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EXECUTIVE SUMMARY

CIRIA Report C542: ‘Risk Management for UK Reservoirs’ was published in 2000
following a study partly funded by the Environment Agency. The study involved the
development of a risk assessment methodology to enable reservoir owners to rank their
sites in terms of risk and hazard, and assist with the prioritisation of any works required.
The CIRIA study concentrated on reservoirs that were full of water much of the time,
which is not the case with most of the Agency’s 109 flood storage reservoirs, which
normally only impound water during floods.

This Agency R & D project is a pilot study into the use of the CIRIA methodology on
flood storage reservoirs (FSRs). It involved the application of the CIRIA methodology
to five FSRs of varying size and flood risk. The principal objective was to evaluate the
application of the methodology to FSRs and determine any modifications needed to the
methodology before it is used on all the Agency’s 109 reservoirs which come within the
ambit of the Reservoirs Act 1975, and any further research required to develop the
methodology for such use. The study also considered the identification of risk
mitigation measures in the unlikely event of failure of a flood storage reservoir.

The study made a comparison with risks in other industries and at impounding
reservoirs. It concluded that the CIRIA methodology was valid and there were benefits
in using it for flood storage reservoirs. These included: prioritisation of safety works,
maintenance and monitoring etc.; identification of possible failure modes; preparation
of emergency plans and ensuring good practice maintenance regimes are implemented.
The study demonstrated that risk assessments are best undertaken by personnel who are
well acquainted with the reservoir and its environment. Operation and maintenance
were identified as key issues in ensuring that flood storage reservoirs function properly
when required.

Some issues were, however, identified in the use of the CIRIA methodology on flood
storage reservoirs. A particular problem was the difficulty in identifying the impact of
dam failure on an already flooded valley, and further research into this issue is
recommended. The ‘Location Cause Indicator (LCI)’ diagrams in the CIRIA
methodology were not wholly applicable to flood storage reservoirs and a more
appropriate LCI diagram for flood storage reservoirs has been developed during the
study.

Additional research is recommended into the impact of dam failure on a flooded valley
and also that risk assessments should be undertaken on all the Agency’s flood storage
reservoirs in flood categories A and B (i.e. those where lives are considered to be at
risk). In order to ensure consistency, all the risk assessments should be reviewed by a
single experienced reservoir panel engineer.
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1 INTRODUCTION

1.1 Background

A research project was undertaken for CIRIA in the late 1990s which resulted in the
publication of CIRIA Report C542: “Risk Management for UK Reservoirs”. The
CIRIA study was partly funded by the Environment Agency and the CIRIA Report also
formed the Environment Agency R & D Technical Report W232, produced through R
& D Project WSC-008.

The CIRIA Report provides guidance on the application of risk assessment and risk
management procedures to UK reservoir practice. It was written primarily for UK
reservoir owners, panel engineers, regulators, insurance companies and others
concerned with reservoir safety. It was intended to complement the guidance produced
in recent years on floods, seismic risk, valves and pipework etc., to assist those
undertaking duties in accordance with the Reservoirs Act 1975. The risk assessment
methodology was developed to enable owners to rank their dams in terms of risk and
hazard, and assist them in prioritising any works needed.

The risk assessment procedure comprises two basic stages:

1. An impact assessment, to determine the impact that failure of a dam would have on
the community.

2. A Failure, Mode, Effects and Criticality Analysis (FMECA) which considers the
components of a dam and how they may contribute to a possible failure of a dam.
This enables the most critical elements of the dam to be identified.

The CIRIA methodology was developed for use with all reservoirs falling within the
provisions of the Reservoirs Act 1975, but was biased towards ‘normal’ impounding
reservoirs which contain water most of the time. The Environment Agency wishes to
evaluate the application of the CIRIA methodology to its 109 flood storage reservoirs,
which normally only impound water during floods. This project is a pilot trial to
undertake risk assessments on some flood storage reservoirs and identify any changes
that may be needed to the CIRIA methodology when dealing with such reservoirs.

This project has been carried out within the ‘Risk Evaluation and Understanding of
Uncertainty’ Theme of the Combined Defra / Agency R&D programme. It is one of a
range of projects developing the use of risk assessment and performance evaluation by
the Agency and Defra. These are being developed within a framework for risk,
performance and uncertainty set out in by Defra/Environment Agency (2002).

1.2 Objectives

The overall objective is to test the CIRIA methodology on flood storage reservoirs.
More specific objectives included the following:

e To select at least one flood storage reservoir in each of the four flood categories (A,

B, C & D) as defined in ‘Floods and Reservoir Safety’, and apply the methodology
in the CIRIA guide.
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e Assess the suitability of the methodology for each reservoir category, the accuracy
of the results and comparison with other risks.

e Review the application of the methodology to flood storage reservoirs and make
recommendations on modifications to the methodology for use on such structures.

e Compare risks at flood storage reservoirs with those at ‘normal’ impounding
reservoirs and risks in other industries.

e Identify any risk mitigation measures to cover instances of failure of flood storage
reservoirs or the design criteria being exceeded.

e Identify any further research required to develop the CIRIA methodology for use on
flood storage reservoirs.
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2. CASE STUDIES
2.1 Selection of Sites

The five trial sites used in this study were selected by the Environment Agency. A
request was sent to all the Agency’s Regions asking for possible sites to be identified,
together with a list of the type of information that would be required by the research
contractor undertaking the studies. The five sites were selected from the responses
received using the following criteria:

e the reservoirs should all fall within the provisions of the Reservoirs Act 1975
e at least one reservoir in each flood category (A, B, C and D) should be included

e sufficient information should be provided to enable risk assessments to be
undertaken

e various types of inlet and outlet control should be studied.
The five sites selected were as follows:

Site 1: A Category A reservoir which can impound up to 5,500 MI during a flood. It
lies upstream of a large town and is controlled by radial gates.

Site 2: This is a former water supply reservoir which is normally full up to spillway
level. It impounds flood water between the spillway and embankment crest. Until
1999, the reservoir was classified in flood Category B, but it was uprated to Category A
as a result of development downstream.

Site 3: A Category B washland reservoir, the majority of which is formed by a former
railway embankment. Inflows and outflows are controlled by four penstocks.

Site 4: Five off-stream washlands reservoirs which are filled by overflow spillways
from an adjacent river. The reservoirs are in flood Category C.

Site 5: A two compartment Category D washland reservoir which takes flood flows
over spillways from an adjacent river.

More detailed descriptions of the sites are given in Section 2.4. The locations of the
sites are not given in this report: two are in Southern England, the other three in
Northern England. All sites contain embankment dams, which are the same as most, if
not all, of the Agency’s flood storage reservoirs.

2.2 Information used
The information available for the study varied for each reservoir: in general the
information was more extensive for the Category A reservoirs, as might be expected

since they pose a greater hazard. The following basic information was provided for
each reservoir:
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e drawings of the works (in the case of the Category B, C and D reservoirs this
consisted only of a plan of the site)

e copy of last Inspecting Engineer’s report under Section 10 of the Reservoirs Act
1975

e copy of last Supervising Engineer’s statement under Section 12 of the Reservoirs
Act 1975

e records of any surveillance and monitoring (e.g. settlement, drainage flows,
piezometers)

e details of any problems that have occurred and any remedial works undertaken or
proposed

e summary of the maintenance that is undertaken (e.g. frequency of grass cutting,
debris clearance, inspection of dam for any damage/problems)

e summary of operation during a flood event

e copies of Sections 7, 8 and 9 of the Prescribed Form of Record giving basic
information on the reservoir volume, dam type/height, spillway works, weirs, gates,
etc.

e dam break flood maps (Site 1 only)

e the Agency’s indicative flood maps for the channels downstream of the sites (Sites 2
-5).

2.3 Methodology

The purpose of the study was to apply the CIRIA methodology to the selected sites.
Some changes were, however, made to the methodology to concentrate the work on
matters where the unique aspects of flood storage reservoirs could have an effect. This
enabled the funds available for the study to be most appropriately directed. Principal
changes to the CIRIA methodology were:

e Discussions were held with personnel who were acquainted with the sites to obtain
information that would have been gained from site visits.

e No hydrological or hydraulic calculations were carried out to predict the discharge
resulting from dam failure or the extent of flooding downstream. Where dam break
analyses had been undertaken, the maps resulting from such studies were used in the
impact assessment. In other cases, the extent of flooding was assumed to be similar
to that on the Agency’s indicative flood maps.

e A FMECA analysis was undertaken for all five sites, although the CIRIA report
only recommends these be done for those with impact scores in excess of 175.
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e An independent quality review was undertaken for one of the flood Category C
washlands sites (Site 4). The outcome of this review is discussed in Section 2.4.4.

2.4 Site — Specific Studies

24.1 Sitel

Description of site

This reservoir is formed by a 1.3 km long earth embankment with a maximum height of
5.7 m across a flood plain. Flood flows are controlled by three radial gates: a computer
system monitors river levels and optimises the operation of the gates. A railway line
passes through the site on an embankment and a major road crosses over the flood area
on a viaduct. The embankment impounds some 5,580 MI and has been designated a
‘Category A’ reservoir in accordance with the ICE ‘Floods and Reservoir Safety’
publication. The scheme was completed in 1981 and has operated, on average, twice a
year since then. It is designed to protect the urban area downstream against flood
events up to a 100 year return period. The completed scoring tables are shown in
Appendix 1.

Key issues

(a) Related to the dam and reservoir:

e The radial gates are electrically operated and there are back-up systems in the event
of power failure.

e The gates, when fully open, were designed to pass the 1 in 10,000 year flood.

e The embankment was designed to allow for some overtopping during an extreme
event.

e Crest levelling is carried out every six months.

e The reservoir is well maintained, with a site specific annual maintenance budget.
e A short length of the embankment is constructed over an old silt lagoon.

(b) Related to the area of potential flooding:

e A dam break analysis had been undertaken for the ‘near’ valley.

e Major urban area some 2 km downstream of site including properties, shops and
trading estate.

e Another major town some 25 km downstream.

e Major railway line passes across potential flooded area.
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e An industrial site some 4 km downstream.
e Power, water and sewage services would be affected by the flooding.
Impact assessment

The impact assessment was undertaken in accordance with Section 5.2.4 of CIRIA
C542. The impacts in the ‘near valley’ within 5 km of the dam were determined from
inspection of the 1:10,000 dam break maps prepared in 1998 and discussions with the
Agency’s operations staff. Impacts in the ‘far valley’ (5-30 km) were estimated from
the indicative flood maps on the Agency website and from personal knowledge of the
area. The impact scores for the near and far valleys were 2395 and 291 respectively,
giving a total reservoir impact score of 2686. Our confidence in the accuracy of the far
valley score was low because of the lack of detailed information on the maps. This did
not, however, have a significant effect on the overall impact score as the total score is
heavily weighted in favour of the near valley by the methodology: a 50 % error in the
estimate of population at risk in the far valley would only alter the impact score by
about 60.

The dam break analysis assumed that dam failure would result from overtopping
following a PMF event, in which case much of the area downstream of the reservoir
would have been flooded prior to failure. Many properties would therefore have been
evacuated in such a situation. A smaller area would be flooded in the more frequent
‘design’ event of 100 years, but if dam failure occurred during this event, the impact on
lives could, in fact, be greater as the 100 year flood defences downstream would be
suddenly overtopped.

The reservoir impact score of 2686 results in a 3* grade of risk assessment being
recommended in accordance with Section 5.3 of the CIRIA Report. This is the highest
level of risk assessment and indicates a potentially high impact in the event of dam
failure. This confirms the Category A status of the reservoir.

FMECA risk assessment

The FMECA assessment was undertaken in accordance with Section 5.4 of CIRIA
C542. LCI Diagram 13 (embankment dam, height less than 15 m, completion post-
1960) was used as the base diagram. Several branches of the diagram were not used
because the reservoir was not a ‘typical’ reservoir full most of the time, and others (e.g.
the control structure and silt lagoon) were added.

The highest criticality scores were:

e Twenty-four for failure by overtopping following external erosion by
humans/animals.

e FEighteen for liquefaction of silt lagoons in a seismic event. Although this could
severely damage the embankment, such an event is most unlikely to coincide with a
flood event. This would be more likely to have operational consequences in that
remedial works would be required and it may not be possible to impound water to
the full depth.
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The criticality scores for this high-hazard reservoir were generally low, reflecting the
high level of maintenance, monitoring and supervision of the site and the reservoir
specific maintenance budget.

242 Site2

Description of site

The reservoir was formed in 1837 by the construction of a 150 m long, 3 m high, earth
embankment across the valley of a brook. The brook was diverted around the site of the
reservoir, with flood flows spilling into the reservoir. It was originally used for water
supply, but is now only used for amenity, conservation and flood storage: it is normally
full of water up to the crest of a spillway located at the right end of the dam. The flood
storage volume is therefore only that between the spillway and embankment crests. A
section of the spillway was lowered in 1988 to increase flood storage. The reservoir
was classified in flood Category B until the 1999 inspection when it was uprated to

Category A as a result of development downstream. The completed scoring tables are
shown in Appendix 2.

Key issues

(a) Related to the dam and reservoir:

e Following the increase in flood category, the Inspecting Engineer recommended that
the downstream face of the dam should be protected to withstand overtopping flows,
and this was being implemented at the time of this study.

e Annual deformation surveys are carried out.

e The reservoir operates automatically during floods with the fixed spillways
controlling flows; Agency staff visit the site during floods to check for blockages to
the structures.

e There is a programme of regular maintenance visits and inspections.

e Deterioration in brickwork and leakage through it have been identified.

(b) Related to the area of potential flooding:

e A housing estate has recently been built within 100 m of the downstream toe of the
dam.

e A major railway line crosses the flood plain some 1.5 km downstream on a viaduct.
e A large retail complex lies some 1.7 km downstream.

e There is a major river some 2 km downstream of the dam with a wide flood plain
and a large area of flooded mineral extractions.
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Impact assessment

An impact assessment was undertaken in accordance with the CIRIA Report. The
Environment Agency provided details of their indicative flood maps together with an
Ordnance Survey base map at 1:10,000 scale. This does not, however, indicate flooding
of any of the properties at the toe of the dam. Some engineering judgement was used to
estimate the likely extent of flooding immediately downstream of the dam: the accuracy
of this could be improved by a site visit.

No impact assessment has been undertaken for the ‘far valley’ (5 — 30 km downstream).
This is because it is considered that the impact would be minimal: the water discharging
from the relatively small reservoir (68,000 m®) would spread out into the wide flood
plain and into the lakes formed by mineral extraction.

The reservoir impact score of 705 results in a 2* grade of risk assessment in accordance
with Section 5.3 of the CIRIA Report. This is the type of score that was anticipated for
a reservoir in a borderline flood category between A and B.

The impact assessment was carried out on the assumption that the dam failed during an
extreme flood event. Since this reservoir contains a substantial amount of water most of
the time, a ‘sunny day’ failure by other means such as piping is possible. The impact
score from such a failure would be similar to that from an overtopping failure: although
there may be an increase in the population at risk from recreation in the downstream
valley on a sunny day, this would be offset by the number of people who had vacated
their properties in an extreme flood prior to dam failure.

FMECA Risk Assessment

A FMECA risk assessment was carried out using CIRIA LCI diagram 7 (embankment
dam, height less than 15 m, completion pre-1840) as the base. The highest criticality
score of 24 was allocated to the problem of inadequate spillway capacity leading to
overtopping of the embankment: works are now in hand to rectify this problem.

243 Site3
Description of site

This is a triangular shaped washlands reservoir formed over the old course of a river.
The majority of the reservoir is formed by a former railway embankment some 7 m high
and 2.3 km long. The reservoir capacity is stated to be 1,416 Ml and it fills fully during
floods exceeding a 30 year return period. Inflows and outflows are controlled by four
1.83 m x 1.52 m penstocks. The reservoir is classified in flood Category B. The
reservoir water level is retained below existing ground level to a depth some 4.5 m
below maximum operating level and is used as a wildlife sanctuary. A public road
crosses the reservoir and divides it into two parts connected by a bridge opening
beneath the road. There is a gap in the railway embankment where the road crosses and
a subsidiary embankment with a maximum height of some 4 m was constructed to
replace this missing section. The completed scoring tables are shown in Appendix 3.
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Key issues

(a) Related to the dam and reservoir:

e The crest of the subsidiary embankment was uneven but this had been rectified in
April 2000.

e The site is within an area where coal mining has taken place in the past. A report
indicated that settlement due to this should have ceased.

e The control penstocks are inspected and tested on a monthly basis.
e The embankments can overtop in extreme (>150 year) flood events.
(b) Related to the area of potential flooding:

e A car park and riding stables adjacent to the subsidiary embankment could be
inundated.

e The banks of the river downstream are used by fishermen and pedestrians.

e The river into which impounded water would go passes through a series of heavily
urbanised areas beyond 10 km downstream of the reservoir. The flood plain
generally contains non-residential property.

Impact Assessment

An impact assessment for the ‘near valley’ for 5 km downstream of the reservoir was
undertaken in accordance with the CIRIA Report. The ‘near valley’ impact score was
128: this is the sort of figure that would be expected for a Category B or C reservoir.

A ‘far valley’ impact assessment was also undertaken using the Agency’s indicative
flood maps to estimate the extent of inundation. This may not, however, be
representative of the damage caused by dam failure which would most probably occur
during a major flood (in excess of, say, 200 years return period) when much of the area
would be flooded anyway prior to the dam failure. Failure during a more frequent event
could, however, be more significant if dam failure resulted in the sudden overtopping of
flood defences.

The impact score for the ‘far valley’ was 247, giving a reservoir impact score of 375.
This requires a 2* FMECA risk assessment in accordance with the CIRIA Report and
confirms the Category B status of the reservoir.

FMECA Risk Assessment

A FMECA risk assessment was carried out using CIRIA LCI Diagram 13 (embankment
dam, height less than 15 m completion post-1960) as the basis for the analysis. This
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was used since the reservoir had been formed in the 1960s although the railway
embankment was constructed much earlier. This variation in age of structures is
discussed later in this report.

Although the LCI Diagram was used as a basis for the study, many elements were not

used (e.g. spillway, pipework) and additional elements were entered separately for the
railway and subsidiary embankments. The highest criticality factors were:

e Twelve for instability due to rapid drawdown: low confidence was allocated to this,
as there was no mention of the issue in the information provided.

e Eight for settlement leading to overtopping based on a history of settlement.

e Eight for internal erosion, since the watertightness of the embankments is uncertain.

Continuing maintenance of the site so that it is able to perform in a flood event was
identified as a key issue. Repairs to make up settlement, filling in bare grass patches
and checking the operation of penstocks are all matters that need to be addressed on a
continuing basis to ensure good practice maintenance.

2.4.4 Site4

Description of site

This site contains five washlands reservoirs, formed on areas of flood plain bounded by
earthfill embankments on both river banks and by road and railway embankments, spoil
heaps and natural ground rising away from the river bank. The embankments along the
river are between 3 and 5 m high. They are off-stream reservoirs which are filled by
flow over inlet spillways from the river when a flood gate in the river is closed.
Outflow from the reservoirs is through pipes discharging into the river with flap valves

at their downstream end. The reservoirs are classified in flood Category C. The
completed scoring tables are shown in Appendix 4.

Key issues

(a) Related to the dam and reservoir:

e Overtopping of the embankments could occur during floods in excess of 150 year
return period.

e Some shallow slips and bare patches identified by the Inspecting Engineer had not
been repaired.

e The Supervising Engineer noted a general lack of maintenance and was unable to
establish whether valves were being tested and operated.

(b) Related to the area of potential flooding:

e The reservoirs lie upstream of a series of towns and villages.
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e The flood plain generally contains non-residential property.

e The Inspecting Engineer considered that the effect of a breach in one or more of the
embankments would produce a flood peak of a low order.

Impact Assessment

An impact assessment only for the ‘near valley’ was undertaken in accordance with the
CIRIA Report. This was because it was considered that the effect of the flood peak
resulting from the reservoir failure would be insignificant in the ‘far valley’.

The impact assessment in the ‘near valley’ was undertaken assuming the extent of
flooding was as shown on the Agency’s indicative flood maps and that dam failure
occurred in an event greater than the 150 year return period design flood. This gave an
impact score of 633, although it is almost certainly too large because much of the area
would be flooded in any event prior to the dam failure during such an event. If failure
occurred after the peak flow there would be a risk of some people having returned to the
previously flooded area. Failure of the reservoir in an event with a return period of less
than 150 years could also have a significant effect if it resulted in sudden breaching of
the flood defences. The impact score of 633 is in the upper range for a 2* CIRIA
assessment, suggesting that the reservoirs should be in flood Category A or B rather
than C.

An independent quality review was undertaken for this site. The reviewer undertook
the impact assessment from flood levels determined using the ‘rapid dam break’ method
given in Sections 5.2.2 and 5.2.3 of CIRIA Report C542: this resulted in an impact
score of 450 as opposed to the figure of 633 obtained using the Agency’s indicative
flood maps. Although there is a significant difference in score, they both result in a 2*
grade of risk assessment being required.

FMECA Risk Assessment
A FMECA risk assessment was carried out using LCI Diagram 13 (embankment dam,
height less than 15 m, completion post-1960). Several elements on the LCI Diagram

were inapplicable, as for Site No. 3. The highest criticality was 12, for the following
elements:

e Instability due to rapid drawdown: the high criticality was due to a low confidence
since no information on this matter was available.

e Instability and external erosion leading to overtopping; shallow slips and surface
erosion had not yet been addressed.

e Surface erosion on spillways, where a good grass cover was required, but had not
yet been addressed.

The independent quality review of the FMECA resulted in much higher criticality
scores, the maximum being 60 for erosion of the crest. The difference was mainly due
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to the way in which individuals allocate scores, and confirmed the need for a review of
a group of risk assessments to ensure consistency. The originator and reviewer both
agreed on the difficulty in allocating scores without personal knowledge of the site.

2.4.5 Site5
Description of site

This washland reservoir is formed by earthfill embankments between 3 and 4 m high
adjacent to a high level carrier river, also used as a canal: one of the embankments is a
railway embankment. Flood flows discharge into the two compartments of the reservoir
over spillways from the high level carrier river. Outflow from the reservoir is via pipes
to the canal with flap valves. The reservoir was formed in the 1970s, has a capacity of
280 Ml and is in flood Category D. The completed scoring tables are shown in
Appendix 5.

Key issues
(a) Related to the dam and reservoir:

e A survey of one embankment had revealed settlement of the embankment, shear
movement in the embankment and adjacent ground, and some heave in a drainage
channel.

e The site is generally being well maintained.
e There has been some cracking of the outlet structures.
(b) Related to the area of potential flooding:

e The surrounding land is virtually flat agricultural land with a network of drainage
channels. There is no valley into which water would obviously flow.

e There are three properties within 300 m of the reservoir, which were not considered
to be at risk of inundation by the Inspecting Engineer. There is no indication of
flooding in this area on the Agency’s flood maps.

Impact Assessment

A simple impact assessment has been undertaken using the bunded reservoir
methodology (Section 5.5.3 in CIRIA C542). There are no ‘near’ or ‘far’ valleys as
such and an inspection of the surrounding land suggests that the only impacts of the
seven CIRIA types that could apply would be those for recreation and agriculture.
Impact scores of 1 for each of these produces a reservoir impact score of 15, which is
well below the minimum score of 175 recommended by CIRIA for a FMECA
assessment to be carried out. The low impact score confirms the low risk category of
this reservoir.

FMECA Risk Assessment
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Although the CIRIA methodology does not recommend a risk assessment for a reservoir
with an impact score of 20, a FMECA assessment has been undertaken for the purposes
of this study. LCI Diagram 13 was used as the base diagram. The most critical
elements identified were:

e Instability under rapid drawdown: a low confidence factor value was allocated due
to lack of information.

e Overtopping of embankments following settlement. There has been settlement in
the past, which is now being monitored.

e Internal erosion: there is no information on the watertightness of the embankments.

e External erosion due to cattle, humans and rutting.

R&D TECHNICAL REPORT W5B-028/TR1 13



3 RELATIVE RISK

3.1 Comparison of risks at trial sites

The CIRIA methodology suggests that a comparison of risks at different sites be made
by multiplying Criticality scores by the Impact Score. A summary of the maximum
Criticality and Impact Scores for the five test sites is given below.

Site Impact Score Max Criticality Impact x
Criticality

1 2686 24 64,464

2 705 24 16,920

3 375 12 4,500

4 633 12 7,596

5 15 12 180

It should be noted that it is believed that some of the Impact Scores (especially for Sites
1 and 4) are greater than they should be because the figures include damage to areas
naturally flooded prior to the dam failure. The above table may not, therefore, give a
true picture of relative risk at the five sites. Assuming, for comparative purposes, that
the above figures are correct, it shows the risks at Site 1 to be much greater than at the
others. In fact, all elements with a Criticality greater than 6 at Site 1, when multiplied by
its Impact Score of 2686, would be more significant risks than the most critical element
at Site 2.

The impact assessments were all carried out on the assumption that dam failure
occurred during a major flood. In such circumstances the Agency’s flood warning
system should ensure that much of the potentially flooded area was vacated at the time.
Exceptionally, a ‘sunny day’ failure at Site 2, the reservoir which is normally full, and
retains water above ground level, may in fact pose the greatest hazard at any of these
sites. A more detailed analysis involving a site visit would be required to identify the
true impact score.

3.2 Comparison with risks in other industries and at impounding reservoirs
3.2.1 Other industries

It is difficult to compare the recent safety record of UK dams with other industries
because there have been no known fatalities since 1925 as a result of dam failure.
Failures causing one or more deaths occurred on 12 occasions between 1831 and 1925,
suggesting an improvement with the introduction of reservoir safety legislation in 1930.
The CIRIA Report C542 discussed other industries with which UK dams could be
compared, and this is summarised as follows:

® Nuclear industry: nuclear incidents have the potential to affect large areas: the
precise area affected would be determined principally by wind, weather patterns,
topography and geology, depending on the type of incident. The number of fatalities
is also difficult to predict. This is in contrast to a dam incident, where the area at risk
can be well defined. The probability of a major incident in the UK is considered to
be very low.
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Offshore industry: this is a highly dangerous industry with hazards including oil,
gas, fire, explosion and a limited number of people at risk working in a confined
area. It is hazardous to those working in the industry but there is little risk to the
public at large.

Industrial plant: there are major hazards identifiable at factories and other industrial
sites such as fire, explosion, toxic release and pollution. Risks are generally low, but
incidents have occurred in the UK. As with nuclear incidents, the effect on the local
area is dependent on weather conditions, especially the wind. A particular problem
with existing installations is that it is not practicable to force people to move from
nearby housing that was built before the risks posed by hazardous installations were
recognised: this is a similar situation to population at risk downstream of dams.

3.2.2 Other Dams

The CIRIA Report considered risk levels associated with dam failure in terms of
human, economic and environmental loss. The effect of such losses at flood storage
reservoirs is considered as follows:

The tolerable level of human loss should be no different to that at a ‘normal’
reservoir. Risk levels should be in line with the criteria published by the Royal
Society Study Group in 1992 as follows:

‘While it is clearly not possible to set single quantitative guidelines on risk
acceptability, some broad indicators of the current position can be noted. If the
average expectation of life is 70 to 75 years, then the imposition of a continuing
annual risk of death to the individual of 0.01 seems unacceptable. At 0.001 it
may not be totally unacceptable if the individual knows of the situation, enjoys
some commensurate benefit, and everything reasonable has been done to reduce
the risk. At the other extreme, there are levels of assumed risk so low that the
manager or regulator can regard them as trivial. The Study Group judges this
figure to be commonly about one in a million.’

The loss of business, factories, farmland, infrastructure, utilities etc. directly
attributable to failure of a flood storage reservoir may not be substantial because
much of the damage may occur anyway in a major flood whether or not there was a
dam failure due to the extensive fluvial flooding.

The loss to the Agency of its flood storage asset would have an economic effect
from the additional flooding caused by its failure and which could be the subject of
legal proceedings. There would also be costs incurred in reconstructing the reservoir
or providing alternative flood defence measures. The Agency would also be subject
to adverse media reaction in the event of reservoir failure.

Environmental damage resulting from failure of a flood storage reservoir should be
less than that from a ‘normal’ reservoir which would be expected to release
substantial quantities of silt downstream. If, however, the flood storage reservoir
was a nature conservation area, was used for recreation or other amenity use, then
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there would be some environmental loss which, depending on the extent of dam
failure, could probably be reinstated.

It is considered that appropriate risk levels for flood storage reservoirs should be in line
with those proposed in Section 2.4.4 of CIRIA Report C542: this suggests that the
ALARP principle should apply, i.e. that where improvements involve investment costs
then these costs should not be grossly disproportionate to the reduction in risk obtained
by carrying out the work. (ALARP stands for ‘As Low As Reasonably Practicable’).
The CIRIA Report also recommends following the HSE approach for hazardous
installations. Where a risk management approach is adopted for dams, a period within
30 years is suggested for full implementation of the appropriate standards. This
approach allows the dams posing the greatest hazard to be identified and be the initial
focus of appropriate and effective risk-reduction techniques. Such a long delay in full
implementation may not be appropriate for FSRs.
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4. REVIEW OF CIRIA METHODOLOGY

4.1 Introduction

The CIRIA methodology was developed for application to any reservoir falling within
the provisions of the Reservoirs Act 1975. These are defined as reservoirs holding more
than 25,000 m® of water as such above the natural level of any part of the land adjoining
the reservoir (including the bed of any stream). Specific benefits of the approach were
considered to be (Hughes, Hewlett and Elliott, 2000):

e prioritising the implementation of safety recommendations and remedial works

e prioritising maintenance

e planning a surveillance, monitoring and instrumentation strategy

e identifying possible failure modes requiring detailed investigation and analysis

e checking that all hazards at a reservoir are systematically identified and considered

e preparation of emergency plans for dam operation and interaction with emergency
services

e identifying the financial risk associated with the failure of a dam
e providing comparison with hazards in other industries
e avoiding complacency in respect of dam safety.

This study has confirmed that such benefits can be obtained from using the
methodology on flood storage reservoirs. It has, however, identified some problems in
the detailed use of the methodology which are discussed in the following sections.

4.2 Impact Assessment
4.2.1 Estimating the extent of flooding

Because of the limitations attached to this pilot study, no hydrological or hydraulic
analyses were carried out to predict water levels downstream of the reservoirs in the
event of dam failure. The impact assessments were, instead, based on a dam break
analysis (Site 1), and the Agency’s indicative flood maps (Sites 2-5). The dam break
analysis that had been undertaken for Site 1 also investigated the extent of flooding in a
PMF event which, not surprisingly, flooded a much greater area than shown on the
Agency’s maps, which are based on events in the 100 — 200 year return period range.
The flood resulting from dam failure was, in fact, no worse than the PMF because it was
predicted to occur several hours after the peak of the PMF. The PMF further
downstream of the major urban area, beyond about 4 km of the dam, was not
significantly different to the Agency’s flood maps. Whilst evidence from this site
suggests that the Agency’s flood maps could be used for the ‘far valley’ impact
assessment, similar dam break studies at other sites would be needed to confirm this.
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The Agency’s indicative flood maps were used in the impact assessments for Sites 2-5.
These should give a good indication of the area that would be affected in the event of
dam failure. There are, however, problems in using these maps:

e Dam failure is most likely to occur during a flood of the magnitude associated with
the Agency’s maps: there would therefore be an additional area flooded in the ‘near
valley’, probably rapidly, following failure of the dam.

e There are difficulties in estimating the extent of the effect of the dam break on
flooding downstream. At Site 2, for example, the flow from the reservoir discharged
into a very wide flood plain a few kilometres downstream and it was assumed that
there would be little direct effect from the dam break beyond this point. Outflow
from a reservoir above a long valley of uniform cross-section would affect flooding
much further downstream.

It is difficult to generalise the effect that failure of any dam will have on the extent of
flooding downstream. It is considered that the Agency will have to look at its flood
storage reservoirs on a site-by-site basis to determine the effect their failure will have on
downstream flooding and identify the ‘worst case’ scenario as far as downstream impact
is concerned. In the case of high-hazard reservoirs this would necessitate full dam-
break modelling, while for lower hazard ones it should be sufficient to add dam-break
flows to the models used in preparing the Agency’s indicative flood maps. For sites
where no Agency flood models or maps are available, then an analysis in accordance
with Section 5.2.2 of the CIRIA report would suffice. In addition to investigating dam
failure at the design flood for the reservoir (e.g. a PMF in the case of a Category A
reservoir), it may also be necessary to look at failure during floods of lower magnitude
when the effect of sudden flooding downstream may be more significant. As well as
considering dam failures during flood events, the effect of a ‘sunny day’ failure on a
normally full reservoir such as at Site 2 should also be investigated: although the flow
from such a failure would be less, it could be more catastrophic since flooding would be
unexpected downstream.

4.2.2 Predicting the impact of flooding

This is the process of allocating scores for specific impacts from the flooding and
estimating the Population At Risk (PAR). It was undertaken for all the trial sites from
an assessment of damage within the flooded area. Two significant problems were
identified:

1. A lack of detailed local knowledge was a handicap in undertaking this work. The
assessments were carried out using 1:10,000 OS plans, and, whilst the existence of
residential properties, industrial sites, shops, roads, etc. were obvious, the number of
people at risk could not be easily estimated. The type of property, the size of shops,
the type of factory or industrial plant could not be ascertained from the maps. This
made scoring of the impacts difficult. It is particularly important that the best
estimate of PAR is made since this has the greatest influence on the overall impact
score. This problem should be eliminated if impact analyses are scored by local
Agency personnel or the Supervising Engineer who can visit the area at risk of
flooding.
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2. The impact scores derived in this study are probably all too high, except for Site 2
which is the reservoir that is normally full. This is because the impact scoring
counts all the impacts on the valley and infrastructure: this includes those flooded as
a result of the severe flood event occurring at the time of dam failure. The most
realistic scenario is for the valley to be severely flooded prior to the dam failure, in
which case many of the properties, schools, shops, etc. would have been evacuated.
The impact mainly attributable to dam failure is that from the dam break ‘wave’ on
properties and infrastructure at a level just above the area already flooded also
taking into account the effects on ‘barrier banks’ remote from the main river
embankments. There could also be some additional impact from the higher velocity
of a dam break ‘wave’ in damaging buildings, power lines, etc. already flooded.

4.2.3 Need for impact assessment
The impact assessment in the CIRIA report has two uses:

1. To determine the level of FMECA risk assessment required in accordance with
Section 5.3 of the report.

2. To enable a comparison of risks at different sites to be made either just by
comparing reservoir impact scores, or by multiplying criticality factors by impact
scores at various reservoirs to determine the most critical items.

Since this study has identified a number of problems in application of the impact
assessment methodology, it is worth reviewing the need for one to be undertaken. In
most cases the effect of failure of a flood Category C or D reservoir will be minimal and
the need for an impact assessment unjustified. This should, however, be confirmed on a
site-by-site basis, considering the effect that failure would have if it occurred during a
major flood: it is possible that in some cases there could be properties at a level just
above the indicative flood lines which could be affected in the event of dam failure. For
reservoirs which do pose a significant risk to life and property, then an impact
assessment, especially for Category A reservoirs, should be undertaken for the
Agency’s own contingency planning purposes taking account of any local impacts (e.g.
breaches in flood storage reservoir embankments remote from the main river channel).

4.3 FMECA Risk Assessment

Application of the CIRIA FMECA risk assessment methodology was more
straightforward than that of the impact assessment. Problems identified included the
following:

e Although a substantial amount of information was available in the form of drawings,
reports, etc., the lack of personal knowledge gained from a site visit was a drawback.
The CIRIA methodology was developed on the assumption that the FMECA
assessment would be undertaken with a close personal knowledge of the site, such as
the Supervising Engineer, which has been confirmed by this study.

e A different thought process is required to ‘normal’ reservoirs in that the assessor
needs to continually consider the effect that filling will have on a normally empty
reservoir.
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Operational procedures during a flood event are critical to the safe operation of a
flood storage reservoir and it is important that operational procedures are set down
in the flood operations manual and implemented by staff who are trained in their
dissemination and operation of gates, clearance of blockages, etc.

Routine maintenance is essential so that a flood storage reservoir can function
successfully on the few occasions that it has to. Key maintenance activities include:
keeping spillways clear; regular testing of gates; making good any bare patches of
grass and regularly visiting the site in case of damage by animals or humans
(especially vandalism). This is facilitated by having flood storage reservoir site
specific maintenance budgets.

At reservoirs where there is a history of settlement, regular levelling (and making up
of levels if required) is necessary: this would usually be required by the Inspecting
Engineer under the Reservoirs Act 1975.

It is difficult to predict whether leakage from a flood storage reservoir is a problem
when there is little evidence from the rare occasions it floods. The assessor needs to
consider the condition and properties of the embankment, the time for which the
reservoir impounds and any knowledge of historical leakage in allocating scores.

Rapid drawdown can be a critical factor in the stability of flood storage
embankments and this should be considered as a matter of course in FMECA
assessments of them.

While the LCI diagrams are a useful tool in undertaking the analyses, several
changes needed to be made for use on some of the flood storage reservoirs, and a
separate LCI Diagram for flood storage reservoirs has been prepared as part of this
study and is included in this report. Changes were mainly related to the spillways
and inlet/outlet works.

The LCI diagrams contain suggested values for ‘Consequence’ scores which vary
according to the age of the dam. Some of the test sites had embankments of varying
ages (e.g. an old railway embankment and newer flood defence embankments).
Some engineering judgement is needed in such situations and it may be worth
having separate LCI elements for each type (and age) of embankment (this was not
done in the test cases due to a lack of knowledge of the properties of the
embankments).

4.4 Development of methodology for other flood storage reservoirs

The aspect of the CIRIA methodology requiring most attention is the impact
assessment, to address the problem of the valley already being significantly flooded at
the time of dam failure. It is necessary to assess the increase in flooding resulting from
dam failure during a major flood.

The tools for such an assessment are readily available (dam-breach models, EA models
used for flood mapping etc.). The difficulty lies, as in all dambreak modelling, in
judging the mode and time of dam failure, and the flood return period to be used in the
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modelling. The ‘least unlikely’ mode of failure of a flood storage reservoir embankment
would be through overtopping of an embankment leading to erosion. In the event of
embankments being designed not to overtop, then other failure modes such as piping
would be applied.

It is suggested that two dambreak scenarios be investigated:
1. Failure during a flood corresponding to the Agency’s indicative flood maps.

2. Failure at the peak of the reservoir design flood (PMF for Category A, 1 in 10,000
year for Category B).

For scenario 2, it would be necessary to model the extent of flooding downstream in the
reservoir design flood prior to dam failure, to determine the impact of the dambreak
‘wave’.

The scoring of specific impacts in the area inundated by the dambreak could then
proceed in accordance with the CIRIA methodology for the worst case of the two
scenarios outlined above: this will not necessarily be the larger scenario 2 flood as the
increase in depth of flow in the valley should be less than under scenario 1. The location
of properties etc. would also affect which of the scenarios was the worst case.

The FMECA risk assessment methodology was designed to be flexible, with the option
of deleting or adding branches on the LCI diagrams. A more ‘user friendly’ LCI
diagram for flood storage reservoirs has been developed during this study, with the
deletion of most of the outlet works branches and the addition of such items as rapid
drawdown (Figure 1). This LCI diagram is included in this report and should be
applicable to most flood storage reservoirs. It will, however, still be necessary for the
assessor to consider the need for additional branches on a site-specific basis. In the case
of reservoirs which hold water all the time (as at test site 2) then the appropriate CIRIA
LCI diagram should be used. For any flood storage reservoirs with concrete dams, the
appropriate CIRIA LCI diagram should be applied, while scrutinising the ‘special flood
storage reservoir’ LCI diagram for any other elements that should be considered.

4.5 Consistency of application

When the CIRIA methodology is used to compare risks at more than one reservoir, it is
important that a consistent approach is adopted to all the reservoirs to avoid anomalies
caused by abnormally high or low scoring of different assessors.

There should be little scope for inconsistency in the estimation of the extent of flooding
provided rules for the dambreak scenarios are developed and followed. There could be
anomalies in the allocation of impact scores from the categories of disruption
(none/minor/appreciable/significant/major) but such anomalies are only likely to differ
by one grade which would not significantly affect the overall impact score. The
population at risk (PAR) is the key factor affecting the impact score and this should be
estimated to the best of the assessor’s ability by local knowledge and a site visit if
needed.
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It is in the FMECA risk assessment where there is the greatest scope for inconsistencies.
If, for example, one person allocated scores of 2 for Consequence, Likelihood and
Confidence for a particular element and another gave a score of 3 to each item, the
Criticalities from the two assessments would be 8 and 27: a substantial difference.
Personnel undertaking the assessments should be directed to the guidance in Section
5.4.2 of the CIRIA report on the allocation of scores. If the assessor has doubts, then
he/she should allocate a high Confidence score (i.e. low in confidence) to an element so
that it is picked up at a later stage.

In order to ensure consistency of results within the Agency, it is suggested that all the
assessments are reviewed by one suitably experienced person (e.g. a Reservoirs Panel
Engineer) who feeds back comments to the assessment teams.

4.6 Mitigation of Risks Downstream

A risk assessment should help reduce the risk of failure of a flood storage reservoir to
an acceptable level. There will, however, always remain a small chance of failure,
especially if the design flood is exceeded. It is therefore advisable to have plans to deal
with such an event. It is envisaged that these plans would include:

e Identification of areas where life and property could be at risk.

e Preparation of contingency plans, which should embrace all aspects of organisation
and the procedures to be followed. This should clearly define the responsibilities of
the Agency and of the various emergency services, together with a chain of
command. Key personnel and their telephone numbers should be identified, and it
should be clear who should make decisions, especially involving evacuation of
properties.

e The contingency plan and associated maps should be regularly reviewed, and
personnel trained in their duties in the event of a dam failure.

In many cases the above plans will involve an expansion of ones already in place to deal
with major fluvial floods.

4.7 Approach for Agency flood storage reservoirs

A consistent approach to undertaking risk assessments at all the Agency’s 109 flood
storage reservoirs falling within the provisions of the Reservoirs Act 1975 is desired. It
is not considered that any detailed assessments are likely to be required for flood
Category C and D reservoirs: their failure should not have a significant effect on life
and property downstream. (Note that although the impact assessment for test site 4
produced a high impact score, this was due to the natural flooding rather than that from
a dam failure). A brief assessment of the effect of the failure of a Category C or D dam
during a major flood should be undertaken from an inspection of the Agency’s flood
maps to identify any potential impacts above the naturally flooded area.

The suggested procedure for dams in flood Categories A and B is:

R&D TECHNICAL REPORT W5B-028/TR1 22



1. Identify the areas directly affected by dam failure over and above those subjected to
natural flooding. This should be done for dam failure in (a) floods equivalent to the
Agency’s indicative flood maps and (b) the reservoir design flood.

2. Undertake an assessment of the impact of flooding in accordance with Section 5.2.4
of the CIRIA report. This should only consider the impacts in those areas directly
subjected to the dambreak flood.

3. Determine the type of FMECA risk assessment from Section 5.3 of the CIRIA
report.

4. Where necessary, a FMECA risk assessment should be undertaken by someone well
acquainted with the reservoir (e.g. the Supervising Engineer). The LCI diagram
included in this report for flood storage reservoirs should be applicable for most
sites.

5. All FMECA risk assessments in a large group (e.g. one or more Agency Regions)
should be reviewed for consistency by a suitably qualified individual (e.g. a
Reservoirs Panel Engineer).

6. Address high risk elements.

7. Prepare contingency plans for use in the unlikely event of failure.

8. Maintain and wupdate risk assessment and contingency plan as required.
Circumstances that could necessitate a review include:

e alterations to the reservoir
e alterations to the inundated area downstream of the dam

e changes in inspection and maintenance procedures (e.g. a reduction in the frequency
of visits by Agency staff to test gates, clear blockages etc

e updated knowledge on risk assessments.
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5 SUMMARY

5.1 Conclusions

This study has confirmed that the risk assessment methodology in CIRIA Report C542
is broadly applicable to flood storage reservoirs. Some problems in its detailed use have,
however, been identified which need to be addressed before using it on all the Agency’s
flood storage reservoirs. Particular issues identified included:

e Detailed local knowledge is required to undertake the impact assessment.

e FMECA risk assessments are best undertaken by personnel who have visited the site
and are well acquainted with details of the reservoir (e.g. the Supervising Engineer).

e There are problems in separately identifying impacts downstream of a reservoir
caused by dam failure on top of a valley already naturally flooded.

e Operation and maintenance are key issues in ensuring that flood storage reservoirs
function successfully when required and site specific maintenance budgets should be
allocated to flood storage reservoirs.

e Many of the items on the CIRIA LCI diagrams are inapplicable and others need to
be added specially for flood storage reservoirs.

5.2 Further work

Before risk assessments are carried out on all the Agency’s flood storage reservoirs, a
study should be undertaken to investigate the increase in flooding directly attributable to
dam failure on a valley already subjected to flooding. This should investigate (a) a flood
corresponding to the Agency’s indicative flood maps and (b) at the peak of the reservoir
design flood. It is suggested that this is undertaken using available dam breach and
hydraulic modelling software for a limited number of flood storage reservoirs. The dam
break or other appropriate software would be used to obtain the breach size and flow
rates whereas the hydraulic model (which should already exist downstream of most
sites) would help to assess the flood area and depth. The studies could be based on a
number of different combinations of dam failure and river flood flows, with each
combination having a specific probability of occurrence. The results of these analyses
should be compared with those based on the ‘quick’ method in Section 5.2.2 of CIRIA
Report C542 (this method assumed negligible flow downstream at the start of the
dambreak event and would therefore require modification). These studies should enable
a methodology to be developed for the impact assessment of other Agency flood storage
reservoirs.

5.3 Risk assessments at other Agency flood storage reservoirs
Once the study recommended in Section 5.2 above has been carried out, the following
procedure is recommended for risk assessment of the Agency’s flood storage reservoirs.

(Note that it is recommended that this should include the sites tested in this study, with
them being undertaken by people better acquainted with the reservoirs).
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1. For flood Category A and B reservoirs the area directly attributable to flooding from
a dam failure should be identified using the procedure to be developed.

2. For Category C and D reservoirs, a brief assessment of the effect that their failure
could have on life and property downstream should be undertaken. This should be
done from an assessment of the Agency’s indicative flood maps, with particular
attention being paid to any potential impacts just above the naturally flooded area. If
any significant impacts are identified, then the dam failure should be analysed in the
same way as for a Category A or B reservoir. If there are no significant impacts
identified, then no further risk assessment need be undertaken.

3. An impact assessment should be undertaken in accordance with Section 5.4.4 of the
CIRIA report. This should consider only those impacts attributable to the dambreak
flood.

4. If the impact score is above 175, a FMECA risk assessment should be carried out by
someone well acquainted with the reservoir.

5. Carry out a review of all FMECA risk assessments in the Agency. This should be
carried out by a single experienced reservoir panel engineer to ensure consistency.

6. Address high risk elements and maintain/update the risk assessments as required.
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Consequences: How directly is failure of this element related to complete (or
partial failure) of the dam. (1 low, 5 high)

Likelihood: What is the likelihood of failure of this element? (1 low, 5 high)
Confidence: What is your confidence in the predictions of consequence and
likelihood? (5 low, 1 high)

LOCATION CAUSE INDICATOR

Cracking within the dam and ancillary Cons Like
structure

Conf |

Dam/Ancillary structures and/or abutments Conz Like
interfaces damaged

Seepage/Leakage | Cons ‘ Like ‘ Conf |

Conf |

Settlement
‘ Internal erosion | Cons ‘ Like ‘ Conf |
Cons Like Conf
Reduced freeboard | Cons ‘ Like ‘ Conf |
Overtopping/breach | Cons ‘ Like ‘ Conf |
Deformation and cracks | Cons ‘ Like ‘ Conf |
Reduced freeboard | Cons ‘ Like ‘ Conf |
Instability
Coms T Cont ‘ Overtopping | Cons ‘ Like ‘ Conf |
‘ Rapid drawdown | Cons ‘ Like ‘ Conf |

Wet patches, springs, sinkholes, abnormal Cons Like
growth of vegetation d/s

Conf |

Piping | Cons ‘ Like ‘ Conf |
Internal Frosion
Cos Tike Cont ‘ Slope instability/undermining of the dam | Cons ‘ Like ‘ Conf |
‘ Animal burrows | Cons ‘ Like ‘ Conf |
Toe of the dam undermined | Conf ‘ Like ‘ Cons |
Damage to u/s face, shoulder | Conf ‘ Like ‘ Cons |
Fxternal Frosion ‘ Inadequate cover on downstream face | Conf ‘ Like ‘ Cons |
Cons Like Conf
Overtopping/washout | Conf ‘ Like ‘ Con |
‘ | Conf ‘ Like ‘ Cons |
| Conf ‘ Like ‘ Cons |
Cons ‘ Like | Conf ‘ | Conf ‘ Like ‘ Cons |

Figure 1. LCI diagram for Flood Storage Reservoirs
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Figure 1 (continued from previous page)

ANCILLARY —‘ Leckage/Seepage ‘ Conz | Like ‘ Cont
STRUCTURES
_‘ Surface Movemment ‘ Cons | Like ‘ Conf
‘ Vandalism ‘ Cons | Like ‘ Conf
‘ ‘ Cons | Like ‘ Conf
i Seepage/Leekage ‘ Cons | Like ‘ Cont
| Deterioration of structural meterials ‘ Cons | Like ‘ Conf
|
SPILLWAYS — ‘ Damage to structures ‘ Cons | Like ‘ Conf
AND Obstruction of flows (by debris or
COMPONENTS “eectation) e —
Cons ‘ Like ‘ Conf’ ‘ Ovart ‘ | ‘
‘ ‘ Cons | Like ‘ Conf
_‘ Inadequate surface protection ‘ Cons | Like ‘ Conf
Fxtemal Frosion ‘ Damage by hurmans/animals ‘ Cons | Like ‘ Conf
Cons ‘ Like ‘ Conf _—
‘ ‘ Cons | Like ‘ Conf
— ‘ Overtopping ‘ Cons | Like ‘ Conf
Disign flood excoedd ‘ Localisod dammge ‘ Cons | Like ‘ Cont
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Figure 1 (continued from previous page)

Pipe movement Cons Like Conf
Seepage/Leckage Cons Like Conf
Opstruction of flows (by debxisar
vestation) Surface Movement Cons Like Conf
Cas Like Conf
Corrosion Cons Like Conf
PIPEWORK,
GATESAND || -
VALVES Cons Like Conf
Rapid/excessive drawdown Cons Like Conf
Overtopping Cons Like Conf
Obstruction of flows (by debris or
vegetation) —
s ‘ lie ‘ Conf Reservoir cannot fill Cons Like Conf
Cons Like Conf
Reduced flows into reservoir Cons Like Conf
Bterdl Baion Overtopping Cons | Like Conf

Cons Like Conf

Rapid/excessive drawdown Cons Like Conf

Design flood exceeded

Overtopping Cons Like Conf

Note: the above diagram should be completed separately for each embankment of significantly different age
or design.

R&D TECHNICAL REPORT W5B-028/TR1 29



R&D TECHNICAL REPORT W5B-028/TR1  3()



APPENDICES

R&D TECHNICAL REPORT W5B-028/TR1 31



syeNqer]

- Z / QIm N3y
"UMO], JO 9PIS IOU)IO PUB[ULIE,] ’ /
) UMO ], JO Weansumop sanImn
¢ ssprom 98emdS  pajoope sarddns  1ojem/romod TeuorSoy T 9
SIS [eLISNpU]
- € UMO], JO WEINSUMOP 9IS [BLISNPU] S
‘Surduwres jo oseo ur 9[qervarddy, swnssy -3urooued 10y

0S Z olqeynsun SMO[J JOALI pue ‘[[ods jom SWANXd FUIMO[[0] INOO0 SIS [RUOTIBAIONY
ATuo pinoo joedwy - Aep Auuns, ® uo Jofew oq prnoo joeduy ) ’ b
aImonnseyuy
001 ¢ uoneyodsuer],
our] Aem[rer 4 03 | ¢
Kradoag
00ST v UMO ], JO Weansumop [enUaPISOY UON
9je1so Suipel], ‘[ooyos ouo jseo] je pue sdoys inq ‘speyrdsoy oN ’ ’ z
Krddoad renuopisoy

00ST 14 umo ], ur Sursnoy ' '

(#-0)
91008 9102 JuWwWo)) Peduy
dvd yeduy

ADIH :Ag

2007 ANAT 3ed
I HLIS S

NOILVOIILSAOr

HHOIS — INAISSHASSY LOVAINT ATTIVAUYVAN — € A'TdV.L

I S ‘s9[qe ], Sur10dS [ xipudaddy




SyeNqeH

- € / ANy
*K9[[eA UI *019 ‘Surewal [eo130[09RYdIR ‘SUILLIE] [BNULISqNS : /
sanImN
- ¢ ‘uondnisIp JuedIUSIS OWNSSY 9
SIS
- [4 . [ernsnpuy
umoy Jolepy ur orqeroardde, swmnssy c
“A9[[eA ur Surdwed yam JUedIJIUSIS, SWNSSY SIS
001 ¢ ‘119ds 1om Suimoqjoj oqissod AJuo Iojem JO 9SEI[AI puB QIn[Ief [euonEa HU@.M
we(  Aep Auuns, & uo Jolew 9q pnom joedwr ‘A9[[eA Iedu 10 SV : b
dumdnnseJuy
00¢S v uoneyodsuer],
"2INJONIISLIJ Ul [RUONBUINUL JO[BW < SIINOI [IRI PUB PROY c
Kuadoig
RIJUIPISI
000¢ 1% = _u.som
‘umo} JofeJA JO 213U ul pawnsse joedwr J0lejn z
Kuadoig
000¥ v ‘umoy Jolep Aqredrourid pue sode[ia SnoLBA Eﬁﬁo_u_movw
#-0)
21098 9.102S judWwo)) eduy
dVd | jedug

YDIH A9

2007 ANAL :9ed [ ALIS 9IS
UoneIYNSN 109§ — JUIWSSISSY Jdedwi] AJ[[eA I8 — ¢ d[qel.




(AVd X §°0)

SLOT I JO SSO 10d

00T ANNL e

0SIv = dVd [¥I0L 0T°¢ [9100g AJ[eA TeON [eI0L,
L
T 01 o S00 C syeiqey / omymoudy  joedwg
9
SL0 ST0 ¢ sapiun  joeduy
S
— SL0 <70 ¢ soyg [emsnpuy  joedug
14
0¢ 01°0 S00 ¢ S9JIS [BUONBAIIY 1oeduy
aImonyseu| €
001 0€0 010 ¢ uoneyodsuer], joeduw]
(4
0051 09°0 ST°0 ¥ son1odoid [enuapIsay UON 1orduwy
!
00S¢ 09°0 SIo v santadoid TenuapIsay 1oedu]

(yS1op| X 0109S) F-0)

aneA MVd r_oSom i SO M opoomw “wm%ﬁ LINHINSSHASSYV
ST LV A'1dOAd LOVdJIAI AATIVA dVIN
ADIH g I A.LIS I

199§ Alewiuing JudWSSISSY Joedul] J10ATISIY — S d[qe L




9897 = 3J109§ woﬁmﬁ: JI0AJISIY

961 I 961 ,J1'1 JO $S07T 104 KJ[[eA Te]
$6 0€ SI°¢ (D100 AJq[eA Teg

§L0T I §LOT I Jo ss0T 10d AJ[[eA TeoN
0T 00T 0T'€ 191008 A9[[eA TBON

[eio L, 10108 2100S

3102§ edu] paulquo)

(yodVd)
961 211 JO SSOT J0d
0099 = dVd [eI0L SI't = (9100g A9[[eA 1] [210],
L
=== Sro S0°0 ¢ S1elIqeH / IMNOL3Y 1orduwy
9
SLO ST0 ¢ sopun | joedwy
S
— 0S°0 <70 7 soyug remsnpuy | joedwy
14
001 S1°0 S00 ¢ SIJIS [BUONBIIINY 1oeduwy
IMoNISeu| €
00¢ 0¥°0 01°0 14 uoneyodsuer] | joedwy
[4
000¢ 09°0 ST°0 ¥ son1odoid [enuapIsay UON 1oeduy
!
000¥% 09°0 S0 1% sonadoid renuapisay | joedwy
(yS1op X 2109S) ¥ -0)
aneA MVd _omvom i SO M ohoomw memEH LINHINSSHASSY
MSIH LV H'1dOdAd LOVdJIAI AATIVAUVA

(PanunU0d) § A[qEL




"uo1so1d 03 9[qudoosns

144 [4 € 14 soyojed a1eq Suraeo] syewue/suewny Aq dgewep : Surddojroa
"98ewep SNOLIOS J0J oW} B
9 [ [4 ¢ 110ys 00} : Surpunodwr FuLmnp oewep oAem : 0or] weansdn 03 dfeweq
“UOnIpPu0d
¢l 4 ¢ 4 Jood ur SuoIqes a1oyM INIONILS [ONUOD I8 YSLI : PAUIWIdIPUN WEpP JO 0], UOISOJd [RUIAIXH
“YSLI SASIWIUTW QOUBUJUTBW
91 [4 4 14 Po03 : 030 soydred 1om Terjudjod 91ea10 PINod sjewue surmorng : Jurdig UOISOIO [BUIdU]
9 4 I € "908J s/n 3uI3d3jye pooyJ SuLmp umopmeap pider : SYOBIO/UOIIBWIOJI(] Anigeisug
91 [4 [4 14 "[QAS] 11D UI UOHBLIBA JSIWUIUIWL 0} UdYe) S[OAJ] : Surddoioa
91 [ [ 14 “Wep YJeauaq SUIeIp pue| : UOISOId [BUI)U] sjusunnqe
suonepunoj
4 I I 4 *90UBUIIUIBW POOS — SOINIONIS/WEP UM SUINORI) JUSWIA[NIAS ‘Apoq we(q
NI | Juo) | I | suo) UOBWIOJUI JO 92INO0S — JUWIWO)) JojedIpuy / asne)) uored0
Juawd[yg
dDIH  :Ad €JO1 199US

¢00¢ aunr  :8jeq

[T HLIS NS

uonedIYNSNe 309§ weisei[q [D1— 9 dqeL




‘JUOAQ POOTJ 9pad3xd AT)I0YS 0} 9ABY P[NOM WISI[BPUBA
Jo Surwry -paywr 9q pnom Surpunodur pue uonisod pasier ay) ur 9q

% 4 I 4 pInoys awos ‘o[qeradour (s)a1eS SUILIOPUSI S[BPUBA JO JUSAD AJOMI[UN U] wsIfepue A
JUAD
¥ C I C ‘8661 Parep Hodar suiy ‘Jo1— Ajiqeqoid Mo | OIWUSIdS Aq posned oInjiej djen)
's91e3
9 1 C ¢ € [[e 10J Aqperoadso — Apayiun sueow uonerodo pueyromod dn-yoeg ain[rej ajen)
"dIN[IeJ Wep jou Ing S/p SUIPOO[J JO JSII :9Je3
J0 2Inso[o judAd1d 03 A[ONI] 3sowr SLIqAp Joeduir K)100[0A MO] puBISTIIM 2Imonn S
8 C C C pnoys sojed sajed 3uroo0]q/Sumly SLQe— SoIMONINSs 0} dfewe(] SMO[J JO uononNsqO [onuo)
"JUDAD POO[J YIIM SPIOUIOD 0} A[YI[UN JUIAD OTWISIOS
81 ¢ 4 ¢ (8661 QU9 Jo Modor supfly °JoI) uooge[ I[Is JO uonoeyonbry JTWISION *039 ‘we(
Iy [ Juo) | Iy | suo) UOTJBULIOJUT JO 92INO0S — JUIWO)) Jojedlpuy / asne)) Uuor1ed0
UMWY
ADIH A9 €J0 ¢ 199US

200z sunr :9jeq

T HLIS NS

uonedIYNsNe 3.103§ weiseiq D1 — 9 dqelL




9] Z z ¥ Indo0 pInod adid Jo 9I1NjorIJ JUSWIAOW AJBJINS
8 z z T STBOA ()7 3S11J UI A103S1Y Ou :93eyed]/a3edoog
Q 4 Z 4 SIBdK ()7 1S4} Ul A103S1y ou :judwdAow adig (T2 d ‘H 1e) padewep sadig
JUIAD POOJ} S9IMoONIS
¥ e Z I Jofew ur JuedIUSIS JOU JIIA[ND YSNOIY) MO[J ‘Indd0 0} A[dyIun ainyrey 9jes | Kxeqqouy
Wy [ Juod | IT | suo) UOIJBWIOJUI JO 9JJNOS — JUIWIWO)) 10JBOIpU] / 9sne)) uoned0
JUoWd[g
ADIH Ad €Jo¢  1994s
[T HLIS NS
200z dunr  :ajeq uonedyNSNe 3.103§ Weasel(q [DT - 9 dqeL




881°1¢ = (4 =01 b =8 8 oSedoos/pagewep sodig| 1onng ouy
8817 =C (4 =01 % =g 8 juowaAow odid/paSewep sadig| jonng ouy
SLIQap nng
881°1¢ =T (4 =01 1% =8 8 £q 93ewep/smory Jo u, 1sqO [onuo)
€Tce =C 4 =9 9 L 4l paurwIopun 903/U0IS0Jd [BUIIXH 019 we(
JUIWIdAOW
9L6°Th =T [4 =T 8 =€ 91 ooepns/padewep sadid|  1onng ouy
9L6°Th =T z = 8 =€ 91 Surdid/uorsoro [eurouy 010 Wwe(]
9L6‘TY =C (4 =C 8 =€ 91 Surddolronosuowo[ag 910 we
9L6°TY =C [4 =T 8 =€ 91 UOISOIQ [BUIJULJUIWI[IIAS 010 we(
uooge|
8 ‘8P I € =9 9 ré 81 1[1S JO uonoeyanbi/oTISIOS 00 we(q
v9r9 =C 4 T 4\ 1 4 Surddo1oA0/u015010 [BUIIXT 919 we(
@redpu) x 3edwy)
91008 STy I0)BOIpU] / 9SNEe)) uoned0|
989¢ MI'T
= 9100S yuey 3103S yuey X yuey 3103S
poedu] Juo) Juoy) TXD Suoy) NI | Aednr) Jo Juauidy
ADIH Ag 7JO 1 199US
00z dunf e [T HLIS NS

dqe L, Arewming Ysn — L dqeL




TLE'S =51 I =p1 (4 L1 (4 Sur{orI)JUSWI[NAS 010 We(
PrLOT = (4 =p1 (4 =p1 v oIn[rey 913 J| jonng dUy
IMONINS
PrLOT = (4 =p1 (4 =p1 14 wiSI[epue A [onuo)
IMONINS
PrLOT =T C =p1 (4 =p1 1% OIWISIAS/AIN[Ie] dJen) [01U0)
IMONINS
911°91 =S1 I =9 9 =11 9 aIn[1e) B0 [onuo)
o0®J
91191 =CT I =9 9 =I1 9 S/n 0} 9FeWR(J/UOISOID [BUIIXH 09 we(
91191 = (4 €1 € =11 9 uoneuULIOF(/ANIqRISU] 010 weq
(&reanra) x joedury)
31038 Ysry 10JB2IpU] / Asne)) uoned0|
989¢ “MI'T

= 9100§ yuey 3103S uey X uey 3109S
yoeduy Juo) Juoy) XD 'Suoy) N | Arednr) 39 JUSWI[H
YDIH Ad 7 JO 7 199US
00z dung e I ALIS NS

dqe L, Arewrmng Ysny — £ dqEL




oIy pinoo JUOWIDAOW | SINJONIS

Wep [Jeaudq SHAIND) =€ ré =7 8 =€ o1 ooepns/padewrep sadid Kre[rouy

s[ewrue Jurmorng =€ ré =T 8 =€ 91 Surdid/uorsoid reurouy 00 weq
[9A9]
WI0JIUN B JS9I0 OAYD

01 Sur[joAd] Sy =€ N =7 S =¢ 91 Surddojronojuowd)os 010 we(
wep

1BoUQq surelp pue| =€ ré = 8 =€ 91 UOISOJ9 [elI]ul/JudWa[11oS J)9 Wwe
op1ourod

01 A[oYI[UN SJUSAD U003e]

POO[J puE drwsIog I € =9 9 ré | 1[1S JO uonoeyanbi/oTISIOS 00 we(
SIUSAD QWD XD

ur dojIaAo [[Im we(q 4 ré I 4| 1 b Surddo1oA0/u015010 [BUIIXT 00 we(

NI

JUaUULO)) yuey 3103S yuey X yuey 3109S A0Ipo1puUy / aSnv)) uonvoI0Y

Juo) Juoy) SXD 'Suoy) )| AIednL) Joy ruaways

YDIH :Ad [JO 1 199US

00T ANNrL :dred [T HLIS NS

SHYUIWIA[F ST ISAYSIH Jo Arewwing — § d[qe L




s1eNqeH
) 0 uonNeaIdAI J0J pasn punoi3 uddo : Surure) oN / Qszsocww
) I uonnqrIsIp Jo ssof [0 moEEw
SoNS
| ﬁ [ersnpur JySI| Qwnssy EE%EM
SoNS
> ¢ yaed 191em pue punoi3 uonLBAIIIY R:oum&oow
2lnmonaseljuy
" ‘ P1031J8 2q AeW pLOI UIRIA coumto%:ew
Kyodoig
00S @ OJ1] JO SSOJ UBY 1oYel SUIPOO]] ‘POSLE 9q Aew Yinos 03 yred [1ejel pue sjooyog | [FIUPISRY zo@
paxmbai J1s1A Kadoig
. ' . : [ENUAPISOY
s : sonaadoad ¢/ dewnsd (peoy A3pLIqUIB)) JBIID) PuUB JIOAIISAI UIMIQQ santddoxd Ajurepy !
(t-0)
3102 3.102S - owdu
avd edug
d9H A

2002 DNV dred 7 LIS -

NOILVOHILSAL HHOIS — INAISSHASSY LOVAINT ATTIVA YVIAN — € A'TdV.L

7 IS ‘sIqe ], Sur10d§ 7 xipuaddy




AV X §0)

0SS J1 JO SSOT 10d

2007°ONV 9ded

0011 = dVd [¥0L SS°1 19100g A9[JeA TeON [eI0L
L
=" 0 S0°0 0 S1elIqeH / QIMNOL3Y 1oeduy
9
ST0 ST0 I sopiun  joedwy
S
— S7'0 <70 I soug remsnpuy - joedwg
14
0¢ 01°0 S00 ¢ S9JIS [BUONBAIIY 1oeduy
aImonysejuy €
0¢ 0C0 01°0 C uonepodsuer], 1oeduy
4
00S 0€°0 SI'0 C soniodoid [enuopisay uoN  joeduy
!
00§ Y0 SI'0 € soniodold enuapisay  3oedwg
(YS9 X 2109S) & -0)
aneA Yvd ,_owmom i WSom Eonv memq: LINHAINSSASSYV
S LV A'1dOdd LIOVJdINI AATIVA UVIAN
YIHM  :Ad TALIS TR

199§ ATewiuing JudWSSISSY Jdedui] J10AIISIY — S d[qe L




S0L | = 3103 )oeduu] J10AI3SY
- I - ,JI'T JO SS0TT JOd AJ[[BA Te]
- 0¢€ - (21098 Ka[Te A 1Bg
0SS I 0SS AJIT JO $S0T Jod AJ[[eA TeaN
39 001 SS'1 [2100G A9[eA TedN
[ej0], | 1030 | Q109§
3102¢ Joedw] pauiquio)
(yodVd)
2J11 JO SSOT 10d
= Yvd [®10L = (100G AJ[[eA T [B10],
L
S0°0 syeyqey / omynoudy | joedwg
9
ST0 soni | oeduy
S
ST0 soyg [ensnpuy | joeduy
14
S0°0 SIS [BUONJBAIIY joeduwy
aImonyseyuy €
01°0 uoneyodsuer], joeduwy
[4
ST°0 sontodoid Tenudpisay uoN | joedwy
I
ST°0 sontadord renuaprsay | 1oedwy
(USIA X 21005) ¥-0)
aneA Uvd ;owmom i 4SO M ohoomv memEH LINHINSSHASSY
ST LV A'1dOdAd LOVdIAI AATIVA UVA

(PanunNuod) § Aqe ],




¥ 4 ¢ % ‘pooy uSisop ssed | Surddojoro/Kyroedes syenbopeuy Kemynds
A79JES 0} SJudmoA0IdWI POpUSWIIOddI SuH/] : djenbopeur st preoqoar]
“91IS A} 18 AJTATIOR SJOA/JIQQRI JO AI0)ST 298
8 4 < 4 1S OU IE ANAROE S10AMNAqEL S WEINSUMOP / UOISOId [RUINIXF
(Bug)D) ooey weansdn
8 4 < 4 SULIOIIUOW SPAJU : 939 S100I 991} SUTUTWLIOPUN A[MO[S UOTIOR QABA\ 0] d3ewWE(] / UOISOIO [RUI)XH
SUORPAISSAO UOISOIO [RUIIU
v 4 I 4 3ug/S pue Sug/] Woyj wep y3no1y} d3exed] Jo suSIS SNOIAqo ON : [Pt
¥ 4 I 4 ‘SuONBAIOSqO Suy/S pue Suy/[ woiy AJ[IqeIsur Jo SudIs SnOIAqO ON Anqeisuy
sjudunnge 29
JUSWOAOW ANI] $IS33ns LoWao suonepunoj
¢ I I ¢ Surojiuoyy “wep Jo YSoy pue 93k 03 onp wo[qoid JueoyIugIs € J0N } mes ‘Apoq weq
Iy [ Juo) | I | suo) UOTJBULIOJUT JO 92IN0S — JUdWO)) JojedIpuy / asne)) uored0
UMWY
JdHM  :Ad ZJoO1  199US

zooz bny  :ejeq

CHALIS 9IS

uonedIYNSNe 303§ weiseiq [D1— 9 dqeL




‘spoo[j Surmp Surpnjout

¥ Z I 4 ‘s1seq JB[NSaI € U0 PAIBd[d puk pajoodsur SI SIY] UOILIOZ9A M a3eydorg SIIOAA 39TUT
POIONIISQO SW093q 0} SPU} J19M U} JO WEBANSUMOP [SUULYD JOUT Y ],
‘goueuduIew/uoneIado Jen3ar sownsse 2Ny AOUIPLUO)) srqeiodoul SOl SSI0 M 10710
4 4 I 4 "9[qe1odo MOU ST YOTyM “QA[BA JJO-MEBIP UIBW JOAO UIIOUOD ISI[Ie 19 FSIAIBA PHOM 1PBNO
HOAIoSA soInjonys y3noiy) a3esed Kempud
v 4 I 4 WO 9q Jou AeW SIY} JNQ PIIOU JIOMNILI] [3NOIY} 9Feed] JWOS IS ) 2owe] s
‘SAEdaL SPadLl IOMOLIG JOALI IOpUN S}IAAN Kempud
8 4 < 4 :S11Qap JO I8a[0 doay 03 sourusjurew/uondadsur re[ngar axmbai sjoAn) HIOPUN SHOAIRD s
Q 4 Z 4 “uonIpuod 100d UL JI0MOLIq MO[JIOAQ $OINJONIS JO UOIBIOLINO( Kem[udg
NI [ Juod | I | suo) UOTBULIOJUI JO 92INO0S — JUWIO)) Jojeolpuy / asne)) uoned0
UMWY
dgHM A 73O 7T 199yS

zooz Bny :ejeq

CHALIS 9S

uoneIYNSNL 109§ weIdei[q [DT— 9 dqeL




I ¢ € USRS 010 we(
(4 (4 14 oSeyoorg | SYIOA 1U]
SO M
(4 (4 14 o[qeradour saA[e A P¥PINO
[4 [4 14 soImjony)s ysnoiyy agexea| Kem[dg
(4 (4 14 UOISOId [RUIAIU] 210 we(q
(4 (4 14 Aipiqeisup 910 we
(4 14 8 JOALL IOPUN S}IOATN)) Kem[udg
[4 14 8 SOINJONIS JO UOTILIOLINA(] Kem[dg
[4 14 8 90BJ WIBANSUMOP,/UOISOId [BUINXH 90 weq
(4 14 8 o0e} weansdn/uoISoId [RUIIXY 210 we
(4 4! 144 Surddojioro/Aoedes ojenbopeuy Kemnds
(&reanra) x joedury)
3100 YSIyY MI'T 10JedIpU] / AsNE)) uones0]
SOL = 9100§ yuey 3103S yuey X yuey 3103S
poedu] Juo) Juo) TXD 'suo) NI | Aednr) Jo Juauidy
YdHM A 7 JO 1 199US
002NV :dred CHALIS 9IS

dqe L, Arewming Ysn — L dqeL




&nednr) x joedury)

3109S Sy )| IojedIpuy / asne) Uuoneo0T
= 9100 yuey 31028 yuey X Nuey 31098

poeduy ‘Juo) Juo) TXD Suo) D) | AIednr) Joy Uy

ddHM  Ad ¢ JO T 19US

CHLIS NS

7007 Isn3ny :eq

dqe ], Arewuing Ysny — £ dqeL




ré 12 8 IOALI JopuUnN SHIA[ND) Kem[pdg
ré 12 8 SoINoNIS JO UONEBIOLIRJ Kem[pdg

208J
ré 12 8 WEANSUMOP/UOISOId [RUIIXH 030 we(q
4 12 8 008} weansdn/uoIsoId [euIdIXy 030 weq
ré 4| 4 Surddoyrono/A1oeded ojenbopeu; Kemqds

3.103§ MI'T EXTIRIS

Jua1mu0) yuey ‘Juo) Nuey X Nuey | AIednL) A0Ipo1puUy / aSnv)) uonvoI0Y
‘Juo) SX)D *Su0)) y10ig) Jay yuowapsg
YdHM A [JO 1 199yS
7007 ¥sn3ny :djeq CALIS 9IS

SHYUIWIA[F ST ISAYSIH Jo Arewwing — § d[qe L




s1eNqeH
- I Papoo[J oq [[x ure[d pooyj ul pue| \EE_socm/M
- | Pa3931Je 2q 03 AJaI[U) moEEw
sang
) O 2U0 Z Ternsnpuy
S
soug
01 ! JU9AS pooly Jolew SuLmp AyIun Inq ‘1AL Juofe Sunyem/Jurysty R:oummzoow
QJmonseljuy
s ﬁ 1onpera Aemjres 1opun ssed pinoys pooyy <Speot JOUurN coumto%:ew
Kyodoig
! ~ spred 180 / so[qels Suipry | [FHUOPISY covm
Kxodoig
| ’ SUON] [eNUapISIY
I
(-0
3.103S 3.103s Juowmon) owdu
dvd yeduy
YIHM  Ad
00T LSNONV :91ed ¢ ALIS g

NOILVIOHILILSAL FHO0IS — INHINSSASSY LOVAINI AHTIVA dVIN — € H'14V.L

€ IS ‘s9Iqe], Sur10dS ¢ xipuaddy




Syenqey
) I / QIMNOLITY
[eamnoLISe 1B AJ[[RA JeJ JO SONOWO[LY MIJ ISII] T
) 4 pawnsse uonnNqL)SIp JO SSO[ [B00] mouzcw
SoUS
- 3 [ernsnpu]
sue[d SO UO SYIOA\, SNOIQWNN c
SoUS
01 ! poo[J SuLmnp A[O)I[UN SANIAIIOR [EUOTJBIIOI PAJR[I-IOATY E:oumobow
2Jnjonaseajuy
0s 4 SAeM[IeI pUB SPBOI SNOLIB A qoumto%qﬁm
Kadoig
BIUIPISI
0008 p e o
"019 ‘S[OOYS ‘SADIIJO ‘sA)e)sd Surpen; ‘sanudd 3urddoyg -
Kxadoig
001 ¢ un|GZ punoie eare ueqin) :ESE%M
#-0)
9.100§ 91008 JudWWo)) eduy
avd poeduy
YIHM  Ad

00T LSNONV 9dked ¢ ALIS NS

uoneIYNSNL 3103§ — JUdWSSISSy Joeduy AJ[[eA I8 — § dqeL




(IvVd x50
= A
JO SSO¢6[ Jod
= dVd [BI0LS8] S¢0 = [2100G AQ[[eA TeON [B10],
L
-t S00 SO0 I syelqey / oIymoudy  joedwg
9
0 ST0 0 sopiun  joedwy
S
— 0 <70 0 soug remsnpuy - joedwg
14
0l S00 S00 I S9JIS [BUONBAIIY 1oeduy
aImonysejuy €
Y4 01°0 01°0 [ uonepodsuer], 1oeduy
4
0S1 SI'o SI'0 I soniodoid [enuopisay uoN  joeduy
!
0 0 ST°0 0 sonodoid renuopisoy  joeduy
(YS9 X 2109S) & -0)
aneA Yvd ,_owmom i WSom Eonv memq: LINHAINSSASSYV
S LV A'1dOdd LIOVJdINI AATIVA UVIAN
YIH  :Ad € A.LIS NS

00T LSNONV :9ed 199y Arewiwing JudwIssIsSy Joedul] JI0AIISNY — S dqB L




SLE | = 3103§ 1oeduu] 11041359y

691 I 691 ,OJT JO sSOT J0d AQ[[EA Te]

8L 0¢ 09'C (21098 Ka[Te A 1Bg

€6 I €6 PJITJo ss0T Jod AJ[[EA TeaN

G¢ 001 S<0 [91008 AJ[[BA TeAN

[elol, | 103084 | Q100§
3102§ 3eduw] paulquo)
(yodVd)
691 .91 JO SSO[ 104
0918 = dVd [BI0L 09°C = (9100g AJ[[eA 18] [B10]
L
o S00 S00 I syeyiqey / aImoudy | joedwy
9
050 ST0 4 sapiu | joedwy
S
— SL0 <70 ¢ song [emsnpuy | joedug
14
01 S00 c00 I SIS [eUONBAIOYY | joedwup
aImonyseyuy €
0¢ 00 010 C uoneyodsuer], 1oeduy
4
000S 09°0 ST°0 % sontodoid Tenudpisay uoN | joedwy
I
001 S0 S1°0 ¢ san1adord Tenuaprsoy 1oeduy
(UBOA\ X 2100S) & -0

aneA Uvd ;owmom i 4SO M ohoomv memEH LINHINSSHASSY
MSIA LV 4'1dOdd LOVdINI AATIVA UVA

(ponunuod) € d[qe ],




"poory ur o[qerddour oq 03 AJoI[ ISOW Surddoyroro/(sasned a3exd0[q 3.IN)ON.I)S

4 I 4 I je 9183 QU Aypuow paisay/pazoadsur ‘9[qerodo Aenuew sojes o, | Jo [edrueyoow) 9[qesado jou sajen) [013U0)
*10A00 poog daay 03 souruSIUIBW SUIOTUO SIWNSSE AN[BA SOUIPIFUO))

9 I z ¢ "(Bug/S) popaos uddq daey Suy/] AQ PIPIIUIPI mo.aoamm oIeg ‘UOISOId Smddo1IoA0/OIS010 (PRI
pider 03 pea[ p[nod syusunjuequid uo sayojed areq “(Sug/[ 01 urpiodde : :
1K 0G[<) SIUQAd owanxo ul paddol1aao oq ued syuowUBqUId oY ],
“A1ox{rpun aanyrej sueow Jurpunoduut LoISo1o Tewiol! | 319 ADOQ we

8 4 4 4 JO uoneInp 310YS J9AIMOY ‘UMOUNUN SJUIAD POO[J UI SSOUIYT11I0)e A\ ‘ [EUIL | 999 Apoq Wieq

) ) judunjuBquIy

7 ¢ z z UOIJBWIOJUL JO JOor[ 0} o:w OOUOPIJUOD MO[ :UMOPMEIP JO 9)el pue waopmeIp pidey/ eIy peoy
wep ul [eLIOJewW Uo Judpuadap :9[qe[leAR UOIJBWIOJUI UT 0} POLIoJal JON

saanjseq

oousuamvl SoINjoNAS 0} AFeWePJUSWA[NAS | ) Apoq we

v 4 I 4 aunnoi Jo 1ed se v Aq pajoadsur A[1e[n3ar 91njonms [01U0)) 1on4s 0 P/ Hos | 939 Apoq a
"SBaTR MO[ 10 yojem 0} SUH/S "POSSaIPpe MOU :966[ Ul uonoadsur

Q 4 4 4 010J9q UQAUN JUSUD{UBQUIF PROY SQINISBJ ‘PIsead ARy P[NOYS Surddojrorosuowoies | 939 Apoq we(q
JUOWdAOW paje)s 110day SUIUIy [80)) INQ ‘FUIUIW RO JO SUOZ UTYIIAN
I | Juo) | OIT | suo) UOTJBULIOJUT JO 92INO0S — JUIWO))

JojedIpuy / asne)) uored0]

UMWY

JdHM A ZJO1  199US

2¢00zZ AINC :®eq

€HLIS IS

uonedIYNSNe 309§ weisei[q [D1— 9 dqeL




P s)1 03 anp potrad JUAWUBQUID

14 ¢ I ¢ orenbope ue 10J SPOO[J PUBISYIIM P[NOYS YOIYM dINIONAS [BLIUBISANS Amqeisug Kem[rey
“911S A1) J0J 21npadoad Sunerodo payreap e paonpoad se ) 8u1ddoy0A0/43001100 sdmonas

C I C I 1S 91 10J 21np n parelap & pasnp | Vd 3yl pojesado jou sajen) [o1u0))
Iy | Juo) MI'T suo) UOTJBULIOJUT JO 92INO0S — JUIWO)) Jojedlpuy / asne)) Uuor1ed0
UMWY

dgHM  Ad 730 7T 1P9yS

€ ULIS S

coozAINr  -9ed

uonedIYNsNe 3.103§ weiseiq D1 — 9 dqelL




21moNIs

=9 I =G z =/ z A[3001100U1 pajerado sajen) [onuo)
aImonns
=9 1 =S 7 =L z Surddojrono/seres o1qerodouy [onuo)
JUAWNUBQUID
=z (4 =S (4 =< b Aiqelsug Kemrey
=7 7 =S 7 =S b S9INIONI)S 0} 9TLWEP/JUIW[NAS 0)0 weq
9 1 4 9 % 9 3urddo119A0/U01S01d [RUIIXH 010 we(q
=7 7 =1 b =T 8 UOIS0I9 [RUIIU] 010 wreq
=7 7 =1 b =7 S Surddojraaopuawo[es 910 we(
JUAUUBQUID
1 € =1 b 1 4| umopmelp prder/K)iqeisu] | peoy soimsed
&nednr) x joedury)
3100S YSIY JojedIpuy / dsne)) uored0|
989¢ “MI'T

=3 (0 4] yuey 3100 yuey X Yuey 3102
1edug ‘Juo) Juo) 1X)D *Su0) )| AIedIn) ‘JoY Juowd[g
[JO T 3994S
700T Amp :99eq € ALIS S

dqe L, Arewming Ysn — L dqeL




JuoUUBQUID
91N3911)S JSNQOYY =7 ré =G ré =S % Apqeisuy Kemprey
padadsur $2IN10NIS

Apre[n3aa sa.an)dnag =T z =G z =S b 01 93eWEP/JUSWI[NAS 010 we(q
dduruduUIEW
guioguo

SAWINSSE AIUIPIJUO)) =9 1 v 9 v 9 3urdd0319A0/U01S0Id [BUINXH 010 we(q
umouyun

SSAWIYSNIA LA =7 z =1 ¥y =7 S UOISOIO [RUIU] 210 we
JUIWI)IIS

Jo K10)STH =z z =1 % =z S Surddolronosuowo[ag 210 we(q

UMOpAMEIp Jo pIdds juounuequIyg

U0 UOI)BULIOJUI ON 1 € =1 % 1 4| umopmelp prder/Aiiqeisuy | py sermsed

NI'T

JuUI0) yuey 3109S uey X yuey 3102S A021puy / asnv)) uonvoI0Y

Juo) Juo) SXD 'suo) NI | AIedanu) oy yuawa)g

[JO T 399US

00T A1Nr 9ed € HLIS 9IS

SHYUIWIA[F ST ISAYSIH Jo Arewrwing — § d[qe L




) E s1eNnqeH
JI0AJOSAI JBdU eI [noLIZy / EBEocw/M
] ! uonnqrLysIp Jo SSo[ [BO0] dWoS senImN
muzm
] : pawinsse [eLysnpur Jy3ry Eca:ﬁm
s
ol ! "pooyy SuLmp A[ayjrjun ynq Surysiy/Sunjjem 10§ pasn 9q Aew AL Suofe yyedjoo, | [PUONER
oHEosbmm@:N
S¢ ! ure[d pooyj aa0qe 2q 0} Jeadde sKem[rel pue speol J0[e]\ "PI1ddJJe SPLOI [BJ0] uonjerodsuer]
bbmobm
0001 3 quaredde speydsoy 10 s[ooyds oN onuao Jurddoys/syred ssoursng/sareiso [erysnpuy | [FHUCPISII UON
bbmohw
0 0 ure[d pooyj ur aq 03 zeadde suoN _muﬁvaom
(-0
31008 91028 JUIUWWO)) eduy
avd edug
YIHM g

2002°ONV 9ded b LIS -

NOILVIOHILILSAL FHO0OS — INHINSSASSY LOVAINI AHTIVA dVIN — € H'14V.L

§ 9IS ‘s9qe L, Sur10d§ § xipuaddy




AV X §0)

8IS J1 JO SSOT 10d

2007°ONV 9ded

Se0l = dVd [¥I0L S101 19100g A9[JeA TeON [eI0L
L
-t S00 SO0 I syelqey / oIymoudy  joedwg
9
ST0 ST0 I sopiun  joedwy
S
— S7'0 <70 I soug remsnpuy - joedwg
14
0l S00 S00 I S9JIS [BUONBAIIY 1oeduy
aImonysejuy €
Y4 01°0 01°0 [ uonepodsuer], 1oeduy
4
0001 S0 S1°0 ¢ san1doid [erIuapISIY UON 1oedu]
!
0 0 ST°0 0 sonodoid renuopisoy  joeduy
(YS9 X 2109S) & -0)
aneA Yvd ,_owmom i WSom Eonv memq: LINHAINSSASSYV
S LV A'1dOdd LIOVJdINI AATIVA UVIAN
YIHM  :Ad b ALIS NS

199§ ATewiuing JudWSSISSY Jdedui] J10AIISIY — S d[qe L




€€9 [ = 9103 3oedw] J10AISIY
- [ - ,2J11 JO SO 10d AQ[[eA Te]
- 0¢€ - (2100s Ao[[eA Teg
8IS [ 8IS PJITJ0 S0 Jod AS[[eA TeaN
Sl 001 SI'I 191008 Ad[eA TRON
[elol, | 10joeq | 2100§
3102§ edu] paulquo)
(godVd)
2311 JO SSOT 10d
= dVd [BOL = (2100S AQJ[EA Te] [e10],
L
S0°0 Ss1elqeH / QINOL3y 1oeduy
9
$T0 sonin | oeduy
S
ST0 s [ewsnpuy | 3oedwy
14
SO0 SIS [eUONBAIOYY | joedwuy
aInjonnseyu| €
01°0 uoneodsuer], 1oeduwy
(4
S1°0 santodoid [enudpIsay UoN joedw
I
S1°0 sonadoid 1enuapIsay 1oeduy
(yB1op\ X 2100G) -0) Hzmzwwmm w<
aneA MVd 2100G 4SO M 21004 10edury AHdTIVA 4VA
MSIY LV H'1dOdAd LOVdIIAI

(ponunuod) € d[qe ],




"[9AQ] POO[J QAOQE [[dM dIe AJU[} S IOJeM JO OSBI[I O} PBI JOU P[nom SHISUBILIEqUD
4 4 I I ‘pIp A9} J1 USAD pue [1B] 0} A[oNI[UnN :JSNQOI PUB IPIM e SJUSU UBqUI Amqusur Aemjres
: . . . : . / KeMIOION
-aanjrey
¥ 4 I 4 wep asned 0} A[oyIun jng JudAd pooyj uLmp aoe} weansdn Jo uorsord SOABM/UOISOII [BUIIXH
asned pinood :3ug/] Aq paje[no[ed wey () Jo dn-uni oAeM WNWIXBIA
“UOIIBWLIOJUL JO YOB] 0} NP SOUIPIJUOD MO[ :UMOPMEIP JO
al ¢ < 4 9Jel pUR S[BLIdIBW U0 JUdpudap :d[qe[IeAR UONBULIOJUL UI 0} PALIIJAI JON umopmeip prdey/Apiqersug
(uorso1a TeuIAXy
'1007 [1dy £q 10 parued usdq SurddooaQ
1 4 4 ¢ jou pey Suyg/] Aq pasodoid syrom [eIpowdy "o[eO AQq pasned 9q Aewu (
UOISO0Id ddeJIns {3uf/[ £q paynuapt sayojed o1eq pue sdIjs MO[[BYS QWOS (
( Amqejsuy
*(Bugy) swady A1ddns ur JuedryIuSIS J0U JUSWANS
¥ e e I JOjunowry “Swep [[e U0 JUSWIA[AS JOYIINJ 10J yoyem o3 Sug/sS Sug/[ Aq Surddojronoyuowaieg
popuawuodas se dn apew 9q 03 194 da_Y H/( MO[uB) uo sjurod mo|
"98e pue JYSIOY JIOY) purlu ul SULIBdq [BWIUIW 9q P[NOYS SWEP JO
JUSWID[NAS "PASEIdD dARY P[NOYS JUSW[IIAS Fururw saje)s 110day Sururjy SQINIONIS,/Wep
14 4 I C ¢ ‘ : P 019 swe(
[800) {ANIQIXa[} 2ARY PINoys yorym ‘sadid a1e sarmonns juedijiugis A[uQ JO 3uIyorRId/JUIWAIIAS
NI [ Juo) | I | suo) UOTJBULIOJUI JO 92IN0S — JUIWO)) Jojedlpuy / asne)) Uuor1ed0
UMWY
YdHM A4 (4 SN EEEETN
P ALIS 9IS
200z A0 ieleq NOLLVOIJLLSOL

HHOOS NVIODVIA IDT-9HTAV.L




‘uonenis oaoxdur prnom (100 [Hdy £q poyuotajduur
j0u) Suy/] AQ PIPUIWIOIL SAINSBIW AILINDIS [BUONIPPE WSI[EPUBA

(q) pue 9q1ssod s1 uonzerodo [enuew :oinre} 1omod () aIe sasned ain|reJ I0JeIN3Y

v 4 I 4 KToNI[ 1SOIN "1038213 9q pInom Surpunodur uayy uonisod pasopd Aqjented dmjrey [euoneddo MOTUR)D
10 pasolo woly pajerddo oq jouued 101e[N3Y J1 “Surpunoduur SS9
OABY [[IM SIT0AISSAI ‘uonisod uodo woyy pajerodo aq jouued 10Je[nN3oY I
*Kjoy1un o8ey001q ordnnu

4 4 I 4 PUE }9[IN0 SUO UBY) I0W dARY D) MOPue)) 1dooXa SII0AIISAI [V surddopiono/aseN0lg sadid3opnO
"JA N0 PaLLIBd USIQ J0U peY SIY) Pajels

4l 4 Z ¢ (1007 11dy) Sug/S :paurejurett oq J9A0J sseId o0 POPUSWII0IAI puL Surddolrono/uorsord aoeang | sAemyids 301Uy
V MopuR) A[qeou ‘sAem[[1ds [BI9A9S UO UOISOId 90BJINS pajou Sug/|
"Aroy1un aanyrey sueaw Surpunodur

Q 4 7 4 ] . : UOISOID [RUIIU]

JO uoneINp 110YS I9AIMOY ‘UMOUNUN SJUIAS POO[J UT SSAUIYSIII0IE A\ 010 we(q

Iy [ Juo) | I | suo) UOTJBULIOJUT JO 92IN0S — JUdWO)) JojedIpuy / asne)) uored0

UMWY

JdHM  :Ad 7J0 7 199US

zooz bny  :ejeq

P ALIS 9IS

uonedIYNSNe 309§ weisei[q [D1— 9 dqeL




SJUQUINUBQUID ABM[TRI

= z 01 I 01 z Anniqesug /AemioloN
=7 7 =S 7 =S b ainyrej TeuonerddQ I0je[N39Yy Mo[ue)
=7 z =G z =G b urddojrono/a8exoo1g sadid jopInQ
=7 7 =S 7 =S b SOABM/UOISOID [BUIIXF 00 weq
=7 z =G z =G v Surddojroropuowdeg 910 we(

SOINJONI)S/Wep
=7 7 =S 7 =S b Jo Sunyoe1o/JusWAIRS 90 weq
=7 7 =¢ b b 8 UOoIS0I9 [RUIAIU] 90 weq
I € =¢ b =1 4| umopmelp pider/Afiqeisu] 90 weq
=z z =1 9 =1 | 3urddoj1oA0/uo1s0I0 9983INg sAemiqids 191Uy

Surddoyroao/uo1sord
=7 7 =1 9 =1 4| [euIa)Xa 29 ANIqeIsu] 0)0 swe(

Snredpra) x 3oeduy)
3100S Sy Jojedipuy / asne)) uored0|
S0L ML
= 9I02g yuey 3109§ uey X yuey 3102§

yoeduy JUo) JUo) 1XD Suo) 1D | AIednL) J9Y USRI
YdHM A JO T 199YST00T A1l :9red y ALIS 9IS

dqe L, Arewming Ysn — L dqeL




umowyun

SSOUIY SN BAA =7 7 =€ b b S UOISOId [BUIU] 9)0 swe(
umopmeap

prdea uo ojur oN I € =7 b =1 4| umopmelp prder/Ajjiqeisug 930 we

10/¥ Aq duop sKemiqids

jou SYIom SuF/I =7 7 =1 9 =1 71 Surddojroao/uo1so1o doeJINg 19U
10/¥ Aq paaredaa

jou Sug/I Aq 3991 urddojzoao/uorsord
saydyed axeq/sdis =7 7 =1 9 =1 4| [ewIdIxXy 2 A[iqe)suy 9)0 swe(
I

JUMU0)) yuey ER(IAIN yuey X yuey 3102 A0ID21pUy / IsNv)) uoyvoIOY

Juoy) Juo) SXD ‘suop) NI | AIedInL) Joy ruama)g

ddHA [JO T 3199YS

00T A'1INr -dred Y HLIS :9S

SIUDWIA ST ISAYSIH JOo Argpmiwing — § d[qe L




syenqey
/ I nougy
L

SonIIIN

9

SaNg

- [emmsnpuy
<

soNg
[euoneaIy

14

aImonynseuy
uoneuodsuer],
€

Kuadoig
[e1IuapISay UON
(4

Aadoig
[BIJUIPISY

I

(#-0)
3102 31028 Jud W0 eduy
uvd poedury

UdH  Ag
2002 AINC :dreq S ALIS NS
NOILVOIHILILSOAC HHODS — INAINSSASSY LOVAINT AHTIVAUVIN — € H'TdV.L

S IS ‘s9Iqe ], SuL10d§ ¢ xipuaddy




= gvd el (21095 AJ[[EA JEAN [EIO
L
— <00 syeyiqey / oImnoudy  joedwy
9
- Al soniun  joeduwy
S
- Al SIS [emnsnpuy  joeduy
14
SO0 SOJIS [eUONBAIOYY  joedwiy
aIjonyseu| €
01°0 uoneyodsuer], 1oeduy
[4
ST°0 sonzadoi [enuopisay uoN  joedwg
I
ST°0 sonaadoig [enuopisay  joedwg

(yS1op X 2109S) ¥ -0)

aneA MVd 2109G SO M Eoomw memEH LINHINSSHASSYV
S LV H'T1dOdAd LOVdJIAI AATIVA UAVIAN
YGHM  Ad S ALIS IR

00T A'10r dredq

199y S Arewruing Juduwissassy Joedui] JI0AIISIY — S d[qe L




9109

S 1oedw] I10AIISY

[
0¢
[
001

[e10L 10108,

2100g

- ,OJI'T JO SSOT J0d A[[EA Te]

YT JO SSOT 304 A[[EA TEdN

(2100s Ao[[eA Teg

3102§ edu] paulquo)

(yodVd)

,OH[ JO $SO[ J0d

= dVd B0l

= 100G AJ[[eA T [e10],

S00

Al

Y

S00

01°0

ST°0

IN[EA dVd

(yS1op X 2109S)
9100%

SI'0
(r—0)
WYSOM 2109§ 10edw]

MSIH LV H'1dOdAd

LOVdJIAI

191008 Ad[eA TRON
L
syeyiqey / omynoudy | joedwy
9
soniu | 3oedu]
S
sayg rewsnpuy | joedwg
14
SIS [euoneAIYY | joedw]
aIjonysejuy ¢
uoneyodsuer], 1oeduy
[4
sonadoid renuapisoy uoN | 1oedwg
I
san1adoid [enuapIsay 1oeduw
LNHINSSASSY
AATIVA dVA

(PanunU0d) § A[qEL




% 4 I 4 "uoYe) 9q 03 uonoe Judwedwo) A\ uo Jug/S Aq pajou ANANOR J[OJN | AJTATIOR J]OW/UOISOID [BUIIIXH
‘Surpunoduur
Q 4 ré 4 uoreInp-j1oys ur waqoid Jofew & 9q 01 A[OYIU) JUAL POO[J [eI9UI3 — UOISOId [BUIdU]
& Surmp JIS1A 03 Sug/S 10J pauueld :a3exeo/03edoss Jo 9Fpa[mouy] ON
‘Terorew Jo od4) pue KAydwo/[iy 03 udye) W UAMODAEID Didest/KITHarIST
cl ¢ 4 4 uo spuadop ‘sxoourduy Jursiarodng/Suroodsu] Aq UO PAIUIWWOD JON PAEID PIEEA/AUIQBISUL
¢ I I ¢ “100urduyg Sunoadsuy £q paygnuapr swapqoid Ariqels oN [e10ud3 - A1IqeIsu]
“parojruowr
1 Z 4 ¢ 3uroq juowoes Jurddoiroao Fuunp Mo[J 9JenudduU0d prnood (3ug/s)
juouredwo)) 358y 0) PoLINdO0 SBY JUIWI[NAS (yoralq/surddoiron
219
¥ 4 I 4 "PAOIYD A[IB[NSAI SAINJONIS 1SAINJONIIS/WEP UIIIM FUIoeI) JUIWI[NS suonepunoy
‘Apoq weq
NI [ Juod | I | suo) UOTBULIOJUI JO 92INOS — JUIWIIO))
Jojedipuy / asne)) uored0|
Joy uauwg
JdHM  :Ad ZJO1  199US
SHALIS 9IS

2¢00zZ AINC :®eq

uonedIYNSNe 309§ weisei[q [D1— 9 dqeL




"A[9¥I[un JSOW SI [[& WYy}

v 4 ! 4 Jo a8eyo0[q pue Juotmredwod Yord woiy sodid 19[IN0 [BIOAS dIB I | sadid 3opno jo uononnsqo SAOM IO
e e I I (Bug/s) Mmo[J Aq uorsorq | sAemids 3o[ug
uonIpuod d[qerado ue ur sKemyids dooy 03 N0 PALLIED ST JOUBUUIRIA : :
"o0uBURIUIBW supwny
Q 4 Z 4 oyepIopuUN 0) JISIA Y “BoIe 9Sn OS[e SIO[SUE (SJUSUUBQUID
o3ewep 0 [enUOd JABY PUB SIIOAIISAI A} UI IZeIF A[Ne) 79 O[HES/UOIS0IS [EUIXY
18101900 BulddojiaAo J1 3umni/uoIS0Id [BUIAIX
8 4 < 4 oprs s/p uo sjurod yeom 9q prnod :3uyg/S Aq syudunredwod y1oq ur pajoN HR/UOL I i
NID [ Juo) | I | suo) UOIBULIOJUI JO 92INOS — JUIWIIO))
Jojedrpuy / asne)) Uuored0
Joy yudwR[g
MIMIHH  :Ad TJo T 199YS

2¢00zZ ATINT :8jeq

SHALIS 9IS

uonedIYNsNe 3.103§ weiseiq D1 — 9 dqelL




= uoISox skemipids
=C [4 01 I 1] [4 Isorq 1o
01 I 9 € 6 € [e10ud3 — AyyIqelsug 930 we
=7 4 =L ré =9 % uonoNNsqQ | SSMoM 3O
=7 N =L N =9 b 3uDorIdJUIWANOS 9)0 we(
=7 4 =/ ré =9 % KJTATIOR J[OW/UOISOId [BUIAIXF 9J0 we(
=7 N =7 ¥y =€ 8 uewWNY 29 9[}JBO/UOISOIS [BUIIXH 9)0 we(
=7 4 =T b =€ 8 3umnI/uoIS0Id [BUIAIXH 010 we(
=7 N =7 ¥y =€ 8 [€I0UI3 — UOISOID [BUIdU] 930 we(
=z z 1 9 =1 4| yoeaiq/3urddolronQ 910 wre(
I € =7 ¥y =1 4| umopmerp prder/Kyiqeisuy 010 we(
(&reanra) x joedury)
91028 Ysry MI'T 10JedIpU] / AsNE)) uoned0|
SOL = 0100§ yuey 3103S yuey X yuey 3103S
1oedwy ‘Juo) ‘Juo) T1X)D *Su0)) ) | AednL) ‘Joy Juowd[g
WIMHH  Ag 1 Jo1 399ys
00T A'INr :dred SHLIS 9IS

dqe L, Arewming Ysn — L dqeL




paambaa
dduerudUIEW

1e[n3ay =7 N =7 ¥y =€ S UBWINY/9[118O — UOISOId [BUIAXF 910 we
syudum.reduwod

yjoq uI pajoN =7 4 =7 b =€ 8 Suryni — uoIsoId [euI)Xg 010 we(
pooyj Surimp

I9Yd 03 Suy/S =7 N =7 ¥y =€ S [8I0US3 — UOISOId [BUIU] 010 we
JUIWIIPIIS

Jo A10)SIH =7 z 1 9 =1 41 yoeaiq/3urddolron) 210 we(q
uonyvuLIOJUI

Jo o 1 € =7 b =1 4| umopmerp prder/Kiqeisuy 919 we(

MI'T A0pn21puy / asnn) uoyvI0Y

JuUI0) yuey 3109S uey X yuey 3100

Juo) Juo) SXD Suoy) NI | Aednr) Sy ruawiay

MOIMOH H [JO T 399US

00T A'1Nr ded SHULIS 9IS

SHYUIWIA[F ST ISAYSIH Jo Arewwing — § d[qe L







