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LINCOLNSHIRE NORTHERN CHALK.

Investigations - present position.

Over the last 2 years we have pursued the investigation o f control rules to govern abstraction 
and an 18 month salinity modelling investigation with Birmingham University. This work was 
aimed at developing the existing distributed model to model historic salinity changes and 
predict potential salinity changes resulting from alternative abstraction strategies. This 
contract ends in December 1992.

The work has produced some- improvements to the model, however difficulty has been 
experienced in being able to represent the historical fluctuations in chloride, notably the fact 
that Tioxide and Ciba Geigy are very close and have vastly different chloride levels. Various 
management scenarios, to include removal of industrial abstractors and abstraction under 
control rules are being examined and compared with history.

Ideally, NRA would like to be in the position where a final report on alternative management 
options and there consequences is available before presenting a final case for management o f 
abstraction to yourselves. However, the indications point to using the control rules set out 
below, as our preferred management o f the aquifer. We anticipate that when we have the 
salinity investigation final report the way forward will not significantly differ to that which 
is set out in the preferred control rule below (though we must not prejudge the final report). 
We will o f course review our position when we have the final report.

NRA proposals for Control Rules to govern abstraction.

The aquifer is over licensed; licensed abstractions exceed the long.term sustainable available 
resources, there is saline intrusion in Grimsby in periods o f low recharge and springflows are 
adversely affected.

The objectives o f the NRA in addressing the above are:

1) To ensure the best use o f water resources.
2) To protect the aquifer from over commitment.
3) To preserve or restore springflow as necessary.
4) To meet the reasonable needs o f existing uses and users o f water wherever 
possible.

The major licensed abstractors are:
Anglian W ater Services (AWS) 158.2 tcmd (presently 137 tcmd to March 1994) 
Industrial abstractors total 35.0 tcmd

The NRA’s proposal for control rules based on groundwater level to govern abstraction is 
seen as the principal means to address the over licensing, such that:

a) abstraction is better matched to the sustainable available resources
b) saline intrusion is controlled
c) no deterioration in spring flows occurs (augmentation may be necessary in certain 
circumstances)



The principle behind the control rule is to allow flexible abstraction rates depending upon the 
state o f the aquifers' resources, such that:

ie when groundwater heads >  average; increased abstraction 
when groundwater heads <  average; decreased abstraction

A number o f control rules have been trialled and analysed in order to maximise abstraction 
from the aquifer and also meet the criteria a) to c) above. This has involved a number of 
scenarios being considered to control AWS and also Industrial abstractors.

Selection of Preferred C ontrolR ule. ~

Based on an annual average abstraction of 149 tcmd for PWS and 33 tcmd for Industry, a 
variety o f factors were applied to principally meet aquifer /springflow protection criteria. A 
satisfactory result was obtained from the ’90% rule’ (ie 149 x 0.9) and application o f a 
groundwater level factor. An explanation of how the control rule operates is given in 
Appendix 1.

In assessing whether to consider applying controls to PWS, Industry or both the following 
factors were taken into account:

1) PWS does have abstraction flexibility whereas some industrial abstractors do not.
2) Industrial abstraction does more critically impact upon salinity but also acts as a 
salinity sink, (ie Tioxide)
3) Industry would be less able than PWS to make use of increased permitted 
abstraction under a control rule.
4) The control^ rule runs indicate that for similar salinity/springflow /level conditions 
the increased abstraction permitted to PWS by controlling industry is 1.2 tcmd 
(average).
5) Total abstraction from the aquifer is greatest using the PWS only control rule. 

Preferred Control Rule.

On the basis o f our objectives and the above considerations it is proposed to apply the control 
rule to PWS only.

The average output available to AWS under this control rule is 135.1 tcmd, 167.2 tcmd 
maximum and 107.5 tcmd minimum. The details o f the rule are shown in the attached Table 
1.

The output available to AWS under a rule with industry also controlled by the rule would be 
136.3 tcmd.

The attached graph shows the variation in the rate of saline intrusion at Pyewipe, Grimsby 
under the two control scenarios, ie

AWS only controlled 
AWS and Industry controlled.



I attach further output as follows: - - -

* Table 2 shows the individual outputs for each source along with present licensed 
quantities.

* Table 3 shows the output from the northern chalk by month and year for history and 
control rule. Similar information is available for each source if required.

~ * Appendix 2 contains graphical- output-foreach source both history and under the 
proposed control rule. There are 6 further graphs showing the output for each o f 3 
groups o f sources both history and under the rule.

For all control rule options AWS Southern chalk abstraction was modelled at licensed 
quantity. Unfortunately inaccurate licensed quantities were used (4.6 and not 7.9). This is 
being looked into but initial indications are that this would make no difference to Northern 
chalk control rule outputs in the Barrow/Barton and Central groups and approximately 0.4 
tcmd on average less for Fulstow/Tetney group than shown. The model is being re run and 
revised source outputs under the rule will be made available.

Future policy
Our existing policy of granting no further licences to permit additional abstraction will 
continue and we propose that the control rule is implemented for a 10 year period from April 
1994 and that no further variations be made in that period.

Telemetry on the three key boreholes would be used such that the level at the end o f a month 
would control the permitted abstraction for the following month.

The northern chalk model would be run periodically to shadow the implementation o f the 
control rules and to maintain a watching brief.

We have identified that further investigations are required to better understand the movement 
of water between the southern chalk outcrop and the confined southern chalk across the 
buried cliff and their interaction with the Spilsby sandstone aquifer. This work is programmed 
for the period o f the 10 year licences on the southern chalk and Spilsby sandstone aquifers.

D.Watling. November 1992.



APPENDIX 1.

HOW THE CONTROL RULE WORKS.

In the development o f a control rule a baseload abstraction for each source was initially 
identified. (These are shown below). Each source belongs to one of three groups. A 
’baseload ’ abstraction can be identified for each group.

SOURCE ABSTRACTION (TCMD) GROUP TOTAL

Barrow 22.2 28.0
Barton 5.8

Goxhill 2 .0
Thornton 9.0
Ulceby 9.5
Habrough 12.0
Little London 17.0 96.0
Healing 12.0
Littlecoates ■ 18.0
Heneage Road 4.0
Weelsby 6.5
Barnoldby 5.7

. Eulstow 5.7 25.0
Tetney 19.6

TOTAL 149.0

Each group of sources is controlled by a groundwater level. The controlling groundwater 
levels are:

Horkstow Road TA 025209

Little Brocklesby TA 137089

Grainsby TF 260982

In the proposed control rule the baseload for each group is multiplied by a factor o f 0*9 (the 
90% rule) and then further factoring applied to the abstractions according to groundwater 
levels as shown below.

In the trials with Industrial abstraction controlled, the factors applied to Industry (base 33 
tcmd) were the same as those applied to AWS for the Little Brocklesby group.



H orkstow  R oad (G/W  level)
Abstraction

Factor. Sources.
level
>  mean + lm 140% Barrow

>  mean - lm  & <  mean + lm 120% Barton
>  mean -2m & <  mean -lm 100%

<  mean -2 m 90%

L ittle  Brocklesby (G/W  level)
level
>  mean +3m 120% All other

>  mean +2m  & <  mean +  3m 110% PWS northern chalk sources
>  mean & <  mean +  2m 100%
>  mean-0.5m & <  mean 95%
>  mean -lm  & <  mean -0.5 m 90%

<  mean -lm 85%

G rainsby  (G /W  level)
level

>  mean +  lm 125% Tetney
. >  mean & <  mean + lm 110% Fulstow

>  mean -lm  & <  mean 90%
<  mean -lm 50%
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NORTHERN CHALK OUTPUTS

MAX MIN MEAN

HISTORY N.CHALK 167.6 102.9 132.64
INDUSTRY 52.2 21.9 32.2
S.CHALK 9.7 0 3.08

AQUIFER 215.5 134 .3 167.92

CONTROL RULE: N.CHALK 167.2 107.5 135.13 - CONTROLLED
AWS ONLY CONTROLLED INDUSTRY __ .35 __35 _  - 35 — - -AT LICENCE —

S.CHALK 4.57 - AT LICENCE

AQUIFER 207.6 145 .9 174.7

CONTROL RULE: N.CHALK 167.2 107 . 5 136,3 - CONTROLLED
AWS AND INDUSTRY INDUSTRY 37.8 26.8 31. 1 - CONTROLLED
CONTROLLED S.CHALK 4.57 - AT LICENCE

AQUIFER 210.4 137.7 171.97

< f\eL E . i .



NORTHERN CHALK AQUIFER 
DATA FROM NORTHERN CHALK MODEL

MIN AND MAX ARE MONTHLY MEANS.
HISTORY 1961-1990

MIN MAX MEAN
BARROW 9.60 24 .90 18.38
BARTON . 10 6.40 4.00
THORNTON .50 11.80 7.41
ULCEBY . 10 16.80 9.88
GOXHILL . 10 7.90 3.60
HABROUCH .50 18.40 12.69
LITTLE LONDON. 5.10 20.30 14 .59
HEALING 4.50 17*50 12.86
LITTLECOATES 9.30 24.50 16. 75
HENEAGE ROAD .00 6.00 3.55
WEELSBY 1.40 10.30 4.86
CLEETHORPES .00 6.30 . 36
BARNOLDBY 2.60 5.60 4.07
FULSTOW 2.40 6.60 4 .40
TETNEY 6.70 22.10 15.21

N.CHALK AVERAGE 132.61
AT EXPIRY

CONTROL RULE CURRENT LICENCE LICENCE APR 1994
TO END MARCH 1994

MIN MAX MEAN DAY AVCE DAY AVGE
BARROW 18.00 28.00 23.25 22. 70 20.50 (2) 22.70 20.50
BARTON 4 .70 7.30 6.08 4 .00 3,80 (2) 3.80 3.80
THORNTON 6.90 9.70 7.97 13.,60 (1) (2) 13.60 (3)
ULCEBY 7.30 10.30 8.44 18.,20 25.00 < 2) 18.20 20.50
GOXHILL 1.50 2.20 1.77 9. 10 (1) (2) 9.10 (3)
HABROUGH S.20 13.00 10.65 18, 20 13.60 (2) 18.20 13.60
LITTLE LONDON 13.00 18.40 15.06 18.,20 18.20 (2) 18.20 18.20
HEALING 9.20 13.00 10.65 20,,50 13.60 137.00 20. 50 13.60
LITTLECOATES 13.80 19.40 15.95 29.50 21.60 (2) 29.50 21.60
HENEACE ROAD 3.10 4.30 3.55 6,,80 4.60 (2) 6.80 4.60
WEELSBY 5.00 7.00 5.75 11.,40 7. 70 (2) 11.40 7.70
CLEETHORPES .00 .00 .00 ,00 .00 (2) .00 .00
BARNOLDBY 4.40 6.20 5.05 5,,70 5 .70 (2) 5 .70 5. 70
FULSTOW 2.60 6.40 4.72 5,,70 5. 70 (2) 5.70 5 .70
TETNEY 8.80 22.00 16.24 22,.70 22.70 (2) 22.70 22 . 70

107.50 167.20 135.13 162.70 137.00 158.20

(1) Licence for Goxhill, Thomton, Ulceby is grouped, total 25 tcmd, expires and March 1994.
(2)Licence for all northern chalk sources is limited in aggregate to 137 t-cmd until end March 1994
(3) Licence for Coxhill, Thornton, Ulceby is grouped, total 20.5 tcmd.

2 ..
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G r o u p 1 i N o r t h c r n C h a l k . PWS

Y F A R J A N F 1" ! : MAR API MAY JUi' l Ji l l . AUG E f ‘ □  CT NOV DEC

J £ 6 2 1 2 2 . 1 ^ 2  . 1 2 2 . 1 2 2 . 1 2 2  ,' 1 2 2 . 1 2 2 , 1 2 2  . 1 2 2 , 1 2 2 . 1 2 2 . 1 2 2 .
1 * 6 3 1 2 5 . ’ 1 2 5 . 1 2 5 . '  i  2 rr. ' 1 2 5 7 1 . 25 , •125. - 125. . . 1 2 5 , _ 1 2 5 . 1 2 5 , 1 2 5  , ! 2  :
1 V 6 4 1 3 0 . 1 3 0 . 1 3 0 . 1 3 0 . 1 3 0  . 1 3 0  , 1 3 0 . J 3 0  . 1 3 0 , 1 3 0 . 1 3 0 , 1 30 ' . “ 13-u -t-
1 9 6 3 13: 5 . 1 3 5 . 1 3!5 , 1.35, 1.35 , 1 3 5 , 1 3 5 . 1 3 5 . 1 3 5  . 1 3 5 . 1 3 5 . 1 3 5  . m : . .
1 9 6 6 1 4 6 . 1 4 6 . 1 4 6 . 14 6 , 14 6 . 1 4 6  . 1 4 6 . 1 4 6 , 1 4 6  . 1 4 6 , 1 4 6 , 1 4 6  . i f; C;

1 9 6 7 1 5 7  , 1 5 7 , 1 5 7 , 1. 5 0  . 1 5 0 . 1 5 8 , 1 6 0  . 1 6 0 . 1 6 0  , 1 6 0 . 1 6 0 , 16  0 '. 1 5 0 . 5
1 9 6 0 1 4 4 . 1 4 4  . 1 4 4 , 1 4 4 . 1 4 4 - 1 4 4 . 1 4 4 . 1.44 . 1 4 4  , 1 2 9 . 1 3 6 , 1 3 2 . } . , 9
1 9 6 9 1 3 0 . 1 2 1 . 1 4 9 . 1. 2 0  . 1. 1 9 , 1 2 2 . 1 4 3 , 1 3 3 . 1 3 0  . 1 5 1 , 1 3 6  . 1 4 0 . J 3 3

.1.970 . M O . 1 3 6 . 1 4 6 . 1 4 7 . 1 5 4  , 1 6 2 . 1 5 0 . 1 5 3 . 1 5 8 . 1 5 6 , 14  6 , 1 3 3 . 1 9 . 3
1 9 7 1 1 5 2 , 1 3 0 , 1 3 / . 14  7 . 1 5 2 . 1 5 0 . 1 6 8 . 1 4 2 , 1 4 4  . 1 4 3 . 1 4 2  . 1 3 9 . 1 4 * , 1
1 9 7 2 1 3 9 . 1 4 3 . 1 3 7 . 1 3 6 , 1 3 9 , 1 3 5 , 1 5 7 . 1 5 3 , 1 5 2 , 1 5 5 , 1 5  4 , 1 4 9 . 14  0 • 7
19  7 3 1.5 3 . 1 4 5 . 1 5 1 . 1 3 9 . 1 3 C  , 1 -37 . 1 4 0 , 1 4 3 , 1 4 0 . 1 4 4 , 1 4 2 , 1 3 8 . 14 3 . 2
1 9 7 4 1 4 0 . 1 4 0 . 1 4 3 . 1 4 6 . 1 4 9 . 1 3 7 , 1 5 8 . J 4 9 . 1 4 0  . 141' , 1 3 4  . 1 3 4  , 1 4 2
1 9 7 5 1 3 9 . 1 2 9 . 1 3 1 V’ 1 3 7 , 1 4  3 . 1 4 7  . 1 6 7 , 1 4 7 . 1 4 5 . 1 3 7 . 1 3 9  . 1 3 5 , 1 11 . 4
i 9 7 6 1 3 0 . 1 3 1  . 1 2 7 . 1 1 5 , 1 0 9 . n o . 1 1 9 , 1 1 2 . 1 1 2 , 1 11 , 1 1 8 . 1 2 4  . 1 1 0 . n

1 9 7 7 1 2 4  . 1 2 6 , 1 3 5 ,  1 2 6 , 1 2 2 , 1 1 7 , 1 2 5 , 1 2 3 . 1 2 2 . 1 2 2 , 1 1 6  . 1 1 4 , 1 2 2 . 6
1 9 7  8 . 1 1 4 . 1 1 5 . 1 1 9 . 1 1 B . 1 2 3 , 1 , 23 . 1 3 2 . 1 3 6 . 1 2 0 , 1 3 2 , 1 3 7 . 1 3 4  . 1 2 5 . 9

13 K . ’' 1~3 7 . 13 / , , 'M*3 T T ~ T 3 T r r n n r r “ L 4*4T"■*1 4 3 . r r c r r T T 2  . 1 3 6 , I T ? ; 0
1 9 R 0 141 . 1 3 3 , 1 3 3 . 1 3 9 , 1 4 0 . 1 2 4  . 1 3 4 , 1 2 2 , 1 2 5 . 1 3 3 . 1 2 5 . 1 2 7  . 131 , 2
1 9 0 1 1 3 6 . 1 2 0 , 1 3 5 . 1 2 0 , 1.1 1, 1 . 32 , 1 5 0 , 1 2 7 , 1 2 8  . 1 0 7 . 111. . 1 1 0 . 1 2 4 , 8
1 9 8  2 14 1 . 1 3 2 . j 2 2 . 3 1 3 . 1 2 3 . 11 2 . 1 2 9 . 1 1 7 . 1 3 7 . 1 3 0 , 1 1 7 . 1 2 1  . 1 24 > 5
1 <?83 1 2  i . 1 2 7 . 1 2 8 , 1 7 6 , 1 3 7 , 141 . , 1 4 2 . 1 2 4 . 1 1 9 , 1 2 1 , 1 2 2  . . 12 3 , 1 2 7 , 5
j. 9 CM 1 2 1  . 1 1 3 , 1 2 0 . 1 2 0  . i 2 0 . 1.1.5. 1 3 0 . 1 1 8 , 1 2 0  . 1 1 7 , 1 2 2 , 1 ?  4 . 1 19 . R
1 9<?5 1 3 0  . 13 2 . 1.30 . 1 2 7 , 1 2 5 , 1 . 25 , 1 3 7 , 1 2 1  > 1 2 7  , 1 3 7 , 1 2 1 . 1 1 0 . 1 2 7 • 0
1 9 P 6 1 2 4  . 1 2 2  * 11 9 . 1 2 0 , l i e , 1 . 23 . 1 2 9 . 1 2 6 , 1 3 3 , 1 7 6 . 1 2 7 . 1 4 6 . 1 2 6 . 0
1 9 0 7 1 4 3 . 1.2 7 , 1 2 9 , 1 .30 , 1 3 7 , 1 3 1 , 1 3 8 , 1 2 6 , 1 2 3 , 1 2 7 , 1 2 3  . 1 2 0 . 1 3 0 . 1
1 *?RR 1 2R . 1 2 9 . 1 4 3 , 1 3 2 , 1 2 9 , 1 2 7 , 1 3 8 , 1 2 9 . 1 3 2 . 131 . 1 3 0 . 1 3 3  . 1 3 2 . 4
1 9 P 9 1 3 3 . 1 3 0 . 1 3 1 . 1 2 5 , 1 2  7 , 1 3 4 . 1 2 9 . 1 2 2 . 1 2 1 . U B . 1 ^ r* ♦ 1 2 5  . 1 2 6 . 5
1 9 9 0 1 2 4 . 11-6. 1 0 9 ,■ 1 1 0 . 1 0 5 . 1 1 0 , 1 1 5 . 1 1 1 . 1 1 0 . 1 1 0 . 1 0 3  . 1 1 3 . 1 11 r*

rule: data

Group i. is Northern Chalk PUS

YEAR JAM FEB MAR APL. MAY JIJN JUL AUG SEP OCT NOV DEC A<JE

1.96 2 129, 137. 124 , 110. 110, 1 10. 110. 110. 124 . 133, 12P. 1 37 . 121 .9
1_?63_ t 33 . 110. tio. 114, 124. 114 . 124 . ■133. 137. 137,' 137 . 150, 126 .8
1964 133 . 1 10 . 108. 137. 119, 119 . 124 . 124 . 11.4 . 110, 110 . 100 , 117. 71965 108, 100, 100 . 108. 100, 108. 100, 108. 108, 108 . 108 . 120 . 109,1966 167, 150. 167, 158. 1 53, 141. 150. 150, 150. 141. 141 . 141 . 151. 0
196 7 1 41 . 137, 141 . 119, 114, 137, 137, 137. 133. 120, 133. 137. 132 .91960 137, 1 24 . 110. 1 08. 1 08. 110. 110 . 119. 133. 137, 141 . 167. 125, n
1969 1 67, 167, 167. 167, 167, 167. 167, 167. 150. 158. 145, 145. 162. 0
1970 158, 145. 150. 145. 167. 145 . 145, 145. 1 S3. 145, 141. 145. 148. 71971 141 . 145, 133. 137, 133, 137, 137, 137. 141. 133, 128, 110. 134 .31972 108, 1)0. 110, 137. 141 . 137, 137, 137, 133. 133, 1 1.9, 110, 1 25. 9
1973 110 , 108, 108. 108. 1 OR. 108, 108, 110, 110. 110, 110 . 108. 108. 51974 108. 108. 100. .1 00, 100, 100. 108. 108, 110. no. 137. 137. 112. 0
1975 110 . 119, U O  . 159, 150. 150. 141 . 137, 137, 137, 133. 110. 1 32 .7
1976 110. 100. 108, 100. 108, 108, 108. 108, 108. 110. 128, 137 . 112. 11977 137. 159. 167, 167, 153. 141 . 141. 141. 153. 141. 141 . 133. 140, 11978 137. 167. 167. 141 . 141 . 1 53, 153, 153. 141. 141. 141 , 124 . 1 46 .9
1979 167, 145. 153, 145, 141 . 167. 150. 145. 158. 153, 141 . 133, 150 .71980 167, 167. 167. 167, 167, 158, 167, 158, 1 67. 158, 167. 167. 165, 0
1901 167 . 150. 150, 167, 167, 167, 16 V. 158, 158, 167, 158, 145, 161 ,0
1982 133. 124 . 119. 141. 133, 133, 141 , 141. 141. 137, 141 . 145, 135, 91983 141. 141. 141. 137, 145, 167. 145, 153. 141. 145, 141 . 128, 143, 91904 141. 167, 158. 145. 141 . 141. 141 . 141. 141 145; 141 . 145, 145, 81905 141 . 153 . 128, 133, 141 . 141 , 141 , 141. 141, 137. 133, 110. 136, 91986 141. 141 . 141 . 141. 153, 1 53, 141 . 141 . 145. 141 . 141 . 153, 144 .71987 167, 141 . 141. 141. 145. 141. 153. 145, 145, 145, 158 . 167. 14V, 31980 141. 167. 158, 167. 150. 145, 145. 153. 1 45, 145 , 141 . 133 , 149 , 2
1909 110. 108, 108. 100 . 110. 110, 110 . 110; 110, 110 . 110 . 100 , 109 , »>
1990 110. 114, 124 . 110 . 108, 1 10 , 110 , 110, 110. 110 . 110 . 1 0 0 , 111 , 1



Control Rule Output 
Run 2 - Northern PWS only controlled 

Group Abstractions for History and Control Rule
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90% Rule - Northern PWS Controlled
Barrow-Barton Group Output - Rule
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90% Rule - Northern PWS ^Controlled 
Central Group Output - History
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Overall Mean
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90% Rule - Northern PWS jControlled 
Central Group Output f Rule
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Mean Annual
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90% Rule - Northern PWS Controlled
Tetney Fulstow Group Output - History

Period from 1962 to 1990 (months)

Monthly Abstraction 

Mean Annual 

Overall Mean



90% Rule - Northern PWS Controlled 
Tetney Fulstow Group Output - Rule

Monthly Abstraction: 

Mean Annual 

Overall Mean
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Control Rule Output 
Run 2 - Northern PWS only controlled 

Individual Site Abstractions for History and Control Rule
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90% Rule - Northern PWS Controlled 
Barrow Output - History
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90% Rule - Northern PWS Controlled 
Barrow Output - Control Rule
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Monthly Abstraction
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90% Rule - Northern PWS Controlled
Barton Output - History

Period from 1962 to 1990 (months)
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90% Rule - Northern PWS Controlled
Barton Output - Control Rule
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90% Rule - Northern RWS Controlled
Thornton Output - History
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Mean Annual 
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90% Rule - Northern PWS Controlled
Thornton Output - Control Rule
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90% Rule - Northern PV\(S Controlled 
Ulceby Output - History
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90% Rule - Northern PWS Controlled 
Ulceby Output - Control Rule

Monthly Abstraction
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90% Rule - Northern PWS Controlled 
Goxhill Output - History
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90% Rule - Northern PWS Controlled
Goxhill Output - Control Rule
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90% Rule - Northern PWS Controlled 
Habrough Output - History
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90% Rule - Northern PWS Controlled 
Habrough Output - Control Rule

Monthly Abstraction 

Mean Annual 1

Overall Mean
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90% Rule - Northern PWS Controlled 
Little London Output - History

Monthly Abstraction 

Mean Annual i
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