Date: 09-16-2019

MEMORANDUM FOR RECORD

SUBIJECT: Coastal Texas Study: Documentation of PDT & Vertical Team Meeting Discussion on Adequacy of
Available Geotechnical Data.

MEETING TYPE: WEBEX Meeting

DATE: 09-06-2019

TIME: 1200-1300 (CT)

ATTENDEES: Cepero, Carlos E CIV USARMY CESWD (USA); Bateman, Vanessa C CIV USARMY CEHQ (USA); Boothby,
David B Jr CIV USARMY CESWG (US); Sterling, Michael C CIV USARMY CESWD (US); Mike Diaz CIV USARMY CESWG
(US), Harper, Brian K CIV USARMY CESWF (USA); Das, Himangshu S CIV USARMY CESWG (USA); Tharmendira,
Ratnam | CIV USARMY CESWG (USA).

DISCUSSION SUMMARY: The Project Technical Lead hosted the meeting. The Project Geotechnical Lead conducted
a power point presentation as the opening event of the subject discussion. The pdf copy of the powerpoint slides is
attached with this document. At the end of the presentation the attendees provided suggestions and conclusions
as summarized below;

COMMENTS AND CONCLUSION FROM ATTENDEES:

PDT Inputs on Subject Discussion (See Attachment for more details).

e PD The available geotechnical data is adequate for the subject study level design. This will allow the PDT
to perform acceptable study level design and to develop an acceptable study level cost estimate.

e The Geotechnical Risk levels evaluated on Project Cost Estimate as follows for major structural
components:
a) Surge Barrier System - Medium level risk
b) Dune System - Low
C) Ring Levee System - Medium level risk

e The current study level geotechnical design adopts appropriate risk mitigation strategies, including
reasonable engineering assumptions and considerations to meet the subject study requirements.
Therefore, the actual foundation cost should be within the acceptable study level cost estimate, when
considering a contingency commensurate with the associated risk.

e  Geotechnical Risk mitigation strategies will be as follows:
a) Adopting the lower-bound soil strength data from available soil borings within the vicinity of the
proposed structure for Axial pile capacity estimate.
b) Pile type selection will consider the upper bound evaluation of potential hard-driving conditions.
c) Study level design’s Lateral pile resistance will be relying on capacity of battered piles only.
d) Sensitivity analysis on using upper - and lower — bound geotechnical parameters for pile foundation
design will be performed to estimate the potential change in final pile length to support the project cost
estimate at the study level.

e Comprehensive level geotechnical investigations and pile drivability/ pile load testing during the PED
phase will be specified as mandatory requirements in the final study report.

Cepero, Carlos E CIV USARMY CESWD (USA):

e Therisk levels chosen by the PDT for the foundation cost estimate is acceptable (not lower than
moderate).

e PED phase shall consider additional geotechnical investigations for the deep foundation design. Pile
drivability study and vibration monitoring (Example: Near Fort Travis) shall be part of the PED, and it
should be specified in the final study report.

e Vibrations impacts on wild animals (dolphins, manatees, etc.) in the area

e Sensitivity analysis evaluating different geologic cross sections, representative of variations in site
conditions across the bay entrance (in essence, at least two geologic cross sections will be modeled)

e  Evaluation, during PED, of slightly different (smaller) size piles, e.g. 60”, 54”, 48” because of potential
installation issues and contractors’ limitations (i.e. experience, equipment, etc.) when installing very large
diameter driven piles.




Bateman, Vanessa C CIV USARMY CEHQ (USA):
e The current geotechnical team’s design approach is considered as reasonable and acceptable to meet the
study requirements.

e The Geotechnical team shall provide inputs to the cost engineer to estimate potential cost change for the
foundation elements based on upper- and lower- bound geotechnical parameters.
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OBJECTIVE OF THE PRESENTATION:
 RISKASSESSMENT ON ADEQUACY OF AVAILABLE GEOTECHNICAL DATA
 RISK MITIGATION STRATEGY FOR THE STUDY LEVEL GEOTECHNICAL DESIGN

GEOTECHNICAL RISK ASSESSMENT FINDINGS
Design of Deep Foundation system using available geotechnical data is one of the critical tasks for the subject study.
The current feasibility level geotechnical design is performed based on a limited (preliminary level) geotechnical data due
to the nature of the current design type (Feasibility Level).
The available geotechnical data is adequate for the subject study level design. This will allow the PDT to perform
acceptable study level design and to develop an acceptable study level cost estimate.
The current study level geotechnical design adopts appropriate risk mitigation strategies, including reasonable
engineering assumptions and considerations to meet the subject study requirements.
The current design associates with a medium level risk induced by potential uncertainties on subsurface conditions. This
risk level is acceptable, and a similar risk level which is encountered commonly in feasibility studies for large-scale civil
projects.
In general, Large-scale civil projects are associated with a significant level of risk induced by the change in subsurface
conditions regardless of the availability of a comprehensive level of geotechnical investigation data. Applying pile
drivability/ pile load testing (Static and CAPWAP) during the construction phase can minimize the subject risk on deep
foundation design.
Comprehensive level geotechnical investigations and pile drivability/ pile load testing during the PED will be specified as
mandatory requirements in the final study report.

DETAILS FOR SUBJECT RISK ASSESSMENT
 As Summarized in the Remaining Presentation slides
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Major Components

Proposed Structural Elements

Considered Foundation Elements

Major Reference Document for Geology &
Geotechnical Data

Surge Barrier System

Combi-wall, Cutoff El.- variable
Vertical Lift Gate, sill El. -20.0,
Deep Vertical Lift Gate, sill El. -40.0,
125' Sector Gate, Sill El. -40.0,
650" Navigation Gate, Sill El. -60.0,
Shallow Water Combi Walls

Deep Foundation System
24- to 36- inch Steel Pipe Piles (Vertical and
Battered)
48- to 66- inch dia. Precast- Pre-Stressed Pipe
Piles
Cellular bulkhead structure using Sheet Piles for
Artificial Islands for 650" Navigation Gates

« GCCPRD Phase 4 Report dated October
18, 2017
» Texas Coast Hurricane Study Galveston
Harbor Channel Crossing October 31, 1967

Dune System

N/A

Engineered Earth Fill for Foundation Preparation
(if needed)

« GCCPRD Phase 4 Report dated October
18, 2017

Ring Levee System

T-Wall, Combi-Wall, Levees, Sea Wall,
Road/Railroad Crossings,
Navigation/Circulation/Access Gates,
Pump Stations, Drainage Structures

Deep Foundation System
24- to 36- inch Steel Pipe Piles (Vertical and
Battered)

« GCCPRD Phase 4 Report dated October
18, 2017

GCCPRD: Gulf Coast Community Protection and Recovery District (GCCPRD)
Coastal Texas Protection and Restoration Feasibility Study report refers to the Appendix H (FUGRO 2017) of the GCCPRD Phase 4 Report dated
October 18, 2017 as the primary reference material for the available Geotechnical data for the subject study project.
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Engineering Geology for the Project is Adequately Evaluated and Documented
» Coastal Texas Protection and Restoration Feasibility Study report refers to the Appendix H (FUGRO 2017) of the GCCPRD Phas
4 Report dated October 18, 2017as the primary reference material for the available Geotechnical data for the subject study
project.
 The Relevant Engineering Geology for the study area including Potential Geologic Hazards were evaluated and are presented

In the subject reference report.
Surface Faulting — No Seismic hazards, and the project site is not in proximity to known growth faults.
Subsidence — No significant subsidence in the future if groundwater pumpage and oil and gas withdrawal are maintained at current levels.
Expansive Soils — Applicable to Shallow Foundation elements, replace upper 2-foot of soils with engineered fill.
Karst - Not applicable to the Project
Collapsible Soils- Not applicable to the Project

LEGEND

DEEP, NONSALINE SOILS OF THE MAINLAND

Snake ke " oA S

Island \‘\—\\Q)V’»nn olivar KD Mocarey-Leton-Algoa: Somewhat poorly drained or poorly drained,
p) -~ moderately slowly permeable or slowly permeable soils that are loamy

throughout

Lake Charles. -Baclitf: Somewhat poorly drained or poorly drained,
very slowly permeable soils that are clayey throughout

Bernard-Verland: Somewhat poorly drained, very slowly permeable
soils that have a loamy surface layer and a clayey subsoil

3 Kemah-Edna-Leton: Somewhat poorly drained or poorly drained
4 slowly permeable or very slowly permeable soils that have a loamy

surface layer and a clayey to loamy subsoil

Bernard-Edna: Somewhat poorly drained or poorly drained, very
slowly permeable soils that have a loamy surface layer and a clavey
subsoil
DEEP, SALINE SOILS OF THE MARSHLAND

Placedo-Tracosa-Veston: Very poorly drained or poorly drained, very
slowly permeable or siowly permeable soils that are clayey or loamy

E] throughout
Narta-Francitas: Somewhat poorly drained or poorly drained, very
E slowly permeable soils that have a loamy or clayey surface layer an

llllllllllll

ljam: Poorly drained, very slowly permeable soils that are clayey

U S DEPARTMENT OF AGRICUL TURE throughout

SOIL CONSERVATION SERVICE
TEXAS/AGRICULTURAL EXPERIMENT STATION DEEP, NONSALINE SOILS OF THE BARRIER ISLAND
TEXAS STATE SOIL AND WATER CONSERVATION BOARD

GENERAL SOIL MAP
GALVESTON COUNTY, TEXAS COMPILED 1986

E Mustang-Galveston: Poorly drained to somewhat excessively drained
rapidly permeable soils that are sandy throughout
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- . Approximate length of the Surge barrier System is 11 000 feet, Available deep soil borings ( depths vary between 140 to 400 feet) are 7; adequate
Wl 7 Z number of deep borings for the current study level geotechnical design.
7 ‘ . Geotechnical Soil Borings including Laboratory Testing Results are available from the following sources.
et E';-,Ij a) 3ST-1, 3ST-2, 6ST-3, 3ST-4, 3ST-5, 3ST-6 Soil Borings (Galveston Entrance Channel Structure1972), Depths up to 200-foot
7 b) BH-03 and BH-02, Appendix H (FUGRO 2017) of the GCCPRD Phase 4 Report dated October 18, 2017, Depths up to 400-foot
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Surge Barrier System- Geotechnical Subsurface Profile and Parameters
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Shear Strength Parameters

Laboratory Data

SAMPLE SOIL BORING LOG FROM GCCPRD PHASE 4 REPORT DATED OCTOBER 18, 2017

Total Raw
Unit Undrained Friction Liquid Water SPT
Reference Depth Soil Weight Shear Angle Limit Plasticity Content  Blow
Boring (feet) Description (pet) Strength (psf)  (degrees) (%) Index (%) (%) count
Loose . . -
0 to 47 Sand/Soft Clay 110 N/A N/A 21 to 33 2to 15 25 2to24
471073 Medumdense 5, 32 13 to 21
73 to 78 Loose Sand 120 30 9
BH-02 .
- Firm to very om
78 to 93 Stiff Clay 120 550 to 2.000 5 43 13
Medium dense -
9310108 ¢ Jense Clayey Sand 120 32 30to 35
Stiff to very -
108 1o 400 Stiff Clay 120 1.000 to 2,000 24 to 84 9 to 64 20 to 34
Loose to
0 to 60 medium dense 110 N/A N/A
Sand /Soft Clay
60to120  Fumtovery 120 500 to 1,900 601095  44t074 281056
stiff Clay
Medium dense 28 to
BH-03 120 to 178 to very dense 120 32 more
Sand than 50
Loose to
178 to 198  medium dense 120 30 10 to 28
Sand
108 to400  Sufftovery 120 1.200 to 2,000 301087 171068  19t037
stiff Clay
Appendix H (FUGRO 2017) of the GCCPRD Phase 4 Report dated October 18, 2017
7

3 LOCATION: See Plate 4a CLASSIFICATION SHEAR STRENGTH
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NOTES:

1. 5. Water First Noticed. ¥ : Depth To Water after 15 minutes.
2. WOH: Weight of Hammer.

3. Boring coordinates were obtained with a hand-held GPS device.
4. Terms and symbols are presented on Plates D-9a and D-9b.

DATE: April 25, 2017

TOTAL DEPTH: 400

CAVED DEPTH: Not Applicable
DRY AUGER: Surface to &'

WET ROTARY: &' to 400
BACKFILL: Cement-Bentonite Grout
LOGGER: E. Schulak

Surge Barrier System - Geotechnical Subsurface Profile & Geotechnical Parameters
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Sample Lab Results from Texas Coast Hurricane Study Galveston Harbor Channel _Crossing October 31, 1967
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Surge Barrier System - Geotechnical Subsurface Profile & Geotechnical Parameters



COASTAL TEXAS STUDY

RISK ASSESSMENT ON ADEQUACY OF AVAILABLE GEOTECHNICAL DATA
& MITIGATION STRATEGY BASED ON ADOPTING APPROPRIATE
ENGINEERING ASSUMPTIONS AND CONSIDERATIONS FOR THE STUDY LEVEL GEOTECHNICAL DESIGN

[ . _ \ ‘6ST-31 o
, \» 3STs 2"‘“’13';)

B-02 0

,07-212 == ®BigjReef,
: BH- 03 m— o~ B>
{ | Fo7- %13 LB
: {'. B 01 07-216

88.38 O Pelicangsland B: 02 o 07 209 i
88-37 \85-2890- 144, 07-226

88-35 O C88 28 :

88.36 © 88- 30/
88-32 © O = 88- 29'5;{\

.;OVirglma Point

S &
s O]
Wy,

~~

GSB 05
GSB 08

GSB- 04“@35 10
GSB;09 o /)

CB 02 (o) 8A--148A 1)(0)
,\ ; 8A 22 'SAL38
GST/T’SST 61

SST{QO'OGST 88

Data SIO; NOAAU'S  Navyi NGATGEBCO

Google earth

29°20'55.69" N 94°53'28.21" W elev. -1ft eyealt 9.94 mi

Geotechnical Soil Borings including Laboratory Results are available from the following sources.
a) CPTs, Appendix H (FUGRO 2017) of the GCCPRD Phase 4 Report dated October 18, 2017, Depths up to 60-foot
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Ring Levee System — Available Geotechnical Borings and CPTs
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Geotechnical Soil Borings including Laboratory Results are available from the following sources.
a) CPTs, Appendix H (FUGRO 2017) of the GCCPRD Phase 4 Report dated October 18, 2017, Depths up to 60-foot

10
Southern Dune System — Avallable Geotechnical Borings and CPTs
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Soil Parameters for Slope Stability Analysis — Galveston Ring Levee/

HIGH ISLAND TO SAND LUIS PASS COASTAL SPINE

Floodwall Reach and West Galveston Island Reach < \ R T~
T BANLLEG PASRS (GALVESTON ISLAND SEGMENT) GALVESTON RING LEVEE 10
(APPROXIMATE AREA) 4&
Total | Short-term (Undrained) Long-term (Drained) Rapid Drawdown B e I = (OFI=31  P1-30  £T-29 KPI-08 CFT-20CFI-25  (CFT=25  CPI-24 B0t U
Depth . Unit v Y o] B . ’ T
(feet) e Weight Cohesion LGkt Cohesion LTt Cohesion Erichor ! gEd
£ (psD) Angle (ps) Angle (psh) Angle _ |
(peh) P (degrees) (degrees) (degrees) 10 [ LT e 0
Oto8 Sand 115 0 25 0 25 0 25 - -
8t016  Soft Clay 105 300 0 50 17 75 12 0 I8 | .
16 to 20 Sand 115 0 30 0 30 0 30
20 to 43 Soft to 105 Top: 300 0 Top: 50 Top: 17 Top: 75 Top: 12 R POV RO OO RPN SRR SRR ) e OO O ROO  FON OO i JOI OON_ y i O  T C 30 E
: Fim Clay : Bottom: 800 Bottom: 200  Bottom: 21 Bottom: 250  Bottom: 16 = =
5 =
Stiff - - & H
45 t0 60 Cllay 125 1.200 0 250 21 300 16 S |l EE W R, a
. I . . - o
Soil Parameters for Slope Stability Analysis — Compacted Clay (Fat Clay or Lean Clay) Fill “ .
Sl R LA R T S S
[ I -t | R | AT e e | I~ o I = (= | SRR S = AR o I = eI I S ==
Total Short-term (Undrained) Long-term (Drained) Rapid Drawdown } ‘J:,, -~
Unit Friction Friction Friction 60 ':—.;;.4:. R _..:“m?“z."‘;s.' ‘--'.";'L:;Tm e J 60
Depth Weight Cohesion Angle Cohesion Angle Cohesion Angle L- = : -— I o o . R
(feet) (pcﬂ (psf) (degrees) (psﬂ (degl‘ees) (psf) (degrees) 70 [0 (1) Sensitive fine grained. [ (5) Clayey sittosityclay Tl 01 5and L | ...... ff,%m&fgﬁﬁg”gr'ﬁﬁbﬁ#f %ﬂ%’é\ﬁgﬁgﬁﬁ ....... 70
o _ [ (2 Organic material [} (8) Sandy sitt to clayey sit [I] (10) Gravel to gravelly sand 1S USED IN ENGINEERING ANALYSES.
Varies 115 600 0 120 20 170 15 W (3) Clay [ (7} Silty sand o sandy silt [7]{11) Very stif fine grained
[ 1) Sitty clay to clay [l &) Sand to silty sand W12} Sand to clayey sand |
Soil Parameters for Settlement Analysis — Galveston Ring Levee/ L 20,000 0,00 0000 30,000 100,000 120,000 140,000 b
Floodwall Reach and West Galveston Island Reach
LEGENDSAND T ?7 CLAY ."v“ FILL CPT EXAMPLE +— CPT NAME %CDNCERNW\E SUBSURFACE CONDITIONS HAVE BEEN OBTAINED AT BORING AND CPT lll Tlﬁ 3|D FEET
Total Unit Compressibility Parameters - @ e —_—
. 3 TIF RESISTANCE 2 THE MAXIMUM DEPTH OF BORING BH-03 IS 400 FEET.
) o Weight . Cv §§§ STy i EE SHNDY [ DEPTH - MEASURE 3. SEE PLATE 4a FOR EXPLORATIONS AND SUBSURFACE LINE LOGATIONS.
Depth (feet) Soil Description (pef) CR RR? OCR? (feet/year) SAND ST L SRID LINE {EHOSCONTAUNOTHIO SCALEY
5 B4 cLavey CLAYEY  FEAA sILTY
Oto8 Loose Sand 115 E’: 300 ksf = = 300 ﬁ SAND @ SILT 422 CLAY 0 100 200+—— TIF RESISTANCE,
TSF (200 MAX )
81016 Soft Clay 105 015 0.03 10 7
16 t0 20 Medium Dense Sand 115 ES: 450 ksf - - 300 Shear Strength (ksf)
201045 Soft to Firm Clay 103 0.20 0.02 3 7 00 £t it 2l L
45 to 60 Stiff Clay 125 0.20 0.02 3 7

! Strained-based compression index.
2 Strained based re-compression index.

SAND, = 25 deg

* Over-consolidation ratio.
* Coefficient of Consolidation
5 Modulus of Elasticity

CLAY, ¢=0.3 ksf
to 0.8 ksf

Depth (feet)

CLAY, c=1.2 ksf

CPT corrleation (gray)
Pocket Pen&Torvane (green)
o UC&UU(red)

Appendix H (FUGRO 2017) of the GCCPRD Phase 4 Report dated October 18, 2017
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Ring Levee & Southern Dune System — Geotechnical Subsurface Profile & Geotechnical Parameters
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Coulterisland

HIPB;04HIPB*02
HIPB-05CF

l
\
HIPB 07 l'»
HIRB; D9 (124} !

HIPB; A5 ot "3ipB- 10\' ) \
G o HIPB 14 3

-HIPB-17 °cpT 1
Vingt-et-un Islands

CPT24%
HIPB; 18
HIPB:20
HIPB: 22
|
o]

GPT-3

CPT-5
CPT-6
HIPB-25 HIPB 23’C&PT-7
HIPB; 28 "Bl_ 024 B0
HIPB- 30/°CPT 8
CAl
oy 3‘}I1IPB 33 RES CPT-9
HIPB;38°HIPB-36 = CPT-10
a ~SCPT-11
HIPB;41°HIPB- 39
HIPB; 44
Goat Island

“HIPB- 43°CPT 13
) [EE HIPB-4%4(pg. 46/°CpT 14
Hanna Island

HIPB;49 Csroro
HIPB; 52 CPTs 16 G 15

HIPB; 544 pg- 53/

5 G

) ‘HIPB- 55
HIPB; 57 CPT 17
HIPB; 60 CP
HIPB-61 ©
HIPB-62
: TPIA20

HIPB; 66

HIPB-67 SCp1.21 6 2

; BP-00-6
HIPB-G%O ) /

CTPT19

G / DataiSI0; NOAATIUIS Navy NGATGEBCO,
P /CPT-22

o ~ 174(CPT523
ston ‘t\"’v»,. [ 5

Google earth
HIPB-71

Imagery Date: 1/2/2018  29°40'23.72" N 94°50'00.97" W elev. -4ft eye alt 26.70 mi
Geotechnical Soil Borings including Laboratory Results are available from the following sources.
a) CPTs, Appendix H (FUGRO 2017) of the GCCPRD Phase 4 Report dated October 18, 2017, Depths up to 60-foot
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Northern Dune System — Available Geotechnical Borings and CPTs
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Soil Parameters for Slope Stability Analysis — Bolivar Peninsula Reach

HIGH ISLAND TO SAND LUIS PASS COASTAL SPINE HONTHEASTENN ERD _B
(BOLIVAR PENINSULA SEGMENT) T MR LA 10
Total Short-term (Undrained) Long-term (Drained) Rapid Drawdown . . . . . . .
Unit Friction Friction Friction LFf-20 LRI EPT-18 FPT—:T _Pﬂf PFI-16  EFIS pn-li P P2 G-I EFI-10 KRE0D  £FI08 PPI-07  £PI-06  £F1-05 pre pm ot |
Depth Weight Cohesion Angle Cohesion Angle Cohesion Angle : 1 = R
(feet) Soil (peh) (psH (degrees) (psh) (degrees) (psh) (degrees) b N
B 5 IR " R 0
0to3 Sand 115 0 25 0 25 0 25 »:
Soft | 20
5to 15 Clay 105 300 0 50 17 75 12
Soft to B w B
Stift Top: 300 Top: 50 Top: 17 Top: 75 Top: 12 & z
15t0 60  Clay 125 Bottom: 1,000 0 Bottom: 200 Bottom: 21 Bottom: 250  Bottom: 16 = (T w0 =
Soil Parameters for Slope Stability Analysis — Compacted Clay (Fat Clay or Lean Clay) Fill ] >
s 80
Total Short-term (Undrained) Long-term (Drained) Rapid Drawdown /
Unit Friction Friction Friction e L B e
Depth Weight Cohesion Angle Cohesion Angle Cohesion Angle i . .
(feet) (pch) (psf) (degrees) (psh) (degrees) (psh) (degrees) [Tt senstue me grnes [ 5) ciapey st sy ey [ @ 5m00 s
[ (2) Organc material [l (5] Sancy it o cayey sit [l 10) Gravel o gravelly sang
Varies 115 600 0 120 20 170 15 =:3;;"M"mm” =gg‘::““$§;”a" Ej:;m‘;"u":;y’::
Soil Parameters for Settlement Analysis — Bolivar Peninsula Reach 20,000 0,000 50,000 80000 100,000 120000 140,000 “
Total Unit Compressibility P 1~ @~ &~ o e e —_—
o ni ompressibility Parameters ey i z = VERTICAL SCALE
- Py 7 Z — L SRS M P SERED o mon= S
Welght . Cv EE; %T; EEE En_yrnv a\?v DE=TH MEASURE 3. SEE PLATE 43 FOR EXPLORATIONS AND SUESURFACE LINE LOCATIONS.
Depth (feet)  Soil Description (pcf) CR RR? OCR®  (feet/year) = - ~canuE & RORZCNTAL NOTTO SEALS
?49 CLAYEY gquv P sty | )
0to5 Loose Sand 115 ES: 300 ksf - — 300 B s = T
5to 15 Soft Clay 105 0.15 0.03 10 7 Shear Strength (ksf)
15 to 60 Soft to Stiff Clay 125 0.20 0.02 3 7 0.0 2.0 4.0 6.0 8.0
! Strained-based compression index. s [ [ . [
? Strained-based re-compression index. SAND, ¢= 25 deg
SOver-consolidation ratio. e @l T T T T e e e e e
‘f Coefficient of Consolidation [ CLAY, c= 0.3 ksf
5 Modulus of Elasticity 10

20 |
CLAY, c= 0.3 to 1.0 ksf
[ ]
L
s L]
E 30 | ~
< .
=Y
[]
(a]
L ]
L]
40 | .
L ]
[ ]
50 |

* CPT corrleation (gray)

Pocket Pen&Torvane (green)
UcC&UU(red)
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Appendix H (FUGRO 2017) of the GCCPRD Phase 4 Report dated October 18, 2017
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Commercial Borrow Sources Pits
B1 Sprint Sand and Clay
B2 SprintSand and Clay
SprintSand and Clay
Sprint Sand and Clay
SprintSand and Clay
Sprint Sand and Clay
Sprint Sand and Clay
B9 Sprint Sand and Clay
B10 Sprint Sand and Clay
B11 Sprint Sand and Clay
B12 Sprint Sand and Clay
B13 SprintSand and Clay
B14 SprintSand and Clay
B15 Clear Lake Sand
B16 Smart Materials
B17 Jadina Sand & Gravel
B18 Mabe's Hauling & Sand Pit
B19 Baulch Sand Pit
B20 ALS Affordable Land Services
B21 Gulf Coast Stabilized Material
B22 Gulf Coast Stabilized Material
B23 Gulf Coast Stabilized Material
B24 Gulf Coast Stabilized Material
B25 Gulf Coast Stabilized Material
B26 Gulf Coast Stabilized Material
B27 Gulf Coast Stabilized Material
B28 Gulf Coast Stabilized Material
B29 Sorrell Construction, Equipment, and Materials
B30 Vernor Material & Equipment \
B31 Vernor Material & Equipment 5 1 R - e

B32 Vernor Material & Equipment Freeport

B33 Vernor Material & Equipment

BEERE

Bolivar Peninsula
Galveston Island

Beaumont Formation

Predominantly Clay Areas

Predominantly Clayey Sand Areas

CSRM - Potential Commercial Borrow Sources
Note: Off-shore borrow sources are not shown in this slide.
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Geotechnical Engineering Tasks and Study Level Limitations

Tentative
Tentative |Completion
Elements Start Date Date Details of Technical Task Limitations
Closure at Bolivar Inlet - Combi-
Wall 6/10/2019 8/9/2019
Closure at Bolivar Inlet - Culverts ||6/10/2019 11/23/2019 Developing sub-surface profiles
. . and geotechnical parameters for |[Uncertainties associated with preliminary level
Closure at Bolivar Inlet - Vertical . . - _
Lift Gates 6/10/2019 9/14/2019 analyses including deep decision on CSRM alignment, proposed structural

foundation and stability evaluation|types, construction assumptions, foundation

Closure at Bolivar Inlet - 125-foot , , _ _ , , _ ,
for foundation piles, sheet piles for|configurations (pile cap, footing size, cutoff

Recreation Navigation Sector

Gate 6/10/2019 10/5/2019 cofferdams, assessing the elevations), structural loads (dead, wind, wave,
constructability of foundation live), subsurface geotechnical parameters
elements, selection of suitable developed based on available soil borings within

Closure at Bolivar Inlet - 650-foot foundation types, developing the [the vicinity of the proposed foundation elements'

Deep Draft Gate 6/10/2019 11/2/2019 quantity spreadsheet to support |locations.

Galveston Ring Levee - Levees & project Cost Estimate.

Flood Walls, Offats Gate design

6/10/2019 11/7/2019
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SUMMARY OF GEOTECHNICAL RISK ASSESSMENT AND RISK MITIGATION STRATEGY

Major Components

Level of Geotechnical Risk on Project Cost Estimate based on available soil borings & subsurface geotechnical
parameters

Surge Barrier System

Medium level risk — Adequate number of deep soil borings (seven) including geotechnical laboratory testing data are available within
the vicinity of Surge Barrier System. The potential risk on study level geotechnical design can be classified as medium level due to the
nature of the deep foundation system and size of the project.

Risk mitigation strategies will be as follows:

a) adopting the lower-bound soil strength data from available soil borings within the vicinity of the proposed structure for Axial pile
capacity estimate.

b) Pile type selection will consider the upper bound evaluation of potential hard-driving conditions.

c) Study level design’s Lateral pile resistance will be relying on battered piles only.

d) Sensitivity analysis on using upper - and lower — bound geotechnical parameters for pile foundation design will be performed to
estimate the potential change in final pile length to support the project cost estimate at the study level. ( See example on next slide).
Projected Risk Management Results: The actual foundation cost will be within the acceptable study level cost estimate.
*Study level design lengths of the piles will be longer than detail design/ actual construction pile length. Study level Pile lengths will be
optimized by obtaining comprehensive level geotechnical investigation data during detail level (PED phase) design.

*Study level pile numbers will be higher than the detail level design/ actual construction pile numbers. Lateral resistance of the vertical
pile will be evaluated during PED phase based on comprehensive level geotechnical data. The additional lateral resistance
contribution from the group of vertical piles will reduce the number of vertical piles.

Dune System

Low — Adequate number of soil borings and CPTs are available along the alignment of the Dune System. The potential risk on
developing geotechnical parameters for shallow foundation system can be classified as low level due to nature of shallow foundation
system.

Projected Risk Management Results: The actual foundation cost will be within the acceptable study level cost estimate.

Ring Levee System

Medium level risk : Adequate number of soil borings and CPTs are available along the alignment of the Ring Levee System. The
development of geotechnical parameters for deep foundation system will be associated with medium level of risk due to nature of the
deep foundation system and size of the project.

Risk Mitigation Strategy: Same as Surge Barrier System.

Projected Risk Management Results: Samé@s Surge Barrier System.
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EXAMPLE: SENSITIVITY ANALYSIS USING UPPER - AND LOWER — BOUND GEOTECHNICAL PARAMETERS
-OR PILE FOUNDATION DESIGN TO ESTIMATE THE POTENTIAL CHANGE IN FINAL PILE LENGTH @ Boliver Road Crossing Combiwall 66 in. Soldier Pile

Assumed 36" pipe pile spacing = 12,0 ft

f 1201t

ULTIMATE AXIAL PILE CAPACITY (TONS) m ( T\j

Tension - Q Case
0.0 100.0 200.0 300.0 400.0 500.0 600.0 The load inone 66" pile = 247.5 kips = 123.75 tons

Assume a pile load test is done, therefore a FOS = 2

The load in one 36" pilela—649 0 kip

Assume a pile [oad test is done, therefore a FOS = 2

-50 required ultimate compression capacity 649.00 tons
< -88 ft. .
-100 -4 -105 ft. Y Q-CASE STRATIFICATION | DONE Fill Ke, Kt, Ne, Ng
NOTES: A MAXIMUM OF TWENTY (20) STRATA CAN BE USED WITH THIS SPREADSHEET! I Clear Contents UPPER-BOUND
_';_l-_ Number| EL.  |UnitWeight Top | Bottom ’ 3 Ke | ®t Ne | Ng GEOTECH NICAL
- ] (peh) weh | s | tosh
@ -150 PARAMETERS.
a 1 7] 110 475 250 | 250 ] ] 1] 1 [ 9 [ 1
[= 2 68 120 515 0 0 32 21 [ 15[ 07 [ 0 [@ms[ [
= 3 73 120 51.5 0 0 30 20 (125 07 [ 0 [zs| | sp
[G] 4 80 120 5715 | 1000 | 1000 0 0 [ I I T | cn
] 5 88 120 515 | 2500 | 7500 0 0 T 1 [ 9 [ [ cn
P 6 | 103 120 51.5 0 0 32 71 |15 [ 07 [ 0 [@s| | sp
; 7| 13 120 515 | 1000 | 1000 0 0 [ I I T | cn
3 -200 =& -EaseYension_Lower 8 | 25 | 120 57.5 500 | 500 0 0 T 1] 9 [ 1 [
= Q.- Case Tension_Upper L 120 515 | 2500 | 2500 ] ] [ I g CH
i T
12 T
-
-
-
-250 -
-
-
-
-
-300
Q-CASE STRATIFICATION DONE Fill Ke, Kt, Ne, Ng LOWER-BOUND
COASTAL TEXAS STUDY - BOLIVER RD CROSSING COMBI WALL: 66-INCH DIA. VERITICAL PIPE PILE T B .. GEOTECH NICAL
Note: 1. Applicable Safety factors: 2.0 for Compressive loads or transient tensile loads, 3.0 for sustained tensile loads ELZTPEILED|  Clows Table Contents
2. Q-Case for Short-Term, 5-Case for Long-Term ot xm:‘: : - ' . e im im PARAMETERS.
-350 tpch)
A7.5 0 0 9 r
57.5 32 21 0 r
57.5 30 2 0
57.5 0 0 9
571.5 0 0 9
. . . . . . - 57.5 7] 21 0
Estimated Potential Pile Length Changes to 66-inch Dia. Pile: il = oo :
- ] 0 9

57.5

Required Pile length using Lower-bound design parameters = Pile tip at -105 ft EL.
Required Pile length using Lower-bound design parameters = Pile tip at -88 ft EL.
Potential Pile Length change percentage = (105-88)/105 x 100% = 16.2 %

I T
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Conclusion:
« The available geotechnical data is adequate for the subject study level design. This will allow the PDT
to perform acceptable study level design and to develop an acceptable study level cost estimate.

« The current study level geotechnical design adopts appropriate risk mitigation strategies, including
reasonable engineering assumptions and considerations to meet the subject study requirements.

« Comprehensive level geotechnical investigations and pile drivability/ pile load testing during the PED
will be specified as mandatory requirements in the final study report.
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QUESTIONS &
COMMENTS
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