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1 INTRODUCTION 

1.1 General 

This  report  presents a  t echnical  rev iew (Review)  of  the Bas ings toke and 
Deane Borough Counci l  (BDBC)  Water  Cycle S tudy (WCS) ,  as  par t  of  a 

s tudy regarding  the ro le of the Chalk Aqui fer  in the qual i ty of  water in the 

River  Tes t .  

The WCS was  commissioned by BDBC and produced by  AECOM in  May 

2022,  AECOM 2022.  The WCS was  developed to  support  deci s ion  making 

relat ing  to  fu ture development and inform the updated  Local  Plan  (2019 -
2039) ,  ensur ing that  developmen t does  not  adversely  impact  the water  

envi ronment .  

The S tudy area for  the WCS is  the adminis t rat ive boundary  of  BDBC, which  

comprises  an  area of  approximately  634 km 2  and  includes  par t s  of  the 

surface water  catchments  of  the Upper Tes t ,  R iver Loddon ,  and  t r ibutar ies  

of  the River  Kennet t  including  the River  Enborne and Foudry  Brook.   The 
WCS was  based  on  two housing  growth  scenar ios ,  a  lower  growth  scenar io  

and a  potential  maximum growth  scenar io .  There was  al so  a th i rd scenar io  

that  was  a  minor  var ia t ion  of  the maximum scenar io .  

The Review was  d i rected  to the coverage of  the Upper  Tes t  catchment  in  

the WCS.  The Review cons idered the implicat ions  of  the WCS on fu ture 
groundwater  and  surface water  quant i ty  and qual i ty  in  the Upper  Tes t ,  and  

the associa ted  effect s  on  dependant  ecology and habi tat  s i t es.    

The report  was  researched and wri t t en by Lawrence Houlden,  an  

independent  groundwater  and  envi ronmental  consul tant .   This  work  was  

funded by  Hampshi re  and Isle  of  Wight Wi ld l i fe  Trus t   under  a  Watercres s  

and Winterbournes  Community  Grant  which  i s supported  by  the Nat ional 
Lot tery  Heri tage Fund.  The grant was  awarded to Whi tchurch  Conservat ion 

Group.  We are gratefu l  to  HIWWT and the Nat ional  Lot tery  for  thei r  

support .  

The remainder  of  th i s sect ion summari ses the pr incipal f indings of the 

Review and relevant  background informat ion .  

1.2 Principal Findings 

The pr incipal  f indings  were as  fo llows:  

General  Scope and Content o f  the WCS  

•  I t  i s  acknowledged that ,  i n general ,  the WCS i s based  on  appropriate  

informat ion  and used  es tabl i shed  assessment  methodologies  to 

develop  i t s f indings .    

•  However ,  t he WCS lacks  technical  detai l  and  is  not  a r igorous 

scient i f i c  assessment  of  the potent ial  impacts  of  fu ture hous ing and 

populat ion growth  on the water  envi ronment .    
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•  The WCS should include an assessment of ev idence gaps ,  as 

recommended  by the Envi ronment Agency ’s  Water  Cycle S tudy  

guidance a .   The WCS did not adequately  identi fy  and consider  
ev idence gaps .   As  a  consequence the WCS did  not  include an 

adequate,  or  arguably any,  evaluat ion of the cr i t i cal  uncer tain t ies  in  

i t s  f indings and s t rategies  developed.    

Water  Supply 

•  The WCS ident i f ies four  Water  Neut ral i ty Scenarios  (WNS) based  on  

var ious  to tal  water  demand growth pro ject ions  combined with  
demand eff iciency  measures  in  exis t ing  and new homes .   The Medium 

WNS was cons idered  to be “ t echnical ly  and f inancia lly  f eas ib le ”.   

However ,  the Medium WNS only  del ivers  31  to  46% of  water  
neut ral i ty  l eaving  the remainder of  the increase in  to tal  water  

demand to  be sourced  from other  measures .     

•  The High WNS, which  del ivered  100% neut ral i ty ,  was  cons idered  

theoret ical  and  not pract i cal ly  achievable.    

•  The WCS stated  that  “  Since development  wi th in the study area  i s 

not  proposed to  exceed that  for  which  both  South  East  Water  and 

Southern  Water  are planning,  i t  i s  not  necessary to  evaluate the 
impacts  o f  water  supply in  the s tudy area  independent ly  o f  the 

WRMPs and thei r assessments .   This  meant  that  the WCS did not 

include any cr i t i cal  rev iew or  ver i f icat io n  of  the water  company 

Water  Resources  Management  P lans  ( WRMPs).  

•  The WRMPs rely  on leakage reduct ion  ( for  Southern  Water  th i s i s 

15% of  the current  l eakage rate  by  2025 and 50% by 2050)  and 
consumer demand reduct ion  and o ther  eff iciency measures  wi th 

l imi ted resource development .   I t  i s  es t imated  in  thi s  Review that  

l eakage reduct ion   of  50% by 2050 would del iver  an  addi t ional 2 .8 

Ml /d  for the WCS s tudy area ,  which  i s  approximately  10% of  the 

exis t ing  water  demand.    

•  There can  be no  cer tain ty  that  l eakage reduc t ion  and water  eff icie ncy  

measures  wi l l  meet  thei r  respect ive WRMP targets .   The WCS does  
not  provide cr i t i cal  assessments  of  the water  company WRMPs,  and 

therefore s igni f icant  uncer tain ty remains as  to whether the WRMPs 

can  be del ivered .   For  thi s reason ,  a l though the WCS wi ll  inform 
local  p lanning  pol icy  and pract ice,  i t  does  not  demonst rate  wi th  any 

degree of  confidence that  adequate water  suppl ies  wi ll  be avai lab le  

for  ei ther  hous ing/populat ion growth scenar io .    

Wastewater  

•  The WCS proposed that  the addit ional volumes  of t reated  eff luent  

d i scharged from the  Wastewater  Treatment  Works  (WWTWs)  in  the 
Upper  Tes t  Catchment  can  be accommodated  wi thout det r imental  

effect s  by  adopting  the pr incip le of  “ load s tands t i l l ”.   This  would  

requi re  that  the concent rat ions  of contaminants  in  the t reated  

 
a Water cycle studies - GOV.UK (www.gov.uk) 

https://www.gov.uk/guidance/water-cycle-studies
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eff luent  are  r educed in  proport ion  to the addi t ional  t reated  

was tewater  volumes  such  that  the contaminant  load  di scharged to the 
envi ronment  does  not  increase.  There a re  two fundamental  object ions 

to  the load  stands t i l l  p r inciple .   Fi rs t ly,  loa d  s tands ti l l  does  not  

provide any bet terment that  may be needed to reverse ecological  

decl ine.   Secondly,  under  condi tions of  reducing  low f lows ,  load  
s tands t i l l  wil l  resu l t  in concent rat ion  increases  dur ing  low f low 

per iods  compared  to  the basel ine,  and  i n  general  i t  i s  the 

concent rat ion  rather  than  load  that  causes  adverse effect s .   
I r respect ive of  whether  load  s tands t i l l  i s  appropriate  for  the Upper  

Tes t ,  the methodology descr ibed  in  the WCS i s  fundamental ly f lawed 

for  several  reasons  as  fo l lows .  

•  The WWTW Envi ronmental  Permi t s  set  emiss ion  l imi t  values  (ELVs)  

for  several  parameters  based  on  ( i )  annual  averages  (AA) and ( i i )  

maximum al lowable concent rat ions  (MAC).   The WCS proposes  a 

proport ional  decrease in  the annual average ELVs for  each  WWTW 
but  only where exis t ing ELVs have been  set  in  the Envi ronmental  

Permi t s.   However  the WCS does not  propose that  the ELVs based  on  

maximum al lowable concent rat ions  should al so be proport ionately 
reduced.  Wi thout  a  reduct ion  in  the MAC -based  ELVs the 

contaminant  loads  wi ll  increase under  the proposal  in the WCS.   

•  The WCS should,  but  does  not,  a l so  propose that  the emiss ion  
cont ro l s  in the WWTW permi t s should be upgraded to a  common 

s tandard ,  with  each  WWTW requi red to meet  the same ELVs for the 

same sui te of  contaminants .   At present  al l  WWTWs have ELVs for  

BOD b,  TSS c and  ammoniacal  n it rogen,  but Whi tchurch ,  Oakley  and 
North  Wal tham WWTW have ELVs for  TIN d but  not 

phosphorus /phosphate,  and  Overton  WWTW has  ELVs for  

phosphorus  but not TIN.    There are  no  ELVs in  the Permi t s for  

Hannington  and Ashmansworth WWTWs.  

•  The WCS does  not  acknowledge that  di scharges  f rom WWTWs are  

l i ab le  to  contain  a  l arge number  of  substances  for  which  ELVs are 
not  set  and  for  which there i s very  l imi ted ,  if  any ,  moni tor ing  and in 

many cases  only  an emerging  unders tanding  of  the harm that  th ese 

subs tances  may cause .   These unregulated  subs tances  include a  l arge  

number  of  P r ior i ty Substances  (PS)  and Prior i ty Hazardous  
Subs tances  (PHS).   In 2019 the WFD status  of the River  Tes t  and  

numerous  other  r ivers in England was downgraded to “Fai l”  beca use  

in  the case of the Tes t  of  the detect ion  of  mercury  and 
polybrominated  d iphenyl  ether s  (PBDE),  both  of  which  are PHS.   

Any increase in  the volume of  was tewater  d ischarged would  resul t  in  

a  proport ional increase in  the load  of these “unknown” contamina nts 

being  d i scharged to  the Chalk Aqui fer  and  then  to  the River  Tes t ,  
unless  any unknown contaminant was for tu itous ly at tenuated by the 

improvements  requi red  to  meet  the new ELVs for  n it rate ,  

phosphorus ,  e tc .  

 
b BOD: biological oxygen demand 
c TSS: total suspended solids 
d TIN: total inorganic nitrogen 
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•  In  the assessment of  the effect s  of  increased  q uant i t i es  of was tewater  

the WCS did not adequately  cons ider  the effect  of  contaminant 

s torage and t ransport  in  the Chalk Aqui fer .    

•  Treated  eff luents  f rom the four l arger  WWTWs in  the Upper  Tes t  

Catchment  are  d i scharged to  ground using  var ious  inf i l t rat ion  

sys tems.   These inf i l t rat ion systems have been  operat ing  for  decades ,  

and  in  the case of  Whi tchurch  WWTW for  at  l eas t  90  years .   The soi l  
and  groundwater  beneath  each  inf i l t rat ion  system i s inevi tab ly 

contaminated ,  and  as such should be cons idered  as  potent ial ly 

contaminated  land .   In  effect  the WCS proposes  an  increase of  the 
volume,  and changes  to  the chemical  character ,  of  the d ischarge of  

t reated  eff luent  to  contaminated  land  wi thout  any  proposals  to  assess 

the consequences .  In  a  presentat ion  to  BDBC on 1  September  2022 
Mr David  George explained  the l ikel ihood that  di scharging  h igher  

volumes  of  t reated  eff luent  wi th  lower  n i t rate  concent rat ion s  would  

resul t  in back-di ffus ion  of  n it rate  f rom s torage in  the Chalk Aqui fer  

beneath  the inf i l t rat ion  sys tem.  The consequence of  th i s  back-
di ffus ion  is  that  the n it r ate  loads reaching  the River  Tes t  would not  

reduce in  accordance wi th  the des ign  under  the load  stands t i l l  

approach.   In o ther  words the load s tandst i l l  object ive would not  be 
achieved at  the River  Tes t .   There i s  a  r i sk that  o ther  contaminants  

have accumulated  beneath  the inf i l t rat ion systems and that  these 

contaminants  may al so  be mobil i sed  by  the changed operat ional  

reg imes  proposed in the WCS.  

•  At a regulatory  level  the obl igat i ons  p laced  on  the water  companies ,  

such  as  Southern  Water ,  and  indus t ry  are  not on  a  l evel p laying f ield .   

For  example,  in 2018 Portal s Paper  Mi ll  near  Overton  was requi red ,  
for  thei r  d i scharge of  t reated  eff luent  to the River  Tes t ,  to meet  the 

BATC AEL e (equivalent  to  an  ELV) for  phosphorus ,  der ived  from the 

EU Indus t r ial  Emissions Di rect ive ( IED),  of 0.25 mg -P / l  by 2020.   In 
cont ras t ,  Whi tchurch  WWTW does not have an  ELV for  phosphorus 

and the WCS does not propose that  one should  be set .    

Flood Risk  

•  The WCS cons idered  the effect s  of  increased  was tewater  f lows  on 

f lood r i sk  only  for  those WWTWs which  d i scharge to  watercou rses ,  

and  not  for  those that  d i scharge to  ground .   Al l  of  the WWTWs in  
the Upper  Tes t  Catchment  d i scharge to ground and not di rect  to a  

watercourse.   Consequent ly,  the WCS did not  consider  the effect  of  

increased  was tewater  d i scharg e f rom the WWTWs in  the Upper  Tes t  

Catchment .    

•  The f lood r i sk  assessment s  for  the WWTWs that  d i scharge to  

watercourses  were  based  on  the 1% annual exceedance p robabi l i ty  
(AEP) f lood event but  the WCS does not  explain whether  the 

increased  was tewater  f lows  included an  al lowance for  cl imate chang e  

or  not .   Fur thermore the der ivat ion  of  the 1% AEP f lood f lows  is  

 
e BATC AEL: best available technology conclusion – associated emission level 
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included in  Appendix  H of  the WCS but  Appendix  H i s  n ot included 

in  the copy of  the report  avai lab le  f rom the BDBC webs i te .    

•  The WCS does  not  provide any assessment  of  the f lood r i sk  effect s  

of  addi t ional was tewater  d ischarges  to ground ,  and  therefore the 

Chalk  Aqui fer ,  f rom the WWTWs in  the Upper  Tes t  Catc hment .   The 

Chalk  i s  a  f ractured  rock  aqui fer  where gro undwater  f low may occur  
at  relat ively  rapid  rates .   The inf i l t rat ion  sys tems at  Overton  and 

Whi tchurch  WWTWs are respect ively approximately 100 and 400 m 

from the River  Tes t .   The incremental  t reated  e ff luent  d i scharges  at  
Overton  and Whi tchurch  WWTWs could ,  in pr incip le ,  increase f lood 

r i sk  and therefore an  assessment  should  have been  included in  the 

WCS, and al l  f lood r isk  assessments  should  have included al lowances  

for  cl imate change in  accordance wi th  the NPPF f.   

•  The WCS does not cons ider whether  there is  suff icient development 

l and  in area wi th low f lood r isk (Flood Zone 1)  to  accommodate the 

growth  scenar ios .   The Envi ronment Agency guidance sugges t s that  

a  WCS should cons ider  thi s  mat ter .   

•  The WCS does  not cons i der  the f lood r i sk effect s  of  increased  runoff  

f rom new hous ing  development.   Whi l s t  BDBC’s  S t rategic  Flood 
Risk Assessment (SFRA) should  be the pr imary  source for  f lood r i sk 

informat ion ,  the WCS could  have cons idered  f lood mit igat ion in  the 

context  of  In t egrated  Water  Management g.    

Climate Change 

•  The effect s  of cl imate change are not considered  in the WCS, ei ther  
as  a  separate  i ssue or  wi th in  the coverage of  each  aspect .   There i s  

no  mention of  cl imate change in the f lood r isk  sect ion (Sect ion 6) of  

the WCS.   These are s igni f icant  omiss ions.   

Speci f i c  Evidence Gaps  

•  The water  supply analys i s in  the WCS rel ies  on  water  company 

WRMPs,  but the WCS did  not at tempt to  ident i fy  evidence gaps ,  or  

o therwise evaluate ,  the uncer tain t ies  contained  in  these p lans .     

•  There are  numerous  evidence gaps  associated  wi th  was tewater  

proposals  in the WCS.   For  example there are  a  number  of  notable 
evidence gaps  in the avai lab le water  quali ty  moni tor ing data for the 

River  Tes t ,  groundwater  in  the Chalk Aqui fer  in the Upper  Tes t  

Catchment ,  and  the t reated  was tewater  d i scharges  f rom the  WWTWs,  
but  these were not ident i f ied or  considered  in the WCS.    These 

evidence gaps  are  descr ibed  in  Sect ion 5 .4 .   

 
f NPPF: National Planning Policy Framework 
g CIRIA report C787A, CIRIA 2019 
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1.3 BDBC Water Cycle Study 

1.3.1 Introduction 

Water  cycle  s tudies  were commiss ioned by BDBC in 2007 and 2009,  but  

these were bas ed  on  assumpt ion s  that  the major i ty  of  fu ture hous ing  would 
be located  in  the  Bas ings toke  area  and would  be served  by  Bas ings toke 

WWTW which  d i scharges  to  the River  Loddon.   

The 2022 WCS was  commiss ioned by  BDBC  to  support  the  updated  2019-
39 Local Plan .   BDBC have now identi f ied  two hous ing growth scenar ios  

for  th i s  p lan per iod  that  assume housing  growth  spread  more widely  across  

the BDBC area ,  including  s igni f icant housing  growth in the Upper  Tes t  
catchment .   Speci f ical ly,  new housing  i s assumed to  be located  at  Oakley ,  

Overton  and Whi tchurch ,  wi th a  to tal  of 3861 and 5381 uni t s respect ively  

under  growth  scenar ios  1 and 2.   In addi t ion  smaller  development of 134 
uni t s i s assumed at  North Wal tham and 200 unit s a t  S t  Mary  Bourne under  

both  scenar ios .   North  Wal tham,  Oakley ,  Overton  and Whi tchurch  each  have  

thei r  own WWTW.  S t  Mary  Bourne  i s  served  by  Barton  S tacey  WWTW.       

The object ive of  the WCS were  to  identi fy  water -related  cons t rain t s  on  

p lanned hous ing growth ,  including was tewater  drainage and t reatment  

together  wi th pro tect ion of  si t es  designated  under  the Habi tat s Regulat ions ;   
water  supply  and water  neut ral i ty ;  and  f lood r i sk f rom increased  t reated  

was tewater  f lows .    

1.3.2 WCS Study Area 

Figure 1  shows the  BDBC area boundary ,  the  s tudy area for  the WCS.   

 

Figure 1 WCS Study Area    Reproduced from AECOM 2022 
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1.3.3 WCS Growth Scenarios 

The growth  scenar ios  on  which  the WCS was based  are summarised  in Table 

1 .   Scenar io  1 is  a base populat ion  and housing  growth  case and scenar io 2  

i s  a  potent ial  maximum growth case.    

Detai l s  of  the effect s  of  the growth  scenar i os  on  was tewater  t reatment  are  

included in Appendix  A.    

Table 1 Growth Scenarios Considered in the WCS 

W W TW S e t t l eme n t s  S c e n ar i o  Nu m b er  o f  

Pr o p os e d 

Ne w 

H o us i ng  

Un i ts  

Nu m b er  

o f  Ne w 

J o b s  

Cr e a te d 

Approximate  res idual  

wastewater treatment  

capaci ty at affected 

WWTW 

(m 3 /d)  

W h it ch u rc h  
W h i t ch u rc h 
& P o p ham 

1  2 , 8 81 8 4 5 - 5 4 8 

2  3 , 8 71 8 4 5 - 9 3 2 

Ov e r t o n  Ov e r t o n  
1  3 9 0 n i l  7  

2  6 3 0 n i l  - 8 6  

Iv y  Do wn 
La n e  Oa kl e y  

Oa k l ey  
1  5 9 0 n i l  - 4 1  

2  8 8 0 n i l  - 1 5 3 

No r th  
W al t ham  

No r th  
W al t ham 

1  1 3 4 n i l  7 9  

2  1 3 4 n i l  7 9  

1.3.4 BDBC WCS Scope and Content 

1.3.4.1 General 

The WCS presents  water  supply  and was tewater  s t rategies  to  accommodate 

the proposed growth,  together  wi th  an  assessment  of  the effect s  of  increased  

was tewater  generat ion  on  f lood r i sk.    

The WCS includes an  assessment of surface  water  and gro undwater  qual i ty 

based  on  informat ion from the Envi ronment  Agency’s  Catchment  Data 
Explorer h sys tem which  is  l imi ted  to compari son  of  moni tor ing  informat ion 

agains t  WFD object ives .   The WC S did not access  the detai led  quant i ta t ive  

moni tor ing result s on the Envi ronment Agency’s  Water  Qual i ty Data 

Archive (OpenWIMS ) i system.   

1.3.4.2 Water Supply 

The WCS  refers  to  and largely  rel ies  on the Water  Resources  Management  

P lans  produced by  South  Eas t  Water  for  the per iod  2020 -80 (South  Eas t  

Water  2020) j and  Southern  Water  for  the pe r iod  2020 -70 (Southern  Water  
2019) k.   Both WRMPs rely  heavi ly  on  water  eff icie ncy measures  to  reduce 

demand and leakage reduct ion  in  the di s t r ibut ion  sys tem in  order  to  meet  

fu ture water  supply demands.   Development  of addi t ional  water  suppl ies 
f rom surface wate r  and  groundwater  i s  s igni f icant ly  cons t rained  by  water  

resource avai lab i l i ty .   

 
h South East River Basin District | Catchment Data Explorer 
i Open WIMS data 
j Report (southeastwater.co.uk) 
k 5025_wrmp_-v11.pdf (southernwater.co.uk) 

https://environment.data.gov.uk/catchment-planning/RiverBasinDistrict/7
https://environment.data.gov.uk/water-quality/view/landing
https://cdn.southeastwater.co.uk/Publications/Water+resources+management+plan+2019/wrmp19-sea-report.pdf
https://www.southernwater.co.uk/media/3656/5025_wrmp_-v11.pdf
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The WCS provides a  s t rategy for fu ture water  supply  provis ion based  on a  

current  basel ine water  consumpt ion  in  BDBC of  28.39  Ml /d .   Four  levels  of  

demand growth  were pos tulated:  

Project ion  1 :  new homes consume water  at  the current  basel ine of 174 

l /h /d.    

Project ion  2 :  new homes  consume water  at  the Bui ld ing  Regulat ions rate  

of  125 l /h /d.  The increase in to tal  water  demand i s 20% and 25% 

respect ively  for  growth  scenar ios  1 and 2.  

Project ion  3 :  new homes consume water  at  the of opt ional  Bui ld ing  
Regulat ions  rate  110 l /d .  The increase in  to tal  water  demand i s  17% and 

23% respect ively  for  growth scenar ios  1  and 2  

Project ion  4 :  new homes consume water  at  62  l /d ,  achieved wi th  grey  

water  recycl ing  and rainwater  ha rves t ing .   The increase in  to tal  wate r  

demand i s  10% and 13% respect ively  for  growth  scenar ios  1 and 2  

The water  supply  s t rategy i s  then based  on  a  goal  of achieving water  

neut ral i ty ,  where water  neut ral i ty  requi res  that  the  to tal  demand for  water  

in  a p lanning area af ter  development has taken p la ce is the same,  or l ess,  
than  i t  was  before development  took p lace.   Three set s  of  water  neut ral i ty  

assumpt ions were developed,   

High:  theoret ical  neut ral i ty  -  Water  eff icien cy measures  of  ( i )  ret rof i t t ing  

water  meters  in  100% of  proper t ies  and  ( i i )  50% uptake of  water  eff icien cy  

measures .  

Medium: Water  eff iciency measures  of ( i )  ret rof i t t ing water  meters in 80% 

of  proper t ies  and  ( i i ) 15% uptake of  water  eff ic iency measures .    

Low:  Water  eff iciency measures  of  ( i )  ret rof i t t ing water  meters  in 80% of  

proper t ies  and  ( i i )  5% uptake of  water  eff iciency measures .  

together  wi th  the current  Basel ine.  Two sub -set s  of  assumpt ions  were 

assessed  for  the Medium and Low ass umpt ion  cases .    

Water  Neut ral i ty  Assessments  (WNAs) were made for  growth  scena r io  1  

(Table 7 -6  on  page 76 o f  the WCS ) and  growth  scenar io  2 ( Table 7 -7  on 

page 77  of  the WCS ) .    

The resul t s  were that  WNA achievement  of respect ively  46% and 43% of  

fu l l  neut ral i ty could be achieved by  the Medium neut ral i ty assumptions for  

growth  scenar ios  1 and 2.   WNS achievement  was  obviously  0% for the 
basel ine,  and  21 to  27% for  the Low neut ral i ty  assumpt ions.   Ful l  neut ral i ty  

was  only  achieved under  the High ( theoret ical  neut ral i ty)  assumpt ions.   

The cos t  es t imates to meet Medium assumpt ion cases  were modes t  a t  

approximately  £4.2M for  both growth  scenar ios .   However  the cos t  es t imate 

to  meet  the High neut ral i ty assumptions increased  cons iderably ,  to  £84M 

for  growth  scenar io  1  and £109M for  growth  scenar io  2 .    

For  p lanning purposes  only the Medium neut ral i ty  assumpt ions  can be 

cons idered  to  be technical ly  feas ib le .   Therefore,  for  al l  pract ical  purposes 
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there would  be a  need  for  approximately  55% of  the fu ture water  demand  

to  be fu l f i l l ed  by  leakage reduct ion  and/or  increas ing  abs t ract ion  and/or  by  
o ther  water  supply improvements  carr ied  out  by the water  companies .   The 

WCS does not cons ider  how these addi t ional  water  resources  wi l l  be 

provided.    

1.3.4.3 Wastewater 

All  the WWTWs i n the Upper  Tes t  Catchment  d i scharge t reated  eff luent  to 
inf i l t rat ion systems d i rect ly above the Chalk  Aqui fer .  Exis t ing permit  

condi t ions p lace l imi t s on the volume of t reated  eff luent  and concent rat ions  

of  a  l imi ted number of  parameters  in t reated  eff luent  that  can  be d i scharged 

to  the aqui fer .    

The was tewater  s t rategy for  the WWTWs in  the Upper  Tes t  Catchment  i s  

based  on  a “load s tands ti l l ” pr incip le .   Load s tands ti l l  means that  fu ture 
was tewater  volume increases ,  caused  by  development ,  are  accommodated  

by  corresponding reduct ions in the emission  l imi t  concent rat ions to ensure 

that  loads l o f  cont ro lled  contaminants  d i scharged to  groundwater  do  not  
increase above the current  s i tuat ion .    The basel ine loads have been  

determined by  mul tip ly ing  the actual  dry  weather  f lows  by  the current  ELV 

for  each  subs tance.      

Permi t s for  the WWTW in the Upper  Tes t  Catchment var iably  include 

emiss ion l imi t  values for  BOD, TSS,  ammoniacal  n i t rogen ,  TIN and to tal  

phosphorus  (TP) .   The  current  and  proposed ELVs from the WCS are l i s ted 

in  Table 2.  

I t  i s  not c lear  why a cons i stent  set  of  ELVs have not been  enforced ,  
especial ly  as  al l  the WWTWs discharge to  the same groundwater  body.   

Logical ly ,  each  Permi t  should at  the very  leas t  include ELVs for  TSS,  BOD, 

ammonia,  TIN and TP.   The incons i s tencies  a re  most l ikely the resul t  of  
h i s tor ical  anomal ies which  should have been  addressed  before now.   The 

WCS did  not  propose in t roducing a  uni form approach to  set t ing ELVs at  

WWTWs in  the Upper  Tes t  Catchment .    

There are  some anomal ies  in the WCS : 

•  The WCS does  not include any proposals  to  amend,  or  retain  the 

same,  ELV for  TSS.   Therefore TSS loadings  wi l l  increase resul t ing  
in  potent ial  adverse operat ional  outcomes  because the inf i l t rat ion 

sys tems wi ll  l ikely need  more f requent maintenance.   Furthermore  

the g reater  TSS loads  may increase the associated  loads of 

contaminants  di scharged to  the Chalk.  

•  The WCS does not s tate  how the emiss ion l imi t  values speci f ied as  

maximum al lowable concent rat ions  (MAC) wi l l  be amended,  i f  a t  a l l .   
Load s tands t i l l  cannot be achi eved wi thout corresponding reduct ions  

in  the MACs.    

 
l Load is the mass of contaminant discharged per unit time, for example in kg per day. 
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Table 2 Emission Limit Values for WWTWs in the Upper Test Catchment 

W W TW ; 

Po p u l at i o n 

Eq u i v al e nt  

( PE)  

C u r r e n t  

( C ) o r  

P r o p o s e d  

( P )  

D W F  

( b )  

 

m 3 / d  

Em is s i o n L imi t  Val u es  ( mg / l )  

T S S  B O D  A m m o n i a  T I N  T P  F e  

L U T  L U T  M A C  L U T  M A C  A A  A A  A A  

W h i t c h u r c h  

P E : 4 , 7 5 7  

C  1 7 5 3  6 0  4 0  8 0  5  2 0  3 2  n o n e  n o n e  

P  3 2 6 8  N P  2 1 . 5  N P  2 . 7  N P  1 7 . 2  n o n e  n o n e  

O v e r t o n  

P E :  4 , 4 7 7  

C  1 0 0 1  6 0  4 0  8 0  5  2 0  n o n e  1 a  8  

P  1 2 4 6  N P  3 2 . 1  N P  4  N P  n o n e  0 . 8  N P  

O a k l e y  

P E :  5 , 0 5 1  

C  5 3 4  6 0  4 0  8 0  5  2 0  3 5  n o n e  n o n e  

P  8 7 5  N P  2 4 . 4  N P  3 . 1  N P  2 1 . 4  n o n e  n o n e  

N o r t h  

W a l t h a m  

P E :  8 1 6  

C  3 6  6 0  4 0  n o n e  5  n o n e  2 0  n o n e  n o n e  

P  8 8  N P  1 6 . 2  n o n e  2  n o n e  8 . 1  n o n e  n o n e  

A s h m a n s w o r t h  

P E :  2 0  

C  5  none None none none none none none none 

P  -  none None none none none none none none 

H a n n i n g t o n  

P E :  3 8  

C  1 0 . 2  none None none none none none none none 

P  3  none None none none none none none none 

AA a n n u al  a ve ra g e  c om pl i a nc e  NP   n o  pr o po s a l  t o  ame n d th e  ELV 

BOD  b i ol o gi c a l  o x yg e n de ma n d   T IN  t o ta l  i n or g a ni c  n i t r o ge n  

E L V e mi ss i on  l imi t  va lu e   F e  t o ta l  i r on  

LUT  l o o k- u p t a bl e  c om pl i a nc e   T P  t o ta l  ph o s ph o ru s  

M AC m a xim um al l o wa b le  c o nc e nt ra t i o n  TS S  t o ta l  su s pe n de d  s ol id s  

a  Co m pl i a n ce  b a se d o n 9 0%i le  o f  m e as u re d d a t a  

b  Cu r re n t  DW F ar e  a c t u a l  v a l ue s ,  n ot  p erm i t  l im i t s ,  ex c ep t  Ashm a ns wo r t h  an d  
Ha n n in g to n  whi ch  ar e  p er mi t  va l ue s .  F ut ur e  DW Fs  ar e  ba se d  on  fu tu r e  p op u la t i o ns  
s e rv e d.  

 

The WCS al so s tates  (page 49)  that  the ELVs for  ammonia and BOD at al l  

the WWTWs discharging to ground are expressed  as  95% i les ,  and that  the 
fu ture ELVs wil l  a l so be expressed  on th i s bas i s .   According to Table S3.1  

of  the EPR Permi t  for  Whitchurch  WWTW the ammonia and BOD ELVs are 

based  on  the LUT methodm, n bu t  are  not  speci f ical ly  expressed  as  95%i les  

in  the Permi t .  

The was tewater  s t rategy in the WCS speci f ical ly  excluded cons iderat ion of  

pr ior i ty  pol lu tants :  

“It should be noted that other wastewater discharge and water quality determinands 

such as copper, zinc, tributyl-tin and nickel have not been considered as part of this 
WCS. These have not been reported as an issue by Thames Water or Southern Water for 

this study area.” 

The fact  that  Thames  Water and  Southern Water  have not reported  these 
and o ther  pr ior i ty  pol lu tants  as  an  i ssue should  not be a  r eason to  exclude 

thei r  cons iderat ion  in  the WCS.   

 
m The LUT principle allows a set number of results, for example 2 in 12, to exceed the LUT limit without non-compliance 
occurring, provided all results are below the MAC.  Therefore for Whitchurch WWTW 2 No. ammonia results of 18 mg/l in 
12 samples over a calendar year would be compliant provided no other results were higher than 5 mg-N/l (the AA ELV) and 

no results were greater than 20 mg-N/l (the MAC ELV). 
n Site-specific quality numeric permit limits: discharges to surface water and groundwater - GOV.UK (www.gov.uk) 

https://www.gov.uk/government/publications/site-specific-quality-numeric-permit-limits-discharges-to-surface-water-and-groundwater/site-specific-quality-numeric-permit-limits-discharges-to-surface-water-and-groundwater


Whitchurch Conservation Group 
Independent Review of the Basingstoke and Dean Borough Council 2022 Water Cycle Study 

 

 

11 

1.3.4.4 Flood Risk 

The WCS considers  the effect s  of  increased  was tewater  f lows  on  f lood r i sk  

only  for  those WWTWs which  d ischarge to  watercourse,  and  not  for  the 

WWTWs in the Upper  Tes t  Catchment which  al l  di schar ge to ground.   This 

approach ignores  the potent ial  for  rap id  flow through the Chalk f i ssure 
sys tem that  could  result  in  increased  f lood r i sk f rom those WWTWs that  

d i scharge to  ground; th is  is  di scussed  in Sect ion  5.2 .3.    

The WCS does  not  cons ider  the f lood r i sk  effect s  of  increas ed  runoff  f rom  

development  that  i s d i scharged to watercourses  or  ground  rather  than  the 

drainage sys tem to WWTWs ;  th i s i s a l so  di scussed  in  Sect ion  5.2.3 .  

1.4 Guidance on Development of Water Cycle Studies  

The Nat ional  P lanning  Pol icy  Framework o s t a tes  that  s t rategic  pol icies  in 

development  p lan documents should make ‘ suf f i c ient provi sion ’  for  
infras t ructure for  water  supply ,  was tewater  and  f lood r i sk and coas tal  

change management .   P lanning  pract ice guidance p s t a tes that  a water  cycle  

s tudy can  help  wi th  planning  for  sus tainable growth ,  and uses  water  and  

p lanning  evidence to  unders tand envi ronmental  and  infras t ructure capaci ty .   

Envi ronment Agency 2021 a q p rovides the most d i rect ly relevant  guidance 

on  development of a  Water  Cycle Study for  planning purposes .   This 

guidance descr ibes  a  two -s tage approach to  development  of  a  WCS:  

•  Stage 1  –  Scoping:  The scoping  s tage ident i f ies  i f  the water  

infras t ructure capaci ty  could  const rain  growth  and i f there are  gaps 
in  the evidence needed  to  make th i s  assessment .   I t  a l so  ident i f ies 

the area and amount  of  development ,  ex i s t ing  evidence,  main  

par tners  to  involve and evidence gaps.  

•  Stage 2  –  Detai led  S tudy: This  s tage provides  the evidence to  inform 

an  in tegrated  water management  s t rategy  (IWMS) as  descr ibed in 

CIRIA C787A,  CIRIA 2019 r.   The aspects  that  should be included 

are :  

i .  Water  supply :  whether  there i s enough water  for  ex is t ing 

demands  and intended growth .  

i i .  Sewerage and drainage :  whether  the exist ing  infras t ructure  

can  cope wi th  increased  loads ,  improvements  requi red  and the 

associated/consequent  envi ronmental  effect s .  

i i i .  Flood r i sk :  suff iciency of  development  si t es  in  low f lood r i sk 

areas  and effect s  of  h igher  was tewater  f lows  on  f lood r i sk .  

iv .  Locat ion-speci f ic  envi ronmental  r i sk :  b iodivers i ty ,  

conservat ion  and modi f icat ion  of water  bodies .  

 
o National Planning Policy Framework (publishing.service.gov.uk) 

p Water supply, wastewater and water quality - GOV.UK (www.gov.uk) 
q Water cycle studies - GOV.UK (www.gov.uk) 
r Item Detail (ciria.org) 

https://www.gov.uk/government/publications/national-planning-policy-framework--2
https://www.gov.uk/guidance/water-supply-wastewater-and-water-quality#information-about-the-water-environment
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1005759/NPPF_July_2021.pdf
https://www.gov.uk/guidance/water-supply-wastewater-and-water-quality
https://www.gov.uk/guidance/water-cycle-studies
https://www.ciria.org/ItemDetail?iProductCode=C787F&Category=FREEPUBS
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v.  Climate change :  res i l i ence to cl imate change and mi tigat ion 

opportuni t i es .    

The Envi ronment Agency WCS Guidance,  Envi ronment Agency 2021 a,  

emphas i ses  the importance of ident i fy ing evidence gaps  which ,  i f  not  

addressed ,  would  lead  to uncer tain  outcomes  and unrel iab le  p lans .    

An ear l ier  vers ion of  th e Envi ronment Agency guidance s publi shed  in 2009 

advised  that  an  effect ive water  cycle  s tudy and st rategy wi ll  achieve the 

fo l lowing object ives :   

•  Urban development  only occurs  wi thin  environmental  cons t rain t s.  

•  Urban development  occurs  in the most sus tainable locat ion s.  

•  Water  cycle  infras t ructure i s  in  p lace before development .  

•  Opportuni t i es  for  more sustainable infras t ructure opt ions  have been  

real i sed .  

1.5 Flood Risk Studies 

Local  p lanning  authori t i es  wi l l  have produced S t rategic  Flood Risk 

Assessment s  (SFRA) in  accordance wi th  the NPPF .   BDBC produced a Level  

1  SFRA in  Ju ly 2021,  AECOM 2021 t.    

BDBC have not produced a Level  2 SFRA, which  indicates  that  BDBC do 
not  envisage the need  for  development  to  occur  in  h igh f lo od r i sk  areas  ( i . e .  

Flood Zones  2 and 3)u.    

Hampshi re  County Council  (HCC),  as the Lead Local  Flood Authori ty for  
the BDBC area,  has  al so  developed a number  of  f lood r i sk  planning 

documents v which are relevant  to  development  in the BDBC area.    

The BDBC Level  1  SFRA is  the pr imary  source of  f lood r i sk  informat ion  

for  the BDBC area.   The f lood r isk content of the WCS should be l imi ted  

to  aspect s d i rect ly relevant  to the WCS,  including ( i ) ensur ing that  
suff icient  l and i s avai lab le in low f lood r i sk areas  for  the proposed 

development  and ( i i )  unders tanding  the effect s  of  any  increase in  

was tewater  f lows  on f lood r i sk .   The f lood r i sk  content of the WCS i s not 

in tended to replace the local  au thor i ty  SFRA.    

1.6 Nutrient Neutrality 

In  2018,  a  ru ling ,  known as  the “Dutch  Nit rogen case” (CJEU 2018)  was  

made in the European Court  of Jus tice that  changed the way legis lat ion is  
appl ied  to,  and l imi t s are  p laced  on  di scharges  of  nut r ien ts ,  speci f ical ly  

n i t rogen and phosph orus,  to  the envi ronment .  In  response to  th i s  Natural  

England began i ssu ing guidance in  2019 to  a  number  of  Local  P lanning 
Authori t i es  (LPAs) about  the r isks  posed  by  development  planning  

 
s Water Cycle Studies Guidance Jan 09 v4_A3 (nationalarchives.gov.uk) 

t Strategic Flood Risk Assessment (basingstoke.gov.uk) 
u How to prepare a strategic flood risk assessment - GOV.UK (www.gov.uk) 
v Our responsibilities and strategies | Hampshire County Council (hants.gov.uk) 

https://webarchive.nationalarchives.gov.uk/ukgwa/20140328144444mp_/http:/cdn.environment-agency.gov.uk/geho0109bpff-e-e.pdf
https://www.basingstoke.gov.uk/ENV05
https://www.gov.uk/guidance/local-planning-authorities-strategic-flood-risk-assessment#how-the-sfra-helps-your-local-planning-authority
https://www.hants.gov.uk/landplanningandenvironment/environment/flooding/strategies
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appl icat ions  to s i t es  pro tected  under  the Conservat ion  of  Habitat s  and 

Species  Regulat ions  2017 (Habi tat s Regulations) .    

Orig inal ly ,  th i s  advice went  out  to  32 LPAs,  those in  areas  wi th  pro tected  

s i t es  cons idered  to  be in unfavourable condi t ion due to excess ive nut r ien t  

concent rat ions / loads  which included p ro tected  s i t es in the  Solent.   BDBC 
were one of  the LPAs who received  th i s advice because the Tes t  and  I tchen 

d i scharge to  the Solent.  

In  March  2022,  Natural  England ident i f ied  a  fur ther  20  pro tected  s i t es  that  

are  adversely  im pacted  by  nut r ien t pollu t ion  and informed a fur ther  42 

LPAs that  developments s i t es  in thei r  jur i sd ict ion  would  now al so be 

covered  by  nut r ien t  neut ral i ty  advice .    

There i s  ev idence that  inputs of  both  phosphorus  and n i t rogen inf luence 

eut rophicat ion  of t he water  envi ronment .  However ,  the pr incipal nut r ien t 
that  t ends  to  dr ive eut rophicat ion in  the marine envi ronment ,  including  the 

Solent ,  i s  n it rogen.  

In  Ju ly  2022 the Chief  Planner  at  the Department  for  Level l ing  Up Housing  

and Communi t ies  (DLUHC) issued a  l e t t er  to  LPAs wi th  fur ther  advice on  

nut r ien t  neut ral i ty,  including:  

•  In  autumn 2022,  the government wil l  tab le an amendmen t to  the  

Levell ing Up and Regenera t ion Bi l l  (LURB).  This  wil l  p lace a  new  

s tatutory duty  on water  and sewerage companies  in  England  to  

upgrade was tewater  t reatment  works  to  the highes t  technical ly  

achievab le l imits  by 2030 in  nutr ient  neutral i ty  areas .  Water  

companies  wil l  be requir ed to  under take these upgrades  in  a  way 

that  tack les  the dominant  nutr ient(s )  caus ing pollut ion in  the  

catchment of  hab itats  s i t es .   The s t atutory obligat ion  f rom 2030  

wil l  require WWTWs to  operate  at  the technical ly  achievab le l imit  

(TAL);  for  phosphates  th is  was  s ta ted to  be  0 .25 mg/l  and  for  

n i trates  10  mg/ l .    I t  is  assumed this  means  0 .25 mg -P/l  and 10  mg-

N/l .   Nitrogen is  the dominant  nutr ient  for  the Tes t  catchment.   The  

legis lat ion has  not  been published at  the t ime of  draf t ing th is  

repor t ,  but  i t  is  unders tood that  WWTWs in  the Tes t  catchmen t  

wil l  be requir ed to  meet  the TAL for  ni trogen but  not  for  

phosphorus .    

•  To ensure mit igat ion is  avai lab le for  development to  demonstrate  

neutral i ty ,  Natural  England wil l  es tabl ish  a  Nutr ient  Mit igat ion  

Scheme,  working with  Defra and DLUHC. Natural  England wil l  

work with  s takeholders  to  identify  mit igat ion project s  in  nutr ient  

neutral i ty  catchments  with  Defra and DLUHC providing funding. 

Developers  can  then purchase ‘nutr ien t  credi ts ’  which wi l l  

d ischarge the requir ements  to  provide mi t igat ion.    

The s tatu tory obligat ion  to upgrade WWTWs  in the Tes t  catchment  to  the 

10  mg-N/ l  s tandard  by 2030 has  implicat ions  that  could not have been  
cons idered  in  the WCS which was  publi shed  in May 2022.   At  the t ime of  

wri t ing  the amendments to the LURB have not  been  publ i shed ,  and therefore  

some uncer tain t ies  remain.   For  ex ample the s tatu tory  obl igat ion  may not 
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extend to  smal ler  WWTWs such as  those in  the Upper  Tes t  and/or  the 

WWTWs that  d i scharge to ground may be excluded.    

1.7 Representative Analytical Data 

I t  i s  important that  analy tical  data co l lected for  inves t igations ,  mo nitor ing  

and o ther  purposes should be f i t  for  purpose.   This subject  i s general ly  
beyond the scope of thi s report .   However ,  i t   i s  relevant to cons ider  the 

measurement  of  phosphorus  and phosphates  in the context  of agr icul tural  

and  was tewater  pol lu t ion  of  the River  Tes t .  

The freshwater  envi ronmental  qual i ty  s tandard  for  phosphorus  i s  set  by  The 

Water  Framework Di rect ive (S tandards  and Classi f icat ion)  Di rect ions  

(England and Wales)  2015 .  Under  these Regulat ions the EQS for 
phosphorus  i s  the “annual  mean  reac t ive  phosphorus  concentra t ion ( in  μg  per 

l i t re )”  which  i s  ca lcu la ted  based  on  an  equa t ion  in  the  Regula t ions .   

The  Regula t ions  a lso  s ta te  tha t :  

“ Re act iv e  phosphorus  c once n t rat i on” me ans  t he  c onc e nt ra t ion  of  

phosphorus  as det e rmi ne d us i ng t he  phosphomol ybd enum bl ue 
c o l or i me t ri c  met hod.  Whe re ne ce ssary  t o e nsure  t he  acc uracy o f  t he  

me t hod,  sampl e s  are  rec ommende d t o be  f i l te re d  usi ng  a f i l te r  not  

smal l e r t han  0. 45 μm  pore s i ze  to  re move  gross  par t ic u la te  mat te r”  

The phosphorus EQS is  based on react ive phosphorus  because th i s i s the 

chemical  form that  i s  det r imental  to  ecological  receptors .   For  the purposes 

of  th i s report  t he phosphorus EQS for High chemical  c lassi f icat ion was  

calculated  at  42  µg-P / l  in  the Upper  Tes t ,  based  on  al t i tude and alkal in ity  
data  for  the Tes t  a t  the Eas t  As ton sampl ing  point .   Table 21 in Appendix 

D provides  the EQS thresholds for  al l  four  WFD classe s .    

By convent ion  f i l t er ing  the sample before analys i s  through a 0.45  µm f il t er  

removes  al l  par t i cu late  mat ter  and the resul t s  are  cons idered  to be 

representat ive of  d i sso lved  mater ial  only.    

I t  i s  unders tood that  phosphorus  and or thophosphate measuremen ts  reported  

by  the Envi ronment Agency are based  on  f i l t er ing  us ing  a  0 .45 µm f i l t er  

before analys i s ,  as  recommended in  the Regulat ions .    

Shaw et  a l  2021 inves t igated the effect s  of  analysi s of  f i l t ered  and 

unfi l t ered  samples  for  react ive  phosphorus  (RP)  and unreact ive phosphorus  
(UP) ,  based  on  sampl ing the River  Tes t  and River  I t chen .   They used  0.22  

and 0 .77 µm f i l t ers  to separate  samples  in to  three f ract ions ,  d i ssolved ,  

in termediate  and par t icu late ,  and these three f ract ions  were analysed for  

react ive and unreact ive phosphorus .   This  resul ted  in  6  permutations :  

•  React ive phosphorus:  d i ssolved ,  intermediate  and par t icu late 

f ract ions .  

•  Unreact ive phosphorus :  d i sso lved,  in termediate  and par t icu late  

f ract ions .  

Thei r  f indings are  not d i rect ly appl icable to  separat ion  by the s ingle 0.45  

µm fi l t er  into  di sso lved and total  f ract ions .    
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Shaw et  a l  2021 found from sampl ing  the River  Tes t  that  soluble react ive  

phosphorus  (<0.22  µm) accounted  for  over  80% of  the to tal  react ive 
phosphorus in 75% of the samples,  but there were out l i ers  where the so luble 

f ract ion  was  a  smal ler  component .   I t  was  al so  found that  on  average so luble 

react ive phosphoru s  was 55% of  to tal  phosphorus ,  where to tal  phosphorus 

i s  the sum of  al l  f ract ions  of  both  react ive and unreact ive phosphorous .   

This  means  that  the pract ice of f i l t er ing the samples wil l  resu l t  in var iable  

under-report ing  of  both  the react ive  and to tal  phosphorus  concent rat ions  in  

the samples.   The phosphorus  concent rat ions  reported  by Envi ronment 
Agency moni tor ing may represent  approximately  55% of  total  phosphorus  

in  the sample.    

1.8 Hampshire Chalk Streams 

Chalk s t reams are g lobal ly rare  and ecological ly  r i ch .   They are found only 

in  southern  and eas tern  England ,  f rom Dorset  to Yorkshi re ,  and  in the 

Anglo-Pari s ian  bas in of  nor th wes t  France,  together  wi th a  very  small  

number  near  Aalberg  in  Denmark ,  CaBA-CSRG 2021,  Shaw et  a l  2021 .    

Chalk  s t reams are charac ter i sed  by  very  h igh  proport ions of  groundwater  

d i scharge to the to tal  s t ream f low, which  can  be  >90%, wi th 
correspondingly  h igh basef low indices  (BFIs) .   Table 3 l i st s  the BFI of  a  

number  of  character i s t i c  Chalk s t reams.  The h igh proport ion of  

groundwater -der ived  base f low resul t s  in s tab le  t emperature ,  f low and water  
qual i ty regimes .   The relat ively s low release of water  f rom s torage in the 

Chalk  at tenuates  rainfal l  p eaks ,  resu l t ing  in  subdued hydrographs,  wi th 

s low recess ions  af ter  peak  f lows .   Chalk  geology creates  gravel -r ich  

s t reambed subs t rates and high -clar i ty  water .   Water  qual i ty is s l ight ly 
alkal ine wi th pH in the range 7.4  to 8  and temperatures  of groundwater  

d i scharges  at  approximately 11 oC, Mainstone 1999,  which warms the 

s t reams in  winter  and  cools  the s t reams in  summer.    

Chalk  s t reams provide habitat  for  a  d ivers i ty  of  p lant,  inver tebrate  and  

salmonid  f ish  species .   Fi sh species  include brown t rout ,  At lantic  salmon 
and grayl ing.   Salmon,  t rout and grayl ing are al l  sens it ive to pollu t ion ,  and 

wi l l  be rare  or  absent  in  severely  abs t rac ted ,  eu t rophic reaches ,  CaBA-

CSRG 2021.    

The Hampshi re  Chalk St reams are par t  of  a  smal l  sub -group of  Chalk  

S t reams,  see Table 3,  the resul t  of  the s t reams f lowing over  the s lope face  

of  the Chalk  in   l andscapes  dominated  by  Chalk  outcrop ,  CaBA -CSRG 2021.     

 



Whitchurch Conservation Group 
Independent Review of the Basingstoke and Dean Borough Council 2022 Water Cycle Study 

 

 

16 

Table 3 BFI of Characteristic Chalk Streams 

Stream Headwater Geology Water Clarity Stream 

Classification 

Based on CaBA-CSRG 

2021 

BFI 

Upper Test at  Chilbolton Upper Chalk High Group A Slope Face 
Chalk 

0.97 

Upper Itchen at Easton Upper Chalk High 0.97 

Dorset Frome at 
Dorchester 

UGS, Gault, Lias and 
Oolites Turbid after heavy 

rain 
Group B Mixed Geology 

0.83 

Great Stour at Wye 
Weald Clay, Gault, LGS, 
Chalk 

0.57 

Chess Stream Henfield, 
Sussex 

Lower and Middle Chalk; 
Gault Turbid after heavy 

rain 
Group C Scarp Face 
Chalk 

0.39 

Quy Water Cambridge Middle Chalk 0.82 

Upper Wensum at 
Fakenham 

Glacial Till Turbid after heavy 

rain 

Group D Pleistocene ice-

impacted 
a 

0.57 

Granta at Babraham Glacial Till 0.55 

a Group D class is ambiguous; any stream in Group D typically also has characteristics of either A, B or C. 

The River Tes t  f lows south over the surface  of the Chalk outcrop .   Surface  
geology comprises  Chalk  (mainly Seaford  Format ion)  at  outcrop ,  wi th 

subordinate  areas  of  clay -wi th-f l in t s or  a th in  covering  of Head Depos i t s 

(sand & gravel ,  local ly wi th s i l t ,  c lay or peat )  over the Chalk.   The presence 
of  permeable depos i t s  a t  the surface resul t s  in  h igh  rates  of  inf i l t rat ion  and 

low rates  of  runoff .   The basef low index of  the Upper  Tes t  i s 0 .97 ,  CEH 

2022,  which  i s  h igh even by  the s tandards of  the Chalk .   The BFI of  the 
Lower Tes t  i s 0.94  and the BFI of  the River  I t chen i s  in  the range 0.91  

(Lower I tchen)  to  0 .97 (Upper  I tchen) .  

1.9 Study Area for this Review 

Figure 2  shows the outl ine of  the Upper  Test  Catchment,  the study area for  

the purposes  of  th i s Review,  together  wi th  the adjacent  Bourne Rivulet  

catchment  and the BDBC are a.  

1.10 Objectives of this Report 

The object ives  of  th i s report  are  to :  

•  Provide a  review of  the BDBC WCS in relat ion  to the relevant 

guidance,  speci f ical ly  the Envi ronment Agency guidance w.  

•  To assess  whether  the WCS provides appropriate  and adequate 

evidence to  inform development  of the BDBC 2019 -39 Local  P lan .    

 
w Water cycle studies - GOV.UK (www.gov.uk) 

https://www.gov.uk/guidance/water-cycle-studies
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Figure 2 Study Area for this Review 

  

1.11 Organisation of this Report 

Sect ion  2  p rovides  a  summary of  the potential  sources  of  contaminat ion  of  

groundwater  in  the Chalk Aqui fer  and  surface water  of  the Upper  Tes t .    

Sect ion  3 provides a  gener ic  assessment of  the hydrogeology of the Chalk  

Aqui fer .  

Sect ion  4  descr ibes  the envi ronmental  set t ing  of ,  and  selected  moni tor ing  

data  for ,  the Upper  Tes t  Catchment .  

Sect ion  5  provides  a  cr i t i cal  rev iew of  the WCS .  

Sect ion  6  provides  conclus ions  and recommendat ions .  
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2 SOURCES OF CONTAMINATION IN THE RIVER TEST 

CATCHMENT 

2.1 Introduction 

The Chalk  Aqui fer  and  the River  Tes t  are  vulnerable to  contaminat ion from 

mul t iple  an thropogenic and natural  sources  of  contaminat ion.   The most 

s igni f icant  are  cons idered  to be:  

•  Agrochemicals  used  in  agr icul ture:  fer t i l i sers  contain ing  nut r ien ts  

and  numerous  pes ticides .  

•  Treated  sewage e ff luent  f rom WWTWs,  contain ing  nut r ien ts  

(phosphorus  and ni t rogen in  var ious inorganic and organic forms) ,  

organic mat ter  (as  measured  by BOD, COD, T OC and DOC),  volat i l e  
fat ty  acids ,  t race metal s ,  and numerous  organic compounds of natural  

and  manufactured  or ig ins .    

•  Sewage eff luent  f rom private  sewage t reat ment  p lant,  sept ic  t anks  
and leaking cesspools,  which can  be anything  from unt reated leakage  

to  t reated  eff luent f rom package sewage  t reatment p lant.   The 

contaminants  potent ial ly present  are  l i t t le  d i f ferent  to  WWTWs 

al though without the effect s  of  Trade Eff luent  d i scharges .  

•  Indus t r ial  WWTWs discharging  to  watercourses ;  the most s igni f ica nt 

in  the Upper  Tes t  is  Portal s  Paper  Mi ll  a t  Fo xdown near  Overton .    

•  Atmospheric  depos i t ion ,  in par t icu lar  of  n i t rogen oxides  and 

ammonia .    

•  His tor ical  Landfi l l  s i t es.  

There are  many o ther  poss ib le sources  of  contaminat ion,  of which  runoff  

f rom roads ,  pes t icide appl icat ions  for  weed cont ro l  on rai lway l ines,  and  

contaminat ion  on indus t r ial  l and  including  h i s tor ical  indus t r ies ,  may be of  

relevance in  the Upper  Tes t .    

2.2 Agriculture 

2.2.1 Sources of Agricultural Pollution 

2.2.1.1 Fertilisers 

Agricul tural  fer t i l i sers  are  a  major  source of  n i t rate  and phosphate 

contaminat ion in groundwater  and surface water ,  Fos ter  and  Crease 1974,  

Wel l ings  and Bel l  1980,  R ivet t  e t  a l  2007,  S tuar t  and  Lapwor th 2016.    

I t  became apparent  f rom research  s tar ted  in the 1970s that  n i t rate  has 

accumulated  in  the unsaturated  zone of  the Chalk  as  a  resul t  of  appl icat ion  

of  n i t rogen fer t i l i sers  and  the s low rate  of  ver t ical  f low of  inf i l t rat ion  
through the Chalk unsat urated zone.   P rof i les  of  high pore water  

concent rat ions  of  n i t rate  in  the unsaturated  zone  have been  measured  at  

many locat ions,  Stuar t  2005.   Pore water  concent rat ion  peaks  are  var iable ,  
but  have been  as h igh as  40 to 70 mg -N/ l .   At  many locat ions the po re water  
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peak has  not reached the water  t ab le  and therefore the n i t rate  load  to 

groundwater  in  the Chalk  i s  s t i l l  r i s ing  even though current  n i t rate  losses  

f rom the over ly ing so il  have been  reduced by  improved farming pract ices .        

In  general  t he rate  o f  ver t ical  f low  of  n i t rate  through the Chalk  unsaturated  

zone i s  of  the order  of  0.5 to 1 m/year  Well ings 1984,  Barraclough 1994,  
Brouyère et  a l  2004 .   Local ly and especial ly  where the depth  to  the 

saturated  zone (“water  t ab le”)  i s shal low the rate  of ver t ical  f low may be 

h igher .    

The effect  of  the s low t ransport  of n it rate  through the unsaturated zone has 

been  descr ibed  as  the “ni t rate t ime -bomb” due to the long delay ,  which can  
be of  several  decades ,  between fer t i l i ser appl icat ion and the eventual  

arr ival  of  fer t i l i ser -der ived  n i t rate  at  the groundwater  surface and in  

hydraul ical ly -connected  surface wate rs .    

The fate  and t ransport  of phosphorus and phosphates in the Chalk is  

s igni f icant ly d i f ferent .   Phosphorus and phosphates  have low mobi l i ty in  

the Chalk due to the effect s  of adsorpt ion and chemical  react ions  forming 
insoluble phosphate mineral s  including brushi te  (CaHPO4 . 2H2 O) and 

hydroxyapat i t e  (Ca 1 0 (PO 4 ) 6 (OH) 2 ) ,  Cl imawat  2014.   Batch l aboratory  

experiments  carr ied  out  on crushed chalk  samples  at  pH 4 .5 and 9 .5  
indicated  that  respect ively  850 and 400 mg of  phosph ate  can  be removed 

per  gram of  Chalk ,  Cl imawat  2014 .   The experimental  condi tions used  in  

the Climawat  s tudy wil l  resu l t  in   a s igni f icant  over-es t imate of  

phosphorous react iv i ty under in s i tu  condi tions .  The use of crushed chalk  
under  t es t  condi tions  generates  l arge effect ive surface ar ea for  surface  

react ions ,  especial ly when compared  to groundwater  t ransport  through the 

dual -poros i ty  sys tem of  in s i tu  Chalk.   In real i ty ,  adsorpt ion and 
precip i tat ion  react ions  on  f i ssure  surfaces  wi l l  exer t  a  pr imary  cont ro l  on  

phosphorous  t ransport ,  but the avai lab le  surface ar ea wi l l  be much less  than  

the effect ive surface a rea gen erated  und er  the tes t  condi t ions in  the 
Cl imawat  s tudy.  Phosphorus  wi l l  di f fuse f rom mobi le  f i ssure water  to  

immobile  pore water  in the Chalk  mat r ix in the same way that  n i t rate  

d i f fuses  between f i ssures  and mat r ix,  a l though the d i ffus ion  coeff icient  for  

phosphorus  i s  about  30% of  that  of n i t rate .   Therefore ,  d i f fus ion from 
mobi le  f i ssure water  to  the Chalk  mat r ix  wil l  fur ther  at tenuate phosphorus  

under  in  s i tu  condi tions  in  the Chalk .   Overal l ,  t he large 

adsorpt ion/precip i tat ion capaci ty of  the Chalk  to phosphorus wil l  resu l t  in 

reduced macroscal e  mobi l i ty  of phosphorus.      

2.2.1.2 Crop Protection Products 

Agricul tural  appl icat ion  of  pes t icides  is  a l so  a  source of  contaminat ion  o f  

Chalk  groundwater  and  hydraul ical ly -connected  surface wate r s ,  Chi lton  et  

a l  2005,  Lapworth  et  a t  2015.   Field  and laboratory  s tudies  were  used  by  
Chi l ton  et  a l  2005 to  assess the main  factors  that  determine the fate  and 

behaviour  of  agr icul tural  herb icid es  in  the Chalk  aqui fer  of  southern 

England.  Field  studies  us ing  i soproturon,  chlor to luron  and at razine showed 
that  l eaching  of  pes ticides  f rom normal  agr icul tural  us e produces  

concent rat ions  in  Chalk  groundwater  of  0 .01 –1 µg/l  for  most  compounds,  

which  are comparable with the current  UK drinking water  s tandard  of  0.1 
µg/ l .  Where s igni f icant ly h igher  concent rat ions  were found in  groundwater  

(up  to three or  four orders  of magnitude higher) ,  these are  associated  with  
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local ized  ‘poin t ’  us e or  d isposal ,  of ten combined wi th more rapid  

prefer ent ial  t ransport  pathways to  the water  t ab le .   

S tudies of  the degradat ion of  i soproturon,  mecoprop and at razine showed 

that  these compounds are s igni f icant ly  more pers i s ten t in the Chalk than in 

so i l s,  wi th  hal f - l ives measured  in  hundreds  rather  than  tens  of  days .    

2.2.2 Quantification of Agricultural Leaching of Pollutants 

A prel iminary  quant i ta t ive assessment  of  the  losses  of  agr icul tural  

pol lu tants was  included in  th i s Assessment.   Farmscoper  Upscale  sof tware,  

ADAS 2021,  was run  for  to  quanti fy  the emiss ions  of n i t rate-n i t rogen ,  
phosphorus  and sediment  to  groundwater  and  surface water ,  and  of  ammonia 

and methane to the atmosphere.    

Farmscoper  i s  a  deci s ion  support  tool  used  to  assess  d i f fuse agr icul tural  

pol lu tant  lo sses  on a  farm and quant i fy  the impacts  of  farm mi t igation 

methods on  these pol lu tants.   Farmscoper  Upscale  i s a  vers ion of  

Farmscoper  commiss ioned by  t he Environment  Agency to  provide 

catchment -scale  es t imates  of  agr icul tural  pol lu t ion  losses.   Farmscoper  
Upscale  es t imates  losses  of  n i t rate ,  phosphate,  sediment,  ammonium,  

methane,  n i t rous  oxide,  pes ticides ,  and  faecal  indicator  organisms (FIOs) .   

Losses  of  n it rate  and phosphorus  are  assumed to  occur  as  di sso lved phase 
in  water  d i s t r ibuted  in  runoff  and  leaching  to groundwater .   Losses  of 

ammonium,  methane and n it rous  oxide are assumed to  occur  in  the gaseous  

phase to  atmosphere.    

Farmscoper  Upscale  contains  farm census  data  at  catchment  l evel ;  for  the  

River  Tes t  the catchment i s d iv ided in two: ( i i )  the Lower Test  and  ( i i )  the 

Upper  and Middle Tes t .   A Water  Framework Di rect ive vers ion ,  Farmscoper  
Upscale  WFD,  contains farm census data for  the Upper  Tes t  Catchment,  

WFD catchment  No.  GB107042022710 ,  al lowing an  assessment to  be made 

for  the Upper  Tes t  a lone .   Farmscoper  Ups cale  WFD was  run  for  the Upper  
Tes t  catchmen t  us ing defaul t  data ;  a summary of  the input and  output data  

are  provided in  Table 4.   

Table 4 Farmscoper Upscale WFD - Upper Test Input and Results 

Total 

Catchment 

Area 

Number 

of 

Farms 

Total 

Area of 

Farms 

(ha) 

Diffuse Pollution Losses – Water 

(kg/ha/a, except pesticides) 

Diffuse Pollution 

Losses – Atmosphere 

(kg/ha/a) 
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177 km2 

17,706 ha 
72 

13,853  

(78% of 

catchment) 

29.6 0.10 49 0.03 6.2 16.4 

 
Farmscoper  Upscale  was  al so  run  for  the Upper  and Middle Tes t  catchment 

and produced very  s imi lar  resul t s to those presented  in  Table 4.  The amount 

of  each  nut r ien t los t  var ies  depending on the type of farm;  for  arable  farms 
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(which  dominate in the Tes t  catchment )  the amount  of n i t rate-n i t rogen and 

phosphorus  losses  are  respect ively  21% an d 0 .4% of  the total  appl ied  as 

fer t i l i ser .   

2.3 Wastewater Treatment Works 

2.3.1 Operational History and Treatment Technology 

Table 5  summarises  a  review  of  the h i s tory and operat ions  at  WWTWs in 

the Upper  Tes t  Catchment ;  the fu l l  rev iew is  included  in  Appendix  B .    

The review in  Appendix B covers :  

•  Whitchurch  WWTW.  

•  Overton  WWTW.  

•  Ivy  Down Lane Oakley  WWTW . 

•  Water  Ridges  Oakley  WWTW (closed) .  

•  North  Wal tham WWTW. 

•  Hannington  WWTW. 

•  Ashmansworth  WWTW. 

•  Portal s  Paper  Mi ll  indus t r ial  WWTW near  Overton .    

The River  Tes t  i s  identi f ied  as  an  exis t ing eut rophic sens i t ive area under  

the Urban Waste Water  Treatment  ( UWWT) Regulat ions x .   Table 2 of 

Schedule 3  of  these Regulat ions  es tabl ished  ELVs for  total  phosphorus  (2 
mg-P / l )  and  total  n i t rogen (15  mg -N/ l ).   However ,  these ELVs only  apply  

where the WWTW serves  a  populat ion equivalent  (PE)  of  10 ,000 or  more,  

and  none of  the WWTWs in  the Upper  Tes t  exceed th i s  threshold,  see  Table 

5 .    

Al l  of  the WWTWs, except Portal s,  d i scharge t reated  eff luent  to ground.   

At  Whi tchurch  WWTW his tor ical ly unt reated  eff luent  was  d i scharged to  

ground.    

At  the  public  WWTWs (Whi tchurch ,  Overton ,  Ivy  Down Lane  Oakley ,   
Water  Ridges  Oakley [closed ] ,  North Wal tham ,  Ashmansworth and 

Hannington)  sewage eff luent  has  been  d i scharged to  ground,  and 

consequent ly  to the Chalk Aqui fer ,  over  pro longed per iod  of  between >40 
and >90 years .   There i s therefore the potent ial  for widespread  

contaminat ion  of the C halk  Aqui fer .    

 
x The Urban Waste Water Treatment (England and Wales) Regulations 1994 (legislation.gov.uk) 

https://www.legislation.gov.uk/uksi/1994/2841/regulation/3/made
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Table 5 Summary Information for  WWTW in the Upper Test Catchment 

WWTW DWF 

(m3/d) 
PE Date Historical 

Treatment 

Current 

Treatment 

Recent upgrade Discharge to 

Whitchurch 2,336 4,757 Pre-1930 
Primary until 

1982 

Conventional 

secondary 

(TF) 1982 on.  

2013: additional 

infiltration 

trenches** 

Ground – Chalk 

Infiltration trenches 

400m to R Test 

Direct to Chalk 

Overton 1,160 4,477 Pre-1941 

Conventional 

secondary 

(TF) 

Expanded 

pre-1999 & 

2011 

Conventional  

secondary 

(TF) 

Upgraded 2011: 2 

No. new TFs, 2 No. 

new HTs, 1 new ST 

350 m3 and a ferric 

dosing system 

Ground – Chalk 

Infiltration lagoons 

150m to R Test 

Direct to Chalk  

(thin covering of 

CwF over Chalk) 

Ivy Down 

Lane Oakley 
722 5,051 Pre-1979 

Conventional 

secondary 

(TF) 

Conventional 

secondary 

(TF) with N-

SAF 

2011: N-SAFF to 

meet 95%ile 

ammonia ELV of 

5mg/l and 2 No. HTs 

Ground – Chalk 

Infiltration trenches 

3500m to R Test 

Direct to Chalk (1.3 

to 2m clay over 

Chalk) 

North 

Waltham 
167 816 Pre-1979 

Conventional 

secondary 

(TF) 

Conventional  

secondary 

(TF) 

2011; N-SAFF to 

meet 95%ile 

ammonia ELV of 

5mg/l and 2 No. 

HTs. 

Ground – Chalk 

French drains? 

4000m to R Test 

Direct to Chalk 

Hannington 10.2 38 Pre- 1985 unknown 
Conventional  

secondary 

Re-built between 

1999 and 2005 

Ground – Chalk 

4700m to R Test 

Ashmansworth 5 20 

<1979 to 

2001; 

Relocated 

circa 

2001 

unknown 
Conventional  

secondary 
unknown 

Ground – Chalk 

5700m to Bourne 

Rivulet 

Water Ridges 

Oakley 
(closed) 

ND ND 
1966-

2009/12 
unknown 

Conventional  

secondary 

(TF) 

unknown 
Ground – Chalk 

4500m to R Test 

Portals 
Industrial 
WWTW 

Max 

volume: 

7000 

m3/d 

N/A Pre-1930 unknown 

Activated 

sludge 

process 

unknown Pipe to River Test 

** Whitchurch WWTW: a proposal made in 2010 to install a methanol denitrification plant and associated sand filters was 
abandoned and instead additional infiltration trenches were installed. 

CwF clay with flints 

HT humus tank 

N-SAFF nitrifying submerged aerated flooded filters 

DWF Permitted Dry Weather Flow 

PE population equivalent; data from Southern Water DWMP 

SF sand filters 

ST storm tank 

TF trickling filters 

 

The four  l arger  WWTW have al l  had  some fo rm of  upgrade of  the secondary  

t reatment  sys tem over  the las t  15  years :   

•  Whitchu rch WWTW :  a  proposal was  developed in 2010 to reduce  

the n it rate  concent rat ions in the t reated  eff luent  by ins tal la t ion  of  a 

methanol deni t r i f i cat ion p lant and associated  sand f i l t ers .   However ,  

th i s was  abandoned and instead  addi t ional  inf i l t rat ion t rench es  were  
cons t ructed  in 2013 which approximately doubled  the inf i l t rat ion 
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area.   The purpose of the new inf i l t rat ion t renches  was  to  promote 

addi t ional  denit r i f i cat ion  in the ground beneath  the s i t e.  The new 
inf i l t rat ion  t renches  were bui l t  on adjacent  farm land which  requi red  

a  change of  use p lanning  appl icat ion .   The statement  in  the p lanning  

appl icat ion  support ing  document  was  “ This a l lows increase natural  

t reatment  by the ear th,  making the n i tra te concentra t ion  wi thin the 
groundwater  at  the nearby moni tor ing  wel l s  wi th in  acceptable 

l imi t s.”  I t  is  not c lear  whether  the revised  proposals  were supported  

by  technical  des ign  s tudies and/or  post -complet ion  ver i f icat ion 

moni tor ing.    

•  Overton  WWTW :  in 2011 the or ig inal  t r i ck l ing  f i l t ers  were 

replaced ,  and  new hum us tanks  ins tal led,  together  wi th  a  new storm 
tank.  These works were carr ied  out  under  AMP5.   The improvements  

included two new t r ick l ing  f i l t ers  and  ferr ic  dos ing  system to cont ro l  

phosphorus  emiss ions  in  t reated  eff luent .  The phosphorus 

concent rat ions  in  the t reated eff luent  reduced from approximately  
6 .5 mg-P /l  to <1 mg-P/ l  as  a resul t  of the improvements .  The current  

EPR Permi t  for  Overton WWTW sets  an ELV of 1  mg -P / l;  the 

reduct ion  in phosphorus in 2011 was  the resul t  of the impos i t ion of  
quant i t a t ive ELVs in  the Permit .   P r ior  to  2011 the Permi t  contained  

only  descr ip t ive emiss ion  s tandards .   From 2011 the Permi t  

contained  quant i ta t ive ELVs for  TSS,  ammonium, to tal  phosphorus 

and to tal  i ron,  together  wi th  quanti ta t ive ELVs for  BOD and COD 

under  the UWWT Regulat ions .  

•  Ivy Down Lane Oakley  and  North Waltham :  similar  n i t r i fy ing 

(ammonia oxidat ion)  removal  p lant (N -SAFF) were ins tal led  to  meet 

new ELVs for  ammoniacal  n i t rogen.    

Development  wi thin  the footpr int  of  the exist ing  Southern Water  t reatments  
works  s i t es  has been  carr ied  out  under  Permi t ted  Development Rights and 

therefore has  been  carr ied  out  without the need  to apply for  planning 

permiss ion .   The upgrades  at  Whi tchurch  and Overton  WWTWs requi red  
p lanning  permiss ion because the cur t i l age of  the t re atment  works was  

extended on to new land.   Limi ted aspects of  the upgrades  at  Oakley and 

North  Wal tham  WWTWs requi red  p lanning  permiss ion .  

2.3.2 Investigations of the Effects of Sewage Effluent Disposal on Groundwater  

Inves t igat ions  of the effect s  of  sewage eff luent  d i sposal on  groundwater  in  
the Chalk  were carr ied  out  at  by the former  Southern  Water  Authori ty 

(SWA) at  Whi tchurch  WWTW over  a  per io d  from the late  1970s  to  post -

1982,   Baxter  et  a l  1981,  Beard  and Gi les  1990.   These inves t igat ions  were  
par t  of  a much larger  study of  the effect  of the d i scharge of WWTW eff luent  

to  the Chalk at  several  WWTWs in Hampshire ,  Beard  and Giles  1990.   The 

inves t igat ions carr ied  out  by  SWA at  thei r  Hampshi re  WWTWs were  

technical ly  advanced at  the t ime,  by the inclus ion  of  analysi s  for  organic 
subs tances ,  ins tal la t ion  of monitor  wel l s a t  mult ip le depths in the Chalk ,  

use of  in  s i tu  groundwater  samplers ,  and  sampl ing  & analys i s of  pore water  

and  so i l  gases  f rom the unsaturated  zone,  al l  of which  were carr ied  out at  

Whi tchurch  WWTW.    
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The inves t igat ions  at  Whi tchurch  WWTW included ins tal la t ion of  

groundwater  moni tor wel l s,  and sampl ing  and analys i s  of groundwater  and 
WWTW eff luent  f rom the WWTW.   A t racer  t es t  was  al so  carr ied  out  to  

measure the rate  of  f low through the unsaturated  zone from an  inf i l t rat ion 

d i tch  to  the saturated zone.   The or ig inal  inves t igat ions,  Baxter  et  a l  1981 

were car r ied  out  at  a  t ime when unt reated  sewage eff luent  was  d i scharged 
to  an  ear l i er  inf i l t rat ion  system comprising  open inf i l t rat ion d i tches .   In  

1982 secondary  t reatment  was instal led  at  Whi tchurch  WWTW and the 

inf i l t rat ion  di tches  were replaced  by  Fren ch drains  ( i . e .  an  underground 
eff luent  drainage/ inf i l t rat ion  system),  and  fur ther  sampl ing of  t reated  

eff luent  and  ground water  was  carr ied  out .    

The f indings f rom the inves t igations at  Whi tchurch  WWTW reported by  

Baxter  et  a l  1981 and Beard  and Gi les  1990 are summarised  in  Appendix  B .   

There was  evidence of  sewage -der ived  contaminat ion in groundwater  

approximately  100m down gradient  of  the inf i l t rat ion  sys tem .   S ix  moni tor 
wel l s  were ins tal led  immediately  eas t  of  Winches ter  Road and 

approximately  300m wes t and south wes t of  the inf i l t rat ion system, see 

Figure 3 .  At  the Winches ter  Road locat ions  there was  only  on monitor  wel l  
where there was  a  minor indicat ion of sewage -d er ived  contaminat ion; 

groundwater  qual i ty in the remainder  appeared  no  d i fferent  to  that  in the 

upgradient  monitor  wel l .     

 
C o n t a i n s  O S  D a t a .  ©  C r o w n  c o p y r i g h t ,  A l l  r i g h t s  r e s e r v e d .  2 0 2 2 -2 3 .  L i c e n s e  n u m b e r  1 0 0 0 6 2 7 7 9  

Figure 3 Monitor Wells Installed at Whitchurch WWTW in 1982 

I t  i s  not  known whether  ei ther  SWA or  Southern  Water  car i ed  out  any  

fo l low-up inves t igations  at  Whi tchurch  WWTW since 1982,  o ther  than 
moni tor ing sewage eff luent  and  groundwater  as  requi red  by  the 

Envi ronmental  Permi t .  A l i t erature search  was  carr ied  out  by  the author  of  

th i s  report  but  no evidence could  be found that  Southern  Water  have 



Whitchurch Conservation Group 
Independent Review of the Basingstoke and Dean Borough Council 2022 Water Cycle Study 

 

 

25 

publ i shed  any resul t s  of  inves t igation s  at  Whi tchurch  WWTW since the  

inves t igat ions carr ied  out  by  SWA some 40 years  ago.    

I t  i s  not known whether  s imi lar  inves t igat ions  have been  carr ied  out  at  any  

of  the o ther  WWTWs in  the Upper  Tes t  Catchment .    

The WCS does  not  mention these h is torical in vest igat ions at  Whitchurch  

WWTW and nor does  i t  provide any in formation  concerning any 

subsequent or other invest igat ions  of  groundwater quali ty  at 

Whitchurch  WWTW or any other WWTW .  As  discussed  in  Sect ion  5 

th is  i s  cons idered  to be a  signi f icant  omiss io n from the WCS .  

2.3.3 Compliance and Other Monitoring 

As indicated  in  Table 2  the d i scharges  to  the Chalk  Aqui fer  f rom WWTWs  
in  the Upper  Tes t  Catchment  are  cont ro lled  by  ELVs for  BOD,  TSS,  

ammonia,  T IN (or TN) ,  TP,  and/or  to tal  i ron .   This i s a  very  l imi ted su ite  

of  parameters  and does  not  include any Prior i ty  Subs tances  (PS)  or  P r ior i ty  

Hazardous  Subs tances  (PHS).  

However  i t  i s  known that  a t  Whitchurch ,  Overton ,  and  Oakley  WWTWs 

there are  addi t ional requi rement  to  carry  out  moni tor ing  of  eff luent  and 
groundwater  f rom moni tor wel l s in accordance wi th  the Eff luent and  

Groundwater  Moni tor ing Act ion P lan  (EGMAP) for each  WWTW.   No 

detai l s  of  the EGMAP moni tor ing  methodology and scope  or  moni tor ing  
resul t s  were avai lab le .   I t  i s  not  c lear  i f  the current  moni tor ing programmes 

for  t reated  eff luents ,  surface water  and groundwater  at  WWTWs are  

adequate for  the purposes  of  character i s ing  contaminat ion  of  the Chalk 

Aqui fer  in the Upper  Test  Catchment.    The WCS does not mention the 

EGMAP requirements  at  Whitchurch ,  Overton  and Oakley  WWTWs,  

nor does i t  consider whether the current  moni toring programmes for 

eff luent  and groundwater are f i t  for purpose.   As discussed in Sec t ion  

5 ,  these are cons idered  to  be a  s igni f icant omiss ion s.    

For more than  th i r ty  years ,  i t  has  been  known that  pharmaceut ical s ,  
personal  care products  and o ther  t race  organic contaminants  (TOrCs)  

surv ive convent ional  was tewater  t reatment  and pers i s t  in the envi ronment 

to  vary ing  degrees ,  R ichardson and Bowron,  1985 .   A UK s tudy ,  Jones  et  

a l  2014,  found 40 t race contaminants ,  including t race metal s,  
pharmaceut ical s ,  polycycl ic  aromat ic hydr ocarbons  (PAHs),  'emerging ' and  

regulated  organic pol lutants in sewage s ludge.  Many of these TOrCs are 

potent ial ly hazardous  subs tances ,  including  Pr ior i ty Subs tances  (PS) and 

Prior i ty Hazardous  Subs tances  (PHS) .    

A s tudy of  was tewater  t reatment  performance of  TOrCs  by Gardner  et  a l  
2013 involved 16  UK WWTWs,  but al l  except  one were larger  works  serv ing  

populat ion  equivalents  in  the range 12 ,000 to  >200,000.   One WWTW 

serves  a  PE of  3,400 wi th  a DWF of  740m 3 /d and uses  convent ional 

n i t r i fy ing  and bio logical  f i l t rat ion  t reatment ,  and  therefore was  broadly  
s imi lar to the WWTWs of the Upper  Tes t .   Bet ter t reatment performance  

for  TOrCs  was  achieved by  Act ivated  Sludge  (AS),  Membrane Bioreactors  

(MBR) and WWTWs wi th ter t i ary  t reatment ,  but  t here was  performance  
over lap  between Trickl ing Fi l t er (TF)  WWTWs,  as found in the Upper Tes t ,  

and  WWTW wi th h igher  l evels of  t reatment  t echnology.   Some TOrCs  were 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/organic-contaminant
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/wastewater-treatment
https://www.sciencedirect.com/science/article/pii/S0048969715002260#bb0220
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poorly  t reated  ( i . e .  poorly removed)  by  all  the WWTWs included in  the 

s tudy.  

A recent  s tudy of the presence of  TOrCs in the River  Tes t  and  River  I t chen 

reported  by  Robinson et  a l  2022 i s  descr ibed  in Sect ion 4 .9.4.    

The potent ial  presence of  TOrCs in t reated  sewage eff luent  on  the 

groundwater  and  surface wat er  of  the Upper  Tes t  i s not  wi th in the scope of  

the moni tor ing  regimes  carr ied  out  by  ei ther  the Envi ronment  Agency or 

Southern  Water .    

2.3.4 Monitoring Results 

2.3.4.1 Monitoring Data 

Treated  ef f luent  qual i ty  moni tor ing  results  for  the above WWTWs are  

provided in Figure 4 to Figure 7.   The data  are  l imi ted to the parameters  

reported  and the per iod  of  record  av ai lab le  f rom the Envi ronment  Agency 

OpenWIMS sys tem.   There are  a  number  of  gaps  in  the data  records  and 
d i fferent  paramet ers  have been  measured  o ver  vary ing  per iods  at  each  of  

the WWTW.    

In  the fo l lowing tex t and f igures a l l  n i t rate  and phosphate resul t s are  

expressed  respect ively  as  N and as P.    

The fo l lowing t rends  were noted:  

Whitchurch WWTW :  TN and TIN concent rat ions  appear  s tab le ,  but  

ammoniacal  n i t rogen and BOD appear  to  be increas ing  s lowly .    

Overton  WWTW :  BOD and ammoniacal  n i t rogen appear  to  have improved 

over  t ime,  phosphate i s stab le  or improving but var iable  and per iodical ly  
breaches  the Permit  ELV  (1 mg-P / l ) ;  the n i t rate  record  i s too short  to 

assess .  

Ivy Down Oakley  WWTW :  a l l  reported  parameters  appea r  on  s ta ble  

t rends  al though the concent rat ions  are  general ly  var iable  compared  to  the  

o ther  WWTWs.   The effect  of  the N -SAF plant  instal led  in 2011 is  not 
shown because the record  for  ammoniacal  n i t rogen s tar t s in 2012.  Over  

the per iod  2019 -21 the ELV for  TIN (35 mg-N/ l )  was  breached frequent ly .    

North  Waltham WWTW :  There appears  to  be a  long term downward  t rend  
in  the ni t rate  concent rat ion based  on the assumpt ion that  mos t of the TN 

and TIN i s  n it rate ,  and  therefore the n i t rate -TN-TIN t ime-ser ies  can  b e  

v iewed as  a  s ingle concent rat ion  t rend.   Orthophosphate was  s tab le  but  
there are  no  recent  data .   Ammoniacal  n i t rogen has  been  s table  since 2015.  

Moni tor ing data  was  reported  as “no f low” from Apri l  2021,  which  

sugges t s  that  the WWTW has  been  closed  temporar i ly .     
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Figure 4 Treated Effluent Quality - Whitchurch WWTW 

 

 

Figure 5 Treated Effluent Quality - Overton WWTW 
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Figure 6 Treated Effluent Quality - Ivy Down Oakley WWTW 

 

 

Figure 7 Treated Effluent Quality - North Waltham WWTW 

2.3.4.2 Nitrate and Total Nitrogen 

The reported  n i t rate  and TIN concent r at ions  in  t reated  eff luent  were  

general ly  in  the range 20  to  35  mg -N/ l ,  except  at  Nor th  Wal tham where  

n i t rate  has  recent ly  been  reported  in  the range  10  to  20 mg-N/ l .  Al l  WWTWs 
wi l l  requi re  inves tment  to meet  the TAL of  10  mg-N/ l  by  2030 ,  al so  shown 

on  Figure 4  to  Figure 7.   
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2.3.4.3 Phosphorus 

Report ing of phosphorus in t reated  eff luent  s topped at  North Wal tham 

WWTW in  2014 and has  never  been  reported  for  Whi tchurch  or  Oakley 

WWTW.  The concent rat ion of  phosphorus  in t reated  eff luent i s only  

reported  for  Overton WWTW ; the current  concent rat ions  are  ci rca 1 mg -P / l  

a t  Overton  WWTW. 

2.3.5 Current Actual and Permitted Wastewater Discharges  

Table 6  summarises  the current ly -permi t ted  dry  weather  f lows and actual  

measured  dry  weather  f lows  at  the WWTWs in  the Upper  Tes t  Catchment ,  
together  wi th the calculated  volume and nut r ien t  load headroom at each  

WWTW.   No phosphorus  measurements  were avai la b le  for  Whi tchurch ,  

Oakley ,  Ashmansworth and Hannington,  and therefore the emiss ion  

concent rat ions  for  phosphorus  were es t imated  from his tor ical  measured  

data  at  Whi tchurch  WWTW reported  by  Beard  and Gi les 1990 .  

Table 6 Permitted and Actual Dry Weather Flows at WWTWs 

WWTW 

Dry Weather Flow  

 

(m3/d) 

Volume 

Headroom  

 

(m3/d) 

Actual Emission 

Concentrations 

 

(mg/l) 

Nutrient Load Increase 

from uptake of Volume 

Headroom 

 (kg/d) 

Permitted 

DWF 

Actual 

DWF 

Nitrogen Phosphorus Nitrogen Phosphorus 

Whitchurch 2,336 1,753 584 22 6.5 12.8 3.8 

Overton 1,160 1,001 159 25 0.5 4.0 0.1 

Ivy Down 

Lane Oakley 
722 534 188 30 6.5 5.6 1.2 

North 

Waltham 
167 36 131 12.5 8 1.6 1.0 

Hannington 10.2 3 7 20 6.5 0.14 0.046 

Ashmansworth 5 - - 20 6.5   

Totals 4,400 3,327 1,069   24.24 6.2 

 

I f  each  of  the WWTW received  eff luent  at  the permi t ted  DWF the nut r ien t 

loads  would increase proport ionately  as indicated  in  Table 6 .   Assuming al l  
of  the incremental  nut r ien t loads were d i scharged to  the River  Test  the 

effect  on  the concent rat ions  in  the River  Tes t  a t  Whi tchurch  would  be 

increases  of  0.18 mg -N/ l  and 0.05 mg-P/ l  of  ni t rate  and phosphorus  

respect ively .    

Table 22  in Appendix D provides  long term annual average n i t rate  and 

or thophosphate concent rat ions and also  recent  annual average  

or thophosphate concent rat ions  for  the River  Tes t .  

There i s  no  EQS for  n i t rate  and therefore WFD object ives  would  not be 
compromised  by  the increased  n i t rate  load .   However ,  n i t rate  i s on  an  

increas ing  t rend at  a l l  moni tor ing locat ions ,  see Sect ion 4.9.3 ,  and these 

t rends  would be enhanced.    
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The High WFD qual i ty s tandard  threshold for  phosphorus  i s  ≤42 µg -P /l  

agains t  recent  (2022 and 2021) annual averages  in the range 24 to 35 µg -
P / l .   I f  a l l  of the incremental  phosp horus  load  reached the r iver  the WFD 

qual i ty s tandard  would  reduce to  Good and border ing  Moderate ;  the 

class i f icat ion  may be fur ther  degraded by  the upward  phosphorus  t rend at  

the ups t ream moni tor ing  locat ions,  which  is  descr ibed  in  Sect ion  4 .9.3.2 .   
At tenuat ion  of phosphate in groundwater  would  probably prevent  the WFD 

qual i ty  standard  fal l ing below High,  but  th is  cannot  be guaranteed .  

2.4 Wastewater from Non-Sewered Areas 

Not  al l  of  the hous ing and non -domest ic  premises  in  the s tudy area are  

connected  to  the publ ic  foul  sewer  network ,  with  proper t ies in rural  areas  

especial ly  unl ikely  to be connected .   At  a  nat ional  l evel  approximately 96% 

of  the populat ion  are connecte d  to the sewer  network y.    

Only  l imi ted  informat ion on  the numbers  of pr ivate  sewage t reatment  p lant 
serv ing  domestic  proper t ies was  avai lab le .   The Envi ronment Agency 

Publ ic  Regis ter  of Permi ts  i ssued  under  the Envi ronmental  Permit t ing 

Regulat ions  2016 was  accessed  to  gauge the extent  of  non -sewered  

connect ions  in the study area.    

I t  was  found that  based  on a  search  radi i  of  3  km cent red  on Whi tchurch  

and Overton  there were respect ively  27 and 9  No.  pr ivate sewage t reatment  
p lant  serv ing one or  a smal l  number of res ident ial  proper t ies.   When s caled  

up  over the Upper Tes t  Catchment there are  l ikely  to be of the order  of  50 

pr ivate  sewage t reatment  p lants  serv ing  res ident ial  proper t ies .   These p lant 
wi l l  d i scharge to  the Chalk  Aqui fer  us ing  drainage f ields  or  d i rect  to  the  

River  Tes t ,  and g iven t he absence of  any  t r ibutar ies  of  the Upper  Tes t  i t  i s  

expected  that  the major ity  wi l l  d i scharge to the Chalk .    

The Envi ronment Agency OpenWIMS dataset  contains compl iance sampl ing 

records  for  the fo l lowing pr ivate  WWTW s in  or  close to  the Upper  Tes t  

Catchment :  

•  E sse bourne Ma nor Hot el  

•  J ac k Russe l  STW Fac c om be  

•  Oa k L odge  Nurs i ng Home  STW  Oa kle y  

•  Oa kle y  Ha l l  ST W Oa kl ey  

•  Que e n Inn STW Dumm e r  

Al though the f lows from private  STW can be smal l ,  the contaminant  

concent rat ions  can  be relat ively  h igh .   For  example at  Oak ley  Hal l  STW the 

ammonium concent rat ions  in  2022 were 8 and 51  mg -N/ l  based  on  two 

samples  only .   There i s a l so evidence that  the concent rat ions  of phosphorus 
in  t reated  eff luent  f rom modern  package sewage t reatment  p lant  (PSTP) can  

be h igh ,  with  one examp le reported  at  13 mg -P / l  f rom a recent ly ins talled  

s tate-of- the-a r t  PSTP z.    

 
y pb6655-uk-sewage-treatment-020424.pdf (publishing.service.gov.uk) 
z Development of a Risk Assessment Tool to Evaluate the Significance of Septic Tanks Around Freshwater 
SSSIs - NECR222 (naturalengland.org.uk) 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/69582/pb6655-uk-sewage-treatment-020424.pdf#:~:text=The%20sewage%20treatment%20service%20providers%20in%20the%20UK,small%20private%20treatment%20works%2C%20cesspits%20or%20septic%20tanks.
http://publications.naturalengland.org.uk/publication/5704095755665408
http://publications.naturalengland.org.uk/publication/5704095755665408
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Based on nat ional s tat i st i cs ,  i t  i s  l ikely that  the volume of  sewage 

d i scharged to  the WWTWs in  the Upper  Tes t  Catchment  represents  <96% 
of  the to tal  domest ic  foul  sewage generat ed ,  and  that  pr ivate  sewage  

t reatment  p lant  account  for the remaining >4% .    

P r ivate  septic  t ank and pr ivate  package sewage t reatment  sys tems are 
subject  to l i t t l e  i f any regulatory  survei l l ance.   There i s an increased  

l ikel ihood of l ack  of maintenance including  removal of s ludge from 

package t reatment  p lant ,  l eakages  f rom poorly  managed cesspools  and 
sept ic  t anks ,  and  n on-compliance wi th  regulatory  requi rements .   Natural  

England report  that  as many as 80% of sept ic  t ank sys tems in England may 

not  be maintained  correct ly aa.    

2.5 Industrial Sources 

2.5.1 General 

The Upper  Tes t  i s l argely  rural  and there are  relat ively  few major 

indus t r ies .   

Based  on  the Envi ronment  Agency Publ ic Regis ter ,  Portal s Paper  Mil l  i s  
one of  the larger  indust r ial  operat ions  and is  the only  indus t r ial  faci l i ty  in 

the Upper  Tes t  Catchment class i fied  as  an Ins tal lat ion under the 

Envi ronmental  Permi t t ing  Regulations  2016 ( EPR).   The WWTW at  Portal s  

Paper  Mi l l  i s  descr ibed  below and in Appendix  B.    

There i s  a l so a  l arge watercress  prod uct ion  and salad washing/packing 
bus iness ,  Vi tacress  Salads  Ltd  (VSL),  a t  S t  Mary  Bourne in  the Bourne 

Rivulet  catchment .    

There ar e  a  smal l  number  of  agr icul tural  and  o ther  bus inesses  that  have 

EPR Permi t s for  d ischarges  to  groundwater  and  surface water .    

There ar e  indus t r ial  development  areas ,  especial ly  in  Whi tchurch ,  but  these 

are  l ikely  to  be connected  to  the public  foul  sewer .    

2.5.2 Portals Paper Mill 

Portal s Paper  Mi ll  ad jacent  to  Overton Railway Stat ion is regulated  as an  

Ins tal la t ion under  EPR and  has  a was tewater  t reatment  plant which  has 
operated  s ince the 1930s .   Indus t r ial  was tewater  i s  t reated  and then  t reated  

eff luent  i s  d ischarged to  the River  Tes t  a t  Quidhampton.    

I t  i s  not known whether Portal s WWTW discharged to  the Chalk Aqui fer  

dur ing  an  ear l ier  per iod  of  operat ion .   The h i s tor ical  l ayout of  the WWTW 

does  not sugges t  that  t reated  eff luent  was  di scharged to  the Chalk.    

In  2019,  a rev ised EPR Permi t  was i ssued to Portal s Paper  Mi l l bb.   The 

Decis ion  Document cc associated  wi th  the revised  permi t  notes  that  emissions 

 
aa The impact of phosphorus inputs from small discharges on designated freshwater sites - NECR170 
(naturalengland.org.uk) 
bb RG25 3JG, Portals De La Rue Limited: environmental permit issued - GOV.UK (www.gov.uk)  
cc Decision_document.pdf (publishing.service.gov.uk) 

http://publications.naturalengland.org.uk/publication/6150557569908736
http://publications.naturalengland.org.uk/publication/6150557569908736
https://www.gov.uk/government/publications/rg25-3jg-portals-de-la-rue-limited-environmental-permit-issued
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/786262/Decision_document.pdf
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of  phosphorus  f rom Portal s Paper  Mi ll  have a  s igni f icant  effect  on  the 

concent rat ions  of  phosphorus in the Upper  Tes t .  

Under  the 2019 revis ion of the EPR Permit ,  Portal s  Paper  Mil l  were subject  

to  more s t r ingent  emiss ion  l imit  values  for the d i scharge of t reated  eff luent  

to  the River  Test .   The revised  emiss ion l imi t  values were based  di rect ly  
on  the BATC-AELs  (Bes t  Avai lable  Technology  Conclus ions  – Associated  

Emiss ion Levels )  der ived  for  the Pulp  and Paper  Sect or  under  the Indus t r ial  

Emiss ions  Di rect ive  ( IED),  as  descr ibed  in the Bes t  Avai lable  Technology 

Reference Document  (BREF)  and BAT Conclus ions dd.    

A derogat ion  was  issued  to the operator  that  permi t ted  emiss ions  of  Total  
phosphorus  (TP),  to tal  n it rogen (TN) and ch emical  oxygen demand (COD) 

above the BATC-AELs unt i l  2020  af ter  which  the operator  was  requi red  to  

comply  with  BATC-AELs .    

The change in  emiss ion l imi t  values  for  TP  were as  fo l lows:   

•  Pre-2016:  TP  2 mg-P/ l .  

•  2019-20: TP  0.5  mg-P /l  as  an annual  average.  

•  2020 on:  TP  0.25  mg-P /l  as an  annual  average.  

The BATC-AEL i s therefore 8  t imes  lower  than  the pre -2016 emiss ion  l imit  

value for  TP .    

The current  ELVs are  l i s ted  in Table 7 .   I t  i s  notable that  the operator  i s 

requi red  to  monitor  for  a  range of  t race organic subs tances  several  of  which  
have low Envi ronmental  Qual i ty  S tandards  (EQS),  for  example the EQS of  

nonylphenol  i s  0 .3 µg/ l .  

Table 7 ELVs at Portals Paper Mill 

Parameter Process 

Water Inlet 

Process-based 

Limits 

(kg/tonne pulp) 

WWTW 

Discharge 

Treated wastewater - none 7000 m3/d 

COD - 0.3 to 5 none 

TSS - 0.1 to 1 25 mg/l 

TN - 0.015 to 0.4 none 

TP - 0.002 to 0.04 
AA:  0 . 2 5 m g- P / l  

M AC:  0 . 5  mg - P/ l  

Absorbable organically bound halogens (AOX) - 0.05  

Ammonia - none 2 mg-N/l 

Mercury and cadmium - none 
Monitoring required, 
no ELVs 

Organic substances, including pentachlorphenol, 
organo-tin as tin, TBT, nonylphenol and 

nonylphenol ethoxylates; chlorpyriphos, 
cypermethrin and endosulphan (A&B). 

Monitoring 
required, no 

ELVs 
none 

Monitoring required, 

no ELVs 

 

 
dd Production of Pulp, Paper and Board | Eippcb (europa.eu) 

https://eippcb.jrc.ec.europa.eu/reference/production-pulp-paper-and-board
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Moni tor ing  data  f rom the Envi ronment  Agency OpenWIMS sys tem for  the 

process  was te  d i scharge to  the WWTW is shown in Figure 8.   No pos t -2014 

data  were avai lab le .      

 

Figure 8 Portals Process Wastewater Monitoring Data 

I t  i s  unders tood that  Portal s  faci l i ty  at  Overton  i s  scheduled  to close in 

2022,  and therefore th i s  di scharge wi l l  cease.    

2.5.3 VSL Factory 

Vitacress  Salads  Ltd  operate  a watercress  fa rm and process ing factory  near  

S t Mary  Bourne between the Tes t  and  the Bourne Rivulet .   They have two 

d ischarge consents  which  have operated  since 1995 or  ear l i er .    

VSL have appl ied for  planning consent for  development of a  const ructed  

wet land system compris ing 15 ponds .   VSL plan to improve the quali ty of  
d i scharge waters  and  sediment cont ro l  by del iver ing  a ser ies  of wet land 

areas .  The wet land pond sys tems involve a  ser ies  of  simple vegetated pond -

based  sys tems which  wi ll  funct ion  by  mimicking  the water  t reatment  
proper t ies  of  natural  wet lands .   The appl icat ion  had  not  been  determined at  

the t ime of  prepar ing  thi s  report .    

The p lanning applicat ion was  supported by  a n Envi ronmental  S tatement,  

RMA 2021,  which  contains  informat ion  relevant  to  th i s report .   VSL 

moni tor  the qual i ty  of  water  en ter ing  and leaving  watercress  beds ,  wi th  

analys i s  for  ammoniacal  n i t rogen,  ni t rate ,  TN,  phosphate and 
or thophosphate together  wi th  o ther  subs tances .   The moni tor ing records  

cover  the per iod 2015 to date .   Addit ional sampl ing and analysi s at  var ious 

locat ions  was carr ied  out to support  the ES.   Groundwater  f rom the on -s ite  
abs t ract ion  borehole ,  surface water  in  the watercress  beds  and factory  

process  water  were sampled  and analysed  for  a  number  of  subs tances  

including pes t icides .   A number  of pes t icides  were detected  at  relat ively 
low concent rat ions  in  factory  process  water ,  but  not  in  groundwater  or  

surface water .  
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2.6 Atmospheric Deposition of Nitrogen 

Dry and wet  deposi t ion of  ni t rogen oxides  (NO x )  f rom vehicle emissions  
and indus t r ial  sources ,  and  agr icul tural  emiss ion  of  ammonia,  cont r ibute to 

the so i l  and  water  n it rogen balances .    

According  to  data  provided by  the Ai r  Pol lu tion  Informa t ion System 

(APIS) ,  t he 2018-20 depos i t ion  rate  for atmospheric  n i t rogen  in the Upper  

Tes t  Catchment  i s  approximately 21  kg -N/ha/a ee .   This i s typical  of 

depos i t ion rates  over  England.     

Most  of  the atmospheric  n it rogen depos i t ion  i s  l ikely  to  be u ti l i sed  by  

vegetat ion .   Assuming 10% of  th i s n i t rogen load  i s  eventual ly d i scharged 
to  the River  Tes t  v ia t ransport  in surface runoff  and  groundwater ,  the 

resul t ing  concent rat ion  in  the River  Tes t  would  be,  by  mass balance,  0 .2 

mg-N/ l  using  the catchment  area and  mean dai ly  f low data in Table 12.  

2.7 Historical Landfill Sites 

The Envi ronment  Agency records  of  h i s tor ical  l andfi l l  s i t es ff include  a  total  

of  f ive s i t es  in  the Upper  Tes t  Catchment  of which  three landfi l l  s i t es  were 
formerly  operated  by  Portal s  Ltd .   The Envi ronment  Agency Public  Regis ter  

records  one closed  landfi l l  in  the Upper  Tes t  Catchment,  a l so  formerly 

operated  by  Portal s Ltd.   Detai l s are  provided in  Table 8 .  

I t  i s  l ikely that  the was tes depos ited  by  Portal s  would  contain phosphorus 

and n i t rogen because they  are descr ibed  as  s ludges and ar e l ikely to  be 

paper  process  was te  s ludges  and was te  water  t reatment  s ludges .   There i s 
the possib i l i ty  that  the paper  mi l l  was tes contained  other  contaminants  

al though they were class i f ied  as  iner t .  However  the quant i ty  of  was te 

depos i ted  and s i t e  enginee r ing  detai l s  are  unknown.   Further  inves t igat ions  
would  be needed to  determine whether  any of  the identi f ied  h i s tor ical  

l andfi l l  si t es  presents a  r i sk of  contaminat ion  of  the River  Tes t .    

Table 8 Landfill Sites in the Upper Test Catchment 

Site Name Operator Location Grid 

Reference 

Status Operational Waste 

Type 

Liquid/Sludge 

Waste 

Distance 

to River 

Test 

Apple Dell Portals Ltd 

Tirrell Hill Farm, 

Overton 

SU 510 483 Closed 1945 -  Inert Yes 1500m 

Apple Dell 

Extension 

De La Rue 

International  

Ltd 

SU 5106 

4834 
Closed 1979 - 2019 Inert  1500m 

Brick Kiln Portals Ltd 
Brick Kiln, 

Overton 
SU 509 490 Closed 1977 - 1979  Yes 700m 

Kennel 

Plantation 
Portals Ltd 

South of Kennel 

Plantation, 

Quidhampton 

SU 522 504 Closed 1977 - Inert Yes <100m 

Disused 

Cutting, 

Whitchurch 

Station 

ND 

North of 

Whitchurch 

Railway Station 

SU 463 489 Closed ND 
Household 

waste 
No 800m 

Land at 

Weston 

Down 

Clump 

Gleeson 

Civil 

Engineering 

Freefolk Land, 

Micheldever 
SU 507 436 Closed 1981 Inert No 7 kms 

 
ee www.apis.ac.uk 
ff Historic Landfill Sites - December 2021 (data.gov.uk) 

https://environment.data.gov.uk/portalstg/home/item.html?id=96b2530df5414e1c8ec4b679c12474d6
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2.8 Catchment Nitrogen Balance 

Table 9  provides  an  approximate anthropogenic n i t rogen balance for  the  
Upper  Tes t .   The atmospheric  n i t rogen inputs  are  based  on  the assess ment  

in  Sect ion 2 .6 .   The agr icul tural  inputs  are  based  on  the Farmscoper  Upscale  

resul t s  presented  in Sect ion 2.2 .2.    

The WWTW inputs  in  Table 9 were based  on  the WWTW dry  weather  f lows 

and n i t rogen concent rat ions f rom recent  moni tor ing data .   An addi t ional 4% 

al lowance was  added to  account  for  non -sewered  was tewate r  inputs  to  the 
Chalk Aqui fer .   The ni t rogen load from Portal s  was based on the maximum 

permi t ted  d i sch arge volume and TN concent rat ion .  

These anthropogenic inputs  are  super imposed on  a  pre - indus t rial  basel ine 

which  i s  l ikely to be of  the order  of  1  mg -N/ l ,  Limbrick 2003,  Buss  et  a l  

2005.   

Table 9 Catchment Nitrogen Balance Estimates 

Parameter Units Atmospheric Agriculture WWTW Total 

Source of estimates: APIS data 

Farmscoper 
Upscale WFD 
(see Section 2.2.2) 

DWF: Table 1 

Concentrations: 

Section 2.3 

 

Diffuse load to surface  

from atmosphere or 

agricultural  application 

rate 

kg-N/ha/a                21  45 to 140   

 

Attenuation in soil  -  
90% 

(estimated) 

As modelled 
by 

Farmscoper  

  
 

Net load to river kg-N/ha/a  2.1  29.67   
 

Catchment area Ha 17,706  13,853   
 

Total load to river kg-N/a 37,183   401,160  47,662  
 

Mean daily flow of River 

Test at Whitchurch 
m3/a 69,568,115 

 

Calculated concentration in 

River Test 
mg/l 0.53 5.91 0.69 7.13 

 

No t e s:  

1  At t en u at io n o f  a tm o sp h er ic  l o ad s  in  s o i l  e s t i ma ted  ac r os s  a l l  l a n d us e s .  

2  Agr ic u l t ur a l  l oa d s  es t im at e d us in g F ar ms c op er  Up s c al e ,  a nd  r e pr es e nt a t iv e  of  c u r r en t  ra th e r  
t h a n hi s t or i c a l  f a r mi ng  pr ac t i ce s .  

3  W WTW l o ad s  ba s ed o n pe rmi t t e d  DW F  (Ta bl e  1)  an d  r ec e nt  m e as ur e d c o n ce nt r a t i o ns  o f  n i t ra t e  
a n d  T IN.   Tot a l  W W TW  l oa d  i nc l ud es  an  e s t ima t e  of  t h e  ni t r o ge n  l oa d  f rom  un s e we r ed  
d i sc h ar g es  a n d P or ta l s  P a p er  Mi l l  c on s en te d  d i s c har g e .   

4  The  de r i va t i o n of  t h e  ni t r og e n lo a ds  f ro m W W TW  i s  pr o vi d ed  i n  Ap p en di x  G.  
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I t  i s  important to  note that  the n i t rogen concent rat ions  in  Table 9  are  based  

on  es t imates  of  current  agr icul tural  and  was tewater  loads ,  and  are not  

representat ive of  h i s tor ical  loads:  

•  A large par t  of  the h i s tor ical  agr icul tural  n i t rogen load  remains  in 

s torage in the unsaturated  zone and in  groundwater  in the Chalk 

Aqui fer ,  including n it rate  that  h as d i f fused in to  the pore space of the 
Chalk  mat r ix.   The current  d i scharges  of  n i trate  f rom groundwater  to  

the River  Tes t  is  an  ar tefact  of  h i s tor ical  farming pract ices  and 

fer t i l i ser  inputs  and as  shown in  Sect ion  6  i s  s t i l l  increas ing .   Even 
af ter  n i t rogen loads enter ing the Chalk groundwater  f rom the 

unsaturated  zone decrease due to  improved farming pract ices  there  

wi l l  be a  long per iod ,  measured  at  l eas t  in  decades ,  over  which  
reverse -d i ffus ion  from the Chalk  mat r ix  in the saturated  zone wi l l  

main tain  h igh  ni t rate  concent rat ions  in  mobi le  f i ssure water  in  the 

Chalk .    

•  His tor ical  inputs  of n i t rate  to the Chalk  aqui fer  beneath  WWTW 

inf i l t rat ion systems wi ll  have caused  ni t rate  to d i f fuse in to the pore 

space of  the Chalk mat r ix.  I t  i s  l ikely  that  a  l arge m ass of n i t rate  i s 
s tored  in  the pore water  of  the Chalk mat r ix in  the zone beneath  each  

inf i l t rat ion sys tem and in  the downgradient aqui fer .    There wil l  be 

a  long per iod ,  measured  in  decades ,  over  which  back-di ffus ion  from 
the Chalk  mat r ix  in  the saturate d  zone wi l l  main tain  high  n it rate  

concent rat ions  in  mobi le f i ssure water  in the Chalk .  

Therefore,  the effect s  of  h i s tor ical  inputs of  n i t rate  and o ther  n i t rogen 
compounds  to  the Chalk Aqui fer  f rom agricul tural  and  WWTW sources  wil l  

cont inue for  many decade s  in to  the fu ture.    
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3 HYDROGEOLGY OF THE CHALK AQUIFER 

3.1 Introduction 

This  sect ion  provides  a  br ief  summary of  the s tate  of  knowledge of  the 
hydrogeology of the Chalk Aqui fer  in England.   This  i s in tended to serve 

the purposes of thi s report  and i s not a com plete summary of the 

hydrogeology of  the Chalk.    

The Chalk  Aqui fer  i s  an  important  source of  publ ic  water  supply  in  southern  

and eas tern  England provid ing 40% of publ ic  water  suppl ies in th i s area ,  

and  up  to 80% in  local  areas ,  Downing 199 8.    

In  much of southern  and eas tern  England the Chalk  provides  the major i ty  

of  r iver  f lows  and therefore i s  cr i t i cal ly important  to dependant  ecosys tems.    

Chalk groundwater  resources  are  heavi ly explo i ted and a  l arge proport ion 

of  Chalk  groundwater  bodies  are  over -abs t racted .    

The Chalk has  been  contaminated  by d i ffuse and point  sources  of  

contaminat ion .   The main source of  d i f fuse pol lu tion  i s  agr icul tural ,  

especial ly  n i t rate f rom agricul tural  fer t i l iser  appl icat ion .   Poin t  sources  

include indust r ial  and publ ic and pr i vate  was tewater  t reatment  sys tems.    

The unders tanding  of  the hydrogeology of  the Chalk  has  developed over  the 
las t  50 years .   Advances  have been  made in  the unders tanding  of  

groundwater  f low and s torage ;  groundwater  recharge and unsaturated  zone 

s torage & t ransport ;  the avai lab i l i ty of groundwater  resources ;  and  fate and 

t ransport  of  a  wide range of  contaminants  especial ly  n i t rate .   

3.2 Geology and Stratigraphy of the Chalk 

The previous  and wel l -es tabl i shed d iv i sion of  the Chalk  in to Lower,  Middle 
and Upper  zones has been  revised  in recent  years ,  Bri stow et  a l  2008,  

Mort imore 1986,  as summarised  in Table 10.  

Table 10 Chalk Sub-Divisions 

Group Previous  Divis ions  New Formation names  

W hit e  Cha l k sub -g roup 

Uppe r  Chal k  

Ne wha ve n  Chal k  

Se a fo rd Cha lk  

L e we s Nodul a r  Cha l k  

Mi dd le  Chal k  
Ne w Pi t  Chal k  

Hol ywel l  Chal k  

L owe r Cha l k  
Gre y  Chal k  sub -g roup 

Z i g Za g Chal k  

W e st  Mel bury  Ma r l y 

Cha l k 
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3.3 Physical Properties 

The Chalk  is  a  micro -porous  pure l imes tone formed from the skeletal ,  
coccol i th ic  remains  of  marine algae .   Coccol i ths  are  indiv idual  p lates  

of  calcium carbonate  formed by  s ingle-cel led  algae  which  are arranged  

around them in a  coccospheres .    The coccol i ths and component plates  g ive 

the rock  mat r ix an  open porous  st ructure.    

Hancock 1975 descr ibes the pet ro logy of the Chalk in detail .   Near ly  al l  

the sediment  was  deposi ted  as  low magnesium calci te  which  i s  s tab le  at  
surface temperatures  and pressures .   Unl ike most l imes tones ,  the low Mg -

calci te  of  the Chalk meant that  ear ly  po s t -depos i t ion re-crys tal l i sat ion and 

l i th i f icat ion  d id  not  occur ,  and  the Chalk  retained  a  h igh  mat r ix  porosi ty.   
The Chalk  general ly  contains  approximately 1% clay  mineral s ,  a l though the 

Chalk  Marl  a t  the base of  the Chalk,  and  th in  (1  cm scale)  marl  hor i zons  

and lenses  wi th in  the Chalk ,  contain  up  to approximately 30% clay  

mineral s .    

The grain  s ize of the mat r ix  i s  c i rca 1 micron,  der ived from the s ize of the 

coccol i ths ,  wi th 10 to 25% larger  f ragments  in  the range 10 to 100 microns .   
The character i s t i c  pore size of the Chalk is  in the range 0 .2 to 1 micron.   

The mat r ix poros i ty is  in  the range 20 to 45% and the mat r ix hydraul ic 

conduct iv i ty ,  cons is tent wi th the grain  s ize,  is  10 - 9  to 10 - 7  m/s,  P r ice et  a l  

1993,  in  the range typical  of  f ine si l t  and  clay .    

A f racture  ( f i ssure)  sys tem,  enlarged  by so lu t ion ,  has developed,  which  
resul t s  in a  macroscale  rock  mass  hydraul ic  conduct iv i ty  orders  of  

magni tude h igher  than  the mat r ix  hydraul ic  conduct iv i ty.   The poros i ty  of 

the f i ssure system is  typical ly  0.1 to 3 %.   

I t  has al so been  es tabli shed that  hydraul ic conduct iv i ty reduces  with depth 

in  the saturated  zone,  but al so  tends  to  be  h igher  in  r iver  valleys  and  lower  

in  interf luves  where the depth to groundwater  i s  higher  and can  be 40m or  

more.   This resul t s  in  non-l inear  t ransmissiv i ty ,  Rushton 2003.  

3.4 Dual Porosity and Groundwater Flow 

A dual  poros i ty conceptual  model  of the Chalk  has  become es tabl i shed ,  in 
which  the major i ty of groundwater  s torage occurs  in the micro -porous  

mat r ix ,  but groundwater  f low in  the sa turated  zone i s  dominated  by  

relat ively  rapid  f racture/ f i ssure f low.   This i s represented  conceptual ly  by  
a  sys tem of a  microporous  mat r ix ,  wh ere each  b lock  can  be cons idered  to  

act  s imi lar ly  to  a  sponge,  d iv ided  in to  b locks  by  the f racture sys tem  which  

provide rapid  groundwater  f lows.    

Under  condi t ions  of  a  fal l ing  or  r i s ing  groundwater  potent iomet r ic  surface  

( i . e .  water  t able)  the release f rom or ref i l l ing  of  s torage i s cont ro l led by  

the f i ssure system storage (0 .1  to  3%) because the mat r ix rema ins  saturated 

when the rock  i s drained .   

The Chalk  i s character i sed  by  large seaso nal  water  t ab le  f luctuat ions  at  

d i s tances  f rom watercourses ,  which can  be tens  of  met res  in  the in terf luves .    

https://en.wikipedia.org/wiki/Calcium_carbonate
https://en.wikipedia.org/wiki/Alga
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I t  i s  common for  Chalk  groundwater  catchments  that  feed  to  wate rcourses  

and abs t ract ion  wel l s to be d i sconnected  from the associated  surface water  
catchments .   Groundwater  d iv ides  do  not co incide wi th  surface wate r  

d iv ides  and/or  dry  val ley  sys tems are ei ther  not  rep l icated  by  groundwater  

contours  or  represented  by  subdued contour repl icat ions .    

Three phase poros i ty  models  have emerged more recent ly .   Hari a  et  a l  2003 

presents  a  three phase model  based  on  ident i f icat ion  of  an  addi t ional  

in termediate  poros i ty  sys tem,  par t ly based on  an  inves t igation  s i t e in the 
River  Tes t  catchment .   P r ice et  a l  2000 provide several  l ine s  of  ev idence  

that  i r regular i t i es on the surfaces  of  the f issure sys tem provide addi t ional  

s torage when mat r ix  potent ial s are  too  low to  support  f i s sure f low.   P r ice 
et  a l  2000 noted  that  t he volumes  of  water  drain ing  from some Chalk  

catchments  in  recess ions  are   greate r  than  can  be explained  by  gravi ty  

drainage from f i ssure poros i ty  alone ,  wi th  an  unidenti f ied  s torage  

component  of  ci rca 0 .3%.  The addi t ional  s torage from the f i ssure 
i r regular i t i es  provide d the requi red  addi t ional  0 .3% of  storage under  

drainage condi t ions .    

3.5 Chalk Unsaturated Zone and Recharge Mechanisms 

Well ings  1984 showed that  the major i ty of  ver t ical  f low of  recharge through 

the unsaturated zone occurs  as s low matr ix -f low and that  f low in the 

f ractures  in  the unsaturated  zone only  occurs  when mat r ix  potent ial s  are  
h igher  than -5 kPa.   Where the unsatur ated zone i s t ens of met res  th ick the 

rate  of  f low in  the unsaturated  zone of  the Chalk  has  been  measured  by  pore  

water  prof i l ing  and t racer  t es t s  a t  of the order  of  0 .5 to 1  m/year .    

However ,  where groundwater  i s  shal low the effect  of  h igher  pore pressur es  

and increased  saturat ion  of  the unsaturated Chalk  result s  in by -pass ing of  

the s low mat r ix t ransport  route,  wi th rapid  f low of recharge through the 
f i ssure sys tem and/or  coarser  grained  mat rix  poros ity ,  Haria  et  a l  2003.   

The rate  of f low in the unsatur ated  zone above a shal low water  t ab le  wil l  

be much fas ter ,  a t  rates of  the order  of  met res  per  day or met res  per month .    

As  descr ibed  in  Sect ion  2.2  the pore water  n i t rate  prof i les  include n i t rate  

peaks  of  as  much as  40 to 70  mg -N/ l  which  or ig inated  as  so il  losses  decades  
ago and are s t i l l  s lowly  moving towards the water  t ab le .   Therefore whi l s t  

farming pract ices  have reduced n i t rate  losses  f rom the soi l  zone,  the 

maximum ni t rate  load to  groundwater  has not  yet  occurred  in  some areas  

wi th  thicker  unsaturat ed  zones .    

3.6 Contaminant Fate and Transport 

The dual poros i ty  and hydraul ic  conduct ivi ty  d is t r ibution character i s t i cs  of  

the Chalk  have a  profound effect  on  t rans port  of  d i sso lved  contaminants 

and microorganisms (bacter ia  and v i ruses) :  

•  Unreact ive contaminan ts ,  such as  n it rate  and chlor ide,  t ransfer  f rom 

mobi le f i ssure water to the mat r ix by di ffus ion -cont ro l led  t ransport .   
Thus  d i ffusion   in to mat r ix s torage and back -di ffus ion  from the 

mat r ix  cont ro l  the t ransport  of  unreact ive contaminants .   The h igh  

poros i ty  of  the mat r ix  provides  high  storage cap aci ty  for  these  
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subs tances .   Once a  contaminant  has  d i f fused  in to the mat r ix ,  which  

may occur  over  pro longed per iods,  revers ing  the process  by f lushing ,  
wi th  uncontaminated  or  more weaky contaminated  water ,  wi l l  be very  

s low because of  the rel iance on back -di ffus ion  rates .   

•  Contaminants that  react  wi th the aqui fer  mat r ix  by ion exchange,  

adsorpt ion  and precip i tat ion react ions  are  l ikely  to be preferent ial l y  
d i s t r ibuted on  surfaces  associated  wi th  the zones  of  groundwater  

f low in the saturated zone i . e .  the f issure system and larger  pore 

spaces .   These contaminants  are  l ikely  to  be relat ively  immobi le  in  
the unsaturated zone due to the adsorpt ion and precip i tat ion capaci ty  

of  the Chalk mat r ix where unsaturated f low i s concent rated .   

React ive contaminants include phosphorus /phosphate,  ammonium 

(NH 4
+ ) ,  many t race metal s,  and  some organic subs tances .    

•  Bacter ia  and pro tozoa are g eneral ly  too  large to  penet rate  t he Chalk  

mat r ix  and are probably  concent rated  as  b iof i lms  on f i ssure surfaces  

and in  the larger  pore spaces ,  and as  f i l t rat ion  deposi t s in clogged 
pore space .   Vi ruses are  0 .01 to 0 .25  microns  in  d iameter  and are 

smal l  enough to enter  the Chalk  mat r ix  pore  space.   

•  Vert ical  pore water  prof i les  in  the unsaturated  zone can  show large 
var iat ions  in  contaminant  concent rat ions  at  met re  or  smal ler  scales ,  

which  relate  to  the h i story  of  contaminant  en t ry  at  the surface.    

•  The effect  of  seasonal f luctuat ion of the g roundwater  surface (water  

t ab le)  resul t s  in f lushing  in  the zone of  water  t ab le  f luctuat ion .    

3.7 Site-specific Contaminant Fate and Transport Aspects in the Upper Test  

3.7.1 Inorganic Contaminants 

In  h i s presentat ion David George,  George 2022,  h ighlighted the d i ff erences  

in  t ransport  of  ni t rate  and phosphate/phosphorus  in the Chalk ,  where t reated  
sewage eff luent  i s  d i scharged to  inf i l t rat ion sys tems at  the WWTWs in the 

Upper  Tes t .   The h igh f lows and poin t -source nature of these d i scharges  to 

the Chalk wi ll  resu lt  in  rapid f low through the unsaturated  zone because 

eff luent  inf i l t rat ion  rates are  almost cer tain ly  in excess of  the f low capaci ty  

of  the Chalk mat r ix beneath  the inf i l t rat ion  sys tems .   

3.7.2 Nitrate 

Nit rate  as a  non -react ive contaminant wi ll  have,  and wil l  cont inue to ,  

t ransfer  by  d i ffus ion to  the Chalk  mat r ix .   The Chalk beneath  and around 
these inf i l t rat ion s i t es wil l  contain a  very large mass  of n it rate  in storage,  

representat ive of  the decad es ,  >90 years  in  some cases ,  of  di sposal  of 

sewage eff luent  to  the C halk .    

The concent rat ions  of  n it rate  and o ther  unreact ive contaminants  in the 

mat r ix  are  in  equi l ibr ium wi th the concent rat ion  in  the mobi le water  in the 

f i ssure sys tem.  The rate  and di rect ion  of d i ffus ion  wil l  respond to changes  
in  input  concent rat ions  affect ing  the f low sys tem.   Wherever  WWTW 

t reatment  t echnologies  have been  improved in  the past ,  o r are  improved in  

fu ture ,  and  contaminant  concent rat ions  in eff luent  are  reduced by  these  
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t echnologies ,  the Chalk  sys tem wi l l  respond in  potent ial ly  complex  ways .   

A fu ture improvement at  the WWTWs to  meet  the technical ly  achievable 
l imi t  of  10  mg-N/ l ,  compared  to  the current  concent rat ion  of  ci rca 30  mg -

N/ l ,  wil l  not  resul t  in  a  d i rect ly  proport ionate reduct ion  in  ni t rate  

concent rat ions  and mass t ransport  to the River  Tes t .   When exposed to 

lower  n i t rate  concent rat ions in the mobi le water  in the f issure systems ,  
n i t rate  s tored  in  the mat r ices  wi l l  back -di ffuse in to  the f i ssure sys tem, 

cont ro l led  by concent rat ion  gradients .   Therefore the input  n i t rate  

concent rat ions  in  the t reated  eff luent  en ter i ng  the ground  wi ll  be counter -
at tenuated  by  mass d i f fus ion  back  from the mat r ix ,  resu l t ing in  higher  

concent rat ions  f lowing to  the River  Tes t  compared  to  the concent rat ion  in  

the t reated  eff luent .   The  back-di ffus ion  of  n i t rate  mass  to the mobi le  

f i ssure water  wi l l  cont inue for  a  pro longed per iod ,  probably  measured  in  

years .  

A prel iminary  assessment of  the s torage of n it rate  in the Chalk has been  
made in th i s Review to inform the unders tanding  of the fate  a nd t ransport  

of  n i t rate between the WWTW inf i l t rat ion sys tems and the River  Tes t .   I t  

i s  st ressed  that  thi s i s only  a prel iminary  assessment  and that  fur ther  work,  
including data  col lect ion and  dual poros ity  groundwater  model l ing,  i s 

requi red  to  provide an ade quate unders tanding .   Informat ion that  should be 

avai lab le  f rom the “Ef f luent & Groundwater  Moni tor ing and Act ion P lan” 

obl igat ions  at  Whitchurch ,  Overton ,  Oakley  and North  Wal tham WWTWs  

(see Tables  S1 .2  and S3.4 /S3.5  of  each  Permi t )  should  inform such a  study.    

The s torage es t imate i s  as fo l lows,  based on  Whi tchurch  WWTW:  

•  The mat r ix  of  the Upper  Chalk  has  a  poros ity  of  approximately  39% 

by volume wi th a  corresponding dry  densi ty of  1650 kg/m 3 ,  Al len  et  

a l  1997.    

•  A 1 cubic met re  b lock  of Cha lk  would contain  approximately 390 

l i t res  of  water  in mat r ix s torage.    

•  The n i t rate  concent rat ion  in  the Chalk  matr ix  of  the saturated  zone 

i s  l ikely  to  be in  the range 4 .5  to  9  mg/l  based  on :  ( i )  data  for  the  
Oakley  Farm moni tor  wel l ,  see Sect ion  4 .9.2 ;  (i i )  a  n it rate  

concent rat ion  of  7.2 mg -N/ l  measured  at  the spr ing shown in Figure 

9  in October  2022; and ( i i i ) the inves tigat ions  at  Whitchurch  WWTW 

in  1981 when n it rate  was measured  in the oxid i sed  p lume in the range 
6 .3  to 9 .6 mg/l ,  wi th  an  upgradien t  concentrat ion  of  7 .4  mg -N/ l ,  see 

Appendix  B1.3.      

•  At a n it rate  concent rat ion of  7.5 mg-N/ l ,  a 1 cubic met re Chalk b lock  

would  contain approximately 0.003 kg of  n it rate  as  N.   This  assumes  

that  t he n i t rate  concent rat ion  in  the ma t r ix  is  in  equi l ibr ium with  the 

n i t rate  concent rat ion  in mobile  groundwater  in  the f i ssure sys tem.  

•  The aer ial  ex tent and depth of the p lume emanat ing from the 
inf i l t rat ion system at  Wh i tchurch  WWTW is  unknown.  Any at tempt  

to  es t imate the p lume dimensions  would be conjectural  a t  th i s  s tage .   

For  th i s reason the mass  of  ni t rate  in the p lume has not been  

es t imated .     
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Figure 9 Whitchurch WWTW Monitor Well Network and Transport Path to River 

An es t imated 51 kg/d of  ni t rogen i s d i scharged to  the Chalk f rom the 

inf i l t rat ion  sys tem at  Whitchurch  WWTW,  see Appendix  G.   Assuming 

s teady s tate  condi tions ,  negl igib le  or  no deni t r i f i cat ion ,  and  that  the ent i re  

n i t rate  load reaches  the River  Tes t ,  thi s load would cause the n i t rate  
concent rat ion  in  the River  Tes t  a t  Whi tchurch  to  in crease by  approximately 

0 .4  mg-N/ l  based  on  the es t imated  mean f low in  the r iver  f rom Table 12 .   

Given the assumptions made thi s i s the maximum incremental  concent rat ion  
that  could be predict ed .  The 2010-22 average n i t rate  concent rat ion  at  Town 

Mi l l  Whitchurch ,  up s t ream of  Whi tchurch  WWTW,  i s  7 .37  mg -N/ l  and  the 

downst ream 2010-22 average concent r at ion  at  Eas t  As ton  is  7.59  mg -N/l ,  a 
d i f ference o f  0 .22 mg-N/ l .   Whil s t  th i s increment  could be caused  by n it rate  

loading from Whi tchurch  WWTW, there could be mul tip le in f luences  on 

n i t rate  concent rat ions  between Whi tchurch  and Eas t  As ton .    

The 1981 inves t igation indicated  that  the n i t rate  concent rat ions in the 

p lume at  Whitchurch  WWTW were only a maximum of  3 mg -N/ l  above the 

upgradient  background ,  see Appendix B1.3 .   This increase i s very  small  and 
i s  not cons i s tent wi th such  a  l arge loading  sugges t ing  that  n i t rate  was  

undergoing  considerable de -n i t r i f i cat ion in  the unsaturated zone at  the 

t ime.  However ,  these measurements  were made before secondary  t reatment  
was  ins tal led at  Whi tch urch  WWTW.  The d i scharge of n i t r i f i ed eff l uent  

s ince 1981 may have res ul ted  in s igni f icant  changes  to  n it rate  fate  and  

t ransport  s ince that  t ime.    

The lack  of  recent  groundwater  monitor ing  data  at  Whi tchurch  WWTW 

severely  res t r ic t s  the unders tanding of  ni t rate  fate  and t ransport .    
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3.7.3 Ammonium 

The ammonium i on  NH 4
+  i s  a react ive contaminant  which i s a t t enuated  by 

adsorpt ion  and cat ion exchange.   Ammonium wi ll  di f fuse in to the Chalk  

mat r ix  and therefore behave s imilar ly  to  n i trate ,  wi th back -di ffus ion l ikely 

whenever  f i ssure concent rat ions are  lowered .   In addi t ion,  ammonium may 
be desorb  and/or  be subject  to reverse cat ion  exchange in  response to  

changing concent rat ions  in  f issure water .   Therefore there i s the potent ial  

for  ammonium to be mobi l i sed from s torage i f  the concent rat ions of  
ammonium in t reated  was tewater  d i scharged to the Chalk  are lowered  to  

al low increased  was tewater  volumes  to be di scharged.  

3.7.4 Phosphorus and Phosphates 

Transport  of  react ive contaminants such as  phosphorus  in  phosphates  i s  

a l so  cont ro l led  by equi l ibr ium react ions.   Under  condi t ions of  cons tant  
input concent rat ions  phosphorus wi ll  a t tenuate by  adsorption and/or  

precip i tat ion  as phosphate mineral  such as hydroxyapat i t e .   However ,  thi s  

i s  an  equi l ibr ium react ion  i t sel f  and  the phosphorus  concent rat ion  in the 
mobi le  groundwater  i s l ikely to  be h igher  than  under  the uncontaminated  

basel ine.    

The at tenuat ion  capaci ty  of  the Chalk for  phosphorus i s h igh,  C l imawat 

2014,  and  therefore i t  i s  l ikely that  a  s igni f icant  proportion  of  the 

phosphorus  mass  hi s tor ical ly d i scharged to  the Chalk at  WWTWs in  the 

catchment  remains  in s torage in the Chalk.   There i s a l ikelihood that  any  
improvement  in t reatment  t echnology at  WWTWs to  reduce phosphorus  

concent rat ions  d i scharged to  the Chalk  wil l  resu l t  in  re-mobil i sat ion of  

phosphorus  f rom s torage  due to  the effect  of  back -di ffus ion .   Therefore,  
s imi lar ly to n i t rate ,  the concent rat ion  of  phosphorus in  groundwater  

migrat ing  to  the River  Tes t  may  not reduce in  d i rect  proport ion  to  the 

reduct ion  in  concent rat ion  in  the input  treated  eff luent .    Again,  the 
t imescales  for  complete  reverse mass  t ransfer  wi l l  be very  long and 

measured  in  years  or  decades  for  phosphorus .    
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4 ENVIRONMENTAL SETTING AND CONCEPTUAL MODEL 

4.1 Introduction 

This  sect ion descr ibes  the envi ronmental  set t ing and character i s t i cs  of  the 

Upper  Tes t  Catchmen t.  

Land use ,  rainfal l  and hydrological  data were obtained  from the Nat ional  

R iver  Flow Archives  (NRFA) held  by  CEH,  CEH 2022 gg.   Geological  and 
hydrogeological  data were obtained  from BGS publ ic domain data .   Water  

qual i ty data  was obtained  from th e Envi ronment Agency Water  Qual i ty  

Archive (WIMS sys tem) hh.   

4.2 Land Use 

Table 11 summarises  the land  use di s t r ibut ion  in  the Upper  T es t  Catchment 

based  on  data  f rom CEH 2022.  

Table 11 Land Use Distribution of the Test 

Subdivis ion Land Use Dis tribution (%)  

Woodland Arable and  

Horticu l ture  

Grass land Heath  Urban 

Upper  Tes t  13 .5 50 .4 29  0 .1 3 .4 

Lower Tes t  14 .9 46 .2 30 .8 0 .2 4 .4 

Source:  CEH 2022,  Cat c hme n t  In fo  f or  42 0 2 4 -  Te s t  a t  Ch i l bo l t o n Tot a l  ( ce h .a c . u k)  

4.3 Topography 

Topography comprises ro l l ing Chalk downs  d issected  in a ENE to WSW 

di rect ion  by the River  Tes t .   The landform i s al so character i sed  by  a  

s igni f icant number of  dry valleys  wi th intervening  in terf luves .   The dry  
val leys  can  be appreciated  from the map of  sup erf icial  geology,  Figure 13,  

where the dry  val leys  appear  as  narrow l ineaments  of  superf icial  depos i t s  

including  River  Terrace,  Head,  and  al luvium.  

The topographic elevat ion  var ies  f rom 65 to 95m OD through the val ley of  

the River  Tes t ,  and r i ses  to  a maximum of 296m OD in  the h igher  ground.    

4.4 Climate Data 

The 1961-90 s tandardised average annual  rainfal l  (SAAR) in the Upper  Tes t  

i s  801 mm,  see Table 12 .   According  to  CEH data ii the mean annual  rainfal l  

wi th in  the catchment  var ies  f rom approximately  700 mm/a in  the Tes t  valley  

to  approximately 850 mm/a in the high  ground to the north  eas t .    

 

 
gg Catchment Info for 42024 - Test at Chilbolton Total (ceh.ac.uk) 
hh Open WIMS data 
ii Catchment Info for 42024 - Test at Chilbolton Total (ceh.ac.uk) 

https://nrfa.ceh.ac.uk/data/station/spatial/42024
https://nrfa.ceh.ac.uk/data/station/spatial/42024
https://environment.data.gov.uk/water-quality/view/landing
https://nrfa.ceh.ac.uk/data/station/spatial/42024
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4.5 Hydrology  

The Upper  Tes t  ex tends  f rom the confluence of  the Tes t  with  the Bourne 

Rivulet  to the source ,  see Figure 10 ,  and  Figure 32  in Appendix C.    

 

Figure 10 Catchment Boundaries and Areas 

According  to  Envi ronment  Agency data jj the Upper  Tes t  Catchment  covers  

an  area of  177 km 2 ,  wi th a  s t ream length of  14 .8  km.   The River  Tes t  i s the 

only  permanent  watercourse present  in  the catchment ,  resu l t ing in a  very  

low drainage dens i ty of  0.084 m - 1 .    

Limi ted  gauging data  was avai lab le  for  the Upper  Tes t  f rom per iodic spot 

sampl ing of the main and s ide channels at  Whi tchurch .  Gauging records  

were avai lab le  for  the main  channel  and  for  the s ide channel ,  wi th  a longer  
per iod  of f lows records  for th e main channel ,  1955-2013,  than for the s ide 

channel ,  1990-2013.    The 1990-2013 measured  to tal  mean dai ly f low i s 

 
jj Test (Upper) | Catchment Data Explorer | Catchment Data Explorer 

https://environment.data.gov.uk/catchment-planning/WaterBody/GB107042022710
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1.56  m 3 / s ,  but  th i s i s l ikely to  be an  underes t imate because h igh  f lows  were 

not  recorded.    

R iver  f low and rainfal l  data  were obtained from the nat ional  R iver  Flow 

Archives  held  by  CEH kk.  The Middle Tes t  i s  gauged at  Chi lbolton  which  i s 

some 12 km below Whi tchurch  and below the confluences  wi th the Bourne 
Rivulet  and  the River  Dever ,  see Figure 10 .   Greater  than  30  years  of  dai ly  

f low data are  avai lab le  for  the Middle Tes t  a t  Chi lbolton .   According  to 

CEH the f low regime in  the River  Tes t  a t  Chi lbol ton  i s  “sens ibly  natural” ,  
meaning that  there are  l i t t l e  or  no  ar t i f i c ial  inf luences  on  r iver  f lows .   The 

combined dry weather  f lows  of the WWTW works  ups t ream of Chilbol ton  

i s  0.07  m 3 /s  and  therefore only  1 .3% of  the mean dai ly  f low at  Chi lbol ton.   

There i s a l so a  f low gauging s tat ion on the River  Dever  at  Bransbury close 

to  the confluence wi th the Tes t .   Flow data for  the River  Dever  are  provided  

in  Table 12.  

Table 12  summarises  the avai lab le  s t ream f low data .   

Table 12 Hydrological Data for the Upper and Middle River Test 

G a u gi n g 

S t a t i o n an d 

Lo c a t i o n  

Ar e a  

 

( km 2 )  

Pe r io d  o f  

Re c o r d 

N M DF a  

 

 

9 5 % i l e  

F l o w 

( m 3 / s )  

BFI  E l e v at i o n 

Ra n g e  

( m OD)  

S AAR 

1 9 6 1-

1 9 9 0 

( mm)  

R i v e r  T e s t  a t  

W h i t c h u r c h  

S U  4 6 4  4 7 9  

C i r c a  

1 5 0  

P e r i o d i c  

s p o t  

g a u g i n g ,   

1 9 9 0 -2 0 1 3  

2 3 7  

1 . 5 6  m 3 / s  

 

1 0 7 6  

m 3 / d / k m 2  

0 . 8 2  N D  6 7  t o  2 9 6  N D  

R i v e r  D e v e r  

a t  B r a n s b u r y  

S U  4 2 1  4 2 2  

1 2 2  
D a i l y  d a t a ,  

2 0 0 0 -2 0 2 1  
7 , 9 4 3  

1 . 0 9 6  

 

7 7 6  

m 3 / d / k m 2  

0 . 3 9  0 . 9 5  4 9  t o  1 8 2  7 8 0  

R i v e r  T e s t  a t  

C h i l b o l t o n  

S U  3 8 5  3 9 3  

4 5 3  
D a i l y  d a t a ,  

1 9 8 9 -2 0 2 1  
1 1 , 8 1 4  

5 . 6 4  

 

8 7 9  

m 3 / d / k m 2  

2 . 9 9  0 . 9 7  4 0  t o  2 9 6  8 0 1  

S o u rc e  -  Ch i l bo l t o n d a t a :  CEH 2 0 2 2  S ea rc h Da ta  |  Na t io n al  R i ve r  Fl o w Ar c hi ve  ( ce h .a c . u k)  

S o u rc e  -  Wh i t c hu r ch  d a t a :  Env i r o nm en t  Ag en c y  

BF I  b a s ef lo w i n de x     M DF m ea n  d a i l y  f l o w 

N n u mb e r  of  d a i ly  f lo w m ea s ur em en ts   ND n o  da ta   

S AAR  s t an d ar di s ed  a v er a ge  a n n ua l  r a in fa l l  

a  m ea n  d a i l y  f l o w pe r  u ni t  ca tc hm e nt  a r e a  i s  b as e d on  th e  s ur fa c e  wat er  c a t c hme n t  a r ea  

Figure 11  shows the r iver  f lows  at  Chi lbol ton  from January  1989 to 

September  2021,  wi th groundwater  elevations  for  the Clapgate Cot tage 

moni tor wel l  near  Li tchf ield  4 km north  of  Whi tchurch  for  compari son.   
Figure 12 shows the r iver f lows for  the Upper  T es t  a t  Whi tchurch ,  Dever  at  

Bransbury  and Middle Tes t  a t  Chi lbol ton.   

 
kk Search Data | National River Flow Archive (ceh.ac.uk) 

https://nrfa.ceh.ac.uk/data/search
https://nrfa.ceh.ac.uk/data/search
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The very  h igh peak,  21 m 3 / s  a t  Chi lbolton ,  in  February  2014  occurred  at  a 

t ime of  widespread  f looding in south eas t  England ll, mm.   The highes t  f lows 

occurred  at  Chi lbolton  on 15/02/2014  and at  Bransbury  on  12/02/2014.  

 

Figure 11   Flow Hydrograph for the Middle Test at Chilbolton 

 

Figure 12 River Flow Hydrographs for the Upper & Middle Test and Dever 

4.6 Geology 

As shown in Figure 13 above the outcrop  geology over  the catchment i s 

mainly  Chalk,  with  s ubordinate  areas  of clay -wi th-f l in t s on  the in terf luves  

and River Terrace and Head depos i t s in  the val leys,  including the dry 

val leys .   

 
ll The costs and impacts of the winter 2013 to 2014 floods - GOV.UK (www.gov.uk) 
mm winter-storms-january-to-february-2014---met-office.pdf (metoffice.gov.uk) 
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https://www.gov.uk/flood-and-coastal-erosion-risk-management-research-reports/the-costs-and-impacts-of-the-winter-2013-to-2014-floods
https://www.metoffice.gov.uk/binaries/content/assets/metofficegovuk/pdf/weather/learn-about/uk-past-events/interesting/2014/winter-storms-january-to-february-2014---met-office.pdf
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Figure 13 Superficial Geology of the Upper Test 

The bedrock geology in  the Upper  Tes t  mainly  comprises  Seaford  Format ion  

(formerly  Upper  Chalk) ,  see Figure 14 .    

To  the north  of  the catchment ,  on the h igh  ground in  the v icin i ty of  Ladle 

Hi l l  and Cot t ington’s  Hil l ,  there i s an  east -wes t  an t icl inal  s t ructure ,  the 
Kingsclere Ant icl ine .   In  th i s  area s urface  geology comprises  the  enti re  

underly ing  Chalk format ions  (Lewes  Nodular  Chalk,  New Pi t  Chalk,  

Holywel l  Chalk,  Zig  Zag Chalk  and Wets  Melbury  Chalk) ,  together  with  the 

underly ing   Upper  Greensand.   The eas t -wes t  t rending  Micheldever  syncl ine 
runs  through Barton Stacey  and Micheldever  in  the southern par t  of the 

Upper  Tes t  Catchment.  

The Chalk  d ips south  over  most  of  the Upper  Tes t  Catchment ,  wi th  a  number  

of  eas t -wes t  t ending faul t s .  
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Figure 14 Solid Geology 

Contains BGS information © British Geological Survey 2022 

4.7 Hydrogeology 

4.7.1 Aquifer System 

The Upper  Tes t  Catchment i s en t i rely  underlain  by  the Chalk  Aqui fer ,  a  

P r incipal  Aqui fer .    

There are  only  very  l imi ted areas  of  superf icial  depos i t s in the Upper  Tes t .   
The al luvium of  the Test  val ley  i s  a  Secondary  Aqui fer  of  l imited  exten t 

and  depth .    
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4.7.2 Groundwater Catchment  

Figure 33  in  Appendix  C  shows the boundaries  of  the Upper  Tes t  

groundwater  body  super imposed on the surface wate r  catchments .   Figure 

15  shows the same informat ion but  over  a  more l imi ted  are a.   Note that  the 

in  the v icini ty  of  Wooton S t Lawrence  and south wes t  Basings toke  the 
groundwater  catchment  boundary  i s ins ide and south  wes t of  the surface  

water  catchment  boundary ,  and  as  a  consequence  the groundwater  

catchment  of  the Upper  Tes t  i s  smaller  than  the surface water  catchment .   
This  is  due to the effect s   o f  groundwater  abs t ract ions  in the south wes t  

area of  Bas ings toke,  see   Figure 16,  and also  Figure 34 and Figure 35  in  

Appendix  C.    

 

C o n t a i n s  O S  D a t a .  ©  C r o w n  c o p y r i g h t ,  A l l  r i g h t s  r e s e r v e d .  2 0 2 2 -2 3 .  L i c e n s e  n u m b e r  1 0 0 0 6 2 7 7 9  

Figure 15 Groundwater Catchment of the Upper Test 
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Figure 16 Groundwater Source Protection Zones superimposed on Catchment Boundaries 

4.7.3 Groundwater Levels and Flow 

Appendix  F presents  long term groundwater  elevat ions t rends for  f ive 

moni tor wel l s in the Upper  Tes t  catchment ,  located  in and up  to 4 km north 
of  Whi tchurch .   This informat ion was  supplied  by  the Envi ronment Agency.   

The per iod  of  record  ranges  f rom >30 t o >60 years .    

Based  on  l inear  in terpolat ion  the long term groundwater  elevat ion  records  

show s low downward  t rends .   The long -term decl ine in  groundwater  l evels  

based  on  60  years  of  data  at  the Clapgate Cot tage monitor  wel l ,  4 km north  

of  Whi tchurch ,  is  ap proximately  0.04  m/y.   

The long term decl ine on groundwater  elevat ions i s mos t l ikely the resul t  

of  increased  groundwater  abs t ract ion ,  a l though cl imate change may al so be 
a  cont r ibutory factor .   A proport ionate long -term decl ine in  basef low to the 

River  Tes t  would inevi tably be associated  wi th the decl ine in measured  

groundwater  elevat ions .    

The groundwater  f low di rect ion  i s  gene ral ly  to the south  and south wes t .   

The groundwater  d ivide that  forms the northern and north eas tern  

boundar ies  of  the catchment  runs wes t -eas t  through Hannington,  and  then 
turns  south eas t  through  Oakley,  see Figure 17 .   The groundwater  elevat ions 

are  based  on  data  f rom 1973,  more recent  catchment -scale  data  were not  

avai lab le .   
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Figure 17 Groundwater Elevations in the Chalk Aquifer 

Reproduced from Stuart and Smedley 2009 © British Geological Survey 2009 

4.7.4 Groundwater Abstractions and Source Protection Zones 

There are  publ ic  water  supply  (PWS) abs t ract ions  f rom the Chalk  Aqui fer  

at  Whi tchurch  and Overton in the Upper  Test  Catchment,  and  at  Kingsclere 

PWS and  Upper  Wootton  (Woodgars ton PWS) .   

Figure 16  shows the groundwater  source pro tect ion  zones  for  the Upper  

Tes t .   Figure 34 and Figure 35  in  Appendix  C  show the groundwater  source 

pro tect ion  zones  over  a  l arger  area.  

Drinking  water  safeguard  zones  (SGZs)  have been  es tabl i shed  for  
Whi tchurch  PWS,  Overton PWS and Woodgars ton  PWS , see Figure 35 in 

Appendix  C.  

4.7.5 Available Groundwater Resources  

According  to t he Catchment Abs t ract ion Management  P lan for  the River  

Tes t ,  Envi ronment  Agency 2019a,  the River Tes t  Chalk  groundwater  body,  
GB40701G501200,  has res t r ic ted  water  resources  avai lab le  for  l i cens ing .    

There i s  very l i t t l e scope for any  addit ional  groundwater  abst ract ion  that  

would  not cause addi t ional impacts on  sens it ive water  features .  
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Consequent ly,  there i s a  presumpt ion against  new consumptive groundwater  

abs t ract ions  f rom the Tes t  Chalk .  

4.7.6 Stream - Aquifer Interaction 

The Chalk  Aqui fer  i s in  hydraul ic  cont inui ty  with  the River  Tes t  and 

provides  97% of f lows  in  the Upper  River  Tes t .    

4.7.7 Effect of Groundwater Abstraction on Surface Water Quality and Ecology 

I t  has  been  reported nn that  depleted  surface water  f lows  in  the River  Tes t 

have had  an  advers e impact  on  water  qual i ty  and ecology.   The groundwater  
ev idence,  including  the long - term decl ine in groundwater  l evels and 

apparent  cur tai lment  of  the groundwater  catchment  by  abs t ract ions,  support  

these concerns .    

4.8 Effect of Climate Change on Groundwater and Surface Water  

The effect  of  cl imate change on  the Upper  Tes t  was  accessed  at  a  

prel iminary  level using Envi ronment Agency ,  Envi ronment Agency 2021b,  

and  Met  Off ice informat ion oo,  see  Table 13  and  Table 14 .    

Table 13 Climate Change Observed and Predicted - England 

P ar ame te r  

O bse r ve d P re di c te d 

M i d-1970s  to 

mi d-2010s 

2050s  2080s  

+2 oC +4 oC +2 oC +4  o C 

Annua l  

t em pe ra t ure  
+0 . 9 o C + 1 . 3 o C +1 . 2 o C +1 . 4 o C +2 . 4 o C 

Sunsh i ne  +9%     

Sum me r  r a in fal l  Annua l  m ea n  

ra i n fa l l  +4. 5% 

-15% -14% -15% -22% 

W i nt e r  ra i n fa l l  +6% +6% +8% +13% 

Mont h l y l ow 

r i ve r  f l ows  
ND Up t o 82% re duc t ion a  Up t o 87% re duc t ion a  

S o u rc e :   En v i r o nm en t  Ag en c y 2 02 1 b  

a  a p p l i es  t o  f l as h y r i ve rs  -  l es s er  d e pl e t i o n wh er e  BFI  i s  h i g h s uc h a s  t h e  R iv er  Te s t  

Table 14 Effects of Climate Change on Temperature and Rainfall – Upper Test Area 

Warming Temperature: 

Number of 

Summer Days 

above 25 oC 

Hottest 

Summer 

day 

Warmest 

Winter day 

Rainfall: 

rainy days 

per month in 

Summer 

Rainfall: 

rainy days 

per month 

in Winter 

Rainfall: 

Wettest 

Summer 

day 

Rainfall: 

Wettest 

Winter 

day 

1991-
2019 
Baseline 

4 34.7 oC 18.1 oC 9 11 46 mm 48 mm 

+2 oC  8 36.6 oC 18.4 oC 7 11 50 mm 50 mm 

+4 oC  17 41.6 oC 19.7 oC 6 11 49 mm 50 mm 

 

 
nn 2021-Riverfly-Census_200722.pdf (wildfish.org) 
oo What will climate change look like in your area? - BBC News 

https://wildfish.org/wp-content/uploads/2022/07/2021-Riverfly-Census_200722.pdf
https://www.bbc.co.uk/news/resources/idt-d6338d9f-8789-4bc2-b6d7-3691c0e7d138
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The data  indicate  that  t emperatures  wi l l  increase and that  rainfal l  patterns  

wi l l  change with  increased  f lood r i sk  due to  h igher  in tens ity  winter  and  
summer rainfal l  events .    Rainfal l  wi ll  be lower  in  summer  wi th  h igher  

t emperatures  increas ing  actual  ev ap ot ranspi rat ion .   River  f lows  may reduce  

overal l  but  both  high  and low f lows  wi l l  become more ext reme.    

Mansour  and Hughes  2017 ran  a  groundwater  recharge model  us ing  11  

d i fferent  fu ture cl imate scenar ios ,  based  on the UKCP09 cl imate data  set ,  

each  of  which  produced est imates of  fu ture rainfal l  and  potent ial  
evaporat ion  on a  1 km grid .   The f indings were that  the recharge per iod  was 

shortened and that  monthly groundwater  recharge var iably  increased  or  

decreased  by  the 2050s  and 2080s ,  depending on  the cl ima te scenar io .   I t  
was  predicted  that  i t  was  more probable that  groundwater  recharge would  

increase.   From the very  h igh BFI of  the River  Tes t  i t  i s  probable that  

c l imate change wi l l  cause average r iver  f lows  on the Tes t  to increase.   

However ,  the increased  rainfal l  var iabi l i ty ,  shorter  recharge per iods  and 
increased  potent ial  evaporat ion  i s  l ikely  to  resul t  in  more ext reme low 

f lows  as  indicated  in Table 13.   

The potent ial  reduct ion  of  low f lows  i s  of  par t icu lar  relev ance becaus e  

there wi l l  be less  r iver  f low avai lab le  to  d i lu te  WWTW discharges ,  

especial ly  in  summer.   This wi ll  resul t  in  increased  contaminant  
concent rat ions  in  the River  Tes t  under  load  s tands t i l l  condi tions ;  

concent rat ion  s tands ti l l  wil l  only be achieved by reducing  contaminant  

loads  to the River  Tes t  a t  l eas t  dur ing low flow per iods .    

4.9 Water Quality 

4.9.1 Baseline Quality 

No basel ine (pre -development )  surface water  qual i ty data  were avai lab le  

for  the Upper  Tes t .    

A groundwater  sample f rom Overton  PWS in the cent re  of  Overton  i s  
reported  on  the BGS borehole r ecords  webs i te ,  reference SU54/51,  located  

at  NGR SU 51600 48600.   The analys is ,  dated  1934,  report s  ch lor ide and 

n i t rate  concent rat ions  respect ively  of  11  ppm as  Cl 2  and  6.6  ppm as  N 2  
(approximately  11  and 6 .6 mg/ l ) .   The 1934 n i t rate  concent rat ion  i s  hig her  

than  would  be expected  for  background con cent rat ions  at  that  t ime,  which  

pre-dates  the s tar t  of  modern  agr icul tural  pract ices  wi th  h igh fer t i l i ser  

appl icat ion  rates .   Overton  PWS is  in  the cent re  of  the town and the n i t rate  
concent rat ion  may have been  aff ected  by  local  d i scharges  f rom smal l  

pr ivate  sani tat ion sys tems.    

Limbrick  2003 report s  a  ser ies  of  n i t rate  measurements  for  the Sutton 

Poyntz spr ing  in  South  Dorset .   This  i s  a  Chalk-spr ing  which  has  been  used  

for  publ ic  water  supply  since 1858.    

The 1894-1946 average n i t rate  concent rat ion  at  the spr ing  was 1 .04 mg-

N/ l  with  no s tati s t i cal ly s igni f icant  t rend .   The ni t rate  concent rat ion   

increased  to  an  average of  6 .37 mg-N/ l  over  the per iod 1976 -2001.  

I t  i s  inferred  that  the basel ine ni t rate  concent rat ion  in the River Tes t  

catchment  would  be of  the order  of  1  mg -N/l .   
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4.9.2 Groundwater 

4.9.2.1 Monitor Wells 

Groundwater  qual i ty  moni tor ing  data  were obtained  from the Envi ronment 

Agency Water  Qu al i ty  Archive.   Data were  avai lab le  for  one moni tor  wel l  
in  the Upper Tes t  catchment ,  located  at  North  Oakley Farm.   Groundwater  

qual i ty  data  for  an  addi t ional  three monitor  wel l s  located  on  or  close to  the 

catchment  boundary  were al so selected .   The monitor  wel l  locat ions  are  
shown in Figure 18 .   None of  these moni tor  wel l s are  close to or  

downgradient  of  WWTWs.    

 
C o n t a i n s  O S  D a t a .  ©  C r o w n  c o p y r i g h t ,  A l l  r i g h t s  r e s e r v e d .  2 0 2 2 -2 3 .  L i c e n s e  n u m b e r  1 0 0 0 6 2 7 7 9  

Figure 18 Monitor Well Locations 

Table 15  provides  the dr i l l ed  depth,  ground level  e levat ion  and approximate 

range of  unsaturated  zone th ickness  for  each  monitor  wel l .   The unsaturated  

zone th icknesses  were der ived  from the avai lab le  groundwater  l evel  data ,  

and  are based  on  l imi ted data .    

4.9.2.2 Inorganic Substances 

Table 15  al so  l i s ts  the 2010 -22 average  major  ion concent rat ions  for  each  

moni tor  well .    
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Table 15 Monitor Well Details and Major Ion Concentrations 

Parameter 

North 

Oakley 

Farm 

Tufton 

Warren 

Farm 

Grange 

Farm 

Dummer 

Old 

Derrydown 

Farm 

General 

Depth (m) 68.3 43.3 78.0 30.5 

Ground Level (m OD) 160.0 81.5 149.5 82.8 

Measured unsaturated Zone 

thickness (m) 
60 - 68 circa 17 50 to 53 6.8 to 7.8 

Groundwater Quality - 20010-22 Averages (mg/l) 

Calcium 106 97 117 102 

Magnesium 3.17 1.56 2.29 1.48 

Sodium 7.22 6.57 7.29 6.26 

Potassium 5.97 0.72 2.28 0.91 

Alkalinity as CaCO3 260 210 266 222 

Bicarbonate as HCO3 316 256 324 270 

Chloride 13.6 15.1 15.8 14.0 

Sulphate as SO4 10.2 10.4 10.5 10.2 

Nitrate as N 6.05 6.93 6.95 6.74 

Orthophosphate as P 0.0215 0.0166 0.0245 0.0229 

 

Figure  19  shows the concent rat ion  t rends  for  ch lor ide,  n i t rate ,  ammoniacal  
n i t rogen and or thophosphate at  the North  Oakley  Farm moni tor  wel l  for  the 

per iod  2008-22.    The fo llowing was  noted:  

•  Chl ori de  a nd ni t ra te  conce n tra t i ons a ppea r t o be  on sha l l ow i nc re a s i ng  

t r e nds.   The unsat u rat ed  z one i s a pprox im at el y 60m  t h ic k a t  t h i s  l oc a t i on,  

a nd  the re fo re  t he  wat e r  c u r re nt l y  drai n i ng from  the  unsa t urat e d  z one  

m at r i x i nt o  g roundwat e r  wou ld  have  e n te re d  t he  syst em  a s  i n fi l t r a t i on 

som e 60 o r  m ore  ye a r s a go .   T he pore  wat e r  p ro f i le  c u r re n t l y a t  o r  c l ose  

t o t he  wat e r  t a bl e  p roba b l y c ont ai ns h i gh  ni t ra te  conce n t ra t i ons 

r e p re se n ta t i ve  o f  h i s to r ic al l y h i ghe r f e rt i l i ser  app l ic at i on ra t e s.   T he  pea k  

n i t ra te  con ce n tra t i on i n t he  unsa t ura te d z one pore wa te r  m ay  not  ha ve 

r e ac hed  t he  wat e r  ta b le .    

•  Am m oni ac al  n i t rogen  wa s  be l ow t he  det ec t ion  l i m it .  

•  Ort hophospha te  i s  a t  ve ry  l ow c onc e nt ra t ions ,  and  bel ow t he  su r fa ce  wa t er  

E QS fo r Hi gh  c hem ic al  c la ss i f ic at i on .  

Figure 20  shows the concent rat ion  t rends  for  ch lor ide,  n i t rate ,  ammoniacal  

n i t rogen and or thophosphate at  the Grange Farm moni tor  wel l  a t  Dummer 

for  the per iod  2010 -22.    This monitor  wel l  i s  located  c lose to  the surface  
water  catchment  boundary  and south eas t  of  Whi tchurch .   The fo l lowing 

was  noted:  

•  Chl ori de  a nd ni t ra te  conce n tra t i ons a ppea r t o be  on sha l l ow i nc re a s i ng  

t r e nds.   The unsat u rat ed  z one i s a pprox im at el y 50m  t h ic k a t  t h i s  l oc a t i on,  

a nd  the re fo re  t he  wat e r  c u r re nt l y  drai n i ng from  the  unsa t urat e d  z one  
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m at r i x i nt o  g roundwat e r  wou ld  have  e n te re d  t he  syst em  a s  i n fi l t r a t i on 

som e 50 o r  m ore  ye a r s a go .   T he pore  wat e r  p ro f i le  c u r re n t l y a t  o r  c l ose  

t o t he  wat e r  t a bl e  p roba b l y c ont ai ns h i gh  ni t ra te  con ce n t ra t i ons 

r e p re se n ta t i ve  o f  h i s to r ic al l y h i ghe r f e rt i l i ser  app l ic at i on ra t e s.   T he  pea k  

n i t ra te  conce n tra t i on i n t he  unsa t ura te d z one pore wa te r  m ay  not  ha ve 

r e ac hed  t he  wat e r  ta b le .    

•  Am m oni ac al  n i t rogen  wa s  be l ow t he  det ec t ion  l i m it .  

•  Ort hophospha te  i s  a t  ve ry l ow c onc en t ra t ions ,  be l ow t he  su r fa ce  wa te r  

E QS fo r Hi gh  c hem ic al  c la ss i f ic at i on  bu t  ma y  be  on  a n  i nc rea s i ng t re nd .   

 

Figure 19 Groundwater Quality at North Oakley Farm 

 

 

Figure 20 Groundwater Quality at Grange Farm Dummer 
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Figure 21  shows the concent rat ion  t rends  for  ch lor ide,  n i t rate ,  ammoniacal  

n i t rogen and or thophosphate at  the Tufton  Warren  Farm moni tor  wel l  for  
the per iod  2010-22.    This  moni tor  wel l  i s  located  due south  of Whi tchu rch  

and jus t  outs ide the surface water  catchment  boundary .   The fo l lowing was  

noted:  

•  Chl ori de  a nd ni t ra te  conce n tra t i ons a ppea r t o be  on sha l l ow i nc re a s i ng  

t r e nds;  t he se  t re nds a re  on a  som e wha t  s te e pe r  g ra di en t  a nd  a re  m ore 

d i sc ern i bl e  tha n those  a t  Nor t h  Oak le y  Fa rm a nd  Gra nge  Fa rm .   T he  

unsa t u ra te d zone i s  a pprox im at el y 17m t hi c k a t  th i s l oc at i on .   T he n i t ra te  

l oa d e n te r i ng g roundwa te r  f rom t he  unsat u ra ted  z one m ay  be de c re a s ing  

due t o t he  be ne f ic ia l  e f f ec t s o f  f e rt i l i ser  c on tro l s  in t roduce d over  t he  la s  

30  yea r s .   T he i nc rea s i ng t re nd  i s  p roba bl y  t he  r e sul t  o f  m i gra t i on f rom  

upgra di e nt  source s .  

•  Am m oni ac al  n i t rogen  wa s  be l ow t he  det ec t ion  l i m it .  

•  Ort hophospha te  i s  a t  ve ry l ow c once n t ra t i ons  and  be l ow t he  su r fac e  wat e r  

E QS fo r Hi gh chem ic al  c l a ss i f ic a t i on .   The me thod  de te ct i on l i mi t  (MDL ) 

wa s  r educe d i n 2014 f rom 20 t o 10 µg / l .   

 

 

Figure 21 Groundwater Quality at Tufton Warren Farm  

 
Figure 22  shows the concent rat ion  t rends  for  ch lor ide,  n i t rate ,  ammoniacal  

n i t rogen and or thophosphate at  the Old  Derrydown  Farm moni tor wel l  for  

the per iod 2010 -22.    This monitor  well  i s  located  wes t  of Whi tchurch and 
in  the surface water  catchment  of the Bourne Rivulet .   This moni tor wel l  i s  

c lose to  the Bourne Rivulet  and  therefore the water  t ab le  i s  shal low wi th  

an  unsaturated  zone approximately 7m th ick.    

At  the Old Derrydown Farm monitor  wel l  c h lor ide,  ni t rate  and 

or thophosphate appear  to  be on increas ing  t rends .   Orthophosphate i s below 

the surface water  EQS for  High chemical  c lass i f icat ion.   Ammoniacal  

n i t rogen i s below detect ion l imi t .    
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Figure 22 Groundwater Quality at Old Derrydown Farm  

4.9.2.3 Organic Substances 

A number  of organic subs tances were reported  at  low concent r at ions in the 

moni tor  well s ,  see Table 16.    

At razine  and/or  s imazine were reported  in  al l  four monitor  well s ,  and 

at razine degradat ion  products  in  three moni tor  wel l s .   These are ubiqui tous 
herb icides  that  are  commonly  detected  in  groundwater .   They were widely  

used  h i s tor ical ly  for  we ed cont rol  on rai lway l ines and o ther  bui l t  

development .   In  all  cases  the concent rat ions  were below the EQSs .    

Chloroform and o ther  t r ihalomethanes  were detected  in  a  few ins tances ,  but  

were not  l i s ted  in Table 16 .   Tr ihalomethanes  are  usual ly  chlor inat ion  by -

products .  

PFOS was detected  above the EQS at  Old Derrydown Farm in 2022.   Two 

other  PFAS subs tances  were detected  but  there are  no  EQSs for  these.    

The o ther  subs tances  were detected  at  very  low concent rat ions and are not 

l ikely  to  be of potent ial  concern  at  thi s  stage.    
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Table 16 Organic Substances in Groundwater 

Substance 
Chemical 

Use/Type 

EQSa 

 

µg/l 

North 

Oakley 

Farm 

Tufton 

Warren 

Farm 

Grange 

Farm 

Dummer 

Old 

Derrydown 

Farm 

Atrazine 
Organochlorine 

herbicide 

AA: 0.6 

MAC: 2 

0.005 to 

0.014 µg/l 

5 detections 

2016-19, 

2022 

0.025 to 

0.032 µg/l 

3 detections 

2010 2014, 

2022 

0.0001 to 

0.033 µg/l 

10 detections 

2010-22 

 

Atrazine de-isopropyl 
Atrazine 

degradation 

products 

  

0.0316 µg/l 

1 detection 

2014 

0.033 µg/l 

1 detection 

2022 

 

Atrazine-de-ethyl  

0.032 µg/l 

1 detection 

2022 

   

Simazine 
Organochlorine 

herbicide 

AA: 1 

MAC: 4 
  

0.004 to 

0.183 µg/l 

6 detections 

2010-22 

0.003 to 0.004 

µg/l 

6 detections 

2011-22 

Bentazone 
Organonitrogen 

herbicide 
  

0.021 µg/l 

1 detection 

2010 

  

Metazochlor 

Organo-nitrogen-

chlorine 

herbicide 

  

0.017 to 

0.023 µg/l 

3 detection 

2010-13 

  

Flutriafol     

0.01 µg/l 

1 detection 

2017 

 

Perfluorotridecane sulfonic 

acid (PFTrDS) 
PFAS    

0.002 µg/l 

1 detection 

2021 

 

Perfluorooctanesulfonic acid 

(branched) (PFOS) 
PFAS 

AA:0.00065 

MAC: 36 
   

0.0012 µg/l 

1 detection 

2022 

Perfluorohexanesulfonic 

acid  
PFAS     

0.0027 µg/l 

1 detection 

2022 

4,8-Dioxa-3H-perfluorononanoic acid (ADONA) 

(PFAS) 
   

0.0009 µg/l 

1 detection 

2021 

 

Benzene 

Aromatic 

hydrocarbons 

AA:10 

MAC: 50 

0.48 µg/l 

1 detection 

2019 

   

Toluene    

0.11 µg/l 

1 detection 

2018 

 

Ethylbenzene   

0.12 µg/l 

1 detection 

2010 

  

m&p xylene   

0.3 µg/l 

1 detection 

2010 

  

o-xylene   

0.22 µg/l 

1 detection 

2010 

  

a  f r es h wat er  En vi r on me nt a l  Qua l i t y  S ta n d ar d  

AA a n n u al  a ve ra g e  M AC m a xim um a cc e pt a bl e  co n ce n t r a t i o n  

P F AS  P e r f l u o r i n a t e d  a l k y l  s u b s t a n c e  
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4.9.3 Surface Water 

4.9.3.1 Sampling Locations 

Surface water  qual i ty  moni tor ing  data  were al so  obtained  from the 

Envi ronment Agency Water  Qual i ty Archive.  The surface water  sampl ing 
locat ions  d i scussed  below are shown in  Figure 23 .  These are al l  in  the 

Upper  Tes t  apar t  f rom Eas t  As ton  at  Longpari sh  which  i s in  the Middle Tes t  

catchment .  
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Figure 23 Surface Water Sampling Locations 

 

4.9.3.2 Inorganic Substances 

Figure 24  to Figure 28 show, f rom ups t ream to downst ream ,  the t rends  in 

n i t rate  and  orthophosphate,  and al so phosphorus  at  Eas t  As ton,  in the Upper 
Tes t  over  the per iod  2010 -22.  Eas t  As ton i s  actual ly  in  the Middle Tes t  

catchment ,  approximately 1 km downst ream of the downst ream extent  of  

the Upper  Tes t .  Addi t ional  h i stor ical  data  are  avai lab le  back  to  2000.   There 

are  several  gaps  in  the data  records .    

Ni t rate  i s  reported  at  concent rat ions  between approximately  5 .5  and 9.5 

mg/ l  and on a uni form upward t rend  wi th closely s imi lar  t rend  gradients.   
There i s  l i t t l e  change in  n i t rate  concent rat ion  from ups t ream to 

downst ream.  The ni t rate  concent rat ion has  increased  to or s l ight ly  

exceed ed the concent rat ion  typical ly  recorded in  monitor  wel l s  in  the Upper  

Tes t  Catchment.    

Figure 29  shows the or thophosphate concent rat ion  t ime ser ies  for  al l  f ive 
surface water  moni tor ing  locat ions.   Orthophosphate i s  on  an  upward  t rend 

at  the ups t ream locat ions at  Polhampton and Quidhampton,  and  on  
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downward  t rends  at  the downst ream locat ions .   Based  on 2022 data ,  

or thophosphate concent rat ions  decrease f rom ups t ream,  45 µg/l ,  to 
downst ream reaching  a  m inimum of  20 µg/ l  a t  Whi tchurch  and Eas t  Aston .  

His tor ical ly ,  or th ophosphate concent rat ions  increased  from ups t ream,  

above the Portal s out fal l  a t  Quidhampton,  to  downst ream sampl ing  

locat ions .    

Polhampton and Qu idhampton sampl ing poin t s  are  both above the Portal s  

out fal l  locat ion .  Portal s was  a signi ficant  source of pho sphorus  

h i s tor ical ly ,  see Sect ion  2.5 .2.  

At  Polhampton and Quidhampton t he or thophosphate concent rat ions  are  
now (2020-22)  general ly  below the WFD threshold  for  High chemical  

s tandard  of  42  µg-P /l ,  a l though i f  the current  t rend  cont inues  the WFD 

class i f icat ion  wi l l  reduce to  Good at  the ups t ream locat ions ,  see Figure 24  

and Figure 25 .    

At  the downst ream sampl ing locat ions the or thophosphate and phosphate 

concent rat ions  are  var iable  and on  a long -term downward  t rend.   
Phosphorus concent rat ions  are  general ly  below  the WFD High chemical  

s tandard  threshold  of 42  µg -P/ l .    

His tor ical ly  the maximum phosphorus  concent rat ion  was  measured  at  

Overton  (Bridge S t reet ) ,  Figure 29.   Phosphorus  has been  on downward  

t rends  at  Overton,  Whi tchurch  and Eas t  As ton .  Wi th the reduct ion  in  

phosphorus  emiss ions  f rom Portal s  (which  wi l l  now reduce to  nothing  due 
to  closure of th i s faci l i ty )  the maximum phosphorus  concent rat ions now 

occurs  at  the ups t ream extent of  the Tes t  a t  Polhampton and Quidhampton,  

and  at  these two locat ions phosphorus i s on an  upward  t rend.   The oppos ing  

t rend l ines  crossed in  about  201 6.  

 

 

Figure 24 Concentrations in the River Test at Polhampton 
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Figure 25 Concentrations in the River Test at Quidhampton 

 

 

Figure 26 Concentrations in the River Test at Bridge Steet Overton 
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Figure 27 Concentrations in the River Test at Town Mill Whitchurch 

 

 

Figure 28 Concentrations in the River Test at East Aston  

(Middle Test Catchment) 
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Figure 29 Orthophosphate - Upper Test 

Figure 30  shows the ammoniacal  n i t rogen concent rat ions  along the River  

Tes t  f rom Polhampton to Whi tchurch .   Figure 31shows the ammoniacal  
n i t rogen concent rat ions  at  Eas t  As ton.   Ammoniacal  n i t rogen i s general ly  

below detect ion  l imit s ,  except  at  Overton and Polhampton.    

At  Overton  concent rat ions  appear  to be  increas ing ,  and  exceeded the EQS 

for  High  ecological  s tat us  (0 .2  mg-N/ l )  in  September  2021 .   The source i s  

unknown;  Overton WWTW, which  d i scharges  t reated  eff luent  to  inf i l t rat ion 
sys tems only  150m from the River  Tes t ,  is  downst ream of  the sampl ing 

locat ion  at  Bridge S t reet ,  Overton ,  and  therefore not  a  p laus ibl e  source .   

Poss ible  sources  include Oakley  WWTW, pr ivate  sewage sys tems and /or  

the d i scharge f rom Portal s  WWTW.  

At  Polhampton the  ammoniacal  ni t rogen  concent rat ions  are  lower  and 

appear  s tab le .    
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Figure 30 Ammoniacal Nitrogen - Upper Test 

Organic n i t rogen i s  only monitored  at  East  As ton.   Figure 31  shows the 

concent rat ions  of  organic ni t rogen at  Eas t  As ton  in  addit ion to the o ther  
n i t rogen species ,  n i t rate  and ammoniacal  n i t rogen ,  and to tal  n i t rogen.   

Organic n i t rogen is  detected  at  low concent rat ions  wi th  occas ional  out l i ers 

and  appears  s tab le .    

 

 

Figure 31 Nitrogen Species - River Test at East Aston 

4.9.3.3 Organic Substances 

No analy t ical  resul ts  for  organic subs tances  were found for  surface water  

sampl ing locat ions in the Upper  Test ,  except  the l i t erature data descr ibed  
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in  Sect ion 4. 6 .4.  below. The only o ther  except ion  i s  result s  for 

cypermethr in  at  Bridge S t reet  Overton in 2019 and 2020.   

The water  qual i ty  sampl ing  poin t  a t  Wherwel l  10  km downst ream from 

Whi tchurch  i s analysed  for  a  wider  range of  parameters  including a su ite  

of  organic substances .   At razine was  detected  in the range 0 .006 to 0.01 
µg/ l  and  s imazine in  the range 0.00 3 to 0 .007 µg/ l   in 2010 -11,  and phenol 

in  the range 0.07  to  0.4 µg/ l   in 2010 -11.   The EQSs (annual  average)  for  

at razine,  s imazine and phenol are  r espect ively  0 .6 ,  1 and 7.7 µg/ l ,  and 

therefore the EQS was  not exceeded in  any of  these samples.    

The herbicide 2,4D was  detected  on one occas ion  at  Wherwel l .   Phenol was  

detected  on  8  occas ions in 2010 -11,  in the range 0 .066 to  0.187 µg/ l .    

The target  compound l i s t  (analy t ical  su ite)  used  for  surface water  samples  

at  Wherwel l  i s more l imited  than that  used for  groundwater  and  does  not  
include a  comprehens ive pes t icides  su ite  and  does  not include any PFAS.  

In  general ,  the analyt ical  su i te used by  the Envi ronment Agency for surface  

water  samples  i s inadequate.    

4.9.4 Water Quality Monitoring of the River Test for Organic Pollutants  

A s tudy reported  by Robinson et  a l  2022,  and  supported  by Southern  Water  

Services  Ltd ,  descr ibes  an invest igat ion of  the occurrence of  organic 

pol lu tants in the River  Tes t  and  River  I t chen.    

Samples  were col lected  at  t en  locat ions  on  the River  Tes t .   The most  

ups t ream locat ions were on  the Upper  Tes t  a t  Whi tchurch  and the Bourne 

Rivulet  c lose to  the confluence wi th  the Test .  The remaining  locat ions  were 

on  the Middle and Lower Tes t .    

In  the major i ty  of  sampl ing  inves t igat ions  samples  are  analysed  us ing  
quant i ta t ive methods where concent rat ions  are  measured  by  cal ibrat ion 

agains t  a  pre -def ined  l i st  of compounds on  a  “target  compound l i s t” .    

However ,  i n the s tudy reported  by Robinson et  a l  2022  samples were 
analysed  qual i t a t ively by screening  methods  to ide nti fy  the substances  

present  in  the sample wi thout  quanti t a t ive determinat ion s .  The object ive of 

th i s  approach was  to  ident i fy  the presence of  mul t iple  unknown organic 

subs tances  at  low concent rat ions  without determinat ion  of concent rat ion .    

The organic substances  in the samples were t rapped on sorben t d isks us ing 

a  hydrophi l ic - l ipophi l ic  balanced sorbent  (HLB-L) des igned to seques ter  
polar  and semi -polar organic subs tances  with  a wide range of octanol -water  

par t i t ion  coeff icients  ( K o w ).   Samples  were then  analysed  by two methods ,  

l iquid chromatography wi th  t ime -of-f l ight  mass  spect romet ry  (LC -Q-TOF)  
and by  gas chromatography mass spect romet ry  (GC -MS).   The sample 

t reatment  and analy t ical  methods were selected  to  enable detect ion  of  a  

range of  pharmaceut ica l s  and  personal  care products  (PPCPs) ,  p lant 

pro tect ion  products  (PPPs) ,  and  indus t r ial  chemicals  ( ICs) .    

The resul t s were presented  in summary tab les  and graphs  separately for  the 

Tes t  and  I tchen,  but not by sampling  locat ion .   The subs tances  detected  at  

sampl ing poin t s on the River  Tes t  are  summarised  in  Table 17.  
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Table 17 Organic Substances Detected in Water samples from the  River Test at Whitchurch 

Substance 

Group 

Number of Compounds 

Detected: 

 River Test at 

Whitchurch 

Most Frequently Detected Compounds at River Test 

Sampling Points  

(not necessarily at Whitchurch) 

March 2019 June 2019 

 

Pharmaceuticals 

and personal care 

products (PPCPs) 
9 9 

Frequently detected (>50%): Carbamazepine, 

Lamotrigine, Fexofenadine, Cetirizine, O-

Desmethylvenlafaxine,  Flecainide, Caffeine, Citalopram, 

Sulfapyridine, Diclofenac, Carbamazepine-10.11-epoxide 

Plant protection 

products (PPPs) 

21 17 

Detected at all sampling points: Atrazine, simazine, 

Atrazine-desethyl,  

Frequently detected (>30%): Atrazine-desisopropyl, 

DEET, Imidacloprid, Diuron, Boscalid, 

Dichlorobenzamide, Azoxystrobin, Melamine, 

Methoprene, Griseofulvin 

Industrial 

chemicals (ICs) 
4 7 

Frequently detected (>25%): Benzenesulfonamide, N-

butyl, 2-Ethylhexanoic acid, Fluoranthene, 2-

Methylnaphthalene, 2,4,7,9-Tetramethyl-5-decyne-4,7-

diol, Pyrene, Naphthalene, 3,5-Dimethylphenol 

 

These resul t s  show that  the River  Tes t  i s  contaminated  throughout i t s l ength 

by  chemicals  l ikely  to  be der ived  from the fo l lowing sources :  

•  WWTW discharges :  The PPCPs detected  are l ikely  to  be whol ly  or  

mainly der ived  from WWTW discharges .   The frequency of  

occurren ce  of  PPCPs increased  downst ream  of  d i scharges  f rom larger  
WWTW.   For  example,  the maximum number  of  detect ions  of  PPCPs 

(62  subs tances)  was  at  s i t e  T4  on the River  Tes t .  T4 i s  located  where 

eff luent  d i rect ly d i scharges  f rom Andover  WWTP (populat ion 

equivalent  ~  63 ,000) to the River  Tes t .    

•  Agricul ture:  At l eas t  some of  the PPPs are l ikely der ived from 

di ffuse and poin t source agr icul tural  pol lu tion .  

•  Indus t r ial :  PPPs may be par t ly der ived from was tewater  t reatment 
p lant  serv ing food and dr ink product ion faci l i t i es and  from other  

locat ions  where pes t icides are  and/or  have been  used  h i s tor ical ly.    

The source(s )  of  indus t r ial  chemicals  is  uncer tain  but  c ould  include road  

runoff ,  a tmospheric  deposi t ion,  WWTWs, and indust r ial  di scharges .    

The s tudy by  Robinson et  a l  2022 identi f ies  the presence of  a  l arge number  

of  organic subs tances  in the River  Tes t  and therefore a  poss ib i l i ty of  harm 

to  the aquat ic  ecol ogy of  the River  Tes t .   However ,  t he s tudy does  identi fy  

a  need  to fo l low up the quali t a t ive inves t igat ion wi th quant i ta t ive 
inves t igat ion to al low the r isk  associated wi th  the detected  substances  to  

be quant i f ied .    
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4.10 WFD Classification 

The fu l l  Water  Framework Di rect ive  class i f icat ion  (2019)  i s  included in  

Appendix  E.  

In  summary ,  the WFD Cycle 3  surface wate r  class i f icat ions  are:  

Aspect  2019 Reason  for fa i lure  

E c ol og ic al  High   

Phys i c o -c hem ic al  High   

Che mi ca l  Fai l  

Me rc ury 

Po l ybrom i na te d  Di phe ny l  E t he r s  

(PDE s)  

 

The WFD Cycle 3  groundwater  class i f icat ions  are:  

Aspect  2019 Reason  for fa i lure  

Ove ral l  Poor   

Qua n t i ta t ive  Good  

Che mi ca l  Poor  
Di f fuse  source  –  poor nu t r i en t  

m a na geme nt  

Suppor t ing  e le me nt s  – 

t r e nd a sse ssm e nt  

Upwa rd  

t r e nd  
 

 

4.11 Protected Habitat Sites 

The ent i re  River  Tes t ,  f rom the source at  Ashe in the Upper  Tes t  to  Upper  
Es tuary  near  Tot ton a  di s tance of  approximately  40  km,   i s des ignated as  a  

S i te  of  Special  Scient i f i c  In teres t  (SSSI )  under  the Wi ld l i fe  and 

Count rys ide Act  1 981pp.   This provides  a  relat ively  lower  level  of  pro tect ion 

compared  to  o ther  des ignat ions .    

The River  I t chen is  des ignated  as  a n SSSI qq  and  as  Special  Area of 

Conservat ion  (SAC) rr under  the Habi tat s Di rect ive (92/43/EEC) and the 
Conservat ion of  Habi tats  and Species  Regulat ions  2017 (as  amended) .  The 

SAC des ignat ion area  i s l imi ted to the watercourse  and covers  a smal ler  

area than  the SSSI des ignat ion which  includes  marginal  areas .   

There are  t en  terres t r ia l  uni t s  and one river ine  of  the Tes t  SSSI in the Upper  

Tes t :  

 
pp SSSI detail (naturalengland.org.uk) 
qq SSSI detail (naturalengland.org.uk) 
rr Designated Sites View (naturalengland.org.uk) 

https://designatedsites.naturalengland.org.uk/SiteDetail.aspx?SiteCode=S2000170&SiteName=River%20Test&countyCode=&responsiblePerson=&SeaArea=&IFCAArea=
https://designatedsites.naturalengland.org.uk/SiteDetail.aspx?SiteCode=S2000227&SiteName=River%20Itchen&countyCode=&responsiblePerson=&SeaArea=&IFCAArea=
https://designatedsites.naturalengland.org.uk/SiteGeneralDetail.aspx?SiteCode=UK0012599&SiteName=River%20Itchen&countyCode=&responsiblePerson=&SeaArea=&IFCAArea=
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Unit  

Numbers  
Habi tat Condi t ion 

8 4 R i v er in e  unfavourable no change 

1  Lo wl a nd  mi x ed  b r oa d le a ve d a nd  
y e w woo d la n d  

unfavourable no change 

4 ,  5 ,  6 ,  9 ,  10  favourable 

2 ,  3 ,  8  n e u t r a l  g ra s s l an d  unfavourable recovering 

7  F e n ,  m ar s h an d s wam p  unfavourable recovering 

 

The r iver ine uni t s of the  Tes t  and  I tchen SSSIs  are  assessed by Natural  

England  as  fo llows  (September  2022 data) :  

•  River  Tes t :  8  No.  r iver ine uni t s,  a l l  unfavourable  -  no  change.  

( o nl y  o n e  r i ve r i n e  un i t ,  No.  8 4,  f r o m so u rc e  to  Bo ur n e ,  i s  in  t he  Upp e r  Te s t )  

•  River  I tchen :  6 No.  r iver ine unit s ,  a l l  unfavourable -  no  change.  

The SAC status of  the I tchen provides  a h igher  l evel  of pro tect ion for  the 
I tchen compared  to  the Tes t .   The Tes t  and  the I tchen are hydrological ly  

and ecological ly  simi lar and  the reason for  the d i fferent  des i gnat ions i s not 

clear .   Atkins 2013 report s that  t he I tchen i s except ional ly r ich  in p lant 
species  “ throughout  the sys tem on the I tchen ” whereas  there i s  “greater  

t rans i t ion  on  the Tes t  w i th  the mos t  diverse communi t ies  being  found in  the 

lower  reaches  where the subs t rate  i s more var ied ”,  which may explain the 

d i fferent  des ignat ions .  

The Tes t  and I tchen drain to the Solent where there are  fur ther  relevant  

des ignat ions :  

•  Solent  Mari t ime SAC :  de s i gna te d fo r  a  va r ie t y o f  hab i t a t s,  i nc l udi ng 

e s t uar i e s,  sandbanks ,  m udfl a t s ,  c oa s t a l  la goons  a nd  sh if t ing  dune s .  T he 

SAC suppor t s  Spa r t i na  swa rds  ( Spar t i n i on  mar i t i mae )  a nd  At l an t ic  sa l t  

m ea dows ( Gl auc o -Pucc i ne l l ie t al i a mar i t i mae ) .  

•  Solent  and Southampto n Water  S pecial  Pro tect ion  Area (SPA)  /  

RAMSAR:  T he  a re a  suppor t s  e xt e ns ive  i n te r t ida l  sa ndfl a t s a nd m udf la t s ,  

l a rge  i nve r te b rat e  popu la t ions ,  a nd  bree d i ng tern  popu la t ions .  

•  Solent  and Dorset  Coas t  Potential  SPA:  

The impact of  ni t rogen ,  which i s the pr imary  growth - l imit ing nut r ien t in 
the marine envi ronment ,  on the above des ignated  s i t es  in  the Solent  mus t 

be assessed  under the Conservat ion of Habi tat s and  Species  Regulat ions 

(2017,  as amended) .  The Habi tat s  Regulat ions  Assessment  (HRA)  process  

wi l l  apply,  which  i s des igned to ensure that  there are  no  adverse effect s  on  

the in tegr i ty of  SAC,  SP A and RAMSAR s ites .    
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4.12 Ecological Monitoring Data 

Wildfi sh  report  the resul t s  of  r iver  f ly  sampl ing  on  12  Engl i sh  r ivers ,  
including the Tes t  and I tchen,  for the years  2015 -17 wi th a  fol low -up in  

2021 ss, tt.  

Based  on  the r iver  f ly  sampl ing t he River  Tes t  was  ranked in  n in th  posi t ion 

out  of twelve for  cumulat ive water  s t ress ,  based  on  sediment ,  phosphorus  

and chemical  scores ,  in  both  surveys ,  and ther efore close to  the bot tom of  

the l i s t .   The I tchen was  ranked f i f th  and s ix th in  2015 -17 and 2021 

respect ively .    

The Wi ldf i sh  result s  are  somewhat cont radictory  to  the WFD 
class i f icat ions ,  a l though they  are more cons i s tent  wi th  Natural  England’s  

assessmen ts ,  see Sect ion 4. 8 .    In 2019,  the WFD class i f icat ions were  

assessed  for  the Upper  Tes t  as High for  inver tebrates ,  Good for 
macrophytes  and phytobenthos ,  and  High for  ammonia,  phosphorus,  

d i sso lved  oxygen,  pH and temperature ,  see Appendix  E.   The only  Fai l  was 

for  chemical  –  pr ior i ty hazardous  substances ,  as descr ibed  in  Sect ion 4 .5.    

The underly ing cause of  the r iver  f ly class i f icat ion  is  uncer tain ,  but the 

presence of  undetected  subs tances  including  PHS may be a cont r ibut ing  

factor .    

I t  was  al so  noted  in Sect ion  4. 6 .3 that  or thophosphate i s on  an upward  t rend 

at  the two ups t ream sampl ing locat ions  on  the River Tes t  and that  the 
measured  concent rat ions  over  the per iod 2020 -22 have been general ly ,  but 

not  always ,  below the threshold for  High chemica l  c lass i f icat ion  under  the 

WFD.   I f  the current  upward  t rend cont inues  the class i f icat ion  wi ll  probably 

reduce to  Good at  the upst ream locat ions.    

I t  can  be concluded that  there i s an  evidence gap  between the WFD and the 

r iver  f ly  class i f icat ions that  req ui res  fur ther  inves t igat ion .   In the in ter im,  
i t  should be assumed that  the surface water  qual i ty  and aquat ic ecology of 

the Upper  River  Tes t  requi res  fur ther  inves tigat ion  and improvement.   

 
ss Riverfly Census | The Decline Of Aquatic Invertebrates | Wildfish 
 
tt 2021-Riverfly-Census_200722.pdf (wildfish.org) 

https://wildfish.org/project/riverfly-census/
https://wildfish.org/wp-content/uploads/2022/07/2021-Riverfly-Census_200722.pdf


Whitchurch Conservation Group 
Independent Review of the Basingstoke and Dean Borough Council 2022 Water Cycle Study 

 

 

72 

5 CRITICAL EVALUATION OF THE BDBC WCS  

5.1 Introduction 

The WCS present s s t rategies  for  provision  of  water  suppl ies  and  di sposal 
of  was tewater  under  the ident i f ied  growth  scenar ios  based  on  selected  

evidence and widely -accepted  assessment  processes .    

However ,  as  d i scussed  in  the fo l lowing sub -sect ions  the WCS :  

•  Did not fo l low relevant  guidance .  

•  Included,  in  Sect ion  3  “Study Basel ine”,  a  relat ively  l imi ted 

assessment  of the exis t ing  surface water  and  groundwater  condi tions.  

•  Did not access  al l  re levant  data  or ident i fy evidence gaps .  

•  Includes  mul tip le  t echnical  def iciencies .  

The remainder  of  th i s Sect ion includes the fo l lowing assessments :  

Sect ion  5.2  compares  the scope and content  of  the WCS to  

Envi ronment  Agency guidance on  water  cycle  s tudies.     

Sect ion  5.3  descr ibes  the basel ine condi t ion of  the Upper  Tes t .  

Sect ion  5.4  ident i f ies  ev idence gaps.    

Sect ion  5.5  i s  a cr i t i cal  assessment of  the f indings  of the WCS.     

Sect ion  5.6  di scusses  nut r ien t  neut ral i ty  i n  the context  of the WCS . 

5.2 Comparison of the Scope and Content of the BDBC WCS to Guidance  

5.2.1 Evidence Gaps 

The guidance,  Envi ronment Agency 2021 a emphas i ses the importance of  

ident i fy ing  evidence gaps  which ,  i f  not addressed ,  would  lead  to  uncer tain  

outcomes  and unrel iab le p lans .    

The WCS does  not speci f ical ly  cons ider  ev idence gaps  and there are  no  

recommendat ions  to address  ev idence gaps .    

5.2.2 Climate Change 

The guidance,  Envi ronment  Agency 2021 a ident i f ies  cl imate change as  a  
cr i t i cal  aspect  of a  WCS.  The WCS does not cons ider the effect s  of  cl imate 

change on  the s t rategies  proposed for  water  supply  and was tewater .   The 

f lood r i sk  assessment in  the WCS does  not  appear  to  al low for  cl imate 

change.  

5.2.3 Flood Risk 

The sect ion  on  f lood r i sk  only  cons iders  the effect  of  addi t ional  was tewater  

f lows  on f lood r i sk .   The WCS does not cons ider whether  the growth 
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scenar ios  can  be ent i rely accommodated  in areas  wi th low f lood r i sk ,  which 

i s  an  omission  relat ive the Envi ronme nt  Agency WCS guidance.  

The effect  of  increas ed  was tewater  f lows  to  WWTWs discharging  to 

watercourse has  been  assessed  in  the WCS.  I t  was  concluded that  the 

was tewater  f lows  wer e ins igni f icant  and would  not  increase f lood r i sk .  This 
was  based  on  the 1% AE P was tewater  f lows  but  i t  appears  that  no  al lowance 

was  made for  cl imate change.    

However  the WCS did  not  assess the effect s  of  increased  was tewate r  

d i scharges  to the WWTWs that  d i scharge to  ground.   This i s an omiss ion 

because d i scharges  to  groundwater  c ould  in pr incip le  cause peak  r iver  f lows  
to  increase as  a  resul t  of rap id  f low in  the Chalk  f issure sys tem between 

the WWTW and the River  Tes t .   A rapid f low connect ion  between the 

WWTWs at  Oakley  and North  Wal tham i s  not  p laus ible  due to the d is tances  

involved (see Table 5)  but the inf i l t rat ion  sys tems that  serve Whi tchurch  
and Overton WWTWs are respect ively 400 m and 1 50 m from the r iver .   I t  

i s  plaus ib le that  increa sed  was tewater  f lows  at  Whi tchurch and Overton 

could  increase f lood r isk especial ly  when the effect s  of  cl imate change are  

taken in to account .    

5.3 Baseline Condition of the River Test and Contiguous Chalk Aquifer  

5.3.1 Introduction 

In  the Basel ine Sect ion (WCS,  Se ct ion 3) ,  t he WCS descr ibes  the WFD 

class i f icat ions  but  provides  l i t t l e  or  no  quant i ta t ive informat ion on  water  
resources  and water  qual i ty  in  the River  Test  catchment  or  el sewhere in  the 

WCS study area.    

5.3.2 River Flows and Groundwater Resources 

River  f low records  for  the Upper  Tes t  a t  Chilbol ton are only  avai lab le f rom 

1989.  The data  record  i s  general ly  too short  to  al low def in it ive t rends to  be 

ident i f ied .    

Long-term groundwater  l evel  t rends  for moni tor  well s in a smal l  area north 
of  Whi tchurch  indicate  th at  groundwater  l evels  are  decl in ing .   

Approximately  97% of  the f low in  the River  Tes t ,  and  al l  of  the low f lows,  

are  der ived  from groundwater  d i scharge.  Assuming that  the area north  of 
Whi tchurch  i s  representat ive of  the ent i re  groundwater  catchment ,  i t  i s  

l ikely  that  low f lows  on the Upper  River  Tes t  are  decl in ing in proport ion 

to  the decl ine in groundwater  l evels .    

There i s  a  presumpt ion  agains t  new consumpt ive abs t ract ions  f rom the Tes t  

Chalk ,  Envi ronment Agency 2019a.    

The WCS proposes  that  the load s tands ti l l  approach should  be used  to 

accommodate increased  was tewate r  d i scharges  to  the Upper  Tes t .   The 

avai lab le  data  indicates  that  groundwater  l evels and r iver  f lows are 
reducing ,  and i t  i s  a l so predicted  that  low f lows  are  l ikely to decl ine fur ther  

as  a  resul t  of  c l imate change.   Under  condi t ions  of  reducing  r iver  f lows ,  

especial ly  low f lows,  maintaining cons tant contaminant loads wi l l  cause 

contaminant  concent rat ions to increase because less  d i lut ion wi ll  be 
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avai lab le  in  the River  Tes t .   The WCS proposes  a  very  s impl i s t i c  

appl icat ion  of  the load  stands t i l l  p r incipal  which  ignores  the in teract ion  of  
was tewater  contaminant  loads with r iver  f lows.   The load s tands ti l l  

approach wi l l  not pro tect  water  qual i ty and ecology unless was tewater  loads  

are  reduced to  compensate for  decl ining low r iver  f lows.   I t  i s  a l so noted  

that  any increase in  abs t ract ion in the Tes t  Catchment  requi red  to  support  

hous ing/populat ion growth  wi l l  a l so  cause river  f lows  to reduce.    

5.3.3 Water Quality 

The water  qual i ty  of  the River  Tes t  is  adversely  affected  from mul t ip le 

sources ,  but not adequately  character i sed:  

Nitrate:  n i t rate  concent rat ions  are  s igni f icant ly  higher  than the h i s tor ical  

basel ine and increas ing ,  pr incipal ly  due to contaminat ion of  groundwater  

by  agr icul tural  fer t i l i ser  appl icat ion  over  several  decades .   The more recent  
in t roduct ion of n i t rate vulnerable zones and o ther cont ro l s on fer t i l iser  use 

has  not  yet ,  in  general ,  reversed  the upward  concent rat ion  t rends  of  n i t rate  

in  groundwater .   In  some areas  the peak  n i t rate  concent rat ions  in  the 
unsaturated  zone have not  yet  reached the s aturated  zone.   Trend d iagrams 

in  th is  report  show that  n i t rate  concent rat ions  are  increas ing  in  groundwater  

and  the River  Tes t .   I t  i s  l ikely that  n i t rate  concent rat ions  wi l l  cont in ue to 
increase in  the River  Tes t  for  several  decades  because of  the effect  of  

groundwater  qual i ty  on  r iver  water  quali ty.   Compared  to agr icul ture,  the 

cont r ibut ion  of  n it rate  f rom WWTW is  relat ively  smal l .   However  no  

increase of  WWTW-derived  n i t rogen i s acceptable.    

Phosphorus:  Phosphorus concent rat ions  are  decreas ing  in  the River  Tes t  

downst ream of  Overton.   Discharges  f rom WWTWs,  including Portal s Paper  
Mi l l  and  Overton  WWTW,  appear  to  be the larges t  sources  of  phosphorus .   

The observed reduct ion  at  Ov erton  Bridge S t reet ,  Figure 26,  f rom 

approximately  120 µg/ l  in 2010 to approximately  40 µg/ l  in 2022 
corresponds  approximately  to  the es t imated  reduct ion  in  phosphoru s  load  

from Portal s  Paper  Mi l l  and Overton  WWTW combined.   Conversely ,   

phosphorus  concent rat ions  are  increas ing  ups t ream at  Quidhampton and 

Polhampton;  thi s  could be the resul t  of  l eaching  of  agr icul tural - fer t i l i ser  
and/or  d i scharges  of  sewage ef f luent  to  the Chalk  f rom WWTWs ups t ream 

of  Overton including Ivy Down Lane Oakley  and Water  Ridges Oakley .   I f  

the current  t rends  continue the WFD class i f icat ion  for  phosphorus  ups t ream 

of  Overton  wi l l  reduce from High to Good in  a  few years  or  l ess.    

Ammoniacal  Ni trogen  concent rat ions  in  the River  Tes t  appear  to  be on  a  
long term upward  t rend at  Overton .   Ammoniacal  n i t rogen i s  s table  at  

Polhampton and Quidhampton ,  where the detect ion  l imi t  i s  lower  for  pos t -

2016 data .   Ammoniacal  n i t rogen concent rat ions  are  general ly  below 

detect ion  l imi t s at  Whitchurch  and Eas t  As ton .   The upward  t rend of  
ammoniacal  n it rogen at  Whitchurch  WWTW does not appear  to have 

impacted  the River  Tes t  a t  d iscern ib le  concent rat ions .    

Priori ty  Substances ,  Priori ty  Hazardous Substances  and other Trace 

Organic Contaminants:  Trace concent rat ions  of  a  smal l  number  of  organic  

subs tances  are  report ed  in  groundwater ,  none of  which  appear  to  be  
s igni f icant at  present .   However ,  addi t ional  groundwater qual i ty monitor  

wel l s  are  needed to  character i se  the qual i ty of  groundwater in the 
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catchment .   Only very  l imi ted  PS,  PHS and TOrC data are  avai lab le  for  the  

River  Tes t .   I t  i s  known that  the River  Tes t  has  been  contaminated by  
mercury  and polybrominated  diphenyl  ether  based  on  the 2019 WFD 

class i f icat ions .   Based on  the informat ion avai lab le  for  the preparat ion  of  

th i s  report ,  the degree and extent  of  contaminat ion  of  the River  Tes t  by PS ,  

PHS and other  org anic contaminants i s  inadequately  quant i f ied.   
Fur thermore i t  i s  l ikely  that  the relat ively s impler  t reatment  t echnologies  

used  at  WWTWs in the Upper Tes t  Catchment  wil l  be relat ively ineffect ive  

for  removal  of  PS ,  PHS and TOrC.    

5.4 Identification of Evidence Gaps 

A large number  of  ev idence g aps  have been  ident i f ied ,  the more s igni f icant  

of  which  are as  fo l lows:  

•  The only groundwater  l evel data avai lab le  were for  a  smal l  area north 

of  Whi tchurch .   Groundwater  l evel  data ,  where avai lab le ,  should  be 

col lated  for  the enti re  Upper  Tes t  Catchment ,  and  evaluated  for  
ev idence of  catchment -wide t rends .   I f  necessary  the groundwater  

l evel  moni tor ing network  should  be extended to  cover  the ent i re  

catchment .    

•  Groundwater  qual i ty  moni tor ing  data  were avai lab le  for  only  on e 

moni tor  wel l  in the Upper  Tes t  Catchment .   Addi tional  data  are  

needed to  character i se  contaminat ion of  groundwater  wi th in the 

catchment .    

•  The surface water  qual i ty  moni tor ing  data  for  the Upper  River  Tes t  
do  not  include regular  or  poss ib ly  any analys i s  for  organic 

subs tances .   I t  is  noted  that  the River  Test  is  moni tored for  a  l imi ted  

range of  organic contaminants at  Wherwel l  downst ream of the Upper  
Tes t ,  but  even at  Wherwel l  the analy t ical  su ite  only  includes  a 

l imi ted number  of TOrCs    

•  Phosphorus i s not  measured  in t reated  was tewater  d i scharged to  
ground at  Whi tchurch ,  Ivy Down Lane Oakley  and North Wal tham 

WWTWs,  and n i t rate/TIN/TN i s  not  measured  at  Overton  WWTW.   

The moni tor ing  regimes  at  these WWTWs are inadequate and should  
be improved immediately  by var iat ions to  the Envi ronmental  Permit s  

for  these s i t es.    

•  No evidence was  found of  any moni tor ing  of  t reated  was tewater  

d i scharged to  ground for  potent ial ly  harmful  organic subs tances ,  

including those class i f ied as PS ,  PHS or o therwise class i f ied as  

harmful  or  toxic to the envi ronment .    

•  No evidence was  found of  recent  inves t igat ions of  so il  and 
groundwater  at  and in the v icin i ty of the WWTW inf i l t rat ion sys tems 

at  Whi tchurch ,  Overton ,  Oakley  or  North  Wal tham WWTWs, and no 

evidence of  any  fo l low -up of  the inves tigat ions  carr ied  out  at  

Whi tchurch  WWTW approximately 40 years  ago.   The condi t ion  of  
so i l  and  groundwater  beneath  and in  the v icin i ty  of  the inf i l t rat ion 

sys tems at  each  WWTW has not been  character i sed  ei ther  at  a l l  or  to  

an  appropriate  l evel .    
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•  Load s tands t i l l  cannot be demonst rated  for  the WWTWs in  the Upper  

Tes t  Catchment based on the data  presented  in the WCS.  An 

appropriate  load  s tandst i l l  assessment  can  only  be demonst rated i f  i t  
i s  supported  by  data  and quant i ta t ive assessments .   For  n i t ra te  th is  

wi l l  requi re  an  assessment  of  back-di ffus ion  from the Chalk  mat r ix 

based  on s i t e -speci f ic  data for  each  WWTW.  I t  wi l l  a l so  be essent ial  

to  carry  out  detai led inves t igations  of the unsaturated  and saturated  
zones  beneath  and in  the v icini ty  of  each  inf i l t rat ion sys tem to 

ident i fy  and where needed assess the r i sk  associated wi th o ther  

unident i f ied  contaminants  that  may be present .  

•  No post -2014 monitor ing data  were avai lable  f rom the Envi ronment 

Agency Water  Qual i ty  Archives for  the Portal s  Paper  Mi l l  d ischarge.    

5.5 Critical Assessment of the Water Supply and Wastewater Strategies in the WCS 

5.5.1 Water Supply Strategy 

The WCS identi f ies  four  Water  Neut ral i ty  Scenarios  (WNS) based  on  

var ious  to tal  water  demand growth  pro ject ions  combined with  demand 

eff iciency  measures  in  exis t ing and new homes .    

The Medium WNS was  considered  to  be “ t echnical ly  and f inancia l ly  

f eas ib le”.   However ,  the Medium WNS only  del ivers 31 to 46% of  water  

neut ral i ty  l eaving  54 to 69% of  the increase in total  water  demand to be 

sourced  from other  measures .    

The High WNS  was  based  on  maximum water  eff iciency measures ,  
including  water  meters  ins tal led  in  100% of  res ident ial  proper t ies ,  

ret rof i t t ing  of  water  eff iciency sys tems in  50% of  exis t ing proper t ies ,  and 

grey  water  recycl ing  in  al l  new homes .   The High WNS del ivered  100% 

neut ral i ty ,  but  was cons idered  theoret ical  and  not pract ical ly  achievable.    

The WCS s tated  that :  

 “  Since development  wi th in the s tudy area  i s not  proposed to 

exceed that for which both South  Eas t Water  and Southern W ater  

are p lanning ,  i t  is  not  necessary to  evaluate the impacts o f  water 
supply in the study area independent ly  of  the WRMPs and thei r 

assessments .    

This  meant  that  the WCS did not include any cr i t i cal  rev iew or ver i f icat ion  

of  the water  company WRMPs.  

The WRMPs rely  on leakage reduct ion  ( for  Southern  Water  th i s i s 1 5% by 

2025 and 50% by 2050) ,  consumer demand reduct ion ,  t emporary  and non -

essent ial  use bans ,   wi th l imi ted resource development .   I t  i s  es t imated  in  

th i s Review that  l eakage reduct ion  of  50% by 2050 would del iver  an 

addi t ional  2.8 Ml /d,  which  is  about 10% of the exis t ing water  demand.    

There can  be no  cer tain ty  that  l eakage reduct ion ,  water  eff i ciency and o ther  
measures  wi l l  meet thei r respect ive WRMP targets .   The WCS does not 

provide cr i t i cal  assessments  of the water  company WRMPs,  and therefore  

s igni f icant uncer tain ty  remains as to whether  the  object ives in the WRMPs 
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can be del ivered .   Therefo re the 54 to 69% short fal l  on the water neut ral i ty 

assessment  may not be del ivered ,  result ing in  undersupply.    

The water  neut ral i ty  s t rategies  developed in  the WCS wil l  inform local  

p lanning  policy  and pract ice,  but  the WCS does  not  demonst rate  wi th  any 

degree of  confidence that  adequ ate water  suppl ies  wi ll  be avai lab le  for  

ei ther  growth  scenar io .  

5.5.2 Wastewater Strategy 

The WCS proposed that  the addi t ional volumes  of  t reated  eff luent  

d i scharged from the WWTWs in the Upper  Tes t  Catchment  can  be 
accommodated  wi thout det r imental  effect s  by adopting the pr incip le of  

“ load s tands t i l l ”.   In thi s context  the load  i s the rate  of d i scharge of 

contaminant  mass,  for example in k i lograms per  day .  

The load  s tands t i l l  approach requi res  that  the concent rat ions  of  

contaminant s  in  the t reated  eff luent  are  reduced in  proport ion to the 

addi t ional t reated  was tewater  volumes such  that  the contaminant load 

d i scharged to  the envi ronment  does  not increase.    

There ar e  two fundamental  object ions  to the load  s tands ti l l  p r incip le .   
Fi rs t ly ,  load  s tands ti l l  does  not provide any bet terment  that  may be needed 

to  reverse water  quali ty and ecological  decl ine.   Secondly ,  under condi tions 

of  reducing  low f lows ,  load  stands t i l l  wil l  resu l t  in  concent rat ion  increases  
dur ing  low f low per iods compar ed  to the basel ine,  and in general  i t  i s  the 

concent rat ion  rather  than  load  that  causes  adverse effect s .    

I r respect ive of  whether  load  s tandst i l l  is  appropriate  for  the Upper  Tes t ,  
the load s tands ti l l  approach descr ibed  in the WCS i s fundamental ly f lawed 

for  several  reasons  as  fo l lows:  

•  The WWTW Envi ronmental  Permit s  set  emiss ion l imit  values for  
several  parameters  based  on  ( i )  annual  averages  and ( i i )  maximum 

al lowable concent rat ion s .   The WCS proposes  a  proport ional 

decrease in  the annual  average ELVs for  each  WWTW but  only where 
exis t ing  ELVs have been  set  in the Envi ronmental  Permi t .   However  

the WCS does not propose that  the MAC ELVs should  al so be 

proport ionately  reduced.  Wi thout  a  reduct ion  in the MAC -based  

ELVs the contaminant  loads wi l l  increase und er  the proposal  in  the 

WCS.   

•  The WCS should,  but  does  not,  a l so  propose that  the emiss ion  

cont ro l s  in the WWTW permi t s should be upgraded to a  common 
s tandard ,  with  each  WWTW requi red to meet  the same ELVs for the 

same sui te of  contaminants .   At present  a l l  WWTWs have ELVs for  

BOD,  TSS and ammoniacal  n i t rogen,  but Whi tchurch ,  Oakley  and 
North  Wal tham WWTW have ELVs for  TIN but not 

phosphorus /phosphate,  and  Overton  WWTW has  ELVs for  

phosphorus  but  not  TIN.   

•  The WCS s tates  that  “In  the vas t  major i ty  o f  f res hwater  environments 
phosphates are growth - limi t ing  nutr ients . ” (page 54,  paragraph 5)  

and that  the River Tes t  i s “par t icu lar ly sens i t i ve to phosphate 
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pol lu t ion” (page 58 ,  paragraph s  1  and 6) .   However ,  the WCS  only  

recommends  that  the effect  of  phosphate f rom Whi tchurch  WWTW 
on the River  Tes t  i s inves t igated by the Water  Company ( page 58,  

paragraph 5) .   In  v iew of  the accepted  sen s i t iv ity ,  the appropriate  

s t rategy to apply to phosphate emiss ions f rom WWTWs i s to apply  

cont ro l s  on  emiss ions  unless  the Water  Company can  demonst rate  

that  they  are not  requi red .    

•  The WCS does  not cons ider  the effect s  of  the broad range of 

inorganic and organic subs tances  in  t reated  eff luent  f rom WWTW.  
As  descr ibed  in Sect ion 2 .3.2 i t  is  known that  pharmaceut ical s ,  

personal  care products  and  o ther  t race  organic con taminants  surv ive 

convent ional  was tewater  t reatment  and pers i s t  in the envi ronment to 
vary ing  degrees   The t reated  eff luents  d i scharged from WWTWs in  

the Upper  Tes t  Catchment  wi l l  contain  a l arge number  of  these  

subs tances  for  which  ELVs are not  set  and for  which  there i s  very  

l imi ted,  i f  any ,  moni tor ing and in  many cases  only  an  emerging 
unders tanding  of  the harm that  these subs tances  may cause.   These  

unregulated  subs tances  include a  l arge number  of  P r ior i ty  Subs tances  

(PS)  and Prior i ty Hazardous  Su bs tances  (PHS).   In 2019 the WFD 
s tatus  of  the River  Tes t  and  numerous  o ther  r ivers  in  England was  

downgraded to  “Fai l”  because in  the case of  the Tes t  of the detect ion 

of  mercury  and polybrominated  d iphenyl ethers  (PBDE),  both  of  

which  are PHSs .   PBDEs ar e a  l arge grou p of  brominated  organic 
compounds used as f lame retardants ,  Environment  Agency 2019 b.   

For  any contaminant wi thout an  ELV the increase of  the was tewater  

volumes could resul t  in a  proportional increase in the load  

d i scharged.  

•  The load  s tands t i l l  approach proposed in  the WCS does  not  al low for  

reduct ions  in low f lows that  i t  i s  predicted  wi l l  be caused by cl imate 
change and may also  be caused  by any increased  abs t ract ion  requi red  

to  support  hous ing/populat ion growth .   Wastewater  loads  wi l l  need  

to  be reduced in proport ion to decl in ing low f lows to avoid the 

increased  contaminant  concent rat ions  during  low f low per iods.    

•  Treated  eff luents  f rom the four  WWTWs in  the Upper  Tes t  Catchment  

are  d i scharged to  ground us ing var ious  inf i l t rat ion  systems.   These 

inf i l t rat ion sys tems have been  operat ing for  decades ,  and  in  the case 
of  Whi tchurch  WWTW for  at  l eas t  90 years .   The soi l  and 

groundwater  beneath  each  inf i l t rat ion  sys tem i s  inevi tab ly 

contaminated ,  and  as such should  be cons idered  as  a form of  
contaminated  land .   In  effect  the WCS proposes  an  increase of  the 

volume of  d ischarge,  and  changes  to  the chemical  characte r ,  of  

t reated  eff luent  to  contaminated  land  wi thout  any  proposals  to  assess 

the consequences .  In  a  presentat ion  to  BDBC on 1  September  202 2 
Mr David  George explained  the l ikel ihood that  di scharging  h igher  

volumes  of  t reated  eff luent  wi th  lower  n i t rate  concent rat ions  would  

resul t  in back -di ffus ion  of  n it rate  f rom s torage in  the Chalk Aqui fer  
beneath  the inf i l t rat ion  sys tem.  The consequence o f  th i s  back -

di ffus ion  i s that  addi t ional mass  of  n i t rate would  be released  from 

s torage in the Chalk  over  a pro longed per iod  and therefore the  n i t rate  
loads  reaching  the River  Tes t  would  not  reduce in  accordance wi th  

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/organic-contaminant
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/wastewater-treatment
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the des ign  under  the load  s tandst i l l  approach.   Consequent ly,  n i t rate  

load  s tands ti l l  would not be achieved at  the River  Tes t .    

•  I t  i s  l ikely  that  other ,  current ly  unknown,  contaminants have 

accumulated  beneath  and downgradient of  the inf i l t rat ion systems 

and that  these contaminants  may al so  be mobi l i sed  by  the changed 

operat ional  reg imes  proposed in  the WCS.   Some of  these 
contaminants  could be mobi l ised  by back -di ffus ion  in the sam e way 

as  n i t rate ,  whi le  other  contaminants  may be mobi li sed  by  o ther  

mechanisms.  

At  a  regulatory  level  the obl igat ions  p laced  on  the water  companies,  such 

as  Southern  Water ,  and indus t ry are  not on  a l evel p laying f ield.   For  
example,  in  2018 Portal s Paper  Mi ll  near  Overton  was  requi red  to  meet  the 

BATC AEL (equivalent to  an ELV) for  phosphorus ,  der ived  from the EU 

Indus t r ial  Emiss ions  Di rect ive ( IED),  of  0 .25  mg -P /l  by  2020.   In  cont ras t ,  

Whi tchurch  WWTW does  not  have an  ELV for  phosphorus  and the WCS 
does  not  propose that  one should be set .  A recent  l e t t er  to  LPAs from the 

Chief  P lanner  set s out a  proposal to  requi re  that  was tewater  d i scharges  f rom 

al l  water  company WWTWs in  catchments  wi th  European S ites  should  meet  
the technical ly achievable phosphate EL V of  0 .25 mg-P / l  by 2030,  but th i s 

i s  not yet  t ranscr ibed  in  law.  In  another  example,  Southern  Water  have 

cons t ructed  var ious upgrades  at  thei r WWTWs under Permi tted  
Development  Rights  whereas  proposed improvements  at  the Vitacress  

Salads  Ltd (VSL) si t e  at  S t  Mary  Bourne has  requi red  a  p lanning  appl icat ion  

which  has  been  supported by  a  detailed  Envi ronmental  Statement  and o ther  

informat ion .    

5.6 Nutrient Neutrality 

The nut r ien t  neut ral i ty  proposals  in  the Level l ing -up and Regenerat ion  Bil l  

2022 (LURB),  i f  impl emented  as  descr ibed  in  Sect ion  1.6 ,  wi l l  requi re  al l  
WWTWs to  be upgraded to  meet  a  total  inorganic n i t rogen uu t echnical ly 

achievable l imi t  (TAL) of  10 mg-N/ l  by 2030.    

This  wi l l  overr ide the proposed amendments  to  to tal  inorganic n it rogen 

ELVs  in the WCS: 

Whitchurch WWTW :  The proposed ELV of 17 .2  mg -N/ l  wi l l  reduce to 10  

mg-N/ l .    

Oakley WWTW :  The proposed ELV of  21 .4 mg -N/ l  wi ll  reduce to 10  mg-

N/ l .   

Overton  WWTW :   There i s  no  exis t ing  ni trogen ELV in  the Permi t  and  

the WCS did  not propose in t roducing  an  ELV for  n i t rogen.   The LURB  
wi l l  requi re  the 10 mg -N/ l  ELV to be included in the Overton WWTW 

permi t .   

North  Waltham :  In  pr incip le,  t he proposed to tal  inorganic n i t rogen ELV 

of  8 .1  mg-N/ l  a t  North  Wal tham w ould  be unaffected .   However ,  t he 8 .1  

 
uu The letter from the Chief Planner dated 21 July 2022 refers to a TAL of 10 mg/l for nitrate; it is assumed that 
when implemented in Permit variations that the ELVs will be expressed as 10 m-N/l of total inorganic nitrogen 
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mg-N/ l  ELV is  lower  than  the TAL and therefore there i s  a  l ikel ihood that  

a t  North  Wal tham an  ELV of  10 mg -N/ l  wi ll  adopted .    

I f  the to tal  inorganic n i t rogen TAL i s enforced  for  WWTWs those  

def iciencies  in  the load  s tands t i l l  method proposed in  the WCS that  relate  

to  ni t rogen wi l l  be removed.    However ,  the def iciencies  related  to al l  o ther  

contaminants  wil l  remain.      

Table 18  compares  the n i t rogen emissions  from WWTWs under  the current  
basel ine  (actual  and permi t ted DWF) ,  the WCS proposals and the LURB.   

Compari son of  the loads  in  Table 1 8  provides  the fo l lowing f indings :  

•  At the current  actual  DWFs and assuming emiss ions  are  at  the 
permi t ted  ELVs,  the to tal  n it rogen loading  from the WWTWs to  the 

River  Tes t  i s  100.5 kg -N/d.   

•  I f  the WWTWs were ope rated  at  thei r  perm i t ted  DWFs the n i t rogen 

load  would increase by  32.2 kg/d (30%).   The corresponding 

concent rat ion  increase  in  the River  Tes t  i s  es t imated  at  0 .24  mg-N/ l  

based  on  the mean dai ly f low at  Whi tchurch .    

•  The to tal  n it rogen load based on the proposals  in the WCS increases  

to  106.8  kg-N/d ,  including  an  al lowance fo r  n i t rogen emiss ions  f rom 
Overton  WWTW.   The WCS does  not del iver  fu l l  neut ral i ty  for  

n i t rogen because of  the absence of  a  proposed  ELV at  Overton  

WWTW.    

•  The LURB would  reduce the to tal  n i t rogen inorganic emiss ions f rom 

WWTWs by 45.7 kg -N/d compared  to  th e current  basel ine.   The 
corresponding concent rat ion  decrease in  the River  Tes t  i s  est imated  

at  0 .34 mg-N/ l  based  on the mean dai ly f low at  Whi tchurch .     

•  There are  no  WFD l imi ts  for  TIN and therefore the es t imated changes  

in  r iver concent rat ions  provided above would  not change the WFD 

class i f icat ions  of  the River  Tes t .  

Table 18 Total Inorganic Nitrogen Emissions from WWTWs 
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Whitchurch 1753 32 56.1 2336 32 74.8 3268 17.2 56.2 3268 10 32.7 

Overtona 1001 
None 

(25) 
25.0 1160 

None 

(25) 
29.0 1246 

None 

(25) 
31.2 1246 10 12.5 

Oakley 534 35 18.7 722 35 25.3 875 21.4 18.7 875 10 8.75 

North 

Waltham 
36 20 0.72 167 20 3.3 88 8.1 0.71 88 10 0.88 

Totals 100.5 132.4 106.8 54.8 

a For calculation purposes the current and WCS ELV at Overton WWRW was set at the current average emission value. 
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6 CONCLUSIONS AND RECOMENDATIONS 

6.1 Conclusions 

6.1.1 Condition of the River Test and Test Chalk 

River  f lows  and groundwater  l evels  in  the Upper  Tes t  Catchment are  

decl in ing  and i t  i s  predicted  that  c l imate change wi l l  cause fur ther  

reduct ions  of  low f lows in  the River  Tes t .    

The water  qual i ty  of  the River  Tes t  is  adversely  affected  from mul t ip le 

sources ,  but is  not  adequately character i sed  due to an  inadequate number  
of  groundwater  qual i ty moni tor  wel ls  and the l imi ted  analy tical  su ite  at  

surface water  sampl ing  poin ts  on the Upper Tes t .    

Ni t rate  concent rat ions  are   increas ing  in the River Tes t  and in groundwater  

in  the Test  Chalk.   In  some areas  the peak  n it rate  concent rat ions in the 

unsaturated  zone have not yet  reached the saturated  zone.   Agricul ture 
appears  to  be the major cause of  inc reas ing  n i t rate  concent rat ions ,  but 

WWTWs are a  second ary  cause.   Back-di ffus ion  of  n it rate  f rom s torage in 

the Chalk mat r ix i s a par t icu lar  concern .    Back-di ffus ion from mat r ix 

s torage takes  effect  when concent rat ions  decrease in  mobi le f i ssure 
groundwater  and  wi l l  affect  a l l  n it rate  in  storage i r respect ive of  the or ig inal  

source.    

Phosphorus  concent rat ions are  decreas ing  in  the River  Tes t  downst ream of  

Overton  but  apparent ly  increas ing  ups t ream .   Reduct ions  in phosphorus 

loads  f rom Overton  WWTW and Port al s  paper  mi l l  have cont r ibuted  to 
improving  phosphorus  condi tions  downst ream of  Overton ,  and  the closure 

of  Portal s  may generate  fur ther  improvement .   I f  the current  t rends  cont inue 

the WFD class i f icat ion for phosphorus ups t ream of Overton may reduce  

from High to Good in a  matter  of  few years .   The main source of  phosphorus 
appears  to  be WWTWs . His tor ical  phosphorus  d i scharges  to the River  Test  

have probably  caused  phosphorus to accumulate  in r iver  sediments ,  which 

wi l l  s low the decl ine of  d i sso lved  phosphorus  concent rat ions .   The cause(s )  
of  increas ing  phosphorus  concent rat ions ups t ream of  Overton  requi res  

inves t igat ion;   phosphorus loads f rom the inf i l t rat ion systems at  Oakley 

WWTWs are l ikely  to  be a t  l eas t  par t ly respons ib le .    

Ammoniaca l  Nit rogen  concent rat ions appear  to be on a  long term upward  

t rend at  Overton ,  wi th  h igher  concent rat ion  outl i ers  occurr ing  more 

f requent ly  s ince 2018.   At  other  sampl ing  locat ions  a mmoniacal  n it rogen i s 

detected  at  low concent rat ions and i s s tab le or  below detect ion  l imit s .    

Only  very  l imi ted  TOrC data are  avai lab le  for  the River  Tes t  due to  a 
l imi ted  analy tical  su i te .   Groundwater  samples  are  analysed  for  a  wider  

range of  TOrCs  but  there i s only  one groundwater  qual i ty  in  the Upper  Tes t  

Catchment .   I t  i s  known that  the River  Tes t  has been  contaminated  by 
mercury  and polybrominated  diphenyl  ether  based  on  the 2019 WFD 

class i f icat ions ,  but a  recent  s tudy indicates  that  many more TOrCs are al so  

detectable .   I t  i s  l ikely that  the relat ively s impler  t re atment  t echnologies  

used  at  WWTWs in the Upper Tes t  Catchment  wil l  be relat ively in effect ive  

for  removal  of  TOrC s.   Further  inves t igation  of  TOrCs i s needed.    
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The ecology of the River Tes t  i s under  stress ,  as shown by independent  

l ines  of  ev idence includi ng  the  hi s tor ical  phys ical  modi f icat ions  of  
channels  and  banks ,  chemical  water  qual i ty,  r iver  f ly census  data  and the 

condi t ion  of  the River  Tes t  SSSI.    

6.1.2 Evidence Gaps 

A large number  of ev idence gaps have been  ident i f ied ,  as detai led in 

Sect ion  5.4.   In some cases  the data may exis t  but  was not avai lab le  for the 
preparat ion  of  th i s report .  In o ther cases ,  for  example TOrC data for the 

River  Tes t ,  i t  i s  believed that  the data  are  not  being col lected  under  the 

current  moni tor ing programmes   

6.1.3 Water Cycle Study 

There are  a  number  of  ser ious  def iciencies  in  the BDBC WCS as  descr ibed  

throughout  thi s  report .   I t  i s  concluded that  the WCS i s  not f i t  for  purpose 

and needs  s igni f icant rev iew and rewri t ing.  

The water  supply assessment in the WCS does  not demonst rated  with  an 

acceptable level  of  confidence that  suff icient  suppl ies  of water  wi l l  be 

avai lab le  to  support  the growth in  water  demand from new housing  under  

ei ther  growth  scenar io .  

The load  s tands t i l l  s t rategy proposed to accommodate the increase in  
was tewater  f lows  does  not  al low for  any bet terment  which  may be needed 

to  reverse water  qual i ty  and ecological  deter iorat ion .    

The load s tandst i l l  methodology for  fu ture was tewater  d i scharges  proposed 
in  the WCS contains  a  number  of  ser ious  flaws  and wi l l  not  del iver  load  

s tands t i l l  e i ther  in the Chalk  Aqui fer  or  in the River  Tes t .   The methodology 

proposed in the WCS wil l  resu l t  in an  increase in  contaminant loads 
d i scharged to  the River  Tes t  f rom WWTWs.   Furthermore,  even  wi th 

absolu te  load  s tands t i l l  contaminant concent rat ions  wil l  increase under  

fu ture low f low condit ions because of reducing  low f lows caused  by the 

exis t ing  downward  t rend and fu ture cl imate change effect s .  

Increas ing  was tewater  volumes  d ischarged at  the WWTWs , as proposed in 

the WCS, i s h ighly l ikely to  result  in mobi l i sat ion of a  l arge number  of 
inorganic and organic contaminants f rom s torage in the unsaturated  and 

saturated  zones  beneath  and downgradient  of  the inf i l t rat ion sys tems.   Any 

release f rom s torage has  the potent ial  to  increase contaminant  loads 
d i scharged to  the River Tes t  and v io late the load  stands t i l l  object ives .   For  

n i t rate  i t  i s  l ikely  that  loa d  and concent rat ion  s tands t i l l  wi l l  only  be 

achieved at  the River  Tes t  i f  ELVs are set  a t  s igni f icant ly  lower  
concent rat ions  than those calculated  in the WCS.  No increase in  

was tewater  loading  i s  acceptable unt i l  detai led  assessments have been  

carr ied  out  at  each  WWTW to develop  permi t  condi tions that  wi l l  be 

pro tect ive of  the River  Tes t ,  t ak ing  into  account  the condi tion  of  the River  

Tes t  as  descr ibed  above .    

The WCS should  include appropriate  cons iderat ion  of  f lood r i sk assessment 
including  the effect  o f  increased  was tewate r  d i scharges  on  f lood r i sk  in  the 

Upper  Tes t  Catchment.    
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The WCS does  not include an  adequate assessment of  the effect s  of cl imate 

change on  water  supply,  was tewater  d i scharges  and f lood r i sk .    

6.1.4 Nutrient Neutrality 

The nut r ien t  neut ra l i ty  proposals  in  the Level l ing -up and Regenerat ion  Bil l  
2022,  i f implemented  as  descr ibed  in  Sect ion  1 .6,  wil l  requi re  WWTWs to  

be upgraded to  meet  a  to tal  inorganic n i t rogen ELV of  10  mg -N/l  by  2030.   

This  wi l l  overr ide the proposed amendments to n i t rogen ELVs at  
Whi tchurch  WWTW (proposed ELV of  17 .2  mg -N/ l )  and  Oakley  WWTW 

(proposed ELV of  21 .4 mg -N/ l ) .   I t  wi ll  requi re  the 10 mg -N/l  ELV to be 

set  for  Overt on  WWTW.   The WCS proposed a  to tal  inorganic n i t rogen ELV 
of  8 .1  mg-N/l  a t  North  Wal tham which  wi l l  be unaffected ,  a l though i t  

appears  to  be an ambi t ious target  which  in pract ice may be increased  to the 

10  mg-N/ l  TAL.  

6.2 Recommendations 

•  The WCS should  be revi ewed and re -wri t t en  tak ing into  account the 

comments above.   At the very  leas t  the WCS should ident i fy  and 

assess  the impl icat ions of  ev idence gaps ,  include cl imate change 

assessments  for  al l  aspects  ( i . e .  water  supply ,  was tewater  and  f lood 
r i sk) ,  in  accordance wi th  Envi ronment Agency guidance ,  and del iver  

absolu te  was tewater  load  and concent rat ion  s tands t i l l ,  o r  better ,  for  

al l  contaminants of  concern .    

•  No fur ther  development of  hous ing,  beyond that  current ly  approved 

for  development ,  should be permi t ted in the BDBC area unt i l  i t  can  

be demonst rated  with  an acceptable level  of  confidence that  
suff icient  suppl ies  of  water  wi l l  be avai lab le  to  support  the 

associated  growth  in  water  demand.   This  requi res  more than  a  set  of  

opt ions for  demand and leakage redu ct ion ,  and  resource expans ion ,  

i t  a l so  requi res  assessment of  the uncer tain t ies  and confidence 

associated  wi th  each  measure.    

•  The rate  of  d i scharge of  was tewate r  at  the WWTWs in  the Upper  Tes t  

Catchment  should  not be increased  unt i l  detai led  assessments  h ave 
been  made of  the potential  effect s  of  these changes  on  groundwater  

in  the Chalk  Aqui fer  and  on  the River  Tes t .   This  should be supported  

by  appropriate  inves t igat ion  programmes  at  each  WWTW.    

•  The load  s tands t i l l  methodology proposed in  the WCS should  be 

amended to  ensure that  absolu te load  s tandst i l l  wi ll  be del ivered  for  

al l  re levant  contaminants including  any current ly  unknown 

contaminants  present beneath  and in the v icin i ty of  each  inf i l t rat ion  
sys tem.      The load s tands t i l l  methodology should al so cons ider  the 

effect s  of  fu ture cl imate change  on  low f lows to del iver 

concent rat ion  s tands t i l l  o r bet ter  under  low f low condit ions .  
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Appendix A Effects of Growth Scenarios on Wastewater Treatment 
 

Table 19 Effects of Housing/Employment Growth on Wastewater Treatment Capacity, River Test Catchment 

W W TW Cu r r e nt  

Pe rm it te d  

DW F 

( m 3 /d )  

Cu r r e nt  

M e as u re d  

DW F 

( m 3 /d )  

Ca l c ul at e d 

H e ad r o om 

( m 3 /d )  

Stat i s t ic s  a f te r  G r owth  

Sc e nari o 1  and Sce nari o  2  

Nu m b er  o f  

Pr o p os e d 

H o us i ng  

Un i ts  

Nu m b er  

o f  Ne w 

J o b s  

Cr e a te d 

Fu t u re  

2 0 3 9 DW F 

( m 3 /d )  

H e ad r o om 

Ca p a ci t y  

( m 3 /d )  

Approximate  

res idual  housing 

capaci ty  

W h it ch u rc h  2 , 3 36  1 , 7 53 5 8 4 
2 , 8 81 

3 , 8 71 

8 4 5 

8 4 5 

2 , 8 84  

3 , 2 68  

- 5 4 8 

- 9 3 2 

- 1 ,7 6 5  

- 3 ,0 0 2  

Ov e r t o n  1 , 1 60  1 , 0 01 1 5 9 
3 9 0 

6 3 0 
0  

1 , 1 53  

1 , 2 46  

7  

- 8 6  

2 3 

- 2 7 7 

Oa k l ey  7 2 2 5 3 4 1 8 8 
5 9 0 

8 8 0 
0  

7 6 3 

8 7 5 

- 4 1  

- 1 5 3  

- 1 3 2 

- 4 9 4  

No r th  W al th am  1 6 7 3 6 1 3 1 
1 3 4 

1 3 4 
0  

8 8 

8 8 

7 9 

7 9 

2 5 6 

2 5 6 

As h ma n s wo r t h  5  ND ND 0  0  -  
Current DWF data not provided for this 

W W T W  b u t  n o  g r o w t h  i d e n t i f i e d  

Ha n n in g to n  1 0  3  7  0  0  3  
N o  g r o w t h  i d e n t i f i e d  f o r  t h i s  

W W T W .  

         

From: AECOM 2022 Table 4-3 

DWF dry weather flow 
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Appendix B 

 

Descriptions of Waste Water Treatment Works: 

Whitchurch WWTW 

Overton WWTW 

Ivy Down Oakley WWTW 

North Waltham WWTW 

Water Ridges Oakley WWTW 

Hannington and WWTW 
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Appendix B Descriptions of Wastewater Treatment Works 
 

Appendix B1 Whitchurch Wastewater Treatment Works 

 
B1.1 General  

The layout  and engineer ing  of Whi tchurch  WWTW was  assessed  from var ious 

documents ,  hi s tor ical  OS maps,  and  Google Earth  imagery ,  and addi t ional 

informat ion  was obtained from Southern Water’s  Drainage and Wastewater  
Management  P lan  (DWMP) for  the Tes t  and  I tchen,  Southern  Water  2022 .   The 

effect s  of  Whi tchurch  WWTW on groundwater  were assessed  from l imited  

documentary  informat ion  avai lab le  f rom pub l ic  domain records ,  report s ,  and  

scient i f i c  l i t erature.  

B1.2 Description, Layout and Operations 

 

Whi tchurch  WWTW is  located  on the northern  s ide a  dry val ley  which i s or ien ted 

south  eas t  to  nor th  wes t .   The River  Tes t  i s located  approximately  600  m from the 

north  wes t  boundary  of  the WWTW si te .    

The 1942 OS map,  see Figure B2  below,  shows an  ear ly  layout  of  the Whi tchurch 

WWTW wi th  what  appear  to  be a  number  of  inf i l t rat ion  d itches  wi th in  the 
boundaries  of  the present  day  sewage work s .   The 1942 map al so  s hows a meter 

house but no  o ther  detai l s.   At that  t ime the sewage works  was operated  by 

Kingsclere and Whitchurch  Rural  Dist r ic t  Counci l .    No t reatment works appears  

to  have been  present  in  1942.  

The 1908 OS map ext ract ,  see Figure  B1  below,  does not  show Whitchurch  WWTW 

indicat ing that  the WWTW was  const ructed  between 1908 and 1942.   Baxter  et  a l  
1981 recorded that  the Whi tchurch  WWTW “ has  been  operated  for  over  50  years”,  

i . e .  f rom before 1930.    

Baxter  et  a l  1981 reported that  scree ned domest ic  sewage was d i scharged to  33 

l inear  l agoons  ( i . e .  d i tches) ,  each  d itch  being  1 to 2m deep and having an area of 

approximately  190 m 2  i . e .  6,270 m 2  in  to tal .   They al so reported  that  the d itches  
were operated  on  a  for tn ight ly  rotat ion,  wi th  hal f  in  use and hal f  being 

mechanical ly  de -s ludged.   The dai ly dry  weather  throughput was  600 m 3 /d wi th a 

mean inf i l t rat ion  rate  of  40  mm/d.   The only t reatment  provided pr ior  to  di scharge 

to  land  was screening ,  which i s assumed to mean the removal  of  over -s ize mater ial  

in  s imple screens .    

Figure  B3a  a l so shows the layout of  the inf i l t rat ion  di tches  in  use at  the t ime and 
the groundwater  elevat ion  contours  in terpolated  from groundwater  l evels  

measured  at  the t ime of  the inves t igat ion .   I t  i s  notable that  the l ayout  of 

inf i l t rat ion d itches  shown on Figure B3a  i s  very  s imi lar  to that  shown on  Figure 
B2 ,  the 1942 OS map,  wi th jus t  the addi t ion  of  a  smal l  number  of d i tches  to  the 

north  wes t.   I t  appears  l ikely that  there was  very  l i t t l e  change in operat ions at  

Whi tchurch  WWTW between 1942 and 1981.    

The was te  water  t reatment  plant  which  can now be seen  on the aer ial  images  and 

OS mapping was  buil t  in  1982,  Beard  and Gile s ,  1989.   The was te  water  t reatment  

p lant  appears  to  comprise a  number  of  smal ler  hold ing  and/or  t reatment  t anks,  2 
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No.  t r i ck ling  f i l t ers  each  approximately  30  m diameter ,  and  2 No.  smaller  

cy l indr ical  t anks  approximately  10m diameter  which  appear  to  be humus  tanks.   
The t reatment  t echnology ins tal led appears  to be convent ional  pr imary  and 

secondary  t reatment .    

Beard  and Gi les record  that  the dry  weather  sewage throughput in  1982 was 700 
m 3 /d,  and that  f rom 1982 onwards ,  af ter  the sewage t reatment  p lant wa s  bui l t ,  the 

dry  weather  f low had increased  to  900 m 3 /d.   From 1982 t reated  sewage eff luent  

was  d i scharged to  a  sys tem of  underground french drains  in  p lace of  the open 

d i tches .    

Google Earth  images  dated  December  1999 to  Apri l  2008 ,  Figures  B4 to  B6 ,  show 
the WWTW wi th  the t reatment  works  bui l t  in  1982 and the out l ines of  the f rench 

drains  in  the f ie ld area north  wes t  of the t reatment  works .   

The subsequent  Google Earth  image dated Apri l  2017 shows  ( i )  inf i l t rat ion  di tches 
north  wes t  of  the t reatment  p lant presumably  replacing  the f rench drain  sys tem 

ins tal led  in 1982,  and  ( i i )  an  addit ional  area of  inf i l t rat ion  d itches  to  the south 

eas t  of  the t reatment works ,  see Figures 7  to  9  below.   The addi t ional  inf i l t rat ion 
d i tches  to the south eas t  approximate ly double the area where t reated  sewage i s 

d i scharged to land ,  and al so extends the area of  d isposal to the south eas t  away 

from the River  Tes t .   

A proposal  was developed in 2010 to reduce the n i t rate  concent rat ions in the 

t reated  eff luent  at  Whi tchurch  WW T W by ins tal la t ion  of  a  methanol 

deni t r i f i cat ion  plant  and associated sand f i l t ers .   However ,  th is  was abandoned 
and ins tead  addit ional  inf i l t rat ion t renches  were cons t ructed  in  2013.   The purpose 

of  the new inf i l t rat ion t renches  was  to  promote addi t ional deni t r i f i cat ion  in  the 

ground beneath  the s i t e .   

The new inf i l t rat ion t renches  were bui l t  on  adjacent  farmland which  requi red  a  

change of  use p lanning  appl icat ion.   The statement  in  the p lanning appl icat ion 

support ing document  was :  

 “This a llows increase n atural t reatment by the ear th,  making  the ni t rate  
concentra t ion  wi th in the groundwater a t  the nearby moni toring  wel l s 

w i th in acceptable l imi t s.”   

I t  i s  not  c lear  whether  the revised proposals  were supported  by technical  des ign 

s tudies  and/or pos t -complet i on  ver i f icat ion  moni tor ing.    

.    
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Figure B1 Extract from 1908 Ordnance Survey Map, 25 Inch Series, Hampshire and Isle of 

Wight, sheet XXV.1, nominally 1:2500 scale  
 

 
Figure B2 Extract from 1942 Ordnance Survey Map, 25 Inch Series, Hampshire and Isle of 

Wight, sheet XXV.1, nominally 1:2500 scale  
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Figure B3a Monitor Well Locations at Whitchurch WWTW 
  Reproduced from Baxter et al 1981 

 
C o n t a i n s  O S  D a t a .  ©  C r o w n  c o p y r i g h t ,  A l l  r i g h t s  r e s e r v e d .  2 0 2 2 -2 3 .  L i c e n s e  n u m b e r  1 0 0 0 6 2 7 7 9  

Figure B3b Monitor Wells at Whitchurch WWTW – approximate locations on OS map extract 
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Figure B4 Aerial image dated January 1999 

 

 
Figure B5 Aerial image dated January 2005 
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Figure B6 Aerial image dated April 2008 

 

 
Figure B7 Aerial image dated April 2017 
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Figure B8 Aerial image dated July 2020 

 

 
Figure B9 Aerial image dated April 2022 

 

B1.3 Effects on Groundwater 

 
Baxter  et  a l  1981 descr ibe an inves tigat ion at  WWTW where 19 No.  moni tor wel l s 

were ins tal led at  locat ions with in the WWTW and between the WWTW and the 

River  Tes t ,  see Figures  B3a and B3b .   At two locat ions ,  l abel led A and B on 
Figure B3a ,  mul t i - l evel moni tor  wel l s were ins tal led ,  where groundwater  samples 

can  be obtained  from 2  or  more d i screte  depths .    

Groundwater  elevat ion  contours  fo l lowed the topographic contours  of  the dry 

val ley  feature  wi th  groundwater  f low in  a  nor th  wes ter ly  d i rect ion   towards  th e 

River  Tes t .   One upgradient monitor wel l  was ins tal led ,  l abel led  no.  5,  and 
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moni tor  wel l  no .  15 ,  and  mult i l evel  moni tor wel l s  a t  B were on  the oppos ite  s ide 

of  the dry  val ley  f rom the WWTW.   Moni tor  wel l s  5 ,  15  and the mul ti l evel  moni tor 
wel l s  a t  B would  be expected  to  be relat ively  unaffected  by  sewage eff luent 

d i scharge f rom the WWTW.    

The unsaturated  zone was  10m th ick  beneath  the sewage eff luent  d i scharge  

( inf i l t rat ion)  area.    

Baxter  et  a l  1981 report  the resul t s of  sampling  sewage eff luent  (one sam ple)  and 
groundwater  f rom moni tor  wel l s.   Water  samples  were analysed  for  ammoni a,  to tal  

organic n i t rogen,  ni t r i t e ,  n i t rate ,  ch lor ide and boron,  BOD, DOC,  and VOCs.   I t  

i s  assumed that  ammonia was measured  as to tal  ammoniacal  ni t rogen (TAN) and 
therefore measured  the aggreg ate concent rat ion s  of  ammonia,  NH 3 ,  and 

ammonium,  NH 4
+ .    The analy t ical  resul ts  reported  by Baxter  et  a l  1981 are 

reproduced in  Table B1  below.    

Beard  and Giles  1989,  report  the resul t s of the 1981 inves t igat ion  descr ibed by 

Baxter  et  a l  1981,  together wi th ongoing sampl ing of  the moni tor  wel ls  fo llowing 

the in t roduct ion  of  secondary  t reatment  in 1982.  

The resul t s in Table 1 f rom Baxter  et  a l  1981and Table 2 ,  below,  show the 

fo l lowing:  

• Monitor wells in the sewage effluent discharge area, No. 1, 2, 3, 6, 7, 8 and Atop, were obviously 

impacted by sewage effluent with increased concentrations of ammonia, total oxidised nitrogen 

(TON), nitrite, phosphate and chloride, boron, BOD, DOC and VOCs.  Atop is believed to be 

approximately 19m deep with 9m of saturated zone.   

• Monitor wells immediately downgradient of the discharge area, No. 3 and 6, were contaminated 

by sewage effluent to a similar degree to those in the discharge area. 

• Monitor well in the plume, No.14, appeared to be somewhat contaminated  by sewage effluent.  
The relatively high concentrations of sewage-derived contaminants, especially chloride and 

ammonium, in 14 suggests a centre-plume alignment in an East - West direction through this 

location close to the centre of the dry valley but not fully aligned with it.  This interpretation is 
tentative given the relatively low contaminant concentrations in 14 and the possibility that 14 

was contaminated from other sources such as the adjacent road.   

• Monitor wells in the downgradient plume area, No. 4, 11, 12, 13, & 15, together with the lower 
monitor wells at A (Amid and Abase) in the discharge area, were largely uncontaminated  by 

sewage effluent with similar concentrations to the upgradient monitor well 5 and monitor wells 

Bbase and Btop. 

• Downgradient monitor well 5, together with monitor wells 15, Bbase and Btop which are on the 

opposite side of the dry valley, were effectively uncontaminated as would be expected based 

on their locations. 

 
These resul t s  show that  there was s igni ficant  at t enuat ion of sewage -der ived  

contaminat ion in the expected  area of  the p lume along the dry  valley .   Monitor 

wel l  14 i s approximately 300m downgradient  and  close to the cent re  of  the dry  
val ley  and was  obviously impacted by  sewage-der ived  contaminat ion as indicated 

by  s l ight ly  elevated  concent rat ions  of  ammonia,  n it r i t e ,  phosphate and chlor ide,  

and  al so  the h igh  concent rat ion  of  TON in  14 compared  to  the background 

concent rat ions  in  5,  15 ,  B t o p  and B b a s e .    
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Baxter  et  a l  1981 al so reported  the resul t s of  a  t racer  t es t  carr ied  out at  the s i t e .   

The t ravel  t ime through the unsaturated  zone was  measured  at  18 hours .    

 

 
Reproduced from Baxter et al 1981 

 

Baxter et al also report the findings from an investigation of the nitrogen balance between the infiltration 

ditches and monitor well 2, see Table 2 from their paper below.  The results in the following table are 

mean values from multiple measurements made over a period of up to 9 hours on four separate 
occasions.  They concluded that there was evidence of considerable loss of nitrogen, of up to 43%, in 

the unsaturated zone caused by microbiological denitrification.  Baxter et al 1981 reported the presence 

of up to 1% methane in soil gas of the unsaturated zone which is indicative of anaerobic conditions 
required for denitrification.  
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Beard and Giles 1989, compared concentrations of sewage-derived contaminants in monitor wells at 

Whitchurch WWTW from the earlier pre-1982 operations, when untreated sewage effluent was 

discharged to infiltration ditches, to the post-1982 operations when treated sewage effluent was 
discharged to the french drain system.  These comparative results are shown in Tables 3 and 4 from the 

paper by Beard and Giles: 

 

 

 
 

 
 
The moni tor  well  numbering  used  by Beard  and Gi les  i s  bel ieved to  correlate  to 

Figure B3  f rom Baxter  et  a l  as fo l lows:  

 
Beard & Giles 1989  Figure B3 

R Area Middle 1   monitor well 6 

R Area boundary 2 19m depth monitor well Atop 
R Area boundary 2 34m depth monitor well Amid or Abase 
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I t  i s  inferred  from the d i scussion  in Beard  and Gi les  1989 ,  that  the sampl ing  for 

resul t s  reported  in thei r Table 3 was  carr ied  out  in  1981 and sampling for  the 

resul t s  reported  in t hei r  Table 4  approximately  f ive years  l a ter  i . e .  in  1986.    

I t  can  be seen  from the compari t ive resul t s  that  before the secondary  sewage  

t reatment  p lant was bui l t  the sewage eff luent  was  character i sed  by  h igh 
concent rat ions  of  ammonia and n i t r i t e ,  and corr espondingly  low concent rat ions 

of  n i t rate .   Concent rat ions in the moni tor wel l s ref lect ed  that  of  raw sewage ,  

except  for  n i t r i t e  which was  attenuated  rapid ly ,  and phosphate and DOC which 

were at tenuated  in  the bou ndary  moni tor  wel l s  A t o p  and A b a s e .  

Fol lowing ins talla t ion of the secondary  t reatment  plant in 1982 the character  of  
the eff luent  changed to  that  h igh  in  n i t rate  wi th  lower  concent rat ions  of  ammonia ,  

n i t r i t e  and DOC,  but  with  s imi lar  concent rat ions  of to tal  n it rogen (TN) of 

approximately  20  mg/ l .   The concent rat ions  of  n i t rate  increased  s igni f icant ly.  

Deni t r i f i cat ion  appears  to  have ceased  in the groundwater  sys tem due to the 
d i scharge of  oxidi sed/n i t r i f i ed eff luent  with  lower  DOC . There was  l i t t l e  change 

in  the d i s t r ibut ion  and attenuat ion  o f  phosphate.    Chlor ide  and boron  were 

effect ively  unchanged between the pre -  and pos t -  1982 operat ional  sys tems.    

 

 
 



Whitchurch Conservation Group 
Independent Review of the Basingstoke and Dean Borough Council 2022 Water Cycle Study 

 

102 

Table 20  Analytical Results from Groundwater Sampling at Whitchurch WWTW in 1981 

  
S

ew
ag

e BH1 BH2 BH3 BH4 BH5 BH6 BH7 BH8 BH10 BH11 BH12 BH13 BH14 BH15 BH16 

A B 

Ab, 

(base) 

Am  

(mid) 

At   

(top) 

Bb, 

(base) 

Bt   

(top) 

DA DA 
UG 

Plume 

DG 

Plume 
UG IDG DA DA Plume 

DG 

Plume 

DG 

Plume 

DG 

Plume 

DG 

Plume 
OP ? DA OP 

NH3-N 22.2 15.80 11.50 17.80 0.03 0.018 6.40 13.20 22.60 0.044 0.018 0.015 0.021 0.349 0.017 0.011 0.012 0.012 14.80 0.009 0.009 

TON-
N 

0.65 3.33 3.86 1.43 6.30 7.42 4.76 3.01 0.15 6.54 7.29 7.01 8.55 9.60 7.45 7.87 6.31 6.30 0.18 6.89 8.29 

NO2-N 0.31 0.270 0.088 0.064 0.007 0.006 0.053 0.140 0.030 0.018 0.003 0.004 0.004 0.031 0.003 0.005 0.005 0.004 0.005 0.004 0.004 

PO4-P 7.38 6.39 3.69 3.46 0.046 0.038 4.26 4.20 1.29 0.037 0.030 0.048 0.033 0.054 0.029 0.017 0.058 0.037 0.980 0.033 0.020 

Cl 57.2 46.0 44.3 45.6 12.3 13.4 45.6 41.9 51.4 15.7 14.2 13.3 15.0 27.7 16.6 12.4 13.7 12.3 46.8 14.7 19.2 

B 2.1 0.58 0.53 0.93 0.04 0.03 0.93 0.45 0.75 0.11 0.04 0.04 0.04 0.24 0.04 0.04 0.035 0.047 0.740 0.03 0.04 

BOD 221 30.80 18.80 6.80 1.10 2.30 6.80 9.30 15.00 2.90 1.80 1.30 1.50 1.10 1.30 1.10 1.10 1.30 5.60 1.30 1.80 

DOC 66.8 7.20 16.80 28.00 2.60   28.0 4.40   6.20 1.70 1.50 1.70 1.90 1.40 2.20 3.40 2.70 4.70 2.20 1.70 

VOC   0.40 0.80 0.90 0.009   0.90 0.60   0.020 0.007 0.004 0.004 0.005 0.004 0.150 0.040 0.090 9.70 0.80 0.02 

 
DA  sewage effluent discharge area 

DG Plume downgradient plume 

OP  opposite side of dry valley 

UG  upgradient 

UG Plumeupgradient plume adjacent to the discharge area 

 

Note: the location of monitor well 16 was not provided by Baxter et al 1981 
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Appendix B2 Overton WWTW 
 

B2.1 General  

 
Relatively limited information was available for Overton WWTW.  The layout and engineering of 

Overton WWTW was assessed from historical OS maps and Google Earth imagery, and also from a 

paper by Beard and Giles 1989.  Additional information was obtained from Southern Water’s DWMP 
for the Test and Itchen, Southern Water 2022, and a planning application in 2011.   

 

Overton WWTW is located at NGR SU 5036 4972 in Lynch, approximately 1.2 km north west of 
Overton.  It serves Overton and Laverstoke. It is believed that sewage effluent is subjected to secondary 

treatment and then the treated effluent is discharged to the Chalk in elongated infiltration lagoons.    

 

The WWTW dates from before 1941 and therefore has been in operation discharging to the Chalk 
Aquifer for at least 81 years.  Infiltration lagoons have been in operation at Overton WWTW since 

before 1983, Beard and Giles 1989.   

 
B2.2 Layout and Operations 

 

Historical Ordnance Survey maps show that the WWTW was built pre-1941, see Figure B10.   The 

WWTW was not shown on the Ordnance Survey map dated 1909 (map extract not included in this 
report), and therefore was built between 1909 and 1941.   

 

The 1941 layout, Figure B10, shows 3 No. circular “filter beds”, and 8 No. “sludge beds”.  No 
infiltration systems are shown on the map.   It is assumed that treated effluent was discharged to the 

Chalk in an infiltration system which is not shown on the map, either by seepage from the “sludge 

beds”, or possibly by surface spreading on the adjacent field to the south; surface spreading was 
employed by Southern Water Authority and predecessors, Beard and Giles 1989.   

 

A Google Earth image dated 1999 shows Overton WWTW much expanded with the original 3 No. 

rotary filter beds to the north and infiltration lagoons to the south, see Figure B11.  The sludge beds 
have been removed. 

 

The layout remains largely unchanged until 2008, except for an additional infiltration lagoon installed 
before 2005.   

 

In 2011 the site was extended to the north, the original rotary filter beds were decommissioned and 
replaced by  a new 350 m3 storm tank, 2 No. new trickling filters, and 2 No. new humus tanks, see 

Figure B12.   No further significant changes appear to have occurred.  Planning documents, 4Delivery 

2011, indicate that: 

• Before 2011 there were no numerical emission limit values.   

• ELVs were introduced by a permit variation, with numerical ELVs introduced for TSS, BOD, 

COD, ammoniacal nitrogen, phosphorus and iron.   

• Ferric dosing plant was installed at this time to meet the new ELV of 1 mg-P/l.  It is assumed 
that this involves dosing with ferric trichloride or other iron salt to precipitate phosphorus. 
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Figure B10 Extract from 1941 Ordnance Survey Map, 25 Inch Series, Hampshire and Isle of 

Wight, sheet XVI.10, nominally 1:2500 scale  
 

 
Figure B11 Overton WWTW in 1999 
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Figure B12 Overton WWTW in 2017 

 

 

Appendix B3 Ivy Down Lane Oakley WWTW 
 

B3.1 General 

 

Relatively limited information was available for Oakley WWTW.  The layout and engineering of 
Oakley WWTW was assessed from historical OS maps and Google Earth imagery, and additional 

information was obtained from Southern Water’s Drainage and Wastewater Management Plan 

(DWMP) for the Test and Itchen, Southern Water 2022.  Historical information was available from 
Beard and Giles 1989.   

 

Oakley WWTW is located at NGR SU 564 511 approximately 1 km north east and east of East Oakley 
and 1 km NNE of Oakley. It serves East Oakley and Oakley only.   

 

It is believed that sewage effluent is subjected to primary and secondary treatment, Southern Water 

2022, and then the treated effluent was discharged to the Chalk in French drains, Beard and Giles 1989, 
and more recently in infiltration trenches and lagoons. 
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French drains were in operation at Oakley WWTW for some time prior to 1989, Beard and Giles 

1989.  The original date of construction could not be determined during the preparation of this report.  
However, according to the Environment Agency Public Register a permit for the site was originally 

issued in 1979.  Therefore Oakley WWTW is believed to have been in operation for some 43 years or 

more.  

 

B3.2 Layout and Operations 

Figure B13 shows the layout of Oakley WWTW in 2008.  Google Earth imagery shows no change in 

layout between 1999 and 2008.  There appear to be four rotary trickling filters to the west of the site 
and several infiltration trenches to the east of the site. There are also a number of other tanks.   

Oakley WWTW was upgraded in 2011 by the installation of  two N-SAF (Nitrifying Submerged 

Aerated Filters) to meet the 95%ile ammoniacal nitrogen discharge limit of 5 mg-N/lvv and 2 No. new 

humus tanks. 

Figure B14 shows the layout in 2017 with the two new humus tanks and the N-SAF plant.  A group of 

rectangular tanks close to the eastern site boundary has been removed.   

 
Figure B13 Aerial image of Oakley WWTW dated April 2008 

 
vv Nitrifying and Denitrifying processes in a single package plant - WCSEE (wplinternational.com) 

https://www.wplinternational.com/case-studies/nitrifying-and-denitrifying-processes-in-a-single-package-plant/
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Figure B14 Aerial image of Oakley WWTW dated April 2017 
 

 

Appendix B4 Water Ridges WWTW Oakley (closed) 
 

Water Ridges WWTW Oakley was a small WWTW which was located at NGR SU 5640 5106.  It is 
located immediately south of East Oakley and not in the vicinity of a watercourse.   

 

It is believed, from Environment Agency Public Register information to have operated approximately  
from 1966 to 2009. 

 

From Google Earth images dates it appears to have comprised eight contiguous tanks in a row 

(possibly sedimentation tanks), two trickling filters and an unknown infiltration system.    
 

Google Earth images from 2017 show vegetation gradually spreading over the trickling filters and the 

assumed sedimentation tanks.   
 

Appendix B5 North Waltham WWTW 
 

North Waltham WWTW is a small sewage treatment works which serves the village of North 

Waltham.   It is located at NGR SU 5610 4693, 400m north of the centre of North Waltham village at 
an elevation of approximately 110m OD. 

 

Environment Agency Public Register information indicates that the WWTW has been in operation 
since at least 1979, if not earlier.  
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From Google Earth imagery it is believed to comprise a treatment plant and a French drain infiltration 
system.   Until 2008 the treatment plant appeared to comprise reception/sedimentation tanks, 2 No,. 

rotary trickling filters and other tanks and plant, together with an assumed French drain infiltration 

system to the west of the site.  Between 2008 and 2017 additional treatment plant were added, which 

based on the two rectangular tanks to the north of the original rotary filter beds may have included 
nitration plant to control ammoniacal nitrogen.  It also appears that the original trickling filters were 

decommissioned at the same time.   

 
Figure B15 shows the site layout in 2020. 

 

 
Figure B 15 North Waltham WWTW in July 2020 

 

 

Appendix B6 Hannington WWTW and Ashmansworth WWTW 
 
Hannington WWTW is a very small sewage treatment works which serves the village of Hannington.   

It is located at NGR SU 5397 5487, 400m south of the centre of Hannington village. 

 
Environment Agency Public Register information indicates that the WWTW has been in operation 

since at least 1985, if not earlier.  It appears to have been rebuilt between 1999 and 2005.  It is 

understood to comprise a treatment plant and infiltration system, but no details were available.   
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Ashmansworth WWTW is a very small sewage treatment works which serves the village of 
Ashmansworth.    It is located at in the centre of Ashmansworth village.  It is understood that treated 

effluent is discharged to the Chalk Aquifer.   

 

Environment Agency Public Register information indicates that a WWTW has been in operation at a 
location east of  Ashmansworth since at least 1979, if not earlier, but the permit was revoked in 2001.  

It appears that this may have been an earlier WWTW which has been closed.   

 

 

Appendix B7 Portals WWTW (Industrial) 
 

B7.1 General  

Portals WWTW is an industrial WWTW which serves Portals paper mill.  Portals WWTW dates from 
before 1930.   

 

Portals WWTW is located at NGR SU 519 507 in Quidhampton, approximately 1.5 km north east of 
Overton, and immediately south of Portal’s paper mill.   

 

It is believed that industrial effluent is subjected to secondary treatment and then the treated effluent is 

discharged to the River Test.   It is not known whether treated effluent was discharged to the Chalk 
Aquifer at any time in the operational history of the site. 

 

Portals WWTW is regulated as part of the Portals Paper Mill which is an Installation for the purposes 
of the Environmental Permitting Regulations 2016.   In 2019 a revised EPR Permit was issued which 

included a derogation in respect of compliance with emission limit values (BAT-AELs) from the 

WWTWww.  At that time the paper mill was regulated under the EU Industrial Emissions Directive 

(IED).  Post-Brexit the IED BAT-AELs will continue to be enforced by the Environment Agency until 
new legislation is developed.   

 

According to the Decision Documentxx the effluent discharge from the paper mill has a significant effect 

on water quality in the River Test, especially on phosphorus and phosphate concentrations.  The 
operator applied for a derogation that would permit the plant to discharge total phosphorus (TP), total 

nitrogen (TN), and COD (chemical oxygen demand) at loadings, and therefore concentrations, which 

exceed the BAT-AELs in the BAT Conclusionsyy for their industry sector (Pulp and Paper).  A time-
limited derogation was granted until September 2020.  After this date the operator was required to 

discharge TP, TN and COD at the BATC loading rates respectively of 5, 0.4 and 0.04 kg/tonne of 

finished product.   
 

The emission limit value for TP post-2020 is 0.25 mg-P/l as an annual average; the limit during the 

derogation period was 0.5 mg-P/l as an annual average, and 2 mg-P/l prior to 2016.   

 

 
ww RG25 3JG, Portals De La Rue Limited: environmental permit issued - GOV.UK (www.gov.uk) 

xx Decision_document.pdf (publishing.service.gov.uk) 

yy BAT conclusions for Pulp and Paper Sector, 2014/687/EU, COMMISSION IMPLEMENTING DECISION - of 26 September 2014 - 

establishing the best available techniques (BAT) conclusions, under Directive 2010/•75/•EU of the European Parliament and of the Council, 

for the production of pulp, paper and board - (notified under document C(2014) 6750) - (2014/687/EU) (europa.eu) 

https://www.gov.uk/government/publications/rg25-3jg-portals-de-la-rue-limited-environmental-permit-issued
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/786262/Decision_document.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32014D0687&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32014D0687&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32014D0687&from=EN
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B7.2 Layout and Operations 

Google Earth images indicate that the layout of the WWTW did not change over the period 1999 to 

2022, see Figures B16 and B17.  The images show what appear to be reception tanks, secondary 

treatment systems (rotary filter beds), and other infrastructure.   

 
Historical Ordnance Survey maps show that the WWTW was built pre-1930, see Figures B18 and B19.   

The WWTW was not shown on the Ordnance Survey map dated 1909 (map extract not included in this 

report), and therefore was built between 1909 and 1930.   
 

The 1930 layout, Figure B18, shows a number of square “filter beds” with a narrow linear feature 

immediately to the south. There are six larger square features in a block which are marked as filter beds, 
and six smaller square features in a line which may have the same function or may have been infiltration 

lagoons.  

 

The 1940 layout, Figure B19, shows the same features as the 1930 map with the addition of two trickling 
filters.    

 

 

Figure B16 Aerial image of Portals WWTW dated January 1999 
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Figure B17 Aerial image of Portals WWTW dated April 2022 

 

 
Figure B18 Portals WWTW in 1930 
Extract from 1942 Ordnance Survey Map, 25 Inch Series, Hampshire & Isle of Wight, sheet XVII.11, nominally 1:2500 scale 
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Figure B19 Overton WWTW in 1942 
Extract from 1942 Ordnance Survey Map, 25 Inch Series, Hampshire & Isle of Wight, sheet XVII.11, nominally 1:2500 scale 
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Appendix C 

 

Catchment Boundaries and 

Groundwater Source Protection Zones 
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C o n t a i n s  O S  D a t a .  ©  C r o w n  c o p y r i g h t ,  A l l  r i g h t s  r e s e r v e d .  2 0 2 2 -2 3  L i c e n s e  n u m b e r  1 0 0 0 6 2 7 7 9  

Figure 32 Surface Water Catchments - Upper and Middle Test 
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C o n t a i n s  O S  D a t a .  ©  C r o w n  c o p y r i g h t ,  A l l  r i g h t s  r e s e r v e d .  2 0 2 2 -2 3 .  L i c e n s e  n u m b e r  1 0 0 0 6 2 7 7 9  

Figure 33 Groundwater Catchment superimposed on Surface water Catchments 
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C o n t a i n s  O S  D a t a .  ©  C r o w n  c o p y r i g h t ,  A l l  r i g h t s  r e s e r v e d .  2 0 2 2 -2 3  L i c e n s e  n u m b e r  1 0 0 0 6 2 7 7 9  

Figure 34 Catchment Boundaries with Groundwater Source Protection Zones Overlaid 
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Figure 35 Groundwater Source Protection Zone Map 
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Figure 36 Surface and Groundwater Catchment Definition 

Reproduced from AECOM 2022 
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Appendix D 

 

Water Quality Data 
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Appendix D Water Quality Data 

Table 21 Phosphorus EQS for the Upper Test 

EQS Standard Upper River Test  units 

WFD Class High Good Moderate Poor   

EQR 0.702 0.532 0.356 0.166   

Term, a 0.905 0.778 0.595 0.247   

RPref= 26.4 26.4 26.4 26.4 µg/l 

Term b -2.122 -2.122 -2.122 -2.122 
 

Term c 3.544 3.544 3.544 3.544 
 

Power 1.62 1.89 2.28 3.02 
 

EQSP 42 78 191 1045 µg/l 

 
Derived using the equations from the 2015 Regulationszz and the altitude and alkalinity data for the 

East Aston sampling point. 

 

Table 22 Nitrate and Orthophosphate Concentrations at River Test Sampling Points 

Nutrient 
Averagin

g Period 

Sampling Point 

Polhampto

n 
Quidhampton Overton 

Whitchurc

h 
East Aston 

Nitrate  

(mg-N/l) 
2010-22 8.79 8.24 6.71 7.37 7.59 

Orthophosphat

e (mg-P/l) 

  

  

2010-22 0.027 0.025 0.069 0.050 0.038 

2022 0.024 0.025 0.034 0.026 0.025 

2021 0.030 0.030 0.035 0.034 0.027 

2020 0.033 0.032 0.036 0.041 0.039 

 

 

WFD Classification  

High  

Good  

Moderate  

Poor  

 
 

 
zz The Water Framework Directive (Standards and Classification) Directions (England and Wales) 2015 
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Environment Agency Water Quality Data 

 
R Test at Polhampton – Headwater sampling point 
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River test at Overton above Portals 
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R Test Bridge Street Overton u/s Whitchurch 
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Town Mill Whitchurch u/s Whitchurch STW 
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R Test at East Aston d/s Whitchurch STW and u/s of Longparish 
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Bourne Rivulet at Iron Bridge 
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Groundwater 

Oakley Farm Groundwater 

 
 
 

 
 



Whitchurch Conservation Group 
Independent Review of the Basingstoke and Dean Borough Council 2022 Water Cycle Study 

 

129 

Tufton Warren Farm 
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Old Derrydown Farm 
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WWTW 

Whitchurch STW 
Inlet: 

 
Treated: 
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Overton STW 

Inlet 

 
Treated 
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Oakley STW 

Inlet 

 
Treated 
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North Waltham STW 

no inlet data 
Treated 

 
 
Hannington STW 

Incorrect treated data on website; no inlet data 

 
Barton Stacey STW 

Inlet 
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Treated 
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Stuart and Smedley 2009 
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Appendix E 

 

WFD Cycle 2 Classification 

 



Whitchurch Conservation Group 
Independent Review of the Basingstoke and Dean Borough Council 2022 Water Cycle Study 

 

141 

Appendix E Water Framework Regulations Classifications 

 
The Water Framework Directive was implemented in England and Wales by the  Water Environment 

(Water Framework Directive) (England and Wales) Regulations 2003, as amended by the Water 

Environment (Water Framework Directive) (England and Wales) Regulations 2017.   
 

Surface Water Classification 
 

 

Figure 37 Upper Test Surface Water Catchment for WFD Purposes 
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Surface Water Classification – Cycle 2 
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Surface Water Classification – Cycle 3 
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Groundwater Classification  

 

Figure 38 River Test Groundwater Catchment for WFD Purposes 

 

Groundwater Classification – Cycle 2 
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Groundwater Classification – Cycle 3 
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Appendix F 

 

Groundwater Elevation Trends 
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Appendix F Groundwater Elevation Trends 

 

 
Figure 39 Groundwater Level Monitor Well Location Map 

 
Table 23 Groundwater Level Monitor Well Locations 

Monitor Well Location NGR Depth (m) 

Clapgate Cottage Clapgate SU 46150 52250 27.4 

Down Farm NW of Whitchurch SU 45603 49739 ND 

Ladross (Le Bresse) NE of Whitchurch SU 48435 51190 ND 

Lynch Hill Whitchurch SU 47242 48230 ND 

Newbury Road Whitchurch SU 46520 49070 55 

Depths where available from BGS Borehole Archives, GeoIndex - British Geological Survey (bgs.ac.uk) 

 

 

 

 

 

https://mapapps2.bgs.ac.uk/geoindex/home.html?layer=BGSBoreholes&_ga=2.261922701.1494816072.1665409683-1781787402.1665409683
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Appendix G 

 

Nitrogen Loads Released from WWTW 
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Appendix G Nutrient Loads Released from WWTW 

 
Table 24 provides the calculation of nitrogen loadings to the Chalk from WWTW in the Upper Test 

Catchment.   

 

 
Table 24 Nutrient Loads from WWTW in the Upper Test Catchment 

WWTW DWF 

Nitrogen Phosphorus 

Measured 

Mean 

Concentration 

in Treated 

Effluent 

Load Load 

Measured 

Mean 

Concentration 

in Treated 

Effluent 

Load Load 

units: m3/d mg/l kg/d kg/a mg/l kg/d kg/a 

Whitchurch 2336 22 51.4 18771 6.5 15.2 5546 

Overton 1160 25 29.0 10592 0.5 0.6 212 

Oakley 722 30 21.7 7911 6.5 4.7 1714 

North Waltham 167 12.5 2.1 763 8 1.3 488 

Ashmansworth 10 20 0.2 73 6.5 0.1 24 

Hannington 5 20 0.1 37 6.5 0.0 12 

Sub-Totals 4400   104 

         

38,147    21.89 7996 

Unsewered 183   4.4 1589   0.91 333 

Industrial - 

Portals  7000 3.1 21.7 7926 0.25 1.8 639.2 

Totals 11583   130 47662   24.6 8968 

 
Notes: 

1. Nitrogen and phosphorus concentrations were estimated for Ashmansworth and Hannington WWTWs.  

Phosphorus concentrations were estimated for Oakley.  The phosphorus concentrations for Whitchurch 

WWTW was based on historical data reported by Beard and Giles 1990. 

2. Loads from unsewered systems was estimated by adding 4% to the total urban WWTW loads.  

3. The loads assume continuous discharge at the dry weather flow (DWF) rate. 

4. Portals will close in late 2022. 

 

 


