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Under t h e  supervis ion of  D r .  James Ilaragos, f i v e  Hilo Colleee Jiarine 

Option Program s tuden t  d i v e r s  p z r t i c i p a t e d  i n  the '  hvironment2J. Monitor- 

i n g  P r o w  acconpanying t h e  S u b u i n e  Sand Recovery System (SSRS) p i l o t  

test  a t  Keauhou Eay, Hawaii. 

Three months p r i o r  to comexement  o f  t h e  SSRS mining opera t ions ,  t he  

f i v e  s t u d e n t s  completed the f i e l d  work p r t i o n  o f  t h e  Offshore A g p e g a t e  

Survey (OAS)  . The survey, which s p e c i f i c a l l y  inves t iga ted  t h e  nearshore  

a r e a  between Kawaihae Eay and I k h a i u l a  Bay on t h e  Kona Coast of  t h e  island 

of H a w a i i ,  c o n s t i t u t e d  a cont inuat ion o f  t h e  S t a t e  o f  Hawaii's o f f shore  

sand inventory  p g a m .  

OBJECTIVES 

The fo l lowing o b j e c t i v e s  were undertzken by t h e  OAS team i n  t h e  "hefore/ 

during/'afi;erW o l s e r v a i i o n  p e r i ~ d s  s s ~ ~ ? i c , -  t h e  xoni to r ing  pmgrarn zt. Keauhou 

, I. Observe sand f i l l  r a t e s  and implet ion p a t t e r n s  assoc ia ted  with 
e q u i l i b r a t i o n  o f  t h e  corifcal depress ions  r e s u l t i n g  from sand mining 

.II. Observe d e e p n i n g  e f f e c t s  of  d e w s i t  L -- A ,  i n  r e l a t i o n  t o  c r a t e r  degenerat ion 
B, i n  r e l a t i o n  t o  ur,dermin-3g of o r i g i n a l  cord. b u n d a r i e s  

111. Observe f o r  ,?ossible eros ion i n  r e s p n s e  t o  o f f shore  mining opera t ions  
C a t  nearby beaches . 

IV. Observe poss ib le  sand n i g r a t i o n  i n  o r  o u t  of def ined boundar ies .of  
t e s t  d e p o s i t  r e s u l t i n g  f r o a  mining o w r a t i o n s  o r  o t h e r  causes  

All c a t e p r i e s  of observat ions  d c z l t  with c h n ~ g e s  i n  t h e  n a t u r a l  t o p -  

graphy of t h e  sub!nerged depos i t  a n d  nezrby beaches i n  response to t h e  SSRS 

mining opera t ions  i n  which over  10,000 c::bic yards of sand were excavated. 

The a c t u a l  p m c e s s  of sand cxcavztion was accomplished v i a  i n s e r t i o n  

through  rater j e t t i n g  o f  t h e  recovery probe i n t o  t h e  sznd d e p c s i t  t o  a pre- 



determined depth below t h e  e x i s t i n g  sand l e v e l .  Sand surrounding t h e  i n s e r t -  

ed probe was subsequently e leva ted  to t h e  su r face  barge through hydrau l i c  

s u c t i o n  ac t ion .  

T n i s  type of sand r e t r i e v a l  formed con ica l  depress ions  o r  craters, 

with t h e  recovery probe s i t u a t e d  i n  t h e  apex pos i t ion ,  A s  s t a t e d  i n  the 

prel iminary draft of  the  SSRS p r o j e c t  Environmental Impact Statement (EIS), 

removal o f  i n  excess  of  10,000 cubic yards  of  sand was predic ted  t o  l e a v e  

numerous c r a t e r s  o r  inver ted  cones a t  t h e  va r ious  ,probe l o c a t i o n s  on t h e  

d e p o s i t  surface. 

Those c r a t e r s  formed from a s i n g l e  recovery probe l o c a t i o n  were char-  

s*i 

a c t e r i z e d  by an  i d e n t i c a l  w a l l  s lope  throughout t h e  full  360' o f  c r a t e r .  

Due t o  v a r i a t i o n s  i n  sand p a r t i c l e  cornpsition and t h e r e f o r e  hydraul ic  

p r o p e r t i e s ,  some minor exceptions were observed i n  t h e  lower reg ions  of 

each c r a t e r  ( r e f e r  t o  Figure E). 

. Useage of a f l u i d i z i n g  pipe  by t h e  test  crew inc reased  t h e  maxinui 

recovery e f f i c i e n c y  of a s i n g l e  probe loca t ion .  The PVC f l u i d i z i n g  pipe x a s  

10 meters i n  l eng th  and 1.5 cent imeters  i n  diameter. The pipe  w a s  perfor-  

ated with  numerous s n a l l  d r i l l  h o l e s  arranged i n  a s i n g l e  s t r a i g h t  row. 

a Coupled to 'the main recovery probe's water stream with s m a l l  d iameter  

f l e x  hose,  t h e  f l u i d i z i n g  pipe  had its own i s o l a t e d  water  flow and subse- 

, .w 
quent  j e t t i n g  a c t i o n ,  

Water streams i s s u i n g  from t h e  pipe pe r fo ra t ions  eroded l i m i t e d  s e c t -  

i o n s  o f  t h e  c r a t e r  wall and f l u i d i z e d  t h e  sand, c a r r y i n g  it t o  t h e  c r a t e r  

apex uhere  recovery v i a  hydraul ic  suc t ion  took place. 

An o r i g i n a l l y  symmetrical crater underwent va r ious  t ransformat ions  

involving diameter. extension,  decrease i n  t r z d l  s lope ,  e t c .  through useage 

of  t h e  f l u i d i z i n g  pipe. I n  one i n s t a n c e ,  t h e  f l u i d i z i n g  pipe generated 

depress ions  11'nich connected and subsequently incorporated severa l  i s o l a t e d  

e n t e r s  i n t o  a s i n g l e  i r r e e a r l y  shaped, asymnetricdl ,  conc;Ionerate c r a t e r  



(. see  photo A) .  
. . 

A s  i n d i c a t e d  i n  t h e  prel iminary draft of  t h e  p r o j e c t  EIS, wave a c t i o n  

was expected to f i l l ' i n  t h e  probe c r a t e r s  with an es t imated o v c r a l l  v e r t i c a l  

deepening o f  t h e  d e p o s i t  of  two meters. Depressions o r  deepened a r e a s  o f  

approximately f o u r  meters below t h e  o r i g i n a l  sand l e v e l  were predic ted  to  

remain i n  t h e  immediate l o c a l e  of each recovery crater posi t ion .  It was 

uncer ta in  as t o  whether t h i s  l e v e l l e d  a r e a  would remain deepened o r  grd- 

u a l l y  f i l l  with sand migrating'from ad jacen t  deeper water  d e p o s i t s  o r  on- 

shore sand r e s e r v o i r s .  

Also i n i M l y  predic ted  was t h e  exppsure o f  new rock md/or  dead 
%*. 

c o r a l  s u r f a c e s  along t h e  c o r a l  boundary of  t h e  d e p s i t  i n  response t o  t h e  

o v e r a l l  d e e p n i n g  i n  t h e  a rea .  Also o u t l i n e d  was t h e  p o t e n t i a l  advantage 

found i n  t h i s  exposure of f r e s h  s o l i d  s u b s t r z t e s .  It was suggested t h a t  

t h e s e  could se rve  as colonizat ion a r e a s  f o r  c o r a l s  and o t h e r  solid-s11'osi;rate 

r e q u i r i n g  organisms. 

I n  c l o s e  assoc ia t ion  with t h e  new s u b s t r a t e  exposure, another  poss ib le  

effect t o  be monitored w a s  any undemining a c t i v i t y  o f  tine o r ig i ,na l  c o r a l  

boundary of t h e  test  depos i t .  It w a s  suggested t h a t  such undermining a c t i o n  
a a+" 

might cause cracking and co l l apse  of t h e  f r a g i l e  r e e f  fraierrork,  e s p e c i a l l y  

i n  areas abundant i n  t h e  f i n g e r  c o r a l  P o r i t e s  connressa. 

R The t h i r d  category of observat ions  d e a l t  with t h e  p s s i b l e  e ros ion  o f  

nearby beaches i n  r e s p n s e  to t h e  o f f shore  sand mining opera t ions  a t  t h e  

Keauhou s i te .  Following t h e  concept. t h a t  sand s:ould be l o s t  f r o m  nearby 

beaches i n  o r d e r  to take  the place of t h e  excavated o f f shore  sand, o r  t h a t '  

mining might otherwise i n t e r r u p t  t h e  n a t u r a l  s a d  conflux of  t h e s e  beaches 

with offshore  d e p o s i t s ,  those  beaches of c l o s e s t  proximity to t h e  work site 

were monitored. These \;ere W d u u  k k  and Disappearing Sands &aches. 

A s  i l l u s t r a t e d  on t h e  nasLer map $1, .Yahaluu and Disaplxar ing Sands Beaches 

are r e s p e c t i v e l y  1.25 and 2.8 ki1o:neters nor th  of the t e s t  d e w s i t .  
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The four th  c a t e p r y  of  observat ions  dealt with t h e  p s s i b l e  m i p a t i o n  

of sand i n  o r  o u t  of tho  tes t  d e p o s i t  boundaries i n  response to mining 

opera t ions  o r  o t h e r  causes, The r e s u l t a n t  e f f e c t s  o f  e l imina t ing  more 

than 10,000 cubic  yards of  sand f r o n  t h e  integrated nearshore sand bud&t 

v i a  excavation were uncer tz in .  Such an excavation m i & t  impose a n  inba l -  

ante on t h e  o v e r a l l  system and t r i g g e r  a n  incoming migrat ion of sand from 

e x t e r i o r  sources ,  such as onshore beach systems o r  deeper water  d e p o s i t s ,  

.This  p o t e n t i a l  response t o  t h e  sand d e f i c i t  c rea ted  by mining opera t ions  

was suggested i n  t h e  prel iminary draft o f  t h e  SSRS EIS as a p s s i b l e  node 

of d e p s i t  adjustment. 

mT!rIODS 

The first category of observat ions  concen t ra t ing  on sand f i l l  rates 

reql.cired t!.m t.y,%s of measurements. The first was zzczsrned vf th L\o rrz",e 

of sand fill i n t o  t h e  ind iv idua l  c r a t e r s  l e f t  by t h e  recovery probe; p r i m -  

ily from t h e  i m e d i a t e  a r e a  surrounding each c r a t e r .  Tne second n o t  on ly  

i n v e s t i g a t e d  changes i n  t h e  surface  l e v e l  of t h e  d e p o s i t ,  b u t  a l s o  monitored 

,.--. boundary c h L g e s  i n  response to sand migrat ion from a l l  p o i n t s  o f  t h e  o r i g -  

i n a l  d e p o s i t  boundaries t o  t h e  c r a t e r  pos i t ions .  

. :' Sand l e v e l s  were monitored p e r i o d i c a l l y  us ing t h e  fo l lowing technique: 

20 rebar s t a k e s  1,s meters i n  l eng th  were secured a t  r e g u l a r  d i s t a n c e  i n t e r -  

va l s  along the  perimeter  of  t h e  d e p o s i t  (see Figure A ) .  Stakes were posi- 

t ioned i n  c o r a l  s t r u c t u r e s  t h a t  appeared f i r n l y  f ixed  t o  t h e  bottom and 

t h u s  r e s i s t a n t  t o . p o s s i b l e  undermining e f f e c t s  o f  s h i f t i n g  sand, 

A l i n e  of  s tandard 210 cent imeter  l e n g t h  was extended from t h e  t o p  o f  

each s t a k e  hor izon ta l ly  o u t  over  t h e  sand. A groove was engraved on t o p  

of each s t ake  i n  o rder  t o  s tandardize  t h e  angle  of l i n e  extension.  Once 

properly extended over t h e  d e p o s i t  edge, t h e  l i n e  was l e v e l l e d  with an 
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a t t a c h e d  l i n e  l e v e l .  From t h e  t i p  of t h e  l e v e l l e d  l i n e  over  t h e  sand, ano the r  

c a l i b r a t e d  l i n e  with a b r a s s  plumb bob a t t ached  t o  one end was used t o  mea- 

sure t h e  v e r t i c a l  d i s t a n c e  between t h e  l e v e l l e d  l i n e  and t h e  d e p o s i t  sur- 

face (see  Figure and photo B). 
. . 

b d 
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Figure  B r sand l e v e l  measuring scheine 

I n  a d d i t i o n  t o  t h e  v e r t i c a l  measurements, h o r i z o n t a l  measurements, "a" 
i-r 

and "a"', a long  t h e  ca l ibra ted .  l e v e l l e d  l i n e ,  were k k e n  t o  i d e n t i f y  any 

v a r i a t i o n s  i n  d i s t a n c e  between the imaovable s t a k e  and t h e  coral /sand i n t e r -  

, .' 
f a c e ,  o r  d e p o s i t  boundary, 

Such l a t e r a l  o r  h o r i z o n t a l  sand s h i f t  measure;?.en.ts were p red ic ted  t o  

r e v e a l  minor i f  any a l t e r a t i o n s  i n  sand/coral i ~ t e r f a ,  -e l o c a t i o n .  T h i s  

pre l iminary  suggest ion was made based on t h e  extreme i s o l a t i o n  o f  t h e  

d e p o s i t  as p e r p t u a t b d  by t h e  c o r a l  a r e n a  surrouni?ir?g n e a r l y  t h e  f u l l  per- 

imeter o f  t h e  t e s t  d e p s i t .  An average s lope  of 3 9  w a s  observed f o r  t h e  

ma jo r i tv  o f  t h e  c o r a l  w a l l  e n c o ~ p s s i n g  t h e  dewsit, 

Tho importance o f  h o r i z o n t a l  l i n e  mcasuren~::ts would slirface i f  a 

given test d e p o s i t  was charac te r i zed  witin l i t t l e  o r  no s o l i d  s u b s t r a t e  



boundaries, and t h u s  c l o s e l y  in ter twined with ad jacen t  Gand depos i t s .  I n  

t h i s  suggested case ,  l a t e r a l  sand s h i f t  and subsequent a l t e r a t i o n s  i n  t h e  

aerial conf igura t ion of  t h e  d e p o s i t  could e a s i l y  occur. 

The second p u p  of sand f i l l  n t e  observat ions  u t i l i z e d  a less 

q u a n t i t a t i v e  procedure and r e l i e d  nore on v i s u a l  d i v e r  observat ions  ob ta in -  

ed t h e  same day t h a t  stake measurements were taken. Divers inspected each 

crater o r  conglomerate c r a t e r ,  and recorded t h e  condi t ion  of  t h e  walls and 

r i m ,  r e p o r t i n g  any evidence of sand migrat ion from t h e  immedizte a r e a  

surrounding each crater. If sand migrat ion was ev iden t ,  t h e  d i s t a n c e  froin 

t h e  e x i s t i n g  c r a t e r  r i m  t o  t h e  o u t e r  boundary o f  migra t ing sand was measured 

-> 

and recorded. 

The f o u r t h  major group o f  d e p o s i t  observat ions  d e z l t  with p s s i b l e  

sand migration i n  o r  o u t  of  t h e  d e p o s i t  boundaries i n  e i t h e r  suspended o r  

otherwise mobile form. These observat ions  a l s o  r e l i e d  on t h e  l e s s  quanti- 

t a t i v e  d i v e r  v i s u a l  dnvesigation method. 1f p x t i c l e  migrzt ion w a s  obser- 

ved, t h e  amount and r e l a t i v e  v e l o c i t y  of  movement w a s  est imated and r e -  

corded. Veloci ty  was est imated with a time comwnent based on consecutive 

monitoring d a t e s  as re fe rence  p i n t s ,  

Riotographic documentation of  the d e p o s i t  su r face  was incl*ded a t  
rn 

var ious  s t a g e s  of t h e  mining opera t ions ,  e s p e c i a l l y  i n  tine immediate l o c z l e  

o f  t h e  recovery c r a t e r s .  
. ?  

The last major categpry of observat ions  d e a l t  with t h e  pe r iod ic  eval- 

ua t ion  o f  t h e  nearby beaches, iCaha3uu and Disappearing Sands. The beach 

p r o f i l e  method described by Moberly and Chamberlatn (1964.) has u t i l i z e d  t o  

determine t h e  per iodic  morphological condi t ion  of  each beach. 

h f i l e s  Mere taken p r p e n d i c u l a r  to  t h e  major axis o f  each beach; 

u s u a l l y  one p r o f i l e  a t  b t h  ends, i n  t h e  c e n t e r ,  and a t  any o t h e r  p o s i t i o n  

o f  t h e  beach wtiere t h e  major axis dev ia ted  noticeably.  It was assumed that 

each tract of  beach f a c i n g  t h e  open s e a  i n  a d i f f e r e n t  d i r e c t i o n  would be 



affected d i f f e r e n t l y  by a preva i l ing  swell condi t ion;  t h u s  the n e c e s s i t y  
. - 

f o r  mul t ip le  p r o f i l e s  (see  Figures C and D) . 
For b h a l u u  Beach, t h r e e  such p r o f i l e  s t a t i o n s  were secured,  each 

f a c i n g  a d i f f e r e n t  p reva i l ing  swell  d i r e c t i o n .  Only one s t a t i o n  b r a s  

marked o f f  f o r  Disappearing Sands Beach due t o  the brev i ty  of  beach l e n g t h  

and es t imated volume. The p r o f i l e  s t a t i o n  was secured i n  t h e  c e n t e r  o f  t h e  

beach where t h e  major concentra t ion of  sand b r a s  located .  

I n  a d d i t i o n  to beach p r o f i l e s ,  photographic documentation accompa- 

n ied  each monitoring v i s i t  s o  t o  ob ta in  a more complete d e s c r i p t i o n  of  

each beacht$ pe r iod ic  condi t ion  (see photos F through I). 
4 

RESULTS 

Observation d i v e s  were taken a t  t h e  Keauhou si te on 8/27, 8/29, 9/10, 

9/21, 10/27-28, 11/30-31, and 3/15-16, providing conparison SWV-eys th=r?$- 

o u t  t h e  mining opera t ions .  I n  a d d i t i o n  to t h e  sand l e v e l  measurements, 

va r ious  physica l  p a r m e t e r  e s t ima tes  such as wind v e l o c i t y ,  sea oondi t ions ,  

underwater v i s i b i l i t y ,  and sand r i p p l e  formations were a l s o  recorded. 
,- 

Sand l e v e l  measurements were taken on 9/10, 9/21, and 3/15. On t h e  

9/10, 9/21, and 3/15 d ives ,  t h e  f u l l  compliment of  20 s t a k e s  were measured, 

'' (see Table 1). 

Diver observat ions  taken e a r l y  i n  t h e  monitoring program ind ica ted  sand 

hlovement i n t o  t h e  ?robe recovery c r a t e r s  was limited t o  t h e  immediate neigh- 

b r h o o d  of  each c r a t e r .  For t h i s  reason,  only those  s t a k e s  in t h e  d i r e c t  

v i c i n i t y  of  t h e  recovery p s i t i o n s  were measured on t h e  10/27 dive .  How- 

ever ,  on each d i v e ,  t h e  ful l  perimeter  of t h e  d e p o s i t  was examined us ing 

a d d i t i o n a l  s t e a d f z s t  b t t o m  s t r u c t u r e s  a s  es t imat ion standards.  These 

primary 9/10, 9/21, and 10/27 inspec t ions  y ie lded no appreciable  i n f l u x  of 

sand i n t o  t h e  excavztion area a t  any d e p o s i t  l o c a t i o n  o t h e r  than t h e  immediate 
4 



l o c a l e  o f  t h e  recovery c r a t e r s  ( r e f e r  t o  Figure A ) .  

T h i s  t r end  o f  l o c a l i z e d  c r a t e r  implet ion i s  portrayed i n  t h e x b  o r  

summation of change va lues  l i s t e d  i n  Table 1 i n  which s t a k e s  bordering t h e  

approximate c r a t e r  p o s i t i o n s  show t h e  most s i g n i f i c a n t  change i n  l e v e l .  

Small movements i n  l o c a t i o n  o f  t h e  bubble i n  t h e  l i n e  l e v e l  resulted i n  

a + 4 cent imeter  range of va lues  f o r  one "bit v e r t i c a l  d i s t a n c e  measure- 

ment. Therefore measurements were assumed wi th in  a * 4 cent imeter  range 

of accuracy and s igni f icance .  

I n  disagn?ement with t h e  assumed t r e n d  w e r e Z A v a l u e s  f o r  s t a k e s  5, 7, 

* - and 10 which a l s o  revealed  a s i g n i f i c a n t  decrease i n  sand l e v e l .  Obser- 

v a t i o n s  taken on t h e  last 3/15 v i s i t  d i d  no t  perceive any no t i ceab le  s lop-  

ing o r  o t h e r  i n d i c a t i o n s  of g ross  sand migrat ion over t h e  125 meter s t r e t c h  

of d e p s i t  between these  deeper water s t a k e s a n d  t h e  excavation c r a t e r s  loca -  

t e d  i n  shallower water. Such a d e p o s i t  s lop ing  was prominent f o r  s t a k e  psi- 

t i o n s  13-14, 19-20, and 3-4. 

The d i s t i n c t i o n  between s i g n i f i c a n t P A  va lues  f o r  t h e  excavation-zone, 

shallow water  s t a k e s  and t h e  deeper water sta..es bras n o t  a c c u r a t e l y  

de f ined  by t h e  u t i l i z e d  nethods of inves t iga t ion .  It i s  suggested t h a t  
C1" 

t h e  sand l e v e l  decrease  i n  t h e  deeper por t ion  of  t h e  d e p o s i t  r ep resen ted  most- 

l y  l o c a l i z e d  sand novements, o r  novenents express ing a c u r r e n t  in f luence  on 

, .T sand bordering t h e  sand/coral i n t e r f a c e ;  comparable to t h e  cons tan t  m e t s -  

rnorpE-s t a k i n g  place  a t  a bank i n  a r i v e r  bend. Although un l ike ly ,  sand 

m i p z t i o n  nay have taken place  from even t h i s  remote s e c t i o n  of  t h e  depos- 

i t  t o  t n e  probe c r a t e r s ,  T h i s  asswnrtion was n o t  s u b s t a n t i a t e d  by any d i v e r  

observat ions  d u r i n g  the  monitoring. IIowever, w i t h  adequate passage o f  

t i n e ,  such a process would undoubtedly occur t o  sone degree. 

Observations of  c r a t e r  e q u i l i b r a t i o n  revealed a genera l  decrease  i n  

c r a t e r  s lope  accompanied by a decrease i n  c r a t c r  apex depth. Sand f i l l  

appeared e n d e ~ d c  of a r e a s  ininediately ad jacen t  t o  each ind iv idua l  c r a t c r .  



A migration zone of up to t ! r e e  n e t e r s  i n  width was observed on the 

9/10 and 9/21 dives .  Inc reas ing  i n  size w i t h  e lapsed time, t h e  zone 

progress ively  widened t o  a naxinun of  15 meters enconpassing t h e  r i n  o f  

t h e  l a r g e s t  conglomerate c r a t e r .  This c r a t e r  is i d e a l l y  i l l u s t r a t e d  

a long with the m i g m t i o n  zone i n  

burhd corn1 m m t s  

live coral e d g e  coral /sand interface 

original crater subsurface sand 

and sand ni;=z-atioa zone 

>a Several i n d i c a t o r s  were presumed to denote t h e  migrat ion zone of iolplet- 

i n g  sand, A g e n t l e  s lop ing  of  t h e  sand su r fzce  i n t o  t h e  c r a t e r s  coupled 

with the  v a z i z t i o n  i n  c o l o r  betrreen freshly-uncovered, p a y i s h  o r  
, .* 

poorly oxiclised sand ar,3 t h e  lister-shaded, wel l  oxidized surface m a t -  

erial  p v e d  s i&ficar . t  i n d i c a t i o n s  o f  t h e  m i g z t i o n  zone, 

Another s ign  o l  freshly uncovered sand was "he presence of  small, well-  

defined ri3;les o r  rills i n  t h e  z5 ,p . t fon  zone encompassing each c r a t e r  

r i m .  The o r i g l ~ a l  s?.:;d l e v e l  zdjacen-1; t o  t n i s  area d i d  n o t  d i s p l a y  t h i s  

l u t t e r n ,  but  sras dist.:n:~~ishcd by i r r e s d a r  i n d e n t a t i o n s  and s u b t l e  con- 

t o u r s  a ssu i~ed  t o  c h ~ ? - c t e r i z e  relatively undisturbed por t ions  o f  sand. Any 

t re l l  defincci r i p p l e  s c t s  found i n  t h e  ~ n d i s t ~ b c d  sand areas encornpssing 



each migra t ion zone trere u s m l l y  o r i e n t e d  a t  a n  anc le  dLf fc ren t  than t h a t  

of the wel l  def ined rills within  t h e  migrat ion zone. 

Degeneration of  newly f o m e d  c r a t e r  r r d l l s  was expressed i n  changes of 

crater s lope  and diameter. i l i th  f u r t h e r  passage o f  t i n e ,  t h e  u n d e r l y i n ~  

degenerat ion p a t t e r n  observed f o r  a l l  n ine  c r a t e r s  was an i n c r e a s e  i n  dia- 

meter, a decrease  i n  w a l l  s lope ,  and a decrease  i n  crater apex depth.  

By t h e  9/21 observat ion d i v e ,  t h e  recovery probe had been r e l o c a t e d  
. - 

i n  the second recoveryvfor tr-ro days ,  a l lo t r ing  t h e  first c r a t e r  to adjust .  
p3:t&k 

f o r  t h i s  l e n g t h  of  t i n e .  The w a l l  o f  this o r i g i n a l  c r a t e r  appeared 

un i fo rn  i n  d e p e e  of S#%f& s lope  except  f o r  an i n c r e a s e  i n  s t c e ~ n e s s  a t  
"a 

t h e  apex where n a t e r i a l  of  a g r e a t e r  conpact~less  was presmed  t o  e x i s t .  

By t h e  3/15 d i v e ,  c r a t e r  s lope  decreased to such a degree t h a t  t h e  e n t i r e  

southeas tern  end of t h e  shallower p r t i o n  of  t'ne d e p s i t  angled i n t o  a 

l a r g e  conglomerate chpressicr,, o r  what was previously t h e  genera l  loca -  

ti52 cf the t ?e l l  defined excavztion c r a t e r s .  

The genera l  p a t t e r n  05 ove&al l  so f t en ing  of c r a t e r  r i m  an6 r i a l 1  s l o z e  

with f u r t h e r  of  t i n e  tras observed i n  a l l  success ively  ~ m d u c e d  

c r a t e r s .  The naximun d i s t a n c e  from which sand migrated tolrards a c r a t e r  

-ma. r i m  approached 15 meters, a s  observed on t h e  3/15 dive .  It 

should be noted t h a t  t h i s  observat ion w a s  dependent u p n  r i m  l o c a t i o n  and 

c r a t e r  d iameter ;  both o f  irhich chaleed with p s s a g e  of t ine .  

Observed on t h e  9/10 and 9/21 d i v e s  was a 15-25 cent imeter  l a y e r  of 

s e a - f l u i d i z e d ,  f i n e  g r a i n  sand cover ing the full 360' of each c r a t e r  r r a l l .  

T h i s  segment of somer-;hat "elastic" sand proved uniform i n  th ickness  and 

honogcneous i n  consistency,  Upn pene t ra t ion  of tile e n t i r e  band, a 

foundation of coarse r ,  nore compact s m d  was zlkrays encountered underneath, 

The upper band o f  " e l a s t i c "  sand was assuqed to r e p r e s e n t  the f i n e r -  

s i z e d  remnants of what had once cozpr ised t h e  riioving l a y e r  of f u l l y  f l u i d i z e d  

sand previously  ~ c n e r a t c d  dur ing ac tua l  recbvery oycra t ions .  Tern ina t ion  

of  suc t ion  a c t i o n  i n  t h e  c r a t e r  apcx allowed t h c  f l u i d i z e d  l a y e r  t o  past- 
I 



i a l l y  s e t t l e  o u t  and g e l  i n t o  t h e  observed s+b t ionary  suspension. 

Observations r e e d i n g  poss ib le  undcrnin* of  t h e  o r i g i n a l  c o r a l  

boundaries i n  response to t h e  o v e r a l l  deepening effect o f  t h e  d e p o s i t  

were broken down i n t o  two catei;ozics; p r e l i n i n a r y  and secondary. As 

s u b s t a n t i a t e d  b;r t h e  l a c k  of  s i p i f i c m t  changes i n  t h e  h o r i z o n t z l  l i n e  

measurenents, t h e  prel iminary 9/10 a d  9/21 observatl.on d i v e s  r e v e d e d  

no appreciable  novenent of  sand from any of  t h e  c o r d  bomdar ies  i n  

response t o  c r a t e r  i z 2 l e t i o n  (see Table 2). Some l o c d i z e d  v m i a t i o n s  

were no t i ced  i n  i s o l a t e d  i n s t a n c e s  where depress ions  below t h e  average 

coral/sand i n t e r f a c e  l e v e l  were observed (see *oto c). 

d The secondary observat ion d i v e s  ta;':cn on 10/27, 11/30, and 3/15 

revealed  a progressive enlargement of  each c r a t e r ' s  migrat ion zone towards 

t h e  c o r d  edges of t h e  d e p s i t  ( r e f e r  t o  photo A ) .  By t h e  f ina l .  3/15 d i v e ,  

movement of  t h e  conglomerate c r a t e r ' s  m i p z t i o n  zone had progressed to t h e  

po in t  of c x p s i n g  p e v i o u s l y  de:ysltzc?, k (3 .G  PnrS.tes c o n ~ r e s s a  f r a g e n t s ,  

( see ghoto D) .  ?&croachment o f  t h e  c o r a l  edge by t h e  nLgration zone 

appro kc^^ s maximum i n  t h e  v i c i n i t y  of  survey stake i Y 3  (see photo E). 

A dual  assumption was f o m u l a t e d  t o  expla,in t h e  presence of  t h e  c o r a l  
qao;ntrtc~ 

- P*r fragilents i n  t h i s  s t r e t c h  of d e p o s i t  . A - t h e  cor'zl boundary. Tie 

assunpt ion rias hsecl on. a sequence o f  tlro events ;  e x p s u r e  of t h e  ,me- 

* .* vious ly  d e p s i t e d  d e a l  c o r a l  f r a p e n t s  v i a  szqd s h i f t ,  f o l l o ~ ~ e d  by under- 

mining and topp l ing  of c o r a l  a t  t h e  o r i g i n a l  smd/corLL i n t e r f a c e .  The 

second event  tras assumed depndent upon conple t ion of t h e  fi-st because 

exposed c o r a l  f n g ~ e n t s  -undoub-tedl.y served as founda.i;ion mate r i a l  f o r  t h e  

l i v i n g  c o r a l .  Oncc t h e  migrat ion zone reached tine scan& and buried c o r a l  

fragments, t h e  s h i f t i n g  sand served to t r a n s p o r t  t h e  f r a g n e n t s  atray from 

t h e  c o r a l  edge torrascls t h e  recovery denrcssiono.  

~ s , , ~ ~ L i o n  of p r e v i o ~ ~ s l y  d e p s i t e d  dead c o r a l  f ra ,pcnts  tras f u r -  ,. 
t h e r  v a l i d a t e d  by s n  observntion m d e  bjr the SSXS t e s t  crerr, It r:zs soon 



r e a l i z e d  t h a t  u s c a p  of t h e  f l u i d i z i n g  pipe i n  t h e  a r e a  ad jacen t  t o  t h e  

c o r a l  eQe proved impracticaJ bccause o f  f requen t  encounters witn buried 

c o r a l  f r a ~ e n t s  which h a l t e d  t h e  d e s i r e d  j e t t i n g  a c t i o n .  

It was noted t h a t  t h e  mixture of  c o r a l  f r a g e n t s  observed on t h e  
. . 

sand s u r f a c e  consis ted  predominantly o f  dead P. cor txessa ,  with a mall 

propor t ion of l i v i n e  commcssa and l o b . t a  included.  connressa 

uas t h e  major part of  tne  l i v i n ~  species of c o r a l  fra,gnents observed moving . 

towasds t h e  recovery de-pressions. 

Kahaluu and D i s a p ~ e n i n g  S m d s  beaches krere p r o f i l e d  on 7/21> ar,d 10/28, 

providing be3ore and x f t e r  survey n a t e r i a l  r e s p e c t i v e l y  (see Figures  f, 6 ,  
* 

 and^). Conpari t ive $;?otos were trtken on b o t ! ~  monitoring d a t e s  f o r  each 

beach (see *otos ? throu& I). 

Single  p r o f i l e s  talien on se-te d a t e s  o f  Disappearing k n d s  Beach 

axe c o n p a r i t i v e l y  i l l u s t r a t e d  i n  F i g m e  C.- A d e f i n i t e  inc rease  i n  hor i -  

z b n t z l  l eng th  of  tine backshore o r  berm with t h e  rot: of' coconut pins as 

a reference  po in t  occured (see E 3 m e  F). This  makcai i n c r e a s e  i n  beach 

volume successf t i l ly  concealed ,hat boulders  were p e v i o u s l y  exposed i n  K?e 

foreshore  and s~rash  zones of t h e  7/24 p r o f i l e .  Usins t h e  liean Lower Low 
. u_. 

Water Datun (IILL!~) provided by t h c  IJational Ocean Survey Tide Tables  

(1974 a d  1975) as a base of  e s t ima t ion ,  t h e  o v e r a l l  volume of  t h e  beach 

C 

inc reased  dur ing  t h e  mining operat ions.  

R r o f i l e s  of  t h e  t h r e e  I'ahaluu Beach s t a t i o n s  a r e  depic ted  i n  F igures  

and l-4 . P r o f i l e  "C", t h e  northernmost s t a t i o n  on -the beach, r e v e d e d  no 

s i g n i f ' i c a ~ t  eros ion.  I~1orpholo~ca. l  chznges f o r  t h e  s t a t i o n  were l i n i t e d  

t o  r e l o c a t i o n  of runne l s  and r i d g e s  i n  tile f o r c s h o r c / ~ c ~ t s h o r e  ; es t imated 

lor )(ah?-luu cons t i -  beach volume re ina ind  constznt .  ProTi le  s t a t i o n  "iYt * 

t u t e d  t h e  on ly  Fof i l e  t o  r c v e a l  a n  e s t i n a t e d  decrease  i n  beach volume. 

The trro p r o f i l e s  were ident3.ca.l except  f o r  a 2.75 i?eter shor tening of tine 

backshore area uhich was observed on t h e  10/23 v i s i t .  
b 
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Not ind ica ted  on Figure P of Yjnaluu 3each was a small i n t e r n i t t e n t  . 
breakwater running ikon the  shore l ine  a t  the soutnern =I: boundary t o  

a p p x i r n a t e l y  75 n e t e r s  offshore  of t h e  p r o f i l e  s t a t i o n  "C". 

Horizontal  undenrater v i s i b i l i t y  es t imates  were recorded dur ing each 

dive. Distances v n i e d  de-ndinz on ye- r ious  swel l  concXtions 2nd t h e  

d ive r ' s  p s i t i o n  i n  t h e  water c o l m .  Tns follolr ing e s t i ~ a t e s  were 

on t h e  boitom a t  t h e  c r a t e r  pos i t ions  t o  atten$ co r r e l a t i on  beween any 

t u r b i d i t y  and t n e  recovery operations.  On t h e  10/27 d ive ,  undcnrater v i s -  

i b i l i t y  ap-proached 10 ne t e r s ,  -mesuieably a r e s 9 n s e  to t h e  8-10 f o o t  Fi! 

swell which peaked ou t  thxce dzys previously. Siiel ls  decreasing t o  f o u r  

- 
f e e t  were recorded f o r  t h e  ac tua l  10/27 dive. Tie  naxi!nu.r$ v i s i b i l i t y  

observed on any of t he  d ives  a2proached 25 ne te rs .  

Ilhile i n  operzt ion,  t h e  recover: o f  sand c rea ted  soxe b x b i d i t y  i n  

t he  c r a t e r  region bunded  by t 5 e  apex a ~ d  one ha l f  -Lhe c r a t e r  depth. far- 

t5al.e s?1synaion a b v e  t he  c r a t e r  rin ~ 2 . s  never obsz-qed b- C4A-S t ezq  

although b ia raps  i d e n t i f i e d  l i a i t e d  nipat ion of suspended sedinent dur ing  

one d iv ing  v i s i t  (see photo ) . 
A concreta rel2, t ionship between sediment migration i n  o r  ou t  of t h e  

.-_ t e s t  d e p s i t  boundaries and subsequent volune modifications of the onshore 

. beaches could not  bz f o n u l a t e d  based on t h e  non-quanti tat ive visual. obser- 

. .r va t ions  secured 2 t  t h e  Kea~~hou t e s t  s i t e .  Such e s a e n e n t  could be aade only 

when based on da t a  co l lec ted  f r o a  a longer  monitering pmgraii u t i l i z i n g  a 

more s t a t i s t i c d l y  vd4.d a?-roech t o  s u h n r i n e  sand novenent. Tne use  of  

md iozc t i ve  sand t r a c e r s  over a nininu~n of 12 months as described by Ing3.e 

(1966) rrould plotluce t he  desi red s i g n i f i c a n t  d a t a  required of such s t a t eaen t s .  

A t  t h e  Xeadqou s i t e ,  no appreciable  s u b n z i n e  n i p a t i o n  of s m d  r r a s  

observed bc-tween t he  onshore beaches and t he  offshore  deposi t .  It was 

noted t h a t  b t h  beaches rrerc a t  a nlninrm of  1.25 ki1o:aeters f ron  t h e  

t e s t  s i t e .  Noticeable matcr iz l  "kans_mrt over t'nc full dis tance  ~ S t h i n  the  

limited t i n e  of noni tor ing ::as assu-;led nos t  unliIiely. 

-13- 



COKCLUSIONS 

A nunferical r a t e  o f  sand f i l l  i n t o  t h e  recovery c r a t e r s  was n o t  de- 

termined on t h e  b a s i s  of  the  d a t a  collected. Greater  emphasis was placed on 

t h e  p a t t e r n s  o f  sand f i l l  i n t o  t h e  i n d i v i d u a l  c r a t e r s  with passage o f  time. 

Sand f i l l  i n t o  t h e  c r a t e r s  o r i g i n a t e d  from a maximuii o f  15 meters from any 

o f  t h e  c r a t e r ' s  r i m s .  T'lis a r e a  o f  i n p l e t i n g  sand w a s  denoted as a sand 

migra t ion  zone. Such a zone rias observed f o r  each recovery c r a t e r .  

By t h e  f i n a l  3/15 observat ion  d i v e ,  sand movement wi th in  t h e  migra t ion  

zone encompassing t h e  l a r g e s t  conglomerate c r a t e r  reached t h e  o r i g i n a l  - 
c o r a l  boundary o f  t h e  d e p o s i t  between survey s t z k e s  2-4, o r  a l i m i t e d  s e c t i o n  

o f  60 meters  i n  cornpr ison t o  t h e  full 800 meter perimeter  of  t h e  d e p o s i t .  

Previous ly  bur ied  c o r a l  fragments a d j o i n i n g  t h e  o r i g i n a l  sand/coral  i n t e r -  

f a c e  a t  t h i s  l o c a t i o n  were exposed, The exposure was f'ollovred by a small 

. underinining ul" iile l i v i n g  c o r a l  ' u u u ~ r l a ~ y .  

The o v e r a l l  process of c r a t e r  adjustment was l ikened  t o  t h e  movement 

of  sand i n  t h e  upper c h m b e r  o f  an hourglass  when'released t o  t h e  lower 

chamber, A s  c r a t e r  diameter  increased,  r i m  circwnference increased,  and t i e  

.% 
t o t a l  volume o f  sand migra t ing  i n t o  t h e  c r a t e r  d.epressions increased log-  

a r i t h m i c a l l y .  It was predic ted  t h a t ,  given enough t ime,  sand would recede  

.: . t o  varying degrees  from every s e c t i o n  o f  t h e  d e p o s i t ' s  c o r a l  perimeter .  

With f u r t h e r  passage o f  t ime,  m o v e r a l l  "softening" o f  t h e  newly, s h a r p  

edged recovery  c r a t e r s  was observed. 

Undermining of the  o r i g i n a l  c o r a l  boundary w a s  observed only  i n  t'ne 

s e c t i o n  of c o r a l  edge bounded by survey s t a k e  l o c a t i o n s  2-4. Survey s t a k e  

#3 s tood o u t  as t h e  a r e a  of  maximum u n d c n i n i n g  a c t i v i t y ,  with a one n e t e r  

decrease  i n  sand l e v e l  ad jacen t  t o  t h e  c o r a l  edge. Undermini~g c a a  &out 

i n  two s t eps .  Buried c o r a l  f r a p g e n t s  previous ly  se rv ing  as fouhdation 

m a t e r i a l  t o  tine e x i s t i n g  l i v e  coral bourldary were first oxpscd by sand 



rec&ing from t h e  c o r a l  edge i n t o  t h e  recovery depressions.  Th i s  band o f  . . 
s h i f t i n g  sand was t h e  sand migrat ion zone descr ibed e a r l i e r .  Secondly, 

after t h e  s h i f t i n g  sand o r  migrat ion zone t ranspor ted  t h e  fragments a d i s -  

tance  away from t h e  c o r a l  edge, small  amounts of l i v e  F o r i t e s  comnressa ar.d 

P o r i t e s  l o b a t a ,  both found i n  t h e  l i v i n g  c o r a l  boundary, were undermined and 

toppled onto  t h e  receding sand surface .  

The l o c a l i z e d  undermining between s t a k e s  2-4 was t h e  most advanced 

stages o f  c o r a l  c o l l a p s e  observed a response t o  mining opera t ions ,  Future 

underminicg of t h e  same i n t e n s i t y  w a s  n o t  predic ted  f o r  t h e  remaining c o r a l  

Am perimeter. The neare r  t h e  c o r a l  boundary to ' recovery  depress ions ,  t h e  

f a s t e r  and more advanced t h e  undermining a c t i v i t y ;  tinus t h e  predic ted  

maximum c o r a l  edge iimage a t  s t a k e  p o s i t i o n s  2-4, w h i c h p r d e r  t h e  excava- 
qarl-  

t i o n  area.  elondy 

Beach p r o f i l e  observat ions  ind ica ted  no s i g n i f i c a n t  eros ion of  e i t h e r  
c t . ? w l 4 4 4  

Kahaluu o r  Disappearing Sands ha.ches. It rras f i n a l l y  -zaazsd t h a t  o f f shore  

sand niriing and volune modificat ions of ad jacen t  beaches could n o t  be cor-  

r e l a t e d  based on t h e  non-quanti tat ive i n v e s t i g a t i o n  method used. Silch a 

r e l a t i o n s h i p  could be nade only  when based on d a t a  c o l l e c t e d  over a longer  
,- 

monitering s p n  i n  which a more stat is t ica.1l .y v a l i d  a y p o a c h  t o  measure- 

ment of  submmine sand movement was u t i l i z e d .  

1 ? No appreciable  migration i n  o r  o u t  o f  t h e  d e p s i t  boundaries of 

suspended o r  otherwise freemoving sand H a s  observed. :dater t u r b i d i t y  

r e ~ u l t i n g  from recovery opera t ion was obsclved confined to t h e  l i m i t s  o f  

each recovery c r a t e r .  However, Maragos i d e n t i f i e d  sedinent  sus2ension 

e x t e r i o r  t o  a p a r t i c u l a r  recovery c r a t e r  on one occassion. 

It w a s  concluded t h a t  e q u i l i b r a t i o n  of  reco-fery c r a t e r s  by 

.̂ n-? srr  . , SSRS n l  ' _ - + i - n s  would eventually c f f c c t  e v c y  s c c t i o n  of t h e  t e s t  

depos i t '  s c o r a l / s n a  i n t e r f a c e  w i t h  some de@-ee cf sznd s h i f t i n g  a m y  &on 

t h e  o r i g i n a l  c o r a l  eclge. The degree t o  whic!~ undez-:~lning proceeded was 



pred ic ted  g r e a t e s t  a t  pe r ine to r  1 0 c a t ~ o n s  of least d i s t a n c e  from t h e  recov- 

ery depress ions  . 
Future mining opera t ions  employing the  SSRS technique are recommended 

t o  l o c a t e  recovery p s i t i o n s  as far away from e x i s i t i n g  c o r a l  boundaries as 

poss ib le .  T i e  f a r t h e r  away from the  boundary, t h e  l e s s e r  t h e  degree o f  crater 

w a l l  s lope  and thus  dimi&hed t h e  sand t r a n s p r t i n g  a b i l i t y  of t h e  m i c a t i o n  

zone. The g r e a t e r  t h e  angle  o f  r e p s e  i n t o  t h e  recovery depress ions ,  t h e  

g r e a t e r  t h e  movement of c o r a l  feagments from beneath and awzy f rom t h e  

c o r a l  boundary ; with subsequent i n t e n s i f i e d  c o r a l  undermining a r e s u l t .  

It is suggested t h a t  a f u t u r e  r a d i o a c t i v e  sand t r a c e r  s tudy be i n i -  

- t i a t e d  to  observe a s e t u p  of  c o n t r o l  c r a t e r s  d i spe rsed  i n  re fe rence  t o  a 

c o r a l  perimeter  over va r ious  l o c a t i o n s  o f  a t e s t  d e p s i t .  Perhaps an  aver-  

. age d i s t a n c e  f r o n  ~ h i c h  sand recovery no longer  s i s i f i c a n t l y  e f f e c t s  a c o r a l  

t h e  
edge can be determined, Poss ib ly  n same s o r t  of s tandsxdized number can be 

f o m u l 8 e d  f o r  t h e  c r a t e r ' a ~ x  depth;  a depth t h a t  when c o u ~ l e d  with t h e  s a f e  

d i s t a n c e  from a c o r a l  boundary, x i11  minimize undermining a c t i v i t y .  

Gratitucle i s  extended t o  t h e  fol lorr ing d i v e r s  of  t h e  Offshore Aggregate 

Survey team f o r  t h e i r  expert div ing  a s s i s t a n c e  dur ing  t h e  monitering 2rogram: 

J m e s  D. Macnefl, Jr. 
, Alvin %to 

P a t  Oiaeara 
John .Paul Jones 

Spec ia l  t h a d r s  a s e  given t o  Pat O n e m  f o r  h i s  cons tan t  coo_peration and d i l l -  

igence i n  both t h e  u n d e r m t e r  and beach p r o f i l e  measurements. Other assist- 

ing Hilo  I h - i n e  Option Program d i v e r s  I.reret 

Islike Lay 
Roy C o o p r  

%und advice  was m a d i l y  o f f e r e d  t o  the  s t u d e n t s  by t h e  fo l lowing pcrsonsr 

-1 6- 



Jme s Warago s 
.. Fred Casciano 

Herb EIann 
Robert Kim 

Captn, Ed BilderbacK, J i m  Vansant, and t h e  remaining crew of t h e  Valiant 1.1aid 

are h e a r t i l y  thanked f o r  t h e i r  constant  profess ional  h e l p  and encouragement. 

John Healy of t h e  IIilo College Geography Depar tme~t  provided t h e  ca r tograph ic  

equipment, l a b  sgace,  and &ding e x p z r t i s e  requ i red  f o r  map const ruct ion.  

F i n a l  nahalo i s  given t o  &my X i 1 1  and Chick Durbin, f o r n e r  D i r e c t o r  

and Hilo Coordinator of tine I b r i n e  Option Progr&,respectively.  Without t h e  

pioneering leaders hi^ and f o r e s i g h t  of both ind iv idua l s ,  t h e  preceding "hands-on" 

l e a r n i n g  oppor tuni ty  would have never m a t e r i d i z e d .  
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PROFILE STATION C -- 
M A H A L U U  B E A C H  P A R K  

P 0 IN SETTA TREE 

PROFILE STATION I3 

P R O f I L I ?  STATION A 

n+ 8 brorlng ( 6 l r t a n c r  In rmtrrn  ) 
a p p r o x l n i a t r  t h o r c l l n r  I n  mgmk betwren t l x r d  R P  
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TABLE 2 a cornpxi t ive  I l o r i z o n W  
l i n e  nenseenents* 

stake nuiiber meastrenen t on measurencnt on 
9/10 dive (a) 3/15 dim (a') In 

not& r (-) value  denotes sand novenent away f r o 3  the o r i b n z l  boundary/ (+) 
v z l u e  denotes  sand noveaent over  and above o r i g i n a l  boundary 

* all d i s t z n c e s  measured i n  c e n t i n e t c r s  




