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1. INTRODUCTION

2. SCOPE OF WORK
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This was done as an "Introductory Investigation" to give an initial indication of
site conditions. Testing was done at _~_Jo~~!i(:n,!s (WJ1 - WJ8 in Figure 2), teo a
f!1axi~~IE_d~l?t~__9r6m b~!9~ existing sea bed leveL Logs are attached in
AppendixB.

The geotechnical investigation was conducted in 2 stages - a ~sk study with
water jetting and shallow sampling in December 1999, followed by cone
- -I-,"

penetrometer testinK~I?-~~~p~_a_l!!21~~KinfebIJ.1~IT-2_QOO,- A summary of the
investigation is given below. Refer to Figl!-re 2 for the location of all tesdng
and sampling sites. Photos are attached in Appendix F.

It is understood that the depth of interest from a dredging perspective is $m
below the existing sea bed.

The scope of work involved:
Establishing material characteristics across the site;
Establishing foundation conditions across the site;
Identifying geotechnical issues that may impact on site development.

A desk study supported by surface mapping and aerial photographs was
undertaken to establish site geology.

At the request of Peacock Darcey & Anderson, for Tominex Holdings Pty ~td,

Pitt & Sherry have undertaken a preliminary geotechnical investigation for
proposed marinas and residential development at Ralph's Bay, Lauderdale (Jee
Figure 1 Location Plan). Proposed works include:

• Dredging to establish marinas, boat harbours and access channels;
Land reclamation by constructing embankments and

• Construction of breakwaters, bund walls, marinas & buildings.

The object of this report is to comment on geotechnical issues associated w'th
the proposed development, based on our investigations.

Toininex Holdings Pty Ltd
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3.2 Field Investigations

3.1 Desk Study
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3. METHODOLOGY

3.2.1 Soft Sediment Water Jetting



4. SITE BACKGROUND
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3.2.2 Electric Cone Penetrometer Testing (CPT)
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Logs are attached as Appendix D.

Results from the organic content assessment were not available at the time of
writing this report. Results from the remaining tests are attached as Appen~ix
E.

Testing was done on representative samples as follows:
:> Grading (x 10)
:> Atterberg limits (x 4)
:> Particle Density (x 3)
:> Setting characteristics of fines (x 2)

(hydrometer)
:> Dispersion (x 1)

);> Organic content assessment (x 2)

Laboratory Testing

Disturbed samples were taken at 6 locations, as follows:
Shallow samples (to maximum depth of 0.85m below sea bed) were t en
from 3 locations (AH1- AH3), using a hand auger. J
Deep samples (to maximum depth of 5.3m below sea bed) were taken f m
3 locations (DS1- DS3), using an excavator with an auger attachment.

Ralphs Bay Canal is a feature of the area, constructed in the 1920's to proV1ide
access from Ralphs Bay to Frederick Henry Bay. The entrances on both si es
of the canal have silted up and the canal is no longer operational.

The site covers 175 ha in the tidal flats of Ralphs Bay, west of Lauderdale, 20
km east of Hobart. The tidal flats,extend approximately 800rt.!. out to sea be~ore

dropping down to deeper water. The tidal range is in the order of 1 metre. The
area is bordered by urban fringe and rural land, and is popular for recreatidnal
water sports. The northern area of the bay is a Conservation Area.

Cone Penetrometer testing was done for detailed depth profiling. It formed the
main thrust of the investigation. Testing was done at 23 locations (PT1 - PT22
& PT23), to a maximum depth of 16m below existing sea bed level. Logs are
attached as Appendix C~ with a description of the CPT procedure.

Sampling

Pitt & Sherry Consulting Engineers ©
17 March 2000

Prepared by: R Gilbertson

3.3

" 3.4



--------------------------

6. DISCUSSION OF RESULTS

6.2 Summary of Laboratory Test Results

6.1 Interpretation of Cone Penetrometer Test (CPT) Results
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Testing was done on represent:ltive samples of sands and clays, taken from he
upper 4m sediment layers. A summary of results is presented below. 'TIest
results and grading curves are presented in Appendix E.

Interpretations of the CPT data have been made and are presented as Schematic
Geological Cross Sections Appendix A. At two locations, deep sampling hdles
(DS1 & DS3) were augered within -10m of a CPT hole. The CPT logs show
good correlation with the deep sampling logs (see Figures 3A & 3B
Comparison of Logs). The material types and strengths compare welL The
location of material boundaries varies by up to 700mm. This discrep I cy
cannot be attributed to either investigation method, and is most likely due to the
variability of geology.

The 1:50,000 geological plan of the site (ref 2) shows Ralphs Bay Neck
covered by surficial dune, windblown sand and swamp deposits of Quatemrry
age. These sediments are underlain by Permian age rocks (siltstone, sandstl1me
and mudstone), which have been intruded by Jurassic age dolerite.

A number of apparently very hard bands (to 72 MPa in PT12) were
encountered at varying depths. A limitation of the CPT method is that it wo ks
well for materials of size less than the measuring tip (10 cm2

, or 40mm dia).
Large stones, when encountered, will give a cone resistance greater than actilial,
because of the greater bearing area. The method is also unable to determine the
exact nature of any hard bands (ie whether they are shell, shingle, gravel or
cemented layers). The rig operator felt the response in most cases was caused
by dense shelly layers.

On the tidal flats, shingle is evident on the foreshore around the c,al,
extending about 140m out to sea. The shingle is composed of roundedI to
subrounded country rock (dolerite, sedimentary rocks) to 150mm diame er.
The shingle has been quarried historically. Shells (-25mm diameter) cover he
surface of the site to varying degrees.

Ralphs Bay Neck evolved from the formation of a sand spit on the Frede~ick

Henry Bay side, contemporaneously with the formation of a shingle and s~ell

spit on the Ralphs Bay side (ref 1). As the strait closed up, salt marshes
developed between the spits and in the quiet areas of Ralphs Bay.
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7. GEOTECHNICAL ISSUES

Based on the interpretation of CPT and laboratory results, it is speculated that:

Page 4

The site should be dredgeable to at least Sm depth below sea bed level, using
conventional excavating equipment. The presence of dense layers of
uncohesive material (to 6m thick) should be noted if pumping is considered as
an excavation technique. These layers have been interpreted as shelly s~nd

bands, but there is a risk they could include stones of coarse gravel or cobble
Size.

• Most of the site is covered by a surficial layer of loose shelly sand, up to
6m deep in places.

• Underlying sediments in the northern open area of the site (PTI to PT18)
are loose to moderately dense sands, stiff silts and clays (some high
plasticity), with layers of moderately dense to dense shelly material (shel
bands) in places.

• Underlying sediments in the southern sheltered waters (PT19 to PT22) are
silts and high plasticity clays, often firm to stiff, but with some soft spots.1

• Sediment layering does not appear to have any broad continuity across the
site (see Schematic Cross Sections Appendix A).

Table 1 ~ Summary of Laboratory Test Results
Test Material Results

Grading Sands
typically fine to medium, with
varying shell content

Atterberg Limits Clays high plasticity clays
Particle Density Sands 2.66 g/m.)

Clays 2.72 g/m3

Organic content Sand Results not available
Clay Results not available

Hydrometer Clay Solution still cloudy after 2 weeks 1

Sand, clayey (see Photo 7 Appendix F)
Emerson Class 5. No dispersion after

Dispersion Clay, high PI remoulding. The soil should not crust
and erode particularly readily.
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1 Hydrometer analysis done to NATA standards, using distilled water.

7.1 Dredgeability

6.3 Geology and Material Characteristics
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A dispersion test was done on a typical high plasticity, grey clay from 2.0 ~

305m depth (Sample Hole DSl). Results indicate this material is not pron1 to
dispersion or erosion.

Hydrometer analysis indicates that there is a high proportion, ofJine m~l~Jj._'!1__Ln_
the silty sands and ~ys that does not readi!y_~~~~Ie.QU:t of suspensionl in
distilled water (as per NATA test conditions). Conditions under salt wfter
conditions may be more favourable. (Note: This is currently being evaluate .

The sampling methods and testing programme for this investigation were
designed to provide an overview of the site. Further testing will be required to
provide information for the design (and possibly feasibility) of specific wO~ks.
Ensuing field work may include obtaining undisturbed samples for material
identification and laboratory testing.

FURTHER WORK

OTHER ISSUES

Settlement & Consolidation
No highly compressible materials were found. Settlement of the loose surfi~ial

shelly sand layers should occur as construction takes place. Some consolidat~on
will occur in the clays and silts.

Piling
The CPT is a model pile, and its use is specifically aimed at design of pi es,
including their type and loading capacity. In general, most matel~als
encountered should have sufficient strength to give moderate side suppo to
piles.

Embankments
No significant embankment stability issues are expected for embankments u~ to
4m. The majority of cohesive materialsin the upper Sm profile appear to bj,of
reasonable strength (stiff). Local soft areas may be encountered, particularli at
the southern end of the site and around the canal. The soft layers encountered
during this investigation were a maximum of 3m depth, and underlain by sl·ff
material.

Foundation Conditions
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CONSISTENCY TERMS-NaN-COHESIVE SOILS O\{)I\A +s lb-lq93)

A-bb.-Wia..h DII\. Term Density-index %

VL Very loose ~15

L Loose >15 ::;;35

M~ Medium dense >35 ::;;65

t> Dense >65 ::085

VI) Very dense >85

Exudes between the fingers 'when squeezed in hahd

Can be moulded by light finger pressure

Can be moulded by strong finger pressure

Cannot be moulded by fingers
Can be indented by thumb

. Can be indented by thumb nail

Can be indented with difficulty by thumb nail

CONSISTENCY TERMS-COHESIVE SOILS (~M \t2.b-I~~S),

Field guide to consistency IM:.6ev ,o...ho v.... Term
Undrained shear strength

kPa

v£ Very soft :s:12

.s Soft >12 s25

r Firm >25 s50

0t Stiff >50 s100

Vs:~ Very stiff >100 ~200

~ Hard >200
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I) " Ralphs Bay - Water Jetting
,- 10/12/99 - Low Water 5:43/ 0.70m

1'1
, i

I""
>,.J Hole Number Location Depth (mm) Layer OfMaterials

II WJl 0539433 0.00 to 1.20 sand, fine gravels and shells

~ 5247015 1.20 to 3.50 clays, sandy siltyI ~ '.-

I,
3.50 to 3.80 gravel ~ hard
3.80 to 4.00 gravel
4.00 to 6.00 clay ~ hard

I

1-,., WJ2 0539320 0.0 to 1.20 sand, fine gravels and shells
5247337 1.20 to 4.00 clays, sandy silty

i C~ 4.00 to 5.00 day
,,,J 5.00 to 5040 coarse gravel shingle

5040 to 6.00 clays ~ hard
, '

WJ3 0539113 0.0 to 1.50 sand, fine gravels and shells
5247803 1.50 to 3.00 clays, sandy silty

,I' 3.00 to 4.00 clay
4.00 to 4.30 coarse gravel
4.30 to 4.60 clays - hard
4.60 hard layer - clay?

" WJ4 0538816 0.0 to 1.50 sand, fine gravels and shells
5248020 1.50 to 3.10 clay

3.10 to 3.30 gravel - hard
:' 3.30 to 4.20 clay

4.20 to 4.50 gravel ~ hard
4.50 to 6.00 sandy clays - hard

I'",'. WJ5 0538873 0.0 to 1.00 sand, fine gravels and shells

I 0
5248264 1.0 to 5.50 sand and fine gravel/shell layers

, ,
5.50 to 6.00 sands - hard (hw sanstone ?)

f WJ6 0538835 0.0 to 2.00 sani, fine gravels and shells

'-. 5248420 2.00 to 4.00 clays. sandy

\ 4.00 to 5.50 clays

I~
5.50 to 6.00 sands - hard (hw sandstone ?)

t WJ7 0538743 0.0 to 2.50 sand, fine gravels and shells
,~

5248616 2.50 to 3.00 _ gravel

~
3.00 to 4.00 clays sandy
4.00 to 6.00 sands - hard (hw sandstone ?)

[ WJ8 0538683 0.0 to 1.50 sand, fine gravels and shells
5248883 1.50 to 3.90 clays sandy

- 1 3.90 sands· very hard (hw sandstone ?)
iI';

, f-.:
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Pitt & Sherry
Laboratory and Field Testing Services

Electric Gone penetrometer Testing at Ralphs Bay

1. SCOPE

The electric cone penetrometer is a device for measuring the point resistance (qf) and
.frictional properties (fs) of soil, as the probe is pushed into the soil. The equipment i~ trailer
mounted weighing 1.5 tonnes and can be towed around the site by a small excavator CY to 10
tonne).

2. APPARATUS

(a) Trailer mounted Penetrometer (20 tonne driving capacity).
(b) Excavator 10 tonnes
(c) Probe driving rods 35mm
(d) Electric cone probe tip and sleeve assembly (10 & 5 tonne)
(e) Soil sampling device
(f) CPT Data acquisition system
(g) GPS Data logger
(h) Site ranging poles (4 off)
(j) Measuring tapes

3.. PROCEDURE

The survey was carried out by two technicians. Ranging poles were used to determine
approximate locations of the penetrometer testing. GPS was then used to determine aCFurate
position. All depths were measured from ground surface level. I

The location for each penetrometer hole was predetermined and the shortest route selected for
traversing between them, thus minimising surface disturbance. The access route wa~ then
checked for stability using a Farnell (hand) penetrometer. An excavator towed the
penetrometer into position. I

Once the penetrometer was located over a selected site, the four mechanical legs on timber
blocks were adjusted to ensure that the hydraulic rams were in a vertical PositiOntl. The
machine was then anchored by means of one 300mm anchor at each corner. These crew
anchors were driven 1 meter into the ground by means of a hydraulic spanner. Ve little
disturbance of the surface materials was created by this method. I

Once the machine was secured, the testing could commence by pushing with the
penetrometer machine a 35mm probe into the ground to the desired depth.

The survey started at the northern end of the bay and progressed in a southerly direction along
two main transects. Tidal position determined the starting location. Tidal periods deterrined
how many times the penetrometer would have to enter/exit the site to complete the transects.

The disturbance to the environment was considered minimal with this form of surveJ The
excavator employed had wider than normal tracks, was lightweight, and avoided SleWingJ'~s far
as practicable, resulting in limited surface disturbance. Advancing and withdrawing the probe
created virtually no disturbance around the probe. Any disturbances were usually q~iCl<ly

moderated by tidal action. I

No hazardous materials were utilised in this process - on board fuel being the only poteitial
contaminant, and only in small quantities. All reasonable measures were taken to avoid ny
fuel spillage into the bay, eg no refuelling was undertaken over the water.
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Ralphs Bay - Auger Holes
12/12/99 - Low Water 6:15/ l.OOm

Hole Number Location. I Depth (nun) ! Laver of Materials
I .

AH! 0539304 0.00 to 0.30 sand, very fine, slightly shelly, slightly organic, grey
5247297 0.30 to 0.70 coarse shell layer with sand fines, grey-white

0.70 to 0.85 sand, very fine, slightly plastic, organic, grey-black

AH2 0539108 0.00 to 0.30 sand, very fine, slightly shelly, slightly organic, grey

5247967 0.30 to 0.70 coarse shell layer with sand fines, grey-white

AH3 0539110 0.00 to 0.20 sand, very fine, slightly shelly, slightly organic, grey

5248239 0.20 to 0.60 very coarse shell layer with sand fines, grey-white
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m ~ ~- sam:)les and tests class!fJcation symbols l<2.0sistencv/relatjJe densltv

I:Ile.1ll2.d C casing and soli description VS - very soft( U50 - undisturbed sample
AS auger screwing" M mud

50 mm diameter
based on unified S - soft

AD auger drilling' penetration classifIcation system F -firm
R roller/tncane ~ no rasistance 0 - disturbed sample St - stiff

", W washbore ranging to ~ VSt - very stiff
CT cable tool refusal N - standard penetration H - hard

0 -dry Fb - friable

I • bit shown by suffix: ~ test: figure =result M -moist VL - very loose
B - blank brt ~ , aOct, 73 water level SPT + sample W -wet L -loosev- "V. bit "'=" on oate snown N' - PL MO - moderately ,en'sewater Inflow <T- TGbit PL 0 ' - dense Iwater outflow Nc - cone penetrometer =
e.g. ADT > PL VD - very dense
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borehole nb:
I

25 C!:ISL)
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job no: Et\q cA,;l

I

~, project \?o.\ pIA So Qo.i Cu:+e.cY..,\;l.O.-\ \ r\'IWljoJiOv'\..l hole commenced: 18/0;L{o-;J
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~ 5 ., C u-
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'8 ""@ 't: notes ~:g material - 0 =::-;; ~ ~ 'Q)

0 0; --! depth .g .22 III C -=;;;E
oJ: ., c. 'iii samples, =E soil type: plasticity or particle characteristics. "'"0 - III a.
0.> C C. tr metres 0- OC ~"'O additional obsertJons:::> ;: ",,..
E III tests, etc '" ", ", COlour, secondary and minor components. E 8 C--' kPaa. ol
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MY =mill ~- samples and tests class!fjcatlon symbols consistency/relallve deoslti
l'rIM.tho..d. c casing and sol! descdoJio.n VS - very softU5D - undisturbed sample

AS auger screwing" M mud
50 mm diameter

based on unified S -soft
AD auger drilling' penetration classification system F -firm
R roller/tncone ~ no resistance D - disturbed sample 5t -stiff

~
W weshbore rang'ng to m.o.W!.IIl!. V5t - very stiff
CT cable tool refusal N - standard penetration H - hardII ~ test: figure" result

0 -dry Fb - friable
" bit shown by suffix: M -moist VL - very loose
B - blank bit ~ 10 Oct, 73 watar lev~ N' SPT ... sample W -wet L ~Ioosev- "1/" bit -= on ate sown - PL MD - moderateI dense
T - TC bit water Inflow <

1 water outflow Nc - cone penetrometer = PL 0 - dense
• e.g_ ADT > PL VD - very demIt
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bo~hole nc:

sheet

m

operator.

1~/OlIOQ

I~ I02 /1)':)
NJo

J~iw.j

R.L surface:

hole commenced:

hole completed:

supervised by:

log checked by:

datum:

file:

deg.

deg.

slope:

bearing:

job no: 1:'1 qoq 2

drill model and mounting: tobot,,- "'-><: CAVOI.tQ-<' (11. t) .uJ}l...

hole diameter. 300 mm ~\)U cv.A-j'J

I ~ngineering log
3borehole

I.~ project I?o.lphs Bc,'1 ~(..oj..e.chV\:u:J l ....w U hj c:...-r.o.'V

I~, borehole location: 2. to Sa.""'9 Ie.. r10 \e, CbS 3)
,'... .1

I.,
I
'J.........,...--,..,.--r----r--r--1-,....----------r-..-

c
r-i---r_~~'5~~."l.. r------+\---I

"8 material ~ a :<., .. c
~ .=:;::: .§;;j -= '" E str\lcture and
- soil type: plasti"ity or particle characteristics, .!!J. 'g '" "c c. ddltl I b i tJ. .,j;.:" E colour, secondary and minor components. ~ 8 1:i

uo
f!. kPa a one a se ons
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U50 - undisturbed sample
50 mm diam~ter

D - disturbed sample

N -- standard penetration
test figure ~ result

N" -- SPT + sample

Nc - cone penetrometer

[J;=w;;:::;;;;;';;;;:;;:=;;;:;:=~==~=;;;;;==;;;;;;=;;;;;;===;;;;;;n;;:Q=te;;:s=-=;:sa:;m;;;p;::le=s:;a;;;nd=te=sts==~c::;la;;s::;s;;Jfj;;;c;:at=IQ;;;n;;;S;;;Y;m:;b;;;Q=IS=~;;;:c:;on;;;s;;;l;;;:st;;;:en:;cy=/r;;;e:;la=tlv~~;;;d=e;;;n;;;si;;ty~

~
I!l.ll1b.l1..d C casing ~QII description VS -- very soft
AS auger screwing" M mud based on unified S - soft
AD auger drilling' Iil'netratlon claSSification system ~t ==
R rallerltricone ~ no rt;sistance

f.,.,:. ~T ~:~I~~~~ ~~~ug~~r to ~ ~St =~:% stiff
D -- dry Fb - friabie

I
~... .bit shown by suffix: ~ M -- moist Vl - very loose

B - blank brt ~ , 0 Oct. 73 wa~r lev~ W - wet L - loose
V - ·Y· bit "'" water Inflo~n ate sown < Pl MD - moderately dense

J
T - TC bit water oLJtflow ~ Pl D - dense \

.. > Pl YD - very densee.g. ADTr A-1316
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..i PITT & SHERRY

LABORATORY AND FIELD TESTING SERVICES

TEST REPORT

lQB.;. Ralph' s Bay Canal - Geotechnical Investigation.

MATERIAL: Various fine sands. shells and clay. as below.

SOURCE: Lauderdale Tidal Area. hoM

SUBMITTED BY: Field Testing Sevices for Pitt & Sherry.
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LAB No: A1220 PITT & SHERRY JOB No: E99092

Nlp70

14.pOO

DATE RECEIVED; 13.12.1999

9,-.o1l0w s,dlNlr"1v ~olW

AI-t \ ro AH.5

~'A
REGISTRATIOI\l NQ 1025

T
THIS LABORATORY IS ACCREDITED BY THE NATIONAL ASSOCIATION OF TESTING AUTHORITIES, AUSTRALIA. THE TESTS REPORTED HEREINA HAVE BEEN PERFORMED 'N ACCORDANCE WITH ITS TERMS OF ACCREDITATION, THIS DOCUMENT SHALL NOT BE REPRODUCED EXCEPT IN HILL.

Test

Method

16.12.1999
R. Absolom
Laboratory Manager

Sample Reference: lA 1B 1C 2A 2B 3A 38

Material: Fine santi and Clay, Fine sand and shells
shells sandy

% Pass AS 75mm 100

53mm 96

37.5mm 89

26.5mm 100 100 86 100

19mm 100 97 99 82 100 96

9.5mm 99 94 100 95 79 99 86

4.75mm 98 89 99 94 74 99 80

2.36mm 98 86 99 94 68 99 79

0.425mm 95 78 97 91 55 98 71

0.07Smm 1 2 56 1 1 2 <1

Liquid Limit, %: 42

Plastic Limit, %: 12

Plastic Index. %: 30

Linear Shrinkage. %: 13.5

NOTE: (Jj All samples. except ref. 1C. were dry sieved.

~

, ~--------+--------r---+---+------r----'---"""""'--+---A-S-12-8-9-.3-.6-.1-(L+----~1

~

~
I~
=t.',i·I----------1f----+----+---+---+---+-----,-------+------I-~-A-S-1-28-9-.3-.1-.1-, -3.-21--11--11

I'~ 3.3.1 & 3.4.1
Condition - oven dried 50°C

I
.J Preparation ~ dry siered.1 L...--~...l--~---i------L------l-----J-------L-..---:'-~----J

,1
. "J

I
I-'~
. .~

I"'
I'

J

IJ



ATTERBERG LIMITS

Sample Reference: 23/6 25/3 26/5

Liquid Limit, %: 108 51 34

Plastic Limit, %: 24 16 20

Plastic Index, %: 84 35 14

Linear Shrinkage, %: 20 14 5.5

lQB.;. Ralph's Bay Canal- Geotechnical Investigation.

MATERIAL: Various sands silts and clays.

SOURCE: Ralphs Bay Canal, Lauderdale.

SUBMITTED BY: Laboratory & Field Testing Services, Pitt & Sherry

LABORATORY AND FIELD TESTING SERVICES

I
......../2

215/4

I

•
I

A1l53/l

E919092

~09001 LIe <521

5""""'''1''''''

34.4

25/3

Repan N":
File N°:

100

99

98

62

22

26/5

I

DATE RECEIVED: 19.02.2000

~ ~ S<lu4J hakA
I

.DS 1 10 ])S,3

23/5

24.0

25n

100

98

98

97

97

96

94

28

6

23/4

41.4

96

98

100

23/6

23.6

23/3

TEST REPORT

PITT & SHERRY

4.75mm

2.36mm

1.18mm

0.600mm

0.425mm

0.300mm

O.l"iOmm

0.075mm

PITT & SHERRY JOB No: £99092

32.2

23/2

% Pass AS 9.5mm

Sample Reference:

Sample Reference:

Moisture Content, %:

SIEVE ANALYSIS

MOISTURE CONTENT
Test Method: AS 1289.2.1.1

LAB No: A1253



~~~:JWU;-t+._~._.~..J-.~"",~.>..J·""\'<'Jt-.-. ,ta..... '.h·'l~\l.~~.-'-?$Ht2a~~o_"~~;.~~ ~~-,~_,~
, MECHANICAL ANALYSIS - - ~ l. , '.

LAD. Nu.

MATER IAL: B.~ $.~..+. ~.~\\~ $.~~ th ..·L\.~ SOURCE: th\~.5 B:v.f :.. ,'~hP..\\R"W ..~~ £H:U 1 flEf·. No. J _

ICDUOLEf

100'~ .'" '.. .1 1001- . _ _I

- ::==' 1-=1----~=::- -= ::- ===J-==1_===-I-'-='~_~_I----I-- ===17=====_==== f----- ==t==~ -~:::~~~a_;:::;;;!~.t~::-=]~::=.::=.~== =:= =~ -= == ==
DO l- - - - 00

====~~=======--===-=,---=======I---='-==--=----j-~----, I- ::::;;;;;;;;;;- f- f_ I- 1=--' ---- ---
,------ --1- - - - ,. - ------- --1- - - t--r- 1- ~ I-

f---- 1- 1- f- 1-1- t- 1-
80 f- nu

_____ --I--====_=- ::1-I-- ===1-- - - - --_'----- -- ---1-~==:: -:: == =====1-- ===::: --=== ==r--- ==~==:: ::: ::.== ==
;- f----- / . 1- -1- --- ----

I- -- -. -1- t- f-- - - - _
70 110

- 1- 1- 1- f- .-f--------
1- f- -/- 1-t-t-i- I-I_l=1- 1_ = ==:: =-_-_ -_-_-

1-- -- . -1- - -- - -1- -I- 1----1-- _
GO ' - nu
::==I-=======::::::==========::-:-:---~lt==-I-I-- 1.::=====1-1-=== =='-=======:.:::==::.::====

5°1~§~~.~~;.~'~;~~;~~::~i:':=;~:~~;':~'~~'~~~'~§~;~~~~~~~~~.:"'''
40 . _ :_ _ . . ._=---,~O

~ - r--- ,-- t- - ----__.--------~__
------~-I----,- -,=---~I ---- =---~-::==f-=====I==:::::=====

30 I 130

1-,-- . --~=~~~~ -======::::::tiV==,-=== '= ~~I~= >-1- -I_~~~~- r- ~~~~~f- .J
20 f- - - -f- --1- 10

. ---~ ._-~=,====- =-=======C==~I'/~ ~ '.~=====-= f- f-- f-._.~~~==== . ~~~~~
I ~ '. ~ 'fI- 1_ t-- __ _ _ .__ . _ __ __ 10
-- -- --.- -- -- - - - - - -- - -- - - - -Ii - - ---- --- --t- -1- - - 1-,--- -,- - - - - - - -- -- --- - - - - - - _

o 1==::;-1==~ == = ==.:: =.:: === == === ==1===11::: =I==: == -=== =====~~ -=== == -=== == =~.=::. -=.:: === == --- - ---:- .. .:: -.- --.llJ
, .002 .OOS.O; .02 .OS.1.2 .S 1.0 2.0 S.O '1 10 20 60 100 20U """.

FINE MEDIUM COAIlSE I f'INE I MEDIUM COARSE FINE MEDIUM COARSE I
CLAY I SiLT fRACTION J SAND Fn~CTION I GRAVEL FRACTION J

2
~o
:c
Ul

til
N
Ul

2
«
:c
1-

rr:
w
2
11.

III
~

«
f­
2
w
U
rr:
III
"-

.,

Remarks: .

• - •••••••••••••••••••••••••• + ~ ••••••••••••••••••• ~. ~ •••• +. +~ +~ •• ~. ~ •••• , ~ ••• ++ •• ~ •••••• + ••••• ~

.. ~ ~ ~ .

. =..=:.. ..\A ~.~ ~.?:::';;~ ':'!.,..~.4)~ ..

....................I.~ ~.cl ~.~;~ '!! c;~~ .

A,S'I v IfS. " A.S. I ofI I Sieve ,0 leve
,.

Slnvs ~o
% !mm) Pa.. 'mm) Pan (mill) Pa..

~E
600

75 9,5 425
------- ----I-

SIZE

COGGLE

GflAVEL

SAND

SILT

Effective Sill) nUll.

Unifonnity Coofficielll .

Pa.rl:lcle. bensl~! H~ll:<.,;,) ..

Classi fica I ion .

Oruanic Matler %

_53 ---:E~.75t._300.-
37.5 .3(; 150

I I I 1-1==-----1--1------------------
So luble Solids , % CLAY 25,5 1.1n 75

•• ~ +. ~'" +. + •••• +. ~ •••••• ~ •••••••••••••••••••••••• ~ + ••••• ~ ••••••• + •• + •• + ••••••••••••••••••••••

+. + •••••••••• ~ ••• ~ ••••••••••••••••••• ~. +~ ••••••••••••• ~. ~ •• ~ ••••••••••••••• ~ •••• + •••• ~. + ••••••

~I 154) •
Dnld PrlJllHOd hy !\nlJrnvlld hv ..



-r-":'_~~~"''''''~-''d~'-~~-.~"~'''- _.;~I---'If';MJ·'~.HA :-:' ··C,. - LY ;"-;~~~--i-~:.-_"'"~~":_'"
I

LAD. No. t~

MATcnj AL'.m8N...JIl*-f1 ~ ,k.I\$ '" ~iMrk2 ..,;HuLQ!L SO UPCE, fg,lpk~ .B.Q.I.{ "..sW\I!\.!!. ..~., ..b~ ..A.Il.2............. nEF. No. l==.==

mrn.

1
o

200100

eouaL!:

60

FINE I lylEDIUM COARSE nNE COARSE FINE I MEDIUM I COARSE I
51 LT FRACTION GRAVEL FRACTIONCLAY

100 --1--;-----1---------- _ --I- .-' 'i=-=---=---: ~ b-' ~IIOO
1-__1__1---------- -_ , f--_I__ f- - ~ ----1..... --------

f---- f__f___ ----1- ...... -- ---!~~--------
_____________ ~_ ,- I-f-- I"""- - ----

90 1-_-_-_-+===~_=__=_-_--tI--+----+-t--+--++--1- ~ 1- ~l4- 190
1-------------- 1- ,- I- ----
____________ > __ ._ 1-i- -- --

I_ I- V-- • ~ I-
80 -- ~.. [10

1_ f- 1- 1-
l-- 1- I--t- 1- :LP iLl-- 1_1_ f- 1- -

~_ 1-

70 1_ ~ 1-1- 1- 7U
-/- 1-- 1- I-

---I--+---j--1--I- - ---I---hf--!--I- I- ~ '-___I-_-I ~__ ___- ~ 1- ------- ,- - - - - -- --
fiU ' ,---0- 01)t--======i==_'. _I l-- b ~-I----I==-I-------I- --===========:~====
f.-==_._==I----==::::::::~=-====='===:::=====:+--I.,L-- 1- 1- 1- -===~50 -----I6U

~=~__ I~~~=~ __I~=:=-~==I~!=;:~=;=~~-=:=----~~~-; :1- I~~~~~ .
40 , " 1-~40-=>- l-- -~ ====== __==:====-I~=p~=I-I=~ 1- 1- :=1-====:= I-~ =1==== -
30 /30

~== : =__I-=~_=:===f==l- I-- 1--
1='=2= 1 I-t=====I_ ==1-======1

1- 1- ,__ 1- 1--1- .',

20 20___ ~ ,:_:==:-::= _~= __ i_ - _I*:~=I--~I=:=I=- -=-=1_ =I==~=
10 '--.-:-.' f--- - 1-- ,- = --------- -- ---- ---1 10

.~ == --,-- =1-1- =::::::::: ==1-=======:::Irlt ==.: ==:==.= =:=1== =~:== == ==.:~I-==~ :::,: == == ---:-=====::: ::: == ==
o -.--, -- -.-'-.- -- --I=C .h=-- -il!1=---- ---l-- -I-I~--1- --1=== - -t=

.002 .oo!> .01 .02 .06.1.2 .6 1.0 2.0 6.0 10 20

2
~
o
:t
III

UJ
N
Ui
2
~
J:
l-

n.
LU
2
LL

11'
(j
<{
I­
2
LU
U
a:
ill...

.'

~1-lt.75 !-'l~>-

A.S. v A.S. I IA.S.
11 Sieve

.. lovo % Slevo ,~
% !mm)

P... 'n",) Pan (mill) I,>...

150 D.O 600

I --- --- ---.---
76 9.5 425

I---l-l---I-~~I,---'---

Effective Size rnm.

Unifof(',lity Cou r~iciel1 t. .

Classi fico tioll .............••. _, .

Orgonic Matler , %

Huilcle. 1::ensl~!(~l~p~..) .

SIZE

CClorLE

GRAVEL

SAND

SILT 37,5 \2.30 150

rt ernarks: ...::::::..= :2.A ~~.~.~~ y,l ~.~,~~ .

...................J..8. ~~ \9. ;0R.Q: ?,%'J Hl.. .~.~~JI.L .

~ •• ,. ~~ ••••• ~ •••••••••••••••••••••••••••• + •••••••••••••••••••••••••••••••••••••••• ~ •• 1+.0 •••••

•••• ~ + ~~. ~".""" ~ ~., ~. ~. ~. ~ ~ .. ~ ..

Soluble Solids % CL..,Y 2(L5 1.1(1 76

M 1647 • f)~ I ('" . Prr.lJilrod bv , . Annrru/n,t hu



- - ..,- - ,_. - - ~,;, ._ ..,__.,_.. " ._.';<'0. .~__ ....~~.- _ '''-'1''':- •
L...- L;~ ~"" ',._...i ~ tit.'0<"... ~-';'-'''''~·''·''·~J:'IAWAL·'''L-Y.-··-'~~j .-...IJ '.... l.-.J ...".J~_.--:-.;

, I ,
lAIJ. No. '"

MATE RIA L: .F.U\~,..sk!\.~ ~ S~ ~iMr.leJ ,s.A..:I;.~ SOURC E: eo.l~~,.~.;:" .s~C?:~}~.W CMA-J~ h~~ A.~ ".."..J nEF: No. I '.

ICOUUlEI

100 = =..iii: - _'- -I /'0 :jl00k- I- -- 1- - Ir--
'--~I-==I-=I=-:::.:::'- --f--I-------- ----_=:::::: .-~--.-=-==:::::::::====
---', - . -------j f- --7" - - - - - - - -- __

90 I-=---- 1-1--- ,_ :== ='='==.:::I-:---l DO
1- f- 1- ~~ __1----- _

1-1=== I- 1=- ---- 'I- 1- -- b~I..---I---------·----::::::--,--:1
80 , _lllll

1- =--------------------- := _1__ j;O~ ~ 1 - =========
f- 1- f- .- '-- - - - -- .... _

70 f- lID--1----- 1--1 1- -.-- •• _

l==:::: == ---.-:...1- ==e- I- f-- i= i= f- 1_ 1-
1
- --= --= -= : ==== ==

1---1--1--1- -- - - - - - ----- - - -f- - • -- - --If-- - - - 1-- ------ - -e- - __c. -- ----- -- - .. -- _ ... _6UI-- ~ .. _ _. I ==I=~ GlI
I--- I- 1- ~ _

I- '- f-f- _

50 1- ,---'- I--- I-~ -- 1- f- .. =1_ -:---l5U
1- 1_ --f-------------I- ~- _

.- - - ------------ ---- - - - -- ----
~ == :::=::======::::::= =:::==:::;: == == == == == --== -=;==~==~ _1===========~ =::::::::: == ====== _= =::::::::: ==~

40~~~ ~~~~:_I- I_- ---=l~~~~-I=:---I------I==:-=-~ I~ ~]};~---~ 40
30 - --I- --1- - -1- -- 30

'=~~I~'==I~-====~~I=~'=-=-ltt~=='==I===--,-====:=~:::== 1- ~~~~~ ".
20 2U

I-- ---. ;..., - --+-.= ~ =:~- - 1_ t=!=I= =~IfIt-:1-~I== I- ~I=~::==--1- - - =,= -=:::'=== == == --= .= =:: := .
I~J:- --" 1- - 1-" - ------------- ----1------:----- III
-- -,- -.-,-:- -- -- -c -_-'- I- .Ii - ---- ---I_I--~~-=::: ==.-= === -:-1-,== ~:::::: ===== ' ====I~ =-:: == ==0" ~ I- 1- ~ , -1- ~ f- ..

o
.002 .006.U1.m ,US.1.2 .6 l.U 2.U . 0.0 10 20 60 100 200 """.

CLAY I FINE 1 MEDIUM I COARSE I FINE J MEDllJM I COARSE FINE I MEDIUM J COARSE I
I SII.T FflACTI ON I SAND Ff'll\'cTION I GRAVEL fRACTION I

z
~
o
::t:
In

W
N
lIJ

Z
«
J:
I-
(I:
W
2
11.

W
l:I
«
I­
2
w
u
rr
w
n.

..

I .---

EffectIve Sizc, , rnm.

Un ifOlll1il y Cae ffieienl ,..•........

crass Jfica (i a 11., ••..• , •.•••••••.••.•••••.• , •.• , ..•• , .•• ,.,

Or(Jnnie Matlcr ,.. ,. ,' , , %

Pcullcle. 1::ensl~! (-::1~/~".') ~ ..

Soluble Solids , %

SIZE

COBOlE

GflAVEl

SAND

SILT

CLAY

%
A.s.) " I~,s, ) ., / A,S. I l'Sieve 110 'eve /11 S love •

Pass Pan Pan(mm) mm! (rnrn)

150 I I 1
1
19,0 1 f 6UO

~-I
9.5 .::: t--
4.75

37.51 I ,36
150

26.5 -- Ll8 I 1 75

Remarks: .......=..=..3..A t~ ..~~L '-:'!:..~ ,()\h'•. !'!.4:-J\ .
...................2:'? ~~ ..~.~.~..~.~~ ~.;.~~;!\~ .

~'~ •• '.' •• ' •••••••• ~".".".'.'.~ •• t ••••••••••••••••••••••• ,. u ••• , •••••••••• , ••• ~ •• I ••••••••

11 ••• , ••••••••••••• ~ •••••••••••••••••••••••••• , ••••••••••••••• , •••••••••••••••••••••••••• , •• "

••••••• ~. _••••••••••••••••••••••••••••••• I·' •••••••••••••••••••••••••••••••••••••••••••••••••••

.~.~. 4 ••••••••••••••••••••••••••••••• ~ ••• t •••••• 4 •••••••••••••••••••••••••••••••••••••••••••••

At 1641.
Ontd , Preparod Ily , AnnrovlHlllv",.



-l..-~-'Lcrl-"-_~,~"-~-,,,,-,~ _J·······Ii·,oI.i~."". L..:,-_~... :-L~....;3~-'!II
) 01 LAIJ. No. I

MATERIAC :••.•h"(lL§>.~ ~.Q..~.~.••i!.r1.1.,.;z"l$ SOURCE :•••.•(klpk.,\..~..:c.deer...M;!.\\<1r.&.b9.10...~~~L.. ~".~.~.... nEr- No_ -,~-,-

mIT!.

1
o

20lJHJO

COUULE!

100 I- ~ ··hr:..~ 1_ 1_ __ _,IOU

, f- 1- 1- l-- -/~Irt - I---'- .1____ , --,--1---- ----,~---------,.-----

1- f- ~ f- 1- l- 1- I- - oj
90 I-- f- 1- [-f- - -- -- !JO

l- -, -I >- l- 1->- - ----I- -------1----.-- I-f- - _ I'., __I- 1-_1-- --t ---I------=====~::==-==
80 nu

I__';_~--!_-+-II_- - -I' 1- I-_________1-- __. __ . --, 1- 1- I-
__I-- __._ __ __ - 1- --~-- 1_ --.- I- .'---.. - 1- ...

70 1__ --l-_,I---I---I- ----'r-J-l... 1 [-_1-- ._..__ . 10

I- 1-1-- --1-- 1-=-----1--===1-====::::=====
1- 1- I-I-- --1- 1---1-- --------1-----------

GO." UD==== ===1-__ == -_-==:: :: :: ==== === ==== ==c=1- =.. -=C=j-- --- -- _1-1= =t: .. ---- -------- --1- - _.. ------ --- - - - =:: :: :: === ===
'=-::= == -----;- == ====.:: :.:: :=:=1== === =====.:: -= :1==-.1=1==1 ==1--===:1: - ==1-'- ==1- =1= .:: .:: .:: == == =======: ~: :: == ==50 1- -- --J 5U

40;="==~='=~C=:='=,;:::;-- ,~=::I*l$ : ~:=S"=== ~t:= ~~~:~
l- . 1_ 1- 1--1- 1_ ~O
l- , 1--1--- 1- 1--1-__I- __.---1----- I- - ~. --- 1 1 ' 1 _

::JO I-I-- Ij 1- 1- 1->-- --1--- - - - -I- .. - ----
, l-- 1--- _ 'JO

,o=~.~~~:~~=;::=::~~~:.~=~=='='=,=~,~~=='===,=~~:~'~~~~~~~'~:=~~2"
10

1 ' . _ ' 1_ 1- >- --------1--1--1-------- 10

~1===::=====I=~=======l==I==I~I~~==I=~== l--1~==::I==I====~=I~=:~~=~===I~~-=~-===
.002 ' .006 .01 .02 .06.1.2 .Ii 1.0 2.0 6.0 10 20 6fJ

L Y FINE J-'---MEUIUM I COAHSE I ~II~E 1 MEDIUM COARSE FINE I MEOIUM I COARSE 1
CAr SI '-'1" I'll ACTION 1 SAND FIlI\CnON I GfMVE L FflACTfON I

zs:
o
:t
In

UJ
N
In

Z«
:t
)-

0:
W
Z
l1.

UJ
Cl

~
:<:
UJ
u
0:
UJ
0..

"

Rom ark s; , ,.. , , , , , ,.,

....=: ~ ~.$.I.:t r~..~.~.~ .

.............., .'JJaj5. c:Jnr.1 f..<.i..~~~ , ..

. ~ .. '.'.".'.'.' -.' - .

151.1826.5

A.S.
~ .- A.S. I

II Slave
,0 " Sieve %

% (mm)
Pass Pan (rnm) ra ..

150 ?9.0 GUO

--- --

75 ~ '"

53 ='l~ . _ ::JOO :=
COBBLE

SIZE

SILT

SAND

CLAY

GRAVEL

Hulde. Cens '; to! C-:':r~) ~.~ , .

Effective Siw mm.

Soluble Solids , ,..%

Classi ficat iOIl .

Un i formi ty Coo f ficiell L ..

Organic Mattor , %

::J1.5 I 112 ,3G,\ I 150
I I I 1-1===1===-----

M IGH , Dald , Pronnrod bv , . Annr" ..",II>"



- -----t· ~:' ',Ill, I
~.. ~~. ¥---.- .,.

- - - - - - _..- ._-,.,- - /.- _.. ''"- -. - '---, ~ ~_~'_".. ,.._~. ....~...~--fliilliiilW-··.~' ~;, ~ .'--1 ~.'__ ~ "_J ~ -~.-,--.J
.' MECHANICAL ANALYSIS -I 'tficO~' / I I'

LAll. No.

MAT" 111 AL, ...C ~Af....'!~~\f!.. :d~ .......•.................................. SOU nc E, ...f~k~ ..~...c.~ ..~.~~..~ .. J?§..I................•...•..J nE~. No. I:J.f>JG-

20

COIIDLE

l001~~ f---- _1=__ _._~ . _'_ - --'~ ~ .-------_-_=- -:ll00___________________ ---=...-=- __1----- i- 1- ---.---- -- --=1
90 .- - - . - f- -I-----'-- --I 00

___________ -b - -1- _I-----=: - -f-~ - ::: -~ === === == = - 1- -== -== ==::: ~ ::: === - .
.'-----'17~'" _.. 1-' I-- I-

+ -I---:7f'7e-t- f---- f--, ,
80 1. I. --J,L-- --=- e-- I . ---- 1- 1 1-- __ ------------- •. --tIlO

--~l;z:=~==~---::I~=====I=I=I==-=I~---------I=:::':::=I==~=~I=~~==~==- --~~~~~
70 -170

=r:=~f- 2=== ~----_==---I==,= -1==1==---.1----:='=-.====-1--===1===-==
60F==+--- ==I-~=I=========-----_-==I=~I::::=-.===I==='=== ============= 6U___________ - - - .. ; - -1- - -1- 1- - - - -- ----- --I--"':'" - ---- --- -- -- - - - - - -- --f- f--- ----- -- -- -' _. - - - ----

501 1- I- 1- ------------- --- -- GO

__I--__.- = ===:::::- _·__1 1== --f- =- ------== ======:= -==~== ==1-:= =:::::::::~ ==1-1- ====:::::- -= == ==. ,== =:2:: == == ==:: -= ::: ==_' ==-:: :: -- __ :::1::: ===1_====~f- I--- f--- ==== =1=::: =::: === ==
40 , - . 40

-.---------- --------- ----- - - ------------------

3U'~~~~~~~~;=~~~'~~~,~~~~~~;;;,~:~'~~~;~~~~'~~~=~:~~~~~~,~,~.~~~"
20.1-- 1- - - I-- 1- I-- f- f---- I-I--

1- --.----- _ I-I-- 1-

===1-- --- -====-= -== =-:- =====f- ===-== ~ == ===1- ='-I=-~c =====------ -: -===.-====== ==== --= === ==lol. ---- 1- I-- ----- ----f--------- - - ----------1

I ,~ '-;::-:: ,-1---===:,:-== H-,:==,::'-'===H===='= . ==,:==:= ,10
o -I 1- 1- f- -I n

.002 .006 .01 .02 .06.1.2 .6 1.0 2.0 6.0 10 20 fiU IOU 2UO I1Ull.

t FINE I MEDIUM J COARSE I f'INE I MEDIUM I COARSE I FINE I MEDIUM I COARSE I I

z
5:
o
;r
III

lJJ
N
III

Z
<{
:x:
l-

n:
w
z
Ii.

lU
el

~
2
w
U
a:
UJ
"-

CLAY r

EffecLive S i2e rnm.

~Ili forrni t y Cae f ficien 1.. : '" .

Classificalion CH .

SIZE

COlllILE

GRAVEL

A.S. A.S.
%

A.S

II Sieve
% Sieve Sieve I %

% (mmJ
Pass (mm)

Pa .. [mm) PaJ5

150 19.0 600

75 !l.5 425

--- --- --- ---
__1__

Remarks: , , ,•... " , ,

rm·!J··················································· .
Prepnrll<l byl!:!:.~ r;~ flrllJrovod !lv __ .

75

3004.75

1.111

3,~3 r-2cco
Onle , ,

53

26.5'l~CLAY

M IOH,

Soluule Solids %

Organic Matter.... ·,n.... ·· ...... ·.. ·· .. ·· .. ·· .. ··% SAND 5 ~. _
~~ ,,\ 2·b8 1~51-123GI 1~1 I " , ,........ I

Fhrbde. lc:ensll:!(~V. ,....... SILT '23--~- . ==i:==:=-- -===1----==.:.........-------'------------
I -



1.-------'----1..:..,.-.-

rlun.

CaUDLE
1COArlSEMEDIUM

GRAVEL rnACTION
FINE

SAND FRACTION

I~INE I MEDIUM I COARSECOAflSE

SILT FflACTION
I MWIUMFINE

CLAY

__I---f-__ 1__I- I L-Ll-I-I-I I ( 1-----1--1--.-

~I---.---~- -- f---I-· ~::.. f- I-

.30 f- 30

~ 1----;;_ _ == -= == :=1_1
- === ==I=~=..~-~=e-~ i=C'=:::=c-- 1 : ==f--- == ==1- = === =-::.:::

1- 1- 1-- 1- - I- .,

20 1_ 1_ >- 1_ 2U
,.~_ __ _.1- - f--- 1- -

__ .l-
- .__ 1--

10 __,~_._________ _------------ '-- __ 1_'-- 1_---.---- __1_------------- 10
_________ L- - ----- -- -- ·-1--·---- ----- ------ ---- - -- ----

1-:-----.. -1_ -I- -
o U

.002 ,006.01 .02 ,06,1 ,2 .6 1.0 2.0 6,0 10 20 60 100' 200

z
5:a
::r:
Ul

UJ
N
Ul

Z
<l;
:r:
l-

0:
W
Z
It.

UJ
l:l

~
Z
ilJ
U
II:
ot
0..

Efree live Size '" , nllll,

Un iformi Iy Cae Ifieiell!.. ,. , .

Classi fieation ~ .

SIZE

COBBLE

GRAVEL

A.S.
%

A.S. A.S. I .,
Sieve SIeve % Sieve to

% II (mm) Pas<
(n"n)

Pass (nllll) Pass

150 19.0 600

--~ ------ -

75 9.5 425

------ - ___ .__1_-

Remarks: .

Organic Malter %

Rubde Lens I!:! e!~ll;i.') aD~ .
SAND

SILT 37.5 2.J!i 15U

Dale 3 -s"',2aO
• + " , ~

Solul)le Solids , , '" , %

M W47 (

CLAY 26.5 1. 18 76 ryI'JJ;..p , , , .
Pl'uIHlrudl)a.~ !\IJIJrnVIHI hv .





DEEP SAMPLING

Photo 1
Deep sampling using the 7t
excavator with auger
attachment.

Photo 3
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Photo 5

Photo 6
The CPT data
acquisition system.

Photo 4 (aboye) I

The Cone Penetrometer Tebng
Rig showing the 7t exca~ator
used to move it around the ~ite.



I
J

I

Ii

'J0*'
',''-,

"J

I
I"~
.: .
I '

,I

Photo 7
Particle Size Distribution by Hydrometer Analysis
Samples 23/6 (from hole DS1) and 26/5 (from hole DS3) after 2 weeks,
showing fine material still in sLlspension.

NOTE: Test done to NATA standards using distilled water _
results usjng sea water would be different.
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Laboratory Manager

ORGANIC CONTENT
Test Method: AS 1289.4.1.1

LAB No: A1253

.I.O.B.:. Ralph's Bay Canal - Geotechnical Investigation. _

MATERIAL: Various sands.

SOURCE: Ralphs Bay Canal, Lauderdale.

SUBMITTED BY: Laboratory & Field Testing Services, Pitt & Sherry
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Photo 1- At time 00:00 Photo 2 - After 35 minutes Photo 3 - After 3 hours Photo 4 -' After 24 hours

Photo 5 - After 2 weeks

Photo 5 can be compared with the
above photo, which shows settlement
after 2 weeks in distilled water (as per
NATA specification for hydrometer
analysis)

FIGURE 1

TIME LAPSE PHOTOS OF SEDIMENT
SETTLEMENT IN SEA WATER

• Sample 23/6 from hole DS 1 (LHS) and
• Sample 26/5 from hole DS3 (RHS)
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3. METHODOLOGY
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All 9 samples analysed showed concentrations below the i)epartment of
lrimary Industries Water & Environment (DPIWE) environmen\ a1
investigation levels (ElLs). The ElLs define the trigger level at which furt~er

consideration of environmental impacts are required. Thus, with all samples
showing no evidence of contaminatirm, no further work is expected to e
required.

The sampling was conducted on 19 Feb 2000 at various locations across e
site (Figure 1).

The object of this report is to comment on any heavy metal contamination of
the sediments in Ralphs Bay around the site of the proposed developments.

The samples were sent to the government laboratory for analyses; Analytical
Services Tasmania that is NATA registered. Samples were analysed for heJvy
metals: arsenic, cadmium, cobalt, chromium, copper, manganese, nickel, lekd,
zinc aud mercury. The results are given in the attached table (Appendix A).

The scope of work involved:
• Selectively sampling the upper sediment horizon of the tidal flats;
• Analysing the samples for heavy metal content;
• Identifying heavy metal contamination issues if any.

Some samples were taken in the ranges O-SOmm, SO-lS0mm and 150-300mm
from the surface to define any horizontal' stratification of contaminatiod if
present. Together with these samples, additional samples were taken in be
range 0-300mm from the surface, spread across the site to define the latJral
extent of contamination if present.

Pitt & Sherry have undertaken and reported on a geotechnical feasibility
I

investigation for proposed marinas and residential development at Ralph's Bay,
Lauderdale (see Figu.i'e 1 Location Plan). Proposed works include:

Dredging to establish marinas, boat harbours and access channels;
• Land reclamation by constructing embankments and
• Construction of breakwaters, bund walls, marinas & buildings.

Pitt & Sherry Consulting Engineers ©
17 March 2000
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