells between 0.5 and 0.8 miles south of pad A2. This option requires power to be 
extended to at least a distance of over 6 miles from the Rocky Mountain Power terminal 
(assuming the pumps receive power from the electric line). The alternate groundwater wellfield 
at G2, near the office compound, requires a power line of half that distance and half the cost. 
Comparisons of G1 and G2 wellfield scenarios are shown in Figures 7 and 8, and an economic 
analysis is included in the discussion of Phase 2C. A discussion of the power requirements is 
also contained in the next section of this report. The option of having the groundwater supply 
wells in the western half-section of the FORGE site (i.e. near wells 1 and 2 in Figure 2) was not 
seriously considered because of the remote possibility of drawing down the groundwater table 
close to the wind turbine lines. The western half-section of the FORGE site is about half a mile 
from the eastern end of wind turbine array 3, and simple numerical modeling has suggested the 
extent of drawdown from sustained production could extend up to a mile. 

Although the water table is deeper at G1 than near the office compound, the head (elevation) is 
the same because of the 400 ft difference in ground surface elevation. Therefore, the required 
lift to get water to Pad A2 should be similar for the G1 and the G2 wellfields. Although the 
power line to G1 is longer, the length of surface piping will be much shorter for the G1 wellfield. 
A groundwater well at the SunEdison facility near G2 has proven permeability, a temperature of 
88oF (31°C), and total dissolved solids (TDS) content of 4000 mg/kg, so there is confidence that 
wells at G2 will have the required productivity. The temperature of the groundwater beneath 
G1 is expected to be about 140°F (60°C) and the TDS content of about 6000 mg/kg, but the 
permeability of the alluvium between the inferred water level at about 500 ft depth and the 
assumed maximum depth of groundwater wells about 1000 ft is unknown. It is possible the 
alluvium is cemented because of hydrothermal alteration. Inspection of shallow drill cuttings 
from the 7000 ft deep well from Phase 2B will help determine if this is the case. Comparative 
cost analysis shows that the increase in cost of building the pipeline in G2 is considerably less 
than the cost of running the power line to G1, making G2 a much more cost effective option. 
Furthermore, the most likely location for Smithfield’s new power line will follow Antelope Point 
Road (Figure 3) to the north, passing the office and coming close to the deep well site. A 
detailed analysis is given in Tables 3, 4, and 5. Thus it is prudent to wait until Smithfield’s plans 
for new transmission lines are developed before we embark on costly engineering designs and 
power line construction.  
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Figure 7. Details of the power line, pipeline and water tanks required for wellfield G1. 
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Figure 8. Details of the powerline, pipeline and water tanks required for wellfield G2. 

 

At the end of drilling, stimulation and circulation testing in Phase 3, any surplus water stored in 
the main tank at A2, or smaller tanks at A1, can be disposed of in a groundwater disposal well. 
An appropriate well could be sited near wells 1 or 2 west of pad A1 (Figure 2). This is an 
additional 100 feet downhill from pad A1. Although the water rights include both water 
production and disposal, a disposal well will need an approved plan of operation by the State 
Engineer (Utah Division of Water Rights) and by the Utah Department of Environmental Quality 
(DEQ).  

Continued monitoring of water quality and water levels in water wells near the FORGE site will 
be an important part of all stages of the project. In addition to the supply wells at G1 or G2 
wellfields, and a disposal well likely near the west side of the FORGE site, existing wells can 
provide important baseline data and opportunities for long term monitoring. Four groundwater 
wells are located within 5 km to the west and down-gradient of the FORGE site (Figure 9). 
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Recent geochemistry and isotopic data has been collected for wells FWW and SSW. These data 
along with older geochemical data collected from the WOW2 and WOW3 wells represent 
baseline geochemical conditions for groundwater down-gradient of the FORGE site (Simmons et 
al., 2016). Annual water levels have been measured in wells WOW2 and WOW3 by the U.S. 
Geological Survey. Wells SSW and FWW have sporadic long term water level data, with recent 
measurements from 2015. All four wells could be used for continuous water level monitoring 
and periodic geochemical sampling during the FORGE project. Numerous wells other than those 
shown in Figure 9 exist at distances greater than 5 km from the FORGE site. Water levels and 
geochemistry from several of these wells could be monitored to establish far field groundwater 
conditions during the FORGE project. 
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Figure 9. Groundwater wells available for monitoring. Colors on the base map represent the TDS 
contents of the groundwater. G1 and G2 are the two groundwater wellfield options under 
consideration for the FORGE site. Economic analyses indicate G2 is significantly cheaper than 
G1. 

Uncertainties and Risks 
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The project has secured ample water rights for all phases of the FORGE project. Although wells 
at G2 should have the required permeability based on the nearby First Wind/Sun Edison well), it 
is unclear whether up to three wells will be required to supply the required for a sustained 500 
gpm flow rate. Even if the first well has excellent permeability and can supply the total flow, we 
recommend a second well so pump maintenance can occur without affecting the water supply 
to the FORGE project.  

 

POWER REQUIREMENTS 

The FORGE site is located within a power corridor (Figure 10) and is surrounded by wind, solar 
and geothermal power plants (Figure 1). However, there is no residential power supply within 
North Milford Valley, and the nearest terminal is near the railway crossing on Geothermal Plant 
Road (Figure 2). This is 3 miles from the proposed FORGE project office. Discussions with Rocky 
Mountain Power (RMP), the sole residential power provider in Utah, have allowed them to 
provide an estimate of the cost to run power the 6 miles to pad A1 on the FORGE site, with the 
route passing the site office, and using the utility corridor that is being permitted as part of the 
NEPA process (refer to EIV). A copy of the estimate from RMP is attached as Appendix 3 to this 
Infrastructure report. 

The estimate from RMP assumes 200 HP (150 kW) of pump power and 50 kW of single phase 
120/240V 200 amp power for the project office. This is sufficient to meet pump power needs of 
the groundwater supply system, and power for the project office. RMP have indicated that this 
is the maximum power available from the terminal on Geothermal Plant Road. Once there are a 
pair of deep deviated wells at the site (likely after 2020), additional pump power could be 
required for long-term circulation and heat sweep testing. By then Smithfield will have built 
their hog farm facility, and additional power will be available, if required, from a new powerline 
along Antelope Point Road. Pad A1 is 1.5 miles from Antelope Point Road. Details on the 
Smithfield hog farm plans are given below. Their power requirements exceed 1.5 MW. 

The estimate from RMP is $1.2 million for the 6 mile line to pad A1. This is an above-ground line 
except for a 300 ft length underground where the line crosses beneath the Sigurd-Red Butte 
345 kV transmission line. The line crosses the UPR tracks above the ground. The groundwater 
wellfield options G1 and G2 (Figures 7 and 8) require the line length to be close to 1.25 miles 
and 4.35 miles, respectively. As discussed below, option G2 is preferred because it costs less to 
develop. 
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Figure 10. The FORGE project is close to several major transmission lines. On the west side of 
North Milford Valley is the IPP 500 kV DC line (2000 MW capacity) and the recently permitted 
Transwest 600 kV DC line (planned for 3000 MW capacity; yellow band). The Sigurd – Red Butte 
345 kV line, just completed by PacifiCorp, runs about 1 mile south of the FORGE site (red line). 
PacifiCorp also has a 138 kV line that extends from east of the Mineral Mountains to near the 
Blundell power plant and runs southwest to Milford (blue line). This line passes about 3 miles 
south of the FORGE site.  

Beaver County is currently clarifying legal certainty that utilities (power or water) can run in the 
road corridor adjacent to Antelope Point Road (a county road). They believe this will be a 
straightforward process. 



DE-EE0007080 

University of Utah 

 

TASK 2A.5 DETAILED TECHNO-ECONOMIC INFRASTRUCTURE ASSESSEMENT 

21 

 

Uncertainties and Risks 

The 200 kW power requirements for the FORGE site may require a lead time of a year in order 
to be constructed. No contract commitment to RMP can be made until final approval to 
proceed as the winning site occurs in mid-2018 based on the information we have now. Phase 
2C is only 8 – 12 months in duration, and this may not be sufficient time for getting power to 
the groundwater wellfield by the start of Phase 3. However, generators can be used to power 
the pumps, if needed. Thus we see no risk in pumping water to the wellfield. 

The other major uncertainty is the timing of the power infrastructure for the Smithfield hog 
farm project. If their permits proceed as planned, their timeframe may be faster than that for 
FORGE. In that case, FORGE may tap directly into the new power line that will run northwards 
on Antelope Point Road. 

 

SMITHFIELD HOG FARM PLANS 

Smithfield has announced plans for a major hog farm development on their land largely 
northwest of the FORGE site (Figure 11). The 66 buildings will be paired and located on 33 sites. 
Permits have been applied for, and the company intends to be pouring concrete by March-April 
this year. Most of the project will be completed within a year of gaining the required permits, 
although completion of their project may take several years. Jim Webb, Environmental 
Manager for Smithfield, has informed the FORGE team that hog farm sites very close to planned 
FORGE activities (e.g. the half section in Section 5 representing the southern part of the FORGE 
site), can be moved around to accommodate FORGE requirements. On the opposite side of 
Antelope Point Road from the FORGE project office, Smithfield is planning a truck-washing 
facility. Email correspondence regarding the possibility of FORGE having a groundwater 
wellfield next to the project office, and potential synergies regarding water wells, have been 
positive. A shared water supply “may work” although Jim Webb notes that their truck-washing 
facility could be several years away.  

The scale of the proposed Smithfield hog farm development is large compared to FORGE. Their 
power demand will be in excess of 1.5 MW, whereas FORGE requires 200 kW and perhaps an 
additional 200 kW once long-term flow tests between deep wells occurs. Similarly, Smithfield 
has over 2000 acre-ft/year of water rights compared to 300 acre-ft/y for FORGE. Smithfield has 
three large wells on the north side of the wind farm about 7 miles north of FORGE (NWIS 5 on 
Figure 9 is one of their wells). The water quality here is high, in contrast to the geothermal 
content of the groundwater beneath the FORGE site. 
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It is premature to discuss whether there are direct-heat needs for the Smithfield project that 
geothermal wells could help with, but we are aware that such possibility deserves further 
investigation. 

Uncertainties and Risks 

The development of a major agricultural facility adjacent to the FORGE site is considered to be a 
benefit to the project. Increased infrastructure such as power and water should provide 
additional options depending on the timing of the Smithfield development. Smithfield are very 
supportive of FORGE, providing 1 square mile of the FORGE site at no cost, and the land where 
the project office will be sited. Preliminary discussions show they are open to possible synergies 
between their project and the requirements and goals of FORGE. 
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Figure 11. Smithfield plans for a hog farm operation. FORGE site outline has been 
superimposed. 

FIBER OPTIC LINE (COMMUNICATIONS) 
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Information from seismometers and data loggers around the FORGE sites will be telemetered 
to the FORGE office. A communications hub in the office will then transfer the information to 
the internet allowing remote monitoring. 

South Central Communications (SCC) is the fiber optic service provider in much of southwest 
Utah. A fiber optic line currently connects to the SunEdison windfarm maintenance office 
(Figure 2) from a hub near the UPR crossing on Geothermal Plant Road operated by L3 
Communications, a regional fiber optic communications company (Figure 2). Negotiations have 
begun to see whether this line can be extended to the office site, a distance of 0.7 miles. With 
typical costs of $4-6 per foot for underground cable, the cost to connect the project office 
should be about $15k (verbal communications on 12/7/2016, SCC Office, Cedar City). Although 
SCC owns the cable into Sun Edison, the connection to this line needs to occur at the node (end 
point) of this cable. Since this is on Sun Edison land, their permission will be required to run the 
cable 350 ft north to a Smithfield section. Discussion with the present maintenance manager of 
Sun Edison indicates no problem, but final approval will need to come from the new owners of 
this facility. Sun Edison has been in Chapter 11 bankruptcy proceedings and a new owner is 
expected to be announced in January 2017. 

An alternative for the fiber optic line is to string it from the power poles of the new power line 
that RMP will install along Antelope Point Road. SCC have said in this case, the cost of a fiber 
optic cable will be $1.75 per lineal feet of aerial span, $200 per pole that SCC attaches to, and 
$10 per ft for any buried cable installation at either end of the line. An initial assessment based 
on the RMP ballpark plans indicates the total cost could be around $100,000. If the cable were 
to run underground from the SCC node on Geothermal Plant Road, the cost would be also be 
about $100,000. A more accurate estimate will be sought if discussions with the new SunEdison 
owners are unsuccessful. 

Uncertainties and Risks 

The primary uncertainty is whether a fiber optic connection can be made to the SCC node at the 
SunEdison maintenance facility. Alternative connections are available, but the cost is greater. 
Once a new owner of the windfarm facility is known, it should be possible to start discussions 
on the nearby connection. If the fiber optic cable has to be run from the SCC hub on 
Geothermal Plant Road, the timing of the connection could be dependent on RMP constructing 
the power line if their poles are used. A more rapid connection is likely if only SCC is involved. 

ROAD UPGRADES 

 

The existing network of roads provides access to all of the sites within the FORGE project area. 
Relatively minor roadwork is needed to improve Salt Creek Road (refer to Figure 2) from its 
termination at Antelope Point Road. The center of the road will be leveled and the road will be 
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topped with approximately 4 inches of gravel to mitigate damage by the heavy equipment 
needed for the drilling, stimulation, and research activities (e.g. vibroseis and logging trucks). A 
similar improvement will also be made on the access road to Acord 1 (Figure 2). The cost of 
these improvements is estimated to be $120,000 as discussed below in the cost analysis. 

Uncertainties and Risks 

None. Use of the County roads will be covered under the Conditional Use Permit. The project 
will be liable for negligent road damage. Beaver County is supportive of this project and has 
indicated the permit should be obtainable.  

SEISMIC MONITORING DRILLHOLES 

Up to ten 500-ft-deep bore holes will be drilled around the FORGE site for high-precision 
seismic monitoring and up to six additional seismometers may be placed on the surface on the 
west and east sides of North Milford Valley. The bore holes will be drilled using a truck-
mounted drilling rig. No drill pads or reserve pits are required. The area of disturbance for each 
seismic monitoring hole is approximately 50 × 50 feet. Cuttings will be tested and if 
nonhazardous, used for local construction. The drillholes will be cased with 6-inch-diameter 
casing, and each will contain a single three-component geophone. Electricity will be provided 
by a solar panel, and the seismic data will be telemetered to the communications hub at the 
office. Figure 12 shows an example of the surface equipment that could be situated adjacent to 
the drillhole. Equipment may be fenced to protect it from livestock.  
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Figure 12. Surface equipment at a seismic monitoring site at the Raft River geothermal field. The 
geophone is located at the bottom of the capped 300-fthole in the lower right. Data are 
telemetered to a hub more than 1 mile away. The yellow poles keep cows and horses away from 
the cement pad and the wire attached to the geophone.  

GPS SURVEY MONUMENTS, TILTMETERS, AND SEISMOMETER SITES  

A network of 31 GPS survey monument stations and two survey base monument stations (total 
of 33 stations) will be installed to detect and measure any significant ground surface 
deformation. The network is intended to monitor elevation changes in and around the FORGE 
site as a result of stimulation or circulation activities. All stations will be sited close to existing 
roads.  

A truck-mounted auger is required to drill each hole. No drilling pads are required. The area of 
disturbance for each station is approximately 20 × 20 feet. Cuttings will be spread on-site. For 
each station, a rod is driven into the soil with a grease-filled sleeve surrounded by sand to 
effectively decouple the rod from near-surface movements. A marked bronze survey cap will be 
installed on the top of each rod. Each monument station will be measured several times during 
Phase 2C to determine the elevation at the sites prior to major drilling and testing in Phase 3. 
Accuracy within several millimeters is expected. To conduct measurements at each site, a hand-
held antenna needs to be balanced on the top of the survey cap, so that a GPS receiver can 
record the precise location.  

Additionally, up to nine tiltmeters may be installed within 2 miles of the FORGE site. These 
instruments are sensitive to tilt of the ground surface and supplement the measurement data 
from the monuments. The tiltmeter consists of an aluminum tube that is held in place with 
clean, dry sand at the bottom of a 12-meter-deep hole cased with cemented 10-centimeter-
diameter PVC pipe (Figure 13). The surface disturbance for each station is approximately 20 × 
20 feet. The hole is dug with a geotechnical or rat-hole driller using a simple flight auger. 
Cuttings will be spread on-site. Electricity will be provided by a solar panel, and data will be 
telemetered.  
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Figure 13. Schematic cross sections of a National Geodetic Survey-style monument (A) and 
surface tiltmeter (B). The right hand picture in B is an example of a typical surface tiltmeter 
instrumented site. 

Four surface seismometers were installed during Phase 2A, and the network now comprises six 
seismometers which telemeter data to the University of Utah Seismograph Station office in Salt 
Lake City. The locations of the seismometers are shown in Figure 14, and up to six additional 
surface seismometers will be installed in Phase 2C. Also in Phase 2C, we will install up to 10 
seismometers below the surface in 500 ft strong bore holes. Their locations will be decided 
after the results of Phase 2B drilling and geoscientific surveying are available. 

    

A. GPS monument B. Tiltmeter site 
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Figure 14. Extent of geoscientific surveys for Phase 2B. LiDAR, blue dash. Resistivity (MT and 
TDEM), gravity and soil gas surveys, red dash. 2-D and 3-D seismic reflection, dark orange dash, 
and seismometer sites, red-yellow triangles. Topography at 100 feet intervals in background 
(office site is at 5100 ft; pad A2 at 5500 feet, and pad A1 at 5400 feet above sea level). 
Seismometer NMU has been operating for over 25 years; FORU was installed during Phase 1, 
and the other four seismometers were installed during Phase 2A. FOR1 is in the lower left of the 
figure; the remaining five are located within the outer dashed red box.  

Uncertainties and Risks 

There are no known risks associated with this monitoring. 

 

ACORD-1 WELL 

During Phase 2C, the Acord-1 well (a pre-existing well) will be cleaned out for testing tools (see 
Figures 15a and b). The well was lightly plugged when it was abandoned in 1980. Access to the 



DE-EE0007080 

University of Utah 

 

TASK 2A.5 DETAILED TECHNO-ECONOMIC INFRASTRUCTURE ASSESSEMENT 

29 

well is by an existing two-track road. A drill rig would remove the two cement plugs (50 feet 
thick and 200 feet thick) and all mud in the hole. Total depth of the well is 12,650 feet. The mud 
and any cement cuttings would be removed to a landfill (if required) after chemical testing. The 
cleanout operation requires water, either from an existing well 1,000 feet from Acord-1 that 
the project has a water right for (well #7, Figure 2), or from Milford City. The cost of the clean-
out is estimated to be $1 million. 

 

 

Figure 15a: Wellhead of Acord-1 
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Figure 15b: Stratigraphy, casing pattern, and plugs in Acord-1. There is 1640 ft (500 m) of 
granite and gneiss in the lowermost portion of the well below the cemented liner. The 
temperature at the bottom of the well is 446oF (230°C).  

 

Uncertainties and Risks 

Acord-1 was drilled in 1980 but was unproductive. The casing is 38 years old, so there is a risk 
that degradation has occurred at depth. The well has great value to the project because of the 
open section in the granite and the possibility that tools can be tested in this well before being 
lowered into the much more expensive deep wells on the FORGE site. There is also the 
possibility that injection and hydrofracture testing could be carried out in the open hole 
section.  
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DEEP PRODUCTION-INJECTION WELLS 

The FORGE injection/production wells will make up the focal point of activities during Phase 3. 
Activities will include well drilling, downhole and geophysical surveys, well stimulations, heat 
sweep testing and monitoring. Circulation tests will require measurement of downhole and 
wellhead flow rates, pressure and temperature, water storage, a heat exchanger for cooling the 
produced water, piping to connect the injection and production wells, wellhead pumps and 
appropriate data gathering system. Forklifts and cranes for moving heavy equipment will be 
required at times. 
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Figure 16. Schematic figure of the infrastructure on the FORGE deep well site (Phase 3). 
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The drill pad will be constructed in Phase 2C so that the first deep well can be drilled early in 
Phase 3. Figure 16 is a schematic illustration of the pad after the drilling of the two deep wells. 
The Utah team has proposed a drilling plan for consideration by the STAT and has 
recommended stimulating the lowest three stages of the first well immediately after drilling. 
However, the drilling, stimulation and research activities will be defined by the STAT as 
described in the FOA. 

The level of funding provided by the DOE will define the drilling and stimulation program. These 
activities could be accomplished within a year; however, it is likely more than two years will be 
required to drill and stimulate the wells and create the reservoir.  

CIRCULATION TESTING 

Once two deep wells are drilled and stimulated, the project will enter a phase of circulation 
testing. Details of the circulation tests will be defined by the STAT. We expect that multiple 
circulation tests will be conducted. Variables that need consideration include the period and 
duration of the circulation test, the temperature of the injected water, addition of additives 
(e.g. acids) to improve permeability, and the injection pressure.  

Circulation testing will be conducted after both wells are drilled and stimulated and the injected 
fluid is successfully circulating between wells. The produced water could be cooled by a variety 
of methods. We expect the water will approach the temperature of the reservoir rocks, which 
will range from about 175 to 200oC. Air-cooling is the preferred method of cooling as it will 
reduce water losses caused by evaporation. Cooling could be augmented by mixing with cold 
water stored in a large tank on pad A2. Some tests could last several months or more. Make-up 
water, which will be provided by the water wells, could be required if there are subsurface 
losses from the stimulated reservoir. The amount of make-up water that will be required 
cannot be estimated a priori. Consumptive loses from a cooling tower will depend on climatic 
conditions. These loses can be mitigated by dry cooling. Assuming evaporative cooling, AltaRock 
predicted a consumptive loss of 16.3-37.6% for circulation tests ranging from 30 - 60 days 
respectively at for their Newberry EGS Demonstration Project. Additionally, it was assumed that 
2% of the injected volume is lost due to leak off in the reservoir. 

Environmentally benign tracers will be added to the injected fluid to trace fluid movement and 
map out the permeable pathways. Each test will consist of flowing the produced water to the 
injection well while monitoring geothermal fluid temperatures, pressures, flow rates, 
chemistry, and tracer contents. Depending on the tests and the scientific questions being 
addressed, the produced water may be temporarily stored in steel tanks and cooled to varying 
degrees, or reinjected directly into the injection well with little cooling. Injectivity tests may be 
conducted on each well without production of the water from the second well to evaluate the 
effects of thermal or other stimulation techniques. 
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C. SCHEDULE AND BUDGET FOR INFRASTRUCTURE 

This analysis is based on bids and estimates (Appendices below) we have received for the full 
range of infrastructure requirements over the life of the project (i.e. Phase 2B, 2C, and 3). The 
most accurate data are available for Phase 2B activities. Due to project needs, circumstances, 
and economic factors that could change by the time of Phase 2C and Phase 3 activities, the 
uncertainties are greater.  

 

PHASE 2B 

In Phase 2B a research well to 7000 ft total depth will be drilled. It requires a graded well pad, 
2.25 miles of road improvements and fencing. It will cost $42,500 to rehabilitate the site. A 
summary of costs are summarized in Table 1. The details of the costs are included in Appendix 
1. 

Table 1. Phase 2B infrastructure needs and costs 

7000' research well  $5,400,000  

A2 well pad 400x175 ft2 (1.6 acre)_Roads 1.25 graded and graveled; 1 mile 
graded 

 $98,012  

Fencing 6' tall x 1150 ft with 2 gates  $22,970  

Rehabilitate well site  $42,5000  

 

PHASE 2C 

In Phase 2C, we will install the utility corridor from the RMP to the FORGE site, construct the 
office and associated facilities including the workshop/lab, drill a water well field (3-4 wells), 
cleanout the Acord-1 well, and install GPS and seismic monitoring network. Itemized costs are 
summarized in Table 2. 
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Table 2. Phase 2C infrastructure needs and costs 

Utility Corridor   

  Road grading (~3.5 miles)  $14,000  

  Power line   

     option 1- 6 mile line from RMP terminal to G1 water wells and A1 pad  $1,200,000  

     option 2- 3 mile line from RMP terminal to G2 water wells and office site  $600,000  

     option 3- 1.5 mile line from New Smithfield line on Antelope Point Road to A1 pad  $300,000  

Office site   

   Two 40' storage containers  $7,200  

   20' storage container with workshop/lab space  $17,500  

   Office building including furnishings  $109,200  

   Concrete slab foundation $7,200  

   Solar Panels  $20,000  

   Septic tank  $7,500  

   Office water well (800')   $5,000  

   Permits for power/septic  $5,000  

   Site grading/preparation (1 acre)  $29,000  

   Fencing 6' tall x 853 ft with 2 gates  $17,000  

   Fiber optic cable install   

     option 1 = 0.7 miles from SunEdison office  $15,000  
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     option 2 = from SCC node on Power Plant Road  $100,000  

   Reclamation of office site (if done at time of A1 reclamation) $10,000 

    

FORGE Deep Well site   

   40' container storage  $3,600  

   40' storage container with workshop/labspace  $22,500  

   A1 well pad (5.5 acre)  $164,000  

   Fencing (6' tall x 2000 ft with 2 gates  $38,600  

   Water tank (1.7 million gallons)  $314,000  

   Fuel tank500 gal  $3,000  

   Reclamation of A1 drill pad $75,000 

    

Water well field   

   3 groundwater production wells 600 to 1000' deep  $600,000  

   1 water disposal/injection well 1000' deep   $200,000  

   3 wellhead pumps  $105,000  

   Transfer pump  $25,000  

   Transfer tank   

     Polypropylene 22,000 gallons  $45,600  

     Steel Frack tank 21,000 gallon  $39,000  
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   Water pipeline   

     G1 6,562 ft of 6" steel pipe  $103,000  

     G2 22,952 ft of 6" steel pipe  $359,000  

Acord-1   

   Clean out  $1,000,000  

   ~3/4 of a mile graded and graveled road  $29,700  

    

GPS-tilt meters   

  33 GPS monuments  $6,600  

  9 tilt meters  $156,000  

    

Seismic monitoring   

   6 surface seismometers  $13,600  

   10 boreholes @ 500 ft each  $500,000  

   10 borehole seismometers  $192,000  

    

Telecommunications Hub  $10,000  

 

A significant portion of the budget will be directed toward construction of the utility corridor 
and the construction of the water pipelines. Accordingly, two options (G1 and G2) are 
considered in terms of finding the most cost-effective design (Tables 3 and 4). These are 
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described earlier in the report, and they are shown as map views in Figures 7 and 8. Table 5 
summarizes the assumptions that are common to both options. 

Option G1. The power line distance is 6 miles and the pipeline distance is 1.25 miles. The 
elevation gain is 150 ft and the friction head loss at 500 gallons/minute is calculated for two 
pipeline designs. A single 6 inch diameter line at 64.4 psi gives a friction head loss of 149 ft; two 
4 inch diameter lines at 135 psi give a friction head loss of 311 ft. An extra 100 ft of head loss is 
estimated to result from welds and elbows required for laying and connecting the pipeline. A 
pump lift of 600 ft (450 ft static plus 150 ft drawdown) is expected. The pump power required 
to supply 200 gallons/minute/well is 37.9 kW (50.6 hp/well), which adds up to a total pumping 
power requirement of 113.7 kW. 

Table 3. G1 options for pipelines, pumps, and power requirements for water supply. 

Pipeline option 
1 x 6 in diameter line 2 x 4 in diameter lines 

Construction cost,  103,000 91,000 

Pipeline rise, ft 150 150 

Pipeline friction, ft 149 311 

Pipeline miscellaneous, ft 100 100 

Total pipeline head required, ft 399 561 

Pipeline power required, kW / hp 63.0 / 84 88.6 / 118 

Well pump power, kW / hp 113.8 / 151.8 113.8 / 151.8 

Total water system power, kW 176.8 202.4 

Energy to deliver 1,000,000 gal, kWh 5,893 6,747 

Fuel cost to deliver 1,000,000 gal, $ 825 945 

Generator rental cost for 1,000,000 gal, $ 1,096 1,096 

Delivered cost of water, $/kgal 1.92 2.04 

 

Option G2. The power line distance is 3 miles and the pipeline distance is 4.35 miles. The 
elevation gain is 650 ft and the friction head loss at 500 gallons/minute is calculated for two 
pipeline designs. A single 6 inch diameter line at 225.5 psi gives a friction head loss of 520 ft; 
two 4 inch diameter lines at 471.3 psi give a friction head loss of 1088 ft. An extra 100 ft of head 
loss is estimated to result from welds and elbows required for laying and connecting the 
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pipeline. A pump lift of 300 ft (150 ft static plus 150 ft drawdown) is expected. The pump power 
required to supply 200 gallons/minute/well is 19.0 kW (25.3 hp/well) which adds up to a total 
pumping power requirement of 56.9 kW. 

Table 4. G2 options for pipelines, pumps, and power requirements for water supply. 

Pipeline option 
1 x 6 in diameter line 2 x 4 in diameter lines 

Construction cost, $ 359,000 319,000 

Pipeline rise, ft 650 650 

Pipeline friction, ft 520 1,088 

Pipeline miscellaneous, ft 100 100 

Total pipeline head required, ft 1,270 1,838 

Pipeline power required, kW / hp 200.7 / 268 290.4 / 387 

Well pump power, kW / hp 19.0 / 25 19.0 / 25 

Total water system power, kW 219.7 309.4 

Energy to deliver 1,000,000 gal, kWh 7,323 10,313 

Fuel cost to deliver 1,000,000 gal, $ 1,025 1,444 

Generator rental cost for 1,000,000 gal, $ 1,096 1,096 

Delivered cost of water, $/kgal (diesel) 2.12 2.54 

Cost of purchased power for 1,000,000 gal, $ 769 1,083 

Delivered cost of water, $/kgal (utility) 0.77 1.08 

 

From Tables 3 and 4, the cost estimate for G1 is $91,000-103,000 and for G2 it is $319,000-
359,000. However, the cost of constructing a 6 mile power line is $1,200,000 versus $600,000 
for a 3 mile power line. Thus the G1 option costs $1,291,000-1,303,000, and the G2 option costs 
$919,000-959,000. G2 is the cheaper option. We suggest the use of 6-inch mild steel line pipe, 
which provides close to an optimal combination of cost and construction flexibility for the 
water distribution system. A rented generator is the preferred source of power for well and 
transfer pumps in option G1. In G2, power from a generator or power from a utility electric line 
are possible, and the cost analysis indicates utility electric power supply is cheaper. 

Table 5. Assumptions for analyzing options G1 and G2. 
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Project office elevation 
5040 ft 

Well site elevation 5540 ft 

Water delivery elevation from storage tank above site A2 5640 ft 

Generator 300 kW SFC 0.717 gal/kWh, rental $5700/mo 

Generator mobilization and demobilization (total) $2000 

Off highway cost of diesel fuel $1.95/gal 

Cost of electricity from Rocky Mountain Power utility $0.105 kW/hr 

4 inch water pipeline installed (used pipe) $36,630/mi 

6 inch water pipeline installed (new pipe) $82,500/mi 

Water table depth at the Project Office site  150 

Water table depth at sites A1 and B1  450 

 

Additional budget items for the utility corridor and well field include road grading $14,000, 3 
groundwater wells ($600,000), an injection well ($200,000), water well pumps ($105,000), a 
transfer pump ($25,000), and a transfer tank ($39,000-45,625 depending on material and 
purchase vs rental). Note that the groundwater wells for G2 will be shallower and cheaper, 
which is an additional factor favoring scenario G2 over G1. 

The office site covers an area of 2 acres (Figure 5) and to grade and prepare the site is $29,000. 
The fenced area costs $17,000. For the office structure, it is cheaper to rent this unit for 60 
months ($109,000) than to purchase ($142,000), and the rental agreement includes furnishings. 
However, it is cheaper to purchase the storage containers at $3,600/each ($7,200 total) than to 
rent. For the 20 ft lab/workshop facility, the rental cost is equivalent to the purchase cost of 
$17,500. Foundations for buildings cost $10,800. Solar panels will be used to power the office, 
and the cost is $20,000. The vehicle equipment shed costs $14,200. The septic tank, water well 
supply and pump (including tanks), plus permits add up to $25,000. A fuel tank costs $3000. The 
cost of installing the fiber optic cable depends on distance, and it ranges from $15,000 to 
$100,000. Other office site costs include webcams for security, first aid kits, wind sock, fire 
extinguishers, outdoor lighting, radios, tools, safety equipment, road signs, computer, data 
projector, screen, chemical spill kit, backup emergency generator, and bedding (for 
emergency), which will total about $10,000. 
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The A1 FORGE Deep Well site requires grading and road access ($164,000), a storage container 
($3,600) and a 40 ft lab/workshop facility ($22,500). Fencing costs $38,600 and a 1.7 million 
gallon water tank costs $314,000. 

The Acord-1 well cleanout will cost ~$1 million. Road improvements to the wellhead will cost 
$20,700. 

Thirty-three GPS monuments will be installed at a total cost of $6,600. Nine tilt meters will be 
rented from Schlumberger and installed at a total cost of $156,000. 

Seismic monitoring involves installation of a surface and a borehole network. The surface 
network requires up to six new units at a total cost of $13,560. The borehole network requires 
up to ten 500 ft deep wells, which in total cost $500,000, and the total cost of the borehole 
seismometers is $192,000. 

A telecommunications hub costs $10,000. 

 

PHASE 3 

In Phase 3, drilling and completion of two deep wells with doglegs is estimated to cost 
$20,000,000. A pump for the production well will cost $450,000 and a pump for the injection 
well will cost $100,000. Pipework and a cooling tower will cost no more than $200,000. The dry 
cooling tower from the RMOTC site is being stored at Brady's, and it is of the right design scale 
in terms of cooling requirements for use at the FORGE Deep Well site. It is powered by two cells 
with 25 hp motors and a 7 kW circulating pump, for a total tower consumption of 42 kW. 

Two DTS tools ($790,200), a PTS tool ($81,000), plus a wireline with a mast trailer ($176,000) 
will cost in total $1,047,200. A telehandler will cost $148,000. 

Phase 3 costs are summarized in Table 6. 

 

Table 6. Phase 3 infrastructure needs and costs 

Two deep deviated wells   $20,000,000  

Production well pump  $450,000 

Injection well pump  $100,000  
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Pipework, cooling tower and/or separator  $200,000  

Two DTS tools for production and injection wells $790,200 

Wireline and mast trailer $176,000 

Telehandler $148,000 
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Table 7. Infrastructure schedule for Phases 2B, 2C and 3.  

 

Apr-Jun 

2017

Jul-Sep 

2017

Oct-Dec 

2017

Jan-Mar 

2018

Apr-Jun 

2018

Jul-Sep 

2018

Oct-Dec 

2018

Jan-Mar 

2019

Apr-Jun 

2019

Jul-Sep 

2019

Oct-Dec 

2019

Jan-Jun 

2020

Jul-Dec 

2020

Jan-Jun 

2021

Jul-Dec 

2021

Jan-Jun 

2022

Jul-Dec 

2022
2023 2024

Phase 2B

Improve roads

Construct/grade well pad A2

Drill and test 7000' research well at pad A2

Phase 2C

Build Office Site

Contract Southwest Communications for 

fiber-optic connection

Fiber-Optic line installed to project office

Install telecommunications hub in project 

office

Contract Rocky Mountain Power for Power 

Line

Construct 200 kW power line to project 

office

Construct/grade FORGE deep well site

Drill water well field (2 - 3 wells) and 

install pumps and tank

Install water line along utility corridor to 

storage tank at pad A2, line to pad A1

Acord-1 cleanout

Install GPS benchmarks and tiltmeters

Upgrade Seismic Network (surface and 

bore hole seismometers)

Phase 3

Drill and stimulate bottom of Well 1

Stimulate remainder of well and test (R&D)

Drill and stimulate bottom of Well 2

Stimulate remainder of well and test

Construct cooling tower, pipeline and pad 

infrastructure

Decommision site
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ROUTINE OPERATIONAL REQUIREMENTS 

Road grading, dust suppression, and snow clearing will cost $50/hour, and a welder will cost 
$145/hour. Garbage collection is $397 per haul for a 30-yard long roll off trailer. Electricity is 
$0.105/kWh and diesel fuel costs $1.95 gallon. A portable toilet costs $800/10 weeks. A 
security system, including monitoring, costs $30-60/month. Telemetering data for 5 years will 
cost $2340 ($39/month). A list of local (Milford) equipment and service costs is given in 
Appendix 2. 

 

DECOMMISSIONING 

The FOA states that the site will need to be decommissioned after five years of operation. 
Based on current timing we expect that to be around 2024. Decommissioning costs will be 
assessed once a detailed Phase 3 budget is required. The State Engineer requires that a bond of 
$10,000 be paid for each deep well up to a maximum of $50,000. This is paid prior to the 
drilling of each well. If the FORGE site is chosen to be Milford, Utah, then there will be a 
minimum of $30,000 that is set aside as bonds with the State Engineer (i.e. the research well in 
Phase 2B and the two deviated wells in Phase 3). Depending on the abandonment conditions, 
which could vary from no cost if a geothermal developer takes over the project, to full plug and 
abandonment, the bond sum may cover most of the decommissioning costs. Similarly, the 
extent of required reclamation of the office site and the main FORGE site is uncertain because 
the project is on private and SITLA land. 
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APPENDIX 1. DETAILS OF RESEARCH WELL COST – PHASE 2B. 
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Costs of Vendor Services for Phase 2B well, split by sub-contracts through EGI (> 
$100,000) or Geothermal Resource Group (GRG). 
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Drilling Schedule Assumed for Phase 2B well 
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APPENDIX 2. ESTIMATES OF SUPPORT EQUIPMENT AND SERVICES 
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Office building 

Description: Modular Office space with room for meetings, 
office space, emergency sleeping quarter, kitchen, restroom 
with shower and furnishings. 

 

Specifications: See below 

 

Vendors and Quotations: ModSpace 

 

Rental price (60 months) includes furnishings = $109,186.94 

 

Purchase price (furniture not included) = $141,600 

 

Comments: 

Bid obtained by Clay Jones. Significantly cheaper to rent for 60 
months than to purchase. 

 

Rental option: 
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Purchase option: 
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Photographs and Supplementary Information: 

Floor plan with extra wall added 
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STORAGE CONTAINERS AND COMBO STORAGE WITH OFFICE/WORKSHOP/LAB 
SPACE 

 

Specifications: 

Mobile storage containers 

8’ W x 40’ L x 8’6” H 

8’ W x 20’ L x 8’6” H 

Vendors and Quotations: Quote obtained by Clay Jones via 
email. 

Jeremy O'Connor  
Inside Sales Representative  
o: 801.936.0301 Ext. 7608  
f: 480.894.6433  
joconnor@mobilemini.com  
www.mobilemini.com  

RENTAL 
 
$250 every 28 days 20' Combo  
$340 every 28 days 40' Combo  
$85 every 28 days 20' Container  
$120 every 28 days 40' Container 
 
SALES 
 
$15,000-$20,000 20' Combo  
$20,000-$25,000 40' Combo  
$2800 20' Container  
$3600 40' Container 

  

DELIVERY FEE 

$145 

Comments: 

 Rental and purchase rates are similar for the combo units over the 5+ year 
project life span. 
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 It is much cheaper to purchase the storage containers over the five+ year 
project life span. 

 Office space provides heating and cooling at drill site in inclement weather. 

 Workshop/lab space for testing, modification, assembly/disassembly of 
equipment at office site. 

 Secure storage of equipment. Weather and rodent prof. 

 Emergency phone could be hard wired to office. 

 Bid obtained by Clay Jones. 

 

Photographs and Supplementary Information: 

Example image of a 40’ storage container 

 

Example image of a 20’ office/storage combo container 
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EARTHWORK 

 

Description: 2 bids have been obtained for Well pad and road 
construction from Staker Parsons and Rollins Construction. 
Staker Parsons came in considerably cheaper. 

 

Specifications of Staker Parson bid: Graded and graveled well 
pad area of 400’ x 175’ ft, or 1.6 acre 

1.25 miles of graded and graveled road 

1 mile graded dirt road 

 

Comments: 

Bid obtained by Garth Larson 

 

Vendors and Quotations: Staker-Parsons 

 

Earth Work- Vendor: Staker Parson  
  

A2 Pad construction  $          22,000.00  

6 " road base 1700 tons @ $12.00/ton  $          20,400.00  

  

Sump included above  
  

  

A2 access road  with gravel 1 .25 mi.@ $ 27550/mile   $          34,437.00  
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B1 Access road 1 mi. @ $ 4000/mile  $            4,000.00  

  

  

Mobilization  $          16,800.00  

  

Per Diem @ $ 25/day 5 days 3 men  $                375.00  

  

Total Earth work with no cost-share offered-Staker 
Parsons  $          98,012.00  

 

Specifications of Rollins Construction bid: Graded and 
graveled well pad area of 400’ x 175’ ft, or 1.6 acre, with 
sump, 

6600’ of graded and graveled road and 

5280’ graded dirt road 

 

Comments: 

Bid obtained by Garth Larson 

Vendors and Quotations: Rollins Construction 
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FENCING 

 

Description: Three bids for chain link fencing and gates for the 
drill pads and office site. 

 

Specifications: 

6’ tall fence with 16’ wide gates 

 

Vendors and Quotations: Allied Fence Co. 

6 ft fencing = $18.33/ft  

16’ gates = $625 
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Vendors and Quotations: Robinson Fencing 

Bid from Kevin Robinson 435-586-3846 

Cedar City UT 

$14/ft for 6 ft fencing 

$16 to 17/ft for 8 ft fencing 

$1/ft for barbed wire 
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16’ gates (2) included in cost per foot. 

 

Vendors and Quotations: Stonehenge Fence 

6’ fence = $16.50/ft 

16’ gate = 945 

 

 

Comments: Bids obtained by Clay Jones. 
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FUEL TANK 

Description: 500 gallon diesel fuel tank for rent, or purchase 
of 2 285 gallon fuel tanks. 

 

Vendors and Quotations: Jenkins Oil 

 

 

Vendors and Quotations: Northern Tool 

 

285 gallon gravity feed fuel transfer tank  $    1,099.00  

hose and nozzle  $      159.00  

Shipping to Milford (1 tanks and 1 hose + nozzle)  $    1,730.00  

Shipping to Milford (2 tanks and 2 nozzles)  $    3,169.70    

Total for 2 of each and delivery  $    5,685.70    

  

http://www.northerntool.com/shop/tools/product_47580_47580 

http://www.northerntool.com/shop/tools/product_200627891_200627891 

 

Comments: 

Renting one 500 gallon tank for 60 months = $3,000. To 
purchase 2 285 gallon tanks would cost $5685.70. 

Jenkins Oil bid obtained by Garth Larsen. Northern too bid by 
Clay Jones. 
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Photographs and Supplementary Information: 
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CAT TH514C TELEHANDLER 

Specifications: 
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Vendors and Quotations: 

Trevor Shuman | Govt Sales Rep | Wheeler Machinery Co. 
4901 West 2100 South, Salt Lake City, UT 84120 
Office: 801.978.1614 | Mobile: 801.209.1882  
tshuman@wheelercat.com   

 

mailto:%20tshuman@wheelercat.com
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Purchase price $147,778.30. Deduct $8,000 if we don’t want a cab with 
heating and A/C ($139,778.3). 

 

Rental rates: Not including freight costs of $490 each way. 

  

 

Five year rental = $143,480 

Comments: 

Quote received by Clay Jones via email. PDF available. 
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LOCAL HEAVY MACHINERY RENTAL RATES 

Vendors and Quotations: Rollin Construction 
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WIRELINE AND TRAILER UNIT WITH MAST 

Description: “Capabilities of this unit include setting and pulling of 

plugs, running Pressure/Temperature gauges including PTS tools of 
Kuster origin and most slickline operations. The Mast on this unit has a 
maximum working height of 46’ is rated for a working load of 12,000 
Lbs. so it has the capability to hang a top sheave and work as a rig less 
wireline mast for electric line operations such as perforating, logging, 
and long term real time bore hole and reservoir studies using downhole 
probes” 

 

Vendors and Quotations: Tom Vail @ Western Wireline (805-
320-8023) tvail@westernwireline.com 

Rental price for 60 months = $176,064 

mailto:tvail@westernwireline.com
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Photographs and Supplementary Information: 
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PRESSURE TEMPERATURE SPINNER TOOL (PTS TOOL) 

Specifications: Detailed bid available as a pdf 

Vendors and Quotations: Kuster 

 

 

Comments: 

Detailed bid available as a pdf. Bid obtained by Clay Jones. 
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DISTRIBUTED TEMPERATURE SENSOR (DTS TOOL) 

 

Vendors and Quotations: Pinnacle/Haliburton 

 

$395,092 per well or $790,778 for the production and injection pair. 

 

Comments: 

Bid obtained by Duane Winkler 

 

Photographs and Supplementary Information: 

Detailed bid available as a pdf 
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BOREHOLE SEISMIC ARRAY 

Vendors and Quotations: Estimates from Kris Pankow 

Geophones (each)  $        1,200  

KMI data loggers (each)  $      10,000  

Cables, clamps, lightning suppression, etc. (each)  $        6,000  

VFL design (engineering firm)  $      20,000  

Total for 10 units  $    192,000  
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SURFACE SEISMIC ARRAY 

Vendors and Quotations: Estimates from Kris Pankow in phase 
2A budget 

 

5 cellular modems  $        2,250  

5 cellular antennas  $           250  

5 solar panels  $           750  

5 charge controllers  $           750  

10 AGM batteries  $        2,300  

5 ancillary materials  $        3,000  

shipping  $        2,000  

Total  $      11,300  

per seismic station  $        2,260  

 

For 6 surface station = $13,560 

 

Comments: 

Does not include telemetering costs of $39/month for each 
station. Telemetering costs = $39/month x 60 months x 6 
stations = $14,040 
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TILTMETERS 

Vendors and Quotations: Pinnacle/Halliburton 

 

 

Total cost = $156,600 and includes installation, monthly rental of tiltmeters 
and monthly reporting for 60 months 
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TANKAGE 

Description: Bids obtained for 3 types of tanks: 1)1.7 million 
gallon lake tank; 2) 21,000 gallon steel frac tank; and 3) 
22,000 gallon polypropylene tank 

 

Vendors and Quotations: Baker Corp $383,944 for 1.7 million 
gallon tank. 
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Vendors and Quotations: Rain for rent Megan Cline 801-425-
3215 
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1) 1.7 million gallon tank purchase = $314,000 (includes 
install and transport). Rental rate is $325/day 
($325*5*365= $593,125) 

2) 21,000 gallon steel frac tank purchase price range of 
$13,000 for used and $39,000 for new.  

3) 22,000 gallon polypropylene tank. Still waiting on 
purchase price. Rental price of $25/day ($25*5*365 = 
$45,625). 

 

Vendors and Quotations: 21,000 gallons Frac Tank Rental 
Staker Parson 

 

 

60 month frac tank rental = $69,900 

Comments: 

Purchase of 1.7 million tank from Rain for Rent is much 
cheaper than Baker. Steel frac tank purchase from Rain for 
Rent much cheaper than rental from Staker Parsons. 
Polypropylene tank although more expensive may be more 
resistant to corrosion than the steel frac tank. 

Photographs and Supplementary Information: 

Baker and Staker Parson bids obtained by Garth Larsen. Rain 
for Rent bid obtained by Clay Jones. 
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GARBAGE COLLECTION 

 

Vendors and Quotations: Hughes and Sons 

 

 

Comments: 

Bid obtained by Garth Larsen 
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PORTABLE TOILET RENTAL 

 

Vendors and Quotations: Hero Plumbing 

 

 

Comments: 

Bid obtained by Garth Larsen 
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WATER DELIVERY 

Description: 2 cost equivalent options 

 

Vendors and Quotations: Rollins Construction 

Option 1: 

 

Option 2: 

 

 

Comments: 

Bid obtained by Garth Larsen 
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APPENDIX 3. “BALL-PARK” ESTIMATE FROM ROCKY MOUNTAIN POWER TO SUPPLY 
UP TO 200 KW OF POWER TO PAD A1. 

 



DE-EE0007080 

University of Utah 

 

TASK 2A.5 DETAILED TECHNO-ECONOMIC INFRASTRUCTURE ASSESSEMENT 

90 

 

 



DE-EE0007080 

University of Utah 

 

TASK 2A.5 DETAILED TECHNO-ECONOMIC INFRASTRUCTURE ASSESSEMENT 

91 

 

 

 


