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Conversion Factors, Non-SI 
to SI Units of Measurement 

Non-SI units of measurement used in this report can be converted to SI 
units as foIlows: 

To Obtain 

meters 

centimeters 

square centimeters 

kilometers 

Multiply 

feet 

inches 

square inches 

miles (U.S. statute) 

BY 

0.3048 

2.54 

6.451 6 

1.609347 



1 Introduction 

As part of a reimbursable study for the U.S. Army Engineer District, 
Los Angeles, a long wave probability analysis has been performed. The 
purpose of this work is to supply the data needed to predict the magnitude and 
distribution of wave energy in the harbors after construction of the 
Los Angeles Harbor Pier 400 expansion. Prototype wave data have been 
collected at offshore Platform Edith as well as selected inshore sites within 
Los AngelestLong Beach (LALB) Harbors since 1984 (Figure I).' This 
gaging has occurred with the support of the Los Angeles District and the Ports 
of Long Beach and Los Angeles. Analysis and data collection methods, as 

L B  H A R B O R  

SCALES 

PROTOTYPE 

NOTE: 
PLATFORM EDITH GAGE 0 MILES DIRECTLY 

P A C I F I C  O C E A N  SOUTH OF LONG BEACH BREAKWATER 

Figure 1. Prototype wave gage locations 

'A table of factors for converting non-SI units of measurement to SI units is presented on 
page v. 
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well as data availability, are documented in a wave data summary report 
(Rosati, McKinney, and Puckette, in preparation). These wave data are used to 
document the waves occumng in the harbors due to the incident wave climate. 
The harbor response to incident wave energy affects ship motion and therefore 
the economic use of port facilities. This report documents how the probability 
analysis was performed and presents the results for use by the harbor 
resonance analysis performed by Seabergh and Thomas (1995). 
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2 Approach 

Transfer Functions 

The procedure for analyzing these wave data can be viewed as a sequence 
of transfer functions. The directional wave spectrum outside the harbor is 
transferred to short- and long-period waves inside the harbor. Long-period 
waves at each berthing site can be used to drive a ship motion model. Using 
these transfer functions and long-term wave statistics outside the harbor, 
probability of exceedance can be computed for ship motions at a berthing site. 
Prototype measurements inside and outside the harbor are used to empirically 
estimate the wave energy transfer function. However, prototype measurements 
are available for only a few gaging sites and are representative of only the 
harbor configuration existing while the gaging is occumng. Prototype data are 
used to calibrate and verify the performance of the model by comparing 
prototype measurements to model measurements at the same sites and for the 
same conditions as measured during prototype events (Figure 2). 

The distorted-scale harbor physical model is used as the computational tool 
to estimate wave energy at all sites of interest, and for proposed new 
configurations. The collected prototype data can only describe the response of 
the current configuration of the harbors and therefore cannot predict harbor 
response when the configuration changes. Different expansion configurations 
were tested in the LALB physical model (Figure 3). The existing configu- 
ration is referred to as the base condition and the proposed configuration (the 
only one considered in this study) is termed POLA stage 1. 

Physical Model Data 

An example of the transfer function results obtained from the physical 
model is the amplification factor plot shown in Figure 4. Figure 4 describes 
the response of the harbor for a given incident wave condition. In this figure, 
if the response is greater than 1, the waves inside the harbor are larger than the 
waves outside the harbor for the periods of interest. This figure also shows 
good agreement with prototype data measured at the same location as in the 
physical model. The condition selected for this study is the "uniform" or 
"mean energy" spectrum with incident waves coming from the south. This is 
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Long Period Wave Spectra 
Selected For Testing 

Figure 2. Long-period spectra events selected for model testing 

the most frequent wave condition incident to the harbors, but this condition is 
not necessarily representative of extreme storm events. Physical model study 
results are described in Seabergh and Thomas (1993, 1995). They express 
amplification factors in terms of wave height. This study uses wave energy 
amplification factors. For this study, the conversion formula between energies 
and wave heights is 

where H is the wave height and E is wave energy. 
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Gage LB2 Model and Prototype Wave 
Height Amplification-Feb 86 Spectrum 

I Wave Period, sec I 

Figure 4. Comparison of prototype and model wave amplification factors 
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3 Methods 

Platform Edith spectral information was used to construct probability 
distributions of recorded wave data. The data used for this study covered the 
time period from 1985 to August 1991. Although data subsequent to this time 
exist, it was most expedient for this study to utilize these data for which 
previously computed intermediate data products exist. These data products 
reduced the computational and data retrieval time needed to perform this study. 

Other workers (Bowers (1992), for example), have defined the wave period 
range of 30-200 sec as the one that primarily affects ship motion in harbors. 
The data analysis was performed on two period ranges. One range uses the 
512-sec and 256-sec center periods from the analyzed wave spectra, and 
another uses 42- to 170-sec center periods. With a spectral bandwidth of 
0.00195 Hz, the 42- to 170-sec center period range is equivalent to the 41- to 
204-sec period range and the 256- to 512-sec center period range is equivalent 
to a 204- to 1,022-sec period range. These period range selections were made 
in order to best describe the long wave probability distribution for the harbors 
in terms that are useful with existing shipmotion criteria (Seabergh and 
Thomas 1995). Probability of exceedance (PE) tables of wave energy were 
constructed for both base and stage 1 conditions. 

Data Processing Procedure 

a. Assume linear waves and transform each Platform Edith spectrum by 
multiplying each spectral value S(f) by the corresponding amplification 
factor for each model site. 

where 

He (f) = harbor predicted energy spectrum 

AH (f) = model energy amplification factor 
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S V) = Platform Edith energy spectrum 

f = frequency 

b. Sum the energy belonging to each of the period ranges of interest for 
each transformed Platform Edith wave spectrum (He). 

where 

H S,,,, (t) = total harbor energy in period range 

t = center period band 

c. Update the tally of the number of occurrences of each energy value in 
the bins. This is done separately for each of the two period ranges. 
The number of occurrences N, in a given bin is equal to the total 
number of wave records for which the value of H S, lies within the 
given bin energy interval. 

d. Repeat steps 1 through 3 until all Edith wave spectra have been 
analyzed. 

e. Compute the probability of occurrence for each site, each energy bin, 
and for each period range. 
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where 

i = index of 0.35 cm2 energy bin associated with energy value j 

j = energy value associated with the i'th energy bin (0.35 cm2 . 
i) 

P O,, = probability of occurrence 

N = total number of occurrences (wave records) 

Compute the PE for each harbor site. 

The PE for energy was determined by: 

where 

P 0 = probability of occurrence 

P E = probability of exceedance 

e = bin size (0.35 cm2) 

k = bin index 

g. Plots were constructed showing the base and stage 1 PE's on the same 
page. 

This method is favored for several reasons. It minimizes the numerical 
roundoff or truncation errors associated with inserting the data into a finite 
number of probability of occurrence bins by performing this step only once for 
each Platform Edith spectrum. It is also the most straightforward realization of 
the linear transfer function approach. A variety of methods to compute the PE 
distributions were explored. For example, multiplying the period range 
average energy by the averaged amplification factors for that range produces 
very similar results. 

A bin size A, of 0.35 cm2 was chosen in an attempt to satisfy the need of 
good probability resolution while representing the maximum energies with a 
reasonable number (in this case 80) of bins. 
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Prototype PE 

Steps 2 through 7 of the data processing procedure were used on the harbor 
wave gage data. These prototype PE plots are presented in Appendix A. 
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4 Results 

The standard approach in both numerical and physical harbor wave models 
is use of a linear, frequency-domain transfer function to transfer energy from 
outside to inside of a harbor. Since energy in the offshore wave spectrum can 
be low for harbor oscillation periods, large amplification factors result. 

Results presented in the appendices include: 

a. For each prototype inshore site which had a corresponding model site, 
PE tables were constructed for the energy in the two period ranges. 
The PE results for the prototype gage were plotted along with the base 
and stage 1 data computed using the Platform Edith wave data and the 
amplification factors from the physical modelling. These plots are 
contained in Appendix A. 

b. Appendix B contains PE plots for all model sites that have both a base 
and stage 1 condition. These PE plots do not include prototype wave 
data. 

c. For each model site, Appendix C presents a table of the energy and 
significant wave height at the 1-percent PE for both the base and 
stage 1 conditions. This PE value was selected as a comparative 
measure between the base and stage 1 conditions. For some model site 
PE tables, 80 of the 0.35-cm2 bins did not reach the 1-percent level of 
wave energy. For these sites, the PE was recomputed using 350 of the 
0.35-cm2 bins. Even this number of bins was insufficient for some sites 
to reach the 1-percent level. Where this occurs, a "greater than" (>) 
sign is placed next to the maximum energy bin value. 
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5 Discussion 

It is apparent from the plots and tabular results presented that POLA 
stage 1 harbor energies tend to be lower in most cases than the base condition. 
The plots in Appendix A show that prototype measured energies are less than 
predicted by the Platform Edith transform function approach (refer to Seabergh 
and Thomas (1995) for a more complete discussion of the harbor resonance 
analysis). The largest waves show the greatest disparity between the predicted 
and measured PE distributions. It is important to realize that the prototype 
harbor data were measured under all incident wave conditions and that the 
model amplification factors used in the predictions are for the uniform 
spectrum condition which most represents the prevailing wave climate. Large 
storms tend to come from a westerly direction that shelters the harbors from 
the largest waves and more directional spreading of wave energy occurs during 
storms (Seabergh and Thomas 1995). Different sets of amplification factors 
are available from the other long-period spectra tested in the physical model to 
more accurately describe these storm conditions. 

For engineering purposes, the predicted energy values appear to be conser- 
vative: i.e., at a given probability level, the predicted energies are likely to be 
greater than those actually encountered. 

Assumptions 

Seabergh and Thomas (1995) discuss some of the assumptions made by this 
analysis and why these assumptions appear to be validated by the available 
data: 

... the long wave energy measured for each frequency at the 
prototype wave gage in the ocean is the same energy transformed 
to the harbor entrance. ... However analysis of wave data indicates 
a good correlation between wave energy at Platform Edith and the 
harbors. At the harbor gages themselves a possible reduction in 
correlation of harbor response to offshore long wave conditions 
could be due to non-linear transfer of energy to other harmonics, 
but this does not appear to be a strong mechanism for a harbor of 
large depth like L A n B  harbors. 
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Additional Work 

Additional work could be done to reduce the statistical variability 
associated with results and explore more aspects of the collected prototype 
data. Additional work could include using gages recently located near the 
entrances to the harbors as a basis for determining amplification factors. This 
would help to quantify any wave transformation effects between the harbors 
and the platform. Classifying Platform Edith and entrance gage data according 
to energy level, direction, and spectral shape along with other factors and 
comparing these data to the harbor wave data could provide further insight into 
the physical processes governing harbor response. Furthermore, recomputing 
the results presented in this report using prototype data collected after August 
1991 would increase confidence in the results due to reduced statistical 
variability. Higher order spectral analysis can help to show the presence of 
nonlinear interactions in the prototype wave data. 
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Appendix C Table of 1-Percent PE Values 

Table C1 
1-Percent PE Values 

(Sheet 1 of 6) 

Condition 

Stage 1 
Base 
Stage I 
Base 

Stage 1 

Model Site 

00 1 
001 
001 
00 1 

002 

Energy (oq cm) I Wave Height (cm) Period Range 

170 
170 
51 2 
51 2 

170 

0.593 
2.529 
1.645 
2.941 

4.365 

3.08 
6.36 
5.13 
6.86 

8.36 



Appendix C Table of I-Percent PE Values 

Wave Height (crn) 

8.79 
14.72 
4.98 

13.65 

6.49 
18.56 
2.36 
7.69 

7.83 
27.90 
2.58 

16.95 

13.04 
12.92 
3.79 
3.59 

19.73 
25.21 
6.61 
7.19 

12.01 
17.56 
7.02 
6.56 

8.88 
13.49 
2.40 
5.75 

11.93 
16.69 
1 1.42 
8.49 

14.31 
12.90 
9.37 
5.97 

17.30 
18.65 
25.22 
18.56 

10.32 
14.46 
14.4  
10.54 

10.52 
13.87 
16.63 
14.50 

(Sheet 2 of 6) 

Energy (sq cm) 

4.834 
13.537 
1.549 

1 1.647 

2.635 
21.528 
0.349 
3.694 

3.834 
48.657 
0.417 

17.947 

10.623 
10.435 
0.896 
0.806 

24.340 
39.732 
2.734 
3.233 

9.015 
19.265 
3.084 
2.686 

4.932 
11.379 
0.359 
2.064 

8.892 
17.418 
8.147 
4.504 

12.805 
10.393 
5.490 
2.230 

18.698 
21.729 
39.740 
21 540 

6.652 
13.073 
12.957 
6.946 

6.918 
12.023 
17.276 
13.140 

Condition 

Stage 1 
Base 
Stage 1 
Base 

Stage 1 
Base 
Stage 1 
Base 

Stage 1 
Base 
Stage I 
Base 

Stage 1 
Base 
Stage 1 
Base 

Stage 1 
Base 
Stage 1 
Base 

Stage 1 
Base 
Stage 1 
Base 

Stage 1 
Base 
Stage 1 
Base 

Stage 1 
Base 
Stage 1 
Base 

Stage 1 
Base 
Stage 1 
Base 

Stage 1 
Base 
Stage 1 
Base 

Stage 1 
Base 
Stage 1 
Base 

Stage 1 
Base 
Stage 1 
Base 

Table C1 

Model Site 

01 2 
01 2 
01 2 
01 2 

01 3 
01 3 
01 3 
01 3 

01 4 
01 4 
014 
01 4 

01 5 
01 5 
01 5 
01 5 

01 6 
01 6 
01 6 
01 6 

017 
01 7 
01 7 
017 

01 8 
01 8 
01 8 
01 8 

01 9 
01 9 
01 9 
01 9 

020 
020 
020 
020 

02 1 
02 1 
02 1 
02 1 

022 
022 
022 
022 

023 
023 ' 
023 
023 

(Continued) 

Period Range 

170 
170 
512 
512 

170 
170 
51 2 
51 2 

170 
170 
512 
51 2 

170 
170 
512 
512 

170 
170 
51 2 
51 2 

170 
170 
51 2 
512 

170 
170 
51 2 
51 2 

170 
170 
51 2 
51 2 

170 
170 
51 2 
51 2 

170 
170 
51 2 
51 2 

170 
170 
512 
512 

170 
170 
512 
512 



Appendix C Table of 1-Percent PE Values 

Table C1 (Continued) 

Wave Height (cm) 

8.27 
10.78 
8.44 
7.75 

15.67 
15.79 

(Sheet 3 of 6) 

Energy (sq cm) 

4.277 
7.268 
4.456 
3.754 

15.346 
15.590 

Condition 

Stage 1 
Base 
Stage 1 
Base 

Stage 1 
Base 

Model Site 

024 
024 
024 
024 

025 
025 

Period Range 

170 
170 
51 2 
512 

170 
170 



Appendix C Table of I-Percent PE Values 

Wave Height (cm) 

9.76 
11.64 
2.36 
4.91 

18.19 
36.20 
7.56 

31.17 

7.98 
7.24 
5.19 
3.07 

4.61 
5.03 
6.00 
6.47 

7.14 
13.32 
2.36 
9.56 

10.64 
22.06 
3.63 
8.70 

13.71 
12.44 
4.54 
5.62 

33.41 
32.06 
9.63 

11.27 

32.73 
30.28 
13.60 
9.95 

14.46 
15.79 
8.38 
6.50 

8.76 
9.97 

11.07 
7.49 

12.12 
12.59 
8.43 
5.91 

(Sheet 4 of 6) 

Energy (sq cm) 

5.956 
8.474 
0.348 
1.505 

20.674 
81.915 
3.573 

60.734 

3.984 
3.277 
1.681 
0.591 

1.329 
1.581 
2.249 
2.615 

3.182 
11.090 
0.348 
5.708 

7.074 
30.409 
0.822 
4.732 

1 1.740 
9.667 
1.291 
1.973 

69.747 
64.240 
5.802 
7.937 

66.947 
57.31 8 
11 557 
6.186 

13.073 
15.579 
4.390 
2.640 

4.798 
6.2 18 
7.654 
3.504 

9.183 
9.905 
4.440 
2.183 

Condition 

Stage 1 
Base 
Stage I 
Base 

Stage 1 
Base 
Stage 1 
Base 

Stage 1 
Base 
Stage 1 
Base 

Stage 1 
Base 
Stage 1 
Base 

Stage 1 
Base 
Stage 1 
Base 

Stage 1 
Base 
Stage 1 
Base 

Stage 1 
Base 
Stage 1 
Base 

Stage 1 
Base 
Stage 1 
Base 

Stage 1 
Base 
Stage 1 
Base 

Stage 1 
Base 
Stage 1 
Base 

Stage 1 
Base 
Stage 1 
Base 

Stage 1 
Base 
Stage 1 
Base 

Table C1 

Model Site 

035 
035 
035 
035 

036 
036 
036 
036 

037 
037 
037 
037 

038 
038 
038 
038 

039 
039 
039 
039 

040 
040 
040 
040 

041 
041 
041 
041 

042 
042 
042 
042 

043 
043 
043 
043 

044 
044 
044 
044 

045 
045 
045 
045 

046 
046 
046 
046 

(Continued) 

Period Range 

170 
170 
512 
512 

170 
170 
51 2 
512 

170 
170 
51 2 
512 

170 
170 
51 2 
51 2 

170 
170 
512 
51 2 

170 
170 
51 2 
51 2 

170 
170 
51 2 
51 2 

170 
170 
51 2 
51 2 

170 
170 
51 2 
512 

170 
170 
51 2 
51 2 

170 
170 
51 2 
512 

170 
170 
51 2 
51 2 



Appendix C Table of 1-Percent PE Values 

Table C1 (Continued) 

Wave Height (cm) 

17.64 
15.57 
4.58 
3.86 

11.04 
10.74 
3.87 
2.37 

34.67 
34.22 
3.34 
3.44 

38.23 
40.85 
10.59 
11.23 

35.46 

Model Site 

047 
047 
047 
047 

048 
048 
048 
048 

050 
050 
050 
050 

05 1 
05 1 
05 1 
051 

052 
052 170 Base 86.114 36.05 

(Sheet 5 of 6) 

Energy (sq cm) 

19.440 
15.147 
1.314 
0.931 

7.618 
7.214 
0.934 
0.350 

75.143 
73.179 
0.696 
0.738 

91.365 
104.31 5 

7.008 
7.882 

78.582 

Period Range 

170 
170 
51 2 
512 

170 
170 
51 2 
512 

170 
170 
51 2 
512 

170 
170 
51 2 
51 2 

170 

Condition 

Stage 1 
Base 
Stage 1 
Base 

Stage 1 
Base 
Stage 1 
Base 

Stage 1 
Base 
Stage 1 
Base 

Stage 1 
Base 
Stage I 
Base 

Stage 1 



Appendix C Table of I-Percent PE Values 

Table C1 (Concluded) 

Wave Height (cm) 

6.93 
3.97 

7.97 
3.18 

7.49 
2.37 

9.47 
2.36 

8.81 
2.36 

>21.03 
12.47 

8.54 
3.30 

4.19 
2.36 

7.70 
2.97 

(Sheet 6 of 6) 

Model Site 

064 
064 

065 
065 

066 
066 

067 
067 

068 
068 

069 
069 

070 
070 

62A 
62A 

71 A 
71 A 

Condition Period Range 

170 
51 2 

170 
51 2 

170 
51 2 

170 
51 2 

170 
51 2 

170 
51 2 

170 
51 2 

170 
512 

170 
51 2 

Energy (sq cm) 

Stage 1 
Stage 1 

Stage 1 
Stage 1 

Stage 1 
Stage 1 

Stage 1 
Stage 1 

Stage 1 
Stage 1 

Stage 1 
Stage 1 

Stage 1 
Stage 1 

Stage I 
Stage 1 

Stage 1 
Stage 1 

I 3.005 
0.984 

3.969 
0.632 

3.503 
0.351 

5.605 
0.348 

4.846 
0.349 

>27.650 
9.718 

4.554 
0.683 

1.099 
0.347 

3.705 
0.553 



Los Angeles Harbor Pier 400 Long Wave Probability Analysis Data Summary 

U.S. Army Engineer District, Los Angeles AGENCY REPORT NUMBER 

P.O. Box 271 1 

Available from National Technical Information Service, 5285 Port Royal Road, Springfield, VA 22161. 

Approved for public release; distribution is unlimited. 

This report supplies the data needed to predict the magnitude and distribution of wave energy in the harbors after 
construction of the Los Angeles Harbor Pier 400 expansion. Prototype wave data have been collected at offshore Platform 
Edith as well as selected inshore sites within Los Angelesbng Beach (LALB) Harbors since 1984. Harbor resonance 
studies were conducted in the LALB physical model to predict the distribution of wave energy due to the Pier 400 
expansion. Using the amplification factors derived from physical model test results and offshore wave spectra, wave energy 
probability of exceedance tables and plots were constructed for each physical model wave gage location. These wave data 
are used to document the magnitude of waves occurring in the harbors due to the incident wave climate. The harbor response 
to incident wave energy affects ship motion and, therefore, the economic use of port facilities. 
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