MCMalon CoPY

P i

APPENDIX C
SSRS TEST DEPOSIT SAND LEVEL OBSERVATIONS/
KAHALUU AND DISAPPZARING SANDS BEACH
OBSERVATIONS

BY
JON ROACH
HILO MARINE OFTION PROGRAM

4/17/?75 .




TAHLE OF CONTENTS

NARRATIVZ

ANtrOAUCEION. s uveeseeerenssorsorscossanssesscsnssessassscnssons(l)
objectives...................................‘.............;...(1)
MEthOAS. s e evessesronssssassscassanssoassosssscssssorsesnsansces(lt)
TESULLS, ¢ eeensonsscesavsesssssassasssnnsossacnrosssenssassssnesl(?)
CONCLUSIONS. ¢ v seseessassnerassasnssssssssssssssnsssosssasanss (1)
ACKNONLEAZENENES e s e eesoereosnsessssesssosssssessssnssassanssss(16)

references cited.................a.....................o......(is)

TLLUSTRATIONS

master map #1..............................3...................(1)
Figure A: SSRS test deposit survey stake locations............(ii)
Figure B: sand level measuring SCheme..vscsssssosssssosssnssass(5)
Figure C: Disappearing Sands BeaCh..see.csesesssosssssssssssss(iil)
Figure D: Kahaluu Beach ParK.seeesseevesnssreconssrsscsvsssses(iV)
Figure E: excavation crater‘and nigration zone................;(9)
Figure.F: comparitive profiles for Diéappearing Sands Beach..{.(v)b
Figure G: comparitive profiles for Kahaluﬁ BeaCheeseseoessenes (Vi)

Figure H: comparitive profiles for Kahaluu BeaCheeesesseseses(Vii)

TABLES
I: comparitive survey stake neasurenents, b, i eeeseess{ Viti-ix)

II: comparitive survey stake measurements, "a"/Ma'"......cec.0(x)

FHOTOS
Al Conglomerate crater wall........-........yo.o-..........(Xi)

Bi sand level measurement SChCRC.eeeesssssesssassssesessssas(™)




Cs

D:

E:

G:

H:

I

localized sand/coral interface depressions....;;............(xi)

stake #3 vicinity showing dead, exposed Porites connressa

framents.....l.0"l."..l.l.‘..’..‘..".......'.Q.IC".I...(

"
survey stake vicinity #3 showing greatest undermining..eeeee(
7/2l+ condition of Diappearing Sands Beach...seeesesssesssass( ®
19/28 condition of Disappearing Sands BeaCh.esssscococccnoss

?/?-l" condition of Kahaluu Bea-Ch-poooootcvnncnocnnln'no.n-nno

"

-
-
N’ p — p N’ g -

(
(u
(

10/28 condition of Kahaluu Bea.Ch.............u-..'..-.......




INTRODUCTION

Under the supervision of Dr., James Haragos, five Hilo College larine
Option Program student divers participated in the Environmentzl HMonitor-
ing Program accompanylng the Submarine Sand Recovery System (SSRS) pilot
test at Keauhou Bay, Hawait,

Three months prior to commencement of the SSRS mining operafions. the
fiye students completed the field work portion of the Offshore Agpgregate
Survey (0AS) . The survey, which specifically investigated the nearshore
area between Kawalhae Bay and lahaiula Bay on the Kona Coast of the island
of Hawali, constituted a continuation of the State of Hawali's offshore

sand inventory program.

OBJECTIVES

The following objectives were undertaken by the OAS team in the “before
during/afier" observation pericds spanning the monitoring program at Keauhou
Bay:

I, Observe sand fill rates and impletion patterns associated with
equilibration of the conical depressions resulting from sand mining

‘ITI, Observe deepening effects of deposit ¢
A, in relation to crater degeneration
B, in relation to underminig of original coral boundaries

I1I, Observe for possible erosion in response to offshore mihing operations
at nearby beaches g ‘

IV, Observe possible sand migration in or out of defined boundaries of
- test deposit resuwlting from mining operations or other causes

All catepgories of obsérvatiohs dealt with changes in the natural topo-
graphy of the suﬁmerged deposit and nearby beaches in response to the SSRS
mining operations in which over 10,000 cubic yards of sand were excavated.

. The actual process of sand excavation was accomplishéd via insertion

through water jetting of the recovery probe into the sand deposit to a pre-
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determined depth below the existing sand level. Sand surrounding the insert-
ed probe was subsequently elevated to the surface barge through hydraulic
suction action,

This type of sand retrieval formed conical depreésions or craters, -
with the recovery probe situated in the apex position, As stated in the
preliminary draft of the SSRS project Environmental Impact Statement (EIS),
removal of in excess of 10,000 cublc yards éf sand was predicted to leave
.numerous craters or inverted cones at the various probe locations on the-
deposit surface. |

Those craters formed from a single recovery probe location were char-
acterized by an identical wall slope throughout the full 360° of crater.
Due to variations in sand particle composition and therefore hydraulic
properties, some minor exceptions were obseryed in the lower regions of
each crater (refer to Figufe E). |

Useage of a fluidizing pipe by the test crew increased the maximum
recovery efficiency of a single probe location., The PVC fluidizing pipe was
10 meters in length and 1.5 centimeters in diameter. The pipe was perfor-
ated with numerous small drill holes arranged in a single straight row,
Coupled to the main recovery probe's water stream with small diameter
flex hose, the fluidizing pipe had its own isolated water flow and subse-
quent Jjetting action. : |

Water streams issuing from the pipe perforations eroded limited sect-
ions of the crater wall and fluidized the sand, éarrying it to the crater
ape£ where recovery via hydraulic suction took place.

An originally symmetrical crater underwent various transformations
involving diameter extension, decrease in wall slope, etc. through useage
of the fluldizing pipe. In one instance, tﬁe fluidizing p;pe generated
deﬁressions wnich connected and subsequently lncorporated several isolatedr

craters into a single irregularly shaped, asymmetrical, conglomerate crater
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(- see photo A), ) . oz
As indicated in the preliminary draft of_the project EIS, wave action

was expectéd to £ill in the probe craters with an estimated overall vertical

éeepening of the deposit of two meters. Depressions or deepened areas of

approximately four meters below the original s;nd level were predicted to

remain in the immediate locale of each recovery crater position, It was

uncertain as to whether this levelled area would remain deepened or grad- !

vally £ill with sand migrating from adjacent deeper water deposits or on-

shore sand reservoirs,
Also initally predicted was the exposure of new rock and/or dead

coral surfaces along the coral boundary of the deposit in response to the

overall deepening in the area, Also outlined was the poteﬂtial advantage

found in this exposure of fresh solid substrates. It was suggested that

these could serve as colonization areas for corals and other sélid—substrate

requiring organisms.

In close association with the new substrate exposure, another possible

- effect to be monitored was any undermining activity of the original coral

boundary of the test deposit. It was suggested that such undermining action

might cause cracking and collapse of the fragile reef framework, especially

in areas abundant in the finger coral Porites compressa.

The third category of observations dealt with the possible erosion of
nearby beaches in response.to the offshore sand mining operations at the
Keauhou site. Following the concept that sand would be lost from nearby
beaches in order to take the place of the excavated offshore sand, or that’
mnining might otherwise interrupt the natural sand conflux of these beaches
with offshore deposits, those beaches of closest proximity to the work site
wére monitored. These were Kahaluu Park and Disappearing Sands Beaches.

As 1llustrated on the master map #1, Kahaluu and Disappearing Sands Beaches

are respectively 1.25 and 2,8 kiloneters north of the test deposit.
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The fourth category of observations dealt with the possible migration
of sand in or out of the test deposit boundaries in response to mining
operations or other causes. The resultant effects of eliminating more
than 10,000 cubic yards of sand from the integrated ﬁearshore sand budget
via excavation were uncertain, Su&h an excavatlon might impose an imbal-
ance on the overall system and.trigger an incoming migration of sand from
exterior sources, such as onshore beach systens or deeper water deposits.
This potential response to the sand‘deficit created by mining operationé'
was suggested in the preliminary draft of the SSRS EIS as a possible mode

ofvdeposit ad justment.
METHODS

The first category of observations concentrating on sand fill rates
required tuo tynes of measurements, The fiﬁst was ccncerned with the rats
of sand fill into the individual craters léft.by the recovery probe; primar-
ily from the inmediate area surrounding each crater. The second not only
investigated changes in the surface level of the deposit, but also monitored
boundary ch&nges in response to sand migrétion from all pointS';f the orig-
inal deposit boundaries to the crater positions.

Sand levels were monitored periodically using the following technique:
20 rebar stakes 1.5 meters in length were secure@ at regular distance infer-
vals along the perimeter of the deposit (see Figure A), Stakes were posi-
tionéd in coral structures that appeared firmly fixed to the bottom and
thus resistant to. possible undermining effects of shifting sand,

A line of standard 210 centimeter length was extended from the top of

.each stake horizontally out over the sand. A groove was engraved on top
of éach stake in order to standardize the angle of line exténsion. COnce

properly extended over the deposit edge, the line was levelled with an

.
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aitached line level. From the tip of the levelled 1line over the sand, another

calibrated line with a brass plumb tob attached to one end was used to mea-

sure the vertical distance between the levelled line and the deposit sur-

face (see Figure and photo B).
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Figure B t sand level measuring scheme

In addition to the vertical measurements, horizontal measurements, ot
and "a'", along the calibrated levelled line, were taken to identify any
variations in distance between the immovable stake and the coral/sand inter-
face, or deposit boundary. |

Such lateral or horizontal sand shift measurements Wwere predicted to
reveal minor if any alterations in sand/coral interface location. This |
preliminary suggestion was made based on the extreme isolation of the
deposit as perpetﬁatéd by the coral arena surrounding nearly the full per-
imeter of the test aeposit. An average slope of 35° ﬁas observed for the
majoritv of the coral wall encompassing the deposit.

The importance of horizontal line mcasufements would surfaqe if a

given test deposit was characterized with 1ittle or no solid substrate

-5-
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boundaries, and thus closely intertwined with adjacent sand deposits. 1ln .
this suggested case, lateral sand shift and subsequent alterations in the
aerial configuration of the deposif could easily occur. 

The second.group of sand fill rate observations utilized a less
quantitative procedure and relied more on visual diver observations obtain-
ed the same day that stake measurements were taken. Divers inspected each
crater or conglomerate crater, and recorded the condition of the walls and
rim, reporting any evidence of sand migration from the iﬁmediate area
surrounding each crater. If sand migration was evident, the distance from
the existing crater rim to the outer boundary of migrating sand was measured

and recorded, -

The fourth major group of deposit observations dealt with possible
sand migration in or out of the deposit boundaries in either suspended or
otherwise mobile form. These observations also relied on the less quanti-
tative diﬁer visual invesigation method, If particle migration was obser-
ved, the amount and relative velocity of movement was estimated and re-
corded, Velocity was estimated with a time compopent based on consecutive
monitoring dates as reference points.,

Fhotographic documentation of the deposit surface was inclhded at
various stages of the mining operations, especially in the immediate locale
of the recovery craters. |

The last major category of observations dealt with the periodic eval-
uation of the nearby beaches, Kahaluu and Disappearing Sands. The beacﬁ
profile method described by Hoberly and Chamberlain (1964) was utilized to
determine the periodic morphologicél condition of eacb beach.,

Profiles were taken perpendicular to the major axis of each beach;
usually one profile at both ends, in the center, and at any other position
of the beach where the major axis deviated noticeably. It ﬁas _assumed that

each tract of beach facing the open sea in a different direction would be
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affected differently by a prevailing swell condition; thus the necessity
for multiple profiles (see Figures C and D),

For Kahaluu Beach, three such profile stations were secured, each
f;cing a different prevailing swell direction. Only one station was
maxrked off for Disappearing Sands Beach due to the brevity of beach length
and estiﬁated volume, The profile station was secured in £he center of the
beach where the major concentration of sand was located.

in addition to beach profiies, photographic documentation accompa-
nied each monitoring visit so to obtain a more complete description of

each beach's periodic condition (see photos F through I).
RESULTS

Observation dives were taken at the Keauhou site on 8/27, 8/29, 9/10,
9/21, 10/27-28, 11/30-31, and 3/15-16, providing comparison surveys through-
out the nining operations. In addition to'the sand level measurements,
‘various physical paraneter estimates .such as wind velocity, sea conditions,
underwater visibility, and sand riprle formations were also regorded. -

Sand level measurements were taken on 9/10, 9/21, and 3/15. On the
9/10, 9/21, and 3/15 dives, the full compliment of 20 stakes Were measured,

" (see Tabie 1). . | ” |

Diver observations téken early in the monitoring program indicated sand
mbvement into the probe recovery craters was limi{ed to the immediate neigh-
borhood of each crater. For this reason, only those stakes in the direct
vicinity of the iecovery positions were measured on the 10/27 dive. How-
ever, on each dive, the full perimeter of the deposit was examined uéing
additidnal steadfast bottom structures as estimation staﬁdards. These
primary 9/10, 9/21, and 10/27 inspections yielded no appreciable influx of

sand into the excavation area at any deposit location other than the immediate
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locale of the recovery craters (refer to Figure A).

This trend of localized crater impletion 1s portrayed in the ZA or
summation of change values listed in Table 1 in which stakes bordering the
approximate crater positions shéw the most significant change in level.-
Small movements in locaiién of the bubble in the line level resulted in
a ¥ 4 centimeter range of values for one "b" vertical disténce neasure-

ment. Therefore measurements were assumed within a ¥ 4 centimeter range

of accuracy and significance.

In disagreement with the assumed trend were £A values for stakes 5, 7,

and 10 which also revealed a significant decrease in sand level., Obser-

‘vations taken on the last 3/15 visit did not perceive any noticeable slop-

ing or other indications of gross sand migration over the 125 meter stretch
of deposit between these deeper water stakes and the excavation craters loca-
ted in shallower water., Such a deposit sleping was prominent for stake posi-
tions 13-14, 19-20, and 3-b.

The distinction between significant ZA values for the excavation-zone,
shallow water stakes and the deeper water stakes was not accurately
defined by ﬁhe utilized methods of investigation. It is suggested that
the sand level decrease in the deeper portion of the deposit represented most-
ly localized sand movements, or novements expressing a current influence on
sand bordering the sand/coral interface; comparable to the constant meta-
morpiis taking place at a bank in a river bend. Although unlikely,'sand
migration may have taken place from even this remote section of the depos-
it to the probe craters; This assumption was not substantiated by any diver
observatlions during the monitoring. However, with adequate passage of
time, such a proceés would undoubtedly occur_to sone degree.

Observations of crater equilibration revealed a general decrease in
crater slope accompanied by a decrease in crater apex depth. Sand fill

appeared endemic of areas immediately adjacent to each individual crater.
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pattern, but was

A migration zone of up to three meters in width wés obsexrved on the
9/10 and 9/21 dives. Increasing in size with elapsed time, the zone
progressively widened to a maxinum of 15 meters encompaséing the rin of
the largest conglomerate crater., This crater is ideally illustrated

along with the migration zone in Firure B.
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and sand migration zone
¢
Several indicators were presumed to denote the migration zone of implet-

Y

ing sand. A gentle sloping of the sand surface into the craters coupled

with the variation in color between freshly-uncovered, graylsh or
poorly oxidized sand and the lighter-shaded, well oxidized surface mat-
erial proved significant indications of the migration zone.

Another sign of freshly uncovered sand was tﬁe presence of small, well-
defined rinples or rills in the migration zone encompassing each crater
rim, The origlnal sond level adjacent to this area did not display this
istinguished by irregular indentations and subtle con-
Any

tours assuned to characierize relatively undisturbed portions of sand.

well defined ripple sets found in the undisturbed sand areas encompassing
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each migration zone were usually criented at an angle differenﬁ than that
of the well defined rills within the migration zone.

Degeneration of newly formed crater walls was expressed in changes of
crater slope and diameter. fith further passage of tine, the underlying
degeneration pattern observed for ﬁll nine.craters was an lncrease in dia-
meter, a decrease in wall slopé, and a decrease in crater apex depth.

By the 9/21 observation dive, the recovery probe had been relocated
-in the second recoverﬁiggi;}wo days} allowing the first crater to adjust
for this length of time. The wal} of this original crater appeared
uniforn in degree of #2& slope cxcept for an increase in steepness at
the apex where naterial of a greater compactness was presuned to exist.

By the 3/15 dive, crater slope decreased to such a degree that the entire
southeastern end of the shallower portion of the deposit angled into a
large conglomerate depressicn, or what was previously the general loca-

The general pattern of ovefall softening of crater rim and wall slope
“with further passage of time was observed in all successively produced
craters. The naximum distance from vhich sand migrated towards a crater
rin approaéhed 15 neters, as observed on the 3/1; dive., It
should be noted that this observation was dependent upon rim location and
crater diameter; both of vwhich éhanged with passage of time,

Observed on the 9/10 and 9/21 dives was a 15-25 centimeter layer of
seni-fluidized, fine grain sand covering the fuil 3600 of each crater wall.‘
Thig segnent of somewhat "elastic" sand proved uniform in thickness and
homogeneous in consistency. Upon penetration of the entire band, a
foundation of coarser, nore compact sand was always encountered underneath,

The upper band of "elastic" sand was assumed to represent the finer-
siéed remnants of what had once comprised the moving laye£ of fully fiuidized
sand previously gcner#tcd during actual recovery opcrations. Termination
of suction action in the crater apex allowed the fluidized layer to part-

-10-
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1ally settle out and gel into the observed stationary sﬁspension.

Observations regarding possible underninig of the original coral
‘boundaries in response to the overall deepening effect of the deposit
were broken down into two catepories; prelininary and sccondary. As
substantiated by the lack of sipgnificant changes in the horizontal line
measurenents, the preliminary 9/10 and 9/Zi observation dives revealed
no appreciable movenent of sand from any of the coral boundaries in
response to crater inpletion (see Table 2). Some localized variations
Were noticed in isolated instances where depressions below the average
coral/sand interface level were observed (see photo C).

The secondary observation dives taken on 10/27, 11/30, and 3/15“
revealed a progressive enlargemént of each crater's migration zone towards
the coral edges of the deposit (refer to vhoto A), By the final 3/15 dive,
movenent of the conglomerate crater's migration zone had progressed to the

point of exposing previously dewvosited, dead Porites comvressa fragments,

( see photo D), Encroachmeﬂt of the coral edge by the nigration zone
,appnoéched a maximum in the vicinity of survey stake # 3 (see rhoto E).

A dual assumption was formulated to explain the presence of the coral

. adjoming 1

fragments in this stretch of deposit+ A the coral boundary. The
assunption was based on. a sequcnce of tuo events; exposure of the pre-
yioﬁsly deposited dead coral fragments via sand shift, followed by under-
‘ mining and toppling of coral at the original sand/coral interface. The
second event was assumed dependent upon completion of'the first because
exposed coral fragaents undoubtedly served as foﬁndation material for the
living coral., Once the migration zone reached the sand and buried coral
fragments, the shifting sand served to transport the fragments away from
the coral edge tovards the recovery depressions,

«it adowapiion of previously deposited dead coral fragments was fur-

ther validated by an observation made by the SSAS test crew. It was soon
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realized that useage of the fluidizing pipe in the area adjacent to the
coral edge proved inpractical because of frequent encounters with buried
coral frapgments which halted the desired jetting actiqn.

It was noted that the mixfurg of coral fragments observed on the
sand surface consisted;pfedominantly of dead P, comvressa, with a small
proportion of living P, comnressa and P, lobata included. 'Eh_comnressa
was the major part of the living species of coral fragments observed moving
towards the recovery depressions. ‘

Kahaluu and Disappearing Sands beaches were profiled on 7/24 and 10/28,
providing before and after survey material respectively (see Figures F, G
and H). Conmparitive photos were taken on both monitoring dates for each
beach (see photos F through I).

Single profiles taken on separate dates of Disappearing Sands Beach
are conparitively illustrated in Figure C,- A definite increase in hori-
zontal leng£h of the baékshore or berm with the row of coconut palns as
a'ieference point occured (see Figure;:).. This makai increase in beach
‘volume successfully concealed what boulders were previously exposed in the
foreshore §nd swash zones of the 7/24 profile., Using the Hean_Lower Low
Water Datun (MLLY) provided by the National Ocean Survey Tide Tables
(1974 and 19?5) as a base of éstimation, the overall volume of the beach
increasecd during the nining opeiations. '

Profiles of the three ¥ahaluu Beach stations are depicted in'Figures
& apdkﬂ. Profile "C", the northernmost station on the beach; revealed no
significant erosion. Horphological changes for the station were limited
to relocation of runnels and ridges in the foreshorc/backshore; estimated
beach volume remained constant, Profile stétion "A'" for Kahaluu consti-
tuted the only profile to reveal an estinated decrea#e ih beach volume,
The two profiles werc identical except for a 2.75 neter shortening of the
backshore arca vhich was observed on the 10/28 visit.
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| Not indicated on Figure p of Kahaluu Beach was a sﬁall internittent
breakvater running from the shoreline at the southern park Eoundary to
approximately 75 meters offshore of the profile station "C",

Hofizontal'underwater visibility estimates were recordéd during each
dive. Distances varied devending on previous swell conditions and the
diver's position in the water column, The following estimates were taken
on the bottom at the crater positions to atiemdpt correlation beween any
turbidity and the recovery operations. On the 10/2?.dive, underwater vis-
ibility approached 10 neters, presumeably a response to the 8-10 foot NI
swell which peaked out three days previously. Swells decreasing to four
feet were recorded for the actual 10/27 dive. The maxinun visibility
observed on any of the dives épﬁroached 25 neters. |

While in operation, the recovery of sand created some turbidity in
the crater region bounded by the apex and one half ine crater depth, Par-
ticle svspension above the crater rim was never observed by the 0AS tean
although Haragos identified limited migration of suspended sediment during
one diving visit (see photo ).

A concrete relationship between sediment migration in or Qﬁt of the
test deposit boundaries and.subsequent volune modifications of’the onshore
beaches could not be formﬁiated based on the non-quantitative visual qbse*—
kyatibns secured 2t the Keauvhou test site. Such a sidement could be made only
when based on data collected from a longer monitering program utilizing a
moré statistically valld apnroach to subnarine sand novenment., The use of
radioactive sand tracers over a minimua of 12 moﬁths as described by Ingle
(1966) would‘produce the desired significant data required of such statements.

At the Keauhou site, no appreciable submarine migration of>sand was
observed between the onshore beaches and the offshore deposit. It was
notéd that both beaches were af a nininun of 1.25 kilometers from the
test site. Hoticeable matefial transport over the full distance within the

limited tine of ronitoring ias assumed most unlikely.
-13-




CONCLUSIONS

A numerical rate of sand fill into the recovery craters was not de-
termined on the Basis of the déta collected. Greater emphasis was placed on
the patterns of sand fill into the individuwal craters with passagé of time.
Sand fill into the craters originated from a maximum of 15 meters from any
of the crater's rims. This area of impleting sand was denoted as a sand
migration zone. Such a zone was observed for each reéovery crater.

By the final 3/15 observation dive, sand movement within the migration
zone encompassing the largest conglomerate crater reached the original
coral boundary of the deposit between survey stakes 2-4, or a limited section
of 60 meters in comparison to thé full 800 meter perimeter of the deposit.
Previously buried coral fragments adjoining the original sand/coral inter-
face at this location were exposed. The exposure was followed by a small
underinining of the living coral Loundary.

The overall process of crater adjustﬁent was likened to the movement
of sand in the upver chamber of an hourglass when released to the lower
chamber, As crater diameter increased, rim circumference incregsed, and the
total volume of sand migrating into the crater depressions incréased log-
arithmically. It was mredicted that, éiven enough time, sand would recede
to varying degrees from every section of the deposit's coral perimeter.

With further passage of time, an overall “softening" of the newly, sharp-
edged recovery craters was observed.

Undermining of the original coral boundary was observed only in the
section of coral édge bounded by survey stake locations 2-4. Survey stake
#3 stood out as the area of maximum undermining activity, with a one meter
decrease in sand level adjacent to the coral edge. Undermining cama etout

in two steps. Burled coral fragments previously serving as foundation

material to the existing live coral boundary were first exposed by sand
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receding from the coral edge into the recovery depressions. This band of
shifting sand was the sand migration zone described carlier., Secondly,
after the shifting sand or migration zone transported the fragments a dis-

tance away from the coral edge, small amounts of live Forites compressa and

Porites lobata, both found in the living coral boundary, were undermined and
toppled onto the receding sand surface,

The localized undermining between stakés 2-4 was the most advanced
stages Af coral collapse observed‘a response to mining operations. Future
undermining of the same intensity was not predicted for the remaining coral
perimeter. The nearer the coral boundary to recovery depressions, the
faster and more advanced the undermining activity; thus the predicted
maximum coral edge damage at stake positions 2-4, whichvborder the excava-

LS o
tion area. Closely

Beach profile observations indicated nc significant erosion of either
Kahaiuuvor Disappearing Sands beaches, It vas finally QcAMIM"[Mg‘cha.’c, offshore
sand nining and volume modifications of adjacent beaches could not be cor-
related based on the non-quantitative investigétion method used., Such a
relationship could be nade only when based on data collected over a longer
monitering span iﬁ vhich a more statistically valid avpproach to measure-
ment of submarine sand movement was utilized.

»No aﬁpreciable nigration in or out of the depositi boundaries of
suspended or otherwise freemoving sand was observed. Water turbidity
rerulting from recovery operation was 6bserved confined to the limits of
each recovéry crater. However, laragos identifled sediment suspension
exterior to a particular recovery crater on one occassion,

It was concluded that equilibration of recovery craters formed by
SSRS ﬁi "' srpev~+ions would eventually'effect every section of the te§£
deposit's coral/sand interface vith some degree of sand shifting awa& fron

the original coral edge. The degree to which undernining procecded was
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predicted greatest at perimeter locations of least distance froﬁ the recov-
ery depressions,

Future mining operations employing the SSRS technique are recommended
to locate recovery positlions as far away from gxisiting coral boundaries as
possible. The farther awdy from tﬁe boundary, the lesser the degree of crater
wall slope and thus diminshed the sand transporting ability of the migration
zone. The greater the angle of repose into the recovery depressions, the
greater the movement of coral faagmehts from beneath and away from the
coral boundary; with subsequent intensified cofél undermining a result,

It is suggested that a futuré radioactive sand tracer study be ini-
tiated to observe a setup of control craters dispersed in reference to a
coral perimeter over various locations of a test deposit. Pérhaps an aver-
age distance from which sand recovery no longgr significantly effects a coral
edge can be determined, Possiblytkesame sort of standardized number can dbe
formulded for the crater apex depth; a deptg that when counled with the safe

distancé from a coral boundary, will minimize undermining activity,
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TABLE 1

*
icommaritive survev stake neacsuraonents

stako number 9710 atve oyt annett 0 By 10/2 ave L2 GieEmeten Ay o)
(1) 132 132 0 127 C 5 142 -15 -10
(2) 102 98 by 104" - : -6 114 -10 -12
(3) 135 157 -22 221 -64 241 -29 - -106
(1) 114 ) 109 +5 T -5 142 . -28 -23
(5) 117 112 +5 - : - . 1w -28 -23

(8) 135 137 -2 - =
(?) 155 163 -8 - - 168 -5 -13
(8) 88 91 -3 - - - - -3
9 - 8l ) 81 +3 - - 86 -5 -
(10) 76 - - - - 91 -15 -15
(11) 124 - - - - 124 0 0
(12) 130 127 +3 - - 155 28 25
(13) 8l 86 -2 - -y -1 -13
(12) 97 99 -2 - - 114 -1 .17
(15) 76 81 -5 - - 99 ~1¢ -23
(16) 152 150 ‘2. - - 1y -7 -5
(17) 157 163 -6 - _ - 160 4y -3
(18) 135 132 5. - 13 -5 -2

* note: all distances measured in centimeters/ (-)

¢
1

{ RS

value denoted level aoouommm\m+v value denotes level increase

Vit




measurenents Aoosw.v

TABLE 1 : conmmparitive survey stake

(19) 124
(20) 137

127
141




TABLE 2 1+ comparitive horizontal
line measurenents”

Sk e e S aoacuenent o I
(1) 61 61 | 0
(2) ol 183 -89
(3) 30 o o -13
(4) .36 36 0
(5) 38 : 3B 0
(6) 25 25 0
@ 160 N 160 .0
(8) - - -
(9) 4 5] 0
(10) 28 - 28 0

-~ (11) 91 - 135 gy
(12) 152 152 0
(13) 38 38 0
(14) 18 | 18 S
(15) 15 ' 15 0
(16) o5t 51 0

a9 38 38 o
(19) 50 50 0
(20) 30 ' 99 . ' =69

note : (~) value denotes sand movenent away from the original boundary/ (+)
value denotes sand novement over and above original boundary

* - all distances measured in centineters






