
REINJECTION

WASTE WATER

Dispersion and Diffusion of in
a Fractured Porous

Imagine a f l u i d flowing o u t f r o m a po in t source i n t o a homo-
isotropic When t he pressure d i s t r ibu t ion is an

r is r a d i a l dis tance from the o r i g nequilibrium one, P
k t h e medium and the f l u i d volume is

suppose a chemical a t concentration added to the
f l u i d a t 0 f o r t which does n o t affect k and and that
marker is monitored a t a f ixed po in t r, from the i n j ec t ion
I n the absence of diffus ion and dispers ive mixing, the marked f l u i d
reaches o u t to a radius r i n when the volume of f l u i d
the sphere of radius r is Qt, and the concentration of marker in the

and then jumps to the input (fig. 1curve a).
dispersion and or diffus ion this s t e p f rac t ion response is
replaced by gen t l e d i f fus ive breadth of which
depends on the dispersion and diffus ion

'monitored f l u i d is zero till t t when f i l l s t h e of

In l a rge s c a l e porous media things to be more complicated.
our homogeneous i so t rop ic medium fractured by crack8 f i s su res

i n t o blocks with a characteristic length, 1, and t h a t on the  l a rge  scale
(over dis tances much greater than 1) t h i s system of crack8 behaves l i k e
an isotropic homogeneous porous of where k.
then f l u i d i n t o the f i s s u r e oystem a t source tend

pressure i n the porous blocks are dominated by
dis t r ibut ion.

through the  f i s su res  and set up a pressure d i s t r ibu t ion P = Pin-and

a chemical released i n t o t h i s system a s before, a

( i n f a c t so
pore complex response can be expected for the concentration

a t W i t h k very less than k
be ef fec t ive ly and assuming a negl igible for them, the
blocks play no p a r t i n the response a t r and we see the typical

response f o r a medium of particle size and very small
porosity (fig.  1 If k is no t negl igible then the blocks
i n i t i a l l y bleed marker f l u i d from and unmarked f l u i d i n t o
then. consequence of this is that t he concentration of! marked f l u i d
monitored a t r, rises a f t e r an i n i t i a l delay, the input concentra-
t ion ,  bu t  to some pseudo equilibrium level (fig. 1 curve depending on
t h e proportions of short and long time t r a n s i t routes from t he source
to of the po in t and the along these
router. Eventually f l u i d concentration must a t t a i n  t h a t  o f the input
but there are essen t i a l ly time one for t ranspor t of
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marker v ia the f i s s u r e s to the monitor po in t and one for sa tu ra t ing tha
blocks with marker f luid .
f i s s u r e s is negl igible the first t r a n s i t time need not be negl igible s ince
the marker can i n i t i a l l y quite rap id ly i n t o the blocks.

would have d i f f e r e n t f i r s t t r a n s i t times.

per t inen t

Even i f k small and t h e porosi ty of t h e

with d i f f e r i n g chemicals and heat)

In a system of such complexity, the following quest ions are

A t any i n s t a n t i n t i m e how is marker f l u i d d i s t r ibu ted between
the f i s s u r e s and blocks?

I f t h e marker is monitored a t a s i n k a t , how does the
response depend on k, k ,porosities of and f i s s u r e s
and d i f f u s i v i t y of t h e

What is t he role o f convection and dispersion i n t h e blocks and
f i s su res?

How does t h e system respond to a s h u t down of the source marker
f lu id?

A re in jec t ion a t Broadlands has allowed the opportunity
to observe these e f f e c t s and ana lys i s i n terms of this
The discussion above relates to a marker chlor ide) which
does n o t e n t e r mineral lattices. O t h e r dissolved components introduce ,

an addi t ional fac to r i n t o the ana lys i s due to their storage, or release
from storage in minerals, due to ca t ion exchange or prec ip i t a t ion reactions.

Field Monitoring of Reinjection

a t f lashed waters (containing 1400
chloride) from were in jec ted f o r periods up to 2 months.
in jec t ion w e l l and a monitor w e l l metres away, in te r sec ted a
s ing le zone of very high permeability a t 350 and 390 metres respectively.
In t h i s part of t he f i e ld , a kilometre ou t s ide the production area, d i l u t e
sulphate - bicarbonate waters occur a t wi th chlor ide contents of
about 110
due to and shut-down of reinject ion.
does no t e n t e r mineral lattices, these data are compatible w i t h t h e model
out l ined above. Sodium and behave i n a similar fashion b u t
potassium, caesium and rubidium are adsorbed strongly by t h e formation
through ca t ion exchange on w h i l e some boron is released
from t h e rock.
w a s p rec ip i t a ted i n t he permeable zone and within f o r t y metres
o f the in jec t ion w e l l . The behaviour of calcium, bicarbonate and
co is complex and suggests t h a t i n t h i s l o w temperature in jec t ion

calcite s o l u b i l i t y buffered solut ion a t t h e
monitor w e l l , the rap id var ia t ions i n HCO /CO and Ca r e f l e c t i n g t h e

gradient away from t h e and the high rate of
H
spread through the porous medium as in jec t ion proceeds. Stable isotope . .
da ta follow a simple 'mixing' path during t h e inject ion.

Where re in jec t ion of w a s t e waters is practised i n a higher
temperature environment, dispers ion of the and chemical content
of the f l u i d w i l l be analogous to the pat tern.

ins ign i f i can t due to its lower solubil i ty a t temperatures,
but rapid deposition of silica i s to be expected close to the
w e l l s .

The

Figure 2 shows t h e chlor ide response and decay i n BRM2
Since chlor ide ion

About f o r t y percent of the sil ica

diffusion through t h e porous A calcite deposition f r o n t may

Calcite deposition
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