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Re: Gas Analysis of Newberry wells

Analyses of gasses produced from high temperature geothermal systems have been
used to understand the relationship between gas phases, liquid phases and solid
(mineral) phases. This has lead to the formulation of chemical geothermometers based
on gas populations.

Chemical geothermometers are based on the understanding of temperature-dependent
chemical reactions and chemical equilibria between gas, liquid and/or solid phases. Gas
geothermometry techniques are applicable under three primary types of conditions.
The first considers only gas-gas equilibrium. The second considers gas-mineral
equilibrium using H,S, CH, and H,. The third includes gas/water reactions and uses gas
analysis from well production fluid which includes measurement of a gas-water ratio.
The most comprehensive and useful gas geothermometers are based on substantive
gas-water well test samples where partial pressures of gasses and gas-water ratios can
be reliably estimated. These geothermometers work well for samples collected at hot
springs, boiling springs, and flowing geothermal wells. The sampling conditions and
springs and wells provide constraints on temperature, pressure, and relationships
between steam and non-condensable gasses.

The well status and sampling conditions at well 46-16 present some significant
limitations with regard to gas geothermometry interpretations. In October 2008, the
well reached TD, and was cooled by circulation of water and remnant drilling fluid, in
preparation to running a suite of geophysical logs. A process was then initiated to
unload the hole, to test production potential from promising zones within the well bore.
As the fluid pressure within the well bore was decreased, a section of tuff just below the
casing shoe bridged the hole. Multiple attempts to clear the bridge were unsuccessful,
and flow test efforts were suspended. No fluid samples from a flowing well were
possible. Currently the hole remains bridged at and below the casing shoe. The water
left in the well bore was a combination of fresh water from a shallow coldwater well and
remnant drilling fluid. When the well was shut in for the season the water level was at
the well head.
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A visit to the 46-16 well site noted gas under pressure venting from the well head. The
well head pressure gage registered 600 psi. The pressure was bleed off and the leak was
repaired. The well head pressure built back up to 600 psi within a matter of hours. In
October of 2009, samples of the gas were collected and a TP log was run. The static
water level was observed to be at 2070 ft. The well was bridged at 5000 ft., about 200 ft.
below the casing shoe. A maximum temperature was recorded at the bridge of 304°F,
though the water was observed to be slowly circulating within the well bore.

The depth(s) of gas entries and corresponding formation temperature(s) for well 46-16
are unable to be measured at this time. Geothermal gas is entering the well bore at
some depth below the bridge. The gas is percolating upward thru the well bore water,
possibly chemically shifting with reactions with the well bore water, and accumulating in
the well head. The source depth of the gas entry is unknown, though one notable
possibility is around 9,000-10,000 foot depth, particularly between 9100 and 9400 ft.
This zone produced marked gas entries during drilling, with CO, values exceeding 15,000
ppm. Temperature data for the well below the bridge are minimum temperatures in
that the temperature survey was run with other geophysical logs after the hole had
been intentionally cooled to protect the instrumentation.

Geophysical logs show a temperature of about 410°F at 9000 ft. on run 1, and about
450°F on run 2. These temperatures are similar to that observed in well 55-29 taken
under comparable conditions and timing. Due to bridging, no thermal equilibrated
temperatures are available for well 46-16. With well 55-29 the final equilibrated
temperature at that point was about 590°F at 9,000 ft. and above 600°F at 10,000 ft.
Therefore all that can be said for well 46-16 is that the minimum formation temperature
at 9,000 ft. is 450°F, with a likelihood of the actual formation temperature being 100°F
higher than the measured temperature.

This all results in the limited application of gas geothermometry on samples collected in
October of 2009. There are, however, some qualifying conclusions that can be made.

Geologica has reviewed results from recent gas sampling (by Geologica) and analysis of gas (by
Thermochem) accumulated in well Newberry Geothermal Well #46-16. The gas sampling was
performed in October 2009 during the venting of gas built up at the wellhead. During sampling,
the gas did not include significant amounts of water and therefore no gas/water ratios were
available. The analytical results presented below are compared with those collected during the
flow test of 55-29 and evaluated for temperature indications based on gas composition.
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Noncondensible Gas Analysis

Well-Sample Date-Time carbon dioxide, CO2[hydrogen sulfide, H2S| ammonia, NH3| argon, Ar [ oxygen, O2 |nitrogen, N2 | methane, CH4 | hydrogen, H2
pd % by wlume % by wolume % by wlume (% by wolume (% by wlume P6 by wlume| % by wlume [ % by wolume

NWG-46-16 10/25/2009 13:10 98.6 0.0107 0.004715 0.000695 0.00791 0.961 0.412 0.0491
NWG-46-16 10/25/2009 13:50 98.4 0.00952 0.00314 0.000867 0.0109 1.06 0.442 0.0509
NWG-46-16 10/25/2009 14:05 98.4 0.00913 0.004 0.000689 0.00459 1.08 0.47 0.0508
NWG-55-29 FT 7/19/2008 0:00 99.2 0.0589 0.0137 0.00138 0.0234 0.622 0.042 0.113
NWG-55-29 FT 7/19/2008 0:36 99.2 0.0601 0.072 0.00151 0.0028 0.562 0.0408 0.106

A comparison of gas analyses indicates that the gas collected at the end of the attempted
flowing of well 55-29 and the gas collected recently from 46-16 were similar but not identical in
composition. As shown in the Schoeller diagram below, relative concentration patterns of major
noncondensible gas samples from the Newberry wells(carbon dioxide (CO,), hydrogen sulfide
(H,S), ammonia (NHs), argon (Ar), nitrogen (N,), methane (CH,4) and hydrogen (H,) are within the
range of geothermal gases from other geothermal systems . The composition of geothermal gas
is distinct from air, which has negligible hydrogen sulfide and ammonia and from natural gas
which is almost all carbon dioxide and has negligible amounts of ammonia, argon and hydrogen

The composition of gas samples from both wells appear to be hydrothermal (geothermal) gas
similar to that from known liquid-dominated geothermal systems hosted in volcanic rocks. In
addition to the proportions of major noncondensible gas, the hydrothermal character of these
gases is indicated by the ratio of nitrogen and argon (N,/Ar) which averages almost 1400 in 46-
16 and over 400 in 55-29 (although in 55-29 it may have probably been lowered by air
contamination). The average N2/Ar in air saturated meteoric water is 38. The average N2/Ar

ratio in magmatic “andesitic” gas typical of gas discharges from geothermal and volcanic centers
is between 800 and 2000.
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Newberry Deep Wells Noncondensible Gas
44-16 and 55-29
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The hydrothermal nature of the gases indicates that they have interacted with water at high
temperatures. The composition of the gases is consistent with a as magmatic gas which
subsequently interacted with water. This may allow the application of gas geothermometers:
temperatures estimated from temperature-dependent gas reactions. Because no water was
produced with the gas, the gas/water ratio is unknown, preventing the application of
geothermal industry standard gas geothermometers. When applying the gas geothermometers
which are independent of water, results indicate that these gases may originate at a range of
from 458°F up to 617°F (well 44-16) and 535 to 590°F (well 55-29). Assuming these gases have
equilibrated in the presence of water as would be expected in a hydrothermal system, and some
assumptions are made regarding the water pressure it appears that the temperature of this
system averages around 470°F (ranging between 420-492 in 46-16 (dry gas sample from
wellhead) and 458-529F in 55-29 (dry gas sample during flow test)). This range of temperatures
may reflect differences in equilibrium of various gas reactions or they represent a mixture of
gases from different zones which vary in liquid water saturation and temperature.

In summary, based on the analysis of gas sampled from 46-16 and 55-29, it appears there is
evidence that geothermal fluid exists in the vicinity of the wellbores. The temperature of these
fluids is in the range of the measured temperatures.

In order to improve confidence of, and possibly expand on these tentative conclusions the
following tests should be conducted:
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1. Helium and helium isotope measurements to assess the magmatic contribution to
these gases;

2. Comparison of gas results to alteration mineralogy in order to select optimum

geothermometers;

Additional analyses to speciate sulfur and sulfur isotopes; and

4. Comparison with gas analysis of fumaroles within the caldera.

w

Attachments: Calculated Gas Geothermometer Results for 44-16 and 55-29
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