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1. Project Information
1.1. Location and Existing Problem

The New Haven County, CT study area is highly vulnerable to damages resulting from coastal
storm events such as Hurricanes and Nor’easters. Hurricane Sandy (2012) is the most recent
major event to cause wide spread damage to the region. The USACE North Atlantic Coast
Comprehensive Study (completed in 2015) identified areas of high exposure and risk along the
Connecticut coast study including New Haven county. Low lying coastal communities contain
thousands of high-value residential structures, commercial properties and government facilities.
Critical infrastructure throughout the region including the I-95 corridor and multiple railroad
transportation systems, government facilities, and medical facilities become more at risk of
damage from coastal storm events as climate changes.

This purpose of this general investigation was to determine the feasibility of a number of flood
protection structures and alignments along the coast near Long Wharf adjacent to 1-95 (Figure
1.1).
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Figure 1.1: Approximate extent of potential flood protection structure alignments in New
Haven



2. Explorations
2.1. Available Boring Information

New Haven subsurface information was provided by previous Long Wharf and I-95 pre-
construction investigations performed by Langan Engineering & Environmental Services, the
Connecticut Department of Transportation (CTDOT), and GZA GeoEnvironmental Inc. Boring
information was available along the length of the coast of Long Wharf from the Long Wharf
Drive underpass to just north of the jetty (Figure 2.1).

The three borings (PB-5, PB-6, PB-7) developed by the Connecticut Department of
Transportation were all to depths 122 feet below surface. Boring information utilized from the
Langan Engineering effort (LB-1, LB-4, LB-5, LB-6) varied from 47 to 52 feet below ground
surface. The GZA boring (GZ-11) was drilled to 47 feet below the ground surface.
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Figure 2.1: Location of borings utilized in design for New Haven
2.2. Foundation Materials

A detailed description of the subsurface conditions at Long Wharf is available in a November
2010 report by Langan Engineering & Environmental Services based on the same information
currently available for this study. It was assumed these soil stratifications would be similar to
areas north and south of the Long Wharf where borings are not available. Below is a summary of
these findings with additional notes regarding information from the CT DOT borings closer to
the I-95 embankment.



Miscellaneous Fill (SP) - Up to 12 feet below grade is comprised of a miscellaneous sand fill.
This includes medium to fine sands with varying levels of silt and gravel throughout. SPT N-
values had a wide range of values from 1 to 55 blows per foot (bpf) indicating varying levels of
compaction throughout the coastline. Samples in this area have average percent fines of
approximately 13% with average water content of approximately 4%.

Upper Sand (SP-SW) - Beneath the miscellaneous fill is a dark layer of sand ranging in thickness
from 10 to 29 feet. This sand layer is a medium dense coarse sand with varying proportions of
silty gravel and silt. SPT N-values range from 6 to 23 bpf. This layer had an average 5% fines
average water content of 17%.

While it is not referenced in the Langan report, this upper sand layer is not present in borings
near the [-95 embankment. It appears that the miscellaneous sand fill discussed above was
placed directly on top of a shallower organic silt layer as a part of the [-95 embankment
construction.

Organic Clayey Silt (OL/OH) — Beneath the miscellaneous fill and upper sand is a thick layer of
organic clayey silt with traces of shells, organics, and fines sand. The thickness varied from 14 to
40 feet. While SPT N-values ranged from weight of hammer (WOH) to 21 bpf, the average blow
counts ranged from WOH to 2 bpf. This layer had an average water content of 68%. The
average Liquid Limit, Plastic Limit, and Plasticity Index are approximately 84%, 38%, and 46%,
respectively.

The Langan report notes that the average undrained shear strength was approximately 620 psf;
results of the four UU tests showed significant variation in undrained strengths, ranging from a
high of 918 psf, to a low of 432 psf. For this design, the lower bound of the undrained shear
strengths were assumed.

Lower Sand (SP) — All of the Langan borings terminate within this lower sand layer beneath the
organic silts. This is a layer of medium dense medium to fine sand with SPT N-values varying
from 12 to 26 bpf. The deeper Connecticut DOT borings indicate this layer thickness varies from
8 to 10 feet. This layer has average percent fines of 8% and average percent water content of
24%.

Upper and Lower Silts — As the Langan borings terminate above this layer, the presence of the
silts below the lower sands are indicated only in the CTDOT borings. The thickness of this layer
varies from 58 to 63 feet. For the purpose of feasibility design this layer was separated into upper
and lower silts due to varying SPT N-values directly below the organics and those deeper within
the strata. Fines content varies from 77 to 98%.




3. Development of Design Soil Stratification

Due to the size of the project impact area and limited boring information along the proposed
alignments it was necessary to create generalized soil stratifications that would be applicable for
large portions of the proposed flood protection alignment.

Prior to developing the design soil strata, the blow counts for all applicable borings were
normalized to Neo values. Free-draining granular material properties were estimated using the
blow count correlations provided by Bowles (1984) and Koshida (1967) found in Table 1.
Additional shear strength testing, in conjunction with future boring explorations, should be
performed on soils using these correlations to confirm strength and unit weight assumptions.
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The simplified sections were developed based on the similarities between nearby soil borings
and whether or not the structure alignment was closer or further from shore. The depth to the
organics layer, which appeared in all New Haven borings, is what largely dictated the separation
between sections. It was shown in the available boring information that the organics layer was
significantly shallower near the 1-95 embankment when compared to the depth nearer the
shoreline. There was also a noted presence of looser soils near the south end of the I-95

embankment. New Haven was eventually broken down into four separate reaches as noted on
Figure 3.1. Design soil strata is provided in Table 2.
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igure 3.1: Design Soil Stratification Applicable Areas at New Haven



Table 2: Design Soil Stratification and Soil Properties at New Haven
South End Near 1-95 (PB-5 and PB-7)

"Layer Top Layer Depth Soil Type Neo| vt | ‘c | % | '
Elv. Bottom Elv.
(ft, NGVD29) | (ft,NGVD29)| (ft) (pcf) | (psf) | (deg) | (psf)| (deg)
6 4 0 Sand trace silt (Fill) 15 | 115| 0 32 0 32
4 0 4 Sand trace silt (Fill) 15 | 115| 0 32 0 32
0 -34 38 Organic Silt (OH) 1 [100[450| O 0 22
-34 -41 45 Medium to Fine Sand (SP) 10 | 125| O 30 0 30
-41 -58 62 7Upper Silt trace Clay 12 | 128| 0 25 0 25
-58 -102 106 Lower Silt trace Clay 20 | 132]| O 25 0 25

South End Near Shoreline (LB-1 and LB-4)

1Layer Top 1Layer

o 2 3 4 5 ' 641
Elv. Bottom Elv. Depth SoilType N60| “vt ¢ ¢ ¢ ¢
(ft, NGVD29) | (ft, NGVD29)| (ft) (pcf) | (psf) | (deg) | (psf)| (deg)
6 4 0 Sand trace silt (Fill) 15 | 115| O 32 0 32
4 0 4 Sand trace silt (Fill) 15 | 115| 0 32 0 32
0 -9 13 Coarse to Fine Sand (SW) 20 [120] O 35 0 35
-9 -37 41 Organic Silt (OH) 1 [100[450| O 0 22
-37 -47 51 Medium to Fine Sand (SP) 20 [ 120] O 35 0 35
-47 -75 79 7Upper Silt trace Clay 12 | 128| 0 25 0 25
-75 -120 124 Lower Silt trace Clay 20 | 132| O 25 0 25

Northend Near Shoreline (LB-5, LB-6, and GZ-11)

1Layer Top 1Layer . 2 3 a 5 , 644
Elv. Bottom Elv. Depth SoilType N60| "yt ¢ ¢ ¢ ¢
(ft, NGVD29)| (ft,NGVD29)| (ft) (pcf) | (psf) | (deg) | (psf)| (deg)
6 4 0 Sand trace silt (Fill) 20 | 120| O 35 0 35
4 -3 7 Sand trace silt (Fill) 20 | 120 O 35 0 35
-3 -14 18 Sand trace Silt (SP/SW) 15 | 115| 0 32 0 32
-14 -40 44 Organic Silt (OH) 1 [100[450| O 0 22
-40 -50 54 Medium to Fine Sand (SP) 20 [ 120] O 35 0 35
-50 -100 104 7Silt trace Clay 25 [134] O 27 0 27
Northend Near 1-95 (PB-9)
1Layer Top 1Layer Depth Soil Type ’N60 th ‘e b c' 6¢‘
Elv. Bottom Elv.
(ft, N\GVD29) | (ft,NGVD29)| (ft) (pcf) | (psf) | (deg) | (psf)| (deg)
6 4 0 Sand trace silt (Fill) 15 | 115| 0 32 0 32
4 1 3 Sand trace silt (Fill) 15 | 115| 0 32 0 32
1 -39 43 Organic Silt (OH) 1 |100|450| O 0 22
-39 -50 54 Medium to Fine Sand (SP) 30 [125] O 35 0 35
-50 -110 114 ’Silt trace clay 20 | 132 O 25 0 25
Notes:

1. Design strata is based on the boring information provided by the indicated borings. Top of pile assumed at 4 feet NGVD29.

2. N blow counts are based on N60 corrected blow counts from soil borings

3. Unit weights are developed from Bowels 1984 correlations, assumed saturated unit weight and moist unit weight are equal
4. Organicsilt undrained properties and unit weights based on UU testing on soil from LB-1, LB-4, LB-6, and PB-9

5. ¢ for granular soil based on N60 values and Kishida 1967 correlations. No shear strength lab testing information available for
lower silts, assumed ¢ for loose to medium dense silts using Bowels 1988 representative values.

6. Drained friction angle for organic silt estimated based on low undrained shear strengths and assumption of no cohesion.
Typical values are not readily available, however it is assumed that the organics will have some drained shear strength similar
to avery loose cohesionless silt.

7. Depths to silts below El. -50 ft, NGVD29 are based on deep borings PB-5, PB-7, and PB-9



4. Structure Selection

Concrete filled friction pipe pile supported T-walls with sheet pile seepage cutoff walls are
recommended for the flood wall retaining structures. The general selection of a pile supported
structure retaining wall was determined based on the following site conditions and limitations of
other flood protection structures.

4.1. I-walls

I-walls were extensively considered in feasibility, but a number of factors excluded their use.
The Corps engineering circular for I-wall design, EC 1110-2-6066 (April 2011), was referenced
frequently to determine the general feasibility of I-walls. A number of criteria outlined in the EC
regarding the availability of information to properly describe the site conditions as well as a
number of caveats regarding the presence of soft soil are presented below.

As noted previously there was a general low availability of subsurface information along the
proposed structure alignments. Table 3 shows the minimum drilling and sampling requirements
for I-wall design during different project phases. As available boring information indicates soft
fine grain soils are present (organic silt) the nominal boring spacing for feasibility level design is
recommended at 500 feet. For pre-construction design the nominal boring spacing is 300 ft. At
New Haven, this requirement is met in limited areas, largely along the southern beach shore,
however it is not met along the entire alignment along the 1-95 embankment and north of the
Long Wharf shoreline jetty. Due to the limited number of borings available along the alignment
the site could be considered as having “limited site information” available. Page 2-23 of the EC
notes “All I-walls serving as flood control barriers are critical and cannot be designed based on
limited site information”.



Table 3: Minimum Drilling and Sampling Requirements for I-walls
(Table 5-1 in EC 1110-2-6066)

Nominal Boring  Minimum Boring

Project Phase Soil Type Sample Type and Frequency Spacing (f)* Depth Remarks
bc_-ﬁ F].rlr—. One Undisturbed 5 Shelby tube 500 - clay foundations al-so require borings
Grained Soils o . at both sides of leves
Mediom/ SGEf sample every 10 feet in depth
ecium with disturbed sampling between . - Some bonngs should extend to 100
Fine-grained tube sammles 1000 - 3 x total height of feet or top of rock
Reconnaissance/Feasibility Soils amples. protection above °P i
Loose Granular 500 oniginal ground, or |- sand foundations also require
Soils SPT method supplemented as 3 borings perpendicular to protection
Medium/Dense appropriate with CPT data 1000 - 5 x exposed I- - Some borings should extend to 100
Granular Soils wall height. or feet or top of rock. whichever 1s less
Soft Fine- - total thickness of
Grained Soils 300 soft clay layers. or
. One Undisturbed 57 Shelby tube ST - All clay strata must be continuously
Medium/Stiff le every 5 feetin depth led for laboratory festi
Fine-Grained sample every 3 feetin X 500 - 50 feet sampled for laboratory testing
Preconstruction Design Soils
Loose Granular - .
2 - Ui 4
Soils SPT method supplemented as 250 Undisturbed “m?l‘?‘g m clays can
— . ; be supplemented with SPT, CPT,
Medium/Dense appropriate with CPT data 500 and/or seoprobes
Granular Soils 3 geop
Soft Fine- 100 —250
Gfﬂgled zh_lcgls One Undisturbed 5~ Shelby tube - geophysmql methods shall be used,
Medinm/Stiff i ] as appropriate
. ) sample every 3 feet in depth.
P ) . Fine-Grained 250 —500
'ost Construction i . .
) ) e Soils - ambient groundwater levels during
Modifications to Existing - drilling <hall be recorded
Structures** Loosz(ﬁanular 100250 23 s
ols o ) )
iy SPT merhcd Supl})llzﬁn:ad as - Piezometric response data is required
Medlum-D‘egse appropriate wit] ta 250 - 500 by installing appropriate
Granular Soils mstrumentation.

*  Boring Layout must be conststent with uncertainties of strata and properties.
** For post construction activities, boring spacings shall be closer to the lower end of the range. Closer spacing may be required to adequately assess
specific problem areas.

Next is the inclusion of soft organic soils. Page 6-34 of the EC notes, “For new designs, the
maximum unsupported stem height for I-walls constructed on existing levees or in soft soils shall

be limited to 6 feet.” This 6 foot limiter would preclude the use of I-walls in many areas where
required wall heights could extend upwards of 10 feet.

While this would seem to indicate that I-walls could be used in areas where the required
protection requires a less than 6 foot wall, an additional condition is presented in the EC on page
5-5. The EC explicitly states that if ““...Normally consolidated to slightly overconsolidated soft
clays, silts, or peat having SPT resistance less than 4 blows/foot or shear strength less than 500
psf located within 10 feet of the original ground surface...” are found during feasibility, I-walls
should not be considered, and the design of the flood protection system should be completed
using T-based floodwalls, L-walls, or levees. This condition is applicable to much of the New
Haven study area.

The blow counts (<1-2 in most areas) and available UU test data indicates that the organic soils
present have less than 500 psf shear strength. Based on the available borings, soft organics are
present within the first 10 feet for most of the proposed alignment. The areas where soft organics
are not within the first 10 feet are in areas where an I-wall would not be appropriate

(directly along the shore of Long Wharf New Haven). It cannot be said with confidence that soft
organic soils would not be present within 10 feet of the ground surface for the proposed structure
alignments. Therefore a pile supported T-wall was chosen as the appropriate design to use for
this project phase.



I-walls may be considered during final design in some areas only after extensive subsurface
information is obtained along the proposed alignments.

4.2. T-wall Configuration

T-walls were first considered without the use of pile foundations, but for various reasons it was
determined that pipe supported walls would be necessary. At New Haven, for alignments closer
to the shoreline where wave pressures would be highest, shallow foundations would not meet the
overturning or sliding criteria without unrealistically wide bases or extensive backfilling behind
the wall. For walls aligned closer to the 1-95 embankment, shallow foundations would not meet
the bearing capacity requirements due to the top of organics layer being shallower further inland
at approximately El. 0 ft NAVDS88. The depth of the T-wall bearing slip surfaces, which are
generally estimated as the width of the base of the wall, would result in a large amount of the
required shear strength being dependent on the soft organic layer. There was also a general
concern with the space available near the I-95 embankment which would preclude the use of
wide shallow foundations.

For the above reasons a pile supported T-wall, which would act more as a pile cap, was chosen
as the general feasibility level structure type.

A sheetpile seepage cut off wall was also included with the intention of having a global seepage
gradient less than 0.15. During the feasibility level of design the width of the base was largely
dependent on the pile configuration which may change following feasibility. Therefore the
shortest seepage path did not consider the width of the T-wall base. The shortest seepage path
was considered to be twice the length of the sheet pile, plus the embedment of the wall (~4 feet).
This assumes the seepage moves along the entire length of the sheet pile.

Driven piles were chosen for the foundation support structure for the retaining wall. Due to the
presence of soft soils and limited boring information for sections of the study area, it was
assumed that sufficient end bearing capacity of the piles could not be assured. Therefore, it was
assumed that the piles would be acting as friction piles and that the forces transferred from the
retaining wall would be carried entirely by the frictional skin resistance of the piles. This is a
generally conservative assumption; if additional explorations borings are made available and the
pile tip would pass entirely through the organics and into the underlying sand, then the final pile
lengths may be reduced in design. Friction type piles are generally recommended to be driven,
and the soft soils would make pre-drilled non-displacement pile construction difficult.

Due to the presence of soft soils across the site, drilled shaft and other non-displacement methods
should only be considered for limited use in areas where space limitations for a pile cap or
vibrations would be an issue. These non-displacement type piles may be considered in design
phase.

As the piles are located in a marine environment, there is a risk of water intrusion that could
damage the interior of piles. Concrete fill will prevent internal corrosion of the pipe that would
otherwise occur if left open. There are additional structural benefits to concrete filled pilings
which can account for potential flaws in the pipes during manufacturing, such as joints at splices.
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5. Design Methods and Assumptions
5.1  Allowable Axial Loading

Pile supports were designed using empirical methods described in EM 1110-2-2906 to determine
allowable axial loadings at depth. NAE Structural Engineering Section had determined that the
general required loading would be approximately 50kips compression and 20 kips tension per
pile. To determine the appropriate pile length and size the allowable axial loading was
determined at the base of each soil layer type.

Due to the lack of subsurface information for large portions of the alignment and the presence of
organics, it could not be guaranteed that the piles would terminate outside of these soft layers.
Therefore, it was determined that the bearing capacity of the piles would not be considered for
the allowable axial strengths at either site. Only the allowable capacity afforded by the skin
friction would be considered.

An excel sheet was developed to assist with calculations using methods described in EM
1110-2-2906 to test different pile sizes. For each design soil strata, calculations were made to
determine the appropriate pile length to reach the loading requirement.

Calculations were made near the lowest final ground surface elevation, or what could be
considered the highest wall height. This was a wall height assumed to be near 10 feet in height,
so ground surface was assumed to be near 6 feet NAVDS88, and the top of the piles would be near
4 feet NAVDS88. This would result in the maximum pile depths which could then be modified in
final design after additional borings are performed.

As required skin friction is fairly high, larger diameter piles will be needed. It was determined
that 20 inch close ended pipe piles for New Haven would be the most feasible without requiring
additional splicing of smaller pile sizes. 24 inch close ended pipe piles are recommended along
alignments at New Haven along the [-95 embankment. It is likely these pile sizes and depth
could be reduced with further subsurface information and assuming additional bearing capacity
could be guaranteed.

The presence of organics largely dictated the design of the piles. N values derived from blow
count values for these materials were frequently low (1 to 4) with a number of weight of hammer
and weight of rod SPT readings recorded across multiple borings. Unconfined undrained (UU)
testing was available for the organic silts, however no Consolidated Undrained (CU) or
Consolidated Drained (CD) tests were performed on these soils to determine drained properties.
For this level of design, undrained shear strengths were assumed to be on the lower end of the
available UU test data between 400 and 500 psf. The drained friction angle was assumed to be in
the low 20s at 22° with no cohesion/adhesion which resulted in drained analyses dictating the
overall depths and design of the piles.

EM 1110-2-2906 allows for piles to be battered using vertical axial loading calculations as long
as the total axial loading of the battered pile does not exceed the allowable axial loading
calculated assuming vertical piles.

11



5.2 Allowable Lateral Loading

Allowable lateral loading of vertical piles for concrete drilled shafts to be used at the closure
structures was requested by structural engineering. The software program L-PILE was used to
analyze multiple drilled shaft diameters varying from 2 feet to 5 feet diameters. L-PILE was set
to test the piles with gradually increasing loads until the piles failed as noted by large excessive
lateral deflections. It was determined that lateral loading against vertical piles would not be
sufficient to support the resist the expected lateral loading and that pile battering would be
required.

6 Conclusions
6.1 General

The New Haven study area has limited boring information along the structure alignment which
in general led to a more conservative design of a pile supported T-wall. Other structure types
were examined during feasibility, largely I-walls, however the lack of extensive boring
information and presence of soft soils made these much higher risk structure types that would not
be appropriate in most areas at a feasibility level.

Thick layers of soft soils (blow counts <1) were found along Long Wharf and the depth and
extent of these soils is not clear along the entire length of the proposed alignments. This led to
generally conservative assumptions for the T-wall design, such as assuming bearing capacity
could not be guaranteed in the piles or that the soft soils would not be able to support shallow
foundations. Even with these assumptions, due to the lack of information, it is not known
whether these assumptions are actually conservative without obtaining additional subsurface
information.

It is possible that the T-walls may be replaced with I-walls in some areas during design phase
when more subsurface information and final structure alignments are determined.

A pile supported T-wall with a sheet pile seepage cutoff wall was selected for the proposed New
Haven flood protection structures. This structure type was largely decided upon based on the
large wave forces along Long Wharf beach, the thick layers of organics beneath the ground
surface, and the limited boring information for portions of the alignment, especially north and
south of the Long Wharf beach.

7 Recommendations
7.1  Additional Subsurface Explorations

It is possible that the T-walls may be replaced with I-walls in some areas during design phase
when more subsurface information and final structure alignments are determined. Page 5-4 in
the I-wall design engineering circular (EC 1110-2-6066) describes the required nominal boring
spacing during different project phases (Table 3). As the site is primarily comprised of loose
granular soils and soft fine-grained soils (organic layers) the required nominal boring spacing for
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I-walls during design is 250 to 300 feet. Boring plans could target specific areas where [-walls
would be preferred over T-walls by increasing the density of borings.

Boring information at New Haven was limited to the stretch of coast along Long Wharf. As
alignments of alternatives are located both north and south of Long Wharf additional borings or
the retrieval of additional boring information in these areas is recommended. Specifically this
would include borings in the industrial park and restaurant area along the coast north of Long
Wharf. To the south, boring information is needed for areas near 6™ street and Howard Avenue
where the southern section of the wall is planned for placement. It is possible this information is
already available due to the number of large structures on the north end of New Haven and the
recent I-95 construction.

7.2 Pile Driving Program

7.2.1 Vibration Reduction

Prior to driving piles near structures such as home residences, bridges, etc., a structural survey of
these structures should be made to ensure vibration from the driving does not cause additional
damage to these structures. During driving, vibrations should be monitored and additional
measures be taken to reduce vibrations as needed. This may include pre-drilling holes to an
elevation beneath the adjacent building foundations or trenching near pile driving. This could
prevent pile vibrations from being transferred to adjacent foundations. This or other methods may
be applied to reduce vibrations from pile driving.

7.2.2 Pile Testing

It is expected that load testing in accordance with ASTM D 4945 (IBC Chapter 18) would be
performed on approximately 5% of the piles used at New Haven to determine axial capacity.
Additional lateral load testing would also need to be performed on both driven and drilled piles.
The cost of testing will include data interpretation and evaluation, which would be a requirement
for all pile testing performed at the site.

8 References
Bowles, J.E. “Physical and Geotechnical Properties of Soils”, 2" Edition, 1984
International Code Council, Inc., “2018 International Building Code”, 31 August 2017

Kishida, H., “Ultimate Bearing Capacity of Pile Driven in Loose Sand”, Soils and Foundations,
Vol. 7, No. 3:20-29

U.S. Army Corps of Engineers, “EC 1110-2-6066 Design of [-walls”, 1 April 2011
U.S. Army Corps of Engineers, “EM 1110-2-2906 Design of Pile Foundations”, 15 January 1991

U.S. Army Corps of Engineers, “EC 1110-2-2502 Retaining and Flood Walls”, 29 September
1989

13



ATTACHMENT A: ALLOWABLE AXIAL PILE LOADING

14



Project: ~ New Haven GI Study Sheet No. 1 of 16

Subject: Axial Pile Capacity Sample Calculations

US Army Corps
of Engineers:  Computed by: DPF Date:  4/23/2019  Checked by: EWM  Date:  5/6/2019

OBJECTIVE: Geotechnical Engineering Section (GES) has calculated the allowable axial capacity of piles
proposed to be used along the New Haven, CT shoreline using empirical methods described in EM 1110-2-2906.
Available borings and lab data used to develop design soil strata along four separate reaches of the New Haven
project. The reaches were determined by the availability of boring information and their location relative to
project alternative alignments. Figure 1 presents the reaches at which the differing allowable capacities are
applicable.

Legend

Zv North End Near I-95

&+ North End Near Shoreline
&» South End Near I-95

+» South End Near Shoreline

Fgure 1: Design Soil Stratification Applicable Areas at New Haven
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PROCEDURE:

1. Determine soil parameters based on existing boring information.
a) New Haven subsurface information was provided by a previous subsurface investigation performed by
Langan Engineering & Environmental Services and GZA Engineering. Borings information was available
along the length of the coast of Long Wharf from the Long Wharf Drive underpass to the jetty, as well as a
number of borings north of the wharf along the alignments of the [-95/1-91/CT-34 connector (Figure 2).

Final design strata soil properties are presented in Table 1 and 2.

------
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Figure 2: Location of borings utilized in design for New Haven
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Table 1: New Haven Design Soil Stratigraphy and Properties

South End Near 1-95 (PB-5 and PB-7)

1Layer Top 1Layer . 2 3 a 5 ' 644
Elv. Bottom Elv. Depth Soil Type N60| vt ¢ ¢ ¢ ¢
(ft,NGVD29) | (ft, NGVD29)| (ft) (pcf) | (psf) | (deg) | (psf) | (deg)
6 4 0 Sand trace silt (Fill) 15 | 115 0 32 0 32
4 0 4 Sand trace silt (Fill) 15 | 115| 0 32 0 32
0 -34 38 Organic Silt (OH) 1 100 | 450 0 0 22
-34 -41 45 Medium to Fine Sand (SP) 10 [125] O 30 0 30
-41 -58 62 7Upper Silt trace Clay 12 [ 128 | 0 25 0 25
-58 -102 106 Lower Silt trace Clay 20 [ 132 O 25 0 25
South End Near Shoreline (LB-1 and LB-4)
1Layer Top 1Layer . 2 3 a 5 ' 644
Elv. Bottom Elv. Depth Soil Type N60| vt ¢ ¢ ¢ ¢
(ft,NGVD29) | (ft,NGVD29)| (ft) (pcf) | (psf) | (deg) | (psf) | (deg)
6 4 0 Sand trace silt (Fill) 15 | 115| 0 32 0 32
4 0 4 Sand trace silt (Fill) 15 | 115| 0 32 0 32
0 -9 13 Coarse to Fine Sand (SW) 20 | 120| © 35 0 35
-9 -37 41 Organic Silt (OH) 1 ]100(450| O 0 22
-37 -47 51 Medium to Fine Sand (SP) 20 [120] O 35 0 35
-47 -75 79 7Upper Silt trace Clay 12 | 128 | O 25 0 25
-75 -120 124 Lower Silt trace Clay 20 | 132 O 25 0 25
Northend Near Shoreline (LB-5, LB-6, and GZ-11)
1L:.-lyer Top 1Layer . 2 3 a 5 ' 641
Elv. Bottom Elv. Depth Soil Type N6O| ‘vt ¢ ® ¢ ¢
(ft,NGVD29) | (ft, NGVD29)| (ft) (pcf) | (psf) | (deg) [ (psf)| (deg)
6 4 0 Sand trace silt (Fill) 20 | 120 O 35 0 35
4 -3 7 Sand trace silt (Fill) 20 | 120| O 35 0 35
-3 -14 18 Sand trace Silt (SP/SW) 15 | 115] 0 32 0 32
-14 -40 44 Organic Silt (OH) 1 [100[450| O 0 22
-40 -50 54 Medium to Fine Sand (SP) 20 |120| O 35 0 35
-50 -100 104 7Silt trace Clay 25 1134 0 27 0 27
Northend Near 1-95 (PB-9)
LayerTop "Layer Depth Soil Type Ne6o| Wyt | ‘c | % | '
Elv. Bottom Elv.
(ft,NGVD29) | (ft, NGVD29)| (ft) (pcf) | (psf) | (deg) [ (psf)| (deg)
6 4 0 Sand trace silt (Fill) 15 | 115| O 32 0 32
4 1 3 Sand trace silt (Fill) 15 [115] 0 32 0 32
1 -39 43 Organic Silt (OH) 1 ]100(450| O 0 22
-39 -50 54 Medium to Fine Sand (SP) 30 |125]| O 35 0 35
-50 -110 114 ’Silt trace clay 20 | 132 O 25 0 25
Notes:

1. Design strata is based on the boring information provided by the indicated borings. Top of pile assumed at El. 4 feet NGVD29.
Groundwater table elevation is generally tidal due to the distance from the shoreline. For calculations assume 3 feet NGVD29.
2. Blow counts are based on N60 corrected field blow counts from soil borings

3. Unit weights are developed from Bowles 1984 correlations, assumed saturated unit weight and moist unit weight are equal
4. Organic silt undrained properties and unit weights based on UU testing on soil from LB-1, LB-4, LB-6, and PB-9

5. ¢ and ¢' for granular soil based on N60 values and Kishida 1967 correlations. No shear strength lab testing information
available for lower silts, assumed ¢ for loose to medium dense silts using Bowles 1988 representative values.

6. Drained friction angle for organic silt estimated based on low undrained shear strengths and normally consolidated. Typical
values are not readily available, however it is assumed that the organics will have some drained shear strength similar to a very
loose cohesionless silt.

7. Depths to silts below El. -50 ft, NGVD29 are based on deep borings PB-5, PB-7, and PB-9. LLand PI testing was not available to
properly categorize these silts as MH or ML.
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b) Due to the large thickness of the organic soils and low number of borings for large sections of the
alignment, it was assumed that pile tip could not be guaranteed to terminate below the organic layer.
Therefore, it was assumed that tip capacity would not be guaranteed and the capacity of the pile was assumed
to be held entirely by the skin friction of the piles. As no drained testing was available for the organic silts, it
was assumed that the drained conditions for the organics would be a low friction angle and normally
consolidated. Both drained and undrained analyses were performed during analysis, calculation results showed
the drained properties of the organic layers would dictate design.

d) An excel sheet was developed to assist in calculating the various allowable axial loads for given depths.
Below is a sample calculation for a 20 inch pipe pile along the north end of the New Haven shoreline.

Ground Surface = El. 6 feet NGVD29
\ 4 Sand Trace Silt (Fill) GWT = EL 3 feet NGVD29
y=120 pcf
¢'=35°
¢ =0 psf El -3 feet NGVD29
Sand Trace Silt (SP/SW)
y=115 pcf
¢'=32°
¢’=0 psf

Top of Pile = El. 4 feet NGVD29

El -14 feet NGVD29

Organic Silt (OH)
=100 pcf
¢’=22°

¢’=0 psf

¢=0°

=450 psf

EL -40 feet NGVD29
Medium to Fine Sand (SP)
v=120 pcf

¢’=35°

¢’=0 psf

EL -50 feet NGVD29
Silt Trace Clay
v=134 pcf
¢’=27°
Various Tip Depth/Lengths analyzed ¢’=0 psf

Figure 3: Pile configuration
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Calculated Effective Stress:

! —
0 vo = Opo — U
0" vo = ZWVsoiLi * Zsoi ;| — *Z )
vo )/SOll,l soil depth,i Ywater water depth,i
a) “Skin Friction. For design purposes the skin friction of piles in sand increase linearly to an assumed

critical depth (Dc) and then remain constant below that depth. The critical depth varies between 10 to 20 pile
diameters or widths (B), depending on the relative density of the sand. The critical depth is assumed as:

Dc = 10B for loose sands and silts
Dc = 15B for medium dense sands and silts
Dc = 20B for dense sands and silts”
-EM 1110-2-2906

Due to the presence of loose sands and silts. 10B was used as the critical depth. In this case, a 20 inch pipe pile

is being used, the critical depth is 17 feet deep. Diagram of total and effective vertical stress is include in
Figure 4.

At El. 4 feet (Top of Pile)
0'vo = Oyo = 120 pcf * 2 ft = 240 psf

At El 3 feet (Top of GWT)
0'vo = 0yo = 120 pcf * 3 ft = 360 psf

At El. -3 feet
0'yo =360 psf + (120pcf — 62.4pcf) * 6ft = 705.6 psf

At El -11 feet (Critical Depth)
For the purpose of skin friction calculations the effective stress is constant below the critical depth

0'yo = 705.6 psf + (115pcf — 62.4pcf)  8ft = 1126 psf
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Vertical Soil Pressures
10

0 2000 4000 6000 8000 10000 12000 14000

-10

-20

—@— Total Vertical Pressure
Effective Vertical Pressure

Pile Limiting Vertical Pressure

-30

Elevation (ft, NGVD29)

-40

-50

-60
Vertical Pressure (psf)

Figure 4: Vertical soil pressures

b) Skin Friction Calculations (Alpha Method)
Note: No cohesion was assumed in the organic silts drained case the alpha cancels in below equations.

a=aa,
fs =Kd',tan§ + ac = Ka',tan§
', =vy'D for D<D,
o', = y'D, for D>D,
Qs = fsAs
a = adhesion factor
a,= adhesion factor for undrained strength and effective stress ratio from Fig. 4-5b in EM 1110-2-2906
a, = adhesion factor for pile length from Fig. 4-5b in EM 110-2-2906
K = lateral earth pressure coefficient (Kc for compression piles and Kt for tension piles)
o', = effective overburden pressure
0 = angle of friction between the soil and the pile from Table 4-3 in EM 1110-2-2906
D, = critical depth from page 4-11 of EM 1110-2-2916
Q. = capacity due to skin resistance
A = surface area of pile shaft in contact with soil
fs = average unit skin resistance
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Two tables for determining values of K in compression and tension for displacement and non-displacement piles
are provided in EM 1110-2-2916 (Figure 7). For displacement piles, the lower end of Table 4-4 were used as
these were the more conservative values (Sand Kc=1.0, Kt=0.5; Silt Kc=1.0, Kt=0.5), and the higher K values in
Table 4-5 are only recommended if testing validates those values. For the non-displacement pile calculations, the
lower K tension values from Table 4-5 were used as well as the lower sand KC value from Table 4-4 (Sand
Kc=1.0, Kt=0.5; Silt Kc=1.0, Kt=0.35).

Table 4-4

Table 4-5
Values of K Common Values for Corrected E

Digplacement Piles HNondisplacement Pilas
Soil Type K K. Scil Type Compression Tensicn Compression Tension
Sand 1.00 to 2.00 0.50 to 0.70 Sand z.00 .67 1.5 0.50
Silt 1.00 0.50 to 0.70 5ilt 1.25 0.50 1.00 0.35

Cla

Clay 1.00 0.70 to 1.00 Clay 1.28 .90 1.00 0.70

Note: Although these walues may be commonly used in some areas
they should not be used without experience and testing to
validate them.

Note: The above do not apply to piles that are
prebored, jetted, or installed with a vibra-
tory hammer. Picking K values at the
upper end of the above ranges should be
based on local experience. K , 8 , and Nq
values back calculated from load tests may
be used.

Figure 5: K value table in EM 1110-2-2916

Using Table 4-3 in the EM (Figure 6), a 6 of 0.67¢ was used for steel pipe piles calculations and a & of 0.9¢ was
used for the concrete drilled shaft calculations.

Table 4-3

Values of &

Dile Material &

Steel 0.67 & to 0.83 &
Concrete 0.90 & to 1.0 @
Timber 0.BO ¢ to 1.0 ¢

Figure 6: 6 value table in EM 1110-2-2916
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Allowable Compression Capacity:

Q
Qattow = F_;

Note: Piles are friction based, bearing capacity not included in compression capacity

Allowable Tension Capacity:

Qstenﬂon

Q, = capacity due to skin resistance

Q; tension = capacity due to skin resistance for pile in tension

Q4110w = Allowable axial loading capacity
FS = factor of safety for compression or tension from page 4-2 of EM 1110-2-2906 shown below

As loading is due to wave loads during storms which would not be considered normal day-to-day loading a factor
of safety of 2.25 was used (Figure 7).

Method of Minimum Factor of Safety
Determining Capacity Loading Condition Compression Tension
Theoretical or empirical Usual 2.0 2.0
prediction to be verified Unusual 1.5 1.5
by pile load test Extreme 1.315 115
Theoretical or empirical Usual 2.5 3.0
prediction to be verified Unusual 1.9 2.25
by pile driving analyzer Extreme 1.4 1.7

as described in
Paragraph 5-4a

Theoretical or empirical Usual 3.0 3.0
prediction not wverified IUnusual 2.25 2.25'
by load test Xtreme : y

Figure 7: Factor of Safety table from page 4-2 in EM 110-2-2906. (Note that due to
uncertainty in soil conditions, a higher factor of safety was used in the pile calculations.)
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Skin friction from El. 4 feet to El. -1 ft was not considered for frictional resistance due to the potential disturbance
during construction.

fs = Ka'yqpgtané + ac
fs = Ka'yqpgtané

Qs = fs4s
Qs = Ko’y qpg tan & * Ag

El. 3 feet to El. -3 feet

, 360 psf + 705.6 psf
0 vavg = > = 532.8 psf

Kcompression =1.0

Kiension = 0.5 20 inch
mcnes

Ag = D * (Pile Length Below El.—1 foot NGVD29) = m + — * (2ft) = 10.5 ft?

Qs compression = K0y apg tan & * Ag = 1.0 x 532.8 psf * tan(0.67 * 35°) * 10.5 ft> = 2420 Ib
Qs tension = K0’y qvgtand = A; = 0.5« 532.8 psf * tan(0.67 * 35°) * 10.5 ft2 =12101b

20 on@El—3 ¢ 24201b ,
Qs allow,compression — Scompre;‘.i;on = 225 =11 klps

2 Qs tension@EL-3 7t _ 1210 1b ,
Qs allow,tension = = enst;g U = 225 =0.5 klpS




Project: New Haven GI Study Sheet No. 10 of 16

Subject: Axial Pile Capacity Sample Calculations

US Army Corps
of Engineers:  Computed by: DPF Date:  4/23/2019  Checked by: EWM Date:  5/6/2019

El -3 feet to El -11 feet (Critical Depth)

705.6 psf + 1126 psf

0" vavg = > = 915.8 psf
20 inches
Ag = D * (Pile Length Below El.—1 foot NGVD29) = m x ————— * (8 ft) = 41.9 ft?
12 inches

ft
Qs compression = K0'y qygtand * A; = 1.0 * 915.8 psf * tan(0.67  32°) * 41.9 ft? =15069 lb

Qs tension = K0’y qvgtand = A; = 0.5« 915.8 psf * tan(0.67  32°) * 41.9 ft? =75341b

_ Z Qs compression @ El.—11 ft — 15069 pSf + 2420 psf —

Qs allow,compression — FS 2-25 7.8 kips
_ ZQstension@El.—llft _ 1210p5f+ 7534 PSf _ .
Qs allow,tension — FS - 225 =39 klps

El -11 feet to El. -14 feet (Below Critical)

0'yavg = 1126 psf

20 inches
inches

12 i

Qs compression = K0y apg tan & * Ag = 1.0 * 1126 psf * tan(0.67 = 32°)  15.7 ft* = 6948 Ib

Ag = D * (Pile Length Below El.—1 foot NGVD29) = m * * (3 ft) = 15.7 ft?

Qs tension = K0'y qugtan & * Ag = 0.5 * 1126 psf * tan(0.67 * 32°) * 15.7 ft* = 3474 lb

2.0 ion@ElL—14 ft 15069 b + 2420 [b + 6948 [b )
Qs allow,compression = > CompresFS?n = 225 =10.9 klps

Y Qs tension @ EL—14 ¢~ 1210 1b + 7534 Ib + 3474 Ib _
Qs allow,tension = FS = o =54 klps
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El. -14 feet to El. -40 feet (Below Critical)
Qs compression = K0'y qugtand * A; = 1.0 * 1126 psf * tan(0.67 = 22°) = 136 ft? =403431b

Qs tension = K0'y gygtand x A; = 0.5 x 1126 psf = tan(0.67 = 22°) * 136 ft2=201721b

Qs compression @ EL—40 f¢ 15069 b + 2420 b + 6948 Ib + 40343 lb
Qs allow,compression — 2 FS = 295
= 28.8 kips
Y. Qs tension @ E1.—40 ft 1210 1b + 7534 1b + 3474 lb 4+ 20172 lb ,
Qs allow,tension = FS = 575 =144 klpS

El. -40 feet to El. -50 feet (Below Critical)
Qs compression = Ka'y avgtand x A; = 1.0 x 1126 psf = tan(0.67 = 35°) * 52.4 ft? = 25583 1b
Qs tension = K0'y qvgtand = A; = 0.5« 1126 psf * tan(0.67 * 35°) * 52.4 ft2 =127921b

Qs compression @ EL.—50 ft

Qs allow,compression = FS
15069 Ib + 2420 Ib + 6948 b + 40343 b + 25583 lb ,
_ St = 40.2 kips
Y. Qs tension @ EL—s0 f¢ 1210 1b + 7534 Ib + 3474 Ib + 20172 Ib + 12792 Ib
Qs allow,tension = FS = 2.25

= 20.1 kips
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El. -50 feet to El. -70 feet (Below Critical)
Qs compression = K0'y qvgtand * A; = 1.0 * 1126 psf * tan(0.67 * 27°) * 104.7 ft? =385311b
Qs tension = K0'y qpgtan & x Ag = 0.5 x 1126 psf * tan(0.67 * 27°) * 104.7 ft? =192661b

_ Z Qs compression @ EL.—-70 ft

Qs allow,compression — S
15069 lb + 2420 lb + 6948 Ib + 40343 Ib + 25583 lb + 38531 Ib
= = 57.3 kips
2.25
Z Qs tension @ EL.—70 ft
Qs allow,tension = FS
1210 1b + 7534 b + 3474 lb + 20172 1b + 12792 b + 19266 Ib
= = 28.6 kips

2.25
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North End of New Haven Shoreline Allowable Axial Loading (20 inch Pipe Pile)

Note: End bearing pressure not included in
allowable capcity due to prescence of organic
silts, assumed to be friction pile

—@— (a allow Compression (Drained)

= @ = (Qa allow Tension (Drained}

-20

W
&

Elevation (ft, NGWD29)

40

-80
Allowable Capacity (kips)

Figure 8: Example allowable axial capacities
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While tip capacity was ultimately not included in the allowable compression axial loading, calculations for tip
capacity were included in the excel sheet. Bearing capacity was calculated at the top and bottom of layers to
indicate stratification changes. Calculations for bearing capacity used bearing capacity equations and end bearing
factors from EM 1110-2-2916. A sample calculation is provided for a single elevation.

End Bearing Calculations
Sand or Silt:
q= OJqu
o'y =y'D for D<D,
o'y =y'D. for D>D_
Qr =Aq
Clay:
q =9c
Q¢ =Aq

Q¢
Q¢ atiow = ﬁ

q = unit tip-bearing capacity
o', = effective overburden pressure
N, = Suggested bearing capacity factor determined from Fig. 4-4 in EM 1110-2-2906
A, = effective area of the pile tip in contact with the soil
200

SUGGESTED

200 - RANGE

100
a0

&80

40

20

10

N, BEARING CAPACITY FACTOR

o
T TTTTT

4
LEGEND
=] MEYERHOF
o TERZAGHI & PECK
- < VESIC DRIVEN
- TOMLINSON
1 1 1 1 1 1 I 1 1 -
0 5 10 15 20 26 30 35 40 45 50
¢ , ANGLE OF INTERNAL FRICTION
Figure 4-4. Bearing capacity factor

Figure 9: Bearing capacity figure from EM 1110-2-2916
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El. -50 feet Bottom of Layer
Note: As 50 feet is below the critical depth the effective stress at the top and bottom of this layer (between -40
and -50 feet) is the same.

R |
q=0yNg
1 I
gy=y D, for D>D_
_ ’
Q: = A0 vNg
a00 —
SUGGESTED
200 = RANGE
100 —
g =
= 60 —
E -
E 40
: -
S
a 20 |
«
2
@
5 10 |-
i =
> 8-
K -
o
R
LEGEND
B O  MEYERHOF
o TERZAGHI| & PECK
2 b= < VESIC DRIVEN
L) TOMLINSON
1 1 ] 1 1 1 I I\ 1 1 i
o 5 10 15 20 25 ‘30 38 40 45 50
% , ANGLE OF INTERNAL FRICTION
Figure 4-4. Bearing capacity factor
$p=27-> N;=12
(1.67 feet)_, ]
¢ = TL'(T) *1126.4 psf » 12 = 30.5 kips

Q¢ 30.5kips

Q¢ attow = E =725 = 13 kips

CONCLUSIONS:
A 20 inch pipe pile 65 feet in length will meet the 50 kip compression and 20 kip tension requirements
along the north end of the New Haven shoreline. This method was applied to the attached excel sheets.

REFERENCES:

USACE EM 1110-2-2906 Design of Pile Foundations (1991)

Bowles, J.E. Physical and Geotechnical Properties of Soils 2" Edition (1984)

Kishida, H. Ultimate Bearing Capacity of Pile Driven in Loose Sand Soils and Foundations, Vol. 7, No.
3:20-29
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PROJECT: New Haven General Investigation
SUBJECT: New Haven Allowable Axial Pile Loading

Sheet No. 1 of 12
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Soil Properties Vertical Soil Pressures at Bottom of Layer
Layer . P
New Haven Soil Type Layer layerTop Elv.  Bottom Depth to Layer Layer Thickness Nego Ve Su L) c' ¢ u Oy Oyo' oy, critical depth o,,' critical depth Layer Thlfkness Skin Friction Area
Southend Near 1-95 Elv. Bottom (Top 5 feet ignored) A
(ft) (ft) (ft) (ft) Blow Count (pcf)  (psf) (degrees) (psf) (degrees) (psf) (psf) (psf) (psf) (psf) (ft) (ft%)
Final Grade Sand trace silt (Fill) 1 6 6 0
Top of Piles (4 ft NGVD29) Sand trace silt (Fill) 2 6 4 2 2 15 115 0 32 0 32 0 230 230 230 230 0 0
Organic Silt (OH) 3 4 3 3 1 1 100 450 0 0 22 0 330 330 330 330 0 0.0
Ground Water Table 4 3 3 3 0 0 330 330 330 330 0 0.0
Organic Silt (OH) 5 3 -14 20 17 1 100 450 0 0 22 1060.8 2030 969.2 2030 969.2 13 817
Critical Depth 6 -14 -14 20 0 1060.8 2030 969.2 2030 969.2 0 0.0
Organic Silt (OH) 7 -14 -34 40 20 1 100 450 0 0 22 2308.8 4030 17212 2030 969.2 20 1257
Medium to Fine Sand (SP) 8 -34 -41 47 7 10 125 0 30 0 30 2745.6 4905 2159.4 2030 969.2 7 44.0
Upper Silt trace Clay 9 -41 -58 64 17 12 128 0 25 0 25 3806.4 7081 3274.6 2030 969.2 17 106.8
Lower Silt trace Clay. 10 -58 -100 106 42 20 132 0 25 0 25 6427.2 12625 6197.8 2030 969.2 42 263.9
Pile Properties Factor Of Safety Criteria
Pile Type: Concrete Filled Steel Pipe Pile Compression Tension
Pile Designation: PP 24x0.500 2.25 2.25 Common Values for Corrected
Diameter B (ft): 2.00 From page 4-2 in EM 1110-2-2906 assumes "Theoretical or empirical prediction not verified by load testing for Unusual Loading" Soil Type Non Displacemnt
Cross Sectional Area (in"2): 36.91 Compression Tension
Pile Weight (Ib/ft): 126 Critical Depth Criteria Sand 1.5 0.5
Effective Area of Pile Tip (ft"2): 3.14 Dc = 108 20 loose silts loose sands Silt 1 0.35
Perimeter: 6.28 Dc =158 30 medium silts medium dense sand Clay 1 0.7
Dc=20B 40 dense silts dense sand From Table 4-5 in EM 1110-2-2906
From page 4-13 in EM 1110-2-2906, applicable to both skin friction and end bearing
Values of K for Driven Piles
Adhesion Factor & Soil Type Ke Kt
Steel 0.67¢ 10 0.83 ¢ Sand 1to2 05t00.7
Concrete 09¢to1.0¢ Silt 1 05t00.7
Timber 0.80pt01.0¢ Clay 1 0.7t0 1.0
Factor For Calculations 0.67 From Table 4-5 4n EM 1110-2-2906
Table 4-3 in EM 1110-2-2906
[ Water Unit Weight (pcf): 62.4
Undrained Analysis (Q case)
Side Friction Qs Bearing Capacity Qt Total Allowable Axial Capacity Qa*
Layer Ke K, 8 Su/o,,' oy L/B a, a a*c ovo' avg fs ion avg Qs i ZQs compression wc:;:::ivo" fstens avg Qs tension Qs tension Qs allow tension Nq qat Top of Layer q at Bottom of Layer T(:tpaallfo: vaetr a al;;ztla:::tom Qa al:;w";::‘ZLe)sslon Qa(zl:‘:v:a'ir::;;on
(lbs) (Ibs) (kips) (Ibs) (lbs) (kips) (psf) (psf) (kips) (kips) (kips) (kips)
1 1 0.5
2 1 0.5 21.44 0.0 1.0 0.0 1.0 1.0 0.0 115.0 45 0 0 0.0 22.6 0.0 0 0.0 25 0 5750 0 8 0.0 0.0
3 1 0.5 0 14 0.5 0.5 1.0 0.5 225.0 280.0 225 0 0 0.0 225.0 0.0 0 0.0 0 0 0 0 0 0.0 0.0
4 1 0.5 0 0.0 1.0 0.5 1.0 1.0 0.0 330.0 0 0 0 0.0 0.0 0.0 0 0.0 0 0 0 0 0 0.0 0.0
5 1 0.5 0 0.5 0.9 9.0 1.0 0.9 393.1 649.6 393 32112 32112 143 393.1 321116 32112 143 0 0 0 0 0 143 143
6 1 0.5 0 0.0 1.0 9.0 1.0 1.0 0.0 969.2 0 0 32112 143 0.0 0.0 32112 143 0 0 0 0 0 143 143
7 1 0.5 0 0.5 0.9 19.0 1.0 0.9 393.1 969.2 393 49402 81514 36.2 393.1 49402.4 81514 36.2 0 0 0 0 0 36.2 36.2
8 1 0.5 20.1 0.0 1.0 225 1.0 1.0 0.0 969.2 355 15600 97113 43.2 1773 7799.8 89314 39.7 20 19384 19384 27 27 43.2 39.7
9 1 0.5 16.75 0.0 1.0 31.0 1.0 1.0 0.0 969.2 292 31157 128271 57.0 145.8 15578.6 104892 46.6 15 14538 14538 20 20 57.0 46.6
10 1 0.5 16.75 0.0 1.0 52.0 1.0 10 00 969.2 292 76977 205248 91.2 145.8 38488.4 143381 63.7 15 14538 14538 20 20 91.2 63.7
Drained Analysis (S case)
Side Friction Qs Bearing Capacity Qt Total Allowable Axial Capacity Qa*
Layer K. K, 8 Su/o,, o L/B a, a ac ovo' avg fs ion avg Qs i Qs compression wc:;:::ivo" fstens avg Qs tension 2Qs tension Qs allow tension Ngq q at Top of Layer q at Bottom of Layer T%:fﬂ”::’: yaetr Qt a";v:a 5::‘0"‘ Qa allo(v;:::::;esslon Qa ;-J(Il;or:\:::‘;"slon
(lbs) (Ibs) (kips) (Ibs) (lbs) (kips) (psf) (psf) (kips) (kips) (kips) (kips)
1 1 0.5
2 1 0.5 21.44 0.0 1.0 0.0 1.0 1.0 0.0 115.0 45 0 0 0.0 22.6 0.0 0 0.0 25 0 5750 0 8 0.0 0.0
3 1 0.5 14.74 0.0 1.0 0.5 1.0 1.0 0.0 280.0 74 0 0 0.0 36.8 0.0 0 0.0 0 0 0 0 0 0.0 0.0
4 1 0.5 0 0.0 1.0 0.5 1.0 1.0 0.0 330.0 0 0 0 0.0 0.0 0.0 0 0.0 0 0 0 0 0 0.0 0.0
5 1 0.5 14.74 0.0 1.0 9.0 1.0 1.0 0.0 649.6 171 13960 13960 6.2 85.5 6979.8 6980 31 0 0 0 0 0 6.2 31
6 1 0.5 0 0.0 1.0 9.0 1.0 1.0 0.0 969.2 0 0 13960 6.2 0.0 0.0 6980 31 0 0 0 0 0 6.2 31
7 1 0.5 14.74 0.0 1.0 19.0 1.0 1.0 0.0 969.2 255 32043 46002 20.4 127.5 16021.4 23001 10.2 0 0 0 0 0 204 10.2
8 1 0.5 20.1 0.0 1.0 225 1.0 1.0 0.0 969.2 355 15600 61602 274 1773 7799.8 30801 137 20 19384 19384 27 27 27.4 13.7
9 1 0.5 16.75 0.0 1.0 31.0 1.0 1.0 0.0 969.2 292 31157 92759 41.2 145.8 15578.6 46380 20.6 15 14538 14538 20 20 412 20.6
10 1 05 16.75 0.0 1.0 52.0 1.0 10 00 969.2 292 76977 169736 75.4 145.8 38488.4 84868 37.7 15 14538 14538 20 20 75.4 37.7

*Bearing capacity not included in allowable axial due to organic presence.
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Layer . P
New Haven Soil Type Layer layerTop Elv.  Bottom Depth to Layer Layer Thickness Nego Ve Su L) c' ¢ u Oy Oyo' oy, critical depth o,,' critical depth Layer Thlfkness Skin Friction Area
Southend Near 1-95 Elv. Bottom (Top 5 feet ignored) A
(ft) (ft) (ft) (ft) Blow Count (pcf)  (psf) (degrees) (psf) (degrees) (psf) (psf) (psf) (psf) (psf) (ft) (ft%)
Final Grade Sand trace silt (Fill) 1 6 6 0
Top of Piles (4 ft NGVD29) Sand trace silt (Fill) 2 6 4 2 2 15 115 0 32 0 32 0 230 230 230 230 0 0
Organic Silt (OH) 3 4 3 3 1 1 100 450 0 0 22 0 330 330 330 330 0 0.0
Ground Water Table 4 3 3 3 0 0 330 330 330 330 0 0.0
Organic Silt (OH) 5 3 -14 20 17 1 100 450 0 0 22 1060.8 2030 969.2 2030 969.2 13 163.4
Organic Silt (OH) 6 -14 -34 40 20 1 100 450 0 0 22 2308.8 4030 17212 4030 17212 20 2513
Critical Depth 7 -34 -34 40 0 2308.8 4030 17212 4030 17212 0 0.0
Medium to Fine Sand (SP) 8 -34 -41 47 7 10 125 0 30 0 30 2745.6 4905 2159.4 4030 17212 7 88.0
Upper Silt trace Clay 9 -41 -58 64 17 12 128 0 25 0 25 3806.4 7081 3274.6 4030 17212 17 213.6
Lower Silt trace Clay. 10 -58 -100 106 42 20 132 0 25 0 25 6427.2 12625 6197.8 4030 17212 42 527.8
Pile Properties Factor Of Safety Criteria
Pile Type: Drilled Shaft Compression  Tension
Pile Designation: 4-foot dia 2.25 2.25 Common Values for Corrected
Diameter B (ft): 4.00 From page 4-2 in EM 1110-2-2906 assumes "Theoretical or empirical prediction not verified by load testing for Unusual Loading" Soil Type Non Displacemnt
Cross Sectional Area (in"2): 1810 Compression Tension
Pile Weight (Ib/ft): 1885 Critical Depth Criteria Sand 1.5 0.5
Effective Area of Pile Tip (ft"2): 12.57 Dc = 108 40 loose silts loose sands Silt 1 0.35
Perimeter: 12.57 Dc =158 60 medium silts medium dense sand Clay 1 0.7
Dc=20B 80 dense silts dense sand From Table 4-5 in EM 1110-2-2906
From page 4-13 in EM 1110-2-2906, applicable to both skin friction and end bearing
Values of K for Driven Piles
Adhesion Factor & Soil Type Ke Kt
Steel 0.67¢ 10 0.83 ¢ Sand 1to2 05t00.7
Concrete 09¢to1.0¢ Silt 1 05t00.7
Timber 0.80pt01.0¢ Clay 1 0.7t0 1.0
Factor For Calculations 0.9 From Table 4-5 4n EM 1110-2-2906
Table 4-3 in EM 1110-2-2906
[ Water Unit Weight (pcf): 62.4
Undrained Analysis (Q case)
Side Friction Qs Bearing Capacity Qt Total Allowable Axial Capacity Qa*
Layer K. K, 8 Su/o,, o L/B a, a a*c ovo' avg fs avg Qs 2Qs compression wc:;:::ivo" fstens avg Qs tension 2Qs tension Qs allow tension Nq qat Top of Layer q at Bottom of Layer T(:tpaallfo: vaetr at al;;ztla:::tom G al:;w";::‘ZLe)sslon Qa(zl:‘:v:a'ir::;;on
(lbs) (Ibs) (kips) (Ibs) (lbs) (kips) (psf) (psf) (kips) (kips) (kips) (kips)
1 1 0.5
2 1 0.5 28.8 0.0 1.0 0.0 1.0 1.0 0.0 115.0 63 0 0 0.0 31.6 0.0 0 0.0 25 0 5750 0 32 0.0 0.0
3 1 035 0 14 0.5 03 1.0 0.5 225.0 280.0 225 0 0 0.0 225.0 0.0 0 0.0 25 5750 8250 32 46 0.0 0.0
4 1 035 0 0.0 1.0 03 1.0 1.0 0.0 330.0 0 0 0 0.0 0.0 0.0 0 0.0 0 0 0 0 0 0.0 0.0
5 1 035 0 0.5 0.9 4.5 1.0 0.9 393.1 649.6 393 64223 64223 285 393.1 64223.1 64223 28.5 0 0 0 0 0 285 285
6 1 035 0 03 1.0 9.5 1.0 1.0 450.0 1345.2 450 113097 177320 78.8 450.0 113097.3 177320 788 0 0 0 0 0 788 788
7 1 035 0 0.0 1.0 9.5 1.0 1.0 0.0 17212 0 0 177320 78.8 0.0 0.0 177320 78.8 0 0 0 0 0 788 788
8 1 0.5 27 0.0 1.0 113 1.0 1.0 0.0 17212 877 77145 254465 113.1 438.5 38572.3 215893 96.0 20 34424 34424 192 192 1131 96.0
9 1 035 225 0.0 1.0 155 1.0 1.0 0.0 17212 713 152305 406770 180.8 249.5 53306.8 269200 1196 15 25818 25818 144 144 180.8 119.6
10 1 0.35 225 0.0 1.0 26.0 1.0 10 00 1721.2 713 376283 783053 348.0 2495 131699.1 400899 1782 15 25818 25818 144 144 348.0 1782
Drained Analysis (S case)
Side Friction Qs Bearing Capacity Qt Total Allowable Axial Capacity Qa*
Layer K. K, 8 Su/o,, o L/B a, a ac ovo' avg fs avg Qs Qs compression wc:;:::ivo" fstens avg Qs tension 2Qs tension Qs allow tension Ngq q at Top of Layer q at Bottom of Layer T%:fﬂ”::’: yaetr Qt a";v:a 5::‘0"‘ Qa allo(v;:::::;esslon Qa ;-J(Il;or:\:::‘;"slon
(lbs) (Ibs) (kips) (Ibs) (lbs) (kips) (psf) (psf) (kips) (kips) (kips) (kips)
1 1 0.5
2 1 0.5 28.8 0.0 1.0 0.0 1.0 1.0 0.0 115.0 63 0 0 0.0 31.6 0.0 0 0.0 25 0 5750 0 32 0.0 0.0
3 1 0.35 19.8 0.0 1.0 03 1.0 1.0 0.0 280.0 101 0 0 0.0 353 0.0 0 0.0 25 5750 8250 32 46 0.0 0.0
4 1 0.35 0 0.0 1.0 03 1.0 1.0 0.0 330.0 0 0 0 0.0 0.0 0.0 0 0.0 0 0 0 0 0 0.0 0.0
5 1 0.35 19.8 0.0 1.0 4.5 1.0 1.0 0.0 649.6 234 38206 38206 17.0 81.9 13372.0 13372 59 0 0 0 0 0 17.0 5.9
6 1 0.35 19.8 0.0 1.0 9.5 1.0 1.0 0.0 1345.2 484 121718 159924 711 169.5 42601.4 55973 249 0 0 0 0 0 711 249
7 1 0.35 0 0.0 1.0 9.5 1.0 1.0 0.0 17212 0 0 159924 711 0.0 0.0 55973 249 0 0 0 0 0 711 249
8 1 0.5 27 0.0 1.0 113 1.0 1.0 0.0 17212 877 77145 237069 105.4 438.5 38572.3 94546 420 20 34424 34424 192 192 105.4 42.0
9 1 0.35 225 0.0 1.0 155 1.0 1.0 0.0 17212 713 152305 389374 1731 249.5 53306.8 147852 65.7 15 25818 25818 144 144 173.1 65.7
10 1 0.35 225 0.0 1.0 26.0 1.0 10 00 1721.2 713 376283 765657 3403 2495 131699.1 279552 1242 15 25818 25818 144 144 3403 1242

*Bearing capacity not included in allowable axial due to organic presence.
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Layer . P
New Haven Soil Type Layer LayerTopElv.  Bottom Depth to Layer Layer Thickness Ngo Ve S, L) c ¢ u Oy [ o,, critical depth o,,' critical depth Layer Thlfkness Skin Friction Area
Southend Near Shoreline Elv. Bottom (Top 5 feet ignored) A
(ft) (ft) (ft) (ft) Blow Count (pcf)  (psf) (degrees) (psf) (degrees) (psf) (psf) (psf) (psf) (psf) (ft) (ft%)
Final Grade Sand trace silt (Fill) 1 6 6 0
Top of Piles (4 ft NGVD29) Sand trace silt (Fill) 2 6 4 2 2 15 115 0 32 0 32 0 230 230 230 230 0 0
Sand trace silt (Fill) 3 4 3 3 1 15 115 0 32 0 32 0 345 345 345 345 0 0.0
Ground Water Table 4 3 3 3 0 0 345 345 345 345 0 0.0
Sand trace silt (Fill) 5 3 0 6 3 15 115 0 32 0 32 187.2 690 502.8 690 502.8 0 0.0
Coarse to Fine Sand (SW) 6 0 -9 15 9 20 120 0 35 0 35 748.8 1770 1021.2 1770 1021.2 8 41.9
Organic Silt (OH) 7 -9 -11 17 2 1 100 450 0 0 22 873.6 1970 1096.4 1970 1096.4 2 105
Critical Depth 8 -11 -11 17 0 873.6 1970 1096.4 1970 1096.4 0 0.0
Organic Silt (OH) 9 -11 -20 26 9 1 100 450 0 0 22 1435.2 2870 1434.8 1970 1096.4 9 47.1
Organic Silt (OH) 10 -20 -37 43 17 1 100 450 0 0 22 2496 4570 2074 1970 1096.4 17 89.0
Sand 1 -37 -47 53 10 20 120 0 35 0 35 3120 5770 2650 1970 1096.4 10 52.4
Upper Silt trace Clay 12 -47 -75 81 28 12 128 0 25 0 25 4867.2 9354 4486.8 1970 1096.4 28 146.6
Lower Silt trace Clay. 13 -75 -100 106 25 20 132 0 25 0 25 6427.2 12654 6226.8 1970 1096.4 25 130.9
Pile Properties Factor Of Safety Criteria
Pile Type: Concrete Filled Steel Pipe Pile Compression Tension
Pile Designation: PP 20x0.500 2.25 2.25 Common Values for Corrected
Diameter B (ft): 1.67 From page 4-2 in EM 1110-2-2906 assumes "Theoretical or empirical prediction not verified by load testing for Unusual Loading" Soil Type Non Displacemnt
Cross Sectional Area (in"2): 30.63 Compression Tension
Pile Weight (Ib/ft): 104 Critical Depth Criteria Sand 1.5 0.5
Effective Area of Pile Tip (ft"2): 218 Dc = 108 17 loose silts loose sands Silt 1 035
Perimeter: 5.24 Dc =158 25 medium silts medium dense sand Clay 1 0.7
Dc=20B 33 dense silts dense sand From Table 4-5 in EM 1110-2-2906
From page 4-13 in EM 1110-2-2906, applicable to both skin friction and end bearing
Values of K for Driven Piles
Adhesion Factor & Soil Type Ke Kt
Steel 0.67¢ t0 0.83 ¢ Sand 1to2 05t00.7
Concrete 09¢to1.0¢ Silt 1 05t00.7
Timber 0.80pt01.0¢ Clay 1 0.7t0 1.0
Factor For Calculations 0.67 From Table 4-5 4n EM 1110-2-2906
Table 4-3 in EM 1110-2-2906
Water Unit Weight (pcf): 62.4
Undrained Analysis (Q case)
Side Friction Qs Bearing Capacity Qt Total Allowable Axial Capacity Qa*
Layer Ke K, 8 Su/o,,' oy L/B a, a a*c ovo' avg fs avg Qs ZQs compression wc:;:::ivo" fstens avg Qs tension Qs tension Qs allow tension Nq qat Top of Layer q at Bottom of Layer T(:tpaallfo: vaetr a al;;ztla:::tom Qa al:;w";::‘ZLe)sslon Qa(zl:‘:v:a'ir::;;on
(lbs) (Ibs) (kips) (Ibs) (lbs) (kips) (psf) (psf) (kips) (kips) (kips) (kips)
1 1 0.5
2 1 0.5 21.44 0.0 1.0 0.0 1.0 1.0 0.0 115.0 45 0 0 0.0 22.6 0.0 0 0.0 25 0 5750 0 6 0.0 0.0
3 1 0.5 21.44 0.0 1.0 0.6 1.0 1.0 0.0 287.5 113 0 0 0.0 56.5 0.0 0 0.0 25 5750 8625 6 8 0.0 0.0
4 1 0.5 0 0.0 1.0 0.6 1.0 1.0 0.0 345.0 0 0 0 0.0 0.0 0.0 0 0.0 25 8625 8625 8 8 0.0 0.0
5 1 0.5 21.44 0.0 1.0 24 1.0 1.0 0.0 423.9 166 0 0 0.0 83.2 0.0 0 0.0 25 8625 12570 8 12 0.0 0.0
6 1 0.5 23.45 0.0 1.0 7.8 1.0 1.0 0.0 762.0 331 13845 13845 6.2 165.3 6922.7 6923 31 40 20112 40848 20 40 6.2 31
7 1 0.5 0 0.4 0.9 9.0 1.0 0.9 420.0 1058.8 420 4399 18244 8.1 420.0 4398.6 11321 5.0 0 0 0 0 0 8.1 5.0
8 1 0.5 0 0.0 1.0 9.0 1.0 1.0 0.0 1096.4 0 0 18244 8.1 0.0 0.0 11321 5.0 0 0 0 0 0 8.1 5.0
9 1 0.5 0 0.4 0.9 14.4 1.0 0.9 420.0 1096.4 420 19794 38038 16.9 420.0 19793.8 31115 13.8 0 0 0 0 0 16.9 13.8
10 1 0.5 0 0.4 0.9 24.6 1.0 0.9 420.0 1096.4 420 37388 75426 335 420.0 373883 68504 30.4 0 0 0 0 0 335 30.4
11 1 0.5 23.45 0.0 1.0 30.6 1.0 1.0 0.0 1096.4 476 24902 100328 44.6 237.8 12450.9 80954 36.0 40 43856 43856 43 43 44.6 36.0
12 1 0.5 16.75 0.0 1.0 47.4 1.0 1.0 0.0 1096.4 330 48377 148706 66.1 165.0 24188.7 105143 46.7 15 16446 16446 16 16 66.1 46.7
13 1 0.5 16.75 0.0 1.0 62.4 0.9 09 00 1096.4 330 43194 191900 85.3 165.0 21597.1 126740 56.3 15 16446 16446 16 16 85.3 56.3
Drained Analysis (S case)
Side Friction Qs Bearing Capacity Qt Total Allowable Axial Capacity Qa*
Layer K. K, 8 Su/o,, o L/B a, a ac ovo' avg fs avg Qs Qs compression wc:;:::ivo" fstens avg Qs tension 2Qs tension Qs allow tension Ngq q at Top of Layer q at Bottom of Layer T%:fﬂ”::’: yaetr Qt a";v:a 5::‘0"‘ Qa allo(v;:::::;esslon Qa ;-J(Il;or:\:::‘;"slon
(lbs) (Ibs) (kips) (Ibs) (lbs) (kips) (psf) (psf) (kips) (kips) (kips) (kips)
1 1 0.5
2 1 0.5 21.44 0.0 1.0 0.0 1.0 1.0 0.0 115.0 45 0 0 0.0 22.6 0.0 0 0.0 25 0 5750 0 6 0.0 0.0
3 1 0.5 21.44 0.0 1.0 0.6 1.0 1.0 0.0 287.5 113 0 0 0.0 56.5 0.0 0 0.0 25 5750 8625 6 8 0.0 0.0
4 1 0.5 0 0.0 1.0 0.6 1.0 1.0 0.0 345.0 0 0 0 0.0 0.0 0.0 0 0.0 25 8625 8625 8 8 0.0 0.0
5 1 0.5 21.44 0.0 1.0 24 1.0 1.0 0.0 423.9 166 0 0 0.0 83.2 0.0 0 0.0 25 8625 12570 8 12 0.0 0.0
6 1 0.5 23.45 0.0 1.0 7.8 1.0 1.0 0.0 762.0 331 13845 13845 6.2 165.3 6922.7 6923 31 40 20112 40848 20 40 6.2 31
7 1 0.5 14.74 0.0 1.0 9.0 1.0 1.0 0.0 1058.8 279 2917 16763 7.5 1393 14585 8381 37 0 0 0 0 0 7.5 37
8 1 0.5 0 0.0 1.0 9.0 1.0 1.0 0.0 1096.4 0 0 16763 75 0.0 0.0 8381 37 0 0 0 0 0 7.5 37
9 1 0.5 14.74 0.0 1.0 14.4 1.0 1.0 0.0 1096.4 288 13593 30356 135 144.2 6796.5 15178 6.7 0 0 0 0 0 135 6.7
10 1 0.5 14.74 0.0 1.0 24.6 1.0 1.0 0.0 1096.4 288 25676 56031 24.9 144.2 12837.9 28016 12.5 0 0 0 0 0 249 125
11 1 0.5 23.45 0.0 1.0 30.6 1.0 1.0 0.0 1096.4 476 24902 80933 36.0 237.8 12450.9 40467 18.0 40 43856 43856 43 43 36.0 18.0
12 1 0.5 16.75 0.0 1.0 47.4 1.0 1.0 0.0 1096.4 330 48377 129311 57.5 165.0 24188.7 64655 287 15 16446 16446 16 16 57.5 28.7
13 1 05 16.75 0.0 1.0 62.4 0.9 09 00 1096.4 330 43194 172505 76.7 165.0 21597.1 86252 383 15 16446 16446 16 16 76.7 383

*Bearing capacity not included in allowable axial due to organic presence.
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Layer . P
New Haven Soil Type Layer LayerTopElv.  Bottom Depth to Layer Layer Thickness Ngo Ve S, L) c ¢ u Oy Oyo' o,, critical depth o,,' critical depth Layer Thlfkness Skin Friction Area
Northend Near Shoreline Elv. Bottom (Top 5 feet ignored) A
(ft) (ft) (ft) (ft) Blow Count (pcf)  (psf) (degrees) (psf) (degrees) (psf) (psf) (psf) (psf) (psf) (ft) (ft%)
Final Grade Sand trace silt (Fill) 1 6 6 0
Top of Piles (4 ft NGVD29) Sand trace silt (Fill) 2 6 4 2 2 20 120 0 35 0 35 0 240 240 240 240 0 0
Sand trace silt (Fill) 3 4 3 3 1 20 120 0 35 0 35 0 360 360 360 360 0 0.0
Ground Water Table 4 3 3 3 0 0 360 360 360 360 0 0.0
Sand trace silt (Fill) 5 3 -3 9 6 20 120 0 35 0 35 374.4 1080 705.6 1080 705.6 2 105
Sand trace silt (SP/SW) 6 -3 -11 17 8 15 115 0 32 0 32 873.6 2000 1126.4 2000 1126.4 8 41.9
Critical Depth 7 -11 -11 17 0 873.6 2000 1126.4 2000 1126.4 0 0.0
Sand trace silt (SP/SW) 8 -11 -14 20 3 15 115 0 32 0 32 1060.8 2345 1284.2 2345 1126.4 3 15.7
Organic Silt (OH) 9 -14 -40 46 26 1 100 450 0 0 22 2683.2 4945 2261.8 2345 1126.4 26 136.1
Medium to Fine Sand (SP) 10 -40 -50 56 10 20 120 0 35 0 35 3307.2 6145 2837.8 2345 1126.4 10 52.4
Silt trace Clay 11 -50 -100 106 50 25 134 0 27 0 27 6427.2 12845 6417.8 2345 1126.4 50 261.8
Pile Properties Factor Of Safety Criteria
Pile Type: Concrete Filled Steel Pipe Pile Compression Tension
Pile Designation: PP 20x0.500 2.25 2.25 Common Values for Corrected
Diameter B (ft): 1.67 From page 4-2 in EM 1110-2-2906 assumes "Theoretical or empirical prediction not verified by load testing for Unusual Loading" Soil Type Non Displacemnt
Cross Sectional Area (in"2): 30.63 Compression Tension
Pile Weight (Ib/ft): 104 Critical Depth Criteria Sand 1.5 0.5
Effective Area of Pile Tip (ft"2): 218 Dc = 108 17 loose silts loose sands Silt 1 0.35
Perimeter: 5.24 Dc =158 25 medium silts medium dense sand Clay 1 0.7
Dc =208 33 dense silts dense sand From Table 4-5 in EM 1110-2-2906
From page 4-13 in EM 1110-2-2906, applicable to both skin friction and end bearing
Values of K for Driven Piles
Adhesion Factor & Soil Type Ke Kt
Steel 0.67¢ t0 0.83 ¢ Sand 1to2 05t00.7
Concrete 09¢to1.0¢ Silt 1 05t00.7
Timber 0.80pt01.0¢ Clay 1 0.7t0 1.0
Factor For Calculations 0.67 From Table 4-5 4n EM 1110-2-2906
Table 4-3 in EM 1110-2-2906
[ Water Unit Weight (pcf): 62.4
Undrained Analysis (Q case)
Side Friction Qs Bearing Capacity Qt Total Allowable Axial Capacity Qa*
Layer K. K, 8 Su/o,, a; L/B a, a a*c ovo' avg fs avg Qs 1Qs compression wc:;:::ivo" fstens avg Qs tension 2Qs tension Qs allow tension Nq qat Top of Layer q at Bottom of Layer T(:tpaallfo: vaetr at al;;ztla:::tom G al:;w";::‘ZLe)sslon Qa(zl:‘:v:a'ir::;;on
(lbs) (Ibs) (kips) (Ibs) (lbs) (kips) (psf) (psf) (kips) (kips) (kips) (kips)
1 1 0.5
2 1 0.5 23.45 0.0 1.0 0.0 1.0 1.0 0.0 120.0 52 0 0 0.0 26.0 0.0 0 0.0 40 0 9600 0 9 0.0 0.0
3 1 0.5 23.45 0.0 1.0 0.6 1.0 1.0 0.0 300.0 130 0 0 0.0 65.1 0.0 0 0.0 40 9600 14400 9 14 0.0 0.0
4 1 0.5 0 0.0 1.0 0.6 1.0 1.0 0.0 360.0 0 0 0 0.0 0.0 0.0 0 0.0 40 14400 14400 14 14 0.0 0.0
5 1 0.5 23.45 0.0 1.0 4.2 1.0 1.0 0.0 532.8 231 2420 2420 11 115.6 12101 1210 0.5 40 14400 28224 14 27 11 0.5
6 1 0.5 21.44 0.0 1.0 9.0 1.0 1.0 0.0 916.0 360 15068 17488 7.8 179.9 7533.8 8744 39 25 17640 28160 17 27 7.8 39
7 1 0.5 0 0.0 1.0 9.0 1.0 1.0 0.0 1126.4 0 0 17488 7.8 0.0 0.0 8744 39 25 28160 28160 27 27 7.8 39
8 1 0.5 21.44 0.0 1.0 10.8 1.0 1.0 0.0 1126.4 442 6948 24436 10.9 2212 3474.1 12218 5.4 25 28160 28160 27 27 10.9 5.4
9 1 0.5 0 0.4 0.9 26.4 1.0 0.9 425.5 1126.4 425 57926 82362 36.6 425.5 57925.5 70144 31.2 0 0 0 0 0 36.6 31.2
10 1 0.5 23.45 0.0 1.0 324 1.0 1.0 0.0 1126.4 489 25583 107945 48.0 244.3 12791.6 82935 36.9 40 45056 45056 44 44 48.0 36.9
1 1 0.5 18.09 0.0 1.0 62.4 0.9 09 00 1126.4 368 96328 204273 90.8 184.0 48164.1 131099 58.3 12 13516.8 13516.8 13 13 90.8 583
Drained Analysis (S case)
Side Friction Qs Bearing Capacity Qt Total Allowable Axial Capacity Qa*
Layer K. K, 8 Su/o,, o L/B a, a ac ovo' avg fs avg Qs Qs compression wc:;:::ivo" fstens avg Qs tension 2Qs tension Qs allow tension Ngq q at Top of Layer q at Bottom of Layer T%:fﬂ”::’: yaetr Qt a";v:a 5::‘0"‘ Qa allo(v;:::::;esslon Qa ;-J(Il;or:\:::‘;"slon
(lbs) (Ibs) (kips) (Ibs) (lbs) (kips) (psf) (psf) (kips) (kips) (kips) (kips)
1 1 0.5
2 1 0.5 23.45 0.0 1.0 0.0 1.0 1.0 0.0 120.0 52 0 0 0.0 26.0 0.0 0 0.0 40 0 9600 0 9 0.0 0.0
3 1 0.5 23.45 0.0 1.0 0.6 1.0 1.0 0.0 300.0 130 0 0 0.0 65.1 0.0 0 0.0 40 9600 14400 9 14 0.0 0.0
4 1 0.5 0 0.0 1.0 0.6 1.0 1.0 0.0 360.0 0 0 0 0.0 0.0 0.0 0 0.0 40 14400 14400 14 14 0.0 0.0
5 1 0.5 23.45 0.0 1.0 4.2 1.0 1.0 0.0 532.8 231 2420 2420 11 115.6 12101 1210 0.5 40 14400 28224 14 27 11 0.5
6 1 0.5 21.44 0.0 1.0 9.0 1.0 1.0 0.0 916.0 360 15068 17488 7.8 179.9 7533.8 8744 39 25 17640 28160 17 27 7.8 39
7 1 0.5 0 0.0 1.0 9.0 1.0 1.0 0.0 1126.4 0 0 17488 7.8 0.0 0.0 8744 39 25 28160 28160 27 27 7.8 39
8 1 0.5 21.44 0.0 1.0 10.8 1.0 1.0 0.0 1126.4 442 6948 24436 10.9 2212 3474.1 12218 5.4 25 28160 28160 27 27 10.9 5.4
9 1 0.5 14.74 0.0 1.0 26.4 1.0 1.0 0.0 1126.4 296 40343 64779 288 148.2 201716 32390 14.4 0 0 0 0 0 288 14.4
10 1 0.5 23.45 0.0 1.0 324 1.0 1.0 0.0 1126.4 489 25583 90363 40.2 244.3 12791.6 45181 20.1 40 45056 45056 44 44 40.2 20.1
11 1 0.5 18.09 0.0 1.0 62.4 0.9 0.9 0.0 1126.4 368 96328 186691 83.0 184.0 48164.1 93345 41.5 12 13516.8 13516.8 13 13 83.0 415

*Bearing capacity not included in allowable axial due to organic presence.
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Stratification Soil Properties Vertical Soil Pressures at Bottom of Layer
New Haven Soil Type layer layerTopEl, _ L2V~ Depthtolayer Layer Thickness Neo Ve s, & ¢ &' u v o' o, critical depth  o,," critical depth Layer Thickness Skin Friction Area
Northend Near 1-95 Bottom Elv. Bottom (Top 5 feet ignored) A,
(ft) (ft) (ft) (ft) Blow Count (pcf) _ (psf) (degrees) (psf) (degrees) (psf) (psf) (psf) (psf) (psf) (ft) (%)
Final Grade Sand trace silt (Fill) 1 6 6 0
Top of Piles (4 ft NGVD29) Sand trace silt (Fill) 2 6 4 2 2 15 115 0 32 [ 32 [ 230 230 230 230 [ [
Sand trace silt (Fill) 3 4 3 3 1 15 115 0 32 [ 32 [ 345 345 345 345 [ 0.0
Ground Water Table 4 3 3 3 0 [ 345 345 345 345 [ 0.0
Sand trace silt (Fill) 5 3 1 5 2 15 115 0 32 [ 32 124.8 575 450.2 575 450.2 [ 0.0
Organic Silt (OH) 6 1 -14 20 15 1 100 450 0 [ 22 1060.8 2075 1014.2 2075 1014.2 13 817
Critical Depth 7 -14 -14 20 0 1060.8 2075 1014.2 2075 1014.2 [ 0.0
Organic Silt (OH) 8 -14 -39 45 25 1 100 450 0 [ 22 2620.8 4575 1954.2 2075 1014.2 25 157.1
Medium to Fine Sand (SP) 9 -39 -50 56 1 30 125 0 35 [ 35 3307.2 5950 2642.8 2075 1014.2 11 69.1
Silt trace Clay 10 -50 -100 106 50 20 132 0 25 0 25 6427.2 12550 6122.8 2075 1014.2 50 314.2
Pile Properties Factor Of Safety Criteria
Pile Type: Concrete Filled Steel Pipe Pile Compression  Tension
Pile Designation: PP 24x0.500 2.25 2.25 Common Values for Corrected K
Diameter B (ft): 2.00 From page 4-2 in EM 1110-2-2906 assumes "Theoretical or empirical prediction not verified by load testing for Unusual Loading" Non
N N Soil Type
Cross Sectional Area (in"2): 36.91 Compression Tension
Pile Weight (Ib/ft): 126 Critical Depth Criteria Sand 1.5 0.5
Effective Area of Pile Tip (ft"2): 3.14 Dc =108 20 loose silts loose sands Silt 1 0.35
Perimeter: 6.28 Dc =158 30 medium silts medium dense sand Clay 1 0.7
Dc = 208 40 dense silts dense sand From Table 4-5 in EM 1110-2-2906
From page 4-13 in EM 1110-2-2906, applicable to both skin friction and end bearing
Values of K for Driven Piles
Adhesion Factor & Soil Type Kc Kt
Steel 0.67¢ 0 0.83 ¢ Sand 1to2 0.5t00.7
Concrete 09¢t01.0d silt 1 0.5t00.7
Timber 080¢to1.0d Clay 1 0.7to0 1.0
Factor For Calculations 0.67 From Table 4-5 4n EM 1110-2-2906
Table 4-3 in EM 1110-2-2906
Water Unit Weight (pcf): 62.4
Undrained Analysis (Q case)
Side Friction Qs Bearing Capacity Qt Total Allowable Axial Capacity Qa*
Layer K. K 8 Su/o,,' oy /B o, a a*c ovo' avg fs compression avg Qs compression 2Qs compression cozsp:::svivon fstens avg Qs tension Qs tension Qs allow tension Ng q at Top of Layer q at Bottom of Layer T?);a‘:lfu: vaetr a allo\::::tom off aa al:::;:;:::ssm" qa(sl:‘:‘:;::::;on
1 1 0.5
2 1 0.5 21.44 0.0 1.0 0.0 1.0 1.0 0.0 115.0 a5 0 [ 0.0 226 0.0 0 0.0 25 0 5750 0 8 0.0 0.0
3 1 0.5 21.44 0.0 1.0 0.5 1.0 1.0 0.0 287.5 113 0 0 0.0 56.5 0.0 0 0.0 25 5750 8625 8 12 0.0 0.0
4 1 0.5 0 0.0 1.0 0.5 1.0 1.0 0.0 345.0 0 0 [ 0.0 0.0 0.0 0 0.0 25 8625 8625 12 12 0.0 0.0
5 1 0.5 21.44 0.0 1.0 15 1.0 1.0 0.0 397.6 156 0 0 0.0 78.1 0.0 0 0.0 25 8625 11255 12 16 0.0 0.0
6 1 0.5 0 0.4 0.9 9.0 1.0 0.9 403.4 732.2 403 32952 32952 14.6 403.4 32952.1 32952 14.6 0 0 0 0 [ 14.6 14.6
7 1 0.5 0 0.0 1.0 9.0 1.0 1.0 0.0 1014.2 0 0 32952 14.6 0.0 0.0 32952 14.6 0 0 0 0 [ 14.6 14.6
8 1 0.5 0 0.4 0.9 215 1.0 0.9 403.4 1014.2 403 63369 96321 42.8 403.4 63369.4 96321 42.8 0 0 0 0 [ 428 42.8
9 1 0.5 23.45 0.0 1.0 27.0 1.0 1.0 0.0 1014.2 440 30406 126728 56.3 220.0 15203.1 111525 49.6 40 40568 40568 57 57 56.3 49.6
10 1 0.5 16.75 0.0 1.0 52.0 1.0 1.0 0.0 1014.2 305 95894 222621 98.9 152.6 47946.9 159471 70.9 15 15213 15213 21 21 98.9 70.9
Drained Analysis (S case)
Side Friction Qs Bearing Capacity Qt Total Allowable Axial Capacity Qa*
Layer K, Ke 5 Su/0,o' o L/B o a ac ovo'avg | fs compression avg Qs compression Qs compression Qs allow fstens avg Qs tension Qs tension Qs allow tension Na qatTopoflayer  qatBottomoflayer ~ talowat Qtallow Bottom [ Qaallow Compression  Qaallow Tension
compression Top of Layer of Layer (Drained)
1 1 0.5
2 1 0.5 21.44 0.0 1.0 0.0 1.0 1.0 0.0 115.0 a5 0 [ 0.0 226 0.0 0 0.0 25 0 5750 0 8 0.0 0.0
3 1 0.5 21.44 0.0 1.0 0.5 1.0 1.0 0.0 287.5 113 0 0 0.0 56.5 0.0 0 0.0 25 5750 8625 8 12 0.0 0.0
4 1 0.5 0 0.0 1.0 0.5 1.0 1.0 0.0 345.0 0 0 [ 0.0 0.0 0.0 0 0.0 25 8625 8625 12 12 0.0 0.0
5 1 0.5 21.44 0.0 1.0 15 1.0 1.0 0.0 397.6 156 0 0 0.0 78.1 0.0 0 0.0 25 8625 11255 12 16 0.0 0.0
6 1 0.5 14.74 0.0 1.0 9.0 1.0 1.0 0.0 732.2 193 15735 15735 7.0 96.3 7867.4 7867 35 0 0 0 0 [ 7.0 35
7 1 0.5 0 0.0 1.0 9.0 1.0 1.0 0.0 1014.2 0 0 15735 7.0 0.0 0.0 7867 35 0 0 0 0 [ 7.0 35
8 1 0.5 14.74 0.0 1.0 215 1.0 1.0 0.0 1014.2 267 41913 57648 25.6 133.4 20956.6 28824 12.8 0 0 0 0 [ 25.6 12.8
9 1 0.5 23.45 0.0 1.0 27.0 1.0 1.0 0.0 1014.2 440 30406 88054 39.1 220.0 15203.1 44027 19.6 40 40568 40568 57 57 39.1 19.6
10 1 0.5 16.75 0.0 1.0 52.0 1.0 1.0 0.0 1014.2 305 95894 183948 81.8 152.6 47946.9 91974 40.9 15 15213 15213 21 21 81.8 40.9

*Bearing capacity not inc

uded in allowable axial due to organic presence.
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Layer . P
New Haven Soil Type Layer layerTop Elv.  Bottom Depth to Layer Layer Thickness Nego Ve Su L) c' ¢ u Oy Oyo' oy, critical depth o,,' critical depth Layer Thlfkness Skin Friction Area
Northend Near 1-95 Elv. Bottom (Top 5 feet ignored) A
(ft) (ft) (ft) (ft) Blow Count (pcf)  (psf) (degrees) (psf) (degrees) (psf) (psf) (psf) (psf) (psf) (ft) (ft%)
Final Grade Sand trace silt (Fill) 1 6 6 0
Top of Piles (4 ft NGVD29) Sand trace silt (Fill) 2 6 4 2 2 15 115 0 32 0 32 0 230 230 230 230 0 0
Sand trace silt (Fill) 3 4 3 3 1 15 115 0 32 0 32 0 345 345 345 345 0 0.0
Ground Water Table 4 3 3 3 0 0 345 345 345 345 0 0.0
Sand trace silt (Fill) 5 3 1 5 2 15 115 0 32 0 32 124.8 575 450.2 575 450.2 0 0.0
Organic Silt (OH) 6 1 -34 40 35 1 100 450 0 0 22 2308.8 4075 1766.2 4075 1766.2 33 414.7
Critical Depth 7 -34 -34 40 0 2308.8 4075 1766.2 4075 1766.2 0 0.0
Organic Silt (OH) 8 -34 -39 45 5 1 100 450 0 0 22 2620.8 4575 1954.2 4075 1766.2 5 62.8
Medium to Fine Sand (SP) 9 -39 -50 56 11 30 125 0 35 0 35 3307.2 5950 2642.8 4075 1766.2 11 138.2
Silt trace Clay 10 -50 -100 106 50 20 132 0 25 0 25 6427.2 12550 6122.8 4075 1766.2 50 628.3
Pile Properties Factor Of Safety Criteria
Pile Type: Drilled Shaft Compression  Tension
Pile Designation: 4-foot dia 2.25 2.25 Common Values for Corrected
Diameter B (ft): 4.00 From page 4-2 in EM 1110-2-2906 assumes "Theoretical or empirical prediction not verified by load testing for Unusual Loading" Soil Type Non Displacemnt
Cross Sectional Area (in"2): 1810 Compression Tension
Pile Weight (Ib/ft): 1885 Critical Depth Criteria Sand 1.5 0.5
Effective Area of Pile Tip (ft"2): 12.57 Dc = 108 40 loose silts loose sands Silt 1 0.35
Perimeter: 12.57 Dc =158 60 medium silts medium dense sand Clay 1 0.7
Dc=20B 80 dense silts dense sand From Table 4-5 in EM 1110-2-2906
From page 4-13 in EM 1110-2-2906, applicable to both skin friction and end bearing
Values of K for Driven Piles
Adhesion Factor & Soil Type Ke Kt
Steel 0.67¢ 10 0.83 ¢ Sand 1to2 05t00.7
Concrete 09¢to1.0¢ Silt 1 05t00.7
Timber 0.80pt01.0¢ Clay 1 0.7t0 1.0
Factor For Calculations 0.9 From Table 4-5 4n EM 1110-2-2906
Table 4-3 in EM 1110-2-2906
[ Water Unit Weight (pcf): 62.4
Undrained Analysis (Q case)
Side Friction Qs Bearing Capacity Qt Total Allowable Axial Capacity Qa*
Layer K. K, 8 Su/o,, o L/B a, a a*c ovo' avg fs ion avg Qs 2Qs compression wc:;:::ivo" fstens avg Qs tension 2Qs tension Qs allow tension Nq qat Top of Layer q at Bottom of Layer T(:tpaallfo: vaetr at al;;ztla:::tom G al:;w";::‘ZLe)sslon Qa(zl:‘:v:a'ir::;;on
(lbs) (Ibs) (kips) (Ibs) (lbs) (kips) (psf) (psf) (kips) (kips) (kips) (kips)
1 1 0.5
2 1 0.5 28.8 0.0 1.0 0.0 1.0 1.0 0.0 115.0 63 0 0 0.0 31.6 0.0 0 0.0 25 0 5750 0 32 0.0 0.0
3 1 0.5 28.8 0.0 1.0 03 1.0 1.0 0.0 287.5 158 0 0 0.0 79.0 0.0 0 0.0 25 5750 8625 32 48 0.0 0.0
4 1 0.5 0 0.0 1.0 03 1.0 1.0 0.0 345.0 0 0 0 0.0 0.0 0.0 0 0.0 25 8625 8625 48 48 0.0 0.0
5 1 0.5 28.8 0.0 1.0 0.8 1.0 1.0 0.0 397.6 219 0 0 0.0 109.3 0.0 0 0.0 25 8625 11255 48 63 0.0 0.0
6 1 035 0 03 1.0 9.5 1.0 1.0 450.0 1108.2 450 186611 186611 82.9 450.0 186610.6 186611 829 0 0 0 0 0 829 82.9
7 1 035 0 0.0 1.0 9.5 1.0 1.0 0.0 1766.2 0 0 186611 82.9 0.0 0.0 186611 82.9 0 0 0 0 0 829 82.9
8 1 035 0 03 1.0 10.8 1.0 1.0 450.0 1766.2 450 28274 214885 95.5 450.0 28274.3 214885 95.5 0 0 0 0 0 95.5 95.5
9 1 0.5 315 0.0 1.0 135 1.0 1.0 0.0 1766.2 1082 149610 364495 162.0 541.2 74805.2 289690 1288 40 70648 70648 395 395 162.0 128.8
10 1 0.35 225 0.0 1.0 26.0 1.0 10 00 1766.2 732 459668 824163 366.3 256.1 160883.7 450574, 2003 15 26493 26493 148 148 3663 2003
Drained Analysis (S case)
Side Friction Qs Bearing Capacity Qt Total Allowable Axial Capacity Qa*
Layer K. K, 8 Su/o,, o L/B a, a ac ovo' avg fs Qs Qs compression wc:;:::ivo" fstens avg Qs tension 2Qs tension Qs allow tension Ngq q at Top of Layer q at Bottom of Layer T%:fﬂ”::’: yaetr Qt a";v:a 5::‘0"‘ Qa allo(v;:::::;esslon Qa ;-J(Il;or:\:::‘;"slon
(lbs) (Ibs) (kips) (Ibs) (lbs) (kips) (psf) (psf) (kips) (kips) (kips) (kips)
1 1 0.5
2 1 0.5 28.8 0.0 1.0 0.0 1.0 1.0 0.0 115.0 63 0 0 0.0 31.6 0.0 0 0.0 25 0 5750 0 32 0.0 0.0
3 1 0.5 28.8 0.0 1.0 03 1.0 1.0 0.0 287.5 158 0 0 0.0 79.0 0.0 0 0.0 25 5750 8625 32 48 0.0 0.0
4 1 0.5 0 0.0 1.0 03 1.0 1.0 0.0 345.0 0 0 0 0.0 0.0 0.0 0 0.0 25 8625 8625 48 48 0.0 0.0
5 1 0.5 28.8 0.0 1.0 0.8 1.0 1.0 0.0 397.6 219 0 0 0.0 109.3 0.0 0 0.0 25 8625 11255 48 63 0.0 0.0
6 1 0.35 19.8 0.0 1.0 9.5 1.0 1.0 0.0 1108.2 399 165452 165452 735 139.6 57908.1 57908 257 0 0 0 0 0 735 25.7
7 1 0.35 0 0.0 1.0 9.5 1.0 1.0 0.0 1766.2 0 0 165452 73.5 0.0 0.0 57908 25.7 0 0 0 0 0 735 25.7
8 1 0.35 19.8 0.0 1.0 10.8 1.0 1.0 0.0 1766.2 636 39953 205405 913 2226 13983.5 71892 320 0 0 0 0 0 913 32.0
9 1 0.5 315 0.0 1.0 135 1.0 1.0 0.0 1766.2 1082 149610 355015 157.8 541.2 74805.2 146697 65.2 40 70648 70648 395 395 157.8 65.2
10 1 0.35 225 0.0 1.0 26.0 1.0 10 00 1766.2 732 459668 814683 362.1 256.1 160883.7 307581 136.7 15 26493 26493 148 148 362.1 136.7

*Bearing capacity not included in allowable axial due to organic presence.
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North End Near I-95 Allowable Axial Loading
(4 foot Drilled Shaft)

Note: End bearing capacity not included in allowable
capacity due to potential presence of organic silts
at the pile tip.
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IMPROVEMENTS AT
LONG WHARF PARK
NEW HAVEN, CT 06511

STATE PROJECT NO.
92-571

FEDERAL AID PROJECT NO.
1092 (121)

OWNER/CLIENT:
CITY OF NEW HAVEN
165 CHURCH STREET
NEW HAVEN, CT 06510

CONNECTICUT DEPT. OF
TRANSPORTATION
2800 BERLIN TURNPIKE
NEWINGTON, CT 06111
MAILING ADDRESS:
P.O. BOX 317546
NEWINGTON, CT 06131

ENGINEERING & ENVIRONMENTAL SERVICES

655 Long Wharf Drive
New Haven, CT 06511-6107
P:203.562.5771 F:203.789.6142
www.langan.com

NEWJERSEY PENNSTLVANA NEWYORK _CONWEGTIGUT FLOWOA
NEVADA VRGN _CAUFORNA

INVESTIGATION
PHASE

Description
Dot Revsions o
1. BASE SURVEY OBTINED FROM, SHEETS 07,01 THROUGH 0703, ENTITLED "BOUNDARY & TOPOGRAPHIC
& L SERVICES, DATED 18 JUNE 2010.
2. LANGAN BORINGS WERE ADVANCED BY SEABOARD DRILLING, INC., 2 TO 12 JULY 2010 UNDER THE DIRECT
SUPERVISION OF A REPRESENTATIVE FROM LANGAN ENGINEERING & ENVIRONMENTAL SERVICES.
LEGEND 3. TEST PITS 1 THROUGH 6 WERE PERFORMED BY SEABOARD DRILLING, INC., 7 JULY 2010, UNDER THE DIRECT
SUPERVISION OF A REPRESENTATIVE FROM LANGAN ENGINEERING & ENVIRONMENTAL SERVICES.
NAME LICENSE NO.
4. TEST PITS 2B AND 3B WERE PERFORMED BY ADVANCED COPR., 14 JULY 2010, UNDER THE DIRECT
SUPERVISION OF A REPRESENTATIVE FROM LANGAN ENGINEERING & ENVIRONMENTAL SERVICES. P —
B4 LANGAN BORING PERFORMED BY 5. PREVIOUSLY PERFORMED BORING LOCATIONS OBTAINED FROM PLANS BY PARSONS
-$. ML?’;ARAN:R‘; "‘,“,gm"‘c BETWEEN QUADE & DOUGLAS, INC., PREPARED FOR I-95 NEW HAVEN HARBOR CROSSING, CORRIDOR IMPROVEMENT INVESTIGATION
PROGRAM, NEW HAVEN-EAST HAVEN-BRANFORD, CT, STATE PROJECT NO 92-505 DATED MAY 2000. ALL LOCATION PLAN
BORING LOCATIONS ARE APPROXIMATE.
LANGAN TEST PIT PERFORMED BY SCAE TROVECT NUWEER
6. ELEVATIONS ARE REFERENCED TO 1929 NGVD. MEAN LOW WATER ELEVATION IS -2.26 FT BELOW 1929
ADVANCED CORP & SEABOARD DRILLING,
ﬁm oA A A S NGVD AS PER NOAA TIDAL BENCH MARK DATA FOR NEW HAVEN HARBOR DATED APRIL 6, 1990. 1960’ 140034435
7. 100 YEAR BASE FLOOD INLAND OF LONG WHARF DRIVE, ZONE A, IS ELEVATION 12 1929 NGVD. DRAWNBYICHECKED BY OATE
. BORING PERFORMED BY GULD DRILLING, DEB/CBW 1no
60 20 40 60 INC. COMPANY BETWEEN MARCH 8. SITE IS WITHIN 100 YEAR COASTAL FLOOD V-ZONE, ELEVATION 14 1929 NGVD.
APRIL 2000 DRAWNG NUMBER
9. THE LOWEST LOW WATER IS SHOWN AS THE MUD FLAT LINE AT ELEVATION -5.39 1929 NGVD.
SCALE IN FEET 4
Filename: \\Langan. N\dotoa\, 0dd Doto — “owg Dote: 11/1/2010 Time: 10:45 User: dbearse Style Toble: Longon.stb Loyout: D Size Sheet (Side




= LANGAN

ENGINEERING & ENVIRONMENTAL SERWCES Log of Boring LB-1 Sheet 1 of 3
Praject Project Mo.
. Long Whar Park 140034435
Lacation Eispalicon and Datum
Long Wharf Drive, New Haven, CT Approx. 9.7 (1929 NGVD)
Driling Agency Date Staned Date Finished
Seaboard Drilling, Inc. 0910 hrs 71210 1400 hrs 7H1210
Drilling Equiperent Conglefion Depth Reck Degtih
o Mebile Drill B-53 Truck-mounted 52 ft NIE
Size and Type of Bit 4-1/4" Hollow Stem Auger, 2-15/18” Tri-cone raller Nurmber of Sarmples | 2 r0ed 6 Uneisiurbed 3 Gore
5 Casing Diamabar (in) Casing Depth (1) First Compketion 24 HR.
- I 4" OD Stee! Casing 20 |Welorlewlifty | %7 I 4 y
| Casing Hammor gy |1M=iam {lbs) 200 |{:-rw [, Drilling Foreman
2| Sampler - E— JeffMitseh
k| 2" 0D Split Spoon, 3" OD Shelby Tube Inspecting Enginear
| Sampter Hammer Auto | "N (8] 1a0 |21 59 Lee Chrisman
: i g P Remarks
g -1 E(ﬁ; Sarnple Description Geve | 2|2 jalid Micwermy Driling Fltds, Dapth of Casig
g =B M- £g Fluid Loas, Driling Reaistance, alc.)
T A7) 0 = 10 30 30 40
: 8t 3-in Topsail 5 . H 18 | Baring started at 0910 hrs
. '\ [ToPSOIL] (dry) B A lE| =l
e Light-brown -SAND, Ir. f-gravel, Ir, brick, ir, concrate, sm. 1 o |95 @ a I
i 3 E E i1
7 [FILL] (dry) E o, 5 z| |
@ Brown f-SAND, tr, brick, tr. f-gravel, sm. silt - 1 12 ||
i [FILL] (dry) z ] ‘ |
: — 3 3 wE el |
2 B ] 34
§ C i 3] 28| |
@ Light-brown m-f SAMD, tr. f-gravel, tr. granite, . asphalt 2 R H 25 Augar O to 4-ft
. [Fr?LLi (dry) 9 F ] H Light to Heavy arinding
BES - s 13|48 2
] " 3 =
g - 5 H
2 Light-brown f-SAND, tr. roots, tr. f-graval, sm. asphalt - ] H Auger 4 ta 6.5t
g [FILL] (wet) u ] H Augars ramaovad from
2 ME 7 dT|mE = barahole
5 “F ] @leg — Hammer casing to 8-ft
é [ ] H Drill with water and clean out
~ 8 H hale to 8-ft
[} Blﬁ c-f SAND_ sm. f-gravel - E = .\-Hammar casing 8 fo 12-f
B [FILL] (wet) E 1w|el o Orill with water and clean out
g e P 112 hale to 8-ft
z o x H
| o 10 .
& Dark-grey o-f SAND, tr. shells 5 R =
[ [SW] (wet) I ] mE
fu] ]
= -1 - E WE
| - P =
a : H .
= Dark-grey c-f SAND, tr. shells - 12 = Hammer casing 12 to 14-ft
3 [SW] (wet) I 1.1 H E;qri?d:prgler and clean out
2 L 13 H o o 14-
) s ] 35
g Dark-gray c-f SAND, sm, shells, sm. f-gravel _ 14 : E Hammer casing 14 to 20-ft
g 1SW] (wet) e 1 | B Drill with water and clean out
g - 15 3 |%H w hole to 20-f
i Dark-grey m-f SAND, sm. f-gravel, Ir. shalls 18 5 g
é [SF] (wet) | ] H
= 17 - H=
: PENL
é : - 18 &
o o
o . - 3
g % * 7 7 B - 19 Wash turned grey at 19-ft
— 20




= LANGAN

ENGINEERING & ENVIRONMENTAL SERVICES Laog of Boring LB-1 Sheet 2 of 3
Project Froject Ma
Long Wharf Park - 140034436 0000
Location Hevaton and Datum
Long Wharf Drive, New Haven, CT Apprax. 3.7 (1929 NGVD)
Sampl Dala p "
5 . T emarks
Sample Description Sowe | £ 2 gf E5E| Do {Driirg Flu, Degth of Casing,
3| F|e|d s 15 5 50 50 Fhikd Loss, Drlkng Fastlancs, ale
Dark-grey Organic Glayey SILT, tr. shalls, tr. f-gravel 3 20 1 1 Casing remains at 20-ft
i [OH] (wet) - 1 = Drill with water and clean out
2 oo 5 E = WO hale ta 22-ft
=| n ] WOH
. N 1
% Dark-grey Organic Clayey SILT, ir. shalls &2
| [OH] {wet) : 1 r
2 | elGN S| 2
e 5 i
3 .
& Dark-grey Organic Clayay SILT, tr. shells ol — lwoH Casing remaina at 20-ft
g [2H] rg\le?) 9 ot = Drill with water and clean out
o T vE 'MJ"E hale to 30-ft
5 L 1w WO
3 - - WOH
3 S
| i £ 1
£ = 27
'g - ]
a — 28
5 = 20
g " E 30 4—H - Casi ins at 201t
i Dark-grey Crganic Clayey SILT, tr. shalis o = 1 1Lt asing remains al
- [OH] {wet) S N [ | Drill with water and clean out
a Eads|0H 3 i | hole to 35-ft
af B jw = 1
5 E H 1
al- - 32
% - 33
é — 34—
5 o 5
3 - 3
S Gray Organjc Clayey SILT, tr shejls, &t wood — 3% 1 Casing remaing at 20-ft
- OH ¥ N 1 Drill with water and clean out
% [OH] (wet) P
@ EETn RS2 o B hale Lo 40t
e o 1 1
F 3 |
= - 37
3 F 1
g I 28 -
g s
I 38 -
E L ]
Grey Organic Clayey SILT, tr shells - 40 1 1 | Casing remains at 20-ft
{OH] (wat) " | Erlltr'ltr;;gter and clean out
= - T | e (D 4~
g Sl bl 1= 0 R
4
é 1
z Grey Organic Clayey SILT, tr. shells - -
5 [OH] (wet) 1 -l 3
2 e T\
a B
[ 44 . .
g Grey Cla SILT, tr, shejis m ] 1 Casing remains at 20-ft
£ [OI?IS; [weﬁw : " 1 E EE @ Drill with water and clean out
; [ 451 2 | hala in A0LA
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= LANGAN

ENMGINEERING & ENVIRONMENTAL SERVICES Log of Boring LB-1 Sheet 3 of 3
Praject Preject Me.
Long Whard Park 140034435
Location Elevation and Datum

Long Wharl Dvive, New Haven, CT

Approx, 9.7 (1929 NGVD)

Sample Description

Sampla Data

it

Type

H-\alis
(Blowsifl}

10 20 30 &

Remarks

{Driling Flid, Depth of Casirg,
Fiugd Loss, Driling Rosistanca, olc.)

%

o
—

515 | Nusmbar
55
TILTLLT

i}
3

3

&

Rk

Brown m-f SAND, sm. siit
[SP] (wat)

1
i
1
518
55
8

- 52

Bottom of Boring 52-ft O-in

IRERR

53

wleaasbansg

54

TET Y

- 55

- 56

T 7
i tesaelaaiadacaalens

T
[+
@

23 o o o
L e w L)

[+:3
o

L B B B L B
T EEEERRE RN S TEa FNE W Nl TS A NS R SRWR

Borehole backfilled with
grout and soil cultings upan
completion

Casing Remains at 22-f
Drlli with water and clean out
hale to 35-ft




= LANGAN

ENGINEERING & ENVIRONMENTAL SERVICES Log of Boring LB4 Sheet 1 of 3
Proed [Promct No.
| Long Whaif Park 140034435
Locaton and Dafum
Lona Wharf Orive, New Haven, CT Apntox. 8.75 (1929 NGVD} ——
Driling Agency De Saned Date Firkshed
Seaboard Driling. | nc. 0900 hrs 772/10 1430 hrs 7/2/10
Driling Equipment Compietion Deptt ' Rock Depth
- _Mobde Dril B:g;ut_u-‘__ ounted 521 caNE
T )7 3 - Tri-s I
§ 26 ad Typa of B ;“m Hollow Stem Auger, 2-15/16 Tri-cone rolier = !] Disturbes % Uncimu.e.:_1 I ® )
Caxsing Diamotor () Casing Oepth 10 [Fiui ‘| Complation 24 HR
2 4" OD Steel Casing 22 | \water Lovel () AV 8 | .l .
g CasingMamvne 40 Wicight (Ibs) 300 [009(") 30 | Oriina Foremen o=
ol i
ghsomeer 2" 0D &0t Spoon 3° OD Shelby Tube ocig S e
asnwrm Auto ]'W(M) 1a0 |00 4 Dan Bearse
1 3 3 Sampie Daia Remak
g Elev. . X | Degth | 3 NVake arks
Eg o Sample Description 2| sme |2 2 g T g Bomet) (Ormrg Fua, Ospth of Casrg,
g ELI DO H 5 H S jgg - 50 Fluld Loss, Orfing Rasisionss, oic) E
: .. 4-inAsphalt Pa vement F = 5 B ~Bofrng sterted at U500 is
- NesPimney __S“F 3_|E_| s
B Brown m-f SAND, . Fgrava tr. shalls, ir. sit t 42188 =
& PR tFl Lty E =l 2 |
ote 2t [ 3 E g
L - = 3
§ e Brown m- SAND, tr. f-gravel, tr. shalis, r. silt 2 E o e :
% (FI Ligny) 2f - 2
C E 7
gnﬁ' . __313'%%9 10 +’b |
: 3|8 |
=k & Browil m-f SAND, tr. f-grave), tr. sift g 4 E = 8 lgiltlnzter: ’S;s:r'ga I:g gga out
3 fFILL] (wet) L 3 =
P F 5 22 &1y hote to 4-f
8 b I'l. 3 g IU) W S A
§ Saleete! E 3 4
=2 - 6 ¥ :
g 5"."'.' No Recovery E 1 P
3 : ] alll
B S F% Rt
i E [E
No Recavaty Vi Fs : 3 2 | I Hammer Casing to 8-ft
é E 1 B ) | Drill with water and clean out
s vl hole to 8-ft
= 9 o |a wol
g . =
LS e E 03 1|\l |
3 Light Brown ¢ -SAND. sm. shells, . sik t 1 1H |[°
[SP] (dry) wisipdel o A
E 1 ”’é i ) P
r 9
Light 8rown m - SAND, tr. silt = 12 I 7 Hammer Casing to 12-%
1SP) (dry) s i U DIiflwkh water and clean ow
[ g (] | hole to 12-
13 ] & |nH @ d 1 |
F W L[]
Brown m-f SAND, tr. siit - 14 8 | Hammer Casing to 14-f
= [SP] (wet) s : Drill with water and clean out
g =152 3ad e |, °| hole to 14-
r 3
4 s 3 3] /
§ 7 A - 16
= ic an Yy . sm. f- ; n
Gray Orgarnic and Clayey SILT, f-sand seams, Ir - 3 6
é - — shelis : {old ol 2
| [CH} {mol st) - 17 < b [aH = 4
«| -
$== P E 18 : Hammer Casing to 18-1
I Brown/Grey Sty m-F SAND, sm. f-sand searrs, B, = : mmer Casing to 18-
shells Y o™ o Fq '° | | Dilt with water and clean out
Z [SM] (moist] [. 19 3 :)-) :3 o A S 8 hole to 18-ft
» Al
20 u S =




— LANGAN

ENGINEEFRING & ENVIRONMENTAL SERVICES Log of Boring LB-4 Sheet b of 3
Praject Progct No.
Long Wharf Park 140034435
Location Elevation and Datum
Long Wharf Drive, Mew Haven, CT Approx, 8.75 {1929 NGVD)
€ Sarmpln Datn
i - - ] Remarks
g% o Sample Description -f-. Soe | Bl 2|3cis8 Momm | | mmwraDenacsig
A 7| ¥ |x7|& = m| - Fhui 5, Crilling Resislancs, s §
& Brownish-red m-f SAND, sm. gray iy dlay, W shels | | 20 EHRE
, [SM] (wet} F3.| E 5
9 S PR P
% o i Gray Organic Clayey SILT, sm. shalls -2 ‘: 1 S | Hammer Casing to 22-f
g ] [OH sy oY SlL1 8. - - Drill with water and clean out
| i  oq 1 E|wE w| 1 hole to 22-ft
S Erg¥pgry I - ‘::: mt ~ 14 E
| plgiiy Gray Organic Clayey SILT, tr. shells i - = WOH
| [OH] (moist) e R
i il SR Bl = A B
2| H 1 |9H ™ (1
: S
|- Gray Organic Clayey SILT, tr. shells - 26 N Casing Remains at 22-ft
[OH] (meist) - 3 - P | Drill with water and clean out
= a7 E | 8 | haole to 26-ft
e B 1o z
g E 25 |
; Gray Organic Clayey SILT, tr. shells 1 28 7 I 1 |
g [OH] {mwist) r 1« |
- s e [ 14
& 8 1| M4
Z iy '_ 30 _:'___._._._1 | _ .
o= Gray Organic Clayey SILT, tr. shells F B 1 | Casing Remains at 22-f
|2 ey [OH] (maist) L ] | | Drill with water and clean out
aF — L343 3 gHel W || hale to 30-ft
(- 4 > 1 |
F F 3 |
2 e ! i
= L ] |
% e 33
B F 1
& F 1 |
g - 344 |
= L 3 |
ar F 4 |
4 Gray Organic Clayey SILT, tr. shells E 35 ] | || casing Remains at 22-1
H [OH] {moist) I 1ol H | Drill wath water and clean out
gl SR wH = : W || heleto3sh
i F H B
3 -1 |
: e a7 2 |
af F 1
2 E 38 - g
- - 3 |
| I |
HE L z
e B o ] |
Gray Organic Clayey SILT, tr. shells - 40 - 1 [ 1 Casing Remains at 22:ft
OH] {mizist I IR Drill with water and clean out
[OH} { ) ~ | |
= L4 o = |2 = || hale to 40-f
& . 1 |PH ™ [
E : L 42 ] |
F - N
z " .
5 - - 43 ]
= E ]
L=] 3, 3 = - |
Lo ’ r 1
3 - 44 |
: » |
= 45 } -




LANGAN

ENGINEERING & ENVIRONMENTAL SERVICES

Log of Boring

LB-4

Shest 3 of 3

P
T
Project

Long Wharf Park

Projest No,

140034435

Lang Wharf Drive, Mew Haven, CT

Eleyalion and Datum

Apprax. .75 (1825 NGVD)

Sample Descriplion

Eonsng hawsl 1t

Depth
Scalo

H\alus
{Blowsi)

0 20 30 40

Remarks
{Drling Fluid, Degih of Casing,

huid Leas, Driling Resistance, she )

Rapon: Log - LANGAMN . Tempsta LANGAN.GLT

Light Brown m-f SAND, sm. shells, tr, it
[SP] (wat)

Brown o-f SAND, sm. silt, tr. shells
[SF] (wat)

45

46

ES
-

F3
(=)

&

g

5-19

TOLTRTTRTTATTET

12

L BER010 32658 PM

OLANGAN COMIDATANHIDATAM 1034405 ENGINEER ING DATAIGE OTECHNICALGINTLOGS!I 41034415 BORING LOGS.GPJY

Bottom of Boring 521 0-in

YT T T T T T T [T T T[T T I T[T F
I T I T T T

TTTTIT[TETT]

EDREEEEEEARD R

L L i i L R N R MR N

@ & & &0 & o o (-] (=] & o & & o 2 o
L) =~ o on - w L=} — (=3 wr o =l (= o o
bt il

&
el

-4
(=]

FAETEAN TR,

T EET RS ST S N SRR ST C NS R TR F T REE R

Caslng Remains at 22-1t
Drrill with water and clean out
hole to 45-ft

Casing Remailns at 22-ft
Dorill with water and clean out
hale to 50-1t

Borehole backfilled with soil
cuttings and grout and
patched with asphalt upon
completion.
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LANGAN

ENGINEERING & ENVIRONMENTAL SERVICES Log of Boring LB-5 Sheet 1 of 3
Project Projact No.
Long Wharf Park 140034435
Lecation Elevation and Dalum
Long Wharf Drive, New Hawven, CT Approx. 10.5 (1528 NGVD)
Driling Agency Date Starlad Date Finished
| ; Seaboard Drilling, Inc. 0830 hrs 77610 0930 hrs TITM0
Drilhng Equipment Complation Depth Rock Deplh
i Mobile Drill B-53 Truck-mounted 54 it N/E
Size and Type ﬂ'm:;“ Hellow Stem Auger, 2-15/16" Tri-cona roller Nurmber of Sampies Disturbes . Undisturbed i Core i
Gasing CMarmeter (in) Casing Depth {ft) First Cermgletion 24 HIR,
4" OD Steel Casing 45 | Vater Level () s | ¥ - .
Casing Hammer IWEII*I {les) 200 | Drop {in} ag Drilling Foreman
Sampler " i Jeff Mitsch
[ 2" 0D Split Spoen — | inspecting Engineer
Sampler Hammer Autolm'm (o) 140 [Dmp (LT Dan Bearse
] Sarrple Data
22 g P Remarks
\ I Deptn 2 J NValus
[ Sample Description AR ; q )
I P i seme | £ 218 1 m—— | Esnsneaio
S 3L Th0a  4-in Tepsoll, sm. grass, sm. roots i = 0 = 9 Drilling begins at 0930 hrs on
Y [TOPSOIL] {dry) A F 3L | w» _ 71610,
Brownish-lan m-T SAND, tr. =i, ir. Fgravel E1daeE 7
[FILL] {dry} F = 18
E ) ] = 21
Light Brown m-f SAND, tr. f-gravel, tr. siit, tr. shells E E = 22
[FILL] (dry} o 1 e m% 18
SR R P P
| F . S 12 |
Mo Recovery o = g | Auger to 44t
iz = Augers removed from
_:_ 5 z = 1110 21} borehale
2t =
F g 3 = 13
No Recovery ::_ E = 15
E ] = |
— T38|, °|
12 ] =
_ _ v E s = 3 [
Brown to Light Brown -SAND, sm. silt T E E B Hammar Casing to 8-ft
[FILL) (maist) 15 F ] Cirill with water and clean out
I - 5 1 | hale to 8-t
a 1 B
L 3
F 40 11
Light Brown #-5AND, sm. silt, Ir. shels sk E 13
[SP] {mizist) E 1
o |
16 [ =
E a = ]
Mo Recovery —F "2 10 Hammer Casing to 12-fl
o 1 = 2 Drill with water and clean out
o 1 |
__13__';,:3%.:. . 1 hole to 12-A
- 1 g 7
Mo Recovery £ 143 = 3 Hammer Casing to 14-f
o ] = Drill with water and clean out
:_15_:3%3,:. . 8 [ hole to 14-ft
-1 | R 5
Light Brown e-f SAMD, sm. f-grawvel, tr. siit, ir. shalls :_ 18 ] = 4
ISP (wet) S I d
1T a8 e,
o g 5
Light Brown m-f SAND, tr. f-gravel, r. silt, tr. shells e 5 s Hammer Casing to 18-t
[SP] (wet) 2 1 = Drill with water and clean out
F g dF|wd | 23 hole to 18-ft
19 7 |8
E 198 |2
20 = 5




= LANGAN

ENGINEERING & ENVIRONMENTAL SERVICES Log of Boring LB-5 Shest 2 of 3
Project Project No.
Long Wharf Park 140034435
Location Elewvation and Datum
Long Wharf Drive, New Haven, CT Approx, 10,5 {1928 NGVD)
= Sampln Data
% | oepmn 3 8 c| e Remarks
Sample Description = | scae | 2| B|32|2EE  miowan) Iiling Puid, Deglh of Casing,
ﬂ 2| F & | & La - Fluid Loss, Dviling Rasislance, st}
Light Brawn m-f SAND, tr. f-graval, tr. silt, tr.sholls 20 4 T

... B1AB010 3:27:05 PM . Report Log = LANGAN __Tempae LANGAN GOT

[SF] (wet)

Light Brown cf SAND, sm. f-graval, tr_ silt, tr. shalls
[SF] (wet)

Light Brown c-f SAND, sm. f-gravel, tr. silt, tr. shells
[SP] (wet)

Light Brown m-f SAMD, tr. f-gravel, tr. silt, tr. shells
[SP] (wet)

ILARGAN COMIDATANHIDATAAIS0034405ENGINEERING DATAGEOTECHNICALIGINTLOGS 40034415 BORING LOGS.GPJ

N ERRE

TTTTTTT

Hammer Casing to 22-ft
Drill with water and claan out
hole to 22-f

Hammer Casing to 26-ft
Drill with water and clean out

hoba to 26-ft
Light Brown c-f SAND, sm. f-gravel, tr. silt, tr. shells =2
(SP] {wet) C
Light Brawn o-f SAND, tr. F-gravel, tr. silt, tr. shells 3 | || Hammer Casing to 30-f
[SP] (wet) N | Drill with water and clean out
E, hole to 30-ft
— 32
- 33
— 34
Light Brown m-f SAND, tr. silt, Ir. shells — 36 5 Hammer Casing to 35-ft
[SP] (wat) C = Drill with water and clean out
- 36 3 |[BE ~ LR hole to 35-ft
- 1 H 12
f— ar 5 hi
- 38
o a 2 - a9
Dark Grey Organic Clayey SILT, sm. shells 40— =518 Hammer Casing to 40t
[OH] {muoist) o 1wl H Drill with water and clean aut
- o4 m9E e LAP hole to 40-ft
E 14 “g " |7
" ] = 7
- 42 o
R
A Loss of drilling fluid at
F 3 l approximately 44-ft
[ s




LANGAN

ENGINEERING & ENVIRONMENTAL SERVICES

Log of Boring

LB-5 Shest 3 of 3

—
Lt
Project

Long Wharf Park

Praject Na.

140034435

Long Wharf Drive, New Haven, CT

Elevaion and Datum

Approx. 105 (1928 NGVD)

Sample Description

CuEng biws!

Sample Dala

Huaribar

Nl Remarks

E§ & mows Driling Fiid. Depth of Casing,
] § 0 20 30 40 Fhild Los, Driling Rasistance, sic.}

[5

Trpe

:

Templata LANGAN ZDT

= LANGAN

'|'2&

Diark Grey Crganic Clayey SILT, tr. shells
[OH] {maist)

Mo Recovery

Brown Organic Clayay SILT, tr, shells
[OH] {wet)

Brown m-f SAND, sm. silt, tr. shalls
[SM] {wet)

BME2010 327:06 PM . Raper

DL ANGAN COMUIATAMNHDATAS SICES40TENG INEERBG DATAIGEOTE CHMICALGINTLCGS 40034415 BORING LDGE.GRJ .

Bottom of Boring 54-ft 0-in

&

L B L L L B B M e L N R R R RS R R

TTTTTIrY

o
w

£

o
=

i
ma

[l
[

2

o
o,

@
o

o
=l

63

64

65

66

- 68

[-1:]

T0

519

Casing Remains at 40-f
Dirill with water and clean aut
hole to 45-ft

55

pliag
5-20

Hammer Casing to 45-ft
Dirill with water and clzan out
hale to 50-f

55

S-21ab

Borehole backfilled with sail
cuttings and grout upan
completion

T T T

FENEE ERRHN EENEE SRR SR W H AW

e




— LANGAN

- LANGAN . Template LANGAN.GOT

ENGINEERING & ENVIRONMENTAL SERVICES Log of Boring LE-& Sheet 1 of 3
Project Praject No.
Long Wharf Park 140034435
Location Elawation and Dafum
Long Wharf Drive, New Haven, CT Approx. 9 (1929 NGYD) a
Driling Agancy Date Started Date Firéshad
Seaboard Drilling, Inc. 1015 hrs 7/7710 0200 hrs 7TH2/10
Diriling Equipment Comglalion Deplh i
Mobile Drill B-53 Truck-mounted ] 47 ft _ NIE
Size and Type UIBRgI-“EM Hollow Stemn Auger, 2-15/18" Tri-cone roller Number of Samples Disturbed 1 Lindizturbed . Cone ]
_%_m_wwﬁ'ooswq_csslng Casing mmﬂg}a Nater Lavel (i) ﬂil e Complefion 241HR-
Casing Hammer —I'We'nht (Ibs) st |umpun: a0 | DFling Foreman
Sampler ; ; Jeff Mitsch
2" OD Split Spoon, 3" OD Shelby Tube Trapeciing Engineer
Sarmgher Harmmer Auto Wieght (Jbs) 140 | Drop {in) 30 Dan Bearse
2 § Sanple Duta R
Elew. M £ | Depth | 5 3 ;£ HakiG emarks
e Sample Description = | Bede | 2 SEE Flui, s
i) mple Descrp : §| B(FeERS| mo~ed | Cresrinienzcus
i
3 “u[_ 4-in Asphall S0TTTE
: Brown o-f SAND, br. silt, tr, f-gravel C A H
g [FILL] [dry) Eggledel 0&
2 = B H
! C ] E 18
£ . E 2
@ Brown m-f SAND, tr. sitt - B H 18
& [FILL] (dry) :_ . _: o U'!-E - 24
2 = F il =
& ; 7 = 23
St Tan to Brown m-f SAND, tr. silt . E 4 EIRE / Auger to 4-ft
cppgy | FHHE HE Y P
D PRttt C 1 h H ™10
A LY T . =
§ G, H I H 0
St . F g E
L] ettt Brown c-f SAND, tr. gilt, tr, shells - E H 8 |
B o [FILL] {wat) = i |
SRR L7 d3keE gl ) s
[l et N 1@ l.!)g 8
g & L ] = 7
= Brown m-f SAND, tr_ silt, tr. shells il = 12 Hammer Cazsing to &-ft
[FILL] (wat} LR = ] = | Drill with wiater and clean out
% L [ s d2@d | e hole to 8.1t
o = 5
a - w0 3 2 5
No I F ¥ H
% Recovary 20 f 3 5 zum
2k LI
i a - - | H 16
= Brown m-T SAND, tr. siit, tr. sheifs, fr. f-gravel I B = 12 Hammer Casing to 12-ft
k3 [SP] (wet) I 3 = Drill with water and clean out
o Sl = " hiole to 12-f
g-_ :— 13 —: wh ﬁg o 1 22
o8 I 14 7 5 11
2 B f SAMD, . shalls, tr. silt, tr. f-gravel - al H Hammer Casing to 14-ft
K [Sr%n{:eﬂ et 9 I 1 g 12 Dirill with water and clean out
g EasdR@d e " & hole to 14-f
o 3 = 7
gl E 15 = 10
g p Brown m-f SAND, tr. silt, tr. f-gravel, tr. shells a2 ] = 5
Zl: [SP] (wat) I J 2
g TR s N Tl
E T,
af: T e N I =
ol o -
o - 3
| I 19 —
AL L 20




= LANGAN

B 82010 3710 Pl Report Log - LANGAMN ._Templats LANGAN GOT
T TTT Y

ENGINEERING & ENVIRONMMENTAL SERVICES Log of Boring LB-6 Sheet 2 of 3
Proea Froject No.
....... - Long Wharf Park 140054435
Location Elevation and Catusn i
Long Wharf Drive, New Haven, CT Approx. 9 {1928 NGVD)
2 E Sample Dala R e
i h T BMarks
éi E{Igr Sample Description ?,2."',, g E ‘g§ i (Driling Fhic, Depth of Casing,
£ S 3 LEE] I Fiuid Loss, Driling Rasklancs, aic.}
Brown c<f SAND, tr, silt, tr. f-gravel, sm. shells - 20 : & Hammer Casing fo 20
[8W] (wet) k s Drill with water and clean out
SEIE B 4 51 nole to 20-ft
- 22 | -
e e 7 7 - 23
- 24
Dark G i = 25
rey Organic Clayey SILT, tr. shells : . 1
[OH] {maist) L e "
B T
= 27 :
- 28
. - 29
= i E .
el Dark Gray Organic Glaysy SILT, Ir. shells £ 30y T Twon Hammer Casing to 30-ft
2l [OH] (maoist) - ] B Drlll with water and clean out
3 ERPPIG - 171 I hale to 30-1t
2 3 g lel s, A
g W :
; - Dark Grey Organic Clayey SILT — 32 5 Clean out hole to 32-f
% [OH] {maist) F Tl M " Casing remains at 30-ft
Fa e BNE| B
g N
g Dark Grey Siity GLAY, tr. shells - 34 5 -
-] OH] (moist - 1
3 1oL : Eoag 1 b = 2
4 s @],
- E ] E 2
(=] = . b — -
E E: % m
; E ¥
g ¥ :
& F .
2 T
& E .
g 39
] r 3 |
Dark Grey Organic Clayey SILT, tr, shalls 40 1 Drill with water and clean out
[OH] (moist) E ] haole to 40-ft
g a1 3 4 Casing remains af 30-ft
C ] 2 |
= - . |
g F oo z|1|
= E E |
é" — 43
1 E E ] |
E ELY: 2 o - o F. a4




= LANGAN

ENGINEERING & EMVIRONMENTAL SEAVICES

Log of Boring

LB-& Sheeat 3 of 3

Projact

Long Wharf Park

Projci Na.

140034435

Locaten

Long Wharf Drive, New Haven, GT

Elevalion and Daturn

Approx. 8 (1928 NGVD)

Sample Description

Casng biwa' #

Depth
Seale

Humiber

Sarngile Daka
[TECETEY

z ig E18) mown

R

ir}

Remarks
[Driling Fluid. Dopth of Gasing,
Flia Los3, Dn1ing Fasis|ancs, me )

ULANGAN COMIDA TANHDATAH 1 40034400 N GINEERING DATAGEOTECHN ICALWGINTLOG SV 4003441 5 BORING LOGS.GPJ_ BNE2000 32790 PM .. Repont Leg - LANGAN . Tempita LANGAN GOT

Dark Gray m-f. SAND, tr. shells
[SP] (wal)

‘Bottom of Boring 47-ft 0-in

TTTTTTTTT
I

R B B R L L L L B B L B B R EE R

a5 —

48

47 -

Fs
o
I

.
o
(Y

i w [} @ [ o [ @
=~ @ o B b~ i - (=]
| SFEPSTTS YR BSOS A S W S AR A

]
1
T

o o & o [+i]
- -1 - I 4 1
slagagley

@
@

2

IS BT ARl TR EE R S

-
(=1

8-15

E 10
(3 H - 1o
= 2

wE -

10

Drill with water and clean out
hole to 45-ft
Casing remains at 30-ft

Borehole backfilled with soil
cuttings and grout upon
completion. Concrete patch
installed at paverment
elevation.




FORM MO. SM-1 ED. 1771
T. Paguelie STATE OF COMNECTICUT SHEET 1 OF 4
BORING FOREMAN DEPARTMENT OF TRANMSPORTATION LOCATION Long Wharf Drive
BUREAL! OF HIGHWAYS
J. FreitasiJ. O'Brien BORING REPORT Guild Drilling Co.
INSPECTOR TOWN MNew Haven, Connecticut BORING CONTRACTOR
R. Borjeson ROJECT KAME 195 New Haven Harbor Program Management Parsons Brinckerhoff Quade & Douglas, Inc.
SOILS ENGINEER PROJECT NO. 92-505 CONTRACTING ENGINEER
LOCATION  Long Wharf Drive adjacent to the Long Wharf Nature Preserve
SURFACE ELEV. 18.6 AUGER CASING SAMPLER CORE BAR |HOLE NO. PB-5
DATE FINISHED 320000 TYPE HW S8 MIA LINE & STATION
GROUND WATER OBSERVATIONS SIZE 1.D. 4 138" OFFSET
AT 8.8 FT, as HRS, | HAMMER WT. fe 1408 BIT M, COORDINATE 165475.0
AT FT. HRS. | HAMMER FALL 24 0™ E. COORDINATE 551,963.2
] SAMPLE BLOWS
E |CASING| PER & INCHES STRATA FIELD IDENTIFICATION QF SOIL,
P |BLOWS DEPTHS PEN._| REC. oM CHANGE: REMARKS (INCL. COLOR, LOSS OF
T PER MO. | INCH| IMCH| TYPE SAMPLER DEPTH, WASH WATER, SEAMS IN ROCK, ETC.)
H | FOOT FROM -TO 06 | 612 12—1# 18-24| ELEV.
0.0 - 2.0° 1 24 19 2] 1 3 5 & Red-brown f SAND, trace ¢ gravel, some st dry. (FILL)
T
[
5 4.0° - 60 2 24 17 ] 8 T 15 15 Red-brown f SAND, some silt. {FILL)
10 8.0° -11.0° 3 24 | 19 3] 5 12| 12| 1 Red-brown { SAND, some silt. (FILL]
15 14.0° - 16.0° 4 24 | 13 [} 10 | 12| 14 15 Red-brown m-c SAND, ttle f graved, trace shells. (FILL)
H
e
1 19.0 Top 3°: Gray-brown f-c SAND, trace f-m gravel, lite siit. (FILL)
20 19.0° - 21.0° 5 24 ] D L] T 4 J & 0.4 Dark green-gray ORGANIC CLAY, some sil, irace peat fibers.
1
|
25 24.0" - 26.0° B 24 13 [*] 3 T 17 12 Dark green-gray ORGANIC SILT, some f-c gravel, lite f-m sand,
shells, organic odor.
1.
El
30 29.0° - 31.0° 7 | 24| 42 D 1 od AV of| /7 Dark grean-gray ORGANIC SILT, trace f-c sand, Nitle clay, trace
shells, slight organic odor,
pp=05TSF
a5 34.0° - 360" B 24 7 D | woR| WoRr| WOH | WOH Dark green-gray ORGANIC SILT, trace f-c sand, litthe clay, trace
shelis, siight organic oder,
pp= 04 T5F
—
“ROM GROUND SURFACE TO 335 FEETUSED 4 INCH CASING THEN OPEN HOLE FOR BE.5 FEET
AOTAGE IN EARTH 122.0 FOOTAGE INROCK o TYPE D NO. OF SAMPLES 25 HOLE MO, PBS
SAMPLE TYPE CODING: D=DRY C=CORE ASAUGER UP=UMDISTURBED, PISTON V=VANE TEST

PROPORTIONS LISED: TRACE =0 -10% LITTLE=10-20%  SOME = 20- 35% AND = 35 - 5%




FORM NO. 5M-1ED. 17T
T. Paguette STATE OF CONMECTICUT SHEET 2 OF 4
‘ BORING FOREMARN DEFARTMENT OF TRANSPORTATION LOCATION Long Wharf Drive
BUREAL OF HIGHWAYS
J. Freitas/J). O'Brien BORING REPORT Guild Drllling Co.
INSPECTOR TOWN New Haven, Connecticut BORING CONTRACTOR
R. Borjeson PROJECT MAME 185 Mow Haven Harbor Program Management Parsons Brinckerhoff Quade & Douglas, Inc.
SOILS ENGINEER PROJECT NO. 92-505 CONTRACTING ENGINEER
LOCATION  Long Wharf Drive adjacent to the Long Wharf Nature Preserve
SURFACE ELEV. 18.8 ALUGER CASING SAMPLER CORE BAR |HOLE MO, PB-5
DATE FINISHED 200 TYPE HW 55 MIA LINE & STATION
GROUND WATER OBSERVATIONS SIZE L.D. 4" 138" OFFSET
AT 8.8 FT. 44 HRE. | HAMMER WT, 3008 1404 BIT N. COORDHNATE 165,475.0
AT FT. HRS. [HAMMER FALL 24" 3" |E. COORDINATE 551,963.2
5] SAMPLE BLOWS
E |CASING) PER 6 INCHES STRATA FIELD IDENTIFICATION OF SO0IL.
P | BLows DEPTHS PEM.| REC, [+ ] CHANGE: REMARKS (INCL. COLOR, LOSS OF
T PER N | INCH] INCH| TYPE| SAMPLER DEFTH, WASH WATER. SEAMS IN ROCK, ETC.)
H m - i-ﬁ 6-12 | 12-18] 18-24] ELEV.
40.0° - 42 [] 24 14 =] m | ! ark gresn-gray
shells, slight organic odor,
pp=0.15 TS5F
45
450" - 47.0° 10 24 6 D | WOH| 'WOH 1 1 Dark grean-gray ORGANIC SILT, trace f-o sand, litte clay, trace
shells, slight crganic odor,
pp=0.25 025 TSF
50
§0,0° - 52.0° 7" 24 20 D 1 1 i 2 Dark green-gray ORGANIC SILT, trace f-c sand, litfe clay, trace
shells, slight arganic odor,
-33.9 Diriller noted cobble at 52.7 o 52.9°.
a5
55.0° - 657.0° 12 | 24 19 D 8 4 2 1 Brown f-m SAND, some siit, race wood.
60 60.0
80.0° - 62.0" 13| 24 | 20 1] 4 4 3 4 <414 | Red-brown mottled with black SILT, little f sand, trace black clay
layer 116" thick
65
65.0° - 67.0° 14 | 24 23 5] 3 3 B 1 Red-brown SILT, litte f sand, trace clay, rapld dilatancy.
TO
T0.0" - T20 15 24 F1 [+] ] 3 3 T Red-brown SILT, litthe f sand, trace clay, rapld dilatancy.
75
T5.0° -77.0° 1% | 24 F] [+] 2 ) 3 [ Red-brown ST, little [ sand, trace clay, rapld dilatancy.
——Ohi GROUND SURFACE TO 33.5 FEET USED 4 INCH CASING THEN OPEM HOLE FOR B85 FEET
« AITAGE IN EARTH 122.0 FOOTAGE IN ROCK. [:] TYPE NO. OF SAMPLES 25 HOLE NO. PB-5
SAMPLE TYPE CODING: O=DRY C=CORE A=AUGER UP=UNDISTURBED, PISTON W=\ANE TEST

PROPORTIONS USED; TRACE =0 -10% LITTLE = 10-20%  SOME =20-35% AMD = 35 - 50%




FORM NO, SM-1 ED. 17T
T. Paquetia STATE OF CONNECTICUT SHEET 3 oF 4
BORING FOREMAN DEPARTMENT OF TRANSPORTATION LOCATION Long Wharf Drive
BUREAL OF HIGHWAYS
J. Freitasid. O'Brian BORING REPORT Guild Drilling Co.
INSPECTOR TOAWH Maw Haven, Connecticut BORING CONTRACTOR
R. Borjason PROJECT NAME -85 Mew Haven Harbor Program Mamagement Parsons Brinckerhoff Quade & Douglas, inc.
S0OILS EMNGINEER PROJECT NO. 92-505 CONTRACTING ENGINEER
LOCATION  Long Wharf Drive adjacent to the Long Wharf Mature Presane
SURFACE ELEV 18.8 AUGER CASING SAMPLER CORE BAR |HOLE NO. PB-5
DATE FINISHED 200 TYFE HW 55 HIA LINE & STATICN
GROUND WATER OBSERVATIONS SIZE 1.D. 4= 18" OFFSET
AT B8 FT. 48 HRS. | HAMMER WT. 3008 1408 BIT N. COORDINATE 165,475.0
AT FT. HRAS. |HAMMER FALL 24 L E. COORDINATE 5519632
o SAMPLE BLOWS
E | CASING| PER 6 INCHES STRATA FIELD IDENTIFICATION OF S0IL.
P | BLOWS DEPTHS PEM.| REC. ON CHAMNGE: REMARKS (INCL. COLOR, LOSS OF
T PER NO. | INCH] INCH| TYPE SAMPLER DEFTH, WASH WATER, SEAMS IN ROCK, ETC.)
H FOOT FROM - TD 06 | 6-12 ] 12-18] 18-24| ELEW.
80.0" - 82,0 17 | 24 | 20 D 7 7| w1 12 Red-brown SILT, trace clay, 1747 clay layer, rapid dilitancy.
85
BED' - BT.0° 18 24 18 ] 4 4 9 10 Red-brown SILT, trace clay, 1047 clay layer, rapld dilitancy.
90
20.0" - 52.0' 19 24 22 [+] [] 5 9 15 Red-brown SILT, irace clay, 147 clay layer, rapld dilltancy.
g5
850" - 97.0" 20 24 21 D 5 [ T 11 Red-brown SILT, little clay, 147 clay layer, rapld dilitancy.
100
104.0° - 102.0" 21 24 23 7] 4 [ 10 1T FRed-browm SILT, trace clay, rapld dilatancy.
105
105.0' - 107.0° 22 | 24 22 D s 5 10 15 FRed-browm SILT, trace clay, few 1/4" clay layers, rapld diltancy.
110
11000" = 192.0° 23 24 24 1] 3 5 ] 11 Red-brown SILT, trace clay, rapld dilatancy.
11s
150" - 117.0° 24 24 21 [+] T L] 13 7 Red-brown SILT, trace clay, 1/4° clay layer, rapld dilatancy.
“ROM GROUMD SURFACE TO 33.5 FEETUSED 4 INCH CASMNG THEN OPEN HOLE FOR 88.5 FEET
FOOTAGE IN EARTH 122.0 FOOTAGE IN ROCK [] ™PE D NO. OF SAMPLES 25 HOLE HO. PBES
SAMPLE TYPE CODING: D=DRY C=CORE ASAUGER UP=UNDISTURBED, PISTON W=WANE TEST

PROPORTIONS USED: TRACE =0 -10% LUTTLE=10-20% SOME=20-3%% AND = 35 - 50%




FORM NQ. Sh-1 ED. 1/71
. T. Paguette STATE OF CONMECTICUT SHEET 4 OF 4
BORING FOREMAN DEPARTMENT OF TRANSPORTATION LOCATION Long Wharf Drive
BUREAL OF HIGHWAYS
J. FreitasiJ. O'Brien BORING REPORT Guild Drilling Go.
INSPECTOR TOWN Mew Haven, Connacticut BORING COMTRACTOR
R. Bogeson PROJECT NAME 1-05 Maw Haven Harbor Program Management Parsons Brinckerhoff Quade & Douglas, inc.
S0ILS ENGINEER PROJECT MO, 92-505 CONTRACTING ENGINEER
LOCATION  Leng Wharf Drive adjacent to the Long Wharf Nature Preserve
SURFACE ELEV. 18.6 AUGER CASING SAMPLER CORE BAR [HOLE NO. PB-5
DATE FINISHED 300 TYPE HwW 55 MIA LINE & STATION
GROUND WATER OBSERVATIONS SIZE 1O, 4" 138" OFFSET
AT BB FT. 48 HRS. | HAMMER WT. 300 1408 BIT N. COORDINATE 165,475.0
AT FT. HRS, | HAMMER FALL 24" 30~ E. COOROINATE 551,963.2
] SAMPLE BLOWS
E |CASING PER 6 INCHES STRATA FIELD IDENTIFICATION OF SOIL,
P | BLOWS DEPTHS PEN.| REC. oM CHANGE! REMARKS (INCL, COLOR, LOSS OF
T PER NO. | INCH| INCH| TYPE SAMPLER DEFTH, WASH WATER, SEAMS [N ROCK, ETC)
H FCOT FROM - TOD 08 | 612 12-18] 18-24| ELEV.
120.0" = 122.0° 25 24 23 o 1 14 21 21 Red-brown SILT, trace clay, few 1/4” clay layers, rapid dilitancy.
122.0
=-103.4 Eottom of boring at 122.0 ft
125
130
135
140
145
150
185
“2OM GROUND SURFACE TO 335 FEET USED 4 INCHCASHNGTHEN OPEMN HOLE FOR 88.5 FEET
. JOTAGE IN EARTH 122.0 FOOTAGE IN ROGK 0 TYPE D HNO.OF SAMPLES 25 HOLE NO. PB-5
SAMPLE TYPE CODING: O=DRY C=CORE A=AUIGER UP=UNDISTURBED, PISTON WEMANE TEST
PROPORTIONS USED: TRACE =0 -10% UTTLE=10-20% SOME » 20 - 35% AND = 35- 50%




FORM NO. SM-{ ED. /71 B
T. Paquettc STATE OF CONNECTICUT SHEET 1 OF 4
° BORING FOREMAN DEPARTMENT OF TRANSPORTATICON LOCATION  Loug Wharf Drive
BUREAU OF HIGHWAYS
J. Freitas/J. OBrien BORING REPORT Guiid Orilling Co.
WSPECTOR TOWN New Haven, Connecticut BORING CONTRACTOR
R. eson PROJECT NAME 195 New ttaven Harbor Program Management Parsons Brinckerhoff Quade & Douglas, Inc.
SOII.S ENGINEER PROJECT NO. 92-505 CONTRACTING ENGINEER
LOCATION  Long Whasf Drive ad) t to Exit 46 off ramp from 195 North
SURFACE ELEV. 11.1 AUGER CASWG  SAMPLER CORE BAR JHOLE NO. PB-7
DATE FINISHED 3000 TYPE HW ss Nia__JuNE 8 STATION
GROUND WATER O6SERVATIONS SIZE \.D. 4= 138" JOFFSEY
AT 84 FT. 24 HRS. | HAMMER WT. 3009 1408 BIT __ |N. COORDOVATE 166,379.9
AT FT. HRS. | HAMMER FALL 26 30- JE_COORDINATE 552,603.9
D SAMPLE BLOWS
€ |CASING| PER 6 INCHES STRATA FIELD IDENTIFICATION OF SOIL..
P |eLows| OEPTHS PEN.| REC. OoN CHANGE: REMARKS (INCL. COLOR, LOSS OF
T | PER NO. | incr| wen| TvPE SAMPLER DEPTH, WASH WATER. SEAMS IN ROCK. ETC.)
H | FOOT FROM - TO 06 | 6-12]12.18] 16-24] ELEV.
0.0-2.0 1 | 24| 13| 0 4 8 8 T Top 3°: Dark beown SILT, some ¢ s3nd. (TOPSOIL)
Bottom 10°: Red-brown f SAND, some silt. (FILL)
5
50°- 7.0 2 24 15 [»]) [ 4 3 1 Top 14": Red<wown f SAND, some st
Bottom 17: Cark gray ORGANIC SILT.
10
100 - 120° 3| 24| 0] O | « 2 | 3 4 Red-gray-trown £ SAND. trace sBt, traee sheils. (FILL)
0.9
15
150°- 17.0° 4 | 24 | 20 | O |woR| 1 2 1 Dark green-gray ORGANIC SIL.T. organic odor.
1 Pp=0.75. 0.4, 0.5 TSF
20
200°-22.0 s | 24 € 2] 3 2 1 1 Dark gray Drown £ SAND, little slit, petroleum odor.
25
250°-27.0° 6 | 24 | 18 0 3 =1 - 1 Dropped rods 10 26.5 f1.
Dark greea-gray ORGANIC SILT, trace peat Rbers,
shelis, organic odor.
pp= 0.5, 0.25,0.35 TSF
30
300 -320 T | 2¢ | 26 | O | WOR] WOH| WOH| WONR Dark greengtay ORGANIC SILT, trace peat fiuers,
shelts, organic odor.
Ppe 025 TSF
35
350'-37.0° 3 24 F-] 0 [wor| 1 0 1 Dark gresa-gray ORGANIC SILT, trace peat fRers,
stvelix, orpanic odor.
pp=025TSF
[ "ROM GROUND SURFACE TO 38 FEETUSED 4  INCH CASING THEN OPEN HOLE FOR 33 FEET
. JOTAGE IN EARTH 1.0 FOOTAGE N RDCK 0 JYPE D NO. OF SAMPLES 25 HOLE NO. PB-7
SAMPLE TYPE COOING: D=ORY C=CORE AAUGER UFR NIXSTUREED, PISTON V=VANE TEST
PROPORTIONS USED: TRACE =0-10% UTTLE=10-20% SOME=2.39%  AND=35.50%




FORMMNO. SM-1 ED. 1471
l T. Paquette STATE OF CONNEGTICUT ISHEET 2 oF 4
BORING FOREMAN DEFARTMENT OF TRANSPORTATION LOCATION Long Wharf Drive
BUREAL OF HIGHWAYS
J. Freitas/J. O'Brien BORING REPORT Guild Drilling Co.
INSPECTOR TOWN New Haven, Connecticut BORING CONTRACTOR
R. Barjeson PROJECT NAME 135 New Haven Harbor Program Managemant Parsons Brinckerhoff Quade & Douglas, Inc.
SOILS ENGINEER. PROJECT MO 92-505 COMNTRACTING ENGINEER
LOCATION __ Long Wharf Drive adjacent to Exit 46 off ramp from |-95 North
SURFACE ELEV. 11.1 AUGER CASING SAMPLER CORE BAR |HOLE NO. PB-7
IDATE FINISHED 230400 TYPE HW 55 M LINE & STATION
GROUND WATER OBSERVATIONS SIZE D, 4 138" OFFSET
AT 84 FT. 24 HRS, | HAMMER WT. 2008 il BT IN. COORDINATE 166,379.9
AT FT. HRS |HAMMER FALL 24" 30" E. COORDINATE 552,603.9
5] SAMPLE BLOWS
E |CASING| PER 6 INCHES STRATA FIELD IDENTIFICATION OF SOIL,
P | BLows DEPTHS PEN.| REC. OM CHANGE: REMARKS (INCL. COLOR, LOSS OF
— E— cen o d e d el WATER, SEAMS IN ROCK, ETC.)
H | FooT FROM - TG o6 | 612 ] 12-18] 18-24] ELEV.
0.0 - 20 | 2a | 18 | 0 | woH|woH|woH| 1 Dark greengray ORGANIC SILT, trace peat fibers,
shalls, organic ador.
pp= 0.5, 0.5, 0.5 TSF
45
450" - 47.0° 10 24 24 2] 1 ] [] 1 Top 18%: Dark green-gray ORGANIC SILT, as above.
Bottam 67 Dark green-gray SILT, some f sand, trace peat fibars,
shells, organic odor,
——
50
§0.0" - 52,0° 11| 24 | 24 o |woH| 1 1 5 50,5 | Top 67: Dark green-gray SILT, as above.
394 | Bottom 187 Dark brown PEAT and ORGANIC SILT, fibrous,
arganic edor.
54.0
55 -42.9
55.07 - 657.00 12| 24 | 18 [+] 8 w | | 1 Red-brown f SAND, trace slit.
&0
&0.0° - 82.0° 13 | 24 12 2] [ T 6 3 Fed-brown m-c SAND, little f gravel, trace sliL
640
B85 529
B5.0° - 610" | 24 | 20 1] 5 a " | 12 Red-brown SILT and f SAND, trace clay, 114~ gray clay layer, rapid
dilatancy.
TO
0.0 - 720" 5| 24 | 18 D ] 5 | 12 | 15 Red-brown SILT and f SAND, trace clay, rapid dilatancy.
5
760" -77.0° % 24| 2 D [] 3 T ] Red-brown SILT, some | sand, trace clay, 1/4~ clay layer, rapid
dilatancy.
FROM GROUND SURFACE TO 39 FEETUSED 4  INCH CASING THEN OPEN HOLE FOR 83 FEET
_ JOTAGE N EARTH 122.0 FOOTAGE N ROCK 0 TYPE D NO.OF SAMPLES 25 HOLE NO. PB-T
SAMPLE TYPE CODING: D=DRY C=CORE A=AUGER UP=UMDISTURBED, PISTON WEWANE TEST
PROPORTIONS USED: TRACE =0 -10% LITTLE = 10- 2%  SOME = 20-35% AND = 35 - 50%




FORM NO, SM-1 ED. 971
T. Paguelie STATE OF CONNECTICUT SHEET 3 OF &
BORING FOREMAM DEPARTMENT OF TRANSPORTATION LOCATION Long Wharf Drive
BUREALI OF HIGHWAY S
J. Freitas/J. O'Brien BORING REPORT Gulld Drilling Co.
INGPECTOR TOWN Mew Haven, Connecticut BORING CONTRACTOR
R. Borjesen PROJECT NAME 1485 New Haven Harbor Program Managemant Parsons Brinckerhoff Quade & Douglas, Inc.
SOILS ENGINEER PROJECT NO. 92-505 CONTRACTING ENGINEER
LOCATION  Long Whart Drive adjacent to Exit 46 off ramp from 1-95 Morth
SURFACE ELEV. 411 AUGER CASING  SAMPLER CORE BAR |HOLE NO. PB-T
DATE FINISHED 30000 TYPE HW 55 BIA LINE & STATION
GROUND WATER OBSERVATIONS SIZE 1.0 4= 138" OFFSET
AT 81 FT. 24 HRS. | HAMMER WT. 300% 1408 BIT N. COORDINATE 166,379.9
AT FT. HRS. | HAMMER FALL 24~ 30~ E. COORDINATE 552,603.9
[5] SAMPLE BLOWS
E |CASING PER & INCHES STRATA FIELD IDEMTIFICATION OF S0IL,
P |BLOwWs DEPTHS PEN.| REC. oN CHAMGE: REMARKS (IMCL, COLOR, LOSS OF
T PER MO, | INCH| INCH| TYPE] SoMPLER DEFTH, WASH WATER, SEAMS IN ROCK, ETC.)
H | FoOT FROM - TO 05 | 612 1218] 18-24] ELEV.
80.0° - B2.0° 47 | 24 21 [:] El [] 1" 18 Red-brown SILT, some f eand, trace clay, rapid dilatancy.
85
85.0" - A7.0" 18 24 15 5] 5 5 a 12 Red-brown SILT, some f sand, trace clay, rapld dilatancy.
a0
80.0° - 20" 18 24 21 ) 5 L] 11 13 Red-brown SILT, trace clay, few 14" clay layers, rapid
dilatancy.
a5
950" - 870 n 24 23 D [] a8 11 1 Red-brown SILT, trace clay, 1/87 clay layer, rapid dilatancy.
100
100.0° - 102.0° F1] 24 21 [+] [ L] 13 16 Red-brown SILT, trace clay, 1/4™ clay layer, rapld dilatancy.
105
105.0° - 107.0° 2| 24 18 [+] 5 [ [] 18 Red-brown SILT, trace clay, 147 clay layer, mpld dilatancy.
110
110,07 - 112.8" 23 24 23 [5] 2 [:] 10 F- Red-brown SILT, litile clay, few 1/4" to 1/87 clay layers,
rapid dilatancy.
115
145,00 - 117.0° 24 24 F1 o a4 T 10 31 Red-trown SILT, trace clay, 18™ clay layer, rapld dilatancy.
~ROM GROUND SURFACE TO 39 FEETUSED & INCH CASING THEN OPEN HOLE FOR 83 FEET
+ JOTAGE IN EARTH 12.0 FOOTAGE IN ROCK [] TYPE D MO OF SAMPLES 25 HOLE HO. FB-7
SAMPLE TYPE CODING: D=DRY C=CORE A=ALGER UP=UMDISTURBED, PISTON W=WAME TEST

PROPORTIONS USED: TRACE =0 -10% LITTLE = 10 - 20%  SOME=20-35% AMD =35 - 50




- FORM MO, SM-1 ED, 171
1. Pagquette STATE OF CONMECTICUT SHEET 4 aF 4
BORING FOREMAM DEPARTMENT OF TRANSPORTATION LOCATION Long Wharf Drive
BUREAL OF HIGHWAYS
J. Freitas/), O'Brien BORING REPORT Guild Drifling Co.
INSPECTOR TICA Mew Haven, Connecticut BORING CONTRACTOR
R. Borjeson PROJECT MAME 1-a5 New Haven Harbor Program Management Parsons Brinckerhoff Quade & Douglas, Inc.
S0ILS ENGINEER PROJECT MO, 92-505 CONTRACTING ENGINEER
LOCATION _ Long Whart Drive adjacent to Exit 46 off ramp from 1-95 North
SURFACE ELEV. 11.4 AUGER CASING SAMPLER CORE BAR |HOLE NO. PB-T
DATE FINISHED 30000 TYPE HW 55 NIA LINE & STATION
GROUMD WATER OBSERVATIONS SIZE 1D, 4= 138" OFFSET
AT 81 FT. 24 HAS, |HAMMER WT. I008 1400 BIT N. COORDINATE 166,379.0
AT FT. HRS. [HAMMER FALL 24" 30" E. CODADINATE 552 £03.9
5] SAMPLE BLOWS
E [casmg] PER 6 INGHES STRATA, FIELD IDENTIFICATION OF SOHL,
P |BLOWS DEFTHS PEM.| REC. oM CHANGE: REMARKS (HNCL COLOR, LOSS OF
T | FER NO, | INCH| INCH| TYPE SAMPLER DEPTH, WASH WATER, SEAMS IM ROCK, ETC.)
H | FOOT FROM -TO 06 | 12| 1248] 18-24| ELEV.
120.0" - 122.0" 25 | 24 15 1] 2 B 13 18 Red-brown SILT, trace clay, 1147 clay layer, rapld dilatancy.
1220
-110.9 Bottom of boring at 122.0 it
125 Note:
Hole grouled fo 23°, observation well installed,
screened from 107 to 200,
130
135
140
145
150
155
FROM GROUND SURFACE TO 39 FEETUSED 4  INCHCASEING THEN OPEM HOLE FOR B3 FEET
SOTAGE INEARTH 122.0 FOOTAGE IN ROCK [] TYPE D HNO OF SAMPLES 25 HOLE NO. PB-T
SAMPLE TYPE CODING: D=DRY C=CORE A=ALIGER UP=UNDISTURBED, PISTOM V=\ANE TEST
PROPORTIONS UISED: TRACE =0 -10% LITTLE = 10 - 20%  SOME = 20~ 35% AND = 35 - 50%




- FORM NO. SM.1ED. 1/71
A. Mason STATE OF CONNECTICUT SHEET 1 OF 4
BORING FOREMAN DEPARTMENT OF TRANSPORTATION LOCATION Long Wharf Orive
BUREAU OF HIGHWAYS
J. Freitas BORING REPORT Guild Drilling Co.
INSPECTOR [ToOaw New Haven, Connecticut BORING CONTRACTOR
R. Badeson PROJECT NAME 195 Now Haven Harbor Program M Parsons Brinck ! Quada & D Inc.
SON.S ENGINEER PROJECT NO. 92-505 CONTRACTING ENGINEER
LocaTION  Long Whast Drive
|SURFACE ELEV. 100 AUGER CASING  SAMPLER CORE BAR |HOLE NO. PB-S
[DATE FINISHEO 4/S00 TYPE HW SsS NA LINE & STATION
GROUNO WATER OBSERVATIONS SIZE 1.0. 4 138~ OFFSET
AT - FT. HRS. [HAMMER WT. 3008 140% BT N, COORDINATE 167,179.4
AT FT. HRS. |HAMMER FALL 24" 30~ {E. COORDINATE 553,108.3
(o] SAMPLE BLOWS
E |CAasING] PER 6 INCHES STRATA FIELD IDENTIFICATION OF SOIL.
P | BLOWS DEPTHS PEN.| REC. ON CHANGE: REMARKS (INC1.. OOL.OR. LOSS OF
T PER NO. | INCH| INCH| TYPE SAMPLER OEPTH, WASH WATER, SEAMS IN ROCK, ETC)
H | FOOT FROM - TO 06 | 6-12]12.168] 18-24] ELEV.
0.0'-2.0° 1 24 20 [} 2 2 4 7 Top S°: Brown SILT. trace f 3and. scme organic mattcr-grass.
roots. (TOPSOM)
Bottom 15°: Red-brown { SAND and SILT, trace £ gravel, dry.
(FILL}
S 4.0 -80 2 24 20 [+ 7 9 11 14 Red brown m< SAND, trace f grave), traee siR, wet (FILL)
o
9.0
10 9.0'- 11.0" 3 24 24 D 2 1 L) 1 10 Greengrxy ORGANIC SILT, trace f sand, trace shells;
top 2" black with slight sheen.
1S 14.0° - 16.0' 4 24 24 [ 1 0 | WOH| WON Black ORGANIC SILT, traca shelis, sBght organic odor,
slight petroleum odor.
pp=00,0.0,00 TSF
20 19.0'-21.0° S | 24 24 o |W WOH | WOt | WOH Black ORGANIC SILT, trace sheils, slight organic odor.
Pp=0.0,0.0 TSF
220'-24.0 1 24 | 24 | UP PUSH Black ORGANIC SILT, slight organic odor.
PP=03,0.5 04 TSF
25 2490 -28.0° e | 24 | 24 0 | WOH| 1 [ ] Black ORGANIC SILT, slight orgasic odor,
pP=0.0,025 TSF
30 200' -31.0° 7| 24| [¢] 1 1 1 1 Blsck ORGANIC SILT, slight organic ador.
Pp= 025, 0.3,0.25 TSF
35 340" - 30 3| 24 | 24 | D | WOH| WOH| WON| 2| Black ORGANIC SILT, slight organic odor.
pp= 025 TSF
~41.0° 0) 24 24 D | wor|wor| 1 1 Black ORGANIC SILT, slight organic odor.
SROM GROUND e To T
. «JOTAGE IN EARTH 120 FOOTAGE IN R(ax 0 TYPE ORIP NO. OF SAMPLES 251 HOLE NO. P89
SAMPY.E TYPE CODING: D=ORY C=CORE A-AUSGER UP=UNDISTURBED. PISTON Vv=VANE TEST
PROPORTIONS USED: TRACE =0-10% UTRE=10-20% SOME=2.3X% AND =35 .50%




FORM NO. 5M-1 ED, 171
A. Mason STATE OF CONNECTICUT SHEET 2 DF 4
BORIMG FOREMAN DEPARTMENT OF TRANSPORTATION LOCATION  Long Wharl Drive
BUREAU OF HIGHWAYS
J. Froitas BORING REPORT Guild Drilling Co.
INSPECTOR TOWH Mew Haven, Connecticut BORING CONTRACTOR
R. Barjeson PROJECT NAME 1-85 Mew Haven Harbor Program Management Parsons Brincharhoff Quade & Douglas, Inc.
SOILS ENGINEER PROJECT NO. 92-505 CONTRACTING ENGINEER
LOCATION  Long Wharf Drive
SURFACE ELEV. 10.0 AUGER CASING  SAMPLER CORE BAR [HOLE NO. PB-9
CATE FINISHED 45100 TWPE HW £8 MiA, LINE & STATION
GROUND WATER OBSERVATIONS SIZEID 4 1 AE" (OFFSET
AT - FT. HRS, | HAMMER WT. 3008 1400 BT [N, COORDINATE 167,179.4
AT FT. HRS. | HAMMER FALL 24" El E. COORDINATE 553,106.3
[+] SAMPLE BLOWS
E |CASING| PER 6 INCHES STRATA FIELD IDENTIFICATION OF SOIL,
el ISR T CHAMGE] REMARKS JNCL. COLOR, LOSS OF
T | PER NO. | INCH] INGH| TYPE "
H | FOOT FROM - TO o8 | 612 | 12-18] 16-24] ELEV.
45 44.0" - 48.0° 10 24 24 "] 4 2 2 3 Olive-gray ORGANIC SILT, little | sand, trace shells,
—— 280
50 49.0° - 51.0° 11 24 10 1] ll' !! LI L h 5
85 540" - 580" 12 24 14 D L] 12 15 k1) Brown f-c SAND, little f gravel, trace st
59.1 Top 1": Brown f- SAND, little f gravel, trace siit
60 59.0° - 61.0° B3| 4| 1w D | 10| 13| & | = 28,1 | Bottom 167 Red-brown [ SAND and SILT, rapld dilatancy.
a5 64.0° - 680" 14 24 14 [+] =z 12 7 = Red-brown SILT, trace § sand, medium dilatancy.
T0 B0 - 71.0° 15| 24 | 20 D | 12| % | 1€ | 20 Ried-brorwm § SAND and SILT, medium to rapid dilatancy.
75 TAD - 78.0° 6| 24 | & D 5 T w| 2 Red-brown SILT, ltfle clay, few 118 clay layers, rapld
dilatancy.
To.0 - 810 7 | 24 | 20 D T || 11| 19 Red-brown SILT, litle clay, rapld dilatancy.
FROM GROUND SURFACE TO 49 FEETUSED 4  INCH CASING THEN OFEN HOLE FOR, 73 FEET
_ JOTAGE 1N EARTH 122.0 FOOTAGE (N ROCK, [] TYPE DYUP NO. OF SAMPLES 251 HOLE NO, PBA
SAMPLE TYPE CODING: D=ORY C=CORE ARNUIGER UP=UNDISTURBED), PISTON W=VANE TEST
PROPORTIONS USED: TRACE =0 -10% UTTLE=10-20%  SOME = 20 - 3% AND = 35 - 50%




FORM MO, SM-1 ED. 171 o
A Mason STATE OF COMNECTICUT SHEET 3 OF &
BORING FOREMAN DEFARTMENT OF TRANSPORTATION LOCATION Long Whar Drive
BUREAL OF HIGHWAYS
J. Freitas BORMG REPORT Gulld Drilling Co.
INSPECTOR TOWN New Haven, Connecticut BORING CONTRACTOR
R. Borjeson PROJECT MAME 195 Naw Haven Harbor Program Management Parsons Brinckerhoff Quade & Douglas, Inc.
S0ILS ENGINEER PROJECT MO, 92-505 CONTRACTING ENGINEER
LOCATION Long Wharl Drive
SURFACE ELEV. 10.0 AUGER CASING  SAMPLER CORE BAR [HOLE NO. PB-9
DATE FINISHED A4S0 TYPE HW 55 A LINE & STATION
GROUND WATER OSSERVATIONS SIZE 1.D. 4~ 18" OFFSET
AT — FT. HRS. | HAMMER WT. 3008 1408 BIT [N COORDINATE 167,179.4
AT FT. HRS. |HAMMER FALL 24" 30~ E. COORDINATE 553,106.3
o SAMPLE BLOWS
E |CASING] PER 6 INCHES STRATA FIELD IDENTIFICATION OF SOIL,
P | BLOWS DEPTHS PEM.| REC. ON CHANGE: REMARKS (INCL. COLOR, LOSS OF
T PER NO. | INCH| INGH| TYPE SAMPLER DEFTH, WASH WATER. SEAMS IM ROCK, ETC.)
H | FooT FROM -TO 08 | 512 ]12-18] 18-24] ELEV.
B85 84,07 - 860" 18 | 24 22 1] [} ) 14 | 22 Rod-brawn SILT, trace f sand, trace clay, rapid
dilatancy.
B0 0.0 -01.0° 18 | 24 16 D T 10 15 13 Rod-brown SILT and f SAND, medium dilatancy.
a5 84.0° = B6.0° 20 | 24 20 D [] ] 13| 2 Red-brown SILT, trace f sand, trace clay,
100 89.0° - 101.0° 21 | 24 18 [5] 10 15 16 | = Red-brown SILT, trace f sand, trace clay, rapid dilatancy.
105 104.0" - 106.0° 2z | 24 16 [+] [] 13 | 17 | = Red-brown SILT, trace f sand, trace clay, rapld dilatancy.
110 109.0"- 111.0° 2z | 24 | 18 D 0 | .| = Red brown SILT, trece f sand, trace clay.
115 114.0" - 116.0" 24 | 24 20 D L KL 1T 3 Red brown SILT, trace F sand, trace clay.
EROM GROUND SURFACE TO 49 FEET USED 4 INCHCASHNG THEN OFEN HOLE FOR 73 FEET
_ JOTAGE I EARTH 1220 FOOTAGE IN ROCK 1] TYPE DVUP MO. OF SAMPLES 251 HOLE NO. PR
SAMPLE TYPE CODING: D=DRY C=CORE A=MUGER UP=UNDISTURBED, PISTON V=VANE TEST

PROPORTIONS USED: TRACE =0 -10% UTTLE = 40-20% SOME=20-35%  AND=35-50%




FORM MO, 501 ED. 171 -
A. Mason STATE OF CONNECTICUT SHEET 4 OF 4
BORING FOREMAN DEPARTMENT OF TRANSPORTATION LOCATION Long Wharf Delve
BUREAL OF HIGHWAYS
d. Freltas BORING REPORT Guild Drilling Co.
INSPECTOR | To Mew Haven, Connecticut BORING CONTRACTOR
R. Borjeson PROJECT NAME 1-95 Maw Haven Harbor Program Management Parsons Brinckerhoff Quade & Douglas, Inc.
SO0ILS ENGINEER PROJECT NO, 92-505 CONTRACTING ENGINEER
LOCATION Long Wharf Drive
SURFACE ELEV. 10.0 AUGER CASING  SAMPLER CORE BAR |HOLE NO. PB-9
IDATE FIMISHED 4500 TYPE HW 55 Ml LIME & STATION
GROUND WATER OBSERVATIONS SIZE LD, 4 4 B OFFSET
AT - FT. HRS.|HAMMER WT. 3008 140# ar N. COORDINATE 167,179.4
AT FT. HRS, [HAMMER FALL 24~ 3" E, COORDINATE 553,106.3
o | SAMPLE aLOWS
E [CASING| PER 6 INCHES STRATA FIELD IDEMTIFICATION OF SOIL,
P | BLOWS| DEPTHS PEM.| REC. o CHANGE: AEMARKS (IMCL. COLOR, LOSS OF
T PER NOL | INCH| INCH| TYPE SAMPLER DEPTH, WASH WATER, SEAMS IN ROCK, ETC.)
H | FoOT FROM - TO o6 | 612 | 12-18] 18-24| ELEW.
1200 - 12200 25 | 24 | 24 [i] B 14 | 24 | 20 Red-brown SILT, trace f sand, trace clay, clay layers up to 1" thick,
1220 rapid dilatancy.
-112.0 Battam of borlng at 122.0 ft
1258
130
135
140
145
150
155
FROM GROUND SURFACE TO 49 FEET USED 4 INCH CASING THEN OFEN HOLE FOR T3 FEET
JOTAGE IN EARTH 1220 FOOTAGE IM ROCH, [] TYPE DIUP NO. OF SAMPLES 2501 HOLE NO. PB-9
SAMPLE TYPE COOING: D=DRY C=CORE A=AUGER UP=UNDISTURBED, PISTON W=WAME TEST
PROPORTIONS USED: TRACE =0 -10% LMTLE= 10 -20%  SOME = 20-35% AND = 35 - 50%
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GZA GEOENVIRONMENTAL, INC. EXPLORATION DATA Boring No GZ-11
Engineers amd Scientot PROPERTY OF GZA age: 1 OF 2
pE2 Himal, B e GEOENVIROMMENTAL, INC. File No: 41802
Yernon, Connecticug (H0MA hecked By Al
[REO) ET5-TGES
Liroundwater Readings

Boring Co. GEZA GeoEnviranmesial Casng  Sampler Stah.
Foneman R Holman Type Steel 55 Date: Time Depah  [Casing] Time

A Represestar A Augustine 108D 4= e ln A9
Fhate Star B8 Daic En B299R Hammer 304 b 140 |k
Locatian See Flan Hammer F 30 ki
(.5, Elevation MA Lratum Other Shelby Tube

Push | S-1 [28/16] 0-2 | 611

22 14-12

31

24

Push | 52 | 2470 | 5-7 2-1

Sk : af f
Medium dense, red/brown fine SAND,
some fine Gravel, trace Silr.

No Recovery

Push 21

Push

Push

n Push

Push | 53 | 240 [ 10-12] 2-1

Push -1

24120 12-14] 44

166 10-8

Push | 5-5 [24/14|15-17| 5-3

Push 1-2

Push

Push

20 | Push

Push | 5-6 [24/14]20-22 [WOH-1

Push 1-1

Push

Push

25 | Push

Push [ 5-7 [24/24]25-27 | WOH-

Fush Ty

Push | 5.T. |24/23|27-29

Push

30 | Push 24/24 | 20-31 1-2

I-1

Mo Recovery

Medium dense, red’ brown fine to medium
SAND, trace Silt (has odor)
15

FILL

Soft, grey, Organic CLAY, trace Sea Shell

Very soft, grey, Organie CLAY, trace
Sea Shelis

Wery soft, grey, Organic CLAY, trace
Sea Shelis

Wery soft, grey, Organic CLAY, trace

Sea Shells,

ORGANIC CLAY

[Soretification lines represent approximate houndaries between sod bypes, fransitions may be gradual. Water bevel readings kave been made gt fimes snd unde
[eonditions stated Fluctuations of groundwater TRy opiur due to other factors than those presemt at the time measyremenis were madeRBarmpMa.:  GZ-11




GZA GEOENVIRONMENTAL, INC. EXPLORATION DATA Boring Mo : GZ-11
Engineers and Soienilists PROPERTY OF GZA Page 20F2
[27 Mack Road GEOENVIRONMENTAL, INC. fora e Lo T8
Vemon, Conmecticot (W65 Checked By Al
(B60) B75-7655
= 'l'_-iroundmr Readings )
Baring Co GEA GeoEnvironmentz] Caaing Sumpler Stal
Fareman E. Holman Type Hoeed S8 Disie Time Degth | Casing| Time
GZA Representativ A Augustine DA 4" oD 2998
[iate Saart LTk Drate End H20/08 Harsimer 300 ks 144 Ik
Lieatian Sew Plan Hammer F 24" A
6.8 Elevation Daur Other  Shelby Tube
35 ORGANIC CLAY
B9 5-9 | 24/24 | 35-37 [WOH/- Very loose, grey, Organic CLAY, trace
T3 24" Sea Shells, 1/8" loose fine Sand,
T4
92
A0 81 i
130 | S-10 | 24/14 | 40-42 | 5-4 Medium dense greybrown fine to medium
82 6-11 SAND, trace Silt.
T2
e STRATIFIED DRIFT
A5 T
S-11 [24/16 | 4547 | 5-7 Medium dense red/brown fine SAND,
6T trace Silt 4T
END OF
EXPLORATION
50
55
G0
R
E
M
A
[
K
5

conditions sisted. Fluctuations of growndwaier may oceur due 1o other factors than those present ot the time measurements wene made

Stratification lines represent approximase boundaries between sodl types. transitions may be gradual - Wister level readings have been made at tmes and under

I Horing No . GZF-11




ATTACHMENT C: LABORATORY ANALYSES
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CDOT Borings

LABORATORY TESTING DATA SHEET

Project Name  _1-95 NEW HAVEN HARBOR PROJECT
NEW HAVEN, CT.
Project No. L16173 Assigned By R.BORJESON Reviewed By
Project Engineer D. SCHULZE Date May-00 Date Reviewed
o Tests )L | Dendityii ' Strength Tests I /{consot.] ! B R
5 e T T (] i e » T B ‘
, AL ! ! Rt | P el € iog| i
i1 iogo- i | piyun| 1o | [Perme-|Torvane} o fpire] %1 %] strain |~ Laborsioes X081 1 ik
| Content 111 i N e e ability flor Type | "% | ool oF T | 1ES andil g Gl
| A g P w9y |emssee| Test | P pst | ; Soil Deseription) |
i | gyl : {1 G LB L
71 | 35 92 22 Grey Organic SILT, trace Sand
Red-Brown SILT, little (+) fine
82 3 Sand
105-
S8-22 107 135 98 3 Red-Brown SILT
G GZA GeoEnvironmental, Inc. Iabform1.xls

QANEWTONLAB\LABFORM7.XLS'



LABORATORY TESTING DATA SHEET
Project Name 1-95 NEW HAVEN HARBOR PROJECT
NEW HAVEN, CT.

Project No. L16173 Assigned By R.BORJESON Reviewed By
Project Bngincer D. SCHULZE Date May-00 Date Reviewed
il Density Stceagth Tests | I'{Consol.
fiisl e ; | i L I il ' ' 1
i i s R T Perme- | Torvane S S (B R eL Laboratory Liog |
| oLy i fre ( 1 | Stramn || v5 i) 1l
R !G;A Pw?-mfl MAX (pcf) | ability | or Type o‘f 2:‘:;: ort. *En |1+ and! | el
il s "P‘ Waps (%)) e | Test! P e e i Soil Description || ':u
(ST e SRR 1ES i i LR il ! [l | ) ool | Bivs L |
24- Grey Organic SILT of very high
PB-9 | SS-6 26 160 118] 47 | 100 | 43 lasiticy
54- Brown f-¢c SAND, little Gravel,
SS-12 56 161 8 trace (+) Silt
99- Red-Brown Clayey SILT, trace (+)
SS-21 101 162 90 7 Sand
120- Red-Brown Clayey SILT, trace
ss-25| 122 | 163 9s | 8 Sand
GZA GeoEnvironmental, Inc. labfarm|.xls

Q\NEWTONWLAB\LABFORM7.XLS



LABORATORY TESTING DATA SHEET
Project Name 1-95 NEW HAVEN HARBOR PROJECT

NEW HAVEN, CT.
Project No. L16173 Assigned By R. BORJESON Reviewed By
Project Engi D. SCHULZE Date May-00 Date Reviewed
K ldﬂ!(_lﬁ&ﬁdﬂ'f_&s_ﬂ"f ¥ Haehil Density 1 Stréagth Tests TR C’OM 1 P T SRR B A
.t-‘_'- it S c Jiik
et ! ‘ R 1 g
wydll opgl L aunn | Je | (PemeTooanel o | paiture | P Strain | 5 Esbortiny e
kgt R Gy T | ability | or Type Coenal 3| @ 1+2, jand’ |
Al wip o | Bl b 3 S0 1 i AR Soil Description |

W, (%) | cnvsec| Test |

i

Red-Brown Clayey SILT, some
fine Sand

Red-Brown Clayey SILT

$S-20 97 155 97 8

GI\ GZA GeoEnvironmental, Inc. labform|1.xls

QANEWTON\LAB\LABFORM7.XLS



LABORATORY TESTING DATA SHEET
Project Name 1-95 NEW HAVEN HARBOR PROJECT
NEW HAVEN. CT.

Project No. L16173 Assigned By R.BORJESON Reviewed By
Project Engineer D. SCHULZE Date May-00 Date Reviewed
A AN Identifigation Tests 11 | Density Strength Tests Consol. fils i I
i LT R et FIRG) [T A 1 i R T
e R et B oo o5 B e ORI B [ i 51 (R i |
" [No. % :; : i | o ! J% | Wi, pc; Wi (%)  |cmvsec| Test psf | Critenia bt 4 SoilDésc:ﬁgd?\ ;‘ :
22-
PB-9 UP-1 24 153 Average Total Unit Weight (22.0-23.9') = 88.2 Pcf
ITv=0.15
22.2 98.9 tsf Dk.Grey Organic SILT of very
224- high plasticity, soft consisteny,
22.6 954 | 117] S2 trace fine Sand, trace Shell
22,6-
227 97.8 46.6 0.27
Tv=0.17
22.7 vs.7 tsf
22.7- PIA
232 4.4 47.5 UU _ J1800] MAX | 845 2.0
Tv=0.17
233 5.7 tsf
23.3-
23.8 Save
G GZA GeoEnvironmental, Inc. labform1.xls

QWEWTONLAB\LABFORM7.XLS



Langan Engineering Borings

UNCONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM D2850

1.5 PSP TR TR TN N T 0 T T O T 0 T ) O NV T TR WO T AT T MO N S OO Y1 0 N S S WY 1 T T T [ I D R T MY MY A1 |
] i i : ] L
i 1 1
; ! ' : L
] ' ! | L
- | I ' -
! i 1 -
& i i '
! i 5 i
1.0 : } NS | #
] i i : i
] | ‘ L
-— ' |
u ] | L
& . : | i
] ! ] g C
[Jﬁ__ : ...... :. e T L R,
3.0 1|p|||-|||i-||‘|=r-|r;|||=||-||i-||||||1r|I|=r||'||r|:'i|||||'|||1
0.0 Q.5 1.0 1.5 2.0 2.5 3.0
p, tsf
Symbol @ — ]
Sampie No. U=1
1.4 | 1 i ! 1 L
3 i Test No. uy-2
1 E : - |Depth 22-24 ft
1.2 - 3 | X - Tested by rrid
1 ' ! | [Test Date 37/30/10)
: i Checked by jdt
. Fllfrm = e b P ~ | check Date 08/03/10
- 1 / ' Diameter, in 2.87
w ! : : -
008 ! ' | Height, in 5.8
E | : : Water Content, % 68.8
o . Dry Density, paf 56.63
E N Saturation, & 940
o Void Ratio 1.88
Confining Stress, tsf 0.8
Undrained Strength, tsf 0.2827
Max. Dev. Stress, tsf 0.5653
Strain at Failure, % 9.55
Strain Rate, &/min 1
o0 . | : i . i . Estimated Specific Grovily 2.7
0 5 10 15 20 [Liquid Limit -
VERTICAL STRAIM, = Plastic Limit o
Plasticity Index [
Froject: Long Whorf Park r | 1 ]
Location: Mew Haven, CT ! e 3 i [
= Praject No.: GTX-10042 i e ! i
iGeoTesting >°~ ™ . .
express Baring Ne.: LB-1 i . g i
et ilmey ol Gacmorp Con Sample Type: tube ' f : .

Description: Moist, dark gray silt

Remaorks: System A

Tum, 03-AUG-2010 11:4807

Phase calculations bosed on start and end of tesi




UNCONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM D2850

1.5 ....|...||.|..,.|||g4|.|.|.||||--.u-.-ul||q-||;|||4||||||||
to-o- ; 5 -
B | ! ;
EE : : i
] | ; ¥ L
0.5 : ! s T
] f i
4 I -
| L
T | i
i ! i L
i i ; L
[} i
] : ; . | -
CLO_......LL.L.........;.....-...i..-.---..i..1......-|--|--1--|--r-r1-1—r"r——
0.0 0.5 1.0 1.5 2.0 2.5 3.0
p. isf
Symbol o i
Sample Mo. U=z
LG e S e ! I Test Mo, uu-3
1 f - | Depth 40-42 1t
1.2 mmd mmmm ke : |- | Tested by md
| [Test Dote 07/30/10
7 ! ; | Checked by jat
L0 = [Check Date o810
E_ 5 - Diameter, in 2.B7
i L [Heignt, in ses | |
E | Water Content, & 52.1
E i ny Density, pcf G649
= Saturation, % 91.7
g B Woid Ratio _154
- Confining Stress, tsf 1.25
| | | Undrained Strength, tsf 0.4592
Max. Dev. Stress, tsf 0.8185
i " | Strain at Foilure, % 10.5
E ) Strain Rate, &,/min 1 ]
0.0 — i —— Estimated Specific Gravily 27
4] 5 10 15 20 Liquid Limit ——
VERTICAL STRAIN, % Plastic Limit e
mﬁw Index -
Praject: Long Wharf Park : i !
Location: Mew Hoven, CT ] k !
EﬂoTEﬂtin F‘ra{‘ect Mao,: GTH-10042 i ' E
express Bering Me: LB-2 1 ; i
s bty of Geoeorw Eooerod Sample Type: tuba ' ' '

Dascription: Moist, dork gray silt

Remarks: System &

Tue, O5-ALG=2010 11:45:38

Phasge calculations based on start and end of test,




UNCONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM D2850

PR E TR AR N O (50 LT S AT U RENH T U T W 00 T S St S T S T S [ U 70 T TN [ R T 0 T 0 MNTESV N
o e 5 z i = :
] ! ; i g .
-4 i i i I -
: | | : | ;
1.0 - : Jomm r e M sansaia: 5 R -
B | | E
g : 5 : :
. : } C
0.5 A— ; -
0.0 0.5 1.0 1.5 2.0 2.5 3.0
p, taf
Symbaol u] .
Somple No. -1
1.4 e e
| | Tast Mo, ULi=1
1 ; i - [ Depth 26-28 ft
1.0 ‘ .: - | Tested by il
; ' | [Test Dote 07/30/1¢)
i . Checked by jdt
ML e P "~ [Check Date oRfoafia
"“3_ 1 \ : " - Diameter, in 287
E 0.8 — R ; E, || Height, in 5.88
£ E | | Water Content, % | 78
5 i : | Dry Density, pcf 52.51
il i i 1 Saturation, % 93.0
§ - ' L [Void Ratio 2.21
t b Confining Stress, tsf 0.85
i Undrained Strength, tsf 0.216
; | Wox. Dev. Stress, tsf 0.4319
{ I~ | Strain at Follure, % 5.88
- [Stroin Rote, %/min 1
0.0 — e ——— Estimated Specific Gravity 2.7
] 5 10 15 20 | Liguid Limit -
VERTICAL STRAIN, % Ploatic Limit —
Plasticity Index -
Prajact: Lang Whorf Park " I 1
Locotion: Mew Haven, CT E : : i !
GeoTestin Pm?a-:i Ho.: GTX=10042 '
express Boring Mo.: LB-4 : E E E :
B Subad disrg of Gossonmn Coporanioy SDml;rlﬂ Tyﬂ': tube

Description: Moist, dork gray silt

Remaorks: System A

Tue, 03-AUG-2010 11:45:34

Phase calculations bosed on stort and end of test,




UNCONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM D2850

PO I TN T T S A N SN S A Y S

1 L ol i aw L L TN 0 W
1|5 . ; L1 J ST - 4 I : 5
i | I i ¥ W H
| i i ¥ 0 N
B b I i i '
4 it | ' 1 ' -
] ! | i . | -
B | | i 3
B ' | [} [
10-; — ------- et ' ------------ =
] l : : : : i
B : : ] ;
o b . ' ' i L
] | ! i r
0.5— 4 o i " .:_ g : ......... : -_
e i ] i M
i ; ' ! ! A
. i | | i L
] ; : | . ;
- : ! i : [} I~
i H ! | L
0.0 rlllllrlli|.|||||-|r'|'||rl=IIIIIi1||l|||l|l|.l|||l|I"|'|IIIIIIlll
1.0 1.5 2.0 2.5 10 35 4.0
p. tsf
Symbal )
Sampla Mo. u=-1
1.4 | L 1 i 1 i L
1 | ] Test No., ul-4
| : - | Depth 32-34 ft
12 i i 2l L | Tested by md
! ' | [Test Date 17/30/19
| | ' ; Checked by Jdt
1.0 - 4 . o) REELELFCRCEE i
- | ] ! Check Date Btm!."m B
& 1 i | i - | Diomater, in 2.87
E 0.8 I | IR | || Height, in 5.75
E : | i Water Content, % 4.9
J | i i L
E | i i Dry Density, pof 5263
i 06 I D R | Saturotion, % 51.9
E 1 ! ! - [ void Ratio 2.2
0.4 Sersedbaarmel ez e i Confining Stress, tsf 1
' ' Undrained Strength, tsf 0.2B66
i ! ' 8
' ' Max. Dav. Stress, tsf 0.5733
0.2: E T | Strain at Failure, % 5.35
] 1 1
4 ] ' } g Stroin Rote, %/min 1
o0 , | . i . | _|. |Estimated Specific Gravity z.7
] 5 10 15 20 Liquid Limit =
VERTICAL STRAIN, % Plastic Limit e
Plasticity Index ot
Project: Long Wharf Park : 1 -
Locatien: Wew Haven, CT ! ! !
F i i i
= Project No.: GTX-10042 ) v H
Geolesting " - Moo !
express Boring Na.: LB-6 3 { i
Ihmllilhﬁfﬂmt\hllbEh’ﬂl’“—'lllﬂ-l_gump|e Tw,: iUbG i ! .

Description: Maist, dork gray silt

Remarks: System A

Tue, 03-AUG-2010 11:47:31

Phase calculations based on start and end of test.
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- 'l - SKETCH
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20k I —  FAILURE
-
2 | |
L | |
R | | .
" ||
1000 pleal (Mak) = 8l5 ale
T ™ \11_; i _L? T
—StPatin 1
i e ! I i N f TEST MO 183.0.
a— v - i
a i |
- 1 i
- 800, s L | :
- l :
a ol I ,'E"_‘-«ﬁ.,q...g.,%
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o d HEE i
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400 / | | i
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| I -
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: : i
h - .| 1
gl B
i
41 i
| ! |
o 5 10 = 20 25

AXNIAL STH&IM IM SERCENT

INITIAL CONDLT IOMS BEFORE FIN-.I-_L g1 w pOSOIL DESCRIPTION: Gray Orgenic SILT
d CONDITI0NS SHEAR coneaTions| | 5 | oo PLASTIE SPECIFIC
7 - e (=2 ! 8 LIHIT 147 % LIMIT 82 &% GRAVITY 2.62
5|6, z8| 53 ole. |2 ||EZ!:
2l 8|8 25| Bw Sel@tEe = L] ag OJECT
y ] =} s | ow ae ] [ o
g| |75 25| ¥ £ ﬂ’% LE|§Z S| g3 5 I-95 NEW HAVEN HARBOR PR
MIEA R G IE IR E IR NEW HAVEN, CT.
=] =] = aw w | = g ol
LR R A -1 0 el i Bl el B TRIAXIAL COMPRESSION
— 3 s TESTS (UU)
< ] BOALIHG MO PE-B TEST SERIES
sol Bl oo oo o] =] gl | sauele UR=1 NO 463
ﬁ ~ = DEPTH e2,.7-23,2" DATE HAY Q0
3 L e TECH MST
. REVTEWER FILE L16473

GZA GEOEMVIROMMEMTAL, INC. 5
ENGIMEERS AND SCIENTISTS )
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