
Roll Them Bones!
The major challenge in optimizing 

hydraulic fracture stimulations in these 

unswept, low-permeability, highly-stratified 

stacked turbidite sandstone reservoirs is 

limiting growth into high-permeability, 

high-pressured water saturated sands 

immediately adjacent to the objective oil 

sands.  Additionally, fracture orientation is 

critical to locating infill wells in the 9-spot 

pattern flood.

PINNACLE PERFORMS

To measure fracture geometry, Pinnacle 

Technologies performed surface and 

downhole tiltmeter fracture mapping on 

numerous treatments.  Downhole tiltmeter 

mapping showed that fracture height 

growth was higher than expected.  This 

prompted modification of the fracture 

design model to better reflect measured 

fracture growth.  This in turn resulted in 

changes to fracture design, perforation 

strategy and pumping schedules to limit 

height growth. Initial production rates 

confirmed the tiltmeter results and log 

water saturations.  Direct measurement 

of fracture half-lengths in excess of 450' 

in some treatments compared to the 

design half-length of less than 150' also 

led to smaller treatment sizes.  Nearly 

60 treatments have been mapped with 

surface tiltmeters during the last 18 

months.  Field-wide mapping indicates a 

high degree of fracture azimuth variability 

in the MBB, as well as fracture growth 

in multiple vertical planes on several 

treatments.  The difference in horizontal 

stresses is small, resulting in a lack of a 

preferred orientation and asymmetric 

stress increases/decreases caused by 

injection or depletion may result in 

THE SETTING

•	 Main Body B Sandstone

•	 Elk Hills Field

•	 San Joaquin Valley/ 
7000’�9000’

•	 Mature Water�ood

•	 In�ll Development 
Program
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Composite fracture orientation 
from surface tiltmapping shows 
variability in fracture azimuth.
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THE BACKGROUND

Occidental of Elk Hills is redeveloping the 

Main Body B (MBB) reservoir in the Elk Hills 

Field from a mature peripheral waterflood 

to a pattern flood.  The Elk Hills Field is 

located on the west side of the southern 

San Joaquin Valley of central California.  The 

peripheral MBB waterflood was initiated in 

1978 and development wells were drilled 

ahead of the flood front to capture oil 

banked by water moving up the structural 

flanks.  When Oxy assumed operation of 

Elk Hills in February 1998, the MBB zones 

were inactive in wells on approximately 

60% of the originally productive acreage.  

Shortly thereafter, a few wells were drilled 

behind the flood front to evaluate the 

remaining oil potential.  New logs revealed 

unswept zones in the MBB and the 

current development is largely focused 

on “bypassed” oil in lower permeability 

sandstone or laterally discontinuous sands 

that were not in communication with 

waterflood injectors.
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