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Project Background

The 66mile Shropshire Union Canal runs fratolverhamptorin the West Midlands oEnglandto the

River Mersey irEllesmere PorfThe canal was built in the late 1798 .

The Shropshire Union main line was the last trunk narrow canal robie bailt in England. It was not
completed until 1835 and was the last major civil engineering accomplishment of Thomas Telford.

The name Shropshire Union comes from the amalgamation of the various component coinpanies
Ellesmere Canal, Birmingham and Lipeol Junction Canal, Montgomery Caiiathat came together to

form the Shropshire Union Railways and Canal Company.
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Figure 1i Shropshire Union Canal

One section of this canal the Shebdon Embankment betiedsury Junctionand Knighton Wharf

failed in August 2009, it was reported a 'football sized' hole in the side of the Embankment caused this
section of theShropshire Union Canal to be clos@the embankment has a long history of problems
associated with it, several areas of the embankment show evidence of wateriegrésdieved this is

conseqguence of ongoing subsidence of the embankment
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Figure 2i Shebdon Embankment.

Over recent years many attempts have been implemented to stem these ongoing leaks, specifically on late
was theintroduction of sheet piles on both sides the canal however this was not able to stop water from
dissipating through theanal bed and out the sides of the embankment. This culminated in the massive
failure seen in August 2009 which led to its immediate closure to affect repair. Several options were
identified and reviewed including laying concrete as a laasbvertically gling concrete columns to

affect a stable base. However what veaoptedwas a novel approach not previously tried in such
applications. This approach consisted of mixing sediments present in the canal bed with a proprietary
slurry mixture of bentonite anckment in the bed of the canal-§itu) using gpurpose built soil mixing

rotary cultivator on the end of the boom of a 30ton digger. The resultant mixture was allowed to cure and
be reworked;the mixture waglesigned tgroduce a bed as similar as gbksto the original puddle

clay. The aim of the project was maintain as much of the existing canal bed as possible and improve the
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geotechnical properties of the silt and detritus on the canal base to form a flexible yet strong and
impermeable barrier toninimize the effects of future subsidence issues associated with the canal

embankment

Technology and Approach.

Eco Foundationd.td. proposed this situ approach whereby they plannedutilise their mass soil
mixing rig to solidify the base of the canato a claylike substance utilising aroprietarycement/

bentonitebinderdeveloped in association with Envirotreat Technologies Ltd

Based on project requirementgre-construction soil mixing and testintgials / assessmentsvere
undertaken to dematrate to British Waterwayshat was achievable using this ground improvement
technique

Due to requirement of reopening the canal to traffic as soon as possible some of the normal testing
parameters were omitted to able the actual worksetoarried outvithin the short time scale available.
Therefore key parameters suchsagiment analysis armgermeability testing could not be undertaken and
success was reliant on the experience of both Eco Foundations Ltd and Envirotreat Technologies Ltd.

Mix Design

Eco Foundationsupportedthe idea for this project on the basis of their $oiking experience. Eco
Foundationcommissioned Envirotreat to assist with the design of the additives on the basis of their
experience in construction low peeability soil mixedarriers. Thisoil mixed barrietechnologycan be
traced back to t and thexedorelhgs alldh® Pedigree &nd As provére Eco
Foundationgproposal was to use this technology is a different but innovative way. The overall design had

notonly to have low permeability but also have to have certain geotechnical properties.

Eco Foundationoffer a large and diverse range of modern piling equipment to carry out many different
types of piling and foundations techniques including sheet pikegant piling, CFA piling, large
diameter bored piling, vibrated concrete columns, vibrated stone columns, vibrationless piling, silent
piling, displacement piling, pile driving, construction piling, piling engineering, wet soil mixing, dry soll

mixing andmass soil stabilisation.

Eco Foundationhave beerdevelopingand delivering deep soil mixing systerias the past twoyears.
Deep soil mixing systems mix binder in situ with soft soils for ground improvement and mass soil

stabilisation. The binder is tigally cement, lime, blast furnace slag or a combination.
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Eco Foundationhave developed several types of gitu wet anddry soil mixing used in ground
engineering, on the Shebdon Canal project it was proposed thatabeSeil Mixing approach be
utilised, where a whole area of very soft or contaminated ground requires improvement. This system
utilises an excavator with a soil mixing tool whitlixes the material in the groumdth a binder
introduced to stabilise the soil and raise the strength as régDiepths of 6 m can be achieved using this

method.

Envirotreat are a specialist remediation solution provider, with over 20 years direct experience of
delivering sustainable and cost effective treatment solutions to wide range of contamination related

problem.

Envirotreatdevelopedtheir low permeability ground water barrier technology foata real project in

West Drayton, Middlesex, part @fhich involved the onstruction of ann-situ physical barrier of low
permeability. This physical (passive)rbier was designed to prevent migration of contaminated
groundwater from the treatment zone and also prevent ingress of ground water into the treatment area.
Following two months postreatment, oring of the treated area showed that the treatment widg fai
homogeneous and consistent. The cored samples were tested The Unconfirmed Compressive Strength
(UCS) ranged between 990 and 1480kPa, the permeability between 0%Gxd®.56x10 m/s. The

wefi dry and modified freeighaw durability (with a reduceddezing temperature from minus°20to

minus 10°C in part of the test) produced satisfactory results. The same cored samples were then cured in
the laloratory and tested at 1.2 and 2.3 years, each showed general improvement of the above properties
with time. At 2.3 years the UCS ranged between 2000 and 3500 kPa, the permeability betweéh 0.1x10
and 1.1x18m/s. An Engineering and Physical Sciences Research Council (EPSRC) funded project
(1999 2000) enabled a return to the West Drayton trial site in 18%Xtrude core samples at 4.5 years

after treament to assess the longer term performance of thensadld treated contaminated ground. The

same physical and chemical properties were tested as before. The results show very little sign of
deterioration inany of the properties tested. The UCS ranged between 1400 and 7550kPa, the
permeability between 0.01xfGand 2.5x18m/s.

In terms of mix design the diffulties at Shebdon was the diverse nature of material on the canal base

which needed to be incorfied into the overall mix.
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Figure 3i Drained canal section, shown centre is one of the identified holes. Note diverse nature of base

material

Initial analysis indicated material ranging from fine sands through to large stones (500mm +). The
difficulty was not achieving material of suitable permeability, but achieving other geotechnical properties

such as plastic limit, bearing pressure, sheer strength and dispersibility.
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Figure 4 & 5i Drained canal section, showing diverse natdireanal base material and sampling g

location.
The initial <criteria giweargihyeeBreidtdoi <H aWa twarsway sv efn
1. Finished material to be non-dispersive
2. Finished material to be uniform and consistent in composition
3. Target permeability range to be between 107 and 10" m/sec
4. Target allowable bearing pressure range to be between 75 and 200 Kn/m? after final set
5. Target shear strength to be between 25 and 75 Kn/m?

The specification proposed had obviously been based around the British Waterways specification for

puddle clay (seover)
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PUDDLE CLAY SPECIFICATION

1) General- Material to be used as puddle clay shall be naturally occurring homogeneous plastic
material. It shall be free from deleterious matter such as sand, stones and organic material. The use of
lime-stabilised clgs shall not be allowed.

2) Properties
a. More than 65% of the natural material shall be finer than 0.06mm and more than 40% shall

be finer than 0.002mm.

b. The natural material shall be defined as firm clay in accordance with BS5930:1981 Table 8
(Cu 4075 kPa).

C. The natural material shall be defined as clay of intermediate to extremely high plasticity in
accordance with BS5930:1981, figure 31 and the liquid limit shall not be less than 35%.

d. The coefficient of permeability (k) of the remoulded material shall najrbaterthan 10°
m/s.

e. The remoulded material shall be defined as Nimpersive (ND1) in accordance with
BS1377:Part 5:1990, Table 2.

3) Identification- An i ndi cation of a material 6s suitabildi

empiricaltests, at the meiture content agreed for placement.

a. Tenacity Test A 300mm long, 25mm diameter cylinder of clay is held vertically for 15 seconds
so that at least 200mm is unsupported and in tension under its weight. If the cylinder breaks
the clay will be rejected as smitable.

b. Pinch Test A 75mm diameter ball of remoulded clay is squeezed into a 25mm thick flat disc. If
any cracks appear the clay may be rejected as unsuitable.

c. Slaking Test A 50mm diameter ball of remoulded clay is placed in a 600ml| beaker and @overe
with water. If the ball disintegrates within 24 hours the clay may be rejected as unsuitable.

d. Permeability Test A sample of remoulded clay shall be formed into a tray to hold 20 litres of
water and the loss measured after 24 hours. This shall be aaimnpitin the water loss from
a metal tray of the same surface area holding the same quantity of water. If the difference is
greater than 1% the clay may be rejected.

4) Acceptance
a. A representative sample of the proposed clay material, not less than 10kgl together with

appropriate tests results shall be supplied to the Engineering Manager for his acceptance not
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more than two weeks after acceptance of the Tender, and at least four weeks in advance of
any proposed change in source or quality of the nadteri

b. Test results to BS1377 are required as follows:

i. Grading
ii. Liquid and Plastic Limits
iii. Natural Moisture Content
iv. Coefficient of Permeability of remoulded clay
v.Pinhole Dispersion of remoulded Clay
vi. Compaction (2.5kg rammer)
5) Emplacement

a. The clay should be rewled in a stockpile on site and water added as necessdgstroy the
original structure of the clay and produce a smooth plasticogeneous puddle clay with a
moisture content of a minimum of 1.3 times f#lastic limit. Reworking of the clay should
becarried out in such a manner agptevent contamination.

b. The method of placing the clay shall be agreed by the Engineering Mabefyee work
commences. Whatever means are adopted they shall prodta@iBuous homogeneous
plastic mass of puddle clayfettively free from voidslaminations or imperfections which
could affect its water retaining properties.

c. The clay shall be placed in horizontal layers not exceeding 150mm consolidiatetess and
compacted by an approved method to an air void contéreixaeeding 5%.

d. Unless agreed otherwise with the Engineering Manager, the type of comgaatiband number
of passes shall conform with the requirements of Clausea6@8Tables 6/1 and 6/4 for
material Class 7C (selected wet cohesive materiath@DoT specification for Highway
Works Part 2.

e. Before placing a further layer of puddle, the surface of the previous layer slehtbsed of all
slurry and surplus water and the surface prepared to ensutbelwday to be placed shall be
integrated withthat already placed. Preparationsofifaces between successive layers shall
be formed by frequent netbntinuousspade cuts into the upper surface of the clay to depth
of 75mm.

f. Where clay puddle is to be joined with existing clay puddle, the existiygsbkal be cut back
and stepped to form a good key between the existing and newuddie over a distance to
be agreed by the Engineering Manager, but not tleess 1000mm. All trace of junction

marks shall be wholly eliminated.
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g. Precautions shall be tak to ensure any puddle clay awaiting placing, pudtig which has
been placed and any puddle clay in dry areas shall beckefinuously wet to prevent it
drying out and covered by waterproof sheetgradect it from rain damage. Precautions shall

betaken to prevent the materiadezing.

This specification is notoriously tough and it needs to be. Whatngowants to see is a leaky canal
Obviously the full specification could not be applied on the basis that no material was to excavated from
the canal base and therefore strictly no-emplacement stage either. Likewise some of the physical
parameters could not be guaranteed due to the nature of the utilised at the bottom of the canal used in
produci req gti me eftlrevasmn tiid basihiat an additive mixture was designed to produce
the Abest 0 s pec.i tedhricalproperties based om@adaseragefof ntateral present

in the canal base.

Onsite Works

A hydraulic mixing unit attached taaxcavatorwasused for the irsitu mixing element of the works.

The mixing power is baseamh the horizontal locating of the drums and the unique structure of the mixing
parts. The drums rotate simultaneously at the same time mixing the material in a controlled way. Attached
to rig themixer would beable toprocess soils / sediments all the way up to a depmadters although

it was intended only to treat down 1.5metre of sediment, in some softer areas this was extended to 4
meters The binder additivavas pumpedinto the ground thwugh a tube to a selected location near the
drums. The amount of binder pamit squarewvas strictly controlled throughout.
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Figure71 Soil Mixing in operation
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Site logistics dictated that the plant was floated down on lagoons to reach the affected area. During the
works due to the instability of the canal base a timber mat was installed to carry to weight of the rig
equipment which was relocated as necessary thouig

Figure 7i Rigworking df a temporary timber platform

The fully automated batchingant wasmobilised tothe nearessuitable locationwhich was in a field at

the bottom of the embankment 0\ B0m away.

The batching plant consisted of bgitorage for the additives, a0D0lite shear mixing unit andQd0litre
holding tank. The slurry was made to predetermined proportions in the smaller shear mixer prior to
transfer and storage to the large tank. From the larger tank the slurry was puntpedigpand the

mixing head.
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Figure81 Computer controlled batching plant fed the grout mix some 500m to the power mixer.

The actual slurry strength was adjusted following onsite trial soil mixing to determine, one that the
consistency was correcated on sediment wetness and two thatt@@0litre batch produced treated a
suitable area of canal which could be easily measured and repeated.

Following mixing the resultant materisblidified after 24 hours, as expected any excess water pooled on
the surface. Treatment of the canal was achieved at an average of 15m length peipdaijiriReof the
canal was undertaken within three days of soil mixing to produce the final canal profile and required

compaction of the canal base.

The total worksall almost 200metres of canal base have been treatguipfited, flooded and then

opened for public use within the 4 week programme.

As figure 3 shows that the canal profile at commencement watsvedy V shaped with the deepest part

at the centre. Therét aim of the project was to level the base to allow for the creationwafridng

platform at the canal centre to work from (see figure 9) and secondly to ensure easy and accurate
determination of treatemt depths and therefore treatment rate.
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Shropshire Union Canal
Shebdon
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l platform down

3 centre of canal. 2
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Figure9i Canal profile at commencement of works indicating depth from water level to canal base.
Then next stage was the actuahgiseedemedd ¢Irapt méEne,.
and volumes were accurately measured to ensure correcoaddiies of treatment additives. Generally

sediments down to a depth of 1.5 metre were treated, as shown in figure 10

1.5m Mass Soil Mixed Slab

Figure 10i Canal profile following irsitu treatment
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Figure 11 Canal profile following irsitu treatment

Following on form thdreatment after a suitable period of curing the material wasading as shown in

figure 12 and figure 13

Canal being re-profiled with in 3 days of mass
mixing

Figure 121 Canal profile following regrading.
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Initial Re-Grading Works
With MSM Ongoing In The Distance

-
R

Figure 13/ Re-profiled canal basin on completion.

On-site andoffsite testing andResults.

A testingregime andrequency was agreed between British Waterways aond-&undations
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On-site Results

Table 1- Northern Section

1108
1065

Chainage

Area Northern
Cell
Reference
Date Mixed 28-Sep-09 29-Sep-09 30-Sep-09 1-Oct-09 2-Oct-09
Sampling |

Window

Sample

Shear Vane (at

200mm / at 91/45 67/100 44/63 59/100 73/63
400mm)

Soakaway 1.42E:08 1.48E-08 9.91E-09
Window
Sample

Shear Vane (at
200mm / at 41/41 () 87/33 25/30 (%) 40/39 34/40
400mm)
Soakawa Aborted 3.65E-09
Window
Sample

Shear Vane (at
200mm / at
400mm)
Soakaway

N1A

g
£
]
£
o
z
&
b3
z
&
&

N1B N2A | N2B | N2C N3A | N3B | N3C

NIA N2A N3A N4A N5A

Off-Side

N1B N2B NSB

CONSTRUCTION

Central

Sampling and Testing Locations

Towpath

Table 2- Centre Section

Chainage
Area Central
Cell
Reference
Date Mixed 9-Oct-09 10-Oct-09
Sampling

Window

Sample

Shear Vane (at

200mm / at 82/83 45/90 74)- (%)
400mm)

Soakaway 4.54E-08 7.55E-:08
Window

Sample

Shear Vane (at

200mm / at 29/32 (%) 40/56

400mm)

Soakawa!

Window

Sample

Shear Vane (at

200mm / at

400mm)

Soakaway

© K
= =
S S

969
964

989
985

C1 | c2 Cc3 Cc4 Cc5 C6

Off-Side

Central

CONSTRUCTION
Sampling and Testing Locations

Towpath

Table 3i Southern Section

909
905
900
895
890
885
880

Chainage E | g | ﬁ
Area Southern

Cell
Reference
Date Mixed 8-Oct-09 7-Oct-09 6-Oct-09 5-Oct-09 4-Oct-09
Sampling

Window

Sample

. Shear Vane

Off-Side (at 200mm / at 27/30 (*) 29/43 (*) 59/49 48167 B 35/51 (*) 65/43 (*)
400mm)

Soakaway 3.36E-07 1.93508 3.97E-08

Window

Sample

Shear Vane

Central (at 200mm / at 28/26 (%) 30/31 (%) 44120 46/30 2218 24/18 (%) 19/16 ()
400mm)

Soakaway 3.26E-08

Window

Sample

Shear Vane

(at 200mm / at 32/36 (%) 22120 (%) 28/41 50/78

400mm)

Soakaway Aborted

s17 | S16 | S15 S14 | S13 | S12 | S11 S10

S9 | S8 s7 | S6 | S5 | S4 S3 | s2 | S1

S1A S2A S3A S4A

CONSTRUCTION
Sampling and Testing Locations

s7C S8C soc s10C

Towpath
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Accredited external testing and results

SHEBDON CANAL RESTORATION

All external geotechnal testing was undertaken by

GEOLABS

Geolabs Limited
Bucknalls Lane
Garston
Watford
Hertfordshire
WD25 9XX

December
1, 2009

UKAS
TESTING

Geolabs Limited

Issue N0:009 Issue Date:30/01/2008

Address:
Bucknalls Lane
Garston
Watford
Hertfordshire
United Kingdom
WD259XX

Contact: Mr J R Masters
Tel: +44 (0) 1923 892 190 +44 (0) 1923 892 190
Fax: +44 (0) 1923 892 191

E:Mail: geolabs@nildram.co.uk
Website: http://www.geolabs.co.uk

Testing performed at permanent laboratory
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Table 4i Basic parameters

Sample descriptiorMoisture Content of So{BS1377 : Part 2 : Clause 3.2 : 1990) &ulk and dry
density byLinear measuremeiiBS1377 : Part 2 : Clause 7.2 : 1990)

Sample Description Bulk density Moisture

Desciiption (Mg/m®) | content (%)

N1A Soft red gravelly CLAY 1.88 37

N1B Soft red slightly sandy gravelly CLAY 1.90 29

N2B Soft red gravelly silty CLAY with rare shell 1.92 40
fragments

N2C Soft red slightly sandy gravelly dty CLAY 1.93 31

N3A Soft red slightly sandy gravelly silty CLAY 1.89 32

N4A Firm red sandy slightly gravelly silty CLAY 1.71 44

N4C Soft red slightly sandy gravelly silty CLAY 1.91 37
wirh rare rootslets

N5A

N5B Soft red sandy gravelly silty gty CLAY, 2.15 15
sand is fine

N5C Soft red-brown slightly sandy slightly 1.82 34
gravelly sitly CLAY

N6A Soft red-brown slightly sandy slightly 1.81 45
gravelly sitly CLAY

N6C Soft red-brown slightly sandy slightly 1.86 42
gravelly sitly CLAY

Cl1A Firm red-brown sandy gravelly sitly CLAY, 1.86 35
sand is fine

C3A Soft red-brown slightly sandy gravelly sitly 1.89 37
CLAY

C5A Soft red-brown slightly sandy gravelly sitly 1.76 44
CLAY

S1A Soft red-brown slightly sandy slightly 1.86 41

gravelly sitly CLAY
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Table4i Cont é

Sample Description Bulk density Moisture

Description (Mg/m?) content (%)

S3A Soft mottled red-brown and grey slightly 1.89 24
gravelly sandy silty CLAY, sand is fine

S4A Soft red-brown slightly sandy slightly 1.90 42
gravelly sitly CLAY

S5B Soft mottled grey and brown gravelly 1.90 26
sandy silty CLAY, sand is fine

S6B Soft mottled red-brown and grey slightly 1.93 35
gravelly sandy silty CLAY

S7C Red-brown sligthly sandy slightly gravelly 1.91 28
silty CLAY

S8C Soft red-brown sligthly sandy slightly 1.92 36
gravelly silty CLAY

S9C Red-brown sligthly sandy gravelly silty 2.00 37
CLAY
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Table 51 Coefficients of Permeability

Triaxial PermeabilitBS1377 : Part 6 : Clause 6 : 1990), effective pressure 50KPa, undisturbed.

Sample Coefficient of
Description Permeability (m/s)
N1A 1.70E08
N2B 3.60E09
N3A 7.90E-09
N4C 5.60E-09
NSA 1.80E10
N5B 1.80E10
N6A 1.50E08
C1A 1.10E08
C3A 8.20E-09
C5A 8.30E-09
S3A 1.00E08
S5B 1.00E09
S6B 2.60E10
S7C 1.80E-09
S9oC 5.20E-09
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Table 6/ Determination of Dispersibility

SHEBDON CANAL RESTORATION

Durability - Erodibility by Pinhole Metho@BS1377 : Part 5 : Clause 6.4 : 1990)

Sample

Description

Dispersibility (pinhole
method)

N1A

ND1 - Non-dispersive

N1B

ND1 - Non-dispersive

N2B

ND1 - Non-dispersive

N2C

ND1 - Non-dispersive

N3A

ND1 - Non-dispersive

N4A

ND1 - Non-dispersive

N4C

ND1 - Non-dispersive

N5A

ND1 - Non-dispersive

N5B

ND1 - Non-dispersive

N5C

ND1 - Non-dispersive

NG6A

ND1 - Non-dispersive

N6C

ND1 - Non-dispersive

C1A

ND1 - Non-dispersve

C3A

ND1 - Non-dispersive

C5A

ND1 - Non-dispersive

S1A

ND1 - Non-dispersive

S3A

ND1 - Non-dispersive

S4A

ND1 - Non-dispersive

S5B

ND1 - Non-dispersive

S6B

ND1 - Non-dispersive

S7C

ND1 - Non-dispersive

S8C

ND1 - Non-dispersive

SoC

ND1 - Non-dispersive

December
1, 2009
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Table 7i Quick Undrained Triaial Test
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December
1, 2009

Single stage, single 38mm or 106mm diameter spec{B®h377 : Part 7 : Clause 8 : 1990)

Shear Strength(s)

Deviator Stress(es) at failure

Strain(s) at failure

Sample Max Deviation Shear Stress
Description Stress (kR) (kPa)
N1A 70 35
N1B 71 35
N2A

N2B 35 17
N2C 29 15
N3A 49 25
N4A 116 58
N4C 79 39
NS5A

N5B 82 41
N5C 82 41
NGA 40 20
N6C 95 47
Cl1A 103 51
C3A 81 40
C5A 20 10
S1A 45 22
S3A 66 33
S4A 88 44
S5B 52 26
S6B 56 28
S7C

S8C 68 34
SoC 37 18
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Table 7i Liquid & Plastic Limits (Atterberg Limits)

Liguid and Plastic Limits of soil 1 point cone penetrometer methodBS1377 : Part 2 : Clauses 4.4,
5.3 & 5.4 1990)

Sample Moisture Liquid Limit Plastic Limit Plastic Index <425um
Description content (%) (%) (%) sieve(%)
N1A 37 38 26 12 75
N1B 29 35 23 12 62
N2A

N2B 40 39 25 14 69
N2C 31 34 22 12 74
N3A 32 37 26 11 63
N4A 44 70 42 28 97
N4C 37 42 28 14 71
N5A

N5B 15 31 12 19 95
N5C 34 49 30 19 98
N6A 45 56 30 26 96
N6C 42 62 37 25 98
C1A 35 41 28 13 67
C3A 37 41 27 14 76
C5A 44 54 35 19 97
S1A 41 40 26 14 77
S3A 24 35 22 13 76
S4A 42 50 31 19 98
S5B 26 39 24 15 68
S6B 35 34 24 10 65
S7C 28 45 25 20 97
S8C 36 41 27 14 96
SoC 37 35 19 16 76
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Discusson and Conclusions
Taking into consideration the diversity of material present in the canal on commencement of the project,

both the orsite and subsequent laboratory based results are very good.

The laboratory based permeability results are all in exoés10® with many greater than Ifm/s,
indicating that required permeability has been achieved across the whole canal treatment area, this is

further backed up by the onsite testing undertaken.

The dispersibility results are also very gaodl all shar no erosion during the test, this indicates that the
material is cohesive and not likely to erode or disperse.

In respect to thétterberg Limits of the samples, the average Liquid Limit across the canal profile was
44% with only one result less than 35%2C at 34%). The percentage retained on the 435um sieve
clearly indicates the variation in material within the canal bed, ranging from 62% to 98%. The average
Plastic Index across the canal was 16, ranging between 12 and 28.

Again density testing (botbulk and dry) show significant variation in canal base material, with bulk
density varying from 1.97 (N4C) to 2.24MgifN5B) and dry density varying from 1.24 ((N4A) to
1.67Mg/ni (S3A).

In respect to shear strengths the field tests were generally dileegteboth 200 and 400mm depths,

those lower results were consistent with pools of standing water on the surface signifying incomplete
curing of the additives. The laboratory tested shear strengths as determitteal Quick Undrained

Triaxial Compressiormethodology on undisturbed samples. The average across the canal was 32Kpa
based on 50KPa cell pressure throughout the test. Four results were lower than 25KPa, where equivalent
onsite tests were undertaken the results indicated were much i@gheompétion of the test the test

specimen were be taken out and failure patterns ntitese all looked normal.

As stated the results are encouraging in respect that over the whole canal section that the canal
sedi ment has b eenrg i B & & eaerdabexial Wityh prdperes which will
effectively produce a base whichisaerer mea bl e and -ecroghiense evree d OT hbea si
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have the strength arfééxibility to withstand expected external forces exerted by normal canal

activities.

It should alsdbe considered that as the additive is predominately cement / bentonite based that

the material properties will be enhanced over time.
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SHEBDON CANAL RESTORATION

BS1377 :Pant 5: 1930 Cilause 6.2
Determination of Dispersibility - Pinhole Method
Description:
Sample Ref: Cl1A Firm reg-brown sandy gravelly sity CLAY, sand Is fine.
Natural meisture content: KL 4
Initial Conditions:
Remouiding: At Plastic Limit by kneading
Plastic Limit: 28 %
Bulk density: 1.86 Mgm®
Dry density: 140 Mgm?®
0 approximate % matenal was ratained on BS 2mm sieve,
Flow data:
Head Flow Rate Flow Duration Cloudiness
{mm) (mLis) {min) (descriptive)
50 03 5 completely clear
180 0.81 5 completely clear
380 1.30 5 completely clear
1020 250 5 compietely clear
Hole 1.1 mm undform ntact diameter after test approximately.
Final Conditions:
Moisture Content: 33 %
Classification: Non-dispersive (Category ND 1)
Remarks:
Checked and |[ Pramst Mot
Approved GEO/ 15080
st Projt Nara GEOLABS*
GJC CANAL PROJECT SAMPLES
B 18/11/9 SHEBDON CANAL PROJECT
s Fageet by IMTUARE snded Budie s Jemhe Mefed rectawe NTIE SO0 @ TTLAME LTS P ERERIT Sepl s
At Bgamenn « 4% et S Wyl + EF Waller ek Mgl © B Coe [Tek M) < SR St [T Dy moam e

o Wb LT v T Pynn Bonn ot W W
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SHEBDON CANAL RESTORATION

ES1377 2 Pan 51290 Clause £.2

Determination of Dispersibility - Pinhole Method

Deacription:
Sampls Ref.: Ccas Saft reg-brown slghitly sandy gravelly slity CLAY
Matural moisture content T

Initial Conditions:

Remoulding: At Plastic Limit by kneading
Plastic Limit: 2T % approx.
Bulk density: 1.8 Mgm*
Diry density: 143 Mgm?*
1  approximate % matsnal was retalned on BS 2mm sieve.
Flow data:
Head Flow Rate Flow Duration Cloudiness
{mm) {mlLis) frmin) (descriptive)
50 075 5 completely clear
180 14 5 completely clear
380 23 5 completely clear
1020 28 il completely clear

Hale

Final Conditions:
Maisture Content N %

Classification:

Remarks:

1.3 mm uniform ntact diameter after test approximately.

Mon-dizpersive (Category ND1 )

Checked and | P st
Approved

GEOQ /13080
it Prigje:t Masa GEOLABS"
GJC CANAL PROJECT SAMPLES
B 181109 SHEEDON CANAL PROJECT
T T T & e ez P St
e s, M hpieen i W]+ S Wontmor Tk g+ 8 St (T ) = 8 Pl [T arcuann e

e, Boiemn LW e e Symew Brain el o o
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SHEBDON CANAL RESTORATION

BS1377: Part5: 1990 Clause 6.2
Determination of Dispersibility - Pinhole Method

Description:
Sample Ref.: C54 Saft red-brown slightly sandy slightly gravelly sllty CLAY
Matural moisture content 44 %

Initial Conditions:

Remoulding: At Plastic Limit by kneading
Plastic Limit: 35 % approx
Bulk density: 1.76 Mgim™
Diry density: 1.25 Mg/m*
0 approximate % matenal was retalned on BS 2mm slave.
Flow data:
Head Flow Rate Flow Duration Cloudiness
{mm)} {mLis) (rmin) (descriptive)
50 022 5 completely clear
180 08 5 completely clear
380 1.0 5 completely clear
1020 1.83 5 completely clear

Hale 1.1 mm uniform intact diameter after test approximately.

Final Conditions:
Maoisture Content 42 %

Classification: Hon-digpersive (Category ND1 )

Remarks:

Checked and || Prosest Mot
Approved GED [ 15080
it Prizject Hasa GEOLARS"
GJC CANAL PROJECT SAMPLES
B 81109 SHEBDOM CANAL PROJECT

T Mg by SBCLARN o Wit Laow, s S Hmtleiiin. T B & L LT iR P |
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s By LR S he Sy Prai oo S
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SHEBDON CANAL RESTORATION

Determination of Dispersibility - Pinhole Method

BS51377 2 Pan 51990 Clause £.2

Description:
Sample Ref: NiA Saft red gravelly sity CLAY
Matural moisture content kT

Initial Conditions:

Remoulding: At Plastic Limit by kneading
Plastic Limit: 28 % approx
Bulk density: 1.88 Mg/m*
Diry density: 142 Mg/m*
0 approximabs % materal was retalned on BS 2mm slave.
Flow data:
Head Flow Rate Flow Duration Cloudiness
{mm)} {mLis) (rmin) (descriptive)
50 0.40 5 completely clear
180 0.80 5 completely clear
a0 1.40 5 completely clear
1020 2.80 5 completely clear

Hole 1.0 mm uniform intact diameter after test approximately.

Final Conditions:

Moisture Content 2 %

Classification: Hon-dispersive (Category HND1)

Remarks:
Checked and || Prams:t Nusbai

Approved GEQ [ 15080
il Prejes Hasa SFOLABS"
GJC CANAL PROJECT SAMPLES

Do 10109 SHEBDOMN CANAL PROJECT
Towl Mg | by IBCLARE il Bavminl gw Jewir snle. o beaes #7300 & DPTILARE LT PN Fage | o
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SHEBDON CANAL RESTORATION

551377 - Part 5 - 1930 Clause £2
Determination of Dispersibility - Pinhole Method

Description:
Sampis Ref: N1B Soft red slightly sandy gravelly sity CLAY
Natural moisture content: 280 %
Initial Conditions:
Remoulding: At approximately Piastic Limit by kneading
Plastic Limit: 286 %
Bulk density: 1.0 Mg/m®
Dry density: 1.47 Mg/m*
0 approximate % maerial was resained on BS 2mm sleve.
Flow data:
Head Flow Rate | Flow Duration | Cloudiness
{mm) (mLis) {min) (descriptive)
50 03 5 completely clear
180 0.82 5 completely clear
330 1.13 5 completely clear
1020 227 5 completely clear
Hole 1.1 mm uniform intact diameter after test approximately.
Final Conditions:
Moisture Content: 3 %
Classification: Non-dispersive (Category ND1 )
Remarks:
Checked and | | Pt Numte
Approved GEO /15080
(e Aot Neme GEOLABS"
GJC CANAL PROJECT SAMPLES
Do 18r11/09 SHEBDON CANAL PROJECT
T8 Papt by TFTLARE nfed  Radeaie Love Saenn Vel MeBumes WIDE 30X @ ICLARA LinTwD PR ATINE  Sage '
< Syl + & B - BiTem el ¢ JL M S T T m e
e a7 gt
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SHEBDON CANAL RESTORATION

BS1377: Part5: 1990 Clause 6.2
Determination of Dispersibility - Pinhole Method

Description:
sample Ret- N2B Saoft rad gravelly siity CLAY wiih rare shedl fragmenis
Matural moisture content 40 %

Initial Conditions:

Remoulding: At Plastic Limit by kneading
Plastic Limit: 25 % approx
Bulk density: 1.82 Mgm®
Diry density: 148 Mgim®*
0 approximabe % materdal was retained on BS 2mm siave.
Flow data:
Head Flow Rate Flow Duration Cloudiness
{mm) {mLis) (min} (descriptive)
50 025 5 completely clear
180 0.81 5 completely clear
380 1.18 5 completely clear
1020 233 5 completely clear
Haole 1.1 mm uniform intact diameter after test approximately.

Final Conditions:
Moisture Content 40 %

Classification: Hon-dizpersive (Category ND1 )

Remarks:

Checked and|| P e
Approved GEO [ 15080
Futian Projeet Masa GEOLAES"
GJC CAMAL PROJECT SAMPLES
De 18111109 SHEBDON CANAL PROJECT
P ——— S e —————
e et~ st o A

e Boriem L T Rrw Brmin e A s
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SHEBDON CANAL RESTORATION

BS1377: Pan 5: 1930 Clause £.2
Determination of Dispersibility - Pinhole Method

Deacription:
sample Rel: N2C Saft red slightly sandy gravelly siity CLAY
Matural moisture content M %

Initial Conditions:

Remoulding: At Plastic Limit by kneading
Plastic Limit: 22 % approx
Bulk density: 1.83 Mgim?*
Diry density: 1.58 Mgm®
0 approximabe % materal was retalned on BS 2mm slave.
Flow data:
Head Flow Rate Flow Duration Cloudiness
{mm) {mLis) {min} (descriptive)
50 0.35 5 completely clear
180 0.83 5 completely clear
380 1.08 5 completely clear
1020 2.08 5 completely clear

Hale 1.0 mm uniform intact diameter after test approximately.

Final Conditions:
Moisture Content I

Classification: Hon-dispersive (Category ND 1)

Remarks:

Checked and || Preest busba:
Approved GEO | 15080
initha Pzt Hasa GEFOLAES"
GJC CANAL PROJECT SAMPLES
B 81109 SHEBDOM CANMAL PROJECT
o Ry TBCUARN i Bimhean L, Jmrs S Htheinti, WIS & oL aTes PR e
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SHEBDON CANAL RESTORATION

ES1377:Pan 5: 1590 Clause 6.2
Determination of Dispersibility - Pinhole Method

Hole 1.0 mm unform ntact diameter after test approximately.

Final Conditions:

Moisture Content: 4 %
Classification: Non-dispersive (Category ND1 )
Remarks:

Description:
Sample Number: N3A Soft r2g slightly sandy gravelly slity CLAY
Natural moisture content: 32 %
Initial Conditions:
Remoulding: At Plastic Limit by kneading
Plastic Limit: 26 % approx.
Bulk density: 1.889 Mgim*
Dry density: 144 Mgim*
0 approximats % matenal was ratained on BS 2mm sieve.
Flow data:
Head Flow Rate Flow Duration Cloudiness
{mm) (mLis) (min) (descriptive)
50 048 5 completely clear
180 008 5 completely clear
380 1.71 5 completely clear
1020 2.80 5 completely clear

Checked and || Premet Nabe

GEO / 15080
nliss Project Natse GEOLABS"®
GJC CANAL PROJECT SAMPLES
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SHEBDON CANAL RESTORATION

BS1377:Pan 5: 1990 Clause 6.2
Determination of Dispersibility - Pinhole Method

Sampls Number:

Deacription:
Firm red sightly sandy sightly gravelly silty CLAY

Natural moisture content: 4 %
Initial Conditions:
Remoulding: At Plastic Limit by kneading
Plastic Limit: 42 % approx.
Bulk densty: 171 Mgm®
Dry density: 112 Mgim*
0 approximate % materal was retained on BS 2mm sleve.
Flow data:
Head Flow Rate Flow Duration Cloudiness
(mm) {mLis) (min) (descriptive)
50 035 5 completely clear
180 081 5 completely clear
380 1.03 5 completely clear
1020 102 5 completely clear

Hole 1.1 mm undform intact diameter after test approximately.

Final Conditions:
Moisture Content: 50 %
Classification: Non-dispersive (Category ND1 )
Remarks:
Checked and || Mot Nt
Approved GEO / 15080
- Pejistiome: GEOLABS"
GJC CANAL PROJECT SAMPLES
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SHEBDON CANAL RESTORATION

BS1377 - Part 5: 1990 Clause 6.2
Determination of Dispersibility - Pinhole Method

Description:
Sample Number: H4C St red slightly sandy gravelly siity CLAY with rare roofiets
Matural moisture content Y.
Initial Conditions:
Remoulding: At Plastic Limit by kneading
Plastic Limit: 28 % approx.
Bulk density: 1.91 Mgm®
Diry density: 147 Mgm*

0 approximate % matenal was retained on B5 2mm slave.

Flow data:
Head Flow Rate Flow Duration Cloudiness
{mm) {mLis) (min} (descriptive)
50 0.50 k] completely clear
180 085 a completely clear
380 147 5 completely clear
1020 263 A completely clear

Hole 1.2 mm uniform intact diameter after test approximately.

Final Conditions:

Moisture Content 2 %
Classification: Mon-dizpersive (Category ND1 )
Remarks:

Checked and|| Press et
Approved GEO [ 15080
il Project Hama GEOLAES"
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SHEBDON CANAL RESTORATION

BS51377 : Part 5 : 1990 Clause 6.2
Determination of Dispersibility - Pinhole Method

Description:
Sampls Number: NSEB Soft rad sandy gravelly sity CLAY, 5and s fine
Matural moisture content 15 %

Initial Conditions:

Remoulding: At Plastic Limit by kneading
Plastic Limit: 14 % approx.
Bulk density: 215 Mgm®
Diry density: 1.6 Mgim®
0 approximabe % materal was retalned on BS 2mm sieve.
Flow data:
Head Flow Rate Flow Duration Cloudiness
{mm) {mlLis) {min} {descriptive)
50 0.865 5 completely clear
180 117 5 completely clear
380 1.83 5 completely clear

Hale 1.2 mm uniform intact diameter after test approximately.

Final Conditions:
Moisture Content 18 %

Classification: Hon-dispersive (Category ND3 )

Remarks:

Approved

GJC
B 9811409
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SHEBDON CANAL RESTORATION

ES1377:Part 5: 1390 Clause 6.2
Determination of Dispersibility - Pinhole Method

Description:
Sample Number: NSC Soft reg-brown sightly sandy slightly graveily slity CLAY
Natural moisture content: 4 %
Initial Conditions:
Remoulding: At Plastic Limit by kneading
Plastic Limit: 30 % approx.
Bulk density: 1.82 Mgm®
Dry density: 1.32 Mgm*
0 approximats % matenal was retained on B3 2mm sieve.
Flow data:
Head Flow Rate Flow Duration Cloudiness
{(mm) {mLis) (min) (descriptive)
50 048 5 completely clear
180 01 5 completely clear
380 143 5 completely clear
1020 320 5 completely clear

Final Conditions:

Classification: Non-dispersive (Category ND2 )

Remarks: End of hole showed signs of enlarging at end of test

Hole 1.2 mm uniform intact diameter after test approximately.

Moisture Content: 8 %

Checked and || P! Nasbe
Approved GEO / 15080
relian Prome Nara GEOLABS "
GJC CANAL PROJECT SAMPLES
B 18/11/09) SHEBDON CANAL PROJECT
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SHEBDON CANAL RESTORATION

BS1377 1 Pant 5 : 1990 Clause 6.2
Determination of Dispersibility - Pinhole Method

Description:
Sample Number: HEA St red-brown shghtly sandy slightly gravely siity CLAY
Matural moisture content 45 %

Initial Conditions:

Remoulding: At Plastic Limit by kneading
Plastic Limit: 3 % approx
Bulk density: 1.1 Mgim®
Diry density: 1.30 Mgim®
0 approximabe % matenal was retalned on BS 2mm siave.
Flow data:
Head Flow Rate Flow Duration Cloudiness
{mm) {mlLis) {min} (descriptive)
50 0.58 5 completely clear
180 1.1 5 completely clear
380 1.865 5 completely clear
1020 315 5 completely clear

Hale 1.2 mm uniform intact diameter after test approximately.

Final Conditions:
Moisture Content B %

Classification: Hon-dispersive (Category ND2 )

Remarks:  End of hole showed signs of enlarging towards end of test.

Checked and)|[ e st
Approved GEO /15080
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SHEBDON CANAL RESTORATION

BS1377: Pan 5: 1930 Clause £.2
Determination of Dispersibility - Pinhole Method

Deacription:
Sample Number: MEC Saft reg-brown sighily sandy slightly gravelly sllty CLAY
Matural moisture content 42 %

Initial Conditions:

Remoulding: At Plastic Limit by kneading
Plastic Limit: AT % approx
Bulk density: 1.886 Mgim®
Diry density: 142 Mgm®
0 approximabe % materal was retalned on BS 2mm slave.
Flow data:
Head Flow Rate Flow Duration Cloudiness
{mm} {mLis}) {min} (descriptive)
50 043 il completely clear
180 1.00 5 completely clear
TP
B0 1.57 5 few falling
1020 203 5 T few faling

Haole 1.2 mm uniform intact diameter after test approximately.

Final Conditions:
Maisture Content 1B %

Classification: Hon-dispersive (Category ND 1)

Remarks:

Checked and|[ e bt
Approved GEO [ 15080
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SHEBDON CANAL RESTORATION

BS51377: Part 5 : 1990 Clause 6.2
Determination of Dispersibility - Pinhole Method

Description:
Sampls Ref: 514 Saft red-brown skghtly sandy slightly gravelly siity CLAY
Matural moisture content 41 %

Initial Conditions:

Remoulding: At Plastic Limit by kneading
Plastic Limit: 26 % approx
Bulk density: 1.86 Mg/m®
Diry density: 148 Mgm?*
0 approximate 3% matenal was retained on BS 2mm shave,
Flow data:
Head Flow Rate Flow Duration Cloudiness
{mm) {mlLis) {min} (descriptive)
50 0.24 5 completely clear
180 1.13 5 completely clear
380 1.30 5 completely clear
1020 287 5 completely clear
Hole 1.1 mm unifiorm intact diameter after test approximately.

Final Canditions:
Moisture Content 1B %

Classification: Hon-dispersive (Category ND1)

Remarks:

Checked and || Proe busba
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SHEBDON CANAL RESTORATION

BS1377: Pan 5: 1930 Clause £.2
Determination of Dispersibility - Pinhole Method

Deacription:
Sample Ref: 534 Soft motled red-brown and grey sighily gravelly sandy slity CLAY, 53
Matural moisture content 24 %
Initial Conditions:
Remoulding: At Plastic Limit by kneading
Plastic Limit: 22 % approx
Bulk density: 1.8 Mgim?®
Diry density: 1.55 Mgm®

0 approximabe % materal was retalned on BS 2mm slave.

Flow data:
Head Flow Rate Flow Duration Cloudiness
{mm) {mLis) {rmin) (descriptive)
50 0.28 il completely clear
180 0.83 5 completely clear
B0 1.20 5 completely clear
1020 247 5 completely clear

Hale 1.0 mm uniform intact diameter after test approximately.

Final Conditions:

Maoisture Content B %
Classification: Hon-dispersive (Category HD1)
Remarks:

Checked and || Pt Mastar

Approved GEO [ 15080
rulas Frome! Hama SFOLAES"
GJC CAMAL PROJECT SAMPLES
B a1 109 SHEBDON CANAL PROJECT
ol Bigasi by SRCLARN i Bemiin Laom Jwmbr Safed Ml ST B0 & LR UNTEE Pl A P |
Aavaisl Bgraisins - J P desiee Tl My] ¢ CF Welmer [Teb Mgl - 0 J Gl [Tk Egh - JJ0 sl [T D) PEAR R

s, Bt TP e Thr e Brain et dm 8o

December
1, 2009

Page44



SHEBDON CANAL RESTORATION

B51377 - Part5: 1990 Clause 6.2
Determination of Dispersibility - Pinhole Method

Dascription:
Sample Ref: 544 Saft red-brown sightly sandy slightly gravelly silty CLAY
Matural maisture content 47 T
Initial Conditions:
Remoulding: At Plastic Limit by kneading
Plastic Limit: 3 % approx.
Bulk density: 1.80 Mgim*
Dry density: 145 Mg/m*
0 approximate % matenal was retained on BS 2mm shave.
Flow data:
Head Flow Rate Flow Duration Cloudiness
{mm)} {mLis) (rmin} (descriptive)
i 0.53 k] completely clear
180 1.11 k] completely clear
B0 182 E] completely clear
1020 230 k] completely clear

Hole 1.1 mm uniform intact diameter after test approximately.

Final Conditions:

Muoisture Content )
Classification: Non-digpersive (Category ND1)
Remarks:

Checked and || Prases Musta:
Approved GEO | 15080
it Prazjeect Masa GEOLAES"
GJC CANAL PROJECT SAMPLES
B 1811403 SHEBDON CANAL PROJECT
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SHEBDON CANAL RESTORATION

BS1377 - Part 5: 1990 Clause 6.2
Determination of Dispersibility - Pinhole Method

Sampls Ref-

Description:

558

Saft matlad grey and brown sandy gravelly sity CLAY, sand Is fine

Matural moisture content 28 ®"
Initial Conditions:
Remoulding: At Plastic Limit by kneading
Plastic Limit: 24 % approx.
Bulk density: 1.90 Mgm®
Diry density: 1.53 Mgm*
D approximate % materal was retained on BS 2mm sheve,
Flow data:
Head Flow Rate Flow Duration Cloudiness
{mm) {mLis) {rmin} (descriptive)
50 0.55 k] completely clear
180 1.30 k] completely clear
380 243 k] completely clear
Hole 1.4 mm uniform intact diameter after test approximately.

Final Conditions:

Moisture Content

Classification:

Remarks:

30

MNon-dispersive (Category ND3 )

GJC

e y9011/09

Checked and || Pres bt
Approved

Prizjs:t Masa

GEOQ [ 15080

CANAL FROJECT SAMPLES
SHEBDON CAMAL PROJECT

Vo Py ST ARN o Bt Lt Barmior: Saerd Hileitn WD B

A Bgm

o e e ]

P [Tk Mg

e Bovimn (O s e Bra Brain Gt de 8 e

B st Tk ] =

24 ol [T T

& OETLARE LMTTET

PRI g
EEFrTEY

December
1, 2009

Page46



SHEBDON CANAL RESTORATION

BS1377: Part5: 1990 Clause 6.2
Determination of Dispersibility - Pinhole Method

Deacription:

sampls Ref-

Soft motSied red-brown and grey slighlly sandy gravelly sitty CLAY

Matural moisture content

Initial Conditions:

35

B

Remoulding: At Plastic Limit by kneading
Plastic Limit: 24 % approx.
Bulk density: 1.3 Mgm®
Diry density: 1.55 Mgm?*
0 approximate % matenal was retained on BS 2mm shave.
Flow data:
Head Flow Rate Flow Duration Cloudiness
{mm) {mlLis) {rmin) (descriptive)
50 0.43 ] clear
1&0 1.11 L] clear
380 1.85 5 clear

Hole 1.4 mm uniform intact diameter after test approximately.

Final Conditions:

Maisture Content

Classification:

Remarks:

28

Mon-digpersive (Category ND3)

GJC

e 9801109
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SHEBDON CANAL RESTORATION

ES1377 - Pan 5: 1990 Clause 6.2
Determination of Dispersibility - Pinhole Method

Description:
Sample Ref: 57C FRed-brown slightly sandy slightly gravelly sity CLAY
Matural maisture content 2B %
Initial Conditions:
Remoulding: At Plastic Limit by kneading
Plastic Limit: 25 % approx.
Bulk density: 1.81 Mgim*
Dry density: 1.53 Mgim*

0 approximats % matenal was retained on BS 2mm save.

Flow data:
Head Flow Rate Flow Duration Cloudiness
{mm} {mLfs) {min}) ({descriptive)
50 0.27 bl completely clear
180 0.81 5 completely clear
ae0 1.28 5 completely clear
1020 250 kil completely clear

Hole 1.1 mm uniform intact diameter after test approximately.

Final Conditions:
Moisture Content 28 %

Classification: Hon-dispersive (Category ND1)

Remarks:  Hole shows signs of enlarging at the end when inspected at end of test

Checked and|| s s
Approved GEOD 15080
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SHEBDON CANAL RESTORATION

BS1377:Fan 5: 1930 Clause 6.2
Determination of Dispersibility - Pinhole Method

Dsscription:
Sampie Ref: $8C Soft rec-brown sightly sandy slightly gravelly sity CLAY
Natural moisture content: B %
initial Conditions:
Remoulding: At Plastic Limit by kneading
Plastic Limit: 27 % approx.
Bulk density: 1.92 Mgm?®
Dry density: 1.51 Mgm*
0 approximate % matenal was retained on BS 2mm sleve.
Flow data:
Head Flow Rate Flow Duration Cloudiness
{mm) (mL/s} (min) (descriptive)
50 0.17 5 clear
180 0.87 5 completely clear
380 1.10 5 completely clear
1020 2.02 5 completely clear

Hole 1.1 mm uniform ntact diameter after test approximately,

Final Conditions:

Moisture Content: D %
Classification: Non-dispersive (Category ND1)
Remarks:

Checked and|| e thsbe
Approved GEO /15080
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SHEBDON CANAL RESTORATION

BES1377 2 Pan 5 1590 Clause 6.2

Determination of Di

spersibility - Pinhole Method

Sample Ref: HAC

Description:

Soft rag-brown skghtly sandy gravelly siity CLAY

Matural moisture content

Initial Conditions:

T %

Remoulding: At Plastic Limit by kneading
Plastic Limit: 18 % approx.
Bulk density: 200 Mgim®
Diry density: 1.8 Mgim®
0 approximabe % materal was retalned on BS 2mm sieve.
Flow data:
Head Flow Rate Flow Duration Cloudiness
{mm) {mlLis) {min} (descriptive)
50 0.38 5 completely clear
180 0.88 5 completely clear
380 1.57 5 completely clear
1020 287 5 completely clear
Hale 1.1 mm uniform intact diameter after test approximately.

Final Conditions:
Moisture Content

Classification:

Remarks:

Heole enlarged below "nipple” at end of test.

7 %

Hon-dispersive (Category HD1)

Checked and]| Free tamta:
Approved GEQ | 15080
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SHEBDON CANAL RESTORATION

ES1377 - Fot6: Clause 5:1930
Determination of Permeability in a Triaxial Cell
Sample Ref. Ni1A Descrggon:
Cell Ret: Qo8 S0f brown fine 1o medum sandy graveily CLAY, graves Is fine to
Chainage: NiS coarse
SPECINEN DETAILS
Deopth wither stigitnl sampie 100mtn Mo bap
COrartaton within odgne Varical
Specitrme preperalon Uadslurbed
TESTDETALS
Cal Pregarstion
Dienster
g
Vostise Comant
Buts Danay
Dy Demalty
Voida Rute
SATURATION STAGE |
Sefutation nlialy by curatatt moalise corferd, Blowes by Sect-pressus smalance wang 5-10 ke dfatenlal |
© veus | 090 | 007 |
CONSOUDATION STAGE
Effactve presaus APw B
| Volome chanige L 30
PERMEABLITY STAGE
Fressire dfferanice a1oms Spaceran 10 | Coefficlent of permeabiity st 20°C =
Maan efleive strons AP £ <
17x10 m=
TEST DURATIONS
HSalutation deya 2 Hycraulic Graclert « 153
Coracidation deys 1
Flow days 1
200
- -
4 A
4 -
% /
-
/’
0 ,ﬂ’"
=
L
3
0 200 000 1500 3000 320 00
Time (min)
Crecked and|| Frems Nusber
Aeproved GEO/ 15080
Intax Fraet Aare
RJP CANAL PROJECT SAMPLES
Cuta
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Gl B Tammsmgun: artan. Skt 3 (35 e oo P P g, s Wbt 5% ok PN

Page51



December
1, 2009

SHEBDON CANAL RESTORATION

BS1377 :Part6: Clause 5:1930
Determination of Permeability in a Triaxial Cell
Sampe Ref. oS Descrigton:
Coll Ret: = Eof red gravely sity CLAY
Chainage: N2S wih rare shel fragments
SPECINEN DETAILS
Depth within original samole 2rven Yom lop
Ormetuton wihin ceiginel Vartosl
Speciman reperation Undalurted
TESTDETALS
Cal Precastion Patfeemed bs sexvr dance with Case 3 5
NITIAL Fal
Diemater mn 150 742
Haignt awm TS 7a7
Mosture Coman “ £ 2
Bulk Denly ot 186 187
Cry Dansdty M 138 142
Voids Rato Losd 0882
SATURATION STAGE ]
Seturation nilely By cofalistd reoalum cordard, lowed by Sack-pressos ssahiance uang 5-10 kP a difatentiel ]
' valie | (7] | o0 |
CONSOLIDATION STAGE
EMactive prexace AFe £
| Vetume change [ 109
PERMEABLITY STAGE
Frexswe dfisrence aoiow specioren x l Coefficient of permeabiity 3t 20°C =
Meoun affective strass Afw a0 -
36x10 m=
TEST DURATIONS
Saturation days 2 Hyoraufic Gradert « 277
Cormcldation days 1
Flow ueys 2
©
-
/ i
Ee ragi
‘% /
é ,4/
»
o b L~
,'
)
0 o o0 20 220 230
Time (min)
Crecked and|| Frams hurta
Aspeoved GEO/ 15080
imtae Sract Aarm GEOLABS
P CANAL PROJECT SAMPLES
Tane
2611000 SHEBDON CANAL PROJECT
e d M"— B A ————r. A & WAL LT Mo SN, e W
et Sgne 48 ——S gt © © Fivaane Tomieg © G g 4 B T P Ve A0 Pt T ey
o e T b bubas 34 55 an T Pt T Angus v M. 54 P
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SHEBDON CANAL RESTORATION

BS1377 - Part 6 : Couse 5:1930
Determination of Permeability in a Triaxial Cell
Sample Ref. NZA Descrption
Ceil Ret o8 Soft red sightly sandy gravelly sity CLAY
Chainage: NES
SPECIMEN DETAILS
Dapth wihis ofigieal sanpie 100w fom top
Orwrtaion within oignel Vafioal
Epaditrmn preparaion Undalurtes
TESTDETALS
Cel Mecarstion Perfrmed bt sccordence with Owne 35
NITIAL FiNaL
Dreneter e ™M™t 755
gt o LLS ] a0
Mustorn Conterm - £re s
Budh Dandy Matnt 184 188
Dry Destatty Mo 137 140
Voigs Rato 0 982 0 a0
SATURATION STAGE |
Satundion nbaly Sy toratan mobllm cortert, Rlowed by Seck-prestue soalucce Lang 510 hPe diffwrental ]
B velin | 064 | aus |
CONSOLIDATION STAGE
EMactive pressue Afs )
[ Votume change L3 84
PERNEABILITY STAGE
Praxsure dference aiross specean 10 | c ot of H2C -
Maan sfisctive siress APe 45 -
70x10 m=
TEST DURATIONS
Satursdion deys 2 Hydraufic Gradere « 157
Coracldetion deys 1
Flow days 1
%
.
d -
4 >
Ex»
s o
; —
§ -
o
w0
-]
ot
o
[} m «e 20 oo 1000 1300 40
Time (min)
Crected and|| Praes Nercac
Approved GEO/ 15080
inraw Fraject Ners:
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Cute
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SHEBDON CANAL RESTORATION

BS51377 - Port 6 : Clause 5:1590
Determination of Permeability in a Triaxial Cell
Sample Ref. N8B Descripson:
CeilRet < Soft red sandy gravelly sity CLAY,
Chainage NEA sand is fine:
SPECINEN DETAILS
Dyt withe: criginal sarnrgpie 20men Nom 1op
Orertadon within oiginel Vafticsl
Bpaditrmr preperaban Undaturbed
TEST DETALS
Cat Preguraficn Perfomed i scooduvee with Owsan 35
NITIAL FINAL
Dtweneter o 753 T4
gt am 750 ns
Vusture Corant . 18 %
Btk Datraty Moint 297 21
Dry Desalty Mgt 1 a8 100
Voids Ruto 0437 0807
SATURATION STAGE |
Batltatice nialy by coratent roktuse conlart, Kiowes by Seck-praisue saascs whg 5-10 ke difeatel |
o v | 067 | ™ ]
CONSOUDATION STAGE
ENactive presaure Afe )
| Vehume thange mt 74
PERNEABILITY STAGE
Prussurs dfference azross spaciran x I [~ of A2C -
Muan sfiective siiwss Al 0 -10
18x10 m=
TEST DURATIONS
Betutatice deys 2 Hydraufic Gradent « 263
Coracldeton days 1
Flow deys 1
s
3 = -
% /
: —
§ ' =]
5 J/
es ‘/
0
] 500 000 =0 2000
Time (min)
Crecked and|| Fraes Nerter
Agproved GEO/ 15080
oaw Project Narw:
P CANAL PROJECT SAMPLES
[
2201100 SHEBDON CANAL PROJECT
g PR ket e ova, S, i P 336 B
) e
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SHEBDON CANAL RESTORATION

BE1377  Fart&: Clauze 51230
Determination of Permeability in a Triaxial Cell

Sample Ref. NSB Descrpion
Ceoli et c Sof red sandy gravelly sity CLAY,
Chanage: NSA sand is fne
SPECIMEN DETAILS
Dupth within origioal sarrgie 20tren fom g
Ormntaton within odginel Verion|
Bpeciran peepasalion Undalirted
TEST OETARS
Cmt Progaiation
Dierneter o
gt e
Woisture Coentarn -~ 1% ¥
Butk Dansty Mt 217 FaL]
Dry Dessity M t 1.00
Vivds Ruto 0437 o&or
SATURATION STAGE
Sefutaton nillaly by cotaland mosiuse cottent, Riowes by Beck-jusaacie ssasiancs Lang 5-10 kPe difarealel |
B vaun I sy I 008 |
CONSCOLIDATION STAGE
Effaciive presaurs APe )
| Vahsme chenge L 74

PERNEABLITY STAGE

Prassues dlferenice aross specisan n I Coefficlent of permeablity ot 20°C =

Moun aflective stress APe 4 -10
1.8x 10 m=

TEST DURATIONS

Seurenn auys 2 Hydralic Graciert « 263

Coracidetion deys 1

Flow deys 1

L 200 w000 00 200
Time (min)
Checked and|| Praec Nember
Approved GEO/ 15080
Intae Traec Nare
P CANAL PROJECT SAMPLES
S e 1ie SHEBDON CANAL PROJECT
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SHEBDON CANAL RESTORATION

ES1377 - Port € : Clause 6:1930
Determination of Permeability in a Triaxial Cell
Sampie Ref. NEC Descrpton:
Cefi Ret: ™ S0 rec-brown sighty sandy sighily gravely sity CLAY
Chainage: NEA
SPECIMEN DETAILS
Deapth withis originel sarnge 200w Yom 129
Ormetaton wihin oigined Vorica!
Specitran fyeparatun Undatubed
TEST DETALS
Cal Pregantion Puiformed by scoordence with Classe 35
NI AL
Dlamete e &t a7
ot am T4 740
Masture Comand - 24 =
ok Derraly Mptrt 202 208
Dy Donalty Myt 183 188
Voids Rato 0838 0612
SATURATION STAGE |
Sefuratice nlaly by curalant moalloe corfart, Slowed by Seck-prasasus sssalance cang 5-10 WPa dfemale! |
B valin | 09s | 1.00 |
CONSOUIDATION STAGE
EMective prasacs [ ES
| Valume change L 40
PERNEABLITY STACE
Prexaws dfferetice acros specirran 20 I Coefficient of permeabiity st 20°C =
Mean sflective siress AP 40 =
1.5x10 m=
TEST QURATIONS
Seturatoe days 2 Hydrauic Gradent + 275
Corscltetion deys |
Flow deys 1
1<
R
F 1w
P =
3 et
w L
*
§ e -
J/
. - “/
N /
Q
0 200 - [ ot "0 20 00
Time (min)
Checked and|| Fraect Nembec
Approved GEO/ 15080
ntax Frect Aere
P CANAL PROJECT SAMPLES
Care
2801000 SHEBDON CANAL PROJECT
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December
SHEBDON CANAL RESTORATION 1, 2009

B51377 - Port 6: Clause 5:1530
Determination of Permeability in a Traxial Cell
Sample Ref Cl1A Descrption:
Coll Re: <1 Firm reddish Brown sandy sity CLAY with
Chainape: 87 occazional fne 1o medium gravel
SPECINEN DETALLS
Dapth within ongral sermsie Hrren from o
Ormrtaton within signel Vencal
Specitran peeparation Undslurbed
TESTDETARS
Cal Pregartion Parfurmad iy sceer daice with Cnse 3 €
Dlamete L
Hagt am 745 T4z
Moisturs Condent - n %
B Densey Mptnr 222 228
Dy Decalty My 182 184
Voids Reto 0853 0852
SATURATION STAGE |
Sefutation nialy Sy comiarnt roatiue ctdent, Riowed by Seti-pledsurs sasalance cang 5-10 WPa difemate) I
B valie [ na7 [ 1.00 |
CONSOUIDATION STACGE
Effective presaus AP 3
| Velime change L 48
PERMEABLITY STAGE
Praaue dflerance acuss speciran ) | Coefficiant of permeabiity 3t 20°C =
Maan eflective shiuss APw 40 =
1.1x10 m=
TEST DURATIONS
Heturanon deys 3 Hydrautic Gradlent « 275
Caractusten days 1
Flow days 1
300
LY
i ‘ _‘,./.‘
w
» 00
S 4 ]
/’
]
0 020 1000 1900 00
Time (min)
Crecked and|| Fraet Numter
Aeproved GEO/ 15080
it Fraect Nure
RIP CANAL PROJECT SAMPLES
=
241108 SHEBDON CANAL PROJECT
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1, 2009

SHEBDON CANAL RESTORATION

ES1377 - Fart 6 : Clause 1590
Determination of Permeability in a Triaxial Cell

Sample Ref. C3A Description:
Coll Ret. 0s Sof rec-brown sightly sandy graveily =iy CLAY
Chainape- c3
SPECIMEN DETAILS
Dapth wihin oigmml sarrple 20¢ren o e
Ormrtuion within oognel Vafical
Bpaciomn prepanslion Undalurbed
TEST DETALS
Cat Prepanticn Parfrrned i sccor desce with Coan 35
MNITAL FINAL
Qenete m 151 i
Hugrt mn CRnl ¥ ]
Moistirs Comenm £ 0 £
Butk Danalty Moty 1282 1.80
Dvy Denaity Mt t33 1354
Voids Rato 1.020 1.008

SATURATION STAGE
Seturadion hitialy by coratant moailie cocdurt, Riowed by Beck-plessins ssaalance wang 5-10 kPa difarsotel I

B vaue I [ F-14 I 1.00
CONSOUDATION STAQE
Effeciive presscre APw 0
| Volume change -~ 32
PERMEABLITY STAGE
Prexsure dffecance eoss specran 20 I [ it of tyst20°%C =
Wean effective stress APe 40 -
82x10 m=
TEST DURATIONS
Setursdon duys 3 Hyoradic Gradent « 2335
Coracldeticn days 1
Flow days 1
o
10
=1
i o /‘f
w
©
-
g P
g B /’J/
s o
o il
)
[ =00 1000 1200 200
Tive (win)
Checked and|| P Nertar
Acproved GEO/ 15080
intaw Pramct nerw
P CANAL PROJECT SAMPLES
20611140 SHEBDON CANAL PROJECT
L Sy ———— T
rat e - R o 4 s o 3y
L S RSV on
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SHEBDON CANAL RESTORATION

BS1377 - Fort6: Clawze 5:9930
Determination of Permeability in a Triaxial Cell
Sampie Ref. CzA Desorpson:
Ceil Ret Qs Firm reddizh brown sandy ity CLAY with
Chainape: =3 occazional fne io madium gravel
SPECIMEN DETAILS
Dapth withe 2ginal sarmcie 20 from 1op
Orwttaten within origine Venicsl
Speditran praperalon Undslirbed
TESTDETALS
Cul Mrepuretion
Ctemele mn
raght o
Nasture Condarnd -
Sulh Denaty Mot
Dry Denslty Mt
Vioide Ruto
SATURATION STAGE |
Setloation hilialy by curalant moslue osebers, Biowes by Seck-pikes e slaatatos bang 5-10 ki'e difaetnl |
B vae | 083 | o7 |
CONSOUDATION STAQE
Effective plemaure AP BN
Votume change ml 51
PERNEABLITY STAGE
Prasawrs fleenie actus spactrmt 20 | Coefficiert of parmeabilty 3t 20°C =
Muarn aflective siruss Afw 40 -
83x10 m=
TEST DURATIONS
Seturation daays 2 Hyoraufic Gradent « 250
Cosaclidation days 1
Fiow deys 2
L]
"w /..«"
e
3 t”
% ® / /
[
G L~
% -~
—
]
L]
0 200 1000 1200 2000
Time (min)
Checked ang|| et Nerber:
Approved GEO/ 15080
intne Triect nars GEOLABS
P CANAL PROJECT SAMPLES
Cuse
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SHEBDON CANAL RESTORATION

BS1377 - Fart & : Clause 6:1590
Determination of Permeability in a Triaxial Cell
Sampe Ref. S3A Descrpson:
Coil Ret os Sof mottied red-brown and grey Fighty gravely
Chainapge: k- sandy sity CLAY, sand iz fine
SPECINEN DETAILS
Dwpth withn origieml sarrgie 100suem oo top
Orimrtmten within ovigned Vanicsl
Spetitrmn preperabion Undslirted
TEST DETALS
Cal Pregmreton Pecformed it svor dasce with Cese 3 S
NITAL FNAL
Dterneter am 731 7
Foight mm niy T3
Woisturn Corernt - 2% 2%
Hulb Denaty sptt 165 190
vy Destsity e 153 155
Voids Reso 0752 074
SATURATION STAQE
Seturefion niialy by cotaled rosium cooinrt, Riowed by Bech-Dlexsire ssalsnce wang 5-10 kts difweninl |
' value I 0495 ] 1.00
CONSOLIDATION STAGE
Efactive presse APe )
Volume change mL 40
PERMEABLITY STAGE
Pravaure Afleence 8108 specTEN 1 | Coefticlent of permeabilty at 20°C =
Mauun afloctive shiuss APw 45 s
1.0x10 m=
TEST QURATIONS
Seturefion deya 2 Hyorsulic Gradient « 143
Coraclidetion days 1
Flow days 1
"w
L]
g =
i ,f!/r
- o~
L Fad
£ A
o
» /r/
]
o 000 e 2000
Time (min)
Crecead and|| P Nurter
Apgroved GEO/ 15080
mEna Praject M
RIP CANAL PROJECT SAMPLES
B et 10w SHEBDON CANAL PROJECT
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1, 2009

SHEBDON CANAL RESTORATION

BS1377 -Fart 6 : Clause £:1930
Determination of Permeability in a Triaxial Cell
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BS1377 - Fart 6 : Clause 6:1930
Determination of Permeability in a Triaxial Cell
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BE1377 - Fort 6 : Clause 5:1930
Determination of Permeability in a Triaxial Cell
Sampe Ref. s7c Descrpson:
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