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I. INTRODUCTION

Cheol Consultonts Ltd (Cheol) hove been engoged by Rob Townshend on beholf of BOYSwofer
Vehicles Ltd (Client) to cony out geolechnicol investigotions Grid design for eonhworks OSsocioted
with the proposed redevelopment of the soles court on the corner of Corlyle Street Grid Forodoy
Street IFigure I ).

The development will include o series of showrooms Grid 0 10rge 20 boy workshop with o
mezzonine floor. The orchifecfurol design for the overo11 development hos been corned out by
Jeffrey Goodoll, Grid o set of orchifecfurol PIOns (Proj, N0: 4315 Sheets: SK3A - SK3G) ore included
in Appendix I . PIeose note, I hese pions were circuloted Ground I he project toom on 15 Jonuory
2019 Grid inoy not represent the finol design.

The site is IOCofed on gently sloping ground Ihof extends from the toe of NGpier Hill (Scinde ISIond)
to Corlyle Street loreo shoded blue on Figure I). However, to occommodote some of the new
buildings, port of the existing hill slope will need to be excovofed to extend I he current building
plotform(s) Grid o sinoll Qinount of fill will be required. The inoximum height of the proposed cut
profile is expected to be 27m (OPProx. ) Grid the volume will be in the order of 22,500m3. The fill will
be wedge shoped with o inoximum depth of 1.5m Grid o volume of 800m3.

If is estimofed I hot the eonhworks will toke OPProximotely 12 weeks to complete depending on the
Confrocfors methodology.

chieol

The intention is to corry out o11 eonhworks within the client's legol boundory, Grid the existing slopes
Ihof will be modified by eonhworks hove been indicoted on Figure I by o thick blue line. Note, this
line is OPProximofe only.

The oim of this report is to document the investigotion, OSsessmenf Grid finol design odvice for the
cut boiler. The objective is to support OPPlicofion for resource consent.

2.

2.1

DESKTOP STUDY

Geologicql Mop

The in Qin geology of the Nopier Hill is shown on the New Zeolond I :250,000 Geologicol Mop IGNS -
ArcReoder) OS the Scinde ISIond Formofion IMOngoheio Group). This formation is lore PIiocene
(2Mo yrs B. P. ) in o9e Grid comprises CGIcoreous, cross-bedded sondstone Grid limestone. No
sirucfurol geologicol fedures ore shown OSsociofed with I he NGpier Hill, but the NGpier Foulf runs
northeost - southwest ond cuts through the Ahuriri inlet OPProximotely 700m to the northwest of the
hill (opposite side of hill to the site). This foult is described OS in octive (>250,000yr AEP) Grid is
conceoled.
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Figure I: Localion PIOn - Boyswoter Vehicles

Mqsfers Thesis - Scinde ISIond Formation

The Scinde ISIond Formofion wos subdivided info 5 seporote members by Boyle (1987) I, Grid
lobelled A to E in terms of decreosing o9e Ii. e. A = oldest, E = youngest). Figure 2 below, is copied
from Boyle's thesis (Figure 6.6) Grid is o grophicol representofion of the 5 seporofe ports of the
formalion. Informotion from fobles in the thesis outlining the composition tie. proportion of
CGIcium corbonote, sond Grid mud - Toble 6.11 Grid meon groin size (Tobie 3.2) from different
somples token by BOYle. Note, the groin size in the originol fable is expressed in terms of Phi it^).
These hove been converted to diometer Imm). The sqmples represent different "Focies", which is
o geologicol term Ihot describes o type of deposition o1 environment, rother Ihon just the rock type
itself. The following is o brief summory of eoch member bosed on informotion from f he thesis.

10

,a I

,, .

.

.

' Boyle S. F. , 1987. Master's Thesis (M. SC Earth Science); Scinde Island Formation, Napier. University of Waikato.
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The Scinde ISIond Formotion is thought to hove been deposited of o time when there wos on open
seowoy between Howke's BOY Grid Whongonui, ond the oldest member IA) comprises uniformly
groded Iwell sorted) coorse sonds with some sill Grid CIOy. The sonds ore portly formed from
skelefol reinoins of shellfish, Grid CGIcium corbonofe ICOC03) level ore Iypicol over 50%. This
motoriol hos 0 10rge-SCOle cross-bedded structure, which wos formed due to the inigrofion of 10rge
sond woves (lineor sond ridges) under high strength fidol currents in water depths up to 40m (inid
to inner shelf depth). The individuol cross-bedding ronges from 0.5m thick (with overo9e
wovelengths of 5.5m) to 15m thick.

Member B is finer groined Grid described OS mossive sondy siltstone. This motoriol would hove
been deposited in deeper worer IOUfer shelf depths), below the normol wove bose where the
deposition o1 environment wos quieter Grid there wos less corbonote sources (shellfish). Typicolly
the siltstone coaloins less Ihon 30% CoC03.

There is on uriconformity fume gop where in oferiol wos eroded/removed) between Member B
Grid the overlying Member C. This member is dominoted by cemented skeletol debris with minor
Qinounts of intocf shells 170 - 80% CoC03), Grid minor Qinounts medium to coorse sized sonds. The
bose of this member confoins 4 tininimum) repealed cycles where shelly sondsfone is initiol
medium to coorse, then grodes to fine silly sond. EQch repetition is 0.2m to 0.3m thick before
groding info o bond of finely loininoted 1st rotified) sondsfone Grid sondy mudstone. The upper
port of Member C coinoins o well-groded pebbly greywocke conglomerofe.

Member D is chorocterised by o thick sequence of bedded sondstone Grid mudstone. These
disploy wovy tor lenticulor) bedding Grid the sondsfone includes ripples Grid cross-loininotion on o
2cm SCOle. TVpicolly, the sift content increoses towords the fop of the member Grid this motoriol
represents deposition in o shollow/lidol flots environment. At the top of Member D is o I Om thick
bond of pumiceous sondstone which wos most likely deposited when the site wos obove seo level
by fluviol (river) me ons.

cheol

Member E represents o relotive increose in seo - level Grid is o bornocle-rick limestone with minor

Qinounts of sond content. This moleriol would hove been deposited in shollow inferlidol
conditions.

Boyle logged the cliff foce overlooking the NGpier Port (Bluff Hill) Grid indicofes this section
comprises mostly rock from Member A, with o port of Member B exposed o1 the top (Figure 3).
Pondoro Point (Corunno Boy) is localed of the opposite end of the hill Grid Members B - E ore
exposed, indicofing Ihof I he north-eostern end of the hill hos been uplifted more Ihon the
southwestern end, Grid of Bluff Hill the younger members hove been eroded off.
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BOYle's thesis focuses on the Scinde ISIond Formalion. However, the sequence of limestones Grid
sondstone described in the 5 member ore copped by o thick 10yer of soil fhof wos deposited
relofively recently (PIeistocene; <50,000yrs B. P. ). This unit is mostly Loess, Grid includes vorious
pumice Grid OSh deposits erupfed from the To upo Volconic Zone. Figure 4 below is o copy of o
diogrom from Boyle's thesis (Figure 2.12) Ihot provides the in Qin sub division of the soils Grid
indicofes Ihof in PIOces f his motoriol con be up to I Om thick.

inIujr 11/11

N

CentennlnJ Card. rig

Site

the Scinde Island Formation .

LOBe, xi

PIGialocene Clay.

Henber A

,tonber B

I. ~* lienber C

,IQ. ber D

,!criber E

in

,

Bayswofer Vehicles Ltd I 93 CurlyIe Street, Nnpier I CUI Slope Design Report
17367 I Prepared by Cheol Consulfonls Limited I 28 March 2019

8I 31



in

10

^;' '^.' ';:^ ' ,-',-^:;.;,.,-:::,^,";:^
^;;:,,,! .. j, .2;..;^;^:^^.;;^$^.^^-;;>',;.
^';;:^3-2, :!;!^^?,- '^". -,^:S. ^;* it

' ,I ' = ~ ~,,, -' ",'

, ,: gl~\..-\,^/-\, -\,

"' ";"' t. _,,!., L ,~_~-'
~ .\.\,-.,. ,...,, \ ,,,~,

\\\I~,\~ , ,,\I-,
8

dark grey recent soil

gradational boundary

.

.

.

.

.

,

.

blocky

6

.

.

.

.

0'0' '

'0.0 00 00 .O
O. ,. O A O.

--- --I
... ..

o'00, ,,. .
. . ..... . .

.

.

.

.

.

.

.

.

.

c h eci I

.

.

.

.

granular

.

','.,' ./~1.1 S '.','*

-,,. - !.*..,,.,~ ~\

._ ,,\, .,\,=,,\ . I. ,

.

.

.

.

Tephra shower bedded at base

4

.

Loess

chalazoidites towards base

2

sharp contact

Loess brown , blocky,

granular text ure, extensively bloturbated

o

Figure 4: TVpicol Section of Loess IPIeistocene cover beds - offer Boyle 1987)

sharp contact white finely
laminated Tephra

( Rotuehu ? )

Boyswoler Vehicles Lid I 93 CurlyIe Sireel, Nopier I CUI Slope Design Report
17367 I Prepored by Cheol Consultants Limited I 28 March 2019

9I 31



3. HISTORIC INVESTIGATION

The geolechnicol engineer hos been involved in (or is owore of) o number of geolechnicol
investigotions of sites Ground the NGpier Hill. The following is o summory of fociuol dojo Ihot hos
been collected OS port of these.

3.1 NGpier Girls High School

Geolechnicol investigotions were corned out by the Ministry of Works for development of NGpier
Girls High School INGHS) in 1972, Two oreos were investigoted. These were:

I. Hostel Grid CIOssroom Blocks localed on Clyde Rood Grid obove Cory Ave (November 1972)
2. Audio-Visuol Block IOCoted below Clyde Rood (August 1972)

The November 1972 investigotion included 2 mechonicolly drilled, fully core Bore Holes IBH-A & BH-
B). Skindord Penefrofion Tests ISPT) were corned out in the BHs to me OSure the strength of the
ground, Grid somples of the core were token for loborotory testing.

Hostel Grid CIOssroom Block

This testing included :
I. I X Porncle Size Distribution Isieve An o1ysis)
2. 2 x Uriconfined Compression Strength IUCS) Tests
3. 2 x Uriconsolidoted Undroined Trioxle Tests

4. 2 x Consolidofed, Undroined Trioxle Tests

cheol

Copies of the BH logs, lob test reports (Toble Grid Grophs) Grid o sketched PIOn showing the BH
IOCotions is included in Appendix 2. PIeose note, the BH's were originolly logged in imperiol units,
but these hove been converted to S. I. units for the key depths by the geolechnicol engineer.

The BH logs indicofe Ihof of NGHS there is OPProximofely loin of Loess overlying limestone rock.
The upper portion of the Loess is described OS sondy (or including o froce of sond), Grid in both logs
o bond of pumice is recorded of 1.5m - 1.80m topprox. ). The symbols used in the grophic column
indicofe fhot below the pumice lover the Loess is entirely sill with no sond. The results from o sieve
on o1ysis ore included in Appendix 2, however this report doesn 'I identify the BH or somple depth,
but indicates the somple confoins OPProximofely 45% sond, 36% sill Grid 19% CIOy.

SPT N-Volues in the Loess ronge from 10 - 59, but ore tvpicolly 15 - 31 indicofing this soilis stiff - very
stiff. There ore simplistic correlotions between SPT Grid Undroined Cohesion (C, ) Grid Iypicolly for o
low PIGSfic CIOy this would be 5 - 8 times the N-Volues. Bosed on the lower volues obove, C,
75kP0 - 155kPo.

A UCS wos corned out on core from eoch of the BH's of o depth of 2.29m (8 in. These ore
reported in Pounds per Squore Foot (p. s. f) ond the test corried out in BH-A converts to 1.6MPo. The
test in BH-B is reported OS 2,604 p. s. f, which converts to 0.12MPo.

10 I 31
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The Uriconsolidofed Undroined (UU) Trioxle tests ore recorded in fobulor form (Tobie I ) Grid on o
groph lobelled FIG. 2 in Appendix 2. The 2 test points show on Undroined She or Strength (S, ) of
85kPO Grid 152kPo.

The C, volues derived from the SPTS Grid UU Trioxle test results ore in good ogreemenf Grid indicote
o ronge of undroined strengths from 75kPo to 152kPo.

Effective Stress porometers were meOSured using Consolidoted, Undroined ICU) Trioxiol testing Grid
plots ore shown on FIG. 3 Grid FIG. 4 in Appendix 2. These plots indicote Ihof for the Loess the
Friction Angle (@') is likely to be 35.8' to 37.3' of low confining pressures (<150kPo). As the Loess is
Iypicolly limited to loin thick this would generolly be the cose Grid under these conditions the plots
indicote the Loess hos Cohesion IC' ) of 62kPo to 85kPo.

The BH's reoched o inoximum depth of OPProximofely 13.7m, Grid eoch hole extended obouf 3m
into the limestone. Spy's corried out through this zone (5) o11 refused offer 2 - 3 inches of
penefrofion, Grid if the inoximum N-Volue (50) wos exfropolofed to the full 12 inches of penalrotion
this would indicofing the rock is very we ok with on C, of 1,200kPo. Assuming UCS is equivolenf to 2
x C, I hen this indicofes o UCS of 2.4MPo.

3.1.2

The August 1972 investigofion corried out for the Audio-Visuol CIOss Room Block comprised 5 fully
core BH 's with SPTs (BH I - 51 Grid loborotory UCS testing. A IOCofion pion Grid BH logs ore included
in Appendix 2.

Audio-Visuol Block

chieol

These BH's were drilled to o inoximum of 15.2m depth, but unlike BH-A & BH-B these holes
encountered limestone of o shollow depth (3.2m inox. ) Grid f he logs Grid loborofory testing is
o1most entirely of limestone. The logs indicofe the rock is froctured Grid coaloins some bonds of
siltstone Grid minor Qinounts of sondstone.

As with the limestone encountered of the bose of BH-A & BH-B, the SPT's in BH I - 5 o11 reoched
refused (N = 50). A 10/01 of 5 UCS's were corried out on core from BH I with on oddifionol test from

BH 2. The UCS's in BH I ronged from 0.86MPo to 3.4MPO Grid generolly got stronger with depth.
The UCS from BH 2 is 0.71MPO Grid wos corried out of o similor depth to the first (Grid lowest) test
from BH I (0.86MPo).

3.2

Bosed on the mopping corried out by BOYle (Figure 3), it is most likely the Limestone encountered
of NGHS is port of Member A of the Scinde ISIond Formotion.

12 Kowhoi Rodd

The geolechnicol engineer investigofed o site of the top end of Kowhoi Rood in April2010 Grid o
sketched profile of Loess exposed in o free SIGnding bonk is included in Appendix 2. The bonk wos
OPProximofely I in high Grid skinding of 80' lineosured), Grid the soil profile wos divided into 4
seporofe units (A - D), Unit A wos topsoil, but below this the Loess wos described OS light Yellowish
brown, silly fine Sond. It wos noted Ihof the lower port of the unit conjoined o high pumice
content, Grid of the bose it wos seporofed from the next unit (Unit C) thin lover of hord (very fine
groined siliceous motoriol, which is possibly on OSh deposit. Unit C wos o Sill/Sond mix Grid OS
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obove if wos seporofed from the unit below by o thin siliceous lover. The lowest unit (Unit D) wos
similor to Unit B, o11hough with slightly less sift content (fine Sond some sill).

3.3

The whole sequence wos relofively dry Grid described OS dense.

Simlo Terroce

Photos I, 2 & 3 were token of o rood cuffing on Simlo Terroce, opposite the skirt of KGvonogh
Rood (Hospitol Hill), Grid shows o tvpicol exposure of the Pieistocene o9ed Loess. This foce is
OPProximotely 2.5m - 3m high Grid is SIGnding sub-ventcol. The moleriol shown in Photo 2 hos o
we ok columnor structure formed from veincol jointing. This is chorocteristic of the Loess seen in
NGpier Grid is likely to correspond to the "blocky" motoriol described in Boyle 's section of the
PIeistocene cover beds (Figure 4).

At o finer SCOle, the Loess structure tvpicolly include o fine porous texture, Grid in Photo 3 0 thin
white bond of very fine groined motoriol con be seen running ocross the foce. This is likely to be
the some fedure OS described OS siliceous motoriol in Section 3.2.

chieol

Photo I: Loess exposed in neor veincol cut boiler
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Photo 2: Noturol jointing in Loess forming we ok columnor structure

,

Photo 3: Typicol exposure of Loess including o thin sub horizonfol siliceous 10yer
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3.4 Corunno Boy

The geolechnicol engineer investigoted o site of the corner of Corunno Boy Grid Hyderobod Rood
ISH 2150) in August 2013. At the time the client wos proposing to trim bock the existing limestone to
form o loin high cut boiler Grid OS port of the investgotion 0 10/01 of 5 core somples were token
from the bose of the existing slope Grid I hese were tested in o loborotory for UCS. The strengths of
the rock somples ronged from 0.65MPo to 1.32MPo. A COPY of I he test report is included in
Appendix 2.

In relotion to Boyle's Geologicol Mop of the Scinde ISIond Formalion (Figure 3) the core would
hove been token from the oreos lobelled OS SCOndinovion Point Grid the mop indicofes the rock of
the bose of the hill slope would be would belong to Member B, which is one of finer groined sondy
siltstone units.

The test results from the Corunno Boy site ore consistent with the UCS volues me OSured on core
from the NGHS BH 's, which is most likely rock from Member A Grid indicotes o degree of
consistency in strength throughout the wider Scinde ISIond Formalion.

4.

4.1

SITE SPECIFIC INVESTIGATION

Field Invesfigofion

cheoI

One fully cored BH wos corned out of the site IBHOl). The hole wos drilled by Drillcore Ltd using o
trodor mounted drilling rig Grid tripletube wire-line coring system with fresh wofer circulotion
IPhof0 4). The hole wos drilled from the top of the slope on ground next to 32 Moy Ave
OPProximofely I 1.5m from edge of rood Isee red circle - Figure I ), Grid wos drilled of on origle of
65' from the horizonfol in o direction of I 62' (south southeost). The orientalion of the hole wos set
so OS to be sub-porollel with the proposed cut profile. A ground profile through the line of the BH
Grid including o sketched preliminory cut slope design is included OS Figure 5.

A sinoll working plotform wos constructed to support the drill rig of o Reduced Level (RL) of 45.5m,
Grid I he hole extended 40m in length to o finol depth of RL9.25m ton equivolenf veincol depth of
36.25m).

The BH wos supervised Grid I he core logged by the geolechnicol engineer in generol occordonce
with the New Zeolond Geolechnicol Society (NZGS) Guidelines on the Field Description of Rock
Grid Soil (Dec. 2005). The BH log Grid core box photos ore included in Appendix 3.

The SCOle on the log is in terms of BH length (in), o11hough increment o1 RL's ore included next to the
grophic column. In oddifion, o goph relofing BH length to depth is included.
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4.2 Loborofory Testing

A 10/01 of 32 somples were selected from the core following drilling Grid these were tested for Point
LOGd strength by the geolechnicol engineer using the Opus Loborotory (NGpier) focilifies. Size-
corrected point 100d strength index wos determined fist50j) following the method outlined in AsTM
D 5731-95 Sfondord test method for Deferminofion of the Point Lood Strength Index of Rock
fA TM SI -

The 1,150j volues were converted to UCS IMPo) using the formu10600 = C 1,150j ohioined from AsTM,
where 6, . = UCS (MPo) Grid C = focior Ihot depends on site-specific correlotion between 600 Grid
1,150j. The odopfed C volue wos token from AsTM Toble I IPOge 6) which stores Ihof for o core size
of 60mm o generolised volue of 24.5 sholl be used for C.

Test results o10ng with criticol dimensions Grid the orientalion of the somple (Diomefrol, Axiol or
Irregulor) ore included in o dojosheef in Appendix 4. Included ore photos of eoch of the core
somples. A 10/01 of 42 tests were corned out Grid the results ore summonzed in Toble I .

c h eci I

Tuble I: Summory of Point LOGd Testing

Slotisticol Volues

1,150j (MPO)
0.01

3.08

0.19

Poromefer

Minimum

MOXimum

Medion

Toble 2 includes 4 different UCS ronges fhof coincide with the Rock Sirengf h Terms outlined in the
NZGS Guidelines for Field Description of Soil Grid Rock Grid the number grid proportion of the test
set Ihot foll within eoch ronge. These cotegories correspond to o colour formotting in the test
sheet included in Appendix 4.

Toble 2: UCS Ronge from Point LOGd Testing

Number of Proportion of
Volues Dojo Set

6 14%

16 38%

12 29%

8 I9%

5.

UCS Ronges

<1MPo

I - 5 MPo

5 - 20 MPo

20 - 50 MPo

GEOTECHNICAL UNITS

UCS (MP
0.2

75.6

4.7

The rock profile hos been subdivided into 6 individuol geofechnicol units bosed on the BH log Grid
Point 100d IPL) test results. These Units ore listed in Tobie 3 Giong with soil strength porometers thof
hove been used for the SIGbilify modelling. A Iypicol description of eoch unit is outlined in the
following section. The 6 geolechnicol units hove been defined in terms of I heir expected
engineering behoviour Grid ore not equivolenf to the geologicol (Focies) subdivision corned out by
Boyle ( 1987) outlined in Section 2.2.
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We consider Ihot over the extent of the Boyswoter site the geolechnicol units outlined below con
be considered horizonfol Grid ore continuous. The strength porometers included in Toble 3 ore
bosed on the lower ronge volues derived from testing, Grid we consider Ihof these strength volues
ore conservofive.

Unit

2

3

4

5

6

Loess

We ok Limestone

Mod. siron Limestone

Poorl Cemented Sondsfone

Ve we ok Limestone

We ok Limestone

Toble 3: Geolechnicol Units Grid Strength ForGineiers

Mohr-Coulomb Poromefers

Effective Stress

" IkN/in 31 ,, '
3816

18 40

20 42

20 38

22 42

18 40

Description

The subdivision of the geolechnicol units Grid the finol strength poromefers were determined
bosed on o combinofion of the recovery of the drilled core Grid the distribution Grid in o9nifude of
the UCS test results OS summonsed in Tobie I Grid Toble 2. In terms of recovery the following
me OSuremenfs were used to quolitofively esfimofe the degree of cement of ion, Grid strength of the
IOColised rock moss:

Thickness

(in)

.

.

chieol

Told Core Recovery (TCR%)
Solid Core Recovery (SCR%)
Rock Quolity Designotion (RQD%).

6.4

8.3

4.7

3.9

10.7

2.2+

Composite
UCS IMPo)

Tobie 4 outlines o site specific criterio Ihot wos developed Grid used OS o guide for the subdivision
of the geolechnicol units.

1.6

4.9

6.9

0.5

2.1

5.5

The UCS ronges included in Tobie 2 correspond to:

. Extremely Weok ( <1MPo)

. Very We ok (I - 5MPo)
We ok (5 - 20MPo)

. Moderotely Strong ( >20MPo)

Core Me OSurements

Poorl Cemented

Cemented

Well Cemented

c' kPo

15

147

169

56

100

154

.

Table 4: Cineriol for Cement of ion

A hond drown summory log which grophs the TCR, SCR Grid RQD, Grid the individuol UCS volues of
their correct depth is included in Appendix 4. The finol Composite UCS's included in Toble 3 for
eoch geolechnicol unit wos CGIculofed by proportion ing the ronge of octuol UCS volues in
relation to the corresponding length of core represented by o consistent cement of ion cinerio OS
outlined in Toble 4.

TCR %

<25

>25

>50

SCR %

<25

>25

>25

ROD %

<25

<25

>25
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5.1 Loess

The motoriol seen in the BH wos described OS light yellowish brown silly Sond. Typicolly the sonds
ore fine to medium sized Grid the unit is described OS very dense. If wos noted Ihot ports of the
core ore we okly cemented with iron oxidotion to form hord 10yers. The description is Iypicol of the
Loess described in Section 3.3, Grid testing from NGHS isecfion 3.1 ) indicofes the following soils
sfrengf h poromefers:

UCS = 1.6MPo

. Effective stress poromefers:
g' = 35.8' - 37.30

c' = 62kP0 - 85kPo

.

o

We hove used these volues o10ng with our experience with this motoriol iond engineering
judgement) to determine our finol strength poromefers outlined in Toble 3. If should be noted Ihof
we hove reduced the cohesion (c') to OPProximofely one quorter (25%) of the lower end volue to
o110w for future neor surfoce wealhering Grid possible vonotion within the soils.

o

5.2 Wedk Limestone

Unit 2 represents rock described in the core OS slightly - moderofely wedhered, infer bedded
Limestone, The bedding is moderotely thick Grid Iypicolly comprises otter noting bonds of:

I . Uniformly groded, well cemented (CoC03) coorse Sond. The sond groins ore rounded but
GISo included ore minor Qinounts of fine grovel sized shell frogmenfs.

2. Poorly groded, we okly cemented fine - medium Sond. Sond groins ore tvpicolly rounded to
sub-origulor.

chieol

Bosed on the description from the BH log it is likely this motoriol corresponds with Member A, which
is described by Boyle (1987) OS uniformly groded Iwell sorted) coolse sonds with some sill Grid CIOy.
The sonds ore portly formed from skelefol reinoins of shellfish, ond colcium corbonofe ICOC03)
level ore Iypicol over 50% (Section 2.2). Unit 2 is OPProximofely 8.3m thick Grid drilling ochieved just
over 25% TCR, but tvpicolly less Ihon 25% SCR with RQD (%) recorded for one drill-run only. Seven
individuol UCS tests were corned out Grid ronged from 8MP0 - 27MPo.

Assuming o11 the core loss represented poorly cemented/extremely we ok moleriol it is determined
Ihot:

.

.

10% of the rock mossis weok

40% is very we ok
50% is extremely we ok.

We consider Ihof o composite UCS of 4.9MPo represents the rock moss of the unit OS o whole. We
hove used this UCS Grid the website bosed version IRocLob) of the Hoek-Brown CIOssificofion to
determine equivolenf Mohr-Coulomb foilure cinerio poromefers. Assuming:

I . GS1 = 60

2. ini= 20

3. Disturbonce focior = 0.7 (Cut slope)
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The following porometer were CGIculoted: @ ' =35'; c '=220kPO Grid bosed on these the finol strength
porometers in Toble 3 hove been determined Grid ore considered OPPropriote for design.
Printouts from RocLob ore included in Appendix 4 (Unit 2 - 6).

5.3 Moderofely Strong Limestone

The rock described for Unit 2 continues through to Unit 3, Grid o11hough the core recovery ITCR) is
similor the SCR (%) increoses to OPProximofely 25% Grid RQD wos me OSured throughout the length
of the unit indicofing more cement o1ion of the rock moss. UCS test results were significonfly
stronger 123MPo to 38MPo) Grid OSsuming o11 the core loss represented poorly cemented/extremely
we ok motoriol tos obove) if wos determined Ihot:

. 25% of the rock moss is moderofely strong

. 15% is very we ok

. 60% is extremely we ok

We consider Ihol o composite UCS of 6.9MPo is OPPropriofe for Unit 3 Grid using RocLob the Hoek-
Brown porometers ore: @' =38'; c ' =252kPo. As obove we hove odjusted these Grid consider fhof
the volues in Toble 3 ore OPPropriofe for design.

5.4 Poorly Cemented Sondslone

Unit 4 is OPProximofely 4.5m thick, Grid over o single drill run 11.5m) o1most no core wos recovered.
Although TCR (%) wos relofively good over the runs obove Grid below there wos no significont SCR
I%) or RQD (%) recorded, indicoting the rock is either relotively we okly cemented or highly
froctured. Only 2 individuol UCS tests were corned out Grid these were 4.7MPO Grid 9.3MPo
respectively.

cheol

Assuming most of the rock in Unit 4 is poorly cemented/extremely we ok o composite UCS of
0.5MPo wos used Grid Hoek-Brown porometers of @'=19' Grid c'=86kPo were CGIculofed. It is
considered Ihof this friction origle (@' ) is underesfimoted for o sondy motoriol Grid we hove
increosed this while distressing the cohesion (c') for the finol volues in Toble 3.

5.5 Very Wedk Limestone

Core recovery through Unit 5 wos very good with greofer Ihon 75% TCR ochieved with for
OPProximofely holf the length of the Unit. SCR I%) is mostly obove 25%, Grid RQD of 25% wos
ochieved for over holf of the unit. However, o11hough 0 10rge number of UCS tests were corned
out (15) these were mostly less fhon SMPo. This indicofes most of the rock 180%) is very we ok, Grid
OSsuming o11 the core loss represents poorly cemented/extremely we ok motori01 (20%) 0 composite
UCS of 2.1MPo wos CGIculoted for the unit.

Using the composite UCS the Hoek-Brown porometers ore @'=29' Grid c'=156kPo. As obove, if is
considered Ihot this friction origle (@' ) is underestimoted Grid we hove odjusfed this up while
odjusting I he cohesion IC ' ) down in Toble 3.
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5.6 Wedk Limestone

This unit represents the lost 2m of the bose of the BH, Grid the recovery Grid quolify of I he core is
very similor to Ihof described for Unit 2 (We ok Limestone). Only 4 UCS tests were corned out
(3.3MP0,3.8MPo, Grid 13MP0, 14MPo) indicofing otterrioting 10yers of we okly cemented Grid well
cemented sonds OS described in Section 5.2.

Considering the degree of core loss we consider Ihot

. 50% of the unit is extremely we ok rock

. I O% is very we ok
40% is we ok.

indicoting o composite UCS of 5.5MPO Grid Hoek-Brown porometers of @'=36' Grid c'=230kPo. We
hove odjusted these volues Grid consider the finol strength porometers in Toble 3 ore OPPropriote
for design.

6.

6.1

EARTHWORKS DESIGN

Cut Design

The development of the site hos been designed by Jeffrey Goodoll (Architect) Grid includes o
series of showrooms Grid 0 10rge 20 boy workshop (Appendix I ). To occommodofe the proposed
buildings the toe of the existing hillside needs to be cut bock in 3 oreos to creole sufficient building
plotform. We hove determined Ihot the existing hillside con be cut bock ond hove designed o
single cut boiler of 0.25H:1.0V Ihot will hove o good level of SIGbilify Grid con be utilised in o11 oreos
of the site.

chieol

A Droff Eonhworks PIOn show the extent of the cut profiles is included in Appendix 5. The following
sections outline the design cinerio Grid SIGbility modelling used to verify the cut design.

Eonhworks Grid geolechnicol requirements ore covered in Section 2 of NZS 4404:2010 Lond
Development Grid Subdivisbn Infrostrucfure. However, very little deloil is provided Grid Section
2.3.4 Sfobilify Griterio sides Ihot the "geo-professionol sholl use occepfoble cinerio Grid on o1ysis
methods", Grid Ihof OPPlicoble cinerio hos been "published or recommended by the NZGS". The
references included in NZS 4404:2010 is the EQC Reseorch Project 951183, toesign of Permonenf
Slopes for Residentiol Building Development - Crowford & Millor 1998), which wos published by
NZGS (June 1998), Grid recommends:

Design Criferio

A minimum Fodor of Sofefy (FOS) of 1.5 for design conditions,
A lesser minimum FOS of 12 under extreme conditions.
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In oddition, we hove reviewed the New Zeolond Tronsporf Agency's INZTA) Bridge Moriuol
(SRIM/022) 3, , Ed, (2014), which includes o section on Site $10bilify, Foundof^bns, Eonhworks ond
Rejoining Wolfs Isection 6). Section 64.2 covers Design of Cuttings Grid requires:

. A long-term FOS of 1.5,

. A FOS of 12 during construction,
A FOS ^ I D for seismic events..

Toble 2.3 of the Bridge Monuol includes Importonce Levels 11L) Grid Annuol Probobilifies of
Exceed once IAEP) for eonhquoke 100ding of eonh slopes Grid shows Ihof only Ulfimote Limit Stole
(ULSI needs to be considered. For Eonh slopes providng protection to odjocent properties but not
hoving o post disosfer function OS listed in As/NZS I 170.0:2002 Sirucfurol Design Actions fhe it is 2,
Grid the design eonhquoke hos on AEP of I 1500. However, bosed on the size of the slope we ore
OSsuming o design eonhquoke with on AEP of 111,000 (equivolenf to IL 3).

6.1.2 Seismic Loading

It is recommended Ihof for slope SIGbility the Unweighted Peok Ground ACcelerofion (PGA) for
horizonf01 100ding is CGIculofed using the NZTA Bridge Moriuol; Section 6.2 Design LOGding Grid
An o1ysis. We hove CGIculofed o PGA of 0,389 bosed on:

. Site subcloss is "B" (Rock), Grid focior in is I D

. I 000yr return period PGA coefficient for NGpier is 0.38

. 111,000 AEP hos on R, of 13 (IL 3)

cheol

Hond CGIculotion outlining the deforminofion of PGA using the NZTA Bridge Moriuol method ore
included in Appendix 6.

6.1.3

Globol SIGbilify ono1ysis hos been corned out using the coinmerciol softwore Slide 2018 (roc
science) Grid methods of slices lie. Bishops Simplified, Jonbu Simplified Grid GLE/Morgensfern-Price
etc. ). The existing ground profile wos determined from NGpier City Council's publicly ovoiloble IGIS
poge) LiDAR Grid contour dojo Grid wos supplemented by topogrophic survey corned out by
Cheolin July 2018.

GlobolSfobilify Andlysis

Geolechnicol Units Grid strength poromefers ore OS outlined in Section 5 Grid Toble 3. We hove
riot included ground worer or seepoge pressures in the sfobilify model OS our BH investigation did
not encounter ground worer, Grid observations of the site over time hove not indicoted ony issues
with IOColised springs or seepoge. Figure 6 is the printout from Slide 2018 for the sfofic model Grid
shows Ihot the FOS under normol long-term working conditions is 1.7. Under seismic conditions
IFigure 7) the FOS reduces to 1.2.

Both these on o1yses show Ihot the recommended criterio of 1.5 (Slotic) Grid >I. 0 (seismic) OS
outlined in Section 6.1. I ore exceeded Grid we consider the cut design will provide o good levelof
security to the development Grid the properties of the fop of f he slope.

Lorger copies of Figures 6 Grid 7, o10ng with SIGbilify modelling of the existing hillside ore included in
Appendix 6.
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Figure 7: Slide 2018 SIGbility Modelfor Seismic Cose (PGA=0,389)
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6.2 Precedenf Based Verificofion

NZS 4431 :1989 is o Code of Procfice for Eonhfill for Residentiol Development, Grid in Section 614.1
Slope SIobilify it stores "in moriy coses if is improcticol to me OSure quonfitotively the FOS ogoinst
she or foilure, but the inoximum slope of fills inoy be determined by the inspecting engineer by
observofion of slopes of fills which hove o longsfonding history of SIGbility Grid which consists of
similor motoriol in similor geologicol groundwoter Grid droinoge conditions. " Although this
SIGndord focuses on Eonhfill if is considered Ihot this odvice is GISO OPPlicoble lit not more so) to
cut slopes.

We hove coinpored our cut design to existing slopes seen within the vicinity of the site, Grid in
similor ground conditions. Moriy oreos Ground the NGpier Hill hove been quorried in the post Grid
these works hove Iypicolly left relofively steep cut slopes.

Three exomples hove been presented. These ore:

I. 15 Croven Terroce

2. Amner PIOce

3. 48 Burns Rood

Bosed on the mopping by Boyle IFigure 3) the 3 exomples ore IOCoted in the Scinde ISIond
Formofion - Member A, some OS the site. The cutting obove Croven Terroce hos the some OSpecf
OS the site Grid is localed OPProximofely 500m to the eosf (Photo 5). This cutting is SIGnding sub-
veincol with o height of OPProximotely 20m, then supports o steep slope (>45') which is o further
I Om - 15m high.

chieol

Amner PIOce comes off the northern side of Milton Rood Grid used to be the localion of o series of

10rge fuel tonks. The limestone foce of the bock of the plotform triow housing) is o single
continuous cut slope Ihof extends up to Roslyn Rood Grid is OPProximofely 35m high (Photo 6).

Photo 7 shows on exposed rock foce of I he bose of Burns Rood. The foce is sub-ventcol Grid
OPProximofely 30m high.

In oddition to the 3 exomples presented there is the notoble limestone bluff (Bluff Hill) Ihot
overlooks the NGpier Port. This foce is o rioturol feoture Grid wos mopped by Boyle (1986) OS
representing Member A, with port of Member B exposed of the top. The 10/01 height of the Bluff is
OPProximotely loom, but there ore sub-veincol sections of rock foce Ihof ore of Ieosf 75m high
iphot0 8).
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Photo 7: Cut Slope obove lower Burns Rood

Photo 8: NoturolSlopes of Bluff Hill lopprox. loom high)
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6.3 Lqndscape Benching

The client hos engoged o Londscope Architect to OSsess the visuol impocf of the proposed cut
foce (reported seporofely) Grid to mingote I he visuol effects of I he cut if hos been ogreed Ihof o
series of norrow benches will be formed into the upper port of the cut boiler.

The finol profile will include 3 seporofe benches spoced of 4m verlicol intervols from I he fop of the
slope. The in Qin purpose of the benches is to enoble PIOnting of sinoll shrubs Grid droping type
PIOnfs. The width of eoch bench will be OPProximotely I in wide Grid will be formed Grid PIOnfed
during the "top - down" construction of the cut profile. Once eonhworks ore complete if is not
intended Ihof there will be ongoing occess to the benches. However, bosed on similor cut slopes
constructed on the hill over the lost 5 - 10 yeors if is Griticipoted Ihot the we ok limestone rock will
fully vegefofe itself over time, Grid the intention of the pionfing is simply to estoblish o level of
vegefofion cover in the short term Ihot will encouroge further vegefofion estoblishmenf,

The 10ndscope benching hos been superimposed over the designed boiler Grid the proposed
slope profile is shown on the Cheol Eonhworks PIOns IAPpendix 6). PIeose note, the finol bench
profile inoy need to be odjusted once the current vegefotion cover hos been cleored Grid the
existing ground surfoce verified.

In oddifion to o110wing PIOnting of the upper slope to occur, the 10ndscope benching reduces the
overall slope of the upper 12m of the cut profile to 0 35H:1.0V topprox. 70'). This will effectiveIy
increose the overo11 SIGbility Grid FOS of the slope, OS outlined in Section 6.13, Grid in porticulor the
fop of the slope Grid the neighbouring goroge.

6.4

chieol

Slump Mingofion

We hove corried out stobility modelling to determine the 910bol FOS of the proposed cut boiler
ond this hos ochieved greofer Ihon 1.5 for the slotic long-term 100d cose, Grid greofer Ihon I for
the short-term seismic cose. This fulfils the requirements for eonhworks under NZS4404:2010 Grid
supporting documents.

Although this on o1ysis shows Ihof the overo11 strength of the rock moss will resist 10rge SCOle
rotofionol type foilure it does riot consider the fretting which could occur of the SCOle of individuol
limestone tor sond) beds, which could result in slumping in the order of o few cubic meters of
motoriol, or I he loss of individuol boulders.

It is impossible, bosed on the current level of informofion, to predict where in the proposed cut
profile such slumping could occur, or how frequently this inoy hoppen. Therefore 2 levels of
mmgotion ore proposed.
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The issue of possible fretting hos been outlined to the client Grid the orchifecf designing the
buildings, ond it hos been recommended Ihot Giong the upper edges of the building(s) Ihof ore
below the 10rger cut boilers the top of the woll is extended obove the roof Grid/or porking level to
form o solid borner similor to o " New Jersey/F-Borner" type rood sofefy borner. The intention is Ihof
this borner will stop debris from spilling onto the roof oreos or ocross the upper porking spoce of the
workshop.

SirucfurolMi*igofion

6.4.2

It will be o requirement of the finol cut slope design Ihof the designer/geolechnicol engineer
monitors construction of o11 eonhworks. If is Griticipofed Ihot this will include visuol inspection of the
excovoted foce of regulor infervols. The intention is Ihot I he designer/geolechnicol engineer
continuously checks the limestone rock moss being exposed ogoinst the descriptions Grid
OSsumpfion mode in the ground model (Section 5) Grid used in the SIGbility modelling Isection
6.1.3).

Slope Treofmenf

Where there ore ports of the rock moss Ihof ore significonfly we oker/more moble, Grid it is
considered Ihot they represent on increosed risk of future slumping then these IOColised port of the
foce will be covered with o combinofion of erosion control Grid foce SIGbilisofion molting. This
mmgofion will be directed by the designer/geolechnicol engineer during construction.

A sketched deloil illusfrofing the molting concept is included OS Figure 6. PIeose note, these
deloils hove been used successfully by the designed geolechnicol engineer on o number of
rioturol Grid engineered slope. However, this deloil is only on exomple Grid will be modified for the
finol eonhworks design.

chieol

6.5 Refoining Wolls

A Number of rejoining wolls will be required OS port of the development. In most coses these will
form port of the building structure Grid bosed on the preliminory orchifecfurol PIOns (Appendix I )
rejoining wolls will be required o10ng the northern side Grid I he eostern end of the proposed
workshop. The northern side of the structure will encrooch into the foe of cut slope over o length of
OPProximofely loin of the eostern end, Grid possibly up to 4.5m of the building will need to oct OS
o refoining woll.

At the eostern end of the workshop there will be o romp fhot will extend down from I he upper
porking level Grid ocross the west focing cut boiler. The romp will be in the order of 6m wide Grid
formed onto the instu limestone. At its northern extent the romp is expected to be 5.5m obove the
finished plotform level Grid will reduce in height of o grode of 5% topprox. ). The rock below the
romp will be cut ventcol Grid will built up ogoinst by the end of the building.
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Figure 8: Foce SIGbilisotion & Erosion Control Treof merit

Assuming Ronkine's theory of eonh pressure the octive pressure coefficient IK. ) for Unit 5 (@'=42';
Toble 3) is 0.20 under slotic conditions.

Adjve EQrfh Pressure

Seismic coefficients hove been determined using Mononobe-Okobe, Grid under Serviceobilify
Limit Stole (SLSl) the PCA for 0 1/25 yeor AEP eonhquoke is 0079, Grid the K. Is. s^I = 0.24. For the Uus
eonhquoke the K. IULsj = 0.57 bosed on o PGA of 0,389.

3rd"'0)

j; - -^;a^.,._ _ ._ ,

''11' I "'2__,.

We hove corned out preliminory CGIculotion for 0 5.5m high woll (H) built into the foe of the cut
boiler under sfofic 100ding. We hove OSsumed the rock slope obove the woll will oct OS o
Surehorge (q) Grid this hos been esfimoted of 505.2kPo using the soil profile Grid Densities (Y' ) listed
in Tobie 3. Hond CGIculofions outlining the methodology ore included in Appendix 6.

.

,
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The Active Effective Stress to. ' ) behind the woll hos been determined for the woll height only, Grid
uses the soil strength poromefers for Unit 5 (Tobie 3). Due to the Qinount of Cohesion IC') OSsumed
for the rock moss the Ronkine's equofion for Active Eonh Pressure (po) returns o negotive volue I -
5.8kPo), indicofing Ihof if the rock didn 'I extend obove the fop of I he woll then I here would be
more thon enough resist once in I he rock moss to be self-supporting. This positive resist once is
shown in the 910bol skibilify on o1ysis Isecfion 6.1.3) which indicofes o FOS well obove 1.5 (slotic
cose), Grid o11hough this model doesn't include the wedge rock removed of the toe of the boiler
we consider Ihot the cut slope is sufficiently steep Ihof the relofively minor chonge in geometry
would hove very lit Ile overo11 effect.

Once the surehorge 100d from the slope obove the woll height 1101kPo) is odded to the Ronkine
equotion I he net pressure behind the woll increoses to 35.2kPo. The Active Thrust IPO) resulting
from I he surehorge 100d (rock moss obove I he woll) becomes 2,779kN per metre length of woll,
Grid octs of o point holf woy up the w011 (112H). Theoreticolly, port of this thrust would be
conceoled out by the negofive eonh pressure (resist once from cohesion) which equotes to o
thrust of -995kN iper metre) Grid results in 0 10/01 thrust oding ogoinst the bock of the woll of
1,784kN (per meter). The thrust resulting from the eonh pressure will oct of o point one third of the
woll height from the bose of the woU/3H).

PIeose note, these volues ore preliminory only Grid will need to be verified once deloil of ony wolls
ore provided. The purpose of providing this informalion is to give I he sirucfurol engineer o feel for
the in o9nifude of the oddifionol strength Ihof will be required Giong I he ports of the building fhof
will be in coalocf with the cut foces.

chieol

Where the 100ds on the wolls ore considered to be too high to resist with infernol sirucfurol
elements ground onchors (or similor) inoy be considered, but would require odditionol input from
the geolechnicol engineer.

7. SUMMARY

Cheol hove been engoged by Boyswoter Vehicles Ltd IClient) to corry out o geolechnicol
investigotion Grid develop on eonhworks design Ihof con be used to cut bock the existing hill side
Grid enjorge the soles court oreo of the corner of Corlyle Street Grid Forodoy Street. This work is to
enoble the development of the site, which will include o series of new showrooms Grid 0 10rge 20
boy workshop.

The eonhworks will include o series of 10rge cuts, which will hove on overo11 boiler of 0.25H:1.0V
Grid will be up to 27m high. The 10/01 volume of cut is expected to be 22,500m3 Some fill will be
required Grid will form o wedge with o inoximum thickness of 1.5m Grid hove on OPProximofe
volume of 800m3.

If is esfimofed Ihof the eorfhworks will toke OPProximotely 12 weeks to complete depending on the
Coalroctors methodology.

Geolechnicol investigofion included o desktop study, site specific geolechnicol drilling Grid
loborotory testing of the rock core wos corned out. Geologicol Mops show the hill side behind the
site is port of the Scinde ISIond Formalion, which is lore PIiocene in o9e Grid comprises CGIcoreous,
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cross-bedded sondstone Grid limestone. Copping the sondstone/limestone rock is o thick bond of
loess Ihot wos deposited during I he lost 910ciotion IPIeisfocene o9e), Grid includes vorious pumice
Grid OSh deposits erupfed from the To upo Volconic Zone.

A Mosters thesis corried out by Boyle (1986) subdivided the Scinde ISIond Formotion into 5 seporofe
members (Members A - E) Grid mopping shows Ihot the rock exposed in the hill side behind the site
is port of Member A. This member is the oldest port of the formotion Grid is described OS uniformly
groded (well sorted) coorse sonds with some sin Grid CIOy. The sonds ore portly formed from
skelefol reinoins of shellfish Grid ore cemented with CGIcium corbonote (CoC03), which tvpicolly
in okes up over 50% of the rock moss.

Review of historic/existing geolechnicol investigofions from NGpier Hill show Ihot the limestone
described in Boreholes is broodly consistent with Boyle' s description, Grid both insttu Grid loborotory
testing shows Ihot the upper loess motoriol is stiff - very stiff, Grid I he limestone is o very we ok rock.

A fully cored geolechnicol bore hole wos corned out from o property of the end of Moy Avenue
for the Boyswoter project Grid wos drilled 0 10/01 of 40m of on origle of 65' resulting in o veincol
depth of 36.25m from the fop of the hill side. The core wos logged by the geolechnicol engineer
Grid point 100d testing wos corned out on 0 10/01 of 42 somples. Following I his the combinotion of
core quoitfy Grid rock strength wos used to coregories the rock profile into 6 seporofe
geolechnicol units. Geolechnicol strength volues (Y', @' & c' ) were determined for eoch unit
bosed on the Hoek-Brown CIOssificofion Grid o finol geolechnicol ground model wos developed.
In terms of the site specific model the geolechnicol units ore considered to be hornogenous Grid
hove o consistent horizontol orientalion.

cheo!

Slope SIGbility on o1ysis wos corried out for o single cut boltsr formed of 0.25H:1.0V using the ground
model. Fodors of sofefy of 1.7 Grid 1.2 were determined for the sfotic long-term cose Grid the
seismic short-term cose respectively. If is considered Ihot these volues ore obove the minimum
cinerio outlined in supporting documentof ion for notion o1 eonhworks skindords.

Following discussion with the client's 10ndscope orchitect o series of norrow benches hove been
incorporofed into the finol cut profile for the cuffing Ihot foces Forodoy Street. These benches will
be OPProximofely I in wide Grid spoced of 4m ventcol infervols to enoble PIOnfing to mmgofe the
visuol effects of the cut slope Grid encouroge ongoing Grid long-term vegetotion. This benching
will effective Iy increose the FOS of the upper port of the slope Grid will provide oddifionol SIGbilify
to the neighbouring goroge,

Further mitigation ogoinst sinoll SCOle fretting over time will include solid borners o10ng I he upper
edge of the cor yord buildings to protect from motoriol folling from the foce, Grid foce SIGbilisofion
Grid erosion control molting, which will be OPPlied to oreos identified during construction.

A number of rejoining wolls will be incorporoted into the in Qin buildings structure, Grid we hove
provided octive eonh pressure coefficients, Grid CGIculofed o profile of veincol effective stress with
depth. An exomple of the octive thrust Ihot would be OPPlied to the bock of 0 5.5m high woll hos
been provided, but this is intended for preliminory design Grid to evoluofe if oddifionol ground
onchoring of the wolls is likely to be required. We Griticipofe Ihof oddifionol geolechnicol input will
be required in relofion to the deloil design of ony wolls.
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DISCLAIMER

This Report hos been prepored solely for the use of our client with respect to the porticulor brief
given to Cheol Consultonfs.

NO Iiobilify is occepted in respect of its use for ony other purpose or by ony other person or entity.
All future owners of this property should seek professionol geolechnicol odvice to solisfy themselves
OS to its ongoing suitobility for their intended use.

The opinions, recommendofions Grid comments given in this Report ore the result from I he
OPPlicofion of occepfed industry methods of site investigotion. As fociuol evidence over much of
the site hos been objoined solely from o single borehole Grid observofion of existing slope, which
by their rioture only provide informotion obouf Ihot exoct IOCotion, there inoy be speciol
conditions perloining to this site which hove not been identified by the investigofion Grid which
hove not been token into occounf in the report. Any groundwoter levels me OSured during the
investigotion inoy chonge over time.

If vonotions in the subsoils occur from those described or OSsumed to exist then the moiler should
be referred bock to Cheoj Consultonts jinmediofely.

CHEAL CONSULTANTS LIMITED
28 Morch 2019

chieol
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