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1.

BADARSAT STUDY
REPORT ON RESULTS : DECEMBER 1981 - APRIL 1982

INTRODUCTION

The Objectives and Conduct of the Study

The objectives of the study have been to identify, evaluate and develop UK
interests in the Canadian CCRS Radarsat pIO_]ect Initially the project
tasks were defined as follows:- '

1. To provide up-to-date information to the Department of
Industry on the progress of the project.

2. To define UK interests in the use of Radarsat data and to
ensure that the interests are presented in a form which
can be integrated into the work of the Canadian Radarsat
Study Team.

3. To identify and define industrial and commercial opportu-
nities for the UK arising from the project.

4. To make recommendations to the Department of Industry
on specific areas to be followed up, supported and promoted.

The study period was five months, from December 1981, ending in April 1982
and a mid-term progress report was submitted in Fcbruary 1982,

The part of the study concerned with liaison has involved visits to Canada
for discussions with CCRS, and our associate company Philip A Lapp Ltd.
who are contracted to CCRS on aspects of the Phase A study; also with the
other prime participants in the Phase A study, Canadian Astronautics Lid.
(CAL), SPAR Aerospace, and MacDonald Detlwiler Associates (MDA). As
part of the work we have attended Radarsat Information Standards Committee
meetings and a Concept Degign Review.

In addition we have had a number of discussions with CCRS team members
in the UK and have discussed the relationship of Radarsat and ER3-1 with
ESA.

On the subject of user interests we have carried out an extensive survey,
the results and conclusions from which are given in Chapter 4. Full details
are given in the mid-term report of ¥Fehruary 1982 which is included as
Annex V. ‘

In identitying and cvaluating UK prospects for possible industrial involvement
we have had discussions with:-

- British Acrospuace, Filton and Stevenage.
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- Muarconi Space and Defence Systems
- Marconi Research éentre

- IL.ogica

- RAE

- Rutherford-Appleton L aboratory

- The Meteorological Office.

Progress and Results

Up to date our liaison activities have keptus fully informed of developments
and thinking in the Radarsat Project Qffice, and contacts are continuing
with planned activities exlending past lhe end of April.

In the case of user interests we have passed on the results of our survey to
the Canadian team but it became evident during the study that bhecause of the
highly specialised main application of the Radarsat, specific UK user
requirements will not influence the specification of the primary instrument
nor the satellite orbit and operations schedule. They could, however, have
a bearing on the choice of the secondary instruments, or, rather, they
could influence UK propositions for secondary instruments.

Potential UK user requirements for Radarsat are, however, closely bound-up
with satellite remote sensing in general and the ESA ERS-1 programme
participation in particular. In view of this it has been proposed that the
promotion of satellite remote sensing, particularly by microwave sensors

is the most effective on-going activity in this area,

A number of distinct possibilities for industrial participation in the Radarsat
project have been identified preliminarily, including involvement in the
satellite bus programme and in the provision of instruments. Further,
possibilities are seen to arise in data handling equipment and services, in
this-case closely bound up with the broader UK satellite remote sensing
strategy. : '

As an additional item the strategic implications of the Radarsat project
have been-assessed as these may have a bearing on any UK programme
determined.

The whole has enabled us to come up with specific recommendations
regarding the development of a UK strategy for collaboration in the
Radarsat project. However, during the course of the study the final date
of the Phase A studies by CCRS was extended to September 1982 leaving




the final specification for the system open with respect to the selection of
thke bus and the composition of the secondary instrument package. Clearly
this affects the UK strategy and, accordingly, it has been proposed that
the UK study be continued a further six months to allow the development of
UK courses of action based on the final specification. This will also allow
the industrial prospects to be further evaluated and promoted for incorp-
oration in the Canadian programme.



THE RADARSAT PROGRAMME : CURRENT STATUS

The concept of Radarsat is to provide all-weather sea ice coverage of
northern Canada to assist the transport of crude oil and natural gas from
the Arctic Fields to the eastern Canadian seaboard. The main element of
the ice intelligence system will be a synthetic aperture radar (S5AR) aboard
the satellite to give frequent coverage of crucial areas of sea ice conditions
to enable the year-round operation of heavy ice-breaking tankers on the
Arctic Pilot route (Figure 1). The Arctic Pilot Project (Annex I) will be
the proving exercise for the shipment of liquified natural gas.

The provisional satellite launch date is in 1990, though commercial sources
indicate the Arctic Pilot route could be in operation as early as 1986. In
this case airborne radar will provide an interim service, with possible con-
tributions from other radar satellites that might be operating at that time
like the ESA ERS series or the Japanese MOS. These in any case will be
used to develop the operational system prior to the Radarsat launch. As
part of the Phase A studies for Radarsat the cost-effectiveness of satellite
versus aircraft mapping radar systems is being assessed. Should Radarsat
prove effective it is assumed that it will be the first of an operational series.

Following the project design review meetiny in March 1982 it has been
determined that the satellite will be in a 99 degree, 1000 km altitude orbit.
The SAR instrument will be C-band with a fully-processed resolution eap-
ability of 25m. The south-looking electronically steerable swath of 150 km
width will give coverage to 78°N. Preferred secondary instruments are,

at the moment, a scalteromcter or a high resolution visible/infrared multi-
channel imaging system. The final selection of the secondary instrument
package will depend partly on the satellite vehicle or bus chosen and on the
prospects of instruments being donated by collahorators in other countries.
Negotiations are underway regarding the selection and provision of the bus
and the pro-—ision of secondary instruments. Specifically CCRS is approach-
ing the United States concerning provision of a launcher, a scatterometer
and a NASA-operated rcad-out station in Alaska. This source is also being
considered for a visible/infrared imaging system as an alternative to the
scatterometer for the secondary instrument.

Details of the specification as at May 1982 were given in Annex II, compared
to ERS-1 specifications.

Beinge in a high inclination orbit the satellite insiruments will be able to
cover most of the world at various frequencies of repeat coverage. DBecause
of the south-looking SAR, coverage of the Antarciic will extend to 8805,
Considerable opportunities, thervefore, exist for applications of data of
various sorts from the instrument package. Radavsat will be, in effect,

one of a number of remote sensing satellites in orbit capable of supplying a
wide and varied user community. In practice the operation of the other
remote sensing satellites like the ESA ERS3-1 is seen as complementary
rather than competitive.



Initially the secondary user package was seen to be dominaled mainly by
oceanozraphic and meteorological applications. However, the possible in-
clusion of a high resolution thematic mapper (visible/infrared imager)
reflects the emergence of major Canadian land applications. This instru-
ment is also favoured by some ice mapping inlerests.

The primary Canadian interests are in the provision of the data services
for the ice information system for Canadian waters. There will only be a
small amount of on-board data recording and storage and rcad-oub over
Canada for the primary SAR instrument. Users elsewhere in the world
will have to make their own arrangements for data collection and process-

ing.

The ice data dissemination system, though the concept is not finalised,
envisages a limited number of 'Main Processor' stations handling synoptic
data at full specification plus other meteorological and oceanographic data.
Intermediate Processor stations will handle regional and synoptic data,
and also receive processed outputs from the Main Processor stations.
Limited capability 'User Processors' are envisaged aboard ships and
drilling platforms and thesc will receive products from the 'Main' and
Intermediate! processors. Alternatively, it is possible that some ships
will carry direct-read-out quick-look type receivers for the SAR, giving a
lower resolution (100-150m) product for immediate operational use.

The ynain satellite data reception stations will be at Churchill and Shoe Cove
giving different areas of coverage with data relayed to MPs via commun-
ications satellites. For areas outside the line of sight of Churchill there
will be a limited data storage capability.

Further details are given in Annex IIL.
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3.1

THE UK TECHNICAL AND INDUSTRIAL POSITION

With regard to the possible UK technical and industrial advantage in
participating in the Radarsat Programme, these are in three distinct areas
of possibility:- ‘

. In the provision of the satellite vehicle.

e In the provision of instruments or collaboration in instrument
programmes.

. In the provision of data stations and data proceésing equipment.

The LSat Position

In the fabrication of Radarsat the arrangement will be almost certainly for
Spar Aerospace to have the systems prime, payload and AIT responsibil-
ities, with the basic bus vehicle being brought in from a foreign source.
Eight candidate buses have been considered so far by CAL and Spar, in-
cluding the UK heavy geostationary platform LSat. (Comparisons of spec-
ifications are shown in the 'bus matrix in the interim report). Of these
the SPOT 'bus is probably too small. LSat flight costs could be higher
than for some other vehicles but as one of the larger bus candidates, it
can accommeodate a larger secondary instrument package than some of the
smaller buses.

Under an agreement with BAe, Spar are committed to the promotion of
LSat in Canada and would use it in national programmes if necessary. Spar
have commissioned work by BAe to specify the modifications to the LSat
‘bus necessary for the Radarsat mission. The first review of this work
will be in May with the final meeting in June 1982, It is combined with
work commissioned by ESA.

BAe would of course be interested in providing LSat platforms for a
Radarsat series and the possibility of using it for post ERS-1 missions,
reinfordées the ~ prospect for multiple sales for remote sensing/radar
missions. ESA Is funding a study on LSalb for this reole using the Radarsat
specification as its basis, to be completed by July 1982. This work is
combined with the BAe work for Spar. In Canada 1.Sat is also a2 candidate
vehicle for the Mobile Satellite (MSat) and the Direct Broadcast Satellite
(DBS). The Spar agreement to promote 1.5at envisages 60 per cent of any
work involved being done in Canada, possibly rising to 75 per cent, TUlti-
mately the choice of bus will be political with initial consideration of US
and British vehicles. I'rance will be considered if satisfactory solutions
do not come from these quarters. NASA views on the project as a whole,
which could affect the bus position, are expected in mid-1982, while any
UK position should be made clear by autumn 1982, It has been fentatively
proposed by Canada that if the UK were to cover non-recurring casis in
converting the LSat for the Radarsat mission, Canada could cover re-
curring costs for possibly 3 spacecraft. -



3.2.1

3.2.2

On-Bo ard Tnstruments

The Instrument Puckage
'The position on the Radarsat instrument package at the end of March 1982,
resulting from the Phase A studies is as follows:

The primary high resolution SAR instrument will have C band {re-
quency thus aliowing close comparability with the ERS~1 SAR syslem
(AMI) and some commonality of equipment. A steerable acquisition
swath has been decided upon to improve coverage for the primary ice
mapping mission, but this will incidentally be of value to the large
nuwmber of possible secondary applicalions.

The secondary instrument will be a wind/wave scalterometer or a
thematic mapper. This will be some form of high resolution visible/
infrared multi-spectral instrument like the SPOT imager or the Ocean
colour monitor (OCM) proposed for ERS-1. Final selection will depend
on user requirements and the possibility for the contribution to the
CCRS programme of an instrument by a foreign collaborator.

The incorporation of the other recording instruments originally considered,
including a radar altimeter and an imaging microwave radiometer, will
depend on the selection of the satellite vehicle. A large "hus like L3at
could allow more than one instrument in the secondary package. The pro-
gramme might be open to instruments not yet considered, particularly if
these were to be wholly donated by a collaborator though this might mean
additional expense to Canada. Questions of complementarity arise in this
case as the radar altimeter is a natural partner for the scatterometer.

Consideration of complementarity also arise if Radarsat is seen as one of

a number of remote sensing satellite providing a comprehensive operational
service. In this context the inclusion of a visible/infrared imaging instru-
ment could be favoured by the dropping of the Ocean colour rmonitor from
ERS-1..

UK Instrument Interests

There are a number of possibilities for UK contributions {o the instrument
package either by the supply of a complete instrument or through collabora-
tion in instrument development, provided this is acceptable to the Canadian
Government. Several bodies are involved.

-10-




Marconi

The group has very substantial experience in the development of military
airborne SAR systems and of SAR image processing equipment. It has
carried out optimisation studies on the AMI for ESA, which included the
integration of the scatterometer with SAR clements. Mareconi is to be the
prime contractor for the ERS-1 AMI with Thomson CSF providing some of
the havdware. They have had discussions with Spar Aerospace about this
‘and clearly thére are joint possibilities to be explored with the Radarsat
SAR particularly now that a C-band instrument has been specified. As Spar
will be doing the IDTHS on ERS-1 they will be working directly with Marconi
-on this project. .

They collaborated with Aerospatialé in the development of the Ocean Colour
Monitor (OCM) for ERS-1, (since dropped), with MSDS responsibilities
being for the detectors and electronics.

They are working on the star sensor for a filtered attitude determination
system (FADS,in combination with BAe) which will be relevant for Radarsat.

Rutherford-Appleton Laboratory

There are a large number of candidate instrument possibilities for the
secondary package from this source and tentative contacts have been made
regarding radar altimetry.

The laboratory is actively engaged in the development of aircraft radar
altimeters to be used by the Scott Polar Research Institute for Arctic ice
studies, particularly for the future international MIZEX programme. In

the space field it hus carried out studies for ESA on ocean and ice applications
of altimetry and is working with European groups to obtain improved

satellite altimetry through measures including improved position fixing.

They are considering the possibility of a low cost altimetry satellites of the
type recently initiated by the University of Surrey as an educational service.

The global altimetry programme envisages improving satellite accuracies
from the current state of art of 5 - 10 ems to 1 - 2 ems by the end of 1990's.
This will involve highly accurate satellite position fixing by; the use of the
Instrument itself with a network of ground reflectors; radio position fixing
including, possibly, the Global Positioning System (GPS) if data from this
could be released by the U. 8. Navy; laser tracking systems for very fine
corrections. The space element will include a number of vehicles, with a
requirement for a sun-synchronous remote sensing satellites plus non-
synchronous types. (These could include low cost altimetry vehicles).

In the infrared field the laboratory is involved with a proposal for an Along
Track Scanning Radiometer (ATSR) for sea surface temperature measuve-
ment. This is favoured for inclusion on ERS-1 as a complete instrument
funded by the UK. In other contexts it could be engineered as add-on chunnels
to opticul instrunients of the OCM type.



The Tuboratory has extensive experience of passive microwave instrumen-
tation (PAM). It has colluborated with Denmark on proposals for ERS PAM
instruments, is working with France on an instrument for SPOT 2 and dis-
cussing po:bﬂnlnlos with India for their IRS-1 vehicle. Similarly (o the
low-cost altimeter proposition, the idea of a low cost imaging microwave
radiometer (IMR) satellite has been considered. Microwave instrumenta-
tion will be nccessary for the correction of atmospheric refractive index
effects on very high precision altimetry,

Other interests include various upper atmospnere interests and the active
microwave pressure sounder (AMPS) proposed by the Meteorological
Oifice. In addition they have an instrument accommodation team who have
worked on ERS-1 problems and for British Aerospace on LSat.

British Aerospace

The Filton group have specific interests in radar altimetors and have a
company-developed breadboard for a system on which they have been collab-
orating with Rutherford-Appleton Labor atory.

The group has extensive experience with passive microwave instruments
in the military sphere and have done studies for the Dol on satellite micro-
wave applications.

Other work which could be of interest to the Radarsat Project is on the
filtered attitude determination system (FADS) being developed under a Dol
contract with Marconi (star sensor) and Ferranti (gyro). This was intended
for ERS-1 and would provide high pointing accuracy for high resolution
Imaging instruments like the OCM and the SAR where fixed position accura-
cies if less than 1 km are required.

The Meteorological Office

The Active Microwave Pressure Sounder (AMPS) instrument proposed for
ERS-1, with Herriot-Watt University, Jet Propulsion Laboratory and.
Rutherford-Appleton Laboratory, could be of interest for Radarsat. It
was not accepted for ERS-1 but on Radarsat it could provide mutually
correcting data with the scatterometer.

The Meteorological Office would only be interested in the instrument, how-
ever, if the Radarsat service was operational and eapable of providing
global coverage. This implies on-board storage and more ground stations,
though there would be low-rate stations, possibly combining scatterometer
and altimeter data reception. The instrument proposed for ERS-1 would '
have to be redesigned to take account of the higher orbit of Radarsat.

1
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Other

EMI Varian and AEG have been commissioned to develop power amplifier
tubes for the ERS-1 SAR. EMIV are developing a klystron and AEG a TWT.
The klystron is likely to be the better solution and it might be of interest
for the Radarsat SAR.

MSDS have a high performance stabilised antenna for ship-board use that
may be of interest for portable tactical quick-look systems or processed
product reception.

Instrument Costs

Rough figures for a number of the instrument options considered have
indicated from a number of sources:

OCM (Ocean Colour Monitor) -~ 100 MATU. : EB3M

OCI (Ocean Colour Imager)- a simplified
lower performance instrument of consideranly

lower cost. . £50M
ERS-1 Altimeter. : £12M
Low-cost Altimeter. : E3.0M
ATSR o , _ : £0.8M
Low-cost IMR (Imaging Microwave Radiometer)

package. ' ' 1 £3.5M

Data Processing and Data Stations

The UK is well placed in the field of remote sensing data processing in
general, though less so with regard to data receiving and pre-processing
functions - an area in which, however, the supply of foreizn components
or elements is usual. For historical reasons the UK is particularly well
established in radar processing,

UK experience in this last arca includes long-term development of radar
processors, associated with primary systems development by industry,
and numbers of indusirial, government and university groups working on
radar data analysis and applications. In the case of applications of micro-
wave data UK teamsare a major element in a well developed intcrnational
comminity.

The UK position with regard to the potential secondary instruments on
Radarsat is also strong. 7The low-rate instruments for the most part will
represent no great problemn and there are well-developed user communities



in the UK working on the data problems. In the case of high-rale visiple

ated infrared Imuging systems the lead in Europe has been taken by France
but the UK has the Receasary capahilitics and technology base io develop

any system to its fi]] potential. There is g great deal of long-term work,
established facilities, and a very large user tommunity to support initiativesg
in this area. Of the secondary instruments the scatlerometer is the most
problematical with regard to effective processing for applications, but a]]
countrics appear to be in the same position with regard to this.,

The UK has a substantial capability in data station ingtallation, both general
and specific, in its Communicationg and ¢lectronics industries. The main
relevant remote sensing station capability is associated with the RAER
facilities and in addition to this there is 'free-lance’ university work in
Treception, pre-processing and brocessing,

In the most important area, that of SAR dataprocessing,the chief expertise lies
with Marconi, associated with the RAE facilities, Digital signal processing
studies started from military initiatives in the 1960's andled to one of the
first effectively real-time digital SAR processor systems in the 1970's,
Expansion of this work led to definition studies for ground,airborne and
satellite on-board brocessors, including a system for Seasat. The processor
work is linked to SAR System definition studies for ESA and a digital SAR
ground processor ig shortly to he completed for the military. The company
is also carrying out work in developing interpretation programmes.

The UK installed a SAR reception and processing system for Scasat operated
by RAE and it can he expected that the processing capability will he retained
and expanded and wil] utilise ERS-1 data, giving continuity of research,
development and service up to the launch date of Radarsat. It should be
noted, however, that much of the actus] havdware - antenna, main computer,
tapes recorders ~ is not of UK origin, and fauture systems are likely to have
major foreign components.

Important UK data pProcessing groups are, in summary:-

- For SAR brocessing and work on software; Marconi, SDL and
" Oxford Computers, as well as RAE and RSRE staff,

- For altimetry, scatterometry and otherp meteorological data

work:: JOS, Met. Office and Rutherford-Appleton Laboratory.
- For passive microwave work: BAe (Filton).
- For high-rate, high resolution visible and infrared image

processing: a very large community including the established
capability at the RAE Remote Sensing Centre.

-14-
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- For general capability in data processing systems: Logica
and the internationalg like Scicon.

Clearly the development of Radarsat opportunities will be closely related to

- ERS-1 activities. British Aerospace will now be prime contractor for the

ground segment of the ERS-1 Phase B developments with MDA responsible
for the SAR quick-look facility at Kiruna. Logica will be dealing with
some systems engineering aspects and the low-rate data and control facilities.

Precision processing of SAR data will be a national responsibility and both
Dornier and Thomson will be developing their own processors in Europe,
Dornier having links with MDA. An ESA bread-board processor being
developed by MDA and Dornier involves some work by SDL on the pre-
formating of Seasat SAR data types. Marconi see their processor develop-
ments taking a different direction from that of MDA. Marconi have done
studies on the integrated data transfer and handling system (IDTH) for ERS-1,




4.1

USER REQUIREMENTS

The survey of UK user interests was based on groups who indicated a

positive interest in microwave data in the BAe review of UK user interests

in ERS-1 sponsored by the Dol. The most widespread interest was in the

SAR but much of this is research orientated and it is apparent in most cases
that insufficient is known about SAR in generagl for [irm and reascnable views
to-be held on the required Radarsat instrument pertormance., For this reason,
as well as the optimisation of the instrument for ice studies, in which UK
interest is limited but not excluded, there is no case.for UK views to affect
the specification.

On the other hand there is considerable scope in the UK to use the Radarsat
SAR data provided it covers UK areas of interest. As expected, there is

a wide variety of potential applications in ocean and land areas. A number
of groups are already committed to the use of radar imagery from various
sources including Seasat, and are planning to extend their interest to the
ERS-1 AMI coverage. The key questions for UK users is that of the
acquisition of data over their areas of interest and its availability to them.
As data storage is not contemplated for the primary SAR instrument, this
hinges on the provision of additional main read-out stations.

There is substantial UK interest in the secondary instrument options with
relatively clear-cut preferences, and further, considerable scope for the
UK to influence the choice of instruments through participation in the
hardware programme. Again questions of geographic coverage and data
relay are key, though the problems of on-board storage for the instruments
contemplated and for the low-rate read-out stations required are much less
severe than those for the SAR.

In the context of the UK occupying a leading position;in global ocean and
meteorological data collection; in overseas land applications; and because
of its geographic location, Buropean user requirements have also been
considered. These will have a considerable bearing on the UK strategies of
data acquisition and dissemination.

UK Interests

4.1.1. Oceanography and Metecorology

The proposed microwave instrument package of synthetic aperture radar
with optional wind/wave scatterometer and altimeter could provide
extremely valuable data for a number of UK users, In general wave data
is of most interest to the oceanographers and wind data of most interest to
the melteorologists and the interest in the supplementary instruments is



weighted accordingly. Howcever, the rule is not hard and fast and there is
considerable scope for combination and complimentarity in the selection of
the instrument package. Data from lhe microwave instrumentation could
be useable immedialely in operational forecasting, modelling, and
engineering design work as well as in various research fields.

The inclusion of an ocean colour monitor or a sea-surface temperature
instrument would provide information mainly in research applications.
Ice data both from Arctic and Antavctic areas is mainly of interesl for
alobal modelling. '

The Radarsat microwave package, following on from and complimenting
caverage by ERS vehicles could greatly improve key data collection from

the Southern Ocean areas for theglobal weather model and for improved
regional and local forecasting in arecas that will probably be seeing increased
activity in resources exploralion and exploitation within the project time-
scale.

The case for microwave ocean/met data gathering can be summarised
as follows:

1. To fill in gaps in key data in the present global data collection
networks. '
2. To add new types of information, and different ¢ualities of

information on a synoptic basis.

3. To provide additional coverage for specific projects, areas, or
events on an ad-hoc basis.

4. To calibrate information from global observation stations and
provide interactive measurements.

5. In the case of the imaging SAR,to provide an additional element in
the monitoring of vessels and other objects.

Ideally, processed information of key meteorological parameters like
wind field data should be avilable at the synoptic, 3-hour internal for
distribution by the Global Telecommunications System. Ocean data from
selected sites in the Global Observation Network would be required less
frequently. Data for individual projects could only be supplied on an
opportunity basis.




The UK is a world centre for meteorological and oceanographic data and for
ocean operations and engineering. Specific interests of U. K. bodies place
importance on data for:-

- - General up-grading of world meteorological and ocean data for
operations-immediate purposes and longer term modelling and
archiving;

- Specific offshore areas for operationat pla'nning and the estab-
lishment of engineering design tolerance.

There are complémentary intevests in ship and data buoy networks which
could be closely integrated into the data collection system.

The monitoring réles suggested for the SAR facility include marine traffic
census, fisheries control, and search and rescue operations. In the last
case position-fixing and radio-relay elements would be combined. As
coverage of sea areas will be either partial or intermittent, the data can
be expected to be only part of a multi-element systems. Its use outside
the range of the primary stations will require additional, though possibly
down-graded quick-look, stations. Some of these could be mobile ship-
board facilities.

Suggestions have been made to up-grade packages proposed so far by incre-
asing the performance of supplementary instruments and increasing comple-
mentarity and by providing additicnal instruments.

UK group suggestions for payload objectives include the following.

1. Improved altimetry

This would be for hetter wave data and for geoid studies and
would combine Improved satellite position fixing with high-
accuracy on-board instruments. The Radarsat payload would
be one element in a global altimetry system which would irclude
other satellites and ground radio, radio-reflector and laser
position-fixing networks.

The European interest group of which the UK forms a part

is looking for an improvement to 1-2 ¢m accuracy in the 1990s
compared with a carrent state-of-art of 5-10 ems. Othor
satellites likely to be involved in the project are later ERS

and SPOT vehicles and Indian remote sensing satellites.

Other vehicles will, however, be necessary for geoid and occan
tidal effect studies as remote sensing satellites are Jimited

fo sun-synchronous orbits. One suzgestion is for small dedicated
altimelric vehicles on the pattern of the University of Surrey
low-cost vehicles.
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2. Atmospheric pressuve sounding

This is the element of most interest to the operational meteoro-
logists and inclusion of a pressurc sounder could considerably
incrcase interest by that community. An atmospheric micro-
wave pressure sounder as proposcd, hut not accepted, for the
ERS5-1 payload could ideally be combined with a wind scatterometer
as their data would be mutually corvective. Altimeter data could
also enhance the readings.

Both data lypes would require on-board storage and additional low-rate
read-out stations as global coverage would be required. In the case of the

weather forecasting interest a fully operational service would be required.

3. Upper atmosphere data

There is considerable UK research interest in upper atmosphere
and considerable experience in instrument development in this field.

Land Applications

SAR imasery is secn io he of intcrest for terrestrial studies in the fields of
soils, vegetation, crops, geology and hydrology. For the most part, for
these applications, once-off, non itime-dependant data has sufficed to date.

In future there is expected to be more interest in temporal comparisons
giving rise to more demanding acquisition schedules. Satellite SAR data
could have a rdle in monitoring land features demanding high spatial reso-
lution over the short to medium term, equivalent to ice monitoring. This
would be particularly the case in areas subject to high cloud cover frequencies.
So far, however, none of the applications proposed for this mode of operation
have atiractedsufficient support to justify a dedicated operational programme,
or one in which the user is the primary client.

It should be appreciated that Radarsat SAR imgery will for the most part
be regarded as one of a number of remote sensing sources available to the
various disciplines. Tt will probably continue to be used mainly as a

“supplementary rather than a primary data source.

Altimeter and position data, particular if it is at the highest possible spec.,
will attract interest for geodetic survey and operational position fixing
(including, possibly, in search- and-rescue situations). Again, this will be
only one of a number of potential sources for users.

Requirements for high resolution visible band and infrared imagery will
be essentially the same as for the Landsat and SPOT programmes. Such
an instrument aboard Radarsat would contribute to already well-developed
and expanding programmes of use for this type of data. However, for the
full opportunity to be realised, on-board storage and/or high-rate data




stations will be required, though these would presumably be joint facilities
dealing with similar fransmissions from a number of vehicles.

Geographic Coverage Requirements

Certain of the applications discussed so far have been aimed at global
interpre_tatior;s of meteorological, oceanographic and geodetic parameters.
Clearly the data collection requirements would ideally be global in these
cases, though this does not rule out valid possibilities for select area cover-
age as the Radarsat vehicles will be one element in an integrated global
satellite observation system. The interest in this type of data is international,
either of value for the scientific community in general or to users of the
global services. This does not preclude specific UK-national interest in
becoming a data and service centre for world-wide users,

Some specific UK requirements may thus have global scope, but inevaluat-
ing UK interests it is necessary to determine the geographic areas of
primary interest as these will have a considerable bearing on national
initiatives in data acquisition and supply and the necessary supporting tech-
nology.

In the area of marine applications the main interest is 'UK designated
walers' including the Rockall Shelf for forecast and engineering data prima-
rily for oil operations. Current requirements will extend well into the
proposed Radarsat time-frame with general movement of arcas of prime
interest towards the edges of the continental shelf. Because of the leasing
mechanisms, however, it is not possible to identify specific blocks of
interest more than 5 to 10 years ahead.

The extent of UK d'esignated waters, their strategic importance and the extent

of interest in them assures a strong case for direct data acquisition from

Radarsat by a UK station or stations. Beyond these the areas between Green-

“land and Norway have particular strategic significance and justify UK

interest in a high latitude reception station.

Oil intevests, and to a yob undefined extent other offshore resource exploit-
ation interests, dominate many other areas of continental shelf. Many of
these are only just beginning to be explored and it can be foresecn that

there will be a considerable need for operational forecasting scrvices for

the exploitation phase and pre-exploitation data collection for engineering
design and planning purposes. Again, it is difficult to predict which

shelf areas will be of interest in the Radarsat time frame. The position is
clouded by the lack of international agreements on the explotation of the
sea-bed beyond national limits and on the Antarctic Shelf.

Because of the strong scientific and commercial presence in the field it can
be expected that UK intevests could emerge in any of the new continental shelf
arcas being developed.  The approach to data acquisition from these areas



by satellites cannot for the most part be pre-determined.  Conscguently
Radarsat coverage will be fortuitons and the abilily to make use of it
dependant on establishing read-out stations where the need arises.

The Falkland shelf and Antarctic waters, however, are one arca of part-
icular intcrest to the UK by reason of our extensive historical and seientific
jnvolvement in Lthe area, and because of the likelihood of a huge resources
potential. Any prospects are long-term so that even the 10 1o 20 year lead-
in time for data collection considered necessary for new marine exploitation
areas could be serviced in the Radarsat time-frame. Ambitions of this kind
require that a long-{erm data collection network be set up covering the area
and including a high-rate satellite data station. The UK has substantial '
research interests in the Arctic, working in collaboration with Canada and on
other international programimes.

For lar.d applications it must be concluded that data from any Radarsat
instriments will anly be obtained on a fortuitous or ad-hoc basis, depending
on acquisition station policies or orbit patterns determined for other reasons.
UK coverage would be supplied by a UK or Luropean station justiified prima-
rily by maritime applications.

As with ocean applications, UK land application interests are world-wide

and requirements for data could arise virtually anywhere. It can be envisaged
that new regional reception facilities could he established to serve as yet
anidentified projects of sufficient importance. However, such facilities would
be unlikely to be exclusively for Radarsat.

Eurapean Interests

European interest in Radarsat (and in other sources of SAR) are of interest
to the UK in the context of the services that might be provided to other
European countries. Though, of the European countries, the UK has potentia-
lly the greatest interest in radar imagery, there is strong interest

in several other countries. Though visible and IR coverage is undoubtedly in
greater overall demand, the selection of AMI (active microwave insirument)
as the primary system on ERS-1 confirms this, the visible/IR MSS role
having been pre-empted by the French SPOT programrne.

For the secondary instrument data it can be assumed that there will be at -
least an equivalent European demand for data, particularly as, in the case
of the low-rate instruments, major uses are in internatiopally - organised
applications.

Estimates for European (ESA member-states) demand for remote sensing
satellite data (including SAR) were made in the FEDS (Future Dissemination
Systems) study carried out for ESA in 1980. The model used did not include
Radarsat, but assumed a continuing SAR service following-on from ERS-1

using equivalent proposed vehicles.
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Table 1

European SAR Coverage Requirements on basis of 100 x 100 km
Scenes for Furopean Earthnel Coverage Arca )

Coverage. Annual Utilisation] Total No.

User Group No. of Sceones Repetilion | Faclor of Scenes

acquirable(!) Reguired
Mineral Exploration 345 1 .2 69
Land Use Planning 204 1 .1 21
Crop Management 82 13 .4 427
Disaster Warning 20 2 -4 16
Ship Reuting 162 26 .4 1685
QOcean Engineering 137 6 .2 165
Offshore Qil Operations 137 26 .4 1425
Offshore Mining 324 13 .2 843
Military Operations 3240 26 .4 33696
Ocean Survey Cperations 324 13 -1 422
Environmental Monitoring 150 26 .4 1560
Search and Rescue 324 2 L2 130
Transportation Management 150 26 .2 780
Scicntific Research ' 324 1 .1 33
Annual Total Acquisitions 41272

(1) Coverage area of stations at Kirura, Mas Palomas and Fucino.

Source: Future Earthnetl Dissemination System Study. ESA. 1980.




Table 1 is a summary of a prediction user model for the European area of
the proposed Earthnet data dissemination gystem, a good part of which is
UK designated waters ( see Figure 2 ). It shows an estimate of demand
by user-groups in terms of numbers of standard 100 x 100 km image scenes
multiplied by the annual repetition and down-graded by a notional utilisation
factor determined from estimates of data value and the credibility of the
user group. The number of scenes determined per year is the probable
upper level of actual usage that will be established in the 1990's, if satellites
are available to supply the data. The demand growth is projected to start
with ERS-1 with exponential growth taking place following the establishment
of an operational service, and achieving saturation at the levels indicated
after 7 to 20 years. '

The main feature of this model is the predominance of the military demand
which, if it emerged,would be comprehensive both in area coverage and
repetition time. The importance of this potential demand to justify an
operational satellite SAR service warrants major efforts being made to
interest the military in the project.

A number of conclusions and implications can be drawn from these projections:-

- There is a substantial European demand for satellite SAR but
a large part of this is for military use. Implications are that
the military might require their own secure data systems as
national ventures or through a centralised executive body
like NATO.

- From the nature of satellite SAR coverage, morc than one
' satellite would be necessary to provide a multi-purpose opera-
tional service. This is a requisite to achieve the full customer
demand and Radarsat is clearly a candidate for this.

- Several high-rate read-out stations are necessary to service
the Buropean Earthnet demand area. Though the Earthoet
model assumed stations at Kiruna, Fucino and Mas Palomas
(see Figurc 2) station details are not yet determined and this
will not necessarily be the distribution of radar read-out stations,
particularly as data processing has been taken out of the ESA
programme and will now became a national responsibility.
There is a casc for a UK station covering the whole N. E. Atlantic ‘
area and most of Western Europe and supplying a large part of
the Furopean user's needs. This has been proposcd for the
ERS sevies and the prospect of Radarsat reinforces the case.



Needs for Data Stations

These arise from user requitements and the provision of ground stations
is ap area in which there are major prospecis and advantages for UK
involvemnent. Associated with the Radarsal programme are four main
kinds of station opportunity.

- High-rate, full specification SAR receiving stations with associated
advanced precision processing facilities.

- Quick -look or down-rated SAR reception facilities, available for
less cost.

- High rate stations for a visible/IR imaging instrument (QCM/MSS)
if one of these is included in the secondary package.

- Low-rate stations for other secondary inslrumentation.

It is unlikely that separate reception facilities for an OCM/MSS type
instrument on-hoard Radarsat will be required as it can be serviced by
stations planned for similar Landsat and SPOT instruments in Europe and
elsewhere in the world. Individual facilities for other secondary instru-
ments will be relatively small and simple. The most interesting prospects
for the UK lie in the SAR reception and processing facilities, particularly
if these are combined with ERS-1 needs.

- A high rate SAR station in the UK, which, hecause of its area
of coverage, would serve most of the Furopean requirements.
This would have associated facilities for precision processing.

- Quick-look or reduced-spec. raw-data acquisiton stations only
for possibly for special purposes - e.g. military applications.
Such stations could be portable.

- . Regional SAR stations. These would be permanent stations of
high-rate or reduced specification fypes depending on require-
ments. They would cover areas of UK interest as part of
national or international programimes.

A full-spec. UK SAR station would comprise a major project for UK
industry. In order to gain the maximum benefit for such an approach to

the ERS and Radarsat programmes it is essential that the station should

be specifically tailored for the purpose and not be an ad-hoc arrangement.
The case for a UK reception facility is strengthened by the already advanced
and planned development of complementary SAR image processing
facilities at RAE.
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The establishment of such facilities will be a major encouragement for
the development of UK expertise in the subject of imaging radar in which
we already have a lead. It will allow the development of operational
experience which will be of great value as a market for overseas facilities
and services develops. The setting up of a UK station, intially for ERS- 1,
could effectively capture the market for satellite SAR data in the European
sector as it is unlikely that other countries would seek to duplicate, in the
first instance, such expensive installations.

Lower specification SAR stations could be in demand to take advantage of
Radarsat coverage anywhere in the world. These would include quick-
look stations for operations of limited scope and/or advanced, but still
slightly down-graded portable stations which could either be constructed as
easily transportable units or mounted on ships. Their possible rdles are
in military or military-type surveillance and coverage of new areas of
special interest - for instance for an ocean-data collection campaign for

a new continental shelf area.

The Tromso quicklook station set-up for Seasat is an example of the

first kind. In the second case a ship-borne SAR station combined with
satellite altimeter or scatterometer and met-data reception could form part
of an ocean data system including data buoys and ship ohservations.

The possibility of the UK installing high-specification regional stations

is not high unless a UK reception facility is established in the first instance.
The idea of a station giving coverage of the Antarctic has been suggested
and this is certainly on an area where there could be a concentration of UK
interests in the long term. Presumably a SAR station would be combinred
with other satellite reception and relay facilitics. Technologically there

Is no scrious obstacle but logistics would be difficult. For this operational
experience In connection with a UK facility would be invaluable. Other
European countries like West Germany have research interests in the
Antarctic and the possibility of a bilateral approach could be explored.

Propositions for stations in other regions established for, or in collabor-
ation with the local authoritics could arise. Most of UK Arctic interests
can probably be covered by Canadian stations but there is a case for a
military orientated station in Northern Norway.




5.1

STRATEGIC IMPLICATIONS

The establishment of a satellite service by Canada,whose objectives are
primarily to facilitate the exploitation of very large new oil and gas
resources,secondarﬂy to improve world meteorological and oceangraphic
forecasting services,, and also to contribute in other fields, must have
substantial strategic implications to the UK. With respect to specific UK
interests, considerations fall into three main categories;-

- The implications of the new hydrocarbon resources coming onto
the world market. _ C

- The implications of improved data on new resources-rich continental
shelf-areas,

- The scientific and technical position in Canada vis-a-vis the UK.

Oil and Gas Supplies

Considering the uncertainties in supply, demand and even in short-term
development policy in hydrocarbons, only the broadest implications can
be drawn.

New finds on the Canadian North Shore, including in the Beaufort Sea, and
off EasternSeaboards are likely to lead to Canadian self-sufficiency in oil
products in the near future, with the favourable situation continuing long-
term. In the even longer term the very large inland heavy oil reserves
suggest even greater hydrocarbon security.  Under these circumstances
there is everylikelihood of Canada becoming a substantial exporter of oil.
Large discoveries, particularly on Melvillie Island on the Arctic Pilot route
indicate a similar position for natural gas - which could be shipped out as
liguified natural gas (LNG) or possibly, in some propositions, converted
to liguids like methancl for easier transport.

The natural market for surplus Canadian hydrocarbon is the USA. However,
there is the possibility of export to Europe and several FEuropean countries
have been looking at Canada as a strategic source. The development of the
Artic Pilot Project will considerably improve the position with regard to
Canada as a supplier to Europe and allow direct export of crude or only
primarily ~ processed products (LNG, fuel-grade methanol} to Europe
direct, though this would have an effect on refinery development in the

Gulf of St. I.awrence and the Canadian Maritime Provinces. Europe on the
other hand has a refinery capacity surplus.

Considering the world oil supply position in general and the time-scales of
planned development, Canadian exports to Europe past 1990 should not
adversely affect UK exports and would fall in well with Furopean ohjectives
to diversify sources of supply, particularly away from the middle Tast.
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5.3

The position with regard to gas may be less favourable as the ec:dnomics of
long-distance transport of LNG or gas-derived liguids like fuel-grade
methanol are less favourable and Canadian exports would be competing with
very large long~term exports from sources nearer to Europe. Question of
energy security will have large bearing on this.

Resources Areas

With the extension of hydrocarbon exploration and exploilation offshore there
is an increasing demand for environmental data from continental shell areas.
Over 300 major oil and gas oifshore basins have been recognised with key
areas of intercst like the North Sea and Labrador Sea already being exploifed
under difficult circumstances. Many other basing are only beginning to be
explored and in the medium term we can expecet that arge aveas of the
Antarctic continental shelf and the adjacent areas like the Falklands shelf will
come to be exploited. Exploitation is already underway on for south as
Tierra rlel Feugo. '

Etfficient exploitation of offshore areas calls for long-term ocean-met data
collection and as good g forecasting service as possible to assist planning
and design and actual operations. Radarsat will be a valuable contributor of
such data.

Apart from its own considerable area of 'degignated waters' the UK could
have an interest in alinost any other new offshore resources area through its
internationally operating industries and where it could exploit its expertise
in offshore and oil technology acquired in the North Sea. Of these areas the
Antarctic and its fringes are of particular interest. The UK has a long esta-
blished background of research in this area and the question of an Antarctic
satellite receiving station has already been raised in Section 4.3. On top of
the requirement for planning and operational data in this area, that could be
partly supplied through a Radarsat series, the current crises over the
Falkland Islands suggests that there could be considerable securily benefits
from an improved system of Southern Hemisphere surveillance. Radarsat
timing corresponds with the expiry in 1989 of the Antarctic Treaty, which,
if not Tenewed will be bound to lead to many conflicting claims. Under these

" eircumstances an additional vehicle in the global observational system could

be of particular value to European and Canadian interests in the area.

Science and Technology

Canada and the UK clearly have large arcas of common interest in the fields

of science and technology so as Canada's objective to obtain technical excellence

include international collaboration, the UK is potentially a favoured partner.
Specifically the two countries already collaborate in Arctic research and
interest by the UK in satellite data acquisition systems designed for this
could clearly be complementary. Such a link could be profitably extended into
Antarctic and Southern Ocean work.



A UK POSITION : PROVISIONAL RECOMMENDA TIONS

General

UK participation in the Radarsat programme is desirable for a number
of reasons ;

- It is a major remote sensing satellite project promising to
establish an operational service in a variety of data types of
interest to UK users. Co-

- It will be 2 major element of 2 glohal satellite data collection
network in which the UK can be expected to be involved on at
least a regional basis.

- It offers a number of opportunities to UK industry for long-term
collaboration in the development of hardware and services.

- It is essentially compatible with the remote sensing programme
objectives of ESA in which the UK can be expected to play a
leading role.

UK direct industrial opportunities fall broadly into two arcas.
- Opportunities in space engineering and on-board instruments,
- Opportunities in data processing equipment and services.

Of these the first appear to be of the most immediate interest and is more
exclusively bound to Radarsat. The data processing and services
opportunities, on the other hand, will form part of the developing UK
posture in satellite remote seusing overall.

As the previous report sections describe, industrial opportunities on the
spacecraft side lie in the provision of LSat as the bus vehicle for the
series and the provision of a range of on-board instruments, complete
or in part.

On the ground segment side the assurance of a continuing service in SAR
data and the expansion of interest in this data could create a market for
data stations and SAR processors of varying size from full specification
main stalions to limited capability quick-look or tactical portable stations.
Data from Radarsat could contribute to regional data services provided by
the UK, particularly from microwave instrumeats and emphasing
ocednographic and meteorological applications.



6.

Space Segmiont Stralegy

Until the final specification of the vehicle and instrunents is decided upon,
the strategy should specifically concentrate on the following items:

i. The promotion of LSat as the hus,
Studies on the modification of LSat as a low-earth-orhit SAR-carrying
vehicle have been undertaken by BAe for ESA and BAe is in close
contact with Canada over the pogsibility and the wider prospects for
collaboration in a major LSat programme development. ‘

ii. Collaboration with Canada in the development of the C-band SAR
system, principally involving Marconi and using the expevience to
be gained with the ERS-1 AMI.

iii. Promotion of a range of secondary instrument possibilities that
could be provided by the UK.

Of these the first line of activity is well underway and various options are
being pursued by BAe and Dol and an outcome in relation to Radarsat can

be expected before the end of the study in September 1982. The selection
of LSat could have a considerable bearing on item iii, allowing, possibly,

more than one instrument in the secondary package. It should be borne in
mind, however, that LSat may prove not to be a satisfactory solution.

Possibilities of collaboration between Marconi and Spar Aerospace in the
development of space-borne SAR are already being considered but it is
felt that further encouragement is needed in this area to secure for the
UK a commanding position in SAR development.

Activities in exposing the full range of UK capability to provide secondary
instruments and supporting systems are only now getting underway. Despite
the initial preference in the provisional concept design review for a
scatterometer or a high resolution imaging instrument as the first choice
for the secondary package, the fact that Canada is also looking for the
secondary instrument to be provided free suggests that the final selection

"may be more open than this. The choice of 'bus also has a major bearing

in the instrument package. It could be that an offer by the UK to supply a
secondary instrument and to enter into an arrangement on the bus could
be closely inter-related.

At the moment a high precision altimeter combined with an improved
satellite tracking and position-fixing system appears to be the best prospect
for the UK both on commercial grounds and in terms of the value of the data
provided. Ideally, a combined package of allimeter, scatterometer and
AMPS with an advanced position-fixing system would give the most valuable
immediately perceived results in meteorology and oceanology. The UK
could, however, also provide or contribute to a passive microwave or a
visible-infrared imaging instrument and associated pointing systems.




6.3

Data Segment Strategy

Acquisition and dissemination of Radarsat data will form a part of a
postulated UK strategy to provide regional satellite microwave coverage
over the eastern Atlantic and western Europe. This is compatible with
the UK developing its leading role in global met=orology and oceanology.
Both these are prime objectives in an overall remote sensing policy and
will be a driving force in the development of SAR processing in the UK
leading to industrial opportunities for data stations and processing
equipment, and commercial opportunities in data services .

Clearly government has the key role in the data acquisition strategy
through RAE. It may be possible to obtain support for the development
of the service overall firom the EEC and IMCQ. '




ANNEX I

THE ARCTIC PILOT PROJECT
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INTRODUCTION

The Arctic Pilat Project (APP) is designed to test
the feasibility of producing natura!l gas from wells
in the Arctic Islands, transporting the gas by a 160
km buried pipeline, transforming the gas into li-
quefied natural gas (LNG), and shipping the LNG by
ice-breaking carrier to a regasification plant in
southern Canada ~ all on a year-round basis,

The project has been called a pilot because it is
designed at the minimum scale necessary to prove
the technical and economic feasibility of delivering
Arctic Islands natural gas by ship. It will be one-
tenth the size of any full-scale alternative for the
gelivery of Arctic gas. Even though the project is
smaitl in scale, it offers significant benefits far
transpartation and industrial development, job crea-
tion and access to frontier resources.

The project represents the leading edge of
technology. Implementation of the project at this
time will allow Canada to acquire the experience of
developing, on a controlled scale, transportation
sysiems that will be needed for future movement of
northern resources.

Petro-Canada initiated the project in 1976 as a
way to stimulate frontier exploration and to in-
crease Canadian energy supply. The other par-
ticipants in the project are NOVA, An Alberta Cor-
poration; Dome Petroleum Limited; and Melville
Shipping Ltd., all of which are large, responsible
Canadian companies.

NORTHERN FACILITIES

The supply of gas for the project will originate
from the Drake Point gas field on the northern
Sabine Peninsula of Melville Island. Natural gas
was f{irst discovered in this area in the late 1960s.
Continued exploration has since proven that
reserves in the field are in excess of 150 billion m3.

Panarctic Qils Ltd. will own and operate the pro-
duction wells, the gathering system and other
facilities to produce the 60 billion m3 of gas re-
quired during the 20-year life of the project.

From the Drake Point field, the gas will be carried
south 160 ki by a 559 mm diameter pipeline across
Melville Island to the liquefaction plant at Bridport
Intet.
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Since Melville Isiand is in a zone of continuous
permafrost, a buried chilled gas pipeline will b:
used over the entire route. The gas flowing into the
pipeline will be chilled to -6°C to prevent melting o
the permafrost. \

Bridport Inlet, on the southern coast of Melvillé
Island, is a 93 km< natural harbour. It is here that th
natural gas will be liquefied and temporarily store
before being loaded onio the ships for the 5200 k

" journey south. .

The natural gas will be liquefied in a series ol
steps in which it is cooled to about -162°C. During
this liquefaction process each 600 m3 of natural gas
is reduced to about 1 m3of LNG, resulting in a very
compact energy source, ’

The LNG plant and storage tanks will be barge
mounied. It is planned that the three barges will k=
built in southern Canada where control over cos' -
and construction schedule can be efiectively mai.
tained. The barges will be towed to Melville Istan -
and installed there as part of the Bridport facilities:,

SHIPPING

* The two ships carrying the LNG to southern
markets will be among the most sophisticated and:
powerful commercial vessels ever built. They wili be!
the world's first LNG carrying ships with ice-
breaking capabilities. Each ship will be 395 m in
length overall with a beam of 50 m and will have a
draft of 11.5 m in open water, 18 m in ice.

The route to be taken by the ships has been
carefully studied ior several years using satellite
imagery and on-ice surveys. The histaoric size, loca-
tion and number of icebergs and ice pressure ridges
have been taken into account in designing a routa
that will optimize fuel consumption withou:
adversely affecting the environment.

The route chosen reflects the current state of
knowledge of physical and biological processes in
the regions traversed. This route will continue to be
studied both before the shlps are launched, and dur-
ing the operations phase. Each ship passage wilr
avoid or minimize environmental damage and
physical hazard to the ships and crews. it will alsc
preserve public safety and the traditional northern
way of life, while maintaining economic feasibility”™
of the prolect

As an indication of the part:mpants concern for
preservation of the environment, during the past -
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year the route has been revised. The resulting route
is a somewhat narrower corridor, aveoiding en-
vironmentally sensitive areas, particularly in the
Arctic. In consideration of resource harvest areas
along the Greenland coast, the route has been ad-
justed to a minimum of 100 km offshore.

Propulsion for the ships will be provided by a
combined gas turbine/steam turbine system, a
choice that makes full use of the LNG cargo boil-off
which occurs naturally on all LNG vesseis. This
boil-off occurs as a result of heat flow from the en-
vironment to the relatively cold cargo, causing a
small percentage of the LNG to vaporize. The use of
gas as a fuel source makes the carriers non-
polluting energy transporters.

Each ship will have two crews of 42 persons
which will aliernate voyages. Heturn voyages are
estimated to take 33 days in winter and 16 days in
summer. A total of 16 trips per ship per year will be
made, K : , _

The ships will be fitted with the most up-to-date
radio and satellite communications equipment. Ad-
vanced radar and ice detection systems will be in-

cluded along with independent position-fixing
equipment. '

All LNG ships have double hulls in order to pro-
tect the containment systems. The APP ships will
extend this concept by having double hulis
thraugheout and by strengthening the outer hull and
support members to withstand the ice loads to be
encountered. Movement through ice will be at a
reduced speed to further enhance the safety of
operalions. '

SOUTHERN FACILITIES

The APP participants and TransCanada

"PipeLine's {(TCPL) have. undertaken extensive

studies of the potential terminal sites in Eastern
Canada. After careful review of all factors there are
two possible sites for the location of these
facilities: one is at Gros Cacouna in the Province of
Quebec, and the other at the Strait of Canso in the
Province of Nova Scotia. Both locations are accep-
table to the sponsors on the basis of environment,

socio-economics, shipping capability and public
safety. :
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At the lccation of the terminal, TCPL will con-
struct and operate the unfoading dock, storage
tanks, revaporization cquipment and fully in-
strumentied control facilities. Nearby will be office
space for the land-based, carrier support siaff,

The LNG will be unloaded from the ships into two
100000 m3 siorage tanks. This liquid will be
pumped up to pipeline pressure, and converted to a
gas. The gas will then be distributed to the market
via conventional pipelines.

It regulatory approval for the project is recaeived
early in 1582, delivery of Arctic gas will begin in late
1885 or early 1986. This gas will be soid to Eastern
Canadian customers at the prevailing local price. In
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exchange, Western Canadian gas, which would .

have been pipelined east to supply this market, will
be displaced and sold to customers in the United
States at the prevailing current border price.

REGULATORY PROCESSES

Appraval from various levels of authority is re-
quired before development endeavours such as the

APP are permitted to begin construction and opera- -

tions.

As a first step, in April 1930, the federal En-
rironmental Assessment and Review Process
EARP) panel, operating under the auspices of the
Department of the Environment, held detailed hear-
fngs in four Arctic communities. In November 1980,
he Department of the Environment recommended
approval of the northern components of the project,
subject to certain conditions.

At the provincial level, public hearings were held
in Quebscin January and February 1981, and accep-
tance of the Gros Cacouna terminal was given in
luna. In Nova Scotia, public hearings were held in
\pril and June 1981, with approval granted for the
Melford Point terminal in September.

During the summer of 1980, an application was
nade to the National Energy Board (NEB), the
Department of Indian Affairs and Northern Develop-
nent and the Department of Transport. The NEB
1as reviewed this information and scheduled public
hearings concerning the technical and economic
aspects of the project to begin in February 2, 1982,
iased on the Board's assessment of the evidence
presented, -a recommendation which may incor-
porate the EARP findings and provincial conclu-
ions will be presented to the federal Cabinet as to
1e terms and conditions under which the project

S en D e AT A A e T

may proceed.

If reguiatory approval from agencies in the United
Stales is not received for the import of displace-
ment gas, the flexibility of ship transportation could
allow different markets to be served. For example,
the LNG could be sold to the European market
where regasification terminals and other LNG
facifities already exist.

The distance from Melville Istand to northern
mainland Curope and Eastern Canadian ports is
comparable,

CANADIAN BENEFITS

As a unique venture, the APP promises to
generate significant benefits for the development of
year-round arctic shipping, Canadian frontier in-
dusirialization, resource access and development,
and national and technological soversignty. The
project will provide cxtensive opportunities for the
development of new technology in such areas as
ship design, fabrication, and operations; arctic
engineering, communications and navigation; en-
vironmenial data collection and eceanography; and
ermergency management.

A major component of the APP is the long-term
commitient to a research and development pro-
gram. This program will address environmental,
socio-economic and technological issues over a
20-year period. The program will be staffed by a
combination of northern residents, APP personnel
and scientists from Canadian research institutes.

The APP personnal, for some time, have had
ongoing and extensive discussions with residents
of northern communities on all aspects of the pro-
ject. The proponents intend to continue this policy
and anticipate a high level of involvement in the pro-
ject by northerners.

A special purchasing policy and implemeniation
plan have been developed to ensure that maximum
industrial benefits are obtained, for Canada during
construction and operation of the project.

‘Preference will be given to Canadian suppliers

where the choice is consistent with normal com-
petitive criteria. In cases where technology is new
and vital to Canada, some preference beyond nor-
mal eriteria will be given to Canadian companies.

e e
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PROJECT DESCRIPTION:

The Arctic Pifot Project is designed to produce and liquely 9.0 miltion ms (317 inillien standard cubic feet) of natural gas per day in the Arc-

fic and move it to eastern Canadian markets in ice-breaking ships.

GENERAL

Project partners: Petro-Canada Exploration Inc, {37.5%); NOVA, An Albzrta Corporation (?5.0%): Dome Petrotzum Lid. (20.0%); Melville
Shipping Limited (17.5%). Pariners in Melville Shipping are Federal Commerce anrd Navigation .td., Upper Lakas Shipping Ltd., and the

CSL Group Ine,

Cost of project; $1.5 billion, excluding field development and southern receiving terminal (1930 dotlars), (52.1 billion as built).
Date of application 1o National Energy Board o export gas: October, 1880, '

Development tima and meney gpent lo date: Five years and $33 million, to ruiddle of 1831,

Consiruction time: Four years. (10,000 man years for ships, 13,000 man years far other).

Project life: 20 years.

NATURAL GAS FIELD DEVELOPMENT
Ownership: Panarctic Oils L1d, 100%.

Field Location: Drake Point Field, Melvitle Isiand, NW.T.
Fieid gas reserves: 150 billion s (5.6 trillion cubic feet).
Gas reserves required for project: 60 billian m3 (2.2 trillion
cubic feet}.

Cost aof field development: 5164 millicn (1980 dollars), (5279
million as built).

Operating siaff: 21

PIPELINE

Cwnership: Arctic Pilot Project

Length: From field ta Bridport inlet ~ 160 km (100 miles).
Diameter: 56 cm (22 inches’)

Pipeline cost: $138 million (1830 doliars}, {3188 million
as built).

Operating statf: 6

LNG FACILITIES
Cwniership: Arctic Pilot Project

Location: Bridport Inlet, southern coast, Melville Island, NW.T,

Terminal costs: $620 million {1980 dollars), (3861 million
as built).

Terminal storage capacily: 200,000 m3; barge-mounted
Operating staff: 40 on site

METRIC CONVERSIONS
1 m3 of natural gas 35.3 cubic feet
1m3of LNG = 628 mS of gas

1im = 3.3 fee!
1 km 0.62 mile

-162°C = -259°F

il

1

I

ABBREVIATIONS
hp = harsepower
——— e

MARINE TRANSPORTATION
wnership: Arclic Pilat Project
Number of ships: Two
Classification: Arclic Class 7 icebrcakers
Length of ships: 393 meires
Beamn of ships; 50 matires
LNG capacily for each ship: 140000 m
Power Tevel: 112 megawatts (150 000 hp.} - gas lurbinelsteam
turbine (four tirmes that of standard LNG carriers of compar-
ahle size).

Duration of vayage: 33 day round teip in winter
16 day round irip in summer
Cost of two LNG carriers: $525 million {1980 doftars), {5919
million as built).
Opefating staff: 42 per crew (4 crews}h

SOUTHERN RECEIVING TERMINAL
Ownership: TransCanada Pipslines 100% .

Location: St. Lawrence River, Quebec or
Strait of Ganso, Mova Scatia

Terminal Costs: $189 mill;on {7980 dollars), (5289 million
as buill).

Terminal storage capacity: 200 000 m? in two tanks
Operating staff: 43

CONNECTING PIPELINE

Ownership: Trans Quebsc and Maritimes Pipeline Inc. 100%
(TransCanada PipelLines 50%,
NOVA, An Alberta Gorporation 50%)

Flpeilne ‘cost; 534 million (1980 dollars}, ($49 million

as built).

PROJECT SHRINKAGE
Melville pipeline NIL
Bridport plant 6.8%
Marine transport  69%
TOTAL  13.7%

b= W
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Radarsatl Specilications

Vehicle ERS5-1: Comparison
Orbit 1001 km 663.6 km
Inclination 99. 48° 98°

Design life 80% to 5 years -

T.aunch compatability STS/Ariane 1V

Main Instrument

SAR
Frequency C-band/5. 3 GHz 5.3 GHz
Addressable Swath Domain 500 ki -
Acquisition Swath 150 km 75 km
Look Angles 20-40" (stecrable) 35°
Look Direction Left
Subswaths 3-5
Resoluticn 25m 30m
Ground Position Accuracy Pixel - 100m (Geocoded data)
Coverage/ILooks 1 per 24 hrs N of 70° N

1- 2 per 72 hrs 00 to 70° N
Duty Cycle in Sun 15 - 20 mins.
Duty Cycle in Eclipse 10 - 15 mins,

(plus low-rate instrument data).
Data Sforage Limited

Secondary Tnstrument Package

First Choic_e_: Determined
- Scatterometer ’ . r ' Scatterometer

combined in AMI.

Frequency Ku-band/14.5 GHz C-band/5. 3 GHz.

Altimeter
combined in AMI,
C-band/5. 3 GHz.

Along-Track
Scanning Radio-
meter. '

Second Choice:

- Unspecified VIR
(Visible-infrared Imaging Radiometer).
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ANNEX IIT

PROPOSED RADARSAT ICE AND OCEAN INFORMATION SYSTEM

Source:- Minutes of Radarsal Information Standards
Commitlee Meeting: September 28/29 1981
Richmond, B. C.



_1}&_&-‘\1&85\}’ fee and Oceun Information System

Whatever sensor combination is chosen for Radarsat, the raw data will be
reccived in rcal time by one or more of three ground stations at Prince
Albert, Saskatchewan, Resolute, NWT, or Shoe Cove, Newfoundland.
Alternatively, there may be a single receiving and processing facility at
Churchill, Manitoba,which would be less costly, but feasible only if the
satellite orbit is sufficiently high (1000 km or more). SAR,and other necess-
ary,data processing facilitics will be located at the Prince Albert and Shoe
Cove Stafions. Raw SAR dala received by these stations will be converted
to imagery and then transmitted on to users including Ice Forccasting
Central in Ottawa for intervpretation. Raw data [rom Resolute will be
relayed cither to Prince Albert or Shoe Cove for processing. Other sensor
dala received by the ground stations will be processed and then transmitted
on to the appropriate user or interprelation centre.

Imagery and other data provided by Radarsat will be blended with data from
other sources at Ice Forecasting Central or METOC to produce information
products. Such products would be designed and packaged to meet the needs
of users.

The information network will consist of three different nodes:

(1) main processors (MP s)
(2) intermediate processors (IT s)

{3) uscr processors (UP s).

This terminology was used by AES in defining their future communication
systems frorm 1985 onwards. The communications system for ice and
ocean information between these nodes will probably parallel the existing
and planned AES network.

IP s will receive regional and asynoptic data that does not coincide with

the timing of the MP data stream. IP s receive information for a specific
area as well as products from the MP s. They will store regional informa-
tion not at the MP. IP's will impose their own regional knowledge to data
from an MP. A small number of IP s distributed throughout the system

is envisaged.

UP s will be on ships, at drill sites, GCC, MEDS and others (CCC and
MEDS archival function). UP s receive some data products directly from
the MP and/or the IP, They use the received data for their own purposes.
The described system will be interconnected by a communications network
so that the user can enter the system at any point. It is also consistent
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with the cvolving AES communications system philosophy and implementation.
‘the communication requirements connecling processors will be a major
constraint to design. 1ow the system is used and where data is slored

hus major impact on the communications. For example, to transmil histor-
ical imagery would require a hich bandwidth which adds to the current
information dissemination. Therefore, slorage of information must be
moved towards the UP end of the system to minimize retrieval time for
historical data. Storage at the user cnd however involves high capital cost
for equipment while communication costs would be reduced. Therefore,
there is a fundamental trade-off hetween storage of information locations

and communication needs. The likely scenario will be some storage capa-
bility at the UP since slorage costs/hyte are decreasing while transmission
costs/byle are increasing.

MP's will receive national and synoptic data at regular inlervals. Radarsat
will be a primary dala source but it will be only one of maay which will

include aircraft, ground stalions, buoys, international data and ships of
opportunity. The main MP will be the Ice and Ocean Information Centre
(I0LC). This will be an expansion of the existing Ice Central facility. Other
MP s include PASS, Shoe Cove, Resolute, Van-GOES and the Downsview
Satellite Data Lab. (SDL). Their primary function will be Lo provide
information products to other MP s as well as directly to IP s and UP s.

The MP will also serve as an archiving facility for medium and long term data.
I P's will receive regional and asynoptic data that does not co-incide with

the timing of the MP data stream. IP's receive information for a specific
area as well as products from the MP's. They will store regional informa-
tion not at the MP, IP's will impose their own regional knowledge to data from
an MP, A small number of 1P's distributed throughout the system is
envisaged.

UP's will be on ships, at drillsites, CCC, MEDS and others (CCC and MEDS
archival function). UP's receive some data products directly {rom the MP
and/or the IP. They use the received data for their own purposes.

The system will be interconnected by a communications network so that the
user can drop into the system at any point. It is also consistent with the

" evolving AES communications system philosophy and implementation. The
comrnunication requirements connecting processors will be a major con-
straint to design: How the system is used and where data is stored has

major impact on the communications. For example, to transmit historical' )
imagery would require a high bandwidth which adds to the current information
dissemination. Therefore storage of information must be moved towards

the UP end of the system to minimize retrieval time for historical data. .
Storage at the user end however involves high capital cost for equipment

while communication costs would be reduced. Therefore, there is a funda-
mental trade off between storage of information locations and communication
needs. The likely scenario will be some storage capability at the UP since
storage costs/byte are decreasing while transmission costs/byte are increasing.
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Communications belween processors must he Lwo way, particularly
bebween the IP and the UP. Dala might be sent from (he UP back to the

IP for processing and decision making. Decisions would (hen be sent

back (o the UP. In Dome Petroleum's case, their UP and TP will have the
same hardware at both processors. The IP from Dome would inlerface
with the ice and ocean information system. Provision may be made
however to transmit images dircctly to the 1P or UP of users without going
through an MP if companies wish to operate independently.

Concerning the question of what data gets processed first, there will need
to be a central facility such as the 10IC MP which coordinates the data
processing effort and receives and acts on requests. The IOIC will have
complete knowledge of all data gathering efforts so that users will know
where data is being collected and how to access it.

The TOIC is likely to be a three level processor, MP, IP, and UP if it is
co-ordinated and/or funded by Canadian Coast Guard (CCG). CCG will
require processiog at all three levels for its operations. As well, the
multiple role for the TOIC is needed for users who cannot afford thier own
IPs or UPs.
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ANNEX 1V

POTENTIAL RADARSAT PAYLOAD AND SUPPORT CONTRIBUTIONS
FROM THE U. K. ‘

This summarises the position described in Chapter 2,



Item

Relevant Company/Group
Experience /Inlcrest

Primary SAR System

SAR System cxpertise and
developments,

Future space SAR expervience.

Klystron developments.

Marcont
Marconi

EMI-Varian

Secondary P aquild Instrurnents

Future space scalteromeler
experience.

Future space altimeter experience.

Radar altimeter design.

QCM design experience.
ATSR design experience.

Passive microwave sysiem design.

AMPS

Other Payload Items

FADS - star sensor

-  gyro

- electronics
TPS - design concepts

AMarconi
Marvconi

Rutherford-Appleton Laboratory
BAe

Marconi
Rutherford-Appleton Laboratory

BAe
Rutherford-Appleton Laboratory

Meteoralogical Office
Rutherford-Appleton Laborafory

Marconi
Ferranti
BAe

Rutherford-Appleton Laboratory

SAR Processor and Functlions

Design

Software

Marconi
RAE

s5DLL
Oxford Compulers

Instrument accommodation

Rutherford-Appleton Laboratory

Along track scanning radiometer (infra-red)
Filtered attitude determination system

Abbreviations

AMES : Active microwave pressure sounder
ATSR :

FADS :

TPS : Tracking positioning system

OoCM : Ocean colour monitor

SAR : Synthetic aperture radar.
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1.1

1.2

1.2.1

1.2.2,

PROGRESS

Activities

During the first part of the study activities have consisted primarily

of holdirng discussions with key personel with polential interest in, or
influence on, the Radarsat programme both as recipicents of data from
the satellite or as contribhutors to the programme. A list of contacts in
Annex I summarises stated intercsts and views in both groups.

Survey has also been carried out by ¢uesticnnaire, principally of UK
users who responded to the BAe ERS-1 user survey of 1581 and who
expressed an interest during that survey in SAR or other microwave'’
instrumentation. The results of the survey are summarised in Annex IT.

Discussions have been held with the CCRS programme manager during his
visit to the UK in December 1981 and during a visit to Caaada hy P. Brunt
in January to attend a users briefing meeting and to talk to programme

participants. Informalion on the programme from these sources is
suinmarised in Annex IIL '

Results
These are related helow to the main study tasks :

Programme Information

Contacts have heen made directly with the CCRS programme manager
and the Phase A study participants, Canadian Astronautics and Philip
A. Lapp Ltd during the January visit. A further visit is planned in
March.

Assgessment of UK user interests

A reasonably high percentage of those sent the questionnaire have
responded. Of these, it is acknowledge in most cases that insufficient
is known about the SAR system for firm views to be held on its
performance. Tor this reason UK views are unlikely to influence the
specif ication.

In the case of secondary instruments there is general agreement on
preference - depending on the subject of chief interest to the user.
Additions proposed to the candidate instruments include an active
microwave pressure sounder (AMPS) and a tracking/position - fixing
system.



1.2.3.

1.2.4,

1.2.5.

1.2.6.

1.2.7.

1.2,8.

The UK user community is primarily of 'secondary' users resarding
satellite data as one of a nuinber of processed data sources contributing
to their operational or R&D activities.

Relationship to FEDS

Radarsat was not included as one of the satellites in the Logica/GTS

mode] for the inputs to the future Earthnet Dissemination System. Radarsatsweres
ERS-1 and MOS-2, The report, however, outlines the limits of the

Furopean market for satellite data and the information should be passed

to the Canadians with comments, A factor in this is the large potential

military demand.

UK SAR Experlise

Position to be explored furlher,

UK Expertise in other instruments

CCRS has already talked with the Rutherford-Appleton Laboratory
concerning their radar altimeater work, The Active Microwave
Pressure Sounder put forward by the Met. Olfice-led team for ERS-1
could be considered for Radarsat under some form of arrangement,

UK Oceanographic Interests

A number of interests emerge from the questionnaire, The prime
interest is in 'UK designated waters' hut interests extend globably
and there may be a case for particular concentration on the Antarctic area.

ERS-1 Connections

Aspects are being explored

L~Sat connections
The choice of I—-Sat for the Radarsat bus is under discussion between

SPAR, BAe and Dol. Its choice would allow a greater number of
instruments to be carried - some of which could be UK supplied.

Subject being explored further.



1.2.11

2.2

Energy Strategy Implieations

Broad issues are being researched. Conversation with the Department
of Energy policy division has been suggested.

Software Intercsts

These are slrongly bound up with the possibility of a UK receiving
station.

Furopean Hardware Aspcets

Subject heing explored,
ISSUES IDENTIFIED

A number of issues have heen identified which could form elements of a
UK approach to participation in the Radarsat programme,.

Prospects for a UK Receiving Station

As there are definite moves towards a UK recciving station for ERS-1,

if Radarsat is seen as an operational continuation of the ERS~1 SAR
service there is an obvious case to ensure that the UK station is equipped
to receive and process SAR {and other) data from Radarsat.

The advantages of the UK developing its own microwave facility are

well appreciated though the position is not sufficiently supported by user
groups. Major justifications would be the location of a UK site in relation
to the north-east Atlantic and its own interests in that region, and the
potential for capturing the high radar data demand as shown in the FEDS
projection for Europe as a whole. (Annex IV). The complexity of SAR
data processing and the unique all weather quality of the data implies that
it has a higher 'value added' aspect than other satellite data.

In principle Canadian agreement can he expected and ambitions by West
Germany in SAR can probably be accomodated without conflict.

The Need for an Antarctic Receiving Station

There is interest in this from several sources, including Canada. The
prospect has strong international or multi-national dimensions. Major
UK interests, however, lie in data gathering during a period leading up
to the eventual exploitation of offshore oil and gas, and possibly other,
resources. ’

The case for UK participation will not be strong unless a station is '
already established in the UK.
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2.3

2.4

2.6

2.7

The Possibility of Large Military Customer Requirements

A large military requirement for SAR data in particular was postulated

in the FEDS study, once the possibililics of operational systems were
proved. This would include the use of data for hasically civil activities
customarily conducted by the military, like search and rescue, policing
fisheries and pollution monitoring. Purely military activity requirements
will be hard to establish due to security requirements, However, there
are indicaltions that the possibilities have, as yet, not hecen fully presented
fo the military who could be a key group in furthering UK ambitions in
satellite remote sensing,

UK Expertise in SAR Technology

The UK has major expertise in SAR processing in aircraft but not
satellite SAR. The main interest in the subject, then, is in relation to
receiving and processing facilities for which there is adequate supporting
expertise. '

UK Instrument Developments

Canada is considering outside participation in the provision of the
secondary instruments. UK possibilities so far identified are a radar
altimeter, currently being discussed between CCRS and the Rutherford-
Appleton Laboratory, and the Met. Office group AMPS - which so far
has not been put forward.

The use of the L-sat bus for Radarsat will provide space for more
instruments (up to 5 total} and ereate a strong case to use UK-provided

instruments.

The Possible Use of the L-sat bus.

This has many ramifications and possibilities among which UK
participation in the data collection programmes is but one.

New International Initiatives

It is believed that the EEC is . finally going to take a more active stand
in satellite remote sensing programmes. Funding from this source
(usually part-funding) could be a valuable contribution in the furtherance
of UK objectives. :



w2

On the other hand the agency of IMCQO could be used to establish new
international initiatives in which the UK could play a prominant part.
These can only be initiated by a member state - Canada or the UK -
putting forward the proposition.

PROPOSED ACTIONS (INTERIM BECOMMENDATIONS)
The following arc a number of possible recommendations for action

arising out of the studies to date and the issues that have come {o light.
Further study and discussion with Dol may further clarify (hese interim

conclusions.

General

i) Ensure that planning for UK ERS-1 activity is properly geared
to follow on to continuous satellite programme activity like
that of Radarsat. This would include having all equipment and
systems developed as permanent rather than as temporary entities,
whieh will also have marketing advantages.

it) Ensure that proper consideration ig given to Radarsat in any
proposed EEC remote sensing programmes, and that UK interests
are fully represented in these,

Specific
1) Present UK interests to Canada as follows :

~ A strong interest in archiveable ocean/met. data both globally
and for UK-designated waters.

- A general interest in global ocean/met. real-time inputs
into the World Weather Watch Network.

-+ Interest both in Arctic and Antarctic for long-term sea and
ice data collection

- Prfority user interest is in scatterometer and altimeter .
instruments with possible supporting instrumentation like a
satellite position fixing system and AMPS,

-  Receipt of Radarsat data (including SAR) at a UK station
developed for ERS-1.

-~ Participation in international programmes of integrated data
collection, including the establishment of new read-out stations.



ii)

iii)

iv)

Advise key users and inleroest groups of the 'final' specifications
for Radarsat performance and the opportunities arising in terms
of their individual interest. This should inelude an appreciation
of the broader issues and enhanced prospecls,

Initiate a presentation of the Radarsat concept by CCRS to the UK
military, in conjunction with ERS-1 prospects,

Explore the possibility of putting forward proposals for marine
remole sensing activity to appropriate committces of IMCO -
e.g. the Marine Environment Protection Committee. These
could be Anglo-Canadian propositions.



ANNEX I

CONTACTS

SUMMARY OF INTERESTS

I[-1. DATA USERS

Marine Committee of Mechanical
and Engineering Requirements
Board (Formely SMTRB)

MATSU

Department of Energy -
Petrolenm Exploration and
Devclopment Division

NMI

Meteorological Office

JLOR

No activity in directly relevant work and no
new recent funding for data-buoy worlk that
may be rclevant to satellite ocean data
collection work.

Are continuing work with Tong—term data
gathering by ocean data buoys which could
complement satellite data collection, They
are, however, dubious about the value of
satellite wind /wave data. Areas of interest
are moving out towards the edge of the
continental shelf,

Are interested in wind and wave data that could
be provided by satellite, General area of
inferest is whole of 'UK designated waters'

out to 100 fathoms. Priorily interest is in new
concession areas to be granted in next 5 to 10

_years, Precise prediction asto which these

will be is difficult., Will not hazard official
views on other offshore areas.

Would have some interest as a secondary
user on an ad-hoe basis.

Interest in data would be as inpuf to the current
forecasting network and to long-term global
models. Particular interest in filling in gaps
in the Southern ocean coverage.

Primarily secondary users and would favour
an AMPS as proposed by the Met. Office.
Consider that a satellite position fixing system
of some sort would considerably enhance the
radar altimeter data which is of most use to
them.
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Scott Peolar Research
Tnstitute

British Antarctic Survey

NERC - Remole Sensing
Services

Sea Mammal Research
Hnit.

Mzin intercst is in Avctie data, parlicularly
relevant to shipping and oil exploration
activities.

The subject of Antarctic sea ice in particular
could benefit from Radarsat coverage hut
there are reservations about the value of
satellite data in general.

Radarsat should fit into a general pattern of
developing and complementary satellite

data services. NIERC overall would be as
interested in over-land coverage as much as
ocean coverage,

Unlikely to have any dircct requirement,
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[-2, INSTRUMENT-LFACILITY PARTICIPANTS

RAE

Meteorological Office

108

IMCO

Contacls with the Canadian programme suggest
that they would Jook fevourably on the UK
taking responsihility for data collection and
dissemination in the E. Atlantic area.

It is understood that the UK is already in
contact with West Germany over Lhe sharing-
cut of interest in the satellite radar area.
Costing exercises have been done for a UK
ERS-1 station, which could also handle
Radarsat data.

There has been mention of the idea of an
Antarctic Station.

The AMPS instrument submiited by METO and
others for ERS-1 could be offered/proposed
for Radarsat.

They would, in principal, favour the establish-
ment of an Anlarclic Station.

Would favour an Antarctic Station and believe
ithat Argentina has offered collaboration and
also talked to West Germany on this.

IMCO are not active in remote sensing because
this has not yet been required of them by the
member states. If requested, they could
forward international satellite marine remote
sensing activities.
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ANNEX II

RADARSAT QUESTIONNATRES
summary of responses

Brief questionnaires on the preferred specifications for RADARSAT

were sent on 21st December 1981 to 44 companies, institutions,
government and university departments and other organisations which
had previously responded to the British Aerospace survey of user
requirements for ERS-1, By 1st February 1982 seventeen had responded
positively (and one to say thal it was nol interested), cither by completing
the questionnaire or by supplying cquivalent information : Lhey are lisled
at Schedule I. A further distribution of cquestionnaires to parties thought
by GTS to be potentially interested in RADARSAT had by the same date
not drawn any responses.

Under the principal questionnaire heading of synthetic aperture radar
applications, thirteen respondents indicated specific interest : the
applications are listed at Schedule I, and there was evidence of overlapping
between a number of potentizl users. Geographical locations in which
SAR could be used include the polar regions and sea areas (especially
continental shelves and arcas of off shore exploitation interest).

Few respondents specified a preferred frequency or wave band. C
predominated over L.

There was general consistency in minimum resolution acceptability.
Only one user was prepared to accept up to 100 m; most fell in the
25-50 m band. Two did not specify. ’

The question on polarisation evoked few responses. All of the five who
responded preferred HH.

Of the seven respondents who expressed views on preferred'incidence,
six indicated 30-450 and the seventh also did so for one application.
10-30° was preferred only for soil slope measurements.

Preferred swath width was generally 50-100km, although three respondznts
were prepared to accept up to 200 km and five did not specify.

There was a surprising variety in expressed requirements for positional
accuracy, reflecting possibly the detail or coarseness of the features
being studied by each respondent. Two users stated an accuracy
requirement of 20 m or less; one of less than one metre; and two of

1 km.
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10.

Likewise, required frequency of coverage varied widely depending on the

type of data collecled and its use. Ocean wave and meteorological
studies require up to four times daily coverage, while mapping and
geological studies may need only once-only or very occasional data,

Among additional sensors there was a marked preference for a radar
altimeter, followed by scatierometer and visible-infra-red radiometer.
Two respondents specifically indicaled a use for a microwave pressure
sounder. Schedule 11 lists some of the applications for this additional
ecuipment. Noteworthy is that several respondents expressed a wish
for duplication of readings by other instruments to enable checking and
correction,
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Schedule 1

Organisations which responded positively to questionnaire

Scott Polar Research Institute, Cambridge
Institute of Hydrology, Wallingford

Macaulay Institute for Soil Research, Aberdeen
Hunting Technical Services Limited, Elstree
ITunting Surveys Limited, Elstree

Hunting Geology & Geophysics Limited, Elstree
Meteorological Office, Bracknell

British Antarctic Survey, Cambridge

Department of Energy (Pelroleum Engineering Division), London
Scottish Development Department, Edinburgh
Marine Exploration Limited, Cowes

Department of Atmospheric Physics, Oxford
United Kingdom Atomic Energy Aulthority, Harwell
Texaco Overseas Tankship Limited, T.ondon
British Pelroleum Limited, Tondon

National Maritime Institute, Feltham
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Schedule 1Ny

Applications indicated for synthelic aperture radar

Detection of soil surfaces and slopes and vegetation patterns for
hydrological models;

Delineation of river flooding;

Wind-wave modelling;

Sea condition forecasting;

Detection of plankton blooms;

Peat, vegetation, forestry and land-use surveys;
Natural resource monitoring;

Ice-edge monitoring;

Wave-spectra monitoring;

Measurement of land ice-sheet extenl and velocity;
- Fifty-year wind and wave prediction: _

Wave climate study for offshore struclure design:
Mapping in bad-weather areas;

Geological interpretation for mineral and oil exploration;
Establishment of tanker routes in poorly-charted areas;
New tanker terminal location;

Pollution monitoring;

Sea (raffic monitoring,
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Applications indicated for additional sensors

Sea ice roughness and conceniration measurement;
Ice floe size distribution:

Digital terrain modelling;

Hydrological thematic mapping;

Ocean circulation studies;

Cloud imapgery and moisture studies:

Urban monitoring;

Geoid studies.
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ANNEX I -1
RADARSAT PROGRAMME STATUS
Januavy, 1982.

INFORMATION FROM: PHILIP A, LAPP LIMITED

JACKGROUND

The purpose of the visit to PAY, was to discuss the Radarsat project and

to attead the 4th meeting of the Radarsat Information Standards Commitiee.

CANADIAN SPACE ACTIVITIES & EXPENDITURE

Over recent months Canada has undergone a period of soul-searching
concerning its role in space. ‘

When SPAR bought RCS Canada the government underfook to ensure
coutinuity of work so as to maintain a national space capability with
the potential to bid for contracts outside Canada. '

The Capadian common carrier, Telesat, bought Anik A and C from HAC
and Anilc BB from RCA, the Canadian industrial content increasing until
Anik D which is primed by SPAR. Anik £ is not yet defined, hence

an underatilisation of SPAR personnel hecame apparent. A resource
satellite was envisaged as the gap-filler (budgeted at approx C3300m)
and Mobilesat was intended to supply internal federal services particularly

‘in the North and remote areas. C$3-4100m was budgeted for this together

with some C$300m for ancilliary activities.

After an extensive review of the possille future scope and directions of
the space programme the governinent allocated an additional C5132m
for the new initiatives during the period 1981/2 to 1984 /5. Together
with the previously approved programmes these new expenditures mean
that the Government of Canada will spend C3476im on space over these
four years, broken down as shown in Table 1.

Mobilesat (MSAT) has been placed ahead of Radarsat in priority and a
16 month hold inserted between Phases A and B of the latter project.
{However it is intended to 'stretch” Phase A somewhat to avoid a

complete stop).
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studics have pressed for a resource satellile ever since the 1067 Arctic
Wilers Pollution Prevention Act aimed at minimising danger {o the
Arctic eavironment. Inter alia the act stipulates times of the year at
which vessels of various classes can be in various locations depending
on expected freeze/thaw times.

After the 1978 International Law of the Sea Conference Canada declared
& 200 mile limit thus making the NW passage Canadian territory.
Surveillunce of these walers is carried out by weekly aireraft flights.
The frequent bad weather militates Lowards the use of radar surveillance
and the use of satellites for this purpose is of interest. During the late
'"70s and carly '80s effort has been and is being devoted to flight testing
of radars (SLR and SAR) on aircraft, and to studies of resolution
requivements and expected performance of satellite systems.

The flight tests have been carried out using a Convair 580 carrying a
lwo-frequency (C/X) SLR and more recently a two-frequency (L/X) SAR.
A converler which enables imagery at C band to be cbtained has now also
been fitted. Studies of a surveillance satellite, Sursat, were reported

on in 1980 - see documents rveferenced in Attachment! to this visit report -
though Canadian fears that the name would give offence to the US Ted to
its being changed te Sarsat then Radarsat.

In the autumn of 1980 Canada and NASA signed a joint agreement on
Radarsat., The NASA involvement has subsequently diminished because of
reductions in funding and they are now providing

- ~ a study of user requirements
- the launch
- one sensor (most likely the scatterometer)

Shortly after the agreement PAL was awarded the Canadian Ice and Ocean
User Requirements Study contract, the statement of work for which is
attached as Attachment 2. A sixth work package was added more
recently covering a study of the relative merits of the various means of
carrying out surveillance (aircraft, satellite, etc). Land applications
are being studied elsewhere under a separate contract placed by the
Radarsat Project Office. ' ' '

RADARSAT INFORMATION STANDARDS COMMITTEE
The 4th meeting of the Radarsat Information Standards Committee was

held in Toronto at the Atmospheric Environment Service establishment
on 12th January. The minutes are appended as Attachment 3.
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During lunch with Ed Shaw of the Radarsat Project Olfice, he mentioned
that subsegaent to his meeting with T.. P. White of GTS in YL.ondon

he had talked to David Croom of Appleton & Rutherford Labs. Croom
had expressed interest in the Radar Altimeler and hoped that the UK
would win the ERSI instrument competition.
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Attachhment 1 to Visit Report No. 1.

DOCUMENTS ITANDED OVER BY P, A, LAPP LTD,

. PA Lapp Lid Study : Statemoent of Work
) Preliminary Mission Requirements Document June 1981
. Preliminary Statement of User Requirements for Ice and

Qcean Information July 1981
° Radarsat Informalion Standards Committee, Minutes of

- 3vd Meeling, 23 November 1981
= 2nd Meeting 27 QOctober 19581

—~  Initial Meeting 28/29 Seplember 1981

o Bilateral SAR Satellite Mission Requivements Study
Program Implementation Plan Approval

. Memorandam to TFile : Tce Reconnaissance Systems (Prelim Draft)
o Radarsat Cvs L Band Meeting 13 November 1981
® L v C Band ~ A Comparison of System Performance and

Processing ITmplications for Radarsat

. The Canadian Space Program Plan for 1982/83 - 1984 /5
[ Fact Sheet : Canadian Space Program Expenditures 1981/2 - 1984/5
» The Canadian Space Program Plan for 1982/83 - 1984 /85

- Notes for a Statement by the Hon. John Roberts
Minister of State for Science & Technology 9 Dec 19381

Q . Roberts Announces Major Boost for Canada's Space Prqgram -
Press Release 9 December 1981

In addition the following rather larger documents were shown as being
available if required : :

® Sursat : A conceptual Design Study March 1980

-] Sursat Ice Experiment . Report : Surveiliance Satellite Project

Workshop on Active & Passive Microwave Measurements of
Sea Ice & Icebergs
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GRAND TOTAL '

136.0

‘mAwALSA L Flanning o 3,2 8.9 5.1 . .0
Airborne Remote Sensing Applicabions »vimms e | v Gu T memseirt D0 § 2.5 2.4 130.2
Remote Sensing R&D . | 2.8 2.6 2.5 2,7 10,8

- Assistance to Users of Data o R B 0.8 0.9 0D ST
Techuology Transfer 0.1 0.2 0.2 0.2 0.7
Oceonographic and Fisheries Applications 0.8 1.0 0.8 0.8 3.4 ‘l
Meteorological Satellite R&D 1.3 1.6 1.6 . 1.8 6.3 |
Provision of Meteorological Satellite Data 4.4 4.5 3.7 .6 16,2 |
Monitoring Ozone Layer 0.2 - 0.7 0.8 0.8 2,3
CCRS Operating Costs 3.4 4. 0 4,2 4.4 16.0

Sub~total’ 28.3 42,2 35.4 31.8 135.7
Space Science Programme -
International Cooperative Projects 4.0 9.4 10.5 9.2 33.1
Research Facilities - 5.2 6.7 7.3 7.9 27.1
Herzberg Institute 0.5 0,6 0.6 0.7 2.4
Salaries (NRC) 2.1 2.4 2.7 3,1 10.3
Sub-total 11.8 19.1 21,1 20.9 72.9 |

' Tectnology Develdpment Programme
LSAT (DOC}) . 10.2 24,4 23.8 13,2 71,6
Subsystem Development 1.8 3.0 6.0 6.0 18.8

- R&D Support {DOC) 2.0 1.G 2.0 3.0 g.0

ANNEX-C and -D Support ( DOC) : 2.8 1.7 0.4 G.3 5.2
International Technical and Bid Support (DOC) 1.5 1.7 1.8 2.0 7.0
Key Technology Program (DOC & EMR) 3.0 L0 - - 4,0
DOC Technology Development Program 3.2 2.8 2.8 4.0 12.8
Space Industry Support (ITC) 3.7 3.8 3.9 4,0 15.4
Gallium Arsenide Device Development 0.1 0.5 0.3 0.2 1.1
Remote Manipulator System (NRC) 5.3 2.6 3.8 - 12.2

' Sub~total 34.1 44,5 44,8 32.7 156.1
Relalionship with ESA 1.7 1.8 1.9 201 7.5

96. 7 136. 9 1106.2 475.8




TABLE 1:TOTAL CANADIAN SPACE PROGRAMME DXPENDITURDS
(1981/82 - 1984/85).

PROGRAMME MILLIONS OF BUDGET YEAR DOLLARS
81/82 82/83 83/84 B4 /585 TOTAL

Commumcations Programme
Military Communications and Navigation 3.1 5.3 5.6 4,1 18.1
Search and Rescue Sateliite 2.0 1.3 1.9 - 5.2
Civil Aeronautical and Maritime 0.1 0.1 3.6 1.1 4,9
~ANIK-B Experimental Program 3.3 2.1 - -~ 5,4
Mobile Satellite (M~-SAT) Planning 1.7 8.0 9.0 - 18.7
Direct Broadcast Satellite Planning 0.8 0.8 - - 1.6
David Florida Laboratory 3.0 1.4 1.5 1.7 7.0
Laboratory Equipment 0.3 0.4 0.4 {.4 1.5
High Reliability Laboratory 0.3 - - = 0.3
Spectrum and Orbit Planning . 0.1 0.1 . 0.1 - 0.3
Controls Laboratory 0.2 0.1 0.1 -~ 0.4
. EHT Technology Equipment 0.1 0.3 0.2 - 0.8
Qperating Costs {DOC) 2.5 3.0 3.3 3.6 12.4
Salaries (DOC) 5.3 6.4 7.1 7.8 25. 6
: Sub~total 22,8 29.3 32,8 18,7 103.6

Remote Sensing Programme

Provision of LANDSAT Data 2. 3.5 3.5 13.1
LANDSAT Station Upgrade ' 1. 4.7 1.8 15.9
MOSAICS - 3.2 5.9 10.4
TOPAS (phase 1) : = 0.7 3.0 3.9
ESA Remole Sensing Program 2. 1.0 - 6.0
RADARSAT Planning - 3 5.1 - 17.2
N _A:.rbcrne Reinote Dbﬁblng Appucatmns i | v D 2,5 9.4 10. 2
LRI, (R REE s e o R e S . N SR e R IR L rE RO A T Y

SNV SO S
!




STATEMERT OF VORK Attachment 2 to Vivil Heport No. 1.

Yo shall cacry out the following tasks:

1. Rescriptian of User Requirements

Duvelop snd Implement a2 questionnaire with the following users;

- Federal government
- provincial governmecnts
- industry

The questionnaire should address the present lTevels of information required
for operations in marine environments as well as anticipated requirements
for 1935, 1530 and 2000. Implementaticon of the questionnaire should e in
the forin of personal interviews with the identified users.

2. Data Prgﬁgntation Pro@gé;s

Develop In consultation with the asbove users data presentation products
bases upon the follewing structure:

Level 1 - SAR image generation

- quick-look iinages
- corrected images

- CCT's
Léyg} 2 - geophysical . data products
Level 3 - predictive information products
Simulation - simulation of Arctic operations such as shfp movements &

Data presentation products should consider the balance between uscer needs
and the feasibilities of producing such required information. " They should
also be based upon the organizational Framework of the government and
industrial ice information system.

v

3. Economic Study

Conduct a tradeoff anaTysfs of appropriate platform, sensor and communication
system for a Canadian lce information system. The analysis should consider:

- best platform mix
- best sensor mix )
- alternative communication system .

The analysis should also estimate the export potential for information,
hardware and complete systems. :

L. Policy Formulation

Develop policy alternatives for consideration by the government in respect
to Tevels and types of service to users for site-specific, close tactical,
tactical and strategic support. Service alternatives should also Include
ice modelling and érchivipg levels of effort. Cost recovery for such
services should also be addressed.

5. Interaction with Users

In consultatlon with users, prioritize information and develop a plan for
phasing in services as alrcraft and satellite platforms are put Into
place. Propose a structure for updating user requirements.
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For b

DAREAT Program

1. Develop and validate nser requirvieents for ice and
oceins Information (Scven missions/functions)

2. Dovelep Data Presentation Products

3. Cenduckt engincering and cconomic analysis
of "best' options for Canadian Tce Information System

4. Develop policy altermatives for Government
consideration

5. Develop implencntation plan for Canadian Tee
InToimation System

RADARSAT

6. Benelit and Cost Study - In addition to the-
satisfaction of user requirements for ice and oceans
infomation through satellite remote sensing data
postulated in 3 and 4, identify and develop additional
mission/function ice and ocean information needs
which can be satisfied by catellite vemote sensing
data (in tcrms of RADARSAT proposed coverage combined
with physical/technical payload and sensor constiaints
specificd in Annex 1.) Such data requirements are
to be classified as (1) necessary (2) desirable
(3) marginal. Prepare and present a statement of
the totality of data requirements by mission/function
which can be satisfied by RADARSAT together with full

cost implications.

7. Interdependency with other Systems

Assess the relevance and the suitability of proposed data

products from currently planned satellite programs o .
(Annex 1) which may in whole or part duplicate or are '
interdependent with the postulated output from RADARSAT,

Assess the possible advantages and problems associated

with the options for data production which arise from

this review and determine the 'best" option which will

satisfy Canadian Ice and Oceans information requirements’

for the time frames applicable to the Study.
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AN 1

CATEGORIES OF SENSCR COMBIRATTON

Benelits wnique
Benefits unigue
type, Ref. 3),

Benefits unique
Beneflits anique
Mapper, Ref. 5},
Eeonefits unigue
Eenefits unigue
Beneflits unique
Benefits unique
Benefits unique

To

to

1To
to

Lo
to
to
to
[¥s]

SAR (Ref. 2)

a passive microwsve radiomcter (SS/1,
a scatteromcter (MNOSS type, Ref. 4},
a VIR scensor, (Londsat-D Theoatic

a radav altimeter (SEASAT type, Ref. 6),
SAR plus passive microwave rodiomcter,
SAR plus scatterometer,

SAR plus VIR sensor, '

SAR plus altimiler,

Various types of benefits will be considered as appropriate.

INTERDEPIENDENT PLANNED SATELLLTES

The satellites considered are RADARSAT, the ISA program
(ERS-1), U.S. Programs (1T0PEX, LS-D, NOAA, DMSP, Landsat
folTow-on), and Japonese Programs (30S-1, ERS-1).
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RADARSAT LHFCRMATTON £ PADARDS COMMLIMT AR

Hégute;_of dih Heeling

Date: January 12, 1932

Location: Atmospheric Environment Service
4905 Dufferin Strect

Downsview, Ontario

Chairman: Dr. P.A. TLapp

The fourth meelting of the information standards

committee covered five main topics:

1) Preliminary findings on the aircraft vs
satellite comparison study.

2) An update on the status and bLhedule of the
Radarsat Project.

3) BRritish interests in the Radarsat program.
4) Comments on proposed data products.

5) JTnitial reaction to Lthe act1v1ty/1n;orm9Llon
product matrix.

Dr. TLapp first outlined the fulture course and direction
of the committee's work. The work will be comnpleted
once the data products required for each mission from
the IOIC have been specified and agreed upon. The plan
will then be to write a draft report on the data '
produéts and results from the committee's discussions
which would be circulated to committee members for
review. A final meeting will be convened sometime in
early March, by which there would be sufficient time for
all committee members to review the report and be
preﬁared to make comments. ‘These would be stated and
discussed at this . final meeting, after which the final

report would be completed for the end of March.
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1. Alreraft/satellite tradcoff study update - J. Barry

As a starting point for the study, the results of the
User sSurvey were reviewed to develop a table of scasonal
regquirements and frequency of data collection which is
attached to these minutes. A corridor fbr Arctic oil
and gas shipping on a year round basis is to be used in
the comparison, noting it will be a major user of ice
and ocean information. The scenario has been developed

to require daily coverage of the areas for periods when

ice 1s present or of concern. Initial calculations show .

it requires 6300 flying hours per year to fulfill.ice
reconnaissance needs within the corridor. This compares
to 2200 hours for the present operation. This figure
includes hours alrcady uscd in East Coast operations

which would be needed wheither there is a satellite or

"not. The figure also includes 2 hours ferrying time on

a daily basis. Using the number of flying hours and
considering maintenance requirements, 6 aircraft are
regquired. Thus 4 more aircraft are needed to cover the
requirenents. The tendency is to consider 4 eagine
ailrcraft however it has been suggested that smaller
aircraft may be able to cdver areas on a more regional
basis. The number of hours also includes iceberg

surveillance, although detection of smaller bergs is

questionable.

Questions to be answered include the choice between SLAR

vs SAR. The user community is divided on this question.
At present configurations, SLAR has much larger swath
width bﬁt loses detail with range while SAR maintains
detail buﬁ has smaller éwath and more flying is
required. One pbssibility for the latter is to have two

SARS on the same aircraft.. However, SLAR has been found

+



very nscful in operations and may meet needs for a large
portion of the year. ‘he differences in resolution and
whether or not the high resolution is requived on a
strategic level is still an open question. Aircraflt and
satellite reliability must also be assessed. Aircraft
avallability can be estimated by its service record;
however satellite reliability is more difficult to

a

S8

5.

9]
]

The study is assuming 200 flying days/yecar for each
aircraft. The crew would number 4-5 in summer and 3-4

in winter.

A major issue in the study is the communication of data
from the gathering system to the I0IC. It must be
demonstrated to be feasible f{rom both platforms in order
for a suitable comparison of the two systems. Once the

data recaches the IOIC the two systems become equal and

can then be compared on other criteria. While satellite

transmission is little problem, the transmission from
aircraft depends on how much degradation can be
tolerated in getting imagery back to the I0OIC. The
satellite can transmit either full resolution or

~degredated resolution 1lmagery.

2. 'Radarsat Program Update — E. Shaw

The government has now made its space decisions for this =

yvear relating to M-Sat, a mobile communications
satellite and Radarsat. M-Sat is slated to be launched

first with phase B starting in 1984, a delay of about

one year.
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A revised schedule For Radarsat has been developed and
is attached Lo these minutes. The phase A and SAR R and
B portions have been funded. Aspecls of phase A of
interest to the committee include the preliminary desiqgn
of the ICIC and the ground segment, both studies being
done by MDA. The ground segment would include the
reception stations at Prince Albert and Shoe Cove plus
one at Resolute, if necessary. The coverage envelopes
are such that the latier may not be needed if the -
satellite is maintained at its present altitude. Phase
A is to be completed. by 1983. The SAR R and D Program
is the major expenditure in the program to date, and
includes developing technology for a spaceborne rédar, a
high throughput processor and developing a complimentary
aircraft SAR system to support the satellite program.
Phase B of Radarsat would start in 1984 with the cabinet

submission submitted in fall 1983.

Tﬁe schedule has been developed so that the ground'
segment would be in place to receive data from the
Furopean satellite ERS-1 to be launched in 1988. This
satellite will have a C-Band radar with 25m resolution
and 90km swath. The Japancse are likely to launch an
L-Band radar in 1988 which is much like SEASAT. The two
satellites will have sun¥synchronous orbits providing
LANDSAT like coverage. With the ground segment in
place, experience will be gained with the other

satellites before Radarsat.

The spaée segment will not be implemented until 1986 so

that launch of Radarsat would not be before 1990.
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The Radarsat oribit is so designed to provide daily
coverage of the NP up to 75Y¥. A desirable goal to
increase freguency of coverage would be to develop a
swath steering capability so the beam. could be aimed to
obtain the desired coverage. This would be similar to
the French who have developed an optical sensor with
+15° manipulation capability.

The Radarsat project will decide on the frequenéy Of the
radar C or L by the end of this month. They are still
vaiting for cost estimates. In Ltevins of sea ice, the
scatterometer workx at Mould 2ay was inconclusive iﬁ
determining C vs L capability. The project offiéé just
received some X, C and L-Band imagery Ffor the Beaufort
Sea [rom the Convailr 580 work. The imagery ias shown on
an overhead. Both L and C Band optically processed
imagery were shown versus X-Band and showed the C-Band
to have lower contrast than X but still looked closer to

- the latter than TI..

The overall government view on Radarsat is that the
proygram is expensive; therefore, the impetus is to seek
international partners to reduce costs. To this end, E.
_Shaw is pursuing both the U.S. and Britain for possible
participation. Discussions will be held this month with
NASA to consider providing a second sensor such as a
scafﬁefometer or an optical sensor plus a launch as

their contribution to the program. The U.X. might

supply an altimeter and perhaps the L-Sat bus which is a

candidate bus for Radarsat. In terms of the secondary

sensor, oceans favour a scatterometer while the land

groups favour an optical secnsor.
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Dr. Lapp expressed concern about the scheduling of
Radarsat in relation to the schedules of Arctic energy
development. Both APP zand Dome have stuck to their
1986-87 timetables for the beginning of vessel
movenents. Ice reconnaissance is reqﬁired as part of
their enviromnantal approval from FEARO {Federal
Environmental Assessment Review Of{ice}. If a major
aircraft program is launched to meet the requirement,
then Radarsat becomes less and less important. There is
a difference in perception of the timing of these
projects between government and industry. EHMR sees
nothing moved ocut of the Arctic before 1990 and, if,
true, then the delay in Radarsat would nicely match the

timing of these Arctic projects.

3. British role in Radarsat — P. Brunt

Peter Brunt from General Technology Systems (GTS}) talked
briefly on the British interests in Radarsat. GTS is
currentiy under contrac® to Britain to survey what uses
"Britain has for Radarsat data. They have_prepared a
questionnaire and sent it to 30-40 users around Britain.
This will be followed up by visits. In addition, they
are examining the relationship between Radarsat and the
ERS—-1 prdgram as well as determining Britain's technical
capéﬁilities in hardware and software systems in support
of the ground segment. They are reviewing ocenographic
interests, primarily focussing on ocean data networks
for route planning, search and rescue, etc. The study
is to last 5-6 months. Britain has an interest in

Radarsat data for ice applications in the Antarctic,
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4. Comments on Proposed Information Products

A first cut at the activity/information product matrix
was presented for review by the committee. Included was
a list of candidate data products which were renamed

information products. The revised product list is

attached to the minutes. Further deleftions or additions.

may be forthcoming from committee members.

Ice imagery was the first product and this was expanded
to include an interpretive chart to go with the imagery
since some users would not be able to interpret the
latter. The ice analysis chart would present a
composite of the current ice conditions which would
cover the nowcast need and would present information on
ice type, concenltration, floe size and, éptionally,

motion, pressure and topography-

Discussions covered ocean information products. The
-original list contained a sea surface-temperature chart,
nowcast and forecast wave chart and an ocean features
analysis chart which were now beiﬁg produced at METOC.
The METOC centre, however, would not be interested in
these products from the IOLC. Their main interest would
be in the data and imagery with which to enhance its own
products; Therefore these three information products
were ellmlnated and replaced with a single ocean data

products, that being the partially procesaed

scatterometer data which would_lnput into METOC's own

information product generation system.



C. Jarvis noted several other informatlion products which

could be generated:

1) oil spill trajectory forecas

2) surge forecast

3) ice accretion forecast

The last product is currently produced as an
alphanumeric forecast; however, there is a request by
METOC to change this product into a chart form. This is
required for search and rescue operations, particularly
for deploying ships and helicopters. AES is also
required to provide information on the projected
trajections of oil spills. These products are generated
by AES regional centers except for the-West coast where

Ocean Science and Surveys has responsibility.

Another desired product was a surface water current
analysis even on a once weekly basis. This would assist
users in projecting the movements of icebergs;
recognizing subsurface currents would be more useful but

impractical to obtain.

Another possible product was a forecast of iceberg

fluxes across particular latitudes on a 24 hour basis.

Work is underway in dcveioping the model.

Another issue raised was the duration of forecasts which

could be similar to weather forecasts:
1) short term — 1 to 2 days, high resolution

2) medium term — to 5 days, coarser resolution

3) longer term - weeks, months, freezeup, breakup
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211 these time scales would be useful although the first
product may be site specific and perhaps the

respensibility of the user.

Consideration of the information products generated by
the I0IC (perhaps should be renamed Ice Information

Centre) must take into account the following:

1) Will likely evolve from what exists today .

2) Must take into account the distribution
systems — is it rational to go through a
central facility?

3} HNeeds for archival products.

Archival products are yet to be determined.

5. Activity/Information Product Matrix

The first cut at the matrix was reviewed in a general
way by the committee. It was felt the ideas presented
in the matrix required furthev thought and review by all
co commnents were limited to a first cursory view of the
" contents. A copy of the matrix with these few initial
comments and corrections is included in these minutes.
Members of the committee are expected to respond with

their conments on the matrix by February 1.

Tt was decided to not place aﬁy priority on the products
required since different situations may reguire ' o
different priorities 1in produét needs. The matrix
chould be simplified by combining areas and seasonal

needs.
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Fach information product should be described in terms of
its format and presentation as well as to specify the
data products required. Data vs information products

must be clearly differentiated.

The matrix also included a specification for the time
needs for nowcast and forecast information. The nowcast

spec is simply the turnaround time regquired from

acquisition to final delivery to the user. The forecast

time need was the time duration of the forecast, i.e.

its projected validity or prediction tinme.

Tt was felt that the 2 hour reqguirement may be feasible
For first cut imagery; however, further processing would
delay this by a further two hours. Much depends on the
resolution required. In terms of information products,
6 hours was felt to be a reasonable time to gencrate the
charts and forecasts which would have'alrcady used the

imagery in their analysis.

Unknown at present is how critical is the time need?
Could the user accept a delay of a couple of hours? It
was thought this would be acceptable for most cases;
however, at infrequent times this time delay may.be
critical. This guestion relates té the design
philosppﬁy - do we design for the critical case which

happens only 10% (for example} of the time?

CV-II1-20



Final Meeting

The Firnal meeting of the committee will likely be held
in Calgary someclime between the 1lst and 10th of March.
By this time all members will have received the draft
report and will come prepared fo discuss and comment on

its contents.

David Lapp
January 13, 1982




4Lh RADARSAT INFORMATLION STANDARDS COMMITTEE MEETDING

NAME

D.J. Laép

T. Mullane

C.F. Pound

D. Pearson

C. Jarvis

5. Peteherych

J.R.G. Cox

ATTENDANCE 1,157

January 12, 1982

AFFILTATION AND ADDRESS

POLAR RESEARCH AND

ENGINEERING :
1101--420 Gloucester St.
Ottawa, Ontario KIR 7T7

ICE FORECASTING CENTRAT,

473 Albert St.

Trebla Building

5th Floor

Ottawa, Ontario K1A 0H3

PHIiLIP A. LAPP LTD.
904-280 Albert St.
Ottawa, Ontarioc K1P 5GS8

PETRO-CANADA
840-7th Ave. S.W.
Calgary, Alberta

ATMOSPHERIC ENVIRONMENT
SERVICE

4905 Dufferin St.
Downsview, Ontario

ATMOSPHERIC ENVIRONMENT
SERVICE
4905 Dufferin St.

Downsview, Ontario

SPAR AFRROSPACE LTD.

21025 TransCanada Highway
Quebec

Ste. Anne de Bellevue,
H9X 3R2

V-111-22

PIONE NO.

(613)

(613)

(613i

(£03)

(416)

{416)

(514)

286-5630

926-5236

238-2452

2327913

776-4811

667-4815

457-2150



ﬁﬁh_ﬂ@?ﬁﬂéﬁ?mfﬂfgﬂﬂATlON STRHNDARDS COMMITTER MEETING

NAME

J.A. Gallant

.. Gutteridge

P. Brunt

B.D. Brodie

J. Benolit

P.A. Lapp

E. Shaw

J. Barxy

I R i i R

Janu§517}2, 198

AFFILIATION AND ADDRESS

Tower B, Place de Ville
Ottawa, Ontario Kla ON7

MDA LTD.
3751 Shell Road.
Richmond, B.C.

GENERAL TECHNOLOGY
SYSTEHMS LD,
20 Market Place

Brentford, Middlesex, UK

COAST GUARD

CCTC-X

Tower A, Place de Ville
Ottawa, Ontario KIA ON7

CAMADIAN FORCES WEATHER
SERVICE

Environmental Services
Maritime Command HQ
Halifax, N.S5.

MOBIL OIL CANADA
330-5th Avenue S.W-
Calgary, Alberta

PHILIP A. LAPP LTD.
14A Hazelton Ave.

Toronto, Ontario M5R ZE2

RADARSAT PROJECT QFFICE
110 O'Connor St.

Suite 200

Ottawa, Ontario

PHILIP A. LAPP LTD._
904-280 Albert St.
Ottawa,_Ontario K1lp 5G8

V-TI1-23

EEONE NO.

(514) 457-2150

(604) 278-3411

(1) 568-5871

(613) 996-7878

426-4337

(403) 268-7818

(416) 920-1994 -

(613) 593-4657 -

(613) 238-2452
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ORUGINAT, INFORMATION PRODUCT TLEGEND

~wo..
.¥
2
3
4 A HNOWCAST
B  FORECAST

5 A NOWCAST
B

FORECAST
6
7 A NGACAST
B FORECAST
8
9
10

ICE

SBEA

Jppobuew o o
TMAGERY

PYPE ANALYSIS CHART

RTDGE DISTRIBUTION

CONCENTRATION/THICKNESS
DRIFT/ICE PRESSURE

SURFACE TEMPERATURE CHART

WAVE DATA CHART

OCEAN FEATURES ANALYSTS

TCEBERG SIZE/LOCATION MAP

VESSEL LOCATION MAP

others would be daily

~ Ridge distribution map to be produced weckly, all

s YeIIERRT T e T ST



ICE IMAGERY/IWTERPRETED CHARTS

ICE ANALYSIS CHART

LCE RIDGE DISTRI;UTIDN

FORECAST ICE CONCENTRATION/THICKNESS
FORECAST ICE DRIFT/PRESSURE

ICERBERG LOCATION MAP - HOWCAST/FORECAST
VESSEL LOCATION MAP : )

DATA FOR GENERATION OF REGIONAI OCEAN
INFORIMATION PRODUCTS

T 1 (57 JE




ACTIVITY/INFORMATION

PRODUCT MATRIX

ACTIVITY

GROUP LOCATION SEASON | NEEEED - TIME NEEDS | FREQUEN
' i INFORMATION  ['NOWCAST| FORECAST. |
| | PRODUCTS , - |
i ’ |
0il and Movement Beaufort Sea ! Jan-Apxr 1,48,58,3,2 2~6 hrsy 12-48 hrs ~ DAILY
Gas ! May-July | 1,5B,43,2 | 1 | i
Shipping Aug-Sept 5 ©L1,53,48,2,7B i } ‘
Cct-Dec @ 1,4B,5B,2,3 1 j !
J ‘ 7 ? : X7
: Amundsen Gulf | Jan-Apr . | 1,43,3° | 2-6 hrs| 12-48 hrs; DAILY
Prince of May—-July 1,4B,2,58 o [ ' '
Wales Aug-Sept 1,4B,2 | : |
, Oct-Dec 1,48,2,3 | |
- hid V4
Western Parry Jan-June 1,3,2,58,5A 2~6 hrs| 1l2-48 hrs, 3/wk
Channel (VMS & Jul-Aug 1,53,2,4B . DATILY
Barrow 5t.) Sept 1,5B,2,48 DAILY
High Arctic Oct-Dec 1,48,3,2 ' 3/wWK
il 7
Lancaster SD./| Jan~Apy 1,58,48,9,2 2-6 hrs| 1l2-£8 hrs DAILY
Baffin Bay - May-June | 1,9,5B,2.
July~Aug ! 1,9,7B8,5B8,2
Sept . 1,9,78 ‘ |
Oct-Dec | 1,9,7B,2,43,5B, ; o
' L2 ! : |
. ‘ X . =
Davis Strailt Jan-Apr 1,5%,9,3,453,2 | 2-6 hrs; L2-48 hrs| DAILY
May-July 1,58,9,4B,2 \ - !
Aug-0Oct - 1,9,78 | ' R
Nov-Dec 1,9,43,38,2 | 1 i -
> 7 Y




ACTIVITY/INFORMATION PRODUCT MATRIX

ROUP

ACTIVITY LOCATION: SEASON NEEDED | TIVE.NZIDS | FREQUENCY
INFORMATION | NOWCAST | FORECAST |
- —_ : DRODICTS \ t
il and Movement Labrador Sea Jan-Apr 1,%,58,48,2,78 2—§ nrs \12—48 hrs  DAILY
as - Mav-Dec 9,78 | | . | |
Shipping, o h | | |
. ht e i ¥
Gulf of Jan-Apx ' 1,5B,4R,2 2-6 hrs | 12-48 hrs\ DAILY
: . : !
'St. Lawrence May-Dec L 7B ! ] | |
East NFLD Jan-Apr ! 9,7B,5B,4B‘ /1276 hrs | 12-48 hrs | DAILY
May~-Dec ‘ 9,78 ! !
T - | ] |
Supply Vessels East NFLD Jan-Apr -}2,3,7B,55,4B$6,8i2—6 hrs 112-48 hrs | DAILY
huttle ‘ May-Dec i9,7E,7,8 1 | : | ! !
Tankers "% , Lk L | -
| ‘ .
. Scotia Shelf All-vear ! &,7A,78,8 i2—6 nrs L12—48 hrs !DAILY
| i L,
— ¥ Lt i i
: 1 | | - :
| . ‘ |
Canadian Escort (1} Beaufort Sea .| June-July 53,2,4B,5A Ns—lz hrs 12-72 hrs | DAILY
Coast Guardf - Aug-Sept 58,2 & | | -
Oct-Nov 43,5B,2,3 i | ;
. % L s
Amundsen June-July 5B,2,4B l6-12 hrsllZ-?Z nrs | DAILY
Gulf, Prince Aug~Sept 2,4N . | | { ;
of Wales Qct-Nov 4B ,5B,4A,3,2 i i
. | -r ‘sl;' . «r
Western Parry June 3,2,5R,47R,4A g=-12 hrsi12—72 nrs | DAILY
Channel July=-Aug 53,2 ,4B, 4A W‘ ’ !
(VMS & Barrow | Sept 58,2 ,43,4A,3A | |
Strait) Oct~Nov 5B,5A,2,4B,4A,3 i | |
! ! i




ACTIVITY/INFORMATION PRODUCT MATRIX

GROUP ACTIVITY LOCATION | SEASON L ESDED TIME NEEDS | FREQUENC
' : ~ INFORIRTION "N OWCAST |'EORECAST
|___PRODUCZS : |
| | . @
Canadian Escort (1) | ' Lancaster Sp/ June 9,5B,3,4R,2,4A ) 6-12 hrs 12-72hrs iDAILY
Coast Guard ‘Baffin Bay . July=-Aug ,5B,4B,4A,2 | | | L
oy : ' Sept 8,2,5B,7B | { |
, | Oct-Nov 9,5B,4B,2,4A I ; P
I =F =T : =7
‘Davis Strait June~July | 9,5B,43,4A 6-12 hrs| 12-72 hrsiDA:Ly
Aug-0ct. | 9,78,2,5B ! - ‘
Nov , W 5,4B,58,2,4A ‘ !
i 4 7 ; 1
Hudson's Bay : June-July | 53,4B,2,4A 6-12 hrs| 12-72 hrs| DAILY
and Approaches | Aug-Oct 2,5B,7B | ‘
Foxe Basin . Oct-Dec 4B ,4A,2,58,3 q ] f
hieel kit ! htd
Labradoxr Sea | Jure-Dec | °9,7B,5B,4B,2 | 6-12 hrs| 12-72 hrs| DAZLY
r T i N~
. |
Gulf of St. Dec-May 5B,4B,3,2,4A 6~12 hrs: 12-72 hrs/ DAILY
Lawrence : ' | i ' | |
; <7, . <r. j 7
East NFLD, December | §,4B,2 . 6-12 hrs: 12-72 hrs) DAILY
' Jan-June ' 9,5B,4B,4A,2 i ' | ;
. | IR
j ‘ | | i
<7 j 7 | ~r




ACTIVITY/INFORMATION

PRODUCT MATRIX

GROUP - ACTIVITY LOCATION SEASON NEEDED TIME NEEDS | FREQUENCY
INFORMATION  “FGWCAST | FORECAST
PRODUCTS ! |
Canadian Transit (2) Beaufort Sea. Jan-Apx 3,2,48,4A,5B 6~12 nrs| 12-72 nhrs| DAILY
Goast Guard ‘ : May=-July 2,45,5B,5A ‘ y | ;
» : Aug~-Sept 5B,2 ; ;
. Oct-Dec 4B,3,58,2 i i ! : !
i d ; v ; iy
Amundsen Gulf | Jan-Apr 3,2,4B,4A 6-12 hrs, 12-72 hrs  DAILY
Prince of May-July SB,2,4B | | |
Wales Aug-Sept 2,45 | |
Qct-Dec 43,3,2,4A,58 ’ : i .
1 : L
Western Parry | Jan-June 3,2,4D,45,53 6-12 nrs| 12-72 hrsl 3 /wx
Channel ({VMS Jul-Aug 2,43,4A,5B ; i - DAILY
' and Barrow Sept ! 2,643,538, 4A ! |
Strait Oct-Dec 45,3,2,5B,4A . Lo N
Lancaster Jan-Apr 9,53,3,4B,2,4A ) 6-=12 hrs, 12-72 Ars  DAILY
Sound/Baffin May-~June . 9,58,2,4B,4A,3 ' | ‘
Bay | July-Aug | S,5B,2,4B |
| Sept ' 9,2,7B,5B ) | i
! Oct-Dec %u 9,2,4B,4A,58 l f
l i < ~




o

ACTIVITY/INFORMATION PRODUCT MATRIX

GROUP ACTIVITY. LOCATION SEASON , NEEDED TIME NEEDS FREQUENC
: | i INFORMATION NOWCAST | FORECAST |
BRODULCTS i L
| |
Canadian ITransit (2) Davis Strait Jan-Apr | 9,4B8,5B,4A 6-12 hrs| 12-72 nars . DAILY
Coast .Guard May-July 9,43,4A,5B | ! ;
: Aug-0Oct 9,78,2 1 ! :
‘ Nov-Dec 9,4B8,2,58,4A 5 { :
hutt o -r i -
Hudson's Bay i Jan-Apxr 3,48,2,4A,5B t-12 hrs| 12-72 hrsf DAILY
Foxe Basin ¢ May-July 5B,4B,2,4A y ;
' | Aug-Oct 2,73 j j
© Nov-Dec LB,4A,2,58,3 ! f
\ ~ - \ i
Labradoz:. ' Jan-2pr 9,5B8,4B,2 §-12 nrs| 12-72 hrs: DAILY
Sea’ . May-Dec 9,78,2,5B,4B L_ l |
[ i
Gulf of St. Jan-Apx 48,58,4A,3,2 &=-.2 hrs!| 12-72 hrS% DATLY
Lawrence May-Dec - 73 | | |
=X : s : <r
East NFLD Jan-Apr §,4B,5B,2,40 6-12 hrs} 12-72 nrs | paTiy
, May-~Dec 9,7B,2,4B ‘ | | ‘ .
| S | w



A

ACTIVITY/INFORMATION'PRODUCT MATRIX

SEASON

T

GROUP ACTIVITY. LOCATION | NEZDED ' TIME NEEDS FREQUENC
: ' | INTORMATION NOWCAST | FORZCAST
| PROopICTS | ;
E |
. ) : . | ;
Canadian . |Transit (2) Davis Strait Jan-Apr | 9,48,5B,4A 6-12 nrs| 12-72 hrs | DAILY
Coast .Guard May-July | 9,4B,4A,5B | | |
: Aug-0ct 9,78,2 : ; '
‘ Nov-Dec 9,4B8,2,5B,4A | i .
E -r -Jr 1' -
Hudson's Bay Jan=-Apr i 3,4B,2,4A,5B §-12 hrs| 12-72 hrs | DAILY
Foxe Basin May=July 5B,4B,2,4A y ;
Aug-0Oct 2,75 i :
Nov-Dec 4B,4A,2,58,3 | ;
e ~\r H ~
Labrador:. Jan-2pr 9,58B,48,2 6=12 hrs| 1l2-72 nrs ' CATILY
Sea’ May-Deg %,7B,2,5B,4B i 1
Gulf of St. Jan~Bpr | 4B,5B,4A,3,2 | 6-12 ars| 12-72 ars: DAILY
Lawrence May-Dec 7B L | ;
East NIF'LD Jan—Apr 9,45,5B,2,44 6~12 hrs! 12~72 hrs | DATLY
. May-Dec 9,7B3,2,4B | ; |
! | | |
_ s = ~r i =

-



ACTIVITY/INFORMATiON PRODUCT MATRIX

|

!

. © NEEDED

1 v s
- FPREGUINC

GROUP ACTIVITY. LOCATION SEASON INTORMARTON TIME NEED
Il MAL L = S = - puiny -
S RODLCTS NOWCAST | FORECAST |
Offshore Exploration 'Beaufort_ July 1,58,4B,2 TBD TBD i DAILY
Drilling .:[:(3) Sea (4) Aug-Sept | 1,43,5B,2,7B | | i ;
and Oct 1,48,2,5B | | |
Producticn . i -
Seaufort Jan-Apr 1,45,2,58,3 78D TBD j SAILY
Sea (5} May-July 1,5B,4B,2 | ; |
Aug-Sept | 1,2,73 | | : ;
i Oct=~Dec L1,2,5B,4B,4A L g :
- <r b
Peaufort - Jan-Apr 1,2,3,4R TBD TBD  DAILY
Sea (6) Mav=July 1,2 | | : | j
i Aug-Sept 1,2,7B i : |
i Oct-Dec 1,2,4B,3 ! : | _
iz e . ~7
i Baffin Bay/ sgune-July 1,9,58,2 TBD TBED i DAILY
Davis Strait Aug-0ct 1,8,78,2 ‘ |
(7) | I ;' ! or
Labrador 3ea Jan-Apr 1,5,2,48,53,6 | TBD I BD | DAILY
(8) May-Dec 73,1,9,58,2,6 ‘ | !
- T | .
Hibernia/ Jan~Apz 78,9,1,2,6 TED  TBD i DAILY
Scotia Shelf May-Dec | 7B3,5%,1,6 | : \ » o
| i * .
| <7 i < { .




ACTIVITY/INFORMATION PRODUCT MATRIX

GROUP ACTIVITY LOCATION SEASON | NEEOED TIME NEEDS | FREQUENC
B | | INFORMATION NOWCAST | FORSCAST
J : PRODUCTS | | L
| | |
Offshore | Construction. (4}! Beaufort July " 1,5B,4B,2 . T3D TBD . DAILY
Drilling . | | Sea {10) Rug-Sept 1,58,7B,2 L ;
and i ‘ _ QOct~Dec ‘ 1,5B8,4B,2 1 [ |
Production | . | — | - ? =
; Labrador Sea % June-Nov | 7B,$,1,2,58 | TBD . TED | “-DAILY
| ] l
| ’ . . L i i |
; Hibernia / i Jan-Apr 75,9,2,6,% | T3D T3D: | DAILY
} Scotia Shelf | May-Dec 78,9,6,1 ] | '
\ | ! i
\ i i | )
: - L | o
| * |
Production Beaufort . Jan-Apr ~,27,3,48,58 | T3D - TBRD ; DAILY
Sea (11) | May-July @ 1,2,5B L { |
‘ : Aug=-Sept ; L1,2,7B,53 I | ! |
Cct-Nov | 1,2,53,4B,3 | 1 J
! ' e o Bt
K \ ‘ -
Labrador Sea Jan-Apr | 1,9,2,42,33,6  TBD | mBD . DAILY
. : May-Dec | 73,1,9,58,2,6 i i
{ ! ‘ 1_Lv ' ~r =r
: : \ C -
Hibernia/ Jan-Apr 75,9,1,2,6 | TBD , TBD . DALY
Scotia Shelf May-Dec 7B,9,1,8 \[ ‘ é | o
. ‘ I | f
lf i ~r - J el




ACTIVITY/INFORMATION PRODUCT MATRIX

- NE£DED

GROUP ACTIVITY LOCATION SEASON - Yo TIYE NEEDS FREQURNC
' - INJORMALION " FGWCAST | FORECAST
PRODUCTS | ;
|
| i
DND Anti-Submarine . . Year Round | 8,7B,7A,6 6hrs | 12-36 hrs' DAILY
Warfare ' ] g ;
Ship - Year Round | 75,7A,6,9 12-36 hrs| DAILY

Movements

bhrs \




ANNEX II-2

INFORMATION FROM: CANADIAN ASTRONAUTICS LTD.

RADARSAT

CAL have overall sysncn 1et,pons1b1hty and are .Juppouz,d by SPAR and
MDA as subcontractors.

The two main topics which were discussed were the candidate buses for
RADARSAT, and orbit coverage.

CAL handed over a document entitled 'Radarsar Candidate Busg Matrix'.
Anyone interested in sceing this may borrow it from PB or LPW. The
mairix presents detailed data on the eight candidate buses, namely

. Tiros N
Landszat D
1, Sat
Spot
GPS51I
P&0 1
Seasat
SCS

compared with the corresponsing Radarsat specification. Weighting
Focters, Scores, Total Marks and Bus Rarking will be included in a
later revision, Some more detailed information on SPOT was
subsequently given to me by the ESA Washington Office.

CAL had examined orbil coverages with the SAR pointing to the LHS
or RIS of the satellite.”

The RHS case gives a higher maximum I atitude hrt results in poorer
“coverage of the Beaufort Sea and North West Passage,

The LHS case - which is now the baseline ~ glves coverageup to a
maximum of 755N and good coverage of the Beaufort Sea and NW
Passage but leaves gaps in the coverage of the Straits of Labrador
which would need to be filled either by aireraft flights or swath stepping
of the satellite. This latter approach suffers a number of difficulties

but is under study at present.

X7 _TJTT_ "7



RADARSAT CANDIDATE BUS MATRIX

The following four pages present detailed data on the
eight candidate busses for RADARSAT. fLach page contains
one "quadrant" of the comploete hun'matrix, which has

tire foellowing format:

TIILE TLROS-H {LABDSAT-O L-BAT PR LBS- 11 1o SEALAT 518

MAhLEACTURER
Hissian Mt Q1E

CHMPATINTLY
RIWEATR .
FOaLtK CAPACITY ]
BN ¥BLIAGES ’

HALIRKILS o .

1t GUADRANT 1 OUADRANT 2
TUHAERATURE ’ .
ACS .

STHYC TURE
nrst s Fous

T OIRADLATION HARGLHIKG

DAVA CTAFALIL LY
ITRE -
SATLLLITL TRACKING
BISduy 01
HlLragitary
HOLIFICATIONS
DERAVIHRY SCufouLr -

S quapRanT 3 QUADRANT 4

LAUHLIL Yimteng?
ISTLINACLS

TOTAL €0ST
T01AL HAREYS

This.package is REVISION A, correct to January 7, 1982.

=0ﬁtsténding data and minor revisions to existing data will’
be incorporated shortly. Weighting Factgrs, Scores, Total

Marks and Bus- Ranking will be included in a later revision.
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L-SAT

SPOT !

RADARSAT SPECIFICAT (D8

Ed A AzR23PACE

MATRA

W-RYNC » DEO-5YNL.

urTI0N: TDR:

TO 4000 WAXTS/ilOGR ECLIPSE.

F2010 WATTS FOX T4 2ATTERY DINSCHRAGE
FECULATOR HMODULES. .
2 SHCNT DLMP MODULES (6.3 A. EGL).,

£1 WaiT FPRESENT SOLAR ARRAY CAPALITY,

FOWTR SUEPLY SUASYSTEN.
POWER CONTROL UNIT.FR0V (DTS CONTRAL § MONISRINE,
POVER DISTRIAVTION UWNIT-FROTIGES PROTECT Ii’“ 5
ISOLATION.

PATTIAY BODULE-24 SE11ES CONNECTTD 14 AR M.
CELLs, ‘
POYER SUZFLY-D/P CAPABILITT UF TO 2000 va)Ts
SILAR AZRAY-CABABILITY U 70 1713 tarts. !

CAD,

3.3 x WATTS EST.

o e . SUN-SYLC POLAR G2E1TS.  600-12C0 K.

(L LY TONTCET, ans e - H

TOINMAIORITET.  DANMILUSE. RANCE oF 58,37 03C0-16G0 HA. IQUATOR CRUSSING. SUX-SYNCURONDUS - POLAL ORBIT.
EELT[-}(ISSIU:I BFERATIONS . BAKTE CRZZ=YATION PRIGRAHMES. -
AIANT AND STS ’ ARIASE S5TS AND ARLANE &.
‘1352 26S. 1918 zEs, t .o

150 ;g3?022§§5:c§?50 :GS)- 2370 KGS. (450 £GS) ] MAX 2400 KC PXIOR TO LALNCH.
1550 GS. . {INC. t5 56. 300 EGS. {177 %GS) {(INC. 15 X&. 450 K GAM ESTLMATED.
450 ¥LS. STK) 1a¢l rcs. H.K.)
TICT =RTiS: T
¥0 7000 WATTS - SLNLICUT. &40 VATTS. .

IMPEDEN
RESISTANCE 20 m QHM AT DC,
RIFPFLE 3500 = VOLTS P 70 P.
IMFEDENCE 400 a~ DUX DC.
RESISTANCE 20 = DEM.

LTPPLE 500 m VOLTS MAXP TO P,

E¥LECLT:

50 VOLTS 26 © I REGULATED.
237 70 37 YOLT CN-REGULATIED, '

-

30¥ DL LCLRECULATED E5T.

i:0fF - 33 ARR N. EYb. 1 OFF - 24 AHR

2 70 & aFF - 24 AHR ¥. CADMIUM.

AR AIEAY DRIVE {(SAD) D2 ZAPTA
2QYIDEZS ROTATION CAPABILITIESR 42DCND
AXIE.

THROLGE 90°,

gorr MIN. 2 T3 ARR EST. .
yd_sq. FEET WINGS HOUSNSTED ON +Y 5 -¥ . |

ACES. LENGTI 38.4 FEET MAX. | '
JTRO-MAST CARRIES SOLAR MLANKETS. USES TEE 'SPACE ITLESCOPE' SCHSTAALE.

o DEFENDING QN ORABIT — 5/C ROTATLOA 1.5.0 i

FASSIVE TECHNIQUES WITH ELECIRICAL
RZATERS.

£15Q. FEET OF H-5 RADIATOR AREA

RED WIT3 OPTICAL SO0LAX REFLECIS.
5/C TECHESOLOGY - CONSTANT

LGTION PIFE HEAT RADIATORS.

FASSIVE SYSIEM WITH ELECTHICAL HEALERS.

PAYLOAD & PLATFORN THERMALLY DECOUFLED.
DISSIPATIUL TIME DEPENDENT O4 PAYLOAN.

FASSIVE MITH HEATERS POSSIBLE
ACTIVE CONTZOL LOUYRES & HEAT
F1PES.

FERATING -40%c TO #+7D%C.
FRgtis -25%¢ 10 +a0%,

o® £ o < e0%.

DESECH MamcIN 30%c.

KA-2ED & SUN SENSORS.

80L LOOF SYSTEY.

% STABILESED FOR TRANSFER QRIIT.
FITCH 3 ROLL 0.5 TaW. =(SE= xons)

HTCH &4 ROLL MY In¥g_
TECRATING GYRO.

YAY BY RATE

(% TOAQUE CONTROLLZD 2Y REACYIONM
IRZELS .

THFXA-RED 2 S8 SENSORS,
COMPLTER COMTROLLED SYXSTEM.

0.15°

HMAX. (3 AXTS) WITH PRZntctep 0.12°:
ARGULAA RATE 107 9/SEC. ANT axIs.

REACTION WHEELS {15 W45} & MACUETTR
IORQUERS.

SEASING: ® 0.1, B 0.4%, ¥ 0.06% (€} 0,20

costROoL: R 0.2°, P 0.2, T 0.2°

(L)

HfS = 100 KGS.

15 KCS.

470 ¥fS = 237 X€S.

210 M/5 = 150 KGS. 475 %/s = 362 KGS.
== 1% XGS.

(FOA ORBIT 100D KM =375 H/5 = 279 TGS-)

CAFABLE GF XAYSING SPACECRAFT FaoM
SHUTILE PAASING D331T TOU DESIRED
ALTKTUDE.

ISEOUS HELTUN.

LOW-DOWN AATIO 5 TO A.

A:OFF AEACY1ON CONTROL THRUSTERS.
SURZ RECULATONS 3 TRAXSDCCERS.
ATCHI¥G 8 PYROTECHNIC VALVES.
ILLEFY & NON-RETURY VALVES.

BEYDRAZINE FUEL CAFACITY - ORAIT LIfITLIG.

6 Orr ~ 3.1% N THRGSTTRS FAR ATTIITUDE &
0RSIT COATHOL. ! :
2 OF°4 OFF 14 K THAUSTERS FOR ORABLT
CHANGIXS. ’

3 AXI5 STABILIZED.

I
ZATIAL CTYLINDER IS THE
TAZRING STRELCTURE WHICH
CEEPAMATLAON PLANE.

fALONAL STRUTS S5CPPORT

MAIN Laad
TIZARSHITS

13ADS

COMHCIICATION

VERSATILE FLATFORH AREA.
PLATFORM SUPPURTING WALLS FOZX EQUIFXMENT
HDUNTING. '

%S,

. B D.
LE LATTERAL UVALLS, \ T o
CTLRE FROVIDES FLEXIBILITY & '
W PDTIZINTIAL. .
¥T. 7 INS. X 3 FT. 8 IX5. x § ¥T. 7 f°F. X 6 FT. 2 INS. ¢ & FT. I L35: T.E.1
[ hhakahahd .

EQSYNE 03JIT EQUIPT. ZESISHED

E Fax
CTEAR LIFE (23X KaDE PEX YLZAR).

PLATFOAY DESIGH CUARD FALTOR OF IW).
LOWYER OR3TTS - CUARD FACTUR INCREASES.
BICHER URBITS RADIATION EBARDENID FARILY -
IMPLEMENTED.

HINIMIZE £NERGY STORAGE DUE TO
DIFFERSNTIAL caAaSING & SOT BE
AFFECTZD BY LNITORN SPACECRATT
CHARGEXG. .

. ey ——

CUADRANT 1 REVISION A.

JAN 7 1882



TITLE TIRIS- (SAATHDY FHS/LVIDSAT-D

[ W2 TCIT ING
YACTOR

) JrACTURE RCA ASTA-CLECTROUICS ) .
MAtrAC : ELECTROUILS ccones GENERAL ELECTRBNLCS
S 500
TYPICAL RISSICH PROFILE ny  antr—vos SUN-SYNC NEAR FOLAR CIPEULAR ORa1TS, . SUN-$YLD CLRCULAR. 305 Ku.
B]  IGCLINATION B11-830 i, e } 37.67 0930 BR. EQUATOR €REE5IYC.
€} MISSION 98 J600-1000 KR, EQUATOR CAOSSING. MULIZ-HISSTON/REHITE SENSISG
BCABCH & XEISLLE OPERATIONS, APPLITATIONS. o
COPATIRILITY : . e
ATLAS AND $TS GELTA AYD 575
: — — |
b - WLIGHT TYPICAL LALNCH WEIGHT TOTAL xey, 2137 KCs, :
PAYLCAD GRY WEICGHT CRPAHILITY XG5, {430 xcs} . JB0 ECs. (L5350 KES)
PROVYLSION FUEZL WEIGHT CAPACITY 73a xG5. {277 Kos) (ISC. 15 KG. (417 RG5) (INC. 135 KG. *
AUS WEIGHT {TYPICAL DRY) - 655 KGS. 5TE) 1105 XGS. SIR)
" - ;
PCRER CAPACITY AYLOAD * FLAR 1980 WATTS ' . 3000 WATTS 0% A 10Z ORRITAL DUTY CYCLE.
AVERAGE L20 WATTS 120a VATTS
1000 WATTS - ¥OMINAL
DESCREPTION 100 ¥ATYS -BLS AVERAGESORBIT
L0 WATTS -TAPE RECOKDER HDDULAR POWER SCBSYSTEN CONTROLS SOLAR
B VATTS -POWER SUPFPLY . ARRBAY CENERATED POWER,
SOLAR ARRAY UN-FUSED POWER IO EACE SUBSYSTFY uObULE,
. 1470 WATTS FUSZD POWER T0 INSTRUSENTATION
. 3 VOLTAGES . - .
BUS VOLTAGE MAIN VOLTAGE t 28 ¥OLTS DC. 221 ¥ 7O 13 yOLTS.
SECUNDARY I 5 voLIs pe. - F Y 28 VOLTS - LNREGULATED — CitaRcE 5
* . DLSCHARGE OF BATIEALES
FECUTATION . = 0.3 VOLTS - DN Mal4 VOLTAGE
. B AECHARGE 79.5 AHP ER. -
TRANSTENTS DOD 20X (3 BATTEAIES) WITEIN SPECIFICATION LIMETS:
i Y 0.1 vOLTS ECLIPSE . 5-7000~17 4 5-7000-14
< BATTERIES - - - - : : -
1 0FF ~ 50 AHR N. CADMIUM (ADV. TIRO5-H) 3 OF7 ~ 50 aZR ¥. canylud,
. SOLAR ARRAY - -
GEQHETRY _ 125 59. FEET {8 PANILS) 150 8Q. FEET {4 PANELS} ADDITLONAL PASELS
- . DEPLOYMENT TYPE . 367 CANT T3 TEZ DR3LT NOIMAL . ZAY AZ ADDZID GIVING YINCREASE OF 20T !
. . ROTATION ONCE #ER ORAIT SINGLE & DUAL AXIS ROTATION ;
RESTOWABILITE . ZCERENTLY HOT RESTOWANLE P
; SADAPTA POWER SUPPLIED THROTGH ZLIF RINCS . '
T THERSAL .. - - Ce e - : \ : '.
PASSTYE HULTI-LAYEZ INSULATION BLANKETS PASSINE — INSLLATION & RADIAIORS OX TERE :
ACTIVEZ — LOUVAZIS VANE & PIN WHIEL ENSTRCHENTATIOY KODGLE, -
COVERING MAIN RADIATOWS ACTIVE - LOUVRES ON SGESYSTEN MOZTLES

490 JATTS ON INSTRUMENTATION

35 WATT REJECTION CAPACITY
350 WATTS ON SU3SYSTEMNS

TEPERATURE . . - - -
. : QUALIFICATION =I0% To -s0°C  SUPPORT STRUCTURE INTERFACE 11°C 123 307%¢::
3 ACS ) . . - . - S5TAR {RACEER. PRECISIOW DICIT
- SENSOR TYPE FITCH & ROLL EARIK SENSOR. YAW SCN SEHSOR. COURSE SCN SENSORS, . At
SYSTEM TYPE HONMINALLY A ZEAC MOMESTUM CONTRXAL STSTEM. BICHLY AUTOMATED SYSTEM.
3 ATIS SYABILIZED T . ° . A
FOINTING ACCUBACIES 0.157 HAIN BODY o <~ 0,017 ALL AXIS
’ *
SEMSING ACCURACIES o.14" Zp "
CONTROL SYSTEM REACTION VBEEL ASSY MACNETLC CONTROL REACTION WHYELS MACHETOMETER & MAGHETZC
COILS & GAS BEAREVC BENOTE ISTEGCRATINC GYROS. TOZQUERS. .

DELTA ¥ . 210 4/8 = 149 IGS. 575 M5 = 262 XGS. 210 /S = 171 KCS. 476 M/S = 417 TcS.

“PROPULSION -
. ) STATIOH FEZPIN A15 EGS. . w15 XGS.
. Acs- .- . e o M -t HYDRAZLSE & NITZOGEN
YUEL TXPE : BIDERAZINE & NITROGEY : b
THRUSTER CHARACTER[STICS DSED 0¥ SOLAR AREAY DEBLOYMENT TA L SYSTEM - BLOW-DOWN RATID 3 T9 1
AND TRNKAGE TYPE PX IL SYSTEM ~ BLOW-DOWN ZATION 3 -3 =
. PROFELLANT LATCE VALVES ISOLATE THE

TEADSTEZR GRUUSS PROY THE FROPELLAYY Tawsks

STRULTR ADV. TIROS-~N HAS CROYTHY CaPali_Iz¥, R CICET WEICHEY MODGLAR SUPPGRT SIAT-—
ol : AT PRESENT SCATTERONETER BEING JESTONER OSE BESYIGH IN THZ MECHANTCAL 3 TaEzi
AS PALY OF ATN FAYLOAD. SYSTENS.
i STRUOCTICRE CONSISTS OF & COMPOXINTS: BASIC ZLECTRICAL SYSTEM IS PIXED.
. . 1) REACTION SYSTEY SLPFOART HA5 STANDARD CONFICURATIONZ
2) EQUIF. SUPPORT MOOULE 1) nuS 1) sC & ¢U 3) TA {TRuoXSI—=aw
- 3) INSTAZMENTATION FLAIFORM ADAPTIR) &) uPs 5) MACS
1) SOLAI AIANY $) C 3 pY 7} gt o PeTT
DIMNEASI(IS . - ] _
ADY. TIZQS-X 13 ¥T, 10 IX5. X & VL. 27 rt. x Y FT.
R 2 I¥s.
TADJATION HARGESI NG .
. - REF. LANDSAT-B SYSTEM SPEZ, WITHtd 533

TO ¥ASA STANZARD SPZCITICATICES : LINTITS. XEF. JASA X-401-T7-52




CONCEPT %0, 1 (SEASAT) ConZeP?t YD 2 (509) PADARTAT S22CIFICATION ‘

LMSC INC, Ut IR,

LRal o gl S5COon

-

42%5!‘5( SLA.H.':TAP.Y & LUNAK,
97 - 109" ALT. 15 OHX T3 2500 Nu.

SIC SEASAT DESILK. STE—STXCERONOUS - POLAR ORBIT.

IAXE ALD STS . TITax STS L33 ARIANE 4.

3215 xes.

E;SO ECS) ) . 3358 Xi5. (450 XG5) i MAX .20 KG PRIOR Y0 LAUNCE.
91 EGS) (INC, 23 ¥G. TE1L Kos. {460 KGS) : £30 X RN ESTIMATED. )
B.E.) 2309 xek . : '
inrr : i
153000 WATTS — VARIABLE, 3000 WATIS - VARLASLE. |
CROULD Z~-VIRE PCVER DISTERIBRUTION. K50 TATTS NOY1%AL POWERL !CL?ACITY- ’
LOE IMPEDEHCE EOX3YED, l - T 3.3 £ =ATTS EST,

J0D0 WATT ~ NAX., FROH SOLAL ARRAY, 3009 ¥ATT - MAX. FEOH S0LAR ARZAT - : - ’

VOLTS IO 32 VOLIS be 2B ¥2LTS DpC

30%. DT THRRECULATED EST.

DOD 70 [AS BN SEASAT)
2L VOLT DC 10 MICRO-SEC. ECLIFSE EXTT
RANSIENT.

2 I0 & OFF - 25 AER H. CADMIUNM. & OFT -~ 25 AUPR K. CADMICH, upx - 75 .AHR EST

430 SQ. FEET %1TYH ARRAY DRIVE ASSEHBLI. -

T.R.D.

QLAR ARAZAT CAM BE RETRACTABLE.

SOLAT AREAY CAN BE RETRACTAELE.

MSSIVE THEEMAL CONTEOL WITH BEATIRS. . FASSITE TEEAMAL CONXTRO. WITY HEATLRS.
'S/t TRERMALLY 1SPLATED FEOM PATLOAD. S/C TEERWALLY 150LATLD FROM PAYLOAD. - )
; ‘ _ . PASSIVE WITH FEATIRS POSSIBELE
350 WATT DISSTPATION. 400 WATT BISSIPATION, ACTIVE COXTROL LOUVRES & ELAT

- - - =10 WATT BEAT TRANSFER FROM SATELLITE PIPES.
CONTZOL SECTION TO PATLOAB. . - T T

- — ~ ]
E51G% ATn -20%¢ 10 »20%. DESTEN -AIE ~20°C To 420°%C.
¥ . ]

) DPESICR =aRGTH 10°c.

Ak, EDRIZON & SUN SENSOAS. EDRIZON SENSORS. i
%PUTER COMTROL. REFEZREENCE HODCLE. -
AXIS STABILIZED. 3} AXIS STABIL1ZED.

8.7 FITCB YAW & BOLL. ’ 0.5 PITCA 0.5 YaW 0.4 ROLL

¢® P1TcE 0.127 Yaw  0.14° ®OLL . .

5ISC RATE ©,0025°7SEC. P, 0.17/sFC. STHSING RATE 0.01%/skc, B, 0.01%/sec. SENSING: x 0.1°, P 0.4%, T 0.047 {C) 0.20" (1)

‘% Q.0020%/SEC. R, Y a 0.032°/sEC. 1, | . - o o . -
CAL GIMBALLED REACTION WHEELS. - b : CoNTROL: ® ©6.2°, T 0.2°, 1 0.2 : -
110 H/S T 111 XGS. 475 M/S T 268 XS, 220 /S = 191 EC5. 476 H/5 = 460 KGS. -

223 XKGS. - . ) EAPABLE OF RAISING SPACECRAFT FROM :

- - ) . . - SHUITLE PARKING DABIT IO DESIZED o
. . - ; . ALTITUDE. ’
IDRAZINE. ) "RIDRAZIKE. .. ; )
BQT CAS CONTROL THRLSTERS. EOT CAS CONTROL TERUSTERS, o : e
: ECHINAL TOLL LOAD 1814 KCS. . 3 AXIS STASILIZED, Coe
NA BASELIKE EONCEPT. SATELLITE CONTROL SECTION, ] o
i ‘ EAY AREAS, . . S s
BAY 1) PYROTECENICS RAY 2) FOWIR e e s e e — s
BAYS 3 & 4) BATTERIES  BAY &) ACS
BAY 7} T &8 7T BAY B) COMHAKD. T.B.P. ~
BAY LOAD HOUNTING AREA IS 10 FY. DIA. - - - - - e N -
' 10 FT. DIA. X 7 FT. & INS. _ - B
- . ) : T.2.m. ;
XO NUCLEAR EADIATION EARDENING PLANNED . _“

DLAR ARRAY CELLS WILL BE SHIELDED FROM SOLID STATE DEVICES SCREENED. , - - HIKINMIZE ERERGY STGAAGE DUE 10 )
LOSHIC ELECTZON § PROTON PARTICLES. CABLE EXD-YO-EXD SHIELDINC, RONDING & DIFFEXENTIAL CHARCING X NOT RE .
SIKELE CRND. PT. CRYD. STRAPPING. ::r:g::’g MY UNIFORH SPACECAAYT

. AF 5C.

CUADRANT 2 REVISION A. JAN 7 1982
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W ew,

[XIRF]

P&2-1

ADIRAELL IHTTRTATIONAL

E1GYM CIRCULAY 1Y ECUR O2BE1TS.

KAVEIAY MISS]ONS 1% SUPPOET OF [5AF.

OFIEATIDNAL
> 77.3%,
TSAF “I5510%5 BKOAD RANCT OF LOV DEXITS,

oRRITS EnO KX,

27 voLYS =

sTS 518
W 1GHT _ — 1793 EGS.
- ~a niZH KEIGHT TOTAL 23 RG0S, - .
©OTATICNL LAY ;—:—‘.‘GT;-E-UE:?;.EILITY ¥cs. {450 XCS) £93 Lts. {450 res)
FRYLOAD g:lr"*!—. e ioHT CAPACETY KBl XC5. (279 Xcs) (IxC. 1% EGS. 1123 kG5. {153 X6s) (INC. 15 XCS5.
:'S.;l:-;?é.ﬂ;' (':-;?1‘::1. pay} #10 RCs. E.r.]} 330 FCS. E.2.)
Fosti CAPALLTY PAYLOAD PEAX 1208 wATTS 1200 WATTS
A AR
AVERAGE
PESCRIPTION DIRECT EKTRSY TRAANSFEN FEOM BATTERIES.
900 VATTS ~ EXISTING SOLAR AKRAY. L12FCT ENERCY TRANSFER TIA S5LIF RING.
¥ 1200 WATTS — WiTi MODIFIED ARMAT & ASSTMALY TROM SOLAZ ALRAT.
SOLAR ARRA] FLECTRONTCS. 1200 VATTS DURING SGNLICEHT.
E2S VOLTAGES . .~ .
FAIN VOLTASE 1.0 ¥OLT DE AT BUS. 14¥ T3 33 VOLTS DC TO LOADS.

52V TO S0 VOLTS BC TO IAPS TERUSTERS,

TFI. x 7 FT. 6 1Ns. x 3 FI. & 1¥S.

N

SECONIARY 26.5 VOLYS + 1.57 BT 3, . NO DEGRADATION Si TED Ta THE
. - 1.0y pr 37 LTAD TERRIKFAL, _ FOLLOVIKE TRANSIEKTS:
EEGULATION VOLTAGE ZIPPLZ (1)< 0.26 VM5 TO 15 K¥Z. T  60.6 I SEC. f B5Y LINE TO LINE,
. . (2)~ 0.4 VEMS TO 100 BKZ. 2 31¢ LINE TO CAS[_
TRANSLENTS TRANSYENTS <Y 31v 702 < 5¢ SECOE¥DS. I 60L& » SEC.) 35 yorr
19 20 % scc. } ¥oLTS
BATTERIES .
2 OFF. ~ 35 AZE N CACMIUK.
SOLAR ARRAY 7 SOLAK WIKGS (SFI. 7 INS. I 11 FT.
GEUMETRY 9 I¥s.). -
DEVLOYMERT TYPE SOLAR WiNC5 ¥OUNTIOD ONF 4¥ & —T AXIS. 3 PANILS (INNER MID & OCEER),
ROTATION SINCLE DEGREL OF FREEDON ORLESTATION. 130 5g. TEZT. 35" TILE ANGLY,
RESTOWASILITY SINCLE DEGREIE OF FRXEDOK GRIENTATION.
SADAPTA 78 5. FLET PRISEST ACIIVE IREA, .
108 5@, FFET PRTENTIAL ACTIVE AREA.
THEPHAL - PAIMARY EEAT PEJECTION EY SAEAR PANELS THERMAL, COVERS, RADIATOAS & BEATERS
WITH THEAHAL LOUVEIES CR RADIATOZS. CONCEPTS BELNG EVALTGATED,
TETPMAL DOTBLERS PROVIDE AEAT
. COSDECTION FATRS. 100D WATT STEANY STATE DISSIPATION. .
480 WATT CONTIKLOCS DISSIPArION. 150 WATI PEaX LOAD FOR SEORT PEERIONS.
TEMPERATURE ¥05T EQUITNENT -15¢ 710 +30%c. EXTERNAL I1TEnS -£27%¢ 10 #5327,
BaTTERIES 0% TO 30°C. BATTERIES 1% To 20%.
ACS SENSOR TYPE EARTE & SUN SERSODAS CELESTIAL, HORIZION & SUS SEKsSORS -
SYSTEH TYPE SPIK STABILIZED & 31 AX1S COSTHOL. 3 AXI5 STAMILIZED. .
. -
POTNTING ACCURACIES 0.5% (3 AZIS) : 0.1° zoLL & Taw. ©.2° rizca.
. N .0 o &
L SENSTNG ACCURACIES o-02 -
. REACTION WHEILS WITH MACHETOHETER/
] C{NTROL S¥YSTE ELECTRADHAGHETS.
PROPULSION R ) ) = 21D M/T = 130 RE5. TS G5 4 333 XeS.
DELTA V 23p M/S = B9 FGS. 4TS M/S % ZLL XOS. o 1% ECS, B.K, -
_STATION XEEPING “15 XG5, TOTAL IMPULSE 296 76I'KC5. = SEC/HOTOR
S MAZLHUM THRUST 7524 XoS,
~| PLS . BYDAALINE STABILIZATION STSTEM -
- FUEL TYPE : :
NITROGEN RCS ATTITVDE COXTROL. -
THRUSTER CHARACTERISTICS 4 DFF AS_4 KE. FLTCH & YAW COXIROL ;-
‘ AND TANKAGE TYPE \ THRUSTERS. . e s
r 2 OFF 2.3 KG. KOLL COSTROL TEAUSTERS.
12 OFF 90 # CRAM THRUSTERS (RCS)
. TAMX TOTAL LOAP 1123 Xcs, - :
STRUCTIE ENPLOYS TECHSOLOGY DEVELOFEJ 3 TSED IF ALUNINEN EONEYGIHS FLAT FASTLS. .
€FS 1 s/C. HONDCOQUE THRUST CYLINDEN,.
: £OMSISTS OF SEVEN SUBSYSTEMS. : . )
30 MAJDR COMPONENTS & IBE EEE PARTS. }
TO DATE 109K SPACE HOVEKS ¥YAILGRE rREE .
. OPERATIONS LOCGED 3Y 6 YEHICLES. - -
JERSTOWS . "
DIZERSIONS BFT- 2 INS. X 7 Fr. & IHS. X 2 FT. 3 DNt

RADIATION HARDEAING

CAPABLE OF WITHSTAXDING GEOMAGHKEIICALLY
TRAPFED PROTOXS, ELECTROHS & SOLAX
FLARE FROTOXS.

REF. SFECS KS5DC 76-06 & RSSpC 76-04.

CAPABLE OF WITHEVANDING CEQHAGXETIICALLY
TRAFPED PROTONS, ELECTROKIX & JOLAR
FLAAT PROTONS.

REF. SPECS KSSPC TE-0F & RESDL 76-D4.




soo -

2=
Bk intal

) BTAL CLEDDEL
} CONTROL DATA CHIT
)} REMOTE DATA CXI1T

PAYLZAD HAADLENG SCT ACCOMNIDATED.

PATL2AD FRODCRAMMING 1S ACCOMBIDATER,
I0X wamDhs OF 78 EITS.

Homixal 118 M 1TSS PEXR SECOND.

Y5.pAXD 2023 — 2120 HSI ¥E.

S ROCND.

RAXNCZI RA TX GF S5-BAXD SIcsALs WITH
UPLINK/DOVNLISK RATIQ 2215240,

21200 - 2300 RUI TH. S—2AxD. S-BAND.
CPLINE 2025 - 211D HEZ -
TELIMETRT CEANNELE. DOWNLINE 2700 - 2290 MBZ
COMMAKT CHASSELS. 2 R 3IrS/sEC,
¥ B:iS/SEC. STANDARD BIT RATE
4 DN-30ARD TRACKING CAPABILITIES. MEASTREMEINT OF 2-WAY PROTAGATION DELAT
FACKING & URBIT DETERHINATION bY OF AN R.F. SIGNAL - TRAMS2ITIZID BY THE
y PLATFOkM. -
Fir10% NIASTKINESTS TIA S-AAKD 1060 REZ SINE KAJOX TONE TOR FIHE )
ANSHONDER . HEASZRINEINT. .30,

"$I1CK FOR 10 YR. HISSION LIFE.

2 YA. CORFIDENCE LEVEL 640,

5 TEAY NINEHTH.

AVOID SINGLE POIKT FAILURES 0
RTOCCE CHITICAL FAJLCRE HODES.
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ANNEX IV

European Data Requirements

Results of Future Earthnet Dissemination Sy stem (FEDS) Study

For the FEDS study a European user model was developed to predict

the data handling requirements for the proposed ESA Earthnet data _
dissemination system. This was based on predictions of user requirements
for all sensor types on safellites expected to be operational in the period
1980 to 19920 and obtaining coverage of areas coming within the read-out
range of the Earthnet Stations. The predictions were made separately

for each of the main high-rate instrument types - i. e. imaging devices
based on geographic coverage, frequency of coverage, sensor data and
product type; and modified by iser credibility factors’'.

Demand growth for data products was projected on sigmoidal (Gompertz)
curves with exponential growth taking place following establishment of
service but acheiving satluration of predicted demand level in 7 or 10
years., The European demand in 1990 for satellite data in hand scenes
based on 7 year and 10 year growth curves is shown in Table IV-1. This
is for a pre-Radarsat missions model with SAR not being available before
1986. At the 1990 limit of prediction SAR demand isg just starting on its
growth curve and would expect to saturate it in 5 to 8 years time. Users
of SAR data, when it is available, are seen to be mainly in the ‘high-demand’
group and to be mainly 'high credibility' customers. 'Saturation demand’
is estimated to rise to approximately 468, 000 images a year.

V-1V-47



Sensor Product Demand : Europeah Users

1990

Table 1V-1

7 Year Growth Projection 10 Year Growth Projection

Sensor/
Product Band Scenes Band Scenes

MVI - QL 33697 Demand 33697 Demand
salurated saturated

MVI - SC 2636 Demand 2636 Demand
saturated saturated

HVI - QL 375 Demand 115 -
saturated

HVI - 3C 5494 Demand 1121 -
safurated

HVI - PP 190 Demand 1188 -
saturated

OCI - QL 5386 - 409 -

OCIL -~ 8C |48 - 15 -

IRI(a) - QL [7163 - 2741 -

IRI(a} - SC 5140 - 489 -

IRI(b) - QL }46828 - 46398 -

IRI(b) - S8C }200 - 163 -

SAR - 8C 91 Pemand 63 Demand just
just starting starting

SAR - PP {50 | Demand 50 Demand just
just starting starting

IMR - QL 9586 - 1643 -

IMR - 8C 1205 - 1109 -

Key : |

MVI - Medium resolution visible instrument QL - Quick-look product
.HVT - High resolution " m SC ~ Scene-~corrected product
OCI ~ Ocean colour imager PP - Precision processed
IRI{a) - Low resolution IR radiometer o

IRI(b) ~ Medium resolution IR radiometer

SAR - Synthetic aperture radar

IMR - Imaging Microwave radiometer
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RADARSAT: STUDY OF UK INTEREST

CONTACTS

SUMMARY OF INTERESTS AND ASSOCIATIONS

DATA USERS

Marine Committee of Mechanical
and Engineering Requirements
Board, {(Formerly SMTRB).

MATSU ~ Marine Technology
Support Unit.

Department of Energy -
Petrolenm Exploration and
Development Division.

NMI - National Maritime
Institufe.

Meteorological Office.

108 - Institute of Oceanographic
Seiences.

No activity in directly relevant work and
no new recent funding for data-buoy work
that may be relevant to satellite ocean
data collection worlk.

Are continuing work with long-term data
gathering by ocean data buoys which
could complement satellite data coll-
ection. Areas of interest are moving
out towards the edge of the continental
shell.

Are interested in wind and wave data
that could be provided by satellite.
General area of interest is whole of
"UK designated waters' out to 100 fathoms.
Priority interest is in new concession
areas to be granted in next 5 to 10 years.
Precise prediction as to which these will
be is difficult.

Would have some interest as a secoad-
ary user on an z2d-hoc basis for specific
projects - e.g., Marine traffic monitor-
ing.

Interest in data would be as input to the
current forecasting network and to long-
term global models. Particular interest
in filling in gaps in the Southern ocean
coverage.

Primarily secondary users and would
favour an AMPS* as proposed by the
Met. Office. Consider that a satellite
position fixing system of some sort
would considerably enhance the radar
altimeter data which is of most use to
them.

*Amospheric Microwave Pressure Sounder.



Scott Polar Research
Institute.

British Antarctic Survey

NERC - Remote Sensing
Services.

(National Environmental
Resecarch Council).

Sea Mammal Besearch
Unit (NERC).

U. K., Coastguard

UKOOA - UK Offshore Operators
Association/and Shell UK Sarvey
Department.

Logica Litd.

Main interest is in Arctic data, part-
icularly relevant to shipping and oil
exploration activities,

The subject of Antarctic sea ice in
particular could benefit from Radarsat
coverage but there are reservations
about the value of satellite data in
general.

Radarsat should fit into a general pattern
of developing and complementary
satellite data services. NERC overall
would be as interested in over-land
coverage as much as ocean coverage.

Unlikely to have any direct requirement.

Interested in INMARSAT for Search and
Rescue and in any facilities of this kind
that might be on Radarsat.

Main inferest is in met. /ocean data sets
to justify less stringent and costly
engineering specifications for oil/gas
platforms. Also for operators immediate,
operations planning and platform per-
formance prediction.

Would be in the market for sets of
satellite data as one of a number of
inputs. Interest is confined to UK
designated waters.

Interested in the development of UK
processing expertise and a UK receiving/
processing centre. Consider that the

UK is now well behind in processing for
land applications and should concentrate
now on marine data,
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INSTRUMENT -FACILITY PARTICIPANTS

RAE- Royal Aircraft Establishment Contacts with the Canadian programme

Meteorological Office

108 - Institute of Qceanographic
Sciences,

IMCO - International Marine
Consultative Organisation.

Rutherford/Appleton Laboratory

of SERC - Science and Engineer-

ing Research Council.

suggest that they would look favourably
on the UK taking responsibility for data
collection and dissemination in the

E. Atlantic area. :

It is understood that the UK is already in
contact with West Germany over the
sharing-out of interest in the satellite
radar area. Costing exercises have been
done for a UK ERS8-1 station, which
could also handle Radarsat data.

There has heen mention of the idea of
an Antarctic Station.

The AMPS insirument submitted by
METO and others for ERS-1 could be
offered/proposed for Radarsat.

They would, in principal, favour the
establishment of an Antarctie Station.

Would favour an Antarctie Station and
believe that Argentian has offered
collaboration and also talked to West
Germany on this.

AIMCO are not active in remote sensing

because this has not yet been required
of them by the member states. If
requested, they could forward inter-
national satellite marine remote
sensing activities.

Have considerable interest and activity

in microwave instrumentation.

- Are developing an airborne radar
altimeter (RALT) for SPRI for the
MIZEX programme.

- Participating with France in the
development of RALT for SPOT
follow-ons.



British Aerospace, Filton

British Aerospace, Stevenage

GEC-Marconi Electronics

Considering RALT in relation to the
University of Surrey. Low-cost
satellites.

Considering collaboration with India on
microwave instrumentation.

They work with the Met-Office on
upper atmosphere instrumentation,
and have a specialist team working

in instrument accomodation problems.

They are involved with the European
pressure group for improved and
comprehensive satellite altimetry.
Are interested also in IR sea-surface
temperature instruments.

Working towards participation in RALT
on ERS. Also interest in PAM.

Working with SPAR to study the mod-
ification of LSat as a platform for the
Radarsat mission.

Extensive experience in SAR processing.

Main ambition to become prime on AMI
for ERS and manufacture some space-
borne and ground hardware. Also strong
interest in image processing.



SUMMARY OF U. K, INTERESTS

e A strong interest in archiveable ocean/met. data both
globably and for UK-designated waters.

® A general interest in global ocean/met. real-time inputs
into the World Weather Watch Network.

e Interest both in Arctic and Antarctic for long-ferm sea
and ice data collection.

e DPriority user interest is in scatterometer and altimeter
instruments with posgible supporting instrumentation like
a satellite position fixing system and ANMPS.

o Receipt of Radarsat data (including SAR) at a UK station
developed for ERS-1.

e Participation in international programmes of integrated

data collection, including the establishment of new read-out
station.

e Qv&.ia \3 Ly vw\/ k:w wA hpons L~ &’rxl_—,,-ww-k“i



RADARSAT QUESTIONNAIRES
sSummary of responses

Brief questionnaires on the preferred specifications for RADARSAT

were sent on 215t December 1981 to 44 companies, institutions,
government and universily departments and other organisations which
had previously responded to the British Aerospace survey of user
requirements for ERS-1, By 1st February 1982 seventeen had responded
positively (and one to say that it was not interested), either hy completing
the questionnaire or by supplying equivalent information : they are listed
at Schedule I. A further distribution of questionnaires to parties thought
by GTS to be potentially interested in RADARSAT had by the same date
not drawn any responses.

Under the principal questionnaire heading of gynthetic aperature radar
applications, thirteen respondents indicated specific interest : the
applications are listed at Schedule [, and there was evidence of overlapping
as between a number of potential users. Geographical locations in which
BAR could be used include the polar regions and sea areas (especially
continental shelves and areas of off shore exploitation interest).

Few respondents specified a preferved frequency or wave band. C
predominated over L.

There was general consistency in minimum resolufion acceptability.
Only one user was prepared to accept up fo 100 m; most fell in the

. 26~50 m band. Two did not specify.

The question on polarisation evoked few responses. All of the five who
responded preferred HH. '

 Of the seven respondents who expressed views on preferred incidence,

six indicated 30-4590 and the seventh also did so for one application.
10-30° was preferred only for soil slope measurements.

Preferred swath width was géﬁerally 50-100km, although three respondants
were prepared to accept up to 200 km and five did not specify.

There was a surprising variety in expressed requirements for positional
accuracy, reflecting possibly the detail or coarseness of the features
being studied by each respondent. Two ugers stated an accuracy
requirement of 20 ra or less; one of less than one metre; and two of

1 km.



10.

Likewise frequency of coverage required varied widely depending on the
type of data collected and its use. Ocean wave and meteorolozical
studies require up to four times daily coverage, while mapping and
geological studies may need only once-only or very occasional data.

Among additional sensors there was a marked preference for a radar
altimeter, followed by scatterometer and visible-infra red radiometer.
Two respondents specifically indicated a use for a microwave pressure
sounder. Schedule [IT lists some of the applications for this additional
equipment. Noteworthy is that several respondents expressed a wish
for duplication of readings by other instruments to enable checking and
correction.



Schedule T

Organisations which responded positively to questionnaire

Scott Polar Research Ingtitute, Cambridge
Institute of Hydrology, Wallingford

Macaulay Institute for Soil Research, Aberdeen
Hunting Technical Services Limited, Elstree
Hunting Surveys Limited, Elstree

Hunting Geology & Geophysics Limited, Elstree
Meteorological Office, Bracknell

British Antarctic Survey, Cambridge _ :
Department of Energy (Petroleumn Engineering Division), London
Scottish Development Department, Edinburgh
Marine Exploration Limited, Cowes

Department of Atmospheric Physics, Oxford
United Kingdom Atomic Energy Authority, Harwell
Texaco Overseas Tankship Limited, London
British Petroleum Limited, London '
National Maritime Institute, Feltham



Schedule TI

Applications indicated for synthetic aperture radar

1£;

Detection of soil surfaces and slopes and vegetation patteras for
hydrological models;
Delineation of river flooding;

- Wind-wave modelling;

Sea condition forecasting;

Detection of plankton blooms;

Peat, vegetation, forestry and land-use surveys;
Natural resource monitoring;

Ice-edge monitoring;

Wave-specira monitoring;

Measurement of land ice-sheet extent and velocity;
Fifty-year wind and wave prediction;

Wave climate study for offshore structure design;
Mapping in bad-weather areas;

Geological interpretation for mineral and oil exploration;
Establishment of tanker routes in poorly-charted areas;
New tanker terminal location;

Pollution monitering;

Sea traffic monitoring



Schedule TiI

Applications indicated for additional sensors

Sea ice roughness and concentration measurement;
Ice [loe size distribution; '

Digital terrain modelling;

Hydrological thematic mapping;

Ocean circulation studies:

Cloud imagery and moisture studies;

Urban monitoring;

Geoid studies



