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FOREWORD 

The seismic sea wave warning system is a 
coopera t ive  e f f o r t ,  involving seismograph s t a t i o n s ,  
t i d e  s t a t i o n s ,  communication services, and others,  
organized f o r  t h e  b e n e f i t  of P a c i f i c  bases and 
communities. Since it opera tes  only i n  emergencies, 
each p a r t i c i p a n t  must be prepared t o  do h i s  p a r t  
prompt 1 y . 
s t a t i o n s  i n  t h e  P a c i f i c  with t h e  genera l  information 
and s p e c i f i c  i n s t r u o t i o n s  needed f o r  e f f e c t i v e l y  
per forn ing  t h e i r  r o l e s  as wave r epor t ing  s t a t i o n s  
i n  t h e  warning system. Not only t h e  r egu la r  t i d e  
observer, b u t  a l l  a l t e r n a t e s  o r  s u b s t i t u t e s  who 
have been designated t o  act  f o r  him when he is not  
ava i l ab le ,  should become familiar wi th  it. It 
supersedes t h e  previous manual and i n s t r u c t i o n s .  

If a d d i t i o n a l  copies  a r e  wanted, or if addi t ion-  
al information is needed, write to The Director,  
U. S. Coast and Geodetic Survey, Washington 25, D. C. 
o r  t o  t h e  D i s t r i c t  Off ice  of t h e  Coast and Geodetic 
Survey t o  which t h e  records from t h e  t i d e  s t a t i o n s  
are sent. 

Sec t ion  of Oceanography, Division of Tides and 
Currents . 

The purpose of t h i s  manual is t o  provide t i d e  

This manual was prepared by W. B. Zerbe, Chief, 
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TiAVE HETORTING MANUAL FOR TIDE OBSERVERS I N  THE 
SEISXIC SEA WAVf3 U R N I N G  SYSTEM. 

I. Seismic Sea flave~s 

1. Cause. Seismic sea waves (a l so  ca l led  "tsunamis" and 
" t i d a l  wa-7 a r e  waves set  up in  t h e  water by an earthquake 
under the  sea. There are many submarine earthquakes t h a t  do not  
produce sea waves and of ten  t h e  waves produced are small, but 
t he  occasional l a rge  ones have been c o s t l y  of l i f e  and property. 
They can be very damging both t o  property on shore and t o  ships 
i n  harbors. A t  sea they  a r e  low, long, and harmless; it i s  t h e  
underwater fea tures  near shore t h a t  oaiise them t o  bui ld  up t o  
dangerous size.  
the  cause of dangerous waves, there  appears t o  be no way of 
determining whether a pa r t i cu la r  earthquake has generated a 
wave except by observation. 

Except t h a t  small shocks can be eliminated as 

2. Frequency. Lists have been published of  the  l a r g e r  
seismic sea waves t h a t  have occurred throughout the world. 
There a r e  of ten a number of years in sucoession without a serious 
wave, but i n  some years  t he re  have been several. In  1946, f o r  
instance, there  were th ree  earthquakes t h a t  produced very 
damaging waves -- earthqiiakes in the Aleutian Trench, near t h e  
Dominican Republio, and Japan. Probably no t  a year passes with- 
out several  seismic s e a  waves i n  the Paoific basin,  m o s t  of t h e m  
small. 
waves t h a t  have reached the  i s lands  froin 1868 t o  1846, 11 have 
caused damage, making an  average o f  one damaging wave eaoh 7 
years. 
yet i n  one year  there were t w o  severe waves. 

A l i s t  f o r  t h e  Hawaiian Islands shows tha t ,  of the many 

The longeat period between damaging waves was 23 years, 

3. Propagation. Though t h e  waves t r a v e l  outward i n  a l l  
d i rec t ions  f r o m t h e  earthquake epicenter,  some areas are pro- 
tected by the in te r fe rence  of topographic fea tures .  It has been 
suggested t h a t  i n  some instanaes t h e  waves are d i rec t iona l ,  tht 
is, t h e  impulse may be s t ronger  i n  one d i r ec t ion  than  i n  others.  
Their speed depends on depth. In  the  deep water of t he  open 
ocean t h e i r  speed i s  of the order of  300 t o  500 h o t s ,  t h e i r  
length may be a s  much as  100 m i l e s ,  but t h e i r  height 1s probably 
not more than a f e w  f ee t .  I n  t h e  open sea they  a r e  harmless and 
w i l l  pass a ship unnoticed. Upon reaching shoaler water t h e y  
decrease i n  ve loc i ty  and length, and increase i n  height and they 
can become dangerous even a t  a grea t  dis tance froin t h e i r  origin.  
I n  t h e  warning system, even a small wave must be considered of 
s u f f i c i e n t  importance t o  warran< reporting, f o r  a wave t h a t  i s  
small a t  one place mag be l a r g e  and des t ruc t ive  a t  a n o t b r .  
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4. Observable features. Because of t h e i r  g rea t  length and 

During the  1946 wave, men on ships  stand- 
small height, t he  waves cannot be detected a t  sea either from a 
sh ip  o r  f rom t h e  air. 
ing off t h e  IIawaiian coas ts  oould see t h e  waves breaking on 
shore yet  ex-periencod nothing unusual themselves. On shore, 
sometines t h e  f i rs t  not iceable  pa r t  of  t he  wave i s  the  trough 
which oauses a recession of  t h e  water, and people who have gone 
out t o  inves t iga te  t h e  unusual exposure of t h e  beach have been 
engulfed by t h e  onco-ing c re s t .  Such an unexplained withdrawal 
of t h e  sea should be considered as nature ' s  warning of an ap- 
proachine wave. Tide gage records of  t h e  waves of April 1, 1946 
and of  many others show t h a t  t he  recession i s  usually,  though 
not  always, preceded by a smaller but d i s t i n c t  rise of t h e  water 
level. The waves a r e  so long t h a t  they may not  be v i sua l ly  re- 
cognizable a s  waves but only a s  a general r i s i n g  and  f a l l i n g  of  
t h e  water surface.  In  favorable locat ions,  the  orest  may over- 
t ake  the  trough some dis tance offshore so t h a t  t h e  wave advanoes 
t o  t h e  shore as a bore, Qr wave with a steep, churning f ron t .  

5. Destructive force.  A t  some places the  advancing t u r -  -.- 
bulent wave f ron t  is t h e  most des t ruc t ive  pa r t  of t h e  wave. 
','hero t h e  r i se  is  quiet ,  the  outflow of vratsr t o  the  sea be- 
tween crests nay be rapid and destruct ive,  oarrying grea t  rocks 
and b u i l d i n p  with it. For ships,  t h e  mere nearness of shore 
a t  suoh a t i m e  i s  dangerous. The des t ruc t ive  i'orce of such 
waves should not be minimized. The wave from t h e  earthquake of 
April  1, 1946 i n  the Aleutian Trench dernolished Sootch Ca? l i g h t  
s t a t i o n  which was s i t u a t e d  nesrby on a %'-foot high promontory. 
I n  t h e  Yawaiian Is lands 2200 m i l e s  away i t  took 173 l i v e s  and 
caused property dcmge of $25,000,000. There the  water rose t o  
heights as  g rea t  as 50 feet .  A t  a point a s  d i s t a n t  as IquiqLle, 
Chile, several boats were destroyed, and a 30-fOOt wave was re- 
ported t o  have s t ruck  the  Juan Ferzlandez Is lands 600 miles off 
Val para i  s o 

6. Period and duration. The se isx ic  sea wave phenomenon -- 
is not j u s t  one wtive but a s e r i e s  of  waves. The t h e  bettseen 
c r e s t s  is usual ly  from 10  t o  40 minutes, and o s c i l l a t i o n s  o f  
des t ruc t ive  proportions may continue f o r  several  hours. It  may 
take  several  days for  t h e  SBR surface t o  qu ie t  down t o  i t s  nor- 
mal pat te rn .  For graphic records of seismic sea waves, see 
Figs. 6 t o  20. 
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11. The Warning System 

7. Purpose. The seismic sea wave warning system i s  a 
cooperative undertaking whose purpose i s  t o  de t ec t  the  g rea t  
sea waves t h a t  a r e  caused by submarine earthquakes s o  t h a t  
warnings of t h e i r  approach can be broadcast  t o  t he  Hawaiian 
Is lands and other  a reas  i n  the  Pac i f ic  i n  time t o  prevent t h e  
lo s s  of l i f e  t h a t  has resu l ted  f rom such waves i n  the  past .  
I t  i s  designed t o  provide t h e  center  o f  t h e  system a t  Honolulu 
promptly with the  loca t ion  of  every earthquake t h a t  could 
possibly cause a wave i n  the  Pac i f ic  and with prompt repor t s  
from observers a t  wave reporting s t a t i o n s  who a r e  a l e r t ed  when- 
ever an earthquake of wave-producing magnitude i s  located i n  
t h e i r  p a r t  of t h e  ocean. 

8. Par t ic ipa t ing  groups. There a re  four  pr inc ipa l  ac t iv-  
i t i e s  or groups pa r t i c ipa t ing  i n  t h e  operation o f  t he  warning 
system: 
s t a t ions  ), communication agencies, and the  Honolulu Center. 
The m i l i t a r y  au tho r i t i e s  and c i v i l  communities, have made t h e i r  
own arrangements f o r  disseminating warnings when t h e y  a re  a ler t -  
ed by the  Honolulu Center. 

seismograph s ta t ions ,  wave report ing s t a t ions  ( t i d e  

9. Seismogrnph s t a t ions .  The f a c t  t h a t  an earthquake has 
occurred and t h e  seismological information required t o  loca te  
i t s  epicenter  a r e  provided by seismograph s t a t ions .  
and Geodetic Survey s t a t ions  a r e  lccated a t  Fairbanks, Sitka,  
Tucson, and Honolulu (HMO). They have visual  recording seismo- 
graphs with an alarm t h a t  a l e r t s  the  observer when the re  is a 
l a rge  earthquake . Other cooperating observatories t h a t  are 
often c a l l e d  upon f o r  data  a r e  located a t  Berkeley, Pasadena, 
Huancayo, Adak, Guam, and Tokyo. Whenever t h e r e  is  a la rge  
earthquake, these s t a t i o n s  send t h e i r  seismograph readings t o  
the  Honolulu s t a t i o n  (HMO) e i t h e r  on t h e i r  own i n i t i a t i v e  o r  on 
request from Honolulu. 

U. S .  Coast 

10. HKO, The Honolulu Center. The Honolulu Magnetio Obser- 
vatory (HMO) of t h e  Coast and Geodetic Survey, is t h e  center  of 
operation of t h e  system. I t  receives and evaluates t h e  repor t s  
f rom t h e  other  seismograph s t a t ions  and deternines  the  loca t ion  
of t he  earthquake epicenter .  If t h e  ep icenter  i s  on land o r  a t  
a place where it could not  cause a sea wave i n  t h e  Pacific,  
nothing fu r the r  is done. If t h e  earthquake i s  i n  a loca t ion  
where it could cause a sea wavo, €it10 c a l l s  upon wave reporting 
s t a t i o n s  nearest  t h e  epicenter  t o  watch f o r  evidence o f  a wave 
and t o  report  back. Special  char t s  l i k e  Fig. 1 show when a 
r e su l t i ng  wave should reach Honolulu and  t he  wave reporting s t a -  
t ions ,  s o  t h a t  UNO knows how much time can be used i n  obtaining 
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reports.  If reports indicate tha t  a potent ia l ly  dangerous wave 
exis t s ,  HMO no t i f i e s  ce r t a in  designated mi l i ta ry  and c i v i l  agen- 
c i e s  accordingly. If HMO believes t h a t  there i s  no wave o r  t ha t  
it i s  too small to be dangerous, it cancels any stand-by a l e r t  
t h a t  may have been issued. 

11. Wave reporting s ta t ions.  Evidence as t o  whether a 
wave has been generated by a par t icu lar  earthquake i s  obtained 
and reported t o  Honolulu by t i d e  s ta t ions  which a re  dis t r ibuted 
throughout the Pacific.  Tide s ta t ions  report  on t h e i r  own in i -  
t i a t i v e  or upon request from HMO. 
record i s  an excellent means of revealing the existence of  a 
wave and of providing accurate information on times and heights 
as well as def in i te  negative information, only t i d e  s ta t ions  
have been formally organized in to  the  system as wave reporting 

Since the  automatic t i d e  gage 

s ta t ions .  Seismic sea wave detectors, developed i n  the Coast 
and Geodetic Survey, have been in s t a l l ed  a t  several  t i d e  s ta-  
t i ons ;  they automatically s e t  off an alarm i n  the  observer's 
quarters when they a re  actuated by a wave of proper period. 
While the function of a t i d e  s t a t ion  with respect t o  the warning 
system i s  t o  provide wave information on short  notice, it may a t  
t i nes  be the beneficiary of a sea wave warning. 

12.  Need f o r  rapid communication. Seismic sea waves t r ave l  
with such m e a t  speed t h a t  the  amount of  time avai lable  f o r  
obtaining wave reports is  verj limitod. The amount of usable 
time w i l l  depend upon the locat ion of t h e  earthquake. A wave 
from the  Aleutians could reach Eonolulu only 15 minutes a f t e r  
it arrived a t  Midway, and one from near Honshu might reach Attu 
only 30 minutes before I t  h i t  Mdway, e tc .  THe speed with which 
a t i d e  observer's report  gets  t o  Honolulu will determine how 
many is lands or  areas can be warned on the bas i s  of t ha t  report .  
GPery minute is important and rapid communication is essent ia l .  

13. The communication plan. Communioation of f ioers  of  the 
-w A- - 

mil i ta ry  services and the Civi l  Aeronautics Administration (CAA) 
have made arrangements t o  handle (by use of exis t ing mi l i ta ry  
and C B h  comnunication f a c i l i t i e s  ) the message t r a f f i c  essent ia l  
to t he  successful operation of the warning system. The arrange- 
ments provide f o r  transmission of t he  messages on a high prior- 
i t y  basis  commensurate with the need for r a p i d  communication. 
The "Communication Plan f o r  Seismic Sea Wave 'Naming System" 
designates primary and, wherevor practicable, a l te rna te  channels 
between Honolulu and each seismograph s t a t ion  and betwoen HODO- 
l u l u  and each t i d e  s ta t ion.  Each t i d e  s ta t ion ,  seismograph s ta -  
t ion,  and communication center has been supplied with a copy of 
the Communication Plan o r  with as  much of it as applies t o  t h a t  
s ta t ion .  Some of  it is repeated herein under Section VI, 
Messages. 
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14. Alerts by I_ EOAO. The c i v i l  and mil i tary authori t ies  i n  
the  Hawaiian Islands have designated ce r t a in  central  agencies t o  
receive warnings from HMO, and-they a r e  a ler ted by HtO -whenever 
it believes a warning i s  j u s t i f i ed  by wave reports. 
dissemination of warnings i s  the responsibi l i ty  of these agen- 
cies,  the mil i tary authori t ies ,  and the c i v i l  oommunities. A 
br ie f  doscription of how they a r e  organized for  such an emergen- 
cy i s  interest ing and may be helpful t o  others. 

The fur ther  

15. Disse.dnation of warnings. Vhen HMO reports t ha t  an --- -- 
alarm is jus t i f ied ,  mil i tary authori t ies  i n  Honolulu issue the 
warnings t o  a l l  mil i tary bases tha t  might be affected,  
c o m n d e r s  w i l l  put  i n to  e f fec t  any precautions deemed neces- 
sary. Elsewhere warnings w i l l  be broadcast by c i v i l i a n  author- 
i t i e s .  Disaster committees have been s e t  up on a l l  the m j o r  
islands of the Hawaiian group t o  a l e r t  the population and t o  
a s s i s t  i n  evacuation and rescue as needed. I n  IIonolulu and 
Hilo,  former a i r  r a id  s i rens  now operated by the  Police depart- 
rnent w i l l  be used. 
889 wave detector has been ins ta l led  a t  the  t i d e  s t a t ion  with 
i t s  alarm i n  the  police s ta t ion.  
other islands, Civi l  A i r  Patrol planes equipped with s i rens  w i l l  
f l y  the  shoreline and sound the alarm. On a l l  the major islands 
police cars  equipped v i t h  s i rens  w i l l  pa t ro l  t he  coastal  areas. 
Local commercial broadcasting s ta t ions  w i l l  in terrupt  a l l  pro- 
grams t o  give the l a t e s t  information and instructions.  Should a 
warning occur when a radio s t a t ion  i s  closed, it w i l l  come on 
the  a i r  immediately and remain on u n t i l  the a l l  c lear  is sounded. 
Yhen there  i s  a warning, waterfront areas should be vacated, 
People should seek high ground away from shore and ships should 
head f o r  deep water of the open sea, though a ship  i n  a harbor 
w i l l  have t o  base i t s  procedure on the amount of time available. 

Base 

As a special  precaution at H i l o ,  a seismic 

On Oahu and eventually on the 
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111. Duties  of Xave Report ing S t a t i o n 8  

16. Observers. In o r d e r  t h a t  a capab le  wave r e p o r t e r  w i l l  
be a v a i l a b l e  a t  all hours,  t h e  person  i n  charge  should,  w h e r e  
neces3ary,  d e s i g n a t e  s u b s t i t u t e s  f o r  t h e  r e g u l a r  t i d e  obse rve r  
and see t h a t  each  i s  familiar w i t h  t h e  in s t rumen t s  and under- 
s t a n d s  h i s  d u t i e s  i n  t h e  warning system. 

17. L i s t  of d u t i e s .  The d u t i e s  of each  t i d e  s t a t i o n  wi th  ---- 
r e s p e c t  t o  t h e  seismic sea wave warning system may be l i s t e d  
b r i e f l y  a s  fo l lows:  

(1) 

( 2 )  

Keep t h e  t i d e  gage i n  o p e r a t i o n  a t  all 

If the s t a t i o n  has  a seismic sea wave 
t i m e s .  (See S e c t i o n  IV) .  

d e t e c t o r ,  keep it in  continuotls ope ra t ion ,  
(see S e c t i o n  v). 

Report promptly t o  IN0 any seismic sea 
wave knovm t o  e x i s t ,  even though t h e  s t a t i o n  has  
n o t  been a l e r t e d  by EIMO. (See S e c t i o n  VIII). 

record  f o r  ev idence  of  a seismic sea wave and 
r e p o r t  back t o  HMO in accordance wi th  t h e  i n -  
s t r u c t i o n s  i n  t h i s  manual. Follow any s p e c i a l  
i n s t r u c t i o n s  in t h e  message from HMO. (See 
S e c t i o n  IX). 

Answer promptly a l l  t e s t  messageo from 
HMO. (See S e c t i o n  VII). 

Inform the l o c a l  c o m u n i c a t i o n  s t a t i o n s  
i n  the warning system immediately by telephone of 
aily change i n  t h e  addresg o r  t e l ephone  number t h a t  
they use t o  reach  t h e  observer  o r  observers .  
Supply t h e  sane i n fo rma t ion  by  l e t t e r  t o  the U. 3 .  
Coast  and Geodetic Survey, i iashington 25, D. C ,  

(3) 

( 4 )  When reques t ed  by  HMO, watch t h e  t i d e  

(5 )  

(6) 

The fo l lowing  s e c t i o n s  provide the d e t a i l  needed f o r  c a r r y i n g  
o u t  t h e s e  i n s t r u c t i o n s .  

18. Caution. Even though i n s t r u c t i m s  s p e c i f y  t h a t  t h e  
observer  shall examine t h e  t i d e  r eco rd  for evidence of a seisrnic  
sea wave, it is n o t  in tended  f o r  t h e  observer  t o  assume needles8 
r i s k  t o  r each  t h e  t i d e  g a p  when t h e r e  i s  known t o  b e  a wave 
t h a t  would make t h i s  proceduro dangerous. 
s t ances ,  v i s u a l  evidenco of a wave should  be r e p o r t e d  t o  E20 
withol i t  going t o  t h e  gage. 

Under such circurn- 
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IV. The T i d e  Gage 

19. The standard automatic t i d e  gage. Each t i d e  s t a t i o n  i n  
The t h e  warning system i s  equipped with an automatic t i d e  gage. - .  

rise and f a l l  of  a f l o a t  a r e  recorded as a continuous curve by a 
penci l  moving t o  and f r o  across a sheet of paper t h a t  i s  moved 
forward slowly by clockwork. The f l o a t  r ides  on t h e  water i n  a 
v e r t i c a l  w e l l  or  pipe t o  which t h e  sea i s  admitted by a hole 
t h a t  is  small enough t o  damp out much of the  shor t  period waves 
due t o  wind. 
a l l  motions of t h e  sea surface, including the t i d e ,  seiche, and 
seismic sea waves. 

Except f o r  these waves, the  t i d e  gage record shows 

20. Care of gage. Ins t ruc t ions  in t h e  oare end operation 
of t h e  t i d e  gage are given i n  Coast and Geodetic Survey Special 
Publication No. 196, "Manual of T ide  Observations." In  o rde r  
t h a t  t he  s t a t i o n  may be able  t o  report  wave data needed i n  every 
emergency, every e f f o r t  should be made t o  keep t h e  gage running 
s a t i s f a c t o r i l y  and t o  cor rec t  operating d i f f i c u l t i e s  promptly. 
A l l  who a r e  required t o  respond t o  a l e r t s  should understand t h e  
gage and i t s  operation so t h a t  it can be s t a r t e d  i n  an emergenay 
i f  necessary. If special  questions a r i s e ,  write t o  t he  Coast 
and Geodetic Survey. 

21. Accurate time. --- Aocurate time is espec ia l ly  iniportont 
a t  tide s ta t ion8  i n  the  warning system. Before each d a i l 7  v i s i t  
t o  the  Gage, the observer should oheok h i s  watoh w i t h  the radio, 
t h e  l o c a l  cowmnioation s ta t ion ,  o r  other  re l iable  source so 
t h a t  t he  cage clock can be kept as accurate as possible. 

22, Clear record. If t h e  record i s  kept c l e a r  and d i s t i n c t  --- 
a t  a l l  times, it w i l l  help t h e  observer izzterpret the record i n  
t i n e  of an emergency. It will a l s o  make it possible t o  obtain 
good photographs of t h e  reoord l a t e r ,  and t h a t  is sometimes neo- 
essary.  For t h i s  reason, t h e  observer should a t tend  the  gage 
and make a comparative note once a day. 
essary  t o  make t h i s  note a t  t he  t i m e  of an a l e r t .  

I t  w i l l  then  be unnec- 

23. Special  scale .  'tihen reporting waws t o  IiMO, report  t h e  
ac tua l  motion of t h e  water which can be deterrllined by sca l ing  
t h e  times and heights from t h e  record. 
5y t h e  Coast and Geodetic Survey should be kept nenr the g a p  so 
t h a t  it w i l l  always be  avai lable .  Additional sca les  can be 

(This sca le  i s  for reading waves only, 
and must never be used t o  obtain t h e  height of the t i d e  given i n  
t he  d a i l y  comparative note;  t h i s  height must be obtained f r o 3  
t h e  t i d e  s t a f f . )  

-- - 
A spec ia l  s ca l e  furnished 

' obtained upon request. 
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24. Wave heights.  When reading heights,  remember t h a t  UP 
I S  TOrVARD T i  CLOCK, t h a t  is, when t h e  water rises t he  penci l  
moves toward the clock. The special  soale w i l l  give heights  
d i r e c t l y  i n  f e e t  and tenths .  If &I ordinary r u l e r  i s  used t o  
measure heights, the height s ca l e  of t h e  g a p  must be known. 
It differs f o r  d i f f e ren t  gages. A sca le  of 1:6 means that t h e  
penci l  moms 1 inch while recording a 6-inch motion of t h e  
wator, o r  2 inches t o  the  foot .  The sca les  and t h e i r  equiva- 
l e n t s  are: 

1:6 or  2 inches t o  t he  foo t ,  
1:9 o r  1 1/3 inches t o  t h e  foot,  
1:12 or 1 inch t o  t h e  foot ,  
1:15 O f  3/4 inch t o  the  foot,  
1 :24 O r  1/2 inch t o  t h e  foot,  
1 :32  o r  3/8 inch t o  t h e  foot. 

25. Wave times. The recording pencil  makes a shor t  hori-  -- 
zontal  nark each hour on t h e  hour. The t i m e  of any point on 
t h e  curve is obtained by meaouring the  d is tance  of t h e  point 
from t h e  beginning of an hour mark. The speoial  soale  w i l l  
g ive t h i s  dis tance i n  minutes, but  a r u l e r  can be used. S i i ce  
t h e  paper moves forward one inch an hour, 8 inch on t h e  record 
i s  30 minutes, $ inch i s  1 5  minutes, 1/S inch is  7; minutes, 
1/10 inch i s  6 minutes, e t c .  When using the  sca l e  o r  r u l e r  t o  
es t imate  t i m e ,  hold it near t h e  hour marks and p a r a l l e l  t o  t h e  
edge of the  paper, not p a r a l l e l  t o  t he  t i d e  curvo. The clocks 
of most gages are set t o  local  standard t i m e ,  which should be 
converted t o  Greenwich time when report ing t o  HMO (see 
Paragraph 37) .  
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V. The Seismic Sea Wave Detector 

26. The detector. Several of the t i d e  s ta t ions a r e  - 
equipped with seismic sea wave detectors which can be des- 
cribed b r i e f l y  as follows. 
inch pipe, closed a t  one end, is fixed ve r t i ca l ly  i n  the sea, 
open end down. As the sea surface r i s e s  and f a l l s ,  a i r  ?res- 
sure i n  the p i p  increases and decreases. The change i n  pres- 
sure actuates mercury i n  a U-tube. and when it i s  changed by a 
wave of suf f ic ien t  magnitude, the mercury reaches an e l e c t r i c  
contact s e t t i ng  o f f  an alarm. By placing the pipe i n  a well 
similar t o  a t i d e  gage f l o a t  well with a small access hole, 

(See Figure Z ) ,  A length of 6- 

,Valve 

&Air 

Pressure 
Chamber 

... I f Batteries 

I Electric Supply 
For Alarm Circuit 

Alarm 

Filter 

l /  
Intake 

Figure 2. Seismic sea wave detector 

the short  period waves due t o  wind a re  Bliminated. A t i n y  
hole i n  a breather i n  the top par t  of the p i p  permits the 
chamber t o  breathe without changing pressure during the slow 
r i s e  and f a l l  of the  t i d e  (it can be used only where the 
t i d a l  range i s  re la t ivo ly  small). Idore rapid r i s ings  and 
fa l l ings  of the water, such as occur with seiches and seismic 
sea waves. movo the mercury column, but the distance from 
mercury t o  contact points i s  large enough s o  t h a t  contact w i l l  
not be made by seiches normally occirrrin(= a t  a stat ion.  This 
leaves seisnic  sea waves a s  the only agency l i k e l y  t o  set off 
the alarm. 

9 



27. The recordor. A magnetioally operated penoil recorder 
i s  mounted on t h e  t i d e  gage and connected e l e c t r i c a l l y  t o  the 
alarm c i r c u i t  of the seismic sea wave detector .  It makes a 
continuous s t r a i g h t  l ine except when the seismic sea wave de- 
t e c t o r  ac tua tes  the  e l e c t r i c  c i r c u i t s .  
t h e  l i n e ,  thus providing a record of the  t i m e  a t  which the  
seismic sea wave de tec tor  s iena l led  an alarm. 

It  then makes a jog i n  

)c- 

Figure 3.  Uote on t i d e  record showing r e l a t i o n  betweon 
wave de tec tor  recording pencil  and t i d e  record i2g  pencil. 

28. Cal ibra t ion  of reoorder. To serve  i t s  purpose, t h e  pos- 
i t i o n  of t h i s  p e n c i l y i t h  r e l a t i o n  t o  t he  t i d e  r e c o r d i x  pencil 
( the  one that makes the  hour marks) must be known. Therefore 
when the paper is f i rs t  put on the  gage each month, and also on 
each v i s i t  t o  t h e  g a p ,  move t h i s  pencil  and a t  the  same t i m e  
make a mark w i t h  t he  t i d e  recording pencil. Then draw a l i n e  
pointing t o  each mark (without touching them), and near it write 
the correo t  time and gage t i m e .  For oxample, 8ee Figure 3. 
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29. Penoil adjustment. It requires  a r a t h e r  de l i ca t e  ad- 
justment t o  obtain t h e  r i g h t  pressure of the  pencil  against  t h e  
paper. 
t h e  pencil .  
write. Each day, examine the  recorder t o  see t h a t  t h e  pencil  i s  
making a l eg ib l e  mark. A f i n e  adjustment can be made merely by 
screwing t h e  pencil  lead i n  o r  out. The reoord w i l l  be improved 
by l i g h t l y  rubbing f ine  sand paper o r  emery paper ovwr the  lead 
of t h e  pencil. 

If the pressure is too  great,  t h e  magnet can not move 
If t h e  pressure is too  l i g h t ,  the pencil  w i l l  no t  

30. The weekly test .  For t h e  deteotor t o  be i n  proper 
operating condition, the  intake t o  t h e  well must be open and 
clean, t h e  pressure ohamber must be a i r t i g h t  except fo r  t h e  
brea ther  which must be open and c lear ,  and t h e  b a t t e r i e s ,  relays,  
and e l e c t r i c  c i r c u i t s  must be functioning 60 t h a t  t h e  recorder 
and alarms w i l l  operate when t h e  mercury touches D contact  i n  
e i t h e r  l e g  of t h e  U-tube. 
should reveal de te r iora t ion  and operating d i f f i c u l t i e s .  Instruo- 
t i o n s  f o r  making t h e  t e s t  and space f o r  recording the  r e s u l t s  a r e  
given on Form 802, "Report of  Weekly Test." 
should be forwarded promptly each woek t o  the  Coast and Geodetic 
Survey. 

A weekly t es t  provides data  t h a t  

The completed form 

31. Procedure when t h e  detector  s igna ls  an alarm. Yhen t h e  
de tec tor  signals an d a r n  follow the procedure i n  Sec t ionVIU.  Do 
not alert RIdO for an obviously false  alarm. 

32, False a larm and other dieorder- .  Any f a u l t y  operation 
_I 

should be corrected as  soon as  possi5le.  If t rouble  develops 
that cannot be cleared up after reading avai lable  instruct ibns,  
request fu r the r  instructions a t  once frorn t he  Coast and Geodetic 
Survey. In any event, all f a l s e  alarms and other  operating d i f -  
f i c u l t i e s ,  whether remedied o r  not, should be reported on the 
Weekly Test Form 802. 
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VI. Messages 

33. Compliance with ins t ruot ions  i n  Comunication Plan. 
Ins t ruc t ions  i n  the  CO1LM"ICATION PLAN FOR SEISMIC SEA WAVE 
WARKING SYSTEM shall be fol lowed.  Sone of t h e  pr inc ipa l  points  
t o  be remembered are t h e  following. 

34. The pa r t s  of  t he  message. Each message s h a l l  contain, 
i n  the  order given, (1)  a precedence designation o r  p r i o r i t y  in- 
dicator ,  ( 2 )  a date-time group, (3) s t a t i o n  designators f o r  both 
the  or ig ina tor  of t h e  message and t h e  addressee, (4 )  t h e  group 
count, (5 )  the  ident i fy ing  words SEISMO o r  SEISMO D W ,  and ( 6 )  
t h e  t e x t  of t h e  message. 

35. Preoedence o r  p r i o r i t y .  The term "preoedence designa- 
t ion" as used by the  m i l i t a r y  services  is e s s e n t i a l l y  equivalent 
t o  t h e  term " p r i o r i t y  indicator"  which is used by t h e  CAA. They 
provide t h e  r e l a t i v e  order i n  which messages a r e  handled o r  pro- 
cessed. 
assigned by the  or ig ina tor  of the  message, t h a t  is, by t h e  t i d e  
observer. 

Precedence designations and p r i o r i t y  indioators  a r e  

a. "Live" messages. Live messages inolude seismo- 
graph reports ,  a l e r t  messages t o  t i d e  s ta t ions ,  r ep l i e s  
by t i d e  s t a t i o n s  t o  a l e r t s ,  " t i d e  repor t s  and other  
messages containing f ac tua l  repor t s  of unusual na tura l  
phenomena which may cause o r  have oaused a condition of 
dieaster." Live messages should be assigned EXERGEMCY 
preoedence for  transmission via m i l i t a r y  channels o r  SVH 
p r i o r i t y  f o r  transmission v ia  CAll channels. 

b. Test messa 8s.  Test messages (see Paragraphs 
48, 49, a d =  assigned OPERATIOKAL I E E D I A T E  
precedence f o r  transmission over m i l i t a r y  channels and 
SVH p r i o r i t y  f o r  transmission over CM ohannels. 

C .  Routine messages. If occasion requires  
oontaot with HXO f o r  rou t ine  purposes, such as repor t s  
of instrument f a i l u r e  or  def icienoy, rout ine requests 
f o r  instrument data, etc., such messages w i l l  be 
assigned ROUTINE precedence f o r  transmission v ia  m i l i -  
t a r y  channels and OPEXATIONAL (Om) p r i o r i t y  f o r  t rans-  
mission v i a  CAA channels. 
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36. Date-time Grout. The observer w i l l  en t e r  a date-time 
group following t h e  precedence designation o r  p r i o r i t y  ind ica tor  
t o  show t h e  exact t i m e  a t  which he f in i shes  wr i t ing  the  message. 
I t  cons is t s  of s i x  f igures .  The f i rs t  two,  from 01 t o  31 denote 
t h e  date, the  next two show the hour and the  l as t  two t he  ninute. 
Thus, 8:21 Greenwich C iv i l  T ime  on 3 April would be 0308212. The 
date-time grou:, serves t o  i den t i fy  the  messages and helps i n  
evaluating t h e  contents s ince it es tab l i shes  t h e  exact time of 
or ig in .  

37, Greenwich t i m e .  Groenwich Civil Tim s h a l l  be used i n  
a l l  measeges t o  and from t h e  t i d e  s t a t ions .  
i den t i f i ed  by placing, t h e  l e t t e r  "Z" a f t e r  t h e  t i m e .  
standard t i m e  used a t  t i d e  s t a t ions  i n  t h e  Pac i f ic  t o  Sreenwich 
t i m e t -  

Greenwich t i m e  is 
To convert 

(zone Q o r  + 4 )  
( R o r  + 5)  
( 'I S o r  + 6 )  
( " T o r .+  7 )  
( " U o r  + 8 )  
( v or .+ 9) 
( l1 w o r  + 10) 
( 'I x o r  + 11) 
( Y o r  + 1 2 )  

subt rac t  12 hours from 180%. meridian t i m e  (zone M or  -12)  
" ( L o r  -11) 
" ( " K o r  -10) 

( I o r  - 9) 
H or  - 8 )  

11 

11 

11 

11 '' '' 165%. 
n 10 '' 150%. 

" 135%. 11 g n  
n 8 120'E. 

11 

11 11 ( 11 

If the  appl ica t ion  of  these  differences throws the  time i n t o  t h e  
following o r  preceding day, t h e  date must be changed accordingly 
when giving the  time as Greenwich t i m e .  
1830 on April 18 i n  l65%. t i m e ,  it w i l l  be 0530 A p r i l  19 i n  
Greenwich t i m e ,  and t h i s  t i m e  would be given i n  a date-time group 
8s 1905302. 
t h e  standard time a8 g i w n  by the  t i d e  gage, reverse the  process. 

For example, i f  it is 

To change t h e  Greenwich t i m e  given i n  a message t o  

38, Sta t ion  desipnators.  Each seismograph s t a t i o n  and t i d e  
s t a t i o n  hn8 been assigned a s t a t i o n  designator which i d e n t i f i e s  
t h e  s t a t i o n  t o  communication operating personnel. I t  e l iminates  
t h e  need fo r  giving a cumbersome nane and address. 
p r i a t e  s t a t i o n  designators s h a l l  be used i n  a l l  messages i n  ac- 
cordance with ins t ruc t ions  i n  t h e  Communication Plan for Seismic 
Sea Wave Warning System. 

The appro- 
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a. S t a t i o n  d e s i e n a t o r  f o r  WIO. The s t a t i o n  d e s i g n a t o r  
f o r  HMO I s  IIONOLULU MAGho'ETIC. 

b. S t a t i o n  desip;nators f o r  t i d e  s t a t i o n s .  The s t a t i o n  
d e s i g c a t o r  f o r  each t i d e  s t a t i o n  (except  S i t k a )  is t h e  name of 
t h e  s t a t i o n  followed by t h e  word "obsorver", t h u s :  

ATTCT OBSERVER 
ADAK OBSERVER 
DUTCIi HARBOR OBSEK'EN 
KODIAK CBSEH'JER 
S I T U  MAGNETIC 
SAN GIEGO OBSERtrER 
L A  JOLWL OBSERVER 
BALBOA OBSERVER 

SAKGA OBSERVH? 
CAKTClN OBSEIVER 
HILO OBSERVER 
JOHhrSTON OBSERTlTEh 
MIlMAY CBSERVER 
YiAKE OBSERVER 
K'rYAJALEIN OBSERVER 
GUAN CBSERVER 

39. Group count .  The group count  i s  t h e  n m b e r  of words o r  
groups of f i g u r e s  i< t h e  t e x t .  
e n t e r e d  as GROUP fol lowed b y  t h e  f i g u r e  showing t h e  a c t u a l  count  
o f  words and/or groups.  

On each message it w i l l  be  

40. Messap i d e n t i f i c a t i o n .  All live messages s h a l l  
c o n t a i n  t h e  word S E I S M O  as t h e  f i r s t  word of t h e  t e x t .  The t e x t  
of  a l l  t o s t  messages shall t x g i n  w i t t  t h e  words S E I S K O  DUII'UY. 
Such an e n t r y  pe rmi t s  r eady  i d e n t i f i c c i t i o n  of t h e  mossage by 
communicati on o p e r a t i n g  personnel .  

41. Sample message. The following is an example of t h e  
form i n  vihioh a message should be  g iven  t o  t h e  c o m u n i c a t i o n  
s t a t i o n  by the  observer .  I t  shows t h e  o r d e r  i n  which t h e  va r ious  
i t e m s  described above.are t o  be given, 

- 

EblERGENCY 0308212 
FxOIJl DUTCE W O H  OBSEWEH 
TO HONOLULU MAGNETIC 
GROUP 19 
S E I S M O  WAVE: BEGAN 08132 WATER FELL ONE POIRT 
FIVE F E E T  I N  FIVE KINUTES S T I L L  FALLING 08182 
WIU REPORT F'URTEZR. 
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VI1. Communication Tests and Rehearsals 

42. Purpose and procedure. It  i s  of extreme importance 
t h a t  t h e  system fuKtFon e f f i c i e n t l y  i n  time of emergency. 
Since genuine emerGencies a r e  infrequent, t e s t  messages a rc  
serA t o  observers per iodical ly ,  but  a t  unannounced times, i n  
order t o  provide rehearsal ,  t o  maintain conttict between obser- 
vers and communication o f f i ce r s ,  and t o  check the  speed of 
operation o f  t he  system. Both HNO and t h e  t i d e  observers w i l l  
a s s i p  0I’EIWTTOU.L ILKEDUTE precedence t o  t e s t  r-essages f o r  
transmission via mil i ta ry  channels and Svli p r i o r i t y  i f  sent via  
CAA. For purpose of identii’jcation, t e s t  messages mus t  contain 
the  words SEISZiO DlJ?CXY Freceding the t e x t  of  t h e  rmssage. 
Unless the  observer i s  spec i f i ca l ly  requested t o  go t o  the t i d e  
s t a t ion ,  he should not do SO, but should rep ly  t o  tho message 
a t  once giving merely the  t i n e  of i t s  rece ip t .  

43. Test message fron HXO. The following is a sanple t e s t  
message RS it would be prepared a t  HXO. 

OPEIUTIONAL 11ihXDIATE 0410242 
FROB! HONOLULU NAGNET I C  
TO BALBOA OBSFRVEH 
GROUP 6 
SEISKO D U M Y  ADVISE TIiVE OF RECEIPT 

44. Reply by observer. The observer should reply a t  once, 
and it can of ten be done immediately while the communication 
of f icer  i s  s t i l l  on the  phone. The following sample can be used 
as  a standRrd f o r m  of reply. 

OPEHATI ON& IMiZDIATE 041G36Z 
FROM BALBOA OBSERVLR 
TO IiONOLULU LUGNETIC 
GROUP 6 
SEISJ.!O D W N Y  YOUR 0410242 KECEIVED 0410352 
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VIII. Procedure for  Seportinp; a Wave When Not Alerted by FMO 

45. Procedure. If the observer be l ieves  t h a t  seismic sea 
wave e x i s t s  a t  h i s  s t a t i o n  o r  i n  his  p a r t  of t h e  P a c i f i c  Ocean 
because o f  information obtained from 

( a )  v i s u a l  evidence, 
(b)  apparently re l iable  report ,  o r  
( c )  seismic 6138 wave de tec tor  alarm, 

he should proceed as follows (see Paragraph 41, Sample Message; 
Paragrbph 18, Caution; and Paragraph 37, Greenwich T i m e )  : 

(1) Send a message t o  HMO t e l l i n g  as much as is  known 
about t h e  wave, i t s  t i m e  of a r r i v a l  and size, and g ive  t h e  
basis of the information. It  i s  p r e f e r a t l e  f i r s t  t o  confirm 
(b)  and (c )  from tho  t i d e  record i f  t h a t  procedure w i l l  not 
m a t e r i a l l y  delay t h e  f i r s t  message. 
obviously f a l s e  alarm. 

wave a t  the  s t a t i o n ,  and f o r  more def ic i t0  inf'ormation on 
time of  arrival and s ize .  
X, I l l u s t r a t i v e  Examples). Send t h i s  information t o  HMG 
as soon as possible.  

mesmges t h a t  are needed t o  give E O  more d e f i n i t e  in for -  
mation on t h e  exis tence of t h e  wave or on i t s  character .  

Do not repor t  an  

( 2 )  Go t o  t h e  t i d e  gage t o  determine t h e  exis tence of 

(See Paragraphs2345 and Sect ion 

( 3 )  W t c h  t h e  t i d e  record and send any addi t iona l  

46. Precedence of messages. Assign n l ive"  message preced- 
ence t o  all of the above messages (see Paragraph 35a). 
RtO has been a le r ted ,  a l l  subsequent messages per ta in ing  t o  the 
a l e r t  -- even a message s t a t i n g  t h a t  the  alarm was false -- 
should c a r r y  t h e  same high precedence. 

Once 
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IX. Procedure i h e n  Aler ted  by  HA0 

47. The aler t  by  ELb!O. ',%en HMO l o o a t e s  a l a r g e  ear thquake 
i n  t h e  P a c i f i c ,  it w i l l  a l e r t  those t i d e  s t a t i o n s  t h a t  would be 
t h e  first; t o  exper ience  a r e s u l t i n g  wave. 
time o h a r t s ,  EM0 can  determine roughly when a wave ( i f  t h e r e  i s  
one)  should reach  t h e  t i d e  s t a t i o n .  It must a l low some leeway 
because t h e  t rave l  times are sometimes basod upon inadequfitely 
surveyed ocean areas and because t h e  ear thquake  cannot  always b e  
loca ted  wi th  F r e c i s i o n  i n  t h o  s h o r t  t i m e  a v a i l a b l e .  The nessage 
t o  t h e  t i d e  s t n t i o n  w i l l  t h e r e f o r e  u s u a l l y  i n s t r u c t  t h e  observer  
t o  examine t h e  t i d e  record  f o r  an  unusual d i s tu rbance  dur ing  a 
per iod  o f  one t o  t h r e e  hours .  

By means of travel 

48. Procedure.  "hen t h e  observer  i s  r eques t ed  t o  examine 
t h e  t i d e  r eco rd  f o r  an unusual  d i s tu rbance  e i t h e r  du r ing  a 
per iod  t h a t  has j u s t  passed or  dur ing  a poriod t h a t  extends i n t o  
t h e  immediate f u t u r e ,  he should proceed as fo l lows  ( s e e  Paragraph 
41, Sample Message; Paragraph 37, Greenwioh T h e ;  and Paragraph 
16, Caut ion)  a 

(1  ) Acknowledge t h e  a ler t  promptly. The fo l lowing  
i l l u s t r a t e s  a s a t i s f a c t o r y  t e x t  of a n  acknowledgement 
message: 

( 2 )  Go t o  gage; see t h a t  gage is  ope ra t ing .  
( 3 )  hatch reoord  as reques ted ,  exanin ing  past  r eco rd  

SEIShD YOUR 0410242 I G C E I E D  U410322 WILL COMPLY. 

as neoessary,  t o  determine e x i s t e n c e  of wave and r e p o r t  
t o  Honolulu i n  one o r  more messaces fo l lowing  i n s t r u c t i o n s  
i n  t h e  mssage and i n  Paragraphs 49 and 50 (see a l s o  Para- 
graphs 23-25). Hemember t h a t  it i s  important  t o  g e t  pre-  
l imina ry  information t o  HonolulG promptly, using a seoond 
o r  t h i r d  message t o  provide added detai l .  

49. Report ing a n  unusual d i s turbance .  If t h e  gage has  
a l r e a d y  recorded a n  unusual d i s turbance ,  d e t a i l s  of t i m e  and 
s ize  should be  s e n t  a t  onoe t o  HILO. If an unusual d i s tu rbance  
i s  be iog  recorded whi le  t h e  observer  i s  vraCching t h e  gage, he 
should w a i t  j u s t  long  enough t o  sat isfy h imsel f  t h a t  it i s  some- 
t h i n g  unusual and r e p o r t  a t  once t o  "0,  stat ing when it s t a r t e d ,  
whether t h e  water f i rs t  r o s e  o r  f e l l  and how fa r  it rose o r  f e l l  
up t o  t h e  t ine t h e  observer  l e f t  t h e  gage. If t h e  observer  i s  
n o t  s u r e  t h a t  a d i s tu rbanoe  i s  unusual enough t o  r e p o r t ,  h e  
should r e p o r t  and desc r ibe  what he sees. Do n o t  w a i t  f o r  f u l l  
d e t a i l s ,  b u t  send t h i s  f i rs t  r e p o r t  as soon as poss ib l e .  Then 
r e t u r n  t o  t h e  gage f o r  f u r t h e r  d e t a i l s  and r e p o r t  them t o  HMO i n  
a second message. (See S e c t i o n  X, I l l u s t r a t i v e  Examples). 
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50. Report ing no unusual d i s tu rbance .  If t h e  gage has n o t  
recorded  an unusual d i s t u r b a n c e  dur ing  t h e  per iod  s p e c i f i e d  i n  
IP40's message (which may have been, f o r  example, 15002 t o  1700Z), 
t h e  observer  should inform HMO immediately a t  t h e  end of the 
per iod .  
SEISMO NO UNUSUAL DISTURBANCE 15002 TO 17002. 

The following t e x t  is adequate  f o r  suoh a message: 

51. Preoedence of mossages. Assign "live" messages pre-  
cedence t o  a l l  of t h e  above messsps (see Paragraph 35a). 
messages r ep ly ing  t o  a n  a l e r t  by WD, i nc lud ing  t h e  acknowledg- 
ment message and messages g iv ing  p o s i t i v e  o r  nega t ive  informat ion  
shouid  o a r r y  "live" message precedence . 

All 
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X. I l l u s t r a t i v e  Examples 

52. Source of t h e  examplos. -L_ The following examples a r e  
given t o  a s s i s t  t he  observer i n  in t e rp re t ing  the t i d e  record and 
t o  i l l u s t r a t e  the  ac t ion  required i n  various s i tua t ions .  Few 
seismic seawaves  have occurred s ince the  formation of t h e  
warning system and, therefore ,  t o  provide t h e  desired var ie ty  of 
i l l u s t r a t i v e  examples, many o f  t he  records shown antedate the  
warning system o r  a r e  f r o m  s t a t ions  not i n  the  system. 
quently, though t h e  f igu res  a re  reproductions of ac tua l  t i d e  
records, the messages have been invented f o r  t h e  purpose of 
i l l u s t r a t i o n  . 

Conse- 

53. Explanation. Figures 4 and 5 show t i d e  records a t  
t i m e s  when there  were no seismic sea waves. A l l  of t h e  o t h e r s  
a re  records o f  actual  waves. The times shown on the  f igu r s s  
a r e  Greenwich. 

- 

Figme 4 shows three  normal t i d e  records. 
Figure 5 shows t i d e  record6 with seiche and t e l l s  

how t o  d i s t inguish  seismic sea waves from seiche. 
Figures 6 - 8 show records of seismic sea waves 

together  w i t h  queries t h a t  might have been received 
from HE0 and suggested r ep l i e s  by observers sen t  a t  
t h e  times marked by l e t t o r  on the curves. 
portions of t h e  curve6 t o  t h e  r igh t  of these points  
would not have been recorded a t  the tine t h e  observer 
sen t  his message, the  reader can put himself i n  t he  
observer's place by oovering t h e  pa r t  t o  t h e  r i g h t  o f  
these marks. Only t he  t e x t s  of  messages a r e  given here;  
f o r  a sample of a complete message, see Paragraph 41. 

Figures 9 - 20 a re  addi t ional  smples of  seismic 
sea waves, but without messages. 

- 

Since t h e  
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Figure 4. Here are three normal t i d e  records showing dif- 
fe ren t  amounts of pencil motion, due t o  wind waves, resul t ing 
e i the r  from di f fe ren t  s ize  intakes i n  the  f l o a t  wells or from 
a difference i n  the  exposure o f  the  s ta t ions  t o  waves. 

Had these s ta t ions  received the following message from HMO: 

SEISU!O OBSELtVE; TIGE WCOr-Zn BETWEN 16002 AND 18002. FiPORT ANY 
WJUSYAL ACTIVITY I M D I A T E L Y  OR ZU3PLY NEGATIVE AT 18002. 
ACFNOkitEDGE 0 

each s t a t ion  would have acknowledged it immediately, and then 
a t  abou t  18022, each would have sent  the following reply ( text  
only i s  shown here):  

SElSMO 140 UIJUSUAI, ACTIVITY BETWEEIT 16002 AND 18002. 
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Figure 5. These three t i d e  records show osc i l l a t ions  ca l l ed  
"seiche" (pronounced saysh) which may sometimes be d i f f i c u l t  t o  
d i s t inguish  from small seismic sea waves. Seismic sea waves 
of ten havo the  same period (time from c r e s t  t o  c r e s t )  a s  these 
seiches. A t  s t a t ions  D and F, t he  period i s  about t h e  same: 
1 2  t o  15 minutes; a t  E it i s  somewhat more o r  less than ha l f  an 
hour. Seiche ac t ion  is  usual ly  due t o  meteorological conditions, 
sometimes f a r  a t  sea, and some harbors tend t o  magnify the osc i l -  
l a t i ons .  

Seiche can usual ly  be distinguished from small seismic sea 
waws by remembering t h a t  seiche general ly  s t a r t s  gradually, 
growing i n  s ize  over a period of hours, whereas an ident i fy ing  
fea ture  of a seismic sea wave i s  the  sudden change i n  t h e  pat- 
t e r n  of t h e  record, as  indicated i n  the  following f igures .  
(Note pa r t i cu la r ly  Figures 9, 11, 15, and 17 which i l l u s t r a t e  
seiche p r io r  t o  the  arrival of seismic seta waves.) 

To a query r e l a t i v e  t o  unusual a c t i v i t y  on t i d e  record 
between 16002 and 15002, t h e  observer might have repl ied:  

SEISMO. NO uN[JSTTAL ACTIVITY! BETWEEN 16002 AND 13002. SEICHE 
O F  FOOT HAS BEEN ACTIVE FOR 8 KOURS OR MORE. - 
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Figure 6. Earthquake n e a r  

C a l i f o r n i a  a t  13512 4 November 
1927 produced a seismic sea wave 
t h a t  r e g i s t e r o d  on t i d e  gage a t  
La Jol la ,  C a l i f o r n i a  (below, 
scale 1:12). The wave reached 
the Hawaiian Islands as shown by 
t h e  Hi lo  t i d e  r eco rd  ( r i g h t ,  
soale 1:6). 

The t i d e  observer  might have received t h i s  query  a t  14302 f r o m  HhlO: 

SEISMO OBSEFm TIDE RECORD 14002 TO 16002. REPORT ANY UXUSUAL 
ACTIVITY IMMEDIATELY O i i  HEPLY NEGATIVE AT 16002. ACKNO'IbLEDGE. 

The observer  would have acknowledged the message imnedis te ly ,  
as follows: 

SEISW. YOUR 0414222 RECEIVED 0414302. 'JIU COILPLY. 

A t  15302 ( t i m e  A ) ,  t h e  obse rve r  could  have s e n t  t h i s  message: 

SEISMO SY&L POSSIBLE DISTUIBB,UCE TO TIDE RECORD BEGX? Ai3OUT 
15102. WATER ROSE 0.1 FOOT IN 5 MINUTES. FEU 0.3 RIOT I N  
10 MINUTES. 'il1LL REPORT FUXTiBR. 

At 1540 (time B), the obse rve r  could  have sent this second message: 

SEISIO. DISTURBANCE TO TIDE REC9ilD 15102 IS  DEFINITE BUT 
WAVi3 IS VERY SW.LL.. WATER HCSE 0.2 FOOT BETWXEN 15272 AND 
15322.. FELL 0.3 FOGT BY 15382. 'AILL KO'f KEPORT AGAIN 
UNLESS iiAVE GETS LkllGER. 
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Figure 7.  Earthquake o f f  Honshu 
I., Japan a t  04362 7 December 1944 
produced a seismic sea wave t h a t  
reg is te red  on the  t i d e  gage a t  
Xassacre Bay, Attu (below, sca le  
1 :12). 
Hawaiian Is lands a s  shown by the  
Honolulu t i d e  record ( r igh t ,  
soale 1:6). 

The wave a l s o  reached t h e  

The Attu t i d e  observer might have 
reaeived t h i s  message from HMO a t  09002. 

SEISMO. OBSEHVE TIDE RECQHD 09002 TO 11002. 

OR REPLY IJEGATIVE AT 11002. ACKNOkrZEDGE. 
IiEPOHT AlvY UNUSUAL DIST';JF&UlCE IMMEDIATELY 

The observer would h v e  acknowledged t h i s  messace inmdia te ly ,  
as follows: 

S E I S i l O .  YOUR 0708222 -E?XCEIVED 070900Z . N I L L  COMPLY. 

A t  10152 (time A ) ,  t h e  observer could have sen t  t h i s  message: 

SEISMO.  UNJSUAL D I S T U W h n J C E  9 E G M  10032. 2ATER FELL 
0.6 FOOT I N  10 MINUTES. S T I U  FUdLII\IG. 

A t  10322 (time B ) ,  t h e  observer could have aent this second message: 

SEISMO. YvATEH BEGAR FALLING 10032. FELL 0.7 FOOT BY 10152. 
THEN ROSE 0.4 FOOT I N  5 KINUTES, FELL 0.7 FOOT IN 5 ;IIIIYUTES, 
ROSE 1.5 FEET IN 5 MINUTES. FOW FAi,LI!\JG. SHIPS BAVING 
TROUSLE IIOLDING MOORINGS. NO DAMAGE ON SHOW. WILL NOT 
KEPORT AGAIN UNUSS WATrE BECOiXS LARGER. 
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Figure 8. Earthquake near t h e  
Tonga I s l ands  a t  1509Z on 8 September 
1948 produced a small seismic sea wave 
t h a t  r e g i s t e r e d  on t h e  t i d e  gage a t  
Pago Pago, Samoa (below, scale 1 :E?). 
The wave reached t h e  H a w a i i a n  Islands 
as shown by t h e  Honolulu t i d e  record 
( r i g h t ,  s c a l e  1:6). 

A t  about 18022 t h e  t i d e  observer a t  Pago Pago might have received 
t h i s  message from E d O :  

SEI;S&IO. EXALcIhX TIDE RECORD FOR UNUSUAL ACTIVITY BETb'EEN 
16002 AND 13002. HEPCHT IYXEDIATSLY. 

Af te r  acknowledging t h e  message t h e  observer would have gone 
immediately t o  t h e  gage. A t  18122 (time A), he might have s e n t  
t h i s  message : 

SEISMO. SEiS!UilC SEA hAVES SHOW DISTINCTLY. AFTER SLIGHT RISE 
WATER BEGAN T 3  DROP SIJDDEPLY AT 16152. 
OF mLF FOOT HEIGHT BY 17052. 

TYE3.E WEIU3 TIBEE iVAvES 
WAVES THEN QUIETED D3'MN. 
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Figure 9 ,  Honolulu t ide record (scale 1:6) showing seismic sea 
wave  from earthquake off the coast of Chile a t  04322 11 November 1952. 
Wave arrivod about 1928; prior osci l lat ions are seiche. 
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Figure 10. Honolulu t i d e  reoord (scale 1:6) showing seismic sea wave 
from ear thquake  near Kamchatka a t  16022 3 February 1923. 
damage i n  the Hawaiian Islands. 

This wave caused  
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Figure 11. Hilo t i d e  record  ( s o a l e  1:6)  showing seismic sea WRVB from 
Wave a r r i v e d  an ear thquake o f f  the const  of Mexico a t  03192 1 7  June 1928. 

about 1145; p r i o r  oscillations are se i che .  
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Figure 12.  Honolulu t i d e  record (scale 1:6) showing aeismic sea wave 
from an earthquake near t h e  Alaska Peninsula a t  20192 10 November 1938. 
The wave period o f  35 minutes is r a t h e r  long and unusually constant.  
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Figure 13. Tide record ( sca le  1:24) f o r  Neah Bay (near Cape Fla t te ry) ,  
i'iashington showing seismic sea wave from t h e  earthquake in t h e  Aleutian 
Trench a t  12292 1 April 1946. This was the  wave t h a t  wa8 8 0  destructive 
i n  the  Hawaiian Islands.  The wave was much l a rge r  a l i t t l e  f a r t h e r  south 
on the  Cal i forn ia  Coast (Figure 14).  
should be reported, f o r  a wave that; is small a t  one place may be large and 
destruot ive a t  another . 

This shows t h a t  even small waves 
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Figure 14. Tide record (scale 1:12) f o r  Avila. San 
Luis Obispo Bay, California showing seismic sea wave or 
tsunami from earthquake i n  the Aleutian Trench a t  12292 
1 Apri l  1946. 

I 
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Figure 1 5 .  
wave from earthquake i n  the  Aleut ian  Trench a t  12292 1 Apri l  1946. 
a r r i v e d  about 0435; p r i o r  o s c i l l a t i o n s  are seiche and wind waves. 

Callao, Peru t i d e  rocord (scale 1:12) showing seismic sea 
Wave 
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Figure 16. Ronolulu t i d e  record ( sca le  1x6) showing t h e  tsunami o r  seismic 
sea wave from earthquake i n  t h e  Aleutian Trench a t  12292 
wave caused 173 deaths and $25,000,000 property damage i n  the  Hawaiian Islands. 
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Figure 17. Tide record (scale  1:12)  for Kahului, Maui, Hawaiian Islands 
f o r  4 March 1952 showing seismic sea wRve from earthquake of f  Hokkaido, 
Japan a t  01232 4 March. 
seiche and small wind waves. 

Wave ar r ived  about 0855; p r i o r  o sc i l l a t ions  a re  
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Figure  18. Adak tide record  (scale 1:12) showing seisnic sea wave from 
Reports  of t h i s  wave by ear thquake  o f f  Kamhatka at 16582 4 November 1952. 

the Adak and Attu observerE reached EL0 i n  t i m e  f o r  warning o t h e r  a r m s .  
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Figure  19. 
ear thquake  off  Kamhatka a t  16582 4 Novembor 1952. 
d a t a  on this wave. 

Midway t i d e  record  ( sca le  1:12) showing se i sn ic  sea wave from 
Midway supplied v a l u a b l e  

Crest:; o f  waves coverod wharf n t  tho  gage. 
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Figure 20. Honolulu tide record 
(scale  1:6) showing seismic sea wave 
from earthquake off  Kmchatka at 
16582 4 November 1952. Wave reports 
from outlying t ide stations permitted 
warnings to be issued in time to  
evacuate waterfront areas and save 
many l i v e s .  Some ships put to  sea 
for safety.  Though no Uves were 
l o s t ,  property damage In the Islands 
amounted t o  about $800,000. 

- 1  
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