
Copyright 2007, Society of Petroleum Engineers 
 
This paper was prepared for presentation at the 2007 SPE Annual Technical Conference and 
Exhibition held in Anaheim, California, U.S.A., 11–14 November 2007. 
 
This paper was selected for presentation by an SPE Program Committee following review of 
information contained in an abstract submitted by the author(s).  Contents of the paper, as 
presented, have not been reviewed by the Society of Petroleum Engineers and are subject to 
correction by the author(s).  The material, as presented, does not necessarily reflect any 
position of the Society of Petroleum Engineers, its officers, or members.  Papers presented at 
SPE meetings are subject to publication review by Editorial Committees of the Society of 
Petroleum Engineers.  Electronic reproduction, distribution, or storage of any part of this paper 
for commercial purposes without the written consent of the Society of Petroleum Engineers is 
prohibited.  Permission to reproduce in print is restricted to an abstract of not more than 
300 words; illustrations may not be copied.  The abstract must contain conspicuous acknowl-
edgment of where and by whom the paper was presented.  Write Librarian, SPE, P.O. Box 
833836, Richardson, Texas 75083-3836 U.S.A., fax 01-972-952-9435. 

 
Abstract 
Waterflooding is by far the most widely applied method of 
improved oil recovery.  Crude oil/water/rock interactions can 
lead to large variations in the displacement efficiency of wa-
terfloods.  Laboratory waterflood tests and single-well tracer 
tests in the field have shown that injection of low-salinity wa-
ter can increase oil recovery, but work designed to test the 
method on a multi-well field scale has not yet been under-
taken.  Historical waterflood records could unintentionally 
provide some evidence of improved recovery from water-
flooding with lower salinity water.  Numerous fields in the 
Powder River basin of Wyoming have been waterflooded us-
ing low salinity water (about 1000 ppm) obtained from the 
Madison limestone or Fox Hills sandstone.  Three Minnelusa 
formation fields in the basin were identified as candidates for 
waterflood comparisons based on the salinity of the formation 
and injection water and reservoir characteristics.  Historical 
production and injection data for these fields were obtained 
from public records.  Field waterflood data were manipulated 
to display oil recovery in the same format as laboratory core-
flood results.  Recovery from fields using lower salinity injec-
tion water was greater than that using higher salinity injection 
water—matching recovery trends for laboratory and single-
well tests. 
 
Introduction 
Almost without exception, at the start of a waterflood, water 
from the cheapest source (usually different in composition 
than the initial formation water) is used as the injection water, 
provided injectivity is not adversely affected by formation 
damage.  Historically, little consideration has been given in 
reservoir engineering practice to the effect of the composition 
of the salt in the injection water on waterflood displacement 
efficiency or to the possibility of increased oil recovery 
through manipulation of the injection water composition.  
Most laboratory relative permeability tests and displacement 
tests are done using synthetic formation water as both the for-

mation and injected water rather than using formation water 
and the actual field injection water for these tests. 

It has been shown that different wetting states of crude oil, 
water, and rock ensembles can yield widely different oil re-
coveries during laboratory waterflood tests.  The wetting state, 
or wettability, of a rock and fluids system can be altered in a 
number of ways.  For example, wettability can be altered in 
the laboratory by changing the crude oil composition, chang-
ing the temperature while aging the rock and crude oil, or by 
changing the temperature during water displacement.1  It has 
also been observed that the composition of the water can have 
a significant impact on wettability and oil recovery.1,2,3,4  It 
follows that there may be cases where attention to injection 
water composition could lead to increased oil recovery and a 
likely increase in the economic profitability of a waterflood. 

There may be an optimal composition of the dissolved sol-
ids in the injection water that would yield the highest oil re-
covery.  The composition could involve many variables with 
respect to ionic composition and concentration but current 
knowledge of how and when water composition can be ma-
nipulated to increase oil recovery is limited.  Several examples 
of improved recovery by injection of low ionic strength brine 
have been reported for both outcrop and field core samples by 
Tang and Morrow.4,5  Of the many possibilities that need to be 
further explored, laboratory results showing increased recov-
ery resulting from injection of dilute brine appear the most 
promising with respect to near term field application.  Tang 
and Morrow showed that oil recovery increased markedly with 
injection-brine dilution for recovery of several types of crude 
oil and sandstones.  Fig. 1 is an example of the potential for 
increased oil recovery from low-salinity waterflooding.6  The 
corefloods depicted in this figure were done using two differ-
ent cores from the CS reservoir under identical conditions with 
the exception of the composition of the injected water. 

Robertson et al. have also discussed examples of labora-
tory work showing increased recovery from low salinity wa-
terfloods.7  Average recovery curves from seven corefloods 
are plotted in Fig. 2 and show a clear increase in recovery 
from low-salinity waterfloods under simulated reservoir con-
ditions. 

The conditions necessary for improved recovery, such as 
the type of crude oil and rock, composition of the formation 
and injected water, and initial water saturation are still far 
from understood.  The crude oil/water/rock interactions that 
determine displacement efficiency are highly complex.  Nev-
ertheless, laboratory observations such as those discussed 
above were sufficiently encouraging to justify further studies 
aimed at field application. 
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