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Article - “A case study of distress analysis in Anaikuttam dam and
possible remedial measures”:-

The International Conference on Dam Safety 2026 (ICDS-2026) was held in
Bangalore on 13-14 February 2026. During the conference, Er.K.Lavaniya, Assistant
Engineer and Er.M.Malini Preetha, Assistant Engineer from the Soil Mechanics &
Research Division, WRD, presented a technical paper titled "A Case Study of
Distress Analysis in Anaikuttam Dam and Possible Remedial Measures”
under the theme “"Dam Failure Case Studies: Lessons Learnt.”
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Letter No.005/GS-AOE/2026 Dated: 02.04.2026

To
The Commissioner of Treasuries and Accounts,
3" Floor, Integrated Office Complex for
Finance Department, Veterinary Hospital Campus,
Anna Salai, Nandanam, Chennai-600035.

Respected Sir,

Sub: Water Resources Department - Tamil Nadu Engineering Services
—-Assistant Engineer - Selection Grade -Instruction to PAOs &
Treasuries as per letter - Finance Department dated 05.01.2023
- Requested - Regarding.

Ref: 1. Lr.No.36432/CMPC/2022-2, dated 05.01.2023
2. Letter from ATO, Sub Treasury, Tirunelveli dated
06.01.2026
3. Written of Audits from ATO, Sub Treasury, Kovilpatti dated
13.02.2026.

We invite your kind attention on the issue of admitting bills submitted
for claiming the benefits of Selection Grade of Assistant Engineers in Water
Resources Department.

The fixation of Pay Scale for Assistant Engineers in 6th Pay
Commission is directed by the Court through its Judgment in WP20401/2020
dated 04.04.2024, in which the Court also set aside the G.0.Ms.No.71 dated
26.02.2011, G.0.Ms.No.242 dated 22.07.2013 and G.0.Ms.No0.399 dated
12.11.2020 issued earlier in connection with the Pay Scale for Assistant
Engineers.

Before the Judgment, Finance secretary vide letter 1% cited in
reference, issued an instruction in which the Assistant Engineers are allowed
to draw the benefits of Selection Grade, Additional Charge Allowances,
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Annual Increments and Promotional Increments, even though the Pay Scales
as per One Man Commission 2009 is not admitted.

According to the Service Rules and Fundamental Rules of Tamil Nadu
Government Servants the Selection Grade and Annual Increments are
connected with years of service and No-where connected with the Pay Scales
of Pay Commission.

But, the ATOs of Sub Treasury offices at Tiruneveli & Kovilpatti are
refusing to admit the bills for Selection Grade without understanding the
instruction of Finance Secretary, even after it was approved by the Heads of
the Department. In this way this ATOs are violating Service Rules, Court
Orders and instruction of their HODs which mounts to take action under the
Conduct Rules 1973 and Disciplinary Appeal 2013.

Even so, we request you to kindly consider the instruction of Finance
Secretary, Service Rules, and Sanction of HOD and instruct the ATO
accordingly, to admit the bills of Selection Grade for the Engineers.

Yours truly,

Er.M.Dhanasekaran,
General Secretary, AOE

[ SPECIAL CONTRIBUTIONS ]

SI.No Name Amount Remarks

Special Contribution on

Er.P.Arumugam the eve of his retirement

1 Former Spl. CE, WRD, Ground 14,685 | ¢ ENGIBEF retirement
Water Circle, Thanjavur :
benfit
Er.M.Vasudevan
Former Superintending Special Contribution for
2 . 4 2,000 I
Engineer, PWD, P&D Circle, the welfare of Association
Chennai

We thank the above Engineer for their valuable contribution — Editor
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Letter No.007/GS-AOE/2026 Dated: 13.04.2026

To
Engineer-in-Chief & Chief Engineer (General),
Public Works Department,
Chepauk, Chennai-600005

Sir,

Sub: TNES - Assistant Engineer - Estimate of vacancy -Direct
requirement through TNPSC -Regarding

Ref: i. Tamil Nadu Engineering Services (TNES)
ii. Tamil Nadu Engineering Sub Ordinate Services (TNESS)
iii. Tribunal Judgment in OA 3348/1994 dated 17.04.1997
iv. Hon’ble Supreme Court Order in OA 995 / 2009 dated
14.09.2017

We invite your kind attention to the subject of Direct Recruitment of
Assistant Engineer through TNPSC.

As per the Service Rules and Court Orders cited in reference 1 to 4
while deriving the estimate of vacancy in the post of section level of PWD for
every year, the ratio of 3:1 is being earmarked between Assistant Engineer
(AE) & Junior Engineer (JE). Further, there is no provision in Service Rules
allows to carry forward the unfilled vacancies of particular category to next
year while calculating Estimate of Vacancy of that category.

Accordingly every year Estimate of vacancy for entire section post
shall be arrived freshly where 3:1 ratio shall be maintained between AE and
JE. This is carefully formulated in service rules in order to avoid accumulation
of vacancies when the ratio 3:1 is misconceived as cadre strength.

Hence, we request our Engineer-in-Chief & Chief Engineer (General),
PWD to call for the TNPSC for recruiting the Assistant Engineers every year
for the Estimate of Vacancy derived as stated above.

Yours truly,

Er.M.Dhanasekaran,
General Secretary, AOE
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[ WRD - RETIREMENT ON 30.03.2026 ]

1 | Qurdl.P.gumipsid Smiyg smevens Qurdlwirerit
2 | Qumil.K.Hevieorgiemy 2 gold Qewn@urdlwreri
3 | Gumdl.S.dlayreyest 2 galld QawnGumdlwmeri
4 | Qumgl. P.umird Slueer 2 gold Qewn@urdlwreri
5 | Qumdl.S.preydlevssm o gold Qewn@urdlwmeri
6 | GQumrl.M.B.gmis Qeyuisumesf] 2 gold QewnGurdlwreri

SITETem6mT (eUTeUMLILD) 616u01.206, [iT6u6r & (1. 2)I6mM, HT6i: 30.03.2026
We wish them a happy, peaceful & pleasant retired life - Editor
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QuemTemeorumy) ekl 2 LGHET LD, Gauwrm) gyeuisefllar geTus SHeSWTT IjeuTEer
27.03.2026 gjeiim (P& megsmnTLrD SiFmon, LmT@mLipulls) sreLmerTi searums Wbl@hs
UMGSSSGL T Qengflallsgs0sTarSCnmD. sarg TS SHOSWTDT QUHS QGBI
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[ ENGIBEF PHASE-V SCHEME ]

S.No. ENGIBEF | Recipt No & Name & Address
No. Amount
1 V-847- R.N0.904 Er.V.GOWTHAMAN
CUD&VM Rs.10,500 | AE,WRD, O/o EE, Coleroon Basin Div. Chidambaram
2 V-848-SLM R.No0.905 Er.M.K.VIJAYARAGAVAN
Rs.10,500 | AE, WRD, O/o EE, Lower Bhavani Basin Division, Erode
R.No0.906 Er.C.MALATHI
3 V-849-ERD | p<.10,500 | AEE, PWD, O/o EE, Buildings (C&M) Division, Gobichettipalayam
.y R.N0.907 | Er.P.VINOTHKUMAR
4 V-850-SLM Rs.10,500 | AE, PWD, Building (C&M) Sec.1, Thalaivasal, Salem
R.N0.908 Er.S.CHANDRAVADANI
5 V-851-TVM R5_10,500 AE, WRD, O/o AEE, WRD, Ground Water Sub Div. Tiruvannamalai
. R.N0.909 | Er.N.SELVI
6 V-852-TVM Rs.10,500 | AEE, WRD, Ground Water Sub Div. Tiruvannamalai
R.No.910 Er.A.ARUL
V-853-SLM
7 Rs.10,500 | AEE, PWD, Buildings (C&M) Sub Div.2, Karur
R.No.911 Er.P.SUBHATHRA
8 | V-BS4-CHE | Rs.10,500 | AE, WRD, O/0 AEE, KWSP Sub Div.2, Chennai-5
R.No.912 Er.S.NAGAJOTHI
V-855-CHE
9 Rs.3,000 | AEE, WRD, O/o EE, Designs Division, Chennai-5
R.No0.913 Er.E.PRADEEP
10 V-866-ERD Rs.10,500 | AE, PWD, Buildings (C&M) Section, Perundurai
R.No.914 Er.N.SENTHILKUMAR
V-867-SLM
11 Rs.10,500 | AE, PWD Oj/o SE, Buildings (C&M) Circle, Salem
R.No.915 Er.V.SIVAKUMAR
12| V-868-ERD | Rs.10,500 | AEE, PWD, Buildings (C&M) Sub Div. Namakkal
R.No0.916 Er.U.S.ARIVARASU
13 V-869-TNJ Rs.10,500 | AE, WRD, Grand Anicul Can Sec.1. Orathanadu
R.No.917 Er. T.MUPPIDATHI
V-870-TNJ
14 Rs.10,500 | AE, WRD, Upper Vaippar Basin Sec. Sivagiri
R.No0.918 Er.N.AUTHINATHAN
15 | V-871-TRM | Rs.10,500 | AE, WRD, O/0 SPMU, DRIP, Tharamani, Chennai
R.No0.919 Er.M.NAVALADI
V-872-ERD
16 Rs.10,500 | AE, PWD, Buildings (C&M) Sec. Gobichettypalayam
R.N0.920 Er.T.S.B.DAMU
V-873-SLM
17 873 Rs.10,500 | AE, PWD, O/o EE, Buildings (C&M) Div. Salem
18 V-874-CHE R.No.921 Er.P.PREMKUMAR
Rs.10,500 | AE, WRD, Anti Sea Erosion Sec.III, Chennai
R.No.922 Er.S.RAGHUPATHY,
V-875-ERD !
19 875 Rs.10,500 | AE, PWD, Buildings (Const.) Sec. Gobichettipalayam
R.No0.923 Er.S.DINESH
20 V-876-ERD Rs.10,500 | AE, PWD, O/o AEE, Buildings (C&M) Sub. Div. Thiruchengode
R.No.924 Er.M.K.AJAY
21 V-877-ERD Rs.10,500 AE, PWD, O/o AEE, Buildings (C&M) Sub Div. Thiruchengode
erLiyed 2026 Qumplwierit 9




ENGIBEF | Recipt No &

S.No. Name & Address
No. Amount

22 Part R.No.925 Er.T.KALAIYARASAN

Payment Rs.5,000 AE, WRD, O/o CE, Trichy Region, Trichy
23 Part R.No0.926 Er.M.MUGILVENDAN

Payment Rs.5,000 | AE, WRD, Proj. Management Unit, Trichy-20
24 Part R.No0.927 Er.R.RANJITH

Payment Rs.5,000 AE, WRD, Proj. Management Unit, Trichy-20
25 Part R.No0.928 Er.K.MONISHA

Payment Rs.5,000 | AE, WRD, Proj. Management Unit, Trichy-20

R.No0.929 Er.S.DHIVAHAR
V-878-ERD
26 878 Rs.10,500 | AE, PWD, Buildings (Const.) Sec. Bhavani

R.No0.930 | Er.K.KANNAN

V-879-CBE
27 Rs.10,500 | AE, PWD, Buildings (C&M) South Sec. Coimbatore

R.No.931 Er.M.SABARI

V- -TNJ
28 880 Rs.10,500 | AE, WRD, O/o EE, Spl. Project. Div. Kumbakonam

R.No.932 | Er.D.SHABARI SRI

V-881-ERD
29 Rs.10,500 | AE, PWD, Buildings (C&M) Section, Thiruchengode

R.No0.933 Er.D.KISHORE KUMAR

30 V-882-ERD | ps.10,500 | AE, PWD, Buildings Construction Section-2, Erode

R.No.934 | Er.S.LOUIS ARUL CHEZHIAN

V- -KKM
31 883 Rs.10,500 | AE, WRD, Kudumudiyar Res. Proj. Sec. Vallioor

R.N0.935 | Er.P.ANANTHI

32 | V-BB4-CHE | Rs.10,500 | AE, PWD, QC Sub Division, Thiruvallur

R.No0.936 | Er.R.GOWRI SHANKAR

V- -CBE
33 885 Rs.10,500 | AE, PWD, Buildings (C&M) Town Sec.1, Coimbatore

R.No.937 | Er.K.K.PRADEEP

34 | V-886-ERD | pg 10,500 | AE, PWD, Buildings (C&M) Sec. Sathyamangalam

R.No.938 | Er.K.VIKRAM

V-887-CHE
35 88 Rs.10,500 | AE, WRD, Special Design Division, Chennai-5

R.No0.939 | Er.R.HARISH

V- -CHE
36 888 Rs.10,500 | AE, WRD, Special Design Division, Chennai-5

R.No0.940 Er.V.BANUPRIYA

V-889-TRY
37 88 Rs.10,500 | AE, PWD, Project Section, Karur (DoTE)

We request our member engineers who have not enrolled so far in ENGIBEF
Phase V Scheme to enroll as full-fledged member by remitting the amount through
core banking system ‘TNPWD ENGIBEF, State Bank of India, A/C
No.10031641514 of PWD Complex Branch, Chepauk, (IFSC Code
SBIN0006489), Chennai” or through branch offices in Cash / Cheque.

We solicit your earnest co-operation to enroll in this Scheme & help the
deceased Engineers’ family.

“"We expect more members to enroll in ENGIBEF PHASE V"

Er.D.Rajeshwar Babu Er.S.Eswari
Treasurer/ENGIBEF (Cell:9894154915) Secretary/ENGIBEF
JOIN ENGIBEF JOIN ENGIBEF JOIN ENGIBEF
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A case study of distress analysis in Anaikuttam dam and possible

remedial measures
Suresh Babu N1*, Kanimozhi T2, Malini Preetha M3, Lavaniya K4
Abstract:

Virudhunagar in Tamil Nadu is a drought prone district without any perennial river. Majority
of the total population of the district is dependent on agriculture and its allied occupations. Apart from
few dams which aids storage of surface water, well irrigation and rain dependent tanks are the source
for agriculture in this district. Anaikuttam Dam is one such dam built on Arjuna River in the year
1989 which is a seasonal river originating from Sathuragiri hills. This dam is situated at Anaikuttam
Village in Sivakasi Taluk of Virudhunagar District in Tamil Nadu. It is a composite dam consisting of
concrete spillway and earthen embankment. Distress in the form of sink holes were observed on the
crest of earthen bund near the right abutment of the Anaikuttam Dam in the year 2021. Geotechnical
investigations were carried out to ascertain the causes for the formation of sinkholes. Exploratory test
bore holes were drilled from the crest of the bund which depict that the earthen embankment of
Anaikuttam dam rest on calcareous deposits which are prone to dissolution when acidic water (often
containing dissolved COZ2) dissolves limestone, creating sinkholes. Since rehabilitation measures are
needed to ensure storage, the critical stretch of the earthen embankment located on both the sides of
spillway portion, requires detailed geotechnical investigations. As destructive drilling of test bores
along the already distressed critical stretch of earthen embankment is not advisable non-destructive
investigation methods viz. ERT (Electrical resistivity tomography) and MASW (Multi-channel
analysis of surface waves) were carried out during August 2025, to compare the results with that were
obtained from test bore holes. The relative compaction of the earthen bund is arrived based on the
interpretation of ‘N’ Value from the shear wave velocity and the weak zones in this critical stretch of
earthen bund is identified. From the combined exploratory geotechnical and non - destructive
geophysical survey, the remedial measures to be taken up to rehabilitate the distressed section of the
embankment has been suggested.

Keywords: Geophysical investigation, ERT, MASW, earthen embankment, test bore holes,
sink holes.

1. Introduction:

Anaikuttam Dam, completed in 1989 in Tamil Nadu's Virudhunagar district, is situated across
Arjuna River within a drought-prone, semi-arid tropical region. The region faces high temperatures
and hydrological droughts and is devoid of dependable irrigation sources like perennial rivers. This
area is mostly covered by black cotton soil with underlying kankar (lime nodules) followed by calc-
gneiss rock strata. Kankar is the weathered product of calc-gnessic rock outcrops, containing CaO
content more than 30% which is mined for cement manufacturing and various other purposes.
Agriculture is the predominant occupation of Virudhunagar district. Assured irrigation is available
through wells and by rainfed tanks and six reservoirs viz. Kulloorsanthai, Vembakottai, Anaikuttam,
Golvarpatti, Periyar & Kovilar and Sasthakoil are important irrigation sources. Paddy and Cotton are
the predominant crops of this district. The northeast monsoon mainly contributes to the rainfall in the
district. Average rainfall of Virudhunagar district is 81 lmm which is less than the National average.
Anaikuttam Dam is constructed on Arjuna River, a seasonal river to store the water contributed by the
North East monsoon. Though the capacity of Anaikuttam Dam is 0.13 TMC only, it is a lifeline for
the people of Virudhunagar as they rely on the storage of the Dam for their agriculture and drinking
water needs.
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2. Features of Anaikuttam Dam:

Anaikuttam dam (Fig 1), is a composite Dam to store 0.13TMC, consisting of an earthen dam for
a length of 2823m and concrete spill way of Breast wall type regulator of 117m length with 9 shutters to
discharge 60309 cusecs of surplus flow and is founded on a stratum consisting of black cotton soil with
underlying lime kankar. A Tower Head sluice to draw 41.14 cusecs for irrigation is provided on the right
side of the spill way which irrigates 1821 Ha of Ayacut in Virudhunagar district. Maximum depth of
storage is 7.5 m at LS 1178m. Maximum height of earthen bund is 9.5 m at LS 1350m. The Earthen dam is
formed as a zoned embankment with distinct casing and hearting zones. The upstream slope of the casing is
protected with a layer of rip-rap of stone over a layer of filter bed and the downstream slope is protected
with turfing. A free board of 2.20m is available above the FRL throughout the length of the Dam and the
crest is laid with a layer of murum to enable vehicle movement. Necessary chute drains and cross drains
provided on the downstream of the bund serve the purpose of rain water drain and as such the bund slope
surface were found visually intact without any rain-cut or gullies.

Figure 1. Aerial view of Anaikuttam Dam with earthen bund and spillway
3. Noticing of Distress:

The distress in the form of depression / sinkhole, was noticed on the earthen bund near the right
abutment of the Anaikuttam Dam during the year 2021. On 26.11.2021 Anaikuttam Dam and its catchment
areas witnessed a rainfall of 6.5 cm, with 6m depth of water storage in the shutter portion of the Dam.
During this period, vibration/noises were heard in the shutter portions. Further depressions / sink holes
were formed (Fig. 2) on the crest of the earthen bund near to the right abutment. In this connection, the
dam was inspected by the Phase I, 6th Cycle Inspection Committee of State Dam Safety Organisation,
Tamil Nadu on 01.03.2022. As a temporary measure, water in the reservoir was maintained at a safer limit
and the sink hole was filled up with the locally available earth. However, sinking was continuing with the
soil particles coming out on the downstream through the weep holes of the right abutment (Fig. 3).

Figure 2. Formation of sinkhole Figure 3. Weep Holes showing lime deposits
4. Geotechnical investigation:

To ascertain the causes for the formation of sinkholes, laboratory and field investigation was
carried out by Soil Mechanics & Research Division of Tamil Nadu Water Resources Department.
Exploratory boreholes were drilled using hand auger in the locations (Fig. 4) as mentioned in Table 1, on
the embankment and soil samples (disturbed and undisturbed) were collected to determine their index and
engineering properties. Standard Penetration test was conducted to understand the relative
compaction/denseness of the various layers that constitute the earthen bund.

e7iiTsd 2026 QumPlwimerit 12



Table 1. Location of Boreholes

i BHI LS 1070m on top of the left embankment

2. BHII LS 1070m on upstream slope of the left embankment
3. BH III LS 1326m top of the right embankment

4. BHIV LS 1299m near right abutment top

5. BHYV LS 1140m on top of the left embankment

6. BH VI 1.51299m downstream portion beyond toe

Figure 4. Schematic diagram of Anaikuttam Dam showing the location of Bore Holes and sink hole formation
5. Interpretation of Field and Lab Analysis:

The earthen portion of Anaikuttam dam is a zoned embankment. The exploratory bore holes
in the embankment reveal that the casing portion is made up of SC/GC soil (Clayey Sand / Clayey
gravel) and hearting is made up of CH (Clay of High Plasticity) soil.

However, bore holes drilled on the right earthen bund (LS 1299m), where the sink hole
formation was observed, reveal that the soil type from the crest is predominantly made up of clayey
sand upto a depth of 5.0 m. The stratum is highly loose in state from a depth of 3.5m to 4.0m, which
was confirmed during boring operation by the sudden downward movement of auger. The
corresponding ‘N’ values of SPT test before the auger movement, also indicate that the bund is
relatively in a loose state with ‘N’ value of 10. Normally during construction, the bund layers will be
compacted to 90% to 95% of maximum dry density which will give a higher ‘N’ value but the low
‘N’ value obtained in present case suggests that the underlying disturbance (might be due to the
subterranean channel caused by dissolution leaching) is causing loosening of earthen bund along this
critical stretch on both sides of the abutment. This reduced ‘N’ value represents the unsound /
relatively loose earthen bund matrix which necessitates its complete removal and replacement. In this
critical portion, it is evident that due to the escape of clay fraction at the sink hole location, emergent
filling had been resorted on the top of the embankment with the immediately available clayey sand
material.

The Undisturbed soil sample collected at a depth of 5Sm visually indicate the presence of
limestone that readily reacts with dil. Hcl and liberates brisk effervescence and proves presence of
calcium carbonate. On advancing the test bores, it was found that disintegrated rock strata (calc-
gnessic rock) was encountered at 7m below the top of the bund.

Field and Laboratory Investigation (Figs 5 — 7) (Soil and Chemistry) confirm that the
formation of sinkholes in the earthen embankment is due to the existence of kankar /calcrete strata in
the foundation. Outcrops of calcrete or Kankar could be visually seen on the reservoir bed, upstream
and downstream side of the Anaikuttam Dam and continuous extension of this calcrete layer even
beyond the downstream side confirms the findings. Further the weep holes provided on the wing wall
of the right abutment was found clogged with whitish lime deposits which show the continuous
dissolution and deposition of lime happening through the earth being retained by the wing walls.
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Figure 5. Field testing Figure 6. UDS sample collected at ~ Figure 7. Action with dil. HCI-
7.0 m depth Brisk effervescence of soil sample

6. Inspection by DSRP on 26.09.2023

The DSRP (Dam Safety Review Panel) members accompanied by the State Project Management

Unit Officials carried out inspection of Anaikuttam Dam on 26.09.2023 and recommended that the
embankment material and its foundation may be tested for dispersivity and hydraulic fracture before
coming to any conclusion. Consequently, the soil samples from right side bund, left side bund and reservoir
bed were collected and tested for dispersivity analysis which is tabulated below as Table 2.

Table 2. Dispersivity test on soil samples

SL LS details | Location of sample | Physical test* Chemical Consensus

No collection test**

1 Right bank | Upstream slope under | Non - | Non - | Non -
LS 1313m | revetment Dispersive Dispersive Dispersive

2 Right bank | At bed of Reservoir | Non - | Non - | Non -
LS 1690m | 18.00m from the U/s | Dispersive Dispersive Dispersive

Toe

3 Right bank | At Downstream slope Non - | Non - | Non -
LS 1313m Dispersive Dispersive Dispersive

4 Left bank | At Upstream slope Non - | Non - | Non -
LS 1140m Dispersive Dispersive Dispersive

5. Left bank At Downstream slope Dispersive Intermediate Moderately
LS 1153m Dispersive

6 Leftbank | At bed of Reservoir | Dispersive Intermediate Moderately
LS 1140m | 10m from U/s Toe Dispersive

* Physical test based on crumb test, Pin hole and double hydrometer
** Chemical test based on SAR value and Percentage Sodium Vs TDS
7. Findings of geotechnical investigation

1.

The soil layers of earthen bund in the critical stretches are relatively in a loose state with poor ‘N’ value,
indicating unsound soil matrix of the earthen bund that threatens its structural integrity, stability, and
impermeability.

The soil strata below the bund at the right side of abutment consists of a distinct layer of calcrete/ kankar
deposits which is soluble in water whenever its pH becomes mildly acidic (pH < 7).

Rainwater absorbs carbon di oxide from the air and becomes mildly acidic. This acidic rain water seeps into
superficial cracks in the crest of the bund, and reacts with calcrete/kankar deposits in the foundation level
Whenever fresh rain water flows into the reservoirs and comes in contact with calcrete / kankar layer, it has
a tendency to dissolve this layer and creates fissures and cavities. Over a period of time, this acidic water
slowly dissolves the calcrete / kankar deposits (Figs 8 — 10) and widens the fissures/cracks into channels or
leakage paths and enlarges the underground voids. This leakage path will carry the dissolved lime particles.
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3. It is evident from the lime leachate clogged weep hole deposits of wing wall that lime dissolution and
deposition is occurring on the RHS of Abutment which is a rare occurrence for a retaining wall meant to
retain earth.

4. The loss of lime from the substrata combined with leakage resulted in localized subsidence of overlying soil
and caused SINKHOLES.

re 8. Kankar / calcrete Figure 9. Open well - showing Figure 10. Superficial kankar
strata on upstream side of the groundwater erosion causing strata on the reservoir bed
dam distinet canopy in kankar strata

8. Geophysical investigation

Considering the limitations of drilling exploratory test bores in a live storage dam for conducting a
detailed field investigation, the Non-destructive methods (Figs. 11-13) viz., Electrical Resistivity
Tomography (ERT) and Multichannel Analysis of Surface Waves (MASW) were used to investigate
embankment soundness and the subsurface conditions. ERT images the subsurface by measuring electrical
resistivity variations, which indicate differences in moisture, rock, and soil properties by measuring
electrical resistivity to map subsurface materials, while MASW is used to determine shear wave velocity
(Vs) profiles, mapping soil stiffness, bedrock depth, and stratigraphy focuses on measuring surface waves
that travel along the Earth's surface. These methods are often used in combination to provide a more
comprehensive understanding of the subsurface. Hence both ERT and MASW were carried out in the
critical stretches of Anaikuttam dam to ascertain the conditions of earthen embankment and underlying
strata to correlate with the field and lab investigations and to arrive at possible remedial measures.

(,

‘*m G
Figure 11. Instrument used for the Figure 12. Geophone coupled to Figure 13. Source of vibration -
2D resistivity test the ground Hammer

The locations (Figs. 14-16) of geophysical investigation are tabulated as Table 3.

Table 3. Locations of geophysical investigation

ERO01 MASW-01 Upstream of the reservoir at a distance of 20 m from the heel of the
right embankment
ERO02 MASW-02 MASW-03 | Upstream of the reservoir at a distance of 60 m from the heel of the
MASW-04 right embankment
ERO03 Nil Upstream of the reservoir along the heel of the right embankment
ER04 MASW-06 MASW-07 | Top of the right embankment
MASW-08
ERO05 MASW-05 Downstream of the reservoir at a distance of 5 m from the toe drain
ERO06 Nil Transverse profile of the reservoir across the right abutment
ERO07 MASW-09 MASW-10 | Upstream of the reservoir at a distance of 10m from the heel of the
left embankment
ERO08 MASW-11 MASW-12 | Top of the left embankment
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Figure 16. Left flank Earthen Embankment

Figure 15. Right flank Earthen Embankment

9. Combined Geotechnical and Geophysical investigation
9.1 Right embankment

1.

Rapid advancement of Hand Auger during boring operation was observed at LS 1299m (Earthen
embankment close to right Abutment) from a depth of 3.50m to 4.0m representing a loose stratum
of soil at this LS.

The ‘N’ Value observed at a depth of 3.00m in LS 1299m is 10, which indicates the loose stratum
of soil as per IS 6403:1981 (Reaffirmed 2021). Similarly, at LS 1326m, the ‘N’ Value observed
up to a depth of 6.50m is 20, which denotes that the relative density of the strata is medium as per
IS 6403:1981 (Reaffirmed 2021).

The soil samples from LS 1299m are predominantly of clayey sand. Similarly, soil sample from
LS 1326m is predominantly of stratified deposits of sandy layer. From this, it is evident that due
to the escape of clay fraction from the sinkhole location, emergent filling has been resorted to
from the top of the embankment with immediately available clayey sand material.

The Laboratory test on samples from this bore hole (LS 1299m), implies that the soil is
predominantly of “Clayey Sand” up to 5.00 m depth from the top of the bund, beyond which hard
strata was encountered (White Gravel — Limestone formation). This depth corresponds to the
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foundation level of the embankment and implies that the embankment rests on the kankar/calcrete
which is a limestone formation prone to dissolution.

From the Direct shear test on the soil sample (White Gravel - Limestone formation) a peculiar
type of stress strain behavior was observed. This is because the white gravel - limestone
formation encountered at this depth (6.5m), when subjected to higher normal loads under
undrained conditions exhibits very poor shear strength since the rock has a tendency to dissolve in
water.

Similarly, the geophysical investigation (Fig. 17. Refer page No.19) substantiates the presence of
weaker zones up to a depth of 11m from the crest of the bund. This weak zone stretch is
extending to a length of 55m from the right abutment as the shear wave velocity of this stratum is
less than 230m/sec.

Further, highly polarized pockets (high permeable zones HPZ) are also observed within this weak
zone.

9.2 Left embankment

1.

At LS 1070m, the ‘N’ Value observed at a depth of 3.00m is 7, which indicates loose stratum of
soil. The ‘N’ value observed at 6.00m is 24 which indicates that the relative density of the strata
is medium as per IS 6403:1981 (Reaffirmed 2021).

At LS 1140m, the ‘N’ Value up to a depth of 3.00m is 9, which indicates loose stratum of soil.
The ‘N’ value observed at 6.00m is 13 which indicates that the relative density of the strata is
medium as per IS 6403:1981 (Reaffirmed 2021).

3. Similar to the right embankment, white gravel (limestone formation) was encountered at a
depth of 6.00m from the top of the embankment. This kankar/calcrete (limestone formation) in
the foundation of earthen embankment has a tendency to dissolve in water.

The geophysical investigation (Fig. 18. Refer page No.20) substantiates the presence of weaker
zones up to a depth of 11m from the crest of the bund. This weak zone stretch is extending for a
length of 115 m from the left abutment since the shear wave velocity of the strata is less than
350my/sec.

Further, highly polarized pockets (high permeable zones HPZ) are also observed within this
weak zone.

10. Suggested possible remedial measures

The root cause for the distress in the earthen embankment of Anaikuttam dam is formation of
“Dissolution sinkhole” which happens at the reservoir bed level and needs to be addressed. The
following are the suggested possible measures (Table 4) for the rehabilitation of earthen bund of
Anaikuttam Dam

1) Based on the Geophysical and Geotechnical investigation it is ascertained that the following
stretch of earthen bund portion of Anaikuttam dam needs complete removal as the relative
compacted density is very less, due to the recurrent phenomena of sinkhole formation and
subsequent subsidence.
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Table 4. Proposed remedial measures

S.No. Earthen LS N Value Remarks Suggestions
Bund
1 Right Side | 1295m to Upto 5m depth ‘N’ value | EL 97.2 to
1350m(55m) is 15 92.2m Earthen
Beyond that upto 11 m Embankment
depth ‘N’ value is 41 EL 922 to | toberemoved
86.2m completely and
2 Left Side 1063m to Upto 3m depth ‘N’ value | EL 972 to new zoned
1178m (115m) is9—-11 94.2m embankment

to be formed.
Beyond that upto 6m depth | EL  94.2 to

‘N’ valueis 13-17 91.2m

2) Conducting field permeability tests at the level of cutoff trench of the earthen bund and

identifying proper cutoff mechanism viz., COT with clay filling for entire ‘D” depth or COT
with concrete diaphragm wall below the impervious core, considering the porous lime stone
formation (kankar/calcrete) of reservoir bed.
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Right Embankment - Figure No.17
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Left Embankment - Figure No.18
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