
Le
arn

ing
 Le

ga
cy

 D
oc

um
en

t



C300/410 

Western Tunnels & Caverns Project 

Close-Out Monitoring Report:  C300-BFK-C4-RGN-CRT00_ST005-53010  Rev 2.0 FISHER STREET WORKS ~ 
Crossover 

Page 2 of 52 

Contents 
1. PURPOSE AND SCOPE 3 

2. WORKS AT FISHER STREET CROSSOVER 5 

3. COMPARISON OF OBSERVED AND PREDICTED SETTLEMENT 7 

3.1. Settlement Overview 7 

3.2. End of Construction (Period F) 9 

3.3. Period A – WB TBM 10 

3.4. Period B – EB TBM 11 

3.5. Period C – WBX-1 13 

3.6. Period D - WBX-1, WBX-2, WBX-3, WB 15 

3.7. Period E - EBX-1, CP5, EBX-2, EBX-3, EBX 17 

3.8. Period F - Crossover, CP1, CP5, CP2, Niche 2, Niche 1 19 

3.9. Period G – Post construction 21 

4. MONITORING DATA 22 

4.1. Proctor Street West 22 

4.2. Proctor Street East 24 

4.3. Red Lion Square West 25 

4.4. Dane Street / Red Lion Gardens 26 

4.5. Red Lion Square North 30 

4.6. Red Lion Square South – Inner Kerbline PLPs 32 

4.7. Red Lion Square South 34 

4.8. Red Lion Square East 36 

4.9. Princeton Street 38 

4.10. Red Lion Street 40 

4.11. Eagle Street 42 

4.12. Ground Instruments 44 

Appendix 1. Reference Documents 49 

Appendix 2. Thames Water Assets summary table 49 

Appendix 3. C300 Buildings Claims 49 

Appendix 4. BRE and PLP Location Plans 50 

Le
arn

ing
 Le

ga
cy

 D
oc

um
en

t



 

C300/410 

Western Tunnels & Caverns Project 
 

 

Close-Out Monitoring Report:  C300-BFK-C4-RGN-CRT00_ST005-53010  Rev 2.0 FISHER STREET WORKS ~ 
Crossover 

Page 3 of 52 

 

1. PURPOSE AND SCOPE 

The purpose this document is to provide a summary of the observed movements related to the works in the vicinity of 
Fisher Street Crossover and to provide the information required under Clauses KX10.2113 and KX10.2114 for Final and 
Close-Out Reports to gain agreement to the de-commissioning of instrumentation. 
 
It is noted that monitoring has been progressively de-scoped by presentation of data at CTC meetings with subsequent 
confirmation under a number of RFIs, namely C410-RFI-001386, C410-RFI-001395, C410-RFI-001398, C410-RFI-001399, 
C410-RFI-001446, C410-RFI-001471, C410-RFI-001488, C410-RFI-001500, C410-RFI-001592 and C410-RFI-001602. 
 
The “as-built record and status” required under KX10.4102 will be supplied as co-ordinates and digital data for 
incorporation into UCIMS.  
 
The overall construction of the Crossover has been divided into a number of Construction Periods. The observed 
movements are compared to the calculated volume loss movements by presentation of contours for each period. Time – 
settlement plots relating the observed movements to the construction activities are presented for BRE, PLP and Prisms. 
Information is provided concerning where trigger levels have been exceeded and on the post construction movements. 
Location plans for the BRE and PLP are given in Appendix 4. 
 
Data from in ground instruments is included in this report. 
 
Information about Thames Water assets in this area has been provided in the relevant TBM close out reports (see 
Appendix 2). 
 
 

 

 

Figure 1.1.1: Location. General overview of the works  
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2. WORKS AT FISHER STREET CROSSOVER 

The works in this area consisted of TBM running tunnels (WB and EB) and a number of SCL enlargements and SCL tunnels. 
Figure 2.1 shows the nomenclature used for the different section of the SCL works within Fisher Street crossover area. 
Table 2.1 includes the start and finish dates for each of the tunnelling sections. 

 
Figure 2.1: Nomenclature for the tunnel elements  

Table 2.1.  Construction dates for works in FIS crossover area. 

Tunnel section Start Date End Date 

WBRT 24/07/2013 03/08/2013 

EBRT 04/10/2013 16/11/2013 

WBX-1 

10/02/2014 21/02/2014 

24/02/2014 25/02/2014 

01/03/2014 08/03/2014 

14/04/2014 08/05/2014 

WBX-2 11/05/2014 24/05/2014 

WBX-3 31/05/2014 17/06/2014 

WB 19/06/2014 30/06/2014 

EBX-1 
24/07/2014 31/07/2014 

15/08/2014 07/09/2014 

EBX-2 08/09/2014 20/09/2014 

EBX-3 22/09/2014 05/10/2014 

EB 08/10/2014 17/10/2014 

XO 

01/12/2014 16/12/2014 

20/01/2015 27/01/2015 

10/02/2015 14/02/2015 

CP1 14/01/2015 16/01/2015 

CP2 24/02/2015 26/02/2015 

N1 09/03/2015 10/03/2015 

N2 05/03/2015 06/03/2015 
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For clarity of presentation of monitoring data, the overall duration of the works has been divided into a number of 
Construction Periods (A to G). The dates of the Construction Periods and the sections of tunnel constructed in each are 
listed in Table 2.2 and illustrated in Figure 2.2 
 
Table 2.2.  Construction Periods for works in FIS crossover area. 

Period Start Date End Date Main Works 

A 24/07/2013 04/10/2013 WB TBM passage 

B 04/10/2013 10/02/2014 EB TBM passage 

C 10/02/2014 14/04/2014 WBX-1 

D 14/04/2014 24/07/2014 WBX-1, WBX-2, WBX-3, WB 

E 24/07/2014 01/12/2014 EBX-1, CP5, EBX-2, EBX-3, EBX 

F 01/12/2014 10/03/2015 Crossover, CP1, CP5, CP2, Niche 2, Niche 1 

G 10/03/2015 01/10/2015 - 

 

Figure 2.1.2: Construction dates and periods for Crossover works at Fisher Street  
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3. COMPARISON OF OBSERVED AND PREDICTED SETTLEMENT  

3.1. Settlement Overview 

The following contours of calculated short term (volume loss) settlement and observed settlement are 
presented in Sections 3.2 to 3.9: 
 
Section 3.1:  

 Volume loss settlement for all tunnels (Figure 3.2.1); 

 Measured settlement to September 2015, including consolidation settlement during the 20 
month construction period (Figure 3.2.2). 

 
Section 3.2:  

 Volume loss settlement for tunnels constructed in Period A; 

 Observed total settlement at end of Period A. 
 
Sections 3.3 to 3.8: 

 Volume loss settlement for tunnels constructed in Periods B to F; 

 Change in observed settlement during Periods B to F; 

 Observed total settlement at end of Periods B to F. 
 

Section 3.9: 

 Change in observed settlement during Periods G; 

 Observed total settlement at end of Period G. 
 
The following points are noted: 
 

 The contours in Section 3.1 show that the predicted and measured settlement contours are generally 
comparable in both magnitude and extent, notwithstanding that the observed movements include 
consolidation settlement during the 20 month construction period.  

 The maximum observed settlement at the end of construction of 47mm is slightly greater than the 
calculated value of 41mm, based on the specified volume loss. 

 The predicted and observed 1mm contours are approximately in the same offset from the tunnels, 
suggesting that the trough width is similar to that used in the predicted contours. 

 Thus, it can be inferred that the overall volume loss for construction of the whole Crossover is close to 
the specified values since this is the basis of the predicted contours. However, due to the numerous 
pauses in the construction it is not practicable to accurately separate volume loss and consolidation 
settlements. 

 For the WBRT (Period A), the maximum contour gives 6mm, (locally 7mm) which is generally less that 
the 1% volume loss calculated value of 8 - 9mm. 

 Similarly in Period B, the maximum contour is 8mm measured settlement, compared to 9mm 
calculated for 1% volume loss. 

 In Period C the maximum contour is 8mm measured settlement, compared to 6mm calculated for 
1.5% volume loss. 

 In Period D the maximum contour is 20mm measured settlement, compared to 20mm calculated 
settlement for 1.5% volume loss. 

 In Period E the maximum contour is 22mm measured settlement, compared to 20mm calculated 
settlement for 1.5% volume loss. 

 In Period F the maximum contour is 20mm measured settlement, compared to 28mm calculated 
settlement for 1.5% volume loss. 

 In Period G, following the end of construction a maximum contour of 2mm settlement is shown. 
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 Table 3.1 compares the maximum settlement measured at any individual point with the actual 
maximum value from the volume loss contour. 

 Both the comparisons by contours and by maximum individual values indicate slightly greater 
maximum observed settlement than given by the volume loss calculation. It is noted that the 
construction was undertaken over a protracted period of 20 months and hence significant 
consolidation settlement is included in the measured values. 

 Trigger levels were set in terms of absolute settlement (35mm for Green, 45mm for Amber, 55mm for 
Red). Based on the contour plots, Green triggers were exceeded in Period E and Amber triggers in 
Period F. No Red triggers were exceeded. The areas in which the triggers have been exceeded can be 
seen from the contour plots. 
 

Table 3.1 Comparison of calculate and measured maximum settlement in each Construction Period 

Period Max settlement 
(mm) 

Max change in 
Period (mm) 

Predicted max Vol 
Loss change (mm) 

Period duration 
(days) 

A -8.7 -9.4 ~-11 72 

B -14.6 -9.7 ~-11 129 

C -16.5 -8.3 -6.6 63 

D -32.3 -20.4 -19.5 101 

E -42.0 -21.7 -20.3 130 

F -46.8 -23.1 -27.5 99 

G -47.4 -4.2 0.0 205 
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3.2. End of Construction (Period F) 

 
Figure 3.1: predicted settlements at the end of construction based on specified Volume Loss values 

 
Figure 3.2: measured settlements at the end of construction 
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3.3. Period A – WB TBM 

 
Figure 3.3: Period A – predicted settlements 

 
Figure 3.4: Period A – total measured settlement 
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3.4. Period B – EB TBM 

 
Figure 3.5: Period B – predicted Settlements 

 

Figure 3.6: Period B – change in Measured Settlements 
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Figure 3.7: Period B – total measured settlement 
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3.5. Period C – WBX-1 

 
Figure 3.8: Period C – predicted settlements 

 

Figure 3.9: Period C – change in measured settlements 
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Figure 3.10: Period C – total measured settlements 
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3.6. Period D - WBX-1, WBX-2, WBX-3, WB 

 
Figure 3.11: Period D – predicted settlements 

 
Figure 3.12: Period D – Change in measured settlements 
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Figure 3.13: Period D – total measured settlements 
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3.7. Period E - EBX-1, CP5, EBX-2, EBX-3, EBX 

 
Figure 3.14: Period E – Predicted settlements 

 
Figure 3.15: Period E – change in measured settlements 
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Figure 3.16: Period E – total measured settlements 
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3.8. Period F - Crossover, CP1, CP5, CP2, Niche 2, Niche 1 

 
Figure 3.17: Period F – predicted settlements 

 
Figure 3.18: Period F – change in measured settlements 
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Figure 3.19: Period F – total measured settlements 
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3.9. Period G – Post construction 

 
Figure 3.20: Period G – change in measured settlements 

 
Figure 3.21: total measured settlements 
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 Comments 4.1.2.
The EBRT and WBRT generated about 8mm maximum settlement in Periods A and B. A small influence of WBX-1 is 
apparent in Period C which, together with time related movements, resulted in a maximum settlement at the end of 
Period C of 13mm. The maximum settlement recorded on Procter Street West was ~15mm in Period G. The results show 
a post construction rate of settlement of ~2 to 3mm/year. The residual risk is considered to be negligible. 

Le
arn

ing
 Le

ga
cy

 D
oc

um
en

t



Le
arn

ing
 Le

ga
cy

 D
oc

um
en

t



Le
arn

ing
 Le

ga
cy

 D
oc

um
en

t



Le
arn

ing
 Le

ga
cy

 D
oc

um
en

t



 

C300/410 

Western Tunnels & Caverns Project 
 

 

Close-Out Monitoring Report:  C300-BFK-C4-RGN-CRT00_ST005-53010  Rev 2.0 FISHER STREET WORKS ~ 
Crossover 

Page 27 of 52 

 

 

 
 
 
 
  

Le
arn

ing
 Le

ga
cy

 D
oc

um
en

t



 

C300/410 

Western Tunnels & Caverns Project 
 

 

Close-Out Monitoring Report:  C300-BFK-C4-RGN-CRT00_ST005-53010  Rev 2.0 FISHER STREET WORKS ~ 
Crossover 

Page 28 of 52 

 

 

 

Le
arn

ing
 Le

ga
cy

 D
oc

um
en

t



 

C300/410 

Western Tunnels & Caverns Project 
 

 

Close-Out Monitoring Report:  C300-BFK-C4-RGN-CRT00_ST005-53010  Rev 2.0 FISHER STREET WORKS ~ 
Crossover 

Page 29 of 52 

 

 
 

 Comments 4.4.2.
The maximum settlement measured on Dane Street / Red Lion Gardens PLPs is about 40mm. Significant effects can be 
attributed to both running tunnels (Periods A and B) and WB enlargements Period D and the crossover tunnel in Period F. 
The BRE, PLP and prisms all show similar trends. The horizontal movements occurred at the same time as the 
settlements. The majority of the movement occurred in the east-west direction with an initial rotation to the west 
followed by rotation to the east giving a net maximum movement of 10mm to the east. 
 
The readings stabilized during Period G, with no increase in settlement over a 6 month period. The residual risk is 
considered to be negligible. 
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 Comments 4.5.2.
The maximum settlement measured on Red Lion Square North PLPs is about 5mm with no direct relationship with any of 
the construction activities. The residual risk is considered to be negligible. 
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 Comments 4.6.2.
The maximum settlement measured on Red Lion Square Inner Kerbline PLPs is about 45mm. Significant effects can be 
attributed to both running tunnels (Periods A and B) and EB enlargements in Period E and the crossover tunnel in Period 
F. The readings stabilized during Period G, with no increase in settlement over a 6 month period. The residual risk is 
considered to be negligible. 
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 Comments 4.7.2.
The maximum settlement measured on Red Lion Square South BREs and PLPs is about 48mm. Significant effects can be 
attributed to both running tunnels (Periods A and B) and both WB and EB enlargements in Periods D as well as the 
crossover tunnel in Period F. The readings stabilized during Period G, with either no increase or a small decrease in 
settlement over a 6 month period. The residual risk is considered to be negligible. 
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 Comments 4.8.2.
The maximum settlement measured on Red Lion Square East PLPs is about 50mm whereas a maximum of 40mm was 
recorded on BREs. The major impact was due to the EB enlargements in Period E. Direct effects can also be attributed to 
both running tunnels (Periods A and B) and the crossover tunnel in Period F. The readings stabilized during Period G, with 
a 2 to 3mm increase in settlement over a 6 month period. The residual risk is considered to be negligible. 
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 Comments 4.9.2.
The maximum settlement measured on Princeton Street PLPs is about 30mm. The major impact was due to the EB 
enlargements in Period E. Direct effects can also be attributed to both running tunnels (Periods A and B). The readings 
stabilized during Period G, with a 2 to 3mm increase in settlement over a 6 month period. The residual risk is considered 
to be negligible. 
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 Comments 4.10.2.
The maximum settlement recorded on Red Lion Street is 17mm. Direct effects are only visible for the WBRT and EBRT in 
Period A and B. The maximum post-construction increase in settlement is about 5 to 6mm over a period of nearly 2 years 
(average rate ~3mm/year). The residual risk is considered to be negligible. 
 

  

Le
arn

ing
 Le

ga
cy

 D
oc

um
en

t



Le
arn

ing
 Le

ga
cy

 D
oc

um
en

t



 

C300/410 

Western Tunnels & Caverns Project 
 

 

Close-Out Monitoring Report:  C300-BFK-C4-RGN-CRT00_ST005-53010  Rev 2.0 FISHER STREET WORKS ~ 
Crossover 

Page 43 of 52 

 
 Comments 4.11.2.

The maximum settlement recorded on Eagle Street is 13mm. Direct effects are only visible for the WB enlargement in 
Period D. The post-construction data shows no significant change in settlement. The residual risk is considered to be 
negligible. 
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4.12. Ground Instruments 

 Data 4.12.1.

 
Figure 4.12: location 

The positive X direction is towards the closest tunnel for all inclinometers (referred to as “A” direction in the installation 
report). The positive Y (or B) direction is 90° anti-clockwise from the positive X (or A) direction.  
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 Comments 4.12.2.
The in-ground instruments in the Red Lion Square area, were subject to a number of issues (refer C300-NCR-001115 and 
C300-NCR-001120). In particular, no reliable information was obtained from inclinometer C300-IM100008. In general, all 
the monitoring data from the deep instruments are showing stable behavior or very slow movement trends after the 
works.  
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Appendix 4. BRE and PLP Location Plans 
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