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AN INTERNATIONAL NEWSlmER ENGAGED AS LIAISON FOR THE COMMUNITY OF OCEAN THERMAL ENERGY CONVERSION

Southwest Research '" Institute
Studies Cold-Water Pipe System
transfer-matrix methods. Recognizing the
need for improved methods in the analytical procedure for long upright CWP, the
Analysis Section of the OED undertook
the development of a method called Transfer Matrices, on which the computer codes
are based.
This technique, also known as the initial
parameter, progression matrix, or line solu(continued on page 2)

Southwest Research Institute, a not-forprofit applied-research organization based
in San Antonio, Texas, has been deeply
involved in OTEC for several years. In particular, the Analysis Section of the Ocean
Engineering Division (OED) has developed
a series of digital-computer programs for
the rapid dynamic response analysis of
coupled Platform/Cold Water Pipes (CWP)
using strip theory, finite difference, and

The Marine Technology Society (MTS),
based in Washington DC, is tentatively
forming a committee to provide an interface between industrial firms, government
bodies, and the private ocean community.
A meeting was held in Washington in late
July between representatives of DOE, MTS,
and many private firms. The purpose of
the MTS group would be to take an active
role in appraising the state of development
of OTEC and its potential. Further meetings are scheduled for late August.

The OTEC Liaison
VOLUME 2, NUMBER 7
July 1978

//'----- ,

'-,

.;""------........ ,

"

MARINE TECHNOLOGY SOCIETY
FORMING OTEC COMMITTEE
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FIGURE 1

SPAR BUOY-CWP WITH A SWIVEL
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SOUTHWEST RESEARCH INSTITUTE
STUDIES COLD-WATER PIPE SYSTEM
(continued from page 1)
tion technique, is based on the same principle of finite difference or finite element.
The structural system is subdivided into
component parts with simple suitable characteristics that can be readily expressed in
matrix form. These matrices provide building blocks that characterize the static and
dynamic response of the entire system. The
mathematical formulation is such that the
resulting matrices are superbly suited for
a digital-computer solution which reflects
itself as reduced cost of computation.
This analytical method is currently being applied to the analysis of elastomeric
offshore floating oil-loading hoses, funded
by a hose-interest consortium.

ART DIRECTOR
Pamela Greenfield

PREDICTING COLD-WATER-PIPE
RESPONSES TO UNDERWATER
CURRENTS AND WAVES
B~~nard E. P. Lutz, Group Leader, is
specifically research ing a spar-buoy CWP
concept because of its inherent capabilities
and advantages as a sea stable type structure. The study addresses the problem associated with the applied hydromechanics
and structural design of the deep CWP and
auxiliary equipment when excited by sea
waves and underwater current forces. The
outcome will be the mathematical development of the governing equations and the
digital-computer solutions to help predict
the heave and transverse dynamic response
of free-floating structures when affected
by sea forces.
Further details on Southwest Research
Institute's work in this area can be obta!ned directly by contacting E. M. Briggs,
Director, or B. E. P. Lutz, Group Leader,
at (512) 684-5111.

BUSINESS MANAGER
Robert Bernstein
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SUBSCRIPTION MANAGER
Kathleen Guido

The OTEC Liaison is published monthly
by Popular Products, Inc., 1910 N. Elston
Ave., Chicago, Illinois 60622, USA; (312)
489-5900. Our Wash ington office is at 1254
National Press Building, Washington DC
20045, USA; (202) 783-2842. Copyright
1977 by Popular Products, Inc., Chicago,
Illinois. All rights reserved. Contents of
this newsletter may not be reproduced in
whole or part without permission. Printed
in USA. Unsolicited manuscripts must be
accompanied by a stamped, self-addressed
envelope for return. The OTEC Liaison
will not assume responsibility for unsolicited manuscripts or photographs. The
O.~EC Liaison will not assume responsibility for manuscripts or photographs left
or submitted on speculation. Subscription
prices: United States and possessions: one
year $80, universities $70. Foreign: Add $5.
Single copies: US $6 each, Foreign $6.50.

Please Subscribe!
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FIGURE 2
SPAR BUOY-CWP CONCEPT
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WITHOUT THE SIHVEL

The OTEG Liaison will provide continued liaison
. (from the French: an instance or means of communication between bodies, groups, or units)
to the community of ocean thermal-energy conversion, with response to your expressed
needs. Your comments and criticisms are welcomed.
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40TH ANNUAL SEA HORSE
INSTITUTE SEPTEMBER 18TH-21ST

DOE'S MARVIN AND TRW'S DOUGLAS
TO SPEAK AT HAWAII CONFERENCE

10-MW OTEC PLANT
NOW BEING CONSIDERED

For the 40th year the famed Sea Horse
Institute will be held in Wrightsville Beach,
North Carolina, September 18th to 21 st.
The same informal-discussion format used
the last few years will be followed again,
allowing discussions within the broad subject areas outlined for each session.

Both Dr. Henry Marvin of DOE and
Robert 130uglas of TRW will speak at the
Circum-Pacific Energy and Mineral Resources Conference to be held in Honolulu,
Hawaii July 30th through August 4th. This
major international conference is co-sponsored by the American Association of Petroleum Geologists, the Committee for Coordination of Joint Prospecting for Mineral
Resources in Asian Offshore Areas, the Pacific Science Association, the American
Mining Congress, and the University of
Hawaii, along with over 70 other international organizations.
During the technical session, devoted to
Renewable Energy, Marvin will speak on
DOE's work with renewable energy, and
Douglas on progress and prospects in ocean
thermal energy . As a part of Douglas's abstract, he states: OTEC systems can be
built within existing industrial capacity,
using current technology, which will produce energy at competitive rates. One or
more prototypes will be required to establish a basis for financing. Eventual rate of
deployment will depend on institutional
factors.

The Ocean Systems Branch of the US
Department of Energy's Division of Solar
Technology is considering construction of
a 10-mW ocean thermal-energy conversion (OTEC) pilot plant-twice as large as
the size envisioned a year ago. After the
testing of individual components on a vessel converted to an ocean test platform,
the pilot plant would be the next step
toward engineering development of ocean
thermal power. Lockheed Missiles and
Space Company, TRW, and Westinghouse,
chosen last year to design shell-and-tube
heat exchangers for ocean testing, will
compete to provide hardware for the 10mW modular experiment. All three firms
are designing titanium heat exchangers.
The Ocean Systems Branch will also
fund the development of shell-less heat
exchangers for testing and possible use in
the 10-mW experiment.

UNIQUE PROGRAMMING CONCEPT
The unusual annual meeting, partially
sponsored by the International Nickel Company, continues with its policy of holding
brief and informal discussions with no
transcripts taken or proceedings published.
This year's meeting will include a dinner
program as "A Toast to Dr. F. L. LaGue",
whom long-term OTECers know well.
Of the seven major sessions, largely dealing
with corrosion and its control, one will be
devoted to Biofouling and Its Control and
another to The Ocean's Resources, with
SOE/OTEC as a principal topic. Reservations can be made by writing the Francis
L. LaGue Corrosion Laboratory, INCO,
PO Box 656, Wrightsville Beach NC 28480.
DOE'S BOB COHEN TENTATIVELY
SCHEDULED TO SPEAK IN JAPAN
Dr. Robert Cohen, who has been active
in the US Department of Energy's OTEC
program since its inception, is tentatively
scheduled to speak at the 5th International
Ocean Development Conference to be held
September 25th to 29th in Tokyo. Jointly
sponsored by 15 major Japanese societies
and associations, and heavily supported by
the Japanese government, the combined
conference and exhibition includes on its
honorary committee such world-renowned
men as Dr. Jacques Cousteau, Dr. John
Craven of Hawaii, and Mr. William Nierenberg, Director of the Scripps Institution of
Oceanography.
During the session on Energy Extraction
from the Ocean, Bob will speak on Recent
Trends and Future Plans for Research and
Development of Thermal Energy Generation in the US, joined by Dr. John Isaacs
of Scripps on wave energy and A. J. Bryce
of General Electric on resources from kelp,
among others.
DOE'S ABE LAVI AND LOCKHEED'S
TRIMBLE TO SPEAK IN ZURICH
Dr. Abrahim Lavi, ex-officio of the US
Department of Energy and of CarnegieMellon University, and Lloyd C. Trimble,
of Lockheed Missiles and Space Company,
will participate in the 2nd World Hydrogen
Energy Conference, to be held in Zurich,
Switzerland August 21st to 24th . Both will
speak during the session on Primary Energy Sources for Hydrogen Production,
with OTEC for Hydrogen Production as
their specific topic.
The OTEC Liaison
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ON JAPAN'S OTEC EXPENDITURES
During an informal meeting held at the
Fifth Annual OTEC Conference in Miami
in February of this year, bringing together
various representatives of both the Japanese government and private Japanese
firms with top US Department of Energy
personnel involved with the OTEC program, a question arose as to the extent of
financial involvement the Japanese have
now and are investing in OTEC development.
A letter from Japan's Electrotechnical
Laboratory (ETL) (see the February 1978
issue of TO L) advises that, due to the close
inter-relationship between government and
industry in Japan, this is difficult to pinpoint clearly. However the writer estimates
the salary total for OTEC research at ETL
to be about 35 million yen (¥) and the
salary for the staff at the Government Industrial Institute to be about one third of
that amount, for a total of about 47 million ¥. This is to be added to government
R&D expenses of 70 million ¥, for a grand
total of 117 million ¥. (The ¥ had an exchange rate in February of this year of
.0041. One year' earlier it was .0034, and
in early August it was up to .0055.) Thus
in February 1978 the estimated expenditures were $479,700 and based on the current rate $643,500 annually .
Obviously, a dollar-or a yen -goes a
long way in Japan . A "standard researcher"
makes about $7,000 annually based on
current rates. Should readers wish to see
more detailed figures, please write TOL.
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NOAA BUOY OPERATING
IN GULF OF MEXICO
A 100-ton buoy named OTEC-2 is
collecting data in the Gulf of Mexico to
derive important information on the mechanics of extracting energy from the sea.
The 40-foot-diameter discus buoy, a
product of the Commerce Department's
National Oceanic and Atmospheric Administration (NOAA), has been equipped to
test the effect of seawater on OTEC power
plants.
Under an inter-agency agreement with
the Department of Energy, NOAA has
moored the huge unmanned buoy about
180 miles west of Tampa, Florida. It will
remain on station for three-to-six-month
periods measuring the effects of biological
fouling, corrosion, and scaling on heattransfer surfaces of the heat exchangers to
be used in OTEC power plants.
The Data Buoy Office of NOAA's Office
of Ocean Engineering has equipped OTEC-2
with a hydraulic-flow system which pumps
seawater from a depth of 75 feet through
tubes of aluminum and titanium into the
heat-transfer monitor assemblies. These
metals are being evaluated for use in fullscale OTEC plants, both because they are
relatively corrosion-free and because they
contain the heat within the pipe.
A water-quality indicator system is included to measure dissolved oxygen, acidity, turbidity, and conductivity of seawater.
The buoy also contains a standard set of
meteorological sensors for collecting weather data at the OTEC-2 site. The experimental data will be analyzed by several
government agencies and universities to determine the nature of the fouling in the
heat-exchanger tubes.
The data collected by OTEC-2, in conjunction with the data from similar experiments previously conducted in Hawaii and
the Virgin Islands, is expected to provide
vital information.
Page 3
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SPAR BUOY-CWP INVESTIGATED
ANCHOR SYSTEMS
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JAMAICAN GOVERNMENT FOllOWS
SOE/OTEC PROGRESS

A letter has been received by The OTEC
Liaison from the Ministry of Mining and
Natural Resources of the Jamaican Government, and is quoted below:

FIGURE 3
SPAR BUOY-c\,P SINGLE ANCHOR LEG
MOORING SYSTEM
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We are naturally interested in Ocean
Thermal Energy Conversion, as being perhaps the only solar energy technology with
baseload application, but we have no plans
for doing development work in the area, in
view of the high cost and our own slender
resources. Our main intention is to follow
the progress of developments elsewhere,
and not initiate projects until the advancement has reached a state where the investment seems rewarding.
On the other hand, there is the possibility that some other group or agency
could be interested in carrying out a pilot
project in Jamaica, in which case we should
not be averse to providing a site and buying power from the plant; and there have
been speculations about this possibility.
Beyond this our commitment to OTEC is
not likely to go far in the near future, but
we are interested in all avenues of keeping
in touch with technological progress.
The OTEC liaison

Chicago 60622
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US GOVERNMENT
PROCUREMENT INVITATIONS
AND CONTRACT AWARDS
Listed below are procurement invitations and contract awards related to OTEC
in particular and ocean resources in general,
culled from the Commerce Business Daily.
This is not to be construed, however, as a
complete list.
Jul 12: Update National Energy Referral and Information System (NERIS): Negotiations are being conducted with the
Environmental Information Center, New
York NY 10017. PO EU-78-X-01-4701 .
See source award .
Jul 13: Plan a University Research Program for the Maritime Administration: Estimated issue date 23 Jul 78. Estimated
closing date 20 Aug 78. R FP DO - A013073 H 0 (192). US Department of Commerce Procurement Materials Division,
Washington DC 20230.
Jul 13: Additional Basic Research in
Oceanography Including Physical, Chemical, and Biological Oceanography and Marine Geology, Geophysics, and Acoustics:
Contract N00014-75-C-0152, 8 Jun 78
(no RFP), for $2,467,285, to the Regents
of the University of California, Contract
and Grant Administration (SIO)' Code
A010, University of California San Diego,
La Jolla CA 92093.
Jul 14: Technical Assistance and Service
for the Preparation and Review of Environmental-Impact Statements (E IS): Modification 1, Contract 68-01-3901 (WA 780195), 8 Jun 78, for $79,965, to Science
Applications Inc., 8400 West Park Drive,
Mc Lean VA 22101. Environmental Protection Agency, Crystal Mall 2, Room 709,
Washington DC 20460.
Jul 17: Energy/Environment Decision
Series Documents: A program requiring
potential contractors to utilize their proven
ability to comprehend highly-technical issues and present them in a format compatible with efficient transfer of information.
With limited technical input, the contractor
must be able to compile information from
a multitude of relevant technical sources in
government and industry in order to provide both color and monotone summarytype documents of energy-related environmental issues. RFP WA-78-8229 will be
issued on a competitive basis. It is anticipated that two contracts will be awarded,
one of which will be set aside for small
businesses with fewer than 500 employees.
(194) Environmental Protection Agency,
Contracts Management Division (MD-33).
Office of Administration, Attn: NCCM-M,
Research Triangle Park NC 27711.
Jul 18: Provide 13 Cases of Plessey Expendable-Conductivity Temperature-Depth
Units for At-Sea Evaluation: Negotiations
are to be conducted with Plessey Environmental Systems, 3939 Ruffin Road, San
Diego CA 92123.
Jul 20: Support of Performance Testing
of Core Test (OTEC) Heat Exchangers:
Negotiations are being conducted with the
The OTEC liaison

Chicago 60622

Union Carbide Corporation, Tonawanda
NY 14150, for Contract EX-76-C-Ol2448. Contract Specialist is J. Scarpignato.
Jul 24: Advanced Systems Engineering
Serl'ices and Program Technical Support
for the Solar Energy Division: Negotiations are being conducted with Aerospace
Corporation, PO Box 92957, Los Angeles
CA. (200) Department of Energy San Francisco Operations Office, 1333 Broadway,
Oakland CA 94612.
Jul 24: Naval Architecture and Marine
Engineering Services in Support ofthe DOE
OTEC-1 Early Ocean Test Platform Project Organization: The Department of Energy (DOE) Division of Solar Technology
Program for the development and demonstration of the technical and economic feasibility of electrical-power generation based
on the Ocean Thermal-Energy Conversion
(OTEC) concepts calls for the design, fabrication, and operation of an ocean platform/vessel with a power loop for testing
heat exchangers. DOE will negotiate a costplus-fixed-fee contract with the selected
firm to support the DOE project management of the OTEC-l project. The contract
period is expected to commence in Septem ber or October 1978 with a level of
effort estimated to be required of six to
eight professional-person years. The contract period is expected to last 18 months,
but may be extended for support during
operations. To avoid any possible conflict
of interest, the contract will contain a provision excluding the successful firm from
all other participation in the OTEC-l project. The purpose of this procurement is to
obtain the services of a naval architectural
and marine engineering firm to perform
tasks including but not limited to the following: (1) Review initial and final conversion specifications and drawings of submitted OTEC-l ocean-vessel design. (2)
Make recommendations for improvements ·
in drawings, specifications, and systems
submitted . (3) Determine any omissions
or errors in submittals and propose corrective action. (4) Provide on-site inspection
of contractor work during both design and
construction phases of the conversion project. (5) Provide overview services during
dock and sea trials. (6) Provide planning
and estimating services to DOE during periodic reviews of contractor cost and schedule submittals. (7) Provide other engineering and drafting services as directed by
DOE. (8) Perform hydrodynamic and
structural analyses of contractors' piping
systems designs. The following general
qualifications will be used to determine
f irms' eligibility for consideration: (1) Key
personnel proposed must have participated
in recent design efforts of ocean vessel
platforms that have been built. (2) The
firm must have the flexibility of stationing
key personnel on-site of the OTEC-l project work. (3) The firm must be able to
visit DOE Headquarters in Washington DC
and the DOE/San Francisco Operations
Office in Oakland CA within 24 hours
from the time of notice for rapid turn-
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around work. A brief discussion of meeting these criteria must be included in a
transmittal letter with Standard Forms
254 and 255. Significant evaluation factors
in order of their relative importance are:
(1) Experience and qualifications of key
personnel to be assigned to this project:
(a) Technical skills and abilities of key personnel. (b) Ability to assign personnel from
the firm's own organization . (2) Experience and technical competence of firm:
(a) Experience in naval architectural and
marine engineering analysis and design of
surface and submerged platforms and ships
mooring analysis and analysis for dynamic
positioning. (b) Capacity of firm to accomplish contemplated work within required
time limits. (c) Capability of firm to sustain loss of key personnel without adverse
effect on current work and general stability
of firm . (3) Past record of performing work
for DOE or other government agencies, and
private industry. (4) Volume of past (one
year). present, and anticipated future workload. (5) Reputation and standing of firm
and its principal members. Firms which
meet the qualification requirements outlined in this announcement must submit
Standard Forms 254 and 255 no later than
2 Aug 78. If a branch office will be doing
the work, Standard Forms 254 and 255
plus all supplemental information should
be on the branch office, and only the basic
Standard Forms 254 and 255 are required
for the main office. Firms must include in
the Standard Form 255, Item 10, a brief
description of key personnel capabilities
in the following disciplines as a minimum:
(1) naval architecture, (2) marine engineering, (3) electrical engineering, (4) mechanical engineering, (5) structural analysis, (6)
electronic engineering, (7) hydrodynamics,
(8) hydraulic engineering, (9) drafting, (10)
project management. In addition, firms
must demonstrate in the Standard Form
255, Item 10, actual past experience in designing and supervising the construction of
ocean-going vessels or ocean platforms, and
actual experience in the analysis of hydrodynamic stresses induced by ship motion.
Following initial evaluation of submitted
qualifications and performance data, the
firms considered for final selection will be
required to provide an oral presentation.
Prior to contract negotiations, the selected
firm shall be required to demonstrate the
adequacy of its accounting system and financial soundness, submit cost and pricing
data, and be willing to comply with Government procurement regulations and to
grant the Government principal or exclusive rights in resulting inventions. No general notification to firms under consideration for this work will be made, and no
further action beyond submission of Standard Forms 254 and 255 is required or encouraged at this time. Firms desiring consideration shall submit appropriate data as
described in Note 63 and this announcement. This is not a request for proposal.
Those firms which meet the qualification
re.quirements described in this announcePage 5
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ment and wish to be considered must submit Standard Forms 254 and 255 with appropriate supplemental data no later than
2 Aug 78. (200) Department of Energy,
San Francisco Operations Office, Attn:
Pankhurst, Panel Secretary, 1333 Broadway, Oakland CA 94612, (415) 273-7975.
Jul 25: Analysis of Regulatory Issues in
Support of Maritime Regulatory Issues Before Congress: RFP DOT - OST -78-057/
JF, Basic Ordering Agreement.
Jul 25: Continuing Environmental Analyses, Development, Implementation, and
Documentation to the Strategic Environmental Assessment System and the Annual
Environmental Analysis Report: Negotiations are being conducted with Mite Corp.,
Metrek Division, Mc Lean VA 22101, for
Contract EV-78-C-01-6119 . The Contract
Specialist is V. Newton. Department of Energy, Office of Procurement Operations,
Washington DC 20545.
Jul 26: Analyses of the OTEC-1 Platform: Negotiations will be conducted with
Morris Guralnick Associates Inc., San Francisco CA 94108.
Jul 26: Evaluation of Hydro-Elastic and
Dynamic Behavior of Key Components of
the Ocean Turbine System: Negotiations
are being conducted with AeroVironment
Inc., Pasadena CA 91107. US Department
of Energy, San Francisco Operations Office, 1333 Broadway, Oakland CA 94612.
Jul 26: Technical Assistance to the Solar Ten-Megawatt Project Office: Negotiations are being conducted with the Aerospace Corporation, PO Box 92957, Los
Angeles CA 90009. (201) US Department
of Energy, San Francisco Operations Office, 1333 Broadway, Oakland CA 94612.
Jul 26: Ammonia Vaporization Studies
Related to OTEC: Contract EY-76-C03-1094, for $151,199, to Geoscience Ltd.,
410 S. Cedros Ave., Solana Beach CA 92075.
US Department of Energy, San Francisco
Operations Office, 1333 Broadway, Oakland CA 94612.
Jul 26: Continued Evaluation of Compact Heat Exchangers for OTEC Applications: Contract EG-77-S-02-4238 A003,
for $76,135, to the University of Massachusetts, Amherst MA 01003.
Jul 27: Technical and Administrative
Support for EPA Review of Federal NonNuclear Energy Research and Development:
Requires contractor support in fulfilling
EPA responsibilities under Section 11 of
the Non-Nuclear Energy Research and Development Act of 1974. Contract performance will require general analyses of the
Federal non-nuclear energy Rand D program to determine its adequacy of atten tion to energy conservation and environmental protection; preparation for public
hearings on the Rand D program; preparation of reports to the public, the President, the Secretary of Energy, and the
Congress outlining strengths and weaknesses of the Rand D program. Performance will require an understanding of
the function of a research and development
program, knowledge of non-nuclear energy
Page 6

alternatives and their environmental problems, knowledge of energy conservation,
and the capability for a balanced, innovative, and aggressive review of the Federal
ener\W Rand D program. RFP WA-78B-271. EPA Contracts Management Division (MD-33) Office of Administration,
Attn: NCCM- L, Research Triangle Park
NC 27711.
Jul 31: Structural Analysis of Submerged and Floating Structures: Negotiations are to be conducted with Weidlinger
Associates, 110 E. 59th St., New York NY
10022.
Jul 31: Further Research on Pitting Corrosion of Aluminum Alloys in High-Velocity Sea Water: 'Negotiations are to be conducted with Ocean City Research Corp.,
Tennessee Avenue and Beach Thorofare,
Ocean City NJ 08226.
Aug 1: Investigate Feasibility of a Federal Public Corporation to Commercialize
Near-Term Energy Technologies: Negotiations are being conducted with TPI Associates, Washington DC 20036, for Contract
ET-78-C-01-3254. Contract Special ist is
C. Frame. Department of Energy, Office
of Procurement Operations, Washington
DC 20545.
Aug 1: State of Hawaii Integrated Energy Assessment: Negoti ations are to be
conducted with State of Hawaii, Honolulu
HI 96804. Department of Energy, 1333
Broadway, Oakland CA 94612.
Aug 3: Research Study: Soviet Science
and Technology of Potential Interest to
the US and the Best Means of Obtaining It:
RFP ST 1722-820173,opening 31 Aug 78.
Box 9204, Arlington VA 22209. Harry D.
Hobbs.

CONTRIBUTIONS INVITED
To add to The OTEG Liaison's function
as an informative and useful instrument of
communication, the editor invites readers
to contribute. Contributions may take the
form of informally-written reviews of research underway or planned, letters to the
editor, or collect telephone calls. Inquiries
of any sort are also invited, as we are generally well informed of OTEC progress as
well as projected planning by researchers,
government and private industry.

SOLAR OCEAN ENERGY LOGO
AVAILABLE ON REQUEST
Any organizations or individuals wishing
to utilize the Solar Ocean Energy logo on
the first page of The OTEG Liaison may
obtain permission to do so by writing to
TOL.

NOTICE OF TOL'S
VACATION SCHEDULE
The offices of The OTEG Liaison will
be closed for two weeks in August: from
August 7th through August 11 th, and two
weeks later from August 28th through
September 1st, reopening after Labor Day
on September 5th . Telephone calls to our
Chicago office will be taken and later relayed by a temporary telephone-answering
service.
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SPAR-BUOY TYPE STRUCTURE
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