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SUMMARY

A soil survey of the suburb of Watson in the Australian Capital
Territory was carried out in 1970 at the request of the Commonwealth
Department of Works. Its purpose was to make an accurate map of the
different soil types in the area and to establish their volume change
characteristics. Data from the investigation are to be used by the CDW

as part of their pilot study of stormwater and groundwater infiltration
into sewer installations.

Soils which had a similar sequence of identical layers were grouped
into 'soil types'. Field sampling revealed a relationship between soil types
and topography. Parent material ranges from Silurian sediments to Recent
colluvium, but generally the soil is so mature that it no longer depends on these
materials for its properties. Soil cover ranges in thickness from 2 feet at
the highest elevation in the east to 6 feet on the lowest areas in the south and
west. All the soils show well developed profiles with sharp horizon boundaries,
especially those formed in situ from weathering of Silurian sediments.

Estimates of potential volume change in this report are based on
swell index properties and should be considered carefully in context with
variations in soil moisture occurring within close proximity to underground
installations. The most potentially expansive clay is the B, horizon yellow
illitic material of the sedentary soils. The most stable soils are the A

horizon silts which blanket almost the whole area and range in thicknegs
from 2 to 4 feet. '




INVESTIGATION

Sampling: The area was divided into four physiographic units (Fig. 1),
using aerial photographs and contour maps. C.S.I.R.O. pedological maps
of areas adjacent to Watson, by Sleeman (1959) and Taylor (1941), were .
studied. .

Sampling commenced in late March and continued intermittently
to mid-June. The soils were sampled with a hand auger to a depth of five
feet or until auger refusal. In all cases the top 6 inches was discarded and
borelog measurements were made to the nearest 3 inches.

Sampling was confined to nature strips and recreation areas;
residential blocks, which comprise a large proportion of the area, were
not entered. The effects of urban development, especially cut and fill
for roadworks, had to be considered; for example, difficulty was experienced
in sampling the pre-development drainage depressions.

It was necessary to investigate 102 sites before areas of similar
soil types could be delineated with confidence. Soil types of those areas
which were not entered were interpolated in accordance with an observed
relationship between soil and topography.

Approximately 400 samples were visually classified and represen-
tative types were tested in the soil mechanics laboratory. Sample sites are
shown in Plate 6.

Field Classification: Soils were grouped in accordance with the 'Unified'
Classification system. (Fig. 2). :

Many weathered claystones and sandstones were found. Owing to
the disturbed nature of the auger sample, it was impossible to distinguish
between completely weathered claystone/sandstone and a soil formed in
situ from weathering of these rocks. Accordingly, the designation 'completely
weathered' has not been used. The term 'highly weathered' claystone/sandstone
refers to that material in which the texture of the original rock is recognizable,
but which will disintegrate in water under hand pressure.

Sample Preparation: Samples were prepared for testing in accordance
with procedures outlined in Australian Standard A89-1966.

Wet preparation of soils containing fragments of weathered claystones
and sandstones was difficult owing to continuing disintegration of the rock
particles in water. Washing for particle size analysis was continued until a
clear supernatant liquid was obtained as specified in Australian Standard
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a~ ‘
g§ GC é Clayey gravels, gravel-sand-clay mixtures
@ - 4
Oo e
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%é : SANDS SP | Poorly graded scnds or groveny sand, little or no
Q M4 fines
Uw (More than 1/20f |— e
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2| no.4 U.S.sieve size) ] i
77
! - SC :’{é Clayey sands, sand-clay mixtures
E ML Inorganic silt and very fine sands, rock flour, siity
- or clayey fine sands or clayey silts with low plasticit
w8l SILTS & CLAYS hid yey sis wih owplasely
0 ' el ] inorganic clays of low to medium plasticity, gravelly
8§ Liquid Limit < 50 / clays, sandy clays, silty clays, lean clays |
Q? ‘ oL :;',: Organic silts and organic silty clays of low plasticity
< il ’
gﬁ MH Inorganic silts, micaceous or diatomaceous fine
° sandy or silty sotls, elaghc siits
\fg SILTS & CLAYS ,
EE CH / Inorganic clays of high plasticity, fat clays
Liquid Limit ) 50 % :
g OH // Organic clays of medium to high plasticity,
é organic silty clays, organic silts
HIGH;YO.PSRG_ANIC Pt [ Peat and other highly organic soils

CLASSIFICATION

CHART -

(Unified Soit Classitication System)
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U Ve
GRAVEL 3"to No.4 76-2t0 476 | ~ 20 CL>~ o
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coarse Nod to No10 | 476 to 2-00 ‘ LIQUID LIMIT
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fine No40 to No200| 0-420to 0-074 " PLASTICITY CHART
SILT & CLAY |Below No 200 | Below 0-07%

GRAIN ‘size CHART

UNIFIED SOFL CLASS!FECAT!ON
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AB9-1966, Test 7A; hence particle size in situ may be somewhat coarser
than test results indicate.

Laboratory Testing: The moisture content of every sample was calculated.
Plasticity tests and particle size analyses were carried out in accordance
with Australian Standard A89-1966.

No apparatus was available that could accurately measure swell
in terms of percentage volume increase; thus it was decided to base
volume change testing on swell pressure characteristics. The 'Potential
Volume Change Meter' developed by Lambe (1960) was used for this purpose.

The apparatus and test procedures are described in Appendix 3.

RESULTS

SOIL TYPES

General: The results of field classification of the soils are shown in
Appendix 1 and of laboratory testing in Appendix 2. The terms gravel,
sand, silt and clay refer only to the particle size determined by inspection
and not to their mode of origin.

A 23-foot-deep trench near the intersection of Phillip Avenue
and the Federal Highway revealed massive, deeply weathered claystone
beneath 6 feet of clayey soil. No bedding or grading was observed in either
the claystone or the soil. '

Claystone and sandstone from which the overlying soil has been
removed during roadwork construction was observed in cuts on the Antill
Street extension to the Federal Highway.

In intervening areas a gradation from soil to weathered rocks is
suggested by borelogs.

The soils have been classified into ten representative types,* the

“distribution of which is shown on Plate 1. In general, clayey soils occupy

a large proportion of the area, incorporating the upper eastern slopes and
lower slopes. The higher middle slopes are composed of much lighter
clays with sandy and silty components.

* Characteristic sequences of soil layers. Layer is used in the sense of

distinct differences in colour, texture, structure and grainsize determined
during logging.




Type 1

A shallow residual soil occuring on the upper eastern slopes. The
parent material is Silurian claystone which is encountered at depths of
3 to 4 feet. Horizons are clearly defined.

Layer Average Group Symbol* Description
depth
1A 6-12 inches SM Grey sand-silt mixture with some

gravel-size claystone fragments.

1B 12-18 inches | CL Reddish - brown silty clay.

1C 18-30 inches CH Mottled red-yellow clay; in many
places containing soft claystone
lumps.

1D 30-42 inches CH Highly weathered yellow
claystone.

Type 2

A concretionary ironstone gravel capping a ridge in the eastern
corner,
Layer Average Group Symbol Description
depth :

2A 6-24 inches GM Reddish brown silty gravel
containing hard black iron-
stone concretions up to 1%
inches.

Type 3

A shallow residual soil occuring on the undulating eastern slopes.
Parent material is Silurian claystone and fine-grained sandstone. This soil
is similar to Type 1, but horizon boundaries are more gradual.

* See Unified Soil Classification (Fig. 2).




Layer Average
depth

3A 6-24 inches.

3B 24-42 inches

3C . 42-51 inches

Type 4

-4.

Group Symbol

CL

CH

SC-CH*

Description

Reddish brown silty clay, in
some areas with yellow
mottling. At some localities

6 inches of a reddish brown
clayey silt overlies this
material. In many places

small soft black concretions are
dotted throughout this layer.

Yellow fat clay, with grey and
red mottling at some sites.
Usually friable for the top half
of the layer and becoming
massive with depth. Minerals
identified by X-Ray diffraction
are quartz, illite, and kaolinite.

| Highly weathered sandstone or -

claystone; often ferruginized.

A thicker soil skirting the base of the eastern slopes. The silts and
clays are granular and friable. Parent material is clayey slopewash.

Layer Average
depth

4A 6-18 inches

4B 18-48 inches

4C 48-57 inches

* SC-Cd, SC or CH

Group Symbol

ML

CL

CL

Description

Clayey or sandy silt. Colour is
brown varying from greyish to
reddish shades.

Silty clay, usually yellowish
brown. Local red and grey
mottling.

Silty or lean clay, usually a
mottled red-grey-yellow colour.
More plastic than 4B, but still
friable.




Type 5

A sandy variation of Type 4, occuring at the base of the eastern
slopes, adjacent to drainage depressions.

Layer Average Group Symbol Description
depth
5A 6-18 inches ML Grey sandy silt, sometimes

with shades of brown.

5B 18-33 inches SC Sandy clay or clayey sand.
Colour is brown with red,
grey and yellow shades.
Occasionally silty.

5C 33-54 inches SC-GC Clayey sand or gravel-sand-

clay mixture, brown with
red and yellow shades.

Type 6

This soil occurs on gentle slopes southwest of Types 4 and 5.

Layer Average Group Symbol Description
depth
6A 6-24 inches ML Clayey silt, usually reddish
brown.
6B 24-39 inches CL Sandy or silty clay in many

places dotted with soft black
concretions; sometimes
gravelly. Colour is brown with
occasional red and yellow
mottling.

6C 39-48 inches CL Lean clay sometimes silty or
sandy but generally more
plastic than 6B. Colour is
yellowish brown.

6D 48-57 inches CH Heavier clay than 6C but still
: - friable. Colour is yellow,
sometimes with grey mottling.



Type 7

This soil occurs on very gentle slopes to almost flat terrain

in the southwestern sector.

Layer Average _ Group Symbol Description
depth
TA 6-27 inches ML Brown clayey silt with grey and
red shades. '
7B 27-39 inches CL Light brown silty clay.
7C 39-60 inches CH Mottled yellow-grey fat clay,

blocky and prism-like.

Type 8

A sandy variation of Type 7, occurring on both sides of the north-
west drainage depression. Parent material is indurated fine colluvium.

Layer Average Group Symbol Description
depth
8A 6-12 inches ML Reddish brown clayey silt.

8B 12-21 inches CL ‘ Silty or lean clay. Colours
: range from a reddish brown
to mottled red and yellow.

8C 21-33 inches CH Heavy clay, usually a mottled
red-grey-yellow colour.

8D 33-51 inches SC Sandy clay becoming a élayey
sand with depth.

Type 9

The thickest soil in the area, occurring on almost flat terrain, in
the southern corner and running southwest parallel to the Federal Highway.
This soil has been developed in situ from weathering of claystone.




==
Layer Average Group Symbol Description
depth
9A 6-18 inches. ML Reddish brown clayey silt.
9B 18-24 inches CL Mottled red and yellow silty
‘ or lean clay.
9C 24-39 inches CH Mottled red and yellow heavy
clay; friable.
9D 39-60 inches CH Yellow fat clay, massive

structure. Minerals identified
by X-ray diffraction are quartz,
illite and kaolinite.

Type 10

Soils occurring in depressions. These soils have been further
divided into the following sub-types:

(a) gravelly

(b) sandy

(c) light to medium clayey
(d) heavy clayey

It became obvious in the initial sampling program that a complete
investigation of these depressions would be time-consuming and complex.
Since much of the area occupied by the depressions lies within residential
blocks it was considered that a complete investigation was not practical.

SWELLING SOILS

The degrees of expansiveness of Watson soils were classified as
Very High, High, Medium, and Low. The details of these and corresponding
index properties are set out in Table 1. The distribution of potentially
swelling soils is shown on Plates 2, 3, 4, and 5.

The swelling characteristics should be considered carefully in
assessing the causes of disruption of sewer installations in the Watson
area; they should be considered in context with the variations in soil
moisture occurring within close proximity to the pipeline.
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The soil capable of the largest volume change is a massive yellow
clay directly overlying Silurian claystone. This clay is located about 2 feet
from the surface at sites on the upper eastern slopes and on flatter areas
along Phillip Avenue and the Federal Highway. A mottled red-grey-yellow
heavy clay usually overlies this material.

The most stable soils are the A2 horizon silts located in the top
2 feet of almost the total area and extend to a depth of 4 feet on the higher

middle slopes.

TABLE 1

ESTIMATED DEGREE OF EXPANSIVENESS

Classification Swell Index Liquid Plasticity Linear
(1b/sq.ft) Limit % Index % Shrinkage %
Very High >5 000 >60 >35. >15
High >3 500;<5 000 | >40,<60 >25,<35 >12;<15
Medium >2 000;<3 500 | >30;<40 >20;<25 >10<15
Low <2000 <30 <20 <10
REFERENCES

AS A89 - 1966 - Australian Standard Methods of Testing Soil for

Engineering Purposes. Standards Association of Australia, Sydney,

N.S.W.

LAMBE, T.W., 1960 - Soil PVC Meter. Technical Studies Report,

FHA-701, Federal Housing Administration, Washington, D.C.

SLEEMAN, J.R., 1959 - Preliminary Report on the Soils of the Lyneham -
Dickson (A.C.T.) Housing Project. C.8.I.R.O. Divisional Report 10/58.
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TAYLOR J.K., 1941 - Soil Survey of C.S.I.R.O. Experimental Farm,
Canberra, A.C.T. C.S.I.R.O. Divisional Report 5/1941.
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APPENDIX 1 WATSON SOIL SURVEY !
SOlL TYPE 1
0 Apritigro NOJ apritigro  NA2 o
Moisture Group Moisture Group o
= content symbol Oescrigtion. content symbol Descristion. -
4% SM Grey sond-sitt; some gravel 4
L 12 size fraction of red and 127"
yetlow claystone.
o 223% CH Mottled red-yellow cloy and 101% cL Reddish-brown siity clay. 4
soft claystone lumps.
Y // / 24—
1‘.7-/.% CH Highly weathered yellow /
— 36" claystone. 12.7%/ cH Highly wegathered yell ow 36"
! claystone.
s (-
L .
| 60" 60—
o Apriligro NO3 May1970 NO4 0 —
Moisture Group Moisture Group o
- content | | symbol Lescription. content symbol Description -
7% (AL Grey sand-siltsome gravel .19 Grey sand-silt;some gravel
L1 7% § SM size fraction of redgand 1% SM size fraction of red ond 12—
yellow claystone. yellow claystone.
62% GM ; i
Grey silty gravel containing .
- 256% CH Mottled red-yellow clay. angular claystone or fine
| o Mottiad redvell l y grained siltstone up to 2" 24"—
. o red-yellow clay a
n 25:3% CH  soft claystonc lumps. _
— 36" 36" —
22:7% CH Highly weathered yellow
B claystone. 7
— 48" 48"
— 60" 60"—
o June 1970 NOS
B Moisture Group
L content symbol Qescription
/ Reddish-br own silty clay
9~ 127% / cL containing frogments of red
/ and yeltow claystone.
_ //
e 262% / cH Mottled red-yellow cloy.
B 4
. 257% CH Mottled red-yellow clay and
— 36 soft claystone lumps.
B /, Highty wedthered yeliow
235% / CH  claystone
F— 48"
— 60"
7o accompany Record 1971/3 155/A16/614




APPENDIX 1 WATSON SOIL SURVEY
BORELOGS
SOIL_TYPE 2
0 April1970 NOS Apgrit1g70 N7
Moisture Group Moisture Group
n coptent symbot Description. content symbol Description.
Reddish-brown clayey siit Reddish-brown silty gravel
12" 87% ML with some soft black containing hard ironstone
concretions up to ¥ 102% GM  concretions up to 1
b~ p
|
Reddish-brown, silty gravel
o 96% GM containing hard ironstone
36" concretions up to k',
[ some white mottlifig
L 48"
L_ 60"

7o accompeny Record 1971/3

48" —

60"

I55/A16/615




WATSON SOIL SURVEY

LoPENL X 3
SOIL TYPE 3
0 Mayso MO8 Moyle7o  NOS 0—
[ Moisture Group Moisture Group -
- content symbo| Description, content symbol Description, .
— 12’ 169% ML Brown—grey clayey sit 123% ML Reddish brown clayey silt 17—
B z -
cL Uight grey silty clay with / )
| %~ 118% / ] 24
/A J / frogments of yallow claystone . % CL  Reddish brown sitty clay
. " °
B 151% CH Highly weathered yellow /
— 36" claystone ' 36
Yellow-brown clay with
- 15:5¢, / cH soft black concretions -
wto} .
— 48" V. L8
fat d.
i 197% % CH Yellow fat clay _
60" 60—
NQ10 NQTN
0 May1970 May 1970 0 —
B Moisture [ ] Group Moisture Group e
- content symbol Qescription, content symbol Descript -
L) / Mottied red-yellow
. % 22:2% / CL  silt clay 12"—
/ Reddish brown silty clay / Mottled yell n
~ CL with soft black concretions g ow-grey
120% ; 2371% /] CH
| 2 2 w to); _ /ﬁ ot clay 24—
B 0% % / Yellow fat clay and
— 36" 178% 4 CH " hghly weathered 36"
CH  Highly weathered yeliow claystone _
B %1% claystone
16-1% CH Hghly weathered yellow .
— 48" claystone 48"
o . Ferruginised weathered
N $2% SC  yellow claystone or fine -
grained siltstone
60" 60—
0 April1970 NQ12 May 1970 NO13 0 —
[ Moisture Group Moisture Group )
= content symbol Qescriptiop. content symbol Description, .
Reddish-brown silty clay L/
| o with smell soft black -
12 CL ' 12
15-9% / concretions /
- / 06% / Mottled red-yellow _
CL silty clay .
— 24" / 2, —
- 27% % o Yellow fat clay 28% / -
Mottled yeliow-grey
— 36" b BV /ICH 1ot clay 36" —
- 192% / CH nghly weathered yellow Mottled red-gmyhyellow .
claystone 263% CH fat clay
— 48" L (8" —
sc Yellow-brown sandy clay;
- 36% / appears to be a weathered .
fine grained sandstone _J
— 60~ 60"
To accompany Record 1971/3 155/A16/616




APPENDIX 1 WATSON SOIL SURVEY 4
SOl TYPE3
I . NOM, NQ.15 0
~— 0 Aprit W70 May1970
Moisture Group Moisture Group o 1
I = content symbol  Description. content symbol Rescription. .
17 X i Reddish brown dayey silt 17
10-7% ML Grey clayey silt 191% M with soft black concretions
| wtlf — 4
i 7
— / 193% / CL  Reddish brown silty clay 24
% with small soft black concretions
| e eat, -
l . 25-9-/./ CH / N 36
B Yellow—brown clay with han
/ Yellow fot clay 206% / CH  with fragments of
- / ferruginised claystone B
l — 8" / ba 48—
7 Highly weathered ferruginised
o 266% / CH 287% CH yellow claystone +
' |60 \_A Ts / 60"
\
l 0 Moy1970 NO16 May 1970 NOJ17 0
r Moisture . Moisture Group —1
) - contept symbol Qescription, content symbol Description 4
l — 12 171% m?‘di;':ngf gr“fwnefilst& :loy 126% ML  Reddish brown clayey silt 12—
fragments
B o, V' Reddish brown silty cloy
, . Mottied red yeliow clay B2% 1/ ACt .
— 2 215% and gravel size 24
fragments / Yellow brown sity clay
I~ . Mottled yellow grey fat 16-0% / CL  containing fragments of soft 7
i 24:4% clay ond gravel size g yellow claystone 36°
— 36 fragments ) -
/ Yellow clay containing
- Yellow lean clay and 223% / CH  fragments of soft yellow ]
22.0% soft weathered . claystone
I 48" sittstone/sandstone V4 48"
B 227% 196% / CH e Yo 7
° Weathered siltstone/sandstone ay
l — 60" 60"—
I —0  May1970 NOS April1970 NO19 o
Moisture Group Moisture Group _1
- contept e symbol Description. content | symbol Description -
191% CL  Reddish brown si L //
I —12" . eddis sty clay 169% L Reddish brown silty clay 12" —
% //
' — 247 25'0%2 CH  Mottied red-yellow clay 21% % CH  Mottled red-yellow clay w4 —
/ 7 1
— 36~ 36" —
. // 22% CH  Mottied yeliow-grey fat clay
n 189% CH  Mottled yellow-grey fat clay ]
. 13 % sc  Weathered impure sondstone
', Weathered brown siltstone or .
l v 139% / i ; SC  fine groined sandstone ¢ With a high feldspar content L8 —
L 60" 60" —
I To accompany Record 1971/3 165 /A16/617




APPENDIX 1
— 0  MayN70
Moist ure
L content
— 17 54%
— % 6%
+— 36" 223%
22'0./0
L 8"
L 60

WATSON SOIL SURVEY

SOiL TYPE 3
NO.20 May1970
Group Moisture
symbol Description. gontent
cL 304%

NN

CL

CH

CH

To accompany Record 1971/3

Reddish brown silty clay

Yellow-brown lean clay

Mottled yellow grey
fat clay

Highly weathered
yellow claystone

295%

206%

NQ21

Group

CL

CH

A \X\g\\\\\\

Qescrinti

Mottled red-yellow
silty clay

Yellow fat clay

Highly weathered
yellow claystone

48—

60—

155/A16/618




L

— 12"

24"

36"

— 60"

—— o April 1970 NO26

Moisture
content

113%

1 25 %

178%

*71%

_—
APPEMNDIX 1
NO.22
0 May 1970
B Moisture
L content
L 12
76% g
% /
= 10-3% /
— 36" /
- 128% /
yre Z
-~ 12:7% %
L 60" /
— o Maytgro Na2é
Moisture
L content
16'8'/0
12
- 216% é
— 24" é
36" e é
— 48" /
181%
— 60"

WATSON SOIL SURVEY

BORELOGS
SOIL TYPE 4
Moy 1970
Group : Moisture
symbol Description content

SM

CL

CL

CH

Group

symbot

ML

CL

CL

Grou

ML

SsC

CL

AR

CH

7o accompany Record 1971/3

symbol

Grey gravelly sitt containing
angulor fine grained

sondstone fragments up tog'

Yellow-brown sity clay
with frogments of
sandstone

Mottled red-grey yellow
lean clay

Mottled red-grey yellow
cloy

Descriptiop
Grey-brown clayey silt

Mottled red-yellow
silty clay

Mottled red-grey-yellow
lean ctay

Saond lens, saturoted

Mottled red-grey-yellow
lean clay

p
Description

Reddish brown clayey sit

Mottled red-grey sandy clay,

sand particles are small
hard ironstone concretions

Yellow-brown lean clay
with soft black
concretions

Yellow-brown fat clay
with soft black
concretions

56%

95%

M %

130%

154%

z
g

Group

SM

ML

CL

CL

CcL

May 1970
Moisture
content

96%

104%

104%

139%

M3 %

May 1970
Moisture

contept
10%

12%

82%

RN

NO.25

Grou

|
1

ML

 u
 §
A |
1
,

ML

ML

NC
=
=

N

NN

X

CcL

N

GC

4
[s]
N
EX]

RN=E

ML

CL

symbol

symbol

Description

Grey grovelly sitt containing

angular fine grained
sandstone up to)z"

Yellow-brown clayey silt
Yellow-brown silty clay

Mottled red-grey-yeilow
sity cloy

Mottled red-grey-yellow
lean cloy

p
Qescription
Grey sondy sitt

Grey-brown clayey silt

Yellow-brown clayey sit

Yellow-brown silty clay

Brown clayey gravel

Group
symbol

Grey-brown clayey silt

Yellow-brown silty clay

SC  Yellowbrown sandy clay

weathered sandstone

Qescription

0—

12

24—

36"—

48"

60"—J

24—
36"—

48" —

60—

° 7

12" —

24—

36" —

48"—

60"—

I55/A16/619




APPENDIX 1 WATSON SOIL SURVEY
BORELOGS
SOIL TYPE &
0 Junerg7o NOZ8 Moy1970 NOB
Moisture Group Moisture Group o
= content symbol Description. content symbot Description.
12 92% M Grey-brown clayey sitt
6% ’7 132% ML Brown clayey silt
CL i
Y % Brown siity clay //
| 102% ’ " /
36" 7 % / L Yellow-brown siltty clay
120% % QL Reddish-brown lean day %
.8 . / //
P Yellow-grey tean clay / Yellow-brown silty clay
- %60% [ contoining hard ronstone 120% CL containing soft
) concretions up to A / cloystoneAnndstone
L_ 80 4
— 0 May1870 May1970 NO3!1
Moisture Moisture Group
- content i symboj Description. content 7. symbol Rescription.
— 12" %
B Sond-clay fill 169% / CL  Brown sity clay
| /
L 35" Brown silty clay
196% Brown clayey siit (saturated) 59% containing small hard
| ironstone concretions
.8 Yellow-brown silty clay
/ Yellow-brown silty clay 181% containing small hard
N 227% % CL  contgning soft fronstone concretions
claystone/andstone 237% 1_.._,.; MOﬂled' d red-yellow lean clag
L 60" _A 5 contoining soft black concretions
g Junerg7g NO32 Ane1970, NO33
Moisture Group Moisture Group
L content symbol Description. coptent symbol Description.
—12" 62% ML " i
130% ML Grey-b cloyey sitt ° Grey-brown clayey sitt
— 21 / %
/ 5% / Gl Reddish-brown sitty clay
- 104% / CL Grey siity clay /
— 36" f
/
= 2% [, s Grey sandy clay "% / CL  Yellow-brown silty clay
— 48" 4
u o Mottled red-yellow
Mm% CL grandlar sity clay
L— 60"

To accompany Record 1971/3

24—

36" —

48—

60—

127 —

24 —

36 —

48 —

60" —

° 7

12" —

24—

36" —

48"

60" —

1554167620




APPENDIX 1 WATSON SOIL SURVEY
BORELOGS
SOIL TYPE &
0 ane1970 N3 npritigro  NO3S
Moisture Group Moisture Group
= content 4 symbol Description. content symbot Qescription.
. / 5% ML Grey sandy silt
/ Mottled red-yellow
- 5E% / ity cloy; wet 129% / CL  Reddish-brown silty day
| 2 / 2 //
- /-_ 184% CL  vellow lean clay
. . /~ Mottled red-yellow /
— 36 43% / cL sity clay saturated /
L e,
 ne% 74 cL As cbove with some
L 48 = grey mottling
L ae e e
ay
|60 eV Traces of impermecble fat clay at 58"
o Maytg7o NO36 May1970 NO37
Moisture Group Moisture Group
= centent symbol Description. content symbol Rascription.
— 12" %1% M ML Brown cloyey sit 109% ML Grey clayey sitt
— % Mottled Mottled
o Yo oo (. st oo
— 36 %
5 7% % CL  Vellow-brown sitty clay n5% m‘:, sny’ clay
— 48 74
B g Yellow-grey lean clay Yellow-brown grenular
95% KX slightly granutor 29%. ¥ C gty clay
60

To accompany Record 1971/3

12

24—

36 —

48—

60—

24—

36 —

48 —

60'—

IS5ABE21




APPENDIX 1 WATSON SOIL SURVEY 9
BORELOGS
SsOiL TYPE S
0 March70 NO& torch1970 NQLO o_\
Moisture Group Moisture Group o
= coontent i symbol Description. content rowdisymbol Qescription. - .
17 30 [{{i]sm ; 17
Grey sand-silt
93% SM  Reddish brown sand-sitt
L % 26—
Reddish brown sandy clay
" 89% containing some gravel size —
porticles of ferruginised sandstone
367 5% [ Reddish brown sandy clay 36"
. sC
o Mottled red-yellow silty clay .
& 131% contoiri:\g soft black concretions 85 % Some gravel size L
— w to g sandy ferruginised sandstone
104% cL Dottied grey-yellow )
L_ 60" silty clay 60"
0 May1970 Maytg70 N0 0 —
Moisture Moisture Group e
| content symbol Description. cortent symbol Descrintion -
g 2% Grey-brown clayey silt 160% @ SM  Brown sond silt 12"
- %1% Mottled red-yellow 133% SC  Yellow-brown clayey sand
- sitty clay 20
— <
Mottled red-yellow
b & 9 -
15:6% Brown sandy clay 165% / ¢ sandy clay
L 36" 36" —
36 4 Yellow sandy clay and
B y 178% [p/8] SC  some gravel size fine .
Nn8% é Brown clayey gravel grained sandstone
Y A 48"—
B 67% Brown sandy clay ]
60" 60 —
0 June1970 NO42 June 1970 NO43 0 —
Moisture | Group Moisture Group
- content // symbol Description. content symbot Descrintion .y
—12" WUT% / CL  Brown grawlly clay 153% ML Grey sandy sitt 12
L /] 4
;";/ Mottied grey-yellow sandy .
24" // 139% SC  clay containing some 2" —
181% ///// SC  Brown sandy clay gravel size angular sondstone
— 36" ) Brown sandy clay 36" —
Brown clayey gravel containing 10-3% sC containing some gravel size
r 116 % / GC  large sandstone ongular sandstone -
) ‘/‘ particles up to 2"
— 48 //J 43' -
Brown cloyey gravet.
L £27% / cL  Mottled grey-yellow clay 97% GC  Lorge sandstone .,
L 60" / Traces of impermeabte fot clay at 58" particles up to 2" : : 60" —
7o accompany Record 1971/3 165/A16/622
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APPENDIX 1 WATSON SOIL SURVEY 10
SQIL TYPE S
— 0 June®T0 NQ.44 June1970 NO.45 0—
Moisture Group Moisture Group .
= cantant symbol Description. content symbol Descrigtion. 4
‘ Gravel-clay fill 'z
— 1 2% M. Grey sandy sitt
B 82% ML Brown-grey cloyey sit m
— 24" Grey-brown sandy clay L7 2
61% SC  containing some gravel 1M% // CL Grey-brown silty clay B
u size ongular sandstone 7
104 % /; SC  Yellow-brown sandy clay -
— 36 68% gc Brown sandy clay contaning .
¢ some gravel-size sondstone |
- Brown clayey gravel
| g0 2% GC  containing lorge (8
é sondstone porticles up to 2°
- () -1
50" 60
o Aprit1970 NO46
oisture Group o
= content symbol Qescrintion.
—12"
96% MH Grey silt
L— 24"
B 124% % CL  Yellow-brown silty day
. §
- "3 % % SC  Yellow-brown sandy clay
—48"
B ' Brown sandy clay containing
5% ¢ some gravel-size sandstone
L— 60"
Jo accompony Racord 1971/3 155/A16/623




APPENDIX 1 WATSON SOIL SURVEY n
BORELOGS
SOIL TYPE 6
— 0 Morch 1970 NO47 Morch1g70 [O8 0
Moisture Group Moisture Group o
- ,/ symbol Descrirtion, content i symbol Description, -
|17 / 17
102% / €L Yellow-brown silty clay 85% ML Reddish-brown clayey silt i
| /// 26
' 88% CL Brown gravelly cay
= 190% CH z:;tled red-grey-yeilow ) -
| 36" ’ 36
3 155% CH  vellow-brown fat clay 7
_—r L8’
- =
L_s0 60—
0 Maylg7o NG4S May1970 NOSQ 0 —
Moisture Group Moisture Group
- content symbol Description. symbol Description. .
12" . 17—
Reddish-brown clayey
i 25% HHEM St (saturated) e 111 v —— . ]
Reddish-brown clayey silt
- 20 ‘ 24—
- 152% [/AcL fl';"b' own gravelly -
— 36" 163% % CL  Reddish-brown silty clay 36°—
| 172% cL :llow-brown silty ;’, ‘ 7
'y ay 122% < SC  Brown sandy clay 48 —
L / 4
222% CH  Yellow-brown clay 128% d CL  Yeliow-brown sitty clay
L_ 60 60 —
0 March1970 NQS1 March 1970 NQS2 0 —
Moisture Group Moisture Group :
- content symbol Rescription content symbol Description 4
— 12" 77% ML  Brown cl itt 127 =
6% ML Brown-grey clayey sit ey 8
2 62% ML Brown sandy silt % —
/ Yellow-brown silty clay v,

- 131% / CL containing soft u%w /) .
e concretions up to % Yellow-brown silty clay 38"
Y 120% CL  containing soft black
u / / concretions up to W _
— 48 248% / CH  vellow-brown clay g 48" —
B / 200% / CH  vellow-brown clay 7
60" V. 4 60" —]
To occompany Record 1971/3 155/A16/624
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APPENDIX 1 WATSON SOIL SURVEY °
BORELOGS
soiL TYPE6
0 May1970 NOS3 Morch1970 FOSL =
Moisture Group Moisture Group e
N content symbol Description. content symbol Description. ‘
) 17—
L 12 105% ML Reddish brown clayey sitt o
I 82% ML Reddish brown clayey silt 3
| o 172% // CL  Yellow brown silty cloy 24—
i 4 123% / oL Mottled red-yellow -
102% CL  Grey-brown silty clay ’ % sitty cloy -
[ 36" 4 7 3
i 59% // CL  Yellow-brown lean clay 7]
T 4 48—
/s
L 51% CH  Yeliow-brown clay 7
L_ 60" A 60—
— 0 Mayiero NOSS May1970 NGS6 0 )
Moisture Group Moisture Group
k- content W- symbol Qescription content symbot Qescription. -
18% ML sandy silt "
— 12" VTS Grey 13 % ML Brown clayey silt 12—
- T 7
. B2% ML vellow-brown cloyey sitt -
.y Mm% ML Yellow-brown clayey silt 2%
_ ,)L,J ;’;y i
36 sy % CL  Yellow-brown sity day 103% "{/4 ]
B / //f//’ S Yellow-brown sandy clay N
e / 48" —
153 % / CL  Brown gravelly clay % /
164 % CL  Yellow-brown lean clay 178% CH  Grey-yellow clay
— 60" 60"—
— 0 May1970 NO57 June 1970 NOS8 0
Moisture Group Moisture Group —1
L content symbol Description. content symbotl Qescription. =
19" 03% ML Brown dlayey silt Clay fitl 27—
i 90% M. Yellow-brown clayey silt W
7 102% ML Grey-brown clayey silt
124% // CL  Yeltow-brown silty clay
36" 36"
e /
= 13% é CL  Yellow-brown leon dlay 110% % CL {:.:ntl::,yuuw' +~grey .
— 18" 7/ 48—
- 20% é CH  vellow-brown fat clay 3% é cH  ted gy ystiow i
L 60" 60" —
To accompany Record /1971/3 I55/A16/625 |




APPENDIX 1 WATSON SOIL SURVEY
BORELOGS
SOIL TYPE 6
— 0 May 1970 MOS8 May 1970
Moisture Group Moisture
- content ~ symbol Description. sontent
- 87%
L 12 ‘
173% ML ;
| ° Reddish brown clayey silt 659%
-7y
191% CL  Reddish brown gravelly clay Mm%
i ] Mottled red-grey-yellow
| g % A Gty clay
;.’r’ 81%
- 210% % s Mottled red-grey-yellow
./ sandy clay
L— 48
/ 287 °/o
B 8% CH  veliow fut day
60" /
— 0 June1970 NO§1
Moisture Group
- content symbol Rescription
— 12"
Graovel-clay fill
— 24"
- 125% CL  Yellow-brown sitty clay
— 36
Iy 136 % / CL  Yetlow-brown lean clay
L 60"

To accompany Record I1971/3

NQOS0

Group )
symbaol Description.

ML Reddish brown clayey silt

ML Grey-brown sandy sitt

SC  Brown sandy clay

CL  vetlow-brown silty clay

CH  vellow fat clay

3

0—

127

24—

36" —

48—

60—

I55/A6/626




APPENDIX : WATSON SOIL SURVEY 14
BORELOGS
SOIL TYPE 7
— 0 Morcn1970 NOB2 May1970 NOS3 0—
Moisture Group Moisture Group o
- content symbot Description. content symbol Qescription. "
12" 106 % ML Reddish brown cloyey silt 12—
B 92% ML Brown clayey sitt .
L 2 / _ 2%—
y Yellow fat clay |
| 187 % / CH. oy consstncy
— 36 118% / cL v/ 36"
° Yellow-brown silty clay 7/
L // I/ i
L 48" / / Yetlow clay friable 48—
83% % CH :“"m grey-yellow L% / CH  Consistency
60" /) / 60" —
— o Aprit1970 NOS Aprit1970 NOSS -
Moisture Group Moisture Group
- content symboj Rescription. content WT symbol. Description. -
— 12" 83% ML Grey-brown clayey silt 12 —
= 04 % M. Grey-brown clayey sit HH -
— 24 24 —
1% M. Reddish-brown sandy silt
—36  185% CL  Light brown sity cloy v 36"
L 89% / CL  Light brown sity clay T
.8 48" —
Mm% o T:med yellow-grey é Mottied grey-yeilow
- t day 201 % CH oreyy .
é fat clay
60" 60" —
—0 June1970 NOSE Aprit1970 NOS7 0 —
Moisture Group Moisture Group
- content 7/ symbol Qescrimtion. content symbol Qescription. 4
—12" 155% / CL  Light brown sitty cloy 07% ML ight brown clayey silt ‘?"—‘
i 7, ]
7
. Mottled low -
—2 0% / L e T 92% FGF8 0P  Brown sand-grovel mixture 24
—36" 120% SC  veliow-brown sandy clay 36"
e M % |98 GC  Brown clayey grovel 48" —
, v,
2% ? oy Mottled greyyeliow 4
/ fot clay
— 60" : : 60" —
7o accompany Record 1971/3 155/A16/62F




APPENDIX 1 WATSON SOIL SURVEY 15
BORELOGS
SOIL TYPE 7
0 March1970 NOS8 Aprit 1970 NOT8 0—
Moisture Group Moisture Group
= content - symbol Description. content symbol Qescription. .
12 12"
81% ML e
N Grey-brown clayey sitt 81% MH Grey sit B
L 24 24—
R 123% CL  Light brown silty clay 77 .
— % 109% 5@} 6C  Brown cloyey gravel 109% [ZZACL Ught brown sity dy 3§
R 7 4 -
7 7
— 48" / Mottled grey-yellow / 48—
196% / cH fttied 2% / oy Mottied grey-yellow
- fat clay _
60" A / 60—
7o accompany Record 1971/3 . I5SA16/628




Mottled red-yellow

— 36 3% Lean cloy

128% SC  Yellow-grey cloyey sandiwet)

//
| 48" 122% % SC  Yetlow-brown sandy clay

Moisture
= content symbol Description.
. 5% O Mottted white-brown grovelly clay
— 12
L o Mottled red-grey-
20% vellow clay
— 24 f
L 106% f :ot“;;e:l ayyellwv-g'ey
— 36 [
— 48 92% / Yellow—grey clayey sond
L 60"
—0 Junetgro NOT3
Moisture Group
- content Symbot Qascription.
—12"
BL% ML Grey-brown dayey sitt
F—24 K
L 105% é SC  Yellow-brown sandy clay
—36"
—48"
— 60"

To accompany Record 1971/3

APPENDIX 1 WATSON SOIL SURVEY
BORELOGS
SOIL TYPE 8
— 0 May1s70 NOSg Junetg70  NO70
Moisture Group Moisture Group o
L content L. Isymbol Description, content symbot Rescriplion.
12"
e B f.
L UE% ML Reddish-brown gronulor Clay fal
° Bt clayey sitt
L2
2H0% CH  Grey-brown
I // rey-brown clay

159% ’;’ sc Grey-brown sandy clay

160% SC  Yellow-brown sandy clay
May1970 NOT2
Moisture Group
content symbol Description.
5% CL  Grey-brown sity clay
8% CH  Mottled red-yeilow clay
139% SC  VYellow-brown sandy clay -

Group
symbol Description.
ML Reddish-brown clayey sitt

Mottled red-yellow
silty clay

Mottled red-grey-yellow

clay

SC Mottled yellow-grey
sandy clay

Yellow-brown clayey
sand

16

"0

12—

24—

36"

48—

60—

24—

36—

48 —

60" —

24—

36" —

48" —

60 —

I55A16/4629




7o accompany Record 1971/3

APPENDIX 1 WATSON SOIL SURVEY
BORELOGS
SOIL_TYPE 8
— 0 Aprit1970 NO75 March1g7o 082
Moisture Group Moisture Group o
- content | —isymbol Description. content symbot Qescription.
12" 10-2% ML sit
2% Reddi
i 18% ML Reddish-brown clayey sit ish brown clayey
L 2
| 2¥9% L/ /) CH
255% CH  Mottled red-yellow clay W% 4 CH Mottled red-yeliow cloy
| 38"
| Mottled red-grey-yellow
209% é CH heavy clay v
— 48 //y 292% L/ /]CH  vellow fat clay
~ 301% % CH  Yellow fat clay
60" /i
— 0o May1970 NO77 e 1970 NOT8
Moisture Group Mois ture Group
L content symbol Description. content symbol Rescription.
" 124% "" ML Reddish-brown clayey sit 104% ““ ML Reddish-brown cloyey silt
, Mottled red-yellow / Mottled red-yellow
I 9% Q sitty clay k8% / a sitty clay
- 24 é
B Mottied red-yellow 218% / cw Motlled red-grey
. friable clay b a
— 36
48
Yellow fat clay 199% CH vellow fat clay
— 60"
—0 May1970 NOTS June 1970
Moisture Group Moisture
= content symbol Oascrigtion.
12, 85% !!“ ML Reddish brown clayey silt
— 24 /
B B8% % Mottled red-yetiow clay
— 36"
~ 198% Yetlow fat clay
8 Balls of yellow fat day and Balls of mottled grey-
- BO% white claystone yellow fat clay and
Weathered white claystone fine sand
. 60" Weathered white m;v:/

17

0

12°

24—

36"

48—

60"

36" —

48 —

60" —

48" —

60 —

TSSAI6/4630




APPENDIX * WATSON SOIL SURVEY 18
BORELOGS
SOIL TYPES
0 Moy1970 NOB!
Moisture Group
- conte.t symbol Description.
—17 103% ML Reddish-brown clayey sitt
i 2
. 195% / oL Mottled redyellow
L 2 ° sitty clay
//
- Mottled red-yellow
43% CH
. 3% heavy clay
— 36
— 48" 362% CH  vellow fat day
L 60
Jo accompany Record 1971/3 IS5/16/831




APPENDIX 1 WATSON SOIL SURVEY 9
BORELOGS
TYPE 10-SOILS OF DEPRESSIONS
(o) GRAVELLY SUB- TYPE
0 March1970 NOB& apritigro  NO86 0—
Moisture Group Moisture Group o
| content symbol Description. content symbol Qescription. -
L 12" Grenbrown ironst 12"
o rey-brown ironstone
i 118% GM gravet |
6-5% ML i .
Y ° Grey-brown sandy sit 24—
36" % Grerbrown Fonst 36—
o, ¢ rey-brown ironstone
B 82% GM gravel i
.8 ) -
— 0 May1970 NOS6 May1970 NOS8 0
Moisture Group Moisture Group B
- content symbol Description. content symbol Rescription. —
" L) . -
12 86% ML Brown-grey cloyey silt 93% ML Grey sandy sit 17—
- () .
107% 22| GC  Yellow-brown clayey gravel
» ‘ “
— 24 64% GM  Grey gravelly sitt 24—
i - Brown-grey clay with gravel - ]
L 36" 6% e size fraction gopsisting of 36 —
. : angulor ferruginised
L claystone/Aandstone .
.8 48—
L 4
80" 60—
— 0 May1970 NO99
Moisture Group
= content H symbol Qescription.
. o|:
—12 HH
LA K]
L i Black silt-clay containing
132% [i[:]{OL some rounded grovel
Lol * ! upto 2"
i
35" Uk / o Yellow-grey sitty clay
and some gravel
—
103% GC  vYellow-grey clayey gravel
48"
— 60"
To accompany Reacord 1971/3 T55/A16/632




APPENDIX WATSON SOIL SURVEY 20
I BORELOGS
TYPE 10-SOILS OF DEPRESSIONS
l (b) SANDY SUB-TYPE
0 Apritg7o NOS! ane1g70  NOSL 0
Moisture Group Moisture Group ‘
l = content symbol Description. content symbol Description. .
s Gravel-clay fill 12
: 84% ML Grey-brown clayey silt
- .29, . -t
\l 132 Yo MH Grey Sl“
. 20—
— 2 V :/
e 105% [77SC  Yellow-brown sandy cla -
B ne% / SC  Yeltow-brown sandy clay f_{’ & cloy
I 36" / 36—
- -4
I ry | ‘g
l L 60" 60—
l — o May1970 NOg? Ane1870 NO102 0
Moisture Group Moisture Group T
N content symbol Description. content symbol Description. -
4
Id
l Yy 133% '/; OH  0Organic loam 17 —
1% ML Brown grey clayey silt 7
I PyS Mm% % CL  Dark grey silty clay 24—
Yellow silty clay containing
- 190% / CL  some smoll soft black B
concretions .' i
l — 36 4529 CL  As above with some grey mottling o / 3%
= 108% 1”4 SC  Grey-yellow sandy clay
- 3% :; SC  Yellow-brown sondy clay / 7
- White impure kaolinitic day with : -
L o L8 —
L8 192% a ~ some traces of chlorite ; Yellow sandy clay
" N7% / SC containing highly N
124% 7 Yellow-grey sandy clay ; 7 : weathered sandstone -
I ) L 60 i  weathered sondstone 60—
I o Mayig7g NOS8
Moisture Group
- content | symbol Qescription.
I 17" 86% ML Brown-grey cloyey silt
B 107% ¢ GC
° 0' Yellow-brown clayey grovel
I — 2y :
l '—“36‘
l —48"
— 60
' To occompany Record 1971/3 15586633




WATSON SOIL SURVEY
BORELOGS

TYPE 10-S0ILS OF DEPRESSIONS

(c) LGHT TO MEDIUM CLAYEY SUB TYPE

APPENDIX 1!
0 May1g70 NO83
Moisture Group
- content symbol Description.
L 12"
B 2% ML Grey-brown clayey silt
L 20
”
B 0% / <L Grey-brown sitty clay
| 36" /[
7
- 164% CL  Mottled grey-yeliow tean clay
b 48 /
L. 60
— g June1970 r\ﬁ{o
Moisture Group’
- content symbot Description.
12"
Reddish-brown clayey
- % M it (saturated)
L 20
- o Mottled red-grey silty
%66% a cloy (saturnted)
— 36
Yetlow-grey teon clay with
— 48 279% /. 7] Cl  some small soft red ond
/ block concretions aturated)
L— 60"

— 0 Juneig7g NOWO

To accompany Record 1971/3

Moisture Group
- content symbol DRescription.
L 17 Nn2% ML Grey sandy silt
B 1% ML Vellow-grey clayey silt
— 24
B 101% Brown silty clay
— 36"
132% Mottled red-grey lean clay
48"
L / Yellow-grey leon clay
% [/ containing hard ironstone
60" LA concretions up to

2%

70% GM Grey gravelly silt
B3% |, / CL  Grey silty clay
53% CH Mottled grey-yellow
/ negvy C.ay
June1g70 - NO93
Moisture Group
content symbol Description.
76% 1} ML Grey-brown clayey silt
105% MH Grey silt
/ Mottledt grey-yellow
6% .
136% L/ cL silty clay
172% CH  mMottled grey-yellow doy
June1g70 NOIO!
Moisture Group
content symbol Description.
99% ML Grey-brown sandy silt
79% ML vellow-grey clayey silt
% é CL  Dark grey silty clay
1"5% / ; Cl Grey lean clay
120% % CL  Mottled yellow-grey lean clay

anerg7o  NO87

Moisture Group

content o symbol Description.
Saond clay fill

ML Grey sandy sitt

21

24—

36 —

L8 —

60—

12" —

24—

36" —

L8 —

60—

r{s —

36—

48"

—

60—

IWSARD 54




APPE., 1 WATSON SOIL SURVEY 22
BORELOGS
TYPE 10-S0ILS OF DEPRESSIONS
{d) HEA/Y CLAYEY SUB- TYPE
0 Anelg7g NOSS June1g70 NO88 80—
B Moisture Group Moisture Group o
- content sympot Description. content symbol Rescription. <
- 12"
—12 Sand-clay fill
i Clay fill | .
- 24 / 20—
™% / CL  Reddish-brown sitty clay
-~ 127% ML Grey sitt )
— 36" // 36
Mottled brown-white
i 175% L/ A CH  Gray heavy clay 7% 1 tean cuay §
Y / 48—
Mottied grey-yellow Mottled grey-yellow
L 158% / CH ot clay 04% / ™ at clay N
L_60° 60—
0 Morch1970 NO8S May1g70 NO92 0 —
r Moisture Group Mois ture Group
- content symbot Description. content symbol Qescription. ~
— 12" 68% ML Grey-brown clayey silt 183% 17—
— ML . . T
g 104% .' CL Grey grovelly clay Reddish-brown clayey silt .
/ 166%
/ Mottled grey-yetlow JJJJ-
— 36 6% / CH d:y g // 36" —
i }/2 190% / CL  Reddish-brown silty clay i
Mottled grey-yeliow
. . . 228% CH
- o gt o P e -
—60° & 60—
0 Juneigzp NOSS
r Moisture Group
~ content symbeol Qescription.
—12° 7% ML Brown clayey silt
L 7
24 /
284% % CH  Red cloy
— 36"
L 300% CH  Mottted red-yellow clay
—48" 260% H z:tytled red-grey-yellow
B . Mottled red-grey-yellow
o B€ ™ clay with some soft
—6 ‘ black concretions
To accompany Racord 1971/3 IS5A)6/835
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APPENDIX 2 WATSON SOIL SURVEY 1
TEST RESULTS
PARTICLE SIZE ANALYSIS ATTERBERG LIMIT
DISTRIBUTION CHART . FLOW CHART
100
/ 10
90 / P
%0 / 50
40
« 70
w
3 pd \\ .
g e / 0
v
apy ‘ N
s 2
A \
@ -
w o 20
e 40 @ \
]
10 é I \,\ —
20
0
10 9
At 1 1 b V0 U 1 W TR | i 1 Fa i 8
01 02 o4 08 i 2 4 [ 10 20 40 60 7
Y3 5 Fi 7
PARTICLE DIAMETER (mm.) MOISTURE CONTENT %
A|
/
POTENTIAL VOLUME CHANGE (
8250
SAMPLE No. 1A
m_._mmm
7425 s e SOIL TYPE 1
——— MOIST(W00) &%
6600
5775
4950 A SUMMARY
g Lower liquid limit 25
a . '
~ A28 t—m PR o Lower plostic 1imit 7
“g Plasticity index 8
8 Linear shrinkage 5
&
3300
Percent grave! 19
Percent sand n
Percent silt ond cloy 1]
2475
Swell index (ib/sq.ft) 100
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| APPENDIX 2 WATSON SOIL SURVEY 2
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APPENDIX 2 WATSON SOIL SURVEY
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APPENDIX 2 WATSON SOIL SURVEY
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APPENDI™ 2 WATSON SOIL SURVEY
TEST RESULTS
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APPENDIX WATSON SOIL SURVEY
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APPENDI 2 WATSON SOIL SURVEY
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WATSON SOIL SURVEY
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TEST RESULTS
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PARTICLE SIZE ANALYSIS
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WATSON SOIL SURVEY
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APPENDIX 2 WATSON SOIL SURVEY
TEST RESULTS
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APPENDIX 2 WATSON SOIL SURVEY
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APPENDIX 2 WATSON SOIL SURVEY
TEST RESULTS
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Potential Volume Change Meter
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APPENDIX 3

The 'Potential Volume Change Meter'

Description

The Potential Volume Change Meter was developed by Lambe
(1960) at the request of the U.S. Federal Housing Authority for the purpose
of identifying potentially expansive foundation soils.

The apparatus (Figure 1) consists essentially of a consolidometer
which measures the pressure exerted as the sample swells against the
resistance of a proving ring. The proving ring deflects 0.0001 inch per
3-4 1b applied force and the dial reads 0.0001 inch per division. The
diameter of the sample , which is that of the consohdometer ring, is 2.750
inches and its thickness is 0.625 inches.

Test Procedure

Samples are compacted dynamically in consolidometer rings at
three different ‘relative water contents*, for which a correlation between
swell index and potential volume change has been established. The three
relative water contents at which samples are tested are termed dry, moist
and wet and are equal to the following:

Dry (st) = water content at 50 percent relative humidity

Moist (W, ..) = water content at 100 percent relativé humidity

100
Wet (Wp) = water content at plastic limit.

The compaction procedures used are shown below, together with
the compactive efforts and their relation to Standard and Modified AASHO**

Compaction:

* The relative water content of a sample of soil refers to the relation between
the actual water content of the sample and the water contents (which might be
called'standard water contents) at which the soil exhibits certain well-defined
properties (such as at the liquid limit, the plastic limit, the shrinkage limit, or
the field moisture equivalent) or is in equilibrium with moist air having a
certain relative humidity (such as 100 percent relative humidity or 50 percent
relative humidity)

** American Association of State Highway Officials.
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Relative No. of No. of Blows Compactive Energy
Water Content Layers per Layer (ft 1b/cu.ft)
Dry 3. 7 55 000 (Modified AASHO)
Moist 3 4 31 000 (¥ Modified AASHO)
Wet 1 5 13 000 (Standard AASHO)

The two exposed faces of the compacted soil are covered with
porous stones and the enclosed sample is attached to a base plate. Water
is added until the sample is compléetely immersed and resultant swell
pressures are recorded by the proving ring dial.

Presentation of Results

The pressure computed from the dial reading is termed the 'swell
index. The Swell Index test is essentially a measurement of the pressure
exerted by the sample of compacted soil when it swells against the restrain-
ing force (proving ring) after being wetted. The value of pressure (l1b/sq.ft)
2 hours after adding the water is the swell index of the soil.

Lambe correlated the swell index with potential volume change
through his'PVC rating); this is a numerical rating which provides a
qualitative measure of the magnitude of the potential volume changes in
soils. It was derived from results of laboratory testing of five soil
parameters:-

Heave from air-dried condition (Holtz and Gibbs, 1956)
Plasticity index (Holtz and Gibbs, 1956; Holtz, 1959)

Water content at 85 percent relative humidity (De Bruyn,
Collins and Williams, 1956)

Plasticity index and activity (Williams, 1957)

Linear shrinkage - Field moisture equivalent to shrinkage
limit (Altmeyer, 1956).
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The volume change potential of a soil can be readily assessed
by inspection of a plot (Fig. 2) of swell index versus PVC Rating. Fig. 2
shows, also, Lambe's four ‘PVC Categories) which represent the severity
of the potential volume change as reflected in the damage which has been
observed in structures founded on soils.
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