
Flood Waters Saturate West Texas!

THE BACKGROUND 

In secondary and enhanced oil recovery 

projects, it is critical to determine if hydrau-

lic fracturing occurs during water injection 

and, if so, it’s associated impact on oil recov-

ery.  When fracturing occurs, it is important 

to know the orientation and dimensions of 

the created fractures in order to determine 

the best injection pattern for optimizing 

sweep efficiency.

The Howard Glasscock East Unit (HGEU) 

produces from multiple formations. Prior 

to this project, a portion of Marathon’s unit 

was under pilot waterflooding in the Seven 

Rivers and Queen Sands as well as the San 

Andres Dolomite using 40-acre inverted 

9-spot patterns.  The initial water injec-

tion scheme was insufficient to effectively 

waterflood these formations and would 

need some alteration as the waterflood was 

expanded to the entire unit.

A tiltmapping program was designed to 

meet the following objectives:

· Determine the rate at which fracturing 

is initiated and resultant orientation and 

geometry as well as length dependency 

on water injection rate in the previously 

un-waterflooded area.

· Determine if hydraulic fractures were 

being created from current injection rates 

in the waterflooded area and if so, the 

resultant geometry.

· Determine propped fracture azimuths on 

treatments in a producer in the water-

flooded area and compare with propped 

fracture orientation in the un-water-

flooded area.

PINNACLE PERFORMS 

Surface and downhole tiltmapping was per-

formed in the Seven Rivers and San Andres 

formations in the un-waterflooded area on 

16 injection tests at rates from 200 BWPD up 

to 7350 BWPD.  

Tiltmapping was also performed in the 

waterflood area to determine if hydraulic 

fractures already existed on water injection 

wells. The procedure involved turning injec-

tors on and off and injection volume splits 

were monitored to determine how much 

fluid was going into each interval during 

the injection periods.  After stabilizing the 

injection rate, the injection was stopped 

for 2.5 hours and then restarted in order to 

perturb or flex any existing fractures so that 

the fracture opening and closing could be 

observed with the tiltmeters.

Propped fracture treatments on produc-

ing wells were mapped in both areas. More 

details can be found in SPE 59525.

Un-Waterflooded Area—Hydraulic frac-

tures were found to be created at even the 

lowest injection rates in the Seven Rivers 

and San Andres formations in the un-

waterflooded area.  At the lowest injection 

rate tested (216 BWPD or .15 BPM), a very 

well contained fracture of almost 600 ft in 

half-length was measured!  Higher injection 

rates had more effect on fracture height 

than on length.  Fracture lengths in the 

Seven Rivers ranged from 410' to 630', while 

those in the San Andres ranged from 405' to 

520'.  Azimuths were N 74° W for the Seven 

Rivers and N 80°E for the San Andres.

A Seven Rivers propped fracture mapped 

with downhole tiltmeters indicated fracture 

half-length of 370', a height of 145' and 

orientation of N 78° W.  

THE SETTING

•	 Permian Basin

•	 Howard Glasscock 
East Unit

•	 Seven Rivers and 
Queen Sands 

•	 San Andres Dolomite

•	 1200' - 2200' Depths
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Waterflooded area

Un-Waterflooded area

Map of HGEU showing 
the waterflood area 
on west side and the 
un-waterflooded  area 
on east side.
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Waterflooded area—Downhole tiltmap-

ping clearly indicated that fracturing had 

already occurred in all three zones under 

current  “normal” water injection rates 

and pressures. Steady-state injection rates 

ranged from 1200 BWPD to 1800 BWPD 

total for all three zones and measured frac-

ture half-lengths were 560' to over 850'.  

Propped fracture treatments in the water-

flooded area confirmed that propped 

fractures were oriented the same in both 

the waterflooded and un-waterflooded 

areas.  This information was valuable 

because fracture orientation can sometimes 

be extremely variable in mature waterflood 

areas due to the effect of highly variable 

pore pressure on in-situ stresses.

THE RESULTS 

Important conclusions were that hydraulic 

fracturing occurred in all formations under 

even the lowest “normal” injection rates in 

both areas.  Fracturing was occurring at very 

low net pressures during water injection, 

and the created fracture half-lengths were 

of order the well spacing (interference 

from well to well may be impeding further 

fracture length growth). Average fracture 

azimuth was roughly East-West for all three 

formations, so the optimal waterflood pat-

tern would have injectors lined up in an 

E-W orientation and the same for producers.  

There was very little correlation of fracture 

length to injection rates, so increasing 

injection rates would not adversely effect 

the sweep efficiency and will improve the 

economics of the flood.
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Side view of frac geometry from injections in 4 wells from the two areas.
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Plan view of tiltmapping results.
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