Chalk

Lincolnshire Limestone

Sherwood Sandstone

Lower Greensand

If the following elements are present in high concentrations in the native water then

General

o fluoride is not likely to be involved in chemical reactions,
therefore mixing might increase fluoride in the recovered water

e sodium and chloride are not likely to be involved in chemical
reactions, therefore mixing might increase both in the recovered
water

e high iron and manganese concentrations might decrease as a
consequence of precipitation of iron and manganese oxide and
hydroxide when the injection water has a high oxidative
capacity

Older native water !

e fluoride is not likely to be involved in chemical reactions
therefore mixing might increase fluoride in the recovered
water

e sodium and chloride are not likely to be involved in chemical
reactions, therefore mixing might increase both in the
recovered water :

e high iron and manganese concentrations might decrease as a
consequence of precipitation of iron and manganese oxides
and hydroxides when the injection water has a high oxidative
capacity

Recent native water

® npitrate is not likely to be involved in chemical reactions,
therefore mixing might increase nitrate in the recovered water

Older native water

e the concentration of sulphate is unlikely to be diminished by
chemical reactions, therefore mixing might increase sulphate
in the recovered water

e high iron and manganese concentrations might only decrease
as a consequence of precipitation of iron and manganese
oxides and hydroxides if the injection water has a high
oxidative capacity

Recent native water

® nitrate is not likely to be involved in chemical reactions,
therefore mixing might increase nitrate in the recovered water

General

high iron and manganese concentrations might only
decrease as a consequence of precipitation of iron
and manganese oxides and hydroxides if the water
has a high oxidative capacity and pyrite is not
available for oxidation

If the elements mentioned are present in the injection water then

General

¢ high nitrate is only likely to be reduced significantly in the case
of pyrite oxidation

o high sulphate (surface or shallow groundwater) is not likely to
decrease

General

® nitrate is not likely to be involved in chemical reactions,
therefore it might be present in higher concentrations in the
recovered water

General

®  high nitrate concentrations are only likely to be reduced
significantly in the case of pyrite oxidation

" General

high nitrate concentrations are only likely to be
reduced significantly in the case of pyrite oxidation

Concentration changes due to interaction with the sediment

General

o if the injection water is saturated with oxygen and therefore has
a strong oxidising capacity, oxidation of pyrite within the
sediment might occur ; this might increase iron and sulphate
concentrations

e no major pH changes are expected

General
® o major pH changes are expected

General
¢ no major pH changes are expected

Older native water

¢ if dolomite dissolves an important increase in both
magnesium and sulphate (from gypsum) concentrations can
be expected

e if pyrite oxidation occurs due to the injection of oxidizing
water, both iron and sulphate concentrations are expected to
increase

®  due to the rare occurrence of pyrite in the sediment, the
chances for pyrite oxidation to occur are small

| General

no major pH changes are expected, however, due to
large differences in buffering capacity between
native waters, lowering of pH cannot be excluded in
extremely poorly buffered native water when
oxidising water is injected

if pyrite oxidation occurs due to the injection of
oxidizing water, both iron and sulphate
concentrations are expected to increase

due to the high pyrite concentration in the sediment,
pyrite oxidation is likely to occur

INCREASING DUAL POROSITY CHARACTER OF THE AQUIFER

more diffusive exchange between native water in the matrix and injected water in the fractures
larger mixing area (in the fractures and the matrix)
larger component of the native water in the recovered water quality
stronger chemical interaction between the native and the injected water

INCREASING SINGLE POROSITY CHARACTER OF THE AQUIFER
a “bubble” of injected water will be created
smaller mixing zone at the edges of the injected water
more intensive chemical interaction between injected water and the sediment
less chemical interaction with the native water

Table 11.

Influences on the recovered water quality for each of the four aquifers as can be concluded from the PHREEQC2 modelled examples.
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ORIGIN OF WATER SAMPLE
A Chalk

@ Lincolnshire Limestone

W Lower Greensand

@ Permo-Triassic Sandstone

AQUIFER

[ 1Chalk

[ Jurassic

[ | Lower Greensand
] Permotrias

60 0 60 120 Kilometers
" — |
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Fig. 2 Overview of the aquifers and sample locations.
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Fig. 3 Piper diagram of the injection and native waters used for the Chalk.



Chalk injection water - Holton Heath native water

Chalk injection water - Lytchett Min. native water

77 7.7
75 7.5
E273] ¢—— ————p L 73
71 71
6.9 - . 6.9
100% Mixing line 100 % 100% 100 %
Native Injection Native Injection
[ —&—Simple Mixing —#—Mixing + Equilibriu_r‘nj [ —&—Simple Mixing —#—Mixing + Equilibrium—l
Blashford injection water - Lytchett Min. native water Blashford injection water - Holton Heath native water
8 8
7.8 7.8
7.6 7.6 /
7.4 ] 7.4 - -
72 7.2
x
s 7 £ 7
6.8 6.8
6.6 6.6
6.4 6.4 !
6.2 6.2 i
6 . 6 ‘ - ‘
100% Mixing line 100 % 100% 100 %
Native Injection Native Injection
~—&—Simple Mixing —#— Mixing + Equilibrium ~—4— Simple Mixing —#— Mixing + Equilibrium |
Chalk injection water - Holton Heath native water Chalk injection water - Lytchett Min. native water
0.7 0.7 |
|
0.6 0.6 { /‘ |
B 05 B 05
E E
c 3 |
.g 0.4 g 0.4
k-] °
2 031 g 0.3
E ]
8 02 8 02
a (=]
0.1 0.1
|
!
0.0 T R R S 0.0 . . . ° & PO
100% Mixing line 100% 100% 100 %
Native Injection Native Injection
—&—Simple Mixing —#—Mixing + Equilibri —&— Simple Mixing —#—Mixing + Equilibrium
Blashford injection water - Lytchett Min. native water Blashford injection water - Holton Heath native water
0.4 0.4 !
5 03 -—a—————8——=a g -
£ E
c
S §
= =
o 0.2 b= 0.2
) )
2 =
2 2
@ 2
3 o g o1
!
o % s - . - " 3 . -
100% Mixing line 100 % 100% 100 %
Native Injection Native Injection

[ —#—Simple Mixing _—#—Mixing + Equilibrium |

[ —#—Simple Mixing _—#—Mixing + Equilibrium |

Fig. 4 Mixing modelling results for pH (upper) and iron (lower) for different injection and native waters in the Chalk.
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Fig. 5 Cycle modelling example pH, fluoride, iron and sulphate in the Chalk (injection of Chalk groundwater in the Chalk aquifer at

Lytchett Minster).
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Fig. 6 Excess of apparent mixing based on fluoride/chloride mixing ratio
for observations during cycles 1 (upper), 7, 8 and 9 (lower) of the Chalk ASR-trial.
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Fig. 8 Piper diagram of the injection and native waters used for the Lower Greensand.



Upper Chalk inj. water - Lower Greensand nat. water

9 ._,_.____'____.___—n-———l

e—y

A — Ay

pH

7 ‘\’\Mﬁ_,—,

6 T T
100% Mixing line
Native
—&— Scenario 1

—&— Scenario 2

Upper Chalk inj. water - Lower Greensand nat. water

03
B
E 02
e
o
&=
o
[
2
2 o1
o
a
0.0 23 < < <+ -
100% Mixing line
Native

—&—Scenario 1 —— Scenario 2 ~—&— Scenario 3

River Medway inj. water - Lower Greensand nat. water

10

I
= / —& & " -
8
7 T
100% Mixing line 100 %
Native Injection
| —&— Scenario 1 —#—Scenario 2 —#&—Scenario 3—|

River Medway inj. water - Lower Greensand nat. water

0.3
=)
£ 024
[
o
=
° L
@
=
o B
J "
g 0.1 T,
a
00 — ¢ ¢ — 9 |
100% Mixing line 100 %
Native

L —&— Scenario 1

____Injection
—#—Scenario 2 —&—Scenario 3

Fig. 9 Mixing modelling results for pH (upper) and iron (lower) for different injection and native waters in the Lower Greensand.

S |



pH

9.5

8s+— |
@
=
7
T
o

7.5

6.5 T " T T r T

110 219 330 441 551 661
Time (days)
—+—Scenario 1 —=— Scenario 2 Scenario 3
Iron
0.30
[

0.25 - —
®
E 020-
c
L
® 015
g
2 0.10 §
o
(3]

0.05

0.00 ' .

110 219 330 441 551 661

Time (days)

—=—§¢enario 1 —=— Scenario 2

Scenario 3

Nitrate
12
10 N L 4 N
g \ V-
E 8
s
k]
® 6
g
e 4
o
o
2
110 219 330 441 551 661
Time (days)
L—-—Scenario1 —=—Scenario 2 Scenario 3
Sulphate
80
70
5 60— — — S —
£ H
R e e ——— —
) N —  —
® 40 = iy —
g 30
3
S 20
i 1
10
0 T T T T r T
112 221 332 443 554 663
Time (days)
i—'—Scenan‘o 1 —=—Scenario 2 Scenario 3

Fig. 10 Cycle modelling for pH, nitrate, iron and sulphate in the Lower Greensand (injection of treated Upper Chalk water
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Fig. 11 Piper diagram of the injection and native waters used for the Sherwood Sandstone.
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Fig. 12 Mixing modelling for pH (upper) and iron (lower) for different injection and native waters in the Sherwood Sandstone.
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Fig. 13 Cycle modelling for pH, magnesium, iron and sulphate in the Sherwood Sandstone (injection of river Derwent water into the
Sherwood Sandstone at Gainsborough)
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Fig. 14 Piper diagram of the injection and native waters used for the Lincolnshire Limestone.



River Trent injection water - Recent Lin. Lime. water

River Trent injection water - Older Lin. Lime. water

9.0 9.0 +—
8.8 8.8
8.6 8.6
8.4 8.4
8.2 8.2
T T
T 80 T 8.0 1
7.8 7.8
7.6 7.6
7.4 4 7.4 I\.
7.2 4 72
7.0 4 T r 7.0 r T
100% Mixing line 100 % 100% Mixing line 100 %
Native Injection Native Injection
L—0— Simple Mixing ~—#—Mixing + Equilibrium—’ l —&— Simple Mixing —#—Mixing + Equilibrium
River Trent injection water - Recent Lin. Lime. water River Trent injection water - Older Lin. Lime. water
70
70
0
60 G
£ 50
= £ 50
= ]
5 50 S
2 Z 401
2 40 o
= £
E @ 30
- @
e 30 %
© =
= S 20
Z 20
10
10
0 L T T
9 — 100% Mixing line 100 %
100% Mixing line 100 % Native Injection

Native Injection
[ —&—Simple Mixing —#—Mixing + Equilibrium

tﬁ-Simple Mixing —#—Mixing + Equilibrium

Fig. 15 Mixing modelling results for pH (upper) and iron (lower) for different injection and native waters in the Lincolnshire Limestone.
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Fig. 16 Cycle modelling for pH, nitrate, chloride and fiuoride in the Lincolnshi
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