
Response to Draft Determination 

 

Thanet Sewers Groundwater scheme 

Issue  

 
The Thanet sewers groundwater scheme aims to prevent pollution to groundwater sources from 
sewage originating from the Thanet sewer system. The AMP6 scheme delivers the second 
phase of a three phase programme of work, and is a continuation of work being delivered in 
AMP5. The scheme is a statutory requirement under the Environment Agency’s National 
Environment Programme (NEP4) with the objective to protect water supply abstraction points.  
 

Table 1: Summary of Ofwat Draft Determination information for AMP6 Thanet Sewers scheme. 
Company Proposal Assessment DD Allowance 

Claim Amount 
Sought 

Implicit 
Allowance 

Need CBA Robust 
Costs 

Customer 
Protection 

Assessment Amount 
Allowed 

Thanet 
Sewers 

£59.9m 0 Pass Pass Partial 
Pass 

Partial Pass Partially 
Accept 

£37.6m 

 
In our June 2014 update to our Business Plan, we submitted the cost to deliver Phase 2 of the 
scheme at £59.95 million. Our costs reflected a 30% increase to the adit lengths requiring 
rehabilitation in order to allow for the uncertainty in base scope. This addition was in recognition 
of the complex nature of the tunnel network, the uncertainty associated with their condition and 
is based on our experiences in AMP5.  
 
Phase 2 of the scheme was ‘partially accepted’ in the Draft Determination. The need for the 
scheme and the cost benefit analysis were accepted. However, the robustness of the costs was 
challenged. In the absence of comprehensive cost information Ofwat applied two adjustments: it 
reduced the total scheme cost by 30% and applied additional upper-quartile efficiencies. The 
total funding gap is £22.3 million.  
 
Ofwat also required additional customer protection for non-delivery of the scheme through an 
Outcome Delivery Incentive (ODI).  
 
In our representation, we have provided more information including: 
 

i) a complete cost breakdown for the project;  
ii) an update to the cost estimates based on the latest competitive tender cost information 

from the Phase 1 scheme; 
iii) evidence on competitive commercial rates for Phase 2, and robust cost models used in 

our estimation; and 
iv) an alternative approach to assess the risk associated with increased length of adits. 

 
As a result of these, we have restated our proposal from £59.95 million to £51.27 million. Given 
the additional information above, and the robustness of the cost estimation, we conclude that 
our updated submission costs for this project are efficient. 
 
In addition to the above, we have demonstrated that removing the 30% uplift on the adit lengths 
only, would have resulted in a Draft Determination challenge of £15.5million, rather than the 
Ofwat Draft Determination challenge of £22.3million, against the original June 2014 Business 
Plan costs. 
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We are also including a new, financially incentivised ODI to protect customers from scheme 
non-delivery. 
 
 

Remedy 

 

 We request that the revised value of £51.270m for the scheme is reflected in the 
Company totex forecasts for 2015-2020 and in the Company view of the menu cost as 
per Table A3.2 in the Draft Determination Appendix.  

 We request that the revised value of £51.270m for the scheme is fully recognised in the 
Final Determination totex baseline.  

 We request that the Company’s financially incentivised ODI is reflected in the Final 
Determination ODI framework. 
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Summary of the evidence 

1. Justification 

 
1.1 Background 
 
The sewer systems which serve Ramsgate, Broadstairs and Margate were, in places, laid within 
dedicated hand-dug, underground tunnels (instead of more traditional, open-cut and backfilled 
trenches) to achieve the depth required for a gravity flow system in the local topography. These 
tunnels (also referred to as ‘in-adits’ or ‘headings’) are believed to have been constructed  
between the 1920’s and 1930’s.  The data relating to the Thanet sewers, and in particular those 
installed in these tunnels, has been collected over many decades and as a result the quality of 
the data varies considerably. 
 
The Thanet sewer system is a complex, unique and non-uniform configuration. Some sewer 
sections laid within the unlined tunnels are closed and covered whilst other sections are un-
covered or are open channels.  There is a risk that under certain conditions raw sewage from 
the open sections could enter the unlined tunnels to cause groundwater pollution and impact 
raw water sources in the area.  
 
The three-phase Thanet sewer scheme was developed during AMP4 in order to prevent this risk 
to the water resources. The three phases were planned as follows: 
 

Phase 1: to rectify and protect the designated aquifer within the Source Protection Zone;  
Phase 2: to address potential defects in the sewer system principally within Ramsgate and 

Broadstairs catchments, outside the Source Protection Zone; and 
Phase 3: to address defects in other remaining catchments, outside the Source Protection 

Zone. 
 
Remediation principally includes sealing or lining the tunnels, restoring the integrity of the sewer 
system and, where necessary, providing additional storage.  
 
The survey, design and construction work associated with Phase 1 started in AMP5, and our 
proposal in our June 2014 update set out the special investment case for continuation of the 
scheme , Phase 2, during AMP6. The groundwater protection scheme is expected to deliver 
fully when the third and final phase is completed at the end of March 2025 (the end of AMP7). 
Figure 1 shows the scope of work within and outside the Source Protection Zones in each 
phase: 
 

3



Figure 1: Overview of the Thanet area with the sewer catchment boundaries overlaid on the 
Source Protection Zone (Ramsgate - green and Broadstairs – blue). 

 
 
 
 
 
 
1.2 Re-assessment of Scope and Costs  
 
The Thanet sewer scheme is not a conventional sewer rehabilitation scheme. The way in which 
the Thanet sewers were constructed, in deep tunnels, results in access difficulties for both 
inspection and remediation. Gaining access to, entering and working within parts of the sewer 
system is difficult and hazardous. The access and working condition constraints are reflected in 
the high unit costs for rehabilitation and repairs.  The constraints also preclude the use of 
conventional approaches to visually inspect and accurately record the existing configuration and 
condition of the system.  All of these factors mean that neither the scope, nor costs of this 
project are typical of a sewer rehabilitation scheme, and they need to be derived from specific 
estimates, with allowances for uncertainty.  
 
1.3  Assessment of Base Scope and Scope Risks 
 
In preparation for  Phase 1 of the scheme, we carried out surveys and inspections of the 
sections of the system to  be included within Phase 1. As a result of the problems encountered 
with access and the need for alternate, specialist survey methods, these surveys have proved 
costly and resource intense.  As such, we are unable to provide unequivocal evidence for the 
length or condition of these tunnels requiring work in AMP6.  The baseline estimate of sewers 
requiring rehabilitation in AMP6 has been derived from the surveys undertaken as part of the 
AMP5 Phase 1 work. This adit length estimate, included in the base scope, is unchanged since 
our June 2014 Business Plan update.  
 
Since there remains some uncertainty as to the length of headings requiring work and the type 
of work required in AMP6 may be different from that required for AMP5, we have revised the 
method of assessment of the risk suitable for such a complex project.   
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We have identified nine heading related risks, Table 2 refers. Using current costs and a 
modelled approached we established the expected mean monetary value for each risk and the 
combined costed risk profile. The combined mean cost for these nine adit related risks is £2.685 
million.   
 
Table 2: Headings Risk Review 
 

Risk 
Item 

Risk Description Risk 
Score 

Individual 
Expected 
Monetary 
Value 
(Mean) 

Comment 

1 Additional deep 
shaft access 

points 

125 £720k  additional deep shaft access points 
are required to reduce distance 
between long sewer lengths (up to 
300m apart) 

2 Number of 
headings in poor 

condition 

75 £76k  the number of headings that are in 
poor condition has been 
underestimated   

3 Heading condition  48 £57k   the magnitude of the poor condition 
of each heading has been 
understated 

4 Survey 
Inaccuracies 

45 £1,624k  further detailed survey is required 
to because information is unreliable  

5 Obstructions in/to 
headings  

27 £23k  rock falls and damage that may 
obstruct 
access to the bore of the heading 

6 Source record 
inaccuracies 

16 £108k  The locations and connections 
of each manhole are inaccurate 

7 Unknown 
percentage of 
sewer casings 

16 £12k  assumptions around percentage of 
sewers constructed in pipes and 
sewers in channels (80:20) is 
incorrect 

8 Initial survey may 
not be sufficiently 

comprehensive  

8 £0k a more detailed survey exposes 
additional risk, opportunity or no 
change in solution.  

9 Service Solution 
Agreement 

4 £46k  additional storage is required to 
assure required level of protection   

   £2,666k TOTAL EMV (Mean)
1
 

 
 
To be consistent with modelled approaches used elsewhere in our Business Plan we have 
selected the 50th percentile (P50) value from the combined modelled costs at £1.756 million.  
This is lower than the modelled, combined mean cost. Further information describing the 
methodology used to improve our risk assessment is included in a report by independent cost 
consultants, E C Harris, Annex 1 refers. We have removed the 30% increase in adit-length and 
applied a revised adit risk cost using the modelled P50 valuation of £1.756 million.  

                                                
1 Estimated Monetary Value (EMV) represents a traditional arithmetic calculation, whereas Monte 
Carlo Analysis is a sum of simulated probable outcomes. Therefore, there may be a slight 
discrepancy between the two mean values. 
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1.4  Assessment of Scheme Costs 
 
Following the June submission update we have more robust and better defined cost information 
having now awarded the Phase 1 work. Our contractor has reviewed, in detail, the cost and 
general risks for delivering in-adit solutions in Phase 1. We have used this better information to 
increase the unit rate for in-adit remediation and reduce the cost associated with the general 
risk for Phase 2.    
 
Our revised cost, including risk, to deliver the scheme is £51.270 million (totex).  We would 
expect that Ofwat will now accept our revised costs based on the new information provided and 
that these costs are fully recognised in the Final Determination baseline. 
 
 

6



2. Evidence 

 
2.1 Robustness of Estimate 
 
In our Business Plan, submitted in December 2013, we provided costs estimated from work 
requirements defined in AMP4. These requirements were derived from expert assessment and 
historical information on the length of headings which required sealing. The requirements also 
allowed for potential additional storage required to protect properties from flooding once the 
adits had been sealed.  
 
We revised the estimates of the scope of work for our June 2014 update, using recent surveys 
undertaken to confirm the scope of work needed for AMP5. We also updated our estimate of 
costs based on two commercial tenders submitted by potential contractors for the AMP5 work. 
This more recent information showed that although there was a reduction in the length of adit 
requiring work for AMP5 of which we are certain, there remained uncertainty associated with the 
scope of work for the remaining sections. The updated cost data also showed that there was a 
significant cost increase for work within adits because delivering this work is more difficult than 
was expected in the AMP4 assessment. 
 
2.1.1  Estimate of Scope of Work 
 
Despite extensive surveys undertaken to define the AMP5 Phase 1, some uncertainty remains 
in the full extent of work within headings which needs to be included in the AMP6, Phase 2, 
work.  
 
Our surveys have confirmed that the Thanet sewers were not built to a standard or consistent 
construction, but rather to the preference of the local miners who constructed the sewer system. 
There is a significant variation in the proportion of sewers laid in adits across the Thanet area, 
and in the condition and size of these adits. This demonstrated that the length of work within 
headings is the critical scheme cost uncertainty  
 
In recognition of this variability, and the risk to scope of work, in our June 2014 submission we 
applied an increase of 30% on the length of adits requiring work above the base assessment 
from AMP5, using our expert’s technical judgement. This was to address scope risk given the 
criticality of the adit length on the cost and the uncertainty of the adit length estimates.  
 
Ofwat applied two adjustments in its Draft Determination because it did not have sufficient 
breakdown of costs. The first adjustment reduced our total costs by 30% (to remove the adits 
length risk) and the second adjustment applied an upper quartile efficiency factor. This was 
confirmed in query exchange (SRN -003). These two adjustments applied an overall challenge 
of £22.3 million to our June 2014 Business Plan proposal, reducing the £59.95 million to £37.6 
million.  
 
If the 30% cost reduction by Ofwat had been correctly applied to the adits costs only, the 
challenge applied would be £15.5 million, or £6.8 million lower, as shown in Table 3 below:  
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Table 3 - Showing the two cost adjustments made by Ofwat in its Draft Determination 
 

 Cost Components Jun 14 – 
Submitted 
(£m) 

Draft 
Determination 
(£m) 

Jun 14 – 
Submitted if 
Adit Length 
Risk is 
removed  

Adjustment 1 Capex Costs (inc complexities and risk) 36.047 25.233 34.747 
Adit Length Risk 5.974 4.182 0.000 
On-cost 20.590 14.413 17.025 
Company Efficiencies -2.661 -1.863 -2.200 

Subtotal 59.950 41.965 49.572 

Adjustment 2 Upper Quartile Efficiency 0.000 -4.365 -5.156 
TOTAL 59.950 37.600 44.416 

Challenge  
 

-22.350 -15.534 

Difference between assessed Challenge  
 

6.816  

 
 
In our response we now provide a complete cost breakdown as set out in Annex 2. 
 
There remains a risk that we will be required to resolve the exfiltration within additional lengths 
of adits compared to the assumed length used in pricing and that the mix of solutions expected 
in AMP5 will be different in AMP6. 
 
Given Ofwat’s concerns relating to the additional 30% risk factor, we have subsequently 
reviewed and improved the way we assess the level of uncertainty in the adit work 
requirements. We engaged independent cost consultants, EC Harris, to provide a logical and 
intelligence-based estimate of this risk. The approach is summarised in the report in Annex 1.  
 
Using a bespoke distribution for each identified risk and a modelled approach to combine these 
risks, we have established that the P50 valuation of £1.72 million provides an appropriate risk 
cost adjustment for the in adit work. We have updated our proposal on this basis removing the 
30% uplift in adit length previously applied.  
 
 
2.1.2 Estimate of Scheme Costs 
 
Since the June 2014 Business Plan update, we have successfully awarded the contract to 
deliver the Phase 1 work  This allows us a significantly more robust view of the rehabilitation 
unit costs and a re-evaluation of scheme delivery risks and complexities which apply to the 
Phase 2 scheme. The unit cost to seal adits is now based upon confirmed contract award 
prices. Although this is an uplift from the rates used in the June 2014 Business Plan update, we 
are confident that these values accurately and fairly reflect the true cost of scheme delivery.  
This cost confidence is reflected also in the definition of additional complexities, including traffic 
management, which will arise and the reduction in scheme delivery risk. Table 4 refers. 
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2.1.3 Overall Project Efficiency 
 
 
In the Draft Determination, Ofwat was unable to assess fully if our costs were efficient and 
applied an upper quartile efficiency on the costs allowed. The cost breakdown (Annex 2) shows 
that 74% of the Phase 2 scheme cost is built from a valid awarded tender source.  We consider 
this data to be the most reliable and solid information available for this unique and complex 
scheme.  Also, the revised adit unit rate is efficient and robust because the contract is awarded 
for all five work-packs and not the single work-pack on which the two tenders priced in our June 
2014 submission was based. 
 
The remaining 26% of scheme costs were established using our cost models.  
Independent technical consultants, Mott MacDonald, have provided comparative cost 
information for the assessments, as set out in Table 5.  
 

 
This information shows that most of Southern Water’s average unit costs are lower (and more 
efficient) than those we have benchmarked against. Some of the difference is because the 
comparator costs include for other on-costs, such as set up fees and complexities which we 
price separately, but is covered by the cost differential in unit rates above. We are confident that 
our costs are both efficient and fully representative because they have been derived from 
delivered scheme data points. Our assessment, taking account of complexity and on-cost, 
shows our costs remain 25% more efficient (75% of the benchmark costs), Table 6 refers. 

                                                
2
 Inflation adjustment from a presumed COPI of 116.6 to 113.3, deduction of on costs, assumed at 8% 

and adjusted for location factor - Central London to South East - 110 to 105   
3 Cured In Place Pipe 
4 Cured In Place Repair 
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We can demonstrate that the majority of costs are based on competitive commercial estimates 
and therefore reflective of market efficiencies. A smaller proportion of the costs relate to our cost 
models which have been proven as robust and efficient. Given that the majority of scheme costs 
are built on valid, commercial tender estimates and our own costs are deemed robust and 
efficient we do not consider that the upper quartile efficiency applied to our costs is appropriate.   
 
 
2.1.4 Summary and our Revised Submission 
 
Our cost to deliver Phase 2 of the Thanet scheme, submitted in the June 2014 submission 
update, was £59.95 million (totex). Ofwat did not accept the 30% risk factor we applied for the 
additional lengths of work in adits and it removed 30% from our total costs at Draft 
Determination. If we had provided this additional cost information with our June 2014 
submission update (and that the 30% risk factor had been removed for the additional lengths of 
work in adits only) the challenge applied would be £15.5m, rather than £22.3m (Table 3 refers), 
a difference of £6.8 million.   
 
Given the unique and complex configuration at Thanet, we have introduced a revised method of 
risk assessment for the Phase 2 adit work. We have also refined our costs using better 
information for delivering the AMP5 in-adit solutions. This has resulted in the general scheme 
risks being reduced with an increase in the adit unit price.  We have also demonstrated that our 
costs are efficient.  Our revised costs, including risk, to deliver the scheme is £51.27 million.  
This is summarised in Table 7. 
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Table 7: Summary of cost adjustments from June 2014 to current scheme costs 

 
 Cost Components Jun 14 – 

Submitted  
(£m) 

Revised 
Proposal 
(£m) 

Adjustment 1 Capex Costs (inc complexities and risk) 36.047 34.181 
Adit Length Risk 5.974 1.756 
On cost 20.590 17.609 
Company Efficiencies -2.661 -2.276 

Subtotal 59.950 51.270 

Adjustment 2 Upper Quartile Efficiency 0.000 0.000 
TOTAL 59.950 51.270 

 
 
We request that Ofwat accept our revised costs based on new risk assumptions, supported by 
EC Harris technical cost assessment. 
 
We have provided additional information on the detailed in the cost breakdown and efficiency 
assessment for unit costs. We do not consider therefore that a further upper quartile efficiency 
challenge is required. 
 
We have restated the appropriate line in data tables S3 and S11 accordingly. 
 

We request that the revised value of £51.270m Thanet Groundwater scheme is reflected in the 
Company totex forecasts for 2015-2020 and the Company view of the totex baseline.  

We request that the revised value of £51.270m Thanet Groundwater scheme is fully recognised 
in the Final Determination totex baseline.  
 
 
2.2 Customer Protection 

A financial penalty based ODI for scheme non-delivery has been included as set out in Annex 3. 
The penalty is based upon the incremental totex in conjunction with the 50:50 sharing totex 
menu mechanism. 
 
We request that the financially incentivised ODI is reflected in the Final Determination ODI 
framework. 
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3. Board Engagement 

 
The Board has supported the case as part of our overall DD representations. 

4. CCG  

 
As this is a representation wholly associated with the application of cost and efficiency 
challenges in the Draft Determination no specific CCG support was required. 
 

5. External Assurance 

 
This representation has been independently assured by Halcrow Management Sciences 
Limited, a subsidiary of CH2M HILL.  Their ‘Review and Assurance of Draft Determination 
Representations, Summary Report’ dated 2 October stated: 
 
“Our review of the draft narratives and cases, and the sample checks on the data presented in 
the Company’s representation has confirmed satisfactory trails to both internal and external 
information sources. On this basis we conclude that the evidence base for the representation is 
robust.”  
 
It also added “For Thanet we reviewed the cost breakdown and were satisfied that this has been 
robustly assembled. Southern Water’s efficiency case is clear and well supported by the 
evidence it presented.” 
 
 
 

6. Annexes    

 
Annex 1 - Adit risk and uncertainty assessment from EC Harris 
Annex 2 – Cost Breakdown Sheets 
Annex 3 – Outcome Delivery Incentive 
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1 Introduction 

The risk and opportunity management approach undertaken for the Thanet Sewers scheme heading length 
works is based on a methodology consistent with best practice developed on infrastructure projects of a 
similar scale. 

The approach is designed to incorporate the client’s requirements as per the brief from Southern Water: 

� Risks to be identified relative to the principle unknowns and variables regarding the heading 
length works, and risk register created 

� Risks will be subject to quantitative analysis using the Monte Carlo technique 
� The client will select the appropriate confidence level to be used as the basis for the 

recommended risk provision. 

The risk approach combines quantitative analysis undertaken in conjunction with development of the cost 
estimate and in close liaison with the client project team in order to arrive at a robust evaluation of scheme 
risks, opportunities and uncertainties regarding the heading length works. The methodology undertaken was 
in line with the Risk Management process outlined below: 

Given the history of adits, where no real specification or methodology was followed.  The uniqueness and 
variances of the unknowns make it prudent to model bespoke distributions to each quantitative range of risks 
to facilitate a statistical simulation of each scenario.  

 

This workshop was an initial risk review for the current scope for the Thanet Sewers Scheme, focussing only 
on the scope risks related to the Sewer Rehabilitation “In Headings” (or adits), in advance of PR14 
submission.  

Risks have been identified, evaluated and where appropriate responses created, and owners allocated. Both 
risks and opportunities to achievement of the project’s objectives have been considered. 

 

Based on the outputs of the QRA, the risk provision levels are: 

 Risk Provision £ 

Confidence level Current (Pre-Mitigation) 

Mean £2,684,910 

50th percentile 
(P50) 

£1,756,450 

 80th percentile 
(P80) 

£5,083,047 

95th percentile 
(P95) 

£7,076,689 
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2 Risk Workshop Methodology 

2.1 Methodology for production of the project risk register 
 

A register of risks (and opportunities) regarding the heading length works was produced based on prior 
industry experience of the project team, and a review of the project information available, which included 
scope details, programme of works and schematics/drawings.  

A Risk Workshop was held on Thursday 18th September at Southern Water’s offices at Falmer, attended by 
members of the project team (see Appendix 2 for a full list of attendees).  The objectives of the risk workshop 
were as follows: 

� Review scope of the scheme 
� Identify new and emerging risks and opportunities and create the risk register 
� Capture of detailed risk costings/scoring 
� Capture of assumptions and rationale behind risk costings  
� Identify risk and opportunity responses, owners, owner organisation/department and 

response action-by dates where appropriate 
 

Following the workshop a quantitative risk assessment exercise was undertaken by EC Harris.  

2.2 Scoring scheme and quantitative risk scoring 
A qualitative risk scoring scheme has been previously developed for the Thanet Sewers Scheme and was 
agreed to also be applied to the heading length works risk register. This scheme is based on a 5x5 matrix for 
qualitative evaluation of the cost and time impact of each risk.  The agreed scoring scheme is illustrated 
below: 

 

Probability, cost impact and time impact are divided into bands to enable the risks to be more easily 
revaluated and prioritised.  The cost and time bandings are indicative and function as a guide in the 
evaluation of each risk. Quantitative risk cost impacts for risks in the register were estimated in further detail 
during the workshop and all risks have been reviewed to ensure the impacts assigned during the workshop 
are appropriate. Rationale behind the quantitative cost impacts have been recorded in the “notes” field within 
the heading length works risk register. 

Using the above matrix each risk was evaluated and a score derived to enable ranking and prioritisation.  
The risks were scored based on their ‘Current’ evaluation, i.e. the likelihood and impact at the time of 
evaluation, and secondly based on their ‘Post-Mitigation’ evaluation, i.e. the anticipated score for the risk 
after identified mitigation measures have been applied. The Post-Mitigation values were used to provide an 
indication of the risk exposure to the project and to determine where mitigation action can most effectively be 
applied. 

Probable

>76%
5 -125 -100 -75 -50 -25 25 50 75 100 125

More than 
likely

51% to 75%
4 -80 -64 -48 -32 -16 16 32 48 64 80

Fairly likely

21% to 50%
3 -45 -36 -27 -18 -9 9 18 27 36 45

Unlikely

6% to 20%
2 -20 -16 -12 -8 -4 4 8 12 16 20

Highly 
unlikely

0% to 5%
1 -5 -4 -3 -2 -1 1 2 3 4 5

5 4 3 2 1 1 2 3 4 5

-200k  to  
-400k

-100k to -200k -25k to -100k -10k  to -25k 0k to -10k 0k to 10k 10k to 25k 25k to 100k 100k to 200k 200k to 400k

Major decrease Large decrease
Significant 
decrease

Minor decrease
Negligible effect 
on project cost

Negligible effect 
on project cost

Minor increase
Significant 
increase

Large increase Major increase

>-1 month -3 to -4 -2 to -3 -1 to -2  0 to -1  0 to 1 1 to 2 2 to 3 3 to 4 >1 month

Threats

Im
pa

ct

Cost (£)

Description

Time (weeks)

Opportunities

Li
ke

lih
oo

d
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2.3 Quantitative Risk Analysis 
 

The method used to quantify the risks varied according to the level of information available: 

� Likelihood of each risk or opportunity occurring based on expert opinion 
� 3-point cost estimate based on: 

- Cost estimates produced by project estimating team 
- Expert opinion 

 

Using this approach a cost risk model has been created that is suitable for the application of statistical 
analysis.  It should be noted that where estimates and expert opinion are used the approach is more or less 
qualitative in nature and elements of subjectivity exist.    

 

The quantification of risk was undertaken in alignment with information available relating to project cost.  The 
project cost information and risk model were reviewed in order to ensure completeness and consistency, 
reducing the potential for omission or duplication. 

 

Given the small number of very detailed specific risks to this particular area of the project, it was prudent to 
provide bespoke distributions to each range of risks, allowing for statistical scenario modelling representative 
of the uniqueness of each risk.  

 

2.4 Risk Response Planning 
 

Risks to the project that result in Cost, Time & Quality impacts can be managed such that their overall impact 
can be accepted by the client, avoided altogether, reduced through mitigation or transferred through, for 
example, insurance.  Risk response measures captured during the risk workshop have been outlined in the 
risk register. 

 

The project team accepted that risk response planning would be crucial to the successful delivery of the 
scheme. However, the level of information required to carry out a risk response plan will follow after more 
detailed surveys have been carried out.  

 

It is essential that all mitigation measures are developed, implemented and monitored throughout the project 
life-cycle to ensure that risk mitigation actions are effective and the exposure to risk is understood as the 
project progresses.  It is recommended that a more detailed mitigation action plan/s are completed for at 
least the top risks to aid the management and monitoring of the mitigation progress on these risks as part of 
the on-going risk management process.  
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3 Risk Results 

3.1 Risk Priority 
The risk identification process identified a total of 9 threats and 2 opportunities which have a potential impact 
on adit/headings works. 

These risks were ranked in order of priority using the “RAG traffic light” system, providing a qualitative 
indication of the impact of the risk on project costs and time (see section 2.2).  The following summarises the 
prioritisation based on the qualitative post-mitigation scoring of the risks and opportunities held in the 
register: 

 

 

Project Risks (Post-Mitigation) All Risks  

Red Risks 3 

Amber Risks 4 

Green Risks 2 

Total 9 

 

 

 

 

The tornado graph below shows the risks that have the biggest impact on the overall mean.  
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3.2  Project Risks 
The threats have been identified and ranked in order of risk score and are described in the table below. The 
risks have been sorted according to their score in order to enable management prioritisation of high-impact 
risks.  

 

NB: Estimated Monetary Value (EMV) represents a traditional arithmetic calculation, whereas Monte 
Carlo Analysis is a sum of simulated probable outcomes. Therefore, there may be a slight 
discrepancy between the two mean values.   

Risk 
ID 

Risk 
Score Risk Description Proba

bility  

Current 
EMV 

(estimated 
monetary 

value) 

Assessment* Notes  
 

6 125 Unknown Additional manholes 80% £720k 

Costs are based on the requirement 
of, for 16.5km  
Min 1 manhole per km  
Most Likely  3 manholes  
Max 6 manholes 
 
Probability based the nature of the 
historical works. Health and safety 
requirements to have minimum 
access lengths between each man 
hole were not present at the time, 
therefore there is a high probability 
that there a long lengths between 
each man hole, hence a requirement 
for additional man holes. 
 
Distribution Trigen) reflects the need 
to take the bias towards most likely as 
well as maximum, given evidence of 
some 300m gaps between manholes 

3 75 Uncertainty of number of 
headings in poor condition 

80% 
£76,213 

 

Costs are based on 1 blockage at 
every 40m lengths. 
 
Percentage likelihood is based on the 
current surveys been carried out by 
the contractors finding 3 in 4 headings 
in poor conditions at varying states.  
 
Distribution (Trigen) reflects the need 
to take the bias towards most likely as 
well as maximum, given the 
inaccuracy of the records, and the 
level of detailed survey results. 
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4 
 

48 
 

Heading condition 60% 
£57,160 

 

Costs are based on requiring a half a 
day (8 man crew) for moving chalk  
1 full day lateral 
3 days for void filling  
 
Percentage likelihood based on a 3 in 
5 observation of requiring a full day of 
crew to remediate a poor heading 
condition. 
 
Triangular distribution tends towards 
the most likely, but considers the 
absolute min and max as a possibility. 

1 45 Historical survey data 
Inaccuracies 

40% £1,624K 

Costs are based on having to do an 
extra 1000m over and above the 
expected,  
costing 10% at a minimum, 30% ML , 
40% @ £2k pm 
  
Percentage likelihood based on a 2 
out of 5 past experience of 
occurrences 
 
Distribution (Trigen) reflects the need 
to take the bias towards most likely as 
well as maximum, given evidence of 
the piecemeal nature of the historical 
delivery of headings means there is 
more emphasis on a worst case 
scenario. 

2 27 Obstructions in/to headings 25% £23,187 

Costs are based on 1 blockage at 
every 40m lengths. 
 
Percentage likelihood is based on the 
current surveys been carried out by 
the contractors finding 1 in 4 
obstructions in and to the headings.  
 
Distribution (Trigen) reflects the need 
to take the bias towards most likely as 
well as maximum, given the nature of 
the variability of the type of 
obstruction, it is product to emphasise 
the max more. 

7 16 

 

 

 

Source records regarding the 
connection of manholes are 
bringing about a number of 
inaccuracies. 

 

 

 

 

20% 

 
£108K 

Costs are based on additional access 
over and above what we have already 
captured in risk 6, based on 1, 2 and 
3 manholes as a residual. 
 
Probability based on current works 
been carried out highlighting 
inaccuracies on source records where 
manholes labelled are not present. 
 
Triangular distribution, to tend 
towards the most likely but to 
consider the absolute min and max.  
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9 16 

 

 

 

Unknown percentage of Sewer 
casings (Pipe or Channel) 

 

 

 

20% 
 

£12,202 
 

Costs are based on the unit rates of 
the current assumed mix of headings. 

 
Probability based on existing findings 
of 1 in 5 channels identified instead of 

a pipe. 
 

Triangular distribution tends towards 
the most likely, but considers the 

absolute min and max as a possibility. 

5 8 Superficial survey may not 
provide full picture. 

20% £0 

Cost are based on finding 1k worth of 
savings through utilising a heading as 
a solution rather than an obstruction, 
to  
doing  nothing or requiring a redesign  
@ + 5% 
 
Cost neutral. 
 
Probability based on a 1 in 5 instance 
where nothing is required. 
 
Triangular distribution tend towards 
the most likely, but considers the 
absolute min and max as a possibility  

8 4 Service solution agreement. 10% £45,793 

Costs are based on the expectations 
of the modelling outputs from AMP5 
results and previous experience 
 
Probability based on team identifying 
a potential 1 in 10 chance of a 
variation from AMP5 to AMP6 with 
regards to Storage.  
 
A Uniform distribution has been 
selected to demonstrate the scenario 
difference between AMP5 and AMP 
6, moving into a more urban area 
could provide more storage difficulty if 
the decision is to go off line, hence 
the maximum. However, if the design 
solution considers the existing, a 
saving could be made. This scenario 
means there is no idea as to what the 
most likely figure is. 

*The assessment column describes the methodology and statistical analysis used to quantify each threat. 

 

3.3 Opportunities 
Risks numbers five and eight respectively carry the two opportunities where it has been identified during the 
risk workshop that they may incur a negative cost impact to the minimum assessment of the risks.   
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3.4 Outputs of Quantitative Analysis 
Quantitative assessment was undertaken using Monte Carlo Analysis, which uses random number 
generation to select values within the specified ranges.  

 

The analysis was based upon the quantified estimate for probability and three-point cost estimates 
(minimum, most likely, and maximum) held in the risk register.  The value of each parameter (probability and 
cost) was selected at random for each risk within its defined limitations and the total summed.  The process 
was repeated many times (iterations) to build up an overall probability distribution for the risks. 

 

The modelling was carried out using Microsoft Excel with @Risk™, undertaking 10,000 iterations and 
modelling risks using bespoke distributions based on the scenario if the risk as detailed in the ‘Project Risks’ 
table above.  

Based on the outputs of the QRA, the risk provision levels are: 

 

 Risk Provision £ 

Confidence 
level Current (Pre-Mitigation) 

Mean £2,684,910 

50th percentile 
(P50) 

£1,756,450 

 80th percentile 
(P80) 

£5,083,047 

95th percentile 
(P95) 

£7,076,689 

 
 

The table of risk outputs at each fifth percentile is as follows: 

 

Percentile
5% 116707

10% 253727

15% 497328

20% 695126

25% 856278

30% 1005177

35% 1171210

40% 1359904

45% 1542999

50% 1756450

55% 2016777

60% 2483146

65% 3293458

70% 3955068

75% 4571558

80% 5083047

85% 5620548

90% 6269053

95% 7076689
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3.5 Assumptions and exclusions 
The risk evaluation exercise is based on the following assumptions and exclusions: 

� The Pre Mitigation P50/P80/P95 values are reported as requested by the client 
� The risk evaluation is based on the current scope of the project.  Changes to scope, unless 

specifically identified, are assumed not to be funded by the risk provision 
� Business risks including specific Operational risks are considered to fall outside the project 

remit and were not evaluated as part of this exercise 
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Appendices 

Appendix A – Risk Register 
 
(See attached pdf) 
 

 
 

Expected Monetary Value - Current

Owner 
Organisation 

(Current)
Risk ID

Risk 
Status

Risk Description Risk Cause Risk Impact
Risk 

Response 
Owner

Risk 
Treatment

Mitigation Action(s) Description(s)
Action 
Owner

Action 
Close 
Date

Notes
Like- 

lihood
Min Cost 

(£k)

Most 
Likely 

Cost (£k)

Max 
Cost (£k)

Current EMV Assessment Notes

1 0% 0 0 0 0
2 0% 0 0 0 0
3 0% 0 0 0 0
4 0% 0 0 0 0
5 0% 0 0 0 0
6 0% 0 0 0 0
7 0% 0 0 0 0
8 0% 0 0 0 0
9 0% 0 0 0 0
10 0% 0 0 0 0

0% 0 0 0 0
0% 0 0 0 0

Risk Owner and ID Risk ResponseRisk Details
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Appendix B – Workshop Attendees 
 

Name Organisation/Role 

David Todd SWS/Strategic Planning  

Colin Ryan SWS/Efficiency Manager  

Patrick Clyne SWS/Cost Information Manager  

Norman Howell  SWS/Project Manager  

Darren Parker Atkins/Project Director  

David Tyler (Optional) SWS 

Alan Skipper  Clancy Docwra/ Contact Manager  

Stephanie Odai (Facilitator) EC Harris  
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Thanet Sewers- Risk Register

Updated 18/09/2014

Next risk ref 14 Project Manager

Version 1.10 Project Number

Expected Monetary Value - Current

Owner 
Organisation 

(Current)
Risk ID

Risk 
Status

Date Risk Opened Risk Description Risk Cause Risk Impact

L
ik

el
ih

o
o

d

C
o

st Score
Like- 

lihood
Min Cost (£k)

Most 
Likely 

Cost (£k)

Max Cost 
(£k)

Current EMV Assessment Notes x

Southern Water 1 Open 18/09/2014 Historical survey data Inaccuracies 

The information of the assets available to 
the team is based on historical survey 
data captured c. 1920's. recent High level 
surveys show the previous information to 
be highly inaccurate.

A more detailed survey is required to 
ascertain the magnitude of thee 
discrepancy, which will lead to 
intensive remedial works carried out 
on Headings that were previously 
presumed to be absent.

3 5 45 40% 2,030,000 4,060,000 6,090,000 1,624,000

Costs are based on having to do an extra 1000m over and above the expected, 
costing 10% at a minimum, 30% ML , 40% @ £2k pm
 
Percentage likelihood based on a 2 out of 5 past experience of occurrences

Distribution (Trigen) reflects the need to take the bias towards most likely as well 
as maximum, given evidence of the piecemeal nature of the historical delivery of 
headings means there is more emphasis on a worst case scenario.

Southern Water 2 Open 18/09/2014

Obstructions in/to headings Rock falls, damage from previous works 
and lateral connections may obstruct 
access to the bore of the heading, which 
may lead to a required redesign. 

change from an in heading solution
3 3 27 25% 47,600 95,300 142,900 23,817

Costs are based on  1 blockage at very 40m lengths.

Percentage likelihood is based on the current surveys been carried out by the 
contractors finding 1 in 4 obstructions in and to the headings. 

Distribution (Trigen) reflects the need to take the bias towards most likely as well 
as maximum, given the nature of the variability of the type of obstruction, it is 
product to emphasise the max more.

Southern Water 3 Open 18/09/2014

Uncertainty of number of headings in 
poor condition

There is a risk that the number of 
headings that are in poor condition or 
have not been considered as present  has 
been underestimated.

More work will be required at each 
heading, or a redesign to the solution 
will be required.

5 3 75 80% 47,600 95,300 142,900 76,213

Costs are based on  1 blockage at very 40m lengths.

Percentage likelihood is based on the current surveys been carried out by the 
contractors finding 3 in 4 headings in poor conditions at varying states. 

Distribution (Trigen) reflects the need to take the bias towards most likely as well 
as maximum, given the inaccuracy of the records, and the level of detailed 
survey results. 

Southern Water 4 Open 18/09/2014
Heading condition The magnitude of the poor condition of 

each heading has not been clarified. 

Depending on the condition of the 
heading more onerous works will be 
required, needed more funds to 
support additional works.

4 3 48 60% 47,600 95,300 142,900 57,160

Costs are based on requiring a half a day (8 man crew) for moving chalk 
1 full day lateral
3 days for void filling 

Percentage likelihood based on a 3 in 5 observation of requiring a full day of crew 
to remediate a poor heading condition.

Triangular distribution tend towards the most likely, but considers the absolute 
min and max as a possibility.

Southern Water 5 Open 18/09/2014

Superficial survey may not provide full 
picture. 

Surface survey data may only capture  
superficial detail of what may be contained 
in each manhole, However a more 
intrusive survey may expose a heading 
that was previously not identified, which 
may lead to a change in sequence of 
works.  

identification of a new adit, requiring 
change in design of the solution
-a dig solution/open cut solution may 
not be required which could 
potentially be less cost due to traffic 
management. (saving time, 
environmental, and customer impact) 

-do nothing 
break out and clear and reconnect

2 2 8 20% -1,015,000 0 1,015,000 0

Cost are based on finding 1m worth of savings through utilising a heading as a 
solution rather than an obstruction, to 
doing  nothing or requiring a redesign 
@ + 5%

Cost Neutral 

Probability based on a 1 in 5 instance where nothing is required.

Triangular distribution tend towards the most likely, but considers the absolute 
min and max as a possibility. 

Southern Water 6 Open 18/09/2014

Unknown Additional manholes Due to the length between each headings, 
access constraints require more 
Manholes to be provided to shorten the 
lengths between each manhole. Some of 
the holes are approximately 300m apart. 

More Manholes required. 5 5 125 80% 270,000 810,000 1,620,000 720,000

Costs are based on the requirement of, for 16.5km 
Min 1 manhole per km 
Most Likely  3 manholes 
Max 6 manholes

Probability based the nature of the historical works. Health and safety 
requirements to have minimum access lengths between each man hole were not 
present at the time, therefore there is a high probability that there a long lengths 
between each man hole, hence a requirement for additional man holes.

Distribution (Trigen) reflects the need to take the bias towards most likely as well 
as maximum, given evidence of some 300m gaps between manholes.  

Southern Water 7 Open 18/09/2014
Source records regarding thee 
connection of manholes are bringing 
about a number of inaccuracies.

Source records within southern water 
detailing the locations and connections of 
each manhole, are inaccurate. 

Should the Team discover a missing 
manhole where source records 
detailed one present, a further 
manhole will need to be provided, 
over and above risk item 6.

2 4 16 20% 270,000 540,000 810,000 108,000

Costs are based on additional access over and above what we have already 
captured in risk 6, based on 1, 2 and 3 manholes as a residual.

Probability based on current works been carried out highlighting inaccuracies on 
source records where manholes labelled are not present. 

Triangular distribution, to tend towards the most likely but to consider the 
absolute min and max. 

Southern Water 8 Open 18/09/2014
Service solution agreement of 1 in 30 a 
year flood protection.

It is required to deliver the level of service 
solutions we provided at AMP 5 1 in 30 
year flood protection. for AMP 6, - detailed 
modelling will be required to provide the 
solutions- this is yet unknown, this 
solution may be at a worst case a major 
offline solution to be provided as storage.

smaller storage as and opportunity 
same storage that has been priced 
for 
more storage required for AMP 6 
than 

1 4 4 10% -1,717,227 686,891 2,404,118 45,793

Costs are based on the expectations of the modelling outputs from AMP5 results 
and previous experience

Probability based on team identifying a potential 1 in 10 chance of a variation 
from AMP5 to AMP6 with regards to Storage. 

A Uniform distribution has been selected to demonstrate the scenario difference 
between AMP5 and AMP 6, moving into a more urban area could provide more 
storage difficulty if the decision is to go off line, hence the maximum. However, if 
the design solution considers the existing, a saving could be made. This scenario 
means there is no idea as to what the most likely figure is.

Southern Water 9 Open 18/09/2014
Unknown percentage of Sewer 
casings (Pipe or Channel) 

Unknown percentage of sewers being 
constructed in pipes and sewers in 
channels, currently assumed 80:20 pipe 
to channel when a heading is in a 
concrete channel, it will need to be 
enclosed as well as including the normal 
overflow design solution on top.

deviation from the original assumption 
could go as high as 70:30 as a 
maximum due to the move to the 
town and residential areas, which 
tend to be older areas, where the use 
of channels is more prominent. 80:20 
at a min, 75:25 Ml.  

2 4 16 20% 100 60,979 121,958 12,202

Cost are based on the unit rates of the current assumed mix of headings. 

Probability based on existing findings of 1 in 5 channels identified instead of a 
pipe. 

Triangular distribution tend towards the most likely, but considers the absolute 
min and max as a possibility.

Southern Water 10 Open 18/09/2014

Works packages 1-5 have been let 
specifically to a type of technique, 
should this technique have to be 
changed, it may lead to more costs 
and changes. 

1 option following the model results will be 
to use the full cross section 

Not assessed as risk 1-9 address the 
impacts.

0
not assessed as considered captured with the above risks, but should be noted 
as a general concern.

Southern Water 11 Open 18/09/2014

Major utilities may require diversions, 
or SW works may reduce the 
productivity of existing utilities leading 
to additional costs.  

The project team are working in very 
urban areas more so, than in AMP5, 
which could add more cost to what was 
originally anticipated.  This may be due to 
the type of storage being put in, which is 
not yet known.

Covered within the traffic 
management funds.

0 not assessed as considered captured within the construction risk register.

Southern Water 12 Open 18/09/2014
Working in highways, resulting in 
higher Kent lane rental fees, than 
anticipated from AMP 5.

similar to above 
Covered within the traffic 
management funds.

not assessed as considered captured within Traffic Management costs

Southern Water 13 Open 18/09/2014

Interfacing third party tunnels, could 
mean the SW team will need to carry 
out remedial works or contact owners 
of the asset, or provide a solution 
separate to originally anticipated. Due 
to the uniqueness of the area. 

not assessed as considered captured within the construction risk register.

0 0% 0 0 0 0
 

364 Current Risk EMV (Total) 2,654,983

Risk Owner and ID Current Risk AssessmentRisk Details
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Annex 3 – Outcome delivery incentive 
 
For more details refer to Section 13, Outcome Delivery Incentives. 
 
Performance commitment: Thanet sewers 
 
Detailed definition of performance measure: Delivery of Thanet Sewers scheme to deliver 
Phase 2 Statutory Obligation (NEP4) by 31/03/2020. 
 
Incentive type: Financial – penalty only 
 
Performance commitments 

  Starting 

level 

Committed performance levels 

 Unit 2014-15 2015-16 2016-17 2017-18 2018-19 2019-20 

PC   n/a     Delivered 

Penalty collar       Not Delivered 

Penalty 
deadband 

      Delivered 

 
Incentive rates 

Incentive type Performance levels Incentive rate (£m) 

Lower Upper 

Penalty Not delivered Delivered 25.64 
 
Additional details 

Necessary detail on 

measurement units 

Failure to deliver the scheme by 31/03/2020 will 
result in a financial penalty of £25.64m. Customers 
will get back the remaining £25.64m scheme costs 
through cost performance incentives. 

Frequency of PC measurement 

and any use of averaging 

Performance will be measured following the expected 
scheme completion date on 31/03/2020. 

Timing and frequency of 

rewards/penalties 

Penalties will apply following the expected scheme 
completion date on 31/03/2020. 

Form of reward/penalty RCV adjustment 

Any other information or 

clarifications relevant to correct 

application of incentive 
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