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APPENDIX J : THE INTEGRATED SYSTEM FOR EMBANKMENT DAMS (complete ASSESSMENT for dam 4)

Note : The assessment of the dams in the trial is a rapid assessment to demonstrate use of the prototype Integrated System, without full and detailed examination of all material provided. The results should not be used for purposes other than this research contract.

Contents

Title 

(Numbering following process in Figure 6.1 of Main Report)
Sheet No
Number of sub-sheets 

(Note 1)

A: Guidance on carrying out assessment



Terminology
J.1
1

Guidance on using the Integrated System
J.2
1

Process for trial of application of Integrated System to an individual dam
J.3
1





B: (5, 11). Summary for Dam 4



Summary table for overall assessment of risk
J.4.1
1

Review of trial of Integrated System on individual dam
J.4.2
1

Process and detailed sheets comprising the Integrated System
P. XXX
11





C: 1. Dam characteristics
J.5
2

D: 2. Event Trains for Dam 4



Extreme rainfall
J.6
1

Wind
J.7
1

Failure of upstream reservoir
J.8
1

Seismic event
J.9
1

Internal instability (embankment)
J.10
1

Internal instability (appurtenant works)
J.11
1

Criticality of other threats/ mechanisms of deterioration
J.12
1

E: 3. Assessment tables and figures for External threats for Dam 4



Dam Critical flood (Extreme rainfall)
J.13.1
3

Flood inflow (as rapid method in FRS)
J.13.2
2

Dam Critical Wind
J.14
1

Upstream reservoir
J.15
1

Dam Critical earthquake (Seismic event)
J.16


F: 4. Assessment sheets for Internal Threats in relation to annual 



probability of failure for Dam 4



Condition evaluation of internal stability (embankment)
J.17
2

Condition evaluation of internal stability (appurtenant works)
J.18
2

Graph for plotting AP of failure vs. Current condition score
J.19
1

G: 6 – 8. Consequence of failure for Dam 4



Initial assessment of valley downstream and features that may be affected by dam break
J20.1
1

Assessment of dam break flood & distance for which impact to be considered
J.20.2
2

Attenuation of dam break flood and PAR/LLOL
J.21
3

Impact score of damage from dam break flood
J.22
1

H:  9-11. Tolerability of Probability of failure for Dam 4



Matrix to determine Hazard Class and broadly acceptable overall AP of failure
J23.1
1

FN Chart for assessing tolerability of risk
J.23.2
1

Note : 

1. Description of system given in Section 6 of Main Report, with overview on Figure 6.1.

2. Figures from other publications are necessary for assessment and completion of the above (e.g. Sheets 13.1 to 13.4), as detailed on Sheet J.2

Sheet J.1  Terminology relating to application of Integrated System

(main terms reproduced from Glossary in Section 9 of Main Report, for ease of use)

Assessing Engineer
The engineer carrying out the safety assessment using the Integrated System.  Although this would often be the Inspecting Engineer carrying out a periodical inspection, this is not a pre-requisite for application of the system.



Condition Score
A Condition Score is a number between 0 and 10 based on a rating procedure that describes the current condition of a structure in a uniform manner.



Criticality
Likelihood that the particular mechanism of deterioration could occur x Consequence for dam safety if it did occur



Failure
Uncontrolled sudden large release of water ((large is in relation to the downstream channel and is taken to be the lesser of the mean annual flood or bank full flow)



Failure mode(s)
Means by which a failure (uncontrolled sudden large release of water) may occur.  Four failure modes are differentiated in this contract, namely external erosion (including overtopping), internal erosion (through body of dam, or at contact with a structure), sliding and appurtenant works.



Incident 
Detectable change in Indicator causing sufficient concern to lead to some action (three levels are used in NDD; Levels 2 to 4 as shown in Table C.2)



Indicator
Measurable outcome from the application of a mechanism of deterioration e.g. deformation, seepage, instrumentation results (see Table 2.3).



Integrated system
A system for carrying out a Risk Assessment on a single dam, that quantifies the overall probability of failure from all the various threats to the safety of a dam, evaluates the consequences of failure and thus the risk posed by the dam and provides some measure of whether this risk is tolerable.

 

Intrinsic Condition
Current physical property or dimension of the dam which can be measured and which affects the outcome of application of a mechanism of deterioration.  Although initially determined by construction details; this may change with time due to ageing, neglect, maintenance or upgrading.



Mechanism(s) of deterioration
Process by which the integrity of the dam is undermined.  The mechanism can have a quantitative threshold above which deterioration is likely to occur e.g. slope protection designed to withstand waves due to 100 year wind



Threat(s) 
Random Event (External threat) or Potential Internal Instability (Internal threat) that poses a threat to the integrity of the dam. The latter is subdivided into two internal threats, as shown on Table 2.2

Sheet J 2 : Guidance on using the Integrated system
1 General

a) The overall process given in Sheet J3 should be used, with boxes ticked as the process is completed.  

b) The assessment has been produced in the form of an interlinked Excel workbook, with standard calculations entered into the workbook.  It is assumed that the user has access to the electronic copy of the Excel workbook, as the work required will be significantly increased if the assessment has to be carried out manually. The workbook is not protected, so care should be taken not to inadvertently edit the existing equations.

c) The Assessing Engineer will need a copy of the following
· Floods & Reservoir Safety (ICE, 1996) - for wave estimates

· Application Note to Guide to seismic risk to dams in the UK (ICE, 1998) – to get peak ground acceleration 

· Seed & Idriss (1982) –to assess vulnerability to liquefaction

· Swannell (1994) – to determine relationship of displacement along slip surface to ratio of actual ground acceleration to critical acceleration (SF=1.0)

d) Dam specific data required to carry out the assessment, normally provided by the owner includes (Sheet No); some but not all being given in the Reservoir Record

· Levels of dam crest, toe etc (5)

· Flood peaks and duration at dam site (13, incl. 10 yr. for wind assessment)

· Spillway weir length, level and dimensions of controls downstream (13)

· Reservoir surface area (13) and volume (20)

· Dimensions of upstream reservoir (for dambreak) (15)

· Dam cross section and material parameters, for seismic analysis (16)

e) Other dam specific data (not necessarily available from the owner)

· 1:25,000 scale map of reservoir,  upstream dams and downstream river valley (20)

· 100 year flood peak along downstream valley; particularly just downstream of the confluence with any other rivers (20, 21)

f) The convention for borders to cells in the Excel workbook is as follows

Cell border
Convention

Double line 
Data should be entered, relevant to subject dam

Thick line
Input data to be adjusted until ERROR further down spreadsheet is acceptably small (i.e. manual iteration)

Other
Either a calculation or, data that has already been input elsewhere

2.
Scoring system for Internal Threats

a) The principles underpinning the scoring system for current condition is that a Score 8 should result where the symptoms are such that it is considered works are required, and Score 10 where emergency drawdown is required to avert failure. Thus the predefined sheets list symptoms that would be indicative of potential failure, with the Assessing Engineer adjusting the proportion of the possible total score for severity and location as defined below. In addition the Assessing Engineer may adjust the final score by one class, on the basis of his/her judgement as to the likelihood of failure in its current condition.

b) For internal stability (appurtenant works), do not score where the structure is constructed entirely within non erodible rock in the abutment and there is no credible mechanism of deterioration that could lead to failure (as defined on Sheet J.1).  For all other support conditions score as shown

c) Individual indicators should be scored for severity as follows 

Condition
Marks
Example for seepage into structure

Indicator has occurred to such a degree that the dam is in a ‘critical’ condition
Maximum possible marks for relevant indicator


Indicator is present to a ‘significant’ degree
100% of possible
Equivalent to tap full on

Indicator is present to a ‘minor’ degree
50% of possible
Slight to some flow

Indicator is just discernible
20% of possible
Damp

Some natural condition is present that results in the indicator appearing worse than it really is e.g. local (non reservoir related) groundwater (in abutments and valley bottom) is above crest of dam
Reduce marks by 50% of the value which would otherwise be awarded
Rest groundwater level in abutments above crest of dam

d) Similarly the score for cracks may be adjusted for their location (as well as severity), i.e. if in a non-critical position score as minor, whilst if in a critical position score as significant or critical

e) The total potential marks if all indicators were present to a ‘significant’ degree would amount to approximately 200% of the maximum total mark.  This is deliberate and reflects that in general a dam that is in a poor condition will not exhibit all the indicators together, to a significant degree

f) For Intrinsic condition, where there is no information on the item being scored, use judgement based on a knowledge of that type of dam, the date of construction and other facets of the subject dam; if in doubt assume the worst

g) For Intrinsic condition of  internal stability (appurtenant works), only score electromechanical works where they

· Contain full reservoir head in direct contact with embankment fill, or

· Must be operated in order for the design flood to be passed

h) Indicators relating to the presence of an appurtenant structure should be treated as an internal threat (appurtenant works), whilst those relating to the dam should be treated as internal stability (embankment).  Thus seepage along the outside of a structure is treated as relating to the structure.

i) For estimating the probability of failure due to internal stability (appurtenant works) the current condition of each structure is scored individually and the worst (highest) score is then used to estimate the probability of failure.

APPENDIX K : TRIAL OF INTEGRATED SYSTEM ON 10 DAMS

Contents

Title
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Number of sub-sheets 
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K.1 Selection of dams to trial



Letter to owners, including Guidance in selecting dams to trial
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K.2 Results of trial: for Dams 1 to 3, 5 to 10

(Dam No 4 given in Appendix J)



Summary table for overall assessment of risk
J.4.1
1

Assessment of result of trial on individual dam
J.4.2
1

Dam characteristics
J.5
2





















Note :  The assessment of the dams in the trial is a rapid assessment to demonstrate the use of the prototype Integrated System, without full and detailed examination of all material provided. The results should not be used for purposes other than this research contract.

XU0168/300/AJB

25th January 2002

Owner’s address

Dear ______

DEFRA research contract 

“reservoir safety – floods and reservoir safety INTEGRATION”

TRIAL OF INTEGRATED SYSTEM ON TEN DAMS

We are currently carrying out the above research contract for DEFRA, which commenced in April last year and is due to be finished by May this year.  As you are aware this particular project has five specification objectives, of which the principal overall project objective may be summarised as:

“Propose and demonstrate an integrated system which provides a

framework for decision making by Panel Engineers on the annual probabilities of occurrence and consequences of all the various threats to reservoir safety”

We are writing to ask for the assistance of your organisation in carrying out a trial of the proposed integrated system devised as part of the above.  

We attach the following

· page 5 of the research specification dealing with the trial

· draft of a section of the research report text dealing with the process for the trial

· notes for your guidance in selecting dams on which the trial is to be carried out 

· blank table summarising the dams on which the trial will be conducted

· questionnaire relating to the candidate dams for the trial

We have to carry out a trial of the integrated system on a total of ten embankment dams and anticipate that your organisation may be able to provide some of these.  We would like you to propose a number of dams which would be suitable for use in the trial.  Currently we anticipate that the 10 dams on which the trial would be carried out would be as follows

Owner/ type
Number used in trial

British Waterways
4

Yorkshire Water
4

Brown & Root small dams
2

At this stage we not asking for any documents, simply to identify dams on which it may be suitable to trial the system.  We would be grateful if you would complete the attached questionnaire for each dam which you put forward as a candidate for the trial. 

Once the dams on which the trial will be conducted have been identified, we would ask for the following information to be sent to us at least a week prior to visiting the dam with your staff:

a) last Inspection report under Section 10 of the Reservoirs Act

b) Supervising Engineer’s reports for the last few years (minimum three, preferably ten)

c) reports with detailed hydrological and seismological analysis (if available)

d) any other reports that assist with assessing the condition, and thus the safety of the dam

We anticipate the process and programme will be as follows

Activity
Completion date

You suggest possible dams, to cover  a reasonable range of dam characteristics, and complete the questionnaire for each candidate
8th Feb

We review the proposed dams and include in our Milestone report submitted to the Steering group
15th Feb

Steering group considers the selection and finalises the 10 dams to be trialled
27th Feb

We write to ask for the information for your dams selected for trialling, and to agree a date when we can visit your dams
1st March 

You provide information on each dam (prior to the visit) and we obtain a copy of the BRE database entry for these dams
8th March

We visit the dam, preferably with the Supervising Engineer
11th March - 12th April

We assess the results and provide the draft Final report to both the Steering Group and yourselves
19th April

Steering Group considers our report
10th May 

We provide you with a copy of the final report, including the results of and the conclusions from the trial 
June

If you wished we need not publish the identity of the individual dams in our report on the research contract, referring to the dams simply as Dam A etc, and would be pleased to know your preference in relation to this.

Please do not hesitate to contact the undersigned if you have any queries.  Although I will be overseas from 30th January to 8th February 2002 I can be contacted by e-mail during that period.

Yours sincerely

Alan Brown

Project Manager

Telephone:
+44 1373 86 3585    

Fax:
+44 1372 86 3355

Email:

Alan.J.Brown@Halliburton.com
cc 

DEFRA – Attention Mike Walker

Alex MacDonald, Babtie – Chair of Steering Group

DEFRA research contract 

“Reservoir safety – floods and reservoir safety integration”

Guidance in selecting dams to be trialed
1. Condition of dam

To provide a fair test the trial will make its own assessment of the condition of the dam, based on information that would be provided to a Panel Engineer carrying out a routine Section 10 Inspection.  Nevertheless to ensure a reasonable spread of dams within the following five classes, we ask that the owner provides a spread of dams across the following classes (without revealing which dam is in which class)

Poor condition, requiring works 

Poor condition, but not sufficient at present to require works

Average condition for dam of its age

Good condition for dam of its age

Good condition due to major upgrading works (give date of upgrading)

To assess how the integrated system deals with major works it would also be advantageous to assess one dam in two states, prior to and after major upgrading works (the prior to state being assessed on historical data)

2. Other reservoir upstream

The trial aims that say 30% of the dams in the trial have another reservoir upstream, such that the increase in the probability of failure due to the upstream dam can be assessed.

3. Other dam characteristics

In addition to a reasonable spread of dam condition the trial aims to have a reasonable spread of other characteristics as follows, broadly in order of decreasing importance

· date built (this will broadly determine the type of impervious element/ outlet works)

· hazard class (to include estimate of population at risk)

· dam height

· reservoir capacity

4. Summary

We would be grateful if the four dams proposed for the trial by each of BW and YW satisfied the following

· spread of one in each of above Condition classes

· one dam from either BW or YW to be trialled twice, before and after major upgrading

· one or two of the four dams to have a reservoir upstream

· other characteristics to have a reasonable spread
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