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5065  The Vessel Entry and Transfer Ashore Doors are active systems whose reliabilities
are sulficient 10 discoum any hazard 1o the docking vessel. The seismic withstand has
been demonstrated for the Reference Earthquake and for higher intensities up 1o and
including 0.35g a robust argument has been made showing that the consequence of
failure would have no impact on the safety of the submanne.

066  The Berthing Equipment |l;-r:||'1ms no hazard withstand requirements beyond the need
to aperate following a 107/year level of external hazard. The losding which could be
trams ferred 1o the Civil structure through the Benthing Equipment is no greater than
dircet loads from the vessel on to the Civil structure in a hazardous state which have
already been shown to be acceptable. Redundancy within the Equipment allows
individual failures 10 occur without having any affect on salety.

5067  Finally the management of the ICCP has been demonstrated 1o be able to accept the
amount of downtime necessary fo prevent damage o the Shiplift Pluform and at the
same Lime keeping the commosion on the piles below the accepable loss,

5068  The understanding is that tl'u.- higher tides expected from the updated tide study, now
reported in DGDS0S (Rel **), arc not expected 10 have any signilicant elMect on the
integrity of the jeties. However an assessment of this is cited in the owstanding
issues presented in Pan 7 of this FSC,

Shiplift Platform

g Vi

5069 A series of design improvements have been carried out on the Shiplift Platform since
Hs aniginal commissioning. These improvements have contributed significamly 1o
increases in the Structural Reliability of the Plarform. The main improvements have
been:

4. The change from 3m cradle spacing 10 3.6m spacing. With the larger spacing the
benefit of sitting the cradles directly on to the MTB and thereby avoiding the
loading a1 the centre of the LBs far outweighs the increase in cradle load duc 1o
less cradlies being available to suppon the viessel,

b, The installation of a rail with an increased web thickness. The detailed analysis
ol the response of the Shiplilt Platform showed that the onginal rail, designed fos
mainly vertical boad, was inadeguate to withstand the transverse loads paricularly
under fault loads. The new rail with the increased web thickness allowed the
block load differential under normal loading 1o be increwsed 1o 100r, This had
previously been resiricied 10 S0t because of the lack of rail capacity.

¢. The Fabreeka pads positioned between the stronghacks and the cradle boyies
have been replaced with a more flexible Andre Pad 10 more readily sccommodate
the relative movements between the sireciures and thereby reduce the penk loads.

d. The local areas of the cradle bogies luve been srengthencd 1o improve the
capacity by i1z ahility to distribute the load more evenly below the Andre Pad and
above the wheel support.

3070 Further umprovements to the original design through additional stiffeners being ambded
1o the rigid bay and increasing the knuckle joint stiffener had been carried out in the
early 90s. These were mainly to solve problems due to the 3m spacing but do

January 2010 e e ISSUE 3 AMDT 1
Shiglit FSC
Part 5- Page 18




HMNB CLYDE
,/,y
REGHEMOPAS ~FSC

contribute to the strength and stability of the Platform components with the current
spacing.

5071 Reference to the original design specification, the Shiplift Design Specification
Appendix A (GDA 834200/1/1 (Ref. ™)) shows that the lifting capacity of the Platform
is in excess of 25000t with a total hoist and brake capacity of 36800t {rom the 92
hoists.

5072 In the design of the cradle assemblies the specitication is based on the maximum
predicted load of 600t obtained from a detailed model of the Shiplift Platform.
Therefore, all standard cradle assemblies have the capacity to carry the maximum
load such that, during the preparation (or a docking, the cradles do not have to be
specifically arranged. The shding block strongbacks have the same sections as the
standard strongbacks but the maximum load is normally half that predicted for the
standard strongbacks.

5073  These implied margins in the design assume that the weight ot the vessel 1s unitormly
distributed and supported. Results from the mathematical model and from the loads
measured during docking show that the cradles in the central region ot the vessel
carry morc load such that margins in the maximum loaded part of the structure will be
reduced. This is covered in the structural assessments presented in the Platform DSR.
The analyses underlying these assessments arc conservative as they do not allow vield
to limit the load, although this load limiting process is assumed in the Syncrolift
design.

5074 The capacity of the Shiplift Platform has been increased signilicantly since its
original design providing greater salety margins to satisfuctorily withstand the loads
that could arise in normal operation and from foreseeable fault and hazard conditions.
This applics to all three classes of nuclear vesscl.

Protection Systems

5075  The protection systems are described in Part 3 of this FSC, whose (unction is to avoid
an unacceptable load being created by either a hoist not behaving synchronously or an
individual brake failing to stop or release.

5076  Two significant improvements were made to the actual Control and Protection
Systems, (C&P), during the Stage Improvement Programme (SIP). These were:

¢ The introduction of three additional protection lines in the form of the hoist
rolation detection system, an additional up off pin timer and a further back up
himit switch.

o Additional break down of the pre-operational tests to obtain confirmation ot
specific component operation and additional intermediate step i the undocking
sequence to check the down systems prior to removing the pins.

5077  Improvements have also been made to the rchability analysis with much greater detar]
included in the fault trees and event trees with an endorsement from the designers.
Syncrolift. on the latter.

5078  The result of these improvements is discussed in the Shiplilt Platform DSR (Ref. ™)
but it has been shown that the predicted frequency of any event has been significantly
ucgdeven though the maximum 'design’ docking period has been increased [rom
ays. Many of the events tripped by the highest trip of 368te were previously
ncluded in the design capability assessments but have now been either removed from |
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5079

asscssment altogether or feature only in the design demonstration range. While much
of the emphasis for this reduction in demand was associated with improvement of the
cradle bogies the benefits are found in the structural assessment of the whole of the
platform.

The operational experience is discussed in Part 6 of this I'SC, which includes a review
of the control and protection faults recorded to date. The predicted frequency for the
fuults is based on generic data. Comparison with the observed rate found to July

2001 shows good agreement in the trends between the two sets ol data with actual
faults being observed for those events with the higher predicted frequencies. The
main use of operational data in the reliability analysis has been the reduction in the
predicted failure rate of the brakes compared with the value based solely on generic
data. This has an affect upon the predicted event frequency of individual taults
initiated by brake failure as well as the predicted frequency of events associated with
common mode failure of the brakes.

Structural Assessment

NORMAL AND FAULT CONDITIONS

5080

SO8|

5082

5083

The structural assessment of the Shiplift platform is summarised in the DSR (Ref. 25)
for normal operating conditions as well as for faults and hazards. The detailed
analysis of all the faults has been conducted and, based on a comparison of block
loads, hoist loads, wheel loads and relative displacements between prime members, a
bounding load case has been identified for each decade ot the frequency range and for
cach prime member. From this matrix of events bounding fault cases have been
assigned for the design capability range and design demonstration range of events
down to a frequency of 107 per year.

Using the normal operating loads and the bounding lault loads the structural analysis
of the platform prime members has been carried out and the assessment carried out
against the requirements of BS3400 Part 3:2000 (Ref.™). This work is reported in a
scries of Technical Reports, which support the DSR (Ref® 25) where it has been
shown that all the prime members meet the requirements of the code for the design
capability range. For most of the events in the Design Demonstration range it has also
been shown that the prime members are code compliant using the appropriate
(reduced) partial safety factors as described in the Shiplift Safety Principles Paper,
Ref. *7. Where code compliance has not been demonstrated for these lower frequency
cvents only local areas are shown to be outside the code requirements such that gross
failure of the platform will not occur.

The information given in the DSR (Ref 25) shows that the Shiplift Platform is very
defcct tolerant with critical defects being at worst twice the size of defect that is likely
to remain after inspection of the plates and welds during manufacture,

The number of significant lifts expected during the design life of 40 years is unlikely
to exceed @I such that the fatigue usage within the main components will be low
with any significant damage occurring in the plate or welds judged to be exuremely
unlikely. Forewarning of any significant damage or deterioration of the structures
which could affect its performance would be obtained during the regular inspection off
the Platform mcluding all important connections.

DROPPLD LOAD

5084  The dropped load hazard is discussed in the Shiplift platform DSR (Ref. 25) and its
[requency of occurrence led to the platform being specifically analysed (or this event.
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Since the withstand of the unprotecied platform has been demonsirmed for a dropped
load of 0.5t from 20m (0.1 MJ) it is necessary 1o provide some protection agamst
dropped loads of higher energies. The requirements lor operational support to the
submarines is to be able to Lift a maximum load of 10te up to a heaght of 20m giving
an energy of 2MJ.

5085  Crash mats to withstand dropped loads generating energy up 10 2M) were designed
and manufactured during the SIP. The crash mats are of & modular design o be
constructed on the plarform at the time of docking in those places where loads above
an energy of 0.1MJ are 1w be lifted. The DSR shows that this design is able 1o protect
the plaiform against the impulse rom a dropped load which has been conservanively
assumed 1o be rigid of up to 2ZMJ. The affect of this impulse at the hanger support has
been used in the demoenstration of withstand of the civil structure againat dropped
loads.

SEISMIC LOADING

5086  The Shiplifi platform is stopped in the event of an carthquake in excess of 0.05g by a
SERRTC IFIgger 10 ensure no spurious movements of the platform even though the
control and protection systems are qualilicd 1o kevels associated with the rglerence
carthsguake loading. However, to ensure the support to the vessel remains stable for
the frequency of canthgquake in the design capabiliey range, the platlfom has been
asagssed againgl the reference canhguake and the seismic margin canthguake 1w show
the abzence of any cliff edge.

S08T  The seismic withsand capacity for an earthquoke represenied by e Principia
Mechanica Limited (PML) specira for a hard site and a peak ground honeanial
acceleration of (.2g is presented in the Shiphft Platform DSE (Ref. 25). The analysis
has covered both extremes of the platform on long ropes, shon ropes and hanger links
where it has been shown that the most onerous loadings occur when supported on
links, Lising this analysis it has been demonsirated that all prime members remain
code compliant for both the 0,2g reference earthquake and the 0.28g margins
canhquake. This shows that there is no non-linear involvement between these two
levels of earthquake with no clashing predicted between the platfonmn amd the jeny, A
further margin has been demonstrated in the basic inputl response specira represented
by the broad bund PML gpectra which allows a qualitative srgument to be made for a
withstand up 1o 0.35g.

QUALITY OF CONSTRUCTION

S0BE  The specifications for the materials and processes used in the construction of the load
path components of the Plaform required full traceability of all muterials, including
weld consumables with addinional westing such as low wemperature properies, "Clean
Steel” with low Sulphur and Phosphorus content and ultnasonic esting of plate and
forged steel. A revicw of primary load path componen as-h-gih mimerial properties,
NDE and in-service inspection is reported in TRA3112 (Ret. =),

5089 Fabrication of the welded structures was endenaken by organisations expericnced in
this wype of structure.  All welds were subject to 100% visual examination with
additional Ulrasonic and Magnetic Particle examination of butt welds and Gllel welds
in main components, Welds were identified by unigue numbers on the fabrication
drawings, which were referred back 1o individual Non-destructive Test Reponz,
which are available in the Lifetime Records,

5090 Each of the haists was subjected o a full foad test and performance check before
being desparched 1o sing,
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The Main and Rudder sections of the Platform were load tested o the equivalent of

| 77'm using four ransfer cradles at 3m centres loaded with steel kemledge providing
a total test weight of 21241, This load was moved along the platforn rails and
stopped when centred over cach rigid main transverse assembly. The whole Platform
was then raised off pins, levelled, lowered a distance equivalent to a full revolution of
the hoist rope drum, raised and levelied and finally lowered on 10 pins. By lowering
onio pins this test proved the load path components of the structure for both the 'On
Pins’ and 'On Ropes’ conditions,

The quality of the build of the Platform and the inspection and testing have, theretore,
been carried out 1o a standard commensurate with a structure requiring high
confidence in 15 structural integnity.

EOT Crane

3093

5054

095

3096

The description of the EOT cranes and their operation 15 given m Part 3 of this F5C,
with the structural assessment to withstand normal and fault loading as well as hazard
loadings 15 presented in detal m the BOT Crane D5SR. This shows that the as-built
cranc has a nuclcar ifi capacity of 47.5t, which provides adequate margin over the
maximum i expected of 360 a propulsar is changed on the V Class of submarine.
This 1iM occurs over the rudder section whilst the limit on loads moved over the main
section when a boat is docked remuins at 10t in recognition of the meed to it the
dropped load threat to the Plaifom,

An extensive fault tree analysis has been conducted for the BOT crane and its
operation. This has tuken into account engineered crane/lifling safeguards amd human
crror and shows that the frequency of evems which lead 1o a theear from dropped
loeds, hook-up and hang-up are accepiably low. Fora majority of these events the
loading on the ¢rane remains within design code allowables. However lor some
extreme lifting faults that involve a combination of both human ervor (reguiring a
serious lack of anention by the crane opermons and independent emcrgency stap
opcratar) and enginecercd safeguard failures (Failure of the crane’s snag lowd
protectionhoist overload protection systems) it is possible that significant dumnage to
the EOT crane could result. The very low frequency of occurrence of such beyond
design basts events thut could lead to significant crane damage is invoked in the
demonsiration of an acceptable fault wlerance for the potential hazands posed 10
visiting submarines or the Shiplift platform that supports docked submarines

During a seismic cvent the EOT cranes will respond 1o the secondary spectra ol the
rails. The seismic unalysis supporting the EOT Crane DSK has shown that there is na
non-lincar feedback between the building and the cranc such that the lincar analysis
of the civil structure including the crane provides valid input against which oo assess
the crane. No physical improvements have been made to the original design although
medilications ol the mathematical models of the crane have been underiaken 1o take
account of s higher as-built mass,

The assessment has shown that, with the inclusion of the efTeet of the non-linear
behaviour of the imterface between the trolley and the crane girder and the extremes
of the stiffness of the slider mechanisin, the crane girders, long ravel pear, crane rils
and rolley are code compliant for the 0.2g reference and 0,282 marging canhquake,
with a 51 load on the hook. Seismic load cases combining the 0.2g RE with a hook
load =51 have been shown 10 be a1 a frequency which is beyond design base. The only
shortfall has been found in the cross rail clips on the rolley for which a mitigating
argument has been made using the wrolley retemtion clips against the ollcy beooming
detached from the girder thereby posing a threat o the submarine.
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5097  The loads have been defined against which the clips need 1o be designed.- This has
been wentified in the outstanding issues in Pant 7 of this FSC.

12 Rerth Crane

5098  The design and substantiation of the 12 Berth Cranc is presented in its DSR which
demonstrates that the structural cupacity of the crane to withstand normal and fault
loads as well as envirommental loads i acceplable including the canhquake haard.
The detailed seismic analysis of the crane, which includes the effect of avy non-
linearity at the crane supports, shows that during the event separation of the wheel
and the rail occurs but there is no threat of instabality. Also there are marging against
instability for the 107 per year and 10 per vear wind, Therefore from the DSR it can
be concluded that the extreme hook-up with no operator intervention is the only
potential event that can lead 1o pmmhl: instability of the crane. This has a predicted
initiating frequency of 1. 5% 10 per year which is acceptably !-u'-'-r from the FRA
caleulations but further reduction of nearly a decade to 3.7x10° per year would be
achieved if the PLC detecting drive resistance was reinstated. The PLC tripping
function has been disabiled due to nuisance ripping. This remains an outstuding
|10,

5099  The detaibed assessment of the seismic loading of the as-built crane has shown that
even with the jib in the worst position, the crane structures are code compliant and the
clecirical equipment gualification 15 adequate. There was an original shorntfall in the
seismic withstand at the bolted connection of a truss imember on the upper
superframe. This componen was nod pant of the main load path bt provided resirain
between members such that failure would net lead to fuilure of the crane or loss of
suppon to the attached load. A simple modification wag undenaken 1o replace the
original truss member with a strengthened conmection o meer the seizmic withsimd
reqUITEments.

S1M  To prevent excessive articulation when the cranc travels along the jctty, a [0mm thick
packer was fitted 1o one of the front truck leg bolted joints during commissioning.
This madification cnsures that any polenual loss of support locally 1s avoided and thi
all four legs in the structure provide support o the crane a5 asswmed inits design.

5101 ‘The reliability of the crane has been assessed including the ¢ffects of human factors
and this shows thar the frequency of dropped loads or uncontral led bowering of load is
acceptably low from the point of view of the loss of overside services. This includes
the threat of cither a direct drop on the submarine or a drop on the jeity through which
the services pass. There is curently a prohibition on the use of the 12 Berth Crang
when the Platform is operated dunng 2 vessel dockingfundocking. This iz 1o climinue
the nisk of secondary damage 1o the Platform or Platfonn suppont following collision
petwesn the crane and the supersireciung due to an uncomirolled jib movement,
Further safeguards zre managed by placing a restriction on the wind speed as
described in Part 4 of this FSC.

Support Svstems

5102 The suppon systems listed below, which are described in Part 3 of this FSC, provide
safcty related services. The contribution 1o saficty and substamiation of these svsicms
is addressed within the Facility safety case insofar ag 1this 15 congisien with the scope
of the safety cose as summarised below, Certain of the systems are generic to the
Facilities in HMNB Clyde Fazlane or the Base as a whole. The relevant inerfaces are
acknowledged within the Facility safety case documentation as a whole, and the
Salaty Funciional Requirements SFR, Refl 2, sc1s ol the reguirements imposcd by
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5103

3104

5103

5106

the Facility. The relationship between the documeniation that supports the generic
systems and the Shiplift Facility FSC documeniation is presented in Annexe B,

a. Cooling Water and Firefighting System.

b.  Elecirical Overside Service.

€. Caamarans.

d. Firc Proteciion.

¢, Communication Sysicms.

f.  Ventilation and Air Conditioning.

g. Dockside Installed Reactor Accident Monitoring System (DIRAMS).

The design and substantiation of these sysiems are shown 10 be acceplable in their
relevant DSRs. These show that the required capability has been achieved against the
required targets and successful operation has proven the systems in practice. The loss
of coolmg water and electrical supply has been considered directly in the hazard
asscssment and they are considercd in the dominant hazard category. The other
systems listed have been used in the mitigation of other hazards in the Hweard
Assessment.

The required withstand from the environmenial loading as well as hazards has been
demonstirated, and where improvements in the system have been incorporated these
have been identified in Part & of this FSC.

Thie main threat to the elecirical and cooling water sysieims is the canhquake which
hus been addressed in the DSR. The seismic withstand of these systems has been
assessed ond shown 16 be code comphant. However this haz only been achicved for
the as-built cooling water svatem by asswming that certain chimges ore made to the
suppon arangements. This 15 o cater for both the seismic and (hermal loading where
o balance of flexibality and constraints are required, This is an oanstanding issee and
its significance and resolution is addressed in Pant 7 ol this FSC,

Fram the sssessment of the Catamarans it has been shown that their stabiliny and
response 10 berthing and moonng loads is acceptable. However, with the expectad
increase in Lide heights as reported in DGDE0S (Rel 23) i is projected thay the size of
the increase will be sufficient to cause clashing between the inoonng yokes and the
jetty. Whilst failures are not expecied 1o the exient of causing a threat o the berthed
subrmaring, the yoke will not maintain code compliance under the clash loading, This
is an outstanding issue and is included in Part T of this F5C,

Additional Engincered Safeguards fitted to Reactor Plane

5107

The section is limited 1o a dizcussion of PMLE as this is the major acdditisnal
safepuurd offered in matgation of the failure 1o demonstrate a sulficiently robust Gl
1olerance of the platform and cranes, This mitigales agains the potental for
criticality accidents which could result from loss of stable support or crane collapse,
Faollowing lrom a range of studies whose results are summansed below i has boon
condluded that the fioment of PMLF i not appropriare in all cases, a5 identified
below.
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5108 Inaddition to mitigating against EBA, PMLFs mitigate against inadvenent criticality
due 1o potential rod bounce from direct and indirect impaciz arising from dropped
lpad/crane collapse onto the submarine.

5109 A Control Rod Arrest Feature (CRAF) 15 novw fitted 1o all bt one of V Class vessels,
CRAF prevents control rod ejection in EBA.

5110 Fining PMLFs involves certain risks, which require 1g be [ully asscssed against the
protection offered by PMLF in preventing conirol rod movement during submaring
roll and rod bounce scenarios, Preliminary PMLF Miment detriment siedies werg
underaken to determine any additional sk o NSEP operation, submarine
availability and individual risk which can be compared with (he derived risks
assuming PMLF is fived (RRMP 0083 1/0403/06/01 GIF/TmofS 1071 299 (Rel, ™))
This sesesziment, which was primarily based on a T Clags submarine in 2 dry dock
Devonpon, concludod thal there was a minimum docking period, below which no ne
benefit in terms of individual risk could be clatmed, Bowas concluded chat similar
benelits could be expected for docking in the Shiplift althoagh it was yudged tha
further development of the Shiphft specific T Class EBA risk model wias necessary o
cnable robust ALARP arguments concerming the ments of Mtment mon-Mment of
FMLF to be deployed.

5111 Hull impact studies performed as pant of the V Class Hull Impact Programme have
shown that there is & low probability of rod bounce with impact energics of less than
10MJ, Ref. . With the exception of crane collupse this withstand level is

comiortably above the dropped load encrgies associmed with hifting operations in the
Shiplift.

5112 The Facility PRA (Rel 1 1) prescnts a sensitivity study of the nisk benelit that may be
achieved by fitting PMLF to control red bounce in the event of docked submarine
EBA. If this information 15 taken imto account, it 15 apparent from the comparatively
low level of nsk that would anse from EBA that there is littlle benelil 10 be denived
from the fitment of PMLF.

$113  For V Class submarines the individual risk 1o the public is assessed 10 be 1.86 x 10
on the basis of the assumptions that no PMLF was fitted and no rod bounce capable
of leading to eriticaliny would occur due 1o the slapdown impact of the submarine on
the water in the event of a loss of submaning support, as substaniiated in the Facility

Probabihzie Risk Assessment (Bel 110

5114 The same event with PMLF fitted would yield a public risk of 5,14 x 107", lvis
considered that this risk reduction, for the risk from a hiypothetical faulo condition that
alrcady falls below the BSO* by a factor of greater than 30 is not wonhwhile when
balunced against the actual detrments associated with PMLEF fitment wlich inelude:

#  Incressed radiation expuosure of Facility workers
# Increased nuclear nisk due 1o process of fitment including wnmwel plug removal

#  Trouble and cost associated with the finment which delays essential
manntenance’delect repair work by four days per docking

* Based on the JSP 518 Issue 2 public risk BSO of 10°. The implications of the BSO
and BSL nizk levels now presented in the NNSPs (Ref 8) are discussed later in this
sEClian,

ISSUE 3 AMDT 1 et January 2010
Shiplift FSC
Part § - Page 25



HMNME CLYDE

5115
5116

5117

5118

O this basis V Class dockings now take place without the liumem of PMLF,

In respest of S&T Class submarines the risk agsociated with ERA is greater an 510 x
107" and more careful consideration is required, taking ino sccount the risk of crane
collapse. Collapse of an EOT crane onto a docked 5 & T Class vessel is capable of
inducing sufficient rod bounce for a criticality event to occur, This is a significant
distinction from the V Class case, for which il has been shown detenministically that
no significant rod bounce would occur, with some significant margin available.

For $&T Class vessels it has been demonstrated in RRMP 23050, Ref * thai the
shack induced by EOT crane collapse could possibly cause a prompt eriticality. and
that the shock acceleration induced in the PMLF device has a predicted acceleration
of |4g, against an asscssed PMLF capability of 22g.

The fitting of PMLY only provides protection against these hazards leading to
inadvertent criticality excursions. To provide sdditional protection against loss of
heat sink accidents, the decay hem prior 1o docking submarings in the Shiplif is
currently limited w/iilli fior § Class), which ensures extended grace nmes
1o recover from potential loss of heat sink accidemt scenarios. The requirement to fit
PMLF, which takes wp 1o to install, ensures that this decay heat limit is nut a
significant operational penalty.

Probabilistic Risk Assessment

e

5120
5121

The probabilistic risk assessiment provides a quantitative assessment of the risks
associsted with the eperation, maintenance and repair of nuclear submarines within
the Shiplifi Facility. Operations are broken down into sets or states and the occupaney
of each state is assigned appropriately on the basis of an analysis of PAG sheets
spanning eight years. These occupancies are combinad with initiating event
frequencics and hazard specific nsk data for cach plam state, 10 give nisk
contribumtions. The sum of these risk contributions is compared with the targets for
each of the critical population groups identified in the SPSCs. The assessment
cansiders those laeards for which the residual risks are sigmificant, as detemingd
from the Facility hagard assessment (Ref. 1),

Full details of the risk derivation is presented in the Facility PRA (Ref. 11).

The PRA presenis the risks associated with operation of the Facility over a typical
year for the SSBN/SSN occupancy set out in Table 3.4, These risks will then be
taken into account ai the Site level and all the separaie faciliny risks {from thosc
facilities that compnise the site) will be summated and compared 1o the Safety
Criteria, in the HMME Clyde S55C (Refl, 3).

Annualised ladividual Risk Data

5122

The PRA assessment is based on risk information from pubhshed Beactor Plant
Safety Justification (RPSJ) information, and also on risk asscssments incorporaling
developments in the site definition of external hazards for Vanguard Class, As such
the risk information is an updaie of the Shl.pllﬁ Facility specific extemal hazards
information in RRMP 22176, Issee 3 (Ref. '), This Core H information has been
subject 1o INSA and is the best available; it bounds relevant Core G informanion,
These developments have also been used to form the basis of an externul hazards
read-across assessment of Trafalgar Class a1 the Facility. This read across 15
considered 10 be pessimistic in respegt af the embedded radiological consequendes
modelling. The risk information used in the assessment of risks associated with
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Swillsure Class 15 a read across of the Trafalgar Class information, justified by the
DA for the purposes of the PRA assessment. The information has been consolidated
and is presented as normalised risks in Ref. -

Oeeupancy Dala

$123%  Onthe basis of the historical data denived from PAG sheets the projected anmeal
occupancy of the Facility is as presented in Table 5.4.

Tale 5.4 PRA Assumed Occupancy
Figures for Shiplift Facility

Submarine Class _Submarine Occupancy (Days)

Shiplift 12 Berth
Swiftsure i -

) Trafalgar

Vanguard - "'_'CT'-"_" - 7

5124 The actual occupancy is reviewed on an annual basis and reponied in the Facility
Annpal Beviews, Data from the years 2005 1o 2008 show the Shiplifi average annual
cecupancy to be sipnificantly below that assumed in the PRA for both 55BN and
S5M, For 12 Berth the actual 55N occupancy has been an annual average only
of that assumed in the PRA. SSBN occupancy at 12 Berth has been an average of
@ :bove that assumed in the PRA. The actual occupancics will continue 1o be
reviewed against that assumed. The effect of occupancy deviations on the facility risk
15 discussed below,

5125 The assessed overall annual risk 1o the three population growps (public, sile workers,
and members of the crew) of Facility operations based on the PRA assumed
eccupancy is given below,

Table 5.5 Risk Estimates for Shiplifi

Facility
|' Facility | Public Risk Worker | Crew Risk
| . Risk
o Shiplift | 322 x10° 200 107 | 199k 107
12 Berth 279x10° | 1.73x107 | 159107
Tutal io6.02x 107 373 107 | 3AEx 10T
BSL* TN 10 0
== } ..... e T o
Propostion of BSL (% Risk/BSL-BSO) | 6% 17% 16%

* BSL and B0 ax st in JSP S1E Dsswe 2 (Rel T)

3126 These risks are the combined risk taking into account both submarine mternal and
cxicmmal hazards. From this table it can be seen that the risks from 12 Berth and
Shiplift operations are of the same order of magnitude, with the risks associated with
Shiplift operations being marginally greater than those due 1o the alongssde
operations.

5127 The following able presems the assessed risk connibwions arising from internal and
extemal submaring haxards (hazards with event sequences that commence with an
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event internal or external to a submaring), 1ogether with the contribiion made 1o the
votal risk by Plant Swate transitions at 12 Benh,

Table 5.6 Intermal/External Risk

Extimates for Shipli v

Facility Hazard Type Fublic Hisk | Waorker Hisk Crew Risk
Shiplift External 6,15 x 107 6.537 % 107 640 x 107
Shiplifi Internal 261 x 107 194 x 107 193 x 10
12Berth |  Exteral .35 x 107 1L.38 x 107 1.35 x 10"
12 Berth ~ Internal £.79 x 107 1,47 x 107 146 x 107
12 Berth Transiticns 5.60x 107 1.17 x 0™ 16T x 107

Toual - 602 x 10" 3.73 x 107 358 % 107

5128

5129

5130

5131

5132

January 2010

The iniernal haxards nsks are inherent 1o 1he submarine are in general not
significantly influenced by Facility eperations. The contnbutions that are
suhstantially imfluenced by Foacility operations are extermal lazards and Pland Stadge
iransitions. {Fundamenially the risk from transitions is inherent 1o the submaring,
however, the number of transitions is dependent on the maitenance, repair and test
processes that are required 1o be performed for the Faciliny wo fwlfil e
requirements ).

The level of Facility risks 15 affecred by deviations between assumed and actual
occupancy. However the annual reviews show that the combingd Shiplin and 12
Berth rizk does pot exceed that assumed in the PEA. Future annual reviews wall
continue 1o identify the deviations in facility rigk,

The contritbutions made by individual hazards to the total risk w the public are shown
in pic-chari form in Figures 3.4 10 5.8, Figure 5.3 shows that submarine imcrmal
hazards (67%) are the dominant public risk connbuiars for the Shaplifi Facility when
taken as a whole, with the PRA (Ref 1 1) showing that the LOCA amd intemal flood
hazards are the most significant elements of this, the next most significant nisk is
crane collapse (31%).

Figures 5.5 and 5.6 show that for Vanguard Class vessels an the Shiplifi plaiform and
at 12 Berth respectively, the public risks are in both cases dominated by crane
callapse lollowed by submanine intemal hacsards. Whereas Figures 3.7 and 5.8 show
that for Swifisure/Trafalgar Class vessels on the Shiplifi platfonm and wt 12 Berth
respectively, the sitwation 1 reversed and public risks arc dominated by submarine
imternal hazands fellowed by ¢rane collapse reflecting the differing submarineg
operational mode occupancies when docked and alongside.

The calculated risk figures for the Facility are currently assessed against the
BEL/BSO nisk targets in JSP 518 Lssue 2 (Ref 7). The MMSPs (Ref 8) set the Public
Risk BSL/BSO as 107°/10°" based on a single facility rather thun whole site risk. The
calculated public risk for the Facility would then be 60% of the BSL. A current wark
strategry (Ref ™) is to achieve a transition 1o an NRP, rather than facility, focused
safery justification through the output of the Sha=-Down Salety Case (5D3C). This
will allow the facility rizk w be bemter assessed aganst the NNSP rsk torgets. This s
an catstanding issee discussed in Pam 7.
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ALARP Assessment

5133  The risks from the Shiplift Facility are currently predicted to be 6% of the public BSL
and approximately one third of the BSL for site workers and crew. This is considercd
to result from the application of excessively pessimistic data rather than a realistic
representation of the activities associated with the operation of the Facility. A
number of specific pessimisms have been identified against the dominant accident
sequences which if corrected would remove some of the excessive dominance trom
these sequences.

5134 Refinement of the conditional risk data, which underpins the PRA. 1s on-going. The
development of the Shut-Down Safety Casc as reported in Relerence 33will better
inform the risk data and form the focus for the improvements. Radiological risks are
currently mitigated by the requirement that boats docked in the Shiplift must be in

Plant State B with low decay heat ((uENREIERS Class).

As shown in IFig 5.4, the following hazards dominate the total risk, ranked by risk to
the public:

W
—
(V)
wn

e C(Crane collapse (Ref. 11)
e Internal flood (Ref 11)
e LOCA (Ref. I1)

e EBA (Refll)

5136 The risk from crane collapse is driven by the initiating event tfrequencies. The most
recent assessment takes into account human crror and this combined with pessimistic
assumptions concerning the likelthood of hook-up and hang-up result in event
frequencies which are pessimistic.

5137  Therisk of EOT crane collapse in the Shiplift is predominantly attributable to hook-
up and hang-up faults. Robust safety management arrangement arrangements are in
place to mitigate against human error which is the dominant initiating event for {ault
sequences leading to crane collapse. The lifts are directed by a crane supervisor.
check lifts are carried out before the full lift takes place, and an independent
emergency stop operator marns a separate control to stop the crane. Over 90% ot the
lifts arc less than 21 and these are undertaken using the auxiliary hoist. [tis judged
that hang-up/hook-up faults using the 2t auxiliary hoist would result in failures in the
load path before crane collapse would be initiated.

5138 PMLF is fitted to SSN docking in the Shiplift. This mitigates against rod bounce
caused by crane impacts. An ALARP assessment for V Class concluded that the
detriments in the PMLF fitting process outweigh the potential risk reductions.

5139 A1 12 Berth hook-up and hang-up are also the dominant source of polential crane
collapse and/or topple (including the jib considered as a separate element of
structure). Robust safety management arrangements arc in place broadly similar to
the EOT crane. A banksman has access during the lift to an emergency stop button on
the cranc.

5140 The risk from internal flood is dominated by that assessed for S&T Class vessels.
The normalised risk assessient undertaken for T Class vessels is considered
significantly pessimistic and predicts risks several orders of magnitude greater than
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5141

2142

Conclusion

5143

those predicied for ¥V Class vessels, which were performed using different assessmen
methods.

The risk from LOCA predominamly arizes from S&T Class vessels, and i congicersd
pessimisie. The SDEC swdies will bener inform the Tevel of risk which shouwkd
realistically be anributed 1o this faulr sequence.

There are Four contributors 10 Excessive Boat Awide (EBA) These arc as follows:

*  Scismic events (73] - the majority of this unrchiability stems from the seismic
trigeer system (platform on ropes) and this unreliability is dominated by the
unreliability associated with the system's software. The scismic tngger system 15
regularly mainsained and tested.

¢ Monnal operation (32%) - more than Y% of this component of the unreliabilivy is

due to hoist brake CME. A possible means of reducing this risk (in principle)
would be the imtroduction of a third brake.

o C&P faults {21%) - the contribution to the unrclinbility of the platfiorm from the
CEP systems 13 comprised of many small contnbutions with none that are
dominant in influencing this element of the 1otal nsk. The Plaiform has a number
of discrete levels of protection which is sufficient to reduce the nsk to ALARP
whilst maintaining an efficient level of operation

s [Dropped loads (40%) - the majority of this comribution is dug 1o dropped loads
larger than 41 Crash mats are deployed for the lifting of losds w withsgand
impact energics up o 2 MJ, The crash mag will withswand the impacy of a 1
lasated fromm 20m which would sllaw for the normal lifting envelope reguined 1
suppon Vanguard Class docking. Robust safely snanagemen! srrangemanis arg in
place o mitigate against operator or slinging ermors which wre the main
contribitors o drop load.

There are a number of current workstreams in progress which will allow a mone
effective demonstration of compliance with the ALARP principle when completed.
These are:

An updated ALARP review s currently being completed against the known shortfalls
in order 1o demonstrate that the risk in continued operation of the Facility 15 talerable
and ALARP

A currend work sirategy (Ref 33) 15 to achieve a transition o an NRP, rather than
facility, focused safety justification through the output of the Shut-Down Sufety Cuse
(SDEC). This will allow a beter understanding of the significant safely issucs and
where robust ALARP needs 1o be demonstrated

A Periodic Safery Review (PSR) is currently in progress. This includes the review
and updaie of the cumment hazard listing, and the subscquent production of a
comprehensive faul schedule. An updated fauli schedule constitsles ihe framework
for the deterministic and probabilistic case within the Safetv Case, which determimes
whether the facility andfor its operations arc both tolerable and ALARP.
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The updated fault schedule will take cognisance of the output from the SD3C project
andd therefore may allow claims to be made against previously unsubstantiated
onboard Saflely Measurcs and lessen the demands on overside services amd the
support provided o the vessel by the Facilisy.

5144 Itis concluded that the current Facility Safety Cose demonstrates that the risks in
operating the Facihty are in the wolerable region. The work correnuly im huamd to
develop the safety case against modem standards will allow a more robust
demonstration of ALARP 10 be made.
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Intermal Hazands 67.35%

Crane Collapse 30.6%

FBA 1.2%

LOSS 0.3%

Aircraft Crash 0.6%
Drrapped Load 0.1%

External Flood (%%

Figure 5.4 Shi
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Crane Collapsz 59.3%

Internal Hazards 27 8%

Aircraft Crash 6.5%

EBA 6.3%
LOSS 0.1%
Dropped Load 056

Exicrnal Flood (%

Figure 5.5 Shi " Public Risk Distribution by Hara

Internal Hazards 41 0% Crane Collapse 58.1%

LOSS 0%%

Dropped Load 0%%

Externul Flood 0%

Aircrai Crash (b.7%

Figure 5.6 ¥ Class 12 Berth P
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Cranc Collapse 11, 19%
Adrcraft Crash 0.7%

LBaA 1T

/\ LOSS 0.7%
Diropped Load 0.2%
Extemal Flood 0%

Imtemal Haxards 86.3%

Crane Collupse 23.2%

Adrcrall Crash 0%
LOSS 0%

Dropped Load 0%

Lxrernal Floml (9%

Invernal Hazards 7185

Figure 5.8 SwiltsurelTralalpar Class 12 B Ialic sk Distriltion by Hacoarcd

January 2010 N g el ISSUE 3 AMDT 1

Shiplift FEC
Part 5 - Page 34



' N.2522.190

#N.2522,189

A N2522 40

'BRSO-RRA-007

" IRR9G
* RPSOs

TIspsiE

' NRPA-4-1-2

YRRA Mo, 18

WHOP 402{A)

" N2522.5202

NL2522.5203

" CSSE T2053

" EWS Tech Mema 35449
¥ pg 2539 53

RS ATRA3901

T CSSCA TRAIZS0

ol )

155 SFO033

" g1 Amendinem

Hopo2sra TR

ISSUE 3 AMDT 1
Shipsfi FSC

HMME CLYDE
g Fs

REFERENCES

Shiplift Facility = Fagility Safiety Report = Shiplifi Fucility
Harard Astessment Beport - [ssue |

Shiplift Facility = Facility Safety Report = Faciliay Safety
Functional Requirensents Repan — |ssue |

HMMB Clyvide Sive Safery Cade - lgsue 3.

HMNB Clwde. Diving Operations at HMMNE Clyde. Rev 2. Sem
20

lonizing Rodintion Repulutions (999
HMRE Clyde. Radiclogical Protechion Stamding Orders

Regulatpon of the Maval Muglear Mropulsson Programme. 1ssus
2. April 2004,

Maval Reactor Plam Autharisee. Naval Muclear Safery
Principles. lsswe 2, Jume 2000

Shaphty, Radsclogical Bk Assessment Mo |8

Exclusion Zones whalst in Mant Seate A - FMNB Clyde
Faslane.

Shiplifi Facility - Pacilicy Safery Repost - Mrobabalistic Rk
Assessmieni - [ssue 2

Shiplift Facility = Facility Safety Repon = Facility Conditions
and Limdts of Safe Operation Repart - Issue §

Trident 11 (D8) SWS Safety Case

Shiphfi Focaliey FSC boue 3

HMNB Chyde, Shiplifi and 12 Benth Facilioy Salely Case,
Impact of Submiarine wath Shiphil Siructures - Pasiulaled
Bounding Loadcase, lssue 5

Shiplift and |2 Benth Facility Safeiy Case - Shiplift Plotform
Platform Reliakility - [5sue 3, September 204

Mol Mantiowe Explosives Regulavions Pan 2 - Subnuarenes
Issue 3

Feagabiliy Study for Spearfish Casualty Response,

HMMB 'CI_'p'd.n: - Forward Action Man, Muclear Vessel I}ul;l:lll.gs
on the Shiglift with Tactical Weapons Envharked,
SSCPMTIFAPTOS = Issue 3, June 2003

Shephift Civill Structure Design Saficty Report = lssue 2

Laaanaas s 1 January 2010
Part 5 - Page 35



HMMB CLYDE

¥ N2522.53
* DG 505
G 8342000041

#N2522.79

* BS 5400 Pan 3:2000
TR CPMT-TR-522

B OSSCA TRAZ

* RRMP 0053 10403060 |
T REMP 23050
Y ORRMP 22176

2 RRMP 23065

" Wuclear Safety Sirategy

January 2010

Post Operational Mansgement Salely Report. lssuwe 2. Augusl
200%

Design Guidance Pocunent 305, Enginecrng Desgn Strategy
For Huzards, lssue 1. Aug 04,

C5E Faslane Shiplifi Desagn Specification, Appendix A lssue 5
November 1984,

Shiplaft Marform Design Safety Repon - [ssue 3

Code of Pracuce for the Desipn of Seecl Bridges. Brtish
Standards Insanution 158X 0 580 13064 5,

HMHWEB Clyide Sheplaft Faciling Safery Principles Paper - Issue 6,
Fehauary 20001

Shiplift and 12 Berth Facility Safety Case = Shiplifi Platfomm -
Hewview of the P:ilrn:y Load Maih L_.gmpudnm Acsa bl Material
Mropermies, Mon-Destructive Examination (MDE) and In-Serviice
Inspection (150}

CIFTMOS-Risk Assesument resulls for application in ALARP
decision process concerming fting/not-finmy PMLEFs

HMMEB Clyde Shiplifh Faceliy = Trafalgas Class Wessel Hull
Impaces on Shiplill - lasee 1, Apal 2004

RPS Vanguard Class Core H LF 8.35 Probahalistic Snlely
Assessmient = lssue 3

HMMNB Clyde Shiplifi Focility, Probalbihisiic Risk Assessmeni
Support Report = Summary of Risk Data Vanguard, Trafalgar
and Swiltsure Classes - lssue |, February 2004

Muclear Safery Svravegy. HM Maval Base Clyde. 2007-2016.
lgsue 3. Moy 2007,

i ISSUE 3 AMDT 1

Shiplift FSC
Fart 5 - Page 35





