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Abbrevrations and Acronyms 

ACI Amencan Concrete Institute 
AISC Amencan Institute of Steel Construction 
ANSI Amencan National Standards Institute 
ASTM Amencan Society for Testlng and Materrals 

cumec Cubic Meters per Second 

EAP Emergency Action Plan 
EDC Electnaty Development Center 
EPRI Electnc Power Research Institute 

FERC Federal Energy Regulatory Comss ion  

GLOF Glacial Lake Outburst Flood 

HMGN His Majesty's Government of Nepal 

IDF Inflow Design Flood 

m Meter(s) 
rnm Milltmeter(s) 
m/s Meters per Second 

NEA Nepal Electricity Authority 

O&M Operabon and Maintenance 

PA Project Agreement 
PMF Probable Maxmum Flood 
PMP Probable Mawnum Prec~pitahon 
PPA Power Purchase Agreement 

Qc Quality Control 
QCIP Quality Control Inspection Program 

SEED Safety Evaluation of Exlstlng Dams 

USACE U S Army Corps of Engmeers 
US AID U S Agency for International Development 
USBR U S Bureau of Reclamat~on 
USEPA U S Enwonmental Protection Agency 
USFWS U S Fish and Wildl~fe Serv~ce 
USGS U S Geologcal Servlce 
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Terms and Defln~tions 

Appurtenant Works 
Structures or matenals b d t  and mamtamed m connection wth dams These can be spillways, low-level outlet 
works and condults 

Cofferdam 
A temporary structure enclosmg all or part of the construction area so that construction can proceed m the dry 

Conduit 
An enclosed channel used to convey flows through or under a dam 

Dam 
Any arhjjcial barner and its appurtenant works constructed for the purpose of holdmg water or any other flmd 

DetentionIRetention Bas~n 
Any structure that h c h o n s  as a dam 

Earth Dam 
A dam made by compactmg excavated earth obtalned &om a smtable borrow area 

Energy Dissipator 
A structure constructed m a waterway whch reduces the energy of fast-flowmg water 

Flood Rout~ng 
The computation whch is used to evaluate the mterrelated effects of the Inflow hydrograph, reservou storage, 
and spdlway hscharge fiom the reservor It IS the process of d e t e m g  progressively over ttme the amplitude 
of a flood wave as it moves past a dam and contmues downstream to successive pomts along a nver or stream 

Freeboard 
The vertical &stance between the des~gn hlgh water level and the top of the dam, wthout camber 

Gravity Dam 
A dam constructed of concrete andor masonry andor lad-up stone that relies upon its weight for stability 

Hazard 
A situabon whch creates the potential for adverse consequences such as loss of life, property damage, or other 
adverse impacts Impacts m the area downstream of a dam defined by the flood waters released through spillways 
and outlet works of the dam or waters released by partla1 or complete falure of the dam There may also be 
Impacts upstream of the dam due to backwater floodmg or landslides around the reservou penmeter 

Height 
The v e ~ c a l  dmenslon fiom the downstream toe of the dam at ~ t s  lowest pomt to the top of the dam 

Acres/USAID Prrvate Electncrty Project Terms-? 
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Hydrograph 
A graphcal representation of the streamflow stage or dscharge as a function of tlme at a particular pomt on a 
watercourse 

Independent Power Producers 
Pnvate sector power producers who have developed a thermal, hydroelechc, or other power plants to sell power 
The power is normally a gnd sale to an exlstmg power utility, but can also be sold duectly to dstnbutors or 
directly to large consumers dependmg on the provisions m the host country power regulations relatlng to wheellng 
and market entry 

Inflow Desrgn Flood 
The floodflow above whch the mcremental Increase m water surface elevation due to failure of a dam or other 
water impoundmg structure 1s no longer considered to present an unacceptable threat to downstream life or 
property The Inflow Design Flood of a dam or other water unpoundmg structure is used m the deslgn of a dam 
and ~ t s  appurtenant works particularly for sizmg the sp~llway and outlet works, and for determmng maxmum 
height of a dam, fieeboard, and temporary storage reqwements 

Low-Level Outlet 
An opemg m a dam at a low level used to dram or lower the water 

Max~mum Impoundment Capac~ty 
The volume of water held when the water surface 1s at the top of the dam 

Maxrmum Wrnd 
The most severe w d  for generatmg waves that is reasonably possible at a particular reservou The deternation 
will generally mclude results of meteorologc stumes whch combme wmd veloc~ty, duration, hec t~on ,  and 
seasonable dstnbution charactenstics m a real~stic manner 

One Percent Chance Flood 
A flood that has a one chance m 100 of bemg equalled or exceeded m a specified penod, usually a year 

Outlet Works 
A dam appurtenance that provides release of water (generally controlled) fiom a reservoir 

Pr~vate Power Developer 
An mdividual, group, or local or mternational company that plans and develops power generation facil~tles on 
a private sector bas~s wlth the mtention to own, operate, lease, and/or transfer the facillty to another entity, 
normally a public utility, at a future pomt m tune 

Probable Maxrmum Flood 
The flood that can be expected fiom the severest comblnatlon of cntlcal meteorologc and hydrologc condttlons 
possible for the part~cular regon Ths is the upper llmt for d e t e m g  the M o w  Design Flood It is the flow 
resultmg from the Probable Mawnum Precipitation 
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Probable Max~mum Prec~p~tat~on 
The m m u m  amount of precipitabon that can be expected over a dramage basm It is theoretically, the greatest 
depth of preclpitahon for a gven dur&on that ~t is physically possible over a gven slze storm area at a particular 
geographical location dunng a certam t~me of the year 

Product~on 
The construction, operation, and mamtenance of structures relatmg to the production of electtrcity 

Project Agreements 
Optional project-spec~fic agreements that are normally m adQtion to the power purchase agreement Project 
Agreements consohdate m one document the government assurances and guarantees to pnvate power producers 
reqwed for successful project development and allocation of nsk In hgh nsk countries andfor the less detmled 
or less clearly defined the regulatory framework, the greater the need for a Project Agreement as an adQtional 
element m the secunty package the developer would take to the potential eqwty partners and debt lenders 

Reservo~r Regulat~on Procedure (Rule Curve) 
The compilation of operatmg procedures that govern reservox storage and releases 

Sp~llway 
A gated or ungated hydraulic structure used to Qscharge water from a reservou Defmtions of specific types of 
spillways are as follows 

Service Splllway 
A spillway that is designed to provide continuous or fiequent regulated or unregulated releases fiom a 
reservoir wthout sipficant damage to either the dam or its appurtenant structures 

c Auxlllary Splllway 
Any secondary spdlway whch is designed to be operated very mftequently, poss~bly, m ant~c~pation of some 
degree of structural damage or erosion to the spillway would occur dunng operation 

c Emergency Sp~llway 
A spdlway that is designed to provide adltional protection agamst overtoppmg of dams and is Intended for 
use under extreme flood conltions or ms-operation or malfUnction of the service spillway 

Sp~llway Capac~ty 
The maxmum outflow flood whch a dam can safely pass 

St111 Water Level 
The elevat~on that a water surface would assume if all wave actlon were absent 

Survey 
The act of survey relatlng to the production, transmsslon, or Qstnbutlon of electnclty and w11 also denote the 
acts relatlng to feasibility study, detalled engmeermg deslgn, and the works of mvvestigaQon thereto 

Acres/USAID Pnvate Electnc~ty Project Terms3 
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Toe of Dam 
The juncbon of the downstream face of a dam and the natural ground surface, also referred to as  the downstream 
toe For an earth dam, the junchon of the upstream face of the dam wth the ground surface IS called the upstream 
toe 

Turnkey Contract 
An arrangement where a contract IS gven by the project developer to a prune contractor who m turn wll be fully 
responsible for the design and unplementahon of a project The Contractor w11 provide a completed, operational 
project on a stipulated date, often on a lump-sum bas~s 

Wave Run Up 
The vertlcal height above the still water level to whrch water from a specific wave wll run up the face of a 
structure or embankment 

W~nd Setup 
The verhcal nse of the still water level at the face of a structure or embankment caused by urlnd stresses on the 
surface of the water 
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Executrve Summary 

The Electtlc~ty Act 2049 and the unplernentmg regulahons contamed m the document Electncity Regulation 2050 
provlde authority and respons~bhty to the Electncity Development Center (EDC) for reviewmg apphcat~ons and 
malang recommendations to His Majesty's Government of Nepal (HMG/N) regardmg the issuance of licenses 
for the constructlon and operation of hydroelectnc generation facilities 

The Spec~ahst-Power Operations/Safety, m the first part of h s  assignment, reviewed the safety and operational 
regulabons for the hcensmg, constructlon, and operation of hydroelectnc generation facilities under the purview 
of EDC and prepared a report m September 1995 entitled "Review of Licensmg/Safety Standards and 
Procedures " The recommendations m h s  report mcluded items relatmg to the regulatory oversight of project 
constructlon and operation, and to dam safety 

EDC 1s also responsible under the Electnclty Act and the Electncity Regulation for momtomg both the 
construction and operation of licensed facilities The Terms of Reference for the second part of the assignment 
of the Spec~al~st-Power OperatIonslSafety reqwe the Speclalist to focus on recommendations and gtudelmes for 
regulatory oversight dunng the construction phase of projects, for the further development of quahty control 
mspecbon programs, for the further development of formal procedures relatmg to dam safety, and for the review 
of ex~stmg/proposed projects 

In this second report, entitled "Review of Project Inspection Procedures and Dam Safety," the Spec~dst-Power 
Operations/Safety hscusses regulatory oversight d m g  construction m Section 2 It is recommended that 
regulahons be made to requlre holders of produchon licenses to provide documentation to EDC of deslgn cntena 
to be adopted m the detail des~gn phase and that pnor to construction they should submt to EDC constructlon 
drawmgs and specifications together wth detalls of any flow &version measures, cofferdams, or other means 
to be used for controllmg water dunng construction Production licensees should also submt to EDC a quahty 
control mspechon program (QCP) plan, a sedment and erosion control plan, and a temporary emergency action 
plan pnor to commencement of constructlon Typical QCIP, sedment and erosion control, and temporary 
emergency action plan reqwements are set out m Sect~on 3 of the report 

Typical aspects of dam safety programs, mcludmg hazard potentlal classification, overall design parameters, 
routme operabon and mspeckon procedures, major mspections, emergency act~on plans, and public safety plans 
are addressed m Sectlon 4 It is recommended that EDC mclude dam mspectlons as part of a regular annual 
project mspection and that major lnspectlons for dams be performed every five years 

Operaoonal projects are hscussed m Section 5 of the report, and overall conclusions and recommendations are 
glven m Sectlon 6 Typical data sheets, mspection checklists, and suggested contents of a five-year dam 
mspection report are lncluded m the Appenhces 

Acres/USAID Pr~vate Electr~c~ty Project ES 1 
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I Introduction 

1 I Background 

As part of the Untted States Agency for Internabonal Development (USAID) Pnvate Electncity Project, a report 
was prepared m September 1995 by the Speciahst-Power Operahons/Safety entitled "Review of Licensmg/Safety 
Standards and Procedures " Thls report &scussed and made recommendations to the Electncity Development 
Center (EDC) of His Majesty's Government of Nepal (HMGIN) m relation to safety standards/gwdelmes and 
revlew procedures to be applied to the licensmg, design, construction, and operation of hydroelectnc generating 
plants 

Thls present report is enbtled "Revlew of Project Inspection Procedures and Dam Safety " and examtnes m more 
depth those items relatmg to construction oversight, quality control Inspection programs, dam safety issues, and 
review of operatmg projects 

Despite ~ t s  vast water resources, iinanclal constramts have prevented Nepal fiom developmg its water and power 
sectors, and particularly those hydroelectnc projects whch could help expand the economy of the country 

To overcome these constramts, HMGIN is attemptlng to accelerate hydropower development by operung the 
power sector to pnvate mvestment, development, and operahon and mamtenance Promulgation of the Electncity 
Act and the Water Resources Act m 1992, together wth the adoption of policies affordmg mcentives to potential 
producers signalled a focused effort to develop pnvate participation m such projects Under the Electncity Act, 
a separate agency evolved, the Electnclty Development Center (EDC), whch is charged wth the responsibility 
of oversight of all pnvate electncity generabon projects larger than 1 MW, and wth the oversight of transmssion 
and &stnbution llne facihties Regulations were adopted m 1933 regardmg the application, licensmg, and 
momtonng process as set forth m the vanous Acts and Policies 

The Electr~clty Act 2049 and the mplernenbng regulabons contmed m the document Electtlcity Regulation 2050 
provlde authority and responsibhty to EDC for rewewmg applications and malung recommendations to HMGN 
regardmg the issuance of hcenses for the construction and operation of generation facilities EDC must provide 
such recomrnendabons based on fachbes that are not only cost effective, m terms of capital cost, but constructed 
and operated accordmg to sound mdustry standards for safety and mamtenance EDC is also responsible for 
momtormg both the construction and operation of licensed facilities 

The Electncity Act 2049, Secbon 40, paragraph (2), provides that HMGN may fi-ame rules on matters relatmg 
to the construction of hydroelectnc generatmg facilities and to the appropnate design and construction quality 
standards necessary Addbonally, Electncity Regulabon 2050, whlch implements the provisions of the Electncity 
Act 2049, m Chapter 8, provides that HMGIN may, by publishg a notificabon m the Nepal Gazette, fix the 
measures to be taken for desigmng and constructmg and constructmg dams, powerhouses and other structures 
requlred for the producbon of electncity and for safety con&tions affecting such structures and the reservoir 

I 2 Spec~allst - Power Operat~onsISafety 

The Terms of Reference for the Speciahst-Power Operat~ons/Safety reqwe the Specialist to concentrate on the 
analysis of safety and operational regulations for the licensmg, construction, and operation/momtormg of 
hydroelectnc generation facilities under the purviewof EDC The focus is on the development of gwdelmes for 

Acres/USAID Pnvate Electncrty Project I-? 
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the "process" for assunng compliance wth defined safety standards over the construction and operahonal life 
of such projects 

Specific tasks are as follows 
* Make recommendattons regardmg speclfic regulattons for regulatory oversight dunng the construction phase 

of projects 
I 

Prepare pde1mes for the fkther development of quality control and lnspectlon programs for use by EDC 1 
momtomg and safety staff mcludmg the areas of sed~ment and erosion control as well as development of 
emergency action plans 

Assist in the further development of formal procedures relatmg to dam safety, mcludmg hazard potenhal I 
classification, routme operation and mpection procedures, safety mpection procedures and long term 
emergency action plans I 

* Revlew ex1stmg/proposed projects, developed~bemg developed and gve  recomrnendatlons to EDC regardmg 
speafic courses of action for such projects m the above areas 

Demonstrate the steps m the mspectton process by jomtly mpectlng selected site or sites wth staff of EDC 
Conduct field mstrucbon on the procedures used m the mspection process and formulate the types of reports 
to be subnutted I 
Continue to assist EDC m the collection of documents available related to exlstmg International Safety 
Standards (Civil, Electncal, Mechamcal, and Envlronrnental) of representative developed and developmg 
countries related to design, construction, operation and mamtenance of hydropower projects 

Contmue wth recommenhons for concrete safety guldelmeslstandards for mcorporation m correspondmg 
regulat~ons 

I 
With regard to the mspection of sites referred to above, the Speciahst-Power OperationsISafety together wth 
staff fiom the Inspectton Division of EDC, dunng the penod Saturday, February 17, 1996 through Tuesday, 
February 20, 1996 visited the Marsyangd~ Hydroelectnc Project and the Flrst and Second Kulekham 

I 
Hydroelectnc Projects I 
The prmcipal references on whch the Specialist-Power Operations/Safety has drawn from m p e r f o m g  th s  
assignment and prepanng this report are as follows 

* Engrneenng Gurdelrnes for the Evaluatron ofHydropower Projects 
U S Federal Energy Regulatory Comss ion  
Apnl 199 1 and vmous later dates 

Operatrng Manual for Inspectron of Projects and Supewrslon of Llcences for Water Power Projects 
U S Federal Energy Regulatory Comss ion  
1989 

I 
Gu~deknes for Pubhc Safety at Hydropower Projects 

U S Federal Energy Regulatory C o m s i o n  
March, 1992 
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Guzdelines for Rehabllltatron ofCivi1 Works of Hydroelectric Plants 
Amencan Socsety of Civil Engmeers 

Acres/USAID Prrvate Electncrty Project 7-3 
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2 Construction - Regulatory Overs~ght 

2 I lntroductron 

Spec~fic recornrnendations of measures for mstitutional strengthemg for rncorporation m the regulat~ons or m 
EDC procedures wth regard to regulatory oversight of projects under construction were set out m the September 
1995 report by the Specialist-Power Operat~onslSafety entitled "Review of Licensmg/Safety Standards and 
Procedures " 

The mam recornrnendations relatmg to the construction phase referred to 
Inspection 
Quality Control 

+ Sedment and Erosion Control 
+ Emergency Action 

Ths section deals wth  the extent and orgmzation of mspection of works under construction by a regulatory 
body such as EDC Q d t y  control, sedunent and erosion control, and emergency action are &scussed m Section 
3, Quality Control Inspection Programs 

The responsibhty for hec t  detad supervision on a day-to-day basis of construction work and of the contractors 
and equipment supphers per fomg tlu work hes wth the project owners or developers and theu engmeer Thls 
responsibility denves from the vanous contracts whlch project owners or developers have wth theu vanous 
contractors and eqwpment suppliers 

EDC, as the regulatory agency that licensed the project, should monitor construction activities sufficiently to 
ensure that the project owners or developers are constructmg thelr projects m accordance wth 

The terms and conditions of the production license, and m general conformance wth contract plans and 
specifications 

t Sound construction practices, satisfactory field supervision of geotechcal, structural, and engmeemg 
concerns, adequate quality control (QC), and satisfactory surveillance and monltomg of the work 

Also, to ensure that records of sipficant details of construction are belng mamtamed 

2 2 Process 

The orgamzabon of regulatory oversight for a hydroelectnc project d m g  the construction phase consists of the 
followmg steps 

Collection of all documentabon relative to the project under construction 
Review of design cntena, construction drawmgs and specifications, and construction quality control 
Inspection and other plans 
Detemation of the frequency of mspection 

c S~te  mspections 
Report Preparation 

These steps are descnbed m more detail below 
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2 3 Project Documentat~on 
- - 

Immediately followmg the award of the produchon h e m e  for a hydroelectric project, EDC should collect and 
mamtaln m a central location m thelr offices, the followmg documentatson relevant to the project 
c Survey Llcense Application 
c Survey License 
+ Project Agreement 

Production Licence Application 
Production L~cence 
Power Purchase Agreement 
Survey Report 
Any other feasibility reports 
All geotechcal reports, mcluhg Borehole Logs (Percussion, Rotary, Etc ), Tnal Pit Records, Tnal Trench 
Records, Exploratory Adt  Records, etc 

t Any other relevant documents 

This documentation forms the basic data for the project As the construction and then the operation phases 
proceed, then other documentation, such as plans, specifications, quahty control Inspection and other plans, 
mspection reports and so on, w11 be added 

EDC should malntam and contmuously update data sheets for the project A sample data sheet is gven m 
Appendrx A 

With the issue of the produchon hcense, detall design can begm In order to ensure that the quallty of the deslgn 
wdl be adequate and meet satisfactory mternational standards and m order to provide the design engmeers wth 
all the relevant standards and cntena for them to carry out the deta~led design, the llcensee should prepare and 
submt to EDC for approval a Design Cntena Document This is a most Important document as it sets out the 
whole basis for the design of the project, mcluhg a detailed descnption of each of the structures to be designed, 
the standards and procedures to be followed m the design, and all other relevant data necessary for p e r f o m g  
the detded design work Thls wlll enable a qual~ty assurance review to be performed on all the deslgn methods 
and cntena before designs proceed 

The Design Cntena Document should Include as a mmmum, the followmg items 
* Introduction 

Overall Project Description 
Indvidual Structure Descnphons - Dams, Canals, Penstocks, Powerhouses, etc 
Hydrolog~c and Hydraulic Cntena 
Codes, Standards, and Regulations 
Matenal Properties 
Design Loads 
Structural Deslgn Data 
Civil Structures - Methods of Stability Analyses, Factors of Safety, etc 
Mechmcal Equlpment 
Electrical Equlpment 

Follomg complebon of the detailed design, the licensee should subrmt to EDC the plans and specifications for 
construction 
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It will be necessary for the licensee to provlde a schedule for design and construction showmg, among other 
tlungs, the dates on whlch documents w111 be submtted to EDC and allowmg sufficient tune for EDC review 

In ad&tion, the licensee should have prepared and submtted to EDC for approval, the follomg items whch 
should be m place pnor to commencement of construction 

Quality Control Inspection Program 
Sedment and Eros~on Control Plan 
Temporary Emergency Action Plan 
Any Other Reqwred or Relevant Plans 

Typical formats and components of these programs and plans are gven m Section 3 - Quallty Control Inspection 
Programs 

F d y ,  it should be noted that adequate mpection of projects under construction requlres thorough farml~anty 
wth the project documentation, mcluhg the terms and conchtions of the producbon hcense and the techcal 
features of the construction plans and spec~fications 

2 4 Frequency of lnspect~on 

It IS recommended that EDC mspect licensed projects d u g  the constructlon phase as follows 
For major projects under construction, EDC should mpect the work m progress on a monthly bas~s 
Where unusual problems are encountered, more frequent mspections should be performed by EDC 
Fewer fiequent mspecbons may suf£ice dunng penods of work mtermption, m t e r  slowdowns, or where the 
degree of complexity of work m progress mhcates less mtensive mspection would be appropnate 
Unannounced construction mspections may be made when necessary to mvestigate compliance matters or 
to ensure that construction activities are consistent wth sound engmeenng 

Typical sample constsuction lnspection checklists are gven m Appendx B 

2 5 Construct~on lnspect~on Reports 

The Construckon Inspecbon Report LS the means by whlch the EDC Inspector reports the construction progress 
and related acbwhes observed dunng each construchon mpect~on performed, wth emphasis on any changes and 
problems that develop dunng construction The report should chscuss the progress of current construction 
acbwhes and the structural behavlour of completed or partially completed features upon whch observations are 
bemg made, and also prov~de a contmuous record of events and data for future reference The report should be 
comprehensive and, Ifpossible, be adequately documented wth referenced numbered photographs to show major 
construction activities and conchtlons 

The constructlon report should not unduly depend on mformation supplied m the licensee's monthly progress 
report and should not be delayed due to unt~mely receipt of the hcensee's report Any mformation normally 
obtained from the licensee's monthly progress report should be obtamed dunng the construction mspection or, 
if not available at that tune, can be obtamed later and mcluded m the next construction report The engmeer 
making the lnspection and report should be thoroughly farmliar wth the provisions of the llcense and the 
drawmgs and specifications, and the vanous Acts and Rules promulgated under the Acts mofar as they affect 
the mspector's responsibilities 

A sample Construction Report Outlme is mcluded m Appenchx C 
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The construcbon report should be prepared m accordance wth the mstrucbons gven m the followmg paragraphs 

2 5  1 Summary 

Subrmt general comments on progress and adequacy of the work d m g  the report H~ghlight major 
items of mterest, note any Items of the llcense not bemg complled wth, and note any matters requmng 
m e d a t e  attenbon When apphcable, such items as flows should be mcluded m the bnef narrative 
summary to prov~de qulck mfonnat~on on progress and problems of Importance on the project 
- Major structures started or completed, mcludmg unusual rates of concrete placement and earthwork 
- Installation of major equpment started or completed 
- Deviations or changes fi-om the contract schedule whch w11 sect tune, money, or manpower 
- Completion or probable completion w h  the next reportmg penod of major mleposts such as 

mtial &version, mtial storage or closure, onllne dates, etc 
- Any sign~ficant events or problems encountered or anticipated fiom labour, weather, lack of 

matenals or drawmgs, or other reasons 
- Failure of contractors' plant or equipment whch would affect progress 
- Unusual or innovative construction methods 

2 5 2 Locat~on Map 

A sultable map or physical locahon chart should be developed to show the locabons of work m progress 
and identi@ by separate contract If applicable 

2 5 3 Lrcense Requ~rements 

The mtial inspection report should tabulate the terms and condtions of the license pertammg to or 
affected by the construcbon activittes It should be noted what action has been taken m regard to each 
condbon requmng specdic actron by licensee Subsequent reports should mdcate only those remammg 
actions whch have completed smce the last report or remaln to be accomphshed Any violations 
concemg envlronrnental matters, recreation, and public safety should be noted 

2 5 4 General Constructron Progress 

Subrmt a concise descnption and status of construct~on activities and related events d m g  the report 
penod for each major project component Attenbon should be gven to major items of work whch affect 
overall progress, rather than be detailed stabstical mformatlon 

2 5 5 Foundatrons 

Particular attenaon must be gven to foundation condbons, foundation preparabon, and the type of 
matenal and con&tions of placement Scheduled or special mspections should be tuned to perrmt 
observation of representative examples of all foundation treatments 

Photograph and descnbe the foundahon areas that have been uncovered Exposed foundatton areas may 
reveal faults, cracks, crevices, and other con&bons whch may requlre special treatment In such cases, 
comment should be made on the correcbve measures proposed or utilized by the llcensee Copies of any 
special reports on the foundation or treatment thereof should be mcluded wth the Construction Report 
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Where appropnate, foundahons should be mapped for record purposes by the licensee dunng excavation, 
and a copy should be retamed by the EDC Inspection Division 

2 5 6 Qual~ty Control 

Carellly observe and descnbe the quality of matenals used and work performed and report any 
deficiencies noted Project works should be construcM m confomty wth contract plans, spec~fications, 
and good construction practice Capable managenal and supervisory forces should be available to 
exercise effective and efficient job control 

(a) L~censee's Oual~Q Control Insuechon P r o m  I d e n e  the orgamzation responsible for the quality 
control program Provide general observations and comments on the quahty control orgamzation, 
the competence of personnel, and the overall effectiveness of the program Subsequent reports need 
only make reference to the construchon report contamg th~s  mformation However, any changes 
should be dscussed m the current report 

(b) Matenals Tesbng and Results A summary of the results of all the matenal testmg reqcured by the 
quality control program whch were performed smce the previous mspection should be tabulated 
wth particular attention gven to the followmg items 

(1) Note whether test facilities for controlling concrete matenals, concrete rmxmg, and placmg 
operations are adequate and mclude penohc summanes of tests on concrete speclrnens and 
results of all tests 

(2) Furnish mformation on test methods and results of controllmg and testmg fill matenal bemg 
used m embankments Note whether moisture, density, and gradation vanations are w t h  
specified llrmts, and provide summanes of test results Field control tests that fail to meet 
specficahons and that cause an area to be reworked, should be reported Types of tests should 
be referenced to the appropnate standards were applicable All quality control data should be 
accessible for review at the tlme of Inspection Such data should mclude field control tests, 
laboratory reports, construction progress drawmgs, and other pertinent construction records 

(c) Construction Matenals Sources of all major construction matenals for whch quality control is 
applicable should be reported The type of concrete matenals, cement, aggregate and adrmxtures 
should be idenbiied A plan should be mcluded that shows the location of borrow areas and qumes  

(d) Construcbon Prachcea Furmsh mformation on construction practices and procedures as related to 
quality control Include general mformation relabve to quahty of concrete form work, placement, 
cunng, and method of matenal placement and compaction m earth or rock fill structures 

(e) Instrumentation A plan for mstrumentation should be formulated and adopted by the licensee as 
soon as possible after the hcense 1s issued and all proposals for lnstrumentation should be reviewed 
for suitability, t~melmess, and adequacy m accordance with t h~s  plan The basic Instrumentation 
should be Installed as soon as practical dunng construction However, the plan should be flexlble 
enough to p e m t  the placement of mstruments at cntical areas hsclosed dunng construction and 
operation Instrumentation mstalled should be mspected and an appraisal Included m the report 
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2 5 7 Other Items of Interest 

Discuss here events not reported elsewhere m the Inspection report Typical items are matters r e q m g  
continumg or follow-up action, pubhc relations, job safety, ~mportant visitors, changes m job 
management, cnhcal events and dates, and reservoir fillmg 

Report any conhtions whch constitute a danger to life, health, and property, or adversely affect the 
s m c  aspects of the project to the licensee and to the Deputy Director, Inspection, EDC Ths mcludes 
reporhng on other pollutants to the envuonment, the degree of its Impact on the environment and need 
for mttgahve acbon to correct the problem These matters should be &scussed m the construction report 

Any vanations noted between the work being and the approved specifications and drawmgs should be 
brought to the attention of the licensee's chef representative on the job for clanfication and should be 
noted m the report 

2 6 Flnal Construction Report 

The final construction report should surnmanze 
The construction sequence, mcludmg photographs of major structures 
Overall results of quality control testmg 

t Surveillance monltonng of mstrumentation 
Inspecting engmeers' observabons, wth recommendations of specific features to be observed m fhture 
operation reports 
Observations made d m g  the fmal construction lnspection 

The complexity of the project wll dlctate the type of report subnutted 

Representatives fiom EDC should wtness the comssionmg and acceptance tests for the turblnes and 
generators, and recelve a full report wth results and evaluations fiom the licensee 
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3 Quality Control lnspection Programs 

3 1 Qual~ty Control lnspect~on Programs 

Production licensees should be reqwed to submt to EDC for approval and then subsequently mplement, a 
quality control lnspection program (QCIP) for the project construction The quality control lnspectlon should 
not be carned out by the construction contractor, but should be performed by the hcensee, the design engmeer, 
or an mdependznt firm duectly accountable to the licensee The mtent of this reqwement 1s to make certam that 
the personnel responsible for quality control mpection are mdependent from the personnel who are responsible 
for construction 

The mpechon program, and the personnel mvolved, should be the subject of penoQc review and evaluation to 
determe effectiveness and the need for any changes 

An outlme of a typical Quality Control Inspect~on Plan is gven m AppenQx D 

3 2 Sed~ment and Eros~on Control Plans 

Production hcensees should be reqwed to subrmt to EDC for approval, a sedment and erosion control plan for 
the project construction This plan wll reqwe that the contractor mplement and mamtam appropnate erosion 
control and other measures to prevent envronmental degradation of streams and watercourses d w g  
construction The sedment and erosion control plan should mclude provision for the preparation of a monthly 
report that addresses means for ensunng proper construction practices that w11 m z e  eroslon and other 
envuonmental problems dumg construction 

Specifically, the sedment and eroslon control plan provide for 
Inspechon and monltonng of erosion control and other measure that would be requlred for the protection of 
the envlronmental lntegnty of streams and other areas affected by the construction 
Provision m the monthly construchon mspechon reports for Qscussion of erosion control and other measures 
and h e r  effechveness The monthly construction mpection reports should also mclude a Qscussion of any 
mtances where sedments or other construction lscharges entered the strearn(s), the extent of lscharges, 
an assessment of any damage to the stream(s), and corrective actions taken, mcludmg measures to prevent 
further problems 

An outlme of a typical S e h e n t  and Erosion Control Plan is gven m Appendur E 

3 3 Temporary Emergency Act~on Plans 

Produchon hcensees should be reqwed to submt to EDC for approval, a temporary emergency act~on plan for 
the project construchon Thls plan would requlre the contractor to Implement and mamtam such a plan m effect 
where construction of a temporary or permanent cofferdam or large sedlment control structure would create a 
temporary ~mpoundment whlch mght endanger construct~on workers or othennse endanger public health or 
safety should the mpoundmg structure fall 

A temporary emergency achon plan for a hydroelectric construction site is requlred so that early warmng can be 
received of flows that &t overtop cofferdams, that workers can be qulckly advised of an emergency, that means 
of egress fiom the site are provided, and that speedy notification can be provided to the emergency services 
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An outlme of a typical Temporary Emergency Actron Plan s gven m Appendm F 
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Dam Safety 

Proper mmtenance and operabon of a dam and reservolr are cntical to the contmumg safety and mtegnty of the 
dam and reservolr and to the protection of life and property 

A properly designed, constructed, and operated dam can be expected to Improve the safety of downstream 
developments dunng floods However, the lrnpoundment of water by a dam can create a potential hazard to 
downstream developments greater than would exlst wthout the dam because of the potential for dam falure 

The safety of dams is of the utmost lrnportance m the mterest of public safety Dam failures, or even abnormal 
releases of water downstream, can cause senous loss of llfe and also considerable damage and destruction to 
property, agriculture, and commerce 

In general, the mtances of dam fdure are few But, when a fdure occurs, the consequences can be catastrophic 
It is more economc overall to Institute the necessary measures and procedures for the safe design and operation 
of dams, than to endure the social and economc consequences of even one failure event Also, such measures 
and procedures, m the case of hydroelectric facilities, w11 enable holders of production hcenses to fulfill the 
reqwements of the Electnclty Act and provide safe and reliable means of electnc generabon 

With regard to production facilities, it is understood that, at th~s tune, EDC has no formal regulations covemg 
design standards or procedures wth regard to dam safety It is, therefore, recommended that sutable regulations 
covenng dam safety should be put m place and that all holders of production licenses should be reqwed to 
comply wth these regulations 

The appropnate regulabons should cover both the design and the operation of such dams or other water retamng 
structures Design Includes the standards and procedures necessary to ensure stable and safe structures 
Operabon mcludes the methods of operabon and mtenance  of the structures, as well as the provision of public 
safety plans, emergency action plans, routme operabon and inspection procedures, and mdependent consultant 
safety mspection reqwements 

l h s  section hscusses design and operation procedures for dams and the role of EDC as the regulatory agency 
mvolved, under the followmg headmgs 

Hazard Potenbal Classification 
Major Techcal Factors 

c Routme Operation and Inspection Procedures 
Five-Year Safety Inspection Requrements 
Emergency Action Plans 
Public Safety Plans 

4 2 Hazard Potentral Classrfrcat~on 

Dams, whether concrete, earth, or rockfill, should be stable under a vanety of loadmg condt~ons and should have 
adequate spdlway capacity for the parhcular locabon and site However, th~s  has to be acheved at an econormcal 
cost m relabon to the degree of hazard that the dam poses m the event of a failure or extreme flood event Also, 
the extent of emergency achon and public safety measures requred depends on the impacts of the dam failure 
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or flood event involved It is recommended therefore that dams regulated by EDC be classified m relation to the 
hazards posed 

Effectively, the hazard classdicat~on of a project detemmes the level of engmeenng review and the design cntena 
that are applicable Therefore, it is cntical to assess the appropnate hazard potential of a dam, because ~t sets 
the stage for the analyses that should be completed to properly evaluate the structural mtegnty of any dam 

The hazard potential of dams desmbes the potential for loss of human life or property damage m the area 
downstream or upstream of the dam m the event of falure or mcorrect operation of a dam Hazard classification 
does not mchcate the structural mtegnty of the dam itself, but rather the effects if a failure should occur dwrng 
both normal and flood flow con&hons Generally, the three pnnclpal hazard classificat~ons are low, sign~ficant, 
and high and these classifications are defined as follows 

Low 
Dams conforrmng to mtena for the low hazard potenhal category generally are located m rural or agncultural 
areas where fsulure may damage farm bddmgs, b t e d  agncultural land, or townshp or country roads Low 
hazard potential dams have a small storage capacity, the release of whch would be confined to the nver 
channel m the event of a failure, and therefore would represent no danger to life 

+ Szgnzficant 
Significant hazard potential category structures are usually located m predommately rural or agncultural 
areas where fsulure may damage isolated homes or secondary hghways, cause mtermption of use or service 
of relabvely mportant pubhc ubbbes, or cause some mcremental floodmg of structures wth possible danger 
to human life 

+ Hzgh 
Dams m the hgh hazard potentlal category are those located where failure may cause senous damage to 
homes, agriculture, mdustnal, and commercial facilities, lrnportant publlc uhlities, or mam hghways, and 
there would be danger to human llfe 

The hazard potenhal evaluabon Includes considerabon of recreabonal development and use, and of socioeconomc 
matters Included m the hgh hazard potential category are dams where failure would cause senous damage to 
permanently estabhshed or o r g d  recreational areas or activities Also, mcluded m the hlgh hazard potential 
category are dams where failure would result m loss of life of people gathered for an unorgaruzed recreatronal 
actIvlty (such as fishermen and kayakers) where concentrated use of a confined area below the dam is a common 
annual occurrence dunng certam tunes each year 

In many cases, the hazard potential classlficatlon can be d e t e m e d  by field mveshgations and a review of 
avalable data, mcludmg topographc maps However, when the hazard potential classification is not apparent 
from a field reconnaissance, detailed stuches, mcludmg dambreak analyses, are reqwed for vanous floodilow 
condtrons to evaluate the ~ncrernental effects of a fsulure of a dam m order to identifjr the flood level above whch 
the consequences of a fdure become acceptable Ths flood is defined as the Inflow Design Flood (IDF) and is 
the floodflow conhbon above whch the adhtional mcremental mcrease m elevation due to falure of a dam is 
no longer considered to present an unacceptable threat to downstream life and property 

The selection of the appropnate IDF for a dam is related to the hazard classificat~on for the dam The IDF for 
a dam havlng a low hazard potentral IS selected pmady to protect agamst loss of the dam and its benefits should 
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a flood occur The IDF for hgh and sipficant hazard potential dams is the maXLmum flood above whch there 
*e no sipficant Incremental Impacts on downstream life and property 

4 3 Major Techn~cal Factors 

As far as the design of a new dam is concerned, or the analysis of an exlstlng dam, two factors are of p m e  
importance m the field of dam safety 

(a) Sp~llway Flood Capac~ty 
The ability of the appropnate flood to be safely c m e d  through the project 

(b) Structural Stabll~ty 
The abhty ofthe dam to structurally wthstand all the hfferent applied load cases wth  adequate factors of 
safety 

SpJlways and flood outlets should be capable of safely conveying major floods to the watercourse downstream 
fiom the dam wthout the dam belng overtopped They are selected for a specific dam and reservou on the basis 
of release reqwements, topography, geology, dam safety, and project economcs 

SpJlways can be gated or ungated An ungated spillway releases water whenever the reservorr elevation exceeds 
the spillway crest level A gated spillway can regulate releases over a broad range of water levels 

There are three specific classifications of spillways as follows 

Servzce Spzllways should be designed for frequent use and should safely convey releases from a reservolr 
to the natural watercourse downstream from the dam 

Auxzlzaly Spzllways are usually designed for Infrequent use and it is acceptable to susta~n llrmted damage 
dunng passage of the IDF 

Emergency Spzllways may be used to obhn  a hlgh degree of hydrologc safety wth m a 1  ad&tional cost 
Because of then dequen t  use it is acceptable for them to sustam sign~ficant damage when used and they 
may be designed wth lower structural standards than those used for awahary spdlways 

Factors that affect the choice of spillway type mclude 
Discharge capacity 
Project objectives and flexlbihty - range of releases 

t Operation and mamtenance 
Reliability 
Data and control reqwements 
Emergency evacuation of water fiom a reservolr 
Economcs 

In sizlng spillways, floods due to glacial lake outbursts and reservou bank landslides must be considered as 
appropnate as well as the normal floods due to ramfall, snow and Ice melt, etc 
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Structural stability requlres that dams be analysed for Qfferent loadmg cases and then to acheve satisfactory 
factors of safety For example, gravlty dams of moderate height are often analysed for the fol lowg loadmg 
combmations 

Case I - Usual Loadmg Combmation - Normal Operatrng Conhtion 

I 
Case I1 - Unusual Loadmg Combmation - Flood Discharge 
Case IIA - Unusual Loadmg Combmation - Ice 
Case I11 - Extreme Loadmg Combmation - Normal Operatmg wth Earthquake 
Case IIIA - Extreme Loadmg Combmation (Unconstructed Dams Only) - Construction Condtion wth 4 Earthquake 

Also, freeboard should be considered as h s  provides a margm of safety agmst overtoppmg failure of dams 

4 4 Routrne Operatron and lnspect~on Procedures 

Dam safety mvolves three particular Items regular mspechons, momtonng, and frequency of mspechon 

(a) Regular Inspehons Regular Inspections are the core of a good dam safety program Mamtenance crews 
should be on site frequently Thelr duties mclude dam mamtenance as well as reportrng any unusual 
condtlons observed Professional engmeers on staff mspect the dams on a sem-annual basis Inspections 
are also made after the occurrence of unusual events such as earthquakes, hgh  unnd, sabotage, vandalism, 
and reports by citmns of unusual observances Photographc records of key mQcators are also kept to allow 
tlrne companson of dam performance Following the identification of any observable defects m the dams, 
steps are taken to repar the defects The establishment of a good team of engmeers and workers 1s very 
valuable m mamtamg a regular, thorough mspection process 

A wntten report a prepared that sumrnanzes the inspection checklist (a typlcal sample checklist is gven m 
Appendvr G) and any mmtenance items that reqwe achon by the mamtenance crews All mspection reports 
are fonvarded to the Plant Manager wth  copies to the appropnate operational personnel These are made 
a part of the project records so that changes m structures wll  be documented and available for reference 

(b) Morutonng Morutomg Includes the recordmg of reservoir levels daily Level sensors are used to measure 
lake levels Upstream flow is momtored wth  staff gages or gagmg stations For earth dams, data are 
collected to morutor the phreahc surface w h  the dam and hydrostatic pressure beneath the concrete m the 
spdlway Plezometers are read weekly and data are plotted to momtor fluctuations m the water level w h  
each of the piezometers Isolated areas of seepage on downstream slopes of dams should be closely 
momtored Slltahon stuQes can also be performed on reservous usmg surveying sonar eqmpment to develop 
topography of the reservor bottom Ths  provldes a means to determe storage volume and absence or 
presence of any scounng action Stram gages can be placed on concrete dams m order to detect movement 
Surveys can be performed penoQcally on permanent monuments set m embankments to momtor for 
movement Addhonally, the isolated seepage areas on the downstream slope should be surveyed regularly 
to note any changes 

(c) Frequency of Inspecbon Normally, all hgh  and sigtllficant hazard dams wll  be inspected once a year, 
however, when unusual conQtions are encountered, mspectlons may be made at more frequent mtervals 
Normally, a special mspection of a project w11 be made following an unusual occurrence, such as an 
earthquake, slide, or a sigtllficant change m a seepage conhtlon The operation mspection frequency for a 
low hazard potential dam w11 be at least biemally for dams that are 25 feet or hlgher or have a storage 
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capacity of 50 acre-feet or more Smaller dams that do not meet the above cntena wdl be inspected at least 
tnemally 

However, Rule 79 m Electncrty Regulatron 2050 reqwes the licensee to arrange for an exammation of hts 
operatmg plant every year and, therefore, whatever the hazard classlficatron, the project dams should also 
be inspected on an annual basis Annual project mspechon IS also referred to m Section 5 3 under the 
head~ng of fiequency of lnspect~on of operating plants 

4 5 F~ve-Year Safety lnspect~on 

In the case of s~gntficant and hgh hazard dams, a major mspection of the project works, excludmg transmssion 
lines and generatmg equlpment, is recommended every five years 'Ihs is to d e t e m e  whether there are any 
current or potential deficiencies m the conchtion of project structures, quahty and adequacy of mamtenance, or 
methods of operahon, whch mght endanger publ~c safety 

This mspecbon should be performed under the du-echon of a sultably qualified engmeer duly approved by EDC 
Ifm the come of the mspection, the engmeer drscovers any condrtron for whch emergency correct~ve measures 
are advisable, the Independent consultant must unmechately notify EDC and the holder of the productron license 
of that condrhon 

The suggested mam headmgs for a Five-Year Safety Inspection Report are as follows 
Summary - Sigmficant Fmdmgs 
Description of Project Features 
Summary of Construction Hrstory and Operat~on 

c Geologc and Seismc Cons~deratrons 
c Instrumentation 

Freld Inspection 
Structural Stabilrty 
Spillway Adequacy 
Adequacy of Mamtenance and Methods of Operation 
Conclusions 
Recommendations 

c Certification 

A more detailed outlme of the contents of the report are gven m Appendur H 

It is recommended that the first five year safety mspection be performed w h  one year of the completion of 
project construct~on for new projects and as soon as agreement can be reached m the case of exlstmg projects 

For the first five-year safety mpectron report, calculations approved by the mpectmg engmeer relatmg to 
structural stabhty and splllway adequacy should be attached to the report as an appendx, wth summanes mclude 
m the body of the report 

The first report wdl reqwe the preparation of a lot of mforma~on In subsequent mspechons, rt w11 only be 
necessary to document changes 
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4 6 Emergency Act~on Plans 

The pnrnary purpose of an emergency action plan (EAP) is to provide operating and mobihzahon procedures to 
be followed m case of an emergency An emergency ~s defined as an ~mpendmg or actual sudden release of water 
at the project caused by natural dsaster, accident, or failure of the project works 

The EAP should be designed to, among other t h g s ,  provide an early warnmg to upstream and downstream 
mhabitants, property owners, recreation users, and other persons m the vlcltllty of the project or dam potentially 
endangered m case of an emergency Not~ficat~on procedures for such parties should be estabhshed and 
coorhated wth appropnate agencies responsible for hsasters or emergencies, comrnwuty officials, and 
recreation facillty operators 

The EAP should be slmple and concise m that it is a commumcation on "who" does "what " The mam headmgs 
of a typical EAP are as follows 
t- Notification Flowcharts 
t- General Responsib~lities 

Notification Procedures 
t- Preventive Actions 
t- Appendces 

- project descnption 
- engmeemg analysis 
- lnundatlon maps 
- t r amg ,  testmg, and annual revlew 

A more deta~led list of contents of a typical EAP is gven m Appenhx I 

4 7 Public Safety Plans 

The publtc fiequently has access to mtakes, dams and related water retamng structures For example, m many 
cases, these structures provlde the only means of cross~ng the river for the local population In addtlon, the safety 
of the plant operators who often must perform ddEcult and dangerous tasks at mtakes and dams IS a major 
concern A public safety plan descnbes the measures and devices to be provided to facilitate the safety of the 
public 

Safety measures and devices can be &vlded mto two groups 
Those whch h u t  access or deter people and anunals fiom gettmg lnto an mtake or a forebay 

t- Those whch are escape devices m the event a person enters a forebay either deliberately or by accident 

Fencmg, guardra~ls, w w g  signs, and pipe safety bmers  are safety devices whch llnut or deter people and 
animals fi-om entemg the forebay area Of these, fencmg is probably the most effective deterrent, however, 
warmng signs are heeded by some people and guardrails are used to keep people and vehcles fiom accidentally 
falllng or dnvmg Into mtakes and forebays Pipe safety bmers  present enough of an obsatacle to reduce the 
temptahon to use pipe crossmgs over a forebay as a walkway 

Safety nets, safety cables, safety racks, and safety ladders are devices whch aid people to escape from a canal 
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Hazardous features at projects mclude 
Spillways 
Powerhouse Intakes 
Powerhouse Tailrace Areas 

b Spillway Tailraces 
Canals and Forebays 
Intake Areas 
Dam Crests 
BoatorRaftRamps 
Swtchyards and Transmssion Llnes 
Bndges 
Project Structures m general 
Natural and Other Hazards 

b Recreation Areas 
b Wmter Con&tions 

Safety devices and measures mclude the followmg 
Education and Information 
Warning Devices (these mclude danger w a m g  signs, au&ble warnmg signs, hghts and illurnahon, 
beacons and strobe lights, buoys, and verbal w m g s  ) 
Res t rmg  Devices (these mclude boat restramg barrrers, fences, guardrails, natural barriers, trashracks, 
and debns deflector booms ) 
Escape Devices (these lnclude such ~tems as life preservers safety ropes escape nets escaw ladders and 
suspended cables ) 

The project mode of operation may also be a factor especially where rapid changes m water flows or levels can 
occur 

Each project should be revlewed for public safety needs on a case-specific basls It is extremely lrnportant to 
assess the number and type of pubhc safety measures at any project based on the pubhc use patterns at a project 
For example, projects that do not have signtficant and documented use may reqwe only normnal public safety 
measures, such as proper sigmng 

The Pubhc Use Plan wdl document the project descnphon and mode of operahon, details of the project structures 
and an mdcation of the hazard posed, the extent of public access, and the detads and des~gn reqwements for the 
public safety devices and measures requued 

A sample outlme for a Public Use Plan is mcluded m Appendrx J 
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5 Projects In Operation 

Projects m operation are Inspected to see that they are bemg properly mamtamed to assure the continued 
operation of the project and the safety of the structures, that no unauthorized mo&fications have been made to 
the projects, and that the project u bemg operated efficiently and safely and m compliance with the terms and 
condtions of the relevant production license 

5 2 Project Documentat~on 

Pnor to mspection, the project documentation held by EDC should be reviewed for project fmhanzation and 
to ascertatn if there are any outstandmg action items from previous mspechons or from six monthly reports or 
fiom other notifications 

Project documentation at the operational stage wll mclude but not be llrmted to the followmg 
Pertinent Data Sheet 
Survey License Application 

c Survey License 
c Project Agreement 

Production License Application 
Production License 
Power Purchase Agreement 
Survey Report 
Other Feasibility Reports 
Geotechcal Reports 
Design Cntena Document 
Construction Drawmgs 
Equipment Drawmgs 
Specifications 
Construchon Reports and Records 
Comrmssiomng and Acceptance Test Reports 
Six-Monthly Reports by Licensee 
Annual Inspection Reports 
Five-Year Dam Inspection Reports 
Any Other Relevant Documentation 

5 3 Frequency of lnspect~on 

Rule 79 m Electricity Regulahon 2050 reqmes the licensee to arrange for an exammat~on of lus operating plant 
every year and to obtam a cemficate venfymg h s  

EDC should mspect all operatmg plants at least once every year 
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5 4 iisspect~ors iiepod 

A typical Operation Inspection Checklist is mcluded as Appendx K and a sample Outlme of an Operat~on 
Inspection Report 1s mcluded as Appendx L 



Revrew of Project lnspectron Procedures and Dam Safety 

6 Conclus~ons And Recommendations 

6 1 General Conclus~ons 

Followg the issue of produchon licenses by HMGN for a hydroelectnc power project, EDC is the responsible 
agency tasked wth monltonng both the construction and operation of licensed facihties l k s  morutomg is to 
ensure that licensees are t h g  adequate steps to bwld sound projects m accordance wth  the Electncity Act 
2049, the unplementmg regulations contalned m the document Electncity Regulation 2050, together wth the 
terms and condtions of the respective production licenses 

EDC is also tasked wth m h g  recommendabons to HMG/N regarhg measures to be taken whde desigmng 
and construmg dams, powerhouses and other structures and m connection wth safety standards At h s  tune, 
for example, it is understood HMGN has no formal dam safety requrements that production licensees should 
provide for 

At the same tune, it is important for the producbon hcensees that they are aware of thev comrmtments under thev 
licenses part~cularly as far as items such as dam and project safety are concerned 

As ulth the hcens~ng process up to award of hcense, so wth the subsequent phases of construction and operation, 
three questions are relevant 

Why are regulatory oversight and morutomg needed? 
How much oversight is necessary? 
Why are safety reqwements and other procedures necessary? 

Three of the mam reasons for regulatory oversight and momtonng are as follows 
To ensure public safety 
Such oversight and monltonng are reqwred under the Electncity Act 2049 and the resultmg Electncity 
Regulation 2050 
To ensure that, ulthout rehevmg the production licensees of thev responsibilities, hydroelectnc projects are 
designed and built m such a way as to be safe and reliable sources of power 

Suflicient oversight is necessary to ensure that projects are safe and reliable Production licensees should have 
a clear idea of the construchon and operation requirements they have to fulfill, particularly wth regard to safety 
Then, just suflicient review and oversight are requred to check that projects are bemg properly constructed and 
operated and that all safety procedures are m place and bemg followed 

Safety requrements and procedures are unportant because they provide the framework for production licensees 
to fulfill the reqwements of the Electncity Act and the Electncity Regulations and to provide safe and reliable 
generation 

As far as dam safety is concerned, two Items that are of pnrne importance and for whch gwdehes specfic to 
Nepal are reqmed are the deternunahon of the project flood to be used for design purposes and the deterrmnabon 
of design cntena and factors of safety to be used for dam stability analysis 

Acres/USAID Prrvate Electncrty Project 6-1 



Rev~ew of Project lnspectlon Procedures and Dam Safety 

6 2 Overall Recommendat~ons 

The overall recornmendahons of the Speciahst - Power OperationsISafety are that 

EDC, as the regulatory mbtubon, and producbon hcensees need to have clear and comprehensive gwdelmes 
for thelr respective roles m the construction and operation of hydroelectnc power generation facilities 

F The overall hcenslng framework set out m the rules contamed m the document, Electricity Regulation 2050, 
1s sabsfactory However, further amphficat~on and addtlon of reqwements, especially wth regard to safety 
and reliab~hty are needed 

EDC needs p d e h e s  regardmg the degree of inspection of both projects under construction and projects m 
operat~on necessary to fulfill thelr role of a regulatory agency 

Production licenses should contam condtions that w11 p e m t  EDC to satisfactonly dscharge thelr 
responsibilities for regulatory overslgbt of both the construchon and operation phases of licensed 
hydroelectnc power projects 

The regulations and licenses should contam clauses that adequately address the questions of project and 
public safety 

EDC staff should be quahfied to properly dscharge thelr oversight responsibilihes, and t r w g  should be 
provided to reach and mamtam the level of expertise necessary 

EDC should mhate a study to establish gudelmes specific to Nepal for d e t e m g  flood flows for project 
design and for the selection of spillway and other flood outlet structure hydraul~c capacities The study 
should look at projects already designed and m operation, as well as gwdelmes fi-om other countries The 
study should mvesbgate hydrolog~cal methods, the effects of glacial lake outburst floods and reservoir bank 
landslides, and also the necessary fi-eeboard 

EDC should mhate a study to establish gudelmes specific to Nepal for the deternunation of design cntena 
and sultable factors of safety for the analysis of the stability of concrete, e W i l l ,  rockfill, and other types 
of dams 

6 3 Construct~on - Regulatory Overs~ght 

Specific recornrnendaaons for mcorporation m the regulations or m EDC procedures as appropnate are as 
follows 

Rules should be drawn up r e q m g  the production hcensee to provide to EDC the followmg documentatlon 
pnor to commencement of construction 
- Schedule for submssion of documentatlon to EDC for review - schedule to mclude adequate tlrne for 

EDC to review the documentation 
- Design Cntena Document 
- Construction Specificahons and Drawgs  
- Construction Schedule 
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The Design Cntena Document should lnclude as a muumum, the followmg items 
- Introduction 
- Overall Project Descnptron 
- Inhvidual Structure Descriptions - Dams, Canals, Penstocks, Powerhouses, etc 
- Hydrologc and Hydraulic Cntena 
- Codes, Standards, and Regulatrons 
- Matenal Properties 
- Des~gn Loads 
- Structural Deslgn Data 
- Civil Structures - Methods of Stability Analys~s, Factors of Safety, etc 
- Mechamcal Equpment 
- Electrical Equ~pment 

EDC should set up procedures to mspect construction work m progress at hydroelectnc projects mtb 
production licenses The followmg documents are attached to h s  report for gwdance 
- Appendlx A Typical Data Sheet 
- Appencbx B Typical Construction Inspection Checklist 
- Appencbx C Sample Construct~on Report Outllne 

This inspection should Include momtonng of the Quality Control Inspection Program, the Sedunent and 
Erosion Control Plan, the Temporary Emergency Act~on Plan, and any other relevant plan or program m 
place at the construction site under consideration 

6 4 Qual~ty Control and lnspect~on 

Specific recommendations for mcorporation m the regulations are as follows 

c The production licensee should be requred to subrmt to EDC for approval pnor to the commencement of 
construction, the followmg program and plans 
- Quality Control Inspection Program 
- Sedment and Erosion Control Plan 
- Temporary Emergency Action Plan 
- Any other relevant plans specific to the project 

The follovvlng documents are attached to t h s  report for gcudance 
- Append~x D Sample Outlme of Quality Control Inspection Program 
- Appendix E Sample Outlme of Sedlment and Erosion Control Plan 
- Appenhx F Sample Outlme of Temporary Emergency Act~on Plan 

Followmg approval by EDC, the production licensee should be requred to Implement the above-mentioned 
plans throughout the penod of construction of the hydroelectnc power project 

6 5 Dam Safety 

Speclfic recomrnendatlons for mcorporation m the regulations or m EDC procedures as appropnate are as 
follows 
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EDC should mspect all dams, water r e t amg  structures, spillways, and flood outlets at least once a year 

Every five years, the production licensee should be reqwed to perfom a major dam mpection for all the 
water r e t amg  structures, sp~llways, and flood outlets on the hcensed project Thls w11 cover all aspects 
mcludmg hazard class~ficatlon, splllway flood capacity, dam stabtlity, physlcal conhtion of structures, etc 
It is recommended that the first five-year mspect~on be performed wthm one year of the completion of 
project constructr.on for new projects and as soon as agreement can be reached m the case of exlstmg projects 

The followmg documents are attached to thls report for pdance  
- Appendx G Typlcal Dam Inspection Checkhst 
- Appendx H Sample Outlrne of Flve-Year Dam Safety Inspection Report 

* Producbon Licensees should subrmt to EDC for approval pnor to commencement of the operation phase the 
followmg plans 
- Long Term Emergency Actlon Plan 
- Publtc Safety Plan 

The followrng documents are attached to thts report for gudance 
- Appendtx I Sample Outlme of Emergency Action Plan 
- Appendtx J Sample Outlme of Pubhc Use Plan 

Followmg approval by EDC, the production llcensee should be requlred to Implement the above-menttoned 
plans throughout the operation phase of the project 

6 6 Projects In Operat~on 

Specific recommendations for incorporation mto the regulations or m EDC procedures as appropnate are as 
follows 

EDC should mpect all operating plants wth production llcences at least once every year 

The followrng documents are attached to t h~s  report for gudance 
- Appenhx K Typical Operation Inspection Checklist 
- Appendtx L Sample Outlme of Operat~on Inspection Report 
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Appendices 
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Typ~cal Data Sheet 

Name of Project 

Type of Project (e g , Run-of-nver, run-of-nver wth daily pondage, storage, etc ) 

Locahon On nver at 

Access 

Installed Capaclty 

Average Annual Energy 

Dates of Project Construct~on 

Hydrology 
Catchment Area 
90% Dependable Flow 
Probable M a m u m  Flood 
M o w  Design Flood 

Reservo~r 
Normal pool area 
Gross storage at normal pool 
Net storage at normal pool 

Dam 
Type (e g Concrete gravlty, gravel wth central core, etc ) 
Elevat~on (above mean sea level) 
Crest 

+ Base 
Normal Pool 
Flood Pool 

c Crest Length 

Splllway 
Type 
Discharge Capaclty 
Crest Length 
Crest Elevat~on 
Number of Gates 
Size of Gates 

km2 
cumec 
cumec 
cumec 

km2 
blll m2 
bill m2 

cumec 
m 
m 

m x m  
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Intake . Type . Number of Gates . Slze of Gates 

Desander 

Tunnels . Type . Number 
c Diameter . Length 

Powerhouse 
F Wrdth 

Length . Height 
F Number of water passages 
c Intake rnvert elevatlon 
c Draft tube outlet mvert elevatlon . Normal headwater elevat~on 
c Normal tadwater elevation 

M m u m  tailwater elevation . Rated net head . M m u m n e t  head 

Turbine/Generator Data 
Number of turbmes . Type 
Turblne rated head . Turbine rated hscharge per umt 
Total hydraulic hscharge 

c Turbine rated output per m t  
Speed . Number of generators 
Type 

c Generator rated output per umt 

Transformers 
Type 

c Size 
Number 

Switchyard 

Transm~ss~on Llne . Voltage . Length 

m x m  

m 
cumec 
cumec 
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Typ~cal Construction lnspect~on Checkl~st 

B l  Construct~on Progress 
Inspect each part of the project under construction List structures and make estmate of progress for 
chfferent types of work for lfferent structures, uslng schedules obtamed from licensee or contractor 

Types of Work 
- General Excavation 
- Foundation Excavation 
- Blmdmg Concrete 
- Mass Concrete 
- Structural Concrete 
- Fill Matenals 
- Etc 

t Types of Structure 
- Dams 
- Spillways 
- Powerhouses 
- Tunnels 
- Etc 

B2 Foundations 
Conhtions 

t Preparation 
Type of Matenal 
Conhtions of Placement 

B3 Quallty Control 
Observe quality of matenals belng used 
Observe operation of licensee's quality control and mspecbon program 
Review on site the matenals testmg and the results bemg obtamed 
Check borrow areas and other sources of matenals 
Construchon Practices 

c Instrumentation 

64 Sedlment and Eros~on Control Plan 
c Performance 

B5 Temporary Emergency Act~on Plan 
In operation 
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B6 Power Generat~on Equ~pment 

Check delivery dates of 
L. Major Eqwpment (Turbmes, Generators, etc ) 
L. Powerhouse Electrical Eqwpment 
L. Powerhouse Mechamcal Eqlupment 
L. Swltchyard Equpment 
L. Gates, Gwdes, and Ho~sts 
L. Valves 
L. Stoplogs and Ho~strng Eqwpment 

Trashracks and Trashrakes 

Acres/USAID Pnvate Electncrty Project 5 2  



Revrew of Project lnspect~on Procedures and Darn Safety 

Appendix C 

Sample Construction lnspect~on 
Report Outl~ne 

Summary 

1 Location Map 

3 General Construction Progress 

4 Foundations 

5 Quality Control 
t Quality Control Inspection Program 

Matenals Testlng and Results 
Construction Matenals 
Construction Practices 
Instrumentation 

6 Other Items of Interest 

Acres/USAID Prrvate Electncrty Project GI 



Revlew of Project lnspectron Procedures and Dam Safety 

Append~x D 

Quality Control Inspection Program 
Sample Outline 

It should be noted that Items under the outlrne head~ngs are suggested top~cs Additronal topzcs may be 
rncluded rf approprrate to fully descrrbe the Qualrty Control Inspectron Program for the project under 
consrderahon A statement o f*  not applrcable is requrredjbroutlrne headings not needed rn a 
parhcular Quabty Control Inspectron Program 

D l  lntroductron 
+ Purpose 
+ Background 
+ Descnption of structures and types of construction 
+ Specialized construction techmques and equpment 

D2 Organrzat~on and Stafflng Respons~b~l~tres 
+ Responsibilities of vanous orgmzations 
+ Number of staff and availab~lity requlred 
+ Titles, duties and responsibilities of staff 
+ Specialty mspectors 
+ Lmes of comm~cat ion and authonty 
+ Approval and rejection of work 
+ Authority to stop work 

Statement of mdependence 
+ Resumes 

lnspectron Plan and Freld Procedures 
+ Inspection cntena 
+ Knowledge of contract plans and specifications 
+ Inspection eqwpment and resources 
+ Contractor operations 
+ Coordmation wth contractor's schedule 
+ Quality Control Inspection Program operations 
+ Frequency of inspections 
+ Docurnentat~on and follow-up acbon 
+ Tramng 

04 Docurnentat~on 
+ Dally mspection reports 
+ Nonconformance reports 
+ Other penolc reports 
t Mamtenance of records 
+ Photographs 
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D5 Trarnlng 
c Study materials 
c Classroom mstruchon 

On-the-job-tramg and supervision 
c Proficiency test~ng and certdication 

Resume update 

D6 Mater~al Testlng 
Testlng schedule 
Testlng standards 
Testmg orgamzation 

c Adequacy of on-site laboratory 
Adequacy of off-site laboratory 
Evaluation of testlng data and actions reqwed 

c Documentat~on 

D7 Sed~ment and Eros~on Control Compl~ance 
Sedlment and erosion control plan 
Frequency of mspections 
Documentation and corrective actions 

D8 Schedule 
b Start and fmsh dates 

Anticipated construction sequence 
Staged and phased construction 

D9 Append~ces 
* Orgamzatlonal chart 

Descnptions of duties and responsibilities of QCIP staff 
QCIP personnel resumes 

b Project layout 
c List of contract documents 

Matenals testlng schedule and referenced documents 
Example of reports to be used, e g nonconfomance report 
Flow chart for traclung construction deficiency 

b Contractor's schedule 
Record keepmg procedures 
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Appendix E 

Sed~ment And Eros~on Control Plan 
Sample Outl~ne 

E l  lntroduct~on 
1 1 General 
1 2 Agency Consultat~on 

E2 General Descr~ptlon Of The Locale 
2 1 Topography 
2 2 Geology 
2 3  Soils 
2 4 Vegetation 
2 5 Rare, Sensitive, Threatened, Endangered Plant Species 

Proposed Construction Actlvlt~es 
3 1 Drawmgs 
3 2 Land Dlsturblng Activities 

(a) Dam sites 
(b) Spillways 
(c) Tunnel access 
(d) Surge tank access 
(e) Powerhouse 
( f )  Talrace area 
(g) Swtchyard 
(h) Spoil areas 
(1) Access roads 

E4 Sed~ment And Eros~on Control Plan 
4 1 General (All Sites) 

(a) hprap 
(b) Vegetative cover and mulchmg 
(c) Land g r a b g  
(d) Dust control 
(e) S e h e n t  barners 
(0 Silt curtam 
(g) Outlet protection 
(h) Topso~llng 
(1) Grassed waterway 
6) Trees, shrubs, and ground covers 
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(h) Detention basm(s) 
(1) Construction entrance 
(m) Site-speclfic measures 

4 2 Dam Sites 
4 3 Spillways 
4 4 Tunnel Access 
4 5 Surge Tank Access 
4 6 Powerhouse 
4 7 Tailrace Area 
4 8 Swtchyard 
4 9 Spoil Areas 
4 10 Access Roads 
4 1 1 Stagmg/Laydown Areas 

E5 Monitoring And Reporting 
5 1 General 
5 2 Unscheduled Monttomg 
5 3 Inspection Schedule 
5 4 Penolc Revlew 

E6 Schedule 

E7 References B 
E8 Attachments 

Attachment A Project Drawmgs 
Attachment B Sediment and Erosion Control Spec~fications 



Review of Project Inspection Procedures and Dam Safety 

Append~x F 

Temporary Emergency Action Plan 
Sample Outline 

F1 Notrfrcatron Procedures 
c Identlficatlon of emergency conhtions 

Safety lnc~dent report 
Itllt~at~on of emergency action plan 
Termmat~on of plan 

F2 Preventwe Act~ons 
Flood w m g  systems 

c Site emergency warmng devlces - suens, etc 
Means of egress from site - ladders, roads, etc 
Emergency supplies and resources - fill matenals, np-rap, etc 
Response dunng penods of darkness 
Response dunng penods of adverse weather 
Avalabillty and use of alternate systems of commulllcation 

F3 Descrrptron of Project 

F4 Flood Frequency and Flood Water Level Study 

F5 Plan for Testrng and Rev~ew 

F6 Document Distr~but~on 
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Appeniix G 

Typical Dam lnspect~on Checklist 

ITEM 

G2 Dam 
Settlement 

c Movement 
c Upstream Slope fGp-Rap 
c Downstream Slope hp-Rap 

Seepage 
Piezometer Readmgs 

COMMENTS 

Head Works 
c Piers and Deck Concrete 

- Erosion 
- Craclung 
- Detenorabon 

c Spillway Concrete 
- Erosion 
- Craclung 
- Detenoration 
- Epoxy Repaus at S~l l  
- Dramage Gallery 
- Manometer Readmgs 

c Sbllmg Basm 
- Erosion 
- Crackrng 
- Detenoration 

c Radal Gates - -No [number of gates] 
- Conbtion of Steelwork 
- Hoist Mechamsms 
- SealsILeakage fiom Gates 
- Condition of Pamt 
- Standby Generator 
- Crane for Stoplogs - Avatlabllity 
Slulce 
- Concrete Condtion 
- Condition of Diamond Plate Repm 
- Sluice Gate Conbtion 
- Gate Seals 

Acres/USAID Pr~vate Electrlaty Project G-I 



Review of Project lnspect~on Procedures and Dam Safety 

G3 Reservoir R~rn 
* Slope Stabhty 

G4 Intake Canal 
b Canal 

- Side Slope bp-Rap 
Footbndge 
- Deck 
- Plers 
SllINo - - El - 
- Condtion 

(D~scuss~on wth operators) 
b Slll No - - El - 

- Condtion 
(D~scussion wth operators) 

6 5  Settl~ng Bas~n 
Performance 
- Settllng Performance - Sand 
Sill No - - El - 
- Condtion 

c Boom 
- Condition 

G6 Flush~ng Structure 
Plers and Deck Concrete 
- Erosion 
- Craclung 
- Detenoratton 

* Spillway Concrete 
- Eroslon 
- Crackmg 
- Detenoratton 
- Sill Erosion 
- Downstream Concrete Slabs 
Radal Gates - N o  
- Cond~tion of Steelwork 
- Ho~st Mechmsms 
- SealsILeakage from Gates 
- Concht~on of Palntwork 
- Standby Generator 
- Stoplog Gantry 

G7 Power Intake Structure 
Condition of Concrete 
Condtion of Rtp-Rap 
Trashracks 
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G8 Compensatrng Pond 
Performance 
- Settllng Performance - Silt 
Sand Dredge 
- Performance 
Side Slopes 
- Conht~on 
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Sample Outline of F~ve-Year Dam Safety lnspect~on Report 

The contents of the Five-Year Dam Safety Inspection Report should mclude, but not be lmted to, the 
followmg, as appropnate 

H I  Summary (S~gn~ficant Flndlngs) 
A Fleld Inspection 
B Stability Evaluation 
C Spillway Adequacy 
D Operation and Mamtenance 
E Momtomg Data 

H2 Descr~pt~on Of Project Features 
A Dam($ 
B Spillway(s) 
C Powerhouse(s) 
D Intake and Outlet Works (I e , Canals, Desanders, Tunnels, Penstock, Surge Tanks ) 
E Map ofVicmty 
F Plan and Sectional Drawmgs 
G Standard Operational Procedures (I e , Reservoir Levels, Gate Operattons) 

H3 Summary Of Construct~on Hlstory And Operation 
Obtalned From Varlous lnformatlon Sources 
A Design Reports 
B Laboratory Reports 
C Construct~on Reports 
D Geology Reports 
E Se~srmcity Reports 
F Plans and Specdicatlon Reports 
G Operation and Mamtenance Reports 

H4 Geolog~c And Selsmlc Conslderatlons 
A Regonal Geology 
B Local Geology 
C Foundahon Conchtion 
D Faultmg 
E Se~srmc~ty 
F Slnkhole Potenhal 
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H5 lnstrumentat~on 

A Location and Type (mclude Plan and Sectional Drawmgs) 
B Tlme vs Readmg Graphs of Data 
C Evaluation 

H6 F~eld lnspect~on 
A Settlement 
B Movement 
C Erosion 
D Seepage 
E Leakage 
F Craclung 
G Detenoration 

9 
H Geologc Con&tlons 
I Foundation Detenoration 
J Condition of Spillway and Outlets 

I 
K Observation of Operation of Representatwe Number of Splllway Gates and Standby Power 
L Reservor Run Stability 
M Upl~ft Pressures m Structures, Foundations, and Abutments 

1 
N Functlonmg of Foundation Drams and Relief Wells 
0 Other S~pf i can t  Condtions 1 

H7 Structural Stabllrty 
A Vlsual Observations 
B Method of Analysls 
C Properties of Materials Based on Site-Spec~fic Data 
5, Uplift Assumpti= (Concrete Structures) 
E Phreatic Surface Assumptions (Embankments) 
F Factors of Safety 
G Stress Analysis and Evaluat~on (e g , Arch and Buttress Dams) 
H Loadmg Wagrams and Summary of Results 
I L~quefaction Potential (Earthfill Structures and Foundations) 

H8 Sp~llway Adequacy 
A Flood of Record 
B Inflow Design Flood 

1 Deternabon of Probable Maxmum Flood (Assumpt~ons, Analyses, Results) 
a Probable M a m u m  Precipitation Distnbubon 
b Watershed Model for Converting Ramfall to Runoff 
c Runoff and Flood Routmg Procedures 

2 Freeboard Adequacy 
3 Dam Break Analysis (Inadequate Spillway Capacity) 

C Spillway Ratmg Curve 
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H9 Adequacy Of Malntenance And Methods Of Operat~ons 
A Procedures 
B Mamtenance of Dam 
C Mamtenance of Facilities 
D Surveillance 
E Evaluation 

HI 0 Conclus~ons 
A Assessment of Dams and Other Water Retammg Structures 

1 Field Inspection 
2 Stability Analysis (Adequacy of Factors of Safety) 
3 Stress Evaluation 
4 Sp~llway Adequacy 

B Adequacy of Instrumentation and Momtonng of Instrumentahon 
C Adequacy of Malntenance and Surveillance 
D Adequacy of Project Operat~on 
E Adequacy of Operation of Sp~llway Gates and Standby Power 

HI 1 Recommendat~ons 
A Corrective Measures Reqwed for the Structures 
B Corrective Measures Reqwed for the Mamtenance or Surve~llance Procedures 
C Corrective Measures Reqwed for the Methods of Operation of the Project Works 
D Schedules to Carry Out Each Corrective Measure 
E Any New or Adhtional Momtomg Instruments, Penohc Observations, or Other Methods of 

Momtomg Project Works or Conhtions that may be requlred 

HI 2 Certrficatlon 
A Statement of Independence 
B List of Participants 
C Signature of Inspector 

HI3 Appendices 
A EDC Letter Approvmg Inspector 
B Scope of Work of Inspector 
C Inspector's Resume (Qualifications) 
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Append~x I 

Emergency Action Plan 
Sample Outline 

I1 Not~flcat~on Flowchart 
+ Failure is ~mrmnent or has occurred 
+ Potentially hazardous situation is developing 

12 General Respons~b~litres Under The 
Emergency Act~on Plan 
+ Purpose and scope 
+ Desmptlon of the dam 
+ Hazard classification 
+ Responsibhty and author@ 

13 Notif~cat~on Procedures 
+ Identification of emergency con&tions 
+ Dam safety Incident report 
+ hutlation of the emergency action plan 
+ Termation of the emergency 

14 Preventwe Actions 
+ General provisions for surveillance 

Surveillance at remotely controlled or unattended dams 
+ Response d m g  penods of darkness 
+ Response d m g  penods of adverse weather 
+ Availability and use of alternate systems of comm~tllcation 
+ Emergency supplies and resources 
+ Other concerns and act~ons 

15 Append~ces 
A Descnpt~on of the Project 
B Summary of StuQes and Analyses to Deterrmne Extent of Inundat~on 
C Inundation Maps 
D Plans for Tramng, Testmg, and Annual Rev~ew 
E Documentation Dlstnbution 
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Append~x J 

Public Safety Plan 
Sample Outl~ne 

J1 General Project Data 

52 Descr~pt~on of Structures And Facrllt~es 
Locations open to pubhc 
Locations open to project staff only 

J3 Project Mode of Operatron 
Water level changes 

54 Publ~c Safety Measures 
Fences 
Gates 
Lighting 
Boat Safety Devlces, mcluhg  booms 
Log boom/ Trashboom 
Camera System 

b Signs 

J5 Emergency Escape Dev~ces 
Ladders 

b Safety cables 
c Safety nets 

Life preservers 

J6 Warnlng Dev~ces 
Audible w w g  devices 

b Buoys 
Lighting 

J7 Adrn~nlstrat~on 
Plan perrocbc revlew 
T r a m g  

c Document D~stnbution 
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Typical Operat~on Inspection Checklist 

ITEM COMMENTS 

K l  Head Works 
b Piers and Deck Concrete 

- Erosion 
- Craclung 
- Detenoratlon 
Spillway Concrete 
- Eroslon. 
- Crackmg 
- Detenoratlon 
- Epoxy Repalrs at Sill 
- Dramage Gallery 
- Manometer Readmgs 
Stilling Basm 
- Erosion 
- Crackmg 
- Detenoration 
Radal Gates - N o  
- Condtion of Steelwork 
- Holst Mechmsms 
- SealsLeakage &om Gates 
- Condtion of Palnt 
- Standby Generator - Crane for Stoplogs - Availability 
- Main Electrical Supply 

t Slwce 
- Concrete Condtion 
- Condtlon of Dlarnond Plate Repax 
- Slmce Gate Condtion 
- Gate Seals 

K2 Dam 
Settlement 

* Movement 
b Upstream Slope hp-Rap 

Downstream Slope hp-Rap 
Seepage 
Piezometer Readmgs 
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K3 Reservo~r R~rn 

c Slope Stabdity 

K4 Intake Canal 
b Canal 

- Side Slope bp-Rap 
Footbndge 
- Deck 
- Piers 
Sill No - - El - 
- Conchtion 

(Discussion wth operators) 
Sill No - E l  - 
- Conchtion 

(D~scussion wth operators) 

K5 Settl~ng Basln 
Performance 
- Settllng Performance - Sand 
Sill No - - El - 
- Conchtion 
Boom 
- Condition 

K6 Flush~ng Structure 
t Piers and Deck Concrete 

- Erosion 
- Crackmg 
- Detenoration 
Spdlway Concrete 
- Erosion 
- Craclung 
- Detenoration 
- Slll Eroslon 
- Downstream Concrete Slabs 

c Radal Gates - N o  
- Con&tion of Steelwork 
- Ho~st Mechmsms 
- Seals/Leakage fiom Gates 
- Conhtion of Pamtwork 
- Standby Generator 
- Stoplog Gantry 

K7 Compensat~ng Pond 
Performance 
- Settlmg Performance - Silt . 
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Sand Dredge 
- Performance 
Side Slopes 
- Condtlon 

K8 Power Intake Structure 
Condt~on of Concrete 
Condtion of hp-Rap 

+ Trashracks 
Trashrake 

c Erosion 

K9 Headrace Tunnel 
Any Problems 

KIO Surge Tank 
Any Problems 
Condt~on of Concrete 
Slope Protection at Surge Chamber 

K l 1  Pressure Shaft 
Any Problems 

K12 Manrfold 
Any Problems 

K13 Powerhouse - CIVII Structures 
Check condtion of concrete floor, walls, columns, and ceilmgs at the follotvlng locat~ons 
- Ground Floor 
- Shafts 
- Control Bmldmg 
- Superstructure 
Check Slope Protection, mcludmg tests on anchors, behmd powerhouse 
Tailrace Tunnels - Any Problems 
Check Retamng Wall along nver m front of powerhouse 

K14 Powerhouse Mechan~cal and Electr~cal Equ~pment 
c The powerhouse mechmcal and electncal eqwpment should be vlsually Inspected as far as 

poss~ble The operat~on and maintenance records slnce the last lnspect~on should be exammed 
for any outages or downtlrne attributable to eqmpment malfimchon Discussions should be held 
mth statlon operators regardmg eqmpment performance 
Records should be exammed to check that all electncal relay settlngs and protect~on deuces are 
kept up-to-date All meter callbrations should be checked at least on an annual basis 

+ A genenc list of tv~lcal  mechamcal and electncal plant follows 
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K15 Major Equ~pment 

Turbmes 
- Cavitation 
- Erosion due to sedunent 
- Erosion of nozzles and deflectors (Impulse Turbmes) 
- Shaft Seals 
Generators 
- Last Rewmd, if any 
- Thrust Beanng 
- Coolmg System 
Speed Increasers or Step-Up Gears, if any 

b Governors 
t Met Valves, mcludmg Butterfly Valves 
t Draft Tube Gates, Hoists, and Stoplogs 

Powerhouse Crane 

K16 Powerhouse Mechanical Equ~pment 
Dewatenng Pumps 
Dramage Pumps 
Compressed Alr 
- Portable Compressor 
- Fixed Compressor 
Unit Heaters 
Flre Protect~on System 
- Halon 
- co2 
- Water 
Drtnlung Water System 

t Smtary Water System 
Beamg 011 Coollng Water Supply 
Embedded and Exposed Pipework 
Heatmg, Ventilatmg, and Alr Conditionmg 

K17 Powerhouse Electrical Equ~pment 
Swtchgear, mcludmg Generator Breakers 
Control, Metenmg, and Relay Panels 
Excitation Transformer 

b Static Exciter and Voltage Regulator 
Generator Neutral Res~stor Cubicle 
Station Serv~ce Transformer, Distnbutlon Panel, and Motor Starters 
Station Batteries and D C Panels 
Embedded and Exposed Condult 
Superviso~y Control and Data Acqmsition 
Grounding 

b Telephone 
b Emergency or Standby Generation (Diesel) 

- Fuel Store 
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K18 Swltchyard Electrical Equrpment 
Step Up Transformer 
Lightsung Arrestor 

c Cucult Breaker 
Disconnect Swtch 

K19 Swr tchyard CIVII 
c Access 

Means for Retamng Spllled Oil ( ~ f  transformer 1s oil filled) 
- Transformer and oil filled cucult breaker bases should have catchments and hollng basms 

to collect and contam any oil spells 
- Crushed stone surround 
Eqwpment Remforced Concrete Bases 
Peruneter Fence 

K20 Stores and Workshops 
Large Items 
- Turbme Runners 
- Beanngs 

c Mechmcal Stores 
Electncal Stores 
Mechmcal Workshop 
Electncal Workshop 

c Account~ng 
- Adequate supply of spares on site 
- Method of taggmg and recordmg 
- Method of ~ssumg stores 
- Method of ordemg 
- Work orders 

K21 Equipment to be Exerclsed Annually 
Spillway and Slulce Gates and Stoplogs 
Power Tunnel Intake Gates and Stoplogs 
Butterfly Valves 
Draft Tube Gates and Stoplogs 

K22 Access Roads 
Man Access to Projects 
Access Around Project 
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Appendix L 

Operation lnspect~on Report 
Sample Outline 

L1 Summary 

L2 Data Sheet 

Operat~on lnspect~on Report 
Safety of the Project 
- Dams and Appurtenant Structures 
- Instrumentation 
- Downstream Hazard Potentla1 Update 
- Items Ansmg fiom Five-Year Dam Safety Inspection Reports 
- L~censee's Inspection Program 

t Operat~on and Mamtenance 
- Dams and Appurtenant Structures 
- Spillway Gates and Standby Power 
- Power Plant Eqwpment 
- Reservoir 
- Project Operation and Mamtenance Records 
- Emergency Act~on Plans 
Public Safety Plan 
Fmdmgs and Follow-Up Act~on Requlred 

t 4  - Prodrscbon License Compi~ance Report 
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