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INTRODUCTION

Disposirrg of producad water is major problem in the exploration and production indusky.
Sooner or later every oilfield wili produce large volumes (and peroentages) of water whether or
not the water is due to a strong water drive or to pressure maintenance (or waterflooding).
Water must be keated to meet disposal limits and treatment systems are designed to meet these
limits. understanding water quality is the key to a successful treatment system design Both
raw water quality and product water quality are important. The processes used must be capable
of treating the quality of the raw water as it is produced and the treated waler must meet
disposal requirements.

There are two options for produced water disposal, although there may be many vmiatiorx in
each option. These options are:

r lnjection underground aad
r Discharge to surface waters.

Neither the water treatment processes nor the disposal processes are well understood for either
underground injection or swface disposal. Several factors contibute to this confusion:

o Produced water chemistry is complex and its effects are frequently not taken into
accouff,

o Methods for monitoring water quality are complex and expensive and the relationship
between monitoring results and their application is complex,

. The process of iqiecting water into a formation is not well understood, and
r The water quality needed can vary widely flom one disposal option to another.

Designing water treatment equipment requires that one must know the limits on product quality
in order to design a successful featment system. Therefore, the impact of the factors iisted
here must be taken into account. It must also be kept in mind that modit'ing production
practices and operating parameters might be more economical that more sophisticated water
treatnent equipment.

To illustrate the impact of these factors we must first discuss the disposal processes and their
objectives. lnjeotion discharge requirements are determined by the engineering limitations
imposed by the injection process. Surface discharge requirgments are usually determined by the
need to control environmenlal impact.

This paper will attempt to:



Produced Warer Seminal 2005

o Briefly desgibe the disposal processes,
r Discuss how water quality affects them, and
r Discuss some common approaches to measrriog water quality.

UNDERGROUND INJECTION

Disposal of water through r.rnderground injection can be divided into two flpes: simple disposai
or waterflooding (or pressure maintenance). The actual injection processes arc very similar.
The only difference being that more care might be taken with waterflooding to enswe that the
water in distributed over the receiving formation to better accomplish the aims of the
waterflooding.

The mechanism assumed for injection is that water pumped down the tubing, through the
perforations into the pores of the formation rock. The well and injection system is designed to
maintain a predetermined flow rate of water at the design injection presswe (Bbls/dayipsi -
injectiviry). Actions that interfere with process include:

r Filtration of dispersed solids by the formation face which reduce the permeabilify,
r Oil wetting of the formation face by oil droplets in the water, and
. Water formed scale deposition in the formation resulting in porosity reduction and

therefore a decrease in injectivity.

The injection well acts as a kind of filter. Conceptually one could assume the iqiection well
would act as a fi1ter and set water quality stardards that would not plug this "filter". This
assumes that there is a particle size below which the a1l the particles would flow into the pores
and not bridge over and plug them. The determination of this maximum allowable parlicle size
would provide one ofthe water quality criteria for injection.

The criteria for oil in the water should be removal of all dispersed droplets of oil. However,
most of the oi1 droplets in produced water are very smal1 (less than 5 microns in diameter) and
carurot effectively be removed. Fortunately, very small droplets do not tend to fi1ter out on the
formation. The problem is that there is no good criteria for detemrining the diametei'below
which droplets may be ignored. If the formation face becomos oil wet the injectivity will go
down since injecting into an oil wet fomation requires more plessuro (or lower injection rates
at the same pressure).

Scale formation in injection systems inciuding welis can be controlied with scale inhibitors if it
is aproblem. However, if the scale probiem is not recognized it can cause problems in treating
equipment that could affect its performance.

The discussion above assumes that the formation is intact and has not been parted. In reality
the vast majority ofthe water injected for disposal enters ftactures in flre formation and then
into the rock from the interior of the fractures. In this case the process is relatively insensilive
to water quality. Simple gravity settiing to remove gross amounts of oil and solids is frequently
sufficient to a1low injection.


