<
8 o ! <
001_98765 < ™ o~ Ao 0o ~ © < ™ N . 1.98.”%!.& < ™ o~ 08 ﬂm_
B | | | R , R M BEIYN I , 2l
L , , , N , , I , N
L f f f N f f I f o ol =
a
L , , , N , , 4| , %3 3 3| 3 .
L , , , N , , I , 223 old
L , , , N , , I , o 53 e ole | g3
N P T e e B e L e e e e L e e ~ 28 3 |8 | o|&
L , , , N , ER w
L , , , N , 2 28 e
L , , , N , 523 =
L , , , N , S g d IS
L , , , N , <
L , , , N , oLl S
oFFTTo T T T T T T © R
L , , , N , B c
L , , , N , s |5 |¢ |8
L = , N , . 12 (3 |¢
L , , , N , 5
L , , , NN , ° A
3 N O S O Y Y I A IS\ W M o HE
w0 0
T T , , , T , a9 I~
L , , , LT , o & N
T , , , , L , , ES e
Ll , , , Ny , 22 2 )
L , , , N , A .
L , , Ll = ~ @ o o
S T O O Y o S S N Y N . << E0E o S
N , , , Ll ot 2592
=
L , , , , o S5 8 ¢
RPN , , Ll , E Qo E
nEcS
™ T , , , Pl 8w
L , , , I x5 SEXS
L , , I 3o o f O _.
Y 74\ S ® 2 8 0O ;g
L , , , Il el | 3 2% ®
L , , , Ll , g v B c
e A o TS ’ X323 2
L , , 1o , Vo0 gL 0283 =
Ll , , , || %eel S, o8 @ ....,..8/; S56 8 3
Ny , e | e %Sy °d N Qs o
= —— - — — — e < e P ® 7 o
T == e ¥ FACR SO e A << , SEOE
° —n. P w
i ®0 —_ =
5 © =
o )
cC s =
0 L]
i g Mj
NV - o 3 S
Q0 £
| Omm V
f ¥ s s m
| S &8 W
e =
| Oz 2, la
v Tsé&3 TA
=& 0 ¢C :
W © W <« « o =
ZHEN -D
(edw) °b N

0T-20-LT0Z 0°20°Z IS NS Ul :lid 0T-£0-2T0Z 0°20° IS MIS Ul :Q11| DA - [00L NS Ul pue gl [961ea ¥0°00°20°0T T0:¥T T202/0T/6¢ <<dl4buimela>> rd9'SNOWIS V.113A HLNOWS140d NOLdWVHMOOHE V6Y0TZT db¥ 3d "SA OO 98 TV 13 NOSLY380d 1d0 Ydesd g19°vSINT - 811 T'20°Z ISNLISNI L40d3d A3ONVAQV-ETL0TE



Appendix D

North Slopes —Geo5 Outputs

70634 Havant Ground and Proj ';-'
ject
Bund Assessment CONSULTANTS LTp "




@,

N SiTU SITE INVESTIGATION

ATV S TVLS
wompa ‘)'




Brockhampton West

A102760

Havant Borough Council

14 Havant

| BOROUGH COUNCIL
August 2017

100 St Jobn Streat, London, ECLM 4EH
Tel: +44 (0)20 7250 7500 Fax: +44 (()20 7250 7501
Emall: info@wyg.com Website: www.wyg.com

WYG Environment Planning Trarsport Limited, Reglstered in Englard B Wales Nuiuber; (3050257
Pegistered Office: Amdale Court, Othey Road, Headingley, Leeds, LS5 2UJ




Brockhampton West

Document control

Document: Brockhampton West Report

Project: Brockhampton West

Client: Havant Borough Coundil

Job Number: | AL02760

File Origin: P:\Projects\A1020001A4102760 Brockhampton West\S. Reports and Spedifications
Revision: 00

Date: August 2017

Prepared by: Checked by: Approved By:
Alice Hayton / Nick Brown Cedlia Madeod f George Xiao Cecilia Madeod
Description of revision:

Draft Version for Comment

Revision:

Date:

Prepared by: Checked by: Approved By:
[name] [name] fname]
Description of revision:

Revision:

Date:

Prepared by: Checked by: Approved By:
[name] [name] [name]
Description of revision:

AL02760
WAL L CONI

August 2017
creative minds safe hands



Brockhampton West

Contents

Executive SUmMmaty....ceeese AR SR AR T T T DPT—— |

1.0  INtroducton .....ccoeerereceemremararararasmmnnns e £y eE e ey e e 3

1-1 Pmm Badground ITRIRLEI RN LRI TERR RALN RLLER TR IR L. TR} LR R1] L] LIl L) ITTRRTTRRCIREINL IR LS AL LR by ) 3

1-2 Objxﬁms and SCODe T TP P PR R LI L LR R LT TN LI TR AT TV IINE AT RLY I L) TV TR R T TP AR R LI L IR IR ) tnunul4

1.3 Proposed Development....ueieseisssiassinses cobesanssaidEuRTeia oat et i T TSRS <

1.4  Terms and CONAIEONS, e iesirrernseracarstisntiarsannss cnnrssssnnnsssnrosssstssssnssasssmsmsmsnsasaseissrar rsararasns 4

2.0 Site Description v ssissssesasaras RANIRURAR. . . . (- FeniararEaERerr e snemensasreiasssenarnas 6
2.1 GIEE LOCHION s crnrerrrnsnsnnnnsnsrssrmnasmssust 1ho0tssskinss pans aunsmsssmansrERES 1040 MRDT RPSRr wbasnLedBESIEILIOTE HASE ST 6

2.2 SIte DESOITHION sareinrsinrerssssssssrns yamrenassserssnensssnas smms ems semsasssmsmss so et sosesnasanasasasainansetans snnsas 7

3.0 Ground Investigation ....c.ccvesniriseasarsnes 0, . S — A 8
3.1 Slte Investigation SEANAANAS «...ciieiiirsrisssinreimissniess s sems s ssasmasnsass s snss srssas strsssassassans 8
3.2 Service / UXO Clearant@.....ccceressmursinssress S T R R S S R R R TR TR T 8
3.3 Cable Percussion Boreholes .........iiivmunsinsiieimanmmenmen, RO ST —— —— 9
3.4 Window Sampling Boreholes......vueeeees R S A SR U SRR T SRRSO e

3.5 Machine Excavated Trial Pits....... S R T R R R P SR RN w10

3.6 SOU SAMPHNG 1o cvvrerseasnisimsosssorsinssinsnneessinssiasssaessassmissnse st snms sonsnsmidinsss TSI R aRns 100 oL RIS RS 10
3.7 Groundwater Monitoring and SAmling ......ceieeiisiemiosmmmimma s cinssaancarnil L

3.7.1 Well DeveloDMent  uesisiriaimseasrassne RN TR O T T R e 12
3.7.2 Gas and Groundwater Monitoring 8 Sampling...e.eiiencisiersimmmmmmmimmminisnen 12

4.0 Ground Conditions ERcounteret...ccecernremrmsmsmsrererrarsremnionsess I 14
41 SO CONUIONG  eevsnnnressisissimssess s e esyess: s S A TSRS e sy es s n s p e sns 14

4.1.1 Surface Hardstanting. ..., ..ccececrsveimemmanmmsntmmnremscrmss msmssasoasssesnmsammsssosstnsnss ossansioss 1
4! 1.2 Made Groum - Topso“ IIIIIIIII ILELIT IR RT IR RE LR ER IR Y]} LI RIT T AT TR RIS IR R AR RLR ) AN AARSRFIN BRI FRAYD 1

4.1.3 Made Ground — Capping Material..........cceieiemrrememmmsneaneaisssmensiecemsmia o 1
4.1.4 Made Ground — Landfill Material ....eusmmmmismanoioimassmnmamommmnmms d

2102760 August 2017
WL WYLCOM creative minds safe hands



Brockhampton West

4.1.5 Superfidal Deposits — Alluvium / River Terrace Deposits. . wrmrmisursisiin vl
4.1.6 Badrock = Chiall..c... . civivsisviwiiin ssnsissassiaiivis s s ivsavaiis wid

4.7 ODSHUICKONS o.coaiiasissaasnsaonsassoasiss svessosnsses duasinniaiesansisiauass si shasavisosdarasnsioriannsinssinis wd

4-3 Gmumater %‘ikﬁutuuunu--uuu-u-oun“nnunululnouunnnouuunu| anan u2

4.4  Photo Ionisation Detection. .. mrisrsrssrretssssssesreeerassretsarsnaseressres b ene e IR SRR SRR E RN 3
4-5 Visual , olhctory Evldenw ofcontamimuon lllllllllllllllllllllllllllllllllllll idl.ili.li.bl..l.il.li.l.l.3

4,6 Groundwater Monltoring RESUNS ...cueerimaiimmmmisinasmressmmmassrmnnassssrassrennrssas R ——

4.7  Ground Gas MONROMNG ..cassimisasssmsusnrarsivirss sasibiresssvtiosas s patias ivss f1d swrsswrasnssssss set inrnress 2

5.0 [Laboratory TesHND ..o nnssssesnns B s s Y . o v sy mmumsmssumnsasssnsnyssnnnnuses oF

5.1  Contamination TeStiNG. ... cirecereerrissrenerimrrmserrassaisasrssassarsressrarassansrsssssensssnresssanrerssarareas 4

LT | O e e R SRR R 4

5- 1-2 Waters Ly L e L L T e R T e TR T T S e R L NS n-unnuuns

5.2  Landfill Forensic TestNG wareeercermmemcrmrerarerarrivermarmaertarersessesrens 5

5!3 thw‘ni&l Tesﬁng LALAIR AL AN I DI RN LA IR NIRRT L LRI LI LI R L Ll LDl LIl LL ] 6

6'0 Geomniml Discussion L LR R N R R R R RN R N RPN R R E R IR N AR R PR RN AR IR R IR AR A NSRRI R NI AR RN )] 7
6.1 Geology and Geotechtilcal ParametersS. ..cccceriieirrinisiirsimsnmssnmssissrorstsssssas trssnsarass mssssssosaen £

6.1.1 Made Ground — Capping Material.....c.ccecsiminimisrmenisemssmmsnrssmisssinrssararnssss S |
6.1.2 Made Ground — Landfill Material ......c.creerernrnrsssrnininstmmerssnsmsssmsennsnnssensms s smsmms avsnenen 7

6.1.3 River Terrace Deposits / AllUVIUM cuiviceimananmem s sesssmisene f—
6.1.4 CHAIK...cimeeiee s rrn s sms s ern s nms s rmem s smr e s s s RS b o b br b o a ot e R RO e OR 8

6'1!5 malk LLINNLINRLIN NIRRT AN IR NIRRT R SN R IR R LI R TL LN LRI RI L IR RLIL LI RRL L E LLLLLELLLLLE 9
6'2 Groumwamr‘l.l.ll..lll-lll.lll..lll.‘.‘l‘.lll. lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 9
IR o T Y o[ A S ] o SO SIS——n——————— 9

7.0 Engineering Conslderations .....c.uerirmereiauscestmnsanmmiesisisnsimassenisiemesisseisssesssses 11
7!1 Inmlﬁonlllil&l‘ll.‘“l‘l..l-lll.llI'Il‘.l‘liiil.llllllllllilllIl‘.ll.l.l.lll.‘llll.llIlli llllllllllllllllllllllllllll 11
7.2 Volume changes N flliS..cc.vuisessusisssssrasiosssnsssnssnisarssvsnsasaserssosnansass ions nsasasasassasssrannsars 11

7-3 Fol’ndaﬁo’n opﬁom T T R T T N e PP T R P CY PN TP ] 13

ALDZ760 August 2017
WWWLWYO.C0MT creative minds safe hands



Brockhampton West

7-4 co‘mtet.uuulnu ------------- T T T e T P T LT P T PR R TN ET T I TR P IR RL IR RTR L ] [LITRRTIT TN ] 15

8.0 Ground Contamination Tier 1 Screening AssesSmENt.ciciscniisssinisimesineaminan. 16
8.1  MethOtOOgY ueicsvrvssisnsersnersansarsnntansssassasinnasassunsasasass arissns o snanssass sasmersssuessroass nsnns avases 16

8.1.1 HUMAK: HEalth «iucvuauinisimsiisisssivssissuivinssassssens sisisasisns saus ssnssins sins s imssinssamsntassanass 16

8.1.2 Controlled Waters.....ecioreimrainariaarnas S T R E e e SO &7

8.2 Results of Tier 1 Screening ASSEsSMENE ... ssnmesicnisieisian sessassaasssnnss R, 7 |

8:2.1 50/l Test Dataisasmsmumannssimmmasonasen gl aias o s ssassssisssissnsassinssessssiasss 17
8.2.2 GroundwWater Test Data........ccsucussesnsgllhucsssnssonsss s POUREREs « 4w ssmsnsansmussus nsssims 45 19
8.2.3 Leachate Test Datd....iseeineinss assasiimstassnansbbnibenssisaossans PR 7.
B2 GO (GRS s cumswsssmimmsvamiamasmsisinsminem TR 5 ks 3 AR R SRR 23

9.0  Conceptudl St MOGEL....ciiiaiisisisrsramsisnisinisissmsmisnsessssrsssssssaraserassasnsnsns e ssassnsmsanans 26

9.1 Summary of Contamination SOUCES ....cieeecimeaiiamsinisisesissnnassmnas assssniasssnessasnsnsasaansnrnss 26

9,2 Risk Pathways....couu O e L R A R S A A KA KPS SN RS AR 28

9.3 Recepmmllt'lIl.‘ll.‘ll.‘ll.‘l..lll-.l.ll..l.‘l..‘l.l...ll!llI--.-‘l| llllllllllllllllllllllllllllllllllllllllllllllllllll 30
9.4 Qualltative Risk ASSESSMENL......cesrersrsacsrrmrrrrnerrsamsrmrmsme s msmmees s smmsesemmmmemessmmmees srssremms ees 31

9.4.1 Summary of Risk Evaluation: Public Open Space USerS ... erscmssmimssimsssrsnssseonns 31
9.4.2 Summary of Risk Evaluation: Commerdial Site USErs......c.crmnnninermsnoisinsoind 32
9.4.3 Summary of Risk Evaluation: Construction and Groundworkers ... 32
9.4.4 Summary of Risk Evaluation: Offsite Nelghbours....c..cccma s 32
9.4.5 Summary of risk avaluation: GroundwWater...........ccvreemrmvmimereme s sissrsssssssinmenrasa 33
9.4.6 Summary of Risk Evaluation: Surface Water.........iceccmnmenmeniseeiinnes S—
9.4.7 Summary of Risk Evaluation: Onsite Bulldings / Services......c.uaeammsinimisimsis 34

10.0 Condusions and ReoOMMENIBHONS....c.cvecieraeisiaiarssssasecsssarasssssissnssssrassssasnrassssssvres 33
101 ICONCIUSIONS i isaiesnivmsnsssnres irstasmnsssissssnswsrsaes assssssnsssns s xies srs 18 bex SiH Vs easnmmnnnnmon s snnmss s

10.2 ReCOMMENIAtiONS. cioismsimreissitaasnmssssastasnrassrssassssiesssasssnssssstnsorssnnesussss ivssanoriavssnsnssssss 35
L L0 PR BTEEEIIES v s o vomas oo i adw wii B o S i MM DS o O R — 39

12.0 APPEIVHICES iii v csssnuioisssaisisisios.iss v sovnsvornsus dnsrinnssa s sesmin s s sen g T

A102760 Avgust 217
WWW.Wyg.com creative minds safe hands



Brockhampton West, Havant

Executive Summary

Introduction

Site Location and

Pescription

Geology

Hydrogeology

Hydrology

Site History

Ground

Investigations

Ground Conditions
Encountered

WWW.IWYG.COM
Havant Boraugh Coundl
A102780

A Phase 2 Geo-environmental investigation of land at Brockhampton West has been
completed in order to review risks associated with ground conditions in view of
potential development of the site for commerdial / industrial use

The site comprises a predominantly rectangular shaped plot of land, approximately 9
hectares in size. It is a grassed / vegetated open space, which is predominantly used
by dog walkers.

The site is underlain by Made Ground (including landfilt material). The superficial
natural strata Is understood to comprise predominantly Raised Marine Deposits that
are variably granufar and cohesive but with potential River Terrace and Tidal Flat
Deposles and alluvium encroaching ontoe northern, southern and eastern areas of the
site respectively. The solid geology is characterised by the presence of Chalk
{Seaford or Newhaven Formations).

The superficial deposits are characterised as Secondary Aquifers. The underlying
Chalk is characterised as a Principal Aquifer, however the site is not located within a
Source Protection Zone.

Immediately east of the site is the Hermitage Stream. The northern edge of the
Langstone Harbour is situated approximately 170m south of the site, at Its closest
point.

Up until the late 1960's / 1970, the site comprised tidal, mud Aats, surface water
and marshland. It is understood that the site was reclaimed using a clay and steet
sheet pile bund and that various phases of landfilling between the 1970% - 1990's
took place resulting in the deposttion of domestic landfill, incinerator waste and road
construction waste; further groundworks (activities unknown) are also evident from
aerial photographs post 2000 In the south west of the site.

Ground investigation works comprised 6No. cable percussive boreholes (to depths up
to 35m bal) and 10 window sample boreholes with dual purpose landgas and
groundwater monltoring apparatus installed in each. A total of 11 trial pits were
excavated. Soil samples were obtained for laboratory assessment and 6No. Return
monitaring visits {land gas and groundwater monitoring) were undettaken,

Ground conditions encountered during the investigation were congstent with thase
identifled in the publishad literature and comprised a consistently thick layer of Made
Ground {up 11.5m thick) comprising variably a cohesive ‘capping material’ and
landfill; the landfill thickness ranged from approximately 4.5-7.4m thick across the
site.

Beneath the made ground in the east of the site River Terrace Deposit (maximum
Sm thick) comprising sand gravel were recorded. Beneath the made ground In the
west of the site alluvium (maximum 3.5m thick) was racorded comprising sandy
gravelly clay or silty clay. White chalk was encounterad beneath superficial strata in
the east and west and directfy beneath the chalk in the centre of the site.

Groundwater strikes were recorded in both landfill and superficial strata at depths
ranging between 3.9 and 11.5m bgl during the investigation; during return
monitoring visits, the depth to groundwater was typlcally in excess of Sm.

creative minds safe hands
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Actual rate of settflerment of Made Ground on site should be monitored prior to
development considerations.

For light industrial { commercial units, the ground should be pre-loaded (following
guidance on BRE FB?5) and constructed on raft foundations, with gas protection
measurements.

Heavily loaded structures should be founded into the undedying Chalk. With
consideration to negative shaft frictions due to long-term ground setHement and the
type of pile construction e.g. continuous flight augers with the use of temporary
casing to seal out contaminated water.

Excavations within the made ground for temporary works should consider the
stability of the ground and potential ground gas concentration. Man, entry into
excavations shoukd be avoided.

Cencrete used for construction should conform to advice given within BRE SD1,

Elevated levels of land gas (maximum 98% CH4, 46% €02) have been measured
within monitoring wells across the site and occaslonally high flow rates were
recorded,

Asbestos fibres were detected in 15 of 40 soil samples collected from made ground
(capping materlal and landfill}.

Locally, in shallow soil, elevated concentrations of PAH compounds ralative to human
health based screening criteria were encountered.

Concentrations of hydrocarbons, ammoniacal compounds and cyanide exceeding
relevant water quality standards were recorded in groundwater samples collected
from wells installed in the landfill and also (in one location only) chalk.

Based on the review of desk study information and the Phase 2 ground investigation
the following risk levels have been identified:

s  Future site users — Public Open Space — Low / Moderate (assuming site
remains unchanged) or Moderate (assuming space enhancement and
increased usage).

¢ Future site users — Commercial — High — driven by risks assoclated with
land gas,

¢ Construction workers (during redevelopment of the site} = High risks have
been identlfied assoclated with both land gas and asbestos fibres.

s Offsite neighbours — Low / Moderate risks to neighbours have been

identifled associated with potential land gases. Moderate risks have been

identified associated with potential releasa and exposure to asbestos
during redevelopment / groundworks.

Groundwater of the Superficial Secendary Aquifers -Moderate

Groundwater in the deep Chalk Princlpal Aquifer - Moderate

Surface Water — Moderate

Onsite property/bulldings and services — High risks te bulldings have been

identified associated with potentially hazardous land gases.

Further monitoring from: wells installed in the Chalk is recommended in order to
verify the levels of contamination recorded in groundwater to date,  Engagement
with the regulators is also recommended in order to galn a better understanding in
relation to the regulators expectations and requirements regarding potential
groundwater coptamination.

It is recommended that prior to any redevelopment of the site that additional gas
monitoring be undertaken. Based on current data It Is considered likely that gas
protection measures required for future buildings will need to comply with a
Characteristic Situation 3 or 4.

During any future construction phase a number of precautions are likely to required
including provision of dust suppression measures, boundary monitoring of dust /
fibres, use of appropriate PPE, welfare and decontamination facilties, LXO support
during deep piling and high standards of waste management

croative minds safe hands
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1.0 Introduction

Havant Borough Council (HBC) instructed WYG Environment Planning & Transport (WYG) to
complete a site investigation at the land referred to as Brockhampton West, Havant.

Instructions to proceed were given in March 2017, with the contract being signed on 30th
March 2017

1.1 Project Background

A ground investigation was scoped by WYG and propesed to HBC In a tender dated March
2017. HBC required information on the ground conditions at the land at Brockhampton
West., HBC would like to ascertain the feasibility of potentlal development options at the
site,

The ground investigation scoped by WYG comprised the following broad objectives:
¢ Identify potential constraints to redevelopment associated with ground contamination;
e Identify the depth and nature of fill materials and their potential for land gas generation;

e Assess the deeper geotechnical characteristics of the natural soils / White Chalk to allow
an assessment of plled foundations;

¢ Provide recommendations for risk management efforts to address any health and safety
or environmental concerns assodated with redevelopment of the site;

e Provide preliminary recommendations to support foundation design at any future
building at the site; and

= Provide suitable robust investigation / assessment reports to satisfy expectations and
concerns identified during the feaslbility assessment.

The report herein describes a ground Investigation, detailing the ground conditions
encountered from the exploratory holes and In-situ and laboratery testing and provides an
assessment of key geotechnical and environmental issues pertaining to the redevelopment
proposal.

This report, prepared in line with the agreed brief, is subject to the report conditions
presented in Appendix A.

WL WY COM craative minds safe hands
Havant Borough Councll
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1.2 Objectives and Scope

The averarching objective of this assessment is to review risks assodated with ground
conditions in view of potentlal development of the site for commerdial / Industrial use,

In summaty, the scope of work comprised the following;
¢ Site walkovers undertaken on 30th March 2017 & during site field works;

e A review of historical records to understand the sites development history and identify

potential geo-environmental and geotechnical risks assodiated with the sites historical
development;

s A revlew of site setting including topography, geology, hydrogeology and hydrology;

» A review of the risk of unexploded ordnance being present at the site;

» A geotechnical and ground contamination intrusive investigation consisting of 6No Cable
percussion bareholes, 10No Window Sample borehales, both with standard penetration
testing (SPTs) and 11No machine excavated trial pits. Soil samples taken issued for
laboratory analysis and initial geotechnical characterisation;

« Interpretation of the data collected to define a Conceptual Site Model (CSM) and to
undertake qualitative risk assessment and semi-quantitative risk assessment grading the
pollutant linkages in accordance with a risk matrix;

+ Development of an outline gestechnical model of ground conditions with discussion of
characteristic geotechnical parameters; and

« Provision of recommendations pertaining to potential development constraints, further
assessment requirements and management options.

1.3  Proposed Development

It is the understanding of WYG that HBC, would like to develop the land known as

Brockhampton West for an employment fcommercial use, if such development is considered
economically viable.

1.4 Terms and Conditions

This report presents a full factual record of all site work carried out during the period 2nd -
12th May 2017, The recommendation and opinions expressed in this report are based on
the information provided and other sources of readily available Information, Where use has

WWW.W.COMm creative minds safe hands
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been made of other report or information provide from the dient, or from other third party
sources, such data has been reviewed In good faith and [t has been assumed that their
contents are correct, as it is impractical to fully validate this data. WYG is unable to
guarantee any third party information,

The information contalned in this report is intended for the use of HBC and their consultant
partners. WYG can take no responsibllity for the use of this information by any third party
for uses other than that described in this report.

It should be noted that physical and chemical characteristics of the site can vary with time.
The results obtained may therefore only be representative of the conditions at the time of
the investigation.

Attention Is drawn to the report conditions contained in Appendix A and the terms and
conditions of the engagements.

WIWWL.IWYD.COM crestive minds safe hands
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2.0 Site Description
This section provides a summary of factual information previously collated and presanted in
full within the Fhase 1 Desk Study Report.
2.1  Site Location
The site is situated to the north of Harts Farm Way, and to the south of the A27 bypass
1.5km to the south west of Havant, Hampshire, details are summarised in Table 2.1 below.
Table 2.1 Site Location Detalls
) Land known as Broadmarsh Open Space, Harts Farm Way,
Site Address
Approx postcode — PO9 1HS.
Site Area 9.20Ha
National Grid 470185,105679
Reference
Site layout and location are fllustrated figuratively in Appendix B, Drawings 001 & 002,
wwWwW.WYg.com creative minds safe hands
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2,2  Site Description

The site comprises a predominantly rectangular shaped plot of land, approximately 9
hectares in size, It Is a grassed / vegetated open space, which is predominantly used by dog
walkers,

Towards the centre / eastern end of the site, there is a hard standing driveway which leads
to a wide open car parking area / turning drde. There is a locked gate at the entrance to
which Coundil contractors have access.

To the west of the hard standing the site is predominantly flat with footpaths worn into the
grass / vegetation,

To the east of the hard standing the site is mounded with footpaths wern into the grass /
vegetation.

The site is bounded to the north by the A27 dual carriage way and to the east by Hermitage
Stream which feeds into Langstone Harbour. To the south is Harts Farm Way with
Broadmarsh Coastal Park and Langstone Harbour further beyond. To the west is the
junction (tear drop in shape) of the A27 and A3(M).

Around the perimeter of the site, there is more substantial vegetation, induding shrubs and
small trees, At the easterm and northem sides of the site there are more mature trees,
which screen the A27 and Hermitage Stream,

WWW.WYEL.COMm eresative minds safe hands
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3.0 Ground Investigation

The ground investigation was designed and scoped by WYG as detalled within the tender
document (dated 1st March 2017). A combination of cable percussion boreholes, window
sample boreholes and madhine excavated trial pits were advanced across the site to permit
the inspection of subsurface ground conditions and to facllitate the collection of soll
samples, Site investigation works were undertaken by WYG betweaen the dates of the 2nd
and 12th of May 2017 and comprised the following:

= 6No. Cable percussion boreholes to a maximum depth of 35m bai;

» 10No. Window Sample boreholes to a maximum depth of 5.00m bgl;

» 11No. machine excavated trial pits to a maximum depth of 4.00m bgl.

= Geo-Environmental, Landflll Forensic & Geotechnical Laboratory Testing of solls;
* Return Groundwater & Ground Gas Monitoring (total six return visits);

+ Well development and Ground Water sampling and water quality testing.

Further details of the intrusive investigation methodology s provided in the following sub-
sections.

The exploratory hole locations are depicted within Drawing 003 in Appendix B. A selection
of photographs taken durlng the investigation are presented in Appendix C. Exploratory
hole logs are provided in Appendix D. Further factual data relating to the investigation is
induded with Appendices E-1.

3.1  Site Investigation Standards

Site investigation activities were undertaken in general accordance with BS5930:1999 —
"Code of Practice for Site Investigations” Incorporating Amendment 2 (2010), which
incorporates EN14688-182, Eurocode 7, Geotechnical Design (ref. BS-EN 1997-2:200) and
B510175:2011_A1:2013 “Investigation of Potentially Contaminated Land".

3.2 Service / UXO Clearance

Prior to breaking ground a non-intrusive survey comprising Ground Penetrating Radar (GPR)
and Electromagnetic Scanning was undertaken to help locate buried service routes and
thereby to inform the selection of “safe” investigation locations,

WIWW.WYQ.Com creative minds safe has
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Inspection pits were hand excavated at each cable percussion and window sample location
to a depth of 1.20m bgl, before deeper works were progressed using mechanical methods,

An Explosive Ordnance Disposal (EOD) specialist was In attendance during the drifling of the
deeper cable percussion boreholes. A down-hole magnetometer was used at one metre
Intervals to check for ferrous materials potentially associated with Unexploded Ordnance
{UXO}.

3.3 Cable Percussion Boreholes

A total of six cable percussion boreholes were drilled at the site between 2nd-12th May
2017. The boreholes were advanced to a maximum depth of 35m bgl using a Dando 4000
rig. This is a standard cable percussive rig comprising a diesel winch supported by an A-
frame which can raise and drop stee! casing and percussive drilling tools in to the borahole,
SPTs were undertaken in addition to undisturbed sampling using standard U100 samples
(100mm diameter sampling tubes).

Aquifer protection measures were employed when drilling the deeper boreholes. This
entailed drilling in wider (200mm diameter) casing through the Made Ground, then placing a
bentonite clay plug at the base of the Made Ground. Well casing (150mm diametet) was
then lowered and drilled through the 200mm diameter and bentonite plug. This approach
seals the annulus of the well and prevents the potential for water and contaminants in the
landfill to ingress into the Chalk aquifer.

Monitoring wells were installed In each of the boreholes using 50mm intemal diameter
HDPE piping with screened sections in either the landfiil or the Chalk, The three deep
boreholes were installed with dual installs. Details of individual well installations are shown
on the exploratory hole logs provided in Appendix D. Each well was completed at surface
with “top hat”, above ground well covers.

34 Window Sampling Boreholes

A total of ten window sample boreholes were advanced across the site between the 9th-
10th May 2017, The window sample boreholes were completed using an Archway
Competitor Dart tracked dynamic sampling rig, which functions by driving hollow steel
tubing into the ground using a percussive mechanism. Upon extractions, the tubes contain
soil cores which can be subsequently logged, sampled and tested. In addition to allowing
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3.5

3.6

inspection and sampling, the rig was used to complete SPT tests prior to each run.
Maximum depth achieved during window sampling was Sm bygl.

Moritoring well installation were completed using 35mm Intemal dlameter PVC piping.
Screened sections were installed, at variable depths according to the geology encountered.
Each well was completed at surface with a top hat well cover, apart from WS09 which was
completed with a flush traffic rated cover within the area of hardstanding. Full engineering
soil logs are presented within Appendix D.

Machine Excavated Trial Pits

A total of eleven trial pits were completed between the 9th-10th of May 2017 using an 8
tonne tracked excavator. Tral pits were excavated to maximum depth of 4m bgl, The
ground conditions encountered within each trial pit were logged and representative samples
selected for analysis by the site engineer. Full engineering soll logs are presented within

Appendix D.

After sampling, logging, photographing and measuring were complete, soil arisings were
placed back within the excavation in the order they wete encountered (i.e. deepest material
was retumed to the bottom of the excavation).

Soil Sampling

A number of soil samples collected from all exploratory holes were selected for analysis for
potential ground contaminants. The rationale behind the selection of samples was multi-
purpose but induded targeting any soil exhibiting signs of contamination, especially within
the landfill material. Further samples were also coflected to ensure representative
characterisation of the geotechnical properties of the soils. Soil samples were dispatched in
cool boxes under a chain of custody to the laboratory for analytical testing. The
environmental chemistry of soil samples selected by WYG were analysed by Jones
Environmental Laboratory. Jones are accredited by the UK Accreditation Service (UKAS)
and the EA’s Monitoring Certificatlon Scheme (MCERTS) for a range of chemical analyses.
Geotechnical samples were submitted to Professional Soils Laboratory (PSL), who are also
UKAS accredited for the tests undertaken. Bulk samples of landfill materials were submitted
to Envirolab where forensic testing on landfill samples were carried out.
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3.7 Groundwater Monitoring and Sampling
Gas and groundwater monitoring and sampling equipment were installed in all Cable
Percussion and Window Sample exploratory boreholes as summarised in Table 3.1 below.
Table 2.1 Summary of installations

Response zone depths

Exploratory

Installation Details From (m
Hole To (m bgl)

bgl}

Dual 50mm diameter HDPE standpipe | oo 11.00
CPO1 with response zones comprising slotted

pipe with 250pm filter wrap and a 10mm |14 0o 35.00

diameter washed pea-shingle surround.

Deep install within the Chalk, and| .00 9.00
CPO2ZA shallow install within the landfill. At least

0,70m thick bentonite seal above the|13.00 35.00

upper response zone. Lower response

zone (within the Chalk) had at least|1.00 10.00
CPO3 3.,00m bentonite seal above. Finished

above ground level with a gas tap and

14.00 35.00
upstanding concreted steel cover,

Single 50mm diameter HDPE standpipe

ey with response zone comprising slotted

1.00 9.00

pipe with 250 pm filter wrap and 10mm
CPO5 diameter washed pea shingle surround.|1.00 11.00
At least 0.70m thick bentonite seal above

the response zone. Finished above

CPOB ground level with a gas tap and|1.00 9.00
upstanding concreted cover.
wso1 1.00 2.70
Ws02 1.00 5.00
WSs03 Single 35mm diameter PVC standpipe | 1.00 3.00
w504 with response zone comprising slotted 1.00 400
pipe with 250 pm fiftter wrap and 10mm
W05 dlameter washed pea shingle surround. |1-00 3.00
WS06 AL least 1m thick bentonite seal above 1.00 5.00
the response zone. Finished abowve
ws07 ground level with a gas tap and|1.00 3.00
WS08 upstanding concreted cover, 1.00 3.50
W09 1.00 4,00
ws10 1.00 4.00
WINNYEL COm creative minds safe hands
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3.7.1 Well Development

Water is often added as part of the drilling process and ground disturbance can resuilt in the
addition of particulate material within the water column. Therefore, well development by
removing water and particulates from the well is required, to rectify the effeds of drilling. It
also serves to stabilise the filter pack adjacent to the well screen and improves the hydraulic
connection between the well screen and the surrounding formation (CL:AIRE 2008).

Groundwater was removed from the wells in two different ways:

s Shallow installs In cable percussion boreholes — water was removed using a cylindrical
bailer. Approximately six times the well volume was bailed. This was undertaken during
visit 1 on the 18th of May.

¢ Deep installs in cable percussion boreholes — water was removed using a petrol motor
powered inertial pump system, with 16mm outer diameter tubing and a one way vaive.
This was undertaken during visit 2 on the 25th of May.

» Window sample hareholes had litle to no water within them, These were not developed
or sampled.

Details of purged volumes f observations during well development are presented in
Appendix E.

3.7.2 Gas and Groundwater Monitoring & Sampling

Grourkdwater levels were monitored onsite using a dual phase dipmeter. Gas readings were
taken using a GASQ00 portable gas analyser. Monitoring results are provided in
Appendix E.

Gas and groundwater monitoring was undertaken during six visits, as summarised in
Table 3.2 below.

WWW.WY.00M ereative minds safe hands
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Table 3.2 Summary of Monitoring and Sampling visits

Date of Visit Work Completed

Gas & Groundwater Monitoring
o520l Developing all shallow instalis; CP01 to CP06 indusive
Gas &Groundwater Monitoring
25052017 | peveloping all deep installs; CPO1 to CPO3 Inclusive
02/06/2017 Gas & Groundwater Monitoring Only
Gas & Groundwater Monitoring
08/06/2017 Water sampling all deep installs; CP0O1 to CPO3 indusive, plus CP02 &
CPO3 shallow Installs '
Gas & Groundwater Monitoring
15/06/2017  |\yater sampiing shallow Installs, CPO1, CPO3, CPO4, CPOS & CPO6
27/06/2017 Gas & Groundwater Monitoring Only

Ground water samples were collected using a low-flow technique, whereby the sample is
extracted at the same rate that water flows into the well. During the sampling a YSL water
quality meter was used to measure a range of parameters induding temperature, electrical
conductivity, dissolved oxygen, pH and OxidationReduction Potential. Once these
parameters were considered to have stabilised sufficently (e.g. <10% varlations between
testing intervals) groundwater samples were collected.

Paramaters measurements recorded during sampling are provided In Appendix E.
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4.0 Ground Conditions Encountered

4.1 Soil Conditions

Ground conditions encountered during the investigation were consistent with those
identified in the published literature and, in summary, comprised Made Ground {capping
layer) over Made Ground {Landfill Material), over Alluvium, over Chalk. The Chalk persisted
to the full depth of investigation (i.e. >35m bgl).

Selected photographs of exploratory holes are induded in Appendix C. Exploratory Hole
Logs detailing soil conditions are present in Appendix D, A cross section depicting the
strata encountered within cable percussion holes across the site is provided within

Appendix F.

Variations in strata thicknesses are summarised in Table 4.1 below.
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Brockhampton West, Havant

41,1 Surface Hardstanding

Surface hardstanding was only encounterad at twe positions, both located within the car
parking area off Harts Farm Way. This comprised 0.05m asphalt at surface, with 0.30m
thick Type I roadstone sub-base beneath,

4.1.2 Made Ground — Topsoll

Topsoil was encountered at 18 positions and ranged in thickness from 0.05m to 0.60m. The
soil was relatively uniform in composition and generally consisted of light brown slightly
sandy day. Due to the similar nature of the capping material (as discussed below) it was
difficult in places to differentiate.

4.1.3 Made Ground — Capping Material
Made Ground dassed as ‘capping material’ was encountered in all exploratory holes, bar

borehole CP02 and trial pit TPO5.

The ‘capping material’ was predominantly encountered above the landfil material, but in
borehole CPG1 it was also encountered below the landfill.

Thicknesses of ‘capping material’ ranged from 1.10m to 5.50m.

This stratum generally comprised a day material with subordinate amounts of sand and
gravel, Any gravel contalned within the clay, generally comprised flint and brick, with
occasional Chalk, concrete and rare asphalt,

4.1.4 Made Ground — Landflll Matedial
Landfill materlal was enoountered in all exploratary holes bar window sampling wells WS03
& W508.

Thicknesses range from >0.20m to 7.50m thick in boreholes CPO2A and CPOS.

The full extent of landfill material was only proven within the cable percussion boreholes
(CPO1-CP06),

The landfill generally comprised slightly clayey to dayey Sand & Gravel. Gravel generally
consisted of flint, brick, concrete, glass & metal. There were varied other types of landfil
material and household waste, induding material / fabric, rigid plastic, polythene bags,
polystyrene, glass & plastic bottles, rubber tyres, food containers, wood and paper.

Within trial pits TPOS & TPOS incinerator type ash was noted.
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4.1.5

4.1.6

4.2

4.3
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A foul / rotten type odour was noted within each trial pit.

Superficial Deposits — Alluvium / River Terrace Deposits

Beneath the landfill in all cable percussion boreholes, bar borehole CPO5, Alluvium or River
Terrace Deposits were encountered, These ranged in thickness from 1.5m to 5.3m

¢ Alluvium, encountered in boreholes CP02A & CPB4, was described as soft orange brown
sandy gravelly clay and firm brown silty clay respectively.

» River Terrace Deposits (encountered In boreholes CPO1, CPO3 & CP06) ranged from sand
& gravel to gravel with subordinate amounts of sand and day.

Bedrock - Chalk

Chalk was encountered in the three deep cable percussion boreholes and also In borehole
CPOS beneath the landfill material. Total thidmess of the Chalk was not proven during the
investigation. The maximum extent of the Chalk (>22.00m) was encountered in boreholes
CP01 & CP02a.

Due to the nature of the drilling techniques, the Chalk could only be described as recovered
as silty sandy & gravel of Chalk, or gravelly siit of Chalk. The gravel comprised flint and
extremely weak to weak white Chalk.

Obstructions

Borehole CP02 possibly encountered an obstruction at 2.00m bgl. Borehole CPOZ was
terminated at 3.00m bgl, as there were no soil returns from drilling, due to pushing a large
piece of rubble down from 2.00 to 3.00m. From 0.20m downwards, it was noted on the
engineer’s logs, that there was a large amount of asphalt and rubble which hampered
progress. The location was moved a few metres away and target depth on borehole CPO2A
was achieved.,

Groundwater Strikes

Groundwater strikes were recorded in all cable percussion boreholes (bar CP02) and one
trial pit during the investigation, Detalls are noted in Table 4.2 below:

creative minds safe hands
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Table 4.2 Groundwater strikes in boreholes during drilling

Exploratory Hole
i Water Depth | Strata
Location

11.50m Top of River Terrace Deposits
CPOZA 9,60m Top of Alluvium
CP03 10.50m Top of River Terrace Deposits
CcPo4 7 6.30m | Landfill Materfal
CPO5 5.90m Landfill Materal
CPO6 4.30m Landfill Matetial
TPOS 3.90m Landfill Material

4.4 Photo Ionisation Detection

Head space readings were completed in samples recovered from cable percussion boreholes
and trial pits using a Photo Tonisation Detector (PID) to detect Volatile Organic Compounds
(VOCs). Detectable levels were encountered in all samples as presented on the exploratory
hole logs (Appendix D). A maximum PID reading of 77.70ppmv was recorded in soil from
trial pit TPO1 at 3.40m depth. Generally, the PID results Indicate that volatile organic
contaminants are elther absent or present at only low levels within soil at the site.

4.5  Visual / Olfactory Evidence of Contamination

It is noted that the Landfill Material! encountered was potentially contaminated. The
descriptions within the exploratory holes logs note “foul / rotten” or "bumt” type odour. This
was more evident in the trial pits when a larger area was being excavated. Odours where
evident, are indicated on the exploratory hole logs.

As shown in the photographs of the trial pits (Appendix €) the landfill material appeared
dark in colour, predominantly grey, brown or black,

During the rounds of monitoring particularly during sunny periods, gas “haze” was noted
coming from the pipe / upstanding well covers, Odours recorded during monitoring are
detailed within the monitoring records provided in Appendix E,

WWAW.WYJ.Com creative minds safe hands
Havant Borough Council
Ald2760 11/08/2017



Brockhampton West, Havant

4.6 Groundwater Monitoring Results

Groundwater level measurements were taken on six retum monitoring visits to the site. Full
details of the groundwater monitoring, afong with water level graphs, are provided in
Appendix E; a brief summary is provided In Table 4.3.
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Brockhampton West, Havant

Details of the final water quality parameters recorded within each of the wells subject to low flow
sampling are presented In Table 4.4. The full water quality testing results achieved during purging
are provided within Appendix E.

Table 4.4 Summary of Water Quality Data
Reduction  Electrical
Date Potential Conductivity

(mv) (us)

Dissolved

Monitoring

Oxygen
(mg/L)

Temp (°C
Well p{0)

CPO1({D} 08/06/2017 | 22.5 531 7.02 |8.18 11.7
CPO1(S) 15/06/2017 | -117.6 6079 6.86 | 0.25 13.1
CPO2A(D) 08/06/2017 | -93.1 3251 6.69 | 0.59 12.2
CPOZA(S) 08/06/2017 | -88.3 3172 6.65 |0.94 15.10
CPO3(D) 08/06/2017 | 5.8 523 6.9 2.55 12,3
CPO3(S) 08/06/2017 | -84.2 1259 6.62 | 0.26 12.8
CPO4 15/06/2017 | -155 4792 6.75 | 0.22 12.9
CPO5 15/06/2017 | -90.8 2656 6.77 | 1.29 12.9
CPO6 15/06/2017 | -102.5 2281 6.77 | 0.31 12,7

Note that the resuits presented in Table 4.5 are the final (stabilised) readings taken prior to sarmpling,
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4.7 Ground Gas Monitoring

Ground gases induding methane, carbon dioxide, oxygen, carbon monoxide and hydrogen
sulphide were measured during the two monitoring rounds using a GA2000 infra red gas
analyser. A summary of ground gas results is presented in Table 4,5, The full results of
ground gas monitoring recorded during each monitoring visit are provided in Appendix E.

Table 4.5 Summary of Ground Gas Monitoring Results

Carbon

Location ;j’ :':)F'Ow I(\z‘zﬂé?"z‘; gg’zx ]ide R

Min Max  Min Max Min Max
Landfill
CPOL(S) | <Dl 0.3 67.5 706 | 282 36,7 <0.1 0.2 <1 |4 <l | <1
CPOZ(S) | <D 6.1 0.2 359 |02 24.6 0.2 19.9 <1 | <1 <1 |4
CPO3(5) | <01 311 | 19.8 249 18.8 22.3 <0.1 0.6 1 2 <l | «1
CP04 <01 0.3 61 639 | 301 31.2 <01 0.2 <1 |1 <1 |1
CPOS <0.1 0.2 40.8 P96 | 26.2 28 <0.1 0.4 <1 |1 <1 |4
CPO6 <0.1 «0.1 |55 60.1 2.3 23.2 <0,1 2.1 1 1 <l |1
W50t <0l 0.14 o7 4.9 0.8 318 =0.1 20.5 <1 3 <1 4
WS02 <0.1 <0.1 | 62.8 64.5 18.1 28.7 <01 0.3 <1 |1 1 7
Ws03 <0.1 <0.1 27.6 40.8 20,1 26,2 ol 4 <1 1 <1 9
WS04 <0.1 0.2 43 66.6 233 318 <{L1i 59 <1 8 <l 1
Ws05 <0.1 <(.1 0.1 33 2.9 28.2 <01 18.1 <1 1 <l <1
WS06 <0,1 <01 | 651 65.6 286 46.4 <0.1 0.8 <1 |2 <l |1
WS07 0.1 <01 | 60,7 98.2 28 29.7 0.1 0.4 <1 |1 <1 (1
ws08 <{.1 <{.1 51 60 20.7 29.2 <l 0.36 =<1 1 <1 13
WS09 <0.1 0.1 49,2 515 204 | 212 0.2 1 i 8 <1 | <1
WS10 <1 <0.1 39.6 45,2 16.% 27 <0.1 0.7 <1 2 <1 5
Chalik
CPOID <01 67.7 | 56.7 677 | 265 30.1 a.2 25 <1 |4 <1 | <1
CPO2D <0.1 25 | <01 225 |02 153 27 20 <l |2 <l |2
CPO3D <01 20 <0,1 20 .2 174 | 3.7 20.9 <1 |4 <l | <l

Notes: Minimum values exclude negative fows. For carbon dioxide and methane the minimum value identified is
the minimum 'steady Fow” recorded during the monitoring period whereas the maximum is the highest ‘peak
flow’ recarded.
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Atmospheric pressure recorded at the dosest weather station (Southampton Airport)
approximately 30 km to the west of the site through the menitoring period is summarised in
Table 4.6.

Table 4.6 Summary of Atmospheric Pressure During Monitoring Rounds {(hPa)

Time: 06:20 Time: 18:20 Rising { Falling

18/05/2017 1013 1013 1012 Stable / Faliing

25/05/2017 1024 1023 1020 Falling

02/06/2017 1016 1016 1015 Stable / Falling

08/06/2017 1011 1010 1009 Falling

15/06/2017 1014 1015 1016 Rising

27/06{2017 1008 1006 1003 Faling
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5.0 Laboratory Testing

51 Contamination Testing

Contamination / enviranmental laboratory testing was scheduled by WYG and undertaken
by Exova Jones Environmental Laboratory who are UKAS & MCERTS aocredited for a wide
range of chemical tests.

Laboratory testing was camried out in accordance with 1S017025:2005 Competence of
Testing and Calibration Laboratories.
5.11 Soll

WYG submitted 40 samples for chemical testing for WYG suite C which includes a range of
determinants as detailed befow. Laboratory analysis results are presented in Appendix G.

WYG Suite C determinants indude:

« Metals Suite — Arsenic, Beryllium, Boron, Cadmium, Chromium (III), Hexavalent
Chromium, Copper, Lead, Mercury, Nickel, Selenium, Vanadium & Zinc;

¢ Polycydic Aromatic Hydrocarbons Stite;

« Total Phenols;

= Total Petroleum Hydrocarbons;

= BTEX - Benzene, Toluene, Etylbenzene and Xylenes;
» Asbestos Screen; and

= Plus pH, Fraction Organic Carbon, Free Cyanide & Sulphate

WYG also submitted 14 samples for leachate testing for a similar suite of testing as
indicated above, but a number of additions including:

* Metals as above, but induding Antimony & Molybdenum;
¢ Total Hardness;
¢ Dissolved Organic Carbon; and

* PH, Sulphate, Total Cyanide, Ammonia, Ammonium, Nitrate, Nitrits, Chloride & Alkalinity,
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5.1.2 Waters

Groundwater samples were collected from the monitoring wells containing water on the 8th
and 15th of June 2017, Nine groundwater samples (plus one duplicate and a composite
sample of purged water) were sent to Exova Jones laboratory for testing,

The waters were tested for the following determinants:

* Metals Suite — Antimony, Arsenic, Beryllium, Boron, Cadmium, Chromium (III),
Hexavalent Chromium, Copper, Lead, Mercury, Molybdenum, Nickel, Selenium, Vanadium
& Zine;

¢ Polycydic Aromatic Hydrocarbons Suite;

* Total Phenols;

» Total Petroleum Hydrocarbons;

» BTEX ~ Benzene, Toluene, Etylbenzene and Xylenes;
+ Total Hardness;

» Dissclved Organic Carbon; and

* pH, Sulphate, Total Cyanide, Ammonia, Ammonium, Mitrate, Nitrite, Chloride & Allalinity,

5.2  Landfill Forensic Testing

A total of 27 bulk samples collected from landflll materials were sent to Envirolab for Landfli
Forensics Testing. After an initial screen for asbestos, these samples were sifted and sorted
into their component parts and measwred as a percentage. Results are presented in
Appendix H.

Samples were sorted into the following types of material presence;
+ % of total sample Inert (>10mm in size);

* % of total sample Wood;

* % of total sample Vegetation;

* % of total sample Cloth;

= % of total sample Other Inert Material;

+ % of total sample Paper;

* % of total sample Other Degradable Material;
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= 9% of total sample Fine Soils; and

« % of total sample Inert (>10mm in size)

One sample was not tested due to the presence of amosite asbestos board.

5.3 Geotechnical Testing
A programme of geotechnical laboratory testing, scheduled by WYG, was carried out on
representative samples taken from the natural strata during the ground investigation. The
resuits of the geotechnical laboratory tests are presented in Appendix L.
Samples were sent to Professional Solls Laboratory who are UKAS accredited. All testing
was carried out in accordance with BS1377:1990+A1 Methods of Testing Soils for Civil
Enginesring Purposes.
Table 5.1 below detalls tests and standards undertaken on samples recovered during the
site investigation,
Table 5.1 Summary of Geotechnical Testing
Type of Test Standard No.
Natural Maoisture Content BS1377: Part 2:1990, Clause 3.2 3
Atterberg Limits BS1377: Part 2:1990, Clauses 44, 5.3 &54 | &
Particle Size Distribution (PSD}) — Wet Steving | BS1377: Part 2:195(0, Clause 9.2 5
Particle Size Distrlbution (P5D} -
BS1377: Part 2:1990, Clause 9.4 2
Sedimentation
Quick Undrained Triaxial BS$1377: Part 2;1990, Clause 9.7 1
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6.0 Geotechnical Discussion

6.1 Geology and Geotechnical Parameters

Ground conditions encountered during the investigation were broadly consistent with those
identified in the published literature.

In summary, ground conditions comprised Topsail over Made Ground / Capping Material,
over Landfill Material. Which in tum overlay River Terrace Deposits / Alluvium over Chalk.

Details of the varlous soils encountered during the investigation are discussed in Section
5.0

6.1.1 Made Ground - Capping Material

The capping material was generally uniform in composition. Standard Penetration Tests
(SPTs) recorded N’ values {standard penetration rasistance) of betwaen 18 and 50 in cable
percussion boreholes and 8 and 50 in window sample boreholes.

No laboratory testing was undertaken on this strata as this lies above the highly variable
Landfill Material,

6.1.2 Made Ground — Landfill Material
The landfill material varled in composition across the site, with various types and volumes of
landdfill waste, including, but not limited to paper, doth, metal, wood, glass and plastic,

SPTs varied from 9 to 50, but in the main were generally greater than 25 {possibly due to
the presence of large pieces of material within the strata €.g. wood, concrete cobbles etc).

The sites Landfill Licence was issued by Hampshire County Council on 24 November 1978,
l.e. the landfill is of the post 1965 type containing a large proportion of organic material,
which is readily degradable as dassified in BRE FB 75 - Building on fill: geotechnical aspects,
3rd edition,

This soil strata has not been characterised due to the highly variable nature of the material.

6.1.3 River Terrace Deposits / Alluvium
Beneath the landfill material, either River Terrace Deposits or Alluvium were encountered,

River Terrace Deposits were encountered in CPO1, CP03 & CPO6 and was generally uniform
In composition being primarily granular. SPT values ranged from 24 to 50.
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Four Partide Size Distribution tests (PSDs) were carried out on representative samples of
Alluvium and identified predominantly coarse soils comprising fine to coarse gravels with
subordinate quantities of day and sand, corresponding to the engineer’s description,

Alluvium was encountered in boreholes CPO2A & CP04 and comprised day with subordinate
silt, sand & gravel components, SPT values ranges from 8 fo 26.

Atterberg limits were determined on four samples of Alluvium and one sample of Chalk
These results appear variable from low, to intermediate, to very high plasticity. Medified
plasticity indexes were calculated and are shown in Table 6.1 below.

Table 6.1 Summary of Classification Testing

Stratum Range Min — Max (%)
Moisture Plasticity Index Volume Change
Content (*Meodified) Potential

CPO2A Low to Medium

Alluvium — Sandy Gravelly | 22~27 25

ViUm — Vi -

i Y (*8,37 - 20.01)

P4 26— 48 45 - 50 High

Alluvium = Slity CLAY (*41.85 — 45.50)

CPOS Low

Chalk = Gravelly Silt of 14 1

alk = Grav ilt o
Chalk (%202)

One quidk undrained triaxlal fest was completed on Alluvium collected from borehole CP04.
The shear strength (Cu) was reported as 29kPa with a plastic failure mode. This equates to
a day consistency of soft.

One PSD was carried out (Sample from borehole CPO2A at 9.50 — 10.00m depth) and this
indicated a fine soil comprising clay / sift with subordinate quantities of sand and gravel,
corresponding to the engineers description of the soil,

6.1.4 Chalk

Chalk was encountered in the three deeper boreholes. The total thickness of this strata was
not proven during this investigation.

Due to the nature of the drilling process the returned Chalk, could only be desaribed as
“recovered as”.
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6.1.5

6.2

6.3

Chalk

Chalk was encountered in the three deeper boreholes. The total thickness of this strata was
hot proven during this investigation,

Due to the nature of the drilling process the returned Chalk, could only be described as
“recovered as”.

Standard Penetration Tests undertaken within this litholegy ranged from 17 to >50. With
SPTs >25 from 15.00m bgl in borehole CPO1 and 16.50m bgl in boreholes CPO2A & CPO3.

Groundwater

Groundwater was encountered in both deep and shallow installations in the six cable
percussion boreholes,

Water strikes during drilling were generally observed to coincide with the top of the River
Terrace Deposits / Alluvium above the Chalk.

Six retumn groundwater monitoring visits were undertaken between 18th May - 26th June
2017. During these visits, water levels of between 6.84m and 10.8m bgl were recorded
across the site. Little or no groundwater was encountered In the window sample boreholes,

Concrete in Aggressive Ground

Chemical testing in accordance with BRE SD1: 2005 Concrete in Aggressive Ground has
been used to detive the Design Sulphate Class and ACEC Concrete dass of the soils
encountered as detailed in Table 6.2. This table assumes moblle ground water under
brown fleld site conditions (BRE Speclal Digest 1).
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Table 6.2 pH and Sulphate of Soil Samples

Depth (m) Water Soluble Design ACEC
Sulphate (2:1  Sulphate Class

water soil Class

extract as
504} (mg/1}

Made Ground -Cappin
0.20 - 0.95 i 847 | 130 Ds-1 AC-1
Layer
Made Ground -
0.50 (CPO4) ) 7.74 | 1599 D5-3 AC-3
Capping Layer
Made Ground =
1.00 ) 8.01 |87 Ds-1 AC-1
Capping Layer
Made Ground =
1.80 - 2.00 ] 7.6 | 222 DS-1 AC-1
Capping Layer f Landfill
2.30 = 2,50 Made Ground — Landfil | 7.52 | 566 Ds-2 AC-2
3.10-3.40 Made Ground - Landfl | 7.94 | 210 D51 AC-1
3.50 - 3.80 Made Ground - Landfil | 7.69 | 667 Ds-2 AC-2
4.20 - 4,50 Made Ground - Landfill | 7.46 250 DSs-1 AC-1
4.80—5.00 Made Ground - Landfill | 7.84 | 790 Ds-2 AC-2
7.00 Made Ground - Landfill | 8.01 362 D&s-1 AC-1
7.00 (CPO4) Made Ground - Landfill | 7.72 | 4133 DS AC-4
9.50 Made Ground - Landfilf | 7.70 | 370 Ds-1 AC-1
15.00 Chalk 860 |23 Ds-1 AC-1
20.00 Chalk 849 |49 DS-1 AC-1
24.00 Chalk 8.59 21 D51 AC-1
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7.0 Engineering Considerations

7.1 Introduction

It is understood that Havant Borough Coundl ideally would be interested in developing the
site for employment use. At the time of compiling this report, no details of any specific
development plans are available. Consideration has been given to the construction of light
industrial / commercial units simllar to that found in the local vicinity. Assoclated roads, car
parking and services also require consideration.

A key geotechnical concern relating to the proposed development is the highly variable near
surface ground conditions. The presence of extensive and vared landfil material has been
proven across the entire site during the recent investigation and the maximum thickness of
7.5m was recorded in CPO2A and CP0S,

The Landfill Is of the post 1965 type contalning a large proportion of organic material, which
is readily degradable.

7.2 Volume changes in fills

BRE FB 75 considers that volume changes in fills can be attributed to the following causes:

+ imimediate physical compression occurs due to the weight of successive layers of flll
causing arushing, distortion, bending and reorientation of the materials within the fill
(can be described by a constrained modulus D);

* long-term movements occur as biodegradation causes a reduction in volume {can be
described by a logarithmic compression rate parameter ab);

» long-term movements occur, caused by physical creep compression as the partides of
the refuse become more dosely packed (can be described by a logarithmic compression
rate parameter ac).

it should be noted that ab is much greater than ac and that ab can be almost 20% for post-
1965 refuse landfill,

The following paragraphs and Figure 22 are taken directly from BRE FB 75:

The magnitude and rate of seltlement of refuse is a function of complex interactions
between physical and biodegradation processes. Walls et af (2006) describe a simple way in
which to present settlement data to estimate a and hence predict long-term seftiement of
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landfil], as shown in Fgure 22. The rate of strain Gevyt, expressed as % compression per
monthy, is plotted against 1/t where t Is the time in months since the il was 75% complete.
The figure shows the rarige of observations from measuwring points at five sites (Case
histories 21-25). The a = 15% line represents average behaviour for a wide range of
landfill composition, age, placement conditions, state of degradation, levels of inundation
and other factors over a period of about 1 year to 20 years after completion of a fanofill. It
is likely that the vaite of a will reduce significantly after that period,

It is probable that most refuse Jandfills wilf continue o settle through biodegradation and
cregp over at least two log time cycles, for example between 3 and 300 months. Using this
graphical technique, data may be collected at any time from different parts of & landfill and
Titted” to the general model to indicate the likely remaining settlement at that location,

Yeasssince il 75% complete
202075 10 5 14 3 2 ' 15 — ]
8 [
| il @l |
2 + Brogborough  Case history 21 b+ +11 ERREY A
g 08 ——{ xCalvert Case histary 22 T »{45
5 # Stewarthy Case histary 23 ETT LI ‘
! * Bletchley I+l 38 s I |
£ ' 0 Blelchsy 2013 J G252 history 22 ‘ l . A8 Lawhi 10 MR
B ] + Arlesey Casehistory 25 el - i
§ 06 NTAL e : ST T T { 1
o i “ : I [t e B i | |
g \‘l// : bl o l//"‘
. ‘ i - “/: /4‘ |
g 1 i -~ | T i } 1 1
EO4— A ——— U VBEEL A3 RRT TER =1 e
g | i HI i - T ‘E
€ | | Sudaged A0 Iy R =yl | [
3| [Rodepeesel | AT ] .
woal | arCaveit | L Av, L R| A | WLV CE | |
| P = ‘ | [ | ) [ B T
B | oWy i T ' BERENERE: B et
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Vt{months since fill 75% complete)

Figure 22: Values of 1/1 against rate of strain for a range of sites {after Watls ot af, 2006)
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Itis not dear exactly in what year during the 1990s the larudfilling operation ceased and the
capping layers were placed. It should be acceptable to take 1997 as the year when the
landfilling was 75% complete which gives more than 20 years since,

From the a=15% line of the above Figure 22, the rates of straln at 0.5% and 0.02% are
obtained for respectively 1 and 20 years since the landfill was 75% complete.

For the maximum of 7.5m fill thickness, the rate of settfement can be estimated below:
At Year 1:

Rate of settlement = 0.5%*7.5m=0.0375m per month = 0.45m per year.

At Year 20:

Rate of settlement = 0.02%*7,5m=0,0015m per month = 0.018m per year.

Pre-loading, will reduce the rate of settlement by removing the elements due to the
immeciiate and creep physical compression of the landfill material, though the long-term
seftiement due to biedegradation will continue.

Foundation Options

From Section 7.2 above, it is estimated that the rate of settlement may have been reduced
from some 450mm per year in 1997 to probably less than 18mm per year in 2017. The
actual rate of settlement should be ascertained through site monitoring prior to any
development considerations.

For light industrial / commercial units, pre-loading should be considered and the examples
as detailed in BRE FB75 should be followed. All structures should be founded on rafts with
necessary gas protection measures implemented. Roads will require regular maintenance
and utllity services should be installed at above ground levels for easy maintenance,
Drainage and water supply pipes should be constructed with flexible joints to minimise risk
of leakage.

For heavily loaded structures, piles to be instalied into the underlying Chalk may have to be
considered. The down-drag or negative shaft friction on the piles due to the long-term
ground settlernent must be considered in pile design.

The existing ground conditions are unlikely to be of sufficent strength to support the
required plling rigs without installation of an adequately designed pilling platform,
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A foundation works risk assessment would need to be undertaken and the Environment
Agency consulted at an early stage. Environment Agency officers, and other regulators,
need to be able to satisfy themselves that the designers of the ground improvement or piled
foundations have fully considered the rsk that the proposed works pose for the
environment, human health and property, in addition to considering load carrying
performance, ease of Installation and cost.

The use of Continuous Flight Auger (CFA) piles may address many of the environmental
concerns and pose the least pollution risk to groundwater. It Is recommended that
temporary casing must be installed to seal out contaminated watsr.

Based on the ground conditions encountered in the three deep cable percussion boreholes
and using the characteristic geotechnical parameters as discussed in Section 7, indicative
pile capacities have been assessed using the methods detailed in CIRIA €574 for CFA piles
and the results are summarised in Table 7.1 below.

Table 7.1: Summary of SPT values and indicative safe working lcads for piles (kN)

Depth (m bal) SPT Values CFA Pile Diameter {mm)

450 600
15.00 20-27 347 - 556 542 — 893
16.50 27 - 34 598 - 697 950 - 1108
18.00 50 740 1165
19.50 40 - 46 829 - B67 1278 - 1335
21.00 24 -50 729 - 952 1052 - 1448

Advice should be sought from specialist piling contractors to determine the most suitable
and cost-effective piling methed. The piling contractor should select pile diameters and
installation depths with guaranteed performance and recommend further ground
investigatlon if required for design,

Temporary Works

At this stage it is considered that temporary works may comprise small scale excavations for
the installation of services or for further inspection / investigation of the ground conditions.

It is recommended that due to the potential for side and base instability of excavations
within the landfill and the ground gas cencentration, that man entry Into excavations is
avoided completely,

Dewatering may be required for shallow excavation, perched water may be present but It is
anticipated that flows would not be excessive and could be dealt with by pumping from
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shallow temporary sumps, Standing water levels were between 6.84m and 10.80m bgl as
moenitored from the installed standplpes.

74 Concrete

Sulphate tests Indicated that the maximum determined levels correspond to Design
Sulphate Class D5-4 in accordance with BRE Spedal Digest 1, Concrete in Aggressive
Ground. As brownfield conditions persist across the site and the ground water is assumed to
be mobile due to the proximity of Langstone Harbour, the Aggressive Chemical Environment
for Concrete (ACEC) is considered to be AC-4 in accordance with the aforementioned
document. We would advise that all cements used for sub-surface concrete should conform
to the advice given within this publication unless otherwise specified.
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8.0 Ground Contamination Tier 1 Screening Assessment

8.1 Methodology

The objective of the Tier 1 Screening Assessment presented herein is to Identify the
chemical constituents which might potentially pose unacceptable levels of risk to sensitive
on-site and off-site receptors. Measured concentrations in soil, sofl leachate and
groundwater have been compared with various sets of Target Screening Values {TSVs).
Where measured concentrations in environmental media exceed these levels this does not
necessarily indicate a requirement for remediation; it can however, be the trigger for the
undertaking of a more detailed quantitative assessment In accordance with the current UK
tiered risk assessment framework,

8.1.1 Human Health
S0ffs

In March 2014, DEFRA published the ‘C4SLs’ within the ‘Policy Companion Document:
Development of Category 4 Screening Levels for Assessment of Land Affected by
Contamination” (SP1010). The purpose of the C4SLs is to Identify a concentration in soil
indicative of Category 4 status as defined by Part 2a Statutory Guidancel on the definition
of contaminated land. In September 2014, further darification was published in a letter
from Lord DeMauley to Local Authorities instructing them to use C4SLs in planning. Where
available C4SLs have been used as the preferred choice of screening criteria, For those
constituents where no C4SL has been published by the EA / DEFRA, WYG have screened
soil against Suitable for Use Levels (S4ULs)2.

For the purposes of this risk assessment human health criteria for soils applicable to the
following land use types have besn used in order to screen the site data:

= Public Open Space, Parldand {Current and potential future)
» Commercial / industrial (Potential Future Use)

A number of TSVs are dependent on the Soll Organic Matter (SOM) content, and as such
T5Vs are typically calculated for a SOM of 19, 2.5% and 6%. The average recorded
Fractional Organic Carbon {FOC) recorded within the soils was 0.017. Using the equation of
SOM(%)= FOC / 0.0058 this equates to a site specific SOM of 2.9%. However, on the basis
that lower values of SOM are present within the superficial deposits (RTDs), a lower, and

" Published by DEFRA In 2012 the guidance defines four categorias of Category 4 & considered the lezxct: comtaminated; “there 15 no risk or that the Jevel of risk pased Is
low"
* Hathanied C.P., McCaffrey, C., Gillet, A.G., Ogden R.C., and Nathenkd, .F. 2005, The LQNACTEH SHlLs for Humean Healtl RISk ASsessment
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more conservative, SOM of 1% has been assumed for the purposes of screening all the soil
data.

3.1.2 Controlled Watess

The site is underlain by superficial strata (variably Ralsed Marine Deposits, River Temrace
Deposits and Alluvium) that are defined by the Environment Agency as Seoondary A
aquifers. Therefore these aquifers in themselves are not regarded as being highly sensitive
as potentlal environmental receptors, however, they are considered to provide a potential
hydraulic linkage with adjacent surface water features (induding the Hermitage Stream and
Langstone Harbour),

Underlying the superfidal strata the Chalk bedrock s defined as a Principal Aquifer and
therefore is considered Important as a potential groundwater resource. An abstraction for
drinking water by Portsmouth Water Ltd. is located approximately 440m north east of the
site, however the site is not located within a groundwater source protection zone.

For the purposes of evaluating controlled waters at the site, surface water bodies {induding
the Hermitage Stream and adjacent Langstone Harbour) and the Chalk Aquifer are regarded
as the most sensitive Controlled Waters receptors in the slte vidinity. To reflect the
proximity of the sensitive estuarine / tidal surface waters and groundwater (for potable
consumption), all groundwater data collected from the site (independent of strata) has been
screened against two sets of screening criteria as follows:

» Transitional or Marine Envircnmental Quality Standards (EQS)
« Drinking Water Standards (DWS)

8.2 Results of Tier 1 Screening Assessment

8.2.1 Scil Test Data
A total of forty soil samples collected from the site were submitted for laboratory analysis.
Table 8.1 presents a summary of the exceedances above the adopted screening criteria.
The full Tier 1 soil screening sheets are presented in Appendix J.
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Table 8.1 Summary of Soil Results exceading the TSVs
Chemical 54UL Assumed  No. of Conc. Location of
Constituent {mg/kg) LandUse analyses (mg/kg) Exceedances

Dibenzo(ah)anthracene - Commerdl 472
1.1 Public '
Benzo(b)fluoranthene | 13 Open 40 3081 | TP090.4m bgl
Space
Berizo{a)pyrena 21 Paridand 36.63

In one sample collected from the site, concentrations of PAH compounds exceed relevant
human health based screening ariteria, Specifically, in soll from trial pit TPO9 in the central
car park area, in a sample of shallow soil {0.4m bgl) the concentrations of
dibenzo(ah)anthracene, benzo(b)fluoranthene and benzo(a)pyrane exceed criteria spedific
to a public open space end use. The concentration of dibenzo({ah)anthracene within this
sample also exceeds screening criteria applicable to a commerdal land use.

In addition to the above, and also considered potentially indicative of a human health risk,
ashestos was detected within 15 of 40 soil samples collected from across the site as
indicated within Table 8.2, Asbestos quantification was not undertaken, however the
laboratory has reported fibre bundles with concentrations of asbestos <0.1%.

Table 8.2 Ashestos Detections in Soil Samples

Location Depth Type Description
4.5 Chrysotile and amosite Fibre bundles {<0.1%)
CPO2A 7.0 Chrysotile Fibre bundles (<0.1%)
r— 0.5 Chrysotile Fbre bundles (<0.1%)
45 Chrysotile Fbre bundles (<0.1%)
PGS 42 Chrysotile Fbre bundles (<0.1%)
9.5 Chrysotile Fibre bundles {<0.1%)
CP06 2.5 Chrysotile Asbestos Cement Debris
TR 34 Chrysotile Fibre bundles {<0.1%)
TPO3 0.4 Chrysotile and amosite | Insulating Board Debris
TR 2.0 Chrysotile Fibre bundles (<0.1%)
31 Chrysotile Insulation debris
_— 2.3 Chrysotile Asbestos Cement Debris
3.2 Chrysotile Fibre bundles {<0.1%)
TP10 33 Chrysotile Fibre bundles {<0,1%)
TP11 25 Chrysotile Flbre bundies {<0.1%)
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8.22 Groundwater Test Data
As discussed in Section 8.1.2 the resudts of the chemical testing of groundwater samples
have been compared separately with two sets of standards, namely EQS and DWS. The full
groundwater tier 1 screening sheets are provided in Appendix K. A number of chemical
constituents have been recorded at concentrations exceeding EQS as summarised in
Table 8.3.
Table 8.3 Summary of Exceedences of EQS in Groundwater
Chemical EQS No. of No. of Maximim Monitoring
Constituent {pg/L} analyses  Exceedences o L V'hfel'l-I
{pa/L)
Copper 3.76 9 2 5 CPO4
Nickel 8.6 9 2 10.7 CPO1 (S)
Zinc 7.9 9 2 12.4 CPO3 (D)
Anthracene 0.1 9 5 0.27 CPO1 (S)
Benzo{a)pyrene 0.00017 g 1 0.01 CP01 (5)
Benzo(b)fluoranthene | 0.017 [+ 1 0,02 CPO1 (S)
Auoranthena 0.0063 9 7 0.52 CPO1 (S)
Naphthalene 2 9 3 33.7 CPO1 (S)
CPO1 (S),
Cyanide 1 9 6 3 CP02 (S),
CPQ4
Ammonia 21 9 9 506,030 CPO1 (S)
A number of chemical constituents have also been recorded at concentrations exceeding
DWS as summarised in Table 8.4,
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Table 8.4 Summary of Exceedences of DWS in Groundwater

Chemical DWS  No. of No. of P ieein Monitoring
Constituent (pg/L) analyses Exceedences Com(::;}:l'.a;tlon Well
Antimony 5 9 1 6 CPO4
Barium 700 9 3 914.3 CPO2 {S)
Boron 1,000 9 6 2122 CPD1 (S5}
TPH 10 * 9 5 227 CPO5
Benzene 1 9 6 7.4 CP04
Sulphate 7,000 9 3 63,500 CPo2 (D)
Chloride 250,000 9 6 1,291,000 CPO4
Nitrite 1,000 g 1 1,440 CPO3 (D)
Ammonium 500 9 9 536,000 CPO1 (S)

* The DWS for TPH is a former standard for disseived or emulsified hydrocarbons now withdrawn; the value has
been used here in lleu of an alternative or more appropriate reference criteria,

As indicated in Table 8.3 and Table 8.4 concentrations of a number of constituents exceed
relevant sareening criteria, In particular, the concentrations of ammonia exceed EGS whilst

the concentrations of ammonium exceed DWS, in each groundwater sample tested.

The concentrations of ammonium measured in groundwater samples from wells Installed in
the landfill material range from 111,000-535,000:9/1 thus exceeding the DWS of 500pg/L by
between 2-3 orders of magnitude. Within groundwater samples collected from wells
installed in the Chalk the concentrations detected were lower, but still elevated; the highest
concentration measured in CP02 exceeds the DWS by more than two orders of magnitude.

The ooncentrations of ammonia measured in groundwater samples collected from wells
installed in the landfill ranged from 16,000pg/l — 506,000pg/L exceeding EQS by more than
four orders of magnitude, Generally lower concentrations were measurad in the Chalk
(2,20009/L-100,000u9/L), however the maximum concentration measured in groundwater
(CP02A) still exceeds the EQS by more than three orders of magnitude.

Several heavy metals spedes were measured in one or more water samples at
concentrations greater than DWS or EQS. The levels of exceedance, however, were in all
cases relatively marginal (Jess than one order of magnitude greater than target criteria) and
the majority of exceedences were measured In wells screened in landfill; only two of these
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exceedences relate to the Chalk (marginally elevated conoentrations of boron in CPO2A and
2in¢ in CPO3).

Several PAH compounds, namely anthracene, benzo(a)pyrene, benzo(b)fluoranthene,
fluoranthene, and naphthalene, have been measurad in groundwater at concentrations
greater than relevant EQS. Generally the exoceedences are considered only marginally
elevated {< one order of magnitude greater than EQS) and in all cases are less than two
orders magnitude greater than EQS. The highest concentrations were measured in CP01
(5) installed within landfill material in a north central area of the site; at the same location
in the deep well installed in the Chalk, concentrations of all PAH were below EQS.
Concentrations of anthracene {0.21ug/L) and fluoranthene (0,22)g/L) measured in a
sample collected from the Chalk in CP02(D} in the west of the site exceed relevant EQS
indicating potentially significant impacts to deep groundwater,

Relatively low level petroleumn tydrocarbon impacts within groundwater in the landfill are
evident. In CPO5 approximately 240pg/L TPH was measured characterised by
predominantly heavy end aromatic compounds. Similar levels of TPH were measured in
P04 characterised though by a 50-50 aromatic allphatic split and by much lighter
compounds {including >EC8-EC16 aromatics and >C5-C10 aliphatics). Lower
concentrations of TPH {approximately 8011g/L) were also measured within CP02 (D)
installed within the Chalk.

Benzene concentrations, between 1.4-7.41g/L, were detected within six of nine samples
thus indicating marginal exceedences of the DWS (1pg/L). Benzene was also detected in
CPO2 (D) providing further indication of hydrocarbon impacts within groundwater in the
Chalk In the west of the site,

The sulphate levels measured in each of three samples collected from groundwater in the
Chalk ranged from 13,000-63,500pg/L thus exceeding the DWS (7,000ug/L). By
comparison the sulphate levels measured in groundwater collected from landfill were much
lower {<500-3,000ug/L). This contrast is considered likely to be attribtable to saline
impacts within deep Chalk groundwater, that are not affecting the landfill. Sea water
typically contalns approximately 2,700,000ug/1- sulphate and therefore the levels of sulphate
measured in the groundwater in the Chalk are approximately two orders of magnitude
lower,

Chloride levels exceeding DWS were measured In five of six samples collected from the
landfill and In one of three wells installed in the Chalk. The chlorlde levels measured in
Chalk groundwater ranged from 34,000-640,000ug/L which compares with 15,000,000ug/L
typically found sea water; the levels of chioride In Chalk groundwater are again potentially
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Indicative of saline intrusion, The high chloride levels measured in the landfill are
considered relatively typical of landfilf leachate,

Low levels of cyanide (1-3pg/L) were measured In groundwater collected from five of six
wells installed in landfill and in one of three wells in the Chalk, The occurrence of cyanide in
the Chalk groundwater in CPG2(D), like the hydrocarbons and the high levels of ammoniacal
nitrogen suggests that there is a degree of connectivity between the landfill and the
underlying Chalk and that contaminated groundwater / landfill leachate has impacted the
Chalk aquifer.

8.2,3 Leachate Test Data

A total of fourteen soll samples were subject to leachate testing and analysis. The results of
this analysis have been compared with £QS (transitional and coastal waters) or (when EQS
are unavailable) DWS. The full leachate tier 1 screening sheets are presented in

Appendix L. Table 8.5 below presents a summary of the exceedances above the adopted
TSV.

Table 8.5 Summary of Leachate Results exceading the Relevant TSV.

No. of Max Conc.

Determinant Sample Details
Exceedances (-g/l)

Antimony 73 TPO6 at 2m byl
Molybdenum 70 2 102 TPO6 at 2m bgl
Mercury 0.07 6 0.4 CPO1 at 7m byl
Anthracene 0.1 8 1.01 CPO1 at 7m bal
Benzo{a)pyrene 0.00017 12 1.67 CP0S at 2.5m bgl
Benzo{b)fluoranthe

e 0.017 12 2.69 CP06 at 2.5m bol
Benzo(ghi)perylene | 0.00082 12 1.06 CPO6 at 2,.5m bgl
Benzo(K)fluoranthe

e 0.017 11 1.04 CP06 at 2.5m bgl
Fuoranthene 0.0063 13 4.35 CPO6 at 2.5m bgl
Naphthalene 2 4 26.5 CP01 at 7m bgl
TPH 10 g 2,720 CP02A at 4.5m bgl
Ammonia 21 14 50,730 CPO1 at 7m bal
Ammonium 500 14 53,730 CPOL1 at 7m byl

* The DWS for TPH is a former standard for dissolved or emulsified hydrocarbons now withdrawn: the value has
been used here in kieu of an alternative or more appropriate reference critesia,
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As indicated in Table 8.5 a number of metal species, PAH compounds, TPH and ammoniacal
compounds have been measured at concentrations in leachate exceeding relevant water
quality criteria. This suggests that contaminants in made ground (including landfill
materials) have the potential to leach and cause impacts to the undetlying groundwater.
There Is a broad similarity between the contaminants (and the concentrations measured)
identified as exceeding water quality criteria in leachate and those identified in groundwater
€.g. the most notably elevated contaminants in leachate include ammoniacal compounds
and some PAH.

It should be recognised that the process of leachate derivation in the laboratory, which
involves physical agitation of a soil sample in de-ionised water for a period of 24 hours, Is
designed to create equilibrium conditions between the chemical in dissolved phase and
sorbed phase and that in natural conditions concentrations that occur in leachate may not
be as high. For risk evaluation purposes, the groundwater sarmpling and analysis allows for
a more realistic assessment of potential risk to controlled waters.

8.24 Ground Gas
A grourd gas risk assessment has been completed using the guidance presented In CIRIA
€665 *Assessment of Risks posed by Gas to Buildings”. Table 8.6 presents the results of
assessing the methane and carbon dioxide GSVs (discharge rates) within boreholes across
the site. The maximum concentrations of hazardous gases and the location specific GSVs
are also presented in Drawing 004 in Appendix B.
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Table 8.6 Calculation of GSVs for Methane and Carbon Dioxide

CH4 coz
Location

(1/hr) (1/hr)
Landfill
CP01 (S) 0.22 0,12
CPO2 (S) 2.19 1.50
CPO3 (S) 7.75 6.94
CPo4 0.19 0.09
CPOS 0.10 0.06
CPO6 0.06 0.02
W01 0.09 0.04
Ws02 0.06 0.03
Ws03 0.04 0.03
WS04 0.13 0.06
WS05 0.03 0.03
WS06 0.07 0.05
WS07 0.10 0.03
Ws08 0.06 0.03
w509 0.05 0.02
WS10 0.05 0.03
Site Wide 30.55 1443
Chalk
CrPO1 (D) 0.20 0.09
CPO2 (D) 0.02 0.02
CPO3 (D) 0.02 0.02

Site wide GSVs (derived using the maximum concentrations and maximum flow rate site
wide) of 30.5L/hr methane and 14.43L/hr carbon dioxide have been measured, In
accordance with CIRIA C66S this equates to a High Risk, ‘Characteristic Situation 5, Based,
however on the predominance of low or negligible flow rates measured site wide this
designation may be overly cautious.

At the majority of locations (all but two) maximum flow rates have not exceeded 0.3L/Hr
and consequently the location specific GSVs are typicafly below 0.2L/Hr methane and
0.1L/Hr carbon dioxide; this is equivalent to a Characteristic Situation 2. Within boreholes
CP02 (S) and CPO3 (S) high positive gas flows (>5L/Hr) were measured on only one
occasion (Round 2, associated with falling atmospheric pressure); During the other five
rounds gas flow rates were negative.
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Furthermore, neither boreholes CP02 nor CP0O3 was assoclated with methane levels above
40%; this is much lower than the 98% used to derive the worst case G5V measured on one
occasion in WS7. The location spedfic GSVs derived for gas from boreholes CP02(S) and
CPO3(S) of 2.19L/Hr and 7.75L/Hr equate to Characteristic Situations 3 and 4 respectively.
Based on the landfill forensic analysis the majority of the residual fill material appears to
comprise relatively inert materials or materials that will degrade relatively slowly (e.g. wood,
doth, paper); very little vegetation (maximum 0.6% in CP04) or other degradable material
was encountered in the landfill waste,
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9.0

9.1

Conceptual Site Model

This section of the report describes the Conceptual Site Model (CSM) that defines *source’,
“pathway’ and “receptor” relationships at the site and in the site vidnity. A Preliminary CSM
was previously described within the WYG desk top study report (WYG 2017a). The
Preliminary CSM has been updated here using Information collected during the site
investigation, induding in particular site spedific information relating to the definition of
contaminant sources and the nature of ground conditions such that they might provide
pathways for contaminant migration. As with the Preliminary CSM, potential receptors have
been identified based on both continued use of the site as a public open space and potential
redevelopment for commerdal use (potential receptors indude workers involved Iin
earthworks and construction as well as users of any redeveloped site).

Summary of Contamination Sources

From the desk based and intrusive investigations undertaken at the site, a number of
contamination sources and potential contamination sources have been identified.

On-site

Made Ground and waste malerial associated with the municipal fandfili (no longer in use)
present at the site. Visible evidence of landfill waste was identified within each of
exploratory hole advanced across the site during intrusive Investigation works in May 2017,
The recorded thickness of landfill material ranged from circa 4.5m (CP4 in the north west)
to 7.5m (CP02 and CPS in the south west), In all cases the landfill deposits were overlain
by a capping layer (typically a cohesive strata) of 1-5m thick.

Elevated levels of land gas (maximum 98% CHs, 46% CO2) have been measured within
monitoring wells across the site and occasionally high flow rates were recorded; a
potentially conservative site wide GSV for methane of 30.5L/br has been derived which in
accordance to C665 is equivalent to a Characteristic Situation 5.
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o Within saveral soil samples (15 of 40) collected from across the site, asbestos flbres
were detected (identified as chrysotile but occasionally induding amosite). Although
most of the ashestos detections were measured in relatively deep samples (>2m bgl)
collected from the landfill material, two detections were measured within samplas
oollected (from CP04 and TPO3) from comparatively shallow capping material (drca 0.5m
bgl) within a central / western area of the site.

+ Notably high concentrations {circa 10,000mg/kg) of petroleum hydrocarbons were
measured in soil samples collected from landfill material at two locations (TPO1 at 1.9m
and TP04 at 3.3m). In both cases the results of speciated TPH analysis suggest that the
oil comprises heavy fractions and is similar in nature to a lubricating oil; the
concentrations of individual fractions do not exceed relevant human health based
screening ariteria.

o Slightly lower levels of petroleum hydrocarbons (circa 3,000mg/kg) were measured in
relatively shallow soil {0.4m} collected from Made Ground / Capping material; here the
hydrocarbon component (predominantly heavy aromatic fractions) is typical of PAH
contamination and the analysis of individual PAH compounds has identifled
concentrations of three PAH compounds (dibenza(ah)anthracene, benzo{b)luoranthene
and benzo(a)pyrene} at levels that exceed human health based screening criterla
applicable to public open space end use, The concentration of dibenzo(ah)anthracene
also exceeds criteria applicable to a commercial end usa.

+ Evidence of hydrocarbon contamination has also been measured in groundwater samples
collected from the landfill matetial; this indudes a maximum concentration of TPH of
approximately 250pg/L (CPO5), benzene concentrations between approximately 1-7pg/L
in five of six samples from the landfill {these levels exceed the DWS of 1ug/L) and &
number of PAH compounds exceeding EQS by up to two orders of magnitude.

» Most notably groundwater collected from the landfill was also found to indude high
concentrations of ammoniacal compounds: Maximum concentrations of ammonium and
ammonia exceed relevant screening criteria by three and four orders of magnitude
respectively.

« Slightly elevated concentrations of cyanide and heavy metals (copper, nickel, zinc,
antimony and boron) were alse measured in groundwater collacted from the landfill; the

levels of these constituents do not exceed relevant water quality standards by more than
one order of magnitude.

+ Evidence of localised groundwater contamination has also been encountered within the
Chalk in CP02 (D} in the south west of the site. This includes high concentrations of
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ammoniacal compounds (although lower than in the landfill the levels of ammonium and
ammonia exceed relevant screening criteria by two and three orders of magnitude
respectively) and marginally elevated levels of cyanide, benzene, PAH and TPH, The
similarity between the contaminant profile measured in CP02(D) and the groundwater
contamination measured in landfill would suggest that the landfill is likely to be the origin
of the contamination measurad,

e Potential UXOs associated with potential undetected bomb strikes during World War II.
No evidence of suspected UXOs were encountered during the site investigation works.

Off-site

Offsite sources can influence onsite soil and groundwater quality,  a viable psthway is
present. Potential contaminative sources offsite were identified within the Preliminary CSM
as inlcuding:

o Offsite landfills indluding the land to the south and west of the site;
o Raflway land 200m north of the site;

o Various Industrial / commerdal land uses (In particular fe the east and south east)
including a concrete production facility, waste transfer station, electrical substation,
Indnerator, waste water treatment works and unspedified works, depots and tanks.
Wastes from these sites may also have been deposited on the site,

No evidence of contamination originating from an off-site source (other than deposited
landfill waste) has been identified following the completion of the investigation works.

9.2 Risk Pathways

The key environmental pathways and exposure routes by which potentially contaminative
substances might reach environmental and human health receptors in the site vicinity are
considered to be:

» Migration of ground gases,; high levels of land gases have been measured, occasionally
associated with high flow rates. Whilst the cover material that overlles the landfill is
predominantly cohesive, this unit is variable in thickness (as thin as 1m), variable in
strength (often described as soft) and often contains a relatively high proportion of sand
and gravel. It should not be regarded as an effective break layer, without further lines
of evidence. Furthermore, future ground works have the potential to compromise the
cover material layer (e.g. groundworks, service runs, piled foundations} and the potential
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for land gases to bypass the fill and reach the surface or any bullding foundations should
not be discounted.

+ Contamination migration through preferential pathways (e.g. underground services,
drains and piles). Although evidence of preferential pathways were not identified, during
the intrusive investigation, the presence of a deep sewer is known to cross the western
portion of the site. Furthermore any future development that Includes large buildings
will likely require piles into the underlying Chalk. Any pillng methadology will require
careful assessment and design to avold the creation of preferential pathways between
landfill material and the underlying Chalk.

+ Atmospheric transport and inhalation of airborne dusts, vapours and fibres (indoors and
outdoors);

« Direct contact (Dermal contact with / ingestion of soif and water), The potential exlsts
that future site users will have the potential to come into direct contact with
contamination in shallow soll; exceedances of human health based screening ¢riteria
were measured in shallow soil (drca 0.5m bal) at one location in a central area of the
site. The placement of buildings and/or hardstanding surfaces at any future
development should mitigate potential risks associated with this pathway.

= Shallow groundwater Is absent across the site (depths to groundwater are consistently
>5m bgl} and therefore direct contact with contaminated groundwater is unlikely to be a
viable exposure pathway.

» Vertical leaching of dissolved phase contamination through unsaturated strata because
of rainwater infiltration. The ground conditions encountered across the site include a
cover material / made ground between 1-5m thick. Typically, this material was recorded
as being a cohesive layer (sandy or gravelly clay) and as such it would be expectad to
limit the potential for rainwater infiltration. During the site walkover in March an area of
ponded water was observed in a relatively low-lying area north of the parking area.
Whilst this reinforces the hypothesis that shallow soils are locally relatively impermeable,
the cover material is variably thick, soft and contains relatively high proportions of
gravels. Groundwater was recorded in wells instalied in landfill material (piezometrically
above the water table in the Chalk); the chemical characteristics of this groundwater are
considered typical of leachate from an old landfill (high chloride and other ions,
ammoniacal compounds and some hydrocarbon contamination).

o Lateral / vertical migration of liquid products through the stib-surface under gravity.
Although some evidence of hydrocarbon contamination was recorded within the landfill
material no visible evidence of free phase oily contamination was observed.
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o Lateral/vertical migration of dissoived phase contamination in groundwater via diffusion
and advective grourdwater flow. Evidence of suspected contamination was recorded in
groundwater collected from one of three wells installed in the Chalk, The nature of the
contamination is very simitar to the contamination measured in groundwater collected
from the landfill material which would suggest that some transfer of contamination has
occurred between the landfill and Chalk strata.

The groundwater menitoring data identified piezometric water levels in the Chalk between
approximately Om to 2m AOD, whereas the groundwater in the landfill was recorded at
between approximately 2m to 5m AOD suggesting that groundwater in the landfill is
hydraulically distinct (from the Chalk) and that downwards gradlents will predominate.

The chemical data collected from the site would appear to suggest that groundwater in the
Chalk is brackish (chloride and sulphate levels are approximately 1% of that of seawater)
whereas the groundwater collected from the landfil has comparatively lower sulphate
levels. It Is notable also, whilst the top of the Chalk was encountered at between -2m to -
SmAOD whilst the piezometric groundwater level is at dose to sea level. Relative depths to
groundwater recorded in trial pits CP01D, CPO2D, CPO3D on different monitoring rounds
suggest that the groundwater flow direction and gradient is variable {northerly and
southerly gradients have been identified) providing further evidence of tidal influence.

9.3  Receptors
The environmental, human health and infrastructure receptors on or surrounding the site
indude:
« Current, and potentially future, public open space site users;
» Potential future commerdal site users;
= Construction site workers and maintenance workers:
» Off-site neighbours (induding commerdalfindustrial premises east of the site);
= Groundwater; induding superfidal secondary aquifers and principal aquifers of the Chalk;
» Surface water features, including the Hermitage stream (adjacent to the site) and
Langstone Harbour {a SSSI site 300m south of the site); and
= Buildings and infrastructure associated with any future potential development.
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%4.1
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Qualitative Risk Assessment

A qualitative risk assessment was previously undertaken as part of the Phase 1 evaluation of
potential pollutant linkages at the site. The previous assessment has been updated to
reflect the findings of the Phase 2 Assessment using the CIRIA €552 methodology (which is
provided in Appendix M). The full updated risk assessment including details of the changes
made to spedific risk rankings following the collection of Phase 2 data Is presented in
Appendix N. A summary of the updated risk assessment and the levels of risk identified
with respect to specific receptor groups is provided in the following sub-sections.

Summary of Risk Evaluation: Public Open Space Users

The site Is currently used as a public open space without bulldings or structures, A footpath
crosses the site and dog walkers were observed using this path during the site walkover and
investigation. Across most of the site, an ostensibly healthy and thick cover of vegetation is
present although locally (immediately west of the current car park) some patches of bare
earth and extraneous material (e.g. building waste) were noted. Although asbestos fibres
were recorded in several samples (induding relatively shallow ‘capping’ material) and
concentrations of PAH compounds were recorded In excess of screening criteria applicable
to human health risk, based on current use (limited exposure times and minimal contact
expected) direct exposure to harmfd substances is considered relatively unlikely to occur.
Similarly, given the absence of buildings, an explosion event or asphyxiation from ground
gases is considered relatively unlikely, However, based on the high concentrations of land
gas recorded and evidence of occaslonal active gassing a worse-case scenario induding the
escape of gasses to surface and subsequent ignition cannot be excluded entirely whilst
public access to the site Is permissible. Risks to users of public open space considered to
be low [ moderate; this comesponds with the level of risk previously assigned during the
dask study.

If, however, the site were to be enhanced creating greater levels of usage (e.g. opening the
car park, creating play areas) this would increase the likelihood of a harmiul exposure event
ocourting and it would be appropriate to increase the risk level to Moderate. Any
proposed enhancement of the site, therefore, should be carefully managed and preceded by
further assessment and/or mitigation e.g. removal of shallow contamination / placement of
additional capping In car park area.
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9.4.2

9.4.3

9.4.4

Summary of Risk Evaluation: Commercial Site Users

The investigation and monitoring works at the site have confirmed the presence of landflll
materiale (approximately 4.5-7m thick) across the site and elevated levels of potentially
hazardous land gases. Although it appears that the majority of the more rapidly degradable
material has been degraded, relatively high proportions of more slowly degrading material
(e.g. wood and paper) do remain, The land gas regime is considered to present a high risk
to any future buildings and commerdial users at the site, Based on the fand gas risk
assessment undertaken in accordance with CIRIA C665 (described previously in Section
8.2,4) gas protection measures applicable to a Characteristic Situation 3 or 4 (subject to
further review and refinement) are likely to be appropriate for any future buildings.

Risks of harm to health associated with potential exposure to hydrocarbons and asbestos in
soil at a future commercial premises are considered to be Low [ Moderate, For any
future development [t would be appropriate to incorporate design elements that minimise
the potential for exposure to the underlying soll e.g. through the extensive placement of
hard standing / buildings and dean soil for any landscaped areas,

Summary of Risk Evaluation: Construction and Groundworkers

Following review of the ground investigation data a high risk of ham to health to
construction workers, through potential exposure to soil contaminants (including asbestos)
and also land gas that might accumulate within excavations, has been identified. It should
be possible, however, to manage these risks through the adoption of appropriate working
practices, protective equipment and fadilities, Therefore, whilst these high risks will require
careful management they are not considered to be potential constraints to site
development. Further discussion on the management of risks durlng redevelopment are
provided within Section 10,

Summary of Risk Evaluation: Offsite Neighbours

Contamination ¢riginating on site has the potential to impact the users of neighbouring sites
through a number of pathways induding dermal contact andfor ingestion of windbome
dusts, migration of vapours, gases and groundwater through the subsurface and inhalation
of windborne asbestos fibres. Of note these risks are mitigated In part by the relative
absence of near neighbours and In particular the absence of any particularly sensitive
nearby land uses {(€.9. resldential / schools).
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Although elevated levels of land gas have been recorded at the site, the majorlty of flow
rates have been low / negligible. The dosest buildings to the site are approximately 60m
east of the site (commercial premises) on the opposite side of the Hermitage Stream. It s
notable that these buildings are also constructed on former landfill and it is expected
therefore that these buildings have been fitted with gas protection. The previously assigned
moderate risks have been reduced to Low / Moderate reflecting the presence of the
Hermitage Stream between the neighbouring buildings and the site and the typically low
levels of gas flow recorded,

Moderate risks have been Identifled assodated with inhalation of asbestos fibres at
neighbouring premises during any future groundworks / slte redevelopment that enhances
the release of dust / fibres. It should be possible to effectively manage / monitor these risk
during any future groundworks through the deployment of dust suppression measures and /
or boundary monlitoring.

9.4.5 Summary of risk evaluation: Groundwates

Evidence of suspected contamination in groundwater collected from the Chalk has been
recorded in one of three wells, Based on the nature and type of contamination recorded
(incduding high levels of ammoniacal compounds, and relatively low levels of cyanide,
benzene and other hydrocarbons) it is considered likely that this originated from the
overlying landfill. It is noted also, however, that the data recorded suggests that the
groundwater in the Chalk is brackish and tidally influenced. This would make it unsultable
for use as a potable water resource and therefore, arguably, less sensitive as a resource.

Locally in the east of the site River Terrace Deposits (up to 5.7m thick) were identified
between the base of the made ground and the top of the Chalk, Similarly, in the west of
the site alluvium (up to 3.5m thick) was recorded between the base of the made ground
and the Chalk. At one location in the centre of the site the Chalk was encountered directly
beneath the Made Ground. Groundwater strikes were recorded In both alluvium and River
Terrace Deposits and these superfidal deposits are dassified as Secondary Aquifers. In
reality it is expected that the Environment Agency will be more concemned about the status
of the groundwater in the Chalk (Principal) Aquifer and that secondary aquifers will be
viewed as being more as a concern In that they might serve as condults into adjacent
surface water.

As a note of caution only one round of monitering has been undertaken te date; it might be
prudent to undertake a further round of monitoring to provide greater assurance that the
data oollacted is representative,
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2.4.6

9.4.7

Overall, the risk of significant impacts to groundwater are considered to be Moderate (likely
occurrence of medlum consequence).

Summary of Risk Evaluation: Surface Water

A number of surface water bodies are present on or near to the site which are considered to
represent potential receptors to ground contamination originating from the site.
Contaminated groundwater was encountered within landfill material and also (at one
location) within the Chalk. Groundwater monitoring data suggests that the Chalk is tidally
influenced; groundwater is bracdsh and flow directions and gradients varied markedly. A
twice daily cyde of flow back and forth is expected, however, a ‘net’ flow towards the
Langstone Harbour is likely {though not proven) and groundwater Is considered therefore to
have the potential provide a potential conduit between the site and surface water In the
estuary.

Although monitoring data is unavailable from the River Terrace Deposits and Alluvium
strata, these units are considered to have the potential to be in hydraulic continuity with
adjacent water courses, The River Terrace Deposits in the east of the site, in particular, are
considered to have the potential to provide a conduit whereby contamination originating
from the site might impact the adfacent Hermitage Stream.

Overall the risk of significant impact to surface water receptors is considered to be
moderate (likely / medium consequence inddent),

Summary of Risk Evaluation: Onsite Buildings / Services

Based on the results of the land gas monitoring and the subsequent land gas risk
assessment a high risk to future onsite buildings and services is considered to be present
associated with potential catastrophic damage that might be caused by explosive landfill gas
(methane). In addition, due to the thickness and nature of fill materials across the site,
high levels of setlement are expected which could cause serious damage without adequate
mitigation.

Chemical corrosion by contaminants in soil and/or groundwater is perceived to represent a
low to moderate risk (likely occurrence / mild consequence) to future buildings or
services. An ACEC AC-4 categorisation has been assigned and any sub-surface concrete will
need to be used In accordance with this guidance to guard against chemicat attack.
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10.0 Conclusions and Recommendations

10.1 Condusions

Based on the review of desk study information and the Phase 2 ground Investigation the
following risk levels have been identified associated with potential ground contamination:

» Future site users — Public Open Space — Low / Moderate (assuming site remains
unchanged) or Moderate (assuming space enhancement and increased usage).

» Future site users — Commerdal — High - these risks, associated with land gas, could be
effectively mitigated through the incorporation of appropriate levels of gas protection,

+ Construction workers (during redevelopment of the site) — High risks have been
identified assoclated with both land gas (e.g. explosion risk and / asphyxiation in
excavations) and asbestos fibres. It should be possible to develop working practices that
effectively reduce the level of risk.

« Offsite neighbours — Low / Moderate risks to neighbours have been Identified assoclated
with potential land gases. Moderate risks have been identified assodiated with
potential release and exposure to asbestos during redevelopment / groundworks. The
latter risks can be controlled through appropriate working practices.

* Groundwater of the Superficial Secondary Aquifers -Moderate
+ Groundwater in the deep Chalk Principal Aquifer - Moderate
» Surface Water — Moderate

» Onsite property/buildings and services — High risks to buildings have been Identified
associated with potentially hazardous land gases. These risks could be effectively
mitigated through the incorporation of appropriate levels of gas protection,

The key geotechnical risk at the site refates to volume changes of the landfill material, due
to degradation of organic material.

Consideration should also be given to the type and construction of potential development
which In turn would dictate the type and depth of foundations.

10.2 Recommendations
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Based on limited groundwater data collected to date evidence of suspected impacts to
underying Chalk groundwater has been identified. This is considered to represent a
potentially significant liabllity and in the first instance further monitoring from wells Installed
in the Chalk Is recommended in onder to verify the validity of this result. Engagement with
the regulators is also recommended in order to gain 3 better understanding In relation to
the regulators expectations and requirements.

It is considered likely that Ervironment Agency will request further monitoring f assessment
of groundwater contamination at the site / In the site vicinity. It is plausible also that the
installation of a more complete monitoring network will be required. Depending on the
findings of further monitoring it is also possible that more detailed assessment will be
required (e.g. contaminant fate and transport monitoring). It may be possible to
demonstrate that natural processes of attenuation are sufficient to reduce contaminant
discharges to acceptable levels, preventing significant contaminant loading in surface waters
and potentially negating the requirement for costly mitigation / remediation. Altematively it
is possible that, prior to any site redevelopment,, a leachate capture system or hydraullc
barriers might be required te reduce contaminant transport off site and towards the
Langstone harbour.

Construction Phase Considerations

High levels of risk to potential groundworkers have been identified assodated with land gas
(explosive risk angd asphyxiation) and inhalation of asbestos fibres. Moderate risks have also
been identified to off-site neighbours through potential exposure to asbestos during any
groundworks that cause an enhanoed release of dust / fibres. On this basis consideration,

should be given to a number of precautions during any future construction phase of works
as follows:;

» Of note asbestos containing materials are relatively widespread across the site and any
ground arisings should be carefully controlled to prevent release to the environment.
This includes release of dusts and fibres and prevention of windblown ransmission
beyond the site boundary. Boundary monitoring of dust / fibres may be required during
redevelopment to monitor risks posed to users of adjacent land.

» Use of / availability of personal protective equipment {(PPE) and also monitoring
equipment by greundworkers induding respiratory equipment (if vapours, gases or
asbestos fibres are present) and gas monitoring equipment to test for land gases in
excavations

« Provision should be made for adequate decontamination facilities.
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« Based on the risk of encountering UXO, on-site support induding downhole
magnetometry is likely to be a requirement for any deep piling works (i.e. that extend
beyond the base of the landfill materials).

*» Surplus soils from excavations should be disposed of appropriately and in accordance
with current waste management Jegistation. It should be noted that if shaltow soils are of
poor chemical quality they may attract premium rates at landfill.

In addition to the above it might be appropriate to undertake further assessment of shallow
soil focussing in particular on at@ining further charactetisation of asbestos sources within
the capping material. This information could be used to inform the development of a So
Management Plar which would form the basis for managing solt on site and mitigating risks
of harm to health.

Land Gas Protection

A conservative land gas assessment undertaken in accordance CIRIA C665 has identified,
conservatively, a Characteristic Situation 5. This interpretation, however, is likely to be
overly conservative particularly since the highest gas flow recorded of 31L/Hr was atypical
of most monitoring events and most locations. It is recommended that prior to any
redevelopment of the site that additional monitoring be undertaken, supplemented if
appropriate with additional wells installed at locations considered strategically important in
view of previous monitoring results and also proposed building locations.

Based on current data it is considered likely that gas protection measures required for
future bulldings will need to comply with a Characteristic Situation 3 or 4. As such all
buildings will likely require reinforced concrete cast in-situ floor slab with joints and
penetrations sealed and proprietary gas membranes installed and tested by appropriately
qualified practitioners. Passive venting or positively pressurised buildings with underfloor
sub-space and monitoring fadility are also likely requirements. In ground venting wells /
barriers may also be required,

FOLECTNIICE! RECONMeErids

It is recommended that:

¢ Actual rate of settlement of Made Ground on site should be monitored prior to
development considerations.

¢ For light Industrial / commercial units, the ground should be pre-loaded (following
guidance on BRE FB7S) and constructed on raft foundations, with gas protection
measurements,
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¢ Heavily loaded structures should be founded into the underlying Chalk. With
conslderation to negative shaft frictions due to long-term ground setdement and the
type of pile construction €.g. continuous flight augers with the use of temporary casing
to seal out contaminated water,

+ Excavations within the made ground for temporary works should consider the stability of

the ground and potential ground gas concentration. Man entry into excavations should
be avoided.

« Concrete usad for construction should conform to advice given within BRE SD1.

WY com creative minds safe hands
Havant Borowgh Coundil

Al02760 11/08/2017



Brockhampton West, Havant

11.0 References

» BS5530:1999+A2:2010 Code of Practice for Site Investigations

» BS51377: Methods of Testing Solls for Civil Engineeting Purposes, 1990
» BRE Spedal Digest 1: Concrete In Aggressive Ground, 2005

= BRE F8 75 - Building on fill: geotechnical aspects, 3rd edition, 2015

s CIRIA C574 (2002) Engineering In Chalk

» CIRIA PR11 {1994) Foundations in Chalk

» CL:AIRE (2014): SP1010 — Development of Category 4 Screening Levels for Assessment
of Land Affected by Contamination. Final Project Report (Revision 2), September

+ Erwvironment Agency (2004) CLR11 Model Procedures for the Management of
Contaminated Land. September.

+ NHBC Standards 2006: Chapters 4.2

+ Rudland, D.J., Lanceford, R.M and Mayell, P.N (2001), CIRIA C552; Contaminated Land
Risk Assessment, A Guide to Good Practice, Basingstoke Press Ltd, 2001.

+ Wilson S, S Oliver S,, Mallett, H., Hutchings H. and Card G. (2007) CIRIA Report €665
Assessing risks posed by hazardous ground gases In bulldings July

» Nathaniel C.P., McCaffrey, C., Gillet, A.G., Ogden R.C., and Nathaniel, J.F. 2015. The
LQM/CIEH S4ULs for Human Health Risk Assessment (Copyright Land Quality
Management Limited Reproduced with Permission; publication number S4UI3193)

WAWWLWYE.COm creative minds safe hands
Havant Borough Council
ALDZTE0 11/08/2017



Brockhampton West, Havant

12.0 Appendices

Appendix A Report Conditions

Appendix B Drawings

Appendix C Photographs

Appendix D Exploratory Hole Logs

Appendix E Groundwater & Ground Gas Monitoring
Appendix F Geological Cross Section

Appendix G Environmental Laboratory Results
Appendix H Landfill Forensic Laboratory Results
Appendix I Geotechnical Laboratory Results
Appendix J Tier 1 Screening - Soil

Appendix K Tier 1 Screening - Groundwater
Appendix L Tier 1 Screening Leachate

Appendix M Qualitative Risk Assessment Methodology
Appendix N Updated Qualitative Risk assessment

WAL WY.00M creative minds safe hands
Havant Boraugh Counil

ALGZ760 11/08/2017



Brockhampton West, Havant

Appendix A — Report Conditions
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Report Conditions

Site Investigation

This report Is produced solely for the benefit of Havant Borough Councll and thelr Consuftant pertners. No
liabilty fs accepted for any refisnce pleced on the report by any other party unless specifically agreed in wiiting
otherwise,

Thiz report refers, within the limitations stated, to the condition of the site at the 8me of the inspections. No
warrarly is given as to the possibilily of future clhanges in the condition of the site.

This report Is based on a visual site inspection, reference to accessible referenced histarical records, information
supplied by those parties referenced in the text and preliminary discussions with local and Statutory Authorities,
Some of the opinions are based on unconfirmed data and information and are presenied as the best that can be
chtained without further extensive research.

ihere ground contamination & suspected bit no physical site test results are avallable to confirn this, the
report must be regarded as initial advice only, and Ffurther assessment should be undertaken prior to activities
related o the site. Where test resufts underiaken by others have been made available these can only be
regarded as a limited sample.  The possibility of the presence of contaminants, perhaps in higher concentrations,
elsewhere on the site cannot be discounted,

Whilst confident in the findings delafied within this report because there are no exact UK definitions of these
matters, being subject to risk analysis, we are unable to give categorical assurances that they will be accepted by
Authorities or Funds efc. without question as such bodies often have unpublished, more stringent objectives.
This report Is prepared for the proposed uses stated in the report and should not be used in @ different context
without reference to WYG. In time improved practices or amended fegislation may necessitate a ne-assessment.

The assessment of ground conditions within this report /s based upon the findings of the study undertaken, We
have interpreted the ground conditfons In between focations on the assumption that conditions do not vary
Significantly. However, ng lnvestigation can inspect each and every part of Ife site and therafore changes or
variances in the physical and chemical site conditions as described in this repart cannot be discountad,

The report s fimited to those aspects of land contamination speciically reported on and is nevessarily restricted
and no Kabilfty is acoepted for any other aspect especially conceming gradual or sudden poliution incidents. The
opinions expressed cannot be absolute due to the limitations of time and resources imposed by the agreed brief
and tire possibility of unrecorded previous use and sbuse of the site and adiacent sites, The report concentrates
on the site as defined in the report and provides an opinfon on surrounding sites.  If migrating poliution or
contamination (past or present) exists further extensive research will be required before the efferts can be better
determined,
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Appendix B — WYG Drawings
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Appendix C — Photographs
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TPO7 PifSpoiI — General View

TPO7 Close up of Pit Wall



TPO7 Pit Spoil - Close up of Landfill Material

TPO8 Close up of Pit Wall
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TPO8 Pit Spoil - Close up of Landfill Material

TPO9 Pit — General View



TPOO Pit Spoil — General View
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TPO9 Close up of Pit Base
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TP10 Pit Spoil — General View

TP11 Pit — General View
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Appendix D — Exploratory Hole Logs
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coarse. Gravel |s angular i sub-roundad, fine to coarsa fiint and chalk, (UPPER CHALK
FORMATION}

1350 - 1095 D27 | SPTIS) 13.50m, H=1B (1 34.5.6.4) 1
1250 ja0| 828
- o ST P400m B! Rtwear BEnt pravels. o 147
u
: 14.50 D29 4
- 58 i
= ] e 55 [ e s 15
X P’ =T |1500- 1550| 831
N
2 i :
0] e
) B
B n
T 1+ 16.00 D32 16 -
T "
(T iy ]
T i 4 -1
v 1 [reso-183s| 033 |SPTS) 16.50m, Neds (4,5/7,7,5,18) E
Y I L4 L1650 1700 834
— ]
.] vl’ 1
T .'_: 17
= .M
L 17
™ .'__1 17.50 D35 4
W l'l H
N 1
'l ’]r '_‘: %:%Mm Ubhoiwrin 45 Rucimerymii 18
H :
o ' 1
= I T L-HAL37 | Lidowsw 150 Ranriverys D 3
Ll H |
b= H *
. ‘1 1
L 1] 19
T H
:‘ T '[ : 250 5] 020 | T 19.50m, Hesk (7.70AL15.18) 1
’[I’r %3]
= 20 -
Obmservations f Remasks Chisaling Water Added | Hammer Enfiormation
mmmﬁmm_bc:ltwmmlmryﬁmlmmm Pomim) | Tofm) | Tve i | Aomied | Tedm | Setdmo | EvwgyRato %

e)matedmspemm " n
Whist ciilling beneath landfil macerie In chalk, UKO engineer on ske. = *
On completion BH baddilled / instalfed 25 per graphical log.

Groundwater Froject Number
sur:;. Caging | Seuled | Time | fage To Farvark
B R ] A102760




Lotation Detalls Status Borehole Mumbar
P ¥ Essting: 47010428  Morthing: 1053.57
Location:  Harts Fanm Way Lod:  1054mi0D  Depth:  3500m DRAFT CPO1
. Logger: SN Trpa: =4
Chient; Havant Borough Coumcl i St 3ol
Methad, Plant and Crew Diarneter Casing Dyifling Progress by Time: Scale: pi]
Fram {m)| To {m} Tipe phank e O Depthy] [ [ Deptm| (R Tote Towr Deptn (m) | Casing (m) | Weaker () | Checked By:
e [ [Ty Trailistad Teol D Criling [ Bt [ =)
120 o Cathe Pustiracthan Dl 400 R0 Driling e ] L6 . Approved By:
k1. (L] ] 150
St Darte: 02/0572017
Finish Date: 0470572017
o ] [ Samphes and Testing
0o o | PR iy | b B | o | g Tests { Resalis l
Recovered a5 kght brown /7 white davey / silty sand and gravel of CHALK. Sand s fine s [|© 17 e
coarse, Gravel & engular to sub-roundad, fine to coarse fint and chalk. (UPPER CHALK i s
FORMATION) Lll' X
T S| as |0 ]
T N
o
E_I ’t
T o ot | 240 | DAz | 5PT(S) 20.00m, HeSD 771202, 13,15) 21
T “"j’ 2002150 043 1
T
ol -
i ]’1 - 4
E B B
T ]
s g
. 1| 200 | ow 22
Ll <
[} 1 ]
]vljr L] a0 mon| o5 | seTes) 2250, Mo D 112,12,04,16) 4
i H |
=1 i 23
- i o ]
vl' l-r ’ ..._‘
l'Tl' " »— 250 | 6 ]
T " H
= T (w2 v |srs 2voem, s s 2]
n I
,LI_I‘ R E i
rr S
A e 1
u T _.;: 2500 | D 25
ne, -
|[' LJI : :: 25,50 - 2595 D5¢ | SPT(S) 25.50m, S0 (9,14/50 for 225mm) b
T Lt ] fass0-2600) ps:
'l' l']' T [meo-2000) 8
T - 26
L e
Pe e
']rL]' ]| ww | om 4
2 ; - {H
et s ]
lj T L[] [Rroe 20 B4 | SFTES) 27,0000, 50 (12152 Sor 12wy 7]
- Y ]
T " H 1
T s A
Lk 6358
TlT' Ll moo | ooss 28|
- | . i
]vT[, -H
L ]‘I' + 2t |anm0. e8| D5s | SIS 28800, 50 7,450 for B0man) -
T T i
T -+
TT - 7
T o
1 l" S| s | oss R
T Sy
Ly KA ]
- = 30003045 DB |S93(S) 0.0, 50 (30,4575 for o) 30
Dbservalions / Remarks Chitselling Waler added | Hammer Information
Pricr to sacavation, BH lnation deared of services by GPR / EM techniques, From (%) Toiv] | Teweiwws) | Fromimd | Teqn] | Setalble | Energy Ratio %
Hand excavated pit from 6L to 1.20m by, = =
whilst cilli benesth landfll material In chalk, UXO englneer on site.
On completion BH bsdkfilied / installed a5 per graphical log.
Grouncwater Project Number
ik ul'lhl Shiled | Thma _l_ﬂmh R =
A102760




Location Detalls Status Borehole Number
erofect: & napion an. 47010428 Nuthing  105703.57
Location:  Hiarbs Farm Way Level:  1BS4mAOD  Depih:  3500m DRAFT CPol
Logger: SN Type: [ ]
Cllent: Havant Borough Councll D A4
Method, Plant and Creve Diamater Casing Drilling Progress by Time Sealer 150
From {md| To (m} Type Plack Utad Crenw Degth (o f"! g| Dwem Date Time Depth {(m) | Cory (i) | Water () | Chacked Bp:
[T 3 3 Tt Too O g [ = | e | =
1 3500 Cadba Parcusticn Dt 4000 FO Deiling 1580 200 1580 00 ipproved By:
1] ] 35 150
Start Datz: LAy
Finish Date! D45/ 2017
- Samples and Testing
Strata Deseription lagend (Daptha(m)) Lo | WOXT | TS
oy | L (m)| Backl | g om | Ret Teots { Rusuds
Restivmned a5 Bght brown / white dayey / sty sand and gravel of CHALK, Sand & fin: ko l', i
coarse. Gravel is angular to subrounded, fine to coarse fint and dhalk, (UPPER CHALK - .
FORMATION) T - H
il S
T < H ]
) -
14 T
I s 1
I i = 40 ] 31
=k =
T ~H
j' I.T Sl =
=w, A (a0 -bp0m) pEd W (25,3000 for <emaa) R
lrl' S0t e - 20| 09 EXHA )
LT -
T Al 32
I R
B . o 1
T Z:.;_: 2 | oo 4
7 =, 47
O F =
. o
T o %7 L |33.00-3250 B67 (5P 33.00m, 5O (25,30050 o Toem 33
It ]
| e wy
=={t =t =
G270 N « u
B | g
lr lv - 1
. o 5
- N 34
T Syl
I oy
- :; A7 [p+80-35.00] 80 | 5PT8) 30.50m, 50.(25,35/50 for <zmem) |
™1 -
T =
EOH at 95.00m - Targot Depth Achieved, 50 152488 = 357
36
37
38
39
40 -
Obsrvations [/ Remarks Chiselling Water Added | Hammmer Information
Prior o excavaton, BH location deared of sarvices by GPR / EM techiviques. Foom {m Toim} | Temeimis) | Fomimd | Tofm) | SenmiMo. | Energy Rabio %
Hand excavated Inspection pit from GL to L.20m bgl. HAs 7] 3 05 ™
mnistding hmﬂhnﬁimﬁhmm&wmm#'
completion BH backiilled / | as
! pergraphicallng. Groundvwater Project Number
Sl | Casing | Saalad | Tiewa |Mea T
Ltm | (m | ) | e | e
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Location Details Status Borehole Number
Project: Brockhampion Wast
Easting: Northing:
Location:  Harts Farm Way Lov: Depth:  3/60m DRAFT CPD2
Logger: SN Type w
Chient: Havaat Borough Coundl
Pe Inchnation: $0° Sheet 10f 1
Mathed, Plant and Crew Diameter Casirg Driliing Progress by Time Scales 150
From (m)| Ta (i} Tre Mank toad Crew Depth (my Pt o [ Date Time Depth (m) | Cusing (m) | vrarwr (i) | Checked By:
[T 1M Incprtion B Trondented Vool D Belfng 2im FLo] s =0 DT Dbl 200 1]
0 ] Cabld Percoion Diandiy 4000 RO Drillmg Approved By:
Start Datac 040572017
Finish Data: THHISE0LT
e N Samples and Tusting
Leval
Strata Description iepend | D) Lo | st ot | e T N J
. JMADE GROUND] Grasss over TOPSQIL, 0.05
L [MADE GROUND] ASPHALT X 0.20
MADE GRGUND] Metal, Asphatt, Rubide St
SR ]
SR 1]
& E:S 7 4
S :
% l'll
SR
et 27
.ll 9
l!!
8
=2 ]
2 J
EOH at 3.00m - Obstructon at 2.00m bgl, Unable to progress BH beyond 3.00m . 37
]
4
5-
6
7
8
9
10
Obsenvations / Rermarks Chiselling Water Added | Hormmer Information
Pricr to excavation, BH kocation desred of services by GPR | EM tachniques, Fomgv) | Teimd | Tew g | femie) | Tofm) | SerivMNe. | Envrgy Ratn 9%
Hand excavarbed inspection jpit from GL to 1.20m bol. 200 FX ] =
On completion, BH backfiled with atisings.
Groundwater Projact Number
=l e e 2 s
Al102760




Location Details Status Borehole Number
act:  Brockhampbon West
Pro} o Esstnce  460%R77 Moty 105575.68
Locavon: Marts Farm Way Lewd:  1079MAOD  Cepth:  35.00m DRAFT CPO2A
Logger;  SM Types o
Clent: Havant Borough Council o Sheet 1of4
Method, Plant and Crew Bilarneter Casing Drillirg Progress by Time Sealke: 1:%6
From ()| Fo {m} Topa Pank Used trew D) PO | ot [t fate Time Depth (m) | Carong (o) | Winker () | Chwsckad By:
o T Caths Pecansion ‘Candn #000 D Drflng 758 k-] A5 =
o0k L% Irapaction bt Inudaked Tack R ribing ideh | e | e | e Appioved Byt
ot 150 500 [t
Stk Data: DWOSZ0LF
Finish Cata: 81052007
] Samplas and Tasting
Strata Description Legend |Depth(my Leved | RE | dst)
(mige) | e m Cepn () | Ref Tests § Resaits [
| [MADE GROUND! Grass aver TOPSOIL 010 | 10468
[MADE GROUND] Solt brewn sandy aravelly CLAY. Sand s fing to coarse. Gravel is angular  foos 030 DL
to well roundad, fine o coarse asphalt, brick, concrate and fint. With occasional angulsr ko R
sub-anguiar concrete coblbles. (CAPPTHIG LAYER) 050-100 | B2 .
» o At 20k bert: Fragment of 1%t matal. o
075 B51 | PO ©7%m, 18ppm
R 1.00-3.00 | B3 1
RS -
'-_x_ o, :,_, L
e H
R “
- - 200 | B Wig 2
[MADE GROUND] Saft kack / dark brown sandy gravelly LAY, Sand is fine i coarse, u 210 £S2 |PID 2.10m, 5.1pp
Gravel is angular o sub-angutar fine ko coarse concrete, glass, woad, plastic bags, rigid KRR 1
Plaskir, material & polyshyrens, {LANDFILL) 2 : ]
] ]
LL 3
'-j Ash-480 | 85 |SPTEC A50m, Nede (515577 E
4
‘H 4]
& 460 | EE1 [SPTIC) AStm, He29 {448,700} 1
i 4800 | &7 |pID4%0m, Lipom
: NS
S [ o
B '
Sy -H o k.
NI 4 s i
é: > N
R L]
E_ e SA0-65) | BID |SPTE)&00m N=16(SHIS 2N &
. :P
3 ‘T 700 | D |PID7.00m, .4ppm 74
% = 700 | ES4
e = 1
: L || 7e0-00 | Bas [seics nsom, 47 e or 2zsmem) |
o H
5 in 54
R An
s b 00
SR Q= 850 D14 -
4+
1
2 $PTICH .00, £ (35 for Dy for Gy g -1
oMt oramige birown sighitly sancly siightly gravelly CLAY, Sand is fine I coarse. Gravel (5 | £ pAT=IBIOY 1D 1
anguiar o sub-rounded, fine B coarse fAink, FALLLATUM)
wee | b2 | FD 10.00m, Sapom 10
wer | B
Ohsarvations f Remarks Chiseling Weter Added | Hammer Information
Prior to excavation, BH lomation deared of senices by GPR / FM techniques. Wom it | Totmd | Teowfoie) | Fomim) | Tetw) | SededWo, | Erwgy Rakio T
Hand excavabed inspaction pit from GL 1o 1.20m bgl. ) (7] 7 ROE ™
whist diiling benesth landfill materal in chalk, UG englneer on site,
On completion BH bacidilled / instalied a5 per graphical lba.
Mo groundwater encounberad during Investioation, Groundwater Project Humber
Bilks | Cuving | Besbed | T n::uh .
L2 N R A102760




Location Details Status Borehole Number
ject:  Brockhampton West
Erey Epsting: 46954877 Mot 105575.68
Lacation: Haris Farm Way Level:  1079MAOC  Depth:  J5.00m DRAFT CPOZA
Logger; SN Type: o
lent:
ant; Havamt Borough Councll o500 Zor4
Method, Plant and Crew | ptameter Casing Drilling Progress by Time Scale: 1:50
oo | To o) Tiwe Pt it v (oapthi) P2 Jowpiam| PN | pa Toe | Oepthtor | Cama m) | waterm) | Cheched By
.13 »xm Cibln Farcasalon b, 4000 RO Driflng e S0 T.50 280
o 120 Irapction PR i ot [T ™ e 0 100 e Approvad By:
o0 1= ne0 =
Start Dte: CAS20L7
Falsh Dxabe: [T
e Samplas and Testing
Wb Bt f
Strata Description Legund | Dapth (i) (::M wan)| s | T .
.+ From 10.00m bkt becoming iess gravely and ighter in coka
1050~ 10.95| O |SPTE) 10500, N=13 {4,455,55) b
1050~ 11.00| BXF
11
1200128 B34 | SPTIC) 12.00M, N=25 {4,556,6,7,71 12
Recovered as cream / while slightiy dayey sand & gravel of CHALK, Sand & fine b coarse. 221 T 20 [[# [ asm e 137
Gravel is anguiar to sub-rounded, fine ta coarse chalk and fint. (UPPER CHALK <4
FORMATION) -
= B26 | SPT(S) 15.50m, Nad? (444,445} R
L] |uaso B27
T | [rast-17.00) B
T ]r _{
M o+ o | o 14 -
N H
T ]T T Nl 4
f lT 1 1 PID 14.50m, 0.0ppm "
| I 1
T ]
1 IT I asw | we |srr s, ke gismsse 157
T || |m00- 550 BX:
o9 Is
L ] ]
T 1
T N
T | ta00 | D28 | IO 140G, 0.0 16
T 1| o1em | em 4
T | ]
| H
G 1 |s850-16.95| D32 | SPTS) 16.50m, N=27 (1,1/5.2.74) 1
'] l‘[ — ML 16.50m, 0. 0ppre
i s ]
! Wl PID 17.00m, 0.0ppm 17 -
i 1
£ i
Pl 1 ]
TF 1| vs | om B
T ]
]' t—1
T ||
L lrr ] 100e 950 857 .
nk - T 1
1 l'l B }
il o - 1
T 1]
B l_]' FT | 1900 [Leeos] Ubkwie120 Recowry=0%, 19
E 1 .- 1
13 i 0T hos-1008] 0w |9 1som w0 9910 E
= ", 5] 1950 - 0] B | P10 19.50m, 0.0pem 1
I '.‘-[:
i Xy
AR "t 000 ES6 | PID 20.00m, J0ppnt ]
\ 20
Obsarvations / Renmrks Chisalling Water Added | Hammer Informatinn
Prior to excavation, BH lomation deared of services by GPR { EM tedhnigues. Preitmy | Taim) | Tiow tmined | Fomowd | Teed | Senatbo. | BnergyRato %
Hand excavated inspection pit from GL to 1.20m bol. S @
Whiltst ciilling beneath landfil meberial in chalk, LMD engineer on site.
On completion BH backfilled ¢ installed a5 per graphical log.
No groundwater encouwdenad duriing invest pation. Groundwater Project Number
Il =l el e S
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. Location Detalls Status Borehole Number
Project: Brockhampton West
Easting: 46008877  Nomhing: 10657568
Location:  Harts Farm Way Level:  LJWmACD  Depth;  35.00m DRAFT CPOZA
Logger: SN ;
Client: Havant Borough Councll i
Inclinatiors; 50° Shest 3 of 4
Method, Plant and Crew Diamaber Casing Drilling Progress by Time Scale: L5
From{m) | To m) Tre Phont Used fL-. oepth )] P20 s [ Tew Degth () | Cwsng (o) | Winker () | Chacked By:
[T =0 Gl Parmusdsn ke, 408 D Driliog 750 W | e | B
o 128 nspation Pt Inaidatndt Tooks RE: Dl 100 o0 LT Fl Approved By:
B0 150 =m 150
Stark Daate: 572017
Finish Dt 06405/2017
ot Lo Samples and Testing
Strata Description Legend mmml-:;} toval | mocaw | T S— T
Reoowered as ¢ream [ white sightly dayey sand & gravel of CHALK. Sand is fine o coarse, . e i
Gravel is anguiar te sub-rounded, fine to coarss chalk and fint. (UPPER CHALK 81 <
FORMATION) 5 - 4
N 1 S H ]
119 H
I Hm
T -
I s [31.00-2145] DG |SPT(S) 20.00m, Ne24 (3,4/6.6,66) 214
LK J—4 |2100 - 21501 B4 | PIO 21.00m, O.0ppm
¥ e ]
T +1 i
i H 4
T “H
T hn ]
']l’ .:H 200 | b4 |PIb Z.00m, COpen 22
ol in 1
E P :
T ] [aw- 28] 0ar | Utavrse 150 Resverymstn .
D g
I’PI' "1
=T =Ll 2300 |p# 23 -
U ]' :v—
ll' II ,-._-
T | 2s | os R
T oo 4
i, T ]
'I'KT : 2L, 3R =250 Raccnarymote ]4%
A e 1
T v o
(T - ]
T H
T '
1k n
L ]rl I [amao- s e | seTi 26.00m, %0 (16,1050 e 20y 25
]r ]v .,4-1
T H
. =
rT H R
| G u
T H
! 4 1
> i@ 26
| 1
| Irl' H
Il 1'1‘ L[] [2es0-2805| D0 (sFTes) pnsm, 50312650 fo 150y B
o H
e 1 ]
T 5N 27
u ll :»—4
T 41
vrl, L] s | o R
T - ]
M ]
T =2 ] et R
=
Pl He
T H
) "
T -
EF Ht o200 | et 29—
| »
Wy B ]
L Irr [ [2e50-30.000 863 |SPTIC) 29.50m, 48 (9,15/48 fox 156mm) R
T ] ]
.r Irr H ]
J 20
Observations / Renaarks Chiselting Watar Added | Hammer Information
Prior to excavation, BH location deared of sarvices by GPR / EM technigues, Pomo) | Tofm) | Tenwtows) | Pomfrd | Teim) | Semato. | Crergy Ratio
Hand excavated inspection pit iram GL to 1.20m bgl. s ey
Whilst eiriling benexth bawihl materal In chalk, UX0 enginaer on site.
On comphetion BH bacikfilled / installed 25 per graphical kg,
Ho greundwater encourtered during Investigation. GErorchwaler Profect Number
Sale | Crang | Smiwd | T |RemTo) [y
|_dmb | {m} | i} | qwd
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. Location Details Status Borehole Number
P : Essting: 45008877  Morthing: 10557S.60
Location:  Harts Farm Way Lewd:  I079MACD  Depth:  3500m DRAFT CPO2A
Client: Havant Borough Coundil Lo fpm =
Inchination; S0 Sheet 4of 4
Method, Plant and Crew Diametar Casing Driling Progress by Time Scale: 1%
From ()| To {m) Tipe Pt Useg Crom Depth gy o bt o Tira Desth (my | Cadng (m) | 'Woker () | Checked By:
] B Cobly Parcasion Do 4000 D Do) TE 20 250 T
w0 Lt Tnepaction PR Teibated) Took D Dlimg 1308 20 1300 206 Approved By
Eow 150 .00 [L-3
Start Catay: 440572017
Finksh Date: 0B/05/2017
Samplas and Tasting
RO | e | oty
Strata Description Legema |Depthie el || SRR | L Y e
Reoovered 25 cream / white sightly clavey sond 8 gravel of CHALIC Sand Is fine to coarse. | | e
Gravel is angular o sub-roundad, fine e coarse chalk and Mink. {UPPER CHALK nism) e
FORMATION) = =
1 i = 4
T v o 3050 D64 1
| o il e ]
T A8
']'Fl' :-_.;'»- 3100 - 150 066 | BPTIC) 34,00, 50 (40, L4/SD for L3y 31;
o o
T -
T ] ]
| o .
T g it
‘l 'f - 4
T I T LA om0 | oer 32
e - H
N W =
Jrlr' % ael | es0- ] ey | STOC) ZuSom, 50 25,2045 tor 1Amm) 1
2 EE &
] Il =
T ahd
II'EI' H 33
']' T—[’ - ]
A | ss |om J
I - B ]
| R e
I sk g
B 17 1 34
T TN ]
B o
,1 l“ ': 3450 | b2 4
L L o H
- L]' i
EGH ai 3500w - Targel Depth Achiaved, e | s wo | om i
]
4
36
37
]
38
39
a0
Obseyvations f Rermarics Chiselling Water Added | Hammer Information
mﬁ: excavabion, BHbmumdmﬁofseMu;byGPRfmhednlqms. fromond | Todm) | Teweowwnsh | Fowmg | Torw | Seld Mo | EnegyRato
exavated pit from G to 1.20m
Witilst driling beneath Esndfil maerial i chal, UXO engineer an site. — b
On completion BH backfiled / instaled as per graphical log.
Mo grounchaater snoountared during investigation. Groundwater Project Humber
ﬁ‘l: Castng S: T :lnl;;e [ ——
A102760




Project: I Location Details Status Borehole Numbar
pton Eagting:  470303.30 Northing:  108661,53
Location: Harts Famm Way Levek  B67MACD  Depthc  35.06m DRAFT CPO3
Qient:  Havant Borough Councll R
Inclinztion: $0° Sheet 1of 4
Method, Plant and Crew Diamiecter Ca Driling Prograss by Time Sealer 1:50
Fom {m)| To (m) Tim Flart e Crew Deptr () ot | Depthtm) Data T | Dopth(m | Casing (w) | Warter (w} | Checked By:
.1 (%] Trapwrtion At Tttt T RO Priley 1000 Foi] LT
1% 1] Cobte Marmesson Divdo 4000 O Dl 1480 W00 1400 Approeed By:
Tl ] g
Sar Dt 352017
Finigh Dute: 10052017
Samples and Testing
Strata Description
Bagth () | Ref Tists f Ricdts ]
[MADE GROUND] Grass ower brown slightly clayey gravelly SAMD. Sand is fine to coarse, !
Graved is angukar to sub-rounded; fine to coarse fiint and brick, With frequent rocts and | g | O 1
roctiets, (TOPSDIL} -0t | B2
[MADE GROUND] Orange brown and grey shightly sandy CLAY / SILT, Sad Is fine and osn. 140 | B 1
mediuin, With rere to occasional angular o sub-rommded fine and medium dhalk and flink ]
gravel (CAPPING LAYER) rsr PR 100, 0.3ppm 1]
[MADE GRGLIMD) Black chayey gravelly SAND, Sand is fine to ooarse. Gravel Is very angular | * ' o -
1o subr-rounded, fine to coarse fint, brick, conorete and ghass, With frequent fragments of W et
metad, plastic and material. (LANDFILL) = €2 |FD 140, 0,3pm ]
nu ]
L+
i 2]
‘ L ]
: :§ Z; 250-300 | 80 | SPTIC) 2.50m, 5 (7,080 kr 22%mm) E
o +—4
g '
2 ‘O 34
[MADE GROUND] Ferm o Stff grey f browin sightty sandy gravelly CLAY, Sand Is fine to ' 547 N an | o
course, Graved s angudar bo sub-rouncied, fine b coarse 1l concrete ard iB
M{MGLTYEPJ e “ 350400 | Bil | ST 3.50m, NaBA 20010,43,16,17) 1
'.: 370 B3 |MD3.70m, Spmn
H +
TMADE GROUNE] Black / grey siightly iayey gravelly SAND, Sand is fine to caarse, Gravel e o | i L it
is very angular & sub-raunded, fine lo coarse fint, brick, concrete and chalk. (CAPPING 1
LAYER) '+ 460 E54 | PID- 4.0, 1.0ppe
Hi 5
[MADE GROUND] Firm grey / brown shgitly sandy to sandy skghtly gravelly CLAY. Sand & 3 X7 - s | e ]
fine to coarse, Gravel is very angular to fine to coaese flink, brick, concrate v .:
and chalk, With frequent fragments of metal, glass , plastic and fabric, (LANDFILL} nE
Be GO0 G50 | BIG | SICH 600, O {50 far OmmyD Ror ey 6
_: 7.00 D17 7
Sl L rsmena0 | a0 |spmicy 7eom, Hedd ,398,30,9) -
< . FrOv 280 bals With rars matal gsss, plagic snd fabvk ?{ ]
b 8~
1 ]
Grey/ beown slightly clayey sliphtly sandy GRAVEL, Sand Is fine b coarse, Gravel & sub- 047 [N LT, 1] s-eso ] ez ]
angutar o well rounded, fine to coarse fint, (RIVER TERRACE DEPOSIT) W 1
T LO0-%50 | HEZ | SFTHC) %,00m, e 34 (57185,9,5) 9]
= 1000 <) 10
Observitons / Resmarks Chiksaflng Walker Added | Hammer Information
Prior to excavation, BH location cleared of sarvices by GPR / EM technlgues. Faora Tharm fenir) | Proem () | T D) Sl No. | Esvergy Rtio B
Hand excavabed spaction it from GL to 1.20m bl @ w e =
mdﬁd:mbemﬁihn;ﬂlnﬁw:dhdﬂm“glmonm. 73
cam n BH backfilled 7 installed as per graphical fog.
Goumdwater Froject Humber
ST crw Sald | Tina z.!.nr. —
A102760




: Lacation Detalls Statug Borehole Humber
Poject:  Brockham Wast
pon Enting: 47030330 TWathing: 10566153
Location:  Harls Farm Way Level:  B47meD  Deptht  35.00m DRAFT CPO3
Logger: AW &
Ciert;  Havant Borough Councll P
Inclinaian: $0° Sheet 2 of 4
Method, Plant and Crew Diarneter Casing Drillng Progress by Time Scabe: 1:50
From ()| Fo (e} Tiee Pl Usea Cre Dot tmy 2% [Depnim)| 2™ | e Towe | Duoth{m | Cawea(m) | Weter () | Checked By:
‘:'; a"ﬁ: hﬂolll-:‘u WJW ﬁm m : {233 : Aporoved By
L ] o0 1
Sart Data: DOELT
Finish Date: 10/0572017
. Samplas and Tasting
Strata Description Legend |Depmn ()| Lwwwt | T | nsts
P ™ {mbO0) Ll tm) pepmim) | Ref Tars [ fasits
= SZ 1050~ 1100 825 |SPT(CY10:50m, Hw3d {4,57,78,11) g
« o SN L850 Bl Wit Commimted ooty i, E ¥
114
n& | b '
12.00 - 1250 B2 | SPY(C) TZ00M, Ne 35 £4,0/5,5,10,10) 12
1300 | b 13
L2150~ (00| B | SPTIE) 1350m, Nu34{7,71845,5) 1
Recovered 25 gravelty SILT of CHALK, Graved Is sub-angular, fine 1o coarse fint and 00 | 533 Ry 147
extremaly weak to weak cream white chalk. (UPPER CHALK FORMATION) -
| me | om
j’rl' _: :ssﬁ% ﬁ BPT(S) 15.00m, N=£} [4 455,551 15
i\ -+ i
T i
[ T -+
T ll - :.._ "
Rl 1+
T H
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N g 16 -
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M JH |ieso- 1698 036 SPT(S) 16.50m, N=27 (4,6/6,7,7,7) E
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],J m 1| 00 | o3 17
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el -l
I i ]
) e 1
I B i
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. || {600 1545 o0 ! E
Tk - [1000- 125 00 |20 s, s ot 15 18
LT -1
T H
I T +H ]
T u
il i H
T u ]
-+ 19.00 2213 -1
el - o
B 7D, -+
L N ]
I rr ': 13.-3'% gg CFI{SY 15.50m, Ned2 (4,78,11.11 15 1
II 'Ir ..—‘ ]
T H
“ 2]
Ohsenvations f Remarks Chisellirg Wober Added | Hammer Information
Prior 1o excavation, BH location deansd of services by GPR 7 EM tedniques. Pomiml | Toiw | Tiwiebel | Fromimi | Tedmt | Sl Hn | Enengy oo %
Hand excavated inspection pit from &L 10 1.20m bgl. RS ]
Whilst drilling beneath kandfill maberial In chalk, L0 engineer on site. [
On completion BH tackfilled / installed 35 per graphical log.
Groundwater Project Number
Sykn | Casing | Sellel | Thea m‘l‘o [o—
L R IR e e AlD2760




Location Details Status Borehale Number
Project:  Brockhampbon West
Eacting:  AMONI0  Northing: 10SEELS3
Location: Harts Farm Way Lovet:  BA7MAOD  Dapth:  35.00m DRAFT cro3
Logger: AH Type: i d
Clierit: Havant Borough Councll
Inchnation: 50° Shest 3of 4
Mathod, Plant and Crew Diameter Casing Drilling Progress by Time Scile: 130
From (m) | Ta g Trps Plant thed e Degth (m) 22N ] Dute Time Depth (s} | Casing {m) | Waker () | Checked By:
B[] oen | == | 5 (B R (EE a—"
E Al 150 .00 =0
Start Date: Wfs2m?
Fanigh Dite: 10/052017
st | o | e Samphes and Testing
Strata Description Lagend | Deptt (m) (_l-:l;} vl 0| maacn | oo T E—
Recovered as gravelly SILT of CHALK. Gravel Is sub-angular, fine to coarse fint and o . H
extremely weak to weak cream white chalk. (UPPER CHALK FORMATION) ,rllr '
'Ll'] : 2050 | p#4 1
T e
'I'J'l' XN
Lo i [R0- S0l b6 (sPTIC) 20.00m, Nesd (7112121315 21
ITI ¥ :': 1
| | "
T H i
Pt R
II’ ] 200 | o7 22
B b
u g S
'rl' Lot ] |22s0-25.00) nap (5T 22.50m, He28 (4507,78) .
- e H
T -+ H
.:-" 23 -
I e
|I'['T il
|V -] s | pso i
\di ,..:__*1
T O
L WoE B
| Iy s J]
£ [T L0 5 | 0T B et 450,30,15 2
s, T
T R ]
ol ) o 1
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: LI' T ..‘": %00 | Ds3 25 -
| e e o
= :._.;:
IJ' oo - [2550-26.00] BS5 |$TIC) 25.50m, HeS4 (8/10,12,18,1% 1
i BE ]
1
g sl s 't
T ue, = 26 |
LT e ]
S ok ]
450 4 1
T 1| 2650 | pse e
) & -
i . H ]
0 - ¥ ]
I'TT :'-,:: 2700 - 3250 MAE | SPTEC) 27.00m, 50 (9,150 Ko Z25mm) 27
O [ WO &
I SR
W) s “ ]
| ]
u - IV b4
T [l -’.—-
- - 28.00 D59 28
T 44
TI u
T ’r]' |t 2050 Jand| BRL | SPTIC) 20,50, 509,120 for 105mm) B
1 ..”:
R | “H .
e | 29
T |
oG i £
0.8, T s | oe E
| %
| o
P LD ]
] L3000 22,00 BES | SPTIC) 10,00m, 50 (25.,50/50 for PEmmi 30
Obsenvations / Remarks Chisalling Waber Added | Hammer Information
Prior bo excavation, BH focation deared of services by GPR / EM techniques. Promieg | Ta(m] | T (i) | Fromim) | Teim) | Selaibio, | Emergy R
Hand excivated inspection pit from GL to 1.20m bl "5 ®
'Whitst driling beneath landfil maberial in chall, UXO engineer on sibe, "D
O complition BH backfilled / instalbed as per graphical log,
Groundwaber Project Number
Srike | fadng | Seded | Time | R To Famada.
A102760




» Location Detalls Status Borehole Number
Prect: o Bxfing: 47020330  Mohing: 1082418%
Location!  Harts Farn Way Level:  B67mAOD  Depth:  35.00m DRAFT CPo3
Type: o«
Client: Havant Borough Council
Inclinaticn: 90° Sheet 4 of 4
Method, Plant and Crew D Dwiling Progress by Time: Seohe 150
From(m)| o (o) Ties Pt Uned pepthimy P Dute Tow | Deth(n) | Cuag (m) | Wote gn) | Checked By:
(7] 20 Tupaston L Tradund Tochs wen |
120 mo s Purrasusion ks 4008 o M Apormand By:
i | Start Cate 05/0572017
Finish Date: 1040502007
Samples and Testing
mln D!s: nbie" [
g Lovel ()| B2 | Py | R Tasty  Fradts l
Recovered as gravelly SILT of CHALK. Gravel is sub-angular, fine to coarse flint and %
extremely weak to weak cream white chalk, (UPPER CHALK FORMATION) '_ :
_'— 31 ]
] SHTIZ) $160m, 0 (50 for J6mand for amm) 1
N
=] 32
s
T3] faon-suso| B [sericy 3n.00m, 50 25,2000 for 2 33
= ]
=
--_.:'—- E
W o 34,00 Dé8 34 -
B 1
“E 3450 35.00] §0 |SPT(C) 3450, 50.(25,32/50 for 4rom) 1
EOH a135.00m - Target Depth Athieved. 3 357
36
37
38
1
39
a0
Ohservations / Remarks Chiselling Water Ackded | Hammer Information
Privr to excawation, BH lomation deared of services by GPR / EM techniques. P [} | Tofm | Tegwed | Fomiw) | Yol | Sedl Mo, | Enepy Retio %
Hand excavated inspection pit from 6L 4o 1.20m bgl. ) ET] = DS )
Whillst drilling beneath lndfil materdal in dhalk, UX0 engineer on she. AD
On £om) BH backiled © nstaled &
phetion i per graphical jog. e
Stk | Cowing | Samber) | These 3&1\.
R M T A102760




Location Details Status Borehole Number
Project:  Brockhampton West
Exsting:  470011.9% Horthing:  105660.84
Location:  Harts Farm Way tevel:  10S2mAOD  Depthe  9.70m DRAFT CPD4
Loggar: SN Type: ja g
Chient: Havant Bo Council
ouph Inchintion: 90° Sheet 1 of 1
Methiod, Plant and Crew [ameter Casing Drifling Pragress by Time Sl 150
From{m}| To (m} Troe Plant Used Crew Depth () ('::? [“r::' Dote Time Depith{m) | Caciog {m) | Weatar (m) | Chacked By
T L Thapetion PE Traudetad Toch O Delitng w2 15 = [T
10 ET ] Catla Parcmalon Tmade 4008 O il Approved By:
Start Dot 115052007
Finst D 195/017
radis Samples and Testing
Strata Description legend |Dwth() Lo | W | Dl
[ =] Level (m)] | iaci Danth () | Ref Tatts: [ Rt
[MADE GROUND] Grass over soft ght brown sandy gravelly CLAY. Sand is fine o coanse.
Gravel is sub-angular to well mounded, fine to coarse fint. (CAPFING LAYER) A . mu:.m z
'S -
X
e 05 | €1 |PIDssom, ozpmm .
25
o
2
: 0. s
& E U a% | o |semeason v omane
. SN |
e ik 4
S Ejx 3
2 ‘:‘r-«-.
i ek 2
[MADE GROUMD] Soft black / whiite / grey mottied sandy gravelly CLAY. Sand &5 fine to G A o o e Bl g b b ]
coarse. Graved is angolar bick and flint. (CAPPING LAYER) :'-': K
e 3
=%
O = .
o m
[MADE GROUND)] Black slightly clayey SAND & GRAVEL. Sand Is fine to coarse. Gravel ©0 N Y]] 2| 28 TSRO S S0 B 4R0 b Adiin) 1
sub-rounded, fine to coarse metal, giass, wood and occasional flint. With paper and 4
material. (LANDFILL) 8 - H ]
3 H. 4
2 '._'_‘ ~
:"*- 450 ES2 | SPTIC) 4.50m, 50 (7,9/50 for 225mm) R
'._** 450-500 | 811 |PIO A.50m, 36.1ppm
: }
: “H3 5]
ot H.-
B o 8 3 BLY | SPTIC) 5.50m, Mt (3915, 10,41, 1) ;
P
o
PR 67
.Q.:-l} A
o ) ;
o 3=
%E: 3 | s | s | sere manm, med a577An 7
iy ]| Pee-Rae | w6 |PI0 200, $7.300m
u“:. o : -
X § "
B oy 4 :
: 8.00 D17 8
Soft 10 fiem brown sity CLAY. (ALLUVILM)} 32 Ho|Boee | e
J g
L F ] D19 | 5ATS) 520, fadd (34455
EOH at 5.70m - Targat Depth Achleved, =
W0
Obsarvations / Ramarks Chisalling Water Added | Hammer Informalion
Prior to excavation, BH loction deared of services by GPR / EM technigues. raan (k) Tafm] | Tioweiming | Memipey | Toim) | Seneimo. | Envergy Aao %
Hand excavated Inspection pit from GL ta 1.20m bk 58 e [ W05 P
Dn complction BH baddfilled / nstallad as per graphical Jog.
Groungdwater Profect Number
o | Cusing | Sulad | Thre: | Ros To P
N R A102760




Lovation Deatalls Status Borehale Nunnber
Project: Brockhampbon West
Easting: 47012258 Nodhing: 10550456
Location: Harts Farm Way Level:  S.S6mMADD  Depthc  1195m DRAFT CPO5
Loggers AH Types L=
Client: Hava
tent nt Borouph Councll o Sheet 107 2
Method, Plant and Crew | Dameer Casing Drilling Progress by Time Scaer 150
From (m) | Yo {m) Trpa Plant Lssl Crive pooth () PR™ | puyary| DUm Dak Time Dapth (| Casing [m) | Wabwr {m) | Chatked By:
ETE] == | == = [~ t"1" sooroved o
Start Date: O8AS/2017
Finish Date; A0S 2017
patsd Semgites and
Srata Description Lgenct | e n)l  Lews) | e | dref T
(WD) m ooptn gy | Rer Tests / Retts
+[MADE GROUND| Gra3s over TOPSOIL, 4 010 | 946
[MADE GROUND] Soft to firm dark bvown skghtly sandy sightly gravelly CLAY, Sand i fine | Est [PID0.20m, 0,000
o coarse, Graved is Bnaular ko sub-reumded, fing to coarse chalk, flint and bridk. (CAPPING L
LAYER) [ 1
a
%
[MADE GROUND)] Soft 10 firm greemish grey sigitly sandy to sandy sightly grawelly CLAY, 152 g = 17
Sand Is fine t coarse. Gravel is angular ko sub-rounded, fine and madium fint and betck, (53000 W4 | Ublomtad Racorvarys 100%
(CAPPING LAYER) :
: 2
3 ES? | 9T 200m, Me18 (22135,57) 2
oerere D5 |FID 200m, D.0pom
- ’
R 4
E bW = 05 Retvery= T3 3
SR
o %
[MADE GROND] Black slightly sandly gravelly CLAY, Sand Is fine to coarse, Gravel Is e 00 - | PETUE L00m, -T2 (GLANIA971) 47
Wﬂnammmmnh polystyrens and metal. With frequent paper and wood :"" FAD 4200, 2.0py0
ments. {LANDFILL) Satases
2Tty -
2
%
‘,ﬂsmmmmmm : DL |STIChS 0l Nm06 63,105) 5
msmmmmﬁmwmmmmmmmmm et
3
o : EBt | D 400, Lippm 6]
3
: ST S50M, Mo (LIBA21) |
11 7
SETC) 800w, Mu i 7 (5R4 364 8-
! '. B
X
& " 3
% H. 9-
S Rk 1
§ é§5 9.50 .08 ".:'::.' 458 EE | BT .50m, Maid {554,458 1
[MADE GROVND] Black / dark gney dayey sondy GRAVEL Sand |s fine to coarse, Grovel is i 1 | 91000 | BB [P0 Ss0m, O30
very angular o sub-roundad, fine to coarse fint. With fragments of wood, metal and & *YHe
plaslic (LANDFILL) ~H* 1
. 19
Ohservations / Remarks Chiseling Water Added | Hammer Information
Frior tp exccavation, BH location dheared of sevvices by GPR / EM technigues., Pomwl | Tuie) | Tioeimied | Panged | Tofwd | SemaNa | Enargy Rado
ﬁmﬁtﬁ'ﬂﬂla—hl Ztlmhﬂ :-.: g : e &
On completion BH beckfiler] / installed a5 per graghical kog.
Groundwater Projedt Bumber
o | T | | o || Pare
LE R B O A102760




Locktion Datails Status Borehiole Number
Project:  Beockhamgpton West Bating: 47002259 Worthing: 10550466
tocation: Harts Farm Wey Level:  9.56mADD  Depth; 10.95m DRAFT cPos
Logper: A e
Chient: Havant Borough Councll - SheatZ of 2
Method, Plant and Crew | Diameter Casing Drifing Progress by Time Seate: 150
o mp| o (m) e Pt Used oo [pen) N ] 20 | pe e | Dwotr m) | camg (o | water () | Chiackad By:
I ChnE Fareg ==ty RO Dy il i - Aporoved Bi:
Start Daiar veps2017
Finish Date: fe/UsZ07
Strata Descripti "o re B T
2 ption i == ST ) [V Tets f Reum T
At 9,580 b Lo pce of et

Recovered as aeam § grey white gravelly SILT of CHALK. Graved is sub-angalar to sub-
rounded, fine and medium extremaly weak chalk. (UPPER CHALK FORMATION)

11.50

EOH at 11,98 - Target Depth Achieved,

11.95

-2.39

SPTIS) 11.50m, N="30r (4 52,7, 780

1
11

12

13-

14

16
17
18
19 -
20
Obsenvations / Ramarks (hiselling Woter Added | Hommer Informmbion
Prior in escavartion, BH kacation cleared of servicas by GPR / EM techniques. Fom(m) | Tegw) | Toe(oou) [ Fesn ) | Terd | Seimte, | EegpyRae %
Hand excavated inspedtion pit from GL o 1.20m bol, Ty Py
On completion 8H backfled / installed as per graghical g,
Groundwater Profect Number
Strike | Cosing | Sesled | Time rﬂh fr—
A102760




Location Details Status Barehole Number
ject: Brackhampion West
P BEwting:  F70206.36 Northing: 10577554
Location: Harks Fanm Way vk [240mAC0D Depth: 1L00m DRAFT CPO6
S MH+ENY
. Laggen Typs =4
Oiert:  Havant Borowgh Coumcl! =
ph Inclinstion: 807 Shest 1 of 2
Method, Plant and Crew ] Diameber Cadng Driling Progress by Time Scale: 150
From gmy| To () Tipe Plank Usad Criow Depth (] " m Dat Time Dapih () | Casing (m) | Wster () | Chacked By
Ba| &mn | | eem | e e Sopcedor
Start Darte: 1052017
Finish Daze: 15017
Samples and Testing
on e Chepith () Ref Tams | Reus
[MADE GROUNDT Grass over soft ight brown sandy gravelly CLAY. Sand is fine to coarse., 3
Gravel {5 angular to sub=rounded, fine to coarse Aink and brick, (CAPPING LAYER) o wa.wim '3.2
::: of | es1 [M00.5om, bapm 4
2
e
- 1-
e ! 0
o ®| w2105 | v
K -
o ¢ y
: S| o |
: 2 2
& .::“ o
Brateed Wl
U IO -
X2 = ]
[MADE GROUND] Black / multi-coloured siightly diayey SAND & GRAVEL. Sand is fine o e 20 ook | B | o Siany S for Shaes)
coarse. Gravel Is angular to sub-rounded, fine to coarse brick, plastic and wood. With s
pleces of carpet. Foul / rotten type odour noted. (LANDFILL) -
; 3]
:- 350400 [ B# | SET(C) 3.50m, O (5O for Omenfll lor O} g
% X :: 4]
o | 4500800 | ba3 | 5PTE .50, b 5t for Smampl or o) R
$ S| 500 | Es3 |pIps.0om, 7.3ppm 5
SRR »
,a: :: SPTECH S.50m, O {50 for Z5menfD for Smm)
e 5
O 2
BB ! P
%
3
: ]
S *| 700 | Bs4 | SPTCY2.00m, 50425 for SOMSO for 0mem) 7
B0 | 700-760 | Bi4 | PID 200m, 49pem
R
RS ]
6@! S
% a—
4
E 950900 | 916 | SPTICHS50m, 50 (35,2075 br 47w 1
o xl)( ;
l' |
é 9—
Recovered as cream white [ brown sandy GRAVEL. Sand is fine ko caarse, Gravel Is very
anguiar o sub-rounded, e to coarse ik and occasional weak white chalk, (RIVER SPT{C) 5.50my 50 £8,12/50 for J0min) R
TERRACE DEPOSITY 1
W
Observations / Remarie Chiseling Water Added | Hammer Informalian
Prior to excavation, BH location cleared of services by GIPR / EM technigues, Fomin) | Telm} | Tere gune) | Fem(m) | Telr) | Senalin, | Erergy Rafo %
Hamd excavated inspection pit from GL 1o 1.20m bol, i [T [ ey =
On completion BH backdillad [ installed as per geaphical kog.
Groundwater Project Number
st | cuva [ st [ Yiew [tuseT Je—
- ERE A102760




Location Details Status Borehole Number
P ) Easting:  4700206.36 Morthing; 10577584
Location:  Harts Farm Way Level: 12400400  Depth:  110Om DRAFT CPO6
SN AHESHY
Logoer Type o
Client: Havant Borough Cou M
mel Indinstion: 90° Sheet 2 of 2
Method, Plant and Crew Dlameter Casing Drifing Propress by Time Seale: 153
From (m} | To te) e Pk ised e Dot oy (oo |wpnie| PO0 | pee Tree | Depinim) | Casing () | Woter (m) | Checkad B:
[T 124 Inpaction ML et Tkt RO Dwlfing "noe 150 10 150
1% 1l ™ Do 4axm KD Owling Apprewid By:
Start Data: LLOS2017
Finish Dt 1140572017
Samples and Testing
Strata Daseription
hef Fests | Raiiits

Recovered as oream white / brown sandy GRAVEL. Sand i fine to coarse. Grawel is very
anguiar to sub-rounded, fine to coarse fint and accasional weak white chalk. {(RIVER
TERRACE DEPQSIT)

EGH at 11,00m - Targel Cepih Achived.

ST 1070w, & (5 for Oy for Drven)

11

124

13

14

15

16

18

19

20
Obsarvations / Remarks Chisalling Wabar Added | Hamrner Information
Prior to excavation, BH location deared of services by GPR [/ EM bechniques. Pum(m) | Taim) | Towgee | Aomim) | Todw) | SeciMo. | Enamy Batio )
Hand excavated Inspection pit from GL (o 1,20t bl pres =
On completion BH backdilled / installed as per graphical log-
Groundwatar Progect Humber
o | [ e
A102760




Project: Brockham Lacabion Détads Status Pit Number
! Eacting: 46006453  Horthing: 105680.10
Location:  Marts Farm Way Level:  11.07WAOD Depth:  340m DRAFT TPO1
Logger: SN Type: TP
Client: Havant Borough Councl
Shestlof 1
Hole Information Groundwater Scale: 125
Pit Dimensions Ovlentation:  * Strike (m) Ressa Ta {trs) After (mins) Remarks Chacked By:
Sharing: Hone Approved By:
G50m |copity:  Stable Start Date: o3yus/2017
3.60m Pant: BT Tracked | Frish Datez 0052017
e Samphes and Testing
Sirata Description Lagand | Depth m) s’
e T e PO Tests / Results l
[MADE GROUNDY] Grass over firm orange / light brown shightly sandy slightly : W
grevelly CLAY. Sand s fine bo coarse, Gravel is angular © welt rounded, fine to g R
coarsa flint, chalk and sandstone. (TOPSOIL) : )
) 7 7
[MADE GROUND] Soft dark brown siightly gravelly sandy GLAY, Sand s fine to - e i [ i 7> B - i
coarse, Gravel is angular to sub-angular flint and brick. {CAPPING LAYER) R R L
: S ]
gil 25 om B | PmaTOom, 0.3ppm
b 7 0 oz
SR Y 0.
[MADE GROUND] SHff white slightly gravelly CLAY. Gravel Is angular to s~ [acns ¢ | 1047
anguiar, fine to coarse flint and bridk. {CAPPING LAYER) % 5 1
< i'lt: g M 1.30m, 0.3ppm
110
[MADE GROUND] Lanctdl waste, SAND & GRAVEL. Sand i fine to coarse, Gravel T
is angular © sub-rounded, fine to coarse glass, matal, wood. With frequent
plastic sheeting, food tins, house hold deaning products, material, plastic and R
wires, Slight rotten type odour ngted, {LANDFILLY
« - BetrrEan 2.20m and JACRTEDE FRONE SR IS70.
% % 190 B | PID LS50, 30ppm
NG 1w D4
R 1% Es4 21
el 3 4
% 77
o 90
s 7 X 7,
S 1
Q; : o, \4'/ ,\\
B N
s 7S 3
» SN
EOH at 5.40m - Target Dapth Achieved. 340 [ 7.67 : 5 [ o[yt 7ppm
kX ] it
4
5]
Observations / Remarks
Prior to excavation, trial pit lnation deared of services by GPR f EM technigques.
On completicn trial pit backdiled wih arisings.
Mo groundwater enoountened during Investigation,
Project Mumber
A102760




Project: 8 Location Details St Pit Mumber
Fockiampion West Easting: 470136.24 Northing: 10572430
Location: Harts Farm Way Level:  9.5ImAGD  Depth:  3.60m DRAFT T™HO2
Logger: SN Type: TP
Client: Havant Borough Coundl
Sheat 2 of 1
Haole Information Growindwater Sede: 1%
Fit Dimensions Odentation:  © Sarike (m) RoseToim) |  After (ming) Remaris Checked By:
Shoting:  Mone Approved By:
I:|u.sum Stability: Stable Stark Dot 10052017
4.00m Plant: 8T Tracked Finish Dabe: 10/07/2017
o e Samples and Testing
i | P e [watm B om| per Tests / Resuts r
[MADE GROUND] Soft brown slightly sandy slightly gravelly CLAY. Sand is fine to R
coarse. Gravel i angular to sub-rounded, fine to coarse fit and chak, With SR xR
oocasional inon pipe and concrete kerbstone, {CAPPING LAYER) B N
. . Betwgen . 30 and 0.50m bol: Lighe brown it evilour. R 7 ]
3 : N .
R, 27
e’ ‘I
SR AN
IMADE GROUND] Light grey siightly clayey shohty gravelly SAND. Sand isfine bo [acassd 0 | /
ooarse, Gravel is sub-rounded to rounded flint. Clay s observed as pockets / Sy 18 | B | P08, Bipem 1]
kenses, (CAPPING LAVER) RS < 100 ESL
% 7 ¢
X 5 Z 4
/\ 1
170 | 781 2
[MADE GROLMND] Soft light grey / black / white mottled sandy gravelly CLAY, X SN2
Sand is fine to coarse. Gravel is angular to sub-angular, fine to coarse chalk, fint 3 Z
and occasional brick. (CAPPING LAYER} : 2 Y
2 = N 2
NN
’ 20 | B | r1o20m s
: | =
[MADE GROUND] Black / grey / mult-cooured slightly clayey sandy GRAVEL. 3 240 | 711 AR
Sand is fine fn coarse. Graved ks angular to sub-angular, fine to coarse glass, % 7 1
wood and plastic, With frequent plastic bags, glass bottles and dokh / matesial,  [223052 Y
{LANDFILL) Rennas A
P N
3 é- o 3 R
o N ]
s N ?
s 2
e A
0 7 2
e N
. S % PID 3.50m, 13.9ppm
EOH at 3.60m - Targel Depih Achieved. = 360 | 591
4
5-
Observations / Remarks
Prior o aucsation, trial pit localion deared of services by GPR / EM techniques,
On completion trial pit backiMied with arsings.
Ho groundweater encountered during investigation.
Project Number
A102760




] Location Details Pit Number
Project:  Brockhampton West
47008583  Northing: 105670.83
Location:  Harts Farm Way M24MACD Depth:  3.40m DRAFT TPO3
- i
Clent:  Havant Borough Coundl ik T W
Sheet Lof 1
Hole Information Groundwater Scabe 126
Fit Dimensions Orientation: ° Siriica (m) Resse To {m) fear (rins) Cheched By
Shoring: None: Approved By:
l_:lm Siablity: Slable S4are Dage: 8/052017
400w Mant: BT Trocked Finish Date: 052017
Sirata Description e | Gepthim} | el | YRET | pgy e
tmaogy | Lo () Dapth (m) Tests { fusults l
[MADE GROLND] Grass and topsoll over soft light brown sandy gravelly CLAY. ;@ ¢
Sand is fine o ooarse, Gravel is angular to sub-angular, fine to coarse brick, &S 7
concrete, sandstone, chalk and Hint. Occasional fragments of 25mm pipe. % SN
{CAPPTNG LAVER) 3
A
E 0,40 R | FBOA0m, Ddppm
3 ot | =
X N i i
: Y
070 | 954 R,
[MADE GROUND] Seft pink / light red mottled grey sandy gravelly CLAY. Sand is G
fine to coarse. Gravel ks angular to sub-rounded flint, (CAPPING LAYER)
‘ 1
7 7,
X 120 B2 | FD L300, Dipem
S j . ) o2
0 10 | =
[MADE GROUNLE] White firm crumbly siightly gravelly CLAY. Gravel is sub- | |y 2
angular to sub-rounded, fine and medium flint and chalk, (CAPPING LAYER) ]
[MADE GROUND] Soft orange mottied grey sandy CLAY. Sand & fine to coarse. LE 1 B N7
{CAPPING LAYER) R
& 7 140 B FID 1.80m, DUpem
\ 180 [
522 R "
7 2
[MADE GROUND) Black clayey SAND & GRAVEL. Sand is fine to coarse. Gravel s O %)
angutar to sub-angular , fine bo coarse glass, plastic, metal and wood. With 2 NN
fraquent plastic, mikrowave parts, plastic bags, ling, foam, whole tyres, feod DR TN
mixer parts {Kenwgod). With moderate rotten type odour, (LANDILL) S 2%
; N
s
§ : % 4,/\
X .'\"’ 00 B | M0, 17.200m 34
X > NN 00 [+
:4 & 340 L] -
B G
N0
EOH #t 3.40m - Targel Deplh Adhieved. 340 1y B '
4
5
Observations / Remarks
Prior to excavation, trial pit lntion deared of services by GPR J EM tedhnigues.,
On completion triad it bacidiied with arisings.
No groundwater enoountered during investigation,
Project Number

A102760




Location Detais Status Pit Number
preg EAKhSRORINMASE Easting: 47010740  Morthing: 10563854
Location:  Harks Farma Way Level:  9.92mAOD  Depth:  3.30m DRAFT TPO4
Lopger: SN Type: TP
Client: Havant h Councll
Boroug Sheet 1 of 1
Hole Infarmation Groundwater Scalle: b B
Pit Dimensions Orientation; *© Strike {m) RosaTo(m) | A (mins) Remarks Checkad By
Shoring: None Approved By:
I:I“-‘”’" subty:  Stable St Cam: Wi
4.00m Plant: 8T Tracked Finish Date: 5017
redrd | e Sameles and Testing
Srsta Descripion Legend | Dupthind | e || BaaM Dupth (| Ref Testx / Results
[MADE GROUND) Grass over light brown TOPSOIL, A
G % 7, g
[MADE GROUND] Soft Right brown sandy gravelly CLAY. Sand is fine to coarse. S, 0 | a7 L ]
Gravel s angular ke sub-angular, fine to coarse flint, brick and chalk, with
occasional glass and breeze block. {CAPPING LAYER) :
[MADE GROUND)] Soft to firm mottied grey / pink siightly sandy skohtly gravelly il e 3 ]
CLAY. Sand Is fine to conrse. Gravel Is angular te sub-rounded, fine and medium S el il il
flint and chak, with occasional brick. (CAPPING LAYER) RN s R [
3 N 1
7 ! ]
TMADE GROUNDY Very soft grey / white sandy gravelly LAY, Sand s fine to 5% o
eoarse. Gravel is angular to sub-rounded, fine to coarse flint and brick, With S s e - i
accastanal full bricks, (CAPPING LAYER) o L3 B2
S :
R >
: N
:
e R, 2
0NN
G
: o G
2 5 3 / 7 A R
o & h 4
v’s % 7 4 R
§ % 3
R 3 % ]
R X ]
T |
300 | 692 R4 3
[MADE GROUND] Black / grey / brown slightly clavey SAND & GRAVEL, Sand is
fine to coarse. Gravel is angular by sub-rounded, fine to coarse slate, metal & : &
brick. With plastic sheet and material. Rotten type odour noted, (LANDFILL) &
EOH at 3.30m - Target Depth Achieved, 3 | e in | by | MPE T ]
330
]
1
4
4
5
Obsenetions / Ramarks
Prigr to excavation, trial pit location deared of services by GPR § EM technlques.,
On completion bisl pit backfilled with artsings,
o groundweater encountered during Imeestgation.
Project Number
A102760




» Lozation Detailks Status Pit Nurnber
e Bton Easting: 47021362 Morthing: 105659.69
Location:  Harts Farm Way Level:  1262mAOD Depth:  3.10m DRAFT TPOS
9 Logger: SN Type: TP
ent Hava
Cli nt Borough Councll 1of1
Hole Infermation Graundwater Seale 15
Fit Bimensions Orentation: * Stk {m) Rose To (m) Htar (wins} Rewaris Checkad Byt
Shoring; None Approved By:
l:l“‘"' Sublity:  Stable Start Date: 10052017
420m Prank: BT tracied Fwish Dake: 05,2047
s Samples and Tusting
Sirata Desoyiption legend | Deprnimd | Lewe | VORTO | gy
ma0c) | tm Deptth {ra)| Ref Tests / Results
{MADE GROUND] Grass over ight brown sandy gravely CLAY, Sand is fine o
coarse, Gravel Is angular to sub-angudar, fine to coarse fink, chalk and brick. %
With occaslonal cobbles of cancrete paving staby and whole tyre, (LANDFILL) %
s 2
SRR N 1
e
o N
R : 7
> : 5]
R N 100 | Bt | PID1.00m, 0.2pm 1
7 1,00 DL
5 ; .00 ES1
% : o N 1
- 140 | 1122 N 1
[MADE GROUND] Black SAND & GRAVEL. Sand is fine to coarse, Gravel is . 7
angulat to sub-angular, fine to coarse wood, glass and metal, With frequent 3 o 1
plastic bags, carpet, material / doth, paper, tyres, plastic bottes and rain macks. ] N
With Incinerator ash / cinker, Ashy / burnt type odour noted, {LANDFILL) Z
A ]
LR 1
R 2]
B )
o 5 240 B2 | MID240m, SEppm
3 3 20 D
240 v 4
15 < %
:u : 7
R X
LR
AR 1
% : % 3
ECH at3.16m - Target Depth Achieved. 2o 18z e - | i ]
3.10 ES3
4
]
5-
Observations / Remarks
Prior to excavation, trial pit location deared of services by GPR f EM tedhniques.
On completion trisl pit backfiled with arisings.
e groundwaber encountered during Investigation.
Project Number
A102760




” Wi Lecation Details Status Pit Mumber
et phon Eadfing: 47023794  Morthing: 10573212
Location:  Harts Farm Way level:  1299mAOD Depth:  3.10m DRAFT TPOS
Logger: SN Type: TP
lent:
Cllent; Havant Eorough Council 101
Hale Information Groundwater Scale: L
Fit Dimenstons Oventation:  * Strika {m} Rose To {m) After (s} Permrks Chasked 8y:
Sharing: Hone Approwed By:
I 050m ciabily:  Stable St Data: 10/05p2007
4.00m Plant: 8T Tracked Fnish Date: 24{072000
Sampks and Testing
Strata Description legend | begthiod | Low | VR pgm
onaogy | Lo Degth ()| Raf Tesie / Results T
[MADE GROUND] Grass over soft light brown slighthy sandy CLAY. Sand is fine bo % 5
coarse. (TOPSOIL) o) 7
JMADE GROUNDY] Orange shightly gravelly SAND with pockets of clay. Sand is fne [gocesy 20 | 127
to coarse. Grovel is angular to sub-rounded, fine to coarse filnt, {CAPPING R 2
LAYER) S X
::'::: : Z .50 B1 | PID0.50m, 0.0ppm -
v 0.50 ]
"E::é‘ 05 23]
[MADE GROUND] Soft slightly sandy gravelly CLAY. Sand is fine to coarse. gravel iy 080 | 1248
ds anauiar b stib-anaular, fine to coarse Aint, brick and chalk. (CAPPING LAYER) / X 0% | 1209 ]
[MABE GROUNDY] Black / mubli-colowred SAND & GRAVEL. Sand is fine to coarse, B 1
Gravel is fina to coarse of lndfil waste, Including; plastic bottles, Grmer bags, 7 1
baoks, wood, carpet, material, food wrappers and magazines. With foul / robten 5
type odour, (LANDFILL)
% 1
R ]
: % .00 B2 PID 2.00m, 2.3ppm Z -1
0, ¢ 200 D2 |
RN PN 2,00 ES2 j
! : & /
B % E
20 E Gk
o Y 37
3.10 9.89 3.10 B3 PID 3,10m, 5.0ppm
EOH at 3.10m - st Depth Achieved. ;
e $ o
4
5
Ohservations / Remarks
Prioe to- excavation, trial pit location deared of services by GPR f EM technigues.
Onmmion Malmhadd'llul with arisings.
rocmdweter enocuntened duting investigation,
Project Number
A102760




Location Detalls Status Pit Mumber
Project: West
Erockhamefion Easting: 470129.00  Northing: 105625.04
Locetion:  Harts Farm Way Level:  9.73mAGD  Depth  3.30m DRAFT TRO7
Logger: SN Type: T
Havant Borough Coundil
et Sheet 10f 1
Hole Information Groundwater Scale: 1:25
Pit Dimensions Orientation: ¢ Strike (m) Ros: To {m) Alar {ming) Ramaris Thecked By:
Shoring: Nore Aporoved By
:]m Sty Stable Start Doke: 090572017
2.00m Plant: 8T Traded Finksh Dite: 1070512017
e~ Samples and Testing
Strata Descrption legend | Dethim} |t |vovamy| M Dapth {m)| Rat Tests / Resits ]
[MADE GROUND] Grass and topsoil over bight brown slightty clayvey slightly
gravelly SAND, Sand is fine to coarse. Gravel is angular to sub-angular, fine to %
coarse chalk, flint and brick. (CAPPING LAYER} RS 2 3
R A
2 5 05 N 1
S A ]
N
R »
o /
. S 10 | 87 1
[MADE GROUND] Orange / light brown sightty gravedly SAND. Sand Is fine to 0 2
coarse. Gravel is sub-rounded, fine and medium fiint, (CAPPING LAYER) R A
+ JFrom 1.2 it Becoming prey ir cokr R 7 ;ig gi FID 2.2005, 0Lgipm
E : 7 \‘/ 120 | est
:: ‘I &7
5 . i
N
. Fram 2.00m bgl: Bacomiag clayey, darker i caber and with brict gravels. R R, 2]
R R
: X
;h; 3 AN
%" 7 & L5 .r] PID 2,50m, 0.2ppm 4
S | w
2 N 25 ]
7. X
[MADE GROUND] Black / dark grey sightly clayey SAND & GRAVEL Sand is fine 270 | Al
to coarse. Gravel is angular to sub-angular fine to coarse wood, plastic and %
metal With bulkding materials, paint ting, wooden beards, insulation, crushed R
petral can, shoes, cardboard and phone books. Rotten type odour noted. 3 N 54
{LANDFILL) RIS
: %
E0H a1 3.30m - Tarael Depith Achieve 330 | 643 w0 | & | P33 S5p0m
3.30 ES3
4
]
4
1
]
5
Observations / Remarks
Prior to excavation, tial pit loction cleared of services by GPR £ EM tedhmigues.
One comptetion trial pit backilied with arsings.
Ho gromndwater enpounterad duing ivestication,
Profect Humber
ALD2760




Project: Brockhampbon West
Location:
Cliant: Havant Borough Councll

Harts Farm Way

Location Details
Easting: 47024297
Level: 131mAOD  Depth:
Lagger:  SH

Northing: 105676.06
3.20m

Toe: TP

DRAFT

Stetus Pt Number

TPOB

Sheet1of 1

Hode Information

Groundwater

Scale E:25

Orientation: *

Pit Dimensions
Shoiog.  None
[ oo o e
4.00m

Strke {m) Rege To (m)

After (mins}

FRemarks Chichad By:

Flant: 8T Trackad

Approved Byz
Stant Datas
Fimich Ciaher

105207

Strata Description

i)
d

Pl
Viatar
Depth (m) Lend Levad )

Sam ples and Testing

Depth (w)| Ret

Tests | Recults ]

[MADE GROUNDY] Grass over soft Boht brown sandy gravelly CLAY. Sand is fine
to coarse, Graved is angular to sub-roundad, fine to coarse fint, brick and chalk,
With large boulder of concrete (1,00m x 0.75m). {CAPPING LAYER)

RO

oy

2

el

s

[MADE GROUND) Black slightly diryey SAND & GRAVEL, Sand Is fine to coarse.
Gravel is angular ta sub-angular, fine to coarse concrete, wood, metal, brick,
glass and plastic. With plastic bags, dloth, foam, a bike and incinerator type ash,
Slight rotten type odour noted. {LANDFILL)
WLMW}MM}W “wden”

1.00 0.1

BRCBGNG O B side of B s, Latter Oaterf

NS

R,
o

EOH at 3.20m - Targe! Depth Achieved.

3.20 8.11

’4V\\‘

VA

SN NSO pSAAODIED

N

SN
R

U

N

%
X

S
X

N4
X

Z4

TS

S

N
N

W

Q
&

S

NN
2 %
SO TS A

2

D
N

R,
> >\\\
A
N2

VAR
N

N

%
N

N

v,/§¢\ N
S

RGG
S
NZIN

2N

¥
S

o
2
Y

DD

§~/§§
0

N4
2

A

G
A

S

SN

3.20 B3 | PID 3.20m, 11,5ppm

=
]
pe=

PIC 0500, 0.5ppm g

62 | PID 2.30m, 72.7ppm

Observations / Remarks

Pricr 10 excavation, trial pit location deared of services by GPR [ EM tachnictses,
On completion trial pit backiTled with arisings.
reundwater enosuntered during investigation,

Prsact Mo
Al02760




Location Defails Status Pit Nurmber
' Brockhaungbon West
Project Exsting: 4720512 Worthing: 105637.00
Location:  Harts Farm Way Level:  BI7MACD  Depth:  4.00m DRAFT TPO9
logger: SN Type: TP
Cllent: Havant Borough
Gomncl Sheat 1 of 1
Hole Information Groundwater Scale: 1:25
Pit Bimensiong Orientation:  © Stribos (M) RosaTa{m) | After(mins) Remas Chacked By:
Shorng: None: EE ) Y] L] Approved By:
I:i 80 | stebitty: Stable Stirt Dt 10052017
4.00m Plant: 8T Tracked Finieh Date: 1082007
S o e | oo | 2 | e | o Samphes and Testing
L tmiop) | e Depth {m)| Ref Tests / Results
| [MADE GROUND] ASPHALT, 005 | &dz
[MADE GROUND] Crange / brown SAND & GRAVEL Sand Is fine to coarse, R 2
Gravel is angular to sub-angular of sandstone {TYPE I ROADSTONE SUB-BASE).  [3555 5
[MADE GROUND] Vary dark brown / black SAND & GRAVEL. Sand Is fine to B 2 ) 7 N
coarse, Gravel Is angular to sub-rounded, fine and medium fAlnt, brick and X T2 1] oa ] oo Oppm
Louasional chalk, (CAPPING LAYER) 2 050 | 787 7 o | = ]
[MADE GROUND} Soft 't Arm light brown slightly aravelly CLAY, Gravel (s angular [0 7 | || S—
to sub-rounded; fine to coarse fiint, and chalk. (CAPPING LAYER) 'Eﬁ S A
3 Z at
- . 0T £1.40m Doy Bacomig extay, % X
+ 48 4,00 b9k PavEg stove R N 3
SRS
e
b
/v/
S5 200 B3 | PID 2.00m, 0.5ppm 2]
% 2,00 D3
2.00 ES3
o G
o 350 | se7 X% 1
[MADE GROUND] Soft mattled grey brown gravelly CLAY. Gravel is angular to R
sub-angular, fing to coarse brick, chak and fint. With accasional packets of fing e 7R
ko coarse sand,. With black roctlets and staining. (CAPPING LAYER) e >
Shanry N A N
o 7
e >
- 70 3
&N
7 ’,/‘
% 2
0N ‘f/
[MADE GROUND] Black slightly dlayey SAND & GRAVEL, Sand &s fine to ooarse,  [ooiios] >0 | 7 ]
Gravel is angular to sub-angular, fine to coarse wood, glass, plastic, metal, brick, :
flint and breeze block. With material, (LANDFILL} DR
Z 2 ot B | P10 L8O, IKSppm ]
o v DM
% NZ N a0 | e
, N7
EOH ot 4.00m - Target Depth Achisved. S0 | A by
5]
Observations / Remarks
Pricr to excavation, irial pit location deared of services by GPR f EM techniques,
On completion trial pit backflled with arisings.
Project Number
A102760




Location Details Status Pit Number
oz Beockianion Waet Eagting: 47015597  Northing: 105668.17
Location:  Harts Fasm Way Level:  9.94mAOD  Depth;  3.40m DRAFT TP10
Logger: SN Type: TP
Llient: Havant Borough Coundl
" Sheet L of 1
Hate Information Groundwater Scalat 1:28
Fit Dimensions Orlentation: = Sne (M) Roze To {m) Aoar {muns} Resviarks Checkand By:
Shating:  None Approved Bz
[: 060N ctaity:  Stable St Gate: S0
3.70m Flani: 8T Trader Finish Dgte: 9052007
hed " Samplas snd Teding
= Gl S B e T Rl PO 8 Tasts / Resuhs
[MADE GROUND] Soft ight brown sandy gravelly CLAY. Sand is fine bo coarse. - 3
Gravel is angular to sub-rounded, fine to coarse brick, flint, concrete and 5 4
occasional asphalt, (CAPPING LAYER) N
% N 7 ]
SR
[MADE GROUND] Orange SAND & GRAVEL 5and & fine to coarse, Gravel Is ol R
angular to sub-angukar, fine o cosrse brick. Oocasional fragments of metaland i 75 @ | 8| pDven Liow
pottery. {CAPPING LAYER) e DAY 0w
e 7
{MADE GROUND] Brown slightty dayey sohily gravelly SAND. Sand s e to [ Lo - % 3
ovarse. Gravel is angular to sub-rounded, fine bo coarse fint, brick and chalk. -
(CAPPING LAYER)
N
Y
0N ]
.-\\ 5
%
: R, 2
2 A 1
R R :
RS I
AR % ]
< S0 2,500 B Bocomig grey i cakou, S KA 1 | g | oo .
A %27 B ]
R 2
205 R N
: & 34
x SN 1
” S 1
o o
N
[MADE GROUND] Dark brawm / grey siightly dayey SAND & GRAVEL. Sand is fine [scesy ~ | &™ %
to coarse. Gravel s angular to sub-rounded, fine to coarse glass and plastic, With 724 I B2 | oty 17 tgpn
fastic material, €ans, rope & sunalasses. (LANDFILL. 340 5,54 SN 30 | e
EOH at 3,40m - Targed Depth Achievad. ]
e
5-
Observations / Remarks
Pricr to axcavation, trial pit location deaned of services by GPR. / EM techniques.
On completion trial pi backfilled with arisings.
Ho groundwater enoountened during Investigation.
Project Number
A102760




Location Details Satus PFit Number
Project: Erockhampton Wast
" Eatting: 47000226  Northing: 10564745
Locstion:  Harts Farm Way Level:  10.57MAQD Depth:  3.70m DRAFT TP11
Logger: SN Type: TP
Client: Havant Borough il
oo Sheet1of 1
Hole Information Groundwater Scale: LS
Fik Dimenstons Ovientation:  * Strika (i) Fise To {m) After (mins) Remarks Checked By
Shoeing: None Approved By:
060 |ciatiity:  Shaie Start Bate: 031872007
#,00m Plant: AT Tracked Firish Diate: 52017
Srats Descripton Ugemd | bepthim) | L | T pany 2R e
fmadc) | Lot Depth (m}| Raf Tests / Results
[MADE GROUMDY] Grass ower TOPSOIL. Light brown slightly sandy dlay.
7% '/
[MADE GROUND] Soft ta firm light brown / orange skightly sandy CLAY. Sand is e ff 103
fine, With occaslonal ceramic pipe. [CAPPING LAYER)
0.50 Bl PID 0.50m, 0,2ppm 1
0.50 3
@ 0.50 ES1
X .
[MADE GROLUND] Firmn white / black / grey sandy gravelly CLAY. Sand is fine to sy 070 | 9
coarse. Gravel is angular to sub-anguiar, fine and medium flint and brick. %
{CAPPING LAYER) ety
O o 0
% 1]
L0 B2 | D Lam, Lom
s | & ]
[MADE GROUND] Black / grey / white dlayey SAND & GRAVEL, Sand 3 fine t el i
oarse. Gravel is angular to sub-angular, fine Lo coarse wood, brick, metal and 1
ceramic. With plastic sheet, material, paper and wire. Occasional boulders of
concrets, Moderate rotten type odowr noted. (LANDFILL)
R S 2 E
R
S
o 250 B3 | PID 2.50m, 21.0ppm
250 D3
205 250 ES3 R
o AP 2.70m Bzl ek herry fyre A darpe mstad shet {1.50m fong). % : B 1
[MADE GROUND] Black / grey / white predominantly household waste, Induding : 3 | na 33
tin cans, bottles, yoghurt pots, food containats, booke, washing up liquid and T, || 5 | P eomen
ghass. Foul odour noted, (LANDFILL) EXT I
R
a5 ]
EOH a1 3.70m - Targe! Deplh Achieved. 3.7 1687
45
]
1
1
5
Observations / Remarks
Pricy 1o exacavation, tial pit location deered of sarvices by GPR f EM techniques.
On comphetion trial pit backfilled with arisings.
No groundvwater encountenad during Investgation.
Project Number
A102760




bocation Detafls Status Berehale Humber
ect: Brockbampton West:
Frel Easting: 4700M239  Momhing: 10572325
Location:  Harts Farm Way Level:  10.26mAOD  Depth:  Z70m DRAFT wso1
Loggar:  AH Typa: WS
{lient: Havant Borouph Councll
Inchnation: 5" Sheet 1 of 1
Method, Plant and Crew Dlameter Casing Groundwater Seale; 125
From (o) | o () o Plack e o ot ) (0 |Deptn(my| (M | %4 | Ok | Smot | RetaTol o Rumein Checked By:
(-1~ ] 130 Inspeaction Fit Trnahumied Tamd PO Drlng 120 Wi
120 L7 | Dymerek Windouda Sxwpiing Corzpatiter Dot PO Dy ] -4 Approvad By
Start Date: 1852017
Finish Date; WS
Strata Description Legend (Depth () levm | VOO | Wt/ e
(mamy | Ll 03| ool | o i | R Tesks { Rt
[MADE GROUND] Grass over TOPSOIL TN
7
020 | 149
[MADE GROUND] Firm grey sightly sandy gravelly CLAY, Sand is fine to coarse. Gravel i X
sub-anguiar oo sub-rounded, fine to coarse chalk and flint, {CAPPING LAYER} s
R
s ]
l‘ X 2
2 ]
XK
S
Ill &
I
5 1
120-186 | Bl | SPTIC) L20W, N9 242230
[MADE GROUND] Firm brown slightly sandy grawelly CLAY. Sand is fin t coarse, Gravel | a7 4 i ]
wery angular t sub-rounded, fine ta coarse fint, brick, concrete and rare chak, {LANDFILL)
]
b
2 P 200, Nl 2 (33423 2
Tatel
B
0 ¥
% %
2 ‘s
. A 2l Bl Piastic s, ok
- Eirtwoan 2450 and 2.50m bal Red brick cobbe. 3 T ]
« - Betyieen 2. 504m ao 7,550 bxpl: S5 ek oot g
EOH at 2.70m - Refusel at 2.70m bgl, ] 270 | 78 Gl il S
3
44
)
5—1
Observations [ Remarks Samping Funs Hammer Information
Prior tn eswavation, BH location deared of services by GPR / EM tethniques. Frow g} | To¢m) i SeldNe, | EnergyRatio
Hand exgavated inspection pit from 6L to 1.20m bgl. 1 i o 1o AT =y
On completion BH backfiled / installed 25 per graphical log. 10 g e i il
Nao groundwater encountered during Investigation,
Project Number
A102760




i Status
P : Location Details Barehole Number
" Excling:  459420.28  Nething:  105564.08
Location:  Harts Fasmn Way Level: 10.57mA0D  Depth:  S00m DRAFT WS02
Logger:  AH Tipe: WS
Client;: Hawval
ient; nt Borough Council R Sheet1of 1
Method, Plant and Crew Diameter Caging Groundwater Scale: LIS
rom ¢y To (o) Tes hort Usaa O Desth iy Lut ol Bl il el i ) — Lt By
e w0 Dyt Wmiostom Sampiag mm gm % IE Appreved By:
12 T Sar e 0B/IS2017
Fintst Date: 09052017
Somphes snd Testing
Ref Testa f Reninn
{MADE GROUND] Grass over TOPSUIL g N
TN
&
[MADE GROUME] SHI brown sightly sandy gravelly CLAY. Sand i fine bo coarse. Gravel ks
angqular to sub-rounded, fine to marse fint, brick and concrete, (CAPPING LAYER)
n.l 1
3
Bose
B | ST L0m, i3 222347
[MALE GROUND] Cark grey f black GRAVEL, Gravel is anquiar b sub-roundad, fine to L3
coarse flint, brick and concrate. With frequent wood fragments. (CAPPING LAYER} 8
[MADE GROLIND] Firm grey shohtly sandy gravelly CLAY. Sand s fine to coarss. Grval & 3
very angular 10 sub-rounded, fine to coarse fiint, conarete and brick. (LANDFILL) x
5 EPT(E) 2,00m, M=14 C3,413,543) 24
%
:
« o AL 225 Dol WRH Gorsad poslyetyrene fagment 3
1« Betomen 2.35m and 2.60m bgi: Wikh rraguent very angulr Sagrnants of nyd brick.
NO RECOVERY aw] 300 | 5 SPTIE) 3,000, Me35 (45/7,6.41,10) 3
- -
-
L)
LI
4
LI E
5 ]
L) 1
B
L
» 3 5
MADE GROUND] Firm grey sliahitly sondy grawelly OLAY, Sand s fine to coarse, Gravel & HOLE7 OOSEM L 1B | 3D 00w =21 e 511767) 4
yery angquiar o sub-rounded, Aine be coarse fint, concrete and brick. (LANDFILL) 1
. - Between 42X and' 220 bat Recovered ss sud-angular comcre concate gravel,
« « A A GO gt Fiastic Bops.
EGH 8t 5.00r - Target Depth Achieved, il E e et 57
Observations § Remarks Samgling Runs Hammer Informabion
Prior to excavation, BH location deared of services by GPR / EM techniques, P o) | To i) | Dk ¥ Ruarts Sl Mo | Eney Patto %
Hand excavated Inspection pit from GL lo 1.20m bl R T e T s =
On venipletion BH baddiled / Installed as per graphical log. il 4 »
No groundwater encountered duwing Investigation. wo | sa0 - =
Project Number
Al102760




Location Detalls Status Borehole Number
el B phamWest Eadting:  960945.66  Morthing: 1085033
Location: Haets Farm Way Lest  1LO7MADD  Depthc  3.00m DRAFT WS03
Logger; AH Type: WS
Client:
Havant Borough Council cination: 90° Sheet 1of 1
Method, Plant and Craw Diameber Casing Grotndwater Seales 1:25
Fran )| To ) Typa Pk Used crew Desthm) oo [Depthcmy| (2% | T | e | cad [ Raere] T Rasats Chedosd By:
L0 ] P e | | ¥ Amorved B
SRt Db 01052047
Finish Date: O/05{2017
Somples and Testing
Srata ? Foaf Tasts j andE J
MADE GROUND] Grass over TOPSOIL. 4
[MADE GROUND] Firm orange bronen stightly sandy gravelly CLAY. Sand ke fine to coase, X
mxmmmmmmu,mewmmﬂmmmmmm»m PR
LAYER) s
S
: Y
81 | SPTIC) L20m, MeB (222.2.2.2)
1
1
4
(MADE GROUND] Fiem dork brown slightly ssndy gravelly CLAY / SILT. Sand is fine 1 g ]
aarse, Graved ks sub- to sub ded, finke ta coarse fling, chalk and brick, With rare
fragments of burvt wood J charcoal, (C‘APPING LAYER) 3
.
[MADE GROUND] Saft to firm dork grey 7 brown gravelly CLAY, Gravel s very angular i S R L T =
subroundled, fine to coarse fllnt, with rere chalk and brick. Yith cocasional wood
fragments. {CAPPING LAYER)
& i ]
R85
+ « Betwecn 2.85m and 2 58m Bl Ciarse gravetd sive pocket of B o codrse brown sand E
‘I...:l
. Between 2,65m and 2.90m Dot: Fragment of concrets,
EDH af 5.00m - Refusal at3.00m by, 002 fr 8.0 SPTRYL00mED LAY o ) 3]
4-
5—1
Observations § Remarks Sampling Runs Harnmer Informmation
Prior to excavation, BH location deared of services by GPR / EM techniques. from () | Tolw} [Ctam (o) Becomey | Ramaca Serite. | Ermgy Rato %
Hand excavated inspection pit from GL o 1.20m bgl, S ] o AT 5
On completion BH baddilled / installed as per graphical log. w | | W |
Ho arountened daring | i
groundwater Ing Inwestigation. Project Humber
Al102760




jt:  Evockhampton West Location Datails Status Borehole Number
Eating: 47006226  Nemthing: 10588265
Location:  Harts Farm Way Lot 1LOIMAOD  Depth:  <00m DRAFT WS048
Logger:  AH ;
Clierwt; Hawvaart Borgugh Council e W0
Tnclination; 90* Shast10f 1
Method, Plent and Crew [Rameter Casing Groundwater sl 1:25
Frons ()| To (e Tpe Ponk el trew peon | D oepngno] Pom | vme Toums oot [mante] o P Checked By:
o 13 | Dy ivaowdecs Sumoling Trteiatad Yook AD Driling L0 0 —=1
Lm 400 | Cyvoeic Wi Saniing Compator Curt PO Erilieg ﬁ g Approvad By:
00 - Start Date: DA0512017
Finksh Dt 0052017
e Fadurad be=s e Taasting
Strata Description Legend | Depth (m)|  Laval
ment Depthim) | et Tests ] Resaits
[MADE GROLIND] Grass over TOPSOIL. N %
7
[MADE GROUND] Soft to firm arange brovn slightly sandy shghty gravelly CLAT, Sand & .00 {101
fine to coarse, Gravel is sub-angular to sub-rounded, fine to coarse @int and brick. P 3
(CAPPING LAYER) ]
?:::::% ]
e
AR
{MADE GROUND] Crange brown mottled erange fine and medium SAHD. (CAPPING LAVER) e |
PR
RS 1-
: 120-130 | Ol SPTC) LM, W= (544,555
e 1
[MADE GROUND] Soft to firm grey mottied brown slightly sandy gravelly CLAY. Sand Is fine el 1 136200 | e ]
to coarse. Grave! is very angular to sub-rounded, fine to coarse flint, chalk and bumnt ash
type material, (LANDFILL)
O RECOVERT = 200 | 9.0t ST 200, He15 {34145, 2
-
w g
- -
-
" = 4
L
L]
LR
- L
- -
PO, SPRE) 2.00m, Ne? (143,222 3
- =
L]
L]
L
L - B
L
-
L -
-y Ny
- o H
EOH at 4.06m - Target Depth Achieved. 400 | 701 SPTIC) 4,000, 50 H,7/50 for 24w 4
5
Observations f Remmarks Sampling Runs Hammer Information
m&wm&n,mhc;?:nmfdmoflmwm;mmm Foorn {oo | Tor {a) | Diaon {arwe) ¥ Rermnks Serial Ho, | Enwrry Raio %
Y s m s
On completion BH badkfibed  installed as per graphicat . w7 | Y siiit) (e
No groundwater enauntered during investigation, ’
Profact Number
Al102760




Location Details Status Borehole Humber
T Brockhampibon West
Frgjed: 47002068  Norhing: 10857203
Location:  Harks Farm Way W72mA00  Dapth:  300m DRAFT WwWsos
Logger: M
Cient: Havant Barough Council
Sheat 1¢f 1
Method, Plant and Crewe Coanveater Casing Groundwater Scalg: 1:35
From (i) | To {m) Fipe Pand Usad Crane Deptn oy et pon] . Parartn Chackad By:
[T] f] Tooagmer oo PRt Irmyistad Took RD trting 1 1ol
E] T80 | Oy Wndmkess Sending Cometiar Durt [y ﬁ g Appraved By:
Start Dam: Byvs/2017
J Finish Date: 05017
_ Sameles and Testing
amta Ral Ttz § Rl
[MADE GROUND] Grass over TOPSOIL.
[MADE GROUND] Brown dayey gravelly SAND. Sand ks fine bo coarse. Gravel & sub-angular
to sub-rounded, fine and medivm #int, chalk and brick. (CAPFING LAVER)
5
R
: 1]
P | 9O LD, N=8 @321 1
[MADIE GROUND] Soft to firm orange brown shgtty sandy sightly gravelly CLAY / SILT. | ) o ]
Sand is fine and medlum. Graved I5 sub-anguiar to sub-rounded, fne and madium fint and |
brick. (CAPPING LAYER) ]
[MADE GROUND] Witite gravelly SILT of chakc, Gravel is sub-ahgular & rounded, fing 1o 180, 312 i
coarse, flitvt and extremely weak white chalk, (CAPPING LAYER)
v SEwEEn L 75 anc 1.50M Egl: POckat of dvvem fne o cosrse sand,
[MADE GROUND} Firm to stiff derk grey saghlly gravelly CLAY, Gravel is angilar o sub- 15 1 | e 1zl e ]
rounded, fine and medium flint and chall. (CAPPING LAYER) E" SPTS) 2.00m, Nmid (3,22,2,3.9) 2]
l& XX
[MADE GROUND] Fragaments of 30rm thick. plyboard. (LANDPILY 2 Rl s (i
2iim bl Rafiseaf dhae to pidoons sithough WS nsehad 300 R ]
]
-
EGH et 3.00m - Refusal at 3.00m byl e | n72 SPTIC) 3 00m, 50 025 for 2emySD for 17} 3
4
5
Observations f Remarks Sampling Runs Hammer Infomtion
Prionlc"h excavation, BH lo@ton mofsﬂ'\ﬁﬁb{ GPR / EM technlgues. From gmt | Tofw} | Dtm fan v feri Sutsi Mo, | Energy R 4%/
Hand excavated inspection pit from GL 2 1.20m 1o 20 [ 100
OncotmleﬂmBHbaddiﬂeda‘lmlledaspugaphtalbg. e | o = el B
Ko ndwater encountened du Profect Numt
grou rng inmvestigation.
A102760




Location Details Status Boreholle Number
Project: Brockhampton West
Exsting:  47005L70  Morthing:  10S635.00
Location:  Harts Farm Way 1098MA00  Oeplc  5.00m DRAFT WSo6
Client: Havant Borough Council Tew WG
Indination; 50° Sheet10f1
Method, Mant and Crew Groandwarter Scale: 128
From {m) | To (m) Type Plant Usad Crew e Jhose Yo Hamarta Checkad By:
[T 1z Encpaction Pt Traluated Taob. D Crilng
L20 500 | Dysasikc Windoshss Sumpleg Compatter Dat. 0 Dxifng Approved By:
Skt Dinbe: Ws07
Fnesh Doke: 00572017
Sampes and Tasiing
Strata Description
Capth () Raf Tests | Rezadts
[MADE GROUND] Grass over TOFSOIL,
[MADE GROUNG] Grange brown sightty gravelly fine o coarse SAND, Sand is fire 3 ]
coarse, Gravel is very amgular to sub-rounded, fine to coarse flint, (CAPPING LAYER)
4
]
RS
£
% 17
: Ul amee | | 5o Lon, Neis QL8
[MADE GROUND] White and brown siightly Clayey slightly gravelly SILT, Gravel Is anguiar 1 [l R
a‘_n;;-)mmded,ﬂnehmﬂhtwwh Silt Is connminuted putty chalk. {CAPPING
EFTYCT 2.00m, B=11 (237133 % 2“‘
[MADE GROUND] Brown slightly sandy clayey GRAVEL. Sand I fine o coarse. Gravel & M0G0 &
very angular ko sub-rowded, fine to coarse fint, concrete and bk, {CAPPING LAYER)
« Betvowan 28007 2t 2700 b Fsd roc brock, :
[MADE GROUND] Blask Clavey GRAVEL. Gravel Is anguiar to sub-rounded, fine W 0arse HOIHR| 1A SRRy Me i) 37
flint, brick and concrete, With fregquant wood and plastic, (LANDFTLL) 1
Se 3
M S
2 SPTE) 4.00m, Ped (2,33433) 4-
o
&
EOH &t 5.00m - Target Depth Achieved, SPTIC) 5.00m, Neld {2,33,34,5) 5
Ohsenations / Remarks sampling Runs Hammer Information
Prior o excavation, BH location deared of services by GPR |/ EM tedhnigues. Pren i) [ y Romaia Serial Mo, | Energy Rao %
Hand excavated Inspection pit from GL to 1.20m bal. 130 = i AT po
On completion BH backfilled / instafled as per graphical log. 7y 5 2
o groundwater encounbered during investigation. e -] 0
Project Number
A102760




. Location Dataile Status Borehole Number
Project: Brockhampton Wect . o "
Location:  Harts Farm Way Laved:  1012mACD Dapth;  3.00m DRAFT WwWso7
Logpger:  AH Type WS
Client; Hawant Bo ncdl
gy Crts Inclinatian: 50° Swetiofl
Method, Plent and Craw | otameter Casing Groundwater scabe 15
From ()| o () Tipe P sz O own (n) S [oageainy| DT | Su [ g [ded R T f— Chackes By:
.00 L2 Irspaction P Ietuiter] Tach D Dwlling 120 1ai .
1.4 | Dyveme M angping Ciottmnititzr Dart R Delflang ﬁ g Approwed By
Start Date; 10052017
Flnish Dete: 52017
Strata Desaription Legond | Deptn (riY Ll || MR | oot hes
(i | L ()| Back | | e Tosts f Rl
MADE GROUMD] Grass over TOPSOIL. 1T
{MADE GROLMD] Soft tor firm brown sightdy sandy skghtly grawelly CLAY. Sand is fine 0 Ll
ooarse. Grave Is very angular to sub-rounded, fine to coarse Aint, brick, conarete and ash,
{CAPPING LAYER) <
: 1
o
8 o
oL | 1200 | B | STER L20m, e 22300
3 i
S Sl ]
R i';-5 Y
[MADE GROUND] Flrm to stiff greenish brown / gey slihtly sandy slightly gravelly CLAY. oo A || G j':.: o T
Send is fine to coarse. Gravel iz sub-angutar to sub-nounded, fine to coarse flt, (CAPPING  [S2555%0 e o
(AR s He
R H- $PTIC) 2.00m, Re14 (3,432 2
[mneaaouun] ST gray slgwygmvely CLAY 7 SILT. Gravel Is subrounded, fine to fsosy =0 | ™7 Bl Bk R
coarse chalk, (CAPPING LAVER RS 2y
[MADE GROUND] Dark brown / Dlack sightly gravelly chiyey SAND. Sand s fine 2 coarse,  focning 2® | 7% - g ]
Gravel is very angular to sut-rounded, fine to coarse Mint, brick Bnd concrete. Withwood S
fragments, (LANDFILL) S
R
S
EGH ot 3,00m - Refusal at 3.00m bl 1 w00 | 712 SETICH 200, 50 [E.9750 ke 298] 3
1
4
5
Obserations / Remarks Sampling Kuns Haarwmer Information
Prior to esacavation, BH location deared of services by GPR | EM techniques, fromgm) | To(m (oL y Rmwris Sota Mo, | Energy Rato %
Hand excavated inspection pit from GL £ 1.20m bgl. [ 7 3 DARTMA I
OnmmpleﬂmBHbadd'ﬂedflmﬁIedasmrwm i |l ] (e
Nog:wmaherenmumeredmmhvesu
Project Number
A102760




Location Details Status. Borehole Number
ek $ Easting: 47017228 Morthing 10574196
Location:  Harts Farm Way Lival:  14.21MAD  Depthc  400m DRAFT WSO8
Logger:  AH TypE WS
Client: Havant Borough Councl
' = Inchnation: 50° Sheet 1 of 1
Methad, Plant and Crew Diameter Casing Groundhawater Scale: 1:25
[From ¢ | To tmy Tee P Usea Grew Dot ) 4 LNl e B i S Bomarin Chacked By:
[Ty i [ =1 Tl stac] Tack PO Drifing 1 W0t ==
L2 00| Dy mmping Dot b briling 0 3 Apprevedd By:
e & Start Date: 104052017
Firush Date; 10/05/2017
el N Sarnpies and Testing
Laval
Strate Description e oo (m) Lo | 0T | g = e e T
[MADE GROUND] Grass aver TOPSOIL, Z
[MADE GROUND] Grange browin sightly grovelly to gravelly SILT. Gravel is anguiar to sub- [ 0 | 141
ounded, fine to coarse fiint, brick and slote. With coastonal rooticts, [CAPPING LAYER) S5
3
R
'{ o
% 3
‘ BL | SPTICH 1.20m, MeiZ (343,32,7)
[MADE GROUND] Brown skghily clayey sandy GRAVEL Sand Is fine b comse, Gravel 15 5= [ 1286 -
very angular to sub-rounded, fine 1o coarse fiint, chalk, brick end concrete, (CAPPING
LAYER)
SPT{C) 200m, M=13 (354,452 27
. Bt 2. 18ns and 2.30m Bkt Full rad brick, S H
[MADE GROUND] Firm £ Sif brown slighily sancy gravelly CLAY. Sand &s fine to coarse,  [oianny >0 | 19 Kl =
Grawel 5 sub-anguiar to sub-rounded, fine to coarse Aink. (CAPPING LAYER) : 4[: "
:‘E:‘ 250400 | Be .
s S ]
SPT(C) 200, WeSh (5,7/13,13,12,12) 31
2 ]
-« A 3 T bot: Blece of plybosrl &
EOH at 4,00 - Refusal at 2.00m hgl. 100 Jldeay 47
51
Obsenations / Remarks Sampling Runs Hammer Informatien
Prior to excavation, BH location dearad of services by GPR / EM techniques. From (W) | Ta (m) [ tam fuan Rannae SN0, | By Raio
Hand excavatad inspection pit from GL to 1.20m bgl. 20 |z [ 0 DARTIG. @
On completion BH badkilled / instalied 2s per graphical log. o zZ »
o encountened duHng i
grovmcvaber westicedion. Projact Humber
Al102760




Lovaton Detalls Status Borehobe Number
Project: Brockha iest
mptan W Exting: 47017747  Mortbing: 10554174
Location:  Harts Farm Way Level:  SASMAOD  Depthc  5.00m DRAFT Wwsgo
Lopger:  AH Type: WS
Cherv; Havant Counchl
Forongh Tnclnation: 50* Sheet 1 of 1
Method, Plant and Crew Diamater Casing Grundvater Sesler S
nn:m:-n THL::} mu mm:. e o.p:;:m) Dy Vol el ol el i [ Chockad By:
Lm sra n-mm's-m Eormpeation Dart Sm 2 'JE Approved By:
w | @ Staet Dot WAO5/2017
Finish Date: AQMEMHF
oy Samgles and Tasting
Strats Description Lagund | Degth )| L
P imaD} Decthiim) | P Tt/ Rt J
\ [MADE GROUND| ASPHALT 405 | 240
[MADE GROUMND] Orange brown SAND & GRAVEL. Sand is fine tn coarse. Gravel Is angui
b sub-angular fine to coarse of various lithologles. (TYPE [ ROADSTONE - SUB-BASE)
[MADE GROUWD] Soft arange brown moktied biuish grey sightly loyey 1o clovey SILT, - Gl (R
{CAPPENG LAYER) .
ot ettt
e
1
>
2 -
1.20-3.00 Bl SPT(S) 1.20m, N=11 (2,2/3,3,2,3}
3
:
s
A
:
R SPT(C) 2.00m, 4 (1/2,1,1) 27
R ®
e, R &
e o
R ., I' i
PR : ]
5 e
[MADE GROUND] Grey / vihite slightly clayey sighdy gravelly SILT. Gravel & subangular,  [ooony M0 | 646 L [ | B seatn ey 25220 37
fing to coarse extremely weak white chalk, {CAPPING LAYER) o W 5
% H>
S He
o % 9 ]
X o :. ; ]
[MADE GROUND] Orange brown mottied grey siighily cliyey to clayey SAND, Sand is fine  Loieay 5 | 570 ok e Sl [
o coarse. (CAPPING LAYER) % 3 B E
TMADE GROUND] Brovm / white pravelly SILT | CLAY, Gravel I angular & sub-rounded, 00 ]l S T e | | ST, bz ka5 4]
fine to coarse brick, fint, astic, ceramic and glass. (LANDFILL) ||
R 5 ]
S %‘ -
EGH at 6.00wm - Target Deplh Adeved, s00 | A48 = SPTC) B0, =14 (3,343,343 5
Observations / Remarks Samgling Runs Hammer Information
Prior b excavation, BH location deared of services by GPR / EM techniques, From () | Tapn) | i y Rarari Swtal Mo, | Brargy Ptk %
Hand excavated hspection pit from GL to- 1.20m bl i3 | 2 ] w [rre @
On completion BH backfilled / installed as per graphical lag, el NE-+- o s
Ho groundwater encounberad during investigation. a0 Bam © o
Projact Number
A102760




: " Wast Location Details Status Barehole Number
ject: B mptan Eagting: 47024937 Horthing: 10570534
Lotation: Harts Farm Way Levek  (345m20D  Dwpih: 400w DRAFT Ws10
Logga:  AH Type: WS
Cllent: Havant Borough Councll InBation: 857 et Lof 1
Method, Plant and Crew Diameter Casing Groundveher == 125
Frors ¢m) | o () e Pl it Cowse Pt o) [er [Destwmy| [ | e | Cne | St R e Rt Checked By:
om L Trmection Pt Treuitrs] Fook D Crifing 158 0 =
1% S0 | Comamic Wiadoaday Eanping Compatitor vt RO Driling ﬁ g Approved By:
10 1~ Start Dabe: 05T
Firuesh Dae; 040572017
Eaduced Samples and Testing
S F e nn_:n} Deptn () | R Tasts/ Rasuts T
{O{MADE GROUND] Grass over TOPSOIL
[MADE GROUND] Dark browen mottied black silghtly dayey to dayey sightly sandy & sandy 0 g 3535
GRAVEL, Sand is fine to coarse, Gravel is very angular to sub-rounded, fine to tarse fint,
beick and concrebe, (CAPPING LAYER) 2
R
L
120-Z00 | BI | SPRICH 120, Na11 232313
; i
+ . Hetwesn 3945w . 1. 75m bof: Revovered 25 very angular fine i connce concrnete gravel % ’ 4
[MADE GROUND] Dark grey / biack very dayey GRAVEL .Gravel & very angular to sub-_ [acesg ~ | 4% > el Rl e 27
rounded, fine to coarse flint, chalk and concrete. WIth frequent fragments of plastic, metal e
and material. (LANDFILL) LR
§~ :
. At 2:40m bl Corpet. 2 :..'»,5.:
e
Qo
IR
% >‘v
+ « AL 3.00 DXH: Frequent plastic bags aod polyshrene, RS SPT() 300m, He12 RI3AD 3
Malatetst
3
E0H #14.00m - Targel Depth Addeved. b R 3
5
Observations / Remarks Sampling Runs Hammer Information
Prioe i excavation, BH loation deared of servicas by GPR / EM technlques, R (m) | Toim) |DL et Sail o, | Ermmy Ratio %
Hand exavated inspection pit from GL by 1.20m byl. iw | a ] DARTIE =
On completion BH backiled / installed 25 per graphical log. ool BE Z 2
L warter
ground encountenid during investigation. Project Numiber
A102760
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Landfill Site

l N S ITU working with L deltasimons Brockhampton
SITE INVESTIGATION

Project Brockhampton Landfill Site
Project No. 1210494
Client Delta Simons Environmental Consultants Ltd
Address 3 Henley Office Park, Doddington Road, Lincoln, LN6 3QR

Attention: Mr David Jackson
Dear Mr Jackson,
We have pleasure in providing a digital copy of our report and data in AGS format for the

above project.

We hope that you are satisfied with the performance of our staff, equipment and reporting on
this project. If you should have any queries about any aspect of the works carried out,
please do not hesitate to contact us. We look forward to being of service to you in the future.

Yours faithfully,
In Situ Site Investigation Limited

Darren Ward

Director
Report Issue
Issue Date Prepared Sign Checked Sign Approved Sign
01 13/10/2021 Chloe Donovan | ¢=={s~—{ Luisa Dhimitri G Darren Ward

Report No. 1210494
insitusi.com Letter Date 13/10/2021
Page | 1
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1.0 INTRODUCTION

In Situ Site Investigation Limited (In Situ) was engaged in a geotechnical site investigation at
Brockhampton Landfill Site at the request of Delta Simons. The site investigation consisted
of completing 18 Static Piezocone Penetration Tests (CPTU), to provide information on the

soil conditions and derived geotechnical parameters at:

Brockhampton West,
Harts Farm Way,
Havant,

Hampshire,

PO9 1FA

All test locations were provided by the client. A site map is included in the end of Appendix A
of this report (if provided by the client). The tests were stopped when they reached the target
depth as per the client’s technical specifications or for other technical reasons, as detailed in
the Project Summary Table in Appendix A.1 and on each CPTU log included in Appendix B

of this report.

The fieldwork was carried out from 4" October 2021 to 6™ October 2021 as per the client’s

request.

The work on site and the final factual reporting have been undertaken in accordance with the
international technical standard BS EN 1SO 22476-1:2012.
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2.0 FIELDWORK

2.1 CONE PENETRATION TESTS

The fieldwork activity is summarised in Table 2.1.

Table 2.1 Fieldwork Summary

CPT Operator/s Dom Gain, Ashley Lelliott, James Standen
Date Started 4" October 2021

Date Finished 6™ October 2021

In Situ S.I. Project Manager Darren Ward

Main Contractor’s Site Manager Liane Baiao

2.1.1 Rig Information
Details of CPTU rig used in this project are shown in Table 2.2. Full data sheet for the rig is

presented in Appendix A.2.

Table 2.2 Rig Summary

Rig Name Rig Description

CPTO006 14 Tonne Track Mounted CPT Rig

2.1.2 CPTU Cone
Details of electric CPTU cone (Type TE2) used in this project conforming to the

requirements of Application Class 2 of ISO 22476-1:2012, are shown in Table 2.3.

Table 2.3 Cone Summary

Number Cross-section area Filter position
S15-CFIP.1475 15cm? uz
S15-CFIP.1945 15cm? uz

A full datasheet of the cone used is shown in Appendix A.3.

The cone’s measured parameters are shown in Table 2.4.

Table 2.4 Completed Fieldwork Summary

18 CPTU to a maximum depth of 24.68m. Each test measured Cone Resistance, qc, Sleeve
Friction, fs, Porewater Pressure in the shoulder position, u,, Inclination in X and Y axes.

Provision of factual report with estimated soil type, derived geotechnical parameters & AGS datafile.
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2.1.3 CPTU Cone Calibration

The cone resistance and sleeve friction are recorded by calibrated load cells in the cone.
The CPTU load cells and pressure transducers are regularly calibrated in line with 1SO
22476-1:2012 standard by the cone manufacturer. The cone calibration certificate for the

cone used at this site are presented in Appendix A.4.

2.1.4 CPTU Cone Saturation

The pore water pressure is recorded using a calibrated pressure transducer located in the
piezocone. To ensure pore water pressure measurements are not affected by the presence
of air in the measuring transducer, a de-airing procedure is carried out prior to each test. The

cone and filter are saturated using a glycerine fluid with a viscosity of 10,000CST.

2.1.5 Test Procedure
The tests are carried out in accordance with the International Standard for Electrical Cone
and Piezocone Penetration Test (ISO 22476-1:2012).

The final depths of the tests were determined by either completion to the specified test depth
or when the maximal safe capacity of the equipment was reached. A schedule of the tests
performed is shown in Appendix A.1, which has been compiled from the operators’ daily

progress reports.

The data is transmitted from the digital CPTU through an umbilical cable that runs through
the push rods to the data acquisition system. Results are displayed instantaneously on the

computer logging screen. The results are recorded on the computer hard disc.

The rate of penetration is kept constant at 20 mm/s + 5 mm/s except when penetrating very
dense or hard strata. Before each test is carried out zero values are taken of the cone to
check if it is within calibration. At the end of each test, zero values are taken again to see if
there has been any drift during the test. These values are inspected during the post
processing stage. This is a quality check on the data and the testing procedure. Individual
test zero values are shown on their corresponding test results in Appendix B.

2.1.6 In Situ Pore Pressure (uo)

The in situ or hydrostatic pore pressure is required for the calculation of several derived
parameters included in this report. For this report, the groundwater level is assumed at 2.00
m below ground surface, for calculation purposes. The in situ pore pressure (Uo) values are

presented on the pore pressure plot, on CPT Log 01, which is included in Appendix B.
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2.2 POSITIONING

Positioning and surveying of all investigated locations was the responsibility of the client.
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3.0 CONE PENETRATION MEASURED PARAMETERS

All measured parameters of tests carried with the CPTU cone are shown in Appendix B and

all the information about data processing and results are given in sections 3.1, 3.2 and 3.3.

3.1 DATA PROCESSING

The measured parameters, cone end resistance, (., sleeve friction, fs, porewater pressure
measurements with filter in shoulder position, u, and inclination for x and y axis, Iy, ly, were
recorded for everyl0 mm of penetration keeping a constant speed of 20 mm/s = 5 mm/s,

which may slightly change when the cone is penetrating hard strata.

The measured data from the site works is processed and presented using specialised CPT
software. The interpretations on the CPTU results were carried out following the
recommendations of Lunne et al. (1997), Robertson (2015) and BS EN ISO 22476-1:2012.
Measured parameters, mentioned in Sections 3.2 and 3.3, were used to derive all the
geotechnical parameters, which are presented in Chapter 4.0. The soil behaviour type

method used on this report is Robertson et al. (1986), shown in Figure 3.2.

3.1.1 Zero Measurements
Before and after each CPTU test, zero measurements are recorded for each channel of the
cone. The zero measurements are presented on the logs in Appendix B. This is a routine

guality check carried out on site.

3.2 MEASURED PARAMETERS

3.2.1 Cone Resistance (qc)
Cone resistance, (¢, is measured as the total force acting on the cone, divided by the
projected area of the cone. The results are presented in MPa, on CPT Log 01, in Appendix

B, scale 0-20 MPa with a minor scale printing on the same graph at 0-4 MPa.

3.2.2 Sleeve Friction (fs)

Sleeve friction, fs, is measured as the total frictional force acting on the friction sleeve divided
by its surface area. The results are presented in kPa, on CPT Log 01, in Appendix B, using a
scale of0-500 kPa.
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3.2.3 Porewater pressure (Uz)

The pore pressure, u., is measured during the test. If the material is free draining and
saturation is maintained it will normally measure hydrostatic pore pressure. In materials that
are not free draining, it will record the total pore pressure (hydrostatic plus any excess pore

pressures generated) created by the cone penetration through this material.

The filter element can be mounted in one of three positions. For all tests carried out in this

project the filter was mounted in the u; position (see Figure 3.1).

Friction Sleeve Cone

Penetrometer

Figure 3.1: Diagram showing pore pressure filter locations (after Lunne et al., 1997)

3.2.4 Inclination (Ix, ly)

The CPT rig was set up to obtain a thrust direction as near as possible to vertical. The
CPTU cones have inclinometers incorporated to measure the non-verticality of the test. For
test depths less than 15m, significant non-verticality is unusual, provided the initial thrust

direction is vertical.

3.3 ESTIMATED SOIL BEHAVIOUR TYPE

3.3.1 Friction Ratio (Ry)
The friction ratio, Rris the ratio between the sleeve friction and the cone resistance (Lunne et
al., 1997).

3.3.2 Estimated Soil Behaviour Type (SBT)
The estimation of soil behaviour type, SBT, using measurements of cone resistance and

sleeve friction is based upon the variations of the friction ratio and cone resistance. The
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friction ratio varies depending upon whether the soil is cohesive or granular. The cone
resistance varies depending on the strength and densities of the soil.

The interpretation used in this report is Robertson et al. (1986), which is shown in Figure 3.2.
The results are presented on CPT Log 01, in Appendix B.

1 —
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1180

Figure 3.2: Robertson et al., 1986 soil behaviour type chart.

3.3.3 Pore Pressure Ratio (Bg)
Pore pressure ratio, Bq is the ratio between the measured pore pressure generated during
penetration and the corrected cone resistance minus the total overburden stress.

Pore pressure ratio as defined by Senneset and Janbu (1985) is defined as:

— 2=0
where
uz is pore pressure measured between the cone and the friction sleeve
Uo is equilibrium pore pressure
Ovo is total overburden stress
oft is cone resistance corrected for unequal end area effects
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3.4 APPLIED CORRECTIONS

3.4.1 Corrected Cone Resistance (q)
For each penetration test, the measured cone resistance, qc, can be corrected for the
“unequal area effect” due to the influence of the ambient pore water pressure acting on the

cone.

The correction has been applied using the following equation by Lunne et al., 1997:
= +[.@- )l

where
is the cone area ratio

The cone used on this project has a cone area ratio of 0.79. This value is geometrically

measured.

3.4.2 Depth Correction

All tests in the report have been corrected for depth difference caused by inclination. This
has been calculated using the method described in ISO 22476-1:2012.

To calculate the corrected depth the following formula is used:

where
z is penetration depth, in m
I is penetration length, in m
Cinc is correction factor for the effect of the inclination of the CPTU relative to the
vertical axis.

The equation for calculating the correction factor for the influence of the inclination for a bi-

axial inclinometer is:

where
B1 is the angle between the vertical axis and the projection of the axis of the
CPTU on a vertical plane, in degrees
B2 is the angle between the vertical axis and the projection of the axis of the
CPTU on a vertical plane that is perpendicular to the plane of angle 4, in
degrees
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4.0 GEOTECHNICAL DERIVED PARAMETERS

A number of empirical correlations can be used to derive geotechnical parameters from
CPTU data. This report includes only the parameters which are described in this chapter.
The results of all correlations used to obtain the geotechnical derived parameters are
presented on CPT Log 02 and CPT Log 03 in Appendix B.

Please, note that each empirical correlation is derived for a certain type of soil, and
may not be appropriate for all the soil types encountered on this project.

4.1 SOIL BEHAVIOUR TYPE INDEX (Ic)

The soil behaviour type index, I, was derived by Jefferies and Davies (1991), and was
created to simplify the application of CPTU SBT chart shown in Chapter 3, Figure 3.2. This
approach has been modified for use with the Robertson (1990) normalised CPT soll
classification chart, Figure 4.1. The normalised cone parameters Q. and F; (for definitions
see Appendix A5 Symbol List) can be combined into one Soil Behaviour Type Index, I,
(Lunne et al., 1997).

s?asmln
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01 2 3 4567891 2
1
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- 'N slm Rbestsorn 1600 0, vs. ¥ . 81

Figure 4.1: Robertson 1990 soil behaviour type chart.
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The soil behaviour type index, I, can then be defined using Robertson (2010) formula, given

below:
= ((347 - )2+ ( + 1.22)%)05
where
Qt is the normalized cone resistance which represents the simple normalization
with a stress exponent (n) of 1.0, which applies well to clay-like soils
Fr is the normalized friction ratio, in %

The boundaries of soil behaviour type are then given in terms of the index, I, presented in
Table 4.1 below.

The soils behaviour type index does not apply to zones 1, 8 and 9. The profiles of I provide
a simple guide to the continuous variation of soil behaviour type in a given soil profile based
on CPTU results, with a reliability greater than 80% compared with soil samples (Robertson,
2015).

Zone Soil Behaviour Type le

1 Sensitive fine grained N/A

2 Organic Soils — clay >3.6

3 Clays — silty clay to clay 295-3.6
4 Silt mixtures — clayey silt to silty clay 2.60-2.95
5 Sand mixtures — silty sand to sandy silt 205-2.6
6 Sands — clean sand to silty sand 1.31-2.05
7 Gravelly sand to dense sand <1.31

8 Very stiff sand to clayey sand* N/A

9 Very stiff fine grained * N/A

* Heavily over consolidated or cemented

Table 4.1: Normalized CPTU Soil Behaviour Type (SBT,) Index values, I..(Robertson, 2010)
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4.2 N VALUE OF STANDARD PENETRATION TEST (SPT) (Neo)

The derived N value of SPT, Neo, is strongly and directly related to the cone resistance, qc.

In this report the Ne¢o value is derived using the following correlations, developed by
Robertson and Wride (1998) and Jefferies and Davies (1998)

1) Robertson & Wride (1998)

60 —

85- 1-,6
2) Jefferies and Davies (1993)
60 =
where
de is the cone resistance
Pa is the atmospheric pressure equal to 100 kPa
e is the soil behaviour type index calculated as given in section 4.1

It is suggested that this method provides a better estimation of the N value than the actual
SPT test, due to its poor repeatability. But in fine grained soil with high sensitivity these

methods of estimating Neo may overestimate it (Jefferies and Davies, 1991).

4.3 RELATIVE DENSITY (Dr)

Relative density, Dy, is an intermediate parameter for coarse grained soils, widely used to
describe sand deposits. All the research on deriving the relative density from CPTU tests
results are carried out for clean predominantly quartz sands. The studies have shown that
CPTU resistance in granular soils is controlled by sand relative density, in situ effective
stresses and compressibility. The more compressible sands tend to give lower penetration

resistance for a given relative density then less compressible sands.

In this report relative density is calculated using the methods suggested by Baldi et al.,
(1986), Jamiolkowski et al., (2001) and Kulhawy and Mayne (1990) as shown in the
equations below:

1) Baldi et al., (1986)

=

h
=5, — 100

1 (500
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where

2)

where

3)

where

4.4

Ci is a consolidation coefficient which is 157 for normally consolidated soils and
181 for over consolidated soils
C. is a consolidation coefficient which is 2.41 for normally consolidated soils and

2.46 for over consolidated soils

Wehr is a correction coefficient for calcareous soils

Jamiolkowski et al., (2001)

=100 0.268- —— 1

Ci is a compressibility coefficient which is -0.675 for average compressible soils,
<1.0 for high compressible soils and carbonate or calcareous sands and =-2.0
for low compressible soils

Ot is corrected cone resistance
Oam IS the atmospheric pressure

Kulhawy and Mayne, (1990)

05
1

305- ;- 018. 12+005- ( /100)

Jc1 is the cone resistance corrected for initial vertical effective stress and
atmospheric pressure, calculated by the following formula

where
de is the cone resistance in kPa
o’vo is the initial vertical effective stress in kPa

Ci is a compressibility coefficient which is -0.91 for low compressible sands, 1.0
for medium compressible sands and 1.09 for high compressible sands
t is time in years

FRICTION ANGLE (¢’)

Friction angle, ¢’, is used to express the shear strength of uncemented, coarse grained soils.

In this report friction angle is derived by the correlations of Mayne and Campanella (2005),

Robertson and Campanella (1983) and Kulhawy and Mayne (1990).

1)

Mayne and Campanella, (2005)
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'=295°. 0121. 0256+ 0.336- +

where
Bq is the pore pressure ratio, calculated as in Session 3.3

Q: is the normalized cone resistance

2) Robertson and Campanella, (1983)

"=tan"! 0.1+0.38- ,

where
de is the cone resistance in kPa
o’vo is the initial vertical effective stress in kPa

3) Kulhawy and Mayne, (1990)
'=176°+11.0°-  ( ;)

where

Ji1 is the corrected cone resistance corrected for initial vertical effective stress
and atmospheric pressure, calculated by the following formula

1 =

0"

The method suggested by Mayne and Campanella (2005) will not provide reliable results for
heavily over consolidated soils, fissured geomaterials and highly cemented or structures
clays. This approach gives reliable results when pore pressure is positive and varies 0.1 <
Bq< 1.0. The correlation suggested by Robertson and Campanella (1983) estimates the
peak friction angle for uncemented, unaged, moderately compressible, predominately quartz
sands. For sands of higher compressibility, the method will tend to predict low friction angles.
The method suggested by Kulhawy and Mayne (1990) is an alternate relationship for clean,

rounded, uncemented, quartz sands.

4.5 FINES CONTENT (FC)
The fines content, FC, in this report is estimated using two different methods, one from
Robertson and Wride (1998) and the other, Suzuki et al. (1998) as presented below:

1) Robertson and Wride (1998)
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<126: =0
126< <35 (%) =1753%°-37
35< = 100%
2) Suzuki et al. (1998)
(%) =28 2°
where
e is the soil behaviour type index, calculated as in section 4.1

4.6 UNDRAINED SHEAR STRENGTH (su)
Estimation of undrained shear strength, sy, from CPTU tests using corrected cone resistance

is carried out using the following correlation from Lunne et al. (1981):

C =)

where
Nt is the empirical cone factor, which varies from 10 (6 for very soft sensitive fine
grained soils) to 20. In this report 3 values are considered:15, 17.5 and 20. Nw tends
to increase with increasing plasticity and decrease with increasing soil sensitivity. It
decreases as Bq increases. (Lunne et al., 1997)
vo = total overburden stress.

This report only presents the undrained shear strength data on soils with soil behaviour type

index, Icvalues greater than 2.60.

The value of undrained shear strength, s, to be used in analysis depends on the design
problem. In general, the simple shear in the direction of loading often represents the
average undrained strength. For larger, moderate to high risk projects, where high quality
field and laboratory data may be available, site specific correlations should be developed

based on appropriate and reliable values of s,.

4.7  SENSITIVITY (St)
The sensitivity, S; of clays is defined as the ratio of undisturbed peak undrained shear

strength to totally remoulded undrained shear strength.

In this report S; is calculated using two correlations developed by Schmertmann (1978) and
Mayne (2007).
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1) Schmertmann (1978)

where
Sugem) IS the remoulded undrained shear strength. It can be assumed equal to the
sleeve resistance, fs.

2) Mayne (2007)
_0073:C = ¢)

For relatively sensitive clays, S 10, the value of fs can be very low and not very accurate,

hence the estimate of sensitivity should be used as a guide only.

4.8 SOIL UNIT WEIGHT (y)
Soil unit weight, y in this report is calculated by using one method for sands, considered
under dry conditions and two methods for clays, considered under saturated conditions.

These relationships are developed by Mayne (2007) and the equations are presented below:
1) Mayne (2007)

Dry unit weight for sands:
=189 (,)+1182

Saturated unit weight for clays method 1
=832- ( )—-161- ()

Saturated unit for clays method 2

=260 ( )+15- —-265
where
(ol is the corrected cone resistance corrected for initial vertical effective stress
and atmospheric pressure, calculated by the following formula:
1 =
0
z is the depth
Vs is the shear wave velocity, calculated as =1188- + 185

Gs is the specific gravity of solids, typically between 2.40 and 2.90
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4.9 STATE PARAMETER ()
The state parameter,  is defined as the difference between the current void ratio, e and the

void ratio at critical state ecs, at the same mean effective stress for granular soils.

The problem of evaluating the state parameter from CPTU response is complex and
depends on several soil parameters, including shear stiffness, shear strength,
compressibility and plastic hardening. (Jefferies and Been, 2006)

In this report, the state parameter is calculated based on five methods as follows:

1) Been et al. (1987)

and
3
T 1+2
where
Q: is the normalized cone resistance
Ko is the coefficient of lateral earth pressure

2) Shuttle and Jefferies (1998)

where

145
= 379+112 () 1+106(— 125 1-030(- 02) ( /1000)°326 _155(— 0.01)

=145 104+046 () 1-04(— 125 1-030(-~ 02) ( /100)°5 1—-221(— 0.01)

where

is the normalised cone resistance

is rigidity index

is the coefficient of lateral earth pressure
is critical state ratio

is dilation parameter

is plastic hardening modulus;

is slope CSL line

O

o

>ITZ2ZZ X

3) Shuttle and Jefferies (1998)
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The state parameter calculated according this third method is similar to state parameter

calculated as presented in the second method, except for the rigidity index that is calculated

as follows:
05
= p ,
0
where
lioo IS rigidity index in reference pressure
Pa is the reference pressure equal to 100 kPa
o'w is effective vertical overburden stress
4) Plewes (1992)
[1= _
where
/ 0.85
= 3+
'=119-133
10
where
Q: is the normalised cone resistance
Bq is pore pressure ratio
Ko is the coefficient of lateral earth pressure
Fr is normalised friction ratio
M is critical state ration
5) Been and Jefferies (1992)

where
: 0.85
= 3+

'=119-133
1

~34-10

For high-risk projects a detailed interpretation of CPTU results using laboratory results and
numerical modelling can be appropriate (e.g. Shuttle and Cunning, 2007), although soil
variability can complicate the interpretation procedure. For low risk projects and in the initial
screening for high-risk projects there is a need for a simple estimate of soil state.

Plewes et al (1991) provided a mean to estimate soil state using the normalised soll

behaviour type, SBTn chart suggested by Jefferies and Davies (1991). Jefferies and Been
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(2006) suggested that soils with a state parameter less than -0.05 are dilative at large

strains.

4.10 IN SITU STRESS RATIO (Ko)
There are various estimations to determine in situ stress ratio, Ko, from CPTU in fine grained
soils. In this report the methods suggested by Mayne (2007) and Kulhawy and Mayne

(1990) are used, as given below:

1) Mayne (2007)

’ 1

o=(@1- )
o _@a+ D)
i e

0= 0192( )0.22( . )0.22 0.27

where
OCR is the overconsolidation ratio, calculated as presented in session 4.12

2) Kulhawy and Mayne (1990)

0
0~ 01( ’ )
0
These approaches are generally limited to mechanically overconsolidated, fine grained soils.
As considerable scatter exits in the database used for these correlations, in moderate to high
risk projects further tests should be performed and these correlations must be considered

only as a guide.

4.11 OVERCONSOLIDATION RATIO (OCR)
Overconsolidation ratio, OCR is defined as the ratio of the maximum past effective

consolidation stress and the present effective overburden stress:

This definition is appropriate for mechanically overconsolidated soils, where the only change
has been the removal of overburden stress. For cemented and aged soils, the OCR may

represent the ratio of the yield stress and the present effective overburden stress.
In this report 07, is calculated based on six methods as presented below:

1) Mayne (1995)
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'=033( - o)
2) Chen and Mayne (1996)
=053
3) Mayne (2005)
’ =06( — 2)

4) Robertson (2009)
! =025( 125 _ s 0 )

5) Mayne (2005)

0.125
0.192 —r
= —o31l 02

a- e

6) Mayne (2007)
' =0.101 °~102( 0)0.4781 o 0.420

For larger, moderate to high risk projects, where additional high-quality field and laboratory
data may be available, site specific correlations should be developed based in consistent

and relevant values of OCR.

4.12 SMALL STRAIN YOUNG’S MODULUS (Eo)

Deriving small strain undrained Young’s modulus, Eo, from CPTU is difficult. There is
insufficient data available to make a direct correlation and it is recommended that c,should
be derived, then Eyestimated as a rough order of value from one of the available correlations
between Ey and c, (Meigh, 1987).

In this report the small strain Young’s modulus is derived as follows:

1) Defined from elastic theory:

0=2(1+ ) o
where
v is the Poisson ratio, equal to 0.2
Go is the small strain shear modulus calculated by the formula given below:

0 = 1634(——)07®
0
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2) Calculated based on the degree of loading, qc, effective stress and reduction factor

where
a is calculated from degree of loading, q., effective stress and reduction factor,

given in Figure 4.2

Average shear
0.01 0.1 1 strain,y (%)
30 ———TT T T
}: —%__ 30 (Ioose) i
25 o, -
% :
i kgfcm ]
20 E -

*For aged NC sands reduce
E by factor of 2
For recent NC sancls and fills reduce
afactorof 3

. : %; = 20::) (tkietls.ejll | 1
0.01 0.1 I T
Degree of loading (g/qy,)

s

Figure 4.2:Estimation of equivalent Young’s modulus for sand based on degree of loading
(Robertson, 1990)

4.13 CONSTRAINED MODULUS (M)
Constrained Modulus, M, can be estimated by CPTU using the following empirical

relationship:
= ( — o)

where
0w varies with soil plasticity and natural water content for a wide range of fine-
grained soils and organic soils. Meigh (1987) suggested that awm lies in the range of
2to 8, whereas Mayne (2001) suggested the value of 5.

Robertson (2001) suggested that au varies with Q, such that:
When Ic> 2.2 (fine grained soils) use:av = Qiwhen Q:< 14

aw= 14 when Q> 14
When Ic< 2.2 (coarse grained soils) use: =0.0188[10(055 +1.68)]
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In this report the Constrained Modulus, M, is calculated after Kulhawy and Mayne (1990)
using the equation below:
=825( - o)

Also, an alternative method is included in the results, developed by Burns and Mayne (2002)

using the following relationship:
=002 ,

4.13.1 Equivalent Oedometer Coefficient of Compressibility (mv)
Equivalent oedometer coefficient of compressibility, my, can be calculated directly by the

Constrained Modulus, M, as follows:

=

4.14 SMALL STRAIN SHEAR MODULUS (Go)
Elastic theory states that the small strain shear modulus, Go, can be determined from the

following equation:

where
p is the mass density of the soail
Vs is the shear wave velocity

In this report the small strain shear modulus, Go, will be presented calculated by the two
methods shown below, developed by Rix and Stoke (1992) and BE, UB Rix and Stoke
(1992), respectively.

0 = 1634(—==)"0"°

where
de is the net cone tip resistance in kPa
o'w is the effective initial vertical stress in kPa
Youk IS the bulk density of the soil
Vs is the shear wave velocity

This correlation of Go is applicable to all soil types.
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4.14.1 Mass Density of Soil (o)

Mass density of soll, p, is defined as:

where
Y is the elastic stiffness of the soils at shear strain less than 10%, y<10™ %.

4.15 HYDRAULIC CONDUCTIVITY (k)
An approximate estimate of soil hydraulic conductivity or coefficient of permeability, k, can
be made from an estimate of soil behaviour type using the CPTU SBT chart as presented in

the table below:

SBT Zone SBT Range of k (m/s) SBTh Ic
1 Sensitive fine grained 3x10°to 3x10-8 NA
2 Organic soils-clay 1x10%°to 1x10°8 [c>3.60
3 Clay 1x10%°to 1x10-° 2.95<(<3.60
4 Silt Mixture 3x10° to 1x107 2.60<1c<2.95
5 Sand Mixture 1x107 to 1x10° 2.05<1c<2.60
6 Sand 1x10® to 1x103 1.31<1¢<2.05
7 Dense sand to gravelly sand 1x10%to 1 l<1.31
8 *Very dense/ stiff soil 1x108 to 1x103 NA
9 *Very stiff fine grained soil 1x10° to 1x107 NA

*Qverconsolidated and/ or cemented

Table 4.2: Estimated soils’ permeability (k) based on the CPTU SBT chart by Robertson (2009)

The average relationship between soils’ permeability, k and SBT, I, shown in Table 4.2, can

be represented by the following relationships:

When10< <327 =10(0952-304)
When327< <40 =10(452-137)

In this report, the hydraulic conductivity is estimated as a function of soil types from 2 CPTU
classification charts, Robertson et al. (1986) and Robertson et al. (1990), considering both
minimum and maximum values.

The hydraulic conductivity (coefficient of permeability), k, values (minimum and maximum),
defined after soils’ behaviour type by Robertson et al. (1986) are presented in Table 4.3,

below:

Report No. 1210494

insitusi.com Geotechnical Derived Parameters Date 13/10/2021
Page | 26



l N S lTU working with L’:.dﬁltasimpn_s Brockhampton

SUTC INVESTIGATION Landfill Site

SBT Zone Soil Behaviour Type (SBT) Range of hydraulic conductivity,k (m/s)
1 Sensitive fine grained 3x10°to 3x10°8
2 Organic soils 1x108to 1x10
3 Clay 1x10%9to 1x10°
4 Silty CLAY to CLAY 3x10° to 1x10°8
5 Clayey SILT to silty CLAY 1x10® to 1x10”7
6 Sandy SILT to clayey SILT 1x107 to 1x106
7 Silty SAND to sandy SILT 1x10% to 1x10-®
8 SAND to silty SAND 1x10% to 1x10+
9 SAND 1x10* to 1x103
10 Gravelly SAND to SAND 1x10°to 1
11 Very stiff fine grained 1x10® to 1x106
12 SAND to clayey SAND 3x107 to 3x10+4

Table 4.3: Estimated soil permeability (k) based on SBT chart by Robertson et al. (1986)

The hydraulic conductivity (coefficient of permeability), k values (min and max), defined after

soils’ behaviour type by Robertson et al. (1990) are presented in Table 4.4, below:

SBT Zone Soil Behaviour Type (SBT) Range of hydraulic conductivity, k (m/s)

1 Sensitive fine grained 3x10° to 3x10-8
2 Organic soils 1x10® to 1x106
3 Clay 1x10%9to 1x10°
4 Silt Mixture 3x10° to 1x107
5 Sand Mixture 1x107 to 1x10°
6 Sand 1x10° to 1x103
7 Gravelly sands to dense sands 1x10°to 1

8 Very stiff sand to clayey sand 1x10® to 1x106
9 Very stiff fine grained 1x108 to 1x10-6

Table 4.4: Estimated soils’ permeability (k) based on SBT chart by Robertson et al. (1990).

4.16 Rigidity Index (IR)
The rigidity index, I, for fine grained soils is defined using the following formula, developed
by Mayne (2001):
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15 — 0
=exp| +2.925 = —=2925
- 2
where
M is the Cam-Clay constant, slope of the critical state line defined as:
6 /
—3—
where
@ is the internal friction angle.

The second method used to define the rigidity index, Ir, for fine grained soils is based on
plasticity index and overconsolidation ratio, OCR and calculated after the relationship

developed by Keaveny and Mitchell (1986) as follows:

_ exp (0.0435(137 - )
" [L+In{1+0385( —1)32}]08

where
PI is the plasticity index of the soil, equal to 20.
OCR is the overconsolidation ratio of the soil
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5.0 CHALK

In order to provide an estimate of the Chalk Grade Classification as defined by Ward et al.
(1968) and Wakeling (1969) a modified correlation originally derived by Power (1982) has

been used. This is presented in figure 5.1 and has been used to give the degree of

weathering quoted on the soil type estimates on the cone penetration graphs.

It should be noted that the correlation is approximate and that Chalk at different locations

can differ from that described by Ward et al. at one particular site (Mundford in Norfolk). The

descriptions in figure 5.1 are typical, and do not necessarily relate to this site. Simplified

descriptions are therefore presented on the logs. It should also be noted that the Chalk

grade classification was derived to describe the chalk mass. Localised variations in the cone

resistance do not necessarily represent changes in Classification.

flints or local indurated zones.

Peaks may represent

FRICTION CONEEND
GRADE TYP'&?&P@?E”?S?SQT TION RATIO (%) RESISTANCE(MPa)
' (modifiedfromPower,1982)
6 Extremely soft structureless CHALK containing - Below 5
small lumps of intact chalk.
5 Structureless remoulded CHALK containing 0.75-1.00 5-10
lumps of intact chalk.
4 Rubbly partly-weathered CHALK with bedding 1.00 -1.25 10-15
and jointing. Joints10-60mm apart and open to
20mm and often infilled with soft remoulded
chalk and fragments.
3 Rubbly to blocky unweathered CHALK. Joints 1.25-1.50 15-20
60-200mm apart and open to 20mm and often
infilled with fragments.
2 Blocky medium-hard CHALK. Joints more than 1.50-2.00 More than 20
200mm apart and closed.
1 As for grade2 but hard and brittle. No penetration- No penetration

Figure 5.1:Chalk classification table modified from Power (1992).
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6.0 CPTU RESULTS APPLICATIONS

6.1 SOIL PROFILING AND APPLICATIONS IN GEOTECHNICAL DESIGN

6.1.1 Soil Behaviour Type

The major applications of CPTU are on soil behaviour type and soil profiling. Typically, the
cone resistance, g is high in sands and low in clays, and the friction ratio, Rs = fs/q; is low in
sands and high in clays. The CPTU cannot be expected to provide accurate predictions of
soil type based on physical characteristics, e.g. grain size distribution, but provides a guide
to the mechanical characteristics, including: strength, stiffness, and compressibility of the

soils, or the soil behaviour type, SBT.

The most commonly used CPTU soil behaviour type chart, suggested by Robertson et al.
(1986) uses the basic CPTU measured parameters of cone resistance, gc and friction ratio,
R:¢. The chart is global in nature and can provide reasonable predictions of soil behaviour
type for CPTU testing. The expected overlap in some zones is modified in the interpretations

of this report somewhat based on previous experience or local knowledge of the site.

Since both the penetration resistance and sleeve resistance increase with depth due to the
increase in effective overburden stress, the CPTU data requires normalization for
overburden stress for very shallow and/or very deep tests. A popular CPTU soil behaviour
chart based on normalized CPTU data is firstly proposed by Robertson (1990). The chart
identifies general trends in ground response, such as: increasing soil density, OCR, age and
cementation for granular soils, and increasing stress history, OCR and soil sensitivity for

cohesive soils.

A more general normalized CPTUSBT chart, using large strain soil behaviour descriptions,

proposed by Robertson (2012) is shown in Figure 6.1.
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Figure 6.1: Normalized CPTU Soil Behaviour Type (SBTn) chart, Qin-Fr using general large strain

soil behaviour description (Robertson, 2012).

CD is coarse grained dilative soil-predominately drained CPTU
CcC is coarse grained contractive soil-predominately drained CPTU
FD is fine grained dilative soil-predominately undrained CPTU
FC is fine grained contractive soil-predominately undrained CPTU

6.1.2 Solil Profiling

CPTU is an excellent test for soil profiling. The continuous monitoring of pore pressure
during the cone penetration improves the soil stratigraphy descriptions. The pore pressure
develops in response to the soil type being penetrated in the area where the pore pressure
element is located. Soft, firm or stiff clays and contractive silts can show very high pore
pressure. Very stiff overconsolidated clays and dilative silts can give very low or negative

pore pressures same as very dense silty sands.

The thin layers of sand, or silt in a thick layer of clay, or thin layers of clay or silt in a thick
layer of sand are easily distinguished during a CPTU test, which will give a response time
sufficiently fast to observe pore pressure changes even in the very thin layers of soils (<

5mm), depending on the response of soil to the advancing of cone.

The sandy soils tend to produce high cone resistance and low friction ratio, whereas soft
clayey soils tend to produce low cone resistance and high friction ratio. Organic soils such as
peat tend to have very low cone resistance and very high friction ratio. Soils with high

horizontal stresses (high OCR) tend to have higher cone resistance and friction ratio.
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CPTU is an excellent tool to classify the soils based on their behaviour type, and not based

on grain size distribution.

The measurement of sleeve friction, fsis often less reliable than the measurement of cone
resistance, qc (Lunne et al., 1986), but to overpass these problems pore pressure parameter

ratio, By, and the classification charts based on it.

For more reliability in soil profiling, the soil interpretations in this report are carried out based
on three parameters measured on site, cone resistance, sleeve friction and pore pressure
and three derived geotechnical parameters soil behaviour type index for all soils, undrained

shear strength for cohesive soils and relative density for granular soils.

Generally, soils that fall in zones 8, 9 and 10 of Robertson et al. (1986) chart (6 and 7of
Robertson (1990) chart) represent approximately drained penetration, whereas, soils in
zones 1, 2, 3, 4, 5 and 6 of Robertson et al. (1986) chart (1, 2, 3 and 4of Robertson (1990)
chart) represent approximately undrained penetration. Soils in zones 7, 11 and 12 of
Robertson et al. (1986) (5, 8 and 9 of Robertson (1990) chart) may represent partially
drained penetration. The classification is often influenced by changes in stress history, in situ
stresses, sensitivity, stiffness, mineralogy, etc. An advantage of pore pressure
measurements during cone penetration is the ability to evaluate drainage conditions more
directly. (Lunne et al., 1997)

The information about the rate and manner of excess pore pressures during the dissipations
significantly helps the accurate classification in the corresponding depths of dissipation tests.
In very stiff, overconsolidated clayey soils, the pore pressure behind the cone is very low and
sometimes negative of the equilibrium pore pressure, up, whereas the pore pressure on the
face of the cone is very large due to the large increase in normal stresses created by the
cone penetration. When penetration is stopped in overconsolidated clays, pore pressure
recorded behind the cone may initially increase before decreasing to the equilibrium pore
pressure. The rise is caused by local equalization of the high pore pressure gradient around

the cone.

Cone penetration in fine grained soils, such as clays and silts, is generally undrained. Cone
penetration tests under undrained conditions generate high pore pressure and this reading is
extremely useful, because it affects both cone resistance and sleeve friction measurements.

These parameters should be corrected using the measured pore pressure.

CPTU in coarse gained soils, such as sandy or gravelly soils is generally drained. In these
conditions there is no excess pore pressure generated as a result of cone penetration.

Relative density has been used as the main parameter for description of sandy deposits.
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7.1.3 Applications in geotechnical design

CPTU measured parameters are used to derive geotechnical parameters, which are the
input in several geotechnical analyses. An alternate approach is to directly apply CPTU
results to the geotechnical calculations.

As a guide, Table 6.1 shows a summary of the applicability of CPTU results for direct design
applications. The ratings shown in the table have been assigned based on current
experience and represent a qualitative evaluation of the confidence level assessed to each
design problem and general soil type. Details of ground conditions and project requirements

can influence these ratings.

. Pile Bearing Compaction . :
Type of soil Design Capacity Settlement Control Liquefaction
Sand A-B A-B B-C A-B A-B
Clay A-B A-B B-C C-D A-B
Intermediate A-B B-C B-C B-C A-B
Soils

Table 6.1: Perceived applicability of CPTU for various direct design problems.

A is high

B is high to moderate
C is moderate

D is moderate to low
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APPENDIX Al - Project Summary Sheet

Piezocone Tests Summary Sheet

HOLE ID De:)itr;]aém) Date of Test Cone Used Test Remarks
CPT201 19.97 05/10/2021 | S15-CFIP.1475 | Test completed at target depth.
CPT202 19.95 05/10/2021 | S15-CFIP.1475 | Test completed at target depth.
CPT203 5.28 05/10/2021 | S15-CFIP.1475 Test refused on inclination.
CPT204 8.17 04/10/2021 | S15-CFIP.1945 | Test refused on total pressure.
CPT205 24.68 06/10/2021 | S15-CFIP.1475 | Test completed at target depth.
CPT206 19.94 04/10/2021 | S15-CFIP.1945 | Test completed at target depth.
CPT207 8.20 04/10/2021 | S15-CFIP.1945 | Test refused on total pressure.
CPT208 5.11 05/10/2021 | S15-CFIP.1475 | Test refused on total pressure.
CPT209 4.01 04/10/2021 | S15-CFIP.1945 Test refused on inclination.
CPT209 A 0.80 04/10/2021 | S15-CFIP.1945 | Test refused on total pressure.
CPT210 3.00 05/10/2021 | S15-CFIP.1475 | Test refused on total pressure.
CPT211 4.00 04/10/2021 | S15-CFIP.1945 | Test refused on total pressure.
CPT212 9.07 04/10/2021 | S15-CFIP.1945 Test refused on inclination.
CPT213 422 05/10/2021 | S15-CFIP.1475 | Test refused on total pressure.
CPT214 19.86 06/10/2021 | S15-CFIP.1475 | Test completed at target depth.
CPT215 10.68 06/10/2021 | S15-CFIP.1475 | Test completed at target depth.
CPT216 19.88 06/10/2021 | S15-CFIP.1475 | Test completed at target depth.
CPT218 19.87 06/10/2021 | S15-CFIP.1475 | Test completed at target depth.
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APPENDIX A2 — CPT Rig Datasheet

14 TONNE MOUNTED RIGS (CPTO05 and CPTO0)

We have two 14 tonne track mounted CPT rigs, each weighing 14 lonnes. One of our rigs, CPTO05, 'Enk' 1s based
in the Middle East and the other, CPTO06, 'Zoe' in the UK. These rigs have low ground bearing pressure and are ideal
for soft, boggy sites. They are capable of pushing up to 120 metres a day, depending on access to positions.

GPT RIG DETAILS
TOTAL WEIGHT 14 TANNES
CPT RAM THRUST 20 TONNES
GAPAGITY
MAXIMUM 20 B0M DEPENDING ON THE GROUND
PENETRATION CONDITIONS

PERFORMANCE RATES 1200 OF TESTING N & DAY O=HENTING On
ACCESS TO POSITIONG

TYPICAL SITES FOR SOFT BOSGY SIT=S. THE Ris =S L O
THIS RIG BROUND BEARING PRESSUAE
CPT RIG DIMENSIONS

|

TITAL HRNSTH - AATEMN

L

TR

TOALE HLIGHT

VAL ST = 250emM

Lounty Cork, frofand
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APPENDIX A3 — Cone Datasheet
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SPECIFICATIONS
S15 SERIES
ELECTRICAL CONES

The electranic subtraction cones have been developed to address
the durability problems inherent in other cone designs. The unit
consists of a single element temperalure compensated strain
gauge transducer for measuring both cone resistance and local
sleeve friction. This design is therefore more robust than a
compression type cone. The cone suppart electronics package is
located directly behind the transducer. The precision strain gauge
amplifiers and power supply eliminate the effects of cable
resistance on the measurements. A standard subtraction cone is
capable of measuring simultaneously the following channels: Tip,
Local friction, Pore pressure, Temperature and Inclination.

GENERAL SPECIFICATIONS

Cone Tip Section Area
Friction Sleeve Surface
Total Length

Weight

Power Supply

Output

Working Temperature
Storage Temperature
Connector

1,500 mm2

22,500 mm2

325 mm

4200 g

+15VDC, 100 mA.

0-10VDC*

0-60C

-40t0+85°C

Lemo 10 pins (others on request)

TIP RESISTANCE
Range

LOCAL SLEEVE FRICTION
Range 100/150* kN
Accuracy 0.50% FS
Maximum Load 150 %
Sleeve Area Ratio 1.0 (EA)

100/150" kN
Accuracy 0.25% FS
Maximum Load 150 % of range
Cone Area Ratio 0.75

PORE PRESSURE

Range 1/2/5/10" MPa
Accuracy 0.5%FS
Maximum Load 150 % of range

SChler oufed med Volrage mosges moilable i pegues, Loady efly wimy b dadifieared foe bower mages

INCLINATION
Range
Accuracy

257 (biaxial)
<2’
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APPENDIX A4 - Cone Calibration Certificate

T
| ]
g [ et ]
— -
E'lkelkamp Geopo'nt Rijkstraatweg 22F T +31713019251
2171 AL Sassenheim E info@eijkelkamp-geopoint com
] . The Netherlands elkamp-
SOIlSolutlons etherlands | elfkelkamp-gecpaint com
| Cone Calibration Certificate |
Cenificate GS-1475-007
Instrument Type: Electnc Subtraction Cone
Model. S15-CFIIP
Serial number; 1475
Calibration date 30-06-2021
Client Insitu
Calibrated by: W Velgering
Calibration instruments
Manufacturer Hottinger Baldwin Messtechnik GmbH
HBM certificate NMi certificate 2461165.00501
Calibration conditions
Ambient temperature 225 °c
Atmospheric pressure: 1014 mBar
Cone specifications
Cone base area 1500 mm2
Load tip resistance (nom, ) 100 kN
Friction sleeve area 22500 mm2
Load tip + local friction (nom.) 100 kN
Load friction sleeve (nom.). 225 kN
Load pore pressure (nom.) 2 MPa
Inclination (nom. ). +-20 2
Temperature compensation (all channels) 0. +40 g
Maximum overload capacity (all channals) 50 %
Cone area ratio (a): .79
Max. Inaccuracy, relative to measurement value 1.0 %
Tip: Sleeve: Pore Pressure; Incli ter:
gc in kN mV fs in kN mV MPa mV Degrees X (mV) Y (mV)
[ Zero points: 0247 0225 0230
0 0 a 0 0 0 0 2492 2485
5 0303 8 0311 0.4 1483 -20 0372 0487
10 0606 10 0622 0.8 2963 20 4503 4471
15 0909 15 0934 12 4433
20 1212 20 1246 18 5898
25 1514 5 1556 2 7360
30 1816 30 1865
35 2116 35 2174 IAax eror, abs. qc 35kPa
40 2418 40 2483 Max. error, abs. fs: 2 kPa
45 2718 45 2792 Max. error, abs U2 10kPa
50 3019 50 3101 Max. error, abs. | ) B g
76 4520 75 4643
100 6018 100 6181

This cafibration 13 compliant with Eij
NEN2645 NEN-EN-ISO 22478-1,

al quslity system [ntermal caiibration procecures ana mests the racuirsmerss of
wirg calioration equipmant raceable 1o (nlec \Nations| Standares.

Approved by:
Date:

Eljkelharnp GeoPaint SoliSolutions.
VAT NO.NL8584.21.422.B01 IBAN NL43 RABO 0326 7904 38
Trade Reg. Arnhem no. 70686149 BIC; RABONLZU
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[F——3]
T . Rijkstraatweg 22F T 431713019251
E'lkelkamp GEOPO'nt 171 AL Sassenheim € Info@eijkelkamp-geopoint.com
A, - t etherlands | eljkelkamp-geopoint.com
SoilSolutions
| Cone Calibration Certificate
Certificate GS-1945-002
Instrument Type: Electric Subtraction Cone
Model: S15-CFlIP
Serial number 1945
Calibration date 30-03-2021
Client: Insitu
Calibrated by M.de Bruin
Calibration instruments
Manufacturer; Hottinger Baldwin Messtechnik GmbH
HBM certificate NMi certificate 2451165.00501
Calibration conditions
Ambient temperature: 20.7 °C
Atmospheric pressure: 1029 mBar
Cone specifications
Cone base area’ 1500 mm2
Load tip resistance (nom.) 100 kN
Friction sleeve area: 22500 mm2
Load tip + local friction (nom.) 100 kN
Load friction sieeve (nom. ) 225 kN
Load pore pressure (nom.); 2 MPa
Inclination (nom.) +/- 20 2
Temperature compensation (all channels) 0...+40 °c
Maximum overload capacity (all channels) 50 %
Cone area ratio (a) 0.7¢
Max. Inaccuracy, relative to measurement value, 1.0 %
Tip: Sleeve: Pore Pressure: Inclinometer:
c in kN mV fs in kN mV _MPa_| mv Degrees | X (mV) Y (mV)
| Zero points: 0253 0229 0224
0 0 0 0 0 0 0 2491 2573
5 0295 5 0303 0.4 1584 -20 0506 0803
10 0586 10 0605 0.8 3156 20 4398 4606
15 0876 15 0905 1.2 4730
20 1169 20 1208 1.6 8343
25 1459 25 1506 2 7861
30 1751 30 1804
35 2040 35 2105 Max. eror, abs. gc 35 kPa
40 2330 40 2404 Max error. abs. fs; 2 kPa
45 2619 45 2702 Max. error, abs. u2: 10 kPa
50 2808 50 3001 Max. error, abs. | ¥
75 4356 75 4494
100 5800 100 5983

This calibration is compitant with Eiceikamp GeoPoint SoiSalutions inernal quadty system, intermal cibrsticn procesiucas and meets the requirements of

NEN2649, NEN-EN-1SO 22478-1, NORSOK G001 ISSMFE ard ASTM us G calbration saupment

Approved by: B
Date:

Fijkelkamp GeoPoint ScilSolutions
VAT NO, NL8584,21.422 801
Trade Reg. Arnhem no. 70686149

casnie [0 (inter-INational Standards

IBAN NLA3 RABO 0326 7904 38
BIC: RABONL2U

insitusi.com
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APPENDIX A5 — Symbol List

English

a is area ratio of the cone (= )

A is area

Ac is projected area of the cone

An is cross sectional area of load cell or shaft

As is area of friction sleeve

Asb is bottom end area of friction sleeve

Ast is top end area of friction sleeve

Bq is pore pressure parameter (=( 2= o) C -4 ))
Ch is horizontal coefficient of consolidation

Cv is vertical coefficient of consolidation

D is diameter

Dy is relative density (= = 100%)

e is void ratio

emax IS maximum void ratio

€min IS minimum void ratio

E is Young’s modulus

fs is unit sleeve friction resistance

fy is sleeve friction corrected for pore pressure effects
Fs is total force acting on friction sleeve

Fr is normalized friction ratio (= « -, ))

FoS s factor of safety

FC is fines content

g is acceleration due to gravity

Go is initial or maximum shear modulus, shear stiffness
I is soil behavior type index

Iy is rigidity index (= )

lo is plasticity index

k is coefficient of permeability

kn is coefficient of permeability in horizontal direction
kv is coefficient of permeability in vertical direction
Ko is coefficient of earth pressure at rest (=' ho . )
L is length

my is coefficient of volume change

M is constrained deformation modulus

M7.5 is earthquake magnitude of 7.5 Richter scale

N is number of blows of SPT

Nso is SPT energy ratio

\D is cone factor

Nke is cone factor

Nt is cone factor

Nau IS cone factor

Pa is reference stress (= 100 )

de is measured cone resistance

Qe is effective cone resistance (= - ,)

On is net cone resistance (= - )

0t is corrected cone resistance (= - (1 - ) »)
Qc is total force acting on the cone

Qt is normalized cone resistance (=~ ° , )

0
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Ry is friction ratio (= 100%o0r alternatively = 100%)
Su is undrained shear strength
Sur is remoulded undrained shear strength
St is sensitivity
t is time
tso is time for 50% dissipation of excess pore water pressure
Tso is time factorat =50%
u iS pore water pressure
Uo is in situ pore pressure
Uz is pore pressure measured on the cone
Uz is pore pressure measured behind the cone
Us is pore pressure measured behind sleeve friction
Au iS excess pore water pressure
U is hormalized excess pore pressure
Vs is shear wave velocity
z is depth
Greek
a is constant
a is cone roughness
B is constant
B1 is the angle between the vertical axis and the projection of the axis of the CPTU on a
vertical plane, in degrees
B2 is the angle between the vertical axis and the projection of the axis of the CPTU on a
vertical plane that is perpendicular to the plane of angle 1, in degrees
Y is unit weight of soil
Yw unit weight of water
A is change
Au IS excess pore pressure (= - o)
¥ is Poisson’s ratio
p is density
0] is state parameter
0,0’ is normal stress (total, effective)
On, On’ is horizontal stress (total, effective)
Oy, 0V’ is horizontal stress (total, effective)
Ovo,0v0’ IS overburden stress (total, effective)
Tav is average cyclic shear stress
Tey is cyclic shear stress
@ is effective friction angle
Report No. 1210494
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APPENDIX A6 —Abbreviations

ASTM American Society for Testing and Materials

CPTU Cone Penetration Test with Pore Pressure Measurement (Piezocone Test)
CRR Cyclic Resistance Ratio

CSR Cyclic Stress Ratio

GWT Ground Water Table

NC Normally Consolidated

ocC Over consolidated

OCR Over consolidation Ratio

PL Limit Pressure

SDMT Seismic Dilatometer Marchetti

SPT Standard Penetration Test

TC Technical Committee
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APPENDIX A7 — Glossary

CPT
Cone Penetration Test.

Cone
The part of the cone penetrometer on which the end bearing is developed.

Cone Penetrometer
The assembly containing the cone, friction sleeve, any other sensors and measuring
systems, as well as the connections to the push-rods.

Cone resistance, qc
The total force acting on the cone, Qc, divided by the projected area of the cone, Ac. =

Corrected cone resistance, qt
The cone resistance, qc corrected for pore water pressure effects.

Corrected sleeve friction, f
The sleeve friction corrected for pore water pressure effects on the ends of the friction
sleeve.

Data acquisition system
The system used to measure and record the measurements made by the cone
penetrometer.

Dissipation Test
A test when the decay of the pore water pressure is monitored during a pause in penetration.

Filter element
The porous element inserted into the cone penetrometer to allow transmission of the pore
water pressure to the pore pressure sensor, while maintaining the correct profile of the cone
penetrometer.

Friction ratio, Rs
The ratio, expressed as a percentage of the sleeve friction, fs, to the cone resistance, qc,
both measured at the same depth.

Friction reducer
A local enlargement on the push-rod surface, placed at a distance above the cone
penetrometer, and provided to reduce the friction on the push-rods.

Friction sleeve
The section of the cone penetrometer upon which the sleeve friction is measured.

Normalized cone resistance, Q. or Qx
The cone resistance expressed in a non-dimensional form and taking account of stress

changes in situ, =C =0 ), . or when the corrected cone resistance is used =

¢ = o), . .Where 0.0 and oo are the total and effective vertical stress respectively.

Net cone resistance, Qn
The corrected cone resistance minus the vertical total stress. = - |

Normalized friction ratio, F;
The sleeve friction normalized by the net cone resistance.
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Piezocone
A cone penetrometer containing a pore pressure sensor.

Pore pressure, u

The pore pressure generated during penetration and measured by a pore pressure sensor,
us when measured on the cone, u; when measured just behind the cone and usz when
measured just behind the friction sleeve.

Pore pressure ratio, Bq
The net pore pressure normalized with respect to the net cone resistance.

Push-rods
The thick-walled tubes or rods used for advancing the cone penetrometer.

Rig machine
The equipment which pushes the cone penetrometer and rods into the ground.

Sleeve friction, fs
The total frictional force acting on the friction sleeve, Fs, divided by its surface area, As. =

Report No. 1210494
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APPENDIX A8 — Soils Description Tables

GRANULAR SOILS (Sands and Gravels)

Description Relative DensityD; (%) SPT N value, Nspr
Very Loose 0-15 0-4
Loose 15-35 4-10
Medium Dense 35-65 10- 30
Dense 65 -85 30 - 50
Very Dense >85 >50

COHESIVE SOILS (Clays and Silts)

Term based on measurement | Undrained Shear Strength Classification, s, (kPa)
Extremely low <10
Very low 10-20
Low 20 - 40
Medium 40 - 75
High 75 - 150
Very high 150 - 300
Extremely high >300
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APPENDIX B

Cone Penetration Measured Parameters and Geotechnical
Derived Parameters
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CPT LOG 01

PointID

CPT201

MOITASIT23VIAI ITIZ working with:
CLIENT : Delta Simons EASTING : 0.000 m Remark: SHEET 1 OF 3
PROJECT: B kh t NORTHING : 0.000 m Test completed at target depth. STATUS Final
. brocknampton ELEVATION : 0.000 m OD TEST DATE : 05/10/2021
LOCATION Portsmouth CHECKED BY . LD PLOT DATE : 12/10/2021
PROJECT No. : 1210494 TERMINATION REASON : Target depth METHOD 1ISO 22476-1:2012
i Inclination (°
Cone Resistance, g. (MPa) Frction Rato, R (0 In Situ Pore Pressure, u, (kPa) nclination (°) . - 2
0 11 22 33 44 55 riction Ratio, R; _— ore Pressure Ratio, a Soil Behaviour Type: = . e
B s f f f f Porewater Pressure, u, (kPa) . Robertson et al. 1986 qc Rf % Material Description
= = 0 100 200 300 400 500 T 5
E=] < — 5
53 E B Sleeve Friction Resistance, f, (kPa) ©
o |TmE
=+ Medium strength CLAY (3)
1+-1 k== —— -l
:: Very high strength locally high strength
4 sandy SILT to clayey SILT (6)
2_“__2 - Medium strength to high strength silty
4 CLAY to CLAY (4) with a layer of
1 gravelly sand
313 [@=
4_“__4 Medium strength to high strength silty
=+ CLAY to CLAY (4) with layers of gravelly
1 sand
5—+4-5 [—
6——-6
=+ Loose gravelly SAND to SAND (10)
:: Medium strength to high strength CLAY
4 )
-7
T Medium dense gravelly SAND to SAND
818 | o e T T (10)
:: Medium strength locally high strength
silty CLAY to CLAY (4) with layers of
T gravelly sand
9—-9 —
CONE ID : S15-CFIP.1475 ITEST TYPE : METHOD: Robertson et al. 1986 qc Rf
CPTU ZERO VALUES : . qc
CALIBRATION DATE : 08/09/20_20 APPLICATION CLASS 2 Transducer Pre Post Difference | [l 1- sensttve fine grained materia [ 5- Clayey SILT tossity CLAY [ o-sano -Y—Srourdwater
CONE MODEL : Subtraction RIG : CPT 006 - Zoe Tip 276mv 278mV 0022 MPa eve
CONE AREA . 150m? OPERATOR . DG o e oy remy 0-001 e B 2 organic material Bl - sancy SILT o clayey sIT [l 10- Gravely SAND to SAND
CONE AREA RATIO : 0.79 FRICTION REDUCER : None Pore Pressure 2 255 mV 307 mV 0014 kPa W - o I 7-sitysanp o sancy st [ 22 ey it e grine ~-II||| Dissipation Test
FILTER POSITION  : u2 EATHER : Raining & Mild X-Y Inclinometer 2457 mV 2580 mV ’ I +-siycravociay [] 8- sanD tosity SAND [ 12- sAND to clayey SAND
FILTER TYPE - HDPE GROUNDWATER DEPTH : Assumed for calculation purpose
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CPT LOG 01

2rionmizsilsb £ PointlD
. . nobmrad | wstzarzneM | soasd | daidnod | marhud | nlaoald
MOITASITEZ23VIA ITIZ  working with: CPT201
CLIENT - Delta Simons EASTING : 0.000 m Remark: SHEET 2 OF 3
PROJECT: B kh t NORTHING : 0.000 m Test completed at target depth. STATUS : Final
. brocknampton ELEVATION : 0.000 m OD TEST DATE : 05/10/2021
LOCATION . Portsmouth CHECKED BY . LD PLOT DATE : 12/10/2021
PROJECT No. : 1210494 TERMINATION REASON : Target depth METHOD 1 1SO 22476-1:2012
Cone Resistance, g. (MPa) . Inclination (°)
0 11 22 33 44 55 Friction Ratio, R, (%) In Situ Pore Pressure, u, (kPa) _ Pore Pressure Ratio, B, Soil Behaviour Type: g . o
B c | | | | W Robertson et al. 1986 qc Rf 2 Material Description
= % 0 100 200 300 400 500 Porewater Pressure, u, (kPa) — 1 §
53 E B Sleeve Friction Resistance, f, (kPa) ©
[a} RS 5 0 10 11
4 T .—_.— 10.30
T I . Loose gravelly SAND to SAND (10) with
T ] | ] layers of clay
111 I [ - {11.00
=+ | | Medium strength becoming high strength
=+ | | Ix X clayey SILT to silty CLAY (5)
T r X
4 | [ N
12——-12 = [ R
1 \ [ X
+ | [
1313 ST I . 4 N Lk
4 | (. X
X
T | [ X
-+ | || RJero
14_“__14 4 L ]14.00 Loose SAND (9)
=+ | T . x| High strength sandy SILT to clayey SILT
+ 2 (6)
T \ LRy
-+ | [ 1] ] .114.90
15——-15 [T S Medium dense locally loose gravelly
T | . SAND to SAND (10)
T — [ -]15.80
16——-16 LI Medium dense locally loose SAND to
=+ (. silty SAND (8)
T [
T — ‘ ‘
17——-17 [ =1
I Ll
4 ——— | | |
T L
18——-18 T
4 — [
T L]
19—-19 g By
T [
T R B I A 9
T e — I " {19.07
CONE ID : S15-CFIP.1475 ITEST TYPE : TE2 METHOD: Robertson et al. 1986 qc Rf
CPTU ZERO VALUES q
CALIBRATION DATE : 08/09/2020 APPLICATION CLASS 2 Transducer Pre Post Difference | [l 1- sensttve fine grained materia [ 5- Clayey SILT tossity CLAY [ o-sano -Y—Grourdwater
CONE MODEL  Subtraction RIG : CPT 006 - Zoe Ti 276mv  278mV 0022 MPa Leve
CONE AREA . 150m? OPERATOR DG p . B 2 organic material Bl - sancy SILT o clayey sIT [l 10- Gravely SAND to SAND
: . Sleeve 255 mV 257 mV 0.001 kPa
CONE AREA RATIO : 0.79 FRICTION REDUCER : None Pore Pressure 2 255 mV. 307 mv 0.014 kPa . 3-CLay . 7 - Silty SAND to sandy SILT . 11 - Very stiff fine grained "“I“ Dissipation Test
FILTER POSITION  : u2 EATHER : Raining & Mild X-Y Inclinometer 2457 mV 2580 mV I +-siycravociay [] 8- sanD tosity SAND [ 12- sAND to clayey SAND
FILTER TYPE - HDPE GROUNDWATER DEPTH - Assumed for calculation purpo:
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CPT LOG 01

PointID

MOITASITZSIVIA ITIZ working with; " e imsmmsises CPT201
CLIENT : Delta Simons EASTING : 0.000 m Remark: e - 2?,5':'53—3 : '?; O:: 3
. NORTHING : 0.000 m Test completed at target depth. : Final
PROJECT : Brockhampton ELEVATION - 0.000m OD TEST DATE : 05/10/2021
LOCATION . Portsmouth CHECKED BY . LD PLOT DATE : 12/10/2021
PROJECT No. : 1210494 TERMINATION REASON : Target depth METHOD 1 1SO 22476-1:2012
Cone Resistance, q. (MPa) - . o In Situ Pore Pressure, u, (kPa) Inclination () . 2
R i 0 ]_}1 Zf 3}3 4}4 55 Friction Ratio, R, (%) Pore Pressure Ratio, B, Ros;itlsgsr:vaiﬁu{g;%p:; o g Material Description
E % 0 100 200 300 400 500 Porewater Pressure, u, (kPa) —_ 1 2 §
8 ﬁ E Sleeve Friction Resistance, f, (kPa) 0 2 4 6 8]|-300 0O 300 600 900(-5 O 5 10 15(-0.6 -0.1 0.4 0.9 14| 1 2 3 4 5 6 7 8 9 1011
T Tormnated atioorm 1 \ T T \ \ \ T T T T T TT T T T T T T 17
+ Target depth | | | | | | | | | | | | I | | O O O
T | | | | | | | \ | | [ I | | [ A e O O R
7 ) A A O ) A A s N U [ A O A Y A
T | | | | | | | \ | | [ I | | [ A e O O R
T | | | | | | | | | | | | | I | | O O O
- | | | | | | | \ | | [ I | | [ A e O O R
A L e e e e et e e i sl st A s il et s e e s ol el
T \ | | | | | | \ | | [ I | | [ A e O O R
- | | | | | | | \ | | [ I | | [ A e O O R
B | | | | | | I \ | I [ I | I L
»r® \ ! ! ! ! ! \ T T T \ T T T T
T | | | | | | | \ | | [ I | | [ A e O O R
T | | | | | | | \ | | [ I | | [ A e O O R
2424 — — - — — -ttt -+ -4 - - — 4+ +
T | | | | | | | \ | | [ I | | [ A e O O R
4 | | | | | | | \ | | [ I | | [ A e O O R
r | | | | | | | \ | | [ I | | [ A e O O R
BB T T T T T T T T T T T i s s st e i st s s (s e e e it ol A
+ | | | | | | | \ | | [ I | | [ A e O O R
T | | | | | | | \ | | [ I | | [ A e O O R
B P N S K R R S s S A U 0 O R A B B B
- | | | | | | | \ | | [ I | | [ A e O O R
T | | | | | | | \ | | [ I | | [ A e O O R
L | | | | | | | \ | | [ I | | [ A e O O R
2t = -ttt -+ 1"t =A== At T T T
T | | | | | | | \ | | [ I | | [ A e O O R
+ | | | | | | | \ | | [ I | | [ A e O O R
[ | | | | | | | [ | | o Il | | L
BB e e [ e R A O N R N R R R R I
T | | | | | | | \ | | [ I | | [ A e O O R
T | | | | | | | \ | | [ I | | [ A e O O R
9+ -\ ) | — e B =
T | | | | | | | \ | | [ I | | [ A e O O R
I \ | | | | | | \ | | [ I | | [ A e O O R
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CONE ID 1 S15-CFIP.1475 ITEST TYPE : TE2 METHOD: Robertson et al. 1986 qc Rf
CALIBRATION DATE : OS/OQ/ZQZO IAPPLICATION CLASS 2 Transducer pr(e:PTU ZERSD\;ALUES Difference . 1 - Sensitive fine grained material qD 5 - Clayey SILT to silty CLAY |:| 9- SAND ﬂ—frourdwater
CONE MODEL : Sublrzzalcllon RIG - CPT 006 - Zoe Tip 276 mV 278 mV 0.022 MPa | i 2- organic material Bl - sancy SILT o clayey SIT [l 10- Gravely SAND to SAND eve
CONE AREA 1 15cm OPERATOR : DG Sleeve 255 mv 257 mv 0.001 kPa
CONE AREA RATIO : 0.79 FRICTION REDUCER - None ' PorePressure2  255mv 307mv  00l4kpa | BNCAY W 7-sivswo oseaysur I 1 versitine s ll| Dissipation Test
FILTER POSITION  : u2 EATHER : Raining & Mild X-Y Inclinometer 2457 mV 2580 mV I +-siycravociay [] 8- sanD tosity SAND [ 12- sAND to clayey SAND
FITER TYPE - HDPE GROUNDWATER DEPTH : Assumed for calculation purpose
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CPT LOG 02

PointID
MDI—I—ABITBEVMI ETIB Work|ng Wlth nobmo.t | vateanizneM | sbaad | dsisna# | momu | niaonld CPT201
CLIENT - Delta Simons EASTING : 0.000 m Remark: SHEET 1 OF 3
. NORTHING : 0.000 m Test completed at target depth. STATUS : Final
PROJECT : Brockhampton ELEVATION - 0.000m OD TEST DATE : 05/10/2021
LOCATION . Portsmouth CHECKED BY : LD PLOT DATE : 12/10/2021
PROJECT No. : 1210494 TERMINATION REASON : Target depth METHOD  : ISO 22476-1:2012
Corrected Cone Resistance, g, (MPa) _ _ _ SPT N, Relative Density, D, (%) Friction Angle, ¢' (deg) o
0 ]'}1 Zf 3}3 4}4 55 Non-normal|zet:2§g|elrlt35%r:1az/zlgg(r);l'ype Index, lsar —_— ;: ?3?.‘5‘&12%% = 1. Baldi et al. (1986); Al-Homoud & Wehr (2006) —— 1. Senneset et al. (1988 & 1989); Mayne & Campanella (2005) %

E 5 0 11 22 33 4 =——55 3. Robertson 2012 — 3. Kul 2 Mayne (1990) —— 3. Kulhawy & Mayne (1990) £
é g . Sleeve Friction Resistance, f, (kPa) 8
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CONE ID . S15-CFIP.1475 TEST TYPE - TE2 CPTU ZERO VALUES GRANULAR SOILS (Sands & Gravels) Robertson et al. 1986 Zones 7-10 and Zone 12
CONE MODEL . Subtraction APPLICATION CLASS : 2 Transducer Pre Post Difference | PePion SBT Index, Ic | Description SPT N value, NSPT | Description Relative Density Dr (%) 2 E‘éogrdwater
: : ! ] " v
CONE AREA : 15cm’ RIG : CPT 006 - Zoe Tip 276mv 278mv  0.022MPa | 295960 | Ve Loe ot veryLoose oo
CONE AREARATIO  : 0.79 OPERATOR : DG Sleeve 255mvV  257mV  0.001kPa |™" :'*‘”’* 260295 | Loose 410 Loose 15-35
FILTER POSITION w2 FRICTION REDUCER : None Pore Pressure2  255mV  307mV  0.014kpa |SMemwres 205260 | Medumbense  10-30 MedumBense 3569 || Dissipation Test
FILTER TYPE : HDPE WEATHER : Raining & Mild X-Y Inclinometer 2457 mV 2580 mV sands 181205 pense %050 Dense 65-85
Gravelly sand <131 ‘ery Dense >50 ery Dense =85




UTI a M I anomizsﬂsbA PointlD e

. . noberad | vstzanzneM | sbaad | dxidno# | morhiu | nlaonld
VOITASITZ23VIA ITIZ  working with: CPT201
CLIENT - Delta Simons EASTING : 0.000 m Remark: SHEET : 2_ OF 3
PROJECT: Brockhampton NORTHING : 0.000 m Test completed at target depth. STATUS : Final
. p ELEVATION : 0.000m OD TEST DATE : 05/10/2021
LOCATION . Portsmouth CHECKED BY . LD PLOT DATE : 12/10/2021
PROJECT No. : 1210494 TERMINATION REASON : Target depth METHOD  : ISO 22476-1:2012
Corrected Cone Resistance, g, (MPa) _ _ _ SPT N, Relative Density, D, (%) Friction Angle, ¢' (deg)
0 11 22 33 44 55 Non-normalized Soil Behaviour Type Index, lsgr g
} } } } Robertson (2010) _— ; ‘I]?eoflfa:gl‘g\/ar\::i:sggg — 1 Bﬁldl etal. (19}3(?):A|7H0m0ud&wehr(2006) — 1. Senneset et al. (1988 & 1989); Mayne & Campanella (2005) j
E 5 0 1.1 2.2 33 44+ = =55 3. Robertson 2012 —— 3. Kulhawy & Mayne (1990) —— 3. Kulhawy & Mayne (1990) 5
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CONE ID . S15-CFIP.1475 TEST TYPE - TE2 CPTU ZERO VALUES GRANULAR SOILS (Sands & Gravels) Robertson et al. 1986 Zones 7-10 and Zone 12 G dwat
CONE MODEL - Subtraction APPLICATION CLASS : 2 Transducer Pre Post Difference | PeserPion SBT Index, Ic | Description SPT N value, NSPT | Description Relative Density Dr (%) 2 rouln water
CONE AREA : 15cm’ RIG : CPT 006 - Zoe Tip 276mv 278mvV  0.022MPa | 295360 | VeryLoose ot veryLoose 01 Leve
CONE AREARATIO  : 0.79 OPERATOR : DG Sleeve 255mV  257mV  0.001kpa | "™V 260295 | Loose 4-10 Loose 15-35
FILTER POSITION Su2 FRICTION REDUCER : None Pore Pressure 2 255mV  307mV 0014 kpa |SMdmwres 205260 Medumbense  10-30 MedumDense - 35-65 al]| Dissipation Test
FILTER TYPE : HDPE WEATHER : Raining & Mild X-Y Inclinometer 2457 mV 2580 mV Sands 131205 bense 350 Dense 85-85
Gravelly sand <131 ‘ery Dense >50 ery Dense =85
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CPT LOG 02

PointID
MOITASITZ23VIA ITIS working with; et s iamaimmsinent CPT201
CLIENT : Delta Simons EASTING : 0.000 m Remark: SHEET : 3 OF 3
. NORTHING : 0.000 m Test completed at target depth. STATUS : Final
PROJECT : Brockhampton ELEVATION - 0.000m OD TEST DATE : 05/10/2021
LOCATION . Portsmouth CHECKED BY : LD PLOT DATE : 12/10/2021
PROJECT No. : 1210494 TERMINATION REASON : Target depth METHOD . 1SO 22476-1:2012
Corrected Cone Resistance, g, (MPa) SPT N, Relative Density, D, (%) Friction Angle, ¢' (deg)
0 11 22 33 44 55 Non-normalized Soil Behaviour Type Index, lsgr g

,\ } } | | Robertson (2010) —_ ;: 5‘3‘?:5&512%% = 1. Baldi et al. (1986); Al-Homoud & Wehr (2006) ——— 1. Senneset et al. (1988 & 1989); Mayne & Campanella (2005) ;
g g 0 1.1 2.2 3.3 4.4 + =——hh 3. Robertson 2012 — Aayne (1990) = 3. Kulhawy & Mayne (1990) ﬁ
é g . Sleeve Friction Resistance, f, (kPa) 8
8 uE 0 100 200 300 400 5000 3 4 5|0 5 10 15 20 25 30 35 40 45 50(0 25 50 75 100|0 20 40 60 80
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CONE ID . S15-CFIP.1475 TEST TYPE - TE2 CPTU ZERO VALUES GRANULAR SOILS (Sands & GTaveIs) Robertson et al. 1986 Zones 7-10 and Zone 12 Groundwater
CONE MODEL : Subtraction APPLICATION CLASS : 2 Transducer Pre Post Difference | 2#"" SeTindex,lc | Description SPTNvalue, NSPT | Description Relative Density Dr (%) < evel
CONE AREA : 15cm? RIG : CPT 006 - Zoe Tip 276mV 278mV  0.022MPa | 295360 Very Loose 0-4 very Loose 0-1
CONE AREARATIO  : 0.79 OPERATOR : DG Sleeve 255mV  257mV  0.001kpa | "™ 260295 | Loose 4-10 Loose 15-39
FILTER POSITION u2 FRICTION REDUCER : None Pore Pressure 2 255mV  307mV 0014 kpa |Sdmwres 205260 Medumbense  10-30 MedumDense - 35-65 al]| Dissipation Test
FILTER TYPE : HDPE WEATHER : Raining & Mild X-Y Inclinometer 2457 mV 2580 mV Sands 131205 bense 350 Dense 85-85

Gravelly sand <131 ‘ery Dense >50 ery Dense =85




