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1. Introduction

This Best Management Practice (BMP) Design Structural Report (Report) was prepared by GHD Services Inc. (GHD),
on behalf of International Paper Company (IPC) and McGinnes Industrial Maintenance Corporation (MIMC; collectively
referred to as the Respondents) for the Northern Impoundment of the San Jacinto River Waste Pits Superfund Site in
Harris County, Texas (Site). The Northern Impoundment is located immediately north of the Interstate Highway-10
(1-10) Bridge over the San Jacinto River. The remedial activities described in the 2017 United States Environmental
Protection Agency (EPA) Record of Decision (ROD) require the removal of the waste material within the Northern
Impoundment, much of which is submerged in the river. The excavation depths to remove the waste material extend,
in some locations, tens of feet (ft) below the riverbed. As part of the Final Northern Impoundment 100% Remedial
Design (100% RD), the Respondents have proposed to construct an engineered barrier or cofferdam (best
management practice [BMP] wall) encircling the Northern Impoundment to divert water around the Northern
Impoundment and allow excavation of the waste material in the dry. This Report summarizes the design criteria,
geotechnical parameters, structural analysis and calculations, and various other considerations involved in the design
of the BMP wall.

The BMP is proposed to consist of a double sheet pile wall approximately 3,340 ft in length (i.e., two parallel sheet pile
walls connected with tie-rod anchors and filled with a fill material). The proposed alignment presented in the 100% RD
locates the BMP a minimum of 30 ft away from the horizontal excavation extent on all sides of the impoundment with
the exception of locations along the southern extent, in which the minimum offset is slightly less than 30 ft in some
places, as shown on Figure 1-1.

For purposes of the BMP wall's design, the existing riverbed between the BMP (interior wall) and the excavation area
is referred to as a “Soil Buttress.” The width of the Soil Buttress (30 ft in most locations) will be maintained during
excavation activities and allows the BMP to remain structurally sound while conducting the excavation activities. In
some instances, additional fill material is added to the Soil Buttress to raise the interior riverbed elevation and reduce
the exposed height of the BMP above riverbed elevation. That additional fill is referred to as a “Raised Bench.” A
riprap apron is installed on the exterior and interior side of the BMP to protect the riverbed from potential scour due to
change in flow dynamics and overtopping during a flooding event, respectively. A sacrificial barrier wall comprising of
fiberglass reinforced polymer (FRP) composite piles and walers will be installed approximately 20 ft from the exterior
wall of the BMP to protect specific portions of the BMP from barge impacts.

The BMP will be a temporary structure, expected to remain in place for the length of the remedial action (RA),
currently estimated at approximately seven years. A typical cross-section of the BMP is shown on Figure 1-2.
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2. Geotechnical Data

2.1  Geotechnical Investigations

In order to define the geotechnical conditions of the Northern Impoundment, four geotechnical investigations were
conducted as listed below:

— Remediation investigation (RI) in 2011.

—  First Phase Pre-Design Investigation (PDI-1) in 2018.

—  Second Phase Pre-Design Investigation (PDI-2) in 2019.

—  Supplemental Design Investigation in 2021.

The Geotechnical Engineering Report (Appendix B) includes additional details, field logs, laboratory results, and a
summary of these investigations. During these four investigations, a total of 43 geotechnical boreholes were drilled.
During the recent SDI, two piezometers were installed, and cone penetration tests (CPT) were also performed at
13 locations on or close to the alignment of the proposed BMP. Figure 2-1 shows the locations of the geotechnical
soundings.

SDI Geotechnical Boring and Deep Piezometer Location
SDI Geotechnical Boring and Deep Piezometer with SPT and Shelby Tubes|

PDI-2 Analytical and Geotechnical Boring Location
PDI-2 Geotechnical Boring Location
CPT Boring

SOONN

S @m‘m‘m
¥ o CPT Calibration Boring

G EO0EES
] ~
“a‘,»(,'i‘ Shear Vane Testing

A Rl Geotechnical Core with Primary and Secondary COPCs
A\, Rl Geotechnical Core

B PDI-1 Geotechnical Boring Location

r PDI-1 Analytical and Geotechnical Boring Location
IL__J Non-impacted Berm Area
: : TCRA Cap Perimeter

Extent of ACBM

Figure 2.1 Locations of Geotechnical Soundings

2.2  Subsurface Geology

The geology in the vicinity of the Northern Impoundment is highly heterogeneous and a thorough understanding of that
geology is critical for the design of the BMP. A detailed description of the Northern Impoundment geology is provided
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in the Geotechnical Engineering Report (Appendix B). The approximate subsurface stratigraphy within the Northern
Impoundment, as determined from the various geotechnical investigations, is comprised of the following three layers.

2.2.1 Surficial Alluvium Sediments

The Surficial Alluvium Sediments are fairly heterogenous, consisting of silty sands, sands silts, lean clays, and sandy
clays. The cohesive sediments are typically very soft to firm and the cohesionless granular sediments are
loose-to-compact. The thickness of the sediments ranges between 10 to 30 ft.

2.2.2 Beaumont Clay Formation

The Beaumont Clay Formation was generally encountered starting at elevations ranging between -20 ft to -35 ft North
American Vertical Datum of 1988 (NAVDA88). This formation is composed of a stiff-to-very-stiff high plasticity clay (fat
clay) and interspersed with seams or lenses of sandy materials. The formation extended to approximate elevations

of -80 ft NAVD88 on the western side and -65 ft NAVD88 on the eastern side of the Northern Impoundment.

2.2.3 Beaumont Sand Formation

The Beaumont Sand Formation was generally encountered at elevations ranging between -50 ft to -70 ft NAVD88.
This formation is essentially composed of compact-to-dense silty sand to clayey sand.

2.3  Hydraulic Conditions

During the SDI in 2021, piezometers were installed in borings SUIMW-16 and SIMW-17 and the water levels were
logged in these piezometers at regular time intervals. The monitored data show that the water level in the river
fluctuates with the tides between elevations 0 to 3 ft NAVD88 (with an average of 1.5 ft) while the piezometric level in
the Beaumont Sand fluctuates between elevations -4 to -2 ft NAVD88 (with an average value of approximately -2.5 ft).

2.4  Geotechnical Design Parameters

Figure 2-2 shows the available data from various geotechnical investigations for the Northern Impoundment along the
BMP alignment. The following sections outline the various geotechnical parameters used for the analysis of the BMP.
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Figure 2.2 Geotechnical Information along BMP

2.4.1 Saturated and Buoyant Unit weights, vy

The total unit weight, ys was estimated based on the water content values considering a specific density, G of 2.7. The
variation of ys with elevation for the alluvium sediment, Beaumont Clay and Beaumont Sand is shown in Enclosure 1.A
of Attachment 1.

Table 2-1 presents the saturated and buoyant unit weights considered in the analysis.

Table 2.1 Unit Weights

Saturated Unit weight (Buoyant Unit Weight), Ib/ft3

Alluvions Sediments Beaumont Clay Beaumont Sand Fill
118 (55.6) 125 (62.6) 130 (67.5) 130 (68)

2.4.2 Undrained Shear Strength, Sy

The undrained shear strength (Su) profiles based on the vane test measurements and CPT soundings are shown in
Attachment 1.

1. Alluvium Sediments: Enclosure 2.A

GHD | International Paper Company and McGinnes Industrial Maintenance Corporation | 11215702 (12) App | | BMP Structural Design
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2. Beaumont Clay: Enclosure 2.B.

2.4.3 Undrained Modulus, Ey and Poisson coefficient, vy

The undrained elastic modulus Eu was estimated based on correlations with the undrained shear strength Su. The Eu
profiles shown in Attachment 1 for the Alluvium Sediments and Beaumont Clay layer (Enclosures 3.A and 3.B) were
defined using Equations 2-1 and 2-2, below.

3. Alluvium Sediments: E, = 400. Su [2-1]
4. Beaumont Clay: Eu = 300. Su [2-2]

Table 2-2 presents the Eu values considered in the analysis.

Table 2.2 Undrained Elastic Modulus
Undrained Elastic Modulus Eu, tsf
Alluvium Sediments | Beaumont Clay Beaumont Fill
Sand
50 400 (for the first 10 ft following the Alluvium/Clay interface) N/A N/A
(Enclosure 3.A) 500 (for the remaining clay thickness)

(Enclosure 3.B)

Undrained Poisson Coefficient vy = 0.5 is considered in the design (corresponding to the theoretical value).

2.4.4 Drained modulus, E’ and Poisson Coefficient, v

For the cohesive deposits (Alluvium Sediments and Beaumont Clay), the drained elastic modulus E’ was evaluated
from the undrained modulus (see Table 2-3) using the following theoretical equation:

E’ =Eu. (1+v)/1.5 [2-3]
Assuming v’ (drained Poisson coefficient) value of 0.3, equation 2-3 becomes:
E’=0.87 Eu

For cohesionless soils (Beaumont sand and cohesionless layers of the Alluvium Sediments), the drained elastic
modulus was estimated using equation 2-4 based on correlations using the CPT results.

E’=0.015. 10 0-55Ic+168 (g -ovo) [2-4]
Where:

— Qtis the tip resistance.
—  ow is the total vertical stress.
— lcis the CPT behavior index.

Table 2-3 presents E’ values considered in the analysis.

Table 2.3 Drained Elastic Modulus
Alluvium Sediments Beaumont Clay Beaumont Sand Fill
43.5 0.87. Ed' 1040 150
(See Enclosure 3.C)
Notes:

1 Refer to Section 2.4.3 for values of Eu
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Drained Poisson Coefficient v’ = 0.3 is considered in the design.

2.4.5 Effective Stress Parameters, ¢’ and ¢’

The friction angle ¢’ and the effective cohesion ¢’ for both the cohesive Alluvium Sediments and the Beaumont Clay
were defined based on a limited number of triaxial tests results.

The friction angle ¢’ for the cohesionless alluvium sediments and Beaumont Sand was defined from CPT results
correlation presented in the literature - equation 7-5. Enclosures 4.A and 4.C in Attachment 1 show ¢’ profiles as
defined from this equation for cohesionless alluvium sediments and Beaumont sand, respectively.

¢ =17.6 + 11. log ((qt -5-6vo)/c)/G'vo) [2-5]
The effective strength parameters used in the design are presented in Table 2.4.
Table 2.4 Effective Strength Parameters

AIIuwum Sediments Beaumont Clay Beaumont Sand F|II

(See 42 (See 150 (See 0 32 0
Enclosure 4.A) Enclosure 4.B) Enclosure 4.C)

2.4.6 Over-Consolidation Ratio, OCR

The over-consolidation ratio (OCR = ¢’ /c’vo) values were defined from correlations-based CPT results (using
Equation 2-6). The estimated OCR value profiles are shown in Enclosure 5.A of Attachment 1.

OCR =0.33. (qt-ow) [2-6]
Where:

— Qtis the tip resistance.
—  ow is the total vertical stress.

The OCR values used for the design are presented in Table 2-5.

Table 2.5 Over-Consolidation Ratio OCR
OCR
Alluvium Sediments Beaumont Clay Beaumont Sand Fill
1.0 10to 2 N/A N/A

See Enclosure 5.A

2.4.7 Consolidation Parameters

The consolidation parameters based on consolidation tests are listed in Table 2-6.

Table 2.6 Consolidation Parameters
Recompression, cr 0.04 0.02
Compression Index, cc 0.32 0.25

GHD | International Paper Company and McGinnes Industrial Maintenance Corporation | 11215702 (12) App | | BMP Structural Design
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Alluvium Sediments Beaumont Clay Beaumont Sand

Initial Void Ratio, eo 0.95 0.68

Pre-Consolidation pressure, oo’y | = c'vo Varies with OCR
(See Enclosure 5.A)

2.4.8 Hydraulic Conductivity

The hydraulic conductivity k profiles were derived from the CPT results and hydraulic conductivity tests (Enclosure 6.A
of Attachment 1). The k values considered for the design are summarized below in Table 2-7.

For the sediments eight (8) lab tests were done for RI12020 in addition to the 3 ones already considered in the initial
Enclosure 6.A. The results show the k values from the CPT are in the range of the lab values. The average value is
about 4x10-3 ft/day.

For the clay, three (3) lab test was done in RI2020. The k lab values show a large scatter (about 2 order of
magnitude).

The correlation providing the hydraulic conductivity value based on the CPT results is:
k = 10(0:952-3.041c) m/s, where 1.00 < Ic < 3.27
k = 10(4:52-137Ic) m/s, where 3.27 < Ic < 4.00

Ic is a function of the parameters gt and fs measured in a CPT sounding.

Table 2.7 Hydraulic Conductivity
Alluvium Sediments Beaumont Clay Beaumont Sand Fill
0.3t0 3.0x 10* 102 to 10 25 3

249 Geotechnical Parameters Summary

A summary of the geotechnical parameters used in the design are provided in Table 2-8.

Table 2.8 Geotechnical Parameters for Design
Sediments SENT
Unit weight (saturated), y Ib/ft® 118 125 130
Undrained Young Modulus, Eu tsf 50 400 to 500 - -
Enclosure 3.A Enclosure 3.B
Drained Modulus, E' tsf 43.5 0.87. Eu 1040 150
Undrained Poisson Coefficient, vy - 0.5 0.5 - -
Drained Poisson coefficient, v' - 0.3 0.3 0.3 0.3
Friction Angle, ¢' Degree 26 28 37 30
Effective Cohesion, ¢' psf 42 150 0 0
Undrained Shear Strength, Sy tsf Enclosures 2.A | Enclosure 2.B - -
Over-Consolidation Ratio, OCR - 1 10 to 2 - -
Hydraulic Conductivity, k ft/day 1.1 x 103 8.6x10°% 0.9 3
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Definition Unit Alluvium Beaumont Clay | Beaumont Fill
Sediments SEN

Recompression Index, cr 0.03 0.03

Compression Index, cc - 0.32 0.29 - -
Initial void ratio, eo - 0.95 0.68 - -
cc/(1+eo) - 0.16 0.15 - -

3. Design Parameters

The following guidelines and standards are the ones that were primarily used to develop the design of the BMP:
—  American Society of Civil Engineers (ASCE) 7-16, Minimum Design Loads and Associated Criteria for Building
and Other Structures.

—  Engineering Manual (EM) 1110-2-2504, Design of Sheet Pile Walls by United States Army Corps of Engineers
(USACE).

—  American Institute of Steel Contractors (AISC) 360-16, Steel Construction Manual 15" Edition.
—  USACE Hurricane and Storm Damage Risk Reduction System Design Guidelines, updated June 2012.

—  American Association of State Highway and Transportation Officials (AASHTO) LRFD Bridge Design
Specifications, 2012.

—  Nucor Skyline Technical Product Manual, 2021 Edition.

—  Arcelor Mittal Impervious Steel Sheet Pile Walls Design & Practical Approach.

ASCE 7-16 categorizes structures into four Risk Categories (I through IV). During time periods when excavation is
taking place, the BMP may be considered similar to structures or facilities that process, handle, or store toxic

substances. ASCE 7-16 categorizes such structures or facilities as being in Risk Category IV, in which the failure of
such structures or facilities may pose a significant hazard to the public.

USACE EM 1110-2-2504 defines the following load case conditions based on severity and probability of occurrences
during the design life of the structure:

— Usual: Service level loading experienced frequently such as static earth pressure, hydrostatic pressures after
installation of the BMP and during excavation with normal water levels in the river.

— Unusual: Loads larger than those considered usual and experienced less frequently such as 100-year probability
storm events and high water levels in the river.

—  Extreme: Worst-case scenario loads, rarely experienced during the design life of the structure, such as hurricane
level winds, flood levels in the river and barge impacts.

Note: All elevations in the calculation are noted with respect to the NAVD88 datum.

3.1 In-Situ Soil Parameters

The soil parameters evaluated for the design and analysis of the BMP are discussed in Section 2.4. The subsurface
soils include fine grained material that is expected to behave differently in drained (long-term) and undrained
(short-term) condition. Both drained and undrained behaviors were analyzed.
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3.2 River Water Levels

The loading from the river water with a density of 62.4 Ib/ft3 was applied as hydrostatic pressure.

The river water is influenced by the tidal waters from the bay and Gulf of Mexico. The water density will be in the range
of 62.4 Ib/ft3 (freshwater) to 64 Ib/ft3(seawater). The maximum difference of 1.6 Ib/ft3 (2.5%) will not have any impact
on the design.

Tide data is available from the NOAA' Station 8770613 located approximately 9 miles south of the Northern
Impoundment. The mean higher high water (MHHW) elevation is 1.33 ft with respect to the mean lower low water
(MLLW). The daily tide variation is significantly lower than the water levels assumed for the design of the BMP. Hence,
tides will not govern the design.

The different water elevations corresponding to various load case conditions are as follows:

—  Usual +5 ft NAVD88
— Unusual +10 ft NAVD88
— Extreme +10 ft NAVD88

3.3 Scour
3.3.1 BMP Exterior

The presence of the BMP can affect the natural flow state of the San Jacinto River in the vicinity of the Northern
Impoundment. The scour potential of the river flow around the BMP installation was evaluated using the
Hydrodynamic Model developed for the Northern Impoundment. The shear stresses determine the capability of the
river flow to move the riverbed material (sediment). The analysis method and results are provided in Appendix F.

The model evaluated the changes in water circulation with and without the BMP installation for 2-year, 10-year,
100-year and 500-year flow event in the river. The analysis results show that average flow velocity increases as the
river discharge increases, and it decreases with the increase in water surface elevation.

With the measured average sediment size, it is noted that shear stress exceeding 0.15 Pascals (Pa) has the potential
to mobilize the sediment in the vicinity of the Northern Impoundment. The analysis results show maximum increase in
shear stress of 2.65 Pa, maximum value of shear stress of 4.34 Pa and an average value of 0.24 Pa. The shear stress
values are large compared to the critical shear stress value of 0.15 Pa for the sediment in the area, indicating that the
soil particles are mobile and there is potential for scour and/or sediment deposition along the outside perimeter of the
BMP.

The maximum shear stresses differences were observed in two locations — the southwest corner and the north side of
the BMP installation. The elevated shear stresses are due to the increase in the river flow within these areas due to
the presence of the BMP. However, the bathymetry in the model does not account for modifications of the access road
for purposes of the RA which will elevate the area in the southwest corner, limiting the river flow and in effect,
preventing increase in the shear stress reflected in the analysis model.

The relatively small value of the maximum shear stress indicates that, except for the two locations discussed above,
the conditions overall remain similar to the existing conditions (without the BMP in place). The pattern is similar for all
the four modelled storm conditions (2-year, 10-year, 100-year and 500-year flow events) with only small differences in
magnitude.

Scour protection measures such as rock or riprap will be required around the majority of the perimeter of the wall (see
Figure 1-1).

" National Oceanic and Atmospheric Administration Station at Morgans Point, Barbours Cut, Texas.
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3.3.2 BMP Interior

Based on the evaluation of the historic data for the water levels and hindcast model (100% RD), there have been five
(5) instances of water level exceeding elevation +10 ft. The BMP is designed for water levels ranging from normal
levels (elevation +2 ft) to top of the exterior wall (elevation +10 ft).

For the rare instances where the water level exceeds elevation +10 ft, the plunging water may cause scour at the
interior base of the BMP wall. The riverbed elevation within the Northern Impoundment varies between 0 to -5 ft on the
interior of the BMP walls, except in the northwest corner where the riverbed elevation is approximately -15 ft. The
riverbed elevation will be raised to elevation -4 ft along the northwest corner by installing a 30 ft wide bench.

Based on the calculated flow rate over the height of the BMP, the entire BMP will fill to top of the wall within 1 to

2 hours when the river level rises only 6 inches above the top of the BMP wall. The water levels in the river may
continue to rise for several hours but as the Northern Impoundment starts filling with water, the energy of the water
overtopping the structure will be dissipated before it reaches the base of the BMP wall and the potential for scour will
be reduced.

Scour protection measures such as rock or riprap will be provided along the entire interior perimeter of the walls for the
initial stages of river water overtopping the BMP wall, should this occur.

3.4 Wind

The 3-second gust design wind speeds and hurricane exposure are defined in ASCE 716 Chapter 26. The web based
hazard tool by ASCE (https://asce7hazardtool.online) provides sitespecific information. The standard design wind
speeds relate to a maximum recurrence interval (MRI) of 100years. The wind speeds for Risk Category IV structure in
hurricane exposure areas correspond to MRI of 3000years. All wind speeds are defined at 33ft above ground level.

—  Design wind velocity, 3-second gust, MRI 100-years, V100 = 116 mph.

—  Design wind velocity, 3-second gust, MRI 3000-years, V3000 = 154 mph.

—  Exposure Category C.

—  Wind directionality, Kq = 0.85 (solid freestanding wall).

—  Topographic Factor, Kzt = 1.0.

—  Ground Elevation Factor, Ke = 1.0.

—  Velocity Pressure Exposure Coefficient, Kz = 0.85.

Velocity Pressure, gz = 0.00256 Kz Kzt Ka Ke V2
Using V = V100, qz100 = 24.89 Ib/ft? (Unusual load condition).
Using V = V3000, qz3ooo0 = 43.87 Ib/ft? (Extreme load condition).

3.5 Waves

Wind-waves are generated by sustained winds over unobstructed open waters (fetch). The Northern Impoundment is
sheltered by land on all sides within 0.2 miles except the north and northwest directions as shown in Figure 3.1. There
are barges moored on the north side within 0.3 miles interrupting the open waters and beyond that, the nearest land is
0.5 miles away. The fetch distance perpendicular to the northwest is less than 1.5 mile.

Assuming a wind speed of 77 mph sustained over a 1-hour period (Section 3.4), and an average water depth of 20 ft
over the entire fetch distance, the significant wave heights can be in the order of 2 ft (0.5 mile fetch) to 4.2 ft (1.5 mile
fetch). The waves generated in the northwest direction will refract around the landmass on the northwest side and are
not expected to have direct contact with the BMP walls.
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During storm season, there will be a significant lag between sustained winds and rising water (storm surge) to
generate wind-waves at the flood water levels. Therefore, the wind-waves should be combined with the normal water
levels in the area (elevation +2 ft to +5 ft).

Since the BMP will be designed for water surface elevation at top of the wall (elevation +10 ft), the wind-waves will not
govern the BMP design over the loading scenarios with the total hydrostatic pressure applied from top of the wall and
barge impact as described in Section 3.6.
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Figure 3.1 Fetch Distance near Northern Impoundment

Wake-waves are generated by passing vessels in the area and approach the BMP walls at an angle as the navigation
channel flows parallel to the walls. Similar to the wind-waves, wake-waves should also be combined with the normal
water levels in the area (elevation +2 ft to +5 ft). Wind-waves are not combined with wake-waves since passing
vessels overlapping with a storm event is unlikely. Since the BMP will be designed for water surface elevation at top of
the wall (elevation +10 ft), the wake-waves will not govern the BMP design over the loading scenarios with the total
hydrostatic pressure applied from top of the wall and barge impact as described in Section 3.6.

3.6 Barge Impact

Given the heavy barge traffic in the San Jacinto R