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EXECUTIVE SUMMARY

The Galveston Bay Foundation (GBF) is working with a group of stakeholders to develop several bird
rookery islands in the Dickinson Bay area. Three sites were proposed by the stakeholders based upon
investigations and site reconnaissance prior to the initiation of this project. Two of the sites were located
at the mouth of Dickinson Bay where it connects with Galveston Bay, and the third was within Moses
Lake, just to the south. Survey, benthic, and geotechnical investigations were performed to describe the
existing conditions at each site. Based on these investigations, Site 3 within Moses Lake was removed
from consideration due to the presence of oyster habitat within the project and adjacent areas.

The initial alternatives analysis scope was to create conceptual designs for several islands that would
support shore nesting bird habitat for target bird species, which include Black Skimmers, Least Terns,
and the American Oystercatcher. The islands would be relatively low in elevation, consist of sand, small
stone and/or shell for nesting habitat, and be approximately 2 acres in size. During a meeting with GBF
and the U.S. Fish and Wildlife Service (USFWS), the scope for the alternatives analysis was amended to
develop a conceptual design for one shore bird nesting island and for one upland bird nesting island that
would both be approximately 4 acres in size. In addition, target habitat (elevation) areas for the island
were provided.

Design criteria for the islands were established for the project sites and consisted of wind, wave, tide,
and storm conditions. This information was then utilized to perform stone stability analyses and
development of riprap gradations for shoreline protection against 10 and 25-year storm events.
Additional geotechnical investigations and analyses were performed to describe the bay soils at the
island sites, as well as to develop settlement estimates. Also, shore nesting bird behaviors and habitat
requirements were researched and used to guide project design.

The initial shore bird nesting island consisted of a long, narrow, bayward facing beach, with several
offshore breakwaters and reef sections between them. The purpose of this layout was to have an open
beach area that would receive some wave energy along the shore throughout the year. The wave
energy and associated movement of sand along the shoreline would create a dynamic area and inhibit
vegetation growth. During the design review meeting, orientation of the island was reversed such that
the beach area faced landward with a protective breakwater along the bayward shoreline. Two shallow
reef areas were included immediately offshore of the beach to provide additional shoreline protection for
the beach along with reef and oyster habitat. It was noted at the meeting that this orientation may
require additional vegetation control, particularly along the shoreline.

The upland nesting island was developed to provide habitat for upland and tree nesters, along with
some area that could be utilized by ground/shore nesting birds. The island will be oriented along a NW-
SE direction and parallel to the existing channel. The narrow shape with an opening at the NW end of
the island is similar to an existing island at the northern end of Dickinson Bay. This orientation provides
protection against waves from Galveston Bay as well as the Dickinson Ship channel. The opening of the
island and beach area will be oriented towards a short fetch that would allow for small wave heights at
the shore. There is a proposed submerged reef on the bayward side of the island opening to help break
up wave energy into the beach as well as provide oyster habitat.
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Due to the large amount of stone utilized in the proposed breakwater sections, an alternative shoreline
protection layout using a revetment was developed. The revetment would require the same stone
gradation as the breakwaters, but due to the thinner section, would result in a reduced quantity of stone.
It should be noted that the proposed construction sequencing for the initial layout with breakwaters
would have created a confined area for sand placement. To construct the island with a revetment
shoreline protection system, open water placement of the sand/base material would be performed first,
and then a revetment would be constructed along the shoreline. The revetment would also need to have
a return section at the end of the islands in the shore nesting layout and at the opening section of the
upland island.

A conceptual level opinion of probable construction cost was developed for each of the alternatives and
the results are provided in the table below.

Table E1 — Summary of conceptual level opinion of construction costs

Alternative Subtotal Contingency (20%) Total
Shore Bird Nesting Island $5,288,100 $1,057,620 $6,345,720
Shore Bird Nesting Island (revised) $4,743,100 $948,620 $5,691,720
Shore Bird Nesting Island (revised-revetment) $4,110,000 $822,000 $4,932,000
Upland Nesting Island $6,365,000 $1,273,000 $7,638,000
Upland Nesting Island (revetment) $4,992,500 $998,500 $5,991,000

Based on the design analyses and review meeting, the following recommendations are provided:

e Utilize the revised shore bird nesting island alternative to provide habitat areas with a reduced
amount of stone.

e Coordinate with regulatory agencies regarding placement of sediment at the project site, which is
adjacent to oyster reef communities. Utilizing the revetment alternative shoreline protection
option will require open water placement of sand/base sediment.

e Prepare and submit permit applications for both of the proposed 4 acre bird islands. The
application should also contain both shoreline protection options. Projects should be scalable for
reduced funding levels.

e Prepare preliminary plans and specifications for the proposed bird island projects. Include both
shoreline protection options. The permit and preliminary plans will provide important information
when seeking funding for construction from sources such as the RESTORE Act funds, National
Resource Damage Assessment, and National Fish and Wildlife Federation.

e Continue to explore beneficial use options for sand/base material within the islands. However,
sediment from these sites would need to undergo grain size and contaminants testing.

e Consider the sites, particularly the shore bird nesting island, as receiver sites for oyster shell
recycling programs in the Galveston Bay area. The shell provides good nesting habitat and can
also help to reduce erosion along the open shorelines of the islands.
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1 INTRODUCTION

1.1 Authorization

This document was prepared under contract with the Galveston Bay Foundation (GBF) as part of Phase
2 of the overall project and was issued on July 30, 2013 by Mr. Philip Smith.

1.2 Overview and Purpose

GBF is working with several stakeholders to create bird rookery island(s) in the Dickinson Bay area
(Figure 1.1). Several sites were proposed prior to project initiation by stakeholders based upon previous
investigations and site reconnaissance prior to the initiation of this project. These sites were located
north (Site 1) and south (Site 2) of the existing channel and the third location (Site 3) was in Moses
Lake, just to the south of Dickinson Bay (Figure 1.2).

i

DICKINSON
BAY

_ Existing Channel

>

“

GALVESTON
BAY

MOSES
LAKE

Figure 1.1 - Vicinity map
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Figure 1.2 - Location map of proposed bird island locations

The initial focus of the project was to develop an island that would target nesting habitat for shore birds.
This habitat typically occurs at low elevations with un-vegetated (or sparsely vegetated) areas consisting
mostly of sand/shell/small stone material. The proposed island, or islands, would be 2 to 3 acres in size.
Several alternatives were to be developed for shore nesting birds. However, during a meeting with GBF
and U.S. Fish & Wildlife Service (USFWS) on January 9, 2014, the scope was adjusted to develop two
conceptual designs, one for shore nesting birds and one for upland nesters.
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2 EXISTING CONDITIONS

This section summarizes survey, benthic, and initial geotechnical investigations performed under
Phase 1 and detailed in a Data Collection Memorandum (HDR, 2013). Additional geotechnical
investigations were performed as part of the current Phase 2 scope of work, along with data gathering of
meteorological and oceanographic conditions at proposed Sites 1 and 2.

2.1 Bathymetry and Magnetometer Surveys

Bathymetric and magnetometer surveys were conducted by Naismith Marine Services from May 7-9,
2013. Survey transects at Sites 1 and 2 (Dickinson Bay) were spaced every 100 ft with two additional
transects running perpendicular to the main survey lines. Site 1 has an average depth of -4.5 ft NAVD®
and Site 2 is slightly shallower at -4.0 ft (Figure 2.1). The survey within Dickinson Bay also included
several transects that extended across the Dickinson Bay Channel adjacent to the sites in order to help
define access conditions.

DICKINSON
BAY

0 150 300 600

S e — . .

Figure 2.1 - Bathymetry for Sites 1 and 2

At Site 3 within Moses Lake, survey transects were taken every 100 ft both north-south and east-west,
with the east-west transects extending to the east of the proposed site (in Figure 2.2.) Depths within
Site 3 were approximately -5.0 ft, with one shallow area towards the northern end of the site that was
-2.75 ft at its shallowest. The area east of Site 3 was similar in average water depth but contained

! All elevations will reference NAVD 1988 unless otherwise noted.
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several additional shallow areas, most notably one location on the far eastern end of the survey area
that ranged between -1.0 and -2.0 ft. These shallow areas match the location of previous dredge spoil
sites/islands.

19--10
29--20
39--30

49--40

$59--50
69-60
79--70
89--80
99--90
-105--100

Figure 2.2 - Bathymetry for Site 3

A magnetometer survey was performed within the Moses Lake survey areas along the transects shown
above. No pipelines were identified; however, several anomalies were identified. These anomalies are
likely debris rather than utilities or infrastructure. No magnetometer survey was performed in the vicinity
of Sites 1 and 2 due to the survey contractor having previously performed location surveys for recently
placed pipelines in the area (see Figure 1.2).

The transects that were developed for the survey investigations were also utilized as the basis for the
benthic and geotechnical investigations in order to provide consistent data sets.

2.2 Benthic Characterizations

Benchmark Ecological Services, Inc. (BESI) performed an investigation to assess bay bottom and
benthic conditions at the three proposed sites and the additional area within Moses Lake (HDR 2013).
The surveys were performed May 21-22, 2013 with a follow up site visit on May 31, 2013. BESI
conducted four varieties of survey at each site, which included:
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o Tactile Assessment — Utilizes a metal chain connected to the survey vessel and pulled over the
bay bottom. Differences in vibrations within the chain as it passed over oyster reef, shell beds,
oyster clusters, or sand/mud bottom were noted by onboard scientist.

e Manual Probing — Probe with 3 in. diameter plate was utilized to determine substrate type in
areas where the tactile assessment indicated potential oyster reef.

e Sediment Grab Sampling — Bay bottom surface grab samples were obtained using a pole
mounted Ekman grab sampler. Utilized to assess sediment characteristics and presence of
seagrass beds within study area.

e Opyster Dredge Sampling — Oyster dredge sampling utilized in potential oyster reef areas.
Samples were inspected for live oysters and photographed.

Based on the above series of surveys, Sites 1 and 2 contain no seagrass or oyster reefs/shell pads.
Site 3 had no seagrass; however, there were areas of oyster reef, shell pads, as well as scattered shell
within Site 3 and the additional area to the east (Figure 2.3). Oyster dredge surveys within Moses Lake
found live oysters. The habitat boundaries shown in Figure 2.3 and within the attached report are based
on the available data from the surveys performed, and additional field surveys would be required to
better define the habitat limits.

pm=== Proposed
Laaai Sites

-19--10
29--20
39--30
49--40
$9--50
©€9-60
719--70
89--80
99--90

. -105--100

- Oyster Reef

Oyster Reef
and Shell
Pad

Scattered
Shell and
Oyster

Clusters

Figure 2.3 - Habitat types for Site 3

Based on discussions with GBF and stakeholders following Phase 1 investigations, it was determined
that the presence of oyster habitat within Moses Lake and the investigation areas would significantly limit
the ability to develop bird island rookery islands due to potential impacts to the habitat. Therefore, Site 3
was removed for further consideration during Phase 2 investigations and the subsequent Alternatives
Analysis.
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2.3 Geotechnical Investigations
Phase 1 Investigation

Rock Engineering and Testing Laboratory, Inc. (RETL) performed a preliminary investigation of soil
strengths of the bay bottom at the three proposed sites and the additional area within Moses Lake (see
Appendix C of Data Collection Memorandum, HDR, 2013). The field measurements were performed
May 21-22, 2013 and consisted of performing a series of static cone penetrometer tests and vane shear
testing. Locations of the geotechnical investigations at the three sites are shown in Figures 2.4 and 2.5.

The results of the instrument measurements were used to develop shear strengths for the soils at 1 ft
increments for each of the investigation sites (results are provided in tabular form in Appendix A). These
shear strengths assume that the soils were cohesive sediments. As a general rule, firmer areas with
less expected settlement from island creation are the locations with higher shear strengths. However,
only limited expectations for settlement were provided due to no information on soil types and
classifications. Therefore, additional geotechnical investigations were proposed as described below.
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Figure 2.4 - Geotechnical locations for Sites 1 & 2
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Figure 2.5 - Geotechnical locations for Site 3

Phase 2 Investigation

RETL performed supplemental subsurface examinations at Sites 1 and 2 on August 19, 2013, which
included additional static cone penetrometer tests, vane shear testing, and obtaining soil samples from
borings utilizing a hand auger. Locations for the testing/sampling are shown in Figure 2.6. The soll
samples collected as part of the borings were analyzed in the laboratory and consisted of visual
classification of the soils, water content tests, Atterberg limits tests, and particle size analyses that
included the percentage of material finer than the #200 sieve. The laboratory test results are provided
within the boring logs that are associated with the supplemental RETL report in Appendix A. Resulting
shear strength values are also provided in the same report. The investigations and analyses show that
the in-situ soils are typically soft lean/fat clay and clayey sand. The #200 sieve analyses showed that
approximately 48 to 69 percent of the material consisted of silt and clay size particles.

Considering the soil properties and the proposed island construction, settlement estimates were
prepared. Immediate elastic foundation soil settlements are expected to be on the order of 6 to 18
inches, with higher values expected for crushed limestone or concrete base. Long-term consolidation
settlements of 6 to 16 inches can be expected with most of the consolidation occurring within 7 years
from project construction.
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DB-30 DB-31
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Figure 2.6 - Additional geotechnical locations for Sites 1 & 2

2.4 Water Levels
Tides

The water level in Dickinson Bay is primarily controlled by the astronomical tide, but also varies due to
large scale weather events such as winter cold fronts and tropical systems (i.e. tropical storms and
hurricanes). Tidal datums were obtained from the TCOON website for the Eagle Point station, which is
the closest monitoring station to the project site (Figure 2.7) and are shown in Table 2.1.

Project No. 209586 I_)?
8



Figure 2.7 — Eagle Point station

Table 2.1 - Tidal datums at the Eagle Point TCOON station

Mean Higher High Water (MHHW) 0.73
Mean High Water (MHW) 0.70
Mean Tide Level (MTL) 0.19
Mean Sea Level (MSL) 0.24
Mean Low Water (MLW) -0.33
Mean Lower Low Water (MLLW) -0.37
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Available water level data at the Eagle Point TCOON station were gathered for the time period from April
1993 through July 2013. Figure 2.8 shows the gathered water level data as percent of time exceeded.
The figure shows that an elevation of +2.4 ft is exceeded approximately 1% of the time and an elevation
of +1.6 ft is exceeded approximately 10% of the time. Also, +2.19 ft (+2.0 MTL, requested by NOAA) is
exceeded approximately 2% of the time.

120

100

80

60

40

. "

Water Level, ft

% Frequency Exceeded

Figure 2.8 - Water level frequency exceeded at Eagle Point TCOON station

Further examination of the water level data found that 21 separate instances during the available data
record exceeded a water level of +3 ft, of which 9 were produced by tropical cyclones. The elevation
+3.5 ft was exceeded by 9 instances, of which 7 were tropical cyclones and +4 ft was exceeded by 4
events, of which 3 were tropical cyclones. Within the data set is a storm in October 2006 that had tides
and waves similar to a tropical storm, but it was not a named storm.

It is also important to consider flood and surge values when evaluating water levels in the region.
Extreme water level values associated with tropical storms and hurricanes are estimated by FEMA
(2002). The gathered values are plotted in Figure 2.9 and shown in Table 2.2 as a function of return
period. Water levels associated with a less than 10-year return interval are typically non-tropical events
and a review of the recorded data provided above shows that these elevations are between 3.0 and
3.5 1t
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Figure 2.9 - Extreme water levels at Dickinson Bay (FEMA, 2002)

Table 2.2 - Extreme water levels (FEMA, 2002)
Return Period Water Level
(yrs) (ft NAVD)
10 4.89
50 8.99
100 10.59
500 13.59

2.5 Wind Climate

Historical wind data at the Eagle Point TCOON station was gathered for the time period available from
October 1995 though July 2013. Figure 2.10 shows the gathered data in a wind rose which provides a
graphical illustration of the wind trends in the region. The figure shows the wind primarily blows from the
southeast, but there are also periods of high wind speeds from the north and northeast. The northerly
wind directions typically occur during winter cold fronts and should be noted as they can attribute to low
water levels in Dickinson Bay as they blow the water out into Galveston Bay and the Gulf of Mexico.
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The magnitude of the wind speed over the course of measured data was also evaluated. Figure 2.11
shows a frequency of exceedance plot of the wind speed measured at the TCOON Eagle Point station.
The figure shows that a wind speed of 11 mph is exceeded 50 percent of the time since the station
began recording data and the wind speed only exceeded 30 mph 0.3 percent of the time.

Extreme wind speeds for the project location with respect to given return periods were obtained from
ASCE (2005). The extreme winds are provided as 3-second gust values which were converted to a 2-
minute average and a 20-minute average wind speed. These values are plotted against the return period
in Figure 2.12 and are shown in Table 2.3.
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Figure 2.10 - Wind rose from TCOON station at Eagle Point (1995-2013)
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Figure 2.11 - Wind speed frequency exceeded at the TCOON Eagle Point Station
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Figure 2.12 - Extreme winds speeds (ASCE, 2005)
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Table 2.3 - Extreme wind speeds (ASCE, 2005)
Return Period 3-sec wind speed 2-min wind speed 20-min wind speed
(yrs) (mph) (mph) (mph)
100 139.1 107.7 94.3
50 130.0 100.6 88.1
25 114.4 88.6 77.6
10 96.2 74.5 65.2
5 85.8 66.5 58.2

2.6  Wave Climate

Because wave data was not readily available inside Dickinson Bay, the numerical model MIKE21
Spectral Wave (MIKE 21 SW) was used to investigate the wave conditions. The model development and
results are discussed in the following section.

Model Description

The MIKE 21 SW model was used to develop wave conditions nearshore of the project area. MIKE 21
SW, developed by the Danish Hydraulic Institute (DHI), is a software developed for the creation of
spectral wind-wave models based on a flexible (unstructured) mesh. Models created with MIKE 21 SW
can simulate wave growth, decay, and transformation of wind-generated waves and swell in offshore
and coastal areas (DHI, 2008). MIKE 21 SW was applied to analyze wave generation, propagation, and
transformation within Galveston Bay, Dickinson Bay, and Moses Bayou.

Model Domain

The numerical model included Dickinson Bay, Moses Bayou, and Galveston Bay. The flexible mesh
contained 131,035 elements ranging in size from approximately 27 ft* to 7,530,000 ft>. Figure 2.13 and
Figure 2.14 show the model domain and an enlarged view of the domain in the area of the proposed
islands, respectively. The proposed project locations are labeled numerically in Figure 2.14 for
reference in the model results.
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Figure 2.14 - MIKE 21 model domain (enlarged)

Boundary Conditions

Wave heights were modeled for the 10 and 25 year storms by varying the water level and wind
conditions in the model. Table 2.4 and Table 2.5 summarize the model parameters for the 10 year and
25 year storm cases, respectively. Water level was varied from MLLW to the extreme water level
predicted by FEMA (2002) for the modeled return period. Wind speed was held constant at the extreme
wind speed predicted by ASCE (2005) for the modeled return period. The wind direction was varied
from 0 to 345 degrees in 15 degree increments.
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Table 2.4 - Model input parameters for 10 year storm

Parameter Minimum Maximum Interval
Water Level, ft NAVD -0.37 +4.89 0.5
Wind Speed, mph 65.2 65.2 -
Wind Direction 0° 345° 15°
Table 2.5 - Model input parameters for 25 year storm
Parameter Minimum Maximum Interval
Water Level, ft NAVD -0.37 +6.60 0.5
Wind Speed, mph 77.6 77.6 -
Wind Direction 0° 345° 15°

2.7 Hurricane Summary

Hurricanes and tropical storms pose one of the most significant threats for extreme conditions in
Dickinson Bay. The area has seen a number of storms pass nearby, each time causing significant water
levels, storm surge, wind speeds, and waves. To provide a comparison to predicted water level and
extreme winds, several recent tropical storms and data collected at the nearby Eagle Point station were
reviewed. Figure 2.15 shows the tracks of the storms investigated in this section. The figure shows that
Hurricane Ike passed directly through the center of Galveston Bay, placing the eye wall of the storm
near the Dickinson Bay project site. The other storms made landfall at varying distances up to 100 miles
away from Dickinson Bay.

== Hurricane Rita (2005)

Tropical Storm Allison (2001)
== Hurricane Claudette (2003)

== Hurricane lke (2008)

Figure 2.15 - Tracks of investigated hurricanes and tropical storms
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Figures 2.16 through 2.19 show the wind speed and water levels measured at the Eagle Point TCOON
station throughout the time surrounding landfall of each storm. The axes on the left indicate the water
level and the axes on the right indicate the wind speed. The axes are held constant for all four plots to
help provide visual comparison. The figures show that Hurricane Ike produced the highest water level
and wind speed of the four storms, which is to be expected due to the storms close proximity to the
project locations and Category 2 Hurricane status. In comparison, Hurricane Rita was a Category 5
hurricane at landfall but passed approximately 80 miles northeast of the project location and thus the
storm surge and wind speeds were significantly smaller. Figure 2.19 shows that Hurricane lke produced
a storm surge that exceeded the 100 year storm event water level of +10.59 ft predicted by FEMA
(2002), but only reached the 5 year storm event wind speed predicted by ASCE (2005). The remainder
of the storms produced less severe conditions at the Eagle Point TCOON station. It is interesting to note
that both of the tropical storms shown had higher water levels and wind speeds at the Eagle Point
station than Hurricane Rita. This is likely because hurricanes and tropical storms are stronger on the
northeastern side, meaning Dickinson Bay was on the weaker side of Hurricane Rita, but on the stronger
side of Tropical Storm Claudette and Tropical Storm Allison.
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Figure 2.16 - Water level and wind speed during Tropical Storm Allison (2001)
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3 ALTERNATIVES ANALYSIS

3.1 Design Criteria

Galveston Bay Foundation and project partners are working to develop several islands that will support
shore nesting bird habitat. The scope for the islands were that they be relatively low in elevation, consist
of sand, small stone and/or shell for nesting habitat, and be approximately 2 acres in size. As discussed
in Section 1.2, during a meeting with GBF and USFWS the scope for the alternatives analysis was
amended to include a concept for one shore bird nesting island and one upland bird nesting island that
were both approximately 4 acres in size with 0.75 acres of submerged reef habitat. Target areas for the
island were provided and are summarized below in Tables 3.1 and 3.2.

Table 3.1 — Shore bird island areas

Reference Elevation (ft, NAVD) Area (Acres)
3-4 1.5
2-3 15
1 ft (or Intertidal) to 2 ft 1
Submerged Reef Habitat 0.75

Table 3.2 - Upland bird island areas

Reference Elevation (ft, NAVD) Area (Acres)
3-4 2
2-3 15
1 ft (or Intertidal) to 2 ft 0.5
Submerged Reef Habitat 0.75

Shore Bird Island Criteria

In order to develop an island layout for shore nesting birds, a literature study and review of previous
project experience was performed by BESI to develop the nesting and foraging requirements for target
bird species, which include Black Skimmers, Least Terns, and American Oystercatcher. A summary of
these requirements is provided below.

Black Skimmers

e Prefer to build nests on open sandy beaches and is often mixed with terns. Terns will
aggressively defend their nests and probably benefit skimmers.

e The nest is a simple scrape or depression prepared by the male and females will lay 1 egg per
day for 4-5 days. Incubation begins with first egg. Males and females incubate eggs.

e Foraging occurs near the nest site and both parents participate.

e Adults catch primarily silversides and Kkillifish.

e Foraging along grass bed edges is common. Interference may reduce nesting success.
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Least Tern

e Terns use sandy beaches near nesting site in courtship behavior.

e Tern nestis a shallow depression on an open sandy beach or shell and gravel beach.

e Terns will build nests with 10-30 foot separation.

e After chicks hatch, adults forage near the nest site.

o Terns will aggressively defend their nest and nests in the surrounding area.

¢ Atthe end of nesting season, terns congregate on open beaches and prepare for migration.
o Terns are fish eaters and need to have shallow water near the nesting site.

e Terns are often found nesting with piping and snowy plovers.

American Oystercatcher

e Preferred nest site is on a beach that is clear of vegetation.

e Nests are typically on low mounds that are between 50-100 ft from the water. Mounds provide
better vision of surroundings.

e Oystercatchers nest where predators are uncommon, in isolated habitat near foraging areas.

o Oystercatchers forage on mussel shoals, oyster reefs, intertidal sand flats, and mud flats.

e Prefer nest sites located within walking distance of foraging areas (150-300 ft).

e Oystercatchers are extremely territorial during breeding and nesting season and will not
tolerate close oystercatcher neighbors.

e Oystercatchers show strong breeding site fidelity, both males and females return to the same
nesting areas.

3.2 Shore Protection

The proposed islands at Sites 1 and 2 will be subject to waves from both seasonal and tropical storms.
As a result, shoreline protection will be required to address potential shoreline erosion and stabilize the
proposed islands. To size the stone for shoreline protection, two scenarios of storm events (10-year and
25-year) were utilized to develop wave input conditions (see Section 2.6). These wave conditions were
then incorporated into a series of calculations using van der Meer’s (deep water) equations, with the
input parameters shown in Table 3.3 and at increasing water levels (0.5 ft intervals) associated with
storm surge anticipated for the project site.

Table 3.3 — Stone Size Calculation Input

Parameter Value
Crest Elevation (ft, NAVD) 6
Toe Elevation (ft, NAVD) -4
Structure Slope 2
Permeability 0.1
Damage Level (Sq) 2
Stone Density (Ib/cf) 160
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Based on the series of calculations, the stone size for the 10-year and 25-year storms are relatively
similar for the upland nesting island (Site 1). Tables 3.4 and 3.5 provide two stone gradations that meet
the requirements for stone stability calculations and are also similar in composition and size. For the
shore bird nesting island (Site 2), the 10-year and 25-year storm stone stability calculations result in
median stone sizes that vary enough to require different gradations. The 10-year storm calculations
allow for a smaller gradation (Table 3.6), but the 25-year storm will require either of the Site 1 gradations
(Tables 3.4 and 3.5). Further design and refinement of design criteria will guide selection of the required
shore bird nesting (Site 2) gradations.

Table 3.4 — Site 1 Gradation (Option 1)
USACE 3500# Gradation

Particle Mass (Ib) % Lighter
3500 100
1500-700 50
700-250 15
200 5 (max)

Table 3.5 — Site 1 Gradation (Option 2)

ASTM R-1500 Gradation (modified)

Particle Mass (Ib) % Lighter
3000 100
1500-700 50
700-250 15
200 5 (max)

Table 3.6 — Site 2 Gradation

USACE 2200# Gradation

Particle Mass (Ib) % Lighter
2200 100
930-440 50
440-130 15
130-75 5

3.3 Alternative 1 — Shore Nesting Island

Considering the design criteria provided in Section 3.1 above, one of the common nesting site
characteristics is the need to have an open (non-vegetated) shoreline. This can present a significant
challenge when project goals are also to provide protection from wave energy and associated erosion to
the island shoreline. Completely protected shorelines will experience very calm conditions (no wave
action) and as a result, vegetation, including low marsh grass such as Spartina alterniflora, may grow up
to and across the shoreline. An example of this is the existing bird island adjacent to the project site as
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shown in Figure 3.1. Within the island interior, there is minimal wave action and as a result the shoreline
consists of saltwater marsh vegetation.

DICKINSON
BAY

_ Existing Channel

GALVESTON
BAY

MOSES
LAKE

Figure 3.1 — Existing island vegetated shoreline

To maintain an un-vegetated shoreline without manual or chemical maintenance, some wave action
along the shoreline is required. Therefore, to balance the need for an open shoreline and protecting
nest habitat, a confined beach with shoreline protection is proposed. An example of this system is the
beach and breakwater/groin system designed for Texas A&M University at Corpus Christi (TAMUCC)
(Figure 3.2) and constructed in 2001. This system allows some wave energy to reach the beach while
maintaining a closed system for sediment transport. Seasonal changes in wave conditions and direction
redistribute sand across and along the shoreline. These changes can be observed by comparing the
shoreline in Figure 3.3, which was the condition soon after construction to the more equilibrated
condition in Figure 3.2.
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Figure 3.3 — TAMUCC shortly after construction/during equilibration

Several years of monitoring have been performed at the TAMUCC site and shoreline/volumetric change
analyses indicate that the project has been performing well. There was some loss of sand from the
upper beach face, mostly due to profile equilibration (sand moving from the upper construction template
to the lower portion of the beach profile), but most of the material has remained in the overall system.
The long-term performance of the system may be helped by sand moving into the protected system from
adjacent shorelines, which would offset losses. However, a closed system (gaps between the offshore
breakwaters filled with submerged reef) would also perform similarly by limiting the amount of material
that is lost to the littoral cell.
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The proposed shore nesting island layout (Figure 3.4) would be similar to the TAMUCC beach but would
have a breakwater along the back portion of the beach that connects the terminal groins. In addition, the
smaller shore fronting breakwaters would be connected by lowered reef sections (Figures 3.5 and 3.6)
that would serve to help break up additional wave energy, provide oyster habitat, and create a perched
beach to better maintain sand within the closed beach system. The outer breakwater would be between
+5 and +6 ft, while the smaller breakwaters fronting the beach would be at a lower elevation at +3.5 ft.
The upland portion of the beach would be at +4.0 ft and would contain areas of shell or small stone to
provide additional shore nesting habitat material. An option for shell material is to utilize discarded shell
gathered by ongoing recycling efforts in the Galveston Bay area. Beyond the upper beach section, the
beach would slope towards the shoreline and several submerged features similar to a tombolo are
expected behind the breakwater sections. These features cause the fluctuation in beach shape along
the shoreline. Habitat areas for the proposed island are provided in Table 3.7 and closely match the
proposed areas in Table 3.1.

It should be noted that the TAMUCC beach was constructed with coarse river sand (approx. 0.35mm
median grain size compared to typical bay or gulf beaches 0.12 to 0.17mm) to provide increased
stability. As a result, a coarser sand cap for the island along with placement of shell/small stone areas
for nesting habitat would help stabilize the island and shoreline. Also, there has been mechanical
manipulation of the upper berm to help reduce vegetation. As a result, some vegetation maintenance
will likely be required for the upper beach section of the proposed shore bird nesting island.

Galveston

/ Bay

Figure 3.4 — Proposed shore nesting island layout

Table 3.7 - Nesting bird island areas (proposed)
Reference Elevation (ft, NAVD) Area (Acres)
3-4 25
2-3 1.4
1 ft (or Intertidal) to 2 ft 0.7
Submerged Reef Habitat 0.6
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An opinion of probable construction cost (cost) was developed and is provided in Table 3.8. As
discussed during previous project meetings, the price of stone has a significant effect on project cost.
Factors that affect stone prices include whether there are other projects underway in the area requiring
similar gradations, how the stone is transported to the project site, water depths at the site, and whether
a sufficient quantity can be supplied. The shallow water depths for the breakwaters (-4.0 to -4.5 ft) will
likely require either light-loaded barges or construction during periods of higher water levels (Fall or
Spring). Sand for the project would likely come from an upland source and be barged to the site.
Coarse sand, such as concrete or mortar sand (sometime generally called river sand) would perform
better along the beach, but may be more expensive to procure. Utilizing finer material (dredged material
or clay) with a coarse sand cap may help to reduce overall cost and should be further reviewed in
detailed design.

Table 3.8 — Conceptual opinion of probable construction cost for shore bird nesting island
ltem Quantity Unit Unit Price Extended Price
Mobilization/Demobilization 1 LS $250,000 $250,000
Surveys (Initial, Interim, Final) 1 LS $50,000 $50,000
Breakwater/Reef 36,100 TON $100 $3,610,000
Imported Fill, Placement, Grading 68,655 CcY $20 $1,373,100
Acceptance Aerial Photograph 1 LS $5,000 $5,000
Contingencies (20%) $1,057,620
Total $6,345,720

During a review meeting on May 7, 2014 discussions were had regarding the overall cost of the project
and ways to reduce scope and associated cost. It was noted that a significant portion of the budget was
contained within the breakwater/reef component due to the high cost of graded riprap. Therefore, a
suggestion was made to revise the layout of the island such that the open beach was not subject to
wave conditions, thereby reducing the need for the offshore breakwaters. In essence, the island
orientation would be reversed as shown in Figure 3.7. Two shallow reef areas would remain to provide
shoreline protection and oyster habitat. Because of the revised orientation, the reef sections could be
built with a much smaller size stone (compared to the armored stone on the breakwater). This change in
stone would likely reduce the cost for the reef section as well. It was agreed by the project stakeholders
that this design would require additional vegetation maintenance, particularly along the shoreline. The
revised cost of the project is presented in Table 3.9 and island habitat areas are in Table 3.10.

Table 3.9 — Conceptual opinion of probable construction cost for shore bird nesting island (revised)
Item Quantity Unit Unit Price Extended Price
Mobilization/Demobilization 1 LS $250,000 $250,000
Surveys (Initial, Interim, Final) 1 LS $50,000 $50,000
Breakwater 26,000 TON $100 $2,600,000
Reef 6,200 TON $75 $465,000
Imported Fill, Placement, Grading 68,655 CY $20 $1,373,100
Acceptance Aerial Photograph 1 LS $5,000 $5,000
Contingencies (20%) $948,620
Total $5,691,720
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Table 3.10 — Revised shore nesting bird island areas (proposed)

Reference Elevation (ft, NAVD)

Area (Acres)

3-4 2.5

2-3 1.4

1 ft (or Intertidal) to 2 ft 0.7
Submerged Reef Habitat 0.8

Galveston
Bay

Figure 3.7 — Revised proposed shore bird nesting island layout
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3.4 Alternative 2 — Upland Nesting Island

The upland nesting island was developed to provide habitat for upland and tree nesters, along with
areas that could be utilized by ground/shore nesting birds. The island layout, as shown in Figure 3.10, is
along a NW-SE orientation and is somewhat similar in shape to the existing island (Figure 3.1) at the
northern end of Dickinson Bay. This layout provides protection against waves from Galveston Bay as
well as the Dickinson Ship channel. The opening of the island and beach area is oriented towards the
northwest, which has a very limited fetch and associated wave heights. There is a submerged reef on
the bayward side of the island opening to help break up wave energy into the beach as well as provide
oyster habitat.

Vegetation coverage is not as significant of a concern for the upland island. While grasses may need to
be managed somewhat, shrubs and additional structures can be added to the island for birds that nest in
brush/trees such as egrets, herons, and roseate spoonbills. The beach area was included to allow some
additional shore nesting area as well as intertidal habitat. The island elevations (Figures 3.11 - 3.12)
and habitat areas of the island were developed to follow those provided in Table 3.2. An opinion of
probable construction cost was developed and is provided in Table 3.11.

Galveston
Bay

Akinson Channel

and mainland

Figure 3.10 — Proposed upland nesting bird island layout

Table 3.11 - Conceptual opinion of probable construction cost for upland bird nesting island
Iltem Quantity Unit Unit Price Extended Price
Mobilization/Demobilization 1 LS $250,000 $250,000
Surveys (Initial, Interim, Final) 1 LS $50,000 $50,000
Breakwater/Reef 46,000 TON $100 $4,600,000
Imported Fill, Placement, Grading 73,000 CY $20 $1,460,000
Acceptance Aerial Photograph 1 LS $5,000 $5,000
Contingencies (20%) $1,273,000
Total $7,638,000
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3.5 Alternative Shoreline Protection

The opinion of probable construction cost for both island alternatives are significantly influenced by the
amount and cost of armor stone for the breakwater/reef structures. The purpose of the breakwaters was
not only for shoreline protection, but to also create containment cells for placement of the sand/base
material that would make up the main part of the island. These containment structures would help to
limit the amount of sediment needed to construct the islands by limiting losses during construction.

An alternative construction technique for the island would be to place the sand/base material within the
general footprint of the proposed island and then construct a revetment along the outside edge of the
island. This methodology would reduce the amount of armor stone needed on the project and was
utilized for Evia Island off the coast of Bolivar Peninsula. However, this construction process would
require an increased amount of sand/base material as compared to the confined placement method, but
these costs are mostly offset by the reduction in the more expensive armor stone.

A conceptual revetment section was therefore developed using the design parameters established for
the breakwater, and is shown in Figure 3.13. It should be noted that the revetment would need to wrap
around 250 ft at the opening at the upland nester island as well as 150 ft at the end of the terminal
sections on either side of the shore nesting island to prevent wave energy or currents from undermining
the revetment at those exposed areas. The limits of these can be further developed in detailed design in
Phase 3 of the project. The opinion of costs for both of the islands with the revetment alternative
shoreline protection are provided in Tables 3.12 and 3.13

7.0°

ELEV. +6.0' | ' |

ARMOR STONE (3.4)

————————— = LA -
/ UL e

BEDDING
STONE (1.0°)

Figure 3.13 — Revetment shoreline protection alternative
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Table 3.12 - Conceptual opinion of probable construction cost for revised shore bird nesting

island (revetment shoreline protection)

Iltem Quantity Unit Unit Price Extended Price
Mobilization/Demobilization 1 LS $250,000 $250,000
Surveys (Initial, Interim, Final) 1 LS $50,000 $50,000
Revetment 19,000 TON $100 $1,900,000
Reef 6,200 TON $75 $465,000
Imported Fill, Placement, Grading 72,000 CcY $20 $1,440,000
Acceptance Aerial Photograph 1 LS $5,000 $5,000
Contingencies (20%) $822,000

Total $4,932,000

Table 3.13 - Conceptual opinion of probable construction cost for upland bird nesting island

(revetment shoreline protection)

ltem Quantity Unit Unit Price Extended Price
Mobilization/Demobilization 1 LS $250,000 $250,000
Surveys (Initial, Interim, Final) 1 LS $50,000 $50,000
Revetment 25,000 TON $100 $2,500,000
Reef 8,900 TON $75 $667,500
Imported Fill, Placement, Grading 76,000 CYy $20 $1,520,000
Acceptance Aerial Photograph 1 LS $5,000 $5,000
Contingencies (20%) $998,500

Total $5,991,000
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4 SUMMARY AND RECOMMENDATIONS

Conceptual designs for two bird nesting islands have been developed that include habitat for
shore/ground nesting birds as well as upland/shrub nesters. The islands are approximately 4 acres in
size and will be placed in relatively shallow water inside Dickinson Bay, on either side of Dickenson
Channel. The sites are free from natural resources such as seagrass and oyster habitat; however, the
soils in the area are typical bay bottom sediments and settlement of 12 to 18 inches is expected. Both of
the islands will require protection to stabilize the shoreline from impacts due to wind-waves and ship
wakes. The orientation and layout of the shore bird nesting island design was revised to reduce the
amount of stone needed within the shoreline protection and reef structures. It should be noted that
vegetation control/removal may increase, particularly along the shoreline.

Recommendations

e Utilize the revised shore bird nesting island to provide habitat areas with a reduced amount of
stone, which will reduce the overall cost by approximately $650,000. Also, due to the revised
orientation that places the shoreline facing the mainland, the upland areas may be able to be
reconfigured into a more tiered beach that is closer to the target habitat elevations areas
provided in Table 3.1.

e Coordinate with regulatory agencies regarding placement of sediment at the project site.
Utilizing the revetment alternative shoreline protection option will require open water placement
of sand/base sediment. It is understood that there are some oyster reef communities in the area
and this may limit placement options.

e Prepare and submit permit applications for both of the proposed bird islands. The application
should also contain both shoreline protection options. Utilize the current 4 acre layouts and if
project funding is less than budgeted, the islands can be scaled down in size.

e Prepare preliminary plans and specifications for the proposed bird island projects. Include both
shoreline protection options. The permit and preliminary plans will provide important information
when seeking funding for construction.

e Continue to explore beneficial use options for sand/base material within the islands. Sandy
areas that are being dredged in Galveston Bay/Houston Ship Channel area may offer material
that could be brought to the site by paying an incremental cost (cost above normal disposal in a
placement area), which would likely be less than the cost of importing sand. Site excavation
along the channel may also produce clay material that could be utilized as the island and
revetment base. However, sediment from these sites would need to undergo grain size and
contaminants testing.

e Consider the sites, particularly the shore bird nesting island, as receiver sites for oyster shell
recycling programs in the Galveston Bay area. The shell provides good nesting habitat and can
also help to reduce erosion along the open shorelines of the islands.
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APPENDIX A
GEOTECHNICAL REPORT

Project No. 209586 I.)?



» GEOTECHNICAL ENGINEERING

» CONSTRUCTION MATERIALS
ENGINEERING & TESTING

* SOILS * ASPHALT * CONCRETE

September 26, 2013

HDR Engineering, Inc.
555 North Carancahua, Suite 1650
Corpus Christi, Texas 78478

Attention: Mr. M. Cameron Perry, P.E., Coastal Program Leader, Professional Associate

SUBJECT: Supplement No. 1
Letter Report for the
SUBSURFACE INVESTIGATION FOR THE PROPOSED
BIRD ROOKERY ISLAND PROJECT - PHASE 1
Dickinson Bay; Galveston County, Texas
RETL Job Number: G113189

Dear Mr. Perry,

As requested. Rock Engineering and Testing Laboratory. Inc. (RETL) (TBPE Firm No. 2101) has
performed a supplemental subsurface investigation laboratory testing program and geotechnical
evaluation for the above referenced project. The results of this supplemental investigation are
provided in this supplemental report, Supplement No. 1.

Authorization

The scope of work for this project was performed in accordance with Rock Engineering and
Testing Laboratory, Inc. (RETL) proposal number P0O71813B (Revision No. 2) dated July 22,
2013. The scope of work was approved and incorporated into an HDR Engineering, Inc.

Subconsultant Agreement.

Purpose and Scope

The purpose of this supplemental exploration was to evaluate the soil conditions at the site and to
provide soil classification, strength parameters and settlement estimations for the proposed
project.

The scope of the exploration and analysis included the subsurface exploration, sampling and
strength probing, field and laboratory testing, engineering analysis and evaluation of the
subsurface soils, settlement estimates and preparation of this supplemental report.

The scope of services did not include an environmental assessment. Any statements in this
report, or on the boring logs, regarding odors, colors, unusual or suspicious items or conditions
are strictly for the information of the client.

Rock ENGINEERING & TESTING LABORATORY, INC.
www.rocktesting.com

6817 LEOPARD STREET * CoRPUS CHRISTI, TEXAS, 78409-1703 10856 VANDALE ST. SAN ANTONIO, TEXAS 78216-3625
Orrice: (361) 883-4555 « FAX: (361) 883-4711 Orrice: (210) 495-8000 « FAX: (210) 495-8015



September 26, 2013 Supplement No. 1

Attn.: Mr. M. Cameron Perry, P.E. PROPOSED BIRD ROOKERY ISLAND PROJECT - PHASE |
RETL Job Number: G113189 Dickinson Bay ; Galveston County, Texas
General

The exploration and analysis of the subsurface conditions reported herein are considered
sufficient in detail and scope to assist the designers in preparing the plans and specifications for
this project. The recommendations submitted for the proposed project are based on the available
soil information and the preliminary design details provided to RETL by HDR Engineering, Inc.

The Geotechnical Engineer states that the findings, recommendations, specifications or
professional advice contained herein, have been presented after being prepared in a manner
consistent with that level of care and skill ordinarily exercised by reputable members of the
Geotechnical Engineer’s profession practicing contemporaneously under similar conditions in the
locality of the project. No other representations are expressed or implied, and no warranty or
guarantee is included or intended.

Scope of Supplemental Field Exploration

The field exploration, to identify and evaluate the engineering characteristics of the subsurface
conditions encountered, included reconnaissance of the project site, performing strength probing
with a vane shear device and recovering disturbed soil samples.

At eight supplemental locations RETL obtained in situ strength data and soil samples from Sites
1 and 2 to depths of approximately 8-feet below the mudline. HDR Engineering, Inc. determined
the number of locations to be investigated.

The identification, location, depth and GPS coordinates for each of the test locations are provided
in the Summary of Field Investigation table provided below.

SUMMARY OF FIELD INVESTIGATION
TV Identification TV Location B:‘IZWD;’II)I:E (lfg‘e GPS Coordinates
DB-30 Site 1 8 N 29°27.876° W 94° 56.164°
DB-31 Site 1 8 N 29°27.875" W 94° 56.119°
DB-32 Site | 8 N 29°27.860° W 94° 56.099°
DB-33 Site | 8 N 29°27.859° W 94° 56.062°
DB-34 Site 2 8 N 29°27.599” W 94° 56.121°
DB-35 Site 2 8 N 29°27.600° W 94° 56.061"
DB-36 Site 2 8 N 29°27.575" W 94° 56.094°
DB-37 Site 2 8 N 29°27.562° W 94° 56.043°

*All test locations were performed in water depths between 52 and 6-feet.
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September 26, 2013 Supplement No. 1
Attn.: Mr. M. Cameron Perry, P.E. PROPOSED BIRD ROOKERY ISLAND PROJECT — PHASE 1
RETL Job Number: G113189 Dickinson Bay ; Galveston County, Texas

Laboratory Testing Program

In addition to the field investigation, a laboratory testing program was conducted to determine
additional pertinent engineering characteristics necessary in analyzing the behavior of the soils at
the project location.

The laboratory testing program included the supplementary visual classification (ASTM D2487)
and water content tests (ASTM D2216) on all samples. In addition, selected samples were
subjected to Atterberg limits tests (ASTM D4318), particle-size analysis of soils, excluding
hydrometer analysis tests (ASTM D422) and percentage material finer than the #200 sieve tests
(ASTM D1140).

All phases of the laboratory testing program were conducted in general accordance with
applicable ASTM Specifications. The results of these tests are to be found on the accompanying

boring logs provided in the Appendix.

Subsurface Conditions

From the bay bottom to the termination depth of the test locations soft lean/fat clay and clayey
sand soils were encountered. Atterberg limits test results indicate that the soils encountered are
low to high in plasticity. The liquid limits ranged from 27 to 50-percent and plasticity indices
ranged from 8 to 30. Minus #200 sieve tests performed on selected soil samples obtained
indicated that these soils contain approximately 48 to 69-percent silt and clay size particles.

The shear strengths of the soils, from the bay bottom to the termination depth, as calculated by
empirical formulas provided by the manufacturer of the field test equipment are provided in the
following tables.

SITE 1
CALCULATED SHEAR STRENGTH (psf)

DEPTH || DB-30 | DB-31 DB-32 DB-33
0-2 100 160 330 180
2-4 220 210 140 420
4-6 280 580 430 620
6-8 580 650 750 660

SITE 2
CALCULATED SHEAR STRENGTH (psf)

DEPTH | DB-34 | DB-35 | DB-36 | DB-37
0-2 110 350 120 120
2-4 220 440 200 330
4-6 290 640 380 310
6-8 590 790 600 720
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September 26, 2013 Supplement No. 1
Attn.: Mr. M. Cameron Perry, P.E. PROPOSED BIRD ROOKERY ISLAND PROJECT - PHASE 1
RETL Job Number: G113189 Dickinson Bay ; Galveston County, Texas

Detailed descriptions of the soils encountered at the boring locations are provided on the boring
logs included as an attachment to this supplemental report.

Project Description

Based on information RETL received from HDR Engineering, Inc., the proposed project will
include development of Bird Rookery Island in Dickinson Bay. Un-vegetated bare ground
mounds may be constructed to provide suitable nesting structures that are free from predators and
disturbance sources and are relatively close to feeding areas for colonial nesting water birds. It is
understood that the proposed island will require between 8 to 10-feet of fill material to increase
the ground surface to an elevation of approximately +4-feet MLT.

The fill material will be obtained from onshore operations and most likely placed by mechanical
means using excavator buckets or a dragline. If no source if available limestone base material or

crushed concrete will be used to build the island.

Geotechnical Discussion

Construction considerations include settlement of the proposed island and supporting subgrade
soils. Since the method of constructing the island has not been decided, the final cross-section is
difficult to predict.

Based on similar projects RETL has been involved with, hydraulically placed material will have
an average side slope of 20H:1V. The expected side slopes could be considerably steeper if
placed with a dragline, or if the island is constructed with limestone base marterial or crushed
concrete

Due to the clayey sand and lean/fat clay soils encountered at this site and the proposed method of
using mechanically placed material through the water column to create the island, the total
expected settlements are difficult to quantify. As discussed in “Foundation Analysis and Design,”
fifth edition by Joseph E. Bowles, clay soils are fine-grained cohesive soils, meaning the soils
exhibit interparticle attraction. This interparticle attraction, or cohesion. is a parameter used to
estimate the shear strength, or resistance to deformation caused by particle movement. The
cohesion of soils is dependant on the physical state of soils including stress history, particle
alignment, particle shape and water content. As these soil properties change so will the strength
of the soil and their expected behavior. Excavating the fill material from the borrow source,
transportation to the proposed construction site and physically placing the soils would disturb
large amounts of soil altering almost every physical state of the soils.

The considerations discussed above would not pertain to limestone base material or crushed

concrete. These materials are relatively non-plastic and would drop fairly quickly through the
water column.
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September 26, 2013 Supplement No. 1
Attn.: Mr. M. Cameron Perry, P.E. PROPOSED BIRD ROOKERY ISLAND PROJECT - PHASE |
RETL Job Number: G113189 Dickinson Bay ; Galveston County, Texas

The long-term behavior of clay material placed to create the island is dependent on the soils
ability to lose moisture along with the percentage of sand versus clay and silt size particles. The
soils obtained during the supplemental exploration have a relatively high percentage of clay. We
expect the clay soils to remain at a high moisture content, which will result in little reduction in
volume and small incremental increases in strength with decreases in moisture content. The soils
in this area will not undergo significant drying and will therefore likely remain
underconsolidated. Underconsolidated clay soils exhibit low shear strengths and high moisture
contents.

Limestone base material or crushed concrete would experience little or no short term settlement
however, the ground contact pressure would be much greater than clay soils contributing to
significantly higher consolidation of the supporting foundation soils.

The total settlement of the soils placed in the proposed island area is dependent on elastic
foundation soil settlement, sedimentation, consolidation and desiccation. Elastic foundation soil
settlement results from the natural in-situ soils experiencing an immediate increase in load and
sedimentation is the placement of the material into the island area using hydraulic or possibly
mechanical methods. Consolidation is the long term settlement of the material when subjected to
an increase in vertical effective stress and desiccation is settlement associated with the drying out
of the material.

The strengths of the natural in-situ soils in the vicinity of the proposed island areas and the
finished proposed height of fill soils will result in immediate elastic foundation soil settlements
on the order of 6 to 18-inches. The higher values can be expected if limestone base material or
crushed concrete is used to construct the proposed island.

Sedimentation settlements occur generally within approximately 5 to 7-days after placement of
the material and are associated with the excess water from the dredged slurry draining out of the
material. Since placement will most likely be by mechanical methods RETL expects settlements
on the order of 4 to 8-inches for clay soils sedimentation settlements with the majority of this
settlement to occur within a day of placement. Sedimentation settlements would be minimal for
limestone base material or crushed concrete. Due to the relatively large magnitudes of settlement
during this phase and the likelihood that the contractor will still be on-site, any excessive
settlements that occur during the sedimentation settlement process can be corrected by placing
additional material into the wetlands areas in order to achieve the desired wetlands finished
elevation.

Consolidation settlements are long-term settlements resulting from an increase in the vertical
effective stress on the foundation soils. Consolidation settlements are estimated to be on the
order of 6 to 16-inches. Since the soils encountered are clayey sand soils and lean/fat clay soils
we estimate that 85 to 90-percent of the consolidation settlements to occur within 7 years.

It does not appear as if desiccation settlement will contribute significantly to the total settlement
due to the assumption that the island will be inundated with water.
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September 26, 2013 Supplement No. 1
Attn.: Mr. M. Cameron Perry, P.E. PROPOSED BIRD ROOKERY ISLAND PROJECT - PHASE 1
RETL Job Number: G113189 Dickinson Bay ; Galveston County, Texas

Total settlement excluding sedimentation settlement, which should be corrected by the contractor
prior to leaving the jobsite and desiccation settlements which RETL believes will be minimal due
the inundation of the soils will be on the order of 12 to 36-inches.

Closing

Pursuant to instructions, no further engineering analyses have been performed. If you have any
questions or comments, please contact us at (361) 883-4555.

Sincerely, e

- AN 4
- %._o -.¢ .
Sk * ),
T ;-..*.:. -------- ecevessccsse ;-‘ﬁc’
q CHHISTOPHER A HOCK 4

Christopher A. Rock, P.E. %. ....... esecetessetaee cveeed
Vice president Corpus Christi

Attachments: Boring Location Plan
Boring Logs DB-30 through DB-37
Grain Size Distribution Curves
Key to Soil Classifications
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LOG OF BORING DB-30 SHEET 1 of 1

Rock Engineering & Testing Lab., Inc.
6817 Leopard St.

Corpus Christi, TX 78409

Telephone: (361) 883-4555

Fax: (361) 883-4711

CLIENT: HDR Engineering, Inc.

PROJECT: Bird Rookery Island Proj. - Phase Il
LOCATION: Dickinson Bay; Galveston County, TX
NUMBER: G113189

DATE(S) DRILLED: 08/19/13 - 08/19/13

LOG_OF_BORING G113189 BIRD ROOKERY ISLAND.GPJ ROCK_ETL.GDT 9/19/13

FIELD DATA LABORATORY DATA DRILLING METHOD(S):
> ATTERBERG Sediment Sampler
g & LIMITS S
2| £ x % | GROUNDWATER INFORMATION:
E% 5 - la) 5 Due to the location of the project site, groundwater readings were not obtained.
g gg % E 5 § b (w 2
3 3| |cEEBE| o (3|3 | G |E3RL.F S
o] goZ| w = = ) I 3
s £ Zlo|lgoarS|l | 2 | E | E128@E ol O
s\ =2 Eggaagaagggﬁ‘é’%g@g
2| £ |3(8|2558% @l Slala|P5582 3 | SURFACE ELEVATION: N/A
| &8 |3\&/zar¥B| 2 |LL|pP|P |ERIBGE S DESCRIPTION OF STRATUM
- 2 -
WATER DEPTH: 6'
- 3
L 4 pu
- 5 -
-
%- 7 !\USGF’M Tv=10 43 |35 19| 18 67 | SANDY LEAN CLAY, gray, moist. (CL)
Z- 9 AUS?E“}' Tv= 22 41 Same as above, with shell fragments.
7
/ Same as above. (CL)
/ - 11 AR Tv=28 43 |37 |17 | 20 69
%, |
? 12 I !"
%- 13 AUSC_ifF’f Tv=58 43 SANDY LEAN CLAY, with shell fragments, gray, moist.
Boring was terminated at a depth of 14-feet below the water
surface.

N - STANDARD PENETRATION TEST RESISTANCE
P - POCKET PENETROMETER RESISTANCE
T - POCKET TORVANE SHEAR STRENGTH

REMARKS:

Boring depth and location was determined by HDR Engineering, Inc. Boring operations
were performed by RETL at GPS Coord. N 29° 27.876' W 94° 56.164".
Boring Location: Site 1




LOG OF BORING DB-31

LOG_OF_BORING_G113189 BIRD ROOKERY ISLAND.GPJ ROCK_ETL.GDT 9/19/13

CLIENT: HDR Engineering, Inc.
GRgf; Enginegrg;g & Testing Lab., Inc. PROJECT: Bird Rookery Island Proj. - Phase |l
Comus"éﬁﬁgﬁ, TX 78409 LOCATION: Dickinson Bay; Galveston County, TX
Telephone: (361) 883-4555 .
Fax: (361) 883-4711 NUMBER:  G113189
DATE(S) DRILLED: 08/19/13 - 08/19/13
FIELD DATA LABORATORY DATA DRILLING METHOD(S):
ATTERBERG Sediment Sampler
5| LIMIT ~
-1 x S | GROUNDWATER INFORMATION:
E% E =) a Due to the location of the project site, groundwater readings were not obtained.
Eé %UDJ z 5 E EZ; =w Z’
3 = |.EESE| 8|5 | 2|5 |E5lB. .6 8
S| E |2|gleB823| 8 |2 |5 |5 |231E5g ¢
>;5‘555502855wom23§
21 E e geses| 2| sla|a|>2582 2 | SURFACE ELEVATION: N/A
| B8 |5\5/zackR| S |{w|r|pm|ERIBHE S DESCRIPTION OF STRATUM
L 1 ps
L 5
WATER DEPTH: 6.5'
- 3 -
= 4 -
L 5 -
= 6 -
% Ausc's1E Tv=16 34 63 | SANDY LEAN CLAY, gray, moist.
Z- N
? - 9 7\%G§ﬁ S a4 | 35 | 18 | 18 50 Same as above, with shell fragments. (CL)
A .1 N ____| IS T S O S O
i i SANDY FAT CLAY, gray, moist.
vl s | ae EANDY ERTCLAY, iy
L 12 =
[l
= 13 al
\USC:E Tv=65 39 | 50| 20| 30 Same as above. (CH)
L 14 -
Boring was terminated at a depth of 14.5-feet below the water
surface.

N - STANDARD PENETRATION TEST RESISTANCE
P - POCKET PENETROMETER RESISTANCE
T - POCKET TORVANE SHEAR STRENGTH

REMARKS:

Boring depth and location was determined by HDR Engineering, Inc. Boring operations

were performed by RETL at GPS Coord. N 29° 27.875' W 94° 56.119".
Boring Location: Site 1

SHEET 1 of 1




LOG OF BORING DB-32 SHEET 1 of 1

LOG_OF_BORING G113189 BIRD ROOKERY ISLAND.GPJ ROCK_ETL.GDT 9/19/13

CLIENT: HDR Engineering, Inc.
ggf; Enginegrisrlg & Testing Lab., Inc. PROJECT: Bird Rookery Island Proj. - Phase Il
Corpus Christi, TX 78409 LOCATION: Dickinson Bay; Galveston County, TX
Telephone: (361) 883-4555 .
gt GgiLs NUMBER: G113189
DATE(S) DRILLED: 08/19/13 - 08/19/13
FIELD DATA LABORATORY DATA DRILLING METHOD(S):
2 ATTERBERG Sediment Sampler
(,-3 s LIMITS =
-1 > o | GROUNDWATER INFORMATION:
. z % 5 . 8 a Due to the location of the project site, groundwater readings were not obtained.
'ﬁ":' %‘g % = E § E w ‘2
ol = tEQE| o | 2| 3 | 5 |ESl2_6 &
Q| F 4 Eocn: 2| w = 2 |lzol8x :
=| & |5|g|2g%e5|5 (S| |56 |2alikg S
21 E |E|E|9888g B | S 2| |S28ES 2| 3 | SURFACE ELEVATION: N/A
1 8 |5\3/zar¥| 2 (w|pr|[P|EQI35E & DESCRIPTION OF STRATUM
L 1 -
L 2 =
WATER DEPTH: 6'
[ 27
- 4 -
= 5 =
1 6 7
%
%- 7 /\Usc_ifﬁp Tv=33 32 SANDY LEAN CLAY, gray, moist.
7 Ll
V 8
7
%F 9 !\USC_;E Tv=14 4 | 32| 18 | 14 54 | Same as above, with shell fragments. (CL)
7// 10 n
Z- 1 A\US%EFQI Tv=43 46 Same as above.
%
%- 13 !\Uscfﬁﬁi Tv=75 45 | 44 | 17 | 27 56 | SANDY LEAN CLAY, with shell fragments, gray, moist. (CL)
T 14 Boring was terminated at a depth of 14-feet below the water
surface.
N - STANDARD PENETRATION TEST RESISTANCE BRoEnl;ncﬁEhfi location was determined by HDR Engineering, Inc. Boring operations
P - POCKET PENETROMETER RESISTANCE were performed by RETL at GPS Coord. N 29° 27.860' W 94° 56.099'.
T - POCKET TORVANE SHEAR STRENGTH Boring Location: Site 1




LOG OF BORING DB-33 SHEET 1 of 1

Rock Engineering & Testing Lab., Inc.
6817 Leopard St.

Corpus Christi, TX 78409

Telephone: (361) 883-4555

Fax: (361) 883-4711

CLIENT: HDR Engineering, Inc.

PROJECT: Bird Rookery Island Proj. - Phase ||
LOCATION: Dickinson Bay; Galveston County, TX
NUMBER: G113189

DATE(S) DRILLED: 08/19/13 - 08/19/13

(113189 BIRD ROOKERY ISLAND.GPJ ROCK_ETL.GDT 9/19/13

LOG_OF_BORING

FIELD DATA LABORATORY DATA DRILLING METHOD(S):
~ ATTERBERG Sediment Sampler
S| o LIMITS -
\% = % E GROUNDWATER INFORMATION:
Eﬁ E [a) a Due to the location of the project site, groundwater readings were not obtained.
i S8l E | = E £ @
- o 9 Q s ] T T "'>J 8
o = L—_L_-L_-(uiE °c\5 |5 |6 l|E3 - IR
2| F |z goEz| W | o | E|E |8QBE o
Sl |u|8/88853| 5|3 (2|2 |88k 2
2 £ |g|g 9es8yl 2| S| 22583 8 | SURFACE ELEVATION: NIA
3| & z S/zacl@| S|P | P |ERBHE S DESCRIPTION OF STRATUM
- 1 =
L 2 -
WATER DEPTH: ¢'
- 3 -l
- 4 1
L 5 -
6 -
%
?- 7 !\USG_F Tv=18 32 SANDY LEAN CLAY, gray, moist.
%
%- 9 /\USG:SET Tv=42 40 | 27| 19| 8 53 | Same as above, with shell fragments. (CL)
%- 11 'L%‘-”ﬂj Tv=62 42 | 40 | 16 | 24 56 | Same as above. (CL)
// 12 -
.
/ L 43 !“UGEF[‘ Tv=66 44 SANDY LEAN CLAY, gray, moist.
/ S-4 SANDY LEARCLAY
2 1,

Boring was terminated at a depth of 14-feet below the water
surface.

N - STANDARD PENETRATION TEST RESISTANCE
P - POCKET PENETROMETER RESISTANCE
T - POCKET TORVANE SHEAR STRENGTH

REMARKS:

Boring depth and location was determined by HDR Engineering, Inc. Boring operations
were performed by RETL at GPS Coord. N 29° 27.859' W 94° 56.062",
Boring Location: Site 1




LOG OF BORING DB-34 SHEET 1 of 1

LOG_OF_BORING G113189 BIRD ROOKERY ISLAND GPJ ROCK_ETL.GDT 9/19/13

CLIENT: HDR Engineering, Inc.
eRgf; Enginegrisng & Testing Lab., Inc. PROJECT: Bird Rookery Island Proj. - Phase Il
Cors Cnrati, TX 78408 LOCATION: Dickinson Bay; Galveston County, TX
Telephone: (361) 883-4555 s
Fae e o fris NUMBER: G113189
DATE(S) DRILLED: 08/19/13 - 08/19/13
FIELD DATA LABORATORY DATA DRILLING METHOD(S):
ATTERBERG Sediment Sampler
§ . LIMITS "
3| & x € | GROUNDWATER INFORMATION:
E % uZJ a a Due to the location of the project site, groundwater readings were not obtained.
é gg z|c E § =l %
3 =| |cEtgE| S| 2|2 |5 |eslz.g &
g1 E |2 w§38m§ g2 |E|E|288Eq o
5| = |2|Y|52273| 2|3 |3 |2 |88jgeg 2
2| B | 2|2|28588| 2| S a|a [SZ(282 3 | SURFACE ELEVATION: N/A
Bl &8 |3\&/zach@| S|P [P |5C85E S DESCRIPTION OF STRATUM
-2 WATER DEPTH: 5.5'
= 3 -
= 4 -
. 5 -
o
/ AUS(:"F Tv= 11 50 | 37 | 16 | 21 67 | SANDY LEAN CLAY, gray, moist. (CL)
/‘ 7 A !
-
/ “US(_;ERf Tv=22 40 Same as above, with shell fragments.
%‘ 9 |
/- 0
? AUSC.;;E Tv=29 40 Same as above.
%- 11 -
%- 12 o SANDY LEAN CLAY, with shell fragments, gray, moist. (CL)
/ “%ﬂET Tv=59 37 |37 [ 11| 26 52
Boring was terminated at a depth of 13.5-feet below the water
surface.
REMARKS:
N - STANDARD PENETRATION TEST RESISTANCE ) ) . I )
| P-POCKET PENETROMETER RESISTANCE e partamed by RETL a GPS Coord N 26727 535 W o4 3121 ™~ T o
| T -POCKET TORVANE SHEAR STRENGTH Boring Location: Site 2




LOG OF BORING DB-35 SHEET 1 of 1

Rock Engineering & Testing Lab., Inc.
6817 Leopard St.

Corpus Christi, TX 78409

Telephone: (361) 883-4555

Fax: (361) 8834711

CLIENT: HDR Engineering, Inc.

PROJECT: Bird Rookery Island Proj. - Phase |l
LOCATION: Dickinson Bay; Galveston County, TX
NUMBER: G113189

DATE(S) DRILLED: 08/19/13 - 08/19/13

LOG_OF_BORING G113189 BIRD ROOKERY ISLAND.GPJ ROCK_ETL.GODT 9/19/13

‘{?t

|

Tv=79 38

13

FIELD DATA LABORATORY DATA DRILLING METHOD(S):
ATTERBERG Sediment Sampler
§ = IMITS <
3= S | GROUNDWATER INFORMATION:
= E I W
E % E a a Due to the location of the project site, groundwater readings were not obtained.
§ %8 z E: E § Ejw ‘2
3 | | EEQEIS | 2|3 |6 |Esk.6 8
8| £ |2|,|kgg2|w|a|B|E|283[AFE4 o
sl = |u|8|288:3| 2|22 2lagfeg 2
S| B |E|8|3858% 2| S 1a|a |92|8E2 2 | SURFACE ELEVATION: N/A
21 8 |d\S/zar¥@| S |w|p| P |ERBGE S DESCRIPTION OF STRATUM
- 1 -
-2 A WATER DEPTH: 5.5'
L 3 .
= 4 -
L 5 -
%- 6 A SANDY LEAN CLAY, gray, moist. (CL)
MSEM | Tv=135 31 | 30 | 18 | 12 52
%' 8 7\UGEnu Tosdd -
/ S-2 Same as above, with shell fragments.
/- CLAYEY SAND, with shell fragments, gray, moist. (SC
é 10 NJsGﬂ* Tv=64 39 [ 34 | 16 | 18 48 g gray (50

Same as above.

Boring was terminated at a depth of 13.5-feet below the water
surface.

N - STANDARD PENETRATION TEST RESISTANCE
P - POCKET PENETROMETER RESISTANCE
T - POCKET TORVANE SHEAR STRENGTH

REMARKS:

Boring depth and location was determined by HDR Engineering, Inc. Boring operations
were performed by RETL at GPS Coord. N 29° 27.600' W 94° 56.061".
Boring Location: Site 2




LOG_OF_BORING G113189 BIRD ROOKERY ISLAND.GPJ ROCK_ETL.GDT 9/19/13

LOG OF BORING DB-36 SHEET 1 of 1

Rock Engineering & Testing Lab., inc.
6817 Leopard St.

Corpus Christi, TX 78409

Telephone: (361) 883-4555

Fax: (361) 883-4711

CLIENT: HDR Engineering, Inc.

PROJECT: Bird Rookery Island Proj. - Phase 11
LOCATION: Dickinson Bay; Galveston County, TX
NUMBER: G113189

DATE(S) DRILLED: 08/19/13 - 08/19/13

FIELD DATA LABORATORY DATA DRILLING METHOD(S):
ATTERBERG Sediment Sampler
8| LIMITS -
2| = % :\j GROUNDWATER INFORMATION:
" E% 5 " a 5 Due to the location of the project site, groundwater readings were not obtained.
] g% % = = E = Z’
APRHREE A IEI R A
sl £ |Z|unle83cS| 2|2 |5 |6 (|23[85g ¢
5 o Eﬂgwﬁzc 2 8 < < mgmgﬂi
o B < égéégg 06) S|la | & 2% %g% 2 SURFACE ELEVATION: N/A
| 8 |[d\&/zaclR S {|pr|{m|ERIB5E § DESCRIPTION OF STRATUM
L 1 .1
- 2 A WATER DEPTH: 5.5'
L 3 {
L 4 -
- 5 .
Z_ 6 )
/ AUSC_;FFW Tv= 12 a2 SANDY LEAN CLAY, gray, moist.
/- 7
é— B ) 1
% AUS‘?E Tv=20 45 | 32 | 14 | 18 66 | Same as above, with shell fragments. (CL)
é- N
%F 10
% /\%GEW Tv=38 38 Same as above.
g# 11 4 l
=B
% \Usff’ff Tv= 60 40 | 36 | 16 | 20 56 | SANDY LEAN CLAY, with shell fragments, gray, moist. (CL)
/ - 13 -
% Boring was terminated at a depth of 13.5-feet below the water
surface.

N - STANDARD PENETRATION TEST RESISTANCE
P - POCKET PENETROMETER RESISTANCE
T - POCKET TORVANE SHEAR STRENGTH

REMARKS:

Boring depth and location was determined by HDR Engineering, Inc. Boring operations
were performed by RETL at GPS Coord. N 29° 27.575' W 94° 56.094'.
Boring Location: Site 2




K_ETL.GDT 9/19/13

LOG_OF_BORING

(G113189 BIRD ROOKERY ISLAND.GPJ ROC

LOG OF BORING DB-37 SHEET 1 of 1

Rock Engineering & Testing Lab., Inc.
6817 Leopard St.

Corpus Christi, TX 78409

Telephone: (361) 883-4555

Fax: (361) 883-4711

CLIENT: HDR Engineering, Inc.

PROJECT: Bird Rookery Island Proj. - Phase i
LOCATION: Dickinson Bay; Galveston County, TX
NUMBER: G113189

DATE(S) DRILLED: 08/19/13 - 08/19/13

FIELD DATA LABORATORY DATA DRILLING METHOD(S):
ATTERBERG Sediment Sampler
5| LIMITS -
-1 % ﬁ\; GROUNDWATER INFORMATION:
i E% E - % a Due to the location of the project site, groundwater readings were not obtained.
L = = — oh
J g HHHHENTRE
o) £ EEQE| o | 2 o| o |ES 5.6 S
el £ |2 kool w g |2 | R |323|3¢F g
Sl 5 |u|8|82853| 2 |32 2 |28Eeg 2
S| £ |E|E|Sk8s| 2 S8 |2 |o2e 5 2| 2 | SURFACE ELEVATION: N/A
S| 8 |3\E/zar S|P |m |BE2B5E & DESCRIPTION OF STRATUM
- 1 -
- 2 A WATER DEPTH: 5.5'
3
= 4 -
s 5 -
Z— 6 A ok SANDY LEAN CLAY, gray, moist. (CL)
AU -
/ ol Tv=12 38 | 33| 16 | 17 56
Z- N
=
/ ’\USGZE'TH Tv=33 35 Same as above, with shell fragments.
Z‘ N
/~ 10 -
/ /\%G?I’EFE* Tv= 31 38 | 35 | 14 | 21 56 | Same as above. (CL)
%- 1 A
/— 12
% “Usfif# Tv=72 41 SANDY LEAN CLAY, with shell fragments, gray, moist.
Boring was terminated at a depth of 13.5-feet below the water
surface.
|

N - STANDARD PENETRATION TEST RESISTANCE
P - POCKET PENETROMETER RESISTANCE
T - POCKET TORVANE SHEAR STRENGTH

REMARKS:

Boring depth and location was determined by HDR Engineering, Inc. Boring operations
were performed by RETL at GPS Coord. N 29° 27.562' W 94° 56.043".
Boring Location: Site 2
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GRAIN SIZE IN MILLIMETERS

1 0.1 0.01 0.001

GRAVEL

SAND

COBBLES

fine

coarse I

coarse |

SILT OR CLAY

medium fine

I

Specimen ID Depth

Classification LL PL Pl Cc Cu

DB-30

6.0'

DB-30; 6.0' - 8.

0' Below The Water Surface 35 19 16

Specimen ID Depth| D100 D60

D30 D10 |%Gravel| %Sand | %Silt | %Clay

D

B-30 6.0' 4.78

0.0

US GRAIN SIZE G113189 BIRD ROOKERY ISLAND.GPJ US LAB.GDT 9/16/13

ROCIE

Rock Engineering & Testing Lab., Inc.
6817 Leopard St.

Corpus Christi, TX 78409

Telephone: (361) 883-4555

Fax: (361) 883-4711

GRAIN SIZE DISTRIBUTION

Project: Bird Rookery Island Proj. - Phase ||
Location: Dickinson Bay; Galveston County, TX
Number: G113189




U.S. SIEVE OPENING IN INCHES
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U.S. SIEVE NUMBERS
50

|
200

HYDROMETER

100

40 60 140

100
95

90

85

80

75

70

65

60

55

50

45

40

PERCENT FINER BY WEIGHT
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GRAIN SIZE IN MILLIMETERS

1 0.1 0.01 0.001

COBBLES SRAVEL

SAND

coarse | fine coarse |

SILT OR CLAY

medium l fine

Specimen ID Depth

Classification LL PL Pl Cc | Cu

DB-31 8.5' DB-31; 8.5'- 10

.5' Below The Water Surface 36 18 18

Specimen 1D Depth| D100 D60

D30 D10 |%Gravel| %Sand | %Silt | %Clay

DB-31 8.5' 4.78

=

0.105

0.0

Rock Engineering & Testing Lab., Inc.
6817 Leopard St.

Corpus Christi, TX 78409

Telephone: (361) 883-4555

Fax: (361) 883-4711

RoCKs

US_GRAIN SIZE G113189 BIRD ROOKERY ISLAND.GPJ US_LAB.GDT 9/16/13

GRAIN SIZE DISTRIBUTION

Project: Bird Rookery Island Proj. - Phase i
Location: Dickinson Bay; Galveston County, TX
Number: G113189




U.S. SIEVE OPENING IN INCHES | U.S. SIEVE NUMBERS | HYDROMETER
6 43 245 dag M2y 3 4 6 104416 55 30 44 50 g 100 ,,,200
100 T [MHTT T TRE T MM E TTMTTTT 171 1 T
95 :
90 q
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85 o +
80
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70
, 65
5 s
é 60 §
> 55 :
m H
e :
z =Y §
w :
LA ;
w M
S 40 ;
w :
a :
35 :
30
25
20
15
10 —
5
0 : s E
100 10 3K 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL _SAND SILT OR CLAY
coarse I fine coarsel medium L fine
Specimen ID Depth Classification LL | PL PI Cc | Cu
«|®| DB-32 12.0' DB-32; 12.0' - 14.0' Below The Water Surface 44 17 27
7]
°
3
m
3
g
& Specimen ID Depth] D100 D60 D30 D10 |%Gravel| %Sand | %Sitt | %Clay
gje| DB-32 12.0° 25 0.087 13.0
>
%
p
=]
§
2 GRAIN SIZE DISTRIBUTION
15) Rock Engineering & Testing Lab., Inc. -
u 6817 Leopard St. Project: Bird Rookery Island Proj. - Phase ||
ol 4! & | Corpus Christi, TX 78409
z Telephone: (361) 883-4555 Location: Dickinson Bay; Galveston County, TX
g Fax: (361)883-4711
@ Number: G113189




U.S. SIEVE OPENING IN INCHES | U.S. SIEVE NUMBERS | HYDROMETER
6 4 a 2 15 1 4 1/23/8 3 4 6 810 1416 20 30 40 5060 100140200
100 T T T T T ETT T T3 T 1Tk
95 SRS o
5 : : : g : N\ :
: ; : : : \ :
85 : : i : : :
“ RN A M
75 ? 5 ! ? f i
70
. 65
5
g 60
> 55
]
u 50
w
= 45
Z
w
2 40
w
a
35
30
25
20
15
10
5
0 e : & 5 5 :
100 10 K 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL .SAND SILT OR CLAY
coarse I fine coarse| medium | fine
Specimen ID Depth Classification LL | PL Pl | Cc | Cu
o|®| DB-33 10.0' DB-33' 10.0' - 12.0' Below The Water Surface 40 16 24
I ]
S |
=
3
3
8
é Specimen ID Depth D100 D60 D30 D10 %Gravel | %Sand | %Silt | %Clay
z|e] DB-33 100'] 19 0.079 6.0
2
g
i GRAIN SIZE DISTRIBUTION
o Rock Engineering & Testing Lab., Inc. - -
uNJ 6817 Leopard St. Project. Bird Rookery Island Proj. - Phase |i
ol 4 & | Corpus Christi, TX 78409
z Telephone: (361) 883-4555 Location: Dickinson Bay; Galveston County, TX
g Fax: (361) 883-4711
y Number: G113189




U.S. SIEVE OPENING IN INCHES | U.S. SIEVE NUMBERS | HYDROMETER
1 12 6 10

6 43 245 y 1235 3 4 810 1418 59 30 49 50 g 100449200
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100 10 M 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS

GRAVEL SAND
COBBLES coarse L fine coarsel medium T fine SILTORGLAY

Specimen ID Depth Classification LL | PL PI Cc | Cu

®| DB-34 11.5' DB-34; 11.5' - 13.5' Below The Water Surface 37 11 26

US GRAIN SIZE G113183 BIRD ROOKERY ISLAND.GPJ US LAB.GDT 9/16/13

Specimen ID Depth| D100 D60 D30 D10 | %Gravel| %Sand | %Silt | %Clay

DB-34 11.5' 19 0.09 18.0

=TT T Te

GRAIN SIZE DISTRIBUTION

Corpus Christi, TX 78409

Telephone: (361) 883-4555 Location: Dickinson Bay; Galveston County, TX

Rock Engineering & Testing Lab., Inc. - : -

6817 Leopard St. Project: Bird Rookery Island Proj. - Phase ||
<4, >

Fax: (361) 883-4711

Number: G113189




U.S. SIEVE OPENING IN INCHES
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GRAI

1 0.1

N SIZE IN MILLIMETERS

0.01 0.001

COBBLES SRAVEL

SAND

coarse | fine

coarse l

SILT OR CLAY

medium I fine

Specimen ID Depth

Classification LL PL Pi Cc Cu

DB-35 5.5'

DB-35' 5.5' - 7.5' Below The Water Surface

30 18 12

Specimen ID Depth| D100

D60

D30 D10 |%Gravel| %Sand | %Silt |%Clay

SLAND.GPJ US LAB.GDT 9/16/13

DB-35 5.5' 0.25

0.081

0.0

US GRAIN SIZE G113189 BIRD ROOKERY I

L1 11 le]

Rock Engineering & Testing Lab., inc.
6817 Leopard St.

Corpus Christi, TX 78409

Telephone: (361) 883-4555

Fax: (361) 883-4711

GRAIN SIZE DISTRIBUTION

Project: Bird Rookery Island Proj. - Phase Il
Location: Dickinson Bay; Galveston County, TX
Number: G113189




PERCENT FINER BY WEIGHT
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Specimen ID

Depth

Classification

LL
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Cc

Cu

DB-36

7.5' DB-36; 7.5' - 9.5' Below The Water Surface 32

14
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Specimen 1D

Depth| D100

D60 D30
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%Gravel

%Sand

%Silt | %Clay

DB-36

7.5' 0.25

0.0

QOKERY ISLAND GPJ US _LAB.GDT 9/16/13

Rocis

US GRAIN SIZE G113188 BIRD R

Rock Engineering & Testing Lab., inc.
6817 Leopard St.

Corpus Christi, TX 78409
Telephone: (361) 883-4555
Fax: (361) 883-4711

GRAIN SIZE DISTRIBUTION

Project: Bird Rookery Island Proj. - Phase Il

Location: Dickinson Bay; Galveston County, TX
Number: G113189
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Specimen ID Depth

Classification LL PL Pl Cc Cu

®| DB-37

9.5' DB-37; 9.5' - 11.5' Below The Water Surface 35 14 21

Specimen 1D Depth| D100

D60

D30 D10 |%Gravel| %Sand | %Silt | %Clay

®| DB-37

9.5' 0.25

0.079

0.0

17
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US GRAIN SIZE G113189 BIRD ROOKERY ISLAND GPJ US LAB GDT 9/16/13

Rock Engineering & Testing Lab., Inc.
6817 Leopard St.

Corpus Christi, TX 78409

Telephone: (361) 883-4555

Fax: (361) 883-4711

GRAIN SIZE DISTRIBUTION

Project: Bird Rookery Island Proj. - Phase Il
Location: Dickinson Bay; Galveston County, TX
Number: G113189




Engineering & Testing
Laboratory, Inc.

6817 Leopard Street
Corpus Christi, Texas 78409
Office: (361) 883-4555 Fax: (361) 883-4711

KEY TO SOIL CLASSIFICATIONS AND SYMBOLS

UNIFIED SOIL CLASSIFICATION SYSTEM

o ‘Symbol TERMS CHARACTERIZING SOIL
Major Divisions Letter | Hatching | Color NAME STRUCTURE
~
oW 5 [y ' Well — graded gravels or gravel — sand SLICKENSIDED - having inclined planes
. Je a mixtures, little or no fines Of weakness that are sfick and glossy
D%.’_— o in  appearance
o Poorly-graded gravels or gravel — sand - ;
GE mixtures. little or no fines FISSURED -~ containing shrinkage
GRAVEL ‘? { : ' cracks, frequently filled with fine sand
AND e ar silt; usually more or less vertical
GRAVELLY GM a0y Siity gravels, grave!l — sand — siit mixtures
SOILS Py 2 LAMINATED (VARVED) - composed of
q S thin tayers of varying color and
COARSE @ texture, usually grading from sand or
gR/i\_INED GC > Clayey gravels, gravel - sand - clay mixtures silt at the bottom to clay at the top.
OILS
B CRUMBLY ~ cohesive soils which break
Well - graded sands or gravelly sands, littie into small blocks or crumbs on drying
sW K or no fines
ioete fa) CALCAREOUS - containing appreciable
T E quantities of calcium carbonate,
sP Poorly — graded sands or gravelly sands, generally nodular.
little ar no fines . .
SAND WELL GRADED ~ having wide range in
AND grain sizes and substantial amounts
SANDY SM Siity sands, sand — siit mixtures of all intermediate particle sizes.
SOILS =
9 POORLY GRADED - predominantly of
7 o one grain size (uniformly graded) or
sc ////r > Clayey sands, sand ~ clay mixtures having a range of sizes with some
{/7 intermediate size missing (gap or skip
7 graded)
ML Inorganic silts and very fine sands, rock flour, SYMBOLS FOR TEST DATA
slity or clayey fine sands or clayey silts with
SILTS % & Inorganic clays of low to medium plasticity, M/C = 15 - Natural moisture content in
AND CL % I&J gravelly clays, sandy clays, silty clays, lean percent.
CLAYS 7 O clays
Lk 50 - = 95 - Dry unit weight in Ibs/cu ft
oL — | Organic silts and organic silt-ciays of low Y = 95 - Dry unit weight in [bs/cu ft.
FINE | plasticity .
GRAINED — Qu =1.23 - Unconfined compression
strength in tons/ sq ft.
SQILS MK Inorganic silts, micaceous or diatomaceous
fine sandy or silty soils, elastic silts 51 — 21 — 30 - Liquid limit, Plastic limit,
SILTS and Plasticity index.
AND // w . . .
CLAYS CH / 2 fnorganic clays of high plasticity, fat clays 30% FINER - Percent finer than No. 200
LL> 50 // mesh sieve
‘OH % Organic clays of medium to high plasticity, 30 BIF - Blows per foot, standard
AN organic silts penetration test.
= w ¥ — Ground water table.
HIGHLY ORGANIC . 2 Q , o
SOILS P ., E Peat and othgr highly organic soils
U \ O
TERMS DESCRIBING CONSISTENCY OF SOIL (5
COARSE GRAINED SOILS FINE GRAINED SOILS
UNCONFINED
NO. BLOWS / FT. STANDARD NO. BLOWS / FT. STANDARD
DESCRIPTIVE TERM : DESCRIPTIVE TERM COMPRESSION
PEN. TEST PEN, TEST TONS PER SQ. FT.
Very loose 0-4 Very Soft <2 <0.25
Loose 4-10 Soft 2-4 0.25-0.50
Firm (medium) 10~ 30 Plastic (med. Stiff) 4-8 0.50-1.00
Dense 30 - 50 Stiff 8-15 1.0 -2.00
Very Dense over 50 Very Stiff 15-30 2.00-4.00
Hard aver 30 over 4.00

Field classification for “Consistency” is determined with a 0.25" diameter penetrometer.




APPENDIX B

CONCEPTUAL LEVEL OPINION OF PROBABLE
CONSTRUCTION COST

Project No. 209586 I.)?



GBF DICKINSON BAY
SHORE BIRD NESTING ISLAND

CONCEPTUAL LEVEL OPINION OF PROBABLE COST

EXTENDED CUMULATIVE

ITEM QUANTITY  UNIT UNIT PRICE PRICE TOTAL
BASE BID
Mobilization/Demobilization 1 LS $ 250,000 $ 250,000
Surveys (Initial & Final) 1 LS $ 50,000 $ 50,000
Breakwaters-Reef 36,100 TON $ 100 $ 3,610,000
Imported Beach Fill, Placement, Grading 68,655 CY $ 20 $ 1,373,100
Acceptance Aerial Photograph 1 LS $ 5,000 $ 5,000 $ 5,288,100

CONTINGENCIES (20%): $ 1,057,620

SUBTOTAL: §$ 6,345,720 $ 6,345,720
Notes:
(1) Size of project per USFWS request
(2) Beach sand to be imported fill - adjacent dredging not anticipated.
(3) Imported fill cost will include obtaining material, transport, and grading.
HDR ENGINEERING, INC. 29-Jul-14
209586
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GBF DICKINSON BAY
SHORE BIRD NESTING ISLAND

CONCEPTUAL LEVEL OPINION OF PROBABLE COST

EXTENDED CUMULATIVE

ITEM QUANTITY UNIT UNIT PRICE PRICE TOTAL
BASE BID

Mobilization/Demobilization 1 LS $ 250,000 $ 250,000

Surveys (Initial & Final) 1 LS $ 50,000 $ 50,000

Breakwaters 26,000 TON $ 100 $ 2,600,000

Reef 6,200 TON $ 75 $ 465,000

Imported Beach Fill, Placement, Grading 68,655 CY $ 20 $ 1,373,100

Acceptance Aerial Photograph 1 LS $ 5,000 $ 5,000 $ 4,743,100

CONTINGENCIES (20%): $ 948,620
SUBTOTAL: $ 5,691,720 $ 5,691,720

Notes:
(1) Size of project per USFWS request

(2) Beach sand to be imported fill - adjacent dredging not anticipated.
(3) Imported fill cost will include obtaining material, transport, and grading.

HDR ENGINEERING, INC. 29-Jul-14
209586

APPROXIMATE EQUILIBRATED
MHW SHORELINE (0.7" NAVD)

SHORELINE

250.0" 250.0°




GBF DICKINSON BAY
SHORE BIRD NESTING ISLAND

CONCEPTUAL LEVEL OPINION OF PROBABLE COST

EXTENDED CUMULATIVE

ITEM QUANTITY UNIT UNIT PRICE PRICE TOTAL
BASE BID

Mobilization/Demobilization 1 LS $ 250,000 $ 250,000

Surveys (Initial & Final) 1 LS $ 50,000 $ 50,000

Revetment 19,000 TON $ 100 $ 1,900,000

Reef 6,200 TON $ 75 $ 465,000

Imported Beach Fill, Placement, Grading 72,000 CY $ 20 $ 1,440,000

Acceptance Aerial Photograph 1 LS $ 5,000 $ 5,000 $ 4,110,000

CONTINGENCIES (20%): $ 822,000
SUBTOTAL: $ 4,932,000 $ 4,932,000

Notes:
(1) Size of project per USFWS request

(2) Beach sand to be imported fill - adjacent dredging not anticipated.
(3) Imported fill cost will include obtaining material, transport, and grading.

HDR ENGINEERING, INC. 29-Jul-14
209586

7.0°

ELEV. +6.0"

BEDDING
STONE (1.0°)




GBF DICKINSON BAY
UPLAND BIRD NESTING ISLAND

CONCEPTUAL LEVEL OPINION OF PROBABLE COST

EXTENDED CUMULATIVE

ITEM QUANTITY UNIT UNIT PRICE PRICE TOTAL
BASE BID

Mobilization/Demobilization 1 LS $ 250,000 $ 250,000

Surveys (Initial & Final) 1 LS $ 50,000 $ 50,000
Breakwaters-Reef 46,000 TON $ 100 $ 4,600,000

Imported Beach Fill, Placement, Grading 73,000 CY $ 20 $ 1,460,000

Acceptance Aerial Photograph 1 LS $ 5,000 $ 5,000 $ 6,365,000

CONTINGENCIES (20%): _$ 1,273,000
SUBTOTAL: $ 7,638,000 $ 7,638,000

Notes:
(1) Size of project per USFWS request

(2) Beach sand to be imported fill - adjacent dredging not anticipated.
(3) Imported fill cost will include obtaining material, transport, and grading.
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GBF DICKINSON BAY
UPLAND BIRD NESTING ISLAND

CONCEPTUAL LEVEL OPINION OF PROBABLE COST

EXTENDED CUMULATIVE

ITEM QUANTITY UNIT UNIT PRICE PRICE TOTAL
BASE BID

Mobilization/Demobilization 1 LS $ 250,000 $ 250,000

Surveys (Initial & Final) 1 LS $ 50,000 $ 50,000

Revetment 25,000 TON $ 100 $ 2,500,000

Reef 8,900 TON $ 75 $ 667,500

Imported Beach Fill, Placement, Grading 76,000 CY $ 20 $ 1,520,000

Acceptance Aerial Photograph 1 LS $ 5,000 $ 5,000 $ 4,992,500

CONTINGENCIES (20%): $ 998,500
SUBTOTAL: $ 5,991,000 $ 5,991,000

Notes:
(1) Size of project per USFWS request

(2) Beach sand to be imported fill - adjacent dredging not anticipated.
(3) Imported fill cost will include obtaining material, transport, and grading.
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