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Disclaimer

This report is preliminary, but data and information published herein are accurate to the best of
our knowledge. Data synthesis, summariesrataded conclusions may be subject to change as
additional data are collected and evaluated. While the Maine Coastal Program makes every effort
to provide useful and accurate information, investigations arssgeific and applicability of

results to othr regions in the state is not yet warranted. The Maine Coastal program does not
endorse conclusions based on subsequent use of the data by individuals not under their
employment. The Maine Coastal Program disclaims any liability, incurred as a corsgque
directly or indirectly, resulting from the use and application of any of the data and reports
produced by staff. Any use of trade names is for descriptive purposes only and does not imply
endorsement by The State of Maine.

For an overview of the Maine Coastal Mapping Initiative (MCMI) information products,
including maps, data, imagery, and reports visit
http://www.maine.gov/dacf/mcp/planning/mcmi/indexant
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ABSTRACT

The collection and analysis of geophysical and seafloor sediment data allow state and federal
agencies to proactively identifthe resources availabie enhance resiliencymprove

manageent ofresources within their jurisdiction, and develop a morepreimensive
understanding of potential resources. The purpose of this investigasdo describe and
characterize marine sediment samples irfabasarea toenable benthibabitat classification

via the federallyapproved Coastal and Marine EcologiCéssification Standard (CMECS;
FGDC, 2012), help characterize potensiatliment resoursgor beach nourishment as outlined
by BOEM, and investigate the relationship between sediment grain size and multibeam
backscatter intensity to refine interpretasmf seafloor sediment distribution across mapped
areas.During the2015survey seasotine Maine Coastal Mapping Initiativeapped

approximately 80ni® (207 km?) of seafloor and collected bottom sample§iniocations, 43 in
state water and 18 in federal waters, inwioenity of the Kennebec River paleodelt&rainsize
analyses of sediment samples combined with interpretations of backscatter intensity and
bathymetic data are consistent with generdkenpretations of seafloor sediment distribution and
morphology in the regiofe.g. Barnhardt et al., 1998 aKdlley, et al., 1997). Within the survey
area, laterally extensive surficial deposits of predominantly sandy and/or gravelly material were
restrictedto depths less than 78 and were most commonly associated with the Kennebec river
paleodelta/nearshore ram§gimilarly, backscatter and grab sample data suggest these deposits
were even more scarce within federal waters of the survey area.

In thecoming months, MCMI plans to utilize final data productshigih-resolutionbackscatter
andbathymetry to refine existing seafloor sediment maps and determine the spatial extent of
sand deposits within federal water.h&h combined witlexisting geophysial (e.g. seismic

reflection profiles and sidscan sonar) data, these data may also betasetineinterpretations

of coastal/nearshore geomorphology meéedimensional assessments of potential sediment
resources/valley filin the region In additon, these data are a critical component of benthic
habitatclassification ananodeling performed by MCMlsee Ozmon, 2015)Overall, these data
havea variety ofapplications and are an invaluable resource to public and private agencies who
wish to moreeffectively manage and understand coastal and marine resources.



Introduction

Sustainable management and exploitatoih M acioastal angl marine resour@e necessary

to ensureeffectivecoastal resiliencand conservation effortsThe collection and analysis of
geophysical and seafloor sediment data allow state and federal agencies to proactively identify
the resourceavailableto enhance resiliencymprovemanagenent ofresources within their
jurisdiction, and develop a more cprehensive understanding of potential resouréekey
component of coastal resiliency and conservatiforts isaccess to qualityearshore and off
shoresand and graveksources However, gantitative assessments for many of these resources
havebeen conductenh mostly state watern®.g. Kelley et al., 199 b; 2003 Recentlythe

Bureau of Ocean Energy Management (BOHsI$ recognized the neeaidentify additional

outer continental shelfJCS sand resources for beach nourishment and doastaration

projects because sand resources in state waters are either diminishing or are of poor quality, or
otherwise unavailablé)S. Department of the Interior, 2014The purpose of this investigation

is to describe and characterize marine sedirs@mplesn the coverage arda enable benthic

habitat classificationia the federallyapproved Coastal and Marine Ecologic<3ification
Standard (CMECEGDC, 2012)help characterize potentis¢diment resoursgor beach
nourishment as outlinday BOEM, and investigate the relationship between sediment grain size
and multibeam backscatter intensity to refine interpretations of seafloor sediment distribution
across mapped areas.

Objectives

- Ildentify and map seafloor sand resources in the Naitinf\c OCS focus areas established
in MCP6s cooperative agreement with BOEM

- Map bathymetry to identify the potential geographic extent of sand deposits

- Investigate the relationship between sediment grain size and multibeam backscatter intensity

to map sefloor sediment types

- Ground trutmultibeambackscattemtensity with sediment grab sampling and underwater
video data

- Characterize sediment grain size distributions and sorting to suygmihtic habitat
classification

Focus Area

The2015/2016o0cus area coincides with the Kennebec River paleodelta, and was selected for
this study due to the high probability of being able to identify sand resources at this location
(Figure 1; Barnhardt et al., 1997; 1998his areaextends from the southermp tbf Southport

Island for approximately 11 nautical miles, and to the west along the cdastto6s | sl and
Harpswell
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Figure 1. MCMI 20152016focus areared outllne)and BOEM focus area (black outlinia)
Mai neds mi drd@radtitalmiledstatefederal waer jurisdictior) boundary
(magentdine).

Methods

Differences in federal and state sampling objectives resulted in separate sampling plans for their
respective jurisdictional waters (e.g. waters seaward of-titeBcalmile lineare federgl In

the BOEM focus areayrab sample locations were selected in areas where preliminary analyses
of multibeam backscatter intensity data suggested the presence of a predominantly sandy and/or
gravelly seafloor. In state waters, a preliminary review of multibeam echosoundeS|MBE

depth soundings and backscatter intensity was also performed, and sampling locations were
distributed in an attempt to obtain comparable sample sizes across a broad range of benthic
habitat types (e.g. variety of substrates, depths, morphologies,AtbQugh a variety of



environmental, geometric, and other external factors must be considerecdhtenpreting
backscatter data, the sigies beershownto directly relate to unconsolidated sediment grain
size and seafloor roughness (Lurton and Lahmggr2015), which makes this technique desirable
for the purposes of this investigation. In addition to interpretations of MBES backscatter and
depth data, the decision to sample in certain areas was also influenced by a review of existing
literature thapertained to the seafloor geology (6Bgrnhardiet al., 19971998;and Kelley et
al.,1997;1998) of the focus area.

The bottom sampler used wasingle platform rig outfitted with alamshell styld?onargrab

sampler GoPro Hero 3+ligital videocamera, Keldan underwater dive light, diasersspaced
at1lcmfor scale, and a Teledyne Oddigdrographic Digibar $r YSI Exo 1to collect water

column datgsalinity, temperature, and pKfigure 3. TheDigibar S directly measured
temperaturg+0.2°C)and sound spedd0.2 m/secihrough the water column for samples

MO0001- M0030. Thus, pH was not determined when using this instrument and bottom salinity
was predicted usingstandard equation that uses physical variables of pressure, tamgerat

and sound sped@akin, 1999) The YSI Exo 1 was used teterminesalinity (unitless practical
salinity scale)temperatur¢t0.001°C) and pH(x0.2) for samples M0O031 M0061. With this
instrumentsalinity is determined automatically from the sermbnductivity(+0.001mS/cmand
temperature readings according to algorithms found in Standard Methods for the Examination of
Water and Wastewater (ed. 1989). Values of salinity are in reference to the pnaitiesl

salinity scale since the measurements are carried out in reference to the conductivity of standard
seawater at 15°CThe23 x 23 cmPonargrabwas capable afollecting a maximum volume of

8.2 litersof unconsolidated sediment per sampling atteniipimediately upa retrieval, the

sediment surface was photographed and partitionedviateibsamples; a minimum 000

cm® was set aside for graize analysis and the remaingas usedor infaunal analysis.

Sediment sulanples were then bagged, labeled, and storedolers beforand during

transport to the sedimentology laboratory at the University of MaliMaine)

At each location where the sampler returned empty after three attempts a hard substrate (e.qg.
bedrock, boulders, etc.) was inferrésamplermounted video footage captured during each
sampling attempt was used to confiomdenythe presence of rocky substrates in these locations.
The x and y coordinate¥GS84, UTM Zone 19N meter§PS horizontaaccuracy at surface

+3 m) of each att@pt were logged to account for vessel drift in between sampling attempts.
Coordinates were not recorded until the sampler reached bottom and when the wench tether was
visually confirmed to have a vertical/nesertical orientationelative to a flat seausface. The

depth for each location was determined in real time using arfaulhted singldbeam

fathometer and was not referenced to a specific vertitairdée.g. MLLW). Thusthevertical
uncertainty associated witlepths recorded for each site nimas much as thigpical tidal

range in the focus ardéapproximately 3 m)

See theMCMI BenthicHabitat Classification Repobly Ozmon i progresfor details

pertaining to the methods and results of the infaunal classifisatutnch are notliscussed in

this report Also, due to a staffing lapse at the UMaine sediment laboraedyment samples
MO0047 through M0061 were processed at the Maine Department of Transportation sediment
laboratory in Bangor, Maine.



Sediment samples were analyzmihgstandardaboratory techniques for the textural analyses
Sieve methods were ustmldetermine the proportion of gravetand, and muesized particles

to classify the overall sample using Folk classification sché&okk (954;Figure 3 and Table

1). Samples (MO00M0046) analyzed at UMaine used the grsire scale used bymerican
geologists (Dutro et al., 1989) for major textural splits, whereas safh0€gl 7-M0061)

analyzed at MDOT used the grasize scale used by engineédsS.T.M. D422) Themajor
difference between the$®o scales, as it pains to this investigation, kan thedistinction

between sandand mudsized particles, which are split at 0.062 mm for geologists and 0.074 mm
for engineers The0.012 mmdifference betweethese scaleis thought to have a negligible

impact on results and statistical analyses within the scope of this investigatainsize

statisti@al parameters were calculated by graphical and moment methods for thetzeahd
portionof samples that ctiained greater than 20% sasided particles.This process was
automated for samples processed atihmineusingaRapid Sediment Analyzesettling tube

For samples processed at MDOT, statistics were calculated by entering sieve data in to the
gran.stats routinef the rysgran package (Gilbert et al., 20t4IR statistics softwareersion

3.2.2(R Development Core Team, 2008)he remainder of each bulk sample was preserved for
archiving at the MCP headquarters in Augusta, MBr more spedit details of the grahsize
analysis procedure refer tile MCMI Sediment Analysis SOP 1l Dobbs 2015). This

procedure is a modified version of the procedure outlined and described by Poppe et al. (2005),
which has been accepted as the standard &nmsediments to be included in the U.S.
Geological Survey Eastoast Sediment Texture Database. The modifications of Poppe et al.
(2005) for the purposes of this project were made to meet budget and logistic requirements of the
Maine Coastal Mapping itiative, while also striving to maintain the integrity of the data for
future inclusion into existing databases.

Ponar
dredge

Digibar S
orExo1

Figure 2 MCMI grab samplingplatform.
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Figure 3 Sediment classification ternary diagralppercase letters inchte predominargize
component. (s) = slightlgravelly. (Folk, 1954

Table 1.Ternary diagranfrom Figure 3modified from Folk (1954)to include classification R
(rock or bouldersin table format

Folk Code Description % gravel Sand:Mud
R Rock or Boulders - -
G Gravel 80-100 -
sG Sandy gravel 30-80 >09:1
msG Muddy sandy gravel 30-80 1:17 9:1
mG Muddy gravel 30-80 <11
gS Gravelly sand 5-30 >9:1
gmsS Gravelly muddy sand 5-30 1:17 9:1
gM Gravelly mud 5-30 <11
(s)s Slightly gravelly sand 0.01:5 >9:1
(s)mS Slightly gravelly muddy sand 0.01:5 1:17 9:1
(s)sM Slightly gravelly sandy mud 0.01:5 1:97 1:1
(s)\M Slightly gravelly mud 0.015 <19
S Sand 0-0.01 >0:1
mS Muddy Sand 0-0.01 1:17 9:1
sM Sandy Mud 0-0.01 1:97 1:1
M Mud 0-0.01 <19




Results

A total of 61samplegFigures4 and 3, 43 in state water and 18 in federal watessrecollected

in theapproximatel\80 m? (207 km?) survey are@n 11 separate occasidmstween May and
November2015. Table2 contains a summary sample depth, mean raw backscatter intensity,
andgrain size analyses
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Figure 4. Sedlment sampka:clatlons (ID#) dominant Folk (1954) cIaSS|f|cat|on and suareg
bathymetry gncorrected 4 m grid with transparent bathymetry hillsheslative tooverall focus
areas. See Table 2 for full Folk (1954) classification and corresponding depths for each sample.
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Figure 5. Sedlment sample Iocatloﬂs#) dominant Folk (1954) cIaSS|f|cat|on and sureega
backscatter intensityunfiltered 4 m grid with transparent bathymetry hillshaedative to
overall focus areas. See Table 2 for full Folk (1954) classificatoimean backscatter
intensity for each sample



Table 2. Summary of sediment sample depth, backscattesityteand grain size analyses.

Mean Raw
Sample Depth! _ Folk Backscatter ~ Sand-sized Fractior?
ID (m) CGravel Sand Mud = SM 1954 intensity?  Wentworth (1922)
(dB)
MO0001 27 10.15 88.35 150 5838 gS -14.87 coarse sand, well sortec
MO0002 40 3292 6154 554 11.12 sG -15.94 coarse sand, well sortec
MO0003 38 7129 2542 329 7.72 msG -11.3 med. sand, poorly sortec
MO0004 53 6.63 63.84 29.53 2.16 gmS -22.16 coarse sand, poorly sorte
MOO005 51 - - - - R -16.49 -
MO0006 59 28.24 47.27 24.49 1.93 gmsS -15.74 coarse sand, well sortec
MO0007 73 3.74 23.60 72.66 0.32 (s)sM -21.67 med. sand, poorly sortec
M0008 70 - - - - Unknown -22.51 -
MO0009 78 0.00 2.88 97.12 0.03 M -35.26 -
MO0010 73 0.00 5.28 94.72 0.06 M -33.56 -
MO0011 25 0.00 91.71 8.29 11.06 S notsurveyed med. sand, poorly sortec
MO0012 48 6.62 66.11 27.26 2.43 gmsS -17.01 med. sand, poorly sortec
MO0013 58 - - - - R -15.18 -
M0014 52  0.00 6845 31.55 217 mS -25.59 fine sand, mod. well
sorted
MO0015 50 0.00 89.65 10.35 8.66 mS -20.85 coarse sangyoorly sorted
MO0016 64 413 45.34 50.54 0.90 (s)sM -18.5 med. sand, poorly sortec
MO0017 60 - - - - R -14.39 -
M0018 80 0.00 3.81 96.19 0.04 M -29.99 -
MO0019 68 1.24 55.39 43.36 1.28 (s)ymsS -19.18 fine sand, mod. sorted
M0020 58  3.17 57.03 39.80 143 (s)mS -20.49 fine sand, mod. well
sorted
M0021 45 447 93.95 158 59.28 gS -21.69 coarse sand, poorly sorte
M0022 57 1.35 36.98 61.67 0.60 (s)sM -17.84 med. sand, poorly sortec
M0023 44  30.96 51.63 17.41 2.97 msG 34.1 med. S";‘g?tg(;“’d' well
M0024 75 280 40.90 56.30 073 (s)mS  -18.48 fine Sasngr’tg:fd' well
M0025 63 - - - - R -14.23 -
M0026 75 67.06 8.91 24.04 0.37 mG -15.19 -
M0027 70 559 5582 3860 145  gmS -21.61 med. sand, mod. well

sorted



M0028
M0029
MO0030

MO0031

MO0032

MO0033

MO0034
MO035

MO036
MO0037
MO0038
MO0039
MO0040
MO0041
MO0042
MO0043

M0044
MO0045
MO0046

MO0047

MO0048
MO0049
MO050
MO0051
MO0052
MO0053
MO0054
MO055
MOO056
MO057
MO0058
MO059
MO0060
MO0061

72
64
66

34

35

36

37
37

58
51
46.5
62
64

62
37

53

61

72
72

38

69
70
69
61
35
69
41
a7
42
41
53
65
61
61

1.49
4.45
4454

14.61

43.22

16.71

25.56
2.04
43.74
41.08
55.99
3.98

4.75
3.07

1.87

0.00

0.00
0.00

49.10

0.00
0.00
0.00
16.90

0.00

4.50
2.50
8.30

0.00
0.00
0.00

44.73
63.34
17.38

84.22

53.57

82.34

73.52
93.74
31.00
41.39
28.97
54.33

61.63
54.42

81.47

68.65

7.69
8.18

49.90

27.70
18.00
26.80
65.80

27.10

82.60
90.80
85.40

13.80
16.10
24.80

53.79
32.21
38.08

1.17

3.20

0.95

0.92
4.22
25.26

17.53
15.04
41.69
33.62
42.51

16.66

31.35

92.31
91.82

1.00

72.30
82.00
73.20
17.30

72.90
12.90
6.70
6.30
86.20
83.90
75.20

0.83
1.97
0.46

71.91

16.72

86.57

80.05
22.24
1.23

2.36
1.93
1.30
1.83
1.28

4.89

2.19

0.08
0.09

49.90

0.38
0.22
0.37
3.80

0.37
6.40
13.55
13.56
0.16
0.19
0.33

(s)sM
(s)yms
mG

gS
sG
gS
gS
(s)s

msG

msG
msG
(s)ymsS
(s)ymsS
(s)ymsS

(s)ymsS
mS

M
M

sG

sM
sM
sM
gmsS
R
sM
R
(s)ymsS
(s)S
gS
R
sM
sM
sM

-24.39
-11.82
-16.19

-15.49

-17.53

-11.92

-12.82
-21.23
-11.7

-12.14
-12.06
-17.79
-17.59
-15.69
-14.37
-18.26

-24.27

-32.49
-31.13

-15.51
-33.37

-31.86

-32.02
-10.09
-19.88
-35.64
-19.41
-20.26
-22.6
-21.38
-12.96
-35.32
-33.28
-36.29

med. sand, poorly sortec
med. sand, mod. sorted

coarse sand, v. well sorte

coarse sand, mod. well
sorted

coarse sand, mod. well
sorted

coarse sand, mod. well
sorted

med. sand, poorly sortec

v. coarse sand, poorly
sorted

coarse sand, v. well sorte
coarse sand, v. well sorte
coarse sand, poorly sorte

med. sand, mod. sorted
coarse sand, mod. sorte

med.sand, mod. sorted

fine sand, mod. well
sorted

v. coarse sand, mod.
sorted

med. sand, poorly sortec

med. sand, poorly sortec

med. sand, poorly sortec
fine sand, mod. sorted

fine sand, mod. sorted

fine sand, poorly sorted

med. sand, poorly sortec
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'Depth measurements waezorded in real time and may differ from multibeam bathymetry data by + 3r
the expected tidal range within the coverage area).

“Mean raw backscatter intensity values were derived from raster grid in ArcMap created from 4m grid
data exportefom QINSy Process Manager.

*Wentworth (1922) classification performed on saimd fraction of samples containim@0% sand by
weight.

Appendix A containgletailed metadata from sedimeaimpling includingdate, time,
coordinatesdepth,recovered sediment thicknesgter column data, and mean raw backscatter

intensity (4m grid resolution). Appendix B contains a summary of gs&e analyses,

including respective percentages of major size fractions (gravel, sand, and mud; sard

ratio, Folk (1954) classification, Wentworth92?2) classificationf or qual i fyi ng samp
sandsized particles)and wet and dry Munsell colors.

Table3 illustratesthe distribution of samples based onrft@epth intervals. All samples were
collectedat depths ranging from 20 to @®but were mosyl concentrated between 30 to180
No samples wereatlected at depths less than@0or greater than 9@, which genally

reflects the lack of unconsolidateabstrate at depths less thanr@20the aBence of depths
greater than 76n in state waters, and the scarcity of predominantly sandsrialzdt depths
greater than 76n in federal waters within the survey ar€anly two samples, MOO2and
M0027, collected a70 m depth were not predominantly (>50% by weight) miidotal of 9
locations (4 federah state) resulted in no sample retrieval. Video logddadtthese9 locations
confirmed the presence of rocky substrafBlse presence of rocky substrate could not be
confirmed at the location of sample site MO008 becanbgone unsuccessful attempt was made
due to rough seas and a review igfew logs forthis sitedid not contain enough evidence to
confirm the presence of a rocky substrate.

Table3. Summary of sample depth distribution.
Depth (m) Number of Samples

0-19.99 0
20-29.99 2
30-39.99 9
40-49.99 9
50-59.99 12
60-69.99 18
70-79.99 10
80-89.99 1
>90 0

Table 4 contains a summary of the distribution among samples based esizganalyses
using the Folk (1954) classification system modified to include rocky/bouldery (R) substrates as

11



well as unknown substrates. A substrate was classified as unknown in the event that a sample
was not recovered and when the corresponding video log could not confirm the presence of a
rocky substrate; only one location, MOOO8, was placed in this categmuyre 6 illustrates the
general correlation betweé&wlk (1954) class and backscatter intensity, where backscatter
intensity decreases with decreasing proportions of gravel and decreasitg-sartiratios. As

shown in Table 4, there was consideraierlap between classes due to high standard deviation
among individual classificationdHowever, the lowest standard deviations among the most clean
samples (e.g. all samples in M class contained >90% mud) suggests that the overall positive
relationshipbetween increasing grain size and higher intensity backso@tebe used as a basis
when using backscatter to infer gross scale sediment distribution.

Table4. Summary of sample distributidrased ommodified Folk (1954)and mean unfiltered
backscaer intensity values for samples within each class

Mean
Lo Folk  #of  Unfitered  Std.
D Class. Samples Back_sc?tter Dev.
Intensity~ (dB)
1 R 8 -15.86 2.54
2 G 0 - -
3 sG 3 -16.33 1.06
4 msG 5 -16.26 9.98
5 mG 2 -15.69 0.71
6 gS 6 -16.36 4.2
7 gmsS 5 -17.32 4.92
8 gM 0 - -
9 (s)S 2 -21.92 0.97
10 (s)mS 9 -17.73 2.65
11 (s)sM 4 -20.60 3.03
12 (s)M 0 - -
13 S 1 - -
14 mS 3 -23.57 2.45
15 sM 7 -34.32 1.67
16 M 5 -32.49 2.06

17 Unknown 1 - -
'"Mean raw backscatter intensity values were derived fro
raster grid in ArcMap created from 4m grid cell xyz data
exported from QINSy Process Manager.

12
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Figure 6.Folk (1954) classification (code ID) vs. mean unfiltered backscatter intensity for
sediment sampleshowing general relationship between grain size and backscatter intensity

Mean Unfiltered
Backscatter Intensity (dB)

*

Raw dataandcalculationsof major sizefractions usedor determining Folk (1954)
classificationsare located in Appendi&€. A total of46 samples contained greater than 20%
sandsized fraction by weightAs illustrated in Tabl&, the sanesized fraction of these samples
were most frequently composed of caasand or medium sand (graphic mean) and were
commonly moderately well or poorly sortedll results of the analyses ftirese samplegre
presented in table format in Appenddx Textural field descriptions typically classified the
coarse fraction of saplesassubangular to sutsounded Overall,3 samples were
predominantly (e.g. >50%) gravel7/ were mostly sand, arftd? mostly mud. Field and
laboratory picturegwet and dryf samples are provided in Appendix AppendixF contains
screengrabs from videos that best illustrate the nature of the sedfEarh sample site

Table5. Summary of graphic mean and sorting for saized portion of qualifying samples.

Graphic Mean Size # Of
Samples
V. Coarse Sand 2
Coarse Sand 14
Med. Sand 20
Fine Sand 8
V. Fine Sand 2
Sorting (graphic # of
std. dev.) Samples
V. Well Sorted 4
Well Sorted 3
Mod. Well Sorted 14
Mod. Sorted 5
Poorly Sorted 20
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Discussion

The distribution of sediment types was consistent with exigtiegpretations of seafloor
morphology within and adjacent to the focus area (e.g. Barnhardt et al., 199&ntoOR8lley,

et al., 1997a, b)The western portion of the survey area appetr be a nearshore ramp/relict
delta of the Kennebec River thatied about 10,000 to 12,000 years before present when sea
level was approximately 60 m below the present stdi:nearshore ramand
south/southeastern extenttbé paleodeltareevident in areas landward of thest prominent
60-m isobath where there is a pronounced increiastne slope(Figure7a) and coarsening
sediment compositioaf the seafloo(Figure7b). The northeastern most extent of the paleodelta
is generally coincident with the location where the western bank of the sidzhtingepscot

river valley meets the 6 isobath in Figur@. The current distribution of seafloor sediments
reflects the redistribution of those deltaic sediments during subsequent marine transdriession.
backscatter intensity map in Figufkillustrates the overall distribution of major sediment types,
where the darkest shades of gray generally represergrameed, muddy sediments (e.g. mostly
silt and clay), lighter shades represent progressively coarser material (e.g. sand and mglavel), a
the lightest shades (e.g. white) represent bare rock. Although these conventimesfidrier

gross interpretations of sediment composition/distribution, there are many variables that can
affect the backscatt@mtensityfor a given substrate (e.gedm angle incidence, slope, roughness,
water content, biota, variations within water column, etc.; Lurton and Lamarche, Fai5).
example, the striped appearance of the raw backscatter intensity Figpri 7bis a resulof
increased echo return stggh at the nadir (0° angle incidence of sonatigh backscatter values

at the at nadir decrease rapidly as incidence angle incigagesed, r esul ting i n O0s
are coincident with the direction of survey linesinfiltered data Thus, it s recommended that
refined interpretations be madsing filtered data.

Laterally extensive surficial deposits of predominantly sandy and/or gravelly material within the
survey area were restricted to the distal portions of the paleodelta and at depths less than 70 m.
The relatively high resolution {#) of the map shown iRigure 9reveals variationvithin the

coarse sedimentmdicating the presence of sand and gravel sheets, patches, ribbons, and large
scale bedforms (e.g. large ripples/small dunes) #&®® depth. Smaller scale bedforms were

also present in videos eélect samplsites (see Appendix F). Grasize data (MO03MO0034,

MO0047) indicate that moderately sorted, coarse to very coarse sandy gravel and gravelly sand is
concentrated at g¢hs between®40 m along the southeastern, distal portion of the paltnd

These data also suggest that the cleanest (e.g. lack-gfréimed/muddy sediment) sands and
gravels within the survey area were present in this vicinity and in the area immediately to the
north (see MOOOMO0003) at similar depthsAlong the soutbrn-most portion of the delta

relatively uniform backscatter values and grain size data (MOIBBE8) suggest that muddy,

sand and gravel may be common at depths betweé0 4@ Samples in this vicinity but

located slightly deeper depths (MOGB®041; 6370 m) indicate predominantly sandy material

is common but contains a considerable portion (e.gt538) of mud. Variations in backscatter

data and grahsize data at depths from-80 m suggest considerable variability may exist in
sediment compositiomithe area southeast of Seguin Islamtie reclassified, unfiltered

backscatter map in gire 10contains a more general illustration of sediment distributions

inferred from the map ifigure 9
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S trending O0stripes6 are artifact of unfilte

The seafloor seaward (easiutheast) of the paleodelta generally consists of a series of north
northeast t@outhsouthwestrending shelf valleys draped mud and bound by stespled

bedrock outcrops. The occurrence of sandy surficial deposits in areas seaward of the paleodelta
wereconcentrated alonipe westernmargins ofand in between isolatdsedrockoutcrops andto

shallow valleys within outcropst depths less than M These depositsere spatially

discontinuous, presumably thin, and commonly contained a considerable portion of mud (e.qg.
>20% silt and/or claysamples M0006, M0019, M0027, MO02®e Table R Backscatter and
sediment data in in the central portion of the suar@a (Figure 1) indicatethe presence of an
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approximately 4.5 kfzone containing slightly gravelly, muddy sands, punctuated- E
trending ridges of presumably coarssaiterial. The heterogeneity of sediment and orientation of
bathymetrideatures within this area are somewhat consistentguthind patternassociated

with grounded ice (e.qg. till, moraindselley et al., 1997a However, additional processing of
backscatter and bathymetry data, additional video, and a higher density of grab sanoplicg
benecessary to confirglacial deposition
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Figure 11.Unfiltered backscatter intensity and grab samples showing concentration of coarse
grained sediment ioentral portion of survey area and seaward of the paleodelta.

In federal survey waters, laterally extensive sand and/or gravel surficial material was limited to
the southerfimost distal portion of the paleodelta. Interpretations of backscatter tptdata
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and existinggeneralizedeafloor sediment magsiggest these deposits extend westward in
federal waters at similar depths (e.g. <7CHngure 12;Barnhardt et al., 1996 The seafloor
sedment map shown in Figure 12 was compitgdBarnhardt etla(1998)through

interpretations of sidecan sonar, seismic reflection, sediment samples, and vibracore data
collected throughout the region by many agencies for a variety of profgt®ugh quite
generalized, the high resolution backscatter detdies the precision with which smaller bodies
of sediment and rock were delineatedhis map

BOEM was most interested in sand defsoat depths < 30 m for this investigation. Although
thedata collected by MCMI sugget$tat these deposits are st@bsent inhe BOEM focus area

the deeper sampling and survey data allow the characterization of sedimgabgraphic

extent of the paleodelta in federal waters. In addition, the data collected by MCMI can serve as a
resource to refine existing skadr sediment and bathymetric maps of the regi©nce final

bathymetry and backscatter data pratd are generated, MCMI plans to perforrdepth spatial
assessments of potential sand deposits adgfieed depth intervals (e.g. 5 m, 10 m) in federal

water within the 2015 coverage area.

| | BOEM Focus Area
| ] 2015/2016 Focus Area
eafloor Sediment
Predominant Material

0 175 35 7 105 14
S o — [

Figure 12. Generalized seafloor sediment map Bammhardt et al. (199&howing interpreted extent of
sand (yellow) and gravel (green) deposits (Barnhardt et al., 1998) relative to BOEM focus area (outline in
black). The extent of backscatter data collected my MCMI can also be seen extending to the south.

19



Conclusions

During the2015survey seasotine Maine Coastal Mapping Initiative sampkHlocations, 43 in

state water and 18 in federal waténstheapproximately 80ni(207 km?) survey area Grain

size analyses of sediment sammembined with interpretations of badatter intensity and
bathymetic data are consistent with general interpretations of seafloor sediment distribution and
morphologyin the region(e.g. Barnhardt et al., 1998 aKdlley, et al., 1997) Within the survey

area laterally extensive surficial deposits of predominantly sandy and/or gravelly material were
restrictedto depths less than 7 and were most commonly associated with the Kennebec river
paleodelttnearshore rampSimilarly, backscatter and grab sampéalsuggest these deposits

were even more scarce within federal waters of the survey area.

In the coming month3$yICMI plans to utilize final data products forgh-resolutionbackscatter
andbathymetry to refine existing seafloor sediment maps andndietethe spatial extent of

sand deposits within federal water.h&h combined witlexistinggeophysical (e.g. seismic
reflection profilesand sidescan sondrdata, these data may also be usecgfineinterpretations

of coastal/nearshore geomorphology ireedimensional assessmeitispotential sediment
resourcesvalley fill in the region In addition, these data are a critical component of benthic
habitatclassification ananodeling performed by MCMlsee Ozmon, 2015)Overall, these data
haveavariety ofapplications andrean invaluable resource to public and private agencies who
wish to more effectively manage and understand coastal and marine resources.
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Appendix AT Sediment sampk metadata

Coordinates

Water Column Data®

Swmple oy Tme  Easing Noming  Dept® GRS sumy  TEM i Baccate
(cm) Intensity” (dB)
MO0001 5/4/15 8:13 442827 4846221 27 5.5 31.9 4.90 - -14.87
M0002 5/4/15 8:57 443173 4844385 40 31.0 3.89 - -15.94
MO003 5/6/15 7:48 443268 4842959 38 5 31.8 3.77 - -11.3
MO0004 5/6/15 8:57 443361 4841255 53 6.9 33.2 3.34 - -22.16
MO005 5/6/15 9:55 443687 4840086 51 N/A 32.9 3.49 - -16.49
MO006 5/6/15 10:35 443964 4837936 59 4 33.5 3.47 - -15.74
MO0O07 5/6/15 11:50 444049 4836769 73 14 32.3 3.34 - -21.67
MO0008 5/6/15 12:52 444441 4835489 70 N/A 33.3 3.59 - -22.51
MO009  6/15/15 10:33 447196 4840576 78 13 31.2 5.21 - -35.26
M0010 6/15/15 11:15 445767 4839921 73 12 31.1 4.22 - -33.56
MO0011  6/25/15 6:55 440837 4842739 25 4 29.8 9.19 - not surveyed
M0012  6/25/15 7:45 441574 4839567 48 8 30.4 6.95 - -17.01
MO0013  6/25/15 8:19 442318 4838543 58 N/A 30.3 6.36 - -15.18
M0014  6/25/15 8:42 440768 4837964 52 29.0 7.06 - -25.59
MO0015  6/25/15 9:14 440198 4835859 50 29.5 7.18 - -20.85
MO0016  6/25/15 9:43 440455 4834560 64 29.9 6.29 - -18.5
MO0017  7/22/15 8:18 444944 4832762 60 N/A 28.9 8.12 - -14.39
M0018  7/22/15 9:12 444814 4834214 80 12 31.2 7.09 - -29.99
M0019  7/22/15  10:05 444983 4835488 68 10 29.6 6.84 - -19.18
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M0020
M0021
M0022
M0023
M0024
M0025
M0026
M0027
M0028
M0029
MO0030

MO0031
MO0032
MO0033
MO0034
MO0035
MO036
MO0037
MO0038
MO0039
MO0040
MO0041
MO0042
MO0043

MO0044
M0045
MO0046
MO0047

7/22/15
7/22/15
7/22/15
7/22/15
7/29/15
7/29/15
7/29/15
7/29/15
7/29/15
7/29/15
7/29/15

8/13/15
8/13/15
8/13/15
8/13/15

8/13/15
8/19/15

8/19/15
8/19/15
8/19/15
8/19/15
8/19/15
9/10/15
9/10/15

9/10/15
9/10/15
9/10/15
9/16/15

10:39
11:38
11:57
12:23
7:55
8:50
9:12
9:50
10:24
11:.01
11:35
7:04
7:40
7:55
8:24
8:43
7:20
7:45
8:20
8:45
9:29
9:59
10:58
11:19

11:49
12:19
13:05
6:26

444640
443225
445014
445236
445158
445922
446293
446084
445218
443363
442325

440395
441334
441543
441702
441481
438265
438274
438158
439292
439615
439902
437700
440104
441491

442410
443247
440602

4840826
4841797
4842287
4842304
4832782
4833198
4833702
4834807
4835018
4834904
4834692

4839970
4841261
4841389
4841451
4841123
4832944
4833246
4833508
4833412
4833609
4834029
4833553
4835332
4836199

4836783
4837239
4839398

58
45
57
44
75
63
75
70
72
64
66

34
35
36
37
37
58
51
46.5
62
64
62
37
53
61

72
72
38

11

12

N/A

10
11

55

55
55

8.5

10
10
N/A
6.5

9.5

13
12

28.9
24.0
27.6
23.6
31.3
30.0
31.0
30.5
30.5
29.8
29.7
32.1
32.2
32.2
32.2
32.2
32.6
32.6
325
32.7
32.6
32.6
325
32.8

32.8
32.8
32.8
325

7.82
10.04
8.41
9.99
6.95
7.61
7.02
7.32
7.43
7.84
7.55
9.88
9.42
9.40
9.40
9.35
8.49
8.70
8.92
8.05
8.03
8.00
10.74
9.03

8.78
8.52
8.52
10.95

7.8
7.9
7.9
7.9
7.9
7.8
7.9
7.9
7.8
7.8
7.8
7.9
7.9

7.9
7.8
7.8
7.9

-20.49
-21.69
-17.84
-34.1
-18.48
-14.23
-15.19
-21.61
-24.39
-11.82
-16.19
-15.49
-17.53
-11.92
-12.82
-21.23
-11.7
-12.14
-12.06
-17.79
-17.59
-15.69
-14.37
-18.26

-24.27
-32.49
-31.13
-15.51
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M0048
M0049
MO0050
M0051
MO0052
M0053
M0054
MO055
MO0056
MO057
M0058
MO0059
MO0060
M0061

9/16/15
9/16/15
9/16/15
9/16/15
9/16/15
9/16/15
9/16/15
9/16/15
9/16/15
9/16/15
9/16/15
9/16/15
9/16/15
9/16/15

7:02
7:37
8:02
8:37
9:06
9:20
9:56
10:15
10:38
10:53
11:40
11:53
12:17
12:43

444455
445240
444918
446004
445297
446658
444795
442659
441829
442366
444473
446410
444332
447129

4838621
4839135
4839611
4839299
4840445
4841326
4841265
4840900
4840713
4841506
4841805
4842790
4843378
4844058

69
70
69
61
35
69
41
47
42
41
53
65
61
61

12
13
13

N/A
13
N/A

6.5
N/A
13
13
13

32.8
32.8
32.8
32.7
32.6
32.8
32.5
32.7
32.7
32.6
32.7
32.7
32.7
32.7

8.89
8.88
8.83
9.06
11.20
8.63
10.04
9.24
10.17
9.78
8.98
8.83
8.98
8.75

7.9
7.9
7.9
7.9
8.0
7.9
7.9
7.9
7.9
7.9
7.9
7.9
7.9
7.9

-33.37

-31.86

-32.02
-10.09
-19.88
-35.64
-19.41
-20.26
-22.6

-21.38
-12.96
-35.32
-33.28
-36.29

'Coordinates listed in WGS84 UTM zone 19N (meters)
“Depthmeasurements were recorded in real time and may differ from corrected multibeam bathymetry data by + 3

expected tidal range within the coverage area).

%Water column data represent values measured at the seafloor (e.g. depth of sample)s&afadsM000M0030 and
MO0031-M0061 were collected using the Digibar and Exol, respectively. Digibar was not capable of measuring pH.

“Mean Raw Backscatter Intensity Values derived from mean value for raster grid in ArcMap created from 4m grid
data exported from QINSy Process Manager. Subject to change if backscatter value is derived from a different gr

resolution.
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Appendix BT Grain-size analysis results and Munsell colors
Percent by Weight

Munsell Color

Salrlgple Gravel Sand Mud S:M (Egl5k4) Sﬁgﬁ%%i?h':(&%cztgn Dry Wet

MO0001 10.15 88.35 150 58.8 gS coarse sand, well sorted 10YR 3/3, dark brown 2.5Y 3/26;/(')\2?'( grayish

M0002 32.92 6154 554 11.12  sG coarse sand, well sorted  10YR ¥/ 4b' dark yellowish 2.5Y 3/2, v. dark grayish
rown brown

MO003 7129 2542 329 7.72 msG  med. sand, poorly sortec  1OYR3/ 4&‘3\‘;‘\;‘1‘ yellowish 2.5Y 3/ 26;’6V€ﬁrk grayish

MO004 663 6384 2053 216 . coarse sand, poorborted 10YR 7/2, light gray 2.5Y 3/ 26;’6\,‘;?" grayish

M0O005 - - - - R - - -

MO006 28.24 47.27 2449 193  gmS coarse sand, well sorted 10YR 7/2, light gray 10YR 3/ 26r\(/).v\§i:rk grayish

M0007 3.74 23.60 72.66 0.32 (s)sM med. sand, poorly sortec 2.5Y 6/2, light brownish gray 2.5Y 3/2E)¥6vc\i/?rk grayish

MO0008 - - - - Unkown - - -

MO009 0.00 2.88 97.12 0.03 M - 2.5Y 4/2, dark grayish brown ~ 10YR 3/ zér‘(’)'v\?r?rk grayish

MO010 0.00 5.28 94.72 0.06 M - 2.5Y 6/2, light brownish gray 2.5Y 4/2,dark grayish brown

M0011 0.00 91.71 8.29 11.06 S med. sand, poorly sortec 2.5Y 6/2, light brownish gray 5Y 3/2, dark olive gray

M0012 6.62 66.11 27.26 2.43 gmsS med. sand, poorly sortec 2.5Y 6/2, light brownish gray 5Y 3/2, dark olive gray

M0013 - - - - R - - -

M0014 000 6845 31.55 217  mS fine sand, mod- Well 5 5y 612, light brownish gray 5 3/2, dark olive gray

M0O015 0.00 89.65 10.35 8.66 mS coarse sand, poorly sorte 2.5Y 6/3, light yellowish brown 5Y 3/2, dark olive gray

M0016 4.13 4534 5054 090 (s)sM  med. sand, poorly sortec 2.5Y 6/2, light brownish gray 22" &/ 2;3;’6\,‘3?" grayish

M0O017 - - - - R - - -

M0018 000 381 9619 004 M : 2.5Y 7/2, light gray 2.5Y 3/2, v. dark grayish

brown
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MO0019
M0020

M0021
M0022

M0023

M0024

M0025
M0026

MO0027

M0028
M0029
MO0030

MO0031

MO0032

MO0033

MO0034

MO0035

MO0036
MO0037
MO0038
MO0039
MO0040

1.24
3.17

4.47
1.35

30.96

2.80

67.06
5.59

1.49
4.45

44.54
14.61

43.22

16.71

25.56

2.04

43.74

41.08
55.99
3.98
4.75

55.39
57.03

93.95
36.98

51.63

40.90

8.91
55.82

44.73
63.34
17.38
84.22

53.57

82.34

73.52

93.74

31.00

41.39
28.97
54.33
61.63

43.36
39.80

1.58
61.67

17.41

56.30

24.04
38.60

53.79

32.21

38.08
1.17

3.20

0.95

0.92

4.22

25.26

17.53
15.04
41.69
33.62

1.28
1.43

59.28
0.60

2.97

0.73

0.37
1.45

0.83
1.97
0.46
71.91

16.72

86.57

80.05

22.24

1.23

2.36
1.93
1.30
1.83

(s)ymsS fine sand, mod. sorted  2.5Y 6/2, light brownish gray
fine sand, mod. well ,
(s)mS sorted 2.5Y 7/2, light gray
gS coarse sand, poorly sorte 10YR5/2, grayish brown
(s)sM med. sand, poorly sortec 2.5Y 6/2, light brownish gray
med. sand, mod. well , .
msG sorted 2.5Y 6/2, light brownish gray
fine sand, mod. well . .
(s)ymS sorted 2.5Y 6/2, light brownish gray
R - -
mG - 2.5Y 6/2, light brownish gray
med. sand, mod. well . .
gmsS sorted 2.5Y 6/2, light brownish gray
(s)sM med. sand, poorly sortec 2.5Y 6/2, light brownish gray
(s)mS med. sand, mod. sorted 2.5Y 6/2, light brownish gray
mG - 2.5Y 6/2, light brownish gray
gS coarse sand;. well sorted 7.5YR 5/4 | brown
coarse sand, mod. well
sG sorted 7.5YR 5/4 | brown
coarse sand, mod. well
gS sorted 7.5YR 5/4 , brown
coarse sand, mod. well
gS sorted 7.5YR 5/4 , brown
gS med. sand, poorly sortec 10YR 6/2, light brownish gray
v. coarse sand, poorly
msG sorted 7.5YR 5/4 , brown
msG coarse sand, v. well sorte 7.5YR 5/4 , brown
msG coarse sand, v. well sorte 7.5YR 5/4 , brown
(s)ymS coarse sand, poorly sorte 10YR 6/1, grey
(s)ymS med. sand, mod. sorted 10YR 6/1, grey

2.5Y 4/2, dark grayish brown
2.5Y 4/2, dark grayish brown

2.5Y 4/4, olive brown
2.5Y 4/2, dark grayish brown

2.5Y 4/2, dark grayish brown

2.5Y 4/2, dark grayish brown

2.5Y 4/2, darlgrayish brown
2.5Y 4/2, dark grayish brown

2.5Y 4/2, dark grayish brown
2.5Y 4/2, dark grayish brown
2.5Y 4/2, dark grayish brown
10YR 4/2, dark grayish browr

10YR 4/2, dark grayish browr

10YR 4/2, dark grayish browr

10YR 4/2, dark grayish browr
5Y 3/2, dark olive gray

2.5Y 4/2, dark grayish brown

2.5Y 4/2, dark grayish brown
2.5Y 4/2, dark grayish brown
2.5Y 4/2, dark grayish brown
2.5Y 4/2, dark grayish brown
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M0041
M0042
M0043

MO0044
MO0045
MO0046

MO0047

MO0048
M0049
MO050
MO0051
MO0052
MO0053
MO0054
MOO055
MO056
MOO057
MO0058
MO0059

MO060

MO0061

3.07

1.87

0.00

0.00
0.00

49.10

0.00
0.00
0.00
16.90

0.00
4.50
2.50
8.30

0.00
0.00

0.00

54.42

81.47

68.65

7.69
8.18

49.90

27.70
18.00
26.80
65.80

27.10
82.60
90.80
85.40

13.80
16.10

24.80

42.51

16.66

31.35

92.31
91.82

1.00

72.30
82.00
73.20
17.30

72.90
12.90
6.70
6.30

86.20
83.90

75.20

1.28

4.89

2.19

0.08
0.09

49.90

0.38
0.22
0.37
3.80

0.37

6.40
13.55
13.56

0.16
0.19

0.33

(s)ymsS
R
(s)ymS

mS

M
M

sG

sM
sM
sM
amS
R
sM
R
(s)ymS
(s)S
gS
R
sM

sM

sM

coarse sand, mod. sorte 10YR 6/1, grey

med. sand, mod. sorted 10YR 6/2, light brownish gray

fine sand, mod. well
sorted 10YR 6/1, grey

- 10YR 6/2, light brownish gray
- 10YR 6/2, light brownish gray

v. coarse sand, mod. 10YR 8/3 to 4/1, v. pale browr
sorted to v. dark gray

med. sand, poorly sortec  2.5Y 6/2, light brownish gray
- 2.5Y 6/2, light brownish gray
- 2.5Y 5/2, grayish brown

med. sand, poorly sortec 2.5Y 5/2, grayish brown

2.5Y 5/2, grayish brown
2.5Y 5/2, grayish brown
2.5Y 5/2, grayish brown
2.5Y 5/2, grayish brown

- 2.5Y 5/2, grayish brown

med. sand, poorly sortec
fine sand, mod. sorted

fine sand, mod. sorted
fine sand, poorly sorted

- 2.5Y 6/2, light brownish gray

med. sand, poorly sortec  2.5Y 6/2, light brownish gray

2.5Y 4/2, dark grayish brown

2.5Y 4/2, dark grayish brown
2.5Y 4/2, dark grayish brown

2.5Y 4/4, olive brown
2.5Y 4/4, olive brown

10YR 4/6 to 3/6, dark
yellowish brown

2.5Y 3/3, dark olive brown

2.5Y 3/3, dark olive brown
2.5Y 3/2 v. dark grayish browi

2.5Y 3/3, dark olive brown

2.5Y 3/2 v. dark grayish browi
2.5Y 3/2 v. dark grayish browi
2.5Y 3/2 v. dark grayish browi
10YR 3/1, v. dark gray
10YR 3/3, dark brown
10YR 3/2, v. darlgrayish
brown

10YR 3/2, v. dark grayish
brown
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Appendix Ci Sieve analysis raw data

Weight (g) Percent (%) by Weight
Salrgple Container ?:r:rt]a?ilﬁe: V'\\l/gf[ SS Water CNogtelgEid Gravel Sand Mud Water Gravel Sand Mud S:M -E((?/E‘;‘I
MO0001 1.01 51.66 50.65 43.26 7.39 43.06 439 3822 0.65 1459 10.15 8835 1.50 58.80 100
MO0002 1.01 51.39 50.38 43.89 6.49 43.71 1445 27.01 243 1288 3292 6154 554 11.12 100
MO0003 1.00 51.22 50.22 4493 5.29 44.79 32.03 1142 1.48 1053 7129 2542 329 7.72 100
MO0004 1.03 51.06 50.03 42.26 7.77 42.05 2.80 26.98 1248 1553 6.63 63.84 29.53 2.16 100
MO0005 - - - - - - - - - - - - - - -
MO0006 1.03 51.81 50.78 4479 5.99 44.63 12.65 21.17 10.97 11.80 28.24 47.27 2449 193 100
MO0007 1.02 5143 50.41 4488 553 44.73 1.68 10.59 32.61 10.97 3.74 23.60 72.66 0.32 100
MO0008 - - - - - - - - - - - - - - -
MO0009 1.04 51.37 50.33 47.17 3.16 47.08 0.00 136 4581 6.28 0.00 288 97.12 0.03 100
MO0010 1.03 5148 50.45 4451 5.94 44.35 0.00 235 4216 11.77 0.00 528 9472 0.06 100
MO0011 1.01 5151 50.50 39.79 10.71 39.50 0.00 3649 330 2121 0.00 91.71 8.29 11.06 100
MO0012 1.02 51.34 50.32 39.25 11.07 38.95 2.60 25.95 10.70 22.00 6.62 66.11 27.26 2.43 100
MO0013 - - - - - - - - - - - - - - -
M0014 1.00 5199 50.99 37.91 13.08 37.56 0.00 25.95 11.96 25.65 0.00 6845 31.55 2.17 100
MO0015 1.01 51.72 50.71 39.91 10.80 39.62 0.00 3578 4.13 21.30 0.00 89.65 10.35 8.66 100
MO0016 1.01 5144  50.43 4482 561 44.67 185 20.32 22.65 11.12 4.13 45.34 50.54 090 100
MO0017 - - - - - - - - - - - - - - -
MO0018 1.03 5431 53.28 49.62 3.66 49.52 0.00 1.89 47.73 688 0.00 381 96.19 0.04 100
MO0019 1.03 58,58 57.55 47.39 10.16 47.12 0.59 26.25 20.55 17.65 1.24 55.39 43.36 1.28 100
MO0020 1.04 5750 56.46 44.82 11.64 4451 142 2556 17.84 20.62 3.17 57.03 39.80 1.43 100
M0021 1.02 56.07 55.05 42.28 12.77 41.94 1.89 39.72 0.67 23.20 4.47 9395 158 59.28 100
M0022 1.02 55.48 54.46 46.54 7.92 46.33 0.63 17.21 28.70 1454 135 36.98 61.67 0.60 100
MO0023 1.02 58.84 57.82 47.74 10.08 47.47 1478 2465 8.31 17.43 3096 51.63 17.41 2.97 100
M0024 1.02 56.28 55.26 47.12 8.14 46.90 1.32 19.27 26.53 14.73 2.80 40.90 56.30 0.73 100
MO0025 - - - - - - - - - - - - - - -
MO0026 1.00 59.87 58.87 54.00 4.87 53.87 36.21 481 1298 8127 67.06 891 24.04 0.37 100
MO0027 0.99 60.81 59.82 49.95 9.87 49.68 2.79 27.88 19.28 16.50 5.59 55.82 38.60 1.45 100
MO0028 1.00 5441 5341 43.71 9.70 43.45 0.65 19.55 23.51 18.16 1.49 44.73 53.79 0.83 100
MO0029 1.03 53.03 52.00 41.60 10.40 41.32 185 26.35 13.40 20.00 445 63.34 32.21 197 100
MO0030 1.00 56.76  55.76 49.84 5.92 49.68 22.20 8.66 1898 10.62 4454 17.38 38.08 0.46 100
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M0031 0.99 54.79  53.80 4525 8.55 45.02 6.61 38.11 0.53

M0032 1.04 56.77 5573 4745 828 4723 2051 2542 1.52
M0033  1.02 55.93 5491 4626 865  46.03  7.73 38.09 0.44
M0034  1.04 52.57 5153 4355 7.98  43.33  11.13 32.02 0.40
M0035  1.02 58.64 57.62 44.60 13.02 4425 091 41.81 1.88
M0036  1.01 53.57 5256 46.00 656 4582  20.12 14.26 11.62
M0037 1.06 49.03  47.97 41.02 695  40.83  16.85 16.98 7.19
M0038  1.02 56.29 5527 47.88 7.39  47.68  26.81 13.87 7.20
M0039  1.02 56.48 5546 46.99 847 4676  1.87 2553 19.59
M0040 1.0 57.53 5653 47.33 920  47.08 225 29.17 1591
M0041 1.01 53.98 52.97 4533 7.64 4512  1.39 24.67 19.27
M0042 - - - - : : - - -
M0043  1.01 67.47 6646 5510 11.36 5479  1.03 44.89 0.18
M0044 0.9 68.57 67.58 55.16 1242 5482  0.00 37.87 17.29
M0045  1.00 55.23 5423 4825 598  48.09 000 3.71 4454
M0046  1.01 52.34 51.33 41.06 10.27 4078  0.00 3.36 37.70
M0047 - - - - : : - - -
M0048 . - - : : - - - :
M0049 . - - : : - - - :
M0050 - - : - - - - - -
M0051 . - - : : - - - -
M0052 . - - : : - - - -
M0053 - - : - - - - - -
M0054 . - - : : - - - -
MO055 - - : - - - - - -
M0056 - - : - - - - - -
M0057 . - - : : - - - -
M0058 - - : - - - - - -
M0059 - - : - - - - - -
MO060 - - : - : - - - -
M0061 . - - - : : - - -

15.89
14.86
15.75
15.49
22.60
12.48
14.49
13.37
15.27
16.27
14.42

17.09
18.38
11.03
20.01
10.20
168.90
212.90
220.90
37.80

227.40

27.70
21.10
20.90

210.80
140.70
187.80

14.61
43.22
16.71
25.56
2.04
43.74
41.08
55.99
3.98
4.75
3.07

1.87
0.00
0.00
0.00
49.10
0.00
0.00
0.00
16.90

0.00

4.50
2.50
8.30

0.00
0.00
0.00

84.22
53.57
82.34
73.52
93.74
31.00
41.39
28.97
54.33
61.63
54.42

81.47
68.65
7.69
8.18
49.90
27.70
18.00
26.80
65.80

27.10

82.60
90.80
85.40

13.80
16.10
24.80

1.17
3.20
0.95
0.92
4.22
25.26
17.53
15.04
41.69
33.62
42.51

16.66
31.35
92.31
91.82
1.00
72.30
82.00
73.20
17.30

72.90

12.90
6.70
6.30

86.20
83.90
75.20

71.91
16.72
86.57
80.05
22.24
1.23
2.36
1.93
1.30
1.83
1.28

4.89
2.19
0.08
0.09
49.90
0.38
0.22
0.37
3.80

0.37

6.40
13.55
13.56

0.16
0.19
0.33

100
100
100
100
100
100
100
100
100
100
100

100
100
100
100
100
100
100
100
100

100

100
100
100

100
100
100

Note: Raw data (weights) for samples MOBMID0O61 not received by MDOT sediment laboratory.
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Appendix DT Grain-size statistics for coarse fraction of qualifying samples

Folk-Ward Statistical Parameters

|

Method of Moments Parameters

Graphic Incl. Graph Std. Incl. Graph Graphic Normalized Mean . Std. .
Salrlgple Mepan De\F;. Skewnepss Kurt%sis Kurtosis X Variance  Skewness Dev Kurtosis
0.9700 0.4067 0.1465 0.7883 0.4408 1.1495 0.3305 2.0064 0.5749 11.4010
MO0001 : .
coarse sand well sorted fine platykurtic
MO0002 0.4358 0.4173 0.6090 0.6600 0.3976 0.6761 0.5051 2.8440 0.7107 12.8358
coarse sand well sorted strongly fine very
MO0003 1.5155 1.3656 0.6515 1.0397 0.5097 1.3891 1.6591 1.0691 1.2881 2.4346
med.sand poorly sorted strongly fine mesokurtic
M0004 0.7066 1.5924 0.1020 0.5091 0.3373 0.8432 2.6022 0.1174 1.6131 1.4935
coase sand  poorly sorted fine very
MO005 - - - - - - - - - -
MO0006 0.6121 0.4522 0.2604 1.5624 0.6097 0.8660 0.4635 2.5014 0.6808 10.1868
coase sand well sorted fine very
M0007 1.5922 1.2362 -0.2172 1.7584 0.6375 1.7421 1.3000 -0.5582 1.1482 3.4247
med.sand poorly sorted coarse very
MO0008 - - - - - - - - - -
M0009 1.2016 1.4941 0.4409 0.6827 0.4057 1.5284 2.0887 0.2988 1.4452 1.6036
med.sand poorly sorted strongly fine platykurtic
1.7436 0.9821 0.7030 1.3576 0.5758 1.7839 0.9549 0.9554 0.9772 2.6538
M0010 : ,
med.sand mod. sorted strongly fine leptokurtic
MOO11 1.4522 1.6974 -0.7253 0.4888 0.3283 1.7005 3.0934 -0.7789 1.7588 1.7986
med.sand poorly sorted strongly coarse very
M0012 1.7009 1.5901 -0.5668 2.1063 0.6781 2.0597 2.2425 -1.2095 1.4975 3.0551
med.sand poorly sorted strongly coarse very
M0013 - - - - - - - - - -
M0014 2.7053 0.5543 0.0340 1.4185 0.5865 2.7742 0.3374 -0.8775 0.5809 5.4180
fine sand mod. well sorted near symmetrical leptokurtic
MO0O15 0.8900 1.4364 -0.5209 0.5006 0.3336 0.8581 2.4734  -0.2256 1.5727 1.2527
coase sand poorly sorted strongly coarse very
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MOO16 1.5389 1.3699 -0.0062 0.8559 0.4612 15774 1.8625 -0.3059 1.3647 2.1010
med.sand poorly sorted near symmetrical  platykurtic
MO0017 - - - - - - - - - -
M0018 - - - - - - - - - -
MO0019 2.0536 0.7617 0.0742 1.6895 0.6282 2.1401 0.6406 -0.3094 0.8189 4.6854
fine sand mod. sorted  near symmetrical very
2.2622 0.6948 -0.1698 2.3468 0.7012 2.3120 0.5649 -1.3060 0.7516 5.6856
M0020 ,
fine sand mod. well sorted coarse skewed very
MO0021 0.9358 1.1092 -0.5001 2.0675 0.6740 1.1966 1.1198 -1.1498 1.0582 3.2771
coase sand  poorly sorted strongly coarse very
M0022 1.1692 1.6065 -0.4930 0.4934 0.3304 1.2775 2.6298 -0.4222 1.6217 1.5866
med.sand poorly sorted strongly coarse very
MO0023 1.7749 0.6239 0.0471 1.7243 0.6329 1.8695 0.4680 -0.3845 0.6841 5.0048
med.sand  mod. well sorted near symmetrical very
2.0902 0.6681 0.1081 1.3736 0.5787 2.1775 0.5014 -0.3839 0.7081 4.4653
M0024 _ . .
fine sand mod. well sorted fine leptokurtic
M0025 - - - - - - - - - -
M0026 - - - - - - - - - -
1.9615 0.6655 0.0018 1.2302 0.5516 2.0181 0.5858 -1.0134 0.7654 5.6670
MO0027 . ,
med.sand  mod. well sorted near symmetrical leptokurtic
MO0028 1.1858 1.6010 -0.5341 0.4777 0.3233 1.2558 2.8117 -0.3523 1.6768 1.4387
med.sand poorly sorted strongly coarse very
MO0029 1.3342 0.9437 -0.3661 1.5489 0.6077 1.3412 1.0979 -1.0404 1.0478 3.6138
med.sand  mod. well sorted strongly coarse very
M0030 - - - - - - - - - -
MO0031 0.2375 0.2199 0.4015 1.2040 0.5463 0.4233 0.1693 4.6420 0.4115 30.8257
coase sand very well sorted strongly fine leptokurtic
MO0032 0.7056 0.5104 -0.0277 0.9502 0.4872 0.8596 0.2844 0.8337 0.5333 5.1907
coase sand mod. well sorted near symmetrical mesokurtic
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MO0033 0.7345 0.5568 0.0430 0.9838 0.4959 0.8840 0.3311 0.9363 0.5754 5.2469
coase sand mod. well sorted near symmetrical mesokurtic

MO0034 0.7586 0.6268 0.0791 0.7436 0.4265 0.8867 0.4101 0.4985 0.6404 2.5758
coase sand mod. well sorted near symmetrical  platykurtic

MO0035 1.1062 1.5021 -0.5809 2.2482 0.6921 15883 1.7937 -1.1202 1.3393 2.9376
med.sand poorly sorted strongly coarse very

MO0036 -0.1005 1.0447 -0.0240 1.1008 0.5240 0.2281 1.2641 1.0488 1.1243 4.0334
V. coarse poorly sorted near symmetrical mesokurtic

MO0037 0.3461 0.3360 0.5460 1.0635 0.5154 0.5297 0.2413 3.3279 0.4912 18.2525
coase sand very well sorted strongly fine mesokurtic

MO0038 0.3565 0.2284 0.1196 2.1140 0.6789 0.5659 0.2119 4.3977 0.4604 27.5168
coase sand very well sorted fine very

MO0039 0.9366 1.0397 0.1524 2.4145 0.7071 0.9903 1.1644 0.2226 1.0791 3.4963
coase sand  poorly sorted fine very
1.5184 0.8698 0.6026 0.8205 0.4507 1.6380 0.7863 0.7693 0.8867 2.6077

M0040 : .
med.sand mod. sorted strongly fine platykurtic

MO0041 0.9561 0.7794 0.5860 2.1454 0.6821 1.1153 0.7108 1.6026 0.8431 4.7400
coarse sand mod. sorted strongly fine very

M0042 - - - - - - - - - -
1.9727 0.7247 -0.1569 1.5993 0.6153 2.0370 0.5651 -0.9673 0.7517 4.5036

M0043
med.sand mod. sorted coarse very

M0044 2.2359 0.5217 0.0096 1.4445 0.5909 2.3398 0.3112 -0.3672 0.5570 4.5096
fine sand mod. well sorted near symmetrical leptokurtic
3.2023 0.5409 -0.1824 1.1330 0.5312 3.2827 0.3215 -1.2062 0.5670 4.8480

M0045 . ,
v. fine sand mod. well sorted coarse leptokurtic

MO0046 3.4998 0.2863 0.0330 0.8705 0.4654 3.5660 0.3576  -6.1212 0.5980 47.2743
v. fine sand very well sorted near symmetrical platykurtic

MO0047 -0.5180 0.7119 0.7404 1.1604 - - - 1.1185 1.0558 3.9607
V. coarse mod. sorted strongly fine leptokurtic

MO0048 1.7915444 1.1282 0.1582 0.6446 - 1.7916 - 0.2202 1.0643 1.3623
med.sand poorly sorted fine platykurtic

M0049 - - - - - - - - - -
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1.3319 1.3676 0.1595 0.8110 1.3342 0.1615 1.2604 1.7687
MO0050 . .

med.sand poorly sorted fine platykurtic

1.4672 1.2744 -0.2597 1.0146 1.4315 -0.7328 1.2824 2.8918
M0051 .

med.sand poorly sorted coarse mesokurtic
M0052 - - - - - - - -

1.1370 1.5385 0.1160 0.6764 1.1264 0.0669 1.4796 1.6942
MO0053 . .

med.sand poorly sorted fine platykurtic
M0054 - - - - - - - -

2.3437 0.8887 -0.1911 2.1510 2.2140 -2.1569 0.9934 8.7009
MO0055 ,

fine sand mod. sorted coarse very

2.2792 0.8969 -0.1572 1.2957 2.1996 -1.3969 0.9200 5.8980
MO0056 , i

fine sand mod. sorted coarse leptokurtic

2.3748 1.1281 -0.3079 1.3624 2.2161 -1.6385 1.1862 5.4981
MO0057 _ .

fine sand poorly sorted strongly coarse leptokurtic
M0058 - - - - - - - -
MO0059 - - - - - - - -
M0060 - - - - - - - -

1.7160 1.3194 -0.0128 0.7337 1.6627 -0.1131 1.2601 1.6453
M0061 . .

med.sand poorly sorted near symmetrical  platykurtic
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Appendix ET Field and laboratory pictures of sediment samples

Note: diametes of round(samples MO00M0046)and squarésamples M004-M0061) sediment tray are
approximately 1@mand15cm, respectively
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Sample ID: M0025
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Sample ID: M0026
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Sample ID: M0029

Field Picture
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