
NO9700109 

4 

c 

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
IFE/KR/E-97/003 

, *  

: 
: Exposure patterns of Norwegian 

Cosmic radiation and airline pilots. 

pilots flying aircraft not used by SAS 

May 1997 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

lnst it utt energitwni kk 
Institute for Energy Techn 



IFE/KR/E-97/003 

COSMIC RADIATION AND AIRLINE PILOTS. 
EXPOSURE PATTERNS OF 

NORWEGIAN PILOTS FLYING AIRCRAFT NOT USED BY SAS 

BY 

ULF TVETEN 

I 

May 1997 

INSTITUTE FOR ENERGY TECHNOLOGY 
KJELLER, NORWAY 



Performing Organlsatlon 

Institutt for energiteknikk 

Kjeller 

ISBN 

ProjecUContracl no. m d  name 

E-483 EU-prosjekt 

Numbers of Pages 

Document no.: 

IFE/KR/E-97/003 

Dale 

May 1997 

ClienVSponsor Organisation and reference: 

Title and subtitle 

Cosmic radiation and airline pilots. 
Exposure patterns of Norwegian pilots flying aircraft not used by SAS 
Author(8) 

Ulf Tveten 
Institute for Energy Technology, Kjeller 
Abstract 

The work which is presented in this report is part of a Norwegian epidemiological project, carried out in  
cooperation between Institute for Energy Technology (IFE), the Norwegian Cancer Registxy (NCR) and 
the Norwegian Radiation Protection Authority (NRPA). The project has been partially financed by the 
Norwegian Research Council. Originating from the Norwegian project, a number of similar projects have 
been started or are in the planning stage in a number of European countries. The present report lays the 
pound for estimation of individual exposure histones to cosmic radiation of pilots flying a great diversity 
Df different aircraft. Aircraft that appear in the time-tables of the Scandinavian Airline System (SAS) have 
been treated in an earlier report (IFE/KR/E-96/008). The results presented in this report (radiation 
ioserates for the different types of aircraft in the different years) will, in a later stage of the project, be 
utilized to estimate the individual radiation exposure histories., The major sources of information used as 
basis for the work in this report is information provided by several active pilots, members of the Pilots 
Associations, along with calculations performed using US Federal Avation Administration's computer 
:ode CARI-3N. 
<ey Words 

Cosmic radiation, Cancer, Aviation 

SSN 

3333-2039 
jupplementary Dale 

82-70 17- 165-4 I34 



ACKNOWLEDGEMENTS 

The author wants to express his gratitude for the valuable help given by the Norwegian Pilots 
Association, the SAS (Scandinavian Airlines System) Pilots Association, the SAS Museum, and in 
particular the flight captains Odd Iversen and Olav Eide and copilots Stein Gilhuus and Peter Bull. 
Valuable information has also been provided by copilot Katia Defi-ancq, employed by Sabena, and 

representing the IFALPA HUPER committee. He also wants to thank Wallace Friedberg of the Civil 
Aviation Institute, Oklahoma City for providing, and modifying to our needs, the computer program 

CAFU-3N, which has been used to calculate the radiation doses presented in this report. 



TABLE OF CONTENTS 

1 Introduction 
2 The epidemiological project 
3 Aircraft types and codes in the Aviation Administration register 

4 
5 

6 Reference 

Flight profiles used in the calculations 
Calculation of the radiation dose and doserate along specific flight 
legs, using the CARI-3N computer program 

Appendix A Aircraft types and codes in the data base 

1 
1 
2 

4 

6 
19 

20 



1 Introduction 

The work which is presented in this report has been performed as part of a Norwegian 
epidemiological project entitled <<Exposure to low level ionizing radiation and incid- 
ence of cancer in airline pilots and crew,,, carried out in cooperation between Institute 
for Energy Technology (IFE), the Norwegian Cancer Registry (NCR) and the Norwe- 
gian Radiation Protection Authority (NRPA). IFE was initiator of the project, and acts 
as project leader. 

Originating from the Norwegian project, a number of similar projects have been star- 
ted or are in the planning stage in a number of European countries. Interest has also 
been expressed from institutions in the USA and Canada. Attempts to form a European 
project combining a l l  these efforts failed twice to obtain funding from the European 
Union. Other means of financing the project work and meetings, in order to obtain a 
satisfactory level of coordination and cooperation between the national projects are 
presently being sought. 

The present report lays the ground for estimation of individual exposure histories to 
cosmic radiation of pilots not employed by the Scandinavian Airline System (SAS). 
Calculation of the exposure histories of pilots who are employed by SAS have been 
reported in detail in (TV96). The results presented in this report (radiation doserates 
for the different types of aircraft in the different years) will, in a later stage of the pro- 
ject, be utilized to estimate the individual radiation exposure histones. 

The work presented here has to a large extent been performed on a voluntary basis by 
members of the Norwegian Pilots Association. 

2 The epidemiological project 

The present project is based upon a concept conceived in 1981 by the author of the 
present report in cooperation with Georg Petersen, theil MD of the Oslo Health Coun- 
cil, presently United Nations Expert stationed in Cambodia. The concept was further 
developed in 1982, and subsequently submitted as a project proposal to the Norwegian 
Research Council. Although the proposed project won the approval of the Civil Avia- 
tion Administration and was granted the necessary permissions from the Cancer Regis- 
ter and the Data Inspectorate, adequate funding was not obtained, and the project was 
dormant until 1992, when a renewed and extended project proposal was submitted to 
the Commission of the European Communities' Radiation Protection Programme 
(RPP). In addition to the institutions mentioned in Chapter 1, the planned project par- 
ticipants were the German Cancer Research Center, Heidelberg and the Wageningen 
University, Department of Epidemiology and Public Health, Netherlands. The project 
was subsequently approved by the RPP. A feasibility study was funded, which should 
include airline pilots and, if feasible, cabin crew licensed in Norway, and was carried 
out by the Norwegian participants in the project proposal. 

The Norwegian cohort has now been established by NCR, and extensive quality con- 
trol and evaluation of the completeness of the cohort has been carried out. The cohort 
consists of all pilots and cabin crew in the registers of the Norwegian Aviation Admini- 
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stration since 1. January 1946 for the pilots and from 1. January 1950 for cabin crew 
and up till 18. February 1994. There are about 3,800 pilots and 3,700 cabin crew in the 
cohort. 

3 Aircraft types and codes in the Aviation Administration register 

The files based on the license renewal registers of the Norwegian Aviation Administra- 
tion contained a very large number of aircraft types or codes; more than 400. Closer 
examination showed many of these to just be different names for the same airplane, 
misspellings or just minor differences (which nevertheless are confusing for a compu- 
ter) like B747, B 747 and B-747. 

After these obvious things had been harmonized, there were still around 100 different 
types of airplanes in the data base, and the next task was to determine what are typical 
cruise altitudes for all these. A number of different pilots from SAS, Braathens SAFE 
and/or the Pilots Associations have contributed. There was initially some confusion, as 
some of the altitudes given for some of the airplanes was maximum altitudes at which 
it could fly, rather than typical altitudes, but this has, through several iterations, been 
corrected. Although there are still a few "mysteries", aircraft type codes that no-one 
has been able to identify; practically all the different types of airplanes now have assig- 
ned to them typical cruising altitudes, and the altitudes and aircraft type codes that are 
currently in the data base are given in Table 1. In many cases the same airplane can be 
called several different things. In such cases it is attempted to keep to the names that 
are in most frequent use among professional pilots. None of these "rules-of-thumb" 
have been used rigidly, however. The ruling purpose of choice of names or renaming of 
aircraft types has been to assign some typical cruise altitude to every type of aircraft or 
aircraft type code that appears in the data base. 

Lists of synonyms and the rules used at different stages of this work for renaming air- 
craft typedcodes in the data base are given in Appendix A .  They may prove useful for 
others attempting to perfom a similar task in the future. 

For many of the cruise altitude one particular aircraft type has been chosen to represent 
the whole group. The aircraft type chosen is indicated by underlining. 

Some of the names or codes in the table, like MWKE, are confusions caused by the 
computer not understanding the Norwegian letter 0. (M0RKE means darkness, so in 
any case, it is not an aircraft type). This is, however, what is in the data base, and one 
has either to find out if the register of the Aviation Administration really contains this 
"information" or if it is simply a mistake done when typing information into the data 
base. In most such cases the "information" appears only once, and attempting to cor- 
rect it by going back to the registers at the Aviation Administration is not worth the 
effort involved. Accordingly, it is just assigned to a reasonable altitude group, based on 
other information on the same pilot, when available. 
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Typid  cruise 
dtinde (feel) 

1300 
(All .ircnft 
t y p u i n t h i S  

sroupue 
hellCoptas) 

3.000 

4.000 

Aircnft typu or codcr for u ~ n t i  in this cruise dlitudc group 

uKK3 HELI AS 332 AS 332 12 AS 350 
AS 355 AS-350B AS-365 BH-412 
BKll7 BO lO5C BV-234 HEL 

PUMA SA330 R22 SE 3130 SE ALOUE'ITE 
SH-7 UH- 12 WSSl w s s 5  

SEABEE 

lMLAND l M S J 0  

AU AUS'IER 
JT4A 

PIPER SUPER CUB 
T S2A PIlTS 

~NNMARKFLYBAT 
PIONEER 

R-2800 

SINGLE OTER 
JT4-9 

R-2000 
TSC- 1A2 

JT-4 
PIPERCOLT 

R-3350 

6.000 

7.000 

- 
FAIRCHILD CORNELL NORSEMAN SJ0FLY 

CATALINA CONSOLIDA'IED PBY 

5B 
DO228 

WIDGEON 
OXFORD 

C-119 
JUS2 

VERTOL44 

ALBA'IRaS 
HERON 

RP RC-3 SEA 

rm 
LA4 

WALRUS SJ0FLY 

2M LAND 
BRlSTOL 171 B 

!ax 
GRUMMAN 

LOCKHEED L449A 
SAAB 90A 

SHORT-SEAL AND 

SANDRINGHAM 

SUPER BROUSSARD 

3A 
c - 1 7  
Dc4 

L749A 
PIPER m c  
SAAB 9OA2 

SM333 

DASH 

CARVAIR ~ n - 9 8  

AC-50 
C208TP 

FH-1100 
LOADSTAR 

PIPERCHEROKEE 
SCANDIASW 

SR- TEAL 

BEECHCRAFT-2 
c!w 

FLER-M LAND 
LOCKHEED 12 
PIPER NAVAJO 

SH-7 
SUNDE RLAND 

B26 

NORD260 
I F-5 

18,000 

BE100 1 CONSTELLATION 
FA SA226 JETS'IR. 31 

VICKERS-VISCOUNT 

sc-7  SAAB-340 

I I I I 22.000 I PILATUS-TURBO I 
23 ,000 

=.000 

29,000 

31,000 

33,000 

FoKK28 HERCULES 

BA31 BAC- 1-1 1 
BE1900 COMET 4 

BE99 c-441 

B707 B720 
CF-104 CL600 

LOCKHEEDlOll vc-IO 

YS-11 

BE90 
HAWKER SIDDELEY 748 

INVADOR B-26 

Bzal 
vc-9 

I 

lE3a 

NA-265 

BE300 

LEAR-JET I MU-300 

37.000 CITATION GULFSTREAM 
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4 Flight profiles used in the calculations 

The computer program CARI-3N, developed at the USA Federal Aviation Administra- 
tion (FR91) has been used to calculate the doses and doserates along specific flights. 
The flight legs must, of course, be defined to make a dose calculation possible, since 
the radiation intensity is a function both of altitude and geographical latitude. The re- 
quired definition is in the form of a so-called flight profile, which describes the "history" 
of the flight concerning altitude vs. time, in conjunction with the geographical coordina- 
tes of the departure and arrival airports. These coordinates, for a very large number of 
airports al l  over the world, are in a datafile which is part of the CAN-3N program 
package. 

A flight profile consists of numerical values of the following quantities: 

(Duration of ascent from lift-off to first cruise level) (T-J, 
(Altitude of 1st cruise level) ( H I ) ,  (Duration of cruising at 1st cruise level) ( T I ) ,  

(Altitude of 2nd cruise level) (Hz), (Duration of cruising at 2nd cruise level) (T2),  

(etc. if more cruise levels), 
(Duration of descent from last cruise level to touch-down) (T-3. 
All durations are in minutes, and the altitudes are in feet. In addition the taxing times at 
the departure (TuI) and arrival ("4 airports are specified, although these quantities 
are not used by the CAM-3N program. The taxing times are, however, included in the 
time duration of the flight as it is specified in the time tables, since flight duration is 
routinely reckoned from departure from the gate at the departure airport until docking 
at the gate of the arrival airport. The flight-hours per year, as reported by the pilots to 
the Aviation Administration, are also reckoned from gate to gate in the same manner. 

Representative flight profiles as well as departure and arrival airports have been chosen 
for each of the typical cruise altitude groups in Table 1. These are shown in Table 2. 
These flight profiles and airports have kindly been specified, based upon experience, by 
co-pilot Stein Gilhuus from SAS. In each case the route as well as flight profile has 
been chosen to be representative, as far as possible, of use in Norway of the particular 
aircraft which is most important in the altitude group (underlined in the table), or alter- 
natively representative of the group of aircrafts as a whole, when it was difficult to 
pick one particular aircraft. In the 10,OOO feet altitude group, both C402 and C406 are 
underlined, since their flight characteristics will be very similar. 
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Typiulauire 
dtinde (feet) 

1500 

3.000 

4.000 

Table 2 Representative J ig  ht profiles and departure and arrival airports for 
the cruise altitude groups 

Rcprcrenuuive T d l  T- HI TI H i  Ti  T- Tllm 
m w l  

flight time 

Bode-Evcncs 5m 3m 1.500 44m 3m 5m 

FBU-Kr .Sd  5m 6m 3.000 4(hn 6m 3m 

FBU-Kr .Sd  5m 8m 4.000 4om 6m 3m 

lh h 

lh h 

lh 3Otn 
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5 Calculation of the radiation dose and doserate along specific flight 
legs, using the CARI-3N computer program 

As already mentioned, the radiation dose calculations have been performed with the 
computer program CARI-3N. 

The radiation doses have been calculated for one particular route for each altitude 
group. It has also been calculated for several different years. The difference between 
the years is caused by the variations from year to year (actually from month to month) 
of the radiation from the sun, which deflects the cosmic radiation to a larger or lesser 
degree. The intensity of the radiation from the sun is characterized by a quantity called 
the heliocentric potential. A low heliocentric potential gives somewhat higher cosmic 
radiation at cruise altitudes than a high heliocentric potential. 

The results of the CARI-3N calculations for all the flight legs calculated are shown in 
Tables 3 to 22, for the different time periods covered by this study, and these values 
will be used in the concluding phase of the study to calculate the individual radiation 
exposures of the pilots summed over their professional careers. Tables 13 and 24 will 
not be used in the study, but are included here to give a feeling of the maximum range 
of variation of the radiation intensity, as they present results from calculations using the 
very highest and lowest of heliocentric potentials for one specific month in the library 
of heliocentric potentials in the CAM-3N computer program. (It should be mentioned 
here that this library of heliocentric potentials was changed after the present calcula- 
tions had been completed, as new and more reliable information had become available. 
At this stage, however, it was not possible to do all the calculations over again, espe- 
cially as the impact on the results would have been minor.) 

I 
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Table 3 Doses and abserates, years 1946 - 1949 (heliocentric potential 740 MV) 

Rcprcacdve muLd 
flight limc 

BabEvenu 
lh Om 

I 23,000 

T d  dorc on h i s  flight DoKpcTflighdrour 
(microsv) (microSvh) 

0.03 0.03 

FBU-Kr .Sd  
Ih h 

F B U - K r . 4  
lh 3 h  

0.04 0.04 

0.04 0.03 

Brmn@yr.-B~nb 
5Sm 

I B m ~ . - B o d e  
55m 

0.04 0.04 

0.04 I 0.05 

FBU-Tmndhcim 
2 h h  

FEW-Tmndheim 
lh 3 h  

Bod+Trondhcim 
3 h h  I 

0.15 0.08 

0.15 0.10 

0.07 I 0.21 

B a b E v a m  
4om 

BodB-Evaw 
4om 

0.08 0.12 

0.1 1 0.17 

Bergen-Trondh. 
lh 3 h  

TorpTrondhcii 
Ih 1Sm 

0.53 0.35 

0.57 0.46 

FBU-Tmndhcim 0.57 
l h h  I 

FBU-Trondheim 
Ih Om 

0.57 

0.65 

FBU-Bode 
2h 15m 

0.65 

2.5 

Transe-FBU 
2h 3 h  

1.1  

4.4 b.8 

London-m 
7h l h  

Tmse-FBU 
lh 5 h  

FBU-Tnnnw 
2hsm 

9.8 I Oslo-LasPdmPs 
s h h  

18.5 2.6 

4.3 2.3 

7.1 3.4 

2.0 
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20,000 

Table 4 Doses and doserates, years I950 - I954 (heliocentric potential 555 MV) 

TorpTrondheim 0.61 0.49 
Ih 1Sm 

Rcpucnluive mulei T d  dose on this flight Dore pn flighthour I flight time ( m i d v )  ( m i d v h )  

22.000 

IkxbEvam 0.03 0.03 
lh Chn 

FBU-Tcondheim 0.6 1 0.6 1 
Ih h 

I 3 @ 0  

FBU-Trondheim 
Ih Om 

FBU-Bode 
2h 15m 

FBU-KI.smd 
1hOm I 

0.7 1 0.7 1 

2.7 1.2 

0.04 I 0.04 

Tmw-FBU 
2h 3om 

Oslo-L.sPdmas 
%om 

FBU-k.smd 0.04 0.03 
lh 3 h  

4.7 49 

10.3 2.1 

I BIWUWYS.-B& 
55m 

33.000 

35.000 

0.04 I 0.04 

London-JFK 20.0 2.8 
7h Iom 

TromsuFBU 4.7 2.6 
Ih 5Om 

BlennayS.-Bode 0.05 0.05 
55m 

Bode-TrOndhCim 0.22 0.07 
3h Om 

7.8 

FBU-Trondheim 0.16 0.08 
2hOm 

3.7 

FBU-Tmndheim 
Ih3Om 1 0.1 1 I 0.16 

I k x b E v a ~ s  0.08 0.12 
4om 

Bod6-Evcnu 0.1 1 0.17 
4om 

Ekrgcn-Trondh. 
l h 3 h  I 0.57 0.38 

37.000 I FBU-T~W~W 
2h 5m 
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~ y p i ~ l  c r u i ~  81titude 
(fW 

1300 

3 ,000 

4,000 

5.000 

6,000 

1 

~cprumutive routel Total dose on this flight Dosepaflighthour 
flight timc ( m i d v )  (mimSv/h) 

W E v c n t r  0.03 0.03 
lh h 

FEW-Kf.d 0.04 0.04 
lh h 

FBU-Kf.rmd 0.04 0.03 
lh 3 h  

B ~ s . - B &  0.04 0.04 

Bl0lW@S.-Bode 0.04 0.04 

55m 

55m 

20,000 

22.000 

23.000 

25,000 

29,000 

31.000 

33.000 

35,000 

37.000 

TorpTrondheim 0.55 0.44 
lh 1Sm 

FBU-Trondheim 0.54 0.54 
lh Om 

FBU-Tmndheim 0.62 0.62 
lh Om 

FBU-BOCl0 2.3 I .o 
2h 15m 

TnrmssFBU 4.1 $6 
2h 3 h  

Oslo-LasPalmas 9.5 1.9 
5hOm 

London-m 17.6 2.4 
7h I a n  

Tms++FBU 4.1 2.2 
lh  5 h  

F B U - T ~ W  6.7 3.2 
2h 5m 
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Table 6 Doses and doserates, years 1960 - 1965 (heliocentric potential 614 MV) 

8.000 FBU-Tmndheim 0.16 0.08 
2hom 

10,000 FBU-Trondheim 0.16 0.1 I 
lh  3 h  

13,000 EW+Evcnu 0.08 0.12 
4om 

15.000 Bod+Evmu 0.11 0.17 
4om 

Bergen-Trondh. 1 l h 3 h  
0.56 0.31 I 

~~~~ ~ ~ ~ 

20,000 TorpTrondheim 0.60 0.48 
Ih 15m 

22.000 FBU-Trondheim 0.59 0.59 
Ih Om 

23,000 FBU-Trondheim I I h h  
0.69 0.69 

FBU-Bod@ I 2.6 1.2 

29,000 Tmpe-FBU 4.6 1.8 
2h 3 h  

31,000 Oslo-LasPalmas 10.1 2.0 
5 h h  

33.000 London-JFK 19.5 2.7 
7h lh 

35.000 Trornpe-FJNJ 4.6 2.5 
lh 5 h  

37.000 FBU-T~VITISC~ 7.5 3.6 
2h 5m 
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Repescnt.tivc mute./ 
flight time 

Bod+Evawa 
lh Cm 

F B U - k . 4  
Ih  Cm 

FBU-Kr.rmd 
Ih 30m 

B-s.-Bode 
55m 

Bl0lUWyL-Bode 
55m 

BOdf+TrOndheim 
3h Cm 

FBU-Tmdheim 
2hCm 

FBU-Trondheim 
lh 30m 

W E v e n u  
4om 

Bo&Evenes 
4om 

BCrgCll-Trondh. 
Ih 3om 

Table 7 Doses and doserates, years 1965 - I969 (heliocentric potential 523 MV) 

Tarl dose on this flight Jhe per flighthour 
(miaosv) (miaosvh) 

0.03 0.03 

0.04 0.04 

0.04 0.03 

0.04 0.04 

0.05 0.05 

0.22 0.07 

0.16 0.08 

0.16 0.1 1 

0.08 0.12 

0.11 0.17 

0.58 0.39 

20,000 

22.000 

TorpTrondheim 0.62 0.50 
Ih 15m 

FBU-Tradheim 0.62 0.62 
Ih Om 

23,000 

=.000 

29.000 

31,000 

33.000 

35.000 

37.000 

FBU-Trondhcim 0.72 0.72 
Ih Chn 

FBU-Bode 2.7 1.2 
2h 15m 

Tmmse-FBU 4.8 49 
2h 3om 

Oslo-LnsPa1m.s 10.4 2.1 
shom 

London-JFK 20.4 2.8 
7h IOm 

Tmms+FBU 4.8 2.6 
lh 5Om 

FBU-T~OIIIW 8 .O 3.8 
2h 5m 
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35.000 

37.000 

Tmse-FBU 4.9 2.7 
lh 5Chn 

FBU-Tmrg 8.1 3.9 
2h 5m 
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Table 9 Doses and doserates, years 1975 - I979 (heliocentric potential 453 MV) 

R C ~ ~ V C  routel 
flight limc 

Bod~%Evenes 
lh Om 

1o.ooo 

T d  &3C On l h i 3  flighl Dose pcr flighthour 
(microsv) (microSvh) 

0.03 0.03 

FBU-KLrmd 
lh h 

FBU-Kr.rmd 
lh 3Om 

B-~.-Bode 
55m 

Br~cm~y~-Bode 
55m 

0.04 0.04 

0.04 0.03 

0.04 0.04 

0.05 0.05 

WTrOndhCim 
3h Om 

0.23 0.08 

I FBU-Trondheim 
lh 30m 

FBU-Trondhcim 
%om 

0.1 1 I 0.16 

0.16 0.08 

BodBEvmcs 
4om 

BodBEvmcs 
4Qm 

0.08 0.12 

0.12 0.20 

BCgCn-TronQI. 
lh 3 h  

TorgTdhcim 
lh 15m 

FBU-Tmndheim 
lh h 

FBU-Tmdheim 
l h h  

F B U - B d  
2h 15m 

Tnnns+FBU 
2h 3 h  

OsldasPalmar 
5 h h  

0.59 0.39 

0.64 0.5 1 

0.64 0.64 

0.74 0.74 

2.8 1.2 

5.0 20  

10.6 2. I 

~~~~ 

London-JFK 
7h l h  

Tmse-FBU 
lh 5 h  

FBU-T~O~W 
2h 5m 

21.1 2.9 

5.0 2.1 

8.3 4.0 
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Typical cruise altitude 
(f-1 

Table 10 Doses and doserates, years I980 - 1984 (heliocentric potential 763 MV) 

Reprcrcnlltivc route/ Total dose on this flight Dose pr flighthour 
flight time (miaosv) ( m i d v h )  

1500 

3.000 

Bod~+Evcnu 0.03 0.03 
lh Om 

F B U - K I . d  0.04 0.04 
lh Om 

4.000 FBU-KKSd 
~ lh3Om 

' B-~.-Bode 
55m 

5 ,000 

0.04 0.03 

0.04 0.04 

7,000 

BlUlll0yS.-Bode 
55m 

WTrondhcim 
3h Om 

FBU-Trondhcim 
%Om 

0.05 0.04 

0.21 0.07 

0.15 0.08 

FBU-Trondheim 
lh 3Om 

BLxWEvcnes 
4om 

BodsEvenes 
4om 

0.15 0.10 

0.08 0.12 

0.10 0.15 

18.000 

20.000 :: 
29.000 

Bergen-Tmndh. 0.53 0.35 
lh 3Om 

Top-Trondheim 0.51 0.46 
lh 1% 

I FBU-Trondheim 
lh Om 

FBU-Trondheim 
Ih  Om 

FBU-Bod0 
2h 15m 

0.56 

0.65 0.65 

2.4 1.1 

Osl~LasPalmu 
%Om 

London-JFK 
7% lom 

I T m s e F B U  
2h 30m 

9.1 1.9 

18.3 2.6 

4.3 1 -7 I 

TromseFBU 
lh 5 h  

FBU-TKHIIW 
2h 5m 

4.3 2.3 

1.0 3.4 
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Rcprrsauuive loul.e/ 
flight time 

Bodt+Evcner 
lh h 

Table I I Doses and doserates, years I985 - I989 (heliocentric potential 553 MV) 

T d  dose on this flight Dose per flighthour 
(microsv) ( m i d v h )  

0.03 0.03 

13.000 

15.OOO 

FBU-KI .d  
Ih h 

F B U - K I . d  
Ih 3 h  

I 22.000 

0.04 0.04 

0.04 0.03 

Ij_ 

BI.ameyS.-B& 
55m 

0.04 0.04 

F B U - T I U I M ~ ~  
2hh 

FBU-Trondhcim 
Ih 3 h  

0.16 0.08 

0.16 0.1 1 

0.05 I BlenneyS.-Bode 
55m 

W E v c n u  
4om 

W E v c n e s  
4om 

0.05 

0.08 0.12 

0.11 0.17 

BOd!+T~dhci 0.22 
3hch I 

Bergen-Trondh. 
lh 3 h  

T o p T d h e i m  
Ih Ih 

0.07 

0.57 0.38 

0.6 1 0.49 

0.7 1 0.7 1 

T m s s F B U  
2h 3om 

Oslo-LnsPa1m.s 
5 h h  

FBU-Trondheim 0.6 1 
l h h  I 

~~~ ~ 

4.7 1.9 

10.3 2.1 

0.6 1 I 

London-JFK 
7h 1 h  

TnxnssFBU 
lh 5 h  

FBU-Trondheim 
Ih h 

20.1 2.8 

4.7 2.6 

FBU-TFXIIW 
2h 5m 

FBU-Bod0 
2h 15m 

7.8 3.7 

2.7 1.2 
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Typul cruise h t u d e  
(f-) 

1300 

3 ,000 

4 ,000 

5,000 

6.000 

7.000 

8.000 

10.000 

13.000 

15.000 

18.OOo 

20,000 

Table 12 Doses and doserates, years I990 - I994 (heliocentric potential 730 Mv) 
-~ 

Rcpmscnra~~vc muw/ Toul dose on h s  f l l g h ~  Dose pu fighthour 
fllghl tmtc (mlaosv) (microSv/h) 

BocbEvmea 0.03 0.03 
lh 

FT3U-Kr.d 0.04 004 
lh Cm 

F E U - K l . d  0.04 0.03 
Ih 3 h  

B-s.-B& 0.04 004 
55m 

BlUUl0yl.-BOd0 0.05 0.05 
55m 

BOd+TrOndhUm 0 21 0.07 
3h Cbn 

FEU-Tmdhcim 0 15 0 08 
%om 

FBU-Tmndhum 0 15 0 10 
lh 30m 

BOd+Evcnts 0 08 0 12 
4om 

BodsEvenes 0.1 1 0 17 
4om 

Bergm-Trondh 0.53 0 35 
lh 3Om 

TorpTtundheim 0 57 0 46 
Ih 15m 

22,000 

23 ,000 

FBU-Trondheim 0.57 0.57 
Ih Om 

FBU-Trondhcim 0.66 0.66 
Ih Om 

FBU-B& 1 2hlh 

4.4 

2.5 

k.8 

1.1 

9.8 

Tmse-FBU I 2h3h 

2.0 

33.000 

35.000 

London-m 18.6 2.6 
7h lh 

Trorns~FBU 4.3 2.3 
lh 5 h  

37.000 FBU-Tmw 7.1 3.4 
2h 5m 
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Typid cruiac altitude Rcptesmutive mute4 T w l  dore on this flight 
(microSv) (f-1 flight rime 

1,500 Bode-Evaw 0.03 
lh h 

3 ,000 FBU-KI.Md 0.03 
Ih h 

4.000 FBU-Kr.Md 0.04 
lh 3Om 

s.Oo0 BIWUWYS.-B& 0.04 
55m 

Table 13 Doses and doserates, heliocentric potential 1429 M V  (June 1991) 
(the highest heliocentric in the time period covered by the CAR1 data file) 

Dose. per flighthour 
(miaoSvh) 

0.03 

0.03 

0.03 

0.04 

6.000 B-s.-B& 0.04 0.04 
55m 

7.000 

8.000 

10,000 

13,000 

15,000 

18,000 

20.000 

22.000 

23.000 

25.000 

29.000 

BO&TrOndheim 0.19 0.06 

FBU-Trondheh 0.13 0.07 

3h Om 

2 h h  

FBU-Tradhei 0.13 0.09 

Bode-Evenu 0.07 0.1 1 

lh 3 h  

4om 

Bod++Evenes 0.09 0.14 
4om 

BCrgen-TrOndh. 0.44 0.29 
lh 3 h  

Torp-Trondheim 0.47 0.38 
Ih 15m 

FBU-Trondheim 0.46 0.46 
lh Om 

FBU-Trondheim 0.53 . 0.53 
lh h 

FBU-Bod0 2.0 0.89 
2h 15m 

T ~ J B F B U  3.5 1.4 
2h 3 h  

I 

33,000 

31,000 

I London-JFK I 

OsldasPalmas 8.4 1.7 
5 h h  

14.8 

35,000 

37.000 

2.1 

Tmw-FBU 3.4 1.9 
lh 5Om 

F B U - T ~ W  5.5 2.6 

7h lh I 
I I 

I 2h 5m I 
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Rcpescntuivc mule/ 
flight lime 

Table 14 Doses and doserates, heliocentric potential 352 MV (February 1995) 
(the highest heliocentric in the time period covered by the CARI data file) 

T w l  doac on this flight Dose per flighthour 
(mimsv) (mimsvh) 

3,000 F B U - K r . d  
Ih Cm 

F B U - K r . d  
lh 3 h  

BlameyS-Bode 
55m 

BlameyS.-Bode 
55m 

BO&TKllldhCim 
3h (kn 

FBU-Trcmdhcim 
2 h h  

FBU-Trcmdhcim 
lh 3Cm 

W E v c n e s  
4om 

BcnbEvaw 
4om 

Bergen-Trondh. 
lh 3 h  

Torp-Tmndheim 
lh 15m 

4 ,000 

0.04 0.04 

0.05 0.03 

0.04 0.04 

0.05 0.05 

0.23 0.08 

0.17 0.09 

0.17 0.11 

0.09 0.14 

0.12 0.18 

0.62 0.4 1 

0.67 0.54 

7,000 

~~ 

FBU-TFondheim 
lh h 

FBU-Trundhcim 
lh h 

FBU-Bode 
2h 15m 

T ~ J s F B U  
2h 3 h  

Oslo-LPsPalmas 
5h(kn 

London-JFK 
7h lh 

T m s s F B U  
lh 50m 

10,000 

0.67 0.67 

0.78 . 0.78 

3 .O 1.3 

5.3 2.1 

I 

10.9 2.2 

22.3 3.1 

5.3 2.9 

13.000 

FBU-Tmms!m 
2h 5m 

15.000 

8.9 4.3 

18.000 

20,000 

22.000 

23.000 

29 ,000 

31,000 

33.000 

35.000 

37.000 

I BodsEvares 
lh Cm 

0.03 I 0.03 
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APPENDIX A 

AIRCRAFT TYPES AND CODES IN THE DATA BASE 

The data base is based on information from the Norwegian Aviation Administration. In 
its first completed form near the end of December 1994 (some data have been added 
later), a computer search came up with 427 different aircraft types or codes. Many of 
these were really the same, just in different combinations or slightly different spelling, 
or the only difference might even be with/without a space somewhere in the name. 

For completeness the whole list is nevertheless given in Table A.Z. 

I 



KIassa 
C-185 AMF 
C-206 AMF. 
C-208 
c-240 
c 4 0  
C 4 1  
C-46 
C 4 6  R 
C46C 
C-46R 
c 4 7  
C-500 
c-501 
C-54 
c-550 
C-551 

4A 
5 A FINNMARK FLYBAT 
5A FINNMARK FLYBAT 
5B 
A300 
,A-300 
A-BELL 206A 
AB 205 
AB 206 JET RANGER 
A C 6 - T  

I Klssse I 

ALOUETTE 
ALOUElTE 2 
ALOUElTE 3 

AMFlBlUM CESSNA 
~AMPHlBlUM (EN MOTORS) 
ATR 42 
AU AUSTER 
AUGUSTA BELL 204 B 
B 720l707 
8736 
R 737 

ALOUElTE 3-315 

2-M LAND 
244 LAND MAKS 5700 KG 

2M LAND 

8-720 
8-727 - 
8-737 
8-747 
8-767 
BA 31 
BA-31 
,BAG1 -1 1 
BE 100 
BE 200 

C-560 
C.46 R 
CARVAIR ATL-98 

CATALINA AMFlBlUM 
CATALINA PB Y-5A 

CESSNA 402 
CESSNA 404 
CESSNA CITATION 
CESSNA F-406 
CESSNA U-206 
CESSNA-337 
CL-600 
COMET 4 
COMMERCIAL AIR TRANSPORTATION 
CONSOLIDATED PBY 
CONSTELLATION 
CONVAIR 



F28 
FA SA226 
FAIRCHILD CORNELL 

FH 227 
FAN JET FALCON DA-20 

FH-227 
FH-2270 
FINNMARK AMFlBlER 
FINNMARK FLYBAT 
FK 27 

LA4 
lA-4 
LEAR JET 
LIAR JET 23/24 
LOCHEED 3828 HERCULES 
LOCKHEED 12 
LOCKHEED L749A 
LOCKHEE D LODESTAR 
LODESTAR 
MnKE 
MERLIN Ill6 
.MH 260 
MH-260 

F28 
FA SA776 

. . .  -. 
FH-227 
FH-2270 
FINNMARK AMFlBlER 

IL(BB1 
L-188 EKECTRA 
L-188 ELECTRA 
L-382 

MU 2 
MU-300 

P C 8  
PllATUS TURBO PORTER 
PIPER AZTEC 
R 2 0 0 0  
R - 2 0 0 0  

RP RC-3 SEA' 
S 235 

S RALLYE 
5-210 



SH 36 
sn-7 

h) 
W 
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NUnClUCdinthc 
modified d.LI hr 

1M LAND 

1M SJ0 

A list of synonyms was then prepared, and the names in the data base were changed 
accordingly. The list of synonyms is in Table A.2. Not all of these names appear in the 
final list of names (Table I ) ,  and in some cases the names have been changed at later 
stages. However, it is believed that the below list can be of considerable help to others 
trying to identify aircraft codes in the future, which is the reason why it is included here 
in filll. 

N- found in h e  n w d a u h r  

I.  2A' I-ENG I-MOT LAND (A large n m b a  of cod- str* wilh I-M LAND) 

IM SA 1-MOT 5i0 Ah4FIBIUM (EN MOTORS) (A large number of codes starting wilh I-M 5j0) 

Table A.2 "Synonym list" 

B26 

B720 

B707 

B-26 

B720flU7 8-707fl20 B-720 

B-707 

I AB300 1 A300 A-300 AIRBUS 

B736 

B737 

B747 

B767 

BE10 

B 736 

B737 B-737 BOING737 

B747 B-747 BOINGI47 

B767 B-767 

BE- 10 

I B727 I B-727 BOING727 

BE20 

BE90 

BE-20 

BE90 BE-90 

BE200 

BE300 

BE1900 

BE99 I BE99 BE-99 

BE200 BE-200 BEECH200 
1 

BE-300 

BE- 1900 

BElOO I BElOO 

CATALINA 

CESS 

CATALINA 28-5ACF CATALINA AMRBIUM CATALINA PB Y-5A 

CSOO C5Ol C551 C650 C-185 AMF CESSNA C-206 AMF. C-208 C-240 C-46 C-46R 
C-46C C-46R C-47 CESSNA172 CESSNA206 CESSNA206AFIBlUM CESSNA402 
CESSNA 404 CESSNA U-2M 

I CARAVELLE I SE-210 SE-2lOCPO SE-210-10B SE-2lO-1OB 

CESSNA ClTATION 

CESSNA-337 

C-500 

CESSNA 337 CESSNA-337 



25 

CURT 

DASH 

Dc3 

Dc4 

CONVAIR 240 CONVAIR 440 CONVAIR-240 CONVAIR-990 CV-14 CV-240 CV-340 
CV-3401440 CV-440 CV-46 CV-580 CV-990 I CONVAIR 

DHC7 DHC8 DHC-7 DHC-8 

Dc-3 

DC4 Dc-4 

I 
I 

~~ 

DC8 

Dc9 

D C l O  

CORON I 

D C 8  DC-8 DGBC 

DC9 Dc-9 

DC-10 

~~~~ 

ELECTRA 

EMB-110/120 

FH227 

Dc6 

L-188 L188EKECTRA L-188ELECTRA 

EMB-110 EMB-120 EEMB-I20 

FH227 FH-227 FH-227B 

DC6 DC-6 DC66B DG6/6B DC-6/B DC-6A DC-6AB DC-6AB DC-6B DC-66B DC- 
I 6 B  

FLER-MSJ0 

FOKK27 

FoKK28 

DCI I Dc-7 DC-7B DC-7C 

FLER-MSR FLER-MSJO 

~ 2 7  F-27 F-27-50 ~ ~ 2 7  F O K K E R F ~  

F-28 F28 FK28 

GRUMMAN 

DO228 I Do228 DO-228 Do-228-101R01 Do-228-201 DO-22%202 DO-228/201 DO-228/101 

(A large number of codes beginning with GRUMMAN) 

HUl6B 

JET FALCON 

FINNMARK FLYBAT I 5 A RNNMARK FLYBAT SA FINNMARK FLYB. FINNMARK AMFIBIER 

HU-16B HU-16B ALBATROSS 

DA20 DA-20 

~ 

FOKKSO I F-50 FSO FOKKER50 

HEL A-BELL2MA ABUH AB206JE"RANGER A-C-6-7 ALOUEITE ALOUETlE2 
AL0UE"E 3 ALOUEITE 3-3 15 AUGUSTA BELL 204 B BEKK 204 (A large number of codes 
starcing with BELL) B(T1OS (A large number of codes beginning with HUGHES) S 235 S 90 
S-210 S-2IOB S-55 (A large number of coda beginning with S -  and SA and SA-) S RALLYE 
SEA KING SH 33 SH 36 SIKORSKl55 SlKORSKl S-55 SIKORSKI S-61 

I 

HERON DHHERON DH 114 DH 114HERON DH-114HERON DH-114 DH-114-18 HERON 114 
FLER-M LAND: DH-104 HERON HERON D H 114 HERON D. H. 114 HERON DH 114 

LA4 LA4 LA4 
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NuneuscdinthC 
d i e d  dam barn 

LOADSTAR 

p 
NORD260 

F PIL ATLJS-TURBO 

I PIONEER 

SCANDL4590 

SEABEE 

'IRISTAR 

WS5l 

I $55 

At this time we were rw 
reason some of h e  o 
2A should really have 
the original 2A- cases. 
swdy. 

N- found in the n w  data hr 

I LEARJET LIARJETUf2.4 

LOCHEED 382B HERCULES C-130 L-382 

LOCKHEED LODESTAR 

MH260 MH-260 

NORD260 NORD-260 

DHC-3 DHC-3 AMF. DHC-ISEAPLAN DHC-6 DHC 6 OTlER AMFIBIEFLY 
OTTER AMFIBIUM TWIN OTTER DH O m  AMPHIBIUM DH TWIN OITER 
DH-OTR-AMF. 

~ ~ ~ _ _ _ _ _ _ _ _ ~  ~~ 

OXFORD ANSON 

P & W R-2800 P-T-PORTER PA-23-250 PA-31-350 PC-6 PILATLJS TURBO PORTER 

TWIN PIONEER TWIN PlONER TWIN-PIONEER 

SCANDIA SCANDIA 590 SCANDIA S-90 I 
SEABEE SEABEE AMF. SEABEE AMFIBIUM SEABEE GOOSE 

SHORT SEALAND SHORT SEALAND AMFIBIER SHORT SEALAND AMFIBIUM 

I SR'IEALAMF SRTEALAMP TEALAMF. 

I L-1011 

V.VISC0UNT VICKERS VISCOUNT VICKERS VISCOUT VICOUNT VISCOUNT 

WIDEGEON 

W S 5 1  W.S.51 WS51 

W.S. 55 ws 55 ws-55 

; aware of the difference betwacn single-(hter (DHC-2 and DHC-3) and twin-Otter (DHC-6). For this 
mcticms had to be done over again at a later stage in the PrOjec~ 
een in the class 2M LAND, which did not exist at that time. It would be time-consuming to search for 
md not wonh the ms~. considering the infinitesimal impaa a cornion would have on the r e s u l ~  of the 

By replacing the many names in the right-hand column of Table A.2 with the corre- 
sponding single name in the left-hand column, the number of codes in the data base 
was gradually, over the course of almost one year, reduced to 185. 

In the meantime additional data had been entered into the data base. Based upon the 
status 1st March 1997, synonyms and/or typical cruise altitudes have been assigned. 
The list of additional synonyms is reproduced in Table A.3. 
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Name used in the fml 
dru h e  

2MLAND 

Table A .3 Additional "synonyms", March I997 

Named found in the mw data bar 

2A 4A BN-2A LIGHTTWINS 

_ _ _ _ _ ~  

CF-104 

CITATION 

FOKK50 

HERCULES 

ClESSNA I C-150 C-172 

F-104 F-l04/105 

c-550 

FK-SO FOKK27-50 

C-130 
~~~ 

PIPERAZTEC 

PIPERCHEROKEE 

R-3350 

SAAB-340 

PIPER PA-23 

CHEROKEE PA-28 PA-28/180 

R-3350-34 

SB-SF340 

PIPER NAVAJO 

For many of the codes in the data base it was not clear what aircraft they referred to; 
even though the data had been taken from the registers of the Aviation Authority. In 
some cases the names/des were simply misspelt, in other cases a number of very 
different names/codes were used for the same aircraft. And most of the names/codes 
are not known to the general public, or to any person not engaged in or particularly 
interested in aviation. 

NAVAJO PA-31 

The next step was once more to enlist the assistance of experienced airline pilots, who 
assigned cruise altitudes to the different aircraft. Basis.for this work was a list of air- 
craft types and codes from the data base as it looked on the 18 December 1995. Table 
A.4 contains the codes as they appear on this list, along with clarifying information 
from the pilots, new code name adopted, and typical cruise altitudes. Some additional 
information has been added in March 1997. 

The typical cruise altitudes were assigned by a number of different air pilot;. Unfortun- 
ately, not knowing sufficiently well the purpose of the project, some of the altitudes 
specified were maximum altitudes for the aircraft rather than typical cruise altitudes. 
One more round through the material corrected this misunderstanding. This new round 
of evaluation, coordinated by copilot Peter Bull of Braathens SAFE and copilot Stein 
Gilhuus of SAS, assigned typical cruise altitudes to all aircraft types except some very 
few, that could not be identified. For these unidentified ones it was in some cases pos- 
sible to choose an altitude group based upon other information on the same pilot; or 
the best possible guess was adopted. The resulting classification is given in Table 1 of 
the main text, but also here, in Table A.4, in a somewhat different form. 
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B736 This is wrong 8737 

B737 Boeing B737 

B747 " (Jumbo) B141 

B767 B761 

Table A.4 Additional explanationslinfonnation, suggestion for new namelcode, ana' 
suggested typical cruise altitude (not always the ones finally adopted). 

33.000 

37.000 

42.000 



29 

code J 2 X p h U l i O d i i O d C Y t l  New n d c o d c  

BA31 British A a o s p c c  31 J a s t r e m  JETSIREAM 

BAC-1-11 BAC- 1- 1 1 

Altitude (fact). SOmaimeJ typical. 
ranetimcsnuximum 

30.000 

BE10 

BE20 

BE90 

BE59 

B E E C H M ,   am^. is BElOO BEIOO =.ooo 

, U T O ~  is BE200 BEZOO 30.000 

BE90 30.000 

BE59 =mO 

BEECH 200 I "  

BElOO 

BE200 

BE300 

BE1900 

BEECH--2 

BH-412 

BElOO =.000 

BE200 30.000 

BE300 

BE1900 =.000 

BKI 17 

c 337 

BO l05C 

BOING VERTOL 234 

CESSNA 

BRISTOL 171 B 

Military 

BV-234 

CESSNA 

CURTISS lO.Oo0 

C-119 8.000 

CESSNA 

I 

c 2 0 s - 1 ~  

c-402 

c-440 

C-441 

C-501 

Helikoper 

CESSNA 

CESSNA 

CESSNA 33,000 

CESSNA 

(Shall be Boeing, of oxme) 

and landing) 
(VERTOL muns v e n i d  takeoff 

Helikoper (Same as k i n g  
Veml234) 

1 BEECH--2 

BH-412 

HEL 

BRISTOL 171 B 

i CESSNA 

C406 

C46 

C-119 

c - i n  
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ExplWtiddOlI lUt irmtion 

Gssna Citation 

Ces~nr Citation 

Sllrfghter fighterplane 

Canadair C%allmger 

As Mampolitan 

Metropolitan 

coronado 

New n d c o d e  

CESSNA 

CITATION 

CESSNA 

CESSNA 

C U R T I S  

CARAVELLE 

CATALINA 

CATALINA 

CESSNA 

CITATION 

CESSNA 

CITATION 

CESSNA 

CESSNA 

CF-104 

CF-104 

COMET 4 

CONSOLIDATED PBY 

CONSTELLATION 

METROPOLITAN 

METROPOLITAN 

CONVAIR-580 

CORONADO 

DASH 

DASH 

DclO 

Dc3 

Dc4 

Gnk 

C 5 4  

c-550 

C 5 5 1  

C560 

C.46 R 

CARAVELLE 

CARVAIR A I L 9 8  

33.000 

CATALINA 10.000 

1 0,000 CATALMA 28-5ACF 

m 3 3 7  

CE-550 

20.000 

CESSNA CITATION 40.000 

CESSNA F-406 

CESSNA337 20.000 

CF-104 30.000 

35.000 

35.000 COMET 4 

CONSOLIDATED PBY 

CONSTELLATION 

1 0,000 

25,000 

CONVAIR-14. 
CONVAIR-46. 
CONVAIR-240. 
CONVAIR-340. 

CONVAIR440 

CONVAIR-580 

~ 

I 

20.000 

30,000 CONVAIR-990 

20,000 D-8 

DASH 

DclO 

Dc3 

D c 4  

20,000 

40,000 

10.000 

1 0,000 
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mKKn 

FINNMARK FLYBAT 

F o m  

FLER-M LAND 

FLER-M SJ0 

FOKK27 

10,000 

I 

25,000 

h y  different military airplanes GRUMMAN 10,000 

1 -  

Dc8 Dc8 35.000 

37,000 Dc9 

Rsnwedfran 
the data hre 

DH-100 

DHC-2 

Rivate fighter VAMPIRE. 
used for show only 

DHC Canada TuhBcaver 
ursdin.griculture 

DHC Chad. T h k v e r  

1 0,000 DHC-2 

DHC-2 AMF. 1 0,000 DHC-2 

DO228 DO228 10,000 

EMB-110/120 Embmcr B d c i m t e  (1 IO) d 
Anguaia (120) 

EMB-I 1011 20 24.000 

I ENSTR0M280 Helikoper 'X 
HEL t-- F-28 ENSTR. 

~~ 

Military 

I HEL I F-28HELI 

I FASA226 Swuringer Metm FA SA226 I 22.000 

I FAIRCHILDCORNELL FARCHILD:RNELL 18.000 

JET FALCON 

FH-1100 

FAN JET FALCON DA-20 

FH-1100 

Fokker 27 (Friendship) FH227 

FINNMARKFLYBAT 

FK50 

FLEX-M LAND 

FLER-M SJ0 

Fokker 50 

Group n&m for three or more 
engines land-plam 

Grwp notation for three or more 
engines sca-plane 

Fokker 27 

Fokker 28 FOKK28 I 28.000 

I mOKK5O Fokker 50 I F o m  

G-1159 17 Gulfsvcam 
~ 

G-1159 
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Expluution/infodm New nPnelcode 

HAWKER SIDDELEY 748 

HEL 

HERCULES 

HERON 

HERON 

Altitude (feet). sanctimes typial. 
ranetimumuimrm! 

33.000 HAWKER SlDDELFiY 748 

HEL 

HERCULES 

HERON 10.000 
~~ 

HERON DH 114 10,000 

HILLER 12 Helikoper HEL 

HILLER 12C HEL 

HILLER 360 HEL 

HILLER 36OUH 12 

HS 748 Hawker Siddeley HAWKER SIDDELEY 748 

HS-114 Hawker Siddeley 

25,000 

HS- 125 Hawker Siddeley HS-125 

HS-748 Hawker Siddeley HAWKER SIDDELEY 748 

HUl6B Gmman  Alhuosr 

41.000 

=,000 

10,000 

30,000 INVADER B-26 INVADER B-26 

JET FALCON JET FALCON 

msTR.3 1 JETSIREAM 

IT-4 JT mans Jet Trainer IT-4 

33.000 

20,000 

IT-4A I JT-4A 

JT4-9 7 
Lake LA-4 Buccaneer 

JUS2 10,000 

LA4 10,000 

LEAR-JET LEAR-JET I 40,000 

LOCKHEED 12 I LOCKHEED12 40,000 

LOCKHEED L749A 

LODESTAR Mis-spelt I LOADSTAR 

MBB BK-117 I Helikoper I HEL 

MD 5U)N Helikoper HEL 

MERLIN IIlB MERLIN llIB I 25,000 



33 

NA-265 

R-2800 



34 

SM 333 

SR-'IEAL 

code 

1 0,000 

SHORT-SEALAND 

~~ ~ ~ ~ -~ ~~ 

SUNDERLAND SUNDERLAND 

SUPER BROUSSARD SUPER BROUSSARD 

SM 333 

1 o.Oo0 

SR-'IEAL 

Tul I1 Schwcimr 

A m -  I SHORT-SEALAND I 10,000 

SAAB 9OA-2 

T S2A PI?Ts 5.000 

TRISTAR 35.000 

TSC 1A2 

We have not becn able to identify 
this i r d ~  A misspelling? 

Vercical takeoff and lmding 

vc-IO 

VC-IO 

VERTOL 44 

VICKERS-VISCOUNT 

SW 51 

WIDGEON 

WS5l 

SAAB 9OA-2 

TS2APITIS 

TRISTAR 

TSC 1A2 

~~ ~ . ~~ 

WIDGEON 

WS5 1 

UH-12 

ws55 

YS-I1 

I I SWSl 

ws55 

YS-11 

Helikoptcr (Hilkr) I UH-12 

vc-10 

vc-9  

VERTOL 44 

VICKERS-VISCOUNT 

W.S.55 1 ff I ws55 

35.000 

1 0.000 

=.000 

WALRUS SJ0FLY su airplane 1 WALRUS sI0FL.Y 1 O.Oo0 

10,000 



EKSPERIMENTANALYSE 
Data Production and Evaluation 

EKSPERIMENTSYSTEMER 
Test Rig Design and Production 

E KSPER IM ENTTE KN I K K 
Experiment Engineering 

ENERGISYSTEMER 
Energy Systems 

FYSIKK 
Physics 

Isotope Laboratories 
ISOTO P LA BOR AT0 R I EN E 

KONTROLLROMSSYSTEMER 
Control Room Systems 

l e t  i t ut t f o 
'fnstitute for €ne 

MATERIALTEKNOLOGI 
Materials Technology 

MENNESKE-MASKIN KOMMUNIKASJON 
Man-Machine Communication 

MILJQ- OG STRALEVERN 
Health and Safety 

PROSESSIMULERING 
Process Simulation 

REA KTORDRI FT 
Reactor operation 

RESERVOAR- OG LETETEKNOLOGI 
Reservoir and &@ration Technology 

SIMULERING b G  SYSTEMUTVIKLING 
Simulation and Systems Development 

STRQMNINGS- OG KORROSJONSTEKNOLOGI 
Fluid Flow and Corrosion Technology 

lnstituttet har en drsomsetning pd 
rundt 390 mill. kr. 

The lnstitute's annual turnover is approx. 
NOK 390 million. 

Totalt antall ansatte er ca. 580 (1997k4 
I tillegg 12-1 5 attasjerte utenla 
fo rs ke re ved Ha lden prosjekt 

The total number of employees is approx. 
580 (1997). In addition 12- 15 foreign 

attached to the Halden project. 

.BOX 40, N-2007 

lnstitutt for energitek 
Institute for Energy Technology Tel.: +47 69 21 22 00. Fax: +47 69 21 22 01 
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