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elemen�i� Chromium opera�e� a chromium chemical produc�ion in��alla�ion under a 
pollu�ion pre�en�ion and Con�rol (ppC) permi�.  A condi�ion o� �he permi� required 
�u�mi��ion o� a Si�e pro�ec�ion and moni�oring programme (Spmp) �o �he en�ironmen� 
Agency wi�hin �ix mon�h� o� �he permi� i��ue.

�he Spmp require� �he �a�eline �oil and groundwa�er quali�y �or �he �i�e �o �e 
e��a�li�hed a� �he ��ar� o� �he permi� li�e, along wi�h �he implemen�a�ion o� an ongoing 
programme �o demon��ra�e �he e��ec�i�ene�� o� pollu�ion pre�en�ion mea�ure�.  
�he o�jec�i�e o� �he on-going Spmp i� �o en�ure �ha� �here i� no de�eriora�ion in land 
quali�y under �he permi� and genera�e e�idence �ha� can �e u�ed �o confirm �hi� a�  
any would �e �i�e clo�ure. �hi� i� achie�ed �hrough an e��ec�i�e proce�� o� planned 
in�pec�ion, �e��ing and main�enance o� �he �i�e in�ra��ruc�ure, �uppor�ed �y periodic 
en�ironmen�al moni�oring �o confirm �he �i�e condi�ion.

�hi� paper will di�cu�� prac�ical experience� gained �rom �he per�pec�i�e  
o� �he permi��ed in��alla�ion, who had �o implemen� �he on-going Spmp require-
men��, and �he en�ironmen�al Con�ul�an�, who carried ou� �he �a�eline ground 
in�e��iga�ion.

INTRODuCTION
elemen�i� Chromium opera�e� a unique produc�ion �acili�y in �he u� producing a range 
o� chromium chemical�. �he proce�� required permi��ing under �he pollu�ion pre�en�ion 
and Con�rol (ppC) regula�ion� in 2005, �hi� wa� a na�ural ex�en�ion o� i�� exi��ing ipC 
permi�� held �ince �994. Among �he new requiremen�� under ppC, �hi� �i�e, in common 
wi�h o�her ppC con�rolled �i�e� had �o implemen� a “Si�e pro�ec�ion and moni�oring 
programme” (Spmp) �o pre�en� pollu�ion �o land and groundwa�er while opera�ing under 
a ppC permi�. 

�he Spmp require� �he �a�eline �oil and groundwa�er quali�y �or �he �i�e �o �e e��a�-
li�hed a� �he ��ar� o� �he permi� li�e, �oge�her wi�h �he implemen�a�ion o� an ongoing 
programme �o demon��ra�e �he e��ec�i�ene�� o� pollu�ion pre�en�ion mea�ure�.

�he o�jec�i�e o� �he on-going Spmp i� �o en�ure �ha� �here i� no de�eriora�ion in land 
quali�y under �he permi� and genera�e e�idence �ha� can �e u�ed �o confirm �hi� a� any 
�u�ure �i�e clo�ure. �hi� o�jec�i�e i� achie�ed �hrough an e��ec�i�e proce�� o� planned 
�
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in�pec�ion, �e��ing and main�enance o� �he �i�e in�ra��ruc�ure, �uppor�ed �y periodic 
 en�ironmen�al moni�oring �o confirm �he �i�e condi�ion.
�he Spmp proce�� in�ol�e� �he �ollowing ��ep�:

l	 �he collec�ion o� �a�eline “re�erence” da�a on exi��ing land quali�y (including �oil, 
groundwa�er and �ur�ace wa�er), 

l	 �alida�ion o� pro�ec�i�e in�ra��ruc�ure, e.g. �und and drain in�egri�y,
l	 an on-going moni�oring programme �o en�ure �he con�inued �unc�ioning o� pro�ec�i�e 

in�ra��ruc�ure,
l	 an on-going en�ironmen�al moni�oring programme.

�hi� paper will di�cu�� prac�ical experience� gained �rom �he per�pec�i�e o� �he 
permi��ed in��alla�ion, who had �o implemen� �he on-going Spmp requiremen��, and 
�he en�ironmen�al Con�ul�an�, who de�igned and carried ou� �he �a�eline ground 
in�e��iga�ion.

SITE HISTORy
�he elemen�i� Chromium �i�e i� loca�ed near �he �own o� eagle�cli��e, S�oc��on-on-�ee� 
in Nor�h ea�� england and occupie� an area o� a�ou� �3.8 ha. A general loca�ion plan i� 
�hown a� Figure �.

�he �i�e wa� originally occupied �y �he eagle�cli��e Chemical Company L�d. 
which wa� e��a�li�hed in �833 �or �he manu�ac�ure o� �ulphuric acid and �er�ili�er�. 
La�er produc�ion opera�ion� were added �or animal �ood��u���, oleum, purple  
ore �rique��ing, copper ex�rac�ion, zinc oxide, �in oxide and �uperpho�pha�e  
produc�ion. Fer�ili�er produc�ion cea�ed in �9��7 and a �9��0 �ulphuric acid plan� wa� 
clo�ed in �984.

produc�ion o� chromium chemical� a� �he �i�e ��ar�ed in �927, wi�h �olid mineral 
proce�� re�idue� depo�i�ed in an a�o�e ground (“landhill”) �acili�y �o �he �ou�hwe�� o� �he 
curren� produc�ion �i�e. �he chromium opera�ion� were gradually expanded o�er �he la�e 
20�h cen�ury �o e�en�ually occupy �he majori�y o� �he �i�e.

CLIENTS FACTORS FOR CONSIDERATION
Wi�h �he long and complex hi��ory o� �he �i�e a� de�cri�ed a�o�e, �here were concern� 
wi�hin elemen�i� Chromium �ha� high concen�ra�ion� o� a �arie�y o� chromium and 
non-chromium pollu�an�� migh� �e encoun�ered during �he in�e��iga�ion. Con�aminan� 
mo�ili�y, po�en�ial ri�� �o recep�or� �o�h on and o�� �i�e and lia�ili�y implica�ion� �acili-
�a�ed �he need �or a �horough a��e��men� o� ground quali�y.

one o� �he main ou�come� o� �he proce��, which will �e di�cu��ed in grea�er dep�h 
�hroughou� �hi� paper, wa� �ha� �he concern� held prior �o �he in�e��iga�ion were un�ounded. 
�he clien� �iewed �he proce�� a� ex�remely po�i�i�e, again �iew� �ha� will �e di�cu��ed in 
de�ail �hroughou� �he paper.
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ENvIRONMENTAL CONTExT OF THE SITE
A� can �e �een in Figure 2, �he elemen�i� �i�e i� roughly �riangular in �hape and lie� on �he 
upper �lope� o� a gen�le �alley. A �mall �ec� �orm� �he nor�hwe�� perime�er o� �he �i�e 
which i� more or le�� �urrounded �y ara�le �armland. �here i� an ecology wildli�e area 
e��a�li�hed �y �he company on land �ormerly occupied �y �he royal Na�y �o �he ea��  
o� �he �i�e. 

Figure 1. Si�e loca�ion plan
3
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Adjacen� �o �he �i�e �o �he �ou�hwe�� i� a �ormer a�o�e ground mineral re�idue 
di�po�al area opera�ed �y �he company un�il �949. 

�he Cenargo World Depo� (a �ormer ComAH �i�e) i� loca�ed a�ou� ��00 m �o �he 
ea�� and re�iden�ial hou�ing i� loca�ed a� eagle�cli��e a�ou� � �m �o �he ea��.

GEOLOGy
�he geological �equence �enea�h �he �i�e compri�e� made ground up �o 2.0 m �hic� o�er-
lying Flandrian Allu�ial Depo�i�� con�i��ing o� al�erna�ing lamina�ed clay and �and� and 
De�en�ian �lacial �ill o� �u�ficien� com�ined �hic�ne�� �o pro�ide pro�ec�ion �o �he under-
lying �ria��ic Sherwood Sand��one.

�roundwa�er Vulnera�ili�y map (Shee� 8) �or �he area indica�e� �ha� �he �oil� are 
cla��ified a� negligi�ly permea�le o�er non-aqui�er.

BASELINE INvESTIGATION OF LAND QuALITy
oBJeC�iVeS
�he o�jec�i�e� o� an Spmp �a�eline in�e��iga�ion o� land quali�y are: �o o��ain in�orma�ion 
�o allow �he refinemen� o� �he concep�ual model o� �he �i�e and i�� �urrounding�; a� well a� 

Figure 2. en�ironmen�al con�ex� o� �he �i�e
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�o o��ain �a�eline da�a in area� �ha� are �ulnera�le �o exi��ing and �u�ure po�en�ial con�ami-
na�ion. �he�e da�a will �er�e a� a re�erence again�� which �he �i�e condi�ion will �e a��e��ed 
a� clo�ure.

DeSi�NiN� �He iNVeS�i�A�ioN
Sampling poin�� which are �hown on Figure 3 were �elec�ed on �he �a�i� o� �he pollu�ion 
po�en�ial o� �he on-going ppC ac�i�i�ie�, �oge�her wi�h hi��orical in�orma�ion deri�ed �rom 
�i�e inciden� log� and pre�iou� ground in�e��iga�ion�. Area� where hi��oric con�aminan�� 
are expec�ed �o �e pre�en� are defined u�ing �hi� in�orma�ion and are �hown in �he �haded 
area� on Figure 3. 

A �echnique �ha� i� �requen�ly u�ed when de�igning Spmp �a�eline in�e��iga�ion� 
and one �ha� wa� u�ed a� elemen�i� Chromium wa� �o di�ide �he �i�e in�o zone� depending 
on curren� �i�e proce��e�. �he zone� are al�o �hown on Figure 3. �he �ample loca�ion� 
wi�hin each zone can �hen �e �elec�ed �a�ed on �hi� proce�� in�orma�ion and �he hi��orical 
in�orma�ion. �he co�� �enefi� a��ocia�ed wi�h �he num�er o� �ample� i� al�o con�idered a� 
�hi� ��age �earing in mind �ha� �he proce�� i� an i�era�i�e one and �ur�her �ampling loca�ion� 
can �e added in �he �u�ure i� nece��ary.

While hi��orical �i�e in�orma�ion com�ined wi�h �he finding� o� pre�iou� ground 
in�e��iga�ion� a��ord� a cer�ain le�el o� confidence in �elec�ing �he �ampling loca�ion�, �he 
uncer�ain na�ure o� ground in�e��iga�ion� mean� �ha� �he de�igner o� �he in�e��iga�ion mu�� 
�e prepared �o modi�y any a��ump�ion� whene�er �ur�her in�orma�ion �ecome� a�aila�le. 
�hi� al�o empha�i�e� �he need �or �he requi�i�e �ime �o �e �a�en in order �o compile a  
pre-in�e��iga�ion concep�ual �i�e model wi�h �he aim o� a��emp�ing �o under��and a� much 
a� i� po��i�le a�ou� �he en�ironmen�al con�ex� o� �he �i�e.

Loca�ion� where high concen�ra�ion� o� con�aminan�� are encoun�ered �hould �e 
in�e��iga�ed �ur�her �o iden�i�y �he �ource and delinea�e �he a��ec�ed area. under ppC, 
opera�or� will �e required �o remo�e any con�amina�ion �ha� wa� no� iden�ified a� �he ��ar� 
o� �he permi�, �here�ore iden�i�ying area� o� pre�iou� impac� i� impor�an� �o limi� �u�ure 
lia�ili�y. Beyond �he ppC requiremen��, �he opera�or �hould �e �een �o iden�i�y ca�e� o� 
exi��ing pollu�ion a� i� allow� �hem �o e�alua�e �he a��ocia�ed ri��� �o �he en�ironmen� and 
�o plan remedia�ion ��ra�egie� i� required. �hi� i� one o� �he area� where elemen�i� 
Chromium welcomed �he finding� o� �he Spmp a� i� confirmed �o �hem �ha� �he ac�ion �hey 
were �a�ing, and con�inued �o �a�e, wa� pro�ec�ing �he local en�ironmen�. Addi�ionally, 
�rom a commercial poin� o� �iew, i� allowed �he opera�or �o iden�i�y and reduce any 
 po�en�ial lia�ili�y �ha� may exi�� in rela�ion �o ground con�amina�ion.

A final ac�ion wi�hin �he de�ign o� �he in�e��iga�ion �hould �e �o a��e�� �he impac� 
o� �he in�e��iga�ion i��el� and any po�en�ial impac� �o �he en�ironmen� �ha� i� may ha�e.

reSuL�S AND iSSueS AriSiN� From FirS� pHASe oF iNVeS�i�A�ioN 
Following �he in�ru�i�e ground in�e��iga�ion and �ampling collec�ion proce��, �elec�ed 
�ample� were analy�ed �or a range o� de�erminan�� �y a �ui�a�ly accredi�ed analy�ical 
la�ora�ory.
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Da�a �e�� con�aining �he analy�ical re�ul�� �rom each zone were compiled ena�ling 
an accura�e and ro�u�� �a�eline o� land quali�y �or each zone �o �e e��a�li�hed. A concep-
�ual �i�e model, in plan and �ec�ion �iew, wa� con��ruc�ed �a�ed on �he finding� o� �he 
ini�ial in�e��iga�ion and hi��orical �i�e da�a. �he plan and �ec�ion �iew� o� �he ini�ial 
concep�ual �i�e model are �hown in Figure� 4 and 5 re�pec�i�ely. 

Figure 3. Sampling loca�ion� and area� o� expec�ed con�amina�ion
��
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Figure 4. plan �iew o� ini�ial concep�ual �i�e model
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Where da�a gained �rom �he ini�ial in�e��iga�ion were ei�her o� in�u�ficien� quali�y �o 
compile a ro�u�� de�enda�le �a�eline or le�� unan�wered, que��ion� rela�ing �o �he po�en�ial 
ri�� �o �he en�ironmen�, �ur�her in�ru�i�e in�e��iga�ion wa� required. 

PLANNING AND ExECuTION OF FuRTHER INvESTIGATION
�o comple�e �he ppC �a�eline e�alua�ion, a �ur�her in�e��iga�ion o� �he �ollowing  
wa� required:

poiN� �
An area o� ele�a�ed hexa�alen� chromium in �ur�ace �oil� which wa� no� recogni�ed a� 
ha�ing a high pollu�ion po�en�ial �rom �he ini�ial ��udy

Second ��udy ac�ion:
Loca�ion� were �i�ed radia�ing ou� �rom i� area “A” which wa� iden�ified a� �he li�ely 
�ource o� �he ele�a�ed le�el� o� hexa�alen� chromium, wi�h �ample� �a�en a� �ariou� dep�h� 
a� each loca�ion. �he aim o� �hi� wa� �o accura�ely map �he horizon�al and �er�ical ex�en� 
o� �he con�amina�ion.

ou�come and Finding� �rom �ur�her in�e��iga�ion:
�he ele�a�ed chromium le�el� �ha� were de�ec�ed in �he �icini�y o� Area “A” were confirmed 
�o co�er an area o� approxima�ely 700m2. No par�icular di��ri�u�ion pa��ern wa� re�ealed 

Figure 5. Sec�ion �iew o� ini�ial concep�ual �i�e model
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�y �he �ur�her in�e��iga�ion howe�er �he limi� o� �he �er�ical ex�en� o� �he con�amina�ion 
wa� confirmed �y a lac� o� con�amina�ion de�ec�ed in groundwa�er moni�oring well�.

poiN� 2
High le�el� o� chromium de�ec�ed in �he �icini�y o� �he �ormer plan� “B” and po�en�ially 
pene�ra�ing in�o an unconfined aqui�er wi�hin �he �uperficial depo�i��

Second ��udy ac�ion:
A new groundwa�er moni�oring well wa� �un� wi�hin �he plan� “B” in �he mo�� li�ely 
�ource area �or �he con�amina�ion, where �he highe�� concen�ra�ion� o� ground and ground-
wa�er con�amina�ion wa� li�ely �o exi��.

ou�come and Finding� �rom �ur�her in�e��iga�ion:
�he concen�ra�ion� o� chromium de�ec�ed in �he �orehole wi�hin �he �ormer plan� “B” were 
confirmed �o repre�en� �he highe�� �o �e �ound anywhere on �he �i�e. A� chromium produc-
�ion i� no longer under�a�en in �he plan� and �he �uilding ha� �een decommi��ioned, �here 
i� no po�en�ial �or addi�ional chromium �o �e relea�ed in �hi� area under �he curren�ly 
permi��ed ppC ac�i�i�ie�.

poiN� 3
�roundwa�er flow regime �or �he �i�e and �urrounding area needed �o �e �ully under��ood.

Second ��udy ac�ion:
�roundwa�er wa� moni�ored �or a �ur�her period o� �wo mon�h� a� each o� �he exi��ing 
moni�oring well� and �wo new well� including �he new well in �he plan� “B”.

ou�come and Finding� �rom �ur�her in�e��iga�ion:
Addi�ional round� o� groundwa�er moni�oring led �o �he conclu�ion �ha� �here i� no �ignifi-
can� flow wi�hin �he aqui�er; �he aqui�er wa� no� under pre��ure and groundwa�er heigh� 
did no� �ary �ignifican�ly acro�� �he �i�e. �he groundwa�er flow direc�ion arrow �rom �he 
ini�ial concep�ual �i�e model ha� �here�ore �een remo�ed. 

While �hi� loca�ion repre�en�� �he highe�� concen�ra�ion� o� con�amina�ion on �he 
�i�e, �he �ac� �ha� groundwa�er in �he confined aqui�er i� no� mo�ing mean� �ha� �he ri�� �o 
�he en�ironmen� �rom �he con�amina�ion migra�ing o�� �i�e i� minimal. �hi� in�erence can 
�e made a� �he con�amina�ion �ha� exi��� doe� no� con�ain all �hree �ace��, i.e. �ource, pa�h-
way and recep�or, required �o repre�en� a �ignifican� ri�� �o �he en�ironmen�. in �hi� ca�e 
�he �ource and recep�or� �o�h exi�� �u� a� �here i� no pa�hway connec�ing �he �wo, �he ri�� 
i� percei�ed a� minimal. �hi� hypo�he�i� wa� confirmed �y �he moni�oring well� around 
�he �oundary o� �he �i�e, where groundwa�er quali�y wa� �ound �o �e good.

re�i�ed �er�ion� o� �he concep�ual �i�e model� in plan and �ec�ion �iew can �e 
�iewed in Figure� �� and 7 re�pec�i�ely.
9
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Figure 6. re�i�ed concep�ual �i�e model plan �iew
�0



SympoSium SerieS No. �54 © 2008 iCheme
CONCLuSION/LESSONS LEARNED
For elemen�i� Chromium, �he ppC permi� impro�emen� condi�ion �o carry ou� a Spmp 
�a�eline in�e��iga�ion held �ome uncer�ain�y in rela�ion �o �he po�en�ial impac� �ha� �he �i�e 
wa� ha�ing on �he en�ironmen�. �hi� lin�� �o �he po�en�ial lia�ili�y �o which �he company 
may �e expo�ed, �o�h wi�hin and �eyond �he ppC regula�ory regime. �he �iew �he company 
�a�e� i� a po�i�i�e one in �erm� o� �he impac� �he in�e��iga�ion ha� had �o �he �u�ine�� a� 
can �e de�cri�ed �y �he �ollowing example�:

l	 �he in�e��iga�ion led �o �he iden�ifica�ion o� an area “A” �ha� required ac�ion �o en�ure 
�ha� i� did no� migra�e in�o �he en�ironmen�. �he area ha� �u��equen�ly �een addre��ed; 
�hi� po�en�ial �ource o� pollu�ion in�o �he �u��ur�ace ha� �een remo�ed.

l	 �he in�e��iga�ion demon��ra�ed �ha� con�amina�ion impac�� are confined wi�hin �he  
�i�e �oundarie�, and indeed �o �pecific area� wi�hin �ha� �oundary. i� al�o demon��ra�ed 
�ha� �he ri�� o� o��-�i�e migra�ion i� minimal.

l	 exi��ing ground con�amina�ion impac�� ha�e �een quan�ified and a good concep�ual 
model de�eloped �or �he �i�e, underpinned �y a ro�u�� �e� o� da�a. �hi� in�orma�ion will 
�e �eneficial �or �he main�enance o� a �air �alua�ion and a��e��men� o� ri�� in �he e�en� 
o� a po�en�ial change o� owner�hip o� �he company or �he land in �he �u�ure.

l	 An ongoing en�ironmen�al moni�oring programme ha� �een de�eloped and �he exi��-
ing �i�e inciden� repor�ing procedure expanded �o incorpora�e more de�ail o� any po�en-
�ial en�ironmen�al inciden��. A� a con�equence o� �he�e de�elopmen�� elemen�i� 
Chromium can �o�h pro�ec� �he en�ironmen� and mi�iga�e po�en�ial lia�ili�y �o which 
�ha� �hey would �e expo�ed.

l	 All �i�e per�onnel ha�e a��ended �raining on �he Spmp proce��, �he rea�on� �ehind �he 
programme and �heir indi�idual role in �he con�inuing moni�oring programme. �hi� ha� 
gi�en �he en�ire wor��orce con�inuing owner�hip o� �he new �y��em o� repor�ing inci-
den�� a� well a� re�pon�i�ili�y �or en�ironmen�al pro�ec�ion, mi�iga�ing ri�� �o �he en�i-
ronmen� and reducing any expo�ure �o po�en�ial ri�� and lia�ili�y �ha� may exi��. By 
in�ol�ing all �i�e per�onnel in �hi� way �heir proac�i�e in�ol�emen� in en�ironmen�al 
ma��er� ha� �een �ecured.

l	 �he �und in�pec�ion regime ha� �een aligned �o exi��ing �an� in�pec�ion�. By �impli�y-
ing �he proce�� o� in�pec�ion and no� en�orcing a duel in�pec�ion regime we ha�e 
en�ured �ha� �he in�pec�ion� �all in�o an exi��ing, planned, pre�en�a�i�e main�enance 
programme where ac�ion� are �rac�ed �hrough �o comple�ion.
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