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KARCHAM DAM
Project Identification Code of Dam HP43HH0013

District Kinnaur

This is the First Edition of Emergency Action Plan for KARCHAM DAM prepared in line with the
“CWC Guidelines, 2016 for Developing Emergency Action Plans for Dams”.

Disclaimer

Every effort has been taken to estimate the severity of flooding and inundation areas likely to be affected by KARCHAM
DAM in an emergency condition. These estimates are based on available primary and secondary data. Every effort has
been made to foresee varied emergency possibilities and develop appropriate notification procedures for timely rescue
and relief operations. However, implementation of the Emergency Action Plan (EAP) involves many agencies, who are
required to work in a coordinated manner to reduce the consequences of the emergency triggered by the dam site
condition. Effectiveness of the rescue and relief operations depend on many factors including the adequacy and accuracy
of the estimation of the severity of flooding, coordinated efforts of all the agencies involved in rescue and relief efforts
and availability of facilities like power, telephones, road communications, etc. EAP Developer may therefore, not be held
responsible for the efficacy of the EAP.

For any information, please contact:

Perveen Kumar Puri,

Vice President & Head of Plant,

JSW Hydro Energy Limited (JSW Energy),
Sholtu Colony, P.O Tapri,

Teh. Nichar,

District Kinnaur, H.P.

07186-261254
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PREFACE

For the progress and prosperity of a society, the increased industrialization in planned manner is
necessary. Every work that we do involves some degree of hazard. Exposure to an uncontrolled
hazard over a sufficiently long period of time can give rise to adverse conditions such as ill-health
and industrial accidents. Therefore, in case of the Large Dams the design, construction, operation,
maintenance, and inspection of dams are intended to minimize the risk of dam failures. Despite
adequacies of the safety measures and their implementations, situations may develop sometimes
leading to dam failures — structural or operational. In order to ensure the total protection of the
workers, preventive measures have to be adopted in controlling the hazards and to prevent accidents.
Hence, this EAP (EMERGENCY ACTION PLAN) has been developed for THE KARCHAM
DAM following the Guidelines of Central Water Commission (CWC),2016.

This EAP encourages and facilitates dam safety practices that will help reduce the risk to lives and
property from the consequences of potential dam failures

Disaster Impact

Preparedness Response
Recover
Mitigation y
Prevention

PROCESS FLOW DURING EMERGENCY SITUATION
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NOTIFICATION FLOW CHART

What is a Notification Flowchart?

A Notification Flowchart identifies who is to be notified in case of a dam safety incident, by whom,
and in what order. The information on the flowchart is very critical and it is provided for the timely
notification to those who are responsible for taking emergency actions. For ease of use during an
incident, this EAP includes Notification Flowcharts that clearly present the information listed below. A
set of three notification charts are used depending on the complexity of the hazards associated with the
dam and the potentially affected downstream areas. Notification chart contains following

e Emergency level

e Individuals who will notify JSWHEL representatives and local administration (emergency
management authorities).

e Prioritization of notifications.

e Individuals who will be notified.

The Notification Flowchart includes appropriate contact information such as names, positions,
telephone number. Supplemental contact information is included in the list of table of emergency

contacts and communication.
The Notification Flowchart must be mobilised according to the needs and notification priorities.

The notification flowcharts for the various Emergency Levels are as follows

| EMERGENCY ACTION PLAN — KARCHAM DAM, JSWHEL
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EMERGENCY ACTION PLAN (Rev.03) KARCHAM DAM {Rev.03_25.12.2021)

a) Watch Condition Notification Flowchart
Emergency Level BLUE
{Non-Emergency Unusual event, slowly developing situations)
Name of Project : KARCHAM WANGTOO HEP (1045 MW)

Summary Sheet For - DAM EAP, Emergency Level BLUE Head -Hydro

| Sh. Gyan Bhadra kumar
Mobile: 8894055500

INCHARGE Q&M (DAM)
Er. Narinder Sharma 7
Office: 01786-261695
Mobile: 3894213973

Head of Plant
Sh. Kaushik Maulik
Mobile: 9871399996

[y
Nathpa Dam =»| Head Civil
P SN Limited sh. Pramod Bisht
Mob No: 9816611368 Mobile: 9816743421
Head Tech & Drawing
Police Station Tapri = | Sh. Anil Thakur
sw Phone No:01786-261230 7| Mobile: 7018858810
Emergency =3 Baltrang Police Post Munshi Rakesh
Control Centre Kumar =
9816507000 Mob. No : 8219975390 _ | Head Admin & HR
| Sh. Vikram Singh
| POWER HOUSE CONTROL ROOM P Mobile: 9810102421
i <
L4 ;I-;Ifft ITI;?;’::ZOOM& gad admin
Observer of 166 ; Col Jaswinder Singh (Retd)
event /pre . | DAM CONTROLROOM Mobile: 8815002021 Mobile: 7983904294
warning 4] Shift Incharge Zp
station Office: 01786-261695 Distt. Civil Protection Authority SrManager Securlty
Mobile:9816625750 {Disaster Cell / Fire Station) =5 h g f
v R. Peo (24 Hrs) 01786-222219 St ReyiPuiriia
: Mobile: 9810317053
District
Emergency INCHARGE O&M (Power House)
operation Sh. Ajay Nath ] State DAM Safety Organisation
Centre Mobile: 9810261268 % boE, sHiMLA
1077 Office: 0177-2673553
Mobile: 9418105283
—3

Project Safety Head / Dam Safety Officer
Sh. Nitin Gupta 3 Quick Rescue/ Head Mechanical
Mobile: 9816627425 Reaction Team Sh. Karm Dev
Mobile: 8219097142

v

Fig. : Watch Condition Notification Flowchart
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EMERGENCY ACTION PLAN {Rev.03) KARCHAM DAM {Rev.03_25.12.2021)

b) Potential Failure Notification Flowchart
Emergency Level ORANGE
(Emergency event, potential dam failure situation; rapidly developing) External Alert
Name of Project : KARCHAM WANGTOO HEP (1045 MwW)
Summary Sheet For :- DAM EAP, Emergency Level ORANGE

«l

3| Head -Hydro

Sh. Gyan Bhadra kumar
Mobhile: 8894055500

INCHARGE 0 &M (DAM) |0
Er. Narinder Sharma a @
Office: 01786261695

Mobile: 8894213973
Local Administration and Pradhans 5 | HeadofPlant
(Via Phone SMS and email) Sh. Kaushik Maulik
Mobile: 9871399996
Deputy Commissioner (Kinnaur}
sh. Gopal Chand
Office: 01786222252 .| Head civil
Resi: 01786-222251 “"| sh. Pramod Bisht e
Mobile: 9418022252 Mobile: 9816743421
: 5w Medlical Supdtt
i) Nathpa Dam Head Tech & Drawing P Dr. Suman Dhar
CofREnlCalitty SIVN Limited | sh. Anil Thak Mchilz-3B1E0aA048
9816507000 et man] Tha e
Mob No: 9816611368 Mobile: 7018858818
i i B Head Mechanical
P:Il:e Staflnn Tapri Head Admin & HR o sHi Lacsmives
Observer of Phane No: 01758 261230 P sh. Vikram Singh Mohile: 8219097142
t l Baltrang Police Post Munshi Rakesh Mobile: 9810102421
event/pre DAMECONTROL RGO Kumar 8219975990
warning shift Incharge g
station Office: 01786-261695 State Flood Cantrol Cell / Control Head Admin.
Mobile:98 16625750 Room DMC SHIMLA Cal Jaswinder Singh {Retd)
L 5 Mobile: 7983904294
= Office: 0177-2622204 Heavy Sand and Ready Mix
F W Y 0177-2621154 , 9418020129 3
- T Equipment Gravel| Concrete
1 anager security § I Su I 5 I
District Sh. Ravi Punia oERY BR Y UPRY
Emergency POWER HOUSE CONTROL ROOM | Moabile: 9810817053
operation r

Shift Incharge
e n char tate
Office:01786-200843 Farge §

Mohile:9815002021 DAM Safety Organisation
g .

2 ¥ SHIMLA

Office: 0177-2673553

Centre
1077

Distt. Civil Protection Authority

(Disaster Cell /
Fire Station) R. Peo (24 Hrs)
3" 01786-222219 2| State Weather Service (IMD)

Office: 0177-2626211

INCHARGE O&M (Power House)
sh. AjayNath
Mobile: 9810261268

h 4

Project Safety Head / Dam Safety Officer
Sh. Nitin Gupta o
Maobile: 9816627425

Quick Rescue/Reaction Team

Fig. : Potential Failure Notification Chart
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EMERGENCY ACTION PLAN (Rev.03) KARCHAM DAM

¢) Failure Condition Notification Flowchart
Emergency Level RED
{Emergency event, potential dam failure situation; rapidly developing) External Alert
Name of Project : KARCHAM WANGTOO HEP (1045 MW)
Summary Sheet For :- DAM EAP, Emergency Level RED

| Head -Hydro
Sh. Gyan Bhadra kumar
INCHARGE D&M (DAM) 3 Maobile: 8894055500
Er. Narinder Sharma = B
Office: 01786-261695
Maobile: 8894213973
Local Administration and Prachans .| Head of Plant
(Via Phone SMS and email) 1 sh. Kaushik Maulik
Mobile: 9871399996
Deputy Commissioner {Kinnaur)
Sh. Gopal Chand
— Office: 01786-222252 Head Civil
Resi: 01786-222251 P Sh. Pramaod Bisht S
e Mohile: 9418022252 Mohile: 9816743421

Emergency

=
JSW Energy

(Rev.03_25.12.2021]

Nathpa Dam
SIVN Limited
Moh No: 9816611368

Control Centre
9816507000

Head Tech & Drawing
sh. Anil Thakur
Mohile: 7018858819

Police Station Tapri -
| Phane No:01786-261230 .| Head HR &Admin.
[~

h 4

Observer of

Baltrang Police Post Munshi Rakesh | Shoviiaam sligh

Medical Supcditt
Dr. Suman Dhar
Mobile: 9816054048

Head Mechanical
Sh. Karam Dev
Mobile: 8219097142

l

y

District

=) Sh. Ravi Punia

Emergency POWER HOUSE CONTROL ROOM " “| moabile: 9810317053
operation =N Shift Incharge B
Centre Office: 01786-200443

1077 Mobhile:9815002021 In charge State
P DAM Safety Organisation SHIMLA
Distt. Civil Protection Authority Office: 0177-2673553

{Disaster Cell /
Fire Station) R. Peo (24 Hrs)
b 01786-222219

Mobile: 9418105283

™ State Weather Service (IMD)
#| Office: 01772626211

INCHARGE 0&:M (Power House)

event fpre _| pam conTrRoLROOM Spileye et Mabile: 9810102421
warning station | shift Incharge —>
Office: 01786-261635 State Flood Control Cell / Control _ | Head Admin.
Mohile:9816625750 Room DMC SHIMLA P | Collaswinder Singh (Retd)
Office: 01772622204 Mabile: 7983904294 He
FY ) 0177-2621164, 9418020129 Y
Sr. Manager Security Supply

Sand and Ready Mix
Gravel Concrete
Supply Supply

P sh. Ajay Nath
Mohile: 9810261268

bl Project Safety Head / Dam Safety Officer
Sh. Nitin Gupta
Mohile: 9816627425

F

Quick Rescue/

Fig. : Failure Condition Natification Chart

Reaction Team
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EAP DISTRIBUTION LIST

KARCHAM DAM
PROJECT ID CODE - Dam ID [HP43HH0013]

A copy of EAP has been provided to the people as shown on the EAP Distribution List:

SIL Name, Title Phone Address
No.

1 | Gyan Bhadra Kumar, HOH 8894055500 JSWHEL, Sholtu

2 | Perveen Kumar Puri, HoP 9805009201 -do-

3 | Pramod Kumar Bisht 9816743421 -do-

4 | Anil Kumar Thakur 7018858819 -do-

5 Narinder Sharma, A.G.M, In Charge O&M 8894213973 _do-
Dam

6 | Ajay Nath, A.G.M, Incharge O&M PH 9810261268 -do-

7 | Vikram Singh, D.G.M, Head HR & Admin | 9810102421 -do-

g | Sudhir Kumar, Sr. Manager, Head Safety 9238003935 -do-

9 | Dam Control Room 9816625750 -do-

10 | Emergency Control Centre (ECC) 9816507000 -do-

11 | D.C (Kinnaur) at Reckong Peo 9418022252 DC- Office, Reckong Peo

12 SDM office at, Reckong
SDM, Kalpa at Reckong Peo 9418036271 Peo

13 | SDM, Nichar at Bhabanagar 9459318171 SDM Officer, Bhabanagar
Chief Engineer (Authority), Directorate of .

14 -
Energy (DOE), GoHP 0177-2673353 | Shimla, HLP
State Dam Flood Control Cell (Ctrl Room Shimla. H.P

15 DMC), GoHP 0177-2622204 )

16 ) ) Sholding, District Kinnaur,
Executive Engineer, HPPWD, GoHP 01786-263303 | g p

17 o Rampur, District Shimla,
SE, HPPWD, NH Division, GoHP 01782-233044 | gp
Regional Chief Engineer, CWC, MOWR, Indus Basin Organisation,

18 | Gor 0172-2741766 Chandigarh

19 | HOP NJHPS, SJVN Limited Jhakri 01782-275052 | Jhakri, Distt. Shimla, H.P

Karcham Dam
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PROJECT ID CODE - Dam ID [HP43HH0013]
LOG SHEET OF CHANGES

The following changes have been made to the EAP and revisions have been provided to the people
shown on the EAP Distribution List:

DATE CHANGES MADE SIGNATURE

18-04-2017 | Revised according to CWC Guidelines, 2016

25-02-2020 | Revised according to CWC Guidelines, 2016 (Rev-01)
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KARCHAM DAM
PROJECT ID CODE - Dam ID [HP43HH0013]
APPROVAL AND IMPLEMENTATION

This Emergency Action Plan is hereby approved. This plan is effective immediately and supersedes
all previous editions.

Perveen Kumar Puri Date:
Vice President & Head of Plant
(JSW Hydro Energy Limited)

Note-Controlled circulation. All rights reserved. No part of this document shall
be reproduced or transmitted in any form or by any means without permission.
Any queries in this regard should be addressed to the Approving Authority.

Copy No:

I have received a copy of this Emergency Action Plan (EAP) and concur with the
notification procedures.

Signature

Name and title of person(s) in-charge of Emergency Response Date

| EMERGENCY ACTION PLAN — KARCHAM DAM, JSWHEL
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Emergency Action Plan
KARCHAM DAM
PROJECT ID CODE - Dam ID [HP43HH0013]

CHAPTER 1

PURPOSE

The purpose of this Emergency Action Plan (EAP) is

1. To identify emergency situations that could threaten the KARCHAM DAM.

2. To plan for an expedited & effective response to prevent failure of the dam and warn
downstream residents of impending danger.

3. To define the notification procedures to be followed in the event of a potentially hazardous
situation.

4. Intended to protect lives and prevent damage from an excessive release of water from the
dam spillways or an uncontrolled outflow of water from the breached portion of dam.

EAP outlines “who does what, where, when and how” in an emergency situation or unusual
occurrence affecting the dams.

| EMERGENCY ACTION PLAN — KARCHAM DAM, JSWHEL _
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CHAPTER -2
DAM DESCRIPTION

2.1 General
Brief Description of Project

Karcham Dam and Reservoir are owned and operated by JSW Hydro Energy Ltd (JSWHEL), a unit of
JSW Energy Ltd. It is located on river Satluj in District Kinnaur, HP. Satluj river originates from
Mansarovar Lake in Tibet, traverses a distance of about 350 kms before entering Indian territory @
Shipkila. Subsequently it travels a further distance of about 75 kms upto Karcham Dam. The Dam was
completed in the year 2010 and was constructed as part of Karcham-Wangtoo Hydroelectric Project
(1000 MW), the largest Hydro Power Project in the Private Sector in India. The reservoir was
constructed to create storage for generation of hydro-electricity using the head available between
Karcham Dam and Wangtoo Powerhouse location.

A vicinity map showing the location of the dam is mentioned in Table-1. Inundation maps showing
the areas subject to flooding as a result of dam failure are provided in Table-2. The inundation area is
described in further details in the Dam Breach Sensitivity Analysis (Enclosed as Annexure-I). Lastly,
a description of dam, its spillways and other features are outlined in the Dam Description in Table-3.

2.2 Reservoir Operations

Reservoir operation manual is as given in Annexure-II.

| EMERGENCY ACTION PLAN — KARCHAM DAM, JSWHEL _
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CHAPTER -3

RESPONSIBILTIES

3.1 Dam Owner’s Responsibilities

The dam owner JSW Hydro Energy Limited (JSWHEL) is responsible for all dam operation and
maintenance.

Assistant General Manager-In charge Karcham Dam is the first line of dam observers and is the
person responsible for initiating implementation of the EAP.

Assistant General Manager- In-charge Karcham Dam is responsible for collecting weather forecasts
and the inflow forecasts and alerting of any potential emergency situation.

Assistant General Manager- In-charge Karcham Dam is responsible for conducting routine dam
maintenance, such as annual weed control, conducting dam integrity inspections, and notifying
Head of Hydro (HoH) (JSW Hydro Energy Limited) and Head of Plant (HoP) of any potential
emergency situations.

Assistant General Manager- In-charge Karcham Dam is responsible for contacting emergency
personnel should a dam failure be imminent.

Assistant General Manager- In-charge Karcham Dam is responsible for updating the EAP with
approval from HoP and HOH. An annual EAP review will be conducted to ensure that contact
names and numbers are current on the Notification Flowcharts.

Assistant General Manager- In-charge Karcham Dam is responsible for directing specific, incident
appropriate actions during an emergency, such as opening or closing water outlets and remedial
construction activities such as earthmoving etc.

3.2. Responsibilities for Notification

Assistant General Manager- In-charge Karcham Dam is responsible for inspecting the dam in a
potential emergency such as the potential threat of high waters or a tropical cyclone. He will contact
the District Magistrate/Collector, Local Police, affected Gram Panchayats, STVN Limited and other

administrational Officials.

If warranted, Assistant General Manager- In-charge Karcham Dam will notify the State and District
Disaster Management Authorities as per emergency situation and respective Notification Flowchart.

District Administration or Local Police will notify downstream residents.

| EMERGENCY ACTION PLAN — KARCHAM DAM, JSWHEL
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3.3. Emergency Operation Centre

In the event of a failure condition, Head of Plant (HoP) will activate the Emergency Operation
Centre to serve as the main distribution centre for warning and Evacuation activities with Head
Safety (Dam Safety Officer).

The Emergency Operations Centre will be established at Sholtu. HoP will be responsible for
initiating actions from this location in coordination with Emergency/ Disaster Management Team.

3.4. Responsibilities for Evacuation

The Kinnaur District Disaster Management Authority or Kinnaur district Police are responsible for
initiating evacuations.

3.5. Responsibilities for Duration, Security, Termination, and Follow-up

1. Assistant General Manager- In-charge Karcham Dam is responsible for monitoring of
emergency situations and keeping local authorities and downstream Project authorities and
habitat informed, based on the Notification Flowcharts.

2. Assistant General Manager- In-charge Karcham Dam and District Magistrate/ Collector are
responsible for declaring that an emergency is terminated. Applicable authorities will be
notified based on the Notification Flowcharts.

3. HoP (JSWHEL) will ensure that a follow-up evaluation is completed by all participants after
the emergency. The results of the evaluation should be documented in a written report and
filed with the EAP.

3.6 Communications

Local officials and downstream residents will be notified by JSWHEL through by landline
telephone/ cell phones. Any other type of communication like SMS, email alerts and Public
Announcements through P.A System shall be add-on only.

The various networks for emergency use include the networks of the following:

e District Magistrate - (Chairman, DDMA)
Superintending of Police

Superintending Engineer (PWD)

Superintending Engineer (I&PH)

Superintending Engineer (MPP & Power)

Chairperson of Zila- Parishad

In charge-Nathpa Dam

The sample public announcements appear in, Table 4.

Verification or authentication of the situation can be made by contacting Assistant General
Manager- In-charge Karcham Dam and Kinnaur District disaster management officials.

| EMERGENCY ACTION PLAN — KARCHAM DAM, JSWHEL
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Television, Radio and bulk SMS facilities of the local mobile network operators shall be
used as much as possible to notify area residents of the possible dangers.

Public announcements are to be issued by Kinnaur district disaster management officials
or the Administration wing of JSWHEL.

At JSWHEL, Patrolling Team visit different Locations initiating alarm by blowing up Sirens-
Team A --- Kilba to Choling via Karcham
Team B --- Sholtu to Choling and Sholtu to Adit-4
Team C--- Kaksthal to Adit 4 and Kaksthal to Outfall TRT

The Sirens are installed at:

1. Karcham Dam s 0 KM
2. Kilba Camp e 4 KM
3. SHhOltU e 9 KM
4. Kaksthal e 18 KM

| EMERGENCY ACTION PLAN - KARCHAM DAM, JSWHEL
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CHAPTER-4

EMERGENCY DETECTION, EVALUATION AND CLASSIFICATION

4.1 Emergency Detection

A. Situations

Many dam conditions can lead to emergency situations, not all of which will necessitate the
Implementation of the EAP. However, if any of them occur, the appropriate actions must be taken.

Severe Storms/Inclement Weather: Although generally not in themselves a threat to the
dam, severe storms and other inclement weather conditions can contribute to an existing
problem and hinder any remediation efforts. Severe storms also cause the uncontrolled
release of floodwater, and increase flow in already rain-swollen areas.

Tropical cyclones: Tropical cyclones do occur in the area, with the potential for structural
damage to the dam, possibly resulting in its failure. If a tropical cyclone has struck in the
area, an inspection of the dam for any signs of damage will be appropriate.

Earthquakes: Karcham Dam is located in the seismic zone IV. An earthquake is a
possibility, and appropriate post-earthquake inspections should be performed.

Sabotage: In case a threat to damage the dam has been made, appropriate actions must be
taken to protect the dam.

B. Signs of Failure

Assistant General Manager- In-charge Karcham Dam is responsible for conducting routine
inspections and identifying conditions that could indicate the onset of problems leading to a dam
failure. The early identification of potentially dangerous conditions can allow time for the
implementation of EAPs. It is important to understand how distress can develop into failure. With
appropriate action, distress need not lead to a catastrophic failure of the dam. The following sections
describe some of the different types of failure which could lead to a dam failure.

Seepage Failure: Although all earthen embankments allow some minor seepage through the
dam or the foundation, excessive, uncontrolled seepage can result in piping (the movement
of embankment material in the seepage flow) and lead to failure. Piping can occur for years
at a slow rate. If the piping has progressed to a dangerous level, it will be evident by
increased flow or the discharge of muddy water (or both). At that stage, immediate action to
stop the piping is needed. Fully developed piping is difficult to control and is very likely to
result in failure. A whirlpool in the reservoir is a sign of uncontrollable piping and
necessitates immediate emergency action.

Embankment or Foundation Sliding: Sliding is usually first apparent when cracks or bulges
in the embankment appear. Slides with progressive movement can cause failure of the
embankment.

Structural Failure: The structural failure or collapse of any non-overflow portion of the dam,
spillway or spillway gates could result in loss of the reservoir. A structural failure of a
portion of the spillway could cause piping and possibly embankment failure.

Overtopping Failure: Overtopping of the embankment results in erosion of the dam crest.
Once erosion begins, it is very difficult to stop.

| EMERGENCY ACTION PLAN — KARCHAM DAM, JSWHEL
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4.2. Emergency Evaluation and Classification

This section lists the conditions and actions which may be used to classify the level of emergency
response, as a guide for Assistant General Manager- In-charge Karcham Dam. Specific dam
observations and corresponding emergency classification levels can be found in the evidence of
distress in Table S.

Internal Alert Condition BLUE — A “watch” condition. A problem has been detected at the dam
that requires constant monitoring. At this time, the distress condition is manageable by dam
personnel. The Assistant General Manager- In-charge Karcham Dam will be responsible for
monitoring and repair as soon as possible and implementing the appropriate Notification Flowchart.
The following is a list of conditions that would initiate this condition:

e Cloudy or dirty seepage or seepage with an increase in flow, boils, piping, or bogs

e Seepage around conduits

e Large sinkholes with corresponding seepage anywhere on the embankment or downstream
from the toe

e Any slide that degrades the crest of the embankment or that is progressively increasing in
size

e Cracking or movement of any concrete structure

e Anincrease in the reservoir level leading to engagement of the emergency spillway

e Exceptionally heavy rainfall in the catchment of the dam reservoir

External Alert Condition — This is indicative of a dam condition that is progressively
getting worse; and there is a high probability of dam failure. Although there is no immediate danger,
the dam could fail if conditions continue to deteriorate. Assistant General Manager- In-charge
Karcham Dam will be responsible for initiating immediate repairs, including lowering the reservoir
if appropriate and implementing the appropriate Notification Flowchart. The following is a list of
conditions that would initiate this condition:

e Large boils, increasing in size and flow rate, especially if there is flowing muddy water

e Significantly increasing seepage, especially flowing muddy water

e Slides involving a large mass of material that impairs the crest of the dam and is continuing
to move

e Sinkholes with seepage flowing muddy water

e Large cracks, movement or failure of a portion of any major concrete structure that forms an
integral part of the dam

e An increase in the reservoir level to near the top of the dam

e Overtopping of a dam that is not designed for overtopping

e Near to ‘Design Flood’ inflow forecast
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External Alert Conditions RED — These are “failure” conditions. Either the dam is in immediate
danger of failing or has already failed. No time remains to implement measures to prevent failure.
Evacuate immediately. Evacuation efforts will continue until the situation is stabilized.

Assistant General Manager- In-charge Karcham Dam is responsible for implementing the
appropriate Notification Flowchart.

The following is a list of conditions that would initiate “imminent dam failure” or “dam failure”
conditions:

e Rapidly increasing boils or the presence of new, significantly flowing boils, particularly
muddy ones near previously identified ones

e Rapidly increasing seepage, especially flowing muddy water

e Slides involving a large mass of material or which have degraded the crest of the
embankment

e to a level that approaches the water surface level, or if significant seepage is observed
through the slide area

e Settlement that is predicted to degrade to the reservoir level

e Cracks that extend to the reservoir level

e Significant movement or failure of any structure that forms an integral part of the dam

e Overtopping of an earthen dam

e Uncontrollable release of the reservoir
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DETERMINING THE LEVEL OF EMERGENCY

Level
Earth
spillway flow

Embankment
overtopping

Embankment
Cracking

Embankment
Movement

Earthquake

Security
Threat

Sabotage /
Vandalism
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4.3. Previously Known Problems

No such problems observed in the past.

Step 1
Event Detection

Figure 1

Detect Event

v

=
JSW Energy

Assess situation & Determine emergency level

Step 2 ( v

v v
Emergency Level 1 Level 2 Level 3
Level BLUE ORANGE RED

Determination
Unusual Event

Slowly Developing &

under Control

Potential Dam Failure
Situation;

Rapidly Developing

(Failure Condition
Notification)
Urgent; Dam Failure is

Imminent or in progress

\
e \ 4 \ 4 A
Step 3 (Watch (Potential (Failure Condition
Notification Condition Failure Notification)
énd . ] Notification) Notification) NOTIFY TO LEVEL 3
ommunication NOTIFY TO NOTIFY TO
LIST PEOPLE
LEVEL 1 LIST LEVEL 2 LIST
] ' '
Step 4 Monitor & Save Dam & Life Save Life
Expected
p. Save Dam Protective Actions and Evacuate
Actions
Evacuation Plan

l

|

Step 5
Termination & Follow-up

Termination and Follow-up

Five Step Response process of EAP, Detection to Termination Activities

Figure 2
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CHAPTER-5

PREPAREDNESS

Preparedness actions are to be taken both before and following the development of emergency
conditions and should identify ways of preparing for an emergency, increasing response readiness in
a uniform and coordinated manner, and helping to reduce the effects of a dam failure.

The following are some steps that could prevent or delay failure after an emergency is first
discovered.

Surveillance: Assistant General Manager- In-charge Karcham Dam will monitor the dam during
emergency situations such as a severe storm event.

Response on forecast of excessive inflow: Assistant General Manager- In-charge Karcham Dam
will respond to situation of excessive inflow forecast by way of controlled spillway releases after
ascertaining the reliability of the forecast.

Response during weekends and holidays: Assistant General Manager- In-charge Karcham Dam
will be available for emergency response during weekends and holidays and can be present at the
dam site within [30 minutes maximum] of detection of an emergency condition.

Response during periods of darkness and adverse weather: Assistant General Manager- In-
charge Karcham Dam will arrange for access to generators and lights to adequately monitor the
situation. Assistant General Manager- In-charge Karcham Dam will be able to access the site during
adverse weather conditions on foot.

Access to the site: Alternate access routes should be planned in the event of an emergency at the
dam.
Access from both right and left banks to Karcham Dam is available.

Preventive measures can be taken in an emergency to prevent the catastrophic failure of the dam,
but such repairs should be undertaken with extreme caution. The repairs are only temporary, and a
permanent repair should be designed by an engineer as soon as possible.

The following actions should only be undertaken under the direction of a professional engineer or
contractor. In all cases, the appropriate Notification Flowchart must be implemented and the
personnel of the SDSO at DOE Shimla must be notified.

Consider the following preparedness actions if the dam’s integrity is threatened by:

Seepage Failure

e Plug the flow with whatever material is available (hay, bentonite, or plastic) if the entrance
is in the reservoir.
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e Lower the water level in the reservoir by using the low flow outlet and pumping if
necessary, until the flow decreases to a non-erosive velocity or until it stops. Place an
inverted filter (a protective layer of sand and gravel) on the exit area to hold the material in
place.

e Continue operating at a lower level until a repair is made.

Embankment or Foundation Sliding

e Lower the water level in the reservoir by using the low flow outlet and pumping if necessary
at a rate and to an elevation considered safe, given the slide condition.

e Stabilize the slide, if on the downstream slope, by weighting the toe area below the slide
with soil, rock, or gravel.

e Continue operating at a lower level until a repair is made.

Structural Failure

e Implement temporary measures to protect the damaged structure, such as placing rock riprap
in the damaged area.

e Lower the water level to a safe elevation through the low flow outlet and by pumping if
necessary.
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CHAPTER 6

SUPPLIES AND RESOURCES

6.1. Contracts

Should JSWHEL personnel and resources prove to be inadequate during an emergency, requests
will be made for assistance from other local jurisdictions, other agencies, and industry, as needed.
Such assistance may include equipment, supplies, or personnel. All agreements will be entered into
by authorized officials and should be in writing whenever possible. HoP / Assistant General
Manager- In-charge Karcham Dam shall have the authority to enter into agreements as deemed
necessary to prevent the failure of the dam.

6.2. Equipment and Supplies

Equipment that is available for use and local contractors that can be contacted to provide equipment
during an emergency event are listed in Table 6.

6.3. Reports
Technical Data

Pre-monsoon and post-monsoon inspections of the dam will be made to evaluate its structural
safety, stability, and operational adequacy.

In the event of an abnormal occurrence, reference to these reports, particularly the photographs, can
be beneficial in the evaluation of a potential problem.

Technical records such as drawings and inspection reports should be stored and carefully
maintained at the JSWHEL Site offices.

Alternate personnel will be familiar with the location of the documents in the event of an emergency
situation.

Emergency Operations Centre Activity Log
Any unusual or emergency condition should be documented, including the following:

e Activation or deactivation of emergency facilities

e Emergency notifications to other local governments and to state and central government
agencies

e Significant changes in the emergency

e Major commitments of resources or requests for additional resources from external sources

e Telephone calls should be recorded in chronological order

e Issuance of protective action recommendations to the public

e Evacuations

e Casualties

e Termination of the incident
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Costs of the Emergency Operations Centre

For major emergencies, the emergency operations centre will maintain detailed records of costs
expended. These records may be used to recover costs from the responsible party or insurers, or as a
basis for requesting financial assistance for certain allowable response and recovery costs from the
state or central government.

Documented costs should include:

e Personnel costs, especially overtime

e Equipment operation

e Equipment leasing and rental

e Contract services to support emergency operations

e Specialized supplies expended in emergency operations
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CHAPTER 7

INUNDATION AREA

The inundation map illustrates the areas subject to flooding from a failure of the dam and can be
found in Table-2. The map was prepared using the results of the Dam Breach Analysis.

After examining the results of the Karcham Dam Breach Analysis, it has been determined that no
village will get submerged even in case of extreme flood of 11467 cumecs (against PMF of 6744
cumecs) in the event of any dam break/dam breach. Only a portion of the road near Sholtu gets
submerged with about 1m to 1.6 m depth of water for a short period.

The breach analysis contains profiles of the peak flood levels expected, as well as an estimation of
the time from the beginning of the breach to the peak flood elevations. A comparison of the areas
that are likely to be flooded with the plots showing the times from the start of the breach to the
flooding shows the areas of evacuation and the time constraints involved. Figures in the breach
analysis includes information on the estimated impact of flooding on the bridges along the Satluj
river.

7.1. Local Evacuation Plan

If imminent failure of the dam with uncontrolled downstream flooding is anticipated, local disaster
management and law enforcement personnel should notify those downstream, for evacuation in the
most expedient manner possible. The organizations and personnel on the Notification Flowchart
should be contacted immediately. Local law enforcement officials, along with local mobile network
operators, radio and television stations can best spread the notice for evacuation.

The immediate impact will be to areas along Satluj river downstream of the dam. For sunny-day and
design flood breaches, the following actions should be taken:

e Barricading all bridges that could possibly be flooded to prevent access to the affected area.
These bridges include the Satluj crossings of NH-5.

See the Inundation Map in Table-2 to determine appropriate barricade locations.

e The District Disaster Management office can assist with the notification of all persons and
agencies involved, with the possibility of additional support—including contacting others
not accessible by radio or telephone.

e District officials are generally familiar with developed areas in their jurisdiction. Such
knowledge, coupled with the requirements of state law that they respond to disasters, make
them the logical officials to be notified and to spread the warning message to all areas
subject to flooding.
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CHAPTER 8

IMPLEMENTATION
8.1. Development

The draft EAP is being sent to the SDSO (DOE, GoHP) for review and their comments shall be
incorporated into this document, a copy of which is currently on file with the SDSO.

The EAP was approved by SDSO vide their letter dated 01/04/17.

8.2. Updating

Copies of the EAP shall be provided to the appropriate persons and the EAP shall be approved and
signed by the owner and the person(s) in charge of emergency response, as shown on the
Distribution List and Approval and Implementation sheets at the front of the report. This plan will
be reviewed and updated annually by JSWHEL and personnel from local disaster management
agencies in conjunction with Assistant General Manager- In-charge Karcham Dam ’s annual
maintenance inspection of the dam. Assistant General Manager- In-charge Karcham Dam will
review and complete all items on the Annual EAP Evaluation Checklist in Table-7. After the annual
update is complete, a new Approval and Implementation sheet will be attached and the annual
update will be documented on the Plan Review and Update sheet in Table- 8.

If revisions to the EAP are made as a result of the annual update, such changes will be recorded on
the Log Sheet of Changes form at the front of the report. A copy of the updated portions of the EAP
will be sent to the SDSO and all other concerned as per the EAP Distribution List. If the EAP was
reviewed and revisions were not required, JSWHEL will submit written notification to all concerned
that no updates to the EAP have been adopted or implemented.

8.3. Testing

A table top drill will be conducted at least once every five years. The table top drill involves a
meeting of Assistant General Manager- In-charge Karcham Dam with local and state disaster
management officials in a conference room. The drill begins with a description of a simulated event
and proceeds with discussions by the participants to evaluate the EAP and response procedures, and
to resolve concerns regarding coordination and responsibilities. Any problems identified during a
drill should be included in revisions to the EAP. Records of training and drills will be maintained in
Table-9.

8.4. Training
All people involved in the EAP will be trained to ensure that they are thoroughly familiar with its
elements, the availability of equipment, and their responsibilities and duties under the plan.

Personnel will be trained in problem detection, evaluation, and appropriate corrective measures.

This training is essential for proper evaluation of developing situations at all levels of responsibility.
Training records will be maintained in Table-9.
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Table- 1
Vicinity Map
-
Vicinity Map Karcham Diam, KWHEP {1000MW) Purbani
5
Ribba
Nathpa
Panwa
Sungra Goli
Nichar Puje 5 Telangi
Rarang
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Wangtu |
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5
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Barang
Karcham 7
Karcham s
Dam
Shaung
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Table-2
Inundation Map
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Table- 3
DAM DESCRIPTION
SALIENT FEATURES
LOCATION
State Himachal Pradesh
District : Kinnaur
River : Satlyj
Vicinity : Approx. 200km. from Shimla
Latitude : (31°30°00.26” N)
Longitude : (78°10°39.54”E)
PROJECT CODE OR DAM ID : HP43HHO0013
HYDROLOGY
Catchment area at Dam site : 48755 Sq Km
Snow Catchment : 38760 Sq Km
Design Flood : PMF : 5660 cumecs
RIVER DIVERSION WORK
Diversion Tunnel : +10.15m dia
Length : 541 m
COFFER DAM
Type : Rock fill with Concrete wall
Upstream : 16.50m high
Down Stream : 6.5m high
Cut off for Coffer Dam : Jet grouted columns
DIVERSION DAM
Type : Concrete gravity
Top of Dam : EL 1813m
No. of Blocks : 10
HT from foundation level : 88m
Total length at top : 182.50m
Minimum foundation level : EL 1725m
Maximum Pond level : EL 1810 m
Live Storage capacity : 544.97 Hectare metre.
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MAIN SPILL WAY
No. of bays

Size of each gate

Crest elevation

Type of gates

Discharge capacity of sluices

Maximum flood level
AUXILARY SPILL WAY
No. of bays

Crest elevation
Size of gate

Type of gate
INTAKE

No. of bays

Size of bay

Sill level

Discharge through each bay
Size of each gate

SEDIMENTATION CHAMBERS

No. of chambers
Design discharge
Size of each chamber

Flushing Discharge of each chamber
Size of Gate Operating Gallery

FLUSHING TUNNEL
Size
Length

Invert level at outfall
Size of Gate Operating Gallery

=
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4

10m(W) x 10.5m(H)

EL 1778 m

Radial Gates (top sealing)
7400 cumecs.

EL 1810 m.

1
EL 1807 m
6m x 6m

Fixed wheel gate

4

16m (W) x 17.50m(H)
EL 1793 m

126 cumecs

7.5m (W) x 4.0m(H)

4

126 cumecs

424m(L) x 18m(W) x 32.50m(H) &
70m long U/S and D/S transitions
20.75 cumecs

217m(L) x 7.5m(W) x 9m(H)

Sm(W) x 7.3m(H)

5.232 Km

EL 1741.50 m

210m(L) x 7.5m(W) x 8.00m((H)
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HEAD RACE TUNNEL
Size and type

Length

Design discharge
Velocity

Slope

No. of Adits

SURGE SHAFT
Type

Dia

Bottom Elevation
Top Elevation

Maximum Up surge

PRESSURE SHAFTS

No. and type
Dia meter

Length

Steel of liners

VALVE CHAMBER

Size

Type of valve
Dia of Valve
EOT Crane

POWER HOUSE
Size of Cavern

No. of units

Gross Head

Net Head

=
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10.48m dia circular
16.925 Km

421 cumecs

4.88 m/sec

0.210

7, 7.50m D-Shaped and 3124m in length

Restricted Orifice
16m/27m

EL 1713.24m

EL 1860m

EL 1850.01m

4, steel lined

S5m

[ &IV :695m
II&II:657m

ASTM - 517, Grade -F

104m(L) x 10m(W) x 19.075m(H)
Butterfly Valve

4.60m

1x80/10 T

188 m(L) x 22m(W) x 52.50m(H)
4, 250MW each

293.00

269m
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TRANSFORMER HALL
Size of Cavern : 162m(L) x 16.00m(W) x 22.60m(H)
D/S SURGE CHAMBER

Size of Chamber : 220m(L) x 12.50m(W) x 13.50m(H)
Maximum Surge Level : 1528.54m
Minimum Surge Level : 1502.69m

DT GATE OPERATING GALLERY

Size of Gallery : 107m(L) x 7.5m(W) x 10.60m(H)
TAIL RACE TUNNEL

Size and type : 10.48m dia circular
Length : 1270m
Invert level of out fall : 1502.50m
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Table-4
Sample Public Announcements

Communication Messace (English & Hindi
“This is , Dam Owner, KARCHAM DAM (JSW ENERGY LTD.) delivering to
notify you all, that we have an emergency condition at KARCHAM DAM in the
Kinnaur District of Himachal Pradesh, located at Km
(east/west/morth/south) of

We have activated the Emergency Action Plan (EAP)for this dam and are
currently under the Emergency Level 2situation that could result in the dam
failure.

We are implementing the pre-determined actionsto respondto rapidly developing
condition which could also lead to failure of the dam.

(So, you are requested to please prepare for the evacuation of the low lying
downstream portions along )

Please refer the evacuation map (Annexure-XX) in vour copy of EAP. We will be
advising you regularly as the condition is resolved or if it gets worse.”

L (ﬁoﬁuﬂoﬁﬁﬁﬁ}é? HBH A9 FT
e, A9 wEe giva w1 & e Rae v ¥ fer k... .4,
(ErfRmsTvERm) .............Raw oveen i § T aSTaeEty Rafy §
gl

T A AYTAHTET FeaTE IoMT (EAP) g & Pro gy st el i ew
FAHT ¥ ATaEE R ®-2 ) § e gy aig & fEeear € g
qFdl 2

It & RAefha g areh el e sru 3w Rew & a5 & 37 s
widare g fRgia Rl arps @ § |

@, o ¥ T JgQY g &, FUAT g @ ogwaw e &= # fuw
............... @ Wrelt A B AT B )

Faar s+t EAP it yfafeaf # Rerft swfRer (Annexure-XX) 3& | g7 amust
faft & T ik famre o1 feew e sy 2@ =@
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Table-5

Evidence of Distress
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General Specific Emergency | Emergency action Equipment, | Data to
Observation | observation condition material and | record
level Supplies
Small boils, Closely check all of | None Site and
no increase of downstream toe, location,
water flow, especially in the approximate
flowing clear vicinity of boil for flow
water. BLUE additiongl boils, wet
spots, sinkholes, or
seepage. Closely
monitor entire area
for changes or flow
rate increases.
Large or Initiate 24-hour Sandbags, Site and
additional surveillance. Monitor | filter cloth location,
boils near as described above. approximate
previously Construct sandbag flow
identified ring dikes around
ones, without boils, to cover them
increasing BLUE with water to retard
flow rate, but the movement of soil
carrying small particles. Filter cloth
. amount of soil may be used to retard
Boils . 4
particles. soil movement, but
do not retard the flow
of water.
Large or Continue 24-hour | Sandbags, Site and
additional surveillance. pump location,
boils near Continue monitoring approximate
previously and remedial action flow
identified as described above.
ones, in- Initiate emergency
creasing flow lowering of the reser-
rate, carrying voir. Issue a warning
soil particles. to downstream
residents.
Rapidly Downstream Dozer, Site and
increasing size evacuation. Employ | shovels, location,
of boils and all available equip- | source of earth | approximate
flow RED ment to attempt to | fill flow
increasing and construct a large ring
muddy water. dike around the boil
area.
Minor seepage Closely check entire | Wooden Site, location,
of clear water embankment for stakes, approximate
BLUE )
at toe, on other seepage areas. | flagging flow
slope of em- Use wooden stakes
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bankment, or or flagging to
at the delineate seepage
Seepage abutments. area. Try to channel
and measure flow.
Look for upstream
whirlpools.
Additional Initiate 24-hour Dozer, shovels | Site, location,
seepage areas surveillance. Monitor approximate
observed as described above. flow
flowing clear Construct measuring
water and /or BLUE weir and channel all
increasing seepage through
Seepage flow rate. weir. Attempt to
determine source of
seepage.
Seriously or Continue 24-hour Dozer, Site location,
rapidly monitoring and shovels, approximate
increasing remedial action as | source of fill flow
seepage, described above. material
under- Initiate emergency
seepage, or lowering of the
drain flow. reservoir. Construct a
large ring dike
around the seepage
area.
Additional Downstream Dozer, Site location,
seepage areas evacuation. Employ | shovels, approximate
with rapid in- all available equip- | source of fill flow
crease in flow RED ment to attempt to | material
and muddy construct a large ring
water. dike around the
seepage area.
Slides or Skin slide or Examine rest of Stakes, tape Distance
severe slough on embankment for measure between stakes
erosion slope of em- other slides. Place
bankment. No stakes in slide
further BLUE mat'erial and adj'a(.:ent
movement of to it for determining
slide and if further movement
embankment is taking place.
crest not de-
graded.
Slide or Initiate 24-hour Dozer, Distance
erosion in- surveillance. shovels, between stakes
volving large Mobilize all sources of fill
mass of available resources | material,
) BLUE .
material, crest and equipment for | sandbags
of repair operations to
embankment increase freeboard
is degraded, and to protect the
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no movement exposed
or very slow embankment mate-
continuing rial. Start filling
movement. sandbags and

stockpile near slide

area.

Slide or Continue monitoring | Dozer, Distance
erosion in- and remedial actions | shovels, between stakes
volving large as described above. | source of fill
mass of Place additional material, pump

material, crest
of

material at the toe of
the slope to stop the

anywhere on
the
embankment
or downstream
from the toe.

increase the
freeboard on the dam
if necessary.

embankment slide.

is degraded,

progressively

increasing in

size.

Slide or Downstream Dozer, Distance
erosion in- evacuation. Utilize | shovels, between stakes
volving large all available equip- | sandbags,

mass of ment and personnel | pump

material, crest to sandbag the

of degraded slide area

embankment to prevent it from

) RED .

is severely overtopping.

degraded;

movement of

slide is

continuing and

may reach

pool level.

Sinkholes Carefully walk the Stakes, Size, location
anywhere on entire embankment | flagging

the and downstream area

embgnkment BLUE ' l'ooking. for

or within 150 additional sinkholes,

metres movement, or

downstream seepage.

from the toe.

Sinkholes Large Continue monitoring | Sandbags, Size, location
sinkholes with and remedial action | dozer, pump
corresponding as described above.
seepage Utilize sandbags to
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g seepage is
flowing mud-
dy water or
increasing
flow.

Sinkholes Downstream Dozer, Size, location
rapidly getting evacuation. Utilize | shovels, pump
worse, seep- all available equip-
age flowing RED ment and personnel
muddy water to attempt to
and increasing construct a large ring
flow. dike around the area.
Obvious Look for bulges on None Size, location
settlement of slope or changes in
the crest of crest alignment.
the
embankment, BLUE
especially
adjacent to
concrete
structures.
Settlement of Initiate 24-hour Sandbags, Size, location
crest of surveillance. dozer, shovels,
embankment Mobilize all available | source of fill
that is resources for repair material
progressing, operations to increase
especially freeboard. Fill and
adjacent to BLUE stockpile sandbags.
concrete Identify any boils
structures or near settlement points
Settlement if any corre- for flowing mgterial
sponding and pursue action for
seepage is boils.
present.
Settlement of Continue monitoring | Sandbags, Size, location
crest of and remedial actions | shovels, dozer,
embankment as described above. source of fill
that is rapidly Use sandbags to in- material
progressing crease the freeboard
especially on the dam if
adjacent to necessary.
concrete
structures or
if any
correspondin
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Progressing Downstream Dozer, shovels, | Size, location
settlement evacuation. Utilize all | source of fill
that is ex- available equipment | material ,
pected to and personnel to sandbags
degrade the build up the crest in
embankment RED the area that is
to reservoir settling. Identify any
level. boils near settlement
points for flowing
material and pursue
action for boils.
Cracks in the Walk on entire crest Stakes, tape Size, location
embankment and slope and check | measure
crest or on BLUE for additional
slopes. cracking.
Numerous Initiate 24-hour Stakes, tape Size, location
cracks in surveillance. measure, dozer,
crest that are Carefully monitor shovels, source
enlarging, and measure cracking | of fill material
especially to determine the
that speed and extent of
perpendicular the problem.
to the BLUE 1 Viobilize to fill
centreline of cracks. Cracks
the dam. parallel to the
centerline indicate a
Cracking slide. Follow
remedial action for
slides.
Large cracks Continue monitoring | Dozer, shovels, | Size, location
in the crest and remedial action source of fill
that is rapidly as described above. material
enlarging,
especially
that
perpendicular
to the
centerline of
the dam.
Cracking that Downstream Dozer, shovels, | Size, location
extends to evacuation. Continue | source of fill
pool eleva- RED remedial actions as material
tion. described above.
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Minor Immediately install Crack Size, location
cracking measuring device to | Monitors,
and/or BLUE monitor movement. stakes, tape
movement. measure
Significant Initiate 24-hour Burlap, rock, Size, location,
cracking and surveillance. Lower dozer, shovels | flow rate
/or burlap on upstream
movement. face of crack to
fl fsoil
BLUE redu_ce ow of soi
. particles. Dump large
Cracking
or rock on downstream
of moving concrete
movement .
structure monolith to
of concrete .
resist the movement.
structure
Prepare for
Serious evacuation. Continue | Dozer, rock, Size, move-
cracking and monitoring and reme- | burlap, crack ment, flow
/or dial action as monitors rate
movement described above.
Downstream
Major evacuation. Dam Dozer, shovels, | Size, location
cracking and failure is imminent. rock flow rate
RED . ..
/or Continue monitoring
movement andremedial actions
as described above.
Downstream
Whirlpool in evacuation. Attempt Dozer, fill Size, location,
the lake in to plug the entrance material, flow rate
the vicinity of the whirlpool with | sandbags, filter
Ubstream of the riprap from the slope | cloth, straw,
P! embankment RED of the embankment. rocks
whirlpool
Search downstream
for an exit point and
construct a ring dike
to retard the flow of
soil particles.
Structural Initiate 24-hour Crane and Type of
member of a surveillance. welder problem,
gate or gate Immediately place location
operator stop logs in front of
Malfunction | broken or gate and initiate
of gate severely necessary actions to
damaged so get gate repaired.
as to prevent
operation of
the gate
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Rapidly
rising lake

Lake level
rising and
rain

continuing

BLUE

Initiate 24-hour
surveillance of lake
level and rainfall.
Generate inflow
forecasts every 12
hours.

Lake level,
rainfall

Overtopping

Water
flowing over
the dam and
lake
continuing to
rise. No
significant
erosion of
downstream
embankment.

Prepare for
evacuation. Continue
monitoring. Generate
inflow forecasts
every 3 hours.

Dozer, fill
material,
sandbags, filter
cloth, rocks

Lake level,
rainfall

Water
flowing over
the dam, the
lake
continuing to
rise, and
significant
erosion of
downstream
embankment
with
development
of head-cuts
encroaching
on the dam
crest, or
significant
movement of
sections of
concrete or
masonry
portions of
the dam.

RED

Immediate
evacuation. Dam
failure is imminent or
ongoing.

Cameras.

Status of
breach for-
mation. Width
of breach as it
enlarges.
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Table-6

TABLE OF SUPPLIES AND RESOURCES

Equipm.ent/ Quantity/ Location
Supplies Nos.
EXCAVATOR 3 [JSWHEL, Sholtu]
EXCAVATOR CUM LOADER 3 -do-
WHEEL LOADER 4 -do-
DOZER 2 -do-
VIBRATORY COMPACTOR 1 -do-
CONCRETE PUMP 1 -do-
CRAWLER DRILL MACHINE 2 -do-
AIR COMPRESSOR 5 -do-
MOBILE CRANE 2 -do-
DIESEL WELDING MACHINE 2 -do-
DIESEL FORK LIFT 2 -do-
BATCHING PLANT 30 CUM/H 1 -do-
AGGREGATE PROCESSING PLANT 120TPH 1 -do-
FABRICATED PLATFORM 1 -do-
TIPPER 8 -do-
TRUCK 2 -do-
TRANSIT MIXTURE 1 -do-
AMBULANCE 4 -do-
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Table-7

ANNUAL EAP EVALUATION CHECKLIST

Was the annual dam inspection o Yes If yes, has the EAP been revised | o0 Yes
conducted? o No o No
to include any signs of
failures observed during the

inspection?
Was weed clearing, animal oYes | Ifyes, describe actions taken and date:
burrow removal, or other o No
maintenance required?
Was the outlet gate operable? o Yes | Ifno, describe actions taken and date:

o No

Does the Notification Flowcharts | o Yes If yes, list the dates of the contact information
require revision? o No revision and redistribution:

(Note that revision of the contact
information will not require EAP
approval; however, the revised
contact

information pages will need to be
redistributed as replacement

pages.)
Was annual training or a table top | O Yes Circle: training drill
drill conducted? o No Date conducted:
Are inspection and training o Yes
records included in the EAP? o No
Was the EAP reviewed? o Yes If yes, review date:
o No
Were changes required to the o Yes | Ifyes, date of revised EAP approval:
EAP? o No
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Table-8

PLAN REVIEW AND UPDATE

This plan will be reviewed and updated annually and table top drills will be carried out at least once
every five years. Reviews will be documented as below.

Date of review: Participants:
Date of review: Participants:
Date of review: Participants:
Date of review: Participants:
Date of table top drill: Participants:
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Table-9

TABLE FOR TRAINING RECORD

This form will be to record training sessions. File the completed form in the appropriate Tab of the
EAP. All items in the EAP should be thoroughly reviewed during training. Appropriate JSWHEL
employees and EAP team members should attend a training session annually (or participate in a
simulated drill).

TRAINING LOCATION:

DATE: TIME: INSTRUCTOR:

CLASS: SIGNATURE:

Type of Simulation Conducted: Circle Emergency Type:
Emergency water release
Watch condition
Possible dam failure
Imminent dam failure
Actual dam failure

Comments, Results of Drill

Revisions Needed to EAP Based on Results of Drill?
o Yes o0 No If yes, list revisions required:
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Appendix. A
(GLOSSARY OF TERMS FOR DAM SAFETY

The purpose of this glossary is to establish a common vocabulary of dam safety terms for use within and among Central and
State Government agencies. Terms have been included that are generic and apply to all dams, regardless of size, owner, or
Location-Abutment — The part of the valley side against which the dam is constructed. The left and right abutments of a
dam are defined with the observer looking downstream from the dam.

Appurtenant work — Structures associated with the dam including the following:

a) Spillways, either in the dam or separate therefrom;
b) Reservoir and its rim;
¢) Low-level outlet works and water conduits such as tunnels, pipelines or penstocks, either through the dam or its
abutments or reservoir rim;
d) Hydro-mechanical equipment including gates, valves, hoists, and elevators;
e) Energy dissipation and river training works; and
f) Other associated structures acting integrally with dam body.

Auxiliary spillway — Any secondary spillway that is designed to be operated infrequently, possibly in anticipation of some
degree of structural damage or erosion to the spillway that would occur during operation.

Barrage — While the term barrage is borrowed from the French word meaning “dam” in general, its usage in English refers
to a type of low-head, dam that consists of a number of large gates that can be opened or closed to control the amount of
water passing through the structure, and thus regulate and stabilize river water elevation upstream for use diverting flow for
irrigation and other purposes.

Boil — A disruption of the soil surface due to water discharging from below the surface. Eroded soil may be deposited in the
form of a ring (miniature volcano) around the disruption.

Breach — An excavation or opening, either controlled or a result of a failure of the dam, through a dam or spillway that is
capable of completely draining the reservoir down to the approximate original topography so the dam will no longer
impound water, or partially draining the reservoir to lower impounding capacity. An uncontrolled breach is generally
associated with the partial or total failure of the dam.

Breach analysis — The determination of the most likely uncontrolled release of water from a dam (magnitude, duration, and
location), using accepted engineering practice, to evaluate downstream hazard potential.

Breach inundation area — An area that would be flooded as a result of a dam failure.

Chimney drain — A vertical or inclined layer of pervious material in an embankment to facilitate and control drainage of
the embankment fill.

Cofferdam — A temporary structure enclosing all or part of the construction area that construction can proceed in the dry. A
diversion cofferdam diverts a stream into a pipe, channel, tunnel, or other watercourse.

Compaction — Mechanical action that increases soil density by reducing voids.
Concrete lift —The vertical distance between successive horizontal construction joints.
Conduit — A closed channel to convey water through, around, or under a dam.

Construction joint — The interface between two successive placements or pours of concrete where bond, and not
permanent separation, is intended.

Construction — Building a proposed dam and appurtenant structures capable of storing water.
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Contact grouting — Filling, with cement grout, any voids existing at the contact of two zones of different materials, i.e.,
between a concrete tunnel lining and the surrounding rock.

Core wall — A wall built of relatively impervious material, usually of concrete or asphaltic concrete in the body of an
embankment dam to prevent seepage.

Cutoff trench — A foundation excavation later to be filled with impervious material so as to limit seepage beneath a dam.

Cutoff wall — A wall of impervious material usually of concrete, asphaltic concrete, or steel sheet piling constructed in the
foundation and abutments to reduce seepage beneath and adjacent to the dam.

Dam — Any artificial barrier including appurtenant works constructed across rivers or tributaries thereof with a view to
impound or divert water; includes barrage, weir and similar water impounding structures but does not include water
conveyance structures such as canal, aqueduct and navigation channel and flow regulation structures such as flood
embankment, dike and guide bund.

Dam failure — Failures in the structures or operation of a dam which may lead to uncontrolled release of impounded water
resulting in downstream flooding affecting the life and property of the people.

Dam incident — All problems occurring to a dam that have not degraded into ‘dam failure’ and including the following:

a) Structural damage to the dam and appurtenant works;
b) Unusual readings of instruments in the dam;
¢) Unusual seepage or leakage through the dam body;
d) Change in the seepage or leakage regime;
¢) Boiling or artesian conditions noticed below an earth dam;
f) Stoppage or reduction in seepage or leakage from the foundation or body of the dam into any of the galleries, for dams
with such galleries;
g) Malfunctioning or inappropriate operation of gates;
h) Occurrence of any flood, the peak of which exceeds the available flood discharge capacity or 70% of the
approved design flood;
h) Occurrence of a flood, which resulted in encroachment on the available free board, or the approved design free
board;
j) Erosion in the near vicinity, up to five hundred meters, downstream of the spillway, waste weir, etc.; and
k) Any other event that prudence suggests would have a significant unfavorable impact on dam safety.

Dam inspection — On site examination of all components of dam and its appurtenances by one or more persons trained in
this respect and includes examination of non-overflow portion, spillways, abutments, stilling basin, piers, bridge,
downstream toe, drainage galleries, operation of mechanical systems (including gates and its components, drive units,
cranes), interior of outlet conduits, instrumentation records and record-keeping arrangements of instruments.

Dam owner — The Central Government or a State Government or public sector undertaking or local authority or company
and any or all of such persons or organisations, who own, control, operate, or maintain a specified dam.

Dam safety — The practice of ensuring the integrity and viability of dams such that they do not present unacceptable risks to
the public, property, and the environment. It requires the collective application of engineering principles and experience,
and a philosophy of risk management that recognizes that a dam is a structure whose safe function is not explicitly
determined by its original design and construction. It also includes all actions taken to identify or predict deficiencies and
consequences related to failure, and to document, publicize, and reduce, eliminate, or remediate to the extent reasonably
possible, any unacceptable risks.

Design water level — The maximum water elevation, including the flood surcharge, that a dam is designed to withstand.
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Design wind — The most severe wind that is reasonably possible at a particular reservoir for generating wind setup and run-
up. The determination will generally include the results of meteorological studies that combine wind velocity, duration,
direction and seasonal distribution characteristics in realistic manner.

Diversion dam — A dam built to divert water from a waterway or stream into a different watercourse.
Earth-fill dam — An embankment dam in which more than 50% of the total volume is formed of compacted earth layers.
Effective crest of the dam — The elevation of the lowest point on the crest (top) of the dam, excluding spillways.

Embankment dam — Any dam constructed of excavated natural materials, such as both earth-fill and rock-fill dams, or of
industrial waste materials, such as a tailings dam.

Embankment zone — An area or portion of an embankment dam constructed using similar materials and similar
construction and compaction methods throughout.

Emergency action plan (EAP) — A written document prepared by the dam owner or the owner’s professional engineer de-
scribing a detailed plan to prevent or lessen the effects of a failure of the dam or appurtenant structures.

Emergency condition level — The following three emergency condition levels are considered:

a) BLUE — An event has taken place that is developing slowly and needs to be monitored closely. Immediate
correction action is required.

b) — Dam failure is highly probable but might be avoided with corrective actions.

c) RED — Dam failure is imminent or ongoing. Emergency repairs — Any repairs that are considered to be temporary

in nature and that are necessary to preserve the integrity
of the dam and prevent a possible failure of the dam.

Emergency spillway — An auxiliary spillway designed to pass a large, but infrequent, volume of flood flow, with a crest
elevation higher than the principal spillway or normal operating level.

Failure mode — A potential failure mode is a physically plausible process for dam failure resulting from an existing
inadequacy or defect related to a natural foundation condition, the dam or appurtenant structures design, the construction,
the materials incorporated, the operations and maintenance, or aging process, which can lead to an uncontrolled release of
the reservoir.

Fetch — The-straight-line distance across a body of water subject to wind forces. The fetch is one of the factors used in
calculating wave heights in a reservoir.

Filter — One or more layers of granular material graded (either naturally or by selection) so as to allow seepage through or
within the layers while preventing the migration of material from adjacent zones.

Flap gate — A gate hinged along one edge, usually either the top or bottom edge. Examples of bottom-hinged flap gates are
tilting gates and fish belly gates so called from their shape in cross section.

Flashboards — Structural members of timber, concrete, or steel placed in channels or on the crest of a spillway to raise the
reservoir water level but intended to be quickly removed, tripped, or fail in the event of a flood.

Flip bucket — An energy dissipater located at the downstream end of a spillway and shaped so that water flowing at a high
velocity is deflected upwards in a trajectory away from the foundation of the spillway.

Flood hydrograph — A graph showing, for a given point on a stream, the discharge, height, or other characteristic of a flood
with respect to time.

Freeboard — Vertical distance between a specified Stillwater (or other) reservoir sur-face elevation and the top of the dam,
without camber.
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Gabion — Rectangular-shaped baskets or mattresses fabricated from wire mesh, filled with rock, and assembled to form
overflow weirs, hydraulic drops, and overtopping protection for small embankment dams. Gabion baskets are generally
stacked in a stair-stepped fashion, while mattresses are generally placed parallel to a slope. Gabions have advantages over
loose riprap because of their modularity and rock confinement properties, thus providing erosion protection with less rock
and with smaller rock sizes than loose riprap.

Gallery — A passageway in the body of a dam used for inspection, foundation grouting, and/or drainage.
Gate — A movable water barrier for the control of water.
Geo-membrane — An essentially impermeable geo-synthetic composed of one or more synthetic sheets.

Geo-synthetic — A planar product manufactured from polymeric material used with soil, rock, earth, or other geotechnical
engineering related material as an integral part of a man-made project, structure, or system.

Geotextile — Any fabric or textile (natural or synthetic) when used as an engineering material in conjunction with soil,
foundations, or rock. Geotextiles have the following uses: drainage, filtration, separation of materials, reinforcement,
moisture barriers, and erosion protection.

Gravity dam — A dam constructed of concrete and/or masonry that relies on its weight and internal strength for stability.

Grout — A fluidized material that is injected into soil, rock, concrete, or other construction material to seal openings and to
lower the permeability and/or provide additional structural strength. There are four major types of grouting materials:
chemical; cement; clay; and bitumen.

Grout blanket — An area of the foundation systematically grouted to a uniform shallow depth.

Grout cap — A concrete filled trench or pad encompassing all grout lines constructed to impede surface leakage and to
provide anchorage for grout connections.

Grout curtain — One or more zones, usually thin, in the foundation into which grout is injected to reduce seepage under or
around a dam.

Hazard potential — The possible adverse incremental consequences that result from the release of water or stored contents
because of failure or incorrect operation of the dam or appurtenances. Impacts may be for a defined area downstream of a
dam from flood waters released through spillways and outlet works of the dam or waters released by partial or complete
failure of the dam. There may also be impacts for an area upstream of the dam from effects of backwater flooding or
landslides around the reservoir perimeter.

Hazard potential classification — A measure of the potential for loss of life, property damage, or economic impact in the
area downstream of the dam in the event of a failure or malfunction of the dam or appurtenant structures. The hazard
classification does not represent the physical condition of the dam.

Height of dam — The difference in elevation between the natural bed of the watercourse or the lowest point on the down-
stream toe of the dam, whichever is lower, and the effective crest of the dam.

Hydraulic fracturing — Hydraulic fracturing in soils is a tensile parting that is created because of increased fluid pressure.
Initiation and/or propagation cracks in the core sections of earthen dams because of hydraulic fracturing affect adversely
structural safety of the dams.

Hydraulic gradient — The change in total hydraulic pressure per unit distance of flow.

Hydrology — One of the earth sciences that encompasses the natural occurrence, distribution, movement, and properties of
the waters of the earth and their environmental relationships.
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Hydrometeorology — The study of the atmospheric and land-surface phases of the hydrologic cycle with emphasis on
the interrelationships involved.

Hydrostatic pressure — The pressure exerted by water at rest.

Inclinometer — An instrument, usually consisting of a metal or plastic casing inserted in a drill hole and a sensitive
monitor either lowered into the casing or fixed within the casing. This measures at different points the casing’s
inclination to the vertical. The system may be used to measure settlement.

Inflow design flood —The flood hydro-graph used in the design of a dam and its appurtenant works particularly for
sizing the spillway and outlet works and for determining maximum storage, height of dam, and freeboard requirements.

Instrumentation — An arrangement of devices installed into or near dams that provide for measurements that can be
used to evaluate the structural behavior and performance parameters of the structure.

Internal erosion — A general term used to describe all of the various erosional processes where water moves internally
through or adjacent to the soil zones of embankment dams and foundation, except for the specific process referred to as
'backward erosion piping'. The term internal erosion is used in place of a variety of terms that have been used to
describe various erosional processes, such as scour, suffusion, concentrated leak piping, and others.

Inundation map — A map showing areas that would be affected by flooding from releases from a dam’s reservoir. The
flooding may be from either controlled or uncontrolled releases or as a result of a dam failure. A series of maps for a
dam could show the incremental areas flooded by larger flood releases. For breach analyses, this map should also show
the time to flood arrival, and maximum water-surface elevations and flow rates.

Large dam — A dam which is above 15 m in height, measured from the lowest portion of the general foundation area to
the top of dam; or a dam between 10 m to 15 m in height and that satisfies at least one of the following, namely

a) The length of crest is not less than 500 m;
b) The capacity of the reservoir formed by the dam is not less than one million cubic meters;

3
¢) The maximum flood discharge dealt with by the dam is not less than 2000 m /s;
d) The dam has particularly difficult foundation problems; or €) The dam is of unusual design.

Liquefaction — A condition whereby soil undergoes continued deformation at a constant low residual stress or with low
residual resistance, due to the buildup and maintenance of high pore-water pressures, which reduces the effective
confining pressure to a very low value. Pore pressure buildup leading to liquefaction may be due either to static or
cyclic stress applications and the possibility of its occurrence will depend on the void ratio or relative density of a
cohesion less soil and the confining pressure.

Loss of life — Human fatalities that would result from a failure of the dam, without considering the mitigation of loss of
life that could occur with evacuation or other emergency actions.

Low level outlet (bottom outlet) — An opening at a low level from a reservoir generally used for emptying or for
scouring sediment and sometimes for irrigation releases.

Maintenance — Those tasks that are generally recurring and are necessary to keep the dam and appurtenant structures in
a sound condition and free from defect or damage that could hinder the dam’s functions as designed, including adjacent
areas that also could affect the function and operation of the dam.

Maintenance inspection — Visual inspection of the dam and appurtenant structures by the owner or owner’s
representative to detect apparent signs of deterioration, other deficiencies, or any other areas of concern.

Masonry dam — Any dam constructed mainly of stone, brick, or concrete blocks pointed with mortar. A dam having
only a masonry facing should not be referred to as a masonry dam.

Maximum storage capacity — The volume, in millions of cubic meters (Mms), of the impoundment created by the dam
at the effective crest of the dam; only water that can be stored above natural ground level or that could be released by
failure of the dam is considered in assessing the storage volume; the maximum storage capacity may decrease over time
due to sedimentation or increase if the reservoir is dredged.

Maximum wind — The most severe wind for generating waves that is reasonably possible at a particular reservoir. The
determination will generally include results of meteorological studies that combine wind velocity, duration, direction,
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fetch, and seasonal distribution characteristics in a realistic manner.

Meteorology — The science that deals with the atmosphere and atmospheric phenomena, the study of weather,
particularly storms and the rainfall they produce.

3
Normal storage capacity — The volume, in millions of cubic meters (Mm ), of the impoundment created by the dam at
the lowest uncontrolled spillway crest elevation, or at the maximum elevation of the reservoir at the normal (non-
flooding) operating level.

Outlet — A conduit or pipe controlled by a gate or valve, or a siphon, that is used to release impounded water from the
reservoir.

Outlet gate — A gate controlling the flow of water through a reservoir outlet.

Outlet works — A dam appurtenance that provides release of water (generally controlled) from a reservoir.
Parapet wall — A solid wall built along the top of a dam (upstream or downstream edge) used for ornamentation, for
safety of vehicles and pedestrians, or to prevent overtopping caused by wave run-up.

Peak flow — The maximum instantaneous discharge that occurs during a flood. It is coincident with the peak of a flood
hydro-graph.

Penstock — A pressurized pipeline or shaft between the reservoir and hydraulic machinery.

Phreatic surface — The free surface of water seeping at atmospheric pressure through soil or rock.

Piezometer — An instrument used to measure water levels or pore water pressures in embankments, foundations,
abutments, soil, rock, or concrete.

Piping — The progressive development of internal erosion by seepage.
Plunge pool — A natural or artificially created pool that dissipates the energy of free falling water.
Pressure relief pipes — Pipes used to relieve uplift or pore water pressure in a dam foundation or in the dam structure.

Probable Maximum Flood — The flood that may be expected from the most severe combination of critical
meteorological and hydrologic conditions that are reasonably possible in the drainage basin under study.

Probable Maximum Precipitation — Theoretically, the greatest depth of precipitation for a given duration that is
physically possible over a given size storm area at a particular geographical location during a certain time of the year.

Principal spillway — The primary or initial spillway engaged during a rainfall runoff event that is designed to pass
normal flows.

Proposed dam — Any dam not yet under construction.

Radial gate — A gate with a curved upstream plate and radial arms hinged to piers or other supporting structure. Also
known as tainter gate.

Repairs — Any work done on a dam that may affect the integrity, safety, and operation of the dam.
Reservoir — Any water spread which contains impounded water.

Reservoir Storage — The retention of water or delay of runoff in a reservoir either by planned operation, as in a
reservoir, or by temporary filling in the progression of a flood wave. Specific types of storage in reservoirs are defined
as follows:

a) Active storage — The volume of the reservoir that is available for some use such as power generation, irrigation,
flood control, water supply, etc. The bottom elevation is the minimum operating level.

b) Dead storage — The storage that lies below the invert of the lowest outlet and that, therefore, cannot readily be
withdrawn from the reservoir.

¢) Flood surcharge — The storage volume between the top of the active storage and the design water level.

d) Inactive storage — The storage volume of a reservoir between the crest of the invert of the lowest outlet and the
minimum operating level.

e) Live storage — The sum of the active-and the inactive storage. f) Reservoir capacity — The sum of the dead
and live storage of the reservoir.
g) Surcharge — The volume or space in a reservoir between the controlled retention water level and the maximum wa-
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ter level. Flood surcharge cannot be retained in the reservoir but will flow out of the reservoir until the controlled
retention water level is reached.

Riprap — A layer of large rock, precast blocks, bags of cement, or other suitable material, generally placed on an
embankment or along a watercourse as protection against wave action, erosion, or scour.

Risk analysis — A procedure to identify and quantify risks by establishing potential failure modes, providing numerical
estimates of the likelihood of an event in a specified time period, and estimating the magnitude of the consequences.
The risk analysis should include all potential events that would cause unintentional release of stored water from the
reservoir.

Risk assessment — The process of deciding whether existing risks are tolerable and present risk control measures are
adequate and, if not, whether alternative risk control measures are justified. Risk assessment incorporates the risk
analysis and risk evaluation phases.

Rock anchor — A steel rod or cable placed in a hole drilled in rock, held in position by grout, mechanical means, or
both. In principle, the same as a rock bolt, but usually the rock anchor is more than 4 meters long.

Rock bolt — A tensioned reinforcement element consisting of a steel rod, a mechanical or grouted anchorage, and a
plate and nut for tensioning or for retaining tension applied by direct pull or by torqueing.

Rock reinforcement — The placement of rock bolts, un-tensioned rock dowels, pre-stressed rock anchors, or wire
tendons in a rock mass to reinforce and mobilize the rock’s natural competency to support itself.

Rock-fill dam — An embankment dam in which more than 50% of the total volume is comprised of compacted or
dumped cobbles, boulders, rock fragments, or quarried rock generally larger than 3-inch size.

Roller compacted concrete dam — A concrete gravity dam constructed by the use of a dry mix concrete transported by
conventional construction equipment and compacted by rolling, usually with vibratory rollers.

Rubble dam — A stone masonry dam in which the stones are not shaped or coursed.

Saddle dam (or dike) — A subsidiary dam of any type constructed across a saddle or low point on the perimeter of a
reservoir.

Safe manner — Operating and maintaining a dam in sound condition, free from defect or damage that could hinder the
dam’s functions as designed.

Scour — The loss of material occurring at an erosional surface, where a concentrated flow is located, such as a crack
through a dam or the dam/foundation contact. Continued flow causes the erosion to progress, creating a larger and
larger eroded area.

Seepage — The internal movement of water that may take place through a dam, the foundation or the abutments, often
emerging at ground level lower down the slope.

Seiche — An oscillating wave in a reservoir caused by a landslide into the reservoir or earthquake-induced ground
accelerations or fault offset or meteorological event.

Settlement — The vertical downward movement of a structure or its foundation.

Sinkhole — A depression, indicating subsurface settlement or particle movement, typically having clearly defined
boundaries with a sharp offset.

Significant wave height — Average height of the one-third highest individual waves. May be estimated from wind
speed, fetch length, and wind duration

Siphon — An inverted U-shaped pipe or conduit, filled until atmospheric pressure is sufficient to force water from a
reservoir over an embankment dam and out of the other end.

Slide — Movement of a mass of earth down a slope on the embankment or abutment of a dam.
Slide gate — A gate that can be opened or closed by sliding in supporting guides.

Spillway — A structure over or through which flow is discharged from a reservoir. If the rate of flow is controlled by
mechanical means, such as gates, it is considered a controlled spillway. If the geometry of the spillway is the only
control, it is considered an uncontrolled spillway.

Stilling basin — A basin constructed to dissipate the energy of rapidly flowing water, e.g., from a spillway or outlet, and
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to protect the riverbed from erosion.
Stillwater level — The elevation that a water surface would assume if all wave actions were absent.

Stop logs — Large logs, timbers, or steel beams placed on top of each other with their ends held in guides on each side
of a channel or conduit so as to provide a cheaper or more easily handled means of temporary closure than a bulkhead
gate.

Toe drain — A system of pipe and/or pervious material along the downstream toe of a dam used to collect seepage from
the foundation and embankment and convey it to a free outlet.

Toe of dam — The junction of the downstream slope or face of a dam with the ground surface; also referred to as the
downstream toe. The junction of the upstream slope with ground surface is called the heel or the upstream toe.

Top thickness (top width) — The thickness or width of a dam at the level of the top of dam (excluding corbels or
parapets). In general, the term thickness is used for gravity and arch dams, and width is used for other dams.

Trash rack — A device located at an intake to prevent floating or submerged debris from entering the intake.

Uplift — The hydrostatic force of water exerted on or underneath a structure, tending to cause a displacement of the
structure.

Vicinity map — A map that shows the location of the dam and surrounding roads that provide access to the dam. This
map should display the location of the dam in relation to major roads and streets, and should include a north arrow and
scale bar.

Volume of dam — The total space occupied by the materials forming the dam structure computed between abutments
and from top to bottom of dam. No deduction is made for small openings such as galleries, Adits, tunnels, and operating
chambers within the dam structure. Portions of power plants, locks, spillway, etc., are included only if they are needed
for structural stability of the dam.

Watershed — The area drained by a river or river system or portion thereof. The watershed for a dam is the drainage
area upstream of the dam.

Watershed divide — The divide or boundary between catchment areas (or drainage areas).

Wave protection — Riprap, concrete, or other armoring on the upstream face of an embankment dam to protect against
scouring or erosion due to wave action.

Wave run-up — Vertical height above the Stillwater level to which water from a specific wave will run up the face of a
structure or embankment.

Weir — A barrier across a stream designed to alter its flow characteristics. In most cases, weirs take the form of
obstructions smaller than conventional dams, pooling water behind them while also allowing it to flow steadily over
their tops.

Weir, broad-crested — An overflow structure on which the nappe is supported for an appreciable length in the direction
of flow.

Weir, measuring — A device for measuring the rate of flow of water. It generally consists of a rectangular, trapezoidal,
triangular, or other shaped notch, located in a vertical, thin plate over which water flows. The height of water above the
weir crest is used to determine the rate of flow.

Weir, ogee — A reverse curve, shaped like an elongated letter "S.” The downstream faces of overflow spillways are
often made to this shape.

Wind setup — The vertical rise in the still-water level at the face of a structure or embankment caused by wind stresses
on the surface of the water.
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Appendix. B

List of Acronyms
AAR After Action Report
CDSO Central Dam Safety Organization
CWC Central Water Commission
DDMA District Disaster Management Authority
DOE Directorate of Energy
DRIP Dam Rehabilitation and Improvement Project
DTM Digital Terrain Model
EAP Emergency Action Plan
HOH Head of Hydro
HOP Head of Plant
SDMA State Disaster Management Authority
LIDAR Light Detection and Ranging
PAR Population at Risk
SDSO State Dam Safety Organization
ECC Emergency Control Centre
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1.0 INTRODUCTION

Many large dams have been built in India to cater to the irrigation,
hydropower and flood control needs of the country and many more
are under construction and planning/investigation stages. Assured
water resource facility and flood protection provided by the dam
has led to various developmental activities in the downstream of
the dam. The floods and droughts are the two sides of a coin which
can not be checked fully but managed to a certain extent, so that
loss of human lives and properties can be brought down to the
minimum. When a dam fails, very high floods are generated in
comparison to that when the dam had not been there. Therefore it
can be said that the dam break floods are more man-made than the
natural event and in the event of dam failure, the disaster would be
catastrophic. Therefore, it is the responsibility of the organisations
involved for the safety of dams to plan preventive measures so that
the disaster would be minimum in the event of failure of dam.

One of the preventive measures in dam failure disaster is by issuing
flood warning to the public of downstream when there is a failure of
dam. It is quite difficult to analyse dam failure and determine the
warning time at the time of disaster. Therefore, predetermination of
the warning time assuming various hypothetical dam break
situations is a needed exercise in dam safety measures.

Generally the study of dam failure using the mathematical models
pose various problems to simulate actual failure of the dam and
suitable assumptions are made to suit the model. A dam break study
consists of the following components.

° Modelling of River Setup and Structures.

° Identification of Inflow hydrograph for the reservoir at the time
of failure.

° Development of failure conditions of the Dam such as
Overtopping, Breaching incorporating Breach width and Breach
time etc.

° Obtaining Outflow hydrograph through the Breach Section.

° Propagation of Flood wave downstream to determine Maximum
Discharge, Water Levels and Travel Time etc. .

Generally, when a dam fails by overtopping due to severe storm
with high inflow into the reservoir, at that time, either the flow
measurements are not made or the gauging sites are washed away
resulting in no information. Therefore, in many cases, the only
available information is the maximum water level marks at the time
of passing of the flood wave. Time of breach development is also a
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major component in deciding the dam break flood hydrograph but
generally an approximate value is available.

2.0 OBJECTIVE OF THE STUDY

There are number of villages and bridges in the downstream of
proposed Karcham Dam on the banks of river Satluj, which may be
affected by the floods generated by the failure of the Karcham Dam.
Therefore a hypothetical dam breach sensitivity analysis for Karcham
Dam has been carried out to study the effect of dam breach in the
event of failure of Karcham Dam. The flood propagation has been
simulated in the downstream at various locations where the cross
sections are available.

3.0 KARCHAM DAM AND STUDY AREA

1000 MW Karcham-Wangtoo Hydroelectric Project with 98.0 m high
concrete dam is proposed to be constructed across river Satluj near
village Karcham in Himachal Pradesh. The index map is shown in
Fig.1. The prominent villages, downstream of the dam, on the left
bank of the river Satluj are Baltrang at Ch. 0.40 km, Kilba at Ch.
3.80 km and Sholtu at Ch. 8.00 km. The villages on the right bank
of river Satluj include Choling at Ch. 4.30 km and Tapri at Ch. 8.50
km. The ropeway Bridge at Sholtu Colony at Ch. 8.365
km(Photograph-1), 120.0 m Shatrujit Bridge at Ch.18.317
km(Photograph-2) and 132.0 m Wangtoo Bridge at Ch.18.677
km(Photograph-3) also cross the river Satluj in the downstream of
the dam. 177.80 m long Karcham Dam consists of a concrete section
with top of the dam at an elevation 1813.0 m. The maximum height
of the dam above the deepest foundation level is 98.0 m. Six sluices
(9.0mX9.0m) have been proposed in the central portion of the dam
to spill the flood discharge. River valley cross section, hypothetically
assumed breach section and typical non-overflow section and sluices
are shown in Fig. 2.

3.1 Salient features

3.1.1 Location

i. State Himachal Pradesh

ii. River Satluj

iii.  Vicinity Dam near village Karcham
and Power House near
village Wangtoo on NH-22
about 186 km from Shimla.

3.1.2 Diversion Dam

1. Type Concrete Gravity



11, Top of Dam EL 1813.00 m
iii. Height from deepest

foundation level 98.00 m
iv. Total length of Dam 177.80 m
V. Total No. of Blocks 12
vi. Deepest foundation Level EL 1715.00 m
vii. Maximum Reservoir Level EL 1810.00 m
viii. Minimum Reservoir Level EL 1799.00 m
ix. Live Storage capacity 544.97 Ha-m
3.1.3 Main Spillway (Sluices)
1. Location Block Nos. 5 to 10 of Dam
ii. Number of Bays 6
iii.  Size of Each Sluice 9.0m X 9.0m
iv. Crest Level 1782.00 m
V. Maximum Reservoir Level EL 1808.00 m
vi. Discharge Capacity of Sluices 8260 cumec
3.1.4 Auxiliary Spillway
i. Location Block No. 3 of Dam
ii. Number of Bays 1
iii. Width of Each Bay 8.0m
iv.  Crest Level 1803.00 m
V. Maximum Discharge Capacity 549 cumec

4.0 DAM BREAK SIMULATIONS

A Concrete dam is expected to fail in blocks between two transverse
joints and can fail partially between blocks, or completely and almost
instantaneously or in a time dependent manner. The type of failure
for a concrete dam has been considered linear depending on the
development of breach size, shape and breach time. In the present
study, since Karcham Dam is a concrete dam, a rectangular breach
width, has been assumed to carry out the analysis. The distance
between contraction joints has been specified as 15.0 m by the
sponsors, M/S Jai Prakash Ltd., New Delhi and therefore rectangular
breach width has been considered as 15.0 m, 30.0 m, 45.0 m and
60.0 m. The breach depth has been taken as 31 m i.e. upto the



bottom of the sluice level, which is only 12.0 m above the river bed
level, as suggested by the sponsors. The breach development time
of 1.00 hr, 0.50 hr, 0.25 hr and 0.01 hr have been considered in the
study. Instantaneous failure case (i.e. Breach Development Time =
0.01 hr) has been considered in the study because it is the most
critical failure, which may happen in case of Concrete Dams. The
various dam breach parameters considered in the study are shown
in Table 1.

Table 1 - Breach Parameters

Sl. Rectangular Breach, m Breach Remark

No. Width Depth Time,hr

1 15.0 31.00 1.00

2. 15.0 31.00 0.50

3. 15.0 31.00 0.25

4 15.0 31.00 0.01 Instantaneous Failure
S 30.0 31.00 1.00

6 30.0 31.00 0.50

7 30.0 31.00 0.25

8 30.0 31.00 0.01 Instantaneous Failure
9 45.0 31.00 1.00

10 45.0 31.00 0.50

11 45.0 31.00 0.25

12 45.0 31.00 0.01 Instantaneous Failure
13 60.0 31.00 1.00

14 60.0 31.00 0.50

15. 60.0 31.00 0.25

16. 60.0 31.00 0.01 Instantaneous Failure

5.0 MATHEMATICAL MODELLING FOR DAM BREAK STUDY

Development of Personal Computers marked a revolutionary step
in the mathematical modelling techniques. MIKE-11 is a personal
computer based powerful menu driven software package developed
by the Danish Hydraulic Institute, Denmark. MIKE-11 consists of
basic module and a series of additional modules which can be used
for flood forecasting, reservoir operation etc. Hydrodynamic module
of MIKE-11 has been used for the dam break simulation study of
Karcham Dam.

5.1 Hydrodynamic Module

MIKE-11 is a one dimensional unsteady flow modelling package



capable of modelling unsteady flows in open channel systems
through a numerical solution of the one dimensional St. Venant
Equation. Dam break is one particular case of the general flow
conditions. The module provides a choice between the following three
different flow descriptions :

Kinematic Wave Approach - The flow is calculated from the
assumptions of balance between the friction and gravity forces.
This simplification implies that the kinematic wave approach
can not simulate backwater effects.

Diffusive Wave Approach - In addition to the friction and gravity
forces, the hydrostatic gradient is included in this description.
This allows the user to take downstream boundaries into
account and thus simulate backwater effects.

Dynamic Wave Approach - Using the full momentum equation,
including acceleration force, the user is able to simulate fast
transients, tidal flows etc. in the system.

The Dynamic Wave Approach has been used in the present study.

MIKE-11 uses the following two basic flow equations associated with
the hydraulic resistance.

5.1.1 Continuity Equation
0Q oA
+ =q .. (1)
o0x ot
5.1.2 Momentum Equation
3Q d Q? oh gQ Q]
_+ — [oc ]+ gA + =0... (2)
ot 0x A 0x C2AR*
Where

A = Flow area (m?)

C = Chezy’s resistance coefficient (m'2s!)

g = acceleration due to gravity (ms2)

h = Stage above horizontal reference level (m)
Q = discharge (Cumec)

R* = Hydraulic radius(m)

« = Momentum distribution coefficient

q = Lateral inflow (Cumec)

5.1.3. Solution Technique

The transformation of Egs. 1 and 2 to a set of implicit finite difference
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equations is performed in a computational grid consisting of alternate
Q and h-points i.e. points where the discharge Q and water level h,
respectively, are computed at each time step(Fig.3). Q-points are
always placed midway between neighbouring h-points, while the
distance between h-points may differ. The discharge, as a rule, is
defined as positive in the positive x-direction (increasing chainage).
The solution technique adopted in MIKE-11 is a 6 point Abbott-
Scheme as shown in Fig.4).

6.0 DIGITAL MODEL

The model set up needs to describe the complete river system,
consisting of a single or several Channels, Dam Structure, Auxiliary
Dam Structures like Spillway etc. Further the downstream river
portion may have Dams, Barrages, Bridges etc. Due to highly
unsteady nature of the dam break flood propagation, it is necessary
that the river course be described through the use of as many cross-
sections precisely as necessary, particularly where the cross sections
varies rapidly.

6.1 Digital River Model Setup

The river model setup(Fig. 5) for the dam breach study consists of
the following three branches :

6.1.1 DAM Branch

The DAM branch is arbitrarily taken as 0.20 km long. The dam
branch is represented by two h-points, one at ch 0.0 km, where the
reservoir surface area is described in the cross-section data
base(Fig.7) and second at ch 0.20 km, which is the junction point of
SATLUJ branch. The Dam structure at an intermediate chainage
0.15 km has been defined as Q point.

6.1.2 SPILLWAY Branch

The SPILLWAY branch simulates the flow through the Spillway. The
length of this branch is also kept same as Dam Branch. Two cross-
sections at ch. 0.0 km and ch. 0.20 km were described to make two
h-points so that spillway structure can be introduced at an
intermediate ch. 0.16 km as Q-point. The upstream h-point was
connected to the h-point of upstream dam branch and downstream
h-point to ch 0.20 km of SATLUJ branch.

6.1.3 SATLUJ Branch
SATLUJ Branch in the setup is 21.80 km long and runs from ch.

0.20 km to 22.00 km i.e. upto Nathpa Dam. The length of the SATLUJ
branch has been represented by twenty three cross-sections.



The longitudinal profile of Satluj river, Surface Area Elevation Curve
for Reservoir are shown in Fig. 6 and 7 respectively. Twenty three
cross-sections at different chainages along the downstream of river
Satluj are shown in Fig. 8.

6.2 Control Structures

The control structures such as Dam and Spillway etc. are also located
with the river name and chainages. In the present study, Karcham
Dam and Spillway are the control structures defined in the setup.

6.2.1 Karcham Dam

Dam Break Structure was located in DAM Branch at ch. 0.15 km in
the mathematical model. The crest level was kept equal to the top of
the breaching sectioni.e. 1813.0 m and length of dam as 177.80 m.
The other details of breaching such as breach width, breach
development time were varied as listed in Table 1.

6.2.2 Spillway

The Spillway structure was located at ch.0.16 km in the SPILLWAY
branch in the digital model set-up. The hydraulic characteristics of
spillway described in salient features were entered along with the
spillway rating curve, (Fig.9) as input in the special weir. Auxiliary
Spillway has not been considered in the modelling.

6.3 Boundary Conditions

For the dam break simulation MIKE-11 needs boundary conditions
to be specified at the first upstream h-point and at the farthest down
stream cross-section of the river valley. Apart from these, Dams,
Spillways, Weirs etc. form the internal boundary conditions because
they help in modifying the flow condition in the branch.

6.3.1 Upstream Boundary Condition

Upstream boundary is generally specified as time dependent inflow
in the reservoir. In the present study, an inflow into the reservoir at
ch. 0.01 Km. in the dam branch has been specified in the form of
design flood hydrograph supplied by the Jai Prakash Industries Ltd.
as shown in Fig. 10.

6.3.2 Downstream Boundary Condition

The Downstream Boundary Condition should be generally
independent of any changes within the model. MIKE-11 can accept
varying water level boundary or a time dependent discharge or a Q-
H relation. In the present study, Q-H relationship has been used as
a downstream boundary condition. The Q-H relation at the d/s
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boundary was developed using Manning’s equation with the help of
cross section area, hydraulic radius for different levels from the

processed data at ch. 22.0 Km. for n=0.07 and average slope of river
as 1/73 (Fig.11).

6.4 Supplementary Data
6.4.1 Initial Conditions

Initial conditions in the form of water level and corresponding
discharge at the start time of computation, calculated from cross-
sections using Manning’s equation were specified at various locations
along the river.

6.4.2 Resistance Numbers

There was no direct information available on the roughness
characteristics of the study reach. River bed conditions, as seen
from the Photograph-4 and the comparison of river bed conditions
with the conditions proposed by Chow!, the resistance number value
of 14.3 (n=0.07) was adopted for the entire length of the river, as
suggested by the sponsors.

7.0 EXECUTION OF MODEL

The dam breach flood propagation modelling in the Satluj river in
the event of Karcham dam failure requires the river setup to
represent the actual physical initial hydraulic conditions prevalent
at the moment of breach of dam.

7.1 Steady State Condition

In some cases, a dam failure may occur on a dry river bed
downstream of the dam. However, such initial conditions are not
executable in MIKE-11, which requires a finite depth of water to be
present throughout the entire model to ensure connectivity of finite
difference algorithm. Hence, before a dam break is actually
simulated, it is necessary to create a steady state Hot Start file which
can be used for subsequent dam break simulations.

As per the guidelines outlined in the Dam Break Modelling Manual?,
initial conditions (i) zero inflow into the reservoir (ii) a constant inflow
of 3000 cumec (iii) the failure mode by overtopping was specified to
create a hotstart file.

7.2 Full Reservoir Condition

Using the hotstart file, design flood hydrograph (Fig. 10) was
introduced at chainage 0.01 Km. (i.e. u/s boundary of river setup)



and the model was again run for a sufficient long time with the
failure mode as overtopping. From the results, it was observed that
the water levels first decreased and then started building up and
reached a maximum value of 1798.33 m at O hr 23 min. on an
arbitrary date say 30.7.2000 and the dam did not fail. From the
above result file, a short file using the same set up and boundary
conditions was made by running the model for a short simulation
time of 4 hrs starting from O hrs on 30.7.2000 to be used for dam
break simulation studies, thereby saving time.

7.3 Dam Breach Cases

The Karcham Dam failure was specified as O hr.23 min on 30.7.2000
in each case to coincide with the reservoir attaining maximum water
level under FRL condition. The linear failure mode, applicable to
concrete dam failures was specified, to study the worst case. The
sensitivity analysis for dam breach parameters, specified in Table-1
was carried out to study the effect on dam breach flood and behaviour
of flood wave during its travel downstream. The Flood hydrographs
and Water Levels for Breach Widths of 15.0m, 30.0m, 45.0m and
60.0m for Breach Time of 1.00 hr, 0.50 hr, 0.25 hr and 0.01 hr are
shown in Figs. 12 to 15 respectively. The maximum discharge at
various locations along with the travel time after breach for 15.0m,
30.0m, 45.0m and 60.0m Breach Widths for different Breach Times
are shown in Tables 2, 4,6 and 8 respectively. The maximum water
levels attained at various locations along with the travel time after
breach for 15.0m, 30.0m, 45.0m and 60.0m Breach Widths for
different Breach Times are also shown in Tables 3, 5,7 and 9
respectively.

8.0 SENSITIVITY ANALYSIS

The effect of breach width and breach development time on maximum
discharge and maximum water level of the dam break module on
the simulated flood results was studied considering the linear failure
mode. The various parameters considered in the study are as :

Crest Level - 1813.00 m

Crest Length - 177.80 m

Resistance Number - 14.30

Roughness Co-efficient - 0.07

Start Breach Level - 1813.00 m

Final Breach Level - 1782.00 m

Shape of Breach - Rectangular

Breach Width - 15.0, 30.0, 45.0 and 60.0 m
Breach Development Time - 1.00, 0.50, 0.25 and 0.01 hr

Hypothetical Failure Moment- 30-7-2000 0:23 hrs



8.1 Effect of Breach Development Time

8.1.1 15.0 m Breach Width

Four simulations by varying breach development time to 1.00 hr,
0.50 hr, 0.25 hr and 0.01 hr were carried out for rectangular breach
width 15.0 m and depth 31.0 m. The Maximum Discharge and
Maximum Water Level at various locations along with the travel time
for different Breach Times are shown in Tables 2 and 3 respectively.
The variation of Maximum Discharge for different Breach Times and
rise in Maximum Water Level w.r.t. 1.00 hr Breach Time are shown
in Figs. 16 and 24 respectively.

From Fig. 16, it has been inferred that the maximum discharge
increases nearly 4.3 % at the dam site and 1.3 % near the
downstream boundary with the decrease in breach development time
from 1.00 hr to 0.50 hr. However, when the breach time is further
reduced the increase is not phenomenal in the downstream of the
river.

Perusal of Fig. 24 indicates that the rise in maximum water level
near the dam site is 0.30 m w.r.t. 1.00 breach time, when the breach
time is decreased from 1.00 hr to 0.50 hr and the rise in maximum
water level is about 0.10 m from ch. 4.00 to 22.00 km. It is also
observed that when the breach time is reduced further to 0.25 hr,
the rise in maximum water level near the dam site is 0.12 m w.r.t.
0.50 hr breach time and 0.03 m from ch. 4.00 to 22.00 km in the
downstream of the river.

8.1.2 30.0 m Breach Width

Four simulations by varying breach development time to 1.00 hr,
0.50 hr, 0.25 hr and 0.01 hr were carried out for rectangular breach
width 30.0 m and depth 31.0 m. The Maximum Discharge and
Maximum Water Level at various locations along with the travel time
for different Breach Times are shown in Tables 4 and 5 respectively.
The variation of Maximum Discharge for different Breach Times and
rise in Maximum Water Level w.r.t. 1.00 hr Breach Time are shown
in Figs. 17 and 25 receptively.

From Fig. 17, it has been inferred that the maximum discharge
increases sharply (nearly 8.5 %) at the dam site and 1.95 % near
the downstream boundary with the decrease in breach development
time from 1.00 hr to 0.50 hr. However, when the breach time is
further reduced the increase is not phenomenal in the downstream
of the river.

Perusal of Fig. 25 indicates that the rise in maximum water level
near the dam site is 0.58 m w.r.t. 1.00 breach time, when the breach
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time is decreased from 1.00 hr to 0.50 hr and the rise in maximum
water level is about 0.16 m from ch. 5.00 to 22.00 km. It is also
observed that when the breach time is reduced further to 0.25 hr,
the rise in maximum water level near the dam site is 0.40 m w.r.t.
0.50 hr breach time and 0.07 m from ch. 5.00 to 22.00 km in the
downstream of the river.

8.1.3 45.0 m Breach Width

Four simulations by varying breach development time to 1.00 hr,
0.50 hr, 0.25 hr and 0.01 hr were carried out for rectangular breach
width 45.0 m and depth 31.0 m. The Maximum Discharge and
Maximum Water Level at various locations along with the travel time
for different Breach Times are shown in Tables 6 and 7 respectively.
The variation of Maximum Discharge for different Breach Times and
rise in Maximum Water Level w.r.t. 1.00 hr Breach Time are shown
in Figs. 18 and 26 respectively.

From Fig. 18, it has been inferred that the maximum discharge
increases sharply (nearly 12.75 %) at the dam site and 2.45 % near
the downstream boundary with the decrease in breach development
time from 1.00 hr to 0.50 hr. However, when the breach time is
further reduced the increase is not phenomenal in the downstream
of the river.

Perusal of Fig. 26 indicates that the rise in maximum water level
near the dam site is 0.87 m w.r.t. 1.00 breach time, when the breach
time is decreased from 1.00 hr to 0.50 hr and the rise in maximum
water level varies from 0.28 m to 0.20 m in the downstream from
ch. 4.00 to 22.00 km. It is also observed that when the breach time
is reduced further to 0.25 hr, the rise in maximum water level near
the dam site is 0.52 m w.r.t. 0.50 hr breach time and 0.10 m from
ch. 4.00 to 22.00 km in the downstream of the river.

8.1.4 60.0 m Breach Width

Four simulations by varying breach development time to 1.00 hr,
0.50 hr, 0.25 hr and 0.01 hr were carried out for rectangular breach
width 60.0 m and depth 31.0 m. The Maximum Discharge and
Maximum Water Level at various locations along with the travel time
for different Breach Times are shown in Tables 8 and 9 respectively.
The variation of Maximum Discharge for different Breach Times and
rise in Maximum Water Level w.r.t. 1.00 hr Breach Time are shown
in Figs. 19 and 27 respectively.

From Fig. 19, it has been inferred that the maximum discharge
increases nearly 16.85 % at the dam site and 2.9 % near the
downstream boundary with the decrease in breach development time
from 1.00 hr to 0.50 hr. When the breach time is further reduced
from 0.50 hr to 0.25 hr, the maximum increase in discharge at the
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dam site is 12.95 % and 0.9 % at the downstream boundary.

Perusal of Fig. 27 indicates that the rise in maximum water level
near the dam siteis 1.17 m w.r.t. 1.00 breach time, when the breach
time is decreased from 1.00 hr to 0.50 hr and the rise in maximum
water level varies from 0.36 m to 0.26 m in the downstream from
ch. 4.00 to 22.00 km. It is also observed that when the breach time
is reduced further to 0.25 hr, the rise in maximum water level near
the dam site is 0.68 m w.r.t. 0.50 hr breach time and 0.10 m from
ch. 11.00 to 22.00 km in the downstream of the river.

8.2 Effect of Breach Width

8.2.1 1.00 Hour Breach Development Time

Four simulations by varying breach width to 15.0 m, 30.0 m, 45.0
m and 60.0 m were carried out for breach development time of 1.00
hour. The variation of Maximum Discharge for different Breach
Widths and rise in Maximum Water Level w.r.t. 15.0 m Breach Width
are shown in Figs. 20 and 28 respectively.

From Fig. 20, it has been inferred that the maximum discharge
increases nearly 5.3 % at the dam site and 3.7 % near the
downstream boundary with the increase in breach width from 15.0
m to 30.0 m. When the breach width is increased from 30.0 to 45.0
m, the increase in maximum discharge at the dam site is 2.70 %.

Perusal of Fig. 28 indicates that the rise in maximum water level
near the dam site is 0.49 m w.r.t. 15.0 m breach width, when the
breach width is increased from 15.0 m to 30.0 m and the rise in
maximum water level is about 0.20 m from ch. 4.00 to 22.00 km. It
is also observed that when the breach width is further increased to
45.0 m, the rise in maximum water level near the dam site is 0.28
m w.r.t. 30.0 m breach width and 0.15 m from ch. 4.00 to 22.00 km
in the downstream of the river.

8.2.2 0.50 Hour Breach Development Time

Four simulations by varying breach width to 15.0 m, 30.0 m, 45.0
m and 60.0 m were carried out for breach development time of 0.50
hour. The variation of Maximum Discharge for different Breach
Widths and rise in Maximum Water Level w.r.t. 15.0 m Breach Width
are shown in Figs. 21 and 29 respectively.

From Fig. 21, it has been inferred that the maximum discharge
increases nearly 9.7 % at the dam site and 4.3 % near the
downstream boundary with the increase in breach width from 15.0
m to 30.0 m. When the breach width is increased from 30.0 to 45.0
m, the increase in maximum discharge at the dam site is 6.5 %.
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Perusal of Fig. 29 indicates that the rise in maximum water level
near the dam site is 0.78 m w.r.t. 15.0 m breach width, when the
breach width is increased from 15.0 m to 30.0 m and the rise in
maximum water level is about 0.30 m from ch. 4.00 to 22.00 km. It
is also observed that when the breach width is further increased to
45.0 m, the rise in maximum water level near the dam site is 0.56
m w.r.t. 30.0 m breach width and 0.20 m from ch. 4.00 to 22.00 km
in the downstream of the river.

8.2.3 0.25 Hour Breach Development Time

Four simulations by varying breach width to 15.0 m, 30.0 m, 45.0
m and 60.0 m were carried out for breach development time of 0.25
hour. The variation of Maximum Discharge for different Breach
Widths and rise in Maximum Water Level w.r.t. 15.0 m Breach Width
are shown in Figs. 22 and 30 respectively.

From Fig. 22, it has been inferred that the maximum discharge
increases nearly 12.9 % at the dam site and 4.5 % near the
downstream boundary with the increase in breach width from 15.0
m to 30.0 m. When the breach width is increased from 30.0 to 45.0
m, the increase in maximum discharge at the dam site is 10.5 %.

Perusal of Fig. 30 indicates that the rise in maximum water level
near the dam site is 0.96 m w.r.t. 15.0 m breach width, when the
breach width is increased from 15.0 m to 30.0 m and the rise in
maximum water level is about 0.30 m from ch. 17.00 to 22.00 km.
It is also observed that when the breach width is further increased
to 45.0 m, the rise in maximum water level near the dam site is
0.78 m w.r.t. 30.0 m breach width and 0.20 m from ch. 17.00 to
22.00 km in the downstream of the river.

8.2.4 0.01 Hour Breach Development Time

Four simulations by varying breach width to 15.0 m, 30.0 m, 45.0
m and 60.0 m were carried out for breach development time of 0.01
hour. The variation of Maximum Discharge for different Breach
Widths and rise in Maximum Water Level w.r.t. 15.0 m Breach Width
are shown in Figs. 23 and 31 respectively.

From Fig. 23, it has been inferred that the maximum discharge
increases nearly 14.0 % at the dam site and 4.6 % near the
downstream boundary with the increase in breach width from 15.0
m to 30.0 m. When the breach width is increased from 30.0 to 45.0
m, the increase in maximum discharge at the dam site is 13.7 %.

Perusal of Fig. 31 indicates that the rise in maximum water level
near the dam site is 0.90 m w.r.t. 15.0 m breach width, when the
breach width is increased from 15.0 m to 30.0 m and the rise in
maximum water level is about 0.31 m from ch. 17.00 to 22.00 km.
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It is also observed that when the breach width is further increased
to 45.0 m, the rise in maximum water level near the dam site is
1.07 m w.r.t. 30.0 m breach width and 0.20 m from ch. 17.00 to
22.00 km in the downstream of the river.

9.0 CONCLUSION

In the present study, a hypothetical case of failure of the Karcham
Dam, proposed to be constructed on the river Satluj in Himachal
Pradesh was studied. In the digital model, 22.0 km long river reach
from the proposed Karcham Dam, upto Nathpa Dam was simulated
with the help of three branches and twenty three cross-sections.
The Dam and the Spillway were located on a separate branch. The
upstream boundary was taken as time varying discharge in the form
of inflow into the reservoir, whereas d/s boundary was taken as a
Q-H relation at ch. 22.00 km. The spillway was described in the
model by specifying discharge and water level relationship.

Total 16 Dam Breach Simulations were carried out by considering
linear failure mode by varying the various breach parameters within
the probable domain. The parameters considered were breach width
and breach development time. The instantaneous failure of the dam
which is a special case of the linear failure with a breach development
time of 0.01 hr was also studied.

The following conclusions can be drawn from the above study :

® Based on the hypothetical dam break simulations, Figs. 12 to
31 and Tables 2 to 9 provide the necessary information for
working out a disaster management plan.

® The instantaneous failure of the dam is the worst failure case.
The maximum discharge from the dam is of the order of 11467
cumec, when rectangular breach width is 60.0 m, breach depth
31.0 m and breach development time 0.01 hour. Out of 11467
cumec, 5134 cumec will pass through breach section and
balance 6333 cumec through Spillway.

® The three bridges at Ch. 8.365, 18.317 and 18.677 km in the
downstream of river Satluj will not be submerged during the
worst case of failure adopted in the study (i.e. breach width=60.0
m, breach depth=31.0 m, breach development time =0.01 hour).
The maximum water levels at these locations do not cross the
deck level of bridges.

® Itis observed that the NH-22 road on the right bank of the river
Satluj at Ch. 7.00 km will have a water depth of about 1.00 -
1.60 m during all the dam breach simulations for few hours.
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® It can be clearly seen that the effect of change in the breach
width is more significant than the breach development time.
Both maximum discharge and maximum water levels increase
with the increase in breach width and the peaks are attained
earlier.

® With the increase in breach development time both maximum
discharge, maximum water level decreases and the peak is also
delayed. But the effect is not so significant in comparison to
the change in breach width except in case of instantaneous
failure of the dam.
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PHOTOGRAPHS



Photograph 1 - Ropeway Bridge at Sholtu Colony at Ch. 8.365 km

Photograph 2- 120.0 m Shatrujit Bridge at Ch. 18.317 km
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Photograph 3- 132.0 m Wangtoo Bridge at Ch. 18.677 km

Photograph 4 - Gravel Material along the Left Bank of river Satluj
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Fig. 2 - Cross-Section of River Valley at Karcham Dam Site
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Fig. 3 - Channel Section with Computational Net
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KARCHAM-WANGTOO H.E. PROJECT (1000 MW) IN H.P.

DISASTER MANAGEMENT PLAN



Karcham-Wangtoo H.E. Project (1000 MW)
Disaster Management Plan

1.0 Hazard Potential of Dams

Dam serves as an important source of several benefits and facilities to the
region downstream. However, such dams also form a potential source of hazard in
the event of any mishap. The hazard potential of a dam lies in sudden release of the
stored water in the form of a flood wave which has a potential to sweep away all the
life and property coming within its course. The hazard potential of a dam is related
to the possible extent of loss of life and damage to the property that is likely to be
caused in addition to the loss of facility in the event of its failure. Hence in view of
inherent hazard potential in dams, the following requirement should be fulfilled.

i) To evaluate the hazard potential of the dam
ii) To formulate and implement emergency action / Disaster Management Plan

2.0 Emergency Action Plan

Hypothetical Dam break sensitivity analysis for KARCHAM dam has been
carried out by Irrigation Research Institute (IRl), Roorkee. The aim of Emergency
Action Plan is to identify in advance the types of emergencies which are likely to
occur in connection with operation of reservoir. This includes identification of
probable areas, population or structures and installations likely to be affected
adversely due to the water stored in the reservoir or due to the floodwater let out
from the reservoir. This plan further includes making advance planning and
preparations for handling efficiently and to the best extent possible the expected
situations especially trying to avoid loss of human life.

The important purpose of the dam break study is to prepare an Emergency
Action Plan that will lessen or mitigate its impact upon human habitations and
properties. The thrust area of action plan will be as follows:

i) To prepare an inundation map and to evaluate risk at downstream habitations,

potential areas etc.
iii) To prepare a disaster management plan.
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3.0 Inundation map and risk at downstream Habitation / Potential Areas:

An inundation map on the scale 1 : 50,000 has been prepared on the basis of
Table 2 to 9 of the Dam Break Sensitivity Analysis (pp 18 to 25) for the worst case of
breach involving a flood of 11467 cumec. From this map it could be seen that
villages in the area between Karcham Dam & Nathpa Dam along with maximum

depth of water that will occur are as follows:

Table A
Village Distance Location Village Max. Depth of water
Name from of Village | level (m) water that will occur
Dam Axis with (Average) | level after | above average
(km) reference dam village level
to Sutlej break (m) (m)
river
Baltarang 04 Left bank 1827.0 1790.51 0
Kilba 3.8 Left bank 2200.0 1769.39 0
Choling 4.3 Right bank 1810.0 1766.63 0
Sholtu 8.0 Left bank 1699.0 1687.88 0
Tapri 8.5 Right bank 1700.0 1678.39 0

From Table A, it can be seen, that no village will get submerged even in
case of extreme flood of 11467 cumec in the event of any dam break / dam
breach. However, a portion of the road near Sholtu gets submerged with
about 1 m to 1.6 m depth of water for a short period. The Disaster
Management Plan takes with account the flood levels of the year 2000.

Nathpa Dam across river Sutlej is about 22 km downstream of Karcham Dam
with its top at El. 1498.50 m. During dam breach, the flood water level at this
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location works out to 1489.88 m. It may be mentioned that Sutlej river from Karcham
to Nathpa dam site flows within the steep river banks. No agricultural land falls
within the flood levels calculated as above.

4.0 Disaster Management Plan

In the event of any breach, it is to be ascertained that losses to lives and
properties could be kept at minimum by administering the feasible measures. To
achieve this, non-structural measures are found to be substantially effective. The
important measures are:

i) To provide flood forecasting services and quick dissemination of forecasts to
important and heavily populated towns, villages, including other potential areas

ii) To formulate flood proof communication system, and

iii) To form a disaster mitigation network / system, including relief fund.

Along with the above, few important structural measures are to be adopted in
case of break / dam breach are:

(i) Time to time vetification of gates, sluices etc.

(i) A schedule of opening and closing the gates to limit the reservoir levels to the
present gauges. This schedule shall be strictly followed.

(iii) Increased vigilance for the dam during the following periods.
a) Firstfilling of the reservoir in different stages of filling
b) Period of excessive rainfall in the catchment of dam
c) Period of excessive flood
d) Period of about a month following critical earth quake event in the region
e) Inthe Dam with signs of adverse behaviour till the deficiencies are rectified

and normal behaviour is confirmed.
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5.0

either due to structural failure or due to weather hazard, a timely warning will help to
reduce / mitigate the downstream losses. As shown in Table A, no village shall be
submerged even in the extreme occurrence of flood. However, as decided in the
Meeting of State Level EIA & Monitoring Committee, Govt. of H.P. held on 17.3.2005
at Shimla, early flood warning system alongwith VSAT communication shall be
provided at the following locations:

Flood forecasting Network

For the extreme occurrence of flood, in the event of any dam break / breach,

Sl. Station Types of Extension line to :
No. wireless set

1. | Samdoh V-sat_ Local Administrative Head
2. | Khab V-sat Local Administrative Head
3. | Pooh V-sat Local Administrative Head
4. | Moorang V-sat Local Administrative Head
5. | Powari V-sat Local Administrative Head
6. | Reckong Peo (Kinnaur) V-sat Deputy Commissioner

7. | Karcham _ V-sat In-charge of dam

8. | Wangtoo V-sat In-charge of PH

9. | Kilba (desirable) V-sat Local Administrative Head
10. | Baltarang (desirable) V-sat Local Administrative Head
11. | Sholtu/ Tapri V-sat Local Administrative Head
12. | Bhabha Nagar V-sat Local Administrative Head
13. | Nathpa dam V-sat In-charge of dam

H.E. Project, is about 22 km downstream of Karcham Dam Site. The time taken for
flood waters to travel from Karcham dam to Nathpa dam shall be about 40 minutes.
During this period, a warning regarding occurrence of any extreme flood, shall be
communicated to Nathpa Dam authorities also so that regulation of spillway gates is

As mentioned earlier, Nathpa dam being constructed under Nathpa Jhakri

done accordingly to safely pass the flood in the downstream of Nathpa Dam.
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6.0 Disaster Management Committee

It is suggested to constitute one Disaster Management Committee on the
following lines, whose main function will be
(i) verification of the functioning of warning network
(i) assessing the status of river
(iii) assessing the functioning of gates and sluices etc. i.e., the whole system which
will work in case of emergency.

The committee is proposed to be constituted with the following

representatives:

1. District Magistrate, Kinnaur Chairman

2. Representative from Telecommunication Dept. Member

B Representative from Surface Transport Dept. Member

4, Representative from Flood Control Dept. Member

5. Representative from Civil Supply Dept. Member

6. Representative from Public Health Organisation Member

7. Representative from Nathpa Jhakri Power Member
Corporation

8. Representative from Jaypee Karcham Hydro Convener

Corporation Ltd.

The State Level EIA and Monitoring Committee in its meeting held on
17.3.2005 also decided that an Emergency Operation Centre/ Disaster Management
Centre (having State of the Art Computer Infrastructure) shall be put in place in
association with Deputy Commissioner, Kinnaur. All information from various VSATs
and Early Flood Warning System should flow to this Emergency Operation Centre
automatically.

The Committee shall have its meeting at least once in each year after
commissioning of the Project.
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7.0 Financial Involvement

As the O&M of the V-sat will be a regular and long-term affair, the expenditure
towards salary of the operator (Licence Holder) may be charged to Establishment
Cost of the Project (Post-Construction). However, for each station, 3 operators may
be kept for shift duty @ 8 hrs/day.

Thus, only the cost of V-sats, their installation charges and buildings will be
charged on Disaster Management Plan budget, the financial involvement for which
will be as follows:

(i) Cost of V-sats

a) No. of V-sats required 13 nos.

Total cost Rs. 60.00 lakhs

b) Power equipment Rs. 39.20 lakhs

(i) Installation charges of V-sats Rs. 12.00 lakhs
(i)  Construction of buildings, (13 nos. x 20 sq m X

Rs. 4,500/- per sq m) Rs. 11.70 lakhs

(iv)  Flood Monitoring Stations Rs. 10.00 lakhs

Total Rs. 132.90 lakhs

Suitable provision towards cost of V-sats etc. has been made in the Cost
estimates of the Project which have been approved by Central Water Commission.
In addition to this, Company has provided Rs.100 lacs as Disaster Relief Amount,
Rs.25 lacs for Emergency Operation Centre, Rs.20 lacs kept exclusively for relief
and rescue equipment and Rs.10 lacs for disaster management equipment.

8.0 Conclusions

Emergency Action Plan / Disaster Management Plan is a very important and
effective tool for dam safety programme to handle an emergency situation arising
due to likely failure of a dam due to any unforeseen reason. If the plan is adequately
implemented, the impact of flooding on people and property can be minimised.
However, the success of Plan largely depends upon its successful testing and trial so
as to check any loopholes with a view to rectify it.
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KARCHAM-WANGTOO HYDROELECTRIC PROJECT (4x250 MW)
RESERVOIR OPERATIONS
1. GENERAL

This document describes the reservoir operations as well as the operation of silt
flushing system. The document covers the following operations:-

i) Operation of Sluice Spillway for passing flood discharges as also for passing
surplus water during non-monsoon period.

i) Operation of Auxiliary spillway to pass low discharges as also passing the
floating trash.

i) Operation of mandatory discharge system for passing the discharge
downstream of Dam during lean flood period.

iv) Reservoir sediment flushing.

V) Operation of Intake system (including Trashracks, Blind Trashracks and
Trashrack Cleaning Machine (TRCM)) for silt management as also cleaning
the Trashracks for reducing head loss across Trashracks.

Vi) Operation of Silt Flushing System.

2. PARTICULARS OF CONTROL EQUIPMENT FOR DAM, INTAKE, AND' SILT
FLUSHING SYSTEM

2.1 Sluice Spillway

4 nos. Top Sealing Radial Gates 10m(W) x 10.5m(H) operated by Hydraulic Hoists
(two for each Gate).

2.2  Auxiliary Spilliway
1 no. Fixed Wheel Gate of size 6m(W) x 3.3m(H) operated by a Hydraulic Hoist.

23 Mandatory Discharge Pipes

2 nos. 800mm dia pipes and Electrically operated Globe Valves (at exit end) for
controlling the discharge.
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2.4

25

3.1

Intake

i) 4 nos. Fixed Wheel Gates of size 7.5m(W) x 4m(H) operated by Hydraulic
Hoists.
(The Intake Gates are designed for lowering under unbalanced water head.
However, preferably these should be operated under balanced head condition
when power house is under shut down. For detailed operation of Intake Gate(s),
refer O&M Manual for Intake Gate(s).

i) Intake Trashracks and Blind Trashracks operated by an Auxiliary Hoist
mounted on Trashrack Cleaning Machine (TRCM).

i) Trashrack Cleaning Machine (TRCM) with Hydraulic Jib Crane for cleaning the
Trashracks as also removing heavy trash accumulation near the Intake.

Sedimentation Chambers And Flushing Conduits

i) Bonneted Slide Gates of size 1.5m(W) x 1.5m(H) (one service Gate and one
maintenance Gate) for each of the four flushing conduit)

i) Fixed Wheel Emergency Gate of size 5.0m(W) x 5.5m(H) operated by a
Hydraulic Hoist at the outfall of Silt Flushing Tunnel.

iii) Fixed wheel type gates of size 6m(W) x 6m(H) at the end of each of the four
sedimentation chambers, operated by a Gantry Crane.

OPERATION OF SLUICE SPILLWAY RADIAL GATES
Operating Modes

The operation of Spillway Gates (Sluice Radial Gates as also Auxiliary Spillway Gate)
can be carried out from Local Control Panels (mounted in the Local Control Rooms) as
well as from the Remote Control Panels located in the Dam Control Room (DCR)
located on Right Bank. The operations from Local Control Panels shall be carried out
normally for maintenance purpose only. For this operation the selector switch should
be in “LOCAL” mode at the Control Panels in Dam Control Room (DCR).

Manual operation of Spillway Gates will be carried out from Remote Control Panels in
Dam Control Room (DCR) with selector switch in “Remote” position.

The automatic operation of Sluice Radial Gates for maintaining desired Reservoir level
can also be carried out by ARMAC system with selector switch in “Auto” mode.

DAVE Gkarcham|Tech-5pect1200-0210-024(R2)1 200-0210-024(R2).docx 2



The Auxiliary Spillway Gate is not part of the ARMAC system and it can be operated in
“Local” or “Remote” mode only.

32 Spillway Rating Curves

The Graph/Charts 1 to 4 as below gives the Spillway Discharge (per bay) at various
reservoir levels and different Gate openings.

Graph/Chart - 1 - Spillway Top Sealing Radial Gates - Discharge Curves for
different Gate openings and Reservoir levels

Graph/Chart - 2 - Spillway Top Sealing Radial Gates - Table of Discharges for
different Gate openings and Reservoir levels

Graph/Chart - 3 - Auxiliary Spillway Gate - Discharge Curves for different Gate
openings and Reservoir levels

Graph/Chart - 4 - Aucxiliary Spillway Gate - Table of Discharges for different Gate
openings and Reservoir levels

3.3  Spillway Regulatory Graphs

The Graph/Chart 5 below give the reservoir capacity. Graph/Chart 6 gives the inflow in
the reservoir knowing the rate of rise of reservoir and actual outflow from the Spillway.

Graph/Chart - 5 - Reservoir capacity curve
Graph/Chart - 6 - Reservoir inflow/outflow from rate of rise/fall of reservoir
3.4  Operating Procedure

3.4.1 The manual operation of the Spillway is based on the following information :-

a)  Rate of Rise/Fall of the Reservoir
b) Current outflow from the Gate settings
c) Current Reservoir level

3.4.2 The following procedure will be used to workout the Gate settings to maintain the
required reservoir level.

a) By knowing the Gate openings of all the Spillway Top Sealing Radial Gates,

DAVK Glkarcham{Tech-Spect1200-0210-024(R2)\ 200-0210-024(R.2) docx 3
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3.4.3

3.5

3.5.1

g)

workout the outflow (a) from each Gate by using Control Graphs (Graphs/Charts
1 and 2). The total outflow will be nil if all the Gates are closed.

By knowing the rate of rise or fall during the preceding inter sample interval, find
out the additional inflow (b) in storage using Control Graphs (Graph/Chart 6).
The total inflow will be the (a) + (b) i.e. total outflow from the Radial Gates and
additional inflow in storage.

The new total inflow as above will be the new total outflow required to maintain
the reservoir level.

Workout the outflow required for each Gate by distributing the total outflow
between the Gates in operation. Any Gate which is out of operation and is in fully
closed shall not be considered. '

Find out the new settings for each Gate by using Control Graphs (Graph/Chart 1
and 2).

If the rate of rise/fall during any inter sample interval (i.e. time interval after which
Gate position(s) are to be adjusted) is less than 1.0 cm per minute it is not
necessary to adjust the Gate openings. However this rate of rise/fall shall be
added to the rate of rise/fall for the next inter sample interval for adjusting the
Gate settings to achieve the required reservoir level.

If the rate of rise/fall is more than 2.5 cm/minute, the Gate settings will be
adjusted immediately.

Important Note:

The inter sample interval will be 15 minutes during monsoon period and 30 minutes
during non-monsoon period or as set in the ARMAC System.

Sequence of Gate Operation

The sequence of operation of Spillway Radial Gates for passing the flood discharge
will be as below: (The set sequence in ARMAC is 4,1,32 — 3,24,1 - 2,4,1,3 and
1,3,2,4).

a)

Spillway Discharge upto 2000 cumec. It shall be as per Table 1 below.
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3.6

3.6.1

Table-1

sl Discharge to be passed | Gate Nos. Dam Block nos. | Maximum

No. | through Spillway | to be used in which Gates | Reservoir Level
(cumec) are located to be maintained

| (meters)

1. 0-250 < 7 El 1809.0

2. 250-500 4 and 1 7 and 4 El 1809.0

3 500-750 4,1and 3 7,4and 6 El 1809.0

4. 750-2000 41,3and?2 7,4,6and 5 El 1809.0

The above table-1 is for first sequence set in the ARMAC which shall be most effective
in removing the silt deposited in front of the Intake. However other sequences should
also be followed at least once in a week for equal duty on all four Radial Gates. The
balance between effective flushing and distribution of equal duty on the gates shall be
made by the site.

Note: If any designated Gate is out of operation, the next Gate in order mentioned
above can be used.

b)  Spillway Discharge above 2000 cumec

i) For discharge above 2000 cumec, reservoir level shall be gradually depleted
till free flow condition is achieved. Thereafter all the Spillway Gates will be
fully opened. This will be done by overriding Automatic control system
(ARMAC) and will be carried out by manual control operation of all the Sluice
Spillway Radial Gates and Auxiliary Spillway Gate from DCR.

ii) If atany discharge ARMAC system is not responding to the commands due
to any reason then before reaching the permissible reservoir limits, the
control system should immediately be switched over to the ‘Remote Mode’
to operate the gates.

Reservoir Levels to be maintained
Non-Monsoon Period (16" Oct to 31st May)
a) The reservoir level will be maintained between El 1809.5 and El 1799.0 m to meet

the peaking requirements. The free board of 0.5m shall be useful to accumulate the
inflow during sudden shutdown of power house / increased river inflow. This will
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3.6.2

e)

also avoid loss of water due to automatic operation of Spillway Gates. This will
provide suitable response time to Shift Incharge to inform concerned authorities
before spilling the water.

In case reservoir is full i.e. El 1809.5m and excess water is required to be
discharged into river, first Silt Flushing conduit Gates shall be opened to discharge
water upto 83 cumec. If additional discharge is to be spilled into river, then Spillway
Gate no. 4 will be used to maintain the reservoir level at El 1809.5m.

In case of sudden tripping of Power Station (when operating at El 1809.5 m) there
may be loss of water due to automatic operation of Spillway Gates. To save the
spilling of this water, the Gates should be put in “Remote” mode and closed fully.
The reservoir level can be allowed to raise upto El 1810 m and maintained at EI.
1810 m. For excess water discharge, follow para 3.6.1 (b). The Gates can again
be put in Auto mode when scheduled generation resumes and reservoir level
lowers to El 1809.5 m.

Normally operation from Dam Control Room (DCR) shall be carried out to maintain
the reservoir level by ARMAC or Remote Mode. In case of any fault or in case of
emergency, operation from Local Control Panels can also be carried out under
permission from Shift Incharge.

When the Spillway Gates are in “Auto mode” the ARMAC System will maintain
reservoir at El 1809.5 m.

Monsoon Period (1stJune to 15" Oct)

a)

b)

The monsoon period has been considered from 1st June to 15" October. However,
actual dates based on onset of monsoon and recede of monsoon can be
considered based on forecast of IMD.

The reservoir will be maintained between El 1808.0 and El 1809m during the
monsoon period in order to provide suitable response time in case of a sudden
flood or sudden tripping of power station and ensuring that the reservoir level does
not rise above El 1810.0 m.

The above level is a guide for satisfactory operation of the reservoir. However, this
level can be reviewed based on experience on annual basis.

The sequence of operation of Gates will be as given in Para 3.5.

The operation of Spillway Gates shall be done in such a way that the opening of
Gate(s) in operation is almost equal.
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3.7

f) The operation of Gates will be carried out by ‘Remote’ operation for Dam Control
Room (DCR) as per procedure described in Para 3.4.

g) ARMAC system can also be used to maintain the reservoir level with Selector
Switch in ‘AUTO’ mode. For using ARMAC system the maximum and minimum
levels to be maintained shall be fixed in advance and software shall be
programmed accordingly. The difference between the maximum level and
minimum level can be fixed as per Clause 3.6.2(b).

h) When Blind Trash racks are in position, the following minimum water level shall be
maintained for the various loads:-

Table — 2
[Sr. | Load Minimum reservoir water
No. level to be maintained
% >920MW EL: 1805m

>860MW upto 920MW EL:1804.5m
>780MW up to 860MW EL:1804m
>700 MW upto 780MW EL: 1803.5m
< 700MW EL: 1803m

ol MN

Reservoir level should not go below above mentioned levels while generating load as
per above table.

ARMAC System

3.7.1 ARMAC system has been installed at the Dam Control'-Room (DCR) and it can be used

to maintain the reservoir level as required.
In this system PLC will control the operation of Sluice Radial Gate as per program.
The points to be noted for using this system are as below:

a) Selector switch shall be at ‘AUTO’ when using this system.

b) ARMAC System will workout the inflow based on rate of rise of reservoir and hence
the discharge passing through the Intake will not be taken into account.

c) The difference between maximum and minimum levels to be maintained by
ARMAC system should be 1 meter as per para 3.6.2(b).

372 For flood discharge of above 2000 cumec the ARMAC system shall not be used and all

Spillway Gate(s) shall be fully opened by .manual control, which will override ARMAC
System. Aux. Spillway gate shall also be kept fully open as per para 4 below.
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4.0

4.1

4.2

4.3

4.4

5.0

5.1

5.2

OPERATION OF AUXILIARY SPILLWAY

The Auxiliary Spillway will be used for passing the floating trash and debris. For
carrying out this operation, reservoir level shall be maintained above EI 1808.0 m. The
operation will be carried out from Remote Control Panel in Dam Control Room (DCR).

The frequency of this operation will depend upon the extent of accumulation of floating
trash in the reservoir.

The Auxiliary Spillway can also be used during non-monsoon period for passing the
excess water upto 50 cumec.

During monsoon period when flood discharge is above 2000 cumec, the Auxiliary
Spillway Gate will be kept in fully open position.

OPERATION OF MANDATORY DISCHARGE SYSTEM

Two no. pipes of 800mm dia are provided in Dam Block nos. 5 and 6. The flow through
these pipes is controlled by electrically operated Globe Valves provided at the exit end
of each pipe.

These pipes will be used for passing the mandatory discharge as per guidelines
downstream of the Dam during lean period i.e. when all the Spillway Gates are closed
and no water is passing through the Spillway.

The following Graph/Chart will be used for determining the Valve openings for passing
the required discharge. '

(1) Graph/Chart - 7 - Discharge curve for each Mandatory Discharge Pipe at max.
reservoir level at El 1810.0

(2) Graph/Chart - 8 - Discharge curve for each Mandatory Discharge Pipe at mean
reservoir level at El 1804.5

(3) Graph/Chart-9- Discharge curve for each Mandatory Discharge Pipe at
minimum reservoir level at El 1799.0

(4) Graph/Chart-10 - Table of discharges from each Globe Valve at different
openings of Valve and reservoir level at El 1810, El 1804.5 and
El 1799.0

During monsoon period when excessive dischafge is being passed through the
Spillway and Mandatory Discharge Pipes are not being used, it is important that

DAVK Gilarchami Tech-Speci) 200-0210-024(R21 200-0210-024(R2). docx 8



6.0

6.1

6.2

6.3

6.4

6.5

Maintenance Gates at the Inlet end of mandatory discharge pipes are placed in closed
position by using the Auxiliary Hoist on the Spillway Gantry Crane.

The Globe Valves at the exit end of mandatory discharge pipes should also be closed
and Electric Actuators of the Valves should be removed by using the handling
arrangement provided for this purpose.

This procedure will avoid deposition of silt in the pipes during floods, which can create
problems in re-commissioning the system after monsoons.

RESERVOIR SEDIMENT FLUSHING:

Reservoir sediment flushing is required from time to time to take care of fbllowing
aspects:-

a) To maintain and restore the reservair capacity

b) When silt load in the water level is very high and PPM content at Intake gates
crosses the threshold limits for safe operation of the generating units (Refer
Anenxure-1), the generating units are required to be shut down, and water spilled
from the reservoir to prevent deposit of sediments in the reservoir, which can
seriously affect the capacity of the reservoir. It is important that sediment flushing
is done when PPM content in the river inflow is high (as per Protocol-Annexure-1)
and river inflows are also exceeding 750 cumecs.

c) During high flood condition (River inflow exceeding 2000 cumec)
Sediment flushing operations as below are envisaged:-

a) Itis mandatory to carryout Silt flushing towards end of the monsoon season when
the river discharge desending and is approaching about 800 cumecs. This will help
restore the reservoir capacity for peaking purpose during non-monsoon period.

b) Reservoir flushing when PPM contents at Intake are very high.
c) Refer para 6.1.(c).

A joint protocol for reservoir flushing has been signed between JPVL, NRLDC and
SJVNL for regulating generation and shut down of the units followed by reservoir
flushing. A copy of the protocol is enclosed at Annexure-1. Necessary action shall be
ensured according to this protocol.

Communication to various District Authorities, NRLDC and NJPC shall also be
ensured as per the established communication protocols. A copy of the
communication protocol / ‘Standard Operating Procedure’ is enclosed at Annexure-2.

During the flushing operations it will be necessary to keep all the generating units in
Power House stopped. The flushing operation will last till PPM content at Powari will
fall to 9000 PPM or below. During the flushing all the four radial gates will be opened
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equally and Gate lip should be at least one meter above the reservoir level (after free
flow water conditions are established).

6.6. Itwill be necessary to carry out cross-sections of river at every 200m after last flushing
of reservoir at end of monsoon season. This data will be useful for assessing the
reservoir capacity for non-monsoon season and planning peaking operations of Power
Station.

6.7. During flushing operations, it is necessary that Trash rack and Blind Trashracks are
thoroughly cleaned of any trash and flushing debris embedded between racks and/or
deposited on the top or side of the trash rack and its grooves. This is important so that
Trashrack units are removed easily without any problem. Any deposition of trash on
the top of Trash rack units will interfere with the engaging of lifting beam.

6.8  The following procedure shall be followed for lowering the Reservoir level for Reservoir
flushing and raising the reservoir level after flushing and also when PPM at Intake
exceeds 5000PPM and Power house is required to be closed:-

6.8.1 Lowering the Reservoir level for Flushing
a) Stop all the generating units of Power Station. Refer Protocol of operations at

Annexure-1

b) First close Silt Flushing Gates and thereafter Intake Gates

c) Silt Flushing conduit Gates shall be re-opened after 45 minutes for a brief
period of about 20 minutes. During 45 minutes of closure of Silt Flushing
Conduit Gates most of + 0.2mm Silt particles will settle down and will be
flushed subsequently during opening of these gates.

d) Close Silt Flushing Conduit Gates after 20 minutes.

e) Lower the reservoir level till free flow condition is achieved.

f) Reservoir flushing to continue till PPM content at Powari reduces below 9000
PPM and it has a reducing trend

g) After the reservoir level has been depleted and free flow condition achieved, all
radial gates shall be kept at least one meter above the water level so that
floating debris does not hit the radial gates. If floating debris is considerable,
open the radial gates fully.

h) When discharge (river inflow) exceeds 2000 cumec, steps to stop all
generating unit (s) at Power House should be taken and reservoir flushing
commenced following protocol requirements (Annexure-1). During such
conditions, PPM silt content will be very high. Reservoir level shall be gradually
reduced following the guidelines for same [refer Para 6.8.1]. In this condition,
all radial gates should be fully opened after.free flow condition is achieved.
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i) Therate of lowering of reservoir level should be not more than 3 metre per hour and
it should also be ensured that outflow is not more than one and half times the river
inflow in order to prevent flooding downstream.

6.8.2. Raising the Reservoir level after completion of Flushing operation

a) Raise the reservoir level upto EI 1800 m. The rate of raising the reservoir level can be
upto 3m per hour.

b) Open the Intake Gates by 0.15 metre (Crack opening).

c) Open the silt flushing conduit gates by 0.5m and keep these Gates open for about 15
minutes . This will help to flush out the silt settled in the Sedimentation Chambers
during flushing operation.

d) Close the Silt Flushing Conduit Gates.

e) Raise the reservoir level upto El 1803 at the rate of not more than 3 metres per hour.

f) Open the Intake Gates fully after balancing at El 1803m.

g) Open the Silt Flushing Regulating Gates.

h) The system is now ready to resume generation. As per reservoir le vel, follow
generation limits as per para 3.6.2(h). Inform Power Station.

S B EEEERERE R

Note:
i) During raising the reservoir it should be ensured that flow from spillway is not less than
half of the river inflow in order to meet water requirement of downstream project.

i) The raising of reservoir level can be started when silt content in water at Powari is
about 9000 PPM.

7. OPERATION OF INTAKE SYSTEM
7 Intake Gates

All the Intake Gates will be in fully opened position when all the machines at the Power
Station are operating. However, during non-monsoon period when one or more
Sedimentation Chambers have been isolated for inspection and maintenance, the
corresponding Intake Gate as also the corresponding Sedimentation Chamber Gates
will be in fully closed position. '
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7.2 Monitoring the Head Loss at Trashracks and Cleaning of Trashracks

a) It will be necessary to monitor the head loss at Trashracks by monitoring the water
level at the intake and downstream of Trashracks. Radar type level measuring
instruments have been installed on u/s and d/s of Intake Trashracks for directly
measuring the head loss across the Trashracks.

b) The cleaning of Trashracks by using Trashrack Cleaning Machine (TRCM) shall be
continuous round-the-clock during monsoon period to avoid choking of Trashracks
and loss of head. Manual means for removing embedded trash / debris between
racks shall also supplement the effort.

Following head loss limit as per Table 3 below shall be observed:-

Table -3

F Head loss >0.5m Warning Také action as per para
; 7.2 (d)
Head loss >2 m Alarm Inform Power House and

action as per para 7.2.(d)
Reduce generation to
1000 MW.

Head loss >3 m High Alarm Initiate action as per Para
7.2(e) and (f) or as per the
condition prevailing

d) Lower the reservoir level by about 2 — 2.5 m and remove the trash / debris by
manual intervention by using suitable hoisting arrangement. Thereafter, again
raise the reservoir level. This will help in reducing the headloss at trash racks.

O
S

e) Try to coordinate the reservoir flushing operation due to high silt content and
simultaneous cleaning of the trash racks from top to bottom by trash rack cleaning
machine and/or manual mechanical means.

f) Ifitis not possible to coordinate silt flushing and trash rack cleaning operations and
head loss across trash racks exceeds 3 meters, resort to partial flushing i.e.
decrease water level from 1808 m to 1798 m and simultaneously remove and clean
the embedded trash in the trash racks manually and thereafter again raise the
level. This process will take around 8 hours and will require all generating unit(s) to
be shut down (to reduce load one by one in about one hour) at the start of operation
and resume generation one by one in last one hour of the operation. This will
ensure minimum outage.

g) All operations for partial flushing shall be carried out following communication
protocol as for reservoir flushing (Annexure-1).
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7.3

8.0

8.1

Use of Blind Trashracks

a)

b)

d)

Two panels of Blind Trashracks are provided for each Trashrack Bay.

The purpose of the Blind Trashracks is to raise the entry level at the Intake by
about 6 metres during monsoon period so that water entering the intake is taken
from the upper layers.

The Blind Trashracks will be placed in position before start of monsoon and will be
removed after end of monsoon period by using the Auxiliary Hoist mounting on the
Trashrack Cleaning Machine (TRCM).

While lowering / removing blind trash rack panels, close intake gate behind it, to
ensure balanced head condition for lowering / removing of trashrack panels of this
bay.

During the period the Blind trashracks are in position, water level should be
maintained between El 1809.0 and El 1803.0 m as per Clause 3.6.2(h) and load
regulated accordingly.

OPERATION OF SILT FLUSHING SYSTEM

Low River Inflow (During Monsoon and non monsoon Period)
Normally all the four silt flushing ducts shall remain open throughout the monsoons.
However, if river inflow is low, procedure outlined in Table-4below shall be adopted.

Table -4
Inflow in | Average Silt content | Frequency of silt flushing from
Cumec in PPM at sedimentation chambers
Intake
<503 Less than 250 Once in a week @ 15 minutes per
Chamber
<503 Alternate day @ 15 minutes per
>250 but < 500 - Chamber
<503 >500 but <1000 Once in a day @ 15 minutes per
Chamber
<503 >1000 but < 2000 Twice in a day @ 15 minutes per
Chamber
<503 >2000 but < 3000 Twice in a day @ 30 minutes per
Chamber
<503 3000 Continuous
>503 but <586 | Less than 3000 Excess water to be passed
through SFT beyond 503 cumecs
Above 3000 Continuous
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Note:

i) 503 cumec discharge corresponds to 10% overload i.e. 1200MW with
reservoir level maintained at El 1809.5m.

i) 586 cumec discharge includes 83 cumec discharge for flushing tunnel.

Important Note:

To pass a discharge of 20.75 cumec from each Flushing Conduit at reservoir El

at 1809.0, the Gate opening required for the Flushing Conduit Service Gate is
0.5 metre.

a) When the silt content in the water (sample of water taken from
downstream of Trashracks) is more than 5000 PPM, the Power Station
will be closed. The power station will be again started when PPM goes
down below 4500.

b) When the discharge exceeds 2000 cumec, Power Station will be closed
and intake gates will be dropped so that no silt from the river enters the
desilting chambers. The silt flushing regulating Gates will also be
closed simultaneously. The Flushing Tunnel Outfall Gate will also be
closed to prevent entry of river water in Silt Flushing Tunnel. TRT outfall
gates shall also be got closed through power house.

c) When the flood recedes, the Power Station can be started again. The
Gates will be opened in following sequence:

- Flushing Tunnel Outfall Gate
- Intake Gates
- Silt Flushing Regulating Gates

8.2  During Monsoon Period (1st June to 15" October)

Normally the gates of all the four flushing ducts shall remain open throughout the
monsoons. However if river inflow is low, the procedure out lined in (a) and (b) below
shall be adopted.

a) When river discharge is less than 503 cumec all the Spillway Gates shall
remain closed and reservoir level shall vary between El 1809.00 to 1803.00 m

run to run the power station. Silt Flushing conduit Gates shall be opened as per
Table-4 in para 8.1.

b) When the river discharge is more than 503 cumec but less than 586 cumec;
503 cumec will be passed into HRT and remaining will be passed through silt
flushing ducts, with reservoir level being maintained at El 1809 m.
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c) When the river inflow is more than 586 cumec, 503 cumec will enter the tunnel
and 83 cumec will be passed through the flushing conduit (20.75 cumec for
each conduit) and the reservoir level will be maintained at El 1809.00. The
excess discharge will be passed through the Spillway.

d) To pass a discharge of 20.75 cumec from each Flushing Conduit at reservoir El

at 1809.00, the Gate Opening required for the Flushing Conduit Service Gate is
0.5 meter.

e) When the river discharge exceeds 2000 cumec, all generating units at Power
Station will be shut down and Intake gates are closed so that no silt from the
river enters the sedimentation chambers. The Silt Flushing Regulating Gates
will also be closed simultaneously. The Flushing Tunnel Outfall Gate will also
be closed to prevent entry of river water in silt Flushing Tunnel. TRT Gates
also shall be got closed through Power House.

f) When the flood recedes, the Power station can be started again. The Gates will
be opened in following sequence:
- Flushing Tunnel Outfall Tunnel Gate (s) and TRT Gate(s)
- Intake Gate(s)
- Silt Flushing Regulating Gates

8.3  During non-monsoon period

a) When the river discharge is below 417 cumec water is normally clean, keep
Spillway Radial Gates fully closed, and operate reservoir between EI 1809.5
and El: 1799.00m for peaking purposes.

Operate silt flushing conduit gates as per Table-4 para. 8.1

9.0 SILT OBSERVATIONS

9.1 For efficient management of silt, a regular observation of silt in river water and exit
water from the Turbines is very important.

A small laboratory will be set at the Dam for silt observations and silt analysis. The
laboratory shall have necessary equipment such as chemical balance, oven, sampling
bottles and filters paper etc. For quick and approximate idea of silt content in river
water, silt tubes of one litre capacity will be used.

Silt observations will be taken as below:

During monsoon & during non-monsoon (At Intake):-

Silt content & gradation Frequency of measurement
Upto 250PPM After every 4 hours
>250 upto 2000PPM After every hour
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>2000 upto 3000PPM After every 30Mintues
>3000PPM After every 15Mintues

During monsoon & during non-monsoon (At Draft tubes):-

Silt content & gradation Frequency of measurement

Upto 250PPM After every 4 hours

>250 upto 1000PPM After every 2 hours

>1000 After every one hours |

92 Not only silt content but petrographical analysis of silt is also important. The
petrographical analysis of silt sample shall be carried out at least once every year
during the monsoon period from an established Lab/Institution.

10. OPERATING CRITERIA FOR TRT OUTFALL GATES, SILT FLUSHING TUNNEL
OUTFALL GATES AND DRAFT TUBE GATES

10.1 Tailrace Tunnel (TRT) Out fall gates:-
TRT Outfall Gates shall be closed in following conditions.

a) When Power house is closed due to any reason and more than 2000 cumecs
discharge is being passed through spillways.

Before closing Tailrace Tunnel Outfall Gates it shall be ensured that MIV of all units in
Power house are closed.

10.2 Silt Flushing tunnel Out fall Gates:-

Silt flushing Tunnel outfall gates shall be closed when more than 2000 cumecs
discharge is being passed through spillways. Ensure Power House has been shut
down. '

10.3 Draft Tube Gates:-

a) Draft tube gate(s) of all unit(s) shall be closed, if necessary in case of excessive
leakage from shaft seal and/or if TRT gates do not seal properly. This decision shall be
taken by Shift Incharge of Power House.

b) When river water level at TRT outfall crosses El 1512 m, i.e. 1 m below top of TRY
gates, draft tube gates will also be closed.

c¢) Normally, Draft Tube Gates are to be closed for maintenance purpose of respective
unit(s).

Draft Tube gates of all four units shall also be closed when power house is closed and
more than 5000 cumec discharge is being released through spillways.

d) During the above condition (b), water level in Draft Tube gallery will start rising due to
drainage from the Power House. The level in draft tube gallery will need to be
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Annexure - Il

AUTOMATIC RESERVOIR MONITORING AND CONTROL SYSTEM (ARMAC SYSTEM)
OPERATOR STATION AT DAM CONTROL ROOM (DCR)
A computer based Main Machine Interface (MMI) Station has been provided at the Dam Control
Room (DCR) for monitoring and control of ARMAC System. The system basically consists of Personal
Computer loaded with WINDOWS and ABB make SCADA Portal monitoring software. The operator
station is also provided with ABB make Control Builder M Programming software for interlock and
sequence programme. The Dam Control Room (DCR) operator station is connected to the PLC’s at
local control panels through Profibus communication network. -

With MMI the operator station with perform the following functions:

1. Monitoring and Control the Gate Operation of Sluice Spillway, Auxiliary Spillway Gate and Silt
Flushing Regulating Gates

2. Animated plant graphics

3. Real time and Historical trending

4, Data Logging

5, Fault Diagnosis

6. Password Protection

The CPU panel in the Dam Control Room (DCR) contains the following basic equipment:
1. AC 800m Processor

2. Communication modules

< Analog input/output modules

4. Digital input/output modules

5. Power supply unit

6. Water level indicators with RS 485 communication
7 Head loss indicators with RS 485 communication
8. Water discharge indicators with RS 485 communication
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The details of all the instruments are given in Doc No. 1200-0210-023 “Design & Selection of
Components for Automatic Reservoir Monitoring and Remote Control System - Spillway, Intake and
silt Flushing Conduit Gates.

The discharge calculations based on Gate openings as also reservoir capacity data based on
Graph/Charts 1 to 4 and 6 are fed in the programme. This data is used for obtaining following
information required for automatic operation of Sluice Spillway Radial Gates.

T Total outflow based on the Gate openings of various Gates
2 Rate of rise / fall of the reservoir for calculating the inflow (net inflow)
With the ARMAC System following function can be carried out from Computer Station:-

s Automatically regulate the combined opening of the Radial Gates to control the outflow of
water as required.

2. To change the parameters of response of the Gates to the inflow levels by changing the
program. PC based system allows to do flexible programming.

3. To monitor status of all the Spillway, Intake and Silt Flushing Gates.

4 Get indications at the Remote Control Panels regarding the operation and position of each
Gate, including the real time display of Gate motion of selected Radial Gate. -

D. Obtain audio/visual alarms and indications of various faults in the hydraulic systems of each
gate.
6. Provide printouts at periodic intervals (1 Shift — 8 hours) as stipulated regarding the water

inflow, outflow, gate levels and fault indications.

7. To operate the gates manually by clicking the mouse button in the computer screen or
respective push buttons on Remote Control Panels at Dam Control Room (DCR).
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Annexure - IV

REMOTE CONTROL AND INDICATION SYSTEM FOR
SPILLWAY GATES, INTAKE GATES AND SILT FLUSHING GATES
AND
ARMAC SYSTEM TO MAINTAIN REQUIRED RESERVOIR LEVEL
1. BRIEF DESCRIPTION OF SYSTEM

The system provides the following functions:

i) Remote indication and operation of Sluice Spillway Top Sealing Radial Gates (4
nos.) and Auxiliary Spillway Fixed Wheel Gate (1 no.) from the Dam Control Room.

i) Remote indication and operation of Intake Fixed Wheel Gates (4 nos.) & Silt
Flushing Conduit Gates (4 nos.) from the Dam Control Room.

i) Indication of Reservoir Water Level and Head Loss through Trashracks at the Dam
Control Room.

iv) Automatic operation of Slﬂice Spillway Top Sealing Radial Gates to maintain the
required reservoir level using SCADA Portal at Operator Station at Dam Control
Room (DCR).
2 MAIN COMPONENTS OF THE SYSTEM
The main components of the system are:
(1) Gate Position Sensors
Gate position sensors for the Spillway and Intake Gates (Tilt Angle Transmitters for the
'Radial Gates and Temposonic Sensors for the vertical lift gates i.e. Intake Gates and
Auxiliary Spillway Gate and Silt Flushing Conduit Gates) have been provided.
All these instruments provide an Analog signal of 4-20 mA.
(2) Water Level Sensors
Two Radar type water level sensors are mounted on Dam and at Intake for giving reservoir

water level. Four water level sensors are mounted on downstream of Trashracks for giving
indication of head loss across Trashracks.
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3)

Remote Control Panels in Dam Control Room

Panel 1 - For 4 nos. Sluice Spillway Radial Gates and one no. Auxiliary Spillway Gate
Panel 2 - For 4 nos. Intake Gates
Panel 3 - For 4 nos. Silt Flushing Regulating Gates

(4) CPU Panel having master CPU and redundant CPU and also containing Digital I/p Olp
modules and Analog I/p modules and also having Water Level Indicator, Water Discharge
Indicator and Head Loss Indicator.

(5) Operator station (SCADA Portal) at Dam Control Room (DCR) and also at P.H. Control
Room.

Note: PLC are provided at the Local Control Panels of all the Gates which will be linked to

the CPU at Dam Control Room (DCR) through Profibus network.
REMOTE OPERATION OF SPILLWAY AND INTAKE GATES
(1) Remote operation of the Spillway Gates (5 nos.) and Intake Gates (4 nos.) and Silt Flushing
Regulating Gates can be carried out from the Remote Control Panels at Dam Control Room
(DCR).
(2) Selector Switch and Push Buttons
The following Push Buttons (PB), Selector Switches (SS) and Indication Lamps are
provided on the Remote Control Panels for all the Gates.
(1) Local/Auto/manual - SS (Auto not applicable for Auxiliary Spillway Gate, Intake
Gates and Silt Flushing Gates)
(i) Gate open PB
(i)  Gate closed PB
(iv)  Intermediate Stop PB
(v) Lamp Test PB (one number on each panel)
(vi) Fault Reset PB (one number on each panel)
(3) Indicating Lamps
(1) Gate open Ind. Lamp
(i) Gate close Ind. Lamp
(iir) Gate Stop in Intermediate position Ind. Lamp (only for Radial Gates)
(iv) Local
(v) Remote
(vi) Auto
(viiy  System Reading Lamp
(vii)  System Fault
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(4) Fault Alarm
(i) System Fault - Hooter

ANALOG INPUTS

The following Analog Inputs are available for the CPU Panel.

(i) Water Level Sensor on Dam for Reservoir Water Level measurement

(if) Water Level Sensor on Intake (U/S)

(iii) Head Loss Sensor D/S of Trashracks for Trashracks Head Loss measurement

(5) Remote operation of all the Gates can be carried out by selecting the Local/Remote/Auto
key type selector switch. The Auto operation of Auxiliary Spillway Gate and Intake Gates is
not provided as these are not part of the ARMAC system.

" 4 OPERATING MODES

Local Mode

In local mode operation manual operation from Local Control Panels (located in Control
rooms near the Gates) can be carried out. Operation from Local Control Panels will only be
required when the particular Gate is in maintenance or if there is any fault in the Remote
Control System. However, in this mode PLC will monitor the operation and all status
information will be available at Local Control Panel as well as the Computer station.

(2) Remote Mode
In remote mode the Gates are operated from the Remote Control Panels at Dam Control

Room (DCR) manually by operator. However, PLC will monitor this operation and all status
information will also be available at Local Control Panel as also the Computer Station

—
p—
—

(3) Auto Mode

PLC will be controlling the operation of Sluice Spillway Radial Gates as per program.
Reservoir level and set point will be given in the program. '

When the Sluice Spillway Gates are running in AUTO mode local operation from Local
Control Panels and Remote operation from Remote Controls Panel will be inhibited.

Redundant CPU will give digital input and output signals to Remote Control Panels for
controlling and monitoring all the 13 Gates. Redundant CPU will give digital RS-485 -
Profibus communication output for Digital Gate position indicators, Water level indicators,
Trashrack head loss indicators and Water discharge indicator (for Spillway Gates)
irrespective of mode of operation.
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Note: Electrical Circuit for Input and Output Points are given in Electrical Circuit Diagram

' 150.090-02 contained in Doc No. 1200-0210-023 “Design & Selection of
Components for Automatic Reservoir Monitoring and Remote Control System -
Spillway, Intake and Silt Flushing Conduit Gates.

ARMAC SYSTEM

Two computer based Main Machine Interface (MMI) station one at Dam Control Room
(DCR) and one at P.H. Control Room have been provided for monitoring and control by
ARMAC system.

However, control of Gates from P.H. Control Room will only be possible with permission
from Dam Control Room (DCR).

This system basically consists of Personal computer loaded with Windows Software and
ABB make SCADA monitoring software. The Dam Control Room (DCR) station is also
provided with ABB software for interlock and ‘sequence control. The Dam Control Room
(DCR) operator station shall be connected to CPU Panel via Ethernet communication
network. The Power Station is connected to CPU via fiber optic cable.

The Sluice Spillway Gates can be operated both through Dam Control Room (DCR) and
P.H. operator station. However, when the Gates are being operated by one station, if one
tries to operate from the other station the redundant CPU will give warning message and
ask for password for taking over control from the other station.

With the help of MMI station at Dam Control Room (DCR) operator can perform the
following functions:-

(1 Monitoring and Control of Gate operation

(2) Animated graphics

(3) Real time and historical trending

4) Data logging

(5) Fault diagnosis

(6) Password protection

REDUNDANT CPU SYSTEM

The Redundancy is offered at CPU level so that any single failure should not effect the Gate
operation. There will be two sets of PLC for Gate control. Main CPU (Master CPU) shall
normally be controlling the Gate operation and secondary CPU (Slave CPU) shall monitor
the operation. Slave CPU shall have current information like gate position, water level etc.
updated via communication level with Master CPU. In case of any fault in the Master CPU,
Slave CPU will become Master and will take over the control without any manual
intervention. Changeover shall be bump-less and operation will not be effected.
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Changeover from Mater to Slave shall take place if any of the following conditions occur.
1. Master CPU failure
2 Program corruption in the Master CPU
3 Total cut-off of power to Master CPU System
y # CIRCUIT DIAGRAMS AND PART LISTS

The following diagrams are included in Doc No. 1200-0210-023 “Design & Selection of
Components for Automatic Reservoir Monitoring and Remote Control System - Spillway,
Intake and Silt Flushing Conduit Gates.
1. 150.090-01 ARMAC Configuration Diagram for Remote Control and
ARMAC System and BOM
150.090-02 CPU Panel - GA, Circuit and Bill of Materials (BOM)

150.090-02A CPU Panel — Circuits
150.029-03 Remote Control Panel - Spillway Gates — GA and BOM
150.029-04 Remote Control Panel - Intake Gates — GA and BOM

o o A W N

150.029-05 Remote Control Panel — Silt Flushing Gates — GA and BOM

8. SIGNALS FOR POWER STATION CONTROL ROOM
The following signals will be available.

A. DIGITAL SIGNALS
Intake Gates 1 to 4

(i) Intake Gate Closed D/l Potential free contact
CPU Panel

0] Dam Control System Fault D/l CPU Panel at Dam Control Room
(DCR)

(i) Head loss Sensor (D/S of Trashracks) Bays 1 to 4 4-20 mA

Important Note:

The Intake Gates will be fully open i.e. hanging hydraulically keeping bottom of gate above
the vent opening when Power Station is running. '

During this condition following must be observed:-
i) Keep the electric power supply to the Local Control Panels “ON”

DAVE Glarcham!\ Tech-Spech1 200-02 10-024(R2\Anncxure - 4 docx IV-S

B. ANALOG SIGNALS
(i) Water Level Sensor U/S of Dam 4-20 mA.
(i)  Water Level Sensor U/S of Intake 4-20 mA




i) Shut off valve on rod side of the hydraulic cylinder be kept fully closed
i) Ensure that the creep restoration is functioning properly
iv) Ensure that it gives alarm, if excessive creep occurs

This is necessary to ensure that there is no possibility of Intake closing accidentally due to
any electrical/mechanical fault.

The operation of Intake Gates can only be carried out from Remote Control Panel at Dam
Control Room (DCR) or Local Control Panels. The operation will be carried out only with
permission from Power Station Control Room and after opening hand valves slowly.

This arrangement will ensure that the Power Station will not be shutdown if Intake Gate
closing signal is received at Power Station Control Room due to any accidental closing of
Intake Gate or due to any electrical or mechanical fault, as hand valves on rod side of
cylinder remain closed when Power Station is running.
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monitored and if necessary flood pumps should be used for drainage purpose.
Standstill seal for shaft should be applied to minimise drainage.

' 11.0 HIGH SILT CONTENT AT DRAFT TUBE

111 Whenever silt content in draft tube exceeds 3000 PPM, load on generating units shall
be reduced to 1000 MW under intimation to NRLDC.

112 Whenever silt content in draft tube is found more than 2500 PPM, frequency of
sampling at Intake shall be increased to 15 minutes.

11.3 Intake gates shall be dropped with reservoir level at 1808 m or above when reservoir
flushing is undertaken.

DAVK Gikare ham(Tech-Speci1200-02 10-024{R2)11200-0210-024(R2). docx 1 7




— |H xo0p'| - AMXANV(ZHIFTO-01T0-00T 1PdS-23 LIRUeRO HAVA

yun Buiuuny

JO [eA8| JIS eqnl jeiq JOJUON e sajnuiw

MW 00G uonesauab utejuiely e uonoe snoiaaid 0€ 0}

-op- fouenbayy Joyuoly | uonessusb pjoy ‘Aousnbaly JOYUOW [Joye  SejnuUIl  GL| Sejnuil G}
umop

Inys spun omj jo xej Aq SHArN
/ OQTHN 0} uojewlyuod pussg e

[eAlajul s8INUIW
Gl jejyun 2 Ag pamoj|o} Jun auo (uone|dwos Jsjje Wwiljuod pue uoljoe
(QSN) umopinys [ewlou uo dul |y} Buipess o} Joud SAHIN "“O0TAIN
UMOP JNYS SHUN OM} JO Lels wuojul) sepuiw G jo  pouad| |Ndd 00SF < S!ajeju|| senuiw Gl
-op- 40 xe} AQ SHAPN / OQTHN WIojU|  e|e Jano Jeyjoue Jaye auo syun g dilL | SdHMXY 18 [9Ad] NS | 0} sejnuiw o
xe} Aq SdHPN wuoju| e

MIN 000} 03 MIN

00zl woy peoj adnpal ‘OATHN
wol; opoo uoneledo  JLpy e

SWS

/ UONiEdIUNWWOYD 810\ Pue Xed Kisnoaue)nwis SdHIrN

Aq osje [01u0D Hd-SdHMN Wioju| | uuoul pue PWA 0001 ©3 MIN 00CL
Hd ‘ap0o9o uonelado Joj OATHN O} woJj uonelsusb Buionpal ueis pue| Ndd 000v < sl aye|
-\ 0} jJuajuoo jiis Aeinbal wiojul  ¢| SINS / UOIEDIUNWIIOD 8DI0A / XB4 ¢ | DQTHYN WOl 8pod uonesado axel [SdH MM 1B [9A9] IS

sa9)nuiW G| sejnuIW G| 0} [eAlajul
0} peonpas aq o) 9jel Buldwes IS |9A8] JIS pasealoul Jo Buiidwes jjis sy} aonpay ‘siewojsnd| Ndd 000€ < S! eju]
synsal Jjis Hd-00jBUBAN WUOjU| e Bunels SAHPN B DAT8N 0} Xed e|pue SdHFN 'OdTdN O} wlol]|SdH MM e [9A9] }IS

- [oo030.d
weq weyoatey Aq uondy Hd- oojBuepp Aq uonoy sod se g3H MM A uonoy auo03lsajiiN awi]

Buiysnj4 1I0AI9s3ay |

Buiysnjd 4101959y |09030.d UOKIY
d3H oojBuep weyoiey

|-eanxauuy




R
abriL ZOEL LLEL L6LL POl L10L B8Z6 BES Gl 859 995
igar | VILL v%.w” w.wmw lmmw.l vewr | wweL | isev | eibk | Zeor | toor | vie | oes | 8el 89 855 e g Gt 5 g
159 i | Looh | 8 Cei | zoyi | ocer | eeeh | eoi | bob | ow6 [ 006 | vis | s | 69 | o5 | oo | o 753 8L v6 0
i o6si [ visi | zesy | esvs | et | 66¢ 8lzL | lell | vsol L6 188 108 9Ll 629 1¥S g5k ¥9E viZ v8l z6 0
ror e sesy | ziel [ sers | ot | 6Lz 66LL | 6LLL | 8e0L | 956 €8 | 68l 50L 619 €66 ovv 69¢ 0z | . ist 16 0
76l S —oer [ zavi | yibr | scer | eser | osiL | lOk | 1eDL | OFE 658 111 ¥69 019 525 6ev €5¢ g8z 8L 68 0
Sl e | oeer | zow | eeer | ciev | uec [ooiL | céol | S0OL | Sz 5y oL €89 009 s ev avE zaz sii 88 0
zior | eist | eosy | 2eve | woer | 162k | Lizh vl SgoL | @ss 016 z€e Z5L zi9 166 605 ger e 85z EL I8 0
eo | zest | zav Zibl | vEL | 692k | 96LL | ecb oL | e 568 818 ovL 199 185 005 BLY L€ vz ol S8 0
Toi | vear | ook | sece | eier | sver | sni | €0l 0€0} 556 088 yo8 geL 059 LS v zZiv 3 05z 91 v8 0
e T e coel | vbeh | Seeb | GGLL | vBOL | 2hol 6e6 598 16L 511 6€9 z98 var Sov oze o val €8 0 00'508L
T vopL | 8EE /Ty | €0zy | vebh | G90L | 66 £26 058 1L £0L 829 £55 9iv 66¢ 0z¢ eve 29 i8 ) 05v08)
Gror | zewr | 8isL | eses | sver | ieib | wili | ovoL | 946 906 se8 vaL 169 119 £vs 89 z6¢ SiE 8ez 65 08 0 00'7081
epl | wivi | 2ocL | 6@ck | Scet | OOk | ve0L | /z0L | 656 068 128 0L 619 103 vES 09v G8c aig gee 961 6L 0 05°€08L
sovi | 18 ozel | vozL | 20z | eckb | €0 | 800l 1v6 v8 508 8L 199 965 vZs 5w 8LE VOE 62z 5l 1 0 00°€08L
evi | ese 00cL | ovzh | 8L | oLkl | €soL | 686 vz6 858 16L €2l 559 85 sis (12 i€ 662 szz 151 ol 0 052081
ovl | ees vizh | GlZb | GSbb | v6OL | €c0b | 016 906 ¥t oLl 012 £v9 7 805 gEv 59¢ v6T 1zt 8l sL 0 00208}
T vz 16LL | _2ebb | €0b | ehob 56 698 sz 19, 969 1€9 | ves 96 zv 8sg 892 [z oy 7 0 05108}
6vEl | 12y | 22 99 BOLL | SOk | 266 766 1i8 608 vl €89 619 €55 Iy o0zy z5e £8Z v £Vl ZL [ 00°108L
ozcl | _0Seh | 261 Zvll | ©990L | Oc0b | 216 16 vGe £6L ze! 029 108 2w 8Ly ziv SVE BlZ 0L vl 1L 05°008L
1620 | €¢C ViLL | Zbb | €90 800L | 236 568 8 1L Iy 959 565 2 29y vop BEE [ 902 BEL 69 00°008L
A ) svib | €60 ov0 986 z€6 YL 618 192 €0L €ve £85 125 6s¥ 96¢ zee 192 20z SEL 89 0 05'66LL
ZETEH 89| 6LL1 690 £10} 596 Li6 156 208 SbL 889 0€9 L1S LLS 0S¥ B¢ T4 292 861 EEL 19 4] 00'66LL
€0z, | ¥LL | €601 | bwOL | ¥66 £v8 168 gee vl 6L £19 919 655 005 bbb 08¢ BLE 152 6L o€l 59 0 05'86LL
piLh | vibb | 190 020k 16 226 118 618 191 ELL 859 €09 105 06 33 zl Zie z5z 061 izl 9 0 009621
vol gs0L_| 10 566 8v6 006 158 108 6vL 169 w9 | 06S 55 6Ly Zzy ¥OE 90¢ ave g8l 521 €9 0 052611
Sl 6501 | S10 126 5z6 88 1€8 z8L zel 189 629 11§ €25 89y 03 96e 662 Lve z8l zzl 19 0 002611
580 1E0L | 686 av6 206 158 118 €0z 5L 599 519 £95 LIS g5y vov 6YS £6¢ 9z it 0zl 09 0 05°96LL
9501 | ¥o0L | €96 ze6 6.8 58 06L vyl 169 6v9 009 055 66 by S6E L 98z 133 viL pan? 65 0 00°96LL
gzoL | 90l6 156 168 858 vi8 011 9zL 089 £€9 985 T 18p Ji32 S8E £e 08z 5ee oLl il 85 0 05S6LL
966 8v6 116 zis £es 26l 052 101 £89 219 LIS y2G oLb azv 9E seE €lz 0ze 99} zZLL 9% 0 00'G6LL
9% 026 58 8 018 0LL 0€L 889 ) 109 955 11§ vay | oiv 198 it 192 51 €9l 601 55 0 0S'VBLL
o6 68 858 £zt [ 8L 60L 699 829 585 Zv5 L6 sy | sor gse 608 09z oLz 651 IO} s 0 00¥6L
506 voR zee 86! €0l ozl 699 059 019 695 15 vy ovp S6¢ 6YE 208 v5e 502 551 vOL 5 0 05°66L1
519 968 508 €L 66L vOL 899 ) €65 €58 zis Ly | sep y8E 6EE vz vz 661 151 koL 15 0 00°€6L1
vv8 108 8Ll vl oLL z89 8va Z19 [ 165 86 5v | oiv e 0g€ 98z ovz v61 vl 66 0s 0 052611
28 8LL 15. zzL 769 099 129 €69 165 125 cer vov vov coE z 8t vee 681 vl 96 6¥ 0 00Z6LL
082 ByL ceL 969 899 ) 809 L] 6€S 05 gov LEV z6¢ zse a3 0Lz iz vt BEL 6 Lv 0 05'16LL
[ 6LL 969 0.8 £vo 519 58S vss | ¢eg 88y £Sv iy 08¢ e 208 29z [¥77 BLL SEL 16 ov 0 00°16L
Sii 689 199 v¥a 619 265 vas vES v05 Liv 8Ev T LEE €6z vz iz €Ll LEL 68 5p 0 0S0BLL
189 859 6€9 119 85 695 £vS 516 sav S5p £zy o 0eg v8z ove 80z 891 Ji 1} 98 . | 0 00°06L1
oo 129 609 065 695 ovs izs 56 19v gey 80V oi€ EvE 60¢ iz BET 10z €91 vzl €8 73 0 05'68L}
609 v69 6.5 295 £ve s 66 SLv Bvb [ z6g 2% LEE 862 592 0z V6l 51 0zL 18 Iy 0 00'68LL
05 095 8vs €65 115 86¥ iy vSP 0EY oV Lig ave 6lE 88z 552 ez g8l Z51 il 8L ov 0 05'88L
€28 515 05 68Y eLv T2 gEv Ly I 19€ vee | 90t Lz gve iz 18l ivl zZil | sl 8E 0 00'88L
18¥ €Ly 18y vk LEr Ziy 166 69¢ Gve 02€ €62 592 gge 90z pLL ivl 8oL €L i€ a 05'28L
ovr zey 73 gov 08¢ LLE 15€ 62€ 90¢ 18z vSE 9ez 161 91 9L vol oL o G 00'Z8L}
00¥ £6E 18€ 198 15€ 3 £IE 162 192 £vZ Lz 681 09t iel 0oL 19 Ve 0 | o0s98il
€9€ s6E vPE 3 g 96¢ iz ez 1£2 202 18l €51 szl 6 59 £ 0 00'98L1
— | eee 61€ 80€E 6z 8e 09z vz 612 961 Zit gpl 6Ll 16 29 ze 0 05°58LL
[4:14 G8e vie 08g vre P44 202 981 £91 6EL il 18 65 0g 1] 00°58L1
652 zsz 1ve stz | ez 561 st | vt zel g0} €8 95 6z 0 05'VBLL
- 822 ¥4 1e 81 | a8l ¥oL Grl vel z0l 8 [ 1T 0 00V8LL
661 g6l | 8L | 89l €51 SEL LLh 96 ¥ 15 :4 0 0S'E8LL
- LLL vaL Sl Lrl 9ZL 601 06 69 8y Pe 0 00'E8LL
| om 6EL 8zl stk | oo €8 59 v ez 0 057821
—| 7! sLl VoL 16 oL 09 17 1z 0 002821
| o 66 6 | 8 69 55 3 0z 0 05181
— ) 8L zL 29 &b e 8l 0 00°L8LL
| _ 09 £s 33 13 9l 0 05082
- - £v o€ yi3 v 0 00'0BZL
[ 8 2 3 0 0S6LLL
I ol ol 0 00'6241
= 9 0 058LLL
= - - - - B - - - - - = 0 00'8LL1
== === |ena] JioAasaY
| gg9'0L | 01 56 & 58 8 5L z 59 9 55 S S¥ v St £ 52 z E L 50 0| Buedo sieo
i S13ATT HIOANISIY ANV SONINNIJO JLVO INF:3410 YO AVE/AVMTIIS HO4 S3DVYHOSIA 40 318VL
LT LYVHOMHAVHO (MWO000L) 1 LO3roNd 3'H OOLONYM WVHOHVH




GRAPH/CHART-1 R-1
CHAM WANGTOO H.E. PROJECT 100 |
[23=03-2011]
SPILLW OP G GATES
GATE OPENING (M) =—P g
3232&22222:323:‘:232239
1810.0
T A O A A 1717V Y &
b 1 A Y A N7 17 VA 71717 17
e T 71717 71717 /
e I 1717 7 A
Eisi oy 1171 77 X 717
o I A AR VA A WA Vi
e I A A O R VA A W RV
b RN ) A A Y 7 S 0 60 0 % 4
ks ] L1717 A P 1
. 1] 0 A 4 0 7 Y W
i 1 Y A A 4 0 7 N O
1] i VA A VA, WA Vi
o I A VA A 0 A WA ALV A
oot 1 T A 7 A I O T A A
by I R T A T I A7V 77
e I AV | A A A A A VA W ALV
o A T A7 177
I A A A VAV A A
acis I A Y A R V| WA VA A VA
o AN AV AT AV.V
e A, A Y 8 4 A
s I T A Y A VA A VA AV | WA
i T A T W
C Ty I A7 77
& ey T YV IV IEIE
S ot N N | N AV | W W W W9 VAV
A T I IV X7
S e IV ATV 7
N I AT AT T TV AT
R I T IV I 7 77
R UV I/ 717
g e CH-HHHHEAH A
(=]
B I LTIV I
ey T I T T AT A Z
2 e i 117717747
s U VA7 7V
o I A2
i) I 77
s O AT T ATV
A NN NN NRIREL V1)) 1//4
e T I IV
e I T VI
eSS Ty A7z,
e T,
e O,
e LI
1786.0 II ;f 1,‘[ / ;"}’:f / Formula for Discharge through One Radial Gate B
s I i IFI {,{;’f N
1784.5 m
1784.0 if IJHI /A H = Head on sill (in m) = Reservoir level - El 1777.832 =
1783.5 -
1) N
ol NRN111///4 Cd = 0.855[(H)x 0.0118 + 0.5225] O
17825 ”V
1782.0 -
17815 H Q = Discharge in m%/sec -
17B1.0 ””, —
1780.5 m
1780.0 H R = o -
mu#’ N e [2x42ngdx10x{(H) (H - gateopening) H
1778.0 3
17785 1 L L L 1 1 1 L 1 1 1 1 1 L 1 1 L
O ] A I R ] IR o o e (S | S\ M
et —e—s—e 3 & § E § § 8 £ 8 § ¢ 8 £ £ 8 8§ § B §
OTE :— THE BOTTOM DARK CURVE IS THE DISCHARGE CURVE WHEN THE GATE LIP IS ABOVE THE WATER SURFACE PROFILE.
N
DISCHARGE PER BAY (CUMEC) =—P
D URVES FERENT GATE NINGS
N SERVOIR L

e e W W wm-N-N-N T FIFEFEEE lﬁ



KARCHAM WANTQO H.E. PROJECT (1000MW) ERAPH/CHART-a
AUXILIARY SPILLWAY GATE

GATE OPENING (M) =—p

0.25

L) Q 9 9 W
= L

i

1810.0

1809.75

1809.5 7

1809.25

1808.0

1808.75

RESERVOIR ELEVATION (M) =—p-

S—

1808.5

180B.25

1808.0

1807.75

1807.5

1807.25

(SILL LEVEL) 1807.0 = o= s
] 4 o 2 < 1+ 2

DISCHARGE (CUMEC) =
NOTE :— THE BOTTOM CURVE IS THE DISCHARGE CURVE WHEN THE GATE LIP IS ABOVE THE WATER SURFACE PROFILE.

DISCHARGE CURVES FOR DIFFERENT GATE OPENINGS
AND RESERVOIR LEVELS

———————-MI—-—.—.‘J




JAHND ALIOVdVO d10AY3IS3IY
<— N=VH NI ALIOV4YD

blLo186 19°29 Zi8L
91°61b 0L°09 LiBL
b¢ 'BS8 8495 Q1BL
08008 60" L5 b0Bl
96" bv L g¢-6g BOBL
Pl 069 G9-€Q LOBL
AR 14 26" 16 9(0RL
80186 £ 05 5081
BSLEG 0L "By p0Bl
1S°68¥ SOty €08l
10°thlr GE°SPh 2081
Fh’ LGS VLS LOBL
£ pGE 09 "B 00BL
T 16 kT 6611
01082 BL°IE ap Ll
0l°6ke 9468 l6LL
¥0"0¢Z A 9611
09°¢b1 6l°9¢a Se)LL
BE991 S6'vo beLl
B6 'O | 22°5F faLl
BE 9L £9-2¢ 2611
b8 "Z6 626l LBLL
ZL"h9 909l OBLL
A S 2421 RALL
0L°Ck 66°6 89L1L
Gy “p¢ gL'} 1911
9}°12 c0*'9 9911
AN g46°¥ cqll
bG 9l 6" baLL
BD-21 10°b cqall
90°8 tpog Z9ll
L b bg 2 LgLL
JET L 5%} 031
820 pt0 6Ll
00 0°Q 811
(N-VH) (VH) |(N)NOT L
| ALTJVAYD Vv R LERE

- /HdVHO
FMW|H1<IQ

P

JAHNY VIV ™~ | NE3AAN A LIIVAYO

I\

v

gLl
6Ll
CB.I
IBLI
ZB.\
8.1
1474
5B
9821
2814
88L1
6811
0ObL1
1641
ZBL}
€62}
vbll
Skl
9621
L6.}
8621
6b.)
0081
1081
2081
<091
7041
S0d1
9041
L0381
8041
609 |
019l
HLgl
ZLgl

<— Y3L3N NI NOILVA3T3

_-—mmﬁi—h—l—"---lll—d



l

| LOZJOE/GSIX - LHVHO-HJVHOM LOE-81-83d NO 3SINTHSLId]

HX3 HIOAYIS IAWYHIHVIINYT-dNHOVE TYN |MdNADYE-WHYD

LL'€S 7276 | veev | €oer | vely | 6CLE | 68°C€ | 98¢ lbez | oLZL | ciTk | -0T9 0 000181
vy | oLvy | ¢ely | L9%8€ | €0'GE l01e | vo9z | e6'lc | 6891 | 99°LL 26'S 0 G.'6081
og8'0v | 268¢ | 08'GE 192 062 | 205 | 190z | 86'SL | 960 €96 0 056081
geve | 89oce | oooe | §89C | eCeT | Vel 10GL | PE0L €€'S 0 GZ'6081
= i €262 gL'.2 1S've | eviT 06°LL 16°€L 196 00'S 0 00°6081
i B c6ez | e64c | 8e6L | pEOL | 98Tl 56'8 99 0 61’8081l
—_— 66'8L | 60LL | ¢9vL | €911 LL'8 6T ¥ 0 05'8081
| vyl | 992L | SeZol 1L 88'¢ 0 G2'8081
— [ | ] 1 veoL 19'8 €€'9 e 0 00'8081
— | il - b9 | - LLS 68°C 0 G.'208)
—— 1 | | 59'€ vz 0 052081
= | | i a il A 0 GZ',08l
B i | 0 00°208L
. |1ona] JiIonIesay
— ¢ | a7 5T 52T Z SL'} 5l gT'l ! 5.0 S0 520 0 Buiuado 810
r|m._m>m._ JIOAUZSIY ANV SONINIJO LV SNORIVA LV 3LVO AVMTIIDS AUVITIXNY ¥O4 S3DuVHOSIA 40 3718V.L

r‘x- I MYHAHAYHO

(MW0001) LO3rodd 3'H OOLONVYM WNVYHON YA




| LOZIOE/OSP - LYVHO-HdVHO\ L0Z-81-834 NO 3SIAIHSLIBIHX3 HIOANIS THWYHORVHINY T-dN®OVE TYNINGNADVE-IWHY3

00550 oove | L£5°0
00550 GL'6e8' | 0000
00550 G'6€8° | 0000
00550
00550
0055°0
00550
00550
00550
00550
00550
00550
00550

PO

p-LUVYHO/HdVEO _ ‘




GRAPH/CHART 6 |
(SHEET 1)

(REV.1)
(26—03-2011)

4= RATE OF RISE (Cm/Min)
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NOTE :— 1. ALL FIGURES RELATE TO RATE OF CHANGE IN LEVEL IN Cm/Min.

2. THE GRAPH IS TO BE USED FOR INFLOW/OUTFLOW UPTO 1000 CUMEC.

GRAPH FOR CALCULATING INFLOW/OUTFLOW FROM
RATE OF RISE/FALL OF RESERVOIR LEVEL
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GRAPH/CHART 6
(SHEET 2)

(REV.1)
(26-03-2011)

44— RATE OF RISE (Cm/Min)

A UAUGL AL
o 7 /j////////;//f i //%Z/ 5
g swo vt 4%75/ % s 8
B
WAL D00
WG DB ALAO T

N 0 s

77
OUTFLOW (CUMEC) =pp

NOTE :— 1. ALL FIGURES RELATE TO RATE OF CHANGE IN LEVEL IN Cm/Min.

2. THE GRAPH IS TO BE USED FOR INFLOW/OQUTFLOW ABOVE 1000 CUMEC.

GRAPH FOR CALCULATING INFLOW/OUTFLOW FROM
RATE OF RISE/FALL OF RESERVOIR LEVEL




Graph/Chart 6

(Sheet 3)
(26.3.11)
KARCHAM-WANGTOO H.E. PROJECT (1000 MW)
Table showing Inflow/Outflow in the reservoir
based on Rate of Rise / Rate of Fall
Sl No. Rate of Rise Inflow Rate of Fall Outflow
(cm/min) (cumec) (cm/min) (cumec)
1 5 479.1 5 465.35
2 10 958.2 10 930.7
3 15 1437.3 15 1396.05
4 20 1916.4 20 1861.4
5 25 2395.5 25 2326.75
6 30 2874.6 30 2792.1
7 35 3353.7 35 3257.45
8 40 3832.8 40 3722.8
9 45 4311.9 45 4188.15
10 50 4791 50 4653.5
11 55 5270.1 55 5118.85
12 60 5749.2 60 5584.2
13 65 6228.3 65 6049.55
14 70 6707.4 70 6514.9
15 75 7186.5 75 6980.25
16 80 7665.6 80 7445.6
17 85 8144.7 85 7910.95
18 90 8623.8 90 8376.3
19 95 9102.9 95 8841.65
20 100 9582 100 9307

ORI G 3
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GRAPH/CHART-10

KARCHAM WANGTOO H.E. PROJECT(1000MW)
TABLE OF DISCHARGE FOR EACH GLOBE VALVE AT DIFFERENT OPENINGS
OF VALVE AND RESERVOIR LEVEL AT EL. 1810.0, EL.1804.5 & EL. 1799.0

DISCHARGE AT | DISCHARGE AT
RESERVOIR AVG.RESERVOIR DISCHARGE AT
%OPENING OF LEVEL1810M LEVEL 1804.5M | MINIMUM.RESERVOIR
VALVE (CUMEC) (CUMEC) LEVEL 1799 M (CUMEC)
0 0.0000 0.0000 0.0000
5 0.4216 0.3773 0.3270

10 0.8432 0.7545 0.6540

15 1.2648 1.1318 0.9810

20 1.6864 1.5080 1.3080

25 2.1080 1.8863 1.6350

30 2.5296 2.2635 1.9620

35 2.9512 2.6408 2.2890

40 3.3728 3.0180 2.6160

45 3.7944 3.3953 2.9430

50 4.2160 3.7725 3.2700

55 46376 4,1498 3.5970

60 5.0592 4.5270 3.9240

65 5.4808 4.9043 4.2510

70 5.9024 5.2815 4.5780

75 6.3240 5.6588 4.9050

80 6.7456 6.0360 5.2320

85 7.1672 6.4133 5.5590

80 7.5888 6.7905 5.8860

95 8.0104 7.1678 6.2130

100 8.4320 7.5450 6.5400

Formulae for discharge through each pipe

Q(m®/sec) = 1.605){

% of valve openin

100

‘%./H—Hc

Where H = Reservoir level (m)
Hc = Centre line of pipe
=1782.4m

DAGIRISHKARCHAMIRESERVOIR EXHIBITS\REVISE ON FEB-18-201 1\GRAPH-CHART-10.xis
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