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EXECUTIVE SUMMARY

This study delineated the shell-bearing zones in the subbottom and
estimated the amount of shell present in the areas known as Sevenfoot
Knoll, Man O'War Shoal, Sixfoot Knoll and Area B. Interpretation of
subbottom records for Man O'War Shoal and Sixfoot Knoll and vibracore data
for Sevenfoot Knoll and Man O'War Shoal allowed volumetric estimations of
the quantity of shell. The amount of shell calculated in the vicinity of
Sevenfoot Knoll was 7.56x10® bushels and 94.5x106 bushels in the Man O'War

Shoal area.



INTRODUCTION

The objective for the study was to locate areas containing sufficient
shell occurrence and density for the Shell Repletion Program. This is an
ongoing program that supplies shell for the purpose of creating a base on
which oyster spat may grow and therefore new shell resources need to be
discovered for the program to continue. The Fisheries Division, Tidewater
Administration, Department of Natural Resources monitors the progress and
needs of the dredging contractor in supplying shell for this program.
Sevenfoot Knoll, Man O'War Shoal, Sixfoot Knoll, and Area B, northern
Chesapeake Bay, Baltimore and northern Anne Arundel Counties, were chosen
as the most 1likely areas to contain the amounts of shell required to
fulfill the needs of the program (Figures 1). Investigation of these
areas was performed by the Maryland Geological Survey at the request of
the Fisheries Division. The Survey conducted seismic reconnaissance in the
vicinity of Man O'War Shoal and Sixfoot Knoll and analyzed vibracores
collected by the Exmar Company of Norfolk, Virginia from Sevenfoot Knoll,
Man O'War Shoal and in Area B east of Man O'War Shoal. The specific
objectives of this report were:

(1) to delineate the shell bearing strata in the suggested areas by

analyses of seismic subbottom records and vibracores and
(2) to calculate the volume of shell present for the areas under
study from analyses of the vibracores.
METHODS

In order to accomplish the stated objectives three primary methods
were utilized: (1) seismic subbottom surveying, (2) bottom sampling and
(3) calculated projections of densities and total amounts of shell present

in each of the designated areas.



FIGURES 1. CHARTS SHOWING PROPOSED AREAS FOR SEISMIC SUBBOTTOM RECONNAIS-
SANCE AND VIBRACORE GROUNDTRUTHING
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1) Seismic subbottom reconnaissance surveys were conducted in the
vicinity of Man O'War Shoal and Sixfoot Knoll. There were five track
lines followed along the 42xxx LORAN range lines for each of the two areas
(Figures 2, 3). The track lines varied from 350 to 500 yards apart. LORAN
T-D fix marks were recorded at the beginning and end of each track line
and at approximately 900 yard intervals. LORAN T-D coordinates for the
seismic record were corrected in accordance with correction factors
developed by Halka (1987) (Appendix A; Tables 1, 2).

A Datasonics SBT-220 (5kHz transducer) continuous seismic reflection
system produced acoustic pulses under the water surface directed at the
bottom. The returning signals from the subbottom provided a graphic
record on a chart recorder (EPC model 3200S) of the reflecting horizons
within the subbottom stratigraphy.

Sevenfoot Knoll and Area B, probable shell resource areas, were
omitted from seismic subbottom reconnaissance due to budget and time
constraints.

2) Bottom sampling involved the analyses of 25 vibracores collected
by the Exmar Company of Norfolk, Virginia (Figure 2, Appendix B; Table
3). Cores were collected independently of the seismic track lines. Four
cores were collected in the Sevenfoot Knoll area, 20 in the vicinity of
the Man O'War Shoal priority area, and one in Area B. Cores were not
collected in the vicinity of Sixfoot Knoll. LORAN T-D coordinates for the
bottom sample 1locations were corrected in accordance with correction
factors developed by Halka (1987) (Appendix B; Table 4). The vibracore
barrel 1length was U40 feet and had a diameter of three inches. The
Tidewater Administration supplied Latitude/Longitude coordinates for the

coring locations, a barge with a crane to 1lift the coring tower, and the



FIGURE 2. LOCATION CHART SHOWING CORING SITES FOR SEVENFOOT KNOLL, MAN O'WAR
SHOAL, AREA B AND TRACK LINES FOR SUBBOTTOM RECONNAISSANCE IN
VICINITY OF MAN O'WAR SHOAL.
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FIGURE 3. CHART SHOWING TRACK LINES FOR SEISMIC SUBBOTTOM RECONNAISSANCE IN
VICINITY OF SIXFOOT KNOLL.
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tugboat "Big Lou". The cores were cut in sections approximately five feet
in length for ease of transportation and examination. The sections of
each core containing shell were washed through a 1/2 inch sieve using a
Teel centrifugal pump. The '/, inch sieve was chosen because the final
shell screen size of a dredge is '/, inch. The shells were dried for
several days before weighing. The weight of the shell fraction of each
section of core was recorded (Appendix B, Table 5). No grain size
analyses of the sediments in the vibracores were performed. The
designation of silt in the core logs was reclassed as the general category
mud except when reference was made directly to the core log (Appendix B,
Table 3).

3) The third method of the project correlated seismic subbottom data
with vibracore data for estimates of occurrence and density of shell in
the Sevenfoot Knoll and Man O'War Shoal areas. Estimates of shell
occurrence and density were omitted for the eastern section of the Man
O'War Shoal priority area, Sixfoot Knoll and Area B due to insufficient
vibracore information.

The formulas for the calculations of shell volume were reported by
Hobbs (1987) and those formulas along with other calculations are listed
in Appendix C; Table 6. There are two differences, however, between
Hobbs' (1987) work and this report; (1) the size of a bushel and, (2) the
average weight of five gallons of shell. The Maryland bushel is equal to
2800.9 cubic inches (.060 cubic yards) whereas a Virginia bushel is equal
to 3003.9 cubic inches (.064 cubic yards). For volumetric determinations
several five gallon pails containing shell >1/2 inch were weighed. The
average weight of five gallons of shell was 32 pounds. The 32 pounds of

shell per five gallons equals 1293 pounds per cubic yard compared to the
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28 pounds of shell per 5 gallons or 1084 pounds per cubic yard reported by
Hobbs (1987). The density of shell (pounds of shell per cubic yard of
bottom) determined the quantities of shell per square yard of bottom
disturbed for the shell-bearing layer (Appendix C, Tables, 7, 8).

The number of bushels of shell for Sevenfoot Knoll, Man O'War Shoal
and Area B were plotted on a chart at a scale of 1:20,000, contoured and
digitized using a Hewlett Packard 9825T desktop computer (Figure 4). From
the digitized chart the total number of bushels were calculated (Appendix
C, Table 9).

RESULTS

Sevenfoot Knoll

The four vibracores collected in this area indicated five feet of
soft gray mud overlying a mixed shell-gray mud layer (Table 3). The lower
boundary of the shell bearing layer in each vibracore was delimited by the
presence of coarse sand. The thickness of the shell bearing sediments
varied from 21.2 to 31.5 feet (Table 5).

Man O'War Shoal

The three seismic subbottom reconnaissance profiles within the Man
O'War Shoal priority area showed strong acoustic impedence in the first
six feet of bottom sediments (Figures 5-7). The impedence varied
vertically and horizontally throughout the seismic records.

The 20 vibracores collected in this area indicated a mixed shell-gray
mud layer overlying a coarse sand with only four cores (#1, 2, 5, T)
containing a gray mud overburden (Table 3). The length of the shell

bearing section varied from 11.5 to 36.8 feet.
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FIGURE 4. A CONTOURED CHART SHOWING NUMBER OF BUSHELS OF SHELL PER SQUARE YARD
OF BOTTOM DISTURBED FOR SEVENFOOT KNOLL, MAN O'WAR SHOAL AND AREA B
(ON SURFACES TO BOTTOM OF SHELL BEARING LAYER).
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FIGURE 5. SECTION FROM SEISMIC RECORD ALONG TRACK LINE 1 AT MAN O'WAR SHOAL
(BETWEEN LORAN FIX MARKS 1-1 AND 1-2) WITH CORE #11 LOCATION
INDICATED.
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FIGURE 6. SECTION FROM SEISMIC RECORD ALONG TRACK LINE 2 AT MAN O'WAR SHOAL
(BETWEEN FIX MARK 5 AND END OF LINE) WITH CORE #3 LOCATION
INDICATED.
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FIGURE 7. SECTION FROM SEISMIC RECORD ALONG TRACK LINE 3 AT MAN O'WAR SHOAL
(BETWEEN LORAN FIX MARKS 3-3 AND 3-5).
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Sixfoot Knoll

The sections of seismic profiles from track lines 1-4 within the
designated Sixfoot Knoll area showed strong acoustic impedence within the
first six feet of bottom sediments. There were sections present where the
impedence was present at the water-sediment interface.

Area B

One core was taken in this area. The core log showed approximately U4
feet of gray mud overlying a mixture of shell and gray mud approximately
23 feet thick. The shell bearing zone was bounded on the bottom by sand
(Appendix B, Table 3).

DISCUSSION

Sevenfoot Knoll

The core logs when compared to the sieving analyses present possibly
conflicting data (Appendix B; Tables 3, 4). The core logs show a layer of
soft gray mud (4-5 feet thick) overlying a layer of shell with soft gray
mud. The sieving analyses shows that shell was present for the first six
feet of bottom (Appendix B, Table 4). The reason for this discrepancy was
probably due to either visual inspection of the core through the core
liner with the dark gray mud occluding a view of shells, or that the
sieving data was summary data for each section and therefore horizons
could not be delineated.

The shell bearing sediments thickness varied from 21.2 to 31.5 feet.
However, when the weight of shell fell below the 1000 gram level the
density of shell was much reduced. The thickness of shell with the
highest densities varied from 16.2 to 26 feet. This suggests that

shellfish colonization was spatially variable.
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Calculations based on core data indicated there are approximately
453,750 cubic yards (7,562,500 Maryland bushels) of shell within an area
of approximately 208,725 square yards in the vicinity of Sevenfoot Knoll
(Figure 4, Appendix C, Table 9). This yields an average of approximately
2.2 cubic yards (36 bushels) of shell for each square yard of subsurface
material dredged to the bottom of the shell bearing layer.

Man O 'War Shoal

There were three seismic subbottom reconnaissance profile tracks
conducted within the Man O'War Shoal area. The records from track lines
1, 2, and part of 3 delineated the extent of the shell bearing layer. The
records suggest that a shell resource is present throughout the Man O'War
Shoal area. The deposit varies 1in depth below the water-sediment
interface. To substantiate the interpretation of the seismic record
vibracores were needed. Only two vibracores, #3 and #11 were in
proximity of the track lines to support the seismic interpretation (Figure
2).

Track line 1 borders the northern edge of the priority area at Man
O'War Shoal. A strong acoustic impedence (reflector) was recorded varying
in depth below the surface of the bottom between 1.5 and 6 feet as seen in
Figure 5. The strong reflector was interpreted to be a dense shell layer
with a less dense gray mud and shell overburden.

Vibracore #11 is located approximately 250 yards east of LORAN fix
mark 2 on track 1. The vibracore log (Table 3) indicated no presence of
overburden. The weight of shell present in vibracore #11 (Table 5) and
the corresponding density (Table 8) when compared with other cores was
much lower for the entire core length. The reduced amount of shell and

increased amount of mud may account for the seismic record at core site 11
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on track 1. Another possibility is that the overburden on the seismic
record varies rapidly over a short distance and therefore the distance
between vibracore #11 and track 1 could account for a different
stratigraphic column being recorded.

Track line 2 bisected the Man O 'War Shoal. The entire length of
track line 2 indicates a strong reflector at the surface of the bottom.
This was interpreted to be a densely packed layer of shell with a gray mud
matrix. The analysis of vibracore #3, located approximately 760 yards
from LORAN fix mark 5 towards the end of the track line (Figure 6), showed
that the first 28.5 feet of the core was densely packed shell with gray
mud. The reflector present at the surface of the bottom would appear to
indicate the top of the densely packed layer of shell.

Track line 3 borders the southern edge and passes through the eastern
section of the Man O'War Shoal priority area. The seismic record is
similar to that of track line 1 (Figure 7). There is a strong reflector
(shell) varying from 1 to 6 feet below the surface of the bottom except
when the track line passes over the shoal area on the eastern end (between
LORAN fix marks 3 and 4). Here, the strong reflector is present at the
surface of the bottom indicating shell present at the water-sediment
interface. Unfortunately, no vibracore was taken in the vicinity of track
line 3 to substantiate the interpretation of the seismic record.

Calculations based on the core data indicated there are an estimated
5,667,338 cubic yards (94,455,625 Maryland bushels) of shell within an
area of approximately 2,156,825 square yards (Figure 4, Appendix C, Table
9). This yields an average of about 2.6 cubic yards (44 bushels) of shell
for each square yard of subsurface material dredged to the bottom of the

shell bearing layer. These estimates may be conservative for four
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reasons: (1) The seismic records indicate shell is present outside of the
priority area, (2) No vibracores were taken in the eastern section of the
priority area and therefore omitted from the calculation of shell, (3)
Vibracore #20 contained very dense shell but was impeded from penetrating
the bottom further due to either the density of shell or an obstruction
and (4) The digitization of the core data resulted in an error of
approximately -1.8% or a total of 1,700,201 bushels (102,012 cubic yards)
under an area of 39,325 square yards.

Sixfoot Knoll

There were five subbottom seismic reconnaissance profiles performed
in the vicinity of Sixfoot Knoll. Only sections of the first four were
within the designated area of the study ( Figure 3). The seismic records
revealed the possibility of shell being present at various depths below
the water-sediment interface. A section of the seismic record along track
line 1, typical of the Sixfoot Knoll area, indicates suspected shell at
the water-sediment interface (oyster bar, possibly living) and under three
feet of overburden (Figure 8). The inference of shell in this area is
drawn from the interpretation of similar seismic records obtained in the
Man O 'War Shoal area with vibracores in proximity to the track lines.
Interpretation of the seismic records suggests that shell may be present
throughout the designated Sixfoot Knoll area. Vertical extent of the
shell resource could not be determined from the seismic records.

No calculations estimating the density and quantity of shell could be
computed for the Sixfoot Knoll area. However, suspected shell was present

throughout the entire area or approximately 2,577,300 square yards.
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FIGURE 8. SECTION FROM SEISMIC RECORD ALONG TRACK LINE 1 AT SIXFOOT KNOLL
(BETWEEN LORAN FIX MARKS 1-1 AND 1-2).

28



FEET

GRAY SILTY CLAY OVERBURDEN

WEST SUSPECTED SHELL SUSPECTED OYSTER BAR ( living )

OUTGOING SIGNAL

NAVIGATION FIX MARK

PR rBH e Pt TRy FeprdTs %y ey e e e
it s L gy 58T i

EAST

WATER S+URFACE WATER SEDIMENT INTERFACE MULTIPLE

e ‘v*wﬂmnf-wmww "f* mwwrm

10/6/817

1-2

0 100 200 300 YARDS




Area B

No seismic records were available from this area. Therefore, no
estimation of areal extent of suspected shell could be made.

The one core taken in this area indicated a shell bearing section
with a four foot gray mud overburden (Appendix B, Table 3). However, the
analysis of this core indicated an amount of shell beginning at the
water-sediment interface (Appendix B, Table 4). The description of the
core is interpreted as being cursory. The low amount of shell present in
the 14-19 foot core section possibly indicates a time when the area was
uncolonized.

Digitization of Area B indicates there is 2,404,875 square yards of
bottom (Appendix C, Table 9). At core location #1 there are 48 bushels of
shell per square yard of bottom to the bottom of the shell bearing layer.
If this core is representative of the amount of shell within the area then
a resource similar to that present at Man O'War Shoal could be expected.
However, without more intensive coring the occurrence and density of shell
cannot be estimated.

CONCLUSIONS

Based on the available data estimations show approximately 7.56x106
bushels of shell in the Sevenfoot Knoll area and 9“.5x106 bushels of shell
in the Man O'War Shoal area. Sixfoot Knoll contains shell but the density
could not be determined from the seismic records. Area B contained shell
as determined from analysis of one core taken in the area. The one core
taken in Area B, however, could not be expanded to encompass the entire

area. Therefore, only the local density was determined at 48 bushels of
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shell per square yard of subbottom disturbed to the bottom of the shell
bearing layer. The actual density of shell in any particular area may

only be known after dredging has commenced.

31



REFERENCES

Halka, Jeffrey P., 1987, LORAN-C Calibration in Chesapeake Bay: Maryland
Geological Survey, Report of Investigations No. 47, 34 pp.

Hobbs, Carl H. III, 1987, Occurrence and Distribution of Shell in the
vicinity of Parker's Rock, Pocomoke Sound, unpublished report to the
Virginia Marine Resources Commission, 17 p.

Langenfelder, C.J., 1988, Telephone conversations on dredging operations
in Chesapeake Bay.

32



APPENDIX A

SEISMIC SUBBOTTOM DATA
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TABLE 1. CORRECTED TRACK LINE FIX MARKS FOR SEISMIC SUBBOTTOM PROFILES 1IN

VICINITY OF MAN O'WAR SHOAL

UNCORRECTED CORRECTED
BOAT LORAN LATITUDE LONGITUDE LATITUDE LONGITUDE
TD-X TD-Y DEG MINUTES DEG MINUTES DEG MINUTES DEG MINUTES

SOL 1

W-E 27630.00 L42862.00 39 11.3184 76 22.7888 39 11.3532 76 23.1102
27627.00 U42862.00 39 11.2830 76 22.1915 39 11.3191 76 22.5124
27624,00 U42862.00 39 11,2482 76 21.5955 39 11.2850 76 21.9159
27621.00 42862.00 39 11.2134 76 20.9999 39 11.2511 76 21.3199
27618.00 Uu42862.00 39 11.1788 76 20.4053 39 11.2173 76 20.7253

EOL 1 27615.00 42862.00 39 11.1440 76 19.8116 39 11.1841 76 20.1311

SOL 2

E-W 27615.00 42860.00 39 10.9856 76 19.9269 39 11.0252 76 20.2u64
27618.00 42860.00 39 11.0204 76 20.5206 39 11.0591 76 20.8406
27621.00 42860.00 39 11.0552 76 21,1157 39 11.0930 76 21.4362
27624,00 42860.00 39 11,0905 76 21.7113 39 11.1269 76 22.0322
27627.00 42860.00 39 11.1255 76 22.3077 39 11.1612 76 22.6291

EOL 2 27630.00 42860.00 39 11.1610 76 22.9051 39 11.1953 76 23.2269

SOL 3

W-E 27630.00 42858.00 39 11.0030 76 23.0219 39 11.0374 76 23.3437
27626.60 42858.00 39 10.9625 76 22.3448 39 10.9985 76 22.6657
27624.00 42858.00 39 10.9323 76 21.8271 39 10.9689 76 22.1484
27621.00 42858.00 39 10.8973 76 21.2311 39 10.9346 76 21.5520
27618.00 42858.00 39 10.8623 76 20.6360 39 10.9010 76 20.9564

EOL 3 27615.00 42858.00 39 10.8277 76 20.0418 39 10.8671 76 20.3618

SOL 4

E-W 27615.00 42856.00 39 10.6698 76 20.1572 39 10.7089 76 20.4776
27618.00 42856.00 39 10.7043 76 20.7518 39 10.7428 76 21.0722
27621.00 42856.00 39 10.7394 76 21.3U469 39 10.7764 76 21.6682
27624,00 L42856.00 39 10.7744 76 21.9434 39 10.8108 76 22.2647
27627.00 42856.00 39 10.8099 76 22.5403 39 10.8451 76 22.8621

EOL 4 27630.00 42856.00 39 10.8451 76 23.1386 39 10.8799 76 23.4604

SOL 5

W+E 27630.00 42854,00 39 10.6874 76 23.2553 39 10.7220 76 23.57T1
27627.00 u42854,00 39 10.6519 76 22.6570 39 10.6872 76 22.9784
27624,00 42854,00 39 10.6165 76 22.0592 39 10.6531 76 22.3810
27621.00 42854,00 39 10.5812 76 21.u4627 39 10.6185 76 21.7841
27618.00 42854,00 39 10.5462 76 20.8667 39 10.5842 76 21.1880

EOL 5 27615.00 42854.,00 39 10.5114 76 20.2721 39 10.5505 76 20.5930

Key

SOL - Start of 1line

EOL - End of line

W - West

E - East

34



TABLE

SOL
W+E

EOL
SOL
E-W

EOL
SOL
W-E

EOL
SOL
E-W

EOL
SOL
W-E

EOL
Key
SOL
EOL

E -

=

=W

2. CORRECTED TRACK LINE FIX MARKS FOR SEISMIC SUBBOTTOM PROFILES 1IN
VICINITY OF SIXFOOT KNOLL.

BOAT LORAN

TD-X

27619.
27616,
27613.
27610.

27610.
27613.
27616.
27618.

27618.
27615.
27612.
27610.

27610.
27612
27615.
27617,

27617.
27615,
27612.

00
00
00
00

00
00
00
00

00
00
00

00

00

.00

00
00

00
00
00

TD-Y

42830.
42830.
42830
42830,

42827.
42827,
42827.
42827,

42825,
42825.
42825,
42825,

42823,
42823,
42823
42823,

42820.
42820.
42820

Start of line

End of 1line

West
East

00
00

.00

00

00
00
00
00

00
00
00
00

00
00

.00

00

00
00

.00

UNCORRECTED

LATITUDE
DEG MINUTES

39
39
39
39

39
39
39
39

39
39
39
39

39
39
39
39

39
39
39

o o 0o @ 00 O ™ o 0o o ™ o O o

~ =

.6627
.6266
<5911
.5554

.3183
. 3544
.3901
JHru2

.2565
.2201
. 1841
. 1606

.0022
.0262
.0624
.0864

.8U497

.8255
. 7895

35

LONGITUDE
DEG MINUTES

76
76
76
76

22.4510
21.8523
21.2549
20.6584

20.8301
21.4270
22.0253
22.4245

22.5398
21.9411
21.3432
20.9445

21.0590
21.4572
22.0560
22.4551

22.6282
22.2285
21.6293

39
39
39
39

39
39
39
39

39
39
39
39

39
39
39
39

39
39
39

o o ™ ™ o Oo 0o o o 0o 0o @ O 0o ™

—~ =

CORRECTED
LATITUDE
DEG MINUTES

.6993
L6641
.6295
.5947

.3572
.3924
4274
.4503

.2926
.2576
.2226
.1992

.0l11
.0649
.0999
.1232

.8864
.8630
.8275

LONGITUDE
DEG MINUTES

76

22
22
21

21
21

22.
22.
.6678
.2691

21
21

21
21

22.

22
21

L7760
1768
.5790
20.

9821

L1546
.7520
22.
22.

3503
7499

8653
2661

.3840
.7827
22.
22.

3814
7815

9546

.5545
. 9557



APPENDIX B

VIBRACORE DATA
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TABLE 3. CORE LOGS RECORDED BY THE EXMAR COMPANY OF NORFOLK, VIRGINIA.
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VIBRATORY CORE SAMPLE 1OG

wY#:R VIRGINIA. BEACH,VA-

tl:ent: M QL- L,AL;f U&&ouv@g Location: dwem,é@ éiq

fecor-intion égnth]r'l‘ime for Penetration Suoport Vessel: é&z} oo
£ o i Per f<T. /,
=t. |Real [Flapsed| Per * Positioning Method: '/ZMMV C-
. ‘ Positioning Information:
s = o /
SoFT // 2 | | AM -770 @7' 7‘
GRAY A i Leng T’ 2447
SILT 7 | | | /7
6
\ g | | Depth of Water:__ /O ’ Est.Current:
SHELL \ 10 | i | | Winds Sea: Swells
“/igﬁx_ 12 | | Length of Barrel: o’ Diam.Core:_%:0 -
! \ 14 | Depth of Penetration: ;h'?—’ Length Recovered: 26 -2/
\ i6 | | | Remarks: Rq : 2 gt ralio, 7"0 w’
| .
/ — I l R ﬁfﬁ"’{ a7 %2’/! 1 L Oar%e 5"“""/
‘gﬁfge / 20 | ‘ Mﬂ Jo>"> 51‘7[ &"‘M{Jp ’)LLVVOMQL, 72;.7. c‘__f-/[d\,r
SAND d 22 | | S},“;J ‘:_u_cnuww jY‘OE L: 0&19_.’_}_ Ja s o w2
CoARSK \\ 24 | ) S5t & ;.:»J[ L{M ﬂé% /7"90 _‘c/?:l‘f‘ /a wlif‘
BRowN Q 26 | ' /
P 28
30 Operator: ML M Client Rept Ebw Ou‘?lll:i,,
2 |
34 | f Length Retamed:% 2—
35,' | Shipped To: mﬁ M‘{.{,MW
38 | |
40 | ‘ Type Analysisai
Bit Sample & Condition: 3
AJI(’ 3 !"_UL\SG( C’]Dl‘( Date: / C/ MM[‘I gg Mime / / L/O

. Site # Sﬂu‘m rw* )(mnﬂ‘/ Core ¥ 39 C}C’?- J/ ’ 7£2 agﬁ. 2‘/




vY#:R VIRGINIA. BEACH,VA

VIBRATORY CORE SAMPLE LOG

CLient M;X' D ‘ X

U ES s é:.‘::@hvt.‘-f—>

Peszription

Denth! Time for Penetration

SoFT
SILT

SHELL
W] 6-RAY
siLT

COoARSE
SAND

Bi~ Sample & Conditio

£t. |Real |ElapsedjPer 2.

Location: ___Mféﬁf%k_
Support Vessel: ’/Eg)‘Ofy Lol

Positioning KMethod: UAA’M/M/ e
Positioning Information:

0
7 e Lat 39209 5
ma | Lovs 24° 242
6 =
8 1 { Depth of Water: 5# et .Current!
\ 10 i } Wind: Seat Swell
12 ! l Length of Barrel: §“o’ Diam.Core: .0 ”
\ 14 I | Depth of Penetration: 25 ' Length Recovered: 3/-0/
L 16 | | l Remarks:
\ 18| | |
20 | |
\ 22 ]
24
e '
/ zz Operators: /7). W’ Client Rep: BLM Ou—ﬂ;n
= |
34'[ Length Retained:_o/:0
26 | T Shivped Tor U Lestraical Strvee,
38 | | g 7 7
40 | ] Type Analysis: i

12\1 ;
Calchen c—/ﬁe.czp

Date:_ /Y Mueh BH Pimer  /BoO®
Site # _S»UMFO&*&HQ"'#-’Z— Core # 3(7"0?-5‘/_7@02%:.2,




VIBRATORY CORE SAMPLE LOG

EXirAR VIRGINIA. BEACH,VA-

client: Mo -\

Yok . of kogk Mo s ies

Location: mﬂé&é& /j’;"?

Descrintion

SOFT
S LT

SHELL

w/GRAY
SILT

COARSK
SAMD

Bit Sample & Condition:

%enth _Time for Penetration Suoport Vessels 5/‘4' Lo i
I HCEV O TR P ST Positioning Methods (/L_cf/bdwyu c
B Positioning Information:
/' 2 Zd/‘f‘ 34: 09.¢"
// i Am? Wl 24.0 "
6
\ 8 Depth of Waters /O ! Est.Current:
10 Wind:s Sea: Swells
\ 12 Length of Barrel: Lo Diam.Cores_ 3.0 B
14 Depth of Penetration:i_ &'  length Recovered:_ééﬁ'
\ 16 Remarks:
18
\ [
\ 22
24
=
5 ,
/ 3‘; Operator: MLC&L— Client Rep: %0\11 Oﬁt—«
/ 32 —~/
/ 34 Length Retained: 26
/ 36 Shipped To: W %MM :4{“/7;/.}547,
38 | . 4 4
40 | Type Analysis:i

Date: /Y Wl '9’@ Time: /1255
Site # Mﬂnﬂcﬂu 17”'_.?:»# Core # F 96 b 24.0




VIBRATORY CORE SAMPLE LOG

=Y¥AR VIRGINIA. BEACH, VA-

(Lient: MK Yasipogs Location: (Mz_%%ﬁc B
P=scrintion Denth| Time for Penetration | Suvport Vessel: [)’4.4, /_:—d_
.P‘?.o l El Bo: P f . . . R 3
AP T el Positioning Method: YL oras C
0 1 Positioning Information:
L@
DET 2 | Jet 39" 04 55/
G RAY | & %° 24 0/
siLT . = m/

6

\ g ] Depth of VWater: /7 Est.Current:

QuELL \ 10 Wind: Seat Swells
U/GRAY 2. | Length of Barrel: v 2 Diam.Core:_3.0"
sS/LT 14 | Depth of Penetration: 52' Lengih Recovered: /7.

\ 16 | | | Remarks:
18 | |

\ 20
22

\ 24
)

BRowd _ 2274 2
PRAT

COARSE

% ;
k\ 30 Operator: /4/1!«0&:1._ Client Reb: E/M()JH}_«
BRowN | N

SAND

3?2 |

|
: 4
34 | | Length Retained: 3/:7
Shi d?T - {
36 | I ipped To:_ MA i—é’;/t'ﬂgamé xﬁz/ucg{},
|
|

38|
40 )

] Type Analysis:

Bi+ Sample & Condition:
ra}‘?w ] Date: /& /{"me» ,99 Time /(71‘5‘"3-—
{site # Sop Feglknsl#Y  core # 37709 557 76°a+ o1




VIBRATORY CORE_SAMPLE LOG

EXMAR VIRGINTA. BEACH,VA- ,
Client: j\’ ol\, 8}\ o"éNﬂX- kﬂsouvc‘;a Location: (7!-._55 %:2-;4
Desci;iption Denth|{ Time for Penetration Support Vessel: ﬁ/cq L;%
. A e s 7
=t Seel fClapseugrers T Positioning Method: : L&wa
o Positioning Information:
» 7
G-RAY AN Lovaul 2:9 630, Lat. 29° /.24
e 4
8ILT 4 4 yz2. B<SID L,...&. 7 L° 23.3W
P . _
\ 8 Depth of Vater: Est.Current:
10 Wind: Seat Swells
12 Length of Barrel: @' piam.Core: 2.0"
SHELA : : ,
M/G-MY 14 Depth of Penetration: =7 Length Recovered:2/.8
16 Remarks:
SILT \ Ts
20
\ 22
24
N
COA’pSE / 28 3 B
B RowN / 30 Operator: WLQ&J._ Client Rep: EVL{ 05{]&«4
SAND | /| a2] ’
34 Length Retained: 32:3
36 | ] Shipped To: Gaglos M
=7
38 | : Z
40 ) Type Analysis:
Bit Sample & Condition: .
oy b Date: 2./ Warel, 92 Timer 2910
site # Mam J’IUMSLMJ#'/ Core #




VIBRATORY CORE SAMPLE LOG

EXMAR VIRGINIA BEACH,VA-.
Client: MA- \)@- sf Ua)\ ; Qa-&ouv‘—zc_& Locationt C LLsE%
Descf‘;__b*.:ion Denth| Time for Penetration Suvpport Vessel: Bia LO“I:’L/
It. JReal [Elapsed|Per 1%, | p sitioning Method: ¢ L.ananC
Positioning Information:
0
GRAY [T Vovanl 27 L2B.G Lt 2 N
SILT |7/, Y1 @sB.r Lo, 7L° 23/
6
\ 8 Depth of Vaters: Est.Current:
10 Wind: Seas Swell:
SHELLS 12 Length of Barrel: o’ Diam.Core:_3-0%
\ 14 Depth of Penetration: }3' Length Recoveredn}a'zl
w/ GRAY 16 Remarks:
SILT \ 18
20
Nz
24 B
\ [
O oARSE 7 ;r >
BRg”Ar)D /4 13': Operator: /44& Client Rep: E"u Ogtt“
32
34 Length Retained: 90 2 '
36 | Shivved Tos_)NA. Desteqrcal x,ﬁowg,
4 ¥
38 |
40 | Type Analysis:

Bit Sample & Conditionyg
olosad

| site # Man 0&_}!&%&&4’#2\ Core #

Date: Z/ lﬁ(mr;;ﬁﬁ Time /0/0




VIBRATORY CORE SAMPLE LOG

EXHAR VIRGINIA BEACH, VA, .
1
Clients /27 illea[ of Ua'i,&,s,aurées Location: C LwLEkq
Description Denth| Time for Penetration Support Vessel: @ /—m/
ft. |Real [Elapsed|Per ft. Positioning Method: /4 ——
. Positioning Information:
; Lavanl  27.679.S Lat. 29° 112l
/ 2 2. 9596 Lonag, 7 6° 23 )W
SheLL 6
“/GRA‘( / 8 Depth of Water: Est.Current:
oL T 10 Wind: Seat Swell:
/ 12 Length of Barrel: “HH 7’ Diam.Core:_ .Q”
}4 Depth of Penetration: 26’ Length Recovered: ﬁfﬁ'
L2 Remarks:
/ 18
20
22
/ 24
26
2B . ;
ngEA%HEm\\ 30 Operator: M[L 02&«4__ Client Rep: BV{’( Ob;”;a
M AY 32 /
ST 7 ined 7. B
34 | Length Retaine . _
COAB% // 36[ T Shipped To: Md ﬂ/ .aééowelof
SAVD 7
38 | |
40 | | Type Analysis:
Bit Sample & Condition; .
A fg'a‘-e.f Date:_Z./ Mawsls 83 Time1 /)0S

Site #ﬂm OIUWSLINJ #3 Core #




EXWMAR VIRGINIA. BEACH,VA-

Fa¥

VIBRATORY CORE SAMPLE LOG

Clien‘t 3 j/fA

K Ok Pesouvees

Location: C by Ba.,

Description

SHELL

GRAY
%/ ST

GRAY
SILTY

cLAY

s D

Bit Sample & Condition:

c/a_;ij

Denth| Time for Penetration Support Vessel: )2, me
fv. JReal jblapsediifer 1%. Positioning Method: I \ervan &
0 Positioning Information:
; bovan @ 27 L2291 )A 297 ) 3N
/__4 42 8L0.S  Lowy, =7( 2298W
6
/ 8 Depth of Water: Est.Current:
10 Wind: Sea: Swells
/ 12 Length of Barrel: o' Diam.Corer___ D 0%
14 Depth of Penetration:___ 29 ' __Length Recovered: 29-8’
/ 16 Remarks:
18
/ 20
1 22
/| 24
/| _2¢
28 .
Q 30 Operators: I/WL" cgﬂwdn—- Client Rep: %M @u_!E,,
N\ :i Length Retained: 3 8!
// 35i Shippred To: ‘ . (Cal’ Ll
38 | /
40 | Type Analysis:

Date: 2/ Mareln TQ@ Time: /7S O
Site #Mg@’%%'ﬂm“t('/ Core #




EXMAR VIRGINIA. BEACH,VA-

VIBRATORY CORE SAMPLE LOG

Client /”Q! @n}vc a‘Fﬁuﬂx m'-zs-ow-_cg_ Location: Luz_?,._ Rawz
Description Denth Time for Penetration Suvpport Vessels é{_é Lm
Tt. |Real |Blapsed]ler 1t. Positioning Method: L.LM C
5 Positioning Information: '
3‘-5&.%:- Z 9 hsro. O 2.7.£279 L,_qi*. 2" ;/.7_,({
/ _;: 2. 65.3:3 La;%._ 2l 22 .85«
6
8 Depth of Water: _Est.Current:
SHELL / 10 Wind: Seas Swells
+ G-RAY iz i Length of Barrel: &0’ Diam.Corei_%.0%
SILT 14 Depth of Penetration:_ 36 ! Length Recovereds 52--7'
/ 16 Remarks:
18
20
/ 22
24
—
28
WHWEND;Z"_/Z 3: Operators: Mkcﬂ&ju— Client Rep: Eyu oui_lu‘
3
cahge‘ o \\\ 34 | Length Retained: B Z - !
SAA!D 26 | Shipped Tos_ YY1, cal »@4—&
38 | i / /
40 | Type Analysis:
Bit Sample & Condition:
P [Q_EJ Dates 2-/ M.M—fo:g@ Time: /3/S

site #MemOWar Shoal ¥ S core #




EXMAR VIRGINIA BEACH,VA-

fa Y

VIBRATORY CORE SAMPLE LOG

Client: ﬁ/M~ Dﬁ)( s /U [ anuvus Location: (e LtQL. ‘ ?50.44
. . ; r 4
Description enth| Time for Penetration Support Vessel: /3,(4 me.,
S el e sedpior I Positioning Method: : rd
o Positioning Information:
]
2 Lovanl 27 627.9  pabh 39° 4/-3N
/s 42 859.S  lovg. 76 22 8W
6
8 Depth of Water: Est.Current:
0 Wind: Sea: Swell
SHELL / - :
k{GRA'V 12 Length of Barrel: KO Diam.Core:__ % .0 %
14 . 4 /
SILT Depth of Penetration: 16 Length Recovered: 25 -0
/ 16 Remarks:
18
20
22
/ 24
26
28 z \
/ 30 Operator: //ﬂ L«M Client Reps Eb’{f{ O““H"M
"Tanp [ZZ v Length Retained: = :0
C OARSE \\
BRrowd 36 Shipped To: )V[WH M{,
SAND 7
38 |
40} Type Analysis:
Bit Sample & Condition: g
cLS pate: 2/ Karel 48 Time: /3)S

Site #Mamn D’K}m SL:Jf gCore #




VIBRATORY CORE SAMPLE LOG

EXMAR VIRGINIA BEACH,VA

Clients Af‘fﬂ{r:i)_g@ﬂ‘ /U . tﬂz_z_e_,@uras Location: g L@-ﬂb%&.’
Description Denth| Time for Penetration Suoport Vessel: &4 /.01«(:
ft. |Real |Elapsed|Per ft. Positioning Methods / Lwam_Q_
Positioning Information:
3Wk 2 ™ /
ol lT Z4 3 hoveanl 27 6281 |t 29° 2N
4 &2 857'/ Low‘_:,-’- 76‘ 22-8W
\ [
5HEL\- ] Dc.epth of Vater: Est.Current:
\ 10 Wind: Seas Swell:
W/GPGLA,ZT 12 Length of Barrel: ‘I‘O' Diam.Core:_LO“_
14 Depth of Penetrations 377 Length Recovered i o3.S"
\ 16 Remarks:
18
\ 20
22
24
\ [
\ §: Operator: /41L\C%¢,L Client Reps BJ‘ @:/HL-\
e
ogm /’/ :i] Length Retained: 33-5’
SAND 36 | Shipped To: Wid. . C
3s | v
40 | Type Analysiss
2it Sample & Condition:
c/nsed Date:_z—/ M srcly Of Time: 500

Site #Mam Q'WJW-SLJJ'# "] Core #




VIBRATORY CORE SAMPLE LOG

EXMAR VIRGINTIA BEACH, VA- .

Client: / D *le)‘ . 3“@”4& MQLC)H ees Location: e T

Description _\ﬂenth Time for Penetration Support Vessel: Big Low
| | P l
ft. |Real [E.apsed|Per IT. Positioning Method: Lmeniing &
8 Positioning Information:
o /
- Ly 27 §27-7 Lok 39° yag’y
———— s
Jan 42 800 Lou. 7L’ 22 -7W
6 |
8 Depth of Water: Est.Current:
< HELL | :
MGRAV 10 ! Wind: Seas Swell:
SILT 12 ]' Length of Barrel: & 0" Dpiam.corer R -OF
14 Depth of Penetration: '36 N Length Recovered:3s -8/
16 | | Remarks:
18 I I
20 |
[ |22
24
/| 26 |
2» |
71 30 | Operator: PML-Q(»L— Client Rep: @‘(’H—‘L LQZEQ.’:\S"
32 | | 8’
CoARSE 34i | Length Re*ained: 35
BRowWN \ % | Shipped To: A + ] e mi
3o AN NPT » s senads
38 | l |
40 | { Type Analysis:
Bit Sample & Condition:, —
o | cored Datef”g—-_"}/vmln »g Times 290 R
Site # W\Mde&L;J *Q_Core #




VIBRATORY CORE SAMPLE 10G

EYMAR VIRGINIA BEACH,VA- |

Client: N &M o qu. &%puv&; Location: j(’ L, &4;1
Descrintion %enthl Time for Penetration Support Vessel: ng Lg_q

ft. [Real [Elapsed[Per ft. | p ciysonin potioq, i ——
. l Positioning Information:
. ¢
= bovenC 27 LaL.g  LX 2e° pW
/ a | | 42 -0 L‘%b 24 22 6W
6 |
g | Depth of Water: _Est.Current:
/ 10 I Wind: Seas Swell:
\43/‘2:‘::1 12 | Length of Barrel: &4 O! piam.Corei_ .0
S| LT / _14 Depth of Penetration:__ D& / Length Recovered: 23‘7-
16 | Remarks:
18 | |
[ 5
/ 22
24 l
26
<8
PARKSOI . 30 Operator:_/M LM Client Rep: R Cb—(-‘hLvLWtM:jV
CoARSE |/7/ _
BRaN 74 34 | Length Retaineds 33- 2 _ ‘
S/WP 361 , Shipped To: e . / “-_,L:D G S“,:L"‘*‘?":f i
38 | | |
40 | Type Analysis:
Bit Sample & Condi‘tirm ] .
A | Date: ZzMare L, BR Timetr___ /S 2-O

Site MOMM’#—Q Core #




EXHAR VIRGINIA, BEACH,VA-

VIBRATORY CORE SAMPLE 1OG

Client: }UJ Qq;qi‘fp wd?zj\« DOUVLLsS Location: C les Eﬂr—q
Description Denth| Time for Penetration Suvpport Vessel: qu Loé(
ft. |Real |Elapsed|Per ft. Positioning Methods me(:-
Positioning Information:
0 .
2 Lol 27 62587 Lot 39° 112N
[ 4 42 8597 iowg 76° 22 YW
e
5“ E\o\l—» 8 ' z:ep;:h of Vater: Est.Current:
w/ RAY - ind: Seat Swells
S/ILT \ 12 Length of Barrels Lo/ Diam.Corei__ 3D
14 | Depth of Penetration: H$o' Length Recovered :.3_6_:&'
( 16 | | Remarks:
18 |
20 |
22 |
\ 24 | -
26
\ 3 overators_/H ﬂ&”A——Clien‘t Rep1 Q.C’J\L,t "%,3 .
\ ;Z : Length Retained: Q'g/
26 | ‘ Shipped To: f,-uj' n:_,-)—; 7§_¢-q mnj;
CoARSE |/ _ ' =
Bp.osN /ABETY I
SAND 40 ) | Type Analysis:
Bit Sample & Condition: P
C losod Date: 2 2 Marelh BB mime /D3S

! Site #Mmﬂi&/wgb_ﬂj#'/@%re #




EXMAR VIRGINIA B

VIBRATORY CORE SAMPLE I10G

EACH, VA-

Ccilient: 4.

N o - Y{e_sovl vees

Location: C L\a:.r&a/

. Y4
Descrivtion Dev‘thl Time for Penetration Support Vessel: Biq Lou
r D -t
Tt JReal JErapReciTrr 1T, Positioning Method:
5 Positioning Information:
2 bovanl  27.6263 Lot =9° )13'A
\‘ 3 42 BLH.Z Lmr_g 76° 2235W
6
SWELL 8 Depth of Water: Est.Current:
w/ GRAY 10 Wind: Seas Swells
SILT \ 12 | Length of Barrel: HQ / Diam.Cores >+
14 Depth of Penetration: §ﬂ / Lengih Recovered: /.07
\ 16 l Remarks:
18 I E\c,ﬁud 2l ot M eonevy of uo oz s
\ 20 of£ Ly @ P wxjov-‘a L_\_h'- Y Irnﬁa_;_:(
22 P o v
24 O
COQP.SE 0 / 28
Row 28
SANP / 30 ' Operators: MLM— Client Rep: ﬂ. r('r.u‘“q L-;,JY«IM}
32 |
3] I ( Length Retained: /1 0/ |
38 | | |
40) | Type Analysis:

Bit Sample & Condi*‘tirjm
mi

Date:_2-2 W 4lg§7 Time: /[-Z'S—

ISi‘te # Mam O’LUW%M—TL// Core #




VIBRATORY CORE SAMPLE IOG

EXMAR VIRGINIA BEACH,VA- ,

Client: MJ\ ’ Q%JLm‘fUd\ ﬁ;s.ouvw- Location: O e 'E;ac.,:i

7
Description Denth! Time for Penetration Suoport Vessel: Eld Lou
ft. |Real |Elapsed|Per ft. cpr s ’
Positioning Method: [ m@w¢;
0 Positioning Information:
/
3 Lovanl 27 6257 A 23° )/ .060)
a | 42 858.-8 |y 707 22>5W
6 |
8 Depth of VWater: Est.Current:
SHELL | )
10 Wind: Seas Swell:
W/ GRAY
SILT 12 ' Length of Barrel: f-[g’ Diam.Core:__ & - O
14 | Depth of Penetration: (-/Q/ Length Recovered:g Z-6/
\ 16 l Remarks:
18
20
\ 22
24
28 S
30 } Operator: ML\M Client Rep:s R FL&W% Y.
32 i
/
CoARSE % 34 | f Length Retained :; 7 E) .
BROWN / 36 | Shipped To: /'uj »«7( o ( ‘%e—e\mf..?‘_.
—
SAND 38 | |
40 | | Type Analysis:
Bit Sample & Condition: . : ’
<|asd Date: 22 WML@% Time:s_ /2 /0
Site #MM@WGAL #1 Lcore #




EXMAR VIRGINIA BEACH,VA-

VIBRATORY CORE SAMPLE LOG

N -
Client: Mo\- B ']ﬂj\ M&DWV@(L& Location: (‘ | E:._q._,i
Description epth| Time for Penetra‘tion Support Vessel: qu /LO“—
1t. fReal IFlapsed]Ter It. Positioning Method: L—-o«MC
5 Positioning Information:
5 Lo%é B9 LRy ]A,,*. 29¢  J),2 4/
/ 4 Y2 BS990 L&g 76° 2220/
6
?Vl,EGu‘P-—AV 8 | Depth of VWater: Est.Current:
10 ' Wind: Seas Swell
sILT / ! ' ~
12 l | Length of Barrel: & 0! Diam.Core: S + O 2
14 | Depth of Penetration: ! __length Recovered:32: 9
16 Remarks:
18
20
22
24
GCRAY 26
cLAY \\ =
COAP-SE" 7 30 t Operator: ML%J’ Client Reps C!:.]“q RV
BGAND // 2 | 2.4
4 eve 1 Length Retained: 32’9
367 I Shipped To: c_*,,;f ,,;{—o [3 "&-‘—Qho\.d‘;
[~
38 | | l
40 ) | Type Analysis:

Bit Sample & Conditirm -

(‘_&-550

Date: 22 More W BB Timer /2SS

!Si‘te #Monm blwh%buj*ﬂ:f: Core #




VIBRATORY CORE SAMPLE 1OG

EXMAR VIRGINIA REACH,VA-

ZT jents M - A Aik a_:i_;GMVC(J- Location: (‘L‘\-(‘i gd\’.‘/p
Descrivtion DenthT Time for Penegration Support Vessels B{Q Lou
Tt. |Real [Elapsed|Per It. Positioning Method:__ L owanC
Positioning Information:
- bovan &0 27 Lo Lok 28° 1)
SoFT / 4 42 8528 Joee: 70L° 22 /0
GRAY 6 |
QH—T“ / 8 Depth of Vater: Est.Current:
CLAY / 10 Wind: Seat Swells
12 | Length of Barrel: o Diam.Corei__ 2> -O
14 ] Depth of Penetration: 4 o! Length Recovered: 2-’2 ‘s—’
SHELWL 16 | | Remarksz
u/GP-AY \ 18 ( o bs o0 1 Yeovuny olua
SILT \ 20 | | Joo Vuamap M&d‘m e, sota/—
22 S i A-l- )o-._.-gfﬁ"f _
CoARSE / 24
BrowN = |
SAND // |
e
30 | Operator: /M }. A&,,L Client Rep: Q oy Lz:k;a,ﬁr,s},
32 | </
34| | Length Retained 'Z-EZ
26 | Shipped To: e uj' u_‘{— é' f4wa-j5
38 | | .
40 | [ Type Analysiss _
Bit Sample & Condition: et
2\ ped te: 22 Moy BB rimes /2 O
site #Mon O'LUM»%LtoA/#'/L/'Co*‘e #




VIBRATORY CORE SAWMPLE 1OG

EXMAR VIRGINIA BEACH,VA-

Client: /“’IGL\J : o‘{ pfﬁ—L %Scmwa(_> Location: A Lu_-?ﬁ ?;a_g
Description %enth Time for Penetration Suvpport Vessel: Biq Lou/_,
ft. |Real |Elapsed|Per ft. Positioning Methods Iimc
Positioning Information:
2 i
: Lo 2 27 Lotbtr Lok 2a® 20
ir Y2 BELH O J“E_% 765 22w
6 - — _
S BLW \ 8 \ Depth of Vater: Est.Current:
W GM‘{ 10 i Wind: Seas Swell:
SILT | 12 i Length of Barrel: oy QO! Diam.Core: S0 "
\ 14 Depth of Penetration:_ (£ O '  Tengih Recovered: 337/
16 | Remarks:
18 I
20
\ B2
24
\ = |
=8 =
30 Ope'rator:MJ\.M— Client Reps Q Cu-"LLu:rso—-u NP
2 |
PARWK SoIL IZ227 34| [ Length Retained: S%-7 '
AND (WOD 36 | | | Shipped Tos 4’,,&{' "L\‘ﬁ é E%E g !!d
38| | | . -
40 | | Type Analysis:
Biz Samn’e & Co dition

gl omed . Date: 22— Mon. l::%% mimer /JH S O
| site #Man O WarS Score #




VIBRATORY CORE SAMPLE LOG

EXMAR VIRGINIA. BEACH,VA- - -
crient: MA Mok o N oA Woeouveee, Tocation: Cles \5“‘? [ O Sl

0
N
Support Vessel: qu Low

ft. |[Real |Elapsed| Per f<.

Description Den‘th] Time for Penetration
L]
Positioning Method: .L\rvvaw, C_,

0 Po'sitioning Information:
™ lovan C 27 6286 Lh=9° 'V
[a] ¥2 8598 Lsn. 7C° 220W
\ T
8 | Depth of Water: Est.Current:
10 | i | | Wind: Seas Swell:
EI/HGE;JA_Y 12 | | 'I Length of Barrel: l/ﬂ" Diam.Core:__ B 0% ,
\ 14 | | Depth of Penetration: _57 Tength Recovered: 33-6
SILT 16 | ’ Remarks:
18| | |
20 | |
\ 22 | |
24 I
26 L i B :
30 | | Operator: /UZL@:,A Client Rep: E»‘,‘ Occﬁm
\ [ 3] l | /
COARSE |/ / 34 | | |* Length Retained: 53 L ;
SAND 36 | j | Shiooed Tot (<% iu_f; _é %—ij»v’_t
38 | I |
40} | | Type Analysis:
Bit Sample & Condition: =
g lo-od Date:_Z3 Wil 4R Time: o8y <

. Size #ﬁéQ'stkulf/é Core #




EXMAR VIRGINIA. BEACH,VA-

__A

VIBRATORY CORE SAMPLE

LOG

Client: Ald-Veahs o Unx Migowc <% Tocation: &7 Lo ﬁ_; I o P s Sl
. 5
Descrivntion Denth| Time for Penetration !_Su'opor't Vessel: B|q Lou
ft. |Real |Elapsed|Per ft. e
s Positlioning Method:
0 Positioning Information: heraon, C
-~/
2 LovonC 227 6234 ) v 39° /1S'K
4 ¥2 8596 Lo 7L° 2. 9'W
-
6 —
8 Depth of Water: Est.Current:
SHE\-—k 10 Wind: Seas Swell:
V\/G‘RAH \ e Length of Barrel: & Q' Dpiam.Cores__3-0*
SILT 14 Depth of Penetration:__ 9&f / Length Reccveredx}&zl
16 | | Remarks :
\ 18 |
20
22
\ 24
26
\ = 7 AZML. bl *.F
c 30 | operator: L L Client Rep: ‘oM Ol
OARSE =—
Browd (2] % | |
SAND 34 | | T Length Retained: 3/ 7
36( | Shioped To: - ».ff-ff_ é-» gﬂm—{g
38 | (
40 | ] Type Analysis:
Bit Sample & Confition: ‘
Voo Pate: 232 Ulacel, €8 m:ima oad3e
[ Site 4 MMAJHSLM&I{ /7 core =




EXMAR VIRGINIA BEACH,VA-

VIBRATORY CORE SAMPLE IOG

Bit Sample & Condition:

closs

Client: MA» - of “ﬂ:- Hl&buvee; Locations a L\@ ’ ,{M BN O‘ ngl/qoaj
Description eoth| Time for Penetration Support Vessel: qu Lag
o ea D e Positioning Method: ' Lgrvorn C
0 Positioning Information: ; y
; Lovarnl 27 L2222 - Lk 29° J1.00%
1 42 @b0.D  Lowy, 74° 2180
‘\ g
'8 Depth of Water: Est.Current:
5\-‘5‘-\\ 10 Winds Seas Swell:s
WG'W 12 Length of Barrels: 4l Diam.Corei__ 0"
SILT \ 14 Depth of Penetration: (_S_E{ ! Length Recovered: 3’2—1‘
' 16 Remarks:
18
\ 7
22
_ 24
\ . .
\ -‘3’: Operator: Wkwr— Client Reps ?:Vu 0w L&
Co@SE 7
Bw’ / :24 Length Retained: 22/ ’ )
36 Shipped To: ‘g_uZL :w_(; é%—a_;mj;
38 |
40 ) Type Analysis:

Date: 2—> Mard, OB Time s 0SS
Site #AM D’WSLMJ #/6 CAra i




VIBRATORY CORE SAMPLE 10G

EX#MAR VIRGINIA BEACH,VA- .

:llent:j‘Md . ,(gi-@? Ud ﬂab@m Location: el»cs E:duq o 0 WM,SLMJ
kscription Denth| Time for Penetration Suvport Vessels 814 M
ft. [Real |Elapsed| Per ft. Positioning Methods [ O
Positioning Information:
0 — /
. LM,MC, 27 bz2.5 L,_,_)'r 2g° 11,24
W Gz 25997 lewy 7L 2475W
\ 6
8 Depth of Water: Est.Current:
SHEW 10 Wind: Seat Swells
MSOFT \ 12 Length of Barrel: (fO! Dpiam.Cores DO
& RAY 14 Depth of Penetration:_D &L@® ' Ilength Recovered: 364’
SiLT 16 Remarkss
\ T3
20
22
\ 24
26
\ 1_—:: Operator: s %J-—— Client Rep: %M Oujta
32
\ 34 Length Retained: 9 4
SAND 36 Shipped To: M/o 7‘3:4—%»-\&7/_:;
w/i LY // 38 | =
CLA'V 40 | Type Analysis:
a nd 1
Bit Sample & Co 1t91& e AL 5@ o - 91_5'
Site #M__qﬂ@'_UMSLu} 15/‘? Core #




EXiMAR VIRGINIA BEACH,VA-

VIBRATORY CORE SAWMPLE LOG

Lient: AUd - &1 kIR - 624-&61«;@5&, Location: O Lgn s %444 Maq OIMELQJ
escrivntion :bgpth Time for Penetration Support Vessel: ! { 11
it- FLapoet) Jer 2t Positioning Method: LovanC
Positioning Information:

2 Lovanl 27 62/.6 Lot 22 nos/a)
Sl i 2 3589 lews. 7c772/.6'W
o GRR ;

LAY 8 Depth of Waters: Est.Current:

10 Wind: Seat Swells

12 Length of Barrel: +o’ Diam.Core:_>.0 %
SANMNDY 14 Depth of Penetration: &/0®' Length Recovered: / 2'/ f

SiItT 16 Remarks: 1<% ak\(-_--é‘

18 Mo lose —thvouel cahol

20 E Lot e COUtry Ay e A-M:,.._.—/q_.gt

22 Gggﬁi: ’Eg;é Ve sof T (outa |aypr

24 OLlsevued 299 Ce“"t':l‘ghrh §u-—‘ff4u_ ?"l

26 ;-..(:}_Me oLt v

i: Operator: Ml"%l‘" Client RepsEM @w/

:i Length Retained: i r 1

26 Shipped To: - u.+ ,-uj_{ S a;dp

38 |

40 | Type Analysis:

3it Sample & Condition:

Date:”"’-@ Mwh‘@@ Time: 7070
Site #Mam 0'wer Shoal 720 A core # Z2.0A




EXMAR VIRGINIA BEACH,VA-

A

VIBRATORY CORE SAMPLE LOG

(1 ient : Mo\ ‘ug@% o Ndﬂ:?\ ﬂigoww-ﬂ- Location: dad P 550‘«4 Lan O UWQL[ J
Jescription Denth|{ Time for Penetration Support Vessel: Bl
ft. [Real |Elapsed|Per ft. Positioning Method: L&wﬁ

5 Positioning Information:

: Lo 27 b2/.L Lot 24° y).05'4/
sl |\ Y2 0589 Loy 76 2/ G

Ry 8 Depth of Water: Est.Current:

0 Wind: Seat Swells
HARD P A
SHELL 12 Length of Barrel: g 0 Diam. Core:_SL
(-b';)rs,, ‘S’D 14 Depth of Penetration:__ /(! Length Recovered:

16 Remarks: Ekpv'FMrd-m vecod J.uf)' - /s‘{'cﬂi:yf‘

18 Ay e b Tags ool 437, ‘

= Eé%%ét_ Asnze Jayre 0¥ sl o gball e T OF

22 zashe 'H'WQ@L o Flr Jower langar

?4 chn&f‘z s,fa&i )\_._aa&y as 1y fﬁﬂ"t‘@f

26 ) ‘pw ¢om;-3ﬁ &M-ﬁra__ Ot Zqo'{a_

28

30 Operator: MLM“L Client Reps EM@M_

32 —

34 Length Retained:_//A S &

36 Shipped To: O N iwlp 2~ S99 e

; g
38 | G‘M‘_%F.LE
40 Type Analysis:

Bit Sample Condition: g
s sl a8l vy o

Date: 28 " arels '35 Times 1OSS
site #Man OWorSsd#ZO0B core 4 20 B




VIBRATORY CORE SAMPLE LOG

EXMAR VIRGINIA BEACH,VA-

lient: (E'é i@_ﬁfpua ﬂe&owrm Location: CL\_,,n, Baﬁj u}\E—%j‘g_‘F%{%Q@w

escription Denth Time for Penetration Support Vessel: B,a Low Shoof
Real JE_RoSeCiiTer It Positioning Method: )_,:a-v-a.-.... c
0 Positioning Informations:__
G.RA\(T P2 i, Q& 27,4179 Ld‘ 24° 274U
St 74 928667 Loug. 7L° 20 38W
6
f Depth of Water: Est.Current:
$HEU- \ 10 Wind: Sea: Swell:
M/G'MY 12 Length of Barrel: HO/ Diam.Core: -0 “
SiLT \ 14 Depth of Penetration:i__ Y ’  Tength Recoveredi29-0'
16 Remarks:
\ - Talen ol W 2d\ace
20 —7’;:: A%Ar :
22
2
26
SAVP L :: Operator: ML‘M— Client Reps Euu GKXJ\IAA
32
34 Length Retained:éi'_g : .
26 Shipped To: C_g\_:*_ tv:f{: é S‘g&jg
38 |
40 } Type Analysis:
Bit Sample & Condition:
ajM Date: 28 Manel\F8 Time: //30
Site #Ezé g‘f‘Mg_a_j 0’%&-—%4{001*9 #
aAren R




BOAT LORAN
TD-X

SEVENFOOT KNOLL*

1

2

3

y

MAN O'WAR SHOAL
1 27630.10
2 27628.60
3 27629.50
4 27629.20
5 27627.90
6 27627.90
7 27628.10
8 27627.70
9 27626.90
10 27625.70
11 27626.30
12 27625.70
13 27625.20
14 27624.10
15 27624.40
16 27623.60
17 27623.40
18 27623.20
19 27622.50
20A 27621.60
20B 27621.60
AREA B

1 27617.90

* uncorrected latitude/longitude values recorded only

TD-Y

42859.

42858.

42859.
42860
42859.
42859.
42859,
42860.
42859,

TABLE 4,

30
20
60

.50

30
50
10
00
00

42859,70

42860.
42858.
42859.
42857.
42860.
42859.
42859.

42860.

42859,
42858,
42858,

42866.

20
80
00
80
00
80
60
00
70
90
90

70

UNCORRECTED

LATITUDE
DEG MINUTES

39
39
39
39

39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39

39

09.
09.
09.
09.

1.
1.
1.
1.
1.
11.
1.
1.
11,
1.
1.
1.
1.
10.
1.
1.
1.
1.
11.
10.
10.

"

y
5
6
55

1067
0019
1237
1909
0809
0964
0674
1337
ousy
0863
1330
0156
0250
977
0950
0699
0518
0811
o490
9753
9753

.5489

64

LONGITUDE
DEG MINUTES

76
76
76
76

76
76
76
76
76
76
76
76
76
76
76
76
76

24,
24,
24,
2,

22.
22.
22.
22.
22.
22,

22

22
21
21
21
21
21
21
21
21

oo N &=

9660
7312
8291
7165
5279
5165

.5792
22.
22.
22.
22.
22.
.0079
.8587
. 7909
L6431
.6151
.5520
. 4307
.2984
.2984

4469
3462
0670
1571
1187

76 20.1146

CORRECTED CORE LOCATIONS

39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39

39

11
1"
"
1"

1
11
1"
1"
1M
11
1"
M

1"
11
"1
11
1M
1"
1"

1"

CORRECTED
LATITUDE
DEG MINUTES

1413
.0374
.1582
. 2257
1.

1163

.1319
.1028
.1690
.0811
.1223
.1690
.0518
L0614
10.

9543

.1314
.1067
.0886

JANTT
.0863

.0126
.0126

LONGITUDE
DEG MINUTES

76
76
76
76
76

76
76

76
76
76
76
76
76
76
76

76

76
76

76

23.
23.
23.
23.
22.
22.
22.
22.
22.
22.
22.
. 4396
22,
22.
22.
. 9640
.9360
.8729
L7516
.6188
.6188

22

21
21
21
21
21
21

20.

2874
0530
1505
0379
8493
8378
9001
7682
6671
3878
4780

3288

1800
1114

4332



TABLE 5. WEIGHT OF SHELL (g) FOR EACH CORE SECTION
(SHELLS GREATER THAN '/, INCH)

65



CORE WEIGHT OF SHELL

SEVENFOOT KNOLL INTERVAL (ft) COMPONENT (g)
1 0-6.2 1070

6.2-11.2 1833

11.2-16.2 2121

16.2-21.2 526

21.2-26.2 (no shell), sand
2 0-6 1615

6-11 1620

11-16 1686

16-21 1534

21-26 1754

26-31 (no shell), sand
3 OSSR 2260

5.5-11 2030

11-16.5 1029

16.5-21.5 1000

21.5-26.5 4eu

26.5-31.5 878

31.5-36.5 (no shell), sand
y 0-5 640

5-11.7 2462

11.7-16.7 1031

16.7-21.7 1766

21.7-26.7 468

MAN O'WAR SHOAL

1

21.7-22.7 shells
22.7-26.7 coarse sand, peat at bottom

0-5 1701
5-11.8 1557
11.8-16.8 1458
16.8-21.8 980
21.8-26.8 1706
26.8-31.8 425
0-5 1496
5-10.2 1317
10.2-15.2 1257
15.2-20.2 647
20-25.2 1423
25.2-32.2 190

first 0.5 ft of interval
shell, rest sand

0-5 2373
5-10 1475
10-14.8 1366
14.8-19.8 1389
19.8-24.8 1512

66



CORE WEIGHT OF SHELL

MAN O'WAR SHOAL INTERVAL (ft) COMPONENT (g)
3 (cont.) 24,8-29.8 1713
29.8-34.8 no shell

first 0.25 ft of
interval - shell, rest sand

4 0-5 2173
5-10 1498
10-15.8 1580
15.8-20.8 2037
20.8-25.8 514
25.8-30.8 114
30.8-35.8 141
5 0-5 3219
5=12.7 2188
12.7-17.7 1420
17.7-22.7 1797
22.7-2T7:7 1607
27.7-32.7 544
6 0-5 2845
5-10 1295
10-15 1451
15-20 1253
20-25 1556
25-30 1771
30-35 473
33-35 muddy sand, last 0.5 ft gravel
7 0-6.5 3885
6.5-13.5 1384
13.5-18.5 1438
18.5-23.5 2018
23.5-28.5 1716
28.5-33.5 177
8 0-5 2u27
5-10 1357
10-15.8 2150
15.8-20.8 1614
20.8-25.8 2240
25.8-30.8 1844
30.8-35.8 421

first 1.5 ft of interval
- shell, rest sand

9 0-6 2516
6-13.2 1649
13.2-18.2 1745
18.2-23.2 1536
23.2-28.2 1936
28.2-33.2 532
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CORE WEIGHT OF SHELL
MAN O'WAR SHOAL INTERVAL (ft) COMPONENT (g)
10 0-5 2058
5-10 1430
10-16.4 1635
16.4-21.4 1549
21.4-26.4 1623
26.4-31.4 1737
31.4-36.4 160
31.4=32. shells and sandy mud
32.4-33. sandy mud
33.4-34, muddy sand
34.4-35 coarse sand
1M 0-5 1519
5-11 590
11-16 994
16-21 1086
21-26 772
26-31 no shells,
sand+gravel
12 0-5 2527
5-10 3003
10-17.6 2367
17.6-22.6 1477
22.,6-27.6 1428
27.6-32.6 1623
32.6-37.6 772
32.6=-34.6 shells in sand
34.6-35.6 clayey mud
35.6-37.6 muddy sand
13 0-6 2024
6-12.9 1615
12.9-17.9 869
17.9-22.9 1792
22.9-27.9 1623
26.9-27.9 sandy clay, very cohesive
27.9-32.9 no shell,
muddy sand,
some gravel
14 0-5 17
DRI 184
9.5-14,5 136
14.5-19.5 849
19.5-24.5 736
24,5-29.5 no shell,

68

brown sand



MAN O'WAR SHOAL

CORE

INTERVAL (ft)

WEIGHT OF SHELL
COMPONENT (g)

15

16

17

18

19

20A
*¥coring stopped by
obstruction

20B
¥coring stopped by
obstruction

AREA B
1

0-6
6-12.1
12.1-17.1
17.1=-22,1
22.1-27.1
27.1-32.1

0-5

5-10
10-16.8
16.8-21.8
21.8-26.8
26.8-31.8
31.8-36.8

0-5
5-10
10-14.1

(05}
S NB5)
Bit sample

69

3475
1743

883
1735
1245
1279

1923
3620
1618
1647
1838
1740

2349
1471
1591
1803
1706
1199

2864
2709
1388
1602
2752
1863

2780
3122
1911
2349
1832
1678
1151

3352
117
1824

2577
2667
84

2438
1443
1234

290
1853
1989



APPENDIX C

MATHEMATICAL CALCULATIONS

70



TABLE 6. MATHEMATICAL FORMULAS USED FOR CALCULATIONS IN THIS REPORT

Volume of cylinder (core cylinder); core diameter = 3 in

Veyl = mréh r=1.5 in ré=2.25 in2
= 3.1416(2.25in2)(h) mw=3.1416
= 7.073in2(h") h=height in inches of shell bearing section
= 7 in
= ? yd3 1 yd3=46,656 in3

Pounds of shell per yd3 of bottom;

1bs of shell > 1/2 in
yd3 of bottom

Pounds of shell per yd2 of bottom;

1bs of shell x thickness of shell = 1lbs of shell
yd3 of bottom bearing layer (yds) yd< of bottom

yd3 of shell per yd2 of bottom;

1bs of shell + 1293 1bs of shell = yd3 of shell
yd¢ of bottom yd3 of shell yd< of bottom

1-5 gallon pail of shell = 32 1lbs of shell>!/, inch
1 yd? of shell = 1293 1bs of shell

bushels per yd2 of bottom disturbed;

yd3 of shell + .06 yd3 = bushels
yd< of bottom bushel yd< of bottom

1 Maryland bushel = 2800.9 in3 = .06 yd3

71



TABLE 7. BASIC MEASUREMENTS AND CALCULATION OF POUNDS OF SHELL PER CUBIC YARD

OF BOTTOM.
Length of weight of Core Pounds of
Sevenfoot shell bearing shell >1/,m Cylinder shgll per
Knoll section (in) (1bs) Volume (yd3) yd3 of bottom
1 254, 4 12.2 0.039 313
2 312 181 0.0u47 385
3 378 16.9 0.057 296
ly 320. 4 14 0.049 286
Man O'War Shoal
1 381.6 17.3 0.058 298
2 308.4 14 0.047 298
3 357.6 21.7 0.054 yo2
ly 429.6 17.8 0.065 274
5 392.4 23.8 0.059 403
6 396 23. 0.060 392
T o2 23.4 0.061 384
8 387.6 26.6 0.059 451
9 398.4 21.9 0.060 365
10 388.8 22.5 0.059 381
1 312 10.9 0.047 232
12 415,2 29.1 0.063 462
13 322.8 17.5 0.049 357
14 294 4.5 0.045 100
15 hou.u 22.8 0.061 374
16 4o3.2 27.3 0.061 4y8
17 380.4 22.3 0.058 384
18 385.2 29.1 0.058 502
19 hyy .6 32.7 0.067 488
20A 169.2 14 0.026 538
20B 138 1.7 0.021 Sia)f
AREA B
1 348 20.4 0.053 385
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TABLE 8. CALCULATED QUANTITIES OF SHELL >1/2 INCH PER SQUARE YARD OF SUBBOTTOM
DISTURBED (TO BOTTOM OF SHELL BEARING LAYER)

1bs of shell per yd3 of shell per bushels per
CORE yd2 of bottom yd? of bottom yd2 of bottom
SEVENFOOT KNOLL
1 2212 1.71 29
2 3337 2.58 43
3 3108 2.40 40
Y 2545 1.97 33
MAN O'WAR SHOAL
1 3159 2.4y 41
2 2553 1.97 33
3 3993 3.09 52
Y 3270 2.53 42
5 4393 3.40 57
6 4312 3.33 56
7 4288 3.32 55
8 4856 3.76 63
9 4039 3.12 52
10 4115 3.18 53
11 2011 1.56 26
12 5328 4,12 69
13 3201 2.48 U1
14 817 0.63 11
15 4201 3.25 51
16 5018 3.88 65
17 4058 3.14 52
18 5371 4,15 69
19 5986 k.63 77
20A 2529 1.96 33
20B 2135 1.65 28
AREA B
1 3722 2.88 48
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TABLE 8. CALCULATED QUANTITIES OF SHELL >1/2 INCH PER SQUARE YARD OF SUBBOTTOM
DISTURBED (TO BOTTOM OF SHELL BEARING LAYER)

1bs of shell per yd3 of shell per bushels per
CORE yd2 of bottom yd? of bottom yd2 of bottom
SEVENFOOT KNOLL
1 2212 1.71 29
2 3337 2.58 43
3 3108 2.40 40
Y 2545 1.97 33
MAN O'WAR SHOAL
1 3159 2.4y 41
2 2553 1.97 33
3 3993 3.09 52
4 3270 2.53 42
5 4393 3.40 57
6 4312 3.33 56
7 4288 3.32 55
8 4856 3.76 63
9 4039 3.12 52
10 4115 3.18 53
11 2011 1.56 26
12 5328 4,12 69
13 3201 2.48 41
14 817 0.63 11
15 4201 3.25 54
16 5018 3.88 65
17 4058 3.14 52
18 5371 4.15 69
19 5986 4.63 77
20A 2529 1.96 33
20B 2135 1.65 28
AREA B
1 3722 2.88 48
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TABLE 9. DIGITIZED INFORMATION FROM FIGURE 6 AND CALCULATION OF AMOUNT

BUSHELS FOR STUDY AREAS

OF

DIGITIZED
STUDY AREA
(in2) yd2 bushels/yd2 of bottom bushels
SEVENFOOT KNOLL
0.52 157,300 30 to 40 (ave 35) 5,505,500+786,500
0.17 51,425 >40 2,057,000 minimum
TOTALS 0.69 208,725 7,562,500+786,500
minimum amount of bushels 6,776,000
maximum amount of bushels 8,349,000
MAN O'WAR SHOAL
0.02 6050 <20 121,000 minimum
1.45 438,625 <30 13,158,750 minimum
1.47 44y, 675 30 to 40 (ave 35) 15,563,625+2,223,375
1.06 320,650 40 to 50 (ave U45) 14,429,250+1,603,250
2.62 792,550 50 to 60 (ave 55) 43,590,250+3,962,750
0.30 90,750 60 to 70 (ave 65) 5,898,750+453,750
0.08 24,200 >70 1,694,000 minimum
TOTALS 7.04 2,129,600 94,455,625+8,243,125
minimum amount of bushels 86,212,500
maximum amount of bushels 102,698,750
SIXFOOT KNOLL
8.52 2,577,300 ? ?2(%)
AREA B
7.95 2,404,875 48 ?2(*)

Figure 6 parameters used in calculations;

chart s
1 in =

cale = 1:20,000

550 yds

(*) undetermined due to lack of coring data
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