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ABSTRACT

An extensive hvdrogeological investigation was conducted om Deke
Island locsted onm Pingelap Atoll, Fonape State., Fleld wark included
instailation of observation wells, water-level monitoring. installation of
a tidal gage, core drilling, surface geclogical and topographical mapplng.
geophysical surveys, and water—-quality analysis. Resultzs from the work
performed on the atudy island indicate a number of previously unknown
aspects of atoll 1sland hydrelegy. The mest glgnificant of rhese aspects
is the partial confinement of the fresh-water lems system beneath the
landward extension of the teef-flat plate, Where the plate is absent
water-tahle condirions are prevalent., The plate acte 28 a leaky confining
layer which allows some ralnwater to enter the flow system by downward
movement under gravity. Approximately I/3 of Deke overlies the reef-flat
plate; the remainder overliea sediments deposited behind the reaf-flat
depositional environment.

1n addition to the documentation of hydreulic condirions within the
lens system the behavior of the ground-water resource was studied and a
method of reducing observed water levels in wells to actual sea level was
developed. Also, several subsurface hydrogeclogle units were 1dentified
and their roles within the overall hydrology of Deke were defined. in
general, the elze and extent of the lens was mapped. Based on the
interpretation of study results an atoll igland hydrogeclogic (conceptual)
model 1s presented. Finally, some practical implications of the study
findings are discussed and recommendations for further work are made.
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INTRODUCTTION

Many atoll 1sland communities in Micronesia face contimual problems of
potable water-supply shortages and water—quality detericratiem, The level
of severity of these problema is demonstrated by the recent outbreaks of
water-borne diseases 1in Truk State, the Marshall Islands, and elsewhere.
It is obvious that effectlve messures to control these problems must he
initisted as soon as possible. It is equally obviocue, in light aof the
findings of this investigation, that a thorough understanding of the
hydrogeolagle framework snd ground-water accurrence for a given island is
necessary to ensure succesa In addreesing the numerous water-ralated
problems experienced by island inhabitancs.

Information obtained from field work on the study island of Deke
indicates a mnuch more complex hydrogeology than would ordinarily be
expected for such a small, and seemingly uncomplicated, island. Discovery
of a hard substrate underlylng much of cthe island and documentation of Its
profound effect on the occurrance and behavier of groundwater may force a
re-evaluation of earlier-held views of atoll island hydrolegy.

A number of practical aepecta have alresdy come to light based on che
work in Deke, For instance, on islands similar to Deke, such as Nukuoro
(Ayers and Clayshultes, 1983), 1t is now obvicus why salt-water intrusion
oceutrs in areas of root-crop cultivation (e.g., taro}. GSteps necessary to
eontrol the preblem are also obvioua. We have a somewhat better
understanding of flow paths within the lens system and why fresh
groundwater occurs where it does. We also have a better understanding of
how to deal with the interpratation of field data, particularly water-ievel
information. Finally, a well-developed set of guldelines for directing
future studles of atoll island hydrogeology has alsc been produced as a
result of the fleld work aasociated with this investigation,

Porpose and Scope ef the Study

Fresh groundwater is the most reliable source of drinking water on
iglands where there is a pronounced dry season -- as 1s the case for mosat
atolls in Micronesia. 1t is alsc ranily contaminated and therefore has the
potential for spreading water-borne disease. Presently, the level of
understanding related to atoll geclogy and hydrology is rather limited.
Becauyse of this, the present investigation was Initlared with the primary
purpose of defining the hydrogeologlc f[ramework and ground-water occcurrence
within the atoll Island aetting. Specific objectives of the study were to:

l. Determine the size and extent of the fresh-water lema and the
zone of mixing between fresh groundwater and underlylng
paltwater:;

2. Characterize the behavior of the lens as 1t relates to shart-term
sea—level fluctuations and rainfall events.

3. Define flow directlons within the fresh-water liens;



4, Decermine the geclogical omakeup of the ds3land and the reef
conplex upon which 1t ie altuated;

3. Map the physiographic features of the island that may 1influence
wa:er gquality, recharge rates, and subsurface flow patterns.

6, Aspesa the ground-water gualicy within che lensa; and

7. Provide 8 gset of guidelines for directing future work oo atell
is..ands,

Accompl. shment of these oblerctives raquired a year of planning and
loglstical support from Ponape State government agencles, In addition,
field operaticong required the trangport of a large amount of equipment and
supplles, the expertlse of 8 S—member research team, and a é-week field
study prograin, The latter ampect of the study was conducted during the dry
season (February to Mey) of 1984,

Humeroui activities associated with both fileld work and data analyele
Wware mnecesssary to achieve the above objectives. Among the Fleld work
activities wire:

1. Eatablishment of 4 camp afite on the atudy island;

2. Inttallation of a continuous rtecording tide statlon 1in  the
lajoon;
3. Installation of water-level meniroring wells across the study

islend, some of which were equipped with recorders;

4. Fstaklishment of an elevation contrel network using standard
aulveying techniques;

5. Mapping topographic features and the surficlal geology;

6. Ueilization of surface geophyaical techniques {(seismic refraction
ané electrical vesiativity) to map auvbsurface conditions;

7. Drilling to confirm geophyslcal observatlons, collect subsurface
material, monltor water levels, collect water =amples, and

pet form additional tests,

A conslderable amount of dats was collected during the Ffleld work,
Activities assoclated with the analyees of data were:

l. Reduction of water-level data relative to a fixed datum;

2. Conputer analyala of data obtained from surfare-based gecphysical
BUIVEYS;

3. Exemination of core, rock, and zediment samples:

4. Stendard sieve analyses of collected sediment samples;



3. Compilation of =salinicy profiles and other water-quality data;
and,
6, Dara interpretatlion and report preparation.

Some additional aztivities asmsociated with this study but not part of
the original scope of work include:

1, Bathymetric surveys of the lagoon;
2. Mapping the fracture system of the reef complex;
3. Conducting permeability-plug tests on a number of core gamples;

4. Patrographic examination of thin sections (prepared from core and
rock samples} to determine cement fabries; and,

5. X-ray (and possible SEM) analysis of selected core and rock
samplee to determine cement composition.

Reaultas from the latter three activities will not be available until =
latar date.

Location and Descriptionm of the Scudy Island

The study 1sland of Dake is located on Fingelap Acoll which 1= some
175 miles east of Ponape, Fastern Caroline Islands (Figure 1l}. (Pingelap
Atoll 1a a politicsl entlty of Ponape 5State, Federated States of
Micronesia)., Deke is one of three islands situated actop the atoll
platform. The aerial photograph of Figure ? shows the geographical setting
of Deke and the general character of Fingelap Atoll. It 1s worth noting
that the bathvmetry of the lagoon 1ls somewhat atypleal of other atolls in
the Western Pecific region. & ribbon-type reef extends across the central
portion of the lagoon., Similar reef development ig present on Mokil, an
atoll between Pingelap sud Fonape, however most atoll lagoons are
relatively free of structures except for the occcaalonal patch reef, No
doubt the teef across the lagoon of Pingelap significantly affecta water
circulation and sediment tranapert, not to mention navigation, inside the
margin of the reaf complax.

Deke Island wae selectad am the study site for a number of reasons.
First and foramost, the econfiguration and size of the island ie such thsat a
substantial fresh-water lens would be present., Second, the island appeared
ta be typical of other atoll islands located elsewhere In the Western
Pacific. Third, the 1gland 4is uninhabited and therefore the
groundwatar-flow system ceounld be etudied in 1te pristine environment
without the affects of human activities. HResults of this study could thaen
be compared to altered but similar hydrogeologic settinga in order to
evaluate cthe affects of settlement. Fipnally, air eervice would be
avallable in cape of emergency and egulpment replacement or repair.

Deke islend is situvated along the north-western margin of the aroll
platform. The island is typical in the sense that it is low lying, densely
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Fiugre 2. Aerial view of Pinpgelap Atoll. The study area, Deke Island,
is located in the background of the photugraph.



vegetated, and composed primarily of reef- and lagoon-derived sediment.
Dake 18 appreximately 1300 m {4264 fc) long, on the average is 400 m (1312
ft) wide, amnl 15 somewhat arcuate in shape. The ocean shoreline, for the
moat part, 1a exposed to wind-driven waves genetated by the northeast
trades,

A primary use of Dake by the inbabitants of Fingelsp Island is for
coconut harvesting (for the purpose of cepra production). Other uses
include materials collection {far building and fishing) and food gathering.
Banana, papava, pandanus, and tarc are, more or less, cultivated on Deke,
The latter is grown within hand-dug pits located along the lagoon side of
the tsland. These pits, apparently dug shortly after WWil, provided the
study with ccnvenilent site to inatall water-level obzervation wells.



METHODS OF THE INVESTIGATION

A varlety of field and analytical techniques were used during the
course of the hydrogecloglic study of Deke. 1In this section, the variocus
investigative gpproaches are presented.

Water-Level Monitoring Program

The wain part of the water-level inveetigation was monitoring
water-level elevationa at 22 eitea 1in the southern part of che islaud
(Figure 3). Development of theae ohservation sites begsn shortly after
arrival on Deka. Monitoring of the depth to water began ss soon as the
glte was developed,

The first of the sltes to ba developed was a tide gauge installed in a
f-inch diameter otandplpe along the shore of the lagoon, The other 21
obeervation eites were {or ground-water monitoring. Two of these (wells E£3
and E4) were hand-dug wells remaining from the Japanese occupation. Two
were drill holes from the early stagea of the drillinpg program (B3, an
auger hole, and D1, which wse drilled). The remaining 16 sites were
standplpes inetalled in taro pits which had long ago been dug down to the
water table,

The 22 aites are located in the southern part of the isiand. This
distribution reflects the limited occurrence of the tare pits, which zare
sites where observation wells could be ingtalled relatlvely quickly. As
the monitoring of these southern wells proceeded, observation wells were
being drilled and hand dug in the northern part of the island. &s a result
of thepe activities, it was soon learned that the nporthern region 1=
underlain by the hard layer at aboutr the depth that the water table had
been expected. This finding explained the limitad occurrence of the taro
pite and alsc pointed to the oaed of an additiensl study to document the
confining-bed effects of the hard layer., This mtudy 1s the plezometer
etudy described below,

Water—level monitoring of the maln pregram invelved discrete-time
meapurements and concinuous recordinga, In the discrete-time measutements,
the depth to water was measured twice each day at each of the ohservation
aites that were not being continuously recarded., Two meagurements weye
taken 6hr to 6hr l5m apatt, with the intention chat the average of the two
wpuld have the effactes of semidiurnal tidel varlaticns removed and thus be
representative of the daily level. Dapth to water was neasured by standard
chalked-tape methods,

Continucus recerding was by Stevens Type-F recorders, & of which were
used in the investigation. One of theae wag on permanent station at the
lagoon tide gauge; the other 3 were rotated around the well network 1in
crder to get tidal eignatures at as many places ns possible. Continuous
recordings were thua cbtalned at 6 ground-water aites; durations range from
i to 3 wecks,

Water levels were racorded on l-wk chart paper and l-to-1 wertical
scale except for the lagoon vecorder which was scaled down by a factor of
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5. Depth €0 water and Lime Ware noted an the paper at the bepinning and
end or each V-day recerding perled.  For days In between, rthe time was
marked on the paper ddaily, as a pare of the watev-level! rounds faor the
discrete—time measuremesnts. ln the otfice, the graphs were redrawm to
gliminate the time drift that was documented from these dally markings.

The Piezomerer &tudy

Deep driilicg In the noorthern part of the Island tvesulted din 2
plezometers (B%, BH, D&Y, As & part of the drilliog opecation, the ground
was duy, bte # 0¥ so leest down to the hard layer and a ¥.5-Ilnch diameter
casing was tightly cemented te It before the hand-dug hole was back{illed.
After the Jrilling, the vasing was rthe plezometer for an cbaervatlon well.

Tn addition te the 3 deep plemomecers, 3 plezometer—standpipe palre
were joutalled to enable comparisen of head above and below the hard layer.
From these, the grovnd was agaln dug deowm to a bared hard layer. Av Jow
growml—water cide (o the hele would be dry), the hard layer was drilled
through with a small portable corve drill, A 2, 5-inch-diameter PYVC pilpe was
rightly cemented to the hard layer im position over the l[-inch-dianeter
hoale; this PVE plpe becams the plezometer. Rext to the pliezomeber a
standpipe was posltioned by piling up a cellection of the wbigulbous coral

rubhle,

In addition to thess § plezometers, a FVC srondpipe was installed ip
the heach directly rorth uof 53 and B6, This "tide pipe" was set by
partially buryimg it in the sand aund, agaln, piling up coral rubble arvend
the srandpipe.

The study 1tsell fonvelwveld discrete-time depth-to-water measurements: al
the & plezometers and the Llde pipe. The intentiocn was to estallish the
chiaracteristics of tldel behavior in piezometers and relate them te the
behaviar in the standpipes and, to the extent possible, tu the wells of the
taro-plt network. dn Mapch 18, repeated depth-to-water measurements wers
takean to defioe the Jow and succeeding high at B3, D4 and the 3
piezometer-stand pipe pairs. On March 149, the tide pipe was installed in
the morning; fn the afternoon and night, discrete-cime depch-to-water
measurements wele wade to define the nigh st the 3 deep piczometers, the
tide pipe, and 4 tare—pit wells. On March 20, the last field day of the
study, water lLevels were taken hy the twice-per-day routine ac all tare pll
wells and all piesometers;  in the  evenlng, rclesely-spaced repeated
depth-to—water Hgasnrenents were taken at B5, BHE and the tide pilpe Lo
preclsely determine the time luags st those sites.

By necessity the water-level mponitering of the main program wag

suspended during the piezometer study and the few days hefore it while the
plezcometer sites weve heing prepared.

Flevation Control

(e ol th s E L lme—camsuming cumponents ol the water—level
lnvescigation wes the survey required to determine the elevation at all the



measuring sites. These clevatious are necessary in arder £ comwvert
depth-to-water measurements to water-level elevarions.

Standatd leveling techniques {tranzit and Tod)} were utilized by cthe
rurvey. A network of 31 benchmarks was established at L1O0- ro J0U-m
intervals atd In a svstem of 5 partly nested loops, Elevatien dlfferences
were decermined by leveling out—-and-back between successive benchmarks.
Closures helween successive benchmarks ranged up to 028 fr, with one al
that figure, & in the .20 to 0.22 rauge, 4 at 0.10 or 0.1}, and the rest,
25 of them, less than 0,01 ft. The five loops closed st -0.030, -0,032,
0.0%4, —0.0_6, and ~0.004 ft, so the nert owerall closure, fram anc and of
the island 1o the other is 0,086 ft (2.5 em}).

The ne- of benchmarks was used to level out and back vo each of the
water-level observacion sites. In nearly all cases these sites were wichin
a single infrtrument setting of a benchwark, so the clasure between
benchmark  and  obgervation well was a few thowsandths of a  {oot.
Exceptions, where the obhservation well wag furcher {rom a4 benchmark of the
interlooped net, include A3, A4, BS, B6, D4, E4 and E5.

The mel of benchmarks was also the basis for the profije leveling Vronm
which tle topographle map and profiles were drawn.

Datum for the elevation survey was taken as the lagoon low tide ar
1337hr an March A, 1984, The datum was measured, at the time of low tlee,
by leveliny; out=-and-back with cne Inacrument setting fand 0.007  fi
closare}, from a henchmark te the water line vn a quict-water beach next ie
the lagoon recorder station, This low tide was chesen as a datum =n that
all elevacions, both topographic and water Jevel, would be positive,

Weather Nata

4 small weather srtarion 1s maintained on Pingelap lsland. Data
rallectad ar this statien are vainfall and barometric pressure at 3 times
during the day. These data were made available to the water Investigation.
In addicion, Tainiall was measured at 07y, daily. by use of a standard
rain pauge on Deke., As a part of the daily water-level monitcrimg, the
amount of rain In the gauge was recorded during each of the two rounds, and
general obs:rvations regarding wind directionm, spead, and cloud cover wers
recorded between rounds.

Geomorphnlogy and Surface Geology Mapping Frogram

Various techniques were utilized to document the geomorphalogy and
rurface gealopgy of the sctudy island. These technigues included profile
leveling, grain-size analysis of surface material, compass-and-tape mapping
of the surface geology, and measurement of stratigraphic sectioms in tesc
pits.



Topographic Mapaing

FioeTd werlk asuncbatod with mappilug thee topograpbe, o Beke v iTieoal the
cataibinhed bewetaark network Doy elevabion coatred, (LFTLENE PR FRITITE EVE AT B
weasueod  helwaen ol beyomd the eet of bBonchmarks with creamsTd oond ool
Blevations were measured to within o hundredehy (0.00) of o oot ar
12, 5-meter spacing aleong trails. Data from this 1ield execrcizse provided
the hasis for ronstructian of a topographic map,

Grain-Size Analysis

Orain-size distributlons of  gravel-sleed  surface matoerial  were
measured at 135 locatioms. These sample sites were located near the cuf
trails and spaced about 3 meoters apart.  Tata were collected by meaguring
the loungest axis of 103 clases, systematically selected using a4 T-m” grid
consisting of a string mesh on a wooden frame,

sraln~-size distributions of sand-sirze material were determined at D
representative surface lecatdons, To addition, grailn-size distributlons
were measured “ov 18 samples callected from 3 seratigraphic best pils,
Each sample was sieved for 15 minutes using a sleve sbiaker. The fraction

retalined oo each sivve was then weighed to within O.3 grams.

Sediment sizes wore measured in terms of phi (@) wunits. Phi sives are

defined by
¥ = -log dfdn.

where o, the grain diameter, and dﬂ, the standard patticie dlameter (1.9),
are in mm. Phl onilcs increase with deocreasing grain sice.

Data presentation Is in terms of moments which characterize the
distributions. These statistical moments ate dellned byv:

Firse Moment H] = krmpflUU
Second Mamant HZ = If{mp—ﬁk}zflﬂﬂ
Third Hament H? = If{mp—ﬁi}inﬂﬂ.

where ' is the frequency in per cent of each size c¢lass, and m is the
midpoint of each #—sizg sleve class. Dy definition, M. [s the maa&jnf the
distribution. Hz is the variance, s¢ the standard deviation (o)} is the
square root of M, My s related to the skewness o1 the disteibution by

skewness = ijﬂj.

The second and third moments, therefore, represent the dispersion about the
mean and che as'mmetry of the distribution respectively.



Measurement f Stravipraphic Sectlons

Stratigraphic sections thraugh the unconsclidated sediments above Lhie
hard laver were measured sk two drill sites, rwe plezawefer sifes, and anr
stratigraphi: rest pit. The depth of cach stratigraphic unit was measured,
and warioms features =such as grain sire,  sediwent type,  bedding
relatlionship:, and sedimentary structnres were noted. These data and the
statintical data from 18 sediment samples fram 3 af the sites were nsed e
construct praphic logs ol the scratigraphy at the warious siras,

Suhsurface Geologic lovestigation

& Impartant aspect of  any  hydropeologle  Inwvestigatiun  is  the
collectlon ni divect information rtolated to the physleal make wp, chamical
composition, and structueral framewerk of subsucface unics. The goal af all
of this is to galn a berter understanding of the water-bearing and
transmittal propertles of the aquifer, Several methods were utllized b
the study i1 an attempt at gatherinp relevant subsurface dota. These
methods are descelbed below,

Core Drilling Operations

Core drilling on Deke was almed at achieving two main objectives.
Spacifically. these objectives were (1) to retrieve in situ sanples from
suhsurface wiits and (2} to provide direct information for ealibrating andg
confirming fenphysical daca. [n addicien, finished horeholes serve as
abeservation 'vells in which water leveis are agasured, specific-conductance
prafiles are obrained, and water samples are collected.

Two drilling units were used durlug the course of the field work. A
portahle, sap=called one-person  "Packsack" ceore drill (Acker UOrilling
Company} was employved In the drilling of shallow holes (uswally less than
10 feet}, Tniz woit proved uwseful in sampling the hard layer at a uumber
pf sictes in a rtelatiwvely short time period. It was alsa useful in the
installarion of piezometers, as mentloned above., Core samples nbtained
from the pacesack unlt are 7/8 inches in diamercr, The second unit, alse
manufactured by Acker, was used o drill deeper hales and retrleve o
slightly latper diameter core {model 1200 PM pipe-mounted vcore drilli.
Each wunit rejuires an appropriate pump scacion, drill bits, drill red, and
assorted tool s,

Because of unanticipated probhlems, the number of successful deep drill
gites was 1:.mited to three, all lpcated along the ocean sboreline f(sec
Figure 3). Depths af 70 and B0 feer were obtalned at two of the sltes;
drilling sl the remaining site was terminated at 25 [eet due ro ercessive
caving and lass of circulation. The primary problem encountered was the
rather uncansolidated nature of the material both above and below the hard
layer. Alchough the problem of unconsolidated overburden was solved bw
installing ciging, the unindurated nature of the substrate below the hart!
layer was 2 complete surprise. All indicactions suggested a relatlvely well
cemented carbanate sediment would be encountered and that casing and

drilling muwl would not bhe necessary,



Sampling HMerholds

A the ficld work progressed and the hydrogeologic impartance oi the
hard layer was vecognifed, che szubsurface inveostigation was expandedl Lo
include a pregram of saupling the reef lag in additinnal to tlhe harg
layer.  The main objecrive was to derermine the rcelationshis, {0 anv,
between the acourronce af the reef f{lat substrate and ics characteristics
and the occurrence of the hard layver and dts similar characteriscics,

Additimal objectives, and of equal dimprrtance, were o detorming che
inland extent of the hard layer and to define the character of ir-
lagoonward boundary.

Figure & shows & locatlon map of zamplen collecred from the oceanside
reef flat and the hard layer benecath Deke, Sampies werc obtained by what
ever means 1t taok to break the vervy resistant substrate.

Core angd Sample Fxamination

All rvores from the drilling operaticon were logged at the tlme of
rollectlon and later splie (hv sawing) for detsbled examination s
analysis. Fach core was described in terms of its coustivuent particles,
lithology, and physical characteriztics,  In additian a graphic leg was
cometructed, A number of care samples wore selected for permeability-plop
tests, K-ray cnalyses, and possible scanning-electron-microscope work,
Eesults from these analyses, howewer, will be availalile ar & later date.

Samples of the reef flat and the hard layer were trveated in a similar
manner. FPolished slabs were prepared and examined in rterms of compositicon,
lithology, and physical characteristics that relate o the propercies of
poraslcy and pe-meabllity.

Woter=fuality Determination

Field measurements oif selected physical and chemical water=guality
parameters wera made for proundwater samples collected from observatiouo
wells awd haretoles. Specific conductonce (pmhosfem), temperature (o),
and chleride-1on  {mpff) measurements were performed on samples oo
observation wel . s between March 17 and 20. Additiconal parameters analvzed
an March 18 on samplas from selected observation wells were pll, albaliniey,
calecium hardness (as mpCa/t and melald Je), and total hardness.  Specific
condue tance reaidings werg obtrained with™n Jield meter and probpe which has o
range trom b fee 0,000 umhosfem.  Chleride-ion and pll meascrements wers
made with a specific-iom meter and probes. Alkalinicy was determined by
potertiomettic titraticn with a standard acld to a pre-selected end-polnt
pH (Standard Mcthods, 1980}, Hardness was determined bv FEDTA titratien
{Starndacd Merhaogs, 180T,

Speciiic conductarce profiles within the groundwater  body  were
obtained from chservation wells U571 and DS4A, Measuraments were made ot
l1-faot EIntervals as the probe was slowly lowered 1into the warer column.
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These measurements were taken to the maximom depth of the open hole, which
was 32 feet In 1353 and 35 feet in D84, Twelve profiles were ohrained from
D53 and & prefiles frem DS54 for different cimes and wvaricus tidal
conditions., Addicionally ac DS&, specific-conductance measurements were
made of water sampled from a fixed depth (1Y feet below ground surface) at
1/2 hour intervils for a sampling peried of 81 hours.

Eetimated chloride-ion concentrations from apecific conductance
meagurements were obtalned from graphical data. Stendard curves of
spacific conduc:ance versus thloride ion content of =serially dilured aea-
water were made at the WERL weter guslity laberatory. Relative-sallnity
profiles from DiJ were calculated by tha following equation (Vacher, 1974):

C - Ef
E=lﬂﬂﬁ
a £

where T is specific conductance and €. and C  are concentratione in the
fresh and salty end-members, reapectiveiy. A Value of 52,000 was used for
C . The value nf €, was dependent on the specific conductance sequence Iin
edch profile., {n ednd-member C. walue was taken at the polnt on the profile
curve where specific conductance began to constantly Increase. Helative
salinity 1s ther plotted agalnst depth below the water table on probabilicy
paper in order to determine the actual thickness at the transition zone.

Surface=-Based Geophysical Surveys

Two surfacad-based geophysical methods were emploved by the study.
Specifically, these methods were (1) selsmic-refraction profiling and (2}
earth=-resistivity soundings. These merthods were used 1n an attempt to
determine the subsurface scructure and, o a certain extent, the thickness
of the fresh-weter lens., Several measurement statlons were established
across the atudy island; their locacions are shown on the map of Figure 5.

Selsmic-Refraccion Profiling

Seismic~refraction methods have hbeen wused In a wide wvariercy of
investigations invelving the determinacions of subsurface structure. Ameng
these investigations are numerous applications of the method in
groundwater-relsted studies., The object of refraction selsmology 13 to
obtain a time-distance graph from the f£first arrival of sound waves
penerated by an  energy source,. From time-distance graphs, seismic
velocities can te calcuslated and depth determination can he made,

Detection of refracted sound waves pgenerated by controlled energy
gources (e.g., hammer striking a steel plate, welght drop, or explosion)
usually preduces a seismic-record indicating one or more events that are
cauced by the change in veloecity of the wave front. Seismic energy fis
transmitted thrcugh solid material as elastic waves. Abrupt changes in che
glastic propert:.ea of the medium through which these waves are propagated
will causge the vaves to be rvefracted or bent. The degree to which the wave
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paths are refracted s related to Sncll's Law, thid is, fhe sime of e

angle of fnckdomee s equal to the sine of the cmgle of rofract lon,
Another way ot edpressing this law ix by the Tollowing equation:
pin i _ EI
gsin v vl
wWwhere
i = angle ! incidence,
T = anglc of refracticn
Vl = wvelocity of tranamission of the elastic wave in che
ingidence medium, and
v = wvelociery of cransmission of Lhe elastic wave in the

[

refiraction medium,

& primary concept 1in refraction wark 1s that of the critical angle,
Where r is cgqual to #0Y, sin i is equal te ¥_/fV.. Here, the iacident wave
path or ray strikes the Interface ar che cr%tiéal angle and the refractad
wave travels parallel to the iaterface. A refracted wave front acts as ¢
first arrival when its travel time f£vom che source through the refraccion
medium to the dztector is equal to or greaster than the time required for
the direct wave to travel f£rom the scurce to the same detectov. The pach
that first-arrival waves take 1s dependent upon the depth to the reference
interface and the distance hetween the first detector and the energy source
(Telford et al,, 1976; Zohdy et al., L9743,

When first-arrival cimes derived from seismograms ave plarted nn oA
time-distance graph, a break in stope of the curve will accut where the
time ctaken for 2oth direct and retracted waves to travel from the enerpy
source ta the detector Is the same. Selsmic velocities are obcained §rom
the slope on the time—distance corve (i.e., velocity is the inverse of the
alope).

The mosc widely wsed of all field technigues In retraction work is
profile shooting., To ebtain the necessary time-distance data, shot polots
gnd detectors o geophones are laid out on lang lines and repeated shots
are taken at variows positions at the ends and middle af the geophous
spread. 11U suciessive spreads are necessary, the lipnes are overlapped by
at least one or two geophones.

During field operations, a total of 48 selespic-refraction lines ur
spreads were esiablished accoss the study island,  LEach line was shot ia
both the {orward and reverse order; several lines were shet at the midpoine
vf the spread. The enerpy scurce used in the refraccion work was o sledge
hammer striking a steel plate., Geophone soread consisted of 1) detcctors
spaced at S-foot intervals conrected to a MeSels—1300 {mocdel 11913 Signal
Enhancement Seismograph. & permancut Fecord WL produced D1
Llght-sens it Lve paper.
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AMrehough a number of analytical approaches are availahle {sce. for
example, Telford et al,., 1976; Dohrin, 1976), the lcast time-consumning
method utilizes computer processing of rhe rtime-distince Jduora. Th
computer program uwsed Coe process the Deke dacas was tirst pubiistied by the
T.5, Bureas aof Mines (Scott, 19727, The progran generaces 0
two—dimensicnal moedel representing a ltaversd-earth depth interpretation.
Travel times are picked from the seismogram by the user. These times,
topether wlith shot poirt and geophore locations and refraction Tave:
cantral inf srmation, are uwsed as program inpuc. A firsc approximation
delineation [or each zrefraction interface ia ohtained by a computer
adaptation cf the delay-time method. The approximation is then tested and
improved by the computer chrough the uze of a ray-tracing pracedere in
which ray travel times computed feor the model are compared to fleld data.
The model 15 subsequently adjusted in an {iteracive manner such that the
discrepancy between computed and measured rravel fimes Is minimlzed.
Seismic veleocitles and depths to relractor interfaces, among »othep
information, are printed as the final step.

Earth-~Resistivity Sounding

in additdon te rthe applicativn of seismic-refraction profiling in
groundwater invesrigarions, earth-resistivicy measurements are widely used
in the derermination of subsurface characteriscics and. In many rcases,
water quality, FEsgentially, the method involves measuring the clerctrical
tesistivity of earcth materials by intecoducing an electrical rurreont into
the ground .md monitoring the peotential field devetoped by that currenc.
In most carth materlals, electrieicy is conducted electrolytically by the
interstitial fluid, and resistivity is contrelled more by porasitw, water
content, and water quallty than by the resistivities af the matrix (Fohdwy
et al., 1974). Clay minerals, however, are capable of conducting A curcent
electronically, and the electriecal Flow in a clay unit is bath electronic
and electrolytic,

In conducting earth-resiscivicy soundings, n commutated direcr curzent
or very low frequency (<1 Hz) current is intreduced into the ground through
two electrodes (Zohdy et al., 1974}, The potential difievence is measured
between a secend pair of electrodes; che current and petential measurement:
are used to valeulate apparent resistivicy.

The most commonly used electrode configuration fer vertical electrical
soundings, and the one used im this scwdy, is the Schlumberger arvay., Tour
electrodes are placed aleng a stralghe line an the ground surface snch that
the outsfde current electrode distance (AR) Is equal to ar grester than 5
times the aside potential electrode distance (FR).  For anv lincar,
symmetric array AMAR of electrodes, the apparent rvesistivity is given he
Chohdy er al,, 1974):

RN TSR G T2 M
- ®E 1

where

LV = measured parencial difference, and

lectricval current



& Seiltest R-A0 remdstiviety uwnit was used to conduet fhe =ouadings,
The wunit utilizes dry-cell batteries as s power scurce with a max e
cutput of B0 wveles and 1,0 amps, Sixteen resistiviky stations were
establisted at warious sites around Deke (Fipure 5}, All soundings
utilized the Schlumberper configuration with a maximum current electrod:s
(AB/2) spacing 2f up to 200 feet.

Resultant data generated during the reslstivity survey woere apalwaed
by a trial-and-error procedure of curve matching. The first siep wis t
plot the field data on a graph cof apporent resistivity versns eiectrmlc
spacing {AR/2} for each station and smooth the vertical electrical sounding
(VYE5) curve tir Temove the disceostinuities produced by the method ol
teasurement (see, for example, Zohdy er al,, 19%¥4}. HNexnt, an appropriare
laver model was selected as a first approximation to the field VES corve.
Layer thickness or depth and resistivity wvalues are used as Input Lo a
computer program {Zohdy, 1974} which calculateas the model VES cuzve. This
model ¥ES curve is then compared to the field VES curve for geondneass of {ix
(wsvally a gqualitative ceomparison), If necessary, the input wvalues are
adjusted anpd the program rTetun, This procedure is continued wontll! o
reasonable matc is achieved hetween the model and field curves.

&5 discusced by Zohdy {(1974), for a given cnrth medel composed of
horilzontally stratified, laterally homogeneous, and isotropic layetrs, tho
computer progrdan calculates the Schlumbevrger apparent Ttesistivity in tw
parts. First, the total kermel function T = £ {(h, e, A} is calculated ior
an n-laver wodel wsing Sundi's recurrence formula which Is giveu by

_ _ ryon —i3h L =24
T, = (hy 0, A) = {1-qe " L1/ [+ e 1]
Nl s 7 pran Q!
- e ~2Ah
T _qfhees ) =01 -0 | -2%h n+l]

n-11/[1 + on-1%

- [Qn—l - i:'11]’|'I['DT1~-1 * Dn]
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1
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Regizriviry of cthe 1 EE—layer. and

rhicwness of the 1 EE-la}rer.
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The secomndl part in the calculatdon of the Schlumberger apparent
tesistivity Is Hased on convolving the inverse {ileter coefficients (Chosh's
coefficients) with the computed tetal kernel functiosr  curve, The
convolution is made twice and six  apparent resistivity values per
logarithmic cvcle are cbtaimed. The abseilssas of the computed pofnts are
logarithmically equally spaced, with

{iﬁ;zji+1ftiﬂfz}i = 1,488

where AB/2 Is the Schlumberger electrode spacing,
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RESULTE OF THY INVESTLGATLON

Study results are presented in rhis section. The arrangement ls
gimilar to that of the previous section, that is, results fraom the various
components of the investigation are given in the same order as the methods
for each stucy component. Much of the data and analysis are summarized and
discussed in the text, however, relevant data collected 1in the field and
data in a reduced form are presented in the appendices. The organization
af the appencices 1s:

Appendix A — Water-Tevel Bata

appendlx 8 — Geophysical Data

Appendix C - Drilling Logs and S5ample Deseriptions
Appendix D - Relative-Salinity Data

{See Appendix table of contents for specific data included within the
appendices) .

Water-Level Monitoring Program
Lagoon Tides

Elevation of successive lagoon tide highs and lows are shown in Flgure
. A= shown 1n the figure, the tide is mixed semldiurnal and diurnal. The
diurnal component dominates during the quarter moons, when theve s a neap
range of atout 3¢ cm. At new and full moon, the tide 1s scrongly
gemidiurnal with a spring range of about 75 cm.

Mean sez level for the 36 davs of record is 23,7 cm above the datum
which i5 used throughout this reperc. This datum, the lagoon low tide ol
1337hr of March &, will continue to be nsed In order to aveld negative
numbers for water—level elevationa.

Figure 3 also shows the run of daily mean sea level. As shown in the
figure, there i=s a considerable day-to-day varlation in daily mean sea
level, with 1 tange of some 25 cm, and a one-day lump of scme 22 em, Tt iz
apparent fron the figure that this variation in daily mean sea level is a
tidal phenorenom. Specifically, daily mean sea level fluctuates with a
Li-day pericd; there is a minimum during the neap., diurnal tildes and a
maximum during the spring, Semidiurnal tides. As shown below, this eycle
15 the princlpal control on the variation of ground-water levels in Deke.

& comparison of the daily mean sea level and laverted atmospheric
pressure is made in Figure 7. Accerding to the "inverted-barometer
effect", sea level should rise 1 cm for each drop in barometric pressure of
1 mb {Wunsch, 1972). As shown in the figure, any sea-level variation due
to barometric fluctuations would be completely overwhelmed and masked by
the larpe-scale tidal variations; at best, the pressure-related varlations
might be responsible for a small-range (some 5 com or less) sawtooth
modulation of the curve of dailly mean sea level.
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One of tie particuelarly striking features of the tidal wvariation In
the lapoon is that the tidal fluctuation 15 asymmerric., This ecan he seen
in all pfi the lagoon recordings., TFigure B shows an example, As zhown in
the fipure, tiere Is a smaller variation in elevation between successive
lows than betseen successive highs. For lows that arc below a depth of
about 10 em {the top of the reef flat}, the tracing of the curve for thase
lows is asymmetriec, with a slow approach to the minimum {ollowed by a rapid
rise., There zre also unequal time differences between the higha and lows:
on average [ssze Table 1}, 1t takes Fhr 4Bmin to go from a waximum to a
minimum and 4hr 17min to go from a minimum o a maximum, with an owverall
peried of 1Zhr Smin {in comparison with a typical semidiurnal period of
l2hr 25min and ecqual times of 6Bhr 12,5min betwocen the extremes). This
striking asymetry of the lagoon tide obvipusly reflects the fact that the
closed-lagoon configuration Impedes the free exchanpe of water between the
open~acean and the Jagoom,

Some of the results af the study of ground-water rides help establish
the character of the lagoen tide, These results are soemarized in Flgure
9, which shovs the lagoon tidal curve in comparisen with the tidal
water-level wveriations at B5 (D5S4), a deep piezometer some 30m inlznd from
the beach aloig the reef-berdered northern shore. This piezometer gives
one of two largest documented tidal ranges in Deke, and these give the
closest appro:ch to a measurement of the open-ocean tide. The curve for
the lagpon is from a centinuous recording and the curve for BS is for
temporally disjunct measurements of depth with a chalked tape.

45 shown in Figure %, the low in the lagoon occurs some 2.5 hours
after the Yow at B5, and, in contrast, there iz little time diflierence in
the oceurrence of the highs. For the March 18 data, shown in Figure 39, the
high in the l:goon is t0 minutes after the high at B5; this lag apparently
increases in darch 19 and 20 (see Table 2) to 15 and 17 minutes as the
height of the maximum decreases from 102 cm on Mareh 18 to 93 and 78 cm on

March 19 and 20, respectively.

From Figire 7 and Table 2, the vange in the lagoon is about 60% that
of B5. MNuwever it is quite obvieus 1n Figure 3 that the reduction is taken
disproportionately from the low., The water—level average at BS dis 29 em,
with an amplitude of 73 em. The average lagoon level in the 24 hours
preceding the peak shown in the figure is 25.9 cm; so, the "amplitude” of
the high is 6! c¢m and the “amplitude' of che low 1s 25 em, Thus, although
the overall range in the lagoon is dampened to some 60Y relative to B5, the
high is dampened to 80% and the low to some 34%,

It shoult be noted that these figures on dawpening and lag of the
lagoon tide a-e borh underestimates of the dampening and lag relative to
the open ocean, heeause there 1s undoubtedly some dappening and lag between
the open oceal and B5. This can be seen {from the range and time data
{Table 2) for B& (DS5) which is a similarly installed piczometer 12m inland
from BS. At 16, the high pcours 5 to & minutes later than at RS and the

range has been dampened to 71% of its value at B3,
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Takle 1. Tidal dat: from continuvus recordings,
A. Hunges tem)
i) * R
W at
Well Dates n_ My ﬁg
(1] Rl = Range at well; R2 c Range lagaan far
Bi 18 - 3f; 43 11.5% 9.5
Ch 2718 - ags L a.81 S04
L5 2f15% - 31715 67 9.55 2.8
(1} /% o« 3fe 47 21.20 by, 2
E3 149 - 3/ 43 9,97 51,0
[2) R1 = Range at EE; R? = Ranmge gt
£? 19 2.5% 12,54
{3) Owerall lagson
Lageon 2713 - 3/ i35 50. %
3. Times
Kell Late n Lagoon
High Low
{10 Lag = time 1t well
P &y 2718 - af2 F 1:10 0132
i 2418 - 3/f9 37 2:5% 1:07
-5 fvs - 310 iy PR 0:56
11 afy - 3f18 2y g:53 056
3 3/9 - 3f21 22 3:00 t:23

same period

L= I — I — )

q

-y
.13
S22
LY.
10

E3 inearby pierometer)

(2} Lag:Time at well after time of correspunding

4
131 Overall
_agean 2413 -
'm = in & refers
of lows,

lagi.an

ary

L]

rumber

of extremes;

10 1:3%8

53

in B,

T:10

refars

k.

29

15

Tima betwamn Extremes

=R T o O T

exLreme

106
Iy
H
.31
=11

at

|

4B

E3

oW

ta number af kRighs

Low to

—_—_—) e R m——— o m aaa

and

ki

S+5h9
103
143
14

N & oo

rumber



6

CHM ABOVE DATUM

[HIHHTEmia|

Heef flat
[N Lt Sl

D_
_EID—.
— 40—
1 1
Y00
Figure 9,

I I 1 I

i |
1400 1600 1800
TIME

18 MARCH 84

I
1200

Graphs showlng 4 tidal «#vele in the lagoon
and at a deep pierzomeler (B3] located near
the ceean shore. HNote the relative positian
of the reef {lal.



Table 2. Results of the tide studies of March 18, 1%, 20.

Min Max Ranga LAl after DS54 P Lag
Tima Elev Time Elew Min LEE aftar Pr

318 Data
B (D54%) 957y e 1610 102 Y4& - -
D& (D53) GO0 45 1614 106 151 0: G0 0:00
Pz1 Pz 106H -4D 1615 103 143 0:03 0:95

ELP dry 1615 S& 0:00
Pr? Pz 1110 11 1572%h 4H i/ 1:13 114

StP dry 1905 La 1:40
Pzl Pr 220 19 1835 55 26 2:23 2:715

P dry 1854 Ly 0:15
Lagocan 124 1.0 1620 8.1 8r.1 2:25 G:10
3719 Data e
B (D5&4] 1650 93 1133) - -
BE {355 1655 78 (94} - :0%
Tide Fipe 1100 114 - =14
B (D530 1635 97 - -0:15
Ct 24055 37 (13.8) 4-05
C2 005 42.5 [15.8]) 3:15
C3 1957 46,2 {21.6] .07
Ch 03 37.8 E13.g] 3:23
Lagouon 1705 781 e fi:15
1/M0 Data
BS (D5&] 1422 7.9 (687 -
B& (D85} 1718 663 {437 D:06
Tide Pipe 1705 B%.0 T D:2h
E3 19358 KT 1.3, 118
£z FAVFe 13,3 3.0* O:648
Lagaen 1739 61,5 2.1 017

" .
Range from continuocus recordings and & the average of the adjcining low-high and hign-low differe-ce:.

* %
Ranges in parentheses are from ext-apelatien of a partial ryvcles; see fupendir A, Table AL,
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GCround-Water Tldes

From the tide study data of Harch 13-20, when discrete-time
depth-to-water measurements were made over a few-hour peried. the times and
elevations of the extremes were determined: a low and zucceeding high far
March 18, ani a high for March 19 and for March 20. These derived datas zre
listed in Table 2 and covar eleven localities  including 3
piezometer-standpipe pairs. Also included in Table 2 are the implied
ranges and lags relative to BS, the deep pierometer that is rclose to the
ocean shoare. Listed ranges inelude values from the March 19 and 20 data
where the eftimate is from extrapolation based on fivting a sine curve to
the data of the partial cycle,

Besults from the continucus recordings and diserete-time sampling are
combined, t¢ the extent that thiz 1s pesaible, in Table 3. The tidal
efficriency {TE} Iindicates the range at the site relative to the range at
B5, Where ILhe gite was covered by the disgerete-time sampling, the tidal
efficlency was taken from those rezults; where the aite was covered by only
the continucus recording, the long-term tidal efficiency relative ta the
lagoon was wultiplied by 0.6, the lageon-te-B5 range-ratio in order to
convert TE relative to lageoon to TE relative to B3, Lags were handled in
ar analogouws manner. Fer the time difference between successive extremes,
tha values In Tabte 1 were used for the concinuously recorded wells and,
for the otters, the lag-~of-high data of Table ? were used with the
assumption that the time difference hetween successive highs 1z [Z2hes
25min,

Because of the various ways the numbers In Takle 3 are derived. the
compilation gives only an approximation of the between-well differences in
TE and lap. Examination of observation well hydrographs, for example,
indicates that there can be a =izable disparity 1n TE or lag {rom one dav
to ancther. However, the results of Takle 2 — even though approximate --
reveal a definite areal pattern in the ground-warer tides and this 1= shown
in Figures 13, 11, and 12,

Areal Farteris

Figure 10 iz a map showing how the parameter, time difference between
auccesrive extremes, varles geographically, In the lagoen thls paramecer
is 7:48/4:17 meaning that the time between a high and succeeding low is
gome 2:1]1 loager than the time interval between a low and succeeding high;
the case at Dl is the same, For the wells along the uorth shore {e.g. BS,
Pzl), howewzr, there iz no such dnequality of the Hhigh-te-low and
loswr—to-high time differential, which 1= the case alsc in the open otean.
Therefote, as shown on the map, there is a rather bread regiom 1n the
northern part of the island where the ground-water rcides are like the apen
ocean 1In terms of equal times between successlive extremes, amd a
comparativel s narrow gsouthern fringe where the pround-water tides are like
the lagoonm 'n that there 13 a pronounced inequaliey of successive time
differences Hetween extremes.

Ag shown in the maps of Figures 10 and il there is a very defimite
pattern of fecreasing ranges and increasing lags Inland. Highs oceour in
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Tabtle 3. Combiped results of the tidal studies.

Tidal efficlency lag of high, Time difference
ralative to after BS between extrames
BS (high to low/low to high}
D4 1,03 -G:15 f:10/6:15
B5 1,00 0:00 6:10/6:15
Pzl 0.5 0:05 6:12/6:13
86 0.71 0:05
Dl .28 1:08 7:51/4:14
Pzl 0.25 1:15 6:12/6:13
Fz3 0.18 2:25 6:12/6:13
c3 bLi? 1:07
B4 0,15 1:25 6:06/5:59
C5 0.13 2:37 B:22/5:43
c2 p.12 3:15
c4 0,10 3:07 6:02/6:03
cl 0.1 4:05
E3 0.09 3:15 B:11/5:54
Tide Pipe - g:17

Lagoon G.50 g:15 7487417
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Fipure 11. Hap of Deke I[sland showlng the time lag of the tidal highs. lag tfime
is relative fo ohservation well DSS (starred ;ouatiun). Lap time in
hours and minutes,
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the interior of the island some 3 to 4 hours after they occcur at B and in
the lagoon., Danpening [s such that a range of some 7 ta 8 cm is a typical
average for the interlor, in comparison with some 50 em in the lageon
{Table 1} and, from the TC walue of the lagoon, some 33 em at B3, The
range In the oren acean was not measgured, but the clear Implication of
Figpure || Is that it Is significantly larger than the range at ¥).

Standpipe vs. Piezometers

Tidal behavior at the 2 piezometer—standpipe pairs is shown in Flgure
13, Piezometer data give the head varlativn of groundwater below the hard
layer, Measurements within standplpes tepresent the head of the warer that
regts on the ha:d layer. &s shown in the figure, water is present above
the hard layer ovnly at high ctide. The tidal fluctuarion in head of the
unconfined water 15  considerably dampened relarive to that oi the
underlying confined water.

In 2 of the 3 cases, there is a time lag herween the occurrence wof
the high in the confined aguifer and the (later) high in the wnconfined
water. The curve for the tidal high in the unconflned water at Pzl tralls
off -- wvery unlike a sine curve —- clearly suggesting retarded drailnage
back into the cenfined aquifer once the plezometric surface drops below the
top of the confining bed.

Results shwmn 1n Figure 13 alsc 1Indicate a rtelatlen hetween the
thicknees of thir hard laver, oa the ¢ne hand, and the difference between
the srandpipe ard piezometer curves, on the other. In order of decreasing
thicknesy aof the hard layer as found by drilling, the plerometer sites can
be ranked Fzl, FPzZ, Pz3d. Accordingly, from Pzl to FPz3d there iz a
prograessien toward convergence of the twe curves. As indicated by the
small difference between time and elevation of the high at Pz}, where the
hard layer is tome & pa & inches thiek, if the hard layer pinched cut
altogether, then the twoe curves would be identical -- as they should ke,

The lower pair of curves In Figure L3 1s from E2Z2 and 03 where
cont inuews recnrders were installed at the time of the piezometer studies.
F2 1f a taro pit which 1s dug Jdown to the hard layeri Fi, which is about 10
m away from E3, is a hand-dug well from Weorld War II, and it penetrates
through the hard laver. The standpipe—piezometer pailr of T2-F3 differs
from those of tie Pzl - Fzd sites in that the hard layer lies below the
low-water level of the standpipe, so0 the full range of the tidal
fluctuations can be measured at both standpipe and piezometer.

As shown 141 Figure 13, the cidal fluctuation at E2 is dampened and
retarded telative to that at E3, The results of the simultaneocus
recordings at the twoe lecalities for a 5-day perdod are shown In Flgure 14,
As summarlzed in Table 1, the range at EZ2 i= dampened to 20¥ that of E3,
and the highs aid lows gccur 1 to 1.5 hours later. Over the 5-day peried,
the average level at EZ was slightly (1,1 em) higher than that at E3,

Figure 13 :lsc shows a considerable difference in the ranges, and the
timing of the h.ghs and lows, at the various piezometers. This variation
is part of that shown for the engdirs island in Figures 11 and 12, that is,
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Figurces 10 :nd 12 show the range and time-lag at piezometers for (northern)
loralltirs where the hard layer is present and {or the tidal fluccuacion of
the water t:lle in standplpes for part of the island seuth of the pinchout
of the fiare layer. The wvalidiry of combilning ranges of a plezametbric
wvariatlon with that of A water-table variation is shown by Figure |3 where
it can he scen that the one grades from north to soutrh inta che ocher,

Ocean Shore Tide Pipe

Tide studies also included an efforr to measure the tidal fluctuacion
fn the bea-h along the norchern, rteef-facing shoreline. Results are
cunmarized jn Flgare 15. As shown in the figure, the high in the tide pipe
accurs some 24 minutes after and some 11 em higher than the corresponding
high at the B5 plezometer located 30 m inland of the tide pipe. Thus the
beach tilde 1s clearly retarded from chat of che open ocean (by the time
difference hotween B3 and the tide pipe plus rhar between the open ocean
and BS, this latter quantity belng implied by Figure 11}, The range at the
beach though is probably Jarger than at BS judging from the larger
elevaction o the high at the tide plpe and its leocatlon eloser o the
shareline, The attempt In Appendix A tn estimate the range at the tide
plpe from the partisl curve 18 inconclusive, lecause the curve deparcs
suhatantially from a sine curve, The tralling off of the curve {a like
that nt Pzl ond, as ac that locality, indicates that dowoward dralnage in
tmpeded by vio hard layer,

Day=to=-lay Varlatians

Most «¢f ¢the dally water levels are from the average of (wo
depth-to-water measurements taken 6hr te 6Ghr ISmin apart and thus, to the
extent possible with daily readings, effects of a semidiurnal rtidal
variation hive been eliminated., Other results listed in the appendix --
those indicared by parentheses =-- are from coatinuous recordings; for
these, the ¢aily levels are taken as the average of a morning reading and
one & hrs later, so that these results would be comparable to the other
MeASUTEMENLS .,

l4-Day Time Series

For the purpose of presentation here, the focus will be on a subset of
the full set of tesults listed in the appendix. This subset, which i=
given {n Tahle 4, comasists of the dally levels at 14 wells over a ’l-dav
period, 27 February through 14 March. The wells and time pericd are
selected in erder to provide the longest-running time sevies at the largest
number of wells, with all the data being chtained in the same manner., With
2 exceptiona, the 14 wells are standpipes In tarc pits; the exceptions arg
E4, which i+ a hand-dug World War I well, and B2 which is an auger hele,
E? is perched on the hard laver; with the possible exceptiens of €1 and B2,
which may be punched through the hard layer, all cthe ather wells in the
time series are at pites where the hard laver 1s net present,
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Table 4, The li=-well time series. Water levels in cm.
February March

Fy ) 2k 5 i 7 i8 25 1 2 3 L 3 13 7 B E 10 11 11 13 14
Al 3.8 1.5 11.0 337 9.5 7.0 I7.8 9.6 3.0 3.3 353 1.y 1N N5 M. .8 4.3 33.6 337 2.0 7.4
A2 3B M5 2304 RT3 ir 9.5 19.2 8.8 330 3.0 3e 337 3.4 .9 32! .} B 3.9 W2 11,6 -
A3 327 .3 1.8 33,4 1.0 Ia,0 7.7 8.0 .5 3.0 30,6 IX.4 A0.3 3DL0 0 IDLE 31D 6.5 w1 3.5 25,9 76.3
Al 3.0 2%.% 0.0 Z6.8 238 ey 2603 MLS 3201 0L 3MLE MLT O A0 %7 296 36.% 321 39.27 6.7 Ih.M
Bl 330 31.% 307 3.3 2807 M0 2709 3007 8.2 LS 365 14,2 3.3 30,2 M6 30,6 34,5 37 MBS 26.3 25.H
B  33.4 12.& 308 3.1 8.9 26.B 7.3 W1 346 VS5 3.0 35,7 3AL2 0 NM,9 32,1 ML.BE O M35 TS 1.5 0.2 26.7
ik} 79.3 M.k W0 3121 29.% IT.0 29.% 32,3 36.1 k0.5 N5 5.4 I8V %5 2.3 1.7 I B 30.7 6.6 18.}1 7.7
L. 1.3 33 n.2 1.1 261 6.7 1&6.1 26.8 I8 M.7 3.2 e 3I0 M. O¥M,2 30,9 360 19,5 11,9 1M1 6.3

13,7 31,6 32,0 31,8 i9.8 27,9 .8 W0 3.0 13572 3a_8 35.0 379 3.6 3.1 M9 3.5 I6.7 31.5 in. A IT.4

0 T A T |1 - B 8.5 6,3 #1303 3A.5 3e.E 3RS L9 329 313 33,2 312 T 1,1 29.5 6.6 25.8
By 3.4 32,7 32,1 M.,8  2H.4 25,9 5.9 M3 35,4 36.5 8.7 .t 9.4 8.4 29.5 28.% 3R.I 3.4 31.3 7.0 5.5
E1 320 3201 29.5 305 IF.E 0 3B.3 OR.YOMLE O3S 37,2 35,00 3.5 3.5 797 Mok 31,3 3.0 33,9 28,5 6.0 I5.0
E2 6.4 31.8 28.F 8.0 6.8 28,5 23T .6 35.% 35.3 w7 33.8 32,5 32.8 3A.0 MEO 41T #1.9 34,7 8.7 5.2
Eb 0.8 .8 30C.0 31.9 I8.4% 25.9 1% 1.8 373 1.4 3.7 32.% 3.8 /9,9 3.6 1.3 .z M.e 7.7 6.1 8.0

13
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The |4 cime serles are shown in two groups In Figures 16 and 7.
Statisties for the l4 wells are listed in Table 5, and statistics for the
21 daye are listed in Table 6, The daily starfstice are shown a2 a time
series 1n Figure 18,

Obvicus facts of the day-to-day variactions are chown by Figures 16,
17, and 8. water levels within the wells rige and fall together, and this
variatien can Je of conelderable amplitude. For example, the level ar all
14 wells group within a small vange -- on aversge, about B cm (Table &),
Over the 21 dare, each well varies over a range of % to 17 cm, depending on
the well, Daily lavels can change as much as 8 or 10 em in a matter of 2
et 3 days or lesas. As shown in Figure 18 there were twe significant rises
in the Z1 days of the survey. The firat was March 3 vhere the water lavels
on average were % cm higher than they were 4 days aarlier. The second was
March 10 when the levels, on average weve 7 cm higher than they were one

day earlier,

The day-te-day variarion summarized in Figure 18 can be aaslly related
te daily rainfall and daily lagoon level, Rainfall figures represent the
amount of rvaln cellected in the gage at 0700 hrs of the indicated day.
Daily lagoon levels are from continucus recordings and represent the
average lagoon level ever ethe 74 hours preceding 12 noon of the indicated
day. It is obvicus from comparisen of the two seta of graphs that the
firse rise {(the cne nof March 1) 1is due largely tn a rise in dajily sea level
as rtecorded in the lagoon. and that a b4—-cm rainfall probably added to the
rise. The second rise (of Mareh 10) is due te the 8&-em 2-day rainfall
which more than balanced the effects of a downward trending dafly gea

lavel.

fverall, there 1is a setrong rorralation between dally groeund-water
levels and the daily lageen level. For the 2l-day recerd the correlatiom
cogffteient between W {the run of the li-well mean) and L (the daily lagoon
record) ia 0,55, For the ahorter period February 23 through March 9 (i.e.,
before the big rainfall), the correlation coefficlent between W and L 1is
0.71.

Reducad Levels

Figures 16 to |8 give water-level elevaticns relative to a fixed and
arbitrary datum, the low tide of March & 1337 hr. It I3 customary in
repores af fsland and coastal hydrology to glve the elavatioms, also,
relative to mean sea level. BSuch reaults, or reduced levels, give tha head
in the ground- water body relative to the head at the shoreline (which is
taken to he xera), or, Iin another view, the head loas that a water particle
experiences In irs flow from its inland peosition to the shoreline, W-L, or
the reduced level fer the li-well average, is shown in Figure 19 together
with L and the daily rainfall. The uvpper curve is by definietion 3
representation of an average dailly head Ffor groundwater. From wvisual
comparison of W-L and L, it 1is obvious that there is a strong negative
correlation berween che two; the correlation coefficient is -0.73. Thus,
on a daily barls, rthe redured levels, or the ground-water heads, are
strongly controlled by changing sea level: as sea level riees there iu leas
head differential between inland and shoreward sites.
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Table 5. Llé4-Well rime series: Well statistics. Water levels in om.
Ave, 50 Hax Min Range
Al 3z 1.2 40,3 {3/10) 7.0 (if18} 113
A7 32.9 !B 50,8 [3£10) 2808 (341} 12.0
Al 309 z.3 6.5 (371Q) 76.3 (3ftn) 10.2
Al 29. 4 3.1 36.9 [3/10)  213.8 (2126} 12.1
B 1.6 b1 42.5 13/73) 25.6 (3415 16.7
B 32.3 3.8 83,5 (310 26.7 {314 16,8
B3 1.3 3.} 40.5 (373) 27.0 (2518} 13.5
1 0.9 3.5 33,5 (3/1) 6.1 (249 13.4
s 37.5% 2.7 6.7 {54111 I7.% (3F14) 9.3
Ch il.é 3.3 37.4 13101 25.6 ([fi} 11.8
13 3. 3.7 3.2 137107 25.% 13AW) 117
E1 jo.2 1.5 37.¢ (33 5.0 (3714) 12.2
E2 31.9 5.1 41,9 (3110) 14,5 {2/7E8) 17
Ed 3.2 .8 39,4 (3/3}) 5.9 12528/ 13.5
Max  32.9 5.1 %3,5 8.4 174
Min 29.% 2.3 3E.5 3.8 5.3
Range 3.5 2.8 7.0 5.0 a1



Table 6. l4-W:11 time series: Uey atatistics., Water levels in cm.

Aie 50 Hax Hin Range

2/23% a.ag 1.84 ie. 4 (ED 25,31 {83} T
Ik il,as a.97 L5 (A2} .0 A4 1.5
25 0, a5 1.29 1.4 [(A2) 8.7 {EI) y, T
26 31,61 1.6& 3.3 (A2} 8.0 LEZ) &.3
27 1€, 73 1.6l 1.1 (A2} 6.3 {(C1} 5.8
i8 2€ , 34 1.%E 9.5 [A2) 3.8 ([Ak] 2,7
19 17 .39 1.7h 9.9 (B3] 3.7 {E2) 6.?
Al 29_317 1.88 32.3 [B1) .3 (AL &.0
2 117 2.74 3B.2 (B 8.4 [(1}) 9.8

3 35.95 .19 2.5 [E1) 1.7 (1) 9.8

4 31,64 1.87 36.5 (B1} 0.6 (A3} 5.9

) 13,84 1.23 5.4 (B3] 3.6 {C1) .8

& it.u2 1.23 33.2 (B2} 9.5 (01 3.8

¥ 10,78 1.24 17.8 (E2)] 28.4 (D3) L]

[} I1T.m 1.07 13.2 (£1) 20.5% {03) 1.7

o 1.9 1.01 2.7 LAZ) 8.9 (D3 3.8
10 17 .84 .41 A1.5 (B2 3%.0 (E1) 3.5
11 i5.16 .1k 1.9 IEZ) 30.7 (B3} 11.2
12 10 .45 I.64 x.7 (E2) 26.6 B3] a.1
13 8 1% .75 IN.& LA2) 2.0 {(E1} 5.6
18 36,232 1.1z 28.9% (A2} 25.8_LAN) 4.1
Hex iv.A 3.19 43.% 1.0 1.2
Min 26.1 D.%7 8.9 PL 1.5

Rangs 171.% ?.717 L3 9,72 1.7
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Figure 18.

Ground-wetet level is the averape

In

=day measurement period.

from 14 wells over g 21

the upper graph, the heavy line represents the mean,

the cross-hatched hand represents the T one standard

deviation about the mean,
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lowermost lines represent the maximum and minimum

level respectively.



45

20—

REDUCED WELL HYDROGRAPHS
CM ABOVE SEALEVEL

24 4

LAGOON SEALEVEL

CM ABOVE DATUM

20

R&IMFALL (CM)

Figure 19,

————
——
e
—
——

24 26

FEB SHAR *

Graphs of reduced well hydrographs, daily mean lagoon lewvel,

and daily rainfall. Upper graph shows reduced levels and a
}-point moving average (rthe lighter line) for the 14 observarlon
wells.
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Inciudsl in Figure 19 s a 3-point movipg averape af the rTun ol
redduced Tevels. This curve, {ﬁ—L}, is merely a smouthed versioun of ﬁ—L;
the sastronp negative correlacion H#Eh aea level is the asame.  lowever it
does make conparison with the rainfall record more clearcuk.

Compariton of che rainfall record and the reduced levels in Figure 19
{ndicates that the ground-water head was increased by talnfall wicth both
the March 2 and March 10-11 events. Because sea level was rising duting
the March 2 event and falling during the later event, the upswings in
reduced levels represent, respectively, an underestimate and an
overestimate of the amount of water that was added to frosh ground-water
storage by the two rainfalls.

Obvious.y, then, the reduced levels do not relate directly te changing

quantities of fresh groundwater stored in the aquifer., This important
implication nf Figure 19 will be examined further in the Discussion below.

Standplpes vi. Piezometers

The ™m of daily levels at the EI-E3 pair is shown in Figure 20, This
perlod of record 1e 26 days {in contrast to that of Figures 16-19), and
results include readings from continuous recortdings.

Aa shown in the Eigure, the level at EZ {the perched tare pit} is
generally higher than that at E3 {the piezometer), but the differemce is
slight. Statlistics for the 26-day series are: the means of E2, E3, and
E7-E? are 32,2, 31.2, 0.9 cm, respectively; the standard deviaticns for E2,
E3, and EZ-EJ are 4.6, 3.7, and 1.6 cm, respectively. Thus, on average, EZ
is about | em higher than E3 and. from the standard deviation of the
differenca, the twoe levels are within 2.5 and ~0.7 em of each cther some
68% of the time. The fact that E2 is conaiatently higher, albelt slightly,
than E3 may reflect recharge by downward drainage through the hard layer in
this 26-day valny period, The fact that the two are conaiscently as close
as they are would seem to suggest that, over the leong term heads above and
below the hard layer tend te equilibrete.

Arcal Patterns

Although 211 the wells rise and fall together as indicated in Figures
16 to 19, it ie apparent from Table 5 that they rise and fall by different
amounts. Day-to—dsy varlability, as measured by eirher che standard
deviation ot the range of the 2l-day time serfes, is 1In general larger at
wells closer to the shoreline than at wells located further inland.

In ordsr te better document this geographic variatiom in the time
variability of the dally measurements, the data set is expanded from the 14
wells of Figures 16-19 and Tables 4-6 to cover a total of 2] wells. Well
seatistics “or this expanded set are listed in Table 7 and include the
results at 'i recorder sites and the statistice at 3 sites where a partial
vecord was omlarged to cover the full Zl-day period so that all the well
atatipties wvanld cover the same time interval, For the latter, blanks were
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Tahle 7, lUxpanded tlme sctien: Well statistics. Warer levels in cm,

Ave 5D Range
41 EF 1,2 11.13
¥ 32.9 .M 12,0
L3 3.9 2.3 14,2
L 2.5 1.2 LEP
Bl M6 w0 16.7
B2 1z,3 1.4 16.8
ik} 3.3 3.3 13.5
[54]* 3z.a 3.1 12.0
1 R 3.5 13.%
c2 i%i 2.7 %.3
() 31.6 3.3 11,8
(Ca) 0. » 2.9 L
(05} 11.1 2.6 &.4Q
(1 A, E 5.7 20.7
32* .y 3.3 11,6
D3 A 3.7 1.7
F1 6,9 3.3 12.1
{E2) 31,9 5,1 17.8
{E3} 0.8 3.8 13.7
B4 .7 1.8 13.5
ES 3.4 1.9 13.6

t } ingdlcates a wall for which the X1-day period includes continuous recording,

* {ndicates ¢ well for mhich a partial record was made op to 2 full 21-day record
s¢ that all well statistics would cover the same period., B8 includes & deys that
rere filled in from A2, ES and D2 include & days that wera fill=d in from E% ang
Py respectively, Al! other wella are from Tabie 5.
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filled from messurements at nearby wells that behave =imilarly over the
period nf simultanecus measuresmente,

The standard deviation and range of these 21 2l-day time serics are
shown respectively in Figures 2} and 22, The obvious result is that beth
measures of the day-to-day variability derrsase inland from the lagoon in
systematic (mappable) manner. This is consistent with the fact, evidenced
by Figure 18, that the principal ceontrol on the daily water levels is the
sea-level wvariation, and this sea-level effect diminishes Inland in the
same manner as the tides shown in Figure 12,

It can be noted in Flgures 21 and 22 that the variability at Bl and E?
is anomalously high for chelr geopraphic position. As noted above, the EZ
taro pit is perchad on the hard layer; the Dl tare pit iz in part perched
on and in part seemingly dug through the hatd layer. The implication would
seem to be that where wvertical flow 1s ippeded by the presence of a hard
layer beneath the taro pilt, the water-level response to rainfall, and
passibly evapotvanspirvation, 1= larger than 1t otherwise would be.

Water-Leval Maps

Averages fotr the !l-day water-level series at the 21 sites are listed
in Table 7. These results are shown on a map In Figure 23, There iz a
water-level ridge’'that extends the length of the island and curves parallel
to the lagoon., The overall configuration 1s not symmetric: as ssen by the
dl-cm contour, the ridge ceccurs prelerentially gloser to che lagoon, and
away from the reef-facing shoreline,

It should be noted that the wap represencts mixing of results from
wells where neo hard laver is present with those where the hard layver has
probably been punched through (forming a plezomerer). As shown on the map,
this mixing apparently does not make any difference; the pattern of results
is contourakle, at least to the accuracy of the data which, as indicated by
the asterisks and parentheses, are derived in a number of different ways.
This resulr is consiscent with the finding in the study of day-to-day
variatinns rthat, over a pericd of aome time, there is 1little, If any,
differcnce in level berwesn plazometar and adlacent standpipe,

The map of Flgure 21 Is especially slgnificant, becanse 1t shows the
average water level over the leongest period of tinme that 1s pessible for
thiz study. Thus it gives the best approximation of the long-term heads
with sea level removed. As shown on the figure the axis of the rildge 1s
defined by the 3l-cm contour, Average for the lagoon level for the same
period is 20 cm. Thus over the 2Z1-day period, the head in the heart of the
lens 18 con avverage 11 cm above sea level. Using the scandard
Ghyben-Herzberg ratlec (see for example Todd, 1999 or other texts on
ground-warter hydrogeclogy)., thils result translates to a depth-to-interface
of some 4.5 m {or 15 ft. )

The map of Figure 21 shows the water—level coufiguration over only a
Iimited part of the island -- the lagoon gslde. The reason is that walls
{plezometers) were not avallable 1n the northern part of the island uncil
the last few davs of the study, and these dayas were spent in documenting



Figure 2],

Map of Deke I[sland showling the peographic distribution of standard
deviation for a 2)-day series of water levels.
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Figure 22.

Map of Deke Island showing the geographic distribution of the range
af the 21-day series of water lewvels.

1%



Figure 23.

Map of Deke Island showlng the geographical distribution of the average
water level measured in observation wells. Water levels represent the

21-well averapge for a Zl-day measuyrement series.
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the difference in stcandplpes and plezometers. However results at D4 are of
sufficient duration toe allow the twap to be extended northward to better
define the asympetry. This 18 done in Figure 24,

Flgure 24 ghows a water-level map of the average of 2 measutrement
daye, March 13 and March 1%. Thase two dates are selected because March 13
wag 8 low-gea-lavel day and March 1% was high-sea-level day. The intentinn
ig to average out, to the extent possible, the effects due to daily
variations in ses level such as the abnormally high ground-water levels
clese to the shereline when dally sea level is on a high (as documented in
Figurea 16 and 17).

Az shown oa the map, the asymmetry of the island water levels i3 well
defined. The level at D4 is lower than at any other site on the 1sland,
The axis occurs 1n the scuthern half of the island, and, accordingly, the
surface defined by the water levels slopesa more steeply toward the lagoon
than toward the northern reef-facing shoreline,.

In additioan, the map shows the southern Iimit of the hard layer with
the relative position of the axial mound to the south of the layer
boundary., Thus the atrea on the lageon side where the hard layer is not
present serves as the rechacrge area for groundwacer beneath the hard layer
that horders the reef-facing shoreline, Ovazall, the hydrogeology is that
of a confined aquifer that occurs Iin the norcth and crops cut in the south,
The confining bed 1s the hard layer, and it occurs at about mean sea level,

Geomorphalegy and Surface Geology of NDeke

Geomorphology

The topographic map of Deke is shown in Figore 25, Examination of the
map Teveals the presence of four physiographie regions: (1} a high ridge on
the northern and western margin of the island; {2} a gently sloping central
platform; (3) a small depression in the south-central portion of che
taland; and (4} a low ridge on the southern {lagoon) margin of rhe island.

Along the northern and western margin of the island 1s a prominent
ridge delimited by the dashed 7-ft. contour on the map of Figure 25. This
ridge haz an average width of 300 feet with extreme widths of 100 and 600
feet., The top rarely exceeds 10 feet in elevation.

A small elongated northeast-acuthwest trending depression
characterizes the topography of south-central portiaon of the (sland. This
depression is ocutlined by the hatchered 4-ft and dashed 2-ft contours and
appears to he a low between twe wash-over fans,

A poorly defined, narrow ridge is aleng the lagoon margin of the
ialand. In gemeral, the crest of this ridge {s situated approximately 100
feer inland fron the lagoon shereline and at an average elevation of 4.5
feer,



Figure 24.

Map of Deke Island showing the geographic distribution on ground-water
levels for two measurement days. Water-level data are based on the average
from two measurement days. The map represents the across-the-island pattern

of the groundwater level surface: a plezometric surface where the hard layer
ils present and a water—table surface elsewhere.
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Figure 2Z5.

Topographic map of Deke Island.
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Grain—51ze Discriburion

Figure 26 shows a map of mean grain size {in Phi units) for
cearse—gralned surface material. As inferved from che map, there are three
grain-size zones: {1} a northern and weatern cobble {-6.5C to -7.50) zone;
{2) & central ccarse-pabble {-4.50 to -6.00) zone: and (3) a sonthern
medium-pebble (-3,00 to -4.00)} zone. It 18 cbvious that the mean grain
ize of the gravel fracticn decreases lagoonward. Example distribution
curves for each of these zenes are given by the graphs of Figure 27.

The zone along the northern and western margin of the 1sland is
composed primarlly of angular cobble-size coral rubble and boulder-size
(larger than -8,00) coral heada, The distribution c¢urve is flattened and
skewed to the right which indicatea the sediments are poorly sorted and
there 15 an excess of finer prained material.

The ccarse-pebble zone corresponda to wash-over fans nf the central
platform. Sediments from these wash-over fans cleosely approximate a normal
distribution.

The medium-pebble zone on the lagoon margin differs from the other
zones in that the sediment-size curve of the gravel fraction is narrow,
indicating a  comparatively well-sorted distribution. Also, tha
distribution is atromgly skewed to the right Indicating a2 large excess of
finer-grainei marerial.

Statistlcal parameters caleylated from the grain-size distribution of
sieved sand samples are listed 1n Takle B and graphs of the gsize
distribution are shown in Fipure 28, Obvilously, the sand 1s polymodal;
examples of 3-, 4-, and 5-mode distributicns are indlcated. It is clear
that the pilymodality 1e due to the preseace of certain conatituent
particlea. Hesults of au examination ol the consatituvent particles found in
each mode show that: {1} node-1 at -4.220 and mode=2 at -3.170 are
composed of angular ceral fragments; (2} mode-3 at -0.420 is compeoeed of
the foraminifera Calcarina sp.; {3) mode-4 ar 0,250 is composed of the
foraminifera Baculogypsina ep.; and (4} mode-5 at 2,040 ia composed of
rounded fragmenta of coral and varlous small foraminifera,

Verticai protfiles of mean grain size, sorting, skewnes=s, and sand and
gravel percentages for the three measured sectione are shown in Figure 29,
At D4 (DE83), the sand percentage increases with depth, and the mean grain
size decreases with depth. At B (DS4), cthe mean grain aize and sand
perceniage are quite variable. Acr P2, there is only a slight Increase iIn
sand percentages and mean graln slze wicth depth.

Surface Ceology

The sucrace geologleal map of Deke (Figure 30) is a combilnation wf che
topographlc map and the mean-grain—-size map; supplemental data are from a
serlee of tape—and-compass traverses. As shown by the map, there are four
zoner: a rlcge composed of coebbles and bouldera; a series of coalescing
wash-over fans conslsting of coarse pebbles and cobbles; a narrow band of
ccarse 1o medlum pebbles and sand; and, a lagoon berm composed ef sand wich



Figure 26,
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Contour map of the sediment distributien at the surface of Deke Island.

Digstribution is given 1o Phi units.
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Table 8. Statintical parameters calculated from sieved gapplea. Grajn
gize :in phi units.

Samplis mean %) Standard Skewnes (a) Fercent Percent
number deviation (o) gravel sand
1 -1.25 2,48 0,03 49,78 4B 45
2 ~0, 33 2,18 +(), 79 27.76 71,63
3 ~1.04 2.3 +0 .08 4349 55,58
g -1,67 2.39 -0.48 57.65 al, 73
5 -1.62 2.60 -0.62 62,25 37,35
6 =0.24 2.37 +0,36 35.32 h3 81
7 0.53 2.05 +0,81 20,28 79.20
B ~1.62 2.75 -0,11 56,41 43.26
9 0.06 1.36 +0,87 %.461 0. 1A
10 =124 2.32 +0,13 46, A5 52.93
11 -3.16 2,00 -0.81 B4, 37 15,50
t2 -2,41 1.42 -0.71 70.91 28,80
13 -2.02 1.99 -0.63 72.18 26,96
L4 -1.10 2,23 -0.05 53.88 frty, (M)
15 -1_50 2.43 -0,17 59.71 4000
16 =1.46 2,42 -0.29 62,95 36 .67
L7 -0,56 1,69 ~{0,07 52.11 4% .58
18 ~1.76 2,24 =004 57.25 42,51
19 ~1.69 2.58 =0.02 54,77 bi 97
20 =G . GH 2.05 +0_ &40 35,70 64,19
21 =-0.13 0,92 . +(_89 9.15 90,62
22 -2.84 l.B8 =0.53 4,63 25.05
23 =0.09 2.24 +0. 47 31.15 68.73
24 =-3.06 1.97 =0.73 B6H, RO 18,76
25 -a.26 Q.96 +0, 89 S5.27 4. 47
26 -1.59 2.36 -0.06 59.48 40,20
27 -2,30 1,84 =0, 36 66,91 33,01

28 -2.64 1.7% -0.%6 60,67 9,13



&4

Figure 28%.
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scattered mediun pebblea, In addicion to these shore-parallel zones, there
is a zone compcsed ef sand with cecarse te medium pebbles that cuts across
the island. This zone probably represents a now filled tidal pass that
eeparated twe smaller islands that merged to hecome Deke,

Seven proflles acress the 1sland (locatlon shown by the map of Figure
M and profile shown fn Flgure 32} show o strong vorrelation hetween grain
slze and elevatlon. In general, the coarsest grains are found al higher
elevations close to the ocean side of the island and the finer-grained
sedimente are found at lower elevations along the lagoon margin.

Stratigraphic Suctions

Twe types of sedimentary depgosics are recognized In measured sections
within stratigraphic test pits, The first type 1s characterized by a sharp
lower boundary, a large mean graln size, and a amall sand percentage. The
second type 15 a layer of sediments which is finer grained and better
sorted; ics lover boundary is gradational and the upper houndary is a
truncation surfsce on which sediments of the first type are deposited. The
thickress ¢f these units varles from 1 to 3 feet. It is thought that che
first type of sodiments represents the deposits of large waves that washed
over the island during intense sterms; the second type, on the other hand,
is a more norunal sequence of beach sediments deposited between major
Etorms.,

A total of five stratigraphic sections were measured on Beke lsland.
Two of these Pzl and Pz2, are uniform through the section: each records a
eingle wash-overr event that depcsited cobbles, coarse pobbles, and sand.
At B5, and the straclgraphic test pit at A6, there is evidence of an
alternetion of three wash-over events with three periods of normal beach
development. The section measured at B6 schows two coarse pebble and sand
wash-over events and three periocds of beach development. Craphic logs and
detailed descriptions are presented in the Appendix,

Subsurface Geologlc Investigatiom

Results of the core drilling operations and the reef flat hard layer
sampling program are presented below, 4s noted in the Appendix table of
contents, detalled descriprions of both core samples and slab sections are
listed in the Appendix; genersl descriptions are given in this scccion,

Core Drilling

brilling inte Deke and the tee! complex upon which it =ics was not anm
easy task. Seviere caving and hole collapse slowed the operation to the
polnt that more time was consumed to prepare a site and complete the
borehole than was initially anticipated. Therefere, only three deep drill
tltes where successful using the pipe-mounted drill rig. Each of those
altes required considerable effort to prepare. Filrst, a pit was hand dug
to the hard layer. Wext, a PYC pipe was cemented to the hard laver to
prevent leakage. The hole was then partially backfilled and a length of



Figure 31, Map of Deke Island showing the traverses used In topgraphic proflling and surface
sedimenr sampling. Figure 3! shows the results of the mapping exercise,
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stesl pipe (threaded at the top snd) was couwnscted to the plastic caming.
Portland-type cement was used to seal the joint betwaen the twe lengths of
pipe ard the vemainder of the hole, After allowing tha cemant to cure, the
eite wvas finally ready for drill installstion. About thres dsys were
necessary to complete the preparations of a single site,

Drilling time at each site wan about 1.5 working days, This iwcludad
shut—-dosm time necessary for the replonishment of the water aupply (usually
supplied by filling drums at the shoreline and rolling them to the drill
site). Core recovery was about 255 at mite DEJ and abour 22% ac the
others. Moat of thism percentage of recovery ia asttributable to excellent
recovery frem the hard layer; cored returns below the hard layar were
generally poor to occasionally nonexistent, Total hole depths axe 70 foer,
80 feat, and 25 feet at D53, DS&, and DS5, respectively,

Suematy logs including drilling characteriseics are shown in Figure
33. In genersl, the same subsurface lithology was encounterad ac sach of
the thrae sites, About 3 to 5 feet of the hard layer was drilled, beneath
vhich the -nits seemed to be unconzolidated to poorly consolidaied
foraminiferal sand and gravel-sized reef-derived rubble with ocecasional
coral heads in probable growth position, Drilling characterisgica within
certain intervale suggest the presence of alternating hard and soft zones.
These zomea, from what core waa ryetrieved, appear to ba assocfated with
layers of u«oralline algae and encrusting coral cypes and layers of
unconsolidat:d sand or gravel. Lithology and composition of the hatrd layer
appears to be the sama at all thrae siter and alsc is similar in character
to samplas from the reef flat (described healow). In general,the hard layer
is composed of reef-derived coral and corallime algal rubble, forminifara
tests and fragments, wollusk shell firagmenta, asnd echinold spimes. There
iz an abundance of encruating Gypsina wvesicularis on coral fragmenats.
Associated with Gypeina is a ramcaze form of Homotrema 1ubrum, which ia
characteristile of reeaf flat environmenta. Alsoc, thers is an sbundance of
Calcarina spengeiri, the tests of which tend to be loosely packed and
crudely bedded. Mixed with Calcarina, but to a lesser extent, is
Baculogypaini sphasrulata. Baculogypsina disappears about 1Om below the
hard layer, which suggests that it fa & wmore recent reef component.
Calcarina and Bsculogypeina are charactaristic of reef-flat soviromments
with densest growth in the outer reef-flar subzone. Other wscommon
foraminiferan associated with the hard layer are Sporadotrems cylindricum,
Heterostegini depressa, Miniacios minlaces, Robulus ep, and Amphistegina
lessonil. These foraminiferay are common in shallow-vater environments,
elther reef-lat or reef-margin subiones. Another consplcuocus component of
the hard layer assemblage 1s the c¢alcareous algs Porolithon onokes. This
species im very common along the resf margin, but can have a wider depth
digtribution. The various constituent particles af the hard laysr arc well
cemenited foraing a relatively dense unit with Iittle apparent effsctive
porosicy and presumably very low perwmedbllity. The abundance of cement
within the fibvic of the hard layer tends to rapldly decresse with depth,
particularly within the foraminifaral samd below the hard layer of typlcal
composition | readily seen in rhe core of DSS),

At daptha below the land surface of about 55 feet in D33 and 48 feec
in D534 a distinct change in particls constitoents occurs, Plstes of the
grasn algae falimeds become very abundant and make up a large percantags of
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the aediment. This unit, or, as 1t is named here, Halimeda facies, extends
past the berrom of che two deeper boreholes, It is interesting to nokte
that a =imilar facles was encountered during the drilling operation agp
Bikini Atcll (Emery et al., 1954) at depths ranging from 32 to 53 feer. Ir
fact, other units sampled during the Bikini work are remarkably similar in
character amnl vercical position to those described by thisz study.

The Halimeda facies 1z compogsed of biota componentzs which suggest
deposition 1u quieter waters (either lagoon or reef-flar terrace) compared
with the hari-layer assamblage. sina is very common and has a "leafy"
or layered growth pattern wicth fine 'mud" deposition between layers. This
growth form s characteristically found below wave base. Thete is a large
amount of fragmented Homotrema and encrueting Miniacina. Halimeda plates
have thin en:zrustations of Cypsina. This foraminiferal distribution also
cceurs in legoon envitronments or on terraces below wave base (20-30m).
Ocher uncommim feraminifera found in the Halimeda facies are Sporadotrema,
Sorties, (uirqueloculina, Carpenteria utricularis and few relict planktenic
foraminifera. There are a few ostracod shells and fragments of Porclithon.
Untortunacely there are dnsufficient foraminiferal eor other diagnostic
bictic compinents in the Halimeda facies rto determine the original
environment ¢f deposition.

A number of short cores were obtained ' through the use of the Packsack
drill. This rig required far less effort in terms of site preparation and
thug lese tine was Invelved in its application. Cores were talken from the
hard layer wi.th one exception; one site (P51} was located near PS5 on the
reef flat. Tepths ranged from a few inches to about 6 feet with relatively
good core recovery. Little difference was observed between Packsack cores
and chose rarovered [rom the hard layer ar the desp-drill sites,

From results of the core drilling in gemeral, it appears that the hard
layer thins from the acean shorelime toward the lageon (Fipure 34). Ac DS2
the hard layer 1s 5.5 feet thick; however at Pz3, near the lagoon shore,
the thicknes: 1s only 2 few inches., Intermediate thickness wvalues for Pzl
and P23 are 1.2 feer and 1.5 feet respectively., Presumably, the hard layer-
disazppears or larerally pgrades inte 2 unit with a less indurated character.

Reaf-Flat and Hard-Layer Samples

Reaf-flat and hard layer gamplez are described in detail 10 the
Appendix. A comparison of reef-flat and hard-layer sampie descriptions
indicetes 2 similar if nect same oripin for both sample sets. An addditiconal
comparison between surface and cored material indicates depositlon within
the aame envirenment. The primary conclusion to be drawn fs that Daeke
Island was depositionaily comstructad upon the hard substrate of the reef
flac. -

GCeophysical Surveys
Results from the application of two surface-based geophysical methods

(seismic vefraction and earth resistivity) are presented below. ln
general, the application of these methods produced information related to
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the physical properties of the aquifer and qualicy of the groundwarer
within rhe uppet I00 feet of the atoll complex. Whare posslble the results
of the surveys where ealibraced wicth ground-trath daca obtained From core
drilling operatlons and from [ield nhservations,

Seismic-Refraction Profiling

Some 4§ selsmlc lines were established across the I1sland, Results, in
the form of refracter depths and layer velecitfes, are presented in Tables
9 and 1}, Table % lists values for thase lipes which indicated a two-layer
subsurface sSyatem. Theee seismic layers correspond te the sediment
comprising the island and to the underlying back-reef assoclated
depositional environment of the atell complex. Table 10 lists analytical
reguleg for rhose lines which exhibited the presence of a third layer at
depth. Again the uppermest refractor unit correspends to the actual
sediment zomi: of the island and the second selswmlc unit represente the
upper portior. of the back-reef envirenment including the hard layer. The
third refractor unit 15 alsc part of the reef cemplex; however, it appears
that this unlt possesses somewhat different properties than the overlying
layer. Seismic velocities are quite wvarlable {in  distributions and
refractor surfaces are highly irregular in topographic relief. Table Il
lists summary statlstics for =eismie velocitles determined by the computer
analysis of the various reismograma.

Soismic velocitles measured for the top layer averaged 1372 fefsec
{standard deviation of 209 fr/sec) and are typiecal of relacively dry
anconsolidated sedimeats. This material, of course, is readily ubserved on
the ground surface and in the slde walls of test pits.

0f greater interest are the velocities measured in the underlying
layers. The average velocity for layer 2 Is 5178 ftfsec and the range is
from 4692 to 6033 ft/sec. However, the standard deviation of 313 ftfsec
{ndicates a relatively small spread of wvalues suggesting fairly unlform
density charicteristica acroses the areal extent of the unit. From velocity
information, it appears that this unit on the whole is composed of
uncensalidated to possibly very weakly cemented carbonate sediments. There
19 an exception} the top portion of layer 2 over much of the ieland fis
occupied by =he hard layer. Although relatively thin, as compared to the
back-reaf cowplex, the hard layer is a well indurated 2one slituated at
about sea level or just beneath the sediment comprising the island and
probably has on affect an selsmiec velocity measurements. However, at this
point im the investigation, little information is available to adequately
evaluate the:te affects,

Results from 35 of the 48 seismlc lines 1indicated the presence of &
3-layer subsirface system, particularly beneath the northern Lalf of the
1sland. The average velocity for this third refractor unit is 7719 fEfsee
wlth a standard deviation of 1850 ft/sec., 4= indicated by the standard
deviation, velecity values range over a considerable interval, specifically
from 5128 fr/sec (similar to layer 2 values) to 121260 Ttfsec (4 velovicy
values in evcess of 10000 ftfsec). This velocity spread indicatas cthat
layet 3 may be composed of matevial similar to layer 2 in places while
other areas may be composed of relatively dense well-cemented materlal
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Table 9. Seilsmi: velocities determined from the computer analysis ol first
arrival timee for 2-laver wmeismograms. Velocities are in
feet fsirond,

Sefsmic-Line Deaignation Layer 1 Laver 7
BFT=-1 1457 5167
BFT-2 1438 5378
BWT~-2 1847 4966
CT-1 1538 5122
CT=2 147% 5275
FE~1 1500 3213
FE-14 1774 4995
FE-ZA 1307 5271
JT-1 L1522 4997
TET-1 1310 4967
TPT-2 1363 4493g
TFT-13 1266 S088
TPT-4 1398 5867
TT~1 1431 4962

IT~2 1131 35350
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Taivle 10, Seismic velocitles determined from cho computer amalysis of
f:rat arrival times for 3-layer selamoprams. Yolocities ore In
fiet/second,

Seismic-Line Designation Layer | Layer 2 Layer 3
BET-1 15497 5110 53413
B5Y~2 1443 4936 12074
BST-3 1486 5530 7432
BWT-1 2043 4313 BbUO13
CL--1 1848 5210 933K
DEICT 1273 54353 8720
DESCT 1228 5094 11l4b
EPT-1 1435 4406 6B52
EPT-2 1558 5190 7274
EPT-3 l4aB4 4954 9536
EPT-4 1281 4734 b654
FE+2 20 5335 6874
FE--3 BR7 5174 B12%
IE-1 13135 50466 9299
IE--2 1163 5235 B2Z13
LW--1 1358 652 b2
LW--2 1343 4847 10259
HT--1 1320 4927 7155
NT--2 1331 5343 6927
HT--3 1428 5881 G453
NT--4 1363 5033 GaL0
PT--1 1218 4508 5373
FT--3 1208 4B4R 5837
8T--1 13249 5111 5938
5T--2 1119 4743 h802
5T--3 1341 5437 7106
ET--4 1232 5663 G254
5T--5 1243 4924 5434
5T--6 1359 3048 5471
THC-1 la21 5857 10250
TH( -2 1616 5124 B538
THC-3 1259 3107 7108
TH( -4 1379 5227 9743

THC-5 10394 5633 12361
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Table Il. Summary statistics for selemic velocities ddetermined by computer
analysls el 2= and d-layer sclsmograms., Dimens{ional parameters
are in Teetfsecond.  Forty=-nine sofsmic retraceion |ines were
tunt aeross Neke,

Faramecer Layer 1 Laver . Layer 1} )

mean 1372 5178 7719
standard

deviatian 209 313 1830

minimum BEY 4652 SLZR

maximum 2043 6033 1230 ] %

* &4 velocities for layer 3 are in excess of 10,000 frfs,
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{l.e., limestone}. Core drilling in an area where the sclsmic rocord
indicated tte presence of a third layer at velocities somewhat higher than
the averags retrieved wsamples of poorly consolidated reef-derived
gediments, not unlike layer 2 in phy=ical make up. Thus, it is difficult
to say with certainty the real nacure of layer 3, particularly in areas
where seismic velocities exceed those typleal of poerly indurated material.

Becanze the top of layer 7 1s located at about sea level. the
thickness of layer ] is glven by the ground-surface elevation. Thickness
values for layer 2, however, are not as easily determined. Where present.
the top of the third refractor appeara to be highly variable in elevation
ranging from a few feet to as much as 100 feet or more below sea leval.
Therefore tte thickness of layer 2 is cqually variable.

An adventage to applying computer amalysis to seismic-refracrtion data
15 the ability to eapily process fleld information obtained from overlapped
or coupled _ines. 1In addition to smoothing the inpur data and calculating
averages or characteristic layer velocltles, a continuous profile cf depths
to the refractors ila provided for the length of the coupled lines. 1hus,
by plotting these various refracter depths on distance - elevation graphs a
plctorial tepresentation of the subeurface seismic structures can he
obtained. Tigure 35 phows five seismic profiles across Deke, three are in
a more or lesa north-scouth direction amd the remaining two run the length
of the island.

From the profiles of Figure 35, the highly irregular tupagraph of rhe
top of layer 3 1p rteadlly apparent. FPreofiles D and E show a discontinuity
in the third layer refractor near the lagoon shoreline, Selismograms for
lines tvun within the western sector of Deke, for the most pare, did not
indicate tte presence of a third layer. Although there is no data
available, -5t 15 possible that either the third laver grades Into sediments
of the secand laver or the third layer disappears at a depth beyond the
detection limits of the seismograph using the hammer and stesl plate as the
eNEeTEY SouUICe,

Additicnal points that are emphasized by the prefiles ef Figure 35 are
{1} the var-ability of layer 2 welocities and (2) the unifeormiey af layer I
velocities. From the areal distributien of third-laver wvelociries (Takle
10} it appears that higher values tend te be associated with the ocean ride
beneath the islapd, A number of reasons are possible to explain the
apparent velocity distribution; however, the most Iikely is a chaopge 1in
facies (depocsitional environment) from the ocean side toward the lagoon.
Although the field evidence is slim, this contentlon is partly validated by
the seismic behavior of the layer 3 refractor aleng longltudinsl profiles,
that is, the disappearance of the third laver. The uniform wvelpeity
digtribution within layer 2 suggests that the lithology of the second laye:
changes very little arross the island. However, based on data [ron
drilling sires along the ocean shore and from strarigraphic test pits close
to the lagcon, there does appear to be some compenent difference between
samples, especlally those below the hard layer and those where the hard
layer is ahaent.
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Earth-Resiscivity Soundings

Regults frem the trial-and-error curve matching of computed vertical
electrical scunding (VES) curves with fjeld VES curves are listed in Table
12, These results dindicate rthe presence of four distinct layers of
differing electrical properties. Layer | corresponds in areal distribution
and thickness to the uppermost seismic refractor (and the sediment mosaic
of the island}. However, the remaining layers de not correlste with those
defined by seisnic shooting. The resson is, of course, the methods are
neasuring difierent physical properties of the earth medium, Resistivity
layers 2,3, and 4 represent respectively, the freshwater portion of the
lens, the zone of mixing between fresh and underlying saltwater, and the
galt water heneath the lens.

From the resistivity results, 1t appears that the freshest portion of
the lene 18 abcut 8 cto 11 feet thick but may be as much a 15 feet in
certain areas, A cored borehole, located aleng the north shoreline,
penetrated the ‘ens and bottomed in the salt-water region. Conductivity
profiles obtained from this borehole indicate a fresh-water thickness of
some 14 feet :nd a mixing zone ({resistivity layar 3) of comparable
thickness. Therafore, it appears that a significant guanticy of freshwater
1s available from the lens flow syatem of Deke,

Wataer Ouality

Limited surveys of pground-water guality were made at a number of
wells, Specific conductance was the primary water qualicy parameter usned
to characterize groundwater. Addicionally, estimated chloride-ion content
cf discrete water samples znd relative salinity profiles from deeper
observation wells were calculated from specific conductance data. Other
water-quality pavametetrsa measured on A more limired bhasie were temperature,
chloride ion (probe), pH, alkalinicy, calcium hardness (as mgCa/i and
mgCaCl,/k) and total hardness. These water-quality patameters were
measuréd in surface groundwater at varf{ous sites berween March 17 to 20,
1984 (Table 13). There were 12 ppecific conductance profiles taken in D52
trom March 6 to 18 (Table 14) and & profiles taken in DS4 from March 15 to
18, (Table 15). Relative salinities of groundwater at depths below the
water table were calculated from DS3 specific conductance profile data
{Tﬂble 15}+

4 contour map of groundwater chloride-ion concentrarion wag generated
from the March 17 specific conductance and estimated ehloride data {Table
13). The map shcws chloride distributlon in groundwater which overlles the
hard layer (Figuce 36). There are three areaz of freshwater distributed
along the lagoon side of the island. These areas are approximately locared
along the edge of the hard layer. A contour map of total hardnees (Figure
37) show a similar patterm as seen far chloride concentrations, Specific
conductance rtead:nga taken on Mareh 1B were measured at an extreme high
tide., These meaturements were distinctly higher when compared ta March 17
readiongs, which were taken on a rising tide (Table 13). Howaver, s contour
nap of these higher conductance readings shows a similar patrtarn as secn in
the chleride map {(Figure 36).
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Table 12, Tayer thickness and resistance determined from matchlng fleld
vertical electrical sounding (¥ES) curves with computer-
generated VES curves. Computer program by Zohdy (1974),

Layer 1 Layer 2 Layer 3
Statlion Elev Thickness ohm-ft Thickness ohm=ft Thickness atim—f t
No, (Ft) (fe) {fe) (£
1 5.0 6.0 1415 11.0 500 8.0 20
2 5.5 2.3 1481 7.0 630 11.0 25
3 8.6 4.0 16R7 %#25.0 R0 15.0 10
4 7.1 6.0 1567 200 200 10,0 LD
b 4.1 4.0 1550 6.0 Jon 25,0 40
& 4.7 3.0 1016 1.0 300 12.0 0
K 8.5 7.0 g25 14.0 2000 7.0 10
] a.0 5.5 2383 16.0 2100 25.0 60
9 a.? 5.5 9h7 5.0 300 15.0 20
1D 2.8 2.0 76B53 11.5 425 1.0 9
11 7.0 6.5 2567 10.0 2500 20.0 60
12 6.5 6.0 2875 8.0 100 25.0 &
13 4.5 3.5 QG0 8.0 50 10,0 an
14 5.2 5.0 L4450 10,0 2400 5.0 i
15 6,3 5.2 1400 10,0 S00 20.0 20
16 5.7 4.0 &00 7.0 400 8.0 20

Layer 1 - Dry unconsolidated sediment comprising Deke.
Layer 2 - Fresh-water lens,
Layer 3 - Transition zone.

* Resulis are of suspect.
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Water quality deta for sanples collected from observation wells.

March 17, 1234
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Table 14, Depth related specific-conductance and estimated chloride-ion data for I53.

Prafile 3 Prafile ¢ Pratile 3 Profile & Profite 5 Profile &
ODepth balom  Jate; 5-5-B4% Date: 3-7-B4 Date; 3-9-8& fate: 3-13-88 Date: 3-14-b& Date: 3-T4-BL
max water Time: DRG0 . Time: 1330 Tire: 0930 Tire: JB30 Tira: 0810 Time: 1730
tabls [fr) Y, Land, Chl 5.Land, thi S.Cond. Chi 5.Cand. chi 5.Cona. Ch* 5.Cond. Ch
1
2
1
1) 2115 g u-] 120 >0 14480 183 2500 2045 3900 1114 2050 w7
& 3L 935 £SO PLL Y 2050 47
o 27I5 705 3925 o 1956 =35 5250 1575 €500 2Q05 £025 G
7 3425 955 6250 1927 2025 EY:H
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Table l4. Continued
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Table 15. Depth related specilic-conductance and estimated chloride-ion data for D34,
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Tzble 16. Relative-galinity profile data for DS3. See Appendix for individual profile plots.

Prafile Number of Slope of *11 Relative **SUE Belative Corralacion
Faines line Salinlty Depth Salinity Depth Coefficient
(ft) {(ft)

1 b 0.1512 13,3 21.3 0.9568
2 & 0,3167 13.5 29.0 0.9617
3 6 0.1609 13.0 20,8 0.9729
4 4 0.1237 k4,6 20,6 0.9477
> 10 0.1300 4.5 20.8 0,.9941
6 10 0.1539 1.8 20.3 0,9495
? LO 0. 1487 13.9 2i,1 0.9905
8 10 0.1462 13.7 20,8 0,9929
9 11 0,1581 13.0 0.7 0,9759
Lo 12 0.1778 12.7 21,4 0.9746
11 10 ,1430 14,1 21.1 0.9798
12 13 0,1824 14.5 23.5 0.9%515

* depth below the water table of groundwater at 1% relative salinity

** depth below the water table of groundwater at 30% relative salinicy

2



Figure 36.

Map of Deke Island showing the geographic dietribution of chloride—ion concentration
in cbasrvation wella, Data derived from the analyses of water samples collected from
observation wells on March 17, 1984,
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Figure 37.

Map of the Deke Island showing the geograpbical distribution of cctal hardne=ss
measured in observation wells. Data derived from the analyses of water samples
collested from ohaarvarion wells on March 18, 19834,
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Wntetr anmples were cellected from a fiwed depth of 2 n below the water
level in D54 ar 1/2 hour intervals for over 40 hours. These sampler were
analyzed for sperific conductance and selected samples were returned to the
WER] water laboratory for chloride-ion determination by titration., The
specific coudoctance curve with time for DS4 shows sharp increases and
decreases ttat generally corrsspond with tidal change (Figure 238). The
gragh of Figure 38 shows four wajor peaka, 4, 7, 10 and 12. Time intervals
between the major peaks are 11 hra, 11 hra, and &.5 hrs respectively.
There 12 an average of & hours batween major amd minor peaks (the latter
are numberee. 1, 6, and 9). This indicates that anothar factor besides
tidal change 18 influencing the apecific conductance fluctuatiorna in D54,

Relative-sslinity regression lines were genearated from D53 specific
conductance profiles in order to determine the 1% and 30% relarive salinicy
depths belew the water table. Representative relative-salinity regressjons
are presentad In Fipore 39; the individual regression lines for each
profile are presentad in Appendix D.
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DISCUSSION

& aumber of new and relevant aspects of atoll island hydrogeology have
surfaced az a result of the work conducted on Deke lsland. Interpretaciom
of fleld data collectad during tha course of the atudy haa led to a hettar
underatanding of the phyzical make-up of an atcll island and the role
played by the varlous geologlc compenents In the occurrence of groundwater
and 1ts dynamics of flow. Avallability of detailed water-level information
has provided the necessary foundation tao leogically intepret hydrographe
from wells lecated in the fresh-water lens and, therefore, aeparate the
effecte of sea-level fluccuations and rainfall events, These topica. in
nddition to the practical implications of the study findings, are preaentad
in the discuzsion that fellowa.

Intrepretation of Water-Level Data

In the presentation of results it was noted that a customary practice
in etudies of :cascal and 1eland hydrelogy 18 to convert obeerved
water—-level elevations, which are relative to some fixed datum, to "reduced
levels" which give the head relative to sea level., Resulea from Deke
indicate that, for reduced levels computed from daily data, there 18 a
strong negative carrelation with sea level. Thus, these daily heads do not
in themaelves relate directly to the quantiey of fresh groundwater in
stovage. The purpoae of this discuseion s to examine this propoaition

further,

By way of introductien 1t should be pointed cut that twe faces of
Ghyben-Herzberg uystems motivate the conversion of actual (cbserved)
water-level eleverions to reduced levels, First, the shereline 1s the
peripheral drain for the fresh groundwater of the imland. Models that
treat the circulation of recharge-derived fresh groundwater consider a
atatic gea level and set the head at the shoreline equal te zere. Thus by
subtracting sea level frow the measured elevatlons, the intention 1= teo
recaat the inland elevatioms so they give the difference in head between
the inland rites and the point of outflow, which changes as sea level
changes.

The second motivatien is the Ghyhen-Herzberg Principle, which
stipulates that, 1gnaring mixing, the thickness of the fresh-water column
is some 41 times the elevation of the water tahle above sea level., Thus
changes In the elevation of the water table relative to sea level signify
changes in the fresh-water storage. In aubtracting sea level from the
observed elevat{cn the idea Ir to obtain a set of numbers that reflects the
quantity of fresh groundwater beneath the island. As indicated by the data
shown in Figure .9, cthis 1dea {s misguided and the problem is not cthat
ainple.

This problem of cenverting actval water-level elevations te a derived
set that reflects changes in fresh-water atorage ia a real, practical
problem. The principal reason for monitoring water levels in the firat
place 1e to get nn Idea of the changes in storage., Models are available
that gilve water-table variaticns Iin reaponae te a recharge schedule {e.g.,
Ayersa, 1980; Ayers and Vacher, 1983}, For these modela te be applied to an
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triand, they muat be 1t to a set of data that phows hest Che elovat fon ol
rhe water table wories with tlme at o number af lecalltles; elbher hese
data muat have the eilects of aea level removed or the meele e need Lo Tae
reformulated to take account of the changing positlon of sea level. The
point of this discussion is that the raduced levels do not conscltute an
appropriate set of data for such interpretation of volume changes and that
a more labored technique is required to remove the effects of Bnea level.
An example of such a procedure is presented later in this digcussion.

Reduced Levels

4 logk at the results at individual wells sheds light on why there is
a problem with the reduced levels. In Figure 20, the 2l=day run of
abserved water levels (W) is shown for three selected wella: AZ, which from
jtg inltand location should have comparatively little sea-level influence;
E4, which is located very clese to the shoreline in a narrow peninsula and,
therefore., aiould have a very strong sea—level effect; and C2, which ie in
an intermediate position but closer to an Al-type seteing than an Ed4-type
perting.

The graphs of Figure 40 show the expected pattern. The wariability is
latgest, by far, at E4. Thie is particularly evident in the water-level
response to the prominent sea-level rise aof March 2-3. The same pattern i=
reflected in the well statistics listed in Table 17. The standard
deviation of the 21-day variation at E4 (3.8 em) is much larger than it is
at the inland wella (2.7 and 2,8 em). At the higher-variability nearshore
well, E4, tne correlation of the time series with the lagoon sea-lovel
record {L} is stronger (correlation coefficient, v = 0,65} than it ia for
the lower-variability Inland wells (e.g., for A2 va. L, v = 0.16},

Reduced levela (W-L} for the same 3 wells are shown in Figure 4l.
Smoothed versions, from a J-polnt moving average, are shown in Figure 42 1in
combination with the lagoon sea-level record and rainfall. From inapection
of these fipurea it is obvicus that, by subtracting the gea=level record
from the less—variable inland water-level records, the wvariabilicy 1s
increased in the reduced levela. In the process, the subtractlon imposes a
strong negative correlaticn on the result. This is ahown also 1n Table 17,
A?, which 1g the least variable of the three in its measured levels (8D =
2.8 em), has the most variable reduced levels (SD = 5.0 cm}, and, in the
transfornation from observed tc reduced levels, the correlaticn with lagoon
racotd has been alterad from that of a poor poeltive correlation {(r = 0,16}
for the obsrrved levels to a strong negative correlation (xr = -0.82) for
the reduced levels.

Thus, the problem with reduced levels {is rather straightforward.
Pay-to-day varlation in sea level exerts a major gcontrel on the day-to-day
variation in water levels, which 1s why there is a positive correlation
berween ground-water levela and the lagoon record. The sea-level effect
diminizhes wnland because waves generated by the sea-level variation are
attenuated as they advance laterally —- as is the case also feor the higher-
frequency tides; the dampening, however, 1s less than for the tides because
the dampening rate varies 4inversely with period of the wave. The
attenuation 1s sufficlent, however, to be reflected iIn a eEmaller
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Table 17. Correlation of measured water levels, reduced water levels, and
"constant-aea-level hydrographs™ with the lagecon record.
sxz syz 5, Sy Ty
L 20.06 4 .48
# 9.138 3. 06 7.B4 0.57
W for A 8.04 2.84 1.499 0.16
U c2 7.31 2.70 6.82 0.56
1] Ed 14.20 3.7 10.95% 0.65
W-L for ¥ i3.82 3. 72 -12.23  -0.73
w-L Al 2514 5.4l -18.50 -0._82
W-L i l4.44 3.80Q -11,75 -0.8|
w-L  Fa 13,31 3.65 =9.62 -0,59
c5L for W 6_83 2.6l 1.03 0.26
£5L P 9.26 3,04 =3.55 -0,26
CSL «cC2 4,137 2.09 a.1a 0,02
CSL  E4 9.09 3.01 2.6l g.L9
8 s sz' BY and 3 * refer to standard deviation and varlance of the
indicated wariable; 5, and r are the covariance and correlarion

copfficlient of the indicated warlable with x, the lagoon sea-level record.
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varlability {e.g., standard deviation) of the dally water levels at A}, lor
example, comparel to E4. Alsa, as the sepa=level effect diminishes inland,
the dally variation at the wells becomes less like that in the lagoon; the
regult is that at inland sites other factors which are masked at nearshore
sites become Telatively more important and the record at these inland sites
jg less correlatad with the sea-level record. In converting thases neasursd
water levels to teduced levels, the full varlabllity of sea level is
subtracted, equally, from each of the wells, Thus there 1is
“overcompensatio1” for sea level and this overcompensation 1s largest at
inland wells wtere the sea-level effect iz least duve to the lateral
dampening. Thus the reduced levels correlate negatively with sea level,
and the correlation Is strongest inland.

To put th: matter more succinctly, conslder an igland which is
recharged in suth a way that there 1s no water-table variation other than
that due to sea-level varisticna (f.e., the rextbock steady-state lensl.
Consider alse that the Ialand is aufficiently large that all sea-level
variations are ilampened cut at sgome point inland. Cbserved water levels
then at this point would be conatant with respect to time. Rednced levels,
found by subtracting the daily (or monthly) sea-level variation from the
daily {or monthly) water~level records would graph as the mirror image of
the sea-level reeonrds; there would be a correlation coefficient of -1.00;
and 1t would bes quite a miatake to interpret that graph of reduced levels
in terms of +hanges in fresh-water =storage. This example 1s an
exaggeration of the case made by the results from Deke.

Conatant-Sea-Level Water-Level Hydrographe

A constant--sea-level (CSL) wacer-level hydrograph 1s an abstraction
from the water-level data to show the water-level variations that would be
present 1if there were ne variations due to sea level. Thus 1f the effects
of sea level fould be removed from the water-level data, the remalning run
of numbers (theé CS5L hydrograph) would record the phencmena related to
¢hanges in freah-water storage such as recharge events, drainage to &ea,
evapotranspiration from the lens, and hydrostatic adiustments of the
interface.

It iz apparent from the above discumsaion that the reduced levels at &
well do not corstitute a CSL hydrograph. It is alsc apparent [rom the
digcussion that, in order ta correctly remove the sea-lewvel variations from
records for & number of wells, a different correction Ffactor must he
applied at each locality, because the sea-level effect differs from place
to piace due to the lateral dampening. The important consequence of this
fact ls that the correct removal of sea level -- by the application oi
diffarant correction factora at different localities -~ would change, and
in some cases might even reverse, the difference in head between particular
wella, Thus the nap of theae "heads with sea level removed" could he quite
different from that of the reduced levels for any given day. Reduced
levelas correctlv represent heads relative to sea level on any particular
day. Heads witt seas lavel removed portray an imaginary surface, which when
superimpased on the surface reflecting the waves crossing the island that
day from the sec-level wariations, gives the observed configuratiom.



1

Daspite the Fact that they are 1maginary, these heads are of erltical
{mpertance because they isolate variables related to the volume of fresi
groundwater,

An attempt to remove the sea-level effect at CI and hence derive a C5L
hydrograph for that well is shown in Table 18. In the calculation scheme
shawm in the table, the C5L hydrograph is derived from the run of reduced
levels {Col 3). The strategy is to reduce the day-te-day change in the
reduced levels (Col 4) by an amount (Col 5) which 1s thought to be
attritutable to the sea-level variation, This amount is taken to be a
fraction fa, in the table) of the sea-level change. The fraction is
determined by matchipg A(W-L) and AL at three consplcucus sea-level-related
sawtooth exeursions in the curve of W-L., By subtracting the head changes
which are attributed te sea-level changes from the changes in reduced
laevels, the result 18 a successlon of head changes which are thought te be
due to factors other than sea level, These numbers {Col &) ave then
converted to a CSL hydrograph by first cumulating the changes (resulting in
Cel 7} and then adjusting that run of numbers by assuming that the mean of
the CSL hydrepgraph 1s equal to the mean of the reduced levels over the
period of measurement.

Results of the calculatlon for C2 are shown in Flgure 43A; alro shown
are the results for A2 and E4, These three graphs In Figure 43A represent
the daily €8L hydrographs at the three selected wells and are to be
compated with Figure 41 which shows the three runs of teduced levels at the
three wells. In Figure 43B the comparison between C5L hydreogragh and
reduced level Is made directly for C2, Tn Figure 44, che CS5l hydrograph
for the Lli-well average, W, ls shown in comparison with {a) cthe analogous
reduced levels and their three~peoint moving average 1In the upper part of
the figure, and (b) the rainfall and the lagoon record in the lower part of
the figure.

Compatrison of CS5L hydrographs to the analegous runs of reduced levels
shows that the attempt t¢ remsve the sea-level wvariation does In fact
greatly reduce the variability of the time aeriea and eliminate at least
the obvlous correlation with the eea-level record. These improvements are
raflected In the statistica listed 1In Table 1V. The removal of the
sea-level effect from the reduced levels reduces the variance by 653 to 70X
for the two Inland cases (A2 and C2} and 50% for the li-well averpge. Ar
the seme time, the resultant run of numbers -- the CSL hydrographs --
correlate poorly, 1f at all, with the lagoon record: correlacion
coefficlents range from -0,26 to +0.26, with that for 2 belng 0.02,

In comparing the graphs of reduced levels and the 0S5l resulta, it is
woerch noting new the shapes of the curves have been alcersd in removing rche
sea-level effect, There have been two Important changes. First, the
downward trend and low (between March 1 and B) that dominate the reduced
levels 1n all the graphe are largely removed and, by thelr loss, are shown
tn be an antifact of the arithmetlc leading to the veduced levels;
conclusions based on rhe rveduced levels would incorrectly exaggerate the
amount of recesslon beiween rvalnfalls, The second change 1s that the
tesponse to ralnfall of March 2 is brought out, From reduced levels, it
would appear that the b-cm rainfall event had little effect on the water
level as seen by the l4-well average, and, at hesc, had only decreased the



Tabhle 18, Calculation of CSL hydrograph at CzZ.
Columns
{1y L (5) ~afL
(2) AL iy Col {4) - Col (5]
{1}y W-L {Reducel (7 Running Sum of Col 6
levels) (8} Col 6 + difference in Average of Gols 3 and 7
{5y A(W-L) (CEL Hydregraph)
(1 () (3 {4} (3 (R {7} {8}
2/23 15.2 14,5 0 13,8
24 19.3 +0,1 14,3 -0,2 -0.1 ~0.1 =0.1 13.7
25 16,2 -3.1 16.0 *1,7 +2.5 -~(1,8 -01.9 17.9
26 19.6 +3.4 13.2 -2 8 -2.7 -0.1 -1.0 12.8
21 17.8 ~1.8 12.0 =1.2 +1.4 -2.6 =3.6 10,2
28 L7.0° -0.,8 10,9 =1.1 +0,6 -1.,7 =-5.3 B.5
29 17.8 +0.8 11.0 +0.1 -0.6 0.7 =46 9.2
3f1 17.3 ~{.5 12,7 w1.7 +0.4 #1.,3 =-3.3 10,5
2 22. 5 +5.3 11.4 =1.3 -5, 2 +2.9 =04 13,4
3 8.4 +5.8 6.8 ~i.6 =i .6 D =0, 4 13,4
& 27.3 -1.1 1.5 +(,7 +0.9 -0z -{.6 13,2
5 24.6 =2.7 B.3 +0.8 +2.2 -1.4 =2.0 11,8
4 25.0 +0 .4 7.9 =4 -0.3 =0.1 =2.1 11.7
7 21.12 -1 10.3 +2.4 +3_0 =.6 =-2.7 11.1
4 24.5 +3.2 7.6 =2.7 -2.6 ={.1 -2.8 11.0
9 .7 -2.8 10,2 +2.6 +2.2 (.4 =14 11.%
10 18,9 -2.8 17.7 +7.5 +2,2 +3.7 +2.49 16,7
11 18.3 -0.6 18.4 +0.7 +0.5 +0, 2 +3.1 16,9
12 2.0 =5.9 20,1 #1,7  +4.7  -2.0 +0.1 13,9
11 la.4  +2.0 Lé . 4 =5.7 =4, -=1.1 -1.,0 12,8
L4 11,9 =-2.5 15.5 +1,.1 +2.0 =0.9 =-1.9 11.9
Ave, 12.4 -1.4 L2.4
Calculation of ¢, the correction factor.
A{W-17 AL
2/25 1.7 ] -3.1
26 -2.8' 4 4340 80 4.5/6.5 = 0.69
3ry 2.4 . -3.7 ave
8 2.g! 5+% 3,21 049 5.3/6.9 = 0.77 0,80
312 1.7 -5.9
13 -5 7 2.0l 79 7.4/7.9 = 0.94
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hydrographs at three nbservation wells.
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rate ol descent at the Al (asee Fi{gure 41}, However, again, this would be u
misinterpretation; ae shown by the CSL hydrograph there was an important
recharge event resulting from the March ? rasinfall, but it was obscured in
the redvced levele because water levels were aleo riaing in assoclation
with the l4-day tidal wvariation.

In order teo further clarify the ceortelation with rainfall, the CSL
hydrograph fair the l4-well average is generalized in Figure 45, by
subjectively smoothing cut the {rregularicies., The overall ghape of tha
resultant curve 1is like that of succeseive peaks and recessions of a
gurface~water f[lood hydrograph that 1s, there 1s 2 rapld rise with
rainfall, and an exponentlal-decay shape to the recession. It ia clear
from this graph that conce sea level s removed, the mai{n water-level atory
consiste of railnfalls which 1increase water-level elevations and
post-rainfall equilibracions that &are a#een as recessions. These
equilibrations would be due te accelerated flow to sca (bacause of the
incresced hends and thelr gradients) and subaidence of the interface
{because of the accreticen of water at the top of the lens).

It is warth noting where the 2l-day average. 11.7 cm, falle on Figure
43. This level represents the 2l-day, lé~well average (W, of 31.5 cm above
datum) lega the 2Zl-dsy lagoon average (19.8 cm). In contrast te chis
average level, there 1s a much lower level thar s reached 1in tle
recessione be:ween rain-correlated peaka. The low on Feb 28, fer example,
is about & co. above sea level, Te the extent that these recesslons would
taper off to some near-level asymptote {in geometry analagous to a base
flow-level 1in flood hydrographs), thls asymptote would appear teo lie at
about > to b cm above sea level, or about 50% of the 21-day average; it
appears that ihis level could be reached (by extrapalating the curves) in a
macter of 10 days te 1 weeka without recharge. The point is that while
there may be some 15 ft of fresh groundwater (ignoring mixing), it appears
that it is exiremely vulnerable te droughts wich —— if these GS5L levels can
be tranelated to volumes without consideration of lapgging-interface effeces
— aa wuch ss half of the lens beilng lost in a 2-wk period of no rain.

Hydrogeological Framework of Deke

The hydrogeological I[ramework of Deke Island can be deduced, at least
in general terma, frem drilling informacion, geophysical data. geclogical
mapping, and direct obaervations. Several litholegically distinct units
comprise the geolegy of Deke and the reef complex upon which 1t sits.
These units, ! n some cases, produce rather pronounced hydraulic effects on
the groundwacer—-flow =syatem and exhibit some unique water bearing
properties. Ixcept for the reef-flar placte or hard layer, all unita can be
classifiied as excellent aguifers,

Various gecloglcal components of the reef complex are shown
diagamatically by the cross eections of Figures 46 and 47 (che legend 1is
glven by Table 19). These sections are drawn zlong twe seismic profiles (A
and C) shown on the lecation map of Filgure 35, The greatest amount of
field data (acquired by several independent methods) was collected along
theae two lines and therefore it Iz appropriate to utilize cthe composite
Informatdon In the conatruction of the secticnal views,
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Teble 19. Legenc to Figures 46 and 47,
Unit No. Symbol Descriptien
1 Unconsolidated sedimenc compriring Deke
Island,
2 Peef struture.
3 Well indurated sediments of the hard laver
{reef flat); Permeability 1s very low.
Unconsgolidated to poorly conzolidated
4 gediments probably assoelated wicth back-reef
deposition; Permeability 1z very high.
Moetly unconaclidated sand-slze sedimenty
5 probably deposited in the sand apron behind
the reef flat; Permeability is high.
Halimeda facies composed ovf poorly
& coneslidated gand- and gravel-sized vreel
rubble: Permeabilicy 1e very high.
Init compesition 1s unknown, may be
7 asgociated with lagoon depogition:

Permeability i1s probably similar te that o}
unit 3.

Unit contact establiched by measurement,

Hypothetical unit contact; represents a
gradation between unirs,
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Ag depicted in the disgrams, the island unit rests partly upon the
reef flat (hard layer) and partly upon sands deposited lagoonward of the
reef flat, The latter appear to be falrly uniform in character, mostly
uncaonsolidated, and form a relatively thick unit. The reefl flat extends
heneath the island at variable distancea but forming a continucus plate
trom the reet margin to wherever i1t pgrades into sediments af the sand
apron. Beneath the reef flat, and apparently assoclated with it, are sand

and gravel-size sediments derived from the reef environment. A notable
characteristic within this unit (observed drilling response) is alternating
hard and soft zones, Based on the analysis of cores, these zones are

agsgociated with well-cemented sectfons and with probable unconsolidated
layers, This alternation cf cemented and non-cemented zones would
certainly produce a strong horizontal component to the groundwater - flow
regime (anisotropy). Another point that is noteworthy 1is the close
affiliation between the reef-flat (hard layer) and this unit. Constituent
particles comprising both units are the same; the difference is the
abundance of cement. As readily observed In core samples, the amount of
cement binding the sediment decreases with increasing depth. The reef flat
forms a wedge shape plate with the thickest portion toward the reef. Where
the plate grades into the lagoonward unit (sand apron) the lithologic
character of :he unit beneath the plate changes and there is a lack of
matrix cement. All of this seems to 1ndicate cthat the process of
cementation 14 somehow linked to sea-water c¢irculation along the ocean
shoreline, Further, since the unit below the reef flat is similar in
particle compositlon but lacks thick zones of well cemented sediment, the
process of reef-flat cementation is probably controlled by the percent day
sea-level stand. Hopefully, as more field data become available, the
origins of the reef flat will be explained, Because of the important rule
it plays in the ground-water hydrogeology of atolls, the endeavor 1is an
important one.

The preseice of a Halimeda facies underlying the units discussed above
was confirmed by drilling and its contact was mapped by seismic shooting,
Based on seisnic-velocity data there seems to be a transverse change in
either denaity or composition from the ocean shoreline toward the lagoon.
Velocities reni to be scmewhat less adjacent to the lagoon. It seems that
the best explanation would be a change in cowmposition associated with
disparate depositional envirenments. That is, the Halimeda facies probably
grades into an environment more closely related to lagoon deposition, What
ever the depositional configuration might be, these deeper units do not
play as an important role in the hydrogecology as the overlying units.

0f the many units that comprise the reef complex, four are of direct
hydrogeologica.. importance. Specifically, these units are (1) the island
itself, (2) the reef-flar plate or hard layer, (3) the unit beneath the
reef-flat, and (4) the unit behind the reef flat. Each unit directly
affects the occurrence and bhehavior of the fresh ground-water resource.

The main iydrological functlion of the island unit is simply te catch
rainwater and transfer it to the subsurface units, Numerous processes are
invelved with the transmittal of water, however. Rainfall is firsc
Intercepted by plants and water 1s returned to the atmosphere by direct
evaporation., After rainwater reaches the ground surface, some of it 1is
used by the plants and transpired back to the atmosphere, some of it is
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retained in the soil and sedimentsz of the unsaturated zone, some aof it
evaporates directly, and the remainder aventually percolates downward into
the saturzted zone. All of these processes, of course, are part of the
hydrological cycle and are important facters to be considered when dealing
with the overall water budget,

4z documented by water-level observation i1n standplpe-plezometer
palrs, the reef-flat plate or hard layer functions as a confining bed
tepeath which fresh groundwater s under hydraulie pressure. The presence
of the plate greatly affects the configuration and behavior of the
fregh-water lena as well ae prevlicusly held views of how groundwater occurs
peneath atpll islands., A simple Chyben-Heizberg lens model does not apply
to the flow system of Deke. The plcture 1is greatly complicated by {1}
partial copfinement of the flow syetem, (2) leaky behavior of the reef-flatc
plate, (3) inpedence of direct recharge to the gubsurface, and (4}
exten=ion of the discharge area past the ocean shoreline, Some of these
points will be discussed later; however, the second peint is worth pursuing
since it 1eflects the hydrogeologlc properties of the unit. As documented
during the water-level investigation, the reef-flat plate is not totally
impermeable, On the rising tide, groundwater 1s pumped upward through the
plate. The process, of course, is delayed and its magnitude is5 dampenecd
compared to the same action without the presence of the plate {(refer hack
to Figure 17). On che falling tide, Infiltracing rainwater and the
~23ldual groundwater (i.e., thet left standing above the hard layer due to
the rieing tide) tend to drain by gravity downward into the lens system.
Thus, thera iz some degree of vertical permeability. Although the unit i=
relatively dense and well cemented, there are numetrcus voida that appear in
slabbed ccres and hand samples. Groundwater may move along routes within a
poorly developed network of intercemnceted volds. Another possible route
for water mevement 1= along fracture traces. Numerouz f{ractures were
observed end many mapped on the exposed reef flat. Hoet of these fractures
were relatively long and continuous and appeared te he open. 1f these
fractures exist beneath Deke within the reef-flat plate (and probably da),
then they may provide a possible avenue for water movement,

There 13 a sharp contrast in permeability between the reef-flat plate
and the underlying unit. Low abundance of fabric cement and numerous
urconeolicated gones, in addition to the wide sediment slze range,
contribute to a Telatively high permeability, Although mne direct
measurement of permeability was made, it can be roughly estimated, If it
ie assumed that the permeability of this unit is similar to an equivalent
gand and {i{ne gravel aquifer, then an order of magnituds estimate would be
1500 ftfday. This high value 1s validated by a somewhat fortuitous
expetrience after completion of drilling at D53, Seawater was used as the
drilling fluid. After drilling wae completed, a salinity profile was
measured 1in cthe borehole and for several days thereafter. Measurements
indicated that the borehole had cleared well within a 24-hour peried, neo
doubt a —-estament co very high permeability. Becavse of the apparent
anisotrop.¢ nature of the unit, vertical permeability would probably be
coticiderahly lecs. Considering the areal extent of this wnit, it would be
veaponabli: to say that the greatest volume of freshwater within the lens is
storad in unit 4.
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The last ydrogeologically important unit te be discussed is unit 3.
From avallable information, this unit is composed of unconsolidated sand
derived from beth the lagoon and the reef enviromments. The portion of the
unit of interest underlies the 1island between the reef-flat plate and the
iagoon shorelire, Because the plate is missing, recharge water infilrating
island sediments enters the flow system unimpeded, Of greater interest is
the apparent desparate permeability between this unit and unit 4. Again no
direct measurement of permeability was made; however, from the type of
sediment comprising undit 5 and 1its more wuniform size distribution
(observation from stratigraphic test pits) and from the greater dampening
of the tidal slgnal (refer back to Figure 10), 1t can be deduced that the
permeability of unlc 5 is probably an order of magnitude less than that of
its neighbor, Generally, ¢lean sands in the size of that for unit 5 have a
measured permeabllity of around 150 ft/day.

In the discussion above concerning the wvarious units significant in
the hydrogeology of Deke, some values of permeability have been estimated.
These estimates may not be wvalid because no direct measutrements were
obtained from the field. At this stage in the investigation of atoll
hydrology it 13 relatively unimportant to attach a permeability figure to
any particular unit, What is important is the recognition of units with
disparate permgability and theilr relative position within rhe hydrogeologic
framework of ax atoll ialand complex. The fine tuning and attachment of
numbers will c¢cme at a later stage in atell studies.

The Fresh-Water Lens System

Under ideal conditions where the aquifer is homogeneous and isotropic,
the system 1is recharged uniformly, and there are no outside influential
factors (eg. sca-level variations}, a symmetric Ghyben-Herzberg lens would
be maintained. This, however, is not the case for the Deke system. The
fresh-water lens 1is partially confined, 13 wmaintained within complex
geologic unite possessing disparate water-bearing properties, iIs subjected
to non-uniferm recharge events of wvariable magnitude, and 1is greatly
affected by sca-level varlations due to tidal frequencies, barometric
pressure changes, and long-term steric effects. All of these factors, and
a few more, contribute ro the complexity of the flow system beneath Deke,

To simplify matters, the following discussion will be centered around
the presentation of a conceptual model of the fresh-water lens system
beneath Deke., This medel has been generalized by utilizing the results
from water-level reduction calculations, specific-conductance measurements
in boreholes, water-quality analyses, and resistivity work. The model is
preszented in Figure 48. Tt should be noted that, for clarity, the vertical
deminsicona havz been greatly exaggerated. In reality, at true scale,
representation of the lens thicknesa would be little more than the wideh of
a aingle line,

& mumber ¢f impertant points concerning the subsurface flow system of
Deke are lllustrated by the diagram of Figure 48, Among these points are
{1} the asymmetry of the lens configuration, (2} the relative position of
the reef-tlat plate and the primary recharge area, {3) the ground-water
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flow patctern, {4) the zones of ground-water discharge, and finally, (5} the
thickness varfsbility of the tranaition zone.

One of the most obvious features of the model is the asymmetric
configuration of the lenms. Fresh groundwater 13 stored within two
hydrogeologic units (units &4 and 5 of Figures 46 and 47) as pointed out
earlier in the discuasion, It was aleo pointed out that there 158 a
digtinct pearmeasbility contraat between the two units: the lower permeable
unit located glong the lagoon aide of rthe reef complex and the higher
permeable unit located along the ocean side., The thickest portiom of the
lens occurs within lower permeable unilt. Reslatance to flow due to low
permeability tonds to maintain higher heads which in turn depresses the
position of the transitien zone thus producing a thicker lens.

Direct recharge occurs over that portion of the lens where the
reef-flat plate is not present. Infiltrating rainwater enters the system
under unconfined or water-table conditiona. This direct influx of water
may be an additional factor which contributes to the asymmetry of the lens.
Incoming water produces local changes in storage which is turn produces a
thicker lens.

The combination of asymmetric head distribution and localized
ground—water recharge, 1in addition to the hydraulic affects of the
reef-flat plate, produce an unusual subsurface flow pattern. Two flow
paths are poselble. If a particle of water enters the system on the lagoon
gide of the flow divide, the path taken is relatively short and flow 1s
directly into the lagoon, The peoint of exit is in the vicinity of the
beach face. IE, however, a particle of water enters the system on the
ocean side of the divide, the path caken 1is wuch longer. The water
particle will travel under confined conditions beneath the reef-flat plate
and exit the system somewhere near the reef. Because of the presence of
the confining bed, it is not appropriate to assume that the ocean shoreline
of the island is the discharge zome, At thig point the island unit is not
a factor in the control ground-water movement. What does control flow 1ia
the hydrogeclogy of the reef complex, the island merely plays the role of a
rainwater catchment., Misinterpetation of atoll island systems can arise if
this concept is overlocked,

Specific characteristics of the zone of mixing or transition zone
between fresh jroundwater and the underlying aealty water were not well
documented during the field work. However, from conductance profiles and
indirect evidence some general features can be deduced. Sea level
fluctuarions, i1 particular tidal responses, are factors mainly respomsible
for creating and maintaining transition zones in island aystems. As the
level of the s¢a oscillates, the lens must also move in concert with the
change because the flow system is in hydraulic link with the sea. With the
tise and fall of the fresh-water body, mixing between fresh and salty water
occures at the lower boundery of the lana. The thickness of the transition
zone or the dejree to which this mixing occurs 1s dependent on (1) the
frequency &and amplitude of the sea-level oscillation and (2) the
permeability of the aquifer. In units of low permeability, the transition
zone ie normally thin due to a greater attenuation of the landward
propagating wave signal generated at the shoreline by a given sea-level
oscillation, such as a tidal signal. In units of higher permeability, the
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oppoaice I3 che usually case, that is, a thicker transiclion zone develops.
We know that thete la permeabllicy contrast betweeu bhe two unlis within
which the lens system occurs. Thie ia reflected in the head distriburion
and lecation of the thickeet part of the lena along the lagoon slde of the
island. Therefore, it can be concluded that the thinnest transitlon zone
will occur where the lens 12 the thickest and the rhickest transjition zone
will occur in the unit of higher permeability nearer the ocean shaoreline.
Further, s5ince we know the gecgraphical distributien of the tidal
efficiency, which reflects the inland acttenuation rate, cthen we can
conclude that the transicion zone thins inland bur at two different rates
correspondlng to the desperate permeability acrozs the reef complex, The
greatest 1ate of thinniag ia asacciated with the lagoen shoreline and
landward t> the groundwater-flow divide.

Relat lve—salinity profiles obtained from DS3, shown in Figure 4%, have
been extricted from che Appendix to l1llustrate a point relaced te the
behavior of the tranaition zone during tidal fluctuations. The three pairs
of prefiles ahewn in the probability plots represent the conditicons within
the transl-ion zone at low and high tidea for three measurement days. Line
A jin each of the diagrama represents the prefile at low tide and line B
represents the condig¢lon ar high tide, One would expect the transiticn
zone to move vertically im concert with the tides with little change in
thickneea, From the profile {nformation, 1t seems that the transitien
zone, rather than move up and down, thickens and thins according to the
tidal higha and lows, reepectively, The degree of change is reflected by
the chang: in slope of the profile regression line. The expectaed
displacement upward of i1so-salinity lines with a rising tide dees not
appear in the profile data: In fact, it seeme that the opposite cocura (in
two of the profilea). This, in part, may be doe to the non-homogeneous and
aniaottopl: nature of the aquifer, in part, to flow dynamics close to the
boundary di(scharge zone or, in part, due to mixing in an cpen borehole. If
the measured profiles reflect the actual conditjons within the lens, then
the interprecacion of the data leads to the comnclusion that the transicion
zona increiaea in thickness with a rieing tide and decreases In thickness
with a felling cide. More detailed ptudiem of the dynamics of the
traneition zone are needed to fully comprehand the processes at work.

Practical Implicatlena of the Scudy Resulta

Beaulia from the hydrogeelogic investigation of Deke Island have led
to a bercer upderstanding of the geologlcal conatruction of an atoll
platform and how freah groundwater occurs within this framewerk. Of egual
importance {s the recegnition of the wvarioue factors that ceontrol the
behavior of the fresh-water lens and its asacciated tranaftion zone, All
cf these general aspects are important components of the overall plcture of
atoll izland hydrology.

A nugber of the study ifindings explain why certain water-related
problems are experlenced by atoll island communities, Among the major
problems are salt-water intrusion, contaminated wglle, and seasonal wvater
shortages. By applying what 1s known of the Elow aystem, many of these
problems cun be avoided or thelr effects greatly reduced,
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It {v now readily appareut «hy, on some islamls similar to Dreke,
salt-water Intrusion iInto cultivated areas occurs, From [lrst~hand
observations, the favored area for growing food plants, tare in particular,
15 within the central depression. The usual practice 1s to remove Lhe
orlginal sediments down to about the ground-water level and refill with
organlc matter until a relatively thick humus soil 1s produced; plancing
takes place within this new soll. As time passes and the demand increases
for addictional food to support the community, the area of cultivatlen iz
gradually enlarged, Enlargement usually is toward the ccean shoreline. Tt
wap long age Tealized by 1islanders that the {reshest groundwater was
avallable near the lagoon and this was the logical place wpon which to
settle, For many islands the expansion was extended over the reef-flag
plate and the highly-permeable unit beneath. During the dry season when
there is li:tle recharge available to maintain the lens cenfiguration, the

ETentest teduction in fresh-water storage OCCuUrs within the
highly-permeable unita. Tha fresh-water coclumn decreases and the
transltion-tone thickness increases resulting 1o a well-mixed

brackish-water =zone underlying the foed crop. With the strong tidal
pumping actlon chrough the reef-flat plate, very saline watcr enters the
root zone of the cultivated tare. Thus, enlargement of tare patches toward
the ocean sroreline zhould be avoided and the thickness of the scil layer
in the tarc¢ patch should be maintained by constant filling with organic
material.

Groundwater beneath atoll falands 1s sublect to contamination by the
day-to—day sctlvities of the Inhabitants. Nitrate, phosphate, and microbal
contamination are the most common. Control of this altuation could be
gained by properly deslgning and Iocating washing and teoilet facilities
and, in some cases, 1livestock impoundments taklng inte account the
following: (1) rthe abilicy of the unsaturated zoue te filter organie
substance; (2} tha pattern of ground-water flow; (3} the hydraulie
constraincs of the system; (4) the lecation of dilscharge zenes; and (5) the
resident tine of water within the flow systam. As an example, for lens
gystems simllar to Deke, water-sealed tollete or pit latrinee and washing
facilities should be located very near the shoreline to avoid contamination
of wells up gradient., The best lecaticon is on the ocean-facing shore, but
in moat cases this is the furthest distance from the village and thus is
not preferabile by the community. A second lecation is the cutahirts of che
occupation area and along the shoreline., Tollet facilities should be
engineered such that a sufficient unsaturated zone beneath the unic ie
available for filtration of the wvaste materlal, If sanitary facilicies
must be located within the village area, then they wmuact be locacad
pufficiently down gradient from potable water wells such that seasonal
changes in the flow pattern will neot cause contamination of ground-water
pources. However, a very detalled on-site =tudy may be necessary to
propetrly site the facility,

4 potentially dangerpus problem For the atell situation is the use of
fercilizers and pesticidea, 1f the groundwater is consumed, under no
circumstances should these agricultural products be used, Toxic chemicals
ate easlly leached from the scil and enter the flow system directly, These
compounds ace not absorbad by the carbonate sediments of the aquifer nor
are they broken down by the groundwater.
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Water shortages experienced by 1sland inbabitants during the annual
dry season or during droughts, for the most part, could be avolded with
proper well design and appropriate location. Most lens systems are fairly
stable even during extended times of little or no raimfall. With accurate
mapping of the fresh-water lens, the resource could be sensibly developed
to meet the needs of the community. In general, the bhest area to place
potable-water wells is half way between the lagoon shoreline and the edge
of the reef-flat plate. This locality should be situated over the thickest
part of the fresh-water lens provided that the area is of a sufficient
width that will allow enough recharge Iin order to maintain the system,
Field measurements may be necessary to determine what the 'sufficient
width" will be. All wells used for potable water should be located up
gradient from aanitary facilities.

Guidelines for Further Study

If sensible decislons are to be made related to the practical
solutions to water-related problems on atoll lslands, then the effort of
acquiring new laformation must be continued because the plcture is by no
means complete 3t this time. The work on Deke has produce a foundation
upon which to bitid. We have acquired a great amcunt of informatin about
the system, how:ver, we do not koow many important factors or understand
all the processes that govern the dynamics of the atoll-island system.

We know the general characteristics of the various hydrogeologic
components and their respective influence on the groundwater-flow system of
Deke, We do not know 1f these same hydrogeologic units are common to atoll
island systems elsewhere. If they are common and a general model of atell
geclogy can be formulated, then the extent of the fresh-water resource
beneath any given island can be estimated involving minimal field work and
costs.

We know that there is a contrast in permeability across the lsland and
also with depth. We do not know the value of permeability for each
hydregeologic unit. It 1s important to acquire this information because
estimates of safe yleld for any groundwater-flow system are based on
calculations where the central parameter of the equations 1a permeabilicy.
On a smaller scale, permeability 1s an iImportant factor in the
determination of well yields and safe pumping rates {in crder to avold
salt—water upcoring).

We know the short-term behavior of the lens system in response fo
sea—level fluctuations and rainfall events. We do not know the seasonal or
long-term behavior of the fresh-water lens, Tidal eoscillations recorded in
the lagoon of Pingelap Atoll represent particular conditions within a
closed lagoon, Because of the proncunced tidal effects in the lens it is
important to know how the tides differ in open lagoens and 1if the size,
depth, and configuration of the lagoon contribute to these differences. In
terms of lens response to recharge or rainfall events, it is of particular
interest to know the behavior of the system under conditions of extended
dry periods or drought. Many inland communities across the Pacific regionm
suffered severe water shortages due to the drought produced by the 1983 El
Nifie. In many instances, the lens became the only source of fresh-water.
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The maln queatlon ta he addressed 1a: How long caun s lews syatem madotadn
{taelf unde: comdicione of little or no ralnfallf

We know the genaral pattern of flow within rhe lens system of Che
uniphabited island of Deke. We do not know the flow pattern that may exist
given the wuame hydrogeology but with the iInfluence of human occupatien,
Tara cultlvation 1s one of the main sources of food prodeccion and the
practice usually invelves a significant portiom of an island, Because of
the method of cultlvation, mentioned above, the planted area has the
potential of exchanging large volumes of water between the atmosphere and
the lens eystem. The main processes are evapotranspiration (dominate
during dry periods) and recharge by diract rainfall. These is no donbt
that these processes will produce a flow pattern different chan that of
Deke, The question is: How much differemt will rhe flow pattern be and
what seasconal affects will be produced? Alsc, the question arises: How
will the warer quality be affected by seasenal changes in flow paccerns?®

It is often sald that sclentifilc investigations produce more quancions
than answers. Thils 1s partially true for the Deke study. Because of the
discoverles made durlng the course of the inveatigation, a3 new szat of
questions mist be addressed. The hydrogeology and groundwater-flow aystem
of Deke ip probably not unique, MNumerous atoll islands in the Western
Pacific ext.ibit elmilar characteristics. An example {s HNukuoro Island
located on Nukuoro Atoll scme 300 miles southwest of Fonape (see Ayers and
Clayshulte, 1983}. Because of the petential for the sxistence of similar
systems as that of Deke and hecanse a firm foundation has bean laid by the
results of the Deke study, it {s extremely important that this work be
gxtended to other areas,

As an aid to future investigative activities related to atell island
hydrogeolegy, the followlng sget of gufdelines and suggestions are
presented.

1. Idencification of wmajor hydrogeologic components. Two genaeral
m=thods are used to obtain subsurface information; these methods
are drilling and geophyaical survewys. Drilling strategles may
i1clude hand or power augering where sediments are non-indurated,
esre drilling where sediments are well cemented, and hailer
gampling {sampler {s driven into the ground and a mediment =ample
iz retrieved) where sediments are poorly consolidated. Ceore
drilling 43 best sulted for the reaf-flat plate and the
asnotlated underlying unics. The driller should be prepared to
use foam or mud as a circulating fluid and to case the horehole
t3 prevent caving. The geophylecal techmnique best suired for the
dztermination of subaurface =strata 1s selamic refraction,
Although exparience is nacessary for both the field operation and
tie data analysis, the technique 1 an extremely valuable
irformation-gathering tool. Beat results are obtained by running
as many lines as field conditions will alleow. It 1= suggested
that a stronger energy source cother than the hammer system be
uzed 1In order to obtain a clear record rhat reflects the
g iheurface atructure.
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Determination of the hydraulic properties of the major
hydrogeologic units. The properties of porosity and permeabllity
are th: moet important and are determined by a variety of
methads; several should be attempted iIn order to establish a
confirmed set of values. Among the methods best suited for the
small :(aland setting are (1} small-scale pumplng tests, (2)
tracer studles, (3) tidal responses, (4) laboratory measurements,
and, 17 sufficient dinformation 1s available, (5) analytical
numerical model atudies,

Determiilation of the configuration of the fresh-water lems and
its asssciated transition zene, Numerous methods can be employed
to obtaln information related to this topile. First, a network of
observarion wells should be established. This networks must be
accurately surveyed auch that precise elevations are known at
each observation site, If a hard substrate i1s encountered, then
pelzome er pairs should be installed (ideally, nested peizometers
should be instaslled). Once established, measurements should be
taken on a periodic basis, prefarably daily., Observation wells
are established by drilling., augeving, or driving in well points

depending on the subsurface conditions. Several obsarvation
welle should penetrate the fresh-water ceolumn and transition
zone, Salinity profiles can be measured in these wells, A

second method is the wutilizacion of earth-resistivicy
measurenents. Although this techniques should be wverified by
measurenients 1Iin observation wella, 1t can be used where
observailons wells are not present or difficult to inmstall ot
when reconnalssance information is needed. Results from verified
soundings can be extrapolated to unknown areas.

Determination of the response of the groundwater-flow system to
external. factors. Of iImportance i1s the behavior of the flow
system Lo sea-level oseillations and rainfall events. Tide gages
with continuous recoders should be established in the lagoon as
well as in the ocean. As exemplified by the Deke study, the
lagoen tide may be very different from that of the ocean and may
produce a very pronounced effect on the groundwater levels
observec in wells, At least one rainfall gage should be
established on the study island and readings taken each day.
Dependirg on the detail to which water-budget calculations are to
be made, other relevant weather information should be collected.
In addi:lon, several observation wells should be equipped with
continucus water-level recordera. If few recorders are available
(and this 18 the wusual case), then a schedule of recorder
rotation between sites should be established.

Establishment of flow directions in the subsurface., This topic
1s an inportant one in that the pattern of ground-warer flow will
determine where the best locations are for wells, sanitary
facilities, livestock confinements, and other features that may
affect :he quantity and quality of the fresh-water resource,
Flow patterns are determined by direct measurement methods such
as artificial tracer studles and by numerous indirect techniques.
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Among the lotter are (1) construction of [low neis (rom hewl
digtribution data, (3) flow directions based an water-quality
patterng, and, again, Iif gsufficient data are available, {1}
application of models.

Determination of water quality. The importance of this topic 1is
obvicus; groundwater must be fit to drink. Water samples should
be «collected on a periodic basis and as many conatituents as
possible should be measured in the field. This process should
include the analyals necessary to determine the presence of
certain bacteria and wiruses. 1f a particular constituent can
not be measured in the field, then necessary steps should he
taken to prepare the water sample for later shipment to the
labcratory.
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SUMMARY
Water—Level Monltoring Program

1, Ground-water tides in the northern part of the 1sland are like
those in the open ocean in that the time between highs and lows is the same
for both locations. Wells close to the lagoon have the lagoon-type
inequality of high-to-low and low-~to-high time intervals., The lagoon tide
15 mixed semid:urnal.

2. The 1ange of the tidal fluctuation diminishes inland and there is
ar ipland-increasing time lag for the occurrence of the highs and lows.
Cloge to the shoreline, the tidal range iIs conslderably larger in the north
than in the south in part because the range in the lageon is considerably
less than in the open ocean, Overall, the lateral attenuvation of the tidal
aignal is such as to dampen a 1.5 m fluctwation in the north and one of 0.9
m in the lagon to less than 15 em in the 1interior of the 300 m-wide
lasland, It takes 3 to & houra for the tide signal tr reach the interior,

3. Where the hard layer {a present, the tidal fluctuation is larger
and generally occurs earlier in the ground-water body beneath the hard
layer than in ‘he water that rests on the layer. Thia difference is clear
proof that the hard layer acts as a confining bed. As the coniining bed
pinches out tc the south, the tidal fluctuation in the confined aquifer
bacomes less different than and eventually becomes identical with che
fluctuation in the unconfined layer. In the northern part of the {sland,
the top of the hard layer lies within the range swept out by the
piezometric tidal fluctuation, and the rocks abave the hard layer are, as a
result, dry during part of the tide cycle. In at least one area (E2, E3),
the hard layer lies below the ground-water low-tide level, and there 1s a
seamingly permanent unconfined aquifer at that locality.

4, There 1s a pronounced asymmetry of the lagoon tidal variation duse
te the impeded exchange between the open ocean and the lagoon. The lows
are truncated. The lows lag some *hr 20min more than the highs so that, on
the average, the time hetween a high and a low is 7?hr 48min and that
between a low und high is 4hr 17min.

5. There is a subatantial day-to-day variation in the water levels
at all the wells. The principal contrel is rthe wvariation in daily sea
level as measured In the lagoon, Rainfall alao causes obvlous increases.

& Water-level fluctuatione that are related to sea-level variation
reflect the l4-day tide characteristics. This sea-level wvariation is
dampened out laterally as 1t pregresses inland through the island., As a
result, the day-to-day wvarlability is largest in wells close to the
shoreline, although all the wells in the island are affected, and the
overall pattern Is that all the wells rise and fall in unisen.

7., The Jday-to-day water-level variability in the unconfined water
above the hard layer is larger than that measured in drilled or dug~through
plezometers. 'This is probably a rainwater-catchment effect. It appears
also that, during wet perlods, the level in the wunconfined layer is
slightly higherr than the piezometric surface. However, the difference is
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nllght: the Flrat-order tesult {5 that, over a perlodd ol some weocks, the
avernge ot ¢ plezometer iz about the same as that at an ad jacent stmulpipe.

8. Witer levels averaged over the 2l-day pericd define a water-level
ridge that occurs on the lagoon side of the Island, south of the hard
layer. This rtidge marks the reglen where the system 1s under water—table
conditions aind is che recharge area for the confined aquifer that underlies
the hard larer to the nerth.

Geomorphology and Geology

L. Dake 1s characteristic of small islands composed of cearse coral
detritus chat occupy the reef flats of many atoll platforms. This coral
rubble 1s swept from the reef front by large atorm waves and spread across
the reef fliat and low-lying islands. Horlzontal sheets of water from waves
breaking on the reef front transport and accumulate sand and gravels as
ridges and .iprons behind theae ridpes,

b Inicially, Deke appearu to have formed as two small separate
islands. Each of these small 1slands was surrounded om three sides by
well-developod ridges of coarse coral gravel, The former tidal pass
batween the two iIslands is represented by a north-south zone of sandy
coarse pebbles that cuts through the center of the i1sland.

3. Currently, the {aland is prograding lagoonward as evidenced by
the reef-derived sediments accuomwnlating on the lagoon beach and ridge and
the angle-o0: repose slope just offshore in the lagoon, Further evidence is
pravided by extensive development of flood tidal deltas and 2pits along the
southeastern and southwestern margine of the island {which gives Deke a
concave shape to the south),

&. The eurface geology iz composed of four main components: a ridge
composed of cobbles and boulders ad)acent the ocean shoreline; a serles of
coalescing -vagh-over fana consisting of coarase pebbles and cobbles behind
the boulder ridge; a narrow band of coarse to nedium pebbler and sanpd more
ot leas centrally located; and a low berm composed of sand with scatctered
medium pebb.es along the lagoon shoreline,

5. Tre subsurface geclogy beneath Deke 13 comprised of several
distinct unlts. Underlying part of the islend unlc is the reef-flat plate
thard layer). This unit is well indutated and wedge shaped, thinning
lagoonward and grading inte partially unconsolidated sediments of the sand
apron unlt., Partlally consolidated and unconsolidated sed{ments underly
the reef-flatr plate, Thicknesa of this sediwmenc package variles
congidarablr across the i1sland, Similar to the reef-flat plate, this unit
appears to grade lageonward inte unconsolidated sadiments of the sand
apron, & Hulimeda-rich unit underlies these sediments to an unknown depth.
Phyaical propertles of the Halimeda facles appear to be similar to the
overlying opatearial but may differ locally te a great extent as the
varlahility of selamle velocities suggeasts. The Haliwmeda faciles appears to
grade Intc _ess induraced sediments toward the lagoon.
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Hydrogeology and Groundwater Occurrence

1. There are f[our main components comprising the hydrogeology of the
study area: the sediments comprising the island; the reef-flat plate; the
sand apron behind the plate; and the partly consolidated, partly
unconsclidated sediments beneath the reef flat. Each of these units plays
a unique role in the hydrology of Deke island.

?. The main function of the island unit is te catch rainwater aund
transmit 1t <o the subsurface flow system. Numerocus aspects cof the
hydrolegic c¢ycle such as plant iInterception and evapotranspiration are
invelved in the transmitral process.

3. A significant component of the hydrogeology is the reef-flat plate
or hard layer. The plate acts as a leaky confining bed and extends over a
large portion >f the flow system.

4. Fresh groundwater 1s stored within the two remaining units. Tt
appears that the sand-apron wunit has a lower permeability than the
sediments bencath the reef-flat plate, The latter unit seems to he
associated witn the plate and may be a non-indurated equivalent.

5. Fresh groundwater occurs as a complex lens displacing seca water.
The configuration of the lena is asymmetric with the thickest part located
within the less permeable unit ad]acent the lagoon shoreline,

6. Where the reef-flat plate 18 present the syscem Is under confined
conditions; elsewhere, the system s under water-table conditions. Primary
recharge to the system takes place over the area not underlain by the

plate.

7. Flow 1irections follow two routes, one from the groundwater divide
directly to tle lagoon beach face and the other toward the ocean beneath
the reef-flat plate exiting the system somewhere between the island
shoreline and the reef.

3. The transition zone between {resh and salecy groundwater s
created and mzintained by sea-level fluctuations, particularly the tides.
Its thickness is dependent on the frequency of the sea-level ovscillation
and on the permeablility of the agqguifer. The thinnest transictlion zone is
asgoclated wirh the less permeable unit adjacent the lagoon shoreline.

9, An inexpected behavicr of the transitlon zone in response to
tidal fluctuatiens is to thicken and thin with rising and falling sea
level, respectlvely. This response is apparently a more efficient means cf
conserving energy or mass than vertical displacement as a unit.
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Table Al. Water levels at obaervatlion wella. Elevations irn cm above lagoon low tide
of 3/6 1337. 4Average of twice-dally chalked-tape readings taken # h ta bh
lZm apart. { ) iodicates values from continucus recordings.

Nell __RBSE___2£13_ 2f30  @in $SRT  EBSI3 RSFa_ LIS RERR_FIRT__ 2iRR
A1 33,9 40,9 37,3 3.8 32,5 M0 337 29,6 27.0
Al 3.7 L, t ALY In.d 345 3.4 LL N i1.1% 9.5
Al 32.5 3% k.0 i .8 1.4 334 ER I« 8.0
Al 1.0 29.% 0.0 6.8  23.8
B1 35,1 3%.0 31,2 33,0 M.s IO.Y 31,3 8.7 27.0
B2 36.3 Az, 33,8 33.h  3IT.4 AD.E M1.1 28.9  34.8
B3 37.2  30.5 29.3 3.» 0.0 32,0 29,5 27,0
Ba (R} (37.3) (30.4) (33,70 (39.7) (38.3) (3w.5) (33.39) {32.B) (33,8} (31.3) (29.7)
L 31,9 37.5 35.1 3e.9 ayan L 0.1 26.3 6.7
ca i5.9 3%.5 ar.a iy 3d.E 3z.3 Az.B i9.8 7.9
L3 3z.3 3z.3 30.9 E) BN 28,5 6.3
CalR) (386 (32.9) [33,5) [37.%)] (37.5) (33.6) (32.%) {3D.8) (31.,0) (29.0) [26.9)
C5(R) {3i.6) (30.0) (21,9) {28.%} [(26.8)
D1(R) 27.1 8.5 i9.0 8.6 30.0 0.8
B2

D3 1.4 a7 2.3 .9 28.4 25.9
Ol

El a:. g iz 29.5 30.5 7.8 5.3
E2 6.5 2.8  28.7 3.0 26.8  24.5
E2(R)

E3{R) 31va 3.9 29.7  29.5 7.4 14.6
E4 0.8 31,3 30.0 3.9 28,4 25.9

ES
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Table Al. continumn

well _ 2/29 __ 3/1 3/2 3/3 3% 3/5 3/6 3/7____3/8____3/9___3/10
Al 27.8  29.6 3s.0 3s.8 35,3 33,9 31,9 31,5 31.8 3.8  40.3
A2 29.2 28.8 33.0 3&.0 32,6 33.7 3I1.8 31,9 32.2 3.7 40.8
A3 27.7 28,0 30,5 32,0 30.6 32.4 30.3  30.0 30.8 31.0  3&.5
Ab 26,4 26,3 31.5 32,1 30,9 31.8  30.7  30.4  29.7 29,6 36,9
B1 27.9  30.7 38.2 »2.5 36,5 34,2 31.3 30.2 3t.6 30.6 34.5
B2 27.3  30.1  38.6 35,5 34.0 35.1 33,2 31.9 32.1 31,8 43,5
83 29,9 32,3 36.1  #0.5 31.5 35.& 29,7 29.5 32,3 31,7 34,8
B4{R)  (29.%) [28.6) (30.5) 32,6 29,9 32,7 41,4
1 26.1 26.8 28.% 31.7 3z.2 31,6 32,0 30,9 31,2 30.9  36.1
c2 26.8 30.0 34,0 35,2 34,8 35,6 32,9 31.6 3z.1 31.9 36.5
3 27.3  30.3 34,5 36.6 &,k 34,9  32.9 32.2 33.7 32,z 37.4

CalR) {26.5) (27.2) {30.%) (31.4) (3¢.8) (31.2) (30,.6) (29.2% (29.6} (27.8} 35.9
C5({R) {27.9) (28.0) (33.8) (34.6) {(33.08) (33.9) (31.7) (31.2) (30.6}) (30.7} (35.8}

DY iR} 8.7 6.4 (a7.1} [37.8) {3a.8) {(30.,8) (29.5) (28.7) (26.7} (30.7}
D2 36.5 3.3 5.0 5.6 17.5 26.6 29,12 29.3 1.7

D3 6.9 9.3 35. 4 16.5 35.7 34,6 29,4 2B. 4 29.5 8.9 38.12

D& 25.9

EY 7.3 30.5 36,1 37.2 35.0 3s.5 30.5 29.7 Ik 11,3 is.0

E2 23.7 26.6 16.9 35.3 3.7 33.8 i2.5 iz.8 33.0 30.9 1.4

E2R

EI(R) 25.¢ 26,12 6.4 3:.7 n.7 32.0 0.7 3z.0 M1 (29.6) (37.7)
£4 9.1 31.9% 7.1 19.4% 32.7 3z2.9 ig.e 29.9 3.6 31,3 39,2

ES 7.5 281 26.17 35.9 3t.6 3D0. 6 31,2 1,12 7.8

LT4l
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1
o
£
Ca{R}
CE5[R}
DYIR)
b}
03
O
E1
£
E2(R)
E3(R}
E&
ES
ES
Bé
Pz

P11

3.7

35.7
19,2
39,5
g .?
14
37,4
{3%.5]
131.7)
31.9
In. b
4K, 2
33.9

L1.9

(38.3)
it.e

3.7

iz, v
13,1}
119.46)

33,0

1,3

1.9

8.5

L7

(32.5])

7.7
8.9

[27.8)
{27.91}
8.9
7.0
33.0
6.0
8.7

128.5])

FL N

6,7

¥R L]

if1e

{18.5])
[30.3)
9. %
5.5
18,13
5.0
5.2

[25.4)
2h.0
6.0

(35.5)
(46.89)

(33.2)

[(32.1}

129.9) (3¢.7)

3f17 i/18 ifne /20 3/

A0.E

iz.9

0.5

3e.b

3k.3
(32.5) L3e.9)] (3m_3) (33.8) (31,1])
fat.u) 431 8y 133,33 {(31,.1) L3p.7)

193.4

L

18.9

2u .0

1.9

26.5

LY

azl



127

[able A2, Reduced wzter levels at the cbservaticon wells. The values ate in cm above the

average lagoon sea level for the indicated day. These values are head relativ
to daily mean sea level. They are found from the data in Tables A.l. and A,5,
values i1 parentheses are from water levels at recorder sites,

ell 2/18  2/19 2/20 2/21 2/22 2/23 2/24 2/25 2/26  2/27  2/28
i1 0.3 4.5 13.8 13.6 13,2 14.8 14.1 11.8 10.0
\2 0.1 3.7 13.8 15.1 15,2 17.2 14,7 14,3 12,5
\3 -1.1 2.7 10.1 12.9 12,5 15,6 13.8 13,2 1L.0
\4 11.7 13,2 10.4 9.0 b.8
31 1.5 2.6 7.3 13.8 12,1 14.5 11.7 10,4 10.0
32 2.7 6.0 14,9 14,2 13.1 L4.6 il.5 11,1 9.8
33 0.8 6.6 10,1 12.1 13.8 12,5 11,7 10.0
WER) (9.2) (2.9 (0.1) (3.3)  (14.4)  (15.3) (14.6) (ib.6) {14.3) (13.4) (l2.7)
o1 0.3 1.5 15.3 15.7 13.8 15,0 10.6 8.5 9.7
12 2.3 3.1 13.4 14,5 14.3 16,0 13.2 12,6 10.9
23 13.1 13.0 14,7 1.8 10.7 9.3
W(R) (9.5) (5.4) —1.2) (1,0 (13.6) {(14.4) (13.1) (14.6) (11.5) (11.2) (9.9)
35(R) (13.3)  (13.8) ({12.4) (11.1) (9.8)
SI(R)

. 7.9 7.2 12.8 9.0 12.2 13.8
13 12.2 13.4 16.1 12,3 10.6 8.9
24

£ 12.8 12.8 13,3 10.9  10.0 8.3
E2 17.2 13,5 12.5 8.4 9.0 7.5
E2(R)

E3(R) 14,2 12.6 13.5 9.9 9.6 7.6
Eh 11,6 12.0 13.8 12.3 10,6 8.9

E5
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Table AZ. continued

Well 2/29 3/1 /2 3/3 344 /5 3/6 3/7 /8 /9% 3/10
Al 10,0 12.0 11,4 6.4 B.O 7.3 6.9 10.2 7.3 ot 21.5
A2 1.4  11.% 0.4 5.6 5.3 7.2 6.8 19,6 7.7 11,0 22,0
Al 9.0 10,7 7.9 I.A 3.3 5.7 3.3 5.7 6.3 9.3 i7.7
Mo &.b 9.1 B, 3.7 3.6 B.1 5.7 9.1 5,2 7.9 L8, 1
Bl 10,1 13.4 15.6 l4.1 65,2 b.7 b3 #.9 7.1 B.9 15,7
B2 9.5 12.¢ 12.0 7.1 6.7 8.6 8,2 1.6 7.6 101 24,7
B3 12.1 15,1 13.5 12,1 4,2 5.1 4.7 8.2 7.8 10,0 le.D
B4ERY (1L1.6) {11.3) (7.9 11,1 5.4 11.0  22.%
ci B.3 9,t 5.8 3.3 4,9 7.4 7.0 9.6 6.7 9.2 17.2
Cl 1.0 12,3 il.4 6.8 7.5 8.3 7.% 10,3 7.6 10.2 17,7
3 9.5 13.C 11,9 8.2 7.1 8.3 7.9 11,0 8.7 12.5 8.6

C4(R} (B.7) (9.5) (7.8) (3.0 (3.5) (b.60 {4.6) (7.9 (5.17 {6.1) 1.0

Ca(y (10.1) {lﬂ.}i (11.2) (6.2} (5.8) (9.1} (6.7} (%.9) (6.1 {9.0) (i6.9)

BI(RY 10,9 9.1 (18,7 (10.9) 10,2y (5.8) (8B,2)  (4.20 (5.00 (11.A)
L2 13.9 8.9 1.7 11,0 2.5 5.3 & 7 7.5 i2.8
D3 9.1 12.0 12.8 8.1 B. 4 4.8 4.4 7.1 5.0 7.2 19,4
D4 7.0
El 9.5 13.: 13.5 8.8 1.7 5.9 5.5 8.4 6.9 3.6  15.2
[ 5.9 9,: 14,3 6.9 7.4 7.9 7.5 11,5 8.5 9.2  22.3
EZ(R} ' .

ARy 7.2 B¢ 3.8 4.3 4.4 7.4 5.7 10,7 6.6 {?.;} {18.8)
44 11,3 14,¢ 14.7 11.0 5.4 6.2 5.6 . B.6 7.1 9.6 20,4

5 la. g 0.3 -1.1 k1,3 6.6 9.3 b.7 9.5 Lg.9
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Wwell 3/1L  3/12 3713 3/14 3/15 3/16 3/17 3/18 3/19 3420 342
Al 17.3 21,3 14.6 15,5

A2 19.6  21.8 17.2  17.0

A3 15.8 19.1 15,5 l4.4

Ak 13,8 16,8 12,3 12,9

Bl 15.4 16,1 11,9 13,9

B2 19.2 19,1 15.8 14,8

R3 12.4 l4.2 13.9  15.8

B4(R) 20.% 22.4 18,5 17,6

cl 21,2 21.5 14,7 l4.4

c2 18.4 20,1 14,4 15,5

c3 15.8 17,1 12,2 13,7

C4(R) 19.1 20,3 14,4 14,6

C5(R) (16.3) (17.7) (13.4) (16.6) (1.6}

DI(R) (13.4) (17.7) <{13.5) (18.4) {(i12.9) (0.9}

D2 13.6  20.6 14.5 17,5

D3 16.1 18.9 12.6 13.6

D4 27.9 19,5 18.6 26.4

El 15.6  16.1 11,6 13,1

E2 23,6 22.3 14,3 13.3

E2(R) (-0.2) (L.2) (5.3 (3.1 (-0.%)
F3(R) (20.0) (20.1) (l4.1) (i3.7) (4.1)  (0.1) *2,3)  (2.5) (-2.8)

¥4 13.3

ES 15,4

15.3

16.5

11,7

12.3

l4.1

14,1
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Table A3. Tidal highs and lows in lagoon and at observation welis {from
concinuous recordinge’.

Lagaon =] Ch : 5
Dakte MNa. Tima Elav. Time Elav Time Elev Time Elew
23 1 2133 12.4
2414 s 0329 23.5
3 0821 13.5
& 140 &1.5
5 2225 14,5
1415 L D2kd 1,0
7 e 11.5%
& 1500 82,5
/14 9 Go0s 5.7
10 Ohte 2.8
i1 1054 5.8
12 1547 7.3
157 12 0106 1.6
14 1] 4t1.3
15 1211 2.0
16 Taih oy .0
/1B 1y 0157 2.5
15 (439 5% .4
19 1301 r.0 13ad 9.0
0 1436 a7.5 1900 4%.7 2035 0.2
219 21 1& 3.2 1352 6.1 0225 31.6
12 D500 L7.6 0ESh 39.8 oa1g 32,0
23 1240 3.1 1118 23,4 1812 18.7
24 1734 90.0 1982 &35 2108 39.0
210 25 0330 4.5 13 5.9 0311 19.2
a2 0556 1.8 0RD3 39.8 0305 37.0
i 1418 5.0 1202 25.40 0316 29.6
28 1754 BE.& I0iB kI8 ¥ [(38.2)
242 4 (1ET) 6.5 ooos 29.3 0316 31.7
30 07 T2.5 0843 4% .1 0919 (e0.0]
3 1800 1.3 1358 13,3 1520 35.0
31 16838 633 03T 45,8 A w6
2722 13 0333 a7 911 12,2 Ob4? 34,5
34 0705 35,5 0931 k3.4 1025 &d,2
15 1511 4.9 1308 3.7 1657 4.5
i6 1907 .5 2103 33,0 2145 37,2
2f23 ary 03136 3.2 0257 26.6 Qs 9.7

L] 0758 a0, 5 0357 3T.9 11216 35.%



Table A3,

continued

Lagoun Ch C5
Date No., T me Elmv. Tima Elav Time Elev 1tme Elewv
39 11:38 H.9 1529 30.7 1768 11,9
40 1473 4.6 19217 33,9 2052 32.7
2724 41 0i'34 7.2 Q227 25.% 0458  27.8
42 Du2e 391 1M1 350 1245  33.9
2725 43 036 8.0 0307 35,5 o459 25.9 0400 24,0
4 1'29  35.3 1329 34,9 1538 31,1 1549  32.1
45 208 10.7 2326 161 LELY 26.3 (0314} (25.1)
2/26 46 1415 43,2 1329 36.% 1642 33.4 1608 34,7
47 2135 6.8 2233 23%.7 0113 26.7 0123 24,8
2727 48 0n22 17.0 0238 28.2 0403  27.3 M4 (25.6)
49 oGz 10.8 0727 25.8 0925 15,5 0900 73,6
0 140% 49,0 1438 36.7 1718 3Z.8 1638 33,8
531 L2z 3.6 2213 231 010 4.8 o024 22,7
2/28 52 019 22.0 0303 28.8 0532 6.9 0817 25,7
53 ous3 4.4 0838 1.6 o3 22.7 1032 20.7
54 114 S6.4 none  none {1832) (32.8} 1713 33,5
/29 55 0020 3.0 2260 1.6 2163 [24.8) 003%& 22,2
56 (0430} 29.5 0339 30.0 {0338) {28.4) 04%1 6.0
57 035 22.9 093 20,8 1es 21,9 0958 0.6
58 1122 616 1643 138.2 1815 32.9 1729 36.2
59 2152 -0.8 2381 22,6 gous 24,8 0012 251
Al 60 D:ig? 30.5 D45 32.4 {0536) (30.5) D453 0.7
al 1029 1.% 1081 20.6 1150 22.8 1038 23.0
&2 1516 62,8 1713 38,9 1846 33.7 1917 37
3/2 63 O i.h 2350 26.2 0109  28.4 %159 719.6
2] o443 40,5 0454 37,2 0636 32.9 0542  34.%
65 1M 6.5 1111 24.5 1206 28,6 1112 7.6
6b 1617 81.4 1503  36.3 1852 41,1
67 2i56 7.5 o1io 29,3 0204 32.8
/3 b D443 521 0629 34,5 0706  38.1

131
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Table A, continued

Lagoon ot iy £5
Date M Time Elev. Tima Eley Timg Flav Tioe Elev
33 &% 1138 5.0 1227 IT.5 1304 2.1
Ti 1653 78.0 1615 5%.8 1913 A7t a2 1.3
¥ ) Tl 0100 5.% " 27 0132 29.% 0:20 3.8
1 0520  53.5 0a38 kb4 OehT 3.9 0730 7.8
71 1149 3.5 1253 0.8 1312 6.8 1343 Fi T
h (1720 {76.9) 1742 S51.6 1947 135.9 Wk 0.1
/s T anoe 3.0 021 23.4 Q07 18,3 1] 0.1
7z (0s10) [55.010 DE0S AV . A 0711 4.8 ano 3a.?
L 1248 3.0 115 1.5 1317 Ir.5 1350 8.6
™M 1632 75.7 1806 53.0 1951 35.3 2022 4,0
iE T'# 8150 1.1 03p 197 0217 ie.2 0136 29.%
Al 530 55,7 OEXZ W5.2 G751 34,2 o0& 36,7
a1 13137 0 1501 17.% 1422 26.% 1810 16.%
a2 1748 & 5 1760 W74 1952 33,4 018 36.6
37 a1 0218 Q.1 J2ke 17.0 Q236 25.1 023y 6.0
B4 0623  S4.B OE1E #3.7 0836 3Z.% 028 35.6
85 AETE ] 0.5 1447 17.1 a6 15.6 1H30 5.6
- 1:1 1820 w95 1827 »0.7 1950 321.0 2020 3.3
/R ar G270 5.0 0p0  15.2 0Ie 3.8 oils 1.5
a3 0559 60,7 0659 bk ,6 e 32,6 0929 5.8
83 1421 5.5 1455 17.% 1521 26.5 (1500} 125.5)
a0 1800 &2.B 1824& 37.6 Wa 3.0 2104 LY
/e b1 | 0218 3.5 azer 13,9 02ae 23,4 0310 21.8
a2 0603 55.5 0727 2.1 0830 IxA 0955 b4
Lagoon E3 cs
93 1453 b4 1533 17.8 1539 37.0 Tel 6.6
9% 15308 27.3 1838 30.1 028 31.0 2056 19,6
310 95 [ir % 1.5 oZna  11.5 D2k0 21.38 030 .3
1) 07031 4E,Q 0812 &0,2 1215 &5.B 1301 7.0
97 1524 5.6 16056 24%.5 1646 &1.8
98 203 1B.E 1950 26.7 101 &5.0



Table A3, continued
Lagoon M E3R C5
Date Hex I'me Elev. Time Elev Time Elev Time Elew
3/11 99 {0139} (6.5} 0123 17.2 0504 36,3 0415 30.%
100 0r2e  40.9 09527 38.2 1246 41.3 1123 37.3
3/12 1 046 S.b {0100} 15,0 0535  28.0 G338 231
107 {1080) (33.5) {1100) 3&.5 1437 3.3 1327 32.1
103 2102 L.9 o013 15,0 0159 24 .1 Qo5 21.3
EYA L) 104 AR 10.6 oso8  17.9 QD2 244 0256 21.4
105 024 8.1 0a00 17.5 093s 23i.& 074 21.1
106 1% 43,2 1354 38.3 1648  32.7 1458  32.D
107 7306 1.4 0046 12,9 2339 0.4 231y 0.3
EYA L 108 asgz 12.2 0817 194 0453 73,8 0243 21.3
109 e S 3.7 0951 14,2 s 1%.0 o757 7.7
110 10 &6h._1 1524 47.0 1753 33.0 1857 4.4
11 218  15.0 Zip 29.5 2322 1.8 2154  27.6
/15 117 D12 54.0 OB11 43,8 06720 30,7 0449 34,8
113 o 19.6 11086 32.5 1106 24.3 1006 30.6
114 i3 B4.7 1555 60,1 1852 38.9
115 211 9.0 0058 18.6 0Q3s 26,7
3/16 116 0313 50,3 Ob24 83,5 Q6ue 35,1
Lagoan b1 E3R EZ
117 7 7.4 1206 21.9 1215 34,72 1311 8.4
118 32 92.9 1745 41,0 1956 34,0
119 2 3.7 o008 27.4 0154 32,5
317 120 0150 59,5 0585 37.3 070z 33,9
11 1119 2.4 1208 4.3 1350 29.6
122 1323 B9,2 1811 40.0 1948 34,0
/18 i23 042 0.6 0050 25.8 Dz 32,1
124 0403 66.0 0626 381 0846 34.7
115 1221 1,0 1257 4.9 1406 33.1
126 1320 8841 1832  40.4 2054 35,3
3/19 127 0101 1.5 0122 26.4 0254 33,9
128 0437 77,0 0704  39.7 omz 5.7
129 1259 1.5 1328 26,5 1439 34.3
130 1798 79.1 1858 39.5 2106 35,2
3/20 131 0129 1.5 Ms6 26,3 0300 33,9
132 g«12 79,6 orze 19,7 0900  35.5
133 1341 2.8 1435  26.2 1548 31,5
134 1733 61.5 1938 36.4% 2026 33.3
3/ 135 0135 2.0 0238 23.9 0250 29,1
136 WE 3.9 oes0 37,6 OBL4? 33,6

133
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Table A4. Tidal data from the study of March 13, 1%, 20.

Part A. Times and elevations. All elgvations are in ¢m above the lagoon
low tide of 3/6,

f1% March 18

B5 {D54) i (DS-3)

Time Elev Time Elev

ap2 =36.6 918 -40.0

937 41,9 950 —44. 4

1027 —41.6 1038 -41.2

IL14 -38.8 1L25 2.1

12731 0.2 1243 17.4

142 19,5 Laaz 8a.0

15%]1 100, 4 1604 145,48

1643 98.6 1652 I01.4

1730 B5.6 1742 g231.4

1902 36.9 1912 13,1

Pel P22
Time Elav Time Elev
Pz 5tFP Fz StF
951 =39.8 dry 1GLD 19.8  dry
1045 -35.8 dry 1046 2.6 dry
104 =32,0 dry 1144 13,V dry
1137 =17.7 dry 1209 15.1 dry
1200 -5.2 dry 1258 21.5 dry
1508 %4 .8 534 1525 43.31  dry
1540 10L,2 56,2 1611 46,3  J4.7
1630 102.,5 52.1 L707 47.8 14,1
1658 6,8 50.1 L3757 46.1 9.7
1749 79.8  49.4 1823 G, 1 AL |
1937 19,9 dry 1950 34.1 39,1
Pz3
Time Elev
Pz StP

10L& 24,9 dry

1054 22.1 dry
L158 19.5 dry
1217 9.1 dry
1251 20,1 dry
L3049 20.9 dry
1535 5.5 33.2
62! 3B.9 3e.3
1715 42.5 40.6
1805 44,5 43.6

1836 44,7 ad,2
1924 43.6 41,8
1959 41,1 42.e



Table A4, continued

{2) March 19
B5 (D54)
Time Elev
i523 8.9
1558 88.8
1638 92.1
1722 91.4
1736 B6.4
1746 83.4
1849 57.7
2300 42,2
D4 (DS3)
Time Elev
1537 49.0
1611 95,5
1702 96,0
1B0O 82,2
1834 67.7
c3
Time Elev
1622 33.0
1807 4l.,4
1902 45,0
1925 46.0
2016 46,1
2050 45.2
2138 43,2
2206 41,7

B6 {DS5)
Time Elev
1527 66.3
1554 73.2
1641 77.3
1726 76,7
1734 75.5
1743 4.0
1852 55.5
2304 =-20.9

cl
Time Elev
1548 30.7
1712 32.4
1819 34.5
1926 36.2
2007 37.1
2043 37.2
2104 37.5
2157 36.3
2215 35,7
2246 35.2
C4
Time Elev
1542 31.2
1707 33.9
1827 36,1
1920 37,1
1959 37.7
2035 37.5
2113 36.7
2149 35.5

Tide Pipe
Time Elev
1520 dry
1602 90,5
1636 112.1
17138 113.6
1730 114.4
1741 108,7
1748 106.9
1B45 95,3
2256 dry

c2
Time Elev
1627 34.7
1811 8.6
1911 41.5
2025 2.4
2125 40.9
2214 39,2
2235 38.2

135
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Table Ad, continued

(3) March 20
bss (I-IN) D&~5 (I-28) Tide Pips
Time Elevy Tine Elev Tine Elev
L 6 67.4 1603 54.7 1610 dry
th1B 69.8 1613 56.6
Lh23 71.3 1620 59.3 1625 dry
1630 12,2 1628 60.5
1439 7.9 1637 62,1
1723 77.6 L1720 65.9 1725 86.3
1731 77.4 1729 66,0
1735 77.0 1733 66,3 1738 ar.a
1740 76.2
1745 76.5 L1743 65,7 1748 84.9
1752 75.1 1754 64.3 1757 38.3
18601 T4.1 175% 6.1 1804 88.0
140% 70,1 1807 63.8 1812 ar.1
1517 70,2 1814 6.4 1820 a6.7
1422 &7.8 1824 60.9 1827 B&.1
1645  592.6 1851 54.9
1917 &47.0 1919 471.5

Part B. Eetimate of tidal range from times and elavations that bracket
tke high.

The follewing table gives the results of an attempt tc extrapolate the
range of :he tide cycle from the data of 3/19 and 3/20 when measurements
vere taken from only a few-hour period bracksting the maximum. Assuming
that the tide follows a parfact sine curve

h = a cos {Iﬂtftn].

where t I8 minutes bafore or after ths peak, t, In 745 wmin, and & 1n
anplicude, then

b, -h *h -h_ = 0.126a

and

ho -h, = hﬂ -h , = 0,471n,

2 -2
1* h-l' hz. and h_2 are the elevation atr Lt and at t.‘x.

+L, =1, +2, ~2 hours, The h's are read from smcoth graphs drawn from
available data of h ve, time (Part A),

wvhare h , h
o

The upper set of figures in the following table show the vesult from
the dats cf March 18 when the range was maasured. The lower cet of figures
givea the results from March 19 and 20, vhen the range is an unknown., The
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first set 18 included to give an indication of how well the estimates
approximate the real amplitude.

The columne labeled +1, =1 give the calculated amplitudes from the
points at respectively +1 and -1 hour from the peak, and a,, gives thelr
average. The +2, -2, a, columms are analogous for the 2=hour values. The
fipal columm, a, gives the average of a. and a,, and is taken as the
answer. All figures are included in tﬁe tablé in order to glve an
jndication of the quality of the final estimate. 1f the various estimates
diverge widely, probably because the tidal fluctuation is not a perfect
gine curve, the answer is rejected.

Date Well +1 -1 ;1 +2 -2 a, a meas,
3/18 B5 79.4 79.& 79.4 B0.7 67.9 74.3 77 (73
D4 87 63 75 76 74 75 75 (75
Pz2 31,8 7.9 1.8 21,2 10.6 15.9 17.9 (18.5)
Pz3 15.9 11.9 13,9 14.9 10.¢ 12,8 13.4 (13}
3/19 B5 79.4 43,7 61,6 76,4 65.8 71.1 66,4
B6 55.6 39,7 47.7 4B.8 44,6 46.7 47,2
Tide Pipe 103 175 139 55 114(7) 85 reject
D4 71 142 106 64 79 72  reject
c1 .5 7.1 8.3 5.7 4.5 5.1 6,7
c2 7.9 9.5 8.7 6.4 7.6 7.0 1.9
o 11.1 12,7 11.9 B.g¢ 12.3 10.6 11.3
C4 8.7 5.6 7.2 6.6 4,7 5.7 6.5
3/20 BS 19 56 68 70 ? 687

B6 47 39 43 45 7 437
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Table A5, Mesn dally sea level from lagoon recorder station.

Average »>f 12 2Z-hourly levels ending at [200 hr. on indicated day.
Eelvation in cm above lagoon low tide of 3/6 1337 hr,

Date Elav
2/15 25,5
16 25.8
17 24.8
18 25.1
19 27.5
20 13.5
21 364
22 231.9
23 19.2
24 19.3
15 16.2
26 19.6
27 17.8
28 17.0
29 17.8
3/1 17.3
2 22.7
k| 2B.4
& 271.3
5 24.6
] 25.0
7 21.3
-] 24,5
9 21.7
10 18.%
11 18.3
12 $2.4
13 L4, 4
14 11.9
15 3.0
146 32.1
17 il.l
13 2%.5
19 31,2
240 33.9
21 27.7

Ovarall Ave, 23,7 {(mean daily sea level)
Max 6.4
¥in 11.9
Range 24.5
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Table A6. Raiifall and atmospheric pressure,
Deke Pingelap
' *

Date Timet Rainfall {cm) TiNe* Rainfall (em) Pregsure

2/13 0700 3.3 1100 2.1 1009, 4
1700 0.3 1006.8
2300 0 1008, 1

2/14 0700 1.1 i052 0.3 1008.5
1655 0 1005.8
22531 0 1007.7

2/15 G700 0.3 1053 2.4 1008. 6
1655 1.0 1005.1
2254 Q 1007.,4

2116 0700 6.1 1057 4.7 1009,
1655 2.2 1005.6
2255 0 1008.5

2/17 0700 2.0
1700 0 1007,2
2300 0 1008, 8

2718 0700 0.2 1100 0.6 10038.8
1700 0 1006, 8
2300 0 1008, 3

2/19 0700 0.3 1100 0.6 1009, 1
1700 0.2 1006 .3
2300 0 1007.8

2/20 0700 0,2 1053 2.3 1008,2
1655 0 i005.8
2253 0 1008, 1%
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Table AR, contlnued
Deke Pingelap
* *

Date "{me Rainfall {cm) Time Rainfall (cm) Fressure
2121 nrgn 4.8 LO5S 5.7 100G8.5
L1655 3.1 100G, &

2257 ¥ 1008,9

222 13700 1.7 1055 5.1 1009, 0
1652 0 10071

2250 Q 1009.73

2123 1370140 0.6 1100 2.1 1009.4
1700 0.2 10068

2300 0 1008.3

>fta 13700 Q.2 1100 .3 1008, 8
L130 0 1700 ] aar. 3

L730 ¥} 2300 ) 10089

2/25 1700 0.2 1100 0 io0s, 2
LLgg 0 1700 0 106,49

L&A 0 2300 ) 10049. 2

2{7h 700 0 1056 0 10110
Lana 0 1652 Q 1007.9

L&l1l a 7252 §] 1004 . &

2127 1700 0.2 1058 0 100%,1
025 1] 1652 Q 100 H

1625 0 2252 a 1008, 8

2f2R 3700 Q 1G53 0 1008.9
1045 0 1635 Ly, 100k, 4

1650 4] 2253 0 1409, 0

2i2a 700 0 1100 0 100%&, 8
1025 4] 1704 0 1006 .8



Table 46. continued

Deke Pingelap
* L
Date Time Rainfall {(cm) Time Ralnfall (cm) Fressure
1€ 50 0 2300 0 1009.8
3/1 0700 0.5 1100 0 10102
1100 0.3 1700 0 1008. 3
1700 0.3 2300 4.3 1010.3
3/2 0700 4,2 1100 5.1 1010.3
1040 0 1700 0 1008.3
1645 0.1 2300 0 1009. 3
/3 0700 i} 1055 0 1009.8
1200 0 1650 0 1007.2
1500 0 2255 0 1009,2
34 0700 0.6 1053 0 1009,1
1045 0.1 1653 0 1006, 2
1652 0.2 2257 0 1008, 4
/s 0300 0.2 1054 0 1009,1
1035 i} 1657 0 1006, 1
1640 0 2253 0 1009. 6
3/6 0700 0.1 1100 0 1009.8
1100 0 1700 0 1006.8
1600 0 2300 0 1009.4
/7 D700 0 1100 1.2 1010.8
1240 1.3 1700 0.2 1008.3
1i22 1.7 2300 0.1 1009.9
1/8 0700 2,0 1100 2.4 1009,3
1102 0,2 1700 0 1006,.8
1702 0.2 2300 0 1008.8
3/9 0700 0.3 1100 0 1008.6
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Tabhle A6. continued

Neke Pingelap
Dakte 1ime* Rainfall {cm) Time* Rainfall (cm) Pressure
1010 a 1100 o 10046 B
1605 2.2 2300 3] 1008,8
if1o €700 2.5 1100 3.8 1016, 3
1125 4.2 1700 2.9 1008.13
1715 5.5
/11 CTo0 5.6 1100 2.9 1o10, 8
1035 0 1700 0 LOCR ., B
1646 1] 2300 a 1018, 3
i1z 100 0.1 1100 1] 1010, 7
1102 0 1700 o 1008, 7
1720 W] 2300 0 1010,3
3413 700 Q.2 1104 L (0104
1032 ] 1700 0,1 1008, 3
1634 0 2300 o 1009,9
3/ 14 £700 0.3 1140 0.1 1010.58
1040 0 1700 [} L1008, 6
1638 0 2300 4] 19l 7
315 700 0 L300 a lalz, 1
1700 2 109, 3
2300 | 1¢lg.9
3/16 0700 0 1100 0 a1, g
1700 a LO0R. &
2300 0 1oL, 9
/17 0700 0 1100 4] 10in, A
1700 1] 1008, 8
2300 Q 1008, 8



Table A, continued
Deke Pingelap
* *
Date Tiine Rainfall {cm) Time Rainfall {cm) Pressure
3/18 0700 0.6 L1100 1.4 1009.9
1704 i.1 1008 .8
2300 0 1010.9
3/19 o700 0.8 1104 0.8 1010G.9
1700 0 1008, 4
2300 0 1010.3
3/20 Q700 0.9 1100 0 1010.9
1700 0 1008.4
2300 0 1010.3
3/21 0700 0
3/22 Q700 0,2 1100 0,5 1010.3
1700 0 1008.2
2300 0 1009, 3%

*Time 1s the time the ﬁage was read, so the corresponding amecunt is the
e

raln that fe.l since t

previous 0700 reading.

revious measurement time, except for rainfalls
opposite (700m on Deke, where the entered razinfall is the total since the

i6!
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Table A, Other weather ohservatlons.

Wind % Cloud

Date Time Direction Inteneity Cover Lapnon
2/28 1045 NE light L5 small wind ripples

1630 E calm 40 very amall wind ripples
2429 L1050 E 1ight 25 ripples

las E light 25 large ripples
371 1145 ) modarate

1545 F-NE calm/mod pulsating wind, wind tide
/2 1045 E moderate in small waves

1650 E-NE light /heavy 60 pulsating wind, wind tide
3/3 1200 E-NE moderate 10 very small waves

1800 E light 45 very small waves
a4 1050 E light {mod 90 ¥, small waves, sprinkling
/5 Luas E heavy 75 up ta 12" waves

1845 E-SE mod fheavy 15 A" waves
1/6 1100 E light 3 slightly choppy

1700 E light L0 4" waves
37 1340 E-NE calm 100 calm, drizzling rain

LBOO E calm 0 calm
1/8 1058 E light 50 5" waves

1712 E light a0 4" waves
3/9 1010 F heavy 100 9" waves, heavv rain

1020 E light 50 gunny

1605 E heavy a0 A-10" wavesa, light rain
3/ 10 1130 E~-NE heawy 140 ralning heavily, constantly

1800 E-NE heavy 16a ralning heavity



Table A7. conrinued

163

Wind %X Cloud
Date Time Direction Intenmity Cover Lagoon
11 1040 NE calm 5 v,amall ripples
1638 E-NE calm 10 v, amall ripples
3712 1100 NE calm 40 amall ripples
1715 E calm 15 small ripples
3/13 1050 E-NE calm 90 ripples
1640 E=RE light 85 6" waves
3/la 1100 E-NE calm 10 ripples (large)
1638 NE light 10 4" waves
3/20 1220 NE calm 30 3" waves
1810 E-NE clam 10 calm

*
For wind intensity: calm, 0-2 knots; light, 3-6; mod. 7-10, heavy,

more than 10,

All windspeed are estimates,.
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Shetpoint information, geophone data, and arrival times,

Times are in maec.
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Table B/, BFI'-1: Smoothed posltion of layers beneath shotpoints and
geophones.
Layer 2
5P Poagition Surface Elev Depth Elev
(ft) (ft) (ft)
F =25.0 5.9 5.7 =0.2
M 140,0 5.5 9.9 =4 .4
R 320.0 5.5 8.7 -3.2
Geophone
1 0.0 5.5 6.5 -1.0
2 5.0 5.5 7.7 -2.2
3 50,0 5.5 8.6 -3.1
& 75.0 5.5 10,6 -5.1
5 120.0 5.5 10,0 -4.5
6 125.0 5.5 10,4 -4.9
7 150.0 5.5 9.6 -4.1
8 175.0 5.5 8.5 -3.0
9 220.0 5.5 8.7 -3.2
10 225.0 5.5 9,2 =1.7
11 230,0 5.5 8,3 ~2.8
12 275.0 5.5 B.8 -3.3
Layer 1 Layer 2

Velocities used Y457, 5176,
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Shetpoint information, geophone data, and arrlval Times,

Times are in nmaec.

WFT-2:
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Table B4. BFI-2: Smoothed position of layers beneath shotpoints and

gzeophones.,
Layer 2

SP Position Surface Elev Depth Elev
(£t} (ft) {ft)
F -25.0 4.9 10,7 -5.8
M 138.5 3.7 8.5 -4.8
R 300.0 5.5 9.7 4,2

Geophene
l 0.0 4,9 10,5 -5.6
2 25.0G 4.9 8.8 -3.9
3 530.0 4,5 9.9 -5.4
4 75,0 3.9 9.3 =5.4
5 1€0.0 3.9 7.2 -3.3
6 125.0 3.8 g.2 =4, 4
7 1£0.0 3.6 8.7 -5.1
B 175.0 3.8 8.8 -5.0
9 200.0 4.0 6.1 2.1
1¢ 2¢5.0 4.3 7.7 =~3.4
11 2:0.0 5.0 2.0 -4.0
12 2i5.0 5.5 9.9 -4, 4

Layer 1 Layer 2

Velocitles ueed 1438. 5378,
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Tahle W5, SWlT=2: Shotpoint informatfon, geophone data, b arvival tlmes.
Times arc In msec.

5F Elev X Loc ¥ Loc Depth
{fr) {ft) (fr) {ft)

¥ 5.0 =250 0.0 0.0

bl 5,0 L3t.5 15,0 0.4

B 5.3 00,0 0.0 ;.0
feo FElew X Loc Y loc SP F 51 M 5F R

ffey it (fel

1 5,0 0.0 0.0 14.0 1 5.0 7 Y DA S
2 4,8 25.0 0.0 18.0 2 0.6 2 ba. 4
1 4.7 50.0 0. 24,2 2 h.0 2 BL.O 2
& 4.8 75.0 0.0 28.5% 2 19,0 i 48,9 2
5 4,7 Loa.Q 0.0 3.0 2 15,0 2 sB.9 2
6 5.0 125.0 0,0 39.0 2 12,8 1 43,0 ¢
7 4.9 150.0 0.0 2.5 2 13,2 l BB Z
LS 4,9 175.0 a.0 50.9 2 17.5 2 33,5 2
9 5.2 Ja0 .4 0.0 5.8 2 20,0 2 28,0 2
140 5.4 225.0 0,0 9.0 2 25.0 i 23,8 2
11 5.4 25900 0,0 a4 .0 2 30,4 2 9.8 2
|2 3,5 2750 0.0 69.0 2 3F.000 2 15,2 1




Table B6. BWT-2: S8mocthed position of layers heneath shotprines and
geophones,

I

Layer 2

sP Pcsition Surface Flev Depth Elev

(£t} (fe) (ft)
¥ -45.0 5.0 6.8 -1.8
M 137.5 5.0 7.1 -2.1
R 3€0.0 5.5 7.8 ~2.3
Geophone
1 0.0 5.0 6,8 -1.8
2 25.0 4.8 7.5 ~2.7
3 50.0 4.7 8.4 =3.7
4 715.0 4.6 b.8 =12
5 100, 0 4.7 6,6 1.9
6 125.0 5.0 7.1 =2.1
7 150.0 4.9 7.1 =2.2
8 175.0 4,9 7.7 -2.8
9 200.0 5.2 6.3 -1.1
10 225,0 5.4 6.7 -1.3
11 250.0 5.4 7.4 -2.0
12 275,0 5.5 7.8 -2.3

Layer 1 Layer 2

Veloclities used 1609, 4966,
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CT-1:

Table B7.

Shotpolnt information. geophone data, and arrival times.

Times are in mzec.
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Table B8, C(TI-1: Smoothed position of layers beneath shotpoints and
seophonas,

Layer 2
SP Fosition Surface Elev Depth Elev
{ft) (ft) (fe)
A ~10,0 6,8 4.3 2.5
M 137.5 6.4 5.9 0.5
B :85.0 6,0 7.0 -1.0
Geophone
l c.0 7.0 4.6 2.4
2 25,0 6.5 6.6 -0.1
3 50,0 6,1 6.9 -{.8
4 75.0 6.1 6.3 -{.2
5 100,04 6,3 6.2 0.1
6 125.0 6.6 6.4 0.2
7 150.0 6.3 5.5 0.8
8 175.0 6.3 5.9 0.4
9 :00.0 6.2 6.5 -0.3
10 ¢25.0 6.4 4,0 2.4
11 50.0 6.8 6.5 0.3
12 275.0 7.0 7.9 -0.9
Layer 1 Layer 2

Velocities used 1538, 5122,
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Shotpeint information, geophene data, amd arrival times.

Times are 1in msec.

[T-2:
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Tahle BlU. €T-2: Smoothed position of layera beneath shotpoints  and
geophones.
Layer 2
SF Position Syrface Elev Depth Elev
(ft} (fe) (fe)
A -10.0 7.0 7.8 -0.8
M 137.5 4.5 5.6 ~1.7
R 2850 4.3 7.9 -3.6
Geophone
1 0.0 7.0 7.8 -0.8
2 25.0 6.3 7.2 -0.9
3 50,0 4.8 5.0 -G.2
4 75.0 4.5 4,2 0.3
5 100. 0 4,9 4.5 0.0
b 125.0 4,5 5.1 -0.6
7 125.0 4,5 6.1 -1.6
8 175.0 4.5 6.7 -2,2
9 200.0 4.6 7.5 -2.9
10 225 .0 bob 7.4 -3.0
11 250.0 4,2 8.2 4,0
12 275.0 4.2 7.6 ~3.4
Layer 1 Layer 2

Velocities used 1479, 5275,




182

Shotpoint information, geophone data, and arrival times.

Timeg are in maec.

FE~1:

Tabla BIL.

Depth
(ft)

T Lo
(ft?

¥ Loc
(ft)

Elev
(fe)

=P

DD.HunUﬁ
nU._Hu_U_nU.G

L ar B R B e
an- TR o I e I - )

1

OO0 v oo
LA T B | ’
[T R s B R
~o= D0
[ B I B

[ ke BV [ e
Lo B L IRt ET ST |

[ o X Mo

5P 5P P

sP

XK Loc ¥ Loc SP

(fel

Elev

Geo

(ft)

(fe}

U
3

aU,
57

1.0 02 31,2 1 ellh 2
12.5 12 26,8 2 51,0 2

z
z

P B B B B R A I )

o E,U = ﬂ.ﬁ,ﬂ.ﬂ @
. = .
lrnzﬁzrﬂg?s.la
[ R e R
[ N B R IR I B
5_”.550_“05_“._”.
. =
2?3.ﬂ_53512_ﬂ_
Lo I = o B e I B B
L B VI I B B B o |
tJ.ﬂE-.?D..JG:J?_.U
P
- o0 1.9.3.1.5,1,n,ﬁ
L ] —_— T T
I e B B B B B B B
ﬂw.ﬂ.._..._nz_ﬂu..u.cl_tl_ﬂﬂ
.
81?2535359
L o B B B B . = P B P
et B I I VI s T e T o e B |
[F o e oy e - L R RS
- . '
L v BT N o B o T T
[ I o T B A BT S o S B N =)
v o i . [ . e e [ s Y s [ e o
1 LJ -
o ) e v o . e o o
- I i R e e R [ s e s e
L P 1 ] a
[ T o B o N e B W W e Y o i e Y |
P o R B P B o T IR PR I ]
R T TR A B ]
L I e Y R ¥ Y = I o R O o T e O e




Table Bl2. FE-1: Smoothed position of layers beneath shotpoints and

183

geophones,
Layer 2
SP Pogition Surface Elev Depth Elev
(ft) (ft) (fed
A -10.0 3.0 4,5 -1.5
ul 138.5 2.5 4.8 =2.3
B 285.0 4.0 5.7 -1.7
Geophone
1 0.0 i.0 4.6 -1.6
2 25.0 3.0 5.5 -2.5
3 50.0 2.8 5.9 -3.1
4 75.0 3.0 4,6 -1.6
5 1860.0 2.7 6.0 -3.3
6 125.0 2.5 6.2 -3.7
7 150.0 2.6 3.8 -1.2
8 175.0 2.7 .0 -0.3
9 200,0 3.1 il -0.0
10 225.0 3.3 4.9 -1.6
1l 250,0 3.7 4.9 -1.2
12 275.0 4.0 3.6 -1.6
Layer 1 Layer 2
Velocities uased: 1500, 5213,
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Table Bl3. FE-lA: Shotpoint information, geophone data, and arrival times.
Tlnes are in mséec.

[, -— i R ML ML BN 8 e ey m——— —

1 Elew ¥ Loc T lLor  Bepeh
{rt) LEE} ffey {it}

F 1.0 -15.0 o, (UIEE

A a.n -5.0 .0 G.0

M 2.5 13#.0 25.0 .0

a 4.0 280,0 0,0 0

4 4.0 290.,0 a.¢ J,.¢
Geo FRlew ¥ Lac ¥ Loc 5P F SF A 5F ] SF R 8F -4

(it) (fey  {ft)

1 3.0 .0 .o 9.0 1 4.5 1 31,3 2 9.0 1 3 I B
2 3.0 25,1 (IR ba.1  Z o, 2 23,9 2 Hr.00 Sh .S O
3 i B 80, 0 0.0 19.8 2 15,2 2 22,8 2 551.0 2 E1V I
&4 1.0 I5.0 0.6 3.3 12 18,5 2 19,0 2 47,5 ! 4.4 G
= 2.7 100, 0 0.0 29,2 2 26,5 2 a5 2 42,2 2 Ha B d
b 2.5 12510 4.0 ih,.6 2 31,3 2 l2.3 1 38.2 gy °
h i.6 L1500 .0 6,2 2 L 1.8 1 3400 RTINS
2] 2.7 L7590 .0 42,0 2 f0,0 2 1i.e 2 25%.8 ¢ da.0 0 @
G 3.1 200,10 0.0 49.0 2 44,0 2 1.4 2 1&.00 2 b7.00 2
10 1.3 225,40 b.O .5 1 4.7 2 18,5 2 15,8 2 3.3
11 3.7 250,0 Lo P T 53.5 2 29,5 2 10,4 2 1.4 2
12 4.1 25,0 0.0 1.0 2 SE.00 2 i5.% 2 A | Q.0




Table Bl4. FE-lA: Smoothed position of layers beneath shotpoints and
geophones,

Layer ?
sP Position Surface Elev Depth Elev
{ft) (ft) (fr)
A -3.0 3.0 I.7 1,8
M 133.,5 2.5 5.8 -3.8
B 283.G 4.0 5.4 ~-1.4
Geophone
1 2.0 3.0 1.9 1.1
2 23.0 3.0 4.1 ~1.1
3 500 2.8 3.7 -0.9
4 15.0 3.0 4.5 -1.5
5 10:3.0 2.7 5.6 -2.9
6 123,0 2.5 6.3 -3.8
7 153.0 2.6 5.5 -2.9
B 173.0 2.7 3.6 -0.9
9 200.0 il 1.7 1.4
10 223.0 3.3 1.4 1.9
11 15,0 3.7 4.2 -0,5
12 273,0 4.0 5.5 -1.5
Velocities used: Layer 1 Layer 2

1774, 4995,
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Table B15. FE-2A: Shotpoint informacion, geocphone data, and arrival times.
Times are 1l mgec.

5F Elav ¥ Loc T Loc Depth
(fc) (ft) (fr)  (Fo)

F b1 -15.0 0,u 0.0

A 4.0 -5.0 0.4 a.0

M 5.3 137,59 15,0 a.a

B 6.3 iBO.Q 0, 1.0

’ 6,8 290.0 0. 0.0
Gea Flevy X Lloc ¥ Lac  SPF 3F A S5F M S¥ B 5 R

[Fe) ffc) (ft}

1. 4,0 4.0 0,0 9.8 1 5.5 1 3.3 2 &2,% 66,5 ¢
pl 4.1 29.0 4.0 12,1 2 13,2 2 28.0 2 556 2 61,0 2
3 4.4 s0.0 0.a 5.0 2 l5.6 2 2.2 52,4 2 51,00 2
& .7 75,0 n.n 18.8 2 21.4 2 20,0 2 46,4 2 49,1 2
g 5.0 Lof, 0 0.0 26,0 2 2.0 2 1.5 2 37.5 2 42,0 2
6 5.2 12%,0 1.0 38,5 2 33.83 2 14,5 1 36.0 2 39.3 2
7 5.6 150.0 0.0 39.3 2 38,0 2 14,5 ' 29.0 2z 3h,5 2
B 5.7 175.0 Q. 49,2 2 41,00 2 18,2 2 25.5 2 i3l 2
o 3.8 0.0 a.qd s, 2 46,0 2 1¢,.0 2 18B.0 2 2r.B 2
10 6.0 225.0 0.4 51,9 2 32,5 2 25,1 2 l&.0 2 25.2 ¢
11 6.l 50,0 4. 59,5 2 6l.0 2 28,1 » l3.8 2 0.2 ¢
12 A, 3 2754 a,o 6.0 2 66,2 7 4.5 2 g 1 12.6 1




Table Bl6, FE-2A: DSmoothed position of lavers beneach shotpoints ang

geophones.
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Layer 2

3P Positien Surface Elav Depch Elev

{tt) (£t (ft)
A -5.0 4.0 5.6 -1.6
M 137.5 5.3 6,4 ~1.1
B 28C.0 6.3 9.2 -2.9
Geophone
1 C.0 4.0 5.6 -1.6
2 25.0 4.1 5.2 -1.1
3 50.0 4.4 4.5 =0, 1
4 75.0 4.7 4.0 0.7
5 100.0 5.0 4.7 0.3
b 125.0 5.2 6.5 ~-1.13
1 150.0 5.5 6.4 -0.9
8 175.0 5.7 6.5 -0.8
g 200.0 5.8 5.5 0.8
10 225.0 6.0 6.5 ~-0.5
11 250.0 6.1 B.4 ~7.3
12 275.0 6.8 9.2 -2.9
Velocities used: Layer 1 Layer 2

1307. 5271,
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Shotpaint infermation, geophone data, and arrival times.

Times are in maeac.

JT-1!

Table BL7.
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Table B18., J'-1: Smoothed position of lavers beneath shotpoints and

grophones,
Layer 2
5P Porition Surface Elev Depth Elev
(fr) (ft) {ft)
A -10.0 5.2 3.5 -01.5
M 13i.5 5.0 6.8 -1.8
B 28,0 4,0 7.1 -3.1
Geophone
1 c.o 5.2 5.5 -0.3
A 25.0 5.0 6.7 -1.7
3 50.0 5.0 5.2 -0.2
4 75.0 5.1 4.7 0.4
5 104.0 5.0 5.5 -0.5
6 125.0 5.0 6.4 -1.4
7 150.¢ 4.9 7.1 -2,2
8 175.0 4.8 7.5 -2,7
g 200.0 4.8 7.1 -2.3
10 225.0 4.5 1.0 -2.,5
11 250.0 4.1 7.4 -3.3
12 215.0 4.0 7.1 -3.1
Layer 1 Layer 2

Velocities useid 1522, 4997,
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Table B19. TPT-1: Shotpoilnt infarmacion, geopheone data, and svrival times.
Times are in msec.

SF Elev X Loc ¥ Lo Depth
{(ft) {(f1) {fit) {ft)

F 4,5 -25.0 0.0 0.9

s 4.5 -1, 0 0.0 0.0

M 4,5 139.0 10,8 Q.0

B §.5 285.0 0.0 0.0

R 4,5 30,0 0.0 0.0
e Elev X Loe ¥ Loc 5P F 5P A SF M SP R 3¢ R

(ft) (it (fe)

1 4.5 0.0 0.0 4.6 |1 9,2 & 39,5 2 65,0 2 &R.0 1
Z2 4.5 25.0 0.0 19,0 2 15.2 2 34,0 2 60,0 2 65.3 2
3 4.5 50.0 0.0 4.8 2 22,0 2 29,2 2 56,0 2 &l.n 2
4 4,5 75.0 0.0 g3 2 27.3 2 24,40 2 51,5 2 54.0 2
5 4,5 10Q0.0 0,0 35.5% 2 32.3 2 18,8 2 46,1 2 49,0 2
& 4.5 125.0 0.¢ 40,4 2 38,2 2 13.5 1 41,9 2 45.5 2
7 4,5  1%0.0 8,0 46.0 2 3.7 2 12,0 1 37.6 2 40,3 2
8 4,5 175.0 0.0 5.0 2 48.4 2 16,3 2 32.5 7 36,5 2
9 4,5 200.0 Q.0 55,8 2 53,0 2 21,0 2 26,5 2 3.0 2
10 4.5 225.0 0.0 0.2 2 57.% 2 26.0 2 21,5 ¢ 5.2 7
11 4.5 250,0 0.0 66,3 2 63.6 2 31,2 2 18,0 2z rr.0 2
12 4.5 175,0 0.0 70,3 2 8.2 2 36,3 2 11,1 1 15.1 )

o
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Table B20., T?T-1: Smoothed position of layers beneath shotpoints and

geaphones,
Layer 2
SF Position Surface Elev Depth Elev
(ft) {ft3 (fr)
A -13,0 4.5 4.0 -0.4
M 139.0 4.5 7.0 -2.5
] 285.0 4.5 1.4 ~2.9
Geophone
1 0.0 4.5 5.0 -0.53
2 25,0 4.5 5.3 -0.8
3 50.0 4,5 6.4 -1.9
4 15.0 4,5 6.3 -1.8
5 100.0 4.5 6.2 -1.7
b 125,0 4.5 6.8 -2.13
7 150,0 4.5 7.1 -2.6
8 175,0 4.5 7.2 -2.7
9 200.,0 4.5 6.5 -2.0
10 225,0 4.5 b.4 -1.9
11 250,0 4.5 7.5 -i.0
12 275.0 4.5 7.3 -2.8
Layer 1 Layer 2
Velocities used 1310, 4967,
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Shotpoint information, gecopheone data, and arvival times.

Times are in maec.

TPT-2:

Table BZIl.
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Table B22. TFT-2: Smoothed pesition of layers beneach shotpoints and

geophones,
Layer 2

5P Position Surface Elev Depth Elev
{ft) (ft) (£
A -1C.0 4.5 b.4 ~1.9
M 14C.0 4.6 6,1 -1.5
B 285.0 5.2 6,7 -1.5

Geophone
1 C.0 4.5 6.4 -1.9
2 25.0 4.6 7.6 -3.0
3 5C.0 4.6 6,6 -2.0
4 75.0 4,7 6.6 -1.9
5 100,60 4.6 7.1 -2.5
b 12¢.,0 4.6 6.2 -1.6
7 15,0 4.6 6.0 -1.4
B 17,0 4.8 5.5 -0.7
9 200,0 5.0 7.1 -2.1
10 2250 5.0 1.1 -2.1
11 25¢.0 5.1 7.6 -2.5
12 27,0 5.2 6.6 -1.4

Layer 1 Layer 2

Velocities used 1363, 4930,




Takle B23, TPT-3: Shotpeint inforwmation, geophone data, amd artival times.
Times are in msec,

SF Elew X Loc Y Lo Depth
{(fr) {(ft} (fr)  (ft)

F H.5% -15.0 0,0 0.0

A 4.5 -i0.0 0.4q 0.0

M 6.l 139.0 10,0 0.0

B L 2B5.0 0.0 0.4

R 6.0 J0g. o 0.0 0.0
Cea Elew X Laoc ¥ Loc 5F F 5P A S M ar B SP 1]

(fr} (ft) (ft)

| 4.5 0.0 0.0 17.¢ 1 0.0 1 8.0 2 644 2 67.0 2
2 5.1 5.0 0,0 0.0 2 6.1 2 4.0 2 BO,5 2 3.1 2
3 5.7 50.0 0.0 4.0 2 23.0 2 29.% 2 55,8 2 50.0 2
4 6.2 7%.0 0.0 g 2 2h.5 2 23,0 2 51,0 2 53.5 2
g a4 1an.o 0,0 .0 2 J&.0 2 18,2 2 47,0 12 49 3 2
6 €4 125.0 0.0 $1.3 2 a3 2 13.8 1 42,0 i 450 2
7 5.8 150.0 0.0 45,0 2 42.0 2 12,5 1 326,86 2 o1 2
8 6.1 175%.0 0.0 50,0 2 4.3 2 17.2 2 32,3 12 s 2
q 6.3 200.0 0.0 5.0 2 RA.D 2 2.4 2 27.B 2 ir.g 2
11 6.} 225.0 0.0 59,0 2 7.0 2 27.0 2 20,4 2 2.5 2
11 6.4 250.0 0.0 Ei.5 2 61.0 2 32,5 2 17.% 2 21,2 2
12 6.0 275.0 0.0 685 2 £3.5 2 37,8 2 9.8 1 15,0 1
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Table B24. T?T-3: Smoothed position of layers beneath shotpoints and

geophones.
Layer 2

5P Position Surface Elev Depth Elev
(ft) (ft) (ft)
A ~13.0 4.5 5.7 -1.7
M 133.0 6.1 1.1 -1.0
B 283.0 6.0 6.5 -0.5

Geophone
1 7.0 4.5 5.7 -1.2
2 25,0 5.1 £.3 -1.2
3 52,0 5.7 7.2 -1.5
4 73,0 6.2 6.6 -0.4
5 19,0 6.4 7.7 -1.3
6 125.0 6.4 1.7 -1.3
7 150,0 5.8 6.6 -0.8
8 175.0 6.1 6.8 -0.7
9 200.0 6.3 7.7 -1.4
10 225,00 6.7 6.3 0.4
11 250.0 6.4 6.8 0.4
12 275.0 6.0 6.3 -0.5

Layer 1 Layer 2

Velocities usad 1266, 5088,
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Shotpoint information, geophone dara, and arrival times.

Timeés are 1ln mgec.

TPT-t:

Table BL5.
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Table B26. T?T-4: Smoothed pesition of layers beneath shotpoints and

geophones,
Laver 2

5P Poazition Surface Elev Depth Elev
{ft) (ft) (ft)
A -10.0 6.2 9.6 ~3.4
M 137.5 4.0 8.4 —4 4
B 284%.0 4,0 11.3 -7.3

Geophone
1 0.0 6.0 9.5 =-3.5
2 25,6 5.5 9.1 -3.6
3 50,0 4.8 B.6 ~-3.8
4 74,0 3.4 6.8 -3.4
5 100.0 3.5 7.6 -4.0
& 125,0 1.8 8.5 -4.7
7 15(t,0 4.2 8.4 -4,2
8 175.0 4.4 9.3 -4.9
9 200,0 3.9 9.8 -5.9
10 25,0 4.3 9,2 -4.9
11 250,0 4.5 10.6 -6,1
12 27,0 4,0 11.1 -7.1

Layer 1 Layer 2

Velocities used 1398, 5867,
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Tahle B27. TTI-1: Shotpoint information, gevphone dnta, and arrival cimes.
Times are 1o msec,

1 4 Elev i Loc ¥ Lac  Depth
(fr) (ft) (fry (ft)

F 5.0 =25.0 0.0 0.0

A 5.0 -10.0 0.0 0.0

H b b 137.5 in. o 0.0

B 6,5 285.0 0.0 a.4q

B 6.5 00,0 a,.qn 0.4
Cen  Elew X Loc Y Loc 5P F 5F & 5P Lyl SF B S5F B

(fe) {ft) {(ft)

1 5.1 0,9 3.0 13.5 1 8.0 1 3.0 2 66,0 2 o2
2z 5.8 29,0 0.0 1.2 2 i4.% 2 31.8 2 el.0 1?2 f6.0 2
3 5.7 5,0 0.0 23,9 2 20,0 2 2r.0 2 56,0 2 6.0 2
& E.5 75.0 0.0 28,5 2 25.0 2 2.0 2 52.3 ¢ 56.8 2
5 5.2 104.,0 0.0 1 T 31,5 ¢ 17.4 2 47,8 2 53.5 2
f 4.9 123,0 0.0 B8 2 .0 2 11.3 1 41,00 2 &7.5 2
7 .3 150.0 0.d 45,4 2 42.5 2 11,3 1 37.0 2 42.0 7
B 4.5 175.0 0.0 5a.2 7 47,00 2 4.8 2 32.0 2 e 2
9 b, b 00,0 0.d 53.% 2 al.d 2 ¢, 0 2 26,0 2 3.y 2
L 5.0 225.0 0.1 59.8 2 57.00 2 5.4 2 21,2 2 7.0 12
11l 5,8 250.0 a0 Bi, 8 2 6l.5% 2 30,4 2 L&D 2 zz.n 2
t2 6.5 d75e.0 G4 GB,72 2 6.0 2 35.5 12 5.8 1 la. s




199

and

Smoothed posicion of layers bencath shotpoints

TT--1:
grophonen,

Table RIB.
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Table B29. T1-2: Shotpeoint inforwmation, geophone datu, and arrival times,
Times arve In mEec.

5P Elevw X Loc ¥V lLoc Depth
{5ed {EE} (Ee)  (fed

E b h -25.4 a0 .0

A £.5 -10, .0 c.0

M B.h 18,5 14, & L

kB 12,4 285, 0 (LI H I

E PR 300, 0 .0 L
Cen Blew Y Lo ¥ Loc ip F 5P . 5P M P B EF E

{fr) ift) (ft)

1 .o G0 oo 15,5 |1 #.9 | a0 2 6400 2 A5 2
2 .5 L (FIR P A 7.0 2 9.5 & &l1.00 2 2.3 2
3 [y S| 0.0 842 23,4 2 2.3 i 555 2 aT.2 2
& $oh 9.0 0 0.8 2 26,% 2 AP0 osq.0 2 1.0 2
3 5.0 10000 O, Je.0 2 i34 2 18,2 & 41.0 2 a5,0 2
b . 1250 0, ar.e 2 Ik 5 2 A0 1 350 2 av.o 2
7 .9 L300 o,n 5037 £3.% 2 15,0 1 3L.% 2 .0 2
oS A.6 1750 0,0 51.8 2 La.n 2 iv.8 2 M. 2 n.e 2
9 E.o 20000 0,0 57,0 2 H4.0 2 21.% 2 25,4 2 28,2 2
10 By 24300 0,0 kv, 22 7.0 2 25.% 2 24,0 2 M2 2
il b, 2 Sx0.0 a,n 63,00 2 6l.5% 12 ZE.T O 140 2 20.8 2
L2 1.7 2/5.0 n,a O, 2 i 2 34.0 2 1.0 1 1o.0 |




Table BY). TI-2: Smoothed position of layers beneath shotpoints and

geophonag,
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Layer 2
L Foaicion Surface Elavw Depth Elev
{fe) (ft) (Er)
& -10.0 6.5 7.l =0.h
M 13g.5 B.h 3.4 3,2
B 285.0 12,4 7.3 |
Geophone
1 0.0 6.5 &.58 -0.,3%
2 25.0 6.5 .0 -0,
3 S0, & o F 0.7
& 5.0 .4 h.2 1.2
5 100.0 8.0 5.7 2.3
B P25.0 8.5 4.7 3.8
7 150.0 g.9 a.l 2. A
8 175.0 8.6 6.2 2.4
9 200.0 B.% 7.5 1.0
10 225,10 2.8 7.7 [
11 2504, 0 g,2 7.3 1.9
12 275.0 12,7 1.7 5.0
Layer 1 Layer 2
Velocities used 1131, 5550,
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Shotpeint information, geophone data, and arrival times.

B3l. B&T-1:
Times are in msec.

Table

Y Loc Depth
(ft)

¥ lLoc

Elev

57

(ft) (Fc)

{ft}

0.0

0.0
0.0
10.0

3.0 ~25.0
3

F

-10.0
137.5

5

=
o o

0.0
0

285.0

300.,0

3.3
4.9
4.9

=

.0

SP 5P

SP 5P

5P

¥ Loc

X Loc
(£t}

(£t}

Elew

Geo

(fe)

o2 82.0 3 63.5
3

3
33.0

8.4
19.0
24,
20

6l.0 3

59,5

2

20,8 2

.U
.0

0 a
a
g.0

25

oo

7
54.5

55,0 2
52,0

12
b4

28
24,0

2
.5
.B

26,6
33.0
35.0 2

40
44

.0

50,0
75
100.0

at It Bl s B B Bt |
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2
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i5.2 2
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2
1

15,4
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2
2
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2
2
2
2

.2
.5

o0
0.0
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1
2
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0‘0

150.0

3.3

2
P
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2

175.0 0,0 49.0
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3.3

™=

0.6 2 24.2
25.59 2
29.2
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7
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Ut <
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Lot I

i
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Z
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Takle B32. BST-1: Swooothed position of layers bensath shotpeoints and
geophonen,

Layer 2 Layer 3
SF Fositicn Surface Elev Depth  Elev Depth  Elav
{fe} (ft) (ft) {fr)y  (fr)
.Y -10,0 3.5 %.9 b4 53.9 =5 4
M 137.5 3.3 T.4 =4, 10 52.7 -49 .4
B 285.0 4,9 7.9 ~-3.0 48,7 -43,8
Geophane
1 0.0 2.5 9.7 -6.2 53,8 -5, 3
2 15,0 4.7 o.6 -4,9 54.8 =51, 1
i 50.0 b b 10.3 =5.9 b, 4 -50,0
& 79.0 4.2 10,6 =64 54.1 =50, 1
5 i00.0 3.8 7.5 =3.7 53.4 ~49, 4
) 125.0 3.4 7.3 -3.9 52.9 ~49.5
7 150.0 3.3 7.3 -h. 2 52,7 —49, 4
a 175.0 3.3 6.8 =1.5 52.5 -49,1
9 200.0 3.7 &.2 -2.5 32.8 49,1
10 225.0 4.5 6.1 ~1.f 53.2 -48,7
11 50,0 6.7 3.5 ~1.2 30,0 -45.3
H 275.0 4.9 6.5 -2.0 8.3 =434
Laver | Layer 2 Layer 3

Velocicias usid L&497, 51110, 63473,
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Shotpoint Iinformation, geophone data, aud arrival times.

Times are in maec.

RST-2:

Table B33,
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Tahle BY4. BET-2: Smoothed peoaition of layers beneath shotpaints and

giophones .
Layer 2 Layer 3
SF Positinn Surface Elev Depth  Elev Dapth  Elev
(ft) (ft) {ft) (fed  {ft)

A ~10,0 &7 b4 -1.7 48.9 44,2
M 1365 5.2 9.9 —4,7 60. ¢ =55.0
B 285.0 6.2 7.2 ~1,0 52.5 46,3
Geophonse

1 0.0 ., % 7.0 -2.1 48,3 =434
2 25.0 b, 9 9.1 4.2 49,2 —44.3
i 30,0 4.1 9.9 -5.8 49,4 —-45.3
4 5.0 &3 9.1 =4.8 47,4 ~43,1
5 104G, 0 4.5 8.3 =4.8 44, b -40,1
6 125,0 4.9 9.5 -4.,b 57.4 -52.5

? 1303,0 5.2 10,0 -4.8 63.1 =57.%
8 175.0 5.6 3.8 =4,2 63.8 -57.,%

u 200.,0 é,1 5.8 =0.7 64,2 -58, 1
14 225.,0 6.1 5.3 =0.2 64,1 -58,0
11 250.0 B.4 B.4 -0.0 fd, 1 -57.7
12 275,0 B.2 B.5 -0.3 51.6 —45,4

Layer | Layer 2 Layer 3

Veloeitias usad L4433, 45936, . 12074,
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Shotpoint information, geophone data, and arrival times.

Times are in msec.

BST-3:

Tabie B35.

¥ Loc Depth
(fe) (fe) (fe)

X Loc

Elav
(fr)

&P

0.0

-25.0
-10.0

2
.2

b

=
o

=
=

fute B - QA
[
oo

o O
LR )

a0

1

137.0
285.0
300.0

[ R )

7.0

[T T el

= &

5P

5P 5P

Elev %X Loc Y Loc SP
(fc)

Ceo

(£t

(fr

64.5
62.6 3
29.4

2 55,5 3

3 62,0 3
20,0 2 44,5 2

30,5
28,5

9
18.5

1

17.0 2

13.0
19.4

0.0
0.0

OUD
25,0

3
2

2

23,8

2

50.0 0.0

75,0

5.8

55.0

6.0 2 40.0 2

29.8 2 28,5 2

33.6 2

.0

5.5

-

49,0
41.6

2 37.0 2
701 35,8 2
.7

12.0
11
12
14,0

37.8 2

31.8 2
42.8

oo, 0 0,0
125.0 0,0 #0.0 2
44,5

.2
2

Fa RN ]

2 1 33,0 2 41.0 2
2 2 23,5 2 30. 2
2 i6.8 2 20,5 2 21,5 2

48.0
53.0

2
2
2

51.0
54.0

Lo ]
o

0.0

150.0
175.0
200.0

ut U g

M 0

5
2

.5

15

2
2

1

18.5

2

1.8

56.8 2
62.0

6.7 225.0 0.0 58.8 2

10
11

17.0

21,5 2 15.5

22.5 1

2

250.0 0.0 63.2 1

6.8
6.%

13.0

7.5

3

66.0

65,0 3

3.0

275,0

12




Takle B35, BET-3: OSmoothed pesition of lavers benesath shotpoints and

giophonen.
Layer 2 Layer 3
SE Position Surface Elev Depth  Elew Depth  Elev
{ft} {ft) (ft) {fr) (fe)

& =1a.0 6,2 G.4 -0.2 36.5 -50,3
M 137.0 5.2 1.3 =21 59.6 —5d 4
B 285.4 7.0 G.0 =0.2 32,4 =154
Geophone

1 a.0 6.2 6.6 -0.4 51.6 =435 4
z 25.0 5.2 B.1 -1.9 54.0 ~47 .8
3 50.0 5.8 6.6 0.8 62.9 -57.,1
4 75.0 2.5 8.5 -3.0 58.5 -53.0
3 100.0 5.2 7,5 -2.3 54,1 -48,9
& 125.0 5.2 5.8 =1.& 50.40 ~ipd B
7 150.1 5.2 7.8 =2.6 70,1 ~04, %
8 175.0 5.7 £.6 -0.9 57.4 -51,7
9 200.40 6.0 5.3 0.7 51.3 =453
10 225.0 6.7 6.2 0.5 45,5 -38.8
11 250.0 6.5 7.5 -0.7 39,2 -32.4
iz 2i5.0 6,9 8.9 -2.0 5.1 —28.2

Lzyer | Layer 2 Layer 3

Velocities used 1486, 5530, 7432,
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Table B37. BWT-1: Shotpoint information, geophone data, and arrival times.
Times are in meec,

sb Elev X Log ¥ Loc Depth
{1t} (ft) {(fr} (fo)

S 5.5 -253.0 0.0 0.0

M 4,2 :39.5 10,0 0.0

R 1.7 300,40 0.0 4.0
Geg Flev X Loc Y Lac S5F F 5F M SP R

(fry (o) {ft)

1 5.5 0.0 0.0 13.2 1 35,5 Z 64,2 3
i 5.3 25,0 0,0 1.0 2 31.0 Fi S8.E )
3 5.4 50.40 g0 25.% 2 27.5 2 5%.1 2
4 5.2 75.0 (y, 0 .8 2 22.10 z 51.3 2
5 5.0 100,40 0.0 w3 2 18.3 2 46,0 2
[ 4.5 125.0 3.0 40.4 2 12,2 | 40,2 2
7 3.8 150.0 0.0 45,1 2 11,72 | 34,4 2
A 3.5 175.0 a.u 49.5 2 16,6 2 8.8 2
9 1.2 2000 0.0 S6.4 2 22.0 2 25.1 2
16 3,1 225,0 0.0 0.2 13 27.0 2 0.0 2
11 2.0 250.0 i 63.2 3 19,5 3 13,2 2
12 1.7 275.0 0.u 66.9 3 33.3 3 8.6 1
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Table B3B. BT-1: bSmoothed position of lavers bencath shotpoints and
Reaphones,

Layar ? Layer 3
Sp Poslticn Surface Elev Depth  Elew Depth Elev
(ft) {fr} (fe}d (fed  {fr)
F ~25%.0 2.3 3.1 2.4 98.3 e
M L139.5 4.2 9.2 -5.0 573 -53.1
R 300, 0 1.7 2.3 -0.5 i6.7 -15.0
Gegphone
| 0.0 3.5 b4 L.1 2.4 —-Bh, 9
Z 25,10 3.3 7.0 -1.7 Bt 3 -E1.4
3 5.0 3.4 8.8 -3.4 B, 5 ~73.,1
& 75,4} 5,2 5.7 -4, 5 Ta. 3 -69, !
3 1w}, (3 5.0 11,0 -6.0 AR, 2 -63,2
) 125,10 4,5 10,0 -53.% hL.A -57.3
i 150, 0 3.8 B.5 4.7 33.8 -50.0
B 1753.0 KT B.3 -4.8 46.3 -4Z,8
9 200.0 3.2 9.3 =01 42,5 -39.3
11 225.0 3.1 8,2 ~5.1 37.5 -4 .4
11 230.0 2.0 3.8 -1.8 7.8 -23.8
12 273.0 1.7 3.1 -1.4 1.5 -I0.8
Laver 1 Lavar 2 Layer 3

Velncities usel 2043, %173, 6013,
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Table B39 CL-1: Shotpeint information, geophone dacra, and arrival times,
Times are in msec.
5P Elev X Loc Y Loc Depth

(Tt} {ft) (fe) (ft)

F 5.0 -25.0 0.0 0.0

M G.5 14,0 25.0 0.0

k B.5 300.0 0.0 0.0
Geo Elev X Loc Y Loc sP ¥ 5P M 5P R

(ft) (fe) (fr)

i 5.0 3.0 0.0 15,0 1 31.0 2 65.40 3
2 5.0 25.0 n.uo 0.9 2 26,5 2 b0, 4 2
3 5.2 50,0 0.0 25.00 2 20,3 2 55.8 2
4 h.2 15,0 0.0 . 2 17.5 2 52.7 2
5 6.5 100,0 0.0 33.0 2 14,5 2 47,0 2
] 6.5 125.0 0.0 43.3 2 14,12 1 43.8 2
¥ 6.5 150.0 0.0 47.6 2 17.0 | 40,5 2
8 6.5 175.0 0.0 51.2 2 19.0 2 31.6 z
9 6.5 200.0 .0 4.2 2 23.5 2 30.4 2
10 6.5 225.0 0.0 39.8 3 8.6 2 2h.96 2
11 6.5 250.0 .0 6.6 3 34,0 2 17.3 2
12 6.5 275.0 0.0 65.0 3 41.8 2 12,0 1




Talble BaD. Cl-1; Smoothed peoaition of layera bensath shotpeints and

geophones.
Layer 2 Laver 13
5P Positicm Surface Elevw Depth  FElev Napth  Elew
{fc) {f1) (fr} (fty  {ft)
F -25,0 3.0 1.7 3.3 48,9 —43.0
M 1ag,u B.5 11.3 -4 .B 97.% —B1.,4
R 300.0 LI 17.5 =110 168.0  -101.3%
Geophone
1 .0 5.0 2.7 2.3 55.8 =50.6
Fi 25.0 5.0 6.1 -1.1 B, 4 =554
3 50,0 5.2 5.8 RN 67,7 61,5
4 75.0 6.2 1.5 -1.3 13,7 -b%.5
5 LG, 0 6.5 7.5 ~-1.u 3.1 -76.6
b 125,0 h.5 1.1 —b,b 90,2 -83.7
7 150,0 6.5 11.5% =5,0 030 =-96.5
i) 175.0 6.5 11.5 =3.0  103.6 =971
9 200,0 6.5 12.4 =5.9 103.2 =96.7
10 225,0 6.5 13.2 -5.7 100, 3 -93.8
11 250.0 £.5 13,9 =7.4  103.9 -27.4
s 275.0 6.5 16,6 -10.1 1724 -100.9
Layer 1 Layer 2 Layer 3

Velocities used 1847, 5214, G338,
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Table B4l. DS3CT: Shotpoint information, geophone data, and arrival times.
Times are In msec.

P Elev % Lo ¥ Loc Depth
{ft) (£t} (£t) (fir)

F U, -25.0 0.0 g.0

f g.n -10.0 3.0 ¢.0

M g.n L37,5 10,0 0.0

B 9.0 2H5 .0 0.0 0.0

kt 9.0 300G 0.0 0.C
Gea Elev X Lac Y Lec &P ¥ s A 5P M 5P B S5k R

{fry (foy (i)

1 9.0 0.0 J.u 1.3 1 10.0 1 34,2 2 56,1 3 al.5 3
i 8.5 25.0 0.0 18.0 2 14,1 2 33,0 2 52,2 3 59.7 3
3 B.CG 50.0 0.G 18,6 2 17.6 2 ZB.b 2 49,1 3 57.0 3
& 7.5 75.0 0.0 20,5 2 19,5 2 20,3 2 47,0 3 2.0 3
5 8.0 100,0 0.9 2B.B 2 22,5 2 18.0 2 45.0 2 0.0 2
6 9.0 125.0 0.0 15,5 2 26.3 2 13.7 1 39.5 2 44 8 2
7 9.0 15G.G 0.0 41,0 2 3.0 2 4.0 1 34,0 2 41.5 2
8 8.5 175.0 0.0 47,2 2 7.3 2 2000 2 8.2 2 32,0 2
9 9.0 200.0 0.0 53.9 2 4.4 2 2.0 2 21.0 12 26,0 2
14 9.0 225.0 g.0 Sh,.2 3 42,7 3 23.% ¢ l6.5 2 19,0 2
11 9.0 250.0 0.0 hl,? 3 46.4 3 27.3 2 19.2 12 17,0 7
12 9.0 275.0 0.0 ha.0 3 47.4 3 30,0 2 .0 1 15,8 1
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Table P2 IHCT: Smoothed pomitlon ol layerw bheneath nhobpolnts s

penphnnes,
Laver 2 Layer 3
sF Fogitimn Surface Elew Nepth Elev Depth FElev
(ft) (fe} (ft) (fEd {fr}

A =10, & 5.0 4.2 L 14,5 3.5
M 157.% 9.4 7.8 1.¢ 59,49 -50.9
B 2ES.C 9.0 o4 4.6 31,2 =43.2
Geophone

l a.c 2.0 4.4 b6 17.5 -4,5

2 25.C B.S 5.9 2.6 7.e =244

3 a0.c B.O 41 3.4 GG -4F,9
4 75.G 7.5 boa 6,1 2.4 —hb Y
5 14H), 0 B.1 Aol 1.4 55.3 -47.1
B 125.4 9.0 7.7 i3 587 =473
1 150,49 9.0 7.8 P2 61,1 ~52.1
B 175.0 8.5 6.0 2.5 63,0 =54.5

g 200,0 9.0 5.0 4.0 »b. 0 =479
10 2253.,0 3.0 2.4 b.6 52.8 -43.8
11 50,0 9.0 6,1 2.9 54,5 -45.5
12 275.0 3.0 4,7 4.3 3.0 =44, 0

Laver 1 lL.ayer 2 Layer 2

Velocities used 127%, 54309, 2720,
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Table B43. BDSS5CT: Shotpoint information, geophone data, and arrival times,
Times are in msec.

SP lilev ¥ Loc Y Loc Depth
(fe) (ft) (fr) (fr)

F 8.5 -25.0 (3,0 (.0

& B.5 -~ 10,0 0.0 0.0

M B.G 137.4 10.0 0.0

¥ 8.5 AB5.0 0.0 0.0

R 8.9 100.0 0.0 a.0
Geo Elew ¥ Loc ¥ Toco sp 1 SF A 5P M sP B 5P R

(ft) {fr) Lo

1 8.5 0.0 0.0 7.0 1 3.5 1 42,5 2 65.% 3 66.5 3
2 B.3 250 a.n 19.3 2 23,6 2 k.9 2 &l.1 3 63.3 3
3 8.3 0.0 n.n 21.8 2 26,1 2 33,6 2 S7.1 3 60.0 3
4 8.5 75.0 0.t 23.7 2 33,5 2 26,4 2 51.8 2 55.7 3
5 8.5 100, 0 0.0 6.8 I b6 2 24, 2 530.0 2 54.0 2
6 8.5 125.0 0.0 4.0 2 42,5 2 13.6 1 43,7 2 45,5 7
7 B.5 150.0 0.0 4.2 2 45,4 2 13.7 1 4z.1 2 41,8 2
8 8.5 175.0 0.0 49.6 2 49,5 2 23.9 2 4.5 ¢ 7.3 2
9 8.5 200.0 0.0 53.8 2 S4.0 2 5.8 2 28.1 2 8.8 7
10 B.5 225.0 0.0 59.3 2 55.5 3 8.0 2 25,5 ¢ 24,5 2
11 5.5 2500 0.1 B1.2 3 58,5 1 39,0 2 19.5 & 22.8 12
12 B.5 275.10 0,0 5.5 3 6l.7 73 44.0 2 9,2 ! 7.7 1

i
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Table Ba4d. TC[S50T: Swmoothed position of lavers beneath shotpoints and

seophones.
Layer 2 Layer 3
SP Pouition Surface Elev Depth  Elevw Depth  Elev
(£t} (ft) {ft) {fr)  {{¢)

A -10.¢ 8.5 9.6 -1.1 8.9 =50, 4
M 137.° 8.5 8.9 -1.4 57.4 -48.,9
B 2685.0 8.5 1.5 =2.0 10,5 -2.0
Gegphone

1 0.1 8.5 9.6 =11 55,0 50,5

2 25,0 8.5 8.7 -1.2 97.2 —48,7

3 50,0 B.5 8.5 =0.0 55.3 46,8

4 75.0 B.5 7.2 i.3 60,8 -52.3

5 100G, [ B.5 10.3 -1.8 9.5 -31,0

6 125,0 8.5 2.9 =14 8.3 -49 .8

7 150, 0 3.5 2.9 =-1.4 56.6 48,1
8 175.0 B.5 9.5 -1.0 45.1 =36
9 200.0 B.5 7.6 0.% 3.0 -24.5
10 225.0 B.5 7.3 1.2 21.0 =-12.%
11 230.0 B.5 10.0 -1,5 13.7 5.2
12 275.0 B.5 10.4 -1.9 10,4 -1.4

Laver i Layer 2 Layer 3

Yelociciles uzed 1228, 5096, 7146,
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Table B45. FPT-1: Shotpolnt information, geophone data, and uirival times.
Times are 1n msec.

5P Elevw ¥ Loc Y Loc Depth
{ft) (fe) (fr) (£t

F 4.9 -25,0 3.0 0.0

A 4.5 -10.,0 0.0 0.0

M 4,2 136.0 10,0 0,0

B 1.8 285.,0 0.0 0.9

R 1.8 j0g.o0 .0 0.0
Geo Elev X Loe Y Loc 5P F 5P A 5P M S5F B 5P R

(fr)  (fe)  {fr)

1 4.5 0,0 0.0 4.0 2 9.8 1 3v.e ! 61,0 3 65,0 1
2 5.2 25,0 0.0 2.5 2 9.0 2 L, 0 2 57.% 3 60,5 3
3 4.3 50,0 0.0 27.4 2 23,0 2 6.7 2 52,5 3 7.0
4 4,3 75,0 0.0 Jt.s 2 27,6 2 21,0 2 49,0 ¢ 51.0 2
) 4.4 100,00 0.0 3B.6 2 4.5 2 15,6 2 44,0 2 45,0 12
6 4.2 125,0 0.0 42.0 2 32,0 2 10,0 1 38.8 2 40,5 2
7 4.1 150,¢ 0,0 47,0 2 44,6 2 11.0 1 32,0 2 5.5 2
8 3.8 i75.0 0.0 52.0 2 49,0 2 16,0 2 28,0 2 30.5 2
9 3.4 200,0 0.9 56,6 2 53.0 2 20,4 2 22,3 2 25,0 2
10 3.0 225.0 Q.0 60,0 2 58,0 2 24,% 2 15,0 2 19,0 2
11 2.0 250,0 0,0 64.5 3 62,4 13 jo,.0 2 12,0 2 14,7 2
i2 2.0 275.0 0.0 67.8 3 65,0 3 33,5 13 6.0 1 .1 2
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Table B4&, EPT-1: GBmoothed position of layers beneath shotpolnts and
geophones.

Layer 2 Layer 3
5P Position Surface Elev Pepth  Elew Bepth  Elev
(ft) (Ee} {fe} (fey  ({t)
A -10x.0 4,5 8.9 4.4 3h, 2 -3i.7
M 136.0 4,2 7.2 -3.0 4.l -34.9
B 285,10 1.8 22 -0.4 3.4 -533.6
Gieophone
1 .0 4.5 8.8 -4, 3 38.1 -33.6
2 25,0 5,2 8.3 -3,1 40,8 -35.6
3 50,0 4,3 7.8 ~3.5 42,0 -37.7
4 75,0 4.3 7.3 -3.0 47,6 43,3
5 104 O 4.4 7.6 -3.2 22,6 -48,2
& i25.0 4,2 1.2 -3.0 62,0 -a7. 8
i 15,0 4.1 7.1 -3.0 3.1 -3l.2
a 175,00 3.8 7.0 -3.2 49,0 -45,2
9 00,0 3.4 6,2 -2.8 41.6 -42,2
10 225.0 3.0 4,9 -1.9 52,1 -49,1
11 250,0 2.0 5.0 -3.0 3.9 -30.%
12 275.0 2.0 1.0 -1.0 L -51.8
Layer 1 Layer 2 Layer 3

Velocltles used: 1435, 4904, 6852,
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Shotpeint information, geophone data, and arrival times.

Times are in meec,

EPT-2:

Table B47,

X Loc Y Loc

Elev

SP

Depth
(ft)

(ft) {ft)

(ft)

= s
s e

=
=

140.,0 10,0

3.3

==
LI ]
oo

1 sP S5F

5P

5P

Y Loe
(ft)

X Loc

(ft)

Elev

Geo

(ft)

3

3 £3.0
3 bl

3

2

2

2

2
2
2

.3

31.5 b2

4,6
10.3

1

10,
15

0.0

0.0

0.0

2.0
3.7

58.0

2

28.0
22

2

14,2 2

2

.2

.0

25
50.0

3
2

57.0
52

54.8
50.5

2
2
2
1
1

.2

17,8 2 18.5

18.9 2
24,2 2

0.0
0.0
0.0
0.0
0.0

75.0
100.0

o

45.8 48,
hi

15.0

3.8 2

28.0 2

41.0

9.5
11.0

30.5 2

32,9 2

125.0

40,4

38.5

5.6 2
41.0

38.5 2

15G.0

ol

Z

3G
31.0

33.8
29.0

2
i
2
2

16.0
22.7

2
z

46.3

43.0 2
50.% 2

.0
Q.0
0.0
0.0
a.a

[T IRV S - 5 Bl w )

2 26,5

2

25.0

3 27.5

54.5

58.5 3

225.0
250.0

7.0

10

11

i
1

57.0 3 34.2 19.0 23,0

61.0

6L.5> 3
64,0 3

7,0
7

33.0 3 12.5 1 15.3

3

.3 275.0

12
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Table R4B, EFT-2: Smoothed position of layers beneath shotpoints and

geophones.
Layer 2 Layer 13
SF Posicion Surface Elev Depth  Elev Depth  Elevw
(fe) (ft) {ft) (fr)  (ft)

A =25.0 2.0 3.8 -1.8 54,1 =52.1
M 140.0 3.3 4,1 —0.8 58.7 =32.4
B 285,10 7.3 8.3 ~1.0 57.2 =-49.9
Geophone

! 0.0 2.0 2.9 -0.4 548 -52.8

? 23.0 il 3.3 0.4 58.4 -54.7

3 50,0 3.7 1.9 1.8 60,2 «56.5
4 75,0 2.1 2.3 -0.12 60.4 =38.3

3 100, 0 .7 3.0 -0.3 62.7 =60.0
) 125.0 3.3 f, 0 -0.7 62.3 =35.0
7 150.0 3.3 4.2 -0.49 56,3 =53.0
8 175.0 L 6.0 0.4 53.4 =47.0
9 zno,n 7.1 7.3 -0.1 50.8 =413.7
10 215%.0 7.0 9.4 -2.4 50.6 =43.6
11 250.4d 7.0 10.1 =3.1 53.0 -46.,0
12 275.0 7.3 4.6 =-1.3 L 49,0

Layer 1 laver 2 Layer 3

Velacicies usad: 1558, 5180, TaTh,
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Shotpoint information, geophone data, and atrival times.

Times are in msec.

-
-

EPT-3

Table B&49.

Y Loc Depth
(fr) (ft)

X Loc
(fe}

Elev
(ft)

5P

-25.0

7.2
2
5
0
8

5P 5P

SF SP

X Lac Y Loc SP
{(ft)

(ft)

Elev

Geg

{ft)

67.0 3
b4 .5

2 63.4 3

1 34,0
31

9.0
19.0 2

21,5 2

0.0
0.0

g.0
25,0

?i3
?tl

3

2 59.0 3

.2

2

25,0

™

wy O
. =

~F i
e -

o T
oo
. =

oo
[ I |

Lo |

oo

(="
oo

47.5
42,4

1 2
39.5 2
28.5 2

2
1
1

-2

5
12.6
12.9

36,0 2
42,7

<

=
~F

45.0 2
48.0 2

0.¢
¢.0
0.0

32.0 2
il.o 2
24,5 2

2
2

20,0

17,5 2
2
2
2
32.6 3

pa
2

48.6

55.0 2

175.,0

1.5
7.5
4.9
4.9
4.9

52.0 20.0 17,0

59.0 2

200.,0

13.0 2

26,1

57.0 2

64,0 2
68.0

0.0
0.0

10 225.0
0‘0

Il
12

2
2

15.0

12.0 2

61.0 3 2%9.2

3.0 3

3
3l

250,0
215.0

1 12,2

5.4

69,5
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Table B50. EPT-3: Smocthed peosition of lavers beneath shotpoints and

geophones.
Layer 2 Laver 1
5P Fosition Surface Elev Depth Elev Depth Elew
(fr} (fr) {fr) (fey  (ft)

A =10, ¢ 7.2 3,2 -2.0 55.0 -47 .8
M 137.5 1.5 6.5 .0 56,6 -549,1
B 285.¢ B.0 4.2 3.8 44.0 -3 .0
Geophone

1 a.a 7.3 B.5 ~1.2 6.3 =45.0

2 25.0 7.l 7.8 -0.7 58.2 ~5l.1

3 20.0 7.7 6.6 l.1 60.8 -53.1
4 7.0 7.7 6.1 1.6 b2, B -34.9
5 150.0 7.7 6.5 L,2 5%.8 -52,1
] 125.0 1.2 6.6 0.6 37.3 =50l

7 15G.0 7.2 5.8 1.4 55.4 =482
] 1¥5.0 7.5 6.4 1.1 35.% =4, 4
9 200.0 7.5 4.9 2.6 63.2 =55.7
10 225.0 4.9 3.7 i.2 58,4 =33.,5
11 250.0 4.9 3.1 1.8 6.2 =31.%
L2 275.0 4.9 1.6 3.3 407 =358

Layer 1 Layer 2 Laver 3

Velocities used: 1484, L4054, 9534.
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Table B31. EPT-4: Shotpoint information, gecphone data, and arvival times.
Times are in msec.

5P Elev X Loc Y Loc Depth
(fe) (ft) (ft) (fc)

F 4.9 -10.0 0.0 0.0

M 7.6 137.5 10.0 0.0

R 8.6 285.0 a.o 0.0
Geo FElav X Loc Y Loc 5P F 5P M 5P R

ife) {ft) (fe)

1 L4 .0 0.0 .o 2 13,0 3 60.0 3
2 £,0 25.0 0.0 10,0 2 31.0 3 55.5% 3
3 k.G 50,0 0,0 15.0 2?2 28.5 2 53.4 3
4 i 8 75.0 0.0 22,0 2 22,0 2 52.0 2
5 7.6 100.0 0.0 29.0 2 16,0 2 47.0 2
6 i.4h 125.0 0.0 4.7 2 12.5 1 44 .0 2
7 £l 150,0 0.0 41.0 2 12.5 1 ir.e  ?
8 £.1 175.0 0.G 44 .0 2 19.0 2 29.0 2
9 £l 200,40 0.0 50.0 2 20.0 2 23,0 2
10 £.7 225.0 0.0 52.6 3 26.0 2z 22.0 2
11 £.7 250.0 0.0 56.3 3 31.0 2 18.0 2
12 £.8 275.0 0.0 58.0 3 37.0 2z 1z2.0 2
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Table B52. DIPT-4: Smoothed posicion of layers beneath shotpoints and

teophones.
Layer 2 Layer 3
5P Posit:on Surface Elev Depth  Elew Depth  Llew
(i) (fed (fe) {ft)  (fr}

F -10, 0 4.9 2.2 2.7 8.9 -34.0
(2| 137.5 7.6 8.5 -3.9 44,7 =371
R 285,10 B.6 7.0 1.6 3l.1 -4Z2.5
Capphone

1 0,0 4.9 1.6 3.3 4. 7 -35.4
2 25,0 8.0 3.5 4.5 &y, 2 -36,2

3 50,0 8.0 5.9 i.1 bé .6 —36.,5
4 5.0 7.8 7.8 0.0 50,9 -43,1

2 100, O 7.0 B.3 =07 44,8 -37.2
6 125, 0 L 8.5 -1.1 41,9 -34,5

Fi 50,0 8.1 B.% -0.8 47.9 -39.8
& 1725, 0 B.1 7.b g.7 49,5 &1, 4
9 200,0 8.1 5.8 2.3 48_9 =40, 8
10 225,0 B.? 6.7 2.0 49,0 4l 3
11 250,0 8.7 F 1.3 50,1 41,4
12 275.0 8.8 7.3 1.5 51.2 =42, 4

Layer 1 Layer 2 Layer 3

Valocities used: 1281. 4734, hfhi5h .,
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Tahle B53, FE-2?: Shatpoint intormation, geophone data, and arrival times.
Times are in msec,

sSP Elev X Loc Y Loc Dapth
(ft) (ft) (fey} (fe)

F 4.0 -25.0 (.0 0.0

A 4,0 -10.0 0.0 0.0

M 5.3 137.5 10,0 0.0

B 6,3 285.0 0.0 0.0

4 6.3 3j00.0 0.0 a.o0
Gec Elew X Loe ¥ Loc 5P F sp A 5P M 5P B 5F R

(fe)y  (fr)y  (fr)

1 4,0 0.0 0.0 13,0 2 5.0 2 33.5 2 5360.2 2 6.0 ¢
2 4.1 25,0 0.0 18.5 2 13.0 2 28,0 2 54,2 2 58.0 2
3 4.4 50.0 0.¢ 21,3 2 15,2 2 24,0 2 48.4 2 52.0 2
4 4.7 75,0 0.0 27.5 2 20,1 2 20,0 2 40,5 2 48.7 2
5 5.0 100,0 0.4 33,0 2 2.5 2 15.5 2 38.5 12 43,0 2
6 5.2 125,0 0.0 5.0 2 30.8 2 14.5 2 31.5 2 4]1.0 2
7 5.5 150.0 0.0 41.5 2 8.6 2 4.5 2 2Z6.5 2 7.3 2
3 5.7 175.0 0.0 45,0 2 42,6 2 18,2 2 20.5 ¢ 0.4 2
9 5.8 200,0 0.0 48.0 3 46.7 3 1.0 2 17.5 2 25,2 2
10 6.0 225.0 0.0 55.0 3 49.0 3 25.1 2 16.5 2 22.0 ¢
11 6.1 250.0 0.0 59.8 3 56.5 3 28.1 2 16,0 2 18.5 2
12 6.3 275.0 0.0 61.0 3 60.2 3 34.5 2 8.5 1 i4.8 2




Table BS54,  TH-2:
seocphunes,

Amoothed position of lavers beneath shotpolnts and

Laver 32
5P Position Surface Elev Depth Elev
{fr) (ft)
A =-10.0 4,0 3.3 0.7 40 h -1, 0
M 137.4 5.3 3.4 1.9 48,1 —41,0
i) 285,40 6,3 5.6 0.7 33.49 -27.h
Ceaphone
1 a.u 4.0 3.0 1.0 al_l -a7.1
2 25,0 G.1 2.4 1.7 42.5 - 38,4
3 50,0 4.4 1.8 i.6 44,1 =357
& 75,0 §.7 2.0 2.7 45 8 -4l.1
5 100, 0 5.9 2.8 2.2 47 .4 =424
£ 125,0 5.2 3.1 2.1 48,9 -435.7
7 150,0 5.5 3.7 1.8 £7 .7 -42.2
8 L?5.0 S.7 3.3 2.2 301 =44 .4
9 200.,0 5.8 e.1 3.7 52.6 -46.8
10 2250 .0 ! 3.6 9.9 ~43.9
11 250,C 0.1 3.5 2.6 400, 5 =34.3
12 273.C 6.3 4.8 1.3 4.6 -28.3
Laver 13
Velocities used: 6B74 .
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Table B55, FE-3: Shotpoint information, geophone data, and arrival times.
Times are 1in msec.

5F Elev X Loc Y Loc Depth
(ft) (fe) (£t)  (ft)

F 6.3 ~25.0 0.0 0.0

A 6.3 -5.0 0.0 0.0

M 1.4 137.0 5.0 3.0

) 1.4 138.0 15.0 0,0

B g.0 280.0 0.0 0.0

R 8.0 300.0 0.0 0.0
Geo Elev X Loc Y Loc SP F 5P A SP M SP B SF R

(fe) {ft) (ft}

1 4.0 0.0 @.0 13,7 2 7.5 1 37.0 2 35.0 2 58.0 1
2 4.1 25.0 0.0 18,2 2 14,0 2 3.7 2 33.8 2  56.0 3
3 4.4 50.0 0.0 19.0 2 21,5 2 7.8 2 22,7 2 54,0 13
4 4.7 75.0 0.0 23.2 2 26,5 2 22,0 2 22.5 2 s50.0 3
5 5.0 100,00 Q.0 29,5 2 29.5 2 20,0 2 19.8 2 44.5 2
6 5.2 125.0 4.0 k.0 2 35.8 2 15.0 1 13.0 2 3.0 2
7 5.5 150.0 G.0 42,8 2 38.6 2 6.0 1 14.9 2 34.0 2
8 5.7 175.0 0.0 46,7 2 43,0 2 20,3 2 19.5 2 24.7 2
g 5.8 00.0 0.0 49,0 2 41.5 2 21.1 2 26.5 2 20.8 2
10 6,0 225.0 0.0 52.2 3 50.0 3 29,0 I 79,3 2 16.0 2
11 6.1 50,0 0.0 56,3 3 55.0 3 33.8 2 32.4 2 4.8 2
12 6.3 275.0 0.0 59.4 3 58,0 3 40,2 2 38.0 2 5.0 1
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Table B3b6, FE-31: Smocthed position of layers bemeath shotpoints and

geophones,
Layar 2 Layar 3
5P Position Surface Elev Nepth Elev Depth Elew
{fr) (ft) {(ft) (fr}  (fe)

A =5.0 6.3 4,6 1,7 5.8 —20.%
M 137.0 7.4 b3 i.1 46,1 -38.7
N L36.0 7.4 b3 1.1 46.2 -38.4
B 280.0 8.0 5,9 2.1 8.6 -50.46
Gecphone

1 0.0 4.0 1.5 1.5 32,1 -28.1
P 25.0 L 4.5 -0._4 0.6 -26.,5

3 50,0 .4 e 0.8 29,1 =247
4 75.0 4,7 3. 1 1.6 6.3 -31.6
5 100.0 5.0 &5 0.5 40,6 ~35.4
b 125.0 5.2 4.3 G.9 42.9 ~37.1

7 150.0 3.3 4.1 l.d 43,3 -39.8
8 173,30 5.7 3.6 2.1 47,7 ~42. 0
3 200.0 5.8 3.6 2.2 49,2 =434
10 225.0 6.0 3.7 2.3 51.6 ~45.8
11 250.0 6.1 3.8 2.3 54,0 =-47.9
12 275.0 b3 4.3 2.0 56,5 =502

Layer | Layer 2 Layer 2

Velocltles usad;: 887. 5174, 3125,
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Table 857. 1IR-1: Shotpeint information, geophone data, and avrival times,.
Times atre 1n msec.

SP Elev X Loc Y loc Depth
(fe) (ft) {(fr) (fr)

F 5.0 =25.0 0.0 n.n

A 5,1 =10.0 6,0 .0

M 5.9 140.,0 10,0 0.0

B 7.0 2B5.0 0.0 G.0

R 7.1 300.0 0.0 0.0
Gea Elev X Loc Y Loc SP F sp A 5P H sPp B 5P R

(fr}y  (ft) (ft)

1 5.2 0.0 0.0 15,0 1 8.3 1 37.5 2 67.3 2 6&.4 3
2 5.4 25.0 0.0 21.3 2 16,5 2 34,5 2 65.2 3 67,1 2
3 5.6 50.0 0.0 25,0 2 20.0 2 27.4 2 588,66 2 62.0 2
L 5.6 75.0 0.0 .0 2 24.0 2 23.0 2 84,4 12 56.5 4
5 5.7 100,0 0.0 34.6 2 g0 2 17,0 2 4%.0 2 52.2 2
& 5.8 125.0 0.0 3.8 2 36.0 2 13.0 1 43,3 2 48.3 2
7 6,0 150.0 0.0 46,0 2 41.Q0 2 11,5 1 39,5 2 4z2.7 2
3 6.4 175.0 0.0 51,3 2 47.5 2 17.0 2 36,5 2 o 0 2
9 6.5 200.0 0.0 57.3 2 51.5 2 1,0 2 30,0 2 3o.a 2
10 6.7 225.0 0.0 62,2 2 5.2 2 22,0 2 27.0 ¢ 25.5 2
i1 6,9 250.0 0.0 67.5 3 64.0 3 26,0 2 21.0 1% 19.4 2
12 1.0 275.0 0.0 0.5 3 68.2 3 29.0 2 9.5 1 7.0 1
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Table B58, Ti-l: Smoothed positlon of layers bepeath shotpoints and

giophones.
Layer 2 Layer 3
SP Position Surface Elev Depth Elew Lepch Elav
{ft} {fr) {fc) (¢} (ft)
A =-10,0 5.1 6.8 -1.7 11.8 -12.7
M 14¢.0 2.9 8.2 -2.3 gz2.0 -76.1
B 285,0 7.0 8.2 -1.2 B3.5 —¥60,5
Geophone
1 G.0 5.2 6.9 -1.7 8.4 ~¥2.8
Z 25.0 5.4 g.1 -2.7 79.0 ~B1.4
3 50,0 5.6 Fof -2.1 Bo,1 -74.5
4 75.0 5.8 7.6 ~2.0 TE. 4 -72.8
) 100,0 5.7 7.6 -1.9 A0, 0 -74.,3
& 125.9 3.8 8.3 ~4.D 81,2 -79.4
? 150.0 6.0 8.2 -2,2 84,1 =Tr.q
B 175.0 £.4 8.7 ~2.2 84,1 ~IT.7
9 200.0 6.5 7.6 =l.1 85.1 =78.6
L0 225.0 6.7 7.7 -1.0 83.1 =7h.4
11 250.0 6.9 6.2 0.7 B3.4 ~76.5
12 215.0 7.0 7.4 -{1.4 83.5 =7h.5
Layer 1 layer 2 Layer 3

Yelocicies used 1335. 5066, 9299.
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Tultrle BSY, ik-?:  Shotpolnt information, geophone data, and srvival tiaes,
Times are in mycc.
SP Flev X Lec Y Loc Depth
{ft) (ft) (fe} (ft)
F 7.0 -25.0 0.0 0.0
A 7.0 -10.0 0.0 0.0
M 8.4 141.0 10,0 0.0
! 10.0 285.0 0.0 0.0
R 10,0 200.0 0.0 0.0
Gen  Llew X Loc Y Loc 5P F SF A 5P M 5F B 5P K
(fr} (fey (it}
1 7.u 0.0 0.0 17.4 1 9.0 1 42,0 2 s»4,8 3 bH.b 3
2 7.1 25.0 0.0 22.3 2 19,0 2 39.0 2 w34 3 b5.8 3
3 7.5 5G.40 0.0 6.2 2 0.0 2 33,00 2 59,7 2 Rl.4 2
4 7.8 75.0 0.0 29.5 2 23.0 2 2¥7.5 2 51,5 2 56.3 ¢
P! B.Ov 1000 G.0 35.8 2 32.5 2 22,0 2 46,0 2 51.7 2
6 8.3 125.0 0.0 3.2 2 3i.a 2 14,2 1 33,0 2 45,1 2
7 8.6 L5300 0.0 44 .8 2 43,5 2 12,3 1 29,0 2 40,5 2
8 9.2 173.0 0.0 50.8 2 50.2 2 22,2 2 26,6 2 35,9 2
g 9.4 200.0 0.0 54,0 2 32.0 2 22.8 2 25,0 2 3z, 1 2
10 9.5 2i5.0 0.0 58.0 2 58.0 2 26,5 2 23.2 2 o0 2
11 16,0 250,40 0.0 63.6 3 63.3 3 37.0 2 21.6 2 2732
12 1o, 275.0 0.0 67.7 3 67.0 3 41.5 2 13.0 1 2002 |

|
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Table B&D. "R-2: Smoothed position of layers beneath shotpoints and

necphones,
Layer 2 Laver 3
3P Posit:on Surface Elev Depth  Elevw Dapth  Elev
(ft) {ft} {fr) (fr)  {fe}

& -10.0 7.0 6.9 | 3.5 =76.5
M l4l.0 B.4 5.5 2.9 73.0 -bh .6
B 285.0 10.0 10,5 0.5 7.6 -37.6
Gegphone

1 0.C 7.0 7.4 =04 B3.5 ~7b. 5
z 25.C 7.l 9.5 =2.4 E1,.5 =76, 4

k] 5d.C 7.5 .U ~0.5 E3.9 =Tb. 4
4 i5c 7.8 b2 L.2 82,7 =T4.9

3 100,10 L) 5.8 B2 0.7 ~72.7
6 125.14] 8.2 4.8 3.5 76,1 ~h7._8

7 150.4 B.& 6.0 2.6 Tl.4 -62.8

) 175.0 9.2 7.4 2.2 67.1 =57.9

g 200.0 9.4 6.2 3.2 62,4 ~53.0
L 225,10 9.5 7.5 2.0 57.6 ~48.1
11 230.0 13,0 10.9 .9 54,12 =hd
12 275.10 10.0 1¢.2 ~-0.2 49,5 -39.5

Layer 1 Layer 2 Layer 3

Velocities us=d 11R3. 523%. 8213,
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Table B61, I1WI-l: Shotpolnt information, geophope data, and arvival times.
Tlines are in mseac.

S5 FElev X Loc Y Loc Depth
(ft) (fe) {(fe)y ({ft}

F 6.7 -25.40 0,0 0.0

A 6.7 -10.0 6.0 0.0

M 7.0 137.5 10,0 0.0

B g.0 285.0 0.0 0.0

R 7.5 300,0 0.0 0,0
tieo Elev ¥ Loe ¥ Loc 5P |3 5P A SP M 5P B Sk R

{ft) (fe) (ft)

1 .7 o.n 0.0 L, 4 1 9.1 1 34.5 2 62.5 3 64,00 3
2 6.7 25.0 0.0 7.6 2 19,5 2 jl.a 2 6B.5 3 63.0 3
3 6.5 50.0 0.0 19,1 2 21.0 2 2602 2 57.6 3 39,3 3
4 B.1 75.0 0,0 23,4 2 23.5 2 21.0 2 s51i.00 2 35,3 2
5 5.8 100,0 0.0 25,3 2 25.0 2 17.6 2 4%.0 2 48.0 2
b 5.6 125.0 0.0 27,82 29.0 2 12.5 1 44.5 2 46,0 2
7 6,85 150.0 0.0 38,4 2 3N.0 2 13.0 1 42,7 2 G 2
3 9.5 175.0 0.0 48.3 2 47,5 2 15,9 2 34.4 2 .o 2
9 10,5 200.0 0.0 5.0 3 54.2 13 21.0 2 26.5 2 21.5 2
10 14,5 225.0 0.0 0.0 13 59.5 3 .o 2 18.5 2 18,0 2
11 10,0 250.0 0.0 65,0 3 b4.5 3 .9 2 15,0 2 17,3 2
12 9.% 275.0 0.0 8.0 13 A9.0 3 40,0 2 .5 1 14.5 |}
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Tahle B62. 1WT«l: Smoothed poaition of lavara beneath rhotpolnts awmd

gecphones.
Layer 2 Layer 13
EF Position Surface Elav Depth  Elev Veprh  Elay
(fr) (it} {fr) (fe)y  {ft)

A -0, 0 6.7 5.6 1.1 43,2 -38.,5
M 137.5 7.0 7.8 =i, 75,4 68,4
B 285.0 8.0 8.1 -0.1 8.0 -90.0
Geophone

1 0.0 b.7 2.1 1.6 42,1 -353.4

2 25.0 L 6.7 -0.0 43 .6 -38.1

3 50.0 .5 bod 2.1 4605 —-4h,0
& 5.0 6.1 3.7 2,4 0.5 —dd 4
3 1000 5.8 5.k 0.2 59.2 -53.4

) 125.0 5.6 6,7 -1.1 69.0 -b3.4

i 150.0 6.8 ¥.2 0,4 0.1 -73.13
B 1753.0 9.5 B.7 o.8 B5.7 -76,2
9 200.0 10.5 J.b 3.1 BB.& -78.1
10 225.0 10.5 B.& 1.9 Bo.4 -78.9
11 250.0 10.0 10,9 -d.9 43.9 -83.9
|l 275.0 8.5 9.6 -0.1 48.13 ~38.48

Layer 1 Layer 2 Layer 3

Valocitice used 1358, 4692, aB27.
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Table B&)., LWI-2: Shotpoint information, geophone data, and arrival times.
Times are 1in msec.

5P Elev X loc Y Loc Depth
{fc) (fr} (fe)  (ft)

F 8.6 ~-25.0 0.6 0.0
A 8.6 -10.0 0.0 0.0
M 6.6 137.0 10,0 ¢.0
B 6.7 285.0 0.0 0.0
R 6.7 300.0 0.0 Q.0
tiep Flev X loc Y Loe §P F SP A SP M SP B SPF R
(ft) (ft) (fr)
1 8,6 0.0 0,0 14,3 1 9.2 1 23,1 3 61.0 3 65.3 3
2 7.1 25,0 0.0 17.0 2 18,0 2 22,0 3 59.1 3 63,8 3
30 7.1 50.0 0.0 20.0 2 18,2 2 19,6 2 536.0 3 58,0 3
4 7.0 75.0 0,0 27,71 2 27,4 2 17,4 2 50.5 2 52.8 2
5 6.8 100.0 0.0 4.0 2 30.8 2 15,0 2 48.2 2 44,0 2
6 6.4 123.0 0.0 41.5 2 37.2 2 1l.5 1 41,0 2 40.5 2
7 6.8 150,0 0.0 48.5 2 41.3 2 12,0 1 35,2 2 37.5 2
B 7.1 175.0 0.0 53.5 3 &7.7 2 17.3 2 27,5 2 29,0 2
5 8.6 200.0 (.0 55.3 3 50.5 2 23.4 2 24.5 2 24,9 7
1 6.7 225,0 0.0 58.2 2 56,2 3 24,2 3 205 2 20,7 2
it 6.7 250,060 0.0 62.4 3 62.2 3 25.1 3 12,5 2 19.8 2
12 6.7 275.0 0.0 £5.0 2 63.8 3 26,8 3 9.0 1 18.0 |




Table Bba., [WI-I: Smoothed poeition of layers heneath shotpoints and

geaphones,
Layer 2 Layer 3
sP Posil ion Surface Flev Depth  Elevy Dapth  Llew
(ft) (fr) (£} (fty  {ft)

& -14a, 8.6 L L.9 6.7 1.4
M 137,40 B.6 6.0 0.k G420 -394
B 285.0 6,7 5.8 n.a 43,5 -1h. K
Geaphane

1 fi. B.6 B.o 1.8 6.5 l.5
2 25.1] 7.1 6.0 1.1 43,1 =36, A
3 50.0 7.1 4,1 3.0 47.5 =40.4

b 5.0 7.0 4,49 2.1 34t -47,1

5 log.g 6.8 4,7 2.1 ROCE =53, 7

& 125.0 B.d 6,0 G4 47.49 =41.5

7 L50.0 6.8 6.0 (t. 8 5.7 -28.0
] L1730 .l i.8 3.3 45,6 -38.5
9 FACIEME B.& 4.6 6.0 7.3 ~2B.,7
10 225.1) 6.7 5.4 1.3 FEr| -57.3
11 250 1) 6,7 6.4 0.3 49,8 =43t
12 2750 b7 5.1 1.6 42,1 =35.4

Laver 1 Layer 2 Laver 3

VYelocltices used 1343, LS. T 1254,
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Table B&5. NT-1: Shotpoint information, geophone data, and arrival times.
Times are in meec,

5P  Elev X Loc Y Loc Depth
{ft) (fr) (fr) (ft)

F 6.1 -25.,0 g.,0 0.0

A 5.6 -1G.0 0.0 0.0

M 5.3 137.5 10,0 0.0

B 5.5 285.0 0.0 1,0

R 5.5 3000 0.0 o.u
Geco Elev X Loc Y Loc SP F Ry A 5p M 5P B 5P R

{ft) (ft) (fe)

1 5.1 a.0 0.4 15.3 1 5.3 1 32,1 2 60,0 3 5.2 3
2 5.3 25,0 0.6 17.2 2 4.0 2 28.7 2 58.0 13 6l.3 3
3 5.4 50.0 0.0 22.4 2 18,9 2 25,6 2 53,5 1 38.2 3
4 5.6 75.0 0.0 21,0 2 24,0 2 20,7 2 49,3 72 53.7 2
5 5.3 100,0 0.0 3jl1.8 2 29,3 2 18.0 2 42.3 2 5l.2 2
4] 5.3 125.0 0.0 40,3 2 35.0 2 13,5 1. 37.2 2 45.7 2
7 5.4 150,0 0.0 45.0 2 41,0 2 l4,0 1 31.4 2 6.8 2
B 5.2 175.0 0.0 50.7 2 46,3 2 19,2 2 25,0 2 9.0 2
9 5.0 200.0 .0 52.8 2 51.2 2 22.5 ! 19,4 2 23,0 2
10 5.1 225.0 0.0 c0.0 2 56.4 3 27.8 2 15,8 2 20,0 2
11 5.3 250,0 0.0 62.4 3 6l.0 3 3l1.7 2 l4.6 2 17.0 2
12 5.5 275,0 0.0 b6.3 3 64,7 3 3.0 2 10,0 14.3 1
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Table B66. N''-1: Smoothed peosition of layers beneath shotfpnints and
grophones,

Layer 7 Laver 1
sp Fosition Surface Elev Depth  Elev Depth  Elew
(ft} {ft) {ft) (fe}  (ftr)
A =10.0 5.6 3.1 2.5 35,7 -50,1
| 137.5 5.3 6.4 -1.1 B7.8 -h1.5
H ZB53.0 Y5 5.1 .4 50,8 =453
Geophone
1 a.0 5.1 2.9 2.2 55.4 -5l H
Fd 5.0 5.3 3.5 L.& 38,3 -53,4
3 50.0 3.0 4.0 1,4 ROk -59,2
iy 5.0 3.h 5.0 U,8 akly -31.1
5 loo.0 5.3 5.8 -0.5 b, 7 -hhld
6 125.0 5.3 6.7 -1,4 hE.9 -bl.&
7 1500 3.4 6.1 -0, 68.8 —-Ba. 4
8 175.0 5.2 5.2 -0,0 68.3 -63.1
g 2001 5.0 3.7 1,3 67.6 -6l.86
10 235,40 5.1 3.7 L4 Bb2.4 -57.3
11 250,0 5.3 5.4 -G.1 53.2 -4,
12 275,90 5.5 5.1 0.4 52.3 46,8
layer 2 Layer 3
Velocities usad 4922, 7155,
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Table B&7, NT-2: Shotpoint information, geophone data, and arrival times,
Timea are in msec.

5P Elew X Loc ¥ Loc Depth
(fe) (ft) (ft) (fr)

F 4.7 -25.0 0.0 G.0

A 4.5 -10.0 0.0 0.0

M 6.1 136.0 10,0 0.0

B 5.8 285.0 0.0 0.0

R 5.8 300.,0 0.0 0.0
Gea Elev XK Loc Y Loe 5P F SP A SP M 5P B 5P R

(ft) (£t (fe)

1 4.2 .0 0.0 14.7 1 10.3 1 jl.2 2 e4.1 3 9.0 1
? 3.5 25.0 0,0 19,0 2 17.2 2 26,5 2 6l.4 1] 64.5 1
3 3.5 50.0 0.0 23.8 2 21.5 2 24,3 2 57.0 2 59.4 2
4 4.7 15.0 0.0 28.7 2 27.4 2 1.5 2 48,2 2 54,5 2
5 5.5 10G,0 0.0 34,2 2 32.0 2 4.8 2 37,0 2 48.0 2
0 6.1 125.0 0.0 42.3 2 40.5 2 12.2 1 25,0 2 43,3 2
7 6.1 150.0 6.0 4.2 2 44,5 2 13.2 1 21.5 2 35,5 2
8 6.0 175.0 0.0 51.0 2 50.0 2 15.2 2 20.6 32 4.0 2
9 6.0 200.0 0.0 55,3 2 54.5 2 7.0 2 17.3 2 il.s 2
10 6.0 225.0 0.0 39.6 2 58.4 2 20.5 2 16.0 2 5.0 2
11 6.0 250,0 0.0 64.0 3 .7 2 23,0 2 12,8 2 18.0 2
12 5.8 275.0 0.0 08.7 3 65.0 13 25.4 2 8.8 1 15,1 1




Table BEB., §T-2: Smoothed poaition of layers bemeath shatpoints

geaphaones,

and

Layer I Layer 3
5P Position Surface Elgv Depth Elev Depth  Elew
{fr) (ft) {fe) (fey  {(ft)
A -14, 3 4.5 5.2 -0,7 74,0 —hG,5
M 136,13 6.1 g.1 -2,0 69,4 -f1,3
B 285, 3 5.8 4,2 1,6 T, 4 —Ffs
Geophones
1 &, 4,2 4.9 0,7 1.1 -6%, 1
2 25,7 3.5 2.5 -2.0 2.6 60, 1
3 X 3.5 B.l 4 h 2.6 -69.1
& 5.7 4.7 1.8 =3.1 73.8 =69, 1
5 104,73 3.3 6.0 0.3 7. b =64,
6 1257 6,1 8.3 =1.2 68.1 =621
7 154, 6,1 7.9 -1.4 .00 =654
8 135,13 b,0 5.9 -0.4 7l.4 =654
9 200,17 6.0 7.2 -1.2 7.0 -6, 0
10 225.1 5.0 7.4 -1.4 72.5 ~hb. 5
il 230, 5.0 6.5 =0.3 72.% ~fh. 5
12 2750 5.8 4.4 1.4 72.13 -6h.5
Layer 1 Layer 2 Layver 3
Velocities wived 1331, 5343, 0827,
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Table B69. NT-3: Shotpoint information, geophone data, and arrival times.
Times are in msec.

SF Flev X Loc Y Loc Depth
{ft) (fr) (ft) (ft)

F 6.2 -15.0 4.0 0.0

A 6.5 -10.0 0.0 0.0

M 6.5 137.5 10,0 0.0

B 5.6 285.0 0.0 0.0

R 5.9 300.0 g.¢ 0.0
Geo Elev X Lee Y Loc 5P F SP A SP M 5SP B 5P R

(ft) (ft) {fr)

1 6.3 0,0 0,0 16.0 2 5.1 1 24,0 2 64,5 3  67.5 3
2 6.0 25,0 0.0 18.0 2 17.7 2 23.0 2 59.8 3 62.1 3
3 5.7 50,0 0.0 20.0 2 19.2 2 19.8 2 57.0 3 60,0 3
4 5.8 75,0 0,0 23.0 2 23.0 2 18.7 2 53.4 2 53.5 &
3 6.0 100.0 0.0 24,2 12 25.7 2 14,5 2 44,4 2 49.0 2
6 6.2 125,00 0,0 28.5 2 33.1 2 12.7 1 31.%9 2 40.0 2
7 1.0 150.0 0,0 5.0 2 7.1 2 12.4 1 22,3 2 8.6 2
8 7.8 175,0 0,0 49.3 2 46,0 2 13.0 2 19.2 2 25,4 2
9 6.3 200,0 Q.0 54.5 2 51.6 2 17.2 2 17.5 2 24,8 2
19 6.0 225.0 0.0 62,0 3 60.2 3 20,5 2 15,8 2 24,5 2
1l 5.2 250.0 0.0 64.5 3 63.2 3 25,2 2 12,0 2 21,0 2
12 5.5 75,0 0,0 66.0 3 65.0 3 29.4 2 8.5 1 11.5 1




Table BY0, NI -3: Smoothed position of layers beneath shotpoints and

girophones,
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Layer 2 Layer 3
SP Peogition Surface Elev Dapth  Elew Depth  Eley
{ft) {fe) {Et} {(fe)  (ft)
A -10.0 &, 5 9.6 -3.1 9.0 =725
M [37.5 6.5 B.5 =G.0 93,6  -B9.]
B 285,0 2.6 3.2 0.4 i06.7 -101.1
Geaphone
1 0.0 b.3 9.1 -3, 7¥.%  -Fi.h
2z 25.0 6,0 8.1 -2.1 B2.1 -76.1
3 50.0 5,7 6.0 -0.2 B4.3 -78.0
) 5.0 5.8 3.9 —4,1 Bh.y 41,1
5 100, O 6.0 3.0 -2.h 89.5 -831.5
& 125.0 b,2 6,9 0.7 93,7 -B7.5
7 153G, 0 7.0 6,4 0.6 97.6 -50.6
8 175.0 7.8 9.5 -1.7 9.0 -90,2
g 200,09 6.3 9.7 -3.4 99.0  -92.7
1 225.0 6.0 7.8 -1.8 1ar.z  -95,2
11 250.0 5,2 7.5 -2.3 19z.9 -97.7
12 275.0 5,5 5.1 0.4 105,7 —100.2
Layer |1 Layer 2 Layer 3
Velocitias uped: i428, 3881, B457,
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Table B71, NT-4: Shotpoint information, geophene data, and arrival times,
Times are 1n msec.

5P Elev X Loc ¥ Loc Depth
{ft) (fe) (ft)  (fr)

F 5,2 ~25,0 0.0 0.0

A 5.3 -10,0 0.0 0.0

M 5.0 137.5 10.0 0.0

B 5.0 285.0 0,0 0.0

R 5.0 3n0.0 0.0 v,
Geg Elew X Loc Y Loc 5P F 5P A 5P M SF B SP R

(tt)  (fr) (ft)

1 5.3 0.0 0.0 12.8 2 4.8 1 2.5 2 53.6 3 59,0 3
2 5.3 25.0 0.0 17.0 2 14,1 2 2B.0 2 52.5 3 55,0 3
3 5.1 50,0 3.0 22.5 2 17,8 2 23.9 Zz 49.3 3 52,0 3
& 5.0 75.0 0.0 23.4 2 24 .71 2 18.9 2 45,0 2 47,0 2
5 4.9 100,0 0.0 26.5 2 7.0 2 15.2 2 39.3 12 40.0 2
4] 4.9 125.0 0.0 8.5 2 30,5 2 10,4 1 36,7 2 35,5 2
7 5.0 150.0 0.0 3.0 2 i5.3 2 10.3 1 8.8 2 ja.g 2
8 5.0 175.0 0.0 38,4 2 3.0 2 4.4 2 27.8 U TELE 2
9 5.0 200.0 0.0 44,3 2 41,1 2 17.8 2 23,0 1 23.7 2
10 5.0 225.0 0.0 Sg.1 3 44.0 3 23,6 2 18,4 2 .12
11 5.0 250.0 0.0 52.2 3 46.1 3 10 2 N B O 15.% 2
12 5.0 275.0 0.0 54,5 3 49.5 3 31,8 3 16,2 1 12.0 2
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Table 572, NU-4: Swooched position of layers beneath shotpoints and
geophones.

Layer 2 Laver 3
5P Foeicion Surface Elev Depth Elev Depth Elew
(fe) {Et) (Fr) {(fr) (fc)
A -10.0 5.3 b.7 =1.4 77.5 -72.12
M L3¥.3 5.0 4,2 0.8 .7 =57.7
B 283.0 5.0 5.0 =3.0 10,0 =5.0
Geophone
1 0.0 2.5 h.B =1.3 IT.h -71.%
z 25.0 5.3 6.0 =0.7 72,5 ~67.2
3 50,0 5.1 b.4 =1.3 67.5 =024
i 5.0 5.0 6.6 -1.56 73.9 =-70.9
5 100,48 6.9 3.1 =02 6.7 -71.8
& 125.0 4.9 &b 0.5 67.8 -62.9
7 150,40 5.0 3.9 1.1 57.4 =524
) 175.0 2.0 4.1 0.9 &7.0 -42.0
| 200.0 5.0 4.9 0.1 36,5 -31.5
L0 215.0 5.0 6.7 -1.7 &r.3 =22.3
11 250.0 5.0 8.4 =1.4 22.% -17.9
12 215.0 5.0 7.6 -2.6 13.5 -B.3
Laver 1 Layer 2 Lavyer 3

Yelocitier used: 1303 6033, 88140,
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Table B73, P1-1: GShotpoint information, geophone data, and arcival rimes,
Tiwes are o msec,

sk I'lev X Loc ¥ Loc Depth

{fr) (i) (ft) (ft)

¥ &, 7 25,0 LU (G,

A 4.8 -1, 0 0.0 3.0

M 6.0 150.0 0.0 0.0

B 5.0 2B5.0 Q.6 0.0

R 5.2 300.0 0.0 0.
Geon  BElew » Luc ¥ Loco 5P F 8P A SP M 5P B SP [

(fr}) e fie)

1 9.3 (g a.u ift.7 2 g.8 1 J9.0 2 wb.¥ 2 g9, 4
2 Y. b 25,0 i, 22.0 2 ift.e 2 33.5 2 &H2.0 3 63,5 14
3 5.0 S50.0 0.0 26.0 2 22,5 2 7.5 2 5h.8 3 7.6 3
o 3,49 i, 0.0 31.8 2 29.5 2 23.3 2 53,0 2 55.0 2
5 A0} 100,40 .0 37.0 2 34,7 2 7.0 2 47,3 2 49,5 7
& 6,0 L2h,0 .o 42,1 2 35,8 2 13.4 1 42.Q0 2 45,0 2
7 4.8 £50.0 0.0 46.3 2 43.4 2 11,3 Lt 35.0 12 3B, 2
o] 3.7 L75.,0 0.0 0.0 2 46,0 2 V4,4 2 29.0 A T
9 5.8 00,0 0.¢ 56.2 2 2.8 2 19,0 2 25.8 2 8.5 2
14 5.6 25,0 0.0 62.2 2 59,0 2 25,0 2 .0 2 25.0 2
11 5.5 50,0 0.0 67.0 3 3.6 3 0.0 2 16,0 2 20.0 2
12 5.3 2750 0.0 0.2 13 bbH.4 3 16,9 2 £.0 1 15,5 2
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Table B74. PT-l: Smoothed position of layers beneath shotpoints and
gaophones.
Layer 2 Layer 13
14 Pogition Surface Elev Depth  Elew Depth  Elav
(£t) (ft) (£t} (fr)  (ft)
A =10.0 4.8 7.4 2.6 l4.6 5.8
M 140, 0 6.0 6.3 =0.3 26,5 =20,5
B 55,0 5.0 6.6 -1.5% 22.6 -17.6
Geophone
1 4,0 5.3 7.8 -2.5 15.8 =-10.5
2 25,0 5.6 7.3 1.7 18.0 -iZ.4
3 30,0 5.1 6.5 -0.8 0.0 =h4. 3
& 5.0 5.9 7.3 1,4 21,1 -15.2
3 100.0 6.0 6.9 0,9 23.2 -17.2
b 125.0 6.0 6.9 0,9 5.3 -19.3
7 150,0 4.8 4.6 0.2 26.1 =-21.3
8 L?5.0 5.2 4.1 1.1 28.5 =23.3
9 200.0 5.8 5.4 0.4 1.l -15.3
10 225.0 5.6 6.4 =0.8 22.0 -16,4
l1 250.0 5.5 6.3 =0.8 23,7 -17.2
12 275.0 5.3 6.7 =1.4 23,4 -18.1
Layer 1 Layer 2 Layer 3
Velocities used: 1218. 4508, 5373,
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Shotpoint information, geophone data, and arrival times.

PT=2:

Table B*5.

Times are Iin mosec.

Depth
(ft)

Elev X Loc Y Loc
(ft) (ft) (fr)

5P

-25,0

4.2

= B & =

SFP SF SP SP

Elev X Loc Y Loc 5P
(fe)

Gao

(fc)

(fi}

b6.0 3 69.0

2z
2z
2
2

L4

35

8.6

13.0

0.0

0.0

3

63.0
59
55

3
3
3
2
2
2
i

16,2 2 31.0 62.0

21,9 2
6.6 2

56.0

27.0

52.0

22.5

2
2

51.0

18.0 2 47.3

2

33.6
g.5 2

2
2
2
3
3
3
3
3

35.5

0.0
0.0
0.0
0.0
0.0
6.0
0.0

106.0

45.3
41

£40.8
37

1

13.4

40.8

125.0

.2

.5

13.5

45,8 44.3 2

150.0

34.0 ir.o 2

18,5 2

51.5 50.6 2

175.0
200,0
225.,0

4.0

3

53,5
58,3 3

54,2

L

23

2
2

i

26,0 2 21.0

58,3

4,.

10
11
12

2
z

23.0

jl,2 2 16.2

.4 2

66,1 63.6 3

250,0
275,0

5.0

17.0

13.0

3

68,8

72,0

0.0

5,5




247

Table B76., PI-2; Smoothed positicn of layers beneath shotpolnts and
gaophonen,
Layer 2 Layer 3
5P Foaltion Surfarce Elev Depth  Elevw Depth  Elev
(£t} (fc) {ft) (fr)  (Le}
A ~10.,0 4,2 4,2 =0.0 16,0 ~-11,8
M 137.5 4.5 5.6 =2.1 31.3 -26.8
B 285.9 5.4 6.0 =-0.6 42.4 -37.0
Geophona
l g.o 4.2 4.3 =01 Lv.1 -12.,9
2 25.4 4,0 6.9 -0.9 18.8 -14.8
1 50.0 4.0 5.6 -1.6 20.8 -16,8
4 75.0 4.0 5.9 -1.9 22.8 -18.8
3 100.0 4.9 6.3 =1.4 23.7 -I0.8
& 125.0 4.5 6.7 -1.7 32,7 -28.2
7 150.0 4.3 6.7 =2.4 29,7 -25.4
8 175.0 4.7 7.5 -2.8 33,0 -28.3
9 200.10 4.7 4.3 o4 35.0 =30, 3
1a 225.0 4.7 4.4 0.3 36.% -32.1
11 250.0 5.0 3.5 -0.5 352 =34,7
12 275.0 5.3 6.1 -0.8 1.5 -36.2
Layer 1 Layer 2 Layer 3
Velocities usged: 1126, 4349, 5128,
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Table Bi7. PFl-3: Shotpoint informat on, geophone data, and arrival times.
Times are In msec.

SP Elev X Lec ¥ Loc Depth
(ft) (ft) (ft) (fr)

F 4.2 -25.0 0.0 0.0

A 4.3 -10.0 a,0 0.0

M 4.3 139.5 10.0 0.0

B 4.0 285.0 a,0 0.0

R 4,0 300,0 0.0 0.0
Geo  lkKiey X lec Y Loc 5P F SP A SP M SP B sP R

(ft) {(fc) (ft)

1 4.4 .0 0,0 13.0 2 9.0 1 4.5 2 B3O 3 66,5 ]
2 4.5 25,0 0.0 7.0 2 15,0 2 s 2 B0O,5 3 LT 0 I
3 4.6 50,0 0.0 21,0 2 18,2 2 25.% 2 56,0 3 60,0 3
A Gon 15,0 3,0 6.6 2 23,0 2 19.5 2 50.5% 2 55.0 3
5 4,2 100,80 0.0 jL.7 2 8.8 2 6.5 2 45,5 2 50,0 2
& 5.3 i25,0 0,0 40.0 2 7.8 2 13,8 1 43,8 2 47.5 2
7 4.5 130,0 G,0 43,3 2 41,0 2 1i.9 1 35,5 2 40.0 2
H 47 175.0 0,0 47,8 2 L6,0 2 16,7 2 30.3% 2 4.0 2
9 3.7 200,90 0.0 53,5 2 31,0 2 22, 2 26,0 2 io.0 2
10 4.0 225.,0 G,0 56,5 2 60.5 2 30.5 2 24,0 2 21.5 2
11 4,2 250.0 0.0 62.4 3 60,8 3 33.0 3 i5.0 2 18.0 2
12 4,0 275.0 0.0 67.0 3 65.7 3 37.0 3 8.3 1 14.0 2




Table 578. PT-3: Swocthed position of layers benearh shotpolnts and
peophones,

L | 1r

Layer ¢ Layer 3
SF Position Surfarce Elev Depch Elev epth Flew
(ft} (fc) {Fi) {(it)  (re}y
A 10,1 4.3 3.9 o4 34,5 -30.12
M 139.: 4.1 L =2.1 42,49 =3i.h
E 285.C 4.0 4.6 -0.& 29,5 -21.5
Geophone
1 0.4 4.4 4,2 0.2 35,3 -3¢, 9
2 25.1 4.5 4.7 -0,2 36,4 -31.9
3 50.0 4.6 3.8 0,3 7.6 ~33.0
4 ¥5.0 4.2 3.5 a.7 39,9 -35.7
b 100.0 4.2 4.5 -0.3 42,6 =-38.4
B 125.0 b3 7.5 -3,! 42.8 -38.5
7 150.0 4.5 3.% -1.4 43.3 -3B8.8
8 175.0 4.7 3.6 -0.9 43.3 -38.6
2 200.0 iz 6.1 -2.6 41,32 -38.5
14 225.0 4.0 8.5 -4.3 4l.4 =37.4
11 250.0 i.2 4,3 -0.1 8.7 -24,5
12 2750 .0 4.b 0.6 26.9 -22.%
Layer | Layer 1 Layer 3

Velocities usid: 1208, H4B4E, 587}
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Table B79, ST-1: Shotpoint information, geophone data, and arrival times.
Times are in msec.

3P Elevy X Loc ¥ Loc Depth
(ft) (ft) (fe) <{fr)

F 2.8 -25.0 0,0 a.0

A 2.8 -146.0 Q,0 0.0

M 4.1 137.5 10,0 0.0

B 5.5 285.0 0,0 u. o

R 5.2 300.0 0.0 0o
Geo Fley X Loc Y Loc SPF SP A SP M 5¢ B 5F R

(i) (fo) (fe)

1 2.8 0.0 0.0 11.0 2 7.8 1 32.5 2 el,5 ) 64,0 3
2 3.2 25,0 0.4 le.7 2 14,0 2 29.5 2 58,2 3 61,2 13
3 3.3 50,0 0.0 21.2 2 18,7 2 2.8 2 54.0 3 56,0 3
& 3.5 75.0 0.0 25.3 2 22,6 2 19.1 2 49,4 2 51.5 3
5 3.8 100,90 a.0 al.s 2 8.6 2 14.8 2 45,0 2 a4t 0
6 4.1 125,0 0.0 3r.0 2 33.0 2 11,0 1 40.7 2 43.5 2
7 4.2 150.4 0,0 41.0 2 37.3 2 11.6 1 35.5 2 g5 2
8 5.5 175.0 4,0 46.3 2 43,0 2 1.8 2 31,0 2 34,3 2
9 5.5 200.0 0.0 51.4 2 47.8 2 21.0 2 25,8 2 8.5 2
10 6.5 225.0 0.0 6.0 3 52.0 2 29.3 2 20,0 2 23,0 2
11 &.0 250.0 0.0 6D.0 3 5.9 3 w.s 2 14,0 17,6 2
12 5.7 275.0 a.n 64,2 3 0,8 A 4,2 2 8.9 |1 2.0 2

|
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Table B8O. S¥-1: $Smoothed position of layers beneath shotpeints and

gkrphones,
Layer ¢ Layer 3
sl Poritign Surlave Flew Bepth Elew lopeh Llev
L) (L) (1e) (fe)  {(fr)

A -10.0 2,8 5.0 =2.1 9.6 -36.8
M 137.5 4,1 6.6 2.5 ZB.h -24.5
B 285.0 5.5 6.4 0.9 17.8 =12.3
Gecphone

1 .0 2.8 4.7 -1.% .z -35.9

2 25.0 3.2 3.3 =2.1 T -14.2

3 50.0 3.3 5.2 -1.9 35.9 -3Z2.6
& 75,00 3.3 5.2 -1.7 304 =35.9

5 10a, o i.8 6.1 -2.5 6.5 =32.7
b L25.0: 4,1 b.8 &7 5.8 -25.7

7 15000 . 4,2 B.5 =2.13 7.6 =234

! 175,00 3.5 7.3 ~1l.8 b, f =k

4 200,01 2.2 6,7 -1,2 24,3 -l8.8
H 225,00 6.5 5.9 i, 6 231 -lb6.6
11 250,01 6.0 5.4 u.6 19.5 ~-13.5
12 275,00 5.7 3.5 0,2 152 0.5

.
Laver ! Layer 2 Layer 3

Yelocities usel: 1329, 5111. 5638,

&




Table B81, 5T-2: Shotpoint information, geophone data, and arrival times.
Time are in msec,

SP Elevy X Loc Y Loc  Depth
(fe) (ft) (fr) (ft)

F 6.0 ~25.,0 0,0 0.0

A 5.8 10,0 0.0 0.0

M 4.1 137.5 ig.0 0.0

B 3.5 285.0 0,0 0.0

R 3.7 300.0 0.0 0.0
Geo Elev X Loc Y Loc SP F SP A ST M 8P B 5P R

{({t) (fr) (ft)

1 5.7 .0 0.0 12,1 ¢ 1.3 1 27.0 % 5.0 3 bb.5
2 5.2 25.0 0.0 la.0 2 7,0 2 4.0 F 61,0 1 64,0 3
3 4,3 h, 0 0.0 4.2 2 22,2 2 ML RT03 59.7 4
4 4.3 5.0 o.0 0.4 2 28,8 2 2.2 0 82,5 1} 54,4 4
5 4.3 100.0 0.0 3b.4 2 8.5 2 1a.0 2 44,0 2 0,7 2
[ 4,2 125.0 0.0 40.3 3 38,5 2 13.0 1 44,00 2 46,0 2
7 4.1 150.0 0,0 45.2 3 42,5 3 13.8 1 37,0 g7 2
8 4.4 175.0 0.0 48.0 3 46,2 3 1.6 2 32.0 2 G0 2
3 4.2 200,0 0.0 52.5 3 50,0 3 28,5 2 27.0 2 A D
10 4.1 225.0 0.0 59.0 3 5.7 3 31,5 2 5.0 2 8 SR
11 &0 250,0 0.0 63.5 13 1.5 3 33,5 03 6.4 7 19,0 2
12 4.0 275.0 0.0 hHh.0 3 65,5 % JR.0 3 9.0 | 13.5 2
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Table BB2, Sf-2: Smoorhed peaition of layers beneath shotpoints and

géophones,
_i_
Layer 2 Layer 1
SP Positidn Surface Elevw Depth  Elev Bepth  Elev
(ft) 1§33 (fr) (Ee)  (fo}

A =10.,0 5.8 3.5 0.7 le .4 =11.1
M Ii7.5 4.1 9,2 %1 . =425
B 285.0 3.5 5.5 =2,0 9,73 -%.8
Geophone

1 0.0° 5.7 5.6 Q.4 15,2 -4, 5
2 25.0 5.2 7.7 ~2.5 1,7 -la.h
3 50.0 hul B.1 -3.48 47.3 -33.0
4 5.0 4.3 2.7 -5.4 29.5 —23,2
5 19¢.¢. 4.l 10,8 6.5 5.5 -21,¢
b 125.0 4.2 18,0 ~5 B Ja.5 =301

7 1500 4.1 8.5 =4, 4 5E.8B -54,7
8 175.0 4.4 8.7 =4, 249 -50,3

3 200.0 4.2 10,8 6,6 30,4 -24,2
IR 225.0 4.1 11,5 -7.4 19.6 -15.5%
11 250.0 4.0 7.8 -3.8 16,5 -12.3
12 275.0 4.0 6,0 -2,0 1,1 -1.3

- Layer | Layer 2 Laver 1

Velocities uaidd: 1119, 47473, 5802,
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Table 883. 5T-3: Shotpoint information, geophone data, and arrival times.
Times are in msec.

33 Flev X Loc ¥ Leoc DBepth
(fe) (fr) (fe) (ft)

F 4,0 -25.0 0.0 0.0

A 4.0 -10.0 0.0 0.0

M 4.1 137.5 10,0 0.0

B 6.0 285.0 0.0 0.0

R 6.0 300,0 0.0 0.0
Geac Elew ¥ Loc Y Loc SF F 5F A SF M 5P B SP B

(ft) (ft) (fe)

| 4.0 0.0 0.0 13.5 2 7.5 1 33.5 ¢ 60,4 3 3.1 3
2 4.4 25,0 0,0 19.5 2 16.5 2 30.2 2 58.0 3 59.1 3
3 4,0 50.0 0.0 24,0 2 20,5 2 25,1 2 52,5 2 53.9 3
4 i.8 75,0 a.¢ 28,3 2 25,2 2 .0 2 4r.4 2 49.2 2
5 3.9 100.0 .0 33.3 12 0.7 2 16.0 2 4&4.5 2 45.2 2
b 4.1 125,0 0.0 7.5 2 33,7 2 11.0 1 3i8.2 2 9.0 2
7 4.2 150.0 g,0 42.0 2 3%.0 2 11.§ | 34,0 2 35,5 2
8 4.3 175.0 0.0 47,0 2 L4 .0 2 16.6 2 29,0 2 30,2 2
9 4.5 200.0 0,0 51.6 2 48,0 2 20,0 2 24.5 ! 25,4 2
10 5.0 225.0 0.0 34,5 2 48,0 2 0.0 2 4.5 ! 1.5 2
11 6.3 250.0 0.0 61.5 3 58.0 2 29,5 ¢ 1.0 I 15,5 =
12 6.0 275,06 n.0 64.5% 3 bl.5 2 2.5 2 g.r 1 1,5 2
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Table B84, sk-3: Smoothed posirion of layere beneath shetpoints and
gkophones,

i
!

Layer 2 Layer 3
SP Pasltipn Surface Flev Depth  Elev Depth Elew
(ft) {ft) (fr} (fe)y  (fe)
A -10.p 5,0 6.8  -2,8 134 9.4
M 137.5 4.1 5,2 -1.1 44,6 -40.5
B 285.0 5.0 4,1 1.9 26,1 -20.1
Geophona
1 G.E 4.0 6,0  -2,0 JL3 7.3
2 25, 4.0 6,0 -2,0 7.6 -3.6
3 50. 4.0 5.3 -1.3 16.7 -12.7
4 75, 3.8 5,0 -1,2 330 -29.3
5 100, 1.9 5.9 -2.0 38.12 -34.3
6 125, 4.1 5.2 ~1.1 42,5 -38.4
7 130, 4.2 5.3 -1.1 46,7 ~42,5
B 175, 4.3 5.0 -0.7 31.0 -46,7
] 200, 5.0 4,0 1.4 4.7 -39.7
14 215, b.5 4,6 -0,1i 56.4 -51.9
11 250, 6.2 4,7 L.b 26,1 -21.8
12 275, 6,0 3.9 2,1 23,9 -17.9
i
!
i Layer 1 Layer 2 Layer 3

Velocities u€fd: 1341, 5437, TLOG,

&
T
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Table B8, ST-4: Shotpeint infermation, geophone dara, and arrival times.
Times are in msec,

Sk Flev X Loc ¥ Loe Depth
(f1) (1t) (fc} (ft)

¥ 6.3 -25.0 0.0 0.0

A 6.1 -10.0 g.a 0.0

™ 4.9 135.0 10,0 0.0

B 5.3 285.0 0.0 0.0

R 5.3 30,0 0.0 g.0
Geo FEles X Loe Y Loc SP F SP A SP M 5P 9 5P R

(ft) {(fe) (fe)

1 6.0 0.0 0.0 13.2 2 9.0 1 3200 01 58,7 2 61.5 3
2 5.8 25.0 0.0 18.4 2 le.5 2 27, 00 83,6 2 BELOG
3 5.6 50,0 Q. 23,7 2 m,.2 2 2A,2 2 498 2 52.9 2
4 .6 5.0 0.0 28.8 2 24,9 2 18,1 2 45.2 2 49,0 ¢
5 5.0 100,0G 0.0 .0 2 2B.5 % 158 2 41.0 1 43.9 2
b 4.8 125.,0 Q.0 8,9 2 33,3 2 1.7 1 37,0 ! B0 2
7 4.9 150,40 0.0 44,5 2 39.8 2 13,0 | 25.0 I 26.9 72
8 4.9 175,90 0.0 50,9 ¢ 45,5 2 12,2 2 23.8 2 5.6 2
0 5.0 200,90 0.0 54,0 3 50,0 2 19.8 2 z20.0 2 2.0 2
10 5.1 225,90 0.0 57.3 3 53.8 3 20,2 2 17.%2 2 19.9 2
11 5.3 290,0 0.0 62.7 3 57.9 3 4.7 2 la.3 2 te.y 2
12 5.3 215,0 4.0 66.7 3 62.3 3 2.8 2 8.2 I 13.3 ¢
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Velocities uspd:

Table B86. 1T-4: Smoothed position of layers beneath shotpoints and
jeophones,
Layer 2 Layer 3
5P Fosiclon Surface Elav itepth Elev Depth Elev
(fe) (ft) (fe) {Fe)
A =10, 6.1 4.2 1.9 25,6 -19.5
M L35, 5.7 -{1.8 36.9 2.0
B 2851k 5.3 6.3 -1.0 6.3 -1.0
Geophone
1 0. b0 3.9 2.1 21,9 b7.9
2 25,10 5.8 &,2 1.6 29,2 -33.4
] 50.0 5.6 4.5 1.1 34,5 -28.9
4 Fa.0 3.4 4.6 .8 34,8 -29.4
5 10a, 5.0 4,9 ] 35.5 -30,5
b 125,11 4.8 5.5 -0.7 16.4 -31.5
7 150, « 4,9 6.0 -i.1 17,8 -32.7%
L 17s,.d 4.9 4.6 0.1 4.4 -29.%
49 200, ¢l 3,0 2.9 2.1 26,7 =117
10 225.¢1 5.1 .9 1.2 0.2 -15.1
il 250, 0l 5.3 5.8 -0_4 L7.0 -1t1,7
t2 275,04 5.3 6,2 =0.% 6,2 =0.9
I
: Layer 2 Layer 2
|
5665, 6254,
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Table BB?. 8T-5: S$hotpoint information, geophone data, and arrival times,
Times are in msec.

5P Llev X Loc Y Loc Depth
(fe (fr) (fr) (fr)

F 3.6 ~25.0 0.0 0.0

A 3.0 -10.0 0.0 0.0

4| 6.5 136,00 10.0 .9

B 3.5 285.,0 0.0 0.0

R 2.4 300.0 0.0 o,o
Gec Flev X Loc Y Loe SP F sP A SP M SP B SP R

(fo) (fe} (it

1 2.6 0.0 0.0 i2.8 2 9.0 ? 33,0 2 82.0 12 6.5 4
2 2.8 25,0 0.0 18.5 2 13,1 2 8.7 1 5h.0 3 6.0 3
3 3.1 50.0 0.0 2l.5 2 18,5 2 25,00 2 8.4 3 52.5 3
4 5.0 75.0 0.0 26,0 2 24,0 2 21,2 2 49.0 3 0.0 3
5 6.7 1000 0.0 2.4 2 30,3 2 16.5 2 45,0 3 A%.6 3
h 6.6 125.0 0.0 3g.0 2 31,1 Z 13.4 1 42,0 2 2.1 3
7 6.5 150,0 0.0 45,5 2 43,0 2 12,5 1 37,5 12 39.3 12
5 6.6 175.0 0.0 50,5 2 47.8 2 1.3 2 32.0 2 Ja.n o2
Y 7.9 200,0 0.0 54.0 3 51,0 3 23.0 2 25.5% 2 28.8 2
10 3.6 225,0 n.¢ 60.0 3 55.5 3 28.0 2 2.5 2 23,2 2
11 .5 250,0 G.0 3.0 3 6,4 3 32.5 2 15.5% 2 17.5 2
12 9.0 275,0 0.0 68.2 1 64,3 3 38.5 2 9.8 2 18,2 2
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Table BRE, HT-5: OSnccthed positlon of layers beneath shotpoints and
reophones,
Layer 2 Layer 1

SP Fosit .on Surface Elev Depth  Elev Depth  Flew

{ft) (ft) (ft} {(ft)  (ft)
A -10.0 3.0 4.2 -1.2 bz -1,2
M L3610 6.5 &.2 =-1.7 i9.4 -12.%
B 283.10 3.5 2.2 1.3 2.2 1.3
Geophonse
I .t 2.6 A7 =-1.1 3.7 -1.1
2 25 41 2.8 3.9 1.1 3.9 -1.1
3 50, 11 3.1 3.7 =0.6 3.7 L
& 5.0 3.0 b4.1 d.9 4.1 0.9
5 100, B.7 5.4 1,3 5.4 1.3
1] 125.41 &.h 1.7 -1.1 16,4 9.8
7 130,40 6.5 0.1 =2.6 23,4 -16.9
a 175.0 B.& 7.1 =25 I.4 ~14.8
E 200.0 7.9 8.9 -1.0 19,8 ~11.9
10 225.0 8.6 8.5 0.1 1.6 -9.0
11 2530.0 9.5 8.3 1,2 15,2 2.7
12 275,00 9.0 8.0 1.0 8.0 1.0
Velocities usad: Layer 1 Laver 2 Layer 3

1243, 4924, 5434,
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Table BR9. §T-h: Shotpoint Information, geophone data, and arrival ciwes.
Times are in msec.

sp Elev X Loc ¥ Loc Depth
{fr) (ft) (fr) (ft)

F 6.6 -25,0 0.0 0.0

A 6.6 ~10,0 .0 0.0

M 5.0 137 .5 10.0 0.0

B 2.8 285.0 0.0 0.0

R 2.8 300G.0 0.0 0.0
Geo Elev X Loe ¥ Leoc sP F 8P A sk M 5P B 5P R

(ft)  (fr)  {fe}

l 6.6 0.0 n.0 16,0 2 a.1 1 |0 2 el 3 65,0 3
2 6.6 25.0 0.0 20,4 2 19.5 2 34,5 2 58,5 3 6L.0 3
3 6.3 50,0 0.0 25,9 2 23.5 2 28.9 2 54,0 3 s7.0 3
& 5.8 15,0 0.0 3p.2 2 29.% 2 23.3 2 50,0 2 52.9 3
5 3.5 160.0 0.0 36,1 2 3.2 2 18.8 2 44,5 12 48.5 2
& 4,5 1250 0.0 46.3 2 9.8 2 14.9 1 41,0 2 43.3 2
7 3.7 150.0 0.0 49.5 3 43,4 2 la.9 1 35,0 2 39.0 2
B 3.1 175.0 0.0 54,0 3 4.1 2 18,7 2 29%.% 2 33,5 2
9 3.0 200,0 0.0 54.0 3 51.2 2 23,7 2 23,0 2 28.0 2
10 3.2 225.0 0.0 59,3 3 55.3 3 28,0 2 18.5 2 23.0 !
11 3.0 250.0 0.0 64.0 3 61.0 3 iz, 8 2 14.3 2 17.2 2
12 2.8 Z75.0 0.0 67.0 3 64.6 3 7.1 2 g.0 1 11.6 1




Tatla B9, 57-6:

Smoothed nosiclon of layerr benearh shotpoints

and

recphones.
Layer 2 Layer 3}
SP Positlien Surface Elev Elev Depth  Elev
(fe) (fc) (ftd

A =10, 1 6.6 7.9 -1.3 12.5 ~5.9
M 137.5 5.0 9.5 4.5 56,2 -51.2
B 2850 2.8 .8 -2.0 15.0 -35%.2
Geophone

1 (VN 6,6 8.1 -1.5 1%.4 =9.0
Z 25.0 b.b 8.4 -1.8 21,0 ~16,4
3 50,0 6.3 8.2 -1.,9 33,3 -27.0
&4 75,0 5.8 8.3 -2.5 36.4 -30.6

5 1 O 3.9 B.3 -3.0 44,8 -39.3
6 125.0 4.5 B.8 —4,3 33.4 -48.9

7 50,0 3.2 8.0 =4.8 56,8 =53.6
a 175.0 31 7.0 -3.9 535.9 =52.8
9 200.0 3.0 6.1 =3.1 493 =463
10 225.0 3.2 2.8 =2.5 4,3 -4l.1
11 250.0 3.0 3.6 =2.6 41.3 -38.3
12 275.0 2.8 4.7 -1.9 38,7 =35.9

Layer 2 Layer 3

Yelocities usied: 5048 5973,
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Table B9). THC-1: Shotpoint information, geophone data, and arrival times.
Times are in msec.

57 Elev X Lec Y Loe Depth
{(ft) (ft) (fey 1n)

F 4.9 -25.0 0.0 0.0

A 4,9 -10.0 0.0 0.0

M 4.9 137.5 10,0 0.0

B 3.7 285.0 0.0 0.0

R 3.7 300.0 g.¢0 0.0
Geo Elev X Loc Y Loc SP F 5P A s M 5P B 5P R

(ft) (fe)  (It)

1 4.9 0.0 0.0 1,4 2 9.0 1 26,00 2 5.0 3 53,0 3
P 4.6 25.0 0.0 13,4 2 15,0 2 20,5 2 4B.0 3 51.0 2
3 4.4 50.0 0.0 18,9 2 I8, 0 2 17.8 2 44,5 13 49.0 3
4 4.5 75.0 0,0 2.0 2 23.0 2 15.4 2 4l.4 2 &5.0 2
5 4.7 0.0 0.0 26,0 2 25.8 2 13.0 2 31,0 ¢ 41,0 2
& 4.9 125.0 0,0 32,2 2 32,0 2 0.6 1 34,0 2 37.0 2
? 5.1 150.0 0.0 37.0 2 6.0 2 0.8 1 29,2 12 il.g 2
3 5.3 175.0 0.0 46.0 2 43.5 2 6.8 2 24,5 2 8.5 2
9 5.5 200.0 0.0 48,0 2 49.8 2 0.0 2 22,0 ! 7.0 2
10 5.3 225.0 0.0 53.4 13 51.7 3 24.7 2 16,0 ! 21.5% 2
11 5.1 250.0  C.0 56,3 3 53.6 3 29.3 2 13,2 2 18.8 2
12 3.9 275.0 0,0 37.3 3 55.5 3 jl.s 13 6,0 1 1.7 1
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Table BY.2. THC-1: Smeothed porition of layers beneath shotpoints and

iaphonea,
l.ayer 7 Layer 3
5P Fasit lon Surface Llev Depth Elev llepeh Hilay
(ft) (ft)} (ft) (e} (re}

& =1a.70 i.9 f,1 =-1.2 34,9 =-30.0
M 137.1 4,9 7.0 =I.1 Thok -7l.9
B 285.1 3.7 6,2 -2.5 .7 =-fi5,10
Geophone

l 0.1 4.9 6,2 1.3 EL -51.3

2 25.10 b.b 5.5 {19 Bl -35.5

3 3.1 4,4 3.4 =1.0 37,0 =53.5
4 5.0 4.5 4.8 -0.3 Bld, 7 =36.2

g 100,11 4.7 6.0 -1.13 67,2 -62.5
b 125.0 4.9 b.? -1.8 73,8 ~68.9

7 150,14 5.1 7.4 -2.3 5.0 -74.9
8 175.0 5.1 2.6 4.3 72.9 -87.6

9 200,10 5.5 10,1 4.6 7,5 -66.0
10 225.0 5.3 6.8 -1.3 k9.8 —hé 5
11 250,10 5.1 7.9 -2.8 7L.0 -65.9
12 215.0 3.9 h,5 ~2.6 69.3 b5, f

Laver | Layer 1 Layer 13

Velocities wsad: 1&21, 5857, 0250,
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Table B93. THC-2: Shotpoint jnformation, geophone data, and arrival times,
Times are in msec,

$P Flev X Loc Y Loc Depth
{(fo) (fc) (fr) (fv)

F 3.7 -25.0 0.0 0.0

A 3.8 -10.0 0.0 0.0

M 1.0 137.5 10,0 0.0

B 6.9 285.0 .0 0.0

R 6.3 00,0 0.0 0.0
Geo Elev % Loe Y Loe 8P F 5P A 5P M 5P B 5P B

(ft) (fry  (ft)

1 3.9 0.0 0.0 12.5 2 8,2 1 30.0 2 64,0 3 63.0 3
i 5.0 25.0 0.0 16.0 2 12.9 14 25,4 2 63.0 1 39,0 3
3 5.5 50.0 0.0 2007 2 16.5 2 19.5 2 59.0 ¢ 53,0 3
4 6.3 75.0 0.0 24.5 2 21.0 ¢ 16,0 2 55.2 12 0.0 2
5 6,4 1000 0.0 30,0 2 6.0 2 13,0 2 48,0 12 45,4 2
6 6.5 125.0 0.0 4,7 2 3.2 2 9.0 1 4&45.0 ¢ 41.0 2
7 7.0 150.0 3.0 42.2 2 36,3 2 9,0 1 39,0 2 333 -
B 7.0 175.0 0.0 45,3 2 41.5 2 14,5 2 29,5 2 2607 12
v 7.5 200.0 0.0 50.0 2 44,0 2 18,4 2 25,3 2 s2.5 4
Y 7.0 225.0 0.0 56.3 2 51.0 ¢4 2004 02 223 12 FAVIN
11 6.9 250.0 6,0 62.8 3 54.5 3 28,0 2 17.7 12 15,0 2
12 6.9 275.0 Q.0 64,0 3 57.0 3 35.5 2 12.5 i 10,0 1
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Table B%4., Ti7-2; bHmeoothed positlom of layers bencath shatpolnts and
ye wphones,

Layer 7 Layer )
5P Pasitich Suttave Elev Pepeh Elow Depth ey
{fe} (ft) (fe) {(ft) (Fr)
A =10.0 3.8 3.3 U 192,99 -189,1
M 137.5 1.0 7.4 -0 .4 104,12 =97.2
B 285.0 8.5 6.9 =04 27.9 =21.4
Geophone
L 0.0 1.9 3.3 0.4 186.0 =182,1
2 23.0 5.0 4,3 0.7 69,9 -164,9
3 20,0 5.5 5.6 -0.1 153.1 -147.4
& 3.0 6,3 1.0 -n.7 13,6 -130.3
5 100,0 6.4 7.1 -0.7 19,4 ~113.0
) 125,0 6.5 1.2 -0.7 ig2.2 -95,7
7 150.0 7.0 7.1 =0.1 15,7 -98.7
B 175.0 7.0 5.6 l.4 B4 .9 -77.9
4 L0G,0 7.5 3.1 2.4 63.9 -56.4
1o 225,40 1.0 7.0 0.0 4.9 -34.9
11 50,0 5.9 8.3 ~1.4 24,2 -17.3
12 275.0 6.9 B.1 ~1l.4 23.3 -l6.6
Layer 1 Layer 2 Layer 3

Velocitles useid: 1516. 5124, B533,
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Tahle BG5S, THC~3: Shotpoint information, geophone data, and arrvival times.
Times are in msec.

57 Elev X Loc Y Loe Depth
{fr) (fe} (fe}  (ft}

F 6.9 ~25.0 0.0 0.0

A 6.9 =10,0 0.0 0.6

M 5.8 137.5% 10,0 0.0

B 6.7 ZB5.0 0.0 0.0
Geo Elev X Loc Y Loe SP F 5P A s M SP B

(ft) (ft) {ft)

1 6.9 0.0 0.0 4.6 2 8.5 1 5.0 2 82,0 3
2 6.3 25.0 0.0 19.0 2 i3.0 2 26.4 2 56,0 3
3 6.1 50.0 0.0 2.5 2 25,0 2 22.8 2 54,0 3
4 5.9 75.0 0.0 27.0 2 32,5 2 16,6 2 49.0 2
3 5.7 1060.0 0.0 30.5 2 7.5 2 14,2 2 43.7 2
] 5.7 125,0 0.0 37.6 2 41,1 2 11,3 1 41.0 2
7 h.0 150.0 0.0 40.0 2 7.5 2 11,7 1 34.0 2
g 4.8 175.0 0.0 44,8 2 48.3 2 14,0 2 26.5 2
9 5.2 200,0 0.0 53.0 2 54,5 2 18,0 2 20.0 2
10 5.3 225,0 0.0 al.5 3 59.0 2 26,5 2 15.5% 2
11 5.5 250,0 0.0 57.0 3 57.6 3 22,0 2 16.5 72
i2 h.h 275,0 0.0 64,0 3 64,0 3 12,8 2 9.2 1
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Table B9h, TI'C-3: BSmoothed poaicion of layers beneath shotpoints and
gl ophones.

Layer 2 Layer 13
5P Pogaitinn Surface Elev Depth  Elew Dapth  Elev
(ft) (Et) (fe) (f£)  (fr)
A =10.0 6.9 .1 -i.4 238 -16,9
M 137.5 2.8 8.8 -3.0 770 =7L.z
B 285.0 6.7 7.5 -0.8 74,3 -b7.6
Geophona
l 0.0 6.9 B.3 -1.4 2315 -lb.h
2 25.0 5.3 5.1 l.2 34 .8 ~I8.5
3 50.0 6.1 7.8 -1.17 40,5 -34.4
& 5.0 5.9 5.0 -3.1 31,0 -45.01
5 100 .0 5.7 8.8 -1.1 6l.2 -35.%
b 125.0 3.7 9.1 -3.4 71,7 -66.0
7 150.0 6.0 8.5 -1.% BZ.5 =76.5
8 175.0 4.8 6.2 -1.4 21.8 -37.0
G 200.0 5.2 6.5 -1.13 1.4 -B6.4
10 Z25.0 5.3 5.8 0.5 79.9 =74 .8
11 250.0 5.5 5.0 0.5 9.2 =73.7
i2 273.0 b.b 5.7 0.9 76.1 -69.7
Layer 1 Layer 2 Layer 2

Velocities us:i: 1259, 5107, TIN8,
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Table BY7. THC-4: Shotpoint informarion, gevphone data, and arrival Cimes.
Tlmes are In msec.

— - —————— A —

SP Flev X Loc Y Loc Depth
(ft} (it) (ft) (fcd

F 5.5 -25.0 0,0 0.0

A 5.8 -10.40 4,0 a.0

M 7.8 137.5 10.0 0.0

B 8.5 285.0 0.0 0.0

R 9.1 300.0 0.0 0.0
Gec Elev X Loc Y Loc SP F SP A SF M SP B S5F R

(fr) (it) {fer)

1 6.6 0,0 0.0 12,3 2 9,2 1 9.0 3 60.5 3 h5.0 13
2 7.0 25.0 0.0 17.5 2 i18.0 2 37.5 2 49,5 3 64,0 3
3 7.5 5¢.0 0.0 25.0 2 21.0 2 R85 2 56,5 2 60,0 2
4 8.0 75.0 0.0 33.0 2 27i.0 2 0,0 2 49,5 2 55,0 2
5 1.7 100.0 0.0 3.5 2 29.5 2 16,1 2 38.5 12 44,5 2
6 7.2 125.0 0.0 40.8 2 3.0 2 12.2 1 29,3 2 32,0 2
7 7.6 150.0 3.0 46.5 2 3g.0 2 12.2 1 23.,% 2 g0 2
8 6.5 175.0 0.0 48.5% 2 45.0 2 1.0 2 20,0 2 1.0 2
9 8.5 200.0 0.0 55.0 3 50.0 2 17,0 2 17.5 2 6.0 2
10 4.3 225.0 0.0 58.0 3 53.0 2 ig.0 2 15.% 12 15,0 2
11 5.1 250.0 0.0 2.5 13 57.5 2 22.5 2 13,0 2 13.5 2
12 8,5 275.0 0.0 66.5 3 60.8 3 31,5 ¢ 12,5 1 10,5 1
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Table B98. 7THU-4: Smoothed posirion of layers heneath shotpoints and

{eaphonas,
Layer 2 Layer 3
5P Posit:on Sutface Elev Depth  Elev Depth  Elev
(ft) {ft) (ft) (Ee) (%)

A =10, 5.8 5.0 G.8 7.1 -71.3
M 137} 7.8 6.8 1.4 56,9 —49.1
B 285.¢ 8.5 3.9 4.6 55.3 -46.8
Geophone

1 g.( a6 5.8 0.8 76,13 -63.7

2 25.¢ 7.4 10,2 =3.2 1.4 -84, 4

3 s0.¢ 7.5 10,8 -3.3 b6, 6 -39.1
4 75,0 B.O 9.9 -1.9 bi,8 +~23.8
3 10a.c 1.7 6.4 1.3 63,2 -60.3
6 125.4 .2 6,2 1.0 55,7 ~48.5
7 150.C 7.6 6,5 1.1 57,2 —49.6
B 175.C 6.5 5.4 1.1 36,0 -49.5%
9 o0, 8.5 B2 2.3 57.7 —49,2
10 225.C 4,3 2.2 2.1 54,2 ~49.%
11 250.C 5.1 1.8 b3 53.6 ~48.5
12 275.4 8.5 4,1 4.4 3.3 =47.0

Layer 1 Layer 2 Layer 3

Yelocities usnd: 1379, 5227, 9743,
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Tahle BYY%, THC-5: Shotpolnt information, geophone data, and arrival times.
Times are in msec.

5P Eley X Loc ¥ Loc  Depth
(fe} (fr) (fr)y (fy)

F B.S -25.0 0.0 0.0

A 7.5 -10.,0 0.0 0.0

M 5.7 140.0 10,0 0.0

B 6.1 285.0 0.0 0.0

R 6.3 0.0 0.0 0,0
Geo Elev X Loc Y Loc SP F 5P A 5P M s5p B 5P R

(ft) {(fe) (fr)

i 5.4 0.0 Q.0 12.0 2 10,0 1 34.0 2 52,0 3 4.0 3
2 4.9 25,0 0,0 16.5 2 2.0 2 28,5 2 50.% 3 52.% 3
3 4.2 50.0 3.0 23.0 2 15.0 2 21,0 2 48,0 2 0.0 3
A 4.8 75.0 0,0 25.0 2 16,3 2 18,0 2 41,8 2 4.0 2
5 5.4 100,0 0.0 28,3 2 20,0 2 16,0 2 39.0 2 42,0 2
& 5.9 125.0 0,0 3.5 2 25.00 2 14,0 1 37.3 12 40,0 2
7 6.4 150.0 Q.4 41,2 2 43.0 2 12.5 1 33.0 2 35,3 12
B 1.0 175.0 0.0 45,0 2 45.3 2 1.5 2 22,0 .2 2
9 7.0 200.0 0.4 49,0 2 48.0 2 23.0 2 18,5 ¢ 8.0 2
10 6.4 225.0 0.0 32.0 3 50.0 2 25%.% 2 15.3 2 25,0 2
11 0.3 250.,0 Q.0 57.2 3 54,0 3 31.0 2 14,2 2 17.4 2
12 6.1 275.0 7,0 60.0 3 54.5 3 33.5 3 1¢.6 1 13,1 2




Tahle BIOW, 1THC-%: Smoothed posicion of layers beneath shetpoints and

peocphones .
Laver 1 Layer 3
5P Positivn Surface Elew Depth Elew Nepeh Elew
{(ftd (fed ff1) iftd {(fr3

A -10,40 I.5 5.3 2.2 3.3 22
M 140,10 5.7 4.3 1.4 9.0 -03.3
B 285.0 B.l 3.8 2.3 9.3 -02.2
Geophone

1 0.0 3.4 3.1 2.3 1.1 2.3

2 5,0 4 9 3.3 .G ZR.b =337

3 50,0 4.2 2.9 1.3 38.9 =347
& 75,0 4.8 i.8 3.0 4bh 0 =b4] .7

3 1060 3.4 2.8 I.R 5.1 =497
f 125.0 5.8 3.7 2.2 04 ] =58.0

] 150.0 a4 5.5 0.5 73.1 -bb.7
2 175.0 7.0 5.2 .8 B5.7 -iR.2
9 2000 F.0 5.0 2.0 105.3 -98.13
10 225,00 LI 4.8 1.6 2.3 -75.9
11 250,0 6.1 5.1 1.2 59.7 ~83.4
L2 275.0 6.1 3.8 2.3 91.0 -09.9

Layer | Layer 2 Laver 1

Velocitdes used: 1096, 3633, 12361,
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Seratigraphic secton at D5-3 drill site.

O——“

DEPTH (ft.)
5

l
1Y
b

HARD LAYER

1.

Washover unit. Dark brown to

black soil zone containing 30 to
40% foraminiferal sand with 60 to
70% medium to coarse pebbles and
rare gmall cobbles. Reot
fragments and ToObt casts 4re
COTmOon .

Washover wunit. light grey to
white zone composed of 20%
foraminiferal sand and 80%
medium to coarse pebbles wicth
small cobbles. Sharp contact
with the underlying scratigraphice
unit.

Beach unit. light pink 7one
composed of foraminiferal sand,
layers 3 to 4 inches thick
alternating with 1 inch layers of
fine to very fine coral pebbles.

Washover unit. Grey to light
brown zone containing 60X medium
to coarse gravel and 407

foraminiferal sand as (filling.
Root fragments and root casts are
cOmmon.,

Beach unit, light plnk zone
composed  of 60%  foraminifera
sand with scattered very fine
pebbles din 3" to 4" layers.
alternating with 1" thick fine
pebble layers.

Washover unit, light pink zoene
composed of 60 fine to very
coarse pebbles with scattered
small cobbles and 40% foraminifera
sand filling spaces hatween
pebbles.

Washover unilt. light pink zone
composed of 60% fine to very
coarse pebbles with scattered
small cobbles and 40% foraminiferal
sand filling spaces hetweean
pebbles. This zone 1s lovsely
cemented.

Light pink =zone containing HO%
foraminiferal sand wicth 1" thick
discontinuous fine to very fine
pebble layers.
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Stratiyraphiic secrion at DE-4 drll] sive.

l. Beach unic. light rink
foraminiferal sand with scatcered
angular fine to medium pebhles,
Pebblea meke up KL KA af
distributicon,

2. Beach wnit. light grey layer
composed of fine ta med{um
pebble-sized angular coral
fragments and purple  echinaid
spines.

i, Washover unit. 1light pink laver
of foraminiferal sand with rare
fine to very fine pabbles,

4, Washover unit, lighe grey te white
zone composed of cobbles and
pebbles, Sand present &as Space
filling., The lower contact is a
distinct boundry,

5. EBeach unit. zone composed of sand
with 30% fine to wmedium angular
coral pebbles,

6. Beach unit. light pink
foraminiferal sand with scattered
small pebbles.

7. Beach wnit. light grey to white

'II”‘[J” ‘ layer with fine to medium corval

| l fragments and echinold spines,

B, Beach unit. light pink
foraminiferal sand with scattered
gemall pebbles,

9. Begach unit. light grey to white
layer with {fine to medium coral
fragments and purple echineid

Pl

PR

=

é spines.
u 10, Beach unit. light pink
foraminiferal sand with Tarc

scattered small pebhles.
11. Washover unit, zone composed of
0%  angular coarae pebbles with
. sand between larger particles,
2 12. Washover unit. zone composed wof
R angular cobbles wicth sand and small
-?_:T:;f:}' pebbles filling spaces. Oceaslonal
HARD LAYER small houlders,
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Stratigraptic sectlon at A6 test plt.

O == 1. Washover unit. dark brown to black
sail zone contalning 30%
foraminiferal sand sand 70% medium
to coarse pebbles with common small
cobbles. Roots and root casts are

COmmMon .

TR

| O]

Washover unit. light grev roue
composed of 35 to 40% foraminiferal
sand and A0 to 65% medium to conarsc
pebbles with common small cobbles,
Raots and rtoot casts are less
abundant,

3. Beach unit. light pink  zone
composed of alternating  3"-4"
layers of foraminifera sand with "

A . to 1.5" well-sorted, very fine
B ALV ILIN pebble layers. Pebble layers dip !
WA AL AL AL te 3 degrees toward Southeast.

s 2" o?
fa [ -

- -
- " #_B 8
LY L] . b4 *

o ety .o'o'..t't' o':_.'

PR 4, Washover unit. light pink to white

W s ® an ¥ aa?

I o P zone containing angular medium to
'o"-n.-c:a-.t

DEPTH (ft)

iy very coarse pebbles with cobbles.
foraminiferal sand filling spaces
berween larger particles.

5. Beach unit. light pink Zone
composed of alternating  3"-4"
layers of foraminiferal sand with
1" to 1.53" thick well-sorted, very
fine pebble layers. Pebble layers
dip 5 to ? degrees toward

& Southeast.

6. Washover unit. light grey to pink
zone composed of 60% angular coarse
to very coarse pebbles and abundant

g cobbles with rare small boulders.
::;4 e . Foraminiferal sand COmMpOSES
e P S T HARD LAYER  remaining 40% as space filling.
=_l' I I ) T A - L
— I T 4 L

7#53 o e e 7. 1light pink foraminiferal sand with
e e S i gcacttered very fine to medium

pebbles. Pebbles compose 20 to 30%
of the distribution.



Stratigraphic section at Pz—1 drill site,

Lot

0

DEPTH (ft.)
]

)
)

HARD L AYER

Dartk hrown te hlack sotl
2one composad of large
cobbles of angular weoral
fragments in grain
supported matrix. FPebbles
and sand ate found filling

spaces betwean larger
particles, Roats are
abundant.

Light pink o grey zone
compased of large cahbles
of anpular coral fragments
in grain supported matrixz.
Pabbles and sand are found
filling spaces between
larger particles. Noots
are Tare,
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Stratigraphie section at Pz-2 drill site.

0

1
i}
L

SEILRCRTLELTTRON SRR FSEONIY

DEPTH (ft)
»

[]
4

HIHHHHR

|
1
|

HARD LAYER

Dark hrown soil zone
composed of cobbles and
small boulder size angular
coral fragments iIin grailn
supporcted matrix. Pebbles
and sand are found as
fillings. Roots are quite
large and very common.

Light pilnk to grey zone
compoesed of cobbles and
small bouwlder-size angular
coral {ragments 1in grain
supported matrix. Sand is
more abundant in this zone.
Sand and pebbles are found
filling spaces between the
larger grains. Roors are
qulte rare.



DERE
brill Site: Ds1
Core Diameter: 1" and splic-

gpoon
Total Core Recovery: O

ISLAND DRILLING LOC

Drilling Dates:

o

20 and 21 February

Total Depth Drilled: 15 fr.

Depth Frum Surface to Hard Layer: not found

Depth Fun
{Below Hard laver) No.

Recovery
(£E)

Drilling Characteristics

15 £t from sirface l and 2

i}

unconsclidated sediments;
Primarily Baculogypsina
and calcarina sands; Core
drill amd spllt spoon
sampling not successful:
excessive caving atd
saturated sediments.
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Drfi} Site: DS2

Core Diameter: 1" and split-

spoon
Total Core Recovery: O

DEKE ISLAND DRILLING LOG

Drilling Dates: 25 and 26 February

Total Depth Drilled:

15 ft.

Depth From Surface to Hard Layer: neot found

Depth Run Recovery Drilling Characteristics
{Belew Hard Lavyer) No., (ft)

0-15" 1 0 Uncensclidated sediments;
primarily Baculogypsina
and calcarina sands; core
drill sampling not
successful.

from 5-7' below 2 2 split spoon sample of
gurface sed{ments collected by

driving sampler intao
sediments at base of pipe
mount casing; sediments
were from caving of hole

after core drilling
attempts; z samples,
taken-at upper 1' and
lower 1°' of  sanpled
section. Lower 1

sediments contain more
small to medium pebbles,
which were near water
table,




DEEE ISLAND DRILLING LOG
Drdll Sice: NED Drilling Dates: 3, 5, &, and # March
Core Diameter: 1" Total Depth Drilled: &l fe.

Toral Core Recovery: 15.5 ft. Depth From Surface to Hard Layer: 7.5 f{t,

Depth Bun Recavary Nrilling Characteriscice
{Balow Hard Liyerz) Ko, (fe)
0--5 1 4.7 very hard drilling; no

cavities; few natural
breaks; cowmpact Treocent
reaf with cemented
Baculopypeina and
calcarina sands;
ancrusting foramloifera,
Tridacna shell, Verv
aparse coralline algae.

5=10 2 1.3 0.5 ft. hard drilling,
brake thru hard layer and
lost circulation; 1 ft
sandy pocket ; rasv
drilling with Same
erunchy drilling (sand or
pravel 1.

10-1% 3 0.8 2 fr, easy drilling; 3
ft. of easy drilling with
medium hard lavers of 1
to 3" thickness; 73 psi
for easy drill and 100
psi for Mharder drilling
{marine puop).

L5-20 4 1.0 l ft. cave in with
posegible sandfgravel;
cagy drilling with few
pedinm hard thin layvers;
50-h0 psil (marine pump).

20-25% 5 1.4 2.% fr of cave 1o with
possible gand/gravel;
easy drilling with thin
medivm lard  layer and
hard laver at 22 ft.
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Drill Sice:

Core Dismeter: 1"

Total Core Recovery: 15.5 ft, Depth From Surface to Hard layer:

D53 contloued

DEKE [SLAND DRILLING LOG
Drilling Dates: 3,

Total Depth Drilled:

%, b, und ¥ March
ol t,

7.5 fe,

Depth
(Below Hard Lavear)

Run
No,

Recovery

(£t}

Drilling Characteristics

25-30

30-35

40-45

45-51

10

1.1

0.5

0.8

2.5 fr of cave 1in with
possible sand/gravel;
there was 8" hard (coral)
in caved material;
alternating aasy and
med {um hard layers
ranging from 2-8" thick;
95 psi (marine pump).

5 ft. of cave-in, feels
like gravel-drilled pipe
to startiag depti; very
easy driil from 30-35 {t.
with Lhin crunchy lavers;
75 psi (marine pump).

hele closed from 27 to

29 ft., gravel (7) and
open from 29 to 34 Et; i
ft easy drilling; 4 ft of
alternating Basy and
medium hard drilling; 65
psi (marine pump).

lole closed from 26 to 29
ft, gravel {?} and partly
to mostly open to 40 ft;
alternating easv drilling
and thin medium hard
layers.

back filled to 27 ft with
few open pockets ro 45
fr.; 2 ft easy drilling
with 4 thin hard layers;
3 fr alternating casy to
thin medium hard lavers;

1 ft of rough bouncy
drilling; 55-60 psi
(marine pump}; possible

facies change at 51 ft.
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R, THALAND LI ING Lok
Brill Hlte: D53 tontinued Brilling lates: 3, >, A, and B Moach
Core Diameter: 1" Total Depth Dritled: 61 LL.

Total Core Recovery: 15.5 ft. Pepth From Surface to Hard Layer: 7.5 Ft.

Ttepth Run Recovery Driiling Chearacterlsrics
{Below Hard laver} HNo. {Et}
51-61 11 2.7 back filled at 25 ft. and

34 ft. with few gpen
pockset to 51 fe.; 2 frt.
medium hard drilling =t
400-500 psi (freshwater
pump}; 2 fr. altevrnating

medium hard and  eawy
drilidng layers; o 1.
nletrrnating thin wverw
hard and easv driliing
layers; & ft, altermating
easy drilling and thin
medium hatd layers at
70-75 pei (macine pumpl);
Halimeda rich facies.




300

NEKE [SLAKD PDRTLIVENG LG
Drikl Sice: DNE& Drilling Dates: 12, 13, aud 14 March
Core Dilameter: 1" Total Depth Drilled: 70 ft.

Total Core Recovery: 15.3 ft, Depth From Surface to Hard Layer: 10 fr.

Depth Run Recovery Drilling Characteristics
(Below Hard Layer)} Ko, (fe)
0-4.7 L 1.5 hard layer 2.7 it thick,
with hard to wvery hard
drilling; lose

circulation below base
hard layer; pocket of
Calcarina sand with few
rough spots {sandy laver
with cobbles); 5¢ psi
marine pumpi: hard layer
material similar to D53,

4.7-9.7 2 2.2 Easy drilling with few
thin medium hard te hard
layers and rough spots.

9.7-19.7 3 g.8 Fasy driiling with $-8"
hard layer and few rough
sSpots.

19,7-29.7 4 Q.9 backfilled 0.5 °t,
possible sand/gravel;

alternating easv drilling
with medium hard layers;
few thin (1 to 2"} hard
layers; few small crunchy
zones-like gravel; 80 psai
{marine pump).

29.7=-29.7 5 1.5 hack f11led 10ft.,

possible sand and gravel
with few protrusions wall
of along hole; alternacing
easv driliing and thin
hard layers; & ft. rough
bouncy drilling with few
rough spots from 4-10 ft,
of run.



Orill 5ice: 054 continuad
Core Diameter:

Tatal Core Recovery:

DEKE ISLAND DRILLING LOG
Drilling Dates:

Total Depth Drilled:

i

Depth From Surface to Hard Llayer:

Recovery

(ft)

Drilling Characteristics

Depth Run
{Beclow Hard Layer) No.,
39.7-49.7 ]
49,7-59.7 7
5¢.7-60.7 a

2.0

2.2

4.3

backfilled to 30 ft.

ievel, rough crunchy
material like pax grawel;
at 38 ft. sandvy (saft);
2 fr. of easy drilling
with few ‘thard layers;
6 fr, =alternating easv
drilling and medium hard
tayers with some rough
bouncy drilling, change
in facies-Halimeda rtich;

50-65 psi (marine pump).

back filled to 36 fr,
level; 2 ft. eARY
drilling with few chin
hard lavers at 5U=bhi} psi
{marine paml 2 fr.
crunchy ({pravel} and
glightly houncy medium
hard drilling; 2 {fc. of
thinly layered easy
drilling and bouney
medium to hard iayers;
4 fr. of alternating
medium hard bouncy to
hard Luvers at 70 psi
{(marine pump).

backfilled to 37 fc.
level; jammed core barrel
with calcarvina sand In
cleaning of btole; LD fE,
of altarnating easy
erunchy drilling nnd
medium hard layers with
few rough and bouncy
EpOLS; sand packing
around bit, 70-75 psei
{marine pump),
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Drill S5ite: DS

Core Diameter: LV

Total Corc Recovery.

3.8 ft,

DEKE ISLAND DRILLING LOG
Brilling Dates: 14

Tocal Depth Drilled:

Depth From Surface to Hard Layer:

March
i7 fr,

.4 fc.

Depth
{Below Hard Layer}

Aun
Ho.

Bacovery

{fr}

Drilling Charactetristics

0-1.8

1.8-6.8

6.8-16.8

l

1.8

2.0

hard layer, very hard
Arilling; rough and
bouncy; difficulry with
drilling =2t 1.8 ft,, wvery
rough drilling; hard
laver material similar to
D53 and DE4,

very hard drilling in hard
layer; broke thru at 4

ft. and lgsar clrculaticon,

recovery from run all

hard layer material;

below hard laver easy

drilling f{sand).

backfilled 2 £t.,, to
lower level of haed
layer, 4 fe.; 10 fr. easy

drilling with onaly one
med ium hord laver
(fragment of Tridacna
ghelld: gand packing
around bic, VEeryY
difficult to Tatriewe;
after pull-cuc, hole
caved in te hase Thard

layer.




Nrill Site: P51

Core Diametsr: 1/2"

Total Core 3lecovery: 2.7 ft,

DEKE ISLAND DRILLING LG
Drilling Dacen:

Total Depth Drillied:

in3

23 Tebruary

3 fr.

Depth From Surface to Hard Layer: Reef flar, I

Depth Run Eecovery Drilling Characteristice
{Below Hard Layer} Ho. (fc)
0-3 1 2.7 Beef flat at edge of

gteep sloped heach; very
hard drilling with =small
cavity at 2,3-2.7 f{r.; tap
2" core 1s 1" dianeter,
caral; Finished witi
aoaller hic, hecause 1!
bit couplar bent; Receny
reef material similar o
B53, D54, D555 cavity
area had more Heliopura
coral; did not break thru
hard layer.
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Drill Stite: PS2

Core Diam:ter: 1/2"

Total Cor: Recovery: 2.5 fr.

DEKE ISLAND DRILLING LOG
Deilling Dates:

Total Depth Drillad:

Depth From Sutrface to Hard Layer:

1 Marech

2.5 fr.

rard laver
in B83, 7.5 fr,

Depth
{(Below Hacd Layer)

Fun
No.

Recovery

(£t}

Driiling Characteristlcs

0-2

2=2. 5

1

2.0

0.5

hard laver in open pit at
DE3, pricr to cementing
drill mounting plpe;
gsurface of hard layer
emcoth and =salid; very
hard drilling: Layers of
cemented calcarina sands
and Heliopora curAal;
encrustling foraminlfera,
Homotrema, Carpentetrla
and Sporadotremsa.

hard layer; very hard,
glightly rough Jdrilling;

sand binding bic;
material Eame as In run
1; drilled thru Tridacna

shell.




DEKE ISLAND DRILLING LOG

bDrill Site: P53

fare Diameterr: Lf2"

Brilling Dates:

Total Depth Drilled:

I

11 and 14 Hareh

B ft.

Tocal Core Recovery: 4.9 ft. Depth From Surface to Hard Laver: 3 frt.

Dapth Run
{Below Hard layer} HNo,

Recovery

(fe)

Drilling Charactcri=tics

Surface sedinents

a=1.7 1

l.7=-3.5 2

k.5

1.7

sediments arc g?hvel and
white sand with surfarce
sofl laver of 3-4", beds
of cobble and sanmd, then
sand, with layer of larpe
coral clasts mnear hard
layer vontact;] fresh
water ponded on surface.

hard layer; smooth
gurface with no wvisiblae
breaks or cavitles; wverw
hard drvilling; Lalcarina
sands and Helicpora
coral, very Yitple
coralline algae, mollush
debria, coral Interstices
infilled with white "mud";
hard layer material
3imilar to DRS3, D54, D55,
and P51, PSZ.

hard layer with hard e

medivm  hard  drilling,
alightly rough in spota;
Calcarina sands, abundant
Helicpora coral {medlum
hard) which is bored and
infilled with whilte
"mud"; coral nat in situ;

lower & is _nﬁnstly
cemenbad faraminiferal
sand LCalcarina,

Baculogypsina, and  few
Amphistegina).
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BEKE IELAND DRILLING LOG

Prill Site: P52 contcinued

Care Diameter: Lf2"

Total Core Recovery: 4.9 ft,

Drilling Dates:

Total Depth Drilled:

11 and 14 March

B ft.

Depth From Surface to Hard Layer: 3 fr.

Becovery

tfe)d

Drilliﬂgrﬂharacteriatics

Depth Run
{Below Hard Layer} HNo.

3.5-5.5 3

515_?15 £|.

1.2

0.5

Yard layer with hard te
medium hard drilling and
few eagy drllling spots,
Blightly rough driiling
in apots} lost circulation
at 5.3 fr, hase of hard
layer; cemented Calcarlina
Band , appeara bedded
frapgments of ercded

Heliopora.

Alternating easy drilling
and hard to medium hard
layers, below hard layer:
Heliopora coral and
cemented fine grained
rubble, encrusters; no
Calcarina sand; water
bubbling and “hissing"
out of hole,
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DEKE ISLAND DRILLING LOG
Drill Site: P54 Drilling Dates: 15 March
Core Dismeter: 1/2" Total Dapth Drilled: 5.5 fr.

Total Core Becovery: 1.6 fe. Depth From Surface to Hard Layer: 3 ft.

Dapth Rua Recovery Drilling Characteriatics
{Below Hard Layer) Ko, {fr)
J=1.5 1 0.8 hard layer, very hard to

hard drilling with few
rough spotes; hard layer
about 1.5 ft. thick:
cemantad fine grained
gediments with rubhle,
COATER qand, aonme
Calcarina sands, and
corelline  encrustations
on coral fragmente] mayhe
bedded.

1.5-3.5 2 G.5 Alternating layers of
pagy and wmedium  hard
drilling; coral and
cemented Calcarina sand.

3.5-5.5 k! 0.3 Easy drilling with few
rough gpate {coral
rubble); porzible

sandfgravel layer; water
bubbling and “hissing"
out of hole,
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Drill Site: PS5

Core Diameter: 12"

DEEE ISLAND DRILLIRG LOG

Drilling Dates:

Tocal TDepth Drilled:

16 March

& ft.

Total Corw Recovery: 0.2 ft. Depth From Surface te Hard layer: about 4 fr.
Depth Eun Recovery Drilling Characteriscics
{Below Hard Layer) HNo. {(ft)
0=4 1 0.2 Drilled into surface of

caro plt; surface hard
layer, top slightly
irregular with coral
rutble and encrusting
coralline algae; &'
modetrate drilling,
remainder easy drilllog;
lost circulation at i.B
ft: water btubbled ocut and
stood above hard laver:

core contained coral
fragments, Helioporua.

Porolicthon {ragment, no

cementaed sand.
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Sleb Sample: Fi: |-1

Field Relak:ons!: Sample was taken frem the reef flat surface at the
junction of two [racturas, approximately 1200 feet along traverse .

Comnstituentn: Predominantly Acropora (im growth position?). the lower
portlon 1s encrusted by corallipe algae, Homotrema and Sporadotrema,
Below this encrusted zone, infilling of the coral has taken place.
Above the encrustion are several amall pockets wirhin Aeropera that
contaln sand fiil, This sand fill consists mainly of Baculogypsina
{about “lmm 1in longest dimenslon}, coralline algae, echinoid
spines. Calcarina, and fine-grained cement. Acropora coral pieces are
alsc found disperaed throughout (4 to 5 mm in diameter}.

Geometry, aorting ete. The sands are poorly sorted and some clagts are
large, the Llargest being echineid spines and Acropora branches.
Orientaclon of grains 1s random, suggesting litrle or ne reworking.
larger gralns are not in contact, but separated by the finer foram
gand aid cement, The infilled sediment below the coral and encrusted
layer .8 clearly a skeletal gralnatone.

Some worm horings with yellow-btrown rings are found in coralline algal
string:rs (encrusted zone). Worm borings and other biceresion is
commen aleng edges with fewer horings in center.

Vugs zre less commen than on most other reef flat rocks; highly
cement:d. Coral geometry suggests a growth position with encrustacion
before aediment influx took place.
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$lsb Sample: PG 3-2

Field Relation: Cemented rubble ridge 25 feet seaward from the tae af rhe
beach .

Constituerts: Pocillopora is main constituent. Other corals, Acropora and
Forites, are also present. Coralline material a=z 2 whole makes up
about 60% of the rock. Baculogypsina, Calcarina, and coralline algae
are lopsely cemepted between 1nterstices of coral. Minor grain
compcnents include echinoid spines, Homotrema, and benthonie forams.

Geometry, sorting, ete.: Coralline tubble and dinterstituricnal grainstone
lack an obviocus arrangement. Sorting in sande is minieal. The foram
grairstone portion is within the .75-1 mm size range; where as the
coralline algae iz commonly 2 mm or more in diameter.

Poroeity mey be as high as 20-25%, due to general lack of cement. In
Addition, unfilled borings in the coralline material adds te the
poresity,
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Slab Sample: PG 4-1

Field Relaticn: Sample taken on reef flat, about 45 feet along traverse 4
in & butress zone elevated above remainder of the reef flat.

Constituents., Similar graina as seen in PG 11-2B; the foram Calrarina
dominates over Baculogypsina. However, the major copstituents are
corals: Acropora, Hellopora, and other undifferentiated corale (20
to 30 percent of the slah)., Goralline algae 1s alsc common (10 to 20
percent). The remainder of the rock is foram sand tightly cemented
with cryptocrystailine carbonate (30 to 40 percent of the wvolume},
Porosity constituents about 10 to 20 percent of slab. A minor
component of the alab includes Homotrema, which is dispersed as
detrital grains throughout foram sand areas. Cerithid gastropods,
bivalves, and other gastropods are mncomen in the cemented foram sand
and are volumetrically unlmportant.

Geomecry, sarting, ecc.: A& grailnstone ocn twe scales typlifles PG 4-1,
Size of claata are generally smaller thar FG 11-2B; they are usually 5
mm in dimmster or width., However, scme larger pleces of coral ave
present but not Ccommon. Cryptocrystalline carbomate or cement
characterizes some sresse. This can be observed moat readily in the
area surrounding partially filled wortm burrows.

Mo unusual arrangement of pgrains; sorting is minimal with sand (lom
and less) fi1lling intersitices between larger grains. Shelter
porosity is common with cther porosity types found as vugs or borings,
which ste partially filled with foram sand and coralline algal debris.
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Slab Semple: PG 5-2

Fiald Relation: Sample caken from edge of reef plate between Pingelap and
Deke islands. Portions of plate extend as fingers, lagoonward,

Constitueits: Acropora coral (not in situ} has been intensely blo-eroded,
prodicing poresity of 10-15%, and perhaps higher than normal
perm:zbility, especlally where larger borings are Interconnected. The
larg: worm borings, up te 8x> sm, are usvally infilled wich mud, Some
of these show excellent geopetal structurecs, The exterior portion has
small borings but with much closer spacing. The bioc-eroded surface Is
blactish to yellow in coler. Boring by Lithophaga bivalve,

Geometry, sorting, etc.:! Coral ehows extensive replacement by infilling of
boriags with yellow and white mud. Structure of coral mostly altered,
Larg=> borings show several generations of fine sediment infillinp and
cemeitacion.
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Slab Sample. PG 6=1

Field Relat:lon: Sample teken on the reef flar along a fracture edge.
Surfaes of the specimen was covered with a filamentous algal mat and
ahundant forams. Locatlon appreximately 1700 feet along transversc 6.

Conatituent;;: Acorpora coral is the wmajor constituent, pesslbly  1n
growth pesition, Coral material is truncated in part and abutted with
obvicus detrital grvainsg consisting of coralline algae ({some round in
ocross saction and chalky white) and forams (usually ne more than 1 mm
in greatest dimension). Coral fragments, approximately the size of
most of the coralline algal fragments (3 te 5 mm in diameter), are
commen in this deecrital wixture, Encruscing forams; and Tobpora coral
are falrly sparse. Extericor adge of alab shows some algal lamiparions
with mlnor worm borings.

Geometry, anrting etc.: Coral 18 poasibly in situ, where as, other grains
have bean transported; alighr indication of imbrication towards the
center of tha slab directly above the coral mass. Sorting ia poor
within the detrital cor grainatone portion.
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Blah Sample: PG 72

Fiald Relatfon: On outer reef flat within an expcosed buttress zons. Theate
ara woma raised algel(?) polygonal networks within vicinity of
sampling site,

Conatituents: Tranaported Acropora coral and other corals are major
conutituente, Vuggy poroplty is commonly very large (5-7 wm in width
and up te 3 em in lengeh). Moat of the vugs are open, those that are
pariially filled contain cemanted coral fragmente, Baculogypsina,
carithid gastrepods, Sporadotrema sncrustations, and echinoid spines.
Grains average 1 mm to 2 me in size. FEncrusting coralline algae
apptars as etringera scross slab, commonly 2 mm wide, buc up to 4 mn
ot ¢lightly larger.

Ogteide of wvugs, echinold spines, Sporadotrams and other forams are
common but are rarely in grain to grain contact. The majority of the
alat is a coralline boundatone, with grainstons ineide of the wvugs.

Worrs boringe are commonly f£ijled with wvery fine, white mud, A&
concentration of yellow to brown ringed borings is found wichin the
white stringera of coralline algae, othervise bhorings may be filled
and lack color banda around the perimeter.

Geometry, sorting, etc.: Sorting 18 good in the coaree sand that infills
vuge. In the massive portioms of the mlab, sorting is not much of a
factor, since there are only a few forams and pilaces of coralline
algee. Thepe grains appesr to be distributed randomly. The slab is
tightly cemented.
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Slab Sample: FG B-1

Field Relation: Sample taken on reef flat, about 1,000 feet along traverse
B on seaward edpe of & cemented rubble lobe.

Conscituents: Helipora and Acropora corals conatirute about 25% of sample.
Both coral types show boring by blue-green algse and some of the bores
arae Infllled with light (very white) mud.

Sanda filling intersticea makes up about &0% of rtock. The larger
coralline algal pieres, takem as a single component make up 10-15% of
the rock volume, The coralline algae is found as solid cylinder or as
an encruster (most pieces are 1| mm thick zones with yellow—brown
ringed worm borings). The sande are finer grained (.5-.75 mm)
compared to most other reef flat  rubble zones, Calcarina,
Baculogrpsina and coralline algae are the most comeon sand components.
In additien, lesser amounta of echinold sapines, and Homotrema are
present .

Geomectry, 8so:rting, etc.: Individual lenses and pockets of sand are,
relacively, well sorted. Fine white carbsnate cements are pervasive
throughout, especially in coralline algal/foram sands (grainstoned.
Thia szmple of rubhkle zone prainstone can be considered as Miwo
grainstones in one™ - lerge grains and a finer grained sandy portion
which f:.1ls the interstlces between larger grains.
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S1lab Sample: FG O]

Field Relai:ion: Sample taken on reef flat area within a buttress zane,
appro:imately 45 feet alang traverse 9,

Constituen:s: Acropora coral makes up about 0% of slab. Heliopora coral
nas been encurated (<30%) and then overgrown by hcropora. Both corals
are apparently 1im  growth position, a fine grained {oram
(Baguiogypsina, Calcarina, &nd Homotrema) grainstone £ills the
interitices of chalky, white coralline algae. This filling 1s in
abrup: contact with Acropora porcticon of slab., Bicergsionm around the
outelile portion, probably by blue-green algae and worms 1s very
prevalent.

4 simiiar slab for thin sectioning of BG 9-1 revealed a control that
worm jurrows had on arrangement of varlous constituents. The zome of
white coralline algel encrustztion on Helicpora and through parts of
the Acropora mass had yellow-brown filled and unfilled worm borings
{.5% to .75 mm in dismeter} that are limited only to this surface.
Larger worm borings are infilled with mostly well cemented Eoram
gralnztone (very fine .75 mm or less in diameter). Since most of the
slah 1is coral, small peortions show a tendency towards gralnstone.
Cementation 1s wood and corals sppear to be highly replaced.
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tlab Sample: PG 11-2B

Field Relation: Collected on a cementad rubble ridge apron, at 1& cm ahove
low tlde water level,

Congtituents: Focillopora coral rtubble makee up 30 to 60 percent of the
slab, Other large claats, which consetiture 10 re 2} percent of the
slab, include echinoid spines, and coralline algae. Sands found
between coral branches are mostly foram sands, dominanted by
Calcarina. Baculogypsina 1s present but subordinare to Calecaripa
sands. FRarer constituents include Caulastraa coral, Heliopora coral
and forams Hetercsategina and Homotrema,

Geometry, sor;ing etc.: The arrangement of the rubble grains is chacric
with an imbrication of coralline material. These larger coral clasts
are 5 to & mm in narroweat dimension and about 10 to 20 mm in che
longest Jimension, Foram sand between the coral is typically 1| ro 1.5
mn in size, dependent on foram species.  The whole rock can be
conglder:d a gralnstone; both larger clasts and octher sand filling in
interstices,

Porosity 1s found in varlous formsi mostly shelter, intraparcicle (in
corale), and wuggy. ALl these poroasity typea combined produce 10 to
20 perceat total porosity throughout the whole slab.

Boring algae has contributed to the porosity of the slab, cthie is mo=st
notlcabls: as a red outline at the upper most portion (edge} of the
slab. In additiom, many of the corals have been bored hy other
bicercders and refilled with sediment.

Cementat lon 1s rather good even though thils marerial is from a rteef
flat rutble zone, Iunituazlly most rubble was friable and currently
this sam>le iz 1in later stages of cementatlon,
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Slab Samile: FPOA J-A

Finld Relatione: Abandoned caro pit on Deke laland. The surface of "hard
1ay€?“ ia vary unaven as opposed to other aurfacesa in tara plta. The
irragularity of the surface 1s poseibly defined by patchy cemetatlvn
of :parse rubble.

Constitu:=nts: Porites? coral head, probably in growth position. The foram
samis around the coral base are acereted onto the periphery of the
coral, The sand fraction 1is dominated by coralline alpae
{Porolithon}, Calcarina, Baculegypsina, coral (ragments, echinaid
splie fragments, Cerithid gaatropeds, and Homotrema, Serpulld worm
tub:s are present on base of coral.

Geometry, sorting, etc.: The foram sand is well sorted with a # range from
0 to .5. This sand fa loosely cemented, for the most part,
Arrangement of foram grainstone or sande suggests materlal filtered
dow: to baame of coral and filled imterstices before eventually
completely burying coral. Scme minor worm borings 1o the coral
contribute to porcalty; However, most ia intraparticle and shelter
poriaity within coral and at base of coral, respectively.
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Slab Sumple: FGA OB

Field Relation: Sample taken from a tare pit on Deke Island. Collectien
of sample was from 12 cm below surface of "hard layer'. Coral heads
were found within a coatse macrix of cemented debris.

Constltuents: A large Tridacna bivalve is encrusted and bored. The outer
encrustation is a similar material which f1lls a large bore. The
Tridacna was bored prier to burial with a detrital material which
filied voids and accreted around the shell. Most of this material is
a detrital sand dominated by Calcarina, Baculogypsina, corallline algae
and lesser amounts of Homotrema, Marginopora, and echnieid spines.

Ceomatry, sorting, etc.: These sands can be classed as an algal/foram
grainstone. The average graln size is controlled by foram test size
{ususlly 1 to 1.5 mm). BSome of the coralline zlgal gralms are larger.
This cemented sand makea a very well Indurated rock,
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slab Sample: PGA-T

Field Relac{on: A cemenited layer 30 em below the floor of a double tara
plt on Deke Island. The upper zone above the layer has 5 ¢m of clean,
foram sand. The slab surface 1s pgenerslly smooth with a slight
undulatory rvelief. This "hard layer" Is exceptionally hard below the
uppermost layer whilch Iz chalky, bored, and lacks any indurated crust.
The rTock surface was covered with abundant btulbous coralline algae
aleng {Porolithon), with Helicpora coral and other small coral
fragments.

Conatituants: Most of the corals show evidence of transport and are not in
gro<th peosltion, They constitute the major component of the slab.
Coralline cslgae, seen as vound to elliptical, chalky white masses ave
alsx prevalent. Towards the center of the slab 15 a foram grainstone
that f£ills the interstlices between the larger coral mass. Echinoid
splies and Homotrema are interdispersed throughout.

Geometry, sorting etc,: The foram grainstone percion is gererally poorly
sorted with the exception of a few "clean" zones with ¢ range of 0.0
te -0,5, Imbricaticn, especially in the fovam gralnstone suggests
flos from left to right,

Forasity 1Is malnly wvugey with average wvugs rarely more than L.5 or 2
mn in diameter, However, gsome large wugs up to 5 mm wide ococcur.
Intraparticle porosicy is well developed in most foram tests and to a
lepsier sxtent in corals.

Thi: sample 18 In a very indurated condition and countains very Fine
cem:nts, Although some wvugs are commen in places, overall this slab
has lese pore space than most rocks found on the reef [lat which
contaln detricus or rubble,
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Slab Sample: FGA 10B

Fleld Relatiom: Sample taken at D-1 site. Thin layer with a fairly sharp
contact, level rop that grades inte gravel and an uncemented zome.

Constitusnta: Well cemented Acropora coral head, in possible growth
poaition. Coralline algae encrusts exterier of coral. Few small
borings it edges of coral, generally not filled.

Geometry, so:ting, etc.: Porosity 1s malnly intraparedicle.
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Slab Samp..e: PCA 134

Field Relution: In a hand-dug pit on Deke Island. Sample was extraccted
from a cemented laver that appeared to be disconcinuous unlike the
typical "hard layer™ that commonly is indurated and has much greater
lateral continudtv. This lightly cemented or encrusted rtubble was
from an interval 70 te 30 cm below the water table ar low tide {March
21, .9B4), Yot all portienms of thile layer appeared to be rubble, some
evidince suggested in situ growth peslition.

Constituents: Acropora (at bottom of slab} and Favites? or Gonlastera?
conslitute the coral material which makes up the hulk of the slab,
Most corals are encrusted with coralline algae and miner Homotrema.
Ouce: edges of coral have a thin rind of accreted foram and coralline
algae sands. Worm hordnge are rarve.

Geometry ‘orting, etc.: This alab suggests in sltu growch of corals and
assc:iated encrusting algae. Although [ield observarion does wnt
sugg:st that this 4s the "hard layer" it is possibly more than
rubb.e deposit. Perhaps it is an inciplent "hard layer" in early
etagis of cementation or hae been exposed to dissolution or may he a
wate~ tahle rcemented layer. Some portions of rthe slab show wvugpy
poroiity, but generally dintraparticle poresity is prevalent 1in
Acrosora and less in the other corals,
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-
Ot to 24 Os to17?
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O Sampies trom dug pit

® Syrfoce samples

Figure Cl. Map of Deke Island showlng the location of collection sites for
sediment size analysis.

LA
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Tasle Cl, Sample no. 1: Gleve analysis.

Class Fraction Wt. Walpht Cummlative Wt.
{phil {gm} {3 (%)
=4,22 49,05 18.4 l&.4
G ~3,66 29,73 11.2 29.6
R -2, 68 24,23 9.1 3B.6
A ~-2.35 9.65 i6 42.3
¥ ~1.76 9.08 3.4 45.6
E -1.24 11.01 4.l 49,8
L -0.61 11,24 .2 54.0
-0.22 14,31 5.4 594
a 6.63 2.5 Bl.%
a.50 35.08 13.2 75.0
0.75 13.82 5.2 B0.2
3 1.75 6.28 2.4 2.6
A 2.33 24.24 9.1 91.7
M 2,74 10.04 3.8 95. 4
3] 3.24 4.22 1.6 97.0
3,74 2.06 0.8 97.8
.04 .16 0.4 88,2
Pan 4 .65 1.7 99,9

Percant Gravel:
Percent Sand:
Parcent Fan:

b LI
— im
o oa
o s =]
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Table C2. Sample no, 2@ Sieve analynis.

Clams Fraction Wt. Weight Cummlat{ve Wr,
(phi} (gn) (L) (X
-4 27 B.1 4.3 4.3
G ~3.68 23,1 12,2 16.5
R -2.68 9.9 5.2 21,7
A -2.3% 5.4 2.8 24 . &
¥ -1.76 2.6 1.3 25.9
E =1.24 .5 1.8 1.8
L -0,61 4.5 Z.4 0,1
-0, 22 9.0 4.8 .9
L 6.2 3.3 ig.2
0.50 47.1 24.9 63.1
0.75 22.17 12.0 75.1
5 1.75% 8.8 4.6 19.7
4 2.33 24.5 12.% 9.6
| 2.74 7.5 4.1 96,1
b .24 1.0 1.6 98.4
.74 1.6 a.9 59,2
.04 2.9 0.4 99.7
Fan 0.6 0.3 LoD

Percent Grasmel: 34.9
Percent Sand: &4 8
Percent Pan: 0.2
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Tatle C3. Sanple no, 3 Sleve analyais.

Class Fraction Wt, Welght Cummlative We.
{phi} {gm) (%) (%)
-4, 22 19,49 17.8 i7.8
G 1 6.2 5.6 23.3
R -7.68 11.0 9.9 33.2
& -2,135 .7 &.2 IV 4
Vv -1,76 3.8 3.4 40.9
£ ~1.24 2.9 2.6 43,5
L -0.61 3.9 3.5 67,0
-0, 22 6.4 5.7 52.7
0 3.8 3.4 56.1
.50 19.8 i7.7 13,8
0.75 9.0 B.1 8.9
s L.75 2.8 2.5 84.5
& 2.33 B.2 1.3 91.8
H 2.7 §.2 3.Aa 95.5
D 3.24 .9 1.7 97.2
T4 i.4 1.2 9.4
& .04 n,7 0.4 99,1
Pan 1.0 0.9 00,0
Fercent Gravel: 52.7
Percent Sand: hh. 4

Fe-cent Fan:
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Table C4. Sample no. 4: Sieve analysis,

Claes Fraction Wt, Weight Cummlative Wt.

{ph1} (gm)} (X) {2}

—4&,22 39.8 23,1 23.1

G =3.66 18.6 10,8 24,0

B -1.68 6.4 15.4 49,4

A -2.35 5.6 3.3 52.6

v -1.76 4.4 2.6 55.2

B -1.24 4.1 2.4 57.56

L -0.61 6.6 i.a 6L.5

-0,22 6.3 1.7 66.1

) 1.7 1.¢ 66,1

.50 18,3 19.6 76,7

0.75 12,4 7.3 4.1

] 1.75 b, 4 1.5 86.4

A 2.33 11.6 6,7 93.4

.| 2.74 4.1 1.4 95.7

D 3.24 3.4 1.0 97.7

3. T4 2.4 1.2 98.9

4.04 1.0 0.6 99.4

Pan 1.0 0.9 100.0
Percent Gravel: 65.1
Percent Sand: 4.6

Percant Pan: 0,1
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Tatle C%. Sample no. 5: Sieve analysis,

Clasa Fraction Wt, Weighe Cumnlative Wt.
(phi) {gm) (%) (%
=4, 22 68.6 27.4 244
G =3.66 52.3 20.9 48, 4
R =-2.68 24 .4 9.8 58.1
A =2.35 4.7 1.5 BO.0
v =1.76 3.2 1.3 al.3
E ~1.24 2.4 1.0 6l.7
L =0.61 f.1 1.6 63.9
=-0,27 5.1 2.0 65.9
d .8 1.1 67.0
0.50 16.2 6.5 13.5
0.75 18,4 7.3 B0.5
s 1.75 8.8 3.5 B4 .4
A 2.33 22.4 8.9 93.3
N 2.74 8.0 3.2 96.5
¥ 3.74 3.5 1.4 97.9
.74 2.7 1.1 99.0
4,04 1.4 0.6 9%.6
Pan 1.0 0.4 100.0
Per-ent Graval: 65.%
Fer:cent Sand: 33.6

Por-ant Pan: 0.4
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Tahle Gh, Somple no. b Sleve analysis,

Clasr Fracecion Wt, Welight Cummlarive We.

(pht) (gm) (%) (%)

-4,22 9.1 4.4 &, &

G -3.486 16,8 2.1 12,4

E -2.68 14,4 i%.5 28.49

A =2.35 5.0 2.4 31.3

v =1.76 4.3 2.1 33.4

E =-1.24 4.0 1.9 3%.3

L ~0.61 4.2 2.0 37.3

=0,22 .1 2.0 39.3

0 i.2 0.6 9.9

0,50 1.1 1.7 47 .6

0.75 26.6 i2.8 TUNEA

5 1.75 14,6 1.0 7.4

A 2.33 &6, 4 2.3 89.6

H 2.74 11.49 5,1 95.3

o 3,24 3.7 1.8 7.1

3. 74 <.h i.1 9B.3

& .04 1.8 0.9 8%.1

Fan l.B 0.9 60,0
Parcent Grayval: i%.3
Fercent Sand: 598
Percent Pan: 0.9
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Talble C?. Sample no. 7: Sieve analysis. Sample depch (L5 fr.

Llass Fraction Wr, Weight Cummlative Wc.

{phi) {gm} (%) (%)

-4 22 189.8 37.b af. b

G -31.6h 53.5 16.2 73.8

E -2.68 25.2 7.7 gl.5

A -2.35% 3.7 1.1 BZ.6

¥ -1.7h 2.3 0.7 £3.3

E ~1.24 3.4 1.0 Ba.4

L «0_ bl 4,1 1.2 B5.6

=0,22 4,4 1.3 Bbh.9

0 1.7 0.5 87.4

0.50 6,5 2.0 Bo. &4

0.75 ] 2.0 9l.&

5 1.73 2.9 0.9 92,3

A 2.33 10.6 3.2 95,3

2] 2.74 7.8 2.4 9.9

1] 1,24 3.4 0.9 98.8

3,74 1.1 0.3 99,5

&.04 0.7 0,2 99.9

Pan a,7 0,2 10Q.0
Pa:rent Gravel: 86.9
Pa:cent Sand: 12.9

Pe:cent Pan: 0.7



Tabls C8, Sampla no. 5! Sieve analyeis. Sample depth 1.2 frt.
Class Fracrion Wr, Welight Cummlative Wt.
{phi) {gm) (%) (1)
-4, 22 20.1 7.9 7.9

G -3.66 92,4 36,2 44,1

E -2.68 88.9 34,9 9.0

A -2.35 5.1 2.0 aL.0o

v ~1.76 2.7 1.1 az.1l

E ~1,24 2.2 0.9 83.0

L -0.61 2,2 a.8 g1.a
~0.22 2.2 0.9 4.7

0 2.1 0.8 85.5
0,50 4.9 1.% a87.4
0.75 H.5 2.6 a¢. o

5 1,15 2.9 1.1 91.1

A .13 11.4 4.5 95.6

N 2,74 6.0 2.3 97.9

D 1,24 2.8 1.0 99.40

.74 1.6 0.6 9% .6

&, 0 0.8 0.3 L

Pan 0.1 0.1 100.0
Parcent Gravel: 4.7
Percepr Send: 15,2

Parcant FPan: 0.l

331
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Tab'.e C9. Sample no, %: Sieve snalysis. GSample depth 1.3 fr.

Claas Fraction Wt. Waight Cummlative Wt.

{phi) {gm} (L} %)

-4, 22 14B8.7 4%.2 45,2

G -3.66 i .9 13.6 38,8

R ~2,68 19.7 13.6 Gi B

& -2.35 2.9 0.9 B4.7

) -1.76 2.3 0.7 &6, 4

E -1.24 3.3 1.0 67 .4

L -0.61 4.9 1.5 HR.9

-0,22 6.8 2.1 7L.0

1] 3.6 1.1 F

g8.50 32,40 9.7 81.8

0,75 23.4 .1 Bg.5%

5 1,75 9.5 2.9 91.8

& 2,31 19.3 5.9 Q7.7

1] 2.74 5.1 1.2 99,0

D 3. 24 1.1 0.3 9%.3

3.74 1.2 0.4 Q9g.7

i, Db 0.7 0.2 99.9

Pan 0.7 0.2 1oQ.Q
Percent Gravel: 71.0
Porcent Sand: 28.9

Percent Pan: 0,2
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Tahle Cl0., Sample mo, 10: Sieve analyain. Sample depth 2.8 ft.

Class Fraction Wt. Weight Cummlative Wt,

{phi) (gm) (%) (%

-4 .22 56.5 24 .0 240

G =366 ie.0 15,3 39,2

R -2,68 3l.4 131.3 32,6

& —2.35 10.9 4.6 57.2

¥ -1,76 10.7 4.5 kl.3

E -1,24 7.6 1.2 5.0

L -0.61 1.0 3.0 67.9

-0,22 10.0 4.2 F2.2

¥ 5.9 2.5 Tad

0.50 16.8 7.1 Bl.3

0.75 8.7 4.1 6.0

s 1,75 4.7 2.0 88.0

A 2,33 18,7 7.9 95.9

N 2.74 4.0 i.7 97.6

D 3.24 1.6 0,7 q8_1

3.74 1.2 0.5 a8 .8

4,04 .8 0.3 99 _1

Fan 2.0 4.8 100, 0
Percent Gravel.: i2.2
Percent Sand: 27.0

Percent FPan: 0.8
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Tahle Cil. Sample no, ll: Sieve analysiw. Sample depth b fr.
Class Fraction Wt. Weight Cummlative Wt.
{phi} {gm} (%) (%)
=-4,22 45,2 16.7 16,7

G -3.866 13.0 4,8 21.3

R -2.68 .8 11,4 32.9

& -2.35 0.3 3.8 0.8

v =1.76 7.6 2.8 39.5

E -1.24 10.3 .8 43.3

L -{.61 9.8 1.6 47,0
-0.22 18.6 6,9 53,9

] 15.0 3.0 39.4
0.a0 0.0 14,8 Th.2
0.75 23.4 8,7 87,9

5 1.75 0.3 3.8 6.7

A 2.33 27.6 10.2 a7.0

N 2.74 4.3 1.6 98,0

)] 3.24 1.3 a.6 99.1

3. 74 1.3 0.5 99.0

& .04 Q.7 0,2 00,9

Fan 2,0 0.1 100,00
Fercent Gravel: 53.9
Percent Sand: 46.0

Percent Pan: 0.1



Table €12, Sample mo. 12: Sieve analysis. Sample depth 3.8 fr.

tlaes Fracrion WE. Welght Cummlative Wr.

{phi) (gm) {%) (%)

N 43.9 24,7 24,7

G -3.66 2.2 12,5 3r.2

B -2.68 9.1 3.4 40.6

A -2.35 6.8 3,8 G4 .4

v -1.76 5.5 1.1 47.5

E ~1.24 5.1 2.9 50,4

L -0,61 14,0 7.9 58.2

~0.22 2.6 1.5 5497

] 8.1 4.5 Bi,l

0.50 25.2 14,2 8.4

0.75 g.1 4, G B3.0

5 1.75 5.0 2.8 85.9

A 2.32 17.8 10,0 85.9

N 2.74 3.5 2.0 qr.9

D 3. 24 1.3 0,7 9g.6

3. 74 1.2 6.7 G0.3

4 Dk 0,7 0.4 99,7

Pan 0.5 0.3 100.0
Parcent Gravel: 59.7
Farcent Sand: 40.0

Fercant Fan: 0.3
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Table €13, Sample np. 13: Sieve analysla. Semple depth 4.2 fr,

—_— - = mo

— [

Clasga Fraction Wr. Weight Cummliat ive Wr.

{phi) {gm} (X} (2

=4 22 67.0 3l.5 il1.5

G -3.66 15,4 7.2 kI. 30

R -2.68 15.0 7.0 45,8

A =-2,35 3.3 1.6 47,73

v =1.76 6.7 3.1 50.5

E -1.25 1.6 3.6 54,1

L =0.al 1.1 3.3 57,4

=0.22 11.58 5.5 £2.9

0 6.1 3.8 6,7

0.50 24,9 11,7 T84

0.75 8.9 4,2 BZ.6

g L.75 4.5 | B4 .7

A .33 22.12 10,4 3.1

N 2.74 5.3 2.5 97.6

T 3,24 1.9 0.9 3.5

3,74 1.3 0.6 9.1

&.04 1.1 0.5 9% . h

Fan 0.8 0.4 1000
FPercent Cravel: 62.9
Percent Sand: I8 7

Fercant Pan: 0.4
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Table Cl4, emple ne. l4; Sieve analysis, Sample depth 5.6 fr.

Claas Fractiom Wt. Veight Cummlative Wt.

(phi) {gm} (3 (%

~4,22 0.0 .4 0.0

G =3, 66 0.0 0,0 0,0

E -1.68 8.9 18.4 18,4

A =2.35 1.4 3.0 21.4

¥ =1.76 1.9 3.9 25,3

E -1.24 3.0 .2 31,5

L -0.,61 3.5 7.3 38.8

-0.22 6.3 13.3 52.1

0 2.4 4.9 57.0

0,50 9.7 20.0 7.1

0.7% P 8.1 25,2

g5 1.75 1.7 3.5 28.6

A 2.33 4.0 g.2 96.9

N 2,74 0.8 1.8 98.7

D 3.24 0,2 0.5 99,2

3. 14 0,2 0.1 9.5

4. 04 a,1 0,2 29.7

Pan 0.1 0.3 00,0
Percent Gravel: 532.1
Percent Sand: 47.86

Percent Fan: 0.5
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Table Cl%. Sample no. 15: Sieve analysis. Sample depth 5.9 frt.

———

:less Fraccion Wt, Welght Cummlative Wr.
{phi (gm} (5 (%)
~5_ 22 7 13.6 15.46
G -3.658 2.7 13.3 28.9
R -2.68 an,o 17.6 46,5
A ~2.35 6.8 4.0 5, 5
v ~-1.76 6.1 j.6 54.1
E -1.24 5.3 3.1 57.2
L -0.61 5.9 3.4 f0,7
~0.22 13.3 7.9 6R._&
Q 6.7 1.9 72,5
Q.50 20.7 12.1 B4, A
0.75 9.3 5.8 90,1
g | 3.6 2.1 9.2
A 2.23 9.6 5.6 97.B
N 2,74 1.8 1.0 §58.49
[N 3.2 0.6 iy 99, 7
3.74 0.5 3 99.9
4,04 0.4 .2 u%.H
Pan D.4 .2 1000
Parcent Gravel: 68,6
Parcent Sand: 1.2

Percent Fan: .2
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Table Cl6. Sample mo. 16: Sleve analysis. Sample depth 6.2 It.

Clase Fraction We. Weight Cummlacive Wr.

{phi) Cgm) {8 {m

-4, 22 ol.2 6.6 36,6

G -3.86 14,8 5.9 42.5

E -2.68 lh.6 6.6 49,1

A -2.35 6.3 2.5 51.7

v -1.7% 2.9 1.2 52,9

E -1.24 4.8 1.9 54,9

L -0.61 5.1 2.1 536,49

-0.22 12.% 5.2 67,1

] 6.3 2.5 64.6

9.54 25.5 10,2 74 .8

0.75 14,9 6.0 a0, A

g 1.75 7.0 2.2 83.6

.} 2.3] 8.1 11.3 Q4.8

1] 2.74 5.1 2.0 96.9

[¥] 324 4.1 | 98.6

3.74 1.9 .B 99,4

i, Q4 0.8 .3 aq,7

Pan 0.7 3 100, 0
Percent Grivel: h2.1
Percent 3ard; 37.6

Parcent Par: |
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Table Cl7. Sample mo. 17: Sieve snalyaie, Sample depth 5.1 ft.

Class Fraction We. Weight Cumnlative Wt,
{phi) {gm} (X) (X}
-4 ,22 5.7 0.4 9.4
G =3.66 b.3 10,5 19.%
R -2.68 5.7 9.5 29.4
A =-2.35 1.6 2.1 32.1
v -1.7& a.8 1.3 33.4
E -1.24 1.4 2.3 5.7
L -0.51 2.2 3.7 19,4
-0.22 5.0 8.3 47.8
] 3.3 5.5 53.3
0.50 18.1 29.9 Ri.2
8.75 i.B 6.4 89.6
8 1.75 i.2 1.9 91.5
A 2.3} 1.5 5.8 97.13
N 2.74 0.8 1.3 98.6
D 3.24 0.2 o 99.0
1.74 0.4 b 99,7
4.04 0.4 .2 94,8
Fan a,t .1 100, 0
Pervent Gravel: 7.8
Peti-ent Sand: 52.1

Pexrient Fan: .1
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Table C1&. GSample ne. 18: Sileve analysis. Sample depth 1.5 ft.

Class Fraction Wt, Welght Cummlative Wt.
{phi} (gm) §4) (L)
s G.0 o.0 0.0
G ~3.66 0.0 0.0 0.0
R -2.68 3.0 . '
A =1.35 1.2 1.3 4.7
¥ =1.76 1.7 1.9 6.7
E =1.24 2.2 2.5 9.1
L -0.61 4.3 4.9 14.0
-0.22 14,8 6.8 30.86
0 10.8 12.2 43,1
0,50 W2, % 48.8 91.%
G.75 4.5 5.1 9.0
5 1.75 1.0 1.1 9.0
& 2.33 1.4 1.7 99.2
N 2.74 0.2 2 99.4
D 3.24 4.1 .1 99.6
3.74 0.1 1 9%.7
4,04 0.1 1 599.8
Pan .2 2 1086.0
Percent Grav:l: 30.8
Fercent Sand: 6%.0

Fercent Pan; o d



342

Table C1%. Sample no, 1%: Sieve analysis. Sample depth 1.2 ft,

t1ame Fracrlon Wr, Woight Cummlative Wt,

Lphi) [gm} {3 (%)

g, 22 50,7 26.1 26,3

G 3. 6h 64,4 i6.1 B2, 4

4 2,68 18.3 9.5 L.

& -2, 35 1.7 n,% PR

vl -1, 76 1.7 0.9 3.7

E -1, 24 1.7 a9 Ta.h

L =0.61 b, 3 0.7 75.3

-, 22 5.5 2.9 78,2

¥ 3.5 1.8 80,40

.54 25.6 13,3 53.3

0,75 5.4 2.8 86,7

g 1.75 1.2 0.6 96.8

A 2.33 1.5 1.8 98,6

3] 2.74 1.2 0.6 96.8

D 3. 24 (. b 0.2 99.5

3.74 0.3 0.1 99.6

&4 ,04 0.l 0.1 9.7

Fan (.5 .3 100.0
Percent Cravel: 78.2
Fercent Sand: 21.5

Percenc Fan:



Table C20, Sample no, 20: Sieve analysis. Sample depth 2.6 fr.
Claas Fraction Wt. Welght Cummlative Wi,
{phi} {gm) (%) (%)
4,21 12.8 7.9 7.9

G ~3.6b 8.5 5.9 13.8

R -2,68 17.9 11,1 24,8

& -2,35 b3 .7 29,5

v -1,76 1.6 2.2 9.7

E -1,24 2.3 1.4 3.1

L =0.61 3.3 2.0 33.2
-0.22 2.0 3.5 38.7

0 B.4 5.2 %3.9
0.50 31,1 19.2 3.1
0.7% 15,1 %.3 2.4

5 1.75 6.9 4.3 6.0

& 2,53 0.3 ia.7 95.5

H 2.74 0.1 0.0 95.5

D 3.24 6.1 3.7 99.13

374 0.6 0.4 99.7

4,04 0.3 0,2 99.9

Fan 0.2 0.1 100, G
Percent Gr wel: 3e.7
Percent Sa d: 61.2

Fercant Pa .:

343
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Takle C?1.  Spmple ne. 21 Rleve analysla,  Sample depth 1.5 10,

lass Fraction Wt. Welght Cummlative W,

{phi} {gm} {57 (%)

-4,22 138.0 45,2 45,2

G -3.,66 0.4 6.5 6i.7

[ -2,.68 4.1 kl.2 7.9

i -2.35 9.0 2.9 5.8

W -1.76 9.8 3.2 P

B -1,24 7.7 2.5 Bl.6

L 0,61 7.l 2,3 83,4

-0,22 H.4 2.8 86.7

K 6.0 2.0 BE.7

0,50 19.14 6.2 34,9

D.75 5.5 1.8 Y6.7

5 L.75 .3 0.4 a7.1

M 2.33 5.1 .7 948.8

i 2. 74 i.8 0.6 49.3

[ 3,24 0.7 0,2 ag.5

3,74 0.6 0.2 99.7

404 0.4 0.1 99,8

Pan 0.3 0.1 Gy, 4o
Per-ent Gravel: 8.7
Percent Sand: b3.2

Percent Pan: W1
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Table €22, Sample no, 22: Sieva analysis. BSample depth 5.8 fr.

Class Fraction Wt. Welght Cummlative Wc.

{phi) {gm) (X} (x)

-&,22 0.0 0.0 0.0

G =-3.4&6 0.0 0.0 0.0

R -2.68 0.& 0.8 0.8

A -2.35 0.4 0.5 1.3

v ~1.76 1.0 1.3 2.6

E -1.24 2.0 2.7 5.3

L -0.6l 2.5 3.2 8.5

-g.22 9.0 11,8 20.13

0 7.0 9,2 29.5

.50 39.7 52.1 Bl1.6

0.75 2.2 2.9 B&.5

S l.753 2.1 3.5 g88.0

& 2.33 1.3 9.6 97.6

N 2.74 1,0 1,4 99.0

[ 3.24 0,3 iy a8 .4

3.74 0,2 -3 =

4. 04 0.1 .1 998

Pan 0.2 .2 100.0
Percent Gra-sel: 20.3
Percent Sanl: 79.5

Percent Pan: it
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Table Ci3. Sample no. 24: Sleve analyele. Sample depth 4.0 fr.

Class Fraction Wt. Welght Cummlative Wt,
{phi} { gm) (%} (%)
=4 22 12.5 19.3 19,3
G ~3. b6 0.4 0.0 19,3
R -2.68 2.9 6.0 25.3
& -2.35 5.3 8.1 334
v ~=1.76 B.4 12,9 46,3
E -1.24 B.6 13.2 59.5
L -0.61 5.2 8.0 67.5
-0,22 6,32 9.6 77l
O 2.7 4,2 Bl.a
0.30 6.1 9.4 91,40
0.75 1.3 2.1 B3.1
5 L.75 Q.6 .8 B4,0
A 2.33 2.1 3.5 97,5
N 2.74 1.1 1.7 93,7
[ 3.24 0.4 ! ug.H
3,74 0,2 .2 140,0
4. 04 0.1 .1 100,1
Pan g.1 W1 100,13

Parcent Gravel:
Percent Sand:
Percent Pan: .

= uh
= Y]
L

kL LA
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Table C24. Sample no, 25: Sisve analysis. Sample depth 1.5 ft,

Class Fraction WE. Weighe Cummlative WE.

{phi) (g} (?) (3

-4%,22 5.4 29.9 29,89

G =-3,66 3l.3 16.9 46.8

[ -2.68 22,5 12.1 58.9

A -2,35 2.6 1.4 60,3

¥ -1.76 5,8 3.1 63,4

E ~1.24 5,2 3.4 66,8

L -0.61 7.5 4.1 e, 9

-0,22 8,0 4,12 15,2

1] 3.8 2.9 77.2

0,50 17.6 8.5 6.7

a,75 10,7 5.8 92,5

5 1,75 2.7 1.4 53.9

& 2.1 6,3 1.4 7.3

N 2,74 2.1 1.1 9B. &

D 3,24 1.6 2.5 99,2

3.74 0.7 0.4 99, &

4 .04 0,1 0.1 99.7

Pan 0.1 0.1 99.8
Percent Grivel: 75,2
Percent Said: a,0
Percent Pai : .1
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Talle £25. Sample no. 26! Sieve analyaila, Sample depth 2.9 fr.

Class Fraction WEt, Welght Commlative WE.
{phi} (gm} (% (%)
422 L65, 6 39.9 39.9
G =-3.46 id.,9 4.5 44,4
E -2.68 33,8 z.! 52,5
A -2.3% 12,5 1.0 55.5
¥ -1.78 10, 2 2.4 57.9
E -1.24 10,9 2.6 H0.5
L -3.461 12,1 2.9 63.4
-0.2¢ 20,6 5.0 H8.4
) 17.9 4.1 72,7
0,50 45.0 10.8 B3.5
0,75 22.3 5.4 BE.9
5 1,75 8.8 2.1 91,0
A 2.31 2.5 5.4 96,4
N 2,74 h.2 1.5 ay.49
D 3,24 3.8 0.9 98,8
.74 1.7 0.4 9g.2
& .04 1.6 0.4 99,46
Pan 0.8 0,2 44,8
Fercent Gravel: 68 .4
Percent Sand: 31.4

Parcent Pan: .2
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Table Ci&. Sample no. 27: 5Sleve analysls.

Clias Fraction W. Weight Cummlative Wt.
{pl 1) (gu) (%) (%)
-4 22 0,0 0.0 0.0
G ~3. hh 17,0 6.1 a,1
E -2 68 18.5 6,7 12,8
' -2 35 .4 1.8 L4, 4
v -1 76 4.4 1.6 16,0
E -1. 24 5.8 2.1 18,1
L —{) Al 8.2 .o 21,1
-0, 22 Liv, & 5.2 : 26,1
{ 10,7 3.8 30,2
0. 50 454 6.4 46,6
0,75 29.h 0.7 57.3
g 1.75 k3.1 4.7 2.0
Fy 2,33 55.9 0.2 B2.2
N 274 2B.6 19.3 92.5
D 3,24 13.4 4.8 97.3
374 .7 1.7 §99.0
4,04 1.5 0.5 99.5
Par .8 0,2 100,40
Fercent Gravel: 26.3
Percent 3and: 13.2

Percent Pani v 5

Tl
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Table (27, Sample no. 28: Slave analyeils.

Class Fractioen Wt. Waight Curmiacive Wt,

(thi) {gm} (%) (%)

-¢,22 128.5 31.0 .o

G =5, 606 1,5 16.12 47.1

E -. .68 22,7 5.5 52.8

A =035 3.9 .9 53.7

¥ -1.76 4.8 1.2 54.9

E - .24 a,l 1.5 56.4

L =01, 61 9.6 2.3 60.2

-1, 42 9.6 2.3 6.2

4] Z.8 - &61.0

i, 50 21.5 6.6 &7.6

.73 31.4 7.6 15.2

5 .75 i4.9 3.6 1B.8

A 1233 RO.& 12,2 91.0

M . T4 25.7 b.1 g97.1

¥ 3.24 &.0 1.4 98.5

1.74 2.8 ) 99,2

w. (e .4 .3 9%.5

Pan 0,4 W3 9.8
Percen: Gravel: 60,3
Percen: Sand; 19.4

Percen: Pan: i
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Table C23. Semple no. 29: Sieve analysie.

Clasas Fraction Wt. Welght Cummlative Wc.

(phi) {gm) (%) ()

-4.22 16.4 5.8 3.8

G =3,88 .0 0.0 5.8

R -2.68 5,2 1.8 7.6

A -2.35 1,2 -4 8.0

v -1.76 2.1 .8 8.8

E =1.24 2.2 A 8.8

L -Q.861 3.2 l.1 10,6

-0.22 13.2 4.7 15,3

a 15.6 5.5 20.8

0.50 148,1 5r.5 73.3

0.75 45,6 16,2 88,5

5 1.75 8.9 3.1 92.6

A 2.33 6.3 5.9 98.5

| 2.14 1.8 .6 5g.1

D 324 N .2 99._3

3.74 .8 o2 99.5

4,04 -3 -1 99,6

Pan o7 .2 99.8
Parcent Grarsel: 15.13
Percent Sani: 84.3

Percent Pan: o2
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Table C29, Sample no. 30: 5Siave analyaia.

Claes Fraction Wt. Welght Cummlaeive Wt.

{phi} {gm) {2 (%)

22 56.5 13,0 13.0

G o T 95,0 21,9 34.9

R -2.68 39,3 9.1 4.0

& ~-2,13% 4. 7% 1,1 45.1

¥ -1,76 3.7 .9 6.0

E =1,24 1.8 .9 6.0

L -0, 81 5.1 1.2 48.1

-0,22 15.4 3.5 51,6

0 10,5 2.4 540

0.50 66,1 15,2 60,2

0.75 46,2 0,7 749.9

8 1.7% 14,5 3.3 83.2

A 2.33 45,0 10,4 93.6

] 2.74 19.3 b 4 08.0

¥ 3.24 4.5 1.0 94.0

3. 74 3.0 0.7 99_7

4.04 1.7 0.4 100.1

Pan 1.0 0.2 100, 3
Ferrent Gravel: 51.6
Percent Sand: 48,12

Percent Pan: 0.2
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Table D1. Depth related specific-conductance and estimated chloride-ion data tor DS3,

Proflie 1 Profile Profilae 1 Prafile & Profile 5 Profile &
Depth below  Date: 1-6-B4 Gate; 3-7-Ra Date: 3-0-8k Dater 3-13-B4% Date: 2=-1k-8k Date: 3-1k-84
max mater Tima: 0000 . Time: 1230 Time: 0930 Time: 0830 Time: DEIC Time:; 1730
table [fr] S5.Cond., Chl 5.Cond.  hl S,Lond. Lo s.long,  Lnl SahAN0, LAl S A,
1
Fd
3
L] TS 05 120 *1 0 1800 A5 65000 2005 900 1110 3050 570
& 3400 935 &S00 2005 2050 470
& 2725 05 E LY 545 1950 LY L] 250 1575 SO 2005 2015 L1
? 325 955 6150 1810 2025 L1
& 3150 T 3450 955 2004 4585 2050 610 J100 BES 2025 AED
] FLL 810 2450 &1 2100 450
10 2400 S50 2175 550 00 490
1 2300 555 2200 520
12 2300 555 2275 550 2200 540 2350 575 2250 575 2250 4l
13 23150 575
1% 2600 2] 2354 515 3000 /00 2450 B10 2500 bt 14 P10 L]
15 2500 615
1& 2950 180 650 873 2550 B4 5 Pl 1) 625 1100 B30
7 3050 815 2650 &75
18 5500 1680 3850 1020 7000 175 3500 970 300 ETN G500 1005
19 L5 1315 36X} 1005 1500 2350
0 050 2195 B00G 1835 130800 245 B250 2610 8000 25140 12000 L L
1 S50 1885 103040 s 12500 #0075 17000 %525
i1 16000 280 20000 GERD 18000 870 17000 L6325 20000 aEGD
k] 20500 L ER 10000 G560 19500 H4H) 22500 7525
ik 25000 B85 20250 RIS 25500 #4560 250K 8385 16750 g 10
Fis] 19000 47as 27500 9255 29500 9935
16 F0000 19110 0250 141485 19250 LR 30250 107185
7 31250 10540 10250 10595 30500 10280
28 3G 19455 32000 10804 312540 10540 30750 10370
* 5. Cond. - Specific conductance, pmbgsiom,

*ok (hi. - estimated chioride (mgfi}, based an graphical data.

13593
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L) 185 <140 400 <100 dry 2350 575 s <100 2550 930
5 2800 730 1500 280 135G 230 2375 580 13040 <100 3575 o955
& 1975 190 2D 590 2306 555 2375 5Ba 230 555 3575 935
7 75 8E0 25540 45 23040 555 FLLL 595 3375 5g0 3575 “85
g 750 Rl 2575 650 2325 565 20 a5 2375 580 3500 1045
3 2850 Ll 24715 615 b2 3] £10 FLEE] a0 250 610 300 1005
10 T 90 2873 615 2475 615 00 5 75 G5 3000 1005
11 7375 80 2500 625 2500 625 2425 &0 2500 h15 3650 1020
12 FLTL 940 1525 635 2504 2o PL e1% %25 B35 3704 10%G
13 i) 554 2600 G40 - P 755 3K £8E 2700 6% Bu 1175
14 FiOLY 594 2600 L 2875 755 Jasn &8s 270U 645 L L1y 1284
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Table D2. Depth related specific-conductance and estimated chloride—ion data for D54,

Profile 1 Prefile 2 Profila 3 Profile &
Cepth below Date: 3-15-8% Date; 3-16-34 Date: 3-17-8% Date: 3-10-5k
B Waler Tin"‘ 084S H Tima: 0805 11mas LS Timo:z vaic
table {fL) 5.{ond, Ch! &.Cond., Chl 5.0om, thi 5.Cand, Chi
1 05 <104 113 <100 dry dry
2 075 400 1000 55 190 <100 145 <100
i 1050 LY 5D 505 1500 L¥i ) 1800 g5
) niis B35 2375 588 450 4140 1300 555
5 50 1005 &50d 2145 S80% 2800 7500 2350
] 12000 3a0d 13750 K505 16000 5280 15750 5195
7 12¢50 w160 14004 w550 16250 53165 16500 5455
a 12750 od 14000 L5940 16250 5365 16500 555
9 127540 w160 13730 RE05 16250 5365 16500 5180
10 132158 4335 18000 #5590 16750 5540 16250 RIS
1 15250 Q15 16000 5280 13000 Sa7d 17000 5615
11 17500 Se00 16250 5365 130040 5570 17750 5885
12 19250 OO 17006 5615 20000 Ba60 18030 5470
1h 21004 7005 19000 6315 24000 8040 18500 E14%
15 11250 7090 0000 SE5G 24500 e215 19004} B3i%
16 22000 7350 20750 6920 25000 8385 13250 (= 1)
17 22000 T350 1154 HBao 25500 8560 20000 &640
18 12000 7350 11250 7igo 25500 B5E0 200040 E&ED
19 12250 Th3k 11500 7265 25500 2560 2000 6660
20 1750 Th3% 2170 7265 25500 560 20250 6745
ry 22250 (LY 22004 7350 15750 Aoas 20250 B4 TS
21 21254 1435 22000 7350 15750 JEAS 20500 G835
23 12350 Thl5 12000 Tis0 26000 avag 20500 &85
F1] 21250 TAlS 22000 7350 26000 8730 20500 835

* 5, Cond. - Specifle conductance, umhos/ocm.

ax Cnl. - estimited chloride {mg/R), based on graphicsl data,

949€



Table BY). TI-2: Smoothed position of layers beneath shotpoints and

geophonag,

201

Layer 2
L Foaicion Surface Elavw Depth Elev
{fe) (ft) (Er)
& -10.0 6.5 7.l =0.h
M 13g.5 B.h 3.4 3,2
B 285.0 12,4 7.3 |
Geophone
1 0.0 6.5 &.58 -0.,3%
2 25.0 6.5 .0 -0,
3 S0, & o F 0.7
& 5.0 .4 h.2 1.2
5 100.0 8.0 5.7 2.3
B P25.0 8.5 4.7 3.8
7 150.0 g.9 a.l 2. A
8 175.0 8.6 6.2 2.4
9 200.0 B.% 7.5 1.0
10 225,10 2.8 7.7 [
11 2504, 0 g,2 7.3 1.9
12 275.0 12,7 1.7 5.0
Layer 1 Layer 2
Velocities used 1131, 5550,
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Shotpeint information, geophone data, and arrival times.

B3l. B&T-1:
Times are in msec.

Table

Y Loc Depth
(ft)

¥ lLoc

Elev

57

(ft) (Fc)

{ft}

0.0

0.0
0.0
10.0

3.0 ~25.0
3

F

-10.0
137.5

5

=
o o

0.0
0

285.0

300.,0

3.3
4.9
4.9

=

.0

SP 5P

SP 5P

5P

¥ Loc

X Loc
(£t}

(£t}

Elew

Geo

(fe)

o2 82.0 3 63.5
3

3
33.0

8.4
19.0
24,
20

6l.0 3

59,5

2

20,8 2

.U
.0

0 a
a
g.0

25

oo

7
54.5

55,0 2
52,0

12
b4

28
24,0

2
.5
.B

26,6
33.0
35.0 2

40
44

.0

50,0
75
100.0

at It Bl s B B Bt |

2
2

43,6
39.4
i5.2 2
29,5

2
1

15,4
11,0
11,0

2
2

32
37.3

2
2
2
2

.2
.5

o0
0.0

125.0

1
2

43,0 2
46.5

0‘0

150.0

3.3

2
P

14,5

2

175.0 0,0 49.0
0.0

3.3

™=

0.6 2 24.2
25.59 2
29.2

53.0 50.06 2

200.0

7

3.

Ut <

ey =
Lot I

i
2
1

18.86
14,0

Z

3

58.0

55.0 2
63.

58.2 3
62.0 3

0,0
0.0

225,0
250,0

5
.7
Y

A
4
4

10

i1

13,0

I

3 3 .0 2 8.

66,0 3

0.0

275.0

12
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Takle B32. BST-1: Swooothed position of layers bensath shotpeoints and
geophonen,

Layer 2 Layer 3
SF Fositicn Surface Elev Depth  Elev Depth  Elav
{fe} (ft) (ft) {fr)y  (fr)
.Y -10,0 3.5 %.9 b4 53.9 =5 4
M 137.5 3.3 T.4 =4, 10 52.7 -49 .4
B 285.0 4,9 7.9 ~-3.0 48,7 -43,8
Geophane
1 0.0 2.5 9.7 -6.2 53,8 -5, 3
2 15,0 4.7 o.6 -4,9 54.8 =51, 1
i 50.0 b b 10.3 =5.9 b, 4 -50,0
& 79.0 4.2 10,6 =64 54.1 =50, 1
5 i00.0 3.8 7.5 =3.7 53.4 ~49, 4
) 125.0 3.4 7.3 -3.9 52.9 ~49.5
7 150.0 3.3 7.3 -h. 2 52,7 —49, 4
a 175.0 3.3 6.8 =1.5 52.5 -49,1
9 200.0 3.7 &.2 -2.5 32.8 49,1
10 225.0 4.5 6.1 ~1.f 53.2 -48,7
11 50,0 6.7 3.5 ~1.2 30,0 -45.3
H 275.0 4.9 6.5 -2.0 8.3 =434
Laver | Layer 2 Layer 3

Velocicias usid L&497, 51110, 63473,
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Shotpoint Iinformation, geophone data, aud arrival times.

Times are in maec.

RST-2:

Table B33,

Eiev ¥ Loc Y Loc Depth
(it) (fe) {(ft) (fe)

SP

oo E Ao
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Tahle BY4. BET-2: Smoothed peoaition of layers beneath shotpaints and

giophones .
Layer 2 Layer 3
SF Positinn Surface Elev Depth  Elev Dapth  Elev
(ft) (ft) {ft) (fed  {ft)

A ~10,0 &7 b4 -1.7 48.9 44,2
M 1365 5.2 9.9 —4,7 60. ¢ =55.0
B 285.0 6.2 7.2 ~1,0 52.5 46,3
Geophonse

1 0.0 ., % 7.0 -2.1 48,3 =434
2 25.0 b, 9 9.1 4.2 49,2 —44.3
i 30,0 4.1 9.9 -5.8 49,4 —-45.3
4 5.0 &3 9.1 =4.8 47,4 ~43,1
5 104G, 0 4.5 8.3 =4.8 44, b -40,1
6 125,0 4.9 9.5 -4.,b 57.4 -52.5

? 1303,0 5.2 10,0 -4.8 63.1 =57.%
8 175.0 5.6 3.8 =4,2 63.8 -57.,%

u 200.,0 é,1 5.8 =0.7 64,2 -58, 1
14 225.,0 6.1 5.3 =0.2 64,1 -58,0
11 250.0 B.4 B.4 -0.0 fd, 1 -57.7
12 275,0 B.2 B.5 -0.3 51.6 —45,4

Layer | Layer 2 Layer 3

Veloeitias usad L4433, 45936, . 12074,
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Shotpoint information, geophone data, and arrival times.

Times are in msec.

BST-3:

Tabie B35.

¥ Loc Depth
(fe) (fe) (fe)

X Loc

Elav
(fr)

&P

0.0

-25.0
-10.0

2
.2

b

=
o

=
=

fute B - QA
[
oo

o O
LR )

a0

1

137.0
285.0
300.0

[ R )

7.0

[T T el

= &

5P

5P 5P

Elev %X Loc Y Loc SP
(fc)

Ceo

(£t

(fr

64.5
62.6 3
29.4

2 55,5 3

3 62,0 3
20,0 2 44,5 2

30,5
28,5

9
18.5

1

17.0 2

13.0
19.4

0.0
0.0

OUD
25,0

3
2

2

23,8

2

50.0 0.0

75,0

5.8

55.0

6.0 2 40.0 2

29.8 2 28,5 2

33.6 2

.0

5.5

-

49,0
41.6

2 37.0 2
701 35,8 2
.7

12.0
11
12
14,0

37.8 2

31.8 2
42.8

oo, 0 0,0
125.0 0,0 #0.0 2
44,5

.2
2

Fa RN ]

2 1 33,0 2 41.0 2
2 2 23,5 2 30. 2
2 i6.8 2 20,5 2 21,5 2

48.0
53.0

2
2
2

51.0
54.0

Lo ]
o

0.0

150.0
175.0
200.0

ut U g

M 0

5
2

.5

15

2
2

1

18.5

2

1.8

56.8 2
62.0

6.7 225.0 0.0 58.8 2

10
11

17.0

21,5 2 15.5

22.5 1

2

250.0 0.0 63.2 1

6.8
6.%

13.0

7.5

3

66.0

65,0 3

3.0

275,0

12




Takle B35, BET-3: OSmoothed pesition of lavers benesath shotpoints and

giophonen.
Layer 2 Layer 3
SE Position Surface Elev Depth  Elew Depth  Elev
{ft} {ft) (ft) {fr) (fe)

& =1a.0 6,2 G.4 -0.2 36.5 -50,3
M 137.0 5.2 1.3 =21 59.6 —5d 4
B 285.4 7.0 G.0 =0.2 32,4 =154
Geophone

1 a.0 6.2 6.6 -0.4 51.6 =435 4
z 25.0 5.2 B.1 -1.9 54.0 ~47 .8
3 50.0 5.8 6.6 0.8 62.9 -57.,1
4 75.0 2.5 8.5 -3.0 58.5 -53.0
3 100.0 5.2 7,5 -2.3 54,1 -48,9
& 125.0 5.2 5.8 =1.& 50.40 ~ipd B
7 150.1 5.2 7.8 =2.6 70,1 ~04, %
8 175.0 5.7 £.6 -0.9 57.4 -51,7
9 200.40 6.0 5.3 0.7 51.3 =453
10 225.0 6.7 6.2 0.5 45,5 -38.8
11 250.0 6.5 7.5 -0.7 39,2 -32.4
iz 2i5.0 6,9 8.9 -2.0 5.1 —28.2

Lzyer | Layer 2 Layer 3

Velocities used 1486, 5530, 7432,
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Table B37. BWT-1: Shotpoint information, geophone data, and arrival times.
Times are in meec,

sb Elev X Log ¥ Loc Depth
{1t} (ft) {(fr} (fo)

S 5.5 -253.0 0.0 0.0

M 4,2 :39.5 10,0 0.0

R 1.7 300,40 0.0 4.0
Geg Flev X Loc Y Lac S5F F 5F M SP R

(fry (o) {ft)

1 5.5 0.0 0.0 13.2 1 35,5 Z 64,2 3
i 5.3 25,0 0,0 1.0 2 31.0 Fi S8.E )
3 5.4 50.40 g0 25.% 2 27.5 2 5%.1 2
4 5.2 75.0 (y, 0 .8 2 22.10 z 51.3 2
5 5.0 100,40 0.0 w3 2 18.3 2 46,0 2
[ 4.5 125.0 3.0 40.4 2 12,2 | 40,2 2
7 3.8 150.0 0.0 45,1 2 11,72 | 34,4 2
A 3.5 175.0 a.u 49.5 2 16,6 2 8.8 2
9 1.2 2000 0.0 S6.4 2 22.0 2 25.1 2
16 3,1 225,0 0.0 0.2 13 27.0 2 0.0 2
11 2.0 250.0 i 63.2 3 19,5 3 13,2 2
12 1.7 275.0 0.u 66.9 3 33.3 3 8.6 1
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Table B3B. BT-1: bSmoothed position of lavers bencath shotpoints and
Reaphones,

Layar ? Layer 3
Sp Poslticn Surface Elev Depth  Elew Depth Elev
(ft) {fr} (fe}d (fed  {fr)
F ~25%.0 2.3 3.1 2.4 98.3 e
M L139.5 4.2 9.2 -5.0 573 -53.1
R 300, 0 1.7 2.3 -0.5 i6.7 -15.0
Gegphone
| 0.0 3.5 b4 L.1 2.4 —-Bh, 9
Z 25,10 3.3 7.0 -1.7 Bt 3 -E1.4
3 5.0 3.4 8.8 -3.4 B, 5 ~73.,1
& 75,4} 5,2 5.7 -4, 5 Ta. 3 -69, !
3 1w}, (3 5.0 11,0 -6.0 AR, 2 -63,2
) 125,10 4,5 10,0 -53.% hL.A -57.3
i 150, 0 3.8 B.5 4.7 33.8 -50.0
B 1753.0 KT B.3 -4.8 46.3 -4Z,8
9 200.0 3.2 9.3 =01 42,5 -39.3
11 225.0 3.1 8,2 ~5.1 37.5 -4 .4
11 230.0 2.0 3.8 -1.8 7.8 -23.8
12 273.0 1.7 3.1 -1.4 1.5 -I0.8
Laver 1 Lavar 2 Layer 3

Velncities usel 2043, %173, 6013,
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Table B39 CL-1: Shotpeint information, geophone dacra, and arrival times,
Times are in msec.
5P Elev X Loc Y Loc Depth

(Tt} {ft) (fe) (ft)

F 5.0 -25.0 0.0 0.0

M G.5 14,0 25.0 0.0

k B.5 300.0 0.0 0.0
Geo Elev X Loc Y Loc sP ¥ 5P M 5P R

(ft) (fe) (fr)

i 5.0 3.0 0.0 15,0 1 31.0 2 65.40 3
2 5.0 25.0 n.uo 0.9 2 26,5 2 b0, 4 2
3 5.2 50,0 0.0 25.00 2 20,3 2 55.8 2
4 h.2 15,0 0.0 . 2 17.5 2 52.7 2
5 6.5 100,0 0.0 33.0 2 14,5 2 47,0 2
] 6.5 125.0 0.0 43.3 2 14,12 1 43.8 2
¥ 6.5 150.0 0.0 47.6 2 17.0 | 40,5 2
8 6.5 175.0 0.0 51.2 2 19.0 2 31.6 z
9 6.5 200.0 .0 4.2 2 23.5 2 30.4 2
10 6.5 225.0 0.0 39.8 3 8.6 2 2h.96 2
11 6.5 250.0 .0 6.6 3 34,0 2 17.3 2
12 6.5 275.0 0.0 65.0 3 41.8 2 12,0 1




Talble BaD. Cl-1; Smoothed peoaition of layera bensath shotpeints and

geophones.
Layer 2 Laver 13
5P Positicm Surface Elevw Depth  FElev Napth  Elew
{fc) {f1) (fr} (fty  {ft)
F -25,0 3.0 1.7 3.3 48,9 —43.0
M 1ag,u B.5 11.3 -4 .B 97.% —B1.,4
R 300.0 LI 17.5 =110 168.0  -101.3%
Geophone
1 .0 5.0 2.7 2.3 55.8 =50.6
Fi 25.0 5.0 6.1 -1.1 B, 4 =554
3 50,0 5.2 5.8 RN 67,7 61,5
4 75.0 6.2 1.5 -1.3 13,7 -b%.5
5 LG, 0 6.5 7.5 ~-1.u 3.1 -76.6
b 125,0 h.5 1.1 —b,b 90,2 -83.7
7 150,0 6.5 11.5% =5,0 030 =-96.5
i) 175.0 6.5 11.5 =3.0  103.6 =971
9 200,0 6.5 12.4 =5.9 103.2 =96.7
10 225,0 6.5 13.2 -5.7 100, 3 -93.8
11 250.0 £.5 13,9 =7.4  103.9 -27.4
s 275.0 6.5 16,6 -10.1 1724 -100.9
Layer 1 Layer 2 Layer 3

Velocities used 1847, 5214, G338,
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Table B4l. DS3CT: Shotpoint information, geophone data, and arrival times.
Times are In msec.

P Elev % Lo ¥ Loc Depth
{ft) (£t} (£t) (fir)

F U, -25.0 0.0 g.0

f g.n -10.0 3.0 ¢.0

M g.n L37,5 10,0 0.0

B 9.0 2H5 .0 0.0 0.0

kt 9.0 300G 0.0 0.C
Gea Elev X Lac Y Lec &P ¥ s A 5P M 5P B S5k R

{fry (foy (i)

1 9.0 0.0 J.u 1.3 1 10.0 1 34,2 2 56,1 3 al.5 3
i 8.5 25.0 0.0 18.0 2 14,1 2 33,0 2 52,2 3 59.7 3
3 B.CG 50.0 0.G 18,6 2 17.6 2 ZB.b 2 49,1 3 57.0 3
& 7.5 75.0 0.0 20,5 2 19,5 2 20,3 2 47,0 3 2.0 3
5 8.0 100,0 0.9 2B.B 2 22,5 2 18.0 2 45.0 2 0.0 2
6 9.0 125.0 0.0 15,5 2 26.3 2 13.7 1 39.5 2 44 8 2
7 9.0 15G.G 0.0 41,0 2 3.0 2 4.0 1 34,0 2 41.5 2
8 8.5 175.0 0.0 47,2 2 7.3 2 2000 2 8.2 2 32,0 2
9 9.0 200.0 0.0 53.9 2 4.4 2 2.0 2 21.0 12 26,0 2
14 9.0 225.0 g.0 Sh,.2 3 42,7 3 23.% ¢ l6.5 2 19,0 2
11 9.0 250.0 0.0 hl,? 3 46.4 3 27.3 2 19.2 12 17,0 7
12 9.0 275.0 0.0 ha.0 3 47.4 3 30,0 2 .0 1 15,8 1
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Table P2 IHCT: Smoothed pomitlon ol layerw bheneath nhobpolnts s

penphnnes,
Laver 2 Layer 3
sF Fogitimn Surface Elew Nepth Elev Depth FElev
(ft) (fe} (ft) (fEd {fr}

A =10, & 5.0 4.2 L 14,5 3.5
M 157.% 9.4 7.8 1.¢ 59,49 -50.9
B 2ES.C 9.0 o4 4.6 31,2 =43.2
Geophone

l a.c 2.0 4.4 b6 17.5 -4,5

2 25.C B.S 5.9 2.6 7.e =244

3 a0.c B.O 41 3.4 GG -4F,9
4 75.G 7.5 boa 6,1 2.4 —hb Y
5 14H), 0 B.1 Aol 1.4 55.3 -47.1
B 125.4 9.0 7.7 i3 587 =473
1 150,49 9.0 7.8 P2 61,1 ~52.1
B 175.0 8.5 6.0 2.5 63,0 =54.5

g 200,0 9.0 5.0 4.0 »b. 0 =479
10 2253.,0 3.0 2.4 b.6 52.8 -43.8
11 50,0 9.0 6,1 2.9 54,5 -45.5
12 275.0 3.0 4,7 4.3 3.0 =44, 0

Laver 1 lL.ayer 2 Layer 2

Velocities used 127%, 54309, 2720,
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Table B43. BDSS5CT: Shotpoint information, geophone data, and arrival times,
Times are in msec.

SP lilev ¥ Loc Y Loc Depth
(fe) (ft) (fr) (fr)

F 8.5 -25.0 (3,0 (.0

& B.5 -~ 10,0 0.0 0.0

M B.G 137.4 10.0 0.0

¥ 8.5 AB5.0 0.0 0.0

R 8.9 100.0 0.0 a.0
Geo Elew ¥ Loc ¥ Toco sp 1 SF A 5P M sP B 5P R

(ft) {fr) Lo

1 8.5 0.0 0.0 7.0 1 3.5 1 42,5 2 65.% 3 66.5 3
2 B.3 250 a.n 19.3 2 23,6 2 k.9 2 &l.1 3 63.3 3
3 8.3 0.0 n.n 21.8 2 26,1 2 33,6 2 S7.1 3 60.0 3
4 8.5 75.0 0.t 23.7 2 33,5 2 26,4 2 51.8 2 55.7 3
5 8.5 100, 0 0.0 6.8 I b6 2 24, 2 530.0 2 54.0 2
6 8.5 125.0 0.0 4.0 2 42,5 2 13.6 1 43,7 2 45,5 7
7 B.5 150.0 0.0 4.2 2 45,4 2 13.7 1 4z.1 2 41,8 2
8 8.5 175.0 0.0 49.6 2 49,5 2 23.9 2 4.5 ¢ 7.3 2
9 8.5 200.0 0.0 53.8 2 S4.0 2 5.8 2 28.1 2 8.8 7
10 B.5 225.0 0.0 59.3 2 55.5 3 8.0 2 25,5 ¢ 24,5 2
11 5.5 2500 0.1 B1.2 3 58,5 1 39,0 2 19.5 & 22.8 12
12 B.5 275.10 0,0 5.5 3 6l.7 73 44.0 2 9,2 ! 7.7 1

i
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Table Ba4d. TC[S50T: Swmoothed position of lavers beneath shotpoints and

seophones.
Layer 2 Layer 3
SP Pouition Surface Elev Depth  Elevw Depth  Elev
(£t} (ft) {ft) {fr)  {{¢)

A -10.¢ 8.5 9.6 -1.1 8.9 =50, 4
M 137.° 8.5 8.9 -1.4 57.4 -48.,9
B 2685.0 8.5 1.5 =2.0 10,5 -2.0
Gegphone

1 0.1 8.5 9.6 =11 55,0 50,5

2 25,0 8.5 8.7 -1.2 97.2 —48,7

3 50,0 B.5 8.5 =0.0 55.3 46,8

4 75.0 B.5 7.2 i.3 60,8 -52.3

5 100G, [ B.5 10.3 -1.8 9.5 -31,0

6 125,0 8.5 2.9 =14 8.3 -49 .8

7 150, 0 3.5 2.9 =-1.4 56.6 48,1
8 175.0 B.5 9.5 -1.0 45.1 =36
9 200.0 B.5 7.6 0.% 3.0 -24.5
10 225.0 B.5 7.3 1.2 21.0 =-12.%
11 230.0 B.5 10.0 -1,5 13.7 5.2
12 275.0 B.5 10.4 -1.9 10,4 -1.4

Laver i Layer 2 Layer 3

Yelociciles uzed 1228, 5096, 7146,
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Table B45. FPT-1: Shotpolnt information, geophone data, and uirival times.
Times are 1n msec.

5P Elevw ¥ Loc Y Loc Depth
{ft) (fe) (fr) (£t

F 4.9 -25,0 3.0 0.0

A 4.5 -10.,0 0.0 0.0

M 4,2 136.0 10,0 0,0

B 1.8 285.,0 0.0 0.9

R 1.8 j0g.o0 .0 0.0
Geo Elev X Loe Y Loc 5P F 5P A 5P M S5F B 5P R

(fr)  (fe)  {fr)

1 4.5 0,0 0.0 4.0 2 9.8 1 3v.e ! 61,0 3 65,0 1
2 5.2 25,0 0.0 2.5 2 9.0 2 L, 0 2 57.% 3 60,5 3
3 4.3 50,0 0.0 27.4 2 23,0 2 6.7 2 52,5 3 7.0
4 4,3 75,0 0.0 Jt.s 2 27,6 2 21,0 2 49,0 ¢ 51.0 2
) 4.4 100,00 0.0 3B.6 2 4.5 2 15,6 2 44,0 2 45,0 12
6 4.2 125,0 0.0 42.0 2 32,0 2 10,0 1 38.8 2 40,5 2
7 4.1 150,¢ 0,0 47,0 2 44,6 2 11.0 1 32,0 2 5.5 2
8 3.8 i75.0 0.0 52.0 2 49,0 2 16,0 2 28,0 2 30.5 2
9 3.4 200,0 0.9 56,6 2 53.0 2 20,4 2 22,3 2 25,0 2
10 3.0 225.0 Q.0 60,0 2 58,0 2 24,% 2 15,0 2 19,0 2
11 2.0 250,0 0,0 64.5 3 62,4 13 jo,.0 2 12,0 2 14,7 2
i2 2.0 275.0 0.0 67.8 3 65,0 3 33,5 13 6.0 1 .1 2
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Table B4&, EPT-1: GBmoothed position of layers beneath shotpolnts and
geophones.

Layer 2 Layer 3
5P Position Surface Elev Pepth  Elew Bepth  Elev
(ft) (Ee} {fe} (fey  ({t)
A -10x.0 4,5 8.9 4.4 3h, 2 -3i.7
M 136.0 4,2 7.2 -3.0 4.l -34.9
B 285,10 1.8 22 -0.4 3.4 -533.6
Gieophone
1 .0 4.5 8.8 -4, 3 38.1 -33.6
2 25,0 5,2 8.3 -3,1 40,8 -35.6
3 50,0 4,3 7.8 ~3.5 42,0 -37.7
4 75,0 4.3 7.3 -3.0 47,6 43,3
5 104 O 4.4 7.6 -3.2 22,6 -48,2
& i25.0 4,2 1.2 -3.0 62,0 -a7. 8
i 15,0 4.1 7.1 -3.0 3.1 -3l.2
a 175,00 3.8 7.0 -3.2 49,0 -45,2
9 00,0 3.4 6,2 -2.8 41.6 -42,2
10 225.0 3.0 4,9 -1.9 52,1 -49,1
11 250,0 2.0 5.0 -3.0 3.9 -30.%
12 275.0 2.0 1.0 -1.0 L -51.8
Layer 1 Layer 2 Layer 3

Velocltles used: 1435, 4904, 6852,
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Shotpeint information, geophone data, and arrival times.

Times are in meec,

EPT-2:

Table B47,

X Loc Y Loc

Elev

SP

Depth
(ft)

(ft) {ft)

(ft)

= s
s e

=
=

140.,0 10,0

3.3

==
LI ]
oo

1 sP S5F

5P

5P

Y Loe
(ft)

X Loc

(ft)

Elev

Geo

(ft)

3

3 £3.0
3 bl

3

2

2

2

2
2
2

.3

31.5 b2

4,6
10.3

1

10,
15

0.0

0.0

0.0

2.0
3.7

58.0

2

28.0
22

2

14,2 2

2

.2

.0

25
50.0

3
2

57.0
52

54.8
50.5

2
2
2
1
1

.2

17,8 2 18.5

18.9 2
24,2 2

0.0
0.0
0.0
0.0
0.0

75.0
100.0

o

45.8 48,
hi

15.0

3.8 2

28.0 2

41.0

9.5
11.0

30.5 2

32,9 2

125.0

40,4

38.5

5.6 2
41.0

38.5 2

15G.0

ol

Z

3G
31.0

33.8
29.0

2
i
2
2

16.0
22.7

2
z

46.3

43.0 2
50.% 2

.0
Q.0
0.0
0.0
a.a

[T IRV S - 5 Bl w )

2 26,5

2

25.0

3 27.5

54.5

58.5 3

225.0
250.0

7.0

10

11

i
1

57.0 3 34.2 19.0 23,0

61.0

6L.5> 3
64,0 3

7,0
7

33.0 3 12.5 1 15.3

3

.3 275.0

12
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Table R4B, EFT-2: Smoothed position of layers beneath shotpoints and

geophones.
Layer 2 Layer 13
SF Posicion Surface Elev Depth  Elev Depth  Elevw
(fe) (ft) {ft) (fr)  (ft)

A =25.0 2.0 3.8 -1.8 54,1 =52.1
M 140.0 3.3 4,1 —0.8 58.7 =32.4
B 285,10 7.3 8.3 ~1.0 57.2 =-49.9
Geophone

! 0.0 2.0 2.9 -0.4 548 -52.8

? 23.0 il 3.3 0.4 58.4 -54.7

3 50,0 3.7 1.9 1.8 60,2 «56.5
4 75,0 2.1 2.3 -0.12 60.4 =38.3

3 100, 0 .7 3.0 -0.3 62.7 =60.0
) 125.0 3.3 f, 0 -0.7 62.3 =35.0
7 150.0 3.3 4.2 -0.49 56,3 =53.0
8 175.0 L 6.0 0.4 53.4 =47.0
9 zno,n 7.1 7.3 -0.1 50.8 =413.7
10 215%.0 7.0 9.4 -2.4 50.6 =43.6
11 250.4d 7.0 10.1 =3.1 53.0 -46.,0
12 275.0 7.3 4.6 =-1.3 L 49,0

Layer 1 laver 2 Layer 3

Velacicies usad: 1558, 5180, TaTh,
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Shotpoint information, geophone data, and atrival times.

Times are in msec.

-
-

EPT-3

Table B&49.

Y Loc Depth
(fr) (ft)

X Loc
(fe}

Elev
(ft)

5P

-25.0

7.2
2
5
0
8

5P 5P

SF SP

X Lac Y Loc SP
{(ft)

(ft)

Elev

Geg

{ft)

67.0 3
b4 .5

2 63.4 3

1 34,0
31

9.0
19.0 2

21,5 2

0.0
0.0

g.0
25,0

?i3
?tl

3

2 59.0 3

.2

2

25,0

™

wy O
. =

~F i
e -

o T
oo
. =

oo
[ I |

Lo |

oo

(="
oo

47.5
42,4

1 2
39.5 2
28.5 2

2
1
1

-2

5
12.6
12.9

36,0 2
42,7

<

=
~F

45.0 2
48.0 2

0.¢
¢.0
0.0

32.0 2
il.o 2
24,5 2

2
2

20,0

17,5 2
2
2
2
32.6 3

pa
2

48.6

55.0 2

175.,0

1.5
7.5
4.9
4.9
4.9

52.0 20.0 17,0

59.0 2

200.,0

13.0 2

26,1

57.0 2

64,0 2
68.0

0.0
0.0

10 225.0
0‘0

Il
12

2
2

15.0

12.0 2

61.0 3 2%9.2

3.0 3

3
3l

250,0
215.0

1 12,2

5.4

69,5




221

Table B50. EPT-3: Smocthed peosition of lavers beneath shotpoints and

geophones.
Layer 2 Laver 1
5P Fosition Surface Elev Depth Elev Depth Elew
(fr} (fr) {fr) (fey  (ft)

A =10, ¢ 7.2 3,2 -2.0 55.0 -47 .8
M 137.5 1.5 6.5 .0 56,6 -549,1
B 285.¢ B.0 4.2 3.8 44.0 -3 .0
Geophone

1 a.a 7.3 B.5 ~1.2 6.3 =45.0

2 25.0 7.l 7.8 -0.7 58.2 ~5l.1

3 20.0 7.7 6.6 l.1 60.8 -53.1
4 7.0 7.7 6.1 1.6 b2, B -34.9
5 150.0 7.7 6.5 L,2 5%.8 -52,1
] 125.0 1.2 6.6 0.6 37.3 =50l

7 15G.0 7.2 5.8 1.4 55.4 =482
] 1¥5.0 7.5 6.4 1.1 35.% =4, 4
9 200.0 7.5 4.9 2.6 63.2 =55.7
10 225.0 4.9 3.7 i.2 58,4 =33.,5
11 250.0 4.9 3.1 1.8 6.2 =31.%
L2 275.0 4.9 1.6 3.3 407 =358

Layer 1 Layer 2 Laver 3

Velocities used: 1484, L4054, 9534.
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Table B31. EPT-4: Shotpoint information, gecphone data, and arvival times.
Times are in msec.

5P Elev X Loc Y Loc Depth
(fe) (ft) (ft) (fc)

F 4.9 -10.0 0.0 0.0

M 7.6 137.5 10.0 0.0

R 8.6 285.0 a.o 0.0
Geo FElav X Loc Y Loc 5P F 5P M 5P R

ife) {ft) (fe)

1 L4 .0 0.0 .o 2 13,0 3 60.0 3
2 £,0 25.0 0.0 10,0 2 31.0 3 55.5% 3
3 k.G 50,0 0,0 15.0 2?2 28.5 2 53.4 3
4 i 8 75.0 0.0 22,0 2 22,0 2 52.0 2
5 7.6 100.0 0.0 29.0 2 16,0 2 47.0 2
6 i.4h 125.0 0.0 4.7 2 12.5 1 44 .0 2
7 £l 150,0 0.0 41.0 2 12.5 1 ir.e  ?
8 £.1 175.0 0.G 44 .0 2 19.0 2 29.0 2
9 £l 200,40 0.0 50.0 2 20.0 2 23,0 2
10 £.7 225.0 0.0 52.6 3 26.0 2z 22.0 2
11 £.7 250.0 0.0 56.3 3 31.0 2 18.0 2
12 £.8 275.0 0.0 58.0 3 37.0 2z 1z2.0 2
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Table B52. DIPT-4: Smoothed posicion of layers beneath shotpoints and

teophones.
Layer 2 Layer 3
5P Posit:on Surface Elev Depth  Elew Depth  Llew
(i) (fed (fe) {ft)  (fr}

F -10, 0 4.9 2.2 2.7 8.9 -34.0
(2| 137.5 7.6 8.5 -3.9 44,7 =371
R 285,10 B.6 7.0 1.6 3l.1 -4Z2.5
Capphone

1 0,0 4.9 1.6 3.3 4. 7 -35.4
2 25,0 8.0 3.5 4.5 &y, 2 -36,2

3 50,0 8.0 5.9 i.1 bé .6 —36.,5
4 5.0 7.8 7.8 0.0 50,9 -43,1

2 100, O 7.0 B.3 =07 44,8 -37.2
6 125, 0 L 8.5 -1.1 41,9 -34,5

Fi 50,0 8.1 B.% -0.8 47.9 -39.8
& 1725, 0 B.1 7.b g.7 49,5 &1, 4
9 200,0 8.1 5.8 2.3 48_9 =40, 8
10 225,0 B.? 6.7 2.0 49,0 4l 3
11 250,0 8.7 F 1.3 50,1 41,4
12 275.0 8.8 7.3 1.5 51.2 =42, 4

Layer 1 Layer 2 Layer 3

Valocities used: 1281. 4734, hfhi5h .,
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Tahle B53, FE-2?: Shatpoint intormation, geophone data, and arrival times.
Times are in msec,

sSP Elev X Loc Y Loc Dapth
(ft) (ft) (fey} (fe)

F 4.0 -25.0 (.0 0.0

A 4,0 -10.0 0.0 0.0

M 5.3 137.5 10,0 0.0

B 6,3 285.0 0.0 0.0

4 6.3 3j00.0 0.0 a.o0
Gec Elew X Loe ¥ Loc 5P F sp A 5P M 5P B 5F R

(fe)y  (fr)y  (fr)

1 4,0 0.0 0.0 13,0 2 5.0 2 33.5 2 5360.2 2 6.0 ¢
2 4.1 25,0 0.0 18.5 2 13.0 2 28,0 2 54,2 2 58.0 2
3 4.4 50.0 0.¢ 21,3 2 15,2 2 24,0 2 48.4 2 52.0 2
4 4.7 75,0 0.0 27.5 2 20,1 2 20,0 2 40,5 2 48.7 2
5 5.0 100,0 0.4 33,0 2 2.5 2 15.5 2 38.5 12 43,0 2
6 5.2 125,0 0.0 5.0 2 30.8 2 14.5 2 31.5 2 4]1.0 2
7 5.5 150.0 0.0 41.5 2 8.6 2 4.5 2 2Z6.5 2 7.3 2
3 5.7 175.0 0.0 45,0 2 42,6 2 18,2 2 20.5 ¢ 0.4 2
9 5.8 200,0 0.0 48.0 3 46.7 3 1.0 2 17.5 2 25,2 2
10 6.0 225.0 0.0 55.0 3 49.0 3 25.1 2 16.5 2 22.0 ¢
11 6.1 250.0 0.0 59.8 3 56.5 3 28.1 2 16,0 2 18.5 2
12 6.3 275.0 0.0 61.0 3 60.2 3 34.5 2 8.5 1 i4.8 2




Table BS54,  TH-2:
seocphunes,

Amoothed position of lavers beneath shotpolnts and

Laver 32
5P Position Surface Elev Depth Elev
{fr) (ft)
A =-10.0 4,0 3.3 0.7 40 h -1, 0
M 137.4 5.3 3.4 1.9 48,1 —41,0
i) 285,40 6,3 5.6 0.7 33.49 -27.h
Ceaphone
1 a.u 4.0 3.0 1.0 al_l -a7.1
2 25,0 G.1 2.4 1.7 42.5 - 38,4
3 50,0 4.4 1.8 i.6 44,1 =357
& 75,0 §.7 2.0 2.7 45 8 -4l.1
5 100, 0 5.9 2.8 2.2 47 .4 =424
£ 125,0 5.2 3.1 2.1 48,9 -435.7
7 150,0 5.5 3.7 1.8 £7 .7 -42.2
8 L?5.0 S.7 3.3 2.2 301 =44 .4
9 200.,0 5.8 e.1 3.7 52.6 -46.8
10 2250 .0 ! 3.6 9.9 ~43.9
11 250,C 0.1 3.5 2.6 400, 5 =34.3
12 273.C 6.3 4.8 1.3 4.6 -28.3
Laver 13
Velocities used: 6B74 .
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Table B55, FE-3: Shotpoint information, geophone data, and arrival times.
Times are 1in msec.

5F Elev X Loc Y Loc Depth
(ft) (fe) (£t)  (ft)

F 6.3 ~25.0 0.0 0.0

A 6.3 -5.0 0.0 0.0

M 1.4 137.0 5.0 3.0

) 1.4 138.0 15.0 0,0

B g.0 280.0 0.0 0.0

R 8.0 300.0 0.0 0.0
Geo Elev X Loc Y Loc SP F 5P A SP M SP B SF R

(fe) {ft) (ft}

1 4.0 0.0 @.0 13,7 2 7.5 1 37.0 2 35.0 2 58.0 1
2 4.1 25.0 0.0 18,2 2 14,0 2 3.7 2 33.8 2  56.0 3
3 4.4 50.0 0.0 19.0 2 21,5 2 7.8 2 22,7 2 54,0 13
4 4.7 75.0 0.0 23.2 2 26,5 2 22,0 2 22.5 2 s50.0 3
5 5.0 100,00 Q.0 29,5 2 29.5 2 20,0 2 19.8 2 44.5 2
6 5.2 125.0 4.0 k.0 2 35.8 2 15.0 1 13.0 2 3.0 2
7 5.5 150.0 G.0 42,8 2 38.6 2 6.0 1 14.9 2 34.0 2
8 5.7 175.0 0.0 46,7 2 43,0 2 20,3 2 19.5 2 24.7 2
g 5.8 00.0 0.0 49,0 2 41.5 2 21.1 2 26.5 2 20.8 2
10 6,0 225.0 0.0 52.2 3 50.0 3 29,0 I 79,3 2 16.0 2
11 6.1 50,0 0.0 56,3 3 55.0 3 33.8 2 32.4 2 4.8 2
12 6.3 275.0 0.0 59.4 3 58,0 3 40,2 2 38.0 2 5.0 1
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Table B3b6, FE-31: Smocthed position of layers bemeath shotpoints and

geophones,
Layar 2 Layar 3
5P Position Surface Elev Nepth Elev Depth Elew
{fr) (ft) {(ft) (fr}  (fe)

A =5.0 6.3 4,6 1,7 5.8 —20.%
M 137.0 7.4 b3 i.1 46,1 -38.7
N L36.0 7.4 b3 1.1 46.2 -38.4
B 280.0 8.0 5,9 2.1 8.6 -50.46
Gecphone

1 0.0 4.0 1.5 1.5 32,1 -28.1
P 25.0 L 4.5 -0._4 0.6 -26.,5

3 50,0 .4 e 0.8 29,1 =247
4 75.0 4,7 3. 1 1.6 6.3 -31.6
5 100.0 5.0 &5 0.5 40,6 ~35.4
b 125.0 5.2 4.3 G.9 42.9 ~37.1

7 150.0 3.3 4.1 l.d 43,3 -39.8
8 173,30 5.7 3.6 2.1 47,7 ~42. 0
3 200.0 5.8 3.6 2.2 49,2 =434
10 225.0 6.0 3.7 2.3 51.6 ~45.8
11 250.0 6.1 3.8 2.3 54,0 =-47.9
12 275.0 b3 4.3 2.0 56,5 =502

Layer | Layer 2 Layer 2

Velocltles usad;: 887. 5174, 3125,




228

Table 857. 1IR-1: Shotpeint information, geophone data, and avrival times,.
Times atre 1n msec.

SP Elev X Loc Y loc Depth
(fe) (ft) {(fr) (fr)

F 5.0 =25.0 0.0 n.n

A 5,1 =10.0 6,0 .0

M 5.9 140.,0 10,0 0.0

B 7.0 2B5.0 0.0 G.0

R 7.1 300.0 0.0 0.0
Gea Elev X Loc Y Loc SP F sp A 5P H sPp B 5P R

(fr}y  (ft) (ft)

1 5.2 0.0 0.0 15,0 1 8.3 1 37.5 2 67.3 2 6&.4 3
2 5.4 25.0 0.0 21.3 2 16,5 2 34,5 2 65.2 3 67,1 2
3 5.6 50.0 0.0 25,0 2 20.0 2 27.4 2 588,66 2 62.0 2
L 5.6 75.0 0.0 .0 2 24.0 2 23.0 2 84,4 12 56.5 4
5 5.7 100,0 0.0 34.6 2 g0 2 17,0 2 4%.0 2 52.2 2
& 5.8 125.0 0.0 3.8 2 36.0 2 13.0 1 43,3 2 48.3 2
7 6,0 150.0 0.0 46,0 2 41.Q0 2 11,5 1 39,5 2 4z2.7 2
3 6.4 175.0 0.0 51,3 2 47.5 2 17.0 2 36,5 2 o 0 2
9 6.5 200.0 0.0 57.3 2 51.5 2 1,0 2 30,0 2 3o.a 2
10 6.7 225.0 0.0 62,2 2 5.2 2 22,0 2 27.0 ¢ 25.5 2
i1 6,9 250.0 0.0 67.5 3 64.0 3 26,0 2 21.0 1% 19.4 2
12 1.0 275.0 0.0 0.5 3 68.2 3 29.0 2 9.5 1 7.0 1




224

Table B58, Ti-l: Smoothed positlon of layers bepeath shotpoints and

giophones.
Layer 2 Layer 3
SP Position Surface Elev Depth Elew Lepch Elav
{ft} {fr) {fc) (¢} (ft)
A =-10,0 5.1 6.8 -1.7 11.8 -12.7
M 14¢.0 2.9 8.2 -2.3 gz2.0 -76.1
B 285,0 7.0 8.2 -1.2 B3.5 —¥60,5
Geophone
1 G.0 5.2 6.9 -1.7 8.4 ~¥2.8
Z 25.0 5.4 g.1 -2.7 79.0 ~B1.4
3 50,0 5.6 Fof -2.1 Bo,1 -74.5
4 75.0 5.8 7.6 ~2.0 TE. 4 -72.8
) 100,0 5.7 7.6 -1.9 A0, 0 -74.,3
& 125.9 3.8 8.3 ~4.D 81,2 -79.4
? 150.0 6.0 8.2 -2,2 84,1 =Tr.q
B 175.0 £.4 8.7 ~2.2 84,1 ~IT.7
9 200.0 6.5 7.6 =l.1 85.1 =78.6
L0 225.0 6.7 7.7 -1.0 83.1 =7h.4
11 250.0 6.9 6.2 0.7 B3.4 ~76.5
12 215.0 7.0 7.4 -{1.4 83.5 =7h.5
Layer 1 layer 2 Layer 3

Yelocicies used 1335. 5066, 9299.
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Tultrle BSY, ik-?:  Shotpolnt information, geophone data, and srvival tiaes,
Times are in mycc.
SP Flev X Lec Y Loc Depth
{ft) (ft) (fe} (ft)
F 7.0 -25.0 0.0 0.0
A 7.0 -10.0 0.0 0.0
M 8.4 141.0 10,0 0.0
! 10.0 285.0 0.0 0.0
R 10,0 200.0 0.0 0.0
Gen  Llew X Loc Y Loc 5P F SF A 5P M 5F B 5P K
(fr} (fey (it}
1 7.u 0.0 0.0 17.4 1 9.0 1 42,0 2 s»4,8 3 bH.b 3
2 7.1 25.0 0.0 22.3 2 19,0 2 39.0 2 w34 3 b5.8 3
3 7.5 5G.40 0.0 6.2 2 0.0 2 33,00 2 59,7 2 Rl.4 2
4 7.8 75.0 0.0 29.5 2 23.0 2 2¥7.5 2 51,5 2 56.3 ¢
P! B.Ov 1000 G.0 35.8 2 32.5 2 22,0 2 46,0 2 51.7 2
6 8.3 125.0 0.0 3.2 2 3i.a 2 14,2 1 33,0 2 45,1 2
7 8.6 L5300 0.0 44 .8 2 43,5 2 12,3 1 29,0 2 40,5 2
8 9.2 173.0 0.0 50.8 2 50.2 2 22,2 2 26,6 2 35,9 2
g 9.4 200.0 0.0 54,0 2 32.0 2 22.8 2 25,0 2 3z, 1 2
10 9.5 2i5.0 0.0 58.0 2 58.0 2 26,5 2 23.2 2 o0 2
11 16,0 250,40 0.0 63.6 3 63.3 3 37.0 2 21.6 2 2732
12 1o, 275.0 0.0 67.7 3 67.0 3 41.5 2 13.0 1 2002 |

|
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Table B&D. "R-2: Smoothed position of layers beneath shotpoints and

necphones,
Layer 2 Laver 3
3P Posit:on Surface Elev Depth  Elevw Dapth  Elev
(ft) {ft} {fr) (fr)  {fe}

& -10.0 7.0 6.9 | 3.5 =76.5
M l4l.0 B.4 5.5 2.9 73.0 -bh .6
B 285.0 10.0 10,5 0.5 7.6 -37.6
Gegphone

1 0.C 7.0 7.4 =04 B3.5 ~7b. 5
z 25.C 7.l 9.5 =2.4 E1,.5 =76, 4

k] 5d.C 7.5 .U ~0.5 E3.9 =Tb. 4
4 i5c 7.8 b2 L.2 82,7 =T4.9

3 100,10 L) 5.8 B2 0.7 ~72.7
6 125.14] 8.2 4.8 3.5 76,1 ~h7._8

7 150.4 B.& 6.0 2.6 Tl.4 -62.8

) 175.0 9.2 7.4 2.2 67.1 =57.9

g 200.0 9.4 6.2 3.2 62,4 ~53.0
L 225,10 9.5 7.5 2.0 57.6 ~48.1
11 230.0 13,0 10.9 .9 54,12 =hd
12 275.10 10.0 1¢.2 ~-0.2 49,5 -39.5

Layer 1 Layer 2 Layer 3

Velocities us=d 11R3. 523%. 8213,
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Table B61, I1WI-l: Shotpolnt information, geophope data, and arvival times.
Tlines are in mseac.

S5 FElev X Loc Y Loc Depth
(ft) (fe) {(fe)y ({ft}

F 6.7 -25.40 0,0 0.0

A 6.7 -10.0 6.0 0.0

M 7.0 137.5 10,0 0.0

B g.0 285.0 0.0 0.0

R 7.5 300,0 0.0 0,0
tieo Elev ¥ Loe ¥ Loc 5P |3 5P A SP M 5P B Sk R

{ft) (fe) (ft)

1 .7 o.n 0.0 L, 4 1 9.1 1 34.5 2 62.5 3 64,00 3
2 6.7 25.0 0.0 7.6 2 19,5 2 jl.a 2 6B.5 3 63.0 3
3 6.5 50.0 0.0 19,1 2 21.0 2 2602 2 57.6 3 39,3 3
4 B.1 75.0 0,0 23,4 2 23.5 2 21.0 2 s51i.00 2 35,3 2
5 5.8 100,0 0.0 25,3 2 25.0 2 17.6 2 4%.0 2 48.0 2
b 5.6 125.0 0.0 27,82 29.0 2 12.5 1 44.5 2 46,0 2
7 6,85 150.0 0.0 38,4 2 3N.0 2 13.0 1 42,7 2 G 2
3 9.5 175.0 0.0 48.3 2 47,5 2 15,9 2 34.4 2 .o 2
9 10,5 200.0 0.0 5.0 3 54.2 13 21.0 2 26.5 2 21.5 2
10 14,5 225.0 0.0 0.0 13 59.5 3 .o 2 18.5 2 18,0 2
11 10,0 250.0 0.0 65,0 3 b4.5 3 .9 2 15,0 2 17,3 2
12 9.% 275.0 0.0 8.0 13 A9.0 3 40,0 2 .5 1 14.5 |}
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Tahle B62. 1WT«l: Smoothed poaition of lavara beneath rhotpolnts awmd

gecphones.
Layer 2 Layer 13
EF Position Surface Elav Depth  Elev Veprh  Elay
(fr) (it} {fr) (fe)y  {ft)

A -0, 0 6.7 5.6 1.1 43,2 -38.,5
M 137.5 7.0 7.8 =i, 75,4 68,4
B 285.0 8.0 8.1 -0.1 8.0 -90.0
Geophone

1 0.0 b.7 2.1 1.6 42,1 -353.4

2 25.0 L 6.7 -0.0 43 .6 -38.1

3 50.0 .5 bod 2.1 4605 —-4h,0
& 5.0 6.1 3.7 2,4 0.5 —dd 4
3 1000 5.8 5.k 0.2 59.2 -53.4

) 125.0 5.6 6,7 -1.1 69.0 -b3.4

i 150.0 6.8 ¥.2 0,4 0.1 -73.13
B 1753.0 9.5 B.7 o.8 B5.7 -76,2
9 200.0 10.5 J.b 3.1 BB.& -78.1
10 225.0 10.5 B.& 1.9 Bo.4 -78.9
11 250.0 10.0 10,9 -d.9 43.9 -83.9
|l 275.0 8.5 9.6 -0.1 48.13 ~38.48

Layer 1 Layer 2 Layer 3

Valocitice used 1358, 4692, aB27.
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Table B&)., LWI-2: Shotpoint information, geophone data, and arrival times.
Times are 1in msec.

5P Elev X loc Y Loc Depth
{fc) (fr} (fe)  (ft)

F 8.6 ~-25.0 0.6 0.0
A 8.6 -10.0 0.0 0.0
M 6.6 137.0 10,0 ¢.0
B 6.7 285.0 0.0 0.0
R 6.7 300.0 0.0 Q.0
tiep Flev X loc Y Loe §P F SP A SP M SP B SPF R
(ft) (ft) (fr)
1 8,6 0.0 0,0 14,3 1 9.2 1 23,1 3 61.0 3 65.3 3
2 7.1 25,0 0.0 17.0 2 18,0 2 22,0 3 59.1 3 63,8 3
30 7.1 50.0 0.0 20.0 2 18,2 2 19,6 2 536.0 3 58,0 3
4 7.0 75.0 0,0 27,71 2 27,4 2 17,4 2 50.5 2 52.8 2
5 6.8 100.0 0.0 4.0 2 30.8 2 15,0 2 48.2 2 44,0 2
6 6.4 123.0 0.0 41.5 2 37.2 2 1l.5 1 41,0 2 40.5 2
7 6.8 150,0 0.0 48.5 2 41.3 2 12,0 1 35,2 2 37.5 2
B 7.1 175.0 0.0 53.5 3 &7.7 2 17.3 2 27,5 2 29,0 2
5 8.6 200.0 (.0 55.3 3 50.5 2 23.4 2 24.5 2 24,9 7
1 6.7 225,0 0.0 58.2 2 56,2 3 24,2 3 205 2 20,7 2
it 6.7 250,060 0.0 62.4 3 62.2 3 25.1 3 12,5 2 19.8 2
12 6.7 275.0 0.0 £5.0 2 63.8 3 26,8 3 9.0 1 18.0 |




Table Bba., [WI-I: Smoothed poeition of layers heneath shotpoints and

geaphones,
Layer 2 Layer 3
sP Posil ion Surface Flev Depth  Elevy Dapth  Llew
(ft) (fr) (£} (fty  {ft)

& -14a, 8.6 L L.9 6.7 1.4
M 137,40 B.6 6.0 0.k G420 -394
B 285.0 6,7 5.8 n.a 43,5 -1h. K
Geaphane

1 fi. B.6 B.o 1.8 6.5 l.5
2 25.1] 7.1 6.0 1.1 43,1 =36, A
3 50.0 7.1 4,1 3.0 47.5 =40.4

b 5.0 7.0 4,49 2.1 34t -47,1

5 log.g 6.8 4,7 2.1 ROCE =53, 7

& 125.0 B.d 6,0 G4 47.49 =41.5

7 L50.0 6.8 6.0 (t. 8 5.7 -28.0
] L1730 .l i.8 3.3 45,6 -38.5
9 FACIEME B.& 4.6 6.0 7.3 ~2B.,7
10 225.1) 6.7 5.4 1.3 FEr| -57.3
11 250 1) 6,7 6.4 0.3 49,8 =43t
12 2750 b7 5.1 1.6 42,1 =35.4

Laver 1 Layer 2 Laver 3

VYelocltices used 1343, LS. T 1254,
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Table B&5. NT-1: Shotpoint information, geophone data, and arrival times.
Times are in meec,

5P  Elev X Loc Y Loc Depth
{ft) (fr) (fr) (ft)

F 6.1 -25.,0 g.,0 0.0

A 5.6 -1G.0 0.0 0.0

M 5.3 137.5 10,0 0.0

B 5.5 285.0 0.0 1,0

R 5.5 3000 0.0 o.u
Geco Elev X Loc Y Loc SP F Ry A 5p M 5P B 5P R

{ft) (ft) (fe)

1 5.1 a.0 0.4 15.3 1 5.3 1 32,1 2 60,0 3 5.2 3
2 5.3 25,0 0.6 17.2 2 4.0 2 28.7 2 58.0 13 6l.3 3
3 5.4 50.0 0.0 22.4 2 18,9 2 25,6 2 53,5 1 38.2 3
4 5.6 75.0 0.0 21,0 2 24,0 2 20,7 2 49,3 72 53.7 2
5 5.3 100,0 0.0 3jl1.8 2 29,3 2 18.0 2 42.3 2 5l.2 2
4] 5.3 125.0 0.0 40,3 2 35.0 2 13,5 1. 37.2 2 45.7 2
7 5.4 150,0 0.0 45.0 2 41,0 2 l4,0 1 31.4 2 6.8 2
B 5.2 175.0 0.0 50.7 2 46,3 2 19,2 2 25,0 2 9.0 2
9 5.0 200.0 .0 52.8 2 51.2 2 22.5 ! 19,4 2 23,0 2
10 5.1 225.0 0.0 c0.0 2 56.4 3 27.8 2 15,8 2 20,0 2
11 5.3 250,0 0.0 62.4 3 6l.0 3 3l1.7 2 l4.6 2 17.0 2
12 5.5 275,0 0.0 b6.3 3 64,7 3 3.0 2 10,0 14.3 1
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Table B66. N''-1: Smoothed peosition of layers beneath shotfpnints and
grophones,

Layer 7 Laver 1
sp Fosition Surface Elev Depth  Elev Depth  Elew
(ft} {ft) {ft) (fe}  (ftr)
A =10.0 5.6 3.1 2.5 35,7 -50,1
| 137.5 5.3 6.4 -1.1 B7.8 -h1.5
H ZB53.0 Y5 5.1 .4 50,8 =453
Geophone
1 a.0 5.1 2.9 2.2 55.4 -5l H
Fd 5.0 5.3 3.5 L.& 38,3 -53,4
3 50.0 3.0 4.0 1,4 ROk -59,2
iy 5.0 3.h 5.0 U,8 akly -31.1
5 loo.0 5.3 5.8 -0.5 b, 7 -hhld
6 125.0 5.3 6.7 -1,4 hE.9 -bl.&
7 1500 3.4 6.1 -0, 68.8 —-Ba. 4
8 175.0 5.2 5.2 -0,0 68.3 -63.1
g 2001 5.0 3.7 1,3 67.6 -6l.86
10 235,40 5.1 3.7 L4 Bb2.4 -57.3
11 250,0 5.3 5.4 -G.1 53.2 -4,
12 275,90 5.5 5.1 0.4 52.3 46,8
layer 2 Layer 3
Velocities usad 4922, 7155,
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Table B&7, NT-2: Shotpoint information, geophone data, and arrival times,
Timea are in msec.

5P Elew X Loc ¥ Loc Depth
(fe) (ft) (ft) (fr)

F 4.7 -25.0 0.0 G.0

A 4.5 -10.0 0.0 0.0

M 6.1 136.0 10,0 0.0

B 5.8 285.0 0.0 0.0

R 5.8 300.,0 0.0 0.0
Gea Elev XK Loc Y Loe 5P F SP A SP M 5P B 5P R

(ft) (£t (fe)

1 4.2 .0 0.0 14.7 1 10.3 1 jl.2 2 e4.1 3 9.0 1
? 3.5 25.0 0,0 19,0 2 17.2 2 26,5 2 6l.4 1] 64.5 1
3 3.5 50.0 0.0 23.8 2 21.5 2 24,3 2 57.0 2 59.4 2
4 4.7 15.0 0.0 28.7 2 27.4 2 1.5 2 48,2 2 54,5 2
5 5.5 10G,0 0.0 34,2 2 32.0 2 4.8 2 37,0 2 48.0 2
0 6.1 125.0 0.0 42.3 2 40.5 2 12.2 1 25,0 2 43,3 2
7 6.1 150.0 6.0 4.2 2 44,5 2 13.2 1 21.5 2 35,5 2
8 6.0 175.0 0.0 51.0 2 50.0 2 15.2 2 20.6 32 4.0 2
9 6.0 200.0 0.0 55,3 2 54.5 2 7.0 2 17.3 2 il.s 2
10 6.0 225.0 0.0 39.6 2 58.4 2 20.5 2 16.0 2 5.0 2
11 6.0 250,0 0.0 64.0 3 .7 2 23,0 2 12,8 2 18.0 2
12 5.8 275.0 0.0 08.7 3 65.0 13 25.4 2 8.8 1 15,1 1




Table BEB., §T-2: Smoothed poaition of layers bemeath shatpoints

geaphaones,

and

Layer I Layer 3
5P Position Surface Elgv Depth Elev Depth  Elew
{fr) (ft) {fe) (fey  {(ft)
A -14, 3 4.5 5.2 -0,7 74,0 —hG,5
M 136,13 6.1 g.1 -2,0 69,4 -f1,3
B 285, 3 5.8 4,2 1,6 T, 4 —Ffs
Geophones
1 &, 4,2 4.9 0,7 1.1 -6%, 1
2 25,7 3.5 2.5 -2.0 2.6 60, 1
3 X 3.5 B.l 4 h 2.6 -69.1
& 5.7 4.7 1.8 =3.1 73.8 =69, 1
5 104,73 3.3 6.0 0.3 7. b =64,
6 1257 6,1 8.3 =1.2 68.1 =621
7 154, 6,1 7.9 -1.4 .00 =654
8 135,13 b,0 5.9 -0.4 7l.4 =654
9 200,17 6.0 7.2 -1.2 7.0 -6, 0
10 225.1 5.0 7.4 -1.4 72.5 ~hb. 5
il 230, 5.0 6.5 =0.3 72.% ~fh. 5
12 2750 5.8 4.4 1.4 72.13 -6h.5
Layer 1 Layer 2 Layver 3
Velocities wived 1331, 5343, 0827,
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Table B69. NT-3: Shotpoint information, geophone data, and arrival times.
Times are in msec.

SF Flev X Loc Y Loc Depth
{ft) (fr) (ft) (ft)

F 6.2 -15.0 4.0 0.0

A 6.5 -10.0 0.0 0.0

M 6.5 137.5 10,0 0.0

B 5.6 285.0 0.0 0.0

R 5.9 300.0 g.¢ 0.0
Geo Elev X Lee Y Loc 5P F SP A SP M 5SP B 5P R

(ft) (ft) {fr)

1 6.3 0,0 0,0 16.0 2 5.1 1 24,0 2 64,5 3  67.5 3
2 6.0 25,0 0.0 18.0 2 17.7 2 23.0 2 59.8 3 62.1 3
3 5.7 50,0 0.0 20.0 2 19.2 2 19.8 2 57.0 3 60,0 3
4 5.8 75,0 0,0 23.0 2 23.0 2 18.7 2 53.4 2 53.5 &
3 6.0 100.0 0.0 24,2 12 25.7 2 14,5 2 44,4 2 49.0 2
6 6.2 125,00 0,0 28.5 2 33.1 2 12.7 1 31.%9 2 40.0 2
7 1.0 150.0 0,0 5.0 2 7.1 2 12.4 1 22,3 2 8.6 2
8 7.8 175,0 0,0 49.3 2 46,0 2 13.0 2 19.2 2 25,4 2
9 6.3 200,0 Q.0 54.5 2 51.6 2 17.2 2 17.5 2 24,8 2
19 6.0 225.0 0.0 62,0 3 60.2 3 20,5 2 15,8 2 24,5 2
1l 5.2 250.0 0.0 64.5 3 63.2 3 25,2 2 12,0 2 21,0 2
12 5.5 75,0 0,0 66.0 3 65.0 3 29.4 2 8.5 1 11.5 1




Table BY0, NI -3: Smoothed position of layers beneath shotpoints and

girophones,
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Layer 2 Layer 3
SP Peogition Surface Elev Dapth  Elew Depth  Eley
{ft) {fe) {Et} {(fe)  (ft)
A -10.0 &, 5 9.6 -3.1 9.0 =725
M [37.5 6.5 B.5 =G.0 93,6  -B9.]
B 285,0 2.6 3.2 0.4 i06.7 -101.1
Geaphone
1 0.0 b.3 9.1 -3, 7¥.%  -Fi.h
2z 25.0 6,0 8.1 -2.1 B2.1 -76.1
3 50.0 5,7 6.0 -0.2 B4.3 -78.0
) 5.0 5.8 3.9 —4,1 Bh.y 41,1
5 100, O 6.0 3.0 -2.h 89.5 -831.5
& 125.0 b,2 6,9 0.7 93,7 -B7.5
7 153G, 0 7.0 6,4 0.6 97.6 -50.6
8 175.0 7.8 9.5 -1.7 9.0 -90,2
g 200,09 6.3 9.7 -3.4 99.0  -92.7
1 225.0 6.0 7.8 -1.8 1ar.z  -95,2
11 250.0 5,2 7.5 -2.3 19z.9 -97.7
12 275.0 5,5 5.1 0.4 105,7 —100.2
Layer |1 Layer 2 Layer 3
Velocitias uped: i428, 3881, B457,
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Table B71, NT-4: Shotpoint information, geophene data, and arrival times,
Times are 1n msec.

5P Elev X Loc ¥ Loc Depth
{ft) (fe) (ft)  (fr)

F 5,2 ~25,0 0.0 0.0

A 5.3 -10,0 0.0 0.0

M 5.0 137.5 10.0 0.0

B 5.0 285.0 0,0 0.0

R 5.0 3n0.0 0.0 v,
Geg Elew X Loc Y Loc 5P F 5P A 5P M SF B SP R

(tt)  (fr) (ft)

1 5.3 0.0 0.0 12.8 2 4.8 1 2.5 2 53.6 3 59,0 3
2 5.3 25.0 0.0 17.0 2 14,1 2 2B.0 2 52.5 3 55,0 3
3 5.1 50,0 3.0 22.5 2 17,8 2 23.9 Zz 49.3 3 52,0 3
& 5.0 75.0 0.0 23.4 2 24 .71 2 18.9 2 45,0 2 47,0 2
5 4.9 100,0 0.0 26.5 2 7.0 2 15.2 2 39.3 12 40.0 2
4] 4.9 125.0 0.0 8.5 2 30,5 2 10,4 1 36,7 2 35,5 2
7 5.0 150.0 0.0 3.0 2 i5.3 2 10.3 1 8.8 2 ja.g 2
8 5.0 175.0 0.0 38,4 2 3.0 2 4.4 2 27.8 U TELE 2
9 5.0 200.0 0.0 44,3 2 41,1 2 17.8 2 23,0 1 23.7 2
10 5.0 225.0 0.0 Sg.1 3 44.0 3 23,6 2 18,4 2 .12
11 5.0 250.0 0.0 52.2 3 46.1 3 10 2 N B O 15.% 2
12 5.0 275.0 0.0 54,5 3 49.5 3 31,8 3 16,2 1 12.0 2
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Table 572, NU-4: Swooched position of layers beneath shotpoints and
geophones.

Layer 2 Laver 3
5P Foeicion Surface Elev Depth Elev Depth Elew
(fe) {Et) (Fr) {(fr) (fc)
A -10.0 5.3 b.7 =1.4 77.5 -72.12
M L3¥.3 5.0 4,2 0.8 .7 =57.7
B 283.0 5.0 5.0 =3.0 10,0 =5.0
Geophone
1 0.0 2.5 h.B =1.3 IT.h -71.%
z 25.0 5.3 6.0 =0.7 72,5 ~67.2
3 50,0 5.1 b.4 =1.3 67.5 =024
i 5.0 5.0 6.6 -1.56 73.9 =-70.9
5 100,48 6.9 3.1 =02 6.7 -71.8
& 125.0 4.9 &b 0.5 67.8 -62.9
7 150,40 5.0 3.9 1.1 57.4 =524
) 175.0 2.0 4.1 0.9 &7.0 -42.0
| 200.0 5.0 4.9 0.1 36,5 -31.5
L0 215.0 5.0 6.7 -1.7 &r.3 =22.3
11 250.0 5.0 8.4 =1.4 22.% -17.9
12 215.0 5.0 7.6 -2.6 13.5 -B.3
Laver 1 Layer 2 Lavyer 3

Yelocitier used: 1303 6033, 88140,
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Table B73, P1-1: GShotpoint information, geophone data, and arcival rimes,
Tiwes are o msec,

sk I'lev X Loc ¥ Loc Depth

{fr) (i) (ft) (ft)

¥ &, 7 25,0 LU (G,

A 4.8 -1, 0 0.0 3.0

M 6.0 150.0 0.0 0.0

B 5.0 2B5.0 Q.6 0.0

R 5.2 300.0 0.0 0.
Geon  BElew » Luc ¥ Loco 5P F 8P A SP M 5P B SP [

(fr}) e fie)

1 9.3 (g a.u ift.7 2 g.8 1 J9.0 2 wb.¥ 2 g9, 4
2 Y. b 25,0 i, 22.0 2 ift.e 2 33.5 2 &H2.0 3 63,5 14
3 5.0 S50.0 0.0 26.0 2 22,5 2 7.5 2 5h.8 3 7.6 3
o 3,49 i, 0.0 31.8 2 29.5 2 23.3 2 53,0 2 55.0 2
5 A0} 100,40 .0 37.0 2 34,7 2 7.0 2 47,3 2 49,5 7
& 6,0 L2h,0 .o 42,1 2 35,8 2 13.4 1 42.Q0 2 45,0 2
7 4.8 £50.0 0.0 46.3 2 43.4 2 11,3 Lt 35.0 12 3B, 2
o] 3.7 L75.,0 0.0 0.0 2 46,0 2 V4,4 2 29.0 A T
9 5.8 00,0 0.¢ 56.2 2 2.8 2 19,0 2 25.8 2 8.5 2
14 5.6 25,0 0.0 62.2 2 59,0 2 25,0 2 .0 2 25.0 2
11 5.5 50,0 0.0 67.0 3 3.6 3 0.0 2 16,0 2 20.0 2
12 5.3 2750 0.0 0.2 13 bbH.4 3 16,9 2 £.0 1 15,5 2
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Table B74. PT-l: Smoothed position of layers beneath shotpoints and
gaophones.
Layer 2 Layer 13
14 Pogition Surface Elev Depth  Elew Depth  Elav
(£t) (ft) (£t} (fr)  (ft)
A =10.0 4.8 7.4 2.6 l4.6 5.8
M 140, 0 6.0 6.3 =0.3 26,5 =20,5
B 55,0 5.0 6.6 -1.5% 22.6 -17.6
Geophone
1 4,0 5.3 7.8 -2.5 15.8 =-10.5
2 25,0 5.6 7.3 1.7 18.0 -iZ.4
3 30,0 5.1 6.5 -0.8 0.0 =h4. 3
& 5.0 5.9 7.3 1,4 21,1 -15.2
3 100.0 6.0 6.9 0,9 23.2 -17.2
b 125.0 6.0 6.9 0,9 5.3 -19.3
7 150,0 4.8 4.6 0.2 26.1 =-21.3
8 L?5.0 5.2 4.1 1.1 28.5 =23.3
9 200.0 5.8 5.4 0.4 1.l -15.3
10 225.0 5.6 6.4 =0.8 22.0 -16,4
l1 250.0 5.5 6.3 =0.8 23,7 -17.2
12 275.0 5.3 6.7 =1.4 23,4 -18.1
Layer 1 Layer 2 Layer 3
Velocities used: 1218. 4508, 5373,
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Shotpoint information, geophone data, and arrival times.

PT=2:

Table B*5.

Times are Iin mosec.

Depth
(ft)

Elev X Loc Y Loc
(ft) (ft) (fr)

5P

-25,0

4.2

= B & =

SFP SF SP SP

Elev X Loc Y Loc 5P
(fe)

Gao

(fc)

(fi}

b6.0 3 69.0

2z
2z
2
2

L4

35

8.6

13.0

0.0

0.0

3

63.0
59
55

3
3
3
2
2
2
i

16,2 2 31.0 62.0

21,9 2
6.6 2

56.0

27.0

52.0

22.5

2
2

51.0

18.0 2 47.3

2

33.6
g.5 2

2
2
2
3
3
3
3
3

35.5

0.0
0.0
0.0
0.0
0.0
6.0
0.0

106.0

45.3
41

£40.8
37

1

13.4

40.8

125.0

.2

.5

13.5

45,8 44.3 2

150.0

34.0 ir.o 2

18,5 2

51.5 50.6 2

175.0
200,0
225.,0

4.0

3

53,5
58,3 3

54,2

L

23

2
2

i

26,0 2 21.0

58,3

4,.

10
11
12

2
z

23.0

jl,2 2 16.2

.4 2

66,1 63.6 3

250,0
275,0

5.0

17.0

13.0

3

68,8

72,0

0.0

5,5
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Table B76., PI-2; Smoothed positicn of layers beneath shotpolnts and
gaophonen,
Layer 2 Layer 3
5P Foaltion Surfarce Elev Depth  Elevw Depth  Elev
(£t} (fc) {ft) (fr)  (Le}
A ~10.,0 4,2 4,2 =0.0 16,0 ~-11,8
M 137.5 4.5 5.6 =2.1 31.3 -26.8
B 285.9 5.4 6.0 =-0.6 42.4 -37.0
Geophona
l g.o 4.2 4.3 =01 Lv.1 -12.,9
2 25.4 4,0 6.9 -0.9 18.8 -14.8
1 50.0 4.0 5.6 -1.6 20.8 -16,8
4 75.0 4.0 5.9 -1.9 22.8 -18.8
3 100.0 4.9 6.3 =1.4 23.7 -I0.8
& 125.0 4.5 6.7 -1.7 32,7 -28.2
7 150.0 4.3 6.7 =2.4 29,7 -25.4
8 175.0 4.7 7.5 -2.8 33,0 -28.3
9 200.10 4.7 4.3 o4 35.0 =30, 3
1a 225.0 4.7 4.4 0.3 36.% -32.1
11 250.0 5.0 3.5 -0.5 352 =34,7
12 275.0 5.3 6.1 -0.8 1.5 -36.2
Layer 1 Layer 2 Layer 3
Velocities usged: 1126, 4349, 5128,
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Table Bi7. PFl-3: Shotpoint informat on, geophone data, and arrival times.
Times are In msec.

SP Elev X Lec ¥ Loc Depth
(ft) (ft) (ft) (fr)

F 4.2 -25.0 0.0 0.0

A 4.3 -10.0 a,0 0.0

M 4.3 139.5 10.0 0.0

B 4.0 285.0 a,0 0.0

R 4,0 300,0 0.0 0.0
Geo  lkKiey X lec Y Loc 5P F SP A SP M SP B sP R

(ft) {(fc) (ft)

1 4.4 .0 0,0 13.0 2 9.0 1 4.5 2 B3O 3 66,5 ]
2 4.5 25,0 0.0 7.0 2 15,0 2 s 2 B0O,5 3 LT 0 I
3 4.6 50,0 0.0 21,0 2 18,2 2 25.% 2 56,0 3 60,0 3
A Gon 15,0 3,0 6.6 2 23,0 2 19.5 2 50.5% 2 55.0 3
5 4,2 100,80 0.0 jL.7 2 8.8 2 6.5 2 45,5 2 50,0 2
& 5.3 i25,0 0,0 40.0 2 7.8 2 13,8 1 43,8 2 47.5 2
7 4.5 130,0 G,0 43,3 2 41,0 2 1i.9 1 35,5 2 40.0 2
H 47 175.0 0,0 47,8 2 L6,0 2 16,7 2 30.3% 2 4.0 2
9 3.7 200,90 0.0 53,5 2 31,0 2 22, 2 26,0 2 io.0 2
10 4.0 225.,0 G,0 56,5 2 60.5 2 30.5 2 24,0 2 21.5 2
11 4,2 250.0 0.0 62.4 3 60,8 3 33.0 3 i5.0 2 18.0 2
12 4,0 275.0 0.0 67.0 3 65.7 3 37.0 3 8.3 1 14.0 2




Table 578. PT-3: Swocthed position of layers benearh shotpolnts and
peophones,

L | 1r

Layer ¢ Layer 3
SF Position Surfarce Elev Depch Elev epth Flew
(ft} (fc) {Fi) {(it)  (re}y
A 10,1 4.3 3.9 o4 34,5 -30.12
M 139.: 4.1 L =2.1 42,49 =3i.h
E 285.C 4.0 4.6 -0.& 29,5 -21.5
Geophone
1 0.4 4.4 4,2 0.2 35,3 -3¢, 9
2 25.1 4.5 4.7 -0,2 36,4 -31.9
3 50.0 4.6 3.8 0,3 7.6 ~33.0
4 ¥5.0 4.2 3.5 a.7 39,9 -35.7
b 100.0 4.2 4.5 -0.3 42,6 =-38.4
B 125.0 b3 7.5 -3,! 42.8 -38.5
7 150.0 4.5 3.% -1.4 43.3 -3B8.8
8 175.0 4.7 3.6 -0.9 43.3 -38.6
2 200.0 iz 6.1 -2.6 41,32 -38.5
14 225.0 4.0 8.5 -4.3 4l.4 =37.4
11 250.0 i.2 4,3 -0.1 8.7 -24,5
12 2750 .0 4.b 0.6 26.9 -22.%
Layer | Layer 1 Layer 3

Velocities usid: 1208, H4B4E, 587}
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Table B79, ST-1: Shotpoint information, geophone data, and arrival times.
Times are in msec.

3P Elevy X Loc ¥ Loc Depth
(ft) (ft) (fe) <{fr)

F 2.8 -25.0 0,0 a.0

A 2.8 -146.0 Q,0 0.0

M 4.1 137.5 10,0 0.0

B 5.5 285.0 0,0 u. o

R 5.2 300.0 0.0 0o
Geo Fley X Loc Y Loc SPF SP A SP M 5¢ B 5F R

(i) (fo) (fe)

1 2.8 0.0 0.0 11.0 2 7.8 1 32.5 2 el,5 ) 64,0 3
2 3.2 25,0 0.4 le.7 2 14,0 2 29.5 2 58,2 3 61,2 13
3 3.3 50,0 0.0 21.2 2 18,7 2 2.8 2 54.0 3 56,0 3
& 3.5 75.0 0.0 25.3 2 22,6 2 19.1 2 49,4 2 51.5 3
5 3.8 100,90 a.0 al.s 2 8.6 2 14.8 2 45,0 2 a4t 0
6 4.1 125,0 0.0 3r.0 2 33.0 2 11,0 1 40.7 2 43.5 2
7 4.2 150.4 0,0 41.0 2 37.3 2 11.6 1 35.5 2 g5 2
8 5.5 175.0 4,0 46.3 2 43,0 2 1.8 2 31,0 2 34,3 2
9 5.5 200.0 0.0 51.4 2 47.8 2 21.0 2 25,8 2 8.5 2
10 6.5 225.0 0.0 6.0 3 52.0 2 29.3 2 20,0 2 23,0 2
11 &.0 250.0 0.0 6D.0 3 5.9 3 w.s 2 14,0 17,6 2
12 5.7 275.0 a.n 64,2 3 0,8 A 4,2 2 8.9 |1 2.0 2

|
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Table B8O. S¥-1: $Smoothed position of layers beneath shotpeints and

gkrphones,
Layer ¢ Layer 3
sl Poritign Surlave Flew Bepth Elew lopeh Llev
L) (L) (1e) (fe)  {(fr)

A -10.0 2,8 5.0 =2.1 9.6 -36.8
M 137.5 4,1 6.6 2.5 ZB.h -24.5
B 285.0 5.5 6.4 0.9 17.8 =12.3
Gecphone

1 .0 2.8 4.7 -1.% .z -35.9

2 25.0 3.2 3.3 =2.1 T -14.2

3 50.0 3.3 5.2 -1.9 35.9 -3Z2.6
& 75,00 3.3 5.2 -1.7 304 =35.9

5 10a, o i.8 6.1 -2.5 6.5 =32.7
b L25.0: 4,1 b.8 &7 5.8 -25.7

7 15000 . 4,2 B.5 =2.13 7.6 =234

! 175,00 3.5 7.3 ~1l.8 b, f =k

4 200,01 2.2 6,7 -1,2 24,3 -l8.8
H 225,00 6.5 5.9 i, 6 231 -lb6.6
11 250,01 6.0 5.4 u.6 19.5 ~-13.5
12 275,00 5.7 3.5 0,2 152 0.5

.
Laver ! Layer 2 Layer 3

Yelocities usel: 1329, 5111. 5638,

&




Table B81, 5T-2: Shotpoint information, geophone data, and arrival times.
Time are in msec,

SP Elevy X Loc Y Loc  Depth
(fe) (ft) (fr) (ft)

F 6.0 ~25.,0 0,0 0.0

A 5.8 10,0 0.0 0.0

M 4.1 137.5 ig.0 0.0

B 3.5 285.0 0,0 0.0

R 3.7 300.0 0.0 0.0
Geo Elev X Loc Y Loc SP F SP A ST M 8P B 5P R

{({t) (fr) (ft)

1 5.7 .0 0.0 12,1 ¢ 1.3 1 27.0 % 5.0 3 bb.5
2 5.2 25.0 0.0 la.0 2 7,0 2 4.0 F 61,0 1 64,0 3
3 4,3 h, 0 0.0 4.2 2 22,2 2 ML RT03 59.7 4
4 4.3 5.0 o.0 0.4 2 28,8 2 2.2 0 82,5 1} 54,4 4
5 4.3 100.0 0.0 3b.4 2 8.5 2 1a.0 2 44,0 2 0,7 2
[ 4,2 125.0 0.0 40.3 3 38,5 2 13.0 1 44,00 2 46,0 2
7 4.1 150.0 0,0 45.2 3 42,5 3 13.8 1 37,0 g7 2
8 4.4 175.0 0.0 48.0 3 46,2 3 1.6 2 32.0 2 G0 2
3 4.2 200,0 0.0 52.5 3 50,0 3 28,5 2 27.0 2 A D
10 4.1 225.0 0.0 59.0 3 5.7 3 31,5 2 5.0 2 8 SR
11 &0 250,0 0.0 63.5 13 1.5 3 33,5 03 6.4 7 19,0 2
12 4.0 275.0 0.0 hHh.0 3 65,5 % JR.0 3 9.0 | 13.5 2
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Table BB2, Sf-2: Smoorhed peaition of layers beneath shotpoints and

géophones,
_i_
Layer 2 Layer 1
SP Positidn Surface Elevw Depth  Elev Bepth  Elev
(ft) 1§33 (fr) (Ee)  (fo}

A =10.,0 5.8 3.5 0.7 le .4 =11.1
M Ii7.5 4.1 9,2 %1 . =425
B 285.0 3.5 5.5 =2,0 9,73 -%.8
Geophone

1 0.0° 5.7 5.6 Q.4 15,2 -4, 5
2 25.0 5.2 7.7 ~2.5 1,7 -la.h
3 50.0 hul B.1 -3.48 47.3 -33.0
4 5.0 4.3 2.7 -5.4 29.5 —23,2
5 19¢.¢. 4.l 10,8 6.5 5.5 -21,¢
b 125.0 4.2 18,0 ~5 B Ja.5 =301

7 1500 4.1 8.5 =4, 4 5E.8B -54,7
8 175.0 4.4 8.7 =4, 249 -50,3

3 200.0 4.2 10,8 6,6 30,4 -24,2
IR 225.0 4.1 11,5 -7.4 19.6 -15.5%
11 250.0 4.0 7.8 -3.8 16,5 -12.3
12 275.0 4.0 6,0 -2,0 1,1 -1.3

- Layer | Layer 2 Laver 1

Velocities uaidd: 1119, 47473, 5802,
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Table 883. 5T-3: Shotpoint information, geophone data, and arrival times.
Times are in msec.

33 Flev X Loc ¥ Leoc DBepth
(fe) (fr) (fe) (ft)

F 4,0 -25.0 0.0 0.0

A 4.0 -10.0 0.0 0.0

M 4.1 137.5 10,0 0.0

B 6.0 285.0 0.0 0.0

R 6.0 300,0 0.0 0.0
Geac Elew ¥ Loc Y Loc SF F 5F A SF M 5P B SP B

(ft) (ft) (fe)

| 4.0 0.0 0.0 13.5 2 7.5 1 33.5 ¢ 60,4 3 3.1 3
2 4.4 25,0 0,0 19.5 2 16.5 2 30.2 2 58.0 3 59.1 3
3 4,0 50.0 0.0 24,0 2 20,5 2 25,1 2 52,5 2 53.9 3
4 i.8 75,0 a.¢ 28,3 2 25,2 2 .0 2 4r.4 2 49.2 2
5 3.9 100.0 .0 33.3 12 0.7 2 16.0 2 4&4.5 2 45.2 2
b 4.1 125,0 0.0 7.5 2 33,7 2 11.0 1 3i8.2 2 9.0 2
7 4.2 150.0 g,0 42.0 2 3%.0 2 11.§ | 34,0 2 35,5 2
8 4.3 175.0 0.0 47,0 2 L4 .0 2 16.6 2 29,0 2 30,2 2
9 4.5 200.0 0,0 51.6 2 48,0 2 20,0 2 24.5 ! 25,4 2
10 5.0 225.0 0.0 34,5 2 48,0 2 0.0 2 4.5 ! 1.5 2
11 6.3 250.0 0.0 61.5 3 58.0 2 29,5 ¢ 1.0 I 15,5 =
12 6.0 275,06 n.0 64.5% 3 bl.5 2 2.5 2 g.r 1 1,5 2
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Table B84, sk-3: Smoothed posirion of layere beneath shetpoints and
gkophones,

i
!

Layer 2 Layer 3
SP Pasltipn Surface Flev Depth  Elev Depth Elew
(ft) {ft) (fr} (fe)y  (fe)
A -10.p 5,0 6.8  -2,8 134 9.4
M 137.5 4.1 5,2 -1.1 44,6 -40.5
B 285.0 5.0 4,1 1.9 26,1 -20.1
Geophona
1 G.E 4.0 6,0  -2,0 JL3 7.3
2 25, 4.0 6,0 -2,0 7.6 -3.6
3 50. 4.0 5.3 -1.3 16.7 -12.7
4 75, 3.8 5,0 -1,2 330 -29.3
5 100, 1.9 5.9 -2.0 38.12 -34.3
6 125, 4.1 5.2 ~1.1 42,5 -38.4
7 130, 4.2 5.3 -1.1 46,7 ~42,5
B 175, 4.3 5.0 -0.7 31.0 -46,7
] 200, 5.0 4,0 1.4 4.7 -39.7
14 215, b.5 4,6 -0,1i 56.4 -51.9
11 250, 6.2 4,7 L.b 26,1 -21.8
12 275, 6,0 3.9 2,1 23,9 -17.9
i
!
i Layer 1 Layer 2 Layer 3

Velocities u€fd: 1341, 5437, TLOG,

&
T
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Table B8, ST-4: Shotpeint infermation, geophone dara, and arrival times.
Times are in msec,

Sk Flev X Loc ¥ Loe Depth
(f1) (1t) (fc} (ft)

¥ 6.3 -25.0 0.0 0.0

A 6.1 -10.0 g.a 0.0

™ 4.9 135.0 10,0 0.0

B 5.3 285.0 0.0 0.0

R 5.3 30,0 0.0 g.0
Geo FEles X Loe Y Loc SP F SP A SP M 5P 9 5P R

(ft) {(fe) (fe)

1 6.0 0.0 0.0 13.2 2 9.0 1 3200 01 58,7 2 61.5 3
2 5.8 25.0 0.0 18.4 2 le.5 2 27, 00 83,6 2 BELOG
3 5.6 50,0 Q. 23,7 2 m,.2 2 2A,2 2 498 2 52.9 2
4 .6 5.0 0.0 28.8 2 24,9 2 18,1 2 45.2 2 49,0 ¢
5 5.0 100,0G 0.0 .0 2 2B.5 % 158 2 41.0 1 43.9 2
b 4.8 125.,0 Q.0 8,9 2 33,3 2 1.7 1 37,0 ! B0 2
7 4.9 150,40 0.0 44,5 2 39.8 2 13,0 | 25.0 I 26.9 72
8 4.9 175,90 0.0 50,9 ¢ 45,5 2 12,2 2 23.8 2 5.6 2
0 5.0 200,90 0.0 54,0 3 50,0 2 19.8 2 z20.0 2 2.0 2
10 5.1 225,90 0.0 57.3 3 53.8 3 20,2 2 17.%2 2 19.9 2
11 5.3 290,0 0.0 62.7 3 57.9 3 4.7 2 la.3 2 te.y 2
12 5.3 215,0 4.0 66.7 3 62.3 3 2.8 2 8.2 I 13.3 ¢
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Velocities uspd:

Table B86. 1T-4: Smoothed position of layers beneath shotpoints and
jeophones,
Layer 2 Layer 3
5P Fosiclon Surface Elav itepth Elev Depth Elev
(fe) (ft) (fe) {Fe)
A =10, 6.1 4.2 1.9 25,6 -19.5
M L35, 5.7 -{1.8 36.9 2.0
B 2851k 5.3 6.3 -1.0 6.3 -1.0
Geophone
1 0. b0 3.9 2.1 21,9 b7.9
2 25,10 5.8 &,2 1.6 29,2 -33.4
] 50.0 5.6 4.5 1.1 34,5 -28.9
4 Fa.0 3.4 4.6 .8 34,8 -29.4
5 10a, 5.0 4,9 ] 35.5 -30,5
b 125,11 4.8 5.5 -0.7 16.4 -31.5
7 150, « 4,9 6.0 -i.1 17,8 -32.7%
L 17s,.d 4.9 4.6 0.1 4.4 -29.%
49 200, ¢l 3,0 2.9 2.1 26,7 =117
10 225.¢1 5.1 .9 1.2 0.2 -15.1
il 250, 0l 5.3 5.8 -0_4 L7.0 -1t1,7
t2 275,04 5.3 6,2 =0.% 6,2 =0.9
I
: Layer 2 Layer 2
|
5665, 6254,
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Table BB?. 8T-5: S$hotpoint information, geophone data, and arrival times,
Times are in msec.

5P Llev X Loc Y Loc Depth
(fe (fr) (fr) (fr)

F 3.6 ~25.0 0.0 0.0

A 3.0 -10.0 0.0 0.0

4| 6.5 136,00 10.0 .9

B 3.5 285.,0 0.0 0.0

R 2.4 300.0 0.0 o,o
Gec Flev X Loc Y Loe SP F sP A SP M SP B SP R

(fo) (fe} (it

1 2.6 0.0 0.0 i2.8 2 9.0 ? 33,0 2 82.0 12 6.5 4
2 2.8 25,0 0.0 18.5 2 13,1 2 8.7 1 5h.0 3 6.0 3
3 3.1 50.0 0.0 2l.5 2 18,5 2 25,00 2 8.4 3 52.5 3
4 5.0 75.0 0.0 26,0 2 24,0 2 21,2 2 49.0 3 0.0 3
5 6.7 1000 0.0 2.4 2 30,3 2 16.5 2 45,0 3 A%.6 3
h 6.6 125.0 0.0 3g.0 2 31,1 Z 13.4 1 42,0 2 2.1 3
7 6.5 150,0 0.0 45,5 2 43,0 2 12,5 1 37,5 12 39.3 12
5 6.6 175.0 0.0 50,5 2 47.8 2 1.3 2 32.0 2 Ja.n o2
Y 7.9 200,0 0.0 54.0 3 51,0 3 23.0 2 25.5% 2 28.8 2
10 3.6 225,0 n.¢ 60.0 3 55.5 3 28.0 2 2.5 2 23,2 2
11 .5 250,0 G.0 3.0 3 6,4 3 32.5 2 15.5% 2 17.5 2
12 9.0 275,0 0.0 68.2 1 64,3 3 38.5 2 9.8 2 18,2 2
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Table BRE, HT-5: OSnccthed positlon of layers beneath shotpoints and
reophones,
Layer 2 Layer 1

SP Fosit .on Surface Elev Depth  Elev Depth  Flew

{ft) (ft) (ft} {(ft)  (ft)
A -10.0 3.0 4.2 -1.2 bz -1,2
M L3610 6.5 &.2 =-1.7 i9.4 -12.%
B 283.10 3.5 2.2 1.3 2.2 1.3
Geophonse
I .t 2.6 A7 =-1.1 3.7 -1.1
2 25 41 2.8 3.9 1.1 3.9 -1.1
3 50, 11 3.1 3.7 =0.6 3.7 L
& 5.0 3.0 b4.1 d.9 4.1 0.9
5 100, B.7 5.4 1,3 5.4 1.3
1] 125.41 &.h 1.7 -1.1 16,4 9.8
7 130,40 6.5 0.1 =2.6 23,4 -16.9
a 175.0 B.& 7.1 =25 I.4 ~14.8
E 200.0 7.9 8.9 -1.0 19,8 ~11.9
10 225.0 8.6 8.5 0.1 1.6 -9.0
11 2530.0 9.5 8.3 1,2 15,2 2.7
12 275,00 9.0 8.0 1.0 8.0 1.0
Velocities usad: Layer 1 Laver 2 Layer 3

1243, 4924, 5434,
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Table BR9. §T-h: Shotpoint Information, geophone data, and arrival ciwes.
Times are in msec.

sp Elev X Loc ¥ Loc Depth
{fr) (ft) (fr) (ft)

F 6.6 -25,0 0.0 0.0

A 6.6 ~10,0 .0 0.0

M 5.0 137 .5 10.0 0.0

B 2.8 285.0 0.0 0.0

R 2.8 300G.0 0.0 0.0
Geo Elev X Loe ¥ Leoc sP F 8P A sk M 5P B 5P R

(ft)  (fr)  {fe}

l 6.6 0.0 n.0 16,0 2 a.1 1 |0 2 el 3 65,0 3
2 6.6 25.0 0.0 20,4 2 19.5 2 34,5 2 58,5 3 6L.0 3
3 6.3 50,0 0.0 25,9 2 23.5 2 28.9 2 54,0 3 s7.0 3
& 5.8 15,0 0.0 3p.2 2 29.% 2 23.3 2 50,0 2 52.9 3
5 3.5 160.0 0.0 36,1 2 3.2 2 18.8 2 44,5 12 48.5 2
& 4,5 1250 0.0 46.3 2 9.8 2 14.9 1 41,0 2 43.3 2
7 3.7 150.0 0.0 49.5 3 43,4 2 la.9 1 35,0 2 39.0 2
B 3.1 175.0 0.0 54,0 3 4.1 2 18,7 2 29%.% 2 33,5 2
9 3.0 200,0 0.0 54.0 3 51.2 2 23,7 2 23,0 2 28.0 2
10 3.2 225.0 0.0 59,3 3 55.3 3 28,0 2 18.5 2 23.0 !
11 3.0 250.0 0.0 64.0 3 61.0 3 iz, 8 2 14.3 2 17.2 2
12 2.8 Z75.0 0.0 67.0 3 64.6 3 7.1 2 g.0 1 11.6 1




Tatla B9, 57-6:

Smoothed nosiclon of layerr benearh shotpoints

and

recphones.
Layer 2 Layer 3}
SP Positlien Surface Elev Elev Depth  Elev
(fe) (fc) (ftd

A =10, 1 6.6 7.9 -1.3 12.5 ~5.9
M 137.5 5.0 9.5 4.5 56,2 -51.2
B 2850 2.8 .8 -2.0 15.0 -35%.2
Geophone

1 (VN 6,6 8.1 -1.5 1%.4 =9.0
Z 25.0 b.b 8.4 -1.8 21,0 ~16,4
3 50,0 6.3 8.2 -1.,9 33,3 -27.0
&4 75,0 5.8 8.3 -2.5 36.4 -30.6

5 1 O 3.9 B.3 -3.0 44,8 -39.3
6 125.0 4.5 B.8 —4,3 33.4 -48.9

7 50,0 3.2 8.0 =4.8 56,8 =53.6
a 175.0 31 7.0 -3.9 535.9 =52.8
9 200.0 3.0 6.1 =3.1 493 =463
10 225.0 3.2 2.8 =2.5 4,3 -4l.1
11 250.0 3.0 3.6 =2.6 41.3 -38.3
12 275.0 2.8 4.7 -1.9 38,7 =35.9

Layer 2 Layer 3

Yelocities usied: 5048 5973,
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Table B9). THC-1: Shotpoint information, geophone data, and arrival times.
Times are in msec.

57 Elev X Lec Y Loe Depth
{(ft) (ft) (fey 1n)

F 4.9 -25.0 0.0 0.0

A 4,9 -10.0 0.0 0.0

M 4.9 137.5 10,0 0.0

B 3.7 285.0 0.0 0.0

R 3.7 300.0 g.¢0 0.0
Geo Elev X Loc Y Loc SP F 5P A s M 5P B 5P R

(ft) (fe)  (It)

1 4.9 0.0 0.0 1,4 2 9.0 1 26,00 2 5.0 3 53,0 3
P 4.6 25.0 0.0 13,4 2 15,0 2 20,5 2 4B.0 3 51.0 2
3 4.4 50.0 0.0 18,9 2 I8, 0 2 17.8 2 44,5 13 49.0 3
4 4.5 75.0 0,0 2.0 2 23.0 2 15.4 2 4l.4 2 &5.0 2
5 4.7 0.0 0.0 26,0 2 25.8 2 13.0 2 31,0 ¢ 41,0 2
& 4.9 125.0 0,0 32,2 2 32,0 2 0.6 1 34,0 2 37.0 2
? 5.1 150.0 0.0 37.0 2 6.0 2 0.8 1 29,2 12 il.g 2
3 5.3 175.0 0.0 46.0 2 43.5 2 6.8 2 24,5 2 8.5 2
9 5.5 200.0 0.0 48,0 2 49.8 2 0.0 2 22,0 ! 7.0 2
10 5.3 225.0 0.0 53.4 13 51.7 3 24.7 2 16,0 ! 21.5% 2
11 5.1 250.0  C.0 56,3 3 53.6 3 29.3 2 13,2 2 18.8 2
12 3.9 275.0 0,0 37.3 3 55.5 3 jl.s 13 6,0 1 1.7 1
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Table BY.2. THC-1: Smeothed porition of layers beneath shotpoints and

iaphonea,
l.ayer 7 Layer 3
5P Fasit lon Surface Llev Depth Elev llepeh Hilay
(ft) (ft)} (ft) (e} (re}

& =1a.70 i.9 f,1 =-1.2 34,9 =-30.0
M 137.1 4,9 7.0 =I.1 Thok -7l.9
B 285.1 3.7 6,2 -2.5 .7 =-fi5,10
Geophone

l 0.1 4.9 6,2 1.3 EL -51.3

2 25.10 b.b 5.5 {19 Bl -35.5

3 3.1 4,4 3.4 =1.0 37,0 =53.5
4 5.0 4.5 4.8 -0.3 Bld, 7 =36.2

g 100,11 4.7 6.0 -1.13 67,2 -62.5
b 125.0 4.9 b.? -1.8 73,8 ~68.9

7 150,14 5.1 7.4 -2.3 5.0 -74.9
8 175.0 5.1 2.6 4.3 72.9 -87.6

9 200,10 5.5 10,1 4.6 7,5 -66.0
10 225.0 5.3 6.8 -1.3 k9.8 —hé 5
11 250,10 5.1 7.9 -2.8 7L.0 -65.9
12 215.0 3.9 h,5 ~2.6 69.3 b5, f

Laver | Layer 1 Layer 13

Velocities wsad: 1&21, 5857, 0250,
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Table B93. THC-2: Shotpoint jnformation, geophone data, and arrival times,
Times are in msec,

$P Flev X Loc Y Loc Depth
{(fo) (fc) (fr) (fv)

F 3.7 -25.0 0.0 0.0

A 3.8 -10.0 0.0 0.0

M 1.0 137.5 10,0 0.0

B 6.9 285.0 .0 0.0

R 6.3 00,0 0.0 0.0
Geo Elev % Loe Y Loe 8P F 5P A 5P M 5P B 5P B

(ft) (fry  (ft)

1 3.9 0.0 0.0 12.5 2 8,2 1 30.0 2 64,0 3 63.0 3
i 5.0 25.0 0.0 16.0 2 12.9 14 25,4 2 63.0 1 39,0 3
3 5.5 50.0 0.0 2007 2 16.5 2 19.5 2 59.0 ¢ 53,0 3
4 6.3 75.0 0.0 24.5 2 21.0 ¢ 16,0 2 55.2 12 0.0 2
5 6,4 1000 0.0 30,0 2 6.0 2 13,0 2 48,0 12 45,4 2
6 6.5 125.0 0.0 4,7 2 3.2 2 9.0 1 4&45.0 ¢ 41.0 2
7 7.0 150.0 3.0 42.2 2 36,3 2 9,0 1 39,0 2 333 -
B 7.0 175.0 0.0 45,3 2 41.5 2 14,5 2 29,5 2 2607 12
v 7.5 200.0 0.0 50.0 2 44,0 2 18,4 2 25,3 2 s2.5 4
Y 7.0 225.0 0.0 56.3 2 51.0 ¢4 2004 02 223 12 FAVIN
11 6.9 250.0 6,0 62.8 3 54.5 3 28,0 2 17.7 12 15,0 2
12 6.9 275.0 Q.0 64,0 3 57.0 3 35.5 2 12.5 i 10,0 1
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Table B%4., Ti7-2; bHmeoothed positlom of layers bencath shatpolnts and
ye wphones,

Layer 7 Layer )
5P Pasitich Suttave Elev Pepeh Elow Depth ey
{fe} (ft) (fe) {(ft) (Fr)
A =10.0 3.8 3.3 U 192,99 -189,1
M 137.5 1.0 7.4 -0 .4 104,12 =97.2
B 285.0 8.5 6.9 =04 27.9 =21.4
Geophone
L 0.0 1.9 3.3 0.4 186.0 =182,1
2 23.0 5.0 4,3 0.7 69,9 -164,9
3 20,0 5.5 5.6 -0.1 153.1 -147.4
& 3.0 6,3 1.0 -n.7 13,6 -130.3
5 100,0 6.4 7.1 -0.7 19,4 ~113.0
) 125,0 6.5 1.2 -0.7 ig2.2 -95,7
7 150.0 7.0 7.1 =0.1 15,7 -98.7
B 175.0 7.0 5.6 l.4 B4 .9 -77.9
4 L0G,0 7.5 3.1 2.4 63.9 -56.4
1o 225,40 1.0 7.0 0.0 4.9 -34.9
11 50,0 5.9 8.3 ~1.4 24,2 -17.3
12 275.0 6.9 B.1 ~1l.4 23.3 -l6.6
Layer 1 Layer 2 Layer 3

Velocitles useid: 1516. 5124, B533,
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Tahle BG5S, THC~3: Shotpoint information, geophone data, and arrvival times.
Times are in msec.

57 Elev X Loc Y Loe Depth
{fr) (fe} (fe}  (ft}

F 6.9 ~25.0 0.0 0.0

A 6.9 =10,0 0.0 0.6

M 5.8 137.5% 10,0 0.0

B 6.7 ZB5.0 0.0 0.0
Geo Elev X Loc Y Loe SP F 5P A s M SP B

(ft) (ft) {ft)

1 6.9 0.0 0.0 4.6 2 8.5 1 5.0 2 82,0 3
2 6.3 25.0 0.0 19.0 2 i3.0 2 26.4 2 56,0 3
3 6.1 50.0 0.0 2.5 2 25,0 2 22.8 2 54,0 3
4 5.9 75.0 0.0 27.0 2 32,5 2 16,6 2 49.0 2
3 5.7 1060.0 0.0 30.5 2 7.5 2 14,2 2 43.7 2
] 5.7 125,0 0.0 37.6 2 41,1 2 11,3 1 41.0 2
7 h.0 150.0 0.0 40.0 2 7.5 2 11,7 1 34.0 2
g 4.8 175.0 0.0 44,8 2 48.3 2 14,0 2 26.5 2
9 5.2 200,0 0.0 53.0 2 54,5 2 18,0 2 20.0 2
10 5.3 225,0 0.0 al.5 3 59.0 2 26,5 2 15.5% 2
11 5.5 250,0 0.0 57.0 3 57.6 3 22,0 2 16.5 72
i2 h.h 275,0 0.0 64,0 3 64,0 3 12,8 2 9.2 1
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Table B9h, TI'C-3: BSmoothed poaicion of layers beneath shotpoints and
gl ophones.

Layer 2 Layer 13
5P Pogaitinn Surface Elev Depth  Elew Dapth  Elev
(ft) (Et) (fe) (f£)  (fr)
A =10.0 6.9 .1 -i.4 238 -16,9
M 137.5 2.8 8.8 -3.0 770 =7L.z
B 285.0 6.7 7.5 -0.8 74,3 -b7.6
Geophona
l 0.0 6.9 B.3 -1.4 2315 -lb.h
2 25.0 5.3 5.1 l.2 34 .8 ~I8.5
3 50.0 6.1 7.8 -1.17 40,5 -34.4
& 5.0 5.9 5.0 -3.1 31,0 -45.01
5 100 .0 5.7 8.8 -1.1 6l.2 -35.%
b 125.0 3.7 9.1 -3.4 71,7 -66.0
7 150.0 6.0 8.5 -1.% BZ.5 =76.5
8 175.0 4.8 6.2 -1.4 21.8 -37.0
G 200.0 5.2 6.5 -1.13 1.4 -B6.4
10 Z25.0 5.3 5.8 0.5 79.9 =74 .8
11 250.0 5.5 5.0 0.5 9.2 =73.7
i2 273.0 b.b 5.7 0.9 76.1 -69.7
Layer 1 Layer 2 Layer 2

Velocities us:i: 1259, 5107, TIN8,
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Table BY7. THC-4: Shotpoint informarion, gevphone data, and arrival Cimes.
Tlmes are In msec.

— - —————— A —

SP Flev X Loc Y Loc Depth
(ft} (it) (ft) (fcd

F 5.5 -25.0 0,0 0.0

A 5.8 -10.40 4,0 a.0

M 7.8 137.5 10.0 0.0

B 8.5 285.0 0.0 0.0

R 9.1 300.0 0.0 0.0
Gec Elev X Loc Y Loc SP F SP A SF M SP B S5F R

(fr) (it) {fer)

1 6.6 0,0 0.0 12,3 2 9,2 1 9.0 3 60.5 3 h5.0 13
2 7.0 25.0 0.0 17.5 2 i18.0 2 37.5 2 49,5 3 64,0 3
3 7.5 5¢.0 0.0 25.0 2 21.0 2 R85 2 56,5 2 60,0 2
4 8.0 75.0 0.0 33.0 2 27i.0 2 0,0 2 49,5 2 55,0 2
5 1.7 100.0 0.0 3.5 2 29.5 2 16,1 2 38.5 12 44,5 2
6 7.2 125.0 0.0 40.8 2 3.0 2 12.2 1 29,3 2 32,0 2
7 7.6 150.0 3.0 46.5 2 3g.0 2 12.2 1 23.,% 2 g0 2
8 6.5 175.0 0.0 48.5% 2 45.0 2 1.0 2 20,0 2 1.0 2
9 8.5 200.0 0.0 55.0 3 50.0 2 17,0 2 17.5 2 6.0 2
10 4.3 225.0 0.0 58.0 3 53.0 2 ig.0 2 15.% 12 15,0 2
11 5.1 250.0 0.0 2.5 13 57.5 2 22.5 2 13,0 2 13.5 2
12 8,5 275.0 0.0 66.5 3 60.8 3 31,5 ¢ 12,5 1 10,5 1
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Table B98. 7THU-4: Smoothed posirion of layers heneath shotpoints and

{eaphonas,
Layer 2 Layer 3
5P Posit:on Sutface Elev Depth  Elev Depth  Elev
(ft) {ft) (ft) (Ee) (%)

A =10, 5.8 5.0 G.8 7.1 -71.3
M 137} 7.8 6.8 1.4 56,9 —49.1
B 285.¢ 8.5 3.9 4.6 55.3 -46.8
Geophone

1 g.( a6 5.8 0.8 76,13 -63.7

2 25.¢ 7.4 10,2 =3.2 1.4 -84, 4

3 s0.¢ 7.5 10,8 -3.3 b6, 6 -39.1
4 75,0 B.O 9.9 -1.9 bi,8 +~23.8
3 10a.c 1.7 6.4 1.3 63,2 -60.3
6 125.4 .2 6,2 1.0 55,7 ~48.5
7 150.C 7.6 6,5 1.1 57,2 —49.6
B 175.C 6.5 5.4 1.1 36,0 -49.5%
9 o0, 8.5 B2 2.3 57.7 —49,2
10 225.C 4,3 2.2 2.1 54,2 ~49.%
11 250.C 5.1 1.8 b3 53.6 ~48.5
12 275.4 8.5 4,1 4.4 3.3 =47.0

Layer 1 Layer 2 Layer 3

Yelocities usnd: 1379, 5227, 9743,
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Tahle BYY%, THC-5: Shotpolnt information, geophone data, and arrival times.
Times are in msec.

5P Eley X Loc ¥ Loc  Depth
(fe} (fr) (fr)y (fy)

F B.S -25.0 0.0 0.0

A 7.5 -10.,0 0.0 0.0

M 5.7 140.0 10,0 0.0

B 6.1 285.0 0.0 0.0

R 6.3 0.0 0.0 0,0
Geo Elev X Loc Y Loc SP F 5P A 5P M s5p B 5P R

(ft) {(fe) (fr)

i 5.4 0.0 Q.0 12.0 2 10,0 1 34.0 2 52,0 3 4.0 3
2 4.9 25,0 0,0 16.5 2 2.0 2 28,5 2 50.% 3 52.% 3
3 4.2 50.0 3.0 23.0 2 15.0 2 21,0 2 48,0 2 0.0 3
A 4.8 75.0 0,0 25.0 2 16,3 2 18,0 2 41,8 2 4.0 2
5 5.4 100,0 0.0 28,3 2 20,0 2 16,0 2 39.0 2 42,0 2
& 5.9 125.0 0,0 3.5 2 25.00 2 14,0 1 37.3 12 40,0 2
7 6.4 150.0 Q.4 41,2 2 43.0 2 12.5 1 33.0 2 35,3 12
B 1.0 175.0 0.0 45,0 2 45.3 2 1.5 2 22,0 .2 2
9 7.0 200.0 0.4 49,0 2 48.0 2 23.0 2 18,5 ¢ 8.0 2
10 6.4 225.0 0.0 32.0 3 50.0 2 25%.% 2 15.3 2 25,0 2
11 0.3 250.,0 Q.0 57.2 3 54,0 3 31.0 2 14,2 2 17.4 2
12 6.1 275.0 7,0 60.0 3 54.5 3 33.5 3 1¢.6 1 13,1 2




Tahle BIOW, 1THC-%: Smoothed posicion of layers beneath shetpoints and

peocphones .
Laver 1 Layer 3
5P Positivn Surface Elew Depth Elew Nepeh Elew
{(ftd (fed ff1) iftd {(fr3

A -10,40 I.5 5.3 2.2 3.3 22
M 140,10 5.7 4.3 1.4 9.0 -03.3
B 285.0 B.l 3.8 2.3 9.3 -02.2
Geophone

1 0.0 3.4 3.1 2.3 1.1 2.3

2 5,0 4 9 3.3 .G ZR.b =337

3 50,0 4.2 2.9 1.3 38.9 =347
& 75,0 4.8 i.8 3.0 4bh 0 =b4] .7

3 1060 3.4 2.8 I.R 5.1 =497
f 125.0 5.8 3.7 2.2 04 ] =58.0

] 150.0 a4 5.5 0.5 73.1 -bb.7
2 175.0 7.0 5.2 .8 B5.7 -iR.2
9 2000 F.0 5.0 2.0 105.3 -98.13
10 225,00 LI 4.8 1.6 2.3 -75.9
11 250,0 6.1 5.1 1.2 59.7 ~83.4
L2 275.0 6.1 3.8 2.3 91.0 -09.9

Layer | Layer 2 Laver 1

Velocitdes used: 1096, 3633, 12361,




Ny

| [ T Y I 7T 17111 T I T 1 1T T11T1 T T TT1T1V1T ]
[ w-— FIELD CURVE ]
- -
R RBWT-T ]
1000—: ]
~ 5001 2
o
v - .
E o 1
ra
O
— - —
)._
—
= 100+ »
- [~ —
E [~ —
! B -
Ll B i
r s50-1- ]
— | .
i
L B -
[
«
o
o — -
<
101+ —
- -
L _
54 -
1 1 L. 1 ' 111 1 1 Jo1 1 1 1.1t L i I L.l
T T I I H 1 1 1
g 5 10 20 50 100 200 500
AR {1t.)
2

Station

1:

tield VES cruve and computed VES curve.



5000

1000~

3

[ Shm-feet )

APFPARENT RESISTEVITY
th
7

10+

LI D I |

T

T T"T TT1

rTIT7r

T T1TT1

T 1 T TU1TT

—— FlELD CURVE
— = — COMPUTED CURVE

1

I TTTH

HEWT-2

1L

]

1

Lt 1]l

L1111l

Ltation

S0

AB (11)

7z

Field VES cruwe and computed VES curwve.



174

N 1 1] LI BLELRENR i I T 1T 1T TTFHI T LILEL IR
. ——— FIELD CURVE ]
S000-4- —— COMPUTED CURVE B
| RIR-1 B
10001 -
- 5001 .
W
¥ 3 =
£t 4
£
O
.
=
-2 100—+
c 0T ]
14 B -
s f - ]
% s : :
= i 1 7
g | - :
< \
a I r ~
< \
L
10—: " -
g \ 3
51 . -
i ! i
1 1 i 1 1 4.1 1] L 1 1 I A4 1 1 1
1 1 1 i 1 1 i 1
2 5 10 20 50 100 200 S00
AB {ft.}
s

Station 3¢ Field VES curve and computed VES curve,



215

" 1 1 T T'T1TT1 I 1 R i T 17171 ]
[ i CJELD CURVE —
. i —— WvE _
50001 COMPUTED CUR ]
5 RiR-2 -
1000 -
— 500 -
o —
= —
T —
£ -
-
D —
>
—
Z 1001 .
F [ —
7 - ;
m i -y
w —
r a0 —
— _ -
z
l'u — —
1.4
&
a. - ]
3
10— 3
o ]
1 1 Ll bt rau1l L I | T i el L L
I 1 | | i
2 S 10 20 S0 100 200 %00
AB (1)
g

Sratiom 4

Field VES curve and computed VER curve.



Py

RdT-2

- T — T T T I1TT] | T T 1T 7TT7
[ ——— FIELD CURVE
i — - — ED CURVE
5000 COMPUT
10001
o s00+
U | o
[ H]
£ -
=
)
o
z
> 1001
— C
o
w I
TH -
a g 50_._
- -
=
LLJ - -
[+
=l
[
C_ —
L ]
10#:
5_._

T

T 111

[ |

1

W

Il

111l

i

L1111l

2 5 10 20 50
aB (1)
2

Ytation 5: Field VES curve and computed YES curve,

A [ I N T B 1 1 | I T S T I -
I i T i

100



217

TTTh

S000 -

1000

{ Ohm-fzet ]
T

100

S0-+

APPARENT RESISTIVITY

10

T T 1717711

-

1 1T U 111101 | 1 1T FTTrll

——= FIELD CURVE

RJE

i1l

1

L1l 1Jl

A

1

L1 1l

Statioen b:

] [ I I
} -1

|
I |
2 5 10 20 50 100
AB (1t)
2

Ficld VES vurve and computed VES curve.



278

5000

1000~

3

{ Ohm-feet }

100

50+

APPARENT RESISTIVITY

10—

LR L

T T T 17T

+

T T T 7T TTTT1 T 10 T T 1111

—— FIELD CURVE
—_—-— COMPUTED CURVE

RfE -4

I

LI

L1111

|

i I T O |

L1111

)

Llill

Station 7:

i’ 1 1 _:_l |111= = 1 1 Lt 1 Illt ; 1 $
2 5 L& 20 50 100 200 500
AB (ft)

2

Field VES curve and computed VES curve,



219

b 1 1 ] T T TTTI1 El | | | LI | T T P T -
I -
= — FIELD CURVE -
I~ — - E E —
5000 COMPUTED CURY 7
R RFE-3 i
1DDD—: -
N 3
- 500+ .
it —
¥ B
E B -
£i
D —f
b
=
> 00+ -
= - 7]
W - .
el - ]
L L
80— -
— L i
=
I'L' — L |
i
a
i - .
4
W0 -
- .
|_
4 -
S+ -
— —
jr: £
1 L N R I | [ 1 ] [ L1l l: _'f' 1 L 1 I
| 1
bl 5 b 20 50 100 200 SO0
AB (ft)
z

Sracion #: Fie o VES curve and coemputed VES curwe.



280

5000+

L

1000

500

{ Obm-fzet )

1200

504

APPARENT RESISTIVITY

104

T T R L i 1 SRR N

——— FIELD CURVE
— «— COMPUTED CURVE

1 L L i 1 L1

1

LI

| |

it il

Ll 1l

|

]

I T

|

Station 9:

} I I : I I
2 5 w0 20 S0 100
AB (ft)
2

Field VES curve and computed VES curve,



281

1 1 1T 1717l 1 i T rrrri 1 LR R L

L1l

w——mn FIELD CURYE
—eam COMPUTEDR CURVE

LINL L

|

5000

1

RFE -1

1000+

|

;

!

{ Ohrm-feet )
T

|

1

50

1

APPARENT RESISTIVITY
1

il

Station 10: Firld VES curve and computed VES curve.



282

. 1] I I 1T 1TTTI1 1 1 T 1T o I1T1TT ] T ]
[ —— FIELD CURVE .
50004~ —-— COMPUTED CURVE ]
1000+ ~
s .
w 5001 -
L]
3 |
£ B -
I
o
=
-
> 100+ =
= u -
w o .
[H] B -
E = —
50+ -
- I i
=z
] | 4
4
<1
o
o - —
<1
10‘-‘: =1
51 N
L 1 1 ] . I ] 1 1 3 Lk 1 11 L N A
1 I T T i T I ¥
2 5 10 20 50 100 200 500
AB (ft)
2
Station 11: Field VES curve and computed VES curve.



| T T 7 P 101107 T 1 LR L T T ]
[ ——— FIELD CURVE i
5000 — - COMPUTED CURYE i
i o wa s ]
|- RE1-Z 4
‘IDDD‘—: ]
~ S00+ -
E —
» 5
E - -
=
O
>
=
> 100+ 4
= C
i t- _
7 B . i
L _ ‘ -
x 501 . -
- g 1 7
11] & 1 _
x
4 l
o i
(1 - —
< }
1
10+ | -
N ' B
51 -‘ -
[ ]
- 1 -
1 1 1 L 111 i 1 L 1 11134 I T2 |
T T | 1] i k) | 1
= 5 10 20 S0 oo 200 s500
AB 1)
2
Starion L2:  Field VES curve and computed VOGS curve,



284

—— F{ELD CURVE
— = COMPUTED CURVE

LERELEL

5000+

1000

500

[ Ohm-feet )

100

50

APPARENT RESISTIVITY

16

T T 1T " iFT0 | AR LA

RET-1

L i 11t

L

11111

A

| I I

1 i
10 20 50
AB (11)
2

Staticon 13: Field VES curve and computed VES curve.

(R B
m_

' I | 1 1 Jooi 1 1 131
L | I T | t }

100



SO00 -

OO0

{ Ohm-leatl )

W00

50

APPARENT RESISTIVITY

W

LI L

L L L L

T

1] T 1 T TTTTT I T T ¥ F FTFI I T T T 111

——= FIELD CURYE
— e COMPUTED CURVE

RBST -3

L1l 1]

Lllill

/]

|

il

1

Stalim

1

e L 1 L i il i 1 L1 2.1 13 i A e 1 1)
T T T 1 1 | T
2 5 10 20 =1W 100 200 500

AB (1L}

2

14: Fraeld VES curve and computed VES cutrve.



280

[ T 1 LI T 1 F T T TETTH 1 I T 1T1T7Y ]
- t— FIFLD CURVE —
. [ mm—— T CURVE ]
50004 COMPUTED ]
R RBST- 2 .
1000—: -
— 5001 -
Q —
o L
‘i- —
E -
=
O -
)—
=
Z 100+ -
c o F .
] B j
w L
& s50-+ -
- = -
x
W o -—
2
g-' B —
=
10 7
54 .
L i ) R I I | 1 A 1 11111 1 P P W
T ] T I | L) 1 1
2 5 10 20 50 100 200 500
AB (1)
2

Station 15:

Field VES curve and computed VES curve,



BT

[ L T ' TTVHYITI 1 | | DL L L) i L™

L —— FIELD CURVE N

M mema | RVE i

50004 COMPUTED €U i

| REST- i
1!--""'--.-_.

10001 / -
500+ i
o —
3 L
E r -
i
0 —
G
L
> 1004 4 “
= i -y
v oF \ 1
m —
L i \

& 501 ' 5
- —
z 1
w . —y
o |
a L ]
[u
o — " -
q n
[ ]
W0+ A 7
— [ 3 —
: \ X
5—“‘ ‘ —
i \ _
{ 3 1 _= J I E ; 1 1 —i' L. 1 1} : i i L L E
2 5 10 20 50 100 200 500
AB (11
o
dratiaon 16 Field VES curve and computed YIS curve,



218

APPENDILIX L
CONTENTS
Page
Descriptiors of Strategraphic Sections
Strategraphic section at D83 drill site,,,....... seiasaanes eres 290
Strategraphic sectlon at D§4 drill site........... Chbdsa s aary 281
Strategraphic section at Af drill site.........c....-.-n P 292
Strategraphic section at Pzl drill site............ berraataaans 293
Strategraphic section at Fz22 drill site............. Pevaraaaaan 294
Drilling Logs
Drilling leg from DSl.......o-n. Caasaanaras Besatarerr s 295
ODrilling log from DSZ2........n.n b masasesrae etk 296
Drill:ng log from D83, ......... e iarar ey fhena e i 297
Drill:ng log from DS&4,..couicunnannaans Ceraamaaaas CeiaaaEaaas 300
Drill-ng log from DS5.......... Cereraaaaas e iiisaaaas 302
Prili:ng log from PS1......... st aaars e et eaaaaes 303
Drill-ng log from PSZ....... Ceds i e frresraer e Carsrrrare 304
Drill-ng log from PS3...... traraaraares BT 305
Drill.ng log from PS4, ..... cebsaasarrres T T 307
Drili-ng log from PS5,....... Cresmanierenny i msErrreitiaanana . 308
Sample Descriptions
Sample deseription for PG l-l........uvas, trraanaaan s eaaaas 309
Sample description for PG 3-Z......uvains, tr e ranaas e 310
Sample description for PG 4-l...v.vuiiunans, beramaaaas P il
Sample description for PG 5-2........... e reaaaaas Ceaaaaeas 3l
Sample description for PG 6-1 Cerrr s Chedreaearene sernaanr 313
Sample deseription for PG 7-2 s saaracasanaeaean . . 3lé
Sample description for PG B-l......... crannimrrrry Cramaaaaea vee 310
Sample descriptlon for PG 9-1....... srsananres terrmmmr e .o 316
Sample description fer PG I1-2B......cvunnnannn, cesaarran veares 37
Sampl: description for PGA 2A........c.oonn fhesammaen v 318
Samplz description for PGA BB.....viiniieinninnananis ber e 319
Sampl: description for PGA 7.....ccvnann. S biraasararan saare s 120
Sampl2 deseription for PGA 10B.. . ....eeiunaniciannnnnns, seanans 3zi
Samplz2 description for PGA 13A............. Geret it aE s e in
Figure -- ..ocatlon Map
cl. Map of Deke lsland showing the location of collection
sites for sediment size analysds............ rraeeeanuns 323
Tables —— 3ieve Analysis
cl. Sample no, 1: sieve analysis........ e e varan 324



[

3.

LA,

Ch.

Ch,

cT.

CH.

ca.
cie,
o1l,
cl2.
cl3.
Cla,
Cl5.
Clha,
c17.
(Y-
(R
20,
Cri.
C22r.
CI3.
C24,
C25.
C26.
Cc27.
Cid.
C2%.

Hanple
Sample
Sample
Sample
Sample
Sample
Sample
Sample
Samplé
Sample
Sample
Sample
Sample
Sample
Sample
Fample
Sample
Sample
Sample
Semple
Sample
Sgmple
S5ample
S:mple
Szmple
Szmple
Szmple
Ssmple

(LIS

o,
no,
no,
no.
ng .
no.
no,
Tk,
no .
no.
T .
.
o .
IO
.
ne.
T
no.
no.
no.

=R BT LR o S
e

-
— 0
-

12:

20:

e I

]

24
25:
26:
27:
28z
24z
30

Aievr
gieve
sieve
sleve
giave
sieve
sleve
sleve
sieve
siave
sleve
siave
siave
cieve
sleve
aleve
aleve
sleve
sleve
sleve
aieve
mleve
sleve
aleve
slave
sieve
sieve
sieve

analyais. . ... -
amnlyals. . ooo.
analysis.......
analysis.vere--
analysis.......
analysis,...-us
analyeis.......
analysis..c....

analysis.....--.

analysis... ...,
analysis..cveens
analysis..eenss
analysis......-

AR RN

CO N B R

Bnalysis.icrrrrrnnnsssraa s
Aanalysls.cirrrnenccsnananansrey
analysis.e.vrananas arrrrrssaraaaan
Analys5iS.svarmammsasiannnnnrane .
ANAlYSiBiaaararar s nnnn
analyals. iaaaanrsmraccrurrrar ey
analyslsscrennnrnn- e
ATBLYEIG ar e nnnns CrirErrraamamman
L - S L L L
analysis.. - it smannaan .
atlalysis...acan. iR E s mmama .
analysis. ... v risrnnmnnanmnnauaan
ANAlysis. s rraciiisai s
analysls...eeans Crsauteammrmn
analysis, ...... Ghdmadata s

AR



290

Seratigraphic secton at D5-3 drill site.

O——“

DEPTH (ft.)
5

l
1Y
b

HARD LAYER

1.

Washover unit. Dark brown to

black soil zone containing 30 to
40% foraminiferal sand with 60 to
70% medium to coarse pebbles and
rare gmall cobbles. Reot
fragments and ToObt casts 4re
COTmOon .

Washover wunit. light grey to
white zone composed of 20%
foraminiferal sand and 80%
medium to coarse pebbles wicth
small cobbles. Sharp contact
with the underlying scratigraphice
unit.

Beach unit. light pink 7one
composed of foraminiferal sand,
layers 3 to 4 inches thick
alternating with 1 inch layers of
fine to very fine coral pebbles.

Washover unit. Grey to light
brown zone containing 60X medium
to coarse gravel and 407

foraminiferal sand as (filling.
Root fragments and root casts are
cOmmon.,

Beach unit, light plnk zone
composed  of 60%  foraminifera
sand with scattered very fine
pebbles din 3" to 4" layers.
alternating with 1" thick fine
pebble layers.

Washover unit, light pink zoene
composed of 60 fine to very
coarse pebbles with scattered
small cobbles and 40% foraminifera
sand filling spaces hatween
pebbles.

Washover unilt. light pink zone
composed of 60% fine to very
coarse pebbles with scattered
small cobbles and 40% foraminiferal
sand filling spaces hetweean
pebbles. This zone 1s lovsely
cemented.

Light pink =zone containing HO%
foraminiferal sand wicth 1" thick
discontinuous fine to very fine
pebble layers.
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Stratiyraphiic secrion at DE-4 drll] sive.

l. Beach unic. light rink
foraminiferal sand with scatcered
angular fine to medium pebhles,
Pebblea meke up KL KA af
distributicon,

2. Beach wnit. light grey layer
composed of fine ta med{um
pebble-sized angular coral
fragments and purple  echinaid
spines.

i, Washover unit. 1light pink laver
of foraminiferal sand with rare
fine to very fine pabbles,

4, Washover unit, lighe grey te white
zone composed of cobbles and
pebbles, Sand present &as Space
filling., The lower contact is a
distinct boundry,

5. EBeach unit. zone composed of sand
with 30% fine to wmedium angular
coral pebbles,

6. Beach unit. light pink
foraminiferal sand with scattered
small pebbles.

7. Beach wnit. light grey to white

'II”‘[J” ‘ layer with fine to medium corval

| l fragments and echinold spines,

B, Beach unit. light pink
foraminiferal sand with scattered
gemall pebbles,

9. Begach unit. light grey to white
layer with {fine to medium coral
fragments and purple echineid

Pl

PR

=

é spines.
u 10, Beach unit. light pink
foraminiferal sand with Tarc

scattered small pebhles.
11. Washover unit, zone composed of
0%  angular coarae pebbles with
. sand between larger particles,
2 12. Washover unit. zone composed wof
R angular cobbles wicth sand and small
-?_:T:;f:}' pebbles filling spaces. Oceaslonal
HARD LAYER small houlders,
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Stratigraptic sectlon at A6 test plt.

O == 1. Washover unit. dark brown to black
sail zone contalning 30%
foraminiferal sand sand 70% medium
to coarse pebbles with common small
cobbles. Roots and root casts are

COmmMon .

TR

| O]

Washover unit. light grev roue
composed of 35 to 40% foraminiferal
sand and A0 to 65% medium to conarsc
pebbles with common small cobbles,
Raots and rtoot casts are less
abundant,

3. Beach unit. light pink  zone
composed of alternating  3"-4"
layers of foraminifera sand with "

A . to 1.5" well-sorted, very fine
B ALV ILIN pebble layers. Pebble layers dip !
WA AL AL AL te 3 degrees toward Southeast.

s 2" o?
fa [ -

- -
- " #_B 8
LY L] . b4 *

o ety .o'o'..t't' o':_.'

PR 4, Washover unit. light pink to white

W s ® an ¥ aa?

I o P zone containing angular medium to
'o"-n.-c:a-.t

DEPTH (ft)

iy very coarse pebbles with cobbles.
foraminiferal sand filling spaces
berween larger particles.

5. Beach unit. light pink Zone
composed of alternating  3"-4"
layers of foraminiferal sand with
1" to 1.53" thick well-sorted, very
fine pebble layers. Pebble layers
dip 5 to ? degrees toward

& Southeast.

6. Washover unit. light grey to pink
zone composed of 60% angular coarse
to very coarse pebbles and abundant

g cobbles with rare small boulders.
::;4 e . Foraminiferal sand COmMpOSES
e P S T HARD LAYER  remaining 40% as space filling.
=_l' I I ) T A - L
— I T 4 L

7#53 o e e 7. 1light pink foraminiferal sand with
e e S i gcacttered very fine to medium

pebbles. Pebbles compose 20 to 30%
of the distribution.



Stratigraphic section at Pz—1 drill site,

Lot

0

DEPTH (ft.)
]

)
)

HARD L AYER

Dartk hrown te hlack sotl
2one composad of large
cobbles of angular weoral
fragments in grain
supported matrix. FPebbles
and sand ate found filling

spaces betwean larger
particles, Roats are
abundant.

Light pink o grey zone
compased of large cahbles
of anpular coral fragments
in grain supported matrixz.
Pabbles and sand are found
filling spaces between
larger particles. Noots
are Tare,
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Stratigraphie section at Pz-2 drill site.

0

1
i}
L

SEILRCRTLELTTRON SRR FSEONIY

DEPTH (ft)
»

[]
4

HIHHHHR

|
1
|

HARD LAYER

Dark hrown soil zone
composed of cobbles and
small boulder size angular
coral fragments iIin grailn
supporcted matrix. Pebbles
and sand are found as
fillings. Roots are quite
large and very common.

Light pilnk to grey zone
compoesed of cobbles and
small bouwlder-size angular
coral {ragments 1in grain
supported matrix. Sand is
more abundant in this zone.
Sand and pebbles are found
filling spaces between the
larger grains. Roors are
qulte rare.



DERE
brill Site: Ds1
Core Diameter: 1" and splic-

gpoon
Total Core Recovery: O

ISLAND DRILLING LOC

Drilling Dates:

o

20 and 21 February

Total Depth Drilled: 15 fr.

Depth Frum Surface to Hard Layer: not found

Depth Fun
{Below Hard laver) No.

Recovery
(£E)

Drilling Characteristics

15 £t from sirface l and 2

i}

unconsclidated sediments;
Primarily Baculogypsina
and calcarina sands; Core
drill amd spllt spoon
sampling not successful:
excessive caving atd
saturated sediments.
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Drfi} Site: DS2

Core Diameter: 1" and split-

spoon
Total Core Recovery: O

DEKE ISLAND DRILLING LOG

Drilling Dates: 25 and 26 February

Total Depth Drilled:

15 ft.

Depth From Surface to Hard Layer: neot found

Depth Run Recovery Drilling Characteristics
{Belew Hard Lavyer) No., (ft)

0-15" 1 0 Uncensclidated sediments;
primarily Baculogypsina
and calcarina sands; core
drill sampling not
successful.

from 5-7' below 2 2 split spoon sample of
gurface sed{ments collected by

driving sampler intao
sediments at base of pipe
mount casing; sediments
were from caving of hole

after core drilling
attempts; z samples,
taken-at upper 1' and
lower 1°' of  sanpled
section. Lower 1

sediments contain more
small to medium pebbles,
which were near water
table,




DEEE ISLAND DRILLING LOG
Drdll Sice: NED Drilling Dates: 3, 5, &, and # March
Core Diameter: 1" Total Depth Drilled: &l fe.

Toral Core Recovery: 15.5 ft. Depth From Surface to Hard Layer: 7.5 f{t,

Depth Bun Recavary Nrilling Characteriscice
{Balow Hard Liyerz) Ko, (fe)
0--5 1 4.7 very hard drilling; no

cavities; few natural
breaks; cowmpact Treocent
reaf with cemented
Baculopypeina and
calcarina sands;
ancrusting foramloifera,
Tridacna shell, Verv
aparse coralline algae.

5=10 2 1.3 0.5 ft. hard drilling,
brake thru hard layer and
lost circulation; 1 ft
sandy pocket ; rasv
drilling with Same
erunchy drilling (sand or
pravel 1.

10-1% 3 0.8 2 fr, easy drilling; 3
ft. of easy drilling with
medium hard lavers of 1
to 3" thickness; 73 psi
for easy drill and 100
psi for Mharder drilling
{marine puop).

L5-20 4 1.0 l ft. cave in with
posegible sandfgravel;
cagy drilling with few
pedinm hard thin layvers;
50-h0 psil (marine pump).

20-25% 5 1.4 2.% fr of cave 1o with
possible gand/gravel;
easy drilling with thin
medivm lard  layer and
hard laver at 22 ft.
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Drill Sice:

Core Dismeter: 1"

Total Core Recovery: 15.5 ft, Depth From Surface to Hard layer:

D53 contloued

DEKE [SLAND DRILLING LOG
Drilling Dates: 3,

Total Depth Drilled:

%, b, und ¥ March
ol t,

7.5 fe,

Depth
(Below Hard Lavear)

Run
No,

Recovery

(£t}

Drilling Characteristics

25-30

30-35

40-45

45-51

10

1.1

0.5

0.8

2.5 fr of cave 1in with
possible sand/gravel;
there was 8" hard (coral)
in caved material;
alternating aasy and
med {um hard layers
ranging from 2-8" thick;
95 psi (marine pump).

5 ft. of cave-in, feels
like gravel-drilled pipe
to startiag depti; very
easy driil from 30-35 {t.
with Lhin crunchy lavers;
75 psi (marine pump).

hele closed from 27 to

29 ft., gravel (7) and
open from 29 to 34 Et; i
ft easy drilling; 4 ft of
alternating Basy and
medium hard drilling; 65
psi (marine pump).

lole closed from 26 to 29
ft, gravel {?} and partly
to mostly open to 40 ft;
alternating easv drilling
and thin medium hard
layers.

back filled to 27 ft with
few open pockets ro 45
fr.; 2 ft easy drilling
with 4 thin hard layers;
3 fr alternating casy to
thin medium hard lavers;

1 ft of rough bouncy
drilling; 55-60 psi
(marine pump}; possible

facies change at 51 ft.
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R, THALAND LI ING Lok
Brill Hlte: D53 tontinued Brilling lates: 3, >, A, and B Moach
Core Diameter: 1" Total Depth Dritled: 61 LL.

Total Core Recovery: 15.5 ft. Pepth From Surface to Hard Layer: 7.5 Ft.

Ttepth Run Recovery Driiling Chearacterlsrics
{Below Hard laver} HNo. {Et}
51-61 11 2.7 back filled at 25 ft. and

34 ft. with few gpen
pockset to 51 fe.; 2 frt.
medium hard drilling =t
400-500 psi (freshwater
pump}; 2 fr. altevrnating

medium hard and  eawy
drilidng layers; o 1.
nletrrnating thin wverw
hard and easv driliing
layers; & ft, altermating
easy drilling and thin
medium hatd layers at
70-75 pei (macine pumpl);
Halimeda rich facies.
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NEKE [SLAKD PDRTLIVENG LG
Drikl Sice: DNE& Drilling Dates: 12, 13, aud 14 March
Core Dilameter: 1" Total Depth Drilled: 70 ft.

Total Core Recovery: 15.3 ft, Depth From Surface to Hard Layer: 10 fr.

Depth Run Recovery Drilling Characteristics
(Below Hard Layer)} Ko, (fe)
0-4.7 L 1.5 hard layer 2.7 it thick,
with hard to wvery hard
drilling; lose

circulation below base
hard layer; pocket of
Calcarina sand with few
rough spots {sandy laver
with cobbles); 5¢ psi
marine pumpi: hard layer
material similar to D53,

4.7-9.7 2 2.2 Easy drilling with few
thin medium hard te hard
layers and rough spots.

9.7-19.7 3 g.8 Fasy driiling with $-8"
hard layer and few rough
sSpots.

19,7-29.7 4 Q.9 backfilled 0.5 °t,
possible sand/gravel;

alternating easv drilling
with medium hard layers;
few thin (1 to 2"} hard
layers; few small crunchy
zones-like gravel; 80 psai
{marine pump).

29.7=-29.7 5 1.5 hack f11led 10ft.,

possible sand and gravel
with few protrusions wall
of along hole; alternacing
easv driliing and thin
hard layers; & ft. rough
bouncy drilling with few
rough spots from 4-10 ft,
of run.



Orill 5ice: 054 continuad
Core Diameter:

Tatal Core Recovery:

DEKE ISLAND DRILLING LOG
Drilling Dates:

Total Depth Drilled:

i

Depth From Surface to Hard Llayer:

Recovery

(ft)

Drilling Characteristics

Depth Run
{Beclow Hard Layer) No.,
39.7-49.7 ]
49,7-59.7 7
5¢.7-60.7 a

2.0

2.2

4.3

backfilled to 30 ft.

ievel, rough crunchy
material like pax grawel;
at 38 ft. sandvy (saft);
2 fr. of easy drilling
with few ‘thard layers;
6 fr, =alternating easv
drilling and medium hard
tayers with some rough
bouncy drilling, change
in facies-Halimeda rtich;

50-65 psi (marine pump).

back filled to 36 fr,
level; 2 ft. eARY
drilling with few chin
hard lavers at 5U=bhi} psi
{marine paml 2 fr.
crunchy ({pravel} and
glightly houncy medium
hard drilling; 2 {fc. of
thinly layered easy
drilling and bouney
medium to hard iayers;
4 fr. of alternating
medium hard bouncy to
hard Luvers at 70 psi
{(marine pump).

backfilled to 37 fc.
level; jammed core barrel
with calcarvina sand In
cleaning of btole; LD fE,
of altarnating easy
erunchy drilling nnd
medium hard layers with
few rough and bouncy
EpOLS; sand packing
around bit, 70-75 psei
{marine pump),
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Drill S5ite: DS

Core Diameter: LV

Total Corc Recovery.

3.8 ft,

DEKE ISLAND DRILLING LOG
Brilling Dates: 14

Tocal Depth Drilled:

Depth From Surface to Hard Layer:

March
i7 fr,

.4 fc.

Depth
{Below Hard Layer}

Aun
Ho.

Bacovery

{fr}

Drilling Charactetristics

0-1.8

1.8-6.8

6.8-16.8

l

1.8

2.0

hard layer, very hard
Arilling; rough and
bouncy; difficulry with
drilling =2t 1.8 ft,, wvery
rough drilling; hard
laver material similar to
D53 and DE4,

very hard drilling in hard
layer; broke thru at 4

ft. and lgsar clrculaticon,

recovery from run all

hard layer material;

below hard laver easy

drilling f{sand).

backfilled 2 £t.,, to
lower level of haed
layer, 4 fe.; 10 fr. easy

drilling with onaly one
med ium hord laver
(fragment of Tridacna
ghelld: gand packing
around bic, VEeryY
difficult to Tatriewe;
after pull-cuc, hole
caved in te hase Thard

layer.




Nrill Site: P51

Core Diametsr: 1/2"

Total Core 3lecovery: 2.7 ft,

DEKE ISLAND DRILLING LG
Drilling Dacen:

Total Depth Drillied:

in3

23 Tebruary

3 fr.

Depth From Surface to Hard Layer: Reef flar, I

Depth Run Eecovery Drilling Characteristice
{Below Hard Layer} Ho. (fc)
0-3 1 2.7 Beef flat at edge of

gteep sloped heach; very
hard drilling with =small
cavity at 2,3-2.7 f{r.; tap
2" core 1s 1" dianeter,
caral; Finished witi
aoaller hic, hecause 1!
bit couplar bent; Receny
reef material similar o
B53, D54, D555 cavity
area had more Heliopura
coral; did not break thru
hard layer.
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Drill Stite: PS2

Core Diam:ter: 1/2"

Total Cor: Recovery: 2.5 fr.

DEKE ISLAND DRILLING LOG
Deilling Dates:

Total Depth Drillad:

Depth From Sutrface to Hard Layer:

1 Marech

2.5 fr.

rard laver
in B83, 7.5 fr,

Depth
{(Below Hacd Layer)

Fun
No.

Recovery

(£t}

Driiling Characteristlcs

0-2

2=2. 5

1

2.0

0.5

hard laver in open pit at
DE3, pricr to cementing
drill mounting plpe;
gsurface of hard layer
emcoth and =salid; very
hard drilling: Layers of
cemented calcarina sands
and Heliopora curAal;
encrustling foraminlfera,
Homotrema, Carpentetrla
and Sporadotremsa.

hard layer; very hard,
glightly rough Jdrilling;

sand binding bic;
material Eame as In run
1; drilled thru Tridacna

shell.




DEKE ISLAND DRILLING LOG

bDrill Site: P53

fare Diameterr: Lf2"

Brilling Dates:

Total Depth Drilled:

I

11 and 14 Hareh

B ft.

Tocal Core Recovery: 4.9 ft. Depth From Surface to Hard Laver: 3 frt.

Dapth Run
{Below Hard layer} HNo,

Recovery

(fe)

Drilling Charactcri=tics

Surface sedinents

a=1.7 1

l.7=-3.5 2

k.5

1.7

sediments arc g?hvel and
white sand with surfarce
sofl laver of 3-4", beds
of cobble and sanmd, then
sand, with layer of larpe
coral clasts mnear hard
layer vontact;] fresh
water ponded on surface.

hard layer; smooth
gurface with no wvisiblae
breaks or cavitles; wverw
hard drvilling; Lalcarina
sands and Helicpora
coral, very Yitple
coralline algae, mollush
debria, coral Interstices
infilled with white "mud";
hard layer material
3imilar to DRS3, D54, D55,
and P51, PSZ.

hard layer with hard e

medivm  hard  drilling,
alightly rough in spota;
Calcarina sands, abundant
Helicpora coral {medlum
hard) which is bored and
infilled with whilte
"mud"; coral nat in situ;

lower & is _nﬁnstly
cemenbad faraminiferal
sand LCalcarina,

Baculogypsina, and  few
Amphistegina).
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BEKE IELAND DRILLING LOG

Prill Site: P52 contcinued

Care Diameter: Lf2"

Total Core Recovery: 4.9 ft,

Drilling Dates:

Total Depth Drilled:

11 and 14 March

B ft.

Depth From Surface to Hard Layer: 3 fr.

Becovery

tfe)d

Drilliﬂgrﬂharacteriatics

Depth Run
{Below Hard Layer} HNo.

3.5-5.5 3

515_?15 £|.

1.2

0.5

Yard layer with hard te
medium hard drilling and
few eagy drllling spots,
Blightly rough driiling
in apots} lost circulation
at 5.3 fr, hase of hard
layer; cemented Calcarlina
Band , appeara bedded
frapgments of ercded

Heliopora.

Alternating easy drilling
and hard to medium hard
layers, below hard layer:
Heliopora coral and
cemented fine grained
rubble, encrusters; no
Calcarina sand; water
bubbling and “hissing"
out of hole,




oy

DEKE ISLAND DRILLING LOG
Drill Site: P54 Drilling Dates: 15 March
Core Dismeter: 1/2" Total Dapth Drilled: 5.5 fr.

Total Core Becovery: 1.6 fe. Depth From Surface to Hard Layer: 3 ft.

Dapth Rua Recovery Drilling Characteriatics
{Below Hard Layer) Ko, {fr)
J=1.5 1 0.8 hard layer, very hard to

hard drilling with few
rough spotes; hard layer
about 1.5 ft. thick:
cemantad fine grained
gediments with rubhle,
COATER qand, aonme
Calcarina sands, and
corelline  encrustations
on coral fragmente] mayhe
bedded.

1.5-3.5 2 G.5 Alternating layers of
pagy and wmedium  hard
drilling; coral and
cemented Calcarina sand.

3.5-5.5 k! 0.3 Easy drilling with few
rough gpate {coral
rubble); porzible

sandfgravel layer; water
bubbling and “hissing"
out of hole,
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Drill Site: PS5

Core Diameter: 12"

DEEE ISLAND DRILLIRG LOG

Drilling Dates:

Tocal TDepth Drilled:

16 March

& ft.

Total Corw Recovery: 0.2 ft. Depth From Surface te Hard layer: about 4 fr.
Depth Eun Recovery Drilling Characteriscics
{Below Hard Layer) HNo. {(ft)
0=4 1 0.2 Drilled into surface of

caro plt; surface hard
layer, top slightly
irregular with coral
rutble and encrusting
coralline algae; &'
modetrate drilling,
remainder easy drilllog;
lost circulation at i.B
ft: water btubbled ocut and
stood above hard laver:

core contained coral
fragments, Helioporua.

Porolicthon {ragment, no

cementaed sand.
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Sleb Sample: Fi: |-1

Field Relak:ons!: Sample was taken frem the reef flat surface at the
junction of two [racturas, approximately 1200 feet along traverse .

Comnstituentn: Predominantly Acropora (im growth position?). the lower
portlon 1s encrusted by corallipe algae, Homotrema and Sporadotrema,
Below this encrusted zone, infilling of the coral has taken place.
Above the encrustion are several amall pockets wirhin Aeropera that
contaln sand fiil, This sand fill consists mainly of Baculogypsina
{about “lmm 1in longest dimenslon}, coralline algae, echinoid
spines. Calcarina, and fine-grained cement. Acropora coral pieces are
alsc found disperaed throughout (4 to 5 mm in diameter}.

Geometry, aorting ete. The sands are poorly sorted and some clagts are
large, the Llargest being echineid spines and Acropora branches.
Orientaclon of grains 1s random, suggesting litrle or ne reworking.
larger gralns are not in contact, but separated by the finer foram
gand aid cement, The infilled sediment below the coral and encrusted
layer .8 clearly a skeletal gralnatone.

Some worm horings with yellow-btrown rings are found in coralline algal
string:rs (encrusted zone). Worm borings and other biceresion is
commen aleng edges with fewer horings in center.

Vugs zre less commen than on most other reef flat rocks; highly
cement:d. Coral geometry suggests a growth position with encrustacion
before aediment influx took place.



3l

$lsb Sample: PG 3-2

Field Relation: Cemented rubble ridge 25 feet seaward from the tae af rhe
beach .

Constituerts: Pocillopora is main constituent. Other corals, Acropora and
Forites, are also present. Coralline material a=z 2 whole makes up
about 60% of the rock. Baculogypsina, Calcarina, and coralline algae
are lopsely cemepted between 1nterstices of coral. Minor grain
compcnents include echinoid spines, Homotrema, and benthonie forams.

Geometry, sorting, ete.: Coralline tubble and dinterstituricnal grainstone
lack an obviocus arrangement. Sorting in sande is minieal. The foram
grairstone portion is within the .75-1 mm size range; where as the
coralline algae iz commonly 2 mm or more in diameter.

Poroeity mey be as high as 20-25%, due to general lack of cement. In
Addition, unfilled borings in the coralline material adds te the
poresity,
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Slab Sample: PG 4-1

Field Relaticn: Sample taken on reef flat, about 45 feet along traverse 4
in & butress zone elevated above remainder of the reef flat.

Constituents., Similar graina as seen in PG 11-2B; the foram Calrarina
dominates over Baculogypsina. However, the major copstituents are
corals: Acropora, Hellopora, and other undifferentiated corale (20
to 30 percent of the slah)., Goralline algae 1s alsc common (10 to 20
percent). The remainder of the rock is foram sand tightly cemented
with cryptocrystailine carbonate (30 to 40 percent of the wvolume},
Porosity constituents about 10 to 20 percent of slab. A minor
component of the alab includes Homotrema, which is dispersed as
detrital grains throughout foram sand areas. Cerithid gastropods,
bivalves, and other gastropods are mncomen in the cemented foram sand
and are volumetrically unlmportant.

Geomecry, sarting, ecc.: A& grailnstone ocn twe scales typlifles PG 4-1,
Size of claata are generally smaller thar FG 11-2B; they are usually 5
mm in dimmster or width., However, scme larger pleces of coral ave
present but not Ccommon. Cryptocrystalline carbomate or cement
characterizes some sresse. This can be observed moat readily in the
area surrounding partially filled wortm burrows.

Mo unusual arrangement of pgrains; sorting is minimal with sand (lom
and less) fi1lling intersitices between larger grains. Shelter
porosity is common with cther porosity types found as vugs or borings,
which ste partially filled with foram sand and coralline algal debris.
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Slab Semple: PG 5-2

Fiald Relation: Sample caken from edge of reef plate between Pingelap and
Deke islands. Portions of plate extend as fingers, lagoonward,

Constitueits: Acropora coral (not in situ} has been intensely blo-eroded,
prodicing poresity of 10-15%, and perhaps higher than normal
perm:zbility, especlally where larger borings are Interconnected. The
larg: worm borings, up te 8x> sm, are usvally infilled wich mud, Some
of these show excellent geopetal structurecs, The exterior portion has
small borings but with much closer spacing. The bioc-eroded surface Is
blactish to yellow in coler. Boring by Lithophaga bivalve,

Geometry, sorting, etc.:! Coral ehows extensive replacement by infilling of
boriags with yellow and white mud. Structure of coral mostly altered,
Larg=> borings show several generations of fine sediment infillinp and
cemeitacion.
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Slab Sample. PG 6=1

Field Relat:lon: Sample teken on the reef flar along a fracture edge.
Surfaes of the specimen was covered with a filamentous algal mat and
ahundant forams. Locatlon appreximately 1700 feet along transversc 6.

Conatituent;;: Acorpora coral is the wmajor constituent, pesslbly  1n
growth pesition, Coral material is truncated in part and abutted with
obvicus detrital grvainsg consisting of coralline algae ({some round in
ocross saction and chalky white) and forams (usually ne more than 1 mm
in greatest dimension). Coral fragments, approximately the size of
most of the coralline algal fragments (3 te 5 mm in diameter), are
commen in this deecrital wixture, Encruscing forams; and Tobpora coral
are falrly sparse. Extericor adge of alab shows some algal lamiparions
with mlnor worm borings.

Geometry, anrting etc.: Coral 18 poasibly in situ, where as, other grains
have bean transported; alighr indication of imbrication towards the
center of tha slab directly above the coral mass. Sorting ia poor
within the detrital cor grainatone portion.
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Blah Sample: PG 72

Fiald Relatfon: On outer reef flat within an expcosed buttress zons. Theate
ara woma raised algel(?) polygonal networks within vicinity of
sampling site,

Conatituents: Tranaported Acropora coral and other corals are major
conutituente, Vuggy poroplty is commonly very large (5-7 wm in width
and up te 3 em in lengeh). Moat of the vugs are open, those that are
pariially filled contain cemanted coral fragmente, Baculogypsina,
carithid gastrepods, Sporadotrema sncrustations, and echinoid spines.
Grains average 1 mm to 2 me in size. FEncrusting coralline algae
apptars as etringera scross slab, commonly 2 mm wide, buc up to 4 mn
ot ¢lightly larger.

Ogteide of wvugs, echinold spines, Sporadotrams and other forams are
common but are rarely in grain to grain contact. The majority of the
alat is a coralline boundatone, with grainstons ineide of the wvugs.

Worrs boringe are commonly f£ijled with wvery fine, white mud, A&
concentration of yellow to brown ringed borings is found wichin the
white stringera of coralline algae, othervise bhorings may be filled
and lack color banda around the perimeter.

Geometry, sorting, etc.: Sorting 18 good in the coaree sand that infills
vuge. In the massive portioms of the mlab, sorting is not much of a
factor, since there are only a few forams and pilaces of coralline
algee. Thepe grains appesr to be distributed randomly. The slab is
tightly cemented.
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Slab Sample: FG B-1

Field Relation: Sample taken on reef flat, about 1,000 feet along traverse
B on seaward edpe of & cemented rubble lobe.

Conscituents: Helipora and Acropora corals conatirute about 25% of sample.
Both coral types show boring by blue-green algse and some of the bores
arae Infllled with light (very white) mud.

Sanda filling intersticea makes up about &0% of rtock. The larger
coralline algal pieres, takem as a single component make up 10-15% of
the rock volume, The coralline algae is found as solid cylinder or as
an encruster (most pieces are 1| mm thick zones with yellow—brown
ringed worm borings). The sande are finer grained (.5-.75 mm)
compared to most other reef flat  rubble zones, Calcarina,
Baculogrpsina and coralline algae are the most comeon sand components.
In additien, lesser amounta of echinold sapines, and Homotrema are
present .

Geomectry, 8so:rting, etc.: Individual lenses and pockets of sand are,
relacively, well sorted. Fine white carbsnate cements are pervasive
throughout, especially in coralline algal/foram sands (grainstoned.
Thia szmple of rubhkle zone prainstone can be considered as Miwo
grainstones in one™ - lerge grains and a finer grained sandy portion
which f:.1ls the interstlces between larger grains.
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S1lab Sample: FG O]

Field Relai:ion: Sample taken on reef flat area within a buttress zane,
appro:imately 45 feet alang traverse 9,

Constituen:s: Acropora coral makes up about 0% of slab. Heliopora coral
nas been encurated (<30%) and then overgrown by hcropora. Both corals
are apparently 1im  growth position, a fine grained {oram
(Baguiogypsina, Calcarina, &nd Homotrema) grainstone £ills the
interitices of chalky, white coralline algae. This filling 1s in
abrup: contact with Acropora porcticon of slab., Bicergsionm around the
outelile portion, probably by blue-green algae and worms 1s very
prevalent.

4 simiiar slab for thin sectioning of BG 9-1 revealed a control that
worm jurrows had on arrangement of varlous constituents. The zome of
white coralline algel encrustztion on Helicpora and through parts of
the Acropora mass had yellow-brown filled and unfilled worm borings
{.5% to .75 mm in dismeter} that are limited only to this surface.
Larger worm borings are infilled with mostly well cemented Eoram
gralnztone (very fine .75 mm or less in diameter). Since most of the
slah 1is coral, small peortions show a tendency towards gralnstone.
Cementation 1s wood and corals sppear to be highly replaced.
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tlab Sample: PG 11-2B

Field Relation: Collected on a cementad rubble ridge apron, at 1& cm ahove
low tlde water level,

Congtituents: Focillopora coral rtubble makee up 30 to 60 percent of the
slab, Other large claats, which consetiture 10 re 2} percent of the
slab, include echinoid spines, and coralline algae. Sands found
between coral branches are mostly foram sands, dominanted by
Calcarina. Baculogypsina 1s present but subordinare to Calecaripa
sands. FRarer constituents include Caulastraa coral, Heliopora coral
and forams Hetercsategina and Homotrema,

Geometry, sor;ing etc.: The arrangement of the rubble grains is chacric
with an imbrication of coralline material. These larger coral clasts
are 5 to & mm in narroweat dimension and about 10 to 20 mm in che
longest Jimension, Foram sand between the coral is typically 1| ro 1.5
mn in size, dependent on foram species.  The whole rock can be
conglder:d a gralnstone; both larger clasts and octher sand filling in
interstices,

Porosity 1s found in varlous formsi mostly shelter, intraparcicle (in
corale), and wuggy. ALl these poroasity typea combined produce 10 to
20 perceat total porosity throughout the whole slab.

Boring algae has contributed to the porosity of the slab, cthie is mo=st
notlcabls: as a red outline at the upper most portion (edge} of the
slab. In additiom, many of the corals have been bored hy other
bicercders and refilled with sediment.

Cementat lon 1s rather good even though thils marerial is from a rteef
flat rutble zone, Iunituazlly most rubble was friable and currently
this sam>le iz 1in later stages of cementatlon,
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Slab Samile: FPOA J-A

Finld Relatione: Abandoned caro pit on Deke laland. The surface of "hard
1ay€?“ ia vary unaven as opposed to other aurfacesa in tara plta. The
irragularity of the surface 1s poseibly defined by patchy cemetatlvn
of :parse rubble.

Constitu:=nts: Porites? coral head, probably in growth position. The foram
samis around the coral base are acereted onto the periphery of the
coral, The sand fraction 1is dominated by coralline alpae
{Porolithon}, Calcarina, Baculegypsina, coral (ragments, echinaid
splie fragments, Cerithid gaatropeds, and Homotrema, Serpulld worm
tub:s are present on base of coral.

Geometry, sorting, etc.: The foram sand is well sorted with a # range from
0 to .5. This sand fa loosely cemented, for the most part,
Arrangement of foram grainstone or sande suggests materlal filtered
dow: to baame of coral and filled imterstices before eventually
completely burying coral. Scme minor worm borings 1o the coral
contribute to porcalty; However, most ia intraparticle and shelter
poriaity within coral and at base of coral, respectively.
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Slab Sumple: FGA OB

Field Relation: Sample taken from a tare pit on Deke Island. Collectien
of sample was from 12 cm below surface of "hard layer'. Coral heads
were found within a coatse macrix of cemented debris.

Constltuents: A large Tridacna bivalve is encrusted and bored. The outer
encrustation is a similar material which f1lls a large bore. The
Tridacna was bored prier to burial with a detrital material which
filied voids and accreted around the shell. Most of this material is
a detrital sand dominated by Calcarina, Baculogypsina, corallline algae
and lesser amounts of Homotrema, Marginopora, and echnieid spines.

Ceomatry, sorting, etc.: These sands can be classed as an algal/foram
grainstone. The average graln size is controlled by foram test size
{ususlly 1 to 1.5 mm). BSome of the coralline zlgal gralms are larger.
This cemented sand makea a very well Indurated rock,
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slab Sample: PGA-T

Field Relac{on: A cemenited layer 30 em below the floor of a double tara
plt on Deke Island. The upper zone above the layer has 5 ¢m of clean,
foram sand. The slab surface 1s pgenerslly smooth with a slight
undulatory rvelief. This "hard layer" Is exceptionally hard below the
uppermost layer whilch Iz chalky, bored, and lacks any indurated crust.
The rTock surface was covered with abundant btulbous coralline algae
aleng {Porolithon), with Helicpora coral and other small coral
fragments.

Conatituants: Most of the corals show evidence of transport and are not in
gro<th peosltion, They constitute the major component of the slab.
Coralline cslgae, seen as vound to elliptical, chalky white masses ave
alsx prevalent. Towards the center of the slab 15 a foram grainstone
that f£ills the interstlices between the larger coral mass. Echinoid
splies and Homotrema are interdispersed throughout.

Geometry, sorting etc,: The foram grainstone percion is gererally poorly
sorted with the exception of a few "clean" zones with ¢ range of 0.0
te -0,5, Imbricaticn, especially in the fovam gralnstone suggests
flos from left to right,

Forasity 1Is malnly wvugey with average wvugs rarely more than L.5 or 2
mn in diameter, However, gsome large wugs up to 5 mm wide ococcur.
Intraparticle porosicy is well developed in most foram tests and to a
lepsier sxtent in corals.

Thi: sample 18 In a very indurated condition and countains very Fine
cem:nts, Although some wvugs are commen in places, overall this slab
has lese pore space than most rocks found on the reef [lat which
contaln detricus or rubble,



321

Slab Sample: FGA 10B

Fleld Relatiom: Sample taken at D-1 site. Thin layer with a fairly sharp
contact, level rop that grades inte gravel and an uncemented zome.

Constitusnta: Well cemented Acropora coral head, in possible growth
poaition. Coralline algae encrusts exterier of coral. Few small
borings it edges of coral, generally not filled.

Geometry, so:ting, etc.: Porosity 1s malnly intraparedicle.
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Slab Samp..e: PCA 134

Field Relution: In a hand-dug pit on Deke Island. Sample was extraccted
from a cemented laver that appeared to be disconcinuous unlike the
typical "hard layer™ that commonly is indurated and has much greater
lateral continudtv. This lightly cemented or encrusted rtubble was
from an interval 70 te 30 cm below the water table ar low tide {March
21, .9B4), Yot all portienms of thile layer appeared to be rubble, some
evidince suggested in situ growth peslition.

Constituents: Acropora (at bottom of slab} and Favites? or Gonlastera?
conslitute the coral material which makes up the hulk of the slab,
Most corals are encrusted with coralline algae and miner Homotrema.
Ouce: edges of coral have a thin rind of accreted foram and coralline
algae sands. Worm hordnge are rarve.

Geometry ‘orting, etc.: This alab suggests in sltu growch of corals and
assc:iated encrusting algae. Although [ield observarion does wnt
sugg:st that this 4s the "hard layer" it is possibly more than
rubb.e deposit. Perhaps it is an inciplent "hard layer" in early
etagis of cementation or hae been exposed to dissolution or may he a
wate~ tahle rcemented layer. Some portions of rthe slab show wvugpy
poroiity, but generally dintraparticle poresity is prevalent 1in
Acrosora and less in the other corals,
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-
Ot to 24 Os to17?
130

~
-
]

O Sampies trom dug pit

® Syrfoce samples

Figure Cl. Map of Deke Island showlng the location of collection sites for
sediment size analysis.

LA
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Tasle Cl, Sample no. 1: Gleve analysis.

Class Fraction Wt. Walpht Cummlative Wt.
{phil {gm} {3 (%)
=4,22 49,05 18.4 l&.4
G ~3,66 29,73 11.2 29.6
R -2, 68 24,23 9.1 3B.6
A ~-2.35 9.65 i6 42.3
¥ ~1.76 9.08 3.4 45.6
E -1.24 11.01 4.l 49,8
L -0.61 11,24 .2 54.0
-0.22 14,31 5.4 594
a 6.63 2.5 Bl.%
a.50 35.08 13.2 75.0
0.75 13.82 5.2 B0.2
3 1.75 6.28 2.4 2.6
A 2.33 24.24 9.1 91.7
M 2,74 10.04 3.8 95. 4
3] 3.24 4.22 1.6 97.0
3,74 2.06 0.8 97.8
.04 .16 0.4 88,2
Pan 4 .65 1.7 99,9

Percant Gravel:
Percent Sand:
Parcent Fan:

b LI
— im
o oa
o s =]
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Table C2. Sample no, 2@ Sieve analynis.

Clams Fraction Wt. Weight Cummlat{ve Wr,
(phi} (gn) (L) (X
-4 27 B.1 4.3 4.3
G ~3.68 23,1 12,2 16.5
R -2.68 9.9 5.2 21,7
A -2.3% 5.4 2.8 24 . &
¥ -1.76 2.6 1.3 25.9
E =1.24 .5 1.8 1.8
L -0,61 4.5 Z.4 0,1
-0, 22 9.0 4.8 .9
L 6.2 3.3 ig.2
0.50 47.1 24.9 63.1
0.75 22.17 12.0 75.1
5 1.75% 8.8 4.6 19.7
4 2.33 24.5 12.% 9.6
| 2.74 7.5 4.1 96,1
b .24 1.0 1.6 98.4
.74 1.6 a.9 59,2
.04 2.9 0.4 99.7
Fan 0.6 0.3 LoD

Percent Grasmel: 34.9
Percent Sand: &4 8
Percent Pan: 0.2



WA

Tatle C3. Sanple no, 3 Sleve analyais.

Class Fraction Wt, Welght Cummlative We.
{phi} {gm) (%) (%)
-4, 22 19,49 17.8 i7.8
G 1 6.2 5.6 23.3
R -7.68 11.0 9.9 33.2
& -2,135 .7 &.2 IV 4
Vv -1,76 3.8 3.4 40.9
£ ~1.24 2.9 2.6 43,5
L -0.61 3.9 3.5 67,0
-0, 22 6.4 5.7 52.7
0 3.8 3.4 56.1
.50 19.8 i7.7 13,8
0.75 9.0 B.1 8.9
s L.75 2.8 2.5 84.5
& 2.33 B.2 1.3 91.8
H 2.7 §.2 3.Aa 95.5
D 3.24 .9 1.7 97.2
T4 i.4 1.2 9.4
& .04 n,7 0.4 99,1
Pan 1.0 0.9 00,0
Fercent Gravel: 52.7
Percent Sand: hh. 4

Fe-cent Fan:
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Table C4. Sample no. 4: Sieve analysis,

Claes Fraction Wt, Weight Cummlative Wt.

{ph1} (gm)} (X) {2}

—4&,22 39.8 23,1 23.1

G =3.66 18.6 10,8 24,0

B -1.68 6.4 15.4 49,4

A -2.35 5.6 3.3 52.6

v -1.76 4.4 2.6 55.2

B -1.24 4.1 2.4 57.56

L -0.61 6.6 i.a 6L.5

-0,22 6.3 1.7 66.1

) 1.7 1.¢ 66,1

.50 18,3 19.6 76,7

0.75 12,4 7.3 4.1

] 1.75 b, 4 1.5 86.4

A 2.33 11.6 6,7 93.4

.| 2.74 4.1 1.4 95.7

D 3.24 3.4 1.0 97.7

3. T4 2.4 1.2 98.9

4.04 1.0 0.6 99.4

Pan 1.0 0.9 100.0
Percent Gravel: 65.1
Percent Sand: 4.6

Percant Pan: 0,1
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Tatle C%. Sample no. 5: Sieve analysis,

Clasa Fraction Wt, Weighe Cumnlative Wt.
(phi) {gm) (%) (%
=4, 22 68.6 27.4 244
G =3.66 52.3 20.9 48, 4
R =-2.68 24 .4 9.8 58.1
A =2.35 4.7 1.5 BO.0
v =1.76 3.2 1.3 al.3
E ~1.24 2.4 1.0 6l.7
L =0.61 f.1 1.6 63.9
=-0,27 5.1 2.0 65.9
d .8 1.1 67.0
0.50 16.2 6.5 13.5
0.75 18,4 7.3 B0.5
s 1.75 8.8 3.5 B4 .4
A 2.33 22.4 8.9 93.3
N 2.74 8.0 3.2 96.5
¥ 3.74 3.5 1.4 97.9
.74 2.7 1.1 99.0
4,04 1.4 0.6 9%.6
Pan 1.0 0.4 100.0
Per-ent Graval: 65.%
Fer:cent Sand: 33.6

Por-ant Pan: 0.4
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Tahle Gh, Somple no. b Sleve analysis,

Clasr Fracecion Wt, Welight Cummlarive We.

(pht) (gm) (%) (%)

-4,22 9.1 4.4 &, &

G -3.486 16,8 2.1 12,4

E -2.68 14,4 i%.5 28.49

A =2.35 5.0 2.4 31.3

v =1.76 4.3 2.1 33.4

E =-1.24 4.0 1.9 3%.3

L ~0.61 4.2 2.0 37.3

=0,22 .1 2.0 39.3

0 i.2 0.6 9.9

0,50 1.1 1.7 47 .6

0.75 26.6 i2.8 TUNEA

5 1.75 14,6 1.0 7.4

A 2.33 &6, 4 2.3 89.6

H 2.74 11.49 5,1 95.3

o 3,24 3.7 1.8 7.1

3. 74 <.h i.1 9B.3

& .04 1.8 0.9 8%.1

Fan l.B 0.9 60,0
Parcent Grayval: i%.3
Fercent Sand: 598
Percent Pan: 0.9
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Talble C?. Sample no. 7: Sieve analysis. Sample depch (L5 fr.

Llass Fraction Wr, Weight Cummlative Wc.

{phi) {gm} (%) (%)

-4 22 189.8 37.b af. b

G -31.6h 53.5 16.2 73.8

E -2.68 25.2 7.7 gl.5

A -2.35% 3.7 1.1 BZ.6

¥ -1.7h 2.3 0.7 £3.3

E ~1.24 3.4 1.0 Ba.4

L «0_ bl 4,1 1.2 B5.6

=0,22 4,4 1.3 Bbh.9

0 1.7 0.5 87.4

0.50 6,5 2.0 Bo. &4

0.75 ] 2.0 9l.&

5 1.73 2.9 0.9 92,3

A 2.33 10.6 3.2 95,3

2] 2.74 7.8 2.4 9.9

1] 1,24 3.4 0.9 98.8

3,74 1.1 0.3 99,5

&.04 0.7 0,2 99.9

Pan a,7 0,2 10Q.0
Pa:rent Gravel: 86.9
Pa:cent Sand: 12.9

Pe:cent Pan: 0.7



Tabls C8, Sampla no. 5! Sieve analyeis. Sample depth 1.2 frt.
Class Fracrion Wr, Welight Cummlative Wt.
{phi) {gm) (%) (1)
-4, 22 20.1 7.9 7.9

G -3.66 92,4 36,2 44,1

E -2.68 88.9 34,9 9.0

A -2.35 5.1 2.0 aL.0o

v ~1.76 2.7 1.1 az.1l

E ~1,24 2.2 0.9 83.0

L -0.61 2,2 a.8 g1.a
~0.22 2.2 0.9 4.7

0 2.1 0.8 85.5
0,50 4.9 1.% a87.4
0.75 H.5 2.6 a¢. o

5 1,15 2.9 1.1 91.1

A .13 11.4 4.5 95.6

N 2,74 6.0 2.3 97.9

D 1,24 2.8 1.0 99.40

.74 1.6 0.6 9% .6

&, 0 0.8 0.3 L

Pan 0.1 0.1 100.0
Parcent Gravel: 4.7
Percepr Send: 15,2

Parcant FPan: 0.l

331
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Tab'.e C9. Sample no, %: Sieve snalysis. GSample depth 1.3 fr.

Claas Fraction Wt. Waight Cummlative Wt.

{phi) {gm} (L} %)

-4, 22 14B8.7 4%.2 45,2

G -3.66 i .9 13.6 38,8

R ~2,68 19.7 13.6 Gi B

& -2.35 2.9 0.9 B4.7

) -1.76 2.3 0.7 &6, 4

E -1.24 3.3 1.0 67 .4

L -0.61 4.9 1.5 HR.9

-0,22 6.8 2.1 7L.0

1] 3.6 1.1 F

g8.50 32,40 9.7 81.8

0,75 23.4 .1 Bg.5%

5 1,75 9.5 2.9 91.8

& 2,31 19.3 5.9 Q7.7

1] 2.74 5.1 1.2 99,0

D 3. 24 1.1 0.3 9%.3

3.74 1.2 0.4 Q9g.7

i, Db 0.7 0.2 99.9

Pan 0.7 0.2 1oQ.Q
Percent Gravel: 71.0
Porcent Sand: 28.9

Percent Pan: 0,2
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Tahle Cl0., Sample mo, 10: Sieve analyain. Sample depth 2.8 ft.

Class Fraction Wt. Weight Cummlative Wt,

{phi) (gm) (%) (%

-4 .22 56.5 24 .0 240

G =366 ie.0 15,3 39,2

R -2,68 3l.4 131.3 32,6

& —2.35 10.9 4.6 57.2

¥ -1,76 10.7 4.5 kl.3

E -1,24 7.6 1.2 5.0

L -0.61 1.0 3.0 67.9

-0,22 10.0 4.2 F2.2

¥ 5.9 2.5 Tad

0.50 16.8 7.1 Bl.3

0.75 8.7 4.1 6.0

s 1,75 4.7 2.0 88.0

A 2,33 18,7 7.9 95.9

N 2.74 4.0 i.7 97.6

D 3.24 1.6 0,7 q8_1

3.74 1.2 0.5 a8 .8

4,04 .8 0.3 99 _1

Fan 2.0 4.8 100, 0
Percent Gravel.: i2.2
Percent Sand: 27.0

Percent FPan: 0.8
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Tahle Cil. Sample no, ll: Sieve analysiw. Sample depth b fr.
Class Fraction Wt. Weight Cummlative Wt.
{phi} {gm} (%) (%)
=-4,22 45,2 16.7 16,7

G -3.866 13.0 4,8 21.3

R -2.68 .8 11,4 32.9

& -2.35 0.3 3.8 0.8

v =1.76 7.6 2.8 39.5

E -1.24 10.3 .8 43.3

L -{.61 9.8 1.6 47,0
-0.22 18.6 6,9 53,9

] 15.0 3.0 39.4
0.a0 0.0 14,8 Th.2
0.75 23.4 8,7 87,9

5 1.75 0.3 3.8 6.7

A 2.33 27.6 10.2 a7.0

N 2.74 4.3 1.6 98,0

)] 3.24 1.3 a.6 99.1

3. 74 1.3 0.5 99.0

& .04 Q.7 0,2 00,9

Fan 2,0 0.1 100,00
Fercent Gravel: 53.9
Percent Sand: 46.0

Percent Pan: 0.1



Table €12, Sample mo. 12: Sieve analysis. Sample depth 3.8 fr.

tlaes Fracrion WE. Welght Cummlative Wr.

{phi) (gm) {%) (%)

N 43.9 24,7 24,7

G -3.66 2.2 12,5 3r.2

B -2.68 9.1 3.4 40.6

A -2.35 6.8 3,8 G4 .4

v -1.76 5.5 1.1 47.5

E ~1.24 5.1 2.9 50,4

L -0,61 14,0 7.9 58.2

~0.22 2.6 1.5 5497

] 8.1 4.5 Bi,l

0.50 25.2 14,2 8.4

0.75 g.1 4, G B3.0

5 1.75 5.0 2.8 85.9

A 2.32 17.8 10,0 85.9

N 2.74 3.5 2.0 qr.9

D 3. 24 1.3 0,7 9g.6

3. 74 1.2 6.7 G0.3

4 Dk 0,7 0.4 99,7

Pan 0.5 0.3 100.0
Parcent Gravel: 59.7
Farcent Sand: 40.0

Fercant Fan: 0.3
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Table €13, Sample np. 13: Sieve analysla. Semple depth 4.2 fr,

—_— - = mo

— [

Clasga Fraction Wr. Weight Cummliat ive Wr.

{phi) {gm} (X} (2

=4 22 67.0 3l.5 il1.5

G -3.66 15,4 7.2 kI. 30

R -2.68 15.0 7.0 45,8

A =-2,35 3.3 1.6 47,73

v =1.76 6.7 3.1 50.5

E -1.25 1.6 3.6 54,1

L =0.al 1.1 3.3 57,4

=0.22 11.58 5.5 £2.9

0 6.1 3.8 6,7

0.50 24,9 11,7 T84

0.75 8.9 4,2 BZ.6

g L.75 4.5 | B4 .7

A .33 22.12 10,4 3.1

N 2.74 5.3 2.5 97.6

T 3,24 1.9 0.9 3.5

3,74 1.3 0.6 9.1

&.04 1.1 0.5 9% . h

Fan 0.8 0.4 1000
FPercent Cravel: 62.9
Percent Sand: I8 7

Fercant Pan: 0.4
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Table Cl4, emple ne. l4; Sieve analysis, Sample depth 5.6 fr.

Claas Fractiom Wt. Veight Cummlative Wt.

(phi) {gm} (3 (%

~4,22 0.0 .4 0.0

G =3, 66 0.0 0,0 0,0

E -1.68 8.9 18.4 18,4

A =2.35 1.4 3.0 21.4

¥ =1.76 1.9 3.9 25,3

E -1.24 3.0 .2 31,5

L -0.,61 3.5 7.3 38.8

-0.22 6.3 13.3 52.1

0 2.4 4.9 57.0

0,50 9.7 20.0 7.1

0.7% P 8.1 25,2

g5 1.75 1.7 3.5 28.6

A 2.33 4.0 g.2 96.9

N 2,74 0.8 1.8 98.7

D 3.24 0,2 0.5 99,2

3. 14 0,2 0.1 9.5

4. 04 a,1 0,2 29.7

Pan 0.1 0.3 00,0
Percent Gravel: 532.1
Percent Sand: 47.86

Percent Fan: 0.5
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Table Cl%. Sample no. 15: Sieve analysis. Sample depth 5.9 frt.

———

:less Fraccion Wt, Welght Cummlative Wr.
{phi (gm} (5 (%)
~5_ 22 7 13.6 15.46
G -3.658 2.7 13.3 28.9
R -2.68 an,o 17.6 46,5
A ~2.35 6.8 4.0 5, 5
v ~-1.76 6.1 j.6 54.1
E -1.24 5.3 3.1 57.2
L -0.61 5.9 3.4 f0,7
~0.22 13.3 7.9 6R._&
Q 6.7 1.9 72,5
Q.50 20.7 12.1 B4, A
0.75 9.3 5.8 90,1
g | 3.6 2.1 9.2
A 2.23 9.6 5.6 97.B
N 2,74 1.8 1.0 §58.49
[N 3.2 0.6 iy 99, 7
3.74 0.5 3 99.9
4,04 0.4 .2 u%.H
Pan D.4 .2 1000
Parcent Gravel: 68,6
Parcent Sand: 1.2

Percent Fan: .2
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Table Cl6. Sample mo. 16: Sleve analysis. Sample depth 6.2 It.

Clase Fraction We. Weight Cummlacive Wr.

{phi) Cgm) {8 {m

-4, 22 ol.2 6.6 36,6

G -3.86 14,8 5.9 42.5

E -2.68 lh.6 6.6 49,1

A -2.35 6.3 2.5 51.7

v -1.7% 2.9 1.2 52,9

E -1.24 4.8 1.9 54,9

L -0.61 5.1 2.1 536,49

-0.22 12.% 5.2 67,1

] 6.3 2.5 64.6

9.54 25.5 10,2 74 .8

0.75 14,9 6.0 a0, A

g 1.75 7.0 2.2 83.6

.} 2.3] 8.1 11.3 Q4.8

1] 2.74 5.1 2.0 96.9

[¥] 324 4.1 | 98.6

3.74 1.9 .B 99,4

i, Q4 0.8 .3 aq,7

Pan 0.7 3 100, 0
Percent Grivel: h2.1
Percent 3ard; 37.6

Parcent Par: |
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Table Cl7. Sample mo. 17: Sieve snalyaie, Sample depth 5.1 ft.

Class Fraction We. Weight Cumnlative Wt,
{phi) {gm} (X) (X}
-4 ,22 5.7 0.4 9.4
G =3.66 b.3 10,5 19.%
R -2.68 5.7 9.5 29.4
A =-2.35 1.6 2.1 32.1
v -1.7& a.8 1.3 33.4
E -1.24 1.4 2.3 5.7
L -0.51 2.2 3.7 19,4
-0.22 5.0 8.3 47.8
] 3.3 5.5 53.3
0.50 18.1 29.9 Ri.2
8.75 i.B 6.4 89.6
8 1.75 i.2 1.9 91.5
A 2.3} 1.5 5.8 97.13
N 2.74 0.8 1.3 98.6
D 3.24 0.2 o 99.0
1.74 0.4 b 99,7
4.04 0.4 .2 94,8
Fan a,t .1 100, 0
Pervent Gravel: 7.8
Peti-ent Sand: 52.1

Pexrient Fan: .1
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Table C1&. GSample ne. 18: Sileve analysis. Sample depth 1.5 ft.

Class Fraction Wt, Welght Cummlative Wt.
{phi} (gm) §4) (L)
s G.0 o.0 0.0
G ~3.66 0.0 0.0 0.0
R -2.68 3.0 . '
A =1.35 1.2 1.3 4.7
¥ =1.76 1.7 1.9 6.7
E =1.24 2.2 2.5 9.1
L -0.61 4.3 4.9 14.0
-0.22 14,8 6.8 30.86
0 10.8 12.2 43,1
0,50 W2, % 48.8 91.%
G.75 4.5 5.1 9.0
5 1.75 1.0 1.1 9.0
& 2.33 1.4 1.7 99.2
N 2.74 0.2 2 99.4
D 3.24 4.1 .1 99.6
3.74 0.1 1 9%.7
4,04 0.1 1 599.8
Pan .2 2 1086.0
Percent Grav:l: 30.8
Fercent Sand: 6%.0

Fercent Pan; o d
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Table C1%. Sample no, 1%: Sieve analysis. Sample depth 1.2 ft,

t1ame Fracrlon Wr, Woight Cummlative Wt,

Lphi) [gm} {3 (%)

g, 22 50,7 26.1 26,3

G 3. 6h 64,4 i6.1 B2, 4

4 2,68 18.3 9.5 L.

& -2, 35 1.7 n,% PR

vl -1, 76 1.7 0.9 3.7

E -1, 24 1.7 a9 Ta.h

L =0.61 b, 3 0.7 75.3

-, 22 5.5 2.9 78,2

¥ 3.5 1.8 80,40

.54 25.6 13,3 53.3

0,75 5.4 2.8 86,7

g 1.75 1.2 0.6 96.8

A 2.33 1.5 1.8 98,6

3] 2.74 1.2 0.6 96.8

D 3. 24 (. b 0.2 99.5

3.74 0.3 0.1 99.6

&4 ,04 0.l 0.1 9.7

Fan (.5 .3 100.0
Percent Cravel: 78.2
Fercent Sand: 21.5

Percenc Fan:



Table C20, Sample no, 20: Sieve analysis. Sample depth 2.6 fr.
Claas Fraction Wt. Welght Cummlative Wi,
{phi} {gm) (%) (%)
4,21 12.8 7.9 7.9

G ~3.6b 8.5 5.9 13.8

R -2,68 17.9 11,1 24,8

& -2,35 b3 .7 29,5

v -1,76 1.6 2.2 9.7

E -1,24 2.3 1.4 3.1

L =0.61 3.3 2.0 33.2
-0.22 2.0 3.5 38.7

0 B.4 5.2 %3.9
0.50 31,1 19.2 3.1
0.7% 15,1 %.3 2.4

5 1.75 6.9 4.3 6.0

& 2,53 0.3 ia.7 95.5

H 2.74 0.1 0.0 95.5

D 3.24 6.1 3.7 99.13

374 0.6 0.4 99.7

4,04 0.3 0,2 99.9

Fan 0.2 0.1 100, G
Percent Gr wel: 3e.7
Percent Sa d: 61.2

Fercant Pa .:

343
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Takle C?1.  Spmple ne. 21 Rleve analysla,  Sample depth 1.5 10,

lass Fraction Wt. Welght Cummlative W,

{phi} {gm} {57 (%)

-4,22 138.0 45,2 45,2

G -3.,66 0.4 6.5 6i.7

[ -2,.68 4.1 kl.2 7.9

i -2.35 9.0 2.9 5.8

W -1.76 9.8 3.2 P

B -1,24 7.7 2.5 Bl.6

L 0,61 7.l 2,3 83,4

-0,22 H.4 2.8 86.7

K 6.0 2.0 BE.7

0,50 19.14 6.2 34,9

D.75 5.5 1.8 Y6.7

5 L.75 .3 0.4 a7.1

M 2.33 5.1 .7 948.8

i 2. 74 i.8 0.6 49.3

[ 3,24 0.7 0,2 ag.5

3,74 0.6 0.2 99.7

404 0.4 0.1 99,8

Pan 0.3 0.1 Gy, 4o
Per-ent Gravel: 8.7
Percent Sand: b3.2

Percent Pan: W1
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Table €22, Sample no, 22: Sieva analysis. BSample depth 5.8 fr.

Class Fraction Wt. Welght Cummlative Wc.

{phi) {gm) (X} (x)

-&,22 0.0 0.0 0.0

G =-3.4&6 0.0 0.0 0.0

R -2.68 0.& 0.8 0.8

A -2.35 0.4 0.5 1.3

v ~1.76 1.0 1.3 2.6

E -1.24 2.0 2.7 5.3

L -0.6l 2.5 3.2 8.5

-g.22 9.0 11,8 20.13

0 7.0 9,2 29.5

.50 39.7 52.1 Bl1.6

0.75 2.2 2.9 B&.5

S l.753 2.1 3.5 g88.0

& 2.33 1.3 9.6 97.6

N 2.74 1,0 1,4 99.0

[ 3.24 0,3 iy a8 .4

3.74 0,2 -3 =

4. 04 0.1 .1 998

Pan 0.2 .2 100.0
Percent Gra-sel: 20.3
Percent Sanl: 79.5

Percent Pan: it
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Table Ci3. Sample no. 24: Sleve analyele. Sample depth 4.0 fr.

Class Fraction Wt. Welght Cummlative Wt,
{phi} { gm) (%} (%)
=4 22 12.5 19.3 19,3
G ~3. b6 0.4 0.0 19,3
R -2.68 2.9 6.0 25.3
& -2.35 5.3 8.1 334
v ~=1.76 B.4 12,9 46,3
E -1.24 B.6 13.2 59.5
L -0.61 5.2 8.0 67.5
-0,22 6,32 9.6 77l
O 2.7 4,2 Bl.a
0.30 6.1 9.4 91,40
0.75 1.3 2.1 B3.1
5 L.75 Q.6 .8 B4,0
A 2.33 2.1 3.5 97,5
N 2.74 1.1 1.7 93,7
[ 3.24 0.4 ! ug.H
3,74 0,2 .2 140,0
4. 04 0.1 .1 100,1
Pan g.1 W1 100,13

Parcent Gravel:
Percent Sand:
Percent Pan: .

= uh
= Y]
L

kL LA
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Table C24. Sample no, 25: Sisve analysis. Sample depth 1.5 ft,

Class Fraction WE. Weighe Cummlative WE.

{phi) (g} (?) (3

-4%,22 5.4 29.9 29,89

G =-3,66 3l.3 16.9 46.8

[ -2.68 22,5 12.1 58.9

A -2,35 2.6 1.4 60,3

¥ -1.76 5,8 3.1 63,4

E ~1.24 5,2 3.4 66,8

L -0.61 7.5 4.1 e, 9

-0,22 8,0 4,12 15,2

1] 3.8 2.9 77.2

0,50 17.6 8.5 6.7

a,75 10,7 5.8 92,5

5 1,75 2.7 1.4 53.9

& 2.1 6,3 1.4 7.3

N 2,74 2.1 1.1 9B. &

D 3,24 1.6 2.5 99,2

3.74 0.7 0.4 99, &

4 .04 0,1 0.1 99.7

Pan 0.1 0.1 99.8
Percent Grivel: 75,2
Percent Said: a,0
Percent Pai : .1
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Talle £25. Sample no. 26! Sieve analyaila, Sample depth 2.9 fr.

Class Fraction WEt, Welght Commlative WE.
{phi} (gm} (% (%)
422 L65, 6 39.9 39.9
G =-3.46 id.,9 4.5 44,4
E -2.68 33,8 z.! 52,5
A -2.3% 12,5 1.0 55.5
¥ -1.78 10, 2 2.4 57.9
E -1.24 10,9 2.6 H0.5
L -3.461 12,1 2.9 63.4
-0.2¢ 20,6 5.0 H8.4
) 17.9 4.1 72,7
0,50 45.0 10.8 B3.5
0,75 22.3 5.4 BE.9
5 1,75 8.8 2.1 91,0
A 2.31 2.5 5.4 96,4
N 2,74 h.2 1.5 ay.49
D 3,24 3.8 0.9 98,8
.74 1.7 0.4 9g.2
& .04 1.6 0.4 99,46
Pan 0.8 0,2 44,8
Fercent Gravel: 68 .4
Percent Sand: 31.4

Parcent Pan: .2
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Table Ci&. Sample no. 27: 5Sleve analysls.

Clias Fraction W. Weight Cummlative Wt.
{pl 1) (gu) (%) (%)
-4 22 0,0 0.0 0.0
G ~3. hh 17,0 6.1 a,1
E -2 68 18.5 6,7 12,8
' -2 35 .4 1.8 L4, 4
v -1 76 4.4 1.6 16,0
E -1. 24 5.8 2.1 18,1
L —{) Al 8.2 .o 21,1
-0, 22 Liv, & 5.2 : 26,1
{ 10,7 3.8 30,2
0. 50 454 6.4 46,6
0,75 29.h 0.7 57.3
g 1.75 k3.1 4.7 2.0
Fy 2,33 55.9 0.2 B2.2
N 274 2B.6 19.3 92.5
D 3,24 13.4 4.8 97.3
374 .7 1.7 §99.0
4,04 1.5 0.5 99.5
Par .8 0,2 100,40
Fercent Gravel: 26.3
Percent 3and: 13.2

Percent Pani v 5

Tl
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Table (27, Sample no. 28: Slave analyeils.

Class Fractioen Wt. Waight Curmiacive Wt,

(thi) {gm} (%) (%)

-¢,22 128.5 31.0 .o

G =5, 606 1,5 16.12 47.1

E -. .68 22,7 5.5 52.8

A =035 3.9 .9 53.7

¥ -1.76 4.8 1.2 54.9

E - .24 a,l 1.5 56.4

L =01, 61 9.6 2.3 60.2

-1, 42 9.6 2.3 6.2

4] Z.8 - &61.0

i, 50 21.5 6.6 &7.6

.73 31.4 7.6 15.2

5 .75 i4.9 3.6 1B.8

A 1233 RO.& 12,2 91.0

M . T4 25.7 b.1 g97.1

¥ 3.24 &.0 1.4 98.5

1.74 2.8 ) 99,2

w. (e .4 .3 9%.5

Pan 0,4 W3 9.8
Percen: Gravel: 60,3
Percen: Sand; 19.4

Percen: Pan: i
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Table C23. Semple no. 29: Sieve analysie.

Clasas Fraction Wt. Welght Cummlative Wc.

(phi) {gm) (%) ()

-4.22 16.4 5.8 3.8

G =3,88 .0 0.0 5.8

R -2.68 5,2 1.8 7.6

A -2.35 1,2 -4 8.0

v -1.76 2.1 .8 8.8

E =1.24 2.2 A 8.8

L -Q.861 3.2 l.1 10,6

-0.22 13.2 4.7 15,3

a 15.6 5.5 20.8

0.50 148,1 5r.5 73.3

0.75 45,6 16,2 88,5

5 1.75 8.9 3.1 92.6

A 2.33 6.3 5.9 98.5

| 2.14 1.8 .6 5g.1

D 324 N .2 99._3

3.74 .8 o2 99.5

4,04 -3 -1 99,6

Pan o7 .2 99.8
Parcent Grarsel: 15.13
Percent Sani: 84.3

Percent Pan: o2
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Table C29, Sample no. 30: 5Siave analyaia.

Claes Fraction Wt. Welght Cummlaeive Wt.

{phi} {gm) {2 (%)

22 56.5 13,0 13.0

G o T 95,0 21,9 34.9

R -2.68 39,3 9.1 4.0

& ~-2,13% 4. 7% 1,1 45.1

¥ -1,76 3.7 .9 6.0

E =1,24 1.8 .9 6.0

L -0, 81 5.1 1.2 48.1

-0,22 15.4 3.5 51,6

0 10,5 2.4 540

0.50 66,1 15,2 60,2

0.75 46,2 0,7 749.9

8 1.7% 14,5 3.3 83.2

A 2.33 45,0 10,4 93.6

] 2.74 19.3 b 4 08.0

¥ 3.24 4.5 1.0 94.0

3. 74 3.0 0.7 99_7

4.04 1.7 0.4 100.1

Pan 1.0 0.2 100, 3
Ferrent Gravel: 51.6
Percent Sand: 48,12

Percent Pan: 0.2
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Table D1. Depth related specific-conductance and estimated chloride-ion data tor DS3,

Proflie 1 Profile Profilae 1 Prafile & Profile 5 Profile &
Depth below  Date: 1-6-B4 Gate; 3-7-Ra Date: 3-0-8k Dater 3-13-B4% Date: 2=-1k-8k Date: 3-1k-84
max mater Tima: 0000 . Time: 1230 Time: 0930 Time: 0830 Time: DEIC Time:; 1730
table [fr] S5.Cond., Chl 5.Cond.  hl S,Lond. Lo s.long,  Lnl SahAN0, LAl S A,
1
Fd
3
L] TS 05 120 *1 0 1800 A5 65000 2005 900 1110 3050 570
& 3400 935 &S00 2005 2050 470
& 2725 05 E LY 545 1950 LY L] 250 1575 SO 2005 2015 L1
? 325 955 6150 1810 2025 L1
& 3150 T 3450 955 2004 4585 2050 610 J100 BES 2025 AED
] FLL 810 2450 &1 2100 450
10 2400 S50 2175 550 00 490
1 2300 555 2200 520
12 2300 555 2275 550 2200 540 2350 575 2250 575 2250 4l
13 23150 575
1% 2600 2] 2354 515 3000 /00 2450 B10 2500 bt 14 P10 L]
15 2500 615
1& 2950 180 650 873 2550 B4 5 Pl 1) 625 1100 B30
7 3050 815 2650 &75
18 5500 1680 3850 1020 7000 175 3500 970 300 ETN G500 1005
19 L5 1315 36X} 1005 1500 2350
0 050 2195 B00G 1835 130800 245 B250 2610 8000 25140 12000 L L
1 S50 1885 103040 s 12500 #0075 17000 %525
i1 16000 280 20000 GERD 18000 870 17000 L6325 20000 aEGD
k] 20500 L ER 10000 G560 19500 H4H) 22500 7525
ik 25000 B85 20250 RIS 25500 #4560 250K 8385 16750 g 10
Fis] 19000 47as 27500 9255 29500 9935
16 F0000 19110 0250 141485 19250 LR 30250 107185
7 31250 10540 10250 10595 30500 10280
28 3G 19455 32000 10804 312540 10540 30750 10370
* 5. Cond. - Specific conductance, pmbgsiom,

*ok (hi. - estimated chioride (mgfi}, based an graphical data.

13593
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5,Cond. Chl S.Cond,  Chi, 3.Cond,  Chl 5.Cond,  Chl $.Cend. ChI $.Cond, O

1 3z00 470
Fi 2175 515 3500 970
L} ] 530 3550 90
L) 185 <140 400 <100 dry 2350 575 s <100 2550 930
5 2800 730 1500 280 135G 230 2375 580 13040 <100 3575 o955
& 1975 190 2D 590 2306 555 2375 5Ba 230 555 3575 935
7 75 8E0 25540 45 23040 555 FLLL 595 3375 5g0 3575 “85
g 750 Rl 2575 650 2325 565 20 a5 2375 580 3500 1045
3 2850 Ll 24715 615 b2 3] £10 FLEE] a0 250 610 300 1005
10 T 90 2873 615 2475 615 00 5 75 G5 3000 1005
11 7375 80 2500 625 2500 625 2425 &0 2500 h15 3650 1020
12 FLTL 940 1525 635 2504 2o PL e1% %25 B35 3704 10%G
13 i) 554 2600 G40 - P 755 3K £8E 2700 6% Bu 1175
14 FiOLY 594 2600 L 2875 755 Jasn &8s 270U 645 L L1y 1284
15 2450 10 2725 Fats] 30400 e 3500 aro 2800 T30 4500 115
14 2500 8i5 750 ALy 1250 885 3575 "5 4450 Tha 4550 1330
17 004 U0 004 80¢ no 830 5504 [£-1-1 000 BOg S000 130
18 500 70 3a00 1005 47040 1385 BOD0 2520 180 235 700 2455
12 EC) 1835 BOO0 2530 BIS0 1920 a5 2700 %050 1160 BSDG 2635
20 B0G 2320 16000 30 1730 1820 13004 4245 8250 2610 13200 4420
| 13500 4075 14000 4530 13750 5193 17004 1A 12250 3350 18000 5370
22 17000 625 15000 2970 13000 6313 197350 G370 170400 AE25 20000 G640
23 12500 6490 2004040 G&e0 20754 6920 23000 THES 19258 £400 23750 79435
24 %730 8300 26000 grig 27000 9075 28000 70 285049 #2135 28004¢ = LAl |
25 27500 Q245 20000 420 Pl M) F7ES Mot 111D 27750 EEEL 000 10455
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27 FloLn 10110 000 10710 31250 10580 MN50G 10615 30750 10379 2500 0uTh
28 aqzs 19280 1000 1080 1500 196IS o 10625 3100 10455 32500 whuTo
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Table D2. Depth related specific-conductance and estimated chloride—ion data for D54,

Profile 1 Prefile 2 Profila 3 Profile &
Cepth below Date: 3-15-8% Date; 3-16-34 Date: 3-17-8% Date: 3-10-5k
B Waler Tin"‘ 084S H Tima: 0805 11mas LS Timo:z vaic
table {fL) 5.{ond, Ch! &.Cond., Chl 5.0om, thi 5.Cand, Chi
1 05 <104 113 <100 dry dry
2 075 400 1000 55 190 <100 145 <100
i 1050 LY 5D 505 1500 L¥i ) 1800 g5
) niis B35 2375 588 450 4140 1300 555
5 50 1005 &50d 2145 S80% 2800 7500 2350
] 12000 3a0d 13750 K505 16000 5280 15750 5195
7 12¢50 w160 14004 w550 16250 53165 16500 5455
a 12750 od 14000 L5940 16250 5365 16500 555
9 127540 w160 13730 RE05 16250 5365 16500 5180
10 132158 4335 18000 #5590 16750 5540 16250 RIS
1 15250 Q15 16000 5280 13000 Sa7d 17000 5615
11 17500 Se00 16250 5365 130040 5570 17750 5885
12 19250 OO 17006 5615 20000 Ba60 18030 5470
1h 21004 7005 19000 6315 24000 8040 18500 E14%
15 11250 7090 0000 SE5G 24500 e215 19004} B3i%
16 22000 7350 20750 6920 25000 8385 13250 (= 1)
17 22000 T350 1154 HBao 25500 8560 20000 &640
18 12000 7350 11250 7igo 25500 B5E0 200040 E&ED
19 12250 Th3k 11500 7265 25500 2560 2000 6660
20 1750 Th3% 2170 7265 25500 560 20250 6745
ry 22250 (LY 22004 7350 15750 Aoas 20250 B4 TS
21 21254 1435 22000 7350 15750 JEAS 20500 G835
23 12350 Thl5 12000 Tis0 26000 avag 20500 &85
F1] 21250 TAlS 22000 7350 26000 8730 20500 835

* 5, Cond. - Specifle conductance, umhos/ocm.

ax Cnl. - estimited chloride {mg/R), based on graphicsl data,

949€
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