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REPORTZOVERVIEW

The final report describes the various activities that have
been conducted by Union in the Redondo Creek area while.
attempting to develop the resource for a 50 MW power plant.
The results of the geologic work, drilling activities and
reservoir studies are summarized below. 1In addition, the ]
report contains sections discussing the historical costs for
Union's involvement with the project, production engineering
(for anticipated surface equipment), and environmental work.

Nineteen geothermal wells have been drilled in the Redondo
Creek area of the valles Caldera: a prominent geologic feature
of the Jemez mountains consisting of Pliocene and Pleistocene
age volcanics. The Redondo Creek area is within a complex
longitudinal graben on the northwest flank of the resurgent
structural dome of Redondo Peak and Redondo Border. The major
graben faults,with associated fracturing, are geologically
plausible candidates for permeable and productive zones in the
reservoir. The distribution of such permeable 2zones is too
erratic and the locations too imprecisely known to offer an-
attractive drilling target. Log analysis indicates there is a~
preferred mean fracture strike of N31W in the upper portion of
Redondo Creek wells. This is approximately perpendicular to
the major structure in the area, the northeast-striking Redondo
Creek graben. Additional information must be obtained from the
hot, permeable intervals of several Redondo Creek wells before
any definitive correlation among preferred fracture strike,
well direction, and well productivity can be drawn.

The geothermal fluid found in the Redondo Creek reservoir is
relatively benign with low brine concentrations and moderate
HyS concentrations. Geothermometer calculations indicate

that the reservoir temperature generally lies between 500°F and
600°F, with near wellbore flashing occurring during the
majority of the wells' production. .

Of the nineteen Redondo Creek wells, eight wells have been
drilled since 1977. Two of these wells were successfully .
completed as commercial wells: Baca Nos. 20 and 24. Baca No.
20 was later recompleted during the hydraulic stimulation work
conducted on it and Baca No. 23. Both stimulations were
mechanically successful; however, production characteristics
for the wells were subcommercial following the treatments.
Three attempts were also made to obtain production from
formations deeper than the Bandelier Tuff - Paleozoic Limestone
and Pre-Cambrian Granite - but were unsuccessful due to low
permeability or completion problems.



With the loss of Baca No. 11 (faulty casing), four commercial
wells remain; Baca Nos. 4, 13, 15.and 24. These wells have an
initial steam production of 268,000 lb/hr and a one year
projected flow rate of between 174,000 lb/hr and 264,000 1lb/hr.

From a reservoir point of view, the primary Redondo Creek
reservoir is located within the "Contact Zone"™ consisting of
the bottom of the Bandelier Tuff and the top of the Andesite.
his relatively high permeability and porosity zone controls
the reservoir pressure of the field and dominates all
commercial wells. These commercial wells have wellbore
temperatures of at least 500°F at 5500' MSL while subcommercial
wells are below 480°F.

Several reservoir characteristics have been identified during
recent Redondo Creek testing. 1Interference testing has
identified three reservoir cells which communicate through
relatively thin sections of the reservoir. The permeability of
the wells range from 1,000 to 10,000 md-ft, with an average
reservoir property of 4000 md-ft. While substantial fluid and
energy exist in the Redondo Creek reservoir, there is a low
frequency of drilling a well which intersects the reservoir
zones controlling commercial production.
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SECTION 1l: INTRODUCTION

1.1 Project Definition

The Baca Geothéermal Demonstration Power Plant (GDPP) Project
was organized and cost shared under a cooperative agreement
bringing together Union 0Oil Company of California (Union
Geothermal Company of New Mexico), Public Service Company of
New Mexico and the U.S. Department of Energy as partners in a
joint undertaking. This demonstration project plays a -
significant role in the Geothermal Commercialization Plan of
the Federal Government s Coordinated Program of Research and
Development in Geothermal Energy. The goal of the federal
government's geothermal energy program is to stimulate the
economic, reliable, operationally safe and environmentally and
socially acceptable commercial development of this energy
resource.

1.2 Summary

The Baca GDPP Rroject site is located in the Redondo Creek area
of the Baca Ranch in north central New Mexico approximately 60
miles north of Albuquerque and 19 miles west of Los Alamos, as
shown on Flgure 1.2-1. The property is vested in the Baca Land
and Cattle Company and Dunigan Enterprises, Inc. with the
geothermal rights associated with the lands being leased to
Union Geothermal Company of New Mexico, a wholly owned
subsidiary of the Union 0il Company of California. The total
bounded area is approximately 12.5 miles sguare and contains
approximately 98,300 acres (Figure 1.2-2).

The project 51te is 51tuated along Redondo Creek within the
Valles Caldera, a major volcanic crater superimposed upon the
western margin of the Rio Grande rift.

The geothermal potential of the Valles Caldera was recognized
in the early 1960's after the drilling of four exploratory
wells in the Sulphur Creek area and confirmed in 1970 with the
drilling of the discovery well, Baca MNo. 4, in the Redondo
Creek area. After leasing approximately 98,300 acres of the
Baca Ranch in 1971, Union began development of the Redondo
Creek area with the deepening of Baca No. 4 in 1973. The
drilling program continued with the drilling of eighteen
additional wells and the deepening of two wells.
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Public Service Company of New Mexico (PNM), whose service area: .-

surrounds the Jemez Mountains area containing the Baca Ranch,

joined with Union in 1977 in feasibility studies for siting a

50 Mw flashed steam power plant in the Redondo Creek area. 1In
January 1978, Union and PNM jointly proposed to the U.S.

Department of Energy (DOE) for supportive funding of the plant

as a hydrothermal (liguid-dominated resource) demonstration
project. DOE subsequently accepted their proposal and funding
was approved under a cost-sharing Cooperative Agreement between
DOE and the Participant (comprised of Union and PNM). The
effective date of the Cooperative Agreement:.was July 14, 1978.

At the time of the proposal to DOE, Union had drilled eleven
wells (including deepening Baca No. 4) five of which had proven
- to be productive. One wellbore had collapsed, but the
remaining four wells were producible at a combined rate of
320,000 1b/hr of steam, about one-third the required steam
supply. It was estimated that up to ten more successful wells
would be required to supply an additional 600,000 1lb/hr of

steam to meet the total requirement of the proposed 50 Mw plant.

From the time work began under the Cooperative Agreement to
April 1981, twelve bottom hole locations had been drilled from

seven wells, but only 30 000 1lb/hr of additional steam had been'

developed:.

In April 1981, a thorough technical‘review of drilling and-
testing activities was. conducted. The principle conclusions
derived from the review were: . ‘ :

1. The resource is an extensive, high temperature hydrothermal .

system containing fluids with benlgn chemical
"characteristics.

2. Geochemical data suggest produced fluids are originally"
from a common aquifer at depths below the then current
completion depths in the lower Bandelier Tuff in Redondo
Creek.

3. The lower Bandelier Tuff in Redondo Creek possesses
insufficient distribution of natural fractures to justify
the drilling and completion of future development wells
solely in this zone.

4. Continued experimentation with existing wells to refine and
improve hydraulically fracturing of wells appeared
]ustlfled based on the qualified success of a recent first
attempt in Redondo Canyon.

V-



Based on this 'technical r&viéw, Unidh Proposed a program for
the remainder of 1981, the successful completion of which would
dictate the viability of resumption of all phases of the .
project. The program consisted of drilling three deep attempts
to test the productivity of the Magdalena Limestone and the-
upper part of the basement complex (mostly granite), and to
hydraulically fracture two existing wells in the Bandelier Tuff
and ‘lower competent formations. ' ' :

In the eight months following the proposed deep drllllng and
stimulation test program, three attempts were made to achieve a.
Magdalena Limestone/granite formation producer and none proved:
successful. One frac stimulation was performed and it,’ too,
did not result in a commercial producer.:

Further drilling to deep horizons could no longer be justified
as the cost of.a completed well, estimated at $3.0 million,
would be economically prohibitive for the remaining wells
needed to supply the 50 Mw power plant. Consequently, in
January 1982, it was mutually agreed by all parties involved in
the GDPP prOJect -~ Union, DOE and PNM -- that the project was
no longer commerc1ally viable and should -be terminated.

This final report is provided to describe the various
activities that have been conducted by Union in the Redondo
Creek area since activity began in 1973 in the attempts to
develop the resource for the proposed 50 Mw power plant.
Included are sections on geology, drllllng, reservoir
engineering, .production enginéering ‘and environmental work.
Also included is a section presenting the historical costs for
Union's involvement with the project.

Primarily only those activities for which Union was responsible
under WBS Element 1.1 are included in the following
descriptions of  work performed for the Baca GDPP Project.



SECTION 2: BACKGROUND

2.1 Federal Geothermal Demonstration Prbgram

Geothermal energy is one of several domestic energy sources
being developed to reduce the United States' dependence on
fossil fuels for power dgeneration. The U.S. Department of
Energy (DOE) has estimated that geothermal energy could provide
as much as 5 percent of the United States' electric power
generation capability if fully developed using today's
technology. Geothermal energy has distinct advantages over
other alternative sources such as solar and wind energy in that
no energy storage system is required, little land area is
required and conversion equipment is commercially available.

The Federal Geothermal Demonstration Program of DOE was’
established to aid and accelerate geothermal resource
identification, development and commercialization in an
environmentally and socially responsible manner. The program's
main thrust is the development of hydrothermal resources;
however, other areas such as geopressured (high pressure hot
water with dissolved methane gas) and hot dry rock resources
are also being investigated. Hydrothermal resources are the
most available and most easily developed at this time.

Hydrothermal resources are generally of two types: vapor
(steam) ~dominated and liguid-dominated.. The best known example
of a vapor-dominated resource in the United States is the
Geysers Knowpn Geothermal Resource Area (KGRA) in northern
California. Commercial development of the Geysers KGRA for
electric power generation began as early as 1960, when a twelve
megawatt generating station was completed. Large scale
development did not become economically or technologically
feasible until the 1970's, at which time additional units were
brought on line. Current capacity is about 750 Mw and
additional units are under construction. Further development

. is expected to bring capacity up to 2000 megawatts by the

mid-1980's. While the Geysers KGRA has demonstrated the
feasibility of tapping vapor-dominated resources on a large
scale, this type of resource in which relatively pure, dry
steam is produced is comparatively rare in the United States.

Liquid-dominated hydrothermal resources, on the other hand, are
widely distributed throughout the United States; however, they
have not been extensively developed. This type of resource is
characterized by relatively high temperature water and steam in
a wide range of salinity, depending on the particular



resource. The chief difference in utilization of this type of
resource (as compared to vapor-dominated) is that the energy in
the geothermal fluid is not suitable for direct use in a steam
turbine. ' The fluid must either be flashed to separate the '
steam fraction for direct use, or the heat of the geothermal .
fluid transferred to a working fluid that can be used directly
to drive a turbine. While technology has been readily
available to accomplish either scheme, implementation has not
proceeded due to uncertainties in the costs, performance,
environmental, legal and institutional impacts of large scale
utilization. '

Given the above setting, DOE initiated a Geothermal
Demonstration Program. that included the proposed utilization of
a ligquid-dominated hydrothermal resource for large scale
electric power generation. 1In September 1977, a Program
Opportunity Notice (PON) EG-77-N-03-1717 was issued which
solicited proposals for the construction and operation of a
plant as a cooperative venture with DOE. The PON required that
the commercial scale demonstration plant use only geothermal
energy from a liquid-dominated resource for generation and meet
all applicable regulatory and environmental requirements.
Included was the requirement for a program for the collection,
reduction and public dissemination of all data appropriate to
the project. 1In response to the PON, two proposals were
submitted to DOE. Of these, the proposal for the Baca
Geothermal Demonstration Power Plant (GDPP) development was
judged to be the more complete and most likely to attain the
project objectives. Also the proposed utilization of the Baca
Location No. 1 KGRA was considered to represent a good example
of the relatlvely low sallnlty, high temperature type of
reservoir common to many KGRA's. On the basis of DOE's
evaluation, the proposal for development of the Baca resource
from Union Geothermal Company of New Mexico (Union) and Public
Service Company of New Mexico (PNM) was accepted on July 5,
1978 for the geothermal demonstratlon program.

2.2 Project Cooperative Agreement

As a result of the acceptance of the Baca GDPP Project
Proposal, negotiations began on a project Cooperative Agreement
between the Department of Energy (DOE) and the project
Participant (comprised of Union’ Geothermal Company of New -
Mexico and Public Service Company of New Mexico). The flnal
Agreement was signed in April 1979, providing for joint
participation in the Baca GDPP Project between DOE and the

Participant. The effective date of the Agreement was July 14, "



1978. The'final_Agreementmcaldedffof“aﬁ%bhedule which included’

a five-year operational phase commencing with firm operation of
the generating plant. This operational phase was anticipated
to last until approx1mately March 1, 1987, under the original

. schedule.

In January 1981 the Cooperative Agreement was modified to
increase the DOE cost ceiling to offset extra costs suffered by
the Participant due to delays in preparation by DOE of a Final
Environmental Impact Statement. This modification reduced the

-operational phase from five years to two years.

The Agreement delineated the responsibilities of DOE and the
Participant in the development of the resource and defined the
cost and revenue sharing arrangements for the different
portions of the project.

2.2.1 Project Management

Successful accomplishment of the project objectives dictated
close coordination of the efforts of the three parties
involved. To this end the Cooperative Agreement set forth a
Project Management Plan to monitor and direct the progress of
the project, and ensure that budgetary and schedule constraints
were adhered to. a _ t

The Project Management Plapn prov1ded for a DOE Project Manager
(DPM) and- a Participant Project: Manager ‘(PPM) . The role of the
PPM was to provide planning, direction and control of the
project within established project objectives, schedule and
cost estimates. . The DPM acted on behalf of and reported to
DOE's San Francisco Operations Office, which had primary
responsiblity for the management and administration of the
project for DOE. DOE Headquarters in Washington D.C. was
responsible for coordinating specific project objectives within
the framework of the overall Geothermal Demonstration Program
objectives. DOE Headquarters retained final authority on
changes to the technical, schedule and cost parameters'
established in the Cooperative Agreement.

The Participant's project management team was headed by an
Operating Conmittee composed of Union Geothermal Company of New
Mexico (Union) and Public Service Company of New Mexico (PNM)
technical and executive managers. Considerable authority was
delegated by the Operating Committee to the Participant Project
Manager (PPM), who was the primary liaison with DOE. The PPM
had freedom to allocate his assigned resources as required to



meet the project objectives. Work on specific areas in the
project Work Breakdown Structure (described in Section 2.2.2)
was assigned to functional managers that reported functionally
to the PPM and administratively to their departments in Union
or PNM. This resulted in a matrix-type organization well
suited to a joint venture such as this. ADpn organization chart
for the GDPP Project is shown in Figure 2.2-1. :

2.2.2 Work Breakdown Structure (WBS)

Specific tasks in the overall Project scope of work were
assigned to Union Geothermal Company of New Mexico (Union) and
Public Service Company of New Mexico (PNM) by the Project
Cooperative Agreement. -A Work Breakdown Structure (WBS)
detailing these assignments is shown in Figure 2.2-2.

WBS 1.1 consisted of the Well and Steam Production System

Task. This included well drilling, design and construction of
the gathering system, associated environmental monitoring and
permitting geologic exploration, surveying, production system
operation during the demonstration period and other

wellsite- related tasks. Union was responsible for work in this
task area. '

WBS 1.2 encompasSed the Power Plant and Transmission System
Task. This included power plant and transmission system design
and construction, environmental studies and permits for the
power plant and transmission corridor, construction management
and power plant operation during the demonstration period. PNM
was responsible for work in this task area.

WBS 1.3 comprised the Data Gathering, Evaluation and
Dissemination Task, wherein project data and information were
acquired, analyzed and distributed on request to information
users. This task was solely funded by DOE. It was
administered by the Participant Project Manager in close
cooperation with the 'DOE Project Manager. Work on this task
was performed by WESTEC Serv1ces, ‘Inc. under a subcontract with
the Participant.

As mentioned in Sectlon 1.2, this report will address only
those activities that-are pertlnent to WBS Element 1.1.
é.2.3 Cost and Revenue Sharing

Under the Cooperative Agreement, the total estimated cost
shared obligation agreed to by Union, PNM and DOE totaled
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$134,890,000 as revised in. January 1981 @ Thisg flgure did not
include those costs to be borne solely by DOE. The financial
reimbursements DOE was to make to the Participant for specific

"Project work totaled approximately $55 million for the

post-agreement period. This amount represented equal
contributions to those phases of the project borne by Union and
those borne by PNM, but did not include DOE commitments to
portions of the project borne exlusively by DOE. In addition,
DOE agreed to reimburse Union $7.4 million for work performed -
prior to the agreement in development of the resource.

The portions of the project exclusively borne by DOE included

the additional documentation, data gathering and reduction, and

dissemination required by the agreement that were beyond the
scope of standard power plant and production system data
management practice. DOE's obligation for this part of the
project was estimated at approximately $9 million over the term
of the agreement. These DOE contributions represented
ceilings, while the Participant shares for the remainder of
plant costs were open-ended commitments.

The project agreement also included a formula for revenue
sharing after the five-~-year demonstration period was complete.
Essentially, once the demonstration phase ended and the plant

completed an additional year's successful commercial service,

revenues generated by Union's steam sales to PNM would have
been used to reimburse DOE up to one half of its aggregate
project costs (excluding costs for phases funded solely by
DOE), less any cost overruns incurred by “the Part1c1pant as a
result of DOE's 1nvolvement in the prOJect.
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Section 3: GEOLOGY

3.1 Regional Geology

The Valles Caldera is a prominent geologic feature of the Jemez
Mountains, a volcanic complex of Pliocene and Pleistocene age
located 60 miles north of Albugquerque. The Valles Caldera is
located at the intersection of the western margin of the Rio
Grande graben and the southeastern rim of the Colorado Plateau,
a region of extensive Tertiary and Quaternary volcanlsm (Figure
3.1-1).

The Tertiary 'and Quaternary geologlc history of the Jemez
Mountains and Valles Caldera is well documented, especially by
Smith and Bailey (1968), Smith, et. al. (1970) of the U.S.G.S, .
and Dondanville (1971, 1978). Table 3.1-1 below summarizes
this history as it is currently known. Figure 3.1-2 contains
the same data and is a generallzed stratlgraphlc section of the
Valles Caldera.

Table 3.1-1
Age (mybp) .Volcanic Events " Structural Events
15.0 to 10.0 ' ~ Normal faulting asso-
‘ ciated with Rio Grande
graben formation.
Deposition of Santa Fe
Gp within graben.
10.0 to 2.1 Widespread extrusion

of precaldera rocks
(basaltic to rhyo-
dacitic) of older Keres
Gp (Paliza Canyon Fm
and related rocks) and
younger Polvadera Gp
(Tschicoma Pm and re-
lated rocks)

1.4 . Emplacement of silicic
magma chamber.
Regional doming. For-
mation of ring frac-
. ture system.

1.4% ' Eruption of Otowi Simultaneous collapse
Member Bandelier of magma chamber along
Tuff. ring fracture system
forming Toledo
Caldera.



1.04 to 1.05%

1.05%

1.05 to 0.9%

1.0 to o;9i

0.9 to 0.,1%

0.1% present

Extrusion of Cerro

Toledo Rhyolite and
Cerro Rubio Quartz-
Latite.

Eruption of Tshirege
Member. Bandelier Tuff

Eruption of Deer
Canyon Member Valles
Rhyolite.

Continued eruption of
Valles Rhyolite:
Redondo Creek member
erupted along western
margin and near center
of Valles Caldera;
Valle Grande and
younger members along
Valles Caldera ring
fracture 2zone.

Solfaterra and hot
spring activity.

Deposition of Caldera
Fill within Toledo
Caldera. Renewed
silicic magmatism:
regional doming and
formation of new ring
fracture system.

Simultaneous collapse

of magma chamber along

younger ring fracture
system forming Valles
Caldera.

"Deposition of Ccaldera

Fill within Valles
Caldera. Formation
of intra-caldera lake.

Continued intra-
caldera deposition.

Continued intra-
caldera deposition.
Renewed silicic magma-
tism (cauldron re-
surgence): Uplift of
Redondo Creek area be-
ginning before and
continuing after erup-
tion of Redondo Creek

Rhyolite; drainage of

caldera lake forming
Canon de san Diego.

Plate 3.1-1 is a generalized geologic map of the Valles
Caldera. (Plates 3.1-1. 3.1-2, 3.2-1, 3.2-2, 3.5-1, 3.5-2 and
3.5-3 are found in the pocket on the inside of the back

cover.) The map is modified from U.S.G.S Map I571 (1970). *
Smith, Bailey, and Ross originally mapped Paliza Canyon
Formation within the caldera. Subsequent road construction and
drilling have shown that these "outcrops" are really large
blocks within the Caldera Fill.

The geologic Cross-section A-A' and B-B' indicated in Plate

3.1-1 are shown in Plate 3.1-2. The Bandelier Tuff is hachured
for emphasis. Note that west of the caldera and Rio Grande

- 2 -




3
. : "
UTAH - COLORADO . .°URA“{GO | s}
?’ P ol
. ‘ |
FARMINGTON i
. 7 7 i
ARlZONA NEW MEXICO - K v
. . ‘ ¢\(F
>
"R % © BACA LOCATION ‘ :
coL© VALLES CALDERA ‘
: JEMEZ MTNS.
=
-3
. [~ 4
P o
. S
=
[+ -4
. &
o
q =
'

&

QUATERNARY VOLCANICS'

- HOT SPRING,OVER 10Q°F

L7/

TERTIARY VOLCANICS
Qv

0 2% 50 75 . 100 Miles

FIGURE 3.1-1

REGIONAL GEOLOGIC SETTING
‘ OF THE \
VALLES CALDERA

-3 -



GENERALIZED STRATIGRAPHIC SECTION
VALLES CALDERA '
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u

graben Tertiary and Cuaternary rocks lie unconformably on
Paleozoic sediments and that eastward, Tertiary sediments
thicken from a feather edge to many thousands of feet. Note
also that the Bandelier Tuff is many times thicker within the
ring fracture system than outside it -- compelling evidence of
simultaneous Bandelier Tuff eruption and caldera collapse
(Dondanv1lle, 1978).. '



3.2 Redondo Creek Area Well Lithologies, Stratigraphy and
Structure : . :

3.2.1 Lithology and Stratigraphy

Figure 3.2-1 is a generalized stratigraphic column of the rock:
types. penetrated in the Redondo Creek area. Table 3.2-1 lists
the depth intervals, apparent vertical thicknesses (reliable
stratigraphic dip. data are sparse), and subsurface co-ordinates
of the rock units penétrated by the individual wells.

Pre-Tertiary Rocks - Rocks older than Tertiary have only been
penetrated in a few wells. They consist of pre-Cambrian
granite, Pennsylvanian limestone, and Permian sandstone and
shale. The Pennsylvania limestone is massive with shaly
interbeds, some sandy horizons, and is presumed to be the
Madera Limestone and associated rocks of the Magdalena Group.
The overlying sandstones are probably the Abo and Yeso
Formations consisting of fine grained arkosic sandstone and
distinctively red shale, siltstone and clay.

Tertiary Sedimentary Rocks - Sediments overlying the Abo and
Yeso Formations are thought to be Miocene and Oligocene-age Rio
Grande graben fill deposits, loosely termed the Santa Fe’
Group. These sediments are typically fine grained poorly
consolidated sandstones with occasional siltstones and tuffs,
possibly the Abiquiu Tuff mapped west of the caldera. Although
attractive as a potential geothermal reservoir, wells which
have penetrated.this unit have had sloughing problems.
Otherwise, ‘1little is known about the Santa Fe Group's potential
productivity.

Tertiary Volcanic Rocks - Two groups of Tertiary volcanic rocks
were erupted in the Jemez Mountains (Section 3.1). The rocks
drilled have been primarily andesitic with minor amounts
dacitic and basaltic rocks, presumably the Paliza Canyon
Formation. No rocks resembling the Tschicoma Formation have
been clearly identified.

Quaternary Rocks - Bandelier Tuff - The Bandelier Tuff exposed
on the surface outside the Valles Caldera consists of two
composite rhyolite ash flow units: the lower Otowi Member and
the upper Tshirege Member. Each ash flow unit also has an
associated basal pumice unit: the Guaje Pumice Bed underlies
the Otowi Member . and the Tsankawi Pumice underlies the Tshirege
Member. In the absence of other field stratigraphic data the
two members are distinguished by the greater abundance of clear
quartz "and light-colored feldspar phenocrysts in the Otowi
Member (Smlth, Bailey, and Ross, 1970)
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One would expect similar Bandelier Tuff stratigraphy inside the
Valles Caldera with the possible addition of a .caldera fill
unit between the Otowi and Tshirege Members representing the
hiatus between eruption of the Toledo and Valles Calderas
{(Figure 3.1-2). No such a relationship is found in the Redondo
Creek wells. 2 :

An attempt was made to distinguish the two Bandelier Tuff
members in Redondo Creek wells by noting the depth of increased
phenocryst abundance - the hypothetical top of the Otowi-
Member. Such a phenocryst-rich zone was identified in several
wells. Cores and cuttings showed a dense welded tuff with few
phenocrysts overlying a more texturally-varied welded tuff with
markedly more phenocrysts. Preliminary conclusions were that
the two members of the Bandelier Tuff had been successfully
identified. However, subsequent drilling provided lithologic

. data showing that the contact between the phenocryst-poor and
phenocryst-rich tuff units was highly gradational. Cuttings
analysis implied the increase in phenocrysts represented only a
textural change within a massive unit. The original hypothesis
that the phenocryst-rich and phenocryst-poor units were
separate genetic units had to be discarded.

Geophysical logs and lithologic data were used to formulate a
" stratigraphy consisting of three Bandelier Tuff zones in the
Redondo Creek wells which appear to correlate consistently
among logged wells. These zones are described below in order
of increasing depth and 'shown schematically in Figure 3.2-1.

Zone A - This zone is typically very densely welded with
moderately abundant phenocrysts of clear gquartz and
light-colored feldspar. The unit is essentially non-porous
(neutron porosity = 2% or less) with the exception of
occasional fracturing. Fracture permeability, characterized by
increasing lost circulation problems during drilling, and
phenocryst abundance appear to increase with depth. The unit
can be further subdivided in a few wells into an upper altered
unit (Al), 'a middle densely welded unit (A2), and a lower
phenocryst-rich fractured unit (A3). These subdivisions are
only preliminary because of insufficient data.

Zope B - Zone B is identifiable only from geophysical logs
(Section 3.3) and is characterized by an increase in neutron
porosity from 2% to 8-10% and highly variable density,
porosity, electrical resistivity, and sonic velocity. The unit
is welded tuff with wide variation in textures and degree of
welding; phenocrysts are very abundant. The upper portion of
Zone B is indistinguishable visually from the lower portion of
Zone A. Textures become more pumiceous and "shardy" with
depth; densely welded, phenocryst-rich tuff becomes scarce with
depth. _
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Zone C - This is a thin basal zone consisting of highly aitered__
tuff and may represent the Guaje Pumice Bed. The tuff appears

pumiceous; phenocrysts are rarely distinguishable. The exact
interval of Zone C occurrence in wells is best identified from
electrical resistivity logs (Section 3.3). Alteration appears
to diminish upward from Zone C into the lower portion of Zone
B.  The visual result is an obscure Zone B/Zone C contact not
readily identified in cuttings.

Quaternary Rocks - Caldera Fill - Overlying the Bandelier Tuff

is the Caldera Fill. This unit consists of landslide debris
which was deposited during. sloughing of over-steepened caldera
walls following eruption and collapse.  The upper part of the
unit is highly weathered. ‘

_Quaternary Rocks - Valles Rhyolite - The Redondo Creek Member

of the Valles Rhyolite overlies the Caldera Fill in a few
wells. It is a rhyolite with glassy groundmass, feldspar
phenocrysts, abundant biotite, and no apparent quartz. The
Redondo Creek Rhyolite is contemporaneous with the Caldera Fill
which locally overlies it.
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TABLE, 3.2-1
WELL BACA 4
DEPTH TO MARKER.TOP . APPARENT Cg?g;é?:i@és
MARKER NAME VERTICAL | ppoM SURFACE
& : THICKNESS
MEASURED | VERTICAL SuBsea | . LOCATION
CALDERA FILL. 0 0 9318 200
BANDELIER TUFF 200 200 9118 5725 IN 1E
e e S8 :
PALIZA CANYON FM 5980 | “Asod 3420 387 6478 360V
™ 6376 6284 3034 724N 403w
WELL BACA 5A
DEPTH TO MARKER TOP . APPARENT Cg(_)gég?z?\:gs
MARKER NAME ' VERTICAL | ppoM SURFACE
" THICKNESS
MEASURED | VERTICAL SUBSEA : LOCATION
CALDERA FILL 0 0 9308 450
BANDELIER TUFF 450 450 8858 6149 6N 4E
PALIZA CANYON FM 6610 6598 2710 361 252N  225W.
TD 6973 6959 2349 280N 247w
WELL ' BACA 6
i i HORIZONTAL
DEPTH TO MARKER TOP APPARENT | oo 0RDINATES
MARKER NAME . - VERTICAL | ppoM SURFACE
MEASURED [VERTICAL | sussga | THICKNESS | = rocarron:
CALDERA FILL 0 0 8726 486
BANDELIER TUFF 500 500 8240 4221 2N 10w
TEYT . '
PALIZA CANYON FM 4750 4705 4035 59 449N 5SE
™D 4810 4764 3976 462N SSE

ALL DEPTHS, THICKNESSES AND DISTANCES IN FEET

ALL THICKNESSES CALCULATED FROM DIRECTIONAL DATA
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ALL DEPTHS, THICKNESSES AND DISTANCES IN FEET

ALL THICKNESSES CALCULATED FROM DIRECTIONAL- DATA

- 11 -

WELL BACA 10
- DEPTH TO MARKER TOP APPARENT Cg?g;g?ngES
MARKER NAME . — VERTICAL [ ppon®ciot op
MEASURED | VERTICAL suBsea | THICKNESS LOCATION
CALDERA FILL 0 0 8735 520
| BANDELIER TUFF’ 520 1520 8215 - 4684 25 OE
o 78 Q4165
PALIZA CANYON FM 5220 5200 3535 708 3985 53w
SANTA FE Gp 5930 5907 © | 2828 71 4585 72w
TD 1 6001 5978 2757 4645 73w
WELL BACA 11 -
HORIZONTAL
: DEPTH TO MARKER TOP APPARENT | <4 ORDINATES
MARKER NAME e ' S VERTICAL | ppoM SURFACE
MEASURED |VERTICAL | subsga | THICKNESS o pocarion
CALDERA FILL 0 0 19065 302
BANDELIER TUFF 320 3%3 8763 4969 1s OE
) 36 : ,
PALIZA CANYON FM 5300 5282 3801 1239 247N 176W’
SANTA FE Gp-- 6560 6522 2562 358 419N 321w
™D ' 6924 6880 2203 465N 363W
WELL  BACA 12
' ' T HORIZONTAL
. DEPTH TO MARKER TOP APPARENT | oo qn nans
MARKER NAME ; VERTICﬁ? FROM SURFACE
A MEASURED | VERTICAL suBsea | THICKNESS | rocarron
CALDERA FILL 0 0 8427 137
| BANDELIER TUFF 160 160 8290 6296 2N OE
PALIZA CANYON FM 6460 6453 1997 918 695 77V
"ABIQUIU TUFF? 7380 7370 . 1080 195 138s  87W.
ABO FM 7575 7565 - 885 1644 150S 88w
'MAGDALENA Gp 9220 9208 | - 7s8 966 190S 49w
PRECAMBRIAN GRANITE 10220 10171 -1721 383 8N 109E
D L, 10637 10555 | -2105 134N 214E




WELL' BACA 13
, DEPTH TO MARKER TOP APPARENT nggﬁgggiigs
MARKER NAME VERTICAL | peon’c
- THICKNESS URFACE
| MEASURED | VERTICAL SUBSEA LOCATION
CALDERA FILL o] 0 ' 9292 560
BANDELIER TUFF
ZONE A 560 560 8732 4259, 35 SW
ZONE B 4850 4800 4492 755 2805 449%
ZONE C 5630 5554 3738 80 3825 .620W
TOTAL BANDELIER 5094 _
PALIZA CANYON FM 5712 5634 3658 234}”?‘ 3885 637W
ABO FM 8090 7976 1316 136 6435 932w
™D 8228 | 8112 1180 6595 946W
WELL BACA 14
- U Vg
B .
DEPTH TO MARKER TOP APPARENT 'nggﬁgggzggs
MARKER NAME —r — i . VERTICAL | ppoM SURFACE
HICKNESS -
| MEASURED |vERTICAL SUBSEA | THICKR 'LOCATION
CALDERA FILL -0 0 8605 280
BANDELIER TUFF
ZONE' A 280 280 8325 4826 1s OE
ZONE B 5240 5037 3568 530 468N 1003W
TOTAL BANDELIER - 5286
PALIZA CANYON FM 5800 5567 3038 . 323 534N 1172¢
SANTA FE Gp 6140 5891 2714 532 562N 1273W
ABC FM 6700 6423 2182 118 604N  1441W
™ 6824 6541 2064 613N 1478W

ALL DEPTHS, THICKNESSES AND DISTANCES IN FEET

ALL THICKNESSES CALCULATEDTFROM DIRECTIONAL DATA

&
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BACA 15

'WELL
o HORIZONTAL
. DEPTH TO MARKER TOP APPARENT -| 0 ORDINATES
MARKER NAME ‘ : VERTICAL  ppop SURFACE
MEASURED | VERTICAL susea | THICKNESS LOCATION
CALDERA FILL 0 0 9117 120
- ‘-,"
BANDELIER TUFF 140 - 140 —*892;7 - 5085 \
ST 6] - : .
PALIZA CANYON FM 5300 5138 3999 171 7335  361E
T ' — .
™ 5505 5309 3828 8225 430E
WELL BACA 16
HORIZONTAL
DEPTH TO MARKER TOP APPARENT | oo qpeoy oe
MARKER NAME — VERTICAL  ppoM SURFACE
'MEASURED |VERTICAL | suBsga | THICKNESS | pocnrton
CALDERA FILL 0 0. 9622 358
REDONDO CR. RHYOLITE 380 380 9264 500 2S OE
BANDELIER TUFF 880 ‘880 8754 4644 6S OE
e % - ;t-‘; /
PALIZA CANYON FM 5560 ,—549853 4146 1235 l44s 540w
SANTA FE Gp 6880 6734 2910 113 93s  998W
. / .
“TD. 7002 . 6847 2797 7 875 1043w
1/4’-
/
WELL BACA 17 ORIGINAL HOLE
‘ -
, HORIZONTAL
S DEPTH TO MARKER TOP APPARENT | 0 ORDINATES
MARKER 'NAME —— VERTICAL | ppoM SURFACE
MEASURED | VERTICAL sussea | THICKNESS LOCATION
REDONDO CR. RHYOLITE 0 0 33597 377
CALDERA FILL 400 400 8982 580 ON 1w
BANDELIER TUFF ,
ZONE A 980 980 - 8402 3742 s W
ZONE B 4740 4712 4670 642 915 365w
ZONE C 5400 5355 4027 98 798 515W
TOTAL BANDELIER 4482
PALIZA CANYON FM 5500 5452 (3930 285 755  535W
™D 5791 5737 3645 60S 594w

ALL DEPTHS, THICKNESSES AND DISTANCES IN FEET

ALL THICKNESSES CALCULATED FROM DIRECTIONAL DATA
- 13 -
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BACA 17 REDRILL

WELL
DEPTH TO MARKER ;I:‘OP APPARENT ,Cg?g}ié?fﬁ?’gs
MARKER NAME VERTICAL | ppoM SURFACE
MEASURED |VERTICAL | .suBsga | THICKNESS LOCATION
REDONDO CR. RHYOLITE 0 0 9359 377
CALDERA FILL 400 400 8582 580 oN 1w
BANDELIER TUFF
ZONE A 980 980 8402 3715 s W
ZONE B 4730 4695 | 4687 . 611 3435 S5E
ZONE C 5380 5305 4077 132 5625 49E
TOTAL BANDELIER v 4458
PALIZA CANYON FM 5520 5436 3946 610S S9E
TD 6254 6121 3261 8675 120E
WELL BACA 18 ORIGINAL HOLE
- . DEPTH TO MARKER TOP APPARENT Cg?gig?:gﬁgs
MARKER NAME VERTICAL | ppomM SURFACE
MEASURED |VERTICAL | SuBsea | THICKNESS LOCATION
CALDERA FILL .0 0 8733 497
BANDELIER TUFF 520 520 8236 4011 78 3E
D h 4597 4520 | 4236 196N 671E
- WELL BACA 18 REDRILL
DEPTH TO MARKER TOP APPARENT nggég?ggﬁés
MARKER NAME ' Tt okabas | FROM SURFACE
MEASURED |VERTICAL | SUBSEA | : LOCATION
CALDERA FILL - 0 0 8733 497
BANDELIER TUFF »
ZONE A 520 . 520 8236 4088 7S 3E
ZONE B 4725 4608 4148 . 291 678N 380E
ZONE C 5025 4899 3857 73 734N 423E
TOTAL BANDELIER 4452
PALIZA CANYON FM 5100 4972 - 3784 145 745N 438E
TD 5250 5117 3639 766N 467E

ALL DEPTHS, THICKNESSES AND DISTANCES IN FEET
ALL THICKNESSES CALCULATED FROM DIRECTIONAL DATA

_14_
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WELL

BACA 19

- g — | HORIZONTAL
: DEPTH TO- MARKER TOP - APPARENT " | 0 ORDINATES:
MARKER NAME —r— VERTICAL | ppoM SURFACE
MEASURED |VERTICAL | SUBSEA | THICKNESS LOCATICN
CALDERA FILL 0 0 9119 200
BANDELIER TUFF
ZONE A 220 220 8919 4555 1S OE
ZONE B 4835 4738 4401 413 1385 711E
ZONE C 5275 ‘5151 3988 70 1355 862E
TOTAL BANDELIER 50138
PALIZA CANYON FM ' 5350 5221 3918 243 1335 889E
™D o 5610 5464 3675 1235 982E
WELL BACA 20 ORIGINAL HOLE
' ' “HORTZONT
DEPTH TO MARKER TOP APPARENT ngoég?NAggs
MARKER NAME - ‘ ’ 1 VERTICAL | ppoM SURFACE
MEASURED | VERTICAL suBsea | THICKNESS LOCATION
CALDERA FILL 0 0 9065 336
BANDELIER TUFF
ZONE A 360 360 8729 4200 IN 1E
. - weq
ZONE B 4625 4524 4565 598 3478 622E
. 20NE C 5245 <5121 3968 112 . 4758 730E
TOTAL BANDELIER 4910 '
PALIZA CANYON FM 5363 5234 3855 1372 501S 752E
™D B 6864 6601 2488 939 1175
WELL BACA 20 REDRILL
DEPTH TO MARKER TOP APPARENT Cg?gIZONTAL
MARKER NAME VERTICAL RDINATES
FROM SURFACE
MEASURED |VERTICAL | suBspa | THICKNESS LOCATION
CALDERA FILL 0 0 9065 336
BANDELIER TUFF
ZONE A 360 360 8729 3982 1
, S 005 N 1E
ZONE‘B 4450 1342 4747 601 231N 602E
ZONE C 5100 4943 4146 92 423N  759E
TOTAL BANDELIER | | 4675
PALIZA CANYON FM 5200 5035. 4054 1027 456N  782E
™ . 6374 6063 3026 945N- 1054E

ALL DEPTHS, THICKNESSES AND DISTANCES IN FEET

ALL THICKNESSES CALCULATED FROM DIRECTIONAL DATA

-—
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WELL BACA 21
DEPTH TO MARKER TOP APPARENT o A
mases —— NERTICAL | Fhah Suntacs
MEASURED {VERTICAL | SUBSEA LOCATION
REDONDO CR. RHYOLITE 0 0 9361 376
CALDERA" FILL 400 400 8985 555 IN 1w
BANDELIER TUFF
ZONE A 955 955 8430 2035 IN 6w
TD 3000 2982 6403 168s 73E
WELL  BACA 22 ORIGINAL HOLE
HORIZONTAL
DEPTH TO MARKER TOP APPARENT | cO_ORDINATES
MARKER NAME ' - VERTICAL | ppoM SURFACE
: MEASURED |VERTICAL | SuBsga | THICKNESS LOCATION
REDONDO CR. RHYOLITE 0 0 9270 236
CALDERA FILL 260 260 9034 360, IN 1w
BANDELIER TUFF
ZONE A 620 620 8674 3959 6N OE"
ZONE B 4585 4578 4716 610 885 187E
ZONE C 5195 smégib 4106 85 945 212E
TbTAL'BANDELIER 4654
PALIZA CANYON FM 5280 5272 - 4022 736 945 . 216E
TD 6017 6008 3286 1055 259E
. WELL BACA 22 REDRILL 1
DEPTH TO MARKER TOP APPARENT ngg;gggiggs
MARKER NAME : 7| VERTICAL | pRroM SURFACE
: MEASURED {VERTICAL | SUBSEA | THICKNESS LOCATION
REDONDQ CR. RHYOLITE ] 0 9270 236
CALDERA FILL 260 260 9034 360 IN W
BANDELIER TUFF -
ZONE A 620 620 8674 3891 6N OE
ZONE B 4525 4511 4783 641 278 103E
ZONE C 5170 5152 4142 113 " 131N S51E
TOTAL BANDELIER ‘ 4645
PALIZA CANYON FM 5285 5265 4029 1136 145N 41E
SANTA FE Gp 6440 6401 2893 44 326N 60W
TD 6485 6445 2849 334N 65W

ALL DEPTHS, THICKNESSESVAND DISTANCES IN FEET

ALL THICKNESSES CALCULATED FROM DiRECTIONAL DATA

- 16 -
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WELL BACA 22 REDRILL 2

HORIZONTAL

DEPTH TO MARKER TOP APPARENT | <0 0ROINATES
MARKER 'NAME . VERTICAL { ppoM SURFACE
MEASURED | VERTICAL SUBSEA | THICKNESS LOCATION
REDONDO CR. RHYOLITE - 0 0 9270 236
CALDERA FILL 260 260 9034 "TI360 IN 1w
BANDELIER TUFF 620 620 8674 4649 6N OE
: 4570 - .
PALIZA CANYON FM 5280 5269 4025 724 103S  226E
TD 6006 5994 3300 61S 253E
WELL BACA 22 REDRILL 3
- ) | HORIZONTAL
'DEPTH TO MARKER TOP APPARENT | coo0RDINATES
MARKER ‘NAME — ‘ S VERTICAL | pRroM SURFACE
MEASURED |VERTICAL | suBsea | THICKNESS | rocarron
REDONDO CR. RHYOLITE o |t o 9270 236
CALDERA FILL 260 260 9034 360 IN W
BANDELIER TUFF
‘ ZONE A 620 | 620 8674 3908 6N OE
ZONE B 4540 4528 4766 759 1365 93E
ZONE C 5300 5286 4008 97 1865 95E
TOTAL BANDELIER 4764
PALIZA CANYON FM 5397 5383 L3911 1362 1875 - 94E
ABIQUIU TUFF? 6760 6745 2549 239 1585 S9E
SANTA FE Gp 7000 | 6984 2310 647 1485 ' 43E.
ABO FM 7650 7632 1662 965 1138 2w
MAGDALENA Gp 8620 8597 697 225 535 73W
D 8846 8822 - 472 395 89w

ALL DEPTHS, THICKNESSES AND DISTANCES IN FEET
ALL THICKNESSES CALCULATED FROM DIRECTIONAL DATA




YELL

BACA 23

: ' HORIZONTAL
DEPTH TO MARKER TOP APPARENT | 0 ORDINATES
MARKER NAME VERTICAL | ppoy SURFACE
MEZSURED |VERTICAL | suBsga | THICKNESS LOCATION
CALDERA. FILL 0’ 0 8735 456
BANDELIER TUFF
’ ZONE A 480 480 8279 4304 1s 3
ZONE B 4300 4778 3981 463 - 3415 27w
ZONE C 23SENT - S P
TOTAL BANDELIER 4767
PALIZA CANYON FM 5267 5241 3518 448 340 87W-
ABO FM? 5720 | 5689 3070 26 3355 152w
D 5746 5715 3044 334S 155w
WELL . BACA 24
DEPTH TO MARKER TOP APPARENT - Cg?giggg:@gs
MARKER NAME — . ™ VERTICAL | ppom SURFACE -
ME:SURED |VERTICAL | sussea | THICKNESS § = yocarron
CALDERA FILL 0 0 8740 196 '
BANDELIER TUFF 220 220 8544 4793 1IN .0E
PALIZA CANYON FM 5020 5011 3753 480 37N 231
TD $302 5491 3273 38N 273w

ALL DEPTHS, THICKNESSES AND DISTANCES IN FEET
ALL THICKNESSES CALCULATED FRCM DIRECTIONAL DATA

- 18 -
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3.2.2 Structure

Union's most recent geologic map of the Redondo Creek area is
Plate 3.2-1. The lithologic . units mapped are as previously
described excepting the subdivision of Caldera Fill into two
units presenting deposits underlying and overlying the Redondo
Creek Rhyolite (Behrman and Knapp, 1579). '

The Redondo Creek area is within a complex longitudinal graben
on the porthwest flank of the resurgent structural dome of
Redondo Peak and Redondo Border (Section 3.1). The axis of the
graben strikes northeast and generally coincides with Redondo
Creek. Graben-bounding faults appear steeply dipping,

60-80°0. Several subsidiary lower-angle faults dipping

30-40° extend to shallow depths, complicating the surface
expres=1on of the deep structure.

Major graben- boundlng faults have been pro;ected to the
normally drilled depths of 5000-7000 ft. to target permeability
associated with the intersection of such faults with the basal
section of the Bandelier Tuff. Results have been ambiguous due
to inadequate stratigraphic control from well data. The
following discussion of the geologic cross-sections shown in
Plate 3.2-1 and stratigraphic data illustrate the ambiguity of
subsurface structure which has hindered detailed structural
analysis of the Redondo Creek area.

Figure 3.2-2 shows the subsurface geology along Cross-section
A-A' near Baca 16. .The geologi¢ relationships shown are
interpretations of well data and surface geology projected to
depth. - Fault F-0 appears to intersect Baca 16 at the base of
the Redondo Creek Rhyolite (Qvrc), eliminating the lower
Caldera Fill (Qcf 1) from the drilled section and apparently

'-correlatlng surface and subsurface data.

Subsurface data near Baca 17 and 22 are shown in Cross-section-
B-B' (Figure 3.2-3). Fault F-0, apparently well located in the
subsurface .in Baca 16, has an ambiguous subsurface location at
Baca 17 and 22. Production zones at 2600-2800 ft. in Baca 17
and its twin Baca 21, which are clearly evident on geophysical
logs, have been thought to be the intersection of fault F-0
with these wells. This intersection is shown on Cross-section
B-B' and implies fault F-0 dips 70° southeast. Projecting
fault F-0 to Baca 22 should result in the Bandelier Tuff Zone
A/Zone B contact in Baca 22 being offset down relative to Baca
17; no such offset is present. One might speculate that the
dip of fault F-0 shallows to 600 and intersects Baca 22 above
the Bandelier Tuff Zone A/Zone B contact. Such an intersection
would result in structural thinning of the Bandelier Tuff Zone A
in Baca 22 relative to Baca 17; no such thinning is apparent.
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A third, possibly more plausible, interpretation is that fault
F-0 dips more steeply than indicated by surface mapping and
intersects neither Baca 17, 21, nor 22. This third
interpretation implies the shallow production zones in Baca 17
and 21 may likely be due to other causes than intersection of
the wells with fault F-0.

Baca Wells 4, 11, and 20 are shown in Cross-section C-C'!
(Figure 3.2-4). Faults F-3a and F-3b, not apparent on the
surface, appear to explain Bandelier Tuff offsets between Baca
4 and Baca 20. Fault F-0 appears more steeply dipping as
previously discussed: if fault F-0 dips 70© southeast as
mapped on the surface, one might expect Baca 11 to have
penetrated rocks deeper in the stratigraphic section.

Cross-section D-D' (Figure 3.2-5) shows the interpreted
subsurface geology in the vicinity of Baca 15 and 19. Fault
F-3 appears to intersect both wells resulting in similar
stratigraphy in both wells.

Data from the closely-spaced wells Baca 10, 18, 23, and 24 are
shown in Cross-section E-E' (Figure 3.2-6). Fault F-X, not
‘apparent on the surface, is proposed to explain stratigraphic
separation between Baca 18 RD and Baca 23. Fault F-3 might be
more steeply dipping in this area than in those previously .
discussed.

Plate 3.2-2 is a map showing the ‘elevation in feet above sea
level of the base of the Bandelier Tuff; The contours shown are
computer-generated. Also shown is the apparent vertical
thickness .in feet of the Bandelier Tuff; insufficient A

~ stratigraphic dip data prevent calculating true thicknesses.
The base of the Bandelier Tuff is significantly deeper in Baca
S5A and 12, probably the result of a greater thickness of tuff
in these wells. Less dramatic deepening of the base of the
Bandelier Tuff as a result of apparent thickening occurs in
Baca 4 and 14. The other wells in Redondo Creek exhibit less
profound variations in the base and thickness of the Bandelier
Tuff.

Surface mapping indicates that vertical displacements over 1000
ft. have occurred along the major graben-bounding faults. The
well data shown on Plate 3.2-2 show that such large
displacements are not apparent at the base of the Bandelier
Tuff, the only stratigraphic horizon yet identified in all
‘Redondo Creek wells. A combination of the following factors
"may explain the lack of large dlsplacements of the base of the
Bandelier Tuff:
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The dips of major, steeply dipping graben-bounding
faults may shallow with depth and not extend to .the base
of the Bandelier Tuff.

Graben-bounding faults with opposite dip directions may
intersect at depth yielding net displacements at the
base of the Bandelier Tuff less than observed on the
surface. :

The. base of the Bandelier Tuff may not have been
originally horizontal due to differential rates of
caldera collapse or mantling of pre-existing
topography.  The top of the Bandelier Tuff and the tops
of its subsidiary ash-flow units such as Zones B and C
are more likely to have been originally horizontal. The
top of the Bandelier Tuff is near the surface and
disturbed by erosion and low-angle faulting, limiting
its - use as a subsurface stratigraphic marker. Bandelier
Tuff Zones B and C have only been recently identified in
a few wells, limiting the use of these zones as
stratigraphic markers throughout the Redondo Creek area;
furthermore, it is uncertain whether Bandelier Tuff
Zones A, B, and C represent discreet ash-flow units.

Thickness variations are sometimes useful to detect faulting in
the subsurface. The Bandelier Tuff is not currently amenable

to this type of analysis because of the following uncertainties:

1.

The apparent vertical thickness of the Bandelier Tuff
measured in the wells may vary greatly from the true
vertical thickness. Better stratlgraphlc dip data are-
needed. to resolve this problem.

The original variations in thickness of the Bandelier

Tuff as a result of differential rates of caldera
collapse or mantling of pre-existing topography are:
currently unknown.

Relationship Between Mapped Structure and Well Productivity

The major graben faults in the Redondo Creek area have been
considered as potentlal permeable fluid conduits in the
geothermal reservoir. Well productivity might be increased 1f
wells were directionally drilled to intersect the major graben
faults in the productive interval. The validity of these
hypotheses is difficult to substantiate with well data for the
following reasons:

- 26 -
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The precise depths and magnitudes of fluid entry points
in Redondo Creek wells are very difficult to determine.

, Various log and test data provide clues where some’

productive zones may be in a few wells, but no reliable
method exists of determining flu1d entry p01nts in Baca
wells. ,

The'locations of faults in the subsurface and their
correlation with surface features cannot be determined
with the required precision as previously discussed.

Well data are inconsistent regarding the permeable and
productive nature of the major graben faults. Baca 17
and 21 encountered fluid production at a depth of
2600-2800 ft. (Figure 3.2-3). This productive zone has
been suspected as being the intersection of these wells
with fault F-0 and appears clearly on geophysical logs.
However; no such zone has been identified in Baca 22, a
noncommercial well, and the previous discussion has
noted that there is ambiguity whether fault F-0
intersects Baca 17 or 22 at all. Data from Baca 15 and.
19 are also inconsistent (Figure 3.2-5). Fault F-3
appears to intersect both wells, apparently in a zone
causing lost circulation in Baca 19. Baca 15 is a
commercial producer, while Baca 19 is not.

The commetc1al wells Baca 4 and 11 (Flgure 3.2-4) and 24

(Figure 3.2-6) may not intersect any major graben faults
in their productlve intervdls.’ '

The major graben faults with associated fracturing are:
plausible candidates as permeable and productive zones “in the
reservoir. Drilling results have indicated that if faulting -

"has generated permeable zones in the reservoir, the’

distribution of such zones is too erratic and the location of
such zones too imprecisely known to offer an attractive
drilling target.

- 27 -



3.2.3 PFracture Orientations \QML

Fracture Identificatidn I Logs Omodufled dipmeters) were run in

Baca wells 18, 20, '21) ’ and\\\ The logs were obtained over
cooler intervals sh§$Lower than “the producing horizon, and all
the logged wells are noncommercial. - The purpose of running the

logs was to determine preferred fracture strike directions in
the Redondo Creek area and any relationship between preferred
fracture strike and well productivity.

Log analysis indicates there is a preferred mean fracture
strike of N31W in the logged portion of Redondo Creek wells.
This mean fracture strike is very génerally perpendicular to
the major structure in the area, the northeast-striking Redondo
Creek graben. Of the commercial producing wells, Baca 4, 11,

,////’“~T‘§nd 15 are parallel to the northwesterly fracture trend; Baca

20 RD, and 24 are_ parallel to the trend; and Baca 6 is

g_‘__’/me1ther'pﬁfﬁrler*nof’ﬂerpend1cular to the trend. The

noncommercial wells exhibit no particular relationship among
well direction, mean fracture strike, and lack of productivity.

Fracture Identification Logs have promise in helping determlne
the relationship between geologic structure and well :
productivity. The existing log data have limitations whlch,
must be resolved by future work to improve geologic
interpretation of such logs:

1. The low number of logged wells and low number of
calculated fracture strikes prevent definite
correlation among fracture direction, well direction,
and well productivity. '

2. Log analysis 1is hampered by the lack of a computer
program analogous to conventional dipmeter programs to
calculate fracture strike and dip. Present analysis 1is
limited to visual inspection of the log data.

3. Dipmeter tools with the conventional 350°F
temperature rating will not operate in the hot,
permeable sections of Redondo Creek wells. (Water’
injection during logging does not cool the hole enough
to allow operation of such tools.) The result is log
data which must be extrapolated from shallow depths to
the producing horizon. Logging tools rated to 5000F
are currently available on an experimental basis;
routine availability will result in obtaining data from
the producing horizon, increasing the utility of the
Fracture Identification Log.

4. Only noncommercial wells have been logged at depths
shallower than the productive interval.
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Fracture Identification Log data was obtained from Baca 18 OH,
20 OH, 21, and 23, and numerous fracture orientations were
calculated. Baca 22 OH was logged but detected insufficient
fractures to allow analysis. Baca 20 RD was logged with a
5000F-rated tool to total depth at the time of stimulation
and resulted in a log which exhibited abundant fracturing.
Computer and visual analyses were attempted but no successful
interpretation has yet resulted. Figure 3.2-2 is a reference
map of the Redcndo Creek well locations and wellcourses.

Figures 3.2-3 and 3.2-4 show results from Baca 18 OH and Baca
23, wells with the same surface location. Baca 18 was logged
in the interval 663-1800 ft., and Baca 23 was logged from
1406-3070 ft. Neither well is productive. The mean fracture
strike in Baca 18 OH is N8W; that measured in Baca 23 is N19Ww.
Both wells exhibit a preferred north- northwesterly strlklng
fracture orlentatlon.

Figure 3.2-5 shows the Baca 20 OH results. The logged
intervals summarized in the figure were 1414-2509 ft. prior to
setting 9-5/8" casing and 2505-3500 ft. prior to redrilling.
This well provided the most calculated fracture orientations,
and the mean fracture strike is N40W. Partly based upon log -
results the unproductive original hole of Baca 20 was redrilled
to be northeast, perpendicular to the northwesterly mean
fracture strike and resulted in a marginal commercial producer.

Figure 3.2-6 shows results from Baca 21. Few fracture
directions in the logged interval of 1504-2606 ft. were able to
be calculated. The mean fracture strike of N30W is consistent
with the other logged wells. Baca 21 is not a commercial
producer because it apparently did not penetrate the main
reservoir.

The results of all logged wells are summarized in Figure

3.2-7. The results are biased by the large number of fracture
directions measured in Baca 20. The preferred northwesterly to
north-northwesterly direction of fracture strikes appears
consistent in all logged wells.

Preliminary conclusions are that a preferred northwesterly-

trending fracture strike exists in the logged intervals of Baca
18 OH, 20 OH, 21, and 23. Additional data must be obtained
from the hot permeable intervals of several wells in the
Redondo Creek area before any definite correlation among .
preferred fracture strike, well direction, and well :
productivity can be drawn. Use of Fracture Identification Logs
appears promising enough to continue when future wells are
drilled.
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oRC-120-11 °' 13

15
19
oRC-117-H
oRC-ig-ii  °RC-IIB-IL - oRC-II6-
“ g
RC-113-22
24

REDONDO CREEK WELL LOCATIONS

Existing Well with Wellcourse
RC-113-22: Future Well Location
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WEST—

FIGURE 3.2-3

NORTH

2 EAST
FRACTURE STRIKES
BACA 18
' ORIGINAL HOLE ; NONCOMMERCIAL

Number of Fractures ‘ ' 34
Mean‘Direction _ N8W
Std Dev. - - 21 deg
Logged Interval L . 663'-1800"
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FIGURE 3.2-4

NORTH

WEST

FRACTURE STRIKES
BACA 23
NONCOMMERCIAL WELL
Number of Fractures | ‘ 33
Mean Direction v N19W
Std DeQ. _ 33 deg
Logged Interval 1406'-3070"
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FIGURE 3.2-5

NORTH éﬁ?.-

WEST

FRACTURE STRIKES _
"BACA 20

ORIGINAL HOLE - NONCOMMERCIAL
Number of Fractures : _ 145

Mean Direction | N40OwW

Std Dev. : : , 20 deg

'Logged Intervals . | : 1414'-2509'— 20 OH

2481'-5842'~ Aok
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FIGURE 3.2-6

NORTH

WEST ‘ - '_\ - EAST
FRACTURE STRIKES
BACA 21
NON-;COMMERCIAL WELL
Number of Fractures ' 11
Mean Direction : N30W
Std Dev. : : 11 deg
Logged Interval o | 1504'-2606"
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FIGURE 3.2-7

NORTH t?é’
&
R
S
./
/
WEST . 2 - . EA_ST |
FRACTURE STRIKES
ALL WELLS
Number of Fractures 220
 Mean Direction : A N31wW
Std Dev.l 27 deg
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3.3 Geophysical Log Results

3.3.1 TQol‘Type and.- Operation

Geophysical logs have been run in several Valles Caldera

wells. The logs have been very useful in determining
stratigraphic correlation among wells and presence of porous
and possibly productive zones. Operating problems are wellbore
sloughing, wellbore temperatures exceeding tool ratlng, and
random equipment failure.

Logs are normally obtained in open hole at three depths:

13-3/8" casing point depth (1000-2000 ft.), 9-5/8" casing point

depth (2000-3500 ft.), and at total depth prior to completion.
Table 3.3-1 lists the logs normally attempted at these three
depths; the specific tool types listed are those marketed by
Schlumberger. Normally a log suite consisting of resistivity,
neutron-density, temperature, and dipmeter is considered
adequate; sonic logs are occasionally run to obtain velocity
and additional porosity information. Logs which have been run
in Redondo Creek wells are listed in Table 3.3-2.

Operating suitably-rated logging equipment in high temperatures
has not been a serious problem. Neutron-density, resistivity,
and sonic logs with temperature ratings of 500°F are readily
available. Logging cable with a temperature rating of 5250F

is also routinely used. Temperature tools with temperature
.ratings above 3500F are not available in the Valles Caldera
area. A high-temperature dipmeter is occasionally available,
but it is still experimental and is not currently considered
commercial. To minimize high temperature effects when logging
at total depth, cold water is pumped into the hole while »
logging. This is effective if the injected water exits near
total depth. If the injected water exits too shallow, the
bottom portion of the hole cannot be cooled enough to log - a
partlcular problem in deep, tight, mud drilled holes. Logs are
run going into the hole rather than coming out to mitigate
temperature effects and insure at least part of the hole being
logged prior to tool failure.

'3.3.2 Examples of Log Response

Successful logging of geothermal wells in their hot and
permeable intervals is a relatively recent accomplishment.
Accordingly only the most recent wells have good log data. The
following discussion describes the response of various logging
tools and the usefulness of such data.
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TABLE 3.3-1

. LOG, TYPES AND DEPTHS

Listed in Order Run ' .

" DEPTH

TOOL TYPE

REMARKS

13-3/8" Csg. Pt.
(1000-2000 ft.)

‘Resistivity - Gamma Ray
(Dual Laterolog preferred)

Provides depth control with deeper logs.
Detects fresh water zones which must be
cased off. Detects lithologic contacts
used in shallow stratigraphic correlation.

9-5/8" Csg. Pt.
(2000-3500 ft.) .

Temperature

wet!

Dipmeter (Fracture Identification ‘Log)

Neutron - Density - Gamma Ray

Resistivity (Induction, Dual Induction
or Dual Laterolog) - Gamma Ray

“Sonic (optional)’

Determines if high temperature tools are
required and safe logging depth for dlp-
meter.

p Y
LA
C

Determines strike of fractures near top of
production interval. - -

Determines density and porosity of rocks
near top of production 1nterval * Detects
lithologic contacts. ' . @
Provides depth control with shallower  and
deeper logs. Complements results of
neutron density.

Provides velocity information. Complements
porosity data from density log. '

Total Depth

Téemperature .

Dipmeter (Fracture Identification Log)

Determines safe logging depth if dipmeter

is to be used. Limited to temperatures
less than 350°0F. - .

Determines fracture strikes as deep as hole
temperature allows logging.

%



TABLE 3.3-1 (cont'd)
LOG TYPES AND DEPTHS
Listed in Order Run

DEPTH LT TOOL TYPE

REMARKS

Total Depth Neutron - Density - Gamma Ray
' (Compensated) (CNL-FDC)

Resistivity (Induction preferred
Dual Laterolog acceptable) - Gamma Ray

8¢t

Sonic (optional)

High-temperature tool. Detects contact of
Bandelier Tuff Zones A and B, large
fracture zones, porous zones, and base of
Bandelier Tuff.

High temperature tool. Detects contacts
between all Bandelier Tuff zones - es-
pecially contact between Zones B and C,
contact between Bandelier Tuff and Paliza
Canyon Formation, very large fracture
zones, and complements neutron-density
results. '

High-temperature tool. Provides velocity
information, additional porosity data,
and helps confirm results of neutron-
density and resistivity logs. '

ﬂ = e
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TABLE 3.3-2

GEOPHYSICAL LOGS RUN

MAX REC

INTERVAL . ,

WELL FT KB LOG TYPE TEMP OF - REMARKS
13 . 1470-3485  Dual Induction - SP 268 ‘
13 3494-6813 Dual Induction - SP - 471 Pumped H,0 while logging
13 1150-3499 Temp | ' 243 '
13 2640-8228  Temp 471
13 3494-7240 Sonic - GR 372 Tool quit at 7240
13 3494-6809 Neutron-Density-GR 300 Pumped HoO while logging
14 470-5300 Temp 190 Tool quit at 5300 ‘

- 14 3068-5830 Neutron-Density-GR 450 Tool quit at 6200 - Density log invalid
170H 238-1168 Dual Induction - GR v 124
170H 250-2755 Temp o 256
170H 1171~-2763 Induction - GR NA Pumped H»O while logging
170H 1181-2755 Borehole Geometry - 200 " " " "
170H - 100-4615 Temp ' - 300 " " " "
170H 3000-3500 Caliper : 216 " " " o
170H. 3000-5801 ° 1Induction - GR 440 " " "o " C o
17RD 3000~-6270 Induction - GR NA " " " " Thermometers lost

: ' : in hole

180H 54-661 Dual Induction - GR - 124
180H 100-2023 Temp _ 247
180H 663-1800 ‘Fracture Identification 224
180H 659-2007 Induction - GR - 270
180H 100-2023 Temp 305
18RD 170-5250 Temp 343
18RD 2018-5250 Induction - GR _ 338
19 247-1506 Induction - GR 154
19. 922-2495 Temp ' 179 .
19 1431-2466 Gamma Ray 174 Induction tool failed
19 2480-5400 Induction - GR 400 Tool would not go below 5400 - Pumped H3O

while logging. Sonic log would not
operate. ‘

* ALL LOGS BY SCHLUMBERGER

sy



TABLE 3.3-2 (Con't)

GEOPHYSICAL LOGS RUN

INTERVAL * MAX REC
WELL FT KB LOG TYPE TEMP OF REMARKS
200H 1414-2509 Fracture Identification. 236
200H 1414-2504 Sonic - GR 255
200H 1414-2500 Dual Laterolog - GR 255
200H 1414-2504 , Neutron Density - GR NA Thermometers broke
200H 2504-4000 Temp 340
200H 2505-3500 Fracture Identification 268
200H 2505-6853 Dual Laterolog - GR 428
200H 2505-6850 Neutron-Density - GR 454 :
20RD 2646-5494 Neutron-Density - GR 500 Pumped H2O0 while logging. Dual Laterolog
- . failed. '
20RD 2563-5836 ‘Induction -~ GR 214 Prior to frac. Pumped H0 while logging.
20RD 2481-5842 Dipmeter/Fracture Identi- _ : B
Y /f'ication 214 " " n " " 1 "
20RD 2426-5836 Sonic - GR 215 " " " " " " "
S 20RD- 4882-5129 Neutron-Density - GR 360 Post-frac. Kept hole full of H3O.
| 20RD 4882-5138 Fracture Identification/ '
Qj;pmeter 36 O L1} . " L] - [1] ”" "
20RD 4882-5133 Sonic - GR NA " " " " v
' ' v ' ' Temp <200°F
20RD 4881-5128 ° Dual Laterolog - GR 190 Post-frac. Kept hole full of H,O.
' : : : : Induction tool failed. Borehole tele-
viewer (Sandia Lab tool) failed.
21 616-1517 Dual Induction - GR NA
21 0 - 2601 Temp 325 Temperature increased from 275 to 325
after sitting on bottom 10 min.
21 1504-2606 Fracture Identification 210 Logging truck winch failed after temp log.
o T .Circulated while waiting for relief
’ , truck to run subsequent logs.
21 1504-2606 Neutron-Density - GR 238 '
21 1504-2592 Dual Induction - GR 250
21 2595-2930 Neutron-Density - GR 389 Pumped 150 gpm H,O while logging

*ALL LOGS BY SCHLUMBERGER



TABLE 3.3-2

{(Cont'd)

GEOPHYSICAL LOGS RUN

© -

A

_'[?_

- . " INTERVAL ' x MAX REC e

WELL FT KB LOG TYPE TEMP OF REMARKS
'220H  435-1535 Dual Laterolog - GR 126
220H 1492-2530 Temp ‘ 325 , - :
220H 1531-2530 Fracture Identification 262 Induction, neutron-density tools, and

— : logging truck computer failed at this
- S o » depth .
220H  2512-5946  Neutron-Density - GR 484 Pumped H,0 while logging
220H 2512-5864  Iriduction - GR : 402 " Lo " o
22RD-1 2512-6253 : Neutron-Density - GR - 315 " " " " S
'22RD-3 2512-6525 Dual Laterolog - GR = NA- -~ Stuck tool at 6535. Suspended all opera-
’ o tion. ‘ . e :

- 23 596-1411  ~Dual ‘Inductiéon - GR 5 182 S "
23 1200-3070 = Temp 238 Temp after sitting on bottom 10 min. - E
23 1406-3070 Fracture Identification - 254 Induction and neutron density tools failed

o ~ T o ' ' ' . at this depth ; o
23 . 3056-5690 ‘ Induction - GR - 488 Pumped H,0 while logging = = &
- 23 3058-4690 . Neutron-Density - GR NA " oom " " .  Thermometers
» : - : lost in hole. ' '
24 0-2944 " Temp : 180 5 | -
24 Dual Laterolog - GR - - Lost hole prior to reaching TD

782-2946

*ALL LOGS BY SCHLUMBERGER
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Lithology Contact Detection. Figure 3.3-1 shows sonic and
porosity log responses to Bandelier Tuff Zones A and B in Baca
20 Redrill. Zone A is characterized by low neutron porosity
(less than 2%) and low interval transit times (60 micro- -
seconds/foot). Zone B has significantly higher neutron
porosity (6-8%) and longer interval transit times (65-70
microseconds/foot).  Zone B is much more variable than Zone A
in both interval transit time and neutron porosity - the ’
criteria for identifying Zone B of the Bandelier Tuff.

Figure 3.3-2 shows the resistivity log responses to Bandelier
Tuff Zones B and C and the Paliza Canyon Formation in Baca 20

. Redrill. Zone C is characterized by a broad conductivity

high. The contact between the Bandelier Tuff and the ‘Paliza
Canyon Formation is indicated by lower conductivity and gamma
ray count in the Paliza Canyon Formation.

Fracture Detection. Figure 3.3-3 shows porosityﬁand
resistivity log responses to a fracture zone in Baca 20
Redrlll. Fracture zone responses are characterlzed by abrupt

et s sty

e

over short 1ntervals, hole enlargement, and lower gamma ray
count. : ‘ Jods? T
; : . ‘ov‘e,c ) .

The neutron tool. appears more effective than the density tool
in identifying porous, water-filled zones. The neutron- tool
detects hydrogen. atoms in- the formation; the source of most of
the hydrogen is formation water or drilling fluid which has
invaded .the formation. The density tool responds to electrons
in the formation which may be due .to saline water present .as
formation or infiltrated fluid or due to electrons bound in
clays.a As a’ ‘result, the denslty tool may record false-
porosities. Furthermore, the density. tool is affected by hole
ru9081ty,‘a problem not suffered by the neutron tool. The
density. tool's chief use is in recordlng formation density and
providing a 31multaneous check on the rellablllty of . the
neutron tool.

Figure 3 '3-4 shows a Fracture Identlflcatlon Log response in
Baca 20 Orlglnal Hole. Pads 2 and 4 record low -electrical
conductivity; pads 1 and 3 record . high conduct1v1ty.. The
azimuth-and. relative bearlng curves allow the: a21muth of Pad 1
to be determined, yielding a fracture strike of: N .. Note
that the caliper curves show the hole to be only sllghtly out
of gauge. This is an- example of how hole ellipticity is not
necessarily’ an 1nd1cator of presence or orientation of :
fractures. : : .
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FIGURE 3.3-2"

RESISTIVITY LOG RESPONSE TO
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' FIGURE 3.3-3
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FIGURE 3.3=4"
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3.4 Well Chemistry

3.4.1 Fluid Chemistry - Major Constituents

Samples of fluid produced from wells capable of flowing through
a test separator have been obtained from the Redondo Creek
wells Baca 4, 6, 11, 13, 15, 20, 22 and 24 Baca No. 23-was
also sampled when flowing through a "mini" separator. The:
samples obtained from the two-phase line, the steam outlet of
the separator and the liquid outlet of -the separator (flashed
brine) have been analyzed for various chemical constituents
found in the well effluent. Table 3.4-1 presents the average
chemical concentrations, and Table 3.4-2 gives a detailed
account of the major ions Na, K, Ca, Mg, Cl, SO4, CO3 and
HCC3 and the trace elements As, B, Br, F and Li found in the
Redondo Creek fluids. Sampling was conducted during the 1982
testing on Baca 4, 13, 15, 19, 20 -and 24 but was not analyzed
for this report. A

Table 3.4-1 shows that the brine concentrations of the Redondo
Creek fluids are extremely low (5200 to 7300 ppm) with the.
exception of Baca 22. The abnormally high concentration
observed in the Baca 22 sample is probably due to the well
being sampled prior to completely cleaning itself of drilling
fluid (Section 5.2.2). The non-condensable gases are fairly
consistent throughout the field but the H2S concentration was
unusually high in Baca 1ll. The corrosive nature of the Baca 1l
fluid which eventually led to .its plugging and abandonment
(poor casing). is a further refléction of the anamolous fluid
composition of Baca 11.

Major Ions

Table 3.4-2 shows that the produced fluid is primarily sodium
chloride in nature and has a fairly uniform composition.
Calcium concentration is low as would be expected from the high
subsurface temperatures and rhyolitic composition of the
Bandelier Tuff - the principal producing horizon. Carbonate
and bicarbonate concentrations are probably controlled - by the
partial pressure of COj3 at the time of sampling. The
rhyolitic composition of the Bandelier Tuff suggests that the
potassium concentration is more a function of temperature than.
lithology. (Geothermometric calculations supportlng thlS
conclusion are included in Sectlon 3.5.2.) .

The significance of differences in ionic concentratidns. within
a single well's history and among all the wells is unclear.
Systematic study of such variations is best done when several
wells are flowed simultaneously for a long time, and no such
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WELL

BACA 4

BACA 6

BACA 11
BACA 13
BACA 15
Baca 201
BACA 222
BACA 233

BACA 24

_TABLE 3.4-1 AVERAGE CONCENTRATIONS OF VARIOUS CHEMICAL CONSTITUENTS

" FLOW RATE
(LB/HR)

160,000
164,000
230,000

270,000

150,000 -

64,000
21,000
72,000

168,000

1_Before stimulation. .

IN WELL EFFLUENT

TOTAL DISSOLVED SOLIDS NON-CONDENSABLE GAS

FLASH BRINE CONDENSATE STEAM TOTAL MASS .
3 (PPM) (PPM) (WT%) _(WT%)
28 5200 28 3.3 1.0
25 6018 23 -~ 1.33 .37
40 6895 59 . 3.76 1.5
28 6477 13 3.09 .87
61 5970 22 1.35 , .82
62 7272 21 2.55 1.47
75 - 14300 37 3.48 1.47
52 6600 T 23 .60 s
20 5825 15 .93 .55

Sampled prior to cleanout of drilling fluids.

3

After stimulation.

H,S
TOTAL  STEAM
(PPM)

150
99
477
149
170
75
167
46

22
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. WELL

SAMPLE
DATE

BACA 4

BACA 6

BACA 11

BACA 13

BACA 15

BACA 20
(RD-1)

9/18/73
11/05/73
11/09/73
. 5/06/81

10/11/72
10/11/72
10/27/72
11/09/75

1/23/74
1/23/74
9/16/74
9/20/74
11/08/74
2/24/76
.4/08/76

12/07/74

10/15/74

11/07/75
2/26/76
4/07/76

11/04/76
11/17/76

. 11/22/76

11/24/76
1/05/77

9/30/801

10/07/80
10/23/80

TABLE 3.4-2

SUMMARY OF FLUID CHEMISTRY BACA WELLS
All Samples Corrected for Flash

% $i02 CATIONS mg/1 ANTONS mq/1 TRACE ELEMENTS
FLASH - mg/1 Na K Ca Mg Cl S04 CO3 HCO3 As B Br F Li
24.4 201 1194 227 5 0.1 1890 23 0 142 9 16

27.5 165 1015 225 4.7 . 0.4 1958 24 46 78 1.4 15

27.5 - " 965 212 4.1 0.5 1798 - 0 141 :

33 506 986 213 3.6 0.3 1675 29 119 1.9 14 0.5 .15
25.8 1218 275 0.5 0.1 2132 27 - -

25.8 1209 263 2.2 0.1 2044 24 - 51 2.7 8.3 3.4 6.1
25.0 1328 239 g 0 2235 23 70 - 3.2 "16.5 20
24 1293 228 9 0.6 2585 22 ¢ 75 3.8 13 ‘ 5.1
49.3 189 1003 189 17 0.2 1853 - 24 12

'49.3 175 991 175 .16 0.2 1825 - 21 18

49 246 969 246 12 0.1 1805 43 0 77

49 246 969 246 - 13 0.1 1438 39 0] 72

51 273 1091 273 23 0.2 2179 25 0 34

40 259 1092 259 10 0.02 ‘1564 40 0 17 2.0 15 4.3 .
42 314 899 172 3 .02 1520 60 0 129 1.7 12 6.2 14
30 264 1323 264 8 0.6 2310 214 33 114 16 6

30 293 1103 223 3.9 0.6 1778 47 11 130 1.6 14 7.7

34 368 990 201 3.5 0.1 1777 48 0 162 :

28 311 1167 236 4 .02 1674 42 0 156 2.4 18 5.1

27 395 1132 216 4 .03 - 1913 76 0 163 2.1 15 - 7.8 18
59.5 243 770 177 9 .04 1426 - 0 23 11 2.8
52.7 314 818 193 9 0.2 1533 10 0 48 11 2.9
62.7 271 70y 153 7 .03 1263 5 0 25 10 2.5
67.7 255 636 156 7 0.1 1164 6 0 26 8 2.6
56.0 348 761 180 12 0.5 1558 - 0 44 0.9 12 2.9 14
64.4 267 716 127 22 1.0 1212 24 0 11 12 1.6 9
58.5 240 851 112 35 0.5 1513 127 0 6 14 3.2 12
62.4 274 1325 264 26 0.3 2207 52 0 30 2.3 19 4.1 1.



TABLE 3.4-2 (Cont'd)
SUMMARY OF FLUID CHEMISTRY BACA WELLS
All Samples Corrected for Flash

SAMPLE % Sip2 CATIONS mg/1 , ANIONS mg/1 TRACE ELEMENTS
WELL DATE FLASH Mmg/1 _Na K Ca Mg Ccl S04 CO3 HCO3 As B Br F Li
BACA 22 - 2/09/81 872 4810 720 29 .4 7880 170 77 418 4.5 68 - 22 50
(RD-2)
| BACA 23 5/05/81 52 360 924 130 13- 0.2 1574 20 0 53 1.9 16 3.5 13
w : '
© BACA 24 8/05/81 18.6 505 1490 192 11 0.07 2182 50 - 88 3.1 19 6 .4.9 20
| 8/19/81 21.5 454 1452 192 9 0.8 2292 48 - 92 3.0 20 . 6 5.3 19
9,/02/81 21.2 522 1411 210 12 0 2325 39 - 61 2.5 19 7 5.4 20



long-term producticn yet exists in the Valles Caldera. Low
reservoir permeability may cause chemical inhomogeneities as a
result of local boiling or impaired convection. Lithologic
variation in rocks underlying the Bandelier Tuff (especially
the Paliza Canyon Formation) may cause chemical variation among
wells. Variations in ionic concentrations observed in a single
well may be due to changing flashing conditions in the
formation with time.

Trace elements

Table 3.4-2 lists As, B, Br, F, and Li analyses from several
wells. The concentrations of these elements in the produced
fluid are controlled by temperature and the igneous and
sedimentary lithologies through which the fluid has
circulated. Variations may be due to lithology, local boiling, -
or imperfect reservoir mixing due to low permeability. The
concentrations of arsenic, fluorine, and bromine are
environmentally important in considering how fluids will be
treated during production. Boron concentration may also affect
production equipment scaling. Changes in the concentrations of
these trace elements might provide valuable information of
fluid movement in the reservoir during production.

3.4.2 Trace Elements in Well Cuttings

Cuttings from several wells were analyzed for abundance of
mercury, arsenic, and antimony apnd lithium in a few wells. The
purpose of the study was to determine if any systematic
variations in the concentrations of these trace elements

occur. Any detected variations might indicate zones of fluid
movement in the productive interval or chemical sealing in
portions of the reservoir..

Results show that arsenic concentrations rarely exceed 10 ppm;
antimony is not detectable, lithium appears to correlate with
lithology, and mercury concentrations are variable - as high as
750 ppb near the surface but diminishing to generally less than
50 ppb at depth. No systematic variations appear at depth, but
mercury enrichment may -occur in the vicinity of suspected
permeable zones. '

Baca 18 Redrill 1 (Figure 3.4-1) - Arsenic concentration is
uniformly low; the highest concentration recorded is 6 ppm.
These low concentrations are consistent with the low arsenic
concentrations measured in produced fluids (Table 3.4-2).
Mercury concentration is variable.
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The mercury ancmaly between 4200 and 4500 ft. may be due to
presence of a permeable zone. Several hundred barrels of
drilling fluid were lost while drilling this interval. Since
the well is noncommercial, the significance of this suspected
permeable zone and coincident mercury anomaly 1s probably
minor. The significance of the mercury anomaly at 2500 ft. is
unknown. : ' 3

Baca 19 (Figure 3.4-2) - Eprichments in both mercury and
arsenic occur at shallow depths. The arsenic concentration is
guite low below 1500 ft. The mercury concentration is alsc low
below 1500 ft. excepting anomalously high concentrations
between 4000 and 4600 ft. Severe lost circulation was
encountered (200 bbl/hr) between 3600 and 4000 ft.; aerated
water drilling was commenced as a result. The mercury anomaly
at 4000-4600 ft. may be a permeable and productive zone just
below the lost circulation zone, whose significance is unclear
because the well is noncommercial. Analysis detected no
antimony.

Baca 20 (Figure 3.4-3) - Data from both the original,

noncommercial and redrilled, marginally commercial holes are

- presented. Arsenic concentration is low and similar to the

concentrations measured in the produced fluids from the
redrilled hole (Table 3.4-2). Antimony was not detected. .
Mercury concentration is guite low, :

The significance of the mercury enrichment just below 2500 ft.
in the original hole is unclear. No lost circulation zones or
porous zone log responses are present in this interval. The
mercury anomaly at 3900 ft. in the redrilled hole corresponds
to a narrow highly porous zone, possibly a fracture, apparent
on the neutron porosity log.

Baca 21 (Figure 3.4-4) - The hlgh mercury- and arsenic -
concentrations at shallow depths are similar to those detected

- elsewhere. Production in the well comes from 2700-2800 ft.

Note that there is no apparent mercury enrichment in the zone.
There is possibly a small arsenic enrichment from 2800-2900
ft., but its small magnitude-makes correlation with the
productive interval speculative. Antimony was not detected

Baca 22 (Figure 3.4-5) - Data from the original hole and first
two redrills, all noncommercial, are present. Like the other
wells a shallow mercury and arsenic anomaly exists. The
original hole exhibits no dramatic anomalies below 3000 ft.
Redrill-1l exhibits an arsenic anomaly within the basal 100 ft.
of Bandelier Tuff Zone A/Zone B contact and a mercury anomaly
near the top of the Paliza Canyon Formation, possibly a
productive zone.
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Redrill-2 exhibits an arsenic anomaly at 4000 ft. but not
co-incident with any lithologic marker. Although the Bandelier
Tuff Zone A/Zone B contact is not known in Redrill-2 it is
unlikely to be as shallow as 4000 ft. ©No antimony was detected.

Baca 24 (Figure 3.4-6) - Because no systematic arsenic
variations other than near-surface alteration were apparent

"from previous analyses, lithium instead of arsenic analysis was -

performed in Baca 24. The most obvious lithium anomaly in Baca
24 'is that associated with the contact between the Bandelier
Tuff and Paliza Canyon Fm. Mercury concentrations appear
variable. The mercury anomaly at 3300-3500 ft. roughly
corresponds to the interval where production was first .
encountered. Elevated mercury levels also occur in the Paliza
Canyon Fm., a suspected productive zone.

The trace element analyses indicate mercury and arsenic ,
anomalies are common at shallow depths. Deeper anomalies may
be associated with permeable zones or lithologic changes. The
exact depths and magnitudes of fluid entry points are unknown
in most of the wells. The exact depths of individual cuttings
samples are also unknown. Although these facts hamper
systematic analysis, cuttings should continue to be analyzed
for mercury .and arsenic abundance as well as other trace
elements such as fluorine, boron, and lithium in hope of
resolving present ambiguities.

3.4.3 Isotope Analyses

Geothermal water from Redondo Creek area wells and surface
waters in the Jemez River system have been sampled to determine
the isotopic ratios §j;80 (SMOW) and 8D (SMOW). Figure 3.4-7
shows the sampling locations. Tables 3.4-2 and 3.4-3 describe
the sample locations and list the analytical results. The
results are also plotted in Figure 3.4-8.

The produced geothermal waters exhibit a positive oxygepn shift
along a constant 6D line from the composition of surface water
in the area (Redondo Creek), as would be expected.

The low-~temperature thermal waters discharging at Soda Dam
(116°F) and Jemez Springs (1209F) have 6180 values _
indicating less exchange than the deep, high-temperature waters
in the Valles Caldera. Thermal water at Spence Springs

(1049F) shows no oxygen shift, indicating no isotopic

exchange which in turn indicates probable shallow circulation.
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TABLE 3.4-2
GEOTHERMAL .WATERS FROM REDONDO CREEK FIELD

RECONSTITUTED

- COLLECTION 18
SAMPLE NAME SAMPLE NO. DATE §7 0 (SMOW) 6D (SMOW) %2 FLASH 6018 § D
Baca 20 Separated Brine PB1 10/23/80 - 6.98 -89 60.89
Baca 20 Separated Brine PB2 " - 7.03%0.04 -89 "
Baca 20 Stm Condensate PS1 " -10.64 -85.5%0.5 "
Baca 20 Stm Condensate PS2 " - 9.40 -82 " :
PR1 - 9.21. -87
PR2 - 8.47 -86
Baca 13 Separated Brine PB3 3/30/81 - 9.51 -89%0.05 27
Baca 13 Stm Condensate PS3 " -12.03 -94 "
PR3 -10.189 -90
Baca 4 Separated Brine PB4 7/9/81 - 9.39 -83*1 29.77
Baca 4 Stm Condensate PS4 " -12.16 -94 "
Baca 4 Separated Brine PB5 " - 9.34%0.09 -84 "
Baca 4 Stm Condensate PS5 . -12.33 -93 : " : '

. PR4 ' -10.21 -86
| " PR5 -10.23 -87
m .
© Baca 13 Separated Brine PB6 8/13/81 - 9.60 -85 21.5
! Baca 13 Stm Condensate PSé6 S -12.54 -94 "

Baca 13 Separated Brine PB7 " - 9.615-9.48 -87 "
Baca 13 Stm Condensate PS7 " -13.00 -94 .
PR6 -10.23 -87
PR7 -10.34&-10.24 -89
Baca 24 Separated Brine PB8 8/13/81 - 8.99%0.08 -84 19.9
Baca 24 Stm Condensate PS8 " -11.43 -89t1 "
Baca 24 Separated Brine PB9 " - 8.90%0.05 -84 o "
Baca 24 Stm Condensate PSS9 " ~11.82 -88 "
PR8 ' - 9.48 . -85
PRY - 9.48 . -85
PB: PRODUCED FLUID - SEPARATED BRINE
PS: PRODUCED FLUID - STEAM CONDENSATE
PR: PRODUCED FLUID - RECONSTITUTED FROM BRINE AND CONDENSATE SAMPLES



s, . . - .

TABLE 3.4-3
SURFACE WATERS

e
i

COLLECTION

SAMPLE NAME - SAMPLE NO. DATE 80 (smow) §D (SMOW)
San Antonio Cr. nr La Cueva GN 1 1/22/80 =12.63 | -92.9
GN 2 " -12.52 , -91.5
Spence Spring"; _ 7 GT 1 1/22/80 | -12.08 -88.0
: : GT 2 " -12.04 . -~ © -85.5
Soda Dam Area 4 GT 3 - 1/22/80 -10.57 -87.5
: GT 4 " -10.57 -85.6
GT 5 "o -10.49 -84.2
GT 6 " -10.45" -85.2
GT 7 " -10.38 . -86.5
GT 8 " . =10.40 -87.2%0.2
Jemez Springs ' GT 9 1/22/80 -10.54%0.0 ~-83.7
; GT10 " -10.55 . -84.4
~ Redondo Creek = GN 37 10/23/80 S -12.17 | -91
5 GN 4 S -12.14 ' - -87
Redondo Creek GN 5 ° . 7/9/81 - -12.01 -89
' ' GN 6 . " -12.10 : -88
Jemez Springs |  @T1l 7/9/81 ~10.99 -84
: GT12 " -11.20 -87
Redondo Creek ~ S GN7 | 7/9/81 -12.23 ~87
g - GN8 8/13/81 -11.79 -86
GN9 - " .

-11.76 -85

GN: NON-THERMAL GROUNDWATER
GT: THERMAL GROUNDWATER
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3.5 Subsurface Temperature Distribution

3.5.1 Observed Wellbore Temperatures

Deep drilling in the Redondo Creek area has identified a large,
high-temperature thermal anomaly. Plate 3.5-1 is a map showing
the maximum observed temperatures and their respective
elevations in Redondo Creek wells for'which data exist. Table
3.5-1 summarizes the same data. Plate 3.5-1 and Table 3.5-1
show that of Redondo Creek wells drilled to the normal total
depth of 4000-7000 ft., only Baca 5A has a maximum temperatire
- less than the 5000F apparently required for commercial
production (Section 5). (Baca 21 and 23 were intentionally
completed at shallow depths, Baca 24 was completed shallow
because of a lost fish in the hole.) Baca 12 and Baca 14 have
temperatures exceeding 5009F, but these temperatures appear

to occur deeper than the normal productive horizon of the lower
Bandelier Tuff and Paliza Canyon Formation.

The significance of temperature differences among the wells
within the high-temperature thermal anomaly is difficult to
assess. Baca 19 appears cooler at a similar depth than

neighboring Baca 15. The other wells exhibit less profound
temperature differences. Such differences can be evaluated

qualitatively and may -be due to a combipation of the follow1ng
factors:

1. Intra-wellbore flow under shut-in conditions among
fluid entry points of different temperatures and
pressures - a common occurrence in Redondo Creek wells,
resulting in distorted temperature profiles.

2. Convective heat transfer within the wellbore resulting
in lower temperature gradients than the true static
temperature profile.

3. Two-phase conditions in the wellbore or formation under
shut-in conditions masking the true formatlon
temperature proflle.

The following figures and discussion help'illustrate how these-
factors may affect interpretations of subsurface temperature
distribution.

Baca 4 (Fiqure 3.5-1)

Three static temperature profiles from different times in the
well's history are shown. The shallow, vertical gradient in
the 9-11-80 survey is due to wellhead bleeding. Variations in
temperature-depth relationships due to the factors listed above
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TABLE 3.5-1

OBSERVED WELLBORE TEMPERATURES"

TEMPERATURE ©F
AT
4000 FT ASL

(PLATE 3.5-2)

MAXIMUM
. N OBSERVED DEPTH
WELL ’ TEMPERATURE °©F MD/FT ASL
(PLATE 3.5-1)
*BACA 4 ORIGINAL HOLE }
DEEPENING. . _ 590 6345/3057
BACA 5A . . .. - 485 6900/2420
* *BACA 6 ORIGINAL HOLE. 528 3690/5067
DEEPENING . 536 © 4681/4100
BACA 10 ' 547 5500/3216
*BACA 11 L 627 6650/2482
BACA 12 ORIGINAL HOLE 592 9177/-725
DEEPENING - 646 10190/-1702
*BACA 13 588 7700/1714
BACA 14 . .- 540  6837/2065
*BACA 15’ ‘ 544 f $472/3838
BACA 16 582 6746/3022
BACA 18 REDRILL 525 5150/3720
BACA 19 . 510 5550/3724
*BACA 20 REDRILL 549 . 5750/3476
BACA 21 438 | 2720/6624
BACA 22 REDRILL 2 : 522 5900/3382
BACA 23 ‘ 456 3100/5650
*BACA 24 502 3550/5195
+ TEMPERATURE NOT REACHED -IN WELL
o DEPTH NOT PENETRATED BY WELL
*COMMERCIAL PRODUCERS.
BACA 6 AND 20RD NOT CURRENTLY
CAPABLE OF PRODUCTION
_.65._

513%23
368

536
535
550%25

480%10
490+10
478% 8§
532t 2
519% 2
515+ 1
4997 5
525%10

o
510

(o]

o}

DEPTH TO S500°F
MD/FT ASL

(PLATE 3.5-3)

4037/5315
+

3350/5400

3500/5247
3075/6009

6150/2306
4600/4732

.6325/2538

3000/6140

4600/5047

4250/4608

5200/4055

4700/4524
+

'4800/4505

+.

3400/5369

L

%812

%350
£500
275

*150
+600
+ 75
+ 50
tloo
+250
+200
*100

*150



#

DEPTH FEET

1000

2000

3000

- 4000

5000 _

6000 _|

7000 _

8000

O.

1

e

TEMPERATURE °F
100 200 300 400 500 600
1 [ 1 l I} i - .l ] I 1 L
L9—ll—80.'
:7 YRS STATIC
2-12-75 :
29 MOS. STATIC
5000F
9-8-73 Y
2 WKS. STATIC \\\
\k \\\gooo'
— —
Depth to Temp @ \
500°F 5000 Survey N\,
4850 503 9-8-73 \ \
. " \ s e
.3225 572 2-12-75 \ \
\' .
3920 554 9-11-80

FIGURE 3.5-1 BACA 4
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are evident in the 700F variation in teﬁperature at 5000 fr.
and the 1600 ft. variation in depth of the 5000F isotherm

,among the three surveys.:

Baca 6 (Figure 3;5-2)

The profiles shown represent static conditions ip the well at.
its original and deepened depths. The reason why the 2-14-75.

- survey records dramatically lower. temperatures than the 10-5-72
' survey is unclear. Like Baca 4 there is variation between

temperatures at a particular depth or depth to a particular
temperature at different times in/ the well's history.

Baca 11 (Figureb3.5-3)

Several surveys are shown to further illustrate variations in
temperature-depth relationships. ' Of particular interest is the
tandem survey of 1-24-75; temperatures vary 15-200F between

the two tools run. This difference may be due to tool accuracy
or wellbore thermal effects from .tool motion in the well.

Baca 12 (Figure 3 5-4)

Static surveys of the well after original drilling and
deepening are shown. The severe temperature reversals in the
1-8-82 survey are probably caused by coollng from long term
injection. These effects are evident in the deeper 5500F
isotherm in the 1-8-82 survey. The effect of heating from
deeper, hotter zones is illustrated by comparing the recorded
temperatures at 9000 ft. The 1-4-82 survey records
temperatures 20°F higher at this depth than the 10-4-74
survey. The true original formation temperature at 9000 ft. is
probably closer to that recorded in the 10-4-74 survey. :

Baca 13 (Figure 3.5-5)

The reversals shown between 4000 and 6000 ft. are due to
incomplete thermal recovery following testing. The variation
in temperature-depth relationships at various times in a well's
history are further illustrated.

Baca 15 (Figure 3.5-6)

This figure illustrates one section of the wellbore can exhibit
temperature variations while other sections of the wellbore
exhibit consistent temperatures. . In this case deep
temperatures are similar, and shallow temperatures vary, likely
due to boiling and noncondensible gas accumulation near the '
static fluid level. Baca 15 data would be of limited use in
determining the precise depth to the 4000F isotherm in the
area. -

- 67 -



DEPTH FEET

TEMPERATURE . OF ~

100 2000 3000 400 500 600
’ ) 3 t L . l 1 i l (- [ i - | l Y . l
o ' . 2-14-75 -
- \<2 YRS. STATIC
1000 | '_ EFORE DEEPENTNG
SR : 6-5-75 . ‘
2 MOS. STATIC 10-5-72
7 AFTER DEEPENING * ' 2 MOS. STATIC
_ AFTER DRLG.
2000 _| 5000F

\

- . .

| . \\\.
\\
3000 | o N

Y 3500
4 L
4000 | S
s _
000 _ Depth to Temp @
500°F 3500 Survey
i 3000 516 10-5=-72
| - 475 2-14-75
6000 _ _
4200 475 6-5-75

7000

FIGURE 3.5-2 BACA 6
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Variations in temperature-depth relationships during a well's
history as discussed above represent data precision limits.
Generally only a few commercial wells in the Redondo Creek area
have had sufficient testing to provide such limits. Frequently
wells, particularly noncommercial ones, have only a few surveys
under static temperature conditions. One must recognize that
variations in temperature-depth relationships are present in
all Redondo Creek wells regardless of the number of static
surveys available.

Plate 3.5-2 is a map showing the temperature (OF) at 4000 ft.
above sea level; the data with variations are also listed in
Table 3.5-1. The data are contoured by computer on the
midpoints of the temperature variation in each well; wells for
which no variations noted have only one static survey. Baca

" BA, 12, and 14 appear to be cooler than the other wells. Baca

19 appears significantly cooler than nearby Baca 15 and 1l1.
The hottest wells at 4000 f£t. above sea level apparently are
Baca 10, 11, and 15.

Plate 3.5-3 is a map showing the depth (ft. above sea level) of
the 5009F isotherm. Like Plate 3.5-2 the data with

variations are listed in Table 3.5-1, contoured by computer on:
midpoint of variation, and exhibit no variation if only one .
static survey is available. Baca 5A does not encounter

5000F, and Baca 12 and 14 encounter 500°F much deeper than

the other wells; these three wells appear to be off the
high-temperature anomaly. Baca 19 is cooler than its
neighbors. Baca 11l and 15 encounter i5000F at depths
significantly shallower than the other wells.

3.5.2 Geothermometry .

There are sufficient chemical analyses from the producing wells
to calculate theoretical rock-water equilibrium temperatures. -
geothermometers. Two types were calculated: Na-K-Ca and
quartz-silica (Fournier, Truesdell, 1974). The Na-K-Ca
geothermometry is based on a greater number of analyses. The
guartz-silica geothermometry results may suffer from lack of
data and possible analytical problems assoc1ated with sample
collection.

The results of the geothermometer calculations are lised in
Table 3.5-2. The wells are discussed individually below.

Baca 4 - The Na-K-Ca geothermometry is gquite consistent and in

general agreement with observed temperatures in the well. The

average equilibrium temperature of 560°F - markedly lower
than the 590°9F recorded maximum - indicates water-rock:-



TABLE 3.5-2 GEOTHERMOMETRY

MAXIMUM
Na-K-Ca QUARTZ-SILICA OBSERVED
SAMPLE Si02 " GEOTHERMOMETER GEOTHERMOMETER WELLBORE
WELL DATE mg/1 Na K Ca Op o TEMPERATURE ©F
"BACA 4 9/18/73 201 1194 227 5 539 357
11/05/73 165 1015 225 4.7 555 333
11/09/73 - 965 212 4.1 555 -
5/06/81 506 986 213 3.6 557 488 590
BACA 6 10/11/72 1218 275 0.5 628
10/11/72 1209 263 2.2 581
10/27/72 1328 239 8 525
11/09/75 1293 228 9 518 ' 536
BrACA 11 1/23/74 = -189 1003 89 17 501 "~ 349
1/23/74 175 991 175 16 493 340
9/16/74 246 969 246 12 550 382
9/20/74 . 246 969 246 13 548 382
11/08/74 273 1091 273 23 ' 537 396
2/24/76 259 1092 259 10 550 ’ 389 ,
! 4/08/76 314 899 172 3 538 415 ’ 627
~J .
= BACA 13 12/07/74 264 1323 264 8 540 391
! 10/15/74 223 1103 223 3.9 550 ' 369
11/07/75 368 990 201 3.5 548 . 438
2/26/76 311 1167 236 4 552 414
4/07/76 395 1132 216 4 542 449 588
BACA 15 11/04/76 243 770 177 9 531 © 381
11/17/76 314 818 193 9 538 415
11/22/76 271 701 153 7 525 : 395
11/24/76 255 636 156 7 537 387
1/05/77 348 761 180 12 528 430 544
BACA 20 9/30/80 267 716 127 22 473 393
(RD-1) 10/07/80 240 851 112 35 434 379
10/23/80 274 13258 264 26. 512 396 549




TABLE 3.5-2 GEOTHERMOMETRY (CONT'D) . MAXIMUM
' : Na-K-Ca QUARTZ-SILICA OBSERVED
. SAMPLE = Sip2 GEOTHERMOMETER GEOTHERMOMETER WELLBORE
WELL DATE ng/1 . Na K Ca © Of : O TEMPERATURE °F
BACA 22 2/09/81 672 . 4810 720 29 | 529 | 538 - 522
(RD-2) ’ : -
2-Phase
Line
BACA 23  5/05/81 360 924 130 13 465 435 . 456
BACA 24 -~ 8/05/81 505 - 1490 192 11 . a78 - 488
8/19/81 454 1452 192 9 . 484 471 : _
9/02/81 522 1411 210 12 492 _ 493 502

SL



equilibrium occurring shallower than 6345 ft., the 5epth of
maximum recorded temperature.  These results may indicate

lateral fluid flow into the well rather than vertical flow into

the well from greater depth, re-equilibration within the well
during flow, vertically moving water re-equilibrating at

shallow depths due to low permeability (low fluid velocity), or

thermal drawdown resulting in formation temperatures closer to
the calculated equilibrium temperatures. The much lower
quartz-silica equilibrium temperatures (333-4880F) are likely
due to near-wellbore flashing and may represent flUld
temperatures under flow1ng conditions.

Baca 6 - The Ca analyses of 10-11-72 are probably too low,
resulting in unrealistically high equilibrium temperatures.

However, the Na-K-Ca equilibrium temperatures derived from the

10-27-72 and 11-9-75 analyses (5259F and 5180F,

respectively) are consistent with the maximum observed wellbore

temperature 536°F. This indicates that water-rock
equilibrium in Baca 6 is also occurring at depths similar to
the drilled depth at the well.

Baca 11 - The Na-K-Ca equilibrium temperatures are consistent
excepting the 1-23-74 analyses. The average Na-K-Ca
equilibrium temperature of 531OF is substantially lower than
the maximum observed temperature of 6279F, indicating little
or no flow from the hot bottomhole region. The low
(340-4159F) quartz-silica egquilibrium temperatures indicate
near-wellbore flashing during flow.

Baca 13 - Geothermometry results are consistent with Baca 1l1.
The calculated Na-K-Ca equilibrium temperatures (5460F avg.)
are lower than the maximum observed temperature of 588CF).
The quartz-silica temperatures (4129F avg.) indicate
near~-wellbore flashing.

Baca 15 - The calculated Na-K-Ca equilibrium temperatures
-averaging 5320F are fairly consistent (525-5389F range) and
coincide closely with the maximum observed temperature of
5440F. Quartz-silica temperatures (4029F avg.) are much
lower as in the other wells.

Baca 20 - The analyses from 9-30-80 and 10-7-80 may indicate
formation cooling as a result of drilling. The Na-K-Ca
equilibrium temperature of 10-23-80 (5120F) is lower ‘than the
maximum observed temperature (549°F). The guartz-silica

. equilibrium temperatures are fairly consistent (3899F avg.)
with the other wells.

Baca 22 - Although the concentrations of Na, K, and Ca are
suspiciously high, the geothermometer equilibrium temperature
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of 5290F is consistent with other wells. It is sllghtly
higher than the maximum observed temperature of 5220F,

possibly indicating the well had not completely recovered from
drilling.” The quartz-silica equilibrium temperature of 538°F
indicates no near-wellbore flashing. :

Baca 23 - The Na-K-Ca equilibrium temperature (4650F) is
slightly higher than the maximum observed temperature. of
4560F but consistent with the shallow (3500 ft.) completion-’
depth. The quartz-silica equilibrium temperature (4350F)
indicates little or no boiling near the well.

Baca 24 - The Na-K-Ca equilibrium temperatures are consistent
(4859F) and slightly lower than the maximum observed ‘
temperature of 50290F. Little or no formation flashing is -
apparent due to the general agreement among quartz-silica
equilibrium temperatures averaging 4849F and the maximum
5020F wellbore temperature.:

The precision limits of these geothermometry calculations are
not known because of low numbers of samples and limited
experience in defining geochemical relationships in geothermal
wells. However, there appears to be general agreement among
the Na-K-Ca geothermometer and actual observed wellbore
temperatures. - Calculated quartz-silica equilibrium
temperatures are consistent among the wells and are lower than
the Na-K-Ca and measured temperatures, indicating that
near-wellbore flashing occurs whep flqw;nq Redondo Creek wells.
) R S :
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SECTION 4: DRILLING

4.1 Results of Drilling

From 1972 to 1977 eleven wells were drilled in Redondo Canyon.
Five wells were successfully completed in the Bandelier Tuff
formation yielding a total wellhead production capacity of
353,000 lbs. per hour at line pressure (125 psig). The casing.
in one well, Baca No. 6, subsequently collapsed reducing the
steam count to 320,000 1lbs. per hour.

Between 1977 and 1982 the Bandelier Tuff was penetrated
thirteen times, counting original holes and redrills. Only two
wells, Baca No. 20 and Baca No. 24, were successfully completed
for a total of 63,000 1lbs. per hour of additional steam. Baca
No. 20 was later recompleted and during the recompletion the
well's 30,000 lbs. per hour steam rate was plugged off. With
the loss of Baca No. 11 to bad casing, the current overall
steam count for the Redondo Creek Field is 268,000 lbs. per
hour. :

The drilling history in Redondo Canyon is summarized in Tables
4.1-1 and 4.1-2 and in Figures 4.1-1 and 4.1-2. Table 4.1-1
and Figure 4.1-1 indicate results up to the time when the
Cooperative Agreement was formed and the GDPP Project began.
Table 4.2-2 and Figuré 4.2-2 indicate results during theé time
of GDPP Project activities,

The overall production success -ratio in the Redondo Creek field
is seven completions out of twenty-four penetrations of the-
Bandelier Tuff formation. ' '

In addition, three wells were used in an attempt to achieve
production from formations deeper than the Bandelier Tuff;
particularly the Paleozoic limestone and Pre-Cambrian granite.
Baca No. 12 was deepened from 9,212' to 10,637'; bottoming in
granite. Although hot (646°F temperature) the deeper zones
were impermeable. Baca No. 22 was redrilled to 8,846' (top of
the limestone). The hole was lost during logging operations.
Baca No. 24 was drilled from the surface as a deep test;
mechanical problems led to a shallower completion in the
Bandelier TUuff. '

Attempts were also made on two wells, Baca No. 20 and Baca No.
23, to increase production rates by performing hydraulic '
fracture treatments. Both of these stimulations were
mechanically successful; however, production rates for the
wells were still subcommercial following the treatments.



Most wells have casing set into the top of the thermal anomaly
in the Bandelier Tuff and produce from the Bandelier Tuff or a
combination of Bandelier Tuff and Paliza Canyon Andesite.
Production is from natural fractures in the Tuff and/or the
Andesite.

Downhole pressure and temperature measurements have determined
that the reservoir is underpressured by 600 to 900 psi compared
to hydrostatic pressure. Reservoir pressure is 1,206 psi at
4,500' above sea level. The underpressured, but water '
dominated condition of the reservoir results in severe lost
circulation which has necessitated the use of air assisted
drilling £fluids.

Produced 'water, which is relatively benign chemically, is the
primary source of water for the drilling rigs, and the only
source of water for the drilling muds.

Drilling operations are segregated into two phases: 1I) surface
- through the last cemented casing, and II) from last cemented
casing to total depth. Distinct differences exist in drilling
practices due to approaches to lost circulation problems
associated with the two phases. In Phase I the primary effort
is toward eliminating lost circulation while in Phase II
(through the productive interval) the major concern is damage
to the lost circulation zones.

Phase I - Surface Through Last Cemented Casing

Wells are usually spudded in rhyollte or caldera fill. A
17-1/2" hole is drilled to 200 to 500 feet with mud, and then
opened to .26". After 20" casing is cemented, 17-1/2" hole is
drilled to about 1,500', where 13-3/8" casing is cemented. A
12-1/4" hole is then drilled to the top of the reservoir
(2,500' to 4,000'). A number of problems, however, are
associated wlth the basic Phase I drllllng program. These
involve the following:

Mud Program

The mud program is a gel-lime or gel-Ben-X system'mixed with
produced water. An example of the properties is shown in Table
4.1-3. Drill pipe corrosion is controlled with oxygen
scavengers in this part of the hole. The mud properties are
adjusted to provide adequate hole cleaning and sufficient fluid
loss control to avoid problems in some of the upper permeable
zones. Since few hole problems encountered in this part of the
hole are mud related (no swelllng clays, etc.), hole cleaning
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and some fluid loss control, at minimum cost, are all that is
required of the mud. Because of lost circulation, a low cost
mud is desirable. ‘ ‘ '

Lost Circulation

Lost circulation is the major time consuming and . costly problem
encountered at.Baca. As in all geothermal areas, competent .
cementing of the casing is a prerequisite to having a useable.
well upon completing the hole. Past experience has
demonstrated that poorly cemented casing cannot survive the
thermal stress cycles that a geothermal well must go through,
and very poorly cemented casing cannot survive even one thermal
shock. It is imperative that all lost circulation be cured
before attempting to cement casing in the well.

The usual lost circulation materials are used in the first
attempts (mica, walnut hulls, sawdust, etc.). If the loss is
occurring to larger fractures (desirable in the production:
zone, but not here), the common lost circulation materials
usually are unsuccessful or only partially successful.  Under
these circumstances, only cementing off the lost c1rculat10n
intervals has been found to be a reliable cure. g

Cementing lost circulation zones‘ls costly, partly because of
the cost of the cement, but mostly because of-the time consumed
in tripping out and back in with open ended drill pipe, waiting
for the cement to harden, and tripping again to pick up a bit
to. drill out the cement. Frequently, wmore.- than one cement plug
is requlred Usually this is due to the size and severity.of
the lost circulation zone, but occasionally one of the
following problems contributes to the lack of success.

1. Fluid level was not accounted for and cement plug was
overdlsplaced

2. Hole was filled too soon and cement was pushed away by
pressure of hydrostatic head (this fregquently can happen
when cementing off zones of severe lost circulation).

3. No cement was displaced into the formatlon. The only -
. cement.was in the wellbore so circulation was again lost as
soon as the plug was drilled out., (This can usually occur
when cementlng of £ seepage zones.) . :

4, Insuff1c1ent time was allowed for the cement to harden.
The cement is usually retarded for protection from
formation temperature which is hot. However, during the
loss of circulation the hole has been cooled enough so that
the cement may take longer than anticipated to set up.



The cement used for thesé plugs is usually a 1l:1
Perlite-"G" or "H" cement with appropriate retarders.
Enough rat hole is usually drilled without returns to
assure being able to get back to the ‘lost circulation zone
with the cement.

Directional Drilling

Due to the steep topography and for environmental
‘considerations, more than one well is drilled from a single
location, and the wells are directionally drilled to the
targets; selected by .the geologist. In addition, the productive
fractures: at Baca have proved to be elusive and this has
reguired that the hole be plugged back and redrilled toward a
secondary target more likely to obtain a productive well.

Directional work is done with either mud motors or turbines.
Both good success and dismal failure have occurred with each
type, which may indicate that reliability is more a function of
the organization handling the tools than the egquipment iself.
However, the majority of work with good success has been with
turbines when the temperatures increased. Most directional
work is done in the 12-1/4" hole, but occasionally some is dodne
in the 8-3/4" hole, either to sidetrack or to make a last
minute correction to the direction. This has occasionally
resulted in doing directional work with aerated water or
without returns, but it has been successfully accomplished.

In general, the turbines and mud motors .are not as reliable as
de51rable, and the high rpm of these tools results in a very
short bit life. However, these tools have permltted successful
completion of the dlrectlonal work.

Phase II ~ From the Last Cemented Casing to T.D.

Various methods have been tried at Baca to drill the productive
'interval.' ' :

Air drllllng was tried, but hole stability and large water
influxes usually prevented successfully reaching the target,
and the combination of air and produced water resulted ln rapid
drill strlng and ca51ng corr051on.
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Straight mud drilling resulted in serious lost circulation
problems and frequently the well had to be drilled without
returns. The problems encountered in drillinhg without returns
often prevented the well from reaching the desired target, but
more importantly, all the mud and'cuttings were lost into the
productive fractures where it 'is belleved they seriously

'1mpa1red the well s product1v1ty.

"The current practlce at Baca is to'drill out of the shoe of the

9-5/8" casing with air until sufficient water influx occurs. to
require switching to an aerated water system. The well is then
drilled to total depth using an aerated water system..

The major problems with an aerated water system are balancing
the alr/water ratio and 1nh1b1t1ng the corrosion on drlll pipe
and ca51ng.

Corrosion Inhibition

Corrosion rates with initial aerated water drilling tests were
found to be unacceptably high, approaching 24#/ft2/yr. It

was then determined that most of the corrosion problems. could
be controlled by combining pH control of the fluid with a
proprietary inhibitor, Unisteam, in the system. By keeping the
pH above 10.5 to 11.0 in combination with the Unisteam,
corrosion could be controlled to an acceptable 2#/ft2/yr or.
less. These rates are based on corrosion coupons placed in, the
drill strlng. '

S .,_-41-
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The chemical requlrements are a functlon of the chemlstry of
the produced water. (When drilling with an aerated' system,,
conditions are underbalanced and formation fluids are entering
the circulating system, consequently the chemistry of the
circulating fluid rapldly becomes the same as the produced
water.) .

" Produced fluids at Baca are telatively.benign_(see Table -

4.1-4), and inhibition .can be obtained with a combination of pH
control and addition of Unisteam under most circumstances.
However, attempts to extend this method to other areas with
dlf:erent water chemlstrles have not always been successful

Even at Baca,'the water chemlstry will vary sllghtly from well
to well, and occa31onally high corrosion rates (4- 6#/ft2/yr)
have occurred for short periods of time because these changes
were not anticipated. The number of times that unanticipated
high corrosion rates have been encountered has been reduced by

1



‘continuously monitoring pH, bulk mixing caustic and using
chemical pumps .to continuously treat the drilling fluid w1th
caustic to maintain the de51red PH as -indicated by the
monltorlng system.

While the caustic is added (at levels up to 4,000 1lbs. per day)
" to the circulating fluid, the Unisteam is added to the air '

. stream. The normal Unisteam treatment is to dissolve 30
gallons of Unisteam in 10 bbls of water and inject it into the
air stream at a rate of 2 gallons/minute. It has been :
beneficial to add 30 gallons of ammonium hydrox1de to this:
mixture as well.

Adding ammonium hydroxide'was started after finding that the
top 400" to 1,000' of the drill pipe appeared corroded on the

- outside, even though the ring coupons on the inside showed no
excessive corrosion. This phenomenon can be explained in the
following manner. Frequently, in aerated water drilling, -there
is a period of time involved in establishing continuous
circulation during which there are no returns, except part of
the air. This period of non-circulation can be anywhere from
15 minutes to many hours. During this time, water vapor is
carried up the annulus from the surface of the fluid level by
the air that is channeling. through the water. This warm water
vapor condenses on the outside of the pipe which is cooled by -
the fluids traveling down the inside of the drill pipe. Since
this is condensed water vapor, it has a neutral pH and no
inhibitive chemicals. Consequently, the air passing by
diffuses oxygen into this water layer causing rapid corrosion.
Wwith the addition of ammonium hydroxide, some of the ammonia is
carried along with the water vapor and air, and when the water
vapor- condenses oh’ the plpe the ammonia dissolves in the water
prov1d1ng the necessary corrosion inhibition. The addition of
ammonia at Baca has prevented exce551ve exterior corrosion at
the top of the drill plpe.

Normal practice'is to, use the entire capacity of either one or
two compressors, and then adjust the air/water ratio by
increasing or decreasing the fluid pump rate. This is the’
easiest method of operation for the driller, because he has the
" pump controls at his station, while the air controls are out by
the compressors. The compressors used at Baca deliver 1,100 to
1,200 SCFM at those elevations, Alr/water ratios vary-
dramatlcally, but 60:1 is a good starting point. Thé drilleér
must then adjust this ratio up or down based on how the well
performs. If he is having trouble keeping the well
circulating, he will increase the. air/water ratio (decrease the
pump rate) and if circulation becomes too violent, he will-
decrease the air/water ratio (increase the pump rate).
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© Bince dtllllng is v1rtually under tontrolled blowout ,
conditions, the air/water ratio is a continuously changing]

quantity. When circulation 1s initiated, the water is
relatively cool, and no production has been encountered.
Therefore, a high air/water ratio is required to overcome the
underbalanced reservoir condition. As drilling encounters.

- productive fractures, hot produced fluid enters the wellbore
and part of this: fluid flashes to steam, which usually

increases the gas/liquid ratio in the annulus. The inlet
gas/liquid ratio must then be decreased to counteract the -
increase that occurs in the annulus due to the produced fluid.
Since these changes are neither predictable or readily
measurable, trained personnel experience must be relied upon to
handle the necessary changes in alr/water ratios.

Usually only one compressor is used (1,100 to 1,200 SCFM), but
occasionally two compressors are required (or somethlng between
1,100 and 2,400 SCFM). The extra gas capac1ty is reqguired to
clean the hole or a higher gas/liquid ratio is required. It is
preferred to maintain at least 150 gpm of ligquid for carrying
capacity, so if gas/liquid ratios need to exceed 60:1 then. two
compressors are required Occa51onally an incompetent zone. is
encountered which requires more carrying capacity. to keep the
hole clean until the zone stabilizes. The extra carrylng ,
capacity can be obtained by increasing both the air and llquld
injection rates, usually doubling both of them. .

Initially it would not appear that a1r/11qu1d ratios as high as
60:1 would be requlred based on the :béttom+hole pressures.
However, since this is an alr/water system rather than the more
conventional air/mud systems, it is not as efficient. The 19w
viscosity produced water allows the air to channel through it,.
so the system is not nearly as efficient at removing the liquid
as a viscous mud system. An air/mud system was considered, but
decided against for the following reasons: -
1. A viscosifier would be required to circulate out the large
volumes of water produced while drilling. This viscosifier
would cause formation damage to the injection wells used to
dispose of the produced water. '

2. The viscosifier (clay) could .also damage the well. belng
drilled.during. perlods when circulation could not be.
maintained. ' . . .

3. The cost would be prohlbltlve in that the v1sc051f1er could,
not be recirculated and would need to be contlnuously
replenished to handle produced water.



Cementing and Completion Practices

The wells are completed by hanging a 7" pre-perforated liner
through the completion interval from the 9- 5/8" casing (see
Figure 4.1-3). A pac<er is then set in the 9-5/8" casing, and
a 9-5/8" tie-back is stabbed into the 9-5/8" liner hanger and
cemented back to the surface. It is necessary to run this
tie-back to provide a string of pipeé at the surface that is
known to be competent (one that has not been worn by the tool.
joints or experienced corrosion problems). This competent .
string. of ploe at the surface provides added safety agalnst the-
shallow casing fallures which can cause blowouts.

The surface completion consists of an expansion spool, two full
opening valves, a flow tee, a surveylng valve and two wing
valves as shown in Figure 4.1-3.

Cementing procedures are relatively simple. As discussed
previously, it is necessary to fully cement all strings of
pipe. The actual cementing is done with a spacer followed by a
filler cement of 1 Perlite:1 "H" cement with 40% silica flour
and the appropriate retarders, friction reducers and gel. The
filler cement is followed by-a tail-in slurry of "H" cement
with 40% silica flour. When cementing the tie-back, no filler
cement is used. It is imperative when cementing the tie-back
that the cement have no free water. Any free water trapped
between casing strings will cause the inner casing string to
buckle, and while this is a serious problem to watch for when
cementing the tie-back, it must also be kept in mind where the
9-5/8" casing 1aps over the 13- -3/8" and where the 13- 3/8" laps
over the 20" casing.

Lo in

Downhole electric logs have been generally obtained at three
different stages in the drllllng of a Baca well: 1) prior to
running 13-3/8" ca51ng, 2) prior to running the 9-5/8" liner;
and 3) prior to installing the 7" perforated production liner.
The various logs run at each stage are as follows:

Prior to 13-3/8" Casing - Electric Resistivity Log

. Prior to 9-5/8" Liner - Fracture Identification Log,
'Compensated Density - Neutron Gamma Ray Log, Electrlp
Resistivity Log, and Temperature Log o
Prior to 7" Liner -~Electr1c Re51st1v1ty Log,'ahd
Compensated Density Neutron-Gamma Ray Log B
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Sometimes it has been difficult ‘to obtain a good log in the
17-1/2" hole due to centralizing problems with the tool in this
large a diameter. Few problems have been encountered in
logging the 12-1/4" hole. The temperature. log, however, is run
first to ensure no adverse effect will result from the ‘ )
subsequent use of low temperature tools. All logs run in the
8-3/4" hole must be high temperature tools. A Fracture:
Identification Log would be desirable for the 8-3/4" hole, but.
no.commercial hlgh temperature version of this tool exists .to

~date.

Water is injected to cool the hole while logging. Consequently"

‘excess temperatures have not been a problem, unless the water

was not going out the bottom of the hole. If the water is
exiting high in the hole (zones of high permeability) the tools
have usually continued to function, but the logging cable

-burned up. To circumvent this, the wells have been logged

going into the hole so a log can be obtained if the cable burns
up at some point in the logging operatlon. :

U81ng the Data Developed at Baca 1n Other Geothermal Areas

The methods used to drill and complete wells in. Baca have
direct application to almost every geothermal area under
development. The basic methods of drilling down to the top of
the reservoir and installing-a competent completion in that’
hole are the same for every geothermal area Union is developing
and, therefore, have wide appllcatlon. - The aerated water
method of drilling the produc1ngwformatlon may not have as wide
an application, but it does describe one of a number of i
alternative methods for drilling wells into underpressured

geothermal reservoirs.
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TABLE 4.1-1

1972 - 1977 WELLS

STEAM (At Line Préésure)

WELL T.D. COST ($000) STATUS
Baca 4 6378 Commercial 45,900 lbs/hrx
Baca 5A 6973 Water Injector Off High.Temp.lReservoir
Baca 6 4810' Initially Coﬁmercial; (33,000) Now Bridéed
(3455' Bridge) Collapsed
Baca 9 5303 333. P&A
Baca 10 6001" 635 Mechanical Problems
), Baca 11 6931" 425 Commercial - 116,000 1bs/hr
g Baca 12 9212' 542 Water Injéctor (Of £ HighrTemé} ReserQoir)
‘Baca 13 8228 718 Commercial 54,000 lbs/hr |
Baca 14 6824 908 Water Injector
(5780' cmt.) .
Baca 15 5505 610 Commercial 105,000 lbs/hr
~Baca 16 7002 557

Non-Productive

TOTAL:



TABLE 4.1-2

1977 - 1982 WELLS

WELL T.D. COST ($000) STATUS STEAM
Baca 17 *OH 5791° 914 Non~-Productive
**RD 6254' ' 733 Initially Productive,
: ' Mechanical Problems
$1,647 .
‘Baca 18 OH 4597° 996 Pot. Productive
- RD 5250' 477 Lost Hole
Non-Productive
$1,473 .
Baca 19 5610" $ 999 Sub-Commercial (32,000 @ 10 psi)
Baca 20 OH 6863' 905 Non-Productive :
o RD 6374 791 Commercial. . 30,000 1bs/hr @ 125 ps:
: $1,696 .
| )
. Baca 21 3000" $ 875 Sub-Commercial (34,000 @ 75 psi)
' Baca 22 oD 6017 1,263 _ Pot. Productive, ‘
Lost Hole '
RD1 6485 ' 400 Sub-Commercial (41,000 @ 45 psi)
RD2 6006 531 " Sub-Commercial A - (20,000 @ 8 psi)
$2,194 '
‘Baca 23 TD 5746' 1,261 Non-Productive
Recpl.3515" 602 Possible Commercial - (48,000 @ 51 psi)
$1,863 3
Baca 24 TD 5502 ©$1,895 Commercial . 33,000 @ 131 psi
' Eff. TD 3591' = ' i ' : '
Baca 12 TD10637' $1,654 : Non-Productive
(deepening
to granite) . -
Baca 22 TD 8846' $1,993 Non-Productive
(deep re-
drill)
TOTAL:

* OH - Originalvﬂole :
- EEEE i 'Sl sm WS I N O A En U2 GE &S SE T .
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TABLE! 4.1-3

MUD PROPERTIES

(surface Casing Through Last Cemented Casing).

Weight - 8.5 to 9.0 #/gallon

Funnel Viscosity - 30 to 38 seconds

Plastic Viscosity - 2 to 8 cp

vield Point - 1 to 10 #100ft>

Gel Strength - 10 seconds: 0 to 10 #/iOOftZ
10 minutes: 4 to 25 #/100ft?

Fluid Loss Control - 10 gc API to no control

13-



TABLE.4.1-4-

AVERAGE PRODUCED FLUID CHEMISTRY

BRINE _
UNCORRECTED FOR CONDENSATE
FLASH
, (NO. OF (NO. OF
AvG. SAMPLES) | AVG. | SAMPLES)
pH | 7.2 (26) 4.5 (20)
SUSPENDED
SOLIDS, mg/1l 319 (13) 4.9 (16)
TOTAL DISSOLVﬁD
SOLIDS, mg/1l 6093 (24) 29 (21)
Ziéioz,‘mg/l 599 (40) 29 (21)
co,= 19 21 0 (20)
HCO ;~ 127 (26) 6.6 (19)
5= 2 (15) 8.6 (1)
50,= 64 (23) 1.8 (17)
c1- 3061 (43) 17 (25)
Na 1749 (43) 6 (23)
K 370 (43) 1.4 (23)
ca 15 ' (42) 0.4 (19)
Mg - 0.3 (21) 0.2 (21)
Ba 0.05 ( 6) 0.04 (7
B 23 (26) 0.8 (21)
F 6 (21) <0.2 ( 8)
. -1l4-,
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4.2 Cementing and. Casing Condition

Following are details for the drilling and completion of the

wells drilled in the Redondo Creek area. Schematic diagrams of

"each well's current completion are shown on Figure Nos. 4.2-1
" through 4.2-18: '

4.2.1 BACA NO. 4

Drilled-17-1/2" hole using mud to 1,442'. Cemented 13-3/8"
48%# J-55 casing at 1,442' with 1,800 CF of cement. Drilled
12-1/4" hole using air to 3,182'. Cemented 9-5/8" 36# J-55 .
casing at 3,182' with 1,700 CF of cement. Drilled 8-3/4" hole
to 5,048' using air.

See 4.3.1 for recompletion details.

4.2.2 BACA NO: 5

"Drilled 26" hole to 390''using mud. Cemented 20" 94# H-40
casing at 390' with 850 sacks of ¢ement with 2% CaClj.
Drilled 17-1/2" hole to 2,878' using air. Drill pipe parted;
left top of fish at 432'. Fishing attempts failed. Filled
casing with cement plug and abandoned well. .

4.2.3 BACA NO. 5A

Skidded rig over from Baca 5 on same location. Drilled 26"
hole to 676' using mud. Cemented 20" 94# H-40 casing at 676"
with 1,660 sacks of cement with 2% CaCljs. Drilled 17-1/2"
hole to 3,090' using air mist. Cemented 13-3/8" 54.5#% and 61#%
K-55 casing at 2,828' with 1,435 sacks of cement with 1:1
Perlite followed by 565 sacks of cement. Drilled 12-1/4" hole
to 4,400' using air mist.  Cemented 9-5/8" 40# K-55 blank
casing liner at 4,400' (liner top at 2,692') with 470 sacks of
cement with 1:1 Diamix M, 0.8% R-6. Drilled 8-3/4" hole to
6,973' using air mist. " ' ‘ '

" 4.2.4 BACA NO. 6 ‘
Drilled 17-1/2" hole to 36'. Cemented 13-3/8" 54.5# K-55
casing at 36' with 10 sacks of cement with 1l:1 gravel. Drilled

12-1/4" hole to 795' using mud. Cemented 9-5/8" 40# K-55
casing at 795' with 200 sacks of cement with 1l:1 Pozmix.

-18-




Drilled 8-3/4" hole to 3,715' using air mist. Hung 7" 23# and
26# K-55 perforated and blank casing liner at 3,700'. Liner
top at 692' with various slots from 2,633' to 3,699'..

See 4.3.2 for recompletion details.
4.2.5 BACA NO. 9

Drilled 17-1/2" hole to 805' using mud. Cemented 13-3/8" 48%
H-40 casing at 805' with 406 sacks of cement with 1l:1 Pozmix.
Drilled 12-1/4" hole to 3,519' using air. Stuck drill pipe and
backed off at 3,005'. Sidetracked hole at 2,433'. Drilled
12-1/4" sidetrack hole to 3,340' with air and to 3,600' with
mud. Cemented 9-5/8" 36# K-55 blank casing liner at 3,599'
(liner top at 385') with 765 sacks of cement with 1:1 Pozmix,
0.8% R-11. Drilled 8-3/4" hole to 4,619"' using air., Found
9-5/8" casing collapsed at 2,911'. Milled casing from
2,911*-2,913"' and 2,943'-2,957'. Drilled 8-~3/4" hole to 5,303°
using air. Stuck drill pipe and backed off at 4,503'. Found
leak in 13-3/8" casing twenty feet from surface. Set bridge
plug at 2,795'. Filled casing with cement plug ana abandoned
well. o :

4.2.6 BACA NO. 10

Drilled 26" hole to 656' using mud. Cemented 20" 94#% H-40
casing at 653' with 1,500 CF of cement with 3% CaClj.

Drilled 17-1/2" hole to 2,804' using air. Cemented 13-3/8" 61l#
and 54.54%# K-55 casing at 2,794' with 2,441 CF of cement with
1:1 Pozmix, 36% silica flour, 0.5% CFR-2, 0.4% HR-7. Drilled

~12-1/4" hole to 4,418' using air. Cemented 9-5/8" 40# and 36#

K-55 blank casing liner at 4,418' (liner top at 2,480') with
100 CF of cement with 1l:1 Perlite, 35% silica flour, 2% gel,
0.75% CFR-2, 0.3% HR-12. Drilled 8-3/4" hole to 6,001' using
air. Hung 7" 23% and 26# K-55 perforated and blank casing
liner at 6,000'. Liner top at 4,278' with slots at 4,406' to
5,595' and 5,761' to 5,986'. Cemented 9-5/8" 36# K-55 blank
tie-back casing at 2,480' with 915 CF of cement with 1l:1
Pozmix, 2% gel, 35% silica flour, 0.5% CFR-2, 0.4% HR-7.
Perforated 9-5/8" casing at 2,439', 2,440', 2,418'-2,421"',
2,362'-2,364', 2,062'-2,064', 1,582'~-1,584"' and 1,336'-1,341"'.
Recemented 9-5/8" x 13-3/8" annulus with 1,236 CF of cement
with 1:1 Pozmix, 2% gel, 0.5% CFR-2, 1/4 lb/sack Flocel and.35%
silica flour. Cleaned out to 5,988"'.

See 4.3.3 for recompletionfdetails.
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4.2.7 BACA NO. 11

Drilled 26" hole to 208' using mud. Cemented. 20" 94#% H-40
casing at 207' with 600 CF of cement with 3% CaCly. Drilled
17-1/2" hole to 1,345' using mud. Cemented 13-3/8" 54.5# K-55
casing at 1,336' with 1,600 CF of cement with 1:1 Pozmix, 35%
silica flour, 0.5% CFR-2, 1/4 1lb/sack Flocel. Drilled 12-1/4"
hole to 3,381' using water. Cemented 9-5/8" 364 K-55 blank '
casing liner at 3,380' (liner top at 1,219') with 1,400 CF of
cement with 1:1 Pozmix, 2% gel, 35% silica flour, 0.5% CFR-2,
0.2% HR-7. Drilled 8-3/4" hole to 6,814' using aerated water.
Hung 7" 26# K-55 slotted and blank casing liner at 6,926"'. '
Liner top at 3,320', with various slots from 3,489' to 6,892"'.
Cemented 9-5/8" 36# K-55 blank tie-back casing at 1,219' with
565 CF of cement with 1:1 Pozmix, 36% silica flour, 0.5%
CFR-2. Drilled out cement and bridge plug. .-

. See 4.3.4 for rework details.

4,2.8 BACA NO. 12

Drilled 26" hole to 250' using mud. Cemented 20" 94# H-40
casing at 247' with 816 CF of cement with 3% CaCly. Drilled
17-1/2" hole to 1,457' using water. Cemented 13-3/8" 68# K-55
casing at 1,453' with 626 CF of cement with 1:1 Pozmix, 36%
silica flour, 0.5% CFR-2, 0.1% HR-7, 1/4 lb/sack Flocel
followed by 808 CF of cement with 1:1 Pozmix, 35% silica £flour,
0.5% CFR~2. Drilled 12-1/4" hole to 3,540' using water. .
Cemented 9-5/8" 36# K-55 blank casing liner at 3,540' (liner
top at 1,269') with 400 CF of cement with 1:1 Perlite, 40%
silica flour, 0.5% CFR-2, 0.4% HR~7, 2% gel followed by 1,000
CF of cement with 1:1 Pozmix, 35% silica flour, 0.5% CFR-2,
0.3% HR-7. Drilled 8-3/4" hole to 9,212' using aerated water.
Hung 7" 26%# K-55 slotted and blank casing liner at 9,211°'.
Liner top at 3,343'. Cemented 9-5/8" 40# K-55 blank tie-back
casing at 1,270"' with 562 CF of cement with 35% silica flour.
Drilled out cement and bridge plug.

See 4.3.5 for recompletion details.

4.2.9 BACA NO. 13
Drilled 26" hole to 215' using mud. Cemented 20" 94# H-40

casing at 211' with 694 CF of cement with 3% CaCly. Drilled
17-1/2" hole to 1,474"' using mud. Cemented 13-3/8" 68#% K-55
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casing at 1,469' with 684 CF of cement with 1:1 Perlite, 40%
silica flour, 0.5% CFR-2, 0.2% HR-7, followed by 1,460 CF of
cement with 1:1 Pozmix, 35% silica flour, 0.5% CFR-2, 1/4
lb/sack Flocel. Drilled 12-1/4" hole to 2,607' using mud and
to 3,500' using aerated water. Cemented 9-5/8" 36# K-55 blank
casing liner at 3,499' (liner top at 1,270') with 400 CF of.
cement with 1:1 Perlite, 40% silica flour, 0.5% CFR-2, 0.2%
HR-7 followed by 900 CF of cement with 1:1 Pozmix, 35% silica
flour, 0.5% CFR-2. Drilled 8-3/4" hole to 5,084' using aerated
water. Cored from 5,084' to 5,095'. Drilled 8-3/4" hole to
5,286' using aerated water. Cored from 5,286' to 5,300'.
Drilled 8-~-3/4" hole to 6,292' using aerated water. Cored from
6,292' to 6,308'. Drilled 8-3/4" hole to 8,228' using aerated
water. Hung 7" 26# N-80 blank and K-55 slotted liner at
8,200'. Liner top at 3,340'. Cemented 9-5/8" 36# K-55 blank
tie-back casing at 1,270' with 750 CF of cement with 35% silica
flour. 'Cleaned out cement and bridge plug.

4.2.10 BACA NO. 14

Drilled 26" hole to 196' using mud. Cemented 20" 94#% H-40
casing at 193' with 643 CF of cement with 3% CaCljy. Drilled
17-1/2" hole to 1,457' using mud. Cemented 13-3/8" 54.5%# and
61l# K-55 casing at 1,452' with 450 CF of cement with 1:1 :
Perlite, 40% silica flour, 2% gel, 0.5% CFR-2, 0.2% HR-7
followed by 1,460 CF of cement with 1:1 Pozmix, 2% gel, 35%
silica flour, 0.5% CFR-2. Drilled 12-1/4" hole to 3,075' using
mud. Cemented 9-5/8" 36# K-55 casing at 3,074' (liner top at
1,371') with 225 CF of cement with 1l:1 Perlite, 40% silica
flour, 0.5% CFR-2, 0.4% HR-7, 2% gel followed by 1,168 CF of
cement with 1:1 Pozmix, 35% silica flour, 0.5% CFR-2, 0.4%
HR-7, 2% gel. Drilled 8-3/4" hole to.6,824' using aerated
water.. Set cement plug from 5,780' to 6,040°'.

4.2.11 BACA NO. 15

Drilled 26" hole to 211' using mud. Cemented 20" 94% K-55
casing at 210' with 500 sacks of cement with 3% CaCljy.
Drilled 17-1/2" hole to 1,283' using mud. Cemented 13-3/8"
54.5# K-55 casing at 1,273' with 345 sacks of cement with 1:1
Perlite, 2% gel, 40% silica flour followed by 575 sacks of
cement -with 1l:1 Pozmix, 2% gel, 35% silica flour. Drilled
12-1/4" hole to 2,415"' using mud and to 2,515' with water.
Cemented 9-5/8" 40# K-55 blank casing liner.at 2,509' (liner
top at 1,173') with 267 sacks of cement with 1l:1 Perlite, 40%
silica flour, 0.2% HR-12, 0.5% CFR-2, 0.5% HR-7. Drilled
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8~3/4" hole to 5,505' using aerated water. Cemented 9-5/8" 36#
K-55 blank tie-back casing at 1,173' with 405 sacks of cement
.with 40% silica flour, 2% gel, 0.75% CFR-2. Cleaned out cement
and bridge plug. B '

See 4.3.6 for recompletion details.

4.2.12 BACA NO. 16

Drilled 26" hole to 208' using mud. Cemented 20" 944 K-55
casing at 193' with 590 CF of cement with 3% CaClp. Drilled
17-1/2" hole to 1,216"' using mud. Cemented 13-3/8" 54.5# K-55
casing at 1,215' with 900 sacks of cement with 1l:1 Perlite, 2%
gel, 40% silica flour. Drilled 12-1/4" hole to 2,980' using
water. Cemented 9-5/8" 36# K-55 blank casing liner at 2,905'
(liner top at 1,100') with 500 sacks of cement with 1l:1

. Perlite, 40% silica flour, 2% gel, 0.5% CFR-2, 0.5% HR-7.
Drilled 8-3/4" hole to 7,002' using aerated water.

4.2.13 BACA NO. 17

Drilled 26" hole to 252' using mud. Cemented 20" 94%# K-55
casing at 247' with 700 CF of cement with 2% CaCly. Drilled
17-1/2" hole to 1,200' with severe lost circulation. (A total
of 15 cement plugs were required to cement off lost circulation
zones). Cemented 13-3/8" 54.5% K-55 buttress casing at 1,171'
with 1,350 CF of cement with 1:1 Perlite, 3% gel, 0.5% CFR-2
and 40% silica flour followed by 324 CF of cement with 0.5%
CFR-2 and 40% silica flour. Performed "top job"™ in 13-3/8" x
20" annulus through 1" pipe at 270' using 410 CF of cemen;jyith
40% silica flour. Drilled 12~1/4" hole to 3,303':~=Cemented
9-5/8" 36# K-55 casing liner through shoe at 3,000' (liner top
at 980') with 620 CF of cement with 2:1 Perlite, 3% gel and 40%
silica flour followed by 118 CF of cement with 0.3% HR-7 and

40% silica flour. Cemented through DV tool at 2,581' using 201

CF of Thix-Set cement with 1:1 Perlite and 1/2 lb/sack Flo-Seal
followed by 1,125 CF of cement with 1:1 Perlite, 0.5% CFR-2 and
40% silica flour. Ran cement bond log then squeeze cemented
9-5/8" casing through perforations at 2,450' using 1,197' CF of
cement with 1l:1 Perlite, 3% gel and 40% silica flour. Squeezed
9-5/8" liner lap using 750 CF of cement with 1:1 Perlite, 3%
gel and 40% silica flour. Drilled 8-3/4" hole with aerated
water to 5,147'. Cored from 5,147' to 5,173'. Drilled 8-3/4"
hole to 4,791' using aerated water. Tested well and determined
it would not flow. Set cement plugs at various intervals from
5,791' to 3,056' to perform sidetrack. :
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Kicked off at 3,056' and dlrectlonally redrillea 8-3/4" hole to
6,254' with aerated water. Hung combination blank and

~ perforated 7" 264 K-55 lines from 2,886' to 6,250"'. Follow1ng

a short flow test the 13-3/8" casing was found to be damaged at
407'. Subsequently a combination 7" 26#% K-55 and 9-5/8" 364
K-55 tie-back casing string was installed to 1,285' and
cemented with 280 CF of cement with 2:1 Perllte, 3% gel and- 40%
silica flour followed by 412 CF of cement with 1:1 Perlite, 3%
gel and 40% silica flour followed by 881 CF of cement with -
0.05% CFR-2 and 40% silica flour. Following an unsuccessful
attempt to flow the well the tie-back casing string was found
collapsed at 408'. Installed. cement plugs at various 1ntervals
from 1,485' to surface.

4.2.14 BACA NO. 18

" Drilled l7-l/2"'hble to 662' using mud. Cemented 13-3/8" 54.5%

and 6l% K-55 buttress casing at 660' with 944 CF.of cement with
2% CaCly. Drilled 12-1/4"™ hole -to 2,020' using mud.

Cemented 9-5/8" 36# K-55 buttress casing at 2,018' with 1,400
CF of cement with l:1 Perllte, 3% gel, 0.5% CFR 2, 0.2% HR-7
and 40% silica flour followed by 300 CF of cement with 0.5%°

. CFR-2 and ‘40% silica flour. Drilled 8-3/4" hole to 2, 865' with

mud. Drilled 8-3/4" hole using. aerated water to 4, 597‘ where
pipe stuck. Fishing and washover attempts were unsuccessful in
recovering drilling tools below 3,845"'.

Plugged back with cement to 2, 720'*P4Kicked off and .
directionally drilled 8-3/4" hole using mud to 2,736' when the

~bit broke off bottom of dynadrlll Fishing operations for the
bit were unsuccessful. ‘ '

‘Plugged back to 2,410" w1th cement. Kicked offtand ;

directionally drllled 8-3/4" hole to 5,250' using mud. Hung 7"
26# K-55 comblnatlon blank and slotted casing from 1,863' to

5,240,

4. 2.15 BACA NO. 19

Drilled 26" hole using mud to 253'. Cemented 20" 94# H-40
casing at 248' with 475 CF of cement with 2% CaCljy. Drilled
17~ 1/2" hole using mud to 1, 512'. * Cemented 13- 3/8" 54.5%# K-55
casing at 1,504' using 1, 750 CF of cement with 1l:1" Perlite, 2%
gel, 0.5% CFR—Z and 40% silica flour followed by 338 CF of
cement with 0.75% CFR-2 and 40% silica flour. Recemented
13-3/8" x 20" annulus through 1" pipe at 214' using 312 CF of
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cement with 1:1 Perlite, 2% ‘gel and 40% silica flour. Drilled
12-1/4" hole using mud to 2,495 Cemented 9-5/8" 40# K-55

. blank casing liper -at 2, 480' (llner top at 1,255') using 687 CF
of cement with 1:1 Perllte, 3% gel, 0.5% CFR-2, 0.3% HR-7 and
40% silica flour followed by 238 CF of cement w1th 0.5% CFR-2
and 40% silica flour. Directionally drilled 8-3/4" hole using
mud to 4,000'. Drilled 8-3/4" hole using aerated water to
5,6L0'. Cemented-9-5/8" 40# K-55 buttress tie-back casing at
1,258 using 556 CF of cement with 2% gel, 0.75% CFR-2 and 40%
silica flour. Hung combination blank and slotted 7" 26# K-55
cas1ng from 2, 328' to 5,585"'. :

4.2.16 BACA NO. 20

Drilled 26" hole using mud to 290'. Cemented 20" 944 K-55
casing at 280' with 890 CF of cement with 2% CaCly. Drilled
17-1/2" hole using mud to 1,430'. Cemented 13-3/8" 54.54 K-55
buttress casing at 1,415' using 2,040 CF of cement with 1:1
Perlite, 3% gel, 0.5% CFR-2 and 40% silica flour followed by
334 CF of cement with 0.5% CFR-2 and 40% silica flour.
Directionally drilled 12-1/4" hole using mud to 2,511'
Cemented'9-5/8"‘40# K-55 blank casing liner at 2,505' (linen
top at 1,233') using 360 CF of cement with 1:1 Perlite, 3% gel,
0.5% CFR-2,” 0.4% HR-7 and 40% silica flour followed by 360 CF
of cement with 1:1 Perlite, 3% gel, 0.5% CFR-2 -and 40% silica
flour. Recemented liper lap with 80 CF of cement with 40%
silica flour. Drilled 8-3/4" hole using mud to 2,600'. Cored
from 2 600' to 2,605', Drilled 8-3/4" hole using‘mud to

6, 864 . The well would not flow when tested at 6,864? depth.

Plugged back ‘to 2,591' with cement. Kicked off and , -
directionally drllled 8-3/4" hole with mud to 3,778'. Drilled
8-3/4" hole using aerated water to 5,500'. <Cemented 9-5/8" 40%
K-55 tie-back casing using 750 CF of cement with 40% silica
flour and 0.5% CFR-2. ©Drilled 8-3/4" hole using aerated water
to 6,374'. Drill pipe stuck and twisted off at 1,278'. Fished
out drilling tools down to 5,827' Hung combination blank and
slotted 7" 26# K-55 liner from 2, 390' to 5, 812'

See 4.3.7 for recompletlon details.

4.2.17 BACA NO. 21

Drilled 26" hole to 635°' dsing mud. . Cemented 20" 94# K-55
casing at 618' with 1,176 CF of cement with 2% CaClj. -
Drilled 17-1/2" hole to 1,521' using mud. Cemented 13-3/8"
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54;5# K-55 casing at 1,503" with 2,200 CF of cement with 1:1
Perlite, 3% gel, 0.5% CFR-2 and 40% silica flour followed by
228 CF of cement with 0.5% CFR-2 and 40% silica flour. .

‘Directionally drilled 12-1/4" hole to 2,605" using mud.

Cemented 9-5/8" 40# K-55 blank casing liner at 2,593' (liner
top at 1,361') with 738 CF of cement with 1:1 Perlite, 3% gel,
0.5% CFR-2 and 40% silica flour followed by 80 CF of cement
with 0.5% CFR-2 and 40% silica flour. Drilled 8-3/4" hole to
2,842' with air. Tested well open-hole at indicated commercial
rate and pressure. Cemented 9-5/8" 40% K-55 tie-back casing at
1,361" with 632 CF of cement with 40% silica flour, 0.5% CFR-2-
and 0.2% HR-7. Hung combination blank and perforated 7" 264

K- 55 liner from 2,479' to 2,900". :

4,2.18 BACA NO. 22

Drilled 26" hole to -480' using mud. Cemented 20" 94# H-40
casing at 467' with 1,652 CF of cement with 2% CaClj.
Drilled 17-1/2" hole to'1,545' using mud. Cemented 13-3/8"
54.5# K-55 buttress casing at 1,535' with 1,291 CF of cement

- with 1:1 Perlite, 3% gel, 0.5% CFR-2 and 40% silica flour

followed by 196 CF of cement with 0.5% CFR-2 and 40% silica‘
flour. Drilled 12-1/4" hole to 2,528' using mud. (Six cement
plugs were reguired to combat lost circulation at various '
intervals while drilling the 12-1/4" hole). Cemented 9-5/8"
40% K-55 blank casing liner at 2,512' (liner top at 1,352'")
using 720 CF of cement with 40% silica flour and 0.5% CFR-2.
Drilled 8-3/4" hole to 4,470' u$ing-air. Cored from 4,470' to
4,481'. Drilled 8-3/4" hole to 4,487'. Cored from 4,487' to
4,500'., Drilled 8-3/4" hole to 6,0l1l' using aerated water.
Cored from 6,011' to 6,017'. Cemented 9-5/8" 40# K-55 tie-back
casing at 1, 352' with 633 CF of cement with 40% silica flour,
0.5% CFR-2 and 0.2% HR-7. Stuck drllllng assembly .at 5,168"
while cleaning out the 8-3/4" hole 'in preparation for 1ntalllng
the .production liner. Failed to recover drilling tools from
3,396' to 5,168"'. ’ - . o .

Plugged back to 2,735' with cement. Kicked off and
directionally drilled 8-3/4" hole to 4,046' using mud.
Continued drilling 8-3/4" hole to 6,351' using aerated water.
Open-hole flow test indicated sub-commercial rate and pressure.

Plugged back to 2,650' with cement. Kicked ‘off and -
directionally drllled 8-3/4" hole to 6,006' using aerated
water. Hung combination blank -and slotted " 26# K-55 liner
from 2,361' to 5,980"'.

See A.3.8 for recompletion details.
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4.2.19 BACA NO. 23

Drilled 26" hole to 622' using mud. Cemented 20" 94# H-40 -
casing at 612' with 1,500 CF of cement with 2% CaCljp.

Drilled 17-1/2" hole to 1,419' using mud. (Eight cement plugs
were reguired to combat lost circulation zones). Cemented '
13-3/8" 54.5# K-55 buttress casing at 1,409' using 1,920 CF of
cement with l:1 Perlite, 3% gel, 0.5% CFR-2 and 40% silica
flour followed by 203 CF of cement with 0.5% CFR-2 and 40%.
silica flour. : '

Drilled 12-1/4" hole to 3,072' using mud. (Three cement plugs
were used to shut off lost circulation zones). Cemented 9-5/8"
404 K-55 blank casing liner at 3,057' (liner top at 1,239°')
using 76 CF of cement with 0.5% CFR-2 and 40% silica flour
followed by 1,440 CF cement with 1:1 Perlite, 3% gel, 0.5%
CFR-2 'and 40% silica flour followed by 298 CF of cement with
0.5% CER-2 and 40% silica flour. Drilled 8-3/4" hole to 5,746"'
using aerated water. : ‘

See 4.3.9 for recompletion details.

4.2.20 BACA NO. 24

Drilled 26" hole to 788' using mud. Cemented 20" 94# H-40
casing at 782' with 2,733 CF of cement with 1:1 Perlite, 3% gel
and 40% silica flour. Drilled 17-1/2" hole t0:2,946' using
mud. Cemented 13-3/8" 54.5# and 6l# K-55 buttress casing at
2,938' with 2,720 CF of cement mixed with 50 lb/sack

Spherelite, 4% gel, 5% lime, 1% CFR-2, 0.3% HR-7 and 40% silica

flour followed by 301 CF of cement with 0.5% CFR-2,' 0.3% HR-7
and 40% silica flour. Performed "top job" through 1" pipe at
147' in 13-3/8" x 20" annulus using 610 CF of cement with 40%
silica flour. Drilled 12-1/4" hole to 5,502' using aerated
water. Stuck drill pipe and tools. Failed to recover all of
drilling tools; however, operations were successful in
retrieving tools down to 3,616'. Hung combination blank and
perforated 7" 26# K-55 liner from 2,838' to 3,589'.
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- - v o o : unln Unfon Goathermal Company of Hew Mexice
g | L | ‘ ELL SCHEMATIC -
gl ' | pesian ' : e
g e BACA NO.6 -
e : SIZE[AFE NO. DWG NO. AEV
£ CHECK | . _ 8 | 303005 | - RC I-DR-03
2| "'DATE | 2-12-80  [SCALE:1"=1,00 - [sHEET 1 OF 1




: o' 10 80°

GRAVEL

v

80'- 1.0,
BANDELIER TUFF

““TOP OF FISH - 3,008

T1.0. OH.

KELLY BUSHING 14°
. GROUND ELEVATION 8,605

385'-ToP 9 5/8"

Jy==—< 468’ E28V PKR.-

805"~ 13 5/8" €56.-CMT'D. W/ 918 FT.8

12 174" HOLE

| 2433 "sipETRACK WO PLUG

T -2,890'- CEMENT PLUG.

2,91' TO 2,957' CSG. COLLAPSED
i MILLED OUT TO 812"

8 Bausv PRR. 92,796
-
¥

L N\—_3,899'- 95/8" 38% CS0.- CMT'D. Wi, 912 FT.?

8,3/4" HOLE -

—— —4,536'- TOP OF FISH.
4,785-80TTOM OF FISH

£

A ’REV!SIONS ) € .
JrevE DESCRIPTION” ) ~DATE" | BY |APPD
X t | cHECK FOR ACCURACY . 3728-80)K€.4
2 | REDRAWN 7-2-80 | .
| e o=o - DRILLING - DETAIL
HeO @ STREAM| - =~ - . “LO8T - [ - DRLe,
F entries | FRACTURES CIR. BREAK
HpO 3,340’
1,370’
2,474
2,462"
2,732
STEAM
2,482, -
2,732
3,702
4,077,
6,000
DATE DATE b REMEDIA
- SPUDDED COMPLETED JDATE SYARTED
- . | PLUGBGED & ABANDONED
9-18-72 -22~-713 "W-22-74 -

Unlon Geothermal Company of New Mexico

|unien

WELL SCHEMATIC

| beEsiGN
: . BACA NO. 9
|oRawN ] BK kSETAFE O, ’LDWG NGO N (3
CHECK - 1B] 303005 RCI-DR-04 |2
DATE 3-28-80 JscALE:"=1,000' IsHeeT 1 oF

2
0w
3
g
0.
9
o
z
S
&




¥ REVISIONS
_ REV - - DESCRIPTION DATE BY JAPPD
. : : o S |_]| CHECK FOR ACCURACY _ | e-B-80]|GA.
1. , I : : ] _ : 2 | reomrawn - | r-2-80| P .
5 . ' . — T ORILLING _DETAIL ‘
: ' KELLY BUSHING 17 : ' [ns0 & STREAM | LosT ~ ORLG. ' -
¢ GROUND ELEVATION 8,735 ~ ENTRIES FRACTURES CIR. BREAK -
. , : STREAM '
0 T0 820 Zix 26" HOLE ) : . 3030,
CALDERA FILL 1750 » 303
- A\ 663'-20; 94csa cMTD & 653" A | 350 : S i
i* . \ . - { . R
. 4 0' TO 956' SAND (BETWEEN i33/8" & 95/8") 3380 , 3 R
.,__ (1336) 101341 {8) HOLES L 4130’
i 1582’ T0 1584’ (4) HOLES . 4500,
i 2062, 702064, (3) HOLES ' 4598
: ] P 2362 70 2364 | 4 HOLES : 4760,
. 2418 T0-2421, (8) HOLES S 4886,
_ . ; 5439’ T0 2441'18) HOLES : 5310,
520" T0 5,220 i | TO SQUEEZE CMT BEMIND CSG. 9480,
BANDELIER TUFF 8936
. » _2480'- 95/8" CSG. (TIE-BACK) CMTD W/OI5 FT3 , - .
'8" CMT. (600 FT3 OUTSIDE CSG.). | ' | = B

TT— - 2794'-13 5/6" 545" & 6 Cso. -cMTh. @ 2794’

eneoraTion | 3075,-3088! - 3835’ - 3848 4145/~ 4185 - - o : : ” f—
- PEDETAIL | 3098'-3105' 3585, - 3565, = 4165 - 4I75' : N ;
! a-yZ'ner | 3118'-3126' - 3575, - 3686 4185 - 4195' : . -
1 3136, -3145, . 3598, - 3605, . :
; . 3346-3335' 3675, 3735,
‘ 3365,-3375, . 3955- 3965 o ,
3 3385-3395  4035,- 4048’ : o
3405'-3415'  4i25'- 4135 _ . »
_szn‘-rop OF 7" BURNS ;INER HANGER v o . i
\4«3‘-9 52" 36”8 407 CS6.-CMTD. W/I00 FT.3 : : -
3 SLOTTED LINER o ' ' DATE DATE | REMEDIAL
; PALIZA CANYON ANDESITE - —83/4"HOLE 250 MESH 4%4; T0 5,595 - | ShuboRD o COMPLETED {OATE STARTED 1 DATE COMPLETEI
- o 5,220' TO 6,930' 0 MESH 5,762' TO 5,986' ‘ 1 7-e-73 9-18-73 . e 7 oo
) TERTIARY SEDIMENTS 6 oon'ro_\_: f T ' B
5,930'- TD. 1001 70. 6,000'- SHOE 7"LINER (f2- SLOTS/FT.). , T . ‘
un'n Union Geothermal Company of Now Mexice
g — WELL SCHEMATIC
4 orawn T Ex BACA NO. 10 . ]
S = SSa i ssze AFE N0 DWG N0 b DR-05 - - 15V
g CHECK 3005 _ DR -0 -2
3 . _ DATE 2-29-80 SCALen-{,ooo‘] [sreer 1 oF



s 7
. REVISIONS
i i “Irev DESCRIPTION oAaTE | 8y fapPro
PLUGGED 8 ABANDONED 8-12-82 : | 1 | check For accuracy 3-31-80 { £eg) -
' ‘ , ' 2 | REDRAWN 1 7-3-80 ¢ (P
. , P& A : 11-9-82 JL.OC.
KELLY BUSHING 7 , — DRILLING . DETAIL
GROUND ELEVATION 9,065 W08 aTREAN] LosT ' '.on'::li\qi -
o' To 320' : 26" HOLE ENTRIES -~ |~ — cm:
CALDERA FiLL NG ' 1,825’ 3,950'-3,960'
207'~20" 94# C$G.-CMT'D. W/ 600 FT.3 1,973 4.005-4.010g
" 2,038 4,032'-4,03 ]
17 1/2 HOLE _ 2,226 5,431'-8,935'
TIE-BACK, 1,219- 9 5/8" 36#C36.- CMT'D. . 2,359, : -
\ W/865 FT.3 + 3,307
, 3,959'(WELL
3 o . BLEW IN)
- 1,336'-13 /8" 64.5 C3G.~CMT'D. W/800 F1.3 3,984-4085
P8 A W/1537 FT.3 CEMENT
0' 70 5,440" ‘ i o
BANDELIER TUFF o . 3,201 ~EZSV PLUG
L9 0 ]
A}/ —3,320"- TOP 7"LINER
r < —_‘/— ' 0 0 '
Wy 3,380'-9 8/8" 36% C56.-CMT'D. W/1,965 FT3
(9]
I
T 14" HOLE (UNDERREAMED)
, L ~ eaals o DATE DATE _REMEDIALY
Lo 0 6,865 2 8,844 -FlLL I-9-80 SPUDDED couPLETED [DATE STARTED | QATE COMPLETED
ANDESITE ' % 9-26-73 -13-73 9-11-76 : e
- /// ) " 8-12-82 PBA
) .. , |
56570, : a 3/4" HOLE : , :
. TERTIARY SEDIMENTS ;G4 d —¢ 928"7“26’” SLOTTED LINER 7y L
; . ) v i - A
: 695 10, SLOTTED: 3,488 41245 (- 2-6-250) “ﬁ ln Uaion Geothermal Company of Now Moxlco
= : : 4,288'- 6,617 (6-12-24-250) v~
3 6,699 -6,928' (16-2-6-40) : WELL SCHEMATIC
o -DESIGN | - , . .
4 Py BACA NO.I!
° e ISIZETAFE NO. DWG NO. lﬂEV
2 CHECK | 8 | 303005 RC|-DR-06 3
g DATE 3-31-80  |SCALE NTS. [sHEET -1 OF |




, e KELLY BUSHING 24-0" REVISIONS
o' 70 160’ . GROUND ELEVATION 8,427 : REV DESCRIPTION . _pate | 8y JarrD
CALOERA FiLL Py 26" HOLE o : : . ] CHECK FOR ACCURACY ' 33180 |geat
. DEBRIS 247'-20" 94" H40 CSG.-CMT'D. W/1,016 FT.3 S |2 | REDRAWN H-13-81 | @ |
| —————17 172" HoLE ' o . : — -
oo an®y L om%t.me DETAIL :
—————— TIE-BACK, 1,270~ 9 5/8" 40" K : [0 & sTREAN T 08T ORLO : ~
» 0 . 1 . : . et ; LoGs
; ——————1,269'- 9 5/8"x 13 5/8" LINER HANGER enthies | FRACTURES CIR. BREAK ;
o} - - , . . . 3' 4 |_9 2 ) . . NONE - ‘o
1 T\ 1,453"-13 3/6" 68* K55 CS6. CMTD. W/1,709 FT.3 _ (SE: & cm'?' : A
: ‘ ' ' PLUGS) .
A—————— 12 1/4" HOLE
160' 10 6,460' 3,220'-7"LT & C LINER HANGER TOP ' - i
BANDELIER TUFF 19 - ' - , _ :
' g | \3.540‘- 9 6/8" 36™ K55 CSG.< CMT'D. W/1,625 FT.3 ' o ' o
! § A TR : , . ' 7 : _
w—$ . S ] ———————83/4"HOLE - : - S - - : - F - : ‘ | +—
w - 0 ‘ R 8 > -
it | - e460 TO 7,280 & ,i ) .
PALIZA CANYON 5]
FORMATION M N
, ‘ . 4. - ' , .
ABIQUIU- TUFF 7]330’_7'575' ) '. ? 7“ 26 L-80 (33JTS) a K-55 (99 JTS-) . B <
. - ; H B CSG. LINER CMT'D, W/2,000 CU. FT. ' ' : :
- 7578' 10 9,220’ f g o "
ABO FM (RED BED 1| '
o MR s L YJ———————6,895'-BOTTOM OF HOWCO GUIDE SHOE ~DATE T DATE e DEEPENING
- : r : _ o ’ SPUDDED COMPLETED |DATE - STARTED DATE COMPLETED
© 9,220 T0 10,220 : o ' - 6-19-74 8-19-T74 '6-27-81 9-16-81_
MAGDALENA GP : " : : - -
('L.8, SILTSTONE) , ' _ v o '
10,220 TO 10,637° DI B | UN|n ‘Unlon Geothermal Company of New Mexice |
g| CRANITE } | —————6ws"HoLe : : ' _ .
g._ { PRE- CAMBRIAN) : » oo WELL SCHEMAT‘C : :
g : . , DRAWN | S. PENZAK JR. ___BACA NO. 12
o ~- . - : - - SéZElAFE NO.  |DWG NO. RC 1-DR-07 IREV
| 10,637 TO. CHECK | (70 303005 |
g 'DATE | 3-31-80 [SCALEN.T.S. | [SHEET 1 OF -1

gz



- ‘ REVISIONS . ,
: : _ Rev] - *-. DESCRIPTION DATE | BY |aPPD| -
KELLY BUSHING 6’ I | CHECK FOR ACCURACY 3-31-80 | K2 65)
GROUND ELEVATION 9,292' 2 REDRAWN 7-7-80
() " A *
0' 70 560 —\_'2-30' 9@':-40 ese. { o« *_DRILLING DETAIL
N ¢ _an" - - ‘3 - . - 8T V DRLS.
CALDERA FILL 211-20" 947 H-40 CSG.-CMTD W/694 FT. [HgO B-STREAM enactones | L0 ALE
26" HOLE ENTRIES CIR. BREAK
. 17 1/2" HOLE
les-ucx, 1,270"- 9 &/8" 36™ 8 RD K65 LINER ; .
-1,270'- 9 5/6" x 13 3/8" LINER HANGER
1,469'- 13 3/8" 68™ K55 CSG.-CMT'D. W/2,144 FT.3
21/4" & 13 3/8" HOLE
560" TO 512" :
BANDELIER TUFF 3,340'- TOP 7" LINER
) ' . g '
%., I 3,499'- 9 8/8" '36™ K85 CSG.- CMT'D. W/2,050 FT3
I I | ' ‘
; ~ |
I
. 1 ‘l 8 3/4" HOLE
; . : I s DATE DATE - REMEDIALS
: | _ 7" SLOTTED LINER 26™ N4O' 8 K88 CSG. SPUDDED COMPLETED DA'T! STARTE_D DATE COMPLETED
: 5712 10 8,090 I i (16-2-6-250). ' '8-23-74 -5-74
; PALIZA CANYON | | S
; FORMATION ~| | S
: : - unln Unlon Geothermal Company of Naw Mexice
< N B d
3l |1 — WELL SCHEMATIC
| 8,090' T0 8,228' : ~,__JL.—I 8,200' BOTTOM 7" LINER. ST i BACA NO.|3
9 PERMIAN RED BEDS 8,228 1.0, il - ISIZE]AFE NO. DWG NO. o7 T [REV
g ' CHECK — 1’61 303005 | RC1-DR-08 |3
3 DATE "| 3-31-80 |SCALE:i"=1,000} |sHEET 1 OF 4
@

ﬁ % = = = = ‘




REVISIONS L ‘
: , REV] ~  DESCRIPTION | oare | sy farep
T e S v fon o S 1 | ‘cHeEck FOR ACCURACY 330 kel 0 I
B ' s o S . . 2 | REDRAWN - - ° 0 F7-t-s0 [ B PO
Lo KELLY BUSHING 16 L A I —-
: . GROUND ELEVATION 8,605' — ’ DRILLING _DETAIL
B S C : ' [H0 ® STREAM | - LO8T ORLS.
i o' To 280" 10'-36" 98™H-40 CONDUCTOR PIPE. enTRiEs | FRACTURES CIR. SREAK
: .. CALDERA FILL Mo —
' ’ R 193-20" 94”7 H-40 R3 BUTT CSG.-CMT'D. W/643 FT’ '4_2—',03--
‘ 26"HOLE _ .
. i7" HOLE - ' - T N
; 13 3/8" CSG.-LEAK BETWEEN 1,304’ & 1,354’ :
| : $Q2'D. OFF.
: 3 \\—I 3’ TOP. 915/8" v
: 1,482" - 13 3/8" 54"& 61" & 66" k55 BUTT CSG.
) Z; . CNTD. W/1,910 F13
ks T N\ " oLe .
. 280 TO 5,800' & . , _ 4
; BANDELIER TUFF ' , : .
| : , 3,074' -9 5/8" 36" K88 BUTT & L.T 8 CSG.-CMT'D. WA393FT2
({1. ’ 8 3/4" HOLE ‘ 2
| ) ,
) : A
; 5,480' ETD-8-22-76 ... -« - DATE DATE - A REMEDIALS . .
500 70 6,14 - 5,780'PLUG . -~ . . . | Sruboed . COMPLETED [DATE STARVED | DATE couﬂ.:n‘n'
ANDESITE o ' : ] n-ie-7a 2-24-75 8-22-76 : ‘
6,140' TO 6,700' ) , . N N . ; B
SANTA FE SAND e 1 ISR , N ‘ : : U S Ca . - _
6,700"- T.D. L B N AR T PR : g — —
REDBEDS - 6,824'T0. L o unln Unlon Geothermal Company of New Mexice
| s | WELL SCHEMATIC .
3 o e 1 BACANO.14 |
' — o SIZE[AFE NO DWG NO. o 1-mR-na : JREY
3 “oHEeK 15 503005 | RC 1-DR-09 : |
3 | DATE | 3-31-80 - SCALE|"=|,ooo[ -~ |sHEET 4 oF i
m

I



BRUNING 40-522 44574

Cmgme e, s

o' 70350

- CALDERA FiLL

‘380’ 70.5,300'

- BANDELIER 'TUFF

.

5,300' 10 5,505

: PALIZA CANYON ANDESITE

- 8,508° 1.0, ’

KELLY BUSHING I8’
GROUND ELEVATION 9,117’

210", 20" 94% X3, R3 €S0.-CMT'D.
W/390 FT® CLASS"B" CMT. :

—————1J61'-13-3/8" x 9 5/8" BURNS LINER HANGER,

9 5/68° 36 ¥ K38 BUTT, CSG. (TIE-BACK) CMT'D,

1,273’ BOTTO)d 13 3/8" 54.5% KS. R3 BUTT.
-C80.. CMTD

8 3/4" HOLE

7" SLOTTED LINER (4-4- 3.8-.250),
FROM 2371' TO 5303'
(APPROX. EVERY OTHER JT. BLANK) NOT CMT'D.

5,503'-7"28 K83 L.T. & C.8RD
W/ ORANGE PEEL BOTTOM.

aa

2,509' BOTTOM 9 8/68" CS6. 40 KB6 BUTT. CMTD.

) REVISIONS
rev] DESCRIPTION - DATE. | 8y JappPD
| | CHECK FOR ACCURACY 2-n-80 |GA|
2 | REDRAWN B 7-8-80°
I L onu.uue DEYAIL = -« . ="
Hs0 & STAEAM - LOST . DALG. » -
i
[ ENTRIES FRACTURES CIR. BREAK
n2u'
DATE DATE REMEDIALS
$PUDDED COMPLETED [DATE STARTED [ DATE ¢
4-29-75 6-13-73 9-13-76

PR

Unlon-Goothermal Company of New.Maxics

| DESIGN:

"WELL SCHEMATIC

BACA NO. 15
ORAWN| E.K. SIZE]AFE NG, lowe NG, . : JREV
{- CHECK 303005 RCI-DR-10 - |2
DATE | "2-12-80  [SCALE:*=,000'] [sHEeET 1 oF




.- 070380 .
_ CALDERA FILL

380' TO 880"
REDONDO CREEK RHYO.

880' T0 5,560’

. BANDELIER TUFF

5560' 70 6,880
PALIZA CANYON
ANDESITE

BRUNING 40-522 44574

. 6,880' TO 7,002
" TERTIARY SANDS

7,002' TD.

KELLY BUSHING 15’
GROUND ELEVATION 9,622'

193'-20".94™ k55, CMT'D.

] ———1,100' TOP OF .9 6/8" LINER

© N--1,218'-13 3/8" 84.6% K55, CMTD.

—————12 /4" HOLE

———— 2,908"-95/8" 34" K55 LINER, CMT'D.

8 ¥4" HOLE

REVISIONS »
REV] DESCRIPTION 1 DATE | BY |aPPD
1 ;] CHECK FOR ACCURACY: 2-7-80 {(3K.
2’| REDRAWN . - ... 1 7-8-80 e
[ ORILLING _DEVAIL - ‘
[0 & STREAM “LOST .| ° DRLS.
* enTriEg | FRACTURES CIR. SREAK
2,!'69'
DATE DATE |~ REMEDIAL v —
$PUDDED compLETED [DATE 8TARTED [OATE COMPLETED . |
6-19-75 8-21-75 ‘ o

[uni@en

Unton Geotharmal Company of New Mexice

Y WELL SCHEMATIC

orAwN ] o ~__BACA NO. 16" -
GHECK SEEIASEO%OOOS ]DWG "> RCI-DR-1 - 'lﬁ?v
DATE 8-29-78  |SCALE:"=1,000'] [SHEET 1 oF 1



'8f'

BRUNING 40-522 44574

KELLY BUSHING 20'
GROUND ELEVATION 9,361

46’ K.B. 30" COND.

— 247 RAN (6) 4TS. OF 20"-94™ BUTT. CSG. CMTD.

w/700 F13 "B" cMT.
TOP OF CMT. PLUG-420" (SEE NOTE).

RAN. (22)JTS. 7" 26" BRD LT & C. CSG.
RAN (10). JTS. 95/8 36¥BUTT CSG6. K55

W/ 7" SHOE @ 1,288’ x0 SWAGE € 400'
9 5/8" €SG. TO SURFACE CMT. W/1,873 FT.3 "8" CMT.

980} 95/8" HUNG ON MIDWAY HANGER.

L' RA“ (27) JTS 13 3/8" 54.5™ BUTT. CSG. CMT'D.

w/1,674 F'I"‘ '8" CMT. LOST nsruaus ‘& PUMPED
292 FT.3 '8" cMT.

TOP OF 7".1,285%.

PLUGGED 1,486

2, eee‘ 10 2,707 voiD.
7 SHOE 2,885.

s.ooo RAN (50) JTS.. 9 /8" 36” K. BUTT. CSG.
CMT'D. W/1,863 FT3 “B" CMT. -

SIDETRACK 3,056' K.0p

'8 34" HOLES

6,250’ 7' 26™ K53 8"RD.LT. & C. SLOTTED & BLANK

RD. 6,254'TD.

W/BULL NOSE ON BOTTOM JOINT. (40)JTS. ALT.
BLANK 36 SLOTTED TOP (3) JTS. BLANK.

NOTE:
13 /8" a 7" Ccs6. COLLAPSED @ 4oa
PLUGGED WELL FROM 420' 10 1,485'
w/ 316 FT3 "B"CMT.

'REVISIONS
REV * DESCRIPTION OATE | BY |APPD
J-1 | cHeck For accuracy © | 2-7-80
2 | REDRAWN : . - "} 7-10-80
o DRlLLING DETAIL .
110 8 STREAM ; [ LosT ORLG.
ENTRIES _PRACTURES CiR. SREAK °
STEAM 4,796~ 6,510’ 1,087 ' 4,796'-5,510
4,796 4,808' 2,660 -
Hz0 »

2,660'

DATE DATE
-13~ 12-8-78
8-13-78 PBA

——_REM
SPUDDED COMPLETED JDATE STARTED DATE COMPLETED :

EMEDIALS

7.

uniéen

Unlon Geothermal Company of 'Nau‘!ﬁexlca

WELL SCHEMATIC

DESIGN :

AN BACA NO. 17

23:2: 5. PENZAK JR. S 05 P NO. RC |-DR-12 i
DATE | 12-14-78 _SCALEl"'I,OOO[ [sHEET 1 oF 1



REVISIONS _
REV DESCRIPTION ’ DATE -BY {aPPD|.
i I | cHeck For accuracy 2-7-80 |04,
- 2 | REDRAWN 7-10-80 | P
) : - DRILLING DETAIL -
. HeO & BTREAM| B LosT _ CASING DETAIL
. . ENTRiEs | FRACTURES CIR. C TLINER
: S EVERY OTHER JT. SLTD.
. - KELLY BUSHING +20' F/978" To :e?ale- sese
: GROUND ELEVATION 8,734’ ’ 3697- 3737
. _ -] 3776-3818"
TH——55' kB 30" COND. PIPE 6oM=1. ggg?_ 3892
| 4010'- 4090"
4127'- 4206’
660' RAN (16) JTS. 13 3/8' 'KB6 BUTT. CSG. _ 4247'- 4326
[un J7s. 54.5%(5) 4TS. 61™*] CMT'D. 20-2-6- '25‘— 4367'- 4446’ .
Ww/944 FT3 "8" CMT, 442?: :ggg
-k .. " "
4 RAN (85) 0TS. 7" 8RD. 1,853' LTC. 26 K85 /4% 4'— 2;263 38:?
<j SLOTTED & BLANK CSG. ' 4990' -5078'
' ‘ . . v _ w _51:4 -5201'
1 0 TO 5,20 ————2,018" RAN {49) JTS. 9 8/8" 367 BUTT. €SG. K55 ;
4y BANDELIER TUFF W/FLOAT CMT'D. W/I,700 FT3 “B"CMT: ,
L 2,410’ SIDETRACK K.OR, RD™ 2 e .
2,720 SIDETRACK K.O.R, R.D*1 7 —
2,736' FISH. _
2,766' T.D: R.D.*|
TOP OF FISH @, 3,181"
8 3/4" HOLE
B DATE DATE REMEDIALS -
= . SPUDDED COMPLETED [DATE STARTED | OATE C _o_uﬂ.mn_____
T.0.4,597'0.H, :
T ‘i2-16-78 3-186-79
ANDESITE ' - -5,240" 7" GUIDE SHOE ‘ : ‘
i T.D.5,250'RD¥2 o Lol ) .
unln ‘Unlon Geotharmal Company of Now Mexico
= by . .
B
E] — WELL SCHEMATIC
o DESIaNY BACA NO: I8
‘@ ’ : SIZE[AFE NO DWG NO. REV
2 CHECK .. B | 3030 - RCI-DR-13 ~ |2
2 _DATE 4-30-79 scnea":,n.o_oo | _[sHeET 1 oF 4




" "REVISIONS
{REV] -7 DESCRIPTION =~ . .DATE [ BY jaPPD
] CHECK FOR ACCURACY | 2-12-80 | GK
2 REDRAWN .=, . .y 1-n-so| P
' — DRILLING _DETAIL
KELLY BUSHING 20 [HeO & STREAW 1 . LosT OALG.
GROUND ELEVATION 917" ENTRIES FRACTURES | ¢ BREAK
87" 30" COND. PIPE
P — 248’ 20" 94* H-40 BUTT. CSG. CMT'D. ‘
9 5/8" 40% K55 BUTT. TIE-BACK BOTTOM OF
. STAB-IN € 1,258 TO SURFACE CMT'D. @ ),255'
- 1,285' 9:5/8" x 13 3/8" LINER HANGER.
DY \——1,504" 13 3/8" 54.5% K85 BUTT. CSG. CMTD.
— 2,328' 7"x 9 5/8" LINER HANGER. .
1 " N—2,480" 9.5/8"40"-KSE°BUTT. CSG. CMT'D.
By .
1
8 3/4" HOLE
DATE . DATE REMEDIALS
_ SPUDDED COMPLETED [DATE GTARTED | DATE COMPLEYED _
A~ 5868 726 Kks8 LT @ C. BRD. BLANK @& 1 9-24-19 | N-3-79 ‘
5,6/0'TD. . SLOTTED (16-2-6-150) FROM 2,415’ T0 5,544’ ‘
4 .+ i i  NOT CMTD. : : : : o :
: : a unln _Ualon Gsothermal Company of New Mexice
<. ’ ! .
~ - - ) -
§ - WELL SCHEMATIC
3 Josanl ] BACA NO. IS
el 0C. - IS7E[AFENO. . [OWG NO. REV].
gh _GHECK » B | 303005 RCI-DR-14 |2
3l . : L 0ATE [, 11-28-79 [SCALEA=,000'] ~ JsHEET 1 OF |
@




REVISIONS

REV DESCRIPTION DATE BY JAPPD N
0 | RELEASED g 1-2s-so] A4 | Mi3
KELLY BUSHING 24 ! | REMEDIAL WORK - CHANGES ‘1-15-82 | /F°
GROUND ELEVATION 9,065 ' i DRILLING __DETAIL ,
: " |HgO & BTREAM : DRLS. R
26" HOLE M ENTRIES ‘BRIDGES - LITHOLOGY - BREAK LO6s . )
o' T0 360° g —1/— ' ' 4943-5827 | CALDERA FILL | 390 -3975 | Temp L
CALDERA FILL — 280"-20"94” K55 CSG.-CMTD. - > et 'EMP LOG
. 0'- 360 0'- 4100".
! © W/890 FT3 ) .
: " BANDELIER TUFF| .- - FRAC. .0 LOG
J———IT Ve HoLE RHYOLITE TUFF © " |2508'-3500'
g 9 5/8" 13 3/8" MIDWAY LINER 360'- 5200' DUAL LATEROL0G
dl=—— Haneer & 1,233. |anpesite 2505'- 6853
¥4 \—9 5/8" 40" K55 (TIE-BACK) CMT'D 5200-T.D. CNF-DGR.
! W/750 FT’ €1,238' ' 2505'-6850.
' I3 3/8" 54.5* K65 €SG6.- CMT'D. REDRILL
:4'_\-w2 374 FT3 8 4|5 CNL.-FDC.
o ' / 2600'-5500°
360' TO 5,200 - 2 1/4" HOLE. ' 00’
BANDELIER TUFF Q¥ i .
) Y 7"x 9 5/8" LINER HANGER & 2,383
1 \ 9 5/8" 40" K55 CSG.-CMT'D. ws43r75
S | : ) @ 2,805 - le——
+ : . TOP OF SIDETRACK PLue-- - ,
! - CNT'D. W/480FT3 @ 2, 59|
5 172" MIDWAY J-SLOT LINER HANGER @ 4,760
7" 26™ K58 BLANK cse'. CMTD. W/835FT3@ 4860. =
, f 172" 177 K56 CASING anows 3" CTRs. E
f 2" omu_ HOLES FROM 4391 T0 5,131 «
" \rop oF pLUB @ 8,138 - ] DATE DATE REMEDIALS ,
8,200' 10 6,374’ _>\_ e : SPUDDED COMPLETED [OATE STARTED | DATE COMPLETED
o . < ) .
PALIZA CANYON FM. 8 3/4" HOLE 6-27-80 8-30-80 9-12-8l 10~13-81
{ ANDESITE) Rl _
TOP OF FISH@ 6,827' (547" FISH). ) S . .
g unln _ Union Gaotharmal Company of New Mexice
2 T.0. OM.  — - -
3 : oo WELL SCHEMATIC .
g DRAWN :::2:: ‘:’:z. _BACA NO 20
) - JR. ISIZE[AFE NO DWG N REV.
£ CHECK | MLB l ] * RC I-DR- 16"~ I
z
g DATE | .n-20-80 CALE |.-|,ooo[ v ]SHEET I OF 1

pg
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s L ’ P : o REVISIONS
R ' . REV DESCRIPTION . . | oate | sy [arrD
' 0 | RELEASED ' ‘

' : St o : [ DRILLING DETALL -~ - ..
: 1 o e {"c"&g'::“" BRIDGES ithotoey | BRLE . | Loes
- o ) RHYOLITE : DIL-GR
: ‘ ’ 0'- 400’ ‘ - | eie'-1,517"
' e - CALDERA FILL HRT
. ) KELLY BUSHING 24’ ’ ) | 400'-9388' - 0'-2,601'
o o ' ‘ GROUND ELEVATION 9,361' BANDELIER TUFF]. . FIL
) - . - . : ' - | o58'-7o. - 1 1,504-2,608'
0'- 400 ] 1 ,—~26" HOLE : : ] CNL-FDC-6R
RHYOLITE : 20", 94% K58 €SG.-CMT'D. W/1,400 FT3 . S ' 1,604'-2,606'
200 -958' / eer , DLL-GR
CALDERA FiLL A / : 1,604'-2,892"
: ____/——-n /2" HOLE ‘ vy
FE 1 :9 8/8"x13 3/8" MIDWAY LINER HANGER @ 1,36!' ' : ' 2505 2,030
CoffY - . . .| 2598'-2,930
1 [N ——9 578", 40% K85 :(TIE BACK) CMTD. W/550 FT3 ' ' :
955'- 3000’ . r @)\,3s1'
Sba BANDELIER TUFF | =13 3/8" 54.6% K86 CSG.~ cm‘o W/1,500 FT3 le—o
) i KQI.E\OB , o ,
L 12 1/4"HOLE
N Y \—7"x956/8" MIDWAY LINER HANGER @ 2,479’
95/8" 40" K58 €S6.-CMT'D.€2,593'

%‘a 3/4"HOLE '
D. 7" 26% K55 SLOTTED LINER & 2,900

| C ALL SLOTTED.

. o ' _

: c i ‘ DATE DATE ‘ EMEDIA e 1
{ S i '|._sPupDED COMPLETED [DATE STARTED | DATE COMPLEYED

: ) T ' T o - - 2-9-60 . 10-5-80 |- .

e unn ﬁllon-ﬁanlhermal Company of IIu mxlcr

g ; ‘ DESIGN [S.PENZAK 4R ‘ WELL SCHEMATIC

g | DRAWN |S.PENZAK JR. Reoerree NO BA[E:A NO_‘ 2! —TREV]
g CHECK l l RCI-DR-IT " -‘|\o
H & 5 . f paTE. fn-20-80  ]scaie:"s 1,ooo[ - [SHEET 1 OF 1
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BRUNING 40-522 44574

o' 10 260"

RHYOLITE 1R

260’ 70 620"
CALDERA FILL

- 620' TO 5,397
BANDELIER TUFF

fs

KELLY BUSHING 24'
GROUND ELEVATION 9,270'

_/—36" HOLE

30" CONDUCTOR 98.93% @ 58'

20" 94"H -40 CSG. CMT'D. W/1,682 FT3
. @467’

171/2" HOLE

il 9 5/8"x133/8" LINER HANGER € 1,352' @
'E:K——-ea 1/4" HOLE

9 5/8" 40” k-85 CSG. CMT'D. wn.as'rrt?

9 5/8" 40*:( -55 (TIE-BACK) @ 1,352'

3 38" '54 87K-58 cse. CMT'D. W/1,530 F'l:’
@ 1,535'

7"x 9 5/8" LINER HANGER @ z 361’

€252

TOP OF DEEPENING. SIDETRACK. @ 2,55!
TOP OF SIDETRACK #2 @ 2 56 :

TOP ‘OF SIDETRACK¥{ € 2 735“ :
Lrop OF FISH € 3,396 (1.735 Lo)

/ 8 3/4' HOLES

8,397 10 6,760’

TOP ‘OF FISH @ 5,844’

PAUZA CANYON
{ ANDESITE)

6,760' TO 7,650

7' 26" K-55 CSG. LT. & C. BLANK &

PERFORATED LINERE 5,980

8,48% :
T;.g.| A/J}—\—nonou OF FISH @ 6,834'

. REVISIONS .
REV] - DESCRIPTION DATE sy JaprprD|:
0 RELEASED 7-16-81 | K |mB
i | DEEPENING CHANGES {i-15-82 | F
‘ - .DgILLING —DETAIL.
HeO & STAEAN LO8T ORLE. )
EnTRiEs | FRACTURES CIR. BREAK LOGS
' 252'. 5000 - 5060' 0.H.:
I B
2043-2120, | 6011’ - 6017 1,838
2122-2144 4470-4481" | HTR (TEMP.)
2144'-2255 S 1,492'-2,830'
DEEPENING | Pisariz sao
4240-4250 CNL-FDC-GR
© 4764-4955" 2,512'-5,946'
5668-~5900
sm?‘-son 1-6-2,512°5,864]
6748-6765' RD.*) "
8190-8237 2,512'- 6,253’
’ ) DEEPENING:
DLL-GR.
2,512'-6,538'
(LOST "TOOL)
OATE DATE EMEDIA - R :
SPUDDED COMPLETED JOATE STARTED | DATE COMPLETED . |
10-12-80 t-3-8! 10-18-8I 12-18- 81 :

N

Union Gnulnefml_l Company of i!sw '[dafxlc_o

SANTA FE :
6P (sS) "WELL SCHEMATIC
7,650 10 8,620' DESIGN BACA NO.22 )
ABO.FM (RED BEDS) §846' ] DRAWN |S.PENZAK JR. SIZETAFE NO. DWG NO. - ———TREV
8,620' T0 8,846 1.0, CHECK | MLB Bl ] .RC1-OR- 18 I"“' :
. MAGDELENA GP (LIMESTONE, SHALE) DEEPENED . DATE SCALE=1,000' | “Jsneetr 1 oF

i
e

N
3
1



: REVISIONS .
. IREV DESCRIPTION ~ DATE BY JAPPD
’ 0 RELEASED 7-17-81
| - DRILLING DETAIL -
{H00 STREAM] . LOST ORLG.
; KELLY BUSHING 24' enTRiEs | FRACTURES CIR. BREAK L0638
GROUND ELEVATION 8,735’ FRAC. JOB: 1,419' 4209'- 4226’ DI.-SFL
' ’ 320,930 GAL. }2254'-2460' | 4260'-4270' 596 -1411
32" HOLE - WATERINCLUDING | 2638'- 3063" | 4880"-4808" | HRT (TEWR)
o' 10 480' 30" CONDUCTOR & 86’ 124,740 .GAL: ) 5000'-5010" |,
CALDERA FILL 26" HOLE o ‘ 50% SUPERSAND : 3070'- 1408
1. = . 8 80% BAUXITE, C1-6R
| - 20"94% k-85 CS@. CMT'D. W/1,800 FT2 FUMPED @ 3056'- 5690’
0 . ez ' 43-75 GPM. CNL-FDC- GR
17 172" HOLE 3110 - 4450 P81 3058'-5690'
1. 9 8/8"x139/8" LINER HANGER @ 1,239’ :
T\ 3 3/8" B45% K- 86 CSG. CMT'D. W/ 2,123FT3
¥ © @409 o
E : 12 1/4" HOLE .
i . ' : . " , \
IR - " 480''70 '5;267" N 3 1 - -7"195/8" LINER HANGER @ 2,918
- BANDELIER TUFF " __/— , _
) " ; —9 5/8" 40 K-85 CS8. CMT'D. W/,814FT3
: \ " @ 3,087
\ 51/2"x 7°LINER HANGER @ 3,173’
7" 26™ K-88 CSG. CMTD. WAIBFT3
.@. 3,300
51/2" 7% K-85 CS6. @ 3,529’ _
- CMT. PLUG @ 3,831' TO 4,267 — :
X "HOWCO. E2.8V. @ 4,257" DATE DATE EMEDIAL ]
; N ) R : SPUDDED COMPLETED [OATE STAR DATE COMPLETED
i : I & 8 3/4" HOLE - 1-12-81 2-23-0l 2-24-0 ©osB-a)
I 5,267 ' TO 5,720 .  : -
; . PALIZA CANYON l N
T’ 5720 TO 5746 5,746'T.0. : — ' : : — e
: SANTA FE ; unln  Union Geothormal Company of New Mexice
- - -
G I .
/8 — WELL SCHEMATIC
4§ "DRAWN |5 PENZAK. JR BACA NO. 23
.9 % ISIFE[AFE NO. DWG NO. g REV
(2 CHECK | | B ' ) RC.1-DR-19 |o
*5 DATE 7-17-81 SCALE'=,000'] [sHEET 1 OF I
m
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_ . REVISIONS )
¢ ) ) : REVE -~ 'DESCRIPTION : DATE BY JAPPD
: - . - : 0 RELEASED N R 2
E KELLY BUSHING 24'-0" : T . ) .
GROUND-ELEVATION 8,740’ | - DRILLING _DETAIL e
- : : , : {130 & STREAM LosT ORLO. - -
CALDERA FILL - ? L RS . N
30" CONDUCTOR 104% @ 50' 3,636 q 923 3,658 HTR.(TEMR)
26" HOLE : e + . |(REPLACED @180°F  §
» , o y ROTATING 0'-2,94 '
20" 94 K-55 CSG. CMT'D. W/2,77) F1.3 : o ‘ ' HEAD RUBBER) a
: @ 782' W/ FLOAT COLLAR @ 742’ ‘ a " loi-er
i P LR . : - . ‘ e
' , 3,662 782'- 2,944’
) : . ) - ) (TWISTED OFF @ 236°F -
; 17 172" HOLE : A « REC'D. FISH) S
‘ 3,730
{REPLACED
2,838" TOP OF MIDWAY 13 3/ex95/ax1“ . N : ROTATING
LINER_HANGER. _ . v HEAD RUBBER)| - «-
' - . F 4,647 :
" # # ’ UNSCREWED B
0 ; _ i3 3/8" 54.57 8 61" K-56 CS6. CMTD. » . , DRILL PIPE) w
- 220'70 5,020 W/3,631F13 @2,938' W/ FLOAT: . ) - {7 s,490'
) BANDELIER TUFF COLLAR @ 2,863 ‘ , (STUCK PIPE -
s 7" 26%K-55 LT @& C LINER (l5 JTs. : ~ @ '8,502")
PERFORATED, 3 BLANK) HUNG &
3,569' W/ORANGE PEELED SHOE.
12 v4" HOLE e _ » -
FILL @ 3,585'-3,616' ETD. 3,591 S
TOP OF FISH@ 3,616’ S _
‘ g: :;: g:iTuiL PIPE, 9" DRILL COLLARS, oATE DATE REMEDIALS : .
5.502' TD, : : SPUDDED COMPLETED [DATE STARTED | DAYE COMPLETER . | .
d b . . ’ .
‘5.020, 70 5,502' (T.0.) BOTTOM OF.‘FISH e 3,787‘ i : 4-23-81 8-3-8l e ‘
PALIZA CANYON FM R 7 , . . B - 1
( ANDESITE) o : S : R B o , LT
EenTe e - | ' unln ~ Union Geothermal Company of Hew Mexice
g ] WELL SCHEMATIC
sl . ' DRAWN |5, PENZAK JR. éuze . BA g/vé NONO 24 -
gl | cneck | . BN P RC1-DR-20 [0
- I e e e . S e Ce -} DATE 7-21-81  [scaLe:"=1,000'] |SHEET I OF 1




4.3 Workovers and Recompletions.

4.3.1 BACA NG. 4

Ceepened 8-3/4" hole from 5,048' to 6,378' using aerated
~water. Hung 7" 23% and 26# K-55 perforated and blank casing.
liner at 6,376" Liner top at 3,031', with slots from 3,036"'
to 6,375 Cemented 7" 26%# K-55 blank tie~back casing at
2,899'" w1th 275 sacks of cement with 1:1 Perlite, 2% gel, 40%
silica flour, 0.2% HR-5, 0.5% CFR-2 followed by 50 sacks of
cement with 40% silica- flour, 2% gel, 0.2% HR 5, 0.5% CFR-2:

Ran casing caliper tool in the 9-5/8" casing from surface to-.
2,965'. Sévere drill pipe wear on the casing indicated at
various intervals from 1,050' to 2,697'. Performed ten cement
squeeze jobs at various intervals in the 9-5/8" casing in
preparation for running a tie-back casing string. Cemented 7"
26# K-55 tie-back casing at 2,899' using 325 sacks of cément
with 1:1 Perlite, 2% gel and 40% silica flour. Cleaned out
wellbore to 6,201' total depth.

See Figure 4.2-1 for well schematic.

4.3.2 BACA NO. 6

Pulled and retrieved combination blank and slotted 7" 23# and
26# liner originally installed from 692' to 3,700'. Drilled
8-3/4" hole to 4,810"' using air. Cemented blank 7" 26# K-55
casing through shoe at 2,585' with 125 CF of cément with 1l:1

Perlite, 0.5% CFR-2, 0.3% HR-7 followed by 200 .sacks of Cement"

with 1:1 Pozmix, 2% gel, 0.5% CFR-2, .0.4% HR-7 and 35% silica.
flour. Cemented through DV collar at 1,096' using 230 sacks of
cement with 1:1 Pozmix, 2% gel, 0.5% CFR-2, 0.3% HR-~7 and 35%
silica flour. Cleaned out to 4,805'. ‘ ’ s

Hole bridged off at 3,800' while well was being produced.
Cleanout attempts were made so a production liner could be
installed, but continued sloughing hole problems precluded the
completion of the work and the well was left shut-in. .The 7"
-casing currently has an indicated collapsed area (6ﬁl/l6" ID)
at 1,075" . e e S

See Figﬁre-4;2f3'fdf well schematic.i.- S
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4.3.3 BACA NO. 10

Attempted to stimulate production by perforating at intervals
from 3,075"' to 4,195'. No production increase resulted.

See Eigure‘4;2-4_for perforation details.

.4.3.4 - BACA NO 11

Rigged up 'service: unlt and killed ‘well with water. Ran 8-3/4"
bit and 9-5/8" casing scraper to top of bridge -at 3,068"'.
Drilled out scale in wellbore from 3,068' to 3,194'. Changed
out 8-3/4" bit with 6-1/8" bit.  Drilled out scale from 3,211'
to 3,937'. No scale encountered below 3,937'. TCleaned well
out to 6,575'. - o

Moved 1n,serv1ce unit, rigged up and killed well with water.
Ran 8-3/4" bit on 5-1/4" Eastman turbodrill. Located top of
scale in wellbore at 1,565'. Turbodrilled using aerated water

from 1,565' to 2,658' with well flowing to reserve pit.

Eastman turbodrill failed. Ran 8-3/4" bit on 5" Grant
turbodrill. Turbodrilled scale using aerated water from .2, 658‘
to 3,186"'. Changed out 8-3/4" bit with 6-1/8" bit on
turbodrill. Turbodrilled scale using aerated water from 3,186"'
to 4,179'. No scale encountered below 4,175'. Cleaned well
out to 6,609"'.

Moved in service unit, rigged up ‘and killed well with water. .
Ran Dia-~Log 3.75 ring gauge to 1820'. Ran Dia-Log minimum I.D. "
caliper .to 3400'. The log showed a reduced I.D. ‘in .some S
sections and in other sections showed an enlarged I.D. The -
enlarged I.D. indicates casing wall loss and holes or parted
casing. §Set EZSV plug at top of 7" .liner at 3200'. Filled -’
well with cement to the surface. Completed plug and oot

‘abandonment.

See Figure 4.2-5 for .well schematic.

4.3. 5 BACA NO 12

3 s
Al

Pulled 7" productlon llner orlglnally 1nstalled from 3 343' to
9,211" Cemented off lost circulation zones and plugged back
to 6,068‘ using a total of 45 cement plugs. Cleaned. out to

8,900'. Cemented blank 7" 264 N-80 and K-55 casing liner at

' 8,895"' (limer top at 3,220') using 417 CF of cement with 0.5%

HR-7 followed by 1,287 CF of cement with 0.4% HR-7, 50# per

-47 .



sack Spherellte,_406 silica flour, 4% gel, 5% lime and G. 4%
CFR-2 followed by 306 CF of cement with 0.5% CFR-2, 0.4% HR-7
and 40% silica flour. Drilled 6-1/8" hole to 10,632' using
mud. Cored from 10,632' to 10,637' and recoVered 38" granite’
core. Unsuccessfully attempted to flow well.

See Figure 4.2-6 for well schematic..

4.3.6 BACA NO. 15

Made cleanout run to 5,505' with 8-3/4" bit. Hung combipation

. blank and slotted 7" 26#%# K-55 liner from 2,371' to 3,503'. Ran.

2-3/8" 4.7# A-95 Hydril tubing to 5,472' with 1/4" diameter
ports in tublng string at 100' 1,000', 2,000', 3,000', 4,000"
and 5, 000 : »

Pulled 2-3/8" tubing from 5,472'. Scraped 9-5/8" casing and
ran 9-5/8" casing caliper to 2,371'. Casing found in good-
condition. Changed out wellhead assembly. Scraped 7" liner to
5,503' then made cleanout run to 5,503'. :

See Figure 4.2-9 for well schematic.

4.3.7 BACA NO. 20

Pulled 7" production liner originally installed from 2,390' to
5,812'. Plugged back with sand from 5,827' to 5,400'; with
cement . from 5,400' to 5,079'; and with sand from 5,079' to
4,873'." Cémented off lost circulation zones plugging back to
3, 520' using a total of 15 cement plugs. Cleaned out to
4,890 Cemented blank 7" 26# K-55 liner at 4,880' (liner top
at 2, 383 ) using 835 CF of ¢ement with 50 lb/sack Spherellte,
1% CFR-2, 0.4% HR-7, 4% gel, ‘5% lime and 40% silica flour

followed by 230 CF of cement with 0.5% CFR-2, 0.3% HR-7 and 40%

silica flour. Recemented liner lap with 213 CF of cement with
0.5% CFR-2, 0.2% HR-7 and 40% silica flour. Cleaned out cement
and sand to 5,120'. Performed hydraulic fracture stimulation
down 4-1/2" tubing, with packer set at 2,412', using 119,700.
lbs. of 16/20-mesh sintered bauxite and 119 700 lbs. of
12/20= -mesh sintered bauxite mixed 2-12 1lbs. per gallon in
gelled water and injected at 40-80 BPM at surface pressures
from 3,800 psig down to 1,800 psig. Preceded frac proppant
with 4,200 lbs. of 200-mesh and 42,000 1lbs. of 100-mesh calcium
carbonate as fluid loss additive. Hung blank and perforated
5-1/2" 17# K-55 Flush Joint casing liner from 4,760' to 5,131'.
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Moved in service unit,- rlgged up ana klllec well with water.

Ran 2-7/8" tubing to 4836'. Performed acid cleanout of calcium
carbonate fluid loss additive used in hydraulic stimulation. ‘
Pumped through tubing, 200 bbl of water as pre-flush, 711 bbl
of 15% hydrochloric acid inhibited for 6 hours to 2:O°F
Overdisplaced acid by 632 bbl of water. Located top of fill at
5112' , :

See Figure 4. 2= 14 for well schematic."

4.3.,8 BACA NO.‘22

Pulled 7" production liner originally installed from 2,361' to
5,980'. Cemented well back to 2,525'. Kicked off plug at
2,551' and directionally drilled to 8,846'. (Severe lost
c1rculatlon problems, encountered below 4,232', required a
total of 26 cement plugs). Stuck Dual Induction Laterolog tool
at 6,535' while logging up from 8,846'. Stuck fishing.tools

'while attempting to recover logging tools. Failed to recover

fishing string below 5, 844' depth Discontinued drilling
operations. :

See Figure 4.2-16 for well schematic.

4.3.9 BACA NO. 23

Plugged back with sand from. 4,257 to 3,841"'; with cement from
3,800' to 3,525'; and with sand from 3,525' to 3,331!' '
Cemented off lost circulation zones plugglng back to 3 088"'.
Cleaned out cement to 3,305’ Cemented blank 7" 264 K-55 liner
at 3,300' (liner top at 2, 917 ) using 113 CF of cement with . °
0.5% CFR-2, 0.2% HR-7 and 40% silica flour. Cleaned out cément . .
and sand;to 3,531'. Performed hydraulic fracture stimulation
down 4- l/2"'tubing, with packer set at 2,964', using 97,200
lbs. of 20/40-mesh sintered bauxite and 82 800 1lbs. of
20/40-mesh resin ¢coated sand in gelled water and 1njected at
60-75 BPM ‘at maximum surface pressure of 3,500 psig. Preceded .
frac proppant with 5,400 lbs. of finely ground calcium
carbonate and 42,000 lbs. of 100-mesh sand as fluid loss
additives. Hung“blank and perforated 5- 1/2"'17# K-55 Flush
Joint liner from, 3 173' to 3,529, | - R

See Figure 4.2-17 for weil schematici'
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4.4 5pe¢ial Drilling Field Tests

4.4.1 Drillpipe Corrosion Control Using an Inert Drilling
Fluid ‘

A major contrlbutlon to the high cost (4-5 times higher than a
comparable 0il or gas well) of geothermal wells is extensive
corrosion of drill pipe ~~ principally caused by oxygen present
in the drilling fluid. A low density fluid must be used when
drilling in the typically underpressured geothermal

reservoirs. Air drilling technigues are commonly used to
provide the low density circulating medium. Water is usually
injected into the air stream to aid cuttings removal, introduce
chemicals into the circulating system and maintain well control
while drilling through liquid dominated geothermal reservoirs.
The combination of aerated water, high downhole temperatures
and high circulating fluid velocities results in rapid drill
pipe corrosion leading to pipe downgrading and/or premature
failure.

Existing corrosion control techniques include adding caustic
soda (NaOH) to raise the pH of the water to about 10 or 11.
Another technigue .for hot geothermal wells is to inject ,
Unisteam, an amine resin that polymerizes at about 250°F, to
form a viscous, water-insoluable, oily coating. For protection
of lower temperature sections of the drill string, ammonium
hydroxide (NH4OH) is injected and condenses on the pipe to
form a protectlve coatlng.“ ,

Removal of oxygen from the circulating system has been proposed
as another technigue to control corrosion. However, oxygen
scavengers, which have successfully been used with mud
drilling, are not practical due to large volumes of air needed
when drilling with ap aerated water system. Therefore, a test
was conceived that would substitute an anerobic gas for air to
evaluate the correspondlng change’' in corrosion rates. Slnce )
unmeasurable ‘amounts of air would be introduced into the system
each time a joint of drill pipe was added while drilling, and
during each drill pipe trip, an actual field test was the only

method available to establlsh overall representatlve corr051onr

rates.

in Noﬁember, 1980 ‘Union Geothermal and Sandla Natlonal
Laboratories jointly conducted a field test on Baca No. 22

evaluating the effectlveness of u51ng an 1nert gas circulating

system. -
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A diagrammatic drill site layout is prov1ded as Figure 4. 4 1-1.

- It also defines the location of monitoring and sampllng p01nts-

installed for the test.

Figure 4.4:1-2 “shows all the activities associated with the
drill rig. It also defines the test phases and shows well
depth versus time. Some significant features of each test
phase are: ' : T

-Phase 1 - Treated aerated water drilling. flu1d for.
- Six short reaming operations
- Two drilling bit runs
- Two coring bit runs
= 1,315 feet drilled
- 131.5 hours duration

-Phase 2 - Nitrogen and water drilling flu1d for:
' - Two short reaming operations’
- Three drilling bit runs
- 1,500 feet drilled
- 74.8 hours duration

-Phase 3 - Treated aerated drilling fluld for:
: - One short coring bit run

- 10 feet drilled

- 19.5 hours duratlon

Practically all drllllng was through the Bandeller Tuff
formation. The test was concluded at a:depth of 6,011 feet,

FreIly

‘'near the top of the Paliza Canyon Andesite formation. The well

showed evidence of producing geothermal energy during the first
bit run of Phase 2 at about 4,900 feet. ‘

A total of 24 corrosion rlngs was installed 1n51de ‘the drlll
pipe at tool joints and six corrosion coupons were inpstalled in
recesses on the ‘outside of the pipe. Two coupons were damaged
during removal and one was inadvertently left on the rig floor -
so that only three prov1ded weight 'loss data.  Figure 4.4. 1-3
displays the remaining 27 data points. Also plotted ‘on Flgure
4.4.1-3 is a line representing a uniform corrosion of 23 )
microinches. Data points below this line were arbltrarlly
ruled to have too little corrosion to be reliable.

The surviving data are provided in Table 4. 4.1~ 1 and Figure,
4.4.1-4. 'These data ‘show that corrosion is more severe pear

‘the bottom of ‘the drill string .and that Phase 2 rates (w1th

inert gas) were at least an order of magnitude (one cycle on
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the log plOt) lower than Phase 1 (with air). Phase 3 included
less thabh six hours of circulating tlme while the remaining
time was spent tripping or waiting. These data should be
considered less reliable than those from the other phases.

Additional evidence of the effectiveness of an aneroblc'
drilling fluid is provided by examining the corrosion rings.
Figure 4.4.1-5 shows a direct comparison of two rings exposed:
for comparable times to each of the drilling fluids at the
bottom of: the drill string. The measured corrosion rates.
differ by a factor of 36 and ‘the Phase 1 ring shows numerous
shallow pits.

Corrosometer probes were installed in the standpipe and the
blooie line. ' These probes operate on the principle that the
electrical resistance of a conductor increases as its cross
sectional area decreases. Probes are built with an element for
which resistance ‘increases as it is exposed  to corr081on.

Since the probes have a finite life, a new probe was installed
in the standpipe for test Phases 2 and 3. All the probes used
an element that was mounted flush with the inside surface of
the flowlines.

The standpipe corrosometer data are presented in Figure 4.4.1-6.
Since' the probes measure average rates over the time between
readings, a bar is plotted which represents the average rate

for each test phase. All the intermediate readings are also
plotted as lines. Phase 1 data indicate a fairly uniform rate
dropplng to about 98 mpy, a rate con51stent w1th the upper
cotrosion ring measurement.

Phase 2 data show a high initial rate with the flnal value
about” 3 mpy, again in agreement with the ring data. Although
only two readings were taken during Phase 3, the corrosometer
and upper ring data are comparable. : ’ i

The blooie line corrosometer data are shown in Figure 4.4.1-7.
Although a similar pattern is observed, as for the standplpe
corrosometer, the readings are lower- by about a factor of ten.
It is estimdted that intermittently only about 10 percent of
the return line flow came out of the blooie line, which could
explain the low readings. -These-data’ do, however; provide
additional evidence as to the effectlveness of nltrogen as a
drllllng fluld. :

Samples weré taken periodically and ‘the oxygen content ‘and pH
levels were measured on the liquid samples after' appropriate’
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cooling. Flgures 4.4,.1-8 and 4 4 1-9. show the alkallnlty of
the water line liquid and the blocie line liguid respectively.
Both plots show the pH was lower as planned during Phase 2 and,

_that pH tends to drop .as each bit run progresses..

The primary reason for reduced corrosion durlng Phase 2 is
presented in Figure'4 4,1-10. During Phase 2 bit runs, the
oxygen content in the. blooie line liquid dropped to a few .
tenths of a part per million. Since the equilibrium
concentration of dissolved oxygen in water with nitrogen at
typical downhole conditions is about 40 ppb the. effect of ,
tripping and adding ]01nts appears to raise oxygen levels to
those measured. .

The flow rates of air (Phases 1 and 3) and nltrogen (Phase 2)
are shown on Flgure 4.4.1-11. Durlng the first bit run of
Phase 1 two air compressors were used which prov1ded about 2200
SCFM flow rate. . Subsequent bit runs of Phase 1 and Phase 3 saw .
only one compressor used which provided about 1100 SCFM of

air. Data on Figure 4.4.1-11 are not considered completely
accurate until late November 9, when calibration problems were .
resolved. - '

Nitrogen was provided during Phase 2 by. a pumptvaporizer‘t:uck
supplied with liquid nitrogen from an air separation plant.
The rate at which nitrogen was supplied was comparable to one.
air compressor S capacity. : A :

Water flow, supplied by. the rlg mud -pumpsy; as a functlon of I
time is plotted on Figure 4.4.1- i2. Between 240 to’ 400 gpm- of
water were pumped most of the time.

Chemicals were lnjected into the suction water. llne durlng P
Phases 1 and 2. Since. the fluid rate was fairly constant at
about 2 gpm and the chemical concentrations were changed .
between Phase 1 bit runs, the plot on Figure 4.4.1-13 shows
only the amount of chemicals used. Included are Unlsteam,.
ammonium hydrox1de and H35 Surflo scale 1nh1.b1tor.,.i

This test demonstrated that severe drlll plpe corr051on :
problems can be reduced by ‘use of an anerobic drllllng flu1d
The cost of corrosion control during- Phases l.and 3 of this
test were estlmated at. $3, 000 per day. When the estlmated cost
of drill pipe loss is added “the total corrosion cost is about
$4,000 per day. Although nitrogen for this test cost about
$17,000 per day, on-site generation of an. anerobic.gas.is.
expected to. be possible for -about $2,000 per. day.? 'TWO
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approaches are currently being persued by Sandia Laboratories
for "the development of an on-site generator: 1) cleaned up gas
from diesel exhaust, and 2) a portable'cryogenic air 'separation
unit. Successful future field testing of either of these
‘approaches could lead to 51gn1f1cant savings in the cost of
drllllng geothermal wells.
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' Table 4.4.1-1

Corrosion Ring Data

CORROSION RATE " EXPOSURE ‘ . .
NUMBER PHASE LOCATION (mm/y) {mpy) TIME (HOURS) ' REMARKS
15519 1 Bottom 8.3 330. 39.2 Badly pitted, heavy scale
6299 1 Bottom 4.1 160, 66.8 ) Numerous pits, magnetite scale
6247 1 Bottom 6.0 240. 32.8 Shallow pitting, maqnetite.scale
6272 1 Bottom 11.4 450, 13.5 Pitting over outside edges
6287 1 Top _ 1.9 76.. - 105.0 Numerous shallow pits, magnetite scale
6284 2 Bottom 0.75 30. 46.7 Slight pltting, CaCoj3 ad magnetlte
A : _ _ ' scale . .
6275 2 Battom 0.33  13.. . 46.7 Slight pitting, CaCOj and magnetite
\ | ) scale
e 7874 - 2 Bottom 0.13 4.9 74.8 Light plttinq, some CaCO3 and magnetite ,‘
'_ ‘ ' ' ' ' scale
7868 2 : Bottom o 0o 4.4 74.8 Light etching, some scale. '
6281 2 Top = 0.09 3.4 67.5 No pitting. slight CaCOj scale i
7841 2 po 0.11 4.3 73.0 Minute pitting, slight magnetlte scale
18154 3 - . Bottom 2.7 108.. 19.5 : Pitting, magnetite scale
18155 - 3 Bottom 3.3 131, 19.5 Moderate pitting beneath magnetite scale
18159 3" Bottbm . 2.7 108, | 19.5 . Moderate pitting and heavy magnetite
: scale o )
18162 3 Bottom ‘1.9 .73, 19.5 ; Pitting, ﬁe@&y magnetite scale
18147 3 " Top 0.39 15. A 14.2 Etching, magnetite scale

Note 1: “Bottom" is defined as about 150 m (500 feet) abave the drill bit; "Top" i3 defined as not more than

180 m (600 feet) below the Kelly at the top of the drill string. All rings were installed between a tool
joint pin and box inside the pipe.
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Figure 4.4.1-1 Diagrammatic Drill Site Layout and Monitoring Point
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_Figure 4.4.1-2 ' Rig Activities Versus Time and Well Depth. The activities
: related to drilling are broken out on the first line in the
plot. The second and third lines are related to circula- '
tion and tripping respectively. The bottom line 1s related :
to other activities. The three test phases are also de-
fined on the figure. . : -
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Figure 4.4.1-3 Corrosidh.Ring'and Coupon Data. -All the rings Ané’coupons

used during the -test are plotted, The square and round
" symbols were rings near the top and bottom of the drill

string, respectively. The symbols with internal markings

represent those used during phase 2 (nitrogen)., The dia-

monds and X's were external coupons and the +'s were rings |
. that were inadvertently left in the derrick. ‘ : '
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Figure 4.4.1-4
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Corrosion Ring Data. Only rings that exhibited a weight
loss corresponding to a uniform surface corrosion of more
than 0.58 m (23 microinches) are plotted. These data are
also shown 1in Table 3. The cross hatched bars represent
rings installed near the bottom of the drill string; the
barberpole bars represent those near the top of the drill:
string. -
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i1 mm . .11 mm
0.44 in.

f09—

RING NO. 7868

'

Corrosion Ring Comparison. -The ring on the left was ex-

) posed during phase 1 to treated aerated water for 66.8

! . ...+ hours; its measured corrosion rate is 4.1 mm/y (160 mpy).
The ring on the right was used during phase 2 (nitrogen
and water) for 74.8 hours; its corrosion rate is 0.11 mm/y
(4.4 mpy). Both rings were installed just above the drill
collars about 150 m (500 feet) above the drill bit.

Figure 4.4.1-5
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Intermediate values are plotted to show rate

‘corroding element, the average rate for each phase is shown
. chandges ‘as the test progressed,

probes measure corrosion rate by a resistance change of a
i*{by.the bar.
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During
phase 2, the pH was specified to be kept between 8

Alkéliniﬁy of the Liquid in the Water Line.
and 9;

Figure 4.4.1-8

for the other phases it was to be maintained

between 10 and 12.



(sasaw) H1d3Q"

800
-{ 1000
1200
~| 1400

1800

2000

-1 1600

—64-

TIME (days In November 1980)

Figure 4.4.1-9

Alkalinity of the Liquid Throﬁgh the Bloolie Lfng.
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Figure 4.4.1-10

Oxygen Content. of the Liquid Returns Through the Blooie

Line.
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Scale inhibitor was used at a lower rate. No chemicals
were injected during phase 2.



4.4.2 Fracture Stimulation Experiments

The U.S. Department of Energy-sponsored Geothermal Reservoir
Well Stimulation Program (GRWSP) was initiated in. February 1979
to pursue industry. interest in geothermal well stimulation work
and to. develop technlcal expertise in areas directly related to
geothermal well stimulation activities. Republic Geothermal,
Inc. (RGI), prime contractor for the GRWSP, has completed seven.
field experiments, two of which were conducted in the high
temperature reserv01r of the Baca GDPP Project.

The main reservolir, .4, 000 to 6,000 feet in thlckness; 1s
composed of volcanic tuffs w1th low permeablllty and a primary
flow system of open fracture channels. Although they encounter

a high temperature liquid dominated reservoir, several wells
have not been of commercial capacity, prlmarlly because of the
absence of productlve natural fractures at the wellbore..

It is belleved that hydraullc fracture treatments can,oreate
the fractures reguired to make these wells commercial and that
such a well stimulation may be an attractive alternative to
redrilling. : The relatively large amount of reservoir. data
available and the high reservoir temperature made this field a
good candidate for field experiments in. the evaluation of ,
geothermal stimulation technlques, fracture. fluids, proppants
and mechanlcal equ1pment. o : L :

' After considering several candldate wells, Unlon and RGI agreed

that Baca No. 23 and subsequently;Baca No.' 20 were the best
sites for the fracture treatments. These 'wells, shown: ip
Flgures 4.4.2-1 and 4.4.2-5.were selected because: 1) they
were noncommercial or a poor producer; 2) the fracture system
is present ip the area as proven by the surroundrng wells; 3)
the wells could be recompleted to isolate the stimulation
interval; 4) observation wells were available within 1,500
feet; '5) the wellsites were large enough for the frac
equipment; and 6) -in the case of Baca No. 23 . the rig was
already on location. ‘ ‘ :

The experlments were cost-shared by Union and the GRWSP. Union
paid the cost of rig mobilization and demobilization plus the .
cost of recompletlng the wells for the treatments.: The 'GRWSP
paid for the stimulation. treatment.and. other directly related
costs. Total cost amounted to about $1.1 million for Baca No.
23 and: about $1.4 million. for. Baca No. 20.

R T o

T
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4.4.2:1 Baca-No 23

Well Recompletlon

Baca No. 23 was orlglnally completed as shown in Figure
4.4,2-1(2A) with a 9-5/8" liner cemented at 3,057 feet and
8-3/4" open hole to 5,700 feet. The well was flow tested and
at that time would.not sustain flow. An interval .from- 3,300
feet to 3,500 feet in the well was selected for: fracture
stimulation. Good production had previously been encountered’
near this depth approximately 200 feet.away in Baca No. 10.

The interval is now cemented off behind casing in Baca-No. 10.
Fracturing a more shallow interval, immediately below .the shoe
of the 9-5/8" casing, was considered to have a substantial risk
of communication with lower temperature formations above. The
temperature in the zone selected was approximately 450°0F.

Since the top of the selected interval was deeper than the
existing 9-5/8" liner, a 7" liner was cemented to a depth of
3,300 feet to exclude the interval above. The lower portion of

the hole was sanded back to 3,800 feet and plugged with cement -

to 3,531 feet .to .contain the treatment in the desired -
1nterval This recompletlon is shown in Figure 4.4.2-1(4).
The treatment interval was totally nonproductlve after belng
lsolated for the stimulation treatment.

Treatment Summary

A hydraullc fracture treatment was performed on - the well

consisting of 7,641 bbl. of fluid and. 180,000 1lb. of 20/40—mesh'

proppant pumped in eight stages. The stages are detailed in :
Table 4.4.2-1 and the pressure/rate hlstory is shown in Flgure
4.4. 2 2. : :

The treatment was pumped through a 4- l/2" tub1ng frac string
with a packer’ set near the top of the 7" liner ‘as shown in
Figure ‘4.4.2-1(A). The frac string was necessary’ to 1solate
liper laps in the well from the treating pressure. - ’

Although the job was basically a conventional hydraulic
fracture treatment, the high formation temperature (4500F)"
dictated special design and materials selection requirements.
Therefore, 50 percent of the frac fluid was dedicated to-
wellbore and fracture pre—coollng with the final - 50 percent of
the: fluid used to place the proppant. -While frac fluid
properties-are known to degrade rapldly at hlgh temperature,
these effects were minimized by pre-cooling, by pumping at ‘high
rates (up to 75 BPM), and by limiting the frac interval to 231
feet. Proppants were selected for their insensitivity to the
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high temperature (Sinclair, et al., 1980). Both resin-coated
sand and sintered bauxite were used. Chemical work included
compatibility studies of the frac materials with the formation
flUldS and the use -of chemical tracers to monltor fluld returns.

The job was separated 1nto eight stages. In Table 4. 4, 2-1 the
elght stages are shown with the planned and actual stage
sizes. The fluid -used for pre- coollng the formation (Stage l)
was produced geothermal water stored in a pit near the
location. The job ran short by 418 bbl. of pre-pad water
because the usable volume of the pit was underestimated. No

‘harmful effects resulted from this short fall, however.

Otherwise, the schedule was followed closely. The fluid for

" Stages 2-7 was a 60 1b/1,000 gal. hydroxypropyl guar polymer

gel pre-mixed using fresh water. The gel was crosslinked as it
was pumped. . ' : :

Finely ground . calcium carbonate was selected as a fluid-loss
additive (FLA) for Stages 1-4. About 5,700 1lb. of fine
fluid-loss additive were used during the job. A larger - - .. :
fluid-loss additive consisting of 42,000 1b. of 100-mesh sand
was pumped in Stage 3 to slow leaks into: the natural fractures
of the formation.. S :

Total proppant placed in the formatlon durlng the job was
180,000 1b. The original plan was to use a 50/50 mixture of
sintered bauxite and resin-coated sand, both 20/40-mesh.  The
actual proportion of the proppants was 54 percent sintered
bauxite and 46 percent resin- coated sand’ by welght.»v

Actual horsepower requlred for the jOb was: 6,400 hhp versus: the‘
5,880 hhp estimated -by assuming an 80 BPM pump -rate and 3,000
psi wellhead pressure. Higher than expected frac gradients
were responsible for the increase. Frac gradients measured at
the beginning, middle and end of the job were 0.83, 0.92 and.
1.175 psi/ft, respectively. The buildup in frac gradient is
difficult to 1nterpret here, but nonetheless should be noted .
for consideration -in planning and evaluating future fracture_
treatment.

Test Results and Analyses

Durlng the fracture treatment, Los Alamos National Laboratory:
performed a- fracture mapping experiment .using Baca No. 6 as an

observation well. A triaxial geophone system was placed in the.. -

well; and u51ng technlques developed for the Hot Dry Rock o
Project, microseismic act1v1ty caused by the fracture job was . -
mapped. The 14 discrete seismic events indicate northeast
trending activity in a -zone roughly .2,300 feet long,. 650 feet
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wide and 1,300 feet high. The rock failure, therefore,
occurred in a broad zone and suggests the stimulation: did not
result in the creation of a singular monolithiec fracture.

- These microseismic events would be expected to proceed in
‘advance of any 81gn1f1cantly widened, artificially created.
fracture and would not necessarily define a final propped flow,
path to the wellbore at Baca No. 23. Calculations of the
‘theoretical fracture length were made assuming a 300-foot high -
- fracture. The results suggest a fracture wing of 430 to 580
feet in length may have been created, depending on the
assumptions utilized for the frac flu1d fluid efficiency and
fracture width. ' o

As discussed above, the 231-foot interval isolated for
stimulation was nonproductive prior to the treatment. This
indicated that no significant natural fractures intersected the
wellbore. Twelve hours after the frac job, a static
temperature survey (shown in Figure 4.4.2-3 with a pre-frac
survey) was obtained by Denver Research Institute. This survey
showed a zone cooled by the frac fluids estimated to be more
than 300 feet in height at the wellbore.

After the post -frac temperature survey was obtalned the frac
string was pulled and the well was circulated with aerated
water and allowed to flow to be sure that production of .
proppant into the wellbore would not interfere with subsequent
testing. No significant amount of proppant was produced into
the wellbore after the frac job. At this time it was
determined that the well was worthy of final completion and
further testing. A 5-1/2" pre-perforated liner was installed
in the treatment interval as shown in Figure 4.4.2-1(C).

On March 26, 1981, a six-~hour production test through drillpipe
was performed in which transient, downhole pressure and
temperature measurements were obtained. A unique testing
method was utilized to overcome the data gathering problems
usually associated with flow testing a geothermal well. The
procedure was a combination of conventional drillstem test
(DST) methods (to eliminate large wellbore storage effects) and
gas lift to maintain steady, 51ngle phase flow to the wellbore.
The gas lift was provided by.injecting nitrogen gas at depth.
through.coil tubing inside the drillpipe. As a result of thlS
procedure, the well flowed at a ‘low,.steady rate (about 21,000
1b/hr) and the transient pressure data obtained downhole
provided an indication of wellbore storage effects, fracture
flow effects and reservoir transmissivity.

A Horner analysis of the drillstem pressure buildup data gave
an apparent kh of 2040 md-ft with a skin of -3.8. This
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compares closely with results from other non-commercial wells
in the area and with the 6,000 md-ft average reservoir value
obtained by Union from interference well tests (Hartz, 1976).
The maximum recorded -temperature was 3420F which indicated
that the near wellbore area had not recovered from thefv
injection of cold flulds.

Following the modified DST, a 49-hour flow test was performed.
to determine the well's productive capacity. The results
showed that the well could produce. approx1mately 99,000 lb/hr
total mass flow at a wellhead pressure of 51 psig, although the
rate was continuing to decline. The chemical tracer data
showed that the frac fluid stages were thoroughly mixed
together in the return fluids and the frac polymer had

‘thermally degraded by the end of ‘this test.

Union performed a long-term flow test on the well during
April-May. 1981. A static temperature profile of the well prior-
to this test showed that the bottom- hole temperature still
remained low (4019F). Temperature and pressure surveys run

on April 21 (Flgure 4.4.2-3) recorded a maximum temperature of
3440F and a maximum pressure of 120 psig at 3,500 feet.
Therefore, two-phase flow was occurring in the formation, with ¢
the steam fraction estimated at more than 50 percent.  This"
two-phase flow condltlon has been observed ‘in other wells 1n
the field. A o

The formatloh cooling seen in the Aprll l3 temperature survey °
is apparently a result of the temperature drop assoc1ated w1th o
flashing in the formatlon. - :

The long-term flow test revealed a total mass flow after 10

days (assuming a 50% flash) of 68,000 lb/hr against a wellhead"
pressure of 35 psig. Attempts to flow the well against a’ ‘
higher wellhead pressure were unsuccessful. The relatlvely

high steam gquality and the gquick productivity recovery o
following each shut-in period suggests that much of the poor' R
productivity is caused by relative permeability effects. The '~
relatively  low formation temperature in the completlon 1nterval
also contributes to the well's poor productivity. The pressure
buildup analysis following the flow test showed: 1nd1cat10ns of-

a fracture-flow pressure response which ellmlnated the radlal

flow regime of the bulldup data.}.

4 4
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4.4.2.2 Baca No. 20

Well Recompletion'

Baca No. 20 was originally completed as shown in Flgure
4,4.2-5(A) with a 9-5/8" liner cemented at 2,505 feet and a 7"
slotted liner hung at 2,390 feet with the shoe at- 5,812 feet.
The 7" slotted liner was. pulled, lost circulation zones cured
using cement plugs, and then a 7" blank liner was cemented in
place at 4,880 feet in order to isolate the desired treatment
interval. Since the frac interval was to be from 4,880 feet to
5,120 feet, a sand.plug was placed from 5,827 feet total.depth -
to 5,400 feet and then capped with cement to 5,120 feet. The
recompletion is shown in Figure 4.4.2-5(B). This.particular
240-foot interval was chosen primarily because the best
production in the area has been found near the bottom of the
Bandelier Tuff and because of its high.reservoir temperature
(5400F) . :

Treatment Summary

The hydraullc fracture treatment was accomplished in the eleven
stages, defined in Table 4.4.2-2. The high formation. :
temperature. (5409F) once again dictated special design and
materials selection. :

The treatment was pumped through a 4-1/2" tubing string with a
packer set at 2,412 feet, just below the 7" liner hanger. A .
3,000 bbl. fresh water pre-pad was used to cool the wellbore
and fracture. The proppant selected was 119,700 1lb. of.
16/20-mesh sintered bauxite followed by .119, 700 1b of"
'12/20-mesh sintered bauxite. The proppant was carried by a 60
1b/1,000 gal. hydroxypropyl guar polymer gel mixed in fresh
water. This fluid was a new high-pH crosslinked HP guar system
having better stability at high temperature. The gel was
crosslinked as it was being pumped. Chemical tracers were
added to the injected fluid to monitor fluid returns.

Approximately 4,200 1b. of 200-mesh calcium carbonate were
added in Stages 1-6 to act as a fluid-loss additive. 1In an
effort to stop leakage into the small natural. fractures, 42,000
1b. o0f.100rmesh calcium carbonate were pumped in Stages 2 and.5
in concentrations 0f.0.39 ppg and 1.33 ppg respectively.. The
100-mesh material was injected in "slugs" to enhance its .-
chances of bridging on the fractures.

The majority of the‘treatment fluid was pumped at approximately -

80 BPM. The rate was slowed to 40 BPM in Stage 10 when. the
proppant.concentration was increased to 4.2 lb/gal. In
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ant1c1patlon of frac gradients of 0.9 p51/ft and’ hlgher, as
seen in Baca No. 23, a total capacity of 11,000 hhp was made
available and connected in the system. However, the actual.
peak hydraulic horsepower. used was only 7,450 hhp because of
lower frac gradients. An instantaneous. shut-in pressure was.
measured soon after the treatment was initiated (1,000 psig)
and again near the end of the job (1,300 psig), giving frac
gradients of- 0. 63‘psi/ft and 0.69 psi/ft respectively. °The
pressure/rate hlstory is shown in Figure 4.4.2-6. ° '

Minor varlatlons in: the planned pumplng schedule occurred
during the treatment (Table 4,4.2-2), but all fluids and
proppants were injected into the formatlon and the desired goal
of ending the treatment at a relatively. high proppant .
concentration was achieved. The variations occurred: . (1) in
Stage 7 when only 1/2 lb/gal of proppant was inadvertently

added instead of the planned 1 1lb/gal; (2) in Stage 8 when a .. :*

higher proppant concéntration was used to make up for the
smaller amount used in Stage 7; and: (3) in Stage 9 where the
proppant concentration was increased to 3 lb/gal of the larger.
proppant instead of the planned 2 lb/gal. 1In Stage 10 the rate
was slowed and the proppant concentration increased: to 4.2 .. =
1b/gl to achieve a more widely. propped-fracture. The wellhead -
pressure and frac gradient were lower than expected, offering .

. reasonable assurance that the proppant would not screen out at

the lower rate and higher concentration.

Test Results and. Analees

Durlng the fracture treatment Los Alamos Natlonal Laboratory .
again performed a fracture .mapping experlment using Baca No. 22 .
as an observation well. A triaxial geophone systém -was .placed-
in the well at a depth of approximately 3,000 feet and the.
microseismic activity caused by the fracturlng "job was mapped.
A large number of discrete events (45) was recorded during.:the
job, however, the orientation measurement of the,tool was -
lost. Again the activity occurred in a broad zone which was
roughly 2,000 feet long, 1,600 feet wide and 1,700 feet high.
Theoretical calculations of .the artificially created fracture
length would. be 340-800.feet.in a homogeneous matrix material,
depending.on . the assumptions .utilized for the frac fluid, fluid
efficiency and fracture height. These calculations were based "
primarily on the: injected fluid. and proppant volumes 1n a
single, vertical fracture. co o W

As discussed above, the 240-foot interval was nonproductive
prior to the treatment, -although there was.a.small rate of . .-
fluid loss during the well completion operations. This
indicated that .at least one lost circulation zone existed .at..
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the wellbore. Approximately 12 hours after the frac job the-:
first of several temperature surveys, as shown in Figure
4.4.2-7, was obtained in the well. These temperdture surveys
showed a zone cooled by the frac fluids, estimated to be less
than 100 feet in height, near 'the bottom of the open interval.
In addition, the zone located behind the 7" liner ‘casing at
approximately 4,720 feet also indicated some cooling. This
zone was apparently-cooled by the workover fluids and possibly
by the fracturing fluids; however, the communication between
this zone and the open interval (if it exists) appears to be at
some distance away: from:the wellbore. - Electric-log surveys
were run in the open interval following the frac job. No- -
significant new fracture+zones-(or high porosity) were
observed, although several® zones d1d show 1ncreased neutron
por081ty values. ' :

At this time it was: determlned that the well was worthy of
 final completion and further testlng A 5-1/2" pre-perforated~
liner was 1nstalled in the treatment interval as shown in
Figure 4.4.2-5(C). . Opn October 10-11, 1981, a 6-hour productlon
test through drillpipe was performed in the same manner as the
. drillstem test at Baca No. 23. A steady rate of about 21, 000
lb/hr single-phase flow was maintained to the wellbore. - 0
Transient pressure and temperature data were obtalned downhole
during the DST. :

The tran51ent pressure response during drawdown and bu1ldup was'
dominated by linear flow. Application of type curve matching -
to the  drawdown data resulted in an apparent kh of 540 md-ft.
This value was confirmed by the application of a Horner buildup
analysis-‘which resulted in an- apparent kh of 600 md-ft with a -
skin factor of -3 8. :

Evaluatlon of the type curve match also 1nd1cated a fracture
half-length of 40 feet. This compares with an apparent:
half-length of less than 100 feet calculated from the pressure’
versus sguare root of time graphs for both drawdown and buildup.

The maximum recorded temperature during the test was 3200F
and indicated that the near wellbore area had not recovered
from the 1n]ect10n of cold fluids. Additional temperature
surveys were run in the well ‘following -the DST, as 'shown ‘in-
Figure 4.4.2-7, which agaln indicated -the fluid was enterlng
(leav1ng) the wellbore in the lower part -0of the open interval.

Follow1ng the mod1f1ed DST, a 14 day flow test was performed to

determine the well's productive capac1ty. ‘The well produced -
approximately 120,000 '1b/hr total -mass flow initially, but
declined ‘rapidly to a final stabilized rate of approximately
50,000 1b/hr (wellhead pressure of 25 psig) under two-phase
" flow conditions in the formation.
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-treatment .was designed to dissolw

Acid Job -

During the post fracture testlng, production of.the calcium
carbonate fluid-loss additive was not observed and it was
believed that most of it still re51ded in the formatlon ,
Analysis of pressure data from the drillstem test suggested .
that a permeable fracture exists, but that it ‘did not. ,
communicate with highly conductive natural fractures in: the
formation. It was believed that this was a pcssible result of
the fluid-loss additive plugging ‘flow channels in the
formation. There is nc diagnostic technique, however, that can-
establish this with any degree of certainty other than an acid .
treatment that would remove the material from the formation and .
possibly. change the productivity of the well. Therefore, it
was deemed important, both for the purpose of reaching a -
conc¢lusive result in Baca 20 and for the purpose of guiding the
design of future.stimulation work, to do an acid treatment in
Baca 20.

A pre-acidize flow test was conducted August 3 through 5, 1982
and showed that Baca No. 20 had essentially the same = -,
productivity as it had immediately follow1ng ‘the hydraullc
stimulation (Section 5.2.1). ,

The acid treatment was done in Baca 20 on August ll; 1982, . The = :

treatment consisted of injecting 29,860 gal. of 15 percent

hydrochloric acid. into the formation 'in the interval originally
isolated for the fracture treatment, As. dlscusseo above, the -
+57,800% 1bs. of finely -ground
calcium carbonate fluid-loss addltlve which was -injected .into .
the same interval. (4880'-5120" ) -during the fracture treatment. .

The high static temperature in the treatment interval (520°F)
requ1red that several precautions be taken to prevent ‘acid . .
corrosion damage to the well .tubulars. In preparation for the_‘
treatment an oil well-type servicing rig was moved. in and well.-
control equipment was installed on the well. A ba;lervwae used
to check for fill in the producing interval and then a 2-7/8"
tubing string was run .to a depth of 4,836' for use as a

temporary acid 1njectlon string. The acid was mixed-on-site 1n -

the tanks with a .corrosion inhibitor chemlcal ‘added. to, prov1de
protectlon for the well: tubulars up to Z500F for a mipimum of
four hours.. . In order to cool the well within the. .range of -

effectiveness of the corrosion 1nh1b1tor, 200 bbls of fresh«

water was pumped down the tubing-casing annulus- 1mmed1ate1y
prior to injecting. the acid. Immediately following the k

injection of cooling water, .acid injection commenced.at an .
average rate of 10.8 bbls. per minute down the tubing whlle

fresh water was. 1njected 51multaneously down the annulus. at an ..
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average rate of 5.1 bbls. per minute. The annular water -
injection served to cool the tubulars and mixed. with the acid
above the treatment interval to yield an acid concentration of
approximately 10.2 percent. Upon completion of the. acid
injection, the acid was displaced with fresh water and -then the
tubing was lowered to a depth near the bottom and an additional
632 bbls. of water was pumped (half down the tubing and half
down the annulus) to displace any acid from the bottom of the
hole and to overdisplace the acid into the formation. The
tubing was then pulled and the well was prepared for testing.

A four day flow test.was conducted two weeks after the
acidization of Baca No. 20. Comparison of pre-acidize and -
post-acidize flow rates indicates that the productivity of Baca
No. 20 did not increase (Section 5.2.1).

" The bu1ldup aDalYSlS of the pressure response follow1ng shut in-

of the flow test was again dominated by linear flow. The
Horner analysis resulted in an apparent kh of 540 md-ft and a
skin of -6.7 (Section 5.3.1). The pressure versus the square
roct of time graphs for the buildup data resulted in an
apparent fracture half-length of 100 feet.

The acid cleanout may be called a success if the change in skin
from the drillstem test to pressure buildup 7 is considered.
While the different type of tests may be accountable for some
of the skin variance, it may be partly due to fracture cleanout
during the cleanout. The skin improvement had no observable
affect on production rates: probably a reflection of the poor
matrix permeablllty surrounding Baca No. 20.

Conclusions

1. Large hydraulic fracture treatments were successfully
performed on both Baca No. 23 and Baca No. 20. Production
tests indicated that high conductivity fractures were
propped near the wellbore and communication with the

. reservoir system was established.

2. The productivities of Baca No. 23 and Baca No. 20 have
declined to noncommercial levels since the fracture
treatments. A contributing factor is relative
permeability reduction associated with two-phase flow
effects in the formation.

3. The ability of Baca No. 23 to produce substantial
guantities of fluid at a high wellhead ‘pressure is limited
because of the low formation temperature in the shallow
treatment interval. The productivity of Baca No. 20 is
severely restricted because of the low permeability
formation surrounding the artificially created fracture.
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4, Although the stimulation treatments did not result in’

" commercial wells at Baca, the hydraulic fracturing
technigues: show promise for future stimulation operations
and -for being’ a wvalid alternatlve to redrllllng in other
reserv01rs.
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TABLE 4.4.2-1

BACA 23 WELL TREATING SCHEDULE

Fluid-

' Produced water with'

" Fluid Loss Additive

Planned  Actual .- - ,
_ , Size - Size - Proppant ~
Stage-No.. _(bbl) ~ _(bbl): ~ (lb/gal) (Size)
1 © s 352 0 -
2 500 502 S0 -
3 500 502 2 100-mesh
4 500 526 0 -
s 900 505 . 1  20/40-mesh
- - L
6 1,000 - 1,000 2 20/40-mesh .
7 600 562 3 | 20/40-mesh
8 58 62 0 -
5,058 7,81 g
-81-

(FLA) 40 8PM rate

Crosslinked HP Guar 60
1b/1000 gal with FLA;
60 to 70 BPM rate -
Crosslinked HP Guar &0

1b/1000 gal with FLA;"
60 to 70 EPM -

Crosslinked HP Guarvso
1b/10C0 gal with FLA; - -
60 to 70 8PM rate '

Crosslinked HP Guar 60

1b/1000 gal with no .. .

FLA;:65 to.75-BPM rate

Crosslinked4HP»Guar~6O u.-" ’

1b6/1000 gal with no

FLA; 65 to 75 BPM rate ...

Crosslinked HP Guar &0
1b/10C0 gal with no
FLA; 65 .to 75 BPM rate

Flush with produced pit
water
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TABLE 4;4.2—2

¥

' BACA 20 TREATING SCHEDULE

Planned ~ Actual . - Proppant'.
-Size  Size
Stage No.  (bbi) " {bbl)  {ib/gal) Size
1. 2000 2000
2. 500 639  0.39 100-MESH
, S CaCO3.
(10,500 LB)
3. 500 350
4. 1500 1400
s, 500 566  1.33 . 100-MESH
_ CaCO3
(31,500 LB)
6. 500 500 A
7.-- - 1180 1168 0.46 - 16/20-MESH
BAUXITE
. 8.a . 850 632  1.85 16/20-MESH
. BAUXITE
b 378 2.77 16/20-MESH
BAUXITE
9 300 450 2.1 12/20-MESH
. BAUXITE
- 10 750 451 - 4.21 12/20-MESH
. BAUXITE
11 180 -~ o181,
-©. . 8700. . 8735 .

-83-

Fluid

FRESH WATER WITH

FLUID LOSS ADDITIVE
(FLA) ‘

FRESH WATER WITH
FLA
FRESH WATER WITH
FLA

POLYMER GEL WITH
FLA ‘

POLYMER GEL WITH
FLA

POLYMER GEL WITH
FLA

POLYMER GEL

POLYMER GEL
POLYMER GEL
POLYMER GEL
POLYMER GEL

FRESH WATER
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BACA 23 TEMPERATURE SURVEYS
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PRESSURE AT 2987 M
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BACA 20
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BACA 20 TEMPERATURE PROFILES

.. October 1981
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~ FIGURE 4.4,2-8 | |

BACA NO. 20 DRILLSTEM TEST PRESSURE BUILDUP, HORNER PLOT
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SECTION 5: RESERVOIR®

5.1 STATIC CONDITIONS

Identification of a commercial geothermal resource is dependent
upon the temperature of the resource and the reservoir pressure.
Regardless of the productivity of the reservoir-to-wellbore
flow, if the reservoir's fluid temperature and pressure are not
sufficient, the resource cannot flow to the surface in
commercial quantities. The determination of the static
reservoir conditions is therefore an important step in any
reservoir evaluation. These static conditions are also used as
reference 901nts in all further reservoir testing.

A wellbore found in a completely static condition would by
definition be in complete equilibrium with the exposed
formation and with itself for its entire depth. . As a
motionless column of fluid the well should accurately reflect
the pressures and temperatures of the reservoir at any chosen
depth. Unfortunately a completely static well is rarely, if
ever, found: The closing of a wellhead valve does not ensure
the cessation of flow into, out of, or within the wellbore,
The well may flow from one zone to another or may circulate due
to convective forces. The use of the word "static" in this
report does not refer to a true static case, but is the '
"most static" situation i.e. a well which has been shut-in at

-the surface for an extended period of time.

The Redondo Creek field contains the nineteen wells shown on
Figure 5.1-1. Aall of the temperature measurements and most of
the pressure measurements discussed in this report were
acquired using mechanical downhole recording instruments
manufactured by Kuster company. These Amerada-type instruments
are lowered into the well on a wireline and the pressure and/or
temperature is recorded mechanically with a stylus on a
time-drive chart, driven by a spring-wound clock. These
instruments do not supply a continuous survey. A 10-20 minute
stop is required at each survey point in order for the pressure
and/or temperature element to reach equilibrium and provide an

_ldentifiable mark on the chart. The number of survey points is

limited by the duration of the clock, usually 12 hours.
5.1.1 Static Temperature ‘

All measurements of static temperatures in the Redondo Creek
wells have pbeen made with wireline temperature tools. The
temperature measured is the wellbore temperature which is
highly sensitive to internal wellbore flow. 1In extreme cases,
there is only one true static temperature obtained - the
maximum recorded temperature - which could correspond to any
reservoir depth in the exposed interval. The temperature
profile, in connection with the pressure proflle, does give a
good indication of the fluid phase.
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Figure 5.1.1-1 shows static temperature gradients for all of
the Redondo Creek wells except Baca No. 9, revealing the
scatter of the profiles. To eliminate possible differences
between instruments, all of the profiles shown were obtained
with a single temperature element. With few exceptions the
Redondo Creek wells exhibit a wellbore temperature gradient
falling within a .fairly narrow temperature bandwidth. Two
groups of wells are found within this bandwidth: commercial
wells and subcommercial wells.

Figure 5.1.1-2 shows the static temperature gradients of the
four commercial wells plus gradients of Baca Nos., 10 and 11
which previously:were commercial wells. All of these wells
encounter a temperature of * 500°F-at an elevation of '+ 5500
MSL and a suspected boiling point curve at 6000' MSL.

Figure 5.1.1-3 shows the static temperature gradients of five
subcommercial wells. All of these wells have the same basic
profile as those shown in Figure 5.1.1-2 but are 20-40°F below
500°F at the 5500' datum. Most of the subcommercial wells
shown have a flatter profile which is an indication of less

-internal flow, but Baca No. 19 has the same steep temperature

gradient as the commercial wells, only 30°F cooler.

Considering the close proximany of Baca No. 15 and the 30°F
difference between these two wells, one commercial and one not,
it is speculated that a well in the Redondo Creek field must
have a static wellbore temperature of 500°F at 5500' MSL to
produce commercial quantities of fluid.

Of the eight Redondo Creek wells remaining, four - Baca Nos. 9,
17, 21 and 23 - do not have representative static temperature
gradients. Temperature profiles of Baca Nos. 5, 6, 12 and 14
are shown individually in Figures 5.1.1-4 through 5.1.1-7.

Baca No. 5A is a relatively cold well down to the Bandelier
Tuff and the Paliza Canyon Andesite at 2710' MSL. Cold fluid
entering the wellbore from a high zone flows down the wellbore
until it exits just above the bottom of the Bandelier Tuff.

Baca No. 6 was a commercial well but was not surveyed deep

enough to be included in Figure 5.1.1-2. The temperature
profile indicates that the temperature should exceed 500°F at
5500' MSL, a further proof of its commercial characteristics.

Baca No.l2 was ‘recompleted in 1981 with, among other changes,
casing cemented from 4912' MSL to 433' MSL. (see Section 4.3)
The two surveys shown on Fiqure 5.1.1-6 are before and after
profiles, revealing a significant change. Without the cemented
casing, warm water was flowing up the wellbore, masking the
cold water zones. After being cased, there apparently is
little wellbore flow and the true formation temperature of the
cold zones is recorded {(Section 5.6).
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Baca' No. 14 is a relatively cold-well with a temperature.
reversal below 5700' MSL. This reversal corresponds to the
bottom of the cemented casing which would seem to indicate that
it was the result of an extensive cold water injection,
However, the consistency of the temperature logs suggests that
the temperature reversal is a characteristic of the well and is
not a phenomenon created by cold water injection.

In summary the Redondo Creek field contains three southern.
. wells - Baca 5A, 12 and 14 - which are cooler than the
remaining wells at comparable depths. 1If these wells are
included in an areal temperature trend analysis, the
temperature of the Redondo Creek field increases to the
northern end of the field. :

5.1.2. sStatic Pressure

The static pressures of the Redondo Creek wells have been
measured using two methods: 1) the Sperry-Sun pressure
‘observations during the four interference tests and 2) Kuster
wireline surveys run into static wells. The Sperry-Sun
pressure observations are more accurate than the Kuster
readings. While theoretically the buildup/falloff tests should
extrapolate to an accurate static pressure, various factors '
discussed in Section 5.3 tend to distort the results.

The Sperry-Sun instrumentation is discussed in Section 5.5.
An expansion chamber hung in the wellbore is connected to the
surface by a capillary tube, both of which are filled with
nitrogen. The surface pressure of.the nitrogen system is
monitored and a temperature survey is used to calculate the
nitrogen gradient and hence the pressure at the expansion
chamber. o

The four interference téests conducted in the Redondo Creek
field have resulted in eleven out of the nineteen wells being
fitted with Sperry-Sun instrumentation. Tables 5.1.2-1 and
"5.1.2-2 show ten of these wells - minus Baca No. 10 - and the
values used to calculate the wellbore pressures at 5500' MSL
datum. Baca No. 10 was not included in the tables because the
setting depth of its Sperry-Sun expansion chamber was
substantially lower than 5500' MSL datum. :

The Kuster pressure tools used in the Redondo Creek field are
accurate to with * 10 psi and are subject to even greater
inaccuracy if one pressure recording element is compared
against another pressure element. Table 5.1.2-1 shows the
absolute inaccuracy of the various Kuster pressure elements as
compared against the Sperry-sSun tools. Figure 5.1.2-1 contains
pressure gradients obtained from several pressure elements, but
even considering the error introduced by the use of different
pressure elements, a basic pressure gradient trend exists for
all Redondo Creek wells.



. TABLE 5.1.2-1
CUMPARING SPERRY-5UN PRESSUREN TO
KUSTER TOOL PRESSURES

WhLL SPERRY-5UN CHAMBER SPERRY-SUN PRESSURES KUSTER TOOL SURVEYS

HAME SETTING Ul‘_jPTH WELLHEAD BOTTOMHULE SURVEY DATE . ELEMEOT PRESSURE P

) K.B, T.V.D. PSIA psIG HUMBER " HUMBER PSIG PSI
Baca Ho. 4 3800 3794 790 348 73 9/11/80 14191 846 -2
baca to. Sa 3000 2996 186 405 17 5/08/81 9235 421 ‘16
paca wo. 6 2100 2098 a1l 420 49 5/08/81 9235 429 ‘9
baca Wo. 13 3850 3800 . 802 867 48 3/02/81 14191 860 -7
baca Ho. 14 2500 2486 527 550 24 6/17/81 9235 567 © 417
saca wo. 18 3650 3573 865 926 16 7/06/81 9235 948 +22
saca Ho. 19 3500 3358 693 740 47 1/26/82 22390 718 -22
Baca do. 20 3700 3642 80y 859 12 5/07/81 9235 878 +24
Baca No. 23 3200 3183 750 799 10 5/26/81 9235 813 +14
Haca no. 24 300U 2995 689 121 20 1/29/82 22390 704 -23

TABLE 5.1.2-2
CONVERSIOH OF SPERRY-SUN PRESSURES TO
5500' MSL DATUM

wWELL ELEVATION OF  T.V.0. OF THE T.V.D. OF SPERRY-  WELLBORE HYDROSTATIC SPERRY-SUN PRESSEJRES

lVAMLE K.B. SSUY*' MSL DATUM SUM CHAMBER TEMPERATURE GRADIENT BOTTOMHOLE CORRECTED TO 5500' MSL
Mt BT 363 FL °F PS1/FT PSIG PSIG
paca no. 4 9335 3835 3794 500 .3404 848 862
paca No. SA 9308 3803 - 2996 365 .3816 405 715
Bacd No. 6 474U 3240 : 2098 480 .3472 420 816
Baca No. 13 9308 3808 - 3800 500 L3404 867 870
Baca tio. 14 4621 312l 2486 385 L3774 550 789
Baca No. 18 8754 3254 3573 460 L3543 926 813
saca wo. 19 913y 3639 3458 470 .3507 740 803
Baca to. 20 9089 3589 3642 475 .3490 859 840
Baca No. 23 8759 3259 3183 450 .3580 799 826
Baca No. 24  u764 3264 2995 495 L3421 127 - 819

TABLE 5.1.2-3
CONVERSION OF KUSTER TOOL PRESSURES
TO 5500 MSL DATUM

WELL ELEVATION OF T.V.D. OF THE SURVEY KUSTER TQOL PRESSURE

NAME K.B. 5500' MSL DATUM DATE PRESSURE 5500° MSL 5500' MSL
MSL FT FT . ELEMENT . PSIG CORRECTED PSIG
Béca No. 10 8752 3252 6/02/77 9222 © 828 828
Baca No. 11 9082 ’ 3582 v‘10/05/77 9222 866 866
Baca Ho. 12 8451 2951 6/09/80 14191 783 788
Baca Na. 15 9132 3632 6/24/82 T22315 810 810
Baca No. 16 9637 : 4137 10/21/80 14191 . 867 ~ 867
Baca Ho, 22 9295 3795 1/22/81 14191 g38 843

- 10 -
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Table 5.1.2-3 contains the-data used to calculate the 5500' MSL
datum pressures for six of the remaining nine Redondo Creek
wells. These calculations include element adjustment as
determined from Table 5.1.2-1, and do not include results for
Baca Nos. 9, 17, and 21.

Figure 5.1.2-2 shows the areal pressure distribution of -the
Redondo Creek wells at the 5500' datum. This distribution
includes the results of Tables 5.1.2 and 5.1.3, revealing an
increase in pressure from the south to the north. Since there
1s also a general increase in temperature from south to north, -
Figure 5.1.2-2 indicates that the Redondo Creek wellbore
pressures are controlled by a deep reservoir. For example, if
the Redondo Creek field were pressure controlled by a reservoir
at 3000 feet MSL, the static pressure calculated at any higher
datum would be lower for a cold well than a hot well due to the
magnitude of their respective hydrostatic gradients.

Figures 5.1.2-3, 5.1.2-4 and 5.1.2-5 show the pressure
gradients of static Redondo Creek wells surveyed with elements
14191, 9235 and 9222. An attempt to find a pivot point around
which all Redondo Creek wells moved was unsuccessful, (as were
attempts to identify "static" wellbore flow) due to the absence
of sufficient tool accuracy which is needed for these high
resolution techniques. However, considering the wellbore
temperature of the various wells, and the general convergence

at depth of the pressure gradients in Figures 5.1.2-3, 5.1.2-4 .

and 5.1.2-5, supporting evidence is obtained for the hypothesis
that the wellbore pressures appear to be controlled by a
reservoir pressure at depth.

- 12 -



FIGURE 5.1,2-2 | ,
BACA WELL INTERSECTION AT 5500° ASL =

m\;{)}TH STATIC PRESSURES, PSIG

e

44444

*\861)(/ Bacas
1784000 E

813 RACAB ST1
o | o%nmacaze
82848 51
\7&3'4\8»9“

715 X, s

- 788 [1}48‘“‘2

400000 - 404000

- 13 -



- FIGURE 5.1.2-3°
PRESSURE GRADIENTS FOR BACA NOS. '4,12,13.16.19,20,22, 24

10000 ————— e —

I I

9000

8000 Ji—X 5

P S

27

4 H
A
/,//
/
y
7
Ry

7000 AN

5000 B\ SRR

FEET ASL

5000

///

ELEVATION,

4000

Baca 4 Survey 73

Baca 12 Survey 47
Baca 13 Survey 48
Baca 16 Survey 51 o :
Baca 19 Survey 46 it RN\
Baca 20 Survey 11 -—iwpdei : et \
Baca 22 Survey 2 ; N \\:
Baca 24 Survey 14 7 e : e e AW\

3000

g AN
14N

y
fa

2000

O¢+%¥NXP>0OO

AIZUO
PRESSURE PSIG

- 14 -

1600




FEET ASL

ELEVATION,

10000 —

ano0 [~

AN
8000

7000 -

6000 [—

5000 |-

4000 |—= i! ?; i ; \

Baca 5A Survey 17

Baca 6 Survey 49
Baca 14 Survey 24

ca 18 Survey 16 i
Baca 20 Survey 12 ...

Baca 21 Survey 17
Baca 23 Survey 10

3000 |-

e+ XN DOO
oo
o]
Q
j¢]]

2000

]UUOU 400 - : 800 120
PRESSURE PSIG

- 15 -




FEET ASL

ELEVATION,

10000

PRESSURE GRADIENTS FORBACA NOS.10,11.12,17

FIGURE 5,1.2-5

USING ELEMENT 8222

sooof!
FiAs
£y
8000 [
AN
N
¢§\\
N
\\ \<3
7000 |- SR
ANEX
L\
R
“\?\\:\\\—-‘»
6000 e
M
N
Na
P\ \:\\
R
\\‘—-
5000 X
AN
NSO\
AN
NANK
N
\:\\
\\\\ :
4000 ~
\N
\k
K.
3000 ' L N
© Baca 10 Survey 51 :
O Baca 11 Survey 110
A Baca 12 Survey 51
A Baca 17 Survey 2 N
\\\
2000 A
oo O i e : _ .
]0000 400 800 o 1200 1600 2000 2400
PRESSURE PSIG '
- 16 -


file:///J.XX-U

5.2 WELL TESTING

5.2.1 Flow Tests

Flow tests in the Redondo Creek Field have consisted of
two-phase tests, separator tests, rig tests and two drillstem
tests. A tabulation of all production tests conducted in the
Redondo Creek Field is presented in Table 5.2.1-1. The
majority of the early production tests - up to and including
1977 - have been presented in earlier reports (Union, 1978) and
will not be discussed here. :

‘The purpose of a two-phase test is to establish that a well is

productive and to provide .a preliminary estimate of its flow

-rate. The test method consists of flowing a well to the

reserve pit and measuring the flow rate with an orifice meter.
By monitoring the pressure drop across the orifice, and -
assuming a percent flash, an approximate flow rate is
calculated using the Murdock Equation. The steam rates
calculated with this method are fairly accurate but the water
rates - and hence the total mass rates - determined can only be
considered approximate. Certain later flow tests gave better '
flow rates estimates by incorporating a mini-separator which

- eXxtracted a small sample of production fluid from the flow line

and used this to approximate the steam percentage of the flow
stream.

Separator tests provide a means of evaluating flow
characteristics of a well by determining the percent flash of
the well at any point in time, at.;any'producing pressure.
Wells with low flow rates have not been subjected to separator
tests due to operational problems. Wells which have been
tested through a separator are Baca Nos. 4, 6, 11, 13, 15, 19,
20 pre~-frac, 21, 22 and 24. :

A typical separator test consisted of flowing a well into a
separator vessel and measuring the separated steam and water
rates individually with continuous recording orifice pressure
meters. Steam enthalpy and quality were determined with a
throttling calorimeter.

The first flow test performed on a well has generally been run
before the drilling rig has been moved o0ff of the hole, and is
known as a rig test.. A rig test is short in duration and is
only used as a gross generalization of the type of well;
producer .or non-producer. The production is usually flowed
through a two-phase orifice much like a two-phase test, but
occasionally the only measurement of flow is determined by
calculating the increasing pit volume or using a "bucket test".

- 17 =
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‘'ABLE 5.2,1-1
REDONDO CREEK FLOW TEST SUMMARY

THROUGH DECEMBER, 1982

SEP.

TOTAL MASS

REMARKS

WELL DATE FLOW . WHP PROD FLUID EFF .
TIME PRESS.  QUALITY FLOW ENTHALPY
HRS. PSIG PSIG % LB/HR BIU/LB

Ba-1  u8/13/73-08/22/73 228 204 175 26.0 145,800 569.5
B4-2  09/10/73-11/13/73 1538 . 120 113 27.5 172,500 556.1
B4-3  03/31/81-07/22/81 2715 131 124 29.97 140,926 582
B4-4  06/09/82-06/14/82 118.48 141 122 27 161,000 555 @ 117 hrs
B4-5  06/30/82-07/12/82 286.7 141 122 30 158,800 581 @ 286 hrs
B6-1  10/08/72-10/15/72 166 137 92 24.4 153,500 517
B6-2  10/25/72-11/04/72 190 92 69.5 27.6 146,900  530.9
B6-3  11/06/72-01/16/73 1700 515 37.75 30.7 147,700 532.2
B6~4  06/05/75-06/24/75 428 58 -—— 30  (BEst) 248,000 (Est) = Two Phase Test
'B6-5  07/03/75-07/21/75 428 53 - 30.3 (Est) 240,000 (Est) —- Two Phase Test
B6-6  07/25/75-08/19/75 584 107.5 100.5 22 175,000 500.9
86-7  10/03/75-12/05/75 1505.3 95 90 24.5 156,000 515 Interference Test
Blu-1  U8/26/75-09/03/75 215 31 - 34.1 (Est) 126,000 - Two Phase Test
Bll-1  01/08/74-01/09/74 24 - 140. 33.4 480,500 619.9
Bl1=2  01/11/74-01/25/74 311 121 - 105, 49.6 205,000 746.6
Bl11-3 - 01/29/74-01/30/74 27 143 A | No Data
Bl1-4  02/01/74-02/24/74 546 131 115 41.1 271,400 675.9
B11-5  06/26/74-09/25/74 2182 138 126.5 35.6 267,100 633.1 @ 745 hrs

127 114 32.9 252,000 604 @ 1440 hrs

129 124 26.7 164,300 556 .4 @ 2182 hrs




- TABLE 5.2.1-1 .
REDONDO CREEK FLOW TEST SUMMARY .
THROUGH DECEMBER, 1982

(Continued)
WELL DATE FLOW VHP SEP.  PROD FLUID TOTAL MASS EFF. REMARKS
: TIME PRESS.  QUALITY . FLOW ENTHALPY :
HRS. PSIG PSIG % #/HR BTU/ #
Bll-6  11/08/74-11/17/74 293 120 101 39 305,900 - 651 |
B11-7 10/28/75-04/19/76 4073.3 108 98 38.8 113,000 647 Interference Test
B12-1  12/06/76-12/15/76 240 14 - 16  (Est) 96,900 - " Two Phase Test .
B13-1  11/30/74-01/06/75 792 - 62 — 29.6 (Est) 200,000 —_— Two Phase Test
B13-2  01/10/75-02/25/75 1103 124 115 25.4 303,700 © 537.8 @ 1100 hrs
BI3-3  05/14/75-06/06/75 471 110 92.5. 31.6 257,200 581 ,
| B13-4  06/13/75-06/20/75 163 110 87 27 273,200 537 @ 115 hrs’
s - 190 335 20.5 161,000 432 @ 159 hrs
| B13-4A 10/03/75-04/27/76 4967.5 90 74 . 27.5 205,000 531 Interference Test
‘ B13-5  03/05/81-04/21/81 1174 1505 125« 26.59 215,685 553 @ 960 hrs - i
. 133 100 29.72 213,234 568 @ 1174 hrs
B13-6 07/21/81-;2/18/81 3594 140 . 100 26.18 205,137 537 @ 881 hrs
B 152 126 23,29 - 181,943 .. 525 @ 3594 hrs
B13-7  02/16/82-04/13/82 1343.1 "-148.5 121 23.3 187,000 523 @ 1321 hrs
B13-8  06/02/82-06/07/82 119.9 138 116 24.7 205,700 533 @ 118 hrs
B13-9  06/24/82-07/06/82 .288.1 138 122.5 24.7 187,200 536 @ 288 hrs
B13-10 08/11/82-08/15/82  97.75 150 . -~ 25 (BEst) 291,900 — Two Phase Test
B13-11 09/14/82-09/20/82 145.25 150 - 25 (Est) 291,300 _— Two Phase Test
B15-1  06/27/75-07/14/75 429 63 - 70 (Est) 169,400 — T™wo Phase Test

- Bl5-2  10/07/76-01/06/77 2185 110 100 61 149,000 850
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TABLE 5.2.1-1
REDONDO CREEK FLOW TEST SUMMARY

THROUGH DECEMBER, 1982

(Continued)
WisLL DATE FLOW WHP SEP . PROD FLUID TOTAL MASS EFF. REMARKS
: TIME PRESS. QUALITY FLOW ENTHALPY
HRS. PSIG PSIG % #/HR BTU/#
B15-3  07/21/82-07/26/82 118.83 159 123 34.1 282,700 618 @ 118 hrs
Bl5-4  08/30/82-09/08/82 215.73 187 128 35.9 227,600 636 @ 215 hrs
B17-1  10/13/78-10/15/78 13 .5 -~ - 15,000-30,000 ~- Rig Test
Bl7-2  11/12/78-11/13/78 .33 140 — - 175,000 — Rig Test
B18-1R  03/12/79 3 35 S — 28,000-56,000 ~- Rig Test
BL8-1  04/24/79 8.5 26 —— 25  (Est) 40,000 — Two Phase Test
B18-2  06/29/79 4 22 -~ 60  (Est) 50,000 — Two Phase Test
B19-1  11/15/79-11/27/79 288 21 —~ 30 (Est) 109,904 - Two Phase Test
50  (Est) 69,435 — Two Phase Test
B19-2  03/26/80-04/02/80 172 43 —~ 30 (Est) 138,388 - |
, 50 (Bst) 88,008 - @ 169 hrs
B19-3  04/07/80-05/14/80 886 9 — 30 (Bst) 54,102 - 20 @ 842 hrs
| 50 (Est) 33,951 — -
40 — 306 (Est) 168,513 — 20 @ 885 hrs
50  (Est) 107,133 —
B19-4  07/28/80-08/19/80 524 34 — 30 (Est) 128,618 — Two Phase Test
' 50 . (Est) 81,442 -—
B19-5  02/20/81-02/27/81 169 39 —~ 25  (Est) 163,563 - Two Phase Test
, 35  (BEst) 122,442 -—
B19-6  09/23/82-09/27/82  92.75 45 21.5  20.5 158,600 415 @ 92 hrs
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TABLE 5.2.1-1
REDONDQ CREEK FLOW TEST SUMMARY
THROUGH DECEMBER, 1982

(Continued)
WELL DATE FLOW WHP SEP .. ’ PROD FLUID ‘TOTAL MASS EFF. REMARKS
TIME PRESS.  QUALITY FLOW ENTHALPY
_HRS . PSIG PSIG : % #/HR BTU/ ¢
B19~7  10/07/82-10/18/82 263.75 46 22.5 20.4 163,473 - 416 @ 263 hrs
820-1  08/17/80 7.5 38 -- 30 (Bst) 142,866 - Two Phase Test
' 50  (Est) 90,165
B20-2  08/28/80 2.55 85 — 30 (Bst) 356,000 - Two Phase Test
| __ | 50  (Bst) 217,105 -
B20-3  09/16/80-09/17/80  27.7 125 18 62 81,589 865
B20-4  U9/24/80-01/06/81 2496 129 100~  55.6 54,751 706 @ 2068 hrs
, ' 116 75 <. 56.4 56,128 793 @ 2495 hrs -
B20-DST 10/05/81 = 6.3 - S — 21,000 — ‘Drillstem Test *
B20-5  10/26/81-11/09/81 335.5 24 —< g6 (Est) 47,429 — Two Phase Test .
B20-6  U8/03/82-08/05/82  54.1  27.5 -~ 80  (ESt) 53,700 — Two Phase Test
. B20-7  U8/26/82-08/30/82  96.17 22 ~ .80  (Est) 46,700 - ‘Two Phase Test
B21-1 - 10/01/80 4,5 138 - 60  (Est) {204,136 - © Two Phase Test
B21-2  10/02/80 9.25 . 55 — 60  (mst) 179,863 - Two Phase Test
B21-3 11/18/80 71 75 -~ 60 (est) {200,300} - Two Phase Test
B21-4  11/25/80-11/29/80  94.8 23 — 80 . (Est) 60,273 - TWo Phase Test
B21-5  02/03/81-03/21/81 1107.25 77 715 = 95 35,233 1139 @ 312 hrs
13,75 -- 90  (Est) 35,320 _— Two Phase Test
B22-1  12/11/80 4,75 47 —~ 40 (Est) 94,205 — Two Phase Test
822-2  12/13/80 9.25 43 - 40 (Est) 82,290 — Two Phase Test
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TABLE 5.2.1-1
REDONDO CREEK FLOW TEST SUMMARY
THROUGH DECEMBER, 1982

(Continued)

WeLL DATE FLOW WP SEP, PROD FLUID TOTAL MASS '- EFF. REMARKS

TIME . PRESS.  QUALITY FLOW ENTHALPY

HRS. PSIG PSIG $ #/HR BTU/ #
B22-3  01/30/81-01/31/81  32.75 8 - 40 (Est) 49,319 — Two Phase Test
B22-4  02/01/81-02/24/81 554 15 13.75 75.7 20,255 928 @ 383 hrs
B23-1  02/22/81 10.6 27 - 60  (Est) 42,105 — 20 @ 9 hrs
B23-DST 03/26/81 5,7 - - - 21,000 - prillstem Test
B823-2  03/28/81-03/30/81 . 49 51 - 50  (Est) 98,894 — 20 @ 48.5 hrs
B23-3  04/13/81-04/23/81 243 34.5 -— 70  (Est) 51,110 - Two Phase Test
B23-4  05/01/81-05/12/81 265.42  34.5 — 50.63 (Est) 68,439 — ‘Two Phase Test
B24-1  06/29/81 ' 6.1 43 - 40  (Est) 93,243 -— 20 @ 2 hrs
B24-2  07/01/81-07/07/81 147.2 124 - 26.5 (Est) 332,582 — Two Phase Test
B24-3  07/17/81-09/15/81 1436 156 150 18.6 171,376 495 @ 430 hrs

- . 131 125 20.8 163,805 503 @ 1365.5 hrs

B24-4  06/16/82-06/21/82 119.83 148 125 20 281,300 492 @ 119 hrs
B24-5  07/08/82-07/19/82 263.8 142 122 19.6 259,800 491 @ 263 hrs




Drillstem tests have been run on the twowhydraulically
stimulated wells - Baca Nos. 20 and 23 - and are discussed in

- Section 4.4.2._

‘Following is a discussion of all flow tests which have been

conducted since 1978. The flow rates, surface pressures and
percent steam flash (quality) are discussed for each flow
test. Figures Nos. 5.2.1-1 through 5.2.1-11 are schematics of

. various flow tests for Baca Nos. 4, 13, 15, 19, 20, 21, and

24. The rates discussed .in the text are the .total mass rates
of the wells, unless specified otherwise. The surface
pressures reported, psig, are dependent upon the type of test,.
For a separator test, two pressures are reported, the wellhead
pressure and the separator pressure. 140/122 implies a
wellhead pressure ¢of 140 psig and a separator pressure of 122
psig. -For two-phase tests only the wellhead pressure is
relevent.

Baca No, 4 - Five (5) flow tests have been run on Baca No.
4. .The first two flow tests were run prior to 1978 and are
included in the earlier report..

Flow Test 3, run during the 1981 Interference Test, lasted 113
days and was ended to alleviate water disposal problems that
arose in conjunction with flowing Baca Nos. 4, 13 and 24
simultaneously. The flow test was switched to the separator
after 24 hours of flow, with an initial separator flow rate of
176,100 1b/hr at pressures of 132/125 and a 33% flash. A
partially failed rupture disk eliminated accurate flow readings
from July 1 to July 14, but assuming a constant flow rate
during this interval, a total of 394x10% 1lbs total mass was
produced at an average flow rate of 145,000 lb/hr total mass.

Flow Test 4 was a five day separator test run during June
1982. The initial separator flow rate was 219,200 1lb/hr total
mass at pressures of 156/126 and a calculated flash of 25%.
The flow rate immediately before shut-in was 161,000 1lb/hr at
27% flash and pressures of 141/122 psig. 20.7x100 1lb of

total mass were produced during the flow test, at production
rates slightly higher than those seen during Flow Test 3.

The flow rates of Baca No. 4 during Flow Test 5 were almost

‘identical to the flow rates of Flow Test 4. The flow rate

immediately before shut-in was 158,800 lb/hr at pressures of
131/122 and a 30% flash. 46._76x10é lb of total mass were
produced during the twelve day separator test, at an average
rate of 163,100 lb/hr total mass.

Baca No. 13 -~ Baca No. 13 has produced more mass than any

other Redondo Creek well. Of the eleven Baca No. 13 flow
tests, five were conducted prior to 1978 and are included in
the earlier report.

- 23 =~



BTU/LB
"D .
a

+ ENTHALPY,
" s o
o o

STEAM OQQLITY.
[&)]

—
o

200

PSIG

—
o
o

PRESSURE.

MLI3/HR

100

0G FLOWRATE,

10

~FIGURE 5,2,1-1 -
BACA ‘NO.. 4 FLOW TEST 3.

20

r‘g.

40 5 - . 80
TIME IN DAYS SINC§4UOUU HRS 3/31/81

100

120



60 -

50

pRECaE T

00"

I
t

-ov ot

4 FLOW TESTS 4 AND 5

‘5i00l0ioiss

FIGURE' 5,2.1-2

N

“BACA NO.

30 . N RCR
TIME IN DAYS SINCE 0000 HRS 6/09/82

oL

o O w
o

900, =

H/8H: *3LY¥MOT4 907

25 -



Flow.Test 5 was started during the end of the 1980-1981 .
Interference Test. This 47-day test was initially flowed
through a two-phase line at a rate of 400,000 1lb/hr against a
wellhead pressure of 167 psig, assuming a steam fraction of
30%.  The well was switched to the separator after four days
but the separator was not working efficiently. The problem was
resolved after 16 days of flow which included two short shut-in
intervals. At the end of the test Baca No. 13 was flowing
214,000 lb/hr at pressures of 133/100 and a 29.7% flash.
273.3x10% 1b of total mass were produced during the 47 days,
for an average-rate of 242,000 lb/hr.

Flow Test 6 was started during the middle and continued to the
end of the 1981 Interference Test. This 150-day flow period is
the longest flow test performed in the Redondo Creek Field
since 1978. The flow rates are smaller than Flow Test 5 due to
a wellbore bridge which formed between the two flow tests,
restricting flow below 6000'. Flow Test 6 was switched to the
separator after 16 hours, showing an initial rate of 250,000
1b/hr at pressures of 150/99 and 23.6% flash. At the end of
the test Baca No. 13 was flowing at 182,000 lb/hr at pressures
of 150/126 and 23.2% flash. 690.8x10% lb of mass were

produced at an average rate of 192,000 1lb/hr.

Baca No. 13 was produced for 56 days during the first  part of
the 1982 Interference Test. The initial flow rate of Flow

Test 7 was 208,000 lb/hr at pressures of 167/141 and a 20%
steam flash., This initial rate is significantly lower than the
initial flow rate of Flow Test 6. The decrease is felt to be
caused by the short time span between the end of lengthy Flow
Test 6 and the start of Flow Test 7. The final flow rate of
Flow Test 7 was 187,000 1lb/hr at pressures of 149/121 and a
steam flash of 23%., The total production during the flow test
was 260x10% 1b at an average rate of 193,600 1b/hr.

.Four (4) more flow tests occurred during the second stage of
the 1982 Test. Flow Tests 8 and 9 were designed to be of

. different flow times to facilitate identification of
non-~radial, non-infinite actlng behavior during the build-up

(Section 5. 3 1). -

Flow Test 8 produced 29x106~1bs of total mass during five
days of production, for an average rate of 242,200 lb/hr. The
initial separator flow rate of 277,700 lb/hr at pressures of
149/127 rand 16% flash, declined to 205,700 lb/hr at pressures
of 138/116 and a flash of 25% immediately before shut-in.

Flow Test 9 had an initial separator flow rate of 214,800 lb/hr.

at pressures of 143/122 and 26% flash. This rate declined to
187,200 lb/hr at pressures of 138/122 and 25% flash at the end
of the twelve day flow period. During Flow Tests 8 and 9,
26.8x100 and 57.8x106 1b of total mass were produced at
averagye flow rates of 223,200 lb/hr and 200,600 lb/hr
respectively.

- 26 -
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Flow Tést 10 was conducted to provide a water source to assist
in the proposed wellbore acid cleanout of Baca No. 11. The

test was conducted through a two-phase line for four days
before it was terminated following plugging and abandonment of
Baca No. 1ll. " An average flow rate of 289,900 1lb/hr resulted in
28.3 x 106 1b of production during the 4-day test.

Flow Test 11 was performed for six days through a two-phase

line to provide . water for Baca No. 24 Injectlon Test 2. An

average flow rate of 298,700 lb/hr resulted in 43.4 x 106 1b
of production. ' .

Baca No, 15 - Baca No. 15 has been produced for four (4) flow

tests, the two longest which were conducted prior to 1977 and:
are included in the earlier report.

‘Flow Tests 3 and 4 were conducted during the second stage of

the 1982 Test and were designed to facilitate identification of

non-radial, non-infinite acting behavior during the buildup
(Section 5.2.1).

Flow Test 3 produced 39.6 x 106 1b of total mass during five
days of production for an average rate of 333,000 lb/hr. The
total mass rate was significantly higher than previously
‘obServed, with™little change in the calculated steam flow

rate. This increase is the direct result of producing the
water injected during Baca No. 15 Injection Test 1 and Baca No,
19 Injection Test 3. The water production rate declined almost
40% during the test with a final flow rate of 282,700 1lb/hr
total mass and 96,400 lb/hr steam at pressures of 159/123.

Flow Test 4 produced 61.6 x 106 lb of total mass during nine
days of production for an average rate of 285,525 lb/hr. The
total mass rate and steam rate were slightly lower than those
observed during Flow Test 3, due to a higher wellhead pressure
caused by the testing of the multiple orifice meter test
"(MOMTEST). The water production rate declined over 50% during
. the flow test while the steam rate was constant. The initial
rate of 371,400 1b/hr total mass at pressures of 180/116 and
17% steam fractlon declined to a final rate of 227,600 lo/hr at
pressures of 187 5/128 and 36% steam fraction.

Baca No. 17 -  .Baca No. 17 was flow tested during the original
hole completion and later- following: the completion of. the
redrilled hole. These rig tests were characterlzed by poor,_
unsustained flow perlods '
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Flow Test 1l includes ‘the tests run on the original hole. The

‘original rig test would not flow after being pressured to 400

psiy for eight hours. -The well was then kicked off (assisted)
by injecting air down the drill pipe to act as a gas lift.

. Following termination of air injection, the well continued to

flow at an estimated rate of 15,000-30,000 lb/hr against a low
wellhead pressure and a 200°F flow line temperature. The well
was shut-in after nine hours of production determined that.the

“'well was not a commercial producer.

Flow Test 2 includes all the tests run on the redrilled hole.
The rig test flowed small quantities of fluid at a wellhead
pressure of 1 psig after pressurization to 400 psig for eight
hours prior to flow. The well was shut-in and again pressured
up with air to 800 psig for two hours with no difference in the
subsequent flow rate. - The well was finally pressurized to 800
psig for twelve hours. When opened, the well flowed at an
estimated 175,000 1lb/hr water (no estimate of steam fraction)
against an initial wellhead pressure of 90 psig. This rate was
maintained - with the wellhead pressure increasing to 140 psig
- for 20 minutes before the well was shut-in to repair damaged
surface equipment. Baca No. 17 was subsequently plugged of £
when casing problems developed.

Bace No; 18: - Three (3) flow tests have been run on Baca No;

18, previously labeled as a rig test, Flow Test 1 and Flow
Test 2. 1In this report the flow tests will be referred to as
Flow Test 1R, 1 and 2 respectively.

Flow Test 1R was a two-phase flow: test performed while the rig
was still on the hole. Various attempts were made to clean out
the well and assist it in flowing. The well was pressurized. to
800 psig for seven hours prior to opening, producing 63,000 1lb
of water in three hours with a final wellhead pressure of 3.5
psig. The well was again pressurized to 650 psig and produced
with similar results. Attempts were made to flow the well with-
drillpipe in the hole. Using air and aerated water as a gas
lift did not give any 51gn1f1cant improvement in the
product1V1ty of the well.

Flow Test 1 was an 8.5-hour two-phase test conducted
approximately one month after the end of Injection Test 1.

Baca No. 18 flowed at an initial rate of in excess of 400,000
lb/hr against a wellhead pressure of 88 psig and an assumed 25%
flash. The well quickly declined to a zero productlon rate,
ending the test.

Flow Test 2 was a four hour two-phase test. The flow rate
peaked about 20 minutes after blowdown at a flow rate of
340,000 lb/hr with a wellhead pressure of 68 psig and an
assuming flash of 30%. The well stabilized after three hours
of flow, at a rate of 50,000 lb/hr against a wellhead pressure
of 22 psiy and an estimated 60% flash.



Baca No. 19 - Five (5) two-phase flowstestschaverbeen run on -

Baca No. 19, each of which have indicated that Baca No. 19
cycles and is not a commercial producer. The cause of this
cycling has been attributed to geysering in the wellbore. Two
later separator tests did not observe the cycling behavior.

Flow Test 1 was a twelve day two-phase test. At an assumed
flash of 30%, the flow rate and wellhead pressure steadily
declined from an initial rate of 286,000 lb/hr at 96 psig to
about 57,000 1lb/hr and 10 psig after 1-1/2 hours of
production. For the remainder of the flow test, the well
cycled at. approx1mately 4-6 hour intervals from a low.rate of
38,200 1b/hr at 5 psig to 214,500 1lb/hr at 47 psig.
Occa51onally the well would quit cycling and maintain.a steady
flow rate of about 120,000 lb/hr at 22 psig for about twelve
hours before reverting to its cyclic nature. 36.4x10° 1b

were produced during this test, for an average rate of 126,000
lb/hr.

Flow Test 2 lasted for seven days before the well died after
beinyg throttled at the surface. The flow rates were similar to
those experienced during Flow Test 1. At the same 30% assumed
flash for the two-phase test, Baca No. 19 cycled from 56,000
lb/hr at 10 psig to 213,000 lb/hr at 65 psig. The total mass,
produced during Flow Test 2 was 23.1x10% 1b for an average

rate of 134,500 1lb/hr. . '

Flow Test 3 was carried out over a 37-day period starting five
days atter the end of Flow Test 2., The flow rate and wellhead
pressure during the two-phase test steadily declined - as in
Flow Tests 1 and 2 - from about 215,000 lb/hr at 105 psig to
about 54,000 lb/hr at 10 psig after two hours of production.
The high and low cycle rates were 165,000 lb/hr at 55 psig and
31,000 lb/hr at 10 psig respectively. This cycling continued
at 4-7 hour intervals for the duration of the test. This test
differed from earlier tests in that the well did not maintain a
stablized flow rate for more than seven hours and the cycling
did tend to increase with time from approximately four hours at
the start of the test to just under seven hours near the end of
the test. An estimated 86. 8x106 1b of total mass were

produced at an average rate of 98, 000 1b/hr.

Flow Test 4 was a 22-day two-phase test which was run to
provide water to assist in the drilling of Baca No. 20. The
initial flow rate of 371,600 lb/hr at a wellhead pressure of
100 psig and an assumed flash of 25% dropped rapidly and began
cycling. The final flow rate was calculated to be 150,200
lb/hr at 34 psig and the asssumed flash of 25%. 81.8 x 10
lb of total mass were produced at an average flow rate of
154,600 1lb/hr.

- 34 -



Flow Test 5 was a seven day test.during the '1980-1981
Interference Test. The initial rate of 268,000 lb/hr total
mass at a wellhead pressure of 55 psig and 25% assumed flash
dropped quickly and exhibited cycling as in previous flow
tests. The final rate was calculated to be about 160,000 lb/hr
total mass at 39 psig wellhead pressure and 25% assumed flash.
The total mass produced was estimated to be 31.6x106 1b for

an average rate at 25% flash of 188,000 1lb/hr total mass.

Baca No. 19 was sucessfully flow tested through a separator
during Flow Test 6. The cyclic behavior exhibited during the
previous two-phase tests was eliminated. The well declined
from an initial separator rate of 165,500 lb/hr at pressures of
48.5/21.5 and a 22.4% steam fraction to a final rate of 158,600
lb/hr at pressures of 45/21.5 and a 20.5% steam. Baca No. 19
produced 14.9 x 10% 1b of total mass during the four day

test, for an average rate of 160,500 1b/hr.

The well was separator tested again during the eleven-day Flow
Test 7. An attempt to flow the well at a higher wellhead
pressure was not successful. Baca No. 19 declined in two days
from an initial separator flow rate of 196,900 lb/hr at
pressures of 60/29 and a 20.9% steam flash to 166,200 1lb/hr at
pressures of 47/23 and 20.6% steam. The flow rate basically .
stabilized for the remainder of the test with a final flow rate
of 163,500 lb/hr at gressures of 46/22.5 and a 20.6% steam
fraction. 43.8 x 10° 1lb of total mass were produced at an
average rate of 165,900 1lb/hr.

Baca No. éO - Seven (7) flow tegts,and,one (1) drillstem test

have been conducted on Baca No. 20. The first two tests were
two-phase tests run while the rig was still on the hole. Flow
Test 1 was run on the original hole and characterized by no
flow. Flow Test 2 was conducted prior to running the 7" liner
in the redrilled hole. Consequently, golfball-sized chunks of
formation rock unloaded and plugged the surface equipment.

Flow Test 3 was started through a two-phase line and switched
to a separator, but was stopped after 27.5 hours due to the
limited capacity of the sump. The initial two-phase line’ .
flowed 390,000 1lb/hr at 150 psig and an assumed 30% flash. At
the end of the separator test, Baca No. 20 was flowing 82,000
lb/hr at pressures of 125/118 and a 62% flash. Only 6x10° 1b
of mass were produced during the test, for an average rate of
220,000 1b/hr. ) '
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‘'Flow Test 4 was the longest flow. test of. the 1980-1981

Interference Test, lasting 105 days Baca No. 20 1n1t1ally
flowed 'at 56,700 1lb/hr at pressures of 145/142 and a flash of
56%, The final flow rate was almost identical - 56,100 1lb/hr -
but occurred at the lower pressures of 116/75 and a steam flash
of 56%. 149x10° 1lb were produced during the separator test,

at an averayge rate of 59,300 lb/hr.

Baca No. 20 was recompleted and hydraulically stimulated in the
fall of 1981. After the stimulation a modified drillstem test
was run and is described in the dlSCUSSlOﬂ of the stimulation
{Section 4.4.2).

Flow Test 5 was a two-phase test started approximately two
weeks after the completion of the modified drillstem test. The
steam fraction was estimated with the mini-separator and varied
from an initial value of 32% to a final value of 86%. The
total mass flow rate decreased from 140,000 1b/hr at 51 psig to
47,400 lb/hr at 24 psig. The decreased productivity is
attributed to the recompletion. 26x10% 1b of fluid were
produced at an average flow rate of 79,000 1lb/hr.

One explanation of the poor productivity observed in Baca No.
20 following the stimulation was that the calcium carbonate
used as a fluid-loss additive during the hydraulic fracture
treatment (Section 4.4.2.2) had plugged the reservoir flow
paths. The acid cleanout of Baca No. 20 during August of 1982
was designed to remedy the problem. Flow Test 6 was conducted

prior to the acid job and Flow Test 7 was run after the job.

' Flow Test 6 was a 2.5- -day two- phase test run to collect

pre-acidize characteristics of Baca No. 20. The well rapldly
decreased from an initial flow rate of 107,100 lb/hr at 74 psig
at 74 psig and an assumed 80% flash to 53,700 lb/hr at 28 psig
and the same 80% flash prior to shut-in. 3.5 x 100 1b of

total mass were produced at an average rate of 64, 000 lb/hr.

Flow Test 7 was a tour day two—phase test conducted after ‘the

“acidization of Baca No. 20. Comparison of the pre-acid and the

post-acid flow rates indicate that the productivity of Baca No.
20 did not increase. Flow Test 7 rapidly decreased from an
initial flow rate of 109,000 lb/hr at 82 psig and an assumed
80% flash to 46,700 lb/hr at 22 psig and the same 80% :flash
prior to shut-in. 5.0 x 106 1lb of total mass .were produced

at an average rate of 51,900 1lb/hr. '

Baca No. 21 - Five (5) flow tests have been conducted on Baca

No. 21. The first two flow tests were two-phase tests run
while the rig was still on the hole: the third and fourth were
two-phase tests and the fifth was a partial separator test,

partial two-phase test.
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Flow Test 1 was. a short 4.5-hour. test runafter encountering a
producing zone at a measured depth of 2842'., Baca No. 21
flowed at a rate of 204,000 1lb/hr and a pressure of 138 .psiy,
assuming 60% flash., Flow Test 2, lasting 9.5 hours, was run
after deepening Baca No. 21 to 3000', but prior to running the
7" liner. Assuming 60% steam flash, the well flowed at 180,000
ib/hr against a wellheau pressure of 55 psig.

Flow Test 3 lasted seven hours with a final flow rate: of

200,000 1lb/hr at a pressure of 75 psig and 60% flash. Baca NO.

21 was shut-in when'a piece of surface equipment needed to be-
repaired. After repairs, Flow Test 4 began and lasted four
days before the same problem reoccurred. During Flow Test 4,
the flow rate decreased at a constant assumed 60% flash from-
220,000 1lb/hr at 133 psig to 60,000 lb/hr at 23 psig. The
total mass produced was 8x106 1lb at an average rate of

84,000 1lb/hr.

Flow Test 5 lasted 46 days through a two-phase line and
separator. Baca No. 21 initially flowed 220,000 lb/hr at a
wellhead pressure of 150 psig and a 60% assumed flash. After
eight days of production the flow was switched to the separator
for seven days before it was again switched back to the
two-phase line for the remainder of the test. During the
separator testing, the well flowed at 35,000 lb/hr with ,
pressures of 77/75 and a 95% flash. A NOWSCO coil tubing unit
was used to attempt to clean out suspected f£fill while the flow
test was underway. A bridge was cleaned out from 2819 to 2821
with no apparent increase in production. Prior to shut-in Baca
No. 21 was producing 32,000 1lb/hr: ‘at 13 psig wellhead pressure
and an assumed flash of 90%. Overall, Flow Test 5 produced
45106 1b of total mass for an average flow rate of

40,700 lb/hr.

Baca No. 22 - Four (4) flow tests have been conducted on Baca
No. 22. . The original hole appeared to have commercial well
characteristics but was not successfully completed. Flow Test
l and Flow Test 2 were run in the first sidetrack as two-phase
tests. Flow Test 1 lasted 4-3/4 hours and was characterized by
little flow and the production of formation rocks. The maximum
rate attained was approximately 95,000 lb/hr total mass at 50
psiy wellhead pressure and an assumed flash of 40%. Flow Test
2 lasted 9-1/4 hours with a final flow rate of 82,000 1lb/hr
against a wellhead pressure of 43 psig and 40% assumed flash.

Flow Test 3 was a two-phase test run after the completion of
the second sidetrack. The well was pressured.to 800 psig prior
to opening; -earlier attempts to flow the well after 240 psig
pressurization had been unsuccessful. The 32-3/4 hour flow
test produced at a final flow rate of 49,000 lb/hr at a
wellhead pressure of 8 psig and an assumed 20% steam flash.
2x106 1b of total mass were produced at .an average rate of
60,600 1b/hr.
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Flow Test 4 lasted 23 days befone being terminated to allow the
separator to be moved to Baca No. 13. The well initially
flowed.through.a two-phase line at a, rate of 59,000 1lb/hr with
wellhead pressure of 11 psig and an assumed flash of 40%. The
flow was switched to the separator after three days of :
production, remaining there for ‘ten of thirteen days before it
was again shifted back to the two-phase line for the remainder

~of the test. During the separator test interval, Baca No. 22

flowed. at 20,000 lb/hr at. pressure of 15/14 and a steam .

fraction of 75% Prior to shutting in the well, the two- phase
flow rate was 17,400 lb/hr at a wellhead pressure of 3 psig and
an assumed steam flash of 75%. The total mass produced during

the test was 13x10® 1b for an average total mass flow rate of
23,500 1lb/hr. '

Baca No. 23 - Four (4) flow tests and one (1) modified

drillstem test have been conducted on Baca "No. 23. Flow Test 1
was a two-phase test run on the original hole completion. - The
flow test ended when the well quit flowing after ten .hours of
flow. The test was characterized by little flow at low
wellnead pressures, with a maximum flow rate of 61,300 1lb/hr at
49 p51g and 60% flash attained after the wellbore unloaded.

After reconpletlon, the well was hydraullcally stlmulated as .
part of the D.0O.E. stimulation program. The modified drillstem
test was run immediately after the stimulation and is included
in the discussion of the stimulation (see Section 4.4.2).

Flow Test 2 was a 49-hour rig test carried out through a - .
two-phase line two days after the;completion of the drillstem
test. Baca No. 23 flowed against an essentially stabilized
wellhead pressure of 51 psig, declining from 110,000 1b/hr at’
50% to 99,000 lb/hr at 50%. An attempt to- flow the well at a
higher wellhead pressure killed the well.

Flow,Test 3 was a ten day two-phase test performed after the
rig was moved. The flow rate declined from-an-initial rate of
100,000 lb/hr at 56 psig and 50% assumed flash to a final rate
of 51,000 lb/hr at 34.5 psig and 70% assumed flash.” "The well
again died when the wellhead pressure was raised while
adjusting the flow into the mini-separator.

" Flow Test 4 started eight days after the end of Flow Test 3.

buring the eleven day two-phase test, five mini-separator.

. calculations were performed which showed the steam fraction to
~be 50%.  Using this value the Baca No. 23 flow rate decllned‘

from an initial rate of 120,000 lb/hr at 73 psig to a final
rate of 68,000 lb/hr at 34,5 psig. - grlng Flow Tests 3 and 4,
Baca No. 23 produced l7xlO6 and 20x10° 1b of total mass
respectively, for an average production rate of 73, 500 lb/hr.

Baca No. 24 - Pive (5) flow tests have been conducted on Baca

No. 24, The first two flow tests were two-phase tests, the

‘last three: separator tests
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Flow Test 1 was & 6.l-hour-production period~during which the.
well flowed at a very small production rate, decreasing to
about 10,000 1lb/hr at a wellhead pressure of 3 951g near the
end of the test.

Flow Test 2 was a six day (l47-hour) test which exhibited
comimercial well characteristics. Baca No. 24 initially flowed
at 350,000 lb/hr against a wellhead pressure of 147 psig and

- Wwith an. assumed 30% flash. The final rate was calculated based
upon the mini-separator steam fraction of 27%. Flow rate was-
326,000 lb/hr at a wellhead.pressure of 125 psig. 48x100 1b
. of total mass were-produced during Flow Test 2, at an average
rate of 329,000 1lb/hr.

Flow Test 3 'was a lengthy test run to.establish the deliver-
ability of Baca No. 24, and as such was run at three different
wellhead pressures. The initial flow rate was 211,000 lb/hr at
pressures of 134/122 and a steam fraction of 18%. The final
rate was determined to be 163,800 lb/hr at pressures of 131/125
and 20% steam fraction. During Flow Test 3, 24710 1b of
fluid were produced at an average flow rate of 172,300 lb/hr.

Flow Tests 4 and 5 occurred during the second stage of the 1982
Test, exhibiting much higher flow rates than were observed

during Plow Test 3. These flow tests were conducted to create -

a reservoir pressure disturbance for the subsequent pressure
buildups (Section 5.3.1). Flow Test 5 was roughly twice as
long as Flow Test 4.

The flow rates of both tests were almost identical for any
given producing time. The first separator flow rate for the
tests were at times of 25 hours and 29 hours and exhibited
rates of 306,500 at pressures of 152/126 and 19.0% steam and
309,500 at pressures of 155/124 and 20.0% steam. The
respective rates associated with the shut-in time of Flow Test
4 - at tp = 5 days - were 281,300 at pressures of 148/125 and
"19.6% ‘steam and 281,700 at pressures of 148/126 and 19.0%
steam. Flow Test 5 continued for six more days until it was
shut-in at a final rate of 259,800 lb/hr at pressures of
142/122 and 19.6% steam. The cummulatlve and average
productlon during the two tests were 34.8 x. 10° 1b and 74.1 x
10 lb at 290 700 and 2