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INTRODUCTION 

Pressure maintenance by water flooding should substantially 

increase the ultimate recovery from the Bisti-Lower Gallup reservoir above 

that obtainable by the present primary producing mechanism which is predomi

nantly solution gas-drive. 

Enclosed are 17 illustrations Which analyze the Bisti-Lower Gallup 

reservoir and set forth a plan of water injection in that portion of the reservoir 

underlying the Carson Unit. The burden of the analysis is carried by the e x h i 5 2 

the text merely serves to point out important features and to summarize result;;. 

HISTORY 

The Bisti Field is located in the San Juan Basin in San Juan County? 

New Mexico (see Index Map - Figure 1). The discovery well. El Paso Kelly State 

1, which is located in Section 16, Township 25 North, Range 12 West (see Figure- ">.)•> 

was completed in October * 1955. Subsequent development progressed nort hwe ste:'' !.y 

and southeasterly until the present limits of the field were defined (approxi

mately 30 miles long and 1 to 3 miles wide). That portion of the field whig!; Is 

dealt with in this report, namely the Carson Unit, is located approximately mil-

way between the northwest and southeast extremities of the field. The Carson 

Unit represents approximately one-fourth of the surface area of the fi e l d . 

STRUCTURE AND STRATIGRAPHY 

The productive measures which are exploited in the Bisti Field are 

the Lower Gallup sand bar deposits. The gross section averages about 130 feet 

thick in the Carson Unit,. The sands are fine grained, of extremely variable 

shaliness and cementation, and have heterogeneous appearance caused by rework

ing by marine organisms. 

The productive section has been divided into three intervals known as the 

GC sand, the GD sand and the GE sand. These intervals are commonly referred tc 
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as th* upper, middle and lower bench, respectively* The isopachs on Figure 2 

are at five-foot intervals and represent the combined microlog pay in the GC 

and GD sands. These two intervals are the only Intervals which contain sands 

of sufficient peraeablllty to exhibit microlog separation* Figures 3 and 4 

are isopach maps of the GC and GD sands, respectively, and Figure 5 is a Type 

Log showing the electric log markers* The microlog pay ls considered to offer 

the only significant primary and secondary potential, and all recovery estimates 

are based solely on these better developed sands* 

The elongated shape of the main sand bodies attests to their sand 

bar origin (see Figures 3 and 4), and as a result of the nature of these sands, 

a marked contrast in the continuity of the sand lenses is observed in different 

directions. For example, examination of some typical cross sections (Figure 6) 

reveals that the sand lenses are much more continuous on Section C-C, which 

runs parallel to the longitudinal axis of the GC sand than on the other two 

sections* The effect of this stratigraphy on the performance of the water flood 

has been recognized, and the recommended injection pattern is designed to take 

advantage of this orientation of the better sand continuity* 

Structure contours on the top of the GC sand at 20-foot intervals are 

portrayed on Figure 7* These contours indicate a regional north to northeast 

dip (80 feet/mile or about 1°) toward the Basin center* 

Oil occurrence ln the Bisti Field is controlled by stratigraphy. No 

water table exists in the field and only small amounts of water production have 

been reported from the western portion of the field* A primary gas cap is 

located in the highest structural portions in the southeastern part of the field. 

A small portion of this gas cap extends onto the Carson Unit (see Figure 2). 

2 



RESERVOIR CHARACTERISTICS AND 
PRIMARY PERFORMANCE 

Some of the more important reservoir parameters are summarized on 

Figure 8„ The average petrophysical properties tabulated pertain only to the 

microlog net pay. The primary producing mechanism is predominantly solution 

gas-drive,. The production performance Is portrayed on Figure 9. Production 

had declined to 2200 barrels of o i l per day, an average of 23 B/D per well, in 

December, I960. Cumulative production from the expanded Carson Unit is about 

4,300.000 barrels and 8.700»000 MCF as of January 1, 1961. 

The ultimate production under primary operations is estimated to be 

6,900,000 barrels, based on a study of individual well and lease production 

decline curves. This is equivalent to 18 per cent of the original o i l In place 

(Figure 10) which leads 'K- tc ̂ o:i.-,Ider?a'Mosio relevant Imx^rec ::̂ co7v.:.*y by 

press?jre maintenance0 

PILOT TEST OF WATER INJECTION 

In September r&i Oa^h^r, 1959, Sunday? as operator of the Cereal 

Bi s t i Unit with the cooperation of Shell, d r i l l e d and completed four water 

injection wells on the western boundary of Shell's Phillips No. 7 Lease. Froir 

Sunray*s standpoint the prime reason for th i s project, was to prevent the 

migration of hydrocarbons from their portion of the reservoir, which was to be 

repressured by LPG and dry gas, to our properties on which the reservoir 

pressure would continue to be depleted for some time. On the other hand. Shell 

regarded this project as a valuable p i l o t teat of water injection in the Bisti 

Field and the information obtained to date haa proven this to be the case. 

Additional information on the reaction of the B i s t i reservoir to water flooding 

is available from five water injection, wells (four old producers and one con

verted LPG injector) located near the west border of the Central B i s t i Un.it. 
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Injection at high rates and low surface injection pressures relative 

to the small thickness of net pay has been maintained in these wells (Figure 13)• 

These rates have averaged almost 70 B/D per foot of .microlog net pay for the West 

Water Barrier and 40 B/D per foot of microlog net pay for the East Water Barrier 

wells. The lower injection rates into the latter is merely a function cf the 

capacity of the l i f t equipment installed on the C l i f f House water source well 

serving this group of four injectors. 

The production response to this injection has been satisfactory and 

in general the p i l o t flood results have shown thats 

1. Relatively high water i n j e c t i v i t y into the Gallup producing formation 

can be obtained. 

2. I t is possible to form an o i l bank. 

3. Water b&eak-tM-ough ge.r>.e:.\«",.ly Is not prfc/n.Y:̂r.';:'o >- •'• severe 

channeling aan. result as a result of an u ^ a t i s t a ;tory c.snpletlt/c. 

technique In tft« Injection well-s. 

FLOOD RECOVERY 

Pressure maintenance by »->ter Injection wJU I ieud to the re v>vsry ef 

6,600,000 barrels of o i l , including 4,700,000 barrels of additional o i l which 

would not be recovered by primary operations (Figure 10), bringing the comcice 1 

primary and secondary ultimate recovery to 194 barrels per acre foot or 30 per cent 
c 

of the original o i l in pla^e. The Unit Recovery Bar Diagram (Figure i l ) show* how 

these estimates were made. 

A prediction of performance for the Carson Unit Pressure Maintenance 

Project is made in Figure 12, a graph showing the flood o i l product ion iacre«t>3~ 

ing from a low of 1200 B/D after the conversion of 35 producing wells to inject:*-..'!! 

service, to a peak of 4,000 B/D (about 25 per oe-it of tna injection rate) afte:-' 

1.5 years of injection. Afte:: one year of producing at the peak rate the o i l 

production then declines tor 7.5 years to the <-• :;-jnom:V; l i m i t of 350 B/D. 
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The total injected water requirement is estimated to be 60,000,000 

barrels, on the basis of two fioodabie pore volumes injected to recover 

6,600,000 barrels of o i l . I t is planned to inject at rates up to 20,000 B/D 

i n i t i a l l y , but i t is estimated the injection w i l l average only 17,000 B/D for 

5 years, at which time the minor injectors w i l l be shut down and the injection 

w i l l average 16,000 B/D for the remaining 5 years of the flood l i f e . 

FLOOD PLAN 

The orientation of the better continuity of the sands was a large 

factor i n the design of the injection pattern. Because we can expect the flood 

frontsto be distorted as they move preferentially in a direction parallel to 

the longitudinal axis of the sand bars, i t is desirable that the spacing of the 

injectors be dense in the north-soath direction. SJ^II^Xy, i t follows that 

the distance between injectors in the opposite dfo-estioia, along the sand trend, 

can be made much greater. I t appears that attempting to keep the flood fronts 

of a conventional five-spot pattern, i n balance worald be practically impossible 

in a situation such as exists at B i s t i . Therefore, a line-drive pattern has been 

chosen (Figure 13) that meets the above specifications, and should furnish 

adequate injection capacity to conclude the flood in a reasonable time. The 

plan includes 29 major injectors on the Unit, 5 major injectors on the west 

boundary, and 6 minor injectors. Two additional injectors are planned on the 

Mudge 6 Lease on the east boundary of the project. I t is planned to inject an 

average of 500 B/D into each of the major injectors. The minor injectors are 

designed to drive some o i l from the fringe areas into the fairway portions of the 

f i e l d , where i t can be produced. The i n j e c t i v i t y of these wells i s expected to be 

low, about 150 B/D. 

The pattern is modified In the southeastern portion of the Unit by the 

inclusion of a line of injectors (41-20, 32-20, and 23-20), designed to 
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prevent the migration of o i l into the gas capo A "water barrier* line of injec

tors along the common boundary of the Carson Unit and tne Mudge 6 Lease has been 

proposed and tentatively agreed to by the Operators currently forming the East 

Bisti Unit. 

In general, the basic flood plan is to drive the o i l banks from the 

injectors (20 row wells) to the key producers (40 row wells), located midway 

between the injection lines. As the o i l banks pass the Intermediate producers 

(10 and 30 row wells), these wells w i l l be produced in the interest of increased 

flood efficiency. I t is anticipated that i t w i l l be unnecessary to produce most 

of these intermediate wells for long periods of time at high water cuts. 

WATER SOURCE 

No saf.ta.ble surface source of water fur tnis orcje-t Is :wa'V-.nl;lv?. 

however, the Point Lookout and Lower Allison-Meaefee na»ds offer a satisfeitor:" 

subsurface water source. These sands are shown on. the Type Log (see Figra?e 2.4] j, 

which illustrates the formations encountered lit the Bisti Field wells. Develop

ment of this source requires the dr i l l i n g of several wells to 3800 feet. The 

Point Lookout and Lower Al.lison-Menefee formailonc are saline and compatible wltl, 

the Gallup reservoir water, analyses for which are shown on Figure 15. These 

water bearing formations are of sufficient thickness and areal extent to provide an 

adequate volume of water for the project. 

A relatively simple '-,-:.m for handling the makeup water and the pro

duced water is planned, since tfcase waters cm be commingled and re-injected ls.to 

the reservoir with a minimum of treatment. As seen on Figure 16, produced and 

makeup waters w i l l be commingled, passed through a floatation cell for the removal 

of any residual o i l and the larger suspended solids, and then through anthracite 

f i l t e r beds for final f i l t r a t i o n . Control of bacteria, calcium carbonate scale 
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deposition, and corrosion w i l l be effected with commercially available chemicals. 

Figure 17 shows a typical injection well. Water w i l l flow down 2-inch tubing, 

which is set on a packer, and into the formation through perforations in the 

casing. The tubing-casing annulus w i l l be f i l l e d with inhibited fresh water 

prior to setting the packer. 

WORKING INTEREST OWNERSHIP 

Shell Oil Company is the sole working interest owner of al l lands in 

the proposed Carson Unit Pressure Maintenance Project. 

CONCLUSIONS 

I t is recommended that pressure maintenance by water injection be 

initiated in the Carson Unit in the manner set forth herein in order to effect 

the recovery of 4,700,000 barrels of additional o i l . 
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RESERVOIR DATA 
LOVER GALLUP POOL - BISTI FIELD 

Average Depth (GD Marker) 485O feet 

Average Formation Dip 10 

Average Porosity (158 samples from 17 veils) 155E 

Average Air Permeability (158 samples from 17 wells) 57 md. 

Connate Vater Saturation (logs and capillary pressure) 25$ 

Residual Oil Saturation (Vater base core saturation) 30$ 

Reservoir Pressure at Datum (41500') 
Original 1550 psig. 
At Start of Flood 500 psig. 

Reservoir Temperature 140° F. 

Bubble Point Pressure 1550 psig. 

Formation Volume Factor 
Original 1.33 
At Start of Flood 1,21 

Gas Solubility (Including Tank Vapors) 
Original 530 cfA 
At Start of Flood 2<40 cf/b 

Oil Gravity 390 ̂ pj 

Oil Viscosity - Reservoir Conditions 
Original 0.6 cp. 
At Start of Flood 0.8 cp. 

FIG. 8 



VOLUMETRIC AND RECOVERY SUMMARY 
LOWER GALLUP POOL - BISTI FIELD 

EXPANDED CARSON UNIT 

Productive Area 6,600 acres 

Equivalent Net Pay Volume 59,000 a c . f t . 

Tank Oi l Originally i n Place 38,700,000 bbl . 

Total Number of Producing Wells (Dec. 1960) 124 

Current Production Rate (Dec. 1960) 2,200 B/D 

Estimated Cumulative Production at Start of Flood (Aug.1,1961) 5,000.000 bbl . 

Primary Reserves as of August 1, 1961 1,900,000 bbl . 

Estimated Ultimate Primary Recovery 6,900,000 bbl. 

Estimated Ultimate Primary Recovery Efficiency 18 % 

Water Flood Recovery (includes Remaining Primary) 6,600,000 bbl . 

Additional Reserves by Water Flooding 4,700,000 bbl . 

Estimated Ultimate Recovery (Primary and Secondary) 11,600,000 bbl. 

Estimated Ultimate Recovery Efficiency 30 % 

FIG. 10 



WATER ANALYSES 

P 0 I N T „N (o\ 
LOOKOUT 0) GALLUP^ ' 

Carbonate CO3 0 ppm 0 ppm 

Bicarbonate HCO3 1,074 523 

Chloride Cl 15,265 17,400 

Sulfate SO4 23 15 

Borate B4O7 8 9 

Sulfide S - 0 

Barium Ba 70 40 

Calcium Ca 156 392 

Magnesium Mg 70 125 

Ammonium NĤ  15 14 

Iron Fe 4 75 

Sbdium Na 9,9.51 10,725 

Salinity (NaCl) 25,155 27,200 

Ph 7o65 6.40 

(1) Shell O i l Company Carson 2 - Date of tasx ^-'' 3-60 

(2) Shell O i l Company Carson Unit 23-14 - Date ; f test 6-17-60 

FIG. 15 
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