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This revised Technical Memorandum presents the site-specific response spectra and ground motions developed 
for the Evergreen Line Rapid Transit (ELRT) Project and replaces the Memorandum dated October 24, 2011.  
The project extends from the Lougheed Town Centre in Burnaby, BC, to Douglas College in Coquitlam, BC. 

 

1.0 INTRODUCTION 
Golder Associates Ltd. (Golder) has undertaken analyses to develop site-specific ground motion parameters as 
input to the seismic design and analysis of the structures comprising the proposed Evergreen Line Rapid Transit 
(ELRT) project in Greater Vancouver, BC.  This Technical Memorandum presents the results of analyses 
completed and includes the following: 

1) Uniform Hazard Response Spectra (UHRS) developed for 100-year, 475-year, 975-year, and 2,475-year 
ground motions applicable for firm-ground (Site Class C Soils) conditions; and 

2) Spectrally-matched input acceleration time-histories that correspond to the firm-ground UHRS noted above.  

 

In addition to the probabilistic ground motions, a deterministic subduction earthquake scenario has also been 
considered since the long duration of shaking and the large number of cycles of effective dynamic loading from a 
subduction earthquake are expected to have an impact on the geotechnical performance of the foundation soils. 

The input firm-ground UHRS are based on the seismogenic zones and seismic hazard models developed for the 
4th Generation Seismic Hazard Maps and incorporated in the seismic design provisions of the 2005 National 
Building Code of Canada.  The spectra have been extrapolated for periods extending from 2 seconds to a 
maximum period of 6 seconds. 
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2.0 SITE GEOLOGY AND SOIL CONDITIONS 
The Evergreen Line Rapid Transit (ELRT) alignment corridor extends from an upland area between Lougheed 
Mall and Barnet Highway through a low-lying area in Port Moody and Coquitlam Town Centre.  The upland area 
is underlain by a thick sequence of glacial and interglacial soils (Vashon Drift and Pre-Vashon Deposits).  These 
soils have been glacially overridden and are generally dense to very dense.  The low-lying area has been 
in-filled with geologically recent soft and loose to compact Salish Sediments of marine shoreline and fluvial 
origin, as well as localized Capilano Sediments.  These sediments overlie the Vashon Drift and Pre-Vashon 
deposits in the area. 

The surficial geology illustrated in the Surficial Geology Map (GSC No. 1484 A, 1980) along with the 
ELRT alignment is shown on Figure 2-1. 

Several areas along the alignment are underlain by soils that are likely to experience liquefaction, lateral 
spreading and movements when subjected to strong ground shaking from an earthquake.  These areas are as 
follows; 

 Port Moody Segment east of Barnet Highway and west of Ioco Road (519+000 m to 521+500 m); 

 Ioco Segment east of Ioco Road and west of Pinetree Way (521+800 m to 523+700 m); and 

 North Coquitlam Segment along Pinetree Way North of Lougheed Highway to Guilford Way (523+700 to 
525+300 m). 

 

The remaining areas of the alignment are generally underlain by competent ground conditions that have a low 
risk of liquefaction, lateral spreading, and movements when subjected to strong ground shaking. 

 

3.0 SITE SEISMICITY 
The seismicity at the site results from the thrusting (subducting) of the offshore Juan de Fuca Plate beneath the 
continental North American Plate (see Figure 3-1).  There are three basic sources of earthquakes: 

 Relatively shallow crustal earthquakes (depths in the order of 20 km); 

 Deeper earthquakes (depths in the order of 60 km) within the subducted plate; and  

 Very large inter-plate earthquakes often referred to as the “mega-thrust” or “subduction” earthquakes 
occurring in the Cascadia Subduction Zone. 

Earthquakes of the first two categories (intra-plate) have been recorded at regular intervals during the last 
several decades.  The largest are those near Campbell River in 1946 (M7.3), near Olympia in 1949 (M7.1), near 
Seattle/Tacoma on 1965 (M6.5), and in Nisqually, Washington, USA in 2001 (M6.8).  The duration of strong 
shaking of these two categories of earthquakes is expected to be 10 to 15 seconds.  A very large earthquake is 
also reported to have occurred in the vicinity of the USA/Canada border in 1872, near Lake Chelan, WA. 

The most recent major subduction event is reported to have occurred in 1700, some 311 years ago.  
The seismologists assign an approximate return period varying from 500 years to 600 years for subduction 
earthquakes affecting this region.  The magnitude of a large subduction earthquake that could affect Vancouver 
is expected to occur in the Cascadia Subduction Zone and will be in the order of M8.2+ with the centre of energy 
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release located some 140 km from the site.  Because of the greater epicentral distance to the site, the median 
firm ground acceleration at the site under the M8.2 subduction event is not expected to be larger than 0.16 g.  
The duration of strong shaking, however, is expected to be close to 30 to 60 seconds. 

A site-specific seismic hazard analysis completed by the Geological Survey of Canada (GSC) has established 
the following ground motion parameters corresponding to the return periods of 100-year, 475-year, 975-year, 
and 2,475-year at various sites along the Project Alignment (see Tables 3-1a and 3-1b).  The ground motion 
parameters have been obtained form the interactive website maintained by GSC and are applicable for Class C 
ground conditions or for soil profiles where the average shear wave velocity of soils within the upper 30 m varies 
between 360 m/s and 760 m/s.   

Table 3-1a: Site-Specific Ground Motion Parameters 

Return Period 100-Year 475-Year 975-Year 

Probability of 
Exceedance 63% in 100 Years 19% in 100 Years 10% in 100 Years 

Location PGA Sa(0.2) Sa(2.0) PGA Sa(0.2) Sa(2.0) PGA Sa(0.2) Sa(2.0) 
Lougheed Town 
Centre 0.116g 0.224g 0.039g 0.254g 0.502g 0.086g 0.343g 0.688g 0.119g 

Barnet Hwy & St. 
Johns St. 0.113g 0.217g 0.039g 0.246g 0.487g 0.085g 0.334g 0.669g 0.118g 

Douglas College 0.112g 0.215g 0.039g 0.244g 0.484g 0.085g 0.331g 0.664g 0.117g 
Difference* (%) 4% 4% 0% 4% 4% 1% 4% 4% 2% 

Note: * Difference in the ground motions parameters has been computed with respect to Lougheed Town Centre 

 

Table 3-1b: Site-Specific Ground Motion Parameters 

Return Period 2,475-Year 

Probability of Exceedance 4% in 100 Years 
Location PGA Sa(0.2) Sa(2.0) 

Lougheed Town Centre 0.478g 0.965g 0.170g 

Barnet Hwy & St. Johns St. 0.465g 0.938g 0.169g 

Douglas College 0.461g 0.931g 0.168g 
Difference* (%) 4% 4% 1% 

Note: * Difference in the ground motions parameters has been computed with respect to Lougheed Town Centre 

The variation in the peak ground acceleration and short and long-period spectral accelerations is minimal 
(4 percent or less) at the other locations compared to those at the Lougheed Town Centre.  Therefore, the 
Lougheed Town Centre has been taken as the reference site in the development of site-specific seismic hazard 
parameters for the use along the entire ELRT alignment.   

The firm-ground response spectra (5% damped) that correspond to return periods of 100-year, 475-year, 
975-year, 2,475-year and the subduction earthquake for the Lougheed Town Centre, which are applicable for 
Class C ground conditions, are summarized in Table 3-2. 
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Table 3-2: Site-Specific Spectral Accelerations (5% Damped) – Lougheed Town Centre 

Scenario 
Spectral Period (Seconds) 

0.0 (PGA) 0.10 0.15 0.20 0.30 0.40 0.50 1.0 2.0 
100-Year Spectral 
Accelerations (g) 0.116 0.188 0.224 0.224 0.196 0.171 0.150 0.078 0.039 

475-Year Spectral 
Accelerations (g) 0.254 0.433 0.505 0.502 0.431 0.371 0.331 0.168 0.086 

975-Year Spectral 
Accelerations (g) 0.343 0.593 0.693 0.688 0.590 0.510 0.456 0.230 0.119 

2,475-Year Spectral 
Accelerations (g) 0.478 0.832 0.972 0.965 0.827 0.721 0.645 0.325 0.170 

Subduction Spectral 
Accelerations  (g) 0.160 0.260 0.340 0.370 0.350 0.330 0.310 0.170 0.077 

 

4.0 FIRM-GROUND UNIFORM HAZARD SPECTRA 
In order to cover the anticipated range of periods, the response spectra presented in Table 3-2 for periods up to 
2 seconds have been extrapolated to include spectral accelerations at periods up to 6 seconds.  The 
extrapolation was carried out using a spectral decay curve defined by the spectral acceleration at a period of 
1 second (Sa1) divided by the corresponding period (T); i.e., Sa = Sa1/T, for T > 1 seconds.  The response 
spectra developed in this manner are summarized in Table 4-1 and graphically shown on Figure 4-1:  

 

Table 4-1: Firm-Ground (Class C) Motions for 475-Year, 975-Year, and Subduction Events (5% damped) 

Period 
(Seconds) 

100-Year 
Motions 

475-Year 
Motions 

975-Year 
Motions 

2,475-Year 
Motions 

Subduction Event 
Motions 

PGA 0.116 g 0.254 g 0.343 g 0.478 g 0.160 g 

0.10 0.188 g 0.433 g 0.593 g 0.832 g 0.260 g 

0.15 0.224 g 0.505 g 0.693 g 0.965 g 0.340 g 

0.20 0.224 g 0.502 g 0.688 g 0.827 g 0.370 g 

0.30 0.196 g 0.431 g 0.590 g 0.840 g 0.350 g 

0.40 0.171 g 0.371 g 0.510 g 0.721 g 0.330 g 

0.50 0.150 g 0.331 g 0.456 g 0.645 g 0.310 g 

1.0 0.078 g 0.168 g 0.230 g 0.325 g 0.170 g 

2.0 0.039 g 0.086 g 0.119 g 0.170 g 0.077 g 

3.0 0.026 g 0.056 g 0.077 g 0.108 g 0.057 g 

4.0 0.020 g 0.042 g 0.058 g 0.081 g 0.043 g 

5.0 0.016 g 0.034 g 0.046 g 0.065 g 0.034 g 

6.0 0.013 g 0.028 g 0.038 g 0.054 g 0.028 g 
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5.0 FIRM-GROUND ACCELERATION TIME-HISTORIES 
Spectrally-matched input acceleration time-histories were developed for the 475-year, 975-year, 2,475-year and 
subduction ground motions.  Considering the close proximity of the ELRT alignment to the New Port Mann 
Bridge site, the acceleration time-histories spectrally-matched to the site-specific spectra at the Port Mann 
Bridge site have been scaled uniformly with respect to the peak ground acceleration at the Lougheed Town 
Centre to obtain the time-histories for use in ELRT project.  A comparison of firm-ground UHRS at the Port Mann 
Bridge site and Lougheed Town Centre is shown on Figure 5-1, where minimal differences (less than 4%) in the 
peak ground acceleration and spectral accelerations can be noted between the two sites.   

The spectral matching of acceleration time histories for the Port Mann Bridge site was carried out in the 
time-domain using the computer program EZ-FRISK (Risk Engineering Inc., Version 7.23) and the details of the 
acceleration time histories used in the spectral matching are provided in the following sections.    

All acceleration time-histories have been base-line corrected. 

 

5.1 Acceleration Time-Histories for the 475-Year Return Period Ground Motions 
Records from the 1971 San Fernando, 1989 Loma Prieta, and 1949 Western Washington earthquakes have 
been selected as representative time-histories for the 475-year ground motions based on distance, magnitude, 
and peak horizontal ground acceleration (PHGA).  The duration of strong shaking for the selected earthquake 
records varies between 7 and 25 seconds. 

All six horizontal components of the records have been matched to the target 475-year Class C Spectrum that 
correspond to the Port Mann Bridge site as shown on Figure 5-1.  The bracketed duration of strong shaking of 
the spectrally matched time-histories varies between 14 and 25 seconds.  In order to derive vertical motions 
consistent with the modified horizontal motions, the vertical components of the selected unmodified earthquake 
records were scaled to 2/3 of the target horizontal PHGA.  Details of the earthquake records selected for spectral 
matching are summarized in Table 5-1. 

Table 5-1: Details of Input Earthquakes Used for Spectral Matching for 475-Year Motions 

Event Date 
Magnitude & 
[Bracketed 
Duration] 

Epicentral 
Distance 

Peak 
Horizontal 

Ground 
Motions 

Station 

a (g) v 
475-Year Motions 

San Fernando (EW) Feb. 9, 1971 M6.6 [~7 s] 36.0 km 0.20 0.11 Seismological 
Laboratory 

San Fernando (NS) Feb. 9, 1971 M6.6 [~7 s] 36.0 km 0.09 0.05 Seismological 
Laboratory 

Loma Prieta (EW) Oct. 18, 1989 M7.0 [~20 s] 9.7 km 0.44 0.29 Capitola 

Loma Prieta (NS) Oct. 18, 1989 M7.0 [~25 s] 9.7 km 0.53 0.35 Capitola 

Western Washington 
(EW) Apr. 13, 1949 M7.1  [~21 s] 26.0 km 0.28 0.18 

Olympia 
Highway Test 
Laboratory 

Western Washington 
(NS) Apr. 13, 1949 M7.1 [~22 s] 26.0 km 0.17 0.18 

Olympia 
Highway Test 
Laboratory 
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The original records of the earthquakes listed in Table 5-1 were obtained from the PEER and COSMOS strong 
motion data bases.  The one-page headers of the original records are presented in Attachment 1. 

The acceleration time-histories of the modified records scaled uniformly with respect to the PGA of the Lougheed 
Town Centre are shown on Figures 5-2 through 5-4 and the corresponding response spectra along with the 
target response spectrum of Lougheed Town Centre are shown on Figure 5-5. 

 

5.2 Acceleration Time-Histories for the 975-Year Return Period Ground Motions 
Records from the 1992 Landers, 1989 Loma Prieta, and 1999 Chi Chi earthquakes were selected as 
representative time-histories for the 975 year ground motions based on distance, magnitude, and peak 
horizontal ground acceleration (PHGA).  The duration of strong shaking for the selected earthquake records 
varies between 20 and 36 seconds. 

All six horizontal components of the records were matched to the target 975-year Class C Spectrum that 
correspond to the Port Mann site as shown on Figure 5-1.  The bracketed duration of strong shaking of the 
spectrally-matched time-histories varies between 35 and 42 seconds.  In order to derive vertical motions 
consistent with the modified horizontal motions, the vertical components of the selected unmodified earthquake 
records were scaled to 2/3 of the target horizontal PHGA.  Details of the earthquake records selected for spectral 
matching are summarized in Table 5-2. 

Table 5-2: Details of Input Earthquakes Used for Spectral Matching for 975-Year Ground Motions 

Event Date 
Magnitude & 
[Bracketed 
Duration] 

Epicentral 
Distance 

Peak 
Horizontal 

Ground 
Motions Station 

a (g) v 
(m/s) 

975 Year Motions 

Landers (EW) Jun. 28, 1992 M7.3 [~31 s] 13.7 km 0.28 0.43 Joshua Tree 

Landers (NS) Jun. 28, 1992 M7.3 [~35 s] 13.7 km 0.27 0.28 Joshua Tree 

Loma Prieta (EW) Oct. 18, 1989 M7.0 [~20 s] 9.7 km 0.44 0.29 Capitola 

Loma Prieta (NS) Oct. 18, 1989 M7.0 [~25 s] 9.7 km 0.53 0.35 Capitola 

Chi Chi (EW) Sept. 20, 1999 M7.6 [~32 s] 7.1 km 0.45 0.44 Taichung 

Chi Chi (NS) Sept. 20, 1999 M7.6 [~36 s] 7.1 km 0.31 0.33 Taichung 

 

The original records of the earthquakes listed in Table 5-2 were obtained from the PEER and COSMOS strong 
motion data bases.  The one-page headers of the original records are presented in Attachment 1. 
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The acceleration time-histories of the modified records scaled uniformly with respect to the PGA of the Lougheed 
Town Centre are shown on Figures 5-6 through 5-8 and the corresponding response spectra along with the 
target response spectrum for the Lougheed Town Centre are shown on Figure 5-9. 

 

5.3 Acceleration Time-Histories for the 2,475-Year Return Period Ground Motions 
The acceleration time histories selected for the 975-year grand motions were also considered as representive 
time histories for the 2,475-year ground motions based on distance, magnitude, and peak horizontal ground 
acceleration (PHGA).   

All six horizontal components of the records as noted in the previous section were matched to the target 
2,475-year Class C Spectrum that correspond to the Port Mann site as shown on Figure 5-1.  The bracketed 
duration of strong shaking of the spectrally-matched time-histories varies between 35 and 42 seconds.  In order 
to derive vertical motions consistent with the modified horizontal motions, the vertical components of the 
selected unmodified earthquake records were scaled to 2/3 of the target horizontal PHGA.   

The acceleration time-histories of the modified records scaled uniformly with respect to the PGA of the Lougheed 
Town Centre are shown on Figures 5-10 through 5-12 and the corresponding response spectra along with the 
target response spectrum for the Lougheed Town Centre are shown on Figure 5-13. 

 

5.4 Acceleration Time-Histories for the 100-Year Motions 
Acceleration time-histories for the 100-year motions were derived by uniformly scaling the acceleration time 
histories derived for the 475-year motions with respect to the peak horizontal ground acceleration.  
This approximation is valid in light of the similarities in the spectral shapes between the site-specific 100-year 
response spectrum and the uniformly scaled acceleration response spectrum.  

The acceleration time-histories of the modified records are shown on Figures 5-14 through 5-16 and the 
corresponding response spectra are shown on Figure 5-17. 

 

5.5 Acceleration Time-Histories for the Subduction Event 
Long-duration ground motions recorded from a subduction event are included herein.  It should be noted that the 
spectral accelerations that correspond to the subduction event are smaller than the spectral accelerations that 
correspond to the 475-year, 975-year, and 2,475-year ground motions (Figure 4-1) 

Consistent with the characteristics of the subduction event (i.e., M8.2 at about 140 km and with PGA=0.16 g) 
considered by the 2005 NBCC for Vancouver, BC, acceleration time-histories that correspond to 
Mw 8+ subduction earthquakes were searched to obtain a representative acceleration time-history of a 
long-duration event.  Other search parameters included the following: 

 Records with a PHGA varying between 0.15 and 0.20 g; and 

 An epicentral distance varying between 100 and 170 km. 
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Based on these criteria, the acceleration time-histories recorded at La Union Station from the 1985 Mexico City 
earthquake were selected to represent the level of shaking associated with a subduction event.  The duration of 
strong shaking of the selected earthquake records is about 32 seconds. 

The two horizontal components of the recorded time-histories were matched to the target subduction event 
Class C Spectrum presented in Table 4-1 and on Figure 4-1.  The bracketed duration of strong shaking of the 
spectrally matched time-histories varies between 27 and 33 seconds.  In order to derive vertical motions 
consistent with the modified horizontal motions, the vertical components of the selected unmodified earthquake 
records were scaled to 2/3 of the target horizontal PHGA.  Details of the earthquake records selected for spectral 
matching are summarized in Table 5-3. 

Table 5-3: Details of Input Earthquakes Used for Spectral Matching – Subduction Earthquake Ground 
Motions 

Event Date 
Magnitude & 
[Bracketed 
Duration] 

Epicentral 
Distance 

Peak Horizontal 
Ground 
Motions Station 

a (g) v (m/s) 

Subduction Event 

Mexico City (EW) Sept. 19, 1985 M8.1 [~32 s] 107 km 0.15 0.13 La Union 

Mexico City (NS) Sept. 19, 1985 M8.1 [~32 s] 107 km 0.17 0.22 La Union 

 

The original records of the earthquakes listed in Table 5-3 were obtained from the COSMOS Strong Motion Data 
Base.  The one-page headers of the original records are presented in Attachment 1. 

The acceleration time-histories of the modified records are shown on Figure 5-18 and the corresponding 
response spectra are shown on Figure 5-19. 

 

6.0 CLOSURE 
We trust that the contents of this Technical Memorandum meet with your immediate requirements.  If you have 
any questions or need further information, please do not hesitate to contact the undersigned. 

GOLDER ASSOCIATES LTD. 

 

 

Viji Fernando, M.E.Sc., P.Eng. Upul D. Atukorala, Ph.D., P.Eng. 
Senior Geotechnical Engineer Principal, Senior Geotechnical Engineer 
 
VJF/UDA/nnv 
 
Attachments:  Figures 2-1, 3-1, 4-1, and 5-1 to 5-19 
 Attachment 1 – Headers of Original Earthquake Records Used for Spectral Matching 
\\bur1-s-filesrv2\final\2008\1411\08-1411-0115\5500a\tm 1202_11 final\tm 1202_11 egl spectra final.doc 

ORIGINAL SIGNED ORIGINAL SIGNED 
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fill and overbank sandy loam to clay loam, also organic sediments up to 8 m thick; SAi, mountain stream 
marine deltaic medium to coarse gravel and minor sand up to 15 m or more thick; SAj, mountain stream
channel fill sand and gravel up to 8 m thick; SAk, lowland stream channel fill sand to gravel and minor silt 
and clay up to 5 m thick

SA-h-k

Bog, swamp, and shallow lake deposits: SAb, lowland peat up to 14 m thick, in part overlying Fb, c; SAc,
lowland peat up to 1 m thick underlying Fb (up to 2 m thick); SAd, lowland organic sandy loam to clay loam
15 to 45 cm thick overlying SAg and Fd; SAe, upland peat up to 8 m or more thick

SAb-e

Rapid Transit Alignment shown is for illustrative purposes only.
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ATTACHMENT 1 
Headers of Original Earthquake Records Used for Spectral Matching 





































MEX03.012

**********************************************************************
*                   REPORTE DEL ARCHIVO:  UNIO850919AV.T             *
*                                                                    *
* SISMO: 8509190A     FECHA REGISTRO:  850920     ESTACION:    UNIO  *
* DISTANCIA:  107     ACELEROGRAFO:    DS-259     ORIENTACION: VERT  *
* # EVENTO:    0A     HORA:          13:17:49     DURACION:    62.7  *
*++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++*
* DIGITIZACION:       NXYA=    0   NXYR=    0    NXYT=    0          *
*++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++*
* DATOS SIN CORREGIR:              NPSC= 6272                        *
*++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++*
* DATOS CORREGIDOS:   NP=   6274   DT=  0.010     METODO=   CALTECH. *
* PARAMETROS:         F1=  0.200   F2=  0.230     F3=45.00  F4=47.00 *
*                     F5=  0.000   F6=  0.000     F7= 0.00  F8= 0.00 *
*                     TINICIAL=    0.000          TFINAL=   62.709   *
*++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++*
*            MAXIMO    TMAX      MINIMO    TMIN     INICIAL   CRUCES *
* ACELER:   120.94    20.358    -95.06    21.587      0.22      751  *
* VELOCI:     8.68    20.578    -11.72    19.678     -1.06      168  *
* DESPLA:     2.56    27.266     -3.89    20.368      0.21       48  *
*                                                                    *
*++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++*
*                                                                    *
* ESPECTROS PARA 5 AMORTIGUAMIENTOS:                                 *
* AMORTIG:     0         2         5        10        20         0   *
* # PER:      80        80        80        80        80         0   *
* SAMAX:   2029.19    523.28    331.62    230.52    169.12      0.00 *
* PERIODO:    0.22      0.32      0.30      0.30      0.07      0.00 *
* SVMAX:     86.61     48.59     28.52     19.35     15.36      0.00 *
* PERIODO:    2.60      2.60      2.60      2.60      4.80      0.00 *
* SDMAX:     35.66     19.37     13.09      9.01      5.94      0.00 *
* PERIODO:    2.60      2.60      4.80      4.80      4.80      0.00 *
*                                                                    *
**********************************************************************

     NPSC   TSC     ASC     NPSC   TSC     ASC     NPSC   TSC     ASC     NPSC   TSC
    ASC     NPSC   TSC     ASC

       1   0.010  -0.920      2   0.020   1.960      3   0.030   6.760      4   
0.040   6.760      5   0.050   1.960
       6   0.060  -0.920      7   0.070  -3.800      8   0.080  -1.880      9   
0.090   1.000     10   0.100   1.960
      11   0.110   0.040     12   0.120   0.040     13   0.130   1.960     14   
0.140   1.960     15   0.150   1.960
      16   0.160   1.000     17   0.170  -0.920     18   0.180  -2.840     19   
0.190  -3.800     20   0.200  -0.920
      21   0.210   3.880     22   0.220   7.720     23   0.230   6.760     24   
0.240   4.840     25   0.250   1.960
      26   0.260   1.960     27   0.270   1.000     28   0.280   2.920     29   
0.290   4.840     30   0.300   0.040
      31   0.310  -4.760     32   0.320  -7.630     33   0.330  -9.550     34   
0.340  -6.670     35   0.350  -2.840
      36   0.360   1.000     37   0.370   1.960     38   0.380  -2.840     39   
0.390  -6.670     40   0.400  -3.800
      41   0.410  -1.880     42   0.420  -4.760     43   0.430  -7.630     44   
0.440  -9.550     45   0.450  -7.630
      46   0.460  -2.840     47   0.470   0.040     48   0.480   1.000     49   
0.490   1.960     50   0.500   1.000
      51   0.510   1.000     52   0.520   1.960     53   0.530   1.960     54   
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