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Canal Water Spill out from .
Spillway, CH : 20+000

Canal Water Escape out from
Escape,
CH : 20+000

2071 & 2074 heavy rainfall > 400
mm/24 hr.

Siphon, DUP sufficient to pass flood
water.















Deep cutting area- Reach 21+175 TO 22+740 (Balapur village area)
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Gully/tunnel formation in natural cut surface and removal of soil
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Lahmayer proposed alignment

J et .J ?"""" v /'/’ ” (9 L/\\/:j 0 o
r,/ A / : 3 B .

Y L0 g <3 K | Passing through
<X ALY deep cutting zone
. SO (upto3om)

» ! P W
] ! J 1 aS\\N L 2 \
=i \\ Far away from
L East west

= “of highway

GZ G SR - *Passing through
D R ° < 3 ~~ dense forest

;/q° R
N o o - o
N4 .
* —

. A

o

=

2




Ll

Y

g < .l 'I;\ S “? \ “ i " 4
o - \ i i A
) ; : ; 5 N v
A B [ M’I.‘ “‘l\t ; EI"T"."‘."'
AN P ) ¥, .1 ,_.‘..’ — F. , : :

, Vgl I ‘F% g 7 Tu“\‘\' =
{ i a /i N P -k’lﬂ
ig ot " h ‘ ,‘ \A P ";q’v%

.

> 1
”6

. \‘E?"




Alignment Selection Criteria

Canal bed in cutting as far as possible
Minimum length of deep cutting zone
Avoiding rugged topography

Safe geological zone as far as possible
Minimizing curvature as well as canal length
Safety for irrigation structures

Cut Fill almost balance (~20,00,000 m3)
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1980

1980

2004

Detailed feasibility study by
Lahmayer International GmbH

Sandy Silt, Erodible soil, permeability 104 cm/s
High seepage loss Cement concrete lining is required
Excavated material can be used for filling.

Silty soil, permeability 104 cm/s, lining is required

Loamy soil on top, silt & loam at the bottom
Leaching, lining is required
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Effect of water on Dispersive Soil

Surface Erosion Tunnels and Sinkholes

Gully Formation




Identification of Dispersive Soils

» Visual Identification

* Identification Test
— Crumb Test ASTM D 6572-06
— Pinhole Test ASTM D 4647-93
— Double Hydrometer Test ASTM D 4221-99
— Chemical Test

VISUAL IDENTIFICATION




topsoil removal, surface water has dissolved through the soil surface. Soils derived from Triassic

Figure 28. Rill and tunnel erosion caused by excavation of sodic soils
for road construction. Dunalley.







Failed Canal Lining and Sink Hole on the Embankment
in Moghan Irrigation Project, Iran (Photo : Rahimi et
al. 2om1)



San Juan reservoir failure (2001) in Huesca, Spain
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Graveled service road

Lined canal

Dispersive soil

Sink hole

Tunnel formation



Canal in filling

Graveled service road
both side

Joint / crack sealing,
grouting repair, reconstruct

wall etc.




Graveled service road

Sink hole

Surface erosion / Rills

Drain expansion
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Graveled service road

both side

Catch drain and inlet to
canal

Bio-engineering (Jute
netting, seeding etc.)

Joint / crack sealing,
grouting repair, reconstruct
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CRUMB TEST
(ASTM D 6572-06)

s e
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Discoloration in

Water remains clear Discoloration and Discoloration and
surrounding particles or
though particles may distinct cloudi cloudiness surround cloudiness surround
crumble Q“’”U;”f most or all particles throughout. extending
i # - vertically throughout
Boundary of crumbs Boundary of crumbs Boundary of crumbs not 2 )

clearly defined vaguely defined able to be defined. most or.all water

Test Results

* Results are interpreted after 1 hour and four

grades of reaction are possible
— No Reaction

— Slight Reaction

— Moderate Reaction

— Strong Reaction




PINHOLE TEST
(ASTM D 4647-93)

Test Apparatus

* This method presents a direct and
qualitative measurement of dispersibility
and consequent colloidal erodobility of clay
soils by causing water to flow through a
small hole punched in a soil specimen.

Standp ipe
1 mlillimeter hole

Sand/gravel
To Constant /

Heod Tank\\" = 7/

(<3

A%
F Collected
o

[y
== o e 1

: ; 1]
Sand/Gravel /

Soil

Test Apparatus Callbrated Cylinder

7]
) O Y Vent Hole

Test Results

Pinhole tests are rated using the following summary of criteria

D-1 The most severe reaction. The sample rapidly erodes at a head of 2
inches. The pinhole has enlarged to at least twice its diameter. The flow
rate exceeds 1.2 milliliters per second after 5 minutes

D-2 Severe erosion of the hole occurs at a head of 2 inches, but up to 10
minutes is required for the flow rate to increase to more than 1.0
milliliters per second. The eroded hole has a diameter of 1.5 millimeters
or greater

Tested Sample

= ND-4 The flow rate at a 2 inch head does not exceed 1.0 milliliters per
second, but the turbidity of the collected water is at least slightly dark
The hole diameter is less than 1.5 millimeters. At a 7 inch head, if the
flow rate is more than 1.4 milliliters per second, classify as ND-4

ND-3 At a 7 inch head, after 5 minutes of flow, the turbidity is at least
slightly dark, the flow rate is at least 1.4 milliliters per second, and the
hole diameter is greater than 1.5 millimeters

ND-2 At a 40 inch head, if any turbidity is observed, classify as ND-2
Note: Not all samples are tested to a 40 inch head, if evidence of failure
occurs at lower heads

ND-1 No erosion is observed even with 40 inches of head causing flow
through the specimen. The collected water remains free of any colloidal
cloud

7 4
e ‘\,{.‘" :?{ y:
e
Pinhole test - completed pinhole size measurement




TEST (ASTM D 4221-99)

% Clay (0.005 mm) without dispersing agent

% Dispersion = - X 100

% Clay (0.005 mm) with dispersing agent

 This test method, when used in conjunction
with standard hydrometer test method D422
on a duplicate soil sample, provides an
indication of natural dispersive Percent dispersion Degree of dispersion
characteristics of clay soils. 4

Non dispersive

30to 50 Intermediate
50 Dispersive

Test Results

700, W
R
80 Dispersive
~ 80
8 Transition
N 4ol
% 204 Non—Dispersive
[+
&
T T 1 1 I T I |
» b © o ° o o ) o
o o ° - © - ° S o
TOTAL DISSOLVED SALTS, meqg/liter




Chemical Test

« A sample of pore water is extracted from a
saturated slurry of a soil sample and analysed
for cations

» Based on field performance, a soil’s total salt
content and the percentage of the cations i.e.

Sodium, are used to categorize the soil’s
dispersive characteristics.

% Sodium = Na(100) / TDS
Where TDS=Ca+Mg+Na+K

Test Results

Table 1 Relationship between degree of dispersion and percentage of exchangeable sodium

Rating Exchangeable Soil dispersion test
sodium percentage




5.1 ACTIVITIES THAT PROMOTE TUNNEL
EROSION

In almost all cases tunnel erosion resufts from some form of

disturbance resulting in rainwater or water with very low salf
content coming into contact with dispersible subsoil. Changes
1o hydrology, such as concentration of flow in culverts, runoff
from hardened areas and ponding of rainfall all increase risks ,
Figure 16. Initation of tunnel erosion caused by scalping or removing

of tunnel erosion. Typical activities that increase the risk of e S el L

exposing dispersive subsoils to rainfall include;

Remaval of topsoil.

b
Bt

»  Soll excavations.

Trenches and supply of services.

Rewr
B

y» Roads and culverts.

S

) Sewage and grey water disposal.

b

1 for a large building. Erosi ited from ponding of rainwate
) Dam EGHE[I"LJC[I:]H. |':?l;ha|y t;igers'we':igl-l. Tﬁ%lﬁ:wnsanuxﬁmm?bt:&;

to 1.2 meters deep) caused by surface water ‘dissolving” through the
footing.

b




Some failure example in dispersive
soil



Figure 25. Road surface breaking up due to construction on dispersive
clays.This section of road is repaired 2-3 times a year.

Figure 28. Rill and tunnel erosion caused by excavation of sodic soils
for road construction. Dunalley.




Figure 35.Failure of Blackman Creek dam (source: Davies Brothers).
In 2005 the Blackman creek dam failed. resulting in the evacuation

of Tunbridge. Doyle and Cumming (unpublished 2005) indicate the
cause of the failure to be variability in the compaction of a slightly to a
moderately dispersive soil layer, combined with rapid filling of the dam
with low electrolyte water.

Figure 33.Typical small dam failure. Note piping through the side wall
of the dam.This dam was constructed using dispersive clays derived
from Triassic sandstone.




Canal construction in dispersive clay in Iran _

19 i i




Figure 24.Tunnel erosion resuiting from construction of a stormwater
culvert in dispersive clay derived from Triassic sandstone, Brighton.




Some techniques to solve the problem of dispersive soil



EMERGING TECHNIQUE: HYDROLOGICAL BARRIER

This technique for diverting surface and subsurface water away from footings has been proposed as an alternative, or an
addition to pier or post foundations. The hydrological barrier technique involves construction of a sand and gypsum filled
trench to the depth of the foundations around the upslope area of the dwelling (Figure 20). The sand — gypsum mixture
acts to trap the dispersed silts pugging up the developing tunnel while allowing the water to come into contact with the
gypsum and rise through the sand and away from the footings. An earth mound immediately above the sand filled trench
acts to prevent surface runoff entering the trench. The hydrological barrier can be installed either during construction

or fitted to existing dwellings after construction.While the hydrological barmer technique has only been tnalled once in
Tasmania (Ducket pers. comm.) the design principles result from successful use of sand blocks (Figures |4 & |5) for the
prevention of tunnel ercsion resulting from the installation of optical fibre cables in dispersive soils (Richley 1995 & 2000,

Hardie et al, 2007).
|~ Dwelling \\

Sand filled tr
ﬂ [ —

|— Earth mound

Figure 10. Hydrological layer
barrier to isolate

foundations from

surface and groundwater
(Duckett pers. comm.), -
(@) cross section view, ,
{h} le view. {a}. Cross Section

—_—




Imported topsoil
able or pipe
Dispersive subsoil

(c). Topsoil Burial

(a)- (b).
Traditional Improved

Figure 23. Improved trench design. (a). Traditional
Trench. Mote surface sinks allowing water to pond
above trench. (b) Improved trench with individually
compacted clay layers. The surface is finished above

the ground surface to prevent ponding on top of the
trench.

Figure 22 Cable and pipe installation technigues._
{a) Good technique, surface burial of pipe or cable
ensuring that ponding cannot collect on or behind
the mound. (b} Average technigue, simple surface
burial, however ponding can ocour behind the
mound. ()} Good technigue, wihere topsoil depth
allorews partial burial.




Road

Adjacent roadside
areas treated with
gypsum & topsoil

Road bar to dvert
water off road
surface.

Drersion mound to
disperse runoff away

from road side

Water flow:

PR Figure 37. Good technique.Topsoil mounding, reclaimed tunnel
erosion, Brighton. Note the width of earthworks required to fix a
50cm wide tunnel, and the raised profile to shed surface water. jute

Figure 29_Alternative road design using road bars and diversion d : : :
e e e e et cloth would prevent surface erosion until vegetation has established.




