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_ by George Frye

Burmah Oil and Gas Company has drilled over twenty (20 holes in the south-
east portion of The Geysers steam field; to date only one hzas proved non-
productive. This report documents a case history unique to Burmah of a
water entry below steamn production.

BHISTORY .
A 12-1/4" hole was drilled to 3000' and 9-5/8" OD casing was cemented to

the surface, Burmah then directionally drilled an 8-3/4" hole with air and
encnuntered minor steamn entries at 5120', 6335', and €467?, as shown on
Figure 1. No additional steam entries were found below these depths,
Total steamn flow measured less than 20, 000 pounds per hour.

At 7580' an increase of air pressure on the stand pipe from 420 psig to 580

psig was noted. The well started making 128 barrels per hour of water

having a temperature of 188-190°F measurcd at the surface. The partial
- chemical analysis of this water is listed on Figure 2, Colurmnn 1. Air drill-

ing continued to 7665' with no decrease in water production. Drill pipe

was pulled out of the hole to 4363! 2nd air circulated for four (4) hours.

The well produced only steam, no water. No temperature or pressure sur-

vey was run. The lack of water at 4363' indicates a water pressure of less

than 1355 psig.

Since the hole produced a sub-commercial rate of stearm, Burmah decided
to plug the hole and directionally redrill the hole in a2 more westerly loca-
tion. Steam entries were encountered at 4259', 4362!, 5480', 5660,
59431, 6731', 6858', and 6980', Figure ! shows the location of these
stearmn entries. The hole produced zpproximately 120, 000 pounds of steam
per hour after the last steam entry. Again the hole produced water, but
at a lower rate of approximately 80 barrels an hour. The analysis of this
water is shown on Column 2 on Figure 2. The water entry indicated by
the increase of standpipe air pressure was at 7138'., No pressure or
temperature survey was run. The hole was plugged with 43 sacks of ce-
ment. The drill pipe stuck while pulling out of the hole. The best esti-
md#te of the top of the plug is 6830' measured by the free point indicator
wu the stuck pipe. The stuck drill pipe was partially recovered to 6062,
Further recovery attempts proved unsuccessful.

After the drilling rig was released, the surface well head pressure
stabilized at 484 psig. A static pressure and temperature survey stopped




g

at 3515'. The survey indicated essentially saturated steam. At a later
date the well, when first opened for a flow test, produced water along with
steam. Column 3 of Figure 2 lists the partial chemical analysis. Sub-
sequent flows at higher rates produced saturated steam with no entrained
waier. The isochronal testing indicated a flow rate of 86,000 pounds of
steam per hour. An analysis of the steam condensate produced at this flow
rate is shown in Colurmn 4 of Figure 2.

DISCUSSION
The chemical analyses of the two water entries are similar but not identi-

cal even given allowances for sampling and testing errors. The samples

are dissimilar enough to preclude the positive conclusion that they are the
same water, Itis plausible that the two waters, though sharing a common
origin, are located in s‘eparate fracture systerns. Both water entries are

in silicious argillites.

~

The water produced on the first test (Column 3) indicates contamination
from cement (pH 2nd chloride) and also some evaporation of the deep water
as inferred from the increased boron concentration. The analysis of the
steam condensate is typical of steam condensate analyses of wells in the
surrounding area, A physical chemistry analysis has not been attempted
to determine if the chemical constituents of the water and steam a2re in

equilibria.

A review of the wells in the surrounding area shows this well to be bounded
by commercial production 2100' to the north, 4000' to the west, 1100' to
the south and 3700' to the east, None of these wells showed any indication
of deep water entries. It should be noted, however, that none of these
wells reached the eguivalent vertical depth of the water entries in the
original hole or redrill of the subject well, Other wells at greater dis-
tances always have been drilled to at least 700 vertical feet below the .
deepest water entry. The vertical and horizontzal difference between the
two water entries of 407' and 540', respectively, indicates a possible
structural rather than an hydrological contirol of the water in this local-
ized area, Because temperature and pressure surveys were not conducted
while the holes were producing water, conclusions about steam-water

communication and equilibrium are difficult.

Due to the physical condition of the hole (apparent sharp dog leg and pipe
left in the hole), it is not possible to positively demonstrate by tempera-~
ture and pressure surveys thdt the water has been shut off by the cement
plug. However, it is certainly inferred indirectly by the quality of the
steam produced during the well test, The loss of stearn flow rate indicates
ziso that at least the bottorn two steam entries were effectively plugged.
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CHEMICAL ANALYSES

PH 5.3 . 5.1 8.4
Specific C‘onductzmce _ |
pmhos/cm @ 25°C 650.0 1000, 0
Calcium, mg/l £10.0 10.0
Magnesium, mg/1 -37.0
Ammonia, mg/1 . 43,1
Sodium, mg/1 146.0 117.0
Iron, mg/l
Boron, mg/1 | 82.8 24.1 142.0
Potassium, mg/l 110.0 86.0
Aluminum, mg/1 | & .02
Mercury, ng/l 54..0 - 1.5
Sulfate, mg/l 414,0
Chloride, mg/l 41, 0" 10,0 26.0
Fluori‘de, mg/l 8.0
Bicarbonate, mg/l | 12.2
Nitrate, mg/1 2.2
400.0

Bilica, mg/1

Sulfide, mg/1

Water entry of original hole,
Water entry of redrill.
Water produced on initial well flow.

. Steam condensate at 85, 000 pounds per hour flow rate.
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- INVESTIGATION OF A FLUID BOUNDARY

George A. Frye
Arminoil USA, Inc. -

Aminoil is a subsidiary of R. J. Reynolds Industries, Inc., 2nd successor to
Burmah Oil and Gas Company. Our drilling activities in the southeast part

of The Ceysers area have proved geothermal steam reserves to power 300
megawatts of electric generating capacity. In the past year Aminoil has con-
ducted exploratory drilling activities outside of the proven prodﬁctive area in
order to establish additional rese_rveé. One of these areas’is discussed in the
paper ' ' ‘ . ‘ .

The area of investigation 1s characLen‘,ed by the intersection of at least three
regional hneamenus 'T‘nese lineaments are discernible from satellite 1maoery
of the NASA T.ANDSAT (formerly ERTS) program. The lineaments are con-
firmed by medmm to low altitude color stereo pair photographs. On the surface
these lineaments sometimes lack enough discernible ground displacement to be
characterized as faults. These lineaments do coincide with cliffs, truncated = .
ridges, major creeks and stream offsets. _Figure 1 indicates the location of |
these lineaments by long, dashed lines, ' '
Shown 2lso on Figure 1 by smooth, cbﬁtin{lous lines are 'isopleths of heat flow f
gradients. . They were obtained from Amminocil's extensive shallow (300 to 1000
feet) hole drilling in the area. The intersection of the lineaments also coin-
cides with c:lhosel'},r spaced isopleths, :Heat flow gradients, while 2 good indica-
tion of geofhermal resources at aep’th do not always assure commerc1ally
p;oductlve wells, = . - o _ S 'i.k y .

Locations A through E indicate holes drilled to at least 7200 feet on Figure 1.
Locations B and C are commercially productive steam wells., Even though
ILocations A 2nd E 2re located in areas of higher heat flow than C, only minor
steam entries were encountered at depths firom 6000 to 8000 feet. A minor

steam entry was also encountered in Location D. T

The rocks of the steam-producing zones of Aminoil's proven areas are pre-
domninately Siliciﬁed'ﬁaetagraywackes with lesser varying proportions of
greensione, chert, serpentine and argillite and may be more accurately
described as a melange unit of the Franciscan formation. Tocations B and"

C fit this description. Comparison of the productive sections with those .
encountered in Locations A, D, and E show the sections of the two areas to

be quite different. The last three holes 21l drilled thick sections of argillite

with minor interbedded metagraywacke.




These three holes never drilled out of this.sequence. The entire sequences

in these thrce holes are 2lso characterized by their general lack of silica.
Silica is common in the majority of Aminoil's producing wells., A few of these
deeper wells ma2y have penetrated an argillite section below productive meta-
graywacke and show minor or no production from those zones., Argillites did
occur in the steam zone of one well but were associated with up to 60 percent

. .. *
.

silica, .
Of particular interest is Tocation E. A water entry encountered 2t approxi-
mately 5100 feet was é.nalyzed z2nd is shown on Figure 2. A.sample was:
collected while air drilling 2nd this analysis shows the water to be considerably
more saline with less hardness than the water entries reported a2t the 1975
Stznford Geothermal Reservoir Ergineering Workshop. Additional drilling
encountered 2 minor steam entry below 7500 feet. The hole is now suspended
and surface wellhead pressure is approximately 50 psia. The steam to non-
condensible gas molar ratio is 2bout 50 or more than a2 tenfold decrease of
Iocation B. Methane 2nd nitrogen dccount for most of the increase of noncon- ..
densible gases. An analysis of the steam condensate is shown on Figure 2. .
The sulfide content over twice Aminoil's field average and is consistent with.

the overall increased amount of noncondensible gases.

Fifteen davs after the drilling rig was released at Location E, a static temperatare -
Y . A E P

- 2nd pressure survey was conducted.. Saturated siearmn was recorded to a2 7070
- foot fluid level.  Below this fluid level the liquid continually increased in enthzlpy
with increasing depth. A maximum temperature of 464° F., was recorded 2t

total -depth. C . . S - S o

The phenomena discussed a2bove ‘led :to the tentative conclusion that there'is a
fluid boundary with Locations B and C on the productive side and A, D, and E,
21l nonproductive, Aminoil believes the change in rock types to be significant.
The change may be attributed to the lineaments although structural correlations
in the Franciscan formation are difficult to substantiate., Even though there were
minor steam entries in the nonproductive holes, the heat gradient surveys
indicates a rapidly decreasing heat flux from the productive area. Changes in
gas to stearmn molar ratio and the increased hydrogen sulfide at Location E may
be attributable to the small volume of the steam entry with relation to the open
hole surface area, However, the increased percentage of methane supports a
fluid boundary conclusion. Further examination of the water in the hole at

T ocation E is planned using a2 bottom hole sampler. These analyses will be

designed to test for thermodynamic phase equilibrium of the fluid with known
equilibria phenomena of the productive area,

VI Pf1 svtnN oy

O A

T a
e
-

-z
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CHEMICAL ANALYSES, LOCATION E

.\‘/a.ter Entrxv Condensate
pH . - - 9.0 6.
Specific Conductance _ |
nmhos/cm @ 25° C . 2250 400
Calcium, mg/l | <1.0 '< .4
Magnesium, mg/l - <1.0 . < .2
Sodium, mg/l . | _. 536 , | 0. 6_
Potassium, mg/l - . EER 55 | 0.05 .
- Sulfate, mg/i . : ' .. 65 o - <0.5
Chlozide, mg/l N D £80 | s
B;ror}, mg/1 | | | . 6‘.6 . ) -'.~ .'Oév
fluofideQ mg/l.' S . e 5.2, B <-01
Alumim;m, mg/‘lA . T | . “<O.1' . | d— L
IMercurgr, xag/l ' <w0. 002 . 0
Silica, mg/1 B S RN T - 2
Sulfide, mg/1 o ) IR : . 210
Ammonia - 1.5 35
Bicarbonate - 240
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