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1.0 Subdivision Development Earthworks 

1.1 Introduction 

In accordance with Hamilton City Council’s (HCC) Subdivision Resource Consent 

11/2015/6025, dated 30 June 2015, bulk earthworks have been completed to re-contour 

the previously agricultural landscape for Stages 1 and 2 of the Greenhill Park Residential 

Subdivision in Hamilton.  Prior to commencement of earthworks, geotechnical investigations 

were carried out by Opus International Consultants, Ltd. in 2013 [1] and 2014 [2] and by S&L 

Consultants, Ltd in 2015 [3].   

Stages 1 and 2 of the Greenhill Park residential subdivision in Hamilton are accessed via 

Pardoa Boulevard to the south.  Temporary access to Pardoa Boulevard will be from an 

extension of Hatric Road to the south through Lot 30.  Therefore, as lot 30 is not intended 

for residential construction at this time, it has been excluded from this report.  Upon 

completion of subsequent stages of the subdivision, access to Stages 1 and 2 will be from 

Meacham Road and Lulu Avenue to the east.  Stages 1 and 2 comprise 45 lots (numbered 1 

to 29 and 31 to 46) and 46 lots (numbered 47 to 92), respectively.  See the attached 

Geotechnical Reference Plan, drawing 20413-G05 included in Appendix I.   

HCC’s Infrastructure Technical Specifications (ITS) set out the minimum standards for design 

and construction of public infrastructure within Hamilton City.  Section 2.1.5 of Earthworks 

and Geotechnical Requirements of the ITS states that the developer shall appoint a geo-

professional to carry out functions as described in NZS 4404 Section 2.2.4.  ITS Section 

2.3.3.1 states that a geotechnical completion report shall be submitted as per NZS4404 

Section 2.6 including a statement of professional opinion on the suitability of land for 

building construction.   [4]  

To satisfy the requirements of HCC’s Resource Consent, the ITS and NZS 4404 [5], this report 

summarises the observations and testing undertaken during the development of the stages, 

discusses the suitability of the ground for the support of the proposed residential buildings 

and contains recommendations for the disposal of stormwater runoff generated on 

individual sites. 

Included in Appendix I of this report are parts of deposited plan DP 496238 showing the size 

of the development of Stages 1 and 2, and drawing 20413-G05, which shows the extent of 

the earthworks undertaken, test positions, and road and lot locations. 

1.2 Earthworks in the Subdivision 

The earthworks for this stage of subdivision were undertaken between October 2015 and 

March 2016.  The earthworks generally comprised cut depths of approximately 0.6 m or less 

and fill depths of up to 1.0 m.  Upon completion of the earthworks, approximately 200 to 

300 mm of topsoil was placed across the sites for future building with isolated areas up to 

400 mm in depth and in accordance with Condition 20 of the Resource Consent, areas of 

bare earth were re-grassed. 

The depths of cut and filling performed during earthworks are shown on drawing 20413-

G05. With the removal of topsoil and any disturbed soils that may have been encountered, 

the actual depth of cut in some areas may vary slightly from that shown. 
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The soils encountered during the formation of the site and road subgrades were a mixture 

of silts, sands and pumiceous gravels, typical of soils in the Hamilton area.   

The earthworks undertaken on Stages 1 and 2 were part of more extensive earthworks that 

were being undertaken concurrently over Stages 1 through 4 of the subdivision and 

construction of Pardoa Boulevard. These general works involved the following: 

 The stripping and stockpiling of the surface topsoil to expose the natural subgrade. 

 The undertaking of the earthworks in cut and filling to achieve required finished 

grades with testing in the filling to verify compaction to acceptable standards. 

 Reinstatement of the surface topsoil layer. 

Topsoil depths were generally re-established to be around 300 mm.  However post 

construction tests showed that the topsoil depths in some areas may be deeper. No 

guarantee is implied or given that the topsoil on any part of any lot is actually 300 mm or 

less and it is recommended that future owners or builders check topsoil depths when 

preparing site development plans and cost schedules. 

1.3 Earthworks Standards 

The earthworks in filling were undertaken using insitu silts sands gained from areas of cut.  

The standards for the placement of filling, as stated in the earthworks contract documents, 

were to comply with NZS 4431:1989 “Code of Practice for Earthfill for Residential 

Development” and the ITS.  Filling placed to these standards may be considered as good 

ground in terms of NZS 3604:2011 “Timber Framed Structures” and NZS 3604 may therefore 

be adopted for the detailing of residential buildings within the subdivision where 

appropriate.  Refer to Section 1.6.4.3 of this report. 

Adequate compaction of the filling placed was achieved when blow counts recorded with a 

Scala penetrometer were 4 or more per 100 mm of penetration in sand fill or when a shear 

strength of 100 kPa or more was recorded with a hand held shear vane in silt and clay fill.   

1.4 Filled Ground 

During the placement of filling on the road subgrades and on areas intended for residential 

development, the contractor, Online Contractors, Ltd., was observed by S & L Consultants 

Ltd to strip and remove all topsoil and other organics to stockpiles for reuse.  Filling was 

observed to be placed in discrete layers with compactive effort applied through sheeps-foot 

drum rollers. 

Online Contractors undertook their own Scala penetrometer testing throughout the 

contract works to verify that the filling had been placed with adequate compactive effort.  

These test results were reviewed by S & L Consultants Ltd. Where conducted in granular fill, 

these tests indicate that adequate compaction has been achieved.  On 3 December 2015 

and 3, 4, 9 and 10 February 2016, S&L put down 61 boreholes at the locations shown on 

drawing 20413-G05 to evaluate the quality of the earthworks undertaken.  Vane shear 

testing by S&L in filling indicates that adequate compaction has been achieved.  The tests 

undertaken by the contractor and S&L indicate that the construction filling standards have 

been met. 



3 

Greenhill Park Residential Subdivision, Stages 1 and 2, Hamilton   
Report on Subdivision Earthworks and Recommendations for Building Development S&L Reference: 20413-S1 

1.5 Areas of Cut 

Areas developed on individual lots in cut are shown on 20413-G05.  In areas of cut, the 

ground at formation levels was observed to be the same silts and sands that had been used 

for filling elsewhere and as identified by pre subdivision tests.   

1.6 Land Hazards 

1.6.1 Land Stability 

There are no land form stability issues within Stages 1 and 2 of the Greenhill Park 

Subdivision. 

1.6.2 Flooding 

Flood hazards in Stages 1 and 2 are governed by the following four criteria: 

1) Lot Levels – New Zealand Standard 4404 Section 4.3.5.2. 

2) Localised Ponding – New Zealand Building Code (NZBC), Clause E1 

(Stormwater) and HCC Infrastructure Technical Specifications, Section 4 

Stormwater. 

3) Site Drainage - New Zealand Building Code (NZBC), Clause E1 (Stormwater)  

4) Ground Clearance – New Zealand Standard 3604 Section 7.5.2.1. 

Criteria 1 and 2 are governed by flooding and ponding levels across the subdivision.  

Criteria 3 is based on site grades at the property boundary.  Criteria 4 is based on 

site paving, slab construction and wall cladding details as determined by the 

building’s design professional.  Final grades on individual lots and finished floor 

levels of buildings must meet all of these requirements.   

It is the responsibility of the building design professional to ensure that the 

requirements of all four of the flooding criteria are met by the design prior to 

submitting to Council for consent. The following sections describe the flooding 

criteria in more detail.  

1.6.2.1 Flooding Criteria 1 – Lot Levels 

NZS 4404 states that the minimum freeboard height additional to the computed top 

water flood level of the 1% AEP design storm should be 0.5 m as measured from the 

top water level to the building platform level.  In Stages 1 and 2 for the 1% AEP 

design storm, the top water level has been set at RL 36.15 m by the design of the 

subdivsion.   

For the prevention of a flooding hazard, lot levels have been constructed to be 

above the potential flooding level of 36.65 m (including freeboard).  Site grading 

during house construction must not lower lot levels below the finished ground 

levels listed below in Table 2, direct stormwater to adjacent properties, direct 

stormwater towards buildings, or create areas of localised ponding. 

1.6.2.2 Flooding Criteria 2 – Localised Ponding 

Localized ponding and associated secondary flow are governed by NZBC, Clause E1 

and HCC Infrastructure Technical Specifications, Section 4 Stormwater. 
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NZBC Clause E1 Requirements 

NZBC Clause E1 requires that buildings and sitework be constructed so that surface 

water resulting from an event having a 10% probability of occurring annually does 

not cause damage or nuisance to other property and that surface water from a 2% 

event does not enter buildings.  Acceptable Solutions and Verification Methods by 

the Ministry of Business, Innovation & Employment (MBIE) provides methodology to 

comply with Clause E1 [2]. Verification Method E1/VM1 Section 4.3.1 states that 

“the level of the floor shall be set at the height of the secondary flow plus an 

allowance for freeboard” and that freeboard is to be a) 500 mm where surface water 

has a depth of 100mm and extends from the building directly to a road, or b) 150m 

for all other cases.   

As-built surveys of lot levels show that ponding will not extend directly from the 

building areas to adjacent roads.  Therefore, a freeboard of 150mm above localized 

ponding will satisfy the requirements of NZBC Clause E1. 

ITS, Section 4 Stormwater, Requirements 

According to Section 4 of the ITS, all building designs must either adopt the generic 

minimum freeboard requirements of NZS4404:2010 or, where suitable data exists, 

are allowed to specifically consider the design environment based on the three parts 

of Table 4-13.  Table 4-13 provides recommended freeboard based on catchment 

area, ponding depth and flow velocity.   

Localised Ponding in Stages 1 and 2 

Stormwater runoff from individual lots in Stages 1and 2 is directed towards the 

primary flow paths on Meacham Road and is then conveyed towards the south by 

the drainage swales along the western sides of Alker, Hatric, Libeau, and Jobe Roads.  

At the intersections with Lulu Avenue, stormwater from the drainage swales and 

roadways is directed to the stormwater detention pond and extended swale to the 

south by a piped reticulation system.  Stormwater from lots 29 and 61 to 68 will be 

directed by private piped reticulation and surface flow to the swale at the southern 

boundaries of these lots.   

In the case of the 1% AEP rainfall event or a failure of the primary system, localised 

ponding may develop at 4 locations in Stages 1 and 2 being the intersections of Lulu 

Avenue with Alker, Hatric, Libean and Jobe Roads.  These areas of ponding may 

develop up to the levels indicated in Table 1 below before tipping over and 

continuing into the stormwater management areas to the south via overland flow.  

Table 1 below lists the lots affected, contributing catchment area, estimated 

ponding level and recommended freeboard from the level of ponding to the finished 

floor levels based on Table 4-13 of the ITS. 
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Table 1: Localised Ponding 

Location Lot Numbers 

Catchment 

Area  

(ha) 

Ponding RL 

(m) 

Recommended 

Freeboard to 

FFL (mm) 

Alker Road 1-8, 33-40 1.48 36.7 225 

Hatric Road 31, 32, 41-46, 21-29 1.48 36.5 225 

Libean Road 65-77, 86-92 1.35 36.5 225 

Jobe Road 78-85, 55-64 1.36 36.6 225 
 

1.6.2.3 Flooding Criteria 3 – Site Drainage 

Acceptable Solution E1/AS1 of Compliance Document for New Zealand Building Code 

E1 “Surface Water”, establishes the minimum acceptable floor level above any 

stormwater associated with site drainage.  

During a storm event in excess of 10% AEP, flows will be down the roadways, 

eventually to the stormwater management areas to the south. Paragraph 2.0.1 of 

E1/AS1 recommends that “suspended floors and slabs on ground shall be at least 

150 mm above the finished level of the surrounding ground immediately adjacent to 

the building, and for sites level with or above the road, no less than 150 mm above 

the road crown on at least one cross-section through the building and roadway.” 

In Stages 1 and 2, as-built surveys have shown that the ground levels on the building 

areas are more than 150 mm above the road crown levels.   

1.6.2.4 Flooding Criteria 4 – Ground Clearance 

Section 7.5.2.1 of NZS 3604 sets the minimum height of the top surface of the floor 

slab of the building above adjacent ground based on wall cladding and site paving.  It 

is the building design professional’s responsibility to set the minimum finished 

floor level in accordance with the ground clearance requirements of the building 

code. 

1.6.3 Finished Levels 

Table 2 below lists the average as-built ground level of each lot and the minimum 

floor level based on the governing flooding criteria of Section 1.6.2.  To prevent 

areas of localised ponding from extending to buildings and to maintain compliance 

with NZBC Clause E1, individual lots should not be lowered below the as-built levels.  

Therefore, finished floor levels will be governed by the ground clearance 

requirements of Section 7.5.2.1 of NZS 3604.   

The minimum floor levels shown in Table 2 are based on a ground clearance of 

150mm; however, prior to submittal of design documents to Council, minimum 

floor levels should be determined by the building design professional based on the 

building code requirements for the type of construction selected.  

  



6 

Greenhill Park Residential Subdivision, Stages 1 and 2, Hamilton   
Report on Subdivision Earthworks and Recommendations for Building Development S&L Reference: 20413-S1 

 

Table 2: Finished Levels* (continued) 

Lot 

Number 

As-built Ground Level (m) 

See Note 2 

Minimum Floor Level (m) 

See Note 1 

1 36.9 37.05 

2 36.9 37.05 

3 36.9 37.05 

4 37.0 37.15 

5 36.9 37.05 

6 37.0 37.15 

7 37.1 37.25 

8 37.0 37.15 

9 37.5 37.65 

10 37.4 37.55 

11 37.4 37.55 

12 37.4 37.55 

13 37.4 37.55 

14 37.4 37.55 

15 37.3 37.45 

16 37.4 37.55 

17 37.4 37.55 

18 37.4 37.55 

19 37.4 37.55 

20 37.4 37.55 

21 37.1 37.25 

22 37.1 37.25 

23 37.1 37.25 

24 37.2 37.35 

25 37.1 37.25 

26 37.1 37.25 

27 37.1 37.25 

28 37.1 37.25 

29 37.3 37.45 

31 37.0 37.15 

32 37.0 37.15 

33 37.0 37.15 

34 37.1 37.25 

35 37.1 37.25 

36 37.2 37.35 

37 37.1 37.25 

38 37.2 37.35 

39 37.2 37.35 

40 37.3 37.45 

41 36.9 37.05 

42 37.0 37.15 

43 37.0 37.15 
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Table 2: Finished Levels* (continued) 

Lot 

Number 

As-built Ground Level (m) 

See Note 2 

Minimum Floor Level (m) 

See Note 1 

44 37.0 37.15 

45 37.0 37.15 

46 37.0 37.15 

47 37.4 37.55 

48 37.4 37.55 

49 37.4 37.55 

50 37.4 37.55 

51 37.4 37.55 

52 37.4 37.55 

53 37.4 37.55 

54 37.5 37.65 

55 37.2 37.35 

56 37.3 37.45 

57 37.3 37.45 

58 37.2 37.35 

59 37.2 37.35 

60 37.2 37.35 

61 37.3 37.45 

62 37.3 37.45 

63 37.3 37.45 

64 37.2 37.35 

65 37.1 37.25 

66 37.2 37.35 

67 37.2 37.35 

68 37.2 37.35 

69 37.0 37.15 

70 37.0 37.15 

71 37.0 37.15 

72 37.0 37.15 

73 37.1 37.25 

74 37.0 37.15 

75 37.1 37.25 

76 37.0 37.15 

77 37.1 37.25 

78 37.1 37.25 

79 37.1 37.25 

80 37.1 37.25 

81 37.1 37.25 

82 37.1 37.25 

83 37.1 37.25 

84 37.0 37.15 

85 37.2 37.35 

86 37.1 37.25 
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EXCAVATION METHOD: 300 mm diameter power auger

EOBH 2.6m

becomes saturated 
some gravels to 40mmø

becomes medium dense
GRAVEL (m); sandy (m-c); medium dense; wet; 
yellow brown; gravels to 40mm ø

SAND (m-c); medium dense; wet; brown

becomes loose; wet; yellow orange 

ORGANIC SILT; stiff; moist; slightly cohesive; 
brown to dark brown

SAND (m-c); gravelly (m); medium dense; moist; brown
rounded gravels to 30mm ø

TOPSOIL - 200mm

Description of Soil
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EXCAVATION METHOD: 300 mm diameter power auger

EOBH 2.3m

SILT; stiff; saturated; slightly cohesive; light grey
orange mottles; sensitive; dilatant

SAND (f-m); medium dense; saturated; pumiceous; light grey

SILT; stiff; moist; slightly cohesive; light brown

SAND (f); silty; loose; saturated; light brown grey
orange mottles

TOPSOIL - 150mm

Description of Soil
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Borehole 7

Site: 
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EXCAVATION METHOD: 300 mm diameter power auger

becomes firm

SAND (m-c); loose; saturated; light grey

EOBH 2.5m

orange mottles; sensitive; dilatant

SAND (f); silty; loose; saturated; light grey brown

SILT; stiff; saturated; slightly cohesive; light grey

SILT; very stiff; moist; slightly cohesive; red brown

becomes light brown 

TOPSOIL - 200mm

Description of Soil
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Borehole 8

Site: 
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EXCAVATION METHOD: 300 mm diameter power auger

EOBH 2.2m

SILT; stiff; wet; slightly cohesive; light grey
orange mottles; sensitive; dilatant
SAND (f); silty; loose; saturated; grey

orange mottles

SILT; stiff; wet; slightly cohesive; light grey
orange mottles
SAND (f); silty; medium dense; wet; light grey

SILT; firm; moist; slightly cohesive; 
mixed brown, dark brown and light grey
SILT; very stiff; moist; slightly cohesive; light brown grey
sensitive; dilatant

SAND (f-m); silty; loose; wet; light brown grey

TOPSOIL  - 150mm

Description of Soil
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Borehole 9

Site: 
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EXCAVATION METHOD: 300 mm diameter power auger

EOBH 2.0m

borehole collapsed @ 1.5m

SAND (m-c); medium dense; saturated; grey

SILT; sandy (f); very stiff; moist; slightly cohesive
light brown grey; orange mottles

TOPSOIL - 100mm
SILT; very stiff; moist; slightly cohesive; light grey

Description of Soil
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Borehole 10

Site: 
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EXCAVATION METHOD: 300 mm diameter power auger

EOBH @ 2.1m

becomes (f)

SAND (f-m); silty; medium dense; wet; light brown grey

becomes light grey 

becomes light grey; orange mottles 

TOPSOIL - 100mm
SILT; very stiff; moist; slightly cohesive; brown

Description of Soil
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Borehole 11

Site: 
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EXCAVATION METHOD: 300 mm diameter power auger

EOBH 2.1m

becomes stiff

SILT; very stiff; wet; slightly cohesive; light grey; 
orange mottles; sensitive
becomes saturated 

dilatant

SAND (f); silty; loose; wet; light brown grey
becomes medium dense

TOPSOIL  - 100mm
SILT; firm; wet; slightly cohesive; light brown; sensitive;

Description of Soil
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Borehole 12

Site: 



 

 

APPENDIX IV 

Post-Construction Testing 
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2.0 150
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0.5

115

1.0 167

1.5

2.0

no
t f

ou
nd

no
t f

ou
nd

SILT; light brown; orange mottles; very stiff; moist;
slightly cohesive

SAND (f-c); light grey; medium dense; wet

SILT; light grey; black speckles; orange mottles;

50 /50 mix of TOPSOIL and SILT; with some gravels FILL
mixed black and brown; hard; dry friable

EOBH 1.0 m
very stiff; moist; slightly cohesive

SILT; light grey; very stiff; wet; slightly cohesive
EOBH 2.0 m

BH 2    3/12/15

SILT; yellow brown; hard; moist; slightly cohesive

SAND (f-m); red brown; medium dense; dry

G
ro

un
dw

at
er

gravelly (f) silty SAND (f-m); brown; dark brown, light brown
and light grey mottles  FILL  medium dense; moist

1&2

Logged By: MB
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TOPSOIL  500 mm; some gravels
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Of:   1Site: Chedworth Properties Ltd; Greenhill Park, Stage 1 and 2 Sheet:  1 

Job No.  20413 Date Excavated: 3/12/2015  & 10/2/16        

F
ill

F
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EXCAVATION METHOD:  50mm Diameter Hand Auger and 200 mm diameter Machine Auger

BH 1    10/2/16

Description of Soil
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Undrained Shear Strength 
(kPa)
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EOBH 2.0 m

EXCAVATION METHOD:  50mm Diameter Hand Auger and 200 mm diameter Machine Auger

SAND (f); light grey; medium dense; moist

becomes wet

BH 4   10/2/16
TOPSOIL  200 mm

silty GRAVEL (m); orange brown; dense; dry

no
t f

ou
ndSILT; light grey; red orange mottles; hard; dry;

slightly cohesive

SILT; orange brown; black speckles; v. stiff; wet; sl. cohesive
SAND (f-c); light grey; reddish brown mottles; loose; wet

no
t f

ou
nd

SILT; light grey; orange mottles;  very stiff; wet;
slightly cohesive

EOBH 1.0 m

Undrained Shear Strength 
(kPa)

BH 3    3/12/15 50 100 150
50 /50 mix of TOPSOIL and SILT; with some gravels FILL

F
ill

mixed black and brown; hard; dry friable

Job No.  20413 Date Excavated: 3/12/2015 & 10/2/16         Logged By: MB/N.I

Description of Soil
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Site: Chedworth Properties Ltd; Greenhill Park, Stage 1 and 2 Sheet:  1 Of:   1
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EXCAVATION METHOD:  50mm Diameter Hand Auger

EOBH 1.0 m

SILT; orange brown; orange and reddish brown mottles;
very stiff; moist; slightly cohesive

becomes hard

no
t f

ou
nd

SAND (f-c); with some gravels (f-m); dark reddish orange
brown; dense; moist
becomes (f-m); yellow orange brown

BH 6

SAND (f-c); orange brown; medium dense; dry

no
t f

ou
nd

becomes dark reddish brown

becomes (m-c); dense

EOBH 1.0 m

Undrained Shear Strength 
(kPa)

BH 5 50 100 150
sandy (f-m) SILT; with minor gravels; dark reddish brown;

F
illblack mottles  FILL  hard; dry friable

Job No.  20413 Date Excavated: 3/12/2015          Logged By: MB
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Site: Chedworth Properties Ltd; Greenhill Park, Stage 1 and 2 Sheet:  1 Of:   1
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EXCAVATION METHOD:  50mm Diameter Hand Auger

no
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end of gravels

becomes very stiff
silty sandy (f-c) GRAVEL (m); red brown; dense; dry

EOBH 1.0 m

BH 8   10/12/16
TOPSOIL  200 mm

SILT; orange brown; hard; moist; slightly cohesive;
rare gravels (m)

EOBH 1.0 m

yellow brown mottles; dense; dry

no
t f

ou
nd

SAND (m-c); with some gravels; yellow brown; dark reddish
brown mottles; dense; dry

Undrained Shear Strength 
(kPa)

BH 7   3/12/15 50 100 150
silty SAND (f-c); with some gravels (f); dark reddish brown;

Job No.  20413 Date Excavated: 3/12/2015 & 10/12/16       Logged By: N.I/MB
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S
oi

l S
ym

bo
l

D
ep

th
 (

m
)

S
ca

la
 b

lo
w

s/
10

0 
m

m

G
ro

un
dw

at
er

 U
nd

ra
in

ed
 S

he
ar

 
S

tr
en

gt
h 

 (
kP

a)

BH 7&8

Site: Chedworth Properties Ltd; Greenhill Park, Stage 1 and 2 Sheet:  1 Of:   1
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EOBH 2.0 m

EXCAVATION METHOD:  50mm Diameter Hand Auger and 200 mm diameter Machine Auger

silty SAND (f); light grey; medium dense; moist

silty SAND (f-m); light brown grey; orange mottles;
medium dense; moist

F
ill

SILT; light grey; hard; wet; slightly cohesive

TOPSOIL 200 mm

silty GRAVEL (m); orange brown; medium dense; dry FILL

no
t f

ou
nd

SILT; with minor sand (f-m); red brown; very stiff; moist;
slightly cohesive
becomes light brown grey; orange mottles

BH 10   10/2/16

no
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nd

silty SAND (f-m); with some gravels (m); brown; dark brown
mottles  FILL  medium dense; moist
becomes gravelly (40 % gravels)

EOBH 1.0 m

Undrained Shear Strength 
(kPa)

BH 9     3/12/15 50 100 150
TOPSOIL  450 mm; some gravels

F
ill

Job No.  20413 Date Excavated: 3/12/2015  & 10/2/16        Logged By: N.I
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S
oi

l S
ym

bo
l

D
ep

th
 (

m
)

S
ca

la
 b

lo
w

s/
10

0 
m

m

G
ro

un
dw

at
er

 U
nd

ra
in

ed
 S

he
ar

 
S

tr
en

gt
h 

 (
kP

a)

BH 9&10

Site: Chedworth Properties Ltd; Greenhill Park, Stage 1 and 2 Sheet:  1 Of:   1
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2.0 130

EOBH 2.0 m

EXCAVATION METHOD:  50mm Diameter Hand Auger and 200 mm diameter Machine Auger

SILT; light grey; black speckles; very stiff; wet;
slightly cohesive

silty SAND (f-m); light grey; medium dense; moist

hard; moist; slightly cohesive
becomes (m-c)

F
ill

TOPSOIL  200 mm

silty gravelly (m) SAND (f-m); yellow brown; medium dense;
dry   FILL

no
t f

ou
nd

sandy (f-m) SILT; light brown grey; orange mottles;

BH 12    10/2/16

no
t f

ou
nd

dark brown mottles  FILL  hard; moist; friable

silty SAND (f-c); yellow brown; orange mottles; medium 
dense; moist; becomes gravelly

EOBH 1.0 m

Undrained Shear Strength 
(kPa)

BH 11   3/12/15 50 100 150
TOPSOIL 300 mm

F
illsandy (f-m) SILT; with some gravels (m); yellow brown;

Job No.  20413 Date Excavated: 3/12/2015  & 10/2/16        Logged By: N.I

Description of Soil
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Site: Chedworth Properties Ltd; Greenhill Park, Stage 1 and 2 Sheet:  1 Of:   1
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EXCAVATION METHOD:  50mm Diameter Hand Auger

dense; moist
EOBH 1.0 m

F
ill

TOPSOIL  400 mm
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SILT; with minor sand (f-m); yellow brown; large dark brown
mottles  FILL  hard; dry; friable

SAND (f-c); light brown; brown and light grey mottles;

BH 14

no
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nd

SILT; with some sand (m-c); light grey; orange brown 
mottles  FILL  hard; moist; friable
silty SAND (f-c); with some gravels (f); yellow brown; 
dark brown mottles  FILL medium dense; moist
SILT; with some sand (f); mixed light grey brown and dark
brown FILL  hard; moist; slightly cohesive
EOBH 1.0 m

Undrained Shear Strength 
(kPa)

BH 13 50 100 150
TOPSOIL  200 mm

F
ill

gravelly (f) SAND(f-c); brown; dark brown mottles  FILL
dense; dry

Job No.  20413 Date Excavated: 3/12/2015          Logged By: N.I

Description of Soil
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EXCAVATION METHOD:  50mm Diameter Hand Auger and 200 mm diameter Machine Auger

no
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nd

moist; friable;  becomes 20 % organic silt

SILT; with traces of sand (f); light brown grey; red brown
mottles; very stiff; moist; slightly cohesive
end of sand; becomes with orange mottles

EOBH 1.0 m

F
ill

BH 16
TOPSOIL  200 mm

SILT; with minor sand (f-m); some gravels (m); yellow brown;
dark brown, light grey and orange mottles  FILL hard;

EOBH 2.0 m

SILT; with minor sand (f); light grey; orange mottles;
very stiff; moist; slightly cohesive

SAND (f-c); yellow brown; medium dense; moist

no
t f

ou
nd

silty sandy  (m-c) GRAVELS (m); yellow brown;  
yellow orange brown; dense; dry

silty SAND (m-c); light brown grey; medium dense; moist

Undrained Shear Strength 
(kPa)

BH 15   10/2/16 50 100 150
TOPSOIL  400 mm

Job No.  20413 Date Excavated: 3/12/2015  & 10/2/16        Logged By: N.I

Description of Soil
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BH 15&16

Site: Chedworth Properties Ltd; Greenhill Park, Stage 1 and 2 Sheet:  1 Of:   1
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EXCAVATION METHOD:  50mm Diameter Hand Auger and 200 mm diameter Machine Auger

EOBH 1.0 m

F
ill

TOPSOIL  400 mm

no
t f
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nd

SILT; with minor sand (f-m); brown; FILL hard; dry; friable
SILT; yellow orange; light grey mottles; hard; moist;
slightly cohesive
silty SAND (f-c); yellow orange brown; red brown mottles;
medium dense; moist

BH 18       3/12/15

no
t f
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nd

SILT; yellow orange brown; hard; moist; slightly cohesive

SAND (m-c); brown; medium dense; moist

EOBH 1.0 m

Undrained Shear Strength 
(kPa)

BH 17   10/2/16 50 100 150
TOPSOIL  200 mm

F
illsilty sandy  (f-c) GRAVELS (m); yellow brown; dark brown 

mottles  FILL  dense; dry

Job No.  20413 Date Excavated: 3/12/2015  & 10/2/16        Logged By: N.I/MB

Description of Soil
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BH 17&18

Site: Chedworth Properties Ltd; Greenhill Park, Stage 1 and 2 Sheet:  1 Of:   1
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EXCAVATION METHOD:  50mm Diameter Hand Auger and 200 mm diameter Machine Auger

EOBH 1.0 m

TOPSOIL  400 mm

no
t f

ou
nd

SAND (m-c); with minor gravels (f); reddish orange brown;
dense; moist

SILT; with minor sand (f); light grey; very stiff; wet;
slightly cohesive
EOBH 2.0 m

BH 20     3/12/15

SILT; light grey; black speckles; very stiff; moist;
slightly cohesive
silty SAND (vf); light grey; medium dense; wet

no
t f

ou
nd

FILL  dense; dry
SILT; with minor sand (f-m); yellow brown; very stiff;
moist; friable
silty SAND (f-m); yellow brown; medium dense; dry

Undrained Shear Strength 
(kPa)

BH 19     10/2/16 50 100 150
TOPSOIL  300 mm

F
ill

sandy (m-c); GRAVEL (m); yellow brown; dark brown mottles

Job No.  20413 Date Excavated: 3/12/2015  & 10/2/16        Logged By: N.I/MB

Description of Soil
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BH 19&20

Site: Chedworth Properties Ltd; Greenhill Park, Stage 1 and 2 Sheet:  1 Of:   1
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EXCAVATION METHOD:  50mm Diameter Hand Auger and 200 mm diameter Machine Auger

no
t f

ou
nd

moist; slightly cohesive
SAND (f-c); reddish brown; dense; moist
becomes (m-c)
becomes with some gravels (f)

EOBH 1.0 m

BH 22      3/12/15
TOPSOIL  300 mm

SILT; light yellow brown; reddish orange mottles; hard;

EOBH 1.0 m

no
t f

ou
nd

silty sandy (m-c) GRAVEL (f-c); orange brown; dense; dry

Undrained Shear Strength 
(kPa)

BH 21   10/2/16 50 100 150
TOPSOIL  400 mm

Job No.  20413 Date Excavated: 3/12/2015  & 10/2/16        Logged By: N.I

Description of Soil
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BH 21&22

Site: Chedworth Properties Ltd; Greenhill Park, Stage 1 and 2 Sheet:  1 Of:   1
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EXCAVATION METHOD:  50mm Diameter Hand Auger and 200 mm diameter Machine Auger

no
t f

ou
nd

becomes with some gravels (f-m)
becomes dense

EOBH 1.0 m

BH 24     3/12/15
TOPSOIL  300 mm

SAND (f-c); orange brown; medium dense; moist

EOBH 2.0 m

no
t f

ou
nd

sandy (m-c) GRAVEL (f-c); yellow brown; medium dense; 
dry

becomes light brown grey; moist

Undrained Shear Strength 
(kPa)

BH 23     10/2/16 50 100 150
TOPSOIL  350 mm

Job No.  20413 Date Excavated: 3/12/2015  & 10/2/16        Logged By: N.I

Description of Soil
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BH 23&24

Site: Chedworth Properties Ltd; Greenhill Park, Stage 1 and 2 Sheet:  1 Of:   1
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EXCAVATION METHOD:  50mm Diameter Hand Auger and 200 mm diameter Machine Auger

no
t f

ou
nd

SILT; light yellow brown; brown and orange mottles;
hard; moist; slightly cohesive
becomes light grey

EOBH 1.0 m

F
ill

BH 26      3/12/15
TOPSOIL  350 mm

SILT; light brown; dark brown mottles  FILL hard; moist

EOBH 1.0 m

silty gravelly (f-m) SAND (m-c); yellow orange brown;

no
t f

ou
nd

medium dense; dry
medium dense; dry

Undrained Shear Strength 
(kPa)

BH 25   10/2/16 50 100 150
TOPSOIL  300 mm

Job No.  20413 Date Excavated: 3/12/2015  & 10/2/16        Logged By: N.I/M.B

Description of Soil
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BH 25&26

Site: Chedworth Properties Ltd; Greenhill Park, Stage 1 and 2 Sheet:  1 Of:   1
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EXCAVATION METHOD:   200 mm diameter Machine Auger

no
t f

ou
nd

becomes grey brown

EOBH 1.0 m

BH 28   
TOPSOIL  300 mm

silty sandy (m-c) GRAVEL (m-c); orange brown; dense; dry

EOBH 2.0 m

sandy (m-c) GRAVEL (m-c); orange brown; dense; moist

no
t f

ou
nd

becomes grey

Undrained Shear Strength 
(kPa)

BH 27     50 100 150
TOPSOIL  300 mm

Job No.  20413 Date Excavated: 9/2/2016        Logged By: N.I

Description of Soil
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BH 27&28

Site: Chedworth Properties Ltd; Greenhill Park, Stage 1 and 2 Sheet:  1 Of:   1
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EXCAVATION METHOD:  50mm Diameter Hand Auger and 200 mm diameter Machine Auger

no
t f

ou
nd

sandy (m-c) GRAVEL; brown; dark brown mottles FILL
silty SAND (f); light brown grey; medium dense; moist
becomes with orange mottles

EOBH 1.0 m

F
ill

BH 30    3/12/15
TOPSOIL  400 mm

EOBH 1.0 m

SAND (f-c); with some gravels (f-m); orange brown; medium 
dense; moist

no
t f

ou
nd

gravels become (f-c)

Undrained Shear Strength 
(kPa)

BH 29    9/2/16 50 100 150
TOPSOIL  200 mm

Job No.  20413 Date Excavated: 3/12/2015  & 9/2/16        Logged By: N.I/MB

Description of Soil
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BH 29&30

Site: Chedworth Properties Ltd; Greenhill Park, Stage 1 and 2 Sheet:  1 Of:   1
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EXCAVATION METHOD:  50mm Diameter Hand Auger and 200 mm diameter Machine Auger

no
t f

ou
nd

SILT; with minor sand (f); yellow brown; orange mottles; 
hard; moist; friable

sandy (m-c) GRAVEL; brown; orange mottles; dense; 
moist
EOBH 1.0 m

BH 32   3/12/15
TOPSOIL  400 mm

EOBH 2.0 m

no
t f

ou
nd

gravelly (f) SAND (m-c); light yellow grey; dense; dry

Undrained Shear Strength 
(kPa)

BH 31    9/2/16 50 100 150
TOPSOIL  400 mm

Job No.  20413 Date Excavated: 3/12/2015  & 9/2/16        Logged By: N.I

Description of Soil
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BH 31&32
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EXCAVATION METHOD:   200 mm diameter Machine Auger

EOBH 1.0 m

TOPSOIL  300 mm

silty sandy (m-c)  GRAVEL (m); orange brown; dense; dry

no
t f

ou
ndSILT; with minor sand (f-m); light brown grey; hard; moist;

slightly cohesive

BH 34

no
t f

ou
nd

dark brown mottles  FILL  hard; moist; friable
SILT; light brown grey; very stiff; moist; friable

silty sandy (m-c)  GRAVEL (m); brown; dense; dry

EOBH 1.1 m

Undrained Shear Strength 
(kPa)

BH 33 50 100 150
TOPSOIL  300 mm

F
ill

sandy (f-c) SILT; with some gravels (m); yellow brown;

Job No.  20413 Date Excavated: 9/2/2016          Logged By: N.I

Description of Soil
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BH 33&34
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EXCAVATION METHOD:  200 mm Diameter Machine Auger

no
t f

ou
nd

silty GRAVEL (m-c); brown grey; medium dense; dry

becomes sandy (m-c)

EOBH 1.0 m

F
ill

BH 36   
TOPSOIL  200 mm

SILT; with minor sand (f-m); brown; dark brown mottles
 FILL  hard; moist; friable

EOBH 2.0 m

becomes grey

sandy (m-c) GRAVEL (m-c) ; orange brown; medium dense; dry

no
t f

ou
nd

dry
SILT; red brown; hard; moist; slightly cohesive

sandy (m-c) GRAVEL (m-c) ; brown grey; medium dense; 
dry

Undrained Shear Strength 
(kPa)

BH 35   50 100 150
TOPSOIL  300 mm

Job No.  20413 Date Excavated: 9/2/2016         Logged By: N.I

Description of Soil
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BH 35&36

Site: Chedworth Properties Ltd; Greenhill Park, Stage 1 and 2 Sheet:  1 Of:   1
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EXCAVATION METHOD:  50mm Diameter Hand Auger

SAND (f-m); brown; medium dense; moist

EOBH 2.0 m

silty sandy (m-c) GRAVEL (f-m); brown; medium dense;
moist
silty SAND (m-c); red brown; medium dense; moist

TOPSOIL   500 mm

no
t f

ou
nd

silty SAND (m-c); red brown; medium dense; moist
rare gravels to 20 mm diameter

BH 38    4/2/16

no
t f

ou
nd

SILT; with some sand (f-c); red brown; hard; moist; friable

silty SAND (f-c); dark red brown; dense; slightly moist

becomes with some gravels

EOBH 1.0 m

Undrained Shear Strength 
(kPa)

BH 37   3/12/15 50 100 150
TOPSOIL  300 mm

F
ill

sandy (m-c) GRAVEL; brown; dark brown mottles FILL

Job No.  20413 Date Excavated: 3/12/15  & 4/2/16        Logged By: N.I

Description of Soil
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BH 37&38
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EXCAVATION METHOD:  50mm Diameter Hand Auger

EOBH 1.0 m

TOPSOIL  400 mm

no
t f

ou
nd

silty SAND (m-c); red brown; medium dense; dry

BH 40

no
t f

ou
nd

SILT; grey brown; black speckles; black and light yellow
mottles  FILL  very stiff; moist; slightly cohesive

silty SAND (f-m); light brown grey; medium dense; moist
silty sandy (m-c) GRAVEL (f-m); grey brown;
dense; dry
EOBH 1.0 m

Undrained Shear Strength 
(kPa)

BH 39 50 100 150
TOPSOIL  400 mm

F
ill

Job No.  20413 Date Excavated: 4/2/2016          Logged By: N.I

Description of Soil
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BH 39&40

Site: Chedworth Properties Ltd; Greenhill Park, Stage 1 and 2 Sheet:  1 Of:   1
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EXCAVATION METHOD:  50mm Diameter Hand Auger

EOBH 1.0 m

TOPSOIL  400 mm

no
t f

ou
nd

silty SAND (f-m); light brown; medium dense; dry

SAND (f); light yellow; medium dense; dry

becomes loose

BH 42

no
t f

ou
nd

sandy (m-c) GRAVEL (m); brown; FILL  dense; dry
silty SAND (f-m); yellow grey brown; medium dense; moist
becomes (f); light yellow

sandy (m-c) GRAVEL (m); brown; medium dense; moist

EOBH 1.0 m

Undrained Shear Strength 
(kPa)

BH 41 50 100 150
TOPSOIL  400 mm

F
ill

Job No.  20413 Date Excavated:    4/2/2016    Logged By: N.I

Description of Soil
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BH 41&42

Site: Chedworth Properties Ltd; Greenhill Park, Stage 1 and 2 Sheet:  1 Of:   1
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EXCAVATION METHOD:  50mm Diameter Hand Auger

no
t f

ou
nd

sandy (m-c) GRAVEL (m); brown; medium dense; dry FILL

SILT; with minor sand (f); light yellow; hard; dry; friable

silty SAND (f); light grey; medium dense; moist
EOBH 1.0 m

F
ill

BH 44
TOPSOIL  400 mm

silty SAND (f); light grey; medium dense; moist

EOBH 2.0 m

SILT; with some sand (f); light grey; very stiff; moist;
slightly cohesive

no
t f

ou
nd

SILT; light brown grey; red brown mottles; hard; moist;
slightly cohesive; becomes with minor sand (f)

silty SAND (f-m); light brown grey; medium dense; moist

Undrained Shear Strength 
(kPa)

BH 43 50 100 150
TOPSOIL  400 mm

Job No.  20413 Date Excavated:    4/2/2016    Logged By: N.I

Description of Soil
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BH 43&44

Site: Chedworth Properties Ltd; Greenhill Park, Stage 1 and 2 Sheet:  1 Of:   1
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EOBH 2.0 m

EXCAVATION METHOD:  50mm Diameter Hand Auger

silty SAND (f); light grey; orange mottles; medium dense; 
moist

SAND (f-m); light grey; medium dense; moist

no
t f

ou
nd

SILT; light brown grey; hard; moist; slightly cohesive

silty SAND (f); light grey; black speckles; medium dense;
moist

SILT; with minor sand (f); light grey; hard; moist;
slightly cohesive

BH 46
TOPSOIL  400 mm

EOBH 1.0 m

no
t f

ou
nd

silty SAND (f-m); red brown; medium dense; dry

Undrained Shear Strength 
(kPa)

BH 45 50 100 150
TOPSOIL  400 mm

Job No.  20413 Date Excavated:    4/2/2016    Logged By: N.I

Description of Soil
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BH 45&46

Site: Chedworth Properties Ltd; Greenhill Park, Stage 1 and 2 Sheet:  1 Of:   1
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EXCAVATION METHOD:  50mm Diameter Hand Auger

no
t f

ou
nd

SILT; with minor sand (f-m); mixed reddish brown, brown,
yellow brown, black  FILL  hard; dry; friable
SILT; with minor sand (f); light grey; hard; moist;
slightly cohesive

EOBH 1.0 m

F
ill

BH 48
TOPSOIL  400 mm

EOBH 1.0 m

SAND (f-m); dark reddish brown; medium dense; moist

no
t f

ou
nd

becomes (m-c)

Undrained Shear Strength 
(kPa)

BH 47 50 100 150
TOPSOIL  300 mm

Job No.  20413 Date Excavated:    4/2/2016    Logged By: M.B

Description of Soil
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BH 47&48
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EXCAVATION METHOD:  50mm Diameter Hand Auger and 200 mm diameter Machine Auger

EOBH 1.0 m

F
ill

TOPSOIL   350 mm

no
t f

ou
nd

SAND (f-m); with minor gravels (f); light brown; orange and
light grey mottles  FILL  medium dense; moist
SILT; dark reddish brown; hard; moist; slightly cohesive
becomes yellow brown; with traces of sand (f)
small orange mottles

SILT; light grey; very stiff; wet; slightly cohesive

EOBH 2.0 m

BH 50      3/12/15

silty SAND (f-m); light grey; medium dense; moist

no
t f

ou
nd

SILT; with minor sand (f); red brown; red orange mottles;
very stiff; moist; slightly cohesive

Undrained Shear Strength 
(kPa)

BH 49     9/2/16 50 100 150
TOPSOIL  200 mm

F
ill

sandy (m-c) GRAVEL (m-c); yellow brown; dark brown 
mottles  FILL medium dense; dry

Job No.  20413 Date Excavated:  3/12/15 &9/02/2016    Logged By: N.I/M.B

Description of Soil
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BH 49&50

Site: Chedworth Properties Ltd; Greenhill Park, Stage 1 and 2 Sheet:  1 Of:   1



utp >
0.5

utp >

200+ >

1.0

1.5

2.0

1

1

1

5
0.5 R utp >

1.0 utp >

1.5

2.0

EXCAVATION METHOD:  50mm Diameter Hand Auger and 200 mm diameter Machine Auger

EOBH 1.0 m

TOPSOIL  300 mm

SILT; light brown grey; hard; dry; cohesive

no
t f

ou
nd

sandy (f-m) SILT; red brown; hard; moist; slightly cohesive

SILT; light grey; black speckles; hard; moist; 
slightly cohesive

BH 52   9/2/16

no
t f

ou
nd

SILT; with traces of sand (f-m); orange brown; hard;
moist; friable
SILT; reddish brown; hard; moist; friable

SAND (f); light grey; loose; moist
EOBH 1.0 m

Undrained Shear Strength 
(kPa)

BH 51   4/2/16 50 100 150
TOPSOIL  300 mm

F
ill

sandy (m-c) GRAVEL (m); brown; dense; dry  FILL

Job No.  20413 Date Excavated:  4/2/16 & 9/02/16    Logged By: N.I

Description of Soil
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sandy (m-c) GRAVEL (m-c); FILL  yellow brown; dense; dry
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EXCAVATION METHOD: 200 mm diameter Machine Auger
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sandy (f-c) GRAVEL (f-m); red brown; medium dense; dry
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SILT; light brown; red orange mottles; hard; moist;
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becomes grey brown
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silty sandy (f-c) GRAVEL (m-c); orange brown; dense; dry

Undrained Shear Strength 
(kPa)

BH 55 50 100 150
TOPSOIL   300 mm
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EXCAVATION METHOD: 200 mm diameter Machine Auger

becomes light grey

SILT; light grey; stiff; wet; slightly cohesive

becomes very stiff; moist; slightly cohesive
becomes with minor sand (f); light brown; orange mottles
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silty SAND (f-m); yellow brown; medium dense; moist

TOPSOIL  200 mm

silty sandy (m-c) GRAVEL (m-c); brown  FILL 
dense; dry
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SILT; brown; orange mottles; hard; dry; friable
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BH 58

silty SAND (f-m); light grey; medium dense; moist

SILT; with some sand (f); light grey; black speckles;
hard; moist; friable
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medium dense; dry

SILT; light grey; black speckles; hard; dry; friable

Undrained Shear Strength 
(kPa)

BH 57 50 100 150
TOPSOIL  350 mm
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illsilty sandy (f-m) GRAVEL (m-c); brown  FILL 
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SILT; with some sand (f-m); red brown; hard; moist;
friable
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BH 60

SILT; light grey; very stiff; wet; slightly cohesive
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silty SAND (f-m); light grey; medium dense; saturated
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becomes with some sand (f); wet

becomes with minor sand (f)
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hard; moist; slightly cohesive
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sandy (m-c) GRAVEL (m-c); red orange; dense; dry
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APPENDIX V 

Liquefaction Analysis Plots 
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APPENDIX VI 

Stormwater Management 

Internal Site Stormwater Management Guide Stages 1 & 2 

Greenhill Park Ruakura North, Stage 1, Soakage Test Report 

 

 




















































































































