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CONCLUSIONS 

1. Remaining primary reserves as of August 1, 1989 are 14.1 MMSTB of oil and 
39.4 BCF of gas. Due to complexity of production histories and reservoir 
mechanics, specifically non-declining tracts and potential plug backs, 
remaining primary reserves contain a degree of uncertainty. Because of 
this, remaining primary reserves should be considered best effort 
estimates. 

2. Secondary recovery potential is 48.8 MMSTB for the study area — this 
value is based on a well-by-well assessment of waterflood potential using 
a variable secondary/primary (S/P) ratio approach. Complexities in 
reservoir characteristics and reservoir mechanics contribute to 
uncertainty in secondary recovery potential. 

This assessment represents the best effort of the Technical Committee 
using all available data. Overall results compare well with published 
estimates of recovery (incremental and ultimate after waterflooding) as a 
percent of original oil-in-place and S/P ratios for neighboring 
Grayburg/San Andres waterfloods. 

3. Secondary reserves for the proposed waterflood plan are 43.8 MMSTB --
approximately 90 percent of the potential secondary oil in the study 
area. The proposed development plan concentrates on the most promising 
waterflood areas. Phased development will capitalize on increased 
reservoir knowledge and allow for modifications in pattern development, 
ultimately optimizing economically floodable areas. Future expansion 
outside the proposed development may be possible i f flood performance is 
better than anticipated. 

4. The proposed waterflood plan is economically attractive for the North 
Monument Grayburg/San Andres Study Area. For a constant oil price of 
$18/BBL and a capital investment of 57.1 MM$, incremental analysis of the 
proposed waterflood yields: 

• Discounted cash flow rate of return = 20.6 percent. 

• Net present value at 15 percent discount = $22.0 million. 

• Ratio of capital investment to incremental recovery = $1.30/BBL. 

5. The Technical Committee believes that the exhaustive effort conducted to 
date is sufficient for completion of the assigned chains and any 
additional time and money spent on this endeavor will neither 
significantly improve the estimates of primary and secondary reserves, nor 
substantially impact the proposed waterflood plan. 
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RECOMMENDATIONS 

1. Unitize the Grayburg and San Andres formations within the study area for 
the purpose of implementing a waterflood to improve oil recovery from 29 
percent of OOIP under status quo to 37 percent of OOIP under 
waterflooding. 

2. A data acquisition program should be conducted to improve the reservoir 
description and aid in future reservoir management decisions. This 
includes utilizing the acquired data to modify pattern development and 
optimize the economically floodable areas. Key elements of this program 
include: 

• Acquisition and analysis of Grayburg/San Andres cores from 16 new 
welIs. 

• Comprehensive logging programs for all new wells. 

• Comprehensive surveillance program. 

3. Waterflood performance should be continually monitored and the plan 
modified based on: 

• Results of the data acquisition program. 

• An ongoing analysis of flood performance. 

4. A comprehensive evaluation of the technical and economic feasibility of 
area-wide C02-flooding should be implemented at an appropriate time. 
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INTRODUCTION 

PURPOSE 

This report has been prepared in accordance with the charge to the Technical 
Committee (Figure 1) as assigned by the Working Interest Owners (WIO) at their 
meeting of January 17, 1990. Specific topics addressed in this report 
include: 

• Remaining primary reserves by tract. 

• Secondary reserves by tract. 

• Proposed waterflood development plan and performance forecast. 

• Project facilities and cost estimates. 

• Economic evaluation of the proposed waterflood plan. 

• Tabulation of potential participation parameters. 

PREVIOUS TECHNICAL COMMITTEE WORK 

Technical Committee studies have been ongoing since the f i r s t WIO meeting held 
on May 10, 1981. This effort can be divided into three distinct periods as 
summarized below: 

• Period 1. Evaluate a fieldwide unit for C02-flooding May, 1981 to 
September, 1986. 

• Period 2. Evaluate a fieldwide unit for waterflooding -- September, 
1986 to January, 1989. 

• Period 3. Evaluate the North Monument study area for waterflooding — 
January, 1989 to August, 1990. 

Period 1 

Studies during this period were directed towards evaluating the technical and 
economic feasibility of implementing a C02-flood in the assigned study area 
(original area larger than that considered in this study). Results of the 
Technical Committee investigation '<°c<:- summarized in a two-part report plus 
addendum dated July 1, 1986. 
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Although the prospects of conducting a C02-f1ood appeared to be favorable 
under the economic conditions present prior to 1986, a sharp drop in oil 
prices resulted in a reevaluation of project objectives. At the meeting of 
September 10, 1986, the WIO established a new charge that concentrated on 
developing the waterflood potential of the original study area. 

Period 2 

Results of the Technical Committee investigation were summarized in a report 
dated November, 1988. This report concluded that waterflooding was 
economically attractive, and recommended that the entire study area be 
unitized for the purpose of conducting a staged waterflood project. 

Although supported by a majority of the WIO, the report and recommendations 
did not receive the 75 percent approval required for acceptance. Dissenting 
owners were concerned about: 

Including an area with no waterflood reserves (due to a natural water 
drive producing mechanism) in the unit for its future C02-flood 
potential. 

• Uncertain waterflood potential of the lower Grayburg. 

Period 3 

Although no Technical Committee meetings were held during 1989, a milestone 
was reached when Chevron completed an independent geological and engineering 
study that confirmed the waterflood potential of the lower Grayburg and 
supported the secondary reserve estimates in the Technical Committee report of 
November, 1988. 

At the meeting of January 17, 1990, the WIO approved a new charge to the 
Technical Committee (Figure 1), and a new boundary for the study area 
(Figure 2) that excludes large areas with limited or questionable waterflood 
potential. The committee was directed to complete these charges using the 
methodology previously established and documented in the report of November, 
1988. 
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REMAINING PRIMARY RESERVES 

OVERVIEW 

Remaining primary reserves were evaluated by tract using methodology 
previously established by the Technical Committee. Reserves for the entire 
study area as of August 1, 1989 are 14.1 MMSTB of oil and 39.4 BCF of gas. 
Key steps in the evaluation process are summarized below: 

• Update production data by well through July, 1989 (latest data 
available at the time this evaluation commenced). 

' Verify production data and tract ownership. 

• Evaluate reserves by tract using decline curve analysis wherever 
possible. 

• Determine annual decline factors using a computer program -- obtain an 
exponential decline from a least-squares f i t of the production data. 

• Use the Life Index (LI) approach to evaluate reserves on tracts with no 
decline. 

• Apply the LI as an upper limit to reserves for all tracts. 

In the LI method, current producing rate is multiplied by a set time period 
(the LI) to determine remaining primary reserves. Duration of the LI for this 
application was 11.15 years; this value was obtained as described below: 

' LI of 14.4 years used in the evaluation of primary reserves as of 
5-1-86. 

* 3.25 years elapsed from 5-1-86 to the current evaluation date of 
8-1-89. 

• Current LI of 11.15 years = 14.4 years - 3.25 years. 

To assure consistency between declining and non-declining tracts, the LI of 
11.15 years was used as a 'cap' or upper limit to reserves for all tracts. 
This assured that tracts with low declines would not have greater reserves 
than non-declining tracts producing at the same in i t i a l rate. A more detailed 
discussion of the LI methodology is included in the report of November, 1988. 

Due to complexity of production histories and reservoir mechanics, 
specifically non-declining tracts and potential plug backs, remaining primary 
reserves contain a degree of uncertainty. Because of this, remaining primary 
reserves should be considered best effort estimates. 
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ASSESSMENT OF OIL AND GAS RESERVES 

Methodology 

All declining tracts were evaluated in the same manner — by identifying a 
representative exponential decline using a nainframe-based computer software 
program. This approach involved the following steps: 

• Plot tract production data through July, 1989, and select starting and 
ending dates for a representative 'decline period1. 

• Calculate an exponential decline using a least-squares f i t of the 
production data in the previously selected 'decline period'. 

• Calculate remaining primary reserves for the tract. 

After completing an in i t i a l screening of all decline curves, the 152 tracts in 
the study area were divided into five categories: tracts with no active 
wells, declining oil tracts (GOR less than 5,000 SCF/STB), declining gas 
tracts (GOR greater than 100,000 SCF/STB), high GOR oil tracts (GOR between 
5,000 and 100,000 SCF/STB), and tracts witn no decline. With five tracts 
containing both active oil wells and active gas wells, the 152 tracts required 
a total of 157 evaluations. 

Appendix A summarizes the determination of remaining primary reserves for each 
tract in the study area. This tabulation includes the following information 
for each of the 157 evaluations noted above: decline category, annual decline 
factor, starting rate, abandonment rate, producing GOR, remaining primary oil 
and gas reserves, and the Life Index (remaining primary reserves divided by 
starting rate). 

Figure 3 illustrates the areal distribution of tract decline factors for all 
oil producing wells. Inactive wells, gas wells, and wells producing less than 
the economic limit are left uncolored. 

Key elements involved in the assessment of remaining reserves for each of the 
five decline categories are summarized below. 

Tracts With No Active Wells 

Of the 152 tracts in the study area, 30 contained no active Grayburg/San 
Andres completions; hence, these tracts wê e assigned no remaining primary 
reserves. 
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Declining Oil Tracts 

58 tracts with producing GOR's below 5,000 SCF/STB were evaluated using the 
following rules: 

• Economic limit of 2 BOPD per active oil well. 

• A 'cap' on reserves based on a maximum LI of 11.15 years. 

• Current producing GOR is assumed to remain constant throughout the 
remaining productive l i f e . 

Declining Gas Tracts 

11 tracts with producing GOR's in excess of 100,000 SCF/STB were evaluated 
using the following rules: 

• An economic limit of 10 MCFD per active gas well. 

• A 'cap' on reserves based on a maximum LI of 11.15 years. 

• Current producing GOR is assumed to remain constant throughout the 
remaining productive l i f e . 

High GOR Oil Tracts 

To account for the higher gas production from these 35 tracts, the abandonment 
rate was set at 3 barrels of oil equivalent (B0E) per day per active well 
where 10 MCFG = 1 B0E. This resulted in an adjustable or flexible abandonment 
rate (expressed in BOPD) based on the magnitude of the producing GOR for a 
particular tract. 

The following equation was used to convert abandonment rate from B0EPD to 
BOPD: 

Abandonment Rate = (Active Wells) X 30,000/(10,000 + GOR) 

This equation yielded an abandonment rate below 2 BOPD per well for any tract 
with a producing GOR above 5,000 SCF/STB. 

Other than the adjustable abandonment rate, these high GOR tracts were 
evaluated in exactly the same manner as the declining oil tracts. 
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Tracts With No Decline 

Since conventional decline curve analysis could not be used, reserves for 
these 16 tracts (13 oil and 3 gas) were evaluated using the LI approach. With 
three exceptions, reserves were calculated by multiplying the 'current rate' 
(average for the 12 month period from 8-88 through 7-89) by the LI of 11.15 
years. 

The three exceptions granted by the Technical Committee involved changed to 
the value of 'current rate' to be used in the LI calculation. These changes 
are described below: 

* Tract 29. Used a 'current rate1 of 80 BOPD instead of the 12-month 
average of 52 BOPD. Installation of a submersible pump during 1989 
brought production up to top allowable. 

* Tract 104. Used a 'current rate' of 594.4 BOPM — a 10-month average 
for the period from 8-88 through 5-89. Low production for 6-89 and 
7-89 unduly lowered the 12-month average rate. 

* Tract 141. Used a 'current rate' of 10,950 MCFM (top allowable for a 
gas well) instead of the 12-month average of 15,248.50 MCFM. This 
tract overproduced 51,582 MCF of gas during the period from 8-88 
through 7-89. 

Many non-declining tracts had one or more wells producing at or near the 'top 
allowable1 of 80 BOPD for oil completions or 360 MCFD for gas completions. 
Natural water influx appears to be responsible for the high and relatively 
constant rates for 'top allowable' oil tracts. Field rules limiting gas 
production in association with an oil reservoir are responsible for 'top 
allowable' gas tracts. 
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SECONDARY RESERVES 

OVERVIEW AND METHODOLOGY 

Secondary recovery potential for the study area was estimated to be 48.8 MMSTB 
of o i l . This value was obtained using the variable secondary-to-primary (S/P) 
ratio approach described below. A more conventional analysis was not feasible 
due to the complex primary production history of the field, and the lack of 
quantitative reservoir data on a well-by-well basis. The values determined 
for secondary reserves, therefore, contain a degree of uncertainty; however, 
they should be considered the committee's best effort estimates. 

The S/P ratio approach is based on analogy to the actual and projected 
performance of 62 nearby Grayburg and Grayburg/San Andres waterfloods in 13 
fields. As summarized in Table 1, S/P ratio for these 13 fields varies from 
0.4 to 1.1 with a composite of 0.633 for all projects. 

The Technical Committee established a variable S/P ratio approach for the 
assessment of secondary recovery potential at Monument. S/P ratios were 
assigned on a well-by-well basis after conducting a detailed review of the 
past performance and workover histories for 589 Grayburg/San Andres 
completions in the original Monument Grayburg/San Andres study area (362 of 
these wells are in the North Monument study area). Key elements of this 
approach are summarized below: 

• A maximum S/P ratio of 0.6 was applied where past performance indicated 
a solution gas drive producing mechanism. 

• A minimum S/P ratio of 0.0 was applied where past performance was 
strongly influenced by natural water influx. 

• S/P ratios between 0.0 and 0.6 were applied where past performance 
indicated limited natural water influx. 

The determination of secondary reserves by tract was conducted by 
combining results of the S/P ratio assignments with projections of ultimate 
primary recovery by well. This process was ultimately refined through the use 
of CPS-1, a computerized contouring program developed by Radian Corporation. 

ASSIGNMENT OF SECONDARY-TO-PRIMARY RATIO 

Key factors involved in the well-by-well assignment of S/P ratio include the 
following: 

• Reservoir rock quality (as indicated by past performance). 

• Dominant primary producing mechanism. 

• Extent of water invasion in the oil column. 
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• Location of potential flow barriers within Grayburg Zone 3-C that may 
have limited the vertical extent of water influx. 

• Zones present in the oil column. 

• Performance of adjacent wells. 

Historical performance which resulted in a reduction in the assigned S/P ratio 
from the maximum of 0.6 included plug backs and workovers to reduce water 
production, high fluid rates and water cuts, high cumulative water production, 
and high water cuts and rates reported during tests and workovers. The 
reduction in S/P ratio was moderated under the following circumstances: 

• A significant and long-term reduction in water production after plug 
back. 

• The presence of potentially floodable pay behind pipe. 

• Where past water production appears to be directly associated with a 
frac job. 

Most waterflood potential exists in Grayburg Zones 2, 3, and portions of 
3-C. Virtually no waterflood potential exists in the San Andres as a result 
of the significant water influx experienced by this zone throughout the field. 

A summary of S/P ratio by well is included in Appendix B. This tabulation 
includes information on all 589 wells in the original Monument Grayburg/San 
Andres study area. Data outside the current study area provided additional 
control points for the computer generated maps. Appendix B includes the 
following information for each well: 

• Cumulative oil and water production through July, 1989. 

• Gross oil-column thickness of each zone. 

• Assigned S/P ratio. 

• Original completion data -- date and subsea interval. 

• General comments concerning well history and current status. 

SECONDARY RESERVES BY TRACT USING CPS-1 

Secondary reserves by tract were obtained through the use of CPS-1, a 
computerized contouring program with the capability of conducting mathematical 
operations between surfaces. The steps used in this procedure are described 
below: 

• Prepare a computer database consisting of well locations, tract 
boundaries, assigned S/P ratios, and ultimate primary recovery per 
wel 1. 
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• Use CPS-1 to generate maps of S/P ratio (Figure 4) and ultimate primary 
recovery by well (Figure 5). 

• Multiply these two surfaces using CPS-1, and generate a map of 
secondary reserves by well (Figure 6). 

• Integrate this last surface to obtain secondary reserves by tract. 
(NOTE: maps of ultimate primary recovery and secondary reserves were 
converted to a barrels-per-acre basis prior to integration to allow the 
direct output of secondary reserves by tract). 

Potential secondary reserves by tract are included in the tabulation of 
participation parameters in Appendix C; total secondary recovery potential is 
48,757 MSTB. As indicated in Table 2, ultimate recovery after waterflooding 
(as a percent of OOIP) compares well with composite results for the 52 nearby 
Grayburg/San Andres waterfloods noted previously. 

This secondary reserve assessment is the best estimate the Technical Committee 
could develop for this highly complex reservoir with meager, and at-times 
questionable data. Conventional techniques, suggested by a number of members, 
were discussed at length but could not be utilized with any degree of 
confidence and consensus. 

Although the committee could not reach unanimous agreement of the secondary 
reserve estimates for each tract, the results reported herein represent a fair 
compromise arrived at by majority acceptance of the members. 
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WATERFLOOD DEVELOPMENT PLAN AND PERFORMANCE FORECAST 

DEVELOPMENT PLAN 

The proposed waterflood plan, illustrated in Figure 7, consists of 108 
injectors developed on an 80-acre 5-spot pattern. Factors considered in the 
preparation of this plan include the following: 

• Employ a flood pattern that will provide high sweep efficiency and an 
adequate injection rate while minimizing redrilling. 

• Utilize as many existing wellbores as possible. 

• Maintain consistency with the injection pattern for the adjacent Eunice 
Monument West extension of Chevron's Eunice Monument South Unit (EMSU). 

• Include patterns dominated by moderate-to-high S/P ratios (0.3 and 
above). 

• Assure adequate secondary recovery potential for each proposed injector 
-- a minimum of 120 MSTB incremental oil per injector used in most 
cases. 

• No conversion proposed for high oil rate producers in areas of low-to-
moderate S/P ratio. 

An implementation plan is proposed that calls for development to be spread 
over a three-year period. Approximately one-third of the facility 
construction and well work (drilling, conversions, and workovers) is to be 
completed each year from 1992 through 1994. Injection will commence on 1-1-93 
for the f i r s t 36 injectors, 1-1-94 for the next 36 injectors, and 1-1-95 for 
the last 36 injectors. 

This implementation provides the following benefits when compared to the 
immediate development of all 108 injectors: 

• Less capital exposure in f i r s t year. 

• Lower conversion loss in f i r s t year. 

• Reservoir information will be processed during each phase allowing for 
review and modification of patterns to provide for optimum waterflood 
development. 

To implement this plan, the committee recommends unitizing all leases within 
the proposed unit boundary shown on Figure 2. The recommended vertical 
interval to be unitized extends from the top of the Grayburg formation to the 
base of the San Andres formation as depicted on the type log of Figure 8 -- a 
Gamma Ray-Compensated Sonic log for the Monument Abo Unit No. 1 drilled by 
Amerada Hess Corporation in 1980. 
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PRIMARY RECOVERY FORECAST 

A primary recovery forecast was generated for the study area by applying 
representative exponential declines to the average fieldwide oil and gas rates 
for August, 1989. Annual decline and abandonment rates were adjusted to 
conform with the remaining primary reserves obtained from the tract-by-tract 
evaluation of decline curves. Key elements of this forecast are summarized 
below: 

• Annual oil decline -- 9.1 percent. 

• Starting oil rate — 3,855 BOPD for August, 1989. 

• Abandonment oil rate — 175 BOPD. 

• Annual gas decline --9.7 percent. 

• Starting gas rate -- 11,535 MCFD for August, 1989. 

• Abandonment gas rate — 420 MCFD. 

The resulting primary performance forecast, which also includes an estimate of 
active well count, is included in Table 3 -- this table begins in calendar 
year 1992, the project start date for the economic evaluation. Primary 
reserves on the project start date of January 1, 1992 are 11.0 MMSTB of oil 
and 30.9 BCF of gas. 

WATERFLOOD PERFORMANCE 

Waterflood Reserves In Developed Area 

Secondary reserves for the proposed waterflood plan are 43,852 MSTB. This 
figure was obtained using the procedure outlined below: 

• Obtain 'potential secondary recovery' for each well in study area from 
the well-by-well assessment of S/P ratio. 

• Estimate the fraction of each 40-acre proration unit that will be 
processed during the proposed waterflood -- assign a 'fraction 
processed' of 1, 3/4, 1/2, 1/4, or zero to each well. 

• Multiply 'potential secondary recovery' by the 'fraction processed1 to 
obtain recoverable secondary oil for each well. 

• Sum results from all wells to obtain recoverable secondary reserves for 
the proposed flood plan. 

This total of 43,852 MSTB represents 90 potent 0 f the potential secondary oil 
in the study area. Greater recovery is possible i f future performance 
warrants expansion of the waterflood into marginal areas outside the 
development plan as currently proposed. 
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Analogy to Comparable Water-floods 

Projected waterflood performance was based largely on analogy to the EMSU. 
The lack of accurate reservoir data, the complex primary production history, 
and the non-uniform distribution of waterflood potential have precluded 
efforts to predict future performance using analytic techniques or reservoir 
simulation. 

The EMSU forecast was selected as a starting point for the following reasons: 

• It is an existing, nearby waterflood in the same producing horizon. 

• The project employs the same injection pattern and well spacing. 

• The forecast has been accepted by the owners at EMSU, and has been used 
to predict performance for the Arrowhead Grayburg and Eunice Monument 
West waterflood projects. 

• Forecasted waterflood performance is consistent with the results of 
empirical calculations. 

Based on experience at EMSU, the anticipated i n i t i a l injection rate is 750 
BWPD per well. This rate is expected to decrease to an average of 500 BWPD 
per well at fillup (or peak response). Since the original EMSU performance 
forecast was based on a constant injection rate of 500 BWPD per well, the EMSU 
analogy may be conservative in regard to response times. 

Waterflood Performance Forecast 

Key rate and scheduling considerations obtained from the EMSU analogy are 
provided below: 

• Time to initial response — 3.5 years after start of injection (at 50% 
fil l u p ) . 

• Time to peak rate -- 8 years after start of injection (at 100% f i l l u p ) . 

• Duration of peak rate period ~ 2 years. 

• Oil rate at peak -- 120 BOPD per completely enclosed 5-spot producer. 

Since a three-year implementation plan has been proposed, some adjustments 
were needed to the response times shown above. As indicated in Table 4, 
adjustments were made by comparing cumulative water injection at 50% fillu p 
and 100% fillup for: (1) the direct EMSU analogy (equivalent to a one-year 
implementation plan), and (2) the three-year implementation plan proposed in 
this report. As a result of these adjustments, time to ini t i a l response was 
increased from 3.5 years to 4.5 years, and the time to peak rate was increased 
from 8 to 9 years. 
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The conversion of existing producers to injectors will result in a temporary 
reduction in oil rate during the initial stages of waterflood development. 
This reduction in oil rate was incorporated into the waterflood performance 
forecast over the three-year implementation period in the following manner: 

• First rate of reduction is scheduled for 1-1-93. 

• Additional rate reduction is scheduled for 1-1-94 and 1-1-95. 

• The producing rate of 1,921 BOPD on 1-1-95 will be held constant until 
ini t i a l response on 7-1-97 -- assumes any further production decline 
will be offset by increased production from workovers (152 scheduled by 
1-1-98) and new drilling (26 producers drilled by 1-1-98). 

The resulting waterflood performance forecast is illustrated in Figure 9; 
annual production figures and active well count are provided in Table 5. Peak 
oil rate is 12,540 BOPD during the year 2002, and total waterflood life is 
32.4 years (January, 1993 through May, 2025). 

The response times used in developing this performance forecast may be 
conservative; several factors that could result in shorter response times 
include: 

• Injection rates prior to fillup are expected to exceed the 500 BWPD per 
well used in developing the EMSU forecast. 

• Current average gas saturation may be less than the 20% estimate used 
in development of the EMSU forecast which would reduce fillup time. 

• Calculated fil l u p volumes are significantly reduced when the waterflood 
processed area is considered instead of the entire study area --
example calculations shown in Table 4. 

Because of this uncertainty, a sensitivity analysis to response times has been 
included in the economic evaluation of the proposed flood plan. 

-15-



PROJECT FACILITIES AND COST ESTIMATES 

CONTINUED PRIMARY OPERATIONS 

No capital investment was included in the economic evaluation of continued 
primary operations. Annual operating costs were obtained using the forecast 
of active well count in Table 3, and estimated expenses of $l,250/month per 
active wel1. 

WATERFLOOD OPERATIONS 

Water Supply 

The recommended water supply sources for this project are: (1) reinjection of 
produced brine, and (2) a network of San Andres water supply wells. The 
proposed supply wells, completed in the middle and lower San Andres, will be 
approximately 5,000 feet deep. 

Based on the reported capacity of 20,000 BWPD for similar wells in the 
adjacent EMSU, a total of four supply wells will be required at Monument. All 
supply wells will be located within the areal and vertical limits of the unit. 

Surface Facilities 

Investment figures for surface facilities reflect cost estimates for the 
following items: 

• Injection distribution system — includes trunklines, injection lines, 
meter runs, wellheads, and automation. 

• Two water injection plants -- includes pumps and drivers, tanks, and 
electrification and automation. 

• Production facilities -- includes satellites, two production batteries, 
trunkline, flowline, and electrification and automation. 

• Roads and buildings -- upgrade road system, and construct offices, 
garages, and warehouses. 

All surface facilities are scheduled to be completed within the f i r s t three 
years of the project. Detailed cost estimates are itemized by year in Tables 
6A, 6B, and 6C. Layout of the proposed production facilities is illustrated 
in Figure 9, while the injection distribution system is depicted in Figure 10. 
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Drilling and Completion 

Considerable drilling is planned in association with the proposed waterflood 
development plan. Estimated costs per well are as follows: 

• Injection well — $75,000 tangible and $160,000 intangible. 

• Production well -- $87,000 tangible and $174,000 intangible. 

• Water supply well -- $500,000 tangible. 

• Core acquisition & analysis — $55,000 intangible (per well cored). 

These drilling costs provide for a comprehensive logging program that 
includes: gamma ray, density, compensated neutron, electromagnetic 
propagation, dual laterolog, micro spherically focused, borehole compensated 
sonic, and repeat formation testing in selected wells. 

The proposed drilling program includes 4 water supply wells, 15 injection 
wells, 24 producing wells, and 20 replacement wells. Core acquisition and 
analysis is planned for 16 of the new wells. A drilling schedule is included 
in Table 7. 

The coring program calls for acquisition and analysis of approximately 250 
feet of core in each well. The evaluation will include a petrographic 
examination and both conventional and special analyses. Cost estimates 
provide for cleaning by C02 extraction and the determination of: porosity, 
permeability (horizontal and vertical), capillary pressure, logging parameters 
(a, m, and n), water-oil relative permeability, and water compatibility. 

Conversions 

The current 40-acre well spacing will be employed to develop the unit on an 
80-acre five-spot pattern. Existing wells will be converted to injectors 
wherever possible. Estimated conversion costs per well are $27,000 tangible 
and $48,000 intangible. 

All conversions will include a mechanical integrity test of the casing, and 
installation of new IPC tubing and a packer. Conversion activities may 
include (as needed): clean-out, d r i l l deeper, set liner, log, perforate, 
stimulate. 

93 conversions are planned over the f i r s t three years of the waterflood 
project. A conversion schedule is included in Table 7. I t should be noted 
that as additional reservoir data is acquired and analyzed, the conversion 
plan may be modified to assure that only economic waterflood patterns are 
developed. 
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Workovers 

Remedial work is planned for all existing wells that will be retained as 
producers in the waterflood plan. Estimated costs per workover are summarized 
below: 

• Active producer -- $2,000 tangible and $42,000 intangible. 

' Temporarily abandoned (TA) well -- $30,000 tangible and $50,000 
intangible. 

• Replace l i f t equipment -- $58,000 tangible. 

A workover schedule for the proposed development plan is included in Table 
7. Typical workover activities include (as needed): clean-out, d r i l l deeper, 
test casing for mechanical integrity, log, perforate, stimulate, and install 
production equipment. Workover costs for TA wells include the installation of 
a pumping unit, tubing, and rods. A new sucker rod pump will be installed in 
all producers. 

Additional workovers are planned as peak waterflood response is reached. 
Artificial l i f t on interior producers will be replaced when produced fluid 
volumes exceed capacity of the existing equipment. 

Operating Expenses 

For those areas not actively involved in waterflood development, operating 
expenses will remain at $l,250/month per well (same as primary recovery 
case). Estimated expenses during secondary recovery operations will be 
$2,550/month per waterflood producer. All costs include overhead. 
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ECONOMIC EVALUATION 

METHODOLOGY AND ASSUMPTIONS 

This economic evaluation compares the proposed waterflood development plan to 
the 'status quo' case of continued primary operations. Sensitivity analyses 
conducted on oil price, incremental oil recovery, and response times assess 
the impact of these parameters on project economics. 

Primary and waterflood performance forecasts are included in Tables 3 and 5, 
respectively. Other key elements of this evaluation include: 

• Assumptions for economic analysis -- Table 8. 

• Investment and expense schedule for waterflood -- Table 9. 

OIL PRICE SENSITIVITY ANALYSIS 

This analysis demonstrates that the proposed flood plan is economically 
attractive at current oil prices. Economics were evaluated at oil prices 
ranging from $10/bbl to $30/bbl; other key assumptions include: 

• Constant oil price for each case. 

• Constant gas price of $1.20/MCF for each case. 

• No escalation of investment and expense. 

Figure 12 illustrates the impact of oil price on incremental discounted-cash-
flow rate-of-return (DCF-ROR) and incremental net-present-value (NPV) for 
waterflood economics. Breakeven oil price is approximately $11/bbl (constant) 
for a 15 percent DCF-ROR. 

Detailed results are provided in Table 10 for the constant price case of 
$18/bbl; a plot of total project cash flow (undiscounted and after tax) by 
year is included in Figure 13. Key economic indicators for this case include 
the following: 

• DCF-ROR is 20.6 percent. 

• NPV at 15 percent discount is $22.0 million. 

• Ratio of capital investment to incremental recovery is $1.30/bbl. 
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OIL RECOVERY SENSITIVITY ANALYSIS 

Recovery factors ranging from 75 percent to 125 percent of projected 
incremental secondary oil were evaluated for the constant price case of 
$18/bbl. Results indicate that project economics are relatively insensitive 
to changes of ± 25 percent in projected secondary reserves. 

Plots of recovery factor versus incremental DCF-ROR and incremental NPV at 15 
percent discount are included in Figure 13. These results show that as 
recovery factor varies from 75 percent to 125 percent: 

• Incremental DCF-ROR varies from 17 percent to 23 percent. 

• Incremental NPV @ 15 percent discount varies from 7 MM$ to 36 MM$. 

FILLUP TIME SENSITIVITY ANALYSIS 

Sensitivity to fillup time was evaluated for the following cases: 

• Initial response 4.0 years -- fillup 7.0 years. 

• Initial response 4.0 years -- fillup 7.5 years. 

• Initial response 4.5 years -- fillup 8.0 years. 

• Initial response 4.5 years -- fillup 8.5 years. 

• Initial response 4.5 years -- fillup 9.0 years. 

• Initial response 4.5 years -- fillup 9.5 years. 

Plots of fillup time versus incremental DCF-ROR and incremental NPV at 15 
percent discount are included in Figure 14. These results show that as fillup 
times vary from 7.0 years to 9.5 years: 

• Incremental DCF-ROR varies from 24 percent to 20 percent. 

• Incremental NPV @ 15 percent discount varies from 32 MM$ to 20 MM$. 
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POTENTIAL PARTICIPATION PARAMETERS 

PARAMETERS CONSIDERED AND SOURCE OF DATA 

The following eight parameters have been evaluated by tract and owner: 

1. Surface Acres. 

2. Cumulative Oil Recovery -- to August 1, 1989. 

3. Current Oil Production -- 12 months prior to August 1, 1989. 

4. Current Gas Production -- 12 months prior to August 1, 1989. 

5. Remaining Primary Oil Reserves -- on August 1, 1989. 

6. Remaining Primary Gas Reserves -- on August 1, 1989. 

7. Ultimate Primary Oil Recovery. 

8. Secondary Oil Reserves. 

Parameter 1 represents a nominal acreage figure; all tract values are rounded 
to the nearest 40 acres. 

The production database was updated to August 1, 1989, using figures obtained 
from Dwight's Energy Service. Tract owners verified (and corrected where 
necessary) the accuracy of all production data on a well-by-well basis. With 
one exception, this verified data was used in the tabulation of Parameters 2 
through 4. Because Tract 141 overproduced by 51,582 MCF during the 12-month 
period used to determine current gas production, a value of 131,400 MCF (top 
allowable of 360 MCF/day for 365 days) was assigned to this Tract. 

The determination of remaining primary (Parameters 5 and 6) and projected 
secondary reserves (Parameter 8) is documented earlier in this report. 
Ultimate primary oil recovery (Parameter 7) represents the summation of 
Parameters 2 and 5. 

Other commonly tabulated parameters, such as original oil-in-place, were not 
evaluated because of the lack of accurate reservoir data on a tract-by-tract 
basis. 

The committee could not reach unanimous agreement on the remaining primary and 
secondary reserves estimates. The results reported herein represent a 
compromise arrived at by a majority vote (by one vote allocated to each owner 
present) of the members. Due to the complexity and subjectivity involved in 
Het»rmining remaining primary and secondary reserves, i t is recommended t l ^ t 
these parameters be considered best effort estimates, only. 
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TABULATION OF PARAMETERS 

The tabulation of potential unit participation parameters is subdivided into 
the following three sections: 

Tract Summary — a listing of parameters (actual value and percent of 
total) by tract. 

Owner Detail -- a listing of parameters (percent of total) by tract 
for each owner. 

Owner Summary — a listing of parameters (percent of total) by owner. 

The Tract Summary is included in Appendix C, the Owner Detail in Appendix D, 
and Owner Summary in Appendix E. The tract ownership indicated in Appendix D 
reflects current information as supplied by the owners. The index map in 
Figure 2 provides lease names and operators for the various tracts. 
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FIGURE 1 

PROPOSED NORTH MONUMENT GRAYBURG/SAN ANDRES UNIT 

CHARGE TO THE TECHNICAL COMMITTEE 

DEVELOPED AT WIO MEETING OF JANUARY 17, 1990 

1. UPDATE PRODUCTION DATABASE THROUGH JULY, 1989 

2. UPDATE REMAINING PRIMARY RESERVES 

3. EVALUATE SECONDARY RESERVES 

4. DEVELOP A WATERFLOOD PLAN 

5. CONDUCT ECONOMIC EVALUATIONS 

6. DEVELOP UNITIZATION PARAMETERS 

7. REPORT RESULTS TO WORKING INTEREST OWNERS 
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