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DRILLING REPORT

Exploratory Drilling Program to Evaluate the Lifetime and Current Potential of the Florida Canyon Geothermal System, Pershing County, Nevada.

TASK 1: Report on Exploratory Drilling Program

Introduction

Below is a summary of the drilling program in the Humboldt House Geothermal  area  (HHGA) near the Florida Canyon mine. Five exploratory wells were drilled to test the geothermal potential of HHGA. Drilling was subcontracted to Layne-Christensen Company, Chandler, AZ. The drilling summaries are listed in chronological order according to the date that the well was commenced (spud). Two rigs were used in the drilling program; one core rig and one rotary rig. Locations of the five exploratory wells are shown on a map, along with monitoring well locations in the area. The map showing these locations is included as Attachment A.

Detailed descriptions of the cores are being conducted as a part of the geochemical and petrographic studies that are currently in progress and are not included here. Surveys for gamma ray and temperature for all five wells are included in Attachment B. These surveys were conducted in mid-July following the completion of the drilling program.

Well summaries and lithologic descriptions of the samples have been provided by Mr. Al Waibel, Columbia Geosciences, Hillsboro, Oregon.

Well P-32-2

SE of NW of Sec. 32, T32N; R33E
Well P-32-2 was spudded on the 21st of May, 2003. 90 ft. of surface pipe was also run on the 21st of May. The well was completed with 500 ft. of tubing run to bottom on the 25th of May. The core drill used on this wellbore was a CS 4000. The rig was set up on the flank of a siliceous hot spring mound. The purpose of the wellbore was to core through the hot spring mound to a depth of 500 ft.. The core will allow UNR staff to examine the character and mineralogy of the hot springs deposit. The wellbore was cored through intercalated silicified lake sediments and unlithified clay- and silt-rich sediments. 

Surface casing was set at 90 ft. the wellbore was continued to a drilled depth of 500 ft. A cellar was constructed and a 2000 psi BOP was installed on this well. Core drilling of the silicified sediments was very successful. Standard core drilling attempts of the soft unconsolidated sediments proved troublesome in that the soft sediments would wash out of the core barrel, resulting in very poor recovery. The drillers experimented with using the core barrel as the recovery tube of a ram. This was accomplished by pushing the drill rod down into the bottom of the wellbore with no rotation. This method proved highly successful for both core recovery and for penetration rate. In addition, no wellbore stability problems were identified. This technique was used for the soft sediment portions of the wellbore to 500 ft. 

Temperature gradient measurements show the wellbore has a high gradient, ranging from 10 to 66F per 100 ft. (100 to >1000 C per km), from the surface to a depth of about 330 ft. Below about 330 ft. the gradient dropped of sharply, though continued to be positive. This temperature gradient profile is interpreted as showing a lateral flow of hot water in sediments near 330 ft. depth. The continued positive gradient in the lower 150 ft. of the wellbore suggests a deeper hot water aquifer at some unknown depth below 500 ft..

The maximum temperature in wellbore P-32-2 is slightly above 80C, well below the boiling point at ambient atmospheric pressure. While a cellar was constructed and a 2000 psi BOP was installed, no situation was encountered that might have caused the well to flow or unload. Below is a table showing wellbore depths in feet, emerging core temperature at the well head in degrees F, and the actual post-completion measured wellbore temperature in degrees F. 

Table 1. Wellbore temperatures for P-32-2.

	Depth(feet)
	Mud-out Temp.((F)
	Core Temp. ((F)
	Survey Temp.((F)

	107
	81
	
	

	120
	80
	92
	131

	187
	86
	103
	147

	284
	98
	105
	166

	340
	103
	119
	171

	368
	104
	
	

	446
	124
	
	177

	463
	113
	
	

	489
	124
	
	179

	494
	128
	
	

	500
	117
	
	179


Well P-10-1

SW of NE of Sec. 10, T31N; R33E
Well P-10-1 was spudded on the 21st of May, 2003. 42 ft. of conductor pipe was also run on the 21st of May. The well was rotary-drilled to a depth of 510 ft. Surface casing was set to 510 ft. On the 30th of May a core rig was moved onto location and P-10-1 was cored from 610 to a total depth of 1500 ft. On the 10th of June the well reached 1500 ft. and tubing was run to bottom. The rotary drill was an Ingersoll Rand TH-75E and the core drill was a CS4000. A 2000 psi BOP was installed throughout the drilling of P-10-1. 

At a depth of 923 ft., at the top of a 375 ft. thick section of silicified conglomerate, drilling fluid circulation was lost. For the duration of the drilling on this well the fluid level stood at between 200 and 300 ft. below the surface. While drilling within the silicified zone the core barrel was notably discolored to near-black. This and some of the secondary minerals observed in the core suggested that H2S may have been present down-wellbore. Drilling was suspended until H2S detection equipment was brought on to location.  Approximately 8 to 12 gallons of mud was pumped down the wellbore while drilling was underway. There was no indication that the wellbore might unload at  any time during drilling or while pulling the core barrel. No H2S shows are reported during drilling operations. Below is a table showing post-completion measured wellbore temperature in degrees F. 

Table 2. Wellbore temperatures for P-10-1

	Depth(feet)
	Mud-out Temp.((F)
	Core Temp. ((F)
	Survey Temp.((F)
	Comments

	10
	73
	
	
	

	50
	73
	
	81
	

	170
	78
	
	115
	

	280
	85
	
	142
	

	500
	108
	
	187
	Bottoms-up after 12 hrs., 128F

	763
	111
	133
	243
	

	818
	113
	145
	255
	

	936
	110
	
	275
	Mud-in temp 86(F

	978
	
	148
	
	

	992
	
	
	
	Lost circulation begins. No returns to TD.


Sample description:

Lithologic notes for the rotary portion of the wellbore (0-510 ft). Observations from hand lens and 

bit reactions. Note most clay- and silt- size matrix washed from sample during drilling.

0-45

Unsorted unlithified alluvium. Lithic component size > 30 mm, with boulders common, based on bit reaction. Drilling process washes almost all clay-silt size matrix from sample. Lithic component widely mixed, ranging from metasediments to intrusive igneous rocks. White to gray rhyolite proph. fragments are common.  

45-80

Unsorted unlithified alluvium. Boulders are present, although increasingly rare with depth. Drilling process washes almost all clay-silt size matrix from sample. Lithic component widely mixed, with rhyolite and metasediment fragments dominant.   

80-120

Unsorted lightly compacted alluvium. Gravel fragments include calcareous sediments, quartzite, shale, rhyolite and diorite. The drill bit usually rotates smoothly, indicating a dominance of clay to gravel size composition, although the bit continues to react to boulder-size rock every few feet. 

150 ft.

Drilling ahead, occasional boulders, generally smooth drilling

120-330 ft.
Lightly compressed alluvium, tan clay-silt matrix. The lithic clasts include limestone,  shale, minor rhyolite and trace quartzite fragments. Local zones of smooth drilling indicates abundant clay-silt. Rare boulder-size clasts are encountered while drilling. 

Note: Driller estimates that the groundwater table is between 200 and 300 ft.

330-420 ft
Gravel w/ tan to rose-tan clay matrix, penetration rate of 20 ft/hr.

420 ft.

Gravels w/ red clay matrix

420-510 ft.
Variably sorted, moderately compacted alluvial conglomerate. Reddish clay and silt matrix contains sand to cobble-size clasts of calcareous sediments, with minor shale and rhyolite fragments.  

Well P-3-1

SE of NW of Sec. 3, T31N; R33E
Well P-3-1 was spudded on the 4th of June, 2003. 20 ft. of conductor pipe was installed on the 5th of June. Surface casing was set to 219 ft. on the 8th of June.  The well was rotary-drilled to a depth of 630 ft., where the lithology changed from a poorly lithified alluvial conglomerate to a silicified alluvial conglomerate. Circulation of drilling fluid was lost at this depth. Initial attempts to regain fluid circulation were unsuccessful. With consideration of the continuous lost circulation drilling conditions observed in a similar lithology in well P-10-1, casing was run in this wellbore, in preparation for core drilling to complete the well to the full 1000 ft. depth. A core rig was moved onto location and P-3-1 was cored from 630 ft. to a total depth of 1000 ft. The fluid level stayed at about 80 ft. below surface through the completion of the wellbore. The rotary drill used on this wellbore was an Ingersoll Rand TH-75E and the core drill was a CS4000. A 2000 psi BOP was installed throughout the drilling of P-3-1.

Prior to completion of this well it was recognized that 1000 ft. was most likely too shallow to see temperature gradient data below shallow lateral groundwater flow and discharging geothermal fluid plumes. Therefore, this wellbore was completed to facilitate pulling the tubing at a future date and deepening the wellbore.

Sample description:

Lithologic notes for the rotary portion of the wellbore (0-651 ft.) Observations from hand lens and 

bit reactions. Note much clay- and silt- size matrix washed from sample during drilling.

0-260'

Alluvial conglomerate with a buff-gray silt-clay matrix. Lithic fraction includes rhyolite, metasediments and minor basalt fragments.

260-290'
Gray clay-rich alluvial conglomerate. 

290-340'
Alluvial conglomerate with a buff-gray silt-clay matrix. Lithic fraction includes rhyolite, metasediments and minor basalt fragments. Lithic sample fragments < 5 mm. Note sample fragments size could be due to changes in rock size in the conglomerate or changes in drilling parameters. 

340-470'
Alluvial conglomerate with a buff-gray silt-clay matrix. Lithic fraction includes rhyolite, metasediments and minor basalt fragments. Angular lithic sample fragments < 1.5 cm. 

470-630'
Alluvial conglomerate with a red Fe oxide silt-clay matrix. Lithic fraction includes rhyolite, metasediments and minor basalt fragments. Lithic fragments show strong evidence of weathering. Lithic sample fragments < 1 cm. 

630-651'
Gray silica-indurated alluvial conglomerate.

Well P-32-1

SW of NE of Sec. 32, T32N; R33E
Well P-32-1 was spudded on the 17st of June, 2003. 20 ft. of conductor pipe was also run on the 17st of June. The well was rotary-drilled to a depth of 1000 ft. Surface casing was set to 264 ft. On the 25th of June. The well was completed at 1000 ft. on the 27th of June. An Ingersoll Rand TH-75E was used to rotary drill this wellbore. A 2000 psi BOP was maintained on stand-by for installation on this wellbore in the event that a marked increase in drilling mud temperatures occurred. Installation of the BOP was not required for the safe drilling of this wellbore. 

Prior to completion of this well it was recognized that 1000 ft. was most likely too shallow to see temperature gradient data below shallow lateral groundwater flow and discharging geothermal fluid plumes. Therefore, this wellbore was completed to facilitate pulling the tubing at a future date and deepening the wellbore.

Sample descriptions:

Lithologic notes for the cuttings from the rotary drilling of this wellbore. Observations from hand 

lens and bit reactions. Note much clay- and silt- size matrix washed from sample during drilling.

0-6'

Buff-gray clay and silt.

6-19'

Silt-clay and sand cemented with silica, and minor local calcite.

19-90'

Gray clay and silt.

90-130'
Gray-buff variably silica-cemented silt and clay with minor sand.

130-140'
Gray clay and silt.

140-350'
Gray to dark gray interbedded gray to buff silt and clay, and gray to dark gray silicified silt and clay. 

350-490'
Gray smectite-rich clay and silt with occasional thin stringers of silicified silt and clay.

490-550'
Gray silt, clay and variable fine sand with zones of silicified sediments.

550-670'
Gray to light gray clay, with variable silt.

670-700'
Gray smectite-rich clay and silt with occasional thin stringers of silicified silt and clay.

700-860'
Gray smectite-rich clay and silt.

860-880'
Gray smectite-rich clay and silt with occasional thin stringers of silicified silt and clay.

880-980'
Gray smectite-rich clay and silt.

980-990'
Dark gray to red variably lithified silt and clay, with abundant secondary pyrite, which has been irregularly oxidized.

990-1000'
Gray silicified silt and clay.

Well P-5-1

SW of NE of Sec. 5, T31N; R33E
Well P-5-1 was spudded on the 28st of June, 2003, and 20 ft. of conductor pipe was installed. On the 29th of June 262 ft. of surface casing was installed. The well was completed at 1000 ft. and tubing was run into the wellbore on the 2nd of July. An Ingersoll Rand TH-75E was used to rotary drill this wellbore. A 2000 psi BOP was maintained on stand-by for installation on this wellbore in the event that a marked increase in drilling mud temperatures occurred. Installation of the BOP was not required for the safe drilling of this wellbore. 

Prior to completion of this well it was recognized that 1000 ft. was most likely too shallow to see temperature gradient data below shallow lateral groundwater flow and discharging geothermal fluid plumes. Therefore, this wellbore was completed to facilitate pulling the tubing at a future date and deepening the wellbore.

Table 3. Wellbore temperatures for P-5-1

	Depth (feet)
	Mud-out Temp.((F)
	Comments

	80
	82
	

	150
	90
	

	210
	97
	

	262
	100
	

	310
	97
	

	400
	100
	

	440
	100
	

	520
	89
	

	540
	91
	

	560
	89
	

	650
	100
	Losing return.

	780
	99
	

	840
	99
	

	890
	99
	

	920
	92
	

	950
	100
	

	980
	104
	

	1000
	104
	


Sample descriptions:

Lithologic notes for the cuttings from the rotary drilling of this wellbore. Observations from hand 

lens and bit reactions. Note much clay- and silt- size matrix washed from sample during drilling.

0-50'

Buff-gray silt-clay.

50-90'

Gray clay.

90-110'
Gray clay-silt matrix with volcaniclastic sand to small pebble fragments.

110-130'
Gray clay-silt matrix with abundant volcaniclastic sand to pebble fragments.

130-160'
Compacted, w/ possible minor cementing, gray to buff clay, silt, minor fine sand, and minor volcanic lithic fragments. 

160-290'
Light gray to buff silt and clay, with variable fine sand-size volcanic lithic and crystalline (plagioclase) fragments.

290-300'
Sample consists of lithic fragments, predominantly volcanic, with hydrothermal precipitated quartz and cryptocrystalline silica. 

300-410’
Gray clay-silt matrix with variable amounts of volcaniclastic sand- to pebble-size fragments.

410-470'
Variably lithified silt-clay matrix with sand to pebble-size lithic and crystal (plagioclase) volcanic fragments.

470-720'
Gray to darker gray clay w/ possible organic matter content. Moisture retention suggests smectite-rich clay. 

720-740'
Gray to buff silt and clay with minor localized small silica seams..

740-760'
Gray to darker gray clay w/ possible organic matter content.

760-780'
Gray to buff silt and clay with minor crystal (plagioclase) and lithic volcanic fragments.

780-790'
Gray to darker gray clay w/ possible organic matter content.

790-920'
Gray to buff silt and clay with minor crystal (plagioclase) and lithic volcanic fragments.

920-1000'
Variable gray to buff clay and silt with local minor metasedimentary lithic clasts.
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