Harworth Estates

Former North Gawber Colliery,
South Yorkshire

Geo-environmental site assessment

Report no. 321370-R3 (01)

MARCH 2014




RSK GENERAL NOTES

Project No.: 321370

Title: Geo-environmental Site Assessment: Former North Gawber Colliery, South
Yorkshire
Client: Harworth Estates, AMP Technology Centre, Brunel Way, Waverley, Rotherham,

South Yorkshire, S60 5SWG
Date: March 2014

Office: RSK Environment Limited, Fourways House, 57 Hilton Street, Manchester,
M1 2EJ. Tel: +44 0161 236 2757, contact: lan Wilson

Status: Final
Emily Jones Laura Aspinall
Authors Paul Taunton Technical reviewer lan Wilson
éﬂm\j ‘-‘S—Ux"-fh ‘.h A \\,’_qr‘,u\rl\-{t
Mt
Signature: @b\, Signature: \\“&L&-
Date: March 2014 Date: March 2014

Project manager lan Wilson

s M-
Signature:

Date: March 2014

RSK Environment Limited (RSK) has prepared this report for the sole use of the client, showing reasonable skill and care, for
the intended purposes as stated in the agreement under which this work was completed. The report may not be relied upon by
any other party without the express agreement of the client and RSK. No other warranty, expressed or implied, is made as to
the professional advice included in this report.

Where any data supplied by the client or from other sources have been used, it has been assumed that the information is
correct. No responsibility can be accepted by RSK for inaccuracies in the data supplied by any other party. The conclusions
and recommendations in this report are based on the assumption that all relevant information has been supplied by those
baodies from whom it was requested.

No part of this report may be copied or duplicated without the express permission of RSK and the party for whom it was
prepared.

Where field investigations have been carried out, these have been restricted to a level of detail required to achieve the stated
objectives of the work.

This work has been undertaken in accordance with the quality management system of RSK Environment Ltd.



CONTENTS

1 INTROBDU G ON s i i s 1
i R 0] 1T To 11 i B s L R e SRS S R e i B e S A 1
e o o L R e 1
13 EXISHNGIOPOITS - (v e L e R e S e e L e e e 2
0 G BN (21 7= 1 [T Iy DRty o s s S i e Mo s etk e R e S e e 2

20 SITEINEORMATION . e e e st e vt s vas e ranbrony tam s b b Re A Nen Lo m et ne Tl e 3
2 S oA O . R R e 3
i i (2o o) 1) g B R L e L R S 3
2.3 Proposad siBUSE. bl i i st s et B S B R e S 3

3. PRELIMINARY RISK ASSESSMENT ......cccicci i s diniineinidainniaseskismaasatisssatns sirasinenansnsarayasss 4
3.5 Geclogy and yarogeoIagY. . o 4
LA w1 e o e e N L i s e 5]
G HE U o L e e e e R T R Sl S BT S e D R e e LR 5
SIS = s [ P s e e e e 5
o = = = g e ez | T 1o e R L S A e o L SR R 6
365 Previous nyestigalions . sl i i S e L e e e 6
3.7 Conclusions of pProvioUs RO K FOPOTIS .. oot oo osisesaniatess sivetestansunss by s netia oot bas el uebiastossoness 7
3.8 cdnitial concantualmodBl . e R i s i i s e i e e e s e 8

3.8.1 Summary of potential contaminant SOUICES...........cocciieriiiiiiieee e aeeens 8
S8 2 e SIIVE TGPl & e i R i e T e et s e s S e S e A 8
3.8.3  Summary of plausiDIe DANWAYS ... .....cowessissussasiosnonsnssnes shikss sossrins sns s socssnbusassnolsnsons 9
3.8.4 Potentially complete pollutant INKAges........ccocvieeeiiiiiiiie e 9

4. . SITE INVESTIGATION METHODOLOGY .....ciciiiisirnsassacioassharisssnssosssroisniaebussivihsassensosssrsvinnisavasnss 13
4.4 Sampiling sirategyiang Methoaology: i i s i e s Dot dissborrarasd S vadth s siead 13
42" Health.and safely considerations .. i . e i s 13
4.3 Investigalion l0Calon S e e 14
4.4 Soil sampling, in-situ testing and laboratory analysis ............ccocoiiiiiieiiiiiii s 15
4.5 Grouncwater monitoring andlevelling ... .. i i i v devesasven e sauasaaken 16
4.6 Groundwater developing, sampling and analysis.........ccccceiiiiiiieieiiiiiiecceee e 16
4.7 Surface water sampling and @nalySiS .......c..ccceciinieniieisnnienire s snre e sssessanassneessesanes 17
4.8 Ground - gas IO . L 17
e RS a1 e e e s el e e 17

5 EGROUND CONDITIONS .. i i i amains isdanaia s bas seaanhbey s Ss i s34 seaniyan L bhs e e ey o n¥ s Uat i e R oaiang 19
L B R b e e e e el o L e S O S s e e 19

il TauMade grobin s e i e T L S N S R e e 19

LT e BT T = 1y T T2 10 (= o To |- e e B s B e e e 21
LRl o To o] [ e S e S e s e e D e vl e e 22
Lyt e THT s 7 | 1= s R it 16 IS S e S | B b e L e s e S T 22
Bl ErOUN GASIIOGIMIE . i i b vt T e Ty e Ry s e B S e o ey T ba s e o v Tt o v 25
55 Praliminary: fosils of SKID 100 OIS i iiiii i iiatissnssisdimissisisin e ot iiss issrsntaini o 26
5.6 Investigation of potential shallow underground miniNg..........ccocoovciiiniicinniiiciie 28

Harworth Estates

Geo-Environmental Assessment: Former North Gawber Colliery

321370-R3 (01)



561 Rotary probe dilling o G i G e et e b o e s 28

562 Borsholes B0 00 BR0a . o e s e il s i vens i i SRS nns s e b e e 28

h6:3 BorenolasiR200 At RUD .. e ar Shasceus hanvasaih ighs om serss caAns 29

064 Shallow MiINe WOTKINGS it o s asie i s vssans s Easasyhans sekvaeEhrssasvh o hs ioh RSy gt e tn 29

5.7 Investigation of concrate ODSIUCHONS .. ... v it neesca st sirassaenesenessdsastsnssansare ot asas 30

58/ Inveshgation ofmine entHas . e e 30

5.9 Refinement of the initial conceptual site model ............ooooeeeeiiieie e 33

6 QUANTITATIVE RISK ASSESSMENT ... ci.iiciicisinicisasinsassisninsesisssastssansssaassissasasyasanisssnsniinsans nass 34
o I | Lo i e e L LT = g e e e e e o il 34

B2 Agsessment and reste R e e 35
6.2.1 Direct contact with impacted soil by future site USers..........cccccoviiiiiiiiiiiiiiiicicie 35

6.2.2 Chemical attack on potable water SUPpPlY PIPES........cccciiviiiiiiireciie e 40

6.2.3 Uptake of phytotoxic contaminants.............cccveeeiieeniisiiieiin e 40

6.2.4 Migration of contaminants to groundwater in Secondary A aquifer.............c.cccccceenee 41

T TR Ty o T o T A e e S R e o e MR SR e T e T Ry 43

6.2°6: 'Ignitioniof combustible'matenial. . i i s e e 44

6.2.7 Migration of ground gases into buildings on site and harm to occupants.................. 46

5.3 “Envinonmental assassment CONCIUSIONS ... . i i soinlieiioissets isssssbiesvev bnaraasvusbsvssi srusalines 49

7 . GEOTECHNICAL SITE ASSESSMENT .......coocorsmnsrsrerissssisssunnsssstsssssssissasssrromsnasssasissinesrsssnmassasis 51
7.1 Engineering considerations............... o L e P e e e G A s B R 51

7.2 Geotechnleal azands ... i i i Tt s sty bk s et s 51

LR o TE (150 1 [0] 2 1: SN SR e e S i e S e Pl e e P e Lo 00 (e S A et M D
3 Gaeral SURbI Y e e e R T e T S D3

T332+ Shallow spreadifoundations ... s 54

F 3 R At U A ON S s e s e L 55

T S 11T [ 7o TU T e Fo | o] Lo pioiiet s et S E Rl e e R BRI i T e s R 56

7.3.5 Foundation works risk assesSment.............ccccieriiimrriieiesinnienienesrmsrsissserenssssssessansneass 56

36 EIoorSIabS . e e e s e 57

7.3.7 Roads, hardstanding and drainage............cccoiuiiiiiieiiniiieciieceiee e er e 57

7348 Chemicalattack onburedGoncrete ... .. . iy o e b 57

8 REUSEOF MATERIALS AND WASTE ...t iiiiniiies s assnassnsissarssorsassaseliss sinasossesassinsaasns 59
81" Reuseofsuitable matarals . o o s e i i s viossintis o 59

8.2 Treatment to meet suitable-for-use Criteria...........ocvvi it s sssis 59

B:3. Reuseipfwastematerials i e ke S s iy e s e e 60

o B T o 8 o0 = | o ot PP T DA T T e o et bl e ket o e B O e 60

9 CONCLUSIONS AND RECOMMENDATIONS .........coioeiiicsnisesasssssssssasasssnsesssssasnssssasssensssssssnansn 61

2 1 BT = 0V o T g (o | e P e e i e LR e L e e e I e e L BB 61

L B e T [l T e e e A it ey o 61

2 Jo U = oo o T 1170y o e o e A e e e B e e I T R 62
s (< e 1 s e e o L e o B s 62

L2 Fbl B 0 o] o T [ T2 o7 e e e e s e e R e o e e e s L e 62

e Forabrami e T g =g o L T e e e o L e 63

2o e S by e e e TR L p 65
Harworth Estates ii

Geo-Environmental Assessment: Former North Gawber Colliery

321370-R3 (01)



TABLES

Table 1: Risk estimation for potentially complete pollutant linkages ........c.ccccocvvieeviieeeciec e
Table 2: Exploratory. hole |oCation atORalE .t voriiis e iste bt iansss o e an i aaey s bt e e vans h s o n ¥ bt s Mot e
Table 3: General succession of strata encountered.............cocoooiiiiii e e
Table 4: Summary of in-situ and laboratory test results for made ground ..........ccoccviiiiieiiiiiiieeecicienns
Table 5: Summary of in-situ and laboratory test results for weathered mudstone...........c.cccccceveveneee.
Table 6: Groundwater monitoring data (initial rouUNd) .........ccooiiieieiiecieccie e
Table 7: Groundwater monitoring data (Iong terM) ......ocvveiiiiiiicie e
Table 8: Summary of ground gas momitoring FeSUS. ...t s i sirma s e
Table 9: Regional atmospheric pressure prior to gas monitoring............coocieieiiiiiicniiieciee e
Table 10: Summary of mine entry information from desk study..........ccccceciiiiiiiiicn e
Table 11: Summary of mine entry iNVeStIGAatioNS ..........ccceeceeniiininnniiinessssiinsesassssssossasssasssresoscassasans
Table 12: Linkages for generic quantitative risk assessment..............ccooiiiiiiic e
Table 13: Location of elevated benzo(a)pyrene concentrations reported by SDA.............cc.cocvins
Table 14: Assessment of phytotoxic contaminants ...
Table 15 Exteedances of EQS N oroliGWALEE < o it isa it s sl 000 1 vehsbasavvs s oilss
Table 16: Exceedances of EQS for PAHs in surface waters ...........cocooiiiiiiiiiiiiiiiiie e
Table 17: Summary of main potential geotechnical hazards thal may affect site............ccococociiiiee.

Table 18: Design and construction of spread foundations ............cccccoiiiiiiiiiiiiiccicce e
Table 19: Design and construction of piled foundations.............cooeiiiiiiiiiiiee e
FIGURES

Figure 1 Site location plan

Figure 2 Exploratory hole location plan

Figure 3 Thickness of made ground

Figure 4 Plan indicating known concrete obstructions

Figure 5 Cross section of rotary boreholes A-A’

Figure 6 Cross section of rotary boreholes B-B’

Figure 7 Results of skip load tests

Figure 8 Constraints plan

APPENDICES

Appendix A Service constraints

Appendix B Summary of legislation and policy relating to contaminated land
Appendix C Risk assessment methodology

Appendix D Exploratory hole records

Appendix E Laboratory certificates for soil analysis

Appendix F Ground gas and groundwater monitoring data

Harworth Estates
Geo-Environmental Assessment: Former North Gawber Colliery
321370-R3 (01)



Appendix G
Appendix H
Appendix |

Appendix J
Appendix K
Appendix L

Harworth Estates

Laboratory certificates for groundwater analysis

Skip tests

Human health generic assessment criteria, residential use

Generic assessment criteria for potable water supply pipes

Generic assessment criteria for phytotoxic effects and controlled waters

Certificates of geotechnical analysis

Geo-Environmental Assessment: Former North Gawber Colliery

321370-R3 (01)



RSK

INTRODUCTION

1.1

1:2

RSK Environment Limited (RSK) was commissioned by Harworth Estates to carry out a
geo-environmental assessment of the site of the former North Gawber Colliery in South
Yorkshire.

This report is subject to the RSK service constraints given in Appendix A.

Objective

The objective of this review is to assess the ground conditions, and the ground treatment
required to enable the proposed future redevelopment of the land for residential use.

Scope

The scope of the investigation and layout of this report has been designed with
consideration of CLR11 (Environment Agency, 2004a) and BS 10175: 2011 (BSI, 2011)
and guidance on land contamination reports issued by the Environment Agency (EA)
(2010a). A summary of legislation and policy relating to contaminated land is provided in
Appendix B.

The scope of works for this report was set out in RSK's proposal reference (M)321370-
T-L02 dated 22 July 2013. The brief included:

e an intrusive investigation consisting of nine cable percussion boreholes, six rotary
holes and five days of trial pit excavation, with soil sampling and laboratory analysis,
together with subsequent groundwater and gas monitoring

e four skip loading tests, to assess the settlement performance of the existing fill
materials under loading

« development of a refined conceptual site model followed by generic quantitative risk
assessment (GQRA) to assess complete pollutant linkages that may require the
implementation of mitigation measures to facilitate redevelopment

e interpretation of ground conditions and geotechnical data to provide
recommendations with respect to foundation and infrastructure design

e a factual and interpretative report, including a development constraints plan, and
providing recommendations for further works if required.

Harworth Estates 1
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1.3

1.4

RSK

Several existing reports relating to the North Gawber site were reviewed by RSK.
Following that review, RSK produced the following summary report providing comment
on ground conditions across the site area:

Existing reports

e RSK, Appraisal of Ground Conditions: Former North Gawber Colliery, South
Yorkshire, March 2014 (ref. 321370-R1 (01)).

Section 2 of the present report summarises the principal points from this earlier RSK
appraisal, which provides full references to the earlier reports that were consulted during
its preparation.

A second report prepared by RSK detailed the mining history of the site and assessed
the potential effects on the proposed development.

¢ RSK, Coal Mining Risk Assessment: Former North Gawber Colliery, South
Yorkshire, March 2014 (ref. 321370-R2 (01)).

Again, Section 2 of the present report summarises the principal points from this earlier
RSK assessment, which provides full references to the records and publications that
were consulted during its preparation.

Limitations

The comments given in this report and the opinions expressed are based on the ground
conditions encountered during the site work and on the results of tests made in the field
and in the laboratory. However, there may be conditions pertaining to the site that have
not been disclosed by the investigation and therefore could not be taken into account. In
particular, it should be noted that there may be areas of made ground not detected due
to the limited nature of the investigation or the thickness and quality of made ground
across the site may be variable. In addition, groundwater levels and ground gas
concentrations and flows may vary from those reported due to seasonal, or other,
effects.

Harworth Estates 2
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SITE INFORMATION

2.1

2.2

23

Site location

The site is located in Mapplewell, approximately 4km north-west of Barnsley. Figure 1
shows the site location and Figure 2 provides information relating to the site boundary.
The approximate centre of the site is located at Ordnance Survey National Grid
reference 433,050E 409,650N. The site occupies an area of approximately 16 hectares
and comprises three main terraces, starting at an elevation of approximately 95m above
Ordnance Datum (AOD) in the northern part of the site, falling to 70m AOD in its
southern part.

Site description

The site comprises an area of colliery spoil, with sparse grass and some areas covered
by trees. There is a drainage ditch running north-west to south-east in the southern part
of the site. Ordnance Survey mapping indicates that a public right of way runs alongside
this drainage ditch.

To the north of the site there are modern warehouse and factory buildings. A car body
repair garage is using a small hardstanding area of approximately 200m? in the north-
east corner of the site to store cars. The site boundary passes along the edge of North
Gawber Football Club’s pitch, outside the north-west corner of the site.

There are residential properties and some industrial buildings off Carr Green Lane,
which runs along the eastern boundary of the site. There are also residential properties
on Spark Lane, which borders the site to the west.

A birch woodland defines the southern boundary, beyond which the reclaimed colliery tip
is used as grazing land.

Proposed site use

Full planning permission is sought for the remediation and restoration of the site and
outline planning permission is sought for up to 325 dwellings, open space and
associated infrastructure with all matters reserved except for access. It is understood
that previous planning permission was granted in January 2012.

Harworth Estates $
Geo-Environmental Assessment: Former North Gawber Colliery
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PRELIMINARY RISK ASSESSMENT

31

More detailed information for the former North Gawber Colliery site is provided in the
RSK Appraisal of Ground Conditions, report reference 321370-R1(00), and the RSK
Coal Mining Risk Assessment, report reference 321370-R2(00), which should be read in
conjunction with this report. A brief summary of the relevant information is included
below.

Geology and hydrogeology

Published records indicate that there are no superficial geological units across the site,
although thin glacial deposits have been encountered on site during previous
investigations.

The bedrock is recorded as the Pennine Middle Coal Measures Formation, comprising
mudstone, siltstone and sandstone with coal seams. The Kent's Thin coal seam
outcrops across the northern part of the site, striking from north-west to south-east. This
is underlain by the Kent's Thick seam (also known as the Mapplewell seam), which
outcrops across the centre of the site. This is underlain by the Barnsley Rider coal seam,
which outcrops south of the site boundary. The coal seams dip to the northeast. A seam,
denoted as ‘M’ on the six inch geological map, which presumably refers to the
Mapplewell Coal (the Kent's Thick) is shown to dip at a ratio of 1 in 21, or approximately
3 degrees.

Figure 2 shows the mapped location of the coal seam outcrops in relation to the site.
A Coal Authority mining report obtained by RSK contains the following information:

e the site is within the likely zone of influence from nine worked coal seams, from
shallow depth to 340m below ground level, last worked underground in 1981

e reserves of coal exist which may be worked in the future, although this has not been
licensed, nor is it awaiting a licence

e the Coal Authority has not received a damage notice or claim for the subject
property, or any property within 50 metres, since 31st October 1994

¢ eight mine entries are present on, or within 20m of the site. Three of these were
adits, and five were shafts

e parts of the site are within the boundaries of two historical opencast sites.

The bedrock units are classified as a secondary A aquifer. There is an active
groundwater abstraction point for commercial use approximately 1300m west of the site.
In view of its distance from the site, and the likelihood that groundwater flow beneath the

Harwarth Estates 4
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3.3

3.4
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site is towards the River Dearne, to the south, it is unlikely that the site will have any
adverse effect on this abstraction. There are no groundwater source protection zones
(SPZ) on or near the site.

The soils beneath the site are classified as having ‘High Urban’ (HU) leaching potential,
defined as follows:

e HU - soil information for restored mineral workings and urban areas is based on
fewer observations than elsewhere, so a worst-case vulnerability classification is
assumed until proven otherwise.

Hydrology

The early historical maps indicate that a stream flowed in a southerly direction almost
directly through the centre of the site. This appears to have been diverted.

Current maps show:

e a stream running from west to east across the southern part of the site, generally at
a lower level than the surrounding ground and flowing partially in culvert

¢ issues in northwest comner of the site, flowing generally southwestwards along the
approximate site boundary, sinking close to the main stream noted above

e adrain in the eastern part of the site, running southwestwards, apparently entering a
culvert leading to the main stream.

It appears that site drainage generally discharges to the main stream crossing the
southern part of the site, which joins the River Dearne approximately 500m south of the
site. The Envirocheck database records the river quality chemistry assessment of the
Dearne as generally “Grade B — Good”, although it has sometimes been “Grade C —
Fairly good”.

No surface water abstractions are recorded on or within 2km of the site.

Waste

There are no landfill sites or waste management facilities within the site boundary,
although the northern and southern parts of the site, in addition to areas to the south and
east of the site, were used as colliery spoil tips.

Radon

Previous reports indicate that the site lies in an area where basic radon protection
measures would be required in the construction of new houses, and this is confirmed by

Harworth Estates 8
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3.6
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the map included within the BRE publication ‘Radon - Guidance on protective measures
for new buildings’ (2007).

However, the Envirocheck environmental database report accesses more up to date
information held by the British Geological Survey (BGS), which is based on a 25m grid
map, developed jointly by the BGS and the Health Protection Agency (HPA), rather than
a 1km grid, as shown on the maps published in 2007 by the BRE. Thus the Envirocheck
assessment is considered equivalent to a BGS stage 2 assessment.

The higher-resolution data set indicates that site is located within an intermediate
probability radon area, as between 1% and 3% of homes are above the action level, as
defined by the National Radiological Protection Board. Consequently, on the basis of
this recent refined dataset, radon protective measures are not necessary for new
housing development on the site.

Review of historical maps

Between 1854 and 1893 North Gawber Colliery was constructed in the northern and
central part of the site and comprised coke ovens, an engine house, and the North
Gawber Colliery Railway. An aerial ropeway passed from the main works in the centre in
a south-easterly direction, and later a conveyor was constructed to take colliery spoil off
site and dump it on land to the southwest of the site. Two opencast mines were
excavated within the site boundary, one in the north-west corner of the site close to what
is now the football pitch, and the other excavated during construction of the colliery
settling lagoon near the centre of the site. Additional settling lagoons were created in the
southern and south-west parts of the site. Between 1983 and 1993 the colliery and
railway was dismantled, and lagoons were backfilled leaving the site as it is today.

Previous investigations

The RSK appraisal report summarised the results of the previous site investigations
carried out by Scott Doherty and Associates Limited (SDA).

SDA reported that the entire site was underlain by colliery backfill/spoil including ash,
and demolition material. The thickness of made ground was reported as ranging from
3.5m to 13.8m, and the thickest deposits were generally encountered in the northern
part of the site. Thin deposits of glacial till were encountered in many parts of the site,
overlying mudstone or sandstone.

Chemical analysis of soil samples from the made ground identified a number of
exceedances of the screening values used by SDA, although in some cases the RSK
screening criteria are higher than those applied by SDA. For some substances, in
particular polycyclic aromatic hydrocarbons (PAHs), the RSK criteria are lower than
those applied by SDA, so a reassessment of the data to current standards was required.

Harworth Estates 6
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The contamination assessment of the made ground identified widespread contamination
by arsenic, in addition to sulphate contamination in some parts of the site, acidic
conditions and minor exceedances of the total petroleum hydrocarbons (TPH) and PAH
assessment criteria. In the north-east part of the site there were additional minor
exceedances of cadmium, chromium, nickel, zinc, and PAHs, in particular
benzo(b)fluoranthene, dibenzo(ah)anthracene and benzo(a)pyrene.

Elevated concentrations of TPH and sulphates were encountered in groundwater
samples retrieved from the monitoring wells. The site of the former colliery was
considered to represent the principal source of contamination.

The available ground gas monitoring data, based on four rounds of monitoring in seven
boreholes during 2007 and 2008, records methane concentrations were below detection
limits, and concentrations of carbon dioxide up to 11.8% vl/v, although gas flows were
always negligible.

Cement bonded asbestos was found in one trial pit during the SDA 2009 investigation.
Four additional pits were excavated nearby to assess whether there might be significant
asbestos contamination in this vicinity, but no other asbestos was found. Twenty-nine
samples of made ground from locations across the site were screened in the laboratory
for the presence of asbestos, but none was found.

3.7 Conclusions of previous RSK reports

The RSK appraisal report concluded that a ground investigation should be undertaken to
cover areas not addressed in the SDA investigations. The required scope of
investigation should include the following:

e trial pit investigation to:
o determine the depth of shallow made ground
o determine the extent of concrete still present on the site

o collect additional samples for chemical testing, particularly in the settlement
lagoon areas and around the previously identified contamination ‘hotspots’

o collect bulk soil samples for earthworks classification, pH analysis and
sulphate testing

e borehole investigations to:

o provide information about the depth of fill material in areas of the site where
this is not known

o install shallow monitoring wells to assess the groundwater and gas regime

Harworth Estates 7
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o locate coal seams by rotary drilling and determine whether they have been
worked

» tests to monitor the settlement of the ground as a result of loading

« comparison of all contamination test results with updated soil screening criteria in
line with CLR11.

The RSK coal mining report identified similar requirements, but also included the
following:

o location of mine entries, by intrusive investigation and geophysics if
necessary

o refinement of the development constraints plan, to assist in the adoption of

an economic layout for the proposed residential development.

3.8 Initial conceptual model

The available information has been used to compile an initial conceptual model. The
identified potential sources of contamination, associated contaminants and receptors
have been considered with plausible pathways that may link them. The resulting
potential pollutant linkages are considered in Section 6. The risk classification has been
estimated in accordance with information in Appendix C.

3.8.1 Summary of potential contaminant sources
Potential sources and contaminants of concern identified for the site are:

« made ground, indicated by previous investigations to have concentrations of arsenic
frequently above the assessment criteria, and some concentrations of metals, TPH
and PAHSs above the criteria

« made ground containing bio-degradable material, with the potential to release
ground gases

e coal measures strata, with worked coal seams, potentially releasing ground gases

e colliery waste with a high proportion of combustible material, potentially present
within made ground.

3.8.2 Sensitive receptors
The following likely sensitive receptors have been identified for this site:

e existing and future site residents and users

Harworth Estates 8
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 proposed houses and infrastructure

* residents and commercial workers, on adjacent sites
+ trees and plants in proposed landscaping

* potable water supply pipes

« groundwater in the underlying Coal Measures, designated a Secondary “A" aquifer
(no abstractions identified)

e surface watercourses, including the River Dearne, 500m from the site.

Please note that construction workers have not been identified in the conceptual model
as receptors, because risks are considered to be managed through site health and
safety procedures compliant with the CDM regulations.

Summary of plausible pathways
The plausible pathways are summarised below:

e direct contact (including dermal contact and soil or dust ingestion)

inhalation of dust, fibres, gases and vapours

e leaching of contaminants

e vertical and lateral migration of ground gases and / or groundwater
o chemical attack on water supply pipes

* plant uptake

e ignition and spreading of fires.

The possibility of sulphate attack on buried concrete is considered in the geotechnical
section of the report, rather than as a contamination issue.

Potentially complete pollutant linkages

The outline conceptual model and an estimate of the risk associated with each linkage is
summarised in Table 1. The risk classification has been undertaken in accordance with
CIRIA C552 (Rudland et al., 2001), a summary of which is included in Appendix C.
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The potential pollutant linkages with a risk of moderate/low or above that require further
investigation are:

1. direct contact between future site users and impacted shallow soils
2. chemical attack on potable water supply pipes
3. uptake of phytotoxic contaminants by plants

4. leaching of contaminants and migration to groundwater in the underlying Secondary
‘A’ aquifer

5. leaching of contaminants and migration via surface water drainage to the River
Dearne

6. ignition of combustible material within made ground and subsequent risks to site
users from voids in the ground and inhalation of combustion products

7. migration of ground gases into future buildings on site and harm to occupants from
asphyxiation or explosion.
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RSK

SITE INVESTIGATION METHODOLOGY

4.1

4.2

RSK carried out intrusive investigation work and subsequent ground gas and
groundwater monitoring between August and November 2013 to achieve the aims
identified in Section 3.7.

Sampling strategy and methodology

The techniques adopted for the investigation were chosen considering the anticipated
ground conditions, existing land use and the proposed development. Investigation
locations were chosen to supplement previous intrusive investigations, and targeted
areas of the site such as the infilled settlement lagoons and the remains of building
foundations present on site.

Cable percussion boreholes were sunk using a Dando 2000 rig, through fill materials to
the underlying bedrock in order to establish the depth of the made ground across the
site. This drilling technique is able to penetrate through cohesive and most granular soils
and into shallow weathered bedrock, and carry out Standard Penetration Tests (SPTs)
during the drilling. Gas and groundwater monitoring wells were installed in each of the
boreholes.

Rotary boreholes were drilled using a vehicle-mounted Massenza M.1.6 rig using an
open-hole water-flush method. The objectives were to determine the depth and
approximate thickness of the coal seams, identify whether they may have been worked
and assess the thickness and competency of rock above any worked seams. These
boreholes were backfilled with arisings and, where the volume of arisings was
insufficient to fill the hole, bentonite.

In the weeks following those intrusive works return visits to the site were made to collect

groundwater samples and to undertake ground gas monitoring.

Health and safety considerations

A site-specific health and safety plan was created to cover all of the works involved.

Plans showing the routes of any underground services were provided by the client in
advance of intrusive works, and all investigation locations were scanned by the RSK
engineer using a cable avoidance tool.

Water flush was used during the rotary drilling as this is considered a safer flush
technique than compressed air. This is because it decreases the risk of combustion in
the coal seams, reduces the potential for hazardous gases to migrate to the surrounding
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environment and buildings and prevents the dispersion of any potentially contaminated
dust into the atmosphere.

4.3 Investigation locations

The following site work was carried out between 5 August and 19 September 2013:
e twenty-seven trial pits, excavated to a maximum depth of 4.4m

 nine cable percussion boreholes, sunk to depths between 4.18m and 12.73m with
SPTs at 1.5m intervals

e six rotary boreholes to depths between 9.2m and 30.0m

e nine shallow groundwater/ground gas monitoring installations installed in the cable
percussion boreholes

» four skip load tests, set up to monitor the long term settlement response of the made
ground under loading.

The investigation and the soil descriptions were carried out in general accordance with
‘BS 5930:1999. Code of Practice for Site Investigations’ (BSI, 1999). The exploratory
hole records are presented in Appendix D.

The trial pits and boreholes were located firstly to provide additional information
regarding specific site features identified in the PRA and secondly to provide additional
information to supplement previous investigations. The rationale for the locations is
given in Table 2. The locations of these intrusive investigations are shown in Figure 2.

Table 2: Exploratory hole location rationale

Exploratory hole number Rationale

TP201 — TP205 Targeted to investigate visible surface concrete obstructions.

Also, to delineate southern limit of area indicated by SDA to be

TP202 — TP204 contaminated by PAHs

Also, to delineate north-western limit of area indicated by SDA to

eilc be contaminated by PAHs

TP206 - TP207 Targeted to investigate concrete, possibly related to adit 433409 —

016
TP208 - TP212, TP226, | Targeted on recorded location* of adit 433409 — 028, search area
TP227 expanded when results inconclusive

Targeted on recorded locations of infilled lagoons in south-western
part of site, to investigate whether soft made ground may be
present in these areas

TP213 - TP215, TP221,
TP222 & BH203
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4.4

Exploratory hole number Rationale

Targeted on recorded locations of infilled lagoons in eastern part
ol Ll f site, to investigate whether soft made ground may be present i
BH201, BH207 of site, to investigate whether soft made g y be present in
these areas

Targeted on recorded location of backfilled opencast mine
TP219, TP220 & BH206 | workings, in eastern part of site, that were excavated before
lagoon construction

TP223 - TP225 Targeted on footprint of historic building in northeast part of site

Also, to delineate south-western limit of area on northern

i) boundary indicated by SDA to be contaminated by PAHs

BH202, BH204, BH205, | To obtain additional information in areas where previous
BH208, BH209 investigation boreholes were widely spaced

Section across site, in direction of dip, close to recorded adit
R201 — R204 locations, to intersect the mapped locations of the Mapplewell and
Kent's Thin coal seams

Section across the eastern part of the site, in direction of dip, to
R205 — R206 intersect the mapped locations of the Mapplewell and Kent’s Thin
coal seams

*Recorded location provided in The Coal Authority Mining Report (reference 71000481021001)
provided in RSK report 321370-R1 (00).

The planned investigation locations were set out initially using a hand-held GPS unit,
and then, after completion, surveyed to obtain accurate coordinates and ground levels.

Soil sampling, in-situ testing and laboratory analysis

Environmental samples were taken at each trial pit location mainly from the top 3m of
the soil, as this is the soil that would pose the greatest risk to human health if it was
contaminated. Samples were occasionally taken from greater depths in order to provide
information on deeper soils. A sample of the soils within an earth mound on the southern
part of the site was also recovered. The sampling location is shown on Figure 2.

Soils for laboratory analysis were collected in a variety of containers appropriate to the
anticipated testing suite required. Samples were stored in accordance with the RSK
quality procedures to maintain sample integrity and preservation and to minimise the
chance of cross contamination.

All samples are recorded together with their depths on the exploratory hole records in
Appendix D. The samples were transported to the laboratory in chilled cool boxes.
Laboratory chain of custody forms can be provided if required. A selection of samples
were tested for a suite of chemicals appropriate to the potential contaminants identified
in the conceptual site model. The results of the laboratory soil testing are presented in
Appendix E.
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SPTs were carried out in boreholes at 1.5m intervals during the cable percussion drilling,
in accordance with part 9 of BS 1377:1990 (BSI, 1990). Test results are given on the
borehole records presented in Appendix D. Disturbed samples were taken at 1.5m
intervals for subsequent geotechnical analysis. Bulk samples for geotechnical analyses
were also recovered from trial pits.

4.5 Groundwater monitoring and levelling

Depths to any groundwater were recorded using an electronic interface probe during the
drilling process and then after the completion of monitoring wells on 30 July 2013. The
monitoring results are presented alongside the gas monitoring data in Appendix F.

4.6 Groundwater developing, sampling and analysis

Subsequent to the installation of groundwater monitoring wells the installations were
developed at least one week before sampling.

Groundwater samples were retrieved using a United States Environment Protection
Agency (USEPA) approved low-flow purging and sampling methodology. The low-flow
method relies on moving groundwater through the well screen at approximately the
same rate as it flows through the geological formation. This results in a significant
reduction in the volume of water extracted before sampling and significantly reduces the
amount of disturbance of the water in the monitoring well during purging and sampling.
Drawdown levels in the monitoring well and water quality indicator parameters (pH,
temperature, electrical conductivity, redox potential and dissolved oxygen) are monitored
during low-flow purging and sampling, with stabilisation indicating that purging is
complete and sampling can begin. As the flow rate used for purging, in most cases, is
the same or only slightly higher than the flow rate used for sampling, and because
purging and sampling are conducted as one continuous operation in the field, the
process is referred to as low-flow purging and sampling.

In-situ water quality measurements undertaken during the low-flow sampling process are
provided in Appendix F. In some of the boreholes the slowest pump setting was faster
than the recharge rate in the boreholes, so the groundwater level was drawn down. In
these cases the in-situ water quality measurements were not taken, and samples were
taken immediately.

The groundwater samples were collected in containers appropriate to the anticipated
testing suite required. The containers were filled to capacity and placed in a cool box to
minimise volatilisation. Samples were transported to the testing laboratory under chain
of custody documentation. The results of the laboratory groundwater testing are
presented in Appendix G.
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4.8

4.9

RSK

Surface water samples were taken from the culverted stream that runs from west to east
in the southern part of the site. An upstream sample, labelled ‘upstream’ was taken at
the first available on-site point in the stream, and a downstream sample, labelled
‘downstream’ was taken at the last available on-site point, close to the gate that provides
access to the site from Carr Green Lane.

Surface water sampling and analysis

The surface water samples were collected in containers appropriate to the anticipated
testing suite required. The containers were filled to capacity and placed in a cool box to
minimise volatilisation. Samples were transported to the testing laboratory under chain
of custody documentation.

Ground gas monitoring

An attempt was made to locate the monitoring wells installed by SDA during earlier
phases of investigation. Only one well could be located and that was seen to be
unsuitable for monitoring, because the slotted casing extended above ground level,
potentially permitting movement of ground gas out of, and surface water into, the well.
Consequently, only the nine wells installed by RSK during the present phase of work
could be monitored. Six gas monitoring rounds were undertaken.

An infrared gas meter was used to measure gas flow, concentrations of carbon dioxide
(CO;), methane (CH4) and oxygen (O;) in percentage by volume, while hydrogen
sulphide (H2S) and carbon monoxide (CO) were recorded in parts per million. Initial and
steady state concentrations were recorded.

All monitoring results together with the temporal conditions are contained within

Appendix F and discussed in Section 5.4.

Skip tests

Preparations for the skip load tests commenced on 18 September 2013. Four test
locations were selected, to assess areas with differing thickness and type of made
ground, located as follows:

e P1—over made ground (near TP135, made ground to 3.7m)

e P2 —over deep made ground (near BH10, made ground to 8.6m)

e P3 —over made ground (near TP143, made ground to 3.7m)

* P4 —|ocated over an infilled lagoon (near BH206, clayey made ground to 4.8m).

These test locations are shown on Figure 2.
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Each test area was prepared by excavating any soft or loose material. Timber shuttering
was then fixed in place at each location, to form a test foundation 1.5m square, and
0.5m thick. The concrete was poured on 19 September 2013. Four survey sleeves were
installed, one in each face of the foundation, to form accurate survey points for the
settlement measurements.

The initial foundation levels were determined for the first time on 23 September 2013, a
week before the foundations were loaded. On this occasion only 3 of the 4 survey points
on P1 and P2 could be monitored, as the inserts had been damaged during installation.
The foundation levels were again determined early on 1 October 2013, using these
original datum points, before the skips were placed on each foundation.

The load placed on each foundation comprised a pair of t'i),rd3 skips, filled with mudstone
fill excavated on site, and placed one on top of the other.

The levels were again determined on 3 October 2013, after the second skips had been
placed. The overhang of the skips beyond the foundation prevented the use of the
original survey points, therefore it was necessary to establish new survey points on the
foundation. The levels of each foundation were then determined on nine further
occasions.

The preliminary results of the tests, not corrected to the original datum points, are
presented in tabular form in Appendix H, shown graphically on Figure7 and are
discussed in Section 5.5.
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GROUND CONDITIONS

5.1

5.11

The results of the intrusive investigation and subsequent chemical analyses and
geotechnical testing undertaken are detailed below. The descriptions of the strata
encountered, notes regarding visual or olfactory evidence of contamination, list of
samples taken, field observations of soil and groundwater, in-situ testing and details of
monitoring well installations are included on the exploratory hole records presented in
Appendix D.

Soil

The exploratory holes revealed that the site is underlain by a variable thickness of made
ground over Coal Measures bedrock. In some areas of the site there was a thin layer of
glacial till, although this appeared to be less extensive than was indicated by previous
reports. For the purpose of discussion, the ground conditions are summarised in Table 3
below and the strata are discussed in subsequent subsections.

Table 3: General succession of strata encountered

Exploratory holes Depth to top of Reported

Strata encountered stratum m bgl Thickness (m)

Made ground All boreholes and trial pits Ground level 03to11.8

0.3 to 0.7, but full

Glacial till TP209 to TP212 23t02.9 depth not proved

R201 to R206, BH201, BH203
to BH207, BH209, TP214, 0.3t011.8
TP215, TP221, TP225

Coal measures
mudstone/sandstone

Full depth not
proved

Coal R201, R202, R203 and R206 | 3.2 t0 23.3 0.2to 4.8

Made ground

Evidence of former mining activities was observed in trial pits throughout the site area,
and included concrete, pipes, steel reinforcement, wire ropes unidentified metal objects
and timber.

Boulders were encountered in many trial pits, and measured up to 1.0m across. Both
natural sandstone boulders and large pieces of concrete were reported. It is probable
that larger boulders, especially pieces of concrete, could be present on site.

The composition of the made ground varied in different areas of the site. Where
possible, these variations have been summarised in the following generalised
descriptions. The thickness of the made ground as proved both in the previous phases
of work and the RSK trial pits and boreholes is shown on Figure 3, and obstructions
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encountered in the made ground during the RSK trial pit investigation are detailed on
Figure 4.

In the old lagoons area in the eastern part of the site: Made ground ranged in
thickness from 2.4m to 4.8m and generally comprised brown to black sandy gravelly clay
and clayey gravelly sand with pockets of sandy gravel and cobbles. The gravel and
cobbles generally consisted of mudstone, sandstone and brick. Gravel and cobbles
encountered were generally very angular to subrounded mudstone and sandstone and
brick. In BH206 and BH201 coal fragments were occasionally encountered. Sandstone
boulders and cobbles of clinker were recorded in BH206. Soils in this area were
generally finer than those found in the former railway and buildings areas.

This area is further complicated in that it was occupied by the former opencast. The full
depths of made ground were proved in two boreholes, BH09 and BH206, located either
side of the northern perimeter of the former opencast. Thickness of made ground
encountered either side of the former opencast perimeter were proved to be 3.8m and
4.8m bgl.

In the old lagoons area in the south-western corner of the site: The made ground
ranged in thickness from 1.5m to 3.7m. It generally comprised grey/brown clayey
gravelly sand and sandy gravelly clay over reworked clay. Gravel consists of mudstone,
sandstone, siltstone and brick. Occasional cobbles and boulders were observed. In
TP214 coal fragments were observed. Soils in this area were generally finer than those
found in the former railway and buildings areas.

At the site of the former railway sidings towards the western side of the middie
tier: The made ground ranged in thickness from 1.8m to 11.8m, and generally consisted
of black gravelly clays and sands over sandy gravel with occasional cobbles and
boulders. Gravel comprises sandstone, mudstone, brick and coal fragments.

In the vicinity of former buildings: The made ground ranged in thickness from 0.3m to
3.8m comprising black gravelly sandy clay, gravelly clay, gravelly sand and sandy
gravel. Gravel consisted of sandstone, mudstone, brick and coal with cobbles and
boulders. Generally soils were coarser than those encountered in the lagoon areas.
Demolition material was more evident in this area than the rest of the site, and TP203
comprised mostly demolition material.

In three trial pits (TP203, TP204 and TP216) hydrocarbon odours were recorded and a
slight sulphurous odour was noted in TP216.

A summary of the properties of made ground derived from the RSK investigation is
presented in Table 4, together with results from previous investigations for comparison.
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Table 4: Summary of in-situ and laboratory test results for made ground

Soil parameter {Nur\r‘:l:; f:?iz ts) Reference e oushaOe
Liquid limit (%) 39 to 49 (5) Appendix L 48 to 54
Plastic limit (%) 20 to 26 (5) Appendix L 22 to 32
Plasticity index (%) 19 to 24 (5) Appendix L not stated
Plasticity term Intermediate Appendix L not stated
Moisture content (%) 13 to 36 (5) Appendix L 17 to 43
SPT ‘N’ values 130t?095£)1(67)) Appendix D 1 00;05{:)(:2 1)
Maximum dry density (Mg/m®) 1.35t0 1.73 (6) Appendix L 1.18 to 1.71
Optimum moisture content (%) 15 to 22 (6) Appendix L 14 t0 17

It is noted that the previous report indicated some samples of higher plasticity than the
RSK samples. These higher results are comparable to the results for weathered coal
measures mudstone reported in Table 5 below.

The SPT values reported in the cable percussion boreholes sunk during the 2008
investigation by SDA, BH101 to BH117, were generally higher than those reported in the
RSK investigation. In only three SDA boreholes, BH112, BH113 and BH117 were SPT
values in made ground of less than 10 reported, and two of these locations, BH113 and
BH117, were within infilled lagoons. At only one location, BH112, was a particularly low
SPT reported outside a recorded lagoon area. During the RSK investigation SPT values
below 10 were reported in all nine boreholes. This in part confirms the previous finding
of potentially softer/looser ground in lagoon areas, as four of the RSK boreholes
(BH201, BH203, BH206 and BH207) were targeted on such areas. However, the RSK
results do indicate some lower SPTs in areas not affected by recorded lagoons.

5.1.2 Superficial deposits
During previous investigations bands of glacial till were reported across large parts of
the site. RSK engineers found angular mudstone, sandstone and siltstone gravels within
these strata, although the colour and characteristics of the clay was clearly distinct from
the strata above and below. RSK considers that much of the material previously
described as glacial till is actually reworked glacial till. Material that RSK considers to be
natural (i.e. in-situ) glacial till was encountered only as a thin stratum in TP209, TP210
and TP211.
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5.3
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Bedrock was encountered at depths between 2.0m (R206) and 11.8m (BH205). In most
of the boreholes and trial pits grey mudstone or yellowish brown sandstone was
encountered directly underlying the made ground, although in some locations the
material was highly weathered. The coal measures strata penetrated by the rotary
boreholes included occasional coal.

Bedrock

A summary of the properties of the weathered upper layers of the mudstone derived
from the RSK investigation is presented in Table 5. No comparable results are available
from earlier investigations.

Table 5: Summary of in-situ and laboratory test results for weathered mudstone

Parameter Range (%) (Number of tests) Reference

Liquid limit (%) 47 to 56 (2) Appendix L

Plastic limit (%) 21to 24 (2) Appendix L

Plasticity index (%) 26 to 32 (2) Appendix L

Plasticity term Intermediate to high Appendix L

Moisture content (%) 21to0 25 (2) Appendix L

SPT ‘N’ values 24 to 50 (18) Appendix D

Maximum dry density (Mg/m®) 1.54 and 1.73 (2) Appendix L

Optimum moisture content (%) 19 and 23 (2) Appendix L

Groundwater

Groundwater was encountered during the excavation of trial pits TP208, TP213, TP216
to TP218 and TP222. Groundwater strikes were encountered between 0.8 and 1.5m
depth and groundwater was encountered from 1.7m to 1.8m.

Water flush was used during the rotary drilling, so it is possible that groundwater could
have been present but not detected in the rotary boreholes. Water was recycled back
into the rotary holes, during drilling and there was never a time when water was coming
back out of a borehole at a faster rate than it was being pumped into the borehole. This
indicates that artesian groundwater was not encountered during the rotary drilling.
Partial or complete loss of flush into suspected old coal workings was reported in three
rotary boreholes, R203, R204 and R205.

Subsequent monitoring has recorded the presence of groundwater in six of the nine
cable percussive boreholes, at a level between 69m and 76m AOD. The full results are
presented with the gas monitoring data in Appendix F.

Harworth Estates 22
Geo-Environmental Assessment: Former North Gawber Colliery
321370-R3 (01)



RSK

It should be noted that groundwater levels might fluctuate for a number of reasons
including seasonal variations. There had been little rain on site for a number of weeks
prior to or during the site investigation.

The results of the subsequent groundwater monitoring undertaken during the first gas
monitoring visit are summarised in Table 6.

Table 6: Groundwater monitoring data (initial round)

Monitoring Depth to base of Material underlying Depth to water Water level

well made ground (m) made ground {(mb TOC) {m AOD)
BH201 5.20 Mudstone 0.956 71.884
BH202 2.20 Clay, over mudstone 4.379 70.509
BH203 3.10 Sandstone 3.905 72.195
BH204 2.40 il roldad Dry Below ~78.7
BH205 11.80 Mudstone 10.368 75.318
BH206 4.80 Mudstone 6.030 69.530
BH207 5.50 Mudstone 5.700 75.778
Clay over weathered
BH208 4.80 mudstone and Dry Below ~83.3
sandstone
BH209 3.80 Sandstone Dry Below ~85.6

The results are similar to the previous monitoring by SDA, which reported variable
groundwater depths in the range 0.1m to 7.2m below ground level (bgl), although the
report noted these levels were generally within the made ground.

The monitoring results do not appear to show any link between the depth of the made
ground and the depth to groundwater. In borehole BH205 (in the northern part of the
site) the recorded groundwater level is only just above the base of the made ground. In
contrast, in borehole BH201 (in the area of the infilled south-eastern lagoon) the made
ground is saturated with groundwater close to ground level. It is possible that the former
lagoon structure is retaining a perched water table in this area. But in the other three
monitoring locations in former lagoon areas (BH203, BH206 and BH207) the
groundwater level was below the base of the made ground, within the coal measures,
rather than within the lagoon. In BH202 (not in a lagoon area) the groundwater level was
also below the base of the made ground, within the coal measures.

During the subsequent RSK monitoring visits groundwater levels generally showed a
rising trend, which appears consistent with the persistent wet weather during the
monitoring period. The levels are detailed in Table 7.
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Table 7: Groundwater monitoring data (long term)

Monitoring Level Level Level Level Level Level
well Round1 Round2 Round3 Round4 Round5 Round6
(mAOD) (mAOD) (mAOD) (mAOD) (mAOD) (mAOD)
BH201 71.884 71.844 71.735 71.731 72.010 72.090
BH202 70.509 71.015 70.748 70.790 Dry 71.253
BH203 72.195 73.680 72.960 72.950 73.650 74.755
BH205 75.318 75.537 74.336 75.481 76.566 76.311
BH206 69.530 69.536 69.479 69.385 72.510 72.155
BH207 75.778 76.896 75.718 75.418 75.708 75.933

These results are shown below in graphical form:

Results of RSK Groundwater Monitoring
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In borehole BH201, where shallow perched groundwater was encountered within the
made ground of the former lagoon, the level rose by approximately 0.2m, to within 0.7m
of ground level. In two of the other three monitoring locations in former lagoon areas
boreholes BH203 and BH206 large rises in level of approximately 2.6m were recorded,
with the final levels monitored being within the made ground, rather than in the coal
measures strata. A smaller rise of only about 0.15m was recorded in BH207, the other
well within a former lagoon area. In wells BH202 and BH205, not situated in lagoon
areas, rises of approximately 0.75m and 1.0m were recorded.
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The check on well installation depth made during monitoring, as recorded on the field
sheets presented in Appendix F, shows a variation of approximately 2.5m in the depth
of well BH205 between several of the monitoring rounds. The well cover was vandalised,
and an obstruction may have been dropped down the well. It is thought that the dipmeter
sometimes catches on the obstruction, and sometimes not, giving the anomalous result
that the recorded depth became shallower, then deeper again. Reasonably consistent
overall installation depths were reported during the monitoring of the remaining wells.

The monitoring results do not provide a firm indication of the direction of groundwater
flow, but if BH201 is omitted (as perched water) the levels are generally consistent with
a southerly flow, as might be expected from the proximity of the River Dearne.

Where the made ground is underlain by glacial till or weathered mudstone the vertical
permeability is likely to be of low, and hence the potential for vertical migration of any
contaminants that may be present is low, but where the made ground directly overlies
sandstone the permeability is likely to be higher, and vertical migration may be possible.

Laboratory chemical analysis of groundwater samples identified concentrations of water-
soluble sulphate ranging between 995mg/l (BH203) and 3,860mg/l (BH207).

The groundwater analytical results are presented within Appendix G.

5.4 Ground gas regime

During the drilling of rotary borehole R206 violent bubbling of the water flush return was
reported at 14.0m depth, in a stratum interpreted from the returns as a coal seam. No
elevated concentrations of methane or carbon dioxide could be measured at the
borehole casing.

The full results of the ground gas monitoring carried out to date are given in
Appendix F. A summary of the maximum (for methane, carbon dioxide and flow) and
minimum concentrations (for oxygen) recorded in Table 8.

Table 8: Summary of ground gas monitoring results

Number of Methane  Carbon dioxide  Oxygen Flow rate

Borehole Strata monitoring (% viv) (% viv) (% viv) (I/hr)
visits Maximum Maximum Minimum  Maximum
BH201 MG 6 0.1 9.4 16.6 15.2
BH202 | MG 6 0.1 8.8 10.8 0.1
BH203 MG 6 0.1 6.2 13.9 0.1
BH204 | MG 6 0.1 3.8 15.3 0.1
BH205 | MG 6 0.1 7.2 12.6 0.1
BH206 | MG 6 0.1 9.5 0.5 0.1
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Number of Methane  Carbon dioxide  Oxygen Flow rate

Borehole Strata monitoring (% viv) (% viv) (% viv) (I/hr)
visits Maximum Maximum Minimum  Maximum
BH207 MG 6 0.1 8.4 12:3 0.1
BH208 MG 6 0.1 6.9 11.3 0.1
BH209 MG 6 0.1 46 16.2 0.1

To understand atmospheric pressure conditions in the days leading up to each of the
gas monitoring visits historical weather data has been obtained from an internet
resource (www.wunderground.com). The data is obtained from the closest weather
station to the site, which in this case was Darton, Barnsley. For each of the gas
monitoring visits the average sea level atmospheric pressure recorded on the three days
leading up to the visit and on the day of the monitoring are presented in Table 9.

Table 9: Regional atmospheric pressure prior to gas monitoring

Moxitorir Pressure 3 Pressure 2 Pressure 1 Pressure Piéaetre
S 9 days before days before day before on day of EAE
(mb) (mb) (mb) sampling P
05/09/2013 1018 1020 1010 1006 Falling
18/09/2013 990 992 990 992 Constant
02/10/2013 1006 1004 1005 1005 Constant
16/10/2013 1013 1008 1010 1003 Falling
28/10/13 1000 997 986 983 Falling
19/11/13 1028 1024 1009 1012 Brief rise
5.5 Preliminary results of skip load tests
The monitoring results to date for the four test foundations, referenced P1, P2, P3 and
P4, are presented in graphical form on Figure 7 and in tabular form in Appendix H,
which also includes the calculations showing the applied load on each foundation.
Test P1 — near TP135 (over made ground to approx. 3.7m)
The applied foundation load during this test was calculated as 88kN/m?.
Six days after the initial loading the settlements of the four monitoring pins ranged from
7.0mm to 10.5mm, averaging 8.6mm. Subsequently, the reported settlements
decreased slightly, then continued to vary, with an amplitude of approximately 2mm. At
the time of the last available reading, on 10 January 2014, approximately 14 weeks after
the initial loading, the maximum recorded settlements remained as 10.5mm, although
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the average settlement of the four monitoring points was then 7.1mm, 1.5mm less than
the initial settlement.

A maximum total settlement of 11mm, and differential settiement of up to 6mm is
considered representative of Test P1.

Test P2 — near BH10 (over deep made ground to approx. 8.6m)
The applied foundation load during this test was calculated as 83kN/m?.

Six days after the initial loading the settlements of the four monitoring pins ranged from
-1.6mm to 16.8mm, a differential of 18.4mm. These early readings appear erratic, but
the later readings were apparently more stable and showed smaller differentials. On
1 November 2013, approximately 4 weeks after the initial loading, the maximum
recorded settlement was only 10.8mm, and the maximum differential settlement was
also reduced to 6.4mm. At the time of the last available reading, on 10 January 2014,
the maximum recorded settlements remained as 10.8mm, although the maximum
differential settlement had reduced to 4.4mm.

A maximum total settlement of 11mm, and differential settlement of up to 5mm is
considered representative of Test P2. The presence of deeper made ground at this
location appears to have had little effect on the settliement characteristics.

Test P3 — near TP143, (over made ground to approx. 3.7m)
The applied foundation load during this test was calculated as 96kN/m?”.

Immediately after loading, the reported results were erratic, ranging from a settlement of
10.2mm to a heave of 5.2mm, a differential of 15.4mm. Subsequently the results
remained somewhat erratic, untii by 29 November 2103 much more consistent
settlements were reported, ranging from 7.6mm to 9.2mm, a differential of only 1.6mm.

During subsequent rounds of levelling three of the measurement points, P3-3, appeared
to heave, whist one continued to settle. At the time of the last available reading, on
10 January 2014, the maximum recorded settlement had increased to 12.2mm, and the
maximum differential settlement had increased to 8.6mm. Inspection of Figure 7
suggests that the readings for monitoring point P3-3 may be erroneous, as its
deflections bear no relationship to the other points monitored.

A maximum total settlement of 10mm and an average differential settlement of 4mm is
considered representative of Test P3. This test result is similar to tests P1 and P2.

Tests P3 —near BH206 (over infilled lagoon, clayey made ground to 4.8m)
The applied foundation load during this test was calculated as 115kN/m?.

Six days after the initial loading the settlements of the four monitoring pins ranged from
9.6mm to 14.8mm, a differential of 5.2mm. Some of the early readings appear erratic,
but the later readings were apparently more stable. On 1 November 2013 the maximum
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5.6.2

recorded settlement had increased to 12.9mm, and the maximum differential settlement
to 8.3mm. At the time of the last available reading, on 10 January 2014, the maximum
recorded settlements had increased to 15.9mm, and the maximum differential settlement
had increased to 11.3mm.

A maximum total settlement of 16mm and differential settlement of up to 12mm is
considered representative of Test P4. This test result suggests that over former lagoon
areas both total settlements and differential settlements are likely to be greater than in
areas of more typical made ground of a similar thickness.

Skip test summary

The tests indicate that total and differential settlements are generally low in the areas of
typical made ground, but greater settiements are likely in locations overlying the infilled
lagoons. Most of the settlement of the made ground occurred shortly after loading.

Investigation of potential shallow underground mining

Rotary probe drilling

Six rotary boreholes, designated R201 to R206 were drilled between 22 August and
2 September 2013 to investigate the potential presence of shallow mine workings in the
area indicated by the coal mining risk assessment report. The locations of the boreholes
are shown on Figure 2 and the borehole records are presented in Appendix D.

Boreholes R201 to R204

These boreholes were intended to form a section across site, in the direction of the dip
of the strata, close to the recorded adit locations, to intersect the mapped outcrops of the
Mapplewell and Kent’'s Thin coal seams.

A section has been drawn across these boreholes, together with rotary boreholes RO1,
RO2, RO3 and RO12 drilled during the SDA investigation, and is presented as Figure 5.

In borehole R201, located to the southwest of the mapped outcrops, a thin coal was
reported between 23.3m and 23.5m depth, but there was no evidence of workings.

In borehole R202, located at or close to the expected location of the Mapplewell coal
outcrop, only a thin coal was reported between 13.8m and 14.0m depth, and again there
was no evidence of workings.

In borehole R203, located to the northeast of the mapped outcrop, a workable thickness
of coal was reported at 10.0m depth, accompanied by some loss of flush, indicating
possible workings in the vicinity. This seam appears to correlate with the expected
location of the Mapplewell coal. At this point the rock cover above the roof of the seam is
only about 4m, so it will be necessary to stabilise any workings in this area.
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Based on the available mapping, it was expected that borehole R204, located further
down-dip, would intersect the Kent's Thin seam at shallow depth but no evidence of a
shallow seam was observed at this location. An open void was reported between 18.2m
and 21.0m depth, accompanied by total loss of flush indicating, based on its thickness, a
roadway or adit. This again appears to correlate with the expected level of the
Mapplewell coal. At this point the rock cover above the roof of the seam was about 13m.
This cover would be adequate for workings in the expected worked seam thickness of
circa 1.0m, but would not be adequate at this particular location because of the height of
the void encountered, so it will be necessary to stabilise this area.

The available data assessed in the coal mining risk assessment, including shaft records
and published maps, variously indicated the dip of strata as between 1:12 and 1:21.
Boreholes R203 and R204 were located 87.1m apart, and the seam was located at a
level 3.01m deeper in R204, which suggests an apparent seam dip of only 1:29. As the
line of section between the two holes is approximately in the direction of the expected
dip, the true dip is likely to be only slightly greater than this value.

Boreholes R205 and R206

These boreholes were intended to form a section across the eastern part of the site, in
the direction of the dip of the strata, to intersect the mapped outcrops of the Mapplewell
and Kent's Thin coal seams. A section has been drawn across these boreholes, together
with rotary boreholes drilled during the SDA investigation, and is presented as Figure 6.

In borehole R205, located to the northeast of the mapped outcrop of the Mapplewell
coal, a void was reported at 10.0m depth, accompanied by total loss of flush, indicating
the likely presence of old workings. This seam appears to correlate with the expected
location of the Mapplewell coal. At this point the rock cover above the roof of the seam is
only about 3m, so it will be necessary to stabilise any workings in this area. The level of
the top of the seam was calculated as 70.11m AOD.

Based on the available mapping, and BGS shaft logs, it was expected that borehole
R206, located further down-dip, would intersect the Kent's Thin seam at shallow depth,
and then the Mapplewell seam approximately 20m below it. The Kent's Thin seam is
recorded as typically 0.6m thick. The interpretation of this borehole is uncertain, as coal
was reported at 3.2m depth and continued intermittently down to 16.0m depth. It
appears possible that the principal seam was at 14.0m depth, where violent bubbling of
gas was recorded. No further significant evidence of coal or workings was observed,
although the borehole was extended to 30m depth. This appears to be an anomaly, as
the seam located at ~70m AOD in R205 a distance of 129m up-dip should, assuming
the dip to be between 1:12 and 1:29, have been intersected somewhere above 30m
depth in R206.

Shallow mine workings

Based on the presence of coal at shallow depth, and the partial or complete loss of flush
returns reported at several locations during drilling at shallow depth, is concluded that
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shallow mine workings with the potential to adversely affect the development are present
in the land underlying much of the north-eastern part of the site.

The area requiring treatment is limited to the southwest by the outcrop of the Mapplewell
(Kent's Thick) Coal and it will be necessary to extend the treatment north-eastwards until
adequate rock cover is proved to this seam. The section through boreholes R203 and
R204 suggests that the seam dip, which was stated in published data as between 1:12
and 1:21 is almost certainly at the shallower end of this range, and may be as shallow as
the dip of 1:29 calculated from these boreholes. It should be recognised that if the dip is
less than was originally expected, the treatment area may be greater, to achieve
sufficient rock cover over the workings.

The section through boreholes R205 and R206 was anomalous, but both boreholes
proved areas where treatment of shallow workings is required.

The approximate extent of the area requiring drilling and grouting is shown on the
Constraints Plan, Figure 8.

Investigation of concrete obstructions

The extent of former buildings on site and other surface concrete obstructions indicated
by the topographic survey are shown on Figure 4.

Six of these areas were investigated by trial pitting to determine, where possible, the
depth of concrete present. The results of these excavations are shown in the sketches
included on Figure 4.

The excavations revealed typical concrete thicknesses between 0.3m and 1.6m,
although it should be recognised that, in some locations, these thicknesses may be
exceeded, or concrete will be encountered beneath a covering of made ground.

Investigation of mine entries

The coal mining risk assessment identified eight abandoned mine entries on or
potentially affecting the site. The available desk study information regarding these
entries is presented in Table 10. The full coal authority reference is stated in the table,
but in the following discussion RSK has used only the last 3 digits of the reference as
these are unique. The walkover inspections and, if applicable, the details of the
investigations carried out at these locations are summarised in Table 11.
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Shaft 001 has been treated and capped and it is considered that no further action is
required, other than to ensure that a suitable no-build zone is defined around its location.
Based on the recorded shaft diameter of 3m, and the expected depth of made ground in
the vicinity of about 3m, (based on TP78-2008), it is suggested that a no-build zone 9m
in diameter, centred on the concrete cap location, would be appropriate but it would be
necessary for this distance to be agreed with the Coal Authority, the Local Authority and,
if appropriate, the NHBC.

Adit 011 is recorded as treated and lying outside the site boundary. The walkover
identified no evidence of a possible adit within the site boundary. It is considered that no
further action is required, especially as the risk from an adit is at a minimum at its
recorded entrance, since the entrance is a surface feature with zero depth.

Shafts 025 and 026 are recorded as lying outside the site boundary. The walkover
identified no evidence of possible shafts within the site boundary. It is considered that no
further action is required, especially as the site plan shows no development close to this
steeply sloping site boundary.

Numerous trial pits were excavated in the attempt to locate adits 016 and 028, but the
results were inconclusive. These trial pits were positioned based on information
available at the time, which include The Coal Authority Mining Report (reference
71000481021001) and constraints plans provided by others. Additional information has
been made available, post site works, which indicates the adits approximately 20m to
40m south southeast of the original anticipated location. The possible new locations are
indicated in Figure 8. It is considered that an attempt should be made to determine the
location of these adits using surface geophysics. Filling, or consolidation of any existing
fill within these adits will be necessary and could be completed as part of the proposed
treatment of shallow workings in this area. Alternatively, as the dip of strata is shallow,
there is expected to be very little cover over the adit for a considerable distance from its
recorded entrance location. As it is likely that earthmoving plant will be in use on site for
re-grading and preparation of the development platforms, it may prove economic to
excavate to the adit level and then replace fill material in engineered layers, rather than
consolidate by drilling and grouting.

An obvious depression was observed close to the recorded location of shaft 027. It was
not considered safe to investigate this depression using a JCB. A larger backhoe
excavator should be used, as this is capable of standing back at a safe distance from
the point of excavation. Alternatively the location could be further investigated by probe
drilling from a safety platform bridging the depression.

No evidence of shaft 005 was observed and further investigation is required.

Drilling and grouting treatment of shafts 027 and 005, followed by capping, is likely to be
necessary.
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Refinement of the initial conceptual site model

The ground conditions encountered during the RSK intrusive investigation were
generally as expected from the initial conceptual model, comprising a significant and
variable thickness of made ground comprising reworked superficial deposits, sandstone,
and burnt and un-burnt mudstone and siltstone, overlying coal measures bedrock.
Demolition material was encountered within the made ground, particularly in the north-
eastern part of the site, where most of the colliery buildings were located, and in the
infilled settlement lagoons in the south-western corner of the site. Some evidence of
contamination was encountered in the north-eastern part of the site, and near to the
former settlement lagoons in the eastern part of the site.

Based on visual inspection of the soils at the site the potential for them to be significantly
contaminated is considered to be low. Hydrocarbon odours were noted at only three
locations, although anthropogenic material was encountered across the site, most
notably in the north-eastern corner. Dull and vitreous coal was present.

Although the investigation encountered little visual or olfactory evidence of contaminated
soils and groundwater, or likely sources of ground gas, none of the potential pollutant
linkages identified in the initial conceptual site model can be discounted at this stage.

Section 6 contains discussion of the results of the analyses of soil and water samples
and the monitoring of ground gases and assesses the resulting risks to the identified
receptors.

HE B - N I S B B . G e
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6 QUANTITATIVE RISK ASSESSMENT

In line with CLR11 (EA, 2004a), there are two stages of quantitative risk assessment,
generic and detailed. The GQRA comprises the comparison of soil, groundwater, soil
gas and ground gas results with generic assessment criteria (GAC) that are appropriate
to the linkage being assessed. This comparison can be undertaken directly against the
laboratory results or following statistical analysis depending upon the sampling
procedure that was adopted.

6.1 Linkages for assessment

Section 3.8 presented the initial conceptual model, which identified the potential
contamination linkages that required assessment by the site investigation. None of these
linkages were discounted in the consideration of the refined conceptual site model in
Section 5.5. The potential linkages, together with the proposed methods of assessment,
are presented in Table 12.

Table 12: Linkages for generic quantitative risk assessment

Potentially relevant pollutant linkage Assessment method

1. Direct contact between future site Comparison of the results of laboratory soil

users and impacted soils analyses to the human health GAC for
residential use, presented in Appendix |

2. Chemical attack on potable water Comparison of the results of laboratory soil

supply pipes analyses to the GAC for water supply pipes,
based on UKWIR (2010) guidance, presented in
Appendix J

3. Uptake of phytotoxic contamination Comparison of the results of laboratory soil

by plants analyses to the GAC for phytotoxic effects,
presented in Appendix K

4. Leaching of contaminants and Comparison of the results of laboratory

migration to groundwater in the groundwater analyses and the results of

underlying Secondary A aquifer previous leaching tests on soils to the GAC

based on environmental quality standard (EQS)
values, presented in Table 1 of Appendix K

5. Leaching of contaminants and Comparison of the results of laboratory surface
migration via surface water drainage to water analyses to the GAC based on
the River Deamne environmental quality standard (EQS) values,
presented in Table 1 of Appendix K

6. Ignition of combustible material within Qualitative discussion, based on test results
made ground and subsequent risks to presented in previous report by SDA and
site users from voids in the ground and Building Research Establishment (BRE)
inhalation of combustion products guidance

Harworth Estates 34

Geo-Environmental Assessment: Former North Gawber Colliery
321370-R3 (01)



6.2

6.2.1

6.2.1.1

RSK

Potentially relevant pollutant linkage Assessment method

7. Migration of ground gases into future Gas screening values (GSV) have been
buildings on site and harm to occupants calculated using maximum methane and carbon
from asphyxiation or explosion dioxide concentrations with maximum flow rates

recorded at the site. The GSV have been
compared with guidance in CIRIA Report C665:;
Assessing risks posed by hazardous ground
gases to buildings (Wilson et al., 2007).

Assessment and results

The GQRA is presented for each relevant pollutant linkage in turn.

Direct contact with impacted soil by future site users

Introduction

The summary of contamination issues included within the previous SDA report was as
follows:

e widespread soil contamination by arsenic and sulphates, with acidic conditions

e two areas of elevated PAH concentrations, located in the north-eastern part of the
site

o several other minor and localised exceedances of the assessment criteria, not
considered significant.

These conclusions will be re-evaluated in the following sections, with reference both to
the results of recent RSK analysis of 11 additional soil samples, and the database of
previous results. Note that the presence of sulphates noted by SDA is not considered a
significant risk to human health and is therefore considered in the geotechnical
assessment of the aggressive chemical environment for concrete, in Section 0.

The laboratory results certificates for the RSK soil samples are presented in
Appendix E. These results have been compared against the relevant Human Health
GAC, presented in Appendix | for residential properties with private gardens.

During the previous investigations over 200 determinations of total organic carbon
(TOC) were made. The reported TOC ranged from 0.23% to 15.7% with an average of
4.2%. Using the conversion factor given in Table 8 of Appendix |, these values can be
converted to a soil organic matter (SOM) content of between 0.4% and 27.1%,
averaging 7.24%. Based on this information, where applicable, the soil assessment
criteria (SAC) based on 6% SOM have been used.
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6.2.1.2 Metals and semi-metals

The principal contaminant identified in the previous investigation was arsenic. Seven of
the 11 soil samples tested by RSK also returned arsenic concentrations in excess of the
SAC of 32mg/kg. The RSK samples were taken from trial pits TP203, TP204 and TP205
in the north-eastern part of the site, and TP218, TP220 and the mound sample, in and
near the lagoons in the eastern part of the site.

The database of soil test results from the several investigations includes a total of over
330 samples tested for a suite of metals and semi-metals, including arsenic. In total, 108
of these samples returned arsenic concentrations in excess of the SAC. The maximum
reported concentration was 271mg/kg.

For comparison, the soil geochemistry map included within the Envirocheck database
indicates an estimated soil arsenic concentration on and surrounding the site of 15 to
25mg/kg, indicating that concentrations within the site are much higher than might be
expected based upon the natural geology of the area.

The reported concentrations of cadmium, copper, lead, nickel, selenium and zinc were
for all RSK samples, as well as for all previous samples in the database, below the
appropriate SAC. The reported concentrations of chromium were generally low, and
below the SAC for chromium (lll). The reported concentrations of mercury were very
low, and below the SAC for inorganic and methyl mercury.

It is concluded that arsenic in soil remains a contaminant of concern for this site.
Remedial measures will be necessary to ensure that future site users do not have direct
contact with soil containing arsenic.

6.2.1.3 PAHSs

RSK analysed eleven soil samples, ten from trial pits and one from the mound, for the
standard suite of 16 priority PAHs. The reported concentrations for each individual PAH
were compared to their respective SAC. Only two exceedances were identified. The
sample from TP221, between 0.3m and 0.5m depth returned a benzo(a)pyrene
concentration of 5.08mg/kg, compared to the SAC of 1.0mg/kg, based on 6% SOM. The
total PAH recorded for this sample was 54.8mg/kg. This trial pit was located in the
lagoon area in the south-western part of the site. During the 2008 investigation trial pit
TP43 had been completed close to this point, but no PAH analysis was completed on
samples from this location. The sample from TP204 between 1.8m and 2.0m depth
returned a benzo(a)pyrene concentration of 1.01mg/kg, but this is not considered
significant.

RSK has reviewed the results of the previous PAH analyses. The previous reports
analysed a total of approximately 175 soil samples. In many cases the results were
reported as total PAH <5mg/kg, but generally where concentrations above the detection
limit were present speciated results are provided. Seven individual PAHs were not
detected at concentrations above the SAC. Benzo(a)pyrene was detected at
concentrations in excess of the SAC in 16 samples, with a maximum reported
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concentration of 71.1mg/kg in the sample from trial pit TP72(2008) at 1.0m depth.
Inspection of all the exceedances for benzo(a)pyrene, as a marker for elevated PAHs of
concern, shows some pattern. The benzo(a)pyrene exceedances are detailed in
Table 13 below.

Table 13: Location of elevated benzo(a)pyrene concentrations reported by SDA

SDA Sample Reported Sample Depth

Location (date)  Concentration (mg/kg) (m) Site Area

TP72 (2008) 711 1.0 Northern site boundary
2.0 2.0
TP18 (2005)
8.96 25
TP20 (2005) 2.78 22
TP77 (2008) 2.4 1.0
TP79 (2008) 6.5 0.5 North-eastern part of site
TP104 (2009) 28 1.8
TP105 (2009) i 0.4
TP111 (2009) 15 2.0
TP112 (2009) 27 0.6
1.9 0.2
TP5 (2008)
1.5 1.1
: Western edge of site
TP45 (2008) 2.7 0.2
TP134 (2009) 6.1 2.0
TP36 (2008) 5.0 0.2 South central part of site
TP26 (2008) 4.0 3.0 Eastern site boundary

Many of the samples listed were taken at depths where direct contact is very unlikely,
but as the SAC for the inhalation pathway is 2.9mg/kg, the deeper samples may also be
of concern for human health.

Inspection of the site plan of both previous and RSK investigation locations shows that
the highest reported PAH concentration on the northern boundary may be an isolated
hotspot, as potentially significant concentrations of benzo(a)pyrene were not detected in
other nearby locations where trial pits were excavated by SDA and recently by RSK.

However, there does appear to be a large area in the north-eastern part of the site
where PAH concentrations are elevated, as a group of eight nearby investigation
locations, TP18 (2005), TP20 (2005), TP77 (2008), TP79 (2008), TP104 (2009), TP105
(2009), TP111 (2009) and TP112 (2009), all reported benzo(a)pyrene concentrations
above the SAC. The recent trial pits excavated by RSK to the south and northwest of
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this area returned generally low concentrations, therefore it appears that the extent of
the affected area can be defined around the boreholes listed.

Reference to Table 13 shows that there is a second group of locations where elevated
benzo(a)pyrene concentrations in the south-western part of the site, around TP5 (2008),
TP45 (2008) and TP134 (2009). This area is less well defined, as the reported
concentrations were below the SAC in adjacent locations and concentrations are
generally lower.

It is concluded that PAH concentrations with the potential to have an adverse effect on
human health by direct contact or inhalation are present on site. The highest
concentrations appear to be in the northern and north-eastern parts of the site, but the
investigation suggests that isolated concentrations above the SAC may be present at
any location within the site. It is considered that remedial measures will be necessary to
protect the future site users.

6.2.1.4 Petroleum hydrocarbons and BTEX

RSK analysed eleven samples for speciated petroleum hydrocarbons (TPH CWG). The
samples tested included those from TP203 and TP204 hydrocarbon odours were noted
during sampling.

In ten of the eleven samples tested by RSK all TPH concentrations were below the
appropriate SAC for each specific carbon range. In the samples from TP203 at 2.1m
depth the reported concentration of aliphatic hydrocarbons in the range >C4q - C12 was
1090mg/kg, compared to the combined (oral and inhalation) SAC of 540mg/kg, and the
SAC for the inhalation pathway only of 540mg/kg.

Fifty-six previous test results for similar testing by SDA were also assessed. Although
hydrocarbon concentrations in excess of the LMDL were detected in 50 of these tests,
no other exceedances of the SAC were identified.

It is concluded that slight impact by TPH, above l|aboratory detection limits, is
widespread, but this is not generally significant for human health. Only at one location
was a potentially significant TPH concentration detected.

RSK analysed eleven samples for benzene, toluene, ethylbenzene and xylenes (BTEX).
The samples tested included those from TP203 and TP204 hydrocarbon odours were
noted during sampling. No previous test results for BTEX testing by SDA have been
identified.

In nine of the eleven samples tested by RSK all BTEX concentrations were below the
LMDL of 0.01mg/kg. Xylenes were detected in the samples from TP203 at 0.7m depth
and 2.1m depth, although benzene and toluene were not detected. The maximum
xylene concentration was 0.14mg/kg of o-xylene, compared to the GAC of 230mg/kg. It
is not considered that these reported BTEX concentrations detected present a significant
risk to human health via direct contact or inhalation.

Harworth Estates 38
Geo-Environmental Assessment: Former North Gawber Colliery
321370-R3 (01)



RSK

During the previous investigations SDA found a single sample of cement-bonded
asbestos in one ftrial pit, but no asbestos fibres were detected during laboratory
screening of 29 samples of made ground. RSK screened a further 5 samples of made
ground, but again no asbestos was detected.

6.2.1.5 Asbestos

In view of the site history it is probable that asbestos was present within the buildings on
the site, for example as insulation to boilers and in roofing materials. Many trial pits have
been excavated on site during the several investigations, and on the basis that very little
asbestos has been found, it is considered that any asbestos contamination present is
unlikely to be extensive. However, it is likely that some residual asbestos remains in
areas where demolition arisings are present in made ground, and site staff engaged in
groundworks should maintain a watching brief, so that any suspect materials
encountered can be assessed and, if necessary, appropriate remedial action taken.

6.2.1.6 Conclusion

It is concluded that arsenic concentrations with the potential to have an adverse effect
on human health by direct contact are widespread on site.

Additionally, PAH concentrations with the potential to have an adverse effect on human
health by direct contact or inhalation have been identified. These appear mainly to be
found in a distinct area in the northern and north-eastern parts of the site, but the
investigation suggests that, in addition to this principal area of impact, isolated
concentrations above the SAC may be present at any location within the site.

Detectable impact by TPH, above laboratory detection limits, is widespread, but the
laboratory results indicate that the concentrations present are not significant for human
health. Only at one location was a potentially significant TPH concentration detected.

Due to the concentrations of arsenic and PAHs identified, there are potentially significant
risks to human health associated with direct contact with site soils and therefore the
potential pollutant linkage is still considered complete. Remedial measures will be
necessary to break this linkage.

The design of an appropriate cover layer thickness has been made on the basis of the
recommendations of BRE Report 465, ‘Cover Systems For Land Regeneration’, (2004).
It has been assumed that all cover materials will have an arsenic concentration of
20mg/kg or less, and a concentration of each individual PAH of 0.1mg/kg or less. On this
basis, a total topsoil and inert cover thickness of 500mm would be sufficient in rear
gardens across the majority of the site, though this should be increased to 600mm for
gardens in the north-eastern part of the site where particularly high PAH concentrations
were reported. In front gardens and areas of public open space a total cover thickness of
300mm is considered sufficient. Recommendations should be agreed with the relevant
statutory authorities.
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For initial assessment purposes, the available results of laboratory soil analyses have
been compared with the GAC presented in Appendix J for this linkage, which are
reproduced from UKWIR Report 10/WM/03/21. Guidance for the Selection of Water
Supply Pipes to be used in Brownfield Sites (UKWIR, 2010).

Chemical attack on potable water supply pipes

Ten soil samples recovered from trial pits excavated by RSK, and the mound sample,
were analysed for benzene, toluene, ethylbenzene and xylenes (BTEX). The results of
analysis of two samples recovered from 0.7m and 2.1m depth in trial pit TP203, where
olfactory evidence of organic contamination was recorded, indicate concentrations of
BTEX to be above the threshold for both polyethylene (PE) and polyvinyl chloride (PVC)
pipe materials. No previous test results are available for BTEX.

The reported PAH concentration in seven of the 11 samples exceeded the GAC for
semi-volatile organic compound (SVOCs) of 2mg/kg for PE pipes and eight of the 11
samples exceeded the GAC of 1.4mg/kg for PVC pipes. Reference to the results of the
previous PAH analyses by SDA shows that the laboratory method detection limit (LMDL)
used was often 5mg/kg, i.e. greater than the GAC, but nevertheless many exceedances
of the GAC were reported.

The previous results also show some exceedances for other parameters. Fifty-nine
samples analysed for phenols returned concentrations in excess of the LMDL of
0.5mg/kg, which itself exceeded the GAC for PVC pipe of 0.4mg/kg. Some of these
results also exceeded the GAC for PE pipe of 2.0mg/kg.

Given the widespread evidence of PAH in shallow soils and evidence of phenals, it is
considered that neither PE or PVC water supply pipes are likely to be generally suitable,
for use on the site.

It should be noted that at the time of this investigation the future routes of water supply
pipes had not been established, hence the investigation and sampling strategy may not
be fully compliant with UKWIR recommendations. In addition, it is recommended that the
relevant water supply company be contacted at an early stage to confirm its
requirements for assessment, which may not necessarily be the same as those
recommended by UKWIR.

Based on the available test results and the method of assessment stated, it is
considered that chemical attack on potable water supply pipes is likely in many parts of
the site, hence the general adoption of mitigation measures such as the provision of
barrier pipe will be necessary.

Uptake of phytotoxic contaminants

For assessment purposes, the results of the soil analyses have been compared with the
GAC presented in Appendix K for this linkage. The GAC are dependant on the pH of
the soil and the criteria for a pH between 5.5 and 6.0 have been assumed to be
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appropriate, based on typical soil pH results for the site. None of the concentrations
reported in the RSK analyses exceeded these GAC for phytotoxic determinants.

The full database of results, including the previous analyses by SDA as well as the
recent RSK work, was then assessed. This assessment is summarised in Table 14
below.

Table 14: Assessment of phytotoxic contaminants

Pachrmiokss GAC adopted Number of Number of Reported exceedance
(mgl/kg) tests reported exceedances concentrations (mg/kg)
Copper 100 336 14 101, 102, 106, 110, 112, 127, 142,
145, 150, 160, 161, 200, 202, 328
Nickel 60 338 5 65, 65, 68, 71, 76
Zinc 200 326 4 228, 283, 374, 1706

6.2.4

Very few exceedances of the GAC were reported, and in almost every case these were
minor, therefore it is considered that this potential pollutant linkage can be discounted.

Migration of contaminants to groundwater in Secondary A aquifer

The site and the wider Barnsley area has been affected by coal mining. The site does
not lie within an SPZ. There is no record of potable groundwater abstractions from the
coal measures in the vicinity and if such abstractions were considered, they would be
unlikely to be of acceptable quality. Hence, the underlying Secondary A aquifer is not
considered to be a particularly sensitive water body, although it may provide base flow to
surface waters.

Previous leachate testing of 19 soils samples by SDA during 2008 showed that
leachable sulphates were widespread, and there was some evidence of leachable TPH,
but reported concentrations of metals, PAH and phenols were often below the applicable
LMDL, and generally below or only marginally in excess of the EQS values. Previous
analysis of 12 groundwater samples by SDA during the 2005 and 2009 investigations
also reported concentrations of most determinants in most samples to be below LMDL,
and generally below or only marginally in excess of the EQS values.

The laboratory certificates for four groundwater samples collected by RSK from the
BH200 series of wells are presented in Appendix G. Most of the determinants are below
the GACs (which are based on EQS values for freshwater) or below the LMDL. Some of
these GACs are variable dependant on the hardness of the receiving surface water
body. This is expected to be high, based on EA mapping within the Humber River Basin
Management Plan (2009), however the lowest GACs were used for the initial
assessment. Concentrations of sulphate, cadmium, copper, chromium, nickel, selenium
and zinc were recorded to exceed the GACs adopted for these compounds. Table 15
shows these exceedances.
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Table 15: Exceedances of EQS in groundwater

Minimum Maximum Number and
Determinant EQS* (ug/l) concentration concentration location of
(pgft) (pgfl) exceedances
Metals
Cadmium (dissolved) | 0.08-0.25 <1 2 1 (BH207)
Copper (dissolved) 1-28 <1 ] 2 (BH203, BH207)
Chromium (dissolved) 34 <1 14 2 (BH203, BH207)
Nickel (dissolved) 20 12 876 9 (BHBZS;_'O?;"ZOS'
Selenium (dissolved) 1052 <1 73 1 (BH203)
Zinc (dissolved) 8-125 5 896 1 (BH207)
4 samples tested for each determinant.
* Environmental Quality Standard (EQS) Target Concentration for Freshwater
** UK drinking water standard, as no EQS set

It is noted that rather than the results being consistent between boreholes, as would be
likely if there was a continuous groundwater table, there were wide variations in the
results, suggesting localised effects, rather than widespread exceedances of the EQS.
The maijority of the exceedances were reported in BH203 (located in the south-western
part of the site, within a former lagoon area, and BH207 (located in the east of the site,
again in a former lagoon area.

The reported concentrations of copper are not considered significant, since in view of
the expected hardness of local waters the applicable EQS is unlikely to be exceeded. In
addition, the previous leaching tests showed no exceedances for copper.

Similarly, the single marginally elevated cadmium concentration is not considered
significant, especially since the previous leaching tests showed only 2 marginal
exceedances of the EQS for cadmium in the 19 samples tested.

Reference to the soil geochemistry map included within the Envirocheck database
shows the site to lie within a much larger area, all of which exhibits high chromium
concentrations in soil of between 120 and 180mg/kg. It appears likely that groundwater
in the vicinity has locally elevated chromium concentrations as a results of the
underlying geology of the area, rather than any particular on-site contaminant.
Leachable chromium was not detected at a concentration above the EQS in any of the
samples tested.

Concentrations of selenium and zinc somewhat in excess of the EQS were reported,
each at a single location. Previous leachate testing reported only one sample marginally
exceeding the EQS for selenium of 10ug/l, with a concentration of 13ug/l. Similarly, the
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leachate testing reported only one sample exceeding the expected EQS for zinc of
125ug/l, with a reported concentration of 284pug/l. It is considered that based on the
single concentrations reported (circa 10 times the EQS), and the lack of any identifiable
leachable source, selenium and zinc are not a significant concern.

Based on the results of the testing of soils indicating that limited leachable contaminants
are present, the few exceedances of the applicable EQS reported during both the SDA
and RSK investigations, and the low sensitivity of the aquifer, it is considered that the
site does not pose a significant overall risk to groundwater. Nevertheless, it may be
necessary to remediate any hotspots of localised hydrocarbon contamination that may
be identified during the development, to minimise the potential for further entry of
hazardous substances or non-hazardous pollutants into groundwater.

6.2.5 Surface waters
Two water samples were collected on the same day from the watercourse crossing the
site, at its upstream and downstream limits within the site, and analysed for a range of
potential contaminants. The objective of the testing was to determine whether surface
runoff, drainage, or groundwater within the site might be having an adverse effect on the
watercourse, and thus have a potential effect on the river Dearne.
The results of the analyses were compared to the EQS values, presented in Table 1 of
Appendix K. None of the concentrations of metals were considered significant, but
several PAHs were detected at concentrations in excess of the GAC. These reported
exceedances are summarised in Table 16 below.
Table 16: Exceedances of EQS for PAHs in surface waters
. Upstream Downstream Number and
- EQS : : :
Determinant (ugl) concentration  concentration location of
Hg (ngll) (pgfl) exceedances
Benzo(a)anthracene 0.018 0.050 0.070 2 (U, D)
Benzo(a)pyrene 0.05 0.03 0.06 1(D)
Benzo(b)fluoranthene 0.03 0.07 0.11 2(U,D)
Benzo(ghi)perylene 0.002 0.090 0.120 2(U,D)
Chrysene 0.01 0.07 0.10 2(U,D)
Dibenzo(ah)anthracene 0.01 0.01 0.02 1(D)
Fluoranthene 0.10 0.15 0.16 2 (U, D)
Indeno(123-cd)pyrene 0.002 0.080 0.110 2(U,D)
Pyrene 0.04 0.12 0.13 2(U,D)
Upstream (U) and downstream (D) samples tested for each determinant.
*Environmental Quality Standard (EQS) Target Concentration for Freshwater
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The concentrations of seven PAHs exceeded the GAC at both the upstream and
downstream site boundary. For only two substances were exceedances reported at the
downstream boundary only. In both these cases the upstream sample returned a
concentration just below the EQS and the downstream sample returned a concentration
just above the EQS.

The previous analysis of surface waters, completed by SDA in 2009, was of total PAH,
with a much higher LMDL of 0.1ug/l and reported concentrations were all below this
limit.

It is apparent that, in every case, the reported PAH concentrations in both the upstream
and downstream boundaries are very similar. It is considered that the upstream samples
reflect the water quality in the watercourse as it enters the site, and although the
downstream PAH concentrations are marginally higher, this is likely to be the result of
ongoing minor fluctuations in the water quality of the watercourse, as well as the minor
variability inherent in the sampling and analysis techniques. It is not considered that
these results indicate that the site is having any significant adverse effect on the
watercourse.

It is considered that linkage between PAHSs present on the site and the river Dearne can
be discounted.

Ignition of combustible material

The possibility of ignition of combustible material within the made ground must be
assessed, as there are risks of (i) ongoing combustion causing the development of
underground cavities, which may subsequently collapse, causing risk to life and
(i) inhalation of combustion products by future site users, and residents and workers on
adjacent sites. Potential ignition sources are fires on the site surface, such as burning of
demolition materials or bonfire and if coal content is high, spontaneous combustion. A
further possibility is ignition by heat dissipated from very high voltage underground
cables, but it assumed that if such services are proposed, a site specific investigation
would be commissioned by the statutory undertaker to assess ground conditions
suitable for cable laying, and suitable bedding material would be provided to mitigate
any risk identified.

During the 2008 and 2009 investigations SDA submitted a total of 92 soil samples for
loss on ignition (LOI) testing. The results ranged from 2.84% to 65.8%, indicating
possibly significant quantities of combustible materials in the soil, averaging about 18%.

The fifteen samples with the highest reported LOI values, all greater than 25%, were
submitted for testing of their calorific value during combustion. The results indicated
calorific values between 1.9MJ/kg and 13.4MJ/kg, averaging approximately 7.4MJ/kg.
For comparison, data published on the National Physical Laboratory website, ‘Kaye and
Laby, Tables of Physical and Chemical Constants, Section 3.11.4’, indicates that coal
has a gross calorific value between 32 and 42MJ/kg. Thus the site soil samples that
were tested are very much less combustible than any of the typical coals listed.
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The Coal Authority website includes a web page, based on historic mining data, of coal
seams with a history of spontaneous combustion. These seams are consequently
regarded as being at high risk of succumbing to spontaneous combustion when being
entered, worked or disturbed. The list does not mention either of the seams known to
outcrop within the site, the Kent's Thin Seam and the Mapplewell Seam.
http://coal.decc.gov.uk/en/coal/cms/services/permits/coal seams/coal seams.aspx
however, it can not be assumed that because the seams are not on this list, they are not
capable of spontaneous combustion. The web page also lists coal seams with a high
risk of spontaneous combustion, based on laboratory testing of small coal samples. The
list records nine seams in South Yorkshire assessed on this basis as having a high risk
of spontaneous combustion, but again the Kent's Thin and Mapplewell seams are not
listed, although the absence of these seams from the list may simply mean that no coal
from these seams was tested. It is recognised that the High Hazels seam, which is listed
as potentially combustible, is at a similar level in the stratigraphical column to the Kent's
Thin, but as it is found some distance away, in the Mansfield area, it is likely to have
different properties. It is considered that since the made ground materials tested had a
calorific value typically only about 25 to 30% that of pure coal, the risk of spontaneous
combustion is low.

Guidance published by the BRE, ‘Information Paper 2/87, Fire and Explosion Hazards
Associated With The redevelopment of Contaminated Land, (1987)’, states that
laboratory testing at the Fire Research Station indicated that material with a calorific
value greater than 10MJ/kg is likely to be combustible. Three soil samples, with reported
calorific values of 11.0MJ/kg, 11.5MJ/kg, and 13.4MJ/kg, fell above this criterion. The
guidance further states that material with a calorific value less than 2MJ/kg is highly
unlikely to be combustible. Only one sample, with a calorific value of 1.9MJ/kg fell below
this criterion, but this is to be expected, as only those soil samples with high reported
LOI were selected for the additional combustion testing. Thus, eleven of the 15 samples
tested fell into the range between 2MJ/kg and 10MJ/kg where combustibility is in doubt.

For combustion to occur, there must be both an ignition source and a supply of oxygen.
At present, there is a possibility that the public, who have access to the site, could light a
fire on the site surface. In this case there is some risk that surface combustion could be
initiated if the fire happened to coincide with a location where soils with a high calorific
value were present. As the site soils are relatively dense, the availability of oxygen is
likely to be low, so it is likely that if a fire was ignited its spread would be slow and it
would be extinguished relatively easily.

In the long term the risk will be very much reduced, as the site surface with be covered
with buildings and roads, or a clean capping layer (minimum proposed thickness 300m),
any of which would provide a barrier between ignition sources and the potentially
combustible material that testing indicates is only locally present. It is considered that
post-development the risks from combustible material in the made ground will not be
significant.
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Migration of ground gases into buildings on site and harm to occupants

The results have been assessed in accordance with the guidance provided in BS8576
and CIRIA Report C665. In the assessment of risks and selection of appropriate
mitigation measures, both reports highlight the importance of the conceptual model.

CIRIA C665 identifies two types of development, termed Situation A (modified Wilson
and Card method), appropriate to all development excluding traditional low-rise
construction, and Situation B (National House-Building Council, NHBC) only appropriate
to traditional low-rise construction with ventilated sub-floor voids.

Both methods are based on calculations of the limiting borehole gas volume flow for
methane and carbon dioxide, renamed as the gas screening value (GSV). The GSV
(litres of gas per hour) is calculated by multiplying borehole flow rate (litres per hour) and
gas concentration (percent by volume).

In both situations, it is important to note that the GSV thresholds are guideline values
and not absolute. The GSV thresholds may be exceeded in certain circumstances, if the
site conceptual model indicates it is safe to do so. Similarly, consideration of additional
factors such as very high concentrations of methane, should lead to consideration of the
need to adopt a higher risk classification than the GSV threshold indicates.

The site is to be redeveloped with low rise housing but either Situation A or B may be
appropriate, depending upon the final foundation solution adopted. Because of the
presence of relatively deep made ground across the site either a piled foundation
supporting a suspended floor with a ventilated sub-floor void, or a semi-rigid slab
foundation without a void, may be considered appropriate. Consequently the GSVs have
been compared to both the Revised Wilson and Card Classification and the NHBC
“Traffic Lights”.

Situation A relates to all development types except standard low-rise housing with a
ventilated sub-floor void. Combining the qualitative assessment of risk (based in part
upon the previous monitoring data for the site) with the recent gas monitoring resuilts,
provides a semi-quantitative estimate of risk. The method uses both gas concentrations
and borehole flow rates to define a characteristic situation for a site based on the limiting
borehole gas volume flows for methane and carbon dioxide. Having calculated the worst
case GSVs for methane and carbon dioxide, the Characteristic Situation is then
determined from Table 8.5 of CIRIA C665.

Situation B is a characterisation system developed by the NHBC (Boyle and
Witherington, 2007), which relates only to low rise housing development constructed
with a clear ventilated underfloor void. The system provides a risk-based approach that
is designed to allow an identification of the required gas protection measures for low-rise
housing by comparing the measured gas emission rates to generic “Traffic Lights”. The
Traffic Lights include typical maximum concentrations that are provided for initial
screening purposes and risk-based GSVs for situations where the typical maximum
concentrations are exceeded. Based on the typical maximum gas concentrations and
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the GSVs, the appropriate Traffic Light, ranging from “Green” through “Amber 1" and
“Amber 2" to "Red", is determined from Table 8.7 of CIRIA C665.

The GSV calculations for each borehole are included in Appendix F, showing both the
RSK data (six monitoring rounds, in the nine BH200 series boreholes) and previous
monitoring by SDA. (four monitoring rounds in the seven BH100 series boreholes). The
gas monitoring data has identified consistently very low methane concentrations, with a
recorded maximum of 0.1% vl/v, but frequent moderate concentrations of carbon dioxide,
with a recorded maximum of 9.5% in BH206 during the RSK monitoring, and 11.8% in
BH101 during the SDA monitoring. The gas flows rates were generally negligible during
monitoring by both SDA and RSK, apart from in borehole BH201. At this location
potentially significant gas flows were recorded on three occasions: 4.8/hr, 15.2I/hr and
6.8l/hr.

Borehole BH201 is located within a lagoon area, with approximately 5m depth of made
ground present, and more than 50m southwest of the mapped outcrop of the Mapplewell
seam. It appears probable that the gas flows recorded at this location are associated
with the made ground within the lagoon, but this cannot be stated with certainty. It is
considered that there is some possibility of ground gas flows from old workings
underlying the site, especially since a very strong gas outflow was recorded during the
drilling of rotary borehole R206 into possible old workings at approximately 14m depth.

The calculated GSVs for the site overall, based on the site-wide maximum gas
concentrations and flows during the RSK monitoring are 0.02l/hr for methane and
1.44l/hr for carbon dioxide. A similar calculation for the SDA monitoring, which reported
a slightly higher concentration of carbon dioxide, but minimal gas flows, gives lower
GSVs of <0.01l/hr for methane and 0.04l/hr for carbon dioxide.

If the calculation is repeated on a borehole by borehole basis, using all the available
data the calculated GSVs are, with one exception, 0.01l/hr or less for both methane and
carbon dioxide. Only in BH201 is the calculated GSV higher, at 1.43l/hr, for carbon
dioxide. It is concluded that there is no significant risk to the development from methane,
but consideration must be given to the localised presence of carbon dioxide in BH201,
especially in view of the high gas flow reported during the rotary drilling of borehole
R206.

Ground gas assessment, Wilson & Card Classification

Based on the worst case GSV of 1.44l/hr for carbon dioxide, the site would be
characterised as Characteristic Situation 3, (CS3), “moderate risk”, which is applicable to
values between the thresholds of 0.7I/hr and 3.5l/hr. This classification is acceptable for
the construction of private houses, provided that adequate construction precautions are
adopted.

However, looking at the site on a borehole by borehole basis, the classification at all
locations except borehole BH201 would be CS1, “very low risk”, which is applicable to
values below 0.07I/hr.
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Since only one of the 16 boreholes monitored has shown evidence of significant gas
flows, and then only on some occasions, it appears unreasonable to classify the entire
site as CS3. However, the gas outflow during the drilling of borehole R206 suggests that
gas flows from the mine workings are a possibility, so some risk is certainly present.

In view of the inherent variability of the large areas of made ground and the presence of
mine workings it is considered that adoption of a site-wide classification of CS2, “low
risk”, would be reasonable.

6.2.7.2 Ground gas assessment, NHBC Traffic Lights Classification

Based on the worst case GSV of 1.44l/hr for carbon dioxide, the site is characterised as
“Amber 1", which is applicable to values between the thresholds of 0.78l/hr and 1.56l/hr
for carbon dioxide. The reported maximum carbon dioxide concentrations of 9.5% during
the RSK monitoring and 11.8% during the SDA monitoring are consistent with the stated
typical maximum concentration of 10% applicable to this classification.

Looking at the site on a borehole by borehole basis, the classification at all locations
except borehole BH201 would be “Green”, which is applicable to values below 0.78l/hr.
However, for a “Green” classification a typical maximum carbon dioxide concentration of
5% is considered acceptable. Although gas flows were consistently low, carbon dioxide
concentrations exceeded 5% on very many occasions.

In view of the high reported concentrations of carbon dioxide and the presence of
workings, it is considered that adoption of a site-wide classification of “Amber 1”, would
be prudent.

6.2.7.3 Ground gas assessment, conclusions

It is considered that the gas monitoring programme carried out by RSK, together with the
previous monitoring by SDA, has established the ‘worst-case’ scenario and has
characterised the ground gas regime sufficiently to enable the confident assessment of
risk and subsequent design of an appropriate gas protection scheme for the proposed
development.

The conclusion of the gas risk assessment, based upon the monitoring, is that the site
should be classified as CS2, “low risk”, according to the Wilson and Card classification,
or “Amber 1" according to the NHBC traffic lights classification.

CIRIA C665 provides details of the typical scope of protective measures to be adopted
for the relevant site characterisation. It should be noted that for “low risk” sites (CS2),
CIRIA C665 recommends a minimum thickness of gas resistant membrane of 2000
gauge, as the report considers that the standard unreinforced 1200 gauge membrane is
unlikely to survive the construction process intact.

For low-rise development, which fulfils the requirements of Situation B, the
recommended gas protection measures are detailed in BRE Report 414 (2001).
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In order to minimise any risks associated with mine gas emissions no buildings will be
constructed over, or in the immediate vicinity of any mine entries.

6.3 Environmental assessment conclusions

Harworth Estates

it is considered that remedial measures will be necessary to protect the future site
users from direct contact with arsenic

PAH concentrations with the potential to have an adverse effect on human health by
direct contact or inhalation have been identified. These appear mainly to be found in
a distinct area in the northern and north-eastern parts of the site, but the
investigation suggests that, in addition to this principal area of impact, isolated
concentrations above the SAC may be present at any location within the site

to mitigate against direct contact with arsenic and PAHs a total topsoil and inert
cover thickness of 500mm is proposed for rear gardens across the majority of the
site. The cover layer thickness should be increased to 600mm for gardens in the
north-eastern part of the site where particularly high PAH concentrations were
reported. In front gardens and areas of public open space a total cover thickness of
300mm is considered sufficient

it is concluded that slight impact by TPH, above laboratory detection limits, is
widespread, but this is not generally significant for human health. Only at one
location, BH203, was a potentially significant TPH concentration detected. It should
be recognised that the investigation has only sampled a representative number of
locations and any additional areas of localised hydrocarbon contamination that may
be identified during the development will require assessment and possibly localised
remediation

the widespread evidence of PAH in shallow soils and the evidence of phenols
detected by SDA suggests that chemical attack on potable water supply pipes is,
based upon the method of assessment stated, likely. The general adoption of
mitigation measures, such as the provision of barrier pipe, will be necessary

none of the concentrations of phytotoxic contaminants reported in the RSK analyses
exceeded the relevant GAC. The full database of results, including the analyses by
SDA was then assessed. Very few exceedances of the GAC were reported, and in
almost every case these were minor, therefore it is considered that this potential
pollutant linkage can be discounted

little leachable contamination was identified in soil and few exceedances of the EQS
were reported in groundwater samples. Consequently, it is considered that the site
does not pose a significant overall risk to groundwater. Nevertheless, it may be
necessary to remediate any hotspots of localised hydrocarbon contamination that
may be identified during the development, to minimise the potential for further entry
of hazardous substances or non-hazardous pollutants into groundwater
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the reported PAH concentrations in surface water samples taken on the upstream
and downstream site boundaries are very similar. It is considered that the upstream
samples reflect the water quality in the watercourse as it enters the site, and
although the downstream PAH concentrations are marginally higher, this is likely to
be the result of ongoing minor fluctuations in the water quality of the watercourse, as
well as the minor variability inherent in the sampling and laboratory analysis
techniques. It is not considered that these results indicate that the site is having any
significant adverse effect on the watercourse, and therefore the linkage between
PAHSs present in made ground on site and the river Dearne can be discounted

the laboratory testing has indicated that potentially combustible material is only
locally present in the made ground. Following redevelopment, the site surface with
be covered in buildings, roads and clean topsoil or capping, all of which would
provide a barrier between ignition sources and the combustible material. In addition,
compact made ground restricts the supply of oxygen to initiate and maintain
combustion. It is considered that, post-development, the risks from combustible
material in the made ground will not be significant

the conclusion of the gas risk assessment, based upon the monitoring carried out by
RSK, together with the previous monitoring by SDA, is that the site should be
classified as CS2, “low risk”, according to the Wilson and Card classification, or
“Amber 1" according to the NHBC traffic lights classification. Gas protection
measures will be required in accordance with the appropriate classification

in order to minimise any risks associated with mine gas emissions no buildings will
be constructed over, or in the immediate vicinity of any mine entries

on the basis that very little asbestos has been found during the investigations, it is
considered that any asbestos contamination present is unlikely to be extensive.
However, In view of the site history, it is likely that some asbestos remains in areas
where demolition arisings are present. Appropriately trained site staff should
maintain a watching brief during groundworks, so that any if any suspect materials
are encountered, appropriate remedial action can be taken

previous reports indicate that the site lies in an area where basic radon protection
measures would be required in the construction of new houses, However, the
Envirocheck environmental database report accesses more up to date information,
based on a 25m grid map developed jointly by the BGS and the HPA. On the basis
of this refined dataset, no radon protective measures are necessary for new housing
development on the site.
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7 GEOTECHNICAL SITE ASSESSMENT

Hazard status based on investigation
findings and proposed development

7.1  Engineering considerations
It is understood that the proposed development is to involve the construction of up to
325 residential properties and associated infrastructure.

7.2 Geotechnical hazards

A summary of commonly occurring geotechnical hazards is given in Table 17 together
with an assessment of whether the site may be affected by each of the stated hazards.

Table 17: Summary of main potential geotechnical hazards that may affect site

Hazard category Engineering
(excluding Foundto Couldbe Unlikely to be considerations if
contamination issues) be present  present and/or  hazard affects site
present but not affect site
on site found
Sudden lateral changes Varying thickness of made Likely to affect ground
in ground conditions ground, especially at high engineering and
wall of opencast. Where thin | foundation design and
X made ground is underlain by | construction
weathered coal measures at
shallow depth, the founding
material may range from clay
to sandstone.
Shrinkable clay soils Clay soils generally of Design to NHBC
X intermediate plasticity (low or | Standards Chapter 4
medium volume change
potential)
Highly compressible and SPTs values as lowas N=3 | Likely to affect ground
low bearing capacity X indicate loose or soft soilsin | engineering and
soils, (including peat and some locations. No peat foundation design and
soft clay) encountered. construction
Silt-rich soils susceptible Likely to affect ground
to rapid loss of strength in X Some silty soils locally engineering and
wet conditions present in infilled lagoons foundation design and
construction
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Hazard status based on investigation

findings and proposed development

Hazard category Engineering
(excluding Foundto Couldbe Unlikely to be considerations if
contamination issues) be present presentand/or  hazard affects site
present but not affect site
on site found
Running sand at and Likely to affect ground
below water table engineering and
X : :
foundation design and
construction
Karstic dissolution May affect ground
features (including X engineering and
‘swallow holes’ in Chalk foundation design and
terrain) construction
Evaporite dissolution May affect ground
features and/or X engineering and
subsidence foundation design and
construction
Ground subject to or at X Some steep Require assessment
risk from landslides slopes on site or regrading
Ground subject to Likely to affect ground
periglacial valley X engineering and
cambering with gulls foundation design and
possibly present construction
Ground subject to or at Likely to require
risk from coastal or river X special
erosion protection/stabilisation
measures
High groundwater table Waterlogged areas in flatter | May affect temporary
(including waterlogged X southern part of site and permanent works
ground)
Rising groundwater table Possible, since | May affect deep
due to diminishing X mining ceased | foundations,
abstraction in urban area in locality basements and
tunnels

Underground mining Shallow mining identified in Likely to require

northern half of site stabilisation
Existing sub-structures Existing watercourse runs Likely to affect ground
(e.g. tunnels, foundations, partly in culvert, other engineering and
basements, and adjacent X abandoned structures foundation design and
sub-structures) associated with mining construction
history possible.
Filled and made ground Extensive areas of made Likely to affect ground
(including embankments, ground across the site, engineering and
infilled ponds and X including backfilled opencast | foundation design and
quarries) mining and infilled settling construction
ponds.
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7.3

7.3.1

Hazard status based on investigation

findings and proposed development

Hazard category Engineering
(excluding Foundto Could be Unlikely to be considerations if
contamination issues) be present  presentand/or  pazard affects site
present but not affect site
on site found
Adverse ground Laboratory testing indicates May affect ground
chemistry (including sulphides present, high engineering and
expansive slags and X sulphate content and low pH | foundation design and
weathering of sulphides (acidic) conditions construction

to sulphates)

Note: Seismicity is not included in the above table as this is not normally a design consideration
in the UK.

Foundations

General suitability

Given the significant depth of made ground encountered across most of the site, it is
considered that conventional shallow strip or trench fill foundations will only be suitable
in limited areas of the development, where natural soils are present at shallow depth,
otherwise this method of construction would be uneconomic. The areas where such
foundations will be suitable will depend to a large extent upon the final site levels
following the earthworks and re-grading necessary to provide suitable development
platforms. The re-grading is likely to reduce the cover of made ground in some areas
and increase it in others. However current proposals for redevelopment do not require
significant change in ground levels with only limited regrading across a small number of
steep slopes, up to a few metres high, to allow for infrastructure development. The
suitability of shallow foundations is considered further in Section 7.3.2 below.

The site history suggests that the made ground has, in general, been in-situ for a period
of over 20 years and the intrusive investigation shows that, over much of the site, the fill
material is predominantly granular. These conditions suggested that stiffened edge slab
semi-raft foundations are likely to be suitable. To determine whether this solution would
also be appropriate in areas where deeper and potentially more cohesive soils are
present, such as infilled lagoons, a series of skip loading tests has been carried out. The
preliminary results of these tests, which are ongoing, are reported in Section 5.5. These
preliminary results indicate that raft foundations may be suitable over the majority of the
site. Their use is considered further in Section 7.3.3 below.

Piled foundations might also be suitable in some areas, but there are certain constraints,
particularly the possible presence of substantial reinforced concrete or steel obstructions
at depth within the made ground, that may present some difficulties. The possible
suitability of piled foundations is considered further in Section 7.3.4 below.
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The PRA identified two infiled opencast areas located along the subcop of the
Mapplewell coal seam, see Figure 2. Coal was removed from these areas at shallow
depth and continued for a short distance in a north easterly direction along a relatively
shallow dip. Depth of made ground encountered in this investigation does not appear to
vary with any significance across the boundary of the opencast. These conditions
suggested that stiffened edge slab semi-raft foundations are likely to be suitable. It may
be prudent to consider alternative foundation solutions should ground conditions differ
from those found during the investigation.

7.3.2 Shallow spread foundations

The recommendations for the design and construction of spread foundations in relation
to the ground conditions are set out in Table 18.

Table 18: Design and construction of spread foundations

Design/construction
considerations

Design/construction recommendations

Founding stratum Firm to stiff natural clay, or weathered coal measures
mudstone/sandstone
Depth Foundations should be taken to a minimum depth of 0.9m below

finished ground level and at least 0.1m into the founding stratum below
any overlying made ground or to any greater depth required in respect
of the special design considerations given below.

Special design Owing to the local presence of shrinkable clay soils, foundations
considerations should be designed taking into account all the normal precautions,
including minimum founding depths, to minimise the risk of future
foundation movements in accordance with NHBC standards or similar.

The findings of the ground investigation indicate that foundations in
natural clays should be designed for shrinkable soils of medium
volume change potential.

Owing to the potential variability of the founding strata, with clay or
weathered mudstone and potentially coal measures sandstone being
present within one foundation, consideration should be given to
incorporating appropriate reinforcement into the strip foundations to
minimise the risk of future differential foundation movements.

Bearing capacity Spread foundations may be designed using a net allowable bearing
pressure of 100kN/m*

Stability of Generally the trial pits remained stable during excavation, which

excavations indicates that foundation excavations should also remain stable in the

short term. However, in about 20% of the pits groundwater flows or
dampness were reported, and then some instability occurred.

In the event that excavations are to remain open for longer periods,
consideration should be given to the use of trench support systems.
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7.3.3

Design/construction
considerations

Design/construction recommendations

Dewatering Groundwater was encountered in some of the trial pits. Dewatering
may therefore be required to facilitate foundation excavation in some
areas.

Pumping from open sumps in non-cohesive soils should be avoided as
this can result in instability and general loosening of the soils at the
base of the excavation. However, the use of well-pointing systems or
similar is likely to be problematic because of the presence of boulders
and obstructions in the made ground.

Construction All foundation excavations should be inspected, and any made ground
considerations and soft, organic or otherwise unsuitable materials removed and
replaced with mass concrete.

Raft foundations

The use of stiffened edge slab semi-raft foundations is likely to have a number of
benefits:

e raft construction requires only shallow excavation, avoiding the potential instability
and groundwater problems associated with deeper excavations

e the shallow excavation reduces the chance of construction being affected by buried
obstructions or encountering contamination, although some consideration will be
required to the presence of near surface boulders within the made ground

o the simple geometry of the raft allows effective protection of the concrete against
aggressive ground condition to be achieved

« consistent repeatable design over wide areas will lead to efficiency of construction.

The preliminary results of the skip load tests, discussed in section 5.5 above, show
moderate settlements. The three tests over predominantly granular fill of varying depths
showed a maximum settlement of about 11mm and a maximum differential settlement of
6mm. The test over the lagoon area showed a higher but still tolerable settlement of
16mm, but this was accompanied by a differential settlement of about 12mm. It is
considered that the relatively high differential settlements reported are principally the
result of the small size of the foundation and relatively high load. A full size raft would
bridge minor local variations in the made ground and therefore reduced differential
settlements would be expected. (Note: the settlement values quoted will require final
verification when the loads are removed).

It is expected that raft foundations would be a suitable foundation solution over the
majority of the site.

Guidance on the design of stiffened edge slab semi-raft foundations is provided in
Section 4.5 of the NHBC technical manual.
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7.3.4 Piled foundations

Recommendations for the design and construction of pile foundations in relation to the

ground conditions are set out in Table 19.

Table 19: Design and construction of piled foundations

Design/construction
considerations

Pile type

Design/construction recommendations

The construction of both bored and driven piles is considered
technically feasible at this site.

Possible constraints
on choice of pile type

Given the close proximity of the site to a residential area it is
considered possible that the vibration/noise associated with pile driving
may not be acceptable.

The presence of buried sub-structures or other obstructions within
made ground may lead to difficulty during piling.

The aggressive nature of the made ground, with high sulphate content
and low pH, could in the long term have adverse effects on both
concrete and steel piles.

Given the contaminated nature of the made ground at the site it may
not be cost effective to adopt bored piles at the site, as boring would
raise buried contaminants to the surface and disposal of arisings could
be costly.

Given the presence of groundwater strikes at varying depth during the
investigation, bored piles will require temporary casing throughout their
depth. Alternatively, driven piles would overcome this issue

Pile design

The made ground should not be presumed to contribute to the load-
carrying capacity of the piles. In fact it may be prudent to allow for
negative skin friction, given that the site level is likely to be raised in
some areas.

It is recommended that a specialist piling contractor is contacted to further assess the
options for piled foundations.

It is considered that piled foundations may be a suitable foundation solution in areas
such as the lagoons in the southern part of the site where softer cohesive soils may be
present, groundwater levels are high and there is a lower probability of encountering
heavy foundations or other buried obstructions.

7.3.5 Foundation works risk assessment

It is anticipated that a foundation works risk assessment report will be required for the
development, because elevated concentrations of arsenic and benzo(a)pyrene are
present in the shallow soils likely to be excavated and placed during foundation
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7.3.6

7.3.7

7.3.8

construction works. However, the risks are unlikely to be significant, provided that good
site working practices are employed.

Floor slabs

There is a significant thickness of made ground across the whole site, therefore in any
areas where either conventional strip foundations or piles are used, ground-bearing floor
slabs would not be appropriate and suspended floor slabs with a ventilated sub-floor void
should be used.

As an alternative, raft foundations may be employed.

Roads, hardstanding and drainage

In the 1m to 1.5m below the proposed finished ground level the exploratory holes have
revealed a soil profile comprising variable made ground. Over much of the site the
coarse gravelly clay colliery waste will provide a high CBR. The potentially poorest sub-
grade material within this profile is the soft sandy/gravelly clay that was encountered
locally, predominantly in the infilled lagoons in the southern part of the site.

In pavement design terms, the groundwater conditions are anticipated to comprise a low
water table across the majority of the site, i.e. at least 1m below the pavement formation
level. However, in some areas, particularly in the old lagoons areas discussed above,
including in the south-eastern part of the site around borehole BH201, groundwater has
been recorded at shallow depth. The current development plan indicates that roads and
drainage are to be constructed in this area.

The estimated minimum equilibrium soil-suction California bearing ratio (CBR) value for
the soils and groundwater conditions described above, (a sandy clay with a plasticity
index typically greater than 20%), under a completed pavement is 2.5%, based upon
Table C1 in TRRL (1984) Report LR1132.

The cohesive sub-grade soils, poorly drained and with a plasticity index typically greater
than 20%, can be regarded as non-frost-susceptible, based upon the criteria given in
Appendix 1 of TRRL (1970) Report Road Note 29. Where the colliery spoil is
predominantly granular but with a significant fines content it may be frost susceptible.
This should be assessed by laboratory testing. When the sub-grade is frost-susceptible
the thickness of sub-base must be sufficient to give a total thickness of non-frost-
susceptible pavement construction over the soil of not less than 450mm.

Chemical attack on buried concrete

This assessment of the potential for chemical attack on buried concrete is based on
current BRE guidance (BRE, 2005). The desk study and site walkover indicate that, for
the purposes of this assessment of the aggressive chemical environment, the site
should be considered as a brownfield site where disturbance of pyrite-bearing ground
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could result in additional sulphate. A suite of chemical analyses appropriate to this site
classification was carried out on soil and groundwater samples.

The results of pH analysis for 327 soil samples are available, therefore the characteristic
value has been calculated as the mean of the lowest 20% of values, 3.9.

The results of water-soluble sulphate analysis for 105 soil samples are available, with
the highest result being 3.3g/l. The characteristic concentration has been calculated as
the mean of the highest 20% of values, 2.2g/l. As this value is below the limiting value of
3.0g/l consideration of magnesium is not required. Based on Table C2 in the BRE
guidance, result one for Design Sulphate Class for the site is DS-3. If, instead, the
highest value was used as the characteristic value the result would be DS-4.

The results of the sulphate analysis of 16 samples of groundwater are available,
therefore the characteristic concentration has been calculated as the average of the 3
highest value, 5.5g/l. This value exceeds the limiting value of 3.0g/l that requires
consideration of magnesium. One result of magnesium analysis is available from the
recent work by RSK, but the SDA suite of groundwater analyses did not include
magnesium. A characteristic magnesium ion content of 0.3g/l has been assumed, based
on this single test result. Based on Table C2 in the BRE guidance, result two for Design
Sulphate Class for the site is therefore DS-4.

For the purposes of this assessment the site has been classified as brownfield and pH
values less than the limiting value of 5.5 have been recorded. RSK tested one sample
with a particularly pH of 5.1 for chloride and nitrate ions but the results were below the
LMDL. On this basis, no adjustment to the characteristic sulphate concentration is
required.

Because of the possible presence of oxidisable sulphides in the coal measures a
calculation was made using the concentrations of Total Sulphur and Acid Soluble
Sulphate reported by SDA, of the amount of Oxidisable Sulphide present. A maximum
Oxidisable Sulphide content of 6.5% was calculated. Since this value is greater than
0.3% a Total Potential Sulphate concentration of 5.1% (three times the Total Sulphur
content) has been calculated. Based on this value, result three for Design Sulphate
Class for the site is DS-5.

From consideration of the three results, a Design Sulphate Class of DS-5, should be
adopted for the site. From consideration of the characteristic pH value of 3.9, an
Aggressive Chemical Environment for Concrete classification of AC-5 may be assumed
for design purposes.
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REUSE OF MATERIALS AND WASTE

8.1

8.2

Reuse of suitable materials

In accordance with the CL:AIRE Code of Practice (2011) (CoP) materials are only
considered waste if ‘they are discarded, intended to be discarded or required to be
discarded, by the holder’. Thus, contaminated material does not become waste until the
aforementioned criteria are met.

Under the CoP, soils may be re-used on the site where they were produced provided
they are:

* certain to be used
+ are suitable for use both chemically and geotechnically
» only the required quantity is used.

The CoP requires the preparation of a materials management plan (MMP) that confirms
the three criteria above will be met. This plan needs to be reviewed by a ‘Qualified
Person’ who will then issue a declaration to the EA.

Therefore, before any excavation works begin on-site, an MMP will need to be prepared
to establish whether specific materials are classified as waste and how excavated
materials will be treated and/or re-used in line with The Definition of Waste:
Development Industry Code of Practice, Version 2 (CL:AIRE, 2011). The MMP is likely
to be used in conjunction with the site waste management plan.

The importation of made ground soils (irrespective of contamination status) or crushed
demolition materials is not currently permitted under the CoP and requires either a
standard rules environmental permit or a U1 waste exemption (see below).

Treatment to meet suitable-for-use criteria

Where materials do not meet the suitable for use criteria it may be possible to treat them
under an environmental permit (mobile treatment licence) to enable them to be reused
onsite.

To enable the treatment options to be determined, an options appraisal and a
remediation strategy document will be necessary to support discussion of the issues
with regulators and third parties.
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If material is discarded as waste then its reuse on site may still be possible. Waste soils
can be reused on site under a standard rules environmental permit or a U1 waste
exemption from the Environmental Permitting (England and Wales) Regulations 2010,
provided that they are suitable for the proposed use. However, it should be noted that
these have strict limits on the quantity of material that can be reused.

8.3 Reuse of waste materials

8.4 Groundwater

When there is an intention to discard groundwater, chemical test results will indicate the
appropriate disposal options. This could include: tanker disposal to a waste water
treatment facility; to foul sewer, under a consent issued by the water authority; or to a
watercourse, under a consent issued by the EA.
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CONCLUSIONS AND RECOMMENDATIONS

9.1 Environmental

9.1.1 Conclusions
It is considered that remedial measures will be necessary to protect the future site users
from direct contact with arsenic.
PAH concentrations with the potential to have an adverse effect on human health by
direct contact or inhalation have been identified. These appear mainly to be found in a
distinct area in the northern and north-eastern parts of the site, but the investigation
suggests that, in addition to this principal area of impact, isolated concentrations above
the SAC may be present at any location within the site.
It is concluded that slight impact by TPH, above laboratory detection limits, is
widespread, but this is not generally significant for human health.
The evidence of PAH and phenals in shallow soils suggests that chemical attack on
potable water supply pipes is likely.
Very few exceedances of the GAC for phytotoxic contaminants were reported, and in
almost every case these were minor, therefore it is considered that this potential
pollutant linkage can be discounted.
Little leachable contamination was identified in soil and few exceedances of the EQS
were reported in groundwater samples. Consequently, it is considered that the site does
not pose an overall risk to groundwater.
It is not considered that there are any significant adverse effects on the watercourse
crossing the site, and therefore the potential linkage between PAHs present in made
ground and the river Dearne can be discounted.
The laboratory testing has indicated that potentially combustible material is only locally
present in the made ground. It is considered that, post-development, the risks from
combustible material in the made ground will not be significant.
On the basis that very little asbestos has been found during the investigations, it is
considered that any asbestos contamination present is unlikely to be extensive.
However, In view of the site history, it is likely that some asbestos remains in areas
where demolition arisings are present and allowance should be made for removing
unsuitable materials from site.
Radon protective measures are not necessary for new housing development on the site.
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To mitigate against direct contact with arsenic and PAHSs, a total topsoil and inert cover
thickness of 500mm is proposed for rear gardens across the majority of the site. The
cover layer thickness should be increased to 600mm for gardens in the north-eastern
part of the site where particularly high PAH concentrations were reported. In front
gardens and areas of public open space a total cover thickness of 300mm is considered
sufficient.

Recommendations

To mitigate against indoor inhalation of PAHSs, including benzo(a)pyrene, a vapour
barrier resistant to volatile compounds should be provided within the floor construction. It
should be noted that certain commercially available barriers that incorporate aluminium,
or other similar metallic foils, may be unsuitable, unless the design ensures that they can
not come into contact with the made ground, as the aggressive ground conditions
present could cause degradation of the membrane.

The general adoption of mitigation measures against chemical attack on potable water
supply pipes, such as the provision of barrier pipe, will be necessary.

It should be recognised that the investigation has only sampled a representative number
of locations and any additional areas of localised hydrocarbon contamination that may
be identified during the development will require assessment and possibly remediation,
to minimise the potential for further entry of hazardous substances or non-hazardous
pollutants into groundwater.

Gas protection measures will be required in accordance with CS2, “low risk”, according
to the Wilson and Card classification, or “Amber 1" according to the NHBC traffic lights
classification.

Appropriately trained site staff should maintain a watching brief during groundworks, so
that any if any suspected asbestos-containing materials are encountered, appropriate
remedial action can be taken.

Geotechnical

Conclusions

It is concluded that shallow mine workings with the potential to adversely affect the
development are present in the land underlying much of the north-eastern part of the
site. The area requiring treatment is limited to the southwest by the outcrop of the
Mapplewell (Kent's Thick) Coal and it will be necessary to extend the treatment north-
eastwards until adequate rock cover is proved to this seam. The investigation suggests
that the seam dip, which was stated in published data as between 1:12 and 1:21 is
almost certainly at the shallower end of this range, or shallower. It should be recognised
that if the dip is less than was originally expected, the treatment area may be greater, to
achieve sufficient rock cover over the workings. There was some uncertainty in the
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interpretation of the strata at boreholes R205 and R206, but both boreholes indicated
areas where treatment of shallow workings is required.

The investigation of concrete obstructions revealed typical concrete thicknesses
between 0.3m and 1.6m, although it should be recognised that, in some locations, these
thicknesses may be exceeded, or concrete could be encountered beneath a covering of
made ground.

Shaft 001 has been treated and capped and it is considered that no further action is
required, other than to define an appropriate no-build zone around its location. Adit 011
is recorded as treated and lying outside the site boundary and shafts 025 and 026 are
recorded as lying outside the site boundary. It is considered that no further action is
required at these locations. Numerous trial pits were excavated in the attempt to locate
adits 016 and 028, but the results were inconclusive. An obvious depression was
observed close to the recorded location of shaft 027. No evidence of shaft 005 was
observed.

Given the significant depth of made ground encountered across most of the site, it is
considered that conventional shallow strip or trench fill foundations will only be suitable
in limited areas of the development, where natural soils are present at shallow depth,
otherwise this method of construction would be uneconomic.

The site history and intrusive investigation suggest that stiffened edge slab semi-raft
foundations are likely to be a suitable foundation solution on parts of the site. The
preliminary results of skip loading tests indicate that such may be suitable over the
majority of the site.

Piled foundations might also be suitable in some areas, but there are certain constraints,
including noise, the presence of obstructions within the made ground, aggressive ground
conditions and contamination issues that may present some difficulties.

Recommendations

The approximate extent of the area requiring drilling and grouting to consoclidate old
mine workings at shallow depth is shown on the Constraints Plan, Figure 8.

It is considered that an attempt should be made to determine the location of adits 016
and 028 using surface geophysics. Filling, or consolidation of any existing fill within
these adits will be necessary and could either be completed as part of the proposed
treatment of shallow workings in this area or by excavation and recompaction.

The depression at the recorded location of shaft 027 requires further investigation, either
using a large backhoe excavator, or by probe drilling from a safety platform bridging the
depression. Further investigation is also required to locate shaft 005. Drilling and
grouting treatment of shafts 027 and 005, followed by capping, is likely to be necessary.

It will be necessary to define a suitable “no-build” zone around each shaft located on the
site. Allowance should also be made at this stage for a no-build zone over adits 016 and
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028, but if effective treatment of the adits has been completed, and raft foundations are
adopted, it may be possible to relax this condition.

An Aggressive Chemical Environment for Concrete classification of AC-5 should be
assumed for design purposes.
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APPENDIX A
SERVICE CONSTRAINTS

1. This report and the site investigation carried out in connection with the report (together the "Services") were compiled and carried
out by RSK Environment Limited (RSK) for Harworth Estates (the "client”) in accordance with the terms of a contract between RSK
and the "client", dated July 2013 The Services were performed by RSK with the skill and care ordinarily exercised by a reasonable
environmental consultant at the time the Services were performed. Further, and in particular, the Services were performed by RSK
taking into account the limits of the scope of works required by the client, the time scale involved and the resources, including
financial and manpower resources, agreed between RSK and the client.

2.  Other than that expressly contained in paragraph 1 above, RSK provides no other representation or warranty whether express or
implied, in relation to the Services.

3. Unless otherwise agreed the Services were performed by RSK exclusively for the purposes of the client. RSK is not aware of any
interest of or reliance by any party other than the client in or on the Services. Unless expressly provided in writing, RSK does not
authorise, consent or condone any party other than the client relying upon the Services. Should this report or any part of this report,
or otherwise details of the Services or any part of the Services be made known to any such party, and such party relies thereon that
party does so wholly at its own and sole risk and RSK disclaims any liability to such parties. Any such party would be well
advised to seek independent advice from a competent environmental consultant and/or lawyer.

4. Itis RSK's understanding that this report is to be used for the purpose described in the introduction to the report. That purpose was
a significant factor in determining the scope and level of the Services. Should the purpose for which the report is used, or the
proposed use of the site change, this report may no longer be valid and any further use of or reliance upon the report in those
circumstances by the client without RSK 's review and advice shall be at the client's sole and own risk. Should RSK be requested to
review the report after the date hereof, RSK shall be entitled to additional payment at the then existing rates or such other terms as
agreed between RSK and the client.

5. The passage of time may result in changes in site conditions, regulatory or other legal provisions, technology or economic
conditions which could render the report inaccurate or unreliable. The information and conclusions contained in this report should
not be relied upon in the future without the written advice of RSK. In the absence of such written advice of RSK, reliance on the
report in the future shall be at the client's own and sole risk. Should RSK be requested to review the report in the future, RSK shall
be entitled to additional payment at the then existing rate or such other terms as may be agreed between RSK and the client.

6. The observations and conclusions described in this report are based solely upon the Services which were provided pursuant to the
agreement between the client and RSK. RSK has not performed any observations, investigations, studies or testing not specifically
set out or required by the contract between the client and RSK. RSK is not liable for the existence of any condition, the discovery of
which would require performance of services not otherwise contained in the Services. For the avoidance of doubt, unless otherwise
expressly referred to in the introduction to this report, RSK did not seek to evaluate the presence on or off the site of asbestos,
electromagnetic fields, lead paint, heavy metals, radon gas or other radioactive or hazardous materials.

7. The Services are based upon RSK's observations of existing physical conditions at the Site gained from a walk-over survey of the
site together with RSK's interpretation of information including documentation, obtained from third parties and from the client on the
history and usage of the site. The Services are also based on information and/or analysis provided by independent testing and
information services or laboratories upon which RSK was reasonably entitled to rely. The Services clearly are limited by the
accuracy of the information, including documentation, reviewed by RSK and the observations possible at the time of the walk-over
survey. Further RSK was not authorised and did not attempt to independently verify the accuracy or completeness of information,
documentation or materials received from the client or third parties, including laboratories and information services, during the
performance of the Services. RSK is not liable for any inaccurate information or conclusions, the discovery of which inaccuracies
required the doing of any act including the gathering of any information which was not reasonably available to RSK and including
the doing of any independent investigation of the information provided to RSK save as otherwise provided in the terms of the
contract between the client and RSK.

8. The phase Il or intrusive environmental site investigation aspects of the Services is a limited sampling of the site at pre-determined
borehole and soil vapour locations based on the operational configuration of the site. The conclusions given in this report are based
on information gathered at the specific test locations and can only be extrapolated to an undefined limited area around those
locations. The extent of the limited area depends on the soil and groundwater conditions, together with the position of any current
structures and underground facilities and natural and other activities on site. In addition chemical analysis was carried out for a
limited number of parameters [as stipulated in the contract between the client and RSK] [based on an understanding of the
available operational and historical information,] and it should not be inferred that other chemical species are not present.

9.  Any site drawing(s) provided in this report is (are) not meant to be an accurate base plan, but is (are) used to present the general
relative locations of features on, and surrounding, the site.
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APPENDIX B
SUMMARY OF LEGISLATION AND POLICY
RELATING TO CONTAMINATED LAND

Part IIA of the Environmental Protection Act 1990 (EPA) and its associated Contaminated Land
Regulations 2000 (S| 2000/227), which came into force in England on 1 April 2000, formed the
basis for the current regulatory framework and the statutory regime for the identification and
remediation of contaminated land. Part IIA of the EPA 1990 defines contaminated land as ‘any
land which appears to the Local Authority in whose area it is situated to be in such a condition by
reason of substances in, on or under the land, that significant harm is being caused, or that there
is significant possibility of significant harm being caused, or that pollution of controlled waters is
being or is likely to be caused’. Controlled waters are considered to include all groundwater,
inland waters and estuaries.

In August 2006, the Contaminated Land (England) Regulations 2006 (S| 2006/1380) were
implemented, which extended the statutory regime to include Part IIA of the EPA as originally
introduced on 1 April 2000, together with changes intended chiefly to address land that is
contaminated by virtue of radioactivity. These have been replaced subsequently by the
Contaminated Land (England) (Amendment) Regulations 2012, which now exclude land that is
contaminated by virtue of radioactivity.

The intention of Part 1IA of the EPA is to deal with contaminated land issues that are considered
to cause significant harm on land that is not undergoing development (see
Environmental Protection Act 1990: Part 2A Contaminated Land Statutory Guidance, April 2012).
This document replaces Annex |l of Defra Circular 01/2006, published in September 2006 (the
remainder of this document is now obsolete).

Water Framework Directive (WFD)

The Water Framework Directive 2000/60/EC is designed to:

« enhance the status and prevent further deterioration of aquatic ecosystems and
associated wetlands that depend on the aquatic ecosystems

¢ promote the sustainable use of water
e reduce pollution of water, especially by ‘priority’ and ‘priority hazardous’ substances

e ensure progressive reduction of groundwater pollution.

The WFD requires a management plan for each river basin be developed every six years.
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Groundwater Directive (GWD)

The 1980 Groundwater Directive 80/68/EEC and the 2006 Groundwater Daughter Directive
2006/118/EC of the WFD are the main European legislation in place to protect groundwater. The
1980 Directive is due to be repealed in December 2013. The European legislation has been
transposed into national |legislation by regulations and directions to the Environment Agency.

Environmental Permitting Regulations (EPR)

The Environmental Permitting (England and Wales) Regulations 2010 provide a single regulatory
framework that streamlines and integrates waste management licensing, pollution prevention and
control, water discharge consenting, groundwater authorisations, and radioactive substances
regulation. Schedule 22, paragraph 6 of EPR 2010 states: ‘the regulator must, in exercising its
relevant functions, take all necessary measures - (a) to prevent the input of any hazardous
substance to groundwater; and (b) to limit the input of non-hazardous pollutants to groundwater
so as to ensure that such inputs do not cause pollution of groundwater.’

Water Resources Act (WRA)

The Water Resources Act 1991 (Amendment) (England and Wales) Regulations 2009 updated
the Water Resources Act 1991, which introduced the offence of causing or knowingly permitting
pollution of controlled waters. The Act provides the Environment Agency with powers to
implement remediation necessary to protect controlled waters and recover all reasonable costs of
doing so.

Priority Substances Directive (PSD)

The Priority Substances Directive 2008/105/EC is a ‘Daughter’ Directive of the WFD, which sets
out a priority list of substances posing a threat to or via the aquatic environment. The PSD
establishes environmental quality standards for priority substances, which have been set at
concentrations that are safe for the aquatic environment and for human health. In addition, there
is a further aim of reducing (or eliminating) pollution of surface water (rivers, lakes, estuaries and
coastal waters) by pollutants on the list. The WFD requires that countries establish a list of
dangerous substances that are being discharged and EQS for them. In England and Wales, this
list is provided in the River Basin Districts Typology, Standards and Groundwater threshold
values (Water Framework Directive) (England and Wales) Directions 2010. In order to achieve
the objectives of the WFD, classification schemes are used to describe where the water
environment is of good quality and where it may require improvement.

Planning Policy

Contaminated land is often dealt with through planning because of land redevelopment. This
approach was documented in Planning Policy Statement: Planning and Pollution Control PPS23,
which states that it remains the responsibility of the landowner and developer to identify land
affected by contamination and carry out sufficient remediation to render the land suitable for use.
Harworth Estates
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PPS23 was withdrawn early in 2012 and has been replaced by much reduced guidance within the
National Planning Policy Framework (NPPF).

The new framework has only limited guidance on contaminated land, as follows:

s ‘planning policies and decisions should also ensure that:

o]

Harworth Estates

the site is suitable for its new use taking account of ground conditions and land
instability, including from natural hazards or former activities such as mining,
pollution arising from previous uses and any proposals for mitigation including
land remediation or impacts on the natural environment arising from that
remediation;

after remediation, as a minimum, land should not be capable of being determined
as contaminated land under Part IIA of the Environmental Protection Act 1990;
and

adequate site investigation information, prepared by a competent person, is
presented”.

Geo-Environmental Assessment: Former North Gawber Colliery
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APPENDIX C
RISK ASSESSMENT METHODOLOGY

CLR11 outlines the framework to be followed for risk assessment in the UK. The framework is
designed to be consistent with UK legislation and policies including planning. Under CLR11, three
stages of risk assessment exist: preliminary, generic quantitative and detailed quantitative. An
outline conceptual model should be formed at the preliminary risk assessment stage that collates
all the existing information pertaining to a site in text, tabular or diagrammatic form. The outline
conceptual model identifies potentially complete (termed possible) pollutant linkages
(contaminant—pathway—receptor) and is used as the basis for the design of the site investigation.
The outline conceptual model is updated as further information becomes available, for example
as a result of the site investigation.

Production of a conceptual model requires an assessment of risk to be made. Risk is a
combination of the likelihood of an event occurring and the magnitude of its consequences.
Therefore, both the likelihood and the consequences of an event must be taken into account
when assessing risk. RSK has adopted guidance provided in CIRIA C552 for use in the
production of conceptual models.

The likelihood of an event can be classified on a four-point system using the following terms and
definitions based on CIRIA C552:

= highly likely: the event appears very likely in the short term and almost inevitable over the
long term or there is evidence at the receptor of harm or pollution

e likely: it is probable that an event will occur or circumstances are such that the event is not
inevitable, but possible in the short term and likely over the long term

e low likelihood: circumstances are possible under which an event could occur, but it is not
certain even in the long term that an event would occur and it is less likely in the short term

« unlikely: circumstances are such that it is improbable the event would occur even in the long
term.

The severity can be classified using a similar system also based on CIRIA C552. The terms and
definitions relating to severity are:

» severe: short term (acute) risk to human health likely to result in ‘significant harm’ as defined
by the Environment Protection Act 1990, Part IlA. Short-term risk of pollution of sensitive
water resources. Catastrophic damage to buildings or property. Short-term risk to an
ecosystem or organism forming part of that ecosystem (note definition of ecosystem in ‘Draft
Circular on Contaminated Land’, DETR 2000)

« medium: chronic damage to human health (‘significant harm’ as defined in ‘Draft Circular on
Contaminated Land’, DETR 2000), pollution of sensitive water resources, significant change
in an ecosystem or organism forming part of that ecosystem

Harworth Estates
Geo-Environmental Assessment: Former Morth Gawber Colliery
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mild: pollution of non-sensitive water resources. Significant damage to crops, buildings,
structures and services (‘significant harm’ as defined in ‘Draft Circular on Contaminated
Land’, DETR 2000). Damage to sensitive buildings, structures or the environment

minor: harm, not necessarily significant, but that could result in financial loss or expenditure
to resolve. Non-permanent human health effects easily prevented by use of personal
protective clothing. Easily repairable damage to buildings, structures and services.

Once the probability of an event occurring and its consequences have been classified, a risk
category can be assigned according to the table below.

Probability

Consequences

Severe Medium Mild

Highly likely Very high High Moderate Moderate/low

Likely High Moderate Moderate/low | Low

(WA GG Moderate Moderate/low | Low Very low

Unlikely Moderate/low Low Very low Very low

Definitions of these risk categories are as follows together with an assessment of the further work
that may be required:

Very high: there is a high probability that severe harm could occur or there is evidence that
severe harm is currently happening. This risk, if realised, could result in substantial liability;
urgent investigation and remediation are likely to be required.

High: harm is likely to occur. Realisation of the risk is likely to present a substantial liability.
Urgent investigation is required. Remedial works may be necessary in the short term and
are likely over the long term.

Moderate: it is possible that harm could arise, but it is unlikely that the harm would be severe
and it is more likely that the harm would be relatively mild. Investigation is normally required
to clarify the risk and determine the liability. Some remedial works may be required in the
longer term.

Low: it is possible that harm could occur, but it is likely that if realised this harm would at
worst normally be mild.

Very low: there is a low possibility that harm could occur and if realised the harm is unlikely
to be severe.

Harworth Estates
Geo-Environmental Assessment: Former North Gawber Colliery
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APPENDIX D
EXPLORATORY HOLE RECORDS
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BOREHOLE LOG

Contract: [ Client: Borehole:
(M) North Gawber | Harworth Estates Ltd BH201
Contract Ref: Start: 14.08.13  Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 14.08.13 72.74 E:433098.8 N:409514.1 1 o1
Samples and In-situ Tests § =4 éé Depth Materi‘all
g g5 Description of Strata (Thick | Graphic
Depth |[No| Type Results R=1 ness) | Legend
& MADE GROUND comprising sparse grass over soft grey/black sandy |
very gravelly ashy clay. Gravel is fine to coarse angular to subangular [
0.40-0.80 1 B brick, mudstone, sandstone, coal. Rare fragments of wood. i
AR5 Rootlets in top 0.2m
1.40 2| o =R :
1.50-1.95 |83 | SPT N=3 -:-E: ] ;(3‘20)
150195 |3 | B ;.;E ]
e
-2.90 4| D L
" 3.00-3.45 S5| SPT N=4 i [ 3.20
- 3.00-3.45 6 B ‘54 MADE GROUND comprising very soft grey/black slightly gravelly
i -1 clay. Gravel is fine to coarse angular to subangular brick, mudstone,
r .' .-+ sandstone, coal. L(1.10)
0 ] F
[ = H1 [ 4.30
[ 4.40 7 D :.:H-:¢ MADE GROUND comprising stiff grey/brown/orangey slightly gravelly + ‘
B , k:sH:.7 clay with pockets of black sandy gravelly angular coal. Gravel is fine |
:::55{0,‘_;'% sga sgr PR e . to coarse angular to subangular brick, mudstone, sandstone, coal. - a0
i : 1\Very compact J - (0.50)
- 5.00 w12 EW . 1 MADE GROUND comprising grey/brown slightly clayey gravel of fine | 5.20
r :-:H-.n\lo coarse angular to subangular mudstone and rare coal fragments /7
-*H.:1 Grey/brown weathered MUDSTONE recovered as very stiff gravelly -
L L c'a
: E 1 (1.14)
-5.90 10| D e =
' 6.00-6.34 |S11| SPT |N:50 for 190mm ‘ r
- G | 6.34
B [
[

Boring Progress and Water Observations Chiselling / Slow Progress General Remarks
i Borehole :
Date Time Borehole| Casing Diacter Water From To gﬂlﬁ:‘m}

Depth | Depth (mm) Depth

- 1. Hand dug pit to 1.2m

5.80 6.00 00:30 | 2 No groundwater but very damp/wet from 2.3m

3. Installation: 1m plain, 5m slotted. Top hat
cover

All dimensions in metres] Scale: 1:50
Method Plant Drilled Logged Checkec ¢ L1
Used:  Cable percussion |Used:  Dando 2000 By: RW By EJones |By: AGS
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Contract: Client: Borehole:
(M) North Gawber Harworth Estates Ltd BH202
Contract Ref: Start: 15.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 15.08.13 74.74 E:432981.2 N:409577.3 1 of 1
Samples and In-situ Tests 8 E Depth | Material
2 £ Description of Strata (Thick | Graphic
Depth |No Results = 2 ness) | Legend
TOPSOIL comprising grass over soft brown sandy gravelly clay with | g2g [ &%
[ occasional rootlets. Gravel is angular to subangular fine mudstone /
[ 040080 | 1 esc ok s . - (0.80)
; MADE GROUND comprising grey/brown slightly clayey very gravelly :
[ fine to coarse sand. Gravel is fine to coarse angular to subangular |
[ mudstone, sandstone, coal r 1.00
i :*H:+] MADE GROUND comprising soft black slightly gravelly sandy clay. |
L -:H+.4 Gravel is fine to coarse angular to subangular mudstone and coal.
[ 1.40 2 1 Not homogenous - some more sandy patches and some clayey [ 1.20
150185 |S3 =5 patches with little gravel 1(1.20)
- 1.50-1.95 4 [
. g L 2.20
< Stiff light brown/orange mottled grey CLAY with rare fine gravel of | Fo— —§
. subangular mudstone. Becomes friable with depth [ - — —]
. [ — &
E(1.40) [—— 1
—2.90 5 D T e ]
3.00-3.45 S6 | SPT N=29 = — &
3.00-3.45 7 B [ — — -
 3.40 8| D PRE e
Light grey/brown weathered MUDSTONE recovered as sandy clayey -
] mudstone gravel and cobbles [
" 4.00-4.37 89 | SPT |N:50 for 220mm ] B
[ 4.00-4.50 10 B .
[(1.69)
-4.90 11 -
5.00-5.29 512 N:50 for 150mm - 5.29

S o e ) o e

T

- Lib00D4 PriVersion:
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Boring Progress and Water Observations Chiselling / Slow Progress
: ]Bcrehole Casing | Water ] Duration General Remarks
Date Time [ From To {hh:mm)
Depth | Depth Depth 7
= 1. Hand dug pit to 1.2m
4.70 5.00 00:30 | 2 No groundwater encountered
3. Installation: 1m plain, 4m slotted. Top hat
cover
All dimensions in melres! Scale: 1:50
Method Plant Drilled Logged Checkec
Used:  Cable percussion |Used:  Dando 2000 By: RW  |By EJones |BY:
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|

Contract: Client: Borehole:
(M) North Gawber Harworth Estates Ltd BH203
Contract Ref: Start: 12.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: | Sheet:
321370 End: 12.08.13 76.00 E:432792.7 N:409644.5 1 of 2
Samples and In-situ Tests 8 i Eﬁ Depth | Material
At Description of Strata (Thick | Graphic
Depth No Results = Fict ness) | Legend
TOPSOIL occasional rootlets, fibrous peat, dark brown in colour _ ii = "_-'_'._l
i [ 0.40 [ iocth
- 0.40-0.80 B1 MADE GROUND comprising soft dark brown/grey slightly sandy r
[ gravelly clay. Black staining, hydrocarbon odour. Gravel is angular to [
r % subangular medium to coarse mudstone, sandstone, siltstone. |
= :H+!4 Occasional cobbles. Clay is slightly damp &
1.40 D2 L
1.50-1.95 | S3 +(2.50)
1.50-1.95 B3 L
- 2.90
-2.90 D4 MADE GROUND comprising soft, friable light brown/grey gravelly -3.10
[3.00-323 | S5 N:50 for 125mm ]\ clay with patches of dark grey clay. Gravel is angular to subangular [T
- 3.00-3.50 | B6 ] \medium to coarse mudstone, sandstone and siltstone K :
r .24 Light brown/grey/orange SANDSTONE. Weathered and fine grained. | (1.08)
B «H.-] Recovered as sandy fine to coarse angular to subangular gravel [
L 3.80 w1 t -] !
~3.90 D7 [ - 4.18
L 4.00-4.17 S8 N:50 for 90mm - =

Boring Progress and Water Observations Chiselling / Slow Progress G | R k
i Borehole| Casing | Borehole | water Duration eneral hemarks
Date Time Diameter From To (hh:mm)
Depth Depth (mm) Depth -
3 i 00:30 1. Hand dug pit to 1.2m
80 .00 : 2. No environmental samples taken as TP221
was close to hole, from which samples were
taken at 0.3-0.5m and 2.0-2.3m
3. Terminated at 4.0m: drilled only 0.2m in 15
minutes
4. Installation: 1m plain, 3m slotted. Top hat
All dimensions in metresl Scale: 1:50
Method Plant Drilled Logged EJones + |Checkec ¢m ]
Used:  Cable percussion |UYsed:  Dando 2000 By: RW By:  EAtkinson |BY: :
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m BOREHOLE LOG

Contract: Client: Borehole:
(M) North Gawber Harworth Estates Ltd BH203
Contract Ref: Start: 12.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 12.08.13 76.00 E:432792.7 N:409644.5 2 of 2
Samples and In-situ Tests g I 3 § : Depth | Material
0 XEd Description of Strata (Thick | Graphic
Depth |No| Type Results = 8< 8 ness) | Legend
|
Boring Progress and Water Observations Chiselling / Slow Progress
Date | Time |BOrehole| Casing ggr‘m‘; Water || _ 7o | Duration General Remarks
Depth | Depth | (mm) | Depth (hh:rmm)
cover
L L All dimensions in metras’ Scale:  1:50
Method Plant Drilled Logged EJones + |Checkec ¢ ]
Used: Cable percussion |Used:  Dando 2000 By: RW By:  EAtkinson |BY: A
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Contract: Client: ‘ Borehole:
(M) North Gawber Harworth Estates Ltd ‘ BH204
Contract Ref: Start: 12.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 12.08.13 83.60 E:432875.6 N:409727.8 1 of 1
Samples and In-situ Tests 8 pe Qf Depth | Material
L % ik Description of Strata (Thick | Graphic
Depth No | Type Results = a= 2 ness) | Legend
MADE GROUND comprising soft dark brown gravelly fine to coarse + g.20
[ sand. Gravel is fine to coarse angular to subangular sandstone, (|
040080 |B1| B mudstone, coal. Contains occasional rootlets i
¥ MADE GROUND comprising black gravelly fine to coarse sand with |
occasional cobbles. Gravel is fine to coarse angular to subangular |
r sandstone, mudstone, coal. Cobbles are angular to subangular brick | (1.60)
+ 1.00-1.30 ES| ES S fragments A
L 1.40 D2 D i
r 1.50-1.95 S3 | SPT N=7 [
[1.50-1.95 |B4| B ? 1.80
1 MADE GROUND comprising soft to firm grey mottled brown clay with
C occasional fibrous wood fragments and rare gravel. Gravel is fine to [(0.60)
1 medium angular to subangular mudstone and siltstone i 2.40
Firm grey mottled brown CLAY. Occasional fibrous wood and | F =]
1 vegetation fragments. i F—
F2.90 Ds| D Lenaoy - — —]
[ 3.00-3.45 S6 | SPT N=36 r pelibmpilia ey
L 3.00-3.45 B7 B e
f Lo ]
F Weathered grey/brown/orangey clayey sandstone F
1-3.90 D8| D ] [
| 4.00-4.37 S9 | SPT |N:50 for 220mm [
| 400450 |B10| B -(1.30)
L 4.60 D11| D I
4.70-5.00 S$12| SPT |N:50 for 180mm E
L - 5.00
[
Boring Progress and Water Observations Chiselling / Slow Progress
ing | Borehole . General Remarks
Date Time Borehole| Casing Diamatey | WVater From To ?h\:‘ra:'o;;

Depth | Depth (mm) Depth

1. Hand dug pit to 1.3m

2. No groundwater encountered

3. Installation: 1m plain, 3.7m slotted. Top hat
cover

4.50 4.70 00:30

All dimensions in melresl Scale: 1:50
Method Plant | Drilled Logged EJones + |Checkec ¢ L1
Used: Cable percussion |Used:  Dando2000 By RW By EAtkinson |BY: AGS
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BOREHOLE LOG

Contract: Client: Borehole:
(M) North Gawber Harworth Estates Ltd BH205
Contract Ref: Start: 13.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 13.08.13 85.56 E:433045.1 N:409722.9 1 of 2
Samples and In-situ Tests 5= é§ Depth | Material
s %-Qg Description of Strata (Thick | Graphic
Depth |No| Type Results 3= 2 ness) | Legend
 MADE GROUND comprising patchy grass over grey/brown clayey |
[ very gravelly fine to coarse sand. Gravel is fine to coarse angular to [ (0.80)
" 040-080 |B1| B subangular mudstone, sandstone, siltstone. Occasional cobbles of [
s angular to subangular grey mudstone L
r r 0.80
- MADE GROUND comprising black gravelly fine to coarse sand. -
L 1.00 p2! D ie.| |4 Gravel is fine to coarse angular to subangular mudstone, sandstone, | (0.70)
i «7sf 1247 siltstone, brick I
1.40 D3| D ol o1 . [ 1.50
150-1.95 |S4/| SPT N=6 -*.H:.¢ MADE GROUND comprising black/dark grey gravelly slightly clayey |
1.50-1.96 B5 B *4 fine to coarse sand. Gravel is fine to coarse angular to subangular [
4 mudstone, sandstone, silistone, brick. Between 1.95 and 3.0m [
L { becomes less gravelly. Occasional coal fragments between |
1 3.45-4.95m i
-2.90 D6 D L
| 3.00-345 |S7 | SPT N=8 [
3.00-3.45 B8 B
[ (4.40)
- 4.40 D8| D i
[ 4.50-4.95 S10| SPT N=6 B
| 4.50-4.95 |B11 B [
. . - 5.90
~5.90 D12| D :+] MADE GROUND comprising soft to firm grey mottled brown sandy -
© 6.00-645 |S13| SPT N=9 1 slightly silty gravelly clay. Gravel is fine to medium angular to [
- 6.00-645 |B14| B 1 subangular mudstone, siltstone, sandstone, rare coal fragments. |
[ .1 Lenses of black sand and gravel sized laminated coal fragments from |
r 1 7.6m r
b [ (2.20)
C 7.40 D15| D 5
T 7.50-795 |S16| SPT N=
7.50-795 |B17| B 3
C 8.10
MADE GROUND comprising stiff brown/orangey clay. Occasional |
-] fibrous wood and vegetation fragments. Gravel is medium subangular |
-4 to rounded. Gravel consists of mudstone, sandstone, pockets of sand |
-4 and gravel sized coal fragments L
Boring Progress and Water Observations Chiselling / Slow Progress
ing | Borehole A General Remarks
; Borehole| Casing | of Water Duration
Date Time Diameter From To (hh:mm)
Depth | Depth (mm) Depth y
, 1. Hand dug pit to 1.2m
12.30 12.60 00:30 | o Groundwater struck at 10.4m depth, rising to
9.2m depth after 20 minutes.
3. Installation: 1m plain, 11.6m slotted. Top hat
cover
All dimensions in metresl Scale:  1:50
Method Plant Drilled Logged EJones + |Checkec ¢m
Used: Cable percussion |Used:  Dando 2000 By: RW By  EAtkinson |BY: A
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BOREHOLE LOG

Contract: Client: Borehole:
(M) North Gawber Harworth Estates Ltd BH205
Contract Ref: Start: 13.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 13.08.13 85.56 E:433045.1 N:409722.9 2 of 2
Samples and In-situ Tests ] ; 3 § Depth | Material
2 B EE Description of Strata (Thick | Graphic
Depth |No| Type | Results 31 3<g ness) | Legend
L 8.90 D18 D 5/ [+:H:'{ MADE GROUND comprising stiff brownforangey clay. Occasional |
[ 9.00-9.45 |S19| SPT N=40 " [+'H-:4 fibrous wood and vegetation fragments. Gravel is medium subangular [
- 9.00-945 |B20| B --H*] to rounded. Gravel consists of mudstone, sandstone, pockets of sand ¢
r-:H+:4 and gravel sized coal fragments L
.><[1'+] (stratum copied from 8.10m from previous sheet) r
Rae (3.70)
" 10.40 p21| D . PooH '
© 10.50-10.95 |S22| SPT N= i i .
| 10.50-10.95 |B22| B el
i 11.80
" 14.00 oail b o= Dark grey very fine graine_d MUDSTONE. Rare fibrous fragments of |
 12.00-12.18 |S24. SPT | N:50 for 90mm ioped wood and roots, trace fossils. Recovered as friable mudstone 0.93)
[ 12.00-12.50 |B25| B D= s
1200 D26, D ;.;E;. :
 12.60-12.73 [S27| SPT | N:50 for 70mm L 12.73
E
r
Boring Progress and Water Observations [ Chiselling / Slow Progress
Borehole| Casing | Borehole | \yater Biration General Remarks

Date Time Diameter From To (hh:mm)

Depth | Depth (mm) | Depth

All dimensions in metres| Scale: 1:50
Method Plant Drilled Logged EJones + |Checkec L&
Used:  Cable percussion |Used: Dando 2000 By: RW By:  EAtkinson |By: AGS
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BOREHOLE LOG

Contract: Client: Borehole:
(M) North Gawber Harworth Estates Ltd BH206
Contract Ref: Start: 15.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 16.08.13 75.45 E:433138.2 N:409562.6 S
Samples and In-situ Tests -~y Depth | Material
S gt Description of Strata (Thick | Graphic
Depth |No| Type | Results E<2 ness) | Legend
Y TOPSOIL comprising grass over brown clayey gravelly fine to coarse | g.2g [ &%
[ sand with many rootlets. Gravel is angular to su-angular fine to coarse [
[ 040080 |B1| B mudstone, sandstone, brick i
i e MADE GROUND comprising soft grey/brown sandy gravelly ashy clay |
with occasional cobbles. Gravel is angular to subangular fine to |
& coarse mudstone, sandstone, brick, coal. Cobbles are angular [
L -.4 sandstone and clinker. Rare sandstone boulders (subangular) b
i .*] 0.08x0.3x0.4m. Rare clinker gravel. Occasional pockets of [
F 1.40 p2| © :.] yellow/brown sandy clay [ (2.60)
r1.50-1.95 |S3| SPT N=5 i
} 1.50-1.85 B4 B L
E F 2.80
L 200 ps| D MADE GROUND comprising soft to firm grey/brown mottled orange |
T3'00-3 45 s6 | sPT N= 1 slightly sandy slightly gravelly reworked clay. Gravel is fine to coarse [
L 3.00-3.45 B7 B 1 angular to subangular mudstone, sandstone, coal r
[(2.00)
L 4.40 D8| D
| 4.50-4.95 S9 | SPT N=24 E
[ 450495 |[B10| B 1 4.80
. Grey weathered MUDSTONE recovered as friable slightly sandy -
L 5.00 w1| EW 1 clayey mudstone gravel B
r(1.20)
6.00
-5.90 11
6.00-6.12 312 SID=T N:50 for 75mm -] Grey laminated MUDSTONE i
6.00650 |B12| B £(0.70)
| 6.50-6.70 |S14| SPT [N:50 for 110mm " 6.70
[ 6.50 D13 D Borehole terminated at 6.70m depth. ;
=4 -
t . |
Boring Progress and Water Observations Chiselling / Slow Progress
ing | Borehole . General Remarks
Date Time Borehole Casing Didimiotes Water From To (I:r)‘\;ra'::;

Depth | Depth (mm) Depth

: 1. Hand dug pit to 1.2m

6.30 6.50 00:30 | 2. No groundwater, but clay wet from 1.7m

3. Installation: 1m plain, 5.5m slotted. Top hat
cover

All dimensions in metres: Scale:  1:50
Method Plant Drilled Logged Checkec ¢v L1
Used:  Cable percussion |Used: Dando 2000 By: RW By: EJones |BY: AGS




- Lib0004 PriVersion: v8_05 - Core+Logs 0002 | Log CABLE PERCUSSION LOG | 321370 NORTH GAWBER.GPJ - v8_05 | 21/11/13 - 15:30 | BM,

RSK Environment Ltd, Fourways House, 57 Hilton Street, Piccadilly, Manchester, M1 2EJ. Tel: 0161 236 2757, Fax: 0161 236 7029, Web: www.rsk.co.uk.

GINT_LIBRARY_VB_05.GLB LibVersion: vB_05

BOREHOLE LOG

Contract: Client: | Borehole: \
(M) North Gawber Harworth Estates Ltd | BH207
Contract Ref: Start: 415.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: | Sheet:
321370 End: 15.08.13 81.37 | E:433166.7 N:409614.9 T w1
Samples and In-situ Tests B2 ;-,_é Depth | Material
s E58 Description of Strata (Thick | Graphic
Depth |No| Type | Results = |8cs ness) | Legend
& MADE GROUND comprising grey slightly clayey gravelly fine to |
[ coarse sand. Gravel is fine to coarse angular to subangular | (0.60)
0.40-060 | B1 B mudstone, sandstone, coal, brick i 0.60
MADE GROUND comprising grey/black gravelly ashy fine to coarse
sand with occasional angular to subangular brick cobbles. Gravel is |
F s fine to coarse angular to subangular mudstone, sandstone, clinker, -
>« brick. Clinker is shiny red/black and very dense L
1.40 D2| D !
1.50-1.95 §3 | SPT N=7 [
1.50-1.95 B4 B [
L [ B
[(3.70)
—2.90 D5 D I~
[ 3.00-3.45 S6 | SPT N=8
L 3.00-3.45 B7 B
| F 4.30
[ 4.40 D D -/ MADE GROUND comprising firm light brown/orange/grey slightly |
[ 4.50-4.95 Sg SPT =30 ...:.] gravelly clay. Gravel is fine to medium angular to subangular [
450495 |Bi0 B [+:H-:4 mudstone. Rare pockets of black coaly sand that possibly fell in from |
[ 3 .-.1:»] the strata above. Becomes more gravelly and stiff with depth £(1.20)
- 5.30 wi1| EW eH - 550
- «w+3i+1 Light brown/grey weathered MUDSTONE recovered as very stiff +
[ ix:H:.y clayey gravel of angular to subangular laminated mudstone [
-5.90 D11 D ERE H1.28
- 6.00-6.36 |S12| SPT |N:50for210mm|  [iFi:] -(1.28)
6.00-6.50 |B13| B A=y [
- 6.50-6.78 |S15| SPT |N:50 for 130mm !
| 6.50 Di4| D - 6.78
Boring Progress and Water Observations Chiselling / Slow Progress
Borehole| Casing | Borehdle [ water Duration General Remarks
Date Time Diameter From To (hh:mm)

Depth | Depth (mm) Depth

- 1. Hand dug pit to 1.2m

6.30 | 650 | 00:30 | 3 No groundwater encountered

3. Installation: 1m plain, 5.5m slotted. Top hat
cover

| All dimensions in metres | Scale:  1:50
Method Plant Drilled Logged Checkec
Used:  Cable percussion |Ysed: Dando 2000 By: RW By: EJones By -




- Core+Logs 0002 | Log CABLE PERCUSSION LOG | 321370 NORTH GAWBER.GP.J - v8_05 | 21/11/13 - 15:30 | BM.

RSK Environment Ltd, Fourways House, 57 Hilton Street, Piccadilly, Manchester, M1 2EJ. Tel: 0161 236 2757, Fax: 0161 236 7029, Web: www.rsk.co.uk,

- Lib0004 PriVersior: v8_05

GINT_LIBRARY_V8_05.GLB LibVersion: v8_05

BOREHOLE LOG

Contract: Client: Borehole:
(M) North Gawber Harworth Estates Ltd BH208
Contract Ref: Start: 14.08.13 Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 14.08.13 90.72 E:433026.3 N:409808.1 B
Samples and In-situ Tests B = gg Depth | Material
5 &% Description of Strata (Thick | Graphic
Depth | No| Type Results = 2= ness) | Legend
MADE GROUND comprising grass over brown very gravelly slightly -
L clayey ashy fine to medium sand. Gravel is fine to coarse angular to |
[ 0.40-0.80 | B1 B subangular brick, mudstone, coal. Becomes more clayey with depth [
(1.80)
L 1.40 D2| D [
1.50-1.95 83| SPT N=7 [
150195 [B4| B ST 1.80
.4 MADE GROUND comprising friable brown/black very gravelly clay.
B _' Gravel is fine to coarse angular to subangular mudstone, coal and [
1 rare brick r
2,90 D&/ D (2.60)
[ 3.00-3.45 S6 | SPT N=11 r
- 3.00-3.45 B7 B L
. [
v L
DN " 4.40
4,40 pDg| D “::H*] MADE GROUND comprising soft to firm grey/black slightly sandy t
[4.50-495 |89 | SPT N=14 .+.H*.1 gravelly clay with pockets of sand and gravel sized coal fragments " 4.80
L 450495 (B10| B o] le] 2 e
i c.:d::] Firm orange/brown mottied grey sandy gravelly CLAY I F— —]
: S e
[ SR 00y T
~5.90 D11| D I;.E;:: i ]
[ 6.00-6.45 [S12| SPT N=35 25 =I5 i il
| 6.00-645 |B13| B bealqte] gt
e  6.70 [
.>..] Light brown/orange mottled grey weathered MUDSTONE and |
 6.90 D14 D "-:H-:J SANDSTONE recovered as orange sandy fine to coarse mudstone [
$7.007.25 |S15| SPT |N:50for 130mm|  |:+:-] and sandstone gravel and cobbles -(0.89)
- 7.007.50 |B16| B ekl -
(750759 |S$17| SPT | N:5Of S (150
e 7 3 :50 for 60mm r

x 7 | i

Boring Progress and Water Observations Chiselling / Slow Progress
T ing | Borehole . General Remarks
i |Borehole| Casing | =¢ Water Duration
Date Time | Diameter From To (hh:mm)
Depth | Depth (mm) Depth 8 :
- 1. Hand dug pit to 1.2m
7.30 7.50 00:30 | 2 No groundwater encountered
3. Installation: 1m plain, 6.5m slotted. Top hat
cover
1 All dimensions in metresi Scale:  1:50
Method Plant Drilled Logged Checkec |1}
Used: Cable percussion |Used:  Dando 2000 By: RW By EJones |By: AGS




| 21/11/13 - 15:30 | BM.

-vB8_05

- Core+Logs 0002 | Log CABLE PERCUSSION LOG | 321370 NORTH GAWBER.GPJ

= Lib0004 PrjVersion: v8_05

RSK Environment Ltd, Fourways House, 57 Hilton Street, Piccadilly, Manchester, M1 2EJ. Tel: 0161 236 2757, Fax: 0161 238 7020, Web: www.rsk.co.uk.

GINT_LIBRARY_VB8_05.GLB LibVersion: v8_05

BOREHOLE LOG

Contract: Client: Borehole:
(M) North Gawber Harworth Estates Ltd BH209
Contract Ref: Start: 13.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 13.08.13 90.77 E:433174.5 N:409759.8 o1
Samples and In-situ Tests B2 é§ Depth  Material
5 SEE Description of Strata (Thick | Graphic
Depth |No| Type Results L ness) | Legend
TOPSOIL comprising grass over dark brown sandy fibrous peat with | 920 [ w4
L occasional rootlets Jie
! 040-080 |B1| B MADE GROUND comprising dark grey/black gravelly fine to medium |
. 0.50-0.70 ES| ES sand. Gravel is fine to coarse angular to subangular mudstone, [(1.00)
: siltstone, sandstone and brick fragments. Occasional cobbles.
[ Occasional coal fragments. Many brick cobbles from 0.5-1.2m &
N ] 1 1.20
| 120140 |ES| ES ] MADE GROUND comprising light brown gravelly fine to medium | 1.40
L 1.40 D2 D ‘H.:{\sand. Gravel is fine to coarse angular to subangular mudstone,
[ 1.50-1.95 |[S3| SPT N= :.1 |siltstone, sandstone and brick fragments. Occasional cobbles i
150185 |B4)| B ) MADE GROUND comprising dark brown/black gravelly fine to | 2
£ -'H.:4 medium sand with occasional cobbles. Gravel is fine to coarse [
=H: angular to subangular mudstone, siltstone, sandstone with occasional |
:H+:4 brick fragments and pockets of laminated coal (2.10)
; | 1 E
-2.90 D5| D i L
[ 3.00-3.45 S6 | SPT N=5 . [
L 3.00-3.45 B7 B *d {
i . [ 3.50
.4 MADE GROUND comprising firm to stiff light brown/grey gravelly -
:-1, friable sandy clay with pockets of fine to medium sand. Gravel is fine [ 3.80
B .¢|to medium angular to subangular sandstone and mudstone. |
.1 \Occasional fibrous fragments of roots and vegetation [
.1 Greyllight brown medium grained SANDSTONE. Occasional fibrous |
- 4.30 D8 D fragrnents I
4.40-4.71 89 | SPT |N:50 for 160mm - :(1 74)
-4.40—5.00 B10 B gk
L 530 DH| D 554
[ 540-5.54 S12| SPT | N:50 for 85mm ==
r r

| Boring Progress and Water Observations Chiselling / Slow Progress
4 Borehole : Genera[ Remarks
. Borehole| Casing | =° Water Duration
Date Time Diameter From To (hh:mm)
Depth | Depth (mm) Depth : :
_ 1. Hand dug pit to 1.2m
5.10 5.30 00:30 | 2 No groundwater encountered
3. Installation: 1m plain, 4.4m slotted. Top hat
cover
All dimensions in metres| Scale: 1:50
Method Plant Drilled Logged EJones + |Checkec
Used: Cable percussion |Used:  Dando 2000 By: RW By:  EAtkinson |By:




12111113 - 15:2¢ | BM.

-v8_05

COMPOSITE LOG | 321370 NORTH GAWBER.GPJ

RSK Environment Lid, Fourways House, 57 Hilton Street, Piccadilly, Manchester, M1 2EJ, Tel: 0161 236 2757, Fax: 0161 236 7028, Web: www.rsk.co.uk.

- Core+Logs 0002 |

8_05

- Lib0004 PriVersior: vi

GINT_LIBRARY_VB_05,GLB LibVersion: v8_05

ROTARY LOG

Contract: Client: Borehole:
(M) North Gawber Harworth Estates Ltd R201
Contract Ref: Start: 22.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 22.08.13 75.61 E:432805.8 N:409626.9 1.0t 2
Samples & Testing Mechanical Log | = 5 Depth | Material
Degpth TCRISCRIRQD| i | § 3 Description of Strata (Thick | Graphic
(m) No | Type Results (%) | (%) | (%) |[(mm) @ ness) Legend
£ oo MADE GROUND comprising firm light brown [
: 4 mottled grey gravelly clay. Gravel is fine to
: e coarse angular to subangular mudstone, |
E R siltstone, sandstone. Contains occasional |-
F e angular cobbles and brick fragments £(3.00)
5 - :
3 . s | 3.00
E S Grey slightly clayey MUDSTONE recovered as |
E : : fine to coarse gravelly clay s
335 (7.10)
¥ = 3
3 RS -10.10
s Yellow/brown SANDSTONE with frequent bands |
e of grey mudstone E
E ez,
Boring Progress and Water Observations
Borehole| Casing | Borehole [ yyater General Remarks
Date Time Depth | Deoth Dl(anr"n;t)ar Begith
- P g 1. Hand dug pit to 1.2m
2. 4.5m casing.
3. Water flush technique used
4. Groundwater was not encountered
All dimensions in metres Scale: 1:89
Method Inspection pit + Plant Drilled Logged Checkec
Used: Rotary open hole Used: Massenza M-1-6 By: DS By: EJones By: i




121711113 - 15:20 | BM.

-vB8_05

05 - Core+Logs 0002 | Log COMPOSITE LOG | 321370 NORTH GAWBER.GPJ

RSK Environment Ltd, Fourways House, 57 Hilton Streel, Piccadilly, Manchester, M1 2EJ. Tel: 0161 236 2757, Fax: 0161 236 7029, Web: www.rsk.co.uk,

- Lib0004 PrjVersion: v8

GINT_LIBRARY_VB_05.GLB LibVersion: v8_05

ROTARY LOG

Contract: Client: Borehole:
(M) North Gawber Harworth Estates Ltd R201
Contract Ref: Start: 22.08.13 Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 22.08.13 75.61 E:432805.8 N:409626.9 2 ot 2
Samples & Testing Mechanical Log | = 5 Depth | Material
Dapi TCRSCRIRQD| it | § | Description of Strata (Thick | Graphic
(m) No | Type Results (%) | (%) | (%) |(mm) ness) | Legend
F Yellow/brown SANDSTONE with frequent bands |
£ of grey mudstone '{13 20)
£ (stratum copied from 10.10m from previous |* ™
E sheet) E
R :
3 : 123.30
COAL recovered as black slightly clayey gravels -
b -\uf coal and grey mudstone [ E
_ Grey MUDSTONE ﬁ
- (6.50)
.
‘ SR :
2 3
E  30.00
v Rotary borehole terminated at 30m depth. E
Boring Progress and Water Observations
; Borehole| Casing | Borehole | water General Remarks
Date Time Diameter
Depth | Depth (mm) Depth
All dimensions in metres ' Scale: 1:89
Method Inspection pit + Plant Drilled Logged Checkec &7 1
Used: Rotary open hole Used: Massenza M-1-6 By: DS By: EJones By: AGS




ROTARY LOG

Contract: Client: Borehole:
(M) North Gawber Harworth Estates Ltd R202
Contract Ref: Start: 27.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 27.08.13 84.97 E:432993.0 N:409691.8 1 of 2
Samples & Testing Mechanical Log | = 5 Depth | Material
Blagth TCRISCRRaD| If | § | £ Description of Strata (Thick | Graphic
(m) No | Type Results (%) | (%) | (%) |(mm) = ness) | Legend

|21/11/13 - 15:20 | BM.

-v8 05

brown very gravelly slightly clayey fine to coarse [
sand. Gravel is fine to coarse angular to|}
subangular  brick, mudstone, sandstone.| -
Occasional rootlets :
MADE GROUND comprising black very gravelly -
ashy fine to coarse sand. Gravel is fine to coarse |

g MADE GROUND comprising patchy grass over | g 40

: angular to subangular brick, mudstone, |
RS sandstone. Rare concrete. Occasional coal |
£ 0005 fragments.  Angular  piece of  steel |
E % (0.2x0.2x0.01m) at 1.0m -(5.60)
L ?
R F 6.00
% MADE GROUND comprising soft gravelly sandy [
s clay. Gravel is fine to coarse sandstone £(1.00) >
s E 7.00
¥ 4 MUDSTONE interbedded  with red/pink
R sandstone b
S Q)‘ E
% -(6.80)
B $13.80
3 3% [COAL /1400 =
e MUDSTONE interbedded with yellow/brown £
SR sandstone

Boring Progress and Water Observations

Borehole| Casing | B7eh0e | Wator General Remarks

Rt Tive Depth | Depth (mm) Depth

1. Hand dug pit to 1.2m

2. Casing to 9.0m

3. Water flush technique used

4. Groundwater was not encountered

5. Hole terminated at 22.0m as no more coal expected to be found

GINT_LIBRARY_V8_05.GLB LibVersion: v8_05 - Lib0004 PrjVersion: v8_05 - Core+Logs 0002 | Log COMPOSITE LOG | 321370 NORTH GAWBER.GPJ

RSK Environment Lid, Fourways House, 57 Hilton Street, Piccadilly, Manchester, M1 2EJ, Tel: 0161 236 2757, Fax: 0161 236 7029, Web: www.rsk.co.uk.

All dimensions in metres Scale: 1:89
Method Inspection pit + Plant Drilled Logged Checkec ¢
Used: Rotary open hole Used: Massenza M--6 By: By: EJones By:




m ROTARY LOG

- Core+Logs 0002 | Log COMPOSITE LOG | 321370 NORTH GAWBER.GPJ - v8_05 | 21/11/13 - 15:20 | BM.

RSK Environment Lid, Fourways House, 57 Hilton Street, Piccadilly, Manchester, M1 2EJ. Tel: 0161 236 2757, Fax: 0161 236 7028, Web: www.rsk.co.uk.

GINT_LIBRARY_V8_05.GLB LibVersion: v8_05 - Lib0004 PriVersion: v8

Contract: Client: Borehole:
(M) North Gawber Harworth Estates Ltd R202
Contract Ref: Start: 27.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 27.08.13 84.97 E:432993.0 N:409691.8 2 o 2
Samples & Testing Mechanical Log | = § Depth | Material
Depth TCR[SCRRQD| If § s Description of Strata (Thick | Graphic
(m) No | Type Results (%) | (%) | (%) |(mm) = ness) | Legend
F MUDSTONE interbedded with yellow/brown |
E sandstone E
E (stratum copied from 14.00m from previous |
= SRR sheet) =
: s :
3 3 (8.00)
; S 3
X &WN
:: 2 :
E £22.00
Rotary borehole terminated at 22.0m depth.
Boring Progress and Water Observations
Borehole| Casing E'P"’h;t"“ Water General Remarks
i ameter
DAl e Depth | Depth (mm) Depth
All dimensions in metres Scale: 1:89
Method Inspection pit + Plant Drilled Logged Checkec ¢
Used: Rotary open hole Used: Massenza M-I-6 By: DS By: EJones By:




ROTARY LOG

121/11/13 - 15:20 | BM.

-v8_05

GINT_LIBRARY_VB_05.GLB LibVersion: v8_05 - Lib0004 PrjVersion: v8_05 - Core+Logs 0002 | Log COMPOSITE LOG | 321370 NORTH GAWBER.GPJ

RSK Environment Lid, Fourways House, 57 Hilton Street, Piccadilly, Manchester, M1 2EJ. Tel: 0161 236 2757, Fax: 0161 236 7029, Web: www.rsk.co.uk.

Contract: Client: Borehole:
(M) North Gawber Harworth Estates Ltd R203
Contract Ref: Start: 28.08.13 Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 28.08.13 85.94 E:433024.8 N:409749.4 1 o 2
Samples & Testing Mechanical Log g |5 Depth | Material
Depth Tcr[scrRRaD| ¥ | % ‘gi Description of Strata (Thick | Graphic
(m) No | Type Results (%) | (%) | (%) (mm) @ ness) | Legend
32 MADE GROUND comprising grey/brown slightly -
: : clayey gravelly fine to medium sand with & 0.50
: 3 | occasional rootlets. Gravel is fine to coarse :
2 X angular to subangular mudstone, | |
E : sandstone :
E B 2 MADE GROUND comprising black gravelly ashy |
E 3 fine to coarse sand. Gravel is fine to coarse [
- RS angular to subangular brick, mudstone, |
0 sandstone ;
4 e (5.50)
R E
£ X % _
3 3 6.00
Yellow/brown-grey MUDSTONE
: : (1.70)
2 7.70
& COAL £ 8.00
Yellow/brown-grey MUDSTONE
% ; COAL recovered as fine to coarse angular |
o vitreous coal gravel £
Do, &
E Grey/brown MUDSTONE
£ (5.00)
il e : e
Boring Progress and Water Observations
; Borehole| Casing | Borehole | water General Remarks
Dete | Time | beoth | Deoth | “tmm) | Deptn
e P L) P 1. Hand dug pit to 1.2m
2. Casing to 7.0m
3. Water flush technique used
4. Partial loss of flush at 10.0m, recovered at 13.0m
5. Groundwater was not encountered
6. Terminated at 24.0m due to slow drilling process
~ All dimensions in metres 1:89
Methed Inspection pit + Plant Drilled Logged Checkect L3
Used: Rotary open hole Used: Massenza M--6 By: By: By: AGS|




| 211114113 - 15:20 | BM.

-v8_05

PriVersion: vB_05 - Core+Logs 0002 | Log COMPOSITE LOG | 321370 NORTH GAWBER.GPJ

RSK Environment Ltd, Fourways House, 57 Hilton Street, Piccadilly, Manchester, M1 2EJ. Tel: 0161 236 2757, Fax: 0161 236 7029, Web: www.rsk.co.uk.

GINT_LIBRARY_VB_05.GLB LibVersion: v8_05 - Lib0004

ROTARY LOG

Contract: Client: Borehole:
(M) North Gawber Harworth Estates Ltd R203
Contract Ref: Start: 28.08.13 | Ground Level (m AOD): | National Grid Co-ordinate:
321370 End: 28.08.13 85.94 E:433024.8 N:409749.4 a o -2
Samples & Testing Mechanical Log - Depth | Material
Depth TCR|SCRIRQD| If 3 § Description of Strata (Thick | Graphic
(m) No | Type Results | (o) (%) | (%) |[(mm) ness) | Legend
F s Grey/brown MUDSTONE a
F sy (stratum copied from 13.00m from previous [
o BRI sheet) :
E 2 - 18.00
: s - COAL recovered as coal and mudstone gravel |18.20 .
2 Grey-brown MUDSTONE/SILTSTONE. Very
b hard from 23.5m. Slow drilling progress _
£ : £(5.80)
E :  24.00
Rotary borehole terminated at 24.0m depth.
Boring Progress and Water Observations
Date | Time |BOTehole| Casing gg;"e“"; Water General Remarks
Depth | Depth (mm) Depth
All dimensions in metres Scale: 1:89 :
Method Inspection pit + Plant Drilled Logged Checket L2
Used: Rotary open hole Used: Massenza M--6 By: DS By: EJones AGS




- Lib0004 PriVersion: v8_05 - Core+Logs 0002 | Log COMPOSITE LOG | 321370 NORTH GAWBER.GPJ - v8_05 | 21/11/13 - 15:20 | BM.

RSK Environment Lid, Fourways House, 57 Hilton Street, Piccadilly, Manchester, M1 2EJ. Tel: 0161 236 2757, Fax: 0161 236 7029, Web: www.rsk.co.uk,

GINT_LIBRARY_V8_05.GLB LibVersion: v8_05

ROTARY LOG

Contract: Client: Borehole:
(M) North Gawber Harworth Estates Ltd R204
Contract Ref: Start: 28.08.13 | Ground Level (m AOD): |National Grid Co-ordinate: Sheet:
321370 End: 29.08.13 91.13 E:433080.4 N:409816.5 1 o 2
Samples & Testing Mechanical Log | = 5 Depth | Material
Depth TCR[SCRIRQD| If g s Description of Strata (Thick | Graphic
(m) No | Type Results (%) | (%) | (%) |(mm), ness) | Legend
X MADE GROUND comprising grey/brown slightly
3 clayey gravelly fine to coarse sand. Gravel is fine [
F § to coarse angular to subangular mudstone, |
E % e sandstone, coal. Rare mudstone/coal cobbles. |-
s Rootlets in top 0.2m
- o - (5.00)
e i
a 3
3 o  5.00
F LSS Yellow/brown SANDSTONE E
-(3.00)
E B - 8.00
Josete Grey/brown MUDSTONE :
: b E
3 2300003 £ (4.00)
g =
3 : : £12.00
E : Yellow/Brown SANDSTONE 3
= -(2.00)
3  14.00
E Grey/brown MUDSTONE g

Boring Progress and Water Observations

[Borehole| Casing | Borehdle | water

General Remarks

Date Time

Depth | Depth (mm) Depth

1. Hand dug pit to 1.2m

2. Casing to 9.0m

3. Water flush technigue used

4. Groundwater was not encountered

5. Hole terminated at 21.0m due to fears of rods getting stuck in backfilled void

- no return
All dimensions in metres Scale: 1:89
Method Inspection pit + Plant Drilled Logged Checkec ¢
Used: Rotary open hole Used: Massenza M-I-6 By: DS By: EJones By: A




ROTARY LOG

1 21/11/13 - 15:20 | BM.

-vB_05

Contract: Client: Borehole: [
(M) North Gawber Harworth Estates Ltd R204
Contract Ref: Start: 28.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 29.08.13 91.13 E:433080.4 N:409816.5 2 of 2
Samples & Testing Mechanical Log g 5 Depth | Material
Depth TcR/scrIRaD| 1 | & g Description of Strata (Thick | Graphic
(m) No | Type Results (%) | (%) | (%) [(mm) @ ness) | Legend
Grey/brown MUDSTONE F (4.20)
(stratum copied from 14.00m from previous [
sheet) 2
E ‘1 8.20

VOID - backfilled. No recovery/flush (drilling bit |
covered in clayey fine to coarse angular gravels |
of mudstone, sandstone and coal) 2

T

: £ 21.00
Rotary borehole terminated at 21.00m depth. g

T

T T

T
T

AR R e RARRARE e e

- Lib0004 PriVersion: v8_05 - Core+Logs 0002 | Log COMPOSITE LOG | 321370 NORTH GAWBER.GPJ

Boring Progress and Water Observations

Borehole| Casing ggm; Water General Remarks

- i Depth | Depth (mm) Depth

RSK Environment Lid, Fourways House, 57 Hilton Street, Piccadilly, Manchester, M1 2EJ. Tel: 0161 236 2757, Fax: 0161 236 7029, Web: www.rsk.co.uk.

GINT_LIBRARY_VB_05.GLB LibVersion: v8_05

All dimensions in metres | Scale: 1:89
Method Inspection pit + Plant Drilled Logged Checkec ¢¥) ]
Used: Rotary open hole Used: Massenza M--6 By: DS By: EJones By: AGS




Core+Logs 0002 | Log COMPOSITE LOG | 321370 NORTH GAWBER.GPJ - v8_05 | 21/11/13 - 15:20 | BM.

v8_05-

GINT_LIBRARY_VB_05,GLB LibVersion; v8_05 - Lib0004 PriVersion:

ROTARY LOG

Contract: Client: Borehole:
(M) North Gawber Harworth Estates Ltd R205
Contract Ref: Start: 02.09.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 02.09.13 79.11 E:433183.3 N:409596.0 s L
Samples & Testing Mechanical Log | = | o Depth | Material
Depth TcrIscrIRaD| i § § Description of Strata (Thick | Graphic
(m) No| Type | Results | (o) | (%) | (%) [(mm) ness) | Legend

S MADE GROUND comprising friable grey/brown | 49

rootlets. Gravel is fine to coarse angular to|f
subangular mudstone, sandstone
MADE GROUND comprising black gravelly fine ©
% to coarse sand. Gravel is fine to coarse angular |
to subangular mudstone, sandstone and many L
angular brick gravels and cobbles. Brick rare :

5 \gravelly slightly sandy clay with occasional ;

\BARE naz

L from 1.2m
i B ;
3 e £(5.60)
3 : e 6.00
02X Yellow/brown SANDSTONE E
G -(1.00)
3 5 : 7.00
o -:- % Grey SANDSTONE and mudstone o
3 -(2.00)
3 - 9.00
VOID - loss of water. No recovery/flush. (drilling —9.20 =
bit covered in clayey fine to coarse angular|t
: gravels of mudstone, sandstone and coal) £
b Hole terminated at 9.2m as complete loss of ¢
F flush E
Boring Progress and Water Observations
: Borehole| Casing | Borenole | wyater General Remarks
Date | Time | Depth | Depth | mm) | Depth
£ B | i) P11 1. Hand dug pitto 1.2m
2. Casing to 6.0m
3. Water flush technique used
4. Groundwater was not encountered
5. Hole terminated at 9.2m as complete loss of flush
All dimensions in metres | Scale: 1:89
Method Inspection pit + Plant Drilled Logged Checkec ¢v L
Used: Rotary open hole Used: Massenza M--6 By: DS By: EJones By: AGS

RSK Environment Lid, Fourways House, 57 Hilton Street, Piccadilly, Manchester, M1 2EJ. Tel: 0161 236 2757, Fax: 0161 236 7029, Web: www.rsk.co.uk,
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ROTARY LOG

Contract: I Client: | Borehole:

(M) North Gawber Harworth Estates Ltd R206
Contract Ref: Start: 29.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 30.08.13 86.62 E:433261.6 N:409698.5 1 ot 2
1 Samples & Testing Mechanical Log | = ‘ = Depth | Material
Depth TCR/SCRRaD| I | § | & Description of Strata (Thick | Graphic
(m) No Type Results (%) | (%) | (%) |(mm) @ = ness) Legend
MADE GROUND comprising grass over friable | g 40

fine to coarse angular to subangular sandstone,

| grey/brown gravelly sandy ashy clay. Gravel is g gg
* | . mudstone, coal, red ash [

F(1.40
MADE GROUND comprising light yellow/orange E( )
E ashy gravelly fine to coarse sand. Gravel is| [
& 1langular mudstone and sandstone £ 2.00
E : MADE GROUND comprising black ashy gravelly ’
i 5 fine to coarse sand. Gravel is fine to coarse|(1-20)
b BRRS angular coal, mudstone. Occasional coal and| -
3 5 :§ mudstone cobbles | £3.20
\Yellow/brown SANDSTONE [ [

COAL recovered as black vitreous angularli
gravel of coal (70%) and sandstone (30%)

- 8.00
| Yellow/brown SANDSTONE recovered as |
' sandstone and coal gravel (presumed that coal ©
is being washed out from above the sandstone - |
unclear due to water flush technique). f:

Vitreous COAL

Violent bubbling at 14.0m. No dangerous gases
detected

R B o S e e S
. : e
—_
&
@
=]
=

| |
i 1

Boring Progress and Water Observations
Borehole| Casing | Borehole | Water General Remarks

Diameter

Depth | Depth (mm) Depth

Date Time

1. Hand dug pit to 1.2m

2. Casing to 3m

3. Water flush technique used

4. Groundwater was not encountered

| . All dimensions in metres | Scale: 1:89 .
Method Inspection pit + Plant Drilled Logged | Checkec ¢ IR
Used: Rotary open hole Used: Massenza M--6 By: DS By: EJones ‘ By: AGS
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Contract: Client: Borehole:
(M) North Gawber Harworth Estates Ltd R206
Contract Ref: Start: 29.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 30.08.13 86.62 E:433261.6 N:409698.5 2 of 2
Samples & Testing Mechanical Log | = 5 Depth | Material
Bapth TCRSCRIRQD| It | § | & Description of Strata (Thick | Graphic
(m) No | Type Results (%) | (%) | (%) [(mm) ness) | Legend
Yellow/brown/grey SANDSTONE and mudstone | (1.00)
b -17.00
Yellow/brown/grey SANDSTONE and mudstone :
with some coal arisings E
S -(3.00)
3 S 3
. ? : £ 20.00
St Yellow/brown/grey SANDSTONE and mudstone
o0 2
: F
: E
R
i G {10.00)
3 RS  30.00
Rotary borehole terminated at 30.00m depth. E
Boring Progress and Water Observations
Date | Time |BOrenole| Casing g'!{;;he‘:'; Water General Remarks
Depth | Depth (mm) Depth
All dimensions in metres Scale: 1:89
Method Inspection pit + Plant Drilled Logged Checkec ¢ L 1)
Used: Rotary open hole Used: Massenza M--6 By: DS By: EJones By: AGS

RSK Environmant Ltd, Fourways House, 57 Hilton Street, Piccadilly, Manchester, M1 2EJ. Tel: 0161 236 2757, Fax: 0161 236 7029, Web: www.rsk.co.uk.
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TRIAL PIT LOG

Contract: Client: Trial Pit:
(M) North Gawber Harworth Estates Ltd TP201
Contract Ref: Start: (5.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 05.08.13 86.40 E:433060.2 N:409680.5 L oo 1
Samples and In-situ Tests 5 E Depth | Material
5| 3 Description of Strata (Thick | Graphic
Depth | No| Type Results 2| 4 ness) | Legend
E MADE GROUND comprising soft grey very gravelly clay. Gravel is 55
L medium to coarse angular to subangular of mixed lithologies and f—
X occasional brick fragments j r 0.50

Concrete slab L 0.80
r MADE GROUND comprising reddish brown sandy slightly clayey —

L gravel with occasional cobbles. Gravel is fine to coarse, gravel and|[
cobbles are angular to subangular of mixed lithologies, brick fragments|f
and concrete. Rare angular sandstone boulders (0.5mx0.35mx0.15m).| f
Rare wood fragments. i
MADE GROUND comprising firm brown/dark grey very gravelly [
slightly sandy clay with occasional cobbles, and rare boulders. Gravel is |
fine to coarse angular to subangular of mixed lithologies, occasional '_(2 50)

brick and coal fragments. Cobbles and boulders have reddish/brown

iron staining. Coal fragments L

L 250300 |BI| B 3
330
i Trial pit terminated at 3.30m depth.
SE Concrete with rebar TP201 NW
long bott
along bottom GL.
- —— I GRS R R SO SN el
:,040m| «, - T
; e Eeiae s ] ot 0.80m
[ 2.10m
3.30m
Pit 4.0m long (1.20m wide)
Z_ Pit terminated at 3.3m depth
;
Plan (Not to Scale) General Remarks
400 1. No groundwater encountered
: 2. Pit stable
= 3. Strata unsuitable for mexecone testing
N

All dimensions in metres | Scale: 1:50
Method Plant Logged Checked PTaunton
Used: Machine dug | Used: JCB-3CX By: EAtkinson | By:
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GINT_LIBRARY_V8 05.GLB LibVersion: v8_05 - Li
RSK Environment Ltd; Fourways House, §

TRIAL PIT LOG

DTS4 P

Contract: Client: Trial Pit:
(M) North Gawber Harworth Estates Ltd TP202
Contract Ref: Start: 05.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 05.08.13 87.09 E:433133.1 N:409711.2 1 ot 1
Samples and In-situ Tests Bl S Depth | Material
3| % Description of Strata (Thick | Graphic
Depth |No| Type Results 2| a ness) | Legend
MADE GROUND comprising black organic clayey fibrous peat. + 0.14
L Occasional angular to subangular cobbles. Occasional brick fragments. [ 0.30
r 0.30-0.60 |ES1| ES Gravel is medium to coarse angular to subangular of mixed lithologies. | f
: Occasional rootlets T 0.60
[ [Concrete slab L
L MADE GROUND slightly sandy, very gravelly angular brick cobbles.| [
i Gravel is fine to coarse angular to subangular brick fragments,| |
L conglomerate, coal, concrete. Rare concrete boulders F(1.50)
i MADE GROUND comprising soft dark grey very gravelly clay with [
r occasional cobbles. Gravel is fine to coarse angular to subangular of [
- mixed lithologies with occasional brick fragments. :
r r2.10
' MADE GROUND comprising soft grey gravelly clay. Gravel is fine to |
[ coarse angular to subangular of mixed lithologies, iron staining, siltstone, [
250300 |Es2| Es sandstone, mudstone. Fragments of coal present, rare gravel sized brick |
‘ fragmeats [(1.40)
350
: Trial pit terminated at 3.50m depth.
r N S
- TP202
Biick wall Pit 6.06m long (1.0m wide)
I AT
[ 1.0m
['- | T T |
|
Pit terminated
at 3.50m depth
N N W N W W W W L
RS
Plan (Not to Scalc) General Remarks

1. No groundwater encountered
2. Pit stable
3. Strata unsuitable for mexecone testing

All dimensions in metres | scale: 1:50

Method
Used:

Machine dug

Plant

Used:

Logged Checked PTaunton
JCB-3CX By: EAtkinson By:
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RSK Environment Li

GINT_LIBRARY_V8 05.GLB LibVersion: v8 05

Contract: Client: Trial Pit:
(M) North Gawber Harworth Estates Ltd TP203
Contract Ref: Start: (07.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 07.08.13 87.74 E:433171.5 N:409704.2 j o |
Samples and In-situ Tests B| 8 Depth | Material
3|3 Description of Strata (Thick | Graphic
Depth [No| Type | Results |2 | & ness) | Legend
t MADE GROUND comprising grass over gney sandy gravelly clay. | 0.20
L Gravel is fine to coarse angular to subangular brick fragments, mudstone, [T
siltstone. Occasional rootlets f (0.65)
- MADE GROUND comprising grey very gravelly friable clay. Gravel is [~
+ 0.70-1.00 |ES1| ES fine to coarse angular to subangular mainly laminated weak mudstone. | (.85
o Occasional mudstone cobbles. Metal pipe at 0.4m F
i MADE GROUND comprising black slightly clayey slightly gravelly fine [
L to medium sand. Gravel is fine to coarse angular to subangular mudstone | (0.85)
[ and siltstone. Occasional wood fragments. Strong hydrocarbon odour [
. P 1.70
F MADE GROUND comprising orange/light brown reworked weathered
L sandstone recovered as gravelly fine to coarse sand with occasional [
210220 |Es2| Es subangular cobbles. Gravel is fine to coarse subangular to subrounded [
EEhT red sandstone. Bands of soft green/brown gravelly clay and some [
r engineered rectangular orange/vellow sandstone blocks from 2.9m. [(1.50)
}270-320 |B3| B
3 F 320
i Trial pit terminated at 3.20m depth.
SE TP203 W
I' Grass at ground level
:_ % Pit 3.40m long (1.1m wide) GL.
: e g 0.00m — prrSTSTSTSTSTe
[ 0.30m (Concrete)+ * : - ::I::::::::::::::
i : 990999994 ’0‘0’0’::0:0:0:«&:
L ¢
i KR G
L R IERIEKEHRL X
: SRS 3.20m e
‘_ v.v’ AN
) 9:4-:0:0:::::0:0.0 Pit terminated
RERRRAXHK at 3.20m depth
Plan (Not to Scale) General Remarks
1. No groundwater encountered
T e A 2. Pit stable
o 3. Strata unsuitable for mexecone testing
R 4. In-situ unidentified service at 1.0m. Metal pipe approximately 0.2m in diameter
All dimensions in metres | Scale: 1:50
Method Plant Logged EJones + Checked PTaunton
Used: Machine dug Used: JCB-3CX By: EAtkinson By:
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RSK Envirenmen

m TRIAL PIT LOG

Contract: Client: Trial Pit:
(M) North Gawber Harworth Estates Ltd TP204
Contract Ref: Start: 05.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 05.08.13 87.46 E:433200.9 N:409696.8 S o |
Samples and In-situ Tests s Depth | Material
3| 4 Description of Strata (Thick | Graphic
Depth |No| Type | Results B | a ness) | Legend
MADE GROUND comprising grass over soft black gravelly slightly |
sandy clay with some cobbles. Gravel is fine to coarse angular to [
subangular mainly brick and mudstone. Cobbles are mainly intact bricks. |
Contains wood, glass, plastic pipes, metal. Many light steel railway rails |
and wire ropes. p
Wall along one side. g
Slight hydrocarbon odour from 1.70m. 5
: [ (3.60)
b 1.80-2,00 ES1| ES E?
: ;
: i
2 i
 3.60
Trial pit terminated at 3.60m depth.
E s 1P204 N
- GL.
- R R R RRRRRRRRRRS $020m
2 B 0 5 I e e T 5 I
] 5 i G ) T [ ) W T S IR S (S
1 P oo o o e Vi ] T B s P I P Y s
| SR L5 T A S MR e 7 R £ [ S 15
0 ] s | 7 00 B S P 2 P i
L T i R 1 B 4 B A At 0 et 1
Approx 2m
3.60m
Plan (Not to Scale)
E =-—dq4.00m—
S N
& I % ~ Brick
. wall
e
Plan (Not to Scale) General Remarks
1. No groundwater encountered
S 2. Pit stable
i 3. Strata unsuitable for mexecone testing
=
All dimensions in metres | Scale: 1:50
Method Plant Logged Checked PTaunton L1
Used: Machine dug | Used: JCB-3CX By: EJones By: AGS
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TRIAL PIT LOG

Contract: Client: Trial Pit:
(M) North Gawber Harworth Estates Ltd TP205
Contract Ref: Start: 06.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 06.08.13 91.06 E:433192.1 N:409771.3 1 of 2
Samples and In-situ Tests 5 Depth | Material
= Description of Strata (Thick | Graphic
Depth |No| Type Results = ness) | Legend
d MADE GROUND comprising grass over dark brown sandy gravel and |
§ cobbles of angular to subangular bricks. L
Very thick brick wall at diagonal angles to 1.5m. Extends underneath [
q tarmac adjacent to pit
"(1.50)
F1.00-1.20 [ESI| ES -
- F
[ 1.50
y Orange weathered SANDSTONE recovered as red fine to coarse sand +
with many cobbles. Boulders extending to 0.7x0.2x0.3m. £(0.50)
4 Becomes very compact at 2.0m 2.00
Trial pit terminated at 2.00m depth.
Plan view  (See photo -
page 2 of 2)
N
e
3.0m long
not to scale
S
N TP205 S
: G.L.
r 0.15m 0.30m - Sandy gravel
0.15m and cobbles
. i (O e ‘
Brick wall at S ] R P S I 1 N
i diagonal angles 1.20m
to pit
(See photo -
page 2 of 2) — 1.50m
Pit 0.80m wide (3.0m long)
Plan (Not to Scale) General Remarks

ey O =

1. No groundwater encountered
2. Pit stable

= 3. Strata unsuitable for mexecone testing
=
All dimensions in metres | Scale: 1:50
Method Plant Logged Checked PTaunton
Used: Machine dug Used: JCB-3CX By: EJones By: /
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TRIAL PIT LOG

Contract: Client: Trial Pit:
(M) North Gawber Harworth Estates Ltd TP206
Contract Ref: Start: 06.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 06.08.13 84.97 E:433014.1 N:409707.6 S
Samples and In-situ Tests 8 Depth | Material
@ Description of Strata (Thick | Graphic
Depth | No| Type Results = ness) | Legend
s MADE GROUND comprising dark brown/black very soft gravelly clay. | g.10
'ﬁ %4\ Gravel is medium to coarse angular to subangular of mixed lithologies /
352 MADE GROUND comprising firm dark grey gravelly friable clay with |
3 occasional cobbles. Gravel is medium to coarse angular to |
xeised subangular brick, mudstone, sandstone. Pockets of darker coloured | (0.60)
i e clay
_0.50-0.60 ES1| ES -<: 2 |
SR 0.70
asssl MADE GROUND comprising reddish/orange fine to medium
%24 sandstone and mudstone gravel. Occasional cobbles and boulders |
%2 (0.6x0.3x0.3m), intact engineering bricks at 4.4m. Gravel is medium &
L X to coarse angular to subangular, very loose. Unidentified iron/metal -
%554 object found L
(-xON
> 66'.“
S *
L 2
I 2 :(3.70)
: | 4.40
{ Trial pit terminated at 4.40m depth.
Plan (Not to Scale) General Remarks
1. No groundwater encountered
s R 2. Pit stable
e I 3. Strata unsuitable for mexecone testing
All dimensions in metres I Scale: 1:25
Method Plant Logged Checked @ LY
Used: Machine dug | Used: JCB-3CX By: EAtkinson By: AGS
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GINT LIBRARY_V8 05.GLB LibVersion: v8_05

TRIAL PIT LOG

T B e e

T

T

Contract: Client: Trial Pit:
(M) North Gawber Harworth Estates Ltd TP207
Contract Ref: Start: 06.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 06.08.13 85.28 E:433020.0 N:409707.7 1 of 1
Samples and In-situ Tests BlE Depth | Material
=3 Description of Strata (Thick | Graphic
Depth  |No| Type Results E - ness) | Legend
b MADE GROUND comprising soft to firm dark grey/black gravelly clay. }
[ Gravel is angular to subangular of mixed lithologies L 0.45
i MADE GROUND comprising firm dark grey gravelly friable clay with [ 0.60
C occasional cobbles. Gravel is medium to coarse, gravel and cobbles are [
L angular to subangular brick, mudstone, sandstone, 0.90
12 MADE GROUND comprising reddish/orange loose engineered |[
i sandstone and mudstone recovered as medium to coarse angular to|[(0.70)
i subangular gravels and cobbles with occasional boulders (0.6x0.3x0.3m| |
[ in size). r 1.60
f MADE GROUND comprising dark brown/black medium to coarse|[
L gravelly sand with occasional coal. Gravel is angular to subangular|}
C mudstone, siltstone. Occasional cobbles [(1.00)
MADE GROUND comprising orange/red (becoming pink/brown) [
compact medium to coarse gravelly sand with occasional angular cobbles
and boulders. Gravel is fine to coarse angular to subangular, Engineering [ 2.60
i bricks encountered at bottom of strata. Boulders up to 0.4x0.3x0.08m in f
L size.
C Trial pit terminated at 2.60m depth.
N 1P207 S

1.20m wide (4.0m long)

2.60m

Trial pit terminated
at 2.60m depth

Plan (Not to Scale)

— 00—

General Remarks

1. No groundwater encountered
2. Pit stable

& 3. Thickness of conrete 1.6m (0.5m above ground level). Plastic damp-proof sheet along side of
aQ concrete and at the base
= 4, Strata unsuitable for mexecone testing
All dimensions in metres | Scale: 1:50
Method Plant Logged Checked PTaunton
Used: Machine dug | Used: JCB-3CX By: EAtkinson | By:
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TRIAL PIT LOG

Contract: Client: Trial Pit:
(M) North Gawber Harworth Estates Ltd TP208
Contract Ref: Start: 06.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 06.08.13 84.84 E:433995.3 N:409722.2 191
Samples and In-situ Tests 5| E Depth | Material
o g Description of Strata (Thick | Graphic
Depth | No| Type Results = ness) | Legend
e MADE GROUND comprising dark brown medium to coarse gravelly
% x4 sand. Gravel is medium to coarse angular to subangular mudstone |
r sy and mixed litholgies. Bricks at 2.6m and pockets of lighter grey
oo gravelly sand. Occasional rootlets L
: -(3.00)
170200 |ES1| ES %
& :
S
i < % | 3.00
% Firm grey slightly gravelly CLAY. Gravel is medium rounded to - — —]
) subrounded mudstone and mixed lithologies. Occasional fibrous | - — —]
ks fragments of organic material F Bl e
(330360 [ES?| ES R fg T
| i s
| Trial pit terminated at 3.60m depth.
Plan (Not to Scale) General Remarks
4.00 1. Groundwater seepage at 2.8m - very slow
i 2. Pit unstable from 2.6-3.0m
D I | 3. Strata unsuitable for mexecone testing
Siipesin g
All dimensions in metres ] Scale: 1:25
Method Plant Logged Checked @ |1
Used: Machine dug | Used: JCB-3CX By: EAtkinson | By: AGS
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RSK Environment Lid, Fourways House, 57 Hilton Street, Piccadilly, Manchester, M1 2EJ. Tel: 0161 236 2757, Fax: 0161 236 7029, Web: www.rsk.co.uk.

GINT_LIBRARY_VB_05.GLB LibVersion: v8_05

Contract: Client: Trial Pit:
(M) North Gawber Harworth Estates Ltd TP209
Contract Ref: Start: 06.08.13 | Ground Level (m AOD): |National Grid Co-ordinate: Sheet:
321370 End: 06.08.13 84.85 E:433000.9 N:409728.8 1T a1
Samples and In-situ Tests o] Depth | Material
8 Description of Strata (Thick | Graphic
Depth | No| Type Results = ness) | Legend
4 MADE GROUND comprising dark grey/black medium to coarse
4 gravelly sand. Rootlets from 0-0.25m. Gravel is medium to coarse |
4 angular to subangular of mixed lithologies. Occasional brick r
: (2.50)
S
[
[
L [ i
i R
| 2.50
Firm grey CLAY with occasional rounded medium to coarse gravel F— —
(glacial till). Occasional fibrous fragments of organic material | s ]
R L(0.80) = — —
nHQ" | ]
i : Lo ==
Trial pit terminated at 3.10m depth.
Plan (Not to Scale) General Remarks
1. No groundwater encountered
-—— 400 —» 2. Pit stable
& 3. No samples, as looking for adit (no evidence)
S
All dimensions in metres | Scale: 1:25
Method Plant Logged Checked @ L
Used: Machine dug | Ysed: JCB-3CX By: EAtkinson | By: AGS
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TRIAL PIT LOG

Contract: Client: Trial Pit:
(M) North Gawber Harworth Estates Ltd TP210
Contract Ref: Start: 06.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
End: 06.08.13 84.54 E:432985.0 N:409724.2 Aaior o4
Samples and In-situ Tests 5| B Depth Materigl
5| % Description of Strata (Thick | Graphic
Depth Results 2| a ness) | Legend
MADE GROUND comprising dark grey/black medium to coarse
gravelly sand. Rootlets from 0-0.25m. Gravel is medium to coarse '(0_30)
angular to subangular of mixed lithologies. Occasional brick i 0.30
2355 MADE GROUND comprising dark brown gravelly sand. Gravel is |
r o medium to coarse angular to subangular of mixed lithologies. |
r % Occasional brick r
& 3 & i
L(2.00)
S
Soeted

2.30
Firm grey/mottled orange CLAY with occasional rounded medium to E— —]
%2 coarse gravel (glacial till) r F— —
[(0.70) | ——
| 300 - —

Trial pit terminated at 3.00m depth.

Plan (Not to Scale)

g o e o2

T

General Remarks

1. No groundwater encountered
2. Pit stable

3. Strata unsuitable for mexecone testing

All dimensions in metres J Scale:

1:25

Method
Used:

Machine dug

Plant
Used: JCB-3CX

Logged
By: EAtkinson

Checked
By:

Q |




TRIAL PIT LOG
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RSK Environment Lid, Fourways House, 57 Hilton Street, Piccadilly, Manchester, M1 2EJ. Tel: 0161 236 2757, Fax: 0161 236 7029, Web: www.rsk.co.uk.

GINT_LIBRARY_VB_05.GLB LibVe!

Contract: Client: Trial Pit:
(M) North Gawber Harworth Estates Ltd TP211
Contract Ref: Start: 06.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 06.08.13 84.74 E:432991.0 N:409727.6 1 o 1 |
Samples and In-situ Tests B|E Depth | Material
e Description of Strata (Thick | Graphic
Depth |[No| Type  Results = | & ness) | Legend
MADE GROUND comprising grey/brown very gravelly medium to
coarse sand. Gravel is fine to medium angular to subangular of mixed [ (0,30)
%4 lithologies including mudstone, siltstone, sandstone. Occasional |
3 rootlets 0.30
™\ &
2 1 MADE GROUND reworked glacial till comprising firm grey mottled |
sl brown clay. Occasional medium to coarse rounded to subrounded |
002 gravel of mudstone and mixed lithologies (0.45)
S L
S L 0.75
%554 MADE GROUND comprising dark brown medium to coarse gravelly |
: sand. Gravel is fine to coarse angular to subangular mudstone, |
. % siltstone. Cluster of bricks. Occasional fibrous fragments of organic |
material
L X
% (2.15)
= :,x 64’ i
H@ '>
| 2.90
Soft to firm grey/mottled brown gravelly CLAY. Gravel is rounded to F— —]
it subrounded mudstone, siltstone. Occasional fibrous fragments of [(0.30) — — —|
g organic material i e — ]
b ] el
Trial pit terminated at 3.20m depth.
g
I

Plan (Not to Scale) General Remarks
1. No groundwater encountered
T R 2. Pit stable
& A 3. Trial pit too unsafe to carry out Mexecone test
Sy
All dimensions in metres | scale: 1:25

Method Plant Logged Checked @
Used: Machine dug Used: JCB-3CX By: EAtkinson | By: :
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RSK Environment Ltd, Fourways House, 57 Hilton Street, Piccadilly, Manchester, M1 2EJ. Tel: 0161 236 2757, Fax: 0161 236 7029, Web: www.rsk.co.uk.

GINT_LIBRARY_V8_05.GLB LibVersion: v8_05 -

Contract: Client: Trial Pit:
(M) North Gawber Harworth Estates Ltd TP212
Contract Ref: Start: 06.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 06.08.13 84.78 E:432992.0 N:409716.4 1 ot 1
Samples and In-situ Tests | & Depth Mten'_al
= g Description of Strata (Thick | Graphic
Depth | No| Type Results = ness) | Legend
MADE GROUND comprising dark grey/black medium to coarse
gravelly sand. Rootlets from 0.0-0.25m. Gravel is medium to coarse
angular to subangular of mixed lithologies. Occasional brick -
8 2 L
5 I
L o L
2 " (2.50)
[ e | 2.50
suesd Firm grey mottled brown CLAY with occasional rounded medium to - — —]
55 coarse gravel (glacial till). Occasional fibrous fragments of organic | - — —]
5 material r i)
S +(0.60) ——_—
i |~
|
Plan (Not to Scale) General Remarks
4.00 1. No groundwater encountered
i 2. Pit stable
o 3. No samples taken as looking for ardit (no evidence)
S
All dimensions in metres | Scale: 1:25
Method Plant Logged Checked @ |1
Used: Machine dug Used: JCB-3CX By: EAtkinson By: AGS
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RSK Environment Ltd, Fourways House, 57 Hilton Street, Piccadilly, Manchester, M1 2EJ. Tel: 0161 236 2757, Fax: 0161 236 7029, Web: www.rsk.co.uk.

GINT_LIBRARY_V8_05.GLB LibVersion: v8_05

Contract: Client: Trial Pit:
(M) North Gawber Harworth Estates Ltd TP213
Contract Ref: Start: 06.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 06.08.13 75.48 E:432834.9 N:409626.2 L,
Samples and In-situ Tests 5| = Depth | Material
© |5 Description of Strata (Thick | Graphic
Depth | No| Type Results 2| a ness) | Legend
2 TOPSOIL comprising gravelly slightly clayey fibrous peat. Gravel is 5
: ’E fine to coarse angular to subangular of mixed lithologies. Occasional | ¢ 5 i
\roatlets i
ssesl MADE GROUND comprising soft dark grey very gravelly clay. Gravel |
552 s fine to medium angular to subangular of mixed lithologies 0.40
L o MADE GROUND comprising soft dark grey/mottled brown gravelly |
| 0.50-0.80 |ES1| ES 5 clay. Gravel is fine to medium angular to subangular of mixed |
= lithologies. Fibrous fragments of organic material (0.60)
e [
2 MADE GROUND comprising light brown fine to medium gravelly sand
% with occasional cobbles. Gravel is fine to coarse angular to |
subangular mudstone, sandstone and mixed lithologies. F (0.50)
|
Ay | 1.50 &
Trial pit terminated at 1.50m depth.
Plan (Not to Scale) General Remarks
4.00 1. Groundwater struck at 1.5m
: 2. Pit terminated at 1.5m as sides kept falling in
- 3. Strata unsuitable for mexecone testing
o
e
All dimensions in metres | Scale: 1:25
Method Plant Logged Checked @ i
Used: Machine dug Used: JCB-3CX By: EAtkinson By: AGS
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RSK Environment Ltd, Fourways House, 57 Hilton Street, Piccadilly, Manchester, M1 2EJ. Tel: 0161 236 2757, Fax: 0161 236 7029, Web: www.rsk.co.uk.

GINT_LIBRARY_VB_05.GLB LibVersion: v8_05

TRIAL PIT LOG

Contract: Client: Trial Pit:
(M) North Gawber Harworth Estates Ltd TP214
Contract Ref: Start: 07.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 07.08.13 75.63 E:432787.6 N:409619.2 1 of 1
Samples and In-situ Tests % Depth | Material
5 § Description of Strata (Thick | Graphic
Depth |No| Type Results = ness) | Legend
%222 MADE GROUND comprising grass/reeds over dark brown slightly
i sandy gravelly clay with many rootlets. Gravel is fine to coarse |(0.30)
% angular to subangular of mixed lithologies " 0.30
s MADE GROUND comprising firm light brown/mottled grey gravelly
x5 clay. Gravel is fine to coarse angular to subangular mudstone, |
s siltstone, sandstone. Occasional cobbles and brick fragments. Some |
pieces of steel
| 070080 |ES1| ES R
L 2 (1.50)
L SR
.
3 | 1.80
MADE GROUND comprising soft black slightly gravelly clay. Gravel is
22 fine to coarse angular to subrounded coal, mudstone, siltstone. |
B 3 Occasional brick gravel &
'-C-u : |
% g -(1.20)
. : | 3.00
Light brown/grey MUDSTONE, recovered as slightly clayey angular
'f'. % mudstone cobbles. Difficult for JCB to break I
| 3.20-3.30 ES2| ES -. '"i (0.60)
[ 2 | 3.60
| Trial pit terminated at 3.60m depth.
|
Plan (Not to Scale) General Remarks
4.00 1. No groundwater encountered
F 2. Pit stable
o I
<
All dimensions in metres | Scale: 1:25
Method Plant Logged Checked @ L4
Used: Machine dug Used: JCB-3CX By: EJones By: AGS
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RSK Environment Ltd, Fourways House, 57 Hilton Street, Piccadilly, Manchester, M1 2EJ. Tel: 0161 236 2757, Fax: 0161 236 7029, Web: www.rsk.co.uk.

GINT_LIBRARY_V8_05.GLB LibVersion: v8_05

TRIAL PIT LOG

Contract: Client: ’ Trial Pit:
(M) North Gawber Harworth Estates Ltd TP215
Contract Ref: Start: 07.08.13  Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 07.08.13 75.711 E:432824.4 N:409596.9 : o
Samples and In-situ Tests S | E Depth Maten'gl
=3 Description of Strata (Thick | Graphic
Depth |No| Type | Results = | a ness) | Legend
MADE GROUND comprising grass over soft brown sandy gravelly
clay with many rootlets. Gravel is fine to coarse angular to subangular | (0.30)
mudstone, siltstone, brick r 0.30
sesasl MADE GROUND comprising friable sandy very gravelly clay with
s many cobbles, wood and steel (steel rod, possibly part of railway 1.5m |
2 E; long by 0.2m wide and thick). Cobbles and gravel are mainly angular
[ : %! to subrounded mudstone, sandstone, brick fragments. Piece of plastic
%1 cable at 2.0m |
Hydrocarbon odour from 1.8m with black staining (coal gravel and
R sand) (no sheen). Colliery spoil r
" (2.30)
1.50-2.00 B1 B 02 |
1.50-2.00 |ES2| ES 3
% s
t | 4 L
| 250-2.70 |ES3| ES | e 2.60
% Light brown/grey MUDSTONE recovered as sandy clayey angular
mudstone gravel and cobbles. Difficult for the JCB to break through |
+(1.00)
| 3.60
Trial pit terminated at 3.60m depth.
Plan (Not to Scale) General Remarks
4.00 1. No groundwater encountered
\ 2 2. Pit stable
3
o
[
[ All dimensions in metres | Scale: 1:25
Method Plant Logged Checked @ |
Used: Machine dug | Used: JCB-3CX By: EJones By:
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RSK Environment Lid, Fourways House, 57 Hilton Street, Piccadilly, Manchester, M1 2EJ. Tel: 0161 236 2757, Fax: 0161 236 7029, Web: www.rak.co.uk.

- LibD004 PrjVerson: v8_05

GINT_LIBRARY_VB_05.GLB LibVersion: v8_05

TRIAL PIT LOG

Contract: Client: Trial Pit:
(M) North Gawber Harworth Estates Ltd TP216
Contract Ref: Start: 07.08.13 | Ground Level (m AOD): |National Grid Co-ordinate: Sheet:
321370 End: 07.08.13 74.98 E:433078.0 N:409567.3 L |
Samples and In-situ Tests 5| B Depth | Material
© 3 Description of Strata (Thick | Graphic
Depth | No| Type Results = ness) | Legend
s MADE GROUND comprising young birch trees over brown slightly
ki clayey gravelly fine to medium sand with many rootlets. Gravel is fine |
5551 to coarse angular to subrounded mudstone, sandstone, brick (0.40)
sRees fragments i
s 0.40
e MADE GROUND comprising reddish brown slightly clayey sands and
0.50-1.00 |B1 B gravels with occasional cobbles. Gravel and cobbles are fine to |
0.50-0.70 |ES2| ES coarse angular to subrounded mudstone, sandstone, brick fragments
HO.SO)
2 i
R 1.30
e MADE GROUND comprising soft black gravelly clay. Gravel is fine to
[ Lusd coarse angular to subrounded mudstone, sandstone, brick fragments |
r %2 and fine vitreous coal. Slight sulphurous odour r
o
SR [(1.10)
| 200230 |ES3| ES : fi
: [
: | 2.40
% MADE GROUND comprising stiff light brown/grey gravelly reworked
xexsd clay. Gravel and cobbles are fine to coarse angular to subangular |
::ﬁﬁ laminated mudstone '
(1.00)
[‘ : n --'n =
S I
e 3.40
Trial pit terminated at 3.40m depth.
[
=4
Plan (Not to Scale) General Remarks
1. Pit stable
420 2. Fast ingress of water from Southemn side at 1.8m causing clay around it to fall. No sign of
contamination (eg. sheen) on water
8_ 3. Strata unsuitable for mexecone testing
(=]
All dimensions in metres I Scale: 1:25
Method Plant Logged Checked @ i
Used: Machine dug | Used: JCB-3CX By: EJones By: AGS
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RSK Environment Ltd, Fourways House, 57 Hilton Street, Piccadilly, Manchester, M1 2EJ. Tel: 0161 236 2757, Fax: 0161 236 7029, Web: www.rsk.co,uk.

TRIAL PIT LOG

Contract: Client: Trial Pit:
(M) North Gawber Harworth Estates Ltd TP217
Contract Ref: Start: 07.08.13 Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 07.08.13 72.86 E:433090.0 N:409518.9 T
Samples and In-situ Tests 5 g Depth Materi_al
o3 Description of Strata (Thick | Graphic
Depth |No| Type | Results = | a3 ness) | Legend
9 MADE GROUND comprising firm dark grey very gravelly clay with
xeessd many cobbles. Gravel is fine to coarse. Gravel and cobbles are |
SRReexl angular to subangular mudstone and brick fragments r
§“ :(0.90)
| 0.90
% MADE GROUND comprising reddish brown sandy gravel and cobbles
he of very angular to subangular mainly brick, siltstone and sandstone I
r 312
[ 150200 [B1| B if :
| 1.70-2.00 ES2| ES . (1.80)
| 2.70
Trial pit terminated at 2.70m depth.
| L
Plan (Not to Scale) General Remarks
4.00 1. Groundwater at 1.7m - pit very unstable from here
. 2. Pit teminated at 2.7m due to water
A 3. Water rose to 1.5m after 20 minutes but pit collapsing
8_ l 4. Strata unsuitable for mexecone testing
o
All dimensions in metres | Scale: 1:25
Method Plant Logged Checked @
Used: Machine dug Used: JCB-3CX By: EJones By:
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RSK Environment Lid, Fourways House, 57 Hilton Street, Piccadilly, Manchester, M1 2EJ. Tel: 0161 236 2757, Fax: 0161 236 7029, Web: www.rsk.co.uk.

GINT_LIBRARY_VB_05.GLB LibVersion: vB_05

RSK TRIAL PIT LOG

Contract: Client: Trial Pit:
(M) North Gawber Harworth Estates Ltd TP218
Contract Ref: Start: 07.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 07.08.13 73.97 E:433137.6 N:409531.0 1 a1
Samples and In-situ Tests 5 B Depth | Material
© § Description of Strata (Thick | Graphic
Depth |No| Type | Results = ness) | Legend
e MADE GROUND comprising brown friable very gravelly sandy clay.
Gravel is fine to coarse angular to subrounded sandstone, mudstone, |
brick fragments. Occasional angular cobbles ¥
SR . (0.80)
[050-080 B1| B :5:§ :
e 0.80
MADE GROUND comprising black slightly clayey sandy gravel and
+ cobbles. Gravel is fine to coarse, gravel and cobbles are very angular I_
= 222l to subangular sandstone, mudstone, brick fragments. Contains large
wooden posts (railway sleeper), material (carpet), old pipes and |
cables.
- % Strong hydrocarbon odour. Slight oily sheen on water
Ay u
St
L e +(2.00)
‘ S I
"200250 |Es2| Es : X
2.80
Trial pit terminated at 2.80m depth.
Plan (Not to Scale) General Remarks
1. Groundwater at 1.7m, settling at 2.1m
400 2. Pit falling in around water
o
All dimensions in metres [ scale: 1:25
Method Plant Logged Checked @
Used: Machinedug | Used JCB-3CX By: EJones By:
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REK Environment Lid, Fourways House, 57 Hilton Street, Piccadilly, Manchester, M1 2EJ. Tel: 0161 236 2757, Fax: 0161 236 7028, Web: www.rsk.co.uk.

GINT_LIBRARY_V8_05.GLB LibVersion: v8_05 - Li

TRIAL PIT LOG

Contract: Client: Trial Pit:
(M) North Gawber Harworth Estates Ltd TP219
Contract Ref: Start: 08.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 08.08.13 76.88 E:433122.1 N:409581.1 G
Samples and In-situ Tests 8 Depth | Material
=) § Description of Strata i (Thick | Graphic
Depth |No| Type | Results = ness) | Legend
eeeed MADE GROUND comprising soft brown sandy gravelly clay with
225 many rootlets. Gravel is fine to coarse angular to subangular brick, | 0.20
$5% mudstone, sandstone o
5 :: MADE GROUND comprising friable dark grey slightly sandy very
L0 gravelly clay with some cobbles. Gravel is fine to coarse angular to |
| % subangular brick, mudstone, sandstone. Cobbles are very angular to
0.50-0.80 |ES1| ES % subangular, mainly bricks
| (1.20)
1.40
MADE GROUND comprising pink sandy fine to coarse angular brick
gravel and cobbles, becoming brick red from 1.5m 1(0.30)
% 1.70
s MADE GROUND comprising soft grey mottled yellow/brown/black
et very gravelly clay (reworked). i
| 200-250 |ES2 ES :: : i
[ ! (2
B ;(2.50)
[ .u ‘Q' =3
3 | 4.20
Trial pit terminated at 4.20m depth.
L
Plan (Not to Scale) General Remarks
1. No groundwater encountered
P oy 2. Pit stable
8. I
(=]
All dimensions in metres | scale: 1:25
Method Plant Logged Checked @ L1
Used: Machine dug Used: JCB-3CX By: EJones By: AGS
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RSK Environment Lid, Fourways House, 57 Hilton Street, Piccadilly, Manchester, M1 2EJ. Tel: 0161 236 2757, Fax: 0161 236 7029, Web: www.rsk.co.uk.

TRIAL PIT LOG

Contract: Client: Trial Pit:
(M) North Gawber Harworth Estates Ltd TP220
Contract Ref: Start: 08.08.13  Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 08.08.13 77.79 E:433096.1 N:409594.6 1 of 1
Samples and In-situ Tests B| & Depth | Material
© § Description of Strata (Thick | Graphic
Depth |No| Type | Results = ness) | Legend
SRR MADE GROUND comprising brown very gravelly clayey fine to
o medium sand with many roots and rootlets. Gravel is fine to coarse | 0.20
e angular to subangular brick, mudstone, sandstone -
e MADE GROUND comprising friable dark grey very gravelly clay with
xed occasional cobbles. Gravel is fine to coarse angular to subangular |
| :%: J brick, mudstone, sandstone. Thick steel rope at 0.6m (50mm in
s diameter)
r R
(070100 [ES1| ES S
2 (1.80)
-
e i
B : 2.00
MADE GROUND comprising firm grey mottled yellow/brown/black
very gravelly clay (reworked) with occasional cobbles. Gravel and |
2 cobbles are very angular to subrounded various lithologies, but mainly |
s mudstone and sandstone with rare brick fragments
4 : (1.90)
[350-3.90 |(ES2| ES [
R | 3.90
| Trial pit terminated at 3.90m depth. i
Plan (Not to Scale) General Remarks
4.20 1. No groundwater encountered
n 3 2. Pit stable
3
[=]
All dimensions in metres | Scale: 1:25
Method Plant Logged Checked @ | &
Used: Machine dug | Used: JCB-3CX By: EJones By: AGS
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Contract: Client: [ Trial Pit:
(M) North Gawber Harworth Estates Ltd TP221
Contract Ref: Start: 08.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 08.08.13 76.12 E:432786.1 N:409639.5 1 o 1
Samples and In-situ Tests :é g Depth Materi‘al
@ | 8 Description of Strata (Thick | Graphic
Depth |No| Type | Results 2 | a ness) | Legend
MADE GROUND comprising brambles over dark brown slightly
clayey gravelly fine to medium sand with many roots and rootlets. |
Contains three concrete boulders (kerb) 1.0x0.2x0.3m. Gravel is fine -
L to coarse angular to subangular mudstone, brick. Occasional brick | (0.60)
| 0.30-050 |ES1| ES cobbles i
0.60
MADE GROUND comprising soft black, occasionally light brown,
gravelly clay with occasional cobbles and rare boulders. Gravel is fine |
to coarse, gravel and cobbles are mainly mudstone and brick
fragments. Boulders are angular sandstone 0.5x0.5x0.5m. Contains |
[ plastic sheeting, metal sheeting, carpet like material at 1.2m. |
Becomes damp from 1.2m |
(
(200230 |ES2 ES "
:(3.10)
| 250-300 B3| B R
R
%
S
f 2
I | 370
Light brown MUDSTONE, recovered as sandy angular gravel and
cobbles. r 3.85
Trial pit terminated at 3.85m depth. r
Plan (Not to Scale) General Remarks ]
1. No groundwater encountered
B R 2. Sides of pit collapsed below 1.3m
8‘ I
All dimensions in metres | Scale: 1:25
Method Plant Logged | Checked @ [
Used: Machine dug Used: JCB-3CX By: EJones By: AGS
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GINT_LIBRARY_VB_05.GLB LibVersion: v8_05 - Li

RSK Environment Ltd, Fourways House, 57 Hilton Street, Piccadilly, Manchester, M1 2EJ. Tel: 0161 236 2757, Fax: 0161 236 7029, Web: www.rsk.co.uk.

TRIAL PIT LOG

Contract: Client: Trial Pit:
(M) North Gawber Harworth Estates Ltd TP222
Contract Ref: Start: 08.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 08.08.13 76.51 E:432810.4 N:409652.6 1o Y
Samples and In-situ Tests 8| 8 Depth | Material
a § Description of Strata (Thick | Graphic
Depth [No| Type | Results = ness) | Legend
e MADE GROUND comprising grey brown slightly clayey gravelly fine
%% to medium sand with many rootlets. Gravel is fine to coarse angular to 0.20
% subangular of various lithologies including brick and mudstone :
sl MADE GROUND comprising grey sandy fine to coarse gravel and
cobbles with sandstone boulders. Angular to subangular sandstone, |
mudstone, brick. Typical size of boulders is  0.6x0.3x0.3m. . (0.60)
Occasional clumps of brick gravel/cobbles
I 0.80
MADE GROUND comprising weathered mudstone recovered as
sandy slightly clayey sandstone gravel and cobbles of angular [
= laminated mudstone. Very compact. Terracotta land drain (dry) at -
1.0m L
2 [(0.90)
130170 |B1| B 2
r1.30-1.70 ES2| ES 2% I
| 1.70
Trial pit terminated at 1.70m depth.
T s
Plan (Not to Scale) General Remarks
4.20 i :V\:ali)r running in from East side between 0.8 and 1.2m (slow trickle, drain is approximately 1m
2. Pit quite stable
3, 3. Mexecone could not penetrate
o
ol o S IR RSP
All dimensions in metres ] Scale: 1:25
Method Plant Logged Checked @
Used: Machine dug Used: JCB-3CX By: EJones By: a
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RSK Environment Ltd, Fourways House, 57 Hilton Street, Piccadilly, Manchester, M1 2EJ. Tel: 0161 236 2757, Fax: 0161 236 7029, Web: www.rsk.co.uk.

TRIAL PIT LOG

Contract: ' Client: Trial Pit:
(M) North Gawber | Harworth Estates Ltd TP223
Contract Ref: Start: 09.08.13 Ground Level (m AOD): | National Grid Co-ordinate: | Sheet:
321370 End: 09.08.13 91.18 E:433106.2 N:409778.8 i AL |
Samples and In-situ Tests 5 = Depth Maleri?!
5| % Description of Strata (Thick | Graphic
Depth |No| Type | Results = | a ness) | Legend
s MADE GROUND comprising patchy grass over white/brown gravelly
fine to coarse sand with soft white lime cement. Gravel is fine to |
coarse angular to subangular sandstone, mudstone, brick. Metal pipe | (0.50)
of 0.2m diameter at 0.5m - pit terminated. Concrete slab on one edge | '
i 0-0.3m with sand and bricks undermneath, with soft black gravelly clay. |
0.40-0.50 |[ES1| ES Gravel is fine to coarse angular to subangular sandstone, mudstone, | .59
I brick /
Trial pit terminated at 0.50m depth.
1
i l
L
=
Plan (Not to Scale) General Remarks
1. No groundwater encountered
T e TN 2. Pit stable
e ‘ 3. Strata unsuitable for mexecone testing
e
All dimensions in metres | Scale: 1:25
Method Plant Logged Checked @ L]
Used: Machine dug | Used: JCB-3CX By: EJones By: AGS
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GINT_LIBRARY_V8_05.GLB Lil

TRIAL PIT LOG

Contract: Client: Trial Pit:
(M) North Gawber Harworth Estates Ltd TP224
Contract Ref: Start: (09.08.13 | Ground Level (m AOD). | National Grid Co-ordinate: Sheet:
321370 End: 09.08.13 90.46 E:433126.8 N:409768.3 1 o 1
Samples and In-situ Tests 5| 8 Depth Matarigl
© § Description of Strata (Thick | Graphic
Depth | No| Type Results = ness) | Legend
sl MADE GROUND comprising grass over black gravelly fine to coarse
3 sand. Gravel is fine to coarse angular to subangular sandstone, | (0.30)
: mudstone, brick. Metal pipe of 0.2m diameter at 0.3m - pit terminated. |
Brick wall along one side of pit extends deeper than the pit 1 0.30
Trial pit terminated at 0.30m depth.
Plan (Not to Scale) General Remarks
1. No groundwater encountered
T S 2. Pit stable
g 3. Strata unsuitable for mexecone testing
o
All dimensions in metres l Scale: 1:25
Method Plant Logged Checked @
Used: Machine dug Used: JCB-3CX By: EJones By: H
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Core+Logs 0002 | Log X1 - TRIAL PIT LOG

8 05 -

Lib0004 PrjVersion: v!

RSK Environment Ltd, Fourways House, 57 Hilton Street, Piccadilly, Manchester, M1 2EJ. Tel: 0161 236 2757, Fax: 0161 236 7029, Web:

GINT_LIBRARY_V8_05.GLB LibVersion: v8 05 -

TRIAL PIT LOG

Contract: Client: Trial Pit:
(M) North Gawber Harworth Estates Ltd TP225
Contract Ref: Start: 09.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 09.08.13 91.12 E:433151.3 N:409772.2 ¥ ot 1
Samples and In-situ Tests 5| &3 Depth | Material
5| 2 Description of Strata (Thick | Graphic
Depth |No| Type | Results 2|2 ness) | Legend
MADE GROUND comprising grass over black very gravelly fine to
coarse sand with many cobbles and pieces of wood (0.5%x0.2x0.1m). [
Gravel is fine to coarse angular to subangular brick, mudstone, |
[ sandstone. Top of brick wall at 0.3m so moved to side. Wall extends to |
[ 1.3m with concrete slab beneath to 1.6m (1.60)
i r 1.60
r MADE GROUND comprising light brown slightly clayey sandy fine to
[ coarse gravel with many cobbles and occasional boulders. Gravel, [(0.60)
- cobbles and boulders are angular to subangular mainly sandstone and [
r mudstone with rare bricks 220
[ MADE GROUND comprising black very gravelly fine to coarse sand. [
i Gravel is fine to coarse angular to subangular mudstone and sandstone £(0.80)
L with occasional brick e
. r 3.00
i MADE GROUND comprising soft brown very gravelly clay. Gravel is
fine to coarse angular to subangular brick, mudstone, sandstone with coal [(0.50)
ts r 3.50
Compact light brown MUDSTONE recovered as slightly clayey sandy [
angular to subangular fine to coarse mudstone gravel and cobbles - 3.90
- Trial pit terminated at 3.90m depth.
i GL 0-80m wide (3.20m long) TP225
B Qéng;mg' %gégg
[ Cqﬁcrt;le
) 3.90m
C >
: 5
L [5%¢
i K3
[ RS
[ X%
r 4%
L X2 50
X & 959,
i Xl R
[ i 5 Trial pit terminated
: -t - - at 3.90m depth
Plan (Not to Scale) General Remarks
320 1. No groundwater encountered
: 2. Pit unstable from 1.6-2.2m
= 3. Strata unsuitable for mexecone testing
s
All dimensions in metres | Scale: 1:50
Method Plant Logged Checked PTaunton
Used: Machine dug Used: JCB-3CX By: EJones By: i
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RSK Environment Ltd, Fourways House, 57 Hilton Streel, Piccadilly, Manchester, M1 2EJ, Tel: 0161 236 2757, Fax: 0161 236 7029, Web: www.rsk.co.uk.

v8_05 -

- Lib0004 PriVersion:

GINT_LIBRARY_V8_05.GLB LibVersion: v8_05

m TRIAL PIT LOG

Contract: Client: Trial Pit:
(M) North Gawber Harworth Estates Ltd TP226
Contract Ref: Start: (09.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 09.08.13 84.50 E:432979.4 N:409728.4 1
Samples and In-situ Tests 8| & Depth | Material
® | 3 Description of Strata (Thick | Graphic
Depth |No| Type | Results S| a ness) | Legend
% MADE GROUND comprising grey/black very gravelly fine to medium
sand with many cobbles and rare boulders. Gravel and cobbles are
fine to coarse angular to subangular sandstone, brick, mudstone,
: coal. Wooden sleeper at 3.0m. L
: 'Q"O_q
£ s (4.00)
6 & 2 x
it
- X '-,:
| e 4.00
| Trial pit terminated at 4.0m depth.
Plan (Not to Scale) General Remarks
3.00 1. No groundwater encountered but pit damp at bottom (3.8m)
2 2. Pit stable
2 3. Strata unsuitable for mexecone testing
S
All dimensions in metres | scale: 1:25
Method Plant Logged Checked @ i
Used: Machine dug | Used: JCB-3CX By: EJones By: AGS
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RSK Environment Lid, Fourways House, 57 Hilton Street, Piccadilly, Manchester, M1 2EJ. Tel: 0161 236 2757, Fax: 0161 236 7029, Web: www.rsk.co.uk.

Contract: Client: Trial Pit:
(M) North Gawber Harworth Estates Ltd TP227
Contract Ref: Start: 06.08.13 | Ground Level (m AOD): | National Grid Co-ordinate: Sheet:
321370 End: 06.08.13 84.47 E:432970.5 N:409730.7 t o 4
Samples and In-situ Tests 8|8 Depth | Material
L g Description of Strata (Thick | Graphic
Depth |No| Type | Results = ness) | Legend
P MADE GROUND comprising grey/brown very gravelly medium to
20828 coarse sand. Gravel is angular to subangular fine to medium of mixed | (0.30)
x5 lithologies including mudstone, siltstone, sandstone. Occasional -
R333351. rootlets 030
ks MADE GROUND comprising firm grey mottled brown clay. |
%24 Occasional medium to coarse rounded to subrounded gravel of
' mudstone and mixed lithologies (0.45)
E F 0.75
MADE GROUND comprising dark brown medium to coarse gravelly
sand. Gravel is fine to coarse angular to subangular mudstone and
| siltstone. Cluster of bricks. Occasional fibrous fragments of organic |
4 material
i ‘m
: (2.15)
2.90
2524 Soft to firm grey mottled brown gravelly CLAY. Gravel is rounded to - — —]
[ %% subrounded mudstone, siltstone. Occasional fibrous fragments of [(0.30) -~ — —|
%4 organic material L S
8 < -2 1 iy
Trial pit terminated at 3.20m depth. |
Plan (Not to Scale) General Remarks
1. No groundwater encountered
ey = 2. Pit stable
= 3. Trial pit too unsafe to carry out Mexecone test
~
S
All dimensions in metres | Scale: 1:25
Method Plant | Logged Checked @
Used: Machine dug Used: JCB-3CX By: EJones By: -




APPENDIX E
LABORATORY CERTIFICATES FOR SOIL
SAMPLES

Harworth Estates
Geo-Environmental Assessment: Former North Gawber Colliery
321370-R3 (01)
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lab

Units 7 & 8 Sandpits Business Park
Mottram Road, Hyde, Cheshire, SK14 3AR

FINAL ANALYTICAL TEST REPORT

Envirolab Job Number:
Issue Number:

Client:

Project Manager:
Project Name:

Project Ref:

Order No:

Date Samples Received:

Date Instructions Received:

Date Analysis Completed:

Prepared by:

.J‘ I’T ”‘ anohal/|

Melanie Marshall
Laboratory Coordinator

13/03798
1 Date: 23 August, 2013

RSK Environment Ltd Manchester
Fourways House

57 Hilton Street

Manchester

Lancashire

UK

M1 2EJ

lan Wilson / Emily Jones
North Gawber

321370

Not specified

09/08/13

12/08/13

23/08/13

Approved by:

)
Qg

Carolyn Field 7
Client Service Manager

%

7ICERTS

TR (KFTCAT o i

1247
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Envirolab Job Number: 13/03798

Client Project Name: North Gawber

Client Project Ref: 321370

lab

ILab Sample ID 13/03798/3 | 13/03798/4 | 13/03798/5 | 13/03798/6 | 13/03798/7 |13/03798/13|13/03798/14|13/03798/15
IClient Sample No
IE!Ient Sample ID TP203 TP203 TP204 TP205 TP206 TP215 TP215 TP216
IDepth to Top 0.70 2.10 1.80 1.00 0.50 1.50 2.50 0.50
IDepth To Bottom 1.00 2.20 2.00 1.20 0.70 2.00 2.70 0.70
IDale Sampled 05-Aug-13 | 05-Aug-13 | 05-Aug-13 | 06-Aug-13 | 06-Aug-13 | 07-Aug-13 | 07-Aug-13 | 07-Aug-13 '§
Sample Type Soil-ES | Soil-ES | Soil-ES | Soil-ES | Soil-ES | Soll-ES | Soil-ES | Soil-ES 3
Sample Matrix Code 5 1A GAE 4ABE 5A 5A 4AB § i
% Stones >10mm," <0.1 <0.1 <0.1 68 - a5 6.3 8.0 %owiw | ATOM
Asbestos in soilp’ NAD - - NAD NAD - - - AT o8
pH™ 8.90 6.86 7.49 8.07 - 8.22 7.64 - pH Ll
pH BRE"™ 8.90 - 7.49 8.07 - 8.22 - 5.05 pH ATdais
Chloride BRE, SO4 equiv. (water - - - - - - <7 mg/l e
sol 2:1)p
Nitrate BRE, S04 equiv. (water - - - - - - - <0.4 mg/ AT
sol 2:1)p
Sulphate (water sol 2:1)p" 0.14 1.57 1.67 1.33 - 0.26 0.21 . an AT
Sulphate BRE (water sol 2:1);" 144 - 1670 1330 - 262 - 201 mg/l Lo i)
Sulphate (acid soluble),™ 430 23000 12000 21000 - 840 470 . mg/kg | ATom
Arsenicp™ 44 a 60 27 - 13 7 - mgikg | AT
Cadmiumy™* 0.7 05 09 2.0 - <0.5 0.7 - mglkg | ATe:
Copperg™* 52 68 63 89 - 40 22 - mgikg | ATox
Chromiump™ 59 65 58 26 . 51 39 - mgkg | ATos
Leadp™ 55 34 73 69 - 29 12 - mgrkg | ATen
Mercuryp 0.71 0.71 0.52 0.25 - 0.39 0.21 - mghkg | AT
Nickel"* 36 56 43 54 - 36 37 - mg/kg | ATe
Seleniump® 2 <1 3 4 - <1 <1 - mg/kg At
Zincp™* 151 95 106 82 - 72 74 = mglkg | ATe
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Envirolab Job Number: 13/03798

Client Project Name: North Gawber

Client Project Ref: 321370

lab

Lab Sample ID 13/03798/3 | 13/03798/4 | 13/03798/5 | 13/03798/6 | 13/03798/7 |13/03798/13|13/03798/14(13/03798/15
Client Sample No
Client Sample ID TP203 TP203 TP204 TP205 TP206 TP215 TP215 TP216
Depth to Top 0.70 2.10 1.80 1.00 0.50 1.50 2.50 0.50
Depth To Bottom 1.00 2.20 2.00 1.20 0.70 2.00 2.70 0.70
Date Sampled 05-Aug-13 | 05-Aug-13 | 05-Aug-13 | 06-Aug-13 | 06-Aug-13 | 07-Aug-13 | 07-Aug-13 | 07-Aug-13 “
Sample Type Soil-ES | Soll-ES | Soil-ES | Soil-ES | Soll-ES | Soll-ES | Soill-ES | Soil-ES ;
Samp!e Matrix Code 5 1A 6AE 4ABE 5A 5A 4AB g i
TPH CWG
Ali >C5-C6," 0.15 <0.01 <0.01 0.02 - <0.01 <0.01 - mgikg | ATozs
All >C6-C8," <0.01 0.08 <0.01 <0.01 - <0.01 <0.01 - mgikg | AToms
Ali >C8-C10,* 20.5 249 <0.01 <0.01 - <0.01 <0.01 mgkg | AToas
Ali >C10-C12," <0.1 1090 <0.1 <0.1 - <0.1 <0.1 - mglkg | AToms
Ali >C12-C16,* 223 1160 <0.1 <0.1 - <0.1 <0.1 - mgikg | ATes
Ali >5C16-C21," 198 184 <0.1 <0.1 - <0.1 <0.1 - mglkg | ATeEs
All >C21-C35," 20.7 119 <0.1 <0.1 - <0.1 <0.1 - mgikg | ATOBs
Total Aliphatics, 472 2580 <0.1 <0.1 - <0.1 <0.1 - mglkg | ATem:2e
Aro >C5-C7," <0.01 <0.01 <0.01 <0.01 - <0.01 <0.01 - mgikg | ATeas
Aro >C7-C8," <0.01 <0.01 <0.01 <0.01 - <0.01 <0.01 - mgkg | ATeEs
Aro >C8-C9," 0.25 0.18 <0.01 <0.01 - <0.01 <0.01 - mgikg | ATos
Aro >C9-C10,* 8.91 5.23 <0.01 <0.01 - <0.01 <0.01 - mgkg | AToas
Aro >C10-C12," 63.6 148 <0.1 <0.1 - 22 <0.1 - mg/kg | AToms
Aro >C12-C16," 82.8 263 <0.1 <0.1 . 55 <0.1 - mgkg | AT<@s
Aro >C16-C21," 73.7 132 <0.1 <0.1 - 1.1 <0.1 - mglkg | AToms
Aro >C21-C35," 32.3 76.8 <0.1 <0.1 - 3.9 <0.1 - mg/kg | AToms
Total Aromaticsa 262 625 <0.1 <0.1 - 22.7 <0.1 - mg/kg | ATo223
TPH (Ali & Aro), 733 3200 <0.1 <0.1 - 227 <0.1 - mg/kg | AR
BTEX - Benzene,’ <0.01 <0.01 <0.01 <0.01 - <0.01 <0.01 . mgikg | AToxms
BTEX - Toluene,’ <0.01 <0.01 <0.01 <0.01 - <0.01 <0.01 - mgrkg | ATe:s
BTEX - Ethyl Benzene,® <0.01 <0.01 <0.01 <0.01 - <0.01 <0.01 . mg/kg | AToms
BTEX - m & p Xylene,” 0.07 <0.01 <0.01 <0.01 - <0.01 <0.01 - mglkg | ATezs
BTEX - 0 Xylene,” 0.14 0.08 <0.01 <0.01 - <0.01 <0.01 - mg/kg | ATozs
MTBE,’ <0.01 <0.01 <0.01 <0.01 - <0.01 <0.01 - mglkg | AToms
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Envirolab Job Number: 13/03798

Client Project Name: North Gawber

Client Project Ref: 321370

lab

Lab Sample ID 13/03798/3 | 13/03798/4 | 13/03798/5 | 13/03798/6 | 13/03798/7 |13/03798/13|13/03798/14|13/03798/15
Client Sample No
Client Sample ID TP203 TP203 TP204 TP205 TP206 TP215 TP215 TP216
Depth to Top 0.70 2.10 1.80 1.00 0.50 1.50 2.50 0.50
Depth To Bottom 1.00 2.20 2.00 1.20 0.70 2.00 2.70 0.70
Date Sampled 05-Aug-13 | 05-Aug-13 | 05-Aug-13 | 06-Aug-13 | 06-Aug-13 | 07-Aug-13 | 07-Aug-13 | 07-Aug-13 _E
ISample Type Soil - ES Soil - ES Soil - ES Soil - ES Soil - ES Soil - ES Soil - ES Soil - ES '8
Sample Matrix Code 5 1A 6AE 4ABE 5A 5A 4AB § i
PAH 16
Acenaphthene,"* 1.50 2.27 0.10 <0.01 - 0.52 <0.01 - mg/kg | AToe
Acenaphthylene,"* 0.07 0.15 0.02 <0.01 - 0.02 <0.01 - mg/kg bt
Anthracene, " 0.49 0.63 0.22 0.02 - 0.33 <0.02 - mg/kg it
Benzo(a)anthracene,™* 0.18 0.16 0.77 0.13 - 0.23 <0.04 - mglkg | AToMs
Benzo(a)pyrene,"* 0.05 0.16 1.01 0.09 - 0.15 <0.04 . mglkg | AToMs
Benzo(b)fluoranthene,™* 0.15 0.18 1.27 0.12 = 0.26 <0.05 - mgkg | ATomws
Benzo(ghi)perylene,™* <0.05 0.06 0.54 0.08 - 0.09 <0.05 - mgikg | ATaMs
Benzo(k)fluoranthene,™" <0.07 0.09 0.41 0.09 - 0.11 <0.07 - mgikg i
Chryserleg'" 0.24 0.29 1.29 0.20 - 0.35 <0.06 - mg/kg N
Dibenzo(ah)anthracene,"* <0.04 <0.04 0.15 <0.04 - <0.04 <0.04 - mgikg | AToes
Fluoranthene,"" 0.72 0.88 1.83 0.27 - 1.1 <0.08 - mg/kg | ATames
Fluorene,™ 1.04 1.29 0.06 <0.01 - 0.46 <0.01 - mgkg | ATotes
Indeno(123—cd)pyrana.“ <0.03 0.06 0.49 0.05 - 0.04 <0.03 - mg/kg ik
Naphthalene.."' 537 3.66 0.20 0.06 - 0.83 <0.03 - mg/kg AT
Phenanthrene,"* 1.98 247 1.43 0.21 - 1.95 <0.03 - mg/kg | AT
Pyrane.m 0.55 1.12 1.83 0.21 - 0.82 <0.07 = mg/kg e
PAH (total 16},\"' 123 13.5 11.6 1.55 - 7.25 <0.08 - mg/kg ot
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Envirolab Job Number: 13/03798

Client Project Name: North Gawber

Client Project Ref: 321370

lab

Lab Sample ID 13/03798/18| 13/03798/21 | 13/03798/23 [13/03798/24 | 13/03798/26 | 13/03798/27
Client Sample No
Client Sample ID TP218 TP220 TP221 TP221 TP223 Mound
Depth to Top 2.00 0.70 0.30 2.00
Depth To Bottom 250 1.00 0.50 2.30
Date Sampled 07-Aug-13 | 08-Aug-13 | 08-Aug-13 | 08-Aug-13 | 09-Aug-13 | 07-Aug-13 4.
Sample Type Soil-ES | Soil-ES | Soil-ES | Soil-ES Solid Soil - ES '§
Sample Matrix Code 6A 5A SAE 5A 7 4AE g i
% Stones >10mm;* 6.1 49 38 5.7 <0.1 <0.1 Gwiw | ATow
Asbestos in soilp” - NAD NAD - a - AT015
pH"™ 7.50 6.36 8.00 8.53 10.92 6.12 pH ATaats
pH BREo" . 6.36 8.00 - - - pH AT
Sulphate (water sol 2:1)p"* 0.38 1.59 0.27 0.32 - 0.14 gl L omse
Sulphate BRE (water sol 2:1)y™ - 1590 266 - - - mg/l ATa2ee
Sulphate (acid soluble),™* 1700 9000 1900 950 - 2600 mglkg | ATen
Arsenicp™” 34 35 25 28 - 33 mglkg | ATox
Cadmium™* 0.7 <0.5 <0.5 0.6 - 0.9 mglkg | ATe:
Calciump - - - - 331000 - mglkg ATa24
Copperp™ 51 40 38 45 - 60 mghkg | ATox
Chromiumy** 43 33 89 42 - 37 mgkg | ATe
Lead,™* 28 26 39 54 - 93 mgikg | ATex
Mercuryp 0.23 0.32 0.58 0.19 - 0.35 mg/kg | AT
Nickels™ 31 39 31 35 - 31 mgikg | ATe
Seleniumy’ <1 <1 <1 2 - 2 mgfkg | AToM
Zinc"* 78 76 88 74 - 108 mg/kg | ATeM
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Envirolab Job Number: 13/03798

Client Project Name: North Gawber
Client Project Ref: 321370

lab

Lab Sample ID 13/03798/18 | 13/03798/21 | 13/03798/23 | 13/03798/24 | 13/03798/26 | 13/03798/27
Client Sample No
Client Sample ID TP218 TP220 TP221 TP221 TP223 Mound
Depth to Top 2.00 0.70 0.30 2.00
Depth To Bottom 2,50 1.00 0.50 230
Date Sampled 07-Aug-13 | 08-Aug-13 | 08-Aug-13 | 08-Aug-13 | 09-Aug-13 | 07-Aug-13 ‘é
Sample Type Soil-ES | Soil-ES | Soil-ES | Soil-ES Solid Soil - ES 3
=
Sample Matrix Code BA 5A 5AE 5A 7 4AE § E
TPH CWG
All >C5-C6," <0.01 <0.01 <0.01 <0.01 - <0.01 mgfkg | ATozs
Ali >C6-C8," <0.01 <0.01 <0.01 <0.01 - <0.01 mglkg | AToms
Ali >C8-C10,* <0.01 <0.01 <0.01 <0.01 - <0.01 mgikg | ATozs
Ali 5C10-C12,* <0.1 <0.1 <0.1 <0.1 - <0.1 mghkg | ATozs
Al 5C12-C16,* 28.9 <0.1 <0.1 <0.1 - <0.1 mgikg | ATems
All >C16-C21," 124 <0.1 <0.1 <0.1 - <0.1 mg/kg | AT
Ali >C21-C35," 621 <0.1 <0.1 <0.1 - <0.1 mglkg | ATozs
Total Aliphatics, 752 <0.1 <0.1 <0.1 - <0.1 mghkg | ATeRee
Aro >C5-C7," <0.01 <0.01 <0.01 <0.01 - <0.01 mgikg | ATems
Aro >C7-C8," <0.01 <0.01 <0.01 <0.01 - <0.01 mghkg | ATazs
Aro >C8-C9," <0.01 <0.01 <0.01 <0.01 . <0.01 mgrkg | ATO=s
Aro >C8-C10,” <0.01 <0.01 <0.01 <0.01 - <0.01 mgkg | ATo=
Aro >C10-C12,° <0.1 <0.1 0.4 <0.1 - <0.1 mgikg | ATems
Aro >C12-C16," 224 <0.1 25 <0.1 - <0.1 mg/kg | AT02s
Aro >C16-C21," 56.5 <0.1 17.1 <0.1 - <0.1 mglkg | ATo3s
Aro >C21-C35," 162 <0.1 69.7 <0.1 - <0.1 mglkg | AToms
Total Aromaticsa 2 <0.1 89.7 <0.1 - <0.1 mglkg | ATz
TPH (Ali & Aro)s 994 <0.1 89.7 <0.1 - <0.1 mg/kg | AToR2e2
BTEX - Benzene," <0.01 <0.01 <0.01 <0.01 - <0.01 mglkg | ATz
BTEX - Toluene,” <0.01 <0.01 <0.01 <0.01 - <0.01 makg | ATozs
BTEX - Ethyl Benzene,’ <0.01 <0.01 <0.01 <0.01 . <0.01 mglkg | AToms
BTEX - m & p Xylene,” <0.01 <0.01 <0.01 <0.01 - <0.01 mgikg | AToZs
BTEX - 0 Xylene,* <0.01 <0.01 <0.01 <0.01 - <0.01 mglkg | ATozs
MTBE," <0.01 <0.01 <0.01 <0.01 . <0.01 mglkg | AToms
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Envirolab Job Number: 13/03798

Client Project Name: North Gawber
Client Project Ref: 321370

lab

ILab Sample ID 13/03798/18|13/03798/21|13/03798/23 | 13/03798/24 | 13/03798/26 | 13/03798/27
ICI[ent Sample No
ICIIeI"It Sample ID TP218 TP220 TP221 TP221 TP223 Mound
IDepth to Top 2.00 0.70 0.30 2.00
IDepth To Bottom 2.50 1.00 0.50 2.30
|Daie Sampled 07-Aug-13 | 08-Aug-13 | 08-Aug-13 | 08-Aug-13 | 09-Aug-13 | 07-Aug-13 .E
Isample Type Soll-ES | Soil-ES | Soll-ES | Soil-ES Solid Soll - ES 3
=
Sample Matrix Code 6A 5A 5AE 5A 7 4AE § i
PAH 16
Acenaphthene,* 0.07 0.02 0.16 <0.01 . 0.02 mghkg | AToEs
Acenaphthyiane."’ 0.05 <0.01 0.13 <0.01 - 0.01 mg/kg AT
Anthracene,™* 0.33 0.04 1.15 <0.02 - 0.11 mglkg ki)
Benzo(a)anthracene,™* 0.24 <0.04 5.75 <0.04 - 0.41 mgikg | AToIes
Benzo(a)pyrene,* 0.12 <0.04 5.08 <0.04 - 0.37 mg/kg | AT
Benzo(b)fluoranthene,"* 0.37 <0.05 5.70 <0.05 - 0.55 mg/kg Linl ]
Benzo(ghi)perylene,™ 0.08 <0.05 2.65 <0.05 . 0.24 mgikg | AT
Benzo(k)fluoranthene,** <0.07 <0.07 3.18 <0.07 - 0.24 mgkg | ATOs
Chrysene,™* 0.51 <0.06 5.39 <0.06 - 0.45 mgkg | AT
Dibenzo(ah)anthracene,™* <0.04 <0.04 0.75 <0.04 - 0.07 mg/kg L0
Fluoranthene ™ 0.60 <0.08 9.89 0.10 - 0.93 ma/kg (ot
Fluorene,** 0.21 <0.01 0.16 0.01 - 0.02 mg/kg | AT
Indeno(123-cd)pyrene,™ 0.07 <0.03 2.80 <0.03 - 0.25 mgikg | AT
Naphthalene,"" 0.46 0.16 0.25 0.10 . 0.05 mgikg | Aot
Phenanthrene,"* 1.31 0.56 3.61 0.17 - 0.55 mg/kg ot
Pyreﬂe,.‘” 1.53 <0.07 8.07 0.09 - 0.72 mg/kg e
PAH (total 16),"* 5.96 0.78 54.8 0.47 . 5.02 mglkg | AT
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lab

REPORT NOTES

Notes - Soil analysi

All results are reported as dry weight (<40°C).

For samples with Matrix Codes 1 - 6 natural stones >10mm are removed or excluded from the sample prior to analysis
and reported results corrected to a whole sample basis. For samples with Matrix Code 7 the whole sample is dried and
crushed prior to analysis.

Notes - General

Subscript "A" indicates analysis performed on the sample as received. "D" indicates analysis performed on the dried sample,
crushed to pass a 2mm sieve, unless asbestos is found to be present in which case all analysis is performed on

the sample as received.

All analysis is performed on the dried and crushed sample for samples with Matrix Code 7 and this supercedes any "A"
subscripts.

Superscript "M" indicates method accredited to MCERTS.

For complex, multi-compound analysis, quality control results do not always fall within chart limits for every compound and
we have criteria for reporting in these situations. If results are in italic font they are associated with such quality control
failures and may be unreliable.

A deviating samples report is appended and will indicate if samples or tests have been found to be deviating. Any test
results affected may not be an accurate record of the concentration at the time of sampling.

TPH analysis of water by m A-T-007
Free and visible oils are excluded from the sample used for analysis so that the reported result represents the dissolved
phase only.

Predominant Matrix Codes:
1 = SAND, 2 = LOAM, 3 = CLAY, 4 = LOAM/SAND, 5 = SAND/CLAY, 6 = CLAY/LOAM, 7 = OTHER.
Samples with Matrix Code 7 are not predominantly a SAND/LOAM/CLAY mix and are not covered by our MCERTS accreditation.

Secondary Matrix Codes:
A = contains stones, B = contains construction rubble, C = contains visible hydrocarbons, D = contains glass/metal,
E = contains roots/twigs.

1S indicates Insufficient sample for analysis.

NDP indicates No Determination Possible.

NAD indicates No Asbestos Detected.

Superscript # indicates method accredited to ISO 17025.

Analytical results reflect the quality of the sample at the time of analysis only. Opinions and interpretations expressed
are outside the scope of our accreditation.

Please contact us if you need any further information.
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APPENDIX F
GROUND GAS AND GROUNDWATER
MONITORING DATA

Harworth Estates
Geo-Environmental Assessment: Former North Gawber Colliery
321370-R3 (01)
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APPENDIX G
LABORATORY CERTIFICATES FOR
GROUNDWATER ANALYSIS

Harworth Estates
Geo-Environmental Assessment: Former North Gawber Colliery
321370-R3 (01)



FINAL ANALYTICAL TEST REPORT

Envirolab Job Number:
Issue Number:

Client:

Project Manager:
Project Name:

Project Ref:

Order No:

Date Samples Received:

Date Instructions Received:

Date Analysis Completed:

Prepared by:

:'ﬂ ,v/.} N ) . y

| l [ ”' oD Ao L{,t |
Melanie Marshall
Laboratory Coordinator

Iab*

Units 7 & 8 Sandpits Business Park

Mottram Road, Hyde, Cheshire, SK14 3AR

13/04916

1 Date: 24 October, 2013

RSK Environment Ltd Manchester

Fourways House
57 Hilton Street
Manchester
Lancashire

UK

M1 2EJ

Emily Jones / Emma Atkinson
North Gawber

321370

Not specified

17/10/13

18/10/13

24/10/13

Approved by:

Liz Oliver
Client Service Manager

1247
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Envirolab Job Number: 13/04916

Client Project Name: North Gawber

Client Project Ref: 321370

lab

ILab Sample ID 13/04916/1 | 13/04916/2

IClIent Sample No

Client Sample ID Upstream | Downstrea

m

IDspth to Top

IDepth To Bottom

IDaie Sampled 16-Oct-13 | 16-Oct-13 s

ISample Type Water - EW | Water - EW 'g
= £

Sample Matrix Code R

PH (w)s” 7.19 6.98 oH | Ao

pH BRE (w)," 7.19 6.98 pH | Aromw

Sulphate (w)a" 10 62 mgn | ATomw

Sulphate BRE (w)a” 10 62 mg/l AT-026w

Arsenic (dissolved),” 2 1 g/ ATz

Boron (dissolved),’ 16 26 g ATa2s

Cadmium (dissolved),” <1 <1 ugi ATazs

Copper (dissolved),’ 2 2 ugh AT025

Chromium (dissolved),” 2 <1 oA wTezs

Lead (dissolved).® <1 <1 pg/l ATazs

Mercury (dissolved),” <0.1 <0.1 g/l AT025

Nickel (dissolved),” <1 4 g/l ATa2s

Selenium (dissolved).” <1 <1 g AT028

Zinc (dissolved),” 6 8 ught ATa25
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Envirolab Job Number: 13/04916

Client Project Name: North Gawber

Client Project Ref: 321370

lab

Lab Sample ID 13/04916/1 | 13/04916/2
Client Sample No
Client Sample ID Upstream Dow:mea
Depth to Top
Depth To Bottom
Date Sampled 16-Oct-13 | 16-Oct-13 =
Sample Type Water - EW | Water - EW 5 E
Sample Matrix Code g §
TPH CWG
Ali >C5-C6 (w)a" <1 <1 pg | ATeze
Ali >C6-C8 (w)a" <1 <1 ugn AT022w
Ali >C8-C10 (w)a" <1 <1 ugh ATo2w
Ali >C10-C12 (W)a" <5 <5 gl | AToz
All 5C12-C16 (W)a" <5 <5 g | Aoz
Ali >C16-C21 (w)a" <5 <5 ugh ATomw
Ali >C21-C35 (w)a" <5 <5 ugh | Amenw
Total Aliphatics (w)a <5 <5 g/ AT022423w
Aro >C5-C7 (w)a" <1 <1 g/ AT oz
Aro >C7-C8 (w)," <1 <1 pgn | Arezw
Aro >C8-C9 (w),* <1 <1 g/ AT022w
Aro >C9-C10 (w)," <1 <1 pan | ATemw
Aro >C10-C12 (w)a" <5 <5 g/ ATozI™
Aro >C12-C16 (w)a" <5 <5 pgn | Aoz
Aro >C16-C21 (w)s* <5 <5 g/l ATz
Aro >C21-C35 (w)a" <5 <5 g/ ATO2m
Total Aromatics (W)a <5 <5 gl AT-022423w
TPH (Ali & Aro) (W)a <5 <5 pgll | AT0R2w
BTEX - Benzene (w)a* <1 <1 pgn | Aoz
BTEX - Toluene (w)a" <1 <1 pgh | Avozw
BTEX - Ethyl Benzene (w).* <1 <1 ughl AT022w
BTEX - m & p Xylene (w),* <1 <1 g | ATomw
BTEX - 0 Xylene (w)a" <1 <1 I
MTBE (w)a" <1 <1 ngit AT-022w
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Envirolab Job Number: 13/04916

Client Project Name: North Gawber

Client Project Ref: 321370

lab

ILab Sample ID 13/04916/1 | 13/04916/2
ICllent Sample No
|CIIent Sample ID Upstream | Downstrea

m
IDepth to Top
IDapth To Bottom
IDate Sampled 16-Oct-13 | 16-Oct-13 -
Sample Type Water - EW | Water - EW 2 §
Sample Matrix Code g i
PAH 16MS (w)
Acenaphthene (w),’ <0.01 0.01 pgh | AToew
Acenaphthylene (w),* <0.01 <0.01 g/l AT1w
Anthracene (w),’ 0.01 0.02 pgn | AT
Benzo(a)anthracene (w),* 0.05 0.07 pgil ATa19w
Benzo(a)pyrene (W), 0.03 0.06 uail ATO1w
Benzo(b)fluoranthene (w)a" 0.07 0.11 pgil raie
Benzo(ghi)perylene (w)a’ 0.09 0.12 ua/l MTo1
Benzo(k)fluoranthene (w)s" <0.01 <0.01 pg/l Lo bt ol
Chrysene (w)," 0.07 0.10 gl ATO19%
Dibenzo(ah)anthracene (w)." 0.01 0.02 ug/l oo
Fluoranthene (w)a" 0.15 0.16 ugit ATo10w
Fluorene (w)s" <0.01 <0.01 ugh ATO10w
Indeno(123-cd)pyrene (wW)a" 0.08 0.11 ugi AT010w
Naphthalene (w)." <0.01 <0.01 ugi AT016w
Phenanthrene (w)." 0.04 0.03 pall ATO10w
Pyrene (w)a* 0.12 0.13 ugh | Ao
PAH (total 16) (w)a" 0.72 0.94 ug/t ATatew
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lab

REPORT NOTES

Notes - Soil analysis

All results are reported as dry weight (<40 °C).

For samples with Matrix Codes 1 - 6 natural stones >10mm are removed or excluded from the sample prior to analysis
and reported results corrected to a whole sample basis. For samples with Matrix Code 7 the whole sample is dried and
crushed prior to analysis.

Notes - General
Subscript "A" indicates analysis performed on the sample as received. "D" indicates analysis performed on the dried sample,

crushed to pass a 2mm sieve, unless asbestos is found to be present in which case all analysis is performed on

the sample as received.

All analysis is performed on the dried and crushed sample for samples with Matrix Code 7 and this supercedes any "A"
subscripts.

Superscript "M" indicates method accredited to MCERTS.

For complex, multi-compound analysis, quality control results do not always fall within chart limits for every compound and
we have criteria for reporting in these situations. If results are in italic font they are associated with such quality control
failures and may be unreliable.

A deviating samples report is appended and will indicate if samples or tests have been found to be deviating. Any test
results affected may not be an accurate record of the concentration at the time of sampling.

TPH analysis of water by method A-T-007
Free and visible oils are excluded from the sample used for analysis so that the reported result represents the dissolved

phase only.

Asbestos in soi
Asbestos in soil analysis is performed on an aliquot of the submitted sample and cannot guarantee to identify asbestos if present

at low concentrations or as discrete fibres/fragments.

Quantification of asbestos is a 3 stage process including visual identification, hand picking and weighing and fibre counting by
sedimentation/phase contrast optical microscopy if required. If asbestos is identified a being present but is not in a form that is suitable for
analysis by hand picking and weighing (normally if the asbestos is present as free fibres) quantification by sedimentation is performed.
Where ACMs are found a percentage asbestos is assigned to each with reference to 'HSG264, Asbestos: The survey guide' and the
calculated asbestos content is expressed as a percentage of the dried soil sample aliquot used.

Predominant Matrix Codes:
1 = SAND, 2 = LOAM, 3 = CLAY, 4 = LOAM/SAND, 5 = SAND/CLAY, 6 = CLAY/LOAM, 7 = OTHER.
Samples with Matrix Code 7 are not predominantly a SAND/LOAM/CLAY mix and are not covered by our MCERTS accreditation.

Secondary Matrix Codes:
A = contains stones, B = contains construction rubble, C = contains visible hydrocarbons, D = contains glass/metal,
E = contains roots/twigs.

IS indicates Insufficient sample for analysis.

NDP indicates No Determination Possible.

NAD indicates No Asbestos Detected.

N/A indicates Not Applicable.

Superscript # indicates method accredited to ISO 17025.

Analytical results reflect the quality of the sample at the time of analysis only. Opinions and interpretations expressed
are outside the scope of our accreditation.

Please contact us if you need any further information.
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Iab&

Units 7 & 8 Sandpits Business Park
Mottram Road, Hyde, Cheshire, SK14 3AR

FINAL ANALYTICAL TEST REPORT

Envirolab Job Number:
Issue Number:

Client:

Project Manager:
Project Name:

Project Ref:

Order No:

Date Samples Received:

Date Instructions Received:

Date Analysis Completed:

Prepared by:

NN N\A b *

J / ! ﬂ‘.‘ oo Ctt (
Melanie Marshall
Laboratory Coordinator

13/04436
2 Date: 31 January, 2014

RSK Environment Ltd Manchester
Fourways House

57 Hilton Street

Manchester

Lancashire

UK

M1 2EJ

lan Wilson/ Emily Jones
Harworth Estates North Gawber
321370

Not specified

19/09/13

23/09/13

04/10/13

Approved by:

Liz Oliver
Client Service Manager

R

(44
(3¢
- k/’ E
UKAS
1247
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Envirolab Job Number: 13/04436

o

Client Project Name: Harworth Estates North Gawber

Client Project Ref: 321370

ILab Sample ID 13/04436/1 | 13/04436/2 | 13/04436/3 | 13/04436/4
lcuent Sample No
Client Sample ID BH201 BH203 BH206 BH207
Depth to Top 5.00 4.20 6.50 5.30
Depth To Bottom
Date Sampled 18-Sep-13 | 18-Sep-13 | 18-Sep-13 | 18-Sep-13 &
Sample Type Water - EW | Water - EW | Water - EW | Water - EW -§
Sample Matrix Code § i
PH (W) 6.04 7.05 6.59 5.54 pH | Ao
pH BRE (w)a" 6.04 7.05 6.59 5.54 pH ATaatw
Sulphate (w)a" 3604 995 1328 3860 mg | AToEw
Sulphate BRE (w)a" 3600 995 1330 3860 o B
Arsenic (dissolved),” 39 1 <1 <1 ugfl A
Boron (dissolved),’ 185 163 211 658 g/l g
Cadmium (dissolved),’ <1 <1 <1 2 g/t AT028
Copper (dissolved),” <1 5 1 3 fret] AT025
Chromium (dissolved),’ <1 14 <1 5 pg/ ATo2
Lead (dissolved),” <1 <1 <1 <1 g/l aTazs
Magnesium BRE (dissolved)a 3 - - - mg/l AT
Mercury (dissolved),’ <0.1 <0.1 <0.1 <0.1 gl T8
Nickel (dissolved),’ 60 12 43 876 pai ATz
Selenium (dissolved),’ <1 73 2 3 pall AT428
Zinc (dissolved),’ 10 5 29 896 ug/ b S
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Envirolab Job Number: 13/04436

lab

Client Project Name: Harworth Estates North Gawber

Client Project Ref: 321370

Lab Sample ID 13/04436/1 | 13/04436/2 | 13/04436/3 | 13/04436/4
Client Sample No
Client Sample ID BH201 BH203 BH206 BH207
Depth to Top 5.00 4.20 6.50 5.30
Depth To Bottom
Date Sampled 18-Sep-13 | 18-Sep-13 | 18-Sep-13 | 18-Sep-13 5
Sample Type Water - EW | Water - EW | Water - EW | Water - EW § 1
£
Sample Matrix Code § g
TPH CWG
Ali >C5-C6 (w)a" <1 <1 <1 <1 g/l i Lo
Ali >C6-C8 (w)s" <1 <1 <1 <1 gl ATozze
Ali >C8-C10 (w)," <1 <1 <1 <1 pall ATozzw
Ali >C10-C12 (w)a” <5 <5 <5 <5 Hg/l e
Ali >C12-C16 (w)s" <5 <5 <5 <5 pg/l AT-023w
Ali >C16-C21 (w)a* <5 <5 <5 <5 1l Mt 02w
Ali >C21-C35 (w)a" <5 <5 <5 <5 ug/ ATz
Total Aliphatics (w)a <5 <5 <5 <5 Mg/l R TARR IR
Aro >C5-C7 (w)a" <1 <1 <1 <1 uafl AT2w
Aro >C7-C8 (w)a* <1 <1 <1 <1 ug ATozre
Aro >C8-C9 (w)." <1 <1 <1 <1 pall Atk
Aro >C9-C10 (w)s" <1 <1 <1 <1 g AT-022m
Aro >C10-C12 (w)a" <5 <5 <5 <5 Hg/ ATy
Aro >C12-C16 (w),* <5 <5 <5 <5 pg/l AToree
Aro >C16-C21 (w)s* <5 <5 <5 <5 pail ATazw
Aro >C21-C35 (w)a" <5 <5 <5 <5 ma/l e
Total Aromatics (w)a <5 <5 <5 <5 pgh | ATomeIw
TPH (Al & Aro) (w)a <5 <5 <5 <5 ugh | ATozaIw
BTEX - Benzene (w)a" <1 <1 <1 <1 g/l o
BTEX - Toluene (w),* <1 <1 <1 <1 pait ATozzw
BTEX - Ethyl Benzene (w)," <1 <1 <1 <1 pgi ATa22w
BTEX - m & p Xylene (w)" <1 <1 <1 <1 gl ATozw
BTEX - o Xylene (w).* <1 <1 <1 <1 pafl AT0zw
MTBE (w)" <1 <1 <1 <1 ugi AT022w
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Envirolab Job Number: 13/04436

Client Project Ref: 321370

lab

Client Project Name: Harworth Estates North Gawber

Lab Sample ID 13/04436/1 | 13/04436/2 | 13/04436/3 | 13/04436/4
Client Sample No
Client Sample ID BH201 BH203 BH206 BH207
Depth to Top 5.00 4.20 6.50 5.30
Depth To Bottom
Date Sampled 18-Sep-13 | 18-Sep-13 | 18-Sep-13 | 18-Sep-13 o
Sample Type Water - EW | Water - EW | Water - EW | Water - EW 2 'g
Sample Matrix Code g i
PAH 16MS (w)
Acenaphthene (w),* <0.01 <0.01 <0.01 <0.01 ugh | AT
Acenaphthylene (w}." <0.01 <0.01 <0.01 <0.01 pg/l AT019w
Anthracene (w)a" <0.01 <0.01 <0.01 <0.01 ugh AT5T0w
Benzo(a)anthracene (w)." <0.01 <0.01 <0.01 <0.01 g/ ATO10w
Benzo(a)pyrene (w)..’ <0.01 <0.01 <0.01 <0.01 ug/l ATO19w
Benzo(b)fluoranthene (w)." <0.01 <0.01 <0.01 <0.01 g/ ATO10w
Benzo(ghi)perylene (w)s" <0.01 <0.01 <0.01 <0.01 P
Benzo(k)fluoranthene (w)." <0.01 <0.01 <0.01 <0.01 ug/l ATO1w
Chrysene (w)," <0.01 0.01 <0.01 <0.01 pgh ATo10w
Dibenzo(ah)anthracene (w)s" <0.01 <0.01 <0.01 <0.01 pgil AT
Fluoranthene (w)a" <0.01 0.03 <0.01 <0.01 ug/l ATot9w
Fluorene (w).' <0.01 <0.01 <0.01 <0.01 ugi AT019w
Indeno(123-cd)pyrene (w)a" <0.01 <0.01 <0.01 <0.01 ng/l AR
Naphthalene (w)." <0.01 <0.01 <0.01 <0.01 gt AT 1w
Phenanthrene (w)," <0.01 <0.01 <0.01 <0.01 Kgi AL
Pyrene (w)a* <0.01 0.03 <0.01 <0.01 Mg/l AT
PAH (total 16) (w)a" <0.01 0.07 <0.01 <0.01 ugil ATOtIw
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lab

REPORT NOTES

Notes - Soil chemical analysis

All results are reported as dry weight (<40°C).

For samples with Matrix Codes 1 - 6 natural stones >10mm are removed or excluded from the sample prior to analysis and reported
results corrected to a whole sample basis. For samples with Matrix Code 7 the whole sample is dried and crushed prior to analysis.

Notes - General

Subscript "A" indicates analysis performed on the sample as received. "D indicates analysis performed on the dried sample,
crushed to pass a 2mm sieve, unless asbestos is found to be present in which case all analysis is performed on

the sample as received.

All analysis is performed on the dried and crushed sample for samples with Matrix Code 7 and this supercedes any "A"
subscripts.

All analysis is performed on the sample as received for soil samples from outside the European Union and this supercedes any "D"
subscripts.

Superscript "M" indicates method accredited to MCERTS.

For complex, multi-compound analysis, quality control results do not always fall within chart limits for every compound and
we have criteria for reporting in these situations. If results are in italic font they are associated with such quality control
failures and may be unreliable.

A deviating samples report is appended and will indicate if samples or tests have been found to be deviating. Any test
results affected may not be an accurate record of the concentration at the time of sampling.

TPH analysis of water by method A-T-007
Free and visible oils are excluded from the sample used for analysis so that the reported result represents the dissolved

phase only.

Asb: in soil
Asbestos in soil analysis is performed on a dried aliquot of the submitted sample and cannot guarantee to identify asbestos if present

as discrete fibres/fragments. Stones etc. are not removed from the sample prior to analysis.

Quantification of asbestos is a 3 stage process including visual identification, hand picking and weighing and fibre counting by
sedimentation/phase contrast optical microscopy if required. If asbestos is identified a being present but is not in a form that is suitable for
analysis by hand picking and weighing (normally if the asbestos is present as free fibres) quantification by sedimentation is performed.
Where ACMs are found a percentage asbestos is assigned to each with reference to 'HSG264, Asbestos: The survey guide’ and the
calculated asbestos content is expressed as a percentage of the dried soil sample aliguot used.

Predominant Matrix Codes:
1 = SAND, 2 = LOAM, 3 = CLAY, 4 = LOAM/SAND, 5 = SAND/CLAY, 6 = CLAY/LOAM, 7 = OTHER.
Samples with Matrix Code 7 are not predominantly a SAND/LOAM/CLAY mix and are not covered by our MCERTS accreditation.

Secondary Matrix Codes:
A = contains stones, B = contains construction rubble, C = contains visible hydrocarbons, D = contains glass/metal,
E = contains roots/twigs.

IS indicates Insufficient sample for analysis.

NDP indicates No Determination Possible.

NAD indicates No Asbestos Detected.

N/A indicates Not Applicable.

Superscript # indicates method accredited to ISO 17025.

Analytical results reflect the quality of the sample at the time of analysis only. Opinions and interpretations expressed
are outside the scope of our accreditation.

Please contact us if you need any further information.
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APPENDIX H
SKIP TESTS

Harworth Estates
Geo-Environmental Assessment: Former North Gawber Colliery
321370-R3 (01)
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APPENDIX |
HUMAN HEALTH GENERIC ASSESSMENT
CRITERIA, RESIDENTIAL USE

Harworth Estates
Geo-Environmental Assessment: Former North Gawber Colliery
321370-R3 (01)



Generic assessment criteria for human health: residential scenario
— private gardens

The human health generic assessment criteria (GAC) have been developed during a period of
regulatory review and updating of the Contaminated Land Exposure Assessment (CLEA) project.
Therefore, the Environment Agency (EA) is in the process of publishing updated reports relating
to the CLEA project and the GAC presented in this document may change to reflect these
updates. This issue was prepared following the publication of soil guideline value (SGV) reports
and associated publicationsm for mercury, selenium, benzene, toluene, ethylbenzene and xylene
in March 2009, arsenic and nickel in May 2009, cadmium and phenol in June 2009, dioxins,
furans and dioxin-like polychlorinated biphenyls (PCBs) in September 2009. It was also produced
following publication of GAC by LQM®. Where available, the published soil guideline values
(SGV)" were used as the GAC. The GAC for lead is discussed separately below owing to it not
being derived using the same approach as other compounds.

Lead GAC derivation

The Environment Agency SGV and Tox reports for lead were withdrawn in 2009. In addition, the
provisional tolerable weekly intake data published in the Netherlands were withdrawn in 2010
owing to concerns that they were not suitably protective of human health. The withdrawn SGVs
were based on a target blood lead concentration of 10ug/dl. In the absence of current guidelines
many consultants continue to use the withdrawn SGV. However, as this is not considered
sufficiently protective of human health, after attendance at the SOBRA summer workshop June
2011, RSK has revised its GAC and is currently undertaking a review of recent toxicological
developments that will be used to refine this GAC further in the coming months. In the meantime,
RSK has undertaken sensitivity analysis using the Society of Environmental Geochemistry and
Health (SEGH) equation and the CLEA model to produce an interim GAC value. The results are
summarised below:

e Using CLEA with the former provisional tolerable weekly intake (PTWI) (25 ug/kg bw),
assuming 100% lead is bioavailable, produces a GAC of 212 mg/kg

¢ Using CLEA with the former PTWI, assuming 50% lead is bioavailable, produces a GAC of
478 mg/kg

e Using the SEGH equation amended for a blood target concentration of 5.6 ug/dl (equal to the
LOAEL for 1Q defects) gives a negative GAC number unless other factors such as child
background blood concentration or delta are amended. Without undertaking further research
into these numbers, RSK can present sensitivity analysis to demonstrate the sensitivity of
these input parameters but cannot justify one parameter over another. The results are:

o GAC between 39mg/kg and 99mg/kg if the value of delta (the slope or response of blood
Pb versus soil and dust Pb relationship) only is amended from 5 to 2ug/dl/1000ug/g. The
value of 2 was chosen as it is within the reasonable range quoted in the former SGV
report

o GAC between 244mg/kg and 610mg/kg if the geometric mean of blood lead concentration
in young children is reduced from 3.4ug/dl to 2ug/dl. This decrease has been simulated
on the basis that blood concentrations are likely to decrease over time across the UK
owing to a ban on lead in petrol, lead within paint used internally and water pipe
replacement. This decrease is considered reasonable as the site is a new development
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so lead-based paints will not be used internally and lead water supply pipelines will be
absent.

Therefore, given the results above RSK proposes to use a GAC of 300mg/kg for a residential
end use. This value is broadly in the middle of the range of sensitivity modelling results quoted
above when background mean blood lead concentrations in children are reduced to reflect a new
development. The value is also broadly in the middle of the range of sensitivity modelling results
for a range of bioavailability of lead between 50% and 100%. This number is considered
reasonably protective of human health while being practical for use.

GAC derivation for other metals and organic compounds

Model selection

Soil assessment criteria (SAC) were calculated using CLEA v1.06 and the supporting UK
guidance!"™®. Groundwater assessment criteria (GrAC) protective of human health via the
inhalation pathway were derived using the RBCA 1.3b model. RSK has updated the inputs within
RBCA to reflect the UK guidance!"™. The SAC and GrAC collectively are termed GAC.

Conceptual model

In accordance with EA Science Report SC050221/SR3%, the residential with private garden
scenario considers risks to a female child between the ages of 0 and 6 years old. In accordance
with Box 3.1, SR3®, the pathways considered for production of the SAC in the residential with
gardens scenario are:

e direct soil and dust ingestion;

e consumption of home-grown produce;

e consumption of soil attached to home-grown produce;
¢ dermal contact with soil and indoor dust, and

e inhalation of indoor and outdoor dust and vapours.

Figure 1 is a conceptual model illustrating these linkages.

The pathway considered in production of the GrAC is the volatilisation of compounds from
groundwater and subsequent vapour inhalation by residents while indoors. Figure 2 illustrates
this linkage. Although the outdoor air inhalation pathway is also valid, this contributes little to the
overall risks owing to the dilution in outdoor air. Within RBCA, the solubility limit of the
determinant restricts the extent of volatilisation, which in turn drives the indoor air inhalation
pathway. While the same restriction is not built into the CLEA model, the CLEA model output
cells are flagged red where the soil saturation limit has been exceeded.

An assumption used in the CLEA model is that of simple linear partitioning of a chemical in the
soil between the sorbed, dissolved and vapour phase'”. The upper boundaries of this partitioning
are represented by the aqueous solubility and pure saturated vapour concentration of the
chemical. The CLEA software uses a fraffic light system to identify when individual and/or
combined assessment criteria exceed the lower of either the agueous-based or the vapour based
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RSK

saturation limits. Where model output cells are flagged red the soil or vapour saturation limit has
been exceeded and further consideration of the SAC to be used within the assessment is
required. One approach that could be adopted is to use the ‘modelled’ solubility saturation limit or
vapour saturation limit of the compound as the SAC. However, as stated within the CLEA
handbook™ this is likely to not be practical in many cases because of the very low limits and, in
any case, is highly conservative. Unless free-phase product is present, concentrations of the
chemical are unlikely to be present at sufficient concentration to result in an exceedance of the
health criteria value (HCV).

RSK has adopted an approach for petroleum hydrocarbons in accordance with LQM/CIEH®
whereby the concentration modelled for each petroleum hydrocarbon fraction has been tabulated
as the SAC with the corresponding solubility or vapour saturation limit given in brackets.
Therefore, when using the SAC to screen laboratory analysis the assessor should take note if a
given SAC has a corresponding solubility or vapour saturation limit (in brackets), and
subsequently incorporate this piece of information within the screening analytical discussion. If
further assessment is required following this process then an additional approach can be utilised
as detailed within Section 4.12 of the CLEA model handbook®, which explains how to calculate
an effective assessment criterion manually.

Input selection

Chemical data was obtained from EA Report SC050021/SR7® and the health criteria values
(HCV) from the UK TOX'" reports where available. For SAC for total petroleum hydrocarbons
(TPH) and polycyclic aromatic hydrocarbons (PAH), toxicological and chemical specific
parameters were obtained from the LQM/CIEH report®. Similarly, toxicological and specific
chemical parameters for the volatile organic compound 1,2,4-trimethylbenzene were obtained
from EIC/AGS/CL:AIRE",

For total petroleum hydrocarbons (TPH), aromatic hydrocarbons Cs-Cg were not modelled since
benzene and toluene are being modelled separately. The aromatic Cs-Cg hydrocarbon fraction
comprises ethylbenzene, xylene and styrene. Since ethylbenzene and xylene are being
modelled separately, the physical, chemical and toxicological data for this band has been taken
from styrene.

Owing to the lack of UK-specific data, default information in the RBCA model was used to
evaluate methyl tertiary butyl ether (MTBE). No published UK data was available for 1,3,5-
trimethylbenzene, so information was obtained from the US EPA as in the RBCA model. RBCA
uses toxicity data for the inhalation pathway in different units to the CLEA model and cannot
consider separately the mean daily intake (MDI), occupancy periods or breathing rates.
Therefore, the HCV in RBCA was amended to take account of:

e amendments to the MDI using Table 3.4 of SR2'?

e a child weighing 13.3kg (average of 0-6 year old female in accordance with Table 4.6 of
SR3®) and breathing 11.85m°® (average daily inhalation rate for a 0—6-year old female in
accordance with Table 4.14 of SR3®
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1. The 50% rule (for petroleum hydrocarbons, trimethylbenzenes and MTBE)? where
MDI data is not available but background exposure is considered important in the
overall exposure.

Physical parameters

For the residential with private gardens scenario, the CLEA default building is a small two-storey
terrace house with concrete ground-bearing slab. The house is assumed to have a 100m? private
garden consisting of lawn, flowerbeds and incorporating a 20m? plot for growing fruit and
vegetables consumed by the residents. SR3® notes this residential building type to be the most
conservative in terms of protection from vapour intrusion. The building parameters are outlined in
Table 5.

The parameters for a sandy loam soil type were used in line with SR3%®. This includes a value of
6% for the percentage of soil organic matter (SOM) within the soil. In RSK's experience, this is
rather high for many sites. To avoid undertaking site-specific risk assessments for this
parameter, RSK has produced an additional set of SAC for an SOM of 1% and 2.5%. For the
GrAC, the depth to groundwater was taken as 2.5m based on RSK's experience of assessing the
volatilisation pathway from groundwater.

GAC

The SAC were produced using the input parameters in Tables 1 to 5 and the GrAC using input
parameters in Table 6. The final selected GAC are presented by pathway in Table 7 and the
combined GAC in Table 8.
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Table 2: Residential with private gardens —home-grown produce data for CLEA model

Dry weight Home-grown Home-grown Soil Preparation
conversion fraction fraction (high loading correction
factor (average) end) factor factor

Consumption rate (g FW kg’ BW

day™) by age class

DWg' :
Name i) o S e s d 9g'DW |-
Green 712 16.85 6.85 6.85 [3.74 [3.74 [0.096 0.05 0.33 1.00E-03 [2.00E-01
voootables [/-12 (685 [6.85 [6.85 [8.74 [3.74 [. : : : :
Root
vocotablos  [10-69[3-30 [330 830 [1.77 [1.77 f0.103 0.06 0.4 1.00E-03 [1.00E+00
g/-:gbgt;bles 16.03/5.46 [5.46 [5.46 [3.38 [3.38 [0.21 0.02 0.13 1.00E-03 [1.00E+00
:r'ji;bace"us 1.83 [3.96 [3.96 [3.96 [1.85 [1.85 [0.058 0.06 0.4 1.00E-03 |6.00E-01
Shrub fruit  [2.23 [0.54 [0.54 [0.54 [0.16 [0.16 [0.166 0.09 b6 1.00E-03 |6.00E-01
Tree fruit  [3.82 [11.96/11.96[11.96/4.26 [4.26 [0.157 0.04 0.27 1.00E-03 [6.00E-01
ustification  [Table 4.17, SR3® gaRbsfS,s'& Table 4.19, SR3® Table 6.3, SR3®
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Table 3: Residential with private gardens — land use data for CLEA model

Age class
P. Unit
arameter ni 4 2 3 4 5 6

EF (soil and =
dust ingestion) day yr 180 365 365 365 365 365
EF
gﬁ":;:_‘;‘r'g:n dayyr' | 180 365 365 365 365 365
produce)
Egng:‘é‘t“m door) | GaY¥r" | 180 365 365 365 365 365
EF (skin
contact, dayyr' | 180 365 365 365 365 365
outdoor)
EF (inhalation
of dust and dayyr' | 365 365 365 365 365 365
vapour, indoor)
EF (inhalation
3;3:3: and dayyr' | 365 365 365 365 365 365
outdoor)
Justification Table 3.1, SR3®
Occupancy 4
period (indoor) hr day 23 23 23 23 19 19
Occupancy
period hr day” | 1 1 1 1 1 1
(outdoor)
Justification Table 3.2, SR3®
Soil to skin id em®
adherence dag A 6.00E-02 | 6.00E-02 | 6.00E-02 | 6.00E-02 | 6.00E-02 | 6.00E-02
factor (indoor) y
Soil to skin e
adherence d ag e 1.00E+00 | 1.00E+00 | 1.00E+00 | 1.00E+00 | 1.00E+00 | 1.00E+00
factor (outdoor) y
Justification Table 8.1, SR3?
Soil and dust -1

| ingestion rate g day 1.00E-01 | 1.00E-01 | 1.00E-01 | 1.00E-01 | 1.00E-01 | 1.00E-01
Justification Table 6.2, SR3®

Of note, for cadmium, the exposure assessment for a residential land use is based on estimates representative
of lifetime exposure AC1-18. This is because the TDlya and TDlinn — are based on considerations of the kidney
burden accumulated over 50 years. It is therefore reasonable to consider exposure not only in childhood but
averaged over a longer time period. See the Environment Agency Science report: SC05002 / TOX 3 ) and
Science Report SC050021/Cadmium SGV " for more information.
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Table 4: Residential with private gardens — receptor data for CLEA model

; Age Class : :
Parameter Unit Justification
1 2 3 4 5

Body weight k 56 |98 |12.7|15.1 |16.9 |19.7

Y ‘g 9 Table 4.6, SR3®
Body height m 0.7 [lo:8 108 |09 |1 1.1
Inhalation rate m® day” 85 [133 127|122 122|122 | Loaet ™
A Frpoeed S0 ocuol Y e 032 | 033|032 | 0.35 | 0.35 | 0.33
(indoor) @)
e B S Table 4.8, SR3

X expose In fracuon X =pern)
b0 m?m 0.26 | 0.26 | 0.25 | 0.28 | 0.28 | 0.26

See cadmium note as per Table 3 above.

Table 5: Residential with private gardens — soil and building inputs for CLEA model

Parameter

Soil properties for sandy loam

Justification

Porosity, total em*em?® | 053
Porosity, air filled cm®cm® | 0.20
5 3 -3
Porosity, water filled on om 1 0.39 Default soil type is sandy loam, Section 4.3.1,
Residual soil water content cm’cm® | 0.12 SR3®
(?:rt\léruaéﬁ\?itr;fydrau“c Gl 3.56E-03 Para:greters for sandy loam from Table 4.4,
SR3
van Genuchten shape
parameter (m) i it
Bulk density gcm? 1.21
Bl s Bl iy 4T 7.20 Default value taken from Section 9.2.2, SR3®
E’:gg,‘ca' funciien (F) fordusi S 1.22 Value taken from Section 9.2.2, SR3®
Annual average soil temperature
Ambient soil temperature K 283 representative of UK surface soils. Section
4.3.1, SR3®
Air dispersion model
ms : efault value taken from Section 9.2.2,
?f%ﬁ:; emual Wi cpoed 3 5.00 Default value taken from Section 9.2.2, SR3®
e SRR | - .
LA : i gm-*s Values for a 0.01 ha site, appropriate to a
ﬁflrodlasrgersmn factor at height Eer kgm™ | 2400 residential land use in Newcastle (most
5 repreg]entative city for UK). (from Table 9.1,
= SR3)
R ; . gm?s’
Air dispersion factor at height erkgm | 0 Assumed child of 6 is not tall enough to reach
of 1.6m P s
Fraction of site with hard or 2 .2 Section 3.2.6, SR3 ® based on residential
: m°m 0.75
vegetative cover land use
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Parameter Unit Value Justification
Building properties for small terrace house with ground-bearing floor slab
Building footprint m? 28

. . 1
Living space air exchange rate | hr 0.50 From Table 3.3 and 4.21, SR3®
Living space height (above e 48
ground) ;
Living space height (below
ground) m 0.0 Assumed no basement
Pressure difference (soil to Pa 31
enclosed space) : 5
Foundation thickness m 0.15 RIomTabk: 59, BRY
Floor crack area cm? 423

) 3 Default value for a residential site taken from

Dust loading factor pg m 50 Section 9.3, SR3®
Vapour model
Default soil gas ingress rate cm’s! 25 Generic flow rate, Section 10.3, SR3%®
Depth to top of source e 50 Section 3.2.6, SR3 © states source is 50cm
(beneath building) below building or 65cm below ground surface
Depth to top of source (no e 0 Section 10.2, SR3 @ assumes impact from Om
building) to 1m for outdoor inhalation pathway
Thickness of contaminant layer | cm 200 “S";gﬁ! Getanltformdooe alf, Seclion 5.9,
Time average period for Time period of a 0 to 6 year old, Box 3.5,
surface emissions gt B SR?:<3F
User-defined effective air 2 Calculated for sandy loam using equations in
permeability it 3.05E-08 Appendix 1, SR3®
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Figure 2: GrAC conceptual model for RBCA residential with
private gardens scenario

L]
» Inhalation of vapour by
. 0-6 yr female indoors
EEEEEEEEENERNENEREnY

On-site house
({two-: storey terrace)
28m” x 4.8m high

e .
._ _.="_. 235 Migration of vapour from %35 '-é
: 'a'-'-:"-:-‘ groundwater to indoors e

3. ..-..l-\... "" o :'

w-?“ S

Table 6: Residential with private gardens — RBCA inputs

Parameter Unit Value Justification

Receptor

Averaging time Years |6 From Box 3.1, SR3®

Receptor weight kg 133 g;e;g)ge of CLEA 0-6 year old female data, Table 4.6,
Exposure duration Years |6 From Box 3.1, report, SR3®

Exposure frequency Days/yr | 350 Weighted using occupancy period of 23 hours per day

for 365 days of the year

Soil type — sandy loam

Total porosity - 0.53
Volumetric water content | - 0.33 CLEA value for sandy loam. Parameters for sandy loam
Volumetric air content - 0.20 from Table 4.4, SR3®
Dry bulk density gem® | 1.21
Vertical hydraulic - - CLEA value for saturated conductivity of sandy loam,
conductivity cms” | 3.56E-3 | 1o 4.4, SRI®
A 2 Calculated for sandy loam using equations in
Vapour permeability m 3.05E-12 Appendix 1, SR3®
Capillary zone thickness | m 0.1 Professional judgement
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T N N O S T O e .

Parameter Unit Value Justification
Representative of sandy loam according to EA guidance
(i) 0.0348 | note dated January 2009 entitled ‘Changes We Have
Fraction organic carbon | % Made to the CLEA Framework Documents’®
i) 0.0058 To provide SAC for sites where SOM < 6% as often
(i) 0: observed by RSK
Building
Bu_|ld|ng volume/area o 48 . o
ratio Table 3.3, SR3"
Foundation area m’ 28
: g Calculated assuming building measures 7m x 4m to give
Foundation perimeter m 22 28017 foundation area
Building air exchange -1
rate d 12
Depth to bottom of i 015 Table 3.3, SR3®
foundation slab :
Foundation thickness m 0.15
Foundation crack 3 0.0151 Calculated from floor crack area of 423 cm® and building
fraction : footprint of 28m? in Table 4.21, SR3®
Volumetric water content
Stk - 0.33 Assumed equal to underlying soil type in assumption that
TR cracks become filled with soil over time. Parameters for
Volumetric air content of | 0.2 sandy loam from Table 4.4, SR3®
cracks
I ion ! ey Pa 3.1 From Table 3.3, SR3®

differential pressure
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(GENERIC ASSESSMENT CRITERIA FOR HUMAN HEALTH - RESIDENTIAL WITH PRIVATE GARDENS
Table 8 N
Human Health Generic Assessment Criteria for Residential Scenario - Private Gardens
GrAC for Groundwater SAC for Soil SOM 1% SAC for Soil SOM 2.5% SAC for Soil SOM 6%
Ct nd {mg/) {mg/kg) (mglkg) (mglkg)
- 32 32 32
- 10 10 10
Chormium (I11) - oxide - 3,000 3,000 3,000
hromium (V1) - h Hent - 43 43 43
Co) - 2,300 2,300 2,300
Lead - 300 300 300
0.009 017 0.42 10
- 170 170 170
20 74 96 11
- 130 130 130
£ 350 350 350
- 3,800 3,800 3,800
- a7 3.7 37
7T 0.079 0.157 0.33
1,900 120 270 61
260 65 54 35(
100 44 03 24(
87 4 08 25(
84 42 98 230
8 44 103 40
2,200 1.8 i 4
1 011 02 0.49
386 0.94 21 4.8
26 6.2 127
,1,1,2Tetrachloroethane 14 0.89 21 4.8
1.2 2-Tetrachioroetnane 1 1.4 287 6.3
[Carbon T etrachioride 0.055 0.018 0039 —U.0E8
|1,2-Dichiorocthane 0.30 0.0053 0.0080 0.014
\Vinyl Chioride 0.019 0.00047 0.0008 0.001
1.2.4-Trmethylbenzene 0.075 035 08 21
1.3,5-Trim: benzene 0.047 0.46 1.1 2.6
210 480 1,000
170 400 B850
2,300 4,900 9,200
3.1 4.7 5.9
5.6 6.5 7.0
44 46 47
B. 96 10
[X 8.0 9.3
0.76 0.86 0.90
260 460 670
160 380 780
3.2 3.8 42
92 200 380
560 1,000 1,600
0.83 0.94 1.0
15 37 87
180 260 420
|Aliphatic hydrocarbons EC,-EC, 30 55
lAliphatic hydrocarbons >EC,-EC, 73 160
[Aliphatic hydrocarbons >EC,-EC,, 19 46
|Aliphatic hydrocarbons >EC,.-EC; PR ) s B
Aliphatic hydrocarbons >EC,,-ECy, =
Aliphatic hydrocarbons >EC..-EC,s - £l 1 76,000
Aliphatic hydrocarbons »ECys-ECu, - 145,100 i O 76,000
JAromatic hydrocarbons >EC,-EC; (styrene) 74 130 316 700
Aromatic hydrocarbons >EC,-EC, 27 65 150
Aromatic hydrocarbons >EC..EC,; 69 160 346
Aromatic hydrocarbons >EC.,£Cq : 140 310 593
Aromatic hydrocarbons >EC..-EC,, - 250 480 770
JAromatic hydrocarbons >EC,-EC,s - 890 1,100 1,230
Aromatic hydrocarbons >EC;s-EC.s - 890 1,100 1,230
[Notes:
- Generic nat vg to low volalility of substence and therefore no pathway, of an absence of toxicological dats
[EC - carbon. GrAC - criteria. SAC - soil assessment criteria
[The SAC for arganic compaunds are dependent on Soil Organic Matter (SOM) (%) content. To abtain SOM from total arganic carbon (TOC) (%) divide by 0.58.
1% SOM is 0 58% TOC. DL Rowell Soil Science: Methods and Applications, Longmans, 1904,
[SAC for TPH fractions, polycyclic aromatic hydrocarbons, MTBE, BTEX and trimethyibenzene compounds were produced using an attenualion factor for the indoor
i inhalation pathway of 10 to reduce conservatism associated with the vepuur inhalation pathway, cection 10.1.1, SR3
| The SAC has been set as the model calculated SAC with tha saturation limit shown in brackets.
For consistency whars the GrAC excesds the solubility limit, GrAC has been set at the solubility imit. The GrAC
consernvative since concentrations of the chemical are very uniikely 1o be at sufficient concentration to result in an
| excesdance of the heaith criteria vaiue at the point of exposure (i.e. indoor air) provided free-phase product is absent
Table B RSK GAC_2010_03_Rev04



APPENDIX J
GENERIC ASSESSMENT CRITERIA FOR
POTABLE WATER SUPPLY PIPES

A range of pipe materials is available and careful selection, design and installation is required to
ensure that water supply pipes are satisfactorily installed and meet the requirements of the Water
Supply (Water Fittings) Regulations 1999 in England and Wales, the Byelaws 2000 in Scotland
and the Northern Ireland Water Regulations. The regulations include a requirement to use only
suitable materials when laying water pipes and laying water pipes without protection is not
permitted at contaminated sites. The water supply company has a statutory duty to enforce the
regulations.

Contaminants in the ground can pose a risk to human health by permeating potable water supply
pipes. To fulfil their statutory obligation, UK water supply companies require robust evidence from
developers to demonstrate either that the ground in which new plastic supply pipes will be laid is
free from specific contaminants, or that the proposed remedial strategy will mitigate any existing
risk. If these requirements cannot be demonstrated to the satisfaction of the relevant water
company, it becomes necessary to specify an alternative pipe material on the whole development
or in specific zones.

In 2010, UK Water Industry Research (UKWIR) published Guidance for the Selection of Water
Supply Pipes to be used in Brownfield Sites (Report Ref. No. 10/WM/03/21). This report reviewed
previously published industry guidelines and threshold concentrations adopted by individual water
supply companies.

The focus of the UKWIR research project was to develop clear and concise procedures, which
provide consistency in the pipe selection decision process. It was intended to provide guidance
that can be used to ensure compliance with current regulations and to prevent water supply pipe
failing prematurely due to the presence of contamination.

The report concluded that in most circumstances only organic contaminants pose a potential risk
to plastic pipe materials and Table 3.1 of the report provides threshold concentrations for
polyethylene (PE) and polyvinyl chloride (PVC) pipes for the organic contaminants of concern.
The report also makes recommendations for the procedures to be adopted in the design of site
investigations and sampling strategies, and the assessment of data, to ensure that the ground
through which water supply pipes will be laid is adequately characterised.

Risks to water supply pipes have therefore been assessed against the threshold concentrations
for PE and PVC pipe specified in Table 3.1 of Report 10/WM/03/21, which have been adopted as
the GAC for this linkage and are reproduced in Table A3 below.

Since water supply pipes are typically laid at a minimum depth of 0.75m below finished ground
levels, sample results from depths between 0.5m and 1.5m below finished level are generally
considered suitable for assessing risks to water supply. Samples outside these depths can be

Harworth Estates
Geo-Environmental Assessment: Former North Gawber Colliery
321370-R3 (01)



used, providing the stratum is the same as that in which water supply pipes are likely to be
located. The report specifies that sampling should characterise the ground conditions to a
minimum of 0.5m below the proposed depth of the pipe.

It should be noted that the assessment provided in this report is a guide and the method of
assessment and recommendations should be checked with the relevant water supply company.

Table A3: Generic assessment criteria for water supply pipes

Pipe material

GAC (mglkg)

Parameter group PE PVC

1 Extended VOC suite by purge and trap or head space and GC-MS with

Tic 05 0.125
(Not including compounds within group 1a)
1a e BTEX+ MTBE 0.1 0.03
2 | SVOCs TIC by purge and trap or head space and GC-MS with TIC
(aliphatic and aromatic Cs—C ) 2 1.4
(Not including compounds within group 2e and 2f)
2e e Phenols 2 0.4
2f e Cresols and chlorinated phenols 2 0.04
3 Mineral oil C11—Csg 10 Suitable
4 Mineral oil C;s—Cyq 500 Suitable
5 | Corrosive (conductivity, redox and pH) Suitable Suitable
Specific suite identified as relevant following site investigation
2a | Ethers 0.5 1
2b | Nitrobenzene 0.5 0.4
2c | Ketones 0.5 0.02
2d | Aldehydes 0.5 0.02
6 | Amines Not suitable |Suitable

Notes: where indicated as ‘suitable’, the material is considered resistant to permeation or degradation and

no threshold concentration has been specified by UKWIR.

Harworth Estates
Geo-Environmental Assessment: Former North Gawber Colliery
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APPENDIX K

GENERIC ASSESSMENT CRITERIA FOR
PHYTOTOXIC EFFECTS AND CONTROLLED
WATERS

Harworth Estates
Geo-Environmental Assessment: Former North Gawber Colliery
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RSK

GENERIC ASSESSMENT CRITERIA FOR
PHYTOTOXIC EFFECTS

Several compounds can inhibit plant growth; hence it is important to have generic assessment
criteria (GAC) to promote healthy plant growth. In the absence of other published GAC, the GAC
have been obtained from legislation (UK and European) and guidance related to the use of
sewage sludge on agricultural fields.

The Council of European Communities Sewage Sludge Directive (86/278/EEC) dated 1986, has
been transposed into UK law by Statutory Instrument No. 1263, The Sludge (use in Agriculture)
Regulations 1989 (Public Health England, Wales and Scotland), as ammended in 1990 and The
Sludge (use in Agriculture) Regulations (Northern Ireland) SR No, 245, 1990. In addition the
Department of Environment (DoE) produced a Code of Practice (CoP) (Updated 2™ Edition) in
2006 which provided guidance on the application of sewage sludge on agricultural land (however
the status of this documenit is unclear as it is on the archive section of the Defra website)

The directive seeks to encourage the use of sewage sludge in agriculture and to regulate its use
in such a way as to “prevent harmful effects on soil, vegetation, animals and man”. To this
end, it prohibits the use of untreated sludge on agricultural land unless it is injected or
incorporated into the soil. Treated sludge is defined as having undergone "biological, chemical or
heat treatment, long-term storage or any other appropriate process so as significantly to reduce
its fermentability and the health hazards resulting from its use". To provide protection against
potential health risks from residual pathogens, sludge must not be applied to soil in which fruit
and vegetable crops are growing, or less than ten months before fruit and vegetable crops are to
be harvested. Grazing animals must not be allowed access to grassland or forage land less than
three weeks after the application of sludge.

The specified limits of concentrations of selected elements in soil are presented in Table 4 of the
updated 2" Edition of the DoE Code of Practice and are designed to protect plant growth. It is
noted that these values are more stringent than the values set in current UK regulations.
However since they were ammended following recommendations from the Independent
Scientific Committee in 1993. (MAFF/DOE 1993). The GAC are presented in Table 1.

RSK Phytotoxic GAC_2012_01_Rev01



Table 1: Generic assessment criteria

Determinant

Generic assessment criteria (mg/kg)

pH5.0<5.5 pH5.5<6.0 pH6.0<7.0 pH >7.0
Zinc 200 200 200 300
Copper 80 100 135 200
Nickel 50 60 75 110
Lead 300 300 300 300
Cadmium 3 3 3 3
Mercury 1 1 1 1

Note: Only compounds with assessment criteria documented within the Directive 86/278/EEC have been

included, although criteria for 5 additional compounds have been presented within the 2006 CoP.

RSK Phytotoxic GAC_2012_01_Rev01
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RSK

GENERIC ASSESSMENT CRITERIA FOR
CONTROLLED WATERS

The water environment in England and Wales is protected under a number of regulatory regimes,
many regulated by the Environment Agency. The Environment Agency is consulted where there
may be a risk that pollution of ‘controlled waters’ may occur or may have occurred in the past.
Controlled waters are coastal waters, inland freshwaters and groundwaters. The EU Water
Framework Directive (WFD) (2000/60/EC) is implemented via various regulations and guidance,
covering aspects of groundwater, surface water and drinking water supply policy. The
regulations mainly apply to England and Wales, therefore if you are working on a site in Scotland
or Northern Ireland, please review the equivalent legislation and guidance provided by the
Scottish Environmental Protection Agency (SEPA) or the Northern Ireland Environment Agency
(NIEA).

The main objectives of the protection and remediation of groundwater under threat from land
contamination are set out in the Environment Agency’s Groundwater Protection: Principles and
Practice (GP3) series of documents'”. When assessing risks to groundwater the following need
to be taken into consideration:

e Where pollutants have not yet entered groundwater, all necessary and reasonable measures
must be taken to:

= Prevent the input of hazardous substances into groundwater (see description of
hazardous substances below)

= [imit the entry of other (non-hazardous) pollutants into groundwater so as to avoid
pollution, and to avoid deterioration of the status of groundwater bodies or sustained,
upward trends in pollutant concentration

= Where hazardous substances or non-hazardous pollutants have already entered groundwater,
the priority is to:
=  Minimise further entry of hazardous substances and non-hazardous pollutants into
groundwater

=  Take necessary and reasonable measures to limit the pollution of groundwater or impact
on the status of the groundwater body from the future expansion of a contaminant
‘plume’, if necessary by actively reducing its extent.

Controlledwaters_GAC_01_Rev03



Definitions
Hazardous Substances are defined in the Water Framework Directive 2000/60/EC as ‘substances
or groups of substances that are toxic, persistent and liable to bio-accumulate, and other

substances or groups of substances which give rise to an equivalent level of concern. All List 1
substances under the old Groundwater Directive (80/68/EEC) are hazardous substances, all
radioactive substances are hazardous substances.

Non-hazardous Substances are defined as ‘substances capable of causing pollution that have not
been classified as hazardous substances’. The non-hazardous list of pollutants does not simply
replace the old WFD List |l but includes a wider range.

For the current list of classified substances please visit the UKTAG website www.wfduk.org./jagdag/

When assessing the risks to surface waters, various standards apply, including Environmental
Quality Standards which are protective of the water ecology'™*.

The Water Supply (Water Quality) Regulations®® are the primary source for assessing water
bodies which may be used for public water supplies. There are also Private Water Supply
Regulations which may be applicable in some cases.

This appendix presents the generic assessment criteria (GAC) that RSK considers are suitable
for assessing risks to controlled waters.

The RSK GAC for controlled waters are presented in Table 1. In line with the Environment
Agency's (2006b) Remedial Targets Methodology, the GAC for controlled waters are termed
‘target concentrations’.

The target concentration can be derived by several means with consideration to:

o whether the substance is classified as hazardous or non-hazardous by the EU under the Water
Framework Directive (2000/60/EC) and Groundwater Daughter Directive (2006/118/EC)
implemented though the Environmental Permitting Regulations 2010

e background concentrations in the aquifer

s published guidance such as Environmental Quality Standards that are protective of ecology or
The Water Supply (Water Quality) Regulations 2010 that are protective of drinking water

¢ Minimum Reporting Values (or method detection limits if MRV are not provided).

Controlledwaters_ GAC_01_Rev03
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Notes:

10.

11.

12.

13.

Environment Agency. Groundwater Protection: Principles and Policy (GP3). Part 1 — 4.
Part 4 and 5 under consultation.

Statutory Instrument 2000 No. 3184. The Water Supply (Water Quality) Regulations 2000,
as amended by SI 2001/2885, Sl 2002/2469, S| 2005/2035, S| 2007/2734 and Sl
2010/991 (applying from April 20 2010)

Statutory Instrument 1989 No. 1147. The Water Supply (Water Quality) Regulations 1989,
as amended.

Minimum reporting values listed in Annex (j) of Horizontal Guidance Note H1 (H1
Environmental Risk Assessment Framework, Environment Agency, April 2010 v2.0). Note
target concentration for xylenes is 0.003mg/| each for o-xylene and m/p xylene.

Statutory Instrument 2000 No. 3184. The Water Supply (Water Quality) Regulations 2000
— sum of chloroform, bromoform, dibromochloromethane and bromodichloromethane.
Proposed list of EQS for implementation of the Dangerous Substances Directive
(76/464.EEC).

Environment Agency MTBE guidance, 2006.

Freshwater Environmental Quality Standards: The Water Framework Directive

200/60/EC.

WHO (2004) guidelines for drinking-water quality.

WRc plc (2002), R&D Technical Report P45. Where predicted no-effect concentration is

below the laboratory method detection limit (LMDL) for chrysene, dibenzo(a,h)anthracene

and fluoranthene, the target concentration has been set at the LMDL of 0.00001mg/l.

Please note this is a very conservative value. If necessary please refer to EA, 2009.

Petroleum hydrocarbons in Groundwater Supplementary Guidance for Hydrogeological

Risk Assessment, which provides advice on risk rankings of TPH CWG fractions. It may

be possible to eliminate low risk fractions and/or those not detected above LMDL from

concermn.

Environment Agency Chemical Standards Database (May 2011).

http://evidence.environment-agency.gov.uk/ChemicalStandards/home.aspx

The River Basin Districts Typology, Standards and Groundwater Threshold Values (Water

Framework Directive) (England and Wales) Directions 2010.

13a.  Annual mean concentration (mg/l) for ‘Good’ standard.

13b.  Applies to hardness ranges of <40mg/l CaCO;, 40—<50mg/l CaCQj3, 50-<100mg/l
CaC0;, 100—<200mg/l CaCO; and >/=200mg/l CaCOs. The target concentrations
included in Table 1 are listed in order of increasing calcium carbonate
concentrations.

13c  Annual Average EQS (surface waters).

13d.  Sum of aldrin, dieldrin, endrin and isodrin.

13e. Applies to hardness ranges of 0-50mg/l CaCO; 50-100mg/l CaCO;, 100-
250mg/l CaCO; and >250mg/l CaCO;. The target concentrations included in
Table 1 are listed in order of increasing calcium carbonate concentrations; applies
to annual mean concentration (mg/l) of CaCO;. Applies to annual mean
concentration of metal (mg/l) for ‘Good’ standard.

Controlledwaters_ GAC_01_Rev03



13f.  Sum of benzo(b)fluoranthene and benzo(k)fluoranthene.
13g. Sum of benzo(g,h,i)perylene and indeno(1,2,3-cd)pyrene.

14. Council Directive on Pollution Caused by Certain Dangerous Substances Discharged into
the Aquatic Environment of the Community (Dangerous Substances Directive) - List |l
Substances. Council Directive 76/464/EEC and Surface Waters (Dangerous Substances)
(Classification) Regulations 1998

15 Council Directive on the Quality of Fresh Waters Needing Protection or Improvement in
Order to Support Fish Life (Freshwater Fish Directive). Surface Waters (Fishlife)
(Classification) Regulations 1997.

Note: ‘- A target concentration is not available.

Controlledwaters_ GAC_01_Rev03



FLOW CHART TO ASSIST WITH SELECTION
OF TARGET CONCENTRATIONS

Is your substance already in

groundwater?

| |

What has the substance been classified as?

Non Hazardous Hazardous

Groundwater Leachate

Hazardous/Non Hazardous/Non
Hazardous Hazardous

Hazardous and non- Further input of Input of non-hazardous Input of hazardous
hazardous substance substances should be substances should be substances should be
already in groundwater take minimised and pollution Limited Prevented
necessary measures to should be Limited
Limit the pollution of
groundwater or impact on

the status of the
groundwater from the future
expansion of a contaminant
plume. If necessary by
reducing its extent

WQT

Surface
Water

waQT

Environmental
Quality Standard
(EQS)

Freshwater

Potable

abstraction

waTt

Drinking Water

Standard
(DWS)

Coastal/

Transitional (estuarine)

WQT = Water Quality Target

When leachate is being assessed the ‘compliance point’ is the groundwater bady. Therefore dilution within the
groundwater body may be applied with caution before comparing with the WQT.

When directly assessing a receptor, e.g., a river, the appropriate WQT should be selected.

Controlledwaters_GAC_01_Rev03

Dependent on receptor

wart

Minimum Reporting
Values (MRV) or
background
concentrations

Both
Receptors

wart

Lowest of
EQS/DWS



APPENDIX L
CERTIFICATES OF GEOTECHNICAL ANALYSIS

Harworth Estates
Geo-Environmental Assessment: Former North Gawber Colliery
321370-R3 (01)



%% STRUCTURAL SOILS LTD
N

TEST REPORT

Report No. 781047 R2

Date 04-December-2013 Contract North Gawber
Client RSK Environment Ltd
Address Spring Lodge
172 Chester Road
Helsby
Cheshire WAG 0AR
For the Atention of Emily jones
Samples submitted by client  20/11/2013 Client Reference 321370
Testing Started 21/11/2013 Client Order No.
Testing Completed 0412/2013 Instruction Type Written

Ukas Accredited Tests Underatken

Moisture Content (oven drying method) BS1377:Part 2:1990,clause 3.2
Liquid Limit (one point method) BS1377:Part 2:1990,clause 4.3

Plastic Limit BS1377:Part 2:1990,clause 5.3

Plasticity Index Derivation BS1377:Part 2:1990,clause 5.4

Particle Size Distribution wet sicve method BS1377:Part 2:1990,clausc 9.2
Dry density/moisture content relationship 2.5kg rammer method BS1377
Part 4:1990,clausc 3.3/.3.4

Please Note: Remaining samples will be retained for a period of ene month from today and will then be disposed of
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Plasticity Index - P1 (%)

PLASTICITY CHART - PI Vs LL

In accordance with clause 42.3 of BS5930:1999
Testing in accordance with BS1377-2:1990

U - Upper Plasticity Range

L - Low Plasticity Intermediate H - High V - Very High E - Extremely High

70 @ /

60 L

(e /
/// e
| =

10 // w
= | |&

0 20 40 60 80 100 120
Liquid Limit - LL (%)

wh
S
N

L
=]

LT
=

J

Sample Identification BSTest | Preparation | MC LL PL PI <425um
%xogggﬁnig‘ Sample D[cmp;h Method # Method + o o % L7 o
®| BH201 2D 140 |3.2/4.4/5.3/5.4 424 20 45 23 22 61
X| BH202 2D 140 [3.2/4.4/5.3/54 4.24 36 39 20 19 81
A| BH202 5D 290 [3.2/4.4/5.3/54 4.2.3 21 47 21 26 100
*| BH204 5D 290 |3.2/44/33/54 4.24 25 56 24 32 96
®| BI206 2D 140 |3.2/4.4/5.3/5.4 4.2.4 26 44 20 24 75
O TP203 3B 270 [32/4.4/53/54 4.2.4 27 49 26 23 46
Q| TP215 1B 1.5 |3.2/4.4/53/54 42.4 I3 40 21 19 46
# Tested in accordance with the following clauses of BS1377-2:1590, + Tested in accordance with the following clauses of BS1377-2:1990.
3.2 - Moisture Content 4.2.3 - Natural State
4.3 - Cone Penctrometer Mcthod 424 - Wel Sieved

4.4 - Omne Point Cone Penetrometer Method
4.6 - One Point Casagrande Method

5.3 - Plastic Limit Method

5.4 - Plasticity Index Key: * = Non stundard test, NP = Non plastic.

Approved Signatories: ] BARRETT M.ATHORNE A.FROST M.RANDERSON R.CLARKSON M.FISHER C.COLE M.STOKES
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PARTICLE SIZE DISTRIBUTION TEST

In accordance with clauses 9.2.9.5 of BS1377:Part 2:1990

Borehole : BH205 Sample Ref: 8 Sample Type: B Depth (m):  3.00

g g g 2 838 § =88 83 3 2 =2
100 ‘ : - : ‘ ‘ 100
r
90 / 90
/
80 ‘ 1 : ,‘" : %0
‘ : Y.
£ 7o} // 70
n:-g ‘ ‘ | | Ji'd
o 60 : 4 : . 60
g V.d
=
8 50 ‘ —+ 50
5 L
. T
40 : : 40
30 ‘ : 30
20 . 20
10 ‘ . ‘ 10
0 - 0
0.0001 0.001 0.01 0.1 1 10 100
Particle Size (mm)
CLAY fing |rncdium| coarse | fine |mcdium| coarse | fine |medium | coarse OBBLES
SILT SAND GRAVEL
BS Test | Percentage Particle | Percentage Soil Sieve
Sieve (mm) | Passin Diameter Passing Fraction Percentage
125.0 100
75.0 100 ‘
630 100 GRAVEL 29,
37.5 100
20.0 100
100 96 SAND 26
6.30 93
335 79
2.00 71 SILT/CLAY 45
1.18 64
0.600 58
gg%g g(s] Seil Description:
0150 48 Dark brown slightly sandy slightly gravelly CLAY
0.063 45

Approved Signatories: JBARRETT M.ATHORNE A FROST M.RANDERSON R.CLARKSON M.FISHER C.COLE M.STOKES

Structural Soils Lid, Branch Office - Castleford: The Potteries. Pollery Street, Castleford, West Yorkshire, WF10 INJ. Tel: 01977.552255, Fax: 01977-532299, Web: www.snils.co.uk, Email: ask(@sails.co.uk.
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PARTICLE SIZE DISTRIBUTION TEST

In accordance with clauses 9.2,9.5 of BS1377:Part 2:1990

Borehole : BH206 Samplc Ref: 4 Sample Type: B Depth (m):  1.50

& 2 g 2 808 8 w a & w as
g g g & 583 gz % 82 83 2 & g8
100 100
//
90 /’ 90
A
o
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E=lil 70
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o 1
o 60 T 60
Bh
o~
= =1
L¥]
g so 50
[:¥]
a
40 40
30 30
20 20
10 10
0 ‘ 0
0.0001 0.001 0.01 0.1 1 10 100

Particle Size {(mm)

CLAY fine I medium | coarse | fine Imcdiuml coarse | fine |medium I coarse f oo kol
SILT SAND GRAVEL
BS Test | Percentage Particle | Percentage Soil Sieve
Sieve (mm) | Passing Diameter Passing Fraction Percentage
125.0 100
75.0 100
630 100 GRAVEL 30
375 100
200 o SAND 17
6.30 80
330 o SILT/CLAY 53
[.18 67
0.600 62
032 e Soil Description:
0.150 57 Grey slightly sandy slightly gravelly CLAY
0.063 53
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PARTICLE SIZE DISTRIBUTION TEST

In accordance with clauses 9.2,9.5 of BS1377:Part 2:1990

Borehole : BH207 Sample Ref: 7 Sample Type: B Depth (m):  3.00

g 8 8 8 838 8 = g8 8 g3 2 = 353
o =] =1 =1 5 oo =} - o ™ w = ~ = W
100 : - - TT - 100
. //’
90 // 90
' TIA
80 ‘ / : 80
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2 : / 70
§ /
=M , . 1/
@ 60 / 60
§ .
5
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V
40 ,ﬁ 40
30 ‘ 30
20 e’ 20
10 10
0 4 0
0.0001 0.001 0.01 0.1 1 10 100

Particie Stze (mm)

CLAY fine l medium [ coarse fine Imedium\ coarse fine Imcdium I coarse OBBLES
SILT SAND GRAVEL
BS Test | Percentage Particle | Percentage Soil Sieve
Sieve {(mm) | Passing Diameter Passing Fraction Percentape

125.0 100

75.0 100

63.0 100 GRAVEL 44
375 97

200 93

10.0 86 SAND 37
6.30 79

3.35 63

2.00 56 SILT/CLAY 19
1.18 45
0.600 32
0.425 28 . .
0212 52 Soil Description:
0.150 20 Dark brown sandy gravelly CLAY
0.063 19

Approved Signatories: J.BARRETT M.ATHORNE A.FROST M.RANDERSON R.CLARKSON M.FISHER C.COLE M.STOKES
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PARTICLE SIZE DISTRIBUTION TEST

In accordance with clauses 9.2,9.5 of BS1377:Part 2:1990

Borchole : BH208 Sample Ref: 1 Sample Type: B Depth (m): 0.40

8 2 S 2 g o 8 o o @ 5 a & oo
z g 3 g2 ERB 8 =288 823 32 2 g2
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40 40
/’
30 « k]
20 20
10 10
0 , 0
0.0001 0.001 0.01 0.1 1 10 100

Particle Size (mm)

CLAY finc Imcdium] coarse | fine Imcdium[ coarse | fine |medium| coarse | onnirs
SILT SAND GRAVEL
BS Test | Percentage Particle | Percentage Soil  Sieve
Sieve {mm} | Passing | Diamecter Passing | Fraction Percentage

125.0 100

63.0 86 o ES

37.5 85

200 g2 GRAVEL 22
10.0 79

6.30 76 SAND 35
335 69

300 64 SILT/CLAY 29
1.18 57 :
0.600 48
8;%3 ;i} Soil Description:
0.150 14 Dark brown sandy slightly gravelly CLAY with some cobbles
0.063 29

Approved Signatories: JBARRETT M.ATHORNE A FROST M.RANDERSON R.CLARKSON MFISHER C.COLE M.STOKES
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PARTICLE SIZE DISTRIBUTION TEST

In accordance with clauses 9.2,9.5 of BS1377:Part 2:1990

Borchole : BH209 Samplc Ref: 7 Sample Type: B Depth (m):  3.00

g g g 2 B8 £ =2 338 832 2 =2 =9
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T e
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80 80
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o 60 60
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g . /]
E 50 T 50
-
40 /'/' 40
o
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Let*]
30 30
20 - 20
10 10
G 0
0.000t 0.001 0.01 0.1 | 1y 100
Particle Size (mm)
CLAY fine | mediuml coarse | fine Lmedium] coarse¢ | fine Imedium' coarse | oo bo
SILT SAND GRAVEL
BS Test | Percentage Particle | Percentage Soil Sieve
Sieve (mm) | Passing Diamcter Passing Fraction Percentage
125.0 100
75.0 100
630 100 GRAVEL 36
37.5 97
20.0 93
10.0 35 SAND 33
6.30 77
335 68
200 64 SILT/CLAY 31
1.18 56
0.600 47
83%3 gg Seil Description:
0.150 36 Dark brown slightly sandy gravelly CLAY
0.063 il
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DRY DENSITY / MOISTURE CONTENT RELATIONSHIP TEST

In accordance with clauses 3.3,3.4,3.5,3.6,3.7 of BS1377:Part 4:1990

Borehole : BH201 Sample Ref: 3 Sample Type: B Depth (m): 1.50
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Moisture Content (%)

05 - Corc+(icotech Lab-Casifcford - 0002

j¥ersion: v8

Initial Sample Conditions Test Details Test Results
Initial Moisture Content (%) .2 Compaction Type : Light Maximum Dry Density (Mg/mt’) 153
% Retained on 37.5mm BS Sicve 0 Mass of Rammer (kg): 2.5 Optimum Moisture Content (%)} : 15
% Retained on 20.0mm BS Sieve M Type of Mould : Proctor | Method Used: Clause 3.3
Purticle Density - assumed (Mg/m'}  :  2.05 Remarks:
Size of Soil Picces : <20mm | Scparate samples were used.
Sample Description Key to Air Voids Lines
Dark brown slightly sandy slightly gravelly CLAY with ash
0% [———- 5% |- 10%
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DRY DENSITY / MOISTURE CONTENT RELATIONSHIP TEST

In accordance with clauses 3.3,3.4,3.5,3.6,3.7 of BS1377:Part 4:1990

Borehole : BH202 Sample Ref: 7 Sample Type: B Depth (m):  3.00
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jVersion: v8_05 - Core+Geotech Lab-Castleford - 0002 | Graph [ - COMPACTIONS | 781047 - KORTH GAWBER.GPJ - v8_05 | 04/12/13 - §6:53 | MT.

]

1.630 - i
14 16 18 20 22 24
Moisture Content (%)
Initial Sarnple Conditions Test Details Test Results
[nitial Moisture Content (%} 20 Compaction Type : Light Maximum Dry Density (Mg/m3) ;173
% Retained on 37.5mm BS Sieve : 0 Mass of Rammer (kg): 2.8 Optimum Moisture Content (%) : 19
% Retained on 20:0mm BS Sieve 0 Type of Mould : Proctor | Method Used: Clause 3.3
Particle Density - assumed Mg/m®)  : 2.70 Remarks:
Size of Soil Pieces : <20mm | Separate samples were used.
Sample Description Key to Air Voids Lines
Light brown/grey CLAY
0% | —==- 5% |- 10%
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DRY DENSITY / MOISTURE CONTENT RELATIONSHIP TEST

In accordance with clauses 3.3,3.4,3.5,3.6,3.7 of BS1377:Part 4,1690

Borehole : BH204 Sample Ref: 7 Sample Type: B Depth (m):  3.00
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Moisture Content (%)
Initial Sample Conditions Test Details Test Results
Initial Moisture Content (%) 26 Compaction Type : Light Maximum Dry Density Mg/m™) @ 1.54
% Retained on 37.5mm BS Sicve : 0 Mass of Rammer (kg): 2.5 Optimum Moisture Content (%) : 23
% Retained on 20.0mm BS Sieve N | Type of Mould : Prector | Method Used: Clause 3.3
Particle Density - assumed (Mg/m®)  :  2.55 Remarks:
Size of Soil Pieces : <20mm | Separate samples were used.
Sample Description Key to Air Voids Lines
Dark grey/brown CLAY with ash
0% [———- 5% |~ 10%
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DRY DENSITY / MOISTURE CONTENT RELATIONSHIP TEST

In accordance with clauses 3.3,3.4,3.5,3.6,3.7 of BS1377:Part 4:1990

Borehole : BH205 Sample Ref: 5 Sample Type: B Depth (m): 1.50

1.57 B v \
\
1.56 - L S

155 v
/ | \ \
1.54 = .
." / \ \
L \
1.53 - "
/ \
\
1.52 .

N O IR Y
1.49 / \ \ \
T T

1.47 - ¥
\
g \
1.46 -
A
A\ AR
145 y

A ..-. '\
A
1.43 - A
\
O\
142 \

(41 \

Dry Density (Mg/m®)

Moisture Content (%)

Geotech Lab-Castleford - 0002 | Graph L - COMPACTIONS | 781047 - NORTH GAWBER.GPJ - vE_05 | 04/12/13 - 16:53 | MF.

Initial Sample Conditions Test Details Test Results

8_05 - Core+

rjVersion: v

Initial Moisture Content (%) 12 Compaction Type  : Light Maximum Dry Density (Mg/m’)  : 1.56
% Retained on 37.5mm BS Sicve : 0 Mass of Rammer (kg): 2.5 Optimum Motsture Content (%) @ LS
% Retained on 2¢.0mm BS Sieve : 4 Type of Mould : Proctor | Method Used: Clause 3.3

Particle Density - assumed (Mg/m®) @ 2.10 Remarks:

Size of Soil Pieces . <20mm | Scparaie sampies were used.

Sample Description Key to Air Voids Lines

Dark brown slightly gravelly ASH

0% | ———= 5% e 10%
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DRY DEN SITY / MOISTURE CONTENT RELATIONSHIP TEST

In accordance with clauses 3.3,3.4,3.5,3.6,3.7 of BS1377:Part 4:1990

Borchole : BH206 Sample Ref: 7 Sample Type: B Depth (m): 3.00
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13 15 17 19 21 23
Moisture Content (%)
Initial Sample Conditions Test Details Test Results
Initial Moisture Content (%) 24 Compaction Type : Light | Maximum Dry Density (Mg/m®)  © 1.73
% Retained on 37.5mm BS Sieve 0 Mass of Rammer (kg): 2.5 Optimum Moisture Content (%) 19
% Retained on 20.0mm BS Sieve : 2 Type of Mould : Proctor | Method Used: Clause 3.3
Particle Density - assumed (Mg/m’)  :  2.65 Remarks:
Size of Soil Pieces : <20mm | Scparate samples were used.
Sample Description Key to Air Voids Lines
Grey CLAY/MUDSTONE
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DRY DENSITY { MOISTURE CONTENT RELATIONSHIP TEST

In accordance with clauses 3.3,3.4,3.5, 6, 7 of BS1377:Part 4:1990
Borchole : BH207 Samplec Ref: 4 Sample Type: B Depth {m): 1.50
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Initial Sample Conditions Test Detaiis Test Results
Inttial Moisture Content (%) 19 Compaction Type : Light Maximum Dry Density (Mg/m®)  : 1.35
% Retained on 37.5mm BS Sieve =~ 0 Mass of Rammer (kg): 2.5 Optimum Moisture Content (%) 22
% Retained on 20.0mm BS Sieve N | Type of Mould : Proctor | Method Used: Clause 3.3
Particle Density - assumed (Mg/m*)  : 2,05 Remarks:
Size of Soil Pieces : <20mm | Scparate samples were used.
Sample Description Key to Air Voids Lines
Black slightly gravelly ASH
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DRY DENSITY / MOISTURE CONTENT REL '41"1190N SHIP TEST

In accordance with clauses 3.3,3.4,3.5,3.6,3.7 of B§1377:Pa

Borechole : BH208 Sample Ref: 7 Sample Type: B Depth (m):  3.00
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Initiat Sample Conditions Test Details Test Results
Initial Moisture Content (%) N ¥ Compaction Type : Light Maximum Dry Density (Mg/m®™)  © 1.57
% Retained on 37.5mm BS Sieve : 0 Mass of Rammer (kg}: 2.5 Optimum Moisture Content (%) 15
% Retained on 20.0mm BS Sieve 0 Type of Mouid : Proctor | Method Used: Clause 3.3
Particle Density - assumed (Mg/m’) @ 2.25 Remarks:
Size of Soil Pieces : <20mm | Separate samples were used.
Sample Description Key to Air Vouds Lines
Black ASH
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DRY DEN SITY / MOISTURE CONTE LATIONSHIP TEST

In accordance with clauses 3.3,3.4,3.5,3.6,3.7 of BS1377:Part 4

Borehole : BH209 Sample Ref: 4 Samplc Type: B Depth (m): 1.50
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12 14 16 18 20
Moisture Content (%)
Initial Sample Conditions Test Details Test Results
Initial Moisture Content (%) 1 Compaction Type  : Light Maximum Dry Density Mg/m")  : 1.73
% Retained on 37.5mm BS Sieve ; 0 Mass of Rammer (kg): 2.5 Optimum Moisture Content (%) L6
% Retained on 20.0mm BS Sieve N | Type of Mould : CBR Mcthod Used:  Clause 3.4
Particle Density - assumed (Mg/m’) :  2.55 Remarks:
Size of Soil Picces ; <20mm | Separate samples were used.
Sample Description Key to Air Voids Lines
Brown slightly sandy gravelly CLAY
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TESTING VERIFICATION
CERTIFICATE

Vorsiun: v&_05 - CorctGeotech Lab-Castleford - 0002 | GeleText L - LAB VERIFICATION REPORT| 781047 - NORTH GAWBER.GPJ - vE_05 | (4/12/13 - 17;11 | MAA.

!l

The test results included in this report are certified as:-

ISSUE STATUS: FINAL

In accordance with Structural Soils Ltd Laboratory Quality Assurance Manual, Issue
6, January 2010 all results sheets and summaries of results issued by the laboratory
are checked by an approved signatory. This check will also involve checking of at

least 10% of calculations for each test type to ensure that data has been correctly
entered into the computer and calculated. The integrity of the test data and results
are ensured by control of the computer system employed by the laboratory as part of
the Software Verification Program as detailed in the Laboratory Quality Assurance
Manual.

This testing verification certificate covers all testing compiled on or before the
following datetime: 04/12/2013 17:11:05.

Testing reported after this date is not covered by this Verification Certificate.

M. A~

Approved Signatory
Mark Athorne (Laboratory Quality Manager)
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