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1.0 Introduction

VertaseFL| were appointed by Harrow Estates Plcto  undertake remedial works at the

former Bayer Crop Science agrochemicals works in Hauxton, Ca mbridgeshire (the site).
The site has been determined as a Special Site under Part lla of the Environmental
Protection Act (EPA) 1990 due to identified significant pollutant linkages being present with
respect to groundwater and surface water resulting from the former use in the pro duction

and storage of agrochemicals.

Remedial works at the site have comprised the excavatio n of contaminated soil material,
the formation of biopiles (including the addition of organic matter)a nd turning of the

contaminated soil material. The rem edial works also included the removal of a bentonite
cement cut-off wall located along a portion of the North East ern site. Following remediation,
the excavated soils were reinstated at the site. At the time of writing, these remedial works

were complete and the remediated soils have been reinstated.

During the bentonite wall removal in August 2011, ingress of contaminated grou ndwater
occurred from soils immediately behind the bentonite wall (to the east), and contaminated
soil was noted immediately beyond the bentonite wall and remediation site bound ary. To
further assess and characterise the contamination outside t he remediation site bou ndary,

additional site investigation works and monitoring have been undertaken.

This report presents t he findings of the ad ditional investigations and monitoring, and

discussion of:
¢ the extent and nature of any contamination outside if the main remediation site; and

e the presence of potential contaminant sources and pathways outside of the mai n

remediation site with respect to previously identified receptors (i.e. the Riddy Brook).

September 2012 907BRI
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2.0

211

Environmental Setting

Site Description

The site is situated approximately 200 m northwest of the village of Hauxton (Nati onal Grid
Ref TL 432 524), and covers an area of ap proximately 9 hectare s. It was pr eviously
occupied by Bayer CropScience and used for the production and storage of agrochemicals
including pesticides, insecticides and herbicides. Following the main remedial works, the
site is generally level and currently comprises reinstated r emediated soils to ground level.

A site location plan is presented in Drawing D907_01, Appendix A.

The site is bounded to the west by the A10 trunk road beyond which is agricultural land and
the Waste Water Treatment Plant (WWTP) for the Site. The northern and eastern site
boundaries are formed by the Riddy Brook, with Church Road forming the southern site

boundary and the southeast of the site bounded by agricultural land.
The site is generally level with a ground elevation of between 12 and 13 mAQD.

The locations of the investigation s outside t he remediation bound ary are shown on

Drawings D907_191 and D907_196, Appendix A. Boreholes were drilled on the e ast and
west banks of the Riddy Brook to assess the ext ent and distribution of any contamination.
Boreholes drilled primarily for geotechnical assessment were drilled in open farmland to the
east of the River Cam with geo-environmental information being collected also to aid in the

assessment.

Ground Conditions

Based on the information provided from the av ailable British Geological Survey (BGS) map
for Saffron Walden — Sheet 205 Solid and Drif t edition), and the findings of the initial site
investigations (Atkins 2006 (Reference 2) and Enviros 2005 (Reference 3)) and re medial
works undertaken by VertaseFLI between 2010 and 2011 ( Reference 4), the likely ground

conditions in theboreholes outside the remediation site are presented in Table 1.

Table 1: Ground Conditions

Superficial Deposits — Alluvium and Where encountered the superficial deposits
Riv%r Terrace %ravels were generally < 3 m thick with deposits of
' sand increasing in the south of the main site.

West Melbury Marly Chalk Formation . ] . .
(WMMCF) — Marly chalk with thin Typically less than 3m thick with a maximum

limestone bands, typically described in | thickness of 7m in some areas.
available logs as a stiff light grey clay —

September 2012 907BRI
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appeared to be reworked in a number
of areas of the site.

Cambridge Greensand Member —
Described by the BGS as a pale
greenish grey marl rich in phosphatic
nodules present at the base of the
WMMCF.

Not encountered during remediation works.
BGS indicates it is ‘typically between 0.1 to 1.0
m with locally thicker developments infilling
hollows on the top of the Gault.

Typically present at a depth of 3 to 8 mbgl
underlying Made Ground/Superficial deposits
and/or WMMCF across the majority of the site.
The depth increases to greater than 10 mbgl in

Gault Clay — typically described as stiff the south of the site.

grey clay. A detailed plot the depth to the Gault is
presented in Appendix N.

The thickness is understood to be up to 50 m
(based on historic borehole data presented in
Atkins (2006).

Woburn Sands Formation (part of the Understood to be present underlying the Gault
Lower Greensand Formation). Clay (based on BGS map).

The Cambridge Greensand Membe r was not o bserved during the remediation wo rks or
previous investigations. This may have been due to the pre sence of significant amounts of
WMMCF over the site and similarities in appearance between the WMMCF and Cambridge
Greensand making it difficult to distinguish wit h the two u nits. Howe ver, the Cambridge
Greensand was excavated across much of Cambridgeshire, including the Hauxton Area,
during the 1800s to access the phosphatic nodules (coprolites) (O’Connor (2011) —

Reference 7), and the p otential for the Greensa nd to have been removed across the site

cannot be discounted.

2.1.2 Hydrogeology
2.1.2.1 Geological Units
Drift Deposits

The natural drift deposits to the east of the site comprise River T errace Gravels an d
Alluvium and are classified by the Environment Agency as a Secondary A Aquifer which are

described as:

‘Permeable layers capable of supporting water supplies at a local rather than
strategic scale, and in some cases forming an important source of base flow to

rivers. These are generally aquifers formerly classified as minor aquifers.’
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West Melbury Marly Chalk Formation

The Lower Chalk (which includes the WMMCF) is classified by the Environment Agency as

a Principal Aquifer. A Principal Aquifer is described as:

‘These are layers of rock or drift deposits that have high intergranular and/or fracture
permeability - meaning they usually provide a high level of water storage. They may
support water supply and/or river base flow on a strategic scale. In most cases,

principal aquifers are aquifers previously designated as major aquifer.’

Based on observations during the main remedi al works on site, the W MMCF in the vicinity
of the site predominantly comprises stiff clay with thin isolated discontinuous lenses of sand
and gravel. The fu |l thickness of WMMCF was been exposed in the sides of the

remediation excavations and bas ed on these exposed s ections, groundwater flow within
the natural WMMCF surrounding the site is very low with a ny flow generally occurring as

small seepages through the discontinuous sand and gravel lenses.
Gault Clay

The underlying Gault Clay is considered to ac  t as an aq uiclude, preventing continuity
between any shallow groundwater present in on the site and the Lower Greensa nd which
underlies the Gault (at depths greater than 50 m below ground level (bgl)). However, during
the remediation works, the top of the Gault Clay was observed to be fractured in places with

some localised groundwater present within the fractures.

2.1.2.2 Groundwater Levels and Flow Direction

2.1.3

Prior to remediation, groundwater was typically present a cross the site at depths between

0.69 and 2.42 mbgl) on site with an average depth on the site of 1.3 mbgl.

Prior to re mediation of the site a nd the removal bentonite wall, it was assumed tha t
groundwater flow was likely to be t owards the Riddy Broo k and River Cam. Ho wever,
following completion of the remediation works, th e direction of groundwater flow across the

site appears to be more variable and influenced by geology (discussed in Section 6.0).

Hydrology

The Riddy Brook, Hauxton Mill Race and Rive r Cam are the clo sest water bodies to the
site. The Riddy Brook and Mill Race form much of the northern and eastern site boundary of
the site and the River Cam is prese nt immediately to the e ast of the Riddy Brook. Shallow
groundwater (where present) both on and off site is likely to be in direct continuity with the
Riddy Brook and/or the River Cam.
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2.2 Summary of Site History and Remediation Works

The development of th e site and remediation works is b riefly summarised below. More
details are available in VertaseFLI (2011) (Reference 6), Atkins (200 6) (Reference 2) and
Enviros (2005) (Reference 3).

The site was operated for the manufacture of pesticides between 1943 and 2004.

¢ During the 1970s, follo wing evidence of conta minants entering the Riddy Brook, a
bentonite clay and ce ment cut-off wall was constructed along the n orthwest site
boundary. Groundwater flow on site was also controlled by an abstraction system in
the south of the site and groundwater sumps were also installed to prevent migration

of groundwater to the north of the site.

e Remediation was und ertaken on the site from March 2 010 to November 2011.
Remedial works at the site comprised the excavation of contaminated soil material,
the formation of biopiles (includ ing the addition of organic matter) and treatment of
the contaminated soil. Following remediation, the excavate d soils were reinstated

and compacted at the site.

e As part of the remediation works on the site, the bentonite wall along the northeast
site boundary (adjacent to the Riddy Brook) wa s removed during July and August
2011. During the removal, strong pesticide a nd chlorinated solvent odours were
noted in soil material and groundwater from one short section of the eastern ) side of
the wall (outside of the remediation boundary). As much material as practicable was

excavated from this area whilst maintain the integrity of the brook.

e Control of groundwater levels at the site using the abstraction system and sump s

was stopped in October 2011.

2.3 Historical Investigations

231

Investigations Adjacent to Riddy Brook

Investigations on the site undertaken by En viros (2005) (Reference 3) included fou r
boreholes (S3/3, S3/3a, S3/4 and S3/5) drilled between the bentonite wall and the Riddy
Brook. A g roundwater monitoring standpipe was installed in S3/4 and three piezometers
(P25, P30 and P38) were also installed between the Ridd y Brook and bentonite wall. A
borehole location plan is presented in Drawing D907 205, Appendix A, available Enviros
borehole logs are presented in Ap pendix B. No information was available regar ding the

installation of the piezometers.
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Encountered ground conditions in S3/4 comprised a thin layer of Made Ground (concrete

gravel in a sand matrix) to 0.2 mbgl, overlying drift deposits (sandy gravelly clay with bands
of gravel) to 2.5 mbgl overlying Gault Clay. S3/5 was drilled to 1.6 mbgl and comprised; a
thin veneer of topsoil and granular Made Ground was present to 0.15 mbgl over * very’ firm

brown and grey sandy clay. No logs were available for S3/3 or S3/3a.

During drilling, groundwater was encountered at approximately 1.5 mbgl (9.4 mAQOD) in
S3/4 and 1.6 mbgl in S3/5. Monitored groundwater levels were 9.68 mAOD in S3/4, 9.76
mAOD in P25 and 10.66 mAOD in P38, no groundwater level data was available for P30.

Recorded soil and groundwater concentrations of VOCs and pesticides are summarised in
Tables 2 and 3 respectively. The laboratory detection limits for pesticides in soils at that
time were t ypically 100 pg/kg but 500 ug/kg for Hempa and Schradan and therefore

potentially significant pesticide concentrations may not have been de tected. With the
exception of one sample from S3/4 at 2.2 mbgl, all soil samples analysed were from the top

1m of ground.

Table 2 — Enviros (2005) Soil Analysis between Former Bentonite Wall and Riddy

Brook
S3/03 — 0 mbgl VOCs not detected
Pesticides not detected
S3/03 — 0.5 mbgl VOCs not analysed
Pesticides not detected
S3/03a — 0.5 mbgl VOCs not detected

Total Pesticides — 900 pg/kg including
- Ethofumesate 400 pg/kg

S3/04 — 0.4 mbgl VOCs not detected
Total Pesticides — 300 ug/kg including
- Ethofumesate 300 ug/kg

S3/04 — 2.2 mbgl VOCs not detected

Total Pesticides — 26,100 ug/kg including
- Ethofumesate -12,700 pg/kg
-2,3,6-TBA - 7,910 ug/kg

- MCPA - 1,640 ug/kg

S3/05 — 0.4 mbg| TCE - 116 pg/kg
PCE — 214 pg/kg

Pesticides not detected
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Table 3 — Enviros (2005) Groundwater Analysis between Bentonite Wall and Riddy

Brook
S3/04 PCE — 832 pg/l
TCE - 213 pgl/l
cDCE - 11.7 pgl/l
VC -8.2 ug/l

Total Pesticides — 6,901 ug/l including
- Schradan — 4,600 pg/I
- Hempa - 2,100 ug/l

P25 PCE — 14,400 pg/l
TCE - 32,900 ug/l
cDCE - 11,900 ug/l
VC -2,110 ugl/l
Toluene — 3,840 ug/l

Total Pesticides — 1,537 pg/l including
- Mecoprop 680 ug/l

- MCPA - 460 pg/l

- 236 TBA — 310 pg/l

P30 PCE — 10.4 pg/l
TCE — 1.6 pg/|

Total Pesticides — 8.25 ug/l

P38 PCE - 1.1 g/l
TCE - 6.2 pg/l
cDCE - 124 pg/l
VC — 35.6 ugl/l
Toluene — 1230 pgl/l

Total Pesticides — 34.86 ug/l

2.3.2 Monitoring Of Riddy Brook
Enviros also undertook two rounds of surface water sampl ing at five | ocations along the
Riddy Brook (Enviros 2005). Analysis of the water samples showed a slight incr ease in
trace levels of pesticid e contaminants along the course of the Riddy Brook. It should b e
noted that only two monitoring rounds were undertaken both of which were during summer

months.
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3.0 VertaseFLI Investigations Outside the Remediation Boundary

As a consequence of observations during the remediation of the main  site, supplemental
site investigations have been und ertaken on the site a nd outside of the remediation

boundary and are described below.
3.1 Intrusive Investigations

Prior to excavation, each exploratory location was scanned with a cable avoidance tool and

service plans consulted to confirm the absence of buried services.

Borehole location plans are presented in Appen dix A. The investigations outside the main

remediation site comprised the following:

3.1.1 Investigation of potential contamination adjacent to the Riddy Brook (12 — 13 October
2011)
The eleven boreholes drilled in the investigation area were OS1, OS2, 0OS6, OS7, HA3,
HA4, HA5, HA6, HA7, HA8 and HA/OS5.

e All boreholes were drilled to the east of the former bentonite cement cut-off wall in

soils undisturbed by the remediation works;

e Drilling of four boreholes (0S1, OS2, OS6 and OS7) to a maximum depth of 6 mbgl
(in soils undisturbed by the remediation works) on the east and western sides of the

Riddy Brook using solid stem auger;

e Drilling of seven boreh oles (HA3, HA4, HA5, HA6, HA7, HA8 and HA/OS5) to a
maximum depth of 4 mbgl (in soils undisturbe d by the re mediation works) on the

east and west sides of the Riddy Brook using hand held window sampler;
e Installation of ten shallow groundwater monitoring boreholes; and

e Soil Sampling. A total of 43 soil samples were collected  with 32 su bmitted for

chemical analysis.

3.1.2 Investigation of land to the east of the River Cam (24 — 28 November 2011)
e Drilling of five boreholes (WM1, WM2, WM3, WM4 and WMS5 (Island) to a maximum
depth of 6 mbgl using a Commachio Geo 205 drill rig including geotechnical testing

within natural soils;

¢ Installation of groundwater monitoring boreholes in all boreholes;
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3.13

3.14

3.15

3.16

e Soil Sampling. Soil  samples were colle cted on average every 1m durin g

investigations. 17 samples were submitted for chemical analysis.

Validation Boreholes
During the installation of groundwater validation boreholes (VertaseFLI 2012d — Reference
9), four ad ditional boreholes were installed inthe un disturbed soils out side of the

remediation boundary.

e Three boreholes (F10, G8 and G9) were drilled to the west of teh Riddy Brook. One
borehole (F9) was drilled to the east of the Riddy between boreholes OS1 and OS2.

e The boreholes were drilled to a maxi mum depth of 3m bgl and installed with
groundwater monitoring installations to a maximum depth of 2.8 m bgl with reponse

zones from 1m to the base of the borehole.

e The boreholes were drilled to provide info rmation on groundwater conditions within

shallower deposits relative to the boreholes described in section 3.1.1.

Additionally, borehole H7, installed t hrough reinstated soil material into natural soils on the
remediation site boundary (adjacent to the Riddy Brook) has also be en considered in the

assessment, due to its proximity to the Riddy Brook.

Borehole Response Zones

With the exception of HA4 and F 9, all boreholes described above were installed with
response zones in the WMMCF through to the top of the Gault Clay. Boreholes HA4 and
was installed within drift deposits and the shallow WMMCF, F9 was installed in shallow
deposits of WMMCF. Further details of gr ound encountered ground conditions are

presented in Section 5.

Groundwater Sampling

Monthly groundwater sampling of the boreholes outside of the main remediation site has
been undertaken since December 2011 using peristaltic pumps and low flow sampling
methods. In all boreholes the groundwater samples were taken from the lower 0.5 m of th e

boreholes.

Chemical Analysis
Based on the findings of the remedial works at the site, soil samples and grou ndwater

samples were analysed for the following determinands:

¢ Organophosphates and Organonitrates: Dimefox, Ethofumesate, Hempa, Schradan

and Simazine;
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e Phenoxy Acid Herbicides: Dicamba, Dichlorprop, MCPA and Mecoprop;

e Semi Volatile Organic Compounds (SVOCs): 2,4,6-Trichlo rophenol, 2-Methyl-4,6-
dintrophenol, 4-Chloro-2-methylphenol, Bis (2-chloroethyl) ether and Phenol; and

e Volatile Organic Compounds (VOCs): 1,2-dichlo robenzene, 1,2-dichloroethane, cis-
1,2-dichloroethene (cDCE), Cyclohexanone, Tetrachlorethene (PCE), Toluene,
Trichlorethene (TCE), Vinyl chloride (VC) and Xylene.

Additionally, water samples were also screened for contaminants that were not previously
identified (CNPIs).

3.2 Surface Water Sampling

Monthly monitoring and sampling of both the Riddy Broo k and the River Ca m, upstream
and downstream of the site has been undertaken since 20 09 and is still continu ing at the
time of writing (September 2012). Additionally, from January 2012 samples were taken at

40 m intervals along the Riddy Brook and these results are discussed in Section 7.4.

3.3 Works to Remove Manhole and Associated Pipe-Work Adjacent to the Riddy
Brook

Historically, a number of seepages have been present along the length of the Riddy Brook.
As part of the works detailed in this report (Section 7.5) sampling of the seepages taken in
January 2012 identified the presence of a number of con taminants including
Trichloroethene which indicated the potential presence of an unknown contaminant source
outside of the remediation boundary. Subseque nt intrusive investigations were undertaken
in March 2012 in the un -remediated soils adjacent to the Riddy Brook which identified the
presence of a concrete chamber and associat ed pipework. The cha mber and pipework
were decommissioned in July 2012. The location of th e chamber is shown on drawing
D907_230.

Full details of the investigation and decommissioning are given in the VertaseFLI report
‘Addendum to Contract Completion Report’ August 2012 (Reference 5). It is important to
note that the decommissioning works were completed after the results and findings

discussed were completed.
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4.0 Results

4.1 Ground Conditions

Borehole logs are presented in Appendix C and the borehole locat ions are shown in
Drawings D907 _191 and D907_196. The find ings of the investigations are summarised
below.

4.1.1 Adjacent to Riddy Brook
Encountered ground conditions generally confirmed the findings of pre vious investigations

and are summarised as follows:

e Made Ground — Made Ground was absent from the majority of borehole locations.
Where encountered, it t ypically comprised re-worked natural soil mate rial. In HA7
this comprised a lense of and and gravel to a depth of 1.4 mbgl, Made Ground was
also present in HA5 where it compr ised a lens ofsand and gravel to 1.4 mbgl over
sandy clay to 2.8 mbgl. In both HA5 and HA7 the Made Ground was considered to
be possible reworked natural materials;

¢ Dirift Deposits — Drift deposits were present to depths between 0.8 and 2.2mbgl with
a typical depth of 1.4 mbgl. The drift deposits generally comprised firm to stiff sandy
brown clay and lenses of sand and gravel. In HAA4, drift deposits com prised sand

and gravel between 0.3 and 2.2 mbgl, and were stained black below 1.4m;

e West Melbury Marly Chalk Formation (WMMCF) — The W MMCF was present in all
locations underlying the drift deposits and typically consist ed of firm t o stiff grey
gravelly clay with some sandy clay lenses. In boreholes OS1, OS2, OS6, OS7 and
HAS5, the WMMCF became soft to very soft to wards the base of the unit, typically in
the lower 0.5 m; and

e Gault Clay — The Gault clay was pres ent underlying the WMMCF and consisted of
stiff dark grey clay.

4.1.2 East of River Cam

Ground conditions to the east of the River Cam are summarised as follows:

e Topsoil — Typically comprising clayey organic soils (drillers’ description) top soil was
present in 4 boreholes (WM1, WM2, WM3 and WMS5 (lIsland) ) to 0.1 mbgl.

o Dirift Deposits — Drift dep osits were present in all boreholes and typically comprised

soft to very soft brown clay overlyi ng sand and gravel in WM1, WM2 and WM3, a

11
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band of peat was present between the clay and sand and gravel between 4 and 4.5
mbgl in WM1. Drift depositsin  WM4 comprised sand and gravel to 1. 8 mbgl
overlying 3.2 m of soft silty peat which in turn was overlying gravelly sand. Th e
base of the drift deposit s was not proved in either WM1 or WM4 and was 2.6, 2.8
and 3.0 mbgl in boreholes WM5 (Island, WM3 and WM2 respectively.

Gault Clay — Where the base of the drift deposits were proved, they were underlain
by firm to stiff grey Gau It Clay. The WMMCF was not encountered in any of t he
boreholes to the east of the River Cam.

4.2 Odours and VOCs

4.2.1 Odour Observations During 12-13 October Investigations

422

No odours were observed in the boreholes to the east of the River Cam.

In the boreholes drilled adjacent to the Riddy Brook, the following odour observations were

made:

0OS1: Solvent odour present below 3.7 mbgl (WMMCF);
0S2: Solvent odour below 4.0 mbgl (base of WMMCF);
0S6: Solvent odour below 3 mbgl (WMMCF);

OS7: Solvent odour at 2 mbgl in WMMCF;

HA4: Slight sulphurous odour bet ween 1.4 and 2.2 mbgl asso ciated with black

stained sand and gravel and presence of groundwater;
HAS: Solvent odour present between 1.4 and 2.0 mbgl in WMMCF,;

HAG: Solvent odour present below 3.4 mbgl becoming stronger within the Gault clay;

and

HA7: Solvent odour was noted below 3mbgl (WMMCEF).

In general, the solvent odours were asso ciated with the soft to very soft deposit s at the
base of the WMMCF and the upper deposits of Gault Clay.

VOC Monitoring
Soil material from boreh oles drilled adjacent to the Riddy Brook were monitored for VOCs

using a photo-ionisation detector. The results are included on the borehole logs presented
in Appendix C.

12
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4.3

43.1

4.3.2
4.3.2.1

Monitoring of Riddy Brook and River Cam

Water Levels

Water Levelsinthe R iddy Brook were mon itored atth e upstream and downstream

monitoring points (Drawing D907 _203, Appendix A) and the water levels for 2011 (January
to October) are presen ted in Appe ndix D. Th e levels wit hin the Riddy Brook remained

constant with very little variation.

Water levels in both the River Cam and Riddy Brook were measured to Ordnance Datum in
October 2011. The water level in the Riddy Brook was 9.76 mAOD, with the brook bed at
9.53 mAOQOD. Given the small variations in water level within the Riddy Brook, this level is

considered representative of typical levels within the Brook. The River Cam (measured at
the top of the weir to the Hauxton Mill Race) was at 10.73 mAOD with the river bed at 10.14
mAOD. The water level at the base of the weir was 9.01 mAOD. Given the wier control of

the River Cam, this is also considered representative of typical levels.

Monitoring of the Riddy Brook and River Cam

VertaseFLI Monitoring
Monthly monitoring of the Riddy Brook and Riv er Cam, both upstream and downstream of
the site, has been undertaken since May 2008. The results oft he monitoring from
November 2010 (one year before the investigations outside of the remediation boundary
and prior to the reinstatement of the majority of soil material at the site) are summarised in
Appendix F and further details are available in the VertaseFLI completion report (Reference
4).

Chemical profiling of the Riddy Bro ok has been undertaken monthly from January 2012.
The sampling locations for the profiling are shown in Drawi ng D907_203, Appendix A, the

results are summarised in Appendix F.

4.3.2.2 Environment Agency Monitoring of the River Cam

Regular monitoring of the River Cam for Tetrachloroethe ne (PCE) and trichloro ethene
(TCE) has been under taken at up stream (approximately 1.2 km ea st of the site) and
downstream of the site. Thedo  wnstream sampling location is sit uated immediately
downstream of the site. The result s of the monitoring are presented in Appendix H and
show regular elevated concentrations of PCE in both upstream (up to 8.5 ug/l) and

downstream (upto6 ug/l) samples. The ob served concentrations generally decrease

between the upstream and downstream monitoring points.

13
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4.3.3

43.4

4.4

44.1

In-Situ Monitoring
Monitoring of in-situ temperature, dissolved oxygen, pH, conductivity and Oxyge n Redox
Potential were recorded. The results between December 2011 and May 2012 are presented

in Appendix E.

Observations in the Riddy Brook

During monitoring of the Riddy Brook, the following features were noted:

e A vertical metal pipe wa s present in the bed of t he Riddy Brook to the n orthwest of
the site (see Drawing D907 203, Appendix A). The pipe was approximately 25 cm
in diameter and greater than 1.5 m deep; the t op of the pipe was just above the
water level of the Ridd y Brook. Water from within the pipe was sampled on 14

October 2011 following which the pipe was backfilled with a 0.5 m bentonite plug.

e A horizontal pipe was o bserved in the bed of t he Riddy Brook running under the
bank towards site. The pipe was 15cm in diame ter and ran largely below the bed of
the Riddy Brook. No e vidence of any site infrastructure leading to th e pipe was

observed during the remedial works. The pipe was sealed and left in-situ; and

During monitoring on 1 7th January 2012, follo wing a period of heavy rainfall two small
seepages (previously noted prior to and during the remedial works) were identified running
into the Riddy from the western bank. Samples of the seepages were taken and the results

are presented in Appendix K.
Groundwater Levels

Observations during site investigation

Adjacent to the Riddy Brook, groundwater strikes were recorded in the following boreholes:
e 0OS1: Approximately 4.5 to 5.0 mbgl;
e OS2: Approximately 4 mbgl (rising to 3 mbgl after 20 minutes);

e HAA4: Groundwater was present in deposits of sand and gravel between 1.4 and 2.2

mbgl; and
e HAY: Groundwater was encountered between 3 and 4 mbgl.

With the exception of HA4, the presence of groundwater surrounding the Riddy Brook

appeared to be associated with the soft deposits of WMMCF overlying the Gault clay.

14
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442

To the east of the Riv er Cam groundwater st rikes were encountered in all bore holes
between 1.8 and 4.5 mbgl, the presence of groundwater in all five boreholes wa s

associated with the presence of sand and gravel deposits.

Groundwater monitoring and sampling

At the time of writing, u p to 14 No. rounds of groundwater monitoring and samplin g had
been undertaken in the installed b oreholes outside of the remediation boundary and the

results are summarised in Appendix J. Groundwater levels in boreholes adjacent  to the
Riddy Brook were between 9.09 and 10.84 mAOD and are discussed further in Section 6.

BH11 (shownondra wing D907 _196), is located adjacent to t he Riddy Brook in
unremediated soils (outside of the remediation boundary) an d has been since 2008. The
recorded groundwater levels relative to the level of the Ridd y Brook (see Section 4.3.1) are

presented in Appendix L.
Groundwater levels to the east of the River Cam were between 8.83 and 10.33 mAOD.

Drawings D907_223A, D907_225 and D907_228, Appendix A shows the grou ndwater
regime for the entire sit e as monitored between December 2011 and July 2012 following

completion of the main remediation works.

4.5 Chemical Analysis

45.1

452

Results of the chemical analysis for soil, groun dwater and surface water are presented in

Appendixes |, J and F respectively. Analysis certificates are presented in Appendix O.

Adjacent to Riddy Brook

Given the location of the sample locations, adjacent to the Riddy Brook and River Cam, as
an initial screening tool the results of the che mical analysis have been compare d to the
Zone 1 Maximu m Threshold Valu es (MTV) derivedint he VertaseFL| report ‘Further
Quantitative Risk Asse ssment for Controlled Water and Preliminary Post Remediation
Validation Model’, Dated July 2011 (Reference 5).

Ground to East of River Cam
Contaminant concentrations in both soil and gr oundwater were generally below detection

limits with the following exceptions:

e Xylene and Toluene p resent attrace levelsin all so il samples with maxi mum

concentrations of 46 pg/kg and 28 pg/kg respectively;

e Dicamba (40 ug/kg), Dichlorprop (3 0 pg/kg) and MCPA (50 ug/kg) present in soil
from WM2 between ground level and 0. 5 mbgl;
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453

454

e PAHs, Fluoranthene (3,400 ug/kg), Pyrene (3,000 ug/kg) and Benzo (b/k)

fluoranthene present in soil from WM4 between 0.5 and 1.0 mbgl;

e Hempa concentrations were detected in groundwater from boreholes WM1 to WM4
with a maximum concentration of 3 ug/l in W M4, significantly below the screening
value of 350 pg/l. Typically, hempa concentratio ns were below laboratory detection
limits;

e Schradan was detected inwate r from WM1 and WM3 on with a maximum

concentration of 4.6 pg/l in WM3 on 12 Decemb er 2011. All other conce ntrations of

Schradan were at or below detection limits;

e MCPA was identified in groundwater samples from all boreholes with a maximum
concentration of 45 ug/l (WM2, June 2012) All other monitoring data was 0.6 ug/l or

below and typically below detection limits;

e A dicamba concentration of 0.2 pg/l was recorded in groun dwater from WM1 on 2 1
December 2012. Maximum recorded concentrat ions of Ethofumesate were 0.4 ug/|
and trace concentrations of PCE were detected up to 6 ug/lin WM1 and WM2. All

concentrations were below the selected screening criteria.

Surface Water analysis
The results of the surface water analysis are summarised in Appendix F. Full details of the
up-stream and downstream analysis are presented in the VertaseFLI completion report for

the remediation works (Reference 4).

Historic Drainage Feature

In January 2012, a hist oric drainage feature was identif ied in un-remediated soils inth e
north of the site (outside the remediation bou ndary). The drainage feature appeared to
create a direct pathway between surface water in the un-remediated part of the site and the

Riddy Brook. Following identification, the drainage feature was decommissioned.

The historic drainage feature was considered to be a cont ributing source of the e levated
contaminant levels in the Riddy Brook downstream samp  les that were recorded from

December 2011 toJanuary 2012 duringa period of high rainfall. Following th e
decommissioning of the drainage feature, contaminant concentrations in the dow nstream
samples have returned to the typical low/negligible (below detection limits) conce ntrations

observed for the duration of the monitoring.
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5.0

5.1

5.2

Distribution of Soil/Geology Types Adjacent to Riddy Brook

To aid inte rpretation of the enco untered geology adjacent to the Riddy Broo  k, cross
sections are presented in Drawing D907_191. In additio n, cross sections including the
entire remediated site and theland to the e ast ofthe Riddy Brook are prese nted in
D907_236.

Base of Drift Deposits/Top of WMMCF

In the boreholes (outside of the remediation boundary) adjacent the Riddy Brook, the depth
to the base of the drift deposits was between 8.83 and 10.69 mAQOD.

With the exception of HA4 and HA5 (both located to the west of the Riddy Brook) and HA7,
the drift deposits comp rised firm to stiff clay. In HA5, th e drift deposits (possible Mad e
Ground) comprised clay to 2.8 mbgl with a band of sand and gravel between 1.1 and 1.4
mbgl, in HA4 the clay was absent and sand and gravel were present from 0.3 m to 2.2
mbgl. Drift deposit s (possible Made Ground) in HA7 consisted of sand and gravel to a
depth of 1.4 mbgl (9.03 mAOD).

The presence of increased thickness of drift deposits and sand and gra vel in HA4 and HA5
coincides with the greatest depth to the WMMCF and sugg ests the presence of a possible
channel running from the site to the Riddy Brook (see Figure 1 below). It should a Iso be
noted that the sand and gravel identified in HA4 and HA5 i s adjacent to a lens of sand and
gravel observed during the remedial works (now removed) which contained between 20 and
30 corroded steeldr ums (as describedin  Section 4 .4.2 of VertaseFLI (2 011) -
Reference 6). Itis considered likely that the observed gravel lens and that present in HA4
and HAS5 are part of the same grave | body and before the construction of the bentonite wall
would have acted as a direct contaminant pathway for any contaminants within the drums

or other historic shallow contaminant sources.

To the east of the River Cam, the WMMCF was not present in any of the five boreholes with

the base of the drift deposits overlying the top of the Gault Clay.
Base of the WMMCF/Top of the Gault Clay

From the encountered ground conditions, the boundary between the WMMCF and the Gault
Clay outside of the re mediation boundary was between 6.84 and 9.43 mAOD (1.7 t0 4.3

mbgl) adjacent to the Riddy Brook. The shallowest depth to the Gault Clay was observed in
OS/HA5. The Gault clay was not proved in boreholes HA4, HA5 or F9. With respect to
Ordnance Datum, the depth of the WMMCF/Ga ult clay interface decreased to the south

17

September 2012 907BRI



Former Bayer CropScience Site, Hauxton
Groundwater Validation Addendum Report

with the lowest depths recorded in OS6 (6.8 4 mAOD), and OS2 (7 .00 mMAOD). When
considered with the depth to the Gault clay encountered across the site during the
remediation works, there appears to be a channel in the surface of th e Gault clay running

through the centre of the site and under the Riddy Brook (see Appendix N).

It is important to note, that the depth to Gault Clay over the main remedi ation sitediscussed
above reflects the site conditions be fore remediation was undertaken. The remedi al works
included the excavation of the areas of the uppe r Gault Clay and subse quent remediation
and reinstatement have altered the distribution and nature of the WMMCF/Gault interface to

some extent

In a number of boreholes, the WMMCF became soft to very soft at the interface with the
Gault clay (See Figure 1). Soft to very soft WMMCF was encountered in OS1, OS2, OS6,
0OS7 and HA5 corresponding closely with the greatest depth of the WMMCF/Gault interface.
These soft to very soft deposits were generally associated with an increased amount of
sand and gravel and it is considered possible that the deposits may be representative of the
Cambridge Greensand described by the BGS.

In boreholes to the ea st of the River Cam, the Gault clay was proven in three of  the five
boreholes drilled, in these boreholes the depth of the top  of the Gault clay was b etween
7.33 10 9.028 mAOD (2.6 to 3 mbgl), broadly similar to the depths enco untered adjacent to
the Riddy Brook. Ho wever, the Gault clay was not encountered in WM1 and WM4
indicating the Gault clay was present below 5.81 mAOD (5.5 mbgl) in WM1 and 4.33 mAOD
(6.0 mbgl) in WMS5 su ggesting the top of th e Gault clay decreases to the north and

southeast of the site.
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Figure 1: Indicative Cross Section Showing Encountered Ground Conditions West of Riddy

Brook
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6.1

6.1.1

6.1.2

Groundwater Regime

Relationship between Ground Conditions and Groundwater

Groundwater observations during the drilling of the site investigation included water strikes
at the base of the WMMCF/top of th e Gault Clay in three b oreholes (0S1, OS2 and HA7)
and perched water within deposits of sand and gravel overlying the WMMCF in HA4.

Response zones in seven of the ten boreholes adjacent to the Riddy Brook were installed
within the WMMCF an d Gault clay. In boreholes HA4, HA5 and HA/ OS5, the top of the
response zone was installed in drift deposits which included deposits of sand and gravel in
HA4 and HA5. Ground water levels in the bore holes adjacent to the Riddy Brook recorded
between October 2011 and January 2012 were between 9.24 and 10.37 mAQOD.

Cross sections showin g ground conditions across the entire site are prese nted in
D907_236, Appendix A.

Groundwater in Drift Deposits

As discussed in Section 5.1, the presence of sand and gravel in HA4 and HA5 (both located
to the west of the Riddy Brook) was associated with an increase in depth to the W MMCF.
The monitored water level in the Riddy Brook was 9.76 mAOD which corresponds closely to
the groundwater level encountered during drilling in the sand and gravel in HA4  of 9.63
mAOD (1.4 mbgl). It should also be noted that the groundwater encountered in HA4 during
drilling was associated with black stained sand and gra vel deposits which had a slight
sulphurous odour giving a potential indication of historical contaminant degradation within

the shallow groundwater.

The potential for perch ed groundwater to be p resent in other ‘un-remediated’ de posits of
sand and gravel overlying the WMMCF along the bank of the Riddy Brook cannot be

discounted. It should be noted however, that th e two boreholes installed through the sand
and gravel returned limited groundwater samples due to poor groundwater recovery. Given
the presence of sand and gravel, the poor recovery is unlikely to be due to low permeability
material and considered likely to be due to the low volumes of ground water present in the

sand and gravel deposits

Groundwater within the WMMCF and Gault Clay

The encountered WMMCF typically comprised firm to stiff grey gravelly clay with some sand
lenses. In boreholes OS1, OS2, OS6, OS7 an d HA5 the WMMCF be came soft to very soft
in the lower 0.5m above the Gault Clay, these softer deposits were overlain by between 1 to
3 m of firm to stiff WMMCF. Groundwater strikes in OS1, OS2 and HA7 were as sociated
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with the base of the WMMCF/top of the Gault Clay. The soft to very soft WMMCF deposits
appear to be associated with the base of a channel in the top of the Gault Clay (discussed
in Section 5) and are considered likely to b e indicative of a grou ndwater/Gault Clay
boundary within the channel. No evidence of groundwater was encountered in the firm to
stiff WMMCF and it sh ould be noted that during the remediation wor ks on site n egligible
groundwater was encou ntered during excavation of the WMMCF with  the exception of

minor seepages in isolated lenses of sa nd and gravel (Reference 6). The  potential
presence of fractures within the upper deposits of Gault Clay (ob served during the

remediation works) may also influence the groundwater regime.

The base of the WMMCF in the bor eholes (outside the remediation bou ndary) is typically
between 5.30 and 8.13 mAOD compared with the monitored groundwater levels of 9.24 to
10.37 mAOD. Given th e presence of 1to 3 mof firm to stiff clay (WMMCF) o verlying the
soft WMMCF deposits it is considered that the shallow firm to stiff WMMCEF is likely to be
acting as a confining layer to some extent for the deeper groundwater body within the base
of the WMMCF/top of the Gault Clay.

6.2 Groundwater Levels

Plots of recorded groundwater levels to m AOD are presen ted in Appendix L. The plots
have been split into boreholes to the east and west of the Riddy Brook and BH11. Cross
sections presented in D907_236, show the general relationship between ground conditions
across the remediated site and groundwater. It should be noted that all boreholes showed a
significant increase in levels in May 2012 as can be se  en in Appendix L which was

coincident with a period of very high rainfall and flooding during monitoring.
East of Riddy Brook

With the ex ception of the May mo nitoring results, ground water levels to the e ast of the
Riddy Brook (between the River Ca m and the Riddy Brook) were generally consistent over
the monitoring period (October 2011 to August 2012) with groundwater levels typically
varying by less than 0.25 m during the monitoring period. The only exception to this was
borehole OS/HA5 where one possibly anomalous reading of 9.56 m AOD was recorded in
November 2011. Groundwater levels in these boreholes were typically greater than surface

water levels in the Riddy Brook.
West of Riddy Brook

BH11 is located in un-remediated soils adjacent to the Riddy Brook and has been

monitored since April 20 08. During the remedial works, water levels were monitored daily
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with data loggers, outside of this period monthly monitoring was undertaken. Groundwater
levels in BH11 were between 8.83 and 11.03 m AOD, but typically flu ctuated around the
level of the level of the Riddy Brook (9.76 mAQOD). During the remedial works, the
groundwater on the main remediation site was actively man aged and with the exception of
a brief groundwater peak above 11.03 m AOD in April 2 010 at the start of the works (the
peak observed in February 2011 ap pears to be an anomalous reading), groundwater levels
remained relatively steady until the bentonite wall was removed in July to August 2011 and
groundwater control was stopped in October 2011. Groundwater levels both bef ore and
after the remedial work s (with no groundwater management) appears to show a larger
variation than during the remedial works. Following the end of the remedial works in
November 2011, groundwater levels had risen to 10.59 m AOD in August 2012.

In the boreholes to the west of the Riddy Brook (outside the remediation boundary between
the remediated soils and the Riddy Brook), initial water levels in all bo reholes were below
the level of the Riddy Brook. With the excep tion of HA5, groundwater levels increased
between borehole installation (October 2011) and December 2011 sho wing a very similar
response to BH11. Su bsequently, with the exc eption of May 2012, groundwater levels to

the west of the Riddy Brook have remained consistent, although at a slightly lower elevation
compared to the water levels to the east of the Riddy Brook . Groundwater levels in HA4 ,
HA5 and OS7 have re mained very close (marginally above or below) to the record ed water
levels in the Riddy Brook while levels in HA7 have consistently been above the Riddy Brook

levels.
Remediated Site

Plots of groundwater levels from J anuary to July on the remediated site are presented in
Appendix A. The plots generally show an increase in groundwater levels between January
and July as levels recover following the completion of the remedial works. However, a large
groundwater low is present in the north of the site and groundwater levels have remained
largely unchanged int his area. T his low may represent a region o f groundwater flow
towards the centre of t he low (and away from the Riddy Brook) ora n area of e ffective

negligable flow such that groundwater outside this area on site will be influenced by it.
6.3 Groundwater Flow Direction
East of Riddy Brook

The water level in the River Ca m (10.73 mAQOD) is significantly higher than both th e levels
in the Riddy Brook (9. 76 mAOD) and all recorded groundwater levels suggesting that

groundwater in the surrounding area is away fro m the River Cam. To the east of the Riddy
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Brook, all groundwater levels are lo wer than the River Ca m but generally higher t han the
Riddy Brook. Based on this, groundwater flow appears to be driven by the River Ca m
towards the Riddy Brook.

Groundwater Flow from Remediated Site

It is important to note that since the 1970s following the installation of the bentonite cement
cut-off wall, negligible groundwater flow is likely to have occurred from th e site to the Riddy
Brook along the length of the bentonite wall via the shallow sand and g ravel or WMMCF.
However, following the removal of the wall in July and Aug ust 2011 (VertaseFLI (2012) —
Reference 4) reinstate d clay soils (largely co mprising WMMCF) at the site wer e heavily
compacted and the pe rmeabilities achieved i n this rei nstated material were be tween
2x 10" to 7.1 x 10 ms™ with a median permeability of 2. 2 x 107 ms™. Therefore, rates of

groundwater flow through the reinstated material are likely to be very low.

The presence of the gr oundwater low in the north of the site (discussed in Section 6.2)
generally confirms the likely negligible flow fro m the reme diated site to the Riddy Brook.
The groundwater contours suggest generally negligable flow from the majority of the north

and centre of and therefore negligable flow from the remediated soils to the Riddy Brook.
West of Riddy Brook

As discussed in 6.2, to the west of the Riddy Brook groundwater levels in the 2011 outside
the remediation boundary, boreholes were initia lly below the level in the Riddy Bro ok but
groundwater levels incr eased between borehole installatio n and December 2011. From
December 2011 onwards, groundwater levels in HA4, HA5 and OS7 have fluctuated around
the level of the Riddy Brook, and HA7 has been above the Riddy Brook.

Similarly, groundwater levels from BH11 from 2008 show groundwater levels to have
fluctuated close to the level of the Riddy Brook . Groundwater levels decreased below the
Riddy Brook level following the removal of the bentonite wall in August 2011 but have risen
above the Riddy Broo k following the completion of re medial works (in line  with the
increases observed in HA4, HA5, OS7 an d HA7)an d the ending of groundwater

management/control at the site.

Therefore, to the west of the site as the groundwater levels fluctuate ab ove/below the level
of the Riddy Brook groundwater flow direction will also fluctuate to/from the Riddy Brook.
Following the removal of the bentonite wall and until the on-site groundwater controls were
removed groundwater flow was away fro m the Riddy Brook, following the reco very of

groundwater levels after completion of the re medial works groundwater from the area of
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HA7 and BH11 appears to be towards the Riddy Brook and flow around HA4, HA5 and OS7

appears to fluctuate to and from the Riddy.

Given the observed ground and  groundwater conditions on the re mediated site,a s
discussed above it is considered that there is negligible contribution of groundwater flow to
the Riddy Brook from th e majority of the site. The observed groundwater flow is therefore
largely limited to bank storage in the un-remediated soils adjacent to the Riddy Brook. The
flux between groundwater and surf ace water is possibly driven by seasonal variatio ns and
localised ground conditions so that groundwater from the west will only intermittently feed
the Riddy Brook.

Figure 2: Summary of Groundwater Regime

Riddy Brook River Cam

Drift Deposits

............................................................

\ Gault Clay
Soft — very soft WMMCF

Reinstated Remediated Soil Material

——————— Shallow Groundwater/Surface Water Level
""""""""""" Partially Confined groundwater at base of WMMCF/top of Gault Clay
— Groundwater Flow Direction

Not to Scale
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7.1

7.11

7.1.2

7.1.3

Contaminant Distribution

Distribution in Soil

The contaminant distribution in soils outside  the main remediation site bound ary and

adjacent to the Riddy Brook is summarised in Figure 3.

Organo-phosphate and Organo-nitrates
Hempa, Schradan and Ethofumesate all recorde d exceedances of the Zone 1 MTVs within
soil material adjacent to the Riddy Brook. Concentrations of Dimefox or Simazine did not

exceed the limits of detection in any sample.

Hempa and Schradan showed almost identical distr  ibutions and were generally not

detected in samples at depths less than 2.0 mbgl. The only exception to this were samples
from HA4 (1.7— 2.0 mbgl) and HA5S (1.4 — 1.8 mbgl), both lo cated to the west of the Riddy
Brook and associat ed with shallow deposits of sand and gravel overlying the WMMCF

which were not encountered in other investigation positions along the Riddy Brook.

Concentrations of Hempa and Schradan increased with depth withthe greatest
concentrations occurring in the base of the WMMCF a  nd top of the Gault Clay. The
maximum concentration of Hempa was 1,800 ug/kg recorded in the Gault Clay in OS7 at
4.0 mbgl, the maximum concentration of Schradan was 510 ug/kg recorded at 3.0 mbgl in
0S6 (WMMCF). All boreholest o the west of the Riddy Brook recorded elevated
concentrations of both Hempa and Schradan, to the east of the Riddy Brook, Hempa and
Schradan were only det ected in deposits of Gault Clay in OS1 (5.0 mbgl) and OS2 (4.8
mbgl)

Elevated concentrations of Ethofumesate were identified in 8 of the 32 samples analysed,
all of which were from sample locations to th e west of the Riddy Brook. Two samples
exceeded the MTV, HA4 (1.7 — 2.0 mbgl) located in shallow sand and gravels and OS6 (2.0
mbgl) inthe WMMCF. With the exception of HA4 (1.7 — 2.0 mbgl), Ethofumesate was
detected in samples from the WMMCF only.

Phenoxy Acid Herbicides
Analysis for Dicamba, Dichlorprop, MCPA and Mecoprop identified one exceedance of the
Zone 1 MTVs, a concentration of 270 pg/kg of MCPA in OS1 at 0.4 mbgl.

Semi Volatile Organic Compounds (SVOCs)
Four samples recorded phenol concentrations above detection limits. All four samples were

above the MTV, with the greatest concentration 10,000 ug/kg presentin OS1i n shallow
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Made Ground at 0.4 mbgl. The other exceedances were in from OS1 5.0 mbgl (710 pg/kg),
OS2 4.8 mbgl (110 pg/kg) both within the Gault Clay and OS6 3.0 mbgl (150 pg/kg) within
the WMMCF-.

Bis(2-chloroethyl)ether exceeded detection limit and MTV in 18 of the 32 samples analysed,
the distribution adjacent to the Riddy Brook  was very similar to that of Hemp a and
Schradan. With the exception of o ne sample associated with shallow Made Ground (OS1
0.4 mbgl) and one sample associated with a s hallow sand and gravel above the WMMCF
(HA5 1.4 — 1.8 mbgl) all exceedances of t he MTV were present in the WMMCF and Gault
Clay. Bis(2-chloroethyl)ether concentrations typically increased with depth with the greatest
concentrations recorded in the Gault Clay in OS1 5.0 mbgl (95,000 pg/kg), OS2 4.8 mbgl
(76,000 pg/kg) and HA5 3.5 to 3.8 mbgl (12,000 ug/kg).

Two exceedances of the MTV for 4-chloro-2- methylphenol were ide ntified, OS1 5.0 mbgl|
(9,600 pg/kg) and OS2 4.8 mbgl (8,700 pg/kg). 2,4,6 Trichlorophenol (246TCP) was
present slightly above detection limits in three samples but not exceeding the MTV and 2 -

methyl-4,6-dinitrophenol was not detected.

7.1.4 Volatile Organic Compounds (VOCs)
All VOCs exceeding the appropriate MTVs were limited to soil material below 2.0 mbgl in
four boreholes, OS1, OS2, OS6 and HAG.

Tetrachloroethene (PCE) was pre sent above detection limits in 31 of the 32 samples
analysed. Generally the majority of recorde d concentrations were below 10 0 ug/kg,
however 7 exceedances of the MTV for PCE were recorded. Three exceedances were
located inthe WMMCF (OS1 — 4.2 mbgl, OS6 — 2.0 mbgl and OS6 3.0 mbgl) with
concentrations between 930 and 11,000 ug/kg with the concentration s increasing with
depth (see Figure 3). The other four exceedances were located in th e Gault Clay in HA6
3.6 — 4.0 mbgl (34,000 pg/kg), OS1 5.0 mbgl (340,000 ug/kg), OS2 4.8 mbgl (49,000 pg/kg)
and OS6 4.5 mbgl (5,400 pg/kg).

Trichloroethene (TCE) was identified in 26 of the 32 samples analysed and exc eeded the
MTYV in four samples. All exceedances of the MTV were limited to the Gault Clay in OS1
(31,000 pg/kg), OS2 (8,500 pg/kg), OS6 (1,100 pg/kg) and HAG (2,000 pg/kg).

Cis 1,2-Dichloroethene (cDCE) was identified in 6 of the 32 samples analysed a nd was
present in samples of WMMCF in OS6 and OS7 and Ga ult Clay in OS1, OS2 and OS6.
Only one sample from) S6 3.0 mbgl (81 pug/kg) in the WMMCF exceede d the MTV. Vinyl

chloride was not detected in any samples.
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In general, chlorinated solvents (PCE, TCE, cDCE) excee ding MTVs were present only in
the deepest deposits of Gault Clay and WMMCF encountered during the site investigation

in the area of the identified channel in the top of the Gault (see Section 5.0)

1,2-dichlorobenzene exceeded the MTV in one location from OS1 5.0 mbgl (8,000 pg/kg).
15 samples exceeded the laboratory dete ction limit with the majority of elevated

concentrations present within the base of the WMMCF and Gault Clay.

Toluene and Xylene was present above detection limits in 17 and 15 samples respectively,
no samples exceeded the respective MT Vs. Cyclohexanone was not detected in any
sample.

Figure 3: Summary of Distribution of Contaminants in Soil
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7.2 Contaminant Distribution in Groundwater

At the time of writing, 1 4 No. groundwater sampling round s had been undertaken. The

distribution of contaminants is summarised in the following sections.
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7.2.1 Contaminant Variations with Depth
Borehole F9 was installed directly between OS1 and OS2. The response zone of F9 was
within shallow firm to stiff WMMCF to a depth of 2.8 m compared with the response zones
installed through the soft deposits in the base of the WMMCF and into the upper surface of
the Gault Clay in OS1 and OS2 with the response zones below 3 m bgl.

Despite the relative proximity of t he three boreholes, contaminants concentrations in F9

were signicantly less than those in OS1 and OS2 e.qg:
e Maximum PCE Concentrations:0S1 — 30,000 ug/l, OS2 — 140,000 ug/l, F9 — 48 ug/|

¢ Maximum TCE concentration: OS1 — 11,000 ug/Il, OS2 75,000 ug/l, F9 — 110 ug/l;

and

e Maximum bis(2-chloroethyl)ether concentrations: OS1 - 38,000 ug/l, OS2 — 20,000
ug/l, F9 — 1,300 ug/l

Based on this observed vertical variation of gro undwater contaminant concentrations with
depth it is considered t hat migration of contaminants is pre dominantly through the base of
the WMMCF and the u pper surface of the Ga ult Clay. The significant difference between
the three boreholes would also suggest that significant upward migration through the firm to
stiff WMMCEF is unlikely to occur.

7.2.2 Organo-phospahte and Organo-nitrates

Groundwater samples exceeding the Groundwater MTV f or Hempa and Schradan were
identified in the all of boreholes adja cent to the Riddy Brook . The greatest concentr ations
were recorded in G9 with concentrations of hempa between 610 to 20,000 ug/l and
schradan between 400 to 29,000 ug/l. Concen trations of both hempa and schradan were
typically much greater (by 1 to 3 orders of mag nitude) in boreholes to the west of Riddy
Brook compared with those to the e ast. To the east of the Riddy Brook (boreholes OS1,
0S2, OS/HA5, HA6 a nd HAS8), the maxi mum recorded concentrations of hempa and
schradan were 50 and 14 pg/l respectively, both in OS1.

Ethofumesate concentrations exceeded the groundwater MTV in boreholes OS6, OS7, HA4
HAG6, G8 and G9 with the maximum recorded concentration of 360 ug/l (G9, December
2011). No exceedances of the MTV were recorded to the east of the Riddy Brook.

Simazine did not exceed the groundwater MTV in any sample, Dimefox was not detected in

any sample of groundwater.
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7.2.3

724

7.2.5

Phenoxy Acid Herbicides

Samples from G9 and one sample from OS6 taken exceeded the MT V of 1,000 ug/l for
MCPA. The maximum recorded concentration was 4,100 ug/l. recorded a concentration of
3,500 ug/l for MCPA which exceeded the groundwater MTV. One exceedance of t he MTV
for Dicamba was recorded in borehole G9. No other exceedances of Dicamba, dichlorprop,

MCPA or Mecoprop were recorded.

SVOCs

Of the four compounds analysed, 2-methyl-4, 6-dinitropheno | was not detected and 2,4,6-
TCP did not exceed the groundwater MTV. It should also be noted that 2,4,6-TCP was not
identified in boreholes to the east of the Riddy Brook.

Bis(2-chloroethyl)ether concentrations exceeding the groundwater MTV were present in the
majority of boreholes throughout the monitoring with the the MTV exceeded in eight
locations. Maxi mum concentration recorded in OS6 (33, 000 to 40,000 pg/l) and OS1
(38,000 pg/l). Typical concentration s in boreholes G8 and G9 were 1,200 to 20,000 ug/I
and in OS1, 0S2, 0S6, OS7, HA4, and HAS5 were between 740 to 5,400 ug/l. These

concentrations were significantly higher than those identified in OS/HAS, HA6 and HAS (all
located to the east of the Riddy Brook) where the maximum concentration was 150 pg/l and

typically less than 50 pgl/l.

Elevated concentrations of 4-ch loro-2-methylphenol were identified in most bor  eholes.
However exceedances of the MTV were limite d to G8 (4,400 ug/l), G9 (2,500 ug /1), HAS
(2,500 pg/l), OS6 (1,200 ug/l) and OS7 (2,600 ug/l) all of w hich are located to the east of
the Riddy Brook.

Phenol concentrations were below MTV on all monitoring rounds with the exception of May
2012 when the following exceedances were recorded; G8 (1,600 ug/l), G9 (3,600 ug/l) OS6
(6,600 pg/l), OS1 (1,500 ug/l), OS7 (1,000 ug/l) and HA7 (1,000 pg/l). It should be noted
that the elevated phenol concentrations corresponds with the period of elevated rainfall and

groundwater levels.

VOCs
Chlorinated Solvents

Exceedances of the groundwater MTV for PCE were regularly recorded in OS1, 0S2, OS6,
HA6, HA7 F10, G8, G9and H7 and in HA4 on 10 November 2011. The greatest
concentrations were recorded in OS2 (140,000 ug/l) and OS6 (120,000 pg/l) on 21 October
and 10 November 2011.
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Distribution of TCE was very similar to PCE with all exceedances of th e MTV recorded in
0S1, 0S2, OS6 and HA7, F10, G8 and G9, one exceedance of the MTV was also recorded
in HA4 on one occasion and in OS7 on four occasions. The maximum concentrations were
recorded in OS2 (75,000 pg/l) an d OS6 (77,000 pg/l) o n 21 October and 10 November
2011 respectively.

Concentrations of cDCE exceeding the groundwater MTV were present in OS1, 0S6, OS7
and HA7, F10, G8 and G9 with maximum concentrations in G9 66,000ug/l) and G8 (23,00
Mg/l). Vinyl chloride exceeding the MTV was present in OS1, OS2, 0S6, OS7, HA5 and
HA7. With the greatest concentration in OS6 (1,500 ug/l) and OS7 (950 ug/l).

Generally, the boreholes withth e greatest concentrations of chlorinated solvents
corresponded closely with the greatest concentrations in soil (OS1, OS2 and OS6) and the
deposits of soft to very soft WMMCF.

To the east of the Riddy Brook, Borehole F9, installed to  a depth of 2.8 m bgl directly
between OS1 and OS2 and in the firm to stiff WMMCF above the soft to very soft WMMCF
has recorded relatively low concentrations of contaminants with maximu m chlorinated
solvent values of PCE (48 ug/l), TCE (110 ug/l), cDCE (1,100 ug/l) and VC (130 ug/l)

Other Solvents

Elevated toluene concentrations exceeding the MTV were presentin 0S6, OS7,HA5, G8
and G9 with a maximum concentration of 9,100 pg/l in HA5. 1,2-dichloroethane exceeded
the MTV in one sample from 21 October 2011 in OS6 (1,6 00 pg/l) and samples from G9
(1,900 pg/l) . No exceedances of the MTV for Xylene or 1,2-dichlorbenzene were recorded

and cyclohexanone was not detected.
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7.2.6 Evidence of Chlorinated Solvent Degradation
A number of groundwater samples show evidence that degradation of chlorinated solvents

(PCE and TCE) is occurring.

Degradation of chlorinated solvents is via successive

dechlorinations so that PCE degrad es to TCE which degrades to cDCE which deg rades to

VC which degrades to ethene. Therefore, the presence of increased proportions of cDCE

and VC would be expected to increase as degradation occurs.
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From the monitoring data, there is evidence of degradation occu  rring in a number of

boreholes including the following:

e OS7: Typical percentages were PCE (0.4 — 3 2%), TCE (2.1 —27%), cDCE (49 -
79%) and VC (5.5 to 20.0%);

e HAS: Typical percentages were PCE (49 — 64 %), TCE (1.18 — 11%), cDCE (27 —
28%) and VC (7 — 13 %);

e HAG: Typical percentages were PCE (32 -4 2%), TCE (41 —45%), cDCE (16 —
23%) and VC (0%); and

e HAY: Typical percentages were PCE (8.3 - 32%), TCE (50 — 57%), cDCE (17%)
and VC (1 - 1.5%);

e F9: Typical percentages were PCE (3 —38 %), TCE (8 -4 3%), cDCE (47 — 81%)
and VC (5.5 - 9.5%);

o F10: Typical percentages were PCE (7 - 14%), TCE (44 — 58%), cDCE (26 — 40%)
and VC (3 to 6%);

e G8: Typical percentages were PCE (1 —7.5%), TCE (5 - 37 %), cDCE (52 - 73%)
and VC (4 — 24.5%);

e G9: Typical percentages were PCE (36.7 to 75.9%), TCE (17.5 — 41.6%), cDCE (5 —
23.5%) and VC (0.5 to 2.5%);

e H7: Typical percentages were PCE (80 to 90%), TCE (5 - 12 %), cDCE (3 — 7%) and
VC (0.5 %);

Groundwater samples from HA4, recorded negligible cDCE and VC concentrations.
Groundwater from OS2 and OS6 recorded very similar chlorinated solvent percentages with
high PCE (40 — 65%) and TCE (3 5 — 57 %) with low levels of cDCE (0.2 — 9%) and VC
(<0.5%).

In summary, strong evidence of ch lorinated solvent degradation was present in bo reholes
0S7, F9 and G8 whe re percentages of cD CE and VC combined exceeded typically
exceeded PCE and TCE combined.

Assessment of Presence of Dense Non-Aqueous Phase Liquids (DNAPL)
No DNAPL was observed during the site investigations. In the case of H7, no evidence of
DNAPL was observed at the base of the grid square during remediation, however, this was

the area was an area o f the site where impacted water was observed in the undisturbed
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soils in the banks of the Riddy Brook during the removal of the bentonite wall and these

impacted waters are considered a potential source of the contatmination in this area.

Given the concentrations of chlorinated hydrocarbons observed, further assessment on the
presence of DNAPL has been undertaken. Groundwater samples from all boreholes have

been assessed for the presence of DNAPL in accordance with the methodology set out in

the Environment Agency report ‘An illustrated handbook of DNAPL transport and fate in the
subsurface’ (Reference 10). Data was selected from each borehole based on the maximum
recorded value of total chlorinated solvents (PCE, TCE, cDCE and VC). Maximum solubility
limits have been take n from Ref erence 10 and data o btained in VertaseFLlI 2012c

(Reference 8).

The results of the assessment are presented in Appendix M. Based on the Environment
Agency recommended approach, where the val ue of a (the ratio of observed contaminan t
concentration to effecitive contaminant solubility) is greater than 0.01 (1%) DNAPL is likely
to be present up hydraulic gradient of the borehole. Based on this rule of thumb, DNAPL is
likely to be present adjacent to boreholes OS1 , OS2, OS6, HA6, HA7, G8, G9 and F10.
The ratio a exceeded 10% in boreholes OS1, OS2, OS6, HA6 and G9 suggesting a greatly
increased likelihood that DNAPL is present in these locations. It should be noted that these
five boreholes are located within the observed low in th e surface of the Gaul t Clay
(discussed in Section 5.2) which suggests and that flow of DNAPL app ears to follow the
surface of the Gault Clay and that the extent of DNAPL co ncentration is limited to the base
of the WMMCF/upper surface of the Gault Clay.

Potential DNAPL was also identified in bore hole H7, located to the north of the low in the
Gault Clay. The boreh ole was installed in natural soil strata outside the remediated soils
and immediately to the east of the f ormer bentonite wall. It is considered that the DNAPL
was held in this area b y the bentonite wall an d as in oth er boreholes outside th e main
remediation site, the DNAPL is present at the base of the WMMCF/top of the Gault Clay.

7.3 Monthly Monitoring of the Riddy Brook

Monitoring of the Riddy Brook and River Cam (upstream and downstream of the site) has
been undertaken since 2008. The results from November 2010 onwards are summarised in

Appendix F.

As discussed in 4.5.4, elevated contaminant concentration s recorded in the Riddy Brook
between December 2011 and February 2012 was attributed to be the presence of a historic
drainage feature entering the Riddy Brook. The drainage feature was identified in January

2012 and decommissioned.
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7.3.1

Organo-phosphate and Organo-nitrate Pesticides

Negligible concentrations of pesticides were generally detected upstream of the site in the
monthly monitoring. Over 47 monitoring rounds (to Au gust 2012), dimefox was not
detected, schradan was recorded o n one occasion (1.7 yg/l in February 2012) and trace
concentrations of ethofumesate (up to 1.5 ug/l), hempa (6.1 ug/l in February 2012, all other
concentrations were equal or below 0.2 ug/l) and simazine (2 ug/l) were recorded on seven,

three and three occasions respectively.

Outside of the period b etween December 2011 and Febru ary 2012, down-stream of the
site, trace concentrations of hempa (up to 1.2 ug/l) were detected on four occasions,
simazine (up to 2 ug/l) on three occasions, schradan (up to 4.8 ug/l) on six occasions and

ethofumesate (up to 1.4 ug/l) on 28 occasions.

The following elevated concentrations of pesticides were recorded between December
2011 and February 2012 that exceeded typical concentrations recorded in other periods. It

should be noted that none of the pesticides were detected in March 2012.

e Ethofumesate — 6.7 pg/l recorded in December 2011 decreasing to 1.2 and 1.4 ug/ |

in January and February 2012 respectively;

e Hempa — Concentrations increased from 10 ug/l in December 2011 to 26 ug/lin
February 2012;

e Schradan — Concentrations in December 2011, January 2012 and February 2012

were 14, 8 and 9.4 ug/l respectively;

e Simazine — 4.4 g/l was recorded in December decreasin g to 0.7 ug/ | in Janaury
and February 2012.

e Dimefox was not detected.

7.3.2 Phenoxy Acid Herbicides

e Dicamba — Three up-stream concentrations above detection limits were recorded
with a maximum of 1 pg/l in February 2012. Downstream, prior to December 2 011,
dicamba was recorded in two sampl es with a maximum concentration of 0.2 pg/.In
December 2011 a concentration of 2.8 ug/l was recorded and between January and
May 2012 concentrations were between 0.2 and 1.0 pg/l. Downstream monitoring

from June to August 2012 did not record any dicamba concentrations.
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7.3.3 SVOCs
With the exception of Bis(2-chloroethyl)ether no SVOCs were detected in the Riddy Brook.

A Bis(2-chloroethyl)ether concentration of 17 pg/l was detected in an up-stream sample

7.3.4

Up stream concentrations of Dichlorprop (one occasion), MCPA (three occasions)
and Mecoprop (four  occasions) exceeded detection limits wit h  maximum

concentrations of 1.5, 7.4 and 7.6 ug/l respectively recorded in June 2011

Down-stream, concentrations above detection limits were recorded on 4, 3 and 16
occasions prior to December 2011 f or Dichlorprop (maximum 0.6 ug/l), MCPA (2.9
Mg/l) and Mecoprop (3.6 ug/l) resp ectively. The maximum concentrations were all

recorded in June 2011.

Down-stream concentrations of 0. 9, 6.9 and 9.7 ug/l were recorded in December
20112 for Dichlorprop, MCPA and Mecoprop respectively. Concentra tions above
detection limits of MCPA were recorded until May 2012 (between 0.2 and 1.3 ug/l),

concentrations of Mecoprop above detection limits were recorded unt il June 2012

(0.2 to 0.7 ug/l). No Dichlorprop was detected after December 2011.

from July 2010, no other up-stream concentrations were detected. Down-stream sampling
identified five elevated concentrations, in January and March 2009, July and December

2011 and January 2012 with a maximum concentration of 45 ug/I.

Monthly monitoring up-stream and down-stream on the Ridd y Brook recorded the following

contaminant levels:

PCE was detected up-stream of the site on 32 out of 47 monitoring rounds.
Concentrations were typically between 1 and 3 ug/l with a maxi mum concentration
of 6 ug/l. Down-stream, PCE was present in 44 of the 47 monitoring rounds, with

concentrations typically between1 and 5 pg/l  with a maximum concentration of 1 4
Hg/l;

TCE was only identified in one up-stream sample from January 2011 with a
concentration of 1 ug/l. Down-stream; TCE was present in 33 of the 47 monitoring
rounds. Prior to December 2011 con centrations were typically between 1 and 9 ug/l
although between November 2008 and April 2009 concentr ations between 14 and
25 ug/l were recorded. From December 2011t o February 2012, concentrations of
53, 19and 13 pug/lw ere recorded with sub sequent sampling to August 2012

showing concentrations decreasing to below detection limits.
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e cDCE was not detect ed in any up-stream samples. Down-stream,

cDCE wa s

detected on 36 of the 47 monitoring rounds with concentrations typically between 1

to 9 ug/l

with the exception of

concentration of 18 ug/l was recorded.

November 2008 and April 2009 down-stream

concentrations were between 7 and 13 ug/l; and De

cember 2012 where a

e Negligible concentrations of othe r VOCs were detecte d atthed own-stream

monitoring point with no other VOCs recorded up-stream.

7.3.5 Comparison of Surface Water Monitoring and Water Quality Screening Criteria

Table 4 presents the selected screening criteria for the contaminants discussed above.

Table 4 — CoC/CNPI Selected Water Quality Screening Criteria

Canadian EQS for

Water quality guideline for the
protection of aquatic life more

September 2012

Dicamba 10 Fresh Water appropriate with respect to Riddy
Brook than UK Pesticide DWS
Schradan 0.35 Vertasgllill_Elgenved See VertaseFLI 2012c (Reference 8)
Bis(2-chloroethyl)ether 1 Limit of Detection No other screening value available
Derived using EU recommen ded
. methodology (as used for UK E QS)
Ethofumesate 30 Eggd'Sh Freshwater (Reference 16). Co nsidered more
appropriate with respect to Riddy
Brook than UK Pesticide DWS
Trichloroethene 10 UK DWS/EQS
Tetrachloroethene 10 UK DWS/EQS
European Freshwater quality
Dutch Freshwater guideline (Reference 26) considered
Cis 1,2, Dichloroethene 6.7 Maximum Permissible appropriate with respect to Riddy
Concentration Brook — no other guidance values
available
Vinyl Chloride 0.5 UK DWS
Hempa 350 VertangLElg erived See VertaseFLI 2012c (Reference 8)
Dichlorprop 0.1 UK DWS UK DWS for pesticdes
UK Non-statutory EQS listed by
MCPA 12 Freshwater EQS Environment Agency as used by UK
regulatory authorities (Reference 25)
Environment Agency — River Basin
Annual mean District Typography, Standards and
Mecoprop 18 Freshwater EQS Groundwater Threshold Values
(Reference 15)
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Environment Agency — River Basin
District Typography, Standards and
Groundwater Threshold Values
(Reference 15)

Simazine 1 Freshwater EQS

For the majority of monitoring, the contaminant concentrations recorded in the Riddy Brook
have been below the screening criteria listed inthe Tab le 4. Ho wever, the fo llowing

contaminants have exceeded the screening criteria:

e Schradan exceeded the PNEC of 0. 35 ug/l on 3 occasions prior to December 2011.
0.35 ug/l was exceede d between December 2011 and Fe bruary 2012, and in July
2012;

e Simazine EQS (Annual Average) of 1 ug/l was exceeded on one occasion in
December 2011 (4.4 pg/l). The simazine concentratio n slightly exceeded the
maximum allowable EQ (4 pg/l) but the annual average calculated for ~ the period
August 2011 to August 2012 (includ ing the value of 4.4 ug/l) was 0.5 pg/l below the
EQS;

e Tetrachloroethene exceeded the EQS of 10 ug/l on one occasion (December 2011);

e Trichloroethene exceeded the EQS during November 2008 to April 2009 (prior to the

start of the remediation) and between December 2011 and February 2012; and

e Cis 1,2-dichloroethene marginally exceeded the EQS periodica lly during the
monitoring with greater exceedances recorded between November 20 08 to April
2009 and December 2011.

7.4 Chemical Profiling of the Riddy Brook

In January 2012, water samples w ere taken at 40 m inter vals along the Riddy Brook as
shown in Drawing D907_203, Appendix A. Subsequently, monthly samples were taken at
the 40m, 80 m and 160 m sample p oints together with the up and down stream samples.
The profiling was undertaken to provide an increased resolution between the up-stream and
down-stream sample points. The principal findings are summarised in Appendix G and

discussed below.

7.4.1 Organo-phospahte and Organo-nitrate Pesticides
In January, Hempa and Schradan concentrations increased along the Riddy Brook from 0.2
Mg/l up-stream of the site to maximum concentrations of 11 and 12 g/l respectively 240 m

along the site boundary. Immediate ly down-stream of the site (280 m along the Riddy
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7.4.2

7.4.3

Brook) concentrations of both He mpa and Schradan decreasedto 9.7and7 .2 ug/l
respectively. Monitoring in February showed very similar Schradan distribution to January
but increased Hempa concentrations (upto 26 upg/l). S ubsequent monitoring between
March and July 2012 recorded concentrations at all monitoring points below detection limits.
It should be noted that hempa did not exceed the screenin g criteria presented in Section
7.3.5

Ethofumesate showed marginal increases from 0.2 ug/l up-stream of the site to 0 .5 ug/l
(below the screening critieria) from 200 to 280 m downstream in January and
concentrations slightly increased in the February monitoring, subsequent monitoring was
below detection limits. The maximum simazine concentration detected was 0.1 ug/l; and

Dimefox was not detected.

Phenoxy Acid Herbicides and SVOCs
No elevated concentrations of dichlorprop, MCPA, Mecoprop or SVOCs were detected in
any part of the Riddy Brook. Slight ly elevated dicamba concentrations of 0.3 and 0.8 pg/l

were detected 10 m and 20 m from the up-stream monitoring point.

VOCs
In January 2012, concentrations of chlorinated solvents showed significant variations along
the Riddy Brook.

e TCE concentrations increased from the det ection limit at the up-stream monitoring
point to 56 g/l 40 m down-stream (compare d with the EQS of 10 ug/l). TCE
concentrations then decreased stea dily to 120 m down-stream (39 ug /kg) before
increasing to 88 ug/kg atthe 160 m  monitoring point. From 160 m to the down-

stream monitoring point concentrations of TCE decreased to 37 ugl/l;

e PCE concentrations w ere between 1 and 3  pg/l (similar to the concentration s
recorded in the monthly up-stream monitoring) between the up-stream monitorin g
point and 120 m down-stream. Concentrations increased at 160 m to 16 ug/l before

decreasing steadily to 9 pg/l at the down-stream monitoring point.

e CcDCE showed very similar distribution to PCE although at slightly greater
concentrations. Between the up-stream monitoring point and 120 m cDCE was n ot
detected, concentrations increased to 19 pg/l and decreased steadily to 11 pg/l at

the down-stream sampling point.

e Vinyl Chloride (VC) was detected  at 160 m and 200 m from the up-stream

monitoring point with concentrations of 2 and 1 pg/l.
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Subsequent monitoring in February showed a similar pattern to the January monitoring but
at lower concentrations. Howe ver concentrations between March an d July were at low
levels with no contribution from the identified seepages (before the 40 m monitoring point)
and concentrations slightly increasing between 80 and1 60 mto maximum PCE/TCE

concentrations of 6 ugl/l.

In general, the proportions of PCE, TCE, cDCE and VC id entified in the monitoring were
similar to those observed during the historical monthly down-stream monitoring with TCE

showing the greatest concentrations followed by cDCE, PCE and VC.

Based on the results of the VOC analysis in January 2012 a source of TCE contamination
appeared to impact the Riddy Brook between the up-stream and 40 m monitoring points.
However, subsequent removal of previously unidentified T CE impacted tank/pipes outside
of the remediation boundary has removed the likely contaminant source (VertaseFLI 2012b,

Reference 5).

The increase in contaminant conce ntrations between 120 and 160 m from the up-stream
sampling location appears to be coincident with the identified area of contamination outside
the remediation boundary described in Sections 7.1 and 7 .2 indicating that the ob served
contamination is likely to be contributing to the increased concentrations in the Riddy Brook.
However, although increased concentrations were identified in January and February 2012,
subsequent monitoring along the length of the Riddy Broo k has been below the relevant
EQS/screening criteria. Based o n the observed vertical variatio ns in contaminant
concentrations (both in soil and groundwater) and the presence o f low permeability
WMMCF (1 to 3 m of firm to stiff clay) o ver the zone of deeper contamination (below 3 m

bgl) itis considered that the observed impact have resulted from the contaminants present
within the shallow drift deposits/WMMC and not the con taminatns at the base of the
WMMCF/top of the Gault Clay.

7.5 Water Sampling of Seepages and Vertical Pipe

7.5.1

Seepages

Two seepages on the w estern bank of the Ridd y Brook had previously been noted prior to
and during the remediation works and were also observed in January 2012 The seepages
were located at approxi mately 5 and 15 m down-stream of the up-stream monitoring point
(see drawing D907 _203, Appendix A). Both se epages were sampled in January 2012 and
analysed for the same suite of contaminants as the Riddy Brook and groundwater samples.

The results are presented in Appendix K and are summarised below:
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e VOCs — Only PCE, TCE, cDCE and Toluene were detected in the seepa ges. TCE
was present in the first Seepage (Sample Ridd y US+5) at a concentration of 2,100
Mg/l and in the second seepage (Riddy US+15) at 83 ug/l. PCE concentrations were
29 and 30 ug/l and cDCE concentrations were 20 and 6 ug/l, Toluene was at 4 ug/l;

e OP and ON Pesticides — Contaminants identified in the seepages included dimefox
(0.7 and 0. 5 ug/l), Eth ofumesate (3.8 and 1. 5 pg/l), Hempa (27 and 30 ug/l)
Schradan (3.0 and 5.0 pg/l) and Simazine (0.91 and 1.7 pg/l);

¢ Phenoxy Acid Herbicides — Only dicamba (17 and 20 ug/l) was detected; and
e No SVOCs were detected.

Given the elevated TCE concentrations observed in the first seepage it is considered likely
that this is a significant contribution to the elevated TCE concentrations observed between
the up-stream monitoring point and 40 m monitoring point in the Riddy Brook. The concrete
chamber and associated pipework discussed in Section 3.3 is consider ed to be a potential
source of the contamination present in the seepage. The ¢ hamber was located outside of
the main remediation area adjacen t to the see pages (see drawing D907_230) and was

decommissioned/remediated in July 2012 (see Reference 5).

7.5.2 Vertical Pipe
Prior to decommissioning with bent onite, water within the vertical pipe in the Ridd y was

sampled and the results are summarised as follows:

¢ VOCs —PCE, TCE, c DCE and VC concentr ations were 9, 18,27 and 82 ug/l
respectively. Xylene (140 ug/l) and Toluene (250 ug/l) were also detected;

e OP and ON pesticides — Ethofumesate, Hempa and Schr adan were detected at

concentrations of 78, 130 and 660 pg/l respectively;

e Phenoxy Acid Herbicides — Dica mba, Dichlorprop, MCPA and Mecoprop were
identified at 0.9, 4.1, 0.8 and 11 ug/l respectively; and

e SVOCs — 4-chloro-2-methylphenol (1,000 ug/l) and Bis(2-chloroethyl)ether (120 pg/l)

were present above detection limits.
7.6 Monthly Monitoring in River Cam

Monthly monitoring of the River Cam, up-stream and down-stream of the site, has been
undertaken since May 2 008. In gen eral, negligible contaminant concen trations have been

detected with the following exceptions:
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e VOCs — Maximum concentrations of 3 ug/l of PCE were recorded both up-stream
and down-stream of the site. Typically, the concentrations at both monitoring points
were between 1and 3 pug/l. The concentrations were t ypically below typical
concentrations identified bythe  Environment Agency at a sample point

approximately 1.2 km east of the site (see appendix H)

e OP and ON Pesticides — Up-stream, elevated schradan (0.3 pg/l) and ethofumesate
(0.3 pg/l) were each re corded on one occasion. Down-stream of the site, elevated
ethofumesate concentrations (up to 0.8 ug/l) were recorded on five occa sions, and
schradan (3.4 pg/l in June 2011) and Hempa (0.1 pg/l in July 2011) were recorded

on one occasion each;

e Phenoxy Acid Herbicides — Slightly elevated concentrations of MCPA (1.4 pg/l) and
Mecoprop (up to 2.9 ug/l) were recorded up-stream of the site on o ne and three
locations respectively. Down-stream of the site MCPA (u p to 0.1 ug/ 1), Mecoprop
(up to 3.4 ug/l) and Dichlorprop (0.1 ug/l) were recorded on three, fourandon e

occasions respectively;

e Phenol - An elevated phenol concentration of 36 ug/l wasreco  rded inthe
downstream sample in March 2012. No other concentrations of phenol have been
recorded in the upstream or downstream samples for the duration of the remediation

works; and

e Bis(2-chloroethyl)ether - A bis(2-chloroethyl)ether concent ration of 18 ug/l was
recorded in the upstream sample from May 2012. No other concentrations were

recorded above detection limits in the River Cam.

The PCE a nd TCE concentrations recorded by the Envi ronrment Agency since 1996,
upstream (approximately 1.2 km) and immediately downstream, did not exceed the EQS for

either compound.
7.7 Summary
The principal contaminant distributions outside of the main remediation site are:

e Concentrations of contaminants including PCE, T CE, hempa, schradan,
ethofumesate and bis(2-chloroethyl)ether exceeding the MTV were detected in soils

in the majority of boreholes;

¢ Contaminant concentrations in soils generally increase with depth, with the greatest

concentrations recorded intheb ase ofthe WMMCF/top ofthe Gault Clay in
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boreholes OS6 and OS2. Generally, signific ant contaminant conce ntrations were
only encountered below 2.0 mbgl (below the base of the Riddy Brook) with the
exception of elevated pesticid e concentrations (hempa, schradan and
ethofumesate) encountered in deposits of sand and gravel (drift deposits) in HA4
and HAS below 1.4 mbgl.

e With the exception of the base of t he WMMCF/top of the Gault and shallow Made
Ground in OS1, pesticides and herbicides and SVOCs were generally only identified

in soils to the west of the Riddy Brook;

¢ Contaminant concentrations exceeding the appropriate MTVs in ground water were
identified in the majority of boreholes. With the exception of VOCs in OS1 and OS2,
contaminant concentrations were significantly higher to the west of the Riddy Brook

compared with boreholes on the eastern side;

e Identified contaminants in groundwater included , ethofumesate, hempa, schradan,
bis(2-chloroethyl)ether, PCE, T CE, cDCE, VC andt oluene. The greatest
concentrations of VOCs were recorded in OS1, OS2, OS6,HA7, G8 and G9;

e The greatest concentrations of chlorinat ed solvents appear to be associated with a

channel within the top of the Gault clay;

e Good evidence of degr adation of VOCs was present in groundwater in several
boreholes (including OS7) given the proportion of cDCE and VC present compared
to PCE and TCE concentrations. However, the VOC concentrations in the two most

impacted boreholes indicated low degradation levels;

¢ PCE and some TCE concentrations recorded in the boreholes adjacent to the Riddy
Brook suggest the presence of DNAPL. The presence of DNAPL is generally limited
to the observed low int he surface of the Gault Clay (see Section 5.2). The only
exception to this is borehole H7 wh ere presence of DNAPL in soils out side of the
remediation boundary is like ly to h ave resulted from the presence of the former

bentonite wall limiting migration;

e Contaminant concentrations inthe Riddy Bro ok down-stream of the site were
generally higher than concentrations up-stream. The site appears to have very little

impact on the River Cam;

e Sampling in January 2012 along the Riddy Brook identified elevated concentrations
of TCE, cDCE and PCE along the Riddy Brook. Subsequent monitoring from the

same locations from March 2012 o nwards has shown much reduced concentrations
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in the Riddy Brook,  with many contaminants below detection limits and all

contaminants at concentrations less that screening criteria.

e Samples of observed seepages in the western bank of the Riddy Bro ok identified
elevated concentrations of TCE, e thofumesate, dimefox, hempa and schradan,
however negligible concentrations of phenoxy acid herbicides and SVOCs were
detected. Elevated contaminant concentration s were also identified in a vertica |
pipe present in the Riddy Brook. Both the source of the seepages and the pipe

have subsequently been remediated; and

¢ Recorded PCE concentrations have been slight ly elevated in up-stream and down-
stream samples from b oth the Riddy Brook a nd the Rive r Cam thro ughout the
surface water monitoring. Given th e presence of PCE at | ocations significantly up-
stream of the site (based on monitoring data provided by th e Environment Agency),
it is consid ered that the PCE results from the presence of separate contaminant
source some distance up-stream of the site an d is not related to the contaminants

present at the site.

In general, the presence of significant contaminant concentrations has been identified in soll
and groundwater adjacent to the Riddy Broo k. Howeve r following the completion of
remediation and ani ntial rise in contaminant concen trations inthe Brook between
December 2011 and F ebruary 2012, concent rations in the Riddy Brook have declined
despite groundwater concentrations remaining relatively constant throughout the monitoring

period.
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8.1

Discussion

Observed Impacts on Surface Water

Evidence from the monthly surface water monitoring indicates there have been four periods
between May 2008 an d August 2012 when elevated contaminant concentration s were
detected at the Riddy Brook downst ream monitoring point. The most significant impacts
(exceeding EQS or equ ivalent values) were typically from chlorinated solvents (TCE an d
cDCE), bis (2-chloroethyl)ether and schradan.

The most recent impact during December 2011 and February 2012 followed the completion
of the remediation work at the site which includ ed the removal of the bentonite wall (July to
August 2011) and the ending of gro undwater control (October 2011). From February 2012
onwards no exceedances of the E QS and selected scree ning criteria have been observed

in the Riddy Brook and negligable pesticide concentrations have been detected.
No impact from the site was recorded in the River Cam.

Chemical profiling along the Riddy Brook (discussed in Section 7.4) identified the following
which were generally attributed to shallow soil contamination (typically less than 2 m bgl)

adjacent to the Riddy Brook:

¢ In January and February 2012, a source of TC E appeared to be entering the Riddy
Brook close to the up-stream sampling point and the former concrete chamber
shown ondrawing D9 07 230. PCEand cDCE concentrations r emained at
background concentrations at this point. Monitoring between March and July 2012

did not show any impact in the Riddy Brook from the TCE source;

¢ A second source of ch lorinated solvents entering the Riddy Brook was present
between 120 and 160 m from the up-stream monitoring point. It was con sidered
likely that this was associated with the identified area of co ntamination outside of
the main remediation site within the shallow soils (less than 2 m bgl) on the western
bank of the Rlddy Bro ok. From 160 m the chlorinated solvent concentrations
steadily decreased. Impact from the contaminants outs = source was greatest in

January and February 2012; and

e Concentrations of hempa and schr adan showed a generally steady increase along
the length of the site boundary in January and February 2012. No concentrations of
hempa and schradan w ere recorded in the Rid dy Brook between March and June
2012.

44

September 2012 907BRI



Former Bayer CropScience Site, Hauxton
Groundwater Validation Addendum Report

Pre-remediation, an increase in pesticide concentrations along the Riddy Brook was also
identified by Enviros (2005) (Reference 3).

8.2 Potential Sources of Contamination

Remediation at the site comprised the excavation, ex-situ bioremediation and reinstatement
of soil material. Due to regular turning as part of the bioremediation soil material became
homogenised and reinstatement includedth e compaction resultin g inave ry low
permeability material (Reference 4). Following remedial works, the groundwater monitoring
across the site (Appendix A) indicates the pre sence of a groundwater ‘low’ in the north of
the site suggesting either flow of groundwater in the remediated soils is away from the
Riddy Brook towards the ‘low’ or an effective no-flow zone in the remediated soils.
Therefore, the remediated soils ar e not considered to be a source of the observed

contamination impacts on the Riddy Brook.

Investigations to the east of the River Ca  m did not ide ntify any si gnificantly elevated

contaminant concentrations and this area has also been discounted as a potential source.

Therefore, based on the observations during re mediation works, the investigations outside
the main remediation site, sampling and the previous investigations, the following potential

contaminant sources were identified outside of the site boundary:

e Historically VOC and p esticide impacted soils and groundwater in un-remediated
shallow soils comprising drift depo sits (including sand and gravel), a nd shallow
WMMCF between the site boundary and the Riddy Brook;

e Historically VOC and pesticide impacted soils and groundwater at the base of the
WMMCF/top of the Gault Clay und erlying the Riddy Brook. The site investigation
data would suggestt hat chlorinated solvent migration (including DNAPL) has
followed the contours of the Gault Clay surface and in particular a chan nel low that
runs under the Riddy Brook in the vicinity of boreholes OS2 and OS6. It is important
to note that there is ty pically between 1to3 m of firm to stiff clay overlying the

identified contaminant source.;

e Former concrete chamber and associated pipe work located adjacent to the Riddy
Brook (see drawing D907_230). The chamber is located o utside of the remediation
boundary adjacent to t he TCE impacted seepa ges entering the Riddy Brook (no w

removed);

e Vertical pipe present within the Riddy Brook; and
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e Any remaining unidentified contaminant sourcesint he bankb etween the

remediated site and the Riddy Brook.

Additionally, monthly monitoring of both the Riddy Brook and the River Cam has identified
slightly elevated PCE concentration s up-stream of the site suggesting the presence of an
up-stream source of PCE contamination. Monitoring u ndertaken by the Environmen t
Agency (Appendix H) confirmed the presence of elevated PCE concentrations 1.2 km to the
east of the site (up gradient) at greater concentrations than those observed adjacent to the
site. This would therefore indicate that the source of th e PCE concentrations is located
some distance up-stream of the site and is therefore not connected with the contaminants

identified . Further consideration of the up-stream source is outside the scope of this report.
8.3 Potential Pathways

The potential pathway for contamin ants to migrate from the identified contaminant sources

to the Riddy Brook are considered to be the following:

e via groundwater through isolated shallow sand and gravel deposits and sand and
gravel lenses within the WMMCF;

e via groundwater at the base of the WMMCF and top of the Gault Clay; and
¢ via the vertical pipe within the base of the Riddy Brook.

Additionally, at the time of the Riddy Brook profiling in January 2012, the concrete chamber
and associated pipework adjacent t o the Riddy Brook may have acted as a pathway for

TCE impacted groundwater into the Riddy Brook (as seen in the seepages on the bank of
the Riddy Brook). However, it is important to note that these featu res were
decommissioned inJuly 2012 (VertaseFLI 20 12b — Reference 5)a nd are no longer

considered to represent a potential pathway.

8.4 Assessment of Groundwater/Surface Water Levels and Potential Shallow

Contaminant Impacts on the Riddy Brook

Appendix L presents graphs showing recorded ground water levels in BH11 comp ared with
the approximate water level in the Riddy Brook (based o n the levels recorded in October
2011) for the duration  of monitoring and in relation to the recorded cont aminant
concentrations in the Riddy Brook. BH11 was selected as it is locate d in un-remediated
soils adjacent to the Ri ddy Brook and offers a continuous record before, during and afte r
the remedial works. However, it should be not ed that BH11 is a historic borehole t hat pre-

dates the remediation and no construction details are available for the borehole.
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The graphs confirm tha t groundwater levels ad jacent to the Riddy Brook fluctuate above
and below the level in the Riddy Brook. As shown in Appendix D water levels in the Riddy
Brook are typically between 0.2 to 0.3 m deep and show very little variat ion. Groundwater
levels appear to decrease following the removal of the bentonite wall as would be expected
given the observed seepages/flow of groundwater onto the main re mediation site as the
wall was removed. Groundwater levels decreased un til October 2011 wh en the
groundwater control at the site was stopped and groundwater levels subsequently

increased to levels above the Riddy Brook. The increase in groundwater levels can also be

seen in the boreholes to the west of the Riddy Brook presented in Appendix L.

The graphs show that during the remedial works (with active groundwater control including
the bentonite wall) the groundwater levels outside the remediation bo  undary were very
similar to the Riddy Brook with o ccasional periods when groundwater levels increased and
flow would be anticipated to be to wards the Riddy Brook. These occasiona | increased
levels were also seen p re-remediation but the levels were generally lower than the Brook.
Following completion of remedial works and the removal of groundwater controls,

groundwater levels adjacent to th e Riddy Brook recovered to natur al levels b etween
October and December 2011. From Decembe r 2011 onwards ground water levels in the
undisturbed soils outside of the remediation boundary h  ave remained above the Riddy

Brook suggesting groundwater flow within the banks of the Brook is towards the Brook.

Throughout the monitoring of the Riddy Broo k, there appears to be a good correlation
between the periods when groundwater levels exceede d surface water levels and the
presence of elevated contaminant levels wi  thin the Riddy Brook. Similarly, when
groundwater levels dropped below the level in the Riddy Brook (such as the period following
the removal of the bentonite wall), there is a good correlation to recording of very lo w
contaminant levels. This would indicate that contaminated groundwater in drift deposits and
shallow WMMCF was the principal source of elevated contaminants observed wi thin the
Riddy Brook.

Following the end of groundwater control grou ndwater levels rebound ed to higher levels
than before and during the remedial works and t his initial rebound period corresponds well
with the elevated contaminant concentrations observed along the Riddy Brook b etween
December 2011 and February 2012. Therefore it seems very likely that groundwater within
the un-remediated shallow soils close to or ab ove the water level in t he Riddy Brook was

either acting as a source and a pathway for contaminants.
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8.5

8.5.1

It should be noted that from Fe  bruary 2012 contaminant levels in the Riddy Brook
decreased progressively although groundwater levels remained above the surface water
levels (and the typical groundwat er levels d uring remediation). Assuming there was a
significant contaminant source remaining in the drift deposits and shallow WMMCF adjacent
to the Rid dy Brook, it would have been anticipa ted thate levated contaminant
concentrations would continue to be identifie d in the Riddy Brook due to the flow from
groundwater in these shallow deposits to the Brook. This has not been the case with
contaminant levels generally decreasing to below detectable levels. Therefore, it is
considered that initially elevated contaminants in shallow groundwater (within bank storage)
have been flushed through along the length of the Riddy Brook following the rebound in
natural groundwater levels. Elevated contaminant concentrations were only detected in the
Riddy Brook following the groundwater levels rising above the surface water levels and the
subsequent decrease in contamin ant levels strongly suggests that the sour ce of the
contaminants was relatively limited in size and durationand subsequ ently less impacted

water has continued to feed into the Riddy Brook.

Comparison of Contaminant Distributions in Surface Water and Boreholes

Outside the Main Remediation Site

Chlorinated Solvents
In all down-stream sampling in the Riddy Brook (see Appendixes F and G), when detecte d
the chlorinated solvent ratios were generally consistent such that TCE concentrations were

greater than cDCE concentrations which were greater than PCE concentrations.
e PCE-11to 21%;

e TCE - 50 to 64%; and

e cDCE - 22 to 35%.

e VC was generally not detected.

TCE and cDCE concentrations along the Riddy  Brook showed very similar distribution
patterns suggesting they originate from the s ame source. Howe ver PCE concentrations
were much lower than the TCE concentrations, generally only showing a marginal increase
along the length of the site. Eve n allowing for the additional TCE source observed in
January and February 2012 (maximu m of 2,100 ug/l identified at Seepage 1), TCE

concentrations exceed the PCE concentrations.

Significant chlorinated concentrations were generally found in soils and groundwater to the
west of the Riddy Brook and boreholes OS1, OS2 and HAG to the east in the Gault Clay
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with contaminant migration seeming to be associated with th e a channel/low in the surface
of the Gault Clay. Soil contamination concentrations increased with depth with the
generally low concentrations of chlorinated solvents above 3m bgl and the greatest
concentrations present in samples of Gault Clay. Chlorinated solvent ratios in the so il and
groundwater analysis from the investigations were typically very different to those in surface

water. The ranges of ratios are summarised in Table 3 below.

Table 3 — Typical Chlorinated Solvent Ratios in Soil, Groundwater and Surface Water

PCE 40-91 (0S1, 0S2, 0SS, 11 — 21
68 — 100 HA4, HA5, OS/HAS5 & HAB)

(85.6 average) 8.3-42 (HA6 & HA7)
0.4 - 32 (0S7)

TCE 1-38 (0S1, 0S2, OS6, HA4, | 50 -64
HAS5, OS/HAS & HA8)
0 - 32 (average

13.9) 41 — 57 (HA6 & HA7)
2 - 27 (0S7)

cDCE 0-32(0S1, 082, 0S6, HA4, | 22-35
HAS5, HAB,HA7, HAS &
0-5% OS/HA5)

49 — 79 (0S7)

VC 0-13(0S1, 0S2, 0S6, HA4, | 0
HAS5, HA6,HA7, HA8 &
0 OS/HAS5)

5—20 (0S7)

PCE was present in gre ater concentrations relative to TCE and cDCE in all  soil samples
and the majority of groundwater samples. The only exceptions were in groundwater
samples from OS7, HA6 and HA7. Groundwater from OS7 recorded significantly elevated
cDCE (upto79%)a nd VC (upto 20%) showing evidence of chlorinated solvent
degradation; HAG recorded similar PCE and TCE concent rations; and HA7 was t he only
borehole to record TCE, PCE and ¢ DCE concentrations similar to those observed in the
Riddy Brook. The response zone of most boreholes was installed at least 0.5 m into the
Gault Clay, the only e xception was HA7 which was only installed 0. 1 m into the Gaul t

suggesting the groundwater in HA7 is likely to be largely from the WMMCF.

PCE contamination was also en countered in greater concentrations than other chlorinated
solvents during the remedial works (Reference 4). Given the observations during
remediation and considering bot h the observed chlorinated solvent concen trations

(maximum PCE concentration of 140,000 pg/l and TCE concentratio n of 75,000 ug/lin
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8.5.2

8.5.3

0S2) in boreholes located within 1 m of the Rid dy Brook, and the chlorinated solvent ratios
in the groundwater over the majority of the site it would be anticipated that greater PCE and
TCE concentrations would have been recorded in the surface water if the groundwater from
the boreholes screened within the base of the WMMCF/top of the Gault Clay was in dire ct

continuity with the surface water and PCE would be the more dominant contaminant.

Bis(2-chloroethyl)ether

Together with PCE, Bis(2-chloroet hyl)ether was one of the most widely encou ntered
contaminants during the remediation work. It was also encountered in the majority of
boreholes (outside of the mainre mediation site) adjacent to the Ri ddy Brook. The
maximum concentration in groundwater recorded in this area was 40,000 ug/l in OS6, the

maximum soil concentration was 95,000 pg/kg in OS1 at 5.0 mbgl.

Elevated Bis (2-chloroethyl)ether in the Riddy Brook was recorded on 5 of the 49 monthly
monitoring rounds in the Riddy Broo k since May 2008 with a maximum concentration of 41

Mg/l . It was not detected during the chemical profiling undertaken in January 2012.

As with PCE, the concentrations of bis(2-chloroethyl)ether) increased with depth and were
greatest in boreholes installed within the base of the WMMCF/top of teh Gault Clay. Given
the bis(2-chloroethyl)ether levels o bserved in soil and gr oundwater in the boreh oles, it
would be anticipated that concentrations would be observed far more regularly if the Riddy
Brook was in direct continuity with the deeper groundwater present in the base of the
WMMCF/upper surface of the Gault Clay.

Ethofumesate

Ethofumesate was detected in surface water from the Riddy Brook down-stream of the site
in the majority of monitoring rounds. Typically, ethofumesate was present at concentrations
less than 1 ug/l but has recorded a maximum concentration of 6.7 ug/l. Inth e boreholes
outside of the remediation boundary, ethofumesate was only identified in boreholes to the
west of the Riddy Brook and with th e exception of one sample sand and gravel fro m HA4
(1.7 — 2.0 mbgl) was only detected in the WMMCF. Ground water concentrations to the east
of the Riddy Brook did not exceed 1.1 ug/l, to the west of the Riddy Brook concent rations

were between 10 to 150 pg/l with the greatest concentrations recorded in HA7.

Based on the presence of ethofumesate in the WMMCF to the west of the Riddy Brook, it
seems likely that eleva tions concentrations in the Riddy Brook result from conta minant
migration from the WMMCF.
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8.5.4 Hempa and Schradan

8.5.5

With the exception of December 20 11 to February 2012, Hempa was only detected in the
Riddy Brook down-stream of site on four occasions pr ior to July 20 12 with a maximum
concentration of 1.2 ug/l. Over the same period, Schradan was recorded on 6 occasions

with a maximum concentration of 4 .8 ug/l. Between December 2011 and February 2012

concentrations of Hempa were up to 53 pg/l and Schradan up to 14 ug/l, pProfilin g along
the length Riddy Brook in January and February identified e levated concentrations of both
Hempa and Schradan. However, subsequent monitoring between March and July 2012 did

not record any concentrations above detection limits.

With the exception of samples in the Gault clay at 4.8 and 5.0 mbgl, hempa and schradan
were only found in soil samples f rom the we st of the R iddy Brook. Concentrations
increased through the WMMCF and Gault clay with depth, the greatest concentrations were
recorded in the Gault Clay in OS7 at 4.0 m (Hempa 1,800 pg/kg and Schradan 260 pg/kg).

Concentrations in grou ndwater were higher in boreholes to west of t he Riddy Brook by
typically 2 to 3 orders of magnitude compared with boreholes to the east. The greatest
groundwater concentrations were r ecorded in OS7 with monitoring in December 2011

recording hempa and schradan concentrations of 14,000 and 18,000 ug/l respectively, a t

least one order of magnitude greater than all other recorded concentrations.

Vertical Variation of Contaminant Distribution

Observed contaminant profiles in soil material adjacent to the Riddy Brook identified some
shallow contaminants inthe uppe r 2mofsoilsto the west ofthe Riddy. However,
contaminant concentrations generally increased with depth, with the greatest
concentrations typically associated with the base of the WMMCF/upper surface of the Gault

Clay.

As discussed in Section 7.2.1, borehole F9 was installed d irectly between OS1 a nd OS2
with a response zone at 2.8 mbgl in the rela tively shallow firm to stiff WMMCF. Despite
being immediately adjacent to OS1 and OS2 (both of which had response zones below 3 m
through the WMMCF a nd upper Gault), chlorinated solvent levels in F9 (ma  ximu total
chlorinated solvent concetrationof 1388 ug/l) were typically 3to4 orders of magnitude
below those encountered in OS1 and OS2 (36,979 and 215,415 ug/l respectively).

Given the large variation with de pth observed in both soil and groundwater a nd the
presence of relatively low contaminant conce ntrations within the fir m to stiff clayan d

shallow groundwater overlying the identified contaminants in the base of the WMMCF/top of
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8.6

8.6.1

the Gault clay, potential vertical upward migr ation of contaminants through the WMMCF is

not considered to be a viable pathway.

Potential Pollutant Linkages

Based on the identified contaminant sources and pathways, a number of potential pollutant
linkages may exist in the area outside of the main remediation site and these are discussed

below.

Contamination in the Base of the WMMCF and Top of Gault Clay

Significant soil contamination was observed in the Gault Clay in boreholes OS1, 0S2, OS6
and HAG extending under the Riddy Brook. Th e contamination appears to be related to a
channel in the surface of the Gault Clay with contaminants following the surface contours.
Much lower contaminant concentrations were id entified in the overlying drift depo sits and
WMMCEF. The Gault Clay in this area was between 6.84 and 7.30 mAQOD significantly below
the base of the Riddy Brook (approximately 9.5 mAOD). Groundwater encountered at the
base of the WMMCF/top of the Gault Clay appears to be confined by the overlying relatively
low permeability firm to stiff WMMCEF. Therefore, as discussed in section 8.5.5 given the
potential pathway length and relatively low permeability of the WMMCF, together with the
observed increases in contaminant concentrions with depth (in soil and groundwater) it is
considered unlikely that aviable pathway for upward migration exists betwee n the
contaminant source identified in the base of the WMMCF/Gault Clay and the Riddy Brook.

It is also important to note that as discussed in Section 8.5.1, the ratios of chlorinated
solvents found in the Gault clay and the majority of groundwater samples are different to the
ratios that have been periodically observed in the Riddy Brook. If upward vertical migration
had been or was occuring, it would be anticip ated that the ratios of chlorinated solvents
between groundwater within the WMMCF/Ga ul and the Riddy Broo k would be far mo re
similar. Therefore, it is considered unlikely that the contaminants in the Gault clay are no t
the source of the contamination in the Riddy Brook. Equally, no conta minants have been
identified in the River Cam that would indicat e that the River is being impacted by the

contaminants present within the base of the WMMCF/top of the Gault Clay.

Additionally, boreholes WM2 and WM3 are both installed within the WMMCF/Gaut clay to
the east of the Riddy Brook and the River Cam. Both bore holes are down gradient of the
identified contaminant source within the WMMCF/Gault Cl ay, with W M2 located directly

down gradient within 50 m of the source. No evidence of contamination has been identified
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8.6.2

in soil analysis and/or  groundwater analysis in these boreholes confirming that the

contaminant source does not extend beyond the identified source area and the River Cam.

Contaminants Within Drift Deposits and Shallow WMMCF and Shallow Groundwater
Shallow deposits of sand and gravel were presentin HA4 o  verlying the W MMCEF,
encountered water levels during d rilling suggested there was very close re lationship

between perched groundwater levels in shallow sand and gravels and the Riddy Brook.

A further line of eviden ce is, as discussed in Section 8.4, there appe ars to be a good
correlation between periods when groundwater levels are higher than the water leve | in the
Riddy Brook and the presence of contaminants in the Riddy Brook. Given the encountered
ground, groundwater and contamination profiles, the source of this contamination is likely to
be shallow groundwater perched above or within the shallo w deposits of the WMMCF. The
potential for upward vertical migration from de eper contaminantion in the base of the
WMMCF/upper surface of the Gault Clay has been discoun ted based on the nature of the
the shallow WMMCF (t ypically firm to stiffand 1to3  m thick above the soft WMMCF
deposits) and the observed vertical variations in both so il and groun dwater contaminant

concentrations.

The distribution of ethofumesate also suggests there is a p athway from the drift de posits
and/or shallow WMMCF into the Riddy Brook. As discussed in 8.5.3 trace concentrations of
ethofumesate were reg ularly identified in the Riddy Brook and was only present in

groundwater in boreholes west of the Riddy Brook. Therefore it seems likely that a pollutant
linkage is present with respect to soil material to the west of the Riddy Brook but outside the

remediated site boundary.

The ratios of chlorinat ed solvents in groundwater from  HA7 matched closely with the
observed ratios in the Riddy Brook. HA7 was the only borehole where this was th e case
and the potential for chlorinated solvent migration from the west of the Riddy Brook cannot

be discounted.

However, the presence of significantly  elevated bis(2-chloroethyl)ether, hempa and

schradan concentrations did not correlate well with the observed sporadic concentrations in
the Riddy Brook. Given the consist ently elevated concentrations of bis(2-chororethyl)ether
in groundwater in the majority of boreholes, hig her concentrations would be anticipated far

more regularly in the Riddy Brook than have been recorded.

Overall, it seems highly like ly that pollutant linkages have previously existed between the
‘un-remediated’ soils ad jacent to the Riddy Brook and th e Riddy Brook via migration of

shallow groundwater. Since March 2012, following the r ecovery of natural grou ndwater
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8.6.3

8.6.4

levels and the intial flush through of a relatively limited source of contaminated groundwater
between December 2011 and Febru ary 2012, contaminant levels in the Riddy Brook have
decreased to below th e relevant EQS/screening criter ia for all contaminants and the
majority of contaminants have decreased to below detection limits. Based on the this, itis
considered that the a significant po llutant linkage between shallow soils/groundwater and

the Riddy Brook is no longer present as there is no significant source remaining

Vertical Pipe In Riddy Brook

Prior to backfilling with bentonite, a water sample from the pipe within the Riddy identified
elevated contaminant levels includ ing chlorinated solvents (with high | evels of cDCE and
VC suggesting degradation of solvents has occurred) and pesticides (see Section 7.5.2).
The integrity of the pipe below the stream bed is unknown with the pipe extending at least 1
mbgl and despite the b ackfilling with bentonite, a pollutant linkage via shallow grou ndwater
and/or surface water cannot be discounted although it is considered unlikely and based on
the observed contaminant concentrations in the Riddy Brook the linkage is not considered

significant.

Up-stream Seepage

The observed seepage (see Section 7.5.1) which was sign ificantly impacted with TCE is a
confirmed pollutant linkage with respect to the Riddy Brook. A potential source or p athway
for the seepage is the former ¢ oncrete chamber and associated pipework identifie d
adjacent to the seepage (VertaseFLI 2012 — Reference 5). The chamber and  pipework
were decommissioned however, the potential for an additional source of TCE within the un-
remediated soils betw een the sit e boundary and the Riddy Brook cannot be entirely
discounted. However, given the removal of the source and the observed decrease in
contaminant concentrations (below screening criteria) this linkage is no t considered to be

significant.
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9.0 Summary

Investigations including the drilling of boreholes, chemical analysis of soil, groundwater and
surface water have been undertaken in an area of contamination outsid e of the remediation
boundary which was identified during the removal of a former bentonite cement cut-off wall

along the northeast boundary of the former Bayer Crop Science Site.

The investigations identified elevated concentra tions of contaminants including pesticides,
herbicides and VOCs on both sides of t he Riddy Brook. Generally, contaminant

concentrations (in soil and grou ndwater) increased with depth  with the g reatest
concentrations recorded inthe Gault Clay. Observations during drilling suggested the
possible presence of two groundwater bodies, one in shallow drift deposits and potentially
the upper West Melbury Marly Chalk Formation (WMMCF), the other at the base ofth e
WMMCF and top of the Gault Clay associated with a channel/low in the surface of the Gault
Clay. Groundwater monitoring indicates a flow direction towards the Riddy Brook from the

River Cam (to the east) and variable flow directions to the west of the Riddy Brook.

Given the groundwater regime in the reinstated remediated soils and assessment of the
remediated sites (VertaseFL| 2012¢ and 2012d), the remediated soils are not considered to

be a contaminant source with respect to the Riddy Brook.
Potential pollutant linkages at the site comprised:

1. Migration via shallow groundwater from contaminants in drift deposits and shallow
WMMCF immediately around the Riddy Brook.

2. Contaminated soils and groundwater present in the the base of the W MMCF/top of
the Gault; and

3. Migration of contaminants to the Riddy Brook via historic site infrastructure such as

pipes/drains/etc.
The pollutant linkages 2 and 3 have been discounted due to:

e Linkage 2 — There is no evidence for vertical migration through the WMMCF from
the contaminants (including DNAPL) with in the base of the WMMCF/upper surface
of Gault Clay. Depo sits of WMMCF and  groundwater above the identified
contaminant source in the WMMCF/G ault clay (lessth an 3 mbgl)areno t
significantly impacted and the identified conta minant ratios in these shallow soils
and the historic cont amination eventsin the Riddy Brook do not resemble the

contaminant ratios int he deeper WMMCF/Ga ult. There is also no evidence of
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contamination in either the River Cam or down gradient bo reholes (WM2 and WM3)
indicating that the identified contaminantion doe s not extend to the lan d east of the

River Cam.

e Linkage 3 — All known site-infrastucture has been decommissioned. Although the
potential for pollutant linkages to still exist cannot be entirely discounte d, there has
been no observed impact on the Riddy Brook since the remaining site infrastructure
was decommissioned/removed and therefore the any remaining linkage is n ot

considered significant.

Following completion of remediation and the removal of all groundwater controls at the site
(including the removal of the bentonite wall), groundwater levels outside of the remediation
boundary have returned to natural levels. Following, the  rebound in groundwater levels

elevated contaminant concentrations were observed in the Riddy Brook between December
2011 and February 2012. However, since March 2011, con taminant concentrations in the
Riddy Brook have decreased to below EQS/s creening criteria and in most cases have

decreased to below detection limits. Itis considered that the rebound in groundwater level
resulted in shallow groundwater previously stored in the banks of the Riddy = Brook being
flushed out into the Riddy betwee n December 2011 and February 2 012. However, the
source of impacted groundwater was limited so that despite groundwater levels remainin g
above the surface water levels any remaining contaminant source is not significa nt and
therefore the remaining pollutant linkage (linkage 1) between shallow groundwater and the

Riddy Brook is not considered significant.

Given the above it is concluded that no fu rther action is require d in relatio n to the
contamination previously identified in this area of the site a s there is n 0 active remaining
significant pollutant linkages identified either causing or likely to cause significant impact on
the Riddy Brook.

56
September 2012 907BRI



Former Bayer CropScience Site, Hauxton
Groundwater Validation Addendum Report

10.0 References

1. British Geological Society, ‘England & Wales Sheet 205: Saffron Wald en — Solid and
Drift Geology’, 2002

2. Atkins Ltd (2006), ‘Remediation of Former Bayer Site, Hauxton, Preliminary
Conceptual Model Report’, August 2006 — Revision 4a.

3. Enviros Consulting Ltd (2005), ‘Part IIA Site | nvestigation Report, Report for Baye r
CropScience’, January 2005, Ref. SH0250008A.

4.  VertaseFLI (2012a), ‘Completion Report, Former Bayer CropScience Site, Hauxton,

Cambridgeshire’, December 2012 Revision B

5.  VertaseFLI (2012b), ‘Addendum to Completion Report, Fo rmer Bayer CropScience

Site, Hauxton, Cambridgeshire’, December 2012 Revision B

6. VertaseFLI (2011), ‘Further Quantitativ e Risk Assessment f or Risks to Groundwater
and Surface Waters, Former Bayer CropScience Site, Hauxton, Cambridgeshire’, July
2011 Revision B

7. Bernard O’Connor (2011), ‘The Hauxton Fossil Diggings’, 2011

8.  VertaseFLI (2012c), ‘Post Remediat ion Quantitative Risk As sessment for Controlled

Waters’ December 2012 Revision B
9.  VertaseFLI (2012d), ‘Groundwater Validation Report’, December 2012 Revision B.

10. Environment Agency (2003), ‘An illustrated handbook of DNAPL transport and fate in
the subsurface’, June 2003,

57
September 2012 907BRI





