IN THE MATTER OF
THE QUEENSLAND FLOODS COMMISSION OF INQUIRY 2011

A COMMISSION OF INQUIRY UNDER THE
COMMISSIONS OF INQUIRY ACT 1950

AND PURSUANT TO THE
COMMISSIONS OF INQUIRY ORDER (No. 1) 2011

SECOND SUPPLEMENTARY STATEMENT OF BARTON JEFFERAY MAHER

On the 12" day of September, 2011, I, Barton Jefferay Maler of l Junction Road, Karalee, state on oath:

Introduction

L. I am currently employed by Queensland Bulk Water Supply Authority (Segwater) as Principal

Engineer, Dams and Weirs Planning,

2, I make this statement in response to the requirement issued by the Queensland Floods Commission of

Inquiry dated 30 August 2011 (the Reguirement).
Brief description of the nature of cracking at Somerset Dam

3. The existence of some minor cracking in the Somerset Dain concrefe has been known since at least
1951, It should be noted that cracking of concrete is common in mass concrete. It is the location and
extent of the cracking which will dictate the impact of any cracking on the dam's long term

performance and stability.

4. A summary of the cracking is contained in the report entitled Somerset Dam Crack Investigation, 2008

prepared by SMEC (SMEC 2008 Repore). It provides that the cracking:

»  is typically evident in the top downstream corner of the upper gallery of the Dam;
¥ was not significant upstream of the upper gallery;

> is also evident across the downstream face of the dam;

> s likely continuous between the gallery and the downstream face; and

» is not present on the upstream face of the Dam.,
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The cracking is likely due to dissipation of heat following the completion of construction. Other

factors that may have contributed to the cracking include:
¥ the long break in the construction of the dam between 1942 and 1948; and

> the use of two grades of concrete in the construction of the Dam wall (with a higher grade bsing

used on the upstream side of the dam).

Because the cracking is present on the downstream side of the dam wail (rather than the upstream side),
it does not materially impact the structural integrity of the wall. The stability of the dam is dependent
upon two key loads, Firstly there is the weight of the concrete which resists overturning and sliding of
the dam wall. Secondly there is the water loading on the upstream face of the dam which exerts a force
that tries to push the dam wall downstream and, due to the nature of water loading, tries to bend the
dam towards the downstream side of the dam wall, This bending, at water levels well above normal
operating levels, results in the upstream face experiencing tension (i.e. being pulled apart) and the

downstream face experiencing compression (1.e. being pushed together).

Therefore, it is the uncracked conerete at the upstream face of the dam which controls the stability of
the dam under high loads from extreme flood events. As the water level in the dam increases, the water
on the upstream side of the dam wall exerts a pressure which compresses the downstream side of the
dam wall, effectively pushing the cracks on the downstream side of the wall together. The presence of
the cracks has been taken into account in the analyses performed on the dam previously. The analysis
has concluded that the dam is structurally sound. The existence of the cracks does not atier the way in

which the dam is operated during flood conditions.

Brief history of the monitoring of cracks in Somerset Dam to July 2008

10,

11

12,

13.

Annexed to this statement and marked BM-1 is a bundle containing all reports in the possession of

Seqwater which I have been able to locate which have considered the cracking of Somerset Dam,
The reports date back to 1939 with first significant report into cracking in 1951.

Significant investigations, monitoring and analysis of the cracking and stability of Somerset Dam have

been undertaken since that time,

1 have been able to locate records of regular monitaring (on a monthly basis) from the early 1980s.

Annexed to this statement and marked BM-2 are copies of those records.

The cracking which is described in paragraph 4 above is first documented in 1951 which is included in

the bundie of documents in BM-1.

There are currently 22 measurement points to monitor the longitudinal crack along the upper gallery.
These were installed between 1969 and 1984. File notes indicated that 5 monitoring points were

installed in 1969, 4 cores were taken in 1978, 20 pairs of gauge plugs were installed in the centre




gallery cracking to allow a mulii position strain gauge to be used to measure crack widths, 2 additional
gauge plugs were installed in 1981 in the centre gallery, 6 additional pair of gauge points were installed

in 1984 between monoliths G and H, L and M, and QQ and R.

14. Additionally, 13 hydraulic piezometers were installed in 1999 at the dam to monitor pore pressure.

The piezometers are read monthly.

15, Since Seqwater has owned Somerset Dam it has carried out monthly monitoring of the cracking, as

well as yearly monitoring as part of the Annual Dam Safety Inspection,

16.  Also, as part of their ordinary duties, the dam operators at Somerset Dam are required to monitor the
cracking during and following significant rainfall events. If they notice a significant change, they are

to immediately notify the Principal Engineer (Dam Safety), Mr John Tibaldi,

Program for monitoring the cracks and similar issues at Somerset Dam following receipt of the SMEC

2008 Report

17. The SMEC 2008 Report recommended that the crack in the upper gallery be monitored in respect to
movement or other signs of deterioration every 4 months and, as a minimum, as part of any annual dam

safety inspection and immediately following any significant inflows into the dam.

18. Since receipt of the SMEC 2008 Report, Seqwater has continued monitoring the cracking on a monthly
basis. To assist the dam operators, the extent of cracking was marked to assist with the visual

monitoring of any changes.

19, Seqwater has also continued undertaking routine inspections (on a daily basis) at Somerset Dam {(and
other dams) in accordance with the DERM and ANCOLD Dam Safety Management Guidelines. The
routine inspections at Somerset Dam include inspections of the crack measurement points. Annexed to

this statement and marked BM-3 are copies of these routine inspections.

20. The cracking has also continued to be reviewed as part of the annual dam safety inspections and, as [

explained above, the dam operators monitor the cracks during and following significant rainfall events.

Inspections or additional monitoring of Somerset Dam undertaken as a result of the January 2011 Flood

Event

21, During the January 2011 Flood Event the cracking was monitored daily, with more than one visual
inspection carried out on some days during the event due to the rate of rise of the storage. The
opetators inspected the galleries and sump pumps at Somerset Dam at a maximum interval of two
hours throughout the peak of the January 2011 event.

22, Since the January 2011 Flood Event the existing monitoring arrangements described in paragraphs 18

to 20 above have continued.




23.

Annexed to this statement and marked BM-4 is a document detailing the monitoring results relating to
the eracking since the event. These results do not indicate any change in the cracking which would

cause concern about the stability of Somerset Dam.

Upgrade of Somerset Dam and final Acceptable Flood Capacity Report

24,

25.

26.

27.

28.

29,

30,

It is my understanding that Seqwater has not yet given the Department of Environment and Resource

Management (DERM):

¥ acost estimate and the time frame required to upgrade Somerset Dam in accordance to the
Acceplable Flood Capacity Guidelines other than the SEQWater, Provision of Contingency
Storage in Wivenhoe and Somerset Dams Feasibility Report, 2007 (see Exhibit BM-1); or

» afinal Acceptable Flood Capacity Report. It is my understanding that a draft of the Somerset Dam
Hydrology Study was sent to the DERM Office by the Seqwater Senior Hydrologist. This report is
yet to be finalised. This report indicated that the upgrade of Somerset Dam would be required by
2025 under the fall back provision of the DERM Acceptable Flood Capacity Guidelines (2007}

The DERM information notice that accompanied the Dam Safety Conditions for Somerset Dam is
annexed to this statement and marked BM-5. The information notice states that the need to upgrade
Somerset Dam should be reviewed when carrying out the detailed design for the Wivenhoe Dam

Stage 2 upgrade works.
Detailed design of the Wivenhoe Dam Stage 2 upgrade works has not yet commenced.

Entura (formally Hydro Tasmania) has been engaged by Seqwater to provide an updated scope of

work and cost estimate to complete the matters detailed in paragraph 24 above.

Additionally, DERM has been provided with a report entitled Somerset Dam Concept Review for Dan
Raising (2006) (contained within exhibit BM-1) which details cost estimates for certain upgrade
options as part of the SEQWater, Provision of Contingency Storage in Wivenhoe and Somerset Dams

Feasibility Report, 2007 (see Exhibit BM-1).

Further, it is my understanding that Seqwater is currently updating the portfolio risk assessment for all
of its referable dams in accordance with the ANCOLD Guidelines on Risk Assessment (2003)
(including a risk assessment relating 1o cascade failure of Somerset and Wivenhoe Dams) to prioritise

and cost necessary upgrades {o its dams.

In my opinion, it is appropriate to address the upgrade of Somerset Dam in the context of Seqwater's

broader portfolio of dams so that it can be prioritised appropriately.




Additional information regarding communications with DERM about the safety of Somerset Dam after

July 2008

3L In October 2008, I discussed progressing the investigations into raising Wivenhoe Dam to provide
additional storage following the SEQWater, Provision of Contingency Storage in Wivenhoe and
Somerset Dams Feasibility Report, 2007 (see Exhibit BM-1) with the DERM Office of Dam Safety.
This project had initially looked at the possibility of raising Somerset Dam and had investigated
preliminary options to upgrade Somerset Dam to increase the flood security as well as raise the Full

Supply Level. This report was supplied to DERM for comment and review.

32 In September 2009, discussions were held with the DERM Office of Dam Safety AFC Project Manager
and the Seqwater Senior Hydrologist to progress the hydrology study required as part of the Acceptable
Flood Study program for Seqwater, These discussions were around the assumptions that would need to
be made to assess the flood capacity of Somerset Dam in isolation from Wivenhoe and provide an
estimate of the percentage of the Acceptable Flood Capacity that the dam could safely pass. This was
required to determine the upgrade timing using the fallback position in the DERM Acceptable Flood

Capacity Guidelines (2007). I cannot now remember the detail of those discussions.

33. I am aware that there was also further correspondence with the DERM Office of Dam Safety around
the revision of the Wivenhoe and Somerset Flood Manual, in particular the interaction diagram and the

subsequent interaction study in 2009, However, I was not directly involved in this work.

SWORN by BARTON JEFFERAY MAHER on 12 September 2011 at Brisbane in the presence of:

Deponent Solicitor
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INDEX OF ANNEXURES
Annexure | Document Date
No.
BM-1 Reports considering the cracking and stability of Various
Somerset Dam
1, 10-Aug-39 — Letter - RE Somerset to Chief
Engineer Stanley River Works Abroad.
2. 16-May-40 — Memo- E.L.Richard to RE
Somerset Dam re cracking plus field notes to
1941
3. 29-May-40 — Memo- E.L.Richard to RE

Somerset Dam re cracking, compares Somerset
data to published data on Haweswater Dam

4, 01-Jan-41 - Notes left by E.L.Richard on his
retirement re Somerset Dam cracking

5. 21-Sep-51 — Memo - RE Somerset (Gipps) to
Chief Engineer Stanley River Works Board
forwarding G M Card's report of 30/7/51

6. 29-Sep-69 — Letter - Sheperd to Cowling.
Comiments on cracking and possible causes

7. 07-Nov-77 — Letter - Dept of Works to Cossins &
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14,

15,
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17.
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21,
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Clerke. Survey of monoliths along crest
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letter) plus notes from G M Card dated 30/7/51

08-Nov-77 — Letter - From Shepherd to BCC.
Prelimary report on inspections of BCC dams.
Includes Somerset inspection notes

24-Nov-77 — Notes - Cracking comments from
Gil Verrenkamp

30-Nov-77 - Memo - Recommendation of
Soiltest gauge for crack measurement

01-Apr-78 — Letter - ANCOLD Bultetin of April
78. Letter from EM Shepherd re dam cracking on
page 3

07-Feb-78 — Memo - Verrenkamp to Clerke —
Test Holes — Centre Gallery — Somerset Dam
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20-Feb-79 — Letter - Clerke to Shepherd re
drilling of test holes

09-Aug-82 - Letter - O'Connell to Shepherd,
Refers to weeps in shaft 13 and proposed
trangulation and level surveys

29-Aug-86 - Notes - on Visit to Somerset Dam —
29 August 1986. Ben Russo

31-Aug-87 — Letter - From Board to BCC
requesting report on cracking for insurance
purposes

05-0Oct-87 — Report - Somerset Dam
Survelliance — Report on Cracking ~ Ben

09-Oct-87 — Letter - Letter from BCC to Board re
cracking with reference to report from Ben
Russo

25-Mar-88 — Fax — From Gil Verrenkamp to
George lievski — Analysis of Foundation Drain
Water Sample Somerset Dam

Brishane City Council ~ Safety Review,
Somerset Dam — July 1988 -
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Due to the large number, and size, of the
annexures to this statement, it is only possible
to publish those annexures specifically
referenced in the Commission’s Final Report.

These annexures are:

BM-1: Document 24
BM-1: Document 33
BM-1: Document 38
BM-1: Document 40
BM-1: Document 41
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1 INTRODUCTION

Somerset dam was constructed in the period 1935 to 1953 with a delay in construction as a
result of the war in the period 1942 to 1948.

The dam has been constructed across the Stanley River between Little Mount Brisbane and
Mount Somerset. It is located at AMTD 4.8 on the .Stanley River which is a tributary of the
Brisbane River and is located in the upstream limit of the Wivenhoe storage.

Wivenhoe dam was constructed in the period 1976 to 1985.

Somerset dam is a concrete gravity structure with a gate controlled flood storage compartment.
The primary features of the dam are indicated in Table 1 and Figure 1.

The dam has a downstream energy dissipater with baffle and side training walls of mass
concrete. The distance from the downstream face of the spillway to the baffle is 36.6 m (120 ft)
and the overall length of the stilling basin is 58.2 m (191 ft). The concrete in the floor of the
stilling basin is about 3 m (10 ft) thick for the first 23.8 m (78 ft) downstream of the spiliway and
reduces to 1.5 m (5 ft) thickness at the baffie and 0.76 (2 ft 6 inches) at the end sill. -

The dam and the stilling basin are provided with a number of drains to limit the build up of pore
pressures.

A hydro-electric powerstation on the right side of the spiliway currently operates five days a week
and currently is the primary method of making releases from the storage. S

Four cone valve regulators 2.3 m in diameter are also able to make releases. During the 1974
flood these regulator valves were submerged by the tailwater.

Eight siuice gates have been provided for normal flood releases and eight radial gates were
provided to improve the flexibility in operation during flooding. The Full Supply Leve! of
Somerset dam is 1.5 m below the concrete spillway crest level.

A reinforced concrete deck is located 4.88 m above the non-overflow crest level of the dam.
This deck carries the winches and gantry crane required to operate the sluices, crest gates and
coaster gate.

An inspection of the dam was undertaken in the period 6 to 7 March 1995.

This report has been completed as part of a comprehensive review of the design, construction
and performance history of Somerset dam to evaluate its structural and hydraulic integrity. The
evaluation has included an examination of existing records, an on site inspection, and a review of
the dam against current design and construction standards.

This report has been organised in accordance with the WRC guidelines for preparation of a Dam
Safety Review - Procedure DS 005. This report discusses the dam in the following sequence:

Section 2 provides a summary of the findings and recommendations.
Section 3 which indicates the sources of the data reviewed for this report.
. Section 4 summarises the operational status of the dam during the inspection.
Section 5 indicates the summary historical events associated with the dam.
Section 6 summarises the paths to fallure that were considered as part of this review.

GECIB53MA14-14019-00WJIC:EGTAAW : SEQWB
Salely Raviow
Somerset Dam 1
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. Section 7 summarises the state of preparedness of the dam in an emergency event.
. Sections 8, 9, and 10 summarise the results from the hydraulic, geotechnical and
structural evaluation of the dam.

The conclusions and recommendations are based on a thorough examination of the avaiiable
design files, the available records of construction, the site inspection, examination of instrument
records and the stability analyses completed for this report. The conclusions are supported by
findings within the report and the Recommendations result from the conclusions. The
recommendations are based on safety concerns for the dam and generaliy relate to the need to
collect additional data to confirm the findings of this report. :

GEOW8594114-14019-00\AICEGT-AAW SEQWA
Salety Review
Somerset Dam . . 2
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TABLE 1
SOMERSET DAM PRIMARY FEATURES
1, DAM
Type of dam - Mass concrale gravity
Dar Owner - ' South East Queensfand Water Board
Length of dam at deck level 308 m (10142 ft)
Maximum height above foundation lavel 58 m (189 fi)
Lowest foundation level RL 54.77 {180 )
Total volume of mass concrate 205 700 m® (269 057 ydY
Dam crest [evel - bridge dack level o © RL 11234 {369 fi}
[ - non overllow crest level RL 107.48 (353 f1)
- level of concrate spillway crest RL 100,45 (330 ft)
Fuil Supply level RL 95.93 (325 ft*)
Minimum waler lavel ) RL 69.97 (230 ft**)
[ Peak water level as a result of PMF One gaie out of Service RL 110.7
- All gates open RL 110.4
Maximurmn discharge as a result of PMFE One gate ou! of Servica 7950 m*fs
All gales open 8140 m¥s
[ Tailwater lovels* 1974 flood 1052 cumoc Tailwater leve! 70.9 to RL 72.1
' PMF 8140 cumec Tailwaler lavel RL. 80-82,
— 2, SPILLWAY
Number of radial spillway galtes a
T Size of each crest gate 7.9 m wide x 7.0 m high - (26 fl wide x 23 fi high}
. Top of gales when closed RL 107,46 (353 fi}
Radius of spiliway gates ' . 7.0 m (23 )
. Centraline of frunnion bearing ] RL 103.73 {340.75 fi}
Clear length of spillway 63.4 m {208 ft)
B 3. SLUICE GATES ' '
[ Number of Sluice gates 8
Size of each sluice gate 3.66 m high x 2.44 wide - {12 ft high x & ft wide)
Invert Ievel of sluice entrance RL 71.2 m {234 1)
l: Top of slilling basin fralning walls RL 73.02 {240 fi)
Stilling basin length 58.2m (191 1)
Baffte helght 3.0m (10 f}
[ Stilfing basin level . RL 60.83 {200 i)
4, REGULATORS
Number of regulators 4
Level of centraline of regulators R £9.97 (230 f)
l: Type and slze of regulators 2.3 m dia fixed cone dispersal valves
Discharge capacity of each regulators at FSL - 79 cumecs (2,800 cusecs) -
— Discharge capaclly of each regulators with 28 cumecs {1,000 cusecs)
waier leval at RL 250 ft
L 5, STORAGE
Reservolr area at F.S.L, ‘ 4,400 ha
[ Storage capacity at F.S.L, 369,000 ML
— * Taliwator levels - considerable uncartainly exists in tho lallwater level estimales Wivanhoe Dam has a significant influence on the
tailwater,
— b Full supply level originally 315 ft
bk Centraline of regulator inlet.
L. () Values in brackels are as shown on drawings in imperal units, all metric uniis are to AHD with RL {AHD} =

{RL (11} - 0.43) x 0.3048

GEOW859\ 11-14019-0D\AJCEGT-AAW SEawa
Safsty Review
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2.1

EXECUTIVE SUMMARY

Summary of Findings

The following items summarise the findings of the Safety Review:

(i)

(viii)

the concrete visible in the upstream face is in a good condition with some minor loss of
mortar resulting in exposure. of the coarse aggregate. . The loss of mortar is a symptom
of the presence of aggressive water in the reservoir. Measurements of pH, dissolved
gasses and water temperature should be undertaken and Saturation Index or Longellier =~
Index calculated.

the downstream face of the dam has a dirty appearance in the section of the
dam with a slopping face. There are signs of seepage at lift joints where
caicite has been deposited "over” the dirty surface.

the bridge deck is in good condition.
the crest of the mass concrete section is in good condition with minor cracking only.

The gate pier concrete appears to be generally in a good condition. A pattern of closely
spaced cracking was noted on the top of some piers. This may be caused by agemg,
temperature effects, or alkali aggregate reactivity.

The downstream river channel is in good condition. Erosion on the right abutment
downstream of the stilling basin has been repaired with large rip-rap.

The mass concrete training walls are in good condition. However, stability calculations
using assumed backfill and water level data indicate that the walls are potentially
unstable. The properties and depth of backiill is required to asses the stability of the
walls. Water table levels behind the wall are critical to its stability and this requires
monitoring. During a flood water pressure resulting from the tailwater can be
transmitted through the rockfili behind the walls and increase the pressure on the walls
at the upstream end where the depth of water in the dissipator may not be as great as
at the downstream limit due to the formation of the hydraulic jump. At these times
water is expected to flow out of the weep holes to relieve the water pressure.

The dissipator floors may be subject to high velocity flow sufficient to cause cavitation
during a flood equwalent to the 1974 flood. During major floods the dissipator does not
result in complete energy dissipation and high velocity flow is likely beyond the
downstream limit of the stilling: basin. For floods larger than the 1974 flood the
thickness of concrete in the floor may be insufficient to resist the uplift pressures caused
by the tailwater. Monitoring of uplift pressures is desirable.

For floods larger than the 1974 flood the dissipator retaining walls are likely to be
overtopped. During the PMF there could be about 7 m of water over the top of the
walls. This may result in high water loads behind the walls after the flood has receded.

The dissipator should be pumped out and Enspectedr.

GEOVB55\411-14019-00WMJC:EGT-AAW SEQWH
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(ix)

x)

(x0)

(xii)

The galiery inspection indicated that;

there is a continuous crack on the downstream side of the upper gailery within
the 0.3 m x 0.3 m fillet at the roof of the gallery.

cracking on the upstream side of the gallery is much less pronounced.

cracks in construction joints in the siuice shaft have a build up of calcite. Of
particular interest is a construction joint at about RL 91.5 in Monoltth | and N.
These are reported to be damp at times. -

the contraction joint between Monoliths L and M is open at the deck level less
open at the upper gallery level and weeping and closed at the lower gallery
level.

. the contraction joint drain in Monolith S has been weeping for some time. A
horizontal crack in Monoiith S was noted in the upstream face in 1977 at RL
97.2. The seep into this drain may be through this crack.

the cored drain in Monolith R is weeping and appears to be partly blocked.

. the roof, walls, and floor of the gallery is dry with water draining from the drain
holes into the gutter to the sumps which are pumped out weekly.

on the left hand end of the gallery a crack extends between the upper and
lower galleries in the stairway near where the Monolith S and T contraction
joint would occur.

The evaluation of the cracking would indicate that the majority of the cracking may
result from the loss of heat foilowing construction. Ninety Five percent of the heat
would been dissipated by about 1960 (The cracking was not noted in 1951 possibly
because this was too soon after the final phase of construction which began in 1248).
This heat loss would result in a reduction in volume of the core relative to the outer
"shell". This would result in compression loading of the outer "shell" of the dam and
tension internally that could manifest as opening of construction joints or cracking of
mass concrete.

The crack is continuing to open at a rate of less than 0.1 mm per year. . This may
indicate that the core of the dam is continuing to lose the final small amount of heat
built up during construction. A 0.1 mm/year movement is approximately equal to a
0.3°C per year reduction in temperature.

Free water can at present enter the gallery during a flood through:

the access door to the upstream regulator platform. The invert of this door is
at RL108.1 (355 fi) - 2.3 m below PMF level

. when the non-overtoppable section is overtopped the water flowmg down the
abutments can enter the galleries through the gallery access portals. A
bulkhead gate has been provided to prevent this

. when the tailwater level exceeds about RL64.6 m (212.5 ft) water can enter the
pipes provided to pump out the sumps This is prevented by the provision of a
reflux valve.

GEC\8591411-14019-D00AJCEGT-AAW SEQWB
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(xiv)

(xv)

(xvi)
(xvil)
{xviii)

{xix)

(xx)

(xxi)

(xxi)

The upper portion of joint L/M has opened excessively and resulted in a torn water stop
in the upper portions of the joint.

The outlets of the drilled foundation drains have been capped with a hole in the cap.
These caps should be removed and replaced with a pipe with a right angle bend.
Seepage water from each drain should then be monitored at monthly intervals.

there is no monitoring of uplift undertaken other than the monitoring of water ievel in the
various drains entering the lower gallery. This monitoring effectively measures the
effectiveness of -the sump pumping arrangement. Instailation of effective uplift
monitoring systems should be undertaken.

A precise survey was undertaken in the early 1980’s. This should be repeated now to
determine whether there has been significant movement in the period.

The outlet siuices were not ail inspected. Only sluice gate K was inspected. Cracking
repaired in the sluice tunnels in Monolith Q was not inspected.

The trash rack structure roof on the left abutment was inspected and the concrete was
found to be dirt/silt covered but apparently in good condition.

The emergency coaster gate is generally in a fair condition. The rollers are in a poor
condition. The gate is designed to close safely against flow but at present this
capability is in doubt. If a sluice gate were to fail or fail to close there is no other way to
repair the gate than by installing the coaster gate into flow. It is essential that this gate
be repaired to a standard which would enable it to be ciose safely against flow or it be
replaced.

On the basis of the assumed "normal” parameters, the dam meets the current structurat
guidelines with the reservoir at FSL however, if the radial gates are closed during a
flood (as is allowed by the current flood operational rules) the upper section of the
Monoliths are likely to fail through overturing. Assuming zero tensile strength at the
upper gallery level (as a result of the cracking), the imminent failure flood level (IFF)
with the radial gates closed is RL 105.7 and the IFF with the radial gates open is
RL 109.1. There is insufficient data available to define the loss of strength in the dam
caused by the cracking. If lower bound strength parameters are adopted the dam would
not meet current structural guideline requirements.

The majority of the parameters used to assess the stability of the dam were assumed.

It is necessary that the concrete and foundations be investigated to ensure that
appropriate parameters are available for the stabilily assessment. Sub-horizontal
foundation joints were identified during construction. The locations, extent and
properties of these joints are required to effectively define the stability of the dam.

Access to the dam during extreme flood events may be limited.

Overall the dam is assessed to be CONDITIONALLY POOR with the need to reduce the
uncertainty associated with the critical analysis parameters through further investigations and
monitoring.. The dam is likely to be regarded as FAIR when the data is available however the
emergency coaster gate and dissipator walls and floor are likely to be classified as POOR and
the cracking in the gallery and upstream face of the dam may indicate conditions throughout the
dam that would result in the dam being classified as poor.
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2.2 Conclusion

1 From observations made about the state of the dam during the inspection, it is
concluded that the dam shows deterioration in the following areas:

(a) aggressive water in the reservoir has caused loss of mortar from the upstream
face of the dam and in 1950 concrete deterioration was noted in Monolith Q at
about RL70 in a bell-mouth in Monolith Q. ‘ Co

~(b) the gate pier concrete and other areas of concrete have closely spaced
cracking that may be assaciated with alkali-aggregate reactivity.

(c) joint opening has caused tearing of the waterstop in joint L/M.

(d) " the outlets of the drilled foundation drains have been capped to prevent dirt
entering the holes. These caps have holes in them and some of these holes
are becoming blocked.

(e) the emergency coaster gate rollers are in a poor condition and it can no longer
be used to close safely against flow.

2 The stability analyses indicate that:

(@) . under norma!l loading conditions using assumed parameters the dam is stable
using ANCOLD guidelines. Under PMF conditions with the gates closed the
dam exhibits excess tensile stresses which could result in failure. The
imminent failure flood level (IFF) with the radial gates closed is RL 105.7 and
with the radial gates open it is RL 109.1,

(b) the dissipator training walls would be considered to be unstable using current
design criteria. ‘ ’

{c) the dissipator fioor and walls are subject to high velocity flow which has the
potential to enter the drain/weep holes and cause excess uplift pressures
which may cause failure of the stilling basin,

- {d) the hydraulic jump may resuit in excess pore pressure beneath the upstream
.portion of the stilling basin and behind the upstream end of the stilling basin
walls, '

(e) The analyses were completed using assumed strength and uplift parameters.
These parameters are considered to be reasonable but require validation:

3 A review of the available construction records and the site inspection indicated that:

(a) cracking of concrete was a concern during construction and a crack survey
was undertaken in 1951.

{b) a horizontal crack in the upper gallery was reported in 1969. This crack is
observed mainly on the downstream side of the gallery and near the roof. It
extends for the full length of the gallery and is observed in the access adits at
each end.
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{c) cracking between the shafts in Monolith Q with pronounced leakage was noted
in 1977, and repaired at some later date.

(d) the construction joint drain in Monolith S has been seeping for some time. The
horizontal crack noted in the upstream face is likely to be the source of this
seepage. '

{e) the dam was apparently constructed without any contro! of placing
temperature. Temperature changes are likely to be the main cause of the
cracking. -

4 Water can enter the gallery through the access door to the upstream regulator/trashrack
platform, through the access adits into the gallery and through the sump pump outlet
pipe. .

5 Monitoring at the dam is not providing adequate data on the structural safety of the
dam. Uplift pressure monitoring is not effective; there is no deformation or movement
monitoring and there is no seepage monitoring.

6 Access to the dam during extreme flood events may.be limited.

2.3 Recommendations

1 In order to assess the extent of the deterioration it is recommended that:

(a) . " Measurements of pH, dissolved gasses, water temperature and
sulphate be undertaken in the reservoir water at various depths and
times of year at the dam. In addition the saturation index or
Longellier index should be calculated.

. Cores be taken from the concrete in the upstream face of the dam to
7 test for deterioration or loss of cement.

(b) Cores be taken from the gate pier concrete for testing to assess whether
alkalai aggregate reactions are occurring.

(c) The joint opening between Monoliths L/M be monitored at the deck level,

~upper gallery level, and lower deck level. If movement is not continuing over a
1 or 2 years period the joint should be repaired and the water stop reinstated.

(d) The caps on the drilled foundation drainage holes should be removed and
replaced with 90° elbows and the rate of seepage from each drain monitored.

(e) The emergency coaster gate be repaired or replaced to provide a gate that
can be safely placed in flowing water.

In order to "prove" the stability model assumptions about drainage, uplift, rock joint

strength, cracking, concrete strength and density it is recommended that investigations

be undertaken. These investigations should involve drilling and recovery of core with a

diameter of not less than 100 mm. This drilling will include:

(a) at least five holes through the dam with some holes angled and extending
about 20 m into the foundation.
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(c)

(d)

(e)

b)

at least 3 boreholes in the left and right abutment near the toe of the dam to a
depth of about 10 m and at least twp sub-horizontal holes drilled into the dam
from the dam abutments to inspect cracking and the quality of the
concrete/foundation interface.

bore hoie camera inspection of the holes in the dam and abutment to define
cracking, joint orientation and opening.

af least 8 holes in the left and right side dissipator retaining wails to determine
the properties and depth of the backfill behind the walls and to monitor water
levels.

inspection of the floor of the dissipator to assess its current condition and if
practical undertake drilling in the floor to assess the quality of the
concretefrock interface, and install piezometers to determine uplift pressures
beneath the dissipator floor.

Inspect the drain/weep holes in the fioor of the dissipator and assess whether
they are working and whether high velocity flow could enter the holes. Map
the position of the holes.

It is recommended that a crack survey be undertaken to locate the position
and extent of all visible cracks in the dam, This survey should be'in sufficient”

 detail to enable new cracks to be identified in the future.

it is recommended that the frequency of the current crack monitoring in the
upper gallery be undertaken at one month intervals rather than weekly.

To prevent entry of watef into the gallery it is recommended that:

(@)

(b)

(c)

a bulkhead gate be designed, supplied and installed at the access door to the
upstream regulatoritrashrack platform.

the importance of the existing bulkhead gate to the access adit be fully
understood by all staff at the dam and that it should be installed and removed -
as part of the regular safety inspection. ’ '

the reflux valve on the shmp pump outlet pipes be regularly inspected and
maintained.

It is recommended that the following instrumentation be installed to allow effective
monitoring of the structural performance of the dam:

(@)

piezometers at 5 sections in the dam. These should be located at the

following points in the dam:

- upstream of the grout curtain, about 5 m upstream of the grout
curtain and about 1 m below the "cut-off" level

- between the grout curtain and drilled drainage holes ‘

- between the upstream foundation drain and upstream foundation
tunnel

- at the downstream toe of the dam.
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(b)

(@)

hy

It Is recommended that thermometers be installed in the dam to measure the
change in response of temperature with depth into the concrete. This should
be compared with deformation monitored using plumb bobs and precise survey
of the crest.

piezometers in each of the six boreholes drilled behind the dissipator retaining
walls. '

piezorrieters in the floor of the dissipator to monitor uplift.

carry out a preciée survey at the locations surveyed in the early 1980's, and
then at six monthiy intervals in the winter and summer.

install plumb bob monitoring in the drill holes installed from the crest of the
dam and intersecting the lower gallery.

install surface movement points on the crest of the dam and along the
downstream toe of the dam.

install a water meter on the sump pump system to monitor the guantity of
water seeping into the under drains and take water samples at six monthly
intervals and undertake chemical analyses to assess deterioration.of the grout
curtain. '

- About 12 months after installing the monitoring system review the data collected and reassess
the stability of the dam.

6 It is recommended that a study be undertaken of the flood limits likely to limit access to
the site during extreme flood events, this study would also result in an improved
knowledge of the tailwater levels likely to exist at the dam.

7 Until detailed investigations and analyses are completed it is recommended that the
imminent failure flood level be adopted as RL 105.7 if the radial gates are closed and
RL 109.1 if the radial gates are open.
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9.

10,

11.

DATA REVIEWED
Somerset Dam crack measurements for hydrological year 1986/87 to 1990/91.
Somerset Dam Drawings - Volumes 1 to 5, South East Queensland Water Board.
Somerset Dam - Uplift Surveillance 1st September 1987 to 17 February 1995.
Original Design Calculation files:

SD(M) 1 to 15 and SD(M) 17

SD(S) 1 to 7 and SD(NS) 1 to SD(NS) 5

SD(SG) 1 to SD(SG) 25

SD(PH) 1 to SD(PH) 6 and SD(VH) 1 to SD{VH) &

SD(SP.D) 1 to SD(SP.D) 5

SD(ST.G) 1 to SD(ST.G) 10
Original Design Calculation Books

SD(DC) 1 to SD(DC) 21

Original Stanley River Works Board - Somerset Dam - Excavation - Fortnightly
Summary. ' ‘

EL Riéhard "Foundation Grouting at Sdmerset Dam.

R Russo "Somerset Dam Safety Review" July 1988, Brisbane City Council.

R Russo "Somerset Dam Safety Inspection” 1994,

Repoﬁ titled "Somerset Dam” introduced by Frank Nicklin Premier of Queensiand.

Report titled "Somerset Dam” issued by the Bureau of Industry 1938,

The following correspondence and records relevant to Somerset Dam Safety:

Undated Correspondence and Reports

(a) R Gipps “Permeability Testing of Concrete "A" Class and "C" Class Somerset Dam",

(b} Somerset Dam "Notes on the History of Construction®.

(©) Cracking in Galleries - Somerset Dam
Notes of Data which are possibly relevant.

(d) Copy of Letter to the Chief Engineer Stanley River Works Board, “Cracks and Galleries”
- written 10 months after forms stripped. '

(e) Joint Movement and Cracking.
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Dated Correspondence and Reports

() Summary of paper by D C Henry Trans Am Soc C.E Vol.99 1934 pp 1041-1123 -
"Stability of Straight Gravity Dams™

(i) =~ Letter from Chief Engineer to H H Dare.

(iii) Notes on cracks 1939 to 1942 - possibly summaries prepared by G M Card.

(iv) Letter from Chief Engineer to the Chairman Stanley River Works Board "Construction of
Somerset Dam under War Conditions". : '

W) Resident Engineer to the Chief Engineer "Concrete in Mon Q Bell-mouth - 15.2.50. .
(vi) G M Card to the Chief Engineer - "Concrete Crack Survey" 21 September 1951.

{vil) G A Cowling to W H R Nimmo "Drainage Measurements - Somerset Dam" - 7.8.62.

(vi ¢’ W Nimmo to the Chief Engineer and Manager "Drainage Measurements - Somerset
Dam - 22.8.62." '
(ix) G A Cowling to W H R Nimmo - water levels when drainage measurements taken
© 23.8.62. ] S

(x) E M Shepherd to Mr Cowling "Cracking in Galleries at Somerset Dam 29.9.69.
() G Cossins "The Operation of Somerset Dam 1969". '
(xii) The operation of Somerset Dam during the flood of January 1974,

{xiii) E M Shepherd "Somerset Dam - Notes on its capacity to cope with extreme floods"
17.11.76.

{xiv) E M Shepherd "A Cracking Pattern in Some Concrete Dams® ANCOLD, 17 Oct 1977.
{xv) N H Lindley "Somerset Dam Investigation on 4 Nov 1977".

(xvii E M Shepherd "Examination of Brisbane City Council Dams - Preliminary Report"
" Nov 1977. ’

i(xvii) N H Lindley to G Cossins and J Clerke, Somerset Dam Investigations 22 Nov 1977.
{(xvii) G Verrenkamp "Inspection of Somerset Dam" 28 Nov 1977.
(xix) G Verrenkamp "Coaster Gate Operations - Somerset Dam June 1976 fo June 1978.
(xx) . G Verrenkamp & J Clerke "Test Holes - Centre Galiery Somerset Dam, 7 Feb‘1979.
(xxi) B P O'Connelito EM Shephérd "Crack Investigations" 20 Feb 1979,

(xxi) E M Shepherd "Cracking in Concrete Dams" ANCOLD August 1979.
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(xxii)
(xxiv}
(XxV)
(xxvi)
(xxvii)
(oxvill)
{xxiix)
(xxiX)
{xxx}

{xxxi)

{(xxxii)
(xxxiii)
{xxxiv)

{(xxxv)

{xxxvi)

{xxxvii)

Notes on dam movement.

E M Shepherd to B P O’Connell "Inspection of BCC Dams" 30 May 1880.

R Russp “Notes on visit to Somerset Dam" 29 Aug 19886,

R Russo - concrete density etc,

R Russo "Somerset Dam Surveillance"”, Report on Internal Drainage System 5.11.86.
R Russo "Safety Rev'i;aw of Somerset Dam Interim Report" 1.11.86. | |
Materials Engineer to Superintendent "Density of Concrete Cores" 12.2.87.

R Russo "Some'réet Dérﬁ Assessment of Ublift Meésuremén;c of 7 May 1987" 6.8.87.
R Russo "Somerset Dam Surveillance Report on Cracking" 5.10.87. |

R Russo "Somersst Dam Assessment of Uplift Measurements of 31.3.88, 19.4.88 and-
8.5.88.

R Russo "Somerset Dam Uplift Surveiliance Visit of Inspection” 25.8.88.
R Russo "Somerset Dam - Upilift Surveillance” 29.12.88.
R Russo "Somerset Dam - Uplift Surveillance” 17.6.89.

R Russo "Somerset Dam - April Fioods - Report on Scour Damage Downstream of
Dissipator" 19,6.89.

R Russo "Proposal for inspection procedures in the event of a damaging earthquake"
16.2.90.

H Holland "Brief for Flood and Dam Break Studies for North Pine, Somerset and
Wivenhoe Dams”. 7 :

{xxxviii) H Holland "Reply to SEQWB letter" 4 Oct 1990.

(xx_xi.x)

P Barber "Somerset Dam_Rei'nst.atement of Embankments" 15.3.91.
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4 OPERATIONAL STATUS DURING FIELD INSPECTION

The dam was inspected on 6 and 7 March 1995. The findings from this inspection are
summarised in Section 10.4.1 of this report. In the period prior to 11 February 1995 a very dry
season had resulted in the storage being at an unusually low level. From 11 February 1995 to
28 February the reservoir rose from RL 90.81 to RL 95.81. On the 6 March the reservoir level
was RL 95.81. At this time the stored volume of water was 252,000 ML which is 68% of its
design capacity. During the inspection fight rain was experienced.

The tailwater leve! is not monitored at the dam, however, as Wivenhoe dam'is jow the tailwater
level is directly related to the releases from the power station and was af about RL 64.1.

There were no spillway or sluice releases made during the inspection except those made during
the exercising of the gates. .

The maximum water level ever experienced in the reservoir was RL 108.55 (RL 350) which
occurred during the 1974 flood. At that time it was noted that the tailwater level was RL 72.1
(RL 237).
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5 HISTORICAL EVENTS
(a) Construction
1) Stanley River Works Board constituted 1934,
(i) Access road, trial pits and construction of town commenced 1935,
(iii) First concrete placed during October 1937, )
(iv) Work was suspended in. 1942 .due to war. The level of the monoliths at the

time of the suspension of work is indicated in an undated report "Notes on the
History of Construction" Somerset Dam. This indicates the following: :

The levels of monoliths during the war time close down period was
approximately as follows. Where two values are shown the former
represents the upstream level and the other downstream level.

. Spillway Monolith C, D, E, F, T, U, V and W were all completed to
crest level at RL 107.46 (RL 353). The lower reinforcement of piers
was set, but piers were not constructed.

Spiliway monoliths J, L, M and © were completed to crest level at RL
100.45 (RL 330).

Levels of Monoiith:
G RL 102.65 to 102.01 (RL 337.2 to RL 335.1)
H. RL101.21t0 101.98 (RL 332.5 to RL 335) .
{ RL 87.71 to 87.96 (RL 288.2 to RL 289.0) with a htgh
section at RL 88.14 289.6)
RL 88.11 to 88.57 (RL 289.5 to RL 291)
RL 87.35 to 88.35 (RL 287 to 290.3)
RL 87.35 to 90.39 (RL 287 to RL 297)"

T ZX

(Note: The invert of the upper gallery is at RL 88.9 (292 ft).

{v) Work recommenced in early 1948 and the last structural concrete was placed
in 1953,
(vi) The sluices were operational in 1851,
{vii) The first discharge regulator was installed in 1952,
(viy  The gantry crane was taken over in 1955.
(ix) . The eight spillway gates were in place in 1933,
(b) Structural behaviour
(i) Summary of crack monitoring reports in 1839 to 1942,
(ii) Deterioration of concrete in Monolith Q Belmouth 15-2-50,
(iii) Crack survey by GN Card dated 30-7-51,
(iv) Drainage measurements GA Cowling 7-8 62,
v) EM Shepherd letter to ANCOLD on cracking in some concrete dams
' October 1977,
(vi) NH Lindley survey of dam movements 7 November 1977,

(vii) EM Shepherd inspection of dams dated 8 November 1977 - discussion of
cracking in gate shafts, in Monolith Q and notes on comparison with crack
survey completed in 1951,
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(viii) G Verrenkamp memo dated 28.11.77, on horizontal cracks in upstream face of
dam at RL 95.3 to RL 97.2,

(ix G Verrenkamp - crack test holes - 7 February 1979,

(x) EM Shepherd letter to ANCOLD further discussion on cracking August 1979,

(xi) R Russo notes on site visit 29-8-86,

(xii) R Russo site visit 8 October 1986 - concrete density,

(xiii) Gate in Monolith M scraping against pier first noted in the period 1986 to 1988.

(©) Earthquake activity
The earthquake activity of the area was assessed for this report by Mr G Gibson and R
Cuthbertson: Somerset Sam - North Pine Dam; "Review of Seismicity”, March 1995.
This indicates that there have been 1363 events recorded in South East Queensiand
and 108 events within 25 km of Somerset dam. The largest of these was in Kilcoy in
1913. This event was of magnitude MP 4.8 and was strongly felt in the central Brisbane
valley, with a maximum intensity of 5 assigned to Kilcoy, Esk and Crows Nest. A
permanent creek in the Crows Nest area was reported to have gone dry immediately
after the earthquake.
This Kilcoy earthquake was only about 15 km from Somerset Dam.
(d) Safety Review's
) R Russo "Safety Review - Somerset Dam: Brisbane City Council 1988,
(i) R Russo "Dam Safety inspection - Somerset Dam" 1994
GEO\B5914$4-14019-00\MJCEGT:AAW SEQWE
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6 PATHS TO FAILURE

Dams may contain weaknesses that can lead to failure. Where a number of weaknesses lead to
a dam failure the incidents are collectively known as paths to failure. The potential paths to
failure identified at Somerset dam are indicated in Appendix D.

The paths to failure have been considered as a series of causes and consequences. This is
illustrated below by following one of the paths from sheet 2 and sheet 1 of Appendix D.

Incident Cause '~ Consequence
1. Grout curtain failure Inadequate drains
2. Inadequate drains .Excess-uplift
3. Excess uplift Mass concrete dam in stability
4, Mass concrete dam instability ~ Structural Inadequacy
5 Structural inadequacy Dam Failure
6. Dam Failure Flooding

The dam Safety Review, Standing Operating Procedures, Operation and Maintenance Manuals,
and Tender Documents are developed to ensure that the risk of a path to failure developing is
minimised. In the example of a path to failure given above the dam safety review requires that
an engineering evaluation of the uplift pressures is undertaken to asses whether the grout curtain
is continuing to be effective, The difference in piezometric level upstream and downstream of the
grout curtain are reviewed to assess trends. The dam safety review also evaluates uplift
pressures and their effect on dam stability as related to the original design concepts and current
practice to ensure that the dam is structurally adequate.

The dam safety review must therefore inciude evaluation of:

design and construction records
. instrumentation data
. operation and maintenance methods and records
changes in site conditions {such as tree growth or corrosion)

The pﬂaths to failure indicated in Appendix D are a formalised presentation of the identified factors
that could lead to dam failure. This presentation does not aim to allocate the risk or probability
of the incident causing a dam failure. It is only intended that al the potential paths to failure are
identified.

This dam safety review has been completed to evaluate the current condition of the dam with
special consideration of the potential paths to faiiure.

GEOCM5%1411-14019.00MASCEGT:AAW SEQWB
Safaty Raviaw
Scmerset Dem 1 7




7 EMERGENCY PREPAREDNESS

(@) Hazard Classification

The dam is a referable dam with a high hazard classification.
(b) Access to the Site

All weather access is available to the dam but is subject to ﬂoodmg at Reedy Creek crossing and
at other points along the access roads '

During major flood events such as the probable maximum flood access to the dam would be
limited due to the high tailwater level from Wivenhoe dam. Access via Kilcoy is also likely to be
restricted by flooding in Kilcoy. A detalled evaluation of bridge inundation risk is required and
other means of access to'the dam during major floods require investigation to ensure that the
dam operation is able to be maintained for a major flood event.

(cy  Communications

Communications are considered to be adequate for most emergencies. Communication consists
of:

. 2 normal telephone lines
e Radio (BCC & SEQWB)
. Mobile phones
: Power station radio link W|th SEQWB
(d) Warning System

No system has been established.
(e) Auxiliary Power
As indicated in Appendix A:

. the auxiliary power system should be located above the area that may be flooded
~during a probable maximum flood

. _the auxiliary powe( piant is aging and replacement should-be considered

() Remote Operation

Remote Operation is discussed in Appendix A. The current operation is entirely manual. 1t is
recommended that the spillway gates be decommissioned and therefore remote operation is not
necessary and the sluice gates operation be modified to permit remote operation.

(9) Security of the Site

The South East Queensiand Water Board is currently reviewing its security provisions at the site.
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(h) Reservoir Evacuation Potential

The eight sluice gates were constructed with an invert levei of RL 71.2 (240 ft). This means that
the reservoir may be able to be drawn down to about RL 73 with the sluices. This level is
expected to be acceptable for most emergency conditions that could develop at the dam.

(i) Operating !nstructions

The operating instructions are being upgraded.
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8 HYDROLOGY

in August 1990, the South East Queensiand Water Board commissioned the Department of
Primary Industries, Water Resources Business Group to undertake the Brisbane River and Pine
Rivers Flood Study. This work involved:

hydrologic review;

flood operating procedure;
hydraulic analysis, flood studies;
dam break (failure) analysis;
flood inundation

(a) Probable Maximum Flood

Under normal spillway gate operation Somerset Dam is capable of passing a Probable Maximum
Flood if the gates are operated in accordance with the procedures defined in the Manual of
Operational Procedures for flood mitigation for Wivenhoe Dam and Somerset Dam (SEQWB
1992) and ignoring wind set up and wave run-up. .

The table below indicates the peak conditions resulting from a PMF at Somerset Dam as derived
by DPI WRC (1994).

All gates dperating One spillway radijal gate or
low level sluice gate out
service

Peak reservoir water level RL 110.4 RL 110.7
Peak Splilway flow 8140 m¥s 7950 m/s

The non overﬂow crest level is RL 107.46. ThlS flood would therefore result in up to 3.2 m of
water overtopping the non-overflow crest. This may cause flooding of the galleries, power station
and erosion near the downstream toe of the dam. Tension stresses in the upstream face of the
dam have been calculated during a PMF. These would be made worse as a result of flooding of
the gallery. Erosion of some parts of the downstream foundation area is likely and this could
lead to failure of the dam if the overtopping lasted for long enough.

The notional probability of exceedance of the F’MF as determined by the DPIWR is 1 in
1 000 000.

(b) Dam Break
The two dam break failure modes considered by the DPI WRC (1994) were:

Sunny day failure - sudden and complete removal or opening of two or more of
the low level siuice gates.

Overtopping failure resulting from two or more spillway radial gates remaining
closed during a flood and/or failure of two central concrete gravity monoliths
down to RL 100.
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The DPI-WR study found that the incremental effects of a dam break failure of Somerset dam are
relatively minor. The worst impacts would be in the reach of Staniey River immediately below
Somerset dam. - :

The worst conditions occur when an overtopping dam failure of Somerset coincides with flooding
in Wivenhoe dam. Under this condition Wivenhoe could discharge flows of sufficient magnitude
to cause major flooding in urban communities.
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9 GEOLOGICAL FEATURES
9.1 Regional Geology

The geology of the area is fuily discussed in the “"Geology of Ipswich and Brisbane 1:250,000
Sheet Areas" by L.C. Cranfield, H. Schwarzbock and R.W. Day, Report No.95, Geological Survey
of Queensland, Department of Mines, 1976. In 1979 the Department of Mines published the
Caboolture Sheet (9443) geological map at a 1:100,000 scale, which covers the damsite and
most of the reservoir area. The very northern part of the reservoir is covered by the Nambour

Sheet (9444) 1:100,000 scale, which was published in 1977. ‘ :

The Geological Survey of Queensland indicates that the Somerset Dam and reserveoir area are
located on two structural blocks: the Northbrook Block and the Esk Trough (Figure 3).

Northbrook Block

This Northbrook block underlies the easter parts of the reservoir area and comprises Northbrook
Beds as shown on Figure 4. This name was used by Bryan and Jones (1944) for the
fossiliferous marine Permian rocks identified by Ball (1934a). The Northbrook Beds are
composed of volcanic conglomerate, arenite, shale with interbedded siltstone, chert, and
volcanics, mainly andesite and andesite tuffs, with minor dacitic flows and tuffs, In the reservoir
area the unit consists mainly of volcanics. The dominant volcanic rock is a green and light brown
andesite and andesite tuff. Dacitic flows are commonly buff coloured. Conglomerate beds
consist of pebbles of volcanics consisting of 90% of the rock in a coarse arenaceous matrix. The
siltstone Is fight greenish grey and massive. The arenite consists of quartz and feldspar set in a
dark grey matrix. (Geology of the Ipswich and Brisbane 1:250,000 Sheet Areas.)

In the west, the Northbrook Beds are faulted against the Neara Volcanics of the Esk Trough
along the Eastern Border Fault, which is part of the Great Moreton Fault System. The unit trends
north-northwest and dips from 25° to 80° to the west. To the west of Somerset Dam this unit
appears to be uhconformably overlain by the Bryden Formation. The age of the Northbrook beds
cannot be determined more precisely than Permian because of poor preservation of the

contained faunas.

Esk Trough

The Esk Trough comprises a thick sequence of continental sediments and andesite volcanics.
The Esk Trough is divided into three units: the Bryden Formation (base), the Neara Volcanics,
and the Esk Formation (top) as defined by Cranfield and Schwarzbock in 1972,

The Bryden Formation outcrops in the north-western part of the reservoir area and
unconformably overlies, the Northbrook Beds.

The Bryden Formation consists of alternating pebble to cobble conglomerate, sandstone and
shale. The conglomerate is green-grey and consists of chett, sandstone and minor plutonic and
volcanic pebbles, set in a clay matrix. The sandstone is greenish, fine to medium grained. The
shale is dominantly olive-green. In the vicinity of Somerset Dam, the unit dips between 20° and
65° on the flanks of a westerly piunging anticline.

The Bryden Formation is conformably overlain by and in the upper part interfingered with the
Neara Volcanics.
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The Neara Volcanics outcrop in the southern and south-western parts of the reservoir area, and
consists of andesite pebble to boulder conglomerate, andesite flows and agglomerate, rare acid
and intermediate tuff, sandstone and shale. Generally volcanic conglomerate at the base
interfingers with conglomerate of the underlying Bryden Formation. This is overlain by andesite
flows. Shale occurs towards the top of the unit. The unit forms a north trending belt up to 8 km
wide and is folded into broad, open anticlines and synclines with north to north-west trends. In
the east the unit is faulted against the Northbrook Beds along the Eastern Border Fault. At
Somerset Dam the unit is intruded by the Triassic Somerset Dam Igneous Complex. The
presence of a thick sequence of pyroclastics in Somerset Dam area (Little Mount Brisbane)
suggests that this was a centre of eruption. The Neara Volcanics are of early Middle Triassic
age. (Geology of the Ipswich and Brisbane, 1:250,000 Sheet Areas.)

In the reservoir area the Esk Formation was completely eroded and therefore is not described
further in this report.

Somerset Dam Igneous Complex

The gabro-granophyre association (granophyre = microgranite which displays granophyric
texture) called "The Somerset Basic Intrusion” by Mathison (1967), is situated to the west of
Somerset Dam township and forms high rugged terrain, 470 to 670 m above sea level, and
covers an area of about 10 km? The unit intrudes the Triassic Neara Volcanics. The northern
part of this complex is mainly composed of granophyric intrusions, forming a large irregular
mass, as well as small satellite bodies. The rock appears to be either of equigranular or
porphyritic texture.

The-basic part of the complex is composed of at least 20 saucer—shaped layers of olivine gabbro,
leucogabro, troctolite and ferrigabbro (Mathison, 1967). The colour of the gabbro varies from a
light coloured massive leucogabbro to a dark grey banded troctolite.

The zone of contact metamorphism is much narrower around the granophyre than that around
the gabbro.

Felsite and quartz diorite dykes are numerous in this area, and are probabiy related to the later
stages of crystallisation of the gabbros (MclLeod, 1959). The quartz diorite dykes are
mineralogically similar to the upper parts of the gabbro, while the felsite dykes are similar to the
main mass of the granophyre. '

The radiometrical tests carried out on samples of the Somerset Dam Igneous Complex gave
ages of 207 to 213 + 5 my, Middle to Late Triassic age. This age anomaly was explained by
periodic magma renewals within the intrusion. (Geology of the Ipswich and Brisbane, 1:250,000
Sheet.)

Alluvial Deposits

A significant amount of altuvial deposits adjacent to the mouth of Oakey Creek (oldest terrace), in
Oakey Creek and in Splitters Creek, are indicated on Caboolture Sheet 1:100,000 scale. These
deposits are mainly composed of gravel and sand in the oldest terraces, and of gravel, sand, silt
and clay in recent river deposits.
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9.2 Geology of the Damsiie Area

The only available information regarding engineering geological and geotechnical investigations
at the dam site were a geological map of the damsite area (reproduced at 50% of original scale
in this report Figure 5), and one page of Geology of the damsite, written by an unknown author,
and which refers to the Bel's "Proceedings of the Royal Society of Queensland, Vol.L11, Part 1,
P.14 (1940). ‘

The geological map (Figure 5) was produced by C.W. Ball B.Sc., dated 12/10/37. The rocks
which underlie the Somerset damsite area belong to two geological units: Neara Volcanics and
Somerset Dam Igneous Complex. -

Neara Volcanics

The Neara Volcanics is the intermediate unit of the Esk Trough Formation, conformably overiying
and in basal parts interfingering with the Bryden Formation, the base unit of the Esk Trough. In
the damsite area this unit is represented by various textural forms of andesites and possibly
trachytes. Augite andesite and porphyritic andesite (on Bell's map: Porphyrite, Angie Andesite
and Angie Porphyrite), fine grained intermediate volcanic igneous rocks, form most of the
damsite area.

Augite Andesite is more basic because of the presence of augite and plagioclase, while the

‘porphyritic andesite is less basic with visible feldspar phenocrysts (light colour minerals).

Andesite has an average specific gravity of 2.8, with silica percentage between 55% and 65%.

in his map Bell indicated the presence of andesite and trachyte agglomerate associated with
andesite and trachyte flows. A geological reconnaissance around the dam, indicated an
insignificant amount of agglomerate, either andesite or trachyte agglomerate, in existing road
cuttings and outcrops. In the quarry, some 180 m to the north of the dam, probably less than 5%
of the face shows agglomerate pockets of either the andesite or granite type. Therefore, it is
believed that Bell probably interpreted porphyritic andesite as either trachyte or andesite
agglomerate (in some cases these are very similar to agglomerata).

The andesite flows of the Neara Volcanics, conformably overlying the Bryden Formation were
intruded by coarse grained igneous rocks of Middle to Late Triassic age, recognised as the
Somerset Dam igneous Complex. In the damsite area this unit is composed of granite and
diorite,

Granite, on Bel's map called Alaskite the petrological name for granites consisting only of quartz
and alkali feldspar, is coarse grained acid igneous rock with specific gravity 2.4 to 2.7 and more
than 65% of silica.

Diorite, intermediate even-textured coarse grained rock with quartz. and plagioclase as dominant
feldspar, has an average specific gravity of 2.8 #/m® and silica percentage normally between 55%
and 65%. . : o '

Both the diorite intrusions and the andesite flows (at the later stages of crystallisation of the
Somerset Dam Igneous Complex, particularly crystallisation of the gabbros), were intruded by
steeply sloping pink feisite dykes, which vary in width up to 3 m. Felsite is a petrological name
for a fine, evenly grained acid or intermediate rock. At the dam site, the dykes and veins form in
both the country rock and in the parent plutonic mass.
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Structures

in the Somerset Dam area the Neara Volcanics strike north north-east and dip towards the west
south-west at 10° to 30° (see Figure 3).

There are three major joint sets developed in andesite flows, described by Bell. One series of
joints are dipping at 10° towards west-southwest, or gently in a downstream direction, and two
subvertical sets striking north-south and east-west.

Subvertical joints {called "Master Joints") were exposed in several sections of the foundation
excavations, and were longer than the width of the dam base. Engineering properties of these
obviously continuous joints are not known. In only one sentence of the available report the
subvertical joints are described as plane like joints, (currently called planar joints) and the gently
downstream dipping joints are described as more continuous but irregular and rolling (curved),

9.2.1 Foundation and Abutments

The foundation rock was described as a dark grey andesitic prophyrite (ie. porphyritic andesite).
This is the only description of the foundation rock, and it is not known whether the foundation
excavations were mapped in detail.

A number of continuous discontinuities were exposed in the foundation segments, with a very
short and poor description of their characteristics.

The final foundation was obtained by picks, bars and sledge hammers working on the surfaces of
the discountinuities. it is reported that: "In general the joint surfaces were discontinuous and the
final foundation had a chunky appearance from the almost perpendicutar steps, usually about 12"
high.” (Note "in general®.)

The most extensive discontinuity was exposed in the left abutment from Monolith U to
Monolith Q, along the downstréam toe of the dam. A number of joints perpendicular to the dam
axis were confined by this joint.

A continuous discontinuity strking N-S across Monolith S, extending from the upstream
excavation to the continuous discontinuity mentioned above was also exposed during the
foundation excavation. B

The final surface of foundation excavation for the downstream toe of Monoliths N and O, was
developed along a smooth continuous discontinuity dipping in a downstream direction (the angle
is not measured). To prevent sliding of the dam the foundation surface was drilled at intervals
(no detailed description) and short lengths of old driil steel were grouted into the holes.

During excavation for Monolith G, a flat continuous water bearing seam at a level of about RL 61
was exposed. The seam was about 75 mm thick and was composed of a small andesite
particles embedded in a clay matrix. The seam was sealed by driving a tunnel along it for
35.5 m under the abutment and filing the tunnel with concrete and grouting. The detailed
description of this work is not availabie. '

A series of subvertical discontinuities striking E-W were revealed during the excavation of the
upper portion of the foundation for the left abutment. To prevent the leakage from the reservoirr,
the discontinuities were sealed by constructing a concrete filled tunnel excavated at right angie to
the strike of the discontinuities. There is no detailed description of this work.
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9.2.2

Grouting

A summary of the impact of grouting is included in Section 10.3 of this report.

9.2.3

Evaluation

The available information regarding geological features produced by the geclogists and related
engineers prior to and during the construction of the Somerset Dam, is very limited. Only the
geological map of the dam site area produced by C.W. Ball and the two page report written by an
unknown author are available. ’

In light of all of this the following can be concluded:

{0

(i)

(i)

(iv)

9.2.4

The significance of the contact between the andesite flow and the underlying diorite
probably was not understood. If the dam was completely founded on the andesite, then
how far from the foundation excavation is the contact, and what are the characteristics
of this usually soft (extremely weathered) zone.

A number of felsite dykes shown on the map in the area of the foundation excavations
are not mentioned in the report.

Significant continuous discontinuities were exposed during foundation excavations. Of
particular importance to the stability of the dam is a set of discontinuities dipping at 10°
towards the west, south-west, or gently in a downstream direction. The geotechnical
parameters of these and other important discontinuities are not known. For this report it
has been assumed that the ultimate strength of this set of discontinuties is greater than
the equivalent of C=1400kPa & ¢=45°. This primary assumption of shear strength is
based on the ANCOLD guidelines which states that “in the absence of more reliable
data prefiminary analysis of foundations on sound jointed hard rock where sub-
horizontal joints are not continuos" the above strengths can be adopted. The impact of

~ the sub-horizontal joints is not known until investigations have been carried out. To

further assess the behaviour on the joint it has been assumed that ¢ = 0 and ¢ = 45°.
It is essential that investigations and the lower bound strength is given by testing be
undertaken to define the strength of the foundation

. The treatment of a flat water bearing seam encountered in Monolith G, and a zone of E-

W striking subvertical discontinuities intersected in the upper portion of the left
abutment, as well as other important defects in the rock mass are not detailed.

Reservoir

A reconnaissance of the lake found no indication of any significant landslides, soil creep or any
other natural movements of soil or rock slides were found. Also, there are no records of any
landslides occurring after the construction of the dam, A minor scree slope has developed

upstream of the dam on the Left Abutment. : :
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10 STRUCTURAL FEATURES
10.1 Seepage
(a) General

The dam was constructed by reference to the "N iine" shown on the drawings at the upstream
edge of the vertical portion of the dam above RL 100.45 (330 ft) (Figures 1 and 6).

The drainage system as shown on Figure 6 consists of:
foundation drain holes reported by Richard (1949) to be at 3 m centres and drilled 9 m
into the rock and located 4.5 m downstream of the upstream heal. The drawings.

indicate that the holes were drilled to RL 45.6 and 3 m downstream of the 'N line’.

a brick foundation drain 0.38 m x 0.38 m (15"' x 15") constructed dn the foundation and
located 4.57 m (15 ft) downstream of the "N line".

an upstream foundation tunnel 0,76 m wide by 1.83 m high located 12.19 m (40 ff)
downstream of the "N line".

. a brick foundation drain 0.38 m x 0.38 m constructed on the foundation and located
24.38 m (80 ft) downstream of the "N iine".

a downstream foundation tunnel 0.76 m wide by 0.91 m high located 39.01 m (128 ft)
‘downstream of the "N line" in Monoliths H to Q inclusive.

- All of the seepage water from the under drains, drains to sumps in Monoliths H and Q on the

right and left abutments. The sumps are connected by a drainage tunnel and the sump on the

_left abutment is lower than the sump on the right abutment. Pumping from the left abutment is

generally the only sump water is pumped from.

A 150 mm (8") diameter drain has been provided in Monolith H and Q for drainage of water
pumped from the sumps and released into the sfiling basin. This drain has flaps on the
downstream end to prevent water entering the gallery when the taitwater level is high. The drain
outlet has been constructed at RL 64,5 (212.2 ft). This is 2.5 m below the FSL of Wivenhoe and
therefore it is now generally below the-tailwater level. Water is not reported to back up this pipe '
into the gallery which indicates that the flaps are currently effective in keeping water out of the
gallery. These must be regularly maintained to ensure that they are effective.

The sumps pumps are operated weekly to ensure that they are operating correctly. The
procedure adopted to operate the pumps requires that water is put into the sumps unil the
automatic trip is activated and the pumps operated till the lower limit of the automatic trip again
operates. No monitoring of the water quantities is undertaken. Observations by operating staff
indicate that some time ago the seepage level in the upstream foundation tunnel was generally
about half the height of the tunnel. Now it is kept at a much lower level. The time required to
pump the water out of the sump is monitored. A plot of this is indicated in Figure 5. No

- conclusions can be drawn from this plot possibly due to the quantity of water added to activate

the pumps.
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(b) Within the galleries

Within the galleries there is generally very littie water flowing in the side drains. In August 1962
GA Cowling reports that "all the expansion joint drains with the exception of the K/L drain, were
weeping into the lower gallery. All the vertical foundation drains with the exception of the one
measured in monolith J were weeping into the lower gallery". In February 1995 only monolith U
is reported to have drains full. Discussions with operating staff suggest that one of the drains
may flow under pressure when the reservoir level is high. Some of the drains have become
partially blocked where they enter the gallery.

(c) Stilling Basin Retaining Walls

~ The weep holes on the right hand side wall of the stilling basin indicated that water is collecting

behind the wall. 1t is not known whether this is from seepage or rainfall.

10.2 Review 6f Design

The basis for the design of the dam is detailed In the calculation files and summarised in a letter
from the Chief Engineer to HH Dare on 5 March 1840, This states that:

"Stability of Monoliths as Designed
The stabifity of monoliths is dealt with in my report to the Board "Design of Dam and

Progress of Works" dated-18 January 1938, of which you should have a copy. (No copy
has been found.)

Briefly stated, the basis of design was that with an uplift coefficient of 0.70 (uplift varying
linearly in intensity from headwater and tailwater but acting on 0.70 of base area), there
should be no tension and the sliding factor (ratio horizontal to vertical force) should not
exceed 0.67, this being adopted as the coefficient of friction of concrete on rock.

It was found to be impossible to keep the sliding factor down to 0.67 without assuming
portion of the thrust to be resisted by shear in the concrete of the cut-off wall and the
triangular extension of the cut-off wall,

The designed values of these quantities are:-

37 4" Monoliths J and O

Coefficient of uplift just producing no tension :
with dam full and tailwater, ‘ 0.81

For uplift 0.81 and sliding factor of 0.67,
shear in concrete is. 27.5 Ibs/sq inch

For uplift 0.70 and sliding factor 0.67 - 22.5'lbs/sq inch

Central Monoliths L and M

Coefficient of uplift, for no tension 0.85
Shear in concrete, uplift 0.85 28.5 Ibs/sq inch
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Shear in concrete, uplift 0.70 less than 22.5 Ibsfsq inch

26’ 0” Monoliths |, K, N and P

Coefficient of uplift for no tension 0.71
Shear in concrate, uplift 0.71 30.1 Ibs/sq inch
Shear in concrete, uplift 0.70 iess than 30 -Ibslsq inch"

Detailed results from calculations completed during the design are included in Appendix C.
10.3 Review of Construction

Details on construction quality contro! is limited. The sources of information on construction
consist of:

. Somerset Dam - booklet - ~
Foundation Grouting at Somerset Dam by EL Richards IE Aust May 1949
Results from tests on cement used in the dam

(a) Grouting

Foundation grouting was completed from the lower gallery. Richards (1949) reports that grout
holes at 1.5 m centres and 9 m depth into the rock were drilled. Some holes were drilled to 18
m depth. The drawings indicate that the driling was to RL 45.6.

Grouting was undertaken at a pressure of 1,380 kPa at the gallery level which was 10 m above
the foundation in the spillway portion of the dam.

The grout mix used varied from 1 to 5 to 1o 10 by volume with 2% bentonite.

The amount of cement injected into any one hole varied from nothing to 12 tonnes at the first
grouting in any one stage. The average rate of take of cement was 23 kg/m. For those stages
that actually took grout the average take was 53 kg/m.

The grouting was undertaken with the aim of reducing-the uplift pressures beneath the dam. It is
now generally accepted that a single line grout curtain can reduce the rate of loss of water
through the foundation but has a limited influence on the uplift pressures. The drainage system
has the greatest influence. :

The general impression gained by Richards (1949) from the grouting was that generally the
"grout was injected along a series of semi-parallel surfaces, which were generally parallel to the
excavated surface”. There was also a series of steeply sloping fissures roughly perpendicular to
the other fissures. : ' :

The great majority of holes at Somerset gave water test results of less than 1 Lugeon when
tested before grouting. It was expected that very little cement would be needed to seal the
foundation and this was found to be the case.

During most of the grouting the lake level was at RL 88.3 (290 ft) ~ (2/3 full).
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Two holes were drilied during construction to determine the effectiveness of the grout curtain.
The reservoir level during this testing was RL 88.0 (289 ft). Hole 137 was drilled upstream and
hole 138 was drilled downstream. At the upstream heel of the dam at the concrete-rock joint the
water pressure measured was equivalent to RL 86.9 m (285.4 ft) at a depth of 9 m depth (bottom
of grout curtain) the measured water pressure was equivalent to RL 84.3 m (276.9 ft). The
method used to isolate the lower part of the hole is not indicated in the report, and it is likely that
the pressure measured was the average for the full depth of the hole. The downstream hole had
a water pressure iess than the invert level of the gallery level. ' -

This test was assessed by Richards (1949) to indicate that:

. the area under the cut-off was jointed before grouting and that the grouting
had sealed the joints. :
. the effect of the grouting was confined to a comparatively narrow band

surrounding the line of the grout holes because both-the test holes passed

through jointed and unsealed rock. -
Richards also reported that:
“The practice of driling and grouting every second hole before the intermediate holes gave
evidence of the sealing effect of the grouting, aithough frequent anomalies showed that the 1.5 m
(5 ft) spacing adopted for the grout holes was not too close."
High uplift pressures were measured in the grout holes after grouting.
(b) Uplitt
Pressure measurements {method unknown) made in about September 1946 (Richards) indicated
that about '/, of the holes at the grout curtain had water pressures greater than would be
expected if "a straight line distribution of pressure from reservoir level to tailwater level at the line

of the brick drains" is assumed.

(c) Concrete

_Coarse aggregate for concrete was obtained from a quarry about 500 m from the dam. Sand

was obtained from natural deposits in the Stanley River and nearby streams.

Queensland cement was used throughout.

"All concrete was batched by weighf. Two sizes of coarse aggregate with a 75 mm maximum size

and one of sand was used. The body of the dam was constructed with concrete containing
200 kg/m® cement (4 cubic feet bags per cubic yard and adopting cement 94 o/t as indicated by
Richard 1949). Near the face of the dam the concrete contains 299 kg/m® of cement (6 cubic
feet bags per cubic yard).

Hand written notes inciuded in the files in about 1940 indicated test results on concrete as
follows; '

No 10 from Q/57 from top of unit 2.46 tm® (153.8 Ib/ft)

. No 7 from R/61260 from near bottom of unit 2.52 t/m? (157.6 Ib/ft*)
. No O from P? from near bottom of unit 2.52 t/m® (157.1 Ib/ft’)
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In February 1987 the dry density and saturated density of concrete cores was measured on five
samples of core - presumably from the test holes drilled into the upper gallery cracks. The data
fram these tests is indicated below:

Core No Dry Density (kgim®) Saturated Density (kg/m?)
1 .- 2 350 2450
2 _ _ 2 480 , 255(/2580
3 2 440 2520
4a 2 440 2520
4b 2 440 2520 -

A concrete testing laboratory is reported to have regularly examined concrete samples for
compressive strength and permeability. Only the resuits of strength tests on the cement have
been found at this stage. :

Very dry mixes were normally used, and all concrete was placed with the help of vibrators.
Anecdotal evidence suggests that when there was no direct supervision the concrete may have
been placed with a high water cement ratio,

Provision for grouting of the Monolith joints is indicated on the Drawings, however Shepherd
(1976) indicates grouting of the joints was not undertaken.

{d) Foundation Excavation
The following description of the foundation is provided by Richards (1949);

“The foundation rock is a dark grey andesitic prophyrite, intruded by steeply
sloping quartz-felsite dykes which are up to 10 feet wide. The rock is very
hard and weather resistant and forms an excellent foundation. Three series of
joints occur in the prophrite. One series dips gently (10°) in a downstream
direction and the other two series are semi vertical and strike roughly N-S and
E-W. The axis of the dam lies approximately in a NW=S.E. direction. The .
joints are usually very tight, although water staining was noticed in diamond
drill cores as deep as 50 feet below the original stream bed. The percentage
of core recovery was very high, over 95%, and shows that no great weathering
had taken place at the joint surfaces. Occasionally the joints showed a hard
thin calcite lining and occasionally the driller reported "Open joint" but no
estimate could be made of the width of such openings.

The joint surfaces acted as planes of cleavage during excavation and the final
foundation surface was prepared for concrete by working up to them with picks
and bars. The joints also forrn the only possible path for percolation of water
beneath the dam and therefore the aim of the grouting programme was to seal
up them as close to the upstream face of the dam as possible."
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(e) Evaluation of Construction Standards
On the basis of the documents listed we are of the opinion that:

the dam was constructed on a jointed rock foundation and significant effort was
made to ensure that weak zones were removed.

the grouting was completed in a professional manner and_was successful in
reducing the rate of seepage.

. the designers understood the importance of good drainage.

the concrete was placed with no control on placing temperature and cracking
of concrete resulted both during construction and after construction.

the coarse concrete aggregate consisted of a basic rock which is uniikely to be
subject to alkalai-aggregate reactivity. The nature of the sand however, is
unknown. -

. the concrete in the core of the dam contained about 200 k.gJ'm3 of cément.

This information suggests that standard rock strength and concrete parameters can be adopted
for analysis. However, the existence of shallow dipping planar joints in the dam foundation and
the lack of “physical" data requires that investigations be undertaken to determine the actual
parameters of the concrete and rock at the dam,

10.4 Evaluation of Existing Condition

10.4.1 Inspection

On the 6 March the dam was inspected. Appendix B is 4 photographic record of various features
at the dam. The primary features of the dam and their current condition are:

(a) Upstream Face

A horizontal crack was observed on the left bank in Monolith V and penetrated up to the
bulkhead gate storage building. This crack is located at about RL. 100.4. On the downstream
face the 0.75 H:1V slope begins at about this level. At the time of the inspection the crack was
about 1 mm wide,

Cracking was also noted in the spillway gate piers at about RL 100.5 on the right abutment
above the intake to the regulators.

(b) Downstream Face

A horizontal crack was observed at the gallery portal on the left bank, This crack is a
continuation of the continuous crack found in the upper gallery.

Surface cracking is presenting as a "crazing" pattern on the top of gate piers. The cracks in this
pattern extends about 100 to 150 mm in depth when they exit at corners jn the concrete. . The
pattern is coarse with cracks about 70 to 100 mm apart. This may be a sign of aging of the
concrete, temperature effects or due to alkali aggregate reactivity.
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{c) Galleries

The upper gallery (floor EL 89) has a continuous crack on the downstream wall at the roof
fillet/wall corner. The crack runs for the full length of the gailery and along the entry. adits. The
crack width varies up to about 3 mm in width. The upper part of the crack appears to have
displaced approximately 1 mm upstream relative to that part helow the crack. Cored holes were
drilled in 1979. The 100 mm diameter holes were drilled to a maximum depth of 1.3 m and it
was reported that the crack width was uniform in width over this distance. The cracks were felt
up to "arm” length (approximately 0.6 m) and some lateral displacement (left to right) may have
occurred. This is difficult to tell by "touch® but needs checking. If this is so the movement has
occurred since 1979.

The contraction joint between monofiths L and M (near the centre of the river and where the pier
is twice the pier thickness of all others) has opened about 30 mm near the dam crest. The
copper waterstop in the upper. part of the dam (above the top of the gates) is torn and "daylight"
can be seen looking through the joint. [n the upper gallery the joint is much less open as
indicated in the photographs and in the lower gallery the joint is closed and possible compressed.

(d) ‘ Abutments
(i) Left Abuiment
On the upper upstream left abutment some 50 m upstream and 30 m above the dam
crest a minor rockfall/surface scree is evident. This does not appear to pose a threat to

the dam, as massive rock outcrops between it and the dam.

Downstream of the dam on the left abutment there is some evidence of seepage. This
may be caused by surface run-off rather than seepage.

(ii) Right Abutment

Good massive rock in outcrops occurs above the access road and along the
downstream toe of the dam.

(e) Spillway

- Concrete in the spillway is in moderate condition with no evidence of cavitation damage.

The gate pier on the right hand side of monolith M has been cut back at the top to maintain
clearances for the gate. Gil Verrenkamp reports that the problem with this gate was first noted in
the period 1986 to 1988. Gouging of the concrete below the cut back suggests that further
movement may have occurred. It should be noted that in early 1986 a magnitude 3 earthquake
was recorded as occurring close to Somerset dam.

The dissipator basin was not drained for the inspection. There are no records of the dissipator -
being inspected. A detailed inspection is required. '

{f) General Comments

The probable maximum flood will result in water flowing over the abutment monoliths "non over
toppable” portion. If this were to ocour water would enter the galleries through the access door,
gate shafts and gallery access adit. The drainage system wouid be flooded and pressurised. A
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bulkhead gate has been provided to prevent this occurring. 1t is essential that site staff are made
fully aware of the purpose of this bulkhead gate.

10.4.2 Dam and Spiliway Monitoring
No instruments were included in the dam for monitoring its behaviour.

Crack opening measurements across the cracks in the gallery have been monitored since about
1979. This monitoring has indicated that the crack opening is affected primarily by the seasonal
variation in temperature. An analysis of the graphic presentation of crack with variation by R
Russo in 1994 suggests that the crack is opening at a rate of 0.1 mm/year.

Water levels in the drainage holes were measured in August 1962. At that time all expansion
joint drains except K/L were weeping into the lower gallery and all the vertical foundation drains
with the exception of monolith J were weeping into the lower gallery. In 1989 the water in the
holes was lowered and the time for the water level to recover monitored. At that time some
drains in Monoliths H, M, N and O were not flowing, a drain in Monolith J was not flowing and the
remaining drains indicated various rates of recovery. From this it appears that some of these
drains have become blocked since 1966, -

Uplift monitoring by measuring the water level in the drainage holes leading to the brick drains
commenced on a regular basis in 1987, In 1994/5 only monolith U had upstream: drains that
were full, ’

From 15 December 1983 to the present, the time taken to pump out water from the sump in
monolith Q is measured. Results of this monitoring are plotted in Figure 5 and indicate no clear
trends. This could be because the system used to test the pumps each week involves filling the
sump to trip the automatic switch on the pumps.

A precise survey of monuments on the dam was undertaken in 1982 but no follow up survey has
been undertaken.

10.4.3 Stability Checks
(a) Definitions and Analysis Method

The safety of the Somerset Dam is assessed by re-evaluating the stability of the structure using
current design criteria. The current Austrafian method of design of concrete gravity dams uses
the ANCOLD publication "Guidelines on Design Criteria for Concrete Gravity Dams” (1991) along
with recommendations from the international organisation [COLD.

The loads used in the analysis of a concrete gravity dam compriseAthree categories:

Normal Loads
. Extreme Loads

Normal' loads are those loads which the structure is likely to experience during the expected life
of the structure. Such loads include the normal reservoir loads, significant but not extremely
large floods and small earthquakes such as the operating basis earthquake. The dam must be
designed to withstand these loads with no damage to any part of the structure or appurtenant
works.,
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The Operating Basis Earthquake {OBE) represents the maximum earthquake that is likely to
occur during the economic life of the structure. Under this event the dam and its appurtenant
structures must remain undamaged and operabie.

Extreme loads represent those loads which may conceivably be imposed on the structure but
have an extremely low probability of occurrence and thus warrant the use of a low factor of
safety. The structure may sustain damage but must be designed to prevent an uncantroiled loss
of the reservoir under these loads. Loads which fall into this category are the Probable -
Maximum Flood (representing the maximum possible flood load) and the Maximum Design
Earthquake (representing the maximum earthquake likely to be experienced in the area).

Under current design criteria the dam must have sufficient resistance to prevent failure by:

. overturning
. - fupture
. or sliding.

Under the 1991 ANCOLD “Guidelines on Design Criteria for Concrete Gravity Dams” the criteria
above are checked by using a limit state analysis method. Structure loads are factored toward
the conservative by a ratio reflecting the certainty of the magnitude of the applied load and the
probability that the load will be applied. For example the dam weight is factored by 0.95 under
normal load cases reflecting the permanent nature of the load and the stabilising effect that the
load has. Strengths of the dam and foundation are reduced by a factor reflecting the probability
of occurrence of the load case being analysed and the degree of certainty of the strength
parameter used. For example the frictional strength of the joint or foundation under analysis is
reduced by a factor of 0.3 under normal ioad cases unless there are tests on the strength
parameters which allow you to argue for a smaller reduction.

The ANCOLD factors used for this analysis are tabulated below.

Load Normal Load ‘ Extreme Load
Dam Weight 0.95 1.0
Reservoir vertical force 0,95 1.0
Reservoir horizontal force & uplift 1.05 1.0
Tailwater forces 0.85 1.0
Silt force - - 1.5 1.0
Concrete compressive strength 0.4 ) 1.0
Joint or foundation friction 0.3- 0.3
Joint or foundation cohesion 0.3 08

To check the resistance of the dam against rupturing and sliding the ratio between the factored
shear strength and factored resultant horizontal force is calculated. This assesses the available
frictional resistance and cohesion along the foundation as a ratio of the applied sliding forces.
For adequate stability this factor must be greater than 1.0.

To check the stability of the dam against overturning the sum of moments about the dam toe are
calculated. To remain stable the dam must exhibit a net stabilising moment. -
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The earthquake stresses can be calculated with a very rigorous finite element method or using
well established simplified methods. The finite element method is expensive and time consuming
as it requires a detailed model to be constructed of the dam and its foundation. This model is
then subjected to a numerical representation of an earthquake record (for a time history analysis)
or more often is analysed for significant_resonant behaviour (modal analysis). A modal analysis
requires combining each resonant frequency to give an approximation of the stresses expected
under seismic loads. There are various simplified methods used which approximate the modal
analysis method but do not require the construction of a rigorous mathematical model. The
method used in this study is from a well recognised Earthquake Engineering Research Centre
(University of California, Berkeley) publication by Fenves and Chopra (1986) "Simplified Analysis
for Earthquake Resistant Design of Concrete Gravity Dams”. This method has had considerable
correlation checking with sophisticated finite element work and is proven to be a reasonable
approximation of expected seismic behaviour.

(b) Mode! Adopted and Loads Applied
To check the stability of the Somerset Dam under current design criteria two representative
models were selected. One model was based on the spillway blocks of monolith K and monolith
L. To check a representative non overflow block, monoliths Q and R were chosen. The highest
biock sections were used in the analysis as these generally are the ieast stable sections.
The load cases analysed are as follows:
(i Normal Loads . - : .
normal full supply level
maximum historical flood level (1974 flood)
. operating basis earthquake. The operating basis earthquake is defined by
ICOLD as the earthquake likely to be experienced during the life of the dam.
(i) Extreme Loads

probabie maximum flood -
. maximum design earthquake.

The first three cases above represent the normai loads of the strugture. The maximum historical

- flood level was dependent on operating policy. Here the gates were closed during a significant

flood event in 1974 causing the reservoir level to rise to RL 106.56 m (approximately 1 m below
the non overtoppable crest ievel).

The extreme loads of the Probable Maximum Flood (PMF) and the Maximum Design Earthquake
(MDE) represent the absolute maximum fiood and earthquake that the structure be designed for
to prevent an uncontrolled loss of reservoir storage. Other damage to the structure is permitted.
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(c) Model Properties

The material properties of the dam have been chosen from a combination of guidelines from
ANCOLD, internationally accepted industry standards and factual reports from Somerset Dam
files.

Property Value adopted Comment
Concrete density 244 m Mean dry density of cancreie tesis
in 1987
Concrefe compressive sirength 20 MPa Assumed
Allowable compressive stress 8000 kPa normal Assumed
20,000 kPa extreme Assumed
Concrete friction strength 45 deg ANCOLD
Concrete cohesion 1400 kPa ANCOLD
Concrete tension 0 kPa normal ANCOLD [
90 kPa serviclbility 0.2 * (fcy0.5 * 1110 - ANCOLD
fimit for unusal & extreme
loads .
Dynatmic tension capacity 134 kPa OBE ANCOLD 0.2 (fc'}*0.5 = 1340
1340 kPa MDE
Foundation compressive strength 20 Mpa assume same as concrete
Foundation friction ‘ 45 deg ANCOLD recommendation for
Foundation cohesion 1400 kPa - - |foundation of sound joined hard
rock where sub horizontal joints
are not continuous*
Foundation tension 0 kPa Assumed
* The properties of the foundation are assumed. Analysis -of sub-horizontal

joints in the foundation has not been undertaken. Investigation are required to
identify the location and extent of the. sub-horizontal joints.

On the basis of experience ANCOLD have adopted. an allowable tensile strength of zero kPa for
normal loads the serviceability requirement of 90 kPa applies for unusual foads and for extreme
loads. Somerset dam has a number of cracks through the dam. The allowable tensile strength
must be conservatively evaluated. The cracking in Somerset dam may mean that the allowable
tension be zero even for unusual and extreme loads. Investigations and testing is required to
ailow tension stresses greater than zero.

The lack of information available regarding as constructed properties of the structure has meant
that all key properties were estimated. These estimations were made after considering industry
accepted recommendations for design properties taking into consideration the typical construction
procedures and specifications that would have been likely to have been used at the time the
structure was designed and built, An assessment of local foundation strength is based on design
of other projects on similar foundations,

The concrete density listed in the above table is taken from a memo on concrete densities noted
in the design files and measured well after construction as indicated in Section 10.3(c) above.
The range in concrete density measured in a small numbers of tests. is relatively large so
sensitivity studies were carried out to assess the effect of different concrete densities.
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The range in concrete density measured in a small numbers of tests is relatively large so
sensitivity studies were carried out to assess the effect of different concrete densities.

The tensile strength of the dam concrete under seismic loading is an area of ongoing research
and an assessment of the "state of the art” allowable strengths has been made. The uncertainty
arises from the lack of performance history of concrete dams under strong earthquake shaking
and the uncertain behaviour of concrete gravity dams under large transient and cyclic loading. In
a discussion of earthquake response of concrete gravity dams the effect of loading rate on
concrete tensiie strengths was investigated (Chopra, “Earthquake Response Analysis of Concrete
Dams” in Advanced Dam Engineering for Design, Construction and Rehabilitation edited by R
Jansen, 1988). A relationship between the concrete cylinder compressive strengths {(as
determined under nomal quality control testing) and the allowable tensile strength was
presented. A tensile strength under seismic loading was proposed of 2.6*c*® where fc is the
standard cylinder compressive strength (in psi). A higher allowable tensile strength may be used
to allow for non linear behaviour of the concrete at failure. In this case the strength can be
increased to 3.4*fc?>, '

- A brief summary of key dimensions and reservoir levels of the sections modelled are included in

the table below:

Monalith KIL QiR |
cresi RL 1005 m 107.5m
block height ' 458 m 528 m
crest width ogee ‘ 427 m
base width . ) 437 m 419 m
D/s slope 0.7 ‘ ©0.75
U/s slope 0.05 0.05
Headwater Levels
Minimum Operating Level "7TOmRL 70 m RL
Fulf Supply Leve) $8.93 m RL 98.93 m RL
1974 floed 106.55 m RL 106.55 m RL
PMF 110,7 m RL 110.7 m RL
Upstream silt leve! 70mRL 70m RL

The tailwater level to be adopted for analysis of stability is complicated by the presence of
Wivenhoe. The FSL in Wivenhoe is RL67 and the crest of the saddle dams is RL79.0. The
original tailwater curve is presented by R Russ in his 1988 Safety Review, this has been adopted
as one limit for the tailwater levels. During the 1974 flood recorded water levels were about 5 m
above the calculated tailwater level and this has been adopted as the upper limit for the tailwater
level. The adopted taiiwater levels are indicated below.
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T Design Condition I Minimum Tailwater Leve! Maximum Tallwater Level
Normal 84.0' 67.07
1974 Flood ' 67.2° 72.44
PMF ' 80.0° 82.4°
Notes:
1. Bed level downstream of stilling basin.
2, FSL in Wivenhoe.
3. Lowest tail water level reported by R Russo in 1988.
4.  Maximum tailwater level reported' by site staff during the 1974 flood.
5. Adopted tailwater level during restricted releases from Somerset Dam when water level
is threatening to breach Wivenhoe saddle dams. :
6. " Water level extrapolated by R Russo with a flow of 7950 m¥/s.

The loads for the structure have been compiled from historical records for the dam, DPIWR PMF .
studies and the RMIT Seismicity Study for the dam site. ‘

Norma! operating levels and historical flood levels have been taken directly from historical
records. ’

The PMF level has beern taken from the DPIWR report “Brisbane River and Pine River Flood
Study - Initial Draft Report” (December 1994). The PMF scenario where one of the spillway or
sluice gates remains closed has been adopted. This is an increase of 0.3 m above that with all
gates operating. This is in keeping with the high hazard nature of the dam where suitably
conservative extreme load combinations are adopted.

The following uplift assumptions were made for the analysis:

Load Case Siit Level Reservoir Distance To Uplift At Tailwater
Water Level Drains from Drains Level
heel {m} ,
FSL 70 98.93 5.33 . 75.64 64
Max past flood 70 106.55 5.33" 83.58 72.1
PMF 70 110.7 533 90,23 80

There is no data available on the actual uplift being experienced by the dam. Uplift is a major
loading on concrete gravity dams and should be measured to establish whether “normal” design
assumptions are achieved.

The seismic loads have been obtained from Gibson and Cuthbertson “Review of Seismicity,
Somerset Dam* (March 1995, RMIT and University of Queensiand) for the area surrounding
Somerset, Wivenhoe and North Pine dam. A rock site spectra has besn used to assess the
spectral acceleration at thé resonant frequency of the dam. This represents the combination of
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accelerations present in a earthquake which will change with the frequency of vibration of
shaking.

The Gibson and Cuthbertson (1995) report provides estimates of:

peak ground acceleratiocn recurrence

smoothed ground motion recurrence spectra which represents the acceleration
present in an earthquake with the frequency of vibration

and a response spectra for structures following damped harmonic motion with
a range of damping values for the 10 000 year event.

The peak ground acceleration is an unreliable indicator of earthquake hazard as it does not
include consideration of the harmonic motion of the structure. The smoothed ground motion
spectra give a better indication of earthquake behaviour but they are Iargely based on
measurements taken in Cahfornla

The calculated fundamental vibration period for the dam including reservoir interaction is:

' non-overflow section- - Tr = 0.17, seconds
. overflow section - Tr = 0.17 seconds

The relevant acceleration derived from the review are indicated below:

Return Period | Peak Ground Acceleration Peak Acceleration at Fundamental Periad
Tr = 0.17 sec
100 : 0.052 - 0.03
300 0.088 0.09
1000 0.152 0.20
3 000 0.246 0.39
10 000 -+ 0.302 o0
20 000 0.305 1.11
30 000 _ : ' 1.68
100 000 1|

The Gibson & Cuthbertson (1995) review cancludes that "the majority of reismicity data used
covers only 15 years, and the ground motion recurrence estimates must be considered as
preliminary™.

The adopted spectral accelerations used in the earthquake analyses were:

’ operating basis earthquake 0.16 g
. maximum design earthquake 1.35¢g

-These accelerations are approximately equivalent to Modified Mercelii intensities of 6.9 and

about 10.

The ordinary basis earthquake acceleration adopted for the analysis could be experienced during
a 300 to 1 000 year return period earthquake. The maximum design earthquake acceleration
could be experienced during a major earthquake-with a return period in excess of 10 000 years
and possibly in excess of 50 000 years.
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The ICOLD recommendation for selection of earthquake magnitude requires that:

the ordinary basis earthquake be selected on the basis that it is the event that
occurs once during the life of the dam and minimal damage resuits from the
event.

. the maximum credible earthquake be used to assess the dam and even
though significant damage could occur as a result of this earthquake the dam
should not fail. Because of the difficulty in defining this event it is sometimes
defined as the 10 000 or 100 000 year event.

The 300 to 1 000 year retumn period earthquake selected for the ordinary basis earthqguake in this
case is assessed to provide a reasonable provision for potential earthquake during the remaining
life of the dam. The maximum design earthquake acceleration is assessed to provide a
reasonable estimate of the extreme loading applicable for this dam at this site.

(d) Stability Results

A summary of the results from the stability calculation and data used have been included in
Appendix E.

(i) Stability under Normal Full Supply Level

Both the non overflow and spillway monoliths are stable under normal reservoir - conditions.
Stresses are below 1 Mpa and are all compressive, There is no tendency for cracks to open. A
net stabilising moment is present. The ratios of factored shear strength to factored horizontal
force are above 2 and are acceptable. '

(i) Stability under the Maximum Historical Flood (1974 Flood)

Under this load condition minor tensile stresses occur at the upstream face of both monolith
types. : '

For the overflow section 23 kPa tension is present at RL 96 when the radial gates are closed and
29 kPa compression is present at the base. Compressive siresses are present in the
downstream face and over most of the upstream face.

For the non overflow monolith a tension of 30 kPa is present at the base and up to about RL 58.
No other areas of tensile stresses are present in this monolith. This exceeds the limit of zero
tension in the rock indicated in Section 10.4.3(c) above. Investigations will be required to prove
that this magnitude of tension is acceptable at the foundation level.

ANCOLD guidelines suggest an allowable tensile stress of zero kPa under long term, normal
loads. It should be noted that G Verrenkamp has reported horizontal cracking In the upstream
face of the dam at elevation 85.3 and 97.2 in Monoliths F and S which are both non-overflow
Monoliths.

The effect of the actual concrete density being different from the adopted density of 2.4 tfcum
has been investigated. A more detailed discussion is presented in a subsequent section but as
expected decreasing the concrete density has the effect of raising the tensile stresses at the
upstream face of the dam. '
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(i) Stability under Operating Basis Earthquake

The peak deflection of the structure under a 150 year return period earthquake is 2.8 mm at the
crest for block Q/R and 1.9 mm at the ogee crest for block K/L. The peak accelerations at the
crest are 0.38 g for block Q/R and 0.27 g for block K/L using the Earthquake Engineering
Research Centre (EERC) analysis method described earlier.

The differences between the blocks largely reflects the different block heights. This analysis has
not considered the crest bridge as part of the structure. The accelerations and deformations are
likely to be similar for both monolith types at the crest bridge level.

Stresses under OBE loading are all compressive and within acceptable limits with one notable
exception. The upper level of the non overflow monolith is showing tensile stress of 112 kPa at
102 m elevation (approximately at the level of the abrupt change in downstream slope). This is
because of the concentrated mass above this section (arising from the vertical downstream face

" above the section change). This stress, is above the ANCOLD allowable tensile stress of 0 kPa,

set by ANCOLD for normal loads. The dynamic tensile stresses are much higher than the
allowable static tensile stresses reflecting the very short term and cyclic nature of the stress
condition, but are all dependent on the concrete being sensibly intact. Cracking in the dam has
meant that at a number of places the strength has been reduced to zero. Investigations are
required to assess the actual strength of the dam.

The structure has a net stabilising moment so will not fail from overturning under an OBE event.

There is the possibllity of some damage to crest equipment from peak accelerations in excess of
0.38 g. Holding down bolts for winch motors and similar equipment, if not adequately designed
for seismic loads, are fikely to fail under the high crest accelerations. - It can be seen that the
amplification of earthquake loads from the ground level to the crest is significant. This can cause
problems in ensuring that appurtenant equipment remains operable during and after the
operating basis earthquake.

(iv) Stability under Probable Maximum Flood -

The upper sections of both monolith types are likely to fail through overturning under the PMF
load if the concrete tensile capability is exceeded.

The stability analysis for Somerset dam have been completed assuming that some gates are
closed. The requirement to analyse the dam for this condition has been necessitated by the
"Manual of Operational Procedures For Flood Mitigation For Wivenhoe Dam And Somerset Dam"
which requires that:

"Somerset Dam should, if possible, not be overtopped by flood water but, if Wivenhoe

Dam is threatened by overtopping, the release of water from Somerset Dam is to be

reduced, for example by the use of its spillway gates, even at the risk of overtopping
- Somerset Dam in order to prevent if possible, the overtopping of Wivenhoe Dam."

The notional probability of a flood overtopping Wivenhoe dam is 1:14300. This is significantly
short of the PMF and therefore increases the probability that Somerset Dam will require
operation that involves closing the spillway gates during a major flood.

With the gates closed the spillway monolith shows a peak tensile stress in the lower part of the
monolith at the base of 46 kPa and 151 kPa at RL 96 and this is greater than the allowable at
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the foundation level indicated in Section 10.4.3(c) above. For the spillway monolith, opening the
gates has an immediate stabilising effect. The stresses at the base of the structure on the
upstream face reduces from 111 kPa tension to 33 kPa compression. Likewise the stress at
98 m reduces from 151 kPa tension to 30 kPa compression. The non-overflow monolith shows
peak tensile stresses of 111 kPa at the heel of the dam and a tensile stress of 171 kPa at
RL 102. There is a net stabilising moment at the base of the structure and the shear friction
factors show adequate resistance to shearing at the structure's base.

The tensile resistance of the concrete is uncertain. Testing is required to define the allowable
tensile -strength of the concrete. Also crack mapping and borehole investigation is required to
determine areas of zero tensile strength. :

(v) Reservoir Water Level Limitations (Imminent Failure Flood Level)

A study of the tensile stresses in the dam for different water levels was undertaken to evaluate
the imminent failure flood level. Also included in this evaluation was a consideration of the
resistance of the upper portion of the dam to sliding if the cracking in the gallery is continuous
and results in the cohesion reducing to zero with @ = 45°. The results of this analysis are
indicated below:

Block Res Peak at elev. with SF =
Level "Stress” :

- Spillway FSL 98.9 + 487 kPa 54,65 2.18
Spillway gate closed 105.7 -1 kPa 97.4 0.99
Spillway gate open 1091 | + 31 kPa 97.4 1.00

Non overtop FSL 98.9 + 451 kPa 54.65 2.00

Non overtop ~ ~ 107.75 -1 kPa 100.5 1.80
Non overtop 109.8 - 128 kPa 100.5 0.99

+ ve = compressive

This indicates that the imminent failure flood level occurs when the reservoir water levei
is at RL 105.7 if the gates are closed and RL 109.1 If the gates remain open and sliding
resistance is marginal at these reservior levels if cracking results in the shear strength
resucing to ¢ = 0 and ¢ = 456°, -

(vi) Stability under Maximum Design Earthquake

The maximum design earthquake for this structure has been adopted as a 20,000 year return
period event.

The peak deformations and accelerations of the structure have been assessed for the resonant
frequency of the dam which has a peak spectral ground acceleration of 1.356 g. The
accelerations at the crest of the structure are calculated to be 3.22 g for biocks Q/R and 2.24 g
for blocks K/L. The deformations for this earthquake are 24 mm and 16 mm respectively. The
peak accelerations and deformations have been assessed at the crest of the structural part of the
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dam. Peak accelerations and deformations for the crest bridge will be significantly higher again
as these accelerations increase with structure height.

The spillway monolith shows tensile stresses up the upstream face of the structure and a net
overturning moment under MDE load. The tensile siress at the base is 1035 kPa and reduces to
158 kPa tension at a section analysed at 96 m elevation. These stresses are less than the
1340 kPa recommended by ANCOLD which allows for the rapid and transient nature of the
earthquake load but due to the cracking in the dam this limit may not be appropriate. Likewise
the net overturning moment is cyclic and while it may permit cracking to form within the structure
is unlikely to lead to failure of the dam. ‘

The non overtoppable monolith also shows tensile stresses up the upstream face of the structure
and an overtuning moment. The tensile’ stress at the base is 1420 kPa and peaking at
1817 kPa at a section at elevation of 102m. This is greater than the ANCOLD recommendation
of 1340 kPa.

Due to the cracking of the concrete in the dam the tensile resistance of the concrete are
uncertain untit investigations and testing is completed to define the overall properties of the dam.

{vi) Sensitivity of the Analyses to Concrete Density

A range of concrete densities was used for key load cases above to assess the effect of the
density assuméd on the stability of the structure. Densities ranging from 2.3 to 2.6 ¥/ cu m {in-
0.1 t/cu m increments) were .used. .

As could be expected, reducing the concrete density reduces the stabilising effect of the dam
weight thereby reducing the overalt stability of the dam. Lower densities aflow greater tensile
stresses to form at the upstream face of the dam under flood loads. The increase in tensile
stress Is greater at the base of the dam as the concrete weight has a proportionally greater effect
on dam stability at lower elevations. ,

As small tensile stresses are present under targe flood events for the preferred density model
described above, reducing the density modelled allows these stresses to exceed recommended
limits. Thus, if the concrete had a lower density or had a lower tensile strength than modelied it
would be reasonable for cracking to be observed in the lower portion of the structure following
the 1974 flood event. ‘

(c) Cracked Section Studies )

Once cracking has been initiated, the behaviour of a dam monolith can be assessed using an
approximation of the changed uplift and stress condition brought about by the onset of cracking.
There are several methods used to assess cracked section stability these include: the ANCOLD
method given in their 1991 guidelines and the internationally accepted Levy and Hoffman criteria.
The levy and Hoffman criteria have been adopted in this analysis.

The Levy and Hoffman method uses a combination of beam theory {using external loads) and
uses a pseudo internal pore pressure within the concrete. The uplift distribution used in this
method is full reservoir head over the cracked length (which is equivalent to the most
conservative of the ANCOLD uplift distributions) and the pore pressure through the uncracked
portion is equivalent to a linear drop in uplift to tailwater (again equivalent to the ANCOLD
assumed distribution). The Levy and Hoffman Criteria are two separate criteria used to describe
the cracked stress distribution within the structure. Each criteria is discussed below.
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The Levy Criteria assesses the stress condition at the head of the crack. The external loads are
the normal ANCOLD reservoir and concrete loads along with the uplift load applied over the
cracked length. The stress is calculated at the heel of the intact portion. If this stress, less the
uplift pressure, is more tensile than the allowable tensile strength, the crack is considered to
propagate.

The Hoffman Criteria simply -assesses the change in stress in the crack with change in crack
length. If the stress becomes more tensiie with increasing crack iength then a crack, if it were to
“form, would propagate until failure of the monolith occurred.

If the Levy condition is not met then the structure must meet the Hoffman Criteria to remain
stable. [n this case the crack will propagate to a stable crack length. If both the l.evy and
Hoffman Criteria are not met then a crack will form and this crack will propagate until failure of
the structure occurred. o ' '

For this structure the results of the analysis are presented in tabular form below.

Load Conditions [ Non Overflow Biock Spillway Block
(Water Level) Initial Levy Hoffman Initial Levy Hoffman
Crack Crack
Length Length |
FSL 0 QK Compressive OK 0 OK Compressive OK
1974 1.6 m 54 kPa Unstable 0 Failed 12 kPa Unstable
{Failed) CoLd * tension - | (failed)
PMF {gate closed) 47 m 282 kPa Unstable 22m 75 kPa Failed Unstable
' (Failed)
(gates open) ‘ 0 110 kPa Failed | Unstable

Note tensile stress +ve

In all cases the allowable tensile stress assumed is zero. The calculated cracked section stress
at the initial crack length is included in the table above to allow a comparison with higher
allowable tensile stresses. In all cases above the stresses have been calculated for a section at
the structure's base.

It can be seen from the table above that the monoliths, are unstable once cracking is Initiated for
a section at the base. This occurs because of the high reservoir pressures and changes from
stable cracked sections at full supply level to unstable during the 1974 flood. This is only a
problem once cracking is initiated through overstressing. . :

(d) Discussion of Stability Results

The dam is stable with the reservoir at full supply level. For reservoir levels exceeding Rl 105.7
with the gates closed and RL 109.1 with the gates open, the dam would be considered to be
unstable using the current ANCOLD guidelines. -

Under earthquake loadings the stresses exceed the ANCOLD guidelines.

Within the guidelines set by ANCOLD the structural evaluation of the dam would be
CONDITIONALLY POOR as defined by the USBR (refer Appendix G for definition- of terms)
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10.5 Review of Concrete Cracking
10.5.1 Cracking During Construction

Cracking of the concrete placed in Somerset Dam was observed from the earliest stages of
construction. Hand written notes and sketches indicate that cracking was being monitored in the
galieries and in the baffle block in August 1938 and continued to 1942 and summary of these
notes is indicated below: -

(a) Foundation Tunne! (November 1939)

Sketches of the foundation tunnel through Monolith P, R and § indicates a number of
subvertical cracks with some weeping.

(b) Stilling Basin Baffle Wall and End Sill Wall (December 1940 to February 1941).

On 6 December 1940 block 98 of the baffle wall was poured and on 9 December
cracking was reported on all five exposed faces in a vertical and horizontal square
pattern. On 14 February 1941 cracking is reported in most of the baffle wall blocks
completed to that date at about the same time cracks are reported in the downstream
sill wall.

(©) ‘Lower Gallery (June 1939 to February 1941)

In the lower gallery the following cracking was reported in 1939.

: Monolith L o no cracks - :
v Monolith M - upstream face and roof crack perpendicular to N
line
~ 3 transverse cracks, which connect with upstream
face - ' |
- crack approximately paralle! to the N line on the
roof
. Monolith P - no cracks
. Monolith Q - stairway faint cross crack

Monolith R - cross crack on roof
S - 3 vertical cracks on the upstream face which
extend to water face o
- 3 fransverse cracks on the roof which apparently
extend to the upstream face
Monolith S - a number of cracks near the corners of the roof
and following the line of the steps
3 vertical cracks on the upstream face
- cracks at corners of the roof following the line of
~ the galleries. -

. Monolith T

(d) Upper Gallery (November 1940 to March 1941)

Monolith Q - upstream wall cracks between both gate shafts and
' gallery wall
- transverse cracks in the roof spaced evenly across
the Monolith
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(f)

10.5.2

(a)

Monolith R - three transverse cracks roughly equally spaced
Monolith S - two transverse cracks each approximately 6 m (20
ft) from the construction joint
- longitudinal crack near upstream edge.
Monolith U - 4 cracks across the roof the second crack from the

‘right hand side was weeping.
- 2 vertical cracks in the upstream face of the gallery.

Sluice Tunnels (March 1942)

. Sluu:e J - percolation through construction joints
. Sluice K - extensive percofation through construction joints
and cracks on sides
- extensive percolation through -construction joint in
roof
Sluice M - .. very little leakage from contraction joints.

Monolith G

Cracks in hydro-electric outlet roof and walls are reported between September 1840 and
August 1941.

Post Construction Cracking

Monolith Q Bellmouth

In February 1950 Mr R de V Gipps reported serious deterioration of the concrete in box
Q/55, Q45, 49 and 59 extendmg from approximately RL 701 m (230.5 ft) to 71.3 m
(234.5 {t) and up to about 3 mm (', inch) depth.

Concrete Crack Survey

In July 1951 Mr G N Card compl-eted a crack survey of the dam.

Post 1950 Cracking

()  In September 1969 Mr E M Shepherd inspected the cracking in the galleries

" and noted that the horizontal crack on the downstream side of the upper

gallery was not reported in the 1951 survey. At this time Mr Shepherd
suggested that the cracking was caused by drying shrinkage.

(i) in October 1977 Mr E M Shepherd wrote to ANCOLD to gain discussion on the
cracking.

(iii) In November 1977 Mr E M Shepherd reported on his inspection of the dam.
This report noted that:

, the cracking between shafts 12 and 13 in regulator Monolith Q

resulted in pronounced leakage of water from one shaft to the other.

The crack could not have existed in the early 1950°s when an
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extensive maintenance programme was carried out on the regulator
outlets. This suggests a long slow build up of stress.

the sluice in Monolith Q when inspected in the early 1950 showed
some untidy cracking and at the 1977 inspection the cracks were
quite visible but probably no more prominent.

a seeping crack existed in the upstream face of the gate chambers in
Monolith 1 and was not reported in 1951.

(iv) In November 1977 Mr G Verrenkamp reported two horlzontai cracks in the
upstream face of the dam. These were:
. Monolith F on the right side and extending haif way across the
Monoiith at RL 95.3 (313.25 {t)
. Monoliths S and R extending across the full width of Monoclith S and
about 1/3 the widths of Monolith R at RL 97.2 (319.2 ft) -
v} In February 1979 core was taken along the cracks in the gailery.
(vi) in August 1978 Mr E M Shepherd suggested that the use of two grades of

concrete with a system of vertical cored drains leading into the galleries and
located near the downstream limit of the richer concrete could have had some
influence on the cracking.

The testing of concrete cores in February 1987 indicated that there was a large increase in
density, from the dry density to the saturated density. The reason for this is not known but
requires checking.

10.5.3 Review of Possible Causes of Cracking

Most cracks in concrete are primarily caused by tensile stresses due to internal or external
restraint produced by volume change. (Leonhardt (1977), Carlson (1970) ACt Committee 207
(1970); CIRIA Report 91). Volume changes are caused by:

changes in moisture content of the concrete
. chemical reactions
changes in temperature
construction procedures
stresses from applied loads.

(a) Drying Shrinkage

Drying shrinkage can range from 200 microstrain for low siump lean mixes to over
1 000 microstrain for rich mixes containing excess water and poor guality aggregate.

(b) Chemical Reactions/Autogenous Volume Change

Autogenous volume change results from the chemical reaction within the concrete. The
net autogenous volume change of most concrete is a shrinkage of from 0 to 150
microstrain. At Dvorshak Dam increasing cement content caused higher autogenous
shrinkage and the volume change was still continuing after 36 months of testing.
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Changes in Temperature

The most significant factor affecting volume change in mass concrete dams is
temperature. Temperatures of 80°C have been measured in mass concrete. The
thermal strain resulting from temperature change is about 10 microstrain for each °C.
There are two causes of temperature changes in mass concrete dams. These are:

s heat of hydration
. environmental temperatures

The heat of hydration in concrete can be very high and can take long times to dissipate.
At Somerset dam the hearting concrete contained 200 kg/m*® of cement. The peak
hydration temperature that developed in the core of Somerset dam is difficult to
determine due to the long construction period. However, it is unlikely that the peak
temperature was less than 50°C.

The following guidelines can be used to evaluate the time required to dissipate
temperature generated due to hydration: -

95% of heat is Jost in a 15 cm thick wall in 1 1/2 hours.
95% of heat is lost from a 1.5 m thick wall in one week.
. 95% of heat is lost from a 15 m thick wall in 2 years.
’ 95% of heat is lost from a 150 m thick dam in 200 years.

The maximum thickness of Somerset dam is about 38 m and therefore 95% of the heat
would be fost in about 20 years. The largest portion of heat loss would have occurred
by about 1960. It should be noted that the main horizontal crack in the upper gallery
was not noted in 1951 but was noted in 1969. By 1969 the majority of the heat would
have been dissipated.

““The behaviour of the surface of mass concrete structures is affected by daily and

annual cycles of temperature. The following environmental temperature responses are
reported by the ACI committee on the Mass Concrete for Dams and other Massive
Structures:

. at the surface the temperature of the concrete responds aimost
directly to daily variation in temperature.
. 0.6 m from the surface only 10% of the daily surface temperature

variation is felt in the concrete. _

7.5 m from the surface 10% of the annual variation in temperature is
felt in the concrete.

15 m from the surface 1% of the annual variation in temperature is
felt in the concrete.

The downstream face of the upper gallery in Somerset dam is about 6 m and about 8 m
from the downstream face of the dam at the non-overflow and overflow sections of the
dam respectively. The upstream face of the upper gallery is about 4.8 m from the
upstream face of the dam. This means that the annual variation in temperature will be
"felt' at the upper gallery location on the downstream side of the gallery. On the
upstream side of the gallery temperature effects will be dampened by the presence of
more uniform temperature associated with the temperature of the water.
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(d)

(€)

(f)

Construction Procedures

Construction procedures have a significant impact on the development of cracks. The
procedures that have an impact include:

. temperature of the concrete at the time of placing which can effect
early-age therma! cracks and the peak hydration temperature.

+ . the duration between successive lifts. N

. curing time and rate of drying of the concrete surface.

. _ air temperature during curing

. time for striking of forms

. high early age strength

Of these a significant feature of the construction of Somerset dam was the time
between lifts and the long break in construction between 1942 and 1948. The dam
construction in 1942 was generally completed to its finished crest level in Monoliths J, L,
M and O. Monoliths 1, K, N and P were completed to approximately RL 87 to RL 90 ie
at upper gallery floor level to 2 m below the upper gatlery floor level.

it is recognised that whenever irregular placement occurs the construction joints in the
old lifts are rigid and restrain dimensional change of the newly placed concrete.
Restraint to construction or shrinkage of the concrete induces tensile stresses. The
restramt effect reduces with height above the “rigid" surface.

The s;gn:ﬂcant honzontai crack in the downstream roof is Iocated where this effect could
be significant.

Evaluation

The most likely cause of the significant horizontal crack in the downstream roof of the
gallery is volume change due to dissipation of heat following completion of construction
in about 1951. The continuing opening and closing of the crack is caused by the
seasonal variation in temperature. There is an apparent trend of increase in joint
opening of up to about 0.1 mm per year. This magnitude of movement is too small to
be able to define the cause however, a temperature reduction in the core or increase in
temperature of the outer "shell” of only 0.3°C per year could cause this amount of joint
opening.

Discussion on Cracking
General

in concrete dams cracks may be subdivided as follows:

Type 1 - Hairline cracks, minor, discontinuous shrinkage cracks, weaknesses associated

with construction joints.

These are normal -and expected in any such structure. The selected parameters are
based on this situation - subject to adequate concrete quality.
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Type 2 - Open cracks on Possible Failure Surfaces - essentially sub-horizontal.

Such cracks will sustain zero tension and the available shear strength depends on the
roughness of the surface and the overlaying stress. One way of assessing this is to
determine a roughness angle and add that to the friction angle (45°).

Type 3 - Open cracks that have healed somewhat by Autogenous Healing.

These must by positively idehtiﬁéd or treated as Type 2. The tensile strength will
depend on the degree of healing and strength of the infill - generally between 0 and
same value less than for Type 1.

The shear resistance will also depend in the degree of healing, roughness of the crack
surface. extent of the crack and strength of the infill. Generally the Type 2 strength pius -
cohesion due to the infill.

Hence the strength (tensile or shear) will depend in the type of crack together with the
percentage of the failure surface that is made up by the crack.

Cracks Mapped in 1951
Most of these cracks were not identified in the latter mapping. Where this is the case

they are either Type 1 or Type 3 cracks. As they will only make up a smail part of any
failure surface it is considered that use of Type 1 parameters [s realistic.

Cracks mapped in both 1951 and 1977 are discussed later.

Crack at Top of Upper Gallery

This is a very noticeable crack that is continuous along the top of the downstream side
of the gallery and extends along the sides of the access galleries. There is also an
indication that it is exposed on the downstream face of the dam. In the gallery it is
generally open. There are. also indications that the crack extends upstream of the
gallery in some locations, in such cases it is closed.

Holes drilled in the gallery in 1979 show it extends downstream at least 1 m and stays
open in this length. [t is not clear if the crack forms a continuous plane downstream of
the gallery but it must be considered a possibility untif demonstrated otherwise.

The surface where visible is relatively rough in a downstream direction. Hence the
tensile strength should be taken as zero and the shear sfrength based on a friction
angle somewhat greater that 45°. The use of a strength reduction factor of 0.3 under
thus condition is considered to be iow.

Under these circumstances there is inadequate resistance to sliding with the gates
closed and reservoir above RL 105.7. As there is also some shear strength reduction
on the upstream side of the gallery the situation is currently unacceptable.

Therefore it is essential to either demonstrate the crack is sufficiently discontinuous
and/or sufficiently rough that there is adequate shear strength resistance, or the crack
should be strengthened or the reservoir should not be aflowed to rise above the critical
level (ie. the operating rules would have to be changed).
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In order to resolve this matter the following is recommended:

1. Retailed mapping of the crack to identify both the location and the
roughness. This will probably involve cleaning of the downstream
face (and possibly a detailed inspection of the upstream face).

2. A detailed concrete cooling study taking into account the construction
break for the work in order to better understand the crack[ng
mechanisms. .

3. Drilling of strategically placed holes from the crest of the dam to

intersect the crack to enable determination of the internal roughness
and laboratory shear testing of the joint. Such testing must be in the
correct direction. ,
4, TV inspection of the drill holes. :
5. Consideration should also be given to lnjectmg dye at locations where .
" the tensile strength of the concrete may be exceeded to check for
leakage from the face.

B. Continuing crack monitoring and determine the need for additional
movement measurement locations. '

7. Monitoring temperature of concrete in selected locations.

8 Determine generally methods and costs of strengthening the joint.

~ Other Sub Horizontal Cracks - eg. at Construction Joints

The development of the crack at the top of the upper gallery is believed to be a result of
concrete volume change due to cooling and the stress concentration effects of the
corner of the gallery. However, it is possible that this crack has not relieved all the built
up stresses, particularly as it could be induced by vertical shrinkage. Hence there could
be other similar cracks, possibly associated with construction joint weaknesses. There
is some evidence of seepage on the downstream face that provides a further indication.

Although there would almost certainly by Type 3 cracks and this provides reasonable
resistance to sliding it is considered necessary to investigate this matter, Work would
essentially be the same as required for the gallery cracks as foliows.

1. Mapping of downstream face.
2. Drilling of cored holes from the crest, TV ioggmg and possibly dye
- testing. -

~ Discontinuous Horizontal Cracks in the Upper Upstream Face

Analyses show that there is tensile stress in this area under the 1974 flood (with gates
closed) and under higher reservoir levels. Once again the extent and nature of the
cracks are not known. It is believed that they are of no risk to the structure but more
data is needed. The following is recommended:

1. Detailed crack mapping
2. Determination of possible cause (Cooling, 1974 flood)
3. Drilling as per other cracks
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6 Opening of Joint in the Monolith L/M Joint
As detailed this joint is open at the top to the extent that the waterstop is torn, is open -
at the upper gallery and is closed at the lower gallery. Hence, with high water levels
water is introduced to the joint. It would be desirable to develop an understanding of
the mechanism causing the opening. The following is recommended:
1. More detailed mapping
2. Monitoring
3. Assess possible mechanism, R
4. Repair waterstop, if joint movement is not continuing.
7 Cracking on Top of Spillway Gate Piers
These would appear to be due tb concrete életeriorati'on. This cracking is 'current[y not
significant structuraily, however, if the gates are to be retained the cause of the cracking
needs to be identified and fixed to ensure that the dam has a long life.
The following is required:
1. Determine cause of cracking
2. Determine depth and extent of cracking
3. Fix
10.6 Dissipator
1. | Retaining Walls
The dissipator retaining walls are designed as mass concrete walls. The wall
" dimensions as shown on the available drawings are not certain. The foliowing
dimensions are interpreted from the drawings:
. top of wall RL 73.02 (240 ft)
. stilling basin floor level RL 60.83 (200 ft)
lowest level of concrete RL 57.78 (190 ft)
width of top of wall 0.8 m (2 ft)
- inside slope of wall 0.25H:1V ’
hand placed rock is placed behind the wall with a width of 0.48 m (18 inch) at
the top, and has a slope of 0.125H:1V. Where a narrow gap was formed
between the rock surface and the formed concrete wall the gap was filled with
hand placed rock.
The following minimum thicknesses of concrete were set:
Height Of Wall Above Rock - Minimum Concrete Thickness
4.88 m (16 ft) 2.44 m (8 ft)
6.10 m (20 ft) 2.74m (9 ft)
7.32 m (24 ) : 3.05m (10 f)
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The maximum thickness of concrete was 4,27 m (14 ft) at RL 60.84 (200 ft).
Weep holes were placed at RL.63.88 m (210 ft}, RL68.45 m (225 ft), RL70.89
m (233 ft) and RL72.11 m (237 ft). The left abutment may not have had weep
holes installed.

A check on the stability of the walls was undertaken assuming that:

. the maximum water level behind the walis is RL 65.71 m (216 ft)

. concrete {s poured directly against the rock up to RL 64.49 m (212 ft) -
. the wall is rigid and earthfill pressure can be calculated from Ko=1-SIN¢ and

assuming that ¢=35° and the bulk density of the fill is 20 kN/m®
the density of concrete is 2.4 t/m®

 This analysis is included in Appendix F and indicates that:

. at RL 65.71 m (216 ft) if the concrete is intact the maximum
tensile stress is 118 kPa and the
maximum compressive stress is 324 kPa
- the resultant is located 0.437 m from the
: water face ie just within the middle 50%
if the concrete is intact the maximum
tensile stress is 434 kPa and the
maximum -compressive stress is 778 kPa
- the resultant is located outside the base
under these conditions and the wal! would
be considered to be unstable.

)

. at RL 60.83 m (200 ff)

On the basis of the assumed loadings the dissipator walls do not meet the
current design requirements for normal static loadings and would be less
stable under extreme or dynamic foadings.

2, Floor
The floor of the dissipator consists of concrete:

. 3.05 m (10 ft) thick for a distance of 21.03 m (69 ft) downstream of the dam

. thickness reducing from 3.05 m (10 ft) to 1.52 m (5 ft) for the next 12.80 m (42
) :
1.52 m (5 ft) thick beneath the baffle and for a distance of 8.23 m (27 ft)
thickness reducing from 1.52 m (5 ft) to 0.76 m (2.5) for the next .25 m (20.5
f)
thickness of 0.76 m (2.5 ft) over the final 8.08 m (26.5 ft)

The total length of the dissipator is 58.22 m (191 ft) with the- baffie 33.83 m (111 ft)
downstream of the dam.

Drains have been cast into the concrete. These consist of 75 mm diameter GS| pipes
and are shown on the drawings at about 8 m (20 ft) centres.

No anchors are indicated on the available drawings.
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The thickness of concrete would be adequate to resist uplift pressures equivalent to a
ground water level of about RL 68.03 m (224 ft). The system of drains installed in the
dam and dissipator walls will ensure that this occurs {if they are not blocked), when the
spillway is not operating. Operation of the spillway may change these uplift pressures.

Hydraulics

For analysis of the hydraulics of the dissipator the 1974 -flood is used to evaluate the
stilling basin hydraulics. The adopted hydraulic characteristics of the spillway during
this flood are: : : :

. Peak reservoir level RL 106.55
Peak tailwater level RL 72.1 (as reported by G Verrencump})
Peak outflow 1052 cumecs

For these conditions the following characteristics are calculated:

. maximum velocity at entry to dissipator 29 m/s
inflow depth of water 3.5 m
Froude number 4.9
minimum tailwater depth for full development of the hydraulic jump 23 m
. actual tailwater depth 11.3 m
. the length of the hydraultc Jump is about 87 m and the stilling basin is 58 m
long.

This indicates that the energy loss in the dissipator is not as complete as would occur in
a fully developed hydraulic jump dissipator. This means that high velocity flow is likely -
beyond the end of the dissipator. The rock surfaces downstream of the dissipator have
resisted these flows but some erosion of the right abutment downstream of the
dissipators has occurred.

The high velocity flow in the dissipator is sufficient to cause cavitation at discontinuous
or rough surfaces in the concrete.

The drain holes if located incorrectly can resuit in high velocity water entering the pipes
and resulting in high uplift pressures beneath the concrete floor. These pressures can
be sufficient to "jack” the concrete off the rock and resuit in failure.

During the 1974 flood the tailwater level was 11.3 m above the floor level and the
incoming water level was 3.5 m above the floor level. If the downstream tailwater level
connects directly to the ground water pressure in the entrance, the uplift pressure would
be just balanced by the weight of concrete and water at the upstream section of the
dissipator. It should be noted that the tailwater pressure will be fransmitted through the
rockfill behind the retaining walls and through open joints in the foundation rock. The
"downstream" drainage (foundation) tunne! will help to dissipate the uplift pressures
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INTRODUCTION

This report has been prepared as part of a Dam Safety Review of Somerset Dam.
The mechanical equipment at Somerset Dam was inspected by G.M.Thyer of
HEC Enterprises Corporation on 6th and 7th of March 1995. Operator’s
representative present: T.Cannell. '

The report reviews and evaluates the operational status of the equipment in terms
of public safety and operator safety (and asset safety only in so far as it affects
the first two). '

SUMMARY

In the course of this part of the review the following equipment was inspected at
Somerset Dam:

Spillway Gates

-Sluice Gates

Emergency Coaster Gate
Regulator Valves

Baulks

Sump Pumps

Gantry Crane

Diesel Generator Set

Tests were carried out on the Spillway Gates, Sluice Gates and the Regulators,
The Gantry Crane was tested only briefly.

The report includes a review of the equipment and commenis regarding
comparisions with current design practice.

Discussions were held with the operators as to operating and maintenance
procedures and records. ' ) .
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BACKROUND

Somerset Dam has eight spillway gates and eight bottom sluice outlets

in the central blocks I - P of the concrete gravity dam. Two discharge regulators
(No.1 & No.2 Regulators) are located adjacent to the sluices in right abutment
block H, and two (No.12 & No.13 Regulators) are Jocated in block Q on the lcft
abutment.

An additional sluice gate (No.1 Gate) is located in block G of the right abutment
and the conduit feeds a small power station of about 4 MW,

An emergency coaster gate is provided for shutting off the sluice outlets at the
upstream entrance.

Baulks are provided for servicing the hydro outlet and regulators.

A gantry crane travelling the entire crest serves for maintenance of all gates and
operation of the coaster gate.

Backround data:-
Full supply level:  R.L.99.0m

Spillway Gates: Radial type gates, welded and bolted construction.
width = 7.9m, height = 7.0m. Free surface type.
Wire rope hoists, gates counterweighted.

Sluice Gates: Caterpillar roller type, rivetted and bolted construction.
width = 2.44m opening, height = 3.66m openmg
Wire rope hoists.

Regulator gates: Caterpillar roller type, rivetted and bolted construction.
width = 2.74m opening, height = 2 T4m opemng
ere rope hoists.

Emergency Coaster Gate: Caterpillar roller type, rivetted construction.
width = 3.7m, height = 4.9m at entrance, roller track
span = 4.6m. Handled by gantry crane.

Baulks: One regulator baulk, one hydro outlet baulk,
To suit 2.74m dia. conduit entrance.

Trashracks: 5 bays per intake structure each side. 1 spare set of
trashracks.
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Regulators: 2286mm dia. Fixed Cone valves, operated by electric
actuator via linkage.

Gantry Crane: 100 ton capacity, plus 14 ton auxiliary hoist for general
maintenance & handling of trashracks.

INSPECTION REPORT
Spiliway Gates

The spillway radial gates were inspected on 6-3-95 and found to be in fairly good
condition. Corrosion protection appeared adequate. (The gates spend a lot of the
time out of the water which helps in this regard).

Structurally the gates appeared fairly sound. Although there are no side seals,
occasional binding has been observed on the concrete side walls.

This may be due to a lack of torsional stiffness in the gates. At the back of the
gates the central panel between the main beams does not have diagonal bracing.
Bracing in this panel would add to the torsional stiffness of the gates and reduce
the binding effect.

‘The trunnion bearings at the ends of the arms are articulated with a vertical pin

allowing movement in the lateral direction as well as vertical. This may be
contributing to the freedom of movement of the gates, causing the binding action
at the side walls. The lack of side seals also contributes to the free movement of
the gates and the tendency to run roughly against the concrete side walls.

Bottom seals consist of timber blocks bolted to the bottom of the gate - this is all
that is required for this installation as sealing is not critical.

The hoisting machinery for the gates was inspected and found to be in fair
condition. The curved slide type counterweight system has caused a few
problems with wheels seizing up occasionally. There is a slight risk here of
malfunction of the gates because of this although regular maintenance should
keep this risk to a minimum,

The hoisting machinery is reasonably simple and rugged which fulfills the most
basic requirements for gates which are to be used in an emergency. However the
following points are made in relation to good operating practice for spillway
gates:-

1)  Machinery and operators at Somerset Dam are exposed to the elements
and there is some doubt as to whether the operating environment is safe
enough in high winds and rain, especially in a severe flood situation,
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Regulators: 2286mm dia. Fixed Cone valves, operated by electric
actuator via linkage.

Gantry Crane: 100 ton capacity, plus 14 ton auxiliary hoist for general
maintenance & handling of trashracks.

INSPECTION REPORT
Spillway Gates

The spillway radial gates were inspected on 6-3-95 and found to be in fairly good |
condition. Corrosion protection appeared adequate. (The gates Spend a lot of the
time out of the water which helps in this regard).

Structurally the gates appeared fairly sound. Although there are no side seals,
occasional binding has been observed on the concrete side walls.

This may be due to a lack of torsional stiffness in the gates. At the back of the
gates the central panel between the main beams does not have diagonal bracing,.
Bracing in this panel would add to the torsional stiffness of the gates and reduce
the binding effect.

The trunnion bearings at the ends of the arms are articulated with a vertical pin
allowing movement in the lateral direction as well as vertical. This may be
contributing to the freedom of movement of the gates, causing the binding action
at the side walls, The lack of side seals also contributes to the free movement of
the gates and the tendency to run roughly against the concrete side walls,

Bottom seals consist of timber blocks bolted to the bottom of the gate - this is all
that is required for this installation as sealing is not critical.

The hoisting machinery for the gates was inspected and found to be in fair
condition. The curved slide type counterweight system has caused a few
problems with wheels seizing up occasionally. There is a slight risk here of
malfunction of the gates because of this although regular maintenance should
keep this risk to a minimum,

The hoisting machinery is reasonably simple and rugged which fulfills the most
basic requirements for gates which are to be used in an emergency. However the
following points are made in relation to good operating practice for spillway
gates:-

1)  Machinery and operators at Somerset Dam are exposed to the elements
and there is some doubt as to whether the operating environment is safe
enough in high winds and rain, especially in a severe flood situation.
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Shelters for each set of hoisting machinery should be considered if the
gates are going to continue to be operated locally. Even if remote
control is installed provision for local control must still be sound.

2) Remote control and/or monitoring of the gates while spilling in
major floods, from an observation station on or near the dam, is
strongly recommended as an operator safety measure.

Power supply to the gates is via the old switchboards in the right abutment
chamber. These boards could be flooded in a major flood. This arrangement is
now being changed to provide greater security for the power supply. The supply
also has north and south feeders which can be interchanged if one fails.

Auxiliary power is available from the 75 kVA standby diesel generator set
located in the right abutment chamber. Again this power supply is vulnerable in a
major flood and should be relocated to a higher level. The set is fairly old and a
new diesel generator set should be installed to provide maximum reliability.

An alternative means is provided for operating the spillway gates. This consists
of a portable electric gearmotor unit which is coupled to the main hoist to operate
a gate. This is good, but still does not meet current standards of acceptable
practice for standby operation in that it is not a completely independent means of
operating the gates - it still depends on the same prime source of drive - electrical
power via the spillway wiring. :

A portable diesel engine auxiliary, or a portable diese! driven hydraulic unit

‘would fulfil the requirements for standby operation in an emergency.

There is no position indication on the spillway gates. Settings are therefore
approximate only and are at the discretion of the operators, Possibly only rough
settings are all that is required, but this should be clarified for the longer term
position on the spillway gates. The operators report that the gates have only been
operated once in the last three years, and are generally fully opened when
required to operate. The gates were originally intended for regulation of releases
before Wivenhoe was built, but no longer serve that function. Consideration
could be given to de-commissioning the gates and concentrating resources on the
sluice outlets and regulator outlets which are vital for storage control and
releases.

Operating instructions for the gates are fairly basic. Documentation is generally
out of date and will be upgraded as part of this consultancy. Training instructions
and manuals likewise will be upgraded.

The spillway gates are tested monthly at present. Sometimes they are tested more
frequently if convenient. Regular testing of spillway gates is a good safety feature
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B : as it keeps operating staff familiar with the equipment and procedures. Monthly
testing is recommended. Standby equipment should be tested more frequently.

= In summary, the main advantage of the spillway gates at Somerset is that the
equipment is fairly rugged and simple to operate. This is a good feature in
emergency situations as the operators are confident that they can operate the
gates without any major problems. However, they do not fully meet modern
— design criteria in respect of:-

1. Emergency standby operation provision.

- _ 2. Position indication provisions.
[ 4,2 Spillway Gate Tests
e " Tests were carried out on three spillway gates on 7-3-95. Lake level was 95.79m.

1) No.2 Gate was opened on normal power using the local pushbutton
station on the hoist. The gate was fully opened. Opening time 3mins 40secs.

The gate was then closed.

Gate operation was very smooth throughout opening and closing cycle
B with no evidence of vibration or binding.

Note: when fully closed, the pushbutton 'opcn; is operated briefly to
release tension on the counterweight spring.

2) No.6 Gate was then opened about 11/, metres using the auxiliary gearmotor
unit. (1 h.p. electric drive). This unit connects to the hand drive shaft on the
main hoist.

L The gearmotor unit was set up, trimmed and connected. Power was from the
sluice gate control panel nearby. The main solenoid brake was released
manually.

Operation is slow in this mode (about 17mins full stroke).
Qperation was very smooth as for Gate 2.

chamber. Procedure as for normal power operation.
Note: the diesel set switches in automatically in the event of power failure -

starts up within S seconds and changes over to emergency power for whole
— dam. '

| .
L‘ 3) No.4 Gate was opened using the auxiliary diesel set in the right abutment
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Gate opened to about 50%. Operation smooth as before.

4.3 Sluice Gates

Two of the sluice gates were inspected on 7-3-95, Sluice Gate 'K’
and No.3 Regulator sluice gate.

1) No.3 Regulator Sluice Gate

This gate was accessed through the No.3 Regulator valve at the
downstream end of the conduit.

The sluice gate was in fairly good condition. New stainless steel roller
tracks were fitted in 1984. Gate rollers and pins have been replaced with

stainless steel components over the last few years.

Gate Ieakage was moderate only, mainly at the top corners and some at the
bottom seal.

The steel lining downstream of the gate was repainted in 1984 and has
been patch-painted since then. The liner surface appeared to be in good
condition. ' : :

2) Sluice Gate 'K’

This gate was accesssed via the gate shaft from the darm upper gallery.

The gate was stripped down in 1982 and reconditioned. Only the roller

tracks remain to be refurbished and this will complete the replacement of all
roller tracks on all sluice gates at Somerset. Gate rollers and pins have been

replaced with stainless steel.

The steel liner which extends for about 6 metres downstream was in
fairly good condition. Concrete surfaces beyond the steel liner were
moderately rough but still quite servicable.

Gate leakage was moderate only.

Sluice gate handling gear was also inspected. This equipment was in good
condition and has been improved over the years. It is used fairly regularly
for maintenance operations.

Wire rope hoists for the sluice gates were also inspected and appeared to
be in good condition. Gearing, sheaves and wire ropes were well greased.
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The hoists have been re-roped in the last 12 months. Only basic
maintenance is required on these hoists - bearings, ropes €tc.

The sluice gates are tested every 6 months under flow conditions. They
are opened to 1.8 metres, closed again, then the coaster gate put down and
the conduit between the entrance and the sluice gate inspected. This is
done for all 8 gates. The hydro outlet sluice gate is tested monthly, and is
shut down annually for maintenance. :

The sluice gates provide a means of dewatering the downstream conduit
fairly rapidly for inspection and maintenance.

Power supply arrangements are generally as for the spillway gates and
should be adequate with improvement of the standby generator facility.

In summary, the sluice gates and operating machinery are considered

serviceable and should continue to meet their required function provided
routine maintenance and regular testing is continued.

Sluice Gate Tests

Two sluice gates were tested under flow conditions on 7-3-95,
Sluice Gate 'P’ and Sluice Gate ‘M.

1) Sluice Gate 'P'

This gate was opened on local control from the pushbutton station on
the dam crest.

The gate was opened approximately 1.8 metres (50%) and closed
again. Opening time =2 minutes. Operation smooth, no vibration.
Re-sealing of the gate was relatively good (resealing can be a problem
with these gates).

2) Sluice Gate ‘M’

Gate opened to 1.8m on local control. Operation smooth. Resealing
satisfactory.

Emergency Coaster Gate

The emergency coaster gate was inspected on 7-3-95 in its storage chamber on

the left abutment of the dam.

The gate was only in fair condition. Rollers were in poor condition.
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This gate is the main 'problem’ gate at Somerset. It is a large caterpillar roller type
coaster gate designed to close against flow at the entrance to the sluice outlets. It
has never been tested in flow conditions. The gate seals are very small and are in
bad condition. It is intended to replace these seals to make the gate more useful
as as bulkhead for maintenance of the upstream portion of the sluice conduits. At
present a reasonable degree of sealing can be achieved using sawdust dropped on
the upstream side of the closed gate.

The gate structural design is probably adequate for closure against flow., Many
large holes are provided in the transverse beam webs and in the vertical web
members. This would help in equalising the severe pressure differentials which
can occur in the lower part of a coaster gate when closing against high head.
However, three factors are present which make successful closure in flow
conditions unlikely:-

1) downstream sealing coaster gates are prone to suffer stroﬁg downpull
effects during closure against flow.

2) the long wire rope suspension can lead to severe ‘bouncing’
effects when closing against flow.

3) there is uncertainty about the condition of the gate frames. The sealing
frames and roller tracks were inspected by a diver about 10 ycars ago
and reported as O.K. but the true condition may be questionable now.
Further investigation of this aspect is recommended.

The spring loaded guides were inspected. These appeared to have never moved
properly and could jam if the gate was closed in flow conditions.

The gate is placed in position using the 100 tonne gantry crane.

Based on the above observations the following conclusions are drawn:-
1. The ability of the coaster gate to close safely against flow is doubted.

2. The gate probably should be downgraded from emergency gate status to
stillwater bulkhead status.

This. would be acceptable for the regulator outlets which have steel liners
upstream of the sluice gate, and regulator valves protected by the sluice gates.

In the case of the sluice outlets, emphasis should be placed on continuing to
upgrade the sluice gates and maintain their operational status. '
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4.9

4.6 Regulator Valves

The four regulators were inspected on 6-3-95 and 7-3-95.

All valves appeared to be in good condition. Controls were in fair condition,
although electrical wiring required upgrading. This is planned.

The regulators are tested every month to 15% opening (dry test) and once per
year to 100% opening with water on.

Provided the valves are properly maintained and tested regularly there should be
no major safety concerns here.

Regulator Valve Tests
An operating test was carried out on No.13 Regulator on 7-3-95.

The regulator was opened to 40% on normal local control from the control room
on the dam crest and closed again. Operation was satisfactory.

The valve controls have a key interlock for security between the two control
positions at the dam crest and in the valve control room. '

The operators reported that new pushbutton controls will be installed.
Baulks

These bulkheads are used for maintenance only and are not suitable for use in
flow. ‘ o

Their operation was reported as generally satisfactory. A diver is required while

placing/removing the baulks. Sealing is by timber (pine) strips attached to the
baulks.

Sump Pumps
Two surp pumps are located in a sump at each end of the dam gallery.
One is submerged and one about 3 metres higher for emergency use only, There

is a linking chamber from the power station for dewatering purposes.

Condition of the pipework appeared satisfactory and operation of the pumps
reported as O.K.

The pumps are tested weekly and drains checked.
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Provided the pumps are properly maintained, and tested regularly, there should
be no major safety concerns here.

L 4.10 Gantry Crane
The gantry crane was inspected on 7-3-95.
~ The main and auxiliary hoisting equipment was in fair condition. The operators

reported no major problems, the crane generally performing its functions fairly
well. '

A catwalk has been added to provide better and safer access to the auxiliary
hoist. '

The new cable reeler makes operation of the gantry much more efficient -
18 minutes for full travel of the crest compared to 11/, hours previously.

P

S T e N

The gantry was tested on the travel motion and the hoist raisec and lower motions.

]

4.11 Diesel Generator Set

The 75kVA standby generator located in the right abutment chamber was
-inspected. This unit supplies power for the entire dam in the event of failure of
B the main supply. The unit was installed in the mid "50s and is probably nearing
the end of its useful life.

Automatic changeover to start the diesel on failure of the main supply was added
— last year.

The main risk with the diesel generator set is that it is located in a room
vulnerable to flooding, The floor was only 3 feet clear of the 1974 flood. An
R A emergency power provision should be located in a secure area even in the
o maximum flood. Relocation at a higher level should therefore be a high prioity.

The set is test run every two weeks.
— - 4,12 Documentation

Documentation for operation and maintenance of the mechanical equipment was
discussed with the operators. The primary documents existing at present are:-

1) "Manual of Maintenance and Operating Procedures of Mechanical and
[ Electrical Services" Brisbane City Council Department of Water
Supply and Sewerage.
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This document was prepared about 15 years ago, and includes procedures for
flood releases, procedures for operation of equipment, maintenance
procedures, staff training/briefing, emergency procedures (1 page only,
needs corrections), and drawiags.

Operation and maintenance documentation will be extensively updated as
part of this consultancy.

2) "Manual of Operational Procedures for Flood Mitigation for Wivenhoe
Dam and Somerset Dam" ( 65 pages) | 10 Sept.1992

This manual covers staffing, communications, objectives, flood
classification, emergency procedures, operation considerations,
hydrological data, etc. for Wivenhoe and Somerset Dams,

Documentation on these aspects will also be updated as part of this
consultancy.

Maintenance procedures were discussed. Contractors ar¢ used for some of the
mechanical and electrical equipment maintenance e.g. Demag for the checks on
hoists, Westinghouse for checks on some of the electrical equipment, safety
specialists for ladders, etc. | ' | '

Routine maintenance records are kept on a card system. A computer-based record
system will be introduced to replace this.

4.13 Communications
Communications at Somerset Dam consist of:-

Phones (2 lines) :

Radios (2) in BCC radio link system - 1 with repeater
SEQWB - own radio system

Mobile phones (all rangers)

Power Station - radio link with SEQWB

Vehicle radios (all vehicles)

Adequate communication systems appear to be available for most emergencies.
This will be addressed in the documentation prepared as part of this consultancy.
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RECOMMENDATIONS

The following recommendations are made in relation to the mechanical
equipment at Somerset Dam:-

1.

Remote control and/or monitoring of the gates while spilling in major floods,
from an observation station on or near the dam, is strongly recommended as
an operator safety measure.

An alternative means of operating the spillway gates, independent of the main
electrical supply wiring, should be provided. A portable diesel engine
auxiliary, or a portable diesel driven hydraulic unit would fulfil the
requirements for standby operation in an emergency.

The existing diesel generator set should be upgraded and relocated to a
higher level above potential flooding zones.

Shelters should be provided for each set of hoisting machinery for the
spillway gates to allow safe local operation of the gates in extreme weather
conditions.

Local and remote position indication should be provided for the spillway
gates. '

Means of increasing the torsional stiffness of the spillway gates should be
investigated in order to reduce the potential of the gates to bind on the side
walls because of racking of the gates. '

Consideration should be given to de-commissioning the spillway gates and
concentrating resources on the sluice outlets and regulator outlets which are
vital for storage control and releases.

Efforts to improve the performance of the sluice gates should be continued as
more reliance will be placed on these gates in the future. =~

The emergency coaster gate should be downgraded to stillwater bulkhead

status and increased reliance placed on the sluice gates. The condition of the
gate sealing frames should also be investigated in more detail.




1 3 1

GEDWS53\ 11-14019-00AJC.EGT.AAW

APPENDIX B

--------------

somerset Dam Photographs
Taken on 6.3.95

SEQWE
Safaly Review
Samerset Dam




Somerset Dam from Right Abutment - Note: "non overflow" portion of dam, 100 ¢

gantry crane, counterweight slides for spillway gates, gantry tower used for cable
way during construction of the dam.

Right Abutment of Somerset Dam
from Spillway - Note power pole
placed downstream of "non
overflow" section of dam. BCC
vehicle at entrance to diesel
emergency backup workshop
entrance and landscaping

GEO\8568\411-14019-000ICEGTAAW SEQWSB
Safaty Review
Somarsel Dam




Right Abutment Stilling Basin Walls - Note weep holes, rock outcrops counterweight
slides for spillway gates, signs of weathering “alkali; aggregate reactivity” in gate
pier, backfilling behind retaining walls, stilling basin baffte, rip-rap downstream of

stilling basin.

Left Abutment - Note dyke which is
identified on the geological plan on
{ocal grid between P950 and P1200
and concrete block apparently
between andesite and dyke.

SEQWE
Safaly Raview
Somersat Dam

GEC\B58\ 1-14019-00\AJC:EGT:AAW




Upstream Face of Dam on Left Abutment - crack about 0.5 m ahove FSL -
approximately 0.5 mm to 1 mm wide.

Left Abutment Stilling Basin Wall - Note backfill to fulf height, no weep holes, grass
growing in joints on top sealing slab,

SEQWB
Safely Raviow
Semerset Dam

GEQ\591411-14019-00AJC:EGT.AAW




Right Hand Side of Spiliway, Note
cracking in joint between pours.

Upstream Face of Dam - Note gantry, intakes to regulators diversion baulk, "non
flow" section of dam, access door to intake structure at same level as "non overflow"

section.

GEO\A59\411-14019-00\AJC: EGT:AAW SEQWE
Safoly Raview

Somerset Dam




Downstream Face of Dam - Note calcite staining along construction joints.

Sluice Shaft Construction Joint in Monolith | about 3 m above upper gallery level
{approximately RL 91.5). A crack in the upstream face of the dam was noted at

RL 95.3 in Monoliths F, § and R.

GEO\B59\411-14019-00\AICEGT:AAW

SEQWB
Salaly Review
Somerast Dam
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Calcite from old weep in sluice shaft in Monolith N.

GEC\@5a\d1 1-14019-00AJC:EGT:AAW SEQWE
Salely Review
Samersat Dam




Contraction Joint Drain in Monolith S jower gallery - Note that in 1977 a horizontal
crack was found in the upstream face of the dam at about RL 97.2,

Cored Drain in Monolith R on
downstream side of gallery.

GEOVB59141 1-14019-00AJCEGT:AAW SEQWB
Salaly Review

Somersat Dam




Downstream face of contraction
joint between Monoliths L and M in
lower gallery. Note that at the crest
this joint is open, in the upper
gallery the joint indicates a crack
has developed and in the lower
gallery the jeint may show signs of
being comprassed,

Downstream face of joint between
Monoliths [ and J in [ower gallery.
Seepage from downstream face
indicates drains not acting to
completely stop seepage.

GEDWB531411-1409-00AJCEGT:AAW SEQWB
Safoty Roviaw

Somersal Dam




Contraction Joint Drain between
Monoliths | and J.

Downstream Face at Dam - Note staining on gate piers,

SEQWB
Safaty Raviaw
Somarset Dam
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summary of Results from
Original Design Calculations

SEQWB
Safely Review
North Pine Dam
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APPENDIX D

GEQ-502'411-14013-00WIC:EGT.TEMP

Potential Paths to Failure

SEQWR
Safety Review
North Pina Dam




URBAN BANK BRIDGES
FLOODING INSTABILITY FLDODED

DAM RIVER RESERVOIR  ROADS AND

OVERTOPPED BANK SLOPE BRIDGES
NSTABILITY NSTABILITY FLOODED

b

g RESIDENTIAL  RIVER ROADS AND

[7al
- |
5 WIVENHOE
2 FLOOD
g WAVE
LOSS OF %
WATER
SUPPLY FLOODING

L T

i

11
DAM

FAILURE
i34
v ,
3
% GATES NOT
EXTREME OPERATED
EVENTS NOT CORRECTLY
INCLUDED N DESIGH:
- ACTS OF GOD :
© EARTHOUAKE
© LANDSLIDE S
© FLOOD
© WAR
STRUCTURAL
INADEQUACY
{ SEE SHEET 2 |
|GNORANCE OF
CHANGING =4
CONDITIONS
{ LACK OF
ACTION |
DECISION
FAILURE
LEGEND
THE ACTIVITIES THAT PREVENT
FAILURE OF THE DAM ! , ,
ARE COLOUR CODED AS FOLLOWS:- E - l
DAM SAFETY REVIEW it l 1
STANDING OPERATING PROCEDURES ~ —— REMEDIAL SURVEILLANCE  MAINTENANCE OPERATIONS EMERGENCY
ACTION SEE SHEET 5 SEE SHEET 4 SEE SHEET 3} ACTIOM PLAN
OPERATION & MAINTENANCE MANUALS = { f H b } | SEE SHEET 6 )
DAM INSPEGTIONS BY DAM ENGINEER ———
MANAGEMENT DECISIONS e SEQWB
E Erer o
MERGENGY AGTION PLAN SOMERSET DAM - PATHS TO FAILURE

GENERAL OVERVIEW
SHEET 1

FAHBHENATINISDIINSOMERSET \SHEE TS\ HAM5HLdwg




MASS
CONCRETE DAM
FOUNDATIONS

STRUCTURAL
INADEQUACY

CHANGED
MASS / IMPROVED
STRENGTE ERQSION CONCRETE DAM UNDERSTANDING QF
4 é STABILITY BEHAVIOUR
UNKNOWN DESIGN LEAEHNG DETERIORATION AUSTRALIAN RECORDS, ANCOLD  EXPERIENCE
GEOLOGY FAULT STANDARDS DESIGN
REPORTS/FILES.
CAONSTRUCTION
I REPORTS /FiLES.
DRAINS DOWNSTREAM DOWNSTREAM EXCESS INADEQUATE INADEQUATE OVER-LOAD
AREA TOE UPLIFT MASS STRENGTH é
" A 444 AMA
B | l
: INADEQUATE PERVIOUS SURFACE FLOODING EARTHQUAKE FORCE SO, SILT
FILTERING ZONE FLOW ﬁi ICE, DEBRIS
ABUTHMENT DiSSIPATOR RESERVOIR TAIL ATER BOMB BLASTING
OVERTOPPING LEVEL LEVEL
i i
DESIGN REMOVED DETERIORATION
FAULT
1 PREFERENTIAL INADEQUATE FLOODED BLOCKED DESIGN CRACK DETERIORATION
SEEP AGE DRAINS GALLERY DRAINS FAULT
PATHS %
OVERTOPPING WATERSTOP DAM LEACHING CORROSION WEATHERING
FAILURE CRACKED OF STEEL
i ]
TQ0 ToO GROUT {RACKS TEMPERATURE LOCAL LOCAL SULPHATE ALKALI
SHALL FEW CURTAIN WEAKNESS STRESSES SOIL AGGREGATE
FAILURE REACTIVITY
[ i
PERVIOUS INADEQUATE SPALLING LRACKING ADVERSE
CONCRETE COVER WATER

FAHEHENA TN DI\SHERSE TASHEE TSN 1R0195H2 dwg

SOMERSET DAM - PATHS TO FAILURE
STRUCTURAL INADEQUACY

SHEET 2




OPERATIONS
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PUBLIC MANAGEMENT COMMUNICATIONS
PRESSURE
% % %gﬁ ﬁ:sﬁ%
| ? [ i)
POLITICAL PUBLIC LOCAL RADIO SYSTEMS RADAR AVAILABILITY TELEPHONE  ALERT
EXPECTATIONS  COMMUNITY OF PEOPLE
REQUIREMENTS
SPECIAL ~ PUBLIITY ACCESS ~ PROCEDURES
INTEREST
GROUPS ?% %
i
MANUALS
10 SITE TO AND ON BEST TRANNG S0P & 0 & M
DAM OURING  PRACTICAL Y EAP
EXTREME CLIMATIC BENCHMARKING
CONDITIONS LT 4 )
ROADS % % ELECTRICAL MECHANICAL
BLOCKED : ' { PLANT AND PLANT AND
_ GATE CRANE EQUIPMENT EQUIPMENT
— ;
EMERGENCY ~ EMERGENCY ~ LOCATION  LOCATION DRIVER STABILITY ~ TRANSMISSION ~ BACK UP  WINCHES  GATES
STAFF  RESOURCES ~ OF BACKUP OF GENERATOR
ACCESS ACCESS CONTROLS CONTROLS %j% ’21 %, é
P
ALTERNATE  EMERGENCY  BLACKOUTS  SWITCH  TRANSMISSION  STARTNG  FUEL
GATE POWER STATION LINE §
OPERATIONS SUPPLY
BATTERIES
PHYSICAL OPERATOR
|
STRUCTURAL  BLOCKAGE  UNSAFE  MECHAMICAL  OVERLOADED  INSTRUCTIONS No
FAILURE TO GERATE  FAILURE ﬁ ? OPERATOR
OOWNSTREAM  STILLING INCORRECT ~ OVER-RULEO NO INCORREC T
ISSUES BASIN OPERATION NSTRUCTIONS  INSTRUCTIONS
FAILURE

FABOHEN & ST IGDIS SORERSETVSHEE TSN 10195H2 dwg

SOMERSET DAM - PATHS TO FAILURE
OPERATIONS FAILURE
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MAINTENANCE

! ' |
ELECTRICAL FUNDS PROCEDURES ~ MECHANICAL
REGULAR REPLACEMENT OPERATING CORROSION EXERCISING PHYSICAL QUALITY
MAINTENANCE AND AND ) MPALT OF WORK
UPGRADES MAINTENANCE é
MANUALS
{ { T
REMEDIAL REPLACEMENT CATHODIC COATINGS  SEISING MOVEMENT  LOOSE
ACTION PROTECTION EQUIPMENT
DECISION TOQ
SPEND FUNDS
RECOMMENDATION
SAFETY
REVIEW
SURVEILLANCE

SEQWB
SOMERSET DAM - PATHS TO FAILURE

MAINTENANCE FAILURE
SHEET 4
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SURVEILLANCE

H'ST%%’ﬁ?LOg*EFgmAT'ON REVIEWFSITRRLA%ITURAL REVIEW OPERATING wEoRT II?H PROCEDURES
PERFORMANCE PRACTICES 0 R W
AND MAINTENANCE RECOMMENDATIONS A
? - vl
REPORTING CONDUCT  PERFORMANCE DISCIPLINE IN BEST MANUALS
BY OPERATORS INSPECTION  INFORMATION SURVEILL ANCE PRACTICE GUIDELNES
PRACTICES
MONITORING BENCHMARKING

SOMERSET DAM -~ PATHS TO FAILURE
SURVEILLANCE FAILURE

SHEET 6
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HISTORICAL INFORMATION
ABOUT OPERATION
AND MAINTENANCE

!

EMERGENCY
ACTION
PLAN

s
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OWNERSHIP CLARITY NOTIFICATION

f

é COMPREHENSIVEMESS

RECTIFICATION  ACTION TO TRAINING
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CURRENT RESOURCES
RELEVANCE
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REVIEW
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!
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PERFORM
SEQWB

DECISIVENESS
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ANCOLD LIMIT STATE AMALYSIS

GRAVDAM.BAS Gravity Dam Analysis .

This analysis was performed on 08-23-1995 at 09:38

The inmput file used was g:\somerset\so_grfsi.dat
and this output file is g:\somerset\so_grfsl.out

Somerset Dam - Hon overtoppable block at full supply level

[nput Cata : :
Water Unit Weight, : (kN/m3y = 9.81
Base Friction Strength (Phi) (&) 1 45
Base Cchesjon {kPa) : 1438
Concrete Strength {exterior){kPa) : 20000
Concrete Strength (interior)(kPa) : 10000
foundation Bearing Strength (kPa} : 10000
Concrete Unit Weight (kH/m3) @ 23.544
DAM CROSS SECTION GEOMETRY
Etevation Crest Upstream Downstream
of top of width slope slope
section
107.5 4.267 .00Mm L0001
101.8 4.,26814 .0om .75
100.5 5.243273 .05 5
54.7 41.88327 .05 .75
Externat Dam Loads
spiiway gates open 7 =n
Reservoir Level (m) : 9B.93
spiliway crest levet (my : 107.5
Tailwater Level tm) : 64
silt Level (m) ; 70
Sitt Unit Weight CkN/m3) ¢ 15.9903- - - R
silt earth pressure coefficient : 1
Distance to Drains from heel (my : 5.33
ratie of Hwl at Drains : L3333
Load factors used
U/s Mater and Uplift ;o 1.05
toncrete and Tailwater : .95
Siit 3 1.5
cohesion and friction : .3
concrete strength F
foundation bearing H .
For the Table Belod.....
A) Elevation stresses calculated {m}
B} Weight of conc (kN); €} Hor dist ¢ of g from D/S toe (m)
D) Hor reservoir water force (kN);E) HU toc of g of water force {m}
F) Vert res water force (kN); G) Hor dist ¢ of g from D/S toe {m}
HY Horizontal silt force (kN); 1y Ht to c of g of silt force {m}
JY vertical silt force (kN); ¥) Hor dist ¢ of g silt force (m)
A B c- b E F G . H 1

54.65 26,176 27.195 9,617 14.760 481 41.185 728 5.117
59.94 21.203 24.47h 7,459 12.998 373 37.045 313 3.355

65.22 16,795 21.754 5,574 11.237 279 32.905 71 1.593

- T0.51 12,89 19.036 3,963 9.475 198 28.766 0 0.000
. 75.79 9,519 16,318 2,626 7.7313 131 24.626 0 0.000
B1.08 6,670 13.600 1,564 5.952 © 78 20.486 0 0.000
86,36 4,347 10.876 775 4.190 39 16.346 0 0.000
91.65 2,550 B,123 260 2.428 13 12.206 0 0.000
96,93 1,27% 5.251 20 0.667 1 B.066 0 0.000

0 0.000

102.22 531 2.134 0 0.000 0 0.000

J
36
16

cooocooo &

K
41.667
37.528
33,388
0.000
0.000
0.000
0,000
0.000
0.000
0,000
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For the Table Below.....

A) Elevation stresses calculated (m}
B) Uplift force (kN);
D) Hor tajlwater force {kN);
F) Vertfcal tailwater force (kN); G} Hor dist ¢ of g from D/S to
H) Sum of horizantal forces {(kN); I) Sum of vertical forces (kN)
J) Sum moments

A
54.65
59.94
65,22
70.51
75.79
81.08
86.36
91.65
96.93

102.22

for the Table Below

B
7,153
4,569
2,726
2,102
1,551
1,073
669
337
79

0

c
25.155
24,382
26,142
21.162
18.149
15.091
11.972

8.762
5.415
0.000

.....

D
429
a1

oo OSOoO0OOo0

C) Hor dist ¢ of g from D/S to
EY Ht to c of g of tailwater f

abou D/S toe (kMm);K) Eccentricity e

E F G H
3,197 322 2,337 10,783
1,355 61 1.016 8,224
0.000 0 0.000 5,958
0.000 0 0.000 4,16
0.000 0 0.000 2,758
0.000 0 0.000 1,642
0.000 0 0.000 814
0.000 0 0.000 273
0.000 0 0.000 21
0.000 0 0.000 0

A) Elevation stresses calculated (m}

B) Stress'U/s face (kPa);

D) Stress D/S if cracked (kPa)
Fy Resistance to sliding which must be greater than Sigma H
G) Resistance to sliding / Sigma H

A
54.650
59.935
65.220
70.505
75.790
81.075
86.340

91.645

96.%30
102.215

B
346
374
385
370
354
338
319
297
262
118

C
520
464
414
330
248
171

99

]

18
118

D

[l =N N o R B B — = g = ]

C) Stress 0/S face (kPa)
E) Maximum D/S stress (kPa)

E F G
813 23,532 2.18
725 20,999 2.55
646 18,446 3.10
515 15,483 3.77
388 13,052 4.73

267 10,551 6.43
155 8,181 10.05
64 5,942 21.74
28 3,834 %186.11%
18 1,993

e {m}
orce (m)
e {m)

1
18,154
15,794
13,362
10,231
7,539
5,283
3,464 ¢
2,081
1,133
504

J
354,943
286,929
220,897
152,458

9%, 807
60,916
33,696
16,061
5,926
1,077

K
1.4190
0.477
0.202
~0.282
~0.733
-1.138
»1.450
-1.556
-1.179

0.000
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ANCOLD LIMIT STATE ANALYSIS

GRAVDAM.BAS Gravity Dam Analysis

This analysis was performed on 08-23-1995 at 09:50

The input file used was g:\somerset\so_gr _74.dat
and this output file is g:\somerset\so _gr_T4.out

Somerset Dam - Nem overtoppable block passing max past flood in 1974

Input Data

Water Unit Weight (kN/m3) : 9.81
Base Friction Strength (Phi} (8} : 45
Base Cohesion (kPa} : 1438
Concrete Strength (exteriery(kPa) : 20000
Concrete Strength (interior)(kPa) : 10000
Foundation Bearing Strength (kPa) : 10000
Concrete Unit Weight {(kN/m3) 1 23.544

DAM CROSS SECTION GEOMETRY

Elevation Crest Upstream Downstream
of top of width slope slope
section
107.5 4,267 .0001 0001
101.8 4,26814 .0001 .75
100.5 5.,243273 .05 75
54.7. 41.88327 .05 .75
External Dam Loads
Spilway gates open i =n
Reservoir Level (my : 106.55
Spillway crest level (my : 107.5
Tailwater Level (my : 72.1
Sikt Level (m) : 70
silt Unit Weight (kN/m3) @ 15.9903
Silt earth pressure coefficient 1
Distance ta Drains from heel {m) : 5.33
ratio of HWl at Drains L3333
Load factors used
U/s Hater and Uplift 1.05
Concrete and Yailwater r .95
silt 1.5
cohesion and friction .3
concrete strength R A
... foundation bearing i .3

For the Table BeloW.....
A) Elevation stresses calculated {m)

B) Weight of conc {kH);

D3 Hor reserveir water force (k
F) Vert res water force (kN);
H) Horizontal silt force (kN);
J) Vertical silt force (kiN};

C) Her dist ¢
N);E) Ht to ¢ of
Gy Hor dist ¢
i} Ht to c of
K} Hor dist ¢

of g from D/S toe (m)
g of water force (m)
of g from /S toe (m)
g of silt force (m)
of g silt force (m)

A B C D £
54.65 26,176 27.195 13,212 17.300
5§9.94 21,223 24,474 10,658 15.538
65.22 16,795 21.754 8,379 13.777
70.51 12,894 19.036 6,373 12.015
75.79 9,519 16.318 4,641 10.253
B81.08 6,670 13.600 3,183 8.492
86.36 4,347 10.876 1,999 6.730
$1.65 2,550 B.125 1,090 4.968
96.93 1,279 5.251 454 3.207

102.22 531 2.134 92 1.445

F G H i
652 41.079 728 5117
650 36.852 313 3.355
650 32.624 71 1.393
650 28.396 0 0.000
650 24.168 0 0.000
650 19.940 0 0.000
650 15.712 0 0.000
650 11.4B4 0 0.000
650 7.256 0 0.000

0 4.263 0 0.000

J K
36 41,667
16 37.528
33,388
0.000
¢.000
0.000
0.000
0.000
0.000
0.000

(=0 = W= R I == = ]




]

C

ol

-
Lo

I

Far the Table Below.....

A) Elevation stresses calculated {m}
B} Uplift farce (kNJ);
D) Hor taiiwater force (ki);
F) Vertical taiiwater force (kN); G) Hor dist ¢ of g from /S toe (m)
H) Sum of horizontat forces (kN}; I) Sum of vertical forces (kN)

J4) Sum moments

A
54.65
59.94
65.22
70.51
75.79
81.08
86.36
91.65
96.93

102.22

For the Table BeloW.....
AY Elevation stresses calculated
B) Stress U/§ face (kPa);

B
10,438
7,522
5,044
3,005
2,062
1,532
1,074
690
379
144

C
23.796
22.163
20.825
20,166
18,149
15.091
11.972

8.762
5.415
2.192

1]
1,49

726

232
12

[ o B o Y B e )

D) Stress 0/S if cracked (kPa)
F) Resistance to stiding which must be greater than Sigma H
G) Resistance to sliding 7 Sigma H

A
54.650
59.935
65.220
70.50%
75.790
81.075
86.360
91.645
96.930

102.215

B
-30
9
47
84
103
122

154

206
302
34

c
775
703
637
581
496
392
284
169

52
132

D

[= = = = I = o Y o =

€) Hor dist ¢ of g from D/S toe (m)
E) Ht to ¢ of g of tatlwater force (m})

abou 0/5 toe (kNm};X} Eccentricity e

E F G K i
5,817 1,120 4.362 13,566 15,625
4.055 544 3.041 10,971 13,413
2.293 174 1,720 8,683 11,446

0.532 9 0.399 6,680 9,721
0.000 0 0.000 4,873 7,496
0.000 0 0.000 3,342 5,346
0,000 0 0.000 2,099 3,619
0.000 0 0.000 9,146 2,316
0.000 0 0.000 477 1,435
0.000 0 0.000 97 354
(m)

_.C) Stress D/$ face {kPa)

E) Maximum 0/S stress (kPa)

E F G
1,213 22,051 1
1,098 20,286 1
995 17,871 2
908 15,530 2
775 13,039 2
613 10,570 3.
443 8,228 3
265 6,013 5
81 3,925 8
132 1,947 20.

dJ
209,635
170,605
136,491
106,706
73,240
45,844
26,986
14,739
7,181
606

K
7.545
6.129
4.809
3.643
2.735
1.816
0.822

-0.202
~0.954
0.420




CRACKED.XLS

am - Somerset Dam

Load Case 1974 flood

Zlient - SEOWH

Comments |Non overllow block Q/R

Date - 23-Aug-95

at block base

By - J Williams

“Thecked by -

Net Upstream Stress Levy

Hoflinan

54,5029509 Failed

66.8034639 Failed

Unutable

Tens +ve

£ Lavy is not met the crack Jength increnses,

iF Levy is met the crack length is stable

Lf Hoffman is met the erack increases 1o a stable point
f Hoffman is not mut the erack propogates unGl failure

Page 1
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ANCOLD LTHIT STATE ANALYSIS

GRAVDAM.BAS Gravity Dam Analysis

This enalysis was performed on 08-23-1995 at 09:52

The input file used was g:\scmerset\so_qrpmf.dat
and this output file is g:\somerset\so_grpmf.out

Somerset Dam - Non overtoppable block passing PMF with ane gate closed weight of water flowing

over the top of block ignored

Input Data
Hater Unit Weight ¢hN/m3y ¢+ 2.81
Base Friction Strength (Phi) (@) : 45
Rase Cohesion {kPa) ¢ 1438
Concrete Strength {exterior)¢kPa) : 20000
Concrete Strength {(interior)(kPa) : 10000
Foundation Bearing Strength {kpa) ; 10000
Concrete Unit Weight (kH/m3) : 23.544
0AM CROSS SECTION GEGMETRY
Elevation Crest Upstream Dawnstream
of top of width slope slope
section
107.5 4.267 .0001 .0001
101.8 4 .26814 .0001 .75
100.5 5.243273 .05 )
54.7 41.88327 .05 .75
* External Dam Loads
$pilway gates open =y
Reservoir Level (m} : 110.7
Spillway crest level (m} : 107.5
Tailuwater Level (m} : 80
$ilt Level (m) : 70
Silt Unit Height (kN/m3) = 15.9903
gilt earth pressure coefficient : 1
Distance to Drains from heel (m} : 5.33
ratio of Hwl at Drains : L3333
Load factors used
Uss Water and Uplift 1
Concrete end Tailwater + 1
silt L
cohesion and friction : .8
concrete strength HE
foundation bearing : .8
For the Table BeloW.....
A) Elevation stresses calculated (m)
B) Weight of conc (kN); C) Hor dist ¢ of g from D/S toe {m}
D} Hor reservoir water force {(kN);E) Ht to ¢ of g of water force (m)
F) Vert res water force (kN); G) Hor dist ¢ of g from /S toe {(m)
H) Horizontal silt force (kN}; I} Ht to c of g of silt force {m}
J) Vertical silt force (k¥); X} Hor dist ¢ of g silt force (m)

A B C D E F G H i d
54.65 26,176 27.195 15,359 18.568 745 41,041 728 5.117 36
59.94 21,223 24.474 12,590 16.795 Thé 36,814 313 3.355 146
65.22 16,795 21.754 10,095 15.020 744 32.580 71 1.593 4
70.51 12,894 19.036 7,874 13.241 744 28,358 g 0,000 0
75.79 9,519 16.318 5,928 11.458 Thi 24.130 0 0.000 0
81.08 6,670 13,600 4,255 9.667 Thé 19,902 0 0.000 0
856.36 4,347 10.876 2,856 7.B6S Thh 15,674 0 0.000 ¢
91,65 2,550 8.123 1,731 6.045 T4t 11,446 0 0.000 0
06,93 1,27%  5.251 880 4.188 744 7.218 0 0.000 1]

i02.22 531 2.134 303 . 2.244 0 4.268 0 0.000 0

K
41.687
37.528
33.388

0.000
0.000
0.000
0.000
0.000
0.000
0.000
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For the Table Below.....
A) Elevation stresses calculated (m)
B) Uplift force (kN); C) Hor dist ¢ of g from D/S toe {m)
D) Hor tailwater force ¢kNj}; E) it to ¢ of g of tailwater force {(m)
F) Vertical tailwater force (kN); G) Hor dist ¢ of g from /8 toe {m)
H) Sum of horizontal forces (kN); 1) Sum of vertical foreces (kN)
J) Sum moments abou D/S toe {kNm) ;K} Eccentricity e

A B C D E F G H f
54.65 13,332 22.93% 3,152 B.450 2,364 6.337 12,935 15,989
59.94 10,114 21.045 1,975 6,688 1,481 5.016 10,929 13,349
65.22 7,335 19.241 1,071 4.927 804 3.69% 9,095 11,011
70,51 4,994 17.594 462 3,155 332 2.374 7,432 8,976
75.79 3,091 16.263 87 1.403 65 1.052 5,841 7,237

81,08 1,781 15.091 0 0.000 0 0.000 4,255 5,632
86.36 1,295 11.972 0 0.000 0 0.000 2,856 3,795
91.65 882 8.762 0 0.000 0 0,000 1,731 2,411
96.93 542 5.415 0 0.000 0 0.000 880 1,480
102.22 281 2.192 D 0.000 0 0.000 303 250

For the Table Below..,..
A) Elevation stresses calculated (m)
B) Stress U/S face (kPa); C) Stress D/S face (kPa)
D) Stress D/S if cracked {kPa) E) Maximum D/S stress (kPa}
F} Resistance to sliding which must be greater than Sigma H
G) Resistance to sliding / Sigma H

A B C 1] E F

=

54.650  -111 874 D 1,396 53,978 4.17
59.935  -106 814 0 1,301 47,556 4.35
65.220 -95 753 0 1,202 41,748 4.59
70,505 -76 690 0 1,09 36,633 4.93
75.790 48 627 0 987 32,155 5.51
81.075 21 563 0 881 27,486 6.46
86.360 0 458 a 716 22,081 7.73
91.645 44 347 0 542 16,110 9.31
96.930 134 231 - 0 362 10,502 11.94

102.215 =17t 288 0 -257 -2,041 -6.74

J
190,815
142,635
105,095

76,600
55,285
37,503
20,965
11,033
5,462
-162

K
9.028
8.162
7.189
6,086
4.866
3.733
2.754
1.588
0.360
2.783
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PWP distriolion

[Dam - Somersel Dam Load Case {PMF Flond - ane gate inaperative
1 Client - SEQWB Comments {Non overflow block QR
AT
Date- 23-Aug-95 at block base
4By~ § Willinms
" Checked by -

-t

TSUMMARY
"7 Tk Length_|Net Upstream Stress Levy Holfiman
4.72] 282.519743 Failed
’ 4.821 363.096941 Failed Unstahle
Tens +ve

[ 1F Levy is not net the crack lenpth inereases.

THIF Levy is met the crack lenpth is stable

_|1F Hoffman is met the crack increases to a stable poist
[ “tf Hoffinan is nol mel the erack propogates until filure
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10
11 GRAVDAM.BEAS MODEL
1z Model elev [Sum H SumV Sum M eccentricity |width Stress UIS |Stress DIS
13 107.50 L kN kNm e {m) T () Wa kPa
i 102.20 0.00 0400 | 1077.00 000 4274 117.93 $17.93
15 96.93 21001 113300 [ 592500 1179 8,103 261,91 17.75 ,
16 €1.68 27300 ) 2081.00 | 16061.00 -1.556 12,324 296,78 a0.94
17 86.40 814001 345400 33696.00 <1450 16,558 31820 99.28
18 §1.10 | 164200 | 528300 | 60916.00 1438 20.785 337.67 170.68
15 7580 2758.00 7535.00 | ©9807.00 0733 25012 354,42 268.42
20 |Reservoir wave absorbtion 76,53 1 416100 | 10234.00 | 152458.00 0,282 29,239] 37016 320,65
21 6528 ] 5958.00 | 13362.00 | 220897.00 0.202 33.467 384,79 41371
A so.00 ) 822400 15791.00 | 266929.00 D.677 3T.685|  ATIIT 454.06
23 5470 ] .10783.00 | 18154.00 | 354942.00 1.430 41,924 345.54 520,41
24
mament stress accel (g)  |Defarmation] Revised Resultant Foices due ta Additional Earthauske {orces New Resuliant Stresses
20 KN m fm kPa @ crest {mm) @ cres|elev SumH Elev Suen H SumV - isumM wigth sccentichy | Sttess WHS |Stress DIS {Elev
27 M*BIZ 0.38 2,80 107.50 . kPa kPa
28 0.00 0.00 ¢33 243 104.85 131.63 102.20 13163 504,00 37035 4,27 1.38 11124 34740 102,20
697,65 108,89 0,24 1.73 99.55 313.05 96,93 334,05 1313300 | 3584.82 8.10 0.89 47,85 2.7 3683
20 234118 134,94 0.20 1.48 9430 BO7.08 91.68 830.05 | 2081.00| 1053274 12.32 1.10 78.38 259.34 91.68
31 5528.25 159.89 0,16 147 89.05 932.48 86,40 | 174648 | 34B4,00 | 2322562 16,55 1.57 89.98 328.50 86.40
32 10470.38 183.40 012 09s| = 8375| 125362 8110 | 288562 | 5283.00| 42801.45 2079 210 93,98 408.37 81,10
33 1711454 196,41 0.03 0.68 75,45 | 1544.98 75.80| 430296 7539.00 ] 7450418 25.01 262 115.74 4g1.40 75.80
4 25302.62 206.14 0.07 0.50 73.15| 179375 7053 595476 | 10231.00| 117737.92 29.24 311 126,49 573,23 70.53
35 34720.08 21233 0.05 0.36 6750 1994.51 65.28 1 795251 | 1336200 | 176396.80 3347 3.53 146.42 652,09 55,28
36 44500,20 211.59 0.03 0.25 52,65 | 215635 50.00 | 10380.35 ) 15791.00 | 231868.25 3769 4,16 141.69 59644 §0.00
54980.75 208.57 0.02 017 5735 2247.60 5470 | 1303060 | 18154.00 | 293626,82 4182 4,79 136.32 729.73 5470
3B |atbase 51316.18 20873
g
[:5¢)
Z]
&2
4.3 {Two Columns above sum  [Col W6/ ol €2 [Col Y i2piT)"2 * 9.81°1000 B
a4 JF1(elk) * centroid dist_~ [Cal S/Col G !
16
&7 [EQ stress add ta sther stresses calculated ]
48 finode i [EQ acceleration |
(%] Defarmation using
T?u:.__n Idantities
51
=y
>3
5d
)
1)
57
h8
59 :
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ANCOLD LIMIT STATE AMALYSIS

GRAVDAM.BAS Gravity Dam Analysis

This analysis was performed on 08-23-1995 at 09:40

The input file used was g:\somerset\so_klfsl.dat
and this output file is g:\somersetiso_klfsl.out

Somerset Dam - Spitlway block at full supply level

Input Data
Water Unit Weight (kN/m33 ¢ 9.81
Base Friction Stremgth (Phi) (@) i 45
Base Cohesion tkPa) : 1438
Concrete Strength (exterior)(kpa) : 20000
Concrete Strength {interjor)(kPa) : 10000
Foundation Bearing Strength (kPa) : 10000
Concrete Unit Weight (kN/m3) ¢+ 23.544
DAM CROSS SECTION GEOMETRY
Elevation Crest Upstream Downstream
of top of width slope slope
section
700.5 0 1.67 3
98.6 B.873007 .05 97
91.7 15.91101 .05 g
54.7 43,661 .05 7
External Dam Loads
Spilway gates open =n
Reserveir Level {(m) 1 98.93
spilluay crest level (m) : 100.5
Tailwater Level (m} : 64
Sitt Level (m) : 70
Silt Unit Weight (kH/m3) ¢ 15,9903
silt earth pressure coefficient 1 1
Distance to Drains from heel (m) : 5.33
ratio of HWl at Drains v L3333
Load factors used
U/s Water and Uplift ; 1.05
Concrete and Tailwater : .95
silt : 1.5
cohesion and friction : L3
concrete strength EI— 4
foundation bearing .3

For the Table Betow.....

A) Elevation stresses calculated (m)

B) Weight of conc (kN};

C)

D) Hor reservoir water force (kN);E}

F) Vert res water force {kN);
#)} Horizontal silt force (kN};

G)
1

J) Vertical silt faree (kN); K)

A 8 ¢ D E
54.65 28,210 27.608 9,617 14.760
59.24 23,679 25.359 7,729 13.232
63.82 19,518 23.108 6,046 11,703
68.40 15,729 20.854 4,570 10.175
72.99 12,311 18.597 3,300 B.647
77.57 9,264 16.339 2,237 7.118
82.16 6,589 14.088 1,379 5.590
86,74 - 4,285 11.862 728 4,062
91.33 2,351 9.744 283 2,533
95.91 346 6.644 45 1,005

Hor dist ¢ of g from D/S tee (m)
Rt to ¢ of g of water force (m)
Hor dist c of g from D/S toe (m)
Ht to ¢ of g of silt force (m)
Hor dist ¢ of g silt foree (m)
F G H 1
482 42.958 7286 5.117

481 39.520 358 3.588
481 36.081 118 2,060
481 32.642 8 0.532
481 29.203 0 0,000
481 25.765 0 0,000
48% 22.326 0 0.000
481 18.887 0 0.000
481 15.448 0 0.000

14 11.465 0 0.000

J

-K

36 43,443
18 40.080
6 36.718
0 33.356

0
0
0
0
0
0

0,000
0.000
0.000
0.000
0,000
0.000




L

L

L

1 1 O

L. 4 C ]

31 = [

| ;

Far the Table Below..,..
AY Elevation stresses calculated (m)
B) Uplift farce (kN);
D) Hor tailwater force (kN);
F) Vertical tailwater force (kN); G) Hor dist c of g from D/S toe (m
H) Sum of horizental forces (kN); 1) Sum of vertical forces (kN)

J) Sum moments

A
54.65
59.24
63.82
68.40
72.99
77.57
82.16
86.74
91.33
95.91

8
7,617
5,094
3,081
2,464
1,948
1,484
1,071
710
400,
136

c
26.173
25.646
26.317
24.082
21.660
19.238
16.749
14.245
11,697

8.207

For the Table Below.....
A) Elevation stresses calculated {m)

B) Stress U/S face (kPa);

D
429

11

D} Stress D/S if cracked (kPa)
F) Resistance to sliding which must be greater than Sigma H
G) Resistance to sliding / Sigma H

A
54,650
59.235
63.820
68.405
72.990
77.575
82.160
86,745
91.330
95.915

B
365
391
t06
392
373
349
321
287
250

74

¢
541
488
450
376
302
232
164
98
31
42

D

COoOoODO000D

LR B o B Y o B o o e R

C) Hor dist ¢ of g from D/S toe (m}
E) Ht to ¢ of g of tailwater force {m)

abou D/S tae (kHNm);K) Eccentricity e

E F G H i
3.117 300 2.182 10,783 19,790
1.588 78 1.112 8,547 17,694
0.060 0 0.062 6,526 15,770
0.000 0 0,000 4,811 12,813
0.000 0 0,000 3,466 10,107
0.000 0 0.000 2,349 7,700
0.000 0 0,000 1,448 5,592
0,000 0 0.000 765 3,782
0.000 0 0.000 297 2,271
0.000 0 0.000 47 474

C) Stress D/S face (kPa)
E) Maximum /S stress (kPa}

E F G
806 24,788 2
728 22,676 2
671 20,616 3
560 18,245 3
451 15,950 4
345 13,744 S
2464 11,628 B.03

146 9,602 12.56

46 7,665 25,77

82 5,211 %111.31

J
404,467
342,949
285,364
215,391
156,567
108,915

71,668
43,189
23,157

4,271

K
1.411
0.747
0.315

-0.120
-0.519
-0.8%2
~1.245
-1.606
~2.104
~0.532
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ANCOLD LIMIT STATE ANALYSIS

GRAVDAM,BAS Gravity Dam Analysis

This analysis was perfarmed on 08-23-1995 at 09:53

The input file used was g:\somerset\so _ki_74.dat
and this output file is g:\somerset\so_kl_74.out

Somerset pam - Spitlway block passing max past flood in 1974

Input Data
Water Unit Weight (kN/m3) 3 9.81
Base Friction Strength (Phi) (8} 1 45
Base Cohesion {kPa) : 11438
Concrete Strength (exterior)(kPa) ¢ 20000

Concrete Strength (interior)(kPa} : 10000
Foundation Bearing Strength (kPa) ; 10000

Concrete Unit Weight (kH/m3) 3 23.544
DAM CROSS SECTION GEOMETRY
Elevatiaon Crest Upstream Downstream
of top of width slope . slope
section )
100.5 -0 1.67 3
98,6 8.873007 .05 .97
91.7 15.91101 .05 .7
54.7 4£3.661 .05 7
External Dam Loads
Spilway gates open 2N
Reservoir Level {my ¢+ 106.55
spitlway crest level ¢{m} : 100.5
Tailwater Levet (m) : 72.1
Silt Level (m} ¢+ 70
5ilt Unit Weight (kN/m3) : 15.9903
Silt earth pressure coefficient : 1
Distance to Drains from heel (m) : 5.33
ratio of Hwl at Drains 3 .3333
Load factors used e
U/s Water and Uplift 3 1.05
Concrete and Tailwater T .95
silt ¢ 1.5
cohesion and friction r .3
concrete strength HEN A
foundation hearing : .3

For the Table BeloW.....

A) Elevation stresses calculated (m)

B} Weight of conc {kN};

€) Hor dist ¢ of g from B/S toe (m)

B) Hor reservoir water force (KN};E) Ht to ¢ of g of water force {(m)

F) Vert res Water force (kN);
H} Horizontal silt force (kN);

Jy Vertical silt force (kN);

A B [ 1]
54,65 28,210 27.608 13,212
59.24 23,679 25.359 10,981
63.82 19,518 23.108 8,956
68.40 15,729 20.854 7,137
72.99 12,311 18.597 5,524
77.57 9,264 16.339 4,118
82.16 6,589 14.088 2,918
86.74 4,285 11.862 1,924
91.33 2,351 9.744 1,136
95.51 846 6.646 . 555

G) Hor dist ¢ of g from B/S toe (m}
1) Ht to ¢ of g of silt force (m}
K} Hor dist ¢ of g silt force (m}

E F . G H I
17.300 863 42.141 728 5.117
15.772 862 38.702 358 3.588
14.243 862 35.264 18 2.060
12.715 B&2 31.825 & 0,532
11.187 862 2B.386 0 0,000

9.658 862 24.947 0 0.000
B8.130 862 21.509 0 0.000
6.602 862 18.070 0 0.000
5.073 862 14.631 0 0,000
3,545 2546 10.008 0 0.000

J
36
18

coooooot

K
43.443
40.080
36.718
33.356°

0.000
0.000
0.0D0
0.000
0.000
0,000




For the Table Below.....

A) Elevation stresses calculated
B) Uplift force (kN);

D) Hor tailwater force (kN);

(m}
(9
E}

F) Vertical tailwater force (kN); G}
H) Sum of horizontal forces (kN); I}
J4) Sum moments abou D/S toe (kNm); K}

Hor dist ¢ of g from D/S toe (m)

Ht to ¢ of g of tailwater force (m)
Hor dist ¢ of g from D/S toe (m)
sum of vertical forces (kN)
Eccentricity e

A B c D E F G H I J K
54.65 10,842 24.767 1,494 5.847 1,066 4.072 13,546 17,263 260,689  6.743
59.24 8,249 23.490 812 4.288 568 3.002 11,296 15,209 220,518 5.631
63.82 5,965 22.438 336 2.760 235 1.932 9,261 13,327 184,027  4.602
68.40 3,991 21.841 67 1.232 47 0.862 7,442 11,616 150,983  3.693
72.99 2,520 21.660 0 0.000 0 0.000 5,801 9,848 118,532 2.960
77.57 2,013 19.218 0  0.000 0 0,000 4,32 7,506 81,848 2.348
82.16 1,557 16.749 0 0.000 0 0.000 3,064 5,443 53,494  1.705
86,74 1,153 14.245 0 0.000 0 0.000 2,020 3,678 32,490 0.980
91.33 801 11,697 0 0.000 0 0.000 1,193 2,212 47,858  0.020
95.91 480 8.207 0 0.000 0 0.000 583 543 1,579  2.900

For the Table BeloM..

P

A) Elevation stresses calculated (m)

P—w

B) Stress U/S face (kPa);
D) Stress D/S if cracked (kPa)

C) Stress D/S face (kPa}
EY Maximum D/S stress (kPa)

F) Resistance to sliding which must be greater than Sigma H
G) Resistance to sliding / Sigma H

A B C D E F G
54.650 29 761 0 1,134 24,030 1.77
59.235 61 695 D 1,035 21,931 1.94
63.820 91 633 0 44 19,883 2.15
568.405 17 579 0 863 17,886 2.40
72,990 134 525 0 782 15,878 2.74
77.575 133 434 0 646 13,686 3.17
82,160 131 341 0 508 11,584 3.78
86,745 131 244 0 363 9,571 4.74
91.330 136 138 0 205 7,647 6.41
95.915 -23 117 0 242 3,926 6.74
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ANCOLD LIMIT STATE ANALYSIS

GRAVDAM.BAS Gravity Dam Analysis

This analysis was performed on 08-23-1995 at 09:55

The input file used was g:\somerset\so_kipmf.dat
and this output file is g:\somerset\so_k!pinf.out

Somerset Dam - Spitiway block passing PMF with one gate closed Block with gate closed

Input Data
Water Unit Weight (kn/m3) @ 9.81
Base Friction Strength (Phi) (B) = 45
Base Cohesion (kPa} : 1438

Concrete Strength (exterjor){kPa} : 20000
Concrete Strength (intericr)(kpa) ; 10000
Foundation Bearing Strength (kPa) : 10000

Concrete Unit Weight (kN/m3) @ 23.544
DAM CROSS SECTIONM GEOMETRY
Elevation Crest Upstream Downstream
of top of width slope slope
section
100.5 0 1.47 3
98.6 8.873007 .05 .97
.7 15.91101 .05 T
54.7 43 _661 .05 .7
External Dam Loads
SpilWay gates open = n
Reserveir Level (my : 110.7
spillway crest level (m) : 100.5
Tailwater Level {my : 80
Sitt Level (m) : 70
S$ilt Unit Weight (kN/m3) = 15.9903
Siit earth pressure coefficient - : 1
Distance to Prajns from heel {m) : 5.33
ratio of Hwl at Drains L3333
Load facters used
U/s Water and Uplift 1
Concrete and Tailwater !
Silt . HE
cohesion and friction ‘ : .8
concrete strength 01
foundation bearing ~ - s .B

For the Table Below.....

A) Elevation stresses calculated (m)

8) Weight of conc (ki); €) Hor dist ¢
D) Hor reserveir water force (kM);E) Ht to ¢ of
F)} Vert res uWater force (kiN}; G) Hor dist ¢

of g from D/$ toe (m)
g of water force (m)
of g from D/S toe (m}

H} Horizontal silt force (kN);

1y Ht to ¢ of
K) Hor digt ¢

g of silt force {m})
of g silt force (m}

J) Vertical silt force (kN);

A B C D E F G H i

54.65 28,210 27.608 15,410 18,683 1,082 41.913 728 5.117

59.24 23,679 25,359 12,992 17.155 1,080 38.474 358 3.588

43.82 19,518 23.108 10,780 15.627 1,080 35.036 118 2.060
68.40 15,729 20.854 8,774 14.098 1,080 31.597 - 8
72.99 12,311 18.597 6,975 12.570 1,080 28.158 0
77.57 9,264 16.339 5,382 11,042 1,080 24.719 0

B2.16 6,589 14.088 3,995 9.513 1,080 21.281 0 0.000
B4.74 4,285 11.B62 2,815 7.985 1,080 17.842 o
91.33 2,351 9.744 1,840 6.457 1,080 14.403 o
0

95.91 846 6.646 1,072 4.92B 400 9.953

J K

36 43,443

18 40.080

6 36,718

0.532 0 33.356
0.000 0 0.000
0.000 0 0.000
0 0.000

0.000 a0 90.000
0,000 ¢ 0.000
0.000 0 0.000




— o o1

e,

£ L

For the Table BeloM,.....
A} Elevation stresses calculated (m)
By Uplift force (kN); C) Hor dist ¢ of g from D/S toe (m)
D) Hor tailwater farce {kN}; E} HT to ¢ of g of tailwater force {(m)
F) Vertical taliwater force (ki); G) Hor dist ¢ of g from D/S toe (m)
HY Sum of horizontal forces (xN); 1) Sum of vertical forces {(kN}
J) Sum moments abou D/S toe {kNm);K) Eccentricity e

A B C b E F G H I
54.65 13,863 23.883 3,152 8.450 2,206 5.915 12,986 17,672
59.24 11,026 22.370 2,115 6.922 1,480 4.845 11,235 13,233
63.82 8,495 20.931 1,284 5.393 899 3.775 9,614 13,008
68.40 6,275 19.610 659  3.865 462 2.706 8,123 10,996
72.99 4,365 18.505 261 2,337 169 1.636 6,734 9,196

77.57 2,763 17.857 29 0.808 20 0.566 5,353 7,602
82.16 1,822 16.74% 0 0.000 0 0.000 3,995 5,847
86.74 1,395 14.243 0 0.000 0 0,000 2,815 3,970
91.33 1,019 11.697 0 0.000 0 0,000 1,840 2,413
95.9M1 667  8.207 0 0.000 0 0.000 1,072 578

For the Table BelowW.....

A) Elevaticn stresses calculated (m}

B) Stress U/S face (kPa); C) Stress D/S face (kPa)

D) Stress D/S if cracked (kPa) E) Maximum D/S stress (kPa)
F)} Resistance ta sliding which must be greater than Sigma H
G} Resistance to sliding / Sigma K

A B c b E F G
54.650 -46 855 0 1,278 61,538 4.74
59.235 -9 796 "0 1,189 56,093 4.99
63.820 -30 736 0 1,099 50,976 5,30
68.405 -17 676 0 1,008 46,206 5.69
72.990 -0 614 0 95 41,796 6,21
77.575 19 555 0 827 36,572 6.83
82.160 26 481 o 716 31,213 7.8
86.745 28 377 0 561 25,755 9.15
91.330 38 260 0 388 20,553 11.17
95.915  -151 251 0 373 -6,456 -6.02

J
242,713
193,799
152,913
119,193

91,763
69,341
47,282
27,753
14,670
-1,160

K
8.115
7.408
6.655
5.852
4.993
4,130
3.446
2.823
2,014
7.611
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ANCOLD LIMIT STATE AMNALYSIS

GRAVDAM.BAS Gravity Dam Analysis

This analysis was performed on 08-23-1995 at 09:56

The input file used was g:\somerset\so_klpmZ.dat
and this output file is g:\semerset\so_kipm2.out

Somerset Dam - $piliway block passing PMF with one gate closed Blocks with gates opeh

Input Data
Water Unit Weight (ky/m3) : 9.81
Base Friction Strength (Phi) (B} x 45
Base Cohesion (kPa) @ 1438

Concrete Strength (exterior)¢kPa) : 20000
Concrete Strength (interior)(kPa) : 10000
Foundation Bearing Strength (kPa) : 10000

Concrete Unit Weight (kH/m3) @ 23.544
DAM CROSS SECTION GEOMETRY
Elevation Crest Upstream Downstream
of top of - width slope slope -
section
100.5 0 1.67 3
98.6 8.873007 .05 .97
1.7 15.91101 .05 .7
54.7 43.661 .05 .7
External Dam Loads
Spilway gates open =y
Reservoir Level (m) + 110.7
Spiliway crest level (my : 100,5
Tailwater Level {m) :+ &0
Silt Level (my ¢+ 70
15,9903

"Bilt Unit Weight (kN/m3)
silt earth pressure coefficient @ 1
pDistance to Drains from heel (m) : 5.33
ratio of Hwl at Drains 3333

Load factors used

U/s Water and Uplift : 1
Concrete and Tailwater N
Silt 1
cohesion and friction : .8
concrete strength 1
foundation bearing : .8

For the Tabite Below....,

A) Elevation stresses calculated (m)

B) Weight of conc (kMN); C) Hor dist ¢ of g from D/S toe (m}
D) ‘Hor reserveir water force {kN);E) Ht to c of g of water force (m)
F} Vert res water force (kN); G) Hor dist c of g from B/S toe (m)
K) Horizontal silt force (kN); 1) Ht to ¢ of g of silt force (M)
Jy Vertical silt force (kN); X) Hor dist ¢ of g silt force {m)

A B [ L - E F G H B J
54.65 28,210 27.608 14,899 17.636 1,082 41.913 728 5.117 36
59.26 23,679-25.359 12,481 16,030 1,080 3B:.474 358 3.588 18
£3.82 19,518 23,108 10,270 14.412 1,080 35.036 118 2.060
68.40 15,729 20.85%% 8,264 12.777 1,080 31.597 B 0.532
72.99 12,311 18.597 6,465 11.122 1,080 28.158 0 0.000
77.57 9,264 16.339 4,872 9.441 1,080 24.719 0 0.000
82.16 6,589 14.088 3,485 7,723 1,080 21.281 0 0,000
B6.74 4,285 1t1.862 2,304 5.954 1,080 17.842 0 0,000
91.33 2,351 9.744 - 1,330 4.111 1,080 14.403 0 0.000
95.91 846 6.646 562 2.152 400 9.953 0 0.000

coocooco ot

K
63,443
40,080
36.718
33,356
0,000
9.000
0.000
0.000
0.000
0.009




for the Table Below.....

A) Elevation stresses calculated (m}

B) Uplift force (kW); C) Hor dist c of g from D/S toe (m)

D) Hor tailwater force (kN}; E} Ht to c of g of tailwater force (m}
£y Vertical tailwater force (kN); G} Hor dist ¢ of g from D/S toe (m)

H) Sum of horizontal forces (kN); 1) Sum of vertical forces (kN}

1 1

— 1

[ M L ]

| §

J) Sum moments abou /S toe (kNm);K) Eccentricity e

A B c D E F G H 1 J X
‘54,65 13,863 23.883 3,152 8.450 2,206 5.915 12,675 17,672 267,846  6.693
59.24 11,024 22.370 2,115 6.922 1,480 4.845 10,724 15,233 216,593 5.911
63.82 8,495 20.931 1,284 5.393 899 3.775 9,103 13,008 173,367 5.083
68.40 6,275 19.610 659 3.865 462 2,706 7,612 10,996 137,306 4,205
72.99 4,365 18.505 241 2.337 169 1.636 6,224 9,196 107,537 3.277
77.57 2,763 17.857 29 0.808 20 0.566 4,843 7,602 82,776 2.363
82.16 1,822 16.749 0 0,000 0 0.000 3,485 5,847 58,376  1.549
86,74 1,395 14.245 0 0.00D 0 0.000 2,304 3,970 36,507 0.618
91.33 1,019 11.697 0 0.000 0 0.000 1,330 2,413 21,085 -0.645
95,91 667  8.207 0 0.000 0 0.000 562 578 2,915  0.766

For the Table Below.. s
&) Elevation stresses calculated {m)
B) Stress U/S face (kPa);
) Stress D/$ if cracked (kPa)
F) Resistance to sliding which must be greater then Sigma H
G) Resistance to sliding / Sigma H

C) Stress D/$ face (kPa)
E} Maximum D/S stress (kPa)

A B C D E F G
54.650 33 77 0 1,156 64,408 5,16
59.235 45 712 0 1,060 58,501 5.45
63.820 61 646 0 962 52,766 5.80
68,405 80 578 0 862 47,200 6.20
72.990 105 509 0 758 41,803 6.72
77.575 133 440 0 656 36,572 7.55
82.160 151 356 0 530 31,213 8.96
86,745 164 240 0 358 25,755 11.18
91.330 185 113 0 169 20,553 15.45
95.915 70 0 135 13,821 24.60

30




CRACKED.XLS

MWD distribution
< and mo PWP elsewhere

Load Case |PME Flood - one gale inoperative

— |Dam - Somerset Dam
Client - SEQWB Conments |Spiliway block KL
- |Date - 23-Aug-95 at block base
By - J Williams block with gates open
Chegked by -

]

I

-]

SUMMARY
=k Length _ |Net Upstream Stress Levy HloMinan
' 0| 1106268 Failed
: 0.1] 174.752018 Failed Unstabie
Tens +ve

11F Levy is not met the crack length increnses, X

1f Levy is met the crack length is stable

1f Hoflinan is met the crack increases to a stable peint

I[ Hoffinan is not met the erack prapogates until failure

Page 1
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EXTRACT FROM
USBR - Safety Evaluation of Existing Dams
A manual for the Safety Evaluation of Embankment and Concrete Dams

A Water Resources Technical Publication
Denver Colorado 1983

The terms satisfactory, fair, poor, and unsatisfactory are used in a general sense throughout
the' Examination Report describing the structural or the operational condition of the
equipment: but, when they appear capitatised in the SEED Report they denote the overall
classification of the dam as foilows: ‘

. SATISFACTORY

No existing or potential dam safety deficiencies are recognised. Safe performance
is expected under all anticipated loading conditions, including such events as the
MCE (maximum credible earthquake) and the PMF (probabie maximum flood).

. FAIR

No existing dam safety deficiency is recognised for normal loading conditions.
Infrequent hydrologic and/or seismic events would probably resuit in a dam safety
deficlency.

. CONDITIONALLY POOR

A potential dam safety deficiency is recognised for unusual loading conditions which
may realistically occur during the expected life of the structure. CONDITIONALLY
POOR may also be used when uncertainties exist as to critical analysis parameters
which identify a potential dam safety deficiency; further investigations and studies
are necessary.

. POOR

A potential dam safety deficiency is clearly recognised for normal loading conditions.
immediate actions to resolve the deficiency are recommended; reservoir restrictions
may be necessary until problem resolution.

. UNSATISFACTORY

A dam safety deficiency exists for normal conditions. Immediate remedial action is
required for problem resolution.

GEOVE591411-14019-D0AJCEGT.AAW SEQWB
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EXECUTIVE SUMMARY

Background

Somerset and Wivenhoe Dams are dual purpose storages for water supply and flood
mitigation providing a safe water supply to Brisbane and adjacent Local Authorities and flood
mitigation benefits for the Brisbane and Ipswich areas.

Modern design criteria for dams have changed considerably since the construction of these
dams, The current tequirements for flood handling capability and earthquake are more
onerous and Wivenhoe in particular has inadequate spillway capacity.

A 2 stage upgrade program has been adopted to provide a major increase in Wivenhoe’s flood
handling capability. Stage 1, currently under construction by the Wivenhoe Alliance, will
provide a spillway capacity to handle the 1 in 100,000 AEP (Annual Exceedance Probability)
flood event. Stage 2 will provide a further increase in flood handling capacity to
accommodate the Probable Maximum Flood.

Previous studies, GHD (2000) and SKM (2000), have judged that Somerset Dam is likely to
fail under extreme flood or earthquake events, The most vulnerable areas are the upper levels
of the abutment monoliths.

As a stand-alone structure, Somerset Dam poses a societal risk that is well below the
ANCOLD Limit of Tolerability. The main concern from a dam safety perspective is whether
failure of Somerset Dam could trigger a premature cascade failure of the downstream
Wivenhoe Dam following Stage 1 works.

If Somerset Dam operations do not compromise the Wivenhoe Stage 1 works then a Somerset
upgrade, if required at all, would reasonably attract the same degree of urgency as Stage 2
Wivenhoe works. If the 1 in 100,000 standard adopted for Wivenhoe was seriously
compromised by Sornerset Darn operations, then the upgrade could warrant more urgent
action.

Previous Studies

Previous studies, SKM (2000) and GHD (2000), provided stability analyses for Somerset
while SMEC (2004) incorporated this work in a risk assessment study. The failure flood
levels adopted by SMEC (2004) were:

e EL 109.7 for failure at the “Change of Slope” in the upper abutment monoliths;
e EL 110.0 for failure at the “Upper Gallery” level of the abutment monoliths.

SMEC (2000) noted that “the results from previous stability analyses are at odds” and that
“the reasons for the differences are not apparent”. In addition, the DPI (1994) Report quotes a
Ben Russo conclusion that differs from both of these studies.

Studies by Commerce (2004) demonstrated that a 1 in 100,000 AEP flood event would
produce storage levels of up to RL 109.75 in Somerset Dam. Failure of Somerset wounld
produce Wivenhoe storage levels very close to embankment crest level but would not
overtop.
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Given the small margin for safety, the apparent conflict in previous studies and the concern
with extensive cracking at the upper gallery, a decision was taken to review the stability of
Somerset Dam at the two critical locations previously identified.

This Report summarises the results of the new stability analyses and comments on the key
assumptions that produced the conflicting results in previous reports. It is intended that it be
read in conjunction with Commerce (2004).

Review of Stability Analyses for “Change of Slope” Section

The Somerset Dam abutment monoliths comprise a wide range of layouts with different
structural arrangements in the upper levels, different internal drainage arrangements, and
different gailery layouts. A simple analysis using a standard section is suitable only for
preliminary assessments.

Analyses showed that all monoliths satisfy stability criteria up to a storage level of RL 111.0,
well above the critical level of RL 109,75, Some monoliths (G, H and Q) are more stable.
Monolith R is somewhat less stable and approaches instability with a storage level of RL
110.6. However, this monolith would receive support from adjacent more stable monoliths.

The GHD (2000) analysis indicates failure of a typical section at RL 109.7. The major
differences between it and the Commerce analyses are:

e GHD (2000) uses the monolith weights up to overflow level of RL 104.47. No
allowance is included for the dead weight of the piers and hoist bridge;

s  GHD (2000) slightly underestimates the downstream profile of the dam, producing a
slightly smaller dead load and a slightly shorter base width;

e GHD (2000) makes no allowance for the weight of water on the crest during
overtopping flows.

These additional dead loads make a considerable difference to the stability at high levels such
as the “Change of Slope” section, where the mass concrete weights are relatively low. The
impact of pier and bridge loads becomes less significant at lower levels in the dam.
Insufficient detail was available from the SKM (2000) analysis for comparison.

Review of Stability Analyses for Upper Gallery” Section

Stability criteria for the “Upper-Gallery section” were satisfied with a storage level of
RI.109.75. While the concrete is cracked, known cracks emerge in and drain to the gallery,
making this section as stable (in some respects more stable) at high storage levels than
adjacent sound concrete. The abutment monoliths satisfy stability criteria for storage levels up
to RL 110.9. Theoretical failure occurs in the sound concrete below the gallery at a storage
level of RL. 111 .4.

The results provided by GHD (2000} and SKM (2000) indicate failure at lower levels of RI.
110.7 and RL 110.5 respectively. The GHD (2000) results are partly due to the same factors
noted above. In addition, the current analysis recognises uplift reduction from internal
drainage upstream of the gallery that was not included in the GHD analysis. SKM (2000) is
likely to have used a similar approach to GHD.
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It is possible that cracking also exists above or below the gallery. This is a far more serious
situation in that such cracks cannot drain to the gallery. If these conditions exist, the dam just
satisfies stability criteria for a storage level of RL 109.7. Conditions rapidly deteriorate with
higher storage levels and failure could occur with a storage level as low as RL 110.1.

Stability Assessment

Somerset Dam, on the basis of its known condition, satisfies stability criteria for a storage
level of RL 109.75 and will safely handle the 1 in 100,000 AEP flood event. This in turn
ensures that the Stage | upgrade works for Wivenhoe Dam are not compromised by any
Somerset Dam deficiencies.

On this basis upgrade work at Somerset Dam, if required at all, would reasonably attract the
same degree of urgency as Stage 2 Wivenhoe works. It is recommended that any upgrading of
Somerset Dam be considered at the time that Stage 2 Wivenhoe works are assessed.

?

There is concern that cracking observed in the Upper Gallery walls may also exist above or
below the Gallery. While such cracked concrete would just satisfy stability criteria for a
storage level of RL 109.75, stability reduces rapidly for higher storage levels and failure
could occur at RL 110.1. It is recommended that some exploratory drilling be carried out to
determine whether such cracks do exist, A similar recommendation was made in GHD
(2000).

Risk Assessment

The stability analyses summarised above demonstrate that the risk profile developed by
SMEC (2004) makes conservative assumptions for structural failure in the upper levels of the
abutment monoliths. On this basis, there is no need for further development of the Somerset
Dam risk profile as a stand alone document.

However, the current risk analysis for Wivenhoe Dam is a modification of the Preliminary
Risk Assessment produced by SKM and uses the SKM loss of life data.  The
Wivenhoe/Somerset combined risk profile is a borderline case in terms of the ANCOLD
criteria. Given the importance of these dams and the flood mitigation benefits provided to
Brisbane and adjacent areas, consideration should be given to a detailed assessment of the
combined risk profile. This would require among other assessment work, new determinations
for consequences, particularly the loss of life figures.

Other Considerations

If the WIVOPS flood operation program still requires that the Somerset spillway gates be
lowered if Wivenhoe Dam is in danger of being overtopped, then this Report should be
reviewed and the spillway examined in detail to ensure these operations can be undertaken
successiully. This type of gate operation is not recommended.

This Report assumes that the gallery systems are not flooded by water overtopping the
abutment monoliths. The dam layout should be reviewed to ensure this is the case and
waterproof doors installed where necessary.

The internal drainage system is complicated, particularly at the lower levels of the dam. It is
recommended that the drainage system be documented, critical drains be monitored and
maintenance carried out where necessary.
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1 INTRODUCTION

1.1 Somerset Dam

Somerset Dam is a 47m high concrete gravity dam on the Stanley River upstream of
Wivenhoe Dam. Both are dual purpose dams for water supply and flood mitigation providing
a safe water supply to Brisbane and adjacent Local Authorities and flood mitigation benefits
for the Brisbane and Ipswich areas.

Modem design criteria for dams have changed considerably since the construction of these
storages. The current requirements for flood handling capability and earthquake are more
onerous and Wivenhoe in particular has inadequate spillway capacity.

Previous studies, GHD (2000) and SKM (2000), have judged that Somerset Dam is likely to
fail under extreme flood or carthquake events, The most vulnerable areas are the upper levels
of the abutment monoliths.

However, as a stand-alone structure, Somerset Dam poses a societal risk that is well below the
ANCOLD Limit of Tolerability. The main concern from a dam safety perspective is whether
failure of Somerset Dam could trigger a premature cascade failure of the downstream
Wivenhoe Dam. BExftreme earthquake loadings have not been considered here, as the risk
analysis results plot well within the ANCOLD Limit of Tolerability and Wivenhoe Dam has
sufficient capacity to absorb a Somerset sunny day failure without initiating the fuse plug
embankments.

1.2 Previous Studies

Three reviews of Somerset Dam have been carried out by various consultants for SEQWater
in recent years:

¢ SKM (2000) provided a Preliminary Risk Assessment for Wivenhoe, Somerset and
North Pine Dams that assessed the failure modes and consequence of failure for all
three dams, produced risk profiles and outlined risk reduction options;

¢ GHD (2000) provided a detailed dam safety review of Somerset dam, covering the
hydraulic, geotechnical and structural evaluations of the dam;

s SMEC (2004) provided a detailed risk assessment for Somerset Dam using the data
provided in the two earlier reports together with new geological and other investigation
studies. It also included the results of a hydrology analysis undertaken by the
Wivenhoe Alliance.

While the SMEC (2004) Report provided an assessment of Somerset Dam in isolation, it did
not address the cascade failure issue in detail. Upgrade studies for Wivenhoe Dam were
under development by the Wivenhoe Alliance at the time this Report was produced and {inal
details were not available to SMEC.

A subsequent review of Somerset Dam, Commerce (2004), identified the impact of a
Somerset Dam failure on Wivenhoe Dam after completion of the Stage 1 Upgrading and
made recommendations on future actions. It included additional hydrological and hydraulic
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studies to supplement the data provided above and expanded the risk assessment for
Wivenhoe to include the risks associated with a Somerset failure.

1.3 Impact of Somerset Dam on Wivenhoe Dam

Wivenhoe Dam is a 56 m high, zoned earth embankment with a concrete gravity spillway,
and a 2 stage upgrade program has been adopted to provide a major increase in flood handling
capability. Stage 1, currently under construction by the Wivenhoe Alliance, will provide a
spillway capacity to handle the 1 in 100,000 AEP flood event. Stage 2 will provide a further
increase in flood handling capacity to accommodate the Probable Maximum Flood.

If the risks associated with a Somerset failure do not compromise the standards adopted for
Stage 1 works at Wivenhoe then a Somerset upgrade, if required at all, would reasonably
attract the same degree of urgency as Stage 2 Wivenhoe works. If the 1 in 100,000 standard
adopted for Wivenhoe was seriously compromised by Somerset Dam risks, then the upgrade
could warrant more urgent action.

Studies by Commerce (2004) demonstrated that a 1 in 100,000 AEP flood event would
produce storage levels of up to RL 109.75 in Somerset Dam. Failure of Somerset Dam at
these storage levels would produce storage levels at Wivenhoe Dam very close to the
embankment crest level but would not trigger a cascade failure of Wivenhoe Dam.

The critical flood levels adopted for previous risk analysis studies, SMEC (2004), were:
« EL 109.7 for the Change of Slope failure;
¢ EL 110.0 for the Upper Gallery failure.

These levels adopted by SMEC (2004) were based on separate stability analyses by GHD
(2000) and SKM (2000). SMEC (2004) noted that “the results from the two analyses are at
odds” and that “the reasons for the differences are not apparent”, In addition, the DPI (1994)
Report quotes a Ben Russo conclusion that differs from both of these studies.

Given the small margin for safety, the apparent conflict in previous studies and the concern
with extensive cracking at the upper gallery, a decision was taken to review the stability of
Somerset Dam at the two critical locations.

This Report summarises the results of this work and comments on the key assumptions that
produced the conflicting results in previous reports. It is intended that it be read in
conjunction with Commerce (2004).

1.4  Stability Analyses

The ANCOLD Guidelines are based on a limit state design method that uses load factors. In
practice this has proven to cause some difficulties, particularly when considering existing
dams that may be just satisfactory or have marginal stability. The ANCOLD guideline is
under review, and is generally not used to analyse existing dams in Australia.

The stability analyses carried out for this Report use the traditional working stress approach in
accordance with international practice. This is consistent with the approach taken by both
GHD (2000) and SKM (2000). The Canadian Dam Safety Association (CDSA) *Dam Safety
Guidelines”, 1999 have been adopted unless otherwise noted.
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This Report deals only with flood loadings with a very low probability of occurrence,
typically an AEP of around 1 in 100,000 or more. It is accepted that the structure may be
damaged under these loadings but that there will be no uncontrolled loss of reservoir storage.
They are treated as “Unusual” or “Extreme Loads” with a low factor of safety under CDSA
(1999) and other standards.

1.5 Limitations
This Report makes the following assumptions:

¢ Somerset Dam will not be surcharged during extreme flood events if Wivenhoe Dam is
in danger of being overtopped, as was recommended in the flood operations program,

» The gallery system is not flooded by overtopping flows;

e The internal drainage system is maintained in good condition.
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2 DATA & ASSUMPTIONS

21 Somerset Dam

Somerset Dam is a 47m high concrete gravity dam with a central gated overflow spillway,
controlled by 8 radial gates and 8 low level sluice gates. Full Supply Level (FSL) is located at
EL 98.93, some 1.52 m below the spillway fixed crest and the gates are used only for flood
control purposes. There are 4 low-level outlets through the abutment units and a pipeline
leading to the power station. Water is released as required from Somerset Dam to supplement
the downstream Wivenhoe Dam.

There are 8 mass concrete abutment units on each side of the central spillway structure
supporting a road bridge at EL 112.34. Five abutment units on each side are constructed with
an open overflow section below the bridge at EL 107.46. Flood water discharging through
these openings flows down the back face of the dam and impacts on an unprotected rock
foundation, before flowing laterally towards the central spillway channel.

The concrete dam is a conventional mass concrete construction with upstream slopes of
0.05H:1V and downstream slopes of 0.7H:1V in the central overflow section and 0.75H:1V in
the abutment units. There is an abrupt “change of slope” above FSL in the abutment units that
provides a constant width of nominally 4.3 m in the top section. This “change of slope”
discontinuity provides a critical section for dam stability.

Two drainage galleries are provided in the dam at EL 88.6 and EL 66.0. Extensive concrete
cracking has occurred at the Upper Gallery providing the second critical section for dam
stability.

Recent geological investigation studies (SMEC 2004) recorded the foundations to be
generally slightly weathered and assessed visually to be of very high strength and high
durability, showing no signs of significant degradation or weathering upon exposure. The
dam was excavated into high strength, tight rock and while erosion of near surface materials
below the dam could be expected under low to medium flows, the rock mass was tight at
depth and was judged to have a high resistance to erosion.

2.2  The Abutment Monoliths

2.2.1 General

There are 5 major abutment monoliths and 3 smaller units on each side of the gated spillway
structure:

e Smaller monoliths are A, B and C on the far right abutment and V, W and X on the far
left abutment;

e Major monoliths are D, E, F G and H on the right abutment and U, T, S, R and Q on
the left abutment;
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¢ The two monoliths either side of the central spillway structure, H and Q, are full height
units founded at river bed level and extending to road level with no overflow facility.
They each contain two low level outlets and associated gate shafts,

e The other monoliths are founded on the abutment slopes with higher foundation levels.
Monoliths G and R are predominantly full height monoliths with short overflow
sections. Monolith G contains the outlet to the power house and a singe gate shaft;

¢ Monoliths B to F and S to W have overflow sections that permit overtopping when the
storage rises above RL 107.46;

e The widths of the major monoliths are generally 15,85m with Monoliths H and Q
slightly longer.

’

Pter, bridge nat shown

__BL107.48
Overflow Level

RL 100.45

Gallery position for Mono F

RL 8B.60 | ! Upper Gallery Section

e 4, T84 —"f;753"|_. e B.GB3 ...\

; o e 15,089

Figure 2-1 - Somerset Abutment Unit

Key dimensions for the abutment units are provided at Table 2-1 and Figure 2-1, while
monolith layouts affecting the two critical failure levels are summarised at Table 2-2.
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Table 2-1 - Somerset Abutment Monoliths

Ttem Change of Slope Upper Gallery

Full Supply Level RL 98.93 RL 98.93
1974 Flood of Record RL 106.55 RI 106.55
Base Level for Analysis RL 100.45 RIL 88.60
Monolith Crest overflow level RL 107.46 RL 107.46
Height of Block to overflow level 7.0l m 18.86 m
Base Widih 5.666 m 15,09 m

D/S Slope Located on curved transition 0.75H:1V
U/S Slope Vertical 1 H:20V
Distance to drains from w/s face Vary see Table 2-2 Vary see Table 2-2
Tailwater Level N.A. —below base N.A. —below base

There is considerable variation in the layout of individual monoliths with both pallery layouts
and internal drainage facilities varying across the dam. The stability of the abutment
monoliths cannot be assessed from one standard section.

Other features that affect Monoliths G, H and Q are pate shafts located 0.91 m (3 feet)
downstream of the vertical water face. The concrete upstream of the shafts is reinforced,
providing additional tensile strength. The shafts provide extensive drainage capacity and it is
difficult to see any significant uplift developing downstream of the shafts. The low uplift and
the upstream reinforcement make these units more stable than the others and stability analyses
have concentrated on the smaller monoliths,

2.2.2 The “Change in Slope”

The change of slope in the upper abutments occurs at RL 100.45 on the upstream face. The
downstream face in this area has a curved profile that is tangent to the 0.75H:1V sloping
backface at RL 99.81 and tangent to the vertical backface at RL 105.29, For the purpose of
this Report, the level for the “change in slope” analysis is taken as RL 100.45.

GHD (2000) appear to have also used RL 100.45 while. SKM (2000) nominate RL. 99.19 as
the “neck level”.

The concrete appears to be in good condition and there are no indications of deterioration or
other problems in reports by the previous consultants.

Monoliths D, E and F on the right abutment and S, T and U on the left abutment have similar
layouts referred to in this Report as the fypical section. Drainage in the form of cored holes is
provided at distances of 2.1 m to 2.5 m from the upstream face.

Monoliths G, H, Q and R are full height units with a different profile, different dead loads and
different internal drainage arrangements. Some of the important variations are summarised at
Table 2-2.
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2.2.3  The “Upper Gallery”

The Upper Gallery is 2.03 m high and 1.75 m wide with the floor level typically at RL 88.6.
In the higher monoliths on the right hand side (G and H) the upstream face of the gallery is
located 4.8m from the water face. The gallery layout becomes more complicated in the next
two smaller monoliths, with the Upper Gallery moving further downstream to permit a
stairway to the lower gallery between it and the upstream face and an access from the
downstream face.

The internal drainage in the larger blocks such as G and H is located in blockouts in the
downstream wall of the gallery. These cored holes emerge at roof level and are cored from
floor level to the upstream face of the Lower Gallery. This places the drains at the Upper
Gallery level some 6.77 m from the upstream water face. However, gate shafis upsiream of
these drainage holes would have a far larger impact on uplift.

Monoliths F and the right hand end of G have the internal drainage located on the upstream
wall of the stairway leading to the Lower Gallery. This drainage location varies from 2.65m
to 3.14m from the water face of the dam. Drainage in Monolith E is located at the upstream
side of a short extension gallery with holes at 3.14 m from the upstream face.

All drainage consists of 150 mm diameter cored holes, generally at 3 m centres, although the
spacing varies in some areas. The left hand abutment has a roughly similar layout but with
variations in some monoliths.

2.2.4 Cracking of Concrete in the Upper Gallery

There is considerable horizontal cracking exposed in the gallery walls, presumably from
temperature and shrinkage effects. The main cracks are located on the downstream side of the
gallery wall, one about 0.4 m above floor level and the other 1.6 m to 1.8 m above floor level.
The latter crack extends for most of the length of the gallery and appears to be at the same
level as a construction joint in the downstream face of the dam. Cracks can also be seen
extending to the downstream face in the two access adits at cach end of the dam.

Horizontal hairline cracking can also be seen in the upstream gallery wall and in the stairways
to the lower gallery. In one spiliway monolith the crack emerges in the upstream face of the
gate shaft and there has been long term leakage. There is no indication of leakage elsewhere
in the Upper Gallery.

Investigation work by SMEC included horizontally drilled holes into the downstream gallery
wall. There was some difficulty in following the cracks with horizontal holes as the cracks
deviated around 50 mm along the drilled length. The surface of the cracks was itregular and
rough. Drilling water returned along the crack for 0.5m either side of the borehole collar.
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The drilling showed the cracks were open for at least 1 to 2 m from the downstream face of
the gallery. At some stage it reduces to a hairline crack that appears to extend to the
downstream face, as seen in the access adits

It appears that the concrete is arching across the gallery and downstream cracked area and
supported by concrete necar the upstream face and downstream face. Bearing pressures
calculated in this area are therefore nominal values only. Downstream bearing pressures under
high water loads may be substantially higher than those calculated. However the height of the
dam at the Upper Gallery level is not sufficient to produce bearing pressures approaching
anywhere near the strength of the concrete, even if increased by a factor of 2 or 3.

On the evidence available, it is assumed that a crack exists across the full width and length of
the monolith blocks with a far more prominent crack for at least 2 metres downstream from
the gallery. If the dam is subjected to unprecedented water levels, it is reasonable to assume
that the upstream cracks could develop significant uplift pressures.

A similar assumption was made by GHD (2000). SKM (2000) took the view that continuous
cracking was a conservative assumption but accepted it for stability analyses.

A critical unknown is whether cracking exists above or below the gallery. Cracks that emerge
in the gallery walls will be drained by the gallery and are not necessarily a significant stability
problem. If similar cracks exist above or below the gallery, these become a plane of weakness
with uplift relieved only by the infernal drains. Russo (1996) mentions cracking has been
observed at RL 95.3 and RL 97.2.

2.3 Concrete Properties

2.3.1 General

The material properties adopted for this Report are summarised at Table 2-3. They are
consistent with properties used by the previous three consultants wherever possible and are
also consistent with internationally accepted standards

The critical parameters for this study are the allowable tensile stress and the shear strength
parameters for the cracked concrete.

2.3.2 Tensile Strength Parameters

Research by UNSW (Khabbaz & Fell (1999)) report typical tensile strengths for 20 MPa
concrete of 1,100 kPa and the 95% lower confidence limit of 200 kPa, the latter being the
source of the SKM assumption. ANCOLD recommend a tensile strength of 0.2* N e (900
kPa for 20 MPa concrete) and an allowable tensile stress of 10% of this value to allow for
stress concentrations at the crack. This is the source of the 90 kPa adopted by GHD.

Table 2-3 - Material Properties
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Strength  cracked

concrete

Property GHD (2000) | SKM (2000) Value Notes
Adopted

Concrete Weight 23.5 kN/m’ 23.5 kN/m’ 23.5kN/m’ | GHD refer to test results
in 1987 & 1999

Concrete Compressive 40 MPa 20 MPa 20 MPa GHD refer to 1999 core

Strength testing, but used 20 MPa
for tensile strength calc

Concrete Friction 45 deg 45 deg 45 deg ANCOLD

Strength, cracked &

uncracked

Concrete Cohesion, 1,400 kPa 1,400 kPa 1,400 kPa ANCOLD

uncracked

Concrete Cohesion, 100 kPa 100 kPa 100 kPa Assumed

cracked concrete at

gallery

Concrete Tensile 90 kPa 200 kPa 90 kPa ANCOLD

Strength uncracked

concrete

Concrete Tensile 0 kPa 0kPa 0 kPa Normal practice

SMEC (2004) in its risk assessment workshop adopted a tensile strength of 200 kPa, while
recognising that it “could vary, from effectively zero for a cracked section, to possibly greater
than [ MPa for an intact section.

The conservative 90 kPa value for sound concrete adopted by GHD has been used here for
consistency, with discussion of higher values where appropriate. For cracked concrete the
tensile strength is taken as zero.

2.3.3 Shear Strength

The shear strength parameters adopted for mass concrete are cohesion of 1,400 kPa and
friction angle of 1.0. These are ANCOLD recommendations for concrete of uncertain quality
in existing dams. For cracked concrete, the cohesion is reduced to 100 kPa on the basis that
the crack is rough with some aggregate interfock.

These assumptions are consistent with previous work by GHD and SKM.

2.4  Uplift Assumptions

Somerset Dam; Stability of Abutment Monoliths: Commeree {2004)
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2.4.1 “Change in Slope”

At the “change in slope”, the drainage holes are located between 2.1 to 4.6 m from the
upstream face. A typical drainage location of 3.2 m from the upstream face was adopted in
line with GHD (2000) although this is a little conservative and 2.5m would have been more
appropriate. A separate analysis for Monolith R used a distance of 4.6 m.

Cracked analyses adopted uplift pressures as recommended in ANCOLD (1991) and shown at
Figure 2-2 (with 0.33H replaced by 0.25H). For normal drained sections, the pressure af the
line of drains was assumed to be 25% of full storage head in view of the good quality
concrete and the location well above full supply level. For cracked analyses where the non-
compression area passes the line of drains, the uplift was assumed to be 85% of full storage
head. Both figures are considered conservative for sound concrete but reasonable for cracked
concrete.

2.4.2 “Upper Gallery

At the “Upper Gallery” at RL 88.6, the known cracks are intersected by internal drainage
holes and then emerge in the Upper Gallery. Uplift cannot bypass the gallery and zero uplift
was assumed for cracks downstream of the gallery.

Upstream of the gallery, uplift in cracks was assumed to vary from full storage pressure at the
water face, to 33% of storage head at the line of drains and then reduce to zero at the
upstreain gallery wall. If non-compression areas developed upstream of the drains, they were
assumed to attract full storage head. Where the non-compression area passes the line of
drains, the uplift was adjusted as shown at Figure 2-2.

The drainage effect provided by the gallery can make horizontal planes more stable than
planes above or below the gallery. Additional analyses were carried out for:

¢ Planes below the gallery in good quality concrete,
¢ Planes below the gallery in cracked concrete.

For these planes, conventional drainage assumptions were made as recommended in
ANCOLD (1991) and shown at Figure 2-2. For normal drained sections, the pressure at the
line of drains was assumed to be 33% of full storage head. If non-compression areas
developed upstream of the drains, they were assumed to attract full storage head. Where the
non-compression area passes the line of drains, the uplift was adjusted as shown at Figure 2-2.
Both figures are considered conservative for sound concrete but reasonable for cracked
concrete.
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Figure 2-2 - Typical Uplift Assumptions
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3 STABILITY AT CHANGE OF SLOPE; RL 100.45

3.1  Stability with Storage Level at RL 109.7

3.1.1 Current Analysis

The storage level of RL 109.75 is the critical level required to handle the 1 in 100,000 AEP
flood event and ensure that the Stage 1 works at Wivenhoe are not comprised. The results of
the stability analysis are provided at for the typical section representing Monoliths D, E and F
on the right abutment and S, T and U on the left abutment. As noted above, Monoliths G, H
and Q are relatively more stable than the above.

Separate results are given for Monolith R, which as a full height monolith over most of its
width attracts additional horizontal water load. It has a higher dead load but the drains being
located further downstream offset this.

Table 3-1 - “Change of Slope” Stability for Storage Level of RL 109.7

' Analysi_s o ._ :. Parameter - - Criteria o Typical Monolith R
I N Section
Uncracked Section U/S Bearing Stress Tension < 90 47 kPa 102 kPa
. kPa tension tension
Analysis
D/S Bearing Stress | Compression < 303 kPa 420 kPa
Sound Concrete . .
9 MPa compression compression
Resultant Location* .54 m 128 m
% of Base *EE 27% 22.6%
Sliding Factor >2 21.8 213
Cracked Analysis Crack Length 1.57 245
for zero tensile Crack Length as <75% 28% 43 %
e *%
strength %%age of Base
D/S Bearing Stress | Compression < 329 kPa 508 kPa
9 MPa compression compression
Resultant Location* 1.36 1.07
% of Base *HE 24% 19 %
Sliding Factor >2 16.1 12.9

* Resultant location is the distance the resultant force acts from the d/s toe
** There is no consistent agreement on maximum crack lengths. A mnaximum crack length of 75% of
the base length is adopted.
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The results are given for a storage level of RL 109.7 to correspond with previous work.
Comments and conclusions also apply to a storage level of RL 109.73.

Stability analyses for the fypical section give a tensile stress of 47 kPa for this water level.
This is not a particulatly high tensile stress and should be well within the tensile strength of
the concrete. The sliding factor is well above requirements and the compressive siress is low,
as would be expected for the height of structure available.

If the section is allowed to crack (zero tensile strength), the crack would extend for some 1.6
m equivalent to 28% of the base width.

These results would satisfy international criteria for an extreme flood event.

Stability analyses for the Monolith R give a tensile stress of 102 kPa for this water level,
substantially more than for the critical section. The sliding factor is still well above
requirements and the compressive stress is low, The cracked analysis produces a crack length
of 2.45m or 43% of the base width.

This is still a satisfactory result at this water level. Monolith R would also benefit from
restraint from the adjacent more stable monoliths.

3.2 Stability at Higher Storage Levels

A storage level of RL 110.7 produces tensile stresses of 98 kPa in the #ypical section. The
cracked analysis produces a crack length of 3.5m (62% of base width) but still has a high
sliding factor of 7.5. Stability reduces rapidly as the water level increases and the crack
extends to 75% of the base width at a storage level of RL 111.0 with theoretical failure
occurring at a storage level of RIL 111.6,

Tensile stresses are still low with the storage at RL 111.6 however (148 kPa tension), the
tensile strength of 90 kPa is conservative, and it is possible that cracking would not occur. A
storage level of RIL 112 produces tensile stresses of 168 kPa, still below the 200 kPa tensile
strength used by SKM (2000) and SMEC (2004). At this storage level, the water is likely to
impact on the bridges and increase the horizontal water loading. No attempt has been made to
analyse this scenario.

Monolith R is less stable but satisfies stability criteria for storage levels up to RL. 110.6 with
theoretical failure occurring at a storage level of RL 111.1. Tensile stresses of 200 kPa
develop at a storage level of RL 110.8.

Overall, the abutment monoliths satisfy stability criteria for storage levels up to RL 111.0,
Previous flood data for Somerset Dam indicates a 1 in 200,000 AEP for a storage level of RL
111.0 (all gates operating). This data is based on flood operational rules prior to the Wivenhoe
Upgrade (as given in the WIVOPS program). Revised estimates with new flood operating
rules would reduce the probability.

3.3 Comparison with Previous Reports
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GHD (2000) results indicate a far less stable situation with failure of the typical section at a
storage level of RL 109.7. For comparison, a storage level of 110.7 produces tensile stresses
of 179 kPa against the 98 kPa tension for the current analysis.

The GHD (2000) analysis applies only to the typical section and no analysis was catried out
for Monolith R. The major differences between the two analyses are that GHD (2000):

e Uses the monolith weights up to overflow level of RL 104.47. No allowance is
included for the dead weight of the piers and hoist bridge;

s Slightly underestimates the downstream profile of the dam, producing a slightly
smaller dead load and a slightly shorter base width;

& Makes no allowance for the weight of water on the crest during overtopping flows.

These additional dead loads make a considerable difference to the stability at high levels such
as the change of slope, where the mass concrete weights are relatively low. The impact of pier
and bridge loads becomes less significant at lower levels in the dam.

The GHD stresses have been reproduced by using GHD parameters with the current model.
The GHD (2000) analysis is a preliminary analysis that under-estimates the stability of the
upper abutment units,

?
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4 STABILTY AT UPPER GALLERY; RL 88.6

4.1  Stability Analyses

The basic analysis for this area of the dam, Case A, assumes continuous cracks exist across
the full width of the monoliths with uplift pressures as described in Section 2.4, Two
additional analyses have been carried out:

e Case B assumes sound concrete above or below the gallery with intemal drainage from
the drainage holes, not from the gallety

e Case C assumes cracked concrete above or below the gallery with internal drainage
from the drainage holes, not from the gallery.

Analyses were carried out for Monolith F using the mid-unit location of the upper gallery.
Other monoliths such as E, R and S have the gallery located a little closer to the upstream face
and would be slightly more stable. The small monoliths are founded above the Upper Gallery
level.

As noted previously, Monoliths G, H and Q are more stable due to drainage provided by the
gate shafts and strength provided by water face reinforcement.

4.2 Stability at Storage Level of RL 109.7
The results of analyses are summarised at Table 4-1.

Cracked concrete that crosses the Upper Gallery (Case A) is stable with compression stresses
across the full width of the dam. Compression stresses at the downstream toe are low at 454
kPa and the sliding factor of 2.1 is just adequate. The stability comes from the gallery
draining cracked concrete that emerges in the upstream wall and from the absence of uplift
pressures in the major cracks downstream of the gallery. The results satisfy stability criteria
for an extreme flood loading.

For comparison purposes, sound concrete just below the gallery (Case B) would experience
small tensile stresses of 10 kPa at the upstream face for a storage level of RL 109.7. The
sliding factor for the intact concrete however is much larger at 11.2.

If additional cracked concrete exists just above or below the gallery (Case C), the small
tensile stress of 10 kPa at the upsiream face would permit full storage head to penetrate the
cracks and the non-compression area would extend for 1.1 m past the upstream concrete face.
The sliding factor of 1.99 is adequate and Case C would also satisfy stability criteria for an
extreme flood loading.

Table 4-1 - Upper Gallery Stability for Storage at RL 109.7
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Analysis Parameter Criteria Monolith F
Case A Case B Case C
Uneracked | U/S Bearing Stress Tension 49 kPa 10kPa 10 kPa
Analysis < 90 kPa compression tension tension
1)/S Bearing Stress | Compression 448 kPa 405 kPa 405 kPa
<9 MPa compression | compression | compression
Resultant Location 522 49! m 4.91 m
% of Base ok 35% 33% 33%
Sliding Factor >2 2.16 11.2 2.08
Cracked Crack Length No crack I.1m I.1m
Analysis Crack Length as 75% 7% 7%
for zero %oage of Base **
tensile . .
D/S Bearing Stress | Compression 414 kPa 414 IkPa
strength . !
< 9 MPa compression | compression
Resultant Location 4.67 4.67
% of Base FA* 31% 31%
Sliding Factor »>2 10.4 1.99

* Resultant location is the distance the resultant force acts from the d/s toe
*#* There is no consistent agreement on maximum crack lengths, A maximum crack length of 75% of
the base length is adopted.

4.3 Stability at Higher Storage Levels

4.3.1 Case A: Cracked Concrete Surface through the Gallery

At a storage level of RL 110.8, tensile stresses begin to develop at the upstream face. The
non-compression area permits full storage head to enter the cracked concrete and the sliding
factor drops below the criteria value of 2.0 with a storage head at R 110.9

With the storage level at RL 111.5 the non-compression extends to the gallery and the sliding
factor reduces to 1.36. A storage level of RL 112 cracks the section for 58% of the base width
and the shear factor reduces to 1.27. At this stage the monolith is depending on the 100 kPa
cohesion for stability. The theoretical failure occurs at a storage level above RL 112,

4.3.2 Case B: Sound Concrete below the Gallery

A storage level of RL 111.4 would produce tensile stresses of 90 kPa, If the sound concrete
cracked under this stress, the crack would proceed to failure. The stability is highly dependent
on the tensile strength of the concrete and this is a conservatively low estimate of tensile
stress.
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4.3.3 Case C: Cracked Concrete Above or Below the Gallery

Increasing the storage level produces a rapid reduction in the sliding factor with a sliding
failure occurring at a storage level of RL 110.1.

4.4 Conclusion and Comparison with Previous Reports

Stability criteria for the “Upper-Gallery section” were satisfied with a storage level of
RL.109.75. While the concrete is cracked, known cracks emerge in and drain to the gallery,
making this section as stable (in some respects more stable) at high storage levels than
adjacent sound concrete. The abutment monoliths satisfy stability criteria for storage levels up
to RI. 110.9. Theoretical failure occurs in the sound concrete below the gallery at a storage
level of RI, 111.4.

If cracked concrete is present above or below the gallery, the stability reduces rapidly as the
storage level rises above RL 109.7 with theoretical failure at a storage level as low as RL
110.1.

GHD (2000) does not give a storage level for failure (as this would have been above the PMF
level current at that time) but provides stability results for a storage level of 110.7. Af this
level, the tensile stress for an uncracked analysis is given as 121 kPa tension, compared with
49 kPa tension from the current analysis. GHD (2000) indicates the non-compression area
would extend to within 2.7m of the downstream toe (equivalent to roughly 12.3m from the
upsiream face and the section would be stable for sliding.

The difference between the two analyses is that GHD (2000) analysis:

o uses the monolith weights up to overflow level of RL 104.47. No allowance is included
for the dead weight of the piers and hoist bridge;

s slightly underestimates the downstream profile of the dam, producing a slightly smaller
dead load and a slightly shorter base width;

e makes no allowance for the weight of water on the crest during overtopping flows.

In addition, the current analysis recognises uplift reduction from internal drainage upstream of
the gallery that was not included in the GHD analysis. SKM (2000) is likely to have used a
similar approach to GHD.

Russo (1996) reports that a check analysis of a cracked section at the Upper Gallery showed it
could handle PMF loadings (understood to be RI, 110.7 at that time) with zero cohesion in the
cracked concrete. This is in agreement with the current analysis.
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5 CONCLUSIONS

5.1 Stability Considerations

The Somerset Dam abutment monoliths comprise a wide range of layouts with different
structural arrangements in the upper levels, different internal drainage arrangements, and
different gallery layouts. A simple analysis using a standard section is suitable only for
preliminary assessments.

The storage level of RL 109.75 is the critical level required to handle the 1 in 100,00 AEP
flood event and ensure that the Stage 1 works at Wivenhoe are not compromised. The stability
analyses show that all monoliths satisfy stability criteria at the two critical sections:

o The “change of slope” at RL 100.45 and

o The “Upper Gallery” level of RL 88.6 where cracked concrete is observed in the
gallery walls.

The stability results for higher water levels are summarised at Table 5-1, with critical water
levels where stability criteria are no longer satisfied and also levels for theoretical failure of
the units.

Table 5-1 - Stability Results for Abutment Monoliths

L CrieaWaterbevel |
".-'.Li)éat_ion&(.lonﬂi_ﬁon N '.'_Stf.lbi]_ity' S Monb_lifh R Notes - .
Ve L e “Criteria - | o Failare - |
Change of Slope, good| RI 111.0* RL 111.6 *75% of base is cracked
quality concrete
Upper  Gallery, cracked RIL 110.9* >RL 112 *Shear factor falls below
concrete; Case A 2.0
Below Upper Gallery, sound RL111.4 RL 111.4% *¥J/S tensile stress of 90
concrete, Case B kPa initiates crack. Cracked
analysis fails
Below Upper Gallery, RI. 109.7* RL 110.1** *Shear factor falls below
cracked concrete; Case C 2.0
**Fails in shear

For the “change in slope” location, some monoliths (G, H and Q) are more stable. Monolith R
is somewhat less stable and satisfies stability criteria for storage levels only up to RL 110.6.
However, this monolith would receive support from adjacent more stable monoliths.

Previous flood data for Somerset Dam indicates a 1 in 200,000 AEP for a storage level of RL
111.0 (all gates operating). This data is based on flood operational rules prior to the Wivenhoe
Upgrade (as given in the WIVOPS program). Revised estimates with new flood operating
rules would reduce the probability.
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It is not known whether cracking observed in the Upper Gallery also occurs above or below
the gallery. If cracking does exist (Case C), the dam would just satisfy stability criteria for a
storage level of RI. 109.7. However, stability would reduce rapidly with higher water levels
and the section theoretically fails in shear with a storage level of RL 110.1.

5.2 Limitations & Recommendations

A number of considerations that affect the conclusions drawn in this Report are discussed
below:

5.2.1 Surcharging of Somerset Dam during Extreme Flood Events

It is understood that the WIVOPS flood operation program required that the Somerset
spillway gates be lowered if Wivenhoe Dam is in danger of being overtopped. With the Stage
1 spillway upgrade this situation would only occur for extreme floods. 1t is suggested at
Commerce (2004) that lowering the gates back into a major spillway discharge is unlikely to
happen in practice and this procedure was not included in the hydraulic analyses. It is noted
that a short review of the initial GHD Report, Russo (1996) offers the same comment and
recommends that gates should be locked in the raised position during extreme flood events to
ensure it does not happen. In either case, the gate operation manual should clearly document
the procedure.

If it is intended that Somerset Dam be surcharged in this manner to minimise flood levels at
Wivenhoe Dam then this Report should be reviewed and the spillway examined in detail to
ensure these operations can be undertaken successfully.

5.2.2 Flooding of the Gallery System

Storage levels above RI. 107. 46 overtop most of the abutment monoliths and discharge water
onto the backface of the dam. The dam has a variety of entrance doors, gate shafts, galleries
etc and a common problem with dams such as this is that gallery and drainage systems will be
flooded when they are most needed.

This Report assumes that the gallery systems are not flooded. Flooding would introduce full
storage head into the interior of the dam and negate the drainage provisions. The stability
would be markedly reduced.

The dam layout should be reviewed to ensure this is the case and waterproof doors installed
where necessary. There are references to gallery flooding in several of the Reports including
Russo (1996).

5.2.3 Internal Drainage

The internal drainage system is complicated, particularly at the lower levels of the dam. It is
understood the internal drainage and the role it plays is not documented in the Operation and
Maintenance Manuals. Internal drainage at the higher levels relevant to this Report has been
briefly inspected and appears to be in good condition. Drains at lower levels in some cases are
blocked entirely by calcite. Many of the vertical drains are capped to prevent dirt entering the
system, but caps are jammed and likely to prevent proper operation of the system.
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The stability assessment assumes the internal drainage system is working effectively to
reduce uplift. Failure of the internal drainage system can produce higher uplift pressures,
markedly reducing stability.

It is strongly recommended that the drainage system be documented, critical drains be
monitored and maintenance carried out whete necessary.

5.2.4 Cracked Concrete at the Upper Gallery

Stability analyses indicate that cracked concrete surfaces above or below the Upper Gallery
are stable for a storage level of RL 109.7 but that this stability reduces rapidly with higher
storage levels with failure indicated for a storage level of RL 110.1.

The cracks are most probably due to volume change due to dissipation of heat following
completion of construction (as suggested in GHD (2000)). This would be consistent with
cracks first being noticed until the 1960°s. Other factors that would contribute would be the
long break in construction between 1942 and 1948, the use of two grades of concrete and the
high cement content of the upstream concrete.

Given the size of the cracks and the rapid reduction in stability with a small increase in water
level, it would be good practice to investigate this area more closely. The purpose is to gain a
better understanding of the dam and its limitations.

It is recommended that some exploratory drilling be carried out to determine whether such
cracks do exist. A similar recommendation was made in GHD {2000).

5.2.5 Risk Assessment

The stability analyses summarised above demonstrate that the risk profile developed by
SMEC (2004) makes conservative assumptions for structural failure in the upper levels of the
abutment monoliths. On this basis, there is no need for further development of the Somerset
Dam risk profile as a stand alone document.

However, the current risk analysis for Wivenhoe Dam is a modification of the Preliminary
Risk Assessment produced by SKM and uses the SKM loss of life data. The
Wivenhoe/Somerset combined risk profile is a borderline case in terms of the ANCOLD
criteria. Given the importance of these dams and the flood mitigation benefits provided to
Brisbane and adjacent areas, consideration should be given to a detailed assessment of the
combined risk profile. This would require among other assessment work, more detailed
engineering assessments and new determinations for consequences, particularly the loss of
life figures. Tt would be a significant project and would need some careful definition of the
scope of work to identify the areas where additional studies would provide value for money.
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Appendix A

Stability Analyses
For

Change of Slope
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Section at Change of Slope

Sound Concrete

Storage Level 109.70 at RL 100.45

Data Uncracked Section Analysis  |Cracked Section Analysis
Base Length T= 5.666 5.666
Crack Length 0.000 1.570 28%
Drains from U/S Face Du = 3.200 3.200
Drain Factor P= 0.250 0.250
Area Uncracked Base A= 5.666 4.096
U/S Section Modulus Zu= 5.351 2.796
D/S Section Modulus Zd= 5.351 2.796

Loading Load L arm Mom Load L arm Mom

D/S Toe D/S Toe D/S Toe D/S Toe

Vertical Loads
Vert Dead Load 879 -3.298 -2,899 879 -3.298 -2,899
Vert Water u/s face 0 0 0
Vert Water on Overflow 57 -3.291 -187 57 -1.533 -200
Uplift =209 -4.020 842 -260) ~4.031 1,060
Total Vertical Loads 726 -3.089 -2,244 673 -3.031 -2,040
Total Horizontzal Loads 397 2.822 1,122 397 2.822 1,122
Summary Data
Resultant -I/S Toe 726 -1.545 -1,122 673 -1.364 918
Stability Parameters
U/S Bearing Pressure kPa -47 0
D/S Bearing pressure kPa 303 329
Friction Factor; C=100, Tan &= 1.0 325 2.72
Friction Factor; C=1,400, Tan &= 1.0 21.78 16.12

Note: Cracked section unlikely as u/s tensile stress of 47 kPa

well below 90 kPa criteria
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Section at Change of Slope

Sound Concrete

Storage Level 111.04 . at RL 100.45
- Data Uncracked Section Analysis  |Cracked Section Analysis
Base Length T= 0.000 5.600
Crack Length 0.000 4.2508 T5%
Drains from U/S Face Du 3.200 3.200
Drain Factor p= 0.250 0.250
Area Uncracked Base A== 5.666 1.416
U/S Section Modulus Zn= 5.351 0.334
D/S Section Modulus Zd= 5.351 0.334
Loading Load L arm Mom Load L arm Mom
D/S Toe D/S Toe D/S Toe D/S Toe
Vertical Loads
Vert Dead Load 879 -3.298 -2,899 879 -3.298 -2,869
Vert Water w's face 0 0 0 0
Vert Water on Overflow 91 -3.291 -298 91 -3.533 -320
Uplift -240 -4.020 964 -463 -3.247 1,503
Total Vertical Loads 730 -3.060 -2,233 507 -3.386 -1,716
Total Horizontal Loads 494 2,993 1,477 494 2.993 1,477
Summary Data
Resultant -D/S Toe 669 -0.791 -529 507 -0.472 =239
Stability Parameters
U/S Bearing Pressure kPa -116 0
1)/S Bearing pressure kPa 374 716
Friction Factor; C=100, Tan &= 1.0 2.63 1.31
Friction Factor; C=1,400, Tan &= 1.0 17.55 5.04

Note: Cracked extends through 75% of base
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Appendix B

Stability Analyses
For
Upper Gallery

Case A
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Section Through Upper Gallery Cracked Concrete
Storage Level ' 169.76 at RL 88.6
o ' Case A
 Data Uncracked Section Analysis Cracked Section Analysis
Base Length T= 15,090
Crack Length Le= 0.000
Drains from U/S Face Du = 2.600
Gallery from U/S Face 6.100
Drain Factor p= 0.330
Area Uncracked Base A= 13.337
U/S Section Modulus Zu = 37.440
D/S Section Modulus Zd = 38.150
Loading Load L arm Mom Load L arm Mom
D/S Toe D/S Toe D/S Toe D/S Toe
Vertical Loads
Vert Dead Load 3,675 -9.995 -36,733
Vert Water u/s face 88 -14,832 -1,308
Vert Water on Overflow 57 -12.364 =701 Not
Uplift -480 -13.331 6,392
Applicable
Total Vertical Loads 3,341 -9.684 -32,350
Total Horizontal Loads 2,162 6.904 14,923
Summary Data
Resultant -D/S Toe 3,341 -5.217 -17.426
Stability Parameters
U/S Bearing Pressure kPa 49
/S Bearing pressure kPa 448
Friction Factor; C=0, Tan = 1.0 1.545
Friction Factor; C=100, Tan &= 1.0 2.162
Friction Factor; C=1,400, Tan @= 1.0 10.184
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Section Threugh Upper Gallery

Cracked Concrete

Storage Level 110.87 at RL 88.6
Case A
Data Unecracked Section Analysis Cracked Section Analysis

Base Length = 15.090 15.090

Crack Length Le= 0.000 0.350

Drains from U/S Face Du = 2.600 2.600

Gallery from U/S Face 6.100 6.100

Drain Factor p= 0.330 0.333

Area Uncracked Base A= 13.337 13.0

U/S Section Modulus Zu= 37.440 355

D/8 Section Modulus Zd 38.190 36.5

Load L arm Mom Load Larm Mom
D/S Toe D/S Toe D/S Toe /S Toe

Vertical Loads

Vert Dead Load 3,675 -9.995 -36,733 3,675 -9.995 -36,733
Vert Water w's Tace g5 -14.830 -1,409 95 -14.830 -1,409
Vert Water on Overflow 86 -12.364 -1,067 86 -12.364 -1,067
Uplift -506 -13.331 6,747 -531 -13.369 7,104
Total Vertical Loads 3,350 -9,689 -32,462 3,325 -9.655 -32,105
Total Horizontal Leads 2,381 7.151 17,029 2,381 7.151 17,029
Summary Data

Resultant -D/S Toe 3,350 -4.606 -15,433 3,325 -4.534 -15,076
Stability Parameters

/S Bearing Pressure kPa -5 0

/S Bearing pressure kPa 502 505

Friction Factor; C=0, Tan @= 1.0 1.41 1.40

Friction Factor; C=100, Tan &= 1.0 1.97 1.94

Friction Factor; C=1,400, Tan &= 1.0 9.25 9.03
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Appendix B

Stability Analyses
Below

Upper Gallery

Case B & Case C
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Section Below Upper Gallery Sound Concrete or Concrete with Cracks
Storage Level 109.70 at RL 88.6
' ' Applies Case B & C
Data Uncracked Section Analysis Cracked Section Analysis
Base Length T= 15.090 15.1
Crack Length 0.000 1.1
Drains from U/S Face Du 3,200 32
Drain Factor pP= 0.330 0.3
Area Uncracked Base = 15.060 14.0
/S Section Modulus Zu = 37.951 32.6
D/S Section Modulus Zd = 37.951 32.6
Loading Load L arm Meoem Load L arm Mom
D/S Toe DIS Toe /S Toe D/S Toe
Vertical Loads
Vert Dead Load 3,675 -9,995 -36,733 3,675 -9.995 -36,733
Vert Water w/s face 88 -14.832 -1,308 88 -14.832 -1,308
Vert Water on Overflow 61 -12.364 -759 61 -12.364 =759
Uplift -847 -10.961 9,279 928 -11.171 10,362
Total Vertical Loads 2,978 9912 -29,521 2,897 -9.816 -28,438
‘Total Horizontal Loads 2,162 6.904 14,923 2,162 6.904 14,923
Summary Data
Resultant -D/S Toe 2,978 -4.901 ~14,597 2,897 -4.665 -13,514
Stability Parameters
/S Bearing Pressure kPa -10 ]
D/S Bearing pressure kPa 405 414
Friction Factor; C=0, Tan @= 1.0 1.38 1.34
Friction Factor; C=100, Tan &= 1.0 2.08 1.99
Friction Factor; C=1,400, Tan @= 1.0 11.15 10.40
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Section Below Upper Gallery

Cracked Concrete

Storage Level 110.10 at RL 88.6
Case C
Data Uncracked Section Analysis  |Cracked Section Analysis
Base Length T= 15.090 15.090
Crack Length 0.000 9.0m
Drains from U/S Face Du 3.200 3.200
Drain Factor pP= 0.330 0.330
Area Uncracked Base A= 15.090 6.090
U/S Section Modulus Zu = 37.951 6.181
D/S Section Modulus Zd = 37.951 6,181
Loading Load L arm Mom Load L arm Mom
D/S Toe D/S Toe D/S Toe /S Toe
Vertical Loads
Vert Dead Load 3,675 -9.995 -36,733 3,675 -0.995 -36,733
Vert Water u/s face 91 -14.831 -1,343 91 -14.831 -1,343
Vert Water on Overflow 72 -12.364 -894 72 -12.364 -804
Uplift -863 -10.961 9,455 -2,210 -9.056 20,013
‘Fotal Vertical Loads 2,975 9,929 -29,515 1,628 -11.644 -18,957
Total Horizontal Loads 2,483 7.253 18,010 2,236 6.993 15,640
Summary Data
Resultant -D/S Toe 2,975 -4.663 -13,874 1,628 -2.037 -3,316
Stability Parameters
/S Bearing Pressure kPa -39 2
D/S Bearing pressure kPa 423 533
Friction Factor; C=0, Tan @= 1.0 133 0.73
Friction Factor; C=100, Tan &= 1.0 2,01 1.00
Friction Factor; C=1,400, Tan &~ 1.0 10.78 4.54
Somerset Dams Stability of Abuiment Monoliths: Commierce (2004) Page 32




Section Below Upper Gallery

Sound Concrete Only

Storage Level 111.41 at RL 88.6
Case B
Data Uncracked Section Analysis Cracked Section Analysis
Base Length T= 15.090
Crack Length 0.000
Drains from U/S Face Du= 3.200
Drain Factor p= 0.330 Section
Area Uncracked Base A= 15.090 Fails
U/S Section Modulus VATES 37.951 when
D/S Section Modulus Zd 37.951 Cracked
Loading Load L arm Mom Load L arm Mom
D/S Toe D/S Toe D/S Toe D/S Toe
Vertical Loads
Vert Dead Load 3,675 -9.995 -36,733
Vert Water u/s face 98 -14.828 -1,455
Vert Water on Overflow 108 -12.364 -1,338
Uplift 915 -10.961 10,031
Total Vertical Loads 2,966 -9.943 -29,495
Total Horizontal Loads 2,483 7.253 18,010
Summary Data
Resultant -D/3 Toe 2,966 -3.872 -11,485
Stahility Parameters
/S Bearing Pressure kPa -91
D/S Bearing pressure kPa 484
Friction Factor; C=0, Tan &=1.0 1.19
Triction Factor; C=100, Tan @= 1.0 1.80
Friction Factor; C=1,400, Tan &= 1.0 9.70
Somierset Dam: Siability of Abutment Monoliths: Commerce (2004) Page 33
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1 Introduction

Scuth East Queensland Water {SEQWater) owns and cperates Somerset Dam. The concrete gravity dam has
a well developed crack on the downstream side of the dam that is visible on the downstream face and within
the upper gallery of the dam.

This crack has been in existence for a number of years and several attempts have been made to investigate
the crack and its impact on the dam.

In order to further quantify the extent of cracking and whether the existing crack was the location of movement
within the dam, SEQWater submitted a project brief titled "Somerset Dam Crack Investigation”.

This repott details the outcome of a driling and core logging program undertaken in accordance with the
ahove brief.

Figure 1. Somerset Dam

i BMEC
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2 Project Outline

Somerset Dam comprises a 47 m high concrete gravity dam witih a crest length of 308 m. The dam was
constructed in two stages commencing in 1935 but construction was suspended in 1942 due to the impact of
the Second World War. Work recommenced on the dam in 1948 and was completed in 1953.

There are two galleries within the concrete structure. The upper inspection gallery at RL 88.9 m provides
access to other internat galleries associated with the bauiks and stop gates.

The lower gallery at RL 66.0 m is a drainage gallery. The two galleries are joined by an internal stair well at
each end of the galleries.

Both galleries are approximately 1.75 m wide and 1.9 m high.

The cracking at Somerset Dam is typically evident in the top downstream corner of the upper gallery. The
crack runs nearly for the full width of the dam at the level of the gallery. The crack is also evident in a number
of areas across the downsiream face of the dam. Due to the presence of the crack both in the gallery and on
the external downstream face of the dam it is likely that the crack is continuous between these two Jocations,

Previous investigation saw a limited number of cores heing taken from within the gallery along the line of the
cracks. These cores were drilled horizontally from within the gallery and limited to a depth of approximately 1
to 2 metres and provided a limited degree of information in respect to the cracking.

In order to more fully understand the nature of the cracking, a more comprehensive drilling program was
proposed. This program was intended to:-

= Confirm that the cracks extended from the upper gallery towards the downstream face of the dam;
s Provide core samples from the region of the crack for further examination;

= Undertake drilting and coring of the concrete upstream of the upper gallery to determine if the
cracking was extending fowards the upstream face.

The project hrief allowed for drilling from hoth the upper gallery and from the top of the dam, with drili holes
angled so as to intercept any cracking either upstream or downstream from the gallery.

Semists el Crack Inastination July 2008 3




Figure 3. Crack across Downsiream Face - Somerset Dam

The drilling and coring program covered examination of Somerset Dam in a fimited number of areas (Monolith
Blocks} only and from the crest of the dam to a depth of only approximately 20 metres. The investigation did
not extend into the lower sections of the dam below the level of the upper gallery.

Semesel Crack vsstigalion  July 2008
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3 Drilling Program

Undertaking a drilling program at Somerset Dam {o investigate the exisiing cracking has a number of issues
ingiuding:-
= The existing crack is located at a level well below the road deck and alse the dam crest level (located
at a level below the road deck);

= The gallery has a small cross section only and limits the size of the equipment that can be used
within the gallery and the length of cores that can be extracted;

= Access to the dam crest level is restricted by narrow and relatively low access openings through the
piers supporting the road deck.

Figure 4. Somerset Dam Crest Level Access

Drilling from the upper gallery was considered to be unviable due to:-
= Restricted the size of equipment that could be used, effectively resfricting the depth of any drill holes;

m  The gallery contains a number of services, which were not to he disrupted. The electrical services in
particular were located in the upper corners of the gallery and most likely would have required
relocation;

= The limited cross section of the gallery would have made it difficult to carry out the work and for
SEQWater operators to access the gallery.

The preferred method was using a portable driling rig that could be largely dismantled and manhandled
through the pier access openings, and drilling from the dam crest level. Whilst this meant a ionger length of
drilling overali, it was more easily and quickly cariied out.

~in addition, the preferred option provides cores of the upper section of Somerset Dam above the level of the
galiery which can be used as fuftre references.

The drilling program was undertaken by "Mulligans Drilling” from Khancohan (NSW) using a portable drifling
rig that could be manhandied through the access openings hut also provided the ability to driff and extract
longer cores.

Supervision of the drilling and logging of the extracted cores was undertaken by Geotechnical Engineering
Staff from SMEC's Brishane Office. The bore logs including photographs are detailed in the attached
Geotechnical Memorandum.

Surerset Crack Investigation . Judy 2008




4 lssues Encountered

In addition fo the issues around gaining access to the dam crest level for the drilling rig, other Issues
associated with the project included:-

= Locating the drill rig and its inclination for the angled holes. These holes were to pass at an angle on
the downstream side of the upper gallery. In several instances, the bore holes intercepted the
gallery.

= Core samples could not be retrieved in a single piece and a number of drilling induced breaks in the
cores occurred. All breaks were examined at the time of extraction and the type of break was noted
{ie existing crack versus drilling induced).

= Breaks were recorded at various depths including well above the upper gallery in both vertical and
angled holes {both upstream and downstream of the gallery). Whilst these were recorded as breaks,
it is possible that some of these are the joints between successive pours in the monoliths.

Confirmation of the cracks was undertaken by examination of the core samples. The cracks were identified by
a ‘weathered” appearance of the crack o the build up of calcite at the crack (an indication of possible water
flow). Observations of the drillers also noted a change in the drilling fluid at cracks (loss of drilling fluid) at
some Jocations.

AVEES I
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5 Core Samples

The driling program resuited in a large number of core samples heing taken from the dam. All core samples
were logged, numbered and placed in core trays and have been placed in storage at Somerset Dam,

The detailed core logs and photographs of the cores are contained in the Geolechnical Memorandum
included in this report. The memorandum also includes detalled drawings on the location and angle of each
cared hole.

Where identified the existing crack has been photographed in detail.

The attached memorandum includes a tabulation for each core indicating the location of the any observed
breaks.

DY =
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6 Examination of Cores

Following the exiraction of the cores, the cores were examined hy Peter Darling and Howard Baldwin of
SMEC at Somerset Dam. The following observations were noted:- '

ErrTIY
LY

The cores recovered from the drilling indicate the concrete in the dam in the section above the upper
gallery to be of good quality. There were no signs of defects or other deficiencies (other than as
noted betow) and very litile evidence of air bubbles entrained in the concrete.

The aggregate use for the concrete is relatively large, possibly a maximum size of 4" to 6" (100 mm
to 150 mm). The cores Indicate that the aggregate was produced from a crushing process with little
evidence of rounded or washed material.

There were no signs of AAR (Alkali Aggregate Reaction) in the cores examined.

The cracks {other than drill breaks) encountered in the cores (2 sighted) had a 'weathered'
appearance. There were no signs of any significant deterioration or deposition on the surface of the
ctacks.

The drilf breaks in the core have a different appearance fo the surface of the cracks encountered in
the cores —they appeared 'fresh’ with no surface deterioration or deposition.

A number of diill breaks were noted along the aggregate/paste interface. The interfaces have a
relatively 'smooth’ appearance, unlike the breaks through the adjacent cement paste which is
‘rougher’. The surface of the exposed interface when rubbed left a ‘cement deposit, and the
interface represents a ‘weakness', although how weak is not known. The ‘powdery’ interface is a
localized effect, and limited to the piece of aggregate in question. This weakriess is not considered
to be extensive but more localised to individual aggregate pieces — cores were typically 200mm to
600mm long between breaks. This feature would not appear to impact on the overall integrity
(strength) of the concrete to any significant degree.

An occasional ‘boundary’ between the aggregate and the paste was observed in the core; this
feature may represent the ‘weaker' aggregate/paste interface indicating it is not an extensive featurs.

Litile if any breaks in the aggregate itself were noted.

SMEC Sornerset Crack Investigation © July 2008
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7 Conclusions

The coring program identified a number of "hreaks” including multiple breaks in individual holes, including at
levels well above the upper gallery and also upsiream of the upper gallery. The majority of these breaks are
not evident in the wider structure and arg considered fo be associated with construction joints (joints between
successive pours).

Examination of the core breaks at a depth that coincides with the upper gallery indicated that there does not
appear to be any movement taking place at the joint (no evidence of abrasion or other signs of movement at
the break otfier than vertical displacement).

At this stage the existing crack downstream of the upper gallery does not appear to be impacting on the
operation of Somerset Dam or its overall structural stability. No significant cracking was identified upstream of
the upper gallery.

The concrete in the upper section of the dam appears to be relatively uniform in nature and no defecis such
as large amounts of entrained air, poorly compacted conerete or Alkali Aggregate Reaction were observed in
the core samples.

The ohservations and conclusions are applicable only to the monoliths that were cored and for the area of the
Somerset Dam above the upper gallery. This investigation did not include any section of the dam below the
Jevel of the upper gallery.

JTRA »
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8 Recommendations

The coring program confirmed the presence of the crack in the area downsfream of the upper gallery at a
number of locations, Examination of the cores have indicated that little if any movement is taking place and
that the concrete in the area of the cracks does not appear to be deteriorating or indicating signs of any
further issues.

Whilst cracks were idenfified at a number of levels in the area upstream of the upper gallery, they appear to
be isolated and most likely associated with the joint beiween successive concrete pours.

Whilst the cracks do not appear fo be deteriorating or extending at this time or presenting a structural issue
that is impaciing on the operation of Somerset Dam, it is recommended that:-

= The cores taken from Somerset Dam by this program be retained in storage and used as a future
reference;

»  Theexisting crack in the upper gallery continues fo be monitored in respect to movement or other
signs of deterioration. It is recommended that monitoring be undertaken at least 4 monthly and as a
minimum as part of any annual dam safety inspection and immediately following any significant
inflows to the dam;

= That the monitoring include measurement of both horizontal and vertical movement of the crack ata
minimum of 6 No. locations in the upper gallery parallel to the main axis of the dam and at each of
the gallery entrances {perpendicutar fo the main axis of the dam);

= Theresults of the crack movement monitoring be examined further at ihe next comprehensive dam
safety review;

= Anynoticeable change or movement of the crack is immediately investigated and apprepriate actions
implemented to ensure the salety and integrity of Somerset Dam.

FrERDY
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9 Geotechnical Memoranda
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@ SMEC MEMORANDUM

SMEC Australia Pty Ltd

FROM:

SUBJECT: SOMERSET DAM CRACK INVESTIGATION
PROJECT NO: 3003301

DATE: 28/02/2008

INTRODUCTION

This memorandum details the findings of the completed drilling works at Sometset Dam.
The drilling works were undertaken as part of a wider risk assessment of the dam’s long term
stability and involved investigating known and unknown cracks within the dam’s mass
conerete structure. Included in the following document are an outline/brief on the project
itself, details of the works completed and the resulting data and information gathered.

No recommendations or conclusions have been drawn from the works to date. This
memorandum is a factual report of observations and findings during the drilling works.

More detailed background information on the dam and the original proposal as initially
outlined by SMEC are contained within document titled “Proposal for Somerset Dam Crack
Investigation” dated January 2007,

PROJECT BRIEF

The requirements of the original proposal from which the current works were based on
was for a series of 16 angled and vertical core holes (8 of each) to be drilled into the dams
structure within monoliths F, G, R and 8. These core holes were required to investigate the
condition and the extent of internal cracking that may potentially exist above and below the
dam’s upper inspection gallery.

A previous investigation into the known existing crack in the upper inspection pallery
involved the drilling of a number of short horizontal 100mm cores into the exposed crack
within the upper gallery, This existing crack can be seen to propagate horizontally along the
length on the upper gallery and can also be seen to a lesser degree on the down stream face of
the dam wall at a similar RL as the crack within the gallery.

The intent of the current crack investigation was to determine the extent of this
propagation and if possible find if any other cracks existed above or below this existing crack.
The vertical holes on the upstream side of the upper inspection gallery were to investigate the
extent of the existing crack on the downstream and upstream sides of the dam (or to confirm

3
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_ if it was isolated to the down stream side). The angled Loles were drilled to intersect any

cracks on the downstream side of the galiery (above and below the existing crack).

DRILLING WORKS

The drilling works were completed over a 17 day period from the 6" to the 22" of
February and included 15 working days where drilling was performed. Drilling contractor
“Mulligan’s Drilling” from Khancoban, NSW were engaged to undertake the drilling works.
Their selection as the coniractor of choice was based on their previous drilling experience at
Somerset Dam, their expertise in difficult access drilling work and their availability, A
summary of completed holes with their finished depth, angle and monolith they were drilled
in is tabled below.

HOLEID | DEPTH { MONOLITH { INCLINATION
CHSV1 21.48 5 -90
CHSAT 22.32 5 -70.5
CHTV1 21.30 T -90
CHTA1 18.00 T -71.5
CHTA2 21.92 T -66
CHSV2 21.25 3 -90
CHSA2 2245 3 -67
CHEV1 21.79 E -90
CHEA1 5.00 E -67.8
CHEAZ 18.60 E -87
CHFV1 21.25 F -90
CHFA1 22.90 F -66
CHFV2 21.33 F 90
CHFAZ 22.93 F -65
CHGA1 22.62 G -64.5

Table 1. Hole summary

Access

Due to access constraints (0.8m opening width between monolith bays) and the required
location of the coreholes, the choice of drll rigs was limited to those that could be
maneuvered into place through the existing opening and/or assembled and disassembled over
each of the designated holes. Mulligan’s chose to use a “Scout” rig which could be assembled
and disassembled as required.

LEHSMEC
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Photo 1. Scout rig positioned over hole.

Supervision Requirements

SMEC’s on site supcrvision requirements involved coordination of the drilling works,
determining the location and angles of ench of the holes to be drilled, recording observations
of core as it was extracted (logging, photographing etc} and the labeling and storage (on-site)
of core boxes on completion of works.

Drilling and Survey

Drilling of holes invoived first setting up of the rig over the designated position, using
“Diatube” to core out a short 100mm diameter hole in which to set the T piece/collar,
grouting in the T piece/collar and then drilling using NMLC coring methods. Each retrieved
core was approximately 1.5m in length and required breaking in order to fit into the 1.05m
core boxes. Core was logged as it came up noting all apparent drill breaks “DB”, hand breaks
“HB” and any cracks. On completion of the holes, each was surveyed at a point 7m from the
top and at the bottom of each the hole using “Reflex EZ-TRAC” down hole survey equipment
which gave a read out of the holes azimuth and inclination at selected points down the hole.
The information gathered from these down hole surveys allows for the accurate plotting of the
holes position (and any cracks found) in relation to the upper gallery,

Hole Identification

To aid in recognition of holes position at a later date, coreholes were named according to
the monolith they were drilled in, orientation of the hole and the ordet/sequence that they
were drilled in i.e. CHSA2 designated? the 2™ angled hole drilled in monolith S, where “CH”
is an abbreviation of corehole, “S” represents the monolith hole was drilled in, “A” represents
that hole was angled as opposed to “V” for vertical and “2” represents that the hole was the
second angled hole drilled in monolith 8.

(4 ) Somerset Dam Crack Investigation: 3003301: March 2008
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CONSTRAINTS

As previously mentioned, the access constraints required that a portable “scout” rig be
used. The position of the upper gallery and the downstream face meant that to avoid drilling
coming out of the DS face of the dam or going through the upper gallery, correct angles
would need to be determined prior to drilling. As the upper galleries alignment changed (was
not in a straight line) in relation to the position of drilling on the upper deck, it was necessary
to adjust the angles for each of the holes dependant on which monolith drilling was being
done in,

IDENTIFICATION OF CRACKS

NMLC drilling methods with a series 10 bit were used on all 15 holes giving an outside
hole diameter of approximately 75mm and a recovered core diameter of 50mm. Due to the
size of the core samples, the retrieved core displayed a tendency towards drilling induced
cracking. Because of these drilling induced cracks the identification of existing cracks was not
always immediately obvious. The use of a larger diameter core may have reduced or avoided
drill breaks within the core but would have made storage and moving difficult.

Cracks were often tight and almost hairline in appearance. Confirmation of cxisting
cracks, if not obvious involved examining the suiface deposits of each of the cracks surfaces
for evidence of calcite formation. The existence of calcite on the joint/cracks surface was
taken as an indicator of water flow through the crack at one point in time. The alternate
method used to identify possible cracks while drilling was feedback from the drillers on any
loss of drilling fluid/water. This was taken as a sign of a possible crack or void within the
hole.

Identified cracks were logged noting the level/amouni of calcite on surfaces, degree of
weathering (if any) and the apparent tightness of joint. Each crack was photographed and its
position {depth, hole number) also noted,

CONCRETE CONDITION

Concrete taken from all 15 coreholes was generally uniform in composition (sand particle
size, aggregate size, and distribution and material/rock type used) throughout the cores
retrieved. There were slight variations in the composition (size and distribution of aggregate)
at some poinis of the retrieved samples (possibly an indication of a separate lift), but this
varied only slightly and was not significant enough to make a definitive difference to the
overall appearance or description of the cores.

JSMEC
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Photo 2. Photograph of 100mm diameter core.

The following note gives a general overall description of the concrete core retrieved.

e CONCRETE: medium to coarse sub angular to sub rounded sand, fine to coarse
angular gravel with cobble sized inclusions (up to 100mm in some cases).
Evidence of small pores/voids (1-5mm in size), aggregate a mixture of locally
founded materials/rock with the majority of it being grey wacke/quartzite with the
occasional inclusion of chert and other minor components.

The overall concrete condition appears to be excellent, with the surfaces of lifts difficult
to detect from exiracted cores and only minor voids visible.

COMPLETION OF HOLES

On completion of holes the initial proposal for the completed holes was to install
appropriately sized gattic covers that would be flush mounted on the surface to cover the hole
left behind after coring. The decision was made onsite by SEQ water’s project manager,
Barton Maher to instead backfill the holes on completion with grout. This back filling was
done on the final two days of the job and due to the existence of cracks within several of the
hole there were some difficulties in filling these problem holes. To aid in back filling it was
decided on two of the problem holes to use the larger diameter cores taken from the top to
plug the holes and avoid any further loss of grout mix into any cracks or voids.

Prior to backfilling all holes were surveyed as previously stated using the “EZ-TRAC”
system and their azimuth and inclination taken at two points in each hole as per requireinents.

¥ 5 »
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VARIATIONS FROM ORIGINAL PROPOSAL

The initial proposal was for the drilling of 16 holes within monoliths F,G,R and S with
the holes to be taken down to a depth of between 17 and 22m. This plan had to be revised on
site due to constraints with respect to the dam’s geometry, location of internal features (i.e.
gallery, internal stairwells etc) and drilling practicalities.

The plan to drill 4 holes in monoliths “G” and “R” required drilling within the central
core area (spillway area) with difficult access and working space constraints for the drill rigs
and operators (hence safety issnes).

Because of these issues it was decided by SEQ water’s and SMEC’s representative on site
to reduce from 16 holes to 12 holes with allowance for adding holes if required. This meant
that the revised plan would have two holes in each of the three bays radiating out from the
central core area on each side, giving 4 in both “F” and *S” monoliths and two in each of “E”
and “T” monoliths.

The existence of the stairwell from the upper inspection gallery down to the lower
inspection galley in monoliths E and T meant that it was not possible to drill two vertical
holes (in these two monoliths) to the required depth, It was therefore decided to omit the
outermost vertical and angled holes for both from the plan (leaving just two holes within each
of monolith T and E).

Interception of observation Gallery

Hitting of the gallery while drilling holes CHTA1 and CHEAZ in monoliths “T” and “E”
(due to selection of too small an angle) and the abandonment of core hole CHEAI at 5m in
depth (due to interception of Iarge crack/void) added three holes on top of the revised number
of 12 holes giving a total of 15 holes.

Holes CHTA1 and CHEAZ both intercepted the upper observation gallery at identical
positions (top corner of the downstream gallery wall), Drilling was ceased immediately and
gallery inspected for any damage and drill cuttings.

Photo 3. Photo showing CHEA 1 intercepting upper observation gallery
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TESTING

No allowance was made for testing within the original proposal. 100mm cores taken from
the top of each core hole using the diatube drill bit werc removed from site by SMEC’s onsite
representative for possible strength testing at a later date if required.

RESULTS

Results of observation and findings (photographs, location of identified cracks) are
detailing in the attached Appendices.

Regards,

Roa Ginn Andrew Houghton

Geotechnical Engincer Geotechnical Manager
Appendix:

A: Hole details (including photographs of core and cracks)

B: Drawings showing Dam and hole locations in relation to upper observation gallery
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Client: SEQwater

Project: Somerset Dam

Featura:

Location:  Monolith E

PHOTOGRAPH OF CORE

Coordinate System:
Coordinates E:
N:

Surface RL: 107.6

Datum; AHD

Gore Hola: CHEA

Sheet No: 1/1
Project No: 3003301

Dapth:
Machine: Scout
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Glient: SEQ water
Projact: Somerset Dam

Feature!
Location: MONOLITH E

PHOTOGRAPH OF CORE CRACKS

Coordinate System:

Coordinates

Surface RL:

E:
N:

107.6

Datum: AHD

Core Hale: CHEA1

Shoat No; 1/1
Project No: 3003301

Depth: 1.90m
Machine: Scout
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; SMEC

SMEC Austratin Pty Lid
Client: SEQ waler
Projact: Somerset Dam
Feature:

Locatlen:  Monolith E

PHOTOGRAPH OF CORE

Coordinate System:
Coordinates E:
N:

Surface RL: 107.6

Datum: AHD

Core Hole: CHEAZ

Sheet No: 1/1
Project No: 3003301

Depth;
Machine: Scout




#SMEC

SMEC Australia Ply Lid

Client:
Project:
Feature:
L ocatlon:

SEG water
Somerset Dam
Crack
MONOLITH E

PHOTOGRAPH OF CORE CRACKS

Goordinate System:

Coordinates

Surface RL:

E:

N:

107.6

Datum; AHD

Core Hole: CHEA2

Shaet No: 1/1
Project No: 3003301

Depth: 13.20m
Machine: Scout
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WwWSMEC

SKEC Auslbia Ply LI
Clisnt: SEQ water
Project: Somerset Dam
Feature:

Location:  Monolith E

PHOTOGRAPH OF CORE

Coordinate Systam:
Goordinates E:
N:

Surface RL: 107.6

Datum: AHD

Core Hole: GHEV]

Sheet No; 1/1
Project No: 3003301

Dapth:
Machfne! Scout




(jéf" SMEC

SKEC Australia Ply Lid
Cliant: SEQ water
Project: Somerset Dam
Feature: Crack
Location: MONOLITHE

PHOTOGRAPH OF CORE CRACKS

Coordinate System:

Coordinates

Surface RL!

E:
N:

107.6

Datum: AHD

Core Hole: CHEV1

SheetNo: 1/1
Project No: 3003301

Depth; 11.70m
Machine: Scout
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' SMEC
SMEC Ausliatia Ply Lid
Client; SEQ water
Project: Somerset Dam
Feature:

Lacation:  Monolith F

PHOTOGRAPH OF CORE

Cocordinate System:

Coordinates

Surface RL!

M:

107.8

Datum: AHD

Core Hole; CHFA1

Sheet No: /1
Project No: 3003301

Depth:
Machine: Scout




SMIEC

SMEG Austeatia Ply Lid

Cilent:
Project:
Feature:
Locatlon:

SEQ water
Somerset Dam
Crack
MONQLITH F

PHOTOGRAPH OF CORE CRACKS

Coordinate System:
E:
N:

Coordinates

Surface RL:

107.8

Datum: AHD

Core Hale: GHFA1

Sheet No: 1/4
Projact No: 3003301

Depth: 11.10m
Machine! Scout




PHOTOGRAPH OF GORE CRACKS Coro Hole: CHFA1

SMEC Auslralia Py Lud Shaet No: 2/4
Clent: SEQ water Goordinate System:; Project No: 3003301
Project: Somerset Dam Coordinates E:

Feature: Crack N: Depth: 12.42m
Datum: AHD Machine: Scowt

Location; MONOLITHF Surface RL; 107.6




7 SMEC

SMEC Austeatia Piy Lid

Client:
Project:
Feature:
Locatlon:

SEQ waler
Somerset Dam
Crack
MONOLITH F

PHOTOGRAPH OF CORE CRACKS

Coordinate System:
E:
N:

Coordinates

Surface RL:

107.6

Datum: AHD

Core Hole: CHFAT

Shest No: 3/4
Projact No: 3003301

Depth; 14.40m
Machine: Scout




Client:
Project:
Foature:
lL.ocation:

SMEC

SMEC Austratia Pty |1

SEQ water
Somerset Dam
Crack
MONOLITHF

PHOTOGRAPH OF CORE CRACKS

Coordinate System:
Cootdinates E:
N:

surface RL: 107.6 Datum: AHD

Gore Hole: CHFA1

Sheat No: 4/4
Project No: 3003301

pepth: 20.10m
Machine: Scout
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PR

SMEC

"SHEE Austratia Piy Lid
Client: SEQ water
Project: Somerset Dam
Feature:

Locaticn:  Monalith F

PHOTOGRAPH QF CORE

Coordinate System:
Coordinates E:
N:

Surface RL: 1076

Datum: AHD

Gora Hole: CHFV

Sheet No: 1/1
Projsct No: 3003301

Depth:
Machine: Scout




SMEC PHOTOGRAPH OF CORE CRACKS Coare Hole: CHFV1

SMEC Auslralia Ply Lid Sheet No: 1/1
Client; SEQ water Coordinate System: Project No: 3003301
Projoct: Somerset Dam Coordinates E;

Featurs; Crack N: Dopth: 17.30m

Location: MONOLITHF Surface RL: 107.6 Datum; AHD Machine: Scout
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SMIEC

&7

SMEC Auslralia Py Ltd
Client; SEQ water
Project: Somarset Dam
Feature:

|Location:  Monolith F

PHOTOGRAFPH OF CORE

Goordinate System:
Goordinates E:
N:

Surface RL: 107.6 Datum: AHD

Cara Hole: CHFAZ

Shaeet No: 1/1
Project No: 3003301

Depth:
Machine: Scout




SMEC
SMEC Ausliratia Ply Lk

Clent: SEQ water

Project: Somerset Dam

Feature: Crack

tocation: MONOLITH F

PHOTOGRAPH OF CORE CRACKS

Goordinate System:
E:
N:

Coordinates

Surface RL:

107.6

Datum; AHD

Gore Hole: CHFAZ2

SheetNo: 1/3
Project No: 3003301

Depth: 11.15m
Machine: Scout




SMEC Aualeadia Ply Lid
Client: SEQ water
Project: Somerset Dam
Feature; Crack

Location; MONOLITHF

PHOTOGRAPH OF CORE CRACKS

Coordinate System!
Coordinates E:
N:
Surface RL: 107.6 Datum: AHD

Core Hola: GHFAZ

Sheet No; 2/3
Projast No: 3003301

Depth: 14.53m
Machine: Scout




SMEC PHOTOGRAPH OF CORE CRACKS Core Hole: CHFAZ

SRIEC Avstialia By Ltd Sheet No: 3/3
Client: SEQ water Coordinate System: Project No: 3003301
Project: Somerset Dam Goordinates E:

Feature: Crack N: Depth: 20.40m
Location: MONOLITHF Surface RL: 107.6 Datum: AHD Machine: Scout
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Client:
Project:
Feature:
[Location:

SMEC

SMEC Auslialia Ply Ltd

SEQ water
Somerset Dam

Monolith F

PHOTOGRAFH OF CORE

Coordinate System!

Coordinates

Surface RL:

E:

M

107.8

Patum: AHD

Core Hole! GHEV2

Shest No: /1
Project No: 3003301

Depth:
Machine: Scout




SMEC PHOTOGRAFPH CF CORE CRACKS

SRIEC Ausirtin Pry Lid

Client: SEQ water Coordinate System:
Project; Somerset Dam Coardinates E:
Feature: Crack N:
Location: MONOLITHF Surface RL: 107.6 Datum: AHD

Core Hole; CHFV2

Sheet No: 1/3
Project No: 3003301

Depth: 11.73m
Machine: Scout




#SMEG

SMEC Australla Piy LI
Client: SEQ waler
Somerset Dam
Crack
MOMOLITH F

Project:
Feature:
L.ocation:

PHOTOGRAPH OF CORE CRACKS

Coordinate System:
Coordinatas E:
N:

Surface RL! 107.6 Datum: AHD

Core Hote: CHFV2

Sheet Mo: 2/3
Project No: 3003301

Depth: 14.45m
Machine: Scout




SMEC Austratia Ply Lid

SEQ water
Somerset Dam
Crack
MONOQLITH F

PHOTOGRAPH OF CORE CRACKS

Coordinate Systom:

Core Hote: CHFV2

Sheet No: 3/3
Project No: 3003301

Dapth: 15.46m
Machine: Scout
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" SMEC Ausirlia Pty bt
Cllent: SEQ water
Project: Somerset Dam
Feature:

Location:  Monolith G

PHOTOGRAPH OF CORE

Goordinate System:

Coordinates

Surface RL:

E!

107.6

Datum: AHD

Core Hole: CHGA1

Shest No: 1/1
Project No: 3003301

Depth:
Machine: Scout




PHOTOGRAPH OF CORE CRACKS Core Hate: CHGA1
Sheet No: 1/2

SMEC Austratia Ply Lid

Client: SEQ water Coordinate System: Project No; 3003301
Project: Somersst Dam Coordinates E:
Feature: Crack N: Dopth: 16.0m

Location: MONOLITH G Surface RL: 107.6 Datum: AHD Machine: Scout




Glient:
Project;
Foature:
JLocation:

SMET Austrata Py Lid

SEQ water
Somerset Dam
Crack
MONQOLITH G

PHOTOGRAPH OF CORE CRACKS

Coordinate System:
GCoordinates E:
M:

Surface RL: 107.6 Datum: AHD

Core Hola: CHGAT1

Sheet No: 2/2
Project No: 3003301

Dapth; 21.72m
Machine: Scaut
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SMEC
SAIEC Australin Ply Lud
Cllant; SEQ waler
Project: Somerset Dam
Feature!

Location:  Monolith S

PHOTOGRAPH OF CORE

Coordinate System:
Coordinates E:
N:

Surface RL: 107.6

Datum: AHD

Cora Hole: CHSA1

Sheat No: 1/1
Project No: 3003301

Dapth:
Machine: Scout
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s SMEC

SMEC Austatia Ply Lid

Client: SEQ waler
Project: Somerset Dam
Feature: Crack

Locatten:  MONOLITH S

PHOTOGRAPH OF CORE CRACKS

Coordlinate Systam:
Coordinates E:
N:

Surface RL:

107.6

Datum: AHD

Core Hole: CHSA1

Sheet No: 1/3
Project No: 3003301

Depth: 14.85m
Machine; Scad




-~ SMEG PHOTOGRAPH OF GORE CRACKS
&

SMEC Austratia Pty Lid

Client; SEQ water Coordinate System:
Project: Somerset Dam Coordinates E:
Feature: Crack N:
Location: MONOLITH S Surface RL: 107.6 Datum: AHD

Gore Hols: CHSA1

Sheat No: 2/3
Project No: 3003301

Depth: 18.30m
Machine: Scout




PHOTOGRAPH OF CORE CRACKS Core Hole: CHSA1
Sheet No: 3/3

SMEC

SMEC Ausliatia Ply Lid

Client: SEQ water Coordinate System; Project No: 3003301
Project: Somerset Dam Coordinates E:
Feature! Crack N: Depth: 21.45m

Location: MONOLITH S Surface RL: 107.6 Datum: AHD Machine: Scout
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Client:
Projact:
Feature:
t.oeatlon:

> SMEC PHOTOGRAPH OF CORE CRACKS
(4

SKIEC Ausletin Ply Lid

SEQ water Coordinate System:
Somerset Dam Coordlnates E:
Crack N:
MONOLITH S Surface RL: 107.6 Datum: AHD

Core Hole: CHSAZ2

Sheet No: 1/4
Project No: 3003301

Dapth: 6.0m
Machine: Scout




i SMEC PHOTOGRAPH OF CORE Core Hale; CHSWV1
SMEC Australla Ply Lid Sheet No: 1{1
Cllent: SEQ water Coordinate System; Project Ne: 3003301
Project: Somerset Dam Coordinates E:
Feature: N: Dapth:
1076 Datum: AHD Machine: Scout

Location: Monolith S Surface RL:




i 7 SMEC PHOTOGRAPH OF GORE CRACKS Core Hole: CHSVT
ly

ShEC Australia Ply Lid Sheet No: 1/1
Cllant; SEQ water Coordinate Systom: Project No: 3003301
Project: Somerset Dam Coordinates E:

Feature:  Crack N: Dapth: 19.90m

Location: MONOLITH S Surface RL: 107.6 Datum: AHD Machina: Scout
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Sh
Cliant:
Projact:
Feature:
Location:

SMEC

C Austeatio Piy Ltd

SEQ water
Somerset Dam

Monolith S

Coordinate System:

Coordinates

Surface RL:

E:
N:

PHOTOGRAPH OF CORE

107.6

Datum; AHD

Core Hole: CHSA2

Sheet No: 1/1
Project No: 3003301

Depth:
Machine: Scout




jSMEC PHOTCGRAPH OF CORE CRACKS Corg Hole: CHSAZ
'3

SMEC Auslralla Py Lid Sheet No: 2/4
Client: SEQ water Coordinate Systam: Praject No: 3003301
Project: Somerset Dam Coordinates E:

Featuro: Crack N: Dapth: 12.73m

Location: MONOLITH S Surface RL; 107.6 Datum: AHD Machine: Scout




Cliant:
Project:
Feature:
Location:

2 SMEC

SMEC Auslslin Ply Lid

SEQ water
Somerset Dam
Crack
MONOLITH S

PHOTOGRAPH OF CORE CRACKS

Coordinate System:
Goordinates E:
[ H

Surface RL: 4076 Datum: AHD

Gore Hola: CHSAZ

Shoet No: 3/4
Project No: 3003301

Depth; 18.05m
Machine: Scout




Client:
Project:
Feature:
Location:

SKMEC Auslratla By L

SEQ water
Somerset Dam
Crack
MONOLITH S

PHOTOGRAPH OF CORE CRACKS

Coordinate System:
Coordinates E:
N:

Surface RL: 107.6 Datum: AHD

Core Hole: CHSAZ2

Sheet No: 4/4
Projact No: 3003301

Depth: 18.68m
Machine: Scout
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SMEC

BMEC Australia Pty Lid
Cillent: SEQ water
Praject: Somerset Dam
Feafure:
Locatlon:

Monolith S

PHOTOGRAPH OF CORE

Coordinate System:
E:
N:

Coordinates

Surface RL:

107.8

Datum: AHD

Core Hole

Shaet No
Project No

: CHSV2

: 111
: 3003301

Depth:

Machine

¢ Scout




SMEC PHOTOGRAPH OF CORE CRACKS Core Hole: CHSV2

" SMEC Austratia Ply Lt Shaet No: /1
Cliont: SEQ water Coordinate Systam: Project No: 3003301
Praject: Somerset Dam Cootdinates E:

|Feature:  Crack N: Dapth: 20.40m

Locatlon: MONOLITH S Surface RL: 107.6 Daturn: AHD Machine; Scout
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WATER FOR

SOMERSET DAM

ANNUAL DAM SAFETY INSPECTION 2009

Date of Inspection:
Inspected by:

Others present:

Report Prepared by:

Field Conditions:

2 November 2009

John Tibaldi — Seqwater

Agg Dagan - Seqwater

John Tibaldi (RPEQ 2525}
Clear
Cloudy ]
Overcast L1
Rain L1

Rainfall

Nil
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EXECUTIVE SUMMARY

Somerset Dam has been owned by Seqwater since 1 July 2008. In accordance with the Dam safety
Conditions for Somerset Dam issued in accordance with the Water Supply Act 2008, Seqwater must
undertake an Annual Inspection of the dam each year in accordance with the Queensiand Dam Safety
Management Guidelines. This report contains the results of the inspection undertaken in

September 2009. The previous inspection was undertaken in November 2008,

The dam is generally in good condition and no significant dam safety issues were identified during the
inspection. The main concerns from the inspection relate to the discontinuation of the critical
infrastructure condition monitoring programs at the dam and the outstanding corrective maintenance

works.
It is also recommended that the dam safety issue associated with the concrete cracking in the upper
gallery be revisited, as the instrumentation records show that the crack is continuing to widen over

time.

The next inspection is scheduled for October 2010.
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1.0 DESCRIPTION

POPULATION AT RISK

> 1000
> 1000 (Not fully assessed)

Failure impact Rating

Hazard Category

Extreme

Name of Reservoir

Lake Somerset

Year Complete

1953

Location

Stanley River near Kilcoy

Dam Owner

Seqwater

Water Course

Stanley River

Purpose

Town water

Type of Construction

Mass concrete gravity dam

QOutlet Works 8 radial gates, 8 sluice gates and 4 cone dispersion valves
Catchment Area 1,340 km®

FSL 99.00 m AHD
Nominal Full Supply Capacity 380,000 ML
Surface Area at FSL 4,210 ha

Main Dam Crest 107.46 m AHD
Bridge Deck Level EL112.34 m
Main Dam Embankment Length 305 m
Maximum Height of Main Dam 58.0m
Embankment

Width at Top of Main Dam Embankment 6.5m

Spillway Crest 100.45 m AHD




Spiltway Length

63.4m

Gates

8 pates— wide 7.9 m x 7.0 m high

Saddle Dam Crest

Mot Applicable

Saddle Dam Length

Not Applicable

Maximum Height of Saddle Dam
Embankment

Not Applicable

Peak water level as a result of PMF

EL112.0m

Spillway Capacity (Including sluice
gates)

4700 m%s (EL 107.5 m)

Maximum discharge as a result of PMF

9600 m*/s

AEP of Spillway Capacity (Including
sluice gates)

1in 10 000 (EL 107.5 m)

Regulator valves

4% 3 m cone dispersion valves

Mean annual pan evaporation

1600 mm estimated from BoM maps

Mean annual rainfall

986 mm at 040189 Somerset Dam

Hydroelectric Facilities

4 mw generator

Notable events

1974

Maximum Historic Storage Level

106.26 m

COMMENT




2.0 DAM STATUS

Date

Reservoir Water Surface Elevation
Percentage Full

Reservoir Water Level Relative to FSL

Spillway Releases:

2 November 2009

9738 m

833 %

-1.62m

Nil



3.0 DAM OPERATION AND DOCUMENTATION

The following Dam Safety Documentation is held by Seqwater for Somerset Dam:

* Emergency Action Plan.

¢ Standing Operating Procedures.

* Operation and Maintenance Manual.
e Data Book.

¢ Dam safety Review.

As part of the Annual Inspection process, the above documents were reviewed and found to be in
accordance with the Queensland Dam Safety Management Guidelines. The Emergency Action
Plan and Standing Operating Procedures are in a standard Seqwater format. The contact details
contained in the Emergency Action Plan were updated in July 2009. The Operation and
Maintenance Manual is currently being reviewed and updated and the Data Book remains in the
format of the previous owner of Somerset Dam and are scheduled for conversion to a standard

Seqwater format in 20059/10.




4.0 ROUTINE INSPECTION AND LOGBOOK

Routine Inspections at Somerset Dam are undertaken on a daily basis in accordance with the
Queensland Dam Safety Management Guidelines. Complete records of all inspections are kept
on site and at Seqwater’s Karalee Office. No significant dam safety issues were identified from a

review of the inspection records over the last 12 months,

A traditional logbook is currently in place at Somerset Dam. A logbook is maintained generally
to record the date of inspections and instrument monitoring, to note maintenance undertaken, and
to note unusual events (e.g. seismic activity, floods, change in seepage patterns, etc.) to assist in
maintaining the safety management of the dam. Notes in the loghbook may assist in identifying
the time and cause of incidents which may provide early warning for potential failure

mechanisins.




5.0 DAM EMBANKMENT

Somerset Dam is a 47 metre high concrete gravity dam on the Stanley River upstream of
Wivenhoe Dam. The dam is of conventional mass concrete construction. There are seven mass
concrete abutment units on each side of the central spillway structure that supports a road bridge
at EL 112.3. The abutment units are constructed with an open overflow section below the bridge
at EL 107.5. Flood flows passing through these openings flow down the back face of the dam
and impact on an unprotected rock foundation rock, before flowing laterally towards the central

spillway channel.

Somerset Dam




The concrete embankment was inspected and was found generally to be in good condition.
Some vegetation was observed growing on the embankment and within five metres of the
embankment abutments that should be removed. This aspect of the embankment is certainly

improved since the 2008 inspection, with several large trees removed from the right bank.
There are a number of galleries within the dam. Concrete cracking has occurred at the Upper

Gallery and there is considerable horizontal cracking exposed in the gallery walls. There is no

indication that the cracking is worsening over time.

Inspection Recommendations:

e Vegetation growing on the embankment is to be removed and/or sprayed with a suitable
herbicide. This includes the trees growing within five metres of the abutments.

..................................... ,, E i - i

Trees and Vegetation to be removed beside embankment abutments

10




6.0 SPILLWAY

The dam has cight radial gates (sector gates) installed on the top of the spillway. The eight radial
gates are each 7 metres high by 8 metres long and are installed above full supply level. The

gates are counterbalanced so that the hoist does not have to lift the full weight of the gate.

The radial gate winch units comprise a six-pole electric motor close-coupled to a worm reduction
gear set. The output of the worm reduction passes through three sets of spur gears, the last spur
gear being bolted to the rope drum. The rope is attached directly to the centre of the gate without
any intermediate pulleys, while the counterweight is attached to both ends of the gate. An
electric brake operates on the motor-coupling drum. A parking brake is operated by a hand-

wheel applying a band brake to a drum mounted on the last spur gear drive shaft.

Sluice Gates hoisting gear

11




The spillway and associated gates, hoisting gear and emergency coaster gate looked to be in
good condition, with only some minor issues identified. Undertaking regular routine
maintenance in accordance with the dam Operation and Maintenance Manuals appears to be
producing good results and it is important that this program is continued. However, it was noted
that the electrical condition monitoring program seems to have been discontinued and this is of
concern, Replacement of the Radial gate counter weight buffers remains outstanding from the

2008 inspection.,

Spillway

Inspection Recommendation:

o Vegetation growing on the spillway is to be removed and/or sprayed with a suitable
herbicide,

o The rotten wooden buffers associated with the radial gate counter weights are to be
replaced.

¢  Recommence the electrical condition monitoring program associated with the radial gates,
gantry crane and standby diesel generator.

12




7.0 RESERVOIR RIM AND DOWNSTREAM WATERWAY

The reservoir rim slopes appear generally stable and above the Full Supply Level are relatively

well vegetated with no signs of slips or movement that would be of concern from a dam safety

perspective.

There were also no slips or restrictions that would prevent spillway outflow or raise tail water

levels to an unacceptable level during a dam outflow event.

13




8.0 OUTLET WORKS

The outlet works consist of thirteen conduits or sluice-ways through the bottom of the dam wall.
One of the conduits supplies a mini-hydro power station, four are connect to fixed cone

dispersion valves and the eight sluice-ways constitute the main outlet regulating capacity.

The eight main sluice gates are each 3,7 metres high by 2.4 metres wide. The gates are not
counterbalanced, and are hoisted by two ropes, each rope being reeved into a four-part system.
The conduits connected to the mini-hydro and the fixed cone dispersion valves are protected by
similar roller gates with hoists essentially identical to the main sluice gate hoists, the differences

relating to the rope drums.

Fixed Cone Dispersion Valve

14



Each winch unit comprises a six-pole electric motor close-coupled to a worm reduction gear set.
The output of the worm reduction passes through two sets of spur gears, the last spur gear being
bolted to the rope drum. The rope drum is a double drum with two ropes attached. Each rope is
reeved through pulleys to create a four-fall rope system connected to an equalising beam on the

top of the gate. An electric brake operates on the motor to worm pinion coupling. A band brake

is hand-wheel applied to a drum bolted to the rope drum for added security.

A 100 tonne travelling gantry crane on the dam deck serves to handle the emergency coaster gate
used for maintenance of the sluice gates. This crane appeared to be in good condition, however
it was noted that some recommendations from the 2008 mechanical inspection of the crane

remain outstanding.

Gantry Crane
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The other mechanical equipment associated with the outlet works was inspected and found to be
in generally good condition. The planned maintenance program for refurbishing the sluices,
tunnels, regulators and regulator conduits is producing good results and it is important that this
program is continued with Conduit 13, with associated sluice and regulator, scheduled for

refurbishment in the current financial year.

There is a concern that the electrical condition monitoring program seems to have been
discontinued and recommendations from the last condition monitoring round associated with
repairing the electric brakes on the sluice hoisting gear has not been attended to. Internal
inspection of the conduits and valves had occurred within the last five years and will occur again

at or before the next five year comprehensive inspection,

The main concern associated with the outlet works is the condition of the guides associated with
the placement of the coaster gate. These guides were last inspected over 5 years ago and a
diving inspection should be programmed within the next 12 months to assess the condition of

this infrastructure.

Inspection Recommendations:

» Recommence the electrical condition monitoring program associated with the sluice gates,
radial gates, regulators, gantry crane and standby diesel generator.

o The electric brakes on the sluice gates are to be repaired in accordance with the
recommendations made during the last round of condition monitoring.

o An underwater inspection of the coaster gate guides is to be undertaken as soon as
possible.

o The works recommendations arising from the August 2008 crane inspection are to be
completed as soon as possible.
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9.0 INSTRUMENTATION

Surveillance instrumentation at the dam monitors movement of the dam embankment, seepage

and pressure within the embankment. The instrumentation consists of:

* 34 crack measurement points.
» 13 vibrating wire piezometers.
® 56 pressure relief wells.

¢ | automatic water level recorder

Graphs of the piezometer and uplift pressure data are shown in Appendix A. This data was
examined and no trends of concern were identified. Some spikes are apparent in the pressure
relief wells during the May 2009 flood event. Historically, these spikes seem to occur when the
sluice gates are opened, but return to normal soon after the sluice gates are closed. No associated

spikes in the piezometers are apparent.

The crack is the upper gallery continues to slowly widen, with an average increase in crack width
of around 0.5 millimetres in the last ten years. This issue was last examined several years ago
and it is recommended that the issue be revisited to fully understand any dam safety issues

associated with this cracking.

The instrumentation was then inspected, and the following works recommendations were made:

Inspection Recommendations:

o All measuring points are to be suitably labelled and numbered on site and a suitable
engineering plan prepared to show instrumentation point locations and corresponding
numbering,

® Re-examine the dam safety issues associated with the concrete cracking in the upper
gallery.

17




10.0 RECOMMENDATIONS

Vegetation growing on the embankment is to be removed

ANNUAL DAM SAFETY INSPECTION SEPTEMBER 2008

and/or sprayed with a suitable herbicide. This includes the
trees growing within five metres of the abutments.

6.0

Vegetation growing on the spillway is to be removed and/or
sprayed with a suitable herbicide.

The rotten wooden buffers associated with the radial gate
counter weights are to be replaced,

Recommence the electrical condition monitoring program
associated with the radial gates, gantry crane and standby
diesel generator.

8.0

Recommence the electrical condition monitoring program
associated with the sluice gates, radial gates, regulators,
gantry crane and standby diesel generator.

The electric brakes on the sluice gates are to be repaired in
accordance with the recommendations made during the last
round of condition monitoring.

An underwater inspection of the coaster gate guides is to be
undertaken as soon as possible.

The works recomniendations arising from the August 2008
crane inspection are to be completed as soon as possible.

9.0

All measuring points are to be suitably labelled and
numbered on site and a suitable engineering plan prepared
to show instrumentation point locations and corresponding
numbering.

Re-examine the dam safety issues associated with the
concrete cracking in the upper gallery.
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Legend of Criticalily Raling

Rating 1 Rectification required immediately, i.e. within 1 month
Rating 2 Rectification required within 3 months

Rating 3 Rectification required within 12 months

Rating 4 Ongoing
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INSTRUMENTATION DATA
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1

INTRODUCTION

The Queensland Bulk Water Supply Authority trading as Seqwater took over ownership of

Somerset Dam from the previous SegqWater on 1 July 2008. The Dam Safety Conditions

issued by the Dam Safety Regulator for Somerset Dam in accordance with the Water Supply

Act 2008 requires the following:

The dam owner must carry out a comprehensive inspection of the dam in accordance
with the Queensland Dam Safety Management Guidelines, on or before 1 October
2010.

The comprehensive inspection must incorporate a review of the dam safety standards
of the existing dam against current standards, a review of the adequacy of the dam
safety documentation for the dam and reviews of the status on recommended actions
from previous inspections.

A Comprehensive Inspection Report detailing the findings of the comprehensive
inspection in accordance with the Queensland Dam Safety Management Guidelines
must be submitted o the Dam Safety Regulator, within three months after completion

of the comprehensive inspection.

The Queensland Dam Safety Management Guidelines define the purpose of a

Comprehensive inspection to be a periodic inspection of the dam and a review of the owner's

whole dam safety management program. The Guidelines require the Inspection Report to

assess all aspects of the dam safety management program and fully document:

Deficiencies identified in the dam safety management program and its documentation
A strategy for overcoming the deficiencies (including prioritisation of actions if several

deficiencies are identified).

The Guidelines also require the inspection to be undertaken by an experienced dam’s

engineer who is a RPEQ. This inspecticn is to incorporate:

A periodic inspection.

An assessment of the appropriateness and adequacy, the effectiveness and
application {including the owner's response to inspection report and Safety Review
recommendations) of the dam safety management program and documentation for

the dam.
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This is considered to be the third Comprehensive Five Yearly Inspection of Somerset Dam
undertaken in accordance with the Queensland Dam Safety Management Guidelines. The
first formal dam safety review was undertaken by Gutteridge, Haskins & Davey Pty Ltd in
2000. Seqwater also has records of a 2006 inspection undertaken by NSW Department of
Commerce. [t is understood that no final report was issued in relation to this inspection;

however Seqwater has a copy of an advanced draft of the final report.

A number of other recent investigations and reports have examined the design and structural

performance of Somerset Dam. These include:

+ Somerset Dam — Detailed Risk Assessment (SMEC} — 2005.

« Somerset Dam — Stability of Abutment Monoliths (NSW — Dept of Commerce) — 2005.
+ Somerset Dam — Concept Review for Dam Raising {SMEC) — 2006.

+ Somerset Dam - Crack Investigation (SMEC) — 2008.

These reports generally conclude that the structure of the dam is sound, however the reports
raise several relatively minor issues requiring further investigation and these issues have

been listed in the recommendations of this report for further action by Seqwater.
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2 EXECUTIVE SUMMARY

Somerset Dam is generally in very good condition. The recent comprehensive design
reviews undertaken by the NSW Department of Commerce and SMEC in 2005 and 2006
respectively conclude that the design of the dam is in accordance with modern day standards
and that there are no significant outstanding design issues that require investigation at the

present time.

Results from the dam safety instrumentation at the dam show that the structural performance
of the dam in satisfactory and in accordance with design expectations. No issues were

identified as a result of the comprehensive review of the instrumentation data.

The physical infrastructure at the dam is generally maintained in good condition, with all
major dam components generally performing in a satisfactory manner and maintained in a

satisfactory condition.

The main outstanding issues requiring resolution relate to optimising the conditioning
monitoring program relating to the mechanical and electrical equipment at the dam and fixing
an outstanding issue relating to the operation of the electric brakes on the sluice gates.

Neither of these issues is considered high risk, but both have been outstanding since 2008.
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3 DESCRIPTION

WATER FOR LIFE

someeseroam

Population at Risk

Sunny Day Failure: 1,000
Flood: »1,000 {not fully assessed)

Failure Impact Rating 2
Hazard Category Extreme
Dam Owner Seqwater

Name of Reservoir

Lake Somerset

Year Complete

1953

Location Stanley River near Kilcoy
Water Course Stanley River
Purpose Town water

Type of Construction

Mass concrete gravity dam

Outlet Works

8 radial gates, & sluice gates and 4 cone dispersion
valves.

Catchment Area 1,340[-(m2

FSL 99m AHD

Full Supply Capacity 379,849 ML
Surface Area at FSL 4,210ha
Main Dam Crest 107.46m AHD
Bridge Deck Level EL112.34 m
Main Dam Embankment Length 305m
Maximum Height of Main Dam Embankment 58m

Width at Top of Main Dam Embankment 6.5m
Spiliway Crest 100.45m AHD
Spiliway Length 63.4m

Gates

8 gates wide 7.9 m x 7.0 m high

Saddle Dam Crest

Not Applicable

Saddle Dam Length

Not Applicable

Somerset Dam
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Maximum Height of Saddle Dam Embankment

Not Applicable

Peak Water Level as a Result of PMF

EL112.0m

Spillway Capacity {including sluice gates)

4,700m"/s (EL 107.5m)

Maximum Discharge as a Result of PMF

9,600 m*/s

AEP of Spillway Capacity (including sluice gates}

1 in 10,000 {EL 107.5)

Reguiator valves

4 x 3m cone dispersion vaives

Mean annual pan evaporation

1,600mm {estimated from BOM maps)

Mean annual rainfall

986mm at 040189 Somerset Dam

Hydroelectric Facilities

4 mw generator

Notable events

1574

Maximum Historic Storage Level

106.26 m AHD Jan 1974

Somerset Dam
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4 DAM HISTORY

Somersef dam was constructed in the period 1935 to 1953 with a delay in construction as a
result of the war in the period 1942 to 1948. The dam has been constructed across the
Stanley River between Little Mount Brisbane and Mount Somerset. [t is located at AMTD 4.8
on the Stanley River which is a tributary of the Brisbane River and is located in the upstream

limit of the Wivenhoe storage which was constructed in the period 1976 to 1985.

Somerset dam is a concrete gravity structure with a gate controlled flood storage
compartment. The dam has a downstream energy dissipater with baffle and side training
walls of mass concrete. The distance from the downstream face of the spillway to the baffle
is 36.6 metres and the overall length of the stilling basin is 58.2 metres. The concrete in the
floor of the stilling basin is about 3 metres thick for the first 23.8 metres downstream of the
spillway and reduces to a 1.5 metres thickness at the baffle and 0.76 metres at the end sill.
The dam and the stilling basin are provided with a number of drains to limit the

build up of pore pressures.

A hydro-electric power station is provided on the right side of the spillway which at the time of
the inspection was being refurbished. Four regulator cone valve 2.3 metres in diameter are
the primary method of making releases from the storage. During the 1974 flood these
regulator valves were submerged by tail water and it is understood that prior to 1996, the
valves may have been operated for extended periods in a partially of fully submerged state.
The resulting cavitation may have damaged the valves and extensive repairs are evident

within the internal structures of these valves.

Eight sluice gates and eight radial gates have been provided for normal flood releases. The
Full Supply Level of Somerset dam is 1.5 metres below the concrete spillway crest level
controlled by the radial gates. A reinforced concrete deck is located 4.88 metres above the
non-overflow crest level of the dam. This deck carries the winches and gantry crane required

to operate the sluices, crest gates and coaster gate.

It is understood that a roller chain from a sluice gate came apart during an operation of a
gate in either the 1980s or the early 1990s. No official records relating to the incident can be
found, but since that time the circlips holding individual rollers in place on the roller chains on

each sluice gate have been welded closed to prevent a another incident of this nature.
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An inspection of the dam was undertaken in the period 6 to 7 March 1993, The subsequent
report recommended the installation of piezometers, seepage monitoring and crack width
monitoring facilities. This installation work was undertaken in the late 1990s (see Section
11).

There is considerable horizontal cracking exposed in the upper gallery walls. The main
cracks are located on the downstream side of the gallery wall, one about 0.4 metres above
floor level and the other 1.6 metres to 1.8 metres above floor level. The latter crack extends
for most of the length of the gallery and appears to be at the same level as a construction
joint in the downstream face of the dam. This crack has been investigated in a series of
reports, the most recent being in 2008 by SMEC in a report entitled “Somerset Dam —~ Crack
Investigation”. Generally, the reports conciude that the cracking in the Upper gallery is not
of structural concern, but that the current monitoring program should continue so that a
further investigation trigger can be initiated should the crack begin to significantly change in

nature over time (See Section 11).
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5 DATA BOOK

in accordance with the Dam Safety Conditions for Somerset Dam, the dam owner must
update and maintain a Data Book in accordance with the Queensland Dam Safety
Management Guidelines. The Data Book must include all pertinent records and history
relating to the dam and encompass the documentation of investigation, design, construction,
operation, maintenance, surveillance, monitoring measurements and any remedial action

taken relating to the dam.

The Dam Data Book is held in Seqwater’s Karalee Office and is generally comprehensive
and contains information in accordance with the Data Book Checklist in the Queensland Dam
Safety Management Guidelines. Segwater has also taken electronic copies of the Data
Book information and saved this information within a system that includes a similar provision

for saving and back-up.

No recommendations for updating the Somerset Dam Data Book are considered necessary

at this time.
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6 STANDING OPERATING PROCEDURES

In accordance with the Dam Safety Conditions for Somerset Dam, the dam owner must
develop Standing Operating Procedures in accordance with the Queensland Dam Safety
Management Guidelines. The purpose of the Procedures is to:

« Define responsibilities for actions critical to the safety of the dam.

« l|dentify procedures for partticular daily activities, which ensure that these activities are
done safely, in the same way each time and in accordance with development permit
conditions.

« Ensure appropriate people are notified when unforseen or unusual events occur.

Seqwater submitted copies of the Standard Operating Procedures for Somerset Dam to the
Dam Safety Regulator in March 2009 following an extensive update and review of the
Procedures. Controlled copies of the document have aiso been issued to the following

Seqwater staff:

« Principal Engineer Dam Safety.
s Operations Coordinator responsible for Somerset Dam

s Somerset Dam Storage Supervisor.
The dam is generally operated in accordance with the Standing Operating Procedures and
the Procedures have been prepared in accordance with the Queensland Dam Safety

Management Guidelines. The Procedures address the following areas:

DAM EMERGENCIES

Section 1 Dam Safety Organisational Structure and Responsibilities
Section 2 Emergency Action Planning

Section 3 Loss of Communication during an Emergency Event
Section 4 Dam Security and Restricted Areas

DAM SAFETY SURVEILLANCE
Section 5 Dam Attendance
Section 6 Dam Operating Log

Section 7 Dam Surveillance and Routine inspection
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Section 8 Dam Instrumentation Data Collection and Management
Section 9 Annual Dam Inspections

Section 10 Comprehensive Five Yearly Dam Safety inspections
Section 11 Unscheduled Dam Inspections

DAM OPERATIONS AND MAINTENANCE

Section 12 Routine Dam Maintenance

Section 13 Routine Dam Operations

Section 14 Storage Inflow Control

Section 15 Renewal and Refurbishment of Dam Infrastructure
Section 16 Regulated Water Releases

Section 17 Uncontrolled Water Releases

DAM SAFETY ADMINISTRATION AND REGULATORY REQUIREMENTS
Section 18 Reporting

Section 19 Dam Safety Documentation

Section 20 Regulatory Requirements and Dam Safety Conditions

Section 21 Training

Some internal restructuring of Seqwater occurred in 2010 and this has resulted in a change
to some Position Titles referred to in the Standing Operating Procedures. Accordingly it is
recommended that the Standing Operating Procedures be amended to account for these
changes. No other recommendations for updating the Somerset Dam Standing Operating

Procedures are considered necessary at this time.

RECOMMENDATION
Review and update the Standing Operating Procedures to account for the change in

position titles due to the recent restructure of Seqwater.
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7 OPERATION AND MAINTENANCE MANUAL

in accordance with the Dam Safety Conditions for Somerset Dam, the dam owner must
develop Operation and Maintenance Manuals in accordance with the Queensland Dam
Safety Management Guidelines. The purpose of the Manuals is to provide instruction on
how to operate, maintain and overhaul individual pieces of equipment for a dam and its

associated structures. The manuals should contain the following:

* Work Instructions, which detail the way in which equipment should be operated and
outline the steps involved in performing a task.

e Maintenance Schedules, which detail the asset, description of task, frequency of
maintenance and special requirements for servicing and maintaining the equipment.

¢ Equipment data sheets or Manufacturer's Manuals, which comprise technical

information needed for maintenance, repair and overhaul of equipment.

Seqwater has updated and reviewed the Operation and Maintenance Manual for Somerset
Dam. Controlied copies of the document have also been issued to the following Seqwater
staff;

« Principal Engineer Dam Safety.
= Operations Ceordinator responsible for Somerset Dam

» Somerset Dam Storage Supervisor.

The dam is generally maintained and operated in accordance with the Operation and
Maintenance Manual and the Manual has been prepared in accordance with the Queensland
Dam Safety Management Guidelines. No recommendations for updating the Somerset Dam

Operation and Maintenance Manuals are considered necessary at this time.
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8 EMERGENCY ACTION PLAN

In accordance with the Dam Safety Conditions for Somerset Dam, the dam owner must
develop an Emergency Action Plan in accordance with the Queensland Dam Safety
Management Guidelines. The purpose of the Plan is to:

» [dentify emergency conditions that could endanger the integrity of the dam and that
require immediate action;

¢ Prescribe procedures that should be followed by the dam owner and operating
personnel in the event of an emergency;

« Provide procedures fo allow timely warning to Emergency Response Agencies for

their implementation of protection measures to downstream communities.

Seqwater submitted copies of the Emergency Action Plan for Somerset Dam to the Dam
Safety Regulator in November 2010 following an extensive update and review of the
previous Plan. Controlled copies of the document have also been issued to the following

Seqwater staff and external agencies:

= Principal Engineer Dam Safety.

s Dam Operations Manager

s Somerset Dam Storage Supervisor.

¢ Operations Coordinator responsible for Somerset Dam
¢ Seqwater/SunWater Flood Operations Centre

e Department of Emergency Services

e Brisbane City Council

= Emergency Management Queensland

Relevant dam personnel are generally familiar with the Emergency Action Plan and the Plan
has been prepared in accordance with the Queensland Dam Safety Management Guidelines.

The Plan contains the fallowing information:

« Register of notification.

» Emergency contacts.

« Emergency action friggers.
» Routes to the dam site.

» Flood maps.
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Emergency communication from the dam itself is reasonable. No recommendations for

updating the Somerset Dam Emergency Action Plan are considered necessary at this time.
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9 ROUTINE INSPECTIONS

The Hazard Category of Somerset Dam is Extreme. Routine Inspections are undertaken
daily in accordance with ANCOLD Guidelines. Rainfall, storage level and seepage are also

measured during these inspections. A typical inspection sheet is shown below.

DAM SURVEILLANCE — SCAMERSET DAM Week Commencing 30 October 2010

Daily FSLEL 99.00
READINGS Sat Sun Mon Tue Wed Thuo Fri
Date 30710010 | 314006 | oLILAg | 830110 | 0310 F o410 | 051110
Time 0708 &g 3700 G700 070 G700 3730
Fainfil (mm} 3 1.6
Srorage Fevel fm AHTH : 99,335 £9.2¢ 99.17 6827 093¢ 923 99.20
Tampezature (*C) 29 30 27 27 27 23 25
CONDITION REFPORT

Main Embankment

Concreta Condition v v v 4 v I v
Erosion v v v v v v v
Instruamentation

Vibrating Wire Piezometers

Uplift Pressurs Gunges

Crack Mez=utement Points

Spillvay (Crest EL 100.45)

Concrete Condijon ' 4 ' ' v v '
& x Shiice Gatas Condition

Erosion v + i v v "4 v
River aud Ponded Aren Banks

{Slumping and or Erssion}

Deoaustream Rivar Condidon v

Dondad Area & Confluences v

Phota's taken Na

Reporting Offcer's Initials GF OF GF GF GF GF GF

{v" } Indicates Satishctory Condition
(X) Indicates Action Required (Provide details in Comments Section below’

COMMENTS
...3-11-20100pea Mo 2 remelator 100%% during working hoars Releaze 109001

L 41120100pen No 2 regulator 100% during workng hours Releass 1785 ML

Conpleted fornn to ba amailed or fixed to Dam Operations Coardinater Central Region (Jayam Temskoon)

Jayam Tennokoon — Fax 5426 1097 Eamail; jtennskponilisequsier,coman
Report Submided by Grahmm Fremcis.......oooconns S{ENamee .......oovveninanennnn Date 037112010, ...l
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Segwater commenced the current system of undertaking routine inspections in June 2009.
Prior to that date, although routine inspections were being undertaken, the records were
maintained on a weekly rather than on a daily basis. Segwater now has a robust system in
place for ensuring that Routine Inspections are undertaken daily (see SOF 4.3 — Dam
Surveillance and Routine Inspection) in accordance with ANCOLD guidelines.
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10

ANNUAL INSPECTIONS

The most recent Annual Inspection at the dam was undertaken in November 2009 by John

Tibaldi (RPEQ 02525). The significant recommendations arising from the inspection and

their current status are shown in the following table:

Vegetation growing on the embankment is to be removed

and/or sprayed with a suitable herbicide. This includes the Complete
trees growing within five metres of the abutments.

e Vegetation growing on the spillway is to be removed and/or Complete
sprayed with a suitable herbicide. P

o The rotten wooden buffers associated with the radial gate Complete
counter weights are to be replaced. P

e Recommence the electrical condition monitoring program Not Complete

associated with the radial gates, gantry crane and standby
diesel generaior.

(see Section 12)

The electric brakes on the sluice gates are fo be repaired in
accordance with the recommendations made during the last
round of condition monitoring.

Not Complete
(see Section 12)

An underwater inspection of the coaster gate guides is to be
undertaken as soon as possible.

This work has commenced
but has been delayed by
the rising water levels in

the dam. Initial
investigations uncovered
no major issues and the
work has been rescheduled
for 2011.

(see Section 12)

The works recommendations arising from the August 2008
crane inspection are to be completed as soon as possible.

Complete

Al measuring points are to be suitably labelled and
numbered on site and a suituble engineering plan prepared
to show instrumentation point locations and corresponding
numbering.

Complete

Re-examine the dam safety issues associated with the
concrete cracking in the upper gallery.

Complete

Somerset Dam
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The most recent Comprehensive Inspection at the dam was undertaken in July 2006 by the
NSW Department of Commerce. There are no recommendations from this report that are
not accounted for in the above table or elsewhere in this report.

in summaty, there are no outstanding items critical to the safety of the dam and all

outstanding work has been addressed in the recommendations of this report.
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1 INSTRUMENTATION

A summary of the dam safety monitoring instrumentation at Somerset Dam is contained in

the following table.

SOMERSET DAM — DAM SAFETY INSTRUMENTATION

TYPE DESCRIPTION

Pore Pressure There are 13 hydraulic piezometers installed at the dam to

(Vibrating Wi maonitor pore pressure. The piezometers are located in the
ibrating Wire
dam foundations under monoliths F, J, M and R. Readings are

Piezometers)
taken from the lower galiery. Three piezometers are installed
in each of monoliths F, J and M, with four in Monolith R. The
upstream piezemeter in each monolith is connected to the
storage. These instruments are read monthly.

Pore Pressure As shown in the plan in Appendix A labelled Figure 6, the

system for to relieve pressure in the dam foundations consists

(Pressure relief drains) of-

» Foundation drain holes within monoliths E to U
originating in the lower gallery. There are generally 4
drains per monolith, two upstream drains and two
downstream drains, that are drilled approximately
9 metres into the rock foundations. Water levels in
these drain holes are read monthly. Water in the lower

gallery drains to the dam sump pumps.

« Two square brick foundation drains of dimension
0.38 metres x 0.38 metres located on the foundation
and one approximately 7.5 metres downstream of
upstream heal and the other the approximately 27
metres downstream of upstream heal. These drains
are connected by drain pipes to the lower gallery.
Water levels in these drains are not currently

measured.

s A foundation tunnel of dimension 0.76 metres wide by
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1.83 metres high located approximately 15 metres
downstream of upstream heal. This tunnel drains

directly to the dam sump pumps.

¢ A foundation tunnel of dimension 0.76 metres wide by
0.91 metres high located along the downstream toe.
This tunnel drains directly to the dam sump pumps.

There are flow metres on the dam sump pumps to record water

pumped. This informaticn is not currently monitored over time.

Deformation Monitoring

There are 22 movement monitoring points installed at the dam
to measure embankment movement. A deformation survey is

undertaken annually.

Structural Movement

There are 22 measurement points to meonitor the longitudinal
crack along the upper galiery. These instrumenis are read

monthly.

Seepage

All gallery seepage is directed to tha dam sump pumps. This
includes water flowing from the pressure relief drains. There
are flow metres on the dam sump pumps to record water
pumped. This information is not currently monitored over time,

but overall it appears that seepage is minimal.

Rainfall and Storage Level

Alert canisters transmit this data continuously in real time. All

data is stored by Seqwater within a database.

Pore Pressure (Vibrating Wire Piezometers)

A summary of the piezometer results is shown in the table below. Detailed graphs showing

the behaviour of individual piezometers over time are contained in Appendix B. No plans

showing the locations of the piezometers are currently available. Based on the stability

assessment in Appendix 3.8 of the Somerset dam Risk Assessment undertaken by SMEC in

2005, under normal load conditions, crack length should not exceed 10 metres and uplift

pressure downstream of the crack should not exceed 78 metres. Therefore a trigger level of

77.5 metres has been adopted for the downstream piezometers. If such a level is reached,

Somerset Dam
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further structural analysis should be undertaken, although it should be noted that this trigger

level certainly exceeds the uplift assumed in the 2005 analysis undertaken by the NSW

Department of Commerce. Based of observed piezometer readings that were available

when this report was being compiled, the 2005 analysis assumptions are considered

guestionable.

PIEZOMETERS

DESCRIPTION

COMMENTS

TRIGGER

PF01 These three PFO01 is connected to Maximum uplift
PFO2 piezometers are the storage. PF02 and | recorded at PF03 is
located within the PF03 have shown very | 74.66; latest reading
PF03 foundations under little movement since on a full storage is
Monolith F. PFO1 is installation. 74.32. Adrop in
the most upstream pressure is evident
piezometer and PF03 between PFO1 and
is the most PF03. There are no
downstream current issues of
piezometer. concern.
PJO1 These three PJ01 is connected to Maximum uplift
PJ02 piezometers are the storage. PJ02 and | recorded at PJ03 is
located within the PJ03 also react to 66.56; latest reading
PJ03 foundations under movements in storage | on a full storage is
Monolith J. PJO1 is the | level, but a generally at | 66.34. Adropin
most upstream relatively low levels. pressure is evident
piezometer and PJ03 between PJO1 and
is the most PJ03. There are no
downstream current issues of
piezometer. concern.
PMO1 These three PMO1 is connected to | Maximum uplift
PMO2 piezometers are the storage. PM02 recorded at PMO03 is
located within the and PMO03 have shown : 65.50; latest reading
PM03 foundations under very little movement on a full storage is
Monolith M. PMO1 is since installation. 65.32. Adropin
the most upstream pressure is evident
piezometer and PMO03 between PM01 and
is the most PM03. There are no
downstream current issues of
piezometer. concern.
PROA1 These four PRO1 is connected to Maximum uplift
PROZ2 piezometers are the storage. PRO2 and | recorded at PRO3 is
located within the PRO3 have shown very | 75.64; latest reading
PRO3 foundations under little movement since on a full storage is
PRO4 Monolith R. PRO1 is installation. PR04 73.96. Adropin

the most upstream
piezometer and PR04
is the most
downstream
piezometer.

seems to be connected
to tail water levels.

pressure is evident
between PR0O1 and
PR0O3. There are no
current issues of
concern.
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The instruments are read and serviced in accordance with ANCOLD Guidelines.

Pore Pressure (Pressure Relief Drains)

Detailed graphs showing the behaviour of individual drains over time are contained in
Appendix B. Following a detailed site inspection, it appears that some of the drains that are
currently measured relate to the drain connections to the brick foundation drains.
Accordingly a detailed study is required to define the function of each measured relief
drainage point and the appropriate monitoring arrangements for each point. Generally
though, the graphs contained in Appendix B show that the drains are not blocked and are
generally functioning as intended. Many off the drains also appear to be flowing slowly into

the lower gallery, which also provides a good indication of their functionality.

Deformation Monitoring

Deformation surveys are undertaken annually at Somerset Dam. The last survey was
undertaken in June 2010 and the detailed results are contained in Appendix B. Following a

review of the movements, no values could be found that are cause for any concern.

Maximum settlement since the base survey has been 1 millimetre with a maximum rise of 5
millimetres at points 14 and16. It is worth noting however that for points 14 and 16, the
amount of movement has decreased over the last period. Maximum horizontal

movement has been 9 to 10 mm since the base survey with Point 14 showing the maximum

variability in all three directions.

The only drawing showing the location of the deformation survey marks is A3-213650. Itis
recommended that a new drawing be prepared to clearly show the survey marks on

a general arrangement to allow movements to be related to the structural monoliths.

Structural Movement {Crack Measurement)

A summary of the crack measurement results is shown in the table below. The crack has
been the subject of many studies and investigations in recent years with the generai
conclusion being that the crack is not presently an issue of structural concern, but that

monitoring of the crack should continue.
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Generally, the crack continues to open at a rate of around 0.064 mm/year. Detailed graphs

showing the behaviour of individual instruments over time are contained in Appendix B. The

most recent detailed investigation of the crack was undertaken by SMEC in 2008 and the

issue will be examined again in detail as part of the next Comprehensive Inspection in 2015.

CRACK MEASUREMENT

ESTIMATED TOTAL ADDITIONAL OPENING OVER

POINT THE LAST ELEVEN YEARS
1 0.6 millimetres
2 0.7 millimetres
3 0.7 millimetres
4 0.8 millimetres
5 0.7 millimetres
6 1.1 millimetres
7 0.8 millimetres
8 0.8 millimetres
9 0.7 millimetres
10 0.6 millimetres
11 0.6 millimetres
12 0.7 millimetres
13 0.8 millimetres
14 0.7 millimetres
15 0.8 millimetres
16 0.6 millimetres
17 0.8 millimetres
18 0.7 millimetres
19 0.5 millimetres
20 0.5 millimetres
21 0.7 millimetres
22 0.6 millimetres
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Seepage

All gallery seepage is directed to the dam sump pumps. This includes water flowing from the
pressure relief drains. There are flow metres on the dam sump pumps to record water
pumped. This information is not currently monitored over time, but overall it appears that
seepage is minimal. Regardless, it is recommended that graphing of sump pump flows over

time commence.

Monitoring Frequencies

Menitoring frequencies are undertaken in accordance with the following table that meets
ANCOLD Guidelines.

SOMERSET DAM - DAM SAFETY INSTRUMENTATION

TYPE MONITORING FREQUENCY
Rainfall and Storage Level Monitored daily through ALERT
Seepage Continuous

Pore Pressure Monthly

Structural Movement Monthly
Deformation Monitoring Yearly

The Hazard Category of Somerset Dam is Extreme. Instrumentation monitoring is

undertaken in accordance with ANCOLD Guidelines.

Recommendations

« A new drawing is to be prepared to clearly show the survey marks on a general
arrangement to allow movements to be related to the structural monoliths.
s The depth and water level in each foundation drain measuring point in the lower

gallery is to be accurately determined. Following this an engineering study is to
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determine the appropriate monitoring frequency and analysis method for gathered
data associated with these drains.

s Graphing of sump pump flows over time is to commence.
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12 INSPECTION

121 Inspection Team

John Tibaldi, Principal Engineer Dam Safety (Seqwater)
Louw Van Blerk, Engineer Dam Safety (Seqwater)

12.2 Operational status at time of inspection

Date of Inspection: 16 September and 25 November 2010.

Reservoir Water Surface Elevation: near FSL

12.3 Dam Embankment

Somerset Dam is a 47 metre high concrete gravity dam on the Stanley River upstream of
Wivenhoe Dam. The dam is of conventional mass concrete construction. There are seven
mass concrete abutment units on each side of the central spillway structure that supports a
road bridge at EL 112.3. The abutment units are constructed with an open overflow section
below the bridge at EL 107.5. Flood flows passing through these openings flow down the
back face of the dam and impact on an unprotected rock foundation rock, before flowing

laterally towards the central spillway channel.

Somerset Dam
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The concrete embankment was inspected and was found generally to be in good condition.

Some vegetation was observed growing on the embankment that should be removed.

There are a number of galleries within the dam. Concrete cracking has occurred at the
Upper Gallery and there is considerable horizontal cracking exposed in the gallery walls.
There is no indication that the cracking is significantly worsening over time (see also
Section 11).

Inspection Recommendations:

+ Vegetation growing on the embankment is to be removed and/or sprayed with a

suitable herbicide.

Concrete in Drainage Gallery
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12.4 Spillway

The dam has eight radial gates (sector gates) installed on the top of the spillway. The eight
radial gates are each 7 metres high by 8 metres long and are installed above fuil supply
level. The gates are counterbalanced so that the hoist does not have to lift the full weight of

the gate.

The radial gate winch units comprise a six-pole electric motor close-coupled to a worm
reduction gear set. The output of the worm reduction passes through three sets of spur
gears, the last spur gear being bolted to the rope drum. The rope is attached directly to the
centre of the gate without any intermediate pulleys, while the counterweight is attached to
both ends of the gate. An electric brake operates on the motor-coupling drum. A parking
brake is operated by a hand-wheel applying a band brake to a drum mounted on the last
spur gear drive shaft.

Sluice Gates hoisting gear

The spillway and associated gates and assaciated hoisting gear looked to be in good

condition. All equipment was operated under full flow conditions in the recent flood event in
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October and no operational issues with the equipment were identified. Undertaking regular
routine maintenance in accordance with the dam Operation and Maintenance Manuals
appears to be producing good results and it is important that this program is continued. It
was noted that recent structural reports calculate that the dam is over stressed if the radial
gates are closed when the dam lake level exceeds 105.7 metres AHD and this issue should

be noted in the flood operations procedures.

Dissipater

Recent comprehensive inspections have raised concerns with the ability of the dissipater to
withstand high outflow conditions and although no damage is apparent, an underwater

inspection should be undertaken to confirm that the dissipater is structurally sound.
inspection Recommendation:
s Vegetation growing on the spillway is to be removed and/or sprayed with a suitable

herbicide.

¢ Undertake underwater inspection of the dissipater area.
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» Insert appropriate arrangements into the dam Flood Operations Procedures to
account for the dam becoming over stressed if the radial gates are closed when

dam water levels exceed 105.7 metres AHD.
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12.5 Reservoir Rim and Downstream Waterway

The reservoir rim slopes appear generally stable and above the Full Supply Level are
relatively well vegetated with no signs of slips or movement that would be of concern from a

dam safety perspective.

There were also no slips or restrictions that would prevent spillway outflow or raise tail water

levels to an unacceptable level during a dam outflow event.
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12.6 Outlet Works

The outlet works consist of thirteen conduits or sluice-ways through the bottom of the dam
wall. One of the conduits supplies a mini-hydro power station, four are connect to fixed cone

dispersion valves and the eight sluice-ways constitute the main outlet regulating capacity.

The eight main sluice gates are each 3.7 metres high by 2.4 metres wide. The gates are not
counterbalanced, and are hoisted by two ropes, each rope being reeved into a four-part
system. The conduits connected to the mini-hydro and the fixed cone dispersion vaives are
protected by similar roller gates with hoists essentially identical to the main sluice gate hoists,

the differences relating to the rope drums.

Sluice Hoisting Gear

Each winch unit comprises a six-pole electric motor close-coupled to a worm reduction gear
set. The output of the worm reduction passes through two sets of spur gears, the last spur
gear being bolted to the rope drum. The rope drum is a double drum with two ropes
attached. Each rope is reeved through pulleys to create a four-fall rope system connected to
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an equalising beam on the top of the gate. An electric brake operates on the motor to worm
pinion coupling. A band brake is hand-wheel applied to a drum bolted to the rope drum for

added security.

A 100 tonne travelling gantry crane on the dam deck serves to handle the emergency
coaster gate used for maintenance of the sluice gates. This crane appeared to be in good
condition, however it was noted that one recommendation from the 2008 mechanical
inspection of the crane remain outstanding. This recommendation relates to corrosion repair

and although relatively minor in nature, it should be attended to.

The other mechanical equipment associated with the outlet works was inspected and found
to be in generally good condition. All sluice gates were operated under full flow conditions in
the recent Cclober flood event and no issues of concern were detected. The Coaster Gate
has recently been inserted against all sluice tunneis successfully. The planned maintenance
program for refurbishing the sluices, tunnels, regulators and regulator conduits is producing
good resuits and it is important that this program is continued with a further tunnel and

associated sluice scheduled for refurbishment in the current financial year.

Some concerns remain from the 2008 inspection that the electrical condition monitoring
program seems to have been discontinued and recommendations from the 2008 condition
monitoring round associated with repairing the electric brakes on the sluice hoisting gear has
not been attended to. Internal inspection of the conduits and valves has occurred in 2010,

with no significant issues of concern detected.

The only concern associated with the outlet works is the condition of the guides associated
with the placement of the coaster gate. These guides were last inspected over 5 years ago
and a diving inspection should be programmed as soon as a drop in dam water level occurs

to assess the condition of this infrastructure.

Inspection Recommendations:

« Recommence the electrical condition monitoring program associated with the
sluice gates, radial gates, regulators, gantry crane and standby diesel generator.

e The electric brakes on the sluice gates are to be repaired in accordance with the
recommendations made during the {ast round of condition monitoring.

« An underwater inspection of the coaster gate guides is to be undertaken as soon

as possible.
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¢ The works recommendations arising from the August 2008 crane Inspection are to
be completed as soon as possible.

« All wire ropes are to be tested against design specifications during the 2011/12
financial year. This work is in accordance with the inspection and testing schedule
that was established in 1996 and has been in place since that time.

¢ Continue the rolling program of sluice gate, sluice tunnel and trash rack painting.
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12.7 instrumentation

Surveillance instrumentation at the dam monitors movement of the dam embankment,

seepage and pressure within the embankment. The instrumentation consists of:

¢ 22 crack measurement points.
» 13 vibrating wire piezometers.
» 56 pressure relief wells.

« 1 automatic water level recorder

Graphs of the piezometer and uplift pressure data are shown in Appendix A. This data was

examined and no trends of concern were identified (see Section11).

The instrumentation was inspected, and the foilowing works recommendations were made:

Inspection Recommendations:

+ The sump pump operating level is to be lowered to aliow the foundation tunnel to
be drained at all times. A manual switch is to be added to facilitate sump pump
testing and drainage.

» All measuring points are to be suitably labelled and numbered on site and a
suitable engineering plan prepared to show instrumentation point locations and
corresponding numbering.

« Plastic covers or similar are to replace the existing screwed metal claps on the
foundation drainage points to facilitate access, monitoring and maintenance.

* The wooden covers on the pressure relief points in the floor of the lower
foundation gallery that are jammed in place are to be removed and replaced with
covers that are easily removable and will be displaced by any drain uplift flow..

« The foundation drainage points in the floor of the lower gallery that are causing

tripping hazards are to be suitably modified.
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13 RECOMMENDATIONS

e Review and update the Standing Operating Procedures to account 3

for the change in position titles due to the recent restructure of

Seqgwater.

» A new drawing is to be prepared to clearly show the survey marks 3
on a general arrangement to allow movements to be related to the

structural monoliths.

s The depth and water level in each foundation drain measuring 3
point in the lower gallery is to be accurately determined. Following
this an engineering study is to determine the appropriate
monitoring frequency and analysis method for gathered data

associated with these drains.

e Graphing of sump pump flows over time is to commence. 2

s Vegetation growing on the embankment is to be removed and/or 3

sprayed with a suitable herbicide.

* Vegetation growing on the spillway is to be removed and/or 3

sprayed with a suitable herbicide.

e« Undertake underwater inspection of the dissipater area.

« Insert appropriate arrangements into the dam Flood Operations 2
Procedures to account for the dam becoming over stressed if the
radial gates are closed when dam water levels exceed 105.7 metres
AHD.

¢ Recommence the electrical condition monitoring program 2

associated with the sluice gates, radial gates, regulators, gantry

crane and standby diesel generator.

¢ The electric brakes on the sluice gates are to be repaired in 2
accordance with the recommendations made during the last round

of condition monitoring.

» An underwater inspection of the coaster gate guides is to be 3

undertaken as soon as possible.

¢ The works recommendations arising from the August 2008 crane 3

inspection are to be completed as soon as possible.
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All wire ropes are to be tested against design specifications during
the 2011/12 financial year. This work is in accordance with the .
inspection and testing schedule that was established in 1996 and

has been in place since that time.

Continue the rolling program of sluice gate, sluice tunnel and trash

rack painting.

The sump pump operating level is to be lowered to allow the
foundation tunnel to be drained at all times. A manual switch is to

be added to facilitate sump pump testing and drainage.

All measuring points are to be suitably labelled and numbered on
site and a suitable engineering plan prepared to show

instrumentation point locations and corresponding numbering.

Plastic covers or similar are to replace the existing screwed metal
claps on the foundation drainage points to facilitate access,

monitoring and maintenance.

The wooden covers on the pressure relief points in the floor of the
lower foundation gallery that are jammed in place are to be
removed and replaced with covers that are easily removable and

will be displaced by any drain uplift flow.

The foundation drainage points in the floor of the lower gallery that

are causing tripping hazards are to be suitably modified.

Legend of Criticality Rating

Rating 1 Rectification required immediately, i.e. within I month
Rating 2 Rectification required within 3 months

Rating 3 Rectification required within 12 months

Rating 4 Ongoing
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APPENDIX A DRAWINGS
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APPENDIXB INSTRUMENTATION DATA
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Mono E - Somerset Dam - Uplift Drains

Date

£ 0 indicates drain pipeis full. Ztraight lineis
bottom {dry) ar blocked.
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Mono F - Somerset Dam - Uplift Drains
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£ Oindicates drain pipeis full. Straightlineis
battom [dry]or biocked.
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Mono G - Somerset Dam - Uplift Drains
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£ Oindicates drain pipeis full. $traightlineis
bottom {dry) or blocked.
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Mono H - Somerset Dam - Uplift Drains
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+ 0 indicates drain pipeis full Straight lineis
battam {dry)orblocked.
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Mono | - Somerset Dam - Uplift Drains
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Mono ] - Somerset Dam - Uplift Drains
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Mono K - Somerset Dam - Uplift Drains
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£ 0 indicates drain pipeis full Btraightlineis
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Mono L - Somerset Dam - Uplift Drains
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£ 0 indicates drain pipeis full. Straight line is
bottom Idry) ar blocked.
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Mono M - Somerset Dam - Uplift Drains
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- Oindicates drain pipeis full Straightiineis
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Mono N - Somerset Dam - Uplift Drains
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0 indicates drain pipeis full. Straizhtlineis
bottom [doy)or blocked.
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Mono O - Somerset Dam - Uplift Drains
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£ 0 indicates drain pipais full. Straight line is
bottom [drylor blocked.
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Mono P - Somerset Dam - Uplift Drains
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£ Dindicates drain pipeis full. Straight lineis
bottom [dry)or btocked,
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Mono Q - Somerset Dam - Uplift Drains
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i~ Dindicates drain pipeis full. Straightlineis
bottom [dry}orblocked.
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Mono R - Somerset Dam - Uplift Drains
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£ Dindicates drain pipeis full. Straight linzis
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Mono S - Somerset Dam - Uplift Drains
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- Oindicates drain pipeis full. Straightlineis
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Mono T - Somerset Dam - Uplift Drains
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£ Dindicates drain pipeis full Straight lineis

bottom [dry] or blocked.

[w) a2epns 12)RM 0} I UEYSI(]

” T =

_ IJ El | \m g

| 1% % % 3 N

T e

| I

_, l*—m_‘__%w

_ Mﬁ}

: fié |

: 1

,_ \\g
>

.00




Mono U - Somerset Dam - Uplift Drains

Date

- Dindicates drain pipeis full. Straight lineis
bottom (drylor blocked.
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Somerset Dam Crack Movement - Centre Galle
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