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EXECUTIVE SUHHARY 

AID awarded PMEL a contract in June, 1983 to proceed on the Tsunami 

Hazard Reduction Utilizing System Technology (THRUST) Project. fie project 

crystallized in September 1983, when the project team conducted a site visit 

of Chile. After discussions of the THRUST concept with Instituto Hidrografico 

de la Armada (Chilean Navy Hydrographic Iastitute) , the Chileans endorsed the 
project. Since that time, utilizing the knowledge and skills of three NOAA 

components, two subcontractors, an AID advisor, a program director and project 

coordinator, 95% of the second year's proposal of work has been completed and 

capsulized into the following list: 

publication and distribution of a "~sunami in the Pacific Basin 

Hap," Peru and Chile Tsunami Catalog and Pacific Basin Tsunami 

catalog 

Numerical modeling of the Valparaiso area providing inundation 

limits 

Final operating procedures and addresses for the utilization of the 

GOES satellite system 

Procurement and assembly of all the THRUST instrumentation 

Continued working relationship with the Chilean Navy Hydrographic 

Institute 

The Earthquake/Tsunami of March 3, 1985 

Publicity (conferences, meetings, publications) 

Specifics on each above item and other accomplishments are explained in 

detail in this report. 



IVTRODUCTION 

One of the most destructive natural hazards within the Pacific Basin is 

the seismic sea wave, or tsunami. Uore than two million people support 

themselves or reside in the tsunami prone areas of the Pacific Basin. Since 

the early 18501s, more than 70,000 of these people have lost their lives due 

to the devastation of tsunamis (Iida et al., 1967). 

Developing countries within the Pacific Basin, with minimal or no 

regional warning system, cannot be alerted of tsunamis originating close to 

their shores. The present operating limitations of the existing Pacific-wide 

tsunami warning network (the Pacific Tsunami Warning Center (PTWC) near 

Honolulu, Hawaii, USA) allows a warning to be issued 30 to 60 minutes after 

the generation of a tsunami. A gap, the 30 to 60 minutes after ts~nami 

generation, exists in the present warning structure. 

The Agency for International Development (AID), Office of U.S. Foreign 

Disaster Assistance (OFDA) has commissioned the National Oceanic and 

Atmospheric Administration (NOAA), Pacific Marine Environmental Laboratory 

(PHEL) to conduct a pilot project (titled THRUST). AID is authorized by the 

U.S. Congress to help alleviate suffering from diuasters in foreign countries 

by providing emergency relief and strengthening the ability of developing 

nations to cope with disasters by increased reliance on their own resources. 

Helping host countries achieve adequate levels of preparedness and early 

warning capabilities represents OFDh's principal focus in disaster preventicn 

and mitigation. 

The purpose of the THRUST (Tsunami Hazard Reduction Using Satellite 

Technology) project has been to examine existing technology and to ascertain 

if an early warning fiystem can be desiened that would fill the "gap" in 

nations with minimal or no regional warning system. Specifically, the 



objectives are to design, assemble, test, install and evaluate a system that 

can deliver early warnings to a developing country (~ernard et dl., 1982). 

Before a country could be selected, it had to meet certain criteria. 

Those criteria were: a) potential threat due to a tsunami, b) existing 

tsunami warning infrastructure compatible with the system technology concept, 

c) access to the GOES satellite system, d) national commitment to the program, 

and e) categorized by AID as a developing country. 

Chile, which met all the above criteria, was selected as the country in 

which the THRUST project would occur. The pilot system will be used for the 

valparaiso/vina del Mar areas of Chile. An early warning system would prove 

to be very beneficial to this large population center. 

PROGRAM MANAGEMENT 

NOAA' s Pacific Marine Environmental Laboratory (PMEL) has served as the 

coordinating organization for the THRUST program. Dr. E m  Bernard, Director of 

PHEL, serves as project direclor. He is assisted by Richard Behn, project 

coordinator, who is responsible for the day to day management of the 

project. Dr. Bernard and Mr. Behn coordinate all efforts in each of the six 

functional working areas (see diagram 1). The activities of the program 

management of the project can be categorized into trips, ronferences and 

meetings, monthly notes, and publicity. Each area will now be described in 

detail. 



FUNCTIONAL AREA 

REAL-TIME 

Pilot Study Schematic (Diagram 1) 

THRUST PILOT STUDY 

DEVELOP TSUNAMI EVALUATION OF DEVELCPMENT OF 
DATA BASE HAZARD USING EMERGENCY OPERATIONS, 

SJMUUTIONS PROCEDURES 

SENSOR DEVELOPMENT OPERATIONAL 
INSTRUMENT 

MODEL 

TRANSMISSION 

INTEGRATION OF 
EARLY WARNING 

DEVICE INTO 
EMERGENCY 

SYSTEM 

Trips: 

Trips were made to Canada, Chile, Japan, Colorado, Washington, and 

Washington D.C. by THRUST participants during the second year. All trips were 

made for THRUST participants to attend scientific conferences or planning 

meetings which are described in detail in the following sections (Conferences 

and Meetings). 

Conferences and Meetings: 

The THRUST project was presented at 13 conferences during the past 

year. The following is a list of ccnferences (dates, cities and personnel 

presenting the program): 

1) Natural Hazards Workshop - July 1984 - Boulder, CO - G. Hebenstreit, 

J. Lander 

2 )  Presentation of THRUST to delegates from the Peoples Republic of 

China - August 1984 - Seattle, WA - E. Bernard 

3 THRUST First Annual Review - September 1984 - Seattle, WA - All 
THRUST personnel 



Chilean Navy Hydrographic Institute (IHA) - October 1984 - 
Valparaiso, Chile - F. Gonzalez 

THRUST personnel meet with TOGA personnel - November 1984 - Seattle, 
WA - Re Behn, H. Hilburn 

Organization of American States (OAS) - March 1985 - Washington, 
D.C. - R. Behn 

NOAAfOAR Science Seminar - Harch 1985 - Rockville, UD - R e  Behn 
UJNR (U.S.-Japan Panel on Wind and Seismic Effects) - May 1985 - 
Japan - J. Lander 

OAS Workshop - Hay 1985 - Miami, Florida - J. Buizer 

AID Workshop - June 1985 - Washington, D.C. - G. Hebenstreit 

IOC/ITSU Tsunami Workshop - July 1985 - Victoria, B.C., Canada - 
E. Lorca, G. Hebenstreit, J. Lander, R. Behn 

International Tsunami Symposium - August 1985 - Victoria, B.C., 

Canada - Em Bernard, G. Hebenstreit, F. Gonzalez, Re Behn 

THRUST Second Annual Review - August 1985 - Victoria, B.C., Canada - 
All THRUST components 

A slide presentation and/or paper was presented at each of the above 

mentioned conferences. Besides the normal day to day contact with the THRUST 

personnel, other planning meetings were conducted. Meetings between one or 

more of the following groups has occurred during the last year: CyberLink, 

governments of Columbia, Guatemala, Japan, Mexico and Peru, IHA, Kinemetrics 

Inc., NOAA (ATWC, NESDIS, NOS, NUS, PHEL, PTWC, WDC-A), Paroscientific Inc., 

SAIC, Synergetics International Inc., TOGA, University of Chile, University of 

Washington, and USGS. 



Uonthly Notes: 

On the first day of each month a monthly notes is distributed to 

twenty-five offices around the world. This list includes personnel from the 

South Pacific, South America, Europe and the U.S. The monthly notes is a 

summary of the month's activities in a brief capsulized format. A copy of 

each monthly notes is attached to this report (see section titled "Uonthly 

~otes".) 

Publicity: 

The THRUST project. has received some publicity throughout the year. The 

list of periodicals in which articles were featured are: 

Natural Hazards Observer 

Tsunami Newsletter 

March 1985 Pg* 4 

July 1985 Pg* 10 

Esquire Uagazine December 1984 

This Week in NOAA January 18, 1985 

Interview on local (Seattle) T.V. station December 1984 

A poster capsulizing THRUST was developed and has been displayed at 

various conferences and meetings. 

PRE-EVENT 

As seen in Diagram 1 the project can be broken down into six working 

areas. The next two sections are summaries of work in each area by its area 

coordinator. 



Diagram 2 

THRUST PRE-EVENT 
Objectives and Personnel 

DATA COLLECllON I DATA ANALYSIS I DISSEMINATION I 

NATIONAL GEOPHYSICAL I SClEi !CE APPLICATIONS, I NATIONAL WEATHER 
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Jarnu Lander Genld Hoknnnk George Rnns-Cm)mnis 1 

DEVELOP TSUNAMI 
DATA BASE 

I I 1 PROGRAM MANAGEMENT:?HELi2. kmrrd, R. k h n  I 

1) Pre-Event Data Collection 

Hr. James Lander of NOAA's National Geophysical Data Center is 

coordinating all efforts for the collection and organization of a tsunami data 

base. All of the first year's effort was placed on the collection of Che 

tsunami data. The second year work has focused on the design and publication 

of the data bases. A  sunam am is in the Pacific   as in" map was produced m d  

distributed in early 1985. The map contains information on local and remote 

effects of tsunami's in the Pacific Basin from 1900 to 1983. This information 

includes earthquake location, and magnitude, tsunami runup heights, and death 

and destruction associated with an event. In addition to the copies that were 

distributed to the THRUST participants, NCDC has received 155 requests from 

other government agencies, colleges and universities, and others in natural 

hazards research and mitigation. 

A Pacific Basin tsunami digital data base is nearing completion. This 

data base still needs verification which is being completed at this time. A 

digital data base of tsunamis in the Atlantic and Indian Ocean, Caribbean and 

Mediterranean Sea is also being assembled. 

EVALUATION OF 
HAZARD USING 
SlMUUTlONS 

-- -- 

DEVELOPMZOI 1 
EMERGENCY OPERATIONS, 

PROCEDURES 



A publication entitled "Tsunamis in ~eru-chile" is now completed and 

being distributed by NGDC. This publication is a catalog of tsunamis that 

have occurred in these two South American countries. 

Further in-depth studies using this data base have been on-going since 

the development of this data. Examples of these studies are included in this 

report (see section titled  re-Event" for further details). 

2 )  Data Analysis 

Dr. Gerald Hebenstreit of Science Applications International Corporation 

in McLean, Virginia, is coordinating the modeling efforts for this area of the 

project. SAIC, under contract with PHEL, has produced computer simulations a - 
which provided estimates of potential inundation levels, flood hazard areas, 

b 

m d  worst case effects of observed and aotential t~unamis. Dr. F. I. 
i 

Conzalez, PMEL Oceanographer, joined the project in Hay, 1985 with no cost to 
A - 

OFDA to augment modeling activities. 

The SURGE I1 model was applied to all modeling efforts (Reid et al., 

1977). A 4 km grid was utilized with a seafloor uplift (within the grid) 

being the source of the tsunami. These simulations provided information that 

the threat to ~alparaiso/Vina Del Har areas from local tsunamis approaching 

from the west and/or northwest is quite great. Data obtained from the Chilean 

Navy Hydrographic Institute ( I H A )  in Valparaiso, Chile on the May 22, 1960 

tsunami in corral, Chile was used to originally verify the model (Hebenstreit 

et al., 1984). 

With the occurrence of the 3 Harch 1985 earthquake and related tsunami in 

Chile, THRUST has been able to expand its model efforts. Now, Dr. 

Hebenstreit, along with Dr. Frank Conzalez (PMEL), will use this latest 

tsunami data to verify the model results. They are also able to complete an 



extended set of simulations to evaluate the tsunami threat to the 

valparaiso/vina Del Mar area from a larger variety of directions. 

Dr. Hebenstreit is continuing to modify the SURGE I1 model. These 

modifications .dill make the SURGE I1 code much more user friendly and very 

flexible. (see section titled   re-  vent" for further details). 

3 )  Data Dissemination 

Dr. George Pararas-Carayannis of the International Tsunami Iuformation 

Center (ITIC) in Honolulu, Hawaii, has been responsible for the development of 

a Standard Operating Plan (SOP) for the ~alpsraiso/~ina Del Mar area of 

Chile. The purpose of the SOP is to achieve effective preparedness and 

understanding of the tsunami hazard in Chile. The SOP will organize in a 

systematic fashion a prompt, fully coordinated program of tsunami warning 

dissemination which will insure prompt and flexible response by the populace, 

thus minimizing loss of life and property when the disaster strikes. - 
Hr. Emilio Lorca of the Hydrographic Institute in Valparaiso has assisted 

Dr. Pararas-Carayannis in the formulation of the SOP. The SOP will become a 

fully functional manual for Chile when the THRUST instrumentation ia installed 

in Hay 1986. 



REAL TIME 

Diagram 3 
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PROGRAM MANAGEMENT: PMEL/E. kmud. R k h n  

1) Data Collection: 

Hr. Hugh Hilburn of PMEL's Engineering Design and Development Division is 

coordinating all efforts dealing with t e collection and dissemination of 

data. THRUST, which will use a satellite-based comnunications system, will 

allow the lag time between the time of the event and the receipt of initial 

data to be reduced to the order of minutes. Two S r r ~ n g  notion Accelcrographs 

(Kinemetrics Vertical Seismic triggers), two water level sensors 

(~aroscientific Digiquartz pressure transducers) and the corresponding CGES 

radio transmitters (Synergetic81 and/or receivers (Kinemetrics True Time 

Receivers) will constitute the event detect ion sensors. A microprocessor/ 

terminal (Cornnodore 64 with dot matrix printer) will print out the stored 

warning message to the proper officials. 



Diagram 4 

GOES 

Diagram 4 shows the configuration of instruments for the THRUST prototype 

early warning system. The instruments have been procured and are being 

assembled and tested at PHEL in Seattle. Upon completion of a six month test, 

the instruments will be shipped to Chile for their final instaliation in 

February and Hay 1986 (see section titled "Real-Time" for details!. 

2 )  Data Analysis 

Dr. Gerald Mebenstreit of SAIC is coordinating the efforts in this 

area. This area deals with the development of the Real Time Processor 

(RTP). The RTP is the first link between the THRUST instrumentation and the 

Chilean Tsunami Warning Center personnel. The RTP will consist of a 



microprocessor and a printer that will print a stored message (see Figure 5 )  

when it receives an event alert signal through GOES from the seismic 

trigger. The RTP will: 

1) Alert Warning Center personnel that the seismic trigger was turned 

on by an event; 

2 )  provide some level of assessment of the tsunami threat; 

3 )  remind Warning Center personnel of the procedures to follow 

(Hebenstreit et a l e ,  1 9 8 4 ) .  

(See section titled "~eal ~ i m e "  for details.) 

3 )  Data Dissemination 

Mr. Hugh Milburn (PHEL) and Hr. Peter McManamon of CyberLink Corp., 

Boulder, Colorado, are coordinating all efforts of the transmission through 

the satsllite system of the warning information to a threatened population 

area. In this final step of the warning process the incporroing data and the 

accompanying analysis are used to determine which areas to warn, in what order 

to warn them, and what instructions to issue (SOP). 

~yber~ink's efforts were concentrated on coordinating the transmiasion 

scheme and soi'tware requirements of the GOES system with the instrumentation 

configuration and mmsage format of the THRUST system. These efforts have 

resulted in THRUST being assigned eight Data Collection Platforms (DCP) 

addresses. Four of these addresses are of the Random aeport mode and the 

remaining four are of the Interrogation mode. These eight addresses satisfy 

the THRUST requiremmts. 

Modifications to the Synergetic DCP and final configurations of the data 

transmission scheme's are explained in detail in the section titled "Real 

The. " 



CHILE 

During the second year of the THRUST project the Government of Chile 

officially approved the Memorandum of Understanding with the United States 

(THRUST MOU) as Supreme Decree No. 42. This translates to the THRUST project 

being officially recognized by the Government of Chile. 

Emilio Lorca has continued his efforts in completing the SOP. Ar. Lorca 

has been working closely with ONEMI (chilean National Emergency Office) in 

establishing the Tsunami Evacuation Procedures. 

The data collection and hazard analysis of 3 Hatch earthquake and tsunami 

is a continuing effort. IHA has distributed all of the data available to them 

to WDC-A and other tsunami authorities. (See section titled "chile" for 

details). 

THRUST SCENARIO 

The typical event scenario for THRUST will occur in the following manner 

(see Diagram 4). 

An earthquake activates a seismic strong motion trigger. The trigger 

activates a GOES transmitter which transmits a signal through the GOES 

satellite to the Command Data Acquisition (cDA) facility. CDA will respond by 

transmitting an alert code back through the satellite to the GOES receiver 

which will turn on the RTY located at the Hydrographic Institute in 

Valparaiso. This alert code will turn on the RTP. The RTP instantly responds 

by sounding an alarm and printing a set of stored messages based on the SOP, 

numerical simulations, and procedures established prior to the tsunami. The 

stored message that THRUST will use is similar to the following: 



Diagram 5 

VALPARAISO EARTHQUAKE ALERT - 
A strong earthquake occurred a t  2 on I n  the  v i c i -  
n i t y  o f  the c l t y  o f  Valparalso. Contact the  f o l l ow ing  autho- 
r i t i e s :  

- Of ic lna  Naclonal de Energencls Telephone NJ 718333 - Department o f  6eophysics Telephone N @  6968686 

and advise them o f  t h i s  earthquake t l e r t  and disseminate 
the  attached tsunami watch ness&ge. 

TSUNAMI WATCH - 
Estsb l i sh  a tsunami watch. A tsunami may accompany t h i s  
earthquake. I f  a tsunami occurred, the wave w i l l  r e t a r d  
l n  reachlng t he  coast a t  t he  shown localities the  next  
spec i f ied  tlmes: 

1ra1 so a lnu  
mbo n i n u  
!ra mlnu 
lhuano n inu  
~ r a  1 m i  nu 
11 minu 
'agasta a lnu  
de ChiloC (Ancud) minu 
l i l l a  minu 
IUe mlnu 
I mlnu 

Remember, t h i s  i s  only a tsunami watch. No tsunami has 
been observed b u t  one may occur. 

The same signal that was transmitted through GOES to the RTP will be received 

by the COES receiver at the water level gauges located in Valpareiso harbor. 

That signal turns on the water level gauges which begin aending data via COES 

to CDA. This information can then be accessed from com.ercia1 telephone 

lines. 

Note that this process is entirely automatic and should take no more than 

7 minutes to complete, The local officials now have information that the 

possibility of a tsunami may exist, but no real decisions have been made, 

?xcept possibly a predetermined one to sound a general alert. Final authority 

to make decisions on whether to issue further alerts or sound the evacuation 



alarm must rest with the local of'icials. This task will be made siml?ler to 

the local officials because of several factors. The local officials will be 

familiar with the historical and potential hazard analyses performed during 

the pre-event phase and thus will be aware of the general type of threat the 

coast of Chile faces. Also, because of the Standard Operating Plan 

implemented during the project, the Hydrographic Institute will have a 

complete set of procedures to follow which will ensure the proper response to 

the event. In addition, because of the public awareness program, the local 

officials will be confident that the threatened local population will know how 

to respond r u  ensure their own safety. And lastly, the Chileans can be sure 

that the sensors and the real-time analysis pack~ge is providing them with the 

ma52 timely and dep~ndable information available to them. 

3 March 1985 Earthquake and Tsunami: 

On 3 March 1985 at 2247 (GMT) an earthquake of MS 7.8 occurred off the 

coast of Valparaiso. Within minutes all normal lines of communications 

(microwave, telex, phone, radio) within and outside of Chile were severed. 

3 minutes after the earthquake a 1.5 meter tsunami struck the Valparaiso 

harbor. IHA at this time had no communication capabilities with ONEMI or 

University of Chile (Seismic Center). The only communication that was 

available was VHF radio to other Chilean Navy Bases. Warnings were able to be 

issued to other Chilean ports with Navy Bases. 

The Pacific Tsunami Warning Center located the earthquake in Argentina. 

No tsunami warning was issued. It was not until, 5 hours after the event that 

Emilio Lorca (IHA) was able to telephone PniC and report the occurrence of a 

tsunami. PTWC, at this time, issued a tsunami warning. 



If a THRUST type system had been in placd PTWC would have known within 

minutes that a large earthquake had occurred and its location. The Chilean 

warning center would have reacted immediately and ONEMI would have initiated 

the evacuation of tsunami prone areas. Based on this event, we are 

recommending the installation of a dissemination system at ONEMI. 

CONCLUSIONS 

At the completion of the THRUST project, title to all instrumenLs will be 

transf erred from the U. S. government (NOAA~PMEL) to the government of Chile. 

It will be the responsibility of the government of Chile to use this new 

technology and to keep the system in proper working order. 

The original goals of THRUST are 1) to show that an instrumentation 

system can be designed and developed and placed in a successful active status, 

2 )  to work with a foreign government (Chilean) and to integrate this technical 

system into their existing disaster control structure, and 3) to train the 

local personnel in the operation and maintenance of this system. Each phase 

of THRUST, then, will be conducted in conjunction with personnel from Chile. 

In this way, the technology behind THRUST can be demonstrated to other 

tsunami-prone (and, indeed, geophysical hazard-prone, in general) nations, 

while concurrently enhancing the technological capabilities of Chile. 

Successful completion of the THRUST project will not only enhance the tsunami 

protection of Chile but will, by adding addition input to PTWC, improve the 

protection of the entire Pacific community. The Harch 3 earthquake and 

tsunami illustrated the need for the new technology with more reliable 

communications. 
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MONTHLY NOTES 

THRUST 

SECOND ANNUAL REPORT 



US. DEPARTMENT OF COMMERCE 
National Ocmrnic and Atmo~phrric Adminirtrmtion 
ENVIRONMENTAL RESEARCH LABORATORIES 
Prcific Mrrine Envimnmrntml Lmbomtory 
NOAA Building Number 
7600 Sand Point Wry N.E 
Seattle, WA 98115 

Ju l y  18, 1984 

TO: A1 1 THRUST Par t ic ipants  

FROM: R/E/PR - Richard R. B e h n u  T ~ L ,  
SUBJECT: THRUST Newsletter 

R/E/PM: RRB 

This month's quote: "One o f  the things man can do tha t  the lower animals 
can ' t  i s  stand upr ight  before a crowd and put both fee t  i n  h i s  mouth.* 

NESDIS informed us tha t  our appl icat ion f o r  frequency a l l oca t i on  would be 
accepted if i t  would be resubmitted w i th  some minor changes. These changes w i  11 
be made and the  appl icat ion w i l l  be resubmitted. 

The f i n a l  repor t  has been completed and i s  enclosed. The f i n a l  repor t  
gives an overa l l  look at  the project .  It re fe rs  t o  many other documents which 
have not been included due t o  t h e i r  size. I f  you requi re a ce r ta in  document for 

. f u r the r  detai ls,  please l e t  me know. I w i l l  be happy t o  supply you w i t h  them. 

THRUST 



US. DEPARTMENT OF COMMERCE 
Uationml Ocmanic and Atrnosphmric Adninimtntion 
ENVIRONMENTAL RESEARCH LABORATORIES 
Pacific Marine Envimnmsntel Laboratory 

I NOAA Building Number 
7600 Sand Point Way N.E 
Seattle, W A  88115 

August 1, 1984 R/E/PM: RRB 

TO: A l l  THRUST Par t ic ipants  

FROM: R/E/PM - Richard R. Behn 2.- 
SUBJECT: THRUST Newsletter 

This months quote i s :  Yf you' ve got money t o  burn you won't ever have 
t rouble ge t t ing  a l ight . "  

The American Embassy i n  Chi le  has a l l  documents t h a t  need approval by the 
Foreign M in i s t r y  o f  Chile. A s l i g h t  problem w i th  the  Spanish t rans la t i on  has 
kept these documents from proceeding through the necessary channels. The 
t rans la t i on  problem has been resolved. 

Mr .  3. Lander and Dr. G. Hebenstreit presented the THRUST pro ject  a t  t he  
Natural Hazards Workshop which was sponsored by the Un ivers i ty  of Colorado i n  
Boulder on Ju ly  15-18. 

S A I  has completed a l l  the numerical modeling f o r  THRUST and submitted i t ' s  
corresponding f i n a l  reports. 

The f i n a l  proof o f  t he  tsunami occurrence and e f fec t s  map of the Pac i f i c  
produced by NGDC has been approved and sent t o  the pr in ters .  The map should be 
avai lable i n  a couple o f  months. 

THRUST. 



U.S. DEPARTMENT OF COMMERCE 
National Ocrrnic rnd Atmomphrric Adminimtrmtion 
ENVIRONMENTAL RESEARCH LABORATORIES 
Pacific Marine Environmental Lsb~mtory 

I NOAA Building Number 
7600 Sand Point Way N.L 
Seattla, W A  98115 

September 5, 1984 R/E/PM: RRB 

TO: A1 1 THRUST P a r t i  cipants 

FROM: RIEIPM - Richard R. Behn -';ir=~ 
SUBJECT: THRUST Newsletter 

This month's quote i s :  A chip on the  shoulder may be a pos i t i ve  ind ica t ion  
of wood higher up!! Dr. Bernard presented the THRUST pro jec t  t o  a group of 
delegates from the Peoples Republic o f  China a t  a seminar a t  PMEL. 

- 

A I D  has approved and signed the  PASA f o r  the  THRUST pro ject .  The money w i l l  
not be transferred t o  NOAA u n t i l  the  MOU returns from Chi le  w i th  a l l  the  proper 
signatures. The MOU i s  a t  the Chilean Foreign M in i s t r y  a t  t h i s  time. 

Emi l i o  Lorca has arr ived a t  ITIC i n  Honolulu, Hawaii f o r  a 6 week v i s i t i n g  
s c i e n t i s t  program. Sr .  Lorca i s  i n  charge o f  the  Chi lean Tsunami Warning System 
and i s  involved very c losely  w i th  the THRUST project. 

Sr. Lorca w i l l  be v i s i t i n g  Seat t le  a f t e r  h i s  v i s i t  i n  Honolulu f o r  a review 
of the  progress of the  project .  This v i s i t  w i  11 occur a t  the end o f  September. 

The f a i l u r e  of the GOES 5 (east) s a t e l l i t e  and the movement o f  the  other 
s a t e l l i t e s  w i l l  not effect the THRUST pro ject  a t  a l l .  There w i l l  s t i  I 1  be a 
s a t e l l i t e  a t  135 W. 

NESDIS has agreed w i th  the  DCS tha t  we have proposed. The a l loca t ion  of t he  
address and channel w i  11 occur I n  e a r l y  September. 

The Tsunami map compi led  and draf ted by NGDC w i l l  be avai lab le sometime i n  
e a r l y  October. 

THRUST. 



US. DEPAOIMENI OF COMMERCE 
Nmtionml Ocemnic mnd Atmorphoric Adminirtrmtion 
ENVIRONMENTAL RESEARCH LABORATORIES 
Pacific Marine Environmental Lmbomtow 

1 NOAA Building Number 3 
7600 Sand Point Way N.E 
Seattle, WA 88115 

October 2, 1984 R/E/PM:RRB 

TO: A l l  THRUST Components 

FROM: R I E I P M  - Richard R. Behn 

SUBJECT: THRUST NEWSLETTER 
A - 

This month's quote i s :  If you want the world t o  beat a path t o  your door, 
dcn ' t  pay your b i l l s .  

The game of p o l i t i c s  has once again plagued the  THRUST project .  The MOA 
which was suppose t o  have been a t  the Chilean Foreign Min is t ry  on Sept. 1st  had - 
not l e f t  the Embassy as o f  Sept. 14th. A f te r  numerous phone ca l ls ,  we were - 
f i n a l l y  able t o  be assured tha t  the MOA would be out o f  the  Embassy t h a t  af ter-  
noon. Captain Barison has been informed about t h i s  matter and has assurred us 
h i s  assistance i n  helping the document through the  Chilean'system. 

The numerical model which was used f o r  the  simulations o f  the Valparaiso - 
harbor by S A I  has been transferred t o  PEL. P E L  i s  i n  t he  process of t r a i n i n g  - 
personnel who w i  11 be responsible f o r  t h e  model. 

CyberLink has completed i t s  f i r s t  year's work f o r  THRUST. A f i n a l  repor t  
i s  being prepared by them and w i l l  be submitted t o  P E L  i n  the  near future. 
Anyone wanting a copy, please l e t  me know. a - 

The Tsunami map, compiled and composed by NGDC, w i l l  probably be ready for 
d i s t i r b u t i o n  sometime i n  November. I w i l l  send you information on how t o  
request one of the  maps i n  t he  next newsletter. 

AID/OFDA has released pa r t  o f  the  funds t o  lead the  contracts for  S A I  and 
CyberLink. Requests w i l l  be submitted t o  A I D  f o r  approval of funds for t he  
other THRUST components. 

A THRUST annual review was held a t  P E L  i n  Seat t le  on Sept. 24th and 25th. 
Sr. Lorca (Chile! was present t o  review t h e  work which had been completed by the 
t h e  U.S. side, as wel l  as t o  g ive  us a presentation on what the Chileans had - 
completed during the  l a s t  year. Copy o f  t h e  meeting minutes can be obtained by - 
sending your requests t o  PML. 

THRUST 



US. DEPARTMENT OF COMMERCE 
Nmtionml Ocornic and Atmompharic Adminimtrmeion 
ENVIRONMENTAL RESEARCH LABORATORIES 
Pacific Marina Envirunmrntal Lmbontory 
NOAA Buildinn Number 3 
7 6 0 0  Sand point wey NE 
Grattlr, WA 88115 

November 1, 1984 

TO: A l l  THRUST Components 

FROM: R/E/PW - Richard R. Behn q-a- 
SUBJECT: THRUST Monthly Notes - October 

R/E/PM: RRB 

This  month's quote i s :  wOnly a medicore person i s  always a t  h i s  
best. " 

Captain Eduardo Barison, Director, I n s t i t u t o  Hidrograf ico de l a  Armada 
(Navy Hydrographic I n s t i t u t e )  i n  Chile has been t ransferred and a new d i rec to r  
has been named. He i s  Captain Humberto Garcia. Captain Garcia replaced 
Captain Barison as o f  November 1. Please d i r e c t  a l l  correspondence t o  h i s  
off ice. 

A cable was received (10/18/84) from the American Embassy i n  Chi le  
s ta t i ng  tha t  Capitain Barison says tha t  the M I A  w i l l  be f i n a l i z e d  w i th in  
two weeks of the above mentioned date. 

F. Gonzalez (PEL) v i s i t e d  the  Hydrographic I n s t i t u t e  i n  Chi le  i n  
October. Mr. Gonzalez was able t o  acquire charts and marigrams tha t  were 
needed f o r  f u t u r e  work on THRUST. Three sc ien t i s t s  from the Hydrographic 
I n s t i t u t e  w i l l  be v i s i t i n g  P E L  l a t e r  t h i s  month and w i l l  be br ing ing w i th  
them more data tha t  i s  required f o r  f u t u r e  work. 

NESDIS has assigned THRUST i t s  channel frequency and user I D ' S  f o r  
i t ' s  instrumentation. 

Comnunication between P E L  and Chi le  w i l l  now be handled u t i l i z i n g  
TELEX. Regular mai l  was tak ing  approximately one month t o  reach Chile. 
It was the  same for r e t u r n  mai 1. U t i  1 i zing TELEX should speed up 
comnunication between P E L  and Chile. 

THRUST 



U.S. DEPARTMENT OF COMMEWCE 
Nationrl Ocomnic and Atmomphoric Administration 
ENVIRONMENTAL RESEARCH LABORATORlEd 
Pacific Man'ns Envimnmentsl hbomtory 
NOAA Buildinn Number 3 
7600 Sand ~ h t  Way N.E 
Seattle. WA 96115 

December 5, 1984 R/E/PM: RRB 

TO: A1 1 THRUST Components 

FROM: R/E/PM - Richard R. Behn 

SUBJECT: THRUST Monthly Notes - November 

Th is  month's quote i s :  a If t h e  way t o  a man's heart i s  through h i s  
stomach, then love makes the world grow round." 

This has been a very ac t i ve  month f o r  the THRUST pro jec t  w i th  t h e  
fo l low ing  a c t i v i t i e s  tak ing place. We received another l e t t e r  from NESDIS 
supplying us w i th  four other addresses f o r  the t e s t  modes o f  a1 1 the  equipment. 
It has also been established t h a t  the  downlink w i l l  be relayed t h r o u ~ h  the  
GOES-west s a t e l l i t e  t o  enable Hawaii t o  receive the  data. 

The MA has reached the  Amarican Embassy i n  Santiago. A couple o f  minor 
word changes had t o  be made befors  the  Chileans agreed t o  s ign the  document. 
The MOA should be signed and returned t o  Santiago by the  end of the  year. 

The Tsunami map should be ready f o r  d i s t r i b u t i o n  by the  end of the  year. 
A l l  THRUST conponents w i l l  be rece iv ing  a copy through t h e  mail. 

SAIC  has submitted the  f i n a l  repor ts  f o r  tne modeling e f f o r t s  and c r i t e r i a  
needed for  se t t i ng  up t h e  RTP. CyberLink has submitted t h e i r  f i n a l  repor t  f o r  
Task I (GOES comnunication) o f  t h e i r  contract. A l l  requests f o r  these repor ts  
should be sent t o  t h e  above address. 

Sr.  Lorca ( IHA)  reviewed and rev ised the  messages t h a t  w i l l  be p r in ted  
on the  RTP. His rev is ions included new Chilean c i t i es ,  cor rec t  phone numbers 
and proper spanish t rans lat ion.  

Personnel (U.S., Chilean and Peruvian) working on the  TOGA (Tropical  Ocean- 
Global Atmospheric program) p ro jec t  met a t  PMEL during the  Thanksgiving week. A 
meeting was held i n  which TOGA ar~d THRUST personnel reviewed t h e i r  respect ive 
projects.  A cooperative f o r  instruments and data i s  being established. David 
E n f i e l d  of Oregon State Un ivers i ty  w i l l  be the  TOGA contact. 

The TSUNAMI NEWSLETTER has given THRUST a spot i n  a l l  i t ' s  future issues 
u n t i l  t he  p ro jec t  i s  conpleted. 

THRUST 



a - 
The header for  the May '83 tsunami i n  Japan video tape i s  being reviewed 

and edited. The tape w i l l  be d i s t r i bu ted  through the NOAA/Mational Geophysical 
Data Center i n  Boulder, CO. Deta i ls  o f  the  d i s t r i b u t i o n  process w i l l  be out- 
1 ined i n  a fu ture monthly notes. 

A - On the  behalf of the  THRUST personnel, we'd l i k e  t o  extend t o  a l l  a happy 
and healthy Holiday Sepson and a joyous New Year. 



U.S. DEPARTMENT OF COMMERCE 
National Oceanic and Atmorphmric Administration 
ENVIRONMENTAL RESEARCH LABORO'iORIES 
Pacific iderine Environmental Lsborstory 

I NOAA Building Number 3 
7 6 0 0  Send Point Wsy N.E. 
Ssettle. WA 90115 

January 11, 1985 R/E/PM: RRB 

TO: A 1  1 THRUST Lomponents 

FROM: R l E l P M  - Richard R. Behn 2%- 
SUBJECT: THRUST Monthly Notes - December 

This month's quote i s :  "We can ' t  a l i  be heros, somebody has t o  s i t  on t h e  
curb and c lap as they go by". 

Only two items o f  great  s i gn i f i cance  occurred dur ing  t he  month of 
December. The f i r s t  i tem i s  t h a t  the  tsunami maps have a r r i v e d  and are being 
d i s t r i bu ted .  I f  you have no t  received one yet, please be pa t i en t .  They are  
on t h e i r  way. 

The second i tem i s  t h a t  t h e  MOA has returned f rom Ch i l e  w i t h  a l l  t h e  
necessary signatures. A I D  has re leased t h e  money f o r  THRUST and we are now 
back on t rack  w i t h  a 9 month delay. January's monthly notes w i l l  g i ve  t h e  new 
dates o f  t e s t i n g  and i n s t a l l a t i o n  o f  the  ins t rumentat ion f o r  the remainder UP 
t he  p ro jec t .  



U.S. DEPARTMENT OF COMMERCE 
Nmtionml Ocmanic mnd Atmoephmric Adminirtrmtion 
ENVIRONMENTAL RESEARCH LABORATORIES 
Pacific Marina Envimnmentel Lsborstorv 

I NOAA Building Number 3 
7600 Send Point Way N.E. 
Seattle, WA 98115 

February 11, 1985 

TO: A l l  THRUST Components 

FRO#: R/E/Ptl - Richard R e  Behn q . L  

R/E/PH: RRB 

SUBJECT: THRUST Honthly Notes - January 

This months quote i s :  "There i s  no psychologist i n  the world l i k e  a puppy 
l i c k i n g  your face." 

The fo l low ing  are items t h a t  occurred i n  the month o f  December; both SAIC 
and CyberLink submitted t h e i r  f i n a l  reports which would f u l f i l l  the l a s t  
requirement o f  the contrect. This concludes Task I f o r  CyberLink and the  
contract f o r  numerical modeling wi th  SAIC. 

The "Tsunamis i o  the Pac i f i c  Basinn map has been d i s t r i bu ted  t o  a l l  
personnel. I f  you !lave not received one, please l e t  me know so I can forward 
one t o  you. Any extra maps can be obtained from NGDC i n  Boulder. 

Attached i s  a page tha t  re f l ec t s  the new dates tha t  the THRUST pro jec t  
w i l l  attempt t o  maintain f o r  the durat ion o f  the project ,  provided no delays 
are encountered. 

As of 1 Febuary, PHEL has submitted the paperwork for  ?;he procurement of 
the  Kinemetrics t rue  time receivers and the Synergetics 60ES rad io  sets. The 
procurement could take as long as 4 t o  6 months. 

An a r t i c l e  t ha t  appeared i n  "This Week i n  NilAAn i s  attached t h a t  r e f l e c t s  
the publ icat ion and d i s t r i b u t i o n  o f  the Tscnami map. 

Attachment 



WEY SCHEDULE FOR THE THRUST PROJECT AS W 1 JANUARY k985 

This new schedule takes I n to  r .  :ount r 6 month procuremnt process, 8 3 month 
assembly protess and r 6 month t a c h  tes t  pert& a t  P a l .  

1 3m 85 

1 July 85 

1 Oct 85 

1 Apr i l  86 

1 May 86 

1 My 87, 

1 Sept 87 

Uectived WDA - begin work again - begin the procureaent process 

Caq~ le te  procurement of Ias t ruwnts  and begin asscd l ing 

Assembly corrplettd m d  bench testIng of 811 Instruments begins 
8t  PCEL I n  Seattle 

Submlt l as t  budget (16 month d u r r t l m )  

Bench test ing corrpleted - disrsscrrblt t ns t ruvn t s  - pack md 
ship t o  Chile - then I n s t a l l  I n  Chi le 

One year  of tes t ing instrume!btation hilt In ChIle c ~ m p l t t t d  
Asrcmble data and begin r r t t i n g  results 

A l l  f i n a l  reports submfttcd t o  AID 



- - 

This Week In NOAA 
Activities for the week ending 

January 10,1985 

Clw Tsunaml Wlo Publfshed, A t e o t o r  wp Vsunrmf s tn the Paclf lc 
Basln 1900-1983,' )us been publfshcd md 4s being d i s t r l b u t d  by the 
NESOIS U t f o n r l  Geop~yslcal Data  Center (RGDC). The r p  was produced by 
lGDC for the Office of U.S. Forcfgn Of raster Asststance, Wncy fm 
International Dcvelopmcnt, Oltr shown on the u p  4nclc;de syeboh rrhfch 
I n d l o t e  locat lms of wthqurkts ,  ratc8n9c eruptions, landslides, md 
exoTosfons which cause tsuna~~fs. S-01s lndlcate the WXI- tsunami 
runup height ncorded for wch went. The s@ols are mm6ered m d  keyed 
t o  8 table g f ~ f n g  mre k t 8 1  I t 8  1 n f o ~ t i O l I  d b ~ t  the W W l t S .  A t f t t  0f 
Westructfve tsunamis 1s also lncludcd on the r e .  (I. b l t h ,  nS 320-6175) 



US. DEPARTMENT OF COMMERCE 
Nat imal  Oceanic and Atmo~phoric Adrninimtntin 
ENVIRONMENTAL RESEARCH LABORATORIES 
Pacific Marine Environmental Laborstory 
NOAA Building Number 3 
7 6 0 0  Sand Point, Wey P J E  
Seattle, WA 98115 

Harch 14, 1985 

TO: A l l  THRUST Components 

FROM: R/E/PM - Richard R. Behn 

SUBJECT: THRUST Monthly Notes - February 

R/E/PM: RRB 

This  month's quote i s  : " L i f e  i s  l i k e  a ho t  bath, the  more you stay in ,  
the  more you get  wr inkled!"  

AID requested a t ime l i n e  (chronological  h i s t o r y  o f  t he  THRUST p r o j e c t )  
f o r  f u t u r e  OFDA decis ions on t h e  p ro jec t .  Th is  t ime l i n e  has been completed 
and i s  ava i lab le  t o  you i f  you so request. 

Some o f  you should have received in format ion on t he  Tsunami 85 
conferences i n  V i c t o r i a  and Sydney, B.C. I f  you have no t  received any 
in format ion and you would l i k e  t o  ob ta in  t he  packet o f  informat ion on t h e  
conference, you should contact Sydney Wigen ,Tsunami 85, P.O. Box 2267, 
Sidney, B.C., Canada V8L 3S8. THRUST i s  s t i l l  p lann ing t o  ho ld  i t s  Annual 
Meeting sometime dur ing  the  Tsunami 85 t ime frame. A f i n a l  date has not  been 
estab l ished as o f  t h i s  time. 

An a r t i c l e  appearing i n  the  March '85 i ssue  o f  t h e  Natura l  Hazards 
Observer i s  attached. 



US. DEPARTMENT OF COMMERCE 
National Ocaanic and Atmorphmric Adminirtrmtion 
ENVIRONMENTAL RESEARCH LABORATORIES 
Pacific Marine Envimnmsntsl Labomtory 
NOAA Building Number 3 
7630 Sand Point Way N.E 
Seattle, WA 98115 

A p r i l  3, 1985 

TO: A l l  THRUST Components 

FROM: R/E/PM - Richard R. Behn 

SUBJECT: THRUST Monthly Notes - March 

R/E/PM: RRB 

This month's quote i s  "Even a stopped c lock i s  r i g h t  tw ice  a day!" The 
month's major event was o f  course the  earthquake o f  March 3rd. The f i n a l  l a t  
and long o f  t he  quake was 33.1s and 71.9 W ( j u s t  o f f  t h e  coast o f  Valparaiso, 
Ch i le )  w i t h  a Ms o f  7.8. The earthquake d i d  generate a tsunami t h a t  a f f ec ted  
t he  P a c i f i c  Basin. A 1.1 meter wave was encountered i n  t h e  Valparaiso, Ch i le  
area. No other wave ac t i on  was reported i n  Chi le. Small tsunamis (below 50 
cm) were reported i n  Hawaii, Alaska, Japan, Ecuador, French Polynesia and 
Tah i t i .  

NGDC i s  at tempt ing t o  ob ta in  t h e  t i d e  gauge record  f rom the  Hydrographic 
I n s t i t u t e  which w i l l  be used t o  supplement the  numerical modeling t h a t  has 
been done f o r  the Valparaiso harbor. PHEL i s  at tempt ing t o  gather t h e  seismic 
data from the  Un ive rs i t y  o f  Ch i le  t o  a i d  i n  t he  s e i s m k  t r i g g e r  thresho ld  
se t t i ng .  I f  anyone does ob ta in  the  above mentioned data, I would appreciate 
knowing about it. This data i s  very important  t o  t he  THRUST pro jec t .  

PMEL has received one o f  t h e  Kinemetr ics'True Time Receivers and some o f  
t h e  Synergetics Gues communication equipment. A l l  instrumentat ion w i l l  be 
tes ted  i n  the  near fu tu re .  Modi f ica t ions t o  the  Synergetics equipment i s  
necessary before t e s t i n g  w i  11 begin. 

Abstracts on THRUST were submitted for  t he  UJNR conference t o  h e l d  i n  
Japan and the  ITS conference t o  h e l d  i n  B r i t i s h  Columbia, Canada. 
Presentat ions on THRUST were g iven a t  Organizat ion of American States, f o r  t he  
Interagency Coordinat ing Comni t t e e  on t he  Nat iona l  Earthquake Hazards 
Reduction Program, as a Ocean and Atmospheric Research Science Seminar and a t  
t h e  Un i ve r s i t y  o f  Washington. 

THRUST 



US. DEPARTMENT OF COMMERCE 
National Oceanic and Atmowphmrie Adnlniwtmtimn 
ENVIRONMENTAL RESEARCH LABORATORIES 
Pacific Merino Envimnmrnml Lmbomtory 

I NOAA Building Number 3 
7600 Sand Point. Way N.E. 
Seattle, WA 98115 

Hay 3, 1985 

TO: A l l  THRUST Components 

FROM: R / E / P M  - Richard R. Behn 

SUBJECT: THRUST Monthly Notes - A p r i l  

This month's quote comes f rom George Pararas-Carayannis: "To scare a 
b i r d  i s  not  t he  way t o  catch it." I f  you have a quote you want me t o  inc lude 
i n  the  monthly notes, please send it t o  me. 

The video tape o f  the Japanese Tsunami o f  flay '83 i s  f i n a l l y  complete. 
The tape has now been ed i t ed  down t o  about 27 minutes. I w i l l  d i s t r i b u t e  t he  
tape out o f  t h i s  o f f i c e .  I have f i v e  copies i n  hand. I w i l l  f i l l  requests on 
a f i r s t  come, f i r s t  serve basis. I would r a the r  not  l e t  t he  tapes be out on 
loan f o r  extended per iods o f  time. I have had many requests f o r  these tapes 
already. So please, i f  you know someone who wants t o  use t h e  tapes, have them 
drop me a l i n e  t o  reserve it. Any questions, g i ve  me a ca l l .  

IHA has informed YMEL t h a t  complete repor ts  on the  March 3 r d  earthquake 
and tsunami (which inc lude marigrams, p ic tures ,  and maps) a re  be ing forwarded 
t o  PMEL, IT IC  and WDC-A. I w i l l  keep you informed o f  t h e i r  a r r i v a l .  

A paper was submitted t o  UJNR e n t i t l e d  THRUST, which i s  the  most up t o  
date paper on the  p ro jec t .  It w i l l  be presented i n  Japan by Jim Lander some 
t ime t h i s  month. I would be happy t o  send you a copy of t he  paper i f  you so 
request. 

An abs t rac t  was submitted t o  the  Oceans 85 conference t o  be he ld  on 
November 12-14 i n  San Diego, Ca l i fo rn ia .  



US. DEPARTMENT OF COMMERCE 
Nationrl Oceanic mnd Atmospheric Adminirtrmtion 
ENVIRONMENTAL RESEARCH LABORAT ORES 
Pacific Marina Envimnmsntel Lmborrtory 
NOAA Buildin0 Number 3 
7600 Sand ~Ioint  my N.E 
Sssttle. WA 98115 

June 5, 1985 R/E/PM: RRB 

TO: A l l  THRUST Components 

FROM: R/E/PM - Richard R. 

SUBJECT: THRUST Monthly Notes - Hay 

This month's quote - When I ' m  r i gh t ,  no one remembers, when I ' m  wrong, no 
one forgets. 

This mcnth's a c t i v i t i e s  were minimal. Hany of  the instruments have been 
a r r i v i n g  a t  PHEL during the l a s t  month. Some modifications have t o  be made t o  
the 60ES receivers before they can be tested. PHEL has begun some tes t i ng  o f  
the True Time Receivers. Procurment of a l l  instrumentation i s  expected t o  be 
complete i n  6 weeks. 

The Hydrographfc I n s t i t u t e  i n  Chile has sent PMEL and World Data Center 
i n  Boulder a deta i led report  on the 3 Hatch earthquake and tsunami. Copies o f  
t h i s  report  can be forwarded t o  you upon request. 

A ten ta t i ve  date o f  5 August has arranged for  the THRUST Annual Review. 
I t  w i l l  be held i n  e i t he r  Vtc tor ia  or  Sydney B.C., Canada. I w i l l  keep you 
informed o f  a1 1 developments. 



US. DEPARTMENT OF COMMERCE 
National Ocwnic and Atmosphrric Adminirtrmtion 
ENVIRONMENTAL RESEARCH LABORATORlES 
Pacific Marine Envimnmental Lmbormtory 

I NOAA Building Number 3 
7600 Sand Point Way N.E. 
Seattle, WA 88115 

July  3, 1985 

TO: A1 1 THRUST Components 

FROM: R/E/PH - Richard R. Behn 

SUBJECT: THRUST Monthly Notes - June 

This month's quote comes from Rr. J. Buizer w i th  NOAA's In te rna t iona l  
A f f a i r s  Off ice:  "One can't help hoping even i f  he i s  a sc ien t is t ,  he can only 
hope more accurately. " 

The National Geophysical Data Center has recent ly  published a Data 
Announcement about the tsunami data tha t  i s  avai lab le (data announcement 185- 
EHB-01 A p r i l  1985). Anyone i n  need o f  tsunami data which includes the  Pac i f i c  
Basin Tsunami map, tsunami photos, publ icat ions r e l a t i n g  t o  tsunamis, t i d e  
gauge records and bathy data can request t h i s  data from NGDC. 

The purchase order f o r  the modif ications t o  t he  Synergetics DCP's has 
been cut and working i t s  way through the system. This i s  the l a s t  p.0. t ha t  
has t o  be cut f o r  the project .  Upon completion o f  t h i s  modif ication, the 
system can be assembled and t e s t  a t  PHEL. 

The Hydrographic I n s t i t u t e  has informed us t h a t  three representatives 
from Chi le w i l l  be at tending the Tsunami 85 conferences. They included 
Captain Humberto Garcia, M r .  Emi l io  Lorca, and another representative from the 
Ins t i t u te .  

Presentations on the THRUST pro jec t  w i l l  be made a t  Tsunami Workshop, 
ITSU and ITS o f  the Tsunami 85 conferences i n  Sydney and Vic tor ia ,  B.C., 
Canada. 

THRUST was presented a t  an OAS meeting i n  Miami which included an 
audience o f  many South American countries. The presentation was given by Mr .  
J i m  Buizer o f  the In te rna t iona l  A f f a i r s  O f f i ce  i n  Rockvi l le, MD. The 
presentat ion was we l l  received by the group, especia l ly  by Columbian, 
Panamanian and Peruvian representatives. 



PRE - EVENT 

Data Collection 
Data Analysls 

Data Dissemination 

THRUST 

SECOND ANNUAL REPORT 



DATA COLLECTION 

Principal Investigator : 
James Lander 

National Geophyslcal Data Center 
Boulder, CO 



THRUST STATUS REPORT 
Pre-event Data A c t i v i t i e s  through July, 1985 

Paci f i c Tsunami Data Base - 
Almost a1 1 data from avai lab le catalogs have been entered i n t o  the d i  y i  t a l  data 
base. The data s t i l l  needs ve r i f i ca t i on ,  and coordinates must be added f o r  some 
areas report ing tsunumi runups. Information on focal mechanisms and areas o f  
aftershocks w i l l  be added, A t  the 17th J o i n t  Meeting o f  the UJNR Panel on Wind 
ant1 Seismic Effects, the  Japanese agreed t o  review our d i g i t a l  catalog f o r  
completeness and accuracy o f  en t r ies  f o r  Japanese tsunamis l a t e r  t h i s  year. 

Tsunamis i n  the Pac i f i c  Basin (1900-1983) Map - 
I n  addi t ion t o  t he  f ree  copies of  the map tha t  were destr ibuted ear l ie r ,  155 

A 

requests f o r  t h i s  map have been received by NGDC. Requests have come from other - 
government agencies, co l  leges and univers i t ies,  and others i n  natural hazards 
research and mit igat ion. A copy of  the map was prominently displayed a t  t he  
Ju ly  15,16, 1985, U.S. Government Interagency Conference on Developing 
Predic t ive Capabi l i t i e s  f o r  Disaster Ear ly  Warning Worldwide sponsored by AID. 

Chi1 e Tsunami Pub1 i cat ion - 
The pub1 i c a t i  on e n t i t l e d  "Tsunami s i n  Peru-Chi1 e, Report SE-39, has been 
completed and and i s  now available. A f l i e r  describing t h i s  publ icat ion i s  
avai lab le from NGDC. Copies w i l l  be sent t o  THRUST Project  par t i c ipan ts  i n  
cluanti t i e s  requested. 

Chi le Earthquake and Tsunami Photographs - 
'Thirteen photographs o f  the March 3, 1985 Chi le  tsunami have been acquired from 
l n s t i t u t o  Hidrograf ico de l a  Armada de Chile, Santiago, Chile. Thirteen 
rnareograms have been recei ved from Chi 1 e (7) and Hawaii . Copies o f  Japanese 
mareograms on t h i s  event were requested through the  UJNH. D i g i t a l  copies o f  t he  
Chi 1 i an records a re expected. 

Speci a1 Studi es 

In-depth studies using the  d i g i t a l  tsunami data have been prepared (see attached 
i 11 u s t r a t i  ons). These included a study of tsunamis generated throughout the  
Pac i f i c  Basin a f fec t i ng  Hawaii, a study of dest ruct ive tsunami s and the  charac- 
t e r i s t i c s  of  the i  r generating earthquakes, source regions and a study o f  tsuna- 
mis generated by or accompanied by volcanic eruptions, 

Tsunamis of the At1 an t i c  and Ind i  an Oceans, Caribbean and Medi terranean Seas 

NGUC has begun a l i s t i n g  of events i n  these areas, beyi m i n g  w i th  the  dates and 
locat ions of  the tsunami events. Later other known parameters such as earth- 
quake and tsunami magnitude, earthquake epicenter, tsunami runup informat ion and 
descr ip t ion of destruct ive e f fec t s  w i  11 be added. 

J.F. Lander and P.A. Lockridge 



BathymetrY 

Mareograms 

Seismic 

Photographs 

Pub1 icat ions 

Tsunami-Related Data 

Surveys; 30 m i l l i o n  points; covering U S ,  coastal 
waters 

Gridded; 5' x 5' worldwide oceans depth values, DBDB5. 

3,000 analog records f o r  350 tsunamis 
45 d i g i t a l  records f o r  9 tsunamis 

Epicenters and mgni tudes f o r  20th century earthquakes 
Seismogram coverage good since 1960, f a i r  f o r  ea r l  l e r  

Part  o f  20th century. 

About 75 

Catalogs pub1 ished f o r  Hawai i, Alaska, and Peru-Chi l e  
"Tsunamis o f  the Pac i f i c  Basin" map pub1 ished 

D i g i t a l  History 
About 79.0 tsunamis and effects a t  2,000 places, 

including wave height, damage, and f a t a l i t i e s  



There i s  an average o f  1 damaging tsunami per Year, 

90% o f  damaging tsunamis have only loca l  e f fects ,  

99% of  tsunami f a t a l i t i e s  are loca l  t o  source region, 

Indonesia, Philippines, Peru-Chile, and Japan have h i s to r i es  
o f  greatest loss, 

Few areas have produced damagi ng Pacif ic-wide tsunamis , 

The e f f ec t  o f  Pacific-wide tsunamis beyond the source area 
i s  greatest i n  Hawaii, 

Only Hawaii has a greater threat from d is tant  tsunamis than 
from loca l  tsunnmi, 

Tsunamis maximum ef fec ts  are h igh ly  d i rec t iona l  , 

Local damage from tsuilamis with magnitude less than 7,5 i s  
more than the damage from Pacif ic-wide tsunamis beyond t h e l r  
source regions, 

10, The cor re la t ion  between earthquake mogni tude and maximum 
run-up height i s  poor, 





DATA ANALYSIS 

Prlnclpal Investigator : 
Dr. Gerald Hebenstrelt 

Sclence Appl lcat lons Internat lml Cow. 
McLean, VA 



PROGRESS REPORT: January-March 1985 
CONTRACT NO: NA84-ABC-00216 
PRINCIPAL INVESTIGATOR: G.T. H e b e n s t r e i t  

A c t i v i t i e s  d u r i n g  t h i s  quarter c e n t e r e d  o n  severa l  
s p e c i f i c  t a s k s :  

1. CHILEAN BATHYMETRIC DATA 

A t a p e  o f  b a t h y m e t r i c  d a t a  f o r  V a l p a r a i s o  Harbor 
was o b t a i n e d  from IHA ( C h i l e ) .  A n a l y s i s  of t h e  d a t a  showed 
p o s i t i o n i n g  errors, which r e n d e r  it u s e l e s s  for  m o d e l i n g  
p u r p o 5 e s .  A request h a s  been  s e n t  to I R A  to examine  t h e  d a t a  
a n d  a p p l y  c o r r e c t i o n s  i f  p o s s i b l e .  Once c o r r e c t e d  d a t a  is 
r e c e i v e d ,  it w i l l  be i n c l u d e d  i n  t h e  s i m u l a t i o n  d a t a  set a s  
soon a s  f e a s i b l e .  

2. HIGH-RESOLUTION MODEL 

A t  t h e  r e q u e s t  of I H A ,  a v e r s i o n  of t h e  model d a t a  
s e t  was as sembled  u s i n g  0.25 km resolution, r a t h e r  t h a n  t h e  
0 .5  km used  i n  ea r l ie r  s i m u l a t i o n s ,  The  d a t a  se t  was t e s t e d  
d u r i n g  a v i s i t  t o  PMEL from 25 Feb to 1 Mar. Sample calcula- 
t ions  were comple t ed  t o  v e r i f y  t h a t  t h e  new d a t a  s e t  is 
p r o p e r l y  c o n f i g u r e d  for  SURGE 11, Compar i sons  be tween  t h e  
e a r l i e r  c o a r s e - g r i d  s i m u l a t i o n s  and t h e  new f i n e - g r i d  simula- 
t i o n s  w i l l  be c a r r i e d  o u t  a t  PMEL. 

3. UPLIFT ALGORITHM 

D u r i n g  t h e  t r i p  to PMEL, D r .  H e b e n s t r e i t  and  Dr. 
G o n z a l e z  (PMEL) worked o u t  a n  improved  t e c h n i q u e  f o r  spec- 
i f y i n g  b o t t o m  u p l i f t  pat terns  i n  t h e  model. T h i s  new 
a l g o r i t h m  h a s  b e e n  added  t o  t h e  code. 

4. CODE SIMPLIFICATION 

D r .  H e b e n s t r e i t  is c u r r e n t l y  work ing  t o  improve  and 
s i m p l i f y  t h e  code  and make it easier to  modi fy .  The e m p h a s i s  
is o n  i m p r o v i n g  SUBROUTINE PARTZ. 

5. IUGG PAPER 

An a b s t r a c t  h a s  been  s u b m i t t e d  ( a n d  a c c e p t e d )  to  
present a p a p e r  a t  t h e  IUGG Tsunami Symposium at  V i c t o r i a ,  
B.C. i n  Augus t .  A copy  is a t t a c h e d .  



PROGRESS REPORT: APRIL-JULY 1985  
CONTRACT NO: NA84-ABC-00216 

PRINCIPAL INVESTIGATOR: GOT. HEBENSTREIT 

A c t i v i t i e s  d u r i n g  t h i s  p e r i o d  c e n t e r e d  o n  t h e  con-  
t i n u a t i o n  of t h e  s i m u l a t i o n s  of t s u n a m i s  i n  V a l p a r a i s o  
h a r b o r .  The e x t e n t  of t h e  R e a l  Time Processor (RTP) c o d i n g  
has b e e n  g r e a t l y  r e d u c e d  from t h e  i n i t i a l  e s t i m a t e  b e c a u s e  o f  
t h e  l i m i t e d  amount of w a r n i n g  i n f o r m a t i o n  t h a t  t h e  C h i l e a n  
Tsunami Warning Sys t em c a n  b r o a d c a s t  d u r i n g  a n  emergency .  
Thus  S A I C  h a s  b e e n  able t o  c a r r y  o u t  b o t h  t h e  RTP task and 
c o n t i n u e d  model  s a p p o r t  w i t h o u t  a n y  a d d i t i o n a l  NOAA f u n d i n g  
o v e r  a n d  a b o v e  t h e  e x i s t i n g  amount  i n c u r r e d  o n  t h i s  c o n t r a c t ,  
T h i s  c o n t i n u e d  m o d e l i n g  e f f o r t  h a s  met w i t h  t h e  a p p r o v a l  o f  
b o t h  NOAA1s COTR and t h e  C h i l e a n  Tsunami Warning o f f i c i a l s .  

S p e c i f i c  a c t i v i t i e s  u n d e r t a k e n :  

1. EXTENDED HARBOR SIMULATION 

D r .  A e b e n s t r e i t  v i s i t e d  PMEL d u r i n g  t h e  p e r i o d  9-15 

J u n e .  He a n d  D r s .  G o n z a l e z  a n d  B e r n a r d  l a i d  t h e  g roundwork  
for a n  e x t e n d e d  set o f  s i m u l a t i o n s  t o  e v a l u a t e  t h e  t s u n a m i  
t h r e a t  t o  Valparaiso f r o m  a larger  v a r i e t y  of d i r e c t i o n s  t h a n  
p r e v i o u s  s t u d i e s  h a v e  examined .  T h e s e  s i m u l a t i o n s  are b e i n g  
p e r f o r m e d  a t  PMEL. 

CODE SIMPLIFICATION 

D r .  H e b e n s t r e i t  c o n t i n u e s  t o  m o d i f y  t h e  SURGE I1 

code t o  make i t  more e a s i l y  u s e d  a n d  more f l e x i b l e .  



3 .  MARCH TSUNAMI 

D r .  H e b e n s t r e i t  h a s  compiled a set o f  e a r t h q u a k e  
p a r a m e t e r s  based on t h e  3 March 85 e a r t h q u a k e  and t sunami  
o f f s h o r e  from V a l p a r a i s o .  These  d a t a  have  been p a s s e d  t o  
PMEL and w i l l  s e r v e  a s  t h e  b a s i s  for  s i m u l a t i o n s .  

4 .  PRESENTATION 

D r .  H e b e n s t r e i t  p r e s e n t e d  a p a p e r  on t h e  THRUST 
program, e n t i t l e d  "Advanced Tsunami Warning Systems for Near- 
s h o r e  and Open Ocean Tsunami S u r v e i l l a n c e "  a t  t h e  U S  Govern- 
m e n t  I n t e r a g e n c y  Conference  on Developing P r e d i c t i v e  Capab i l -  
i t i es  for  D i s a s t e r  E a r l y  Warning Worldwide. T h i s  c o n f e r e n c e  
was h e l d  a t  t h e  US S t a t e  Department on 15-16 J u l y .  



DATA DISSEMINATION 

Principal Investigators : 
Dr. George Pararas-Carayannls 

lnternat ional Tsunami Information Center 
Honolulu, HI. 

Sr. Emillo Lorca 
lnstituto Hidrograflco De La Armada 

Valparaiso, Chlle 



A copy of the Stardard Operating Plan was not available at 
the time of printing. When the flnal version becomes 

available, one w i l l  be forwarded. 
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DATA COLLECTION 

Principal Investigator : 
Hugh Mi lburn 

Pacif ic Marine Environmental Laboratory 
Seattle, WA 



THRUST 

Second Annual Report 

Real Time Data Collection 

One of the goals of the THRUST project has been to use a satellite 
based communication system to transmit data from an event detector to a 
local population warning center in  a matter of minutes. PMEL's 
Engineering, Des l~n  and Gevelopment division has designed such a system 
that w i l l  ut i l ize NESDIS's Geostationary Operational Environmental 
Satellite (GOES) system to deliver the early warnings to  the local 
population centers. The diagram below shows the system design. 

GOES 



The f i r s t  years' ef for ts were concentrated on the deslgn and 
development of the THRUST system. The most cr i t ical  factor in  designing 
the system was the cornpati b l l  i t y  of all the Instruments. After thorough 
research, the following instruments and configuration was chosen. 

GOES 

1. A ~ ~ l o ~ r a p b :  Kiacmelrio Vef l ia l  Seismic T r i w r  (VS-I 1 
2. V a u r  Level G8u~e: PuoKientilic lht i l iquuu R a s r u n  Trmduocr 

(2100AS-002) 
3. Miaopracrsulr~erminrl: Cornmoba 64 via DD( YaUb RjPlbC 
4. GOB Radio Receiver: Kiaemewio T r w  Tima lca ivar  (468-K) 
5. GOES b d r o  TrmsmLrcn: S y n e ~ t t i a  (3401A) 

After reviewing the requirements of the seismic system, it was decided 
that strong motion triggers would be wel l  suited for  the THRUST system. 
Two Kinemetrics vertical seismic triggers w i l l  ini t iate the system when a 
seismic event occurs. One of the triggers w i 11 be located i n  Valparaiso 
and the other w i l l  be located i n  Santiago, Chtle. 

Pressure digltal water level sensors were proven t o  be wel l  suited 
for the THRUST system because of their large dynamic range. 
Paroscient i f  i c  Digi tiquartz pressure transducers w i l l  be used as the water 
level gauges. Both water level gauges w I l l  be located on the large 
concrete pier in the Valparaiso harbor. 



The GOES radlo sets that w l I1 be used In the THRUST system are 
made by two manufacturers. The transmitt ing GOES radlo sets are 
manufactured by Synerge t ics. These transml t te rs  are used i n  conjunction 
wlth4he selsmlc trlggers and water level gauges. The receiving GOES 
radlo sets are manufactured by Klnemetrics. These sets are the 
Klnemetrlcs True Time Recelvers whlch have been modified to  output other 
data as wel l  as the normal UTC. These recelvers w l l l  be connected to  the 
water level gauges and the Real Tlme Processors (RTP). The RTP w i l l  be 
located at the Hydrographic lnst l tu te i n  Valparaiso. 

These above instruments have been procured and are being 
assembled at th is  t ime a t  PMEL In  Seattle. As soon as the assemble of 
these Instruments has been completed, a rigourous testing perlod w l l l  
occur, Upon a successful testing perlod, the lnstruments w l l l  be packed 
and shipped to Chile. 

Two t r lps w i l l  be made t o  Chlle to  instal l  the instrumentation, The 
f l r s t  t r l p  1s scheduled for  February '86 for the Installation of water level 
gauges, selsmic sensors and GOES radio antennas. The second t r i p  I s  
scheduled for May '86 fo r  the remainder of the equipment. The 
instrumentation w i l l  be i n  Chile fo r  a one year test  period. 



DATA ANALYSIS 

Principal Investtgator: 
Dr. Gerald Hebenstrel t 

Sclence Appllcatlons lnternatlonal Corp. 
McLean, VA 



See the Pre-Event Data Analysis section of this report 
for details on the development of the Real Time Processor 



DATA DISSEMINATION 

Principal Investigators : 
Hugh Ml l burn 

Pacific Marine Environmental Laboratory 
Seattle, WA 

Peter MacManamon 
CyberLink Corp. 

Boulder, CO 



THRUST PROGRAM PROGRESS REPORT 
August 5, 1985 

CyberLink Corporation 
Peter McManamon and Joseph Cateora 

The second year o f  the CyberLink e f fo r t  i n  support o f  the PMEL THRUST 

program i s  nearing completion. The major e f f o r t  has been devoted t o  the 

development of equipment designs, speci f icat ions, and software f o r  the va r i -  

ous components o f  the warning system. 

A design was developed f o r  standard Synerget i c s  GOES random repor t ing 

rad io  sets. The design involved software modifications t o  the radios t o  

enable operation which s a t i s f i e d  the THRUST requirements. Basical ly, the 

design allows f o r  two d i f f e r e n t  messages t o  be sent v i a  the GOES s a t e l l i t e  

t o  the NOM/NESDIS cent ra l  computer i n  Suitland, MD. One message i s  the 

a l e r t  message sent when the v e r t i c a l  Kinemetrics strong-motion seismometer 

thlreshold i s  exceeded. This i s  the rea l  warning message which would be 

tr iggered by a s u f f i c i e n t l y  strong earthquake. The other message i s  the 

t e s t  message. It w i l l  be sent twice a day a t  random times selected by the 

Synergetics equipment i n te rna l  computer. 

The a l e r t  message and the t e s t  message t o  be sent from the seismometer 

s i t e  i n  Valparaiso, Chi le  w i l l  consist  o f  an address word fol lowed by mes- 

sage sequence numbers, the date ar,d time of the seismometer threshold 

crossing (or time o f  i n i t i a t i o n  of the t e s t  message transmission), and some 

equipment status data f o r  the rad io set and Kinemetrics seismometer. The 

a l e r t  message w i l l  have an address and a code word tha t  are d i f f e r e n t  than 

those I n  the t e s t  message. Otherwise, the same procedure w i l l  be fol lowed 

I n  both cases. 



The specifications and software flow charts for the necessary mdifi- 

cations to the Synergetics radios were developed. Meetings have been held 

with Synergetics to review the modifications, obtain cost estimates, and 

initiate the work. 

Work with NESDIS was performed to obtain the assignment of the ad- 

dresses and to finalize the computer software changes needed In the NESDIS 

computers at Sui tland, MD and at Wal lops Island, VA. The computers are pro- 

gramed to receive the alert message and data, store the data in the NESDIS 

computer user data file, and generate a corresponding warning message to be 

sent on the GOES interrogation downlink. The alert message will be sent by 

the Synergetics radio within 15 seconds of the seismometer threshold cross- 

ing. The actual time delay will be random. The delays in the NESDIS 

computer are not known but are expected to be in the range of 30 seconds to 

two minutes. As a result, the warning message will be sent on the GOES in- 

terrogation downlink channel between 30 seconds to 135 seconds after the 

seismometer thresh01 d crossing. The same procedure is followed with the 

test messages. 

Additional work was done with the Synergetics radios and NESDIS to de- 

velop a complex set of software procedures to repeat each alert message 

three times, and separately, to repeat each warning message three times on 

the GOES interrogation channel. Similar procedures vere developed for the 

test messages. 

The design for the modifications to the Kinemetrics True-Time receiver 

was developed and the modifications were made to one recefver provided by 

PEL.  The modifications provide a special output signal which has the warn- 

ing or test message. 



Computer software spec i f i ca t i ons  were developed t o  decode the  message, 

e i t h e r  warning o r  tes t ,  co r rec t  e r r o r s  detected, and t o  generate a p r i n t e d  

message t ha t  was stored i n  the computer memory. A Comodore 64 micro- 

computer was selected s ince i t  i s  the  l eas t  expensive 8 - b i t  microprocessor 

u n i t  on the market. It uses a microprocessor ch ip  which i s  compatible w i t h  

the  Apple I 1  micro-computer. An Epson RX-80 p r i n t e r  was selected because i t  

has exce l lent  r e l i a b i l i t y  and has a type f o n t  and character  se t  f o r  both  

Spanish and English. An i n t e r f ace  between the Comnodore 64 and t h e  Epson 

p r i n t e r  was a lso specif ied. 

The necessary equipment was avai 1 able a t  CyberLink (Comnodore 64, 

Epson RX-80, and p r i n t e r  i n te r face) .  An in te r face  board was mod i f i ed  t o  

connect the Comodore 64 t o  t he  Kinemetr ics True-Time receiver.  Computer 

p rograming  was s t c r t ed  i n  machine assembly language. A t  t he  t ime of t h i s  

repor t ,  the Comodore 64 i s  decoding the  messages and d isp lay ing  them on t he  

computer d i sp l  ay. 

Three program review meetings have been conducted w i t h  PMEL. Two were 

he ld  i n  L a a t t l e  a t  PMEL and the  t h i r d  was conducted i n  V ic to r ia ,  B.C. A11 

o f  the  p ro j ec t  work has been documented i n  th ree  qua r t e r l y  reports.  
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CHILE 

Drlnclpal Investigators : 
Captlan Humberto Garcla 

Emflio Lorca 
Instituto Hldrograflco De La Armada 

Valparlaso, Chl le 



7 INSTITUTO HIDROGRAFICO DE LA ARMADA 

THRUST A N N U A L  REVIEW 1985 

5  Augus t  1985  

PROGRESS REPORT FROM CHILE 

1 .  The Government o f  C h i l e  ~ f i ~ i a l l ~  app roved  t h e  Memorandum 
o f  u n d e r s t a n d i n g  w i t h  t h e  U,S. Government ,  a s  Supreme De- 
c r e e  N Q  4 2  and p u b l i s h e d  i t  a t  t h e  O f i c i a l  Newspaper N o .  
32.143 d a t e d  A p r i l  1 1 ,  1985  w i t h  a  Complement p u b l i s h e d  
a t  t h e  O f i c i a l  Newspaper N Q  32.166 d a t e d  May 9 ,  1985. 

2 .  H i s t o r i c a l  Da ta  C o l l e c t i o n  and  Tsunami Hazard  A n a l y s i s  
c o m p l e t e d  and  wil l  b e  p r e s e n t e d  a t  t h e  I n t e r n a t i o n a l  
Tsunami Symposium. 

3. Tsunami Warning S t a n d a r d  O p e r a t i n g  P l a n  n o t  r e a d y :  
- C h a p t e r  Vlll Tsunami E v a c u a t i o n  P r o c e d u r e s  i s  u n d e r  

p r e p a r a t i o n  by t h e  N a t i o n a l  Emergency O f f i c e .  
- Annex 3. Tsunami P r e p a r e d n e s s  Measu re s  f o r  V a l p a r a f s o  

a r e a  h a s  n o t  been  c o m p l e t e d  by t h e  R e g i o n a l  Emergency 
Off  ice. 

4. New se t  o f  b a t h y m e t r y  d a t a  f o r  V a l p a r a S s o  Bay i s  r e a d y  
on t a p e .  
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NATIONAL REPORT OF CRILE -1 - 
1. INTRODUCTION 

This repor t  rums up Chi le ' s  a c t i v i t i e o  i n  t he  operat ion and maintenance 

of the  Tsunami Warning System i n  t he  P a c i f i c  dur ing the  period Ju ly  1983 t o  - - I 
Apri l  1985. 

2. ACTIVITIES CARRIED OUT DURING THE PERIOD 

EXERCISES 2.1 -1 - 
I n  order  t o  increase  the  e f f i c i e n c y  of t he  d i f f e r e n t  t i d e  r t a t i o n o ,  

- t sunamiexe rc i s e s  f o r  individual  s t a t i o n s  a r e n o w b e i n g h e l d m o r e  f r equen t ly ,  

i .e .  a t  tvo-monthly i n t e r v a l s .  Each exe rc i s e  i s  evaluated and the  p a r t i c i p a t i n g  
- I 
- 

s t a t i o n s  a r e  informed of any comments and/or c r i t i c i s m s  concerning t h e i r  proce- - 
dures.  A l l  t he  s t a t i o n s  have now managed t o  reduce t h e i r  response ti- t o  a  

maximum of 10 minutes. 

2.2 COMMUNICATIONS WITH TIE PTWC 

I n  order  t o  improve c o m n i c a t i o n s  wi th  t h e  PTWC, a  t e l e x  connected 

v i t h  the  i n t e rna t iona l  and nat ional  s e rv i ce s  was i n s t a l l e d  i n  November 1983. As 

a  r e s u l t ,  re6ponse times of l e s s  than f i v e  minutes have been obtained i n  tsunami 
- exe rc i s e s  and immediate responses i n  r e a l  s i t u a t i o n s .  

2.3 TSUNAMI EXPERTS TRAINING P R O C W  

A t  t h e  Ninth Session, i n  Bonolulu, i t  was agreed t h a t  i n  1984 two 

candidates  from Chile and China would take t he  ITIC t r a i n i n g  course. Chi le  

nominated Mr. Emilio Lorcr, who received i n t e n s i v e  t r a in ing  from 13 August 

t o  21 September 1984. 

The t r a i n i n g  course included the  fo l lov ing :  

(4 Knowledge of t he  Tsunami Warning System and the  Pac i f i c  Tsunamic 

Warning Centre (PTVC) 

(b) Operations of t he  Tsunami Warning System 

(c) ' Inrtrumentation of the  PIUC 

(d) I n t e r a c t i o n  between the PTUC and Chi le  

(4 ~ ~ p l i e d '  rerearch.  



produced two important achievementc: 

in Hawaii as part of the training programme 

- Tbe PTWC response times have been halved for real rituotion of 
information concerning earthquakes in Chile. 

- A Handbook of Emergency Operations has been produced for Chile. 
2 .4  SESSIONS OF THE NATIONAL TIDAL WAVE WARNING SYSTEM (SNAH) 

?be Chilean national cystem (SNAY) consists of the Naval Bydrographical 

Institute, which beads it, the National Emergency Office of the Ministry of 

the Interior and the Department of Geophysics of the University of Chile. 

Since 29 Hay 1986 representatives of these bodies have been meeting 

periodically with a viev to improving the operation of the SNAM system. 

- 
2.5 ESTABLISHMENT OF NEW TIDE STATIONS 

0x1 8 October 1983 8 nev tide station was brought into service under 

the National Tsunami Warning System: Its characteristics are as follows: 

(a) Name: I quique 

(b) Location: Lat. 20.12' 05"s. 

Long. 70'09' 27"W. 

(c) Instrument: Ballauf mutomatic tide gouge 

Standard type vith float 

At the end of April 1985 another tide station is to be brought into 

rervice within the SNAM system. Itr characteristics are 8s follovs: 

(a) Name: Corra 1 

(b) Location: 

(c) Instrument: 

Lat. 30'58'S. 

Long. 73'25'W. 

Bal lruf rutoma tic tide gauge 

Standard type vith float. 

2.6 NEW PUBLICATION ON TSUNAMIS 

While the Ninth Sescion of ZTSU was being held in Honolulu, the 

Chilean Delegation gave each of the national representatives present a copy of 

the Naval Hydrographical Institutt.'r publication No. 3017, in Spanish, entitled 

Nocionrs iu~damentales sobre Haremotoc e Tsunamis, produced to inform the 

general public of the chrracteri~tics of the tsunam; phenomeaon, 



subjec t  t o  t h e  r i s k  of  a tsunami. 

2.7 A B A W O h ~ N T  OF THE FAOJECT FOR A SEISHOLDGIGU, NETVON: FOR TSUNAYI 
wm; I l i C  

a 

A s  a r e s u l t  of the  darwge caused to  the  W~val Hydrographic l n s t i t u t e ' f  - 
i n s t a l l a t i o n s  by the earthquake of 3 h r c h  1985, the p rc j ec t  mentioned in  

Chi le ' s  repor t  for  the  Ninth Session of lTSU had t o  be cancel led.  

The s-11 budget ava i l ab l e  w i l l  be used t o  improve communication 

systems w i t h i n  t b e  SNIVI system. 

2.8 AC? IVATIO!; OF THE W;LSNI!JC SFSTEH 

Various seismic occurrences during the  period covered by t h i s  

repor t  brought the tsunami r;iirrling system i n t o  act ion.  The atain ones were 

a s  follows: 
DATE LATITUDE LOCJGITtJDE XACNITUDE ACTION TAKEN 

4 October 1983 25.9 S. 70.0 W. 7.4 ' Integrated t i d e  
r ca t ions  

Informed PTWC 
15 December 1983 33 .0  S. 70.5 U. 7.0 ~ n f o ' m e d  PIUC of 

earthquake 
1 1  December 1986 22.2 S. 68.2 U. 6.6 Informed PIUC of 

earthquake 

18 January 1985 30.6 S. 71.0 W. 6.0 Informed KWC of 
earthquake 

3 Harch 1985 33.2 S ,  72 .0  W. 7.6 Local Tsunami Warning 

2 . 9  REPORT OF TPJ ULRTHQL'AU Ab4D TSU!;AYl OF 3 WRCH 1985 

A t  23hG7 CKT on 3 h r c h  1985 a v io len t  earthquake shook theecen t r a l  

a r ea  of t he  country, i t s  e f f e c t s  beiog f e l t  i n  J highly populated a r e a  more 

than 300 km vide.  I t  was most in tense  a t  r u e r t o  dc  San Antonio, 36 n a u t i c a l  

m i l e s  south of Valparaiso, haviug a value of 1 X  in  the Hcrcrlli modified scale. 

The o f f i c i a l  da ta  f o r  t he  earthquake are as  follows: 

- Time of o r ig in :  

- Lati tude:  32'lli1 24"s. 

- Loogitude: 72.02' 24"U. 



The epicentre, located beneath the aea, produced a small tsunami, 

the maximum amplitude being recorded by the Valparaiso tide station. 

The tsunami vac clearly recorded in Chile, bu; with amplitudes below 

1 m.@ from Arica to Talcahuano. A full report on the occurrence was rent to 

the International Tsunami Information Center in Havaii and the World Data 

Center-A in Boulder, Colorado. 

3. FUTURE ACTIVITIES 

3.1 THRUST PROJECT 

On 21 December 1984 an agreement was signed between the Governments 

of Chile and the United States of America on assistance for the establishment 

of a tsunami early varning system by mearis of the project entitled 'Tsunami 

Uzard Reduction through the Use of Systems ~ e c h n o l o ~ ~ '  (THRUST). 

This project includes: 

(8) the constmction and installation of two high-intensity aeismic 

detectors and two sea-level sensors with telemetric linke via operational 

geostationary satellite for the study of the environment (GOES), for instal- 

lations already planned on mutually agreed sites on Chilean territory; 

(b) the preparation of a standard operational plan for tsunami varning; 

(c) the compilation of up-to-date data bares on tsunamis recorded in 

Chile vitb a view to conducting a detailed uralysia in Valparaiso of the tsunami 

bazrrd. 

3.2 PARTICIPATION IN THE TOGA PROCWQE 

Under the United States of America's TOGA Programme the need is 

recognized to carry out monitoring operations in meteorological st4tionu and 

tide atations in key areas in the eastern Pacific. The State University of 

Oregon nude a proposal to N O M  for m imprbvement in tbe existing network 

of South American tid,e stations by the establishment of rtations in Chile 

linked UP with the GOES satellite by means of ~UNDAR data collecting platfoms 

in Arica, Antofagasto, San Filix Island and the Xale of P ~ U C U ~ ,  which would 

be progr-s to detect tsunamir. This project is taw be& fipanced by NOM, 

and it io hoped that the first platform will be installed by the end of 1985. 
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PURPOSE OF MISSZON; 

1) fnvcotigrte the seismic, tide-measuring and commuaicrtion in- 
strumentation presently in existence. . 

2) Offer advice on the sort effective use of such equipment to 
provide tsunami warnings. 

3 )  Make recommendations regarding the me~sures necessarf to de- 
velop and establish ur efficient m d  reliable tsunami warning 
system. - . 

INTRODUCTION 

1 - OUTLINE OF VISIT 
. . 

An excellent pzogranmr of activities for my visit, drawn up 
by Capitan de Fragata Ernesto Cajiro Gomez, Secretary-Generrl, 
Colombian Commission of Oceanography (Comision Colombians de 
Oceanografir - CCO) was very well prepared and enabled me to 
visit all orgraisrtioas involved with the national tsuami warn- 
ing system in Colombia and thereby gain a good understanding of 
the pteaent situation and an appreciation of future possibili- 
ties. An inspection was made of the tide gauge installation at 
Buenaventura but the planned inspection of the instrllation at 
Tuaco did not occur due to unforeseen circumstmces. 

INSTRUMENTAL REQUIRD4ENTS 

The instrumental requirements for an automated 'FWS u e  din- 
cussed by the immediate-past ITSU Chairman,,Mr.&C. Dohlu in 
the publf cation *Tsunami-Whero Next?. (1983), compflation of 
data m d  infomatiom for the preparation of a Master Plan for thm 
Tsunami Warning System iotha Pacific. The draft of +his plan i s  
to be presented at ITSU-It. 

The THRUST (Tsunami Hazard Reduction Using Systems Technolo- 
gy) project, sponsored by the U . 8 .  O f f  in of Foreign Disartc:- 
Assistance (OFDA), is conducting r pilot programme in Chile. It 
aims to provide warnings for locally-generatad tsunami8 whoso 
travel times are between 10 and 60 minutes i.8. tsunamis for 
which PTMC cannot, in generalr provide adequate warnitgs. Tho 
THRUST projact is based upon using one of the aeostrtionary 
Operrbional Environmental Satellites, OOES Hest, to instantly 
collect seismic and water level data from appropriate rensors and 
transmit these to ground stations (we8 Bernard et s2, pp117-130 
in Proce8JingsI 1903 Tsunami Conference, Hamburg, R The 
THRUST programme is very important to Colowbir because it pro- 
vides 8 model for the establimhmeot of an rutomated TWS. Thus 
CCO, or some other appropriate agency, should closely monitor the 
progzess. and the developments being' made by the THRUST projact . a 

1 ' -  



I- 

FOR TSUNA KIS 

TSUNAMI DATA ACTIVITY 

The World Data Center-A for Tsunamis is operated by the US. Department of 
Commerce as part of its National Geophysical Data Center. Its principal acti- 
vity since ITSU IX has been working on a project sponsored by the. Office of U.S. 
Foreign Disaster. Assistance, Agency for International Development to determine 
the feasibility of applying current technology to the tsunami warning problem 
for a developing country. This pilot study for Chile is called THRUST, (Tsunami 
Hazard Reduction Utilizing Systems Technology). The National Geophysical Data 
Center (NGDC) and the World Data Center-A it operates have a major role in the 
pre-event data collection including the compilation, cataloging, and synthesis 
of all available information on tsunami sources and effects to support modeling, 
planning, and education purposes. 

A major effort of this pre-event data collection was the development of z 
digital tsunami data base consisting of information on the source (location, 
cause, validity, and magnitude). and effects (location of effects, wave heights, 
damage, and numbers of deaths). The initial event list was prepared by Doak Cox 
during a sabbatical a t  the World Data Center in an effort to revise and update 
the Preliminary Catalog of Tsunamis Occurring in t h e  Pacific Ocean by Iida, Cox, 
and Pararas-Carayannis. Additional information was added from World Data Center 
1 iles for earthquake epicenters, magnitudes, and depths. Tsunami effects 
including wave heights, damage, and numbers of deaths were added from several 
sources including the Catalogues of Tsunamis of the Western and Eastern Coasts 
of the Pacific Ocean by Soloviev and Go. Currently, the data base consists of 
about 1450 cvents since 49 BC, all Pacific locations reporting tsunami effects 
in the 20th century and all earlier tsunamis reporting waves of 1.5 meters or 
larger. More information is available for some areas such as Hawaii and Chile. 
Other indepth regional studies will be completed as time permits. The tsunami 
data are useful in the preparation of tsunami maps and lists of tsunamis having 
certain characteristics such as location, wave height, damage, and effects. . 

A wall size, multicolor map depicting Pacific Basin Tsunamis (1900-83) has 
been published using the NGDCIWDC-A digital data base. The map shows the loca- 
tions of 405 events (including earthquakes, volcanic eruptions, and landslides) 
that caused tsunamis. Tables list dates of the cvents, event parameters, number 
of deaths, and destruction. An initial free distribution of about 100 copies of 
the map has been made to all THRUST participants, key emergency and civil 
defense offices, and international tsunami organizations including members of 
the Invernational Oceanographic Commissions, International Coordination Croup 
for the Tsunami Warning System in the Pacific (ICG/ITSU), and m~mbers of the 
Tsunami Commission of the lnternational Union of Geodesy and Geophysics (IUCG). 

In addition to the digital tsunami, data, NCDC/WDC-A continues to acquire 
analog data primarily in two formats: marigrams (tide gage records showing evi- 
dence of a tsunami) and tsunami photographs. Interesting acquisitions in the 
past year include a set of digitized marigrams for 33 Chile station events, 28 
digitized records of five major tsunami events recorded a t  U.S. stations in the 
Pacific, and a set of 35 marigrams for the May 1983 tsunami in Japan, and 6 
marigrams from Hawaiian stations that recorded the March 1985 Chilean tsunami. 
Additional reqords of this latest event have been requested. The World Data 



Center received photographs of th; May 1983 tsunami in Japan, of the March 1957 
tsunami in Alaska, and of the 1960 tsunami in Chilr 

Bathymetric data and seismograms of tsunamigenic earthquakes continue to be 
available. The World Data Center supplied a request for 5-minute gridded bathy- 
metric data for the Pacific Ocean to Norma? Ridgeway of the New Zealand 
Oceanographic Institute to be used in the calculation of tsunami travel times. 
The World Data Center also receives requests for information on occurrence of 
tsunamis ira specified regions and for historical information a b u t  . a specific 
event. 

A publication describing Chilean tsunamis, which will be completed in 1985, 
includes locations, operation dates, and characteristics of tide stations, 
available recorded seismographic data, historical cccurrences and effects, ana- 
lyses, availabie photographs, and referenccs. This report will be prepared 
jointly with Chilean experts and i;s-.aed as World Data Center-A report. 

Futrire projects include a continual refining and supplimenting of data now 
in the data files and an extension of the data to include tsunamis in 'the 
Mediterranean and Caribbean Seas and Atlantic Ocean. Information on source 
dimensions, as inferred from earthquake aftershocks, and information on focal 
mechanism will also be added to the file over the next several years. 



INTERNATIONAL TSUNAMI INFORMATION CENTER 

A PROGRESS REPORT FOR 1984-1085 

I. THRUST PROJECT 

Work on t h i s  p r o j e c t  continued dur ing t h e  In t t rsess Iona l  

perlod. S p e c i f i c a l l y  t h e  THRUST p r o j e c t  Involved t h e  app l l ca t l on  of 

technologica l  advances w l t h  land and sea based sensors and 

sate l l i te-based comnunlcatlons t o  t h e  problem o f  e a r l y  f sunnml 

warning. The p i l o t  study named THRUST (7sunamC Hazard Reductlon 

U t l  ll r h g  System Technology) I s  present ly  centered on m e  tsunaml 

sus tep t ib le  area I n  Valparalso, Ch i le  f o r  t he  purpose o f  provlng the  

concept and developing a prototype f o r  sqmllar e a r l y  warnIng systems 

el sewhe re. 

In designing a complete reg lonal  system, warnlng dissemlnatian 

has t o  be based on a complete and thorough examination o f  t he  host 

country ,tsunami response In f ras t ruc tu re  t o  determine l h e s  o f  

respons lb l l l t y ,  how t h e  system works, where I t  can be Improved, what 

I t s  b a s k  requirements are, and how best  t o  i n teg ra te  the  e a r l y  

warnlng tecCbtrology I n t o  It. 



I T I C  was asked t o  ass is t  I n  the development ofl t h i s  lnformatlon 

and l n  the development of  a comprehensive emergency standard 

operations plan f o r  Chi le w l t h  special emphasis on Valparalso. The 

purpose of  t h l s  plan I s  t o  achleve e f fec t i ve  preparedness and 

understanding o f  the  tsunami hazard I n  Chi le and t o  organize I n  a 

systematic fashion a prompt, f u l l y  coordlnated program o f  tsunami 

warning dtssemhaton which w i l l  Insure prompt and f l e x l b l e  response by 

the populace, thus mMmlz lng  loss of I i f  e and property when $he 

disaster  s t r ikes.  

A s t t e  v l s l t  was completed I n  ear ly  October 1983 by r THRUST 

team t o  c o l l e c t  the necessary in fomat ton  and data. The resu l ts  o f  

t h i s  v l s i t  were included i n  the I T I C  Director 's  report  presented t o  

ITSU I X .  Since then, a coord inathg meeting was held I n  Hawaii t o  

dlscuss the approach needed t o  Insure t h a t  the numerlcal modelling 

e f f o r t  i n  support o f  the overa l l  THRUST pro jec t  can be read l l y  

Integrated i n t o  the emergency operating procedures e f f o r t  and t h a t  

some quantl t a t  h e  resu l t s  can be obtained f o r  Inundation l l m l t s  along 

the Valparalso region. A number of conclusions were reached rtgardlng 

n~odel l lng and vc r I f I ca t lon .  Thls work i s  being car r ied  out  t o  be r 

d l f  ferent  component o f  THRUST. F ina l  output resu l t s  w l l l  include 

f looding maps and maxlmum predicted uave hefghts. I n  support o f  t k l s  

e f f o r t  and the preparation o f  the  Standard Operatrng Plan, I n f oma t  ion  

and data was col lected by 1 l I C  on t i d e  stations, uave climatology and 

the construction of the seawall a t  Valparalso Harbor. D r .  6. 

Hebenstr t l t  has been worklng on the tsunaml modelllftg. 



The p ro jec t  was g r e a t l y  supported by the  v l s l t  o f  Hr. Lm i l l o  

Lorca t o  I T I C  l a s t  year. Mr. Lorca worked w l t h  1 T l C  s t a f f  I n  the 

t r a n s l a t i o n  o f  background documents and the preparat ion o f  the 

Standard Operatlng Plan. Fol lowfng h i s  v i s i t  t o  171C I n  Hawail, Hr. 

Lorca proceeded to Sea t t l e  and pa r t i c i pa ted  I n  a coord inat ing meeting 

i nvo l v ing  other  aspects o f  t he  lHRUST pro ject .  

Presently, I71C's work on the  d r a f t  Standard Operatlng Plan I s  

nearing completion. Thls  work i s  based on Input  provlded by Mr. Lorca 

and the  Chilean Hydrographic Of  l i c e .  I t  w l l l  be a worktng document of 

t h e  Chilean Nat ional  Tsunaml Warning System, and as such, f t  4s 

expected t o  receive extensive review and e d i t i n g  by the  Chilean 

author! t i e s  before i t s  adoption. 

I n  conclusion, the  need f o r  applying cur ren t  technological  

advances t o  the problem o f  e a r l y  tsunami warnlng has been 

demonstrated. The THRUST p r o j e c t  I s  expected t o  f u l f i l l  such r need 

f o r  a c r l t i c a l  P a c l f i c  Coast l ine w l t h  the p o t e n t i a l  for tsunami 

destruc t lon .  
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A paper "Tsunamis Data Baseu presented by Mr.  J.F. Lauder, contained 

important informat ion on the a c t i v i t i e s  o f  the World Data Center-A, Tsunamis. 

The World Data Center-A continues t o  c o l l e c t  microf i lmed copies o f  mare- 

ograms aqd d i g i t i z e d  mareograms. It present ly holds copies of 3,100 analog 
records and about 60 d i g i t i z e d  records. It also has a c o l l e c t i o n  o f  700 

photographs o f  tsunami ef fects,  which are described i n  published catalogs. 

Over a per iod of years, working w i th  Doak Cox i n i t i a l l y ,  the WDC-A has 

prepared a d i g i t a l  f i l e  of tsunami occurrences and ef fects .  The f i l e  now has 

information on data and location, and, where available, magnitude, runup 

heights, damage and f a t a l i t i e s  f o r  1,450 reported tsunamis. The f i l e  was used 

t o  produce a recent ly  published Tsunamis o f  the Pac i f i c  Basin map as pa r t  of 

the A1 D- sponsored THRUST p ro jec t  . 
The f i l e  can be in ter rogated t o  produce l i s t s  o r  p l o t s  of tsunami occur- 

rences and f o r  s t a t i s t i c a l  purposes. While the f i l e  i s  no t  ye t  complete, the 

fo l low ing  observations can be made: 

- The repor t ing  of tsunamis has grea t ly  improved since the beginning 

o f  the tsunami warning system. 

- There has been about one damaging tsunami/year over t he  l a s t  100 

years. 

- About 90% o f  tsunamis have e f fec t s  l im i ted  t o  source region. 

- Only Japan, Kuril-Kamchatka, Alaska, and South America have 

produced Pac i f  ic-wi  de tsunamis. 

- Hawaii has the greatest r i s k  from Paci f  ic-wide tsunamis. 

- Remote-sourced tsunamis are a greater threat  than l o c a l  tsunamis 

only  t o  Hawai I .  
- 99% o f  f a t a l i t i e s  (and probably damage also) are i n  the source 

region. . Hence, reg ional  warnings, education, and engineering 

defenses ,are important, - Indonesia, Phi l ippines, and Japan suffer the  gr'eatest hazard. 

A f te r  the presentation o f  Informat ion on tsunamis data co l lect ion,  a 

genera1 discussion on var ious po in ts  ra ised  i n  the paper followed. 
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Mr. E. Lorca from Chi le  made a presentation on the  Tsunami Hazard 

Reduction Using System Technology, a j o i n t  USA-Chile pro ject  know as THRUST. 

This 3 year p ro jec t  was embarked by NOAA t o  create a p i l o t  reg ional  tsunami 
warning system. 

The goal o f  THRUST i s  t o  demonstrate tha t  Regional Systems can be 

assembled, using ex l s t i ng  technology, and in tegrated l n t o  established d isaster  

warning and r e l i e f  in f ras t ruc tu res  i n  developing nations. THRUST I s  u t l l i z l n g  
e x i s t i n g  instrumentation connected t o  sate1 1 i t e  comnunlcation has established 
an e a r l y  warning system. 

Mr. Lorca reported tha t  a simple conceptual model was developed which 
shows t h a t  many aspects o f  e x i s t i n g  technology have po ten t ia l  appl icat ions on 

prov id ing  e a r l y  tsunamis warnlog informat ion i n  developing nat ions which do 

no t  have t h e i r  own regional  warning network. Model Includes three funct ional  

areas of data co l lect ion,  data analysis and information dissemination. Each 
area i s  pa r t i t i oned  l n t o  pre-event and r e a l - t i n e  frames. A l l  pre-event work 
has been completed Including hazard map, numerical modell ing simulations m d  
t h e  c rea t ion  o f  an operating plan. I n s t r w n t a i o n  design has been completed 

and bench tes t i ng  i s  expected t o  begin in  sumner of 1985. 



I t  was pointed out t h a t  from an operational standpoint the tsunami 

p robab i l i t y  problem po in t  studies are a good help. 

The problem o f  dup l i ca t ion  o f  e f f o r t  i n  data presentation was $tressed 

and concern express t h a t  o f t en  same data presented d i f f e r e n t l y  which may r a i s e  

ce r ta in  confusion, pa r t i c i pan ts  f e l t  t h a t  an increased l eve l  o f  coordinat ion 

4s need t o  overcome these problems and make data more useful. 

The Workshop therefore recomnended r e c ~ g n i z i n g  the value o f  h i s t o r i c a l  
data co l lec t ion  i n  understsnding the  tsunami phenomenon and the value o f  the 

h i s t o r i c a l  data base f o r  operational analysis, t h a t  h i s t o r i c a l  documentation 

o f  tsunamis be compared and tha t  a data base format be established t o  serve as 
a comprehensive standard i n  the c o l l e c t i o n  o f  seismic and hydrologic para- 

meters o f  h i s t o r i c a l  tsunamis. 

Recognizing fu r the r  the d i v e r s i t y  of terms used i n  descr ibing the tsunami 

phenomenon invo lv ing  a wide d i v e r s i t y  o f  s c i e n t i f i c  and non-sc ient i f ic  groups 

i n  a va r i e t y  o f  i n te rd i sc ip l i na ry  f ie lds,  recomnends the preparation o f  8 

glossary o f  tsunami re la ted  terms t o  serve as the basis f o r  de f in ing  and 

understanding tsunami terminology. 



The paper presented by flr. R. Hagemever of the USA looks a t  the 

process of de l i ve r i ng  a warning t o  the publ ic  as a f i n e  l i n k  chain 

u i t h  the l i n k s  labeled Detection, Commic r t i on ,  Guidance/ 

Forecasting, Dissemination, and User Respcnw. Wi th in  the context 

of t h i s  paper 'Communication' includes the Comunication and 

Dissemination l i n k s ,  

The elements of  operat ional  c m m u n i c a t i ~ n  w r e  def ined and the 

var ious c m u n i c a t  ion methods used by the Alaska Tsuanmi Warning 

Center CATWC) and the P a c i f i c  Tsunami b.hrning Center (PTWC) f o r  

the c o l l e c t  ion o f  r e  i m i c  and t i d e  data were discussed, 'The need 

fo r  a c m u n i c r t i o n  peace was emuphasized and the elements of an 

e f f e c t i v e  plan were enumerated. 

The pa r t i c i pan ts  w e  two generic o r ~ b l e m r  of  the current 

place. The dependence on c m e r c  i a1 t e l r ~ h o n e  / telegraph / te lex  

fo r  the c o l l e c t i o n  of  conf i rming t i d e  information p lus  the problem 

i n  dissemination of warning and the lack 04 complete couerage i n  

the rece ip t  of  warning. The problem that the re l iance  on 

conuentional c m u n i c r t i o n  caused i n  the handl ing 04 the March 3, 

1985 Ch i l i an  LarthquaNe was explained i n  romp de ta i l .  

The workshop stressed the need t o  improve the method of 

rece i v ing  t i d e  data a f t e r  a p o t e n t i a l l r  trunrmigenic event was 

i den t i f i ed .  Two methods, sea bottom pressure sensors and 

s a t e l l i t e  data c o l l e c t i o n  plat forms were ru3serted as solut ions. 

The need t o  improve warning disseminatior, was discussed w i t h  the 

spec i f  i c  suggest ion regard ing t h t  8cknv~~ledgtmen t  o f  u r r n  ing  

rece ip t  and the expansion o f  the d i s t r i b u t i o n  of warnings. 

F i n a l l y  the Uorkshop acknowledged the value of a person-to 

person exchange i n  e f f e c t i n g  improvemtnts t o  the TWS. The 

V i s i t i n g  Sc ien t i s t  Program and the o r ~ a n i r r t i e n  o f  other types of 

t r a i n i n g  exerciser uas s p e c i f i c r l l v  I d e n t i f i e d  as a very Important 

~Prtt of t h i s  r c t i v i t : ~ . .  


