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Summary of Issues:

Tariff determination petition (2024-2 f Koldam ro Electric Project (4 X
200 MW

(In compliance with CERC notice dated 07.06.2024)

The major highlights of the tariff determination petition of Koldam Hydro Electric
Project (4 X 200 MW) for tariff period 2024-20 are as follows -

KOLDAM was declared Commissioned on 18.07.2015.

The present petition is being filed under Section 62 and 79 (1) (a) of the Electricity Act,
2003 read with Chapter-11l of the Central Electricity Regulatory Commission (Conduct
of Business) Regulations, 2023 and Chapter-3, Regulation-9 of Central Electricity
Regulatory Commission (Terms and Cenditions of Tariff) Regulations, 2024 for
approval of tariff of Koldam Hydro Electric Project (4 X 200 MW) for the period from
01.04.2024 to 31,03 20289,

The tariff of the Koldam HEP for the tariff period 1.4.2018 to 31.3.2024 was determined
by the Hon'ble Commission vide its order dated 14.01.2024 in Pefition No.
412/GTI2020. The capital cost allowed for tariff determination included the projectad
additional capital expenditure admitted by the Hon'ble Commission after prudence
check. The petitioner had filed a separate true up petition for the period 01.04. 2015 to
41.03.2024 for revision of tarff in line with the applicable provisions of Tariff
Regulations 2018,

It is submitted that Hon'ble Commission vide order dated 14.01.2024 in Petition no
412/GT/2020 has allowed a capital cost of Rs 72432496 Cr. as on 31.03.2024 based
on the admitted projected capital expenditure for the 2019-24 period. It is further
submitted that CERC vide order dated 19.05.2024 in Review Pefition MNo. 1/RP/2024
in Petition. No. 363/GT/2020 has revised the truing-up of tariff of Koldam for the period
from COD (18.7.2015) to 31.2.2019. Accordingly, capital cost as on 01.04.2019 has
heen considered as closing capital cost as on 31.03.2019 as allowed by Hon'ble
CERC vide order dtd 19.05.2024 in Review Petition No. 1/RF/2024 in Petition. No.
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363GTI2020. However, the actual closing capital cost as on 31.03.2024 has been
worked out in the foresaid true-up petition as Rs 7,18 8.7163 Crs based on the actual
expenditure after truing up exercise for the period 2018-24. Accordingly, the Petitioner
has adjusted an amount of Rs. 54.533 Cr from the admitted capital cost as on
31.03.2024 and accordingly the opening capital cost as on 01.04, 2024 has been
considered as Rs 7,18,8.71632 Cr. in the instant petition.

The projected additional Capital Expenditure for the FY 2024-25, 2025-26, 2028-27.
2027-28 and 2028-29 are Rs 214 42Cr, Rs 143.8Cr, Rs 4.5Cr, Rs 4.5Cr and Rs 4.5Cr
respectively amounting to total of Re 371.72 Crores during the 2024-28 period. The
same has been depicted year wise in Form 9A of the Appendix-| along with applicable
regulations and justification for the claims. It is humbly requested to approve the
projectad Additional Capital expenditure during the period of 2024-29.

The Hon'ble Cammission is requested to allow the claims for security expenses, and
Insurance expenses for the instant station as estimated by the Petitioner in Form 3A
of Appendix-l. These claims shall be subject to retrospective adjustment based on
actual expenditures during the truing-up process.

Furthermore, the consumption of capital spares shall be claimed at the fime of truing
up based on the actual consumption of spares during the period 2024-29.

The petitioner seeks permission to approach the Commission to recover the impact of
wage revisions effective from 1.1.2027, as allowed under Tanff Regulations 2024,
during the tariff true-up based on actual payments made.

The petitioner requests the Commission's approval to recover the filing and publication
fees directly from the beneficiaries, as permitted under Regulation 94(1) of the Tariff
Regulations 2024.

In the light of above submission and as per the Petition being filed by the Petitioner for

determination of tariff of Koldam Hydro Electric Project (4 X 200 MW) (2000 MW),the
Hon'ble Commission may please approve tariff for the tariff period 2024-29 as per

provigion of Regulation 8(2) of Tariff Regulations 2024.
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BEFORE THE HON'ELE CENTRAL ELECTRICITY REGULATORY COMMISSION
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BEFORE THE HON'BLE CENTRAL ELECTRICITY REGULATORY COMMISSION

IN THE MATTER OF

AND
IN THE MATTER OF

Patitioner:

Respondenis

. Ajmer Vidyut Vitran Nigam Ltd. (AVVN) G;’r

NEW DELHI

PETITIONNO............ce....

: Petition Under Section 62 and 78 {1) (a) of the Electricity

Act, 2003 read with Chapter-lll of the Central Electrizity
Regulatory Commission (Conduct of Business)
Regulations, 2023 and Chapter-3, Regulation-8 of
Central Electricity Regulatory Commission (Terms and
Conditions of Tariff) Regulations, 2024 far approval of
tariff of Koldam Hydro Electric Profect (4 X 200 MW)
for the period from 01.04.2024 to 31.03.2029.

NTPC Lid,

NTPC Bhawan

Core-7, Scope Complex

7, Institutional Area, Lodhi Road
New Defhi-110 003.

Uttar Pradesh Power Corp. Ltd. (UPPCL)
Shakti Bhawan

14, Ashok Marg

Lucknow — 226 001

- Jaipur Vidyut Vitran Nigam Ltd. {JVVN)

Vidyut Ehawan, Janpath,
Jaipur 302 005

L

Old Power House, Hathi Bhatari == 5ot ) 1raneitr e e
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Jaipur Road,
Ajmer

Jodhpur Vidyut Vitran Nigam Ltd. (JdVVN)
New Power House, Industrial Area,
Jodhpur

Tata Power Delhi Distribution Lid. ({TPDDL)
Gnd Substation, Hudson Road

Kingsway Camp

Delhi - 110009

ESES Rajdhani Power Ltd. (BRPL)
BSES Bhawan, Nehru Place
Mew Dealhi— 110015

BSES Yamuna Power Ltd. (BYPL)
Shakti Kiran Building
Karkardooma

Delhi- 110092

Haryana Power Purchase Centre. (HFPC)
shakti Bhawan

Sector — VI,

Panchkula

Haryana — 134 109

Funjab State Power Corporation Ltd.
{PSPCL)

The Mall

Patiala — 147 001

Himachal Pradesh State Electricity Board

Ltd. (HPSEB Ltd.) @g& ,
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Kumar Housing Complex Building-II
Vidyut Bhawan
Shimla-171 004

11. Power Development Department (PDD-JAK)
Govt. of JEK |
Civil Secretariat
Srinagar

1Z. Electricity Department (Chandigarh)
Unien Territory of Chandigarh
Addl. Office Building
Sector-8 D
Chandigarh

13. Uttarakhand Power Corporation Ltd. (UPCL)
LIrja Bhavan
Kanwali Road
Dehradun = 248 001

The Petitioner humbly states that:

1)

Z)

The Petitioner herein NTPC Ltd. (hereinafter referred to as 'Petitioner’ or
‘NTPC’), is a company incorporated under provisions of the Company Act, 1956
and a Government Company as defined under Section 2(45) of the Companies
Act, 2013, Further, NTPC is a 'Generating Company’ as defined under Section
2(28) of the Electricity Act, 2003.

In terms of Section 79(1){(a) of Electricity Act, 2003, the Hon'ble Commission
has been vested with the functions to regulate the tariff of NTPC, being a
Generating Company owned and controlled by the Central Government. The
regulation of the tariff of NTPC is as provided under Section 78(1){a) read with

9!
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Section 61, 62 and 64 of the Electricity Act, 2003 and the Regulations notified
by the Hon'ble Commission in exercise of powers under Section 178 read with
Section 61 of the Electricity Act, 2003

The Petitioner is having power stations/ projects at different reglons and places
in the country. Koldam Hydro Electnic Plant {4 X 200 MW (hereinafter referred
to as Koldam HEP) is one such station located in the State of Himachal
Pradesh. The power generated from Koldam HEP is being supplied to the

respondents herein above.

The Hon'ble Commission has notified the Central Electricity Regulatory
Commission (Terms & Conditions of Tariff) Regulations, 2024 (hereinafter
‘Tariff Regulations 2024') which came into force from 01.04.2024, specifying the
terms & conditions and methodology of tariff determination for the period
01.04.2024 to 31.03.2029.

Regulation 8{(2) of Tariff Regulations 2024 provides as follows:

(2) In case of an existing generating station or unit thereof, or transmission
syslem or element thereof, the application shall be made by the generaling
company or the lransmission licensee, as the case may be, by 30.11.2024
based on admitted capital cost including additional capital expenditure already
admitted and incurred up to 31.3.2024 (either based on sctual or projected
additional capital expenditure) and estimated additional capital expenditure for
the respeclive years of the tanff period 2024-29 along with the frue up pelition
for the period 2019-24 jn accordance with the CERC (Terms and Conditions of

Taniff) Regulations, 2019."

In terms of above, the Petitioner is filing the present petition for determination
of tariff for Koldam HEP for the period from 01.04.2024 to 31.03.2029 as per
the Tariff Regulations 2024,

The tariff of the Keoldam HEP for the tanff period 1.4.2019 to 31,2.2024 was
determined by the Hon'ble Commission vide its order dated 14.01.2024 in
Petition No. 412/GT/2020 in accardance with the CERC (Terms & Conditions
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of Tariff) Regulations 2019. The petitioner vide affidavit dated 23.11.2024 had
filed a separate true up petition for the period 01.04.2019 to 31.03.2024 for
revision of tariff in line with the applicable provisions of Tariff Regulations 2019,

It is submitted that Hon'ble Commission vide order dated 14.01.2024 in Petition
no 412/GT/2020 has allowed a capital cost of Rs 72432.2496 Cr. as on
31.03.2024 based on the admitted projected capital expenditure for the 2019-
24 period. It is further submitted that CERC vide order dated 19.05.2024 in
Review Petition No. 1/RP/2024 in Petition. No. 363/GT/2020 has revised tha
truing-up of tariff of Koldam for the period from COD (18.7.2015) to 31.3.2018.
Accordingly, capital cost as on 01.04.2018 has been considered as closing
capital cost as on 31.03.2019 as allowed by Hon'ble CERC vide order did
19.05.2024 in Review Petition No. 1/RP/2024 in Petition. No. 363/GT/2020.
However, the actual closing capital cost as on 31,03.2024 has been worked out
in the foresaid true-up petition as Rs 7,18,8.7163 Crs based on the actual
expenditure after truing up exercise for the period 2019-24, Accordingly, the
Petitioner has adjusted an amount of Rs. 54.533 Cr from the admitted capital
cost as on 31.03.2024 and accordingly the opening capital cost as on
01.04.2024 has been considered as Rs 7,18.8.7163 Cr. in the instant petition.
The Hon'ble Commission may be pleased to accordingly adopt this adjustment
in the admitted capital cost as on 31.3.2024 and determine the tariff in the
present petition for the period 2024-29.

The capital cost claimed in the instant petition is based on the opening capital
cost as on 01.04 2024 considered as above and projected estimated capital
expenditures claimed for the period 2024-29 under Regulstion 19 and
Regulation 24, 25 and 26 of the Tariff Regulations, 2024,

The Petitioner further respectiully submits that as per Regulation 36(2)(c) of the
Tariff Regulations 2024, the security expenses, insurance expenses and capital
spares consumed for Hydro generating stations are fo ba allowed separately

The Petitioner is claiming the security expenses and insurance expenses based
on the estimaled expenses for the period 2024-29, the same shall be subject to
retrospective adjustment based on actuals at the time of truing up. In respect of
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capital spares consumption, it is submitted that the same shall be claimed at
the time of true-up in terms of the provision to the Regulation 36(2)(c) based on
actual consumption of spares during the period 2024-29.

10) Additional Plunge pool Strengthening Works

i

Koldam Hydro Station is located on river Sutlej in Bilaspur District of the
State of Himachal Pradesh. As the project is situated in the Himalaya region,
one of the world's most gealogically and seismically active mountain ranges
transacted by a multitude of steep, fast-flowing. silt-laden rivers, it is
naturally hazard-prone. Earthquakes, landslides, and floods are recurrent

phenomena in this region,

It is submitted that the Dam & Spillway structures are constructed o regulate
the downstream river water flow, through the Powerhouse and/or through
the Spillway. The Koldam HEP consists of a Chute Spillway having Flip
Bucket and a pre excavated Plunge Pool lined with concrete cladding at the
end, for dissipation of the energy.

it is submitted that during spillway operafion in monsoon of every year from
2015 ({CoD) onwards, the under scouring occurred at the extreme side of the
right & left cladding walls of plunge pool, resulting in cavity formation, rock
shiding and instabilty of slopes in plunge pool area. The said issue of plunge
pool area and the required strengthening work were immediately taken up
by NTPC with the Panel of Experts (PoE) constituting experts from field of
hydro engineering, who visited site from time to time and recommended
strengthening works inter-alia by way of providing secant piling. rock

anchors, grouting & concreting etc.

On the recommendation of Panel of Experts (POE), conecreting works te fill
the cavites beneath the cladding walls in the plunge pool area,
strengthening works like cable anchoring works on the vertical face of flip

] bl gy | (L
iE |
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bucket and consolidation grouting on and above El 5165 meter bench of
concrete cladding of plunge pool were carried out from time to time.

It is submitted that the dynamic behavior of the Sutlej River flow and the
complex spillway flow pattern have resulted in a significant damage to the
extent that scme of the protection measures were also washed away.

Itis submitted that during subsequent surveys of plunge pool carried out by
the Panel of Experts (PoE), PoE has recommended long term measures like
grouted Rock Anchers in slope of plunge pool cladding walls, grouting work
for consolidating the rock mass of plunge pool area, Sacant poling in plunge
pool area and certain other protection works ete. for the protection of the
plunge pool and flip bucket area, Details of the recommendations of the PoE
is attached as Annexure - A

It is further submitted that the issue of the plunge pool area was reviewed
by an inspection team of Dam Safety Organization under Central Water
Commission (CWC) during their visit to Koldam HEP during 27.06.2022 te
28.06.2022. The inspection team in its report has also recommended for
arresting the movement and erosion near plunge pool area on pricrity. The
ingpection repottrecommendations of the CWC Team is attached as

Annexure -B

It is prayed that the work relating to the long-term measures for protection
of the plunge pool area, which is necessarily required to be exscutad
keeping in view of the safe and successful continuous operation of Kaidam
HEP, got delayed from the tariff period 2019 — 24 has spilled over to the
present tanff penod 2024 — 25 due to uncontrollable factors. The said work
is expected 10 be completed in FY 2025-26.

The above mentioned additional plunge pool strengthening works has been
considered as the additional capitalization in the Form-8A of the current tariff
sheet for the year 2024-29 in terms of the clause (1) of the Regulation 25 of

e
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CERC Tariff Regulations, 2024. NTPC also prays Hon'ble Commission to
allow the said expenditure by exercising Power to Relax in terms of

Regulations 102 of the CERC Tariff Requlations, 2024.

The Petitioner further respectfully submits that the pay/wage revision for the
employees of the Petitioner will be dus with effect from 01.01.2027. Fu rther, the
wage/pay revision of CISF will also be due for revision during the tariff period
2024-29. Regulation-36(1)(8) of CERC (Terms & Conditions of Tariff)
Regulations-2024 provides as balow:

In the case of a generating company owned by the Central or Stale
Government, the impact on account of implementation of wage or pay revision
shall be allowed at the time of truing up of tarif.”

in accordance with the above said regulation, the Petitioner shall approach the
Hon'ble Commission for allowing the impact of Pay/wage revision of employaes
of the Petitioner i.e, NTPC Limited, CISF as additional O&M at the time of truing-
up of tariff for the control pericd 2024-28. Hon'ble Commission may be pleased
to consider the impact of wage/pay revision as an additional impact on O&M
and allow the same as additional O&M over and above the normative Q&M.

It is submitted that the Petitioner has already paid the requisite filing fee vide
Transaction |d 37c568ebab2158b7b321 on 24.04.2024 for the vear 2024-25
and the details of the same have been duly furnished to the Hon'ble
Commission vide our letter dtd. 17.04,2024. For the subsequent years, it shall
be paid as per the provisions of the CERC (Payment of Fees) Regulations, 2012
as amended. Further, the proof of payment of fees is being submitted in Form |
specified under Regulation 12 of the Central Electricity Regulatory Commission
(Payment of Fees) Regulations, 2012, as amended from time to time. Further
Regulation 94 (1) of Tariff Regulations 2024 provides that the application fee
and publication expenses may be allowed to be recoversd directly from the
beneficiaries at the discretion of the Hon'ble Commission. Accordingly, it is
prayed that Hon'ble Commission may be pleased to allow recover filing fee and
publication fee directly from the beneficiaries.

Q’?.Tt
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The petitioner has accordingly calculated the tariff for 2024-29 period based on
the above and the same is enclosed as Appendix-l to this petition.

It is submitted that the Pefitioner has uploaded the copy of the Petition at CERC
site (Saudamini), the access of which is available to all the Respondents
mentioned herein above and therefore the petition stands served to all the
respondents. Further, the petitioner has also posted the Pettion on the

company websile i.e. www nipc coin,

in accordance with the 'Conduct of Business Regulations 2023 of the Hon'ble
Commission, the Petitioner shall, within 7 days after filing the tariff petition,
publish a notice about such filing in at least two daily lzading digital newspapers
cne in English language and another in any of the Indian languages, having
wide circulation in each of the States and Union Termitories where the
beneficiaries are situated, as per Form 14 appended to these regulations.
Subsequently, the Petitioner shall submit the proof of publications as soft copies
of the publications under an affidavit through the e-filing portal of the Hon'ble
Commission within one week from the date of publication. Further, the Petitioner
shall also submit the detail of expenses incured for publication of the notice
alongwith the prayer for recovery of Publication Expenses as per Regulation-04
of CERC Tanff Regulations 2024,

It is submitted that the petitioner is filing this tariff petition subject to the outcome
of its various appeals/ petitions pending before different courts. Besides, the
petition filed by NTPC for determination of capital base as on 31,3.2024 through
true-up exercise is pending before the Hon'ble Commission and would take
some time. The Petitioner, therefore, reserves its right to amand the tariff
petition as per the outcome in such appeals/ petitions, if required

@FL
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Prayers

In the light of the above submissions, the Petitioner, therefore, prays that the

Hon'ble Commission may be pleased to:

i) Apprave tarff of Koldam Hydro Electric Project (4 X 200 MW for the tariff
period 01.04.2024 10 31.03.2029.

i} Allow the recovery of filing fees as & when paid to the Hon'ble
Commission and publication expenses from the beneficiaries,

i) Allow the recovery of pay/wage revision as additional D&M ever and
above the normative O&M.

i) Pass any other order as it may deem fit in the circumstances mentioned

%?ﬁuner

MNoida: | : o e

above,
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L ELECTRICITY REGULATORY COMMISSION

IN THE MATTER OF

Patitionar:

NEW DELHI

PETITION NO................. .

Petition Under Section 62 and 79 (1) {a) of the Electricity
Act, 2003 read with Chapter-lll of the Central Electricity
Regulatory Commission (Cenduct of Business)
Regulations, 2023 and Chapter-3, Regulation-9 of
Central Electricity Regulatory Commission (Terms and
Conditions of Tariff) Regulations, 2024 for approval of
tariff of Koldam Hydro Electric Project (4 X 200 MW)
for the period from 01.04.2024 to 31.03.2029.

NTPC Lid.

NTPC Bhawan

Core-7, Scope Complex

7. Institutional Area, Lodhi Road
MNew Delhi-110 003

Versus

1. Uttar Pradesh Power Corporation Limited (UPPCL)

Shakti Bhawan
14, Ashok Marg
Lucknow-226 001

& Others

.2

Respondents
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AFFIDAVIT

I. Manish Kumar Verma, son of Sh. Narendra Narayan Verma aged about 52 years
resident of V-2004, Hyde Park, Sector-78, NOIDA do hereby solemnly affirm and state

as under:

1. Iam the Additional General Manager (Commercial) in NTEC Ltd. and am well
conversant with the facts of the case and am competent to swear the present

affidavit

2. That | have read the contents of the accompanying petition filed by NTPC &
have understood the contents of the same.

3. That the contents of the accompanying petition being filed by NTPC are based
on information available with the Petitioner in the nermal course of business

and belizved by the deponent o be true.
[
?EPGHEHT

el s | VERIFICATION
o Fti&%
|, Manish Humé'i-rj"%;arma. the deponent above named, do hereby verify that the contents
of the above affidavit are true to the best of my knowledge, no part of it is false and

nothing material has been concealed therefrom.

Verified at Noida (UP) on this 241" day of £Js:,. 2024,

N
DEPONENT
1ESTED
.{Hﬁfaumﬁh
s MOJDA
AP Y (N

W. T 1

1M ks | N ARt e

12 § NOV 2024
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Appendix-l
TARIFF FILING FORMS (HYDRO)

FOR DETERMINATION OF TARIFF



PART-I
Checklist of Forms and other information/ documents for tariff filing for Hydro Stations
Farm Mo. | Title of Tariff Filing Forms {Hydro) Tick
FORM-1 Summary Shesat W
FORM-1(I]  Statement showing claimed capital cost v
FORM-1{1}  |Statement showing Return on Equity y
IEORR-1{1¥) = |Computation of Saleable Design Energy 1)
FORM-2 Details of COD, Type of Hydra Station, Marmative Annual Plant v
Awzilzbility Factor (NAPAF) & Othar normative paramelers considered
far tariff caleulation
FORM.3 Salient Fealures of Hydraslectic Praject ¥
FORM-4 [ratails af F-DE' n koang Y
IFﬂHM—dA Detaits of Foreign Equity HA
FORM-5 Abstract of Admitied Capital Cost for the existing Projects v
FORM-5E Break-up of Capital Cost for Mew Hydre Power Generaling Station P
FORM-5C Break-up of Capital Cost for Plant & Equipment (New Projects) A
FORM-5D Braak-up of Construction'Supply/Service packages NA
FORM-SE[Y  |In case there &5 cosl over run MA
FORM-5E(i} |In case there is time ower run A
[FORN-SF_|in case there s claim of agditional ROE NA
FORM-G& Financial Package upta COD Pl
[FORM-T Defails of Project Specific Loans f,
FORM-B Details of Alocation of conporate Inans to various prajects NA,
FORM-84  |Stalement of Additional Capitalisation after COD ¥
1FDF-':I'|-'I-E|E Statement of Additional Capitalisation during fag end of the useful ife |  Na
of Projact
FORM-9Bi |Details of Azsats De-capitalised during the period MA
FORM-3C |Statement showing reconciliation of ACE clammed with the capital P,
additions as par books
FORM-30 |Statement showing Hemsiassetsiworks claimed under Exclusions K
FORM-GE Statement of Capial cost y
FORM-SF Statement of Capdal Woks in Progress "
FORM-10 _ |Financing of Additional Capitalisation v
FORM-11 Calculation of Depseciation v
FORM-12 Satement of Depreciation W
FORM-13 Caleulation of Weghted Average Rate of Interest on Aciual Loans ¥
FORM-134  JCalculatan of Inferest an Mormative Loan i
(FCRM- 138 |Caleulation of Interest on Werking Capital ¥
[Other Income as an SO0 ¥
Incxdental Expendiure during Construction v
Draw Down Schedule for Calculation of IDC & Financing Charges A
FORN-1d48 Actual cash expanditure HA,
FORM-154  |Design Energy and peaking capability (month wise) - ROR with N
Pondage / Starage fype new stations
FORM-15A- * IMonth wise 10-day Design Energy Data P
|[Foand-158  |Design Erergy and MW Continuous (month wise) - ROR type stationg]  na
FORM-16 Liabdity Flow Statement A

o

018



Mame af tho Petitionar
Name of tha Generating Station : Keldam Hydro Electric Power Project

:NTPC Lid.

Summary Sheot

PART -1l

Jtation COD D 1B0T. 2015
1T Lakhs)|
S.Mo. Particulars Farm Ne. Z0.24-25 2025-268 2026-27 2027-28 20ZE-240
1 z 3 4 5 B T B
1 __|Depreciafon 12 35,318.34 36,185.38 36,544 33 36,566.11 36,587.90
2 _|Interest an Loan 134 14,709.50 14.186.27 11.879.41 8,907 .50 5,902 47
2 |Return on Equily (N[} 43,730.53 44,785,50 45,231.71 45,256.70 45,285 68 |
4 |interest on Working Capital 138 2113.55 2.158.49 2,172.74 2,165 51 2.169.08
__3 |0&M Expanzes as per reguiation 36(2) 16,313.75 17.168.78 18,069.25 19.017.59 20,016.39
Sub Total 1.13.185.82 1,14,404.43 1.13,097.43 1,11,015.49 1,00,061,5]
Total {Annual Fixed Cost) 1,13.185.82 1,14,484.43 1.13,087.43 1,11.415.41 1,09,961.51
Staternent of Capacity and Energy Charges
{¥ Lakha}|
S.Mo. |Particulars Unit 2425 123-Ti 02627 20rT-38 it S
1 2 _ a4 5 [] 7 '
1__lAnnual Flzed Cost (AFC) ¥ Lakhs 1.13 165,82 114,484 413 113897 43 1.11.9154 1.08.961.51
2 |Capacity Charges (50% of AFC) 2 Lakhs 56,592 91 57,247.22 55,948,727 £5,057 70 54 880,75
|3 |Energy Charges (50% of AFC) ¥ Lakhs 56,502 01 57,247 22 55,948.72 55.957 70 34.860. 75
4 _|Saleabie Design Energy as per Form-1 (IV) MLz 2E31.08 2,631.09 2631.09 2.631.00 2631.09
5 |Energy Charge Rate 2kWh 2151 2178 2.164 2127 2,090 |

T

(Petilicner)




Mame of the Petitioner

t NTPC Ltd.

Su heet

Mame of the Generating Station : Koldam Hydro Electric Power Project

FORM- 1{l)

Station COD : 18.07.2015
FI:II’ITI-'H“ - Statement showing claimed capital cost:(A+E)
(¥ Lakhs)
5. Mo, Particulars 2024-25 2026-26 2026-27 2027-28 2025-29
1 2 3 4 5 6 T
i Opening Capital Cost T18871.63| 7.40,313.63 7,54 693,63 7,55 14383 | 75559363
2 |Add: Addition during the yearfperiod 21442.00 14380.00| 450.00| A450.00 450.00
3 _|Less: Decapitalisation during the year/period = - . z E
4 |Less: Reversal during the year/period - - -
3 |Add: Increase due to discharges during the year/perid - - - - -
& |Closing Capital Cost 7,40,313.63 | 7,54,693.63 | T7,55143.63 | 7,55593.63| 7,56,043.63
7__|Average Capital Cost 7,23,592.63 | 7.47,503.63| 7,5491863 | 7,55368.63| 75581863
Statement showing claimed capital cost eligible for RoE at normal rate {A)
5. No Particulars 2024-25 2025-26 2026-27 2027-28 2028-29
1 2 3 4 5 B 7
1|Opening Capital Cost T17048 96| 7383859627 7516B85.9527| 752135.5627| 7525950627
2{Add: Additicn during the year / period 21337 13300 450 450 450
3|Less: Decaplalisation during the yvear / period 0 1] 0 0 ]
4iLess: Reversal during the year / period 0 1] 0 0 0
3|Add: Discharges during the year ! period 0 0 0 0 0
6| Closing Capital Cost F38385.9627| 7516859627 752135.9627| 752585.9627| 7530350627
flAverage Capital Cost T2T717.4827| 745035.9627| 751910.9627| 752360.9627| 7528109627

Statement shewing claimed capital cost eligible

RoE at One Year MC

+350 bps subject to ceiling of 14.00%(8) @k

020



S. Ne. Particulars 2024-25 20256-26 2026-27 2027-28 2028-29
1 2 : B 4 5 6 __f
1|Opening Capital Cost 1822 670378| 1927 670379| 3007.670379| 3007.670379| 3007670379
2| Add: Addition during the year / peried 105 1080 a 0 0
3|Less: Decapitalisation during the year / pericd 0 ] 0 0 0
4|Less: Reversal during the year [ period 0 0 0 0 0
2|Add: Discharges during the year / period 0 0 a 0 ]
6|Closing Capilal Cost 1927 670379 3007 670379 3007.670379] 3007.670370| 3007670379
7lAverage Capital Cost 1875,.170379| 2467.6T70379| 3007.870372| 3007.670379| 3007670379

e
e ey T VT
I_,.-.-J:F Th- 1 i H
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Mame of the Patitioner

: NTPC Lid, PART-I
Name of the Generating Station : Koldam Hydro Electric Power Project FORM-1(11}
Statement showing Return on Equity at Normal Rate
(¥ Lakhs)
5. No. Particulars 2024-25 2025-26 2026-27 2027-28 2028-23
1 2 3 4 5 B 7
1]Gross QOpening Equity { Mormal ) 215114 59
2|Less: Adjustment in Equity 0
3|Adjustment during the year 0
| 4|Net Opening Equity (Normal) 215114 69 221515.78 225505.78 2256840.79 22577579
Add: Increase in equity due to additionduring the
alyear ! penod G401.1 3090 135 135 135
Less: Decrease due to de-capitalisationduring the
Glyear f pernod i} 0 [H] 1] 0
Less: Decrease due to reversal duringthe year /
7 |pericd ] 0 0 0 o
Add: Increase dus to discharges during the year/
8 |period 0 0 0 ] 0
9iNet closing Equity (Normal| 221515.78 225505.79 225640.79 225775.78 225910.79
1qF~vem-ga Equity (Normal) 218315.24|  223510.79]  225573.29] 22570828 22584329
11|Rate of RDE 19.8993% 158, 993% 19.993% 19.993% 19,.993%
12|Total ROE 4364777 A4G6B86.01 45098 87 4512586 45152.85
tatement showing Return on Equity at One Year MCLR + 350 bps subject to ceiling of 14.00%
S. No. Particulars 2024-25 2025-26 2026-27 2027-28 2028-29
1 2 3 4 5 6 7
Gross Opening Equily {periaining to Proviso lo
| 1|Regulalion 30(2)) S46.8011138
2|Less Adjustment in Equity 0
3ladiustment during the year 0
4 ||"«Iel Opening Equity 46.8011138| 578 3011138 902:3011138) 902:3011138] ©602.3011138

c




Add: Increase in equity due to additicnduring the
5|year ! pariod 31.5 324 0 a 0
iLEEEZ Decrease due lo de-capitalisation during the
Blvear ! pariod ¥] 0 0 1] 0
Less: Decraase due to reversal duringthe year /
7 |peri 0/ 0| 0 a 0
Add: Increase due to discharges during the year/
8lperiod ] 0 0 0 0
Net closing Equity (pertaining to Proviso to
8|Reqgulation 30(2)) SFE.3011138] 902.3011138| 9023011138 902.3011138| 9023011138
Average Equity (pertaining to Proviso to Regulation
10[30{ 21 9625511138 7403011138 902.3011138 802.3011138| 902.3011133
Rate of ROE {One-year MCLR+350 bps
11}subject to ceiling of 14.00%) 14,7 2% 14.72% 14.72% 14.72% 14 72%
12| Total ROE 82.82 108 89 132 84 132.84 132,84

023
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Computation of Saleable Design Energy

PART - i

FORM- 1(IV)
Additional Form

Name of the Petitioner : NTPC Ltd.
Name of the Generating Station : Koldam Hydro Electric Power Project
Station COD :18.07.2015
(in MUs)|
S.No. Particulars FY
1 Design Energy 3054.70
2 Lass: Auxiliary Consumption (1.0%) 30.55
3 Net Design Energy (1 - 2) 3024.24
4 Less: Free Power to GoHP (12%) 382.01
5 Less: Free Power to GoHP (1%) 30.24
B Saleable Design Energy (3-4-5-6) 2631.09

ol
Cﬁ Fetitioner)
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1. Manih wisa 10-day Design Eneigy encosed at separate Feemn-1 581,

PART -
FORM -
ative Arinual Plant Avallabiliy Fa
iderad for tarff caloulfsion
Mame of the Pelitionar t HTPC Lid
Mame of the Gongrating Station  : Koldam Hydre Eleciric Power Projoct
Statlan COD +1BOT. 2048
2 Na. | Description Year Ending March
UM 2024-28 | 2025-26 | 201627 | 202728 | t028-29
1 Fi ] 3 B 7 ] ]
1 |Installed Capacity L &0 &0 &0 go0 ain
2 |Fres Power to homs state o TR (12% + 1%)
2 |Date af cammaercial cporation
Linit - | _‘iﬂj"ﬂ'ﬁ”f’
Wnl-1l 1807201 &
Linl - Bl 18072015
|Un" -1V 18.07-2015 |
] pe of Slatan
&] Surfase | undémround Surace
b Purely ROR | Pondage / Storage ROR with Perdage
&) Peaking [ non-paakeng Paaking
dj Ma. of hours of peaking 3 Hrs
e} Overnad capachy (MW & periad B3 MW, Comrwous
5 “T':.Ip-u of awoitation
a) Retatng exclars on gensmdor
b1 Slatic axcilatan St
% |Desigm Energy (Arniual] __ Guh s, TR ins4.78 | 305479 InesFa | 30547
T pusiliany Consumplion ingluding Trensfsmatian nsses ar 1 00% 1.00% 1 60% 1.00% 1.00%
B |[Normatiee Flanl Availabiity Faciar (NAPAE] B B0% a0% 20% 8% B0
41 |Maintanence Spares far WE % of D&M 15% 15% 15% 15% 15%
97 |Recevables fes WG | Monihs 2 2 2 2 3
83 |Base Rate of Return an Equity ) 16.60% 15,208 16.50% 1660 | 15 L
B4 [Tax Rate -
85 |ENMBcive Tas Rale B 17.4720% | 17.4720% | 17.4720% | 17.4720% [1747vo0e
95 |G5E Base Rale as on 07 .04 2024 8.85% B &5% B.65% B.65% B 65%
581 Base Rate + 325 basis points » 11,90% 11.80% 11.80°% 11.90% | 11.80%
9.7 |B-Average Monibly Frequency Resgorse Perlormance 0-1
Nota:

P atitinar
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FART -l
FORM- 3
Salient Features of Hydroslectric Praject
Hama of the Pelitioner i HTPG Lid,
Mame of the Generating Station  ; Keldam Hydra Ekactric Powar Project
Statlon COD 1807 2015
1. Location |
SinlaTHak. | Dilssgur, Himachal Pradesa
Fiver Saluj
2, Diversion Tunnal
Sipe shape Twm Mes, Finsshed cia 14m, Horse shoe
Larigth M) T-1=80m, T-2 = 834m
1, Dam
liﬁpe Fock and gravel NIl with ceniral Giay Gore
baximum darm hizght (M) 167m
4, Spdllaay

Chute Spilkway with Ogee Shaped Weair

et bavel of saillway (M)

EL. 625

5. Reservoir

Full Reservair Level (FRLL M) EL. Bd2m
Pdinimum Duees Down Lewal (MODWL) (W) |EL. B36m
B8 B4 WK {Initial)

Live storage [MCAT

E, Da-gilting Chamber

Typ

nting Chambar

| Murmnber gnd Sza

14 bays. 12.50m clear width

Particle size la be ramoved (mm) 250
7. Head Race Tunnal WA,
Sizo and tvpe

| Lengin (M)

Demgn cischarge (Cumecs

8. Suwrge Shaft A

D'ﬂ.mﬂ:I_I:M:I

Hgight [M)

& Nos_ Cecular Steel Led

&.45m
4 7 200N
Vartical Francis
131.2m
186.7 Cumsss s ufill at raled hesd
140m
[Head at Minimum Draew deen Leved (] [127m
[hrey Capabiity ok FRL |l
M E
11. Tail Race Tunnal Channel
Diameter (M) | shape Qpen Chamel
Length (M) 100m
MMinimum tail waier iawel () S03m
12 Bwilchyard
Ty of Switch geer Al
Mo ol genarsisr bays 4

Win ol Bus eounler by

GT bays and 2 tia bays con fine sida.

No ol ling by

4

Kaldarm being a 1-142 breaker sgharms, thare ara 2 lie bays lor

DOne bais reactar bay & s'so awsting in Koldsm

Meba: Spacify limitation an ganerabon during specric tma panad{s) on accaunt of resinchans on wabes
e dus 10 irigation, drinking water, industngl, enviconmantal considarabeons eic

@ﬂhllmnm

i
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** Shail be provided at the time of fruing up

Part-|
FORM-1A
ADDTHOMAL
FORM
Calculation of O&M Expenses
(Nama of the Company : NTPLC Limitad
[Name of the Power Station : Kaldam HEP
Amount In Rs, Lakhs
SN, Farticulars 2024-25 | 2025-26 | 2026-27 2027-28 2028-29
1 2 3 4 [ T B
| 1 O&M expenses under Reg.35 (2) i
1a Farmatie 13113.75| 13830.78| 414587.01 12384 .58 1622577
2a Insurance 1100.00] 1133.00 116895 1202.00 123608
2t [VWage Revision ** . - - = .
2o [Security expenses 2100.00 _2205.00] 2315.26 2431.01| 2552.56
| Capital Spares™* = 5 . E X
Total D&M Expenses 16313.75] 17168,78] 1808925 19017 5822 200163028

e

'-:I.'.Paﬂﬂ-ﬂ.l'ﬂ}l'
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PART - i

FORM-5
Abstract of Admitted Capital Cost for the existing Projects
Name of the Petitioner : NTPC Ltd.
Name of the Generating Station : Koldam Hydro Electric Power Project
Station COD + 18.07.2015
(% Lakhs)

Capital cost as admitted by CERC
(As per CERC Order dated 19.05.2024 in Review Petition No. 1/RP/2024 in
Petition. No. 363/GT/2020)

A. Capital cost admitted as on 01.04.2019 as per the above order 7.04,063.22

Foreign Component, if any (In Million US § or the relevant Currency)

Domestic Component (Rs. Cr.)

|Foreign Exchange rate considered for the admitted cost
IHEdging Cost, if any, considered for the admitted capital cost

Total Capital cost admitted 7.04,063,22

M

... (Petitioner)




RaTa of da Perases
L e T

WP kad.
| Hkiis HF | A0 W
 RATEAS

Hamw of iy Pusiemar TP Lid
PONE Of Nt Sl S A SO iy 0 S IR Py e
ey T B0 Y

For Fasca res Jide-iE

029

Galddnmal Capdsl Eoprarinry Clermn P

LLELE 2] TR 2 I 227 g8

Undw OrginmiScass

Larwsl & i 0%t Blirwe Enoereery

bl il oy [E v sl i e —'_l'pﬂ'ﬂ'r

e eli ] i =

i

LT T e e e — e b e Ll Aoy A2d 01 BB Varmage P Lamed
T & B pu shinded By Ton of HF el w0 eepemens foe b ofSion 0w borra by STPL auper Ol T8 &
e P G o el TS L o Sl T el P00 S i

125 ol i
N i

Fhere qwrr rveesd ingpal warers: by Fird £ g wl S slioped
LT birg. el by B Frifican Thewioe free m 8 roed of LD i'h L o] p_l-lllpnh:lm —-'l.l.rl
cleres vl vabarn OF ars s

T i B W i Wb v o TR ] i L T 0 e il il T

LEmE

ki mipael Il-ﬂ-! il b ey readep i = w l'i'llhllll wruies Bur prweragey pf e Lo Rogpyieor il C1HR
(L | (e b - L= H Ldeegier] oim sonbier, P lrcssres bawr Nisd
bl a =4 -i.l—l'l o cerEntramlEn BEER 1 B R tvan. T Diee
P EATE AT l.:-—nhu.ri'-m_—mm_l'm h'lh‘."plnl-u.—nru
-h-rhm.dﬂi—m-- AP B T o TP
[STF ST FETTEY R PP - m h

e B el el s (23
mm-h-“miu&_—m-ummmm

PR Wiy

LE

T il Files D, (st e 1 mh 10 D kmﬁm'ﬂ'iﬁﬁi—hu
=T (51 [0 Iwel s m
mlmamuumw:mmwmwmutmq md’ﬂ'ﬁl.l:ﬁ.l-.
CAmmyse ped Ay b aded rearis Dise Aodarsdon o | Pl od A (e w0 B reeded v i
a5 o Furre oo ol P e eoer (e S o 1 rfacl Gl bl 15 imaEd
P SO OF P Pl s & (i it

i PS03 e 353 omaem BE

-h.l.d e e o mEeax B [2C1R 2

InpETaREes o Omas lags e » AITEATTRE et

g e 1

I rdarwad B Pl
1 Pechage wns wisfy Fewwed ol Garere = dug BT oy oy mrs cTed PEE
mmhhhmdh_hm“ﬂmﬂl.ﬁuh_m
p-ﬂ-llifmkrt-nﬂurmknhﬂutﬁlun_n_rm el i) vl F e el )
Childreime eyl feeren! Ddemseig fuem el 1 HERG b oy el v o wr
bpll'-mld.l—d-thhm_:hi risk. i sl o e Comieeee P cxarpision of
Bl i

i W

-!hmmnm:m;muﬂmmﬂmm - ki 1 g

AT ml 1B

|
T e, o] et e

E:-a-andm

-i'rhu-n-l-hum -y

s e by lmi-m =au e b EEicla
A Dappey 5 e

-Emcricai 4

o Ciwr

il el e o 00 TR

dedeinl Flurge socd b [ LBk

Poagierg. of Dresicr Torasd b -7 Prepa leadersy Comaname

ITaane RERCLE ]

LeRTE

Ia roowEe ol By Doy m e rormeen - =vee 3 evoees bdamege of oosorem cscding @SR [EEl @RE AN
sl For wyle el comrwen copwion of Esldem P L venes Pars' ol Depain Pl hlnmldul
= e '8 P aga ped e Dresnion Tures ratis. B was O
}-li-l.l:l-l-h-hlrll-hllﬂ AT WA L Tl (kT aele, SRl
Lerws ke iren! Framnd o £y as aedl o Wigar Toepisara Phege
ok which g drisyed tee e e pored 231§ - 24 e speliad v ko e pemeern D pariond S5006 - 56 oua
faciam. The wark m sepeced i o6 omnpieian o FY FLIERIG Pxesriy dom Pessd of Rapers [Pad] and T

S ARRCTS B8 & A

PN R

TRl ol rky Tommel T mebarh m by svwensdod e
mmrrerdd s froe. b Fgee ol Experis o ool o Dowied’ Wisler Cor T (- 1]
3 Amoeceiy o Peras of Expaie Palli oad CVC oo sdsched m drracurs-& L O mecscrealy

Lporadw end Chaestnolwd Bl of Wl RMHEL o Syt
iy Mabareh Al HTSL2 Bty

Emhrﬁmim al Ecinlopy T el O T S ey O [ e Wl ey

bind in ATOC Tewaramiz

1507} w162

o ma

|
shaprd pad pmoses ol o ek ae
bidding amauian o e wark

i

| TP, s i o' (Y ] i3 Y LT 7% ] WPls Fpd i H ] Pk e, ol e
1

Sy Ty T ,'gei
ST




maEE O B S WP Lid
Hures of tha Patmsoner : HTRC L. Fasig (4 Waf LT ai iy B
Himiew il Ln Oaeeialitg Sl | Wi B | I LY Fmsor, 000 s ek 030
oo war For Farssl Yo 25228
2 Lysia) . —
I il el e adwas L e ]
i i e L himpime e —
i el TS LT e | s Toui Wl Casesd i g K
|l Ovigieal oeen
ek b weileding ELnge b Lisy ot - "
1= s ol B e - TSP W gusr Sy Sy ——
s o we] 6T sl 08 T B P SN BT BIGT L of S g | TR0E pl B s oy 1R G B i, 40
1] [ o (4 o ok PP Pl ki 108 AN Frirs w1 G Wi o e e L0 Irwm-il-ﬂln-w-i-r-u?ll—td—dq-h— The pragesi
o S o {0 T ok o dhe e of by e T B 1 e
-n.ll_-n-.-t-.
ntm*mmmdmﬂm—h—'m-_hlﬁﬁh_ﬂdm
i e panky et @ et sp e e ] e L < Efwrr Smsars (AR o b
PEE T e a s
e ik P Py Byae RTEEE & e | pae Cinrn mafwsy ot Gimswn 10V del e Cimiren d (1] o7 derkeenmued® g fh o TN A e
o i S of i il i sl
L P T i . TR sk s AT v
mhmnmmm-w:_-um—dwc-imm-hm
ail s A1
|w—-m“q—umu¢mﬂhmmmmlﬁ a1 Sl AT AT
Trtw Work baysst arginn Soase snd redes Dhisuge o1 Line e l.ﬂﬂ-ﬂ; e
|
Tage | Er e I i)
|




e 031

Narra 1 o P ey ChEPC LW

o o Do o aersy B istainy

hl"ltl“ L
i

B Bty o vt Ecpreent _-h--..lr—pmr..-urll.:..-.—ﬁ-'l.l-l il P Meladdin| i Py 1S Propoed e bl i DEO

e, L TR P B ] drm A Ipis

¥ Mary} mp
—— mﬁ&“"'—“ T
I.E’c_:c-.hi!t.n.ll.uﬂ:- o - hl:uu% T
g W g [E Y s R T ] mnu%hmmm
i w et B By ] Tty
weme i vl ard, sy R a Hoarvdee
Hmﬂ:—mmwmnmn-ﬂm -m#—-m-mnlwium-r
rms i R gty o, o ]
Lwd Br ket e Cangy Lol ] A5 i Rl L]
i Trs | aitos g m rcy werd T b el i 2
E Aaw a R 0 s Bl 0 gy TR - e

FAR iy Ea B 1308 8a Frtna L] F-i—.l&-lﬂl-hlidr.ﬂqmlhmhh n-—h.ud-l-ﬂpurnd-:-lnmmnmu

L e p—— 5. vy Rt wtan TP hotmirsiton e il v s s
Mdmwm—m“ B - g il e 180 P o o e el ToTE iuﬂmwh;*iumuh

e T T T e T i B vy o b

¥ b ¥ Lo

Pt v o el o v LT =T o e T B B et e gt B e
:Ill-l-.—hru-..--l-u-.gh! MiaTiimm . Tirimed I-rr--qm_u-lll'-uqq P Seapry dl Y Truirmeny
TS ks Ty LN LR BN e T b ey o e g o
N g L] E e Al e o el e Y M.

o

e e ’ - - B B T T Tp— ey e -im.‘-.rm:-;.i_.,..p. L

Lrar b3 sy ¥ il Galruw b [r T e g ol i P
ke mouserreed o gt HEE, vy Fared ad Mlhlrr-"ﬁlﬂ-llluw-qh-
'-u—-uihm“—iqﬂ-hmna?mlﬂ LS Dhababor, Lt
ke s g iy o 7 w0 i# i g i) - el e Loail mblcael :

—

hrmmnn--liﬂ.h—.dn—dhh;n-ﬂl-m-

;_"Hl i P - il h-.-qh-u-n----:.u-l-.-. Mdm'hhmm:ﬂm-%%uumn
- "

: : el ' adddonsd pig a1 3 lwmhiu-m-rn—:ﬁummqmnm-.u Pkisi ol
: mﬁﬂmundm_qm

Ve I vy — o o T g sy 54 _lh._njl.nq-_ _q-'-f "~
I o B ey sl A e s b
Lﬁlﬂ::h-lnﬁmh Hall in HTIS Tosrag fhia whan e i S oy : s e e o

e 1 e LI To L ko Vil Fua s e

= |-p:.ku..;|l--.-m=-r-u-.u-lr»rh.-u-'Emu“].hnmummuﬁ

Tertd frrot & Corenarwny of 1 i Fo P Mot P, rem =H.0d ] il e o b ) b | M e
mhmdmuﬂimﬂ-_kmlm_

P il 3 3 W b s ﬂim-q--wp-.ma.-qqm'ﬂu:?“ e gt
U e TP Ly @E
Elldnaim e Lo A F




B | Tile bl A Pl P a3 1515 Vi o
ERT s ol AP B ke 334

Vet

el

T et o ko o it

PRELaonby Wil ikt o ddafion. £l ey b0

adas L BT PYEY
A Pt Brarnad ey Al Gl Tl Clmr
B Iyl e

n'ﬂt'iﬂﬂlimmh“'mm
""""""""'"‘i '-H.:ndn’hl-*ju- Cayoss LARVE| [

M A 13 B4 0 b Bmeliass

0 o ancly ot it o i et s iablnd sl

2 i - S,
1551 o v il by Wy Poynies ot i s g £ ,T;.'.."‘.”“’. e W“
mmnmuh—-ﬂ
Eh gt ol P ke il TS0 ks

H=
I‘F-Hnn]

.:.-I:_-.l|.||r|-]| I:;II i}

lwlall r:ll"'-'ll"jﬂr I':f'llu-mrrnll

[ = | e

032



HpTet o B Peldomen CMTET L
Hura o Tof Dinmrialwey Blabem : Wokisem 13 1 40 500 e
Luab HRLEAE L]

e Tt s, of Pl i s

Aearnaat by @i per WA

Lk baia

e el

15,

IPrepaisd m b i DERC

T | s ot D Ak | aparreees

IM

Foa I L Pl Foies, pacrtd bl B dias 4 sl o L b e (1N s Bes | i
Fampetony (o 6 Bl risilind e Ty Gowd of BF 800 D d ipevers b Sy piog W b by WS o pee Dl 36 L
Do) b BT gl bl Goverwnent of 18 [Dai6Y] HEAER e HEPD Lt S T e e—
s aw ade b g e e s G

s s vl gl oy = P B FH e W
L N LG cfcw i I o il

s
Rt T E e

Bt o b, T bl 1 TR Wb e S

2 }.—:ﬂlﬁ-mt_

A

an oy e L b v o i b B Bt Fuqral arwes o e W RS Ll Peapmea Bof |14
Lirdi e 7 Tk i e o B e B Ly e B
5 o k Frt (il Gomrty
pawiri paigrerdy n g ol el e ] HIT prylerad B P e
g 2 mard el B0 s s WP iy bl P L e eali s e PR YD Ll
e

EH I8 Lais a4 e O

Fule, premigrg i isas L] @i il by B g e
Corin m bmas, ul iyl o AR Soriad "

R L LUL T

EETRT

L T T T T T T T [ e T by S T ey ara—
JFL s el B b i For i @ il b ooy I o A el B (] Eoberops s AL i il §
HH-HH-!I-T b porminided o S Sureal raryma S g Fye mal ol wabisy d s 8 BES (vl Sl

-
b Fuiled 1 o G Ond W, Dot Sl i e b b PRALE il
(B P e B oo miaeg

R o e wmaant of s AL 4B G i prapeoied o be Seprutil woh Slabe ey do T 2804 395 el 130 dpmrapcie D

1108

P R

et o i T e T T T T T™an
K o= vy S el by Cann WML B ' i ot e ey ]
s | HE® Slake Trmey sl o iy il
ik LT N P ———— iy i
| ——— i WL . [T e
v

Thai LE=TE e el Ly g o i L e

Wyl | e ! R o il b s i i L |
R T e

b o Mg el Dreriureg s WO Bkl e

KT el e

TN

e ey nran e i i W e g e ol R S P feind ae
E: Fior i o v EE T 5 wwred Piesl o £ e (B | Sava P

ST gl K Pl s iy, Do, Pt s, Mok i s v, i 1 ot emi it (g 5. gl
Fillr in Spdieny Chss Camiad Arwbecq Port B Gl | Al Sosgfsng veorl . Poie s iy s be or st L gied
iy =1 i vl Pinier g gl P R
S, Ll ot 215 — 14 Pt il vy s oy ooy L il 32006 = 7% o by proconiyslisdis Fickss, Tiw weai
Sipenled s by comoloiraty IV 0000 Sy b Paresd of 6 it 1566 ol W aus aneared 54 fy seirr 51§

Aral Ty rflow & Flocsti Foecaang Seies: (510 FEan ga
B catstvmed ol MIT Kadam 26

e E

[ Vo o v P et o1 By Pzt s |F5 o D oty i o ———
AR iyl in ey P il s Wy e St LT e B s

i
P e [lam adiery Boo Chind 01X Lo i Sk o ) Tl 3N e Svnlency
] eyl Terortad Do By pod Ty o (] i} o, i b ik
iy F el B g 1 Dl sl P o m
0] ey v o iy Wi Brndews o Mok Diahoras i v e By Dm0y o iy e e T
[ refuraleny shosrerrm e prewasn B Aodermd e &
& 1 arip w1 [LE] IR S EER o RO, el TG0 imsra

ETETT T

—_Lﬂﬂl
|_

Al 111 ]
'r:-r'r-.*::&r (o as
o g TS

033



Teit ety Btberered @ il {apariam
[wamrs ol pe Popaees « MTPAE bl
[%ora ol f@ Dieeilinyg S e + Bk S5 | 48 5 i
e IR Lt 1] 8
B gy — |8s Ladbmj|
L L L T T T %
U e Pietbind W dresy |y
5 ol ek s ks e Pt pailn E ::-.,;,.-..,u. el dnilcaiss # i b b adereeed 13 [ [RG
md 1 |
| T prtestbr L] P e 0 Lk b e i1 e o) (AL S B Lk
sl g bbb by Giowt o S0P ol e ey b B B e b by WG e pe it 34
S ol agremd ir it HP T, S 0 aad MTPES L i TR F s O g
rpu-.- HE ST sdis Aeweee
T | At O drre P rrarss LB M el | TR T e ot gl CHA Lo el s amum i g e S L K T o gyl 2w
""T"""I""ﬂdbr*""-‘-' Parrriorn By s o med o LAL Ofir e B puarprs of ol ik (s, immienarwrd u!
e Pl il W i BT
H""ﬁr-m “ﬂh-ni'md Pﬁqﬂ-hm-ﬂnmmqpm
o B L "-EH':-H'P“ SRR T L
e o ey b B A 4 —'bhq-.rlul:-uh-rh
I v o e i e lq'l'rl;:-rh--’npnh L1 T
g HIPL W ol B vegekn ol Fan Coard @
E I (TS ¢ e Freres e Haidi o Cidl s i g
=TT
[T - 1.3

034



| AR L
 Faldas HPY | 4 B2 W94
CINETHEE

L T TR L e

Lastalry mciind

LL]
el B

VAL e Ri e S i e

P Ll e o L Frgratet

L b

P kel

Tim, b e

R
Which £ Leresi

datdl i [Frepsied b b icdamifien] fn TEEC)

1% B mp ] LIt Y T
ErLrie e efched m Gra -G

TrATE S st o b gy b Bl ) il B o B s I
gl i bl iy s
A e yales |8 ] FL

B e ey P 1R L I T Liem] aopesiacn gl fraisldy rpesd B

LT

Ao B e et Dr e

Tha s s L M’ ki proger] s by d [ Bl L B

I e s Pp il
Fudspeindionn; Q. ot [HWR il ey Doyl 1P il O ety Do By 8 i i Dy WA, s oo Claci 384
s C 1L AR S T T —

[EE ot
el o

mhn—w:fmm?ﬁmhmﬂﬂ i Ar| [18My
ot ElniP & i

Wi rrrang
ek ko B T I A e 1

Furme, o
Lond e 1 l-l.ru-'—'i-n--.-l.q armre plﬂ:.ﬁﬂ._l-nm-:-lhh T e ey T 2 oo

i
FEH S i e = rEen DT g il e e e i e o G Elhq
Famr
l-ld“_'.ll'l 18 Ly o ey bvschretalc il e o vl o) e 17 o rrsgal s . s e e i
e i 1 B b o i o

ol ki it i # dmaled by e gy

FETRAEE @l

TR T A B L e e T R P |

sConramsTialy

035



Wk Pl THTRE Ll
M Dererwi g Dieicn | Bnaind sy M9 | 0] iy
R

LEATL, T

[P ey —

Al Ciapind Epoved o Clairard fPropcaesy

Sl sy BAAF ":‘:;':'; ¥ P Tl

Akt [Pt b b w1 CEEE

LR PR LS SN PR —"m—"

[T T | ke b 3a

The pivis Lo for Ky sl Fary brem B i ke B e £158 L A (1N Camgs B L |
dlHuna o 12 irwl W e rsrmeey o 8 i st g BT i b 3 4
BRIt i) SHIE el TP L ' 30 P 200 Segioiriong

TrAe e il kgl cwm L e i e £l S0 e i s £ P iy Sk b e ey el
#ar BENG HRARI L T Filren Thargbas. Bw e & o rmed of LD wics (el T R e ———"
) g sk i ¥ ae]

Frwwn ot T sheer, Du difras il B vl g Wes Al L L S TS T, =

[T Y S gy pm— u-n...h [rarTis o
g -lﬂ-ﬂ-unrﬂl:r w-n-rln“-rh LR [ S
Forlerren Lo Rt B fraivy Cowrfy = e pldIIH- Flor Dt S

i L i 1 B Dol TP g ek o B b b
'lil'-'=-ll-l HF e TP it il arvmpm gl iy P gy B T il o
2L B L P Sna g i ds arn -u-t-.ﬁu-&h

FarTan dreiimeg Be repaeraryd o i i
=

L R e e =] ] mrul-'l-l'wl-'ﬁp-!rll

=
l'lml

1 TR, 4 Mt Hunar Vv
T TEI R ol SO o b e e e

i .'..- 2jisrnad H"I'I'I"i'l.E‘ﬂl'ﬂ"l"Elt'ﬂL-
-"r'?'.ﬂ'-x. ._-'rll.'.“-'-'
i S SR

T

036



037

Mame of the Petitionor
Nama of tha Ganerating Siatlon | Koldam Hydro Elecing Poaser Projact
Sikatian GO0

[T b poven for relavant daies ard paar wise)

! NTFC Lid.

(1EAT 2018

PART-A
Form-SE

L4 Lﬂthlll

5. Mo,

Panliculars

Acorual Basls

Un-dischargad

Cash Basis

A

af |Spening Grass Hlock amaund A5 per Bodas

TERSZT 0447

AT974.06195

T.56 852,96

[t} [Amount of Caghal Reailies n Ala) above

21+EE0.63

o, T4, 50683

—

Arnaunl &l 10T in .ﬂusﬂil Fhin
LArmour of FC in &la) abave

20519 (2645

20,515.01

g) [Amount of FERY in Afa) abewe

|

f] |[Amcunt of Hae

ing Cast in Afa) above

o} [Fmeun of IED

in AA) above

a) |Addtion in Srass Block amount duwring the period (Direct

i) [Amount of Capital kabliikas in Bla) abave

£} [Amawnt of IDC i Bis) abowe

di [Amaunt af FC in Bjaj above

8] [Amouni of FERY in Bla) aboee

Srnezunl of H

I Hedging Cost in B3] above

f

|gh |Armsuri of IEDC in Bia) above
|

aj

b

Addilion in Gross Block amount dunng tha pericd

(Trangfar from CIWIF]

) [Ameunt of Capital liakiilies n Cla) above

Amcunt of IDC in Cla) abave

ci
di [Amcunt of FCon Gla) above

AmGUni of tﬁ"lr* Eﬂﬁt abcha

]
f] |Amount of Hedping Cost in Cla) above
@ |Amount af IEQC in Cia) above

Dedation in Gross Black Amount duwing the perisd

Araunt of Capilal liabites in Ofa) abova

& |Amount of DG in D4&) above

o [Amaunl of FC in DI:HJ abowa

a| (Amaurt of FERY in Oia) above

f) famound of Hedging Cost in EYa) abowe

gi [Amount of IECS s Dia] sbae

Ehall b
{!Ilhrﬂllﬂllﬂ &t tha
timeo of Truing Up

E 8] |Casmng Gross Slock amount As por Dooks

b} |Amceant of Capital liabililies o E(8) above
] lAmount of IDC in E{aj above
d} |Ameunt of FC in Eia) abeva
] |Ameunt of FERY in Efa) above
fi [Amount af Hedging Cost in Ela) abave
al Amownl af IEDC in Efa} above

Hoka:

: {Patitianes)
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PART =11
Form-aF
M -
1T b ghvan far tha refavan dates ard yoer wiss)
Mame of the Polizionar CHTPC Lid
Mame &l thae Jendrsting Stolien : Haldam Hypdre Elzetric Pawer Progect
Sdaikan CO0 {1807, 108
[F Lamhs)
Sk Ha, Particidsmn 0.0 2004
Un-deiehangod
Accrual Basis Liabaiiins Cash Basis
L dpaniag CWIP AS pee Backs TouT a5 1081 483163 4 8548.51

Amaur gl Gagela iapklies in Ala) stonm

Amaunt of B0C i Afa) sbovn

\hmourt al PG indja) a
||-] Lamourk al FERY m Afp) abon

[Amoeant of Hedging Cosl in Ala) ADcha

Arrgearl oV IEDC in Adn) nbave

-]

Adsgiban in CWIP dunrg e pencd
| b] limour DfEEHIIII:-IHH n:ﬁm abawn

Arount of DG in Bia) abows

Amgun| af FERY i B{3) sl

Amaur al Hetgirg Costn Bra) shave

Amaum ol IEDE in Ola} sbove

| Transterred |o Gross Biock Amouni gunng 1ha paned
&_A_ﬂmﬂn‘l Eapial laiiies in £[a) above

amot of DG in Cja) abive

WAoo & FC i Dl above

Amound of FERY in Cra) sbowe

[Daklian in CYWP duiing e perd

Amgunl of Captal iabeties in Dia) abave

Amoun! af IDG 71 Bop) sbove

Amauni ol FC in Dia) abovn

amounlaf FERV in Do) abowe
|l} Amoun! of Hedaing Cost in Dial abova

Am o ol EDG in O{z) abovl

Clasing CWIP &5 por Beoks

Aot of Cageia| Eabeies in Efal abave

Amoury of 102 in Eli) abowa

Wmeaiend of EEE in ﬁhl HHU-II

£
1]
[=5]
|d1 imount of FC in Eln) phove
fl
I

Armunt of IEDC i Ei8) sl

Shal bo submatied
@i o o of Teurng
Up

g
[PotHionar)



PART - 1]

FORM- 10
Financing of Additional Capitalisation
Name of the Petitioner : NTPC Ltd.
Name of the Generating Station : Koldam Hydro Electric Power Project
Station COD : 18.07.2015
(¢ Lakhs)
Financial Year {Starting from COD) 2024-15 | 2025-26 | 2026-27 | 2027-28 [ 202829 ] 2024-25] 2025-26 | 2026-27 | 2027-24 | 2028-29

Actual

Admitied

1

¥ L. ] % -5 I &

71 & T &8 T 1w [ u

Amount capitalised in Work/Equipment

Financing Dalails

[Loan-1

Loan-2

Loan-3 and soon

Total Loan®

| Equity

Internal Resources

CQithors

Add cap it proposed to be funded in Debt:Equity ratio of 70:30

Total

@ﬂ_.

PETITIONER

039
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PART-I
FORM- 11
Calculation of reciati
Name of the Petitionar ' MTFC Ltd.
Name of the Genoratling Station  : Koldam Hydro Electric Power Project
Station COD : 18.07.2015
{¥ Lakhs)
Depreciation
Depreciation | Amount on Gross
Gross Block | Rales as per Block as per
&l. mo, Name af the Assets an CERC's CEREG
31.03.2024 Depreciation | depreciation rate
Rate Schedule | schedule as on
S1.03.2024
1 Freencld Land - oihes than Land urder Ressrsair i472ri4 0.00%: a.00
2 Freghnold Land - Lard under Resaraos 6357282 3.34% 2123.H
3 Leasehold Land - other than Land under Resarsoir 1055.551 3.34% 25400
4 Leasehald Land - Land vnder Resenvior 4215068 3.34% 140517
5 Roads, Brdges & Cubvards B705 .48 3.34% 32418
& higin Flant Buildings 23251.80 3. 34% TTEE1
T Other Buildings 12135.55 3.34% 405 33
a Tempaorary ereclion 224 .85 T00.00% 224 B5
8  |Water supply, dramage & sewsarage T05.03 5.28% A2
10  |Dam & Spilkvay 4034719.05 5.28% 21.300.53
11  |Penstock 24151.24 5.28% 127519
12 |Hydromachanical system 1T5E4 84 5. 28% 927 .42
132 |Fant and machimery {includes associaled civil works) 183867 06 5.28% BEST 45
4 |Furndture and fixiuras 1T27.02 6.33% 10832
15 |Vahicles including speechoals o967 3.50% o.47
16 |Othar Office Eguipmant 474 20 B.33% 20,02
17 |Ofica Eqguipments-Air Condifioners Ei5. 53 H.50% 5.32
18  |EDP Machines and ather IT aquipmants 338 12 15,002 5075
19 |Construction squipment 221,45 §,28% 11.88
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PART-I|
FORM- 11
Calculation of Depreciation
Name of the Petitioner i NTPC Ltd,
Mame of the Genorating Station  : Keldam Hydra Electric Power Project
Station COD 1 18.07.2015
(% Lak hahl
Depraciation
Depreciatian | Amaunt on Gross
Grogs Block | Rates as par Block as poer
3. no. Name of the Assets on CERC™s CERC
31.03.2024 Depreciation | depreclation rate
| Rate Schedule | sehedule as on
31.03.2024
20 |Electncal instalfations 2400 .86 5.28% 126.77
21 |Commuenication eguipment.Cables 2211.10 E.2A% 116,75
22  |Hospdal equipment 40,92 5.ZB% 218
23 |Capex onassels not owned by company I}.IIID: 5.28% (Ni{a]
24 | Softearns 33.35 15.00% a.00
25 |Laboratory and workshoo equipment 265,00 5 20% 14,20
Total 784557 .96 3797812
4. B408%

Weighted Average Rate of Deprociation

@k

' (Peutioner)

T [l ey
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Slatemert of Degracialion
Hame of the Petiticnar :HTPC Lid
Nama af the Generating Station : Keldam Hydro Elociric Power Project
Stalbon COD 1EOT. 208
- ¥ Lakhs)
51, Mo, Partloulars. EOZ4-Z5 202526 IEE-ZT 2027-FH 2028.29
1 2 3 4 5 E L
Mo ol Dlays 365 365 35 366 385
1 |Opening Capiiel Cest” 716871 63 74031363 7,654,803 63 755 143.62 755 A5 63
2 |Closing Caplal Cast' 74031363 7.54.053 43 755, 14363 7.55 50361 7.58.043.63
3 |Avarage Capital Coat T.26,652.62 T4T,503.63 7.64,518.63 7.55,368.8] T.55 018,63
Tz |"Costof IT Equipmenis & Softwane mchadond i1 | alows = TSN ar1.87 37187 KRRt ST1.67
Ta fCostof IT Equipments & Softwars indluded in (3] aboea ™ 71 a7 3167 IT16T e 3167
Ja  jfwerage Cosloof IT Equinments & Softeang iTLET WET IT1.6T IT1.67 IT1ET
4 |Freehald and 14,737 19 14.727.19 14,727 .18 1472719 14, 72719
5 Rate of Dapidaslion 4.B40E% 4 B40E% d B4 0R%5 4 34085 o BarG
6  |Deprecsable Walea 4341607 8,50 518 47 656520047 0G5 G144 A.87, 01647
¥ [Batance uselul ife al 1he baginming of the period 2629 2520 24.2% 2324 #2.29
= Remaining daprecisble vaiue al brginning of period 248 92507 129,736 62 3.00.214.74 £6407541 2,27,914.30
8 Depreciation (for the permod) 353183411 A6,185.38 6. 54433 IB568 11 36, 50740
10 |Depreciation (annualised) I5IVE I b 16508 36.544.23 S0.5066.11 X6, 58790
1 Cumulatios deprecinbon al the and of ha padiod 3. H B0 34 365994 72 402 53905 q.%5 108 17 &,75,693.08
Less: Cumuialive depreciation adjusiment on scsount af un
13 |Gscharged iabdtes deducted as on 0704 2000 5ialon 1 I :
COD, whichsweer is Lt
1 Less: Cumate dapreciabian adusimant an azecunt of de . : i
capilalsalion
14 Met Cusmedalivie degracalion 2t Ibe end of the period 1,799,800 34 3,565,904 72 4 0530 05 4.28.105 17

* Achual valos of 1T pouipments. shall be subenitted al #e ime of ruina uo




Caleulation of Interezt on Astual Leans

Nama of the Company
Mamea of the Power Station

043

:ﬂf Particulars 2034-25 203526 2026-27 202728 2028-28
| |

1 USD 750 Million Drawd 11 _
Eross lean - Cpening 13087 00 1308700 13087.00 13087.00 3087
Cumulative repaymeants of Loans uplo presicus pericd pag 0O 0.0 188857 TR
Hal loan - Dpening 13087 00 13087.00 1308700 11217.43 F347
Incraasad Dacraasa due o FERY oon 000 000 L.ao 0
Increasa Decrease due o ACE/Drawl dunng tea panicd 0.0 0.00 000 0.00 i
Todal 13087.00 13087.00 1306700 1121743 g§547
‘Repayments of Loans durng he penad 0.00 0.00 1865, 57 1869 57 |B8L
Med an - Clasing 13087 .00 T30 1121743 ST B T47TE
Awverage Met Loan 1308790 1308700 1215221 1028264 B413
Rale of Interest on Loan 7 DE000, T-'_l]-ﬁl]l:r'.-e;.: 7 05005 7 .500% 7053
Indarast on Loan Annuslsed 52743 92783 B5E.73 72482 595

2 4.375% Fixed Rate Mabe Bullet repayment on 26.11.2024
[Grass loan - Opening 11085 04 1108504 11085 04 11085.04 11085
Cumiulalive repayments of Loans wplo gravious pediod oRo 11085.04 1108804 1108504 11083
[Mal lean - Spaning 1106004 0.o0 300/ £.on i
Incrazsal Decrapse dus o FERY i 0o 0.0 | .03/ 0.00 I:
Increase Decease due ba ACEDrawl dynng fthe panod Q.00 0.0 Q.00 0.00 0
Todal 11089.04 .00 .00 1.0 0
Fopaymenis of Loans duning fa periag 11089.04| 000, 0.0d U.D:]: ]
Mt koan - Closing 0.00 .00 0.00 0,00 0
Average Mat Loan BLad 52 .00/ 0.00 000 4
'Rate of Imarest on Loan 4TI, 0.0000%, 000004 00000 0040
Indarast an Loan Annwaksad 256.58 Qa0 oo 040 4

3 BONDS-L VI Bullet rapayment from 15.12.2025
,Gross loan - Opening 3T00.00 ITO0.00 3700.00, 370000 00
‘Cumsilalive repayrnents of Leans wis praviows pesiod 0.00 L.00 3TO0a0 ATO0O0 T
Met loan - Opening 370000 A700.00 a.00. onn :
[ncrpasel Deoease due bo FERY Q.04 .08 2.00 G0 C
increasal Decease due b ACE/Dravl during the period 0.00 .00 a.00 000 0
Tedal 3r00.0a AT, 2.00 Q00 {
‘Repayments of Loans cureg the penod 0.0 Arpg.00 Q.00 Q.00 0
‘Mt kan - Gloging 3700.00 370000 .00 0.00 L
|Awarage hiat Loan 3700.00 3700.00 .00 00a 0
Rate ol Inferest er Lodn B.2300% B.2200% 0.0000% 0.0000% 0.000
Inderest an Laan Annuaised 304.14 30414 .00 000 a0

4 BONDS-LX VI Bullet repayrment fram 14.12. 2031 |
Grass loan - dpening BO0.O0 BO0.O0 0000 50000 a00
 Cumailative repaymants of Loans wple preavious penod 0.00, 0.00 0.00; 000 g
| Mal lean - Cpaning GG O 500,00 SO0 50000 ]
Increased Dacraase due ko FERW Q.00 .00 0.00/ ook C
incraasel Decrease dun bo ACE/Drawl duing the penod 0.0d .00 0.00 000 ii
Toital 900.00 A0 00 a00.00 00000 500
‘Repeyments of Loans during the peviod 0.00 Q.00 0.00 0.00. a
Hed loan - Closing H00.00 B00.00 500,00 B0G,00 800
Awaraga Met Loan 00,006 and 60 ROO.00 800.00 LT
‘Rata of Inlerest on Logn 7.4000% T.ADD0 TAO00% T.ADG0Y 7400
Inferes! on Loan Annualsed BE.G0 66 60 GE.G0 66,50 B&
5 BONDS-LE VI Bullot repaymant from 15.01,2029

Groas fear - Coening BSBE.21 B59B21 859821 859621 B58E
Cursulatios rapaymants of Loans upls previcus period 000 Loo 000 0.0 o
Mat loan - Dpanirg ESSE 21 BROR 2T 850821 BEGR 21 BEGE
Increase Decrease due to FERW 0,00 0.00 0.a0 000 C
Increasel Decreasa dus o ACE/Draw! during (he period 0.0 0.00/ 0.ae 000 L
Tatal B528.21 B56A.21 B508.27 B58A.21 BSag
Repayrnenis of Loans during ihe pedod 0.0 .00 0.00 0.0 gian
Mt oan - Slosing BEGE.2T BESEIT BEEE.2T BEEE. 2 | 4
Awerage Mo Loan B5GE M BH0E. 2 BSGE 27| B55E. 4308
Rate of Inlerest on Loan E4300% B.4300°% B.4300% B.4300% B.430
Inferes] on Loan Annualsed a4 B3 a4 B T34.E3 72483 g2




Calculation of Intarest on Actual Loans

Hama af the Company
Mame of the Power Station

&L

no.

10

044

Particulars 2074-25 103526 202E-EF 2027-28 103329
BOMDE-KEX Repayment from 25032046 :
Grass loan - Opening T000.00, 00000 TOOD.O0: OO 00 Too!
Cumulatae repaymenis af Loans uplo pravious period £200.00 466567 513333 5602.00 Bl
Mgl loan - Cpering 2300.00. 233333 185657 1400,00 ik
Incransal Decrease dug ta FERY o0 oo 0.oo 0.0h [
Ingreasel Decreaso dua te ACED e duning e pariad 0ag: .00 .00 0.00 [
Talal 280000 2333.33 1866.87 140000 e
Repayments of Loans during the period 46567 485 67| 255,47 465,57 4
[Met Ican - Closing 2331.33 186567 100,00 933.33 AEE
Averapa Med Loan 2556 87 210000 1632.33 T166.67 FoC
 Rabe of Intereat an Loan B.BBID% B.8800n: 8. 8800 BEBI0Y &880
Irtarest an Loar Arnisshssd 22raz 186.48 504 10386 a2
BONDS-EXXIV Repaymant from 10062018 { :
(GroEs bosn - Openieg J200.00 900 00 3840.00 390000 Lo nl
Cumuiativa repayments of Laans upla previous period 20040 d3a0.00 280000, 2BE0.00 nx
Ml laan - Jpening 182000 1850.00 1300, 00 104000 Ta0
Incresse/ Dacreass dug ¢ FERY 0.00 0.00 0.00 0.00 0
Increasel Dacrease dun to ACETvawl dunrg tha pared 4.3 Q.00 0.00 Q.04 i
Talal 182000 1560000 130000 1040.00 TEQ
Repaymients of Loans duning ihe penad 25000/ 28000/ 260.00| H0.0d| 288
Rlet ian - Closing 156000 130000 1040.00 Tanga g2n
Average Net Logn 1680 06 1430.04 1170.00 §10.00 a0
Raie of Interesl an Laan e Y B.7400% 74005 8, va00% B.740
Interagt on Lagn Annuslised 147.71 124 59 102.75 5 53 B
BONDS- XXV ropaymaent fram 22.00,2017 |
Gross lsan - Spening TO0.00 FOLBD 70000 Tonan o
Cumlated repayments of Loans upte pravnus penad IR 420.0d 4B5.67 51333 560
Hellean - Cganing REET 2E0.00 233.33 185 BV 140
Incrazsal Decrease due o FERY 0.0o 0ag 0.00; 0.00 g
Increagel Decrease dus 1o ACEMIraw difing the pencd 000 oan o.an 040 1]
Total 32667 28000 2333 18687 f4C
Repaymants of Leans during tha pened 48.67| 4567 4657 48 57| &6
wallean - Closing 280,60 2£33.33 186,67 T O B3
Average et Logn 20333 ZEEET. 21000 3.3 116
Rate of intnapt en Loan S2000% 8.20004%. BL2000 B.2000% 9.200
imierest on Loan Anfealsed 2rai 2361 18.32 1503 iC
BONDS-XX XX repayment from 05.06.2017 | !
Grass lnan - Opansag 3100.00 000 3100.00 310000 3109
Cumulalive repaymenls of Loass upic previaus pariod 1446 ET 168333 188000 2056 67 2173
M lamn - Openang 1653.33 144657 124000 103333 LB
Increassl Decroase dus o FERY 0.00° o000 0.00 000, C
Incressed Decrease due Io ACEDraw! during the pamad .00 e a.0c, p e g
Tala 1853.13 1448 87 1240 0 1003.33 i)
Repayments of Loans during the pericd 206 57 206 87| mesT| 206 67| 206
Helloan - Clesing 1448 57 1240000 113333 826 67 &20
Awarage Nal Lian 1850 00 134333 113867 Rl x
Rata of Irferest an Loan B4ID0% 5.4200% 9.4200% 3200 £.420
Intarast an Loan Annuzlsed 145,01 126,54 107 07 761 -
BONDS-XLI repayment from 23.12.2017 !
‘Groms bnan - Opaning 000,00 3000.00. 3000.00 3000.00 3000
Curnifalive regaymarts of Lears upto previous pened 1400.00! 1B00.00 ¢ 1600.00 200000 2200
Pat kan - Dganing 150000 140,00 1200.00 100000 BOO
Increass! Decredts due 10 FERY o.00 0.oo 0.4 Q.00 a
Increaser Decresse due o ACEDrawl duning 1he seriod Q.60 f.00. (el effe o
Tatadl 1E0000 140000 120000 1000.00 )il
Repayments of Loans duing the periad 200.00/ 200.00| a0 00| 200.00] 200
et loan - Closing 140000 120000 1000.00 SOG40 B0
fuarage Mal Lean 1500,00 1300.00 1100.03 00,00 Tl
Fale of Intarast an Loan 2.7013% B.T013% B.7015% 2.1013% 8.701

g



Calculation of Interast on Actuz| Loans

M of the Coamparny
[Mame of the Pawer Statian

Uso

oy Particulars 2024.28 | 2018-26 ‘ 2026-27 | 202728 2028-31
I
Interast an Loan Annualsed 145 52 12612 106,71 &7.31 £
11 BOMDS-XLI ropayment fram 2504 2023
 Gross foan - Opening TEDD DO Ta00.a0 THE000 FHI000 T8
Cumwmilzave repaymants of Loans upto previpus pesicd 30000 50000 SOODOD FEODOD T
Med loan - Opening 4500.00 3000.00 1500.00 Q.00
Increasef Ducrease due o FERY 0.0 0.00 0o 0.00°
Irorease! Decrease dus be ACE D during the pesiad ouog oo oon 000!
Talal 450000 300000 150000 0.09 i
Regayments of Loans ounng the pericd 1500.00] 1604,00] 1500.00 | 0.00 [
Mat loan - Closing 3000 00, 150000 040 0.00 [
Average Nal Lean rs0.00 2250.00 75000 0.00 |
Reale af Intarast on Loan S0300% §.0300% 2.0300%  0.0000% L0t
Inlergsl en Laan Annualised 33863 20378 B7.73; 0.00 {
12 BONDS-L 2A Bubet repaymant 16.12 2028 _ _ _
(Grass loan - Cpaning 302608 0B 05 Ma5.05 a5 Anst
Cumulative fepaymants ol Laans upts prewiays periaid 0,00 0.0a 0.0d Q.0 c
_Mel loan - Opaning 3085 05 3085.05. 3085 05, 3085 0% 065
Increased Decraase due o FERY fon a0 oD a0 a
Jnerease! Dacrands dun o ACE/Deawl curmg g pariod [y 1.00 0.0 .00 a
Teral 208505 BSOS 3085.05 3085 05 0as
Repaymends of Loans dunng [he periad o.00| 2.00| o.00] 000 10es
Ml foan - Chosing 08508 3085.08 3085.08 095.08 0
‘Average Nel Laan 3065.05 3085.05 3085, 08 30B5.08 1542
a0 of inlerest on Loan B.5100% 8.5100% 85100% B.5100% BE10
Imarest on Loan Annualised M2 54 26264 2682 84 62 54 121
14 BONDS-L 34 Bulle! repayment 16.12.2015
Gress loan - Opening 3851.31 3|ELM| I851.31 3&51.91 3851
Cumisativa repayments of Loans upa pravisus panicd 0.00 aan 008 000 g
Mt loar - Opgning JB51.31 Jas1tn X813 Ans131 ggy
Incraaso! Decrasie due o FERY Q.00 0.0 Q.00 Q.00 L
[ncredsel Oporense due o ACEDaw during the period 0.00 040 o.ca Q.o o
Teeal 285131 385131 385131 385131 3851
Repayments of Loans during |he pericd a.00| c.op| 0.00] 000 L
_NelIpan - Cleging 2851.31 3851 31 F51.31 2E51.31 3as51
Averagn Mgt Loan 3\51.1 3851.31 3851.31 385131 IBE1
Rate of Inarest on Loan 8.5500% BABO0% BASIO%  B.AS00% 8.890
Insarast an Loan Annuslsed 33468 13468 334,80 33458 134
14 BONDS-L 28 Bullet repaymant 16.12.2028 ] |
Grogs kan - Cipening 1128.06 112808 112808 112808, 1128
Cumulative repayments of Loans ualo previeus penod Q.03 000 £.00, oo i
Ml lgan - Cpening 18805 1128.05 1¥8.05 1120.05. 1128
Increased Oagraase duo o FERV 000 o0 0.0 0.6 0
Increases Dacrease due Io ACEDraw! durng the period 000, 0o no0 o.oo o
Tatal 1128.05 1128.05 1128.08 1128.05' 1128
Repaymenis of Leans during the peripd 0.00] .00 a.00| .00 1128
Nid loan - Closing 1128.05 12808 112805 1128.05 o
Awarage Met Loan 112805 1128 08 112805 1128.05 554
_Fate of Imorast or Loan B.7E00% B.7800% 8.7600% 8. 7800% 8 760
Inberes an Loan Anfuaksed BEBZ ol 82 4 E2 58,82 49
13 BONDS-L 3B Bullet ropayment 16,12, 2033 ) [
| Gross (oan - Opening £036.75 403575 4B36.78 4506.75 Age
Camulatwe napayments of Loans uplo previoLs aericd 0.00 0,00 Q.00 .64 o}
‘Mgt loan - Cpening 4936.75. 4936.75 4935, 75 4936, 75 4535
incraadal Decreass dys 1o FERY 000, 0.00 000 000 [y
Increased Decrease due lo ACEDrawd during S parod 0.00 .00 Q00 o.an’ @
Talal AD3E T8 AB3E, TS 4836.74 4938.78 A5IE
[Repaymanis of Laans dunng the perigg ooa| 0.00] 0.0 | 0.00 0
Mef loagn - Clasing A53E.TE 423875 AO%E T 4005 75 4935
Awerage Net Loan £036.75 4535, 75 4538 75 4838.75 A58



Caleulation of Interast on Actual Loans

Hame af the Cedmpary
Mame of the Peweer Station

046

Iﬁ: Fariculars M4 il B H2E-27 | I037-I8 20823
Rata of Inlerest on Laon 3.8800% . 5400% 85400 & Bad0% a.84
Irkafest an Loan Annualised 44138 44138 44135 447 35 ]
16 BONDS-L| B Bullet repaymant from 04.03.2029 | _
Eroass kaan - Opening 420000 420000 4200.00 420000 4730
Cumulaiia regayments of Loans upto previous penod ek e 000 @ (ERE !
Hal kear - Ogening 40000 420000 420000 4200 00 4201
Incresse Decroase dus 1o FERY 0.0 0.0d .00 .00 |
Increasal Decrease dua a ACEDrawl durng he pennd 0.00 0.00 .00 0.00 [
Total 4200100 4200.00 4200.00° 4200.00 4201
Rapayments of Loans during tha parod cuan| 00| ooao) oo, 4201
bl ican - Cloaing 430000 4200.00 420000 420000 {
Averags Mel Laan £200.00 4200.00 4200 5 4200.00 210
Rata of Lateres on Laan 8. 6600% 8BE00% BEEDDY 86800% B.550
Irerest cr Loan Annualiced HaTe ¥ 72 6372 LT 1E1
17 BOMNDS-L B Bullet repayment from 22.09.2024 | | |
=ross laan - Dpaning G000 ES00. 00 ES00.00 BE00.00 5800
Cumuialive mpaymenis ol Laans upie previous penod .00 BS00.00 6500.0d B500.00 BA00
Mat kaan - Opening BE00.00 .00 0.oo 0.0 G
Inzremsel Dacreaso dus o FERY pag 0.on Lo 000 ]
Increasal Dacreass dus io ACE/Drawl duning tha paried 0.00 0.00 @00 0.oo 0
Tatal BS00.00 .60 .00 .00 o
Repayments of Loans durng the periad £500.00/ a0 0.00) a.00 8
Pel kaan « Clasing 0.0 oo oo Qg0 o
Average Nol Lgan 3235000 0.00 o.00 ea ] o
Raa of Intgrest an Loan 8.2000% 2 2000% B2000%  9.2000% 8200
Interast on Loan Annualised 25500 a.00 0.0 .00 L1
18 BONDSE-L IV [In Instalments fram fxh yr. Le, 25.03.23}
Grass loan - Qpening 2510000 L5100.00 2810000 2510000 258700
‘Cumulative repayments of Loans uple praviows penan 15080.00 2510000 25100.00 2510000 25100
Me loan - Opaning 10090.00 000 oo 0.00 4
Ingreases Decrease dus to FERY 0.00 aao Q.00 Q.00 0
Increased Decrease dus 1o ACEDraw during the period oan boh 000 Qoo L
Tatsl 1004000 nog 0.0 0ao 0
_Repaymenis of Loans during the pered 1004000 .00 0.00] 00D a
M bgan - Closing n.ca .40 .00 Q.00 a
Awarage Mot Loan a020.00 nan 0.00 Q.00 C
Fate of Infarest an Laar B5200% DLO0a0. D.ODa0%! DLOO0RG 2.000
Interast an Loan Anaualsad d37 70 Log c.ac (rla]el i
19 BOND-72 (Bullot repayment on 15.10.2025) (Refiance PFE V) _ .
Gross ban = Qpaning 5E|I]I:I.III_ S&00,00 SR00.00 5800.00 SEIC
Curmulative repaymants of Loans uphe pravicus penod 000 0.00 5800.00 5800.00 5800
Hat Izan - Opening SRO0.00. SE00.00 noo oo [
Increased Decrease cus ba FERY a.0a a.6a f.oo 000 ]
Increaser Decrease oue to ACEDeawl during the period .00 a.00 8,00 000 Q
Toetal ai0.oo 530000 0060 0.0d i}
Fepayments of Loans dufing the parid 0,00 5800.00| o.aaf 0.00 0
Mat loas - Closng 580000 Q00 0ao oo da
Aveeage Net Loan 4800,00 280000 Q.00 .00 a
 Raie of inlerast on Logn 64750% B.4TEO0% 0.0000% 0000 0000
krilefest on Laan Annoalized IS5 187 78 0.0 e F
0 BOND-T2 (Bulat repayment an 15.10.2025) [Refiance PEC V) | {
Grass |can - Gpening §700.00 870000 870000 B700.00, 47
Cumulative repayments of Loons uplo previaua pariod 0.00 0.co SR00.00 B700.00 7m0
et loan - Openeng g FranAan 0,00 0.0a {
Imcreased Dacrease due o FERY .00 0.00 0.ao 0.co 1
Increased Decroasa due lo ACEDrast during the perod .00 0.00 oan R o] a
Tatal a7o0.00 9700.00 .00 L o
Repeyments of Loans durng the period 0.00] §700.00( 0.00| 2.3 0
Mot joan - Cloaing ST00.00 Lon Q.00 0.0l 0




Calculation of Intorest on Acfual Laans

{Mame of the Company
Hame of the Power Station

r|5|:||: Pariculars Z0Z4-325 202528 { DHE-IT | 20e7-18 | 2018-23
Avarage Met Loan S700.00 4850.00. 0.00 .03 '
Rate of Inerest on Laan @ 8950% 6.5850% 00000 % 0.0000% | 0001
Irfgrest an Loan Annualisen B8 77 KRR 0.00 Q.00 I

21 BOND-72 (Bullat ropaymant an 15.10.2028) |Roflance PFC V) ]

Gress lan - Opaning 3304.00 3300.00. 33606 00 230000 R 1}
Cumufative repayments of Loans ugto previaus periad Q.00 0. TI00.00 30000, a3n!
Mat kaan - Opaning 330000, 3300.00 .00 0,00 L
Increase Decraass due iy FERY g [FEEL] 0.oo Q.00 [
Increasel Decrepse due o ACEDraw during the pariod Lan. tat, Lao 000 [
Total 300,00 3300.00 0.00° pon L
Repaymens of Lasns during the pesiod .00} 200,00 0.0 .00 i
fet kaan - Clasing 3300.00 0.00 0.0 0.00 £
(Awerage Net Loan 330000 1650000 0.na 0.0 c
Fiate of Intarest on Loan B.B40D 6.8400% 0. D000 00000% £.000
Intzrest an Loan Annuahied BT 112.88 000 006 L

22 UNION BANK OF BOIAS-rapayment on 09022047 |
(3ross loam - Opening 000000 2600060 20000.00 20000.00 20003
Cumulaiive rapayments of Loans uplo previcus period 1500000 17000 40, 1300000 20000 00 200
gl laan - Opening AGC00an A0Q0.00 100000 00 c
Encreass) Decrease dun ta FERY oo 0.0 .00 L.ag H
Incrassel Decrease dug to ACE/Draw during the pergd 000 0.00 0.00 0.0 i
Tetal S000.00 0000 Taon.og 0.00 0
Repaymants of Loans dufing the pariad 000,00/ 2000.00| 1000.00) 0.00 g
hial foam - Closing 000 100000 n.co fea 4
Average Net Laan 400000 200000 500.00 0oo 2
Rale of Inlerest on Laan 8.1000% B 1000% B.1000% Q00004 000
Interzst on Loan Annualised 32400 162.00 40,50 0.00 i

23 Corporation Bank-IV D1 repaymont fram 11.041.2021 |

 Gross lzan - Opening 2T151.78 2715178 r151. 7R 275179 #7151
. Cumalabie repayments of Loans uphe pravious petiad G373 SOS0.ED 12067 46 15084 33 13101
Nt lcan - Opening 1118.05 18101,1% 15084.33 12067 46 2050
Incrassel Decease dug Lo FERY Q.00 4.0 Q.00 000 C
Ineraasel Dedrease due ho ACEDmw during the pericd 0,00 .00 0.00 Q.00 L
Tatal 21 116.06 1810119 15084 33 10T A6 B0
Rapaymants af Loans duning tha parsd ANE BT IEAT EirRl 3 4 1687 g
Wel lean - Cloging 18101.1% 18084.33 T206T 48 5060 ik
Average Nel Loan 1B609.62 15562 75 1357589 10558.03 7547
Rate of Intenest on Loan B.2333% .73 8.2333% 3.2333% 821
imlerest on Lonn Annpalised 1614.53 136614 11778 569.36 820
24 Punjab National Bankdil 01 repaymont frem 01,02 2028 |
Grass loan - Jpesing E43.00 E4300 64300 E43 .00, Ad3
Cumulaive rapayments of Laans uplo previces pesad 142 59 214 33 285.78 Tk 428
et loan - Opening 50011 42867 357,22 2B5.78 4
brgrenza’ Deorease dus lo FERY 0.00 .00 Q.00 a.0a L
Intreases Dacmass due io ACEDraw duing the gariad 0.00° 0.0 .00 0.00° 0
 Total 500,11 A2BET 357.22 20578 214
Repaymenis of Leans during the penod 71.44| T1.44| 7144 71.04] M
Nel loan - Closing 478,67 My 2ETH #1433 142
Avprage MNet Loan 464,39 352 54 32150 250.08 178
Fiale of Interest oo Loan 7.5000% T.8000% T.H000% 7.B000% T.400
Irievest on Loan Annyalisad 3668 ER R L) 2540 18.75 14

25 Jammu & Kashmir Bank-IV D2 repaymant from 31032029 | i
Grass loan - Cpereng 000,010 AB00.00, AN00 00, 3800 00 3800
Cumulalive repayments of Loans uwsle previsus pariod 1265.67 1688.39 2111 2533.33 7955
Met loan - Opening 253333 21111 1588 B 1266.67 Edd
Imcreaser Decmage du 1o FERY kel 0.0o 0.0 0.0a a
Increase! Decraasa dug 16 ACEDrd durng the paviad .00 oo 0:aa 0.00 1]
Talal 253333 A1 1688 40 1266 67 Ba4
Rapayments af Leans during the pevicd 422,22 43232 42297 42222 435




Calculation of Intorost on Actual Loans

Hame of the Company
Namg of the Pewer Sfatian

|
= Pariculars 2024-28 2025.28 2026-27 | 2027-26 [ 2028-2¢
Met lagn - Claging 211111 1685 A8 126567 B4 44 43
Auerage Mel Loan 232227 1900000 1477.78 1055 56 E1
Rale af Intergst am Loan 7.0B00% T.OB00% 7.9800°% 7.9800% 7.ob
Inlmresi on Loan Anrualsed 1850 151,62 17a3 8423 5
26 SBIVII D4 repaymant from 31.01.2052 | | | [
Grass loen - Opening 2800.00 260000 283000 2B00.00. 200
Cumlatve repsymenls af Loans uslo previous peried 96667 1283.83 161111, 153333 2281
Mgt loan - Gpening 1933.33 1611.11 1288 38 H65.67 B
Increasal Decraasg dus bo FERY 000’ 0.00 0.00 0.00 ‘
Intrease Dacraass dus o ACEDrast during fe penod £.ag nuan 0.00° 000 t
Tatal 1533,33 1611.11 1288.89 PEE.6T Bae
Repaymaniz of Loans during the peripd 1222 Az 22| 2283 aeezz| E
Mt Ioan - Clasing 169111 123 RS B gdd.dd 323
Average het Loan tezz 45000 112778, a05.55 482
Fele of Interest on Logn B.2000%: B 2000% 4 2000% B.2000% B.200
Indarest an Loan Arnuaksed 14532 118.90 92 .48 B6.05 x
27 SRV DT repaymant from 31.01.2022 !
Girnss loan - Dpening 100000 1080000 1000.60 100400 1600
Cumulalive repaymends of Loand uplo provious pedicd 13333 A4 & AR 25 EAR 87 I
Hal loan - Opening GEG.E7 §55.58 44444 33131 2z
Increass! Decreass dus to FERY 0.0a a.64 Q.00 0,04 0
Incraate’ Decreass dus ta ACEDrawl during the pesicd 0,00 Qog 0.00 0.00 0
Toal EE6.67 555.56 444 44 33133 222
Repayments of Loans duning the pancd 11111 1111 11.11| 111,11 11
‘Net lcan - Closing 555.58 a44.44 333 33 32322 111
‘Ayprags Nel Loan 811,11 504.00 383.85 TITR 188
‘Ran af Miees on Laan B.2000% 8.2000% 82000 8.2000% 8200
Irileiiest on Loan Annualsed 5011 41.00 3183 2 13
28 SBI-VII D21 repayment fram 31.01.2022 i |
Grass laan - Opening 1800.00 1800 00 1800.00 180805 1800
Cumulalive repayments of Laans uplo pravious penod G00.00 &00.00 1000.00 120000 140c
‘Mt kaan - Dp=ning 120000 1200400 B00.00 &00.00 40
Ingreage’ Docroase dug 1o FERY Q.00 oon R el L4
(Inciease! Dacreasa dus o ACEDawl dunng the perad .00 .00 (.00 noo 0
Talal 1200, 1000.00 40040 GO0 400
Repayments of Loans during the perind 200.00) 20000 200.00| 200.00 2ac
Mgt kaan - Closing 1000.40 &000 50000 £00.00 200
Average MNet Loan 100,00 §00.00 TA0.00 53000 ano
Rate of Intarasl an Loan B.2000% B.2000% 8. 20000 B 2D00%. 8.200
Intaras! on Lean Anrualsed 80,20 TiBO. 57.40 41,00 24
8 5BV D24 repaymen from 31.01.2022 |
Giress hean - Opening 52085 71 928571 9235 71 B285 71 Sk
Caumilsiive repayments of Loans uais prévicus penod 3008 24 4128 54 5156873 619047 a2
Hat loan - Sening B150.47 515873 4128.98° 9524 3
Increased Decraase que to FERY 0.0 0.00 .00 0.00. 0
Increasef Decrease dus 1o ACEDraw! dusing the perind 000 0.0 0.0c, .00 a
Total £183 47 515873 4126 58 2085.24 2083
Repaymenss of Lears during 1he pered 1031,75| 1031.75| 1031 75| 1031 75] 1031
Hal ipan - Cleding 515873 4126538 308524 205340 1031
Avarage Net Laan 6674 80 4842 86 51111 28TH35 1547
Fade of Inleres: on Loan 8 2000% B.2000%, B.2000%: 8. 2000% B.200
Inderesd an Logn Annalised 46532 B0 T 8611 21181 e
A0 SBI-1% D2 repayment from 31.03.2021
‘Grass loan - Oparing 100000 106000 1000.00 1000.00 1000
‘Cumulalive repayments of Laans upia premous pemod 33333 £AE 5E BEGET TI7.78 ]
Fet 1o - Qpanimg H66.67 44444 3 222.22 LLh
Increasel Decrease dua bo FERY a.o0 0.00 oo 0.0, C
Ircrease Decreass due o ACEDvaw dunng the pancd .08 0,00 .00 Q.00 0
Tolal BEAAT .. 44444 el ek 2.2 111
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Calculation of Intorest on Actual Loans

Hamp of the Cempany
Hame of the Power Siation

Farticulars

Repaymants of Laans dunng the period
Mar iaan - Clasing

Avprage el Loan

Rae of Intaresi o Loan

Inferesd on Loas Annualised

SBI-1X DS repay mant from 31.03,2021

Gross lean - Opening

Lwmidative iepaymenis of LOARs upic pravious periad
Mat boan - I:]nrin-n-

Increagel Dacraace due o FERY

Increase Decrease dus o ACEDraw! during the perisd
Tedal

Rapaymenis of Laans duiing ihe perigd

et kaan - -I:l;lslng

Average Wet Loan

Hale of Inlaresi on Loan

Intgrast e Laan dnnualigad

12 58I1-£ D2 repaymant from 01,10 2034

Grosy loan . Cponing

Gumulalive fepayments of Loans uple previous pearmod
Met laan - Gpening

Increases Dacrggse due 1o EERY

Increased Docreasa due o ACETirawl durng the pariod
Talad

Repayments of Laans during the pevisd

Med kaan - Closing

veglage Mat Lean

_H‘HIE' &f Inferpst on Lean

Interas! on Loan Ansusised

HOFC-IX {Repaymens Start 30,06,2024)

LEress ipan - Dpening

Cumsilative rapayments af Loans wolo greviows perod
:I-.Igl lgan - Opening

nereasel Dpcrepse dus [0 FERW

Ingrease’ Deceare dus 1o ACETiraw during Ehe porigd
Tatal

Rapayments of Loans during the penod

Hel lzan - Closing

dveprage Mok Loan

Rate of Inderatt on Loan

Intarast on Loan Annualsed

.Bilrl'-l: al India-Y

Gross koan - Opening

Cumilative repaymants of Loans upta proyious period
Rat oan - Spening

Incroaso’ Cecrease cdun to FERY

Increase’ Decrease due fo ACEDvawl during the pericd
Total

Fepaymants of Laans dunng Ihe penad
bl Bpan - Closng

Auverage Met Loan

Rate of inleres on Laan

Irlesfesd an Logn Annualised

024-25 02526 ‘ 02637 | 2027-28 T028-28
202 22| 111 14 111.11] 191,11 1
444 44 Rk Sk 2237 1M1,

555,56 n.e9 TR 168,67 5
8.2000% B.2000% 8.2000% 8.2000% 8.201
4558 31 69 2278 1387 :
500.00 500,00 500.00 500.00° e
184 87 21T TR 33333 IEE .82 a4:
13333 222 2 166 67 11,41 58
Qoo Q.0 0.0 BO0. L
0.00 2,00 .00 0.00 €
33333 232232 186.67 111.11 -
111.11] B4 BE 65 68| 55 58| 55
2r22 166,57 11111 55 58 0
aTT 78 194 44 138,69 83,33 7
8.3000% 8.2000% B.2000% 8.2000% B.200
2278 1584 11,39 £.83 2
2000.00 2000.00 2000 00 200,00 2000
.00 22222 ddd dd 666.67 B8
200040 1T7T7E 1556 66 1333.33 111
0.0p 0.0¢ 0.00 0.a0 2
0.00 0,00 .00 C.op 0
2000.00 1777 156855 1333.33 111
222.22| 222 27| 232373 223 23| 228
177778 1555 56 13333 111 n BAS
185888 1666.67 144444 122222 000
8.2000% 8. 2000% 4 2000% B.2000% B200
154,89 136.67 115.44 100,22 B2
454.00 454,00 452,00 45400 154
a.0d 3763 ThET 11350 151
454,00 41617 3ve31 340,50 302
0.00 000 000 0.00 g
o.a0 000 (Y 0.0 0
454 (0 41817 37833 050 a0z
T 8| 37 83 37 81| a7 3| 37
47617 7eas 340 50 302 87 264
438 06 |7 28 35843 32158 283
B.8350% Boa2s0% BAZEPY B.4250°%. 8.425
A 3347 .28 27 08 23
00000 8000.00 4000.00 8000.00. 8000
0.00: B546.67 133333 2000.00 e
000,00 7333.33 56567 B0G0.00 53
0.00 .00 a.00° 0.00 a
0.00 0.0y, 0.0 0.0a 0
BO00.00 7333.33 BEBE BT 8000.00 5333
565.67| 66567/ 665 67| BEE 67| G50
733333 BE66.67 600000 533333 4EG8
7666 67 7000.00 £333.33 5808.57 5000
B3500% 8.3500% 8.3500% & .3500% 8.350
840,17 564,50 526.83 47317 217
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] Calculation of Interest on Actual Loans

Hame af the Company
Keme of the Power Station

nﬂ: Partsulars 2024-35 2625 ( I08-37 202758 Fiekii]
[TOTAL LoAN |
|Gress laan - Opaning | 31747E 7 IT478 11 2174TR 1Y 31 T4vEA 17
|1:urr1ulu i fa NEs of Leans upio prévious ponod | 164dEE 7 203011.44 236460 44| 248375 07 257
[Met loan - Opaning 183211.35] 114466 8T 81017 87 BE1BE.10 58,
I te! Dacrgase dug i FERY 200 0.00 000 006
Increase Dncrease dus o aga] [Xi]y] 0.00 0.0 s
Il 163311.38 11445567 BI07 67 LETEERT 50§
AB744 T1 4500 11616 &7 B318 .57 _ 26
114436671 gayys gy oo _eaiasr 5
133839 03 98592 17 75108 35 53382 a67
Rale o¢ Ind=rast an Loan I a118% B.08145 A.2355% 035260 B
inlaecest on Laan AnnEaliLeg 10508 TH| BOGH 38 G188 5 i ] 38
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PART - Il
FORM - 134
Calculation of Interest on Normative Loan
Name of the Petitionsr : NTPC Lid.
Name of the Generating Station : Koldam Hydro Elactric Power Project
Station COD c18.07.2015
% Lakhs)
Sl. No. |Particulars 2024.25 2025-26 2026-27 2027-28 2023-39
1 2 3 4 5 & 7
No. of Days 365 165 365 366 265
1__ [Opening Capital Cost 71607163 74031363 | 754B9363| 7.5514363| 75550063
2 |Gross Mormative lozn - Dpening 5.03,210.14 3,18.219.54 39.28.285.54 3,28,600.54 2,28 915 54
3 E“””.”[T;”';’f“?"‘““l of ormative: Loan uplo 2944910 329809.3411  365994.7234  402599.0532 439105 1858
4 HNet Mormative loan - Opening 2,0B 71915 1,88 410,20 1.62,290.82 1,26,061,49 §9,810,.38
a MNormative repavment of loan During the vear 35,310.34 25, 185.30 J5,544.33 36,566, 11 36 587 40
5 lgj‘ﬂ;’m‘a” G40 adddlion during e year ] 15,009 40 10,068.00 315.00 315.00 315.00
+  |Less: Decrease due 1o de-capitalisation during the
year / pefiod )
g |les% Decrease due io reversal during the year / i S
eriod )
g ﬂ.ﬂ.dd. Increasa du lo discharges during the year 7
period = 2 _
10 |Net Normative loan - Closing 1.88,410.21 1,62,290.82 |  1,26,061.49 89,810.36 53,537.48
11 |Average Normative loan 1,08,564.68 1.75,350.51 | 144,176,195 | 1,07,935.093 71,673.93
12 |Weighted average Rate of Inlerasgt T.9116% B.08149% B.2305% B.2526% B.2352%
13 [Interest on loan 15,708.59 | 13,188.27 | 11,879.41 | B,907.50 | 500247
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PART -1l
FORM - 138
Calculation of Interest on Warking Capital
Name of the Petitioner : NTPC Ltd.
Name of the Generating Station : Koldam Hydro Eleciric Power Project
Station COD r18.07.2015
(% Lakhs)
S1. No|Particulars 2024-25 2025-26 2026-27 2027-28 202829
1 3 4 5 6 7
Mo, of Days 365 365 365 366 J65
1 |O&M ex panses 16,313.75 17,168.78 18,069.25 19,017.59 20,016.39
1a [O&M expenses (for one month) 1,359 .48 1,430.73 1.508.77 1.584. 80 1.668.03
2 |Maintenance Sparas @ 15% 2447 06 2.575.32 2,710.39 2 B52 64 3.002 .46
3 |Receivables (45 Days) 13,954 .42 14.115.75 1404215 13.760.09 13,556,090
4 |Total Working Capital 17,760.96 18.121.80 18,258.31 18,197.53 18,227.39
5 |Rate of Interast 11.90% 11.90% 11.90% 11.90% 11.90%
& [(Interest on Working Capital 2113.55 2156.49 2172.74 2165.51 2169.06

- .lF'Eﬂ}im_mr}
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Part - li
Form = 164

Name of the Petitioner : NTPC Lid.
Name of the Generating Station : Koldam Hydro Electric Power Project
Station COD : 18.07.2015

Month Design Energy Designed Peaking Capability (MW)
{Mus)
April ! 29,21

1] S7.80

] 89.80
oy I 103,87
] 186.01
1] 206.82
June I B4 92

I 17132
Iil 118.63
July | 155,60
Il 182.00
Il 211.20
August I 1592.00
I 192.00
i 211.20
Senlember I 129 .86
I 83.03

I 71.50
Dcloner 1 45 83 Designed peaking capacity is 800 x 1,10 (ie 110% af

Il 44 373 deamed rated capacity on continuous basis] = 880 MW

il 41,29
Mavembar I a0.49
Il 27.94
1] 25.39
December | _24 48
Il 24 48
i 26.93
January I 2448
Il 24 48
1] 26.03
February | 24 48
[l 24.48
1] 18.58
March | 24 48
] 3035
1] 47 51

Total 3054.79

" PETITIONER




054

PART 1]
FORM 15|
Summary of issua involved in the patition
1. Petitoner; MTPC Lid
2. Subjeck: Tariff Petition 2024-2%
3. Prayer:
Approve tariff of Keldam Hydrs Electric Projeet {4 X 200 MW for the
I tariff pariod 01.04.2024 to 31.03.2020:
Allow the recovary of filing fees as & when paid io the Honble
il, Commission and publication sxpenses from the beneficiaries:
Aliow the mecovery of payiwans revisien as additional D&M over and
il. abowve the normative D&M,
Pass any other order as it may deem fit in the circumstances
iv menlioned above
4 Respondenis
Marme of Respondents:
a._ LUPPCL
[} RUWNL
C HFFC
o PEPCL
B POD JE&K
f HPSEBL
g UPCL
h ED UT Chanigad
5. Preject Scope
IC]  na a0
DE rAL 054,79
FEHS LS 39315
ALY % 1
NAPAF] % #
Cost
Sanclan Cost cr
Latest RCE Cr
Commiss.oning
LnivStation SO0 15072015
Claim
_____AFC Cr 1131.858/1144.944/1138,674/1118.154/1088 615
Capial east|  Cr 7285 826/7475.036/7549. 186/7553 6ARIT558 186
Initial spare cr
MAPAF T an
Design Energy My aDs4.74

Any Specific
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Srmexyre— A

WP |Lrd Kol Dam HEP
Keport ol the Thinteenth Meeting of Pancl of Expens (INIPC Hwdro)
Preamible

Hhe tireenth mecting of the Paned of Lxperts teok place a1 ol sile Between 23% 0o 37 Seniomber
[

{ruigramg

=3 et Artival at haddam sae e Pol’ members

24 B dte Visa gnd  discussions in the flald visit Plange Pool demapes. Dom o
Appunicisiics

25 Sept Prisuntitaon by NTEC an Videwmphn of Plimge pool . Rathymetric Surves Hesils

il DYfscusainrs o prapinad senelin] Measures
Invitation to EDF Jor subsequens somnr sechmical Erscussiens reviewing the rohkab and
Femmeshial mieasures o copmdie g
Phiszirssiours andd drafting I'oF Repom

Zir Kept doant fevies o Proposuls after the wiui af Liirector (Projects) with EDE. Wt and
ST site amd Eapireering
Finalisstian of FoF and sighivg of the Riepuri

2T hep Departure trom Koldam sité 10 Chandiparh and 1a respsiive base stnlions

The Bullow g Pob: membsrs werg present:

Er. M. Unpalakpihuan
Er. Brijende Sharrg
Ee M KV St

Apatoin
-'I'I'r' RS W I-"l.l!l-r."_n-

The team of officers from NTEC whis wiore Hiatlpble are glven i Anmessres T FDF expen team whi
280 o] the diccissions on 25" Sept iy aled sion theoein

Aty Irem |
T in il Bk

The Prefommed Pl Pod sl b suffenad some damuspes i the dosvnsircam e laddiing wark
cancie ard sbope dymages i the lefi hank wis visited op 115 Sueptember M2 alung with N1 PC
Emginetrs ab site: Daring ibe last sie visic inJuly, FOF hud obsereed these damages aml b orpinesd that
erasion dumage, comseguent i further vpataticn of spillway an the remuining monsoen period el by
odserved and it wo immediate remedial meavnres need e taken upaall the end of momcssns

Phere has boen diechiarges aver thie spillweay after POE'S last vtk Consultams M8 E ) lncl. 1k ing
Pute oF damages in e plunge ol e, sught 4 bnibsymetrie surves of the phenge pool with ahppested
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sectliations for the wark m be anderiken mounde o aeifitie thel recimmendilions regarding the
Femedial meataes to by smplemested e the TS

b uféftin, swath the infummatom lresdy reqiacsted in ihe refereneed lemess (inspection wnd immiorine of
Ty ekt s bisi It drs wingls ol the phange pool s The recesay el it fng ke

v Buihymetrie survey of the plunge pual

The bathyemetrs: waw devived Lo cu Vet the Whale sorlace of ihe plunge poal. frsn die eladding wall 1o the
fanctissn Sath the Satlug River. for theie detailal tsbismmient of the emmipn domape and had indarmeecd
NI tht fhe exend of damibpes would then ibelemnmny the |uutu;g:ir:r-'d-:th:liq il remadial
meawres. Baades, FOE Jal desired s imdvrwadior mapeetiom af the hiddimg wall iesing divers s that
e conditson of the whale «haibifing wall below the water fevel. dnd fise caodian of ity fundanon could
Be wsiessed amd cracks on the cpmergle surface identified to the extem passible, It wus sevisd b Bl
Hiat the bostim pad of the o adidimg wall in ardes 1 iderify stdurang below the woll ghould giso e
%Rl ares|

WIPC had scoomplabal g sugented Gisks and el presenivd e oucare 1o FIMF which wis -l
e 1 the POE us 2 pan of Agamdn mofes. The wieks had been wiadertakien and campleted througeh M
Uertiatisr Sameve. Andhrs [rydedi NTRC mirds a video presentation of the conditios ol the darmagaes.
alomg seleet Tines e aed by LAY o thee sloges of (e chudding wall. A dewiled Repon of the
et With Lomowns of the prenge poil made aul of batlmetrs iita wak magde arvalabte, wetl
s lect protipres

Frivn thie Regom of Cieosmse Burey, Pak obwerve Bie follow lers sesples:

* Reanity o7 the Beafiymenss vimeors taelidfimr contere af srosiog FRE gt Bl o
Anduia

- BAImMHETI sirvieys shaow in Hdezesimg ernsion panen,
Deepest erisiom has gome dow m FT 492, doe the obverved flows. spilledd cver gs mer
the e eperation adopted ) the P giitting of Uiy mossoon seaon,

= The shape wf il finle s poralle] to the reghi hank slope

© T e of st ol s almiosi |38 and the wabih varkes ftom 5 max. of 45m o lesis
thean a1 dry e
U migh wall of tic Sodc more or fess Coneides with the right hank vlddimg slope wnd
tostl v hae e rlghl bank roaok slape il's uf ife :]uddmg
Mo sherpe: of the dugpes seuar hnde mekivares 1hat the spillway EAe DpeTEtin, botk
Alurmy! pesemanee filliig abspve [ i as well !-I-I‘h".l.'th:ﬂlljh'. copld hve b
asyarmerical L bt Mese 13 iy i mal A permny sl gunbelmes, when FLF Vinitel
Hbe and Had recanmiended svmmric gl Apeniwm of the wpiliway ey

© Phus e of opuraiion in the exelier part of this tiisonn coubd have apparently resuded
= Al mapor dackluw condition o the Wil wiske of the spillasy with rrstltant erusdon,
Aear the oy end af e ~Omcrele blaibdg, and subaanidg e ol the gk slpes iy
thit side T poer rock Iy lite s condd sben be an addisam dnctawr,

¥ RUeRI R DR fram e i iy .;,r.-}.u.fr.'!m,q- il sef Sy Biickor

The sedengrughy recopds were sl 5 PEME Jind theese were wong she wlnts i copcrete
eladkting,
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= The sisilnlity thioisgh wates has been somvewlinn ks i@ s possible o dereet i
wpeRmng of the jenes ar damage 1o comerets from wihit was oblained by the videagraphic
trndnd o thee Laiabinges

e Clfaerpded Mgy
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Frrosion belind the clndding (near endh ws Pagh 3ides soen shove watar level wpin EL
L1 8m
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d's This bas prohably happered due 16 loss of comtinaity with the fallen ORI,

+ Mo distress seent o the cladding o omginally destned leagih, Perhiap, his s gn
At W rtdsonnhiy pressime thas enwing Baluid doncrete cludding is restneted o
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Ag ko bedgemeng

PR thank She Chosdhary, GM (Kuidani and Fs team for the excallent arangements made fior Higrr
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NTPC LIMITED KOLDAM HEP

Report of the Faurteenth Meeting of Panel of Experts (NTPC Hydro)

The laurteenth meeting of the Panel of Expens took place at Koldam sits betwegn 185 g 219
April 2016

Crogramme

187 April.  Asrival at Koldam she by PoE members. Perusal of agenda items & inspection
schadula,

18" April Sile visit and discussiens in tha field ; visit 16 Plunge Pool damages, OT 1

leakage near phigs and remedial steps undertakan e,
Visil to PH and inspec leakages fram sorall casa concreéle of lurbines
Presentation of Agenda Notes in the GM's offics & disclEsicns

20™ April Dralting of Report
Joint review af draft PoE Report & finalzatian

214 April, Signing of the Ropart
Departure frem Kaldam site 1o Chandigarh and to respeciive bese stations by
airfroad

Shei, Jitandra Chaubay has joined the Panel The members praseni lor the mission wera:

Or. BB, Varghney

Er. M. Gopalakrishnan

Er. Brijendra Sharma

Shri Jiterdra Chaubey (Englneering Geplogy)

Apology
Er. M. K.V Sharma

The team of olficers fram NTPC who were availaile am listed in Annexure- |

AGENDA ITEM 1:

wn STk

FaE had deall with the agenda iem in thair las] meating in Seplember 2015 when the probiem
surtacad,

The prefomed plunge peal which has suffered some damages in tha corcrete cladding on iha
laft benk slope and erosion of rock behingd (he clagding on both bank side skopes due 1o spillway
operation during reasenvoir filing and aftervards were observad during the last visit of PcE in
Sep 2015, Since then there has been no further damage, as spillway was nat required to be
oparalad in the intarvaning perod,

FoE nspecied the rectfication warks an bath the left and right sides. In-filing of tha cavities by

M 20 concrete had been camied oul with pumped concreta. This conoreting hias bean done in
lifts ¢f about 800mm thickness. Sang bags have been used as shuttering. The balance works 1a

Fape Laof 7
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b compleded are minimal. The advice of PoE in its 13" meefing has thus baan compliad with
and stands implemanted satisfaciorily,

FOE had advsed deferring several ofher major structural mtervantions propased by EDF for
reasons explaingd elaborately (hensin,

PoE had adviged, absarving the perdarmance of Energy Dissipation Arrangament (EDA) Tor &
lew maore monsoon Seagens with regulated spilway dizcharges before evaluating EDA's
eflectiveness and sufficiency. The nead for any rectificatian f remadial measures was suggestad
to be undertaken tharaafter.

This was due to the reason that the need for remedial works without allowing sufficiant trme for
the nalwal érosion process [o lake place, is nof guite advisable as the inherent plunge pool
design principles account for such erosions to take place naturaiy,

Pok firmly belave that the process of eresin will Gontinue 1o take place in the plunge pool ares
far & lew years to come, Hil a aidy stabla regime s attained with the passage of several fioods
of varying magniiuede,

PoZ however would like 1o advise thal the aperalion ol the spillway gates for svacualion of
floods sheuld ba done in strict accordance with the supgested procedures as per modal
studies.[Referenca: Sludy on Hydraulic Scale medel of the Keldam Project (India) ; Model of the
Spiltway and global Mcdel: Institul du Genie Civil, Chemin des Chevreuils 1 BELGIUM . This
report is available with NTPC), If the sel procedures suggested in 1he Hydraulic Model Studies
ara followed, ane can avoid problems of ergsion of the type seen during the infial operalion of
gpilhway in 20415

The suggestions for bringing into operation lor flonds above the thrashald level of 1000 cumae
as per PoE's repen {137 mesting) may also be kept in view while bringing the spillway inta
operation which can resull in minimum possible erosion damages in the plunge poal and its
ViCiniy.

Az it cbaains, the project has already underiaken additional ramadial measures recently. These
ara based on EDFs advice. The work has been awsrded a fortnight back and the job is sloted
1o b campleted pror 1o mansagn,

PoE are thus in a position coly fa lake note of the EDF's advice and project's efforts 1o
implement them wih al rapidity. The measures which are nol i line with PoE's
recommendations as per their 13" mission visit in Septerrber 2015 cannot be andorsed al this
lage. The behavior of the EDA in the plunge pool area has 1o be walched during the 2016
mansoon wilh the micro pies n place (1o the extent it could be completed),

Pof's eafier recommendations 13" Visil in September) relteraled the reed 1o allow & naiural
erosicn process lo lake place with varying discharge intensities during one or two monscons
belare planning any addifisnal parmanent | lang term maeasures. PoE stand by their carlier
recoamemandation, even now

As supgested by EDF, 3 drill heles using Iriple fube core barret in the Plunge pool area have
aiready Dean carried out and the ddll hole logs ware shown to the PoE. The purpose of these
imeestigative drilling must hava baen to condiem  that no scouring under harizonial agran has
lakan place. AL per he iog except fora 35cm zone whare no core was recoversd in ong bore
hale, nothing unusual was abseroed,

Page 20l 7
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Plurge Pool
The Plunge Pooi 18 mainly occupied by carbonaceous phyllite which is a vary weak rock.
Some remnants of the basic dyke could be cbserved at higher lavel an kel bank in the
cownsiream end of the plunge pool. Rock ledges protruding inlo the plunge pool wae
sbgerved. PoE Is of the opinion that this pratrusion would be eraded m due course of ime
naturally; i1 does not require 1o be blasied with special effars,

E“ Paga 3af 7
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Concretingin Galkery of DT-1

Projec! has recenlly undertaken concrating of the gaflery provided in the concrate plug of OT-1
for enabling growting the rock mass and the concrete-rock comlact arsund the plug Before
starting this concreting work, seepage under pressure was observed in the niche el in the
gallary for accommodating BF vatves of tha three drain pipes provided near the bottom of |he
plug, Tor enabding concrete placement for plug in naar dry conditions.

Projpct inlormed that major componen! of seéepage was noliced throwsgh pipe used for
scaffolding during conerating of the gallary roof {left inadveriently in placa after concreting).
Pressure in tha pime was so high thal ! of seepage water was striking on the gallary roof,
spreading thrsughout and making It diffieult bs undertaka any wark. Prajest, hewever. managed
to control 1he Sileation by placing & metal box of size 2' x 2' waighing about 400 ke, This matal
box was successlully placed manually using chain pulley mndicating thal pressura of this
S2epape to be less than Skg enablng spread of water on the fioor only. This waler is being
taken away fom the gallary by ten pipes provided wilth BF valvas at the ends.

Congreting of major porion of gallery has aveady been completed a&nd only Bm langth at the
downstream erd of gallery remains to be concreled. Seepage waler is being direcled
downsiream of the plug theeaigh anly ane pipe now as the other pipe along with its BF valve has
dlready bean embeddad in concrata,

FoE during its wisit 1o OT-1 could only observe the plug from some distance as heavy ssepage
fhows from roof of bunnel mainly through pipe used for ool concreting did not permit sufficient
vigibality 1o assess Ihe condition in the downstream portion of the gallery sil 1o be concrated.

Projecl proposes to close the remaining BF valve of the seepage pipe and embedded finally n
congrata. PoE feals that the seepage water, under some pressure, presenily getling ino the
niche would find some other flow path and ulfimately come out at the end of (he pug
uncoriroifod il tha BF vailve is closed and embedded in concrate,

= Page 4 of 7
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Il would be batter to allow this seepage to flow through e drainage pipe with BF vae opan in
a oefined path. PoE recommends thal the BF valve need not be closed now. The flow through
this pipe should, however. be momstored regularly during non monscon months whan
backwalers Irom Bhakra reservor recede and enable 1o access the DT-1 Plug area

Any substanbal ingrease in the seepage through 1 pipe or presence ol sediments in the
seepage water (whieh is now vary clear) would raguire altention and remedigl measuras i any,

Heavy seepage from DT crown jusl downstream of tha DT plug was aoled and PoE advisa that
this seepage should be channelized by placing a pipe of suitable diameter ar divariad slong the
walls of the lunnel.

GEM EH
Lowering of River Bed

The progect informad that the rock ledge just downstrsam of TRC oulet has now been lewered
ta the design level of 501m all along its length. Beyond the lawerad rock ledge the river bed is
however higher at some locations towards the right side of TRG. Froject proposes o excavats
rivar bed material in those arsas down Lo elevation 501m ta regain the head fall. It was indicatad
that high river bed near TRC would reduce design head and consequently could lower energy
production.

it
N is parhaps preferable to watch the silting lendency undes the site condilions prior 1o cperations
specdically aimed at lowering the bed,

Huge matarial has been dumped In this season in the plunge pool fer making roads fo
reclification warks in the area. Much of this dumped matarial would be trangpartad to tha rvar
and for ane or twe years (he fiver in this reach may experience agaradation.

It was indicaled that an innovalive solution of digging a smaler channal in the river bed cutling
the elovated ledge of rock had enabled the lowerng of water levels subslantally and The
operalion yigldad an enhanced power generation of 2-3 MW an 20 April. Such measures are
laudable ard valusble sofubion, Simdar cultings at appropriate locations during the coming
months as per axigancies at aile s welkome

The probiem can be discussed again after a study of the river conditions. to he undertaken by
tha project,

AGENDA ITEM 4;

INSTRUMENTATION & MONITORING REFORT
L Banitoring Repart

The behavior of instrumentation was presanied in delsil by Ihe Praject Enginears, PoE observe
that mest of the dam instrumenis providing an insight about

| Pore Prassure distribulion in dam foundation along different Sections (84 10 GG

2. Pore Pressure distrioution in the clay core of the dam body (& shell portian)
3. Settlement of embankment dam &l varicus observaton locations akong the sections,

@:L
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confirm o slage of slabilized behaviar which (g quite accaplable and are I predictable
linag.

The saepaga in galleries is seen to indicale a general rend of decrease through Wiy
Plazometers and this s satisfactory. However, it is necassary 1o confinm (his by
correlating the data of these inslrumants with the data of Stand Pipe Plazometers,

The deflection measurements show accaptsble values.

The micro seismic instrumendation results, the Post earthguake irspection of dam and
aiher structures afier recant sarhguakes in the wicinity indicate nothing of sedaus
CONoEI,

Project Authorities were advised 1o bring an annual memair on instrumentation, ust like Bhakra
Beas Managament Boaard's practice in respecl ol their dams (Bhakra Nangal, Beas and 851
projects efc)

al

B}

&)

Deformation:- I will be desirable to prepare deformation information in thrae direclions
as bilaw:

Deformation wpstream and downstream alang fiow direction e, normal fo Ot xS,

Om a vertical line piol, maximum upstream{minus) and downslream iplus) delarmation in
mnn &t ebevations where instruments are instalied ftom rivar bed to crast level,

Two verticals, one for upstream {sce and another lar downalream face wowld be
reguirad.

The plat should be in dilerent colours ar with assgnid symbals), This information may
cower the lowing peniod:

i} Just atter consiruction, before filling.
{ily Aflter filfling of reservoir wpto tull resarvoir iaved,
fiiy  Maximum ebserved values, positive and negative, during M year,

The defgrmalions along the abulments in the direction of dam axie:

Sama as above along two verticals or alang curved abutment prafiles Fius sign towards
rock and minus towards cantre of Dam

Saitlamanis:

Unly on the eentre of the dam with respect fo the slevalion of the construcied dam ag
Ihe Basa level. The following shawuld be includsd-

{il A1the end of construction

(i) Just betore first filling

(i) Alter first filkng,

{iv) Maximum during the year (as % of dam height

This informatien should be included in every annual regor,

i

Pove Prassiras:

Proyect is advised 1o plot contours of pore pressures as below

.'-"agu ol T
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{1 Conatruclion pore pressuras.
(i) Measured ang computed gore pressures,
(i} Conteurs of pore prassures during the year,

El Selsmicily:

M was informed that selsmicity records of the ares Defore consiructian was avallabla with
NTPC. This should form the base for comparison for mgnitaring any passible RIS,

fi Charl af VisualInspaction :

Against many items tick mark has been made. This doss nat give any specilic
iniprmation. For example the word 'Erosion’ has been ficked. It is nol clear it was due io
waler or a&ir, Also the locations are not given,

AGENDA ITEM S5 -
Seepage observed In the Turbine Pit wiginity:

The seepage haations and quantum of SEEPEJE ware inspacléed.
PoE observes 1na the presant situation i net of an alarming nature, Further chsarvations could
conlinue and reportied.

Boe K rvowiesd g moa n

PoE thark Sh. Vinod Choudhary, GM (Koldam). his team and Engg. Department [HRAHO} lor
tha excellent arangements made lor thair visi,

. _]|_,_,.'-'- L1 . ¥ h I
I - e ,]: e b T A
' i l-—“:j Fewpt YN \\ TR ﬁ'm'llh Y i-

] 3 T f
Dr.R. 5. Vamhney  Er td Gopa'henshran  Er Brijcndra Sharma  She Jiwendgs CRAEuney

Kod Dam, Dated 21 April 2016
Fage 7 of 7
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Amnioyiire 1
Team of NTPC Officers are as baiow:

1. Gh. Vinod Choudhary GM (KOldam)
2 Sh V. K Pradhan GM (Projects)

3. 8h. 5 M. Choudhary GM [CEM)

4. Sh. B K. Shuklz AGM (Engg.) HRHO
5. 8h. PK Yadav, AGM (FESFOQAPAS)
& Sh, Machukar Agganwal AGM (FES)
T Sh. K.8.Dogra, AGM (Civil)

8. Sh. B. Prasad DGM (Hydra Engg.) EOC
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NTPC Ltd Kol Dam HEP
Report of the Fifteanth Meeting of Panel of Experts (NTPC Hydro)

=]
g fifteentn meeting of the Panet of Experts took place at Koldam sde from 307 January 1o 2
thruarg.r 2017

Brogramme
307 January Armval at Koldam sile by PoE members. Perusal of agenda items &
" inspechon schedila .
31% January Site visit and discussions in the field: visi Plunge Pool area, Right

bank, Dam Gallery Mo, 14, Presentation of ‘Agenda Motes and
o preaeniation an Instrumentation data and distussions.
17 February Inspection of Right bank and plunge pool areas in the forenoon
followed by discussions with Group General Manager and drafting
i FoE Report, & finalization
2% February Signing af the Repor, Departura from Koldam site ta Chandigarh and
to respactive baze stations by ain‘road

The members present for the mussion were:

r. RS, Varghney

Sh. M. Gopalaknshran
5h. Brijendra Sharma
Sh. Jitendra Chaubey

The team of officers from NTPC who were availlable is listed in Annexure- |,
Slepe Protection & Other works for Plu nge Pool

The 14" PoE meebng was held during April 2016. The t5in meeling of PoE is being held aftar
the 2016 monsoon season. The Agenda Brings out the issues 10 be addressed and PoE paid site
visits 10 appreciate them and the records showing the behaviour of instruments for dam
monitoring and physical damages to right bank slopes of the river in front of tha ski-fump bucket
and assccialed cladding walls.

A review of the spillway operalion was done to appreciate the flow passed over the Ski-jump and
the consequential effect in the plunge poal ares. laking inte armqun!_ #=ome of the compleisd
works undertaken based on the CAS of EDF Consullants and suggestions from the earber FoE
Reparts.

The Chule spifway had been handling discharges between 2™ July and 297 August 2018 The
monsoan flows in 2016 have been below average flows anticipated for the periad. Soiling variag
between 36 cumec on Znd July to about 2400 cumec (highest value of the SeaS0N) on B
August. The ski jump has hanoled a maximum of 2400 cumes only in 2016 floods

G-




071

Photograph showing the passage of floods over the ski jump

The flow pattern after the impingement of ski jump jet on the downstream has been complex, and
the near 80° tum of river to the left creates swirling action on either side. This has eroded the
nght bank and hill slope damages, taking away seme slope wash material,

Observed damages

Minor slides on right banrk in upper reaches

A slide on right bank of nver in front of spiliway along aceess road ta power house
(slide in overburden only)

No additional damage on left bank

Some Micro piles which were nat cut sufficiently, bent by force of water feedirnent
Possible damage below EL £ 501m (water leval)

Recommendations

Cavity formed behind concrete cladding (essentially on right bank) to be back filled with
concrete. It will be desirable to fill this cavity by first dumping boulders starting in the upstream
end of the cawty and then filling the vaids between the boulders with sand - cemant slurry or
pumped concrete (A-20). This process has lo start from water level by dumping under water
and then building it up to 1.0m above EI. #501m, then conerete with low watar cement ratio be
pumped into dumped boulder layer. Subsequently the work could be continued in layers of 1-
1.5m thickness.

e
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Photograph showing cavities below cladding en the right bank

This process does not require any equipment to be brought up to the cavity location and
an ordinary manual path 1.5-2.0m width only need 1o be made for access. The work could
thus start within a week of availability of contractor at site. Enough boulders are available
in the plunge pool bed and thus no material is te be transported to site.

Maothing needs to be done on the left bank of the plunge poal.

Another area requiring protection works is the nght bank of the river in front of the spillway
where there could still be significant energy in the spillway water for erosion damage. This
is also important as a public road and another access road to pawer house are located at
different elevations in the vicinty, PoE recommend different protection works to this bank

in two portion of the river bank

o For the portion where rock is exposed from river bed up to road level (+ 527m)
and above. the prolection should consist of 1-1-5m thick concrete cladding,
anchored to rock surface by 25mm dia bars {untensioned), 5-8m long at 2.0m oic
spacing (staggered). The anchors should be fully grouted using sand - cement or
cement slumy (NO CAPSULES). This cladding need not have a reqular profilg f
alignment. It should be provided hugging the existing rack slope and waould foliow
the profile of the rock, At the botfom, the cladding could continue as a horizontal
apron about 1.5m thick and 2.0m wide. This apron should alse be anchored 1o the

foundation rock.
-
o
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© The treatment in the other portion (slape in overburden) would consist of 2-3m
high gabion toe wall and baulder / stone pitching above. The back slope would
however has to be dressed to a regular slope before pitching. A suitable filter layer
must be placed behind the pitching. It would be desirable to provide launching
apron at the end of gabion wall to be designed for water depth for 2400 m/sec

Right bank slopes in overburden

PoE do nat favour provision of rigid protection work (Concrete slab) to this partion
of the slope as a flexible protection is likely to allow some mavement / deformation
and ease of repair after monsoon, if required.

PoE do not feel the necessity for any protection on the left bank of the river
downstream of the Tail Race Channel
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Maitri Bridge

Cne of the significa , -
beidge In-:ati?n_ Thgt ;‘_:::fﬂ': Section of the river in the downstream is observed to be the Maitn
Uﬂdﬂﬂahﬂn an the l'lgh't ba " D _thl'ﬂugh 3 Rarrawor section. Because of some civil works
possible. This also couyl . besides the intermediate pier foundation interference of the flow 15

could eonstrain the Now behaviour Eﬁad;irg the hydraulics downstream of ski

Necessity of Hydraulic Medel Studies

FoE strongly recommend thal a comprehensive hydraulic model study may be got conducted to
study the behavior of Ski jump bucket and its effect on the downstream river conditions, This
would help in defining layout and provision of remedial measures for proper flow downstrearm of

ski jump bucket and in river.

Review of Instrumentation Results

A Detailed power point presentation was made to FoE explaining the saction wise behaviouria|
trend of various instrumeants installed in the dam

Two seasons of impoundment in the reservoir have passed by

Pore pressure distribution in E
after its first filling in irals prior to 2015,

Foundation
It is observed that the pore pressures have stabilizad.
The effects of curtain grouting and reduction in pore pressures
downstream of grout curtain confim the effectivensss of grout
eurain in controlling seepage through foundation

Fore Pressure in Dam body Review was undertaken, section-wise from Section C-C ta F-F

.
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Eﬂmmencing wilh reservair level at E| 542 in 2015
€ records of observations through the monsaon as well as non
MONsoon seasons confirm, in general, that .

» Correspondence wilh rise and fall of reservarr levels
* Decrease downstream of clay core and sand filter

* Values obtained show nothing abnormal.
Settlement in Dam The maximum setilement is seen at the deepest section EE and
is about 0.42 m which is acceptable.

The settlemants are well within the design limit.

Spillway _ The observalion results confirm that no abnormalities are
= oint meters discamible,

= Pore Pressure Cells
Widening of Joint between Guide Wall no. 26 & Flip Bucket

PoE note that there is some widening of joint between nght guide wall number 26 and Flip
bucket. PoE advise further moniloring at regular intervals,

Seepage through this crack below the right guide wall was seen. It was reported that i
DCecember, dripping through this crack was first observed which has now increased to a visible
flow. This seepage is apparently coming from the gallery below the right guide wall. The crack
appears to be along the joint in the nght guide wall. It was further reported that the guide wall in
this reach had to be founded about 4-5m below the normal level bacause of the poor quality of
reck. To ascertain the cause for this seepage, inspechon of the gallery from inside, is NEcCessary.
It iz essantial thal facilities to enable inspection are created urgantly

PoE observe that overflow pipes from the Fire Profechion water tank for the Power housze are
discharging on the spilway chute. Ta ascertain the integrity of the jaint from the spillway chute
side, it is necessary that water from overflow pipes are diverted away from the spilway chute.
Rectification measures, if required could be decided only after the above inspections.

Seepage through Galleries

PoE could visit Gallery-14 up 1o drainage ring where copious seepage was cbserved, PgE was
infarmed that drainage heles in the ning are 12-50m depth. It was reported thal the water from the
drainage holes did not carry any sediments. The lotal seepage from this gallery was alsa
reporiad to be 2650 pm. The measurement stabion at the end of this gallery generally shows a
uniform seepage paitten between 2500 and 3000 Ipm. However, for a brief period of about 20
days during monsoon, a sudden jump in the seepage to more than 5000 lpm is reperted. The
cause of this increase for a imited period needs to be examinad in detail. Remedial measures if
required can only be suggesied thereafter.

The gallery unger the nght guide wall of the spillway carries the seepage from Gallery under
spiliway and Gallery-2 in the left abutment. Furiher, seepage under the spilway chute floor

- -
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i [ ' the gallery shows an
threugh porous concrete) is also guided through this gallery. Seepage in th :
?n-:.reage during August and September. Durning monsoon the seepage in this gallery increased

from about 1300 |pm to almest 4000 lpm and then dropped to +3000 Ipm. Increase in seepage
during December and January is also reported.

It is recommended that the observations from galleries contributing seepage fo this gallery
should be presented separately. This would help in analyzing the reasons for anomalies
observed in the seepage data, this monsnon

Bathymetry

PokE in its 12" meeting had recommended for the establishment of sections bath in Piunge pool
and Reservoir. The same needs to be established on ground through Pillars on both banks so
that the bathymetric survey could bhe conducted at the same locations every year It 1S
emphasized that this is done urgently before the anset of monsaon.

Acknowledgement

FoE thank Sh. Sanjeev Kishore, GGM (Koldam), Sh. V.K. Pradhan, GM [Project), Sh. S.M.
Chowdhury, GM [O&M) and the project team for the excellent arrangements made for their visit
and also facilitating a free exchange of ideas.
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Koldam, Datad 2™ Fabruary 2017
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Report of the Sixteenth Meeting of Panel of Experts (NTPC Ltd.)

The Sixteenth meeting of the Panel of Experts took place at Koldam site in September

2017,
Programme
Date Details Remarks
11 Sept \ Arrival at Chandigarh by air/ road by the
team and proceed by road to reach Koldam
site
|
12 Sept Site Inspection of Plunge pool area and the '
Forenoon vicinity, Power House, Dam and Resenycir
12" sept Presentation of Agenda by NTPC and GGt (Koldam and
afternoon detailed review dizcussions, with the GMs at site, joined
participation of NTPC officials the discussions after |
N presentation) '
13t Sept Preparation of inputs by mambers far the
Forencon draft Pok Report
Sept 13" Internal Discussions amongst PoE members, ,
afternoon, | finalisation and signing of the Final Report |
till night i
(14™ Sept | Departure from Koldam site to Chandigarh i
and to respective base stations by air/road {
Welcome

PoE welcomed the new additional Member, Dr. ¥.P Sharda amongst the Panel Members
to ook into Engineering Geology aspecis.

=
@
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Members Present
The members present far the mission were:

" Dr. R.5. Varshney

¥" 5h. M. Gopalakrishnan
v" 5h. Brijendra Sharma
¥ Sh.M KV, Sharma

¥ Sh. ¥.P. Sharda

The team of efficers from NTPC who were available is listed in Annexura- 1.

Agenda Item 1 - Performance of Plunge Pool / Protection & Other

Related Works
This is the 3rd monsoon that the chule spillway is in operation te handle the spill flows
over the resenvoir capacily and Moods.

The plunge pool with concrele cladding both on left as well as right side of flip bucket from
El #528m to El 485m., was called into aparation ahead of the monsoon in the year 20135,

when the initial filling in of reservoir was completed.

(Ohservations Immediately After the Plunge pool Commissioning while

Spillway Operation in 2015 Monsoon
The initial reservor Impounding in the year 2015 from March to June (The resenvoir
tauched FRL (El B42m) in June 2015) obiged some spiling over the chule spillway even
prier to the mansoon, when the gates were operated as it suited, not necessarily following
certain guidelines available based on model studies, which was made available to NTPC
by Mis EDF consultants. The spillway was also called upon thereafter during 2015

monsoon to discharge surplus inflow.

Ouring its first operation, some damages were observed in the Plunge Pool both on Left
2= well as Right side, Some part of cladding on Left side of plunge pool was damaged
with some panels getting dislodged or disturbed. Cavity formation behind lLeh‘ and Right
cladding wall also took place, due fo scooping out of the base material behind the
cladding concrete. This was attributable to the ewirling flows on either side after the
impinging jet plunge in the pool; the consequent scouring action, '.'a.r'flng natuwre and
extent for different discharge levels, based on the sequance of operation of gates was

dizcarnible,

Consultants Mis EDF soon thereafter had come up with their own engineer:mlg review and
remeadial measures, which were brought before PoE for information and opinion. PoE had

reservations to endorse the Consultants suggestions that included micro piles ansgiecan;
piles to strengthen the entire rock mass where the plunge pool was planned an

executed.
|.:|II 5 Page 1 of 13
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EDF had. as Consuifants, suosesied to NTRC the following measures {0 be implemented
to enhanca the performance of energy Ssspatsr designed by them avoiding or reducing
damages. These works wers proposed by NTFC. 10 soresd pver WO Working se3sons:

For 2015-18
* Filling of ety wish consmets Sehing righl and lefl bank cladding walls.
=  Core drlling for Freestigenon.
* Micropiing Z200om &= c2sad.
s Spilwsy dschamps o be kept 3 2000 cumec minimum, 1o ensure that the
impinging jet Soes net plungs ciese o bucka lip cladding
For 201517
* Hatrymelry sisvey.
»  Coffer dam dosmsresm of Sladdmg wall 2nd dawatering
= Secart concrete ples of 200 mm oA,

During their PoE mestmg . S=ct 2045 at st the Consultants’ sugpestions were
reviewsd by PoE. & the Ts=noe of NTPC. The Pof felf that the camagss during the
snargy dissipaton wih Sd Jutg are nol @ny UNCOmmon phentmenan, n almost all
proiects, It was carfed et nacmally 1 =has 2 fow years for 2 'post project regime io gel
in placa.

PoE falt that the EDF eciusfiors wers no! gufie nacassary 85 per the elaboraiez plans
indicatad. PoE howewer had no hast=tion © sgra= on the nscassity to backilling of the
cavity behind ciaddig of phrmos paol I 8 SYSEMENC Mannad. PoE advised thal the
sequence of the cpersion of gmes shouls ba in strict accordance as per model studies,
and the spifway shouid be cpere=d w5l s sremahnd lowal af 1000 eumacimin) and bayand
lo ensurs that =t mpinoes e plonps pool saficently swey from bucket lp lina.

AS per NTPC, howsver, folioning wors ware commussioned almeady after monsoon in
2045, with a scheduie o corpisie them by Mey 20108
»  Bacidl of e cavies behind rgi and = cladding walls of plunge pool

»  Micropling befow EL 2S0Gmmp £l =285m on both Laft and Right cladding walls,

Spillway Operation in 2016 & Plunge Pool behaviour, as Observed

The recards indicate ths the soilasy was operEied during its second year of oparations duning
monsoans such 25 to oo by the sipui=ion of simimurn 1000 cumect in order to ensure that the
fetiwphgeﬁsm‘ﬁﬁﬂﬂﬂ?awayﬁuﬂihafp:ﬂﬁeﬁiphunkﬂlaiﬂﬂ Extrame.

The flow pattsm in the plege podt hzs besn complex, and the near B0° tum of flow the plnga
pool to the river downsmeam GoE-ng ke Flmws on the Fipht side of pool (obeerved al site). The
dischame from =l rece may akso be conTiutng 1o the complexity of the flow. The pattem of
flow afier it ermarges out of the fip T the sky 2nd falks downstream had again demonstratad a
swirling moton v te poal ﬁ:ﬁw’&:ehﬂ:eﬁ;ﬁﬂl‘alfandaﬂi—:hﬁmﬂ&mme faft half of the
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plunge pecl. Thiz phanomenan had led ta sufficient erosion on right side of the hill slopes, even
for a discharge level around 1000 cumec, set earlier by PoE as a thresheld value to commence
the spillway operation. While the flow pattern after impinging of the jet in the plunge pool was
okay in respect of left side, # wasn't as expected in the right side, which caused damages again,
The damages behind right cladding wall included a cavity formation betwean Ei 5258 and EI 503
m. This was due to scooping of the rock beneath; the backfill concrete M20 (done in 2015 dry

season below EL 503m was. however intact,

Works which were completed prior to 2017 monsoon were reporied as (i) the filling in the cavity
with concrete behind Right Bank cladding wall, (i) micro-piling from bench at EL 528 m (EDF
recommendation), (iii) the removal of the protrusion along Left Bank of Plunge Pool besides (w)
bathymetry survey of the plunge pool area. It was indicated that EDF recommendation 1o
execule the micra piling wark from the inclined surface could nol be undertaken. Even in the
cavity below EL £503 m is. below the backfiled concrete, which was expased. though big
boulders and concrete bags were placed, the total cavity could not be backfilled in time as the
water level started rsing in June 2017, forcing the stoppage of works at the stage of its
accomphishment till then,

In their last visit to site and the meeting in February 2017, PoE had reviewed the siluation at site
and had reiterated thelr abservations on the matier since the issue was posed before them in
the first instance in 2015; it would be difficult to anticipate 'no damages' in the plunges poal area
until a normal 'stabilisation in flow behavoiur obtains and PoE had observed that this might
definiiely take a few more years of operation with different discharges. A new morphology of the
river channel downstream with all the new interventions in place would then be available, with
nature playing its own significant role. While it is difficult 1o predict the type of changes in stare
a5 it depends on many probable, what best could be done as of now can be given some
consideration, It is in this regard that fresh comprehensive 3-D hydraulic model study of ski jump
bucket was advised to be commissioned immediately. The model resulls, essenfially the
hydraulic aspects relating to downstream river cenditions would be useful and any long term
measures can be planned and executed. This can be undertaken through a leading hydraubc

laboratory.

PoE was appraised of, by NTPC, that they are about to commission these studies through IRI
Roorkes. It is however advisable fo invalve CWPRS also in any suitable manner.

Post Monsoon 2017 (till date) - A Review for Undertaking Remedial
Works to Control Possible Future Damages

The chute spillway has been handling discharges over 1000 cumet on many days during the
2017 maonsoon and the details given in the Agenda Notes show the highast value passad over
Ghute as 1520 cumec on 1st August. On seventeen days, discharge had exceaded 1000 cumes
a5 per record made available Ll 18th A.l..lgil.lﬂl' The monzoon 2017 miay :I]E_-Fhﬂp-ﬂ be ane of tho

%E‘_ :
» Page 4 0f 13

_l'
E : Secannad by CamScanner




081

‘normal’ onas to be visualised in respect of Sutlej river at Kol. The ski-jump had handled 1520
cumec and plunge pool operation correspandingly is now available,

Some views on the damages correlating to geological aspects

Recapitulating the overall geology at site, one observes that the spillway area located on left
bark of Satluj river exposes a sequence of dolomite, phyllite, carbonaceous phyllite with basic
dykes emplaced. Phyllites and carbonaceous phyllites are weak and susceptible ta erosion and
basic dykes are altered to some extent. The rocks strike across the spillway alignment and dip
steeply towards upstream. The river Safly| in the area flows almost along the strike and
imestona/dolomite limestenes are exposed on right bank of Satluj on moderately steep bank
right from riverbed level,

t9 The spillway is seen to

i be aligned in such a
i way that it debouches
inta river at right angle.
The Plunge Pool area
exposes phyllites and
carbonaceous phyllites
that ara quite weak and
susceptible to erosion,
Since discharge from
spillway joins the nver
perpendicularly, it hits right bank directly and results in formation of eddizs in the plunge pool
area. This leads to intense erosion on both sides of spillway, However, the intensity of erosion is
more on right flank where the protection works comprising cladding wall has been damaged
resulting in formation of a large cavity behind the cladding wall. The intensity of erosion
increases when power house is in operation. This has been observed during subsequent floods
even when the concrete filled behind the cladding wall was also eroded resulting in wide cracks

in the cladding.

Q_ﬁ%’_
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Some views of damages (RF)

During the current mensoon in 2017, the spillway operation had resulled in certain damages
again, on right side af plunge pool. Taking stock of the situation after inspection at sile, PoE
observe that the backfilled conerete placed in cavity behind the right cladding wall {including the
backfilling done in 2016) has been scooped out and washed away., Some related works
advised by EDF and completed by NTPC, in respect of micro-piling had also failed to serve ils
intended purpose. PeE was informed that all the works relalad to backfiling of the cavity could
not be completed; some gap at the bottom has remained agen Io waler access.

A new observalion of concern relates to the widening of the expansion joint in right cladding
wall.

Given the above, PoE advice that the works for downstream protection in various pockels may
have to wait their review of the hydraclic model studies yat to be commissioned.

However, essantial works to aveid extension of damages are quite necessary and thesae could
include the following works:

a, Cavity from behind concrete cladding on the right side to be backfilled with concrete. It will
be desirable to fill the cavity by first dumping boulders starting in the upstream and of the
cavity and then filing the voids between the boulders with sand-sement slurry or concrete,
This process has to start from water level by dumping under water and bullding it up to 1m
above water level Concrete with low cement waler ratio can then be placed into dumped
boulder layers,

9. Subsequently the concreting work could continue in layers of 1-1.5m thickness up to 2m
above the maximum water level in the pool.

e
@
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PROPOSED PROTECTION WoRKS €. PoE  advise  that
- placement of concrele bags

dumped behind the cladding is
not resoried to as suggested by
projecl dunng discussions on
12.09.2017). After filing the
g cavity with concrele the exposed
B face at the end of cladding shall
be covered by placement of
boulders uplo El. 512 m Le.,
max possibia  waler level,
encountered corresponding (o

- VEE: 5 3 zay 1500 cumec discharga and
kaeping in view backwater Eﬂ&ﬁﬂ dua to Bhakra reservoir, The boulders (unrounded /
blasted that can interlock) may be placed in a manner to provide a gradual transition from
end of concrete cladding {including backfilled concrete) to the exposed rock slope
downstream so that the space for backflow on right side gradually decreased, Altlermnatively
the use of tetrapods or tripods of individual weights of ane tonne minimum weight, laid in
multiple layers, {duly interlocked) can be explored and sdopted.

. Protection to the remaining length of the right side reck face up to the confluance with river
{near the bend towards upstream) may also be provided by extending the boulder layer
beyond the transition or placement of boulder wire crates.

. Removal of the rock nose on the left side near the confluence be continued down to water
level in the plunge pool. POE do not endorse rest of protection works additionally, proposad
by the project in their Agenda Nole,

5
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Agenda 2 - River Protectiop Works Downstream of TRC

A concrefe cladding wall
in front of Plunge Pool {on

right bank of river) alang wilh
rock anchors n a reach of
200m in front of Plunge Pool
had been undertaken by
NTPC to prevent erosion
noticed on the right side of
the river

T b T

in their recammendations in the last PoE meefing cerain proposals were made i this regard,
which was agreed to.

The concreding from foundation at El + S00m to a height of 5 m above has been parially
completed n about E0m length. The balance works are to confinue. [including the dredging

i

warks that have been undertaken already).

It has been proposed to build a flexible guiding structure (made of rip-rap) along the rght bank
of the Sutlej River. between the end of the tail race channel and the exit of the plunge podi. The
struciure is o follow the same alignment as the previous concrele wall (remains are vizible an
site) in the right bank of the river. POE advice had been solicited.

PoE endorse the proposals.

Pape 8ol13
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Main Rivar Portion)

Tentative erosion line
Rockfll Shell protection

|Rip Rap or concreted Rip Rap # Filter
Slope ~2HI1Y ’ J

-I.I

Review of Instrumentation Data
PoE was presented behavioural data of differen! instruments embedded in the dam and

foundation. Thasa included (i) Pare Pressure distribution in Dam foundation, (i) Pore pressure
distribution in dam body including upstream and downstream shell and core and (i} Dam
settlement and deformation. it was sesn that barring a few instruments which have become
defunct, the readings of pressurz and deformation have been steéady and values are within safe
design limits.

However, it would be desirable to present the picture of pore pressures and deformation in a
self-explanatory system schematically. For example, (i) for any calendar year, maxim umisteady
value be chosen for every plezometer and put on a saclion of dam. Pore pressure contours can
be drawn for shell and core, Such illustrative figures are drawn far dam in general and give
Immediate idea of the behaviour of dam, (i) Similarly, maximum s&ction of dam be chosen and
deformation (Maximum in a calendar year) be plotted and (i) Dam setilement plot along dam
axis for upstream/downsiream elevation of dam,

-
@L
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Seepage in Galleries

PoE was presentad th
© Seepage datz from the Network of galleries provided i the dam and

abulment, It is seen th
at the saepg .
antici 8¢ had established 3 - =
pated / possible values g given by Consultanis Mys EJ:TIIE‘EM]II RO

Ba [h}"mEEI'}" Su rvey

t E d |t i I .

The sadimeantat - ;
hnPe. Thiag tahn];n profile in the reservair with top-set and front-set would take some more
! efare bathymetry su ney be continued yearly and sediment depesition assessed.

Agenda item 5 Miscellaneous
* Seepage in Power House:

It was informed by the project that to arrost
the seepage on upstream wall of power
" housa chemical grouting has been done
e 4 oand found to be very effective and
) ; practically 30% of the seepage has been
%4 arresled. Still some seepage is continuing
in the upstream wall of power house near
MIV of all units. Project desived fa know
i+ whether chemica! grouting should be

! confinued futther to arrest the present

seepage,
During tha site visit, PoE observe thal the
seepage s al acceplable levels BaE
however advise that a few drain holes (size 80 or 100mm dia, &m long inclined upwards by 10
i 13 deg ) may be drilled to channelise the seepage waler. This may be tried at ane lacation 1o
finalise the spacing and number of holes and adopt the same 2t other lacations.

* Hydro Mechanical Equipment:
iy From the information given in Annexure B, it is seen that no problem is faced in

operation of Hydro Mechanical Eguipment and regular maintenance ie being
altencded to.
iy Spilway Gate No 2 : It is mentioned that during aperation of the gate, the side
seal is galling compressed more | beyond 2.5 m opening , though there is no
prablem in raising the gate fully,
Since no problem in operation of gate is reparted, no adjustmentimodification is required In the

sealing arangemen! at present. PoE advise thal, if the compression of the side seal increasas
further, the skin plate or seal clamp may obstruet the movement of the gate in future, This can

% Pa.gtlﬂu”-i-
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pe monitored and in such an eventuality, modificati . . .
plate may be explored, = ‘eatian of seal clamp plate or siight cutting of skin

iii)  Bottom outlet gate:
Du;;ﬁe dth:ﬂPF' nre?.e:-r_nl;aﬂm_:, t was pointed out that the bottom outlet gates have not been
op gosin ir me initial filling D.f the reservoir (April 2015). In fact, it was reported that the
condilions oblained at the location do not enable any reguler maintenance of these gates.
Earlier, EDF consultant had reporedly advised NTP

C that these gates can be plugged
permanently,

; 8s they have served their purpese in regulation of reservoir level during initial
filling and that they are nat required in future for any functional role.

While bottom outlet gates will be useful in depletion of reservair in case of dams in distress,
when there are no openings in the dam al lower level a carefil review needs fo be done In the

instant situation. PoE advise that a comprehensive memo may be put up in the next PoE
meeting for consideration and advice by PoE on this issue.

Bathymetry Survey:

The resulte of the survey recently complated indicate that there is a deposition of silt at the end
of the reservoir of the arder of about 5m. Further deposition has been reported near Dam Axis
by about 3-4m In the upstream 1000m reach. The pattern of sediment deposition in the reservoir
needs continuous data collection which may continue.

e (Others

NTPC informed that during 2017 fiood season also the resenvair |eval maintained around El
838m in order to avoid flooding of Chaba power house at the upsiream of reservoir. PoE advice

to take up the matter with Chaba authorilies to expedite the installing vertical gates in their TRC
so thal NTPC can maximise water haad

&
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widening of Jaint between Guide wall 26 and Flip Bucket

There has been a discernibla widening in the chute

contraction Jeint is located between Guidewall and Flip Buckel. The abservation can canlinue. If

possible, the crack extension if any on the floor may also be detected though difficulty is
reported due to water in the buckat all the times,

training wall on the [eft whare (he

A decision to grout the gap will be considered based an the results of further obsenvation.

The root cause for various cracks like those in the cladding wall , inclined and horizonial flaar .
possible linkage in due considaration to sub surface geclogical features need a careful analysis
of data based on further chservation.

. The basic dyke's inlegrily shauld be protacted hn,r_all

possible means: and o that extent. preventicn of wa_sh-ng
out of the material by scooping beneath claddings in the
left. extended damage in the hill slopes in lefi flank etc
shall be carefully monitored and if required. remedial
meEasures evolved in dug course.

{
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Obituary

PoE received

the ne ; )
GEE!Ingy aspects) whmhamm the sa:l demise of DOr. Jitendra Chaubey, Member (Engineering
: 0 had been quite aclive since his induction in tha P

- anal, ES{JEE‘iﬂH}I‘ d{.lril'lg
ot li g5 I8 contributi :

15th meetings, H 0ns were praiseworthy, P i

yer i e hi | i - orasawo oE record its coendolance wih

Acknowledgement

PoE tha”“_ profusely all concerned in NTPC (Hydre) for erganising the meeting post monsaon
and arranging all logistics, Thanks are particularly dug to Mr. Jagadish Roy GGM (Koldam), Shri
V K Pradhan GM Project, Shri V.M, Chowdhury GM (O&M) and Sh P.K. Yadav GM {Engg-
Hydre Region Hars) and other senior Officers from Corporate Office and site.

Signed and delivered to NTPC by PoE at Koldam site on 14™ Sept 2017

SprRllad, M vAm o

P. Sharda Er. M.K.V. Sharma Er. Brijendra Sharma
o g

Er. M. Gopalakrishnan FNAE Dr. R.S. Varshney FNAE, Chairman PoE
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Report of the 17t Meeting of Panel of
Experts (NTPC Hydro)

The 17™ meeting of the Pane| gf Experts took place at Kaldam site hetweapn 7th

angd g February 2018,
Programme
|Date Ii " Details | Remarks

FG February !I Arrival at Chandigarh by 2ir/ road by the
[

1eam, proceed by road to Koldam site
I

| 8 February | inspection of fight and left training wall |
and the observed cracking, walk through | |

| drainage gallery beneath the sloping |

beneath the sky-jump, downstream wing |
cladding walls etc | |

' | Presentation of Agenda and Discussions

|' 5" February ? Leave Koldam GH @ 8 am, by road to | |
, Chandigarh and by air 1o Delhi {Spice Jet
| l & 3.15 p.m |

. |
ey . ; S | =S |
| 10™ | Discussions with NTPC Hydro wing @
i February NOIDA ; . |
| Finalise draft PoE Report | |

| Departure by air / road for respective | |
| Stations

PoE welcomed the new Member PoE, Shef 4§, s0ad in the Pane|
Members to look intg Engineering Geology aspects,

il "T_ o
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Miembors Fresent

The members present for the mission were:

¥ Dr. R.5. Varshney
¥ 5h. M. Gopalakrishnan
¥ 5h, Brijendra Sharma
v Sh, A.K. Sood
The team of officers from NTPC who were available it listed in

Annexure- |
Agenda ltem 1= Review of Flip Bucket joint widening

It was brought out that monitoring of the tendency of suspected opening of
joint between end block and training wall near flip bucket in both right and left
side indicate an increase during the months following last monsoon, which was
higher in comparison to previous observed values. Till Jan. 2018, the
displacement observed was reported as 24 mm & 21 mm on left and right wall,

respectively.

The agenda notes reflect the widening of joints at locations seen in the
sections indicated beneath, both in the right and left raining wall. It s
suspected that it runs all across along the contraction joint on the floor of the

chute spillway. (Figures below show sectians).

Y
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It is seen that the flip bucket and its guide walls are founded on competent
basic dyke, as per the geological section,

ao Deformation at flip Bucket loint {mm)

0.0 g

15,06

100 T '|—-1I_F~_,__/-’f

oo

PoE note that where the suspected widening of floor joints of chute spillway
had taken place, construction drawings as made avsilable during the meeting
indicate certain special provisions like shear lugs and a single water stop,
anchors to ensure bonding with the competent base dyke foundation,

g "f =
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It Is also seen that the transverse joint has also the provision of chamfer at the
Joint lecation which can help air supply in case of any development of negative
pressure or cavitation.

More investigations are warranted to apprise the phenomanon and confirm or
otherwise the widening of joints, especially on the floor.

Far data regarding suspected widening of the floor joints, at least a manual
access to visually examine the joint all along, from left to right guide wall, is to
be ensured urgently. Additional measurement peints need also to be
established from top to bettem of the guide wall. Data regarding ambient
temperature may also be incorporated in the report. It is likely that the water
pressure on guide walls and floor in the bucket portion are subjected to very
high pressure as compared to chute,

= E Page Sof 8



Agenda 2 - Right Bank River Protection Waorks Downstream of TRC

095

POE was presented the status and detalls of protection works proposed for the
right bank river slope In front of the Plunge Pool In the 16™ Meetingin Sep
2017, The works included concrete cladding of the portion of river bank slope
in rock as well as rockfill shell protection covered by concrate or rock riprap in
portion, where rock s not available. POE had endorsed the above, earlier.

Some work of the concrete cladding has recently been started. The Project
now inform that it is not possible to arrange for boulders of sizes 800mm to
500mm. In view of this, it is now proposed to place Gabions [Boulder wire
crates), in place of rip rap. PCE observe during site visit that dredging in the
river bed downstream of TRC towards plunge pool right bank is being carried
out. A considerable amount of river borne material has deposited in the middle
portion of the river channel, thus creating a raised island, which obstructs the
flow during operation of the power house.

e
T
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Since the treatment of right bank river slope is to be taken up now, it is
important to keep the river channel as far away from this bank, as possible.
POE, therefore, recommend that the material from the island be removed and

a deaper river channel created in the middie for carrying dally discharges from
the tail race channel. This shauld be done an priority, to enable faster
construction of right bank protection works,

It was also observed during site visit that a limited amount of large size
boulders Is lving in the river itself. These could be used for protection of the
boulder filling on slope in the whole length (about 150 m).

POE would further ke to emphasise the necessity of expediting the works of
right bank river protection works in the whole length even if it results in
completion of works only up to the expected water level (E| 505 — 509 m|.

Agerida 3 - Pratection and other works for Plunge Poo

In last PaE visit, it was advised to undertake all essential works to avoid any
extension of the damages that had taken place and these included:

a, Cavity from behind concrete cladding on the right side to be backfilled with
concrete,

b. After filling the cavity with concrete, the exposed face at the end of cladding
shall be covered by placement of boulders upto EI. 512.

¢. Protection to the remaining length of the right-side rock face up to the
confluence with river (near the bend towards upstream) may also be
provided by extending the boulder layer beyond the transition.

Project proposes to take up these works in two phases — Phase A and Phase B,

Phase A works include boulder filling In the cavity behind cladding upto El
502m-503m followed by concreting of the cavity upto top of cladding. Boulder
filling has zlready been taken up at site. Concreting is also in progress.

Phasa B works include extension of protection works on the rock slope beyond
cladding. Project has now proposed the rockface protection by tetrapods (or
equivalent). POE support this alternative and recommend that expeditious

Paje T of 8
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action should be taken. Preparation for casting tetrapods in a vard at suitable
lecation can start immediately.

Ackmowbedgement
PoE thank profusely all concerned in NTPC [Hydro) for arranging all logisties.

Thanks are due to all Officers from Corporate Office and site.
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List of participants from NTPC an 08.02.2018 (Site visit at Koldam)

3h, 5.M Chaudhary, GM{Q&M), Koldam Project,

Sh. Madhukar Agarwal, AGM[FES/PRS/FOA], Keldam
Sh. UK Chadeha, AGM{Guil), Keldam

5h, Kulveer Singh, AGM(Engg. ), HRHO

Sh. 5K, Srivastava, DEM{Engg.], HRHO

Sh. 5.K.Garg, DGM{PRS],Koldam

Sh, Prashant N. Gaur, 5r, Manager, Enpg.

5h. Rakesh Ehakar, . Manager{Chdl), Koldam

Sh. Bhagirath Chaudhary, Manager, HRHQ

List of particlpants fram NTPC on 10.02.2018 (3t EOC, Nalda)

3h. K.K.Singh, RED{Hydra & DBF)

Sh. Jageish Ray, ED{Koldam)

5h. G,L.Hurla, GM({Hydro Engg. ), EOC, Noida
sh. Madhukar Apgarwal, AGM(FES/PES/FOA), Koldam
Sh, LK. Chaddha, AGRYCivil], Koldam

5h, Kulveer Singh, AGM{Engg.), HRHO

Sh. 5.K.Srivastava, DGM{Engg.), HRHO

Smt. Vibhu Kaushal, DEM[Geolopy] EDC

5h, Bhawnesh Kumar, DGM [Geclogy] EOC
3h. Rakesh Rathee, 5r.Manager(FES), Keldam
Sh P, N. Gaur, 5, Manager (Engg.).EOC

sh. Abhishek Singh, Manager, HREHQ
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Report of the 18" Meeting of Panel of Experts
(NTPC Hydro)

1.0 Preamble
The 18™ meeting of the Panel of Experts took place at Koldam site between

18™and 21" June 2018,

Il bE s Frasent

v Dr. R.5. Varshney
W DrY P Sharda
o Sh. M K VY Sharma

5h. M Gopalakrishnan and 5h, Brijendra Sharma could not attend the
meeting due to preoccupation/health issues.

Dr R 5 Varshney, Sh. M K V Sharma and Dr ¥ P Sharda assembelled at
Chandigarh on 18.06.2018 and drove to Koldam site in the evening.

NTPC presented Agenda notes to POE containing issues which required
attention of the members. Main issues are as below:

1. Review of flip bucket joint widening
2. Plugging of bottom outlet
3. Protection and other works for plunge pool.

Members visited the site on 19.06.2018 and inspected Diversion Tunnel (DT-2],
Right bank protection works and Flip bucket Joint of Spillway.

NTPC officers made a presentation of the problems and instrumentation data
on the evening of 19™ June 20148. Discussions included the remedial measures
for the three agenda note items as well as allied subjects like instrumentations

etc.

POE compiled the report an 20" and in the morning of 21% June and there
after the members departed to their respective base stations.

@-F. -
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2.0 Agenda Item 1 - Review of Flip Bucket Joint Widening

The available drawings indicate that spillway s founded on grey
dolomites, carbonaceous slates/ phyllites and phyllites with emplacement of
basic dykes. It is observed that grey dolomites, basic dykes and carbonaceous
slates are exposed in the foundation of glacis and flip bucket is founded on
brasic dyke whereas sheared slates/ phyllites form the foundation of plunge

poal,

" w  OIDLSGCAL SECTIONS ALDNG LBE -1 OF SPILIWAY AR PLUNEEPD MAEA A5 BH DATE 93023012
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It is observed that the construction joint (Contraction/Expansion) has been
provided at the junction of end of chute and start of flip bucket. The
problem of widening of this joint was brought to notice of POE during the
meeting of Sep 2017, The problem was reviewed in details during 17"
meeting of POE held in Feb 2018, The dilation was being observed in the
two vertical training walls by vinchen apparatus located at approximately
centre of the walls. In Jan 2018 the horizontal dilation reached 25mm, the
limit of the instrument. Therefore, the instruments were readjusted to
original setting. In addition as desired by POE two additional vinchons were
installed , one above & one below the already installed vinchon on left
training wall. One additional vinchon was also installed on right side training

wall, below the existing vinchan,

o
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The observations of the five vinchons were demonstrated to POE . The actual
absolute values a5 on 18 Jun 2018 were 19.75mm, -1.75mm & 0.52mm {in X, ¥
and Z directions of Right bank ;RB6& instrument) and 20.67mm,3.39mm & 2.03
mm {X,Y and Z directions of Left bank; LB& instrument). The readings indicate
practically the same position of the joint after construction. While pouring
concerete for chute and flip bucket blocks and installation of water seal there
would be no gapin ¥ & 2 directions and there might have been a gap of around
10 — 15 mm in X direction due to installation of seal. An absolute value of
20mm in x direction proves only slight opening of the joint. The values in Z & ¥
directions are 2mm each which arg negligible. This can be due to some
contraction and expansion of the concrete due to temperature difference. The
readings show there is no settlement of foundaticn and no adverse effect of
change of hydraulic pressure from low pressure on chute portion and high
pressura on flip bucket side. The present trend of behaviour of joint indicates
that the dilaticn and contraction of the jeint may not be related to foundation

settlement,

The monitoring indicates slight stabilising trend in the dilation between
February 2018 and June 2018. However, the period may be too short and
therefore, it is recommended that the monitoring may be continued for at

least ane more year,

Page 3ol 8



102

3.0 Agenda Item 2 Bottom outlet Plugging :
3.1 Background

In support of the proposal of plugging of the bottom outlet gates, the
follewing points were brought out in the memao:

(a) Seepage Is observed from the gates for the last 3 years, after
initial filling of the reservoir {April 2015).

{b) Conditions at the location of these gates do not permit any
regular maintenance of gates.

(c) Cansultant EDF had earlier, reportedly advised NTPC that these

gates can be plugged permanently, as they have served their
purpose in regulation of reservoir level during initial filling and
these gates are not required in future for any functional role.

{d}  The following peints are also mentioned in the detailed note in
Annexure-4 of agenda note:

(i}  Pressure balancing pipes which are provided for balance
operation of the wupstream Emergency pgates, are
constantly exposed to the moist conditions and high
pressure [127 m head). If there is a failure of these pipes
or valves, there will be outburst of water and it would be
very difficult to close/rectify the same,

(i} Hydraulic system provided for operation of gates is not in
working condition.

(i)  There is a risk of gates lifting up which are presently in the
closed position, if there is failure/leakage of oil from the
piston seals.

(iv] The leakage of the high velocity silt laden water through
the gates and periphery of the tunnel, may damage the
liners, sill beam and gates in the long run.

iv)  Similarly, the hoist support structure and steel ribs
supporting the tunnel may also get damaged in the long
run.

Hence in view of the above, NTPC sought POE opinion for
suitable measures with regard to safety of Bottom Outlet Gates
and its supporting structures.

-
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3.3 Site visit by POE:

[a) POE along with project officers visited the bottomn Outlet Gates
on 19.06.2018. It is observed that there is profuse |eakage
through the radial gates under high velocity indicating total
damage to the seals of both radial gates and wupstream
emeargency gates, which are alsa in closed position.

(o) The hoist chamber is full of leakage water from the top of
upstream concrete plug. The power packs (i.e. Hydraulic hoist,
contro!l panels and pumps etc) are fully wet and in moist
condition and hence may not be in working condition.

3.3 Obsearvations of POE;

(i) Originally it was planned to operate these gates till the sediment
reaches 30m height in front of the bottom Outlet Gates.
Accordingly a 30m shaft above the river bed level was
constructed to pass the water through these gates. But during
construction stage, diversion tunnel (DT-2) gates at the inlet
could not be epened and to pass the water through the bottom
outlet gates, openings at a height of 10 m were made in the
divarsion tunnel gates. This would cause accumulation of silt in
front of the bottom outlet gates. When the silt level in the
reservoir would reach 10 m in front of the diversion tunnel
intakes, it will not be possible to operate the gates.

{ii}  Itis very likely that the silt level might have already reached to 8-
10 m in front of the diversion tunnel or 15 likely to reach in a year
or two, and then the gates will become in-operative.

(iii} These gates, in any case have not been designed and cannot be
used for emptying the reservoir if the rock fill dam is in distress.

(iv} The points raised in para 3.1 d {i) to |v) of page 4 above will not
have any bearing regarding plugging of bottorm outlet gates.

(v}  There is no provision in this project far emptying the reservoir in
case of any emergency.

3.4 Recommendation:
With the existing conditions at site, it is not practicable to make
these gates operational.There is no utility of these gates any
further, as these gates have served the intended purpose as
envisaged. Hence POE recommends to plug these gates

permanently.
@L Poge 5 of 8
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3.5 Suggestad Plugging Operationg-

(i It is suggested that the entire gate/hoisting chambers may be
filled with toncrete.

[i}  As the present plug is not very effective in arresting the seepage
from upstream. it is sUggested that a new concrete plug of about
1.50 length with suitable keys may be made on the downstream
of the pate chamber, Grouting around thi new plug must
cONNect the grout curtain of the main dam.

(i) To avoid any leakage of water through the connecting tunne|

(W] Final praposal for plugging of the Bottom Outlet gates may be put
Up to POE for theijr review.

4.0 Agenda item 3 - Protection Works for Plunge Pool Ares Including Left and
Right Banks.
4.1 Plunge Pool Cavity Filling

It was informed that 2129 m? of boulders have been filled in the cavity. 3688
m* concreting has been filled in the cavity over boulders. Eptire cavity should
Be filled with concrets.

4.2 Pratection of Right Bank of Plunge Pool bevond Cladding

The treatment comprising  gabion wall and placement of large size
bUUIdEFSJ"?EtrapUdS has not yet been started. It ig recommended that sama
may be completed as soon ds possible,

To avoid under CUTting of toe of the slope, boulders/ letrapods may be
dumped. As the rock is exposed the slope may protectad by providing
shotcrate with wire mesh, Further, Weep holes at suitable intervals may he
provided,

4.3 Protection of Left bank of Plunge Pool beyend ¢ ladding

In caze of left bank of piunge pool, as recommended, the rock ledge protruding
Nto water way has bean removed in order tg smaoothen the flow downstream
of plunge poal,

@T{,___ Page 6 ofg
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Fhyllites and shearad phyllites up to elevation ranging between 530m and
540m. The badrack Is overlain by thick pile fluvial terrace deposits aboye that.
The slopes in the terrace deposits have bean dressed, It s possible that water
Spray generated due 1o spillway operation saturates the Unconsolidated
terrace deposits inducing instability in them

The follwing steps may be followed -

i Provide a toe wall, properly designed, resting on the rock.
i) Make up the slopes in scooped areas by back filling ang Compacting,
i) It is recommended that a 3-4m wide 2ench may be developed on the

the slopes be provided. Provide 3-4 m wide berms dovetailing with
berms already provided aleng the left ba nk cladding wall.

W) Provide 3 cunette/drain along the slope face at the tpe of the naxt
higher slope and sloped te pass the rain Water in to the river. If NTpC
desires to provide a pitching on the slopes, banded type pitching is
desirable,

v} It is also recommended that the bedrock exposed at lower elevations
be covered with shatcrate with wiremesh in cage 5igns of erosion are
noticed.

4.4 Concrete Cla dding Wall on Right bank of River in front of Plunge Poal

NTPC infarmed that they are preparing the Quaterly report Eiving date wisp
observatians of different instruments embedded in the Dam & Galleries, Sych
data was alsp demonstrated on 18" june. POE advises NTPC Lo prepare annual
analytical repart which would be useful

CLD'L_. Page 7 of B
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The annual repart may contain the following:

8l A map showing dam séctions indicating different materials and their
basic propoerties such as density, Liquid Limit (LL), Plastic Limit (PL) etc,

b] A map showing location of Instruments, their type and reference
rnumbers,

c} Pore Pressure contours in the dam section,

d) The information about instruments which have become defective or are
showing abnormal valyes along with their reasons be presented,

g] Tahble showing maximum valyes of settlement /deformation, pare
PTESSUres, seepage along with recomme nded values and actual values.

fl Principal stress contours.

6.0 Model Study of Plunge Pool

It was informed to POE that model study of plunge pool as recommended by
POE has been taken up. The study has been awarded to IRl, Roorkee and
model has been preparsd and trial run has been canducted.

7.0 Acknowladgment
POE acknowlegdes with Eratitude and appreciation Sh, Rajesh Jain, AGM
(O&M) and the project staff for nice arrangements and courtesy extended to
POE during their visit.

The list of officers who accompanied POE is attached at An nexure-1,

DrY P Sharda Sh MKV Sharma

Dr R S Varshney
Chairman POE

c?f_,
_ Page B of g



107

Inspection Repar by Sh. PLNarala kx DIG, GSTinnd Dr. 1.5 vy relimey, FNAR
on the Problen of Seepape throngh Weep Fole at Elevitinn 524 ay o Teeavctican ¢
[ between gallery 3 & 5).

On 13tk Aug 2018, NTPC informed Ny RS Varhney over rhane ahout disturhing
observatians of sedimany loaded seepage fow tsrasgh weep hole ar clevation 531m 1
Tunctiog 1 [ Betweoon gallery 38 5).

At the instance of NTPC Hydro Region  solve this s, hasically a hyilias pewlogicar
Problem, Dr, R 5 v, rshney accom panisd by Sh. P.LNarula reached Koldam Site on 17th
Aug’ 2018, They mspected the prablom site on 18t Aug 2008 in Ferennan amd i
detailed discussions with GM [Koldam) sh. 5. M.Chowdhury and his ceam afver siee visit g
evaluate the problem or seepage in the gallery no. 14 apd junctionl of gallery np, 3 & §
atong the dam asis which have been mady for Previding grout curtain for the carth and
rock fll dam [Refer Annexura.1). At the Junction of these galleries, heavy water seepage
Was recorded o the 1o of Aug’ 2018, This warer SeCpage was accomipanied by ca rriage
of partieles, The SEEPage from this locatien witich & just upstreany of the HVGUE FFEain e
being recorded cinee long Bur the Carviage of particle was roconded ol during heavy
rainfall on 10 apg 390 Aug when the rainfall was of the order 192 mm in a period of 48
hrs (Refer Annexure-2). The accurrence of muddy water wos recorded for a limited
period of 4 v 5 days, Thig SEEpage water at the timp af inspection wag e cloar,

In order to assess the reason for Emargence of muddy warer the data on the prouting
efforts, pattern of waser SeemIpe, peneral drainage arrangomeont and the data aligiped
from the Pezometer recortds in the vicloity of these galleriog was reviewed apd fallawing
ohservations are mardo
1. The cumulative discharge from the gtllery no.14, gallery nn.3 and gallery po.t s
have been of the aeder of 1750 Ipm, Afrer EXCESSIVE raing on 10% a0 11" fp, thip
discharge increased m 2200 lpm indicating abutment surcharge for a limited
perind of tme {#@efor Annexure-3). The mutely wator was recarded anly fram ong
hobe at the right side wall ETOWn contact. The sfle in the seopage water varied from

BUOD ta 10000 ppm,

gallery no 3 & 5 en the loft abutement of the dam, The junction afthe gallery 32 5
anel gallery 14 is at an elevation of - 530 m.

The grouting and drainage arrangement js Mlustraeed in the drawing attached
[Refer Annexure-4).The drainage arrangement of the abutinepe 15 i the form of
radial holes in n clrcular fashion to o matimum depth of Sgm in all the directione.
Drainage holes in the downstream of the grous curea)n have not boap provided in
the design and hence not made (Refer An nExUre:5),

Y b F
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Fel

The material carrigg by Secpage water has hoen collected arl sent for chemies|
analysis by the projoct mithonitios. This matorial is Brey i colour amd gy very fing
fraction (clayey). The ealouy this material is different fram tha of (e clay eorp
material,

A roview of limited data of grouting, showed that the permeability of e rock
mass generally is of the order of 10 Lugeon and after grouting it was suUpposed to
have boep reduced b 3 lupgeon or helgw The grout intake wag very low de of the
avder of 17 1o 31 kgm [ Refor Annexure-8). The seepage which carricd muddy
water is located upstream of the curtain.

4 During sire inspection, the pressure of water was measured which wis of the

arder of 4 kg/ sqem which when converted, corresponds to 575 m elevation. The

pressure during the increase in discharge was not recorded. It s pozsiblo thar
pressure might have been more when muddy water smarged,

It was givep 1 understand that in 2015, heavy secpage was recorded whon

impounding was being carried our. The water jot was fouling with the slectrica|

installations ang grouting in the vicinity was carried out to check the Inflow which
ot reduced aftar grauting,

B. The piczomereric RrEssures in the piezometars transects B & L. both foundatinn

and embankment wpe. were reviewed which have Eiven consistent results and tho

Piczomerer fevels gre Filling in the downsteeam dircetions as expected and no

abnormal behaviour was abserved [Refor Annoxure-7).

193]
v

water with the day core because of the variation in the colour of the marsrials,
Emergence of this only during heavy rain and its becoming clear after the BXCESSive
rains shows no abnormality with the piczometer pressures, The plezemeteric heads arg
constant and the trend corresponds o the reservolt level. This phenomenan cannot be
related to piping of the elay core.

However emorgence of clay fraction material of grey colour for 2 limired Period of
heavy rain, the source of the material is difficult to comprehend. It s suggosted that che

muddy material collected may be chemically analyssd and comparcd with the
chemistry of cement so that relation if any with temeant washings from tho Erouting

done in this hole is established.

iy ooy

Dr R § Varshney Sh. P L Narula
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SECUND INSFECTION REPOAT BY 5H. P.LANARU
HYDRO-GEOLOGICAL PROBL

LA, FORMER D.G.GS! AND DR, .5 VARSHNEY, F.N.ALE N
EM OF KOLDAM ON RIVER SUTLE, H,P,

FROM OCTORER 2" To ocToRER 5™ 2018

1. PREAMBLE
Dr B 5 Varshney and Sh. p | Narula inspected the Koldam site and examined L reservalr rim by bagt
for an approximate fength of 20 km. The spibway bucket area and the distress in the plungs poal area
was also examined. Discugsions werp also held with NTPC Engineers for evaluating possible sources of
the muddy water which emergen through a weep hole at Junction 2 of Gallery n. 3 and Gallery no. 5.
The sbservations and suggestions made are briglly given below.

i, SAFETY CONCERNS OF THE DAM

Al The tap berm of the rock fitl dam same cracks are observed on either side of the road in contral
partion of the dom, The detalisd examination of rip rap on either side shopes indicates that the rip=rap
big blecks hive dislodged and are in the pracess of edjusting in some stretches. These adjustments in
the slope il materlal have eracked In the portion which has been cemented 3¢ the road sides under
the drag of rip-rap adjustments,

This effect is more proncurced on the dawnstresm sice because of larger shope heights between top
berm and the naxt berm. in some sections of this siope bulging has alss been noticed, (Refer
Photographs {1 &2), These adjusiments appear b be superficial and are ot deep seated. A5 such
there & no stabity concern for the dam. It is, however, suggested thar the disturbed rip-rap showld be
properly repacked/packed and the slopes are restored 56 that adjustment of rip-rap doss not take
plage.

The tae area of the rock fill dam was glo inspected. It is seen that the water from the drainage
galleries on eithar abutment is being discharged near the e with n the bady af the Darn. It js
suggested that the same may be divertad further downetream clear of the body of the dam. The area
where this water is being discharged now should be cleared of bushes and the dlopes should be
properly dressed and maintained. The dam tos should be cleared and made visible,

The instrumentation data was caswally examined and it has been suggested that the same may be
plotted on the pattarn supgested for detailed assessmant.

It is reported that the madmum settlement af the dam of 454 mm was recorded in Beam ng. 30
befare impoundment while after Impowndment it has increased by nearly 13mm. This total settlemant
Is well within the limit of 136 of dam height and as such thers is ne concam.

The plexameters are also shawing a regular and consistent pattern of progressively reduding head in
the dawnstream direction which is as expected.

i
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The left abutment drainage is penerally much mare than the right abutrent which is 8982 lpm and
4135 Ipm respeciively. The patiarn of seepage has not changed much .

Primafacie the instrumental data and physical examinations of the dam site and vieinity indicates that
there was no serious impact of heavy rainfall in the month of Septamber 2018,

3. SLIDES ALONG RIM OF RESERVOIR

e g,

Fhe reservoir rim has been examined for a distance of about 20 km. It i§ seen that an the laft bank side
the slopes are quite stable EKCEp Al ong or two locations where minar slides have developed in
locations where over burden matersal wai present on steep slopes. Whether these siides were pre-
EXISting or not cannot be ascertained. The right bank slopes are generaily stable but dotted with some
slides which are primarlly related to formation cutting for the road under development, The PWD may
be asked not to dump the oxcavated material into the reservalr. It is neted that the villages located
un the ugslope side near the vichity of the reservair are not showing any signs of distress,

A landsiige has been seen on the right bank extending up to the reservair which has developed alang a
major shear zone (Refer Photograph 3} This lecation |s about 15 km upstream and the Kanthi villoge i
located on the upslope side of this slide a1 considerable distance and at considerable height (Refer
Photograpgh d). This landslide Is focalized and can not alfact some houses located on a terrace just
upstream of this slide, Generally rock sutcrops are seen nasr the reservoir rim, The distress in the
form of slape failures and evalopment of cracks in Kanthi Vilage could be related to overburden
material which might have bosn initigted by for cutting along a small nata during heawy precipitation,

It is understood thal GSI have invastigated this area who have apgrehended that the whole dlape from
FESEVOR 1o Kanthi village is under distress because of the reseroir It i$ suggested that an
independent detailed assessment of the problem may be entrusted to some accredited BEENCY 10 give
their expert  apliion whather or not the rasendgir water is responsible for the distress in Kanthi
village. We feel that there & no connection between the distress in Kanthi village and the receruair

4. PLUNGE POOL AREA DOWRNSTREARM OF THE FLIP BUCKET

After operation aof spiltway, damagas to the plunge pool ares have been reported. The lof sidg
toncrete Cladding placed over the crushed and shegrad carbonacenus shales has collapsed and part of
the carboneceous shale ks getting eroded. On the right side eladding at the lower levels between levals
484.5 m and 527 m has under eyt and swirfing currents have created 15 -20m long cavity towards
flipbucket and the crushed and sheared rock mass has been washed out. (Refar Afnexure 1 & 2] This
| has resulted in foe erasion of the hill mass an the back slopes. This toe aresion kas causad initigtion of
d shide. The till date evidences of the same Were SREN in the form aof wide eracks slong the joinis and

mass behind in the form af periphesal cracks, These cracks have heen Fhsically tracad upta elevathon
2 380m. At this level the cracks become quite wide with slumping avidences.

A|_shrr
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The cavities farmed below, which had undercut sven the hil mass, are being Backfilled with mass
Loncrete, This mass concreting has been done upto a level of 517m and another + 10m has el 1o
done. Hopefully this mass concrete would pravide adeguate tae suppart te the hill mass.

It is suggested that the stabllity of hill mass in the resch and ks vitginity may be cheched to ostablish
the adequacy of the tos restraint being previded. Supgestions about other measures have alresdy
bean given by POE

't will not e out of place to mention that any retrogression an the back of spilbway In front of Hip
bucket may distress the hucket alsp, Precautiens for the same should be taken,

5. MUDDY WATER SEEPAGE THROUGH THE WEEP HOLE AT JUNCTION 1 OF GALLERY MO. 3 AND
GALLERY NO. 5

The pattern of water seepage through the weep hole has not changed significantly, During raing in the
month of September 2018 the masimum stepage discharge was of the ordar of 35 Ipm while in
August 2018 it was 2B lom and corresponding maximum rainfall was 58mm & 52mm respectively,
Though the discharge through this hole has marginalty increased, there it no carriape af particles and
clear water is coming.

The material when tested with Hydro Chloric Acid (HCL] has given profuse effiorescence indicating
considarable amount of Cal0y Primafacie the material could be parily from cement grout leaching
and or the crushed matedial along some shear 2one in the bed rock.

B. ACKENOWLEGDEMENT

Experts express gratitude to Sh. 5,M.Chowdhury, GM [Kolam) and his team who accompanied
Expertsduring sie inspection and took part in discussions,
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POE VISIT TO KOLDAM HEPP FROM 25.06.2019 To 28.06.2019
FOR THE ISSUE OF FLIP BUCKET

The Project sife wag vizilod by BPOHT citteisting of Sh, R, deyaseelan, Former
Chairman CWC ang Sh. Gopal Dhawan, Former MD, MECL & ELD-NHPC,
Accarpaniod by Projeet Fepre sl bives o nad HRHG olficors of NTPC (Annexure'A),
The eritical issuos referved for study womg Aen it sile and detailod discussions Worn
held. After the gite visit, Genernl Monnper of the Projoct was appraised abou the
ohservations made on the problom dentificd und thg requirement of further
drawings and dagg far analyzing genesiz of varius Lypes of instabilities and
deformation being faced in various compenents connected with the plunge pool and
Mip bucket. Project officer have boen advised to furnish the ollowing information

and drawings/data st the ea rlipgt:

a. GEOLOGICAL DATA:

.

11,

i,

Vi,

Foundation zrade geology of plunge poel. Dip bucket and spillway he
plotted on as built design drawing in 1:1000 scale. The geologist has heen
advised to plot foliations and all major joint sets, thear zones ete, on the
geologieal map, In addition, all eracks and opening of construction joints,
lift jeints be also plotted on the geological plan, Further location of all the
hore holes deilled during investigation/ construction/ operation stage be
plotted on the geological plan,
Copies of all the drilled holes logs and reparts particularly on any
geatechnical wosts performed in drill holes snd drilled vares Ime provided.
While scrutinizing the records provided by NTPC, il came Lo notice that
SPT tests have bean conducted in 5 drill heles, Report on SPT test may ha
providad.
A summary of rock mass parameters (viz rock type, rock strength,
origntation of shear zones/ joints with Opening, spacing etc. of joints for
differont litho units such as phyllices, carbonaceous phyllites, basic dyke
ote) from available geological reports and foundation grade maps be
prepared. In addition results of rock mechanic testing {UCS, Modulus and
shear strength parameters) and plate load testing carried out for assessing
bearing capacity for different lithe units may be compiled and supplied,
A lngituding) geological saction he prepared along centre ling of spillway
to end of plunge pool.
A few geologieal cross sections are also required to he prepared gl
perpendicular to spillway axis (indicated in drawing) and b) along the flip
bucket joint (perpendicular tq spillway axis),
One cross-section each on the right bank and laft bank of plunge poal,
These cross-sections shall be n i
marked in the drawing,

(‘Epf/
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b. DESIGN/ FIELD DATA

Year wise {lond ponks obsorved and used in hydrmlogical studies.
Physical hydrological model study for the chute spillway and plunge pool

design.
Plunge pool scour depths computed for varions spill discharges, fip fow

profile and Impingement zone,
Desien of the Oip bucket hlock with the forces (static and dynamic)

assessed for design,
Reservowr operation schedule drawn up (summary),

Tail water rating curve for the ontflow from plunge pool.
Topographic map of the plunge poal {extending up to river confluence with
the Power house discharge channel) as existing naw after the ernsion
failures that have taken place on both banlks.

Az constructed drawing of spillway and plunge pool iplan and cress

L.

1.

i,
Wik,

'
NFIIE.

sections),
The cxcavation plan showing the bottom level as 470 and 485 in different

3.8
drawings need to be reconciled and reasonsz for changing the bottom level
from 470 to 485 may be checked up and provided.

X. The bathymetric survey plan along the civil structures superimposed.

X1, All the instrumentation data observed at site for spillway and plunge pool.

Since eommissioning of the Project, detailed note on the damages which sccurred
in both the banks and the remedial measures carried out in chronological order.

It iz understood that layout of spillway srrangement originally planned was
modified during construction. A brief note on the need for the changes made and

the finalized lavout adopted may be provided.
Further, for drawing up the remedial measures, a meeting mayv be organized at

Delhi for dizeussinng with the apeney carrving out hydranlie model study and the
designers. Report of the panel of experts will be compiled on receipt of the above

mentioned additional information/ data/drawings.

. R deyvaseelan :
Farmer Chairman Ex{Chairman & MD
Mineral Expleratign Corporation Lid.

Central Water Commission
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RECOMMENDATIONS OF POE AFTER THE MEETING HELD ON
01.08.2019 IN RESPECT OF THE ISSUES IN FLIP BUCKET & PLUNGE

POOL

POE mecting was convened on 01.08.2019 at EQOC |, Noida for censidering the issue of

widening of dilatien joini ar w's end of Flip bucket block and distress observed in the

cladding of Flunge pool of Koldam HEPF. This mesting is a sequel to site visit of Panel

consisting of Sh. Rlevaseelan and Dr. Gopal Dhawan in the month of Juns' 19,

Subsequently, information sought by the panel was provided by the Project. It was desired to

have a meeting with the Hydro- Engineering group to decide further course of action,

Accordingly, this meeting was arranged. This meeting on 01.08.2019, was attended by the

POE members namely, 5h. Brjendra Sharma, Sh. R. Jeyaseelan, Dr. Gopal Dhewan and

officers from Hydro-Engineering, HRHQ and site given in Annexure-A,

All issues related to flip bucket and plunge pool were discussed and the following

recommendations are made:

1. The dilatien joints, where the water seal has ruptured, as in the flip bucket be filled
with flexible grout to stop seepage of water in the foundation through the joint, The
Project in consultation with Hydro-Engineering will decide technical specifications
and methodelogy for executing this work.

2. Cracks are observed in the slope over looking the right bank cladding of the plhunge

pool. These are wide (up 10 30em) cracks extending deep in the pround. POE is of the
view that these be sealed by filling with impervious material with proper compaction
at the earliest possible.
Logs nf two out of the three holes drilled in 2016 indicate possibilities of limited
erosion at some locations under the horizontal portions of the apron. It will be prudent
te confirm such erosion in the plunge pool area and assess rock conditions below the
concrete apron. POE is of the view that additional drill holes will be required around
the bottom of plunge pool. Accordingly, the Project has been advised to expiore
possibilities of drlling additional heles from & barge in the next lean season. Locaton
and number of dnll holes will be specified in due course,

4. It is strongly reiterated the spillway operation be strictly operated with a discharge
greater than 1000 cumece ¢o that the nappe impinges bevend the end of slopmg
concrete cladding/ apron.

5., POE suggested that the hydraulic model study as per existing plunge pool geometry
may be carried out wath ¢rodible bed and slopes for scouring depth ete, for discharge
from BN to 5000 cumex.

6. Monitoring of the slopes/ concrete ¢ladding in the plunge pool area may be done at

site on regular basis by installing smvey targets.

N ar
(Sh. Brijendra Sharma)

Led

(Dr, Gppal Dhawan)




119 p‘""‘"\-tﬂ. = F

=3 WoiR Shatl be Camel o an pen PoE
Bermerd ah 1l e YETALE

SN [ NAMES/SHL T ogss | PROIECT | Email MOBILE NG =

WS TR o LA Bobit] Wosrm | e ey BT T o=
L2 | B Hads | oam PRrry e e L gﬂwﬁ# £l
| ﬁuﬁi

r-E. M, Rl _H_EH-Q-LMEL@'_E.M?ﬁ.u. Mt §]
FeL0 99247

Nk Ta N | AGM HYbAS-ENan 0

S vivex gueta l.m € Hbeo ENG( VIVERESIPTAR v 765099 3 p @G [
A | Sumankliamann A2 _Mmhl Y Bv e :
5 — T o1

= s Tiﬂw‘ﬂﬁ WP L i,

P ek l] Wy P U,F-—-—me_mﬂﬂﬂum-n.,u 119433
ﬂj_hh.?b__ﬁhum__. _EELF—#H&J%&MM_EM %
_% 2 MAE Eﬁ%&w‘ﬁﬂ, vire ndva Ky iips cabn gfmm_qﬁ_ol-i

S _['___.__ ]
| o - -

_1-—————'—_ I

| 1
L—T e | 51 A
I — S T — S e |
e = =
= e e ' |

BESEes . e I ____;Jl



120

MINUTES OF THE MEETING OF POE HELD ON 04.12.2019 AT EOC NOIDA
FOR THE ISSUE OF FLIP BUCKET AND PLUNGE POOL,

I

[5h. Brijendra Sharma) [sh. R.Jeyasestan]

~etations of proposed boreholes in the herizontal portion of the apron hava Eaen
discussed and esplained to the site representatives in the masting. At presgnt, location
of 4 barehales is decided taking into aceount resulis of previous drill holes in this arpa.
Locations of new bare holes fto be numbered as DDH-01 to DDOM-DA) is shown on the
map and handed over to site representatives, It is expected that after sesing results of
the proposed drill hales [DDH-01 to DOH-D4), some maora drifing may be required,
Therefore, PoE is of the opinisn that pravision for a couple of additional drill haoles ke
kept while finalizing the scope of wark/ BoC of drilling Contract.

It is recommended to dril alf the proposed drill holes down to EL-365m However, if any
cavity or sand lens ocours in between FL-470 to 465, the drill hole will be extended 5m
below sand lens/ cavity,

PoE discussed the istue gf widening of flip bucket |oints and erasion of plunge pool ares,
FoE feels that It needs to understand the bahavior of movement of plunge pool
including spilbway halistically. Far this purpase, Fot had given definite recommendations
in the previous meetings for carrying out certain jnvestigations. Accordinghy, results of
these investigations be presanted to Pof As such, issue of sugpesting Geo-Technical
AEencies i5 considered premature.

G-

opal Dhawan) ‘el'f e

Jr



121

DATE: 20.02.2020

REPORT OF THE MEETING OF THE PANEL OF EXPERTS (POE) AT KOLDAM FROM
18.02.2020 TD 20.02.2020

1. PREAMBLE
Following members comprising Panel of Experts Kaldam site from
18.02.2020 to 20,02, 2020
Dr. Gopal Dhawan
Nir_ Balray lashi

NTPC presented agenda notes to Pol containing the fallewing issues for

suggastion and recommendations:

i Plugging of OT-1.
i, Plugging of battom outlet in DT-2.
it Reviewing the flip bucket joint widening.

The list of officers of NTPC who accompanied during the site wisit is
attached as Annexure-4a,

2. AGENDA POINT NO.1: Plugging of DT-1.

2.1 Issue:
d. Suggestion/ Recommendation for plugging the 300NB dia valve.

b. Sugpestion/ Recommendation for concreting the gallery in the plug,
. Suggestion/ Recommendation for grouting the 800/300 mm dia pipes.

2. Site VWisit ond Observations of PoE:
FOE along with the Project Officers visited the OT-1 on 19.02.2020 and the
following were observed;

g. Seepage through the plug gallery was observed. It appears that the
leakage is through the damaged seal of the 300NB dia valve.

@?L: -
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D. Heavy seepage through a hele in the crown portion of the DT-1 was
observed,

¢ eepage through the connecling gallery (between DT-1 and DT-2] was

3150 observed. It appears that the seepage from the DT-2 and through
the rack is flowing throy gh the drainapge pallery into DT-1.

0. At present discharge from all the leakages and seepages seems to he to
the tune of appraximately 0.5 to 1 cumec in OT-1.

2.3 Recommendations/ Suggestions from PoE:

8. The plug gallery existing in the bottom portion of the half plug (balance

i

LliPagm

portion) be concreted as per the methodolegy propesed and explained
by site envisaging channefization of the water through a bipe fittad
with suitable valve. The inlet end of this pipe can then be suitable
toncreted to confine the flow in this newly laid extended pipe. The

decision to close the valve and completaly seal the water can he taken
in due course of time by site.

Boulders/ geo bags to be dumped on the inlet gates ares a5 a trial to
tlose the leakage fram the inlet pate, using a barge, may be explored.

It the crown portion (above the half plug) trial grout through minimum
3 nos of Sm length holes, 45mm dia may be done The grouting
pressure should not exceed more than 10 bars. The effect of this

grouting on the discharge through the crown pipe 25 well ag pipe on

the left wall may be monitored and recorded, The grouting results shall
be put up before the PoE

As recommended in 14th PoE report, arrangement far diverting the
water from the crown hole olong the wail may be carried out by site,

T

122
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3. AGE
AGENDA POINT NO.2: Battom outlet plugging{DT-2).

3.1 Issue

@, 5 i
H'Em'j."':'"'."I recommendation for making plug 4t a distance of
:'I;’p”:'““'”"lﬂ'v 100m dfs from the existing Botlom outlet radial gates

DRG],

3.2 Site visit ond obsorvations of Pok:

POE along with the Project Dfficars visited the DT-2 on 20,02.2020 and the

following were observed:

. It has been observed that water is gushing through the contact/ junction
near the crown between the concrete plug and lining. Part of this inflow
is flowing through the connecting Lunnel/ gallery [between DT-1 and OF
2] and the remaining through the gate operation chamber in to the
bottam outlets of DT-2 plug & over the bench at EL-515.20m.

b. Additionally, water is also leaking through Lhe radial gates, however, the
extent of lazkage through the gpals or sides of the radial gate coukd not
he ascortained due to flow of the deflected water over the radial gates,

c PoE ohserved approximately 01 feet thick silt on the bench at El-
515.20m.

d. As recorded in the 18" PoE meeting in June 2018, the gate cannot be

made operatignal. It is also noted that it has served its intended

purpose.

3.3 Recommendations/ Suggestions from Pok:
The woter gushing through the contod (between lining and plug

concrete] shall be diverted in to the connecting gallery and the oreo shall
he cleoned (hydro-mechonical mechanism, electricol ponels etc. lying on
the berich should be preferably removed to create warking space/ front).
b, The muck lying in front of DT-2 outfet shall be removed ond the water
shauld be ollowed to flow freely. The extent of this water/ discharge

shall be measured,

i

Afrage

'

DL

scanned by CamScanner



€ The decision to construct the plug ot the designed location of

downstream shall be taken considering the construcrability o5 per the
site conditions,

4. AGENDA POINT NO.3: Review of flip buchet joint widening

4.1 Issue;

Suggestion/ Recommendation of POE to find out the cause and mitigation
measures for widening of the flip bucket.

4.2 Site visit and observation of POE:
POE along with the Project Dfficers visited the flip bucket on 19.02.2020
and the following were ohserved:
0. As suggested By Pof earlier, site has sealed the difation joint with

flexible material which has been ohserved to be effective in arresting
the seepapge through the dilation joint.
A crack of about 2 to 3Imm thickness was also observed on the surface

af the chute ie. extending along the centerfine between module no.20
& 26.

¢ The readings of Vinchon apparatus were also presented before the

PoE. The copy of the same is attached as Annexure-B. It can be seen
that the dilation is showing increase in X-direction

4.3 Recommendations/ Suggestions from Pof:
# Pof suggested to drill 3 no.s of additional exploratory holes from the

4| Ftape

bench at EL-516.5 at the downstream of the flig bucket ok the indicated
locations. The holes shall be drilled up to the depth of EL-470m.

Passibility of monitaring these drill holes using inclinometer may be
explored,

In order to ascertain the depth of the crack in the chute or presence of

extent of any cavity a GPR survey may be carried out. Possibility of
doing tomegraphy studies in conjunction with GPR may be explered,

Q?{_
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c. Regular manitarin
E of the targats i
25l .
bucket may be carriag - ablished on the slopes and Fiip
d- Electronic Vinchan apparatys

dilation joint and the juncr,
junct - :
M 'an of the fiip bucket and cladding wall and

mMay be installed on the guide walls at the

£

IDr. Gopgl Dhawan)
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MINUTES OF THE MEETING OF POE HELD ON 08.09.2020 POR THE ISSUE OF FLIP
BUCKET AND PLUNGE POOL OF KOLDAM HEPP

1

PREAMBLE

Following membors comprising Panel of Exporta (Pak] hod 5 mesting on 08,00,2000
through Video Conference with NTPPC officers From Koldam site and the Corpursite
ﬂ‘;Ei:f".

Dre, Gopal Mhavwan

Sh, VK Gupta

Sh, Balsaj Joshi

NTPC presented agenda notes to PaF and appeised ahoat the recent dlevelopments and
ithasryitions at site.

The Vinchon readings were presented to POE for the current senson. The reading showed
thiat in the current season, the dilation joint, during the spillway oporation has expanded
hy abvoul 1029 mm along left wall and by d4.40mm along the right wall in the X
divection { Le. along the Oow!, The ¥inchon appararus are instolled at BL-5335.40m on
the left wall and at EL-535.79m en the right wall.

It was appraised that the previonz recommendationsg o PoE roparding GPE survey,
Borehole duta, WETY Growtability s eee, 15 1 the process or likely to be token up
shartly and the reports shall be submitted by the end of this manth for perasal.

The Virchan readings ware shown which showed substantial epening of the Mip hueket
joint in the eurrent season nnd sccordingly NTPO presented  for coneideration of FOE
woms stahilization measurcs to prevent further apening of the dilnion Jnint b0 enprs
smeoth opermtion of the spillway in the next sensom.

Mecordingly, vierious allernatives submitted by the site wers deliberated and discussod
with POE. The diseussion ar the measures was in light of the requirement of Brming up
Recessary measnres so that the same could he takon op in this season nlter cheerving all
cadal formalities. Thi nesulls of the on-poing investigntions & final rocommendations of
M aftor reviowing veaulta of investagations, will b mearporated belvre fGoalizing che

favrclinra.

The diseusson and Panel’s recommendations are as follows:

A Cable anchors:
The echemes proposed by NTTP'C are atrached ar the ond of Uhe report.
Aftprtartivg I Cable anchors up to basie dyke with pverage length of anchors nhout
TiHIm,
Afternaties 2 Calile Anchiors be placed with end anchornge in Phyllive sock mass
Altarngtiie=3 Cable snchors to open blocks. .

Page | 1

@L —

126



127

100 2020

PO suggested thac:

wh BLowould e henolesl to provide eable anchors as immediate suppors to the flip
bucket block, however the snme may be discusged m details with somo expert agency
whaoean design and inslall the anchors, Alle e discussion e anchors may be planned
accordinghy,

bl Need to evaluate strengith parameters of Phyllite (upstrmm of Basic Thkel
comsider possibility of anchoring eabls anchnrs,

¢! The POE 15 of the view that tnkang horizontal load feom the piles doesn't seem to be
moworkable soletion and ms soch they exnned comment on suech sehome at {he
TG TR

dd Meed ta etudy possibilidy of peamiding bagh tonsile holding dovm anchars (Drwidapg
o simiibar) in dhe ket at an appeopriate designed angle,

B. Grouting:

It emerged during detailed discussions that the entire rock mazs needs to be growed and
i e agme ahoold be decided alere the aviiliahi vy of WPTY Lanoem valoe and groutahilisy
tests, Mol desred that the records of grouting done during constructon of the project, in
various typed of rock types can enable o consilered decision on varinus groot paremeiors
Such drin may he presonted . Howaver, on NTPC S insistenoe, fo apood up the tendaring
proceas it wasapined that g secheme would be prepared for grooting the entive ook mase
h-} MNTPC and varinie j‘lHI":ﬂltt-I-:'n-.:l'ilLllnn n.-r|l.|i1'|.-|l |:||.|ri|||.|; Lhie -g:n'l':llinl.; PrOCRSE Iy b
'|-I-'.']:ll'. in the tonder :pmi'ﬁcnﬁ:mn. The eehoimnie may bn dircussnd 1n decal wath POE nlnng
with the WPT results of at least one hole {preferably EL-328m helo) recommoended by

ol
C. Toe strengthening- Piling:

NTPC hos proposed 1w atvenpthening with ROC pileg a1 K1 SW500M going up 1o Kl
480V 7M. PO s of the opineon that Prles mey not provedo the requirsd lateral support.
Howeser, NTIC may explore further in consultation wich some Geotech expert agenciss
tn pacertain the practicabilicy and efectoveneds of piles i such eonditions. Further, if
the suggeated investigation holes encounter large scour eavityieavities ot or near the tot:
lewsels, Cher mneme shall require fo be Glled up preferably by dewatering of the plunge pool
by way of construeting a dyke to block the Bow from TRT aganinst imundation of the
plunge pool pit. A concoptual scheme in thiz regard may be atudied by NTPC.

I, Dolunce Investigotions (As alreedy recommended by POE)

i, Four deill holes earhior mocommendod by POE in Doe 2019 or EL 485 lone hols) &
El 486 { Lhree beslesd werl b Wutor |."F|:Js-|:i;:|.|_'|:_l.' |._.1||:|.=-|;||1 fouts,

b, T dreill boler One onch gl EL 588m & El 616.5m recommended by FOE in Aug
2020) with WTP Lugeon test and Grovtability Tests,

iii. 1TPH Survey by NIHM (Falb-20201

w. Fresh Topographical Surveys for cntive spillway & Plunge Pool area aaguast- 20200

FHEE I'2 -.-l_,-"';-;'_,.r-'
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B, Purthor, in wsddition o the previouesd  abovr-mentioned recommeniatons,  its
pecommendad’

4. Toupdate the sealegical plan tn new wpograptical map by marking erneky, folintion
and other details on the geologeal pinn for an averall view. Diuterops on both ssdes of
spillway & plunge pool are alsn be ploteed o updated grologieal plan. Prech gealogicnl
spctiona along canterdine & Oanks of spillwey to = prepared,

b, Todrill two bareholes lalong weh WFT! Lugean tinst) of approsimalely 30 to 40 daptk
theough the Phyllites (upstream of Basic dy kel 11 18 supgesed shal few cors samples
cocavired from all the recommenced hihes {nciuding preveous iprommended) misy be
wared for thelr mechanical properiies lie modulus, comprescive strongth. teosils
streagth, shear strangth parsmeters ffc in orier fe et i the rock moes paramaters
for explaring the possibility ol enbie anchors o any othae allernalove.

e Tu Gl the voids! sap, & auy, bensath the slope of the ripht bank clulding wall.
It is peosssary that recommeided inmvestigations be compleied expeditivualy for
inrporating the rosults m the terder, after due apprasal thereod by PO as discosaed

during this meeting. The works shall be planped to be impleme pted during ensuing working
aenson in plungr posl nod Flip Bucket arma

2 -"ﬂ“f\k g & — f
(Dr. Gbpal Dhasfin) 8L, v.kﬂupm {Sh. Balruj Joshid

Page | 1
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MINUTES OF THE MEETING OF POE HELD ON 12, 10,2020 AND 19.10.2000 FOR THE
ISSUE OF FLIP BUCKET AND PLUNGE POOL OF KQOLDAM HEPP

1. PREAMBLE

Following mombers comprising Panel of Experts (PoE) had mectings on 12,10.2020 and
T3 102020 through Videe Conference with NTPC officers from Holdam slte and the
Corporate office

Dr. Gopal Dhawan

Sh. V.K. Gupla

Sh. Balraj Joshi

NTEC presented agenda notes to PoE and appraised the following and sonught advies:

g, Geolagieal logs of boreholes drilled ot EL-528 and EL-616m,

b, GPR survey roport (draft) submitted by NIRM,

e. Proposal for prouting the mase beneath and wround fip bucket and plunpe pool cladding
between El-616 and EL-52%m,

. Propasal Tor alle anchoring to support flip bucket,

e, Propusal for piling to strangthen too.

NTPC also submitted ATH for Poli's perusal w.rt. the previous recommendations issued
regarding plunge pool and Nip bucket.

Accordingly, the submitied data & propesals submitied by NTPC wan deliberated and
discussed with POK, The discussion and recommendations are as follows:

1. CABLE ANCHORS:

a, WTPC submitted a scheme wherein they had proposed o hold the Flip Buckey by
providing Cnble anchors to stop further downstream movement of blnck, The Flip
Buckot bleck 15 1TmxtimxTm (LaWxH),

b, NTTPC mentioned that as per the design repors, the hydrostatic pressure on Flip Buckat
15 5T/m* at ST'F of 11100 cumecs and | Tha' at 3500 cumecs flow. Further, the
hydrdynamic pressure exerted by water jet is 32 T'm? at SPF and 10 Tim?® at 3500
cumecs flow. The total force due W abuve pressure has been worked out as $2600 T and
12500 T for the two cases respectively. However, considering the Horizontal enmponenl.
ol the force, the il horkzontal foree correspending to 11400 cumees Dow comes out to
be about 6900 T. Further, the horizontal fores eorrecponding to 5000 Cumee comes to
ZT0UT. Thee detanils havo been included to-the memuorandum submitied w PoE,

- /W 73/1? G?L
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¢. [n wiew of the above, NTPC proposed 60-T0 number enble anchors of 100 T design
capacty, ebout 60m deep, with s spacing of 3m efe stapgered  on dfs face of Flip Bucket,
The rock anchors shall be mstalled at an angle of 20 degrees from the face of the fip
hucket.
II. GROUTING:

a. Ae por Poll's recommendalions, permeability {osts were done through the holes st Bl
A28 (WPT-1) and EL-516.5m (WPT-2). Observed valves ara 528 lugeons for a depth of
pround 24 m from the surdaee in WPT-1 and 23-38 lupgeona between 19 to 3Tm dopth
From surfaee in W2

b Based on the WPT test resulte, NTPC proposed o carry out the consolidation grouting,
in the rock mase beneath and around the Qip bucket and cladding wall

MIE's recominanmndations”
i, Wesping in wew the site consteamis in providing the larger length of anchors for
anchoring the cable anchors in the npstresm basie dyke, the anchors have to be anchored

tn the wonk Phyllite, which is gaid o requice a length of ahout 60 m.

1. Sinee the copacty of the anchors 18 dependent on the reck strongth. the rock mechanms
teats on tho cores from the investization hole being drilled, is to be aceorded the highest
priomity. The roports obtadnod from the geo-mechanies!l testing of the samples muay be
submitied o the PoE at the earliest. If the core tegting 1a gorng ta be delaved, a fow
eample blocks of carbonaceous Phyllite may be supplied to the testing sponcy from

availnble outcrope for evaluntion of mechanical properlies,

iii. Considering that the cables shall bave to be tied in weak Phylhite rock, it weuld be
adviaable to reduce the capaeity of the nochors o any G071 anchars ao as to sveid stredeing
the woaker Phyllite ook, The anchors shall be nstalled in sccordance with the

manufacturer's recommendation to utilize the full capacity of the anchors at the dme of

demign Toading.

1r| Faopge f@b
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iv. The number of anchors and the longth shall be firmed up by NTPC in view of ) and {iil,
The anchors shall be spread evenly on the downstream foce of the ucket.

v. ol principally agrovs for grouting of the area ond suggesis to start, praparatory worss
keeping in mind the available dry season windoe.

vi. Pormibibity and sobeme to grout the maga from the oxasting pallery may be explerd by
NTPC an as to conschidate the rock mass meant to recoive anchorares.
v, The angle af the grout halas fram the eladding wall (hotwean EL-328 und EL-516m) imay
e adjuated in auch manner, se-that the some can grout the mass below the fhp buocket
tor the cxzent possble.
vith. In abeenes of grout-ability test data, the propoped holéa shall be drilled & dm X dm oo
spasing, I required additional grouting to bo done 5 2 m X 2 m beespd op the grout intake
in the aren. The depth of the holes shall be preforably 30m or as por site condilion/
requirsment,
i%, The sequence of the grouting shall he:
do Dirputing through the verticnl holos proposed from the bonch ot BL-516.5m and
simultanenusly grouting throwgh the gallery,

b. Grouting from the inclined cladding (4% of fip bueket) between BEL-528 and EL:
516.5m starting from both the ends so as to confine the aren,

¢ Grouting theough the Vertical haoles proposed from the bench at EL-5328m slanting
from hnth the ends a0 pa ko confine the area.

¢. Thee grouting pressure shoold b kept Tow =0 a8 oot to damage the rock mass preforably

not seennding 6 bars

ITI. GPR SURVEY:

The mport of the GPR suresy was discussesd in detnil in presence of tha MNIEM
representativi. Tt is noted that as per the NIRM's report, the output of the GPR survey
i# based on the varation in conductivity and the diclectrie comstant of the rocks. It
emerged from the roport and the dizscussiona that the anomalies indicated in the roport
are ook eonclusive and required (o be correlated with actunt site geological daka ko
intarstand actual nature and type of anomahes, PoF adwised NTPC to get correlation
dime in eoordination wich NIEM. NTREM agread to review their interpretation. FORE

K
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furthar advised to supplement NTRM report with eroas hole mﬁ%’lﬂw two linas)
ting slready suppnetes bodes aosd if reqiired new holes,

IV. TOE EROSION AND SLOFE STARILITY il
An savibad io e poe i o, L prirsibility LG dewater thf;-fm?ﬂﬂ#mrﬁr
thatos thaveof shall be s, iuuily Lakied at by NTPC, ammawﬁuhmmwt
for the movement 1 the ;.I..::'lg.-_pﬁn]slnpe. In order to confirm :
clagding, Foll bl alroeo, wdvisd 4 inwetigation holen laat i
chfriead it cepadititue.y ord o scaome b Jewnler the pl -.|ngepmlnm:lﬂ|.npﬂlﬂ\'ﬂmu.,

should e peestgied 10 Do

PoE wdnsod to carry out giobal aigpe stehilaty analysis of the plunge pool alope. The
modiel snonld smulete the cracks abserved so for after doing = detalied coack mapping

and cebibrols the model ascordiogly

V. The geological plag ne disrissed in the mesting may be updated god submitted o the
iof ab dus carlicet T o0l logs, WPT and jgrout tost ruposts fiar fhe Balance heies
oy mlbe s b sanmitoes (0 he PR E

YL surveay of spallwis qinos o idvssd by Poif aarlisr be submitted.

Q&w—- m?fiﬂ 2
iDr. nhwgﬂ/ﬂXp\w EELE.E.E&;I:}
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5. 020

MINUTES OF THE MEETING OF POE HELD ON 30.05.2021 & 02.07.21 FOR THE
ISSUE OF FLIP BUCKET AND PLUNGE POOL OF KOLDAM HEPP

1, PREAMBLE

=olipwing members comprsing Pane! of Sxperts (Pof) had meetings oa 20.06.2021 &
02.07.21 thraugh Video Confierance with NTPC officers from Koldam site and the Corporate
ffice. List of NTPC officers aresent during the discussions Is appended with MoM,

Dy, Gopal Dhawan
5h. VLK Gupta
Sh. Balra] Joshi

NTRC presanted aganda note to PCE (Annowre-[) and further apprised about the staius
of angaing mitigation/ strengthaning works as suggested by FoE sarlier.

Acwics was saught from PoE on the fallowing:

*
A

il

.

v

PoE ghservations regarding explorstory hofes carmied out Uil date
PoE abservations on the grouting ramied out

PoE advice on the pre-siressing ioad on Cablz andhors being provided at Fip
Buchet

Raviaw of the proposal to dewater/empty tha plunge poal

Accordingly, the submitted ¢ata & proposals submitted by WTPC was Jdefberated and
disrussnd with POE. The seratim discussicn and recommendalions are as follows:

1. Observations on the exploratory holes carried out till dote,

(i} The data presented in various annexures with the agenda niRe shows 2
mismateh hetween the nomenclaturs of the new hofes and those done edriiar,

liy  Further some aherrations were also observed with reference to the logging of
the holes vis-3-vis geclogical plan.

(iiy Geo-mechanical testing has been got dans thenugh NIT Hamirpur, apparently
un cores from bore holes, However, the ramenclature of the hole(s), whose
rores have besn used as samples was not dear.

If®
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) The NTPC geology team wouid laok into these and shall update the pian and
the Ings as atvised durng the meeting.

II. GROUTING:
a. Discussion:

L NTPC submitted details of the qrouting campaign as carriad out at site.

i, Obsarved grout intake i various hofes was also submittad, The data shows that
grout intake in verticel holes at B 516.0m and El 528.0m was 870 Kg R 544 Ko
per m longth of drilled hole respectively. Grout infake In othar hoies wWas 112 kg
— 282 Kg per m length of drifed hale.

b. Recommendation:

L. PoEis of the opinion that based on the .;ruailahle grouting records, debailad analysis
may be done for corraianng the grout ntake with the geclogy.

i, Core driling (About 10 hoks) be camied out in some of te grouted areas to
evaluabe success of grauting. Furthar, cores ho also tested for Geo-machanical
proparties.

. PoS abso advised NTPC regarding comoctions meeded in the logs of the drilled
not2s.

v, Above deta & analysis be submitied to PoE for further feviaw.

II1. CABLE ANCHORS:

3. Discussion:
i NTPC informed thak S0m lorg [with 12m fiead end) 50T anchors are baing nstatied.
Anchors have Been uniformly distsbuted on dfs face of spilway bucket.
= MTPC informed that as per tha test resubis, fallowing elongaticn of frea length af
the tendans has been ohoerved during stressing:
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NTPC Sit= informed that already 13 anchars (located towards right end of the
duckat) have bean incked 3t 66 T lead ard anather 7 anchors have bean strossed
to 20T (but not tocked). It was also infarmed that bafore the S!:i'iﬁh‘ﬂ';-' operation In
Lhis season, 8 ol of 40 anchars can be completed.

NTEC informed that a total force af 1570 T is expected curing the spillesaay operation
with discharne of 3000 cumec. Thus, considering Instaliation / stressing of 40 cable
anchor, each anchor shaill be subjected to a force of about 47T,

b. Recommendation:
Sased on the dats submitted and various deliberatians, PoF advised as undar:

| As per earfler mesting, NTPC was advisad to get engineering properties of rock

FlFe

mass falling in cable anchorage area, The NITH test report as submitted by NTPC
moicates rack type as Dylke matarial which is at vadance from the geological details
(lags & Gedtogical Plan] as shared by NTPC. NTPC geology team reeds to recondile
bhe datails.

. POk atvise o lock tha cable anchors at approx. 30T, lezving balance capachy for

strassing during spilbyay operation,

FaE requested NTPC to shere updated cbserved displocerment data of spilhway
training walls and also advised to establish few chservation targets on wall (bath
side of dilation joinl) and movementy displacement of these noints be regularky
ohserved from permanent stations

—--::iIL"“‘.J::-"' (( /
-
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V. PLUNMGE POOL DEWATERINMNG:
a. Discussion:

NTPC Sitc presented varlous altermatives for empbying the plunge pooi for
inspection and undertaking strengthening maasures along with the anticipated
time schedule (around 12 months) for various Afterngtives,

h. Recommendation:

PoE optned that working Lime perigd needs ta be considered 7-8 months anly and
resatrces need 1o be planned accordngly.

Plunge Pool isolation dyke shall e reguired e be demanied alter compietion of
wark and nends to be slanned accordingly.

Pannosed provision of concrete blocks needs to be relooked.

Eurther detailing of propasal is requined and discussed with PoE.

The schame for evacuatng the plunge poal should be kept reagily available =0 as
ta exacuba the same in nest working SEson depending on the deformations
chserved in this monsoon S2asan

(0. Gopal Dhawian) (Sh. V.K. Gupta) ¢h. Balraj Joshi)

alerg

-
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Date: 270682022

Minutes of the meeting of POE through Video Confecencing on 16.08.2022 and subsequant site
vigit fromE 108, 2022 vo 24.08.2022 in respect of the issue of Flip Bucket and Plunge Pool of
Koldom HEF.

PREAMBLE

Following members of Panel of Experte (PoEl had a moeting on 16082022 over vides
ceaferencing and furcher plveical mooting on 27 08.2022 (aftor sito sizit from 210822 to
24,08, 221

Sh. R deyasealan

I¥r. Gopal Dhawan

Bh, V. RE.Gupts

NTPC brought out that huge eracks huve developed ot the botiom of Oip buckel of the
_=|F1i||'.'|.'g|_!.' i l'ld,P'-"il'lil'-lF_-' aren dunng the opersmtion of spellway during thes monsoon aeazon., 1t
was reported that Mip bucket end &5 separated from the sloping plunee peol cladding alonz a
continuows crack at E1 - 523 m and the gap along this ek ranges between 1 to 2m, This
crivel extends hevond plunge pool in the surrounding rock masa on both sides. The site officers
have green to understand thac this widening of the gap hias happened suddenly on [6,08.2022,
Photographs of the eracks and sarrounding avens of spillway were shown to POE during video
comferencing, In view of the critical situation, it was reguested chat MOE may visit the
Koldam site at the earlivst

Aveerdingly following members visited Koldam site from 2124 Aog 2022,

Sh. B .Jevascelnn

Dr. Gopal Dhawan

Sh, VK l_‘||.|pr.q_ remield nod be & part of site visit tamm, hut panin'tp:Ll'.n:'-.'E 1w the PaE n||.-L'[i|:|:{_
hold at Keldpm on 2508, 2022 threugh video conferencing. Alter the site viait, the membere
had mesting on 27.08,2022 at NTPCs office at EOC Nowda,

List of NTPC oficials who participated in the meeting iz placed ar Annesure-l,

POE members visited the site on 22 & 23 Aug 2022 and inspected the Mip bucket, plunge poal
cladding, spillvay gallory, right & lefl slopes of plunge poal and surrounding aves. The
spillway in operation was witnessed on 230822,

BACKGROUND & SITE OBSERVATIONS:

The Flip Bucket & Plunge Poal of Chute spillway ar Koldam has been experioncing some
distress since fow years which are being manifested by woy of widening of constraction jeinte
and development of cacks in plunge poal cladding and surrounding area, This is under
discussion since 2008 and requisioe investigagtinns are being carred out by the propect on the
avice of POE o evolve long term remedial measares.

After installation of 60 m loag cable anchors, the rato of widening of gop of upstream vertical
joint of flip bucket block of the spillway, which 12 being monitored through vinchan apparatus.

#,:% ‘% Page 1007
& . Q"PL.,
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Mate: 27002022

bine reduced. The summory of vinchon apparstus readings in form of deformationfjoint
widening in mm Gl 23% Aug 322 5 enhulnged holow:

Table I Vischn Headings as provided 8y che Progect

=111 | Bwing | During j I
Vimenoin Belnre Dhawring Duwrlng Durisg | Pionsoon |
] Man Durin
| Azpamtun saiy |Momo| 'ml" Lo _F"H b R ke Ht:::" Han el
nad o | aome |MEESN aorg | mesis. | azems | M| agy |Mensess| [Upa 2y
Ehasatian Hpar m1s-13 el mez | 202102 AUE.
wLs ETEH]
ppel e ] sar | 4w 5 a2 | oa3ed | s | Cwe | ma 25 |um
webp | EIBY ) ik | Bl L] RIS bt TR ] I awy | s |
52| ;| 2w | am 111 £ [ s | vss 833 156 | a3 [z ]
i lefi [ LEGT | oy | sm | 93 £ edy | ones | i | owis | oaam | grar |meeas
Wbl ) WEw | 337 | L § 50 Lo itd 166 26 | asr 13 1205 | inAs
| M9 fwez] o] ww | e {21 | a7 | mm | am | sm .oe G B Ll o el U S

The crack at the battom of the flip bucket has widened appreciably during thiz season and
extended in the ground on both sdes of lip bucket. On the left side of the Mlip buekit, the crack
5 widest lnround 2m! and further it has bllowed the construgtion joints of the plunge pool
cladding & bucket bottom and finally merged with the rock surface an right hank. Differential
movement in vertical diseetion has also boen ebserved in the cludding. The trend indicates

tal Lateral shali rotational movement of hucket ns indicated by higher values of movement
of LYG pa compared (o RYVG

thl Dewnward movement of ¢ladding dun to cavities & scouring that might have takes
place below pod d's of the key.

On the right side of the flip bucket the erack width is in the range of 0.5m to Lm and it had
tra '-"'""ﬂ"':l L o Ly :'|djm:|1|'nq.: |‘|1|| [£¢: ¢ J:|3'||'| Tn{"l‘ﬁl_!d with 1 hre 1:31111“[“'] mgk surfioe aftor thar.

Widening of construction joints in cladding a1 EL 516 m bench and adjoining slopos have heen
ohserved. Longitudinal and perpendicular eracks in the cladding have been observed i bath
beft and right sides above water level of EL 506 m. Bulging has also beon obssrvad in the
cladding below EL 516 m beneh (a1 El 2 510 m). Right end of eladding balow EL 300m has
betny plugieed by concrate wherens on loft side end of the cladding i stall opon’ untroated,
Furthar, both sides cludding has not hoen conpeeted to exiating rock by provision of fn red wing
wall which will be required.

Moreover, downstream of the end face of the existing cladded slopes, rock has been washed
aut completely on both the sides, and hence this mass tends 1o move towards dow st ream 4nd
Lhe cracks widenmg,

Opening of eracks and jonts are shown in Fig. )

oy Fage 2of 7

Q-

——
i



139

Lg%y

ALD NeH] 55T e

AOE0 0y @ a
mOPYE oL MoET | dag
e IS T [ o B R sty S

Le U T L Bl

B Ml HLOW, WO 8T
HO4 ONISF

v g W d e el e g 3 [k




140

Dage; 27.08.2022

4. Current stitus of support measures executed at site as per earlier POE recommendaiions
dated 16.09.2021 is as below:

(-]

T3 number of 60 m long cable anchors have been installod in the Mip buckat,

First stage consolidation grouting has been completed bolow nnd arouand Mg bucket from
benches at BL 516 M & EL 528 M and from the spillway gallery. The second stago
consolidation grouting and grouting in remaining portion of plunge pool (helow EL 516G
M} i= vt to be carried out

In the last PoF meeting in Sope 2021, 2D FEM analvais of cladding slope as carried out
by NTPC wae deliborated. Analysis showed slope as stable. Accordingly, NTF(C was
advived ta provide 32mm dinl 2m long groveed rock anchors on sloping cladding between
Fl 501m ta 528m & 2m cle. However, thess anchors are naot imstalled na vet

In the lnst meeting Pol had also advised o carry out 3D analysis of Plunge Poal slopes.
NTPC informed that 30 FEM studies have been awarded to NIRM Bangalore and results
shall be shared with Pol after receiving the report.

Further, the recommended seeant piling and draisage holes in the plunze pool cladding
suggested varlicr could not be exocuted as yer,

In the lnst meeting PoE had alao advised to dewater plunge peul to assess henlth of toe
and decide various protection measures like secant piles, gmuting and st in-sity
conereting below KL-185m,

I the last meeting, PoE has alse suggested manitaring ol slopes as well as obserention of
muekers o be installed on the outer faces of the spillway puiding wall, Data ahall he
shared ly NTPC with PoE in next meeting,

It is understood that the Contract for shove works is undor award atagn,

Recommondntinna:

Buaadl un (b decvasmon held ond current site conditions Y01 recomimrmnds . fulbuwing

FRTLEELSTN TR

1

A1 glohal glope stability analysis of Mip bucket and plunge pool area (as recommendad
by Poki during Sept. 20210 by NIRM by numerical analysis bo expedited, Keeping in view
the current situation, depth of secant piling, length of anchors ete, recom mendad by
POE in Sep 2021 will be checked and nevised to achievie the desired level of Faetor of
Snfety (FOS).

GPRERT! MASW geophyeical investipations at pla nge pool for delineating the failuse
surface and quality of rock mass balow flip bucket and cladding.

Recheck of the design of plunge pasl, scour depth with cureont. data.

Care drilling for establishing the failure surface and reck mechanic testing for rock
parameters such as permeability (Lugeon test), poisson's ratio, shear strength (c, phil,
compressivs strength, modulus of deformation ete. 1t is proposed that three holos be
drilled at ench bench (EL 516, 501 & 485 m). Holes at upper benches be aligned
perpendicular to sloping dadding and drill holes st EL 485 m beneh should ba verticnl,
Each drill hole should be drilled at least 10 m beyond failure surface. Litpron test in

all the deill holes has to be done,

(e 2
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Date: 27.08.2022

Examinntion of the cladding for crackadamages for adequate restoration

Up-datwon of Geological data ar suggested in POE roport dawed 16092021 and
incerparating results of proposed geophysical investigation and drilling as at item no.
2 & 4 above,

Filling of present cracks with cement mortar followed by conerele with 10 dawn
apgregate and grouting prescurs by water fill and treat failure surfaces, The Glling
netivity needs to ha carried out in stepe.

Censtruction of diversion dyke induding jet grouting & dewatering of plunge pool a4
suggeated in OE report datod 16092021, Dunng dewatering, drainage hobes in
cladding needs to be resctivated! new holes provided w release hydrostatic PECRSUFE
and the existing cracksfopenings will have to be monitored for changes, in view of the
remuoval ol stabilizing offoct of the water pressure,

Secant piling wark including drilling and conereting. Seennt piling was originally

praposad in Sop 2021 at EL 485m. However, the reguirement of additional bored piling
at EL 500m & EL 516m, diamoter and depth of piles may be decided based on the

global slope stady by NIRM,

Drilling and installation of grouted anchorsicable anchors as finalized after glohal slope
study by NIRM,

Conereting works, hackfilling of all identified emdtios bolow, It is oxpected that the toe
of the eladding eould have suffered substantial ernsien and scouring could have gone
i mueh fower I.'l'E]'.IIIL The backfill coneroting holow the koy of ihe q_-|n¢-|d'“,-|g- ahould be
extended down to the scourtng depth to erenle postive toe support. Further
mwlifications, as required, will be dono during the construction based an prevailing

sl i Lisris.

Consalidation grouting below EL 518m as recommended in POE report dated
16002021 and secondary grouting between EL 516m and EL 628m to be done as

proposcd oarlier.
Drilling of drainage holes g recommended in POE report dated 16095021,

Pipe discharge from upper water tank falling on the spillway floor seems to be eroding
the concrete floor surface and it is desirnble to divert it auitably.

[t has been observed that seme joints in the spillway chute have opened as a result
then: i profuse flow of water in the spillway gallery at the time of spillway operation.
Open doints are to be closed again using suitable sealing material with epoxy mertar

Al top to previent water segpage to the oundation.
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1G.  Monitaring of the vertical expansicn joint (hoth left and right side) in the upslrenm of
the dilation joint between chute and flip bucket through Vinchon arrangement. ss this
joint iz also opening up.

17. Movement in X. Y & % directions of the slopod eladding nosds ta e chserved. sinee
bulging and cracking along the construction joints have been abservod,

18 All the propossd studies and investigation may be planned to be completed by

Movember 2022 and execution of remedial works below EL 485 necds te be completed
befors sneot of next monscon season (June 202490

ALz 0¥
sl Qo Y
{SI R Jeyzscelan) (Dre. (Gopal Dhu/mg (Sh. V.K. Gupta) |

PapaGol 7




143

Date: 270820232

Aimexure 1
last of participants

che Kulwinder Singh, HOP (Ealdam),

Sh. Lav Tandon, GM (O&M).

Sh. Madhukar Asgarwal, AGM (Hydro Engg) HRHG
smit, Vibha Kavshal, AGM (Geolope), Rammam.

Sh. 8.K.CGarg, DGM (CEITES).

Sh. Rakesh Rathee, DGM (FES).

Sh. Durgesh Koamar, DGM (05l

Sh. Jagar Singh Yadaw, THEM (Hydro Enge. ) HRHQ
R, 8Bh. Virendar Walia (DGM-Geologe), Koldam i
10, Bh. Arvind, DGMI(Civill. !
11. §h. Bhagivath Choudhiry, Sr. Manaper (Enge JHRHQ i
12 Bh, Mitin, Manager (Tl
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30405, 2023

Summary Record of PoE meeting/Site Visits held on 12.05.2023,23.05.2023,
26.05.2023 & 30.05.2023 in respect of the issue of Flip Bucket and Plunge
Pool of Koldam HEP

1. Preamhble
In contnuation tothe previous meetings hald regarding Koldam Soillway Flip Buckiet-
Plunge Pool isgue, a meeting was held on 12.05.2023 followed by site visic by the POE
(3h. B Jevaseelan, Sh, P B Deolalikar & Sh. ¥ P Sharda) on 23.03.2023 and visit to
Hydraulic Model Study Laboratory by POE Sh, P B Deolalikar on 25.05.2024.
Subsequently a meeting was held on 27.05.2023 in the corporate office of NTPC at
Delhi to discuss all the related aspects and assess current stetus. and PoE discussions
an 20052023 & 30.05.2024.
Fallowing members of FoE were present during the mieeting held on 12,05,2023
it R feyaseekrn
5h, A K Mizhr
D Gopu! Dhavan
5h, VK Gupea
Dr ¥ P Eharda
3R, P B Deolalikar
List of NTPC officials who participated in the megtings i plaoed at Annerire-A,

2(a) Presemtation by NTPC on 12.05.2023 and Discussion

(FoE members Dr Gopal Dhawan, Sh ¥ K Gupta, Dr Y P Sharda and 5h P B Declalikar
attended meeting anline|
This meeting was organised to present the status of works and review of the same,
Fallowing was presented to PoE during the meeting:

. [twas apprised to PoE that the dewatering of plunge pool is in progress, and it will
take low more days (approx. & mora days ] to get campleted. Dewatering activiny tven
with 16 number of pumps [capacity ranging from LODHp/ 50 HP) is taki Ngsome fime,

as there is some leakage from the dyke. To seal the lealeage of dyle, necessary achon
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(like permeation grouting, sddivonal jet growting) Is being taken in paralicl, Water
level on 12,05.2023 was at EL 493.00m,

Lesose material removal frem the plunge pool shall start afer dewatering and shall be
completad In 4 days.

Installation of rock bolts [36mm, 20m long is also in progress. Installation of 151
numbes of balts out of tatal 505 (approx.) at the slope between EL 537m tn EL 51 6m
has been compleced,

Drilling of remaining 4 bore holes for Selsmic Tomography by NHPC are in progress
from EL 50im. In addition, remaining bore holes suggested by PoE ara also in
progreds.

Consolidation grouting between EL 527m- EL 501m iz alzo under progress, 4191.2
RM [about 25%) out of toral 16000RM completed.

Cable Anchoring works fram EL 501 to EL 4B5mi is yet to start. Due to site constraines
e, lack of time, completion of 55 numbers of cable anchors [out of total - numbers
of eable anchors) inseallation was proposed by the sice, For the £ame, material is on
the way, expected to reach site in 45 days.

Balance stabilisation works [2s mdicated in RFC dravangs/ recommendations] like
secant plling at EL 485 and 5m thick concrete padding etc are yer o ger started,
Ofservations of Vinchon installed at Nlip bucket [oint was presented to POEs and it
wils mentionsd that at this joint no major mevement is observed from 16.08.2022 ta
till dare.

(Hoservations of Prisms Installed at some locations of plunge pool cladding was
presanted.

Hydraulic Model study of the plunge peok As per the information from the IRL
carrection in model in line with drawing! details received from NTPL is under
propress and model shall be ready by 21.05.2023 for performing/ witnessing the
mnde] studies by POE.

lssue related to rock properties was also apprised, The rock properties as tested at
CEMRS for Phyilive was discussed with MIRM and it was viewed that thege data should

not be taken for analysis and fresh tesis may be done to armive fowards realistic
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values. Accordingly, CSMPES was requested to visic the site in the last week of Feh'?3
and have submitted the note daed 28022023 proposing o work out the rock
properties through in-situ test. Kesping in view the limited time available, it is felt
Lhat in-xitw testing may nol be possible In this working seasan.
I this regard, it |5 informed that during drilling for tomography, cores of
carbonaceous phyllite could be recovered and the same shall be used for testing,

%ii.  Progress of works a¢ on date and plenning for completing balance warks possible

wWere presenied,

Z{b) Recommendations:

a) All the conerete works need to be completed at least few days before the water i

released so that concrete sets well and devolops the reguired strength.

bl POE apprehended that quantum of balance works wort time left is huge; henoe
cannot be completed unless it s planned and executed meticulously, In view of this,
site need to wark out the detailed plan of activities [week wise schady le), approach
revad details and present the same to POE. NTPC agreed to present the same to POE
by 15.05.2023,

£} POE also apprehended that all the proposed works may not be completed in this
season; therafore, the stabilization measures being implemented in this seasan 15
intenim only. The balance work shall pet deferred to next seasan,

d] POE adviged that Exposad Surface profiling need to be done.

e] POE further stressed upon the need of wrap around at both ends of cladding wall
to mintmize further erosion and to provide some passive support (o present rock

mass sloppes

Cur 5 4
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f FoE opined that rock mass properties of sheared/ carbonaceous phiyilite 15
egsential and urgently required. Since, earlicr attempts for getting the rock sampla
tested at NIT Hamirpur and CSMRS did not provide the reliable values for rock
mass parameters of sheared/ carbonaceous Phyllite.  Therefore, w is
recommended to perform all the recommencded test [UCS in saturated condiion,
., Phi, Bd etc) on the core samples recovered from drill holes being done for saismic
tomography and other drill holes recommended by POE in the plunge poal area, Az
this rock mass is very weak extra precaution should be taken during drilling, core
extraction, transparting them i labpratory and during festing. Fu rLker, it is
recatnmended to determine dynamic olastic and strength parameters of rock mass

by seismic imvestigation method, when NHPC team conducts tomography at site

3{a] Site Visit from 22.05,2023 to 24.05.2023 and meeting on 26052023
Site Visit:
(POE members Sh B Jeyaseelan, Sh P B Deolalikar & Dr ¥ P Sharda along with HRHC
beam visited site from 22.05.2023 o 24050203
Water level was at about EL 48Bm. Works like drilling, consalidation grouting,
dewatering, rock bolt installation. crack/ joint filling at chute/ fip bucket were under
propress,
After dewatering, exposed conditon of plunge pool, cladding was discussed in details
at zite.
Plunge poal ares (left and right bank] at EL 528 and inspection chute top up to first
aeration was also onder taken,
Site Picrures ars enclosed al Annexure-L
After dewatering in the exposed condition of plunge pool, damages seen were much
more than anticipated. Cladding concrete biock below ELS0Tm were dislodged,
twisted, settled, pushed up, cracked and crushed in different locations, Extensive
under cutting and scouring out of rock from behind the cladding was extensive.
rendering the mass above to an unstahle condition. Cladding concrele was also

crushed, crocked over long longths, settled and heaved up. Parhaps the awisting

v/ w
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cladding cannot be depanded upen at some locations. Actual condition below EL488m
could not be seen as the cxcavaton could not be taken up by site due to dewarering
constraint, There is every reason to believe, 25 anticipated sarlier and as seen from
the drill holes; that the scouring could have breen deeper. Thishas led o the movement
of the rock mass forward and settlement of cladding. The condition appears quite
unstable at places and 15 a matter of concern. Damages observed earlier above

EL501m or s0 abeve the flled warer ling did not appear as bad. Plunge pool scour

seems to have axtended dewn below to ELAB0M or 3o whick could beé expectad with

the spilbway discharge at around 3,000 cumec itsell For higher discharges it will be
deeper as ceen rom madel studies. The damage hasg occurred gooner than later,

Spillway chute has also developed several long cracks in concrete both in longitudinal

and perpendicular directions at seversl places, The longitedinal eracks have sxtended

below also, as evident from the transvers cracks in the gallery below, The situation as
at present requires extensive study o assess the cause of the failures fcracks and
possille splutiaons.

Site Pictures are enclosed at Anmexurosil

Hecommendatinns:

a] POE suggested that che steel liner of first aeration chamber whick was found
damaged; needs to be repaired.

b] Azration chamber cleaning be ensured so that these are free to draw the air.

e} Damages at the location afbucket lip need to be repaired.

d] Regarding the dyke whether to remove it or not before the release of water from
spillway was discussed. POE advised that it is preferable to remove the complete
dyke. However, at least 1/3 of dyke on left side be cut up to B 501m (river hed
level) to give passage to/ guide the low.

PoE also apprehended that there iz a possibility of formation of 3 bund an tle right
side hecause of washing of material from the dyke and getting deposited across the
river This may result in higher water levels at d/s of Fowerhouse, hence, proper
care may be taken for remowng the formation of bund across the flver while

keeping the spilhway closed for few hours,

¢ e 2o
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g) Since the distress is extensive, it reguires a deep scudy and analysis for addressing

the prablem

3(b]) Discussion during the meeting at Site on Z23.05.2023

[POE members Bh, YK Gupta & Sk, & ¥ Mishra joined this discussion virtually an
£3.05,2023, 5h Gopal Dhawan cowld nor attend.)

During the meeting, | was apprised by site that dewatering and slush/silt removal
was achieved up to about ELABEmM on 21052023, During the meeting site showed
picture of plunge poal area and informed that dewatering below EL488m s difficulr
to achieve as, when the Power house machines run and water level in the river rises,
seepage through the dyke leads ta pooling of water in the plunge pool again 1t was
further expressed that since duration of machine running would increase day by day,
pooling of water in plunge pool cannet be aveided, and efforts to further seal the dike
(Le. permeation grouting, jet grouting] is belng taken simultaneously.
As the tirne left put in this season is very shert with respect to the quantum of balance
works, Lo, removing #lush and then doing concreting of apren with top at El 485m,
the secant piling, concrete padding, backfilling concrete, cable anchoring etc, it wauld
be tourgh to camplete them n the available time. it was slso expressed that it may not
e possible o excavate below EL4BBm and further works have ta be replanned at this
[evel.
[twas noted that the 20m long rock bolts have not haen prestrezsed a5 rocommended
by PoE earller. Frestressing as per the earlier recommendations needs (o be followed.
(i} In view of all the above, [t was sugzested hy site that, rather than removing the
shush which is more ar less granular kind material only, jet grouting may he
carried out from the existing level of silt a5 soil improvement exercise for
cementation of the existing material, Further, on top of the |et grouted soil, plum
concreting may be done topped up with high strength erosion resistant concrede
Site requested to accept this proposal as interim measure so'that this work can be
completed.
[ii] Itwas submittad by the sive thar jar grouting { ground improvement), the activities

al cable anchoring [from EL 4R9m ta El. 501.50m), secant piling at EL 485m will

Chr
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i taken up and backhlling the gap behind exisung {ulted) cladding & formation

af wrap-irnund wall would be carried out

Recommendations:
i. Site to look inte possibility of jet groutng in standing pool of water and also
stggested to gol a test pile executed at site and report details in 2-3 days to PoE.
il Site to share activity wise reslistlc eonstruction programme considering limised
aviailable time as well ag contractor mobilized resources at site.
ii. hite to pravide pro-tension to the rock bolts a5 adwizsed earlier,
v, NTFL to look into possibility of eliminating existing plan convergence in ip buchet

witlls to reduce faroe acting an Aip bucket in the diraction of Mo

+. Visit to [RI by POE 5h. Deolalikar on 25.05.2023
5h. Deotalikar had visited IRF earlier and submitted TaR for physical model studies
wide his E-mail dated [6th March 2023 and some observations thereon were given by
5l R. Jevaseelan vide E<mail dated 24¢h March 2023
Incontinuation, [R1was visited on 25.05.2023. It was observed thal some corrections
were required in plunge pool and river bed profile. In this regard, details of fresh
survey carrbed out at site shall be provided o [RE
However, the model was run and throw distances were observed for various
discharges It was observed that the low from Flip Bucket impinges in Plunge posl at
distance of about T5m, 100m, 135m, 160m, 175m away from Flip Bucker face for
discharges of 1000, 2000, 3000, 5000 and 7000 cumes respectively. For flows less
than 1000 cumecs, it cascades over the Cladding, i

Recomimendations:

L Tailrace warer curve need to be developed using HEC-RAS

i In Model dewnstream river part nead to be further extended by 2m

Hi, Heavy return flow was observed in model for discharge bevond 3000m3/=ec.

v, Ins view of flow corresponding to 1000 cumecs impinging the plunge peol at about
73 from Fhp Bucket, it is recommended to operate spillway at a minimurm of about

7
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1500 cumec o aveid any direct damage to the me of cladding and other
sirengiiening works carried out this seasonr at hottam

Final model runs are to be expedited as per ToR. After relaying the model with
peisting rver marphology, be first inspacted by NTPC officers before taking up the

madel experiments,

S{a) Points Discussed on 26005.2023 during the meeting at EOC
(PCE members Sh. VK Gupta & Sh. P B Deolalikar attended the meeting virtually)

Im continuation of the discusstons held during site visit, Keldam site shared
picturg of Plunge Paol with negligible water as against a pool 25 shewn on
23.05.2023. The situation shown was obtained with continuous dewatering and
sealing of seepage water. Further, the activity of construction of approach read
oh left bank side was in progress. Sito explained a proposal regacding the
stabilisation works planned for this season keeping in view the time constraing
and che lavel of site preparedness. Various activities proposed during this seazon
are as below:

A -Activity 1. Mixing of existing material in Plunge poel with dry River Borne
racerial [REM) availaible in nearby vicinity

b.  Activity 2: Executing the et Grouting work of 2m dia codumn upto a depth of
L3m Foan ELAGSem (o EL470m (1804 rm approx.

o Activity 3 900mm dizmetsr Secant Pile, 20m depth shall he carried oot as
per engineering drawing.

d.  Activity 4 PCC M-30 Grade to he camried aut from El 487-485m over [ét
grouted Codumns [After removal of Material from EL 487 o EL 485m.

& Activity 5; Cavity Filling by using concrete of M20 grade in the apron slopad
slaby cavity filling starting frome EL 487.00 o Bl 516-bench including wrap
wall.

f.  Activity &: Consolidation grouting, drain holes & Cable anchoring work o be
carried out from EI 501.5 to EL 489m

=
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WTPC submitied that work for sealing of all the cracks on chote foor & onder
progress and shall be completed weli before spillvay aoperation in this seasamn.

H(b] Recommendations:

Vi,

Wik,

wili.

K,

Keeping in view the time conswaime, POE falt there |s no other alternative but
b go ahead with the proposal as an interim measure as presented by sle,
Cracks on the surface of spilhway chute and Mip bucket be monitored regulariy.
The jet greuting shall cover about 200 m? of area adpeent w plunge pool
cladding toe leaving noun-grouted 2one in-hetween (alternate row jet grouted
columns to be staggered).

Cores may be taken out from the jet grouted column to establish the strength.
Cracl at EI 527m extending inbo the hillock on dght gide may he flled with
clay/ bentonite grout [after taking out about 1m of filled boulders) and
mavements may be menitored continuwously.

All type of concreting may be completed well o tme to gain strength before
spillway operstion and before cxecuting subsequent works

Filling of Joint {flip Aucket- Plunge Poal Cladding), |aint [Flip Bucket-Chiite)
and filling of ather joints an chube 2lah may be completed an proarite.

NTPLC e ensure completian of ongoing studies by NHPC and NIRM as well as
rock testing through CSMRS at the earliest

MTPC to take up constroction of wrap around wall on both ends of cladding
wall as a parallel activity and ensore walls completion at least up to El 301m
in thiz warking season.

Backfilling of the cavities and gaps behind existing [tilted /damaged]) cladding
nevds careful planming and execution o ensure monalithicity. Removal of the
damaged blacks ar backfill and treatment shall be decided based on the oype
and cxtent of the damages.

Since only 55 nos of cable anchors are planned to be executed during this
working season as such the same be installed in contral cladding and adjacent

panels of the rght and left cladding, Further, cable anchors shall be oriented

] !y o
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15 degrees downward tohorizontzl and shall be locked 3t 30%5 of the designed
[oad.

¥il.  Since the existing concrete cladding s damaged a1 many Incationg, (ke
condition shall be checked before installing cable anchors .. cable anchors be
insalled in cladding without damage

xil.  Physical model studies are to be commpleted early lor planning adeguate safety

& %};ﬁfb *}J@”

MEASUTES
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Mecrieg of Tof hei on 12052003 at EDC-Nolda for e lssues of Baldsm Spilway
Munge Peal Warks

1. Preambde

A mreeringvweme hold vo 12092020 af EOCNaila a0 2 Inlkver e ol {lsp recnmmendinns ol
she meeding dated 140720023

Fulowing Pef mombers were presess duting the mesting:
5h R [eraseel:

Sh A K Mishe

Pr.Gopal Bhawsn

Sh ¥ 5 Goa

e Y PShards

05 ' B Destalicar fissongh Orline made}

L Derumios and remmendufons by FoE:

4 The rraparoosd) disphragm watl o feft aod Fght 5632 of the plunge poal:
NTPC preseated (e penlile arsd deiall pf wrap arsundd diopbragrs vl nn rghe tide aad
lefr e of the pluage prct

Afer delibermion, FaF recommends tha; the fayeut of weap roumnd wallsseds o be e-
Pl smrvsg from end of exdsting dadding 1o the rackon the sides to kave & smoath
corrnalnr fer beSer Dow coaditans, kesping nsth the obsenmtans Inongeing phyeml
=adalmudies. Framdation bl i ko be docided keeping i vicw the mrzicipated scamr
damages smd svailabiiey o rock It will be prudent te pos thy 3ma profogicolly mapped
aad srermie gralogicd soctises e deride bysat sod fonadudinn levs! of aranked
WTPL =kall prepare dhe moddifind scheme cansidenng varing fumecsons 2nd shail
Fisbril £8 Pol for reviess. KTPL siay alan keep a drilling 2gemcy seade 20 dnfla coyphs of
heles o spplemens resales of gealogicl mapping o sequined. before onR iR of
seraparenead vall,

b Cabls ¥nciet in plange pecl claddisg:

KITC predented e scheme e providing the calie sehars In fok, concre asd rigks ship
ol plunge paal cladding

afer deliberacons. PoE recenmendsthal shisshemeisamapmlie in peaord heserer,
eambinatan Sm & alm Trirg mH.rm.,-u.uqu:,- he prgxlded In smpaeral manmr

. Cable anchors far Cress-itliching in Nip badet ,

HTPL submbtied that prectically It & very dficalt 1 pligy e cross-sieching cbh
anchaes in fip bucket Bark asibere gre changes of demaging theexinieg cablo anisnce
reinforrements 20d caneTone wide maenunng the cimp,

pef ¥
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Minutes of Meeting of PoE hold on 10.10.2023 through MG Te

amas for the [siues af Ealdam

Spillway Plunge Fool Works

PFreamble

A meeting was held on 10102023 thraugh M3 Teams m further discuss the Bsaes related ba Koldam

Lrilbway Blunge Paal,

Following PoE members werns gresent during the meating:

%h A K Mishea

Ur Gapal Dhawan

Shy K Gupta

Ok o F Shards

O P B Dealalikar

Lh B Jeyaseelan (oould potatiend meeting)

Discusshons and reommendatipps by Pels T L)
The wraparound wall on Right side of the plungs paol:
WTPC presented fosr altemative plans indizating the prefile and details of wraparound wall pn right
side of the plunge poal (Annesus 1),

Afer deSberatian, Pof recommends that the lapout of \wrap around wall as per the Plan-4, as

presented by NTPC, s agroeable. However, fallowing may e ncorporated:

#) The wraparaund wall may b extended beyond point P4 on river maln course [point wheea high
velocity has been shepnard in the mocdel], on right side of plunge pool.

b} At pile cap leved, about 5m wide bench may be provided which would helpin providing duppart
to weaparound wadl and would reduce the quantity of backf® as wiehl,

e 27m lang aschars (10m in rock, 2m In backfill} may be provided at a spacing ¢f 3m oc bath
WY,

d]l Foundation level of pifing may be kept keeplrg In vizw the anticipated scour damages bazed an
rmadel study by IRL Foorkee.

&} Invinw of contisucas cracks in right bank hill overioaking the proposed wraparound wal shown
by NTPC an aerial photograghs, area from river bank to hil top may be geologicaity mapped on
priority. Agency for Investigation driling [core drilling} may be engaged to drill 3 couple of drill
heles (50 ta 80 m deep] to understand foundation conditions and study stability of slope arpund
the proposed wraparcund wall,

fl  NTPC needs ta ensure construction of wrapareund wall on priority, as highlighted by Fok during
parler mestings also, to minimize further erosion of plunge peal banks.

Testing for Rock properties by CSMAS

WTPC presented the results of Baslc Dyle and Sheared Phylliie a5 per the final report subdnritted by

CSMRS, The rock properties as derived earfier mathematically were also presented. Afer
deliberations, PoE recommends thet Rock mass paremeters for Basie Dyke may be derived from the
results of varkous tests for katoct rack as brought out n CEMAS report. Further test reiults as
obialred from Direct shear 1232 for Sheared Ph‘gﬂ"l‘t may also be considered to arrhve at values 1o
be adopted for Sheared Phyllite. Further, epinlon of CSMAS on the same mayakio be abtained.
HTPC shall put 1n the values accordingly at the earfi=st for finglisation by PoE for adopting the same:
fiar 3-0 anakysls 10 be carried out by MIRA,

0. e G4 g
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Flip Bucket = stitching cable anchars and remaoval of cunvature

[2] During PoE mesting dated 17.09.2023, NTPC had suhmitted that practicaiy It ls very difficult 1o
place the cross-stitching cabile archors In fiip bucket bock as there are chances of damaging
the axsting cable amchors, reindorcemants and conoete whike eancuting the same. NTPC
rafterated their viev during the maeting.
After deliperations, Pak agreed to NTPC wiew,

(k] Regarding scheme far chipping off the curved portian (in plan) of Flip Buckat walls, NTFC pat

up calculations explaining that thore would be insignificant impazt of removal of curved partion
an behaviour of Flip Bucket in direction perpendicular 1o Spilbeary Flowe,

PGE recommends that the issue/f caloulathons may b reigwed and put up during nest meeting.

mModel studies at Rl Roorkas! TiRsbg-s ot
WTPC submitted that physical model at IR aoorkes has been ypdated to |atest site topography and - \‘

ane set of obserations with discharges af 1000, 2000,3000,5000 and 11400 Cum have begn @ken.
NTPC presented the shennatiant oF the sty with respect 1o velociby, water levels & pressure, PoE L \
I"

noted the sbssnmtians,

Mapping of cracks/ Jolnt cpenings:
2. Traces of cracks appearing on right side kil of Plunge Pool [oebwesn Plunge Pool & Fower

house) has been marked by NTPC on an aerial photograph: NTPC prasented the same. FoE
noted the same. Further PoF recommencs including this ared also whila geslopically
mapping the right skds of plunge pood as brought out in para ife] above. Dr Gopal Dhaw=an
and Or ¥ P Shards axpressed their wiilingness to yisit the project fof. reviewing.: geological
data sfter complation of geclogical / crack mappings suggested by PoE.

b, As discussed durieg earlier meeting, NTPC submitted that the gaps as ohzervad on Chute
floar are along the dilation jaints in Chute siab. Filling of these joints and cable gallery joints
were carried out with PU before 2023 monsoon. No openings! gaps have been ohmerned
after the splway operation. Further, no openings/ gaps/ leakage was ptarsed inthe cakle

galery belew chute floor at joinks.
Pof nated the same, Further, as recommended earkes, Tall tales may be fixed acrois the

cracks ohserved in drainage gallery and, If possibie, on cracks i spiliway glacis. The cracks
detaikt shall be further examined and deliberated during nextsite ¥isit. !

t. PaE further refterated that geological ma pping of right bank of river i front of plunge pool|
be completed a5 discussed and racommendad in Lait PoE meeting.

#oE fusther recommends that a8 the wotks taken up by NHPC for rack tamography for identifving
the failurs surface, IR for stabllity analysks and safety assessmant and physical hyd rawlic model
studies 3t IRI, Roorkes are to be expedited.

v K eupta) o T K Bishira)

{f P Sharda)
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Record Note of Visit to Koldam Spillway & Plunge Pool area

(25.10.2023 to 29.10.2023)
1.0 Preamble

As a follow up of POE meeting at EOC Noida on 10.10.2023, Dr YP.
Sharda and Dr Gopal Dhawan visited Keldam HPS from 25.10,2023 to
29.10.2023 for appreciating the ground conditions after the last monsoon
pending completion of geological mappings as advised by POE during
previous meetings.

2.0 Field Observation

The team visited the spillway chute, flip bucket, cable gallery, plunge pool,
hillock encompassing plunge pool and right bank of river Satluj opposite
to plunge pool during this visit. Qur observations are as fallows.

2.1 Spillway Chute-Flip Bucket

The Flip bucket joint which is showing noticeable movement since year
2020 is being monitored by installing vinchon instruments. Though the
rate of movement has diminished after installation of cable anchors in the
flip bucket in the year 2021 but the movement has not yet been fully
arrested. Net movement at joint for the monsoon 2023 is 16.26mm (X-
direction) at Right Guide wall, and 18.27mm (X-direction) at Left Guide
Wall. Cumulative movement till date at this joint till Septernber 2023 is of
the order of 206.55 & 342.44mm at Right Guide Wall and Left Guide Wall,

respectively.

The Team walked along spillway glacis from flip bucket to third aerator to
examine the cracks which are appearing on concrete surface and were

discussed during previous POE meetings.

As per construction drawings of spillway chute, dilations joint has been
provided in both the directions ie., parallsl and perpendicular to the
spillway flow. Development of cracks and opening of dilation joints was
observed in the past and the same was recommended to be filled with PU
and cement by POE which was executed during the year 2023 before
monsoon.

It is noticed that opening of dilation joints betwaen the spillways blocks is
mare pronounced. These joints are perpendicular to the flow direction. On
the other hand there are four continuous dilation jaints in the spillway
chute extending right from flip bucket to spilway gates. During earlier

e #
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visits POE has pointed out that the longitudinal dilation joints which are
parallel to the spillway flow also display cracks / opening at places.

Photo 1 : Dilation joint between first & second spillway block from
flip bucket

The dilation joints between flip bucket & first block as well as between first
& second spillway blocks were filled with concrete / mortar during previous
years. It was observed that due to further movement of flip bucket in flow
direction, the gap at these joints has further increased resulting in caving
in / loosening of filled material in the joints

b
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Photo 2 ; Typical Longitudinal Dilation joint which is smooth and
straight and doesn’t show signs of cracking

In the longitudinal direction i.e. in the direction of Spillway flow, there are
four dilation joints as per the construction drawings. It was observed that
in line with the earlier PoE recommendations, these joints were filled with
PU material. It was given to understand by construction engineers that
after filling the joints with PL material, surface was smoothened by plaster,
Continuous lines from Flip Bucket towards Aerators is observed along all
the four longitudinal dilation joints, These joints are generally tight but
contact between two blecks display rough edges all along the dilation
joints, It is observed that at some places, for grouting the joint openings it
was chipped off in V shape and backfilled with plaster. Cracks are
observed on this plastered surface which are in wavy/ haphazard in

nature. [
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Photo 3 : PU grout filled in the cracks, covered with plaster

In addition to above, at some places small blocks of concrete (about
150em in length & about 20cm in width) are observed to be detached
along edges of dilation joints. This may be result of minor cracking in
concrete along pre-existing dilation joints. The same needs to be

backfilled with high strength concrete.

s
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Photo 4 : The dilation joints as visible in the cable gallery

Cable gallery pravided below Chute floor was also visited to examine the
dilation joints and any other cracks in the concrete. Cracks/ widening of

dilation joints observed in the gallery during last visit of PoE were filled
hack hefore 2023 monsoon and no disturbance has been observed along

these joints during the present visit,

Pape 5 of 12
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Photo 6 : Dutcrop of basic dyke on the left guide wall.
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The ground adjoinding the left guide wall was also inspected upto firs!
aeralor and attempt was made to see whether the joint opening in the
guide walls and floor are extending into the rock also. It was cbserved that
ne extension of joint opening (joint between flip bucket & chute and first
bleck & second block) was visible into the ground beyond guide wall. The
crack between flip bucket & plunge pool was observed to be extending
inte the ground beyond guide wall also . Further, gaps were cbserved
between left guide wall concrete and basice rock exposure in the ground at
some locations where water was flowing out which requires to be suitable
treated,

Photo 7 : Major crack at junction of Flip Bucket and Plunge Pool
Cladding traversing into hill on right side

4.0Plunge Pool

After Spillway operation during 2023 monsoon, disturbance in right side
cladding was observed; the extrame block was detached, and wide
Opening was observed between first & second block of cladding. The
major crack which has developed betwsen flip bucket & plunge pool
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cladding in August 2022 afier installation of cable anchors is also
observed to be extending in the right bank hill upto the electric pole. There
are several sympathetic cracks in this hill extending till end of the hilleck
on both sides of the hill i.e. towards plunge pool and power house.

It appears that overburden which consists of River Borne Material (REM)
is disturbed and dissected with several cracks in the hill slope towards the
plunge pool this area was also accessed from the Power House side and
it was seen that blocky Volcanic Rock / Basic Dyke is exposed below the
REM at the river edge. However, the area where the wrap around wall is
to be constructed could not be accessed from any side. View of this area
from the other barnk of the river provides a clear picture of this area which
is brought out as follows

% Bedrock of Basic Dyke is exposed all along the river edge (~301m
Level from tail race to edge of broken plunge pool cladding) The
Basic Dyke rock is exposed due to erosion of Sheared Phyllite which
was covering Basic Dyke during the spillways operations in last few

years.
» As present the Basic Dyke is exposed as a steep escarpment from

the river edge to about 25m to 30m in height.
% The Basic Dyke is overlain by a thick pile of RBM having a thickness
of about 15 to 20m., As observed from the tap this RBM is dissected
with several cracks mostly following longer axis of the hillock but
there are some Criss Cross cracks also. At some places, these
cracks are as wide as one meter.
The riverine overburden forming the hill slope towards plunge pool

side is prone to fall due to toppling along the cracks penetrating
deep intc the RBM. It appears that these cracks are restricted to

REM only.
The hill slope towards Power house censtituting the southern flank

of this hill is relatively stable. However, the slope above the pa rking
area of Power House indicate tilting of the trees which may be due
to creep in the hill. Here a part of this slope has been covered with
stone pitching which does not show any signs of disturbance. Adrain
is also observed in the middie of the slope at the first bench, This is

non-functional at present.

In view of the above observations, POE may consider removal of REM
which is showing wide gapping cracks to a suitable level. In addition, it is
suggested that the existing drain may be repaired and made functional.
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Further, in addition to drill holes suggested along foundation of wrap
around wall during last PoE on 10" October. 2 nos inclinometers may be

provided on the surface at suitable locations after removal of REM for
manitoring movement in slope, if any.

Photo 8 : The non-function drain at power house side of the hillock

After the field visit, available geological data was studied and the project
was advised to update geological plan and sections as follows.

s« The area where wrap around wall is proposed to be geologically
mapped after it becomes accessible.

« Compilation of jeint data in tabular form for each litho unit viz
Phyllite, Sheared / carbonaceous Phyllite, basic Dyke, Black
carbonacecus slate etc from the foundation logs available at the
project. This joint data will be processed to estimate average
orientation of main joint sets

¢ Updation of the three geological sections (along left wall, Centre line
of Spillway & Right wall of Spillway) as discussed.

b ot oL
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. The Preject geclogist is advized to develop a geological section from

river edge to the hill top (10m be ' '
yand Light Mast) aleng centre line
of proposed wrap around wall. . :I ;

s
g 15 §
u : Bt .

Fhoto 8 : Left side of plunge pool

The bqrtun'_r of the clip bucket shows damage in concrete due to crack and
there Is displacement along the flow direction of the spillwa y. This
displacement is around 1.5 to 2m,

i
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4.0Right Bank of River, Opposite Plunge Pool

bed. In some portion concrete toa walls at intermediate
levels are broken but concrete toe wall at the lower level resting on
bedrock of phyllites is intact. Nevertheless, at twg locations below the road
level there is intense erosion and accumulation of muck due to blockage
of drains and overflowing of water on the road. The proper drainage along

on both sides in the effected zone upto the level of road along with
Providing suitable drainage arrangement.

5.0 Rock parameters for 30 analysis
During (ast meeting of PoE dated 10.10.2023, results of Basic Dyke
and Sheared Phyllite as submitted by CSMRS were presented. PoE
fecommended that rock mass parameters for Basic Dyke may be
derived from results of intact rock as brought cut in CSMRS report,
Further, it was advised that Direct Shear test results for Sheared
Phyliite may also be considered fo arrive at final vajues |t was also
advised that opinion of CSMRS may also be obtained,

NTPC infarmed that matter was discussed with CEMRS however it
Was infarmed by CSMRS that it is beyond their, scope of work,

f
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Acwrdingly. NTPC presented results of RS Data analysis carried out
by them in-house for estimation of rock mass parameters for Basic
Dyke, Table indicating compiled values 15 as below:

- Sheared Phyllite | Basic Dyke |
Parameter Unit CSMRS RS Data | CSMRS |
Direct |.. .
i Bhea: | Triaxial )
niaxial Compressive
strength Mpa 0.047 | 0.359 14
Poisson Ratio ' 0.33 0.25 0.25 |
Young modulus/Tangent i
Modulus Mpa 0.024 107 +
Conhesion Mpa 0.03 | 0.06 | 0215 15
Friction Angle Degree 30 | 17 33.143 50
Tensile Strength [Mpa | | 0.018 2 |
The results of analysis were discussed with NTPC team. It was given

to understand that for calc
Geological Strength Index (
basic dyke exposed along river
Fool). However, this appears to be on higher si
of the fact that a crack has developed at joint
Plunge Pool cladding wherein cladding has
and the rock mass above this failure envealo
the condition of rock mass as shown by

GSl)

on the left bank (

stage photographs also seems to be on

exposed on right side of Plunge Pool, T

NTPC may revisit rock mass parameters
to POE during next meeting

ulating rock mass parameters, value of
is taken as 50 based on outcrops of
right side of Plunge
de particularly in view
between Flip Bucket and
maoved by about 1.5 to 2m
pe is disturbed. Moreover
NTPC through censtruction

weaker side than rock mass

herefore, it is suggested that

for Basic Dyke and present it

As far as rock mass parameters for Sheared Phyllites are concerned,
PoE has already suggested to consider results of Direct Shear test and
the same are presented in above table. In the given circumstances,

this appears to be reasonable.
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Minutes of Meeting of PoE lield on 04.11.2023 in respect of Kaldam Spillway
Plunpe Pool works

1, Tremnble

A meeting was held on 04.11L.2023 at NTPC Moldn office in respect of fswes
Koldam Spillway Plunge Fool works

rolatied 10

Fallowing PFoB members were present during the mesing:
¥ P Sharda

D Gopal Dhawman

Sh V K Gupla

Sk A K Mishra

[ir P B Deatalibar [atended onling)

The minutes of the meotng were also deliberated during mectings on 281 1.2023 and
09122023

Z. Issues for Discusslonsy Agonci
o Tosting for Rock properties by CSMRS - presentation ol results and adoption of

paramaters for 30D analysis by KIEM
b. Heview of

o Chute Fjoor - ]eing patcern

o Cracks on Right side hifl

o Right bank of river [opposite Plunge Pool)
e, Model studies at 1R[ Roorkes ~ Observations

4. Discuszions and Recommendations by FoE
i. Testing lor Rock properties by CSMRS - presentation of results and adoption
of paramerers for 30 analysis by NIRM 5
= MTPC had informed that CEMES was engaged o conduct testing for deerminadon
af rock mass parametérs for rock units in the spill way - plunge pool arca.
lowever, CSMRS could not conduct insity tests for determinedon of strength,
modulos, cohesion and Phi. Accordingly, testing on Intact rock samples was
performed in CSMRS lab on samples collected by them. Further it Bundecstond
that sheared phyllite being weak & fractured rock mass had shown wide range of
erattering [n triaxial test results. Accordingly testing on remoulded samples was
also done hy CSMRS. Thercfore, following course of action has progressively

QL= M Gy a i
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evolved for finalisation of strength and shear parameters for rock units to be
considered by NIRM in treir model.

During PoE meeting held on 10.10.2023, PoE recommended that rock mass
parameters for Basic Dyke may be derived from results of various tests for intact
rock as brought oot in CSMRS report: Further, test results as obtained from Dieect
Shear test an remoulded samples for Sheared Phyllite may also be considered to
amve al valies to be adopted for Shearad Phyllite and the sime bo adapted for
carbonaceous phydlite. [t was also advised that opinion of CSMRS be obtained.

The matter was further discussed during site visit dared 25th to 29th Dctober
2023 wherein NTPC informed that the matter was discussed with CSMRS however
they had shown their inability to take this matter further as it is beyond their
scope. In view of this, NTPC carried out analysis using RS Data zoftware for
assessing rock mass parameters of Hasic Dyke rock consldering G51 values as 50.
A5 G531 far such rock mass Is on higher side, NTPC was advised to revisit rockmass
parameters by taking lower values of GS1,

NTPL carried out the analysis again with GSI values a5 45 & 40 and the same was
putup to PoE during the meeting dated 04.11.2023.

o During the meeting it was opined to consider C & Phi values reporied In
CSMRS peport for remoulded samples considering that Triaxial tests show
seattering values. For Basic Dyke, C& Phi values corresponding to G50 valus
of 40 may be considered for Blocky rock mass.

¢ Draft minutes were eirculated for finalisation of Minutes. $h R leyascclan
vide hiswhatsapp message dated 22.11.20%3 advised that rock parameters
need to be decided in consultation with Geotechnical enginger.

o The above draft minutes were also deliberated for fnalisation during PoE
visit to [Rl Roorkee on 2811.2023 wherein Sh P B Deolalikar, Sh.
]q}ngemh & DY P Sharda ware present and Dr Gopal Dhawan & 5h ¥ K
Gupta joined meeting online. After detailed discussions, PoE advised NTPG
D Anubhav AGM{Hydro Engg], who ks Geatechnical engineer to prepare a
note ‘omn the abeve subject for further deliberation by PoE during next
mesting. X

o Accordingly. 2 nota on Geotechnical parameters as prepared by Dr
dnubhov was circulated to PoE on 07.12.2023 for deliberations by PoE.
Further, a revised note was presented during the mesting held on 9th

December [copyendosed as Annexure-1).
Considering the nots submitted by NTPC. the matter was further deliberated
during themeeting on 09.12.2023 and following are the recommendations:
 For Sheared Phyllites, POE recommends adoption of value of C= 0.03 Mpa &

Phi=30 degree as reported by CSMRS in their report. Further, analysis be alsa

cheched considering C= 0.02 MPa & Phi=30 degres 85 considered by EDF,
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= For Blocky Basie Dyke, GST may be considered as 40 and for sheared Basic
dylén, GS1 may be cansidered as 10 Thus, the weighted average GSI value as
reported in note is 28, Accordingly, the € & Phi as worked out to be 0.113 MFa
% 22.8 degree respectively be considersd.

Review of Cradcs
Chute Floor - Jeint pattern

Durng Pol meeting beld on 10.10.2023, NTFC put up that gap/ cracks as
ohserved on Chute floor are along the dilation joints in Chute slab. PoE
expressed that these shall be further examined and deliberated during next
site visit The same was examined by PoE members Dr G Dhawan & Dr Y

Sharda during their site ¥isit from 25'% to 29% October 2023.

The Team walked along spillway glacie from fiip bucket to third aerator o
examine the cracks and detafls have been brought out in their site visit
report dated 25.10.2023to 29.10.2023 (Copy of report attached for ready

reference).

PoE recommends that the issue needs to be further looked into with
respect to construction methodology adopted at site during construction.
NTPC shall review and put up the matter during next meeting: Further, as
recommended earlier tell-tales may be provided along the eracks/ jointsin
spiliway placis and Cable Gallery tomonitor the movement.

Cracks on Right side hill

PoE recommends that the recommendations of Site wvisit report dated
251023t 20.10.20332 may be adopted.

Right bank of river {opposite Plunge Pool)

FoE recommends that the recommendations of Site wisit report dated
251023 o Z29.10:2033 may be adopted.

Model studies at IRI Roorkes - Observations

The Madel Study observations with and without curved wraparound wall was put
up by NTPC. The matter was further discussed with 5h Declalikar and it emerged
that a visit to IRI Reorkee Is required to further review the matter. Accordingly, a
visit to [RI Roorkee shall be planned by NTPC s

General

I- PoEemphasize that all the works as identified for strengthening of Plunge Pool
needs to be completed during this season. NTPC is advised to ensure adequate
mobilisation & deployment by agency of skilled manpower and critieal
construction equipment for timely complefion of work considering constraints
[aced during last year. Further, all quantities shall be planned considzring arsa
wige ativity breakup and shall be monitored on daily basis,

Y G B e
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NOTE ON SHEAR STRENGTH PARAMETERS OF ROCKS IN PLUNGE
POOL AREA OF KOL DAM

A. BACKGROUND

al It recommended by PoE to gal the rock parameters of various rock type lying in
Plunge Pool area, Accordingly, CSMRS was contacted and samples of basic Dyke and
Sheared Phyllites were sent to them. CSMRS tested those samples, however, values
of Sheared Phyllites were not appearing to be matching with the mck prevalling In
Plunge pool area. Accordingly, CSMRS was requested by NTPC to visit site again and
take samples themselves. CSMRS team visited Koldam site in Juna 2023 when Plunge
Fool was dewaterad, they look the samples from site and the same were tested by
them at CEMRS |ab.

k) POE meeting on 10.10.2023
Based on the CSMRS testing report, NTPC submitted following rock properties table

for POE meeting an 10.10,2023;

—

Prepery/Parameter Rock Type
Basic Dvke Shearad Phyllila

{UCS (MPa) 14 047

Apparent Cohaesian

e (MPa 1.3 | 06

r-':"..rlg_ta of intarnal 50 17 {
| friction, degree .

E (GPa) 10 024

Bulk density (dry),
| kgim3 2580 2210

In this PoE meating, folowing table including paremeters considered by EDF during
2013 along with parameters compuled subsequently using RS Data software as per
suggestions of PoE was also presented:

Mobe an Shear Strangth Paramataes of Decambar 1033 Paga 1 of 10
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Details af Roeck Miss Parameters- Plunge Pool Aréa

B flock mass
| PeE 16,00 2071
Tied AgEncyy I_mlllm:md'u':ln proportiss based Tist Agency
o A —_— | fef & Date m'dm] 1 on NS Cuta (May Rl & Duate
gty YO OF TEST 21r23)
Ra ook
EDF [CA% CEMIRS
66 Dixc-202 2 F 0et-
Vi 2L ) 2033
ULSRAFa) 08549 14
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hpal 0ale 2
. Boske | CMPa) &0 86 f o 150
* ke
i ) 4] 4l 3131 ]
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27 27 a7 206
{SATURATED] AMN/m 3
! £o lGpal 128 147 L]
¥
LICS{BAPa| (06T ooar
Tensile Srenglh 0003
C k] 20 & A5 &0
g | Bheared | Eni e 30 n HLTY 17
Pyl
Lo §Gnay LICH fOaiag oo
DULK DEMSITY
27 i ] 4.2

| (AATURATEDR] LK/m3

After the maeting PoE recommended:

Cruote;

Testing for Rock proparties by CEMRS
NTPC presented the reswifs of Basic Dyke and Sheared Fiilite as per the final report
subrmitted by CSMRS. The rock propertiss as denved earlier mathernatically wers also
presented. Affer defiberations, PoE recommends that Rock mass parameters for Basic
Dyke may be derived from the resulls of various tests for lnlect rock as brought out In
CSMRS report. Further, fest results as obtained from Direct shear test for Sheared
Fhyllite may also be considered 1o arrive a1 values (0 be adopted for Sheared FPhylile,
Frirther, apinion of CSMRS on the same may also be obtained. NTPC shall put up the

Mobo an Shoar § th Paramuoters of
Racks in Plunge Pool Araa of Kol Dam

Docembaor 2023
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viles accordingly al the earfiest for finalization by PoE for adopling the same for 3-0
analysis to be camled out NIRM

Unguate

Site visit (25-29 Oct 2023)

In view of the PoE recommendations during 10th Ocl. meeling, NTPC carried oul

analysis on RS Dala & presanted following table:

Sheared phyllite Basic Dyke |
Parameter Unit CSMRS RS Data | CSMRS
grl:sg: Triaxial B

Uniaxial Compressive
stranglh MPa 0.047 0.359 X
Poisson Ratip 0.33 0.25 0.25
Young i
modulusiTangent 0.024 1.07 10
Modulus MPa )
Cohesion WPa 0.03 0.06 | 0.215 1.5
Friction Angle Degree 30 17 33.143 | 50

| Tensile Strength MPa 0018 | 2 |

After sile visit and meeting, POE in their site visit report recommended that:

Cluota;

The results of analysis were discussed with NTPC team. It was given fo undsrstand
Inal for caleulating rock mass parameters, value of Geological Strength index (GSI1) is
taken as 50 based on culcrops of basic dyke exposed along niver on the left bank [right
side of Plunge Pool). Howsver, this appears to be on higher side particularly in view of
the fact that & crack has developed &t joint between Flig Bucket and Plunge Pool
cladding whersin cladding has moved by about 1.5 fo 2m and the rock mass above this
failire envelope is disturbed. Moreover, the condition of rock mass as shown by NTPC
through conslruction stage phalographs also seems lo be on weaker side than rock
mass exposed on right side of Plunge Pool, Therefore, It Is suggested that NTPC may
revisit rock mass parameters for Basic Dyke and present it to POE duning next mesting.

Hote an Shear Sirongih Parametars af
Hacks In Plunge Fool Arca &l Kal Dam

Docemibier 2023
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As far as rock mass parameters for Sheared Phyllites are concemed, Pof has aiready
suggested to consider resulls of Oirec! Shear fesf and the same are presentad in sbove
tabla. In the given circumstances, this appears lo be reasonabie.

Unguote,
d) PoE meeting (04.11.2023)
As sugpested by PoE, analysis was caried out using RS Data software and keeping
other input parameters as the same, rock mass parameters have baen assessed for
Basic Dyke rock coresponding to G5 values of 50, 45 & 40 and following paramelers
for Basizc Oyke was presentad to PoE:
) Basic Dyke
Rock mass
RE Data (Rock mass) Parameters
CSMRS
Parameter Unit | (intact valksas FISpascE o he
adopted
rock) & -
Major ssumed
' GSI=50 | GSI=45 | GSI=40 | Fractured
area
. I area
LS kP2 14 0.358 | 0.244 0.07 0.359 0.07
|PoissonRatn |- | 025 | 025 | 025 | 025 | 0.5 0.25
Modulus GPa 10 | 1.07 1.07 1.07 1.07 1.07
Cohesion MPa 1.5 0245 | 0.188 | 0122 | 0215 | 0422
Friction Angle Deg. 50 33,143 | 30.87 | 2383 | 33.143 23.83
Tensile Strength | MPa 2 0.016 | 0.01 | 0.003 | 0.016 | 0.003
During the meeting, it was discussed that ¢ & @ values reported in CSMRS repart for
remouided samples may be considered as Triaxial tests show scatlering values. For
Basic Dyke, ¢ & @ values corresponding to G5l valee of 40 may be considered Tor
blocky rock mass.
In the meantime, during further discussion in the meeting on 22nd & 23rd Nov. 2023,
basad on the foundation bafow El. 515m bench (extracted from old records) gealagical
maps geciogical model of Spilway Flip Bucket! Plunge pool area was rationalized.
Male am Ehose Strenpgth Paoramater of Decombar 323 Fage 4 af 10
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Further during the meeting on 28.11.2023, it was asked by PoE thal in the next meeting
@ geotechnical nole on the rock paramelers prepared by 8 Geotechnical Engineer may
be put up for further deliberations.

GEOTECHNICAL AMNALYSIS

Gonstruction of Plunge pool was completed in year 2015, During construction, in April
2012, large crack at EL + 513 m in basic dyke (al mid-saction of the apron) was
abserved. Foundation of partially casted concrete cladding at El. 515 m settled by about
230 mm creating a gap between concrele and foundalion rock Cracks were also
observed in foundation rock Ul El, = 500 m. Immediate remedial measures were
provided by Engg. and EDF by providing additional anchors at toe in May 2012, Based
on geological seclions developed in 2012 afler the dewvelopment of crack, EDF
suggested final remedial measures in Jan, 2013 for plunge pool slopes. After spillway
was pul in oparation since year 2015, movement in flip bucket and plungs pool cladding
were observed. Varous measures have been leken since then for stabilization of
plunge poel slopes. The gectechnical analysis of the shear strength paramelers based
an the laboratory tesls resull dona by CSMRS (Report No. 02/ RM-L/ CSMRS! B/ 9/
2023} ara as lollows:

Sheared Phyllites

After dewatering of the plunge pool in June 2023, the Sheared Phyllite rock at middie
region of plunge pool was colectad for assessment. Triaxlal and direcl shear tests were
performed by CSMRS for shear strength paramaters of Sheared Phyllite.

As per CSMRS report, for triaxizl test, entire test data is scallered in two differant zones
(Fig. 1). For low confining pressures (0.8 kgifem® to 1.9 kglem?) upper bound valug of
c=0.6 kgfem*® and @ =17° and for high confining pressures (0.2 kgicm? to 10 kg/cm?)
lower bound valuee of c=0.2 kg/em?® and @ =8° are suggested by CSMRS.

As mantionad in the CSMRS repeort. Direcl Shear Tests were performed on remolded
samples of Sheared Phyllite at normal pressures 1 kgfcm?® to 4 kglem?, The normal
siress vs, shear siress curve shows excellent fit with R® = 0.90 (Fig. 2).

Medn om Shear Srength Paramelers of Ducember 2923 Fage 5 of 10
Recls in Flurge Peal Aroa of Kol Dam
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Fig. 1: Triaxial Test Results for Sheared Phylite {CSMRS report Figure 20)
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Fig. 2: Direct Shear Test Results for Sheared Phyllite (CSMRS repor Figure 21)
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Test results of Sheard Phyllite samples by Triaxial & Direct Shear tests dona by
CSMRES are as under:

! CSMRS (Intact rock) ;
Farameter Uit s |
Direct Shear st
(remoulded) Triaxial !
Uniaxial Compressive strength ' | [
(bypontiosdlesy | M2 ol ,-
| Poisson Ratio D33
Modulus o | GPa 0.024 -
Cohesion |  MPa 0.03 0.06
Friction Anale | Degrae 30 17

It can ba seen from Fig.1 that thare is a large scatter in the triaxial test resufts, whereas,
direct shear [est on remolded samples done irealing the material as soil shows
consisten! results. Therefore, considering uncertainty in resulis of triaxial test, il is
recommended thet shear strength parameters derived fram Direct Shear tesis on
remolded samples may be usad for the stability analysie.

Following paramelers were {aken into considerafion in the onginal design by EDF
during 2013

Value Considered
Parameter Unit by EDF
Cohesion MPa .02
Friclion Angle Degres 30

The shear strength parameters as oblained from direct shear test dene by CSMRS
recently and the considered by EDF in original design ere nearby. Therefara, It is
proposes o consider values as per CSMRS, derived from Direct Shear tests on
remalded samples (C= 0.03 MPa & Phi=30 degree| for stability analysis,

Basic Dyke

For basic dyke, CSMRS dane the UCS, triaxial test and direct shear test on intact rock
samples. Triaxial tesl dala of eight samples of basic dyke also shows the scatiering.

Hiote an Shaar Sirorgth Paameion al Ducambar 3023 Fage Tof 10
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CSMRS has provided the best fit line for upper bound and lower bound values.
Considering the recommended UGS of 14MPa and the vanations in the test data, lhe
apparent cohesion {c) and engle of internal friction (@) values of 1.5 MPa and 50" ara
recommended as triaxial shear sirength parameters for this rock type by CSMRS.

From direct shear test, peak apparent cohesion {¢) of 1.07MPa and angle of internal
friction () of 31° and residual apparent cohesion (cr) of 0.6MPa and angle of internal
friction (M=) of 24° reported by CSMRS for Basic Dyke.

Ae discussed with CSMRS, the iriaxial tesis were dong on intact rock samples and
direct shear 12sts were done considenng joint as pre-defined fallure plane. Therefore,
these strength paramaters cannol be considerad as in-situ rock mass parameters.
Accordingly, it is decided to calculate shear strength parameters of rock mass using
Hoek-Brown crileria, For this purpose, the UCS sbtained by CSMRS for basic dyke &

used.

—
|_ Parameter Unit CSMRS (intact rock)

| Unlaxlal Compressive strangth MPa 14

fﬁ&msnn Ratio ] 0.25

Modulus - GPa 10

Cohesion (c}, Triaxial | MPa 1.5 .
Friction Angle (D), Triaxial | Degree 50 .

Shear strength parameters laken into consideration in the criginal cesign by EDF
during 2013 as brought out in the fellowing table:

Parametar Unit Ualﬂﬁhiﬂéﬁ:ﬂﬂf&d
Cohesion MPa ; 05
Friction Angle Degree 41

Gaological Strength Index (GS1) is one of the parameters reguired to calculate shear
strength parameters using Hoex-Brown crileria. As suggested in PoE mestings.
mentionad In abova paragraphs, the value of GSI for basic dyke, as obtained from fresh
outcrop exposed in last monsoon (2023} is about 40. However, the condition of basic

Mode on Shewr Stresgth Peramoters af Oocambor 2033 Bage A of 10
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dyke behind the cladding which has s been moved / slided along with the rock mass is
nol wisibla. It was also suggested thal the geological maps of foundation below EL
215m bench (extracted from old records) provided by site (Fig, 3) shall also be
considered for oblaning shear strength parameters of rock mass of Basic Dyke,

—

|-'-.|

e g
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Fig. 3: Direct Shear Test Results for Sheared Phyllite

Heda e Shas Swangth Pemamtors of Desombar 7023 Page 8af 10
Rosks b Flungs Maal froo of Hal Bam




184

It was also suggested that GS| of these shear bands may be considered as 10;
whareas, for blocky dyke GSIl can be considered as 40, Site has calculated and
provided the details of area of shear hands and blocky rock mass as follows:

Mapping Available only for Centre & Right side batwaen E| 48&m o 500m (Fig. 3)

Type of Basic Dyke Area (m?) | % of Total Area
Blocky 1522 | 50
Shaared 1067 41 |
Tolal 2589 100 |

Further, rock mass values as derved from inlact rock parameters as reporied by

CEMRES, considering various values of GSI are as given belaw:

CEMRS Basic Dyke RS Data (Rock mass) values
intectroskl  Seizs0 | Gaicas | GSi=A1 | GSi=35 | GSI=30] GSI=10
UCS=14 MPa | 0359 | 0244 | 0164 | 0.108 | 007 | 0.007
| Poisson'sration = 0.25 | 0.25 0.25 0.25 0.25 0.25 0.25
C= 1.5 (MPa) 0.215 | 0.188 0164 | 0142 | 0122 | 0.045
| Phi=50 (degres} | 33143 | 3087 | 2857 | 2622 | 2383 | 13.24 |

*“Whila deriving rock mass values for various GS| values, all other parameters like
mi=10, O=0.7, intact rock UCS=14 MPa, ele has baan taken as the same.

In line with the mapping available for two sfopes, (one ceniral portion & one right
porlion), the percentage of blocky & sheared portion works ouf o be 60% and 40%

raspactivehy.

Considering, G5l of Blocky basic Dyke as 40 and sheared basic dyke as 10, the
waghted avearage value of GSl works out o be 28. Accordingly, the ¢ & @ works out to
be 2,113 MFa & 22.8"%, raspectvaly,

{Dr. Anubhav)
AGM [Hydro Engg. = TVHPP)

Male an Slaar Stresyth Paramddors of Decombar 2023 Page 10 af 10
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MINUTES OF MEETING OF Pok VISIT T0 11t RODRKEE ON FOR PLUNGE POOL MODEL
ATUDY R 28001 /28 AND ZUSTL 2T

1. PREAMOLE:

Avislt to IR] Roorkee was made on 28,/11/23 and 29/11/23 for the hydraulic model srudies

of eplllway and plunge pool on 1:55 scale comprehensive moded,
Fﬂ'“'i'l"fjﬂg FoE meombers visited IR and witnessed the moad el

Dr ¥P Sharda

¥ PB Deolalikar

Sh & fevasecian
Following members attended the meeting cnline on 28/11/23 & 29/11/23:
kA K Mishrg

Dr Gopal Dhawan

5h VK Gupro
IRl officials present during the meeting:

Sh. Rajendra Kurival, Executiva Engimeer

Sh Sumit Malwal, Asst Engincer

SheAril Tyoagi Azt Engineer

Lh, Jleendro Bhardwaf, Research Supervisor

NTPC Dficers:

Fh. Modhukar Aggarwal, GM [Hydro-Eng ], Koldam
Sh, Rekech Rothes, DGM (Site FES)

Sh. Rakesh Sharma, Sn, Monager (HRHQ-Eng)

2. The model bed was reproduced rigid as per the post monsoen 2022 wpographical SUrVey.
The tall water mating curve was finalized by NTPC taking Into aceount all the previous tail

water rating curves and recent prototype chservations, The same was submitted during the
previous PoE meeting. The tafl water level was maintained in the model at CH-800m during

FPopel of 6
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the various wodel experiments. The maode] was 1 for tlischarges of 11400, gono, S04,
3000, 2000 and 1000 cumec by maintaining corresponding tail water level.

. The abservations and diseussion with the 101 Enginetrs Indicated that for the discharges
higher than S000 cumee up to 11,400 cumpe, the Now conditions were tarbulent and water
levels were fluctvating along the Powerhouse wall, up to 5 metres, The skiump jet after
falling in the plunge pool was seen riding over the right bank of the river and turning towards
Pawverhouse. It creates strong retuen Nows along the right weap around wall and In the plunge
pool area. The tail water levels were Nuctuating from EL 530m to 535m along the river, due
ta heavy turbulence and high discharge intensity for the SPF 11,400 cumec, For the discharge
of 5000 cumec, tail water level Auctuated from EL 520 m to 518m in the river portion. The
refurn velocities across the weap around wall varied fram 4m/fsec to 10m/zec, near the
junction with existing cladding,

The fow issuing from the ski-jump jet was seen riding over the hill slope on the right side of
the river in front of the plunge pool with heavy turbulense. The Austuating water level was
seen riding around EL 540m. In vicw of this, adequate protection needs to be evolved so as Lo
withstand these heavy turbulent flow conditions to aveid undercutting and stope failure,
Similar apprehensions were also raised by PoE members during their site visit from
25/10/23 to 29/10,/23,

The velecities along the left side of the plunge pool were relatively lesser and were of the
erder gf Sm/sec. It was observed that the velocity towards river, along the left side of the
river were increasing and were of the order of 8m/sec, In view of these velocities necessary
protection has to be evalved 50 as to protect the left side of the plunge pool.

For the studies conducted for lower discharges ranging from 1000 to 5000 cumec, almost
similar low conditions were observed. However, for the dls::h:rgc-s in the range of 5000
cumec, the velocities were higher than those cbiserved for the higher discharpes because of
less @il water depth. Maximum velecities observed were of the order of 12m/sec near the
wrap araund wall,

The values of velocities as Indicated In above paras are tentative and shall be as per the final
report to be submitted by IRI (HRS), Baladrabad,

In view of the above, the profile of right-side wrap around wall as per Plan-4, which is
reproduced in model is generally in order, Further, similar arrangement of the wrap around
wall on the left side [s also to be provided.

g ol G O
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4. The tail water level across the river varles from EL 510m to 518m for the discharges from
1000 to 5000 cumec.

3. The Mow Issuing from the ski-jump jot was seen riding over the right bank of the river for
discharges ranging from 3000 to 5000 cumee. Necessary protection needs to be evalved as
already mentioned above.

B, The above studles indicated that the Muctuating water levels along the Powerhouse walls
were higher than the protection wall of the Powerhouse in the case of discharge of 11,400
tumee. [tmay be mentioned that these Mucwating water levels would reach up to the toe of
the Dam. IRl weould also observe the water levels near the Powerhouse walls and its effects,
in their repart.

7. The studies have been carried out for the discharges up to SPF ie, 11,400 cumec The PMF is
16.500 cumec.

8. The ski-jump jet was impinging in the plunge pool in front of the flip bucket for flows higher
than 1500 cumec, The model studies to be carried out with erodible bed marerial would
indicate the depth of scour attained in the plunge poel for entire range of discharges.

The repr™duction of river bed for erodible river bed studies were discussed in detail with the
IRl officials, It was apined by the IRI officials that for erodible studies, the river bank and the
bed of the river would be reproduced in different grain size materials. The proposal in this
regand would be submitted by [RI at the carliest

Impactof the curvature provided in the flip bucket was chserved in the model. The flow from
both the training walls gets converged towards the centre of the Flip Bucket and heawy

pressures were observed along the curved portion of both the training walls.

Representative photographs for 11400, BOOD, 5000, 2000 and 1000 cumec are attached.
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PHOTOGRAPHS FOR VARIOUS DISCHARGES

1000 CUMELE

3000 CUMEC. Oy
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5000 CUMEC
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Minutes of the meeting of POE held on 14™ & 15" March 2024 at EOC Noida

Reqgarding Flip Bucket and Plunge Pool of Koldam HPS [4x200MW).

1. PREAMBLE

A meeting of POE was held on 14" & 15" March 2024 at EOC Noida, Following members
of Panal of Experts (PoE) were present:

Sh. R Jeyaseelan

Sh. V.K. Gupta

sh A K Mishra

Or ¥ P Shards

Dr. P. Deolalikar

Dr Gopal Dhawan (could not attend due to his pre-occupation)

List of NTPC officials who participated in the meeting is placed at Annexure- .
2. Meeting Deliberations

Brief about the agenda points, discussion and POE recommendations thereon are
detailed pointwise hereunder:

2.1 Agenda Point-1: Modal Study by IRI, Bahadrabad.

NTPC apprised the POE that model study at IR in line-with POE recommendations has
been completed and final report has been submitted by 1Rl in Feb 2024, Main outcome
of the report along with model stedy photographs & scour contours was presented lo
FOE members. Main points as brought out in the report are as under,

= With rigid bed, Velocities of the order of 10 m/s to 18 m/s were obsarved from P-10
to P-14 points on right bank of river. Also, at P-3 point on rght side wrap around
cladding, velocities of 6 m/s to 7 m/s were observed at 2000 m3fsec discharge. With
erodible bed, the high velocities of the order of 6 mis to 10 mfs were recorded along
right bank of river from P-0 to P-15 at 11400 m3/z, and velocity of 6.6 misec were
observed at point P3.

Depth of scour estimated from model studies reached up to El 472 m for 11400
mafsec discharge at a distance of sbout 200m from Flip bucke? toe and about 180m
& 250m from left and right claddings respectively. The maximum scour depth lavel
observed at Point P-3 along right-side wrap around cladding was 480.0 m and along
laft side wrap eround cladding, it was 483 m,

| (ﬂf’// & M
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» \ery high velocities associated with turbulence and wave action have been abserved
towards the right bank of the river dua to which it is susceptible for heavy erosion at
toe. IRI suggested that adequate protection be evolved based on site conditions,

» |t was chserved that for higher discharges (SPF) the powerhouse retaining wall at EL
527 m was getiing cvertoppad by 1 fo 3 m with wave actions.

» Report also states that due to various limitations, sedimentation/ scour resulls
shserved from model studies are qualitative in nature rather than quantitative outputs.
The aclual scouring could be lesser than observed in the model. Also, the boundary
effset cannot be ignored In present case as vertical cuttings has been used. which
may not be the case at site, to find out maximum scoured level,

In view of the above conclusions of the study, NTPC proposed thal the depth of Secant
Piling proposad in the Plunge Pool & along the wraparcund wall e, 20m may be
provided.

NTPC alsa informed that as per the detailed design caried out by EDF, the water fevels
at TRC comesponding lo SPF & PMF are 5216 & 528, 10m respectively. (Ref IH-KOL-
NTE1-DEL-00024 B: FINAL Design Intent Memorandum- General Civil Works, Wolume-
1 Book-1). Regarding water ievels near Powerhouse, as per the Model Study conducted
by IR1, water level for SPF condition at Paint P8 i.e.. just at TRC location are 529m &
528m for Rigid Bed & Erodible bed respectivaly (further these levels would rise due o
wave action].

After detailed deliberations an the above, POE recommended the following:

a) Flow velocities on right bank of the river may be t?aken aof the order of 10-12 misec.
Scour depth in this reach has been reporled extending to EL 480m. Considering
ahove details, required protection measures need ta be developed by NTPC.

b} Return flow velocities at Right & Left Wrap Around Cladding may be faken of the order
aof 5 to Tmisec & about 4 misec respectively.

&) Daeepest Scour level along Left & Right-side wraparound walls may be faken as EL
485m & 480m respectvely.

d) Considering the above, lkength of the pile shall be fixed such as it gets sockated in
rock (i.e. balow scour level) by minimum 5m. Further, higher grade concrete would
be preferred considering the velocities as observed in the modal.

e} Secant pile wall lateral stability shall be checked considering the situation that all
matarial above the socketing leve! on plunge pool side is eroded. Accordingly,
required modification (like anchoring the wall at top (pile cap) with the help of anchors
etz) In drawing may be dona by NTFC

filor e »
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fi As per model study report, water level at Powerhouse at SPF avertopped the
powerhouse protection wall (EL 527m). The same neads ta ba reconfirmed with 1R
Sludies corresponding o PMF also to be carried out to decide powerhouse protection

MeasUres,

g) NTPC is also advised to check the impact of higher tail water level and its fluctuations
dug to Flunge pool operation on dfs slope of the dam.

2.2  Agenda Point-2: Seismic Tomegraphy study by NHPC

NTPC apprised that the geophysical cross-hole seismic tomagraphy study has been
completed by Mis NHFG. The first phase of the study was completed in Jan 2023 &
Phase-Il could be completed by Feb 2024, M/s NHPC submitted the comprehensive draft
repont in March 2024, Following conclusion polnts along with report were presaniad o
POE:

# Tha daepth of inferred contact betwean weak & good rock has bean marked on the
geological cross seclions provided by the project,

» Tha rapar akso indicates that contact between weak & good rock is at shallow depth
on Right bank and gradually goes deeper lowards the left bank.

* For the cbserved Seismic P-wave velocities for different rock types and quality, two
paramelers viz. Uniaxial Compressive Strength (UGS) and Deformation Modulus (E)

have bean evaluated,
From the study, it is inferred that:

The depth of weak zone is about 20m from the cladding surface.

Rock mass propertias for basic dyke were recommanded by PoE considering low value
of GSI (=28) for 30 analysis as such NTPC submits to PoE for consideration of using
higher value of GS| (=40} for gaod rock.

Recommendations:

FOE noted and agreed o the samea.

2.3 Agenda Point-3: Status of 3D analvsizs by NIRM

NTPFC apprised the POE thal afler communicating the rock mass properties as finalised
during previous POE meeting to M/s NIEM, many round of discussions have been hebd
by NTPC with NIEM for better understanding of the model. Still there are difficulties in

convergance of the madsl.
ﬂ\rﬁ at
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As per the last discussion held on 05.03.2024 with NIRM, maodel is not converging dus
to very low rock-mass preperties of sheared phyllite.

Recommendations:

Cansidering the recommendations under para (2) above, NIRM may be asked to run the
madel and conclude the study. Further, the impact of consolidation grouting carried out
in sheared phyllite may also be considarad

24 Agenda Point4: Behaviour of Flip Bucket | Plunge Pool during nen-
monscon period,

{a) Tell tales readings.

{b) Vinchons | Load cell readings

(e} Visual observations — seepage in Flip Bucket gallery, movement of joinis upstream
of joint at Chute & Flip Bucket

NTPC presented the observations on above,

Reco endati ¥

POE noled the same and advises NTPC thet difference between initial and final
displacements need to be presentad for any fruitiul deliberations.

2.5 Agenda Point-5: Wraparound wall

NTFC apprised the POE that the strengthening measures as recommendad by PoE and
discussed during previous meetings have been updated based on scour depth as
oblained from the Model studies. The depth of Piling has been kept accordingly.

Further, as discussed, the wraparound wall has been kepl separate from secant piles by
providing a joint between File cap and foundation of wraparound wall. Accordingly, one
row of 300mm secant piing has been provided and Anchors have also been provided in
the foundation block of wraparound cladding,

Recommandations:

. As advised earlier, wraparound cladding wall profile shall be kept a5 considered
in the phyvsical model studies.
il.  The depth of secant piles be provided such that the pile gets socketed in rock at

least by 5m,

E?L
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iii.  Secant piles need to be checked for lateral stability and measures 1o be deviced
accordingly.

iv. As discussed & advised earlier in order to provide support, horizontal offset be
provided in wraparound cladding wall and secani pile cap be in front of harizontal
offset lo faciltate construction as well as provision of lateral support to the secant

piles,

2.6  Agenda Point-6; Protection of anchor head (from corresion & dynamic

forces of water) of cable anchors which are su bmerged under water as well as
above water.

NTPC proposed that cable Anchor heads may be encased locally with sultable size
concrete block with surface reinforcement.

Recommendations:

PoE agreed the same.

2.7  Other points:

ATR on Sh. R Jeyaseelan's observations dated 27" Nov. 23 & 31.01.2024 =shall be
discussed in the next meeting.

A
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Annexure- |
List of NTPC officials who participated in the meeting.

Sh. Madhukar Aggarwal, GENERAL MANAGER (HYDRO- ENGG), Koldam
Sh. Rajendra Kumar Joshi, GENERAL MANAGER (PROJECT CONST

Sh. Ved Prakash, ADDL.GENERAL MANAGER (PM), HRHG

Or. Anubhav, ADDL.GENERAL MANAGER (HYDRO- ENGG), TVHEPP
Sh. Rajneesh Pathania, ADDL. GENERAL MANAGER (CIVIL CONST)

Sh. Rakesh Rathee, DGM (FLD. ENGG.)

Sh. Jagat Singh Yaday, DGM (HYDRO- ENGG), HRHQ Noida

Sh. Virendra Kumar Singh, DGM (HYDRO- GEQ)

Sh, Abhinav Sukhija, SR. MANAGER (P&E)

Sh. Rakesh Sharma, SR. MANAGER (REGIONAL ENGG)
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Minutes of Meeting of POE held online on 17™ April 2024
Regarding Flip Bucket and Plunge Pool of Koldam HPS (4x200MW).

1. PREAMELE

An online meeting of POE was held on 17" April 2024, Following members of Panel
of Experts (PoE) were present

Dr Gopal Dhawan

Sh. VK Gupta

Sh. A K Mishra

Or. Y P Sharda

Shri B Jayaseetan could not attend due to his pre-occupation.
2. NTPC Presentation

NTPC presented the present status of works related o Plunge pocl and Plan 1o canry
aut works in current working season. A comparison of condition of Plunge pool after
dewatering in 2023 and 2024 was presented through photographs of Plunge pool
taken during June 2023 and April 2024 respactively . NTPC informed that the deepest
level after dewatering in Plunge pool in 2023 could be achieved only down to about
4B88m whereas during this season the bottom level in Plunge pool could be further
excavated down to aboul 481.5m. Columns of jet grouting carried oul during last
season are visible at that level. It was further informed that NTPC is going ahead with
gli the works factivities related to strengthening measures in Plunge Fool as already
racommended by PoE during previous maetings.

Further, NTPC informed that NIRM has carried out the 30D analysis and some portion
in central & right-side cladding between El 488 m & El 501m indicate area of distress
evan after considering all remedial measures and MIEM suggested further ground
improvement in the form of jel groutingl consolidation grouting in this arsa. NIRM has
funher carriad out analysis presuming that after jat grouting in this area the ground will
achieve strangth parameters equivalent to M5 concrete, Analysis with revised inputls
indicate safe slopes in the distressed area flagged above, Aftar discussion with NTPC,
NIRM, has evolved that jet grouting may be camed out in the skoping perion between
El 489m & 501m or consclidation grouting at 1.5m o/t spacing may be carried out to
achieve strength parameters equivalent o M5 concrate in this area. The same was
discussed during PoE meeting.

NTPC also informed that an attempt was made to camy out analysis to check stability
of Filing envisaged to be provided along wraparound cladding walls wherein piling are

¥
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found to be stable by providing some fixity at the top i.e. pile cap level. In this regard,
NTPC submitted that the reinforcament in Pile cap and foundation slab of wraparound
cladding wall may be kepl conlinuous to provide this fixity

3. Deliherations & Recommendations:
After detailed delibergtions on the above, POE recommended the following:

Joints in verical direction at abowt 20m interval (depending on the geometry of
wraparound cladding wall) may be provided in wrap around cladding walls,

As adwised earlier, cores may ba taken from jel grouting columns carried out last
season for checking the strangth.

Grout holes being drilled through concrate cdadding may be filled with non-ghrink
concrele {in concrete portion of holes) after completion of grouting through the
hole.

1m thick concrete cladding may be provided from El 489m to 501m (in central and
right cladding) after compieting activities of grouting & cable anchor,

Jet grouting may be carried out at El 489.5m platform. Simultaneously, some
samples of shearad phyllites may be taken from surface and after erushing mixed
with cement (with and without accelerator) and tested (o chack the efficacy of
setting time & strength of the samples to estimate achievable strength of sheared
phyllite in foundation after grouting

Jet grouting be carried out with care aveiding any upward pressure an exisling
concrete cladding. The experience of jet grouting may be shared with PoE after
grauting of 3 fo 5 holes.

Data of tests at 81 No V' & VI may be shared with POE for review and arriving at
alternative solution like injection grouting.

Reinforcement beging provided in Pile cap and foundation slab of wraparound
cladding wal may be kept continuous.

Site proposal of doing some jet grouting in slushy area to carry out activity of piling
in that reach is acceplable provided this work does not disturt the overall work
completion schedule,

Plum concrete may be provided behind wraparound cladding walls.

PoE again emphasised need to complete all planned plunge pool works (as
advized earlier including as steted abowve) before onsel of monsoan & NTRC
assured Pok for the same,

K. Gupta Dr Gogal Dhawan
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Minutes £1 Vg wanting of POE beld (MS-TEAMS) on 180 Juns 2022
Bogording Spliteay and Blunne Boel of Keldam KPS 452091V
1. Preambie

A wriual megting on MS-Teama wos hold with POE on 14% Juno 2024, Followrnd
memaars of Panel of Bxports (PoE) otlendad the mosting.

Eh, R Jayasealan
Eh. V.M. Gupia
O Gopal Dhavean
Eh. A K Meabra
Or ¥ P Sharda
List of NTPC officials partcipated in mesting is placed ot Annaxure- |,
2. Mealing Dellbarations

Tho NTPC infarmed that tha spiheay was oparsted throa tmas 6 dischacge of 1560
cumes for ground 3-1 hes in eseh operation batwaen Z5™ May 2025 and 287 May
2024 due 1o increase in fver inflew eaysed by snow meiting on account of Increasa
n larmparaturas in the calchmart of Satu] River. This sariously impacied NTPC's
SMOCavadr o comptele the works as per recommendations of Pok. NTPC Koldam
gave 3 presentaton io appraiso e stats of works which could be exacuted during
inis scasan Defore IG.05.2024, the, na.y when upﬂhm? had o be operated
ynscheduled. A
Fediowing was presented: Fad " i

a} Tha works which ware ammmed lo be ql:rna vis-2-wis actualiy could be
executad related to Cavity/Grack Filling with Concrets, treaimant of spilbway
jaints, cable anchors on cladding, mnsuqﬁaﬂnn ﬂm_lﬂﬂgl.lféﬁm phings;
gmurmmpmamlhﬂalgmuungtwmp arm.ln-:i wall mﬂmhfﬂ!n*imn:reta

2pmon. s
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REPORT ON REVIEW OF DAM SAFETY ASPECTS OF KOLDAM HYDRO FPOWER
PROJECT, HIMACHAL PRADESH (27" and 28", June 2022)

. PREAMBLE

NIPL requested Central Water Commission (CWC) for review of dam safety aspects of their
first hydro power project “Koldam™. Accordingly, an inspection Leam congisting of the
follewing afficers of CWC visited the Koldam project on during 27 10 28" June, 2022

1. Sh. Amil Jain : Director, Embankment (N&W) Directorate

2. 5h, Rahul Kumar Singh - Director, Gates (NW&S) Directorate

led

. 5h. Rakesh Gautam » Deputy Director, Dam Safety Monitoring Directorate

I

- Ms. Shachi Jain : Deputy Director, [nstrumentation Directorate

2. INSPECTION PROGRAMME

The team reached Kol dam project location in the aftermoon of 27" June, 2022, On the same
day, there was a meeting with the Head of the Project and other officials of NTPC wherein
presentation was made by officials encompassing the its history, investigations, execution
and construction, various dam safety measures being taken by the project authorities.
instrumentation readings and analysis and other operation & maintenance related issues
followed by brief discussions (mainly regarding dams and appurtenant structures).

On 28" June, 2022, the team along with the project officials carried out comprehensive
inspection of the dam starting from project visitors gallery. dam crest, upstream  and
downstream slopes, spillway. decanting/desilting chamber of the power house, hydro-
mechanical equipments. gallery U-2, reservoir rim area, instrumentation and a short visit
was also undertaken w the power house. CW team was also apprised about the conditions
of various instruments installed in the dam, galleries and abutments and the schedule
followed for waking instrumentation readings, presentation of data and its analysis. [n the
¢vening. there was a mecting again with the project Head and other officials of NTPC. The
list of officials present during the inspection is given as Annexure-I. Photographs of the
pertinent portions of dam and appertenant structures are presented in this report a5 Plates at
Annexure-I1.

CWC team was apprised about various dam safety inspections carried out by the Project
uuthoritics on a regular basis and was provided with sample reports (on demand) of the Kol
dam during the inspection. The interpretation report although not comprehensive. hut was
informative about the condition of the dam 1o some extent,

. f
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3. PROJECT BRIEF

Kol dam is the first hydro power project undertzken by NTPC which is located in the
Bilaspur district of Himachal Pradesh state on the river Satluj, at aboul & km ws of existing
Dehar Power House of Bhakra Beas management Board {BBMB). As reported hy the project
officials, the construction of the project started in 2004 and completed m 2013, The project
was inaugurated in October, 201 6. Koldam Hydro Power Project consists of a 167m high and
500 m long earth and rock fill dam with a central clay core and a chute spillway with flip
bucket. The dam toe power house has 4 x200MW Francis turbines. A chute spillway with six
radial gates has been provided on the left bank o pass a Probable Maximum Flood of 16,500
cumecs. A network of galleries has been provided in the abutments lo provide for access for
grouting of rock mass and draining out of seepage water. Total 17 galleries have been
provided with a length of 3.2 Km in addition to gallery in the body of spillway. Galleries 1 to
12 are prouting galleries while the remaining galleries 13 w0 17 are drainage gallerics. A
decanting/desilting chamber is provided just w's of the power intake for allowing waler
having sediment particles less than 0.25 mm only into the penstocks. Salient features of the
Project is placed as Awnmexure=I11,

4. OBSERVATIONS AND RECOMMENDATIONS

Dam and Reservoir
In general the Upsiream and downstream slopes of the dam were found to be well
maintained. Reservair level during the inspection was EL. 637 7858 m.

During the inspection of Gallery no. 2, substantial seepage was observed from the top in the
inclined gallery no & adjoining o gallery no.2. However, the drainage gallery and the
foundation gallery could not be visited by the team, however, team withess the visuals from
the pallery camera. Seme small amount of flooding was  observed from the wvisuals.
Appropriaic rchabilitation measures moy be carded out to reduce the quantity of seecpage
water and make the drainage galleries relatively in dry condition. Further, the quality of
seepage waler from the formed deains as well as foundation drains appears to be clean. It was
advised to regularly test/ analyze for contents of fines/salts and take appropriate remechial
actions if wartamed. It is funher emphasized that separate measurement of dam body
seepage, both quantitative and gualitative, from the abutment seepage is important so as 1o
ensure the health of dam core and filter material.

Most of the Toundation drains on the floor of foundation gallery were discharging water
except a few, The clogged drains shall be reamed and cleaned for serving their intended
purpose. Besides recording of pore pressure measurements, the quanium of flows from the
foundation drains is being observed regularly, [t was informed that quantity of seepage water

T
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{about 2000 [pd) s under the limit set during the design. The seepage record was being
measured 10 mark increasing or decreasing trend with lime,

It was observed that sufficient lighting installations were in place covering entire length of
drainage and prouting galleries. However, electrical arranpements over a part of the gallery
no.2 were non-functional. All electrical installations shall be made working and may be

encased in water tight conduits,

The reservoir nm was inspected from a boat and some slide zones were observed, It was
mformed by the project authorities that most of the slides have become stable. It is advisable
that reservoir rim shall he monitored regulardy [or detection of any slope movement and
potential slides in the vulnerable areas due to road construction activity or any other activity.

Spillway

It was observed that there is o bt of erosion/scour in the plunge pool area of the chule
spillway on account of which, there is substantial movement in the flipping bucket of the
chute. The project authorities informed that 1o address this problem rehabilitation measures
including grouting, Micro piling (on the LHS) etc on the recommendation of various cxperts
have been done carlier but there was no significant improvement in the condition. However.
after 100 ton: 60 m deep cable anchoring and deep grouting. carried out last vear, there was
reduction in the rate of displacement last vear. Further, on the nght side the erngsion‘cutting

has been stabilised/protecied by placing teira pods,

It was informed that a5 per the recommendation of the panel of ¢xpens, the project
authorities are planning to dewater the plunge pool area to theroughly investigate the health
of the toe and pool and various protection measures like secant pile. grouting and conereting
{cost-in-situ) below 483 are 1o be implemented thercafter accordingly as per requirement.

Team observed that so far maximum releasc from the spillway is of the order of 1000 cumec.
It was informed that Left bank area of the plunge pool is almost stabilized now. However,
the team suggested that some protection measures may be implemented on the left side as
well, as the same mav be vulnerable in case of high flood discharge from spillway. [t was
also suggested that minimum required walerway, as per physical modal swudy may be
ensured to avoid extensive erosion.

Hvdromechanical Equipments

The general condition of the radial gates, hoists and sealing arrangement of the chute
spillway were found to be satisfactory, Project authorities informed that Gate No.2 stuck at
2.0 1o 2.5 m of opening. The same is attributed 1o the misaliznment of wall plate/side scal
seal due to faulty construction or lecal spalling of concrete in the pier. It was further
informed that the wark of chipping of the defective portion of firstsecond stage concrete is

T
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So0n 1o be taken up and re-concreting of the same will pe carried out afier proper alignment
of wall plate and side geal seal. The conditions of stop logs. their storage, their operating
crane &1c. were alsa inspectad visuallyv and found gencrally in order, Project authorities have
ol reported any issue in the four number of bonneted power intake pates operated by
hydraulic hoist in dam chambers. However, small “eepage observed in the breast wall ol the
power intakes chambers and the same was under repair by grouting,

Radial and verfical Jifi Eales constructed for inital controlled filling of dam in diversion
wnnel no.2 (DT-2) are showing heavy feakage. These Bates have been plugped partially,
However, due 1o heavy leakage and loss of warer, project authoritics has planned 1o plug the
DT-2 completely as no future use is intended for these gates /Diversion Funnel, Complete
plugging of the Diversion Tunnel No 2 shall be carried out al the earliest to stop further waler
loss thru this tinnel,

Instrumentation

A wide mnge of instruments have been provided in the dam complex for meniloring s
behavior as intimated by the projecy authority, The instrumems namely Piezometers
{Vibrating wire), joint meter, normal plumb line, inverted plumb line, Slrofig  motion
accelerograph, messurement beams, cell settlement system, V-Notch, automatic waler [evel
recorder were observed to he installed in the dam and irs APPUTienances. Some instruments in
the pallery No. 2 were fog checked for their warking conditions and iy was found thar
inverted plumb line was not working as the same is under the process of automation and will
start working soon,

It was further informed that overall about 839 of the instruments are in working conditions
and readings for all are being collected on regular basis. Readings for maost of the
instrumentation are COming in DAS at the Control centre buil beside the abutment near damn
tep and the manval observatjons are being recorded on g weekly basis. All the data i5 being
slored in excel format sample of which have been shared by the praject authorities with the
feam,

Data of all the instruments installed in various components of the dam complex are being
monitored regularly and the nterpretation reports are being prepared by the project
authorities on quarterly basis, In addition the Pre monsoon and post monsoon Inspections are
also being carried oyt and sample repons (one each) were shared and disc ussed with the team
during the visit.

A network of largets have heen fixed on the downsiream side face of dam and precise
observation of deformation are being carried oyt using total Station for menitoring the
overall performance of the dam. A total setilement of 60 em of dam from initial readings
(MB18- MB25 on LS} has been reported 1] March 2022 as per the sample interpretation
report (Jan-2022 to Mar 2022) shared by the project authority.

Cie
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The inspection checklist as per the Appendix B of the Guidelines for Safety Inspection of
Dams has been prepared on the basis of field observations and information provided by the
praject authorities and the same is enclosed at Ammexure IV.

5. OTHER I1SSUES & RECOMMENDATIONS

I. The issue of armesting movement and erosion near plunge pool area should be taken
on priority, For which detailed geotechnical investipation programme need o be
framed to establish possible scour of the foundation material.

1 The measures 1o arrest the heavy seepage i the diversion tunnel DT-2 from the plug
gated, roof etc should be taken up on the priority. 1t was informed Lo the team that
effons for the same are undergoing and the team witnessed project authority has
managed to keep seeping water in right side of the tunnel in order to start the work on
the other side.

3. The small seepage observed in the breast wall of the power intakes should be
arrested before the monsoon,

4. The full lifting of the radial gate no 2 should be ensured immediately by taking
necessary ¢ivil and mechanical works.

5. I is advised that NTPC may establish 2 dedicated Dam Safety Unit manned by
properly trained persornel at the field level with responsibility for perpetual
periodical surveillance, and for carrving oul routine inspections and monitaring of the
operation and maintenance of the dam.

6. The Action Taken Report of the previous inspection which has not heen submitted vet
mav be submitted a1 the earliest. Extent of complianee of the recommendations of this
inspection shall be brought into the records for next ingpection.

7. The copy of the inspection reports (pre and post monsoon) shall be sent to the Dam
Safety Monitoring Directorate of CWC on regular basis, Alse. annual report on the
Dam instrumentation shall be prepared by the dam authorities and a copy of the same
to be sent 1o the Instrumeniation Directorate, CWC.

6. ACKNOWLEDGMENTS

The Team expresses its sincere thanks to the management of NTPC for entrusting it with the
imporiant 1ask of dam salety inspections of the prestigious Koldam project. The team places
on record its gratitude 1o each and every project official associated with this inspeetion for
their cosperation and hospitality extended by them to the CWC | eam,
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Armexure={

List of NTPC gfficers associated during Dam Safety Inspection Koldam

=D S ol Tholn B b hd —

|

Lak

Mame

MNandan Singh Thakur
Lav Tandan

Surinder Kumar Garg
Rakesh Rathee
Virendra Eumar Singh
Durgesh Kumar Joshi
Akhitesh Chandra Joshi
Jagat Singh Yadav
Amit Goval

Manjeet Negi
Abhishek Dhiman
Abhinav Sukhija
Lucky Junas

CE{L_

Designation

Head of Project, Koldam
G (O&M )

DGM (CEIPES)

DGM (FES)

DGM (Geology)

DGM (Civil)

DGM (FOQA)

PGM (Engg.), HRHQ
Sr. Manager (MTP)

Sr. Manager (Operation)
Sr. Managet (MMD)
Sr. Manager (P&5)

Sr. Manager (C&L)
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Bird's eye view of kol Dam

Tabl ree chanre View of Callery Mo 2

Dam anid Keservoir
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Wide ernck in the side walls of the chute due 1o
corilement in the foe 2rea of the plunpe pool

Stahilizntion by tetrapads on the nght side of the plunge Eresicndscour in the plunge pool area {LHE)
poal

Spillway and Plunge pool
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Radial goie Wall Place

Imake Ciate

Diversion Tunnel 2

Hydromechanical Equipments
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Jabmimeter [ Vinchen apparatus)

Pore Pressure Mesguremen Ambematic Water Level Measurement o Dram

Instromentation Installations in Spillway Gallery Mol
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Flow Measurement in Spillway Gallery .2 Strong Motion Accelerogeaph near the Right
Abutment on the fop of Dam

Cell Senlement System in the Dam Body an the Aulomaric Water Lewvel Recorder

Drownstream Side

Instrumentation In#tallations
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INSPECTION OF KOLDAM HYDRO POWER PROJECT, HIMACHAL PRADESH BY
CWC TEAM ALONG WITH PROJECT OFFICIALS (28", JUNE 2022}
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Aunexnre £if

Salient Featires

KOLDAM HYDRO POWER PROJECT

{a} | Siate Himachal Pradesh
(hy | Dastrice Bilaspaur
{c) | Latinede & [ongitude at Dasm Latitude N 319 23" 30" Longiwmde E 767 52° |2
id} | Township Elcvation Bo5 m (MSL)
ie] | Mearest ril head Kiratpur
(f} | Nearest Airport [ Approach Bullu { Bhuntary f WH 21
{g) | Location On River Satluj abowi 4 ks upstream of Slapper
Rridge nn NH-21, RilaspunH.P)
(hy | Capagity B0 MW 4 X 200 MW
{iy | Generation 3054 Million Units (90 % dependable vear)
{1} | Power evacualion 400 KV Integrased Transmission System
(kb | Bemelciary of power 29,73 % of total generation to HLP (12 % free of cost, 15
% on bus bar tanff & 2.75 % as grid allocation} and res)
of power to SEBs of Northern grid.
(1} | Land Acguired About 14835 Hectares
i Hydrology and Climate
Catchment 53770 Sg.Kims.
ddaximan annual rainfall in 2350mim
catchment
rinimum annunl rainfall in AT0mm
calchmenl
Design flood for
(al | Spiliway probable Maximum Flood 16,500 m*s
(b} | Design Flood for river diversion 6,504 m'/s
during construction {1 in 200 vegrs
retum period)
icl | Stndard Project Flood 11,400 m'/s
{d) | Available discharge {without 102 s
storage) in 90% dependable vear
(8] | Max. 1empernture 45°C
thy | Min.lemperature 1°C
i Diversion structure
(al | Diversion tunnel | 2'Maosg
(b} | Diamerer & Shape Finished [2a 14m Horse Shoe Shape [Excavated Dia

fa.dm)

Qf:lf
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(e] | Length of tunmels T=1 =90
T-2 = 634m
(dy | Wo & Type of Gales & MNns Vertical
(e} | Inlet level (EL.) 10 m
() | Outlet level (EL.) 503 m
(g | Av. Slope T-1 =0.78%
1 T-2 =075%
(h) | Discharge Capacity 65300 Cumecs
(i) | Maximum Velocigy 20mzec
i | Dam
{ay | Type Rock and gravel fill with impervious central ¢lay core
f il | Credt of Dam Gddm
{c) | River Bed 502m B
idd | Lowest Foundation Level 481m
(¢} | Height above deepest foundation 167m
(| Crest length (m) 493,11
{Eg] | Basa ‘r‘l-'itih LS 1o s with O, |34
Coflerdams), m
ihy | Crest width [dm
(1) | Slopes Llp- siream slopes
upto E GI0.00=18(H}; [V}
Above El 610.00 = Varies as 216 Hp 1o 223(H) : (V)
Dowr-siream slopes
up to ELA 15,00 = 1L5(H) ' 1{V)
Above El 61500 = Varies ps 1.624H) to 1.68H] : 1{V}
i1 | Dam filling Materials & quantitics
Min Dam LS Coffer Dam
Clay (M1} 21.72 Lac Cum [ 16Lae Cum
Filter{M2) 4.76 Lac Cum .
ColTer Dam Filter 33 . 0.22 Lae cum
Filter{M4) 3.51 Lac Cum 0.50 Lac Cum
Grravel{ M3} 20040 Lac Cum 7.30 Lac Cum
Ciravel| Wb ) 345 Lac Cum -
Transition[M7) 5.42 Lac Cum .
Rock Gill{ME) 21.36 Lac Cum -
Rock fill{M9) 30,73 Lac Cum 3.45 Lac Cum
Rip-RapiB105 { 203 Lag Cum -
Tatal 11340 Lae Cum 1263 Lae Cuim
ik} | Coffer Dams I
Type Giravel fill with impervious clay core

Height and Crest Elevation

Upstream CofTer Dam - T3m, EL 558m (Insluded in
main Cam)

Gpﬁ/,
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Downstream Coffer Dem - 28.5m. El. 81 8.5m

il

Reads in main Dam

up-stream, i4m wide replaced with |.Om RipRap
down- stredam, Tm wide Biiumen Top. gradient 1074

(m} | Galleries
Finished Diameter 3.0 m {for Grouting Galleries)
36 mifor Droinage Galleries)
Left Bank Growting Galleries 1- length = 248, 10m, section = horse shae, slope=0.2%
2- length = 329.50m, section = horse shoe, slape=0.2%
3= length = 97 50m. section = circuler. slopa=100%
4- length = 65.02m, section = horse shoe, slope=0.2%
5- length = 102_80m, scction = girculer, slope=100%%
Rase Grouting Gallerny G- length = 161.30m. section = horse shoe, slope=0.2%
" | Right Bank Grouting Galleries 7 length = 97.45m, section = circuler, slope=|00%
8- length = 61.42m, section = horse shoe, slope=0.2%
9- length = 84.95m, section = circuler, slope= 1009
| O-length = §5.20m, section = circuler, slope=00%
1 l-length = 423.83m, section = horse shoe slope=0, 2%
| 2-length = 471.30m,section = horse shoe,slope=0.2%
Drainage Galleries 1 3-length = 377.70m,section = harse shoe.slope=2.75%
1a-length = 251, 70m.section = horse choe slope=0_350
| 5-length = [86.40m, section = horse Ehclt.jhpl'.:-r].f'ﬁ_
lé-length = 53m, section = horse shoe, slope=0, 2%
I T-lengih = &0m. section = harse shoe, slope=3 %
iv | Spillway
{a) | Tvpe | Chute, Gated Crest
(b} | Crestlevel EL. 625%m
T:} Toaal width of crest { Water Way N2 6m
excluding Peir & Guide wall Wigih)
{d} | No. of gate bays Six cach of 17.1m wide.
iel | Length of chute A641.52m
(M | Type of gates Radial (17.1 m wide x [7.74m high)
g) [Right' Left puide wall Length 403.551m : Height Varies from 8.5-12m
{h} | Pier Width 6.0 m
{r) | Wier (Oges) 3Im (L) 5 Gmiw)

[ 1273 TmiL) x wvaries {w)

Diesiliing Arrangement/Decanting
Chamber

(|

Type

| Submerged in the body af the reservoir, ]

-
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| (b} | Pamicle size exclusion Preventing for partciles 0.23mm size and above for
entry
{e} | Perepheral Length along C/1. of | 357.054
Pigrsm)
{d} | No& Size of Trash Rack 14 Nos ( 12.98m Wide X 16.125 m High)
vi | Reservoir
(1) | Top EL of Dam El. 645m
(b} | Maximum reservoir level (MWL) El fdém
corresponding 1o PMF
(¢} | Full reservolr level (FRL) ElL &42m
(dy | Minimum draw down level El 636m
(DL
{2} | Gross Capacity at FRL 57,600 ha-m (376 MCM)
(f) | Dead storage capacity at MDDL 48,600 ha-m [4BAMOM)
(gh | Live Siorage SO0 hea-my (ORI M)
(h} | Maximum reservair depth 140m
{11 | Area of Reservoir 13.20 50, km
vil | Fower Intake
{al | Noand size of Bays dnos. of 645 mxb45m
(hy | Mool Gates 4
[eh | Size & Tyvpe of Gates 6.45m x 6.45m Vertical slide gntes
will | Penstock Tunnels
(al | Mo of Penstock tunnels | 4 Mos Circular steel lined
(b | Maximum discharge through each 1'96.0 m3/s
Penstock funnel
{ cb | Finished Diameter of Penstock f.dim
unnels
tdl | Max. velocity throngh Pensiock .0 mis
te} | Total Length of 4 Penstock wnnels | 765 meter
if) | Penstock Valve Butterfly
ix | Power Plant House
{a) | Tvpe Surface
(b) | Power house size 170.2 m x 68.69m « 50,5m
feh | Mo of Units 4
id) | Type of urbines Frasis, verical shaf
(2} | Installed capacicy S0 MW (45200 MW
(fy | Rated unit Capacity 100 MW
ig) | Firm Power at 100% load factor 101.9 MW
thy | Maximum pross head [40.0m
(it | Minimum gross head {Flood 1Z1m
Condition)
31 | Maximum Net Head 137.7m

S
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(k1 | Minimum MNet head (F lood 119.0m
Condition])
(1} | Dresign Hend 134.75m
() | Maximum Aow through éach uni 1960 cumecs
(n} | Svrchronmes Speed - 166.6 RPM
(0} | Cenerator
-Tvpe Svnchronous, Vertical Shali
- Power factor, genertor vollags 0.9, 13.8 kv
(py | Size of mechine hall 24.50m x 2Tm x 50,5 m
X Tailraee Channel
{a) | Type Dpen Channgl
{4k) | Length 1 00m
(c) | Mlindman il water level El 202m
(dy | Maximum tall water level EL 525m (at PMF)
i | Switchyard
{a) | Type of Switchyard AIS (Air Insulated Switchyard)
| {B) | Number of bays in the switchyard 16
£ ) | Transmassion Voltnge 40y KV
(el | Mo, of Towers I3
(e} | Evacuation System Through 400 KV Line coming from Mathpa- Jhakri
(| Locatien Cipen
x| Power Benefit
{a) |Firm Capacity
13 90% dependable year [0 98 W Continows
24 5004 dependabel year | 37.0MW continous
(b} | Energy Generation
I'] 9% dependable vear 3054 GWh
21 50% dependable vear 3369 GWh
{ ¢l | Design Annual Entrgy 2900 340GWh

@-L




SCHEDULED DAM SAFETY INSPECTION FORM"

Part La - Inspection Details:

Dam Namie: Kal Dam

Dam Type:
central elay core

Mational Thermal Power

Dm Owner:
bl Corporation (NTPC)

Dam Operator: NTPC
Commissioning
Date: March 2015
ClryfState/FIN: Himachal Pradesh
District: Rilaspur
Latitude: N 31° 23" 3™
Longitude: E 76* 52" 12"

a) THL RL  FEL 648%m

) MWL RL El 6id6m

¢} FRL RL EL 642m

d) Spillway Crest R1. El 625m
¢} MDDL RL EL 636m

Important
Controlling Level

"This annewure is darived from the pualizhad Gwidoline for Sofety Inspections of Dom,
Fages B-1tn B-12,

Rock and gravel fll with impervious

Praject ID Code (PIC):

Dam Purpose:

Hazard Classification:
Twpe of Inspection:
Inspeetion by:

Date of Inspection:

Reservair water level in
mebre on the date of
I preciion:

Storage Capacity
(MM

Weather Conditions:

222

Anexnee 17

HPIRZVHO014

Hydropower

MA
Safety Inspection
CWC Team

28" June 2022

37,7458 m

(i} Ciross 57,600 ha-m
(5ThH MOCM)
(i) Live 90000 lyz-m
(SONOCM)
Hot, humid amd
clowdy

Appaendiz-§ “Schaduled Gam Satery Inspectian, Instructéons and Forms,



Armexinea f1°

) Lowest River bed BRI EL 302m
g} Deepest foundation level RL EL
481m

Part Ib - Inspection Remarks:
Please provide any additional information or comments not covered by Part 1n form above.

223



Part 2a = Inspection Checklist:

Awrerecare F1°

Observations and Condition”
St apeitiiniton e recommendations, if (Unsatisfuctory
M. v| n | na [20¥ of the autherized| /Poor/Fair/
; inspecting officer | Satisfuctory)
A-Reservoir
A-L1 | General Condition |
|.1.1 | Is the rescrvoir water level unusually high or low? i | Satisfactory
1.0.2 | Are there signs of decline in water quality? v
|.1.3 | Are there signs of recent sediment deposition”? i
|.1.4 | Is Moaling debris present? v
113 | Anv indications of major active or inactive landslide area in the W Reservoir  Rim  simhility
reservoir fm Report ailaclesd as Annex A
If so0, indicate their locations and extent.
1.1.6 | Are there people or livesiock in and around rescrvoir? v
LT | Aoy other issues? Y
B-Dam and Dam Reach (Embankment)
B-1.1 | General Condition
1.1 | Any major alterations or changes to the dam since the last v Salisfactory
inspection?
1.1.2 | Is there any new neacby development in the dovwnsiream v
Moodplain?
LL3 | Any misalignment of poles, fencing or walls due to dam v
movemenl?
B-1.2 | Upstream Slope
L2.1 | Any signs of bulging or concavity (depressions)? v Satisfactory
IT 50, indicate their locations and extent.
(Cheek up the cross-sections with tape and level at random
locations, al least two)

224



Awnewre [1°

SL
Mo,

Inspection Item

Response’

Observalions and
recommendations, if

N

NA

any, of the authorized
inspecting officer

{Unsatisfactory
PoorFair/
Satisfactory)

Droes the section of the dam and upsiream slope appear
strueturally sound and stable?

1.2.3

resence of longitudingl or transverse cracks?

1.2.4

Whether any signs of distress o stability of slopes noticed at any
time in any part of the dam?

IF s, give brief details of the incidents and location, the method
of treatment adopted and its effectiveness.

Indicate the general condition of upstream pitching.

1.2.5

Any degradation 1o slope protection {rip-rap)?

1.2.6

Iz there any profuse growth of bushes or weeds over any portion
of the dam?

If 50, indicaie the locations.

1.2.7

DCroes the upstream slope shows existence of crab holes or holes
miade by rodents or bumrowing animals or ant hills?
{50, indicale the localions.

1.2.8

Any other issues?

RB-1.3

Crest of Dam

1.3.1

l'.'.'vtltl#il!il;mE

[5the cred profile sl proper elevation?
(T be test checked at random locations by 1aking level)

Satisfactory

132

Does it show any signs of excessive andfor uneven seulement?
IFs0, indicate such locations and extent of settlement.
{Surlace scttlement points must be installed for observing this
aspect)

Is the surface of the crest free from undulations and local

Does it provide an all-weather road surface?

depressions or heaving?

225
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Amnevire 14

Observations and Condition”
[F ; a
i Inspection ltem e recommendations, if {Unsatisfaclory
P v| n| ma [30Ys of the anthorized| /Poor/Fair/
inspecting officer | Satisfactory)

L35 | Any depradation to access road (sealed unsenled)? Y

——

1.3.6 | Does it develop any visible cracks in transverse or longiiudinal \
directions?

I['s0. attach & map showing their locations and extent. Depth of
criacks must be ascenained by taking open trenches extending
below the bottom of cracks.

1.3.7 | What is the condition of the edges of crest? Have pot eroded and N
cut up resulting in reduced efTective width?

1.3.8 | Is the crest free from local slips throughout its lengih on either y
sides?

1.3.9 | Do the headers, guand stones and parapet wall provided at the Y
cdges of the crest appear in proper profile and plumb?

1.3.10 | Any degradution o upstream parapet or downstream curb wall? W

1.3.11 | Evidence of livesiock on dam crest?

1.3.12 | Trees or profuse growth of weeds/hushes at any location? v

1.3.13 | Proper lighting arrangement al dam top? Y ld-:rTE- wils dare durmg
Al

1 ;3‘-_.14 Any other issues? Y

B-1.4 Downstream Slope '

I.4.1 | Any signs of bulging or concavity (depressions)? v | Satisfactory
1.4.2 | Are there any wel or slushy patches or any concentrated leaks, y
springs or trickles ohserved on the downstream slopes or the foe?
If 50, indicate their locations and extent.

Please look out for patches of extensive vegetation growth and
cxamine them carefully and record the findings.

1.4.3 | Presence of longiudinal of transverse cracks? Y

1.4.4 | Anv signs of distress 1 the stability of slopes? BE ]

(,'._P*L |
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Armevare 17

Sl
M,

Inspection Item

Response®

YN'NA

Observations and
recommendations, il
any, of the authorkzed

1.4.5

Are rain cutsierosion channels present al any location?

y |

Inspecting officer

l.4.6

Are all the rain culs and erogion channels properly treated amd
made good? Please indicate location of re urring damages, if any.

|+

1.4.7

Is there any profuse growth of bushes or weeds OVET ANy portion
ol the dam?

I 50, indicate the locations.

{ Unsatisfactory

Safisfuctory)

Condition"

MPooriFair/

1.4.8

Droes the downstream slope shows existence of crab holes or
holes made by rodents or burrowi ng animals or ant hills? [T so.
indicate the locations.

las

Amy other degradation to slope protection {turfing)?
[ndicate the gencral condition of downstream pitehing! wurfing
and rock toe.

Crzibemal wnifitHin ol
Aounsticas Pk chenp g

ani rogk toe i pi

1.4.10

Is the downstream area clear of debris and frop draining?

4.1

Any other issucs?

B-1.5

1.5.1

Dow nsiream Drainage

Are there any signs of water logeing. slushy condilions or growth
of aquatic weeds on the downstream of the dam?
To be checked upto 300 m downstream of toe

[.5.2

Are there any standing pools of water in the downstream of dam?
If 50, give their locations and extent.
T be checked upto 300 m downstream of 1o

1.5.3

Are there any boils observed in the
of the dam? If so, pive locations.

vicinity of the downstream e

1.5.4

Is the downstream area sufficient] cclear and free disining”?

L.5.5

What is the depth of ground water table on the dovwnstream as
evident from the existing wells in the vicinity of the dam

Mecumeiors scalmps mpched
a8 Armex H

Sutisfuctory |

G%J\




Annexure fIV

n Response® ﬂh.-:nnralinnf a‘"d. 1F,nnflhiunh
: Tikpection Theo mmmmnmhhumf, if (Unsatisfactory
MNi. v| | g P of the authorized| /Poor/Fair/
inspecting officer | Satisfactory)
Tor be checked upto 300 m downstream of toe. Does the water
table showany marked variation in scecordance with the
varialions in reservoir water level? |
1.5.6 | Are all the exposed drains working satis{actorily? V
1.5.7 | Toe drains and eross deins. Imiormation peosded
v dAre the portions of longitudinal toe drain and exposed cross | v
drains beyond the downstream toe of the dam in regular
section and freely draining?
v Isthe pitching to these drains intact? W
15 there any weed growth in these drains? W
. Indicate other defects noticed in the draing, if any Y
158 | Outfall Drain: Infxmation provided N
w 15 the outfall drain in proper shape and grade and freely |«
draining?
iy 15 the outlall drain properly cleaned and maintained? I
Does the outlall drain show any stagnant pools of water or weed V :
growih? I
B-1.4 Surface Draing wnstream
L6.0 |18 the condition of the downstream slope drainage W Satisfactory
arrangements, iF provided, salisfactory?
1.6.2 | Is the paving to these drains intact? W
163 | Are all the drains properly maintained and free of v o
vepetation growih amd debris?
1.6.4 | Does the slope have a tendency to develop severe rain cuts at any K
11:rl.:a[iufr_!'?
L.6.5 | Enumerate any other defects noticed in the surface drainsgeof | | v

228
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i Response® ﬂhsﬁﬂatinn_s und_ Cnn}!itiun"
o, Jiouceiian Tlins recommendations, if [Unsatisfactory
pe i
MNo. v n| ng [AOY of the authorized| /Toor/Fair/
inspecting officer | Satisfactory)
downstream slope,
B-1.7 Seepage Measuremont
1.7.1 | Is the quantity of scepage being daily or pericdically measured y Fair
and recorded? Please cheek the registers and record observations.
1.7.2 | Daes it show any abnormal rise or fll7 11 se, doss it have any y The seepage in the S dagion
. . : 2 t palleny 1= high weiing s
relation 1o g certain reservolr level elevation? finoding
1.7.3 | Does the scepage show a turbid colowr at any stage? Was such a )
phenomenon ohserved at any stage at any location in the past?
1.7.4 | What is the measured rate of scepage flow with date and reservoir
level:
[ Un the day of present inspection(31.05,2022) 6655 LIMin639 3m)
i Maximum since last June (0<4.05.2022) 6843 L/Min 641 mt
i Minimum since last June (17.05.2022) 6577 L'Min 638 B
[.7.5 | Is the portion upstream and downstream of measuring points of ¥
seepage easily accessible with proper steps and paths and free of
vepelation growth?
|.7.6 | Arc the measuring points properly located, constructed and ¥
maintained 0 as W give accurate and reliable measuremenis of
seepage in accordance with the elevant 15 Codes?
|.7.7 | 1s the method of taking scepage measurements satisfactory? N
B-1.8 Breaching Section (if provided)
|.8.1 | Is the breaching section easily accessible? W
|.8.2 | Is the condition of the breaching section satisfactory? Y
|.83 | Is the note of instructions as to when and how to operate the v
breaching section available on record?
|.8.4 | For_reconstruction afler the breach are the following ilems v




Amnexiire FV°
Response” | Observations and Eun_llitiﬂn“
5L Tmsnéetiog Tteo recommendations, if [ Unsatisfactory
No. Pk ¥ N | NA ["0Ys of the anthorized| Toor/Fairs
inspecting officer Satisfactory)
decided in advance?
| a} Cuarry for embank ment material
| B} Suitable routes of access
Is the maintenance siaff fully aware of the instructions related 1o
aperation of the beaching section and for reconstrection afler the
biresch
L85 | Ascertain and indicate the latest event of operation of breaching v
section and its performance, '
|.E.6 | Evidence af recent degradation? ¥
1.8.7 | Anv other issues? i '

230

1.9.1

_B' [1-5

Junction i urk with
Is there any existence of leaks, SPrings or wet spots in the earth |
work in the vicinity of the Junctions hetween earth work and
masonny works?

If 5o, what is the approximate rate and colour of the leakage?
Does it mirn varbid at any time? Please ascertain from enguires
and record the findings.

dam sections and on

Is there any tendency for separations, cracking, scttlement or
upheival of the earth work in the vicinity of masonry or congrete?
If so. indicate the locations and the exact nature of deficiency,

.53

Is there any tendency for surface erosion or slope instability at the
Junction?

194

If the outlet conduit is located in the earth dam section, is (he
entire length of the conduit in perfect order and profile and free
from olTsets, open joints, cracks and leakape?

Examine the conduil carefully from the downstream or from

Satisfactory




Annexure 1

Response’ Observations and Condition”
sl recommendations, il (Unsatisfactory
s | TOEUERIT Tt ol x| xa [0 of the authorized | Poor/Fair!

: inspecting officer | Satisfactory)
ingide, il possible, and indicate the deficiencies observed., if any, |
1.9.5 | Any other issues? | Y
B-1.10 | Relief Wells
1101 | Are  the relief wells in good working condition and J'um:l.lunlngl W
well?
1.10.2 | Are the reliel properly surped and cleaned periodically? i Y
1.10.3 | Please indicate the dates of last surging and cleaning and the next ¥
surging due, .
L104 | Are the necessary plant and equipment Tor cleaming the reliel J
wells, available with the officc? R
1105 | 15 the record of perindical measurements of discharge from cach v
reliel well maintained?
[F s0, indicate total discharge and maximum discharge observed | |
|| from a single well on the date of inspection. | - -
B-1.11 | Abutment Contacts
1.11.1 | Any presence of leaks, springs or wet spots near the abutment?! y Satisfactory
1.11.2 | Any presence of cracking, settlement or upheaval of carthwork? v
1.11.3 | Any evidence of crosion or slope instability? +
1.11.4 | Trees or profuse growth of weeds/bushes? v
1.11.5 | Any degradation o up/downstream slope protection (rip-rap. y
Lyrfing |7
1.11.6 | Any other issues? W
C-1 | Dam and Dam Block/Meach (Concrete/Masonry)
C-1.1 | General Condition
1.1.1 | Any major alterations or changes to the dam since the last W
inspection?

"\:R}ftq
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Amnexnre FVF

Ohservations and Candition"
S Tasnection Tham Respouse’ recommendations, if (Unsatisfactory
Mo, pe v| Nl na [20Fs of the authorized | /Poor/Fair/
inspecting officer | Satisfactory)
1.2 | Is there any new nearby development in the downstream y
Moodplain? B
LL3 | Any misalignment of poles, fencing or walls due w dam W
maveinen]?
C-1.2 | Upsiream Face N
I.2.1 | Evidence of surface defects (honeycombing, slaining, [ ¥
stratification)?
1.2.2 | Concrete/masonry deterioration (spalling, leaching, N
) disintegration)?
1.2.3 | Is eracking present (structural, thermal, along joints)? \
1.2.4 | Evidence of differentin] settlement (displacedfo Meelopen joints)? Y
[ 1.2.5 | Presence of vegetation {growil in joints between Blocks)? ¥
1.2.6 | Evidence ol any other damage 1o joints and/or water stops? BE|
1.2.7 | Anv other issues? y
C-1.3 | Crest of Dam
L.3.1 | Evidence of differential setifement {displaced/offsetopen joints)? Y
1.3.2 | Presence of eracking ( struetural, thermal, along jointsy? )
1.3.3 | Profuse growth of weeds/yrass/plants at any location? W
1.3.4 | Any degradation 1o access road? L}
1.3.5 | Any degradation to upstream parapet of downstream curb wall? N
1.3.6 | Any other issucs? W
C-1.4 nstream Face
4.1 | Evidence of surface defects (honey-combing, slaining, 5 v
strtification)y?
1.4.2 | Conerete/masonry deterioration (spalling, lcaching, v
disintegration)?
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Awurexere 117

i Response’ | ﬂhscn*utiunf and. Condition™
> Inspection Item | recommendations, il (UnsatisTactory
No. vinl w4 #0 of the authorized| MToor/Fairf

inspecting officer | Satisfactory)

143 | Presence of cracking (structural, thermal, along joins)?

1.4.4 | Evidence of differential settlement (disploced/olTset/open jointz)?

| e

1.4.5 | Presence of vepetation {growth in joints between blocks)?

1.4.6 | Evidence of any other damage w joints anddor water stops?

1.4.7 | Excessive seepage’sweating at any location on downstream face?

-.-.-.-.-.u—.
o | |

4.8 | Significant leakage at any location on downsiream face?

-

1.4.9 | Any other issues?

-

C-1.5 | Abutmeni Contacis

L.5.1 | Any presence of leaks, springs or wel spols in vicinity of ¥
abutmem?

1.5.2 | Any presence of cracking or settlement? |
1.5.3 | Profuse growth of weedsfgrass/plants at any location? | ¥

1.5.4 | Any other issues? IE

D | Gallery/Shaft and Drainage (Conerete/Masonr)
D-1.1 | General Condition

1.1 | Slushy condition or water lopging immediately downstream of B Fair
dam?

1.1.2 [ Any evidence of boiling in vicinity of dam to¢? - &)

D-1.2 | Gallery/Shalt Condition

2.0 | Any problems accessing or inspecting gallery/shafi (obstruction)?

| Fair
Any safety issues (inadequate handrails, hghting or ventilation)? | |+ |

— | | —
s '

I | | F
tred | ot

. .i::;:\:':‘ll'-:.‘;l.'-l'p1l_!r-'|llﬂ1;:ili'iiT

Problems of inadequate drainage (slippery stairs, water logging of e e ot
= T =il Amaps g

pallery, clogped porous or foundation deains)?

1.24 | BEvidence of differential settlement {displaced/offset/open joints)? W

1.2.3 | Excessive scepage’sweating at any location along gallervishafi? ¥

2.6 | Significant or excessive leakage ag any location alonge W Ihlu:_-_-u-nl foumdation
galkeries

o
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Awrgpres 17

Inzpection ltem

Response”

NA

Observations and

recommendations, if [Unsatisfactory

any, of the authorized
inspecting officer

gallery/shafl / porous drain? If yes, provide location(s)

Are proper arangements made for the measurement of seepage
into the gallery? Is the secpage measured separately from-
. Porous pipes?
:  Foundaton drains? And
& Monolith Joins?
Are the above arrangements satisfactory?

Has there been substantial progressive reduction in the seepage
through the foundations? s it due to choking of the drain holes?
If so. indicate number of holes choked.

Are all the foundation and porous holes periodically cleaned with
reaming tool amd air water jetting? Indicate the last date of such

cleaning and extent of variation observed in the secpage
discharge before and afier the cleaning. '

InGownsed] by the "4

12,10

Is the seepage water and the deposit, if any, from the seepage [

being regularly examined for chemical composition? If so,
indicate the result and the probable source of dissolved salis, if
any,

Yes replarly cxamuned @
chemiary lah

Are any seepage waler springs observed in the downstream area
any where? If s, indicale the locations and state the physical
nature of this seepage. Look out for such seepape Spols
particularly near the dykes, fault zone ete. Ascertain if chemical
testings arc made of water samples from such springs  for
dissolved sals,

Is there any leachate deposition? I1 ves provide location

Somu Leachale deposason in
parls i ghe spillwin gallere

Any other issues?

Condition®

FooriFair/
Satisfactory)
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Anuercyre 13

Inspection Item

Observations apd
recommendations, ir
any, of the authorized
inspect officer

{Poor/Fair/

Drain Condit an

Condition® |
(Unsatisfactory

| Satisfactory)

5 the Mow in the dirain unusuatly high or low?

Presence of caleium or other de ils in draip?

The deain e el was i

S|y ol cad g

Fair

Is dewatering pumping station fully operation|?

An eling pump?

Inliemed by PR

reventing or img._.'tiring-: smooth operatjon?

| Any deterioration of pump and associated equipment?

Is sump well clean andd maintained?

4 | Is Vonotch hefore sump well elean and maintained?

Any other evidence of the drain being blocked/having reduced
Section® |

D-1.4 |

8

the flow in the drain naticeably sporadic/irrepular? !

|
| Does the drajy g water have unusug| color (leachate )7

= )
| Any other issues?

Buody Wal fNOF*

4.1

What is the 1oz seepage into gallery from the porous pipes in the |
dam at lake ful] condition? How does ji compare with the seepage
when the reservair wag first filled? (For gl corresponding waler
level)

L

1.4.2

and indicate (he probable reasons

1.4.3

IT there has been substantial reduction in (s secpage?

Asceriain |
there fore

Haz there heen 4 lendeney for gradual
through pipes and Progressive appearance of swealing on the
dovwnsiream fuce of the dam?

1.4.4

_‘_|_—_I_ I -
reduction of drainage | | Y

Has there been considerable leaching from the seepage water and

deposition of lime near (ke SeCpare

exit spopg?

i




SL
M,

Antrexure f1°

Inspection [tem

[4.5

Response”

MNA

Observations and
recommendations, if
any, of the authorized

inspecting officer

Are the samples of the seepage water and reservoir waler heing
regularly tested for reactive and corrosive properties?

1.4.6

Is there excessive seepape, sweating at any locations on the
downstream face of the dam?

(Examine the monalith or construction joints for such SECpie
ared leaching and indicate the findings)

147

Is there any swelling or cracking observed on the downstream
lace especially near the points of concentration of stresses like the
loe or locations of abrupt change in geometry of the face of the
opening? If so. mdicate the details of observations.

1.4.8

Is the pointing on upstream face of the dam in pood condition? IF
not, indicate the nature and extent of deficiency

149

Are the registers and  graphs  showing the  periodical
measurements of secpage discharge from the porous drains in the
gallery and from the downstream [ace al various lake levels
maintained at site?

1.5

Wasie Weir Bar a ail Channel

1.5.1

Condition”

i UnsatisFactory
[PoorFair!
Satisfactory)

5 the Concrete/masonry spillway bar in pood condition? [s there
any leakage through the masonry or from the foundation? Tf so.
what remedial measures are proposeditaken for minimizing the
leskage? Is the recond of leakage measurement maimtained? What
is the quantity of Seepage/Leakage on the date of inspection?

1.5.2

1.5.3

15 the coping over the spillway bar in good condition?

Does the upsiream and downstream face of waste weir bar need
pointing?

Is there any scouring on downstrcam side of the bar and/or EDA? | | ¥

E?L_
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Anmexiere 117

Response® | Observationsand | Condition” |
L1k i i e recommendations, if (1 nsatisfactory
No. P v|N| na A0V of the authorieed]| /Poor/Fair/
inspecting officer | Satisfactory)
Il 50 whal remedial measures are proposediaken?
1.3.3 | Are there any damages or undermining to puide walls, divide wall |
and other appurtenants? If so, whal remedial measures are
- proposed/aken? |
D16 Structural performance of the ‘NOF' and *OF' Portions of Dam Foundations
1.6.1 | Are there any signs of struetural distress noticed in the dam Fair
spillway and foundations in the form of-
L Excessive deflection with respect 1o permissible deflection at —— v
the thine of design
o Tendency of pradual sliding K
W, Cracking and upheaval or settiement in any part of the hody )
wall or foundations,
w. Excessive wplifi y
v Excessive seepage and leaching through the bady of the dam
and the foundation d
L.6.2 | Conspicuous weathering of materials or components in any ]
portion of the body wall or the foundations.
E | Spillway and Energy Dissipation Structure
E 1.1 Spillway
|.1.1 | Any prohlems inspecting spilbway (ohstructed access, domaged V¥ ' Fair
catwalky?
1.1.2 | Any obstructions in or immediately downstream of the spillway? Y __H
1.1.3 | Evidence of abrasion, cavitation or scour on glacis (e.g, exposed v
reinforcement )? i
1.14 | Presence of displaced, offset or open joints?
| L.L5 [ Presence of cracking (structural, thermal, along joints)? i

237



Annexure [V

R Observations and Condition”
SL R dations, if {Unsatisfactory
Inspection Item i somenoe i S’ (Liainatly s
No. vl a4 (AO¥: of the authorized, Poor/Fair/
inspecting officer | Satisfactory)
.16 | Evidence ol surface defects (honeycombing, staining, Y e
stratilication)?
LL1.7 | Concreted'masonry deterioration (spalling, leachin y Some  amuiit ol spalling
disimtegmtion)? w ppein - ;E;:.d;:;l::m"é“ T
I.1.8 | Presence of vegetation (growth in joints between blocks)? ¥
LL% ] Evidence of any other damage e joims and/or waterstops? N
1.1.10 Ew.sam. seepage/sweating al any location on spillway }_,Iu-l:lr. ' o
1.1.11 | Significant leakage at any location on spillway glacis! v
1.1.12 | Any other issues? W
E-1.2 | Energy Dissipation Structure
1.2.1 | Any problems inspecting energy dissipation structure’? El Fair
1.2.2 [ Any obstructions in or immediately downstream of dissipation El
structurc? =
1.2.3 | Evidence of abrasion, cavitation or scour on dissipation structure? | V] | Erceiea scouriy s e 10 of
, | J:.:.Thmu adpsnmp the plige
1.2.4 | Presence of displaced, offset or open joints? W EL":‘E ﬁ:ﬂﬂ:ﬂﬂ:
manteeod regslarly |
1.2.5 | Presence of eracking (structural. thermal, slong joints)? | 4]
|.2.6 | Evidence of surface defects {honeyecombing, staining, [
stratification)?
1.2.7 | Concrete’masonry deterioration (spalling. leaching, |
disintegration)? J
1.2.8 | Presence of vegetation (growth in joints between blocks)? J
1.2.9 | Evidence of any other damage 1o joints? Y
LLI0 | Any problems with under-drainage (blockage of open drain y
[1::]-2::}"?
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Annexure IV
n | Observations and Condition”
sl Inmnsoiibn b Respanse recommendations, il (Unsatisfactory
No. el vl | na (a0, of the authorized| /Poar/Fair/
inspecting officer | Satisfactory)
1211 | Can the tail pond be drained easily for inspection of the stilling ¥
basin or bucket? If not, what are the altermatives available Tor
dewatering? Please ascertain and indicate the last event of
inspection of stilling basin (or bucker) | |
1.2.12 | From the examination of the levels and comtour plans and | K '“'""'"-""-'"E"ﬁ i"“:“““'l"‘
reference marks in toil channel; ascertain if there is progressive R Mg
erosion and retrogression in the tail channel, IT 50, indicate the
extent and location of such erosion with reference 1o the various
components of dam, spillway, outlet, power house elc.
2,037 Is the concrete surface of the stilling basin and apron (or bucket) | v I“r"_-1l "";,,":, ’;IC‘““TI“.'““’"F
m good condition? Are there any indications of pitting, cracking, ..L.L::.h:lm .q,ﬁn,mg
spalling or wearing of the surface of bedding concrete? If so.
please give details of the nature and extent of the damage.
1213 | Is there any indication of abrasion and cavitation damage W
ipitiing of concrete) especially at friction blocks . chute blocks
and slotted roller teeth, the surface near the lower tangent point
and the end sill? IF so, please give the details of nature and extent | |
of damage.
1.2.14 | Is the under drainage of the slilling basin {or bucket) satisfactory? [ Y
Arc all the open drain holes clear and functioning well? |
1.2.15 | Any other issues? | | |
___F| Intake/Outlet nd Water Conveyance Structure PN el < === 3Ey o
F-1.1 | Inta flet Struc
LI1| Any problems inspecting intake/owtlet structure (obstructed / L)
unsale access)?
1.1.2 | Any obstructions in, upstream or downstream of intake/outlet ¥
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Annexure IV

AL fi,

Response” | Observations and Condition"
S1. Insoection Item recommendations, if {Unsatisfactory
No. 4 vl N | na (A0 of the authorized | /Toor/Fair/
! inspeeting officer | Satisfactory)
structure?
1.1.3 | Evidence of abrasion, cavitation or scour on intakefoutlet )
strugiure?
I.L4 | Any cvidence of structural distress (displacedioffactopen joints, 'l
cracking)? . _ )
L5 | Any evidence of surface defects and/or concrete/masonry y
delenorulion”
l.1.6 | Any other issues? v B
F-1.2 | Waler Conveyance Structure
.21 [ Any problems inspecting imake/outlet structure (obstructed/ 4
| unsafe access)? .
|.2.2 | Any obsiructions in. upstream or downsiream of water N
Conmveyamnee structurc’
1.2.3 | Evidence of abrasion, cavitation or scour on structure? y
124 [ Any evidence ol structural distress (displaced/oMset/open joints, y
cracking)?
| 1.2.5 | Any evidence of surface defects and/or material deterioration? y
|.2.6 | Any evidence of seepage or leakage from water conveyance V
stnucture?
1.2.7 | Any other issues? - AU
G-1 | Hydro-Mechanical Component and Pump
G-1.1 | Spillway Gates (Radial pates, Vertical lift pates, Automatic gates)
.11 | Any problems inspecting gate/Stop-logs {obstructed/unsale ' Fair
arcess)? _
112 | Is the condition of the stcel surface and the surface paint \ Vo, plamnca Tor painting
deteriorated? miimated by Py
yhe
Eg( r |.1-.'-.|I...I ;, !.:..'-...E,-" j":':""'-"lﬁ
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Amwnexire 17

- Hianaiie ﬂhxsewnl;-nus and EnnFitIun" .
. Inspection Ttem recommendations, if (Unsatisfactory
Na. v na A0y, of the authorized | /Poor/Fair/
insp&ﬂiﬂ officer | Satisfactory)
1.1.3 | Are any connection bolts of rubber seals loosened or damaged? If Me wach thing ahecrved in the
so, indicate the details of defects. T
1.1.4 | What is the general condition of rubber seals? Do any of the Scals have heen replaced
rubber seals show sipns of weathering, hardening, cracking or T sl (20N
learing and damageT
1.1.5 | Are the rubber seals of side and bottom touching uniformly all | v
along the sealing surface?
L16) Do the rollers (wherever applicable) fouch the mack plates | ¥ Artii sl o L o (. A3
uniformly? Are the rollers well lubricated? B s e
Hushies ol Soine pede rolles
ul’ (eae#? & 6 have been
Pl wilh new ono
LLT | Are the embeded parts of spillway gates. emergency gates and |+ Ercsoni i snirdle siraciune

stop-logs in sound condition and free from corrosion, uneven
wiear, eracking, chipping and dents? I not, state the nalure of
defeets or deficiencies and observation, if any, regarding such
e lects.

hive et observed dus o
which  wier  boakape  was
orerved  Iram Ao oancrets
recnar Al ke plade area m Clete
LR

Check the following for structural soundness of all members and
welded, bolted and riveted connections, uneven wear. uneven
bearing, cracking, chipping and demts and indicate the findings;

i1y Gate leaf and stiffeners

7 End arms

13 Trunnion girders [ Yoke girder {Corbel provided)

[4p  Stop logs

= Lifting beams

imp  Chaniry eranes

7 Tracks

5

Al are i pood conditsen
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Anwexure IV
Response’ | ODservations and Enn:[[ﬂlr&n"’
Sl. [nspection Item recommendations, if {Unsatisfactory
No. v| N na [0 of the authorized| /Poor/Fair/
inspecting officer | Satisfactory)
s  Trunnion bracket
M Chains' wire ropes
(el Bridge strueiure
|.1.9 | Are the trusnion bearings of radial gates properly lubricated? v | Soll lubricting beaning
1.1.10 | Is there any damage or wear caused to the seal plates? [T s, y
mdicate the nature of damagpe noticed. [
L1101 | Are any of the mechanical or structural components and Tasiners V|
or seals subjected W excessive wear? If so, please give details, Is !
there any tendency for recurring damage o any particular |
component? IF so, please give details, !
L1.i2|1s IEII:I'E?I.‘H."!H :clm:k_ of spares which need frequent replacement | Fr::i I-;;W:H'm:jm:;l:
maintained at the site? bydrashic of Y- df¢ 37
ﬂjl:mwlﬂlluuﬂ
113 | Any isswes with storage of cquipment (emergency stop logs, v |
lilting beam and gate leaves)?
LLI4 | Any deterioration, corrosion? scaling? pitting? or cracking? of | | v
CLLIPTET iconnecting bolts, welds?) :
115 | Any obstructions preventing or impairing smooth operation”? y ir"ll |5'r:;:’k|_:::r:;u¢p:hﬂ1k up
Hestall gates are fully
| vfieEaliisial
LL16 | Any problems with the rollers (mot touching tracks, inadequate )
lubrification)?
1117 | Any debris, ete.. in the gate grooves? . v
LLIB | Any damages 1w Radial Gale trunion pms?  gate  arms? y
lubrication? cic.?
LLI19) Any damage to embedded pans above waterline? access] |7
strisciure?

%
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Awerexure [

a | Observations and | Condition”
SL. RESPIE dations, if (Unsatisf
Euspection Ttem FeCommen lmmf, (Unsa m’:‘lurgr
No. v| N | Na iany, of the authorized| /Toor/Fair/
inspecting officer | Satisfactory)
1. 1.20 | Any damage to concrete grooves? v | Wter ledkage from eomerec
simmglure  dpaery o spllsay
Giaked ] meands Ciawd o zale
aml {aplygitd
1.1.21 | 1s the stalf posted at the site for maintenance and operation of | v
| gates. hoists, equipments and  electrical installations, well
experienced,  fully  trained and  conversant with the job
requirements and responsibilities?
LEZZ Are the following documents maintained an the respective | v |
location of all the units?
tih Maintenance  schedules  specifying  cach  operation, it
frequency and “due” and’ done” dates.
i) Operating  instructions with “dos” and ‘don’t’ for all
operational wmits.
1.1.23 | Are the trunnion hub and the brackets well maintained? v
L.1.24 | Are the trunnions likely w get submerged during actual working N
of the spillway? if so, ascertin the causes for the same and
| specity, Please enquire [or occurrence of such events, it any. | |
1125 | Are all the nuts of connecting bolis and anchorages properly | ﬁ.e'l
tightenegd?
1.1.26 | Any other issucs? A Thee & o probem i
inslllasan ol Swp Lups m
Power Inuke fRucd] aluc w
crack! pap hetwees pade rad
of sape log priavi
G-1.2 | Holsts, Cran € Operatin nisms
1.2.1 | Are the hoists working satisfactorily? - v Fair
ke : NS | 11 5L ifier hamism ¥ | {ianiry Crne fed gvailahle
1.2.2 | Any problems inspecting hoisUeranc/operating mechanism’ u Pt suicpbof VE L3 Fiuion
1.2.3 | Is sufficient stock of spares which need frequent replacement ¥ |
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Anmexre I

Response® | Observationsand | Condition”
SL Inspection Item recommendations, il (Unsatisfactory
Nuo, viN| Na A0V of the authorized| /TPoor/Fairf
inspecting officer | Satisfactory)
maintained at the site?
1.2.4 | Is the full length of the chains or wire rope of the hoist in sound | 4
cormdition and free from broken steands?
|.2.5 [ Is the electrical wiring in sound condition? N
1.2.6 | Is the altemative power system lor gate operation working v
propierly?
1.2.7 | Is the aliemate hand operation system of hoist working v
1.2.8 | Any deterioration of equipment (connecting bolts, welds, surface, | | v
paint work™) ' ]
129 | Any wear or damage to wire cables and other moving pans? W
1.2.10 | Any obstructions preventing or impairing smooth operation”? W
L2111 Any health and safety concemns (e.p. lack of "danger” sign during v
| | maintenance)?
1.2.12 | Any other issues? y
G L3 unnion Level Bridge Catwalks
1.3.1 | Arc the decking, girders and structural supports of spillway v Satisfactory
bridpe, hoist bridge, trunnion level bridpe and catwalks
structurally sound?
1.3.2 | 15 the chequered platfonm ol the bridge structurally sound and ¥
safe??
1.3.3 | Is there satisfactory arrangement w prevent wnauthorized eniey | v |
into the control structures and bridges? .
1.3.4 | Are the structural members and joints sound and [ree from Kl
COmosion’? ' |
1.3.5 | When were the steel components painted last? ¥ 2015-16
1.3.6 | Is the surface of sieel work and paints satisfactory? Y

,:%t
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Annexire [V

s | Observations and Condition"
-l P ttem Resbonac recommendations, if (Unsatisfactory
N P vl NA any, of the authorized| Poor/Fair/

inspecting officer | Satisfactary)

1.3.7 | Is the parapet or railing over the bridees sound, safe and painted? |

|38 | 12 the walkway proper]y enchored to the piers? ¥

1.3.9 | Arc the track rails for paniry cranes structurally sound and intact? | W

G-1.4 | Valves

1.4.1 | Any problems inspecting valve? Kl Satisfactory
142 | Any obstructions preventing or impairing smooth operation” W - )

1.4.3 | Any deteripration of valve and associaled equipment? |

1.4.4 | Any other issues? v

G=1.5 | Walls: Guide walls/Divide walls\Junction walls/Return walls/Spray walls ete. (Strike ount
whichever is not applicable)

1.5.1 | Are all the locations of such wall accessible for inspection, |
maintenance and repairs? . N
1.5.2 | Is the drainage of back sides of the walls (wherever applicable) |+ T
from the weep holes satisfactory? IF not, indicate the nature of |
_deficiencies. ' N
1.5.3 | Is there any tendency for the water 10 undercut the ends of the | v |
walls?
1.5.4 | Is there any foundation erosion or scour noticed in the vicinity of Conld et by cibmerved
such walls? If so, give the details of nature and extent of such ;
damage |
1.5.5 | Is there any surface erosion/damage causcd, to face or body of ' ol ot et i et
such walls? |
156 | Do any of the walls show symptoms of unusual setilement, | Coruld ol be cbserved
developments of cracks and tilting? If so, give details of the
delects noticed.
1.3.7 | 1s there any damage 1w guide bunds? If so, give details of the Conild non be vbserved
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Awnneyure [V
a | Observations and Condition”
SL Fiani bt Fhem Rz recommendations, it (Unsatisfactory
Nao. L v | na [ADYs of the authorized | Toor/Fair'
inspecting officer | Satisfactory)
L | damage. I
(-1.6 EndWeir
L6.0 | Is it accessible?
I.6.2 | Is there any erosion, pitting or spalling of the concrete or
masonry surfice?
If s, give details
1.6.3 | 15 there any scour noticed on the immediate downstream of such \J
welt? [ so, give details of location and extent of such damage.
G-1.7 HydraulicPerformanceofEnerpy DissipationArra
L.7.1 | Do the flow conditions in the stilling basin {or bucket} have a | A
temdency to draw material into the bucket and cause its chuming | |
and abrasion damage 10 the surface of buckets baffle blocks,
apron and end sili?
Is the hydraulic performance in agreement with the results of
model studies? (wherever applicable)
Ascertain the performance from observed tail water rating curves
and delicient observation, it any, such as sweep ouls and |
excessive erosion under plunge pools and locations of secondary
rollers and retrogression. |
(i-1.8 | Trash Racks
1.8.11 Is the trash rack fixed or movable? | | Fixed | Satisfactory
1.8.2 | What is the mude of cleaning? [s it manual or by TRCM? i
1.8.3 | Is the welding work on Trash Rack in sound health? V |
1.8.4 | Any problems inspecting rash rack? V
185 | Problems of excessive debris and'or inadequate cleaning? v
LR.6 | Any deterioration of trash rack { rust, corrosion. and damaged J

¢
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Anmevire {17

Observations and Condition"
18 Inspection Item s il recommendations, it |Unsatisfactory
MNa. D v| N | Na [10Y of the anthorized | /Poor/Fair/
inspecting officer | Satisfactory)
blades)y? I
187 | Any other issues? N K
_ G-1.9 | Trash Rack Cleaning Machines
L9.1 | Any problems inspecting trash rack cleaning machine? y Satisfactory
1.9.2 | Missing or inadequate spare parts {particularly requiring regular V
replocement)?
8.3 [ Any deferioralion ol equipment (wheel trelleys, santry struclires, ¥
operating mechamism, connecting bolts, welds, surface. paint
wiirh™)
1.9.4 | Any wear or damage to wire cables and other moving parts? V]
1.9.5 | Any obstructions preventing or impairing smooth operation’! |
1.9.6 | Missing or inadequate provision of hack-up/standby power |
aupply?
VAT | Any heelth and safety concerns (e.g. lack of "danger” sign during v
mainiemance |?
I.%.8 | Any other issues? . v -
G-1.10 | Pumps =
1101 | Any problems inspecting pump? Y mTormad by FA Fair
1102 | Any obstruetions preventing or impairing smooth operation’ W
1.10.3 | Any deterioration of pump and associaled equipment? E
L1004 | Anwy other issues? Y
G-L11 | Approachbridge i atform cabin (for ou -
FALL | Are the decking. girders and struetural supports of approach N
hridge structurally sound?
L.11.2 | Is the floor of the operating platform structurally sound and safe? i
1113 | Is there satisfactory armrangement to prevent unauthorized entry | El
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Awisecire [V

- Riesiiise® Observations and C{In_lli'ﬂunl'
Inspection Ifem recommendations, if Uuaatufut_turj
N v n| na (200 of the authorized| Poor/FairS
B inspecting officer | Satisfactory)
il into the control structures of the outlet?
| LA | Are the structural members and joints sound and free from Y
| | corrosion?
| LILS | When were the stecl components painted last? e
1.11.6 | Ts the surface of steel work and paint satisfactory? [ | 3
L.TLT | Is the parapel or railing over the control tower, operating platform | IE!
and approach bridee sound and safe? |
G-1.12 | Outlet I
1121 ] Is the air verd periodically cleaned? y
1122 | Are there any structural damagses to the intake well? \
L2351 D5 there any leakage observed through the well proper and the |
conduit concrete of masonry? 11 so, give details of its lecation and
exlienl.
L.12.4 | Is there any damage noticed to the conduit concrete, hreast wall ) ]
and gates los? |
I.12.5 | Isthehye-pass valve/filling-in-valve (wherever provided) ¥

operaling salisfactory?

wi Take operation trials of the following as provided andrecord
the observations and defeels noticed, if any.

(i Service gate(s),

12y Emergency sale(s),

13 Swop-log pate(s),

Ay Sluice valves,

Mote-
(1) The operating trial for the emerpency gate shall be taken with

(?{,
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sl

Arnnevare [1F

Inspection [tem

Ii
Respo e Obhservations and Condition

recommendations, if [Unsatisfactory

YN

NA (B0, of the authorized | /Poor/Fair/

emergency gate for self~closing under these conditions, The
trial for the operation of the emergency sate under hakanced
condition of water pressure also needs 1o be tken

(i) To guand against the possibiliy of owtlet gate hoist being
aperaied forcibly after closed position of gate a “Distinctive
Mark™ should be insisted or check the functicning of the limiy
swilches,

service gate in partially open position to test the capability ol |

inspecting officer | Satisfactory)

112,06

Are there vibrations and noise noticed in operation of out-let

gales al any time?
If 50, arc any periodical observations taken 1o ascertain their
severity?

1127 | Is the encrpy dissipation arrangement working satisfactorily for all

the discharges?
Is there any structural damage to the encrgy dissipation structure? 17
s, give details of neture and extent of damage,

1.12.8

15 the conduit structurally sound and reasonably leak proof? 1F not,
aive details of nature and extemt of the defects.

1.12.9

Is there any seepage noticed around the conduit as ascerained from
the observations of the downstream conditions? [f so. is it likely to
causge (In case of earth dams) erosion and piping?

G-1.13

OutletGates

1.13.1

15 the surface of gates and the paint deterioraied?

1.1z

Are the connecting bolts of rubber scals propedy tightened or
damiaged?

| Li3d]

Do the rubber seals show signs of weathering and damage and need | |

) AT L Srieg
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Awmecure TV

s | Observations and Condition”
SL Inépection Item HAesiohie recommendations, if {Unsatisfactory
Mo, v N | na [A0¥, of the authorized| Poor/Fair/
inspecfing officer | Satisfactory)
replacements? .
1.13.4 | Are the rubber seals of side sand boltom touching the bearing W
| surface uni formly?
1.15.5 | Do all the rollers touch the track plaies? Y
1.13.6 | Are the rollers well lubricated? |
|.13.7 | Are the stem rods for lifting the gates perfecily stringht? I |
1.13.8 | Is the operation of outlet gates smoodh”! {
Are the actual operations of lifting and lowering of the gates and
hoist mechanisms adequate and smooth?
| L.13.9 | Are all the gears and hoist mechanisms well lubricated? v
LE3.00 | Is the storing arrangement for emergency gate leaves and the stlop \
logs n satisfactory condition!?
11311 | Are the seal plates/seats in sound condition” Y
L1302 ) 1 the full length of wire rope (wherever applicable) of the hoist in N
setviceable condition and free from any broken strands? |
F13.03 | Are gl the nuts of connecting bolt and anchors propery Y
lightened?
1.13.14 | Are all the lifting beams in proper working order and in levelled N
condition. [f nol ascertain the nature and extent of problems, Do | |
any of the mechanical or structural parts of the gate, fasteners of
hoist show signs of excessive wear? If so, please give details.
|.13.15 | Is there any tendency for recurring damsage 1o any particular v
| component or components? W so. please give deils,
LI316 | Is sufficient stock of spares, which need frequent replacement, ¥
mainiained al the site?
G-1.14 | River Outlet/River Sluice
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M.,

Arrrecure F1°

Inspection [tem

1.14.1

Response”

MNA

Orhservations and
recommendations, il

any, of the authorized

inspecting officer

Condition”

| LinsatisTactory
Moor/Fair/

Satisfactory)

Is the overall condition of river outlet works/river sluices
satisfaclory™?

Is the operation of the gate (Service/Emergency/Stop-log)
satisfaclory as ascertained by taking operating trial? I not,
indicate the defects noticed.,

EE

Are the trash racks (wherever provided) cleaned belore
monseon?

I.14.3

15 there excessive silting on the upstream of the sluice?

[.14.4

When were the gates last opened for desilling, cle.?

l.14.5

Please indicate the approximate quantity of the leakage through
the gates, i any.

[.14.6

s there any seepape or leakage through the conduit surface?

1.14.7

Is there any damage o the upstream and downstream
convergence of the conduit?

1.74.8

Is the condition of energy dissipation arrangement satizfactory?
IFnot, indicate nature and extent of damage. Is there any
relrigression noticed in the downstream channel? If so. give
details of nature and extent of damage.

H-1

Access Road

H-1.1

General Condition

Any problems ensuring security of dam site (including gates and

| fencing)?

Satisfactory

| Is there @ properly constructed and well maintained all weather

access road to the dam sine?

What is the type of the pavement of the access road and its

Biramsepous, prod conditins

condition?
; E
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Mo,

Awisexiire IV

Inspection ltem

Response”

Y| N| NA

Observations and
recommendations, if
any, of the authorized

inspecting officer

Are there properly constructed and well maintained secess road

arrangements to the following  components for inspection, |
mamnlenance and repairs? Top of Dam Spillway Gates and |

howsting amangement Drainage gallery, adits and exits Bridpe
structure [Downstream stilling bagin Junetion and  abutments
Owutlel control twer Outlet gates Toe of earth dam, downstrean
drainage arrangements and berms, All saddle dams.

]
Wl

Condition"

| Unsatisfactory
Poor/Fair/

Satisfactory)

1.1.5

What is the peneral condition of all the masonry struciures on

VATIONES dccess moads?

1.1Lo

Are all the structures on the access roads adequately safe for
allowing passage of plant machinery for emergent repairs?

Any ohstructions along or at entrance to access road {femporary
of long-term j?

1.1.8

Any slope stability issues (road embankment or adjacent slopes)?

1.1.9

Profuse growth of weeds/grass on or in vicinity of avcess road?

L1

Any drainape problems (standing water on o adjacent io road)?

L1

Any other degradation to road surface (ruts. potholes, cavitics,
cracking)?

1.1.12

.

LN N

Any othor issues?

I-1

Instrumentation

I-1.1
111

Lieneral Condition

e all the instruments installed accessible? { Attach separate list).
Are all the locations properly lighted, ventilated and adequately
profected from possibilitics of damage?

A per AnnesunesC

Fuir

1.1.2

Any problems inspecting instrument (ohstructed/unsafe access)?

Dramap: pallgries and
Foupdanoa padleey Mhusled

1.1.3

[s the instrument vulnerable 10 damaee or theft {inadc:ﬂmm

All e secured red proteceed

@L

252



Anmexere [V

Wi Obzervations and Condition"
Sl fsoeitii ok m:umm-r.ndnﬂuus;. il {Unxnljsfultury
Na. vin | N (A0 of the authorized| Poor/Fair/
== inspecting officer | Satisfactory)
protection)? :
1.1.4 | Any problems ensuring correct functioning of instrument 4 | 1:_'_; s “L:I':LT e :.::::::.
{lighting, ventilation)? ) raikiogs
1.1.5 | Any evidence of degradation 1o condition of instruiment (rusting, y
vardalisim)? |
I.1.6 | Are all the instruments in working order? Ascertam the cases of | v il o g A
instruments going out of order and indicate, E'-uruk:-u -:::pumuimm-l
plombline. E¥s  winking,
renining  Estiiemenis o Failed
| during construciion
1.1.7 [ Arcall the regisiers of observations posted up-to-dale? Please | ¥ ' :‘”’L’E__fjﬂ:" m:_‘ by
take test observations and initial the register. | ciabinic g ey
LLE | Are Iul1 the plotting of the instrumentation data completed wp-io- . v ::'er;“':'"l i iz
date? [irst qrarkér upta March 26073
Are sullicient stocks of spares, pauges, master gauges, stationary
ems ete., maintained at the site for uninterrupted data eollection? el ki
1.1.9 | Operator or public safety issues? v
_LL10 ]| Any other issves? v
I-1.2 | CommupicatinnFacilities
[.2.1 | Are following facilities available at dam sitc? LN Satisfactory
iy Wireless Telephone ! mobile/Fax/Intemel |
|.2.2 | Any other issue (please indicate part, location, elc., as necessary) v
.~ K-1| Emergency Preparedness
E-1.1. | Emergency Action Plan
1.1.1 | Is the Emergency Action Plan (EAP) prepared for the dam as per | v nfiemed by the A Satisfactory
the mational guidelimes? [ nol, the expected date of preparation of
puidelines
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Awirexure f17

a | Observations and Condition”
18 [nspection tem Response recommendations, if (Unsatisfactory
No, v| | na [20Y. of the authorized | /Poor/Fair/
inspecting officer | Satisfactory)
1.1.2 | When EAP was last updated? . Reviewed on 15122002 |
L.L3 1 [Fnot, are any dam stafT unaware or insufficiently conversant |
with the EAP?
114 Any concerned authoritics unaware or insufficiently conversan) +
with the EAP? . )
1.1.5 | Are communication direetories/contact details and other dynamic | v
inlermation are being updated annually? |
16 | Any problems accessing or operating the communication/ v
warning system?
1.7 | Are inundation maps updated and available o concerned ¥
authorities?
118 | Are the concerned authoritics informed about the system of W
emergency reporting procedures and warning? .
1.1.9 | Are available safety spots on the downstream of the dam ] |
whentified and made known w the concerned authorities?
Are adequate warning devices and facilities provided al the dam? | |
L LI | Are proper arangements made for security of the dam and Kl
preventing cases of unauthorized trespass, vandalism and
sahotage to the dam works?
LLEL | Date of last annual stakeholder consultation meeting along with | 4] | 213202
mock drill exercise conducted |
1.1.12 | Dogs the EAP disseminated w all the concerned stakeholders? v
1113 | Any other issues? |
K-1.2 | In ion of Reco
1L.L1 | Whether following Dam Safety Documents are prepared and y Satisfactory
approved by the competent authority?

QT;L
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Asenescrore IV

Observations and
recommendations, if
any, of the authorized

inspecting officer

" ; Responsce”
No. Inspection ltem

Condition”

| Unsatisfactory
/Poor/Fair/

Salisfactory)

Lo As Built Drawings
. EAP

m, Completion Report
v, [kita Book

v, D and M manueal

1.2.2 | Are the relevant decumenis reviewed and updated from time w Y
Llime?

1.2.3 | Arc all the members of the maintenance staff adequately trained |
and fully conversant with their respensibilities concerning.
(a) Designer’s Operation Criteria.

ih) Standing Operating Procedures.

ied Maintenance and Vigilance Procedures of the dam,

{d} Maintenance and operation of all control equipments.

(¢) Reservoir Operation Schedules, Gase Operation Schedule
(1) Maintenance and Operation of all instruments,

{g) ldemtilication of signs of deffcient behavior,

{h} Reporting Procedures of emergency situations,

(i) Emergency repairs

[-1.1 | Inspection Photographs

111 | Information furmished

“Respond either yes (Y), no (N) or not applicable (NA).
"Condition; Please rate the condition as either Satisfactory, Fair, Poor or Unsatisfactory as described below:

1. satisfactory - No existing or potential dam safety deficiencies are recognized. Acceplable performance is
expected under all loading conditions (static, hydrologic, seismic) in accordance with the applicable

regulatory criteria or tolerable risk puidelines.

Satisfactory
{excep
issue of
erosion in
lunge

T -
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Tsd

Fair = No existing dam salety deficiencies are recognized for normal loading conditions, Rare or extreme
hydrolome andior sessmic events may result in a dam safety deficrency. Risk may be in the range to take

further action.

Poor - A dam safety deficiency is recognized for loading conditions which may realistucally ocour,
Remedial action is pecessary. Poor may alse be osed when uncertsinties exist as o eritical analysis
parameters winch idennfy o potential dam safery deficiency. Further investigations and studies are

MECesSETY

Unsatisfactory - A dam safery deficiency is recognized that requires immediate or cmergency remedial

aetion for problem resolution.

Part Ib — Consolidated Dam Health Status Report:

SN

Observations/Significant
Deficiencies Motieed
lssue of crosion/scouring in the plunge pool near the
tor amd  movementsestlement of Nippine bucker
ot

The issue of heavy seopage from the diversion mnnel
DT-2 woas brought out by the project suthorily.

The small seepage ohserved i the breast wall of the
power intakes.

Awnexure 1V

pond]

Remedial Measures Suggested

The issee of arresting movement and erosion near plunge poal
ared should be taken on priorty. For which  detailed
geotechnical investigation programme peed w be Tamed o
estublish puossible scour of the foundation material,

The measures o avrest the heavy seepage in the diversion
tunnel DT-2 Teom the plug gated, rool cte should be ken up
on the prienty, It was inlormed o the eam that effons for the
sume are undergoing and the team witnessed project authority
has manaped 1o keep seeping water in right side of the wonel in
orcler o stan the work on the other side.

The issue muy be addressed before the monsoon
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4. Issue in lifting of Gale No. 2

Annexnwre -

The Tull lifing of the radial gate o 2 should he ensurcd

immediately by taking neces=ary civil o mechanical works,

Uverall condition of dam based on above inspection - Satisfactory
Owerall Safety Category’ of the Dam -

Category |- deficiencies which may lead to failure;
Category 11 - major deficiencies requiring prompl remedial measures;
Category 11l - minor remedial measures which are rectifiable during the year

Namc of (Ticialis) and Signaturels) -
I. Sh. Anil Jain . At
’ . r : :-.I :- 1 _E_,-'-
1. 5h. Rahul Kumar Singh - _-hﬁ,f::l.- :
e
3. 5h. Rakesh Gautam : ﬁ#--_" ——

4. Ms. Shichi Jain i %{"’Jﬂ
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NTPC LTD
KOLDAM HYDRO POWER PROJECT

[ UPDATED REPORT ON THE RESERVOIR RIM STABILITY STUDY

MAY 2022

SUBMITTED BY:

VIRENDRA KUMAR SINGH (DGM - GED)
SHIV KUMAR (SR MGR - MECH)
ARVIND (SR MGR - CIVIL)
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Reservoir Rim Study Report Mavy 2022

Representatives of Dam safety group inspected Rim area of the reservoir of Koldam HPS on 20,05.2022 for the
post monaooen inspéction, The reservoir rim aren includes Bilaspur, Solan, Shimla and Mandi districts of
Himachal Pradesh. Observations of the weam on various landslides are as Gollows:

A) Kasol Road slide at Left bank:

Harmora = Kasol road above the quartzite quarry is at the EL: 670m approximately. During the Quartzite quarry excavalion
sliding ocewrmed on January 2010. During the pre monsoon inspection on 20.05.2022. it is noticed that there is no forther
movement in the rock boulder and rock masses, The slide is to be regularly monitored for any further movement,

Presently this slide doesn’l pose any threat o nearby Road at EL 720m, private land & dwelling units.

{ Phodograph enclosed)

B Chamyon slide ot Left bank:

During the Quanzile quarmy excavation in the Chamyon area, a large conglomerate boulder found at the wop of the quamy.
The crest of the hill side cutting restricted at EL: 6200 approximately as per the approved mining plan. However, after
raising the water level, number of cracks observed in the agricubture field mear Chamyon, Subseguent to the raising of
reservorr, eracks widened and shiding occurred with falling of farge boulders,

During the pre monsoon inspection on 20052022, it i noticed that land shide has nol enlamed since previous post
mansxon inspection in June 2021, bot has 10 be monttored regolarly as boulder and rock masses are hanging which may
fafl. amad presently this shkde 1s nota trent for any dwelling unit, agricobture land nearby. { Photograph enclosed)

) Kyan- Ahbhan road slide at Right banl:

Kyan = Alhan road above the DT inlet aren is pasged through the aold existing sliding zone. This was onder inspection since
the pre impounding of Koldom reservoir. Longitedinal cracks and transverse cracks were widened gracunily ond 11 was
falken mito the reservoir on 14042003, Due 1o this landslide the road batwesn Kyvan and Allan was cutofT hot connectivity
t5 restored and there i no further 2lide since then,

Dwring the pre monsoon inspection on 20005 2022, it 15 observed the open cracks on the top and the shide may exapperate
fue to steep slope. the continuons monitoring of zone is required. There is no dwelling unit, agriculture land nearby. but
road is passing theough the slide. (Photograph enclosed)

) Slide near village Ahaen o1 Right bank:
REM deposit along the reservoir has been falling and destabilizes the area. The area in this zone comprises of terrace
deposit. During pre monsoon inspection on 20,05 2022, it is noticed that slide is stable since previous post monsoon visi,

The slide is to be monitored. Presently thiz slide is not a threat for any dwelling unit, agriculture land nearby (Photograph
afisehed

E) Downstream of Village Neri af Left bank:

Three major slides noticed in rock mass on left bank, during inspection on Moy 2006, In post monseon inspection in June
B, it was ohserved from the landslide behavior that there is further movement i the rock mass. During pre mensoon
inspection on ML05. 2023 he slide found to be in similar condition. The slide is to be monitored regulardy for further shide;
however, there is no habitation or agricultwre land in this area. (Photograph cncloscd).

F) Downstream of Village Neri ot Right bank:

Al Approsimately 5 kms of Downstream of village Neri, mmor slide observed on the nght bank. From the behavior of
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slide, it looks that slide occurred along a joint plane and it is o plane failure. During post monscon inspection on
06.12.2021, the slide shows minor fall of debris and the slide may exaggerate due 1o steep slope, The movement in the aren
along the joint plane is being monitored using drone after the recommendation of the GSL. (Phatograph enclosed),

G} Slides between village Nerl and village Dogri at Left Bank & Right bank:

Two Slides between village Neri and village Dogri on (i} lefi bank and (i) right bank of Reserveir. No habitation or
agriculture feld is located near io the slide and during pre monsoon ingpection on 2005 2022, the lide obterved 10 be
stable, {Photoeraph enclosed)

H} Slide @t Village Boi on left Bank

This slide was first observed during inspection on 30,11 2006, during recent pre mongson inspection on 200052022, the
slide found to be in similer condition, it is necessary to monitor the slide for any further sliding aq this is recent slide and
some movement may occur (Photograph enclosed).

I} Slides noticed near village Neri af Left & Right Bank

Two new slides were observed during past monsoon inspection in May 2017, during recent pre monsoon inspection on
20.05.2022. one of the slides found to he active and other one is ctable and in similar condition, Ne residential house or
agricultural Jand is located near the <lide, { Photograph encloged).

J) Madraich near the NTPC bridge at Lefi Bank

As such there is no active slide in this area 25 of now but the monitoring of this area is started since the one of the resident
of this village had complaint about the stability of his house.
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PHOTOGRAPHS

A) Kasol Road Slide

JUNE 2021

DEC 2021

MAY 2022
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C) Kyan- Ahhan read slide

JUNE 2021

DEC 2021
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D) Slide near village Ahaen

e
=Ry
= ik

DEC 2021
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E] Downst of Village Ner hn_nk

(1 JUNE 2021

DEC 2021

MAY 2021

Pape 8 of 18



266

(1)

JUNE 2021

I DEC 2021

MAY2022
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(nn JUNE 2021

DEC 2021

MAY 2022
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JUNE 2021

DEC 2021
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L) Slide between village Neri and village

(n

E 2021

JUN

DEC 2021
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JUNE 2021
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H) Slide at Village Boi on left Bank

JUNE 2021

DEC 2021

MAY 2622
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I} New Slides moticed near village Meri
il) Right Bank

CJUNE 2021

DEC 2021
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[1) Left Bank:

JUNE 2021

DEC 2021

8 MAY 2022
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J) Madraich
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Comparison of all slide wrt GS

d in vear 2002
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_ [ Stames in | Stats as on [Status as on | Status as on | Status as on | Status as on Status 05 on | Status as on
E | 681 Report | Sept 2018 in | Nov 2019 in | Jun 2020 in | Sept 2020 in | June 2021 in | Dee 2021 in | May 2022 in
E NTPC NTPC NTPC NTRC NTPC NTPC NTPC
= Report Report Keport Reporl Report Report ! Report
A | Mot thereat | Stableneeds | Stableneeds | Stuble.necds Srablenceds | Stableneeds | Stableneeds | Stablenceds
thar time monitoring | monitoring | monitoring maonioring | moniterin monitorig | monitoring |
B | Mol there at | Stable.needs | Siableneads | Stableneeds Stable,necds | Stableneeds | Stable,needs Stablenerds
thal time monitaring | monitosing | monitoring monitoring | monitoring | moniloring maniteang |
| Siahle Active. road | Active, read | Active, road | Active, road | Active Active Activa
' wirk in | work i | wark in | waork in
_Progress | prOgress progress progress
D | Mot there at | Stahle Stahle Stable Stable Sinble Stahle Stable
that time |
| E | O of 5| Active. no| Active, no| Active, no| Active. no (DE(s@bl | (&n)Sabl | (DedlSmbl
Slides, only | habitation, | habitation. | habitstion, habitation, | © (DAgtive, | e (TAciive. | ¢ (TDActive,
oné (MNod) | needs needs needs needs nw - needs. | meeds
wis there | monitoring | monitoring | monitoring | monitoring ::::“m' i
MAOnRILIFIRE
F | Mot there ar | Active. Aclive, Active, Active. Aclive, Active, Active,
that time needs necds negds necids moniloring | monitoring | monitering
monitoring | monitering | moniloring monitoring | threugh through | through
Drroni: Dirane [rovme
G | Mot there m | Stable Stable Stable | Stable (T) Stable {13 Stable {1 Stable
that time | (1] Active | {11 Active | (1D Active
| H | Not there at | Stable Stable Stable S4able Stable Stable | Stable
that time | |
| | ™ot there at | Active | Active 1) is Active | l1isActive | [)is Active | This Active 1) is Active
that time I} is Stable | 1} is Stable | Wbis Stable | 11} is Stable I1y iz Stable
1| Mot there @ Btable
that time [Bew)
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CLP- Cleded Dramier Firiomeber (U groul termam)
QP - Doeh Chamber Plecometer {B45 prowd curtdin]
FTP - Parean, Tule Piszometar
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Irasrument Tag
Ao Tag M E 1 jm] R OnAApits Liait
COF - Clased Chassber Fiegometer [UfS
1 -kl 15K I0E | 25anTORl | EOSe6I hewd | woterfir) | G700 | GLGST [ daroL | eidm | sives | BiToe [Teiens | oiGds | 6T |
CEPCE LsTELERY | 35241089 8600 [MotWorking hasd | water|EL]
[re=] WSTHLTET | I57EOGAN | 473403 [MotiWaddag pleremetrs head | waker [EL] ==
cepr-id wrrkEES | I5TIL1A | 447,004 zemetric bead wadar [EL] SHL 71 Lol in ) 1 SHLET R SHLED LS54 o0k 44
[ Jeb] 15724.54 | B52M0.555 | AARTEE phaomainie beid | wwterfiL] | w01 taLwr | sege | S8 | a3 | sadoo | 581 43350 5393
CEP-EY 15666560 | Z50EL08 | e 7 hegd | wraie |EL iT0uES Lingl | SERM EE5.07 563,54 491 S Ha 56980 SHRGY |
[Fiaz] 15665588 | 15160.508 | 445521 plesametric head | water [EL F5.61 | Saa0 | seeld | Sdem | SRR sre.0n | Lnas | st | SIRET
8 CEPF1 15606 855 | ISES1304 | 44BN plaesmesric hoad | water [H 44 4L itd Al LEa.IT G A1 SRE 30 i S Sl 2 564,17
3 [EXE) 15L0GADY | I52E0.4a0 | 845.619 ~lcismrichasd | weterffL) | Se0s% | 46061 | atods ) aE0AG 3 SHE- wopt | Ane3 | ssnsd | 46060
i CCPal [soannn | BEMOGET | 491063 wates [IL. G HLEE G1R.55 FXL5L [Ty rat? | et £k 5 TR [ ]
1) TCRa2 I5Ge6.524 | 25280509 | 436152 plepmetric head | water t25T3 | B2aar | eeded | eenmo | egaea | ddasc | eaksd | HIIOR [TEEE
B =
i 57408 richosd | water L oo | 5maa | 3583 | wiwak | Grsod | 57583 | s50d
4i7.7Ta ernmyetric bwad | water [IL] 13978 | 4E3TR | AERTE akkE | @ark | 4FRTH. | =308
P 417 515 eomrtric head | waber [£1] spant | 23 (FET] [EEET, saar | ganed PR
& [en=] | 7521 TR 1] pemgmetichead | waser L] 49218 TR (K] 19748 672 18 TR any id
5 oCr-bi ISTALADY | FRILEE | 40T richueal | waer [IL] | si1mm 531030 Lraad aa0 | Lipmm 31L.30 [FIE )
[ 13724135 | 35372088 | S07mL srometrichead | water [EL] L4 TF S41.79 4173 A SALTE 34179 ML
1 oool L5714 | 25377860 | 461,108 gieometric headl | water [EL Tiiar | 11z | sAtar | waaar | sanar | SaLAd | vaaaR
a ool I5GA%.506 | I5T62.004 | 450584 head | water [EL SrasA | woese | wosh | soask | s0958 EpasE | sueid
ocr-£2 15GEE20T | Z53AE.IEE | enDaEa rickaml | waer|iL Torea | Giicd | %72Ed | Grank | S21ER | 513GB 1 WIFGE
OCP-Ed Lpabs. d08 | I6IGL038 | 461ATT ad | waer [EL] ddzpe | a0l AyrieE | Anlod L3208 493.04 4208
11] OLP 1] 1GEDE. 310 | 75152030 | 460494 gtgmetris hesd | water [FL [ EiEas | s3sey | saasn | saesn | S5O0 Eced | mmAd
2  oeE 1506240 | 1SISTEb | 460.439 ; hesd | waber [EL
oorr 15630267 | IFI5LE 4G0TE  |Mat insaaded amael | g jELJ
1 OEFaGEE 1ha48 a5F | 2R2L Il | SEOPE saamatric haad | woter [EL] Dy By Dy Cirg'
15 aomial LEEAS. 080 | I51araml | SHLOT gierometrs heed | water [EL] 530 0F 33107 S30.07 33007 sMi07 | SaLaT FETer
oot ESEASEEG | ZEMZAES | S1LISS head | wnber [EL 5L 17 G 1T a0 17 TILAT | Saedd | S4G3T | %4637
witirating Wire Fimsome e v iasiied | = 7
1 WiIF-FIL 1867917 | 7330929 | Aancs # chead | woierfBL] | 51953 | Siesa | 51943 31351 | 51949 | sapas | Siss0 | 51948 | Sradd
I NPT R ASLTLEER | JtaMnes | SOEAS pierometric hiod | water |EL] | 162 R1EES | S125K | Siibd | stisa | siase | osepsw | 51258 L1258}
] VT 15£A7.07) | TENAAAZE |  aWLd plepamenric head | waber[EL
0 VPF-PEL 15585,030 | F53ISAN &80 plecomers fmad | weter [iL] | stees | ansrr | Smiis | smoEs wean | sossz | sosos | osonis | sos7s |
FTP - Pereis Tebe P 10 —
PIP-IL igsr.ar | WAnsAg | &ENES ru_pslu_ﬂ: plebametrs head | weater [EL
I56ZLANL | FSMLGL | 490635 |Rot Werkieg plepcanetrc boad | water (2L
156R4,500 | 2505EA7E | 44164 |Mesk wWarking _plennatrc tmad wyatier fIL| = -
W—mem ——
a|  PTPsA Toseaaea | 2567137 | GI62EE watnr [EL] | 5180 |EEEE i a7 BLRUT A TR w10l R10H1
16 PTP-WNZ | 18481337 | 2e8za40 | 530.91 plezometiic wales [EL] | hioed T Suss | mmst | smoea | sk | SI06F | S1R6L | 51081
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Annex-C
itoring Instruments
Tahle - 1 (Earth and Rock fill Dam)
Monitoring | Instroment 1.ocation Insteument | Statos Mate af ks Progress
MNieme reading of Man-
wiirking
im.'l:rl.l.rn-:ul.:
Waler level | Biafl gouge O wipstrgsant Swil gauge | [nssalled | Subrcrged
inapsivenm | (g e EDL colTer dam cenine
ol Kol Bem | S6imi Fime [ Hatwesn
Seetipn C-C&D.
8]
Sl gawge O Main iam Sinff paspe | Insialled | Available
(fram Ef, npsiremm nenr kit
o EILL alitimenl of dam
FEBm) {Berween Seetion
A-A K B-BY
Water level On Lef Abmimient | Hydresintic | Inszlied | Werking
ACEACT aren type  Racinr Ton pealakls
Wier lovel O decanting Elnidar 1y Instatlad | Warkdng
el chamber wall
Water level | Water level On top ol Tail Radlar type Installed | Working
it 2= (el rae channel |
domnsiream
of Bal Dams
Ground Miezomencrs Fin Soosen A=A | VPU-ALLAZ | Ieswalled | Working
walcr iovel WP s1 al Bl = 5385m LA
D dnm Gin Secton B-B | VPL- Insiallcd | VFU B, B2 nol | Checked up o st
N al EL £ 531 3dm Bl.B2.B3, cxCep working (27 approechable painl,
B B35 B VPL B3, | September 2013} M signal Fodind |
NI T WM NS ressiianee imlsciles
shorting of Cobdc
e s
B in Section CaOC VPLI- Irsialled | WPLF O moa Checked op 1o lasi
al EL £ 5 8m Cl.CAC3, cacepl working (2809,161 | approachahle paint,
C"LH.EEI.‘. WP A CF T WRCIH G Ml grﬂl found.
7. CR
TE s Section DD | WP, [nsnflec. | WU D0 D2 aim Checked upla last
ar E1, + 47am D2, D3, D, wirrking 1 i) appraachible poind
DG, D, D7, Mgl 3013, . only ey signal
R VIPLLDG, D nod found in VPU-TH
0o ot workiap 30 May anil no odber
20025 YPULDT new | signals fosmnd,
wirking (2 Dl
J0PA), YPLU-DE
| nan werking |28
Maw 201 6), ¥YPL-
(39 nen working §29
- i Jusly 201 5)
11 in Beguon E-E | VPLI- Desialled | E1D pol warking Checkad up o lasi
a1 EL 2 dTm ELELEL (s Mfarch approachehle painl,
E4.E5EGET ITIEL mm EI' tempsignal
EB.EY ELLL wirking (19 Feh fome.
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Ell 200 2.EL nai
wirking
[ XL03.200 63
B in Gection E-F at | VPL- Installed | VPLLFILFAFasoe | VPL-FI Checked
EL 2 473 8my F1.F2.FA.F4 wirking {27-5epi- | upla last
F5.Ff.FT.F& HH3) npproschable pedn
na signals Foand,
VLB & Fih
cables ned Mound al
30 Locolion
3 i Sectlop G- VP Installed | WL G4 e Fhuhlnlli,g siyrals
ol Bl £ 52593m | GGG wrking {2-fun- femnd, eere aof
20141, YPU-G2 mce | sensar cable
1 Keenon G- VPU-GE warkmg {79-Mar. | showing continolty
af B & G25.68m 2015) wilh shield wire
(Gl VPGS denrh, cannot be
I m Secoon G- rectilicd,
an Bl & 514, %0m
(G5}
1in Secton H-H WPLI Imsenlbad | Working
nt El, 4 578.38m HILHZHA
Plesnimeters Upssrenm af pro
(P s) cutaba inshde
grating gallerses
| in Secion B-H cCP-m Installed | Winking
| Crdlery # 51 _
3 in Seclion C-C COP-CLET | Insiadled | ©CP- CI, ot
[Ciallery # 51 swarking |
(21.04. 20045, CCP-
1 non working
EI.JI'I-.EEIMI-
2in Section D=0 | CCP-DNLID2 | Inslalled | Waorking
(Raklery ¥ &)
2 in Section E-E CCP-E1LEY | Inmalled | Warkang
fintlery & &)
T in Becrion F-F OCP-FLE2 Installied Wﬂrklﬁg
(Ciallery 8 &) ="
2 SectionG-G | COP-GLG2 | Tnstalled | Working
(Ciallery & 7h
Prommmelers Dewrstream of
(D sh grout qurin
inaidhe proming
gallerics
I i Beclion B-B OCE-B1 lmstalied | Weaking
(Gallery & 5}
3 in Section a0 | OCP- Inscalled | Wiorking
i Giallery & 3| C1,C3Ca u L
3} in Sectom -0 | OCP- Trstalled | Wieking
[ Gadlery # i I¥], D215
FinSection B-E | OCP- lesialled | Working
| Gelllery # ) ElLELE}Y
3 in Section F-F P failed | F1 Workemg, OCP
{ Craflery # &) FI.F2.F3 excepl F2 nal available.
C-F35,

-
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| T in Seclion GG DCP-= Inslalled | Warking
[Gallery i 7] G020l
[ Pore | Vibealing wire | 3 m Sechion A-a | WPEALAZ | Installed | Working
prRsEURe in Fiezomelers at core foarlibion | A3 T
clay corg of CIHIEAE
dam
2 i Section A-A VIPE-AS AR
a1 El# 6dim |
3o Secvion B-B VIPF-BI.B2 | Inssalled | YPF-UBZ, All nem-warking
ol cope foendamn | B3 BE B9 BIO not sensne checlkosd,
Cantact wirking {3k Ay | Mo signaks found
20135 upio bt
4 o Secuon B-R VPP, approachalde poiny
af El.= 5hl0m B5, B&8ET and no resislance tn
hotween core of
4 in Hectiom BB VPF-UB2, cables,
ot BNz 590m BEBRRIO
2 in Secton B-B VPE-RI11.
al ELx 63im 52
4 in Socin C-C YFF-C1.02 Installed | WPF-CI4.C15.806 | All acn-working
al eare lomndation | 03,04 cxceql £ UCD not sansors chesked,
coetact el workinpg (A0-Aug- | Mosignals Found
203831, upsie las
Sin Secuon C-C | WPF-O6H,CT, approacluble pon
al ElL+ 53n CRO9EUC unil no resislance in
i baveen oore of
5 in Sechion C-C ¥PF-Cin, cables,
al El.& 5a0mm ClL ez,
C13 & 100
2 in Secuon -0 VPFE-Ci4d,
al El+ 5%0m C15.Cl6
& L2
2in Section C-C | WPE-CI7, |
o Elx fi20m C18
5 i Section D-D | YPF-D1, Insnalled | YPF-DE All vkher non-
af core (nendation | DLD3 D40 | except ol I e e '--ln'|~'-1rl,g ]| B2
contact 5 LI0KE DEA& VD2 not checkel. Mo
veirkeng | 30-Aue- | sipgnals foumd opto
% ia Scctien D-0 | VPF-D7,D8 I 3 last appronc hable
at BL= S5{0m o poied and ner
A3 TesELmnce in
6 i Secrien -0 VPP-DE L, betwiss corg of
ot ER.2 53w D1 314,00 cahlec
EDG &
U
5in Section D-00 | VPRI T,
al El.= $60m Dl 8.0 0T
& LI
4 in Sectan O-0- | YPR-D21,
al El.2 5%hm Il B k]
& UD32
2 in Becuon -0 | WPF-D24,
al El& 620m D25
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al Bl 620m

fiinSection E-E | VPF-ELEZ | Inwalled | B9 o working YPEE 14 Foaiea
o come foundmiesr | BIELESE | excep (30072003 VPE- | net working
contac i L'ED DEN 20 103 Checked wpio lass
SinSecion EEE | VPF-E&EY, MNPF-ELER| nporsachable peart
m EL+ 300ne ENLELL, Moty e siznal frum,
Ei2 ¥PRELXT
& in Segtion E-E VPE-El1L JO.OE 151 V-
it EL2 53 0m El14 .E15, E L 19.009, §4)
ElfEIT &
LUED
3 in Section E-E VPF-E20,
at ElL£ Splm EX E32,
E33 & UE]
4 |f Beclion B VPE-E34,
al Bl 190m EZ5.EG
LUED
2 in Bection B-F VPEEMD,
At El# 620 | EI0
Jim Beciion F-F al | VPE-FILF? | lnsialled | WPE-FIY Chemck e e las
wore oudation JF3.F4.F5 exped] sinking (27:5¢p- | approschable poan
ol LIF0. 13) nar signal Fomngl,
5 in Scetion F-Fai | VPE-FT.FR
ElLL 50 J9FI,
Ell
& m Section F-F ar | VPF-FI2,
El+ 3m FI1 FlI4,
FISFin &
UF]
5 in Bection F<F ot | ¥PF-FIT. r
El+ %60m F1&.FI9,
FX & 1F)
4 in Secticn F-Fal | YPF-F2I,
El.2 58(hn F2F33
& UF2
2 n Seetion F-Far | VPF-
ElL &Mk F24.F25
4in Section G0 | VPEGLGE | Installed | VPF-GI Med VPE-G1 & G2
& core feamdation | (G304 wiorking(| - Fownd not working
cambaci Mirch-2015% Checked no signal
YEF-(2 noa Foand.
Y im Section -0 VPF-GA,GTY wirking{| I-.’u.p:ril-
al EL£ ¥l JAIRG9 2015)
& LG
4 in Sectlan GGG VPE-CR I,
ar Bl 590m G102
& G2
I in Section G-(3 VPR G4,
at Bl + 630m G e
4 inSection H-HL | VPF- HIH2 | Installed | Working
al core foundation | JH3
coninet
+in Bection H-H | YPE-H5.HBG

@t
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17 Additioeal VPADL, | fnualled | ADSZ 6.7.8 sol VPF-ADY Found
peezamelers AD2 ADY | cacem workieg (27-5cp- | sl wawking,
AD4 ATHLA | ADS 13, Checked, no sigral
7, AR, ADNL13, 16 noi T sl
ATO AL, working {30-Aug-
ADN Al 13 VPF-
L DI13.ADS, AT 1 ol working | ADGTESIRL]
ADSADIR {30-hbar- 14, ane checked ugild
CADIT, last approachalde
WPF-D1 A0 nol warking | poist
ADD (.04, 2006
WEE-a I} &
ADIB are checked
al SHoend |, nn
signal foursl
Porz 1in Section A=A | YPF- A4 Insalled | Mot Working ¢ 30- | Checked 21 58 ond
DrCEsTEs in ad felece Aue=13] i sl gl found
dis fane Tiluer feumndatian oomlact
of dam Tin Section B0 | VPB4 Tneialled | Warking
al fiher
(omnclalaon ComEact
| in Section C-L | WPP-C5 Teatalled | Wocking
at filller
foundaticn Contac
Tin Section D-D | VPF-Dh Imazalicd | Wuorking
ot fulter
feamiigian conmlact
| in Section E-E YPF-EY fnsialicd | Wiorking
at filigr
foandation conlast
1 In Secton E-Fal | WPFe lasedbed | Werking
filicr findmbes
gantas
1 Secslon G=0 | VPP-GS Imssalied | Warking
al fuleer
Femimaglan conlact
T in Scction H-H | VPF-Ha Insialled | Warking
al filter
Fouinckaling coning
Pere Vibratng wire | 4 Moz, Al YPF-FI, Tnstalled, | P13 is nat weeking
s3I Fiezomelors Feaindalion lovel Prrpia 28-Sep- 10007
Rogk Gl of below EPKI
danm donstream shell
- i bl T h=_
Prrous Tubs: 4 in downsicean PFTP- Mow PTR:IL,12.J3 K&
Premomelers bl L2 IS FTF- K1 nnt working.
&KL EPTP- | Bectification el
KK2 fer PTP-F11213
Mew FTP- warking | &K1,
111, PTR- Mew FTR's
KK2 Inszalbed in Meov- 15
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Displaceme | Monsoeing AbCrest nin LMBTE 1o Imstalled | Aviilabic
niaof dom in | Beames L patrizaem MBE2E
xY.2 MB I8 MRS
dipetion A Crest an MBZE w Insraliedl | Availuble
Dosastream MHE3Z
MEBIA 0 MBS
A EL G20, e HB11io Imsalled | Subnwerged
LUpstream MBI MEIT
o MEIT 3=
ALEL S9.00on | MB6 o Installedd | Submesged
Upstream MEGw | MEIO
MBEID
ALELSMLI0 e | MBI Installed | Submerged
Lipstpeam MB1 1 | MBS
MBS
Ar EL &30 an MEID 1 Insmlied | Avslahle
D astresm MBAQ
WSS 0 ME
Al EL 38000 MR i lastalled | Availshia
D nigream MB43
MED 1o MBLS
ATEL Sn0.A MBI 10 Insalled | Available
| Dhoivesineam MB40
MBSk MBS
ALEL 55000 MBI o Testalicd | Available
Crownstream MB52
MBSO 10 MBS2
Horizontal | Fall Upstream shell Insialled. | FE-BI/| & BI2, | FE-BUT & RIS
deforiation | cxlensmmersr nant working M si gnal outpa,
i semanrs a1 EL FE-BL/I, {005 1a) . FE- FE-B /3
$Myin Section B | B, D13, B 1, uciuating Fluciusting |
B | mna
2 zEnsoes ot Bl FE- B2 Insiafled | FE- B2/,
fh i Section B- | B272 flucniating
1
4 semsars at Bl FE-DI/] fnsealled | FE-D /1 oot FE-D 11 no sgnal
590in Section - | DE2LINAE, wirkiny found . FE-DI2
#] L4 (20, |58, FE- Fluctuaing .
L2102 Muehading
2 scnsors at EL FE-D2f1 Insnlled | FE-[D2Y FE-ID27]
630 in Seetom - | D22 Muctazting. Flucmiating
n
2 semsors an BN FE-FI1, Tnaalled | FE-FIR2 FE-F1.:2
62V in Section F- | FIi2 fusetuatiag. Auctirating
F
Do nercam skl
| semscrs at EIL FEC1N Installed | Working
BZ0 i S Ce
I.'.'
7 scnsors a1 BL, FE-EL/I, Inmalicd | FEELL, EI2, FE E1/1, EIVZ,
230 Section E- | ELF2E143, EVLEIM&EBUT | EISG EN £ELR
E Bl ESE Fluctusting sgnal. Flociamiing.
I,EN1T _
4 sensors at B FE-EXI, Installed] | FE-E2'N & E2/4 FE-E2M & E2d4
Sbin Section E- | EV2ENY, Muctuaring Fluctuting ,

B
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E 2
2 semsors @l E. FE-EXL, Installed | Woeking
B I Seclon E- | ER2
E
3 semsirs ar [Z1 FE=aldl, Insalled | FE-GUAMuwmeaing | FEAGID
AGhin Seetbon O- | GLAGLS signnl obscrved. Fluctuating
i
2 memsors al Bl FE-(r20 Installed | FE-GIA FE-G212
G200 in Sectien G- | G272 Flusciusalmg Flactualing
&
Vertical Vihrating Upstream shell.
Deformution | Wine Cell riler
senilement
BYEIEIH I semuor s ELSOO [ VAWS-RD Inatalled | Moi-Warking Checkesd Mo signal
in Seclion [W-H femnd
| semsor ad EL 620 | VIWE-B2 Insialled | Mni -ﬁ'nrl.'i.ng | Cheched Mo s.i_g.nnl
in Seciaon B-B Forul
3 sensor an EL 5900 | YW5- Installed | Mol-Wiaking Clucked Mo signal
i Secabon [-1 D22 Fourl
2 sensor l Bl 620 | YWD, fnstalled | Mal-Wixking Cheeked Mo sapmal
i Section O-D 05 Tl
Laemsor gl B, 500 | WWSE-FY lestalled | MNoa-Winiking Chigchod Mo siginal
in Section F-F fund
I semsoral EL 6200 | WWS-FZ Installed | Mot-Working Cheooked Mo signal
in Section F-F FETTTT
Chowmstreanm shell
| Cell settlement | | sensorat EL- 20 | CRE-CI Insialled | Warkang
B il Section C-C
2 =ensorat EL 5330 | CS5-ELEZ | Insalled | C35-El, WNo Clecked , Mo
in Section E-E | Working Chatpuat,
3 semsor ol EL 990 | CR5-F3.E4 | Instalicd | C55-E5 Mol Checked , No
in Section E-E .EX% wirking Oinpur.
AR 20 &)
3 consor ol BL A2l | CSa-kEn T | Imstaled Working
in Bection E-B
1 senser at EL 590 | C55-Cil Inestad T Wrking
i Sectna GG
1 senzar at EL 634 | CR5-0G3 Installed | Warking
in Section G-G
Deformation | 3-Paint MPBX | 2 Sensor at EL MPFEX- Inssfled | Warking
af B30 BB amd LB | MR MSL
lawmnifalion

G?Lf
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- 2 (8pi c amd Power Intak
Wier level | Sanfi paage Left Hank Stalf gowge | Insiolled | Availabde
in wpsiream | On Pier
o Sl e Tevel On Jefi abwament | Radar fype | Wt Shilied io
U o spillway naiadled Decaming
chambenPiwg
| o _ r letabo arca.
Waterlevel | Watcr level On Central Pier of | Hydresiatic | Tnstalbed | Remaved
an Foser LN Fower inlake
Itk I
P Miceumeiers ZinMoathale 2m | PC:.2 Installed | FC-2, Not workieg
pressure in | (P75 fourlation corgac
ARy I Modulodal | PC3G Installed | Working
e Foundation sl
[ Ground Open Chomber | Upstream of
wieer level | Vertieal drainage hifes
belaw Plescenenrs insicle spellway
il lweay IWP"5) galkery
Isunclatian
Lin Mislule 2 OCP-PR Insealled | Working
I in Plpchibe o (o R Installed | Working
1 m Module f OCP-VP] Instalied | Working
| Chased Chamber | Duwnstream of
nelipsed drainage hobes
Piceomerers inmsicle spallway
30" AP ) gnllery
Lin Mulube § EP‘-.-\IF'I | In=ialled "u"r'm'tinE
I in Module 3 CCP-AlR2 Fnztafled | Warking
1in Modsle § CCP-ATP | Tnscalled | Warking
Chpen Chamber [revnstream af
lnelanad drainuge holes
Pigrometers inside spalbway
220" (1 gallery
Lim Meodulbe 2 CCP-IP Insialled | Wirkin
| n Module 3 OCPIPZ | Tnstalied | W;k._.i'
I in Midule & QCP-IF] Tnstalled | Woarking
| Porc Pore Prossure 2 i Modubs I ot B3 Insialied | PC: 4 sot-wurking | PC 3 working
pressure in | Cell iP5 El #4110 sinee d-Jan- 14 & remdings
spillway vl ahle
modlisies 2inModwle 20 | PC-78 Imstalied | Woarking
El 46 0
bl Bt B T s T X R T g T e
M BEween | Meier () ] :
ST Mochile | & working {31 Aup sipnals com'y
Pawer Incake, A3 he retricved of |
El_&560m IN-2E M- previvasly o
warking [3]-nug- warking
13, I3 and SEEATE, & s
IM-3Z norworkang | IM-3% and
I3 32 are nim
working when

&
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checksl] a1 5R.
n[;]ispJnm-:lu.n.- Teseinl T X m Jusmerion ol N RO Ingealled, | TM-TX, TY B2 Cheekad,
nl between | Meter (1680 Plisclinde 3 & 4, net wiking (15 stgnals can'l
modules EL£599m Dee 151 & IM-82 | be redrieved.
I:d-j;m- ) it
working =
3 2 Jurdpom of I¥03,18,15 | Instabled. | IA=13Y & 137 (DR | Checked,
IErdule o & Lett Jan-147, 1583 1- signals cen’o
abuimers, ang=- 130,052 {28 bz retrie viedd.
R b 125 Mon-
| working.
3 al Junction ed IM-d 56 lmstalbed | I%-4Z not
Miglule 2 & 3, warking [33.03. 16
EL+612m
Jan Jumetion of IA-100 1,03 | lasenlbed, | I8-13% [38-[zh- Thecked,
Meadale 4 & 5, 12 et wnrking sigriale can'l
El +ilZm IAE- I Nl e redricved
wiorking (280516
Lt spillway VI-Zto VI-T | Inatalled | Avaslable
Vmchan i leny
.-".P'I.'IHHI'.H f"-'ri-_l O B Junecyom o0 &l
mindules
1 & function of Yi-& M- Pm-Insanlied
®lodule | and [n=talled
Power [niake
1 o Janctian of V-1 Tnstalbed. | Availahie
Mexluile & jimsl
Lt Ahairmem
oo Ll Gluile WI=LB1 i Insialled LIEE, nai available Redilication
Wall along VI-LE& (033N A Werk m
Smllvmy chnne Progress.
feon Bight Guide | YI=RBI o Tnsizllest Avalable
Wall aleng VI-REo
Spillwny chalc
Iloreg menl Dizect Pendulum | | in Modale | OF-1 Instalbed | Availabic
of spillway | (T2P%5)
110 module 2 OF-1 Instalbed | Avatlable
hove men! 1 in Module 4 P Nt
of apillmay installes.
{ Delered)
I s Muslule DP- Irstalled | Available damaged
| im Mosdube 3 1DP-1 Insizlled | Available
Invemied
Pendulam
; 5[DF"5‘I _ ——
Dopiel Watce Tubes | WT1.234 56,18 Tsialicd | W12, 35.69-
5 SLL2R, T L, IR are
LR 112 damaged,
Vertical S-poam MPBX 1 let shuiment | RMSL [nstaBed | MEL-24m (28-{ch-
Deformatio In=dde Rock 121, 20 and 1 Tm
et ELt521m [1-0C1-13) sensor
Foimdalion nal weeking.
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Veriecal | X poand MPREX 1w Jisectiom af MR Insdalled Working
Dhelormearis | Pewver Tsanke nng
nad Spallway
foandation 30t MPRX | 1in Module 321 | MAL Installed | ML-Rm sensor
Feaendation lovel nnl warking
. verical 3 -Aug- 203
Temperatur | Thermomeier (Th | 8 i Moduale 3 TILT2TATS | Inaialled | Warking
£ i
CONgRg e T T13. T4
1
i im Module 3 TATETTI | Installed | T-11 et woarking
iy
TILTIATI
- b -
Cippup of 5 sirain
Seraim ansl meher and | 2w Moalle 2 B3-1,2 Insalled. | Warking
f,"“‘“*‘.‘“ G Wtk 3 im Module 3 5G-a.07 | Instalied | Working
IR 2 in Mosdule 4 £G-3.4 Installed | Working
2 in Mochule I S0, 00 Installed | Wirking
1 in Maduke & S0-8 Insialled w-m-hn'E
Giencip o % araln | 2 in Meodilz 2 NEG-1.2 Installed, | Warkeng
froie ,*,';'“1 ‘N 3 Module 3 NEG-35 Tnstalled | Warking
Seress’ Simin .
MIcier ; 2 i Modile 2 NE0-3.4 Installed | Working
in Module 4 WEG-R [nstalled | Working
I in Module & WEG-T lostulbed | Wirking
Tahle — 3 {0ther Instroments) -
Secpage in Migasunnp Gallery #1 anlent | $M] Instalied, | Operationsl
Linlicrics Wears bank {5k
Gallery Mod 2, S8 5M3, | Instlled | Opemtional
Shi2, SA13, 50l S & BM5
& EMS) =
Cuillery 04 o SMG Istalled | Cperaional
lel honk (5N6)
Callery #f on lcfl | S8 - Mil- Instalbexl
kank { ST} [mstalbed
Ciallery 711 on SMIn Installed, | Operaticmal
fight bank (5h
L
Ciallery VED on SMA Installed | Owerational
Fagh bonk (5his]) ;
Cralbery #1480 5%19 mskalled | Operational
| right bank (SB1%) I=
Gallery £17 n LA Irsrailed | Approach ool
right bk (SRAL 1 Aocessible
| Pare pressure | Opea 2in OT-1 WP Bla Mot Instailed
downsiream Chamficr . ETLLTI Insinlled,
of plugs 0 Freromelers | 2 in DT-2 O Triednlled
[ RTLLT2

&
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[

Proe Pressure | Porces Tube | B.in DVs arca WA-FTFI Insialicd | WA-PTPZ and WA-
in Piczomserers | owlside Dam & WA PTE PTEES not avnklable,
Surraumding Spallway ]
g strcudes,
Burong Tri axanl 1 sensar ng dam ShiA-1 Tressalbed Available.
Nlatiom Wrong CTCSL (NCr sens
Accelerograp: | molon lise)
h recordung | exnene o EL RIS | ShiA-2 Insialled Available.
SENES o riehn bank

putside Crallers

L

| semsor al EL 631 | 53 A-3 Installed Aovailebic.

om Bl hank of

apillwiny
Woh Rased | Spillway Contal | Web-based
Orlme Rewam Building Vo Imstalied Oiline
Momitoring sofiwiine
Server
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Annexure-S=d

L |

TS aprcomand is mude o this Teenn, Sk (385 duy HF:I;-ru"'r A thr yoas Taep

ihoitind, imssgsl i

The Covernar of Mimachal Fradeh, thitugh M. Ajay Tysgl, Soorpoey o e
Gercremont off Himeohal Fred o, Depaseen ol Bel it o b Py wnd Py, e
ing i efMee ot Civil Secrewriss, Shimla- 71003 thede-inufire refered 1o u
SRR which esproasion, unbtas repugnast i B cantea ar e uzing dhireaf, ghall
includs B PeCedbar(i L of prreened woignil, of e

AND

HATIONAL THERMAL POWER CORFORATION LT a EEsmpeny W oparaiod
wheled e Campaniss Ao L9236, baving vis seginiencd ifior o4 HTPC Bhawsn, Siipe
Complen, 7 Ineduisenal Ared, Lodi Brad, New Db 110001 thrpugh ke Wajerdrz
Sanpt Chairmnin & Moragag Dusioe. NTPC duly suhonsed by NTHC hereinafics
deferrod io o "CORPORATION which rppasion, ueicy rEpugaLal o By coraea of

Ffaning Seeal, thall seleds ik oo o porased sikigral, of the SECOMNLE
BART,

AND

NIMACTIAL FRADESH STATE ELDCTRICTTY BOARD (HFEER) movparicd
wheled Elesineity {Sappiy b A2 1HE having vt head o9z ot Videul Bhawsn Shimla
IV RO Wanugh M, AL Guges, Chied Engincr: [IGPAR duly vethasiscd by INPSEDR
Cle=roinaficr reformed w a UDARLE wiich sagorssios, uniess iepufmm i B conizstm
reraning threpsl thall ncluls is o s oF semmived sosgnehof e TIRD PART,

WHEREAS, KOL DAM HYDROELECYRIC PROJECT fhers i afi il e
TPRIMECT ™) un haer Sallug an Dgame Bilaspun s (he Stz of Himacka] Pradesh,
amed by GOHIP, et ¢ deaigs erpacity af sppieanoanly EOQ BOW (48 200 KEW), i
properbed 10 be taken up do sl o mieting by abe O CHR PERIRA THABNY

[ 1 '.!:-:-h::__ “‘a._;;

B T e et - —

Scanned by CamScanner




AN WHEREAS fhe Techms-cconams dearsnee for the Profect wis sczorded by
Central Eleziricity Aushorny (CEA) durisg Auguas |98, Eavimonnen clcarnacy
scganded ks August, 1989 and Forest clesmace sesedod in lune, 1950

AMD WHEREAS the Minwiry of Pewes, Gove of Indix {Gal) haa o= B
CORPORATION o enter ints tha Aeld of Bpndrs B1 Perwe g

AND WHEREAS S GOHP intend 4o pet

T the Prajoct implemenced thraugh e

AND WHEREAS CORFORATION agrees 1o Svild, Owa, Opreate ssd Maincis

1BOOK] the Ked Dum Hydre Electric Project (500 MW appras] s rver Sitle],
DHswiel Bilasper in the naseof Himezehal Fradesh | i

HOW THEREFORE, FOR AND IN CONSIDERATION OF FREMISES AND

MUTUAL COVENANTS SET FORTH HEREIN THE PARTIES HERERY
AGREE A% FOLLIOW:

13 PROFECT EXECUTION :
I8 The GOHF sgress thin the CORFORATION shall implermeat Kaf Dam Hydrs
Elezinc Projecr %0 100 MW leraied 0t Desie Bdaspur H-P) Th= Salicnt
featunct ol the project s eontaimed in Detniled Projeet Report (098] of 1952 are

M ANNEXURE - 1. The Projrct completion sehedube will be mubuslly
feieuaned s finatieed.

LI v i apecifically agreed that shr oaid projess will dnclude ol assets, properios,

righas, leascholds, powers, setboitics and prisilepes and ol propsrty movabis,
dmmavahle including leady, buikmgs, offices, siars, plunts, machiinery ind
egEpmend, imitellilions, incrumenis. ofiee fumilone, seaticmgry andd allice
equipniend, vehleles, dalT gusries, warkers calonies. segether with psesities
drclinssallations pertaising elicveto and atbcr rghis and inlerests in o arising sul
ol sueli pangesbed dml asieic a5 were lininnfstely hofore the dute of senife, in
the s eerghip, possestion, power swd consol of GOMNP o thelr ssilodited
dgeacics surh s IO RO wherhed sdton the project mnea or ogtride, withs e
Aucal HF or aueside and 31 hoarks of Accoanis, regemen ind afer docaments
off whairver marre vefatimg dhieretn bl will st b lade cash in band, cash af
thank, pnvensmenis, hoo b debis of fightd, liabilibes nd ohlsgziions respecling oy
othee contract and shall lee tranafored on “ay iy where is basis™ 1o
COMPOEA T, Fice from all crcumbesnces, Dahibties and charges e hy
evcculing Registersd Tramsier Deed By GOHF o Tavour of ihe

CORPORATION
e L -

I-II'L . .*-'r 4
i
TR

G

o 1

151 AN he Doy cesrnees. e ey, Apprassiy and jascmons meaed by

GEALP Enn ihe Pragent shall be narsdened 1o iy CORPORATHIN wijhin &8
AayE od e date ol wipmng of The & peeemem

E4 2 For wmansfer of penneey olearisscs approsaly nbasied By e (0IHP Tegee U
GO0 Gnthiness for the peapret o by CORPORATION. e GOHP skall gin o vhe
megeisary Mo Objenas CeinTieass (5000] worihon 10 daws af e ssgning nf vrss
Apreaminl. ANR will pidcsds all ib: swcasary sssmiisace for cegediioas
sleararc etappeoval Trem Gl ol Padig an dhis regand

1A Respesibiigy Tor developmens of Mzsier Fan of s ater icsauries S 4 Satiuy
banis, ax chipulated in e svviranmem elesrend 300 e v Pesger ) in Aupusl.
IR, ihall be with GOHF § BOARD. The COFFO®RATION thall pranzde &e
GOHPBOARD recesanry dass us maw B2 iequied i Dl regand

14 Xleepams. duin and dhcumends relaied 10 8% proper suchons Forrhuliny Ropaar ©
Detiiled puogeel Bepadn [DPR], Dkeciga, Dizwmgi, all nveangalsony 3nd
anadiet repomi. Crchmem aes renmenURER plans gic. dlready canmied oan by
i DARD. shal b harded oser proapis o v ONEPOR AL 0N (OlE=
MBOARD thall abpy 5590 ra ePEEN COMEmEanIEaE0ns |G ¥ ANV 0T IR0 MI0m by
andl wohim regreesied by CORPOMATEON

& Respamsibalily ef formelatimg amd implemeniatian of s ooopemsic
aMoigitating planin T000 Hestarey al degraded foreud land e yipelaged o this
lerest eledsdros widaideald vide lEker daied Jaae 1TH) &f sl apuoendby VIOFE
will pest with the siee foees depinment af GOUP. The es 10w sids
| erpl ematmatian of the plen will bz bam: by thz CORPCRATION. The mansy
willl be depapisd en muwslly pgnced teresd wnd coareliiead Thig eoan shat he
capitalised and form x pant of TenlT

1.7 Responsihifily ol afkEdeimisss n 060 Hlotares of lasd a8 FHS vpidules
around The rererenir ke erpetsied ey envisonesenial glearanse ssenarded vads
Relier daded Augssd B9 or a5 apprased by MOEF will alao e waib the Susis
forest depl. oF GOHP. The cost ve=ardi the alzeeztatien wild b harne b the
CORPOBLATION. Teic cods all he capougbac and Tiaes & paraf TanHA

I.E The CORPORATION shall arvaage all the escexrary Tnanidi Gad S

rmplementuiign of e pwd Peogeel Thee owrerhip ol tha Pragest shall s;l mith
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19 TRANSFER VALUE
LEL  GOP will have the gl 1o casp ol the Suarety asd |seeslogaion ¢ exphace the
{80 Transfer vales sieald be b wmoun af sciual expendiisie visured by the fzesibiliy, s fpEEs  any e valey  soheint  ORENCATL mﬂ
BOA D oa Survey £ Incramganon, (eepsratmn o agsos ) of DPRL obtinng downdlican of Be " Froged, '\-i‘hklrl: derem i the Frogeas kel iLy
chpaaances mid oibwr woiks ol Be Projecl, wpis e die ol sigeing wl this BpETalEn, grisielinn £l b doemmined by CRA. The DURPOHATION wall
agreement, duly sosted by Govt. amdsors and certibnl by (he Accaualan) nat ke llrtd:;:_lﬂr:- :mc:!-m 1?;: any niter prsfect (nhesiding mrd being
Geperal (Wimaehsl Fadeh). Ths amoum will forn & iy off e eapatal oo ol ertaged up A fu £ 3 el
the praject 20 LAMND :
152 The Gamafer vabr (a5 par Clivie 1.9.1) shall be bilwicais snie twd pins, The : As per ab OPR of 1588 which =e dhied by OEA, 1l cilimaned fard
Mest paerd sl comgaise the iranafcr waluc ol Adgels i re=gost of which wile i . | pegwwnire L e undir;
yeqeed i be sramilemed o B CORPORATION trough sale deod. The athes
pa shall tﬂﬂﬂ“dﬂ mm|" amounl @l hs ezl value, which ghalll be Fareyl Laad wmdcr ike Davi - G55 cctmiei.
ereated a5 transfen salue for Be gerviied. Agricelimml & Friveizc Land - TS Meclarcis
The ROARD shall trimsler the worksdassens of ahe Projeen io ibe The ":I':"l :':’E:E”Ttd for be Project 3 por revised spproved RPN will be
CORPORATION wiithin 30 days of signiag af this Agreement. The dasfe: - Pk o
vatpe of Asscts, i sbave. shill be paid by the CORPORATION to the BOARD I L1 GOUE, Land :
@ the dair of arsier of @ e of the aiacii in Taveur of the CORPMIRATHIM 3

AL ihe meguee of the CORPORATION, GOIF  shall tansfer @

The traadler vaber of seiveeet 18l Be pand by ihe CORPUORATION 12 the CORMOEATION on ewecihip Lasis e GOAIP fand mequasd k= A

BOARLE within ¥ days of signdig af thi Agresmest dutyect of haedisg avsr e prmanem sinscligndworiy mul or permanest colodess e B poprzary for e
the fie2 ke the CORPORATION. eanstruction, per lan and mainsrosce of B Paojecd , 6 the R02S, A5 muY b
determined by the GOHP, o 1he time of varsfer ol bamd
193 Incase the CORPORATION does mot pay the wansfes vabee an the sehedubed . :
dates ax ghnvee, the CORPORATION shall pay e e BOARD, in sddstres w e L} Apriculiernl & Privete Losd:
::‘ﬂﬂﬁ;;’:f_’i;_:ﬁfﬁ Pk o he statm ol tigilig ol e A the moquest of e CORFORATION, GOWP shall scques Br the

CORPORATION wndor the Land Acqeaicon Aci, 1EM ned agisukel &
pivale Luredy sliliin dhe Siae of Himachal Pradesh ey may be regeired by il
194 Theouistanding dues and jsschangs {erdipeicd) an sccount ol sale of power by CORPORATION for e consunicibon, operaios and mantsmes of e Propa,
the CORPORATION to the BOARD, as on the dace of signing of this Thae CORPOPATION swilf bear (e expenses for such soyaivtion of larel.
Apteesenl, shall be adjusied agsnil e irersfer valos

13 Temporary Reguirement of Land:
105 CORPORATION shali submil a revsied DPR 0 CE& afled seviied oot o the ¥

Fr 4 Ll _ 101 The CGOHP shall glso armange for the shon tonm feass of the GORE lard
e gt 2 L 1 reled o ersprney solteles ad venganry uchass b e cresinosian of
the Frojeet far 10 from the s of oecugation in the few kesiaece, whi
18 1T preject wark docs sat sian wwithim thicty (30} moniks lﬂl:'-li ml‘ﬂm g g}'ﬂ.‘nh ORI B T d:::hn G s il s iy b
lavestment Appiosal bised on wpdated DPR/Revised Teohno-scanmic iread ey ghee COBPOHATION an mecl 12 and combities end et or kas
P : erquired by
Clearance il required. then the OOHP shall heve right to beim|nage (kis fen s =y be determined hy (GOHE.
¥
AGREEMFN T sler serving ainely days amtien nedice 16 The CORPORATION, kS i e A B
i k ghadl 1 133 For Lse ¥ pequiocmenl @ 5] ] e k. k-
:::tl:ghm;mtiz'tﬁqu wark shell mezn pen of e award of the I iy mm #lsa be ab onc tese agioed ralss for the falee pethod of LG
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OO TP agiees o perevils land for eenmnacilan of uifice and ciher ffrasiruciue
Ta=ilitics in Shimds and siter bocaticns ax requind, The CORPORATION dal|
bezar i oA ol wech lard.

5 Alldhe pxpessdivare for e abone Iranesction wball doom e pan of (e capbal cost

o the projeet for porpases of fixing the lasilT

40 RESETTLEMENT & HENARILITATION 1550ES :

~

A

al

The DUHPOEAT N shall dimgdeitent the Rocitlexond 8 Bebatdiistbon Flas
(B&R Flan] e desdled in Aanewwe.fl. OU6IF shall emend all mecezary
asvistares & mpuly in splomeniiog e IR Plaa. Tl GOHF shall mosliog
Hhe implementation cf RER, Plas,

Afl RER Flan cost sholl b nzured by CORPORATION and shail forrs pan of
ceginl eom for e prerpois ol Tadff

SHARING OF HENEFITS :

Twelhve percem {12%) of de not cpergy genersted from abe projcl wfies
it el auniory corvanzpdbon sl e Formal e Based fnet ensrgy ) ahall ke
pives in GOHPBOARD, fies of com, o b bor loated i mwilch yard of e
prajest, which will b= fe walc o paging for power cacusikan.

o

1% of soml ceergy gensimicd  rxzchading O and
Imhoraina bise (pe enepy) will B ided on dally baals by che
CORPOEATION o e Boad af b bor laalfl. Tleis will ke in addaian fo 1 3%
bee power B hay STATE and ks nournal al lecetion en the beals of Cozirsd Plan
Assidance durleg dhe lant fee 32a0 and consusption of decircity in the las
five pear, two Bengr bying gien cquel weighiege

The Moo will b2 operalad ax @ Repioma)l Power Station and the porwer
grmetaled] from the Setion enchding 12% fee power as per clame 4.1, and
prawer B por claese 4.3 abave will B¢ shadald by ihs condileents ol the Hodhem
Fezgion mr paw albop st b desilediatificd by G0 fros tims o e

,L,H_,._.

LN |

5.1

b1

-V
EVACUATION OF FrOWER |

Foue foom the praject shall be evatualad s=egh the maasmission Syt ul

Power Ginid Compatanon of Indis L3d., & shelly oweed GO Coisgany

ares rerpeet aell e e e Cesmpanies Aot 1936 a0 hising it Hegisiensd 0.

4. Kinmirin Sarn, Mew Dclbi-100 016, keisimaler edled "Paser E105E" sk
¢ geogiher mgencies, duesddy and ¢ pr by diglacemral, fei which
CORFORATION shall cae tsegh GO the Poser Giid s provide sarabls
inlcgrared URnEwissom Sy, hilchda g wrih du commes 1 ol Une Paoge]

fioar the ewpcuntinn of paraer feomn Pun Project, Thic el be dane i caneuliatisn
wiis GOL/ CORPORATION & CEA ¢ BOARD OTHER DENEFICI ARIES

The rensmiasles charges, ransninien loue sed all olher chiuges petainag 1o
iransmition , iF any, fof cvacmding § wvsling of peser fram the Pmjest chall ba
pagatde direcily by BOARD 0 Prwer Grd £ Ocher vanamining sgoncies srd
thez CORPORATION thall pot b prepenaibie, in wirp sannsi, 53 thin regard

The CORPORATION shall provide mpace For one bay ol the projest wsmchyan
far deswal of QOHP thare of poser from the prajeet dicesify an s separale
trumimisabon syvtem o o Bager daie, kubgect 1o apgeoval of CEA. Hawewrr,
Nnancisl Bebiliy for esmkliaking the bay g5 and when requisal by GOHP vhall
B bt by GGOELR OARD.

FOYER FURCHASE AGHEEMINT (FFPA] ARD TATIFF ¢

The CORMOBATION end the ROARD skald enter dnlo 3 Posce Perchags
Apreemen: (FPA} For ssledpechuse of power purkesnt 1o Claose 4.3 wilkin
three months of siging of this Agresmert. For vhis purpaae, ihe
CORPORATION chafl prowide & cogy of the dea® FRA willin cor moed Trem
it il of sigring of it sgresment.

The Tarill and ferms and conditions for power 1o be sugplied by
CURFORATION ftam Propect a3 per Clisuss 4.7 and 8.7 abave chall be as per
nsalicatiens] bo be txpecd ad por desizinn af e Comral Blecuichy Rejpaluisg
Commistian (hercim aller sefened 10w CERCY. fom Bme 15 hese, under
Elcctncity Begulyiory  Commessions Ach, 199 (lsiest smendmems)
ardfon any oiber AcyRegulatons minted %o hydm-powe Sevebepiient, o may
tre eracied by CH0d i place of s provisen. Sebjes! b appeavil ol CERT, %
FPA shall veeorparate the Fallowag -

The Dbl Equity shall be i the r3iioof P10 A0 capeal evpesdmare mwirdy
the progect sbull stand allecaisl in the same progamios B Al pagoss.
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A
o he puipoase al @i e capeidl cos sl dbade A e crpendiiune
incaieed e ks dapadied s lie peogsen s ladisgE Coxl of Bebabdinsins &
Reacidzmest [LEE )], eoul ol thr Cilchment Aded Tecazinens AT} anid
L nmpgnsaieay S lfaresannn packape £t

[ P

Hoagms con ety sl be 18%% a3 nafied by (01

Toa raie ol inieresl and fepaymend schodole for Inass sfluady wranged hy
CURPORATICN fos ghe prajein wall be buved on the acizal iermg ain whech
thews los=y are availed

B28  Arcomcivg ol b pald a5 an eSditanal reoem on STy 55 My be ol by
GLIY CERL Tram time i ime sl will ke calculaned on e bash of gheve Deba
FEqudry rans, & e fpblosing saies

Arallatililx Bate ol Ingenclrs

Lhen e ANTERLYE & af dguity for Peery ase

Aanual erailebiliy Fercenfisrreans by avmaal evalladiin

nf B abovr Eormanhe dsual 4 iy
of 8134

616 The Ssisccinies bofoo somuative svailibiluy Bevel of 3545 shail e hy way of
MLl redaciian is ¢spacity charges

G6l.T  Any pro rau fefetion in genetion en woromi ol san-paymen of dusi hy

BRI peseling in spflage of waisr for shall b naken for iBs purpos: of

deermnd generatio. ModaBeie shall ke =ajually finsliged al fhe siapz of FPA,

B.1F  Any Water chasges, ioyally, Irvies, tnes dusss ind cess ebe. oa generation of
passeet T ihis Project will be a pass Buwsugh s the ],

G219 The sslo of oeniive G Sesundary esengy shall he aqueal b the s unil oo ol

Prinary encrgy, Frgeasy encrpy means the saseiom of energy geseriind upin
design eneigy oin an Sl budiz in Be seilion !

GLIN The payimenl & ecipos of the perwer punckased by the BOARD from the pioest
shall b secured in favour of fe CORPORA TION 38 per the general EiEElED in
respest of the paymests by 1he BOARD for prechase of power fram eiber
pawer stusivess of ths CORPORLATION,

B3 M abe PPA enlered in m by (he CORPORATION with sy sther heneficizees

Frous the Project containg provisioss which ae mare faveurasle m ke BOARD

in sacality, dee CORPORATION phalt, ai the sequcst of the BOARD ¢ il e

benell of cush conconiony’ benefit o ke BGARD als by puinbly amending

the PPA signed wilk the BOARD, Consendely if any oifeer beneficiary sine
agroes fav tetier Ioms faverabids 1o the CORPORATION, Rased will zlca aereph
the jaene by seinbdy seending the PP signed by e CORPORATION,
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OTHER COMMERCIAL ISSUES

Payrmests in imapect o pawer wpplisd by CORPORATION dalTbe serused by
ke Ball=wirg arssgenser

The BOARD shall cpen and maisiass wevocadle, reenleing Lener of Creda
[LC } aquoalon ba the vaul vilue of thy mafiidy power mppied Gon the
Projesi The wmanun) of sach LE thak ba reviewed gach quirtar med B mown
Ballbe eshusced Fichs ol ascnndagly

The paymerct themgh LE far tee povaar sopplicd (oo Pinjeci, will be Backed
by ihe Sune Goverrerers Cratriites ved by an approgilies Ews nw Arrisyemcs
10 B it inlo Beiwesr BOARIF dnd CORPORATLON.

GOHF il e gemaree regardisg m‘ﬁ:q with the Rrancisl obligdiom
by DOARD a3 pd ihe PPA with the C OEATIGN, w sovpect of powe
wpphad 1o tham fom U Preiecs This FRarwied il aha provide G g
Tripsniie Agrwemani to be eitoad ino Betwern GHE. CORPOFATION 1nd
¥ie Feseree Band of badis (RE) for makisg puymenta o CORFORATION hom
e State’s B secounte, i core CORPORATION docy nar it reig peceive
payrrared oof iy it withis ipabyond ifes |

Bs 2aen oF delruh by IOANLD in meeting any of 1he etezvn puymen aafrgiands
&1 Irdbznied is parn 72 and 73 above, the CORPIHATION ghall Bave the sigh
ta ey, regulain o reaflackl the pavwer sspply fiom i project.

PERSONNEL:

Unshdled waff, i 1he erlerd fequined to ke ronined Gy jhe Prejes
g lem wnosg ehe Land Oumsevathe reidens
depeading oa windiley and job availabidity

Any sequirensn) Fai secruiteg sy pericaned i gl SEILLED WORKMEN
elegory. AR ke fled out of the Land cusieciioiher residensy of Hiracks]
Frudrsh mibjeet 1o thelr Bulfiling the coierw for eerqlopnent undes regpectig
! talegory B4 dssided by the CORPORATION, The fex pralesence in his veguid
dhall b ef noa- swadabiliy our ol the Land

, il be
of Hirrackal Piadeih

The CORPOSATION wifl bo deplafing sppreizusdy 100 cacoutives far tkis
10 evcrutive it the lovel of LE | AEE ¢

EEScEES ASd. SE fiom BOARD, For then purgoee, BOWRL thall giv o
panel ef loan pereos for eosy ope vacansy pon dclcoxina, By CORPOMLATION
Th: CORMIRATION will celert smd empesed siiahle cxsdidaces fherm
elam b et esch bovel ms pebs the Apifed watanciey The jedy offer will ba jsied

b=y =b

Scanned by CamScanner



293

- Dl DN L s s Pl TR
ML
1 af|lfs
10 1 i@ e et 8 B d il fboi oy o s i ol mmesii, il Ur:rlnqhhej :I.Ierrr-ur s
rurcefiver fjoin e dhe pencd st dehesaed, Thess wrciulives an joising ihe Hulert utiity el pesingd Taci ke R i i I
LURTEILATIIN will Bor ge il sl dervs & couditioi of CORPORLA THOH fige s by il GOLE il e g

Lemeral praldic, aff ol scrvace pLaks, ditnadcd
el miaistalienl by @ e the Pt fRber faciliies b Pl el e,
) Aiprrnay Dol sl dhpeasary (aziliiey #ill b= a.ilshbe an ]
B.LL P caac any onc o all of shese cncentives e 1wl pom e OTRIMORATEON il eler b nils avalibls s e gencra pbiliz g par Fﬁ:trllrl-: 'ﬁl“l]i
rledn dhe selpaamt gouidid B8 wsll be indicated Go dlhele vexpociled appesdnimet (RIS TR 1]
Bepieai il inewend By Al CURPUEATION, vech aller fur epgadilsomt will be

wrnl warll i e allbawerd i lopays B i taRipa weils 00 BRIRRA TS

Ireanend B conceliod aml B CORPORATION wil decin i bavg Nullibed fns 184 Bleskl ang cuimtarg Gecdains pil, o, Urmi s, Wby sijly, susd, ckctiicay,
obdigalinn b {iH wp il peitivabee veesney § vadme:ica fooa simpy il G Candi etk vrise, peibo ne be shioncly illceird bat Ui tis s ereeili, o]
TR, i ik ! abave p

e Progesl, revsediad Hataiic shal e 18R e Bty e CA IO LR af e v
af Ba el bofory (he caicing Facilitios me Evtimic) The s nf sk
: mermu ey Bull b docutiad Ly fle CORIMILAT j08; it GLHIE mal pepteally

sgrecd,. fivem Vs wa thre. The tom of wch necswe sl B iekded 1w e
0 DISFUTES AND ARBITRATION § capital vl far dwint

B4 AR disgraacs wnd far ditference ariving sul of this ATRERMIT shail an e 103 The CORMORATION shill pay 10 slx ovest Deguriient of £00E il price od
et i natancs be sotiled amically. [nihe eveni such umicstds selbomni i mal lrees coning In the stmapeece L, mwd ok i Be Sl oo
renched ibein faad unecial vnd didpien el be ssiliad gl ibitedbon & Rawmaped in il exsvalin of ik Peafecn, a) the presailig Giunk sies T
provwided haizin Mg wel momavicg of e nees wehin B dapn o inkiates hy gle

CORPCHLA TR sdal | Fer dlee seagsinidility ol GEOP, | les ey peeceedy of i

.E Any dizpuie oo delference whitaneers sriging betsces (he patticy b ihe o mech rees will B maks uven ae the EOR DD, THA L Blen cav of B iges
SErEsHIen, fuil ol e dedating 10 1he chrmaboinisam, nicsn g, Steps, oot or etz reoaurding far ihe 121 progeeds in iy b il B Tanill Thy skl e
effecd of this eentrect or il salidity =f the biesch thereall shall be aesied be b i Lo pegvaena andie gliciey |44 |1 s

smanlance wilkihe povvidiong of the Asbiestion s g iaien Axl, 1994,

s LI wiald perenit weel marhecies. COMPORATIIN Ui calbeen sl woe Tuukiers
23 Tha st atinn tiall Gie comdesiod s 5 ar rebenlly sgenl plece, Hﬂ#l‘ o h'-hqs

¥ Ourfag she porind of sbiiretio e shall bs 0o suspessios of tha Agrsaneal, rales n durge fron bing Ik tiete, sulieed 80 priest eppuuvad of the Cemingd Gave_[f

hall I 1y
7.5 Thee ot ool wabdiraidem ahall b shaand ol ¥ by buih e pariien. [ 7T ’l;mr.rnlu?“:_‘r?u;ﬁm al mhb:rmgi:ﬂ Erpomeree & ol by e
B Thewpresrmentshablbe govarned by blian lies s i compriont comts thalf I L“‘F"'l'f!:nll'hl‘rn[:l:: broany officc employees § coalsatinr deriap e
f 2l 3 sl the CORPUALAT 1L shall rancs 1o hand
hawe exclinive Turiadievan. e sarmic b thee Qlawernnient uf Tndia bree of gedL i =i

| | * Teoviled thai ke case my poszivis or senl prechiut materkil § fasges| i fovend
: : 1 Bcitcd fom b and nerjibed o g wemlircd or lmsd pn B Tl
1o MESCELLANEMLS . * | CORPIHATION Rt the Troeet, fe COBITHAT HOH alall pepoin the fa gy
; L | Al LG Immedistely wrd shall kesp 1)) gk il e fzad deci T
101 The CORPORATION shall comply with all the abligaslans consined {n ' - R o e e
savironnecnd cloarance scom b by MOER s FREET. i i "
The rezreaiioenl and savigaima=il sights i the Fver, walcr channch, rosorvoiv,

gerarnl poace, low sad oider iside wnd rsand the st s, llzwever CISP
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of sidanging or FL-Ammaiig
The CORPOLATION may saly. far the purposs £ =g
Fusiice dar tee Mroject, prugn of otheredse Eransder ol Fighas anad Deneiis or sy
partion of #E rigie ard benefice ket ool da obligssoss der ihic sgrasmenl ia

Eryp s TR O I

Ay and ol eoirepondemee £ denands imide or nodioes 1e B aeni ae requred 1
Yoo madd= wsder e Agreeriend afall b s writing o Enplioh Baeguaga sigeed by
ihe paray givirg sech satice (eladre or demand) aad shafl e delverad penanally
or by faesimile sanemisisen enuplad with by sesding colginil o by regisicoed
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IN THE HIGH COURT OF HIMACHAL PRADESH AT
SHIMLA
RFA No, 32 of 2015
Decided on 29" February, 2024

Naradhu
LJAppellant
Versus
State of Himachal Pradesh and others
...Respondents

Coram

Hon'ble Mr. Justice Ajay Mchan Goal Judge
"Whether approved for reporting? Yes

For the petitioner:  Mr. Hirdya Ram, Advocats,

For the respondents: Mr. Anup Rattan, Advocate General,
with  Mr. Sumit Sharma, Deputy
Advocate General, for respondent
Mo.1.

Mr. Neeraj Gupta, Senior Advocate,
with Mr. Vedhant Ranta, Advocate, for
respondent No. 2.

Ajay Mohan Goel, Judge

By way of this appeal, the appellantiandlord has
challenged the award passed by the Court of learned District
Judge, Mandi. H.P.. in Refarence Patition No. 72 of 2008, dated
23.07.2012, in terms whereof, the Reference Petition filed by

the appellant was dismissad by the leamed Referance Court.
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2. Brief facts necessary for the adjudication of the
presert appeal are that the land of the appellant situated in
Village Tetapani, Dhstrict Shimla was acquired for the purpose
of the consbruction of Kol Dam Hydro Electric Projec.
Matification under Secfion 4 of the Land Acguisition Act was
issued on 11.12.2000. Afer complying with the codal
formalities, the award was passed by the Collector on
16.02.2008. Feekng aggrieved by the said award, the appeliant
preferred a Raference Petition on the ground that the
compensation awarded o the land owner was low, inadeguate
and was liabie to be modified. According to the landiord, the
entire acquired land was situated on road-head in Village
Tatapani, which was a tourist spot and alse had religicus
significance and according to the land owner. the commercial
petentiality of the land was ignored by the Collector, while
announcing the award. The contention of the land owner was
not accepled by the beneficiary of the acquisition proceedings,

3 On the basis of the pleadings of the paries. the

Reference Court framed the following issues:-

@
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1. Whether the marked valve of the acqured
lang assessed by the Coleclor 3 nof
adeguate. If zo, whal is the mmarkest valve of the
fand ard lo whal amount of compenzation, he
pelifianer s anitlad? QP&

2. Ralafl "

4, On the basis of the evidence led by the pariies in

support af their respective contentions, the issues were decided

as undgdar;-
Tsswe Mo, 1) Ao
Relal Pelifon dismissed as per
aprevalnee part of (he
&ward.”
a5, Learned Reference Court held that the land awner

wag not able to demonstrate that the award anncunced in
favour of the land owner was inadequate. It further held that no
sale deed etc., was produced by the land cwner to subsiantiate
his contention. It further held that there was no contention
ralsed in the Reference Pefition that the compensation oaid for
the structure/building was inadeguale or the same was not paid
and the evidence which was led in this behalf by the land owner
could not be considered for the purpose of the enhancament of

ihe compensation

@
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&, Learned counsel for the appellant has drawn the
attention of this Courl to CMP No, 18409 of 2023 filed under
Order 41 Rule 27 read with Section 151 of the Code of. Civil
Procedure, which application hereby stands allowed, as the
addiional evidence sought to be led by the petitioner is the
copy of the award daled 13.09.2013, passed by the learmed
Reference Courl in the case of persons similarly situated as the
appellant, which is necessary and relevant for the purpose of
adjudication of thiz appeal, Leamned counsel placing raliance on
gaid Award, submits that as the award amour! announced by
the Cobector, was enhanced by the leamed Reference Court in
the other Referance Petitions by holding thal the land owners
were entitled to the market value of the highest quality of land
acquired, the appellant herein is at least entitled to the said
relief because in the present case the award has been
announced on the basis of the classification of land. He
submitted that this appeal. therefora, deserves lo be allowed
and the award passed by the learned Collecior as well as the
learned Reference Court reguire modification to the exten! that

the appellant be held entitled to compensation on the basis of
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the market value of the best quality of land assessed by the
Collector,

[ Learned Senior Counsel appearing for respondent
Mo.2 has emphatically denied this contention of the appellant
and submitted that the appeal being devoid of any merit be
dismissed.

8. | have heard leamed counsel for the appellant as
well as learned Senior Counsel for respondent No.2 as well as
leamed Additianal Advocate General.

o, A3 the counsel for the appellant has restricted his
arguments qua the grant of the best price as was assessed for
the classification of land, therefore, the Court is not dwelling
upon the other issues, As far as this aspect of the matter is
concerned, a perusal of the record demonstrates that the award
that was passed by the learnad Collectar in favour of the land
owner was on the basis of the dassification of the land of the
land owner, The market valug for different classification as
proposed for village Tatapani, on the basis of which the award
was announced by the leamed Collector are guolad herein

belaw,=
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“Willage Classilication of Erd M arkal value per bigha

Tatlagani Cihani Abal Rs.641.032.00
Dhani Dom Rs5.5.22.540.04)
Bamni abak oo, Khabvars ol Rs.3.80,194.00
Bainiars QDom F5.3,13. 54800
Batars Som Ra.2/08.03200
Bagicha BarasaHuilahy P 598, 774.00
Banjar Kable ¥ashalBanjar Jadid Rz, .04 51600
Ehadvalas Gair Mumkin Ry A3 RE13.00°
10, In terms of the award passed by the leamed

Reference Court in the case of other land owners, similarly
gluated as the present appellant, whose land was also
acquired for the purpese of the construction of Kol Dam in
Vilage Tatapani, learned Reference Court held that in view of
the law lzid down by the Hon'ble Supreme Court of India as
well as this Court, the compensation was liable to be
determined on the highest value delermined by the Collecior
and taking the highest value assessed by land Acquisition
Collector to be the indicator of the market value prevalent in the
area at the time of notification, the land cwners were entitied
compensation al the rate of Rs.641,032- per bigha

irrespective of the classification of land as the land was

Y i
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acquired for the same purpose and no development was
required to be made by the respendents.

1. In the present case also, as the land of the
appeliant was acquired for the same project, meaning thereby,
that acquisition is for tha same purpose and no development is
required to be made by the respondents. therefore, herein slso
the appellant is entitled for compensalion at the rate of
Rs.641,032/- per bigha irrespective of the classification of the
land, To thes refief, the appellant is entitled to on the basis of the
settled law by the Hon'ble Apex Court as also this Court.

12. Accordingly this appeal is allowad by modifying the
award passed by the learned Reference Court and by haolding
that the appelant is held entitied for compensation at the rate of
F5.6.41,032/- par bigha irrespective of the quality of the land far
the reason that the land has beern acquired for the same
purpose and was silualed in the same area as was the land af
the tand owners in Reference Petibion No. 72 of 2008,
appended with the application filed under Order 41 Rule 27
read with Section 151 of the CPC. Rest of the award passed by

leamed Collector is not disturbed by this Courd,

4
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13. With these observations, the appeal stands
disposad of, so also pending miscellaneaus applications, if any.
{Ajay Mohan Goel)
Judge

February 28, 2024
{Vinod)

1= Dewrmifdided on - SATRE0ON LEGEIF CTS



il st s,

Brasn Rerage (feouo) |
it

HETHEH,

AL R A r-L e L T A
g0 g foren fdrnR (Fovo) |

ferea AHAE 9w e Rowo Rmen @ dwonr e
20-02-2024 F ITAR RFA No. 32 of 2015 T Famaan
O TIfeTRT S A

Healad

A9a IReT # = faew @ oweEm 9= e
[eowe RETa gR1 RFA No. 32 of 2015 Rrfe #wny m=m ey fnaraer
wadl 4 a1 7 [8A1F 20—02--2024 W Wfte amee IR qUrTA] o)
A4 IS ) SRETE B EE § e GfRe @

e

-3 @Jﬁ{fﬂ#ﬂk
PIESH g (Rodo) |

¥



- OE 28-55 e T/ 123 Tewfter wawibr, v st (fEowa)
AT AT 20-02-2024, 7% B 7 5 ATE 2015, FN ARG we =orTea feTE "'

= o e L T [T ] o g | gaesT o] g ganen
{2y b LT - T T S . Ll o I :rl*"r
b | 5 " e m g e ’
BRNEAT WD [ A ST LS T
e & ] fawan fEa} A= J-frwy
mitr)
] i J L] b L3 T 1] A i
: e 5
i ‘-M""" bk bk | 1";', I 70 -"":mm LT ”f/ 1775507 3toieasia| ¥ mivasa) T
| |

s~

=]
95 [ B W
p ~PIZITOr Kol Do)
: vy

*a

Land Aegudsitlan Batdam
Bilaspur (.12




MEw R 2-02-—mze, W &9 A0 1 A 2018, I WA g ey R (Fowo)

O i YRR w1z dEeE Fenn, RAen A (fowo)

w deyl W] BT L T I T Tes  goA | gEam | of ga | el wHbe | M
| "'::_" fng Eﬁd W | geme | e | g s q““p;
[ | gofim L] b | BRI E s
| | Falzar s waE | il | ¥
| W) [ o ey !
L. A I | i
T e L & 5 — = i ii < "
Uoarnid 12 jampgecte ol |wessem a0 | any | WTIEM] atee ) qeiiiae |-l'm.|fl/ AN R
I
% L
Bilatesr %m‘m Land Kaldam Fol e
P Bitaspur (H.1) i




PANKAJ
SHARMA

Digitally signed
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WAL 73,2005

In the Court of Pankaj Sharma, Additional District Judge,
Sundernagar, District Mandi, HP.

\Case Type 'CMA.

'Filling No. ‘5152019, |
Ilfllﬂlhagiatraﬁn:un Mg, 173720139, |
'TNR No.HPMA 1170009312018, |
Date of Institution 22.032019, |
|Date of Decision  20.04.2024, |

o Sher Singh 3/0 Smt.Gulabd,
Pyar Singh S/o Smit. Gulabi,
Rukmani Dfg SmiLGulabi,

LA

All residents of Village Ropa Post Office Dhawal, Tehsil
Sundemagar, District Mandi, Himachal Pradash,
......... Applicants,
=Wersus-

1. Land Acquisition Officer, Koldem Eilaspur, District
Bilaspur, Himachal Pradesh,
2. NTPC, through its General Manager, VPO Bammana,
Tehsil Sadar, District Bilaspur, Himachal Pradesh,
oo RESPORdents,

Application under section 146 CPC.

For the Applicants :9h.FS Sen, learned Advocate.
For the Respondent No.1 : Sh.Vinay Vierma hearned Dy, DA,
Forthe Respondent No.2 : 5h.J.5. Chandel, learned Advacate
ORDER

Fresent application has been filed by the applicants
undar saction 146 of the Civil Procedure Code, 1908 for seeking
enhanced compensation for iheir land acquired in Muhal
Fopa/233 in Khala Khatauni Mo 20/2028 share in Khasra
No.191,184, total land measuring 05-19-00 bighas for which
they had received compensation of Rs. 3,57 872/
2. As per the application, the mather of applicants i.e.
smtGulabi Devi and the applicants werga co-owners with their
uncles Sh.Khajana and Sh.Sita Ram in the acquired land.

It has been assened that the land of co-cwners of

the applicants, was alsa acquirad vide same award, who had

&4
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CMA/1T73/2019
prefered Reference Pelition No 81/2002/132/2005 titled as Sita

Ram Ys Collector for enhancement of the compensation, |1 has
been assered that the value of the land was enhanced fo
Re.5.00.000/~ per highas Including interest under Section
23(1)0A), 23(2) at the rate of 9% and 15% in the said petition by
the Presiding Officer Fast Track Court, District Mandi, Himachal
Pradesh vide Award dated 17.01.2008. It is the prayer of the
applicants that they are also entitled ior the same rats, being the
co-owners, howeyver the applicants, being iliiterate, could not file
the petition under Section 18 of the Land Acquisition Act.

4, The applicants have been refusad the ralief of
enhanced compensation on 01.01.2019, when the applicants
visited the office of respondenis as the appeal of the
respandents was dismissed by Hon'ble High Couwrt of Himachal
Pradesh in the year 2017, By way of present application, the
applicants have prayed for granting the enhanced compensation
as per the Award dated 17.01.2009, passed by leamed
Presiding Officer Fast Track Court, Mandi

5. On natice, the respondents appeared and contested
the application by filing separale replies. The respendent No.1
in his reply took preliminary objections that the application is not
maintainabéa, applicants have no locus standi o fie Lhe
application, applicants have not come to the Court with clean
hands and the application is bamed by law of limitation. On
meritg, it has bean submitted that the land of applicants had
been zcquired and the applicants are co-owners of Sh.Khazna
and Sh,Sita Ram_ It has alse been admitted that the co-owners
of the applicants had filed reference pefition. It was further
submitted that the applicanis have not filad any reference
petition under Section 18 or 28-A of the Land Acquisition Act.
Similar reply was filed by respondant Ne.2 and it was prayed that
the application is liable o be dismissed.

6. Rejoinder was not filed, On the pleadings of parties,

following issues were framed on 26.03.2021: -
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CMA/IT32019,

|1. |Whether the applicants are entited for
| compensation at the same rate gs other co-
I owners have been awarded? OPP

[2. [Reler _I

7. In suppart of their case, the gpplicants examined the
applicant No.1 Sh.Sher Singh as PW-1 and tenderaed his affidavil
Ext. PW-1/A reasserting the contents of application. PW-1 alkeo
lendered in evidence Award ExtPW.1B. FEehrist mark-A,
Statement Mo.28 mark-B, Copy of Award Ext PVL1/C. In his
cross-examination conducted on behalf of raspandent No.2. he
admitted that he along with his brother and sisters have not filed
any reference petition in respect of acquired land. Ha staied that
they had come to know about the enhancemant in the year 20185,
He also admitted that they had naot filed any application to get
the same value of land before Land Acquisition Officer. He
admitied that he had got the copy of decision in those days fram
ihe office of Land Acquisition Officer, Bilaspur. He stated that he
had not obtained the copy of decision of Hon'ble High Court of
HF, wherein the compensation of Rs.5,00.000/- per bigha was
awarded. He further admitted that there was no decision made
in their favour to enhance the market value at Fs.5,00.000¢- per
bigha. He admitted that the parsons who had filed reference
petition had received the compensatian. In cross-examination
conducted by learmed counsel for respondent Na. 1, he admitted
that they had not filed any referencs petition.

8. The petitioners also examined Sh.Harpal Singh Meg
Maib Tehsildar from the office of Land Acquisition Officer
Bilaspur as PW-2 who stated that the land of applicants was
acquired for Koldam, for which, they had recaived
compensation. He alse admitted that Sh.Site Ram and
Sh.Khazana Ram were co-owners of the applicants in Khewat
Ma.20. He stated that applicants had recaived the share of their
maother Smt.Gulabi Devi. He alsa stated that he had brought the
voucher of compensation received by the applicants. He proved

@i
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CMA/173/2014.
the register ‘Asamivar’ Ext.PW-2/A and standing order No.28

Ext, PW-2/B in this respect. In his cross-examnation conducted
by fearned counsel for respondent No.2, he stated that the
applicants had received the land from theair mather Smil Gulabi
and 3h.Kulmu. He admitted that the applicants had not filed any
Reference Petition under Section 18 or 2B-4 of the Land
Acquisition Act Thereafter, the evidence of applicanls was
closed en 30122021,

g, On the olher hand, the respondents have examined
Sh Harpal Singh Negi as BW-1, who tendered his affidavit in
evidence Ext RW-1/4, wherein he reasseried the averments as
made in the reply. He stated that the applicants have been given
due compensation for the acquisition of therr land. In his cross-
examination conducted by learned counsel for the applicants, he
admitied that the ExtPW-1/C is the Award of Muhal Ropa. He
admitied that the land of PW-1 is in Muhal Ropa, for which, the
Award Ext.PW-1/B was passad. He admittad that the land of
Smil.Gulabi Devi was acquirad vide ExtPW-2/A far which the
payment was made vide statement Exi.PW-2/B. Ha also
admitled that Sh.ikhazana and 3h.Sila Ram, co-owners of
SmiGulabi Devi, had fied Referance Petition Ext.PW-1/C. He
also admitted that the appeal against ExLPW-1/C was dismissed
by Hon'ble High Cowt of Himachal Pradesh. This iz the antire
evidence led by the respondents and the same was cosed on
18.04 2023

10. Sh.FE. Sen, learmed Advocate for the appolicants has
grgued that it has been proved on record that the applicants are
co-owners of the referance petitioners Sh.KKhazana and Sh.Sila
Ram as such they are entitted to the enhanced amount of
R&.5,00.000/ per bigha in respect of their land acquired in
muhal Ropa by the respondents, as enhancad by learned Fast
Track Court, Mandi vide Award dated 17.01.2002 in the
Reference Petition No. 8172002/ 32/2005 filed by the co-owners
of the applicants. Learmed counsel for the applicants has relied
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CMA/1 73/ 2010
upon the judgment of Hon'ble Supreme Court in the ¢ases titled

&s Dinesh Kumar and others Vis State of HP AIR 2012 HF 68,
Jallandhar Improvement Trust V/s State of Punjab and
others AIR 2003 SC 620, A.Viswanatha Pillai and others Vis
Special Tehsildar for Land Acguisition No.IV and others AIR
1991 SC 1966, Judgments of Hon'bie High Court of HP in case
Utled as Lesru Ram (deceased) through LRs HKalu Devi and
others Vs Collector Land Acquisition NHPC and another
2018 (4) Him.LR{HC) 2338, Collector Land Acquisitiocn NHPC
Limited Vs Pune Ram (since deceased) through LRS Purva
Devi and others 2018 (4) Him.LR [HC) 2380, NTPC Lid Vis
Lekh Ram and others RFA No325/2012 decided on
15.12.2016.

11, 8h,J.5. Chandel, learned counsel for tha respondent
Ma.2, has argued that the application in hand is not mantainable
as the applicants had akready received the market value of thair
land acquired in the acquisition proceedings. The applicants had
only remedy lo approach the Reference Court by filing petition
under section 28-4 of the Land Acguisition Act znd that loo within
the period of limitation provided therein. He has further argued
that provision of section 145 of Civil Procedure Code cannot be
invoked to claim the enhanced market value, when thera is
Special Acl dealing with the cases of land acquisition. Leamed
counsal for the respondant No.2 has relied upon the judgments
of Prayag Upnivesh Awas Avem Nirman Vs Allahabad Vikas
Pradhikaran and another Civil Appeal No.3064 of 2000
decided on 16.04.2023, Bharat Singh and others Vis The
State of Maharashira CA No.21732 of 2017 decided on
12.12.2017, Ramsingbhal {(Ramsanbhai) JeRambhai Vis The
State of Gujrat and anr CA No.4885 of 2018 decided on
24.04. 2018, Sant Ram and others Vs NTPC and anocther
CWP MNo.2207 of 2017 decided on 28.05.2019. Leamned
counsel far the respondant No.2 has also cited the judgmant in
the case tited a5 Lalita Devi Vs LAC and another passed by
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CMAS173/2019,
Sh.R.K Chaudnhary leamed District Judge, Bilaspur on

09,12.201¢ and the judgment in the case fitled Kanshl Ram
alias Narain Singh Vs LAC NTPC and another passed by
Sh.Rakesh Kainthla, the then learmed District Judge Mandi an
02.12.2021

12. | have heard Sh.P.S. Sen learned counsel far the
applicants, Sh.Vinay Verma learned Dy.DA for respondent No.l
and Sh.J.5. Chandel learned counsel for respondeant Mo2. |
have also gone through the record of the case and cited
precedents as well as judgments passed by leamad District
Judge Bilaspur and learned District Jiedge Mandi.

13 For the reesons to be resorded hereinafter while
discussing the aforesaid issues, my findings on these issues are
as under; -

| Issua No.1 | Yes.
Final order. | The application is allowed ag per the
aperative part of the ordar.

REASONS FOR FINDINGS

lssue MNoe.1

14, Perusal of the evidence led by the applicants reveal
that Sh.Sher Singh (PW-1) has staled abouwt the land of
applicants acquired in muhal Ropa for the purpose of Koldam,
This fact has not been denied by the respondents. This witness
has also stated in the affidavit ExtPW-1/A that all the three
applicants were simplelon villagers and were nol knowing that
they could also file the Reference petition. The fact stated by this
witness that Sh.Sita Ram and Sh.Khazana are Co-owners of the
applicants has also not been disputed in his cross-examination
by the respondent No.2. rather this fact was confirmed in the
cross-examination of PW-2 Sh Harpal Singh Negi Maib Tehsildar
from the efice of Land Acquisition Officer, Koldam Bilaspur, that
Co-ownaers of the applicants had filed the reference petition
before learnad Fast Track Court Mandi and market value of
acquired land was enhanced to Rs.5,00,000/- paer bigha. It was
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furthar admitied in his cross-examination that the appeals

preferred by the respondents against the decision of learned
Presiding Officer Fast Track Court Mandi before Hon'ble High
Court of Himachal Pradesh were declded in the year 2017, Itis
quite clear that they had visited the affice of respondents on
01.01.2019 and filed the present application on 09.03.2013
when they were refused enhanced compensation, It is guite
elaar that the award passed by learmed Fast Track Court Mandi
attained finality after the decision of appezls preferrad by
respondents befare Hon'ble High Ceurt of Himachal Pragesh in
the year 2017,

15. From the evidence available on record, admittedly,
the land of applicanis was acguired by the respondents, for
which Smit.Gulabi Devi was Awarded compensation vide the
Award No.7 of 2001 ExL.PW1/B passed by the Land Acquisition
Collectar Koldam Sundernagar, and the detall of which is
Ext.PW-2/4. Il is also proved in the testimeny of PW-2 Sh.Harpal
Singh Megi Naib Tehsildar from the office of Land Acguisiion
OMicer Bilaspur that the applicants are co-owners of ShKhazana
and ShSita Ram who had filed the reference petition
Mo.B1/2202, 132/2005 before learned Fast Track Court Mandi in
which award Ext. FW-1/C was passed.

16, The main question for consideration is whelther a co-
ewner is entitled to the same enhancement for acquisition of
land, even if hefshe had not filed reference petition. Both the
parties have vehemently argued their respective cases. First of
all, it would be profitable here to reproduce the fallowang sections
of the Land Acquisition Act, 1894 which are as under: -

“Saction 3 (b) defines expression “person
interested" which includes all persans claiming an
interest in compensation 1a ba made on account of
the acquisition of land under this Act; and a person
ghall be deemed 1o be interested in land if he 15
interested in an easament affecting the land;

Section 53 Code of Civil Procedure fo apply 10
proceedings before Court, - Save in so far as they
may be inconsistent with anything contained in this

Papa 7of 13
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CMAS173/ 2019,
Act, the provisions of the (See now tha Code of
Civil Procedure, 1908 (5 of 1808).} Code of Civil
Frocedure shall apply to all procesedings before the
Courn afer this Act.”

17, It iz quite clear that the applicants come under the
dafinition of “person interested”. Itis also quite clear that sacticn
148 of the Ciwl Procadura code applies to the proceedings under
the land acquisition Act, 1884,

18, Before proceeding further, it would be mportant to
refer here a regent decision of Hon'ble High Court of Himachal
Pradesh in the case titled as Krishan Lal Vs State of HP and
others CWP No.8361 of 2021 decided on 28.08.2023, where
Hon'ble High Court discussed the importance of constitutional

right to property as under. -

“10) As held by the Supreme Court in Hari Krishna
Mandir Trust vs State of Maharashtra and
others, though the right 1o properly Is nol a
fundamental right, it is still @ constitutional right
under Aricle 3004 of the Constitution of India and
also 8 human right; in view of the mandate of Article
4004, no person can be deprived of his property
save by the authority of law; though the State
possesses the power to take or control the property
of the cwner of the land for the benefit of public, it
is obliged to compensate the injury by making Just
compensaton, The Supreme Court held that
though the nght to claim compensation or the
obligation of the State to pay compensation fo &
person who is deprived ol his property is not
expressly provided in Addide 3004 of the
Constitution, it is inbuilt in the said Article and tha
Slate, seeking to acquire private propery for public
purpase, cannot say that no compensation shall ba
paid. It also held that the High Courts exercising
their jurisdiclion wnder Ardicle 226 of the
Constitution of India, not only have the power 1o
issue a Wit of Mandamus or in the nature of
Mandamus, but are duty bound to exercise such
power. where the Government or a public authority
has failed to exercise or has wrongly exercised
discretion conferred upan it by a Statute, or a rule,
or 3 pobeoy decision of the Government or has
exercised such discrefion malafide. or on irrelavant
consideration. In all such cases, the High Court
must issue a Wit of Mandamus and give directions
to compel parformance in an appropriate and [awiul
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manner of the discretion conferred upon the
Government or a public authority, In appropriate
cases, il held that In order to prevent injustice (o the
parties, the Courl may Rsell pass an order or give
directions which the Government or the public
authorities should have passad, had it properly and
tawfully exercized its discretion. The High Courl
not deprived of #s junsdiction to entertain a petition
under Arficle 226 merely because In considering
the petitioner's right to relief quastions of fact may
fall to be determined and the High Cour has
jurisdiction in a petition under Article 226 to ry
issues both of fact and law.”

19. It is settled law thal as per the mandate of Article
300-A. no person can be deprived of his property save by the
authority of law, because right to property is still 2 constitutional
nght under Article 300-A of the Constitution of India and also a
human right. As far as the case laws cited by learned counszels
for the bath the parties are concerned, first of all, i would be
important to discuss the case laws cted by learned counsel for
the applicant. In the case titled as Dinesh Kumar and others
Vs State of HP (supra), it was decided by our Hon'ble High
Court that sven a co-sharer who has not preferred reference to
the Court is enfitled for enhanced compensation pro-rata in
accordance with his share in the acquwred land and has right is
irrespective of any claim for re-determination of the amount of
eompensation an tha bazis of Award of the Court under section
28-A of the Act. In Lesru Ram [deceased) through L.Rs Kalu
Devi and others (supra), whila dealing with the similar quasiion,
it was held by our own Hon'ble High Court that the co-owners
whao had not sought reference under section 18 of the Act. ware
glso entitled to enhanced compensation on pro-rata basis as per
their share, In the case of Collector Land Acquigition NHPC
Limited Vs Pune Ram [supra), an agplication under section
148 of CPC was allowed by our Hon'ble High Court setting asida
the arder af learned Additional District Judge, Kullu, HP in similar

type of execution.
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CMAS73/ 2010,
20, On the other hand, the case laws ciled by leamed

counsel for the respondent No.2 deal with some other siluation
and have no application to the facts of the present case. Leamed
counsal for the respondents has argued that the applicant had
neither filed any reference petition under section 15 of the Land
Acauisition Act nor they had approached the Courd for the
detarminatian of the campeansation under section 28-A of the Acl
He further argued that execution of the Award can only be
sought, where the matter was adjudiceted by Court in betwean
the parties, but in the present case the applicants cannot saek
the execution of the Award, o which they were never a party.
Learned counsel for the respondent Ne.2 has relied upen
execution patition titled as Kanshi Ram Vs LAC (supra) where
an application under arder 21 rule 30 CPC was dismissed by
leamed District Judge Mand on the ground that no reference
was made by the applicant as such, he was not entiiled to
enhanced compensation. Leamed counsel for the raspondent
Mo.2 has also relied upon the judgment of Hen'ble Apex Court in
the case lilled as Prayag Upnivesh Awas (supra), where it was
held thai the referemce Court cannol widen the scope of s
jurisdiction or decide the matters which are not referred to it. The
shorl question that arose for consideration is whether the SLAG
had made a reference under section 18 of the Act and the
original reference was only under section 30 of the Act for
apporfionment a5 thera was a dispute as io who should get the
compensation, In Bharat Singh Vs State of Maharashtra
(supra) an application under section 28-A of the Act was allowed
by Hon'ble Apex Courl. In Ramsingbhal Vs State of Gujrat and
another (supra), the guestion under consideration was whather
an application under section 28-A of the Land Acquisition Act,
1884 could ba filed within a period of three months from the date
of |udgment of the High Court or Supreme Court passed In
appeal under section 54 of tha Act, Learned Counsel for the

respondent MNo.2 has furlher relied upon the judgment of our
Hor'bha High Couri of HP in the bunch of cases titled as Sant
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Ram and others V/s NTPC (supra) and others, Even, in this

case, Hon'ble High Cout of HPF alowed the co-
sharersipetitioners (o approach the Land Acguisition Courl
under section 28-4 of tha Act, when the limitation to file tha same
was already expired. Lastly, learned counsel for the respondent
No.2 has cited the judgment of leamed District Judge Bilaspur in
the case litled as Lalita Devi Vis LAC Koldam and NTPC
(supra) vide which an application under section 148 CPC read
with section 151 of the Code was dismissad, Another case cited
by learned counsel for the respondent No.2 Le A Viswanatha
Pillai [supra), Hon'ble Apex Court held that when one of the co-
owners or coparceners made a statement in his reference
application that himsalf and his brothers were dissatisfied with
the Award made by the Collector. they were held entitled to
higher compensation and o receive compensation on pro-rata
basis as per their shares. In Jallandhar Improvement Trust
Case (supra), while dealing with the similar situation, Hon'ble
Apex Court granted relief o the co-owners.

21. Leamed Counsel for the applicants has also
praduced the copy of Judgrnent of Hon'ble High Court of HP in
the case titled as Lalita Devi VWis Land Acquisition Collector
and anr Civil Rev.No.7 of 2021 decided on I1.12.2021,
wharaby the judgment of keamed District Judge Bilaspur in the
case titlad as Lalita Devi Ws LAC Koldam and NTPC vide which
the application under section 148 CPC read with section 151 of
the Code was dismissed, has been sal aside,

22. Coming to the case in hand, it is not disputed thal the
Co-owners of the applicants i,.e Sh Khazana and 3h.5ita Ram
had preferred reference petiion No.81/2002, 132/2005 before
leamed Fast Track Court Mandi, which was decided on
17.01.2002 and the market value of the acquired land was
aenhanced 1o Rs.5.00000- per Bigha. The Award dated
17.01.2009 passed by leamed Fast Track Court Mandi in the

reference petlition has also afained finality. In view of the
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dizeussion made sbove and the law cited on behalf of the

spplicant |2 Lalita Devi Vis Land Acquisition Collector and
anr Civil Rev.No.7 of 2021 decided on 21.12.2021, the
applicanis are entitled for the enhancement of market valua of
their scquired land by the respondents, Even, i has not been
proved by the respondents that the Colector had given any
immediate notice of his award 1o the applicants when he passed
the award as provided under section 12(2) of the Land
Acquisition Act, 1894, As such, the version of applicants is
belivable that they came to know about the award of learned
Fast Track Court Mandi in the year 2017 when the appeal of
respondents was dismissed and the application filed by them is
within time. Henca, issues No.1 is decided in affirmative.
Final Order
23 In view of my aforesaid discussions, present
application filed by the applicants is allowed and they are heid
entitlad 1o enhanced market valua 2 the rate of Rs. 500,000/
per Bigha (Rs.Five Lacs per Bigha) for their land in muhal Ropa
acquired by the respondents. The applicants are zlso held
entitled to other statuary benefis awarded as per the terms of
Award passed by learned Fast Track Court Mandi dated
17.01.2008 in Reference petition No.81/2002, 132/2005 filed by
the co-awners of the applicants
24, It is made clear that the amount of compensation
slready paid to the applicants shall be adjusted towards the
amount of compensation awarded in this application. File after
completion be consigned to Record Room.

Announced in the Open Court on this 29" day of
April 2024,

(Pankaj Sharma)
Additional District Judge
Sundemagar, Districk Mandi, HP
4]
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CHAf1 4 2019,

List of Witnesses Form-A

5r. No. Name of Wilness ‘Whether witness of
petitioner or respondents., =

PW-1 |Sh.Sher Singh. Applicant himse, |
P2 iSh-Harpaﬂ Eingh Megi. Applicant's witness,
'RVV-1 |Sh.Harpal Singh Negi.|Respondeni's wilness

List of Exhibits Form-8
Exhibit Date of Description of Exhibits. |
Exhibit ] - |

ExLPWe1/A | 30.12.2021 | Affidavit of Shar Singh.
[ExLPW-1/B do-  Award No.1/2001.
|Ext.PW.1/C da- Award dated 17.01.2009.
ExlPih-2iA -do - Fehrist Asamiwar  muhal

| Ropa.

[Ext.PW-28 -do - Statement under para-55.
ExtRW-UA | 18.04.2023  Afidavit of Harpal Singh.

(Panka] Sharma)
Additional District Judge,
Sundemagar, District Mandi, HF.
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Prinexv re. —&

L | THE GAZETTE OF INDIA EXTRADRDINARY 1

{2 Every owner of the speeified damm ghall saintain o reconl of resilings of the
instrismerdntinms referred 1 ie sohasection [ and fomannd the aralysis of soch readings i
the Siabe Dam Safeiy Orgazation o the fomm, manner ancd a1 such inlerval as nsay be
specifiesl by the megulaioes,

I () Every awner of o specified dam shall gamblich & hydre-meteorobogical siation
i iles vicinity of each specified dam capable of resording sechdats as may be specified by
the regulatinns

i3 Every owner of U specified dom-shall oollecy, compile. poscoss amd storc data
reforred o in sub-section €4 g o sugnhle Iecation.

M. (1) In the case of every specified dam, having o height ol thirly metres or above
ar fallimg umder such sesmic 2one, 28 may he specified by the reguliations, the owner of i
specified darm shall establish o seismological sttion in the vicinity of cacly such dam For
reeording micro and st mocon eambguakes and such other data oz may be speedficd by
the regulatione

(23 Every owner of a specificd dam shall collect, compile, process and stoe dot
referre v o0 subeseetion (/] a sl snimble nestion and in sl maneer as moy be
specifmed by the regulaions,

CHAFTER VTN
EMIHGENCY ACTHIN FLAN AND DISASTER MANATEMENT
35, (1) Every owner of o specified dam, in respectof each specified dam. <hafl.—

ta) ectablish well desipned hydro-meteomlogical netwark and an inflow
frecasting sysleny;

thp eszahlish anemerpency Aoad warning sysiem for the prubihle Ehiod aflectod
arens dewnsiream of fhe dam;

(o) tesl or e 10 he tested prradically the fustiening of aysiems referred g
i ks () ned gAY

(s aisrall such sciemific and technical iruments which are invented or
saloipred Feoam Cimee totime for the parpose of ersaring thedan safery and the life and
propeiny of people dewisoean; '

(e} make nvaslable dse information relating o maximen asticipated inflowsand
pulfbws incleching flosd woming and an adverss impact of (e same, i any, on
persons and propery jowartds the upstream or downstrean of the dam, o the
corscerie d districtauthoeisics o also make vaifable the miaananion in public domain
anal

() render mecessary assislance 1o the Authesily in caablishment and nunming
of e early wamisng sysem for fhe exchange of real time bydrofogical and
mezizorabagical dacn ansd information relaed 1o the operation s feservairs,

121 Every owner af a specifizd dam. for each of its dam shall, carry ot risk assesement
stutlics 34 such intereal s may be specified by the regulations and the first such sty
shall he made within fve vears from (he dme of commencement of this Act,

36, 113 Every owner of g specified dam, in respectof coch of specifiedd dan, shall—

(o prepare emergeney oction plan before allowing the asivial filling of the
resiervair and therealier upilate such plans ol regular inderyals)

(1 im respect of the dam which is consirncied and filled before the
comimencement of this Acl, projpin: ensrgesy action pan withan five voors from the
dite of commencement of this Actankd herenfier update such plass o regular iseeols
s may be spevilied by the repulaicns.
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MATIONAL DAM BAFETY AUTHORITY
NOTIFICATION
Mew kelisl, the 2k Moy, 2024,

F. No. TE-322023-NDSA-MOWR.—~In cxcrcise of the powers conferred by sub-section (11, read swith
elouses (o and (k) of subesection {2) of section 54 of the Dam Safery Act, 2021 (41 of 2021), the National Dam Safety
Autharity, o the recommendalions of the National Cometinee on Dam Safety, herchy makes the following
segulations, namely: -

I. Short title and cammencement. = {1} These regulations may be called tse Surveillsnce. lispeeziom and Hydr-
mietenrelogical Staion ar Specified Lams Regudation, 2024,

(23 They sholl come imo fece on the date of their pubication in the OfFical Goreite,
L Delimitions: -1 In these regubations, wiless the contest otherwise ruguines, =
{a) “Act™ means the Dum Safety Acl, 202141 of 2021
thi “Authariey ™ means the National Dam Safety Autharity esablished under section & of the Act:
(e} section” means segisan ol the At

(2p Words amd cxpressions used hercin and not defined in these regulaions but delingd in the Act shall have
thi Micanings respectively waizned o them in the A,

A Gawiddelines. standards and ather directions for achieving the snfisFactory level of dam safery assurance =

(1) Every Smale Dom Safely Ofpanisation, either theough dum owners or by any other mcens, shall ko
perpetual surveillance of ull specitied dums under their jurisdiction, o ohsesve voroes anemaslie incleding crocks in
the hody of the dam or abament, unuseal seepage, deflection in the dam Poufy and ary other pooblem selated 1o dam
or fiydro-meckanieal equipment. far the safety of the dans and follow the instuctiens in the eperation asd maimemance
mangal o the sabd di,

(2} Every Stale Dam Safety Organisation. cither thmugh dnm owners or by ey neher meons, shall carmy out the

follewing inspections, namely; =
i pre and post-marseon inspections shall be carried vut in aceordance with the provisions of suhb-
Aechinm i yaf seztuamn 31, and the regulations made thereundes;

{mj mspections during or ofier every 1in Slsveor reurn period food for harragesand | in [00-vear rEum
prerivd Movd for dams, immediately after an eanhquake which causes snactural damage e 1he projest
o such natral calamities ns glaial kike outhurs: flood, landslide loke outburss Dood, ovalanches
shall be caried out In sccordance with e prevvision of sib=suctbon (21 o section 51 of the Al and
thae r{glﬂnl'inns maode thereusdier

ik inspection in case of any sign of distress or ey ursual behaviour i noticed in the dam by oF any
of hs appurtenamd strocare for whalsoever reason, shall be comried out in accordance with the
previsions of sub-section {2} of sealon 31 ofthe Act and the regulations made thesgunder:

iy inspection under clauses (i), (i} and (i) shall be carmied o in sceordance with the giidelines and
eheckliz specified under sub-section (3} of seetion 31 of the Ad by the owners or the project
authaor|tles 4 thae dam;

] mspection shall e eonductad belore the inilial filling of reservairs i occordanee with the provision
of subssection (21 of seetbon 27 of e Aol

i3 Hmiu:d'in-r ol aperulion md manbmanee of ek -‘Ir'ﬂ'iﬂ*‘.'ll darmn shall he carried aul ns e the proviibens of
Ceperuidinn ane Mainlenance manesl of the said dam and o conlinums Tow of Information from dam owners ® Stale
L Safety Organisation shail be ensured for this purpose.

@L e
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4 : THE GAZETTE OF INDIA : EXTRADRDINARY [PART HI—Sie.4)

4. Hyilra-meteoenlogical starimms af speelfid dams = (1) Hydro-Meteorological Station jor measuring the finlkwing
mpiils shall be edtahliched avar done vieinity, namhy ;-

i sl rpregipiigion i

il witer hevil;

il elisehargme:

qiv) lempe e

i Ay

il evapeiio:

P o s elioiny and directon: ang
UViITE s lalL s applicehle,

(21 The lrequency of detn mesiremen through the appropriate Instriments shall he ance davy o o
depending upon the Foquircencn, the insiruments ore o b placed ot the dam site or at aroand 250 m radius Trom iy
abutment and the Eecharge measurement a2 the dam site chall be through o well calibrated rating eurve which shall be
updated cvery tve vears,

{31 Every ovner of the specified dam shall install wel I-designed hydro- meteorological insteumentmtion i L
fior inflow farcesiing and Aoad WHTIiRE.

ANIL JAIN, Chabrman
[ADVT.-HIA Exty /1 42/2024.25]

#liptaadud by Dic. of Friming a Guvernment of Indis Fress. Hing Rowd. Mayapur, Mew Delhi-| Hins
and Fishlished by thie Conerodler of Publicaions, Dollii=l i, - o

N7 ot L
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STANDARD OPERATING PROCEDLIRE FOR EARLY WARNING SYSTEM IN HYDRO PROJECTS

1. BACKGROUMND
Hydro projects, situated In upper reaches of Hilly regions are normally more vulnerable to
occurrence of Cloud Burst, Flash Flood, GLOF, LLOF, Avalanche, Landslide, Snow Shide; Rock
shide ete. Therefore, there is a need to establish an Early Wamning System [EWS) for Hydro
Projects in these Hilly Regions so that loss of human & animal lves and property,
infrastructures, loss of bladiversity etc. could be minimized In case of accurrence of this kind of

disaster,

Risk knowledge of hazards, data collection, processing, eommunication and relief operations are
important elements of an Early Warning System (EWS). Such systems can be realized through
modern technological advancements i majority of disaster monitoring applications, so that
affected people may be warned in advance and precious lives could be saved.

A thorough risk identification and hazard classification of each dam needs to he
identified/explored by Project Authority. The risks should include GLOE/LLOF, Claud burst,
Avalanche, PMF, Dam Break / failure etc. and the EWS should be capable to catering to the lead
tine for each risk identified for the Dam. Based on the type of risks and degree of hazard, the
EWS shall be designed, The EWS design shall also keep into view other factors like type of dam,
its storage, rule curve, spillway capacity and river channel capacity downstream of the dam, Dam
Brezk Analysis [DBA) and inundation maps, population downstream, type of terrain, rellability of
the network, distance from glacial lakes identified under risk Identification and hazard
classification, as applicable for the dam etc.

MEED OF 508

Standard Operating Procedure (SOP| aims to provide broad guidelines for implementation of
Early Warning 5System for Hydro Projects in case of occurrence of Cloud Burst, Flash Flond,
GLOF, LLOF, Avalanche, Landslide, Snow Slidef Rack Slide stc.

All Projects/ Power stations should have their own EWS, Till such EWS are established, Prajects/
Power stations located in cascade may coerdinate for information with the upstream Projects/
Power stations. The Project Authorities should have their own 50Ps for Flood Warning
Procedures prior to flood releases for effective disaster management.

Centrol Room should have proper coordination with downstream projects while releasing water
from the dam both planned like during peaking operation, reservoir flushing operation, etc. as
well as unplanned release of water ensuring blowing of Sirens/Hooters/announcements and
operation of Beacon lights to give prior warning te the people before release of water from the
darn. The upstream under construction projects will also share information in case any warning
is generated by their floed warning system or if any event of concern is noticed by them with
the downitream operational and under construction projects. Proper co-ordination with the
upsiream projects as well is required for timely forecast of the vulnerable situations at the site.

2. Hazard/ Risk Mapping and Vulnerability Analysis in Hydre Electric Project Catchment Area
The scope of work will include identification, inventary generation and mapping/monitoring the
following geo-hazards of mountainous regions:

1. Identification/ Inventary management in GIS environment
- Digital database generation of the study area including Digital Ekevation Madel (DEM).

3
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- Delineation of catchment area
- Generation of drainage, streams, river network ste.
- Road [ routes, locatiens, permanent & temparary structures ete.
- Land Use Land Cover [LULC] map of study area
Permarent lee) Glacier Boundary
- Glacier Lakes and their dlassification based on type and size
- Geological and geomorpholegical maps of study area
- 5now Cover Distributions (Max and Min ) and Snawline variations

Z. Mapping of following Geo-hazards

i} Avalanches: identify avalanche-prone slopes and assess the potantial impact on infrastructure
and communities. Mapping of avalanche prone areas as follaws:

= [dentification and demarcation of grobable avalanche sites

* ldentification and demarcation of potential release areas (PRA) for avalanches

= Estimation of fracture depth of snow for avalanche release

* Generation of avalanche ococurrence seanarios

» Conducting avalanche flow simulation using high resclution Digital Elevation Mode! {DEM) data
for different scenarios

* Estimation of avalanche velocity, run out distance, debris depth and impact pressure using
avalanche flow simwdation model based on varying PRA

* Mapping of avalanche hazard areas with respect to roadfroute and settlements and risk
ds5Essmant.

* Generation of avalanche hazard maps over high resolution satellite images

b Landslides [Rockfall]: Identify areas prone ta slops instability and mass moveme ngs, including
debris flows, reckfali and soil erasion along the major streams.

* Creation of landslide inventory map of the area

* Preparation of landslide susceptibility map

* Locate potentizl landslide/rockfall areas and assess the susceptibility of different slopes to
landslide/rockfall avents.

* Astessment of lead time and discharge in case LLOF forms near the potential sites and risk
assecsment,

¢) Glacial lake cutburst floods (GLOF] Hazards: Assess the risks associated with GLOEs.

* The mapping of permanent ice, glacier boundaries and glacier lakes are to be carried out by
manual defingation on high resolution {(HR) images.

* Inventory of Glacial lakes with an area of more than 1 hectars (0.01 sq. km} and their
classification (such as supra glacer, meraine dammed etc.)

= identification of potential GLOF susceptible iakes

* six-manth monitoring [April - September] of potential lakes on monthly basis using satellite
data,

* GLOF simuletion for selected hazardous lakes using hydrodynamic modelling and risk
assessment.

Methods:

(il Identification and mapping/maonitoring using Remote Sensing and GIS:

= Inputs required are high resolution Digital Elevation Maodel [DEM) of resolution 5 m ar better,
high resolution satellite images of 0.5 m resolution or better.

* To assess the susceptibiity mapping for different mountain geo-hazards in the study area,
terrain parametars (elevation, slope, aspect, curvature etc.) and surface characteristics [snow

ﬁjif_
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3

tovered, glaciated, forested, barren, rocky etc.) are required and the same can be generated
using high-resslution [HR) DEM and HR/Medium resolution satellite data,

* Demarcetion of catchment/basin is required to estimate the amount of water accumulated due
to the precipitation {Raln/Snow) and to understand the water discharge. The hydrological tools
awvailable in ArcGl$ (web application} and QGI5 {Quantum Geographit Information System-weh
application} ete. can be wsed for catchment/basin delineation using HR DEM along with HR
satellite images.

* Dralnage, stream, river network etc. are Important to identify the water flow path and to
understand the flow pattern in the catchment/basin and can be ganeratad using the HR DEM.

* Mapping of Land Use Land Cowver (LULC), Roadfroute, location, permanent and temporary
structures etc. using HR satellite images and ancillary data.

* The temporal monitoring of Snow cover area {SCA) for mintmuwm past 10 vears is 10 be carried
out using mediurm resolution optical satellite data of Indian Advanced Wide Fiald Sencor [AWIFS)
and foreign {Sentinel 2, Landsat etc.) origin, to estimate the maximum and minimum snow cover
and alto to observe the variations in snow line. Estimation of seasanal snow line based on snow
cover maps to understand the permanent snow-covered areas.

* Imegration of different raster & vector data in Geographic Information System

[GI5} platform for hazard maps generation and vicualization

{ii} Field Invastigations:

» Conduct ground truthing/field validation to verify and supplement remate se nsing data

* Identify specific hazardous areas, such as unstable slopes, active landslide sites, or petential
avalanche release zones.

* Collect additional data on ground conditions, such as sail properties, geclogical structures, and
hydrological features.

[iii} Hazard and vulnerability assessment:

* Integrate spatial hazard/susceptibility maps and vulnerability assessment themes to develop
multi-hazard risk maps.

+ Analytical Hierarchy Process [AHP} based model or machine-learning techniques, such as
Lagistic regression, support wector machine, random forest based modelling approach may be
used to generate these hazard/susceptibility maps.

= These maps will visualize the spatial distribution of risks, highlighting areas that require
Immediate attention for implementation of EWS and mitigation measures.

Deliverables in GIS ready Format:

* Vanous thematic maps generated using Remate Sensing (RS) data

* Multi-hazard vulnerability maps

*= Vuinerability assessment and Fleld investigations report including recommendations for risk
mitigation measures and initial inputs for implementation of EWS.

IMPACT ON HYDRO FROJECT

Hydro Fower Projects are constructed for harnessing ebectricity, focated in hilly terrain and are
associated with natural hazards such as landslides, floods, and earthguakes etc. which are to be
considered In design of the structures, Being young mountains, hydro projects in Himalayan
reglon are more susceptible to these hazards. Considering above aspects, mitigation measures
are to be adooted during development of such prajects. However, many unpredicted incidents in

the mature may also cause digasters,
s Q’w.
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A5 in the case of Glacial Lake Outburst Flood (GLOF), the velocity may vary from 10 to 15 m/sec.
The lead time for the GLOF ta reach the Dam body will be vary less causing significant impact an
project camponants because of the flood water carrying large amaunt of sediment) debris.

The hydre project in & basin shall be set wp st a safe distance from the glacier, so that
information regarding Lake Burst etc. i received in advance. The first dam in every basin shall
be & Concrete Dam based on 2 solid rock formation and shall be constructed at feast 15-20 kms
away from the glacial lake mouth so a5 to have sufficient lead time for responding to the
situation and for evacuation of peoples and shifting of important infrastructures/ eguipments/
machineries in downstream area.

The project developers in 3 particular basin shall share their contribution tawards costs Ineurred
in installation of the Early Warning System/ Sensars (flow/ lavel} throughout the basin. The cost
shall be shared ratlonally by all projects in the basin,

CEA sholl oiso corry out physicol inspections on half pearly bosis ta rewew the stotws af
implementation of EWS in existing and under construction Hydro Power Projects.

SATELLITE BASED IMAGE PROCESSING AND ANALYSIS

Early informatson can be gathersd through acquisition of satellite imagery from concerned
agencies such as ISR, IMD [(Indian Meteorological Departmant) ete, by the project developers
and interpreting the satellite imagery shall inform about the increase in size of lake and other
aetivities so that necessary action can be taken. This weuld provide & broad overview of weather
patterns and potential flood areas and may be useful for monitoring large geographical regions in
inaccessible locations, Howewver, [hey do notl provide real-teme data in shart span of time
{minutes/hours) and require highly skilled professionals, Further, satellite imageries are limited
by weather conditions & visibility and their initial investment & operational costs can be
significant.

Project Developers shall explore the possibilities of collaborating with various agencies such as
ISRO/IMD for obtaining catellite imagery on daily basis during critical period in single licence and
chared to others an commaon platforms to optimise the cost.

- STRUCTURE OF EARLY WARNING 5¥STEN (EWS) AT HYDRD POWER STATION

Strategic locations [(G&D sites) on the river stream, tributaries in the upstream of the dam/
barrage site be identified where suitable equipment/ ¢ensors with reliable communication
systerns coubd be established with a lead time of at least one to two hours, The site should
preferably be located at a bridge and near a straight reach avoiding bends/ confluences/
turbulent [ocations. Redundancy of the sensors may be included to ensure fail safe transmission
of data from the sensor locations with auto switching facility i.e. in case of failure of one sensor,
the second sensor should automatically take ower. Healthiness check of the instruments,
batteries, communication system shall also be available in real-time,

Sensors along with CCTVY video cameras shall be deployed at potentially dangerous glacial lakes
far eontinuows monitoring of the mavement/ shift in glaciers/water bodies. The sensors should
be deploved for monitoring the precipitation of snow, the snow carrying capacity (ie. the max
size of formation after which snow slides), depth measurement of lake, severity of snow at
mouth of lakes etc. For the validation of the sensor data, the results should be occasiomally
compared with the traditional data obtained through manual pauges and systems. It is thus
essential to establish manual gauge [ weather sites far cormect assessment of significant avents,
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The upstream mast project shall be made responsible to manitor glacial lakes and pass on the
information to the downstream projects, The cost may be shared rationally by all the
developer In a particular basin.

& technologically adwanced Early Warning Systerm [EWS), which can be practically

implemented, consists of;

i} Sensor amd Equipment for Early Warning System for flood forecasting in Hydro Power
Projects to be deployed at U/5 GED sites and D)5 of Dam /Barrags.

it} Site selection for automatic water level recorder ([AWLR) / gauge and discharge {GED) site.

i) Mounting of sensors,

iw) Instruments/Arrangements/Establishments required for Data Transmission from Sensors

vl Un-interrupted/ continugus Power Supply Arrangements for sensors and communication
systerm.

wi] Central Command and Control Station.

SENSORS EQUIPMENT FOR EARLY WARNING 5YSTEMS FOR FLODD FORECASTING IN HYDRO
POWER PROJECTS TO BE DEPLOYED AT UPSTREAM GE&D SITES AND DOWNSTREAM OF DAM/
BARRAGE
These equipment can be deploved standalone or in 2 combination at G&D / Dam [/ Barrage sites
for Flood forecasting and calculating Lead Time for flaods at Dam [/ Barrage Site:

a) Automatic Water Level Recorder with CCTY [if feasible),

b] Automatic Velocity Sensor with CCTV |if feasibie]

c) Automatic Weather Station with CCTV {if feasible).

d) Hooter/ Siren.

e} Drone Scanning,

fl Manual pauge/discharge/weather/rain gauge sites ete.

gl Dam instrumentation for immediate feedback which is crucial for monitoring dam

behaviour and responding quickly 1o any changes in the dam.

a) Automatic Water Level Recorder [AWLR]

The water level sensar is an equipment which is used universally for chserving water levels

automaticaliy;

Pros:

¢« Wide Application Range: The radar-based sensor can be used for various fluids and
solids, making it versatile for different applications.

+ Mot Affected by Environmental Factors; The sensor is not influenced by temperature,
dust, or steam, making it suitable for challenging environmeantal conditions.

+ Umnaffected by Narrow Beam Angle: The radar system is not affected by a narrow beam
angle, ensuring acturate measurements even i situations where a focused beam is
reguired,

» Accurate and Reliable: The sensor provides sccurate and reliable level measurements,
with a large signal-to-npise ratio, even in Applications with rapidly changing levels.

¢ Low Power Consumption: The tensor has low power consumption, making it energy-
efficient and potentially switable for remote gr off-grid locations.

Cons:

+ Accuracy Affected by Solids; The accuracy of the sensor can be affected by the presence
of solids in the measured material
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¢ Continuows Power Requirement: The sensor requires continuous power, which can be 2
limitation in areas with unreliable power sources, Additionally, the need for power
backup increases the overall power consumption.

b) Automatic Velocity Sensor

The velocity sensor is an eguipment, which is used universally for abserning velocity of

abjects or fluids automatically:

Pros

= MNon-contact Measurement: Hadar-based wveloclty sensors aliow for non-contact
M asurements, redun:mg wear and tear compared 1o contact-based sensars.

= Wide Range of Applications; Can be used in various Applications to measure the velocity
of objects or fluids, providing versatility.

# Accuracy: Radar sensors can offer high accuracy invelooty measurements.

= Remote Sensing: Radar sensore can be deployed at a distance from the target, making
them suitable for remate sensing applications.

Cons:

¢ Complexity; Radar-based velocity sensors may be more complex than some other types
of welocity sensors, leading to potential challenges in installation and maintemance.

= Erroneous resuits due to voitage fluctuations: These sensors have been mentioned to
give wrong results In case of voltage fluctuations. 5o, the results should be occasianally
compared with traditional velocity data obtained through manual gaupes.
Expensive to maintain and install,

» May nof give very accurate results during turbulent flows and when the river changes its
Course,

= Efficiency not yet proven in Himalayan Rlivers owlng o sediment laden water,

The General Technical Specification of sensors (a) Surface Yelocity Sensar, (b Water Level
Sensors are gieen at Appendix-14 & 18,

Acoustic Doppler Current Profiler [ADCP)

It is a type of velocity sensor, wsed to measure how fast water is moving i.e. velocity across

an entire watar cofumn. An ADCP anchored to the bed can measure current speed not just at

the bottam, but alse at equal intervals all the way up to the surface. The instrument can also
be mounted honzontally on bridge pilings in rivers and canals to measure the current profile
froon shore to shore. [n very deep areas, they can be lowered an a cable fram the surface.

Getting Automatic warning may be explored, This system can be used for calibrating gauge

and discharge computed by AWLR and Velocily sensor

Pros:

# In the past, measuring the current depth profile required the use of long strings of
current meters, This is no longer needed,

# Measures small scale currents.

« ADCP:s measure the ahsolute speed of the water, not just how fast one water mass is
mowing in relation to anather

+ Measures 3 water column up to 1000m long.

Cons:

v High frequency pings yield more preclise data, but low frequency pings travel farther in
the water. 50 scientists must make a compromise between the distance that the profiler
can measure and the precision al the measurements.

o ADCPs set to "ping" rapidly also run out of battenes rapidly.

+ | the water is very clear, the pings may not hit enough particles to produce reliable data.

» Bubblesin turbulent water can cause the instrument to miscalculate the current.
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® Llsers must take precautions to keep ‘algoe’ from growing on the transducers,
& May nat gnde very accurate results during turbulent flows and when the river changes its
course. In turbulent waters it may not pessible to deploy the equipment.

Auvtomatic Weather Station [AWS]

This equipment is used for automatically observing weather related data such as rainfall,

evaporation, wind speed, wind direction, relative humidity, temperature etc..

Pros:

¢ Comprehensive Data Collection: Weather stations can collect a wide range of
metearological data, including temperature, humidity, wind speed, rainfall, and
atmospheric presure

# Realtime Monitoring: Weather stations can provide real-time data, enabling timely
respense to changing weather conditions,

= Distributed Deployment: Multiple weather stations can be deployed across a region,
providing 3 comprehensive view of local weather variations.

& [ntegration with Other Sensors: Data from weather stations can be integrated with
other environmental sensars to enhance the overall situational awareness.,

e Remote Sensing: Weather stations can be installed in remote or hard-to-reach areas,
impraving coverage for monitoring and forecasting

Cons:

& Cost: Weather stations can be expensive to install, maintain, and operate, especially
when considering & network of tatlons across a large area,

= Maintenance Requirements: Regular maintenance i necessary to ensure the accuracy
and reliability of the data collected.

& Dependency on Power: Weather stations typically require a contimuous power supply,
which can be a challenge in remote locations or during power oulages,

Specifications of AWS sensors are given at Appendix-2,

Hooter and Siren Systems

The scope of the waork of installation of Hooter and Alarm consists of designing,

engineering, manufacturing, supply, installation & commissioning of Alsrt. Inform and

Direct System (AIED System) for bafore the release of water from dam of a Power House,

during heavy rainfall or military cperations through Phaneg, E-mail, 5ME and Siren systems.

# This project is Alert, Inform and Direct (AI&D) equipped with Pre Alarm System which
helps to alert and guide the people living nearby river banks whan the water is planned
to release from the Dam.

® This project consists of an Al & D system, Motarized Sirens, Strobe Light/Siren, GSM,
Level Sensor, RTU, SCADA, Alarm Annunciator, Loud Speaker, Mobie, community based
bulk 3m15, Mobile vehicle and Amplifier to complete the project.

& An Early Warning System [EWS) can be defined as 2 set of capacities needed o gensrate
and disseminate timely and meaningful warning infermation of the possible extreme or
disasters {e.g. floods, dam failure, fire, earthquakes and tsunamis) that threatens
peoplke's lves

# The wvery purpose of this information s (0 enable individuals, communities and
organizations which are threztened, to prepare. and act appropriately in due sufficient
time to reduce the possidility of harm, loss and risk.

The General Technical Specification of Siren s given at Appendix-3,

Drone Scanning for potential Regions and Damage assessment after disaster
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Pros:

Rapld Response: Drones enable guick deployment and can provide immediate aerial
Imagery, facilitating rapid assessment of the extent of damage after an event such as an
earthquake, flood, or landslide,

High-Resclution Imaging: Drones equipped with high-resolution cameras can capture
detailed images of the affected areas, allowing for a thorough analysis of the damage.
Integration with Gi5: The images are integrated into Geographic Information System
(GI5) platforms for mapping and analysis, providing a spatial understanding of the
impact.

Flexibility in Deployment: Drones can be deployed in various terrains and environments,
including remote ar hard-to-reach areas, providing a comprehensive view of the affected
FRgion

Cost-Effective: Compared to traditional aerial surveys or satellite imagery, drones can be
mare cost-effective solution for obtaining high-quality images for damage assessment,
Real-time Monitoring: Drones can transmit real-time images, enabling continuous
monitaring of the situation and helping emergency responders make informed decisions.
Communication to Stakeholders: Visualizations snd assessments derived from drone
imagery are communicated to relevant stakeholders, including CEA, rescue teams, and
the public, aiding in transparency and coordination.

Cons:

Limited Flight Time: Drones typically have limited battery life, restricting their flight
tirng, This limitation can impact the coverage area and the duration of real-time
manitoring.

Weather Dependency: Adverse weather conditions, such as strong winds or heavy rain,
can affect the drona’s ability to fly and capture images.

Regulatory Constraints: Drones are subject to aviation regulations, and obtaining
necessary permits for deployment may be required. Regulatory constraints can vary by
location and may impact the timely use of drones in emergency situations.

Continuous Power Requirement: The sensor reguires continuous power, which can be a
limitation in areas with unreliable power sources. Additionally, the need for power
backup increases the overall power consumption.

Skill Requirements: Effective drone operation and image analysis require skilled
operators and analysts, which may mot always be readily available in emergency
response sibuations,

5.2 SITE SELECTION FOR AUTOMATIC WATER LEVEL RECORDER (AWLR) / GAUGE AND DISCHARGE
{G&D) SITE
For implementation of the Early warning System (EWS), location of the G&D site with Automatic
Water Level Recorder [AWLR) and Telemetric communication at upstream location of dam are
selected based on the catchment and river characteristics. Assuming flaw velecity of 3-7 m/fz (10-
25 kmph} during floods as per site specifie canditions, it is desirable that the AWLR/ G&D site be
established at least ot sufficsently upstream of concerned dam locations ta provide at least 1 to 2
hour lead time to react, issue warning and for proper coordination among authorities. If a site is
established for measuring Glacial Lake Qutburst Flood [GLOF] then velocity of the range of 10-15
m/s need 1o be considered for deciding location of site for early warning.

If any major tributary is joining upstream of dam, a G&D site with AWLR and Telemetric
communication shall also be established onit.
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5.3

5.4

Measurement Range, Stability, Sensitivity, Scale Readability, Accessibility, flow conditions,
network availability, Flood Protection etc. are criteria for the site selection for the establishment

of 3 gauging station

MOUNTIMNG OF SENSORS

g} Location for installation of the s=nsors shall preferably be on a bridge at the centre of the
river,

b) Sensors shall be installed on steel structure mounted on bridge, if reqguired, with height as
deemed to be suitable by the OEM/ Vendor considering highest flood level at that location.

c} IFthere ks no bridge available for installation of the sensor, arrangement of Gl cantilever beam
shall be made at a suitable location at the river bank at a safe height. The Gl cantilever beam
chall be supported with ron rope running from the top of the vertical pole to the far end of
the cantilever beam to provide encugh strength. This arrangement shall be within the scope
of Vendor. Provision for extension shall be kept in the cantilever beam to take care of lean
season/change in course of the river. Sensors should be mounted in such a robust way that in
case of any disaster, the instrument does not get displaced or washed away.

d) supply and transportation of Gl pipes and other mounting arrangements till the project store
shall be ensured.

e] Transporiation of the mounting arrangements from the store to the G&D site shall be ensured
Further, civil works including masonry, clearing of site etc, pertaining to installation of the
poles and towers shall also be ensured,

f} Sansors chould be preperly pretected fram theft and vandalism.

INSTRUMENTS/ARRANGEMENTS/ESTABLISHMENTS REQUIRED FOR DATA TRANSMISSION
FROM SEMSORS
Effective data transmission in Early Warning System (EWS) for fioods is important for several
reasans:
e |t enables the collection of real-time hydro-meteorological data from various sources,
such as rain gauges, stream gauges, satellitas, radars, and weather models.
o |t facilitates the generation and dissemination of flood forecasts and warnings to the
communities at risk, and the coordination of response and evacuation measures among
different stakaholders, such as local authorities, emergency services, and media.

Internet connectivity shall be maintained at GRD site for communicating data from datalogger to
the wendor's APl server. Above connectivity shall be established using dual sim based
GPRS/3G/AG/56 upgraded modem, If reliable mobile data network is available at the GED Site.
Facility for dual sim with aute switching of network is mandatory {if fwe or more network
avaiichle ) for ensuring continuous connectivity,

Af sites where maobile data is not available or unreliable, the communication shall be
established using VSAT. Separate battery bank alse needs to be installed for providing
continuows power to the YSAT system. The battery bank should be capable of providing backup
power fo the system continuously for not less than 15 days in case of non-availabllity of power,
The battery bank shall be charged using regular power supply or through solar power 10 be
decided by project authaority,

Both GPRS and V3AT based communication system have chances of being destructed during
extreme weather condition. WSAT systems consume a ot of power, making it a costhy affair,
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Another way of effective communication is satelite based {INSAT/INMARSAT) network, which is
presently available to Government agencies. It requires licensing and has limited frequency
range, tharefore t needs government intervention to be used by other users koo,

The General specifications for GPRS/3G/4G MGDEM and VSAT are given at Appendix-4.

5.5 UN-INTERRUPTED/ CONTINUOUS POWER ARRANGEMENTS FOR SENSORS AND
COMMUMNICATION S¥YSTEM

a. The system shall run wsing Sealed Maintenance Free (SMF) Lithium batteries [12V)
rechargeable through regular power supply (preferable, wherever available) ar hybrid
chargers (Solar+AC) or through solar panel wherever regular power supply is nat available
The choice for this arrangement shall be made by the praject| power station for best results
as per site conditions,

b. The battery shall be capable to run the system continuously for minimum period of one
week and in case of lecations that remain inaccessible for longer duration, 7 weeks an full
load irrespective of power supply availability or cloudy/ foggy conditions

c. A parametar for canveying the battery health status shall also be provided in the APL

The Battery bank shall also be equipped with a Battery Health Management System to
monitor the health status of the battery. Further, current battery voitage level and battery
health status like healthy) unhealthy infermation shall also be passed in the APRL

#. There shall be separate battery banks for

= Datalogger and related devices

s VEAT and related devices {if required)

The General Techmical Specification for Datalogger and 3olar panel & Battery are given at
Appandix-54, 5B & 5C.

[ =

5.6 CENTRALCOMMAND AND CONTROL STATIOM (CCCS)
a. Establishment of CCCS:

Central Command and Control Station [CCCS) shall be established 2t project/ power station

for 24x7 monitoring. Establishment of CCCS shall be under the scope of the project authority.

For the purpose of 24x7 monitoring of Early Warning System, Desktop PE with UPS and colour

printer shall be installed at COCS, 24x7 Internet connactivity shall be required at CCCS,

Following systems equipment shall be considered for Establishment of CCCS:

I, Communication System: Necessary eguipment [/ system for communicating with all the
Sensor Stations simultaneously through VSAT as well as Terrestrial [G5M/GPRS] mode for
receiving water level, velocity/ flow & weather data along with others status / alarm signals
on real-time basis, Necessary equipment/ system for communication of EWS Alarms to
designated recipients through SMS / WhatsApp) other means.

ii. Data Centre: All Hardware and Software including Servers and peripherals, Flow Modelling
Software, inundation medelling, dam break modelling etc. for analyzing the received
Sensor data to provide suitable Earfy &lert regarding anticipated flood conditions at Dam/
Barrage and Power House sites, Storage & Retrieval of Historlcal data,

iii. HMI System: All Hardware and Software including Operator Werk Stations {OWS) with Full
H» Screens of appropriate size, 2D Map application, HMI Software, etc. for Dynamic display
of EWS data (both raw data from Sensor Stations and processed data from EWS software),
Alarms & 50Ps for Emergency conditions, All Hardware and Software for converting the
alarm signals to formats suitable for dissemination ke SM5, voice messages, Text to
Speech (TT5), email, emergency sirens, atc

iv, Power Supply: Reliable and redundant Power Supply system based on 415 W J 240 W AC
Uninterrupted Power Supply [UPS] along with adequately sized Battery Bank, the input for
which s to be tapped from projects AC Supply system,
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v, Electronic siren: Electronic siren system for alarming purpase.
vi. Miscellaneous: Nereceary mounting arrangement for the outdogr equipment/ systems
mentioned above and ather itam g5 per the requirement of system,

b. Application Programming Interface {API} & AP Server required to be connected to Master
Control Room
Cata from the sensors like watar level, velocity, date time and battery voltage, battery status
as per the API farmat given below shall be communicatad through APl in JSON format far
integration with other systems,
{"Project Name": "ABC Project”™ “lacation Name"™ "G&D lacation 1" “date_time": "2024.0]-
01 12:45:00", "Water Leyal™ "1276.044°%, "Battery Valt™: “13.2V°, "Battery Health™: “healthy "}

“a key with *velocity’ may be included if velocity sensor is installed.

i. Servar far hasting the APl shall be maintained by the vendar. The physical location of the
server shall be within the territory of India. If third party cloud services are hired far hosting
the API/ Web portal, the service shauld be MeitY Approved.

il. Data from datalogger shall be transmitted to the AP server continuously for getting the
latest data.

fii. 24x7 internet connectivity of the server shall be ensured,

v, AP Web portal shall be served over internet using secured hitps connection

v. The corresponding data including rainfall may be Provided to IMD in the farm of API's which
will further help in impraving IMD forecast ang warnings In the Mumerical Weather
F'rEdil:tit:thWF‘j madels.

The Manufacturers/ Su Ppliers of Sensar solutions far Ews and indicative list of vandors far EWS
are given at Appendix-6 & 7 respectively,

6. MEASURES TO BE TAKEN ON RECEIVING OF ALERT/ALARM |N CASE OF OCCURRENCE OF
DISASTER

i Pre=Incident Actione:

4. Pre-incident actions for early warning syslems al dams are crucial for Ensuring the safety
of dawnstream communities and infrastructisre,

. As per Dam Safety Act, 202 1, the pre-monsoon inspection of specifisd dam is done before
monsoon that include inspection, maintenance and testing of the @arly warning system
Lomponents including sensors, communication systems, alarm systems and other
2meargency equigrment,

€. A comprehensive risk assessment and analysis of historical data to identify potential
hazards and vulnerabilities it eritical which can help in anticipating probable incidents,

d. The emergency response planning as per Emergency Action Plan/Disastar Management
Flan is to be shared with stakeholders and local administration to create awareness
among dewnstream communities for coordinated response in case of incident. Teams of
divers and lifesaving material to be kept ready to co-ordinate with District Administration.

€. Regular mock drills and exercises to test the effectiveness of the EMEFEENCY response
plan are undertaken to familiarize officers and other stakehalders with their roles and
responsibilities during an EMErgency

f. The disaster infarmatian is being shared, notified with systems at state and national level
for effective rescue operations in case of incident.

ii. Colour Coded Lighting Systam for Warning Purpose
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& colour coded warning scheme in the form of Red/ Amber/ Green lighting shall be devised
based on the perceived risk assessment of the emerging abnormal emergency situation by
the control room/ project authorities with Red indicating Severe Risk Category and the
Green indicating Least Risk Category.

The persannel working at project site should be made aware of the impending emergency
situation through the colour coded warning scheme. Project Authorities shall identify
viulnerable locations where such lights scheme can be installed such as dam galleries,
transformer gallery, machine floor area etc. of power house, enclosed areas or any other
idantified vulnerahle locations at the project.

Automatic siren system

There shall be an autematic siren system which could be programed to activate with the
abrupt rise in water level in the river upstream of the hydroelectric project. Marking of
gdanger levels at vulnarable places and setup of permanent warning posts (in Englsh, Hindi
and local language| along the river courss in the upstream areas shall be made.

The Hooters/ Sirens Systemn should be able to operate with just a touch of the button. On the
lines of colour coding of the perceived risk, gradation of Hooters! Sirens neads to be defined
and blowing pattern of the Hoobers) Sirens could be distinguished based on the Red/ Amber
alert. Loudness of the Hooter System have to be sufficiently high so as to be audible n case
of pccurrence of flash floods wherein the ambient decibel level rises significantly.

Apart from the Installation of adequate aumber of sirens (both manual and electrically
operated), marking of danger levels at vulnerable places and setup permanent warning pasts
[in English, Hindi and local language) along the river course in the downstream areas shall be
madea,

Whenever there is abrupt rise in the |level or some releases are to be increased from
turhines/spillway/ Barrage, all the sirens shall be operated to warn the people living nearby.
& typical gradation scheme classified as Blue, Yellow, Orangs, and Red alert according to
their seriousness and severity as specified in Emergency Action Flan f Disaster Management
Plan {(EAP/DMP) shall be adopted. Accordingly, the gradation of hooter with no sound to
gradual increase in number of repetitions of long tones [zach of 45 seconds) of sound mode
are being played corresponding to gravity of catastrophic situation, The gradation of hooters
is typically accompanied by other available communication channels, such as public address
systems, emergency contacts, Whatsapp or mobile SM3S zlerts, to ensure that all officers
hiaving responsibility for maintaining essential services and rescusfevacuation as well as
residents receive timely wamnings and instructions without panis.

instantaneous/ sutomatic opening of gates

All the Hydro Dams Barrages gates should be capable to operate in auto mode in addition
to manual mode. Further, inter-cannection between DamfBarrage site Contral Room and
Power House Control Room shall be provided through redundant optical fiber cable to
operate the gates in case of emergency in line with SOP of gate opening/closing of the
indiidual project/Froject Autharity. Therefore, a Plant wise SOP needs to be prepared
regarging opening sequence of gates according to severity of the Early Warning Alert e g. the
ked alert warrants opening of all the pates simultaneously and accordingly downstream
population may be suitably informed,
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Operational readiness of all Dams/ Barrages and intake gates, for its full gpening/ closing in
rermote and local contral needs to be ensured and accordingly their test opeérations should
be carried out regularly

There shall be pravision for an Un-gated spillway with crest at Full Reservair Level (FRL] 10
regulate unprecedanted inflow between FRL and Maximum Water Level (MWL) for the
uptaming projects. This feature may serve as a crucial mechanism to mitigate potential risks
posed by Glacial lake Qutburst Floods {GLOFs} or Flash Floods, particularly in scenarias
where the opening of a gate may not be feasible due to the severity of the catastrophic
situation at hand.

Location of diverssion / regulating structures shall not be close to a nallah/ stream / tributary
in the upstream which may damage the structure/ regulating gates in the event of a cloud
burst induced flash flood carrving large quantity of sediments.

Evacuation of manpower from tunnels

Flugrescent direction indicators, EXIT lights in tunnels ete. shall be suitably provided for
evacuation of manpower from tunnels in the Projects. During construction stage where
tunnelling is irvolved, escape tunnels 0 the form of designated shafts may be kepl as
escape routes in the event of any catastrophe and the same are to be made operational
from the initial construction stage of any large hydropower project. During construction
stage, openings of adits/ tunnels could be eguipped with gates,_wherever feasible, which
could be closed to avoid water ingress into the tunnels.

The information in respect of early warning of any disaster/ emergency situation 1o
upstream) downstream hydro projects) local population/ local civil & state administration
shall be communicated on 24x7 basis in real time basis through hotling mechanismy bulk
messaging /bulk voice calling system to their mobile phone, This could be done by forming a
common User Group {CUG) among the hydro projects in the same river valley. The CUG
should also include the officials from DDMA, SDME and the District/ 5tate administration of
the region affected along with NDMA. This will help in early indication to project autharities
in decision mzaking to take advance step for disaster managemeant.

Dual made of communication using VSAT [Extended C Band) and G50/ GPRS [5G} shall solve
the problem up to reasonable extent. in case of availability of 5G signals from mare than ane
service provider, dual GEM/GPRS sim modems can be used discarding VSAT as it will greatly
reduce the battery back-up requirement.

A detailed vpdated inventory of Glacial Lakes for a particular river basin shall be jointly
prepared by all the developers in the river basin. The same may be got prepared through
HRAC SR, The cost may be shared by all the developers,

Project Autharities shall ensure that Emergency Action Plan [EAP), Crisis & [isaster
Management Plan shall be in place even in under construction projects and should be well
integrated with the 50P of EWS. Mock Drills shall be conducted en regular basis (=g
guarterly/ half-yearly], to evacuate plant personnel in case of emergency situation in
minimum time. An annual EAP review shall be conducted to ensure that contact names and
numbers are current on the Notification Flowcharts,
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The instrumentsy sensors deployed for early warning shall be able to communicate with
control room in 24%7 real-time or near real-time basis & in fail proof manner avtomatically/
without human intervention

The control room is to be equipped with Mobile phonef satellite phone, intermet
connectivity, Wi-Fi Connection [with UPS)Y and emergency power supply (with DG backup) to
operate efficiently in case of blackout during any emergency. Emergency Handling Items &
equiprment such as life Jackels, Helmets, Long Beam Torch are to be available in the Cantral
Room. List of Contact Mumbers of Project Head, key Personnel of the project amd focal
administration, nearby Hospitals and other relevant agencies should be prominently
displaved at suitable locations for early information of any impeding emergency situation o
all concerned autharities in parallel for necessary action.

The control room shall also take feedback from other agencies/sources such as IMD, CWC,
Mational Center for Seismology, DGRE, Weather reports, Forecasts, nowcast on differenst
websites (mosdac gov.in, Fe-india-water gov.in, owe gowin, city.imd.gov.in ete.) and register
with them

Contral room shall continuously monitor real tme inpuis ie Velocity, Level of sensor
statiens and healthiness of the system as per Check list for Automated Flood Warning

System [AFWE).

The software regarding keeping the flow data history may also be developed and included in
the existing EW?5 data logger. This will give necessary warnmg/indication when previous high
flapds walue reach at any time and provide alert through automatic alarms signals
accordingly,

A detaited inventory of rivers) major tributares etc, shall be prepared by the Project
authority and be made available in the Control Room.

Level of In-charge & manpower deployment

Contrel ropm shall be manned by executives of project authorities on 24x7 basis and
electranic recording of activities being manitored shall be ensured, The in-charge of Control
Room at project site shall be senior most with adeguate manpower for 3 shifts of 8 hours
each. The contral Room shall alse maintain a Log Register wharain activities being manitared
round the clock shall alse be physically recorded. The Control room shall not be leht
unmanned at any point of time.

Chief Engineer/equmvalent to Chief Engineer shall be designated cverall in-charge responsible
for the management of Emergency Action Plan/ Disaster Management Plan, Alternatively,
the choie for the manpower arrangement shall be made by the Project Authority for best
results as per site conditions. The Notification Flow Chart and emergency control rooms have
been made an integral part of EAP/DMP to pass on the information about the developing
situation to all responsible and concerned project officers and other support staff for
undertaking ewvacuwation, rescus, and relief operations in coordination with District
Administration. The teams for rescue, relief and evacuation aperations at Dam and Tewnship
area, Technical Teams Tor electricity and transportation, communication team and medical
assistance teams are well specified in EAP/DMP. Project Authorities shall also remain in chose
contact for coordination with the civil administration including Deputy Commissioner, 50Ms,
Tehsilars, and DistrictfState Disaster Management Authorities etc. to mitigate the effect of

disaster.
@1}4_
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A dedicated vehicle shall be provided to the Control Room Personnel for movements within
the Project site and Manual Observation Posts.

At least two Cellular Smart Phone with mobile connectivity, one Wi-Fi Connection with
adeguate Data plan, Search Light/ Long Beam Tarch and PA System shall be provided in the
Controd Room. The Satellite phone, unless prohibited by Defence Forces for the plants
located at sensitive locations from Mational Defence aspect, shall also be proveded in the
Control Room,

Depending on analysis of the feedback from Manual Observation Guard posts) Automated
Flood Warning System or any other source, Control room shall initiate alarm to disseminate
information about any emergency at Site to Project authorities and other eancernad ac par
the Emergency Communication Flow chart attached to take appropriate action for
gvacuation of people from site [s).

The Contral Ream Shall use Siren/ Public Address system for alerting the people working at
sites depending vpon the nature of Emergencies as per the existing approved Disaster
Management Flan (DMP).

The routine dam maintenance, such as annual weed control, conducting dam integrity
inspections and notifying the nominated Modal Dfficer for Dam Safety of any potential
emergency situations shall be ensured. Pre-monsoan and post-monsoon inspections of the
darmn shall be made to evaluate its structural safety, stability, and oparational adequacy,

The availabilty of equipment, supplies, or personnel shall be ensured which may he
necessary for use during a dam emergency.

All people involved in the EAP shall be trained to ensure that they are thoroughly familiar
with s elements, the availability of equipment, and their responsibifities and duties under
the plan. Personnel shall be trained in problem detection, evaluation, and apprapriate
cofrective measures. This training is essential far proper evaluation of developing situations
at all levels of respansibility.

Synehrenization with upstream projects, if avallable, may alsc be helpful in providing real-time
data and detailed information regarding the EWS parameters. Further, the synchronization
with inter-projects in a particular area may also help to obtain mare detailed parameters of
the progects and enhance the functioning of EWS in a better way.

A stakeholders' consultative meeting shall be held periodically with a view to assess the
performance of the EWS and explore upgradation of the warning system hased an the past
euperiences and advancement of tachnology

There shall be documentaticon and record-keeping during and after an event by the Project
Autharity. Accurate records are crucial for post-event analysis, compliance with regulatory
requirements, and transparency,

There shall be a provision of dedicated Modal officer along with the team far Early Warning

system in each project. Further, the nodal officers of EWS of all the hydro projects in a basin
shall regularly have a meeting for better coordination and shall remain in touch on hot-line.

Suly

L7
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WA,

The upstraam mast hydro project of the particular basin shall have regular meetings with
SDMA, DDMA and local administration for strong coordination and commurication to
mitigate all the probable losses with the help of Early Warning System.
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General Technical Specifications of Sensars

a. Surface Velocity Sensor

Paramater Requiremeant
Technology Radar
Measurement range 0.1 -15 mysec
Flow velocity Resalution 0.01 misec
Flow dccuracy 1% ar batter

installation height above water lawval

As per site condition

Power supply voltage

5:27 VInC

Cperating temperature -40 ko TO0°C
Sample rate 10 sps

IP rating IP 67 or Highar
Communication protocal RMODELS BT
Communication interface 2-Wire R5-485

14
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b. Water Level Sensor
Parameter Requirement
Technalogy Radar

Process fitting & Bzam Angle

Thread G2, Flange from DN BOD:
Beam Angle 5% or better. Fitting
as per suitability of site.

Measurement range

0-30 m  (may be increased
depending upon site condition)

Resolution Snnrm

Accuracy +3mm-dmm

Power supply voltage 3-27 vDC

Cperating temperaiure =40 to 70°C

Signal Output 4-20 mASHART [2-Wire/4-Wire)
IP rating |P&7 or higher

Commiwnication protocol

MODBLUS RTWY OEM cpecific to
et app_Jicatinn requiremeant

Communicaticn interfaca

2-Wire RS-485

¢ Automatic Gauge & Discharge Stations (Imagery Based)
Automatic Gauge & Discharge Stations hawving non-contact imagery based water level and

velocity sensors,

Appendix-18

Width of River /River Span

=120m

Resolution of sensoe

3 MP Full HD 1080p PoE IR

Protaction Class

Measuring Range 0.2-15m/s
Frame Rate 30 FPS
Operating system Linux/Windows

Afcuracy

Flow velogity: < 5% af measure valua®

Water level: =1 ¢m®

Discharge: < 10% of measured value®

| Data Qutput

MODBLIS/4.20 mA / RS 485 / 5DI - 12

External water level output

4 -20 mA/RS485/R5232/5D1 -12

Dperating temperature Camera

A0 Cto +50°C

Fower supphy

| 230W/12 V, grid or solar power

Measurement Principle

Image Velocimetry

G?ﬂ
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1. SPECIFICATIONS OF AWS SENSORS-

Appendix-2

For all sensors offered, it should be rugged, well proven sensors and used for operational

purpose

Cables used for sensors to connect Data logger should be Teflon insulated multi strand and silver

coated.

Far sensors, valid Certification from reputed Internationalf Indian institute is to be submitted.
Detailed Technical Specifications of Sensors are mentioned below:

Temperature and Relative Humidity Sensor with Radiation Shieid

Afr Temperature

a) Sensar type

i Pt 100 RTD

b] Measurement Range

-0 °C to =6l "C

o} Accuracy (with radiation
shield}

+ 0.20 °C or better for +10°C to +60°C
# 0,35 *C or hetter for -40°C 1o +10°C

d| Resalution

0.1°cC

el Output

Anazlog/ Digltal

Relative Humidity

a) Measurement

Range 0% to 100%

b] Accuracy lincluding nonlinearity,
| hysteresis and
repeatahbility)

+ 3% fH or better with membrane filter {In the
Range 10% to 100%4)

ci Dutput

Amalog [ Digital

d) Resolution

1% or better

g} sensar ype

Capacitive [ solid state

{ €] Ventilation

Radiation Shield
al Type | Thermoplastic
bl Louvered Minimum 9
Matural

| d] Mounting Accessories

Aluminium Mounting bracket and Stainless-
steel U Bolt clamp.

Wind 5ensor (Ultrasonic 2 Dimensional)

Wind Speed

a] Range (Operation]

| 0to BOm/s or better

b) Sustainability

Up 1o B0 mysec

c) Accuracy £ 0.5 m/c ar better
d} Resolution 0.1 my's
€) Threshold 0.5 mys
f) Response time 1 sec or better
gl Output Digital
Wind Direction

21
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2. 2. SPECIFICATIONS FOR POWER SUPPLY
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| @i Range

i 0 1o 359 Degrees

| b Accuracy

15 degreas or betier

¢l Resalution

1 deg. or better

d) Response tirme

1 s8¢ or helter

| 8] Dutput

Amalog/ Digital

Tipping Bucket Rain Gauge sensor or with better technology

al Collector Area

Specified Collectar Area should be between
1o
erm? ta 325 om?

b Height above funnel

| Height abowe funnel should be sufficient to
accurnulate rain during heavy rainfall as per
WO puidelines.

] Swritch Rugped Magnetic Proximity
d] Resalution 0.5 mm par tip
&) Dutput 0.1 sec switch closure
[ f) Accuracy +2% ar better, for rain rate up to 25 mmyhr

+3% ar better, for rain rate between Zammi/hr
to 50 mm/hr

4% or better, for rain rate between S0mem/hr
ta 100 mem/hr

5% or better, for rain rate=100 mm/hr

gl Material of Cutar Body/housing
[ Base/Collector]

Aust Proof Housing,

h) Levelling

Suitable levelling adjustrrent screws and
circular spirit level must be grovided on the
base of TBRG far levelling the Tipping bucket
Mechanism,

il Bebris protection filker

Suitable [Wire mesh) debris protection filter

should be provided inside the collector,

Pressure sensar

| ) Range 600 1o 1100 hPa
| b} Accuracy + 0.2hPa ar better for complete range [600 to
1100 hPa)
] Resalution 0.1 or better
| d] Output Digital

The complete &WS5 station shall have capability for unattended operation at remote place using
sealed Maintenance Free [(SMF} battery, Electrical charger, Solar charge controller and

rechargeable through a Solar panel,

{i) Battery: Single 12 V chargeable SMF batteries b5 AH capacity or better,
{il] The switch with fuse is required for power supply to the Data logger.

22
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til) satar Charge controller {MPPT): It should charge the 12 ¥, 65 AH SMF battery through 75 W
Solar panel and also Over-load protection, Short circuil protection, Protection from the lightning
strike and Under-voltage protection. It showld have provision to controlled power supply to the
Datalogger,

(] Solar Panel (Mono Crystalline): Rated capacity 75 W or better,

AWS should run for 20 days during cloudy day or withowt charging the battery.

4. 3. SPECIFICATIONS FOR WEATHER PROOF FRP ENCLOSURE FOR AWS

5.

Two separate enclosures are required for AWS5.

Weather prool Enclosure of AWS should be FRP Enclosure (1P 86) and for outdoor use to
provide a degrea of protection against falling dirt, rain, sleet, snow, windbiown dust, splashing
water, and hose-directed water,

One enclosure FRP Enclosure (IP 66} is suitable to keep Data logger, solar charge Controller,
Pressure sensors, switch with suitable fuse for power supply to Data lagger and GPRS modem,
Another separate FRP Enclosure {IP 66) for 12 V, 65 AH SMF batteries

Silicone gasket is wsed for both Enclosures far harsh envirgnments and extreme temperatures.
FRP Enclosure [IP 66) enclosures shousd be designed for outdoor applications that reguire
corrosion protection against chemicals and water, From humble to harsh envirpnments, it
safeguards wital electrical and electronic components with enclosures, climate contral and
actessories to help keep operations up and running smoothly.

Enclosure with hinged door and locking facility.

Data Pockets provide convenient storage for wiring diagrams, operation manuvals and other
documentation inside an enclosure.

4. MAST FOR AWS [Tiltable type J Foldable/Sliding up and down)

Mast shall be 10-meter (Tiltable type [ Foldable/Sliding up and down| mast, The mast is
designed to withstand high wind conditions, ug to B0 m/s of maximum wind speed, with a
standard set of guy wires,

It shall be corrosion resistant and salt water resistant.

The Mast can be lowered down any time to remave for maintenance and reinstallation of the
wind 5ensors.

Instrument booms suitable far mounting on the Mast need to be designed on the basis of the
mounting requirements of the sensors.
The idder shall be respanzible for installation of sensors at various levels, fiing and laying of
the signal cables from all the sensors up to the ground level along wath fixing the cable
identification tags. The signal cables should be laid out property on the mast and tied to the
structure elements with cable ties of appropriate lengths.

Tension in the guy wires shall be adjusted by means of tension meters ar any standard method
for adjusting the tengion in the guy wires may be followed and tension should be adjusted in
the presence of representative of developer,

The overall specilications of Mast are glven in table below:

1 | Height 10 m
2 | Wind 80 m/fs
3 | Guy levels At & m
4 | Lightning Arrestor A lghtening arrestor with spiked copper rod of atleast 10 meter

hekght should be installed at the top of the mast and connected
to an earth pit with copper bars and suitable copper cable
separate mamtenance free type earth pit conforming to the
relevant 1S specifications shouwld be provided for this purpose.
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Pravision for cable routing from instrument booms / junction
boxes to the bottom of the mast will be provided, The cable
bunch has to run in a flexible PVC pipe [/ with equivalent
arrangement from top to the lower end of the tower and into the
instrument enclosure

Cable routing
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Gonoral Techaical Specification of Siren

Appendix-3

Serial | DESCRIPTION OF EQUIPMENT FOR LOCAL | Specifications
Mo, STATIONS
CL Local station for Alert, Information and Panels for Mounting Hardware:

Direct system comprising of the fallowing
hardware/software:

v Panel/Housing with power supply
madule

« Dual SIM 3G/4G communication Rowutar
= Intelligent Remote Terminal Unit (RTU}
or Pregrammable Logic Controlier

» Electranic Siren

sStarter with feedback arrangement for
siren

* Strobe Light with three color
+Mownting hardware and cable
tonnectors ete,

= Sat of applications and system software

e s

The panel should be duly wired and
sufficiently spaced to accommodate all the
equipment with IP&5 pratection, CRCA
sheet metal. Earthing holts available at
single sides. The enclosure should have
single door, The panel should have lock
arrangement and wall mounting
arrangemeant.

The systerm shouwld run-gn single-phase
power 230% AC, operating in the range
170-250% /50K and should be rugged
enough to withstand voltage fluctuations
without damage

Power and Backup: All the stations
eguipment (l.e, Elactronic Siren, strobe
lights, PLCs ete,} must be powered and
activated by single phase power, The
status of Power Supply must be availatie
in the Central Control Room.

Siren System:

* Must have provision of Pre-
recorded/programmed electronic warning
tone.

Strobe Light:

= Light Color: Red, Amber, Green

= Dperating Voltage: 24/12v OC

= Flash pattern: Double Flash

= Mounting: Permanent Mount

* Flashes per minute -75 Double

Strobe Light should be installed in Local
Stations in @ manner that it is visible,
Cantraller/PLC/RTL:

The Cantraller shall be designed to hawva
communication compatibdity for any
wireless mode fike G5M, GPRS, Radie,
matellite or Wired mode like Internet,
Broadband to transmit data and receive
commands rermately,

Cyber security on Hardware:

1. Access to the controller shall
password-protectad.

Additionally, only selected devices are
allowed to connect to controller,

2, Memory protection mode is available via

be

25
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physical inputs or software configuration.
The application and wser data are
protected in this mode

3. RunfStop protection mode is available
Wid physical  Inputs  of  software
configuration

Electronic Siren up to 50cb

| » Dual feature of Cantrol = Remotely fram

* Considering ambrent noise, system audio
output must be at least 3 dB above the
ambient nolse conditions.

* High Powaer Electronic Siren System each

with @ minimum acoustic power of 50dB @

1M (Lab Tested).

» Siren Controller bax must be IP55
compliant {or better]. |

* Operating Temperature: -20 to +60deg C

* The system must have a capahility ta run

continuously for 10 minutes without

overheating/failura.

= The system must adhere to EN 60065

eertification for compliance (o highest

European Safety Stardards and 150

90017008 certification of product design

and manufacturing. Equivalent

International i.e., UL FEMA and Indian

Certifications are also acceptable,

+ Standby mode current should not exceed

40ma.

Control Room and Locally at the Siren
Controdler box for authorized user,

Feedback Unit for status of Local Stations
at Control Room

All feedbacks {on, off, trip, faults etc.) of
the equipment installed for Alert,
Information and Direct system should
communicated to main Control room
SCADAMCR/CCCS,

Interface system for Radio and 3G/4G link
on wirzless communication through dual
510 and assaciated software at contral
PO

A suitable interface/fcommunication
syitem of reputed make should be
installed in the Local Station with the
capability of operating over 3G/4G Link
through Oual 5in and should be
accordingly interfaced with main Contral
Room SCADA,

g
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| Cs. Cable and required mounting accessories | Pawer Cables and Accessories: Al required
power cables and accessories to make the
system functional will be supplied by the
vendor. Cables should comply with 15-694,
I5-3961, I5-B130 and I5-5831. MAKE:
Palyeab / Finolex or reputed.
CE. Mandatery Spares (one set) 1) Electranic Siren- 1 Nos
i) RTU/PLC =1 Kos
1) Modem = 1 Mo
IV) Strobe Light — 3 Mos [Red, Amber,
Grean)
7. Slren type Required Technical Specification
Acoustic powsr S50dB[A} S 1m
Mumber of alarm messages Min. 5 x & min,
Operating power 230 WACS 24 VDC
Load impedance 4 Ohm / B Ohm
Wumber of warning voice messages 100 Mos, with LIEB
Owerall records langth fdin. 16 hours i

J1GMB Flash memory/

Voltage

110=250 Y / 24 VDC/50 Hz

Stand-by mode current 40 mA S 230V
Max. input /stand-by in put 150 A 11 VA
(PifPp} / 230V

Control circuits voltage M1y
Battary 2w 12V, Ah eapacity based on

Dessgn/requirement.

Hervice temperature -10°C to +640°C
service temperature of local coatrol | -10°C to +60°C
madule
Weight of 1 horn <=5 kg
Dimensions of sirenbox /Ly He W/ mm | As per design

Sirem box cover

| IF55 for Panel Mount

Interfaces

USE device Inbuilt Tone

Tane 2 Tane

Selection of Tone By Taggle Switch
Wireless Wired

LAN 10/100Mbit Ethernet link

Hx Binary input 2x Binary output

User programmahle /0 lines

£
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Paower amplifier

hs per Design,
Full diagnostics, including speaker
impedance,

Real time clock

RTC circuit with battery backup, GPS time
Synchrenization

Buthorization

For authorized Users only
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Appendix-q
A. General Technical Specification for GPRS/ 3G/ 4G/ 5G MODEM

4G based GPRS Modem [compatible with 3G) with dual SIM facility and also have provision of
fast and refiable wirefess data communications along with support for IP based agcess to the
central server IF, The GPRS Modem shall be compatitle to all SIM. The following technical
specifications are indicative.

{i} GPRS facility with fast and reliable wireless data cormmunications.

(i} Remote dial-up facility.

(it} Shall suppart SM5, Email and FTE.

[iv] Accept dual standard SIM card,

[wh Ethernet/RS 232/485 050 interface with DATALOGGER.

{vi] Indication of network availability (sgnal strength).

{vii] Suitable High gain GPAS antenna for reliable communication.

In arder to provide redundancy in Connectivity for facilitating Data transfer from AWS to Master
Control Room, VSAT services (Ku ( Ka [ Extended C) with Internet facility can provided far which
minimum specifications are as follows:

Indoor Unit (1D}
Forward Channal

1. DVB-52X with Adapiive Coding and Modulation (ACKM]}
2. Fregquency: C-band, Ke-band and Ka-band

3. Modulaticn: QPSK, 8P5K, 16APSE, 3Z0P5K, B4APSK
q. Encapsulation; G5E

5. Symbol rate: Up to 235 Msps

Return Channel

1. MF-TDBAA

2. LDPC FEC with efficient variable block/burst sizes
3, DQPSK, OPSK, BPSK, or 1GAPSK

4. Symbol rate from 156 Kips to 12Msps

5. Adaptive Coding and Modulation |ACM) capability

MNetwoar rfaces
1, 2/4 GigE LAN parts
2. UsB

ooy

1. Radio interface: Operates in Extended C-, Ku- , or Ka-Band Networks
2. Antennas: 74 cm, 98 ¢cm, 120 crm, or 180 cm.

3. IFL cable type and length: Dual RG-6, 75-ohm, F — typa connactor up to 150°
IP Features

1. Dual stack IPvA/IPvE

2. Static and Dynamic addressing

3. BGF Routing Support

4, Policy Based Routing

5. DHCP

&. VRRP

7, access Controd List [ACL)

B. DS Caching

9. 5IF Call Prowy

10 Advanced Web Acceleration

11. Layer 2 traniport with acceleration and compression

S
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GPRS M ice
There should be provision for SMS and IP based communication with DATALOGGER remotely to
access and configure the DATALOGGER through GPRS / VSAT modem.

G3M & GPRS MODEM

W ornan e

. 5hall have embedded HTTP,/FTP/TCP/UDF Protocal,

Shall be compatible with standard 3G and 4G G5M netwark of all reputed national aperater,
Shall be compatible with the data logger proposed by the vendor.

. Shall have 150 16759 qualificatian,

Standby current! < 0.90 rma

Shall have GEM/GPRS functionality scalable to customer needs,

The modem/software in the data logger shall be configurable to send SMS/GPRS packets o
the central reception facility at a user defined interval ranging from 1 minutes to 24 hours.
The modem configuration shall ensure that no data is missed. The modem or the data logger
should send data in packets |GPRS) at pre-defined interval. In case of nom-avallability of
mobile netwark during its schedule transmission time, the data will be transmitted as and
when mobile network is available. In such cases, all the data that has not been transmitted till
any particular time, shall be transmitted anee mohile natwork is available.

General Technical Specification for VSAT

& Dedicated 256Kbps Bandwidth

b. Ku/ Extended C hand VSAT

c. Antenna size: 1.2m

d. Separate battery bank for VSAT to provide pawer backup for minimum 15 days.
e, Other Standard IDU and QDU features.

f. Smonth operation during rainy or cloudy conditions.
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Appendix-54

A. General Technical Specification of Data Logger

al

b}

d)
el

)

£l
hj

il
Kl

I

The DATALOGGER shall have facility to sample the output of the attached sensors with wsar
selectable sampling interval. The process of the samples collected is to obtain instantaneous,
average, maximum ard mmimum values along with their time stamp for the selected
measurement inkerval for transmission.

There should be provision of Maximum wind observation (Gust and squall] for both wind
sensors along with their time stamp.

All DATALOGGER should have suitable port to interface with any external display unit.

The sampling and measurament interval for indridual parameters shall also be user selectable
The DATALOGGER should have capability to store the data for specified parameter at user
defined intervals in distinct multiple log files for each sensar and other related parameters
[data volume 1GB oF mare)

Stored data shall be retrievable via Telemetry/serial port/ USE port/Ethernet port to a
PCflaptop and a pen drive or any other compact and commercially aveilable solid-state
memory device In standard text file format without requirement of specific software o
retrieve the data.

DATALOGGER should have menu driven keypad and backlt LCD/LED display (intemalfexternal
unit) and faclity to display the command, data characters,

All the Analog and Digital channels in the DATALOGGER must be cempatible to the sensors
supplied and integrated with the system

The DATALOGGER shauld have 3 built-in high-performance analoeg channels, adeguate number
of built-in digital channels to accommodate digital cutput of the sensors, Counter channels for
rainfall measurement.

The DATALOGGER shall have sultable interface for 4G dual 5IM GPRS modem.

DATALOGGER should have provision to accept M5 command from remate mobile far
Remote configuring DATALOGGER for communicating

i] Changing time interval of server cormmunication from 1min to 15min,

iy Display current data.

iy Monitoring the siznal strength of mobile network.

Frowvision o access 1o the DATALOGGER through GPRS modem shall alsa be made with
password protection.

m} In erder to facilitate data processing, the DATALOGGER shall have a provision for 24-hour Real:

fl

Time Clock (RTC) powered by a battery (with min. one-year lifetime) to ensure that time is
maintained even during power outages, The DATALOGGER shall have provision to easily include
and change the "Unigue station identification code”, “Station Mame”, "Time of observation and
transmission”, “Measurement schedule” and “Sensor idestification information”, for all
parameters, as mandatory requirements. Any change in the DATALOGGER should be properly
logged along with user, date and time details.

The DATALOGGER should transmit the AWS data as per specified data format to receiving
servear.

B. Solar Panel and Battery

a.

Mono crystalline Solar panel of rated capacity 50W or better, Open Circuil voltage: 21 W or
better, Short circuit current: 2.5A or better and a sealed maintenance free (SMF) battary of
minirmum 65 AH (12 V] of reputed national brand shall be used to power the system. In no sun
condition the AWS5 should operate for at least 15 days. The vendor shall provide a calculation
sheet to demonstrate the same,

. The system shall have a battery charger of proper rating to charge the battery through the solar

panel,

3 G\"_’ﬁﬂu
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£. The system shall have photovoltaie battery charge contreller for protection of battery from
over charging, Under-voltage protection, Shart circuit protection and Frotection from the

lightring strike.
d. Al fixing devices required to fix the solar panel to the tower/mast shall be provided by the

vendor.,

32
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Appendix-58

Data Logger for Automatic Weather Station
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It should have menu-driven status monitoring and settings to enable.

View connacted sensor data sndite.

View real-time data.

Take data backup in USE drives onsite.

Wiew station 1D System Health, etc. View system clock onsite.

sensor Measurement/Auto Transmission as scheduled by the User,

The data logger should support a minimum of & uni-polar channels or & bispolar channels
{passive transducers) or mixed-up.

It should have multiple communication facilities including RS 232, 5DI-12, Ethernet
(Compact flash), LISE, eic.

Two or more numbers of 501-12 Interface ports.

24-bit or better Analog to Digital converter,

Conwversion Accuracy t 1 LS50,

Maximum scan rate of data logger 1000 Hz,

should support individual recording intervals for ditferent sensors/parameters connected.
Firmware Operating System: Multi-tasking operating system - must log data and transmit at
tha same time,

Internal memory of the data logger should be sufficient to store a minirmum of 10,00,000
readings, expandable to 100,00,00,000 readings |16 GB) via an internal SDHC card,

If internal memory is full, it should overwrite the data. While cverwriting, it should delets
the aldazt data and store the current data.

Power supply: 12V DC, fow current drain {guiescent <10.0mA).

Internal battery backup for clock: Lithium-ion Battery with storage: 3 years,

Charge Controfler: Internal or External.

User Permissions: Systerm of wser rights/passwords, aceess restricted to awthorized
persannel

Shall receive time synchronization with NAVIC/GPS time [UTC/GMT) through a NAVIC/GRS
receiver connected to the data logger. The time synchronization should be awtomatie, at
least ance in & hours,

Should have an LED Digplay with a Graphical dot matrix of minimum 122 = 32 pinels or LCD
Digplay of minimum 16 x 2 alphanumeric display.

Should have a separate key for pavigation of the menu and other functions,

Should have at least one USB 3.0 Compatible host for data backup in a USB Memory Stick.
Sensor interface: B x Sensor Channels, 4 ¥ Sensor Power Contral,

Operating Temperature Range: -5" Cto +60° C,

Battery-Backed SRAM: Minimum 4 ME,

The datz logger software shall be compatible with the Microsoft Windows 10 operating
systemn or an updated version with all reguired licenses,

Necessary accessories: Serial cable « adaptor for notebosk connection, All accessories (fixing
units, ete.) as required,

Tools: complete tool kit for installation and routine maintenance giving full detail [number of

pieces and type).
Manuals: Full documentation and malntenance instructions in English (1 copy per station).

@I__E—\.
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Appendix=-5C

Data Logger Specifications for Automatic GED and AWLR

a. Four analogfdigital mput channels

b. Input range: The data logger should have multiple input ranges to measure the sensors
accurately without any loss of accuracy. The data logger should have at least these input
ranges: t5000my, £2500mYV, 278mV

€. 50012 Input: at lxast L Channet

d. R3485 Input: at least 1 Channel [Programmable as Master or Slave Modbus)

Analog to Digital Conversion

a. Resolution: (16 Bit) or more

b. Comversion Accuracy +/-1 LS&

c. The DCP should have watchdag timer to reset the syctem and restore the previous set-up cacse
of microprocessor resets and power glitch,

d. Wisual Display and Keypad type numeric ar alphanumeri or towuch with the keypad and display
it should be possible 1o program the data logger, manually initiate data transfer, and display
data.

e. The display should be 2 lines x 20 characters and should have soft keypad for configuration.

f. The display should have a time-out feature to conserve the power,

Real Time Clock
i addition, the systerm should alse have battery backed real time cock o that the time i
updated even during power failure, The accuracy of this clock should be better than & seconds

per monkh.

RS 232- Port
The DCP should have multiple RS 232 port capable of having communication with external

devices like GSM/GPRS Modem, VSAT, LOS Radio modem and INSAT Satellite Transmitter. Also, it
should be possible to comfigure the port through software. It should support MODBUS
communication.

Etharnet Part
The DCP should have an Ethernet port for interfacing with VSAT Terminal for data transmission
where there is no cellular network. Should also support Modbus communication,

Datz Storage
The data logger shall have the capacity to store 1 year data at 15 seconds sampling and 13

minutes of averaging.

Power Requirements

Measurement Interval | 1.0 Second to 24 hours (Programmable]

NMumber of Measurements | Unlimited

Supparted

Accuracy 0.002% of 3V

Expandable Opticn for future channel expansion

Functions Supported fraguency inputs, guadrature input,
Status inputs, counter inputs,

Dutput Type Dpen collector with 100-ghm gurrent
limiting resistor, 100 mA max, 15V max

34
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Excitation Channels

5 Channels

Communication Ports

R5232 for communications

Telemetry

INSAT Satelfite Transmitter, Radia,
Direct Connect, GPRS,
MODELUS, and custom devices vwia

BASIC/ Python
Mumber of Simultaneous | 4
Communications |
Operating Temperature | ~40°C to +60°C

Display Operating
| Temperature

i LED operates to -20°C

| Programming

Menu driven setup, Expand ed
| complexity via BASIC/Byibhan Custom
capability via Ce+/Python

AT Resolution

16 bit or better

Lid
n
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Indicative list of Manufacturers/ Suppliers of Sensor solutions for EWS
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Appendix-6

Serene System f D’EEEI"IphnI'I- hake
Datalogger for Hydro Met arui[:al:alugge: AWS - Meteorology HyQuest Saklution |
lpeotechnical Stations Datalogger AWS - level and ".-'elnrih,J HyQiuest Solution

Monitaring
Datalogger AWS - Level Monitoring HyQuest Solution
{Datalogger AWS - Distrometer Hypluest Solution
[Datalogger AWS - Hall HyCweest Solution
Datalogger Seisrmic sensors and|  HyQuest Solution
seismagraphs
Datalogger - Geotechnical & Geodetic HyQuest Solution

_ |patalogger - Snowmelt and Glacial malt HyOuest Solution |

itoring  of mms :m:rw Manitoring [Mon-Contact) SOMMER
for level, velocity, andLevel and Yelocity Monitoring {Non-Contact)
SEhakes. Level Manitoring (Non- Contact) VEGA
Leval BMaonitaring (Nean- Cantact) Gegiux
Level amd Velocity Monitoring (Non-Contack) HyQuest Solution
Level Monitoring DEM S TerraTransfer
Level Monitoring 3 Party | Keller
Manitarng of nﬂmrnlﬂgimi_&ir Tempearatura DEM f Thista
parameters in the atmespheridBarometric Pressure
pressure, temperaturs, windlair Humidity |
precipitation Wind Speed
Wind direction i
Global Radiatian
lAir Temperature 3" party/ Lambracht
Ba:'urm:tm: F‘ressure
Alr Humrdlw I
Wind Speed
Wind direction
Global Radiation
recipitation: Wizighing Princlple  HyQuest Solutbons
recipitation Gauge N
b’reclnitah'm: Tipping Bucket HyQwest Solutions
nitaring ofSnow Fall - Distrometer HyQuest Solution
meteorological snowfall — Hail Manitoring HyQuest Solutions
Monitoring of  selsmic3eismic sensors and seismographs 3™ Party ,-" woellel
activities -
Geotechnical and  GeodetigExtensometers 1™ party /| AST

ensors for monitoring  offfiezometers
slide Lake Outburst Aoodjnelinometers

Fn'“!a":h""' La LI'ItrrletEn'E
P H,'ndd:'”' Crack Meters & Joint Meters
[fow, Monitoring of Load-Cells =

iG
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T




=

366

nd Glacial mel, Avalanche,
subsidence, rackfall,
i

debris flow

Pressuse Cells

lacial meft.

Others

F‘Iun&nﬂr\g of Snowme® and|Snow Depth Sensor

SNow Fack Sensor

5o Ternperature Eergsi;
JAir Fow Wireless Sensor

Srow Melt Sensor

3" Party/ SOMMER

3 Party / E+E

Serors & Transmiters (0-50% DC)

Portable OC Volage Measwement Wirsless

[Fortable DC Cuwrent Measurerment Wireless
ersons & Transmitter mcluding dmnmbk.-l

Thenmal Carmmeras & Infrared cameras

3 Party / Fluke

3 Party / Fluke

CLrrent
transformer, a5 applicable (0-300 amp)
ooT 3 Party /' Paessler

3" Party/ Fluke

Professional experts for interpreting
satellite imageries for advance information

n forthcoming situations

3rd Farty
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al M=
bl M=
c} s
d] M5
el hfs
f1 Mys.
gl M/fs.
hj M,
iy Mfs,
il ms
k] M/s.
I} s
i) s
nl M/s.
o] My's.
Pl MSfs,
q M/s.
r] B/s
sh M/,
B Pifs

Intergraph SG&I
Fluent Grid
Everbridgs

I

Cyber Swift
Consol Geatech
CWI5

Blug Dcean
BECHL

AT

Talecon

TCIL

Sterlite
Sotpalda Geospatial Services
Oheroi Thermit
NET

Lotus Wireless
Kisters A
iSenses

CROPC

u) M/S AIMIL
l-':l I'I.II.l"S Wirtual
w M5 Alpha pacific

xf M/SS

hi2i logger

¥} M/s BIFS
Z) M5 Srijon Microsystems

List of probable Vendors for EWS [Suggestive Only)

Appendix-7

2. Preferred Brand Name for Different Hydro meteoralogical Instruments (Suggestive Only)

907

' Autormatic
AGED [Rada
S.No. | AWS (Radar | 1o Loggar AWLR | Imagery based
Based)
GRD
Camabell SEBA
|
1 scientific aTr OTT {Sutron) Campbel Hydrometrie
I GILL Campbell
2 g W
Instriments I Scientific =an
3 aoTT Gealux Data Taker Sammer
| £
Matianal
R Y W oTT
g ead lnstruments
Virtuwal Campbell ! !
5 Hudromet Scientific Einemetrics Feolux
B Vaisala Hyquest optima Siemens
T Microstep Hyquest EIP
Vaisala
& i
l SIEMEens
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