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PREFACE

The Seasat satellite was launched at 01:12:44 GMT on 27 June 1978 from the
Western Test Range at Vandenberg Air Force Base, Lompoc, California. The space-
craft was injected into Earth orbit to demonstrate techniques for global monitor-
ing of the dynamics of the air-sea interface and to explore operational applica-
tions. To achieve these objectives, a payload of sensors emphasizing all-weather,
active and passive, microwave capabilities was carried on the satellite. The
mission was prematurely terminated on 10 October 1978 after 106 days of operation
by a catastrophic failure in the satellite power subsystem.

Major mission accomplishments were:

(1) Demonstration of the orbital techniques required to support the
mission and sensor operations.

(2) Demonstration of the simultaneous operation of all sensors for
pericds of time significant to global monitoring.

(3) The collection of an important data set for sensor evaluation and
scientific use.

The early mission termination precluded:

(1) Demonstration of the planned operational features of the end-to-end
data system.

(2) Collection of a global data set to meet overall geodetic and
seasonal objectives and plans.

This report, in four volumes, includes results of the sensor evaluations
and some preliminary scientific results from the initial experiment team activi-
ties. Scientific and applications studies will continue through FY 80, and will
be included in a separate report..
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ABSTRACT

The Seasat Project was a feasibility demonstration of the use of orbital
remote sensing for global ocean observation. The satellite was launched in June
of 1978 and was operated successfully until October 1978. At that time, a mas-
sive electrical failure occurred in the power system, terminating the mission
prematurely.

Volume I summarizes the project and some early results. Included are:
(a) program background and experiment .objectives, (b) a description of the
project organization and interfaces, (c) thz mission plan and history, (d) user
activities, (e) a brief description of the 'data system, (f) a financial and man-
power summary, and (g) some preliminary results.

Data processing and evaluation continue at JPL under the Seasat Data
Utilization Project; final results will be reported as available from that
activity.
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SECTION I

INTRODUCTION

The Seasat proof-of-concept mission was the first major step in developing
and demonstrating a global ocean dynamics monitoring system using relevant space
measurements techniques to provide information to users of the Earth's oceans.
Mission objectives included demonstration of techniques for global monitoring of
oceanographic and surface meteorological phenomena and features, provision of
oceanographic data for both application and scientific users, and the determina-
tion of key features of an operational ocean dynamics monitoring system.

The Seasat satellite was launched at 01:12:44 GMT on 27 June 1978 from the
Western Test Range at Vandenberg Air Force Base, Lompoc, California, and injected
into Earth orbit. To achieve the objectives of the mission, a payload of sensors
emphasizing all-weather, active and passive, microwave capabilities was carried
on the satellite. However, after 106 days of operation, the mission was prema-

turely terminated on 10 October 1978 due to a catastrophic failure in the satel-
lite power subsystem.

The Seasat sensor payload package consisted of a precision altimeter, a
wind field scatterometer, a synthetic aperture imaging radar, a scanning multi-
channel microwave radiometer, and a scanning visible and infrared radiometer.
Measurements included wave height, currents, sea surface topography, surface
wind speed and direction, wave imaging and directional spectra-yielding wave-~
lengths and direction, ice fields and leads, land imaging, sea surface tempera-
ture, and atmospheric water and water vapor content.

This volume summarizes the program background and experiment objectives
and provides a description of the organization and interfaces of the project.
The mission plan and history are also included as well as user activities and a
brief description of the data system. The volume continues with a financial and
manpower summary and concludes with some preliminary results of the mission.

Processing and evaluation of data acquired by Seasat continue at JPL under

the Seasat Data Utilization Project. Final results are being documented as they
become available.

Other activities of this project are documented in separate volumes of
this series:

Volume IT  Fiight Systems
Volume III Ground Systems

Volume IV ~ Attitude Determination

Abbreviations and acronyms used in this volume are defined in Appendix C.
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SECTION II1

PROGRAM BACKGROUND

A, PRE-PROJECT PHASE

The concept of Seasat evolved over a period of approximately twe years,
from early 1971 to the spring of 1973. The original idea of an altimetry satel-
lite for geodetic purposes was conceived in the early 1960's, and investigations
into the use of active and passive microwave techniques for other environmental
measurements came soon after. From 1964 to 1969, the oceanographic science
community began to adopt altimetry as a potentially powerful method of observing
the global geostrophic circulation with Dr. W. S. von Arx of the Woods Hole
Oceanographic Institutlon as the chief spokesmaw.

Two important documents were produced which led directly to the inception
of Seasat. First, in the summer of 1969, over 50 Earth dynamicists, oceanograph-
ers, and instrumentation specialists met at Williamstown, Massachusetts (NASA
CR-1579, 1970). That group called for formulation of a broad NASA program using
a satellite altimeter capable of 10-cm (4-in.) accuracy for use in ocean circu-
lation research.

Following this, the National Oceanic and Atmospheric Administration (NOAA)
and the Atlantic Oceanographic and Meteorological Laboratory (AOML) convened a
conference at Key Biscayne, Florida, chaired by Dr. John R. Apel, which generated
Sea Surface Topography from Space (NOAA Technical Report ERI 228-ACML 7). At
this conference, reports on satellite microwave techniques for measurement of
tides, wind fields, sea state, wave heights, and surface wave directional spectra
were given in addition to reports relating to geodesy and ocean currents. This
was the first collection of documented proceedings which treated most of the
eventual Seasat geophysical goals as a group. At the same time, a NASA panel was
engaged in planning a comprehensive new program to be structured around the
recommendations of the Williamstown summer study. This program had as its major
visible elements a strong activity'in geopotential and magnetic fields, and a
lesser activity in satellite oceanography. The ocean portion called first for
GEOS~3, and a future program which proposed Seasat-1 in 1977 and Seasat-2 in
1981. A Seasat sensor complement was suggested, but no attempt was made to
specify user requirements. The program document is Earth and Ocean Physics
Program (EOPAP), NASA, September 1972.

In late 1972 and early 1973, the (ad hoc) Seasat Users Working Group (UWG)
was formed, chaired first by Dr. B. Milwitzky, NASA EOPAP Manager, and later by
Dr. Apel of NOAA.* During the spring of 1973, official user agency and institu-
tional positions on the Seasat requirements were taken and debated. This culmi-
nated in the near-final set in May 1973 (see Table 2-1). Those requirements were
changed during the following year in detail, but not in substance.

*In 1975, this group was formalized as the NASA Oceanology Advisory Subcommittee
(0AS), and the EOPAP was renamed the Earth and Ocean Applications Program (EOAP).

2-1
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Dr. Apel, on loan to NASA Headquarters from NOAA, managed the start of the
primary Seasat planning efforts :in mid-1973. Three Phase A studies were prepared
and presented by JPL, Goddard Space Flight Center (GSFC), and the Applied Physics
Laboratory (APL) of Johns Hopkins University on July 31, 1973. At this time, the
cost of the program was clearly going to exceed an early NASA target of $40 to
$45 million, and a number of options were carried into the ensuing Phase B
studies to determine what steps could be taken to reduce overall costs.

Phase B studies were initiated in late 1973 and were presented in August
1974. For these, the target cost for the program had been set by NASA at $58.2
million, a figure derived on the basis of the Phase A results. The three Phase
B presentations were by JPL, GSFC, and APL/Wallops Flight Center (WFC).

The Phase B results showed that the technology required for all the
sensors except the SAR was available from the heritage of Skylab, GEOS, and
Nimbus, and that no cost-saving mechanisms were available short of removing a
major sensor. ‘

Because the new target cost of $58.2 million was reached in mid-1973 and
had no inflation provisions, by mid-1974 a sensor had to be removed to make up
for the national inflation rate alone. The issue was whether the SAR or the
Scanning Multichannel Microwave Radiometer (SMMR) should be removed. The SMMR
was selected for removal in the fall of 1974 by the UWG, largely on the basis
that Nimbus-G was being designed with an identical instrument to fly at the
same time.

The ocean scientific community had been largely responsible for the
concepts used by Seasat for its environmental measurements, and the document,
Seasat-A Scientific Contributions, containing a pumber of short papers on
expected results, was published in July 1974. SMMR sea temperatures were
treated as being of high priority.

A Seasat presentation was made on November 19-20, 1974 to the Ocean
Science Committee of the Ocean Affairs Board of the NAS, and another shortly
thereafter to the Science and Technology Policy Office of the National Science
Foundation. One result from those presentations was that the science community
pressed NASA for an augmentation of funds to replace the SMMR on Seasat because
of the importance of an all-weather ocean surface temperature measurement. This
was the eventual result, and by the time of the project implementation start,
Seasat had again its complete complement of sensors.

B.  PROJECT PHASE

The Seasat mission was the result of user interest and active involvement
from the earliest phases of mission definition through systems development and
the next phases entered, experimentation and applications. The users have
served as the architects of this "proof-of-concept" missiion.

TIRET
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The active involvement of participating Federal agencies, scilentific
experimeters, both domestic and international, and members of industry with
commerce in the marine environment was characteristic of the interest and
support for the program within the user community.

The Seasat system was planned to support scientific and applications
experiments derived from remotely sensed physical oceanographic¢ data consisting
of:

(1) Surface temperatures, wind speed and direction, wave height,
wavelength spectra, and high resolution (25 m (82 ft)) radar
images of surface phenomena, including ocean waves.

(2) Sea ice conditions, including drifting bergs, leads, and
polynas, and Arctic ice sheet dynamics.

(3) Coastal interactions, as well as objects such as ships and
offshore platforms.

In addition, atmospheric column water vapor and liquid water measurements were
taken to aid in adjusting and interpreting these surface measurements. All but
one of the five Seasat sensors were microwave instruments (three active radars
and one passive radiometer) capable of cloud-penetrating, day or night, all-
weather surface measurements.

The circular orbit at a 108-deg inclination, 796~km (429-nmi) altitude,
with a 100-min period provided near global coverage every 36 hours. The spatial
and temporal capabilities of the satellite provided global, regional, and local
experiments with synoptically valuable data.

The satellite system provided 100 percent duty cycles on all sensors,
except the high data rate Synthetic Aperture Radar (SAR). Global data was
collected by the NASA Spaceflight and Tracking Data Network (STDN) and trans-
mitted to the U.S. Navy Fleet Numerical Oceanography Center (FNOC) in Monterey,
California, in near-real-time (3 to 12 hours after observations) to support
weather forecasting and real-time maritime commerce experimenters. Non-real-
time data sets were processed at the project processing center at the Jet Propul-
sion Laboratory (JPL) in Pasadena, California, to support sensor geophysical
evaluation, algorithm development, and scientific experiments. These data sets
included more accurate orbit and attitude calculations and permitted interactive
conversational processing by experimenters. The geophysical data resulting from
this process is archived by the Environmental Data Service (EDS) of NOAA, where
it can be acquired for a modest reproduction cost by any user. SAR data was
collected by specially equipped ground stations (currently three NASA, ome
Canadian, and one European Space Agency (ESA) stations) when the satellite was
within line-of-sight of the receiving site. The NASA-collected SAR data was
also placed in the EDS archive.

Several federal groups (NOAA, NASA, Office of Naval Research, U.S. Coast
Guard, U.S. Geological Survey, and National Science Foundation) have joined



together in sponsoring and funding selected scientific experiments (through
formal solicitation) using Seasat data. These were selected only from domestic
non-government scientists and include coastal, open ocean, sea ice, hydrographic,
geodetic, and meterological experiments. '

Both NOAA and the Department of Defense (DoD) plan significant internal
science and applications programs based on Seasat utilization.
C. PROJECT OBJECTIVES

The Seasat project was a proof-of-concept mission whose objectives
included the demonstration of techniques for global monitoring of oceanographic
phenomena and features, provision of oceanographic data for both application
and scientific users, and the determination of key features of an operational
ocean dynamics monitoring system.
D. MISSION OBJECTIVES

The specific mission objectives were as follows:

(1) Provide an evaluation of sensor capabilities to measure the
following zeophysical parameters:

(a) Wave heights:

(b) Wavelengths and direction.

() Surface wind speed and direction.

(d) Ocean surface temperature.

(e) Atmospheric water content (liquid and vapor).
(f) Sea ice morphology and dynamics.

(g) Icebergs.

(2) Provide oceanographic data for participating users and, following
geophysical evaluation, for distribution to the general user
community, including: ‘

(a) Predictions of wave height, directional spectra and wind
fields for ship routing, ship design, storm damage
avoidance, coastal disaster warning, coastal protection

and development, and deep-water port development.

(b) - Maps of current patterns and temperatures for ship routing,
fishing, pollution dispersion, and iceberg hazard avoidance.

2-4
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(e) Charts of ice fields and leads for navigation and weather
prediction.

(d) Charts of the ocean geoid fine structure.

(3) Determine key features of an operational ocean dynamics monitoring
system, including:

(a) Sensor operation.

(b) Global sampling.

(c) Production of geophysical data records.
(d) Near-real time data handling.

(é3 User operations interaction,

(f) Precision orbit determination.

(4) Demonstrate the economic and social benefits of user agency
products.

E. EXPERIMENT CBJECTIVES

To achieve the mission objectives, the experiments described in the
following paragraphs were performed.

1. Altimetry/Precision Orbit Determination Experiment

The altimetry part of this experiment had two objectives: to measure very
precisely the satellite attitude above mean sea level and to measure the signi-
ficant wave height (H1/3) of the oczan surface at the sub-satellite point. The
altitude, when combined with accurate orbit determination, gives sea surface
topography that can be additionally analyzed to determine the marine geoid and
sea surface disturbances due to currents, tides, storm surges, etc. The objec-
tive of the Precision Orbit Determination (POD) part of the experiment was to
determine the best attainable precision and accuracy of the Seasat ephemeris,
to define the associated methodology, and to provide the precision orbit support
required to exploit fully the altimeter (ALT) height data for studies of sea
surface topography. Y

L8

2. Scatterometer Experiment.

The objective of the scatferometer (SASS) experiment was to provide
closely spaced solutions for surface wind speed and direction from which vector
wind fields could be derived on a global basis. The principle of measurement

was based upon microwave backscatter from small scale waves whose amplitude

depends on wind speed.
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3. Synthetic Aperture Radar Experiment

The primary objective of this experiment with the synthetic aperture radar
(SAR) was to obtain radar imagery of ocean waves in deep oceans and coastal
regions to derive directional wave specira in these regions; to obtain radar
imagery of sea and freshwater ice and snow cover; to obtain radar imagery of
land surfaces; and to demonstrate the environmental monitoring capability of the
instrument under day and night and all-weather conditionms.

4. Visual and Infrared Radiometer Experiment

The objective of this experiment was to provide low resolution images of
visual and infrared emissions from ocean, coastal, and atmospheric features that
would aid in interpreting the measurements from the microwave instruments.
Measurements included cloud position information, clear air sea surface tempera-
tures, and cloud-top brightness temperatures.

5. Scanning Multichannel Microwave Radiometer Experiment

The objective of the scanning multichannel microwave radiometer (SMMR)
experiment was to obtain all-weather measurements of ocean surface temperature
and wind speed. Liquid water and water vapor column content measurements
required to obtain accurate sea surface temperatures were also used to provide
path loss and atmospheric corrections for the ALT and the SASS.

2-6
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SECTION IIT

PROJECT ORGANIZATION

The Seasat Project Office functioned under the programmatic direction of
the Earth and Ocean Division of the Office of Space and Terrestrial Applications,
National Aeronautics and Space Administration. The Seasat program manager in
the Earth and Ocean Division was responsible for overall direction of the Seasat
project. Management of the project was the responsibility of the Jet Propulsion
Laboratory operated by the California Institute of Technology under a prime con-
tract with NASA.

A, PROJECT ORGANIZATION AND PROGRAM RELATIONSHIPS

1. Management Objective

It was the management objective of the project to accomplish the primary
objectives of the missior, in the CY 1978 and 1979 time frame, within the cost
goal at completion of $74.70 million, This cost was exclusive of the Surface
Truth Program, data analysis (geophysical data processing), OSTDS operations
support, and the launch vehicle. The project kept the NASA Office of Space and
Terrestrial Applications apprised of the obligational and cost plans via both
the program operating plan and its supplements, and the Seasat Obligation
Requirements Document. Periodic appraisals of obligation and cost plans versus
performance were provided to OSTA.

2. Seasat Project Manager

The project manager was responsible for the direction, organization, and
staffing necessary to conduct the Seasat mission, including:

1) The control of project funding, resources, and schedules.
(2) The planning of major project milestones and fiscal expenditures.

3) The interfacing of all such matters with NASA and other agencies, as
required. |

The program relationships, organizational structure, project relationships,
and system-management assignnents for the project are shown in Figures 3-1 and
3-2. The project staff and system office roles and respon: .bilities are summa-
rized herein.
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3. System Managers Relationships

The satellite system manager reported administratively to the project man-
ager. The satellite system manager had responsibility for the management of the
satellite system, of which the bus and satellite system engineering and sensor
module contracts were a major part. The satellite organizational structure is
shown in Figure 3-3.

The project operations manager reported administratively to the project
manager. He was responsible for the operation of experiment data processing at
JPL, mission planning and analysis at JPL, and mission operations and control at
GSFC and JPL. The project operations organizational structure is shown in Fig~
ure 3-4. The Goddard Space Flight Center provided tracking and data acquisition
support and mission control center support to the Seasat project through the
Networks Directorate and the Mission and Data Operatious Directorate. To manage
and coordinate that directorate's support, GSFC desiznated a support manager in
each directorate: the Network Support Manager (NSM) and the Mission Support
Manager (MSM). In addition, GSFC designated the MSM as the Mission Operations
Systems Manager (MDSM) who was responsible for coordinating GSFC support require~
ments and commitments with the Seasat Project Operations Manager (POM).

The Launch Vehicle System (LVS) manager was administratively assigned to
and located at the Lewis Research Center. He was functionally responsible to
the project manager. He was responsible for overall management of the LVS,
including all technical, budgetary, procurement, and scheduling activities. He
was responsible for supplying to the Seasat project an Atlas F booster, an Inter-
stage Adapter, an appropriate payload fairing, and associated AGE and facilities

with all necessary modifications required to meet project requirements and con-

straints. Included in his responsibilities were the overall LVS integration and
the integrity of the flight vehicle. To accomplish these responsibilities, he
interfaced with personnel at USAF/SAMSO, Aerospace Corporation, the 6595th Space
Test Group, and their contractors, as required.

The USAF was responsible to LeRC to provide the necessary engineering,
design, development, procurement, and operation of the Atlas F and interstage
adapter as elements of the LVS and to provide launch services.

The USAF/SAMSO was assisted by the Aerospace Corporation in the performance
of General Systems Engineering and Technical Direction.

The USAF/6595th Space Test Group, within its assignment of launch opera-
tions management, implemented the launch site management role for LeRC and was
responsible for meeting LeRC's requirements for launch vehicle operations.

The NASA Office of Space Transportation Systems (0STS) was the Headqﬁarters
management office for the launch vehicle system and provided funds to LeRC for
the LVS.

The Ocean Experiments Manager (OEM) was administratively assigned to the
project manager and was responsible for the Seasat Science Steering Group (ssG),
the five experiment teams (see below), the Surface Truth Program, and the Data
Analysis Program. His responsibilities included representing the user's data

3-4
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requirements within the project and interpreting project requivements and con=-
straints to the users. 'The ocean expewiments organizational struiture is shown
in Plpure 3=5,

For each of thae five Seasat sensors, an éxperiment team consisting of
oceanographic and remota sensing sclentists drawn from within NASA, user agen=
edas, and tho acndemic community was formed to provide guldance throughout the
gsengor design davelopment, jfmplementation, and flight data collection phases,

In addition, tha teams took the lead in the specification and implementation of
both pra= and post-launch surfaca truth and geophysica), evaluatlon activities,
ineluding the definition and evaluation of alporithms required to convert sensor
data to geophysical quancities. The conduct of the geophysical evaluation itself
wag the vespongibilicy of avaluation task groups dravn from the experimesnc teams,
augmented as rvequired by Project personmel and consultants., 'The post-mission
activities of the evaluation task groups were direccaed by the Geophysical Eval=-
wation Managor.

Prior to launch, the experiment teams provided requirvements on the sensor,
satellite system, suxrface truth program, and data system design consistent with
the conduct of geophysical avaluation. The SSG was a higher level advisory body,
dafining requirements in these same axeas from an overall science/applications
viewpodut., ALl expaviment team leaders ware members of the SS§G.

The sengor manager was admindstratively raesponsible to the project manager
for technleal and [iscal management of the sensors and for tha SAR system design.
Wiz rvesponsibilities fnclude weprasenting tha project to the sensor offices at
each conter,

The Mission Engineering Manager (MEM) administratively reported to the
project manager, and was assigned rasponsibility and authority for: wmission
vequivements; wmission design; data system design; pre~flight nominal sequences;
orbit dasipgn and seloctilon; and pre-misgion planning, The mission engineoxing
ovganizational structure ls shown in Figure 3-6.

4. Project Staff

The project contracts manager was adminiscrativaly assigned to the JPlL
Procuroment Division but was functionally raesponsible to the project manager.
He was vasponsible for the negotiation and the administration of all major pro-
jJect contracts including the satellite bus, and the satellite system enginecring
and sensor wodule contracts. Additionally, he was responsible for survelllance
of major subeontractor pevformance. The Procurement Division assigned an analyst
to tha project contracts manager to assist in the survelllance of contractor and
subecontractor resources péerformance and to provida cost analysis support as
appropriate.

The project financial manager was administratively assigeed to the JPL
Pinancdal Managoment Division but was functionally vesponsible to the project
managar. le was responsible for projest-level financial and manpower planning
and control and rveporting.



ORIGINAL PAGE 1S
OF POOR QUALITY

: SCIENCE STEERING GROUP OCEAN EXPERIMENTS

i ® PROGRAM SCIENTISTS FROM NOAA, CUNY,
| GSFC, NSWC, SIO, GS, NRL, U. OF TEXAS,
| AND CANADA DEPT OF ENV

@ PROVIDE SCIENTIFIC AND END-USER GUIDANCE

" ® DETERMINE INTER=-EXPERIMENT ISSUES - MAKE
RECOMMENDATIONS

©® COORDINATE MISSION WITH OTHER PROGRAMS

B T

S i S8 T S TR

® DEVELOP SURFACE TRUTH PROGRAM DEFINITION
EXPERIMENT TEAMS ;SURFACE TRUTH PROGRAM
; ® ALT, SAR, SCAT, SMMR, VIRR ® ALT, SAR, SCAT, SMMR
L ® DEVELOP EXPERIMENT DATA REQUREMENTS - ® TAKE MEASUREMENTS TO SUPPORT
PROVIDE TO DATA SYSTEM DESIGN TEAM : o PRELAUNCH
® DEVELOP EXPERIMENT REQUIREMENTS ON ‘
; ~ MISSION DESIGN - PROVIDE TO MISSION ' * INSTRUMENT DEVELOPMENT
DESIGN TEAM : & ALGORITHM DEVELOPMENT
@ DEFINE EXPERIMENT OBJECTIVES AND ; o POSTLAUNCH
SUCCESS CRITERIA o GEOPHYSICAL EVALUATION
® REVIEW AND APPROVE SENSOR FR's o ENGINEERING VERIFICATION
Figure 3-5. Ocean Experiments Organizational Structure '
i
i

I & YOO SN

e

LN
!

~



e e i ST

ORIGINAL PAGE 19
OF POOR QUALITY

MISSION ENGINELRING
t4PL)
MISSIQN DESIGN DATA SYSTEM SAR DATA HANDLING
TAM DISIGN TtAM

WORKING GROUP

oot e i e s I s s

® OEVELOR MBSION REQUREMENTS ON

® TND=TR-ND DATA SYSTEM DESIGN ® DIVELQR FR% AND DR" FOR
SYSTEAS DLSIGN Ton ® ISSUE DATA SYSTEM FR" §TON VU] EQUINENT

® PLRFORM ORBIT DESIGN AND SELECTIO ® CONDUCT TRADE STUDIES REGURED 10 IROCESS SAR

® BEFINE THE PREFLIGHT NOMINAL SEQUENCE o DEINE BATA INTERFACE WHN INAGES

@ GEFINE TRACKING AND O REQUREMENTS

USER FACILINICS

® DEFINE QRBIT TRIM STRATEGY

® PLAN AND DEVELOP SOFTWARE FOR
MISSION PLANNING OPERATIONS

® PUBLISH THE MISSIQN SPECH ICATION
AND THE MISSION PLAN

Figure 3-6. Mission Engineering Organizational Structure



o

+

The flight project safety engineer was accountable to the assistant labora-
tory director for flight projects for carrying out his assigned responsibilities.
He acted as a project staff specialist for the project and was an ex-officio mem-
ber of the Safety Steering Committee and Project Review Boards.

The project quality assurance and reliability manager was administratively
assigned to the JPL quality assurance and reliability office but was responsible
functionally to the project manager. His responsibilities included monitoring,
reviewing, and making recommendations within the quality and reliability areas
of design, development, fabrication, test, and flight operations. He represented
the project reliability activity in liaison with NASA, other government relia-
bility representatives, and industrial organizations.

B. SENSOR MANAGEMENT RESPONSIBILITIES AND SUPPORT REQUIREMENTS

Sensor implementors were responsible to the Seasat project sensor managexr
for sensor design and development within the sensor allocations, including IMS
and contingency, as negotiated.

Sensor implementation tasks were managed by JPL pursuant to a Memorandum
of Agreement (MOA) between the Seasat project office and WFC for the ALT, LaRC
for the SASS, GSFC for the VIRR, the JPL Special Projects Office for the SMMR,
and the JPL Te1ecommun1cations Science and Engineering Division for the SAR.
These sensor implementation tasks included the following:

(1) Sensor design, development, procurement, fabrication, testing, and
pre-=launch calibration.

2) Support to LMSC's system design, test planning, system test and
launch operations, and satellite EMI/RFI analysis and test, with
this support to be performed as appropriate at JPL, LMSC, and VAFB

(3) Support of sensor experiment team meetings.

(4) Support of (data processing) algoxithm development for system test
and mission operations.

(5) Support of mission operations including real-time operations at GSFC
and sensor engineering assessment.

The remainder of this section summarizes, for each sensor, specific respon-
sibilities, support and delivery requirements which were additional to the above
tasks.

L. Radar Altimeter

The Wallops Flight Center (WFC) was responsible for the ALT design, pro-
curement, fabrication, subsystem testing, and calibration.

3-9



WFC, through an MIPR, subcontracted the sensor with APL. APL has subcon-
tracted the Dispersive Delay Line (DDL) design and breadboard to Anderson Lab-
oratories, the traveling wave tube amplifier (TWTA) to Hughes Aircraft Company,
and the upconverter to Zeta Laboratories, with total RF and sensor integration
and test at APL. The digital processing units and development of the ground

support equipment will be done by APL.

2. Synthetic Aperture Radar

The SAR was designed, procured, fabricated, subsystem-tested, and cali-
brated by the JPL Telecommunications Science and Engineering Division, which was
responsible for the SAR end-to-end system design and for specification of the
functional requirements of all SAR elements. Major sensor procurements were the
transmitter from Westinghouse and the power supply from Martin-Marietta.

Elements and implementation of the SAR experiment, in addition to the sen-
sor, were as follows: LMSC, as the bus contractor, furnished the SAR antenna.
APL furnished a dedicated SAR data link. Elements of the SAR data link were
furnished by the STDN. Interface agreements were developed by LMSC between the
SAR data link and SAR sensor, SAR data link and bus, and SAR data link and STDN.
A SAR data-handling working group was responsible for developing the details of
the STDN interface agreements. LMSC integrated the SAR antenna, sensor, and
data link into the satellite system. System compatibility and end-to-end per-
formance tests were made prior to launch.

3. Scatterometer

SASS design, procurement, fabrication, and subsystem test and calibration
responsibility was assigned to LaRC. Majer subcontracts were between LaRC and
the General Electric Company (GE) for the sensor, LaRC and the Hughes Aircraft
Company for the transmitter power amplifier (to be furnished to GE for integra-
tion), and between LaRC and the Aerojet Electrosystems Company for the SASS
antennas, LMSC integrated the sensor and the antennas into the satellite system.

4. Scanning Multichannel Microwave Radiometer

The SMMR was designed, procured, fabricated, subsystem-tested, and cali-
brated by the JPL Telecommunications Science and Ergineering Division. The
Seasat SMMR was an add-on to the Nimbus SMMR sensor flight production activity
at JPL. The Nimbus SMMR functional design and interfaces were utilized for the
Seasat bus and sensor module. Major procuremenis were the antenna, antenna-
scanning motor, and RF subassemblies.

5. Visual and Infrared Radiometer
VIRR responsibility was assigned to the Goddard Space Flight Center (GSFC).

JPL obtained one ITOS-J SR from the TIROS Project. GSFC certified this unit for
flight on Seasat. Upon certification, the designation changed from SR to VIRR.

3-10
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Santa Barbara Research Center (SBRC), in a support contract with JPL, assisted
GSFC in support of instrument retest and recalibration and supported LMSC in
instrument integration. The Seasat bus and sensor module utilized the ITOS-J SR
functional design and interfaces.

6. Sensor Delivery Requirements

(1)

Each sensor implementor provided one flight model, selected spares,
associated documentation, and one set of support equipment and soft-
ware.

(2) A SMMR engineering model will be shared between the Seasat and
Nimbus projects.
(3) An additional ITOS~J SR was made available from NOAA for use either
in engineering model tests or as a flight spare,
7. Sensor Coordination Support

The JPL Systems Division provided sensor coordination support, Theisup—
port coordination functions were to:

(1)

(2)
(3)

(4)

Provide assistance in the development of sensor implementation plans
and memoranda of agreement between the project and the implementing
NASA Center,

Monitor and review sensor development activities.

Monitor, review, and coordinate sensor-related bus and sensor module
activities:

(a) Satellite system design and ICD generation.

(b) Satellite system test planning and test operations,

(¢) Satellite system EMC planning and tests.

(d) Launch operations and in-flight sensor engineering assessment.,

Manage SBRC support contract for VIRR integration and test.

C.  PROJECT INTERFACES

Project interfaces were divided arbitrarily into three categories:

(1)

System or system-level support interfaces.

o3-11
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(2) Data support

interfaces.

(3) Membership support.

Basic information regarding these interfaces is displayed in Tablés 3~-1

through 3-3 respectively.

Table 3-1. System or System-Level Support Interfaces
Center/Agency Provide Funding Source
JPL SAR ground data processor 0STA
DoD/NRL Doppler beacon and antenna DoD/0OSTA
GSFC STDN, NASCOM, POCC, telemetry OSTDS
processing, and support
computing
GSFC - Selected SMMR parts OSTA
GSFC/NOAA VIRR OSTA
GSFC/JPL SMMR sensor with integrated OSTA
antenna
JPL SAR sensor and system design OSTA
LaReC SASS sensor and antennas OSTA
GSFC/SAO Laser tracking network and OSTA
operations (details TBD)
LeRC/SAMSO Launch vehicle system 0STS Code MV
WFC ALT sensor with integrated OSTA
antenna
WFC Subsystem sﬁpport from APL OSTA

SAR data link
Laser retroreflector ring
Engineering support

3-12
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Table 3-2. Project Data Support Interfaces

Center /Agency Provide Funding Source
JPL Processed SAR data to users and to OSTA
project
GSFC/NASCOM Data link from ULA to FNOC, OSTDS

Monterey, CA

DoD Support for precision doppler data, DoD
station locatimms, geoid data,
Tranet operations

DoD/FNWC ULA low rate only telemetry to FNOC; DoD
near-real-time processed data from
FNWC to NOAA/NMC

NOAA/EDS SDRs, IGDRs and GDRs to EDS from NOAA
PDPS for further processing and
distribution within NOAA and to

users
D. SPECTIAL BOARDS AND COMMITTEES
1. Application Steering Committee

The Application Steering Committee is a NASA-sponsored interagency commit-
tee composed wholly of government employees to advise and make recommendations
on goals and objectives of Application Programs within the Office of Space and

Terrestrial Applications (OSTA).

2. Oceanology Advisory Subcommittee

The Oceanology Advisory Subcommittee (0OAS) assisted NASA in the definition
and conduct of ocean-related programs, such as Seasat, associated with the NASA
Ocean Condition Monitoring and Data Utility Program within the Office of Space
and Terrestrial Applications. Specific objectives were to:

(1) Advise and make recommendations on program, mission, and system
demonstration planning.

(2) Present user goals and mission requirements for oceanology programs.

3-13
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Table 3-3. Membership Support Interfaces
SEASAT-A EXPERIMENT TEAMS
AGENCY/ SCIENCE STEERING
ORGANIZATION GROUP ALT-POD SAR SASS SMMR ViRR
DoC/NOAA J. APEL = PMEL H.M. BYRNE - PMEL F. GONZALEZ - PMEL [ L, BAER - OEMP D. ROSST - AOML E.P. McCLAIN® - NESS
H.M. BYRNED - PMEL | B.H, CHOVITZ~ NOS | C. RUFENACH - WPL | P, BLACK - NHEML | J. ALISHOUSE - NESS
E.P. McCLAIN - NESS | P, DeLEONIBUS - EMP | JW. SHERMAN = NESS | J, ERNST « NESS
D. ROSS ~ AOML J.M. DIAMANTE - NOS G. FLITTNER - NWS
J,W. SHERMAN - NESS |3’ DOUGLAS - NOS
J, WILKERSON® - NESS L. FEDOR - ERL :
n J. DUNNE® G. BORN W, BROWNS 1. HALBERSTAM F.T. IAM&H
H. HAGAR (PODS) O, SHEMDIN €. NJOK
J. LORELL J.M, STACEY®
1.W. WATERS
GSFC 3. SIRY P. GLOERSEN AW, McCULLOCH®
D. SMITH T.T: WILHEIT
F.O. VONBUN
3. ZWALLY
¢ K. KRISHEN K. KRISHEN
LoRC W.L. JONES® C.T, SWIFT
W.L. GRANTHAM
WFC J.T. McGOOGAN N.E. HUANG
C. PURDY
W.F. TOWNSEND (ALTC)
DoD/NORDA 7 P. LaVIOLETTE
DoD/NSWC S.L. SMITH, W S.L. SMITH, I
C.J. COHEN
R. ANDERLE
DoD/NRL V. NOBLE, 8. YAPLEE J.P. HOLLINGER 0. HUK
8. YAPLEED
DOI/GS P. TELEKI P, TELEKIO W. CAMPBELL
W. CAMPBELL
DOT/USCG R. HAYES
CUNY W. PIERSON W, PIERSON® V. CARDONE
ERIM R. SHUCHMAN
JHU/APL R. BEALE
H[e} R: STEWART R. STEWARY R, BERNSTEIN
SAO €.M, GAPOSCHKIN
TEXAS A&M B. BLANCHARD
UNIVERSITY OF .R.K. MOORE
KANSAS
U. OF TEXAS 8, TAPLEY 18, TAPLEY®
UNIVERSITY OF K. KATSAROS
WASHINGTON
RESEARCH TRI- F. VUKOVICH
ANGLE INSTITUTE
CANADA R.O, RAMSEIER R.O. RAMSEIER S. PETEHERYCH
DEPT OF ENV .
KEY:
@ - CHAIRMAN
b - ALTERNATE MEMBER
¢« EXPERIMENT REPRESENTATIVE TO TEAM
05-02-78

3-14

et




(3) Define and clarify measurements and data needs compatible with user
requirements and technical capabilities.

%) Advise and clarify user interfaces during the design, construction,
and tests of space systems.

The OAS was organized into three paneis: scientific, agency, and industrial.
E. RESOURCES REPGRTING

1. Project Management Report

The monthly Project Management Report (PMR) included milestone schedules,
resource plans, and narrative analysis as defined in Reference 3-1.

2. Work Breakdown Structure

The project Work Breakdown Structure (WBS) was functionally designed around
systems, areas, and activities. The gross project WBS is shown schematically in
Figure 3-7. Each contract with LMSC also utilizes a WBS for control and report-
ing purposes.

3. JPL System for Resources Management

The project utilized the internal JPL System for Resources Management (SRM)
to determine the current status of resources. The SRM Resources Status Report
(RSR) and supporting detail reports were issued monthly to the project. The RSR
reflected information by individual project account code numbers and by various
summary levels. The SRM is described in detail in Reference 3-2.

REFERENCES

3-1. OSSA/OART Project Management Information and Control System (MICS),
NHB 2340.2, National Aeronautics and Space Administration, November 1966.

3-2. Financial,Management Reference Manual, Jet Propulsion Laboratory, Revised
January, 1976 (JPL internal document).
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SECTION IV

MISSION PLAN

A, INTRODUCTION

A mission plan was developed for Seasat prilor to launch which detailed the
intended activities of the mission in the areas of mission profile, trajectory
design and maintenance, tracking and orbit determination, and attitude determina-
tion. The plan called for a nominal launch date of 18 May 1978 and a required
mission duration cf one year after launch. An additional two-year extended
mission was stated as a goal. The overall mission was divided into a number of
mission phases, a time period in which 3 group of related activities were per- -
formed to achieve a specific objective. The Seasat mission phases were as
follows:

(1) Pre-launch phase: vehicle erection, mating, and checkout at
AFWIR.

(2) Launch phase: 1ift-off through satellite system separation from
the Atlas booster.

(3) Orbit insertion phase: satellite system separation through
establishment of initial on-orbit satellite configuration. This
included both Agena motor burns, fuel and oxidizer dump, and
pitch down to on-orbit attitude.

{4) 1Initial orbit cruise phase: on~orbit checkout of the engineering
subsystems and sensors. Corrective action of any problems
encountered. The possibility existed that a trajectory correcticn
might be made in response to an out-of-tolerance injection into
orbit.

(5) Initial calibration phase: a planned 30~ to 90-day period for
engineering assessment of the sensors in conjunction with corre-
latable sea truth activities.

(6) Observational phase: mnormal collection of global low-rate sensor
data and selected SAR data.

(7) Orbit trim phase: periodic interruptions of normal activity to
perform thruster burns for orbit maintenance or. orbit modification.

During the primary mission the orbit as finally selected would produce
several factors that would influence the conduct of the mission, and these were
recognized in the pre-launch planning (Figure 4~1). The solar geometry dictated
that a power surplus would exist from launch through late June and again from
November 1978 through early January 1979. It was expected that the power
available would be marginal in July and October 1978 and from mid-January to
mid-February 1979. It was expected that there would be a power deficit in
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Figure 4-1. Seasat Key Mission Events
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April 1979. During the periods of marginal or deficit power availability, it
was planned to curtail sensor data acquisition to the extent required based upon
flight experience. The most attractive strategy was to curtail SAR imagery
completely, then to power the low-rate sensors down over major land masses until
acceptable power levels were achieved. Also shown are the expected periods of
sun interference which were expected to introduce scme bias in attitude control,
and the periods during which yaw determination data was expected to be less than
continuous. The mission plan recognized that measurements dependent upon either
sensor pointing or footprint knowledge might be degraded somewhat during these
periods. Such possible measurement degradation was accepted by the project
office in view of the satellite system changes and attendant costs required to
avoid the probliem.

B, TRAJECTORY PLAN
1. Orbit Selection Criteria

The criteria for the selection of the Seasat crbit were developed from
the Seasat experiment and sensor requirements. The zriteria, developed in the
Seasat—~A Mission Specification, JPL internal document 622-4, are summarized as
follows:

(1) Altitude between 761 and 835 km (410 and 450 nmi) (rctive sensor
pulse repetition frequencies). o

(2) Ground trace ascending equatorial crossings with an average
spacing of 18.5 km (10 nmi) after five months with no spacing
greater than 28 km (15 nmi) (geodesy experiment).

(3) Coverage to *72 deg latitude or greater (SAR).

(4) Maximization of ground trace intersection angles (deflection
of the vertical experiment).

(5) Minimization of altitude variation (SAR).

(6) Data collectisn over any given area of the equator over the
entire range of local times corresponding to two diurnal cycles
(NOAA users' requirement),.

(7) Ground trace development maximizing local and global coverage
over time periods less than one month (SAR).

(8) Initial full sun orbit (satellite engineering).

The apparent conflicts among these criteria led to analysis of the orbit
options and ultimately to the selection of two candidate orbits which best fit
the criteria. The first orbit, designated the baseline orbit, was designed to
provide a near three-day repeat cycle with the equator crossings each third day
migrating an average of 18.5 km (10 nmi) to the eastward. After some five months
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of operation the ground trace development would close, providing complete global
coverage at an average spacing at the equator of 18.5 km. This orbit had the
advantage that areas of interest on the surface would be intensively observed
for days or tens of days, but the disadvantage that they would not be observable
again for five months. The second orbit, designated the Cambridge orbit, was
designed to provide a 25-day near-repeat cycle so that full global coverage
would be achieved in 25 days, but with much coarser spacing than the baseline
orbit. During subsequent 25-day periods the ground tracing development would
shift slightly, so that at the end of five months the required average spacing
at the equator of 18.5 km would have been achieved. This orbit had the advan-
tage of increasing the geographic coverage within any given period of weeks, but
had the disadvantage that it would require more orbit trim activity to maintain
the spacings within specified limits. Orbital parameters for the two candidate
orbits are given in Table 4-1. Both orbits used the "frozen orbit" method of
cvatrolling the argument of perigee to control altitude over any given point on
Earth (Reference E. Cutting, et al., Orbit Analysis for SEASAT-A, J. Astronauti-
cal Sciences, Vol. XXVI, No. 4, pp. 315-342, Oct.-Dec. 1978).

Because it was considered prudent to have the satellite in the more easily
maintained orbit during satellite checkout and initial orbit operations, the
final mission plan which led to the Seasat-A Targeting Specification, JPL inter-
nal document 622-70, called for a launch which placed the satellite into the
baseline orbit. The requirement for the initial orbits to be in full sun led to
the determination of the launch time of day. Figure 4~2 indicates the daily
launch window as a function of launch day. For any given day the opening of the
window was selected to be the time of day corresponding to the end of occulta-
tions. The close of the launch window was arbitrarily defined to be the 30 day-
sun contour, i.e., the time at which the launch would result in no sun occulta-
tions during the first 30 days of flight. Figure 4-3 depicts the initial orbit

Table 4-1. WNominal Orbit Parameters

Parameter Orbit 1 ° - Orbit 2
a 7168.3 km 7173.4 km
(3863.7 nmi) (3866.5 nmi)
e 0.0008 0.0008
1 108.0 deg 108.0 deg
w 90.0 deg 90.0 deg
t 00" 46™ oMT Dependent on date of orbit change
P 5/18/78 ~
9] 298 deg
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geometry for a projected 18 May 1978 launch duy. Table 4-2 lists the orbital
elements of the orbit to which the powered flight trajectory waz targeted
together with the associated uncertainties. Figure 4~-4 shows schematically the
planned powered flight profile.

As the SAR experiment planning called for a precise target area versus
time of year prior to launch to support suriace truth and engineering experi-
ments requiring ground support in the target areas, a strategy was adopted for
removing any launch errors from the initial injected orbit which also would
account for differznces in predicted and actual longitudinal positions of the
nodes introduced by both the actual launch day and time and the launch errors.
This strategy called for the early performance of an orbit adjust maneuver
which would introduce a planned bias to the trajectory to cause a longitudinal
drift of the ground trace. The bias would be calculated to produce both the
proper orbit conditions and longitudinal position at a later time when a second
orbit adjust would be performed to achieve the desired baseline orbit. To
minimize any execution errors arising from miscalibration of the satellite
thrusters, each orbit adjust maneuver was tg be preceded by a brief calibration
burn in the same direction. Information derived from telemetry and tracking
data following these calibration burns would be used in the determination of
the durations of the orbit adjust burns. Analysis of this four-burn strategy
indicated a negligible fuel penalty for the strategy. Additionally, engineer-
ing subsystem checkout was planned to take place prior to the first orbit adjust
and sensor power on, and the acquisition of baseline sensor data was planned to
take place between the first and second orbit adjusts. The gross plan for this
initial period is shown in Table 4-3.

Table 4-2. Orbit Insertion Requirements

30 Probability Range,

Mean Elements Osculating Elements Mean Elements
a (km) 7168.3 7160.0 7160.8 to 7180.6
e 0.0008" 0.0006 0.0007 to 0.0046
I (deg) 108.00 108.01 107.8 to 108.5
o (deg) 90.0 270.0 18 to 275
M (deg) 0.0 180.0 N.A. |
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Table 4-3. Gross Profile Through Second Orbit Adjust

Mission Time Activity

L=20 Launch

L+25h Transfer to Orbit Attitude Control Subsystem (OACS)
L+64h Orbit solution and maneuver analysis

L + 3 days First calibration burn

L + 4 days Orbit solution and calibration results

L + 5 days First orbit adjust burn

L + 6 days Initial sensor turn-ons

L + 9 days Sensor baseline data acquisition

L 4+ 11 days Second calibration burn

L + 12 days Orbit solution and calibration results

L + 13 days Second orbit adjust burn

L + 14 days Begin sensor engineering assessment activities

After the second adjust was completed, it was planned to remain in the
baseline orbit for the five months necessary for the total ground trace develop-
ment to provide one global set of geodesy measurements. An interruption of
the baseline orbit was to occur in the September 1978 time period when an
opportunity would exist to change the orbit to an exact three-day repeat, so
that repeated laser and S-band tracking of the satellite as it overflew the
Bermuda station could provide for precise calibration of the ALT. After about
thirty days into the exact three-day repeat, a second change maneuver would be
performed to return the satellite to the baseline orbit. Upon completion of
the baseline geodesy set of measurements, an option existed. A maneuver could
be made at that time to trainsfer from the baseline orbit to the Cambridge orbit
to gain more distributed global coverage. The decision on this option was to
be made near the end of the five months of baseline operation on the basis of
flight experience, data quality and completeness, and maintainability of the
orbit. Figure 4-5 shows the heliocentric geometry for the first year of opera-
tion based on the originally projected 18 May 1978 launch date.

2. Orbit Maintenance

The portion of the maneuver plan dealing with the adjustment of the orbit
resulting from injection by the Atlas and Agena to the desired baseline orbit
has been discussed in the preceding paragraphs. The balance of the maneuver
plan dealt with orbit maintenance (orbit trims) and orbit changes.

A basic problem common to all burns lay in the fact that the thruster
centerlines did not pass through the center of gravity of the satellite. This
was due in part to the availability of a mounting surface for the thrusters and
in part to a decision to rotate the two pitch thrusters 20 deg away from the
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plane of the solar arrays to reduce plume impingment. The misalignment produced
a torque in pitch, which had to be counteracted by the two pitch attitude con-
trol thrusters. The rotation away from the plane of the solar arrays produced a
torque in roll, which had to be counteracted by the roll attitude control
thrusters. Since some plume impingement upon the solar array was still possible,
the basic maneuver plan adopted called for feathering the array during burns;
that is, rotating the array on the side of the active orbit adjust thruster so
that it was parallel to the thruster to minimize the effective impingement area.
Uncertainties in the effect of plume impingement, the effect of the attitude con-
trol thrusters to counteract the torques produced in pitch and roll, and the
actual thruster performance on-orbit led to the decision to perform the calibra-
tion burns described above. The rationale was that the additional operational
complexity of performing the calibration burns would be outweighed by the
reduction in execution errors, which in turn would reduce the number of orbit
trims required. This was important both in terms of AV expenditure aud orbital
stability for geodesy measurements.

The primary cause of orbit degradation is atmospheric drag, which is a
function of the satellite area/mass ratio and atmospheric density. The principal
effect of drag is to decrease the semi-major axis of the orbit and, therefore,
increase the spacing between ground traces. The strategy adopted was to trim
initially to an orbit which yielded spacings on the order of 15 km (8 nmi), then
allow the spacing to drift through the desired average value of 18 km (10 nmi),
and when the spacing reached about 22 km (12 mmi), retrim back to 15 km. This
would result in an average ground trace spacing at the equator of the required
18.5 km. Table 4-4 shows the expected frequency of maneuvers for three levels of
solar activity as measured by the 10.7-cm flux level (F). Table 4-5 shows the
range of acceptable orbit elements under this orbit trim strategy.

Table 4-4. Maneuver Frequency

Semi-Major Axis Decay Flux =100 Flux =150 7 Flux =‘200

0.8 m/day 2.5 m/day 7.36 m/day

Semi-major axis rangea (meters)

D=3 276 281 296

D =25 124 166 287
Days between maneuvers

D=3 336 112 40

D =25 150 66 38
Number maneuvers/152 days

D=3 0 1 4

D =25 1 3 4

4 spacing range: D = 3, A = 15-22 km; D = 25, A = 6-28 km

411
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Table 4-5. Orbit Parameter Range

&

Parameter Range

a (orbit 1) 7168.139 ~ 7168.417 km
a (orbit 2) 7173.279 - 7173.384 km
e 0 - 0.002

70 - 110 deg

el

A secondary effect upon the orbit is the inherent instability in the
"frozen orbit" caused by drag, higher order harmonics, solar pressure, etc.
Since the resulting changes in eccentricity and argument of perigee are slow com-
pared with semi-major axis, it was planned to trim for these values only when
semi-major axis adjustments were needed.

A provision was made for orbit changes was made in the AV allocation,
Allocation was made for a change from the baseline orbit to the Cambridge orbit
and back again, An additional allocation was made to permit transferring from
the baseline orbit to the exact three-day repeat orbit over Bermuda and trans-—
ferring back to the baseline orbit. These changes were to be made in the same
manner as the orbit trims.

C. MISSION PROFILE

The mission profile planning activity prior to launch was based on the
assumption that the profile development process during flight would be an
evolutionary process which changed in response to satellite performance in flight
and content of the sensor data as analyzed by the various experiment teams.
Therefore, the primary profile activity prior to launch was directed toward the
establishment of relationships among the operational elements of the project,
development of procedures by which the profile would be produced, and the develop-
ment of the software set required for profile production.

A judgment was made early in the project that, since the Mission Control
and Computing Center (MCCC) was to be used only for profile routing but not gen-~
eration, and since the activity at GSFC would involve the uge of institutional
facilities to a large extent, the most effective approach would be to design the
information interfaces to meet institutional desires, and then to develop a
completely new project-peculiar profile subsystem. The intent was to develop
an automated system for profile generation and validation with a provision for
human intervention at any point. It was [felt that this would provide both
efficient use of available resources and a high degree of inherent flexibility.

4-12



Several things aided in making this possible: (1) the basic satellite
design was intended to be flown from the ground with no reprogrammable logic
on board; (2) the sensors were body-fixed with no pointing capability; and
(3) with the exception of the duty cycle-~limited SAR, the sensors were desired
to operate continuously throughout the mission to the extent possible. These
things meant that an acceptable simulation of the satellite could be accomplished
solely by simulating the programmable sequencer on board the satellite, without
any concern for the simulation of flight software or scan platform dynamics.
Additionally, the provision of a single 25-kb/s low-rate data rate with inter-
nally identified block telemetry and the mission requirement that all low-rate
telemetry be recorded for subsequent playback reduced any potential problem of
data management and data subsystem simulation to a problem of tape recorder
management and simulation.

There was some initial misunderstanding on the part of the Mission Planning
Team (MPT) as to the level of support to be provided by the Command Memory Man-
agement System (CMMS) at GSFC. The earlv assumption was that some portion of the
command generation and validation would be performed within the CMMS using algor-
ithms and guidelines provided by the MPT. This led to an incorrect assessment of
the location of the interface between the Mission Planning System (MPS) and CMMS.
After it was determined that the only computational services offered by the CMMS
were those involved with the translation of a time-ordered set of mnemonics into
a command load, the assignment of command memory locations, and the construction
of memory masks to allow the Project Operations Control Center (POCC) computer
system to verify command loads transmitted, the location of the interface was
modified so that the precluded functions were located either within the MPS or
the Mission Control Team (MCT) at GSFC. There was initiai concern that this
might degrade the time resolution of commands based upon orbital geometry because
of the age of the ephemeris used to generate the orbit predictions. Analysis
showed that worst case (guaranteed) values of along-track timing errors could
grow to 20 s with a two-wk data age. This corresponds to an along-track error
on the order of 140 km (75 nmi). The point was rendered moot, however, by the
discovery that there was no method within the existing system at GSFC to perform
a bulk transfer of orbit prediction data of the type required from the orbit
determination system to the CMMS.

Examination of the problem showed that for any given 24-h period the rel-
ative timing of commands was relatively insensitive to error propagation pro-
vided that prediction of any single orbit event was reasonably accurate during
the period. This led to the "super t¥im" concept of time-trimming commands
sequences within CMMS to take advantage of the latest possible orbit determina-
tion. As implemented, the MPS could elect to have CMMS perform a super trim or
not. If the super trim was selected, CMMS determined the difference between the
MPT predicted time of first ascending node crossing for each 24-h period and that
time predicted at GSFC for the same event. The difference was applied uniformly
to all commands requested within the period. Therefore, the more accurate of the
two prediction sets could be selected at the nominal set during flight operatioms.

This concept also had the advantage of placing all of the orbit prediction
software within the MPS at JPL. Negotiating and implementing changes to the set
of orbit events generated would have been extremely difficult if such changes
involved the MPS at JPL and the CMMS and the orbit determination system at GSFC.

4-13

T

e

Lo ceenii




Dt S A i T

With the orbit event predictor internal to the MPS, howewer, the interfaces were
simplified to two standard information interfaces; CMMS received in computer-
compatible form the standard set of orbit information to which GSFC operations
were accustomed and JPL received from GSFC every two days an updated ephemeris
based upen the most recent orbit solution. The ephemeris was used to drive an
operational version of JPL's Satellite Mission Design Program (SAMDP). The oper-
ational version was designated SAMDPO to distinguish it from the design version,
SAMDP3. Program modifications included providing all of the orbit events which
might be needed to serve as triggers for automatic command generation and
changing computational methods for some orbit events to ensure required accuracy. 0
The output of SAMDPO was a computer file containing a unique set of input infor-
mation and a time-ordered listing of orbit events including: ascending node
crossing, STDN station rise and set events, STDN station elevation angles to the
satellite, enter and exit sun occulation, subsatellite point terminator crossings,
and boundaries between land and sea.

In fact, there was not a direct interface between the MPS and CMMS in the
usual sense. All information exchange between the MPS and CMMS was through the
POCC computer system. There was an interface, however, in the sense that the
POCC did not operate upon the information it received, but merely buffered and
retransmitted it. Therefore, the actual interface between MPS and CMMS concerned
the content and syntax of the information, and the use to which the information
would be put. With clarification of, and agreement to, the relative roles of the
POCC, MCT, MPS, and CMMS, it became possible to define the content and syntax of
the information. The basic information exchange in operations was envisioned to
be a list of deaired spacecraft commands and the desired time of execution going
from the MPS to CMMS and a listing of the command load annotated with comments
returning from CMMS to the MPS. The latter implied adopting a syntax which would
lend itself to human readability if such a listing were to be useful to either
the MCT within the POCC or the MPS at JPL. The CMMS personnel proposed the
adoption of a syntax which had been used for similar purposes on a previous pro-
ject, making only those changes necessary to dccommodate Seasat special require-
ments. This proved acceptable to all parties. Subsequent changes were required
to the syntax to allow additional CMMS functions to be implemented, but these
were trivial except for the CMMS software programming changes required. The
changes included the addition of several classes of card image-type designators
and the reservation of previously unrestricted portions of comment fields for
special instructions. The changes provided special information and instructions
to the MCT and CMMS and permitted the operation of an automatic accounting system
to ensure congruence between the MPS output and the CMMS input. The accounting
system proved expecially valuable during operations when it was discovered that
a software problem in the MCCC block formatter program was allowing command
requests to be lost prior to the transmittal to GSFC.

The content of the information flow from the MPT to CMMS was relatively
straightforward. The basic information package was the Command Request Profile
(CRP) which contained a set of card images, each of which represented either
administrative data to identify the CRP uniquely, configuration data on the MPT
software which was used to generate the CRP, ephemeris data identifying the orbit
event file used, accounting information, specific requests for stored program
commands (SPCs), real time commands (RTCs) and group commands, or comments.
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Group command is the nomenclature used at GSFC to designate a specific set of
SPC, RIC, and comments to be used with a fixed, specified time relationship to a
designated reference time. This is precisely analogous to the spacecraft block
as used in JPL planetary programs. It was initially presumed that repetitive
command subsequences, such as sensor turn-ons, could be most efficiently identi-
fied as group commands and that CMMS, given the group mnemonic and call time,
would expand the group and assign the proper times to each entry. Prior to
launch, it was realized that this would tend to circumvent the CRP validation
process if allowed to occur. Since CRP validation was planned to be done at JPL
and not GSFC, use of the group command without expansion would mean that command
level validation would not te performed. Conversely, if group command expansion
was done and command level validation was performed at JPL, the only way to use
groups in CMMS would be for the MPS to take the validated CRP and reconstitute
all group commands, a process which would negate the validation. Therefore,
there was no intent to make use of the group command capability in CMMS for
processing MPS-generated CRP. The capability was not remcved from CMMS, however,
because it gave the project the option of generating profiles using group com-
mands in the POCC, processing them normally through CMMS, then having the result-
ing loads hand-validated by the MCT. This was envisioned as the normal mode for
maneuver loads when the sensors were cycled.

Two other attendant forms of information were required from the MPT by
CMMS. These constituted the CMMS data base for Seasat. The first form of infor=-
mation was a list of command mnemonics, octal codes, and command descriptors,
known as the command description table (CDT). The CDT included all ~ommands
intended for use via the POCC in flight, and specifically excluded any commands
which were used only during Agena-powered flight as being potentially dangerous
to the mission., Each command descriptor included a constraint code which
informed the CMMS of the risk category for each command, whether or not a command
might be time-slipped in case of a time conflict with another command, timing
constraints on the loading of the next command, etc. The CDT was formatted in
the same syntax as the CRP, so that the same transmission and validation software
could be used to process it and included a header to identify it uniquely. The
second form of information required from the MPT was the list of approved group
commands together with their respective expansions, which was called the group
description table (GDT). It included the additional restrictions on group com-
mands as to whether the entire group had to be physically located in the same
up-link command load and whether other commands could be interleaved with the
group components. Both the CDT and the GDT were under the control of the MPT,
and procedures were instituted to ensure that changes to the CMMS data base could
not be made except by transmission of the modified data base to CMMS by the MPT.

Transmission between the CMMS and the MPS was to be by high-speed data line
with the terminal systems being the MCCC IBM 360-75 computer system at JPL and
the POCC Rigma 5 computer system at GSFC. Two factors complicated what other-
wise should have been a relatively straightforward matter; first, Seasat would
be the first NASA program to use the new 4800-bit NASCOM data block and, second,
the MPT software resided in the GPCF Univac 1108 computers. These two factors
required the development of the IBM 360-75 computer software which would accept
the GPCF Univac 1108 computer-generated CRP, CDT, or GDT, format these data into
the 4800-bit NASCOM blocks, and handle the appropriate protocols. Originally
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scheduled to be operational by mid-November 1977, completely successful
transmissions were not accomplished until the spring of 1978. In the interim,
subsystem testing between the MPS and GMMS could only be accomplished through
hand~carried tapes.

In addition to the relatively hard interfaces above, there were a set of
soft interfaces with the sensor managers and the experiment teams. One concern
was that the sensor managers and users might try to c¢ircumvent the mission
planning process to get last-minute changes into the mission profile. If oper-
ationg discipline were not maintained, it might become possible for interested
parties to input requests directly to the POCC, leading to beth a dilution of the
limited POCC resources and to the execution in flight of non-validated command
sequences, To preclude this, it was agreed within the operations organization
that only engineering requests originating either in the Satellite Performance
and Analysis Team (SPAT) or at LMSC would be accepted at the POCC, and these
requests would require SPAT validation. All sensor command requests would go
through the MPS and would be accepted only from a single point of contact
designated for each sensor. The form of requests was not specified, because the
level of request activity was unknown. It was suggested, however, that if the
level of requests was anticipated to be sizuificant (on the order of tens of
commands each day), the most appropriate form for the requests would be an 1108-
compatible computer file written in the input format of the MPS software.
Alternatively, if the frequency of requests was very low (on the order of one or
two over a three-month span) but the requests involved a large number of commands
which could be generated using the capability of the MPS software, then the most
appropriate form would be a written request which could serve as the basis for a
modification to the MPS software.

With the interfaces defined, development of the MPS software began. The
basic structure of the software (S/W) is shown in Figure 4-6. In a departure
from traditional approaches to mission planning software at JPL, full recognition
was given to the probability that no matter how carefully the software definition
process was conducted, changes in mission strategy or operational capability
after launch would mandate changes in the MPS software. Therefore, thée software
format had to accommodate perhaps major changes while still maintaining dits
operational capabilities. This philosphy led to a procedure for program modu-
larization using intermediate files with a standard format so that each program
could be modified or totally replaced without effect upon the balance of the
software. It also had two oth:r advantages: (1) the operator could inspect
each intermediate file to detszimine if there were any problems with the run, and
(2) since the programs were independent and the formats standard, the operator
could stack the programs in any order. The result was a system with high oper-
ator visibility and flexibility of operation. Figure 4~7 depicts the normal
operation of the software for a single iteration of a CRP. In actual practice
there were often minor corrections to the SAR sequences which dictated iterating
the passes through the SAK programs several times before a final merge to form
the total CRP.

The mission planning process was designed to be an iterative process for

Seasat lasting about four weeks for each week of operation. Therefore, during
any week there would be four operational cycles within the MPS (Figure 4-8).
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Each cycle in the systém would be at a different developmental level; the cycle
closest in time to the current week would be in final CRP form, waiting trans-
milssion to GSFC, the cycle furthest away would contain only preliminary planning
information such as the orbit event file, long range network constraints, and
power availability predictions. This implies that some considerable planning
effort has to be expended on at least the first, four weeks of flight operations
prior to launch. The project position was that approved, detailed profiles
should exist prior to launch for the entire engineering assessment period (sensor
turn-on plus four weeks).

Since this period included the launch, orbit insertion, initial orbit
cruise, initial calibration, and maneuver phases as originally defined, the
development of the pre-launch profile began with a canvass of the LMSC mission
design and SPAT engineers and the sensor managers. In discussions with LMSC
personnel, it became apparent that there was a wide difference in operations
philosophy between JPL and the LMSC Seasat team., JPL has traditionally main-
tained that very detailed advance planning to the event level is required for the
conduct of a spaceflight mission, not only for the nominal mission but also for
principal options and contingencies. The key to this philosophy is the belief
that such pre-planning (and pre-decision making) allows the operating system to
avoid an absolute reliance upon the availability, correctness, and completeness
of ground-processed neigr-real-time telemetry for analysis and decision. This
philosophy has been developed largely through experience with planetary space-
craft where communication times are long compared to the time on station for data
acquisition. The LMSC Seasat team experience, however, has been primarily with
Earth-orbiting satellites where the communication time is negligible and the time
on station is long, offering a change for data recapture if that data is missed
at the first opportunity. As a result, the philosophy developed by LMSC is for
a small operations team analyzing near-real-time data to serve as the basis for
a near~term plan using real-time commands. Therefore, their nreferred mode of
operation 1s to develop the pre-planning only to a gross functional level, then,
on the basis of telemetered data, to modify the detailed plan, (command load) on
a 1~ to 24-h time basis. Discussions of these differences in approach yielded
agreement that while the Seasat mission was mandated to be a pre~planned mission
in the JPL sense, it would bz entirely appropriate to adopt the LMSC approach for
the period of time which ic took to establish the satellite in the normal
on-orbit configuration. The initial agreement was that the transition from real-
time to planned operations would occur at launch plus 14 days, by which time the
satellite clock would have been adjusted to Universal Time (UT) and vernier-
trimmed for drift, the ACS would have captured on the momentum wheels and any
biases trimmed out, the orbit would have been adjusted to something very close
to the observational orbit, and sufficient outgassing would have occurred to
reduce any orbit corruption to a level where the sensor data would be usable
even though out of specific¢ation. At this point initial sensor turn-on could
occur. SPAT strongly urged that sensor operation nct be scheduled prior to this
time because the additional demands upon SPAT and the MCT might introduce some
measure of mission risk that was otherwise avoidable.

Among the sensor managers there were the following general agreements:
(1) sensor turn-on should occur as early in the mission as was both safe and
practicable; (2) initial turn—-on should occur only in the presence of real-time
telemetry with a sensor representative in attendance at GSFC; and (3) that during
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some portion of the turn-on activity each sensoxr should be allowed to acquire
data in one or more modes in the absence of any other sensor operation. Beyond
these general points, each sensor manager had a preferred sequence of operation
which would allow the acquisition of the data set needed for the engineering
assessment of the sensors. Some sensor managers, such as those for the ALT and
SASS, requested the systematic exercise of a number of operating modes or
parvameters. The VIRR and SMMR sensor managers requésted that their sensors be
set to the normal orbit mode and be permitted to remain there. The SAR sensor
manager requested the use of special operating parameters in the presence of
special ground equipment for calibratiomn.

This basic 6-wk pre-launch plan was carried as long as the scheduled launch
data of 18 May 1978 held. With the discovery of the Atlas F boattail heating
problem on other Atlas launches, however, it became evident that the Seasat
launch date would slip. This created a mission scheduling problem, because
extensive surface truth activities had been scheduled as a part of the Joint Air-
Sea Interaction Experiment (JASIN) for July 1978. The project office felt that
sensor operations would have to begin early enough so that the acquisition 2f the
engineering assessment data and the processing of that data into sensor data
records (SDRs) could be completed prior to the start of JASIN., Since this activ-
ity was estimated to require on the orxder of 6 wks, the project decided to
advance sensor turn-ons to the period between the first and second orbit adjust
maneuvers (Figure 4-9). Based on a projected launch date of 1l June 1978, this
plan would permit full support of JASIN, including any response to the engineer-
ing assessment data analysis, by the beginning of August 1978.

An additional slip in the Seasat launch date resulted ultimately in a suc-
cessful. Launch from Vandenburg Aiy Force Base on 27 June 1978 (GMT). This
additional slip of the launch date caused the engineering assessment activity to
overlap tbe JASIN period. All of the sensors were already into an orbit normal
mode of data collection, with the exception of the SASS. The SASS was able to
supportt JASIN with the introduction of selected mode changes in the JASIN area
of the North Atlantic Ocean. Therefore, although the engineering assessment
analysis activity was incomplete, the data support for JASIN could be accom-
modated. Engineeving assessment activity was plesmed to essentially cease with
satellite rev 487, when the SASS would be commanded to an orbit normal mode.

The final pre-launch plan for the first 4 cycles are presented in the Mission
Planning Summary (MPS) for cycles 00l through 004 (Table 4-6).
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SECTION V

MISSION HISTORY

A. INTRODUCTION

The planned Seasat mission was modifizd extensively after launch because of
attitude control problems that appeared in the horizon sensor subsystem of the
satellite immediately after launch, and which had to be resolved on a higher
priority basis. However, the planned JASIN and GOASEX activities were covered by
the satellite in a satisfactory manner, and an effective radar altimeter cali-
bration was achieved, Engineering assessments of all sensors were made. A sig-
nificantly useful global data set was also collected. The mission was terminated
prematurely on 10 October 1978 by a massive power failure in the satellite power
subsystem.

A detailed history of the actual mission as flown is given in this section.
Because of the attitude control difficulties, the attitude history of the satel-
lite is complex. As knowledge of the attitude is fundamental to the geographical
location of the sensor data, a detailed analysis of the attitude history and
associated error estimates is included in Volume IV of this report. Figures 5-1
through 5-5 show views of the actual satellite orbits as they would appear if
viewed from a position above the Earth and at the trajectory north pole (rorth of
the plane of the ecliptic).

Appendix A contains a detailed Launch Events description and an orbital
summary for the mission.

B. LAUNCH PHASE

The Seasat liftoff from the Air Force Western Test Range on 27 June 1978
(day 178) at 01:12:44 GMT was slightly later than planned because of a brief hold
caused by a broken water line in the Space Lauach Complex 3W launch pad deluge
system. The observed portion of the ascent was well within performance limits.
The launch configuration included identical ascent programs stored in both Com-
mand Processor and Central Timing Units (CTUs). The CTUs were enabled by an

Atlas radio discrete at 01:17:34 GMT in the parallel operating mode for redundancy.

The stored ascent sequence included Agena first and second burn events, propellant

and oxydizer dump events, attitude commands, and initial equipment deployment
commands.

Tape recorder No. 1l was in the record mode at launch, and the intent was to
play back the launch and ascent data on the Fairbanks, Alaska (ULA) STDN pass,
but ground problemg at the STDN site precluded recovery of this data. Usable data
was returned by the Advanced Range and Instrumentation Aircraft (ARIA) No. 1
covering the Agena first burn portion of the ascent, but ARIA No. 2, covering the
Agena second burn portion of the ascent, did not produce usable telemetry. Final
equipment deployments were commanded from the ground during rev 002 and confirmed
during the rev 003 ULA pass. At this point Seasat was in its initial orbital
cruise mode with all antennas, sensors, and solar panels deployed, nadir-pointed
under Reaction Control System (RCS) control, and operating on solar power. The
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Figure 5-1. View of Earth From Trajectory N-Pole, 07/07/78

Figure 5-2. View of Earth From Trajectory N-Pole, 08/01/78



Figure 5-3. View of Earth From Trajectory N-Pole, 09/01/78

Figure 5-4. View of Earth From Trajectory N-Pole, 09/25/78
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Jaunch orbit achieved was well within specification, although somewhat different
than targeted valyues (Table 5-1). The velocity required to correct to the planned
operational orbit would have been 6.3 m/s as compared to the nominal value of

4.4 m/s or the 99 percent probability level of 11 m/s.

C. INITIAL ORBITAL CRUISE

One day after launch the attitude control system was switched from the RCS,
which used gyros and hydrazine jets, to the On-Orbit Attitude Control System
(0ACS), which used horizon sensors and momentum wheels. After the switch large
attitude transients were observed in roll and yaw and the spacecraft was returned
to RCS control. Subsequent studies showed that these disturbances occurred at
specific points in each orbit revolution. It has been hypothesized that the
anomaly was due to direct or reflected sunlight (from some part of the spacecraft)
entering the field of view of the horizon sensors. The attitude control system
functioned normally under RCS control, but the hydrazine consumption was about
0.045 kg (0.1 1b) per day, which would have reduced the mission duration if con-
tinued. To alleviate this problem, the moméntum wheels were deactivated, reduc-
ing the hydrazine consumption to about 0.045 kg (0.1 1b) per week. On 5 July
the satellite was returned to OACS control using the right scanwheel only and
momentum wheels. There was no repetition of the anomaly, and it is hypothesized
that the sur geometry had changed sufficiently due to orbit precession so that
the sun no longer entered the field of view of the horizon sensors. Further
details on the attitude anomaly are given in Volume II of this i¢port. All ini-
tial maneuver plans were cancelled pending resolution of the attitude problems.
By late July the JPL and LMSC operations personnel were confident that the
attitude control problems could be circumvented by disconnecting the horizon
scanner signal processcr output from the roll control system during times of
predicted sun interference and permission was given to begin the initial maneuver
series on 15 August 1978.

D. SENSOR ENGINEERING ASSESSMENT
During the period of the attitude anomaly investigation, sensor power was

applied as planned, and the sensors were checked out in a systemszic manner,
both individually and together. Engineering telemetry indicated that all sensors

Table 5-~1. Nominal Launch Orbit

Semimajor axis (km) 7168.3
Eccentricity 0.00008
Inclination (deg) 108.0
Argument of perigee (deg) 90.0
Time of perigee 00:46
(nominal launch rate) (h:min GMT) (27 June)
Ascending node (deg) 298
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were operating properly, so on 3 July 1978 the engineering assessmeént portion of
the mission was begun. The engineering assessment activity for each sensor was
designed to systematically acquire sensor data in each of the operating modes of
the sensor and over a representative sample of the adjustable parameter ranges
for each sensor. These activities were supported as appropriate by special
ground calibration activities and were performed in combination with selected
surface truth.

One senscr, the SAR, was unable to proceed according to pre-launch plans.
SAR engineering assessment had been predicated upon the node control feature of
the maneuver plan, and SAR targets were selected accordingly. With the delay of
any maneuver activity until completion of the attitude anomaly analysis, the SAR
targets selected prior to launch were unavailable due to the nature of the launch
orbit ground trace development. This necessitated replanning the SAR engineering
assessment and science acquisition completely. While the replanning was accom-
plished without material impact to the mission, the difficulties involved in
selecting targets manually dictated that an automated targeting technique be
developed, so that the SAR planners could more properly devote their time to
targeting review rather than implementation. To lend emphasis to this need, on
6 July 1978 the project office was notified of the development of the first of
several tropical storms in the Pacific Ocean just inside the coverage afforded
by the Goldstone, California SAR-equipped STDN site. The early occurrence of
such a unique chance for remote observation of a target of opportunity underscored
the importance of flexibility in the SAR operation.

E. OUBSERVATION PHASE

On 1 July 1978, mission controllers at GSFC had noted indications in the
engineering telemetry that the thermostat which controlled the sensor module
heaters was cycling on and off much more rapidly than had been anticipated.
While this was not of immediate concern, it was an anomaly that put the satellite
analysts on notice that special monitoring of the thermostat behavior and of the
sensor temperatures was required, Thermostat monitoring was complicated by the
fact that most of the satellite data available to the controllers was in the
form of snapshots of the real-time data; that is, a limited set of time-sampled
cross sections of the telemetry acquired when the satellite was in view of a
tracking STDN site. With only one pass normally scheduled each satellite revo-
lution, and with only a few snapshots taken for any particular telemetry channel
during a pass lasting about 10 min, it was not possible to characterize any duty
cycle with a period less than approximately 20 min. The thermal response in the
sensor module, however, was very much slower, so the primary monitoring points
were the various sensor temperature monitoring points.

On 16 July 1978 the altimeter +¥ base plate temperature sensor exceeded its
maximum operating limit, indicating that the nearby heater was on all or almost
all of the time. - Discussions with the sensor manager determined that a new
maximum limit could be used. At 17:02 GMT on day 198 (17 July 1978) controllers
observed that the altimeter base plate had exceeded the new upper temperature
operating limit. By agreement with the altimeter sensor manager, immedizte steps
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were taken to turn the altimeter off. At this point of the mission the altimeter
was scheduled to conduct a special series of engineering assessment tests in the
altimeter's Track 4 operatiig mode. Track 4 allowed the ground selection of
different timing parameters to optimize sensor operation. The complete Track 4
test was lost during the altimeter down time, but was subsequently rescheduled
after resumpticn of altimeter operation.

Evaluation of the problem indicated that there was a possibility that the
sensors might be able to operate within temperature limits with the heater .bus
disabled completely, given the current solar geometry. Accordingly, on day 205,
(24 July 1978) the heater bus was commanded off, and the altimeter operation was
resumed. Within a few revolutions, it became apparent to the controllers that
altimeter operation was not possible, as the SAR data link and SASS temperatures
were decreasing toward their respective minimum limits. On day 206 (25 July
1978) the altimeter was again disabled and the heater bus operation restored. A
special project review of the problem at LMSC concluded that the only way to
maintain full operation of the low-rate sensors was to undertake ground control
of the sensor medule heater bus. The strategy adopted was to enable the heater
bus for that portion of each satellite revolution which would maintain all sensor
temperatures at an acceptable level and to disable the bus for the balance of the
revolution. This plan was successfully implemented on day 207 and continued for
the remainder of the mission.

F. MANEUVER REDESIGN

Ir parallel with the attitude anomaly invescigation, the engineering assess-
ment activities, the thermostat anomaly investigation, and routine operatioms,
the trajectory design and maneuver specialists were reviewing the mission impact
of remaining in the launch orbit for an extended period of time and preparing a
revised maneuver strategy.

The coverage from the launch orbit is plotted in a dot diagram in Fig-
ure 5-6, The dots show the Earth-fixed longitudes of ascending nodes plotted
against time. The abscissa shows a typical equator segment with the plotted
pattern being repeated around the equator. Two major patterns are evident:
(1) a long~term 17-d&; near-repeat pattern with a small miss distance of 0-30 km
(0-16 nmi), and (2) a short-~term 3-day near-repeat pattern with a larger miss
distance of 160 km (86 nmi). The curvature in the 17-day near-repeat pattern
was due to drag effects on the semi-major axis which changed the nodal precession
rate, which in turn affected coverage. Note that the 17-day pattern did not
exactly repeat itself, but missed to the west. However, the stepping pattern
could be maintained with maneuvers. The l7-day pattern was advantageous in that
it provided nearly 18-km (10 nmi) spacing between adjacent ground traces, and
this correésponded to the altimeter long-term mapping requirement. A disadvantage
of the launch orbit was that the 3-day pattern had a miss distance that was
about 50 percent larger than the SAR swath width of 100 km (54 nmi). Therefore,
the SAR and instruments with smaller coverage swaths did not have contiguous
coverage for long periods of time. Since both the baseline and Cambridge orbits
(Table 5--2) were designed to provide overlap coverage consistent with instrument
swaths, it was decided not to stay in the launch orbit, but to comply with the
initial maneuver objectives.
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Tablie 5-2. Orbit Definitions

Baseline orbit A 3~day near repeat orbit which moves 18.5 km
(10 nmi) to the East every 3-days. Has advan-
tages of multiple coverage of fixed locaticns
and good orbit stability with respect to drag.

Cambridge orbit A 25-day near repeat orbit which moves 18.5 km
(10 nmi) to the East every 25-days. Has advan-

tage 'of fast global coverage and optimum SAR
swathing.

Exact 3-day repeat orbit A 3~day exact repeat orbit which provides near-
zenith, descending node passes over BDA every
3 days. Has advantages for ALT calibration.

Launch orbit The orbit actually achieved by the Atlas Agena
on June 27, This orbit has identifiable 3-day
and l7-day cycle components, see Figure 5-6.
The orbit spacing changes with time due to
drag (i.e., no maintenance maneuvers).

17-day near-repeat orbit 17-day near-repeat orbit which is close to the
launch orbit. Moves 18.5 km (10 nmi) to the
West every 17 days (other spacings are possible).

Node control condition The condition which exists when the node control
maneuver synchronizes the ascending node longi-
tudes and times to the pre-flight plan,

Frozen orbit condition The condition which exists when the orbit adjust
manuever achieves orbital elements which freeze
perigee at the maximum North latitude excursion,
thereby minimizing altitude and altitude rate

variations in Northern hemisphere (desirable
for the SAR).

The revised strategy called for the following sequence of orbits. First,
the baseline orbit was to be established with the frozen orbit condition by
August 26. Node control for the baseline orbit was to be such that a descending
pass occurred directly over Bermuda Island on 8 September. The satellite was
then to be maneuvered into an exact 3-day repeat orbit which passed over
Bermuda every third day. This orbit was to be utilized for approximately one
month, and then a new orbit established which provided a gradually shifting
coverage pattern. The Seasat Science Steering Group voted in late September
to follow the exact 3-day repeat with the baseline orbit starting in October
1978. The revised maneurver schedule is shown in Table 5-3.

5-9
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Table 5-3. Maneuver Timeline

Date Maneuver Description
15 August Calibration No, 1 Calibrate -AV thruster
60-s burn
Aa = =] km
18 August Orbit adjust Orbit adjust No. 1 changed nodal precession
No. 1 rate,
Post-maneuver orbit:
a = 7160.1
e = 0,00143
w = 146,27
1 = 108.023
Q = 87.7
23 August Calibration No. 2 Calibrate +AV thruster
60-s burn
da = +] km
26 August Orbit adjust Orbit adjust No. 2 achieved the nominal pre-~
No. 2 flight nodes. The orbit was a baseline

ground trace with about ll-km spacing (east)
and a near-frogzen orbit.
Post-maneuver orbit:

a = 7168.6
e = 0,0008
t 95

i = 108.023
Q= 104.3

[ I I |

1l September  Trim No. 1 Trim No. 1 coxrected any execution exror
resulting from orbit adjust No. 2. This
maneuver ensured that the Bermuda overflight
would occur on 10 Sept., *1 day.

8 September  Orbit Change Orbit change No. 1 achieved the 3-day exact~-
No. 1 repeat, which is a descending leg over
Bermuda Island.
Post~maneuver orbit:

a = 7169.0
0.0008
90.0
108.023
126.7

n
{0 I A

D2
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There were a number of reasons for establishing the 3-day exact-repeat
orbit in September. The major reason was that this orbit provided the “est
coverage of a number of oceanographic activities which could provide surface
truth data to validate the Seasat data. These oceanographic activities included
the delayed GOASEX in the Gulf of Alaska (9/6/78 - 9/24/78) and JASIN in the
Rockall Island, North Atlantic area (7/15/78 - 9/15/78). The altimeter/precision
orbit determination team planned surface truth laser ranging and calibration
activity in the Bermuda area. 'There were also a number of other experiments
planned which relied on near-repeat coverage of a fixed location at 3-day inter-
vals. Another advantage of this orbit strategy was that once the frozen orbit
conditions were achieved, the orbit altitude variations would be minimized in the
Northern Hemisphere, thereby optimizing SAR and SMMR operation. Also, the base-
line orbit provided a relatively stable orbit pattern with respect to drag
effects in case further maneuvers were not advisable (i.e., attitude anomalies
were to recur).

Figure 5-7 shows the ground trace pattern for the 3~day exact-repeat orbit,
It is seen that one descending trace passed directly over Bermuda Island. Tor
purposes of the ALT/POD experiment, it was desired that the overflight be
within 25 km (2.7 nmi) for 30 days.

Achieving the pre-launch ascending nodes meant that the Bermuda overflight
would occur on 2 September. However, due to the busy maneuver schedule, this
data was rescheduled to 8 September. The new plan called for changing the nodal
precession on 18 August so that the actual and nominal ascending nodes would
mdateh on 26 August. A maneuver would then match the actual and nominal nodal
precession rates so the nodes would remain matched in time. Perfect maneuver
execution would cause a descending pass to occur directly over Bermuda Island
about 8 September. Corrections to eccentricity and argument of perigee, to
achieve the frozen orbit condition, were made during the node control maneuvers
by specifying the burn locations. However, errors in thrust levels, during node
control maneuvers, could cause the first overflight date to be shifted by up to
30 days. Therefore, a trim maneuver was tentatively scheduled one week after
the node synchronization orbit adjust maneuver to remove primarily semi-major
axis errors. If the errors after the node control maneuvers were small, the trim
maneuver would be cancelled. Using this strategy would ensure that the Bermuda
overflight would ocecur on 8 September 1 day.

The second phase of the revised maneuver strategy was to maneuver into the
3-day exact-repeat (every 43rd rev exactly repeats). The overflight requirement
was to pass directly over the laser site within *5 km, and stay within this
tolerance for one month. It was estimated that drag would cause the ground trace
to shift about 160 m/day eastward due to semi-major axis decay (period increase).
If the initial orbit repeated in exactly 43 revs, the orbit would shift due to
drag from an exact Bermuda overflight to a 5 km miss (east) after 30 days, given
a solar flux of 150. This error could be reduced by targeting to an orbit which
had a 3-day repeat which drifted slightly to the west. Then, drag would slow
and stop the westward drift and the drift east back over the target. This
strategy was designed to limit the drag induced error to less than *2 km.

5-11
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Figure 5-7. Ground Tracks for Exact 3-Day Repeat Orbit Over Bermuda



The Seasat maneuvers were all executed successfully with very good results.
All maneuver objectives were met and no abnormalities occurred. The first Seasat
Orbit Adjust Thruster (OAT) firing was at 07:41 GMT on 15 August 1978, The pur-
pose of this maneuver was to calibrate the -AV thruster (i.e., reduce uncertainty
about actual specific impulse and thrust levels relative to pre~launch test
firings, which were at constant pressure). The performance results for all of
the maneuvers are summarized in Table 5-4. It can be seen that after the cali-
bration burns the trust levels were predictable to 1 percent or better. This
fact greatly aided the maneuver success and led directly to the cancellation of
the trim originally scheduled for 1 September 1978.

Each maneuver after this first calibration burn was modified slightly from
the nominal values to adjust for errors in the previous burn and also to correct
for small drag prediction errors. The execution errors from maneuver 4, if
uncorrected, could cause the Bermuda Island overflight to slip from 8 September
to 10 September 01b, This siip was acceptable to the mission planning and alti-
meter teams, and so the corrective trim on 1 September was cancelled. The maneu-
ver to an exact 3~day repeat orbit with Bermuda overflight was made on 10 Septemn-
ber, and the satellite was still in that orbit on 10 October when the power
failure occurred which ended the nominal mission.

Additional informaticn on the details of the maneuver execution and satel-
lite performance are available for referencel.

G, MINIMUM POWER PERIOD

With the onset of satellite occultation (predicted to begin during the
middle of cycle 008), mission planners began to become concerned about the avail-
ability of power during occultation. One concern was that there was some uncer-
tainty about actual power demand based upon the difference in performance of the
heater thermostats in flight compared with pre-launch system test. Another con-
cern lay in the fact that the pre=launch demand based upon analysis did not agree
with the measured values. Accordingly, a strategy was developed for systemati-
cally reducing loads during the minimum power period expected near the early
September time period. 1Initially, the SAR operation would be curtailed from the
nominal 60 min per 24-h period during full-sun portions of the mission to a min-
imum of 10 min per 24-h period at power minimum. If telemetry and analysis indi-
cated that a further reduction in loads was warranted, then major power consumers
among the low-rate sensors would be cycled off during long over-land periods.

In addition, priorities would be associated with each of the SAR passes scheduled,
so that mission controllers could scrub low priority SAR passes in near-real time
if the power situation appeared critical. The restrictions upon SAR operation
extended from cycle 009 through cycle 014.

On rev 891, day 240 (28 August 1978) at the beginning o0f a normal status
pass over the Hawaii STDN site (HAW), the data indicated that the VIRR mirror
had ceased to scan at some time since the prior status pass. This was a sensor
failure which had been anticipated prior to launch, since on previous flights

lfrautnick, J. C., "Seasat-A Maneuver Strategy," Engineering Memorandum
No. 312/78~75, 13 November 1978 (JPL internal document).
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of the VIRR the same failure had been experienced. As a protection against this
failure mode, the VIRR launch configuration had been with the VIRR scan motor
enabled and the scan mirror rotating. The plan was to maintain scan mirror
motion throughout the flight whether or not the VIRR electronics were powered.,
Upon observance of the malfunction, the VIRR sensor manager was notified, and a
contingency plan te tastart the stopped mirror put into effect. The plan
involved a sequence of rapidly executed motor start and stop commands which were
intended to produce torques sufficiently high enough to free the frozen mirror
drive train,

Coincidentally, on the same revolution the altimeter transmitter ceased
operating. Four revolutions later the altimeter was turned off, pending analysis.
Initially this was thought to be a sensor malfunction, but analysis showed that
the transmitter had shut down normally in response to a low voltage on the
satellite +28-V regulated bus. A complete analysis of the power situation indi-
cated that the depth of discharge on the satellite batteries during sun occulta-
tion was much greater than anticipated. On rev 891 the batteries had dropped so
close to total depletion that the battery voltage had dropped helow the voltage
regulator's capability to maintain regulation. Of the satellite equipment, only
the altimeter had undervoltage protection and went into an automatic shutdown.
This reduction in satellite loads was very probably essential to the recovery of
the power system. Several problems led directly to the onset of the power pro-
blem: first, the satellite loads had been underestimated by some 50 W; second,
the percentage charge on the batteries at automatic cessation of charging was
over-estimated by about 30 percent (a fact which was not realized or reflected
in the operations documentation until after mission termination); and, third,
nearly all of the status passes available were in the northern hemisphere where
Seasat was in sunlight. There was no opportunity to observe the satellite power
subsystem performance during occultation.

By day 244 (1 September 1978) the power problem was sufficiently well under-
stood so that the altimeter could be tested to determine if any permanent damage
had occurred during the undervoltage period. The sequence used placed the alti-
meter in standby for one revolution, then transferred to the Track 1 mode as a
test of the altimeter TWTA for about 8 min, then placed the altimeter back in
standby. Analysis of the data indicated normal operation of the altimeter; thus,
as the power situation eased on day 249 (6 September 1978), the altimeter was
returned to operation on a 50-percent duty cycle which was increased to 60 per-
cent the following day. On this day, during one of the status passes, the alti-
meter was observed to drop out momentarily in the real-time data. Again faced
with apparently anomalous behavior of the sensor, mission controllers and the
sensor manager elected to return the sensor to the standby state. In an effort
to understand the problem, sensor engineers at WFC obtained a 78-h block of data
from the Seasat tape recorders, and discovered 12 similar dropouts, all out of
sight of the STDN sites scheduled to track Seasat. The fact that all were within
the same northern latitude band and all weére over land led the analysts to
believe that this behavior was a normal instrument response to an observing con-
dition. Further analysis together with ground tests performed upon the altimeter
engineering model verified that the problem only occurred above a critical alti-
tude over land when the altimeter would sometimes lose lock and go into a reac-
quire mode for the return signal. The ground tests further disclosed that there
was some potential for damage to the instrument if the logic reset caused any of
the transmitted pulse to enter the receiver.
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The initial project decision was to preclude any altimeter operation except
over the ocean on the Bermuda overflight revolutions. These were begun on rev
1074, day 253 (10 September 1978).

Attempts to restart the VIRR scan mirror had been periodically undertaken
since the scan motor failure on rev 891. On rev 1099 on day 254 at 20:08:30 GMT
(11 September 1978), the first measure of success was achieved; the motor drove
the mirror for about 10 s, then stalled again. A repeat of the sequence on the
next revolution produced the same results. On rev 1105 a similar sequence sucw
ceeded in restarting the motor, and it continued to operate through most of the
day. At the beginning of the Orroral, Australia (ORR) status pass, however, the
mirror had again stopped. Although efforts to restart the mirror continued, it
did not run for more than 20 to 30 s at a time, and ultimately the restart
efforts were abandoned.

By day 258 (15 September 1978) sufficient understanding had been gained
about the altimeter performance and potential problems that the project was wiil-
ing to accept the risks of returning to full-time operation of the sensor. The
strategy adopted was to operate in the normal Track 1 mode over the oceans, but
to switch to Test Mode 1, a CW mode, over major land masses to preclude the
potential time race problems given loss of lock over land. Operation in this
mode, together with further ground testing, suggested that testing of the flight
sensor in Track 4 with a special set of parameters was warranted. These Track 4
tests were conducted with Seasat on day 265 (22 September 1978), and iudicated
that there was a Track 4 mode which was very close to normal Track 1 operation
. which would effectively preclude recurrence of the dropouts. The benefit of
adopting this strategy was underscored by the observance of a dropout during the
ULA status pass on rev 1284 on day 267 at 19:02 GMT (24 September 1978). The
revised strategy, which called for Track 4 with the modified parameter set over
the oceans, and Test Mode 1 over major land masses, was placed into operation at
the beginning of the next operational cycle, cycle 014, beginning shortly after
widnighty, GMT, on day 268 (25 September 1978). This strategy was successfully
employed throughout the remainder of the mission.

On day 272 (29 September 1978) indications in the SMMR telemetry were
observed which were interpreted as signaling an incipient failure of sensor
encoder A. As a precautionary measure, the ground command to select SMMR encoder
B was sent to the satellite on rev 1372 on day 273 at 22:37:34 GMT (30 September
1978). Subsequent analysis indicated that the encoder A performance was normal
after all, but the sensor manager decided that there was no advantage in trans-
ferring back to encoder A, so the selected encoder for the SMMR remained encoder
B for the remainder of the mission.

H. POWER SUBSYSTEM ¥aliiRE

Upon satellite acquisition during the status pass at Santiago, Chile (AGO)
on rev 1503, mission controllers noted highly abnormal and apparently contra-
dictory indications in the telemetry. The initial suspicion was a fault in the
GSFC ground computer system. As a precaution, however, emergency tracking cover-
age by the next possible STDN station (ORR) was requested. A post-pass repro-
cessing of the AGO data indicated that the telemetry data observed was valid, and
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not a computer artifact. This was verified upon contact of the satellite with
ORR, where extremely low battery voltages and high discharge rates were con~
firmed. Downlink contact with Seasat was lost during the ORR rev 1503 pass on
day 283 at 04:08:27 GMI, and never subsequently reestablished.

In an effort to pinpoint the problems which the satellite might have
encountered, data was requested from one of the international tracking sites
cooperating with the Seasat project, the station at Oakhanger, United Kingdom
(UKO). TFortuitously, UKO had tracked on rev 1503 just prior to the AGO pass.
Processing of the UKO data upon receipt at GSFC showed that a massive power fault
had occurred on day 283 at 03:12:01 GMT which resulted in depletion of the satel-
lite batteries and termination of the mission.

After repeated attempts to reestablish ground communications with Seasat,
the mission was officially terminated on 10 November 1978.

I. MISSION PLANNING SUMMARIES

The mission planning summary sheets, which represent the mission as flown
from launch through loss of contact with the satellite, are presented in
Appendix B.
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SECTION VI

SURFACE TRUTH ACTIVITY

A. GENERAL

The surface truth program proved during the course of the Seasat preject
can be grouped into two principal phases: the pre-flight phase and the mission

phase. These two phases of surface truth activity are discussed in the following
paragraphs.

B. PRE-FLIGHT PHASE

The acquisition of surface observations coincident with measurements by
aircraft-mounted Seasat prototypical instruments was required to complete instru-
ment design specifications and to characterize the functional dependence of
radar observables on geophysical parameter§. The latter task provided the basis
for the initial geophysical processing algorithms.

Several surface experiments, carefully designed to provide the necessary
design and geophysical algorithm information, were conducted prior to launch,
starting in CY 1975. Previous aircraft and, in some cases,; satellite programs
nad provided the basic information upon which the feasibility and functional
design of the instiruments had been established.

Aircraft and associated surface truth data were colilected in support of
each of the Seasat sensors, and the objectives of the pre-launch phase were
niet, Two of the experiments, one each on the east and west ccasts of the United
States, turned out to be multi-institutional in nature, providing scientific
data on near-shore wave, wind, and current processes.

Another task of the pre-launch phase was the development and calibration of
under-flight sensors for the ALT (Hy,3), SASS, and SMMR. Under-flight sensors

were used in the mission phase as either secondary standards or radar-observable
calibration systems.

C. MISSION PHASE

Dering the flight of Seasat, surface truth data were collected in a variety
of ways. In addition to the aircraft under-ilight sensor calibrations, data was
acquired in the following three categories: routine data, special experiments,

and extreme conditions. These three categories are described in the following
paragraphs.

1. Routine Data

The U.S. Navy's Fleet Numerical Oceanography Center (FNOC) supported the
Seasat data analysis activity by providing all surface reports and selected field
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data in the form of a computer-compatible tape called the Auxiliary Data

Recorzd (ADR). This invaluable data base included hundreds of wind, sea state,
and sea and air temperature reports daily for the mission period. NOAA's
National Environmental Satellite Service (NESS), in addition to coordinating
special experiments, provided important support in two other areas. First, there
was the cooperative vessel program, in which dozens of vessels provided surface
observations at satellite over-passage times, using a printed log and an
accompanying satellite position calculator. This package was designed and dis-
tributed by NESS with the support of the Seasat project. A second important
additional data type provided by this service was a complete set of daily
meteorological satellite visible and infrared imagery for the Seasat operational
period. This imagery, produced by the Geostationary Satellites (GOESs) East and
West, is particularly valuable in identifying and locating satellite observation
of extreme conditions.

2. Special Experiments

As had long been planned, the project cooperated in and conducted,
respectively, two major surface experiments during August and September. The
first of these experiments was the multi-national Joint Air-Sea Interaction
Experiment (JASIN), which was conducted in the eastern Atlantic Ocean neax
Scotland. An intensive study of the marine boundary layer and air-sea energy
transfer was planned and conducted by a grcup of European and American
scientists. JASIN provided a source of high quality surface truth data, much of
which will be acquired for Seasat experimenters by way of data exchange agree-
ments. A lead role in obtaining these agreements has been played by a group of
European investigators with an interest in Seasat data (the Seasat Users Research
" Group in Europe (SURGE) headed by Dr. Tom Allen of the Institute of Oceano-
graphic Sciences, Wormley, United Kingdom). Some 200 Seasat passes were obtained
over the JASIN area during the experiment period. A NASA C-130 aircraft,
equipped with a Seasat under-flight scatterometer built by the L-ngley Research
Center (LaRec), participated along with several European and American research
atyiraft. “a

A Seasat-dedicated experiment was conducted in September in the Gulf of
Alaska. Termed the Gulf of Alaska Seasat Experiment (GLASEX), this activity was
planned and conducted by the National Oceanic and Atmospheric Administration
(NOAA), including the Pacific Marine Environmental Laboratory (PMEL), NESS, the
Atlantic Oceanographic and Meteorological Laboratory (AOML), the Wave Propagation
Laboratory (WPL), and the National Data Buoy Office (NDBO). The principal
research facility deployed during GOASEX was NOAA's Class 1 research vessel
Oceanographer. The Canadian weather ships Quadra and Vancouver, alternating at
ocean weather station PAPA, also obtained special data at satellite over-pass
times.

Participating aircraft included the Ames Research Center's CV-990 equipped
with an airborne version of the SMMR, the Johnson Space Center's MC-130B with
the Seasat under-flight scatterometer, the Naval Research Laboratory's RP-3A
equipped with meteorological and microwave radiometer instrumentation, and the
Canadiam CV-580A aircraft carrying the Environmental Research Institute of
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Michigan's synthetic aperture radar system. A very comprehensive data set was
collected, corresponding to somz 60 satellite passes, including more than a
dozen SAR passes. An intensive, coordinated study of this data set was planned
as a key element in the early evaluatjon activity.

3. Extreme Conditions

The observation of high wind and sea state conditions require collecting
data in seveéral storms, It is fortunate that Seasat data was obtained over
dozens of hurricanes, typhoons, and tropical storms in the Atlantic and Pacific
Oceans and the Gulf of Mexico. Further, many of these conditions were observed
simultaneously, or nearly so, by aircraft, surface vessels, and meteorological
satellites. An example of Seasat surface truth data obtained on a hurricane is
the data set collected on hurricane Fico during July. During the interval
7-20 July, this storm was observed repeatedly, as it moved to the west from the
longitude of Baja California to a region west of Hawaii. SAR images obtained
over the central region of the storm on 7 July have yielded sea surface and wave
imagery in regions undetectable using visual or infrared sensors, and should
provide an otherwise unobtainable data set useful to a study of wave generation
and propagation in cyclonic storms.

The hurricane was observed by the scatterometer some three weeks later near

Hawaii. A good surface truth data set is available for this observation in the
form of meteorological aircraft and ship reports, as well as cloud motion
measurements using meteorological satellite imagery. The comparisons made to
data between the surface truth data and the SASS-derived winds show a good cor-
relation for this storm. ' Fico also yielded extreme condition observations for
the SMMR, ALT, and VIRR. SMMR data will provide a comparison to SASS winds and,
more importantly, a well-documented test case for SASS path attenuation and ALT
refraction corrections. For the ALT, Fico and similar intense storms will pro-
vide data on significant wave height (H1/3) for the upper end of the measurement
range. :
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SECTION VII

COMMERCIAL USER ACTIVITY

A. INTRODUCTION

Within the Seasat program a set of user-oriented activities on data
utilization were planned and are being conducted. One activity involved the
use of the data by the commercial ocean community in a set of modest, coopera~
tive experiments or demonstrations involving representative segments of that
community, The posture of this commercial user demonstration was necessarily
modified following the early termination of the mission to maximize the use of
the Seasat datd without the benefit of real-time observations from the satellite,
This section describes the commercial program as it was originally planned, as
well as the structure and plans in its modified form.

Seasat was a product of user interest. A community of users established
the concept of Seasat and, beginning early in 1973, guided the prcgram from the
early phases of requirements definition through the processes required to estab-
lish Seasat as a "new start" in 1975. These users continue to be the architects
of a program intended to serve the agencies, institutions, and private concerns
that are the projected users of Seasat data and other missions that may stem
from Seasat. Their participation has ensured that user needs match the types
and quantities of daia to flow from t!'2 Seasat satellite and ground system.

A Beasat benefits assessment, completed in 1975, identified substantial
potential beriefits from the use of operational Seasat data. The majority of
these potential benefits, summarized in Table 7-1, were identified to be within
the commercial ocean community, in areas such as marine transportation, ocean
fishing, and off-shore oil and natural gas exploration and development. Commer-
cial activities in the Arctic regions showed particular potential for realizing
economic benefits from improved ocean condition data.

The benefit estimates made in the Seasat economic assessment are largely
based upon empirical evidence and best estimates of the expected impact of oper-
ational Seasat data in the areas of maritime activity which were considered in
the assessment. The launch of Seasat and the subsequent analysis of its data
will provide the first opportunity to obtain experimental evidence of the effects
of Seasat data on the economic performance of selected areas of maritime -
activity.

‘As a result of specific proposals presented to NASA by a group of commer-
cial users, NASA implemented a demonstration program to assess the utility of
Seasat data in the commercial sector. The origin and evolution of this group of
commercial users is shown in Figure 7-1. Seasat data transferred to Fleet Numer-
ical Oceanographic Center (FNOC) for real-time processing was to be used to sup-
port industrial users. NASA provides for some additional processing of FNOC
information to meet experiment participants' needs. The assimilation and oper-
ational use of the data will be accomplished using the participants' resources.
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Table 7-1.

Summary of Most Likely Range of Benefits for an
Operational Seasat Planning Horizon to Year 2000

Industry or

Factors

Integrated Benefit
($ 1975 Millions)a

Secter
Off-shore oil and
natural gas
Coastal zones
Arctic operations
Marine
transportation

Ocean fishing

Ports and harbors

Ocean condition forecasts:
loss avoidance-labor cost,
accident reduction. Platform
Inad factors

Improved prediction (landfall)
capability: economic loss
avoidance

Optimum routing of ice-breaking
tankers

Improved ocean condition fore-
casts, improved weather routing,
improved ship designs, reduced
insurance rates

Improved ocean condition fore-
casts, adverse weather avoidance,
improved fisheries management

Improved precipjitatioan forecasts,
improved longshore labor
utilization

TOTAL

214-344

3-81

96-288

215-525

274-1432

0.5

802-2670

a10% discount rate

Industry users offered the use of approximately $20M of their capital
equipment and approximately $1M of operating capital and personnel services for
data analysis, industrial distribution, and civil sector assessment. The cost

to NASA to undertake this important industrial assessment is approximately $3M,

The elements of this cost-sharing arrangement are shown in Table 7-2.

Through the use of Seasat data in a series of carefully designed experi-
ments or demonstrations, it should be possible to obtain information which will
begin 