SOME COMPARISONS OF WAVE MEASUREMENTS FROM THE NORWEGIAN CONTINENTAL SHELF

Knut A. Iden

The Norwegian Meteorological Institute (DNMI), Oslo, Norway

Abstract

Wave monitoring at an oilfield shall serve different purposes. The requirements to the wave measuring may change during the lifetime of the oilfield as well as new equipment will be developed. For climatic purposes homogeneity of data series over time is important.

Here, some comparisons are performed on available parallel series of sea state parameters measured by different instruments. The parallel series are from different locations on the Norwegian Continental Shelf. The data are, with some exceptions, made available through the Environmental Monitoring System (EMS) on the different platforms serving general requirements for wave data.

At the Ekofisk field very good agreement is found between the sea state parameters derived from a Datawell waverider buoy and Plessey radar. Very good agreement is also found between the sea state parameters derived from the buoy and a pulsed infrared laser radar. The same good agreement is not found between the waverider buoy and data derived from Wave Monitoring System (WaMoS radar) at Ekofisk. However, this parallel series is very short.

In the Statfjord area good agreement has been found between parameters derived from MIROS microwave radar and a WAVEC directional waverider buoy, in an earlier study. Good agreement is also found between data derived from a MIROS microwave radar at Gullfaks C and waverider buoys at Statfjord A. However, the parallel series studied is short.

At the Heidrun field a difference is found between significant wave height derived from the MIROS microwave radar and a SEATEX waverider buoy. The difference has the character of a bias and may be the result of a calibration error rather than differences in wave measuring quality of the two instruments in question. 

1. Introduction 

Instrumental wave measurements have been performed at different locations on the Norwegian Continental shelf since the early seventies. In the early period buoys of different types was the standard equipment. The measurements are made available through the regulations regarding the petroleum activity at the Norwegian Continental shelf. It is common practice that the first permanent platform in a new major oil field is instrumented to measure meteorological and oceanographic data. Platforms at Ekofisk (56.5(N, 3.2(E), Sleipner (58.4 (N, 1.9(E), Yme (57.8(N, 4.5(E), Frigg (59.9(N, 2.1(E), Statfjord A (61.2(N, 1.8(E)/Gullfaks C (61.2(N, 2.3(E), Draugen (64.3(N, 7.8(E), Heidrun (65.3(N, 7.3(E), Norne (66.0(N, 8.1(E) and Troll A (60.6(N, 3.7(E) have thus been instrumented. Ekofisk, Frigg and Statfjord A have observation series from about 1980. At both Statfjord A and Ekofisk buoys were applied for the measurement of waves. At Ekofisk the water level is an important parameter and the vertical radar used for this purpose are also used for wave monitoring. In some situations the radar measurements are strongly influenced by the platform itself. At Frigg the main instrument for wave measurements has been a TRT (Syminex) radar at the platform QP. As we have no other measuring site near Frigg the data derived from the TRT radar has not been validated in this study. The same reason applies to the Yme and Sleipner data.

In the Statfjord area the data reporting has been from the Statfjord A platform until November 1989 and thereafter from the Gullfaks C platform At this platform wave measurements are performed by a MIROS microwave radar operating at a frequency of 5.8 GHz, obtaining backscatter from the ocean capillary waves. This radar looks at the sea some distance from the platform and takes ”fingerprints” of the sea in six directions. The signal are through algorithms transformed into scalar parameters characterising the sea state as wells as directional wave spectrum Grønli (1984). Wave buoys are not easily maintained over time and represent problems for the vessels (supply ships etc) navigating near the platforms. Wave instruments placed on the platform reduces or eliminates these problems.

At the oil fields in the North Sea and in the Haltenbank area developed after 1994 the MIROS microwave radar are used for the purpose of wave measurements. On the Heidrun field the MIROS radar was supplemented with a SEATEX buoy in 1997. Unfortunately the buoy was lost 22.03.1998 and is not replaced yet. The available parallel series for comparisons are therefore rather short. About 100 km NNE of Heidrun, production on the oil field Norne was started in 1997. The Wave Monitoring System (WaMoS radar) was chosen for the measurement of waves. Instrumental wave measurements have also been performed at station “Mike” ( 66 N, 2 E) in the Norwegian Sea since 1978 by the weather ship Polarfront. The ship itself acts as a waverider. A new shipborne wave recorder (SBWR) was installed in October 1996. Data from “Mike” from 1997 and onward are used in this study.


The Plessey radar at Ekofisk was replaced by a pulsed infrared laser radar 25th of January in 1994. The instrument was placed at the bridge B-3 South Flare. Another instrument of the same kind was already operating at the bridge B-5 North Flare from 5th of October 1993. Both instruments are interfaced in the EMS at Ekofisk together with the Datawell waverider buoy from July 1996.

Parallel series of different wave measuring equipment situated within reasonable distances make intercomparisons possible. However, the data series mentioned are not the result of comprehensive experiments to compare different wave measuring equipment. All series are the result of standard measurements taken primarily to serve operational purposes. The results found will therefore certainly have weaknesses but hopefully be to some help when data from different sources are used for climatic purposes.

2 The Ekofisk field

2.1 Datawell waverider - Plessey radar

Data for the period July 1986-June 1996 are analysed with regard to significant wave height (Hs), maximum wave height (Hmax) and average wave period (Tz). Data for each year are analysed individually. The results are given as scatter plots for each parameter in Fig. 1 a, b and c for 1988. The variations from one year to another are the spread in values. The spread around the regression line shows little variation from year to year. The values from the Plessey radar are generally of the same magnitude as the values measured by the Datawell waverider. However, the values based on the Plessey radar tend to be slightly lower both for significant wave height and for maximum wave height. Tz based on the Plessey radar have a tendency to be higher than Tz based on the waverider and the differences seem to increase with increasing Tz.

2.2 Datawell waverider - Pulsed infrared laser radar (Optech. Inc.)

The Plessey radar was replaced by a pulsed infrared laser radar 25th of January 1994 placed at the bridge B-3 South Flare. The instrument has been performing well giving reasonable values. An identical instrument has been measuring at the North Flare since the 5th of October 1993. The data from this location is of reasons not identified very spiky and not suitable for any comparisons. Scatter plots for the three parameters are presented in Fig. 2 a, b and c for 1995. As can be seen from Fig. 2 a and b, significant wave height and maximum wave height have very good agreement. 

2.3 Datawell waverider  - Wave Monitoring System  (WaMoS radar)

The main purpose of the WaMoS radar is to give directional wave spectrum. The instrument is also producing standard wave parameters as significant wave height (Hm0) and peak period (Tp). These parameters are also produced in the EMS at the platform and transferred in real time. The WaMoS system has been operating for some time. Ziemer (1995) describes the system and the motivation for developing the system. He found good agreement for the estimated parameters significant wave height (Hm0) and peak period (Tp) for the different sensors for a sample covering the period November 1990-March 1991.  In the present study WaMoS data for the period 25th of January 1999 to the 23rd of June 1999 has been studied. As the waverider and the Optec laser radar showed very good agreement, the comparison is performed only between the waverider and the WaMoS radar. The results are given in Fig 3 a and b for the parameters Hm0 and Tp respectively. There are differences between the measurements from the buoy and the WaMoS radar seen as variations around the regression line. The parallel series is short and really high sea is not represented. There are systematic differences between the instruments as the waverider data mostly are higher than the WaMoS data for low sea states (below 2m). The WaMoS radar has several observations of Hm0 above 5 m when the corresponding waverider observations are near 4 m. The scatter plot of Tp from the two instruments in Fig. 3b shows no correlation at all and this result is not corresponding with what shown by Ziemer (1995).  The reason for this discrepancy has to be studied closer when more data are available.     

3 The Statfjord - Gullfaks area

3.1 Waverider - MIROS microwave radar

Two waverider buoys deployed on the field first measured the waves reported from the Statfjord area. In 1989 the responsibility of collecting and reporting environmental data was transferred to Gullfaks C. The buoys represented operational difficulties. To get rid of them was among the reasons for the transfer of reporting to Gullfaks C. on Gullfaks C the wave measurements are performed by MIROS microwave radar. The buoy measurements have continued after 1989 but these data are not available at DNMI. Some comparisons have been done based on short periods of data. Grønli (1995) compared Hs from the two buoys with the Hm0 from the MIROS radar through January 1995. He concluded that the wave height measurements at Statfjord and Gullfaks corresponded so close as can be expected when the difference in position and depth of water is taken into consideration.

3.2 WAVEC - MIROS microwave radar

Magnusson (1987) validated sea state parameters measured by a MIROS radar at Gullfaks A (61.1ºN, 2.1ºE) and a WAVEC directional buoy at North Cormorant (61.1ºN, 1.1ºE) during 5 months (November 1986 – March 1987). A general good agreement was found between the two series of significant wave height (within 0.5 m) and peak wave period (within 10 % of the period). 

A study of the data separated in two directional sectors, the “southerly” cases when the wave directions are between 135º and 225º, and the “north-westerly” cases when the wave directions are between 270º and 30º, shows a significant difference. For the southerly cases the MIROS radar and the WAVEC buoy measured in the mean the same significant wave height and peak periods whereas for the north-westerly cases the MIROS radar in the mean gives 12 % lower significant wave height compared to the WAVEC measurements. Both instruments measured about the same peak periods in the mean in both directional sectors.

The relative discrepancy in significant wave height for waves coming from northwesterly directions is more or less independent of wave height and period. This eliminates the possibility that interference of waves with the platform is the only cause to the discrepancy, even though there are some indications in the results that interference influences the measurements.

4 The Haltenbank area   

4.1 SEATEX waverider - MIROS microwave radar (Heidrun)

The petroleum production on the Heidrun field started in October 1995. The EMS at Heidrun is equipped with MIROS microwave radar for the survey of the sea state and has been operating since January 1996. For different reasons Heidrun was equipped with a SEATEX waverider buoy from late 1996. The data was transferred to DNMI and stored here from January 27 1997. In March 1998, the buoy was damaged beyond repair. The Parallel series for the period 27 January 1997 - 22 March 1998 has been analysed. The general picture is that the significant wave height (Hm0) measured by the MIROS radar is higher than Hm0 measured by the buoy. The maximum wave height is in the MIROS system produced by an algorithm where the significant wave height is an input parameter. The maximum wave height produced by the MIROS system is thus also generally higher than the same parameter measured by the SEATEX buoy. Plot of monthly means of the two parameters (not shown) shows higher mean values both for significant wave height and maximum wave height for all months in the parallel series. In monthly plots of both significant wave height and maximum wave height (not shown) graphs based on the two different sensors follow each other, however with some displacement and the MIROS values most frequently on the higher side. This is contrary to what expected as a consequence of the measuring principles for the two instruments. The values from the MIROS radar are based on an area while the values from the buoy are based on measurements representing a point. An explanation of this may be a wrong calibration of one of the instruments. The operator of the Heidrun field has not been able to verify this.

The scatter plots for the parameters Hm0 and Hmax valid for 1997 are given in Fig. 4 a and b. It is seen that the same parameter from the two instruments may have significant differences and the differences are increasing with increasing values of the parameters. The regression line given in the two plots corroborates that the MIROS values of Hm0 and Hmax usually are on the higher side.

The scatter plot of the peak period based on the two instruments is given in Fig. 4 c shows no strong relation for this parameter.     

4.2 MIROS microwave radar (Heidrun) – WaMoS radar (Norne)

The petroleum production at the Norne field started in November 1997. The EMS at this location had some start up problems. Wave data is therefore not available before March 1998. The WaMoS radar located on the production ship at Norne is the only wave-measuring instrument on the location. Heidrun is the nearest location with wave measurement. Heidrun is located about 80 km SSE of Norne. After March 1998 only the MIROS data is available from Heidrun. Monthly plots of both Hm0 and Hmax based on data from the two locations (not shown) are varying in a similar manner the distance between the locations taken into account. Compared to the plots prepared based on the WaMoS radar data at Ekofisk and the buoy data for the same location, the differences found in the plots valid for Norne and Heidrun are less and seem more realistic. It should be underlined that the directional information for operational purposes is the main focus for the WaMoS radar is at Ekofisk while at Norne it is also providing standard wave parameters for the SYNOP-SHIP. 

The tendency in the monthly plots are that Hm0 and Hmax based on the MIROS radar data at Heidrun most frequently are higher than the same parameters based on the WaMoS radar at NORNE. 

Tz is available from both Heidrun and Norne. Monthly plots for this parameter (not shown) show that the values from Norne on the average are about 10% higher than the values based on the MIROS radar at Heidrun.

Scatter plot of Hm0, Hmax and Tz based on wave measurements from the two locations are given in Fig. 5 a, b and c. Fig. 5 a and b indicate a tendency for the MIROS radar at Heidrun to produce high values.  However, this tendency is not as strong and systematic as found in Fig. 4 a and b when data from the two instruments at Heidrun were compared and the differences may be due to the distance between the locations as well. The scatter plot of Tz (Fig. 5 c) corroborates the fact that the average wave period measured at Norne most frequently is higher than the same parameter measured at Heidrun. Worth noting is the spread around the regression line which to some degree must be due to the distance between the two locations.      

4.3 Station “Mike”- Draugen - Heidrun

Weather ships have manned the station “Mike» since 1948. The present weather

ship was equipped with a shipborne wave recorder (SBWR) in 1978. In 1997 a new one from W.S. Ocean systems replaced the SBWR. The distances from station “Mike” to the other stations in the Haltenbank area are considerable. To Draugen it is 350 km and to Heidrun 270 km. However, monthly plots of significant wave height measured at the different locations (not shown) show generally the same features with often with some time displacement most probably due to the great differences in positions. Fig. 6 a shows the scatter plot of Hm0 measured at Heidrun and station “Mike” while Fig. 6 b shows the scatter plot of Hm0 measured at Draugen and station “Mike”. There is great spreading about the regression lines in both figures, not unexpected when the distances between the measuring sites are taken into account.  The very low values measured by the SBWR are most probably erroneous values not removed in the quality control. Significant wave heights measured at «Mike» are thus in average higher than the same parameters measured by the MIROS radar both at Heidrun and Draugen. This is as should be expected. The scatter plot for the same parameter measured by the MIROS radars at Draugen and Heidrun is given in Fig. 6 c. No systematic differences are seen in the measurements from these locations.     

5 Conclusion

Sea state parameters measured at different locations at the Norwegian continental shelf has been studied. Parallel series from the same location, which is observed by wave instruments having different measuring principle, has been focused. However, parallel series observed at “neighbouring” sites have also been studied. With some exceptions, the data series are provided by Environmental Monitoring Systems on certain platforms serving general requirements for these data. The parallel series between the Datawell buoy and Plessey radar at Ekofisk covers 11 years. The other parallel series are short and the results based on these are therefore indicative. 

Both the significant wave height and maximum wave height based on the Datawell waverider and the Plessey radar 
at the Ekofisk field are in very good agreement.  Yearly scatter plots show the same features. Good agreement is also found between the same parameters based on data from the buoy and the pulsed infrared laser radar located on the bridge B-3 South Flare at Ekofisk. The correspondence between the sea state parameters measured by the buoy and the WaMoS radar is more varying during the series for the first part of 1999 which is analysed.

In the Statfjord area good agreement has been found between parameters derived from MIROS microwave radar and a WAVEC directional waverider buoy. Good agreement is also found between data derived from a MIROS microwave radar at Gullfaks C and waverider buoys at Statfjord A. However, the parallel series studied is short.

At the Heidrun field a difference is found between significant wave height derived from the MIROS microwave radar and a SEATEX waverider buoy. The difference has the character of a bias and may be the result of a calibration error rather than differences in wave measuring quality of the two instruments in question.
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Figure captions.

Fig. 1 a, b and c. Scatter diagrams of significant wave height (Hs), maximum wave height (Hmax) and average wave period (Tz) respectively measured by buoy and Plessey radar at Ekofisk (56.5(N, 3.2(E). 

Fig. 2 a, b and c. Scatter diagrams of significant wave height (Hs), maximum wave height (Hmax) and average wave period (Tz) respectively measured by buoy and pulsed laser radar at Ekofisk (56.5(N, 3.2(E). 

Fig. 3 a and b. Scatter diagrams of significant wave height (Hm0) and peak period respectively measured by buoy and WaMoS radar at Ekofisk  (56.5(N, 3.2(E) 25 January - 23 June 1999. 

Fig. 4 a, b and c. Scatter diagrams of significant wave height (Hm0), Maximum wave height  (Hmax) and peak period (Tp) respectively measured by buoy and MIROS radar at Heidrun (65.3(N, 7.5(E) in 1997.

Fig.5 a, b and c. Scatter diagrams of significant wave height (Hm0), maximum wave height (Hmax) and average wave period  (Tz) respectively measured by MIROS radar at Heidrun (65.3(N, 7.5(E) and a WaMoS radar at Norne (66.0(N, 8.1(E). 

Fig. 6 a, b and c. Scatter diagrams of significant wave height (Hm0) measured at Heidrun-”Mike”, Draugen-”Mike” and Draugen-Heidrun respectively. The positions are ”Mike” (66.0(N, 2.0(E), Draugen (64.3(N, 7.8(E) and Heidrun (65.3(N, 7.5(E).

