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i Desk Study
at Attention is drown 1o the General Notes and
Investigortion
Brunswick Quay, Appendix 8 1o Eﬁ%ﬂ%m !3\;1
Liverpool procedures followad and ﬂmﬁ
1.0 INTRODUCTION
A desk  study  was  undertaken by
Geotechnics Ltd at the site of a proposed
high-rise rasidential/retail development. The )
desk study was camisd ot to the instructions
of Hickson Davis on behalf of the Client,
Mare Developrments Uimited.  This report
dascnbes ’rhe work and presen’rs 'rhe eyt
g INFORMATION
# 2.0 OBJECT AND SCOPE OF
THE INVESTIGATION The sources of information used during the
Crask Studly comprised the following:-
The object of the desk shudy was to seek British Geological Survey
- information which may ofready exist about Lanarnark. Infoemotion Group
the site, s history, geclogy and ground
conditicns. On the instructions of Nickson 5.0 THESITE
Daovis, some parts of the desk study are to
be undertaken by other speciglists and 5.1 ] ii
reported separgtely. A detglled study of the ' ccalion g
site history = fo e prepared by the Curator o
of Port History, Nattional Museurns - Liveipool, The site islocated on the north western bank - -
Aspects relating to the qf ihe River Mers_ey. in the Tcrxtef’fh crea of |
hydrology/hvdrogenlogy of the site; such as Liverpool. It i situated approximately 2.5
groundwater vulnerability, aquifer k:lfametres _soufh of Lwerppoi Lime Straet 5
vuinerability, flooding, watercourses and railway stafion. The approximate Ordnance
_ drainage are to be reporfed by Enviros Survey National Grd Eefen_enca fon fhe sita is ;
B Limited. 5J 347 882 and an exiract from the relevant :
£ 1:50,000 Scale O.5. Mo {Shea‘r No. IDE}I is :
. On the instuctions of Nickson Davis, a  Includedias Appendixi. :
segrch of avdilable service records reiating |
Lid. :
e i - - - &SI 5. locoted between the southem. ...
3 0 FRESENTA"ON part of Thg Brynsch'k_: Dock and the River
: -Memsey.- It lies immediately eastward ofthe - - - - - 1
The sources of information used for the desk “B0 foot lock”, which forms the entrance io ;
e e e D O e et . the_ Brumswick Dock_from_the, River Mersey. ... i
o Sf.qﬁir..g.h‘.s_'?[‘ﬂ.ﬂ?ﬂ.?f..ﬂ‘!e site Ond A somriary” The 80 foot lock" is-shl -used by - ﬁl&asuriz L
of the data obidined from the study ars - 'c:ruﬁ moored Jocc:lh.r in ihe ansmck Dock, -
oo presented. in Secfians 4 fo Ul The factoal - - i
-----——.—.—.—---TT-:-thG—-EG —Gbiﬂiﬂ@d% g EF’ESEFI#?Q Hq____'._..Whan T - LUt - he nver- enfrance- of -The”
3 ﬁ.ppendlces 11o 6 of hrs report - -Brunswick Dock comprised two- locks, -
. | 11...' 11 1 &l
ke nd -ciowngs.ocquibes _duﬂng ‘namely &g E:I.:‘;;Q 80 Ff:?gt lock gggw on r‘rs“:______*___d:_* ____
- b —semc&s----&aareh-- e - fHesenied —- - e iy SR L

. Geglechnics limifed .~ - - . " Deisk Shydy-al Branayick Quay, Lverpaat ..
LU |, Boecters Inchusiriaf Park, Project Mo PR30, (Aprl 2&][&4}
hmﬂ;ﬂ«:ﬁm&ﬂﬂmﬂ? srdvebg R il Bk 004 F agmendisiappendices 1 @ . cftgedhT & - . _

4 Mand.

1
1
AT e e L



;@}ml_ .

"100 oot lock" has since been infilled and a
tarmcc-surfaced car park constructed upon
it. Massive sandstone blockwork and cast
iron boitards, evident on both sides of the
car park, clearly show the position of the
former lock walls. The present car park arec
forms the western half of the site.

The eostemnn half of the site, situated
between the infifed "100 foot lock™ and the
Brunswick Dock is largely occupied by the
“South West Brunswick Dock” building.  This
trick-built, pitched-roof building is o former
tobacco wareshouse, constructed with s
egstern  elevalion rsing just behind the
concrete wall of the Brmswick Dock, This
building  presently  howses  many  small
Jousiness. units. which collectively make. up
the fimex Spaces) Brunswick Small Business
Centre,

The northern half of this building contoins
variows offices with the main entrances on ifs
wastermn elevation, whilst the southern hoilf
contalns varows warkshop units, with [imited
valicUfar acceass info the building from
arctiwictys at ifs southen end.

The sita is accested off the northerm side of
Aflantic Way, which itself is finked to Sefton
Strest (locally known a5 “The Dock Roaad"}
by Brunswick Woy,  From Allantic Way o
narow  aceess  road  runs northwaord
praviding access to the car park area.

A small,  two-storey, flotqoofed  office
building (known as “E Block"} 5 focated in
the south western comer of the site,
between the access rood and the main

CjSouth West Brunswick Dock) building. " The

‘areqs between the -access roadfoor park

and the main building are largsly paved

~ with some landscaping mcludmg smali trees
cmd shrubs.

Most of the site is relatively level, at a similar
elevation fo the access road/cor park. An
excepfion to this is the slighihx lower ared

Tsumpunging “E Block™. A saeres of sfeps hos
“bBeen provided in the footpath from fhls

~oreado the main building. :

" The bm:k bu:ldrngs are geneml!v in o fmr
- condition, Howeaver, Ot the northern end of

tel-icie cemented over it to indicate any
recent outward movement. The crock is
sightly  rust-coloured, suggesting  possible
cotraslon of steal reinforcemant within it
he guaiity of the concrete is varable with
the raunded gravel of the aggregate baing
claarky visible in places where the cament
micrtrix i largely absent.

Ther water level within the Brunswick Dock is
maintained ot d relalivaly stable level whilst
that within the River Mersey has a fidat
varatiorn,

To the north of the site, on the far side of the
“BO foot lock™ s o fourstorey residentiol
development whilst to the south, on the
opposite. side of Allontic Way, a new steel-
framed buiding is under consruction.

The site covers a tofal area of 122,100 so.ft.
{about 11.343m32). The eastem elevation of
the South West Brunswick Dock Building is
about T47m in length, whilst its southem
elevation s opproximately 45m long. The
car park areda 5 rectanguiar megsuring
approximeately B&m x 30m.

the site areq is shown on the Proposed
Lavout Plan in Appendix 2 and glso on the
Borehole Location Plon in Appendix 3,

6.0 SITE HISTORY

Fast uses of the site can have important
geofechnical  implications. Extracts of
relevant  hisforical maps  have  besn
obtdined from the Landmark Information

—The tistory-of the siter besed or thasé maps ™~ Sl

r'|‘1r;:~,..r E::e summqnsed as foilc:ws -

F‘m:lr 1‘0 1850

The 1850 Ordnance Survey map shows the

- Bronswick Bock with twor gravingdocksat fts = - -~
- southem énd, An entrance from the River - R
- Mersey. to the Brunswick Dock 5 shewn - - .. -
Qrﬂﬂdﬁd wﬂ_’rtle Emmmckj:lﬂfi Tldﬂ &asm e e

Behveen 1882 andd 1890

Grolp-and- gopies ars-included in Appendix - - - - g

——————— : ————’rha—mGlmatmddmg,—ih@-g@m;raia-dgr;k-w"” ig , - _ TEN—
- " Dudng ¥his period, fhe Toxtelh Dock and s .

Deske Study af Brunewick Guoy.verpool - T~
Project No PHI30S71. (Apri 2004). gectechnics
. AN

Page2ofid
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~~The Brifis-Geotogicat Survey was comacted — =

- = Egr thisparticulor site;” Tt hics been possrbie ‘h:r'__ e

mver enfrance werg built to the south of the fSheet Mo, %6) Dnift Edition, dated

Brurswick groving docks. The Toxleth Dock - 1975

was [nked to Brunswick Dock via the

construcfion of Union Dock, to the east of {3 “British Regional Geology - The

the Brunswick graving docks. Pennines and Adjocent Area" British
Geological  Survey. Third  Edifion,

Befween 1899 ond 1908 {1978), HMS5C

A new river enfrance to the Brunswick Dock 4 Fravious Borehole Records.

was buit af its southem end, comprising fhe

“80 foot” and *100 fool locks™. The The 1:50.000 S5cale maps show the site fo be

Brunswick Hal Tide Basin was no longer underlain by Aluvium overlying rocks of the

Sherwood Sandstone Group [the Keuper

inked to the Brunswick Dock.
Basement Beds) which are Triassic in age.

Befwear 1913 ang 1927
The records of two previous boreholes put

Brunswick Dock wos exlended southwards down at the site have been obtdined from
by the removal-of the two groving docks the -BGES to give an indication of the ground
arnd the Union Dock. The South West ‘condifions in the local arec and are
Brurmswick Dock Building was constructed presented in Appendix 5. These boreholes
between the 100 foot lock" and the were camed out by Osifs-Cesco Lid, 1o the
Brunswick Bock. The western dock wall of instructions of Word Ashoroff and Parkman,
the Brunswick Dock was built ue from the on behalf of the Mersaytide Development
cenfre of the westem groving dock. The Corporaiion. They were camied out during
Toxteth Dock rver enfrance was removen the period 22rd February 1984 1o 100 March
and rew link 1o Brunswick Dock [984,
constructed.
The Iocafions of these boreholes ore
Beftween 1982 and 1590 indicated upon the plan presented with the
Ervirocheck Report in Appendix 4, On fhis
The link between Toxteth Dock and plan Borehole No.t is given the Map ID of 47
Bronswick Dock was removed. The *100 foot ~ whilst Borehole No.2 is given the Maop D of
lock™ was infilied and g car pak 48,
consfructed wpen it The South West
Brunswick Dock Buiiding was converted into These borsholes werg sunk within the 100

foot lock” prior to it being completely infilted
to enable the presant car park fo be
A detgied study of the sife history is to be carstocted. If should be noted that on the -
providded by the Curator of Port History,  record for Borehole No. 2 1t is stated thot the

' Nationat Museu'ms' Lwarpﬁd eable percussion boring rig was niounted on
" poritodns. 6 both casss theé dontrete Sill of

the dock wos penefrated to enabsle the

the Brunswick Enterprise Centre,

~4:0- SNEGEQLOGY- - - - - - " undenlying sandstone fo be cored.

'Grcrn ul'ﬂr Made Gm und

fo provide avaitable borehale and map The presence of a 10.00m thickness of
records rsiating to the site. grahuiar made ground within Borehole No. 1
“indicates that by.early 1784 some infiling of
. the sauthem end ¢ Df the lack had occumed..
-gillse the following:- - - C T ThiEs granlar il is descnibed of msdiuih
dense-silty -sandy- grerel-comprsing- brigk --

Rlver bore, Stney, Chester, CHE BR Fuga 3 pfd

p_,]___.___Ger:rlﬂgtccl .Sume;f _____ _Maop._ ]Eﬂﬂm“.:'.-—'-‘"de‘bm—mﬂcnemd -timber: - Huweverﬂm——"—“' J—
- 251’}?‘31 Ne. 9¢) Solid Edition, dafed -significant amount..of chiseling. recorded.
? woold  indicate  cobblefboulder  sized
~—= —- o ~—-_*H%&1‘6HEI—-WBE**BHHEH?&HEE**WHIP‘ 2L
....:.__._._{?}._.______Gﬂﬂlﬂglctl[ SSutvey . Ms::p_. AAGOB Hydraearboncontamination—and -arganic- - —
Goolechnic: Umited @ -neskmddyurarunnh:kmw,uveq;dal LN . - o
Linif 1, Borsiars Ineisiniod Patk, Froject Mo PHNOIIF |, Lapd 2004, ges techmies
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Beneath ihese

dabris was also noted within this fill moterial.

Alluvial Deposits

Beneath this made ground, alluvial deposits
weare encountered. Thess comprised o
1.50m thick loayer of medium dense black
arganic sty sond with  hydroconoon
contaminafion overying aQ loyer of soft fo
firm taminated dark grey and brown organic
clayfsiit.  This cifovium extended 1o 14.20m
depth where the concrete lock sill was
struck at an elevation of 3.32m below chart
clatum,

Borehole No. 2, which was drlied overwater
from pontoons in the northem part of the
lock, did not reveal any granular il bud
encountered a 10.00m fhick segquence of
vored alluvial deposits, These are described
as generally loose dark grey-brown very silty
sand with fayvers of very soft fo soft organic
clay and sit. These alluvial matericls were
also found fo have been deposifted upon
ihe concrete lock sill, encountered ot an
glevation of 2.32m below chart datum.

Concrele Lock 5l

The concrate lack sill was 1.10m thick at the
lecation of Borehole No. 1, whersas within
Borehole Mo, 2, o 0.40m thick lover of
concrete was recorded ovetlying o 1.40m
fhickness of timber.

Sandstone

Within 0.50m of the base of the concrete sill

~in Borehole Na. 1 red ond black silty sond
Iayers were initially noted. These are pﬂsmbly

represetitaiive of completely weathered

. sandsione which may hove been rewarked

pricr to the construction of the lock sill.

Mo.. 2, the. sandstons bedrock was struck.
This strata 5 described as red completaly

-anrg- -far -

e 'BETEhmE—Nﬁ_E LTI T

- Ervncwertar.

"sond™ loyers and_ glso . T
'drrecﬂy belaw 1he timber within Borehole

_weaithered uncemented becoming weakly
_ cem@n_’(ed 5|iht fme gr{;rned sondstone.. This.
sandstorie was proven for 1.30m within

~—Borehole-—No: - 00m- - within-- -«

iy sewcsge [fl!’!l‘.]h"'f!’&ﬂ'l'ed efﬂueni] operm’red' )
by B AT Industies Lid,

-t medivim-inflow of-grotneweterwas rofect - southem end of the former "100-fool logk:

ot Sﬂrﬁ‘tiemh' -within Borehols - NoT T

Borehole Mo, 2 was dhiled overwafer and
neither groundwater inflows nor water levels
are given on the borehole record.

The Envirocheck Repord presented in
Appendix 4 indicotes o high risk of
comprassible ground at the sife. This is due
to significont thicknessas of made ground
and soft aliuvial [possibly orgeanic) deposits
undetlying the site,

8.0 MINING

a1 Codl Mihing

Tha sile is not in an areq affected by coal
Fhining nor ore any  codil-bearng  strafa
known o expected to be present al the
site. This is confirmed within the Envirocheck
Report and by the geological data.

A Cool Minihg Report is therefore not
required.

8.2 Brine Puymping

The Envrocheck Report ond geological
seanario indicates that the site 15 not in an
area affected by brine puneing.

7.0° ENVIRONMENTAL
CONSIDERATIONS

- within - 250m -of ~the site:

Dafo  obftgned from  the landmark
Information Groug was examined fo provida
information on  environmental  aspects
relating fo the site.  The following nofes

Envirocheck Report prasanted in Appendix

é. |

'i!.l- Bischarge Cansenis and raHuHun :

- vcidents -

There are four dischoarge consents and a
single recorded poflution incident indicafed

inllowing to the River Mersey Estuary:

located al thé

Geole:hnlc-_s Limited @

River Loine, Saltney, Chester, CHA B8

dnlk 1, Borders Inocksingl Pork,

Desk Study of Brunswick Qoday: Uverpad
Project Mo PMOS037E, [Apdl 2004),
Poge 4ofd _

ThEdlSChﬁrQE%" e e
CConsents ‘relate -to- the - discharge - of -thé- - ... . ..

-shootd -be-read  in- conjuncton- with -the - - - -




recardad at No. é Shed South End (East

o Side), the licence dated 19 Aprl 1977,
ii} suface water, operated by Merseyside hoving been held by Transwaste [N.wW.) Lid,
Development Corporation, located near The licence which authodsed the transfer of
the south westerm comer of the Brunswick solid  industici and  consfrection non
Enfenzrse Centre and tozardous waste {excluding asbestos) 5 no
longer operafive, In fact the site to which it
iii} sewage (unspeciflad), operated by refers has been redeveloped and s
United UHlifies Water Pl locoted clbout presently occupied by Hamry Ramsden's
100m south of the Brunswick Enferprse Restaurant.
Centre. ?.5 Hazardous Substances
The single recorded pollution incident that The Envirochack Report indicates that there
occumed witin 250m of the site compnsed are no records of any hozardous substances
an accidentat spillage/leckage of diesel il within 250m of the site.
to the Brurswick Dock. This spillage/leokage
occurred on 29 Januvary 1991 and was P.b Radon
-classed os-o 'Category 3-- Miner incident™. . : : . . .
. The incident occured on the eastern side of Less than 1% of homes are indicated to be
_ ?‘3 the Brunswick Dock (near the site of the above the action level for radon as set by
present-day Roval Naval Training Ship, HMS the National Radiological Protection Board.
Eaglef]. The Brfish Geological Survey indicate that
no  roddon  protective meaqsures are
2.2 Registered Radioactive Substances NSCessony.
There are four instances of registered 9.5 Industrial Land Use
radioactive substances within 250m of the
site.  These relate 1o Chubb Fre Lid and There are o total of 15 vorious businesses
imtegrated Radiclogical  Services  Lid., iisted os being on the site wilkh o further 10
situagted of  Century Buildings off Tower inclustrial premises located within 250m of
Street on the Brunswick Business Park to the the site.
south eqst of the site. :
7.4 Fuel Stations -
2.3 Groundwater Yulnerability
The Envirocheck Report indicates that there
The geological classification for the rock are no fuel stafions within 250m of the site.
strafa beneath the sife is Major Aquifer. The
kN soif clossification for the superficial depuosits 9.7 Sensitive Land Uses
i at the site is Scils of High Leaching Polential :
T T it e Nulnarabiily Siasication e Envirschiesk Report trdicates hiat thiere 1+ ¢
{H} is assumed until proved othenwisa, - gre no enviropmentally sensitive creas within
7.4 Landfill and Waste Transfer Sites ' S T
_ B ' it shoutd be noted that aspects relating to :
T iRerseyside “Woste” Dispiosal Authorly record T e " Riydrofogyffivarsgeclogy T of Tthearer T
2. landtll, site. to the west of Brumswick Csuch os groundwater vulnerability, aguifer
Enterprise Centre although its last reporied yulnerability, flooding, watercourses and
_status is unknown, the types of waste buried draingge are ’rc: e reporred m de’fcul by
" Tand the. date of closurs. of this dandiil ore E'r‘mrﬂﬁ Lll"ﬁtf&d S A
- not supplied and its posiicnal accuracy drs
- Cmknigvn s IHis passible that the landdil site:
--------- T beingrretered s to anthisringtanee-tis—ihe 10 ﬁ FRELIMIN]AR]{ ST
7 inflled 100 foot ioek" immediately west of "~ ENVIRONMENTAL
the E.mnswlck Enier‘pﬂsa Cemre ASS ESSMENT
st --r;‘-_—-.-—-.--_:-:"Fhare-.rr.ﬂ.-mmgIﬁ::&glstﬁfs{l.wmi&:’rrﬂﬁsfer gite o T_.':' :""'."'—.".'::':.—'.".".'.—'.'.'.:'.'.".':.'.'.'.'.'.E":T e s e m o e

- Geodtechnicy Umied B -

"+ Rived Lane. Saliney. Chester. CH4 B8R}

Uit 1, Borgars Indushicl Po,

- Dotk Study of Brunswick Quay, Uverpaol-
Projact Mo PROA0ATY, (Al 2004).
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10.1 {General

In order o make o praliminary ossessment
on the pofential contamination risks at the
site, the dafe avaloble haos  besn
considered in the context of the source -
pathway - receptor model. The identified
contamination sources are listed in Section
10.2, the potertial recaptors in 10.3 and an
assassment of the potential fsks in Section
0.4

10.2 Sources of Contomination
The pofenfiof  contomination  sources

identified dwring this study ore typicaily
those associcted with previous octivities

enred out -ab sucht o -docklond - site:

Sgillage/fleakags of fuels andfor various
cargoes being fronstemed from ships to the
warshouses may hove led fo contamination
of the site.

Materdals used o5 backfil behind the dock
agnd nfver wals moay have contgined

confaminants.

klore recertly, fhe matarial: used to infilf the
“10¢ foot fock™ maoy abso have been
contaminated fo some degree,

The River Mersey hoas it the post been
comaminated with efflvents from industrial
activities caried out along the rver. River
water may therefore have camied some
confominants inte the ground beneath the
site.

The  foillowing receptos for  any

devaloprment of the sita is likely 1o be
for residentialfretail vse. -~

~10.3 . Receptors for Confaminants ... .. . _ _____ . __

10.4 Preliminary Assessment

For contomination/harm fo occur 1o g
recaptar it 5 necessary for there 1o be
pathweay [inking the contamination source
with the receptor dlong which rigration of
the contaminanfs may toake place.  The
imtegrify of a paothway togethar with the
masencea of a source and receptor will have
an important beaing on the assessment of
the sk that domoge may occur to o
receptor. If no pafhvway exists there can be
no risk. An assessment of the risk would also
toke occount of the severty of any
consequences of any contamination.

As the sife is to be covered by buildings and

- fiard--cover -there s fo be-no-pathwoy for

contaminadion 1o affect the end users of the
sife however appropriate health and sofety
recsures should be token to safeguard site
workers duing construction.

tdeaswres should be considered fo prevent
any migration of contaminants  [existing
benegth the site] to the River tersey or
Brunswick [Dock or to the underlving
sandstone aguiter that could be brought
about by construction processes.

11.0 PROPOSED GROUND
INVESTIGATION

It Is recommended that a detaled ground
investigation ks camead ouf to provide the
racassary information for the desiogn of the
proposed development.

fhat

It s unclerstood

) 'develcnpmenf will comprise the féllowing:

-~ Eortamingtiontiave beenidentified: - - -

: 'T_'.'."E.I_']..'.'.":' EFIQ-_UEEIE_Gf-th@ﬂfﬁ—_-Th@EFEﬂB;ﬁﬁ T

|J Blr::c:k A o 50 sicre}r hlgh raéldé;ﬁirul mwer

_block with o tnangylar fcm pnni with sides _'

“aBoUT 45/ in iength,

. ii)-Block B.—.a 10 storey high residenficl biock .

with o fhiangular footprint with sides atxout
35m inlength cnd

_'[Sj  Surface Watei’ Features, the closest

. t_:_:_emg the Brunswick Dock to the edist _ - ety

“and 1he . River Meﬁsey fo Thé west

. .[4'}2' _The .r:!.qpi_fﬁ;r und_ariﬁngihﬁ.si’re,

:..mJ Block C =@ 10 sigrev high remdenhqi

" block. with a polygondl footprint, vp to

‘about Hﬂm in Iengih Elnd c:bou’r 30m 1n

The grnund ﬂcu::r of ’rhe ’rower block |s 1o

A2

. Geotechnles Limbed ® -

- River Lane. Jafiney, Chas'ar, CHA R

”IIPL..-IUL.IL_.- auFﬂE‘fﬂTﬂ‘l"ﬁﬂ1‘|‘S‘ —— *

Lt |, Brgecfars Ircfustrial Pows,

- Degk Sludy.of Brunswick Guay; Liverpaol - - -
Froject Mo PADI0EZ1. (Apr 2004],
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A2 Lokarotany.

" Geohechnics imfed @

_ Rwer Lune Sulina:f Chasiar CHd BRJ

The thres buildings are to ise from o podium
slah constructed across much of the site to
form a centfral cowrtyard and garden areg,
Below the podium it is proposed to construct
a lower ground floor undercroft cor park,
The subdace of this car park is to be about
1.5m baiow the level of the existing cor pork
area at the site. It is understood that thea
proposed car park level wil not extend
beneath the 50 sforey tower,

The proposed buitdings are 1o be of framead
construction with the anticipoted maxirmum
columnt inads in the region of TOMMN.

The extent of the development proposol

-are shawn on the Proposed Lovout Flan

supplied " by MNickson Davis, presented in
Appendix 2,

Curently site investigation works are imited
to the externdal dreq aroung the South West
Brunswick Dock Building., Access to the
intefor of this building 5 precivded 1o
conventionat  drifling  equipment,  either
physically {l.e. insufficient space/headroom)
or prohibited due to the excessive disruption
1o business tenonts thedf would be creoted
by such investigative woark.

The following explocatery work is envisaged:

{1} A fotal of six cable percussive
boraholes with rotary cored foliow-
on to o nominal depth of 40,00m.
Standpipes to monitor the gos and

e'ach of the borehﬁres

testing. . .

strength e

clossification,

_.. compressibility determinditions.

3 .Contominant  analyses  comprising
i the foitowing:
it the inow withdrawn (ICRCL suite] of
CGHTGH"IIHCII"ITS :
i tests fDr
= pancentrations: DRE‘J Clnd F’RE)}"BTEX

endhble the ACEC Closs f::rr the site fo

At present, boreholes have been drfled ot
four locotions arcund the South  West
Brunswick Dock Building. The locations of
these boreholes are indicoted on the
Borehole Location  Plan  presented  in
Appendix 3.

Upon demslition of the former worehouse
building it is anvisoged that two further
boreholes are to be sunk to investigote the
eqstem half of the site.

_grounchvater levels to be installsd in

]20 Qgﬂgwslgm = e o

Compsing.

hydrocqrbon '

s anlmpﬂied gwen

leadings for such o high-rse developmant,
that large diomefer bored: pites, socketed to
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becrock, should provide o
foundafion to the proposed stucture.
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attention from the piling contractor,

Contamination ot the site 5 lkely to have
beean derived from:

i post dockiond activities,

fil possible confaminaied materials
used fo infill behind the rdver and
dock walls,

i) possible contaminated maoterals
used fo infill the "100 foct lock"
and

(] from water-bourmns

coniomination within the River
Mersey,

As the site is to be covered by buildings and

“harg cover therg is to 'be no pathway Tor

contaminafion to offect the end users of the
site however appropriate health and sofety
mecsures should be taken to safeguard site
workers during consfruction.  Measures will
also be required to prevent or of lecst limit
any contfominotion of  sufoce or
groundwaoter,

John Knowies BSc, MSc, PGCE, FGS
Senior Englnear

. Cotin Dodd BSc MSc CEng MICE

Principal Engineer
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Ground Investigation

4,1 Location

at
. The site is locot
B.runswrc:k Quay, of the River Mﬁﬁéﬁlﬁ%m‘i
Liverpool Liverpool, It is situated appréisail<2004
T T
rdfiivwecty stortion.
1.0 INTRCDUCTION

A geotechnical  ond  erwvironmental
investigation WIS undsrtaken oy
Geotechnics Lid af the site of o preposed
high-rise residenticlfretall developrment. The
invesfigation was conied ot to the
_instiuctions of Nickson Davis on beholf of the
Cliert, Maro Developments Limited.,  This
report describres the work and presents the

The approximate Ordnance Survey Nofional

TGihid Reference for thé sifé is' 5) 347 882 dnd

an extract from the relevant 150,000 Scale

_.,; data obfoined together with an evaluation ©3. Map {Sheet No. 108) is included ¢
of ther significance in relafion to the Appendix 1.
proposed works, |
42 Description |
2.0 OBJECT AND SCOPE OF The site is located betweasn the southern
THE INVESTIGATION port of the Brunswick Dock and the River
wersey. It lies immadiately eastword of the
The object of the investigation was to abigin “80 foot lock", which forms the enfrance to
infarmation on ground and groundwater the Brunswick Dock from the River Mersey.
conditions relating to the design of the The "80 foot lock” is sfill used by pleasure
proposad works within the limitations posed craft. meored locally Th the Brunswick Dock.
by “borshole numbers, locations, depths, 5
methods adopted  and  the scope of When first builk, the river enfronce of fhe
approved insitu and laboratory testing. A Brunswick Dock comprised two locks,
geotechnica aind envircnmental ramely the existing “80 foot lock™ and on its
interpretation and evaluation of the data sasten side, the wider "100 foot lock". The
_ obtgined was qlso commissioned. *100 foot lock" has since been infiled and o
) tarmac-surfaced cor park constructed upon :
T — A - - - - It —Megsive sandstene-bleckwork-and cast - - -
30 : PRESENTATION CJon bollards, evident..on both sides.of the . ..
e _ e park, cleady show -the pesiion of the
——A-gdesgripfion-of-the- stie -and. a-summary of - - fairmdrigck walls— The present car park arge™~ = i
the procedures folowed during fhe forms the wesiern hcl[f of the.site.
e _Investigation_ process_cte _preserded  dn._ .. o -
Sections 4 toé. The factual dala so The sus’rern h-::llf of the site, situated :
- obtdined are presented in Appendices 1 to " betwesh the infiled 100 166t loék” and the =
7. Brunswick Dock Is lorgely occupied by the ,
— o —————- - . J'SGU*h*'WES‘fF'Bnmswick "Dﬂﬂle'bUHEﬂﬂQT "Thiﬁ"""' e e
- Alfention s-drawr 1o the General Notes-and - "briéﬁ'bhili"pﬁt:ﬁ'e{if-'rﬁcf"btji{aiﬁg'Ts a'former T
|m’95flgﬂ’"¢'ﬂ Procedures  presented  in . fobocco warehouse, constructed with its
- Appendix ¢ o did on understanding oF the _eastern _elevalion_rising_just_behind _the. __ .
o -plogedues- Taliowed: and thecontext N asncrete wall of the Brufswick Dock. ThiS T -
o -_ whlch ihe report should be read. buﬂdmg ‘préséntly “houses. mdany small .
. - : .__busingss (nits which. collectively.rmake up . ..
A _4!'1 _______ T HE. SI]'E .. __the flmex Spaces} Brunswick Small Business

T Gmundimilfgﬂﬂnnummmmchﬁuuy unrp.n.m

GRS tited 87
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- tha- south -

_slightly  rust-coloursd,
corosion of steel reinforcement within i,
- The qudlity of the concrete i variable with
__the rounded gravel of tbe aggregate being - 150mm_diameter. boreholas were_ sunk.- by..

mofiixis largely absent.

Cenfre,

The northern haif of this building contains
variows offices with the moin enfrances on s
westarmn elevation, whilst the southermn holf
containg various workshop units, with imited
vehicular access info the building from
archwdys at its southern end,

The site is accessed off the northem side of
Atlantic Way, which itseff 5 inked to Seiton
Street (locdly known as “The Dock Road")
oy Brunswick Way,  From Aflantic Way o
harrow decest moad  rons norfhward
providing access fo the car park areq.

A small,  two-sforey,  flat-roofed office
budding (known as "E Block”) is located in
westem- comer -of - the  sile;
between the access rood and the main
[south West Brunswick Dock) building. The
areas betwesn the occess rood/car park
and the main building are largely paved
with soms landscaping including small tress
and shirubos,

host of the site is relatively level, at o similar
glevation to the access road/car pak.  An
exception to this is the slightly lower arec
surounding "E Block". A series of sfeps has
been provided in the footpath from this
areq to the main building.

The brck buitdings are generally in a folr
condifion. However, at the northerm end of
the main building, the concrete dock wall is
cracked. The crack hos had a ghass slide
tel-tale cemented over it to indicate any
recent outward movement. The crack is

claarly visible in ploces where the cement

. The. water level within. the Brunswick Dock is

rdintained ot o relatively stable level whilst

that " within _the River r‘l.f‘uers«a"yr has a tdal

'".'."mnf:r*lon

Ta-the narth of the site; on-the farside of the

B oot ock T isT o foursstorey resihetlal T TN 3 marsh 2004,
.. development whist to the south, on the
C L oppdsite side of Aflantic. Way, a new steail-

The site covers a folai areq of 122,100 sq.it.
fabout 11.343m2). The eastem elevation of
the South West Brunswick Dock Building is
about 147m in length, whilst ity southem
elsvation is approximately 45m long. The
car park areq B rectangular megsuring
aprrodimately 85m x 30m.

The site area is shown on the Borehole
Location Plan in Appendix 7 and diso on the
Froposed Layout Plan in Appendix B.

5.0 PROCEDURE

- The. procedures .

suggesting  possibie

5.1 General

followed In this site
investigation are based on 8BS 5930 {1999 -
Code of Practice for Site Investigafions. The
dascriptive schaeme used for salls and rocks is
aisa based on this standard, The Rorehole
Records are included in Appendix 2,

The  approximote posiions of  the
investigation points are shown on the
Borehote Location Plon in Appendix 7.

Records were not reloted to Crdnance
Daturn and the depths quoted are in metres
below ground level.

5.2 Borehoies

The arginal brisf and design for the infrusive
investigation was based on six {8No))
Boreholes fo be sunk by cable tool and
rotary techniques o a nominal 40m below

_groundievel.

~Far this siage of the investigation, five {SNo.).

Cabde Percussion Tool technigquess to depihs

_ varying_between 15.70m and 17.0imbelow .

“gieund Tlevel T These  boreholes  wete

- estended . utilising. Open . Hole..and Rofary -

Caring' techriques to deptts varying

_g@i'n{hfeen 17.40m.and 41.00m below ground "

level.. The bershole-positions -were -agreed
with the Englnaer, The work wds caried ouf

- during -the peroad between 22 - Jc:mucw o

A fuﬁher two {2N0] boreholes are plunned

x -
2

~—Hraffed Bhdingitundereanstisetofi— —

—whnen—the—existimg—bikdings— f‘me—treen—

T demaiintetd ond Tocess clsdarad ™ s

. Gedtechnicy Limifed @
© o TheGeoteshnlcdl Cante,

- River Lane, Salingy. Chester, CHE &R

it 1, Borders Imsushicl Extata,
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Representative disturbed ond undisturbed
(U100) samples of the soils encountered
were obtained at regular intervaols and
Standard Penertration Tests {SPTs)
underiaken in appropricte deposits, in order
to allow inspection and obtgin g measure of
the enginesring properties of the proved
strata,

The drlling equipment on this pordicutar
confract utilised compressed air/mist and
foam {as deemed most appropriate) as the
flushing medivm. The strata descriptions in
the Open Hole sectons of the Borehole
Records are the Drilling Foreman's esfimaie
based on sediment and chipping returns in
‘the . flushing medium. The rate of
penetration s also wsed as on indicator of
the type of mateicl being  diilisd,
parficularly where thers s a loss of flush
returns, buf does not ollow  definifive
classiication in ferms of geoloay or degree
of disturbance,

Whare rock gqualily hod  improved
sufficiently, Rock Coring commenced at
depths varying between about 15.70m and
12.00m below ground level. Rock cores,
retained in plastic liner fubes, were axfruded
horizentally and placed into suitable core
boxes: Photographs of the individual cone
baxes ore included in Appendix 3.

On  encountering  groundwater,  boring
operations were suspended for ot legst 20
minutes in order to record any rse in water
level. Full  details  of groundwater

~ T abservalions during sife work are mc!uded'
[aly] fhe Borehole Records.

Lr::ng—’rerm monitaring was made possible b?' o

© e msitﬂfuhcn (_::f_ g_qs monrfcmng s’rondpipes
as fﬁllt:rWS -

'BH]A:'E{]mm diqmé’rer sotted pipe ond

gravel filter __ instailed frorn 17.00m
T T e 200m A,
C e - oo BH3D -50mMm . dicrneter- slotted -pipe - and - -
TeTnTTTTTIL ""'_'"'"'Qfﬁ’ﬂ'ﬁf"ﬂlmr"""_.'.'."il.'lﬁf‘ﬂﬂﬁd;ﬂ'ﬂfﬂﬁ:tﬂm"?"f??._._"' T IS
..To l.éﬂﬂm.. e

fo 20.00m

full details of the mornitaring of the
installations are included in Appendix 4.

6.0 LABORATORY TESTING

9 2 J.L 9 3 15 Mo, Mechanrcal An-:::lysls -

— PR S

6.1 Geotechnical

The laboratory testing  schedule  wos
formutoted by Geotechnics d  and
apiroved by Nicksan Davyis in order to relote
to the propeosed developrment. The fesfs,
where oppropricte, conform fo BS J377 -
wtethads of Test for Sois for Civil Engineering
Purposes 1990} ond wera comied out in
Geotechnics Limiteds UKAS qccredited
Labaratery  [Testing  MNe.  1365). Any
descripfions, opinfons and  interpretations
are  cufside the scope  of  UKAS
accreditation.

The fests underfaken can be summarised as
follows:- |

BS 1377 (1990}

Test No. Test Descriplion
Part 2 :
32 1 No.  Moisture Content :
Determination '
43&53 1 No. Ligquid and Plastic Limit
Detemination
7.2 I Mo Bulk Density Measurement

"Srlé??ig ey

3 1 No. - One-Dimensional
: Consolidation :
Properties Detarmination, :
e S S S TERY T <
Fart 7 , i
T TNe ShearSTreng’rh ' '

Measurement - !'Dﬂ'mrn

VS E.H4 Eﬁmmhmamﬁter_s;gﬁed *E*IIBE-“ ﬂﬂa..__:_._-,.-_.:._'M:_;;.._._..;__.._dlﬂrﬂﬂtelﬁwurilﬁﬂg?{ . —
R —— “_T'--';';‘_'QFEV@ filter - instalied-from 2600 - - —- __ R - Goick. Uﬁdr{]lﬂ&d Trpgmgr A

smrmes "w.';.h“h;'ﬂ[“hd@= e e

'Elﬂl.ll'ld invesfigetian e Brumswick Query, I:I'vdtpﬁhl e g e ememnocpsm = sz 7-:.-': .
" g Gaotechnical Cenfre., - | LN -
tnit 1, Borders industriod Esiata, .

Froject Mo PMOEIIF1. dAodl 2000 : .
Riwver L Sl Chester, CHY R P JoFil QEEIIEEhﬂlEE H
River Lone, Sciltney, Chester, _ sge Jof il . < -
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Copper (1} Geological Survey Mq;_:r
Nickel fShest No. 94) Solid Edmc-n dr::iad
Zinc d974
NV Geolagicul Survey Mop | 1:50,000
: fSheet Mo. 94) Diift Edifion, dated
1973
“rapea: " poarematc ) i Regionat “Gooibgy = e
. .-.-Hydmm::rbc;ns e e v meee - - REnAInSs. 0N Adjccant. Area. British...-
— e e s =P PO e £ i e s o — e —GE‘E'LEQ_EE}P SUWE‘Y'— ﬁ’ﬂﬁﬂ '"'Eﬁih‘lﬁﬁ—'"'""".__'."_ -
. Fres Cyanide. . 11278), HMSO. . I e
" Compiex Cyariide '
o ,...Th{.ge_ygng*s....._ et H_ﬁ_.M[AL ......... P.ceacl@Usﬂmf&hale Ba@@rds e et e
L omaecstiniago T et meaen sty Qv ivepost T

Compression Test,

Samples of rock core were fested in-house
using the Point Locd Test apparaius to
assess rock strengith.  In addition a smeall
number of core samples were tested in an
external  laborgfory wsing  a  Unicixical
Compressive Strength test frame to obtain
direct sfrength porameters.

The results of these fests are presented in

Appendix 4.

4.2 Chemical/Contamination
Selected samples of soil ond groundwater
warz tested in external laborgtores for o
number of determinands in order fo check
on any potential site contaminction.  The
determinands wers speciied by
Geotechrics Limited i order fo compars
with the CLEA guidefines ond the [how
withdrorwn) ICRCL 59483 {Second Edition).

As instructed by Nickson Davis, the schedule
of  chemicalfcontamination  festing  waos

approved by Enviros  Umited, speciglist
hydrologicat and hdrogeclogical
consultants,

The following determinands were analysed:-

Arsenic
Cadmium
Hexcoyalent Chromium
Tofal Chromium
Lead
Mercury
Selenfom

Table 3 Group A :

Table 3 Group B Water Soluble Boron

Suphorte
Sulphide
SUlphur
ioH

Additional tests include:
Analysis of soil samples for individual PAM's &
BRE Spacial Digest [SD1) tesfs to include:

Saluble Sulphate
pH lavel
hMagnesium
Chforide

Mitrcate

Sulphur

The results are fobulated in Appendix 5.

70 DESK STUDY

7.1 General
A desk  study  woas underiaken by
Geotechnics Lid to the instructions of

Mickson Davis on beholf of the Client, Maro
Davelopments limited. The desk study is
preserded in o separate report but the site

geclogical  scenaric,  prepared  from
publshed dato, is reproduced here for
clarity,

72 Geology

The British Geological Survey was contacted
to provide ovalable borehole ond maop
records relgfing to the site,

For this parficular slite, jt hus been pssslble fo
"'u’ﬁllse ’rhe fnllowrng— Cr

‘Tha Geclachaicgl Cente,

init 1, Borgters Ingusiial Estale.
Rivar Lane., Jaliney, Chestes, CH4 8K

. Propect Mo PHNO3IIT, {Apal 2004)
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The 1:50,000 5cole maps show the site o be
urrderlain by Alluviom overying rocks of the
sherwood Sandstone Group [the Keuper
Basement Beds) which are Trigssic in oge.

The records of two previous boreholes put
down at the site have been obicined from
the BGS to give an indication of the ground
conditions in the locol area ond ore
presented in the desk study.

Thase hareholas wera sunk within the “100
foot leck™ miar io it being completely Infilled
to enable the presert car park fo be
constructed. It showld be noted that on the
record for Borshole Mo, 2 it is stated that the

coble percussion borng rig was mounted on

pontocns. In both cases the concreta sill of
the lock wos penstated to enable the
underying sandstone to be cored.

Gronular Made Ground

The presence of a 10.00m thickrness of
granular made ground within Borshole No. 1
indicates that by early 1984 some infilling of
the scuthem end of the lock had occursd.
This granular fill is described s mecium
dense sty sondy gravel comprising  bhck
debris, sandstone and timber. However the
sigaficant amouwnt of chiseling recorded
would  ihdicote  cobblefboulder  sized
matenal wos  also  contoined  within it.
Hydrocarbon contamination and  organic
detxis was alse noted within this fill matericl.

Adtivicl Deposifs

~ Bengath this roda grooned; alluviol deposits -~
These comprsed Q-
- 150methick loyer of medium dense Black
sand Twith T Thydrocarbon”

wers  encounfered.

ity
comtamination overdying a layer of sofi fo

- AT defk grey Gner Brgwir organic

ciafsiit.  This alliviem extended to 14.20m
depth. where the concrete lock sill wos
struck at an elemhcn be 3 32rr1 below chart

"ﬁamm*' e

Bereh::ria MQ 2. which was dnlfad owvarwoater

- encountered g 10.00m thick: sequence of

UoEsE T

sand with layers of very soft to soft arganic
clay and silt. These alfuvial matetials were
also found fo hove been deposited upon
the concrete tock sil. encountered at an
slavation of 2.32m beiow chart datum.

Concrete ook Silf

The concrets lock sl was 1.10m thick ot the
location of Borebole No. 1, whereas within
Borehole Mo, 20 o 040m thick layer of
concrete waos recordsd overlying a 1.40m
thickness of timber,

Sandstone |

Within 0.50m of the base of the concretes sl
in Borehole No. 1 red and black sty sand
tayers were inificlly noted. These ore possibly
representative of completely weathered
sandstone which may hiave been reworked
prior fo the construction of the lock sill.
Beneath these "sand" layers and also
directly below the timber within Borehols
MNa. 2, the sandstone bedrock was struck.
This strata is described as red completely
wegthered uncementsd becoming weakly

. cemenied silty fine grained sandstone,  This

sancstone was proven for 1:30m  within
Borehole Mo, 1 and for 1.00m  within
Borehole No. 2,

Groundwaker

A medivm inflow of groundwater was noted
at 4.50m depth within Borshole No. 1.

" Borehple MN&UZ2 was dilled Gveiwatdr and T T 7T
neither groundwaterinfiows nor watet levels
. are giveri on the borehole record.

The Envimcheck Report presented in the

'_I..]EE ".Taf’._.":"'.. coTLT

comnrf%sﬁ_b'@_gmmd af the site. This is due

to significant thicknesses of mads ground

and soft alluvicl [pcbssnbly organlcj deposl’rs
- Urfd'e‘rl'flr'iQThe sﬂe T

8: 0 INTERFRETATION

'__.___-_-. fom pontoons-in- ’rhe_n@ﬁham-pan_gf_tha--—---—__
lock,” did ‘not | reveal any granular fill but

‘81 . ‘Ground cnnwﬁﬁﬁ_srmeq

fnwedwofommakrﬂwfmmz —
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e Geotachnical Cenlre, |
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refer

Proven ground conditions hove shown that
for the area of the infilled "100 foot lock™,
beneath the tarmac and limestone gravel
sub-base of the existing car pork which
extend to about 040M depth, coarse
granufar made ground was encountered.
This fill largely consists of demelition rubbile
and extends fo about 11.50m depth, where
it s found fo be resling upon alfuvial
deposits.  Within BHZ this aliuvium initicily
comgxises looses to mediom dense black
organic very silty sand howaver below
14.50m its composition is similor 1o thet
noted in BH1 and BHI1A; as it becomes a firm
black organic clay with banads of silt and
scind.

The concrete sill of the “100 foot Tock™ was
struck at 12.00m depth and proven fo be
1.10m thick at the location of BHA; having
been laid direcfly onte the underving
sandstone bediock. Sandstone  waos
encountered  throughaouwt the remdining
depth of BH1A which was termingted ot
41.00m below ground lawval,

Retween fhe River Wall and former
Warehouse Building {BH's 3 and 4 refer}

At BH3 beneath a concrate footpath, o
vaned sequance of granular made ground,
containing a further two concrete layers.
was noted to 4.80m depih.  (The greatest
thickness of concrets wos encountered
tretwesn 2.50m and 3.70m depihy),

Coheasive made ground comprising finm red-

brown slightly gravely sondy clay including
Tfrogpmants” T was T

" sdndsfofe ‘and T brick
revealed to 12.50m depth whare red-brown
mohled black silty sand wos encountered.

~ This sand tayer, thought probably to be the

base of the maode ground e;;_’fe!'_'u:_i_s ’ro_ 3

s Gookechrics Uimbed & -

1320m below grouond Tevel.”

A 0.30m thickness of dppdrenilv natured

glaclal ’ril! was noted beneuih the made
T grodnd,Tmmediately . prior Tc:- sondstone

beciock being struck,

WA B -clerlyIng -6 :80r dhickness of - - 221

fmatenals  and
garerally

constructan
‘granuior fill 0 weos

Cpovement
‘concrets,

e ancountersd to:8.00m: depth. This Al sonsists_-
- .':.'!ﬂFQ.EJ'}:"ﬁHGQSﬂ"fﬂ medium d&nmr&dhbmwn e g

sand and gravel of sanastone and overlles o
varied alluvial sequence of organic sit, sand
and gravel deposits which  extends fo
rockhead at 15.70m depth.

At BH3 ond BH4, the sandsfone woas
penetrated fo depths of 3%00m and
40.70m, raspectively.

8.2 Sol Parameters

Based on the results of visual inspection, in
situ and laboratory testing. the foilowing soil
parameters should be wsed for design
[CUrPOses.

tade  Ground: Generally  loose/soft,
inconsistent and heterogeneous, pofentially
compressible, poteniial for further
degradation and  possibly  chemically
aggressive in nature,

Crganic  Allgwvial  Deposits: Soft/firm,
intermediate to high plasticity, moderately
to tighly compressible, grading fo sand and
gravel in places.

Glacial Tl {where present]: Siff, low

piasticity, sightly compressitile,

8.3 Rock Parameters

Based on the results of visual inspection, in
sity and icborotory testing, the following
rock porameters are deemed appropriate
for the sondsfone bedrock and can be used
to classify fhe rock mass far engineering

—m puippses following the method proposed by - s

Biencrwski [1976]:

----- 5 ffﬁﬁg-‘rh--—&f- -imtaet-rock - materiel - (LG5 - e s

1MPa

- Dn.u_c;gr@ qggﬂiy RO s, s

Spcrc:lng of joints, <50mm
‘Condition of joints: Sighfly roogh surfaices,
Separation <1mm, Soft joint wall rock

w—ta@iEral--- grouncwater - condmons.--. wgfar---.x..-

under modercfe pressure
Joint  orentation:  Yery favourable  for
foundations {i.e. mainly horizorital) ~~ -

Using the above data on the rock moss, the
sandstens falls into, Rock Mass Class 1Y,

““described as Poor Rock, with a ypical [ower

. The Gaslechrica Cantra, -
lfinid B, Borclews Incusial Estala,
Rivertane, Saltnay, Chester, CH4 BR)

; Grgund investigoion ol unswick Quoy; Liverpood -
- Profect N PHOI037F[April 2004
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' explnlned by the presumed |mp$n'nec:b|hiv .
.oof 1hese waalls. - —

e LB SUggested. that._there, s hyaraufic. ..

tba_wqiar le\r:ei wyithin, ma Emnsmc:k Dm:k

T order 1o Eunchon properl‘;.-’ the lock ‘and
ook wealls T ord Csills wionld e Tty B
- ImpEVIoUs; hereby enabling -weter To -be -+
impounded - withine-the—dock - or -lock g - - - etven .
.- high:rise  development,
. |é?mrhﬁwmwaHmwmaﬁﬁﬁf"***ﬂf'fdfm**gmmd'"- "frenﬂﬂenhﬂl‘ﬁbmvemﬁf““*f%‘?“

bound friction angle for the rock moss of
a0e.

be related to the adjocent river water level
and exhibit o tidal variation.

8.4 Groundwater

9.0 E\i_’ALUATION

Inflows of grouncdwoter were encountered
aCross the site os described below:;

BHI  3.60m Slow inflow, rising to 3.55m
I 20 rirutess
BH1A  3.90m Slow inflow, rising to 3.75m
In 20 minutes
BHZ  3.50m Medium  inflow, rising o
3.40m in
20 minutes
BAR3Z  7.00m Veryslow inflow, notise in
20 minutes
BH4  B.00rn Slow inflow, 1ising to 4.20m in

in 20 minutes

it should be noted that the addition of
water to the borehoies when  rotary
coing/open-holing using o mist or foom
fiush rmay have rmasked minor inflows.

Readings taken on 215 March 2004 show the
water level within the standpipes fo be
3.63m {BH1A), 10.94 [BH3} and 12.23m depth
[BH4).

The significant difference in the water lavels
cbsarved BH's 1, 1A and 2, sunk in the infilled
"100) Fobot Lock", and BH's 3 and 4 which

- were sunk between the walls.of tha fomer

lock and Brunswick Dock, con pethaps be

conductivity between the Brunswick Dock
and the irfiled-iock. Therefore waier levels

within BH's 1, 1A and 2 are <:[|::+5-:a-l1,pr retated fo

required. This may explain the lower waier

=]

-~ -GeolechmicyrUmilad & - - -

TARDRERORE. T

'9.2

_vaen JHrwa -expac—ted---leudings-- for--such 9 KRR

9.1  Proposals

M s uwnderstiood that  the proposed
development will comprise the following:

i} Block A - a 50 storey high residential fower
block with a fianguar footprdnt with sides
about 45min length,

it Block B - o 10 storey high residential block
with @ tianguicr footprint with sides about
35m in lengfh ond

i} Block C — a 10 storey high residential
block with a polygonal footprint, up o
about 110m in length and about 30m in
width.

The ground floor of the tower block is to
ihclude some refail units.

The thrae buildings ore fo rise from a podium
slakr constructed acrass much of the site fo
form @ cenfrol couryard and garden area.
Below the podium H is proposed to construct
a lower -ground floor undercroft car park.

“The surface of this car park is fo be about

1.5m below the level of the existing car park
arec at the site. it s understood that the
proposed car park level will not extend
benaath the 50 starsy towsr.

The proposad buildings are to be of fomed

carishoStion witlT he SRheBatad mdamum™ ™~
- enlurmin loods i the recion of TOMN.

The extent of the development proposals-

""b?é""sﬁ't':wh on the Propesed Layout Plon

supplied - by Nic,kson Dcms, presen’red in

Foundmfﬁn Déslgﬁ

shallow  footings

- Ground- IHMUHDH at runswick-Guay, Lvsrpeol -~ -

© Tri GEolechilcal Cermna, " Projuct N PROJC?1; Aol 2004) - L al
Unid 1, Bardars Inciushial Estota, gEE}tEEhI"‘IIES
Eiw_ar Lana Salinay. Cha_sfer, ZH4 &R T Poge Faoflb . m

N 'f"s"ﬁ"E:'h‘fE'jﬁa?'éa" that prior to.consfruction, . .
" the existing buildings will be demolished uhd' R
- ~their: founda’rlens ﬂnd flaer slabs remaoved, -

1
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e DB EGOvered rock cores arepresentadin. o
- - A4 .- For- thass - tests. pafernad-

- Gemechnlcl I.I'rnltod - N

options are not considered feasible. Large
diometer bored piles, socketed to o suitable
depth within the sandstone bedrock, should
provide o suitable foundotion 1o the
proposed structure,

such piing could be hindered by the
resence of buhed obstuctions, such s
large biocks of cemented brickwork or
concrete,  Sfructures such s the massive
concrete sl of the “100 foot lock”, the
existing sondstone Blockwork dock wall and
the sloping wall of the former wesfem
graving dock will cll require special
aftention from the piling coniractor. nsuch
circumstances,  conventional  excavation
and breaking ot may not be proctical or

economic due to the depths involved, and .

consideration should be given to the use of
large digrmeter down-the-hoie hammer or
dicmond rotary drling technigues to allow
the piles to exiend beyond these
obstructions.

The design of piles wil depend on such
factors as the required working load and
foundation layout. Connecting ground
beams could be instolfled beiween pie
caps  upon  which  walls could  be
constructed,

The. comying capactlty of pies s
fundarrmentaliy related fo their method of
emplacement  and  individual  piling
contactors hove their own formulae specific
to  their individual technigues. it s
recommended that early discussions ore
held with experienced specialist contractors
for advice on the appicability of thelr awn

speeiic site conditions.

' Suich spedialists should diie be consulfed to

- gavise on a rmethod: of working during pile
“msterlicrtisnthed wWould predivde or reduce

to acceptable levels} the downword
inigration of any cortaminanfs info the
underffjng sandstone uqu&fer

- Nevertheless 1t s possibie 1o use‘géh'erdl'
-Jomlaes to give a fist approximation. . L

) The requTs of 1he Point Load [ndex tasis

" carried out on suqmbra sc:mpies ihmughcui

© particulor propretary iechmques he) ’rhesa o

iack unchions”extending Fom'the base of

axially, a mean value for the Point Load
Index {Isso ] of 0.1MPa is defived

Using the approximate relationship:

Urconfined Campfesswe Sfrenath [UCS) =10
¥ lss0,

Considered  appropticte  for  such  very
wagkfweak rock, o typical value for the UCS
of the intact rack of 1MPa is obtained.

lgnoring  any  skin friction due to  the
overlying mode grouned  ond  alluvial
matenals and using the rock parameters
fistad in Section 8.3 above, g 1.5m nominal
diamefer pile would need to be socketed
aboot ?.0m inte the sandstone bedrock in
arder for- it to camy an dgllowoble working
lzad in the region of TOMM,

Greater working loads should be achieved
by ioking the piles deeper as this would
fead to an agdditional contribution to skin
fiction over fthe length of the pie
embedded within the sandstone. [t wouid
also normally be expected for the bedrock
to becorme sfronger and more intact with
depth, leading to an increosed end-bearing
resistonce. However, based upon the rock
care recoverad q significant improvement
in rock strength and quality with depth s not
apparent,

For a 1.5m diameter pile socketed about
2.am into the bedrock the unfactorsd skin
fiction provided by the
estimated to be about 15MN.

T Given
structures, they are likely o be subjected fo

significant wind loadings, which wil create

LRl forces on piles beneath the windward
mde cf ihe buﬂdlngs

An 'uddiﬁonol cnmribuiidn fo this resistance
to. uplift. could be provided by the use of

CE hiles Tér by Tunderteaming’ the pilgs.

Increasing the-base-grea-of the-pites should- - - ="
srigad-io-a-gregferend being: resistance - o
. angd shable o shorfer: Iengfh ofembedment. . -

- 1o be specifisg,

et gk Moy b ke p ey e o b o e+ e bk M e = ae b sl de ek =

the considerable height of the

Tl'rese UDlIff forcas W|IJ_

JThe Feotechnioal § Cartra,
Lnle 1, Borclers Industial Estate,
River Lone, Sailtrasy, Chesker, CH4 BRS

- -Grand Invesfigation of Bronswlek-Quay; -I.im'punr
Praject Mo PHOBIATE, {s00l 2004)
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consulted fo confirm the suitakility and lood
carmying characterstic of the varous pile
types avaiable. Alowance should be
made for pile leading and infegrity testing.

The retaining walls surounding the proposed
undercroft car park will either be pied or
supported on piles.  The design of these
retaining walls will be largely dependent
upan the eifective stress parameters of the
engineerad fill which it is to retain. Further
testing will be required or gssumplicns made
based on the maternais chosen for the
enginaarad fill.

Consideration should be given 1o any
possible adverse affects thof piling may

Chawve on any neighbouring structorss with

‘caried by tha piles.

particutar regard 1o vibrations,

Ground Floor Slabs / Pavement
Design

.3

It i understood that the podivm slab and
floor siaks to the three buildings are to be
srspended from the piled foundations in
ocrder fo eliminate any differentiol setflement
problems thoat would be envisoged with
floor slabs baarng onto the varoble made

grownd,

It is however intended for the
pavemantfilaor sfatss of the undercroft car
park [outtide the foofprints of the three
bullddingls) fo be ground-bearing ond not
Such a proposal s
considered  acceptable given that  the
pnvemen’r}floor shabs are ::mh..r to be lighth-

:':..;’ihe:feby !eudlng to.an. actual reduction in

.. testing. _neither _rnractical nor_sensibls. . M _ .

The made ground s considered fo be

the applled vertical sirass).

voriohle, with its-range of -particle sizes 5o
large 50 as to make Califomia Bearing Ratio

- -would therglore be considered -prudent to
" adopt @ CBR of 2% for this material, as a
''p:frelii'ﬁfni:":r",r dem’gn m!ue' quping ard sub‘-'

g ’rc: suﬁ

M fn:rrmmmn Ievel proof ro[llng

'- should-be camed out, and Clﬂ‘yf soft spots,

1nrge*—c:r:rsfmcnﬁns—or —:ifhér ﬂEfETEﬂUU‘s‘

. differential. setilement.

will -
. .:tbstructrons . ..
cemented brickwork or ccncrete confufned SR

material removed and replaced  with
sutably compacted selected granulor fill,

Following excovation of the mads ground
to achleve the reguired formaodtion level the
provision of a suitable piling plofform will be
required. Such a piatform could possibly be
designad so os 1o be fudther uiilised os o
suitable formation for the pavement/ground
bearing slabs. |t s recommended  that
testing of the proposed formation [such as
plate load testing) & comed out prior to
pavementffloor sial constroction,

Fexible joinls between ground-bearing floor
slobs and walls/columns supported on piles
should be provided to cater for any
To prevent steps
ocouming o hinged remp could be used at
the main entretnce to undercroft car park. |

Ta cater for the effects of differential
setlements which may occur within the
made ground  consideration  should be
given to providing generous falls  {with
regard to drainoge in order to prevent
backing up of drains} and the use of lexible
joints o pipes and ducts padiculary at their
exifs from the proposed building and eniries
inte manholesfinspection chambers.

2.4 Excavafion, Support and
Groundwater Control
Excavations  within - the mode  ground

revealad by this investigofion should be
within  the capacity of conventional
hydmunc plont, However preumatic tools
- rEgmdired -

Ssuch | as of

burled  blocks

=i thifr the made ground. -

Support-te dhe-sder ot excovationsshouke - oo - 5

e in oecortance with the

recommenaations of CIRIA Report 97, 1983,

Close-boarded support will be required for

-encavabons in-excess-of-1.20m depth within- -~~~ =

. granular mdterials or soft cohasive deposits.

__.Shul[ower excavations will need support or
_battering _back fo_ o _sgle slope angle .

S{gradient ho- sfeeper than 1 verticat tg-2
- Béazontal), if they are io remain open for.
_Bxtended. periods o it personnsl _are

e_gac:’red ’rc: en’rer e e e

- - “Gooleghnlcs lmiied ® -
-. theGegtechnical Cenfre,

Ut 1. Borders Industial Efate.
Rlver Lone. Saliney. Chester, S48k

© - Ground-investigalion al Brunswick Guoy; Liverpaol- - © -
Prafiac? Mo PHOI0ET. (aprl 2004} - -
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Groundwater irflows fnto shallow
excavations less than 3.60m deep are not
thought kely fo be significant. Deeper
excavations may encounter more
significant inflows due 1o recharge from the
adjacent rver ond dock. Hence in such
circumstances  sheet-piled  coffer  dams
wolld he necessary.

R

Al formations should be protected from
mechanical distorbance and assumed to
bre frost-susceplible.

Chemical A#tack on S8ured

Concrete

?.5

" Loborgtory tests on somples foken qcross
. the site hove shown the Chaorgcleristic
Yalue for water soluble suiphate o he within
Design Suiphate Class D52 of BRE ipeciai
Digest 1, “Ceoncrefe in Aggressive Ground™,
2001, The Characterstic pH Value is 7.42,
the site B comsidered to be “brownfield",
graundwcter is mobile and the soils are not
expacted to be pyitic. The ACEC Class for
the sita is thersfore AC-2. Cnly concrete
maeting  the  requiremants  of  this
classificafion should be used for sub-surface
work acrass the site,

Consideration should be given to any
passible  adverse effects that  brackish
grounadwater may hove upon construction
ratericls.  This may lead to ihcraased
chlaride concentrations ond  potential
attack on bured sfeel.

ity

%6 .. Chemical Contamination. .

Assessm enf Df C crnrcrmrncm-::an

Selecied sumplm of sou frq::m beneqih fhe

lestprntof the _proposed _buiidings swere— - -

tested for the ICRCL [how withdrewn) suite
of contaminants, The ICRCL guidelines have
now besn replaced by CLEA, the laber

—including. soil-guideline values. [SGMs) SGVs—. -

are currently only available for the foliowing
¢qnmm|‘nqn_’rs:

Arsenic.
_quml_um
. Ghromium

Mickes!
Selenium
Lead

Where SGYs are not yet published if is
necassary to cormpare contominant levels
with other guidelines such s the former
ICRCL guidslines, Dutch takles, EA tables or
Relly talbles.

Classification of Contaminon Levels

In the samples tested. the relevant SGvs
were  generafly  nof exceedsd  for
“Residential without plant uptake" uwse.
Comparisen of the remaining results with fhe
fnow withdrawn) ICRCL guidelines show the
recorded concentrations . . of .. these
determinands o be below the lhreshold
mgger levels for buildings, hord cover and
landscaped areas with the exception of
tofal sulphur, fotal sulphate and sulphide.
However only the concentration of sulphide
recovded from BHY of 1200m to 12.50m
depth was over the action level,

As the site 5 fo be lorgely covered by
buildings ond hard cover and where
landscaping is proposed an gppropriate
thicknass of clean topsoil is to be provided,
thete s to be no pathwoy for this
contamingtion to affect the end users of thea
site, However oppropricts heafth and
safety  measures should be  token fo
safeguard sife workers during construction.

The samples fested recorded levels of foiai

petraleum hydrocarbons [TPH) well befow

the Dutch Intervention Yalue of 5000mg/kg.
CHEsterE T it s suggésted Hhat RdTremedial T T

action nesads to be faken with' reapecf to

fhese results,

Effec?s oig] New Pfcmﬁng

E_In_a}rq_’re_q_ levels of copper. within BH4
tetween 1.20m and 1.70m depth indicotes
o possibility of phytotoric attack on certain
Blantipédies where landsdapaed dreas &ve
~diractly-above the made ground: Hence a
csufficient. thickness of clson. tepsail should

" réot systems of the species being planted. It
is natable fhat for some of the samples

sooveeironm below 1 0:00m: dept; et

T Mercury T

ie»aals of‘ﬁhﬂ@fﬂﬂg LSortormincnts; LopperoL LTI

- Geqie:hnrcs Umibed §.
- Tha Geabechrico Cantfe
Unli t, Borders ndusiricd Estale.
Rival Lore, Soitney, Chasker, CH4 8K

. Gmu_nd Invesﬂgwmn at Iri.mwrl:lraucly lhwpuol
Project Mo PNﬂ:ﬂ]ﬂ Mpﬂl 204) .. :
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z2nc and boron were glso elevated above

-
o the relevant thréashold concentratfion, Disposal costs could be mitigated by
applying 0 more systematic approach 1o
Groundhwater material testing during construction.  Only
- those locdlised “hot spots" of potentially
For the groundwater sample tested from contaminated  spoil meed go to  an
BHI., the levelk of selenfuom, phencls, Enginesarad Landfilf - site, wheracs
amrmoniocal  nitrogen,  chlpride ang uncordaminated materiat would not require
sulphate exceeded the  maximuom this sprecialist disprosal.
concentrations of the Waler Supply [Water
Guuality] Regulations 1989, the standord for It is Lnderstood that chemical
drinking woter quality. contamination gt the site is to be examined
in mere defail by Enviros Limited.
Betalled analysis and inferpretation of the
hydrological and hydrogeological situation, 9.7 Guas Monitoring and Protection
porticulady the effects of piing inte the Measures
sandstone anuifer, s being camisd oot by
Enviros Limited under the terms of their bref. | . . .
N . .Wh'!rﬂ rgcr_mmm}g Ic; ncci'}x‘muﬂsiﬁflusnée Iﬁﬁses
b . in standpipes installed in £y a
st Waste Disposal maximum methane concentration of 0.1%
The comments made above relate to ihe by volume was reccrdef::l within BH1A on 25t
matericls remaining in place and  their - Felruary 2004, Otherwise no methane and
effects on possivle end wsers of the sile. ho ccfrbon clioxide were deieg‘re:rj within
Ohfferent critera apphty where material are fo these instruments during the monitaring, |
be faken for disposal off site. The oiteria A flow of gas was noted when boring below ;
applied depends on the lcence conditions 12 50rm deoth within BH3 and b elowg - reilar 5
of the individuatl landfill sites and also on the denth .ih’? BLia Th iy
discretion of the individual site operators. In P wiThin - ITIE Tesponse zone for the
general, new  landiill sites apply  the sfgndmpe ina’r-::zlled1 within BHE’. E:ommded
Environment  Agency Inferim  Guidance with zone over which gas emissions were
ihrésholds whereas oider sites use ihe Kelly noted. Hence subsequent manitoring of this i
classification. instrurnent . rs:-rec:led methane '
concentrations as high as 88.4% by volume
Apphing the Environment Agency Interim wﬁhg Ffow rate beyond the range of the
Guidance  thresholds, results for sulphide, FF'IDI"IITOHHQ" ‘eqmpment (>99.8litres/hour).
sulbhate and pH have been meosured Ct::_rbon clioxidie was not detected when
TR above the Upper Threshold Concentrations faking these {eadmgs and the Jev_e | of
el for some of the somples fested.. As.sugh, | OYden was serfously depleted. Amaximum
thise gmdellnes woblld require disposal of oxygen”concentration Gi ority 53% by
gxcavated material ot an  Enginesred .ma.lume qu recorded on B ApHl 2004. i
- Londfil sie. © A3 ietié high géds stack vids installed over S

Apphing fhe I’;-e.-ll',,r gurdelmez results for BH3 fo- safely- vent the - gases: fo 1he _
""';er bQ[QD ,J:"H g_l'}ﬂ__ﬁj.ﬂﬂhlﬂ,ﬁ.‘ hqm"b'&ﬁu"_ e "ma‘sm‘*e‘re:"_“f‘ T TT ST TTTITE .'?__'.'."Z'.'.__.'Z"._."'_.""" Tt
measured in Class € [contaminated) and D : ) g
- {heavily - contamincrted). Two  sulphide ' The - presence of organicich  alluvial
Tesults recorded concentrations within Class materal has  besn fma g within  the
LE o vere heayily  confamingded), . The. - A,
remgining resulfs lie  within_the  less " boratioleogs fronT™ this andl” BrEvioUs™
' ontaminated classes. : |nvesilgﬂ’rlons it would appear from this -
R <nyestigation._ that . more .or. less isoloted... . . ... L
—-pm:kem-mf £as arelikehy to. be -encountered— - — ——
_during: construction work:s pﬂn‘rculurhr Qany.

e wodld - eleady -Be - advantageous - Te
- -—- @stablish an edrly diologue with-local landfill - -
S TR EE EETY - it ing required.
operators to establish what | criteria  the e
[ _Mhu_.wgul.d_mpm” nmpfmgwmﬁﬁuﬁ L Wﬂlﬂﬂ—. ﬂ:lﬂ.t._ fﬂ&@ﬂ5+ IS;_EEEII".IQ_. —r—-n '—»..q,_li...
. i ’me pias L e g:arlamied_fmm Iselated_zones of .organic- - ————— ...

:E: ) .

. Gi_hl'llll_:ll aHadd - T Gmund Imresﬂgm‘innm'ﬁtum.wﬂ:kﬂuw H A e

Thia GaohecFinleol Canks, Fraject Mo PHO3IAT1, {npﬂlzum:. . ST |
geatechnics e

anit 1, Burdar_s Irdustrial Estala,
River Lana, salfney, Chestar, THA 8r)
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rich material within the olluvicl soils there is
an inference that the velume of gas could
be finite within the fimeframe of project
construction. It would appear that gos s
being genercted not from the backfiied
lock, but from the zone between the walls of
the former lock ond Brunswick Dock,
presumably where these walls are confining
the gas built up.

n the short term, rmonitoring of the vent
stack in BH3 is continuing. clithough there is
no sign of the methane concentration or
flow rate decreasing significantly as yet.
During construction, other pockets of gos
may well be encountered. o thatl site
rmaondoring and  alam  systems  will be
required. Wells would probably be useful in
promating the venting of this gas to air, and
the sarlier that these can be installed then
the soomer gos can be axpelled.

In the medium to long term, concerm then
focuses on the potential for furher gas
migration which could offect the proposed
structures.

Car parks and ofher hardstanding areas are
predominantly seafed, and in addition arny
pemeating  ogoses  would vent fo the

- gtmosphers. The underground car parking
areds are presurnably tanked ageainst worter
ingress, and have fhrough ventilation to
clear exhaust fumes, again sffeclively
venting gas to ihe atmosphere. Any service
ducts/chombers or other confined spoaces
ot or below ground level are expected to
ke venfiloied and gos tested prior to entry,
Jas standard, proctics anyway.. Water/gas .
proof membranss ond minimised service
pehnetrafion through ground floor slabs wil
e required, again providing pretectien for
these oreqs,

Dunng conﬂruchon fha gcrssmg snfuutmn
should e monitored and this assessment
kept undar review. Furlher measures may

_Qenerated.

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

".i‘enan EI'IQFHEEr T

Colin Dodd BSc MSc Ceng MICE
Princlpal Engineer
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The' Gaotechnical Centre,
Lirdt 1, Bordars ndistricd Sstate,

Rivar Lone, Saftney, Chestor, CHA BR Poge 1201 10 o
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APPENDIX 14

DETAILED UNEXPLODED ORDNANCE (UXO) THREAT & RISK ASSESSMENT
REPORT



Landmark Information Group Ltd
Imperium, Imperial Way
Reading, Berkshire

RG2 0TD

United Kingdom

T: +44 (0)844 844 9952
W: www.envirocheck.co.uk

Landmark alpha

@58 INFORMATION GROU

special risks consultancy

Detailed Unexploded Ordnance
(UXO) Threat & Risk Assessment

Meeting the requirements of C/IRIA C681 ‘Unexploded Ordnance (UXO)
A guide for the Construction Industry’ Risk Management Framework

6 ALPHA PROJECT NUMBER

LANDMARK ORDER NUMBER

CLIENT REFERENCE

SITE

RATING

P6474 ORIGINATOR S. Barratt
157908433 1 REVIEWED BY  B. Wilkinson (6™ March 2018)
2939 RELEASED BY L. Askham (7" March 2018)

Brunswick Quay, Liverpool, Merseyside

HIGH - This Site requires further action to reduce risk to ALARP during intrusive
activities.

6 Alpha Project Number: 6474
Landmark Order Number: 157908433 _1
Client Reference: 2939

www.envirocheck.co.uk - +44 (0) 844 844 9952
customerservice@envirocheck.co.uk
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AAA
ALARP
AOD
ARP
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BDO
bgl
BGS
BH
BPD
CDP
CFA
CIRIA

CPT
CS
EO
EOC
EOD
Gl
GIS
GL
GP
GPS
HAA
HE
HO
HSE

kg
km
LAA
LCC
LE
LSA

MoD

Anti-Aircraft

Anti-Aircraft Ammunition

As Low As Reasonably Practicable
Above Ordnance Datum

Air Raid Precaution
Abandoned Explosive Ordnance
Bomb Disposal

Bomb Disposal Officer

Below Ground Level

British Geological Survey
Borehole

Bomb Penetration Depth

Cast Driven Piles

Continuous Flight Auger
Construction Industry Research
and Information Association
Cone Penetration Testing
County Series

Explosive Ordnance

Explosive Ordnance Clearance
Explosive Ordnance Disposal
Ground Investigation
Geographic Information Systems
Ground Level

General Purpose

Global Positioning Systems
Heavy Anti-Aircraft

High Explosive

Home Office

Health and Safety Executive
Incendiary Bomb

Kilograms

Kilometres

Light Anti-Aircraft

London County Council

Low Explosive

Land Service Ammunition
Metres

Ministry of Defence
Millimetres

NEQ
NFF
NGR
oD

0S

PM
PoW
RADAR
RAF
RN
RNAS
ROF
SAA
TA
TNT
UK

UN
USAAF
UXB
UXO

V Weapons

WD
WWI
WWII

Net Explosive Quantity
National Filling Factory
National Grid Reference
Ordnance Datum

Ordnance Survey

Parachute Mine

Prisoner of War

Radio Detection And Ranging
Royal Air Force

Royal Navy

Royal Naval Air Service

Royal Ordnance Factory
Small Arms Ammunition
Territorial Army
Trinitrotoluene

United Kingdom

United Nations

United States Army Air Force
Unexploded Bomb
Unexploded Ordnance
Vergeltungswaffe — Vengeance
Weapons

War Department
World War One
World War Two
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EXECUTIVE SUMMARY

Study Site

The Client has defined the Study Site as “Brunswick Quay, Liverpool, Merseyside”. The Site is located at NGR 334710,
388170.

Risk Level

HIGH

Potential Threat Sources

The most probable UXO threat is posed by WWII German HE bombs, whilst IBs and British AAA projectiles (which were
used to defend against German bombing raids) pose a residual threat.

Risk Pathway

Given the types of UXO that might be present on-site, all types of aggressive intrusive engineering activities may
generate a significant risk pathway.

Key Findings

During WWII, the Study Site was situated within Liverpool County Borough, which recorded 21 HE bomb strikes per
100 hectares, a low level of bombing. However, given that the Site was situated within a primary bombing target
during WWII, the localised bombing density may in fact have been much greater.

Luftwaffe aerial reconnaissance photography associated with the Site identified a dock (located on-site, 310m to the
north and 450m to the north) and a gas works (located 360m to the south-west) as primary bombing targets. In
addition, a dock (located 175m to the north-west), a warehouse (located 205m to the north-east) and a mill and
timber yard (located 320m to the east) may have been considered secondary bombing targets. Furthermore, research
also identified a barrage balloon site (located 670m to the south-east) and a pillbox (located 990m to the south-east),
which were likely to have been targeted in an attempt to reduce Luftwaffe aircraft losses.

ARP records associated with the Site did not note any HE bomb strikes within it. Nonetheless, seven were identified
130m to the north, 140m to the north-east, 155m to the south, 165m to the south, 250m to the north, 300m to the
north-east and 325m to the north. In addition, IB’s were recorded 165m to the east, 195m to the north-east and 245m
to the north.

Official bomb damage mapping was not available. However, written records identified “extensive damage” to
Brunswick Docks and “considerable damage” from the parachute mine that fell in the river opposite the docks. In
addition, photographic evidence showed considerable bomb damage to Brunswick Docks.

Pre-WWII mapping (1938) associated with the Site shows that it was located within a densely developed docklands
area during WWII, with the Site itself being part of Brunswick Docks with a large structure in the eastern sector. As a
result, it is plausible that the docklands authorities inspected the Site for UXB entry holes following any raids.
However, given that evidence suggests the Site sustained extensive bomb damage, bomb damage debris may have
concealed a UXO entry hole and therefore, may have gone unnoticed. In addition, it is likely that any UXO that fell
within the dock would have gone unnoticed.

The Site has undergone some post-war redevelopment with the removal of a small structure and the rebuilding of
another small structure in the southern sector in the 1970s. In addition, in the 1990’s the dock was infilled, and the
large structure on-site was demolished in 2006. Consequently, it is considered likely that any UXO within the
foundations of post-war buildings would have been discovered and removed, however, the potential for deep buried
UXO to be present within remaining areas is assessed to be extant. Given that the Site was identified as a primary
bombing target which sustained extensive bomb damage, the following risk mitigation measures are recommended
as a minimum, in order to reduce risks ALARP, during intrusive works in all previously undisturbed ground i.e. that
which has not previously been excavated, probed, drilled or otherwise intrusively disturbed since it had potentially
become contaminated with UXO. These mitigations measures are not required within any post-war fill used for the
dock, however if intrusive works extend below the infill, the appropriate mitigations should be applied.
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EXECUTIVE SUMMARY (...continued)

Recommended Risk Mitigation

All Groundworks in All Areas:

1. Operational UXO Emergency Response Plan; appropriate Site Management documentation should be held on Site
to guide and plan for the actions which should be undertaken in the event of a suspected or confirmed UXO discovery
(this plan can be supplied by 6 Alpha);

2. UXO Safety & Awareness Briefings; the briefings are essential when there is a possibility of an-UXO / UXB encounter
and are a vital part of the general safety requirement. All personnel working on the Site should receive a briefing on
the identification of an UXO / UXB, what actions they should take to keep people and equipment away from such a
hazard and to alert Site management. Information concerning the nature of the UXO / UXB threat should be held in
the Site office and displayed for general information on notice boards, both for reference and as a reminder for ground
workers. The Safety & Awareness briefing is an essential part of the Health & Safety Plan for the Site and helps to
evidence conformity with the principles laid down in the CDM regulations 2015 (this briefing can be delivered directly,
or in some cases remotely, by 6 Alpha).

Trial Pits, Window Sampling, Trenching and Excavations into Previously Undisturbed Ground:

3. Non-intrusive UXO Survey and/or EOD Banksman Support; Where ‘open’ intrusive works into previously
undisturbed ground are proposed and where the extent is considered to be within the capabilities of non-intrusive
UXO survey equipment and implementation of this is assessed as likely to prove effective, a non-intrusive geophysical
UXO survey should be trialed and, if it proves successful, should be employed to survey site-wide, or in specific areas
where ‘open’ intrusive works are to be implemented to identify for signs of sub-surface anomalies which may model
as the target UXO in advance of said works. If the survey proves partially or wholly ineffective, an EOD Engineer should
be present in the UXO Banksman role to monitor ongoing ‘open’ intrusive works to identify any suspicious items that
may be UXB or UXO related (this service can be provided by 6 Alpha).

Piling and Boreholing into Previously Undisturbed Ground:

4. Intrusive UXO Survey; Where ‘blind’ intrusive works into previously undisturbed ground are proposed, an intrusive
UXO survey (employing down-hole magnetometer or MagCone techniques) is strongly recommended. Such a survey
should extend to the assessed average bomb penetration depth or to the maximum depth of the works, whichever is
encountered first, or until geology is encountered through which it is assessed a UXB would not penetrate, to identify
for signs of sub-surface anomalies which may model as the target UXO in advance of said works. (this service can be
provided by 6 Alpha).

N.B. the average BPD is assessed to be 7m below ground level during WWII, and therefore intrusive works carried out within
post-war infill of the dock does not pose a risk (recommendations 1 & 2 required only). If however, the intrusive works extend
below the post-war infill and into the original ground/sea bed that was present during the war, then the appropriate UXO
mitigations will need to be applied in this ground (recommendations 1, 2 3 and/or 4).

For further information, please contact Envirocheck:

Website: http://www.envirocheck.co.uk

Telephone: +44 (0)844 844 9952

Email: customerservice@envirocheck.co.uk
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ASSESSMENT METHODOLOGY

Approach

6 Alpha Associates is an independent, specialist risk management consultancy practice, which has assessed the risk
of encountering UXO (as well as buried bulk high explosives) at this Site, by employing a process advocated for this
purpose by CIRIA. The CIRIA guide for managing UXO risks in the construction industry (C681) not only represents
best practice but has also been endorsed by the HSE. Any risk mitigation solution is recommended only because it
delivers the Client a risk reduced to ALARP at best value.

UXO hazards can be identified through the investigation of local and national archives associated with the Site, MoD
archives, local historical sources, historical mapping as well as contemporaneous aerial photography (if it is available).
Hazards will have only been recorded if there is specific information that could reasonably place them within the
boundaries of the Site. The amalgamation of information is then assessed to enable the researcher to provide relevant
and accurate risk mitigation practices.

The assessment of UXO risk is a measure of probability of encounter and consequence of encounter; the former being
a function of the identified hazard and proposed development methodology; the latter being a function of the type
of hazard and the proximity of personnel (and/or other ‘sensitive receptors’, such as equipment) to the hazard, at the
moment of encounter.

If UXO risks are identified, the methods of mitigation we have recommended are considered reasonably and
sufficiently robust to reduce them to ALARP. We advocate the adoption of the legal ALARP principle because it is a
key factor in efficiently and effectively ameliorating UXO risks. It also provides a ready means for assessing the Client’s
tolerability of UXO risk. In essence, the principle states that if the cost of reducing a risk significantly outweighs the
benefit, then the risk may be considered tolerable. This does not mean that there is never a requirement for UXO risk
mitigation, but that any mitigation must demonstrate that it is beneficial. Any additional mitigation that delivers
diminishing benefits and that consume disproportionate time, money and effort are considered de minimis and thus
unnecessary. Because of this principle, UXB and UXO risks will rarely be reduced to zero (nor need they be).

Important Notes

Key source material is referenced within this document, whilst secondary/anecdotal information may be available
upon request.

Although this report is up to date and accurate at the time of writing, our databases are continually being populated
as and when additional information becomes available. Nonetheless, 6 Alpha have exercised all reasonable care, skill
and due diligence in providing this service and producing this report.

The assessment levels are based upon our professional opinion and have been supported by our interpretation of
historical records and third party data sources. Wherever possible, 6 Alpha has sought to corroborate and to verify
the accuracy of all data we have employed, but we are not accountable for any inherent errors that may be contained
in third party data sets (e.g. National Archive or other library sources), and over which 6 Alpha cannot exercise control.
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STAGE ONE — SITE LOCATION AND DESCRIPTION

Study Site

The Client has defined the Study Site as “Brunswick Quay, Liverpool, Merseyside”. The Site is located at NGR 334710,
388180. The Site location and Site boundary are presented at Figures 1 and 2 respectively.

Location Description

The Study Site is situated within Liverpool County Borough and covers an area of 1.1 hectares (ha).
Furthermore, the Site is bounded by:

e North: Liverpool Marina;

e East: Brunswick Way and Liverpool Marina;
e South: Atlantic Way and industrial facilities;
e \West: River Mersey.

Aerial Photography (Current) (Figure 3)

Current aerial photography corroborates the information above and shows that the Site is situated within a densely
developed dockland and urban area.

Proposed Works

The Client has described the following:

e Ground Investigations:

o Shallow Trial Pit up to 1m below ground level,
Medium Trial Pit between 1m and 5m below ground level,
Deep Trial Pit greater than 5m below ground level,
Window Sampling up to 1m below ground level,
Shallow Trenching up to 2m below ground level,
Shallow Bulk Excavation up to 2m below ground level,

o Deep Bulk Excavation greater than 2m below ground level.
e Borehole Depth: Rotary holes to 30m/40m;
e CPT testing / Cable percussion holes to 10m/15m;
e Piled foundations to 30/40m bgl.

O O O O O

Ground Conditions

It is important to establish the specific ground conditions in order to determine the maximum German UXB
penetration depth as well as the potential for other types of munitions to be buried.

If the Site investigations and/or construction methodologies change, and/or if a specific methodology is to be
employed, and/or if the scope of work is focused upon a specific part of the Site, then 6 Alpha are to be informed so
that the prospective UXO risks and the associated risk mitigation methodology might be re-assessed. Certain ground
conditions may also constrain certain types of UXO risk mitigative works e.g. magnetometer survey is adversely
affected in mineralised and made ground.

The Client has described the ground conditions as follows: “Docklands area. Ground conditions are highly variable. In
places - infilled dock - made ground to approx. 11.5m underlain by alluvium to 17m bgl underlain by concrete to 18m
bgl underlain by sandstone bedrock. In places - approx. 8m of made ground underlain by alluvium or glacial till to
approx. 15m underlain by sandstone bedrock. In places - concrete dock walls with granite to approx 8m bgl."

It is important to establish the provenance of made ground, where this is recorded as being part of the site ground
make-up, in order to accurately determine the ground levels at the time when the site may have become potentially
contaminated with UXO and so as to accurately determine the average / maximum bomb penetration depths and
make appropriate recommendations aimed at reducing the risk to ALARP.
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STAGE ONE — SITE LOCATION AND DESCRIPTION (...continued)

Ground Conditions

BGS borehole log ‘SI138NW966 — South Docks Phase Il Liverpool 30A’ (located on-site), recorded the following strata:

Om to 0.15m Made Ground Fill
0.15m to 4.0m Made Ground Ash, stone, brick, slate etc.
4.0m to 6.50m Made Ground Sand, sandstone pieces etc.
6.50m to 8.80m Clay Very soft/soft black silty clay with layers of sand and silt and organic
zones
8.80m to 10.80m Sand Medium dense grey organic silty sand and sandy silt
10.80m to 13.30m Clay Stiff to very stiff grey and brown sandy clay with stone inclusions and
grey fissures. Softened upper zone.
13.30m to 15.05m Sandstone Soft to firm dark grey and red sandstone. (Oxidises to red)
6 Alpha Project Number: 6474 www.envirocheck.co.uk - +44 (0) 844 844 9952
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STAGE TWO — REVIEW OF HISTORICAL DATASETS

Sources of Information Consulted

The following primary information sources have been used in order to establish the background UXO threat:

6 Alpha’s Azimuth Database;

Home Office WWII Bomb Census Maps;

WWII and post-WWII aerial photography;

Official Abandoned Bomb Register;

Information gathered from the National Archives at Kew;

Historic UXO information provided by 33 Engineer Regiment (Explosive Ordnance Disposal) at Carver Barracks,
Wimbish.

en O S @[ =

Potential Sources of UXO Contamination

In general, there are several activities that might contaminate a site with UXO but the three most common ways are:
legacy munitions from military training/exercises; deliberate or accidental dumping (AXO) and ordnance resulting
from war fighting activities (also known as the Explosive Remnants of War (ERW)).

During WWII, the Luftwaffe undertook bombing campaigns all over the UK. The most common type of UXO discovered
today is the aerially delivered high explosive (HE) bomb, which are comparatively thick-skinned and dropped from
enemy aircraft. If the bomb did not detonate when it was dropped, the force of impact enabled the UXO to penetrate
the ground, often leaving behind it a UXB entry hole. These entry holes were not always apparent and some went
unreported, leaving the bomb buried and unrecorded. More rarely, additional forms of German UXO are occasionally
discovered including inter alia V1 and V2 rockets, Incendiary Bombs (IBs), and Anti-personnel (AP) bomblets.

Although the Luftwaffe had designated primary bombing targets across the UK, their high-altitude night bombing was
not accurate. As a result, thousands of buildings were damaged and civilian fatalities were common. Bombs were
also jettisoned over opportunistic targets and residential areas were sometimes struck.

As the threat of invasion lingered over Britain during WWII, defensive actions were undertaken. The British and Allied
Forces requisitioned large areas of land for military training and bomb storage (including HE bombs, naval shells,
artillery and tank projectiles, explosives, LSA and SAA). Thousands of tonnes of these munitions were used for the
Allied Forces weapon testing and military training alone. It has been estimated that at least 20 per cent of the UK’s
land has been used for military training at some point.

The best practice guide for dealing with your UXO risks on land (CIRIA publication C681) suggests that approximately
10 per cent of all munitions deployed failed to function as designed. ERW are therefore, still commonly encountered,
especially whist undertaking construction and civil engineering groundwork.

Furthermore, in exceptional circumstances, UXO is discovered unexpectedly and without apparent rational
explanation. There are several ways this might occur:

e When Luftwaffe aircraft wished to swiftly escape e.g. from an aerial attack, they would jettison some or all of
their bombs and flee. This is commonly referred to as tip and run and it has resulted in bombs being found in
unexpected locations;

e Transportation of aggregate containing munitions to an area that was previously free of UXO, usually related
to construction activities employing material dredged from a contaminated offshore borrow site;

e Poor precision during targeting (due to high altitude night bombing and/or poor visibility) resulted in bombs
landing off target, but within the surrounding area.

e British decoy sites were also constructed to deliberately cause incorrect targeting. For obvious reasons, such
sites were often built in remote and uninhabited areas.
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Site History

From an analysis of the CS and OS historical mapping associated with the Site, the following Site history can be deduced:

1890 CS Map The Study Site consisted of a shipbuilding The Site was situated within a developed
yard in the western sector, an engine house dockland.
in the central southern sector and Graving
Docks in the eastern sector.
1908 CS Map The shipbuilding yard was demolished on-site  The docklands area to the north-west was altered.
and the structural footprint of Brunswick
Dock was altered on-site.
1927 CS Map A large structure was built in the eastern Changes were not recorded in the vicinity.
sector of the Study Site. In addition, a smaller
structure was built in the central southern
sector.
1938 OS Map Changes were not recorded at the Study Site. Changes were not recorded in the vicinity.
1953 OS Map Changes were not recorded at the Study Site. Changes were not recorded in the vicinity.
1974 OS Map The small structure in the central southern Changes were not recorded in the vicinity.
sector was demolished and another small
structure was built in the eastern sector.
1990 OS Map The large structure on-site was labelled as Works were demolished north-west of the Study
the Brunswick Enterprise Centre and a Site and new structures were developed.
carpark was developed in the western sector.
2006 OS Map Changes were not recorded at the Study Site. Additional structures were developed to the
north-west of the Study Site.
2009 Aerial The large structure and the smaller structure Changes were not recorded in the vicinity.
Photography in the eastern sector was demolished. A small
structure still remains in the south-eastern
sector.
2018 OS Map Changes were not recorded at the Study Site. Changes were not recorded in the vicinity.

WWII Bombing of Liverpool

During WWII, Liverpool was a strategic bombing target for the Luftwaffe due to its port facilities and industry. It is
estimated that approximately 90 percent of all war materials brought to Great Britain passed through the Mersey
Docks.

The first major air raid to impact the city occurred on the 28" August 1940 and continued to be subjected to further
bombing raids throughout 1940 (The Christmas Blitz) and 1941, with the peak of the bombing occurring from 1% to the
7™ May 1941 (The May Blitz). These raids involved 681 Luftwaffe bombers, which delivered 2,315 HE bombs as well as
other ordnance. The last recorded Luftwaffe air raid occurred on 10* January 1942.

Multiple properties (both industry and residential) were destroyed along with many dead and injured throughout the
course of the war.
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WWII Luftwaffe Bombing Targets (Figure 4A & 4B)

Prior to WWII, the Luftwaffe conducted numerous aerial photographic reconnaissance missions over Britain,
recording key military, industrial and commercial facilities for attack, in the event of war. In addition, logistics
infrastructure and public services, such as railways, canals, power stations, reservoirs, water and gas works were also
considered viable bombing targets.

Luftwaffe aerial reconnaissance photography associated with the Site identified a dock (located on-site, 310m to the
north and 450m to the north) and a gas works (located 360m to the south-west) as primary bombing targets. In
addition, a dock (located 175m to the north-west), a warehouse (located 205m to the north-east) and a mill and
timber yard (located 320m to the east) may have been considered secondary bombing targets. Furthermore, research
also identified a barrage balloon site (located 670m to the south-east) and a pillbox (located 990m to the south-east),
which were likely to have been targeted in an attempt to reduce Luftwaffe aircraft losses.

WWII HE Bomb Strikes (Figure 5)

During WWII, ARP wardens compiled detailed logs of bomb strikes across their respective districts. However, ARP
records associated with the Site did not note any HE bomb strikes within it. Nonetheless, seven were identified 130m
to the north, 140m to the north-east, 155m to the south, 165m to the south, 250m to the north, 300m to the north-
east and 325m to the north. In addition, IB’s were recorded 165m to the east, 195m to the north-east and 245m to
the north. Furthermore, whilst IBs may have fallen within the Study Site, they fell in such large numbers that accurate
record keeping was either non-existent or perfunctory therefore, their prospective presence cannot be either
corroborated or discounted.

In addition to IBs and HE bomb strikes, during the latter part of the war when aerial bombing had significantly
declined, the main threat came from V type weapons. V1 and V2 rockets were thin-skinned, unmanned and inaccurate
weapons. Despite this, there is no evidence to suggest that the Site (or its immediate vicinity) was subjected to rockets
strikes during WWII.

The potential penetration depth of an UXB was dependent on a number of factors including but not restricted to
those prior to striking the ground e.g. velocity and orientation of the UXB which in turn will be influenced on factors
such as the release altitude from the aircraft and encounters with infrastructure during its fall; those encountered at
the point of impact i.e. was the impact on concrete, grass, water etc and finally, the below ground level conditions
which were encountered such as infrastructure e.g. services, basements, foundations, and geology e.g. made ground,
clay, sand, etc. Further, as the UXB penetrated the ground, it’s velocity naturally slowed where, it either came to an
abrupt stop e.g. against foundations or would continue for 10’s of feet along a route of least resistance which often
resulted in a curving of the trajectory back towards the surface. This is known as the “J Curve” effect and often resulted
in a considerable horizontal off-set from the point of entry. This is often the reason why UXBs have been discovered
against or under the foundations of buildings, which were present during WWII, or many meters from the point of
impact.

WWII Bomb Damage

Official bomb damage mapping was not available. However, written records identified “extensive damage” to
Brunswick Docks and “considerable damage” from the parachute mine that fell in the river opposite the docks. In
addition, photographic evidence showed considerable bomb damage to Brunswick Docks. Furthermore, an analysis
of post-war mapping and further research of historical records did not identify any potential bomb damage on-site or
in close proximity to it.

WWII HE Bomb Density (Figure 6)

The Study Site was located within Liverpool County Borough, which recorded 21 HE bombs per 100 hectares, a low
level of bombing. However, given that the Site was situated within a primary bombing target during WWII, the
localised bombing density may in fact have been much greater.
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An examination of the official abandoned bomb records has not identified any abandoned bombs on-site or within
1,000m of the Site boundary.

Records of WWII UXB Disposal Tasks

An examination of the civil defence records listing UXBs dealt with in Liverpool County Borough did not identify any
UXB disposal tasks on-site or within 1,000m.

Records of Post-WWII UXB Disposal Tasks

An examination of the post-WWII BDO tasks associated with the area has not identified any BDO operations on-site
or within 1,000m of the Site boundary.

The CS mapping prior to WWII (1938), shows that the Study Site was located in a large industrial docklands area, with
the Site itself being part of Brunswick Dock with a large structure in its eastern sector. As a result, it is possible that
the docklands authorities inspected the Site for UXB entry holes following any raids. However, given that evidence
suggests the Site sustained extensive bomb damage, bomb damage debris may have concealed a UXO entry hole and
therefore, may have gone unnoticed.

Sources of UXO Contamination

The most likely source of UXO contamination is from German aerially delivered ordnance, which ranges from small
IBs through to large HE bombs (the latter forms the principal threat). Additional residual contamination may be
present from British AAA projectiles (which were used to defend the UK against German bombing raids).
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STAGE THREE — DATA ANALYSIS

I Y S

Was the area considered to be a
primary bombing target?

Was the Site or the immediate area
bombed during WWII?

Did the Site or the immediate area
experience bomb damage?

Was the ground undeveloped during
WWII?

Would the footfall have been high in
the area?

Would a UXB entry hole have been
observed during WWII?

Have military personnel ever
occupied the Site?

Would munitions have been
manufactured, stored and/or fired
from the Site?

Would previous intrusive works
have removed the potential for UXO
to be present?

Are proposed intrusive works likely
to extend into previously
undisturbed ground?

Is there potential for an unplanned
encounter with UXO to occur during
proposed intrusive works?

Does the probability of UXO vary
across the Site?

X <« X <

X X X

v

v

Docks (located on-site) were identified as primary bombing
targets.

Seven bomb strikes were identified within 325m; the closest
being 130m to the north.

Written records identified “extensive damage” and
“considerable damage” to Brunswick Docks.

The Site was part of Brunswick Dock and consisted of a large
structure in the eastern sector.

Given that the Site was part of a dock, it is likely that footfall
would have been high.

It is possible that the dockland authorities inspected the Site for
any UXB entry holes following any raids. However, given that
evidence suggests the Site sustained extensive bomb damage,

bomb damage debris may have concealed a UXO entry hole
and therefore, may have gone unnoticed. In addition, it is likely
that any UXO that fell within the dock would have gone
unnoticed.

No military facilities were identified within 1,000m.

There is no evidence to suggests munitions were located or
fired from this Site.

The Site has been subjected to some post-war redevelopment
with the demolishing of structures, therefore it is likely that any
shallow UXO would have been discovered and removed.

Shallow intrusive works are unlikely to extend into previously
undisturbed ground as the dock has been infilled and structures
have been demolished. However, deeper intrusive works are
likely to extend into potential UXO contaminated ground.

Given that the Site was a primary bombing target which sustain
extensive bomb damage, an unplanned encounter with UXO is
possible.

The probability of discovering shallow UXO within the Site is
considered to be remote considering the post-war demolition
works and the infill of the dock, however, the probability of
discovering UXO within all previously undisturbed areas of the
Site is extant.
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STAGE FOUR — RISK ASSESSMENT

Threat Items

The most probable UXO threat items are German HE bombs, whilst IBs and British AAA projectiles pose a residual
threat. The consequences of initiating German HE bombs are more severe than initiating IBs or AAA projectiles, and
thus they pose the greatest prospective risk to intrusive works.

Bomb Penetration Depth

Considering the ground conditions (highlighted in Stage 1), the average BPD for a 250kg German HE bomb within clays
and sands is assessed to be approximately 7m below WWII ground levels, with the maximum BPD considered to be
approximately 14m below WWII ground levels. Although it is possible that the Luftwaffe deployed larger bombs in
the area, their deployment was infrequent, and to use such larger (or the largest) bombs for BPD calculations are not
justifiable on either technical or risk management grounds.

N.B. the average BPD is assessed to be 7m below ground level during WWII, and therefore post-war infill of the dock does not
pose a risk to intrusive works. If however, the intrusive works extend below the post-war infill and into the original ground/sea
bed that was present during the war, then the appropriate UXO mitigations will need to be applied in this ground.

WWII German bombs have a greater penetration depth when compared to IBs and AAA projectiles, which are unlikely
to be encountered at depths greater than 1m bgl. However, due to the “J Curve” and the potential for structures to
impede the penetration into the ground, HE bombs have been discovered at much shallower depths than the average.

Risk Pathway

Given the types of UXO that might be present on-site, all types of aggressive intrusive engineering activities (i.e.
investigative groundworks and shallow excavations) may generate a significant risk pathway. Whilst not all UXO
encountered aggressively will initiate upon contact, such a discovery could lead to serious impact on the project
especially in terms of critical injury to personnel, damage to equipment and project delay.

Prospective Consequences

Consequences of UXO initiation include:

1. Fatally injure personnel;
2. Severe damage to plant and equipment;
3. Deliver blast and fragmentation damage to nearby buildings;
4. Rupture and damage underground utilities/services.
Consequences of UXO discovery include:
1. Delay to the project and blight;
2. Disruption to local community/infrastructure;
3. The expenditure of additional risk mitigation resources and EOD clearance;
4. Incurring additional time and cost.

UXO RISK CALCULATION

Site Activities

Although there is some variation in the probability of encountering and initiating items of UXO when conducting
different types of intrusive activities, a number of investigative and construction methodologies have been described
for analysis at this Site. The consequences of initiating UXO vary greatly, depending upon, inter alia the mass of HE in
the UXO and how aggressively it might be encountered. For this reason, 6 Alpha has conducted separate risk rating
calculations for each investigative and construction methodology that might be employed.

Risk Rating Calculation

6 Alpha’s Semi-Quantitative Risk Assessment assesses and rates the risks posed by the most probable threat items
when conducting a number of different activities on the Site. Risk Rating is determined by calculating the probability
of encountering UXO and the consequences of initiating it.
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UXO Risk Calculation Table — All Areas

BRI HE Bombs
(<5m bgl) AAA Projectiles 1+2=3 3+1=4 B

IBs 1+2=3 3+1=4 3x4=12
Deep Trial Pits HE Bombs 2+2=4 3+3=6 4x6=24
(>5m bgl) AAA Projectiles 1+2=3 3+1=4 3x4=12
IBs 1+2=3 3+1=4 3x4=12
Window Sampling HE Bombs 2+2=4 3+3=6 4x6=24
(1m bgl) AAA Projectiles 1+2=3 3+1=4 3x4=12
IBs 1+2=3 3+1=4 3x4=12
Boreholes HE Bombs 2+3=5 3+2=5 5x5=25
(30-40m begl) AAA Projectiles 1+3=4 3+1=4 4x4=16
IBs 1+3=4 3+1=4 4x4=16
Cable Percussion HE Bombs 2+3=5 3+2=5 5x5=25
Holes (10-15m bgl) AAA Projectiles 1+3=4 3+1=4 4x4=16
IBs 1+3=4 3+1=4 4x4=16
Shallow HE Bombs 2+2=4 3+3=6 4x6=24
Excavations AAA Projectiles 1+2=3 3+1=4 3x4=12
(<2m bgl) IBs 1+2=3 3+1=4 3x4=12
Deep Excavations HE Bombs 2+2=4 3+3=6 4x6=24
(>2m bgl) AAA Projectiles 1+42=3 3+1=4 3x4=12
IBs 1+2=3 3+1=4 3x4=12
Trenching HE Bombs 2+2=4 3+3=6 4x6=24
(Up to 2m bgl) AAA Projectiles 1+2=3 3+1=4 3x4=12
IBs 1+2=3 3+1=4 3x4=12
Piling HE Bombs 2+3=5 3+2=5 5x5=25
(30-40m bgl) AAA Projectiles 1+3=4 3+1=4 4x4=16
IBs

Abbreviations — Site History (SH), Engineering Methodology (EM), Probability (P), Depth (D), Consequence (C),
Proximity to Sensitive Receptors (PSR) and Risk Rating (RR).
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STAGE FIVE — RECOMMENDED RISK MITIGATION MEASURES

Do the ground conditions support a geophysical UXO survey?

Non-Intrusive Methods of Mitigation — Magnetometer results may be affected by ferro-magnetic contamination due
to previous construction activities and made ground within the Site.

Intrusive Methods of Mitigation — Intrusive magnetometry may be effective on this Site, prior to boreholing and piling
especially. However, any ferrous metal/red brick contamination in made ground/old foundations may affect the
detection capability of the UXB survey equipment, as it passes through the contaminated layer especially.
Nonetheless, beyond the contaminated strata such a survey should prove effective.

Mitigation Measures to Reduce Risk to ‘ALARP’

Final Risk
Activity Risk Mitigation Measures llr%l:tinlgs

1. Operational UXO Emergency Response Plan; appropriate Site Management
documentation should be held on Site to guide and plan for the actions which
should be undertaken in the event of a suspected or real UXO discovery (this plan
can be supplied by 6 Alpha);

2. UXO Safety & Awareness Briefings; the briefings are essential when there is a
possibility of explosive ordnance encounter and are a vital part of the general safety
requirement. All personnel working on the Site should receive a briefing on the
identification of a UXB, what actions they should take to keep people and
equipment away from such a hazard and to alert Site management. Information
concerning the nature of the UXB threat should be held in the Site office and
displayed for general information on notice boards, both for reference and as a
reminder for ground workers. The safety awareness briefing is an essential part of
the Health & Safety Plan for the Site and helps to evidence conformity with the
principles laid down in the CDM regulations 2015 (this brief can be delivered
directly, or in some cases remotely, by 6 Alpha).

All Activities in
All Areas

3. Non-intrusive UXO Survey and/or EOD Banksman Support; Where ‘open’
intrusive works into previously undisturbed ground are proposed and where the ALARP
extent is considered to be within the capabilities of non-intrusive UXO survey
equipment and implementation of this is assessed as likely to prove effective, a non-
intrusive geophysical UXO survey should be trialed and, if it proves successful,
should be employed to survey site-wide, or in specific areas where ‘open’ intrusive
works are to be implemented to identify for signs of sub-surface anomalies which
may model as the target UXO in advance of said works. If the survey proves partially
or wholly ineffective, an EOD Engineer should be present in the UXO Banksman role
to monitor ongoing ‘open’ intrusive works to identify any suspicious items that may
be UXB or UXO related (this service can be provided by 6 Alpha).

Trial Pits,

Window

Sampling,
Excavations and
Trenching in All

Previously

Undisturbed
AE

4. Intrusive UXO Survey; Where ‘blind’ intrusive works into previously undisturbed
ground are proposed, an intrusive UXO survey (employing down-hole
magnetometer or MagCone techniques) is strongly recommended. Such a survey
should extend to the assessed average bomb penetration depth or to the maximum
depth of the works, whichever is encountered first, or until geology is encountered
through which it is assessed a UXB would not penetrate, to identify for signs of sub-
surface anomalies which may model as the target UXO in advance of said works.
(this service can be provided by 6 Alpha).

Piling and
Boreholing in
All Areas

This assessment has been conducted based on the information provided by the Client, should the proposed works
change then 6 Alpha should be re-engaged to refine this risk assessment
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Report Figures
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Figure One - Site Location
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Figure Two - Site Boundary
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Figure Three - Aerial Photography (Current)
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Figure Four A - WWII Luftwaffe Bombing Targets
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Figure Four B - WWII Luftwaffe Aerial Photography
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Figure Five - WWII High Explosive Bomb Strikes
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Figure Six - WWII High Explosive Bomb Density

6 Alpha Project Number: 6474 www.envirocheck.co.uk - +44 (0) 844 844 9952
Landmark Order Number: 157908433_1 23 customerservice@envirocheck.co.uk
Client Reference: 2939



http://www.6alpha.com/
http://www.envirocheck.co.uk
http://www.envirocheck.co.uk/

BRUNSWICK QUAY, LIVERPOOL, MERSEYSIDE W
BOMB
SEARCH

WWII High Explosive Bomb Density EZanit

LEGEND
Bsite_soundary
High Explosive Bomb Density '
5 s than 15 bornbs per 100 hectares [
1771 16-25 bombs per 100 hectares
2635 bombs per 100 hectares
N | 36:45 bombs per 100 hectares
177 Over 46 bombs per 100 hectares

EERlE

VIEMECT NG, | PGLAE | GRARN | EHECHED LATE o ) i
1 s o Camtahis Oidearse Sarvep dats © Prosdured by wnd Copyrint o b Alphn Ancoiores
PedTa i & o= 27 February 2018 Eromm q:l'n;rmtmﬂ dotaimyn g 07 | el Lhern n ok amy rors glame: netity § Atha.




Envirocheck

WA ARE PR ATIS R 1z

NW

sSw

Map Legend

{ | Slte Boundary BUSinESS USE Only

Map data

Search Details
Order Number: 157908433 1

Date of Report: 26 February 2018

Order Number: 157908433 _1 Date: 26-Feb-2018 version 6.0 A Landmark Information Group Service Page 1 of 1



APPENDIX 15

INDICATIVE BEDROCK CONTOUR PLAN
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APPENDIX 11

LIVERPOOL MARITIME ARCHIVE RESOURCES



Resource 1

Plan and sections through air shaft, gate opening machine pit, lock gates and gate

closing machine pit.

Plan shows plan view of east wall of 100ft lock and 4 No. sections through wall. All
sections show extents of concrete (present in significant thickness), location of shallow
pipe trench and deep culvert. Section AA shows section through air shaft showing
depth and connection to underground culvert. Section BB shows section through gate
opening machine pit (2.82m depth x 1.98m width). Section CC shows section through
lock gate and top of wall overhang. Also shows ‘old raily [railway] metal’ at approx.
1.5m centres between ground level and 0.91m depth. Section DD shows section

through gate closing machine pit (2.82m depth x 1.98m width).

Following images courtesy of Peel Ports Group (MDHB archive at National Museums

Liverpool, Merseyside Maritime Museum).


















Resource 3

‘Plan And Section Of Hydraulic, Gas & Water Culvert’

Plan view shows location of a 1.52m diameter cast iron culvert passing from west side
of 80ft lock to east side of 100ft lock and 3 No. connections to surface: 1 in the western
wall of the 80ft lock, 1 in the central island and 1 in the east wall of the 100ft lock.
Cross section shows depths of culvert beneath locks and approximate locations of
connections to surface from lock walls where they intersect with the shallow pipe

trench.

Following images courtesy of Peel Ports Group (MDHB archive at National Museums

Liverpool, Merseyside Maritime Museum).


















Resource 5

Section B through wall to the south of historic Toxteth Lock

Toxteth Lock was located approximately 21m south of the site. The River Wall to the
south of this is shown on a cross sectional sketch. The (presumably concrete) wall
widens towards the top. Behind it is ‘rock rubble filling’ almost to old dock sill (ODS =
10.06m bgl). This is underlain by ‘silt’, underlain by a relatively thin layer of ‘clay’,

underlain by ‘rock’ at roughly 14.6m bgl.

Following images courtesy of Peel Ports Group (MDHB archive at National Museums

Liverpool, Merseyside Maritime Museum).









Resource 6

‘Brunswick New River Entrances’ plan

Cross sectional plan shows 100ft and 80ft locks. Old Dock Sill (ODS = 10.06m bgl) is
used as a datum. Cross section includes many depths and measurements and shows
locations of deep culverts and shallow pipe trenches. Dock walls appear to be
constructed of concrete (orange on drawing) which widens towards the base. The
space between the walls appears to be filled with gravel (brown mottling on drawing).
The base of the locks appear to be covered in a layer of concrete approximately 1m
thick, underlain by possibly more concrete (1.22m thick), underlain by rock (red

mottling on drawing).

Cross sectional plans show elevation of island between locks looking east of the 80ft
lock and elevation of wall looking west of 80ft lock. Cross sections show wall
construction, locations of chain pipes, gate mechanisms, the hydraulic, gas & water
culvert and other unlabelled features. A note on the drawing states that the wall is

‘faced with 6 to 1 concrete with granite’.

Following images courtesy of Peel Ports Group (MDHB archive at National Museums

Liverpool, Merseyside Maritime Museum).





















Resource 7

‘Foundations for Outer gate and Caisson Sill for 80°'0” Entrance’ plan and cross

sections

Plan view shows 80ft lock and half of 100ft lock and rock levels at end of cast iron
culvert where it crosses 80ft lock. Also shows the underwater section which extends
into the river to the south of the locks and the location of the timber piles which secure
it. Section AA shows cross sectional view across 80ft lock and apparent rock cut
beneath it to include the gas and water main, with lock construction materials including
gravel and ‘8 to 1 concrete with plenty of burrs’. Section BB shows a cross section
through the gate sill with rock level and base construction. Section CC shows a cross
section through the caisson sill with rock level and base construction. Section DD
shows a cross section through the river-facing end of the island between the locks.
This shows the concrete extending past the end of the island beneath the water, which
is secured to rock with 0.30m x 0.30m timber piles. Also shows culver outlet and wall

construction including ‘8 to 1 concrete with plenty of burrs’.

Following images courtesy of Peel Ports Group (MDHB archive at National Museums

Liverpool, Merseyside Maritime Museum).


















Resource 8

‘Plan, Elevation & Section of Intended River Entrances Into Brunswick Dock’

Note: this plan is an intended layout and as such, the final construction detail may

have deviated from this.

Plan shows Brunswick Locks and Brunswick No. 2 Graving Dock. Section AB shows
the eastern wall of the 100ft lock and river wall, along to Toxteth Lock to the south.
Indented layouts and the mean tide level is given. Section CD shows a cross section
of the Brunswick Locks entrances and Toxteth Lock. This section shows the

approximate rock level (red shading).

Following images courtesy of Peel Ports Group (MDHB archive at National Museums

Liverpool, Merseyside Maritime Museum).
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Resource 9

Plan of land to the west of Brunswick Dock

Plan shows the northern part of the site before the Brunswick Locks were constructed.
Brunswick Half Tide Dock is included, and the industrial ‘shed’ present to the

immediate north of the site.

Following images courtesy of Peel Ports Group (MDHB archive at National Museums

Liverpool, Merseyside Maritime Museum).






Resource 10

Plan of Brunswick Dock

Plan shows the site post-construction of the Brunswick Locks. Brunswick no. 2 Graving
Dock is present on site. Brunswick Dock is surrounded by industrial warehouses to the
east and west. Union dock connects Brunswick Dock to Toxteth Dock to the South.

Brunswick Dock is connected directly to Coburg Dock to the north.

Following images courtesy of Peel Ports Group (MDHB archive at National Museums

Liverpool, Merseyside Maritime Museum).






Resource 11

‘Plan for Setting Out Works’

Plan shows overlay of planned Brunswick Locks over land and previous buildings on

which they were to be built.

Following images courtesy of Peel Ports Group (MDHB archive at National Museums

Liverpool, Merseyside Maritime Museum).
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Resource 12

Possible foundation plan for base of 100ft lock

A long plan shows the 100ft lock in detail. Many small, evenly spaced dots are present

along its length — these are conjectured to be the locations of timber piled foundations.

Following images courtesy of Peel Ports Group (MDHB archive at National Museums

Liverpool, Merseyside Maritime Museum).






Courtesy of Peel Ports Group (MDHB archive at National Musleums Liverpool, Merseyside Maritime Museum).
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Courtesy of Peel Ports Group (MDHB archive at National Museums Liverpool, Merseyside Maritime Museum).
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Courtesy of Peel Ports Group (MDHB archive at National Museums Liverpool, Merseyside Maritime Museum).







Resource 13

‘Brunswick River Entrances: Island’ plan and cross sections

Cross sections show the west side and east side walls of the island between the
Brunswick Locks. Plan view shows island construction. The river-facing end of the
island has a significant thickness of concrete beneath it, presumably to act as a
breaker for the head of river water. The concrete is either 10 to 1 or 8 to 1 and various

sub surface features are founded upon it.

Following images courtesy of Peel Ports Group (MDHB archive at National Museums

Liverpool, Merseyside Maritime Museum).





















Resource 14

‘Brunswick River Entrances Foundation Plan’

Plan view shows the depths of foundations of the 100ft lock, its walls, the 80ft lock, its
walls and the island between them. The depths are given in feet below ODS (Old Dock
Sill, 10.06m bgl). Most parts are formed on rock (pink), except the southern-most part
of the island and roughly the southern half of the 80ft lock are founded on gravel. Some

parts are labelled with the date they were constructed.

Following images courtesy of Peel Ports Group (MDHB archive at National Museums

Liverpool, Merseyside Maritime Museum).






Resource 15

‘Brunswick 100ft River Entrance: Examination of floor of lock March 1926’ plan, plan

of damage to underside of 100ft and 80ft locks and section AB.

Plan details damage to lock floor as reported by divers. Some of the concrete was
reported as damaged and was repaired, indicating that the thickness of the concrete
lock floor may be of variable thickness and quality. Another plan shows damage to the
underside of both locks; this is unlabelled but is possibly water ingress where the locks

are not completely watertight. This plan is also shown in section.

Following images courtesy of Peel Ports Group (MDHB archive at National Museums

Liverpool, Merseyside Maritime Museum).












Resource 16

‘Plan to Accompany Invitation to Tender For Hydraulic Machinery’

Plan details locations of hydraulic machinery and sections show hydraulic clough
shafts including construction and depth. Another section through the Brunswick Locks

shows the locations and depths of opening and closing chains.

Following images courtesy of Peel Ports Group (MDHB archive at National Museums

Liverpool, Merseyside Maritime Museum).



Courtesy of Peel Ports Group (MDHB archive at National
Museums Liverpool, Merseyside Maritime Museum).



















Resource 17

Historic warehouse plans

A cross section shows dimensions and construction of footings of the large historic
warehouse building. A blueprint cross section though the length of the building shows
the height of the building, the roofs and the width of both halves of the building. The
blue print also contains a plan view which shows the locations of footings and the
distance of the building from the edge of the dock. Another plan view shows the historic
warehouse with dimensions and locations of footings. A close up plan view shows the
locations of drains within the building. A cross sectional plan shows a view of the

subsurface construction beneath the warehouse building, against the dock wall.

Following images courtesy of Peel Ports Group (MDHB archive at National Museums

Liverpool, Merseyside Maritime Museum).






MImaty Domes B Bladery s P i

BRUNSWICK  DOCK

=

Frmeapris  Cirmde 1 = QII@{ELE

¥ t, SRLTH WEST QUAY

- f ' simfan & 0% m ) hewr
I-.| i ¥
- o
- ok . - - 3 “\-
. i - r
- - . 5 "
; i i " v
- , ¢
. r
wig =gl = s T 3 Lo
_- . =
: - |—
e - W H I
|
I-_i.
e
of - -
FE ey
- L}
. 5
F .ﬁ s -
a o L e W s W, e, N W .
L -
- 5
R
e i’ p N 5
o — e -
-ty :
| 4 -
—
-

STRREY SHED

o &
P
e
k]
-
'
g

Fiemay s Y
e '
L L]
ara
















jonal Museums Liverpool, Merseyside Maritime Museum).

- 13 EATENSIOE

e;"";."ﬁ.’r -‘r - |."
STALN] TWRILLE SET DOEY (8 Edspmati

- o =




Resource 18

‘Plan Shewing Arrangement of Hydraulic Pipes’

Plan view shows locations of hydraulic pipes within the deep culvert that passes below
both locks and the shallow pipe trenches along the lock walls. Due to the age of these
plans and that the 100ft lock has been infilled, it is anticipated that these pipes are no

longer present, however, this cannot be discounted completely.

Section AA on this drawing shows a cross section through the site. This shows the

100ft lock wall construction. The site (does not show strata or subsurface features)
contains 4 No. ‘centre line of column’ markers — it is unclear what these pertain to,
possibly the historic warehouse, although it was not constructed at the time of drawing
of the plan. The cross section shows the location of the historic ‘Brunswick No. 2
Graving Dock’ and a small part of the off-site Brunswick No. 1 Graving Dock. The old
ground level at either side of them is shown to be uneven. The construction of the
Brunswick Dock wall (approximately 16m deep) is right through the centre of the
Brunswick No. 2 Graving dock (the base of which is at ODS, 9.45m bgl) and appears
to be entirely constructed of concrete with a shallow pipe trench running along its
length, not noted on any other plans. The depth to the bottom of the dock is given to
be 16m bgl. A possibly paved area appears to extend past the dock wall, however, it
is unclear what this pertains to as the cross section appears to show Brunswick Dock
post construction of the extension to the south (due to the placement of the dock wall),

therefore the area shown as land is expected to be water.

Following images courtesy of Peel Ports Group (MDHB archive at National Museums

Liverpool, Merseyside Maritime Museum).






Courtesy of Peel Ports Group (MDHB archive at National Museums Liverpool, Merseyside Maritime Museum).
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APPENDIX 12

DIAGRAM OF CONCEPTUAL MODEL
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