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1. Introduction

1.1 Project Background

The Project Yankee Phase 1A development is an approximately 470-acre site within an overall 681.32-acre
limits-of-disturbance (LOD) area in the Town of Clay, Onondaga County, New York. The site is located
approximately 3 miles west of Oneida Lake and approximately 10 miles north of Syracuse. Phase 1A
represents the first phase of a planned multi-decade campus development.

This report is prepared to support design and permitting for the Project Yankee stormwater management
system and the associated pond dams, which require dam safety review. JE ARCHITECTS/ENGINEERS,
P.C. (Jacobs) retained AECOM to support the preparation of the Dam Safety Construction Permit Package
for submittal to the New York State Department of Environmental Conservation (NYSDEC). The stormwater
management pond dams that require permits include SMP-01, SMP-11, TEMP-SMP-01, and TEMP-SMP-
02. These dams are planned as earthen embankments and are being constructed as part of a large
semiconductor manufacturing campus for Micron Technology. Based on hydraulic modeling results, the
dams are classified as Class A — Low Hazard dams, as defined in New York State Engineering Guidelines
and 6 NYCRR Subpart 673.5(b). AECOM Hydrologic and Hydraulic Technical Memorandum for Project
Yankee provides the results of this modeling.

Figure 1 shows the aerial location of the proposed stormwater management ponds (SMP-01, SMP-11,
TEMP-SMP-01, and TEMP-SMP-02) relative to the project boundary and surrounding infrastructure.

Jacobs completed the design of the stormwater management system for the project site. To accommodate
the project’s aggressive construction schedule, AECOM is preparing the permit applications in two
packages, the first will be for SMP-11 and TEMP-SMP-01. The second package will be for SMP-01 and
TEMP-SMP-02. The four proposed dams will be integral to the project’s stormwater management system.
The eastern portion of the campus is considered temporary in relation to the master-planned campus's life.
As such, while TEMP-SMP-01 and TEMP-SMP-02 are temporary in relation to the life of the master-planned
campus, they are considered permanent for purposes of dam design and stormwater management for this
project. The dams will fall under the jurisdiction of NYSDEC. Table 1 presents pertinent information about
the first two dams (SMP-11 and TEMP-SMP-01).

Prepared for: Jacobs & NYSDEC AECOM
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Description SMP-11 TEMP SMP-01

Purpose Stormwater Management Stormwater Management

Drainage Area 141.75 acres 60.39 acres

Dam_helght at Maximum 16.0 ft 9 ft

Section

Crest Length 618 ft 3,185 ft

Min Crest Width 35 14

Upstream Slope 3H:1V 3H:1V

Downstream Slope Vertical (Retaining Wall) 3H:1V
Critical Elevation

Normal Pool (Bottpm of Pond / 3820 ft 385.0 ft

Invert of lowest orifice)

Auxiliary Spillway Crest 392.3 ft 388.0 ft

Dam Crest 395.0 ft 390.0 ft
Storage Capacities'’

Normal Pool 0.0 acre-ft 0.0 acre-ft

Max Storage? 56.68 acre-ft 26.98 acre-ft

Outlet Features

Service Spillway Intake
Structure

60-Inch precast open top
manhole with domed round
top grate.

60-Inch precast open top
manhole with domed round top
grate.

Service Spillway

36-inch RCP conduit

24-inch RCP conduit

Service Spillway Outlet
Structure

Concrete Endwall with riprap
apron

Concrete Endwall with riprap
apron

Auxiliary Spillway

76-foot-wide drop inlet drain
with two 36-Inch conduit
outflows

51-foot-wide HydroTurf
armored spillway on graded
embankment
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(1) All storage values referenced in this report refer to the volume of water above the extended
detention that is being impounded by the dam itself.
(2) The maximum storage capacity reflects the storage volume at the crest of the dam.

1.2 Scope of the Report

This Basis of Design Report includes supporting analyses, engineering assumptions, input data, modeling
results, and design calculations that support the design of each dam. Jacobs contracted AECOM to
independently evaluate and verify the design of the proposed dams in support of the dam design, erosion
and sediment control design, and stormwater design were prepared in compliance with:

e The New York State Department of Conservation (NYSDEC) Guidelines for Design of Dams (1989);

e Current dam safety state of practice guidelines, including relevant guidance documents from the
USACE, NRCS, ACI, and USBR;

e The NYSDEC Standards and Specifications for Erosion and Sediment Control, November 2016 (Blue
Book);

e The NYSDEC Stormwater Management Design Manual, July 31, 2024; and
e The NYSDEC State Pollutant Discharge Elimination System Permit requirements.

1.3 Statement of Limitations

Interpretation of general subsurface conditions presented herein is based on the soil and groundwater
encountered in the limited number of soil borings and laboratory testing data provided by others. AECOM
used the provided information and did not independently verify soil and groundwater condition data.
Representative portions of the samples collected in the field are tested in the laboratory in accordance with
ASTM standards; however, subsurface conditions may vary outside the exploration locations. This report
does not reflect any variations that might occur across the site in areas not sampled. AECOM is not
responsible for errors, omissions, or inconsistencies in information furnished by other parties. If subsurface
conditions encountered during construction differ from those described in this report or in the information
provided to AECOM, AECOM should be notified immediately so that recommendations may be reviewed
and modified as appropriate.

This report has been prepared for the specific application to the project discussed and has been prepared
in accordance with reasonable and accepted engineering practices and standard of care based on the
information available to AECOM USA, Inc. (AECOM) at the time of performance of the work. No warranty
or guarantee, either written or implied, is applicable to this work.

2. Major Features of Work

2.1 Embankments

SMP-11 and TEMP-SMP-01 will be constructed to support the project's erosion and sediment control
strategy. These basins are intentionally designed for dual functionality: initially serving as temporary
sediment basins and transitioning into permanent wet extended detention ponds. Accordingly, the grading
and the outfall control structures, including risers and outfall piping, are engineered to accommodate both
operational phases. During the rough grading phase of the project, the stormwater management ponds
control construction-site runoff and sediment. To allow drainage from the crest of the embankments, each
was designed with a gentle upstream slope. The crest elevation of SMP-11 is 395 feet, and the rough grade
will fall toward the reservoir at a grade of 2%. For the final condition, the crest will be paved with a 30-foot-
wide asphalt road. The crest height of TEMP-SMP-01 is 390 feet, which is consistent for the northern and
eastern embankments. The TEMP-SMP-01 North crest grade towards the pond is 0.8%, while the eastern
is 3.6%. This grading will remain for the finished crest grade.

Prepared for: Jacobs & NYSDEC AECOM
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The embankments at SMP-11 and TEMP-SMP-01 will be constructed by placing fill material in carefully
controlled and compacted lifts, in accordance with the project specifications. The geotechnical properties
of the fill material are discussed in Appendix A. The source of the fill may be on-site soil or imported fill that
meets the requirements of the project specifications. Regardless of the fill material source, moisture
conditioning, compaction, and placement in lifts are required. Embankment fill placement procedures are
described in the construction specifications

Both the upstream and downstream slopes of TEMP-SMP-01 are 3H:1V. At SMP-11, the downstream
embankment is retained by a 24-foot concrete retaining wall. The upstream slope for SMP-11 is 3H:1V.
More detail on the development of the embankments’ geometry is included in the 2026 AECOM
Geotechnical Engineering Report: SMP-11 and TEMP-SMP-01.

The embankments are designed with various features, including cutoff trenches, filter diaphragms, and strip
drains, to manage seepage through the earthen embankments and around appurtenances. Compacted
earthfill cutoff trenches with sloping sides (1H:1V) were designed beneath the crest of each embankment,
upstream of the filter diaphragms. Cutoff trenches serve to intercept seepage pathways under the dam and
along the foundation interface.

The 36-inch RCP principal spillway conduit at SMP-11 and the 24-inch RCP principal spillway conduit at
TEMP-SMP-01 are designed with filter diaphragms to intercept seepage that can flow through cracks in the
surrounding fill or along the interface of the conduit and prevent sediment transport along the conduit, which
could lead to internal erosion. Supplemental filter diaphragms were also designed at SMP-11 for the dual
36-inch emergency spillway conduits and the 24-inch storm drain conduit along the left abutment. The
diaphragms will be constructed with fine aggregate, which functions as a filter to prevent particle movement
and transmits collected seepage downstream via a strip drain, which primarily acts as a drain material to
convey seepage to the drainpipes. This system will provide filtered seepage collection and discharge to
reduce the potential for internal erosion of the embankment and natural soils and allow for future monitoring
of flows from the individual components. The design and analysis of the filter diaphragms and strip drains
are detailed in the 2026 AECOM Geotechnical Engineering Report: SMP-11 and TEMP-SMP-01.

Afilter diaphragm was not developed for the 48-inch intake conduits at SMP-11. These conduits supply flow
to the reservoir and slope downward toward it. Each 48-inch RCP conduit traverses three manholes at 90-
degree angles before continuing adjacent to the downstream retaining wall. Any seepage flow path that
might develop along the conduits would be intercepted at the manholes and would need to go around 90-
degree angles, flowing laterally between the first two manholes. Given the length and direction of the flow
path required for a defect to form and the lack of a defined seepage exit point, installing a filter diaphragm
was deemed impractical for preventing seepage along the conduits.

The stormwater ponds require an impervious liner, per the NYSDEC Stormwater Management Design
Manual. The Langan Preliminary Earthwork Criteria memorandum established the use of impervious earth
liners in the design and it was determined that the on-site borrow material is suitable for use in an impervious
liner. It is anticipated that the liner and embankment fill will be composed of the same material and have
similar compaction characteristics. The 2026 AECOM Geotechnical Engineering Report: SMP-11 and
TEMP-SMP-01 describes how the impervious stormwater pond liners were factored into the analysis and
design.

The completed embankments are designed to be grass-covered for cost-effective erosion protection. After
the embankments are built to finished grade, sufficient topsoil will be placed on the embankments and
slopes. Because the slopes are 3H:1V on both the upstream and downstream sides, there is no concern
about steepness preventing topsoil spreading and grassing. The construction specifications describe
requirements for topsoil and grass seed in accordance with New York State regulations and dam safety
standards of practice. Satisfactory grassing on the embankments means they are over 90% covered over
any 100-square-foot area, with no bare spots exceeding 1 foot by 1 foot.

Prepared for: Jacobs & NYSDEC AECOM
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2.2 Service Spillways

The service spillway system at each dam will include an intake riser structure with three inlet orifices, a
conduit, and a riprap apron at the downstream end for energy dissipation. The riser structure will be a
precast concrete, 60" diameter structure with 5-inch thick walls and a 1’-6” thick footing. It will contain a
domed round top trash rack with anti-vortex device over the top. The lowest-stage orifice will be placed at
the existing normal pool elevation which will be the bottom of the extended storage pond. The service
spillway conduit will be a 24-inch RCP at Temp-SMP-01 and a 36-inch RCP at SMP-11. The pipes will be
supported with concrete cradles, and both the pipe and cradle will be surrounded by filter diaphragms that
will outlet through a slotted 6-inch HDPE pipe which transitions to solid pipe and then discharges to a
concrete headwall.

2.3 Auxiliary Spillways

The auxiliary spillway at TEMP-SMP-01 is a 51-foot wide trapezoidal open-flow spillway armored with
HydroTurf CS. HydroTurf CS is a composite system of a structured geomembrane overlain by an
engineered synthetic turf which is infilled with a cementitious mix (HydroBinder). The HydroTurf CS spillway
has an anchor trench on all 4 sides to anchor it in place. At the terminus of the HydroTurf CS spillway, there
is a 10-foot-long riprap apron (Dso = 6 inches) to dissipate energy. The maximum water surface elevation
within the pond during the spillway design flood (SDF) is 387.8 FT while the crest of the auxiliary spillway
is 388.0 FT. Therefore, the spillway will not be activated during the SDF. However, the spillway was designed
for flows resulting from a maximum water surface elevation equal to the dam crest elevation (390.0 FT). At
this water surface elevation, the maximum depth of flow through the spillway is two feet and the maximum
resulting velocity is 6 feet per second (fps) on the crest and 10 fps on the downstream slope of the spillway,
both of which are well within the allowable design parameters (up to 5.5 feet of depth of flow and up to 40
fps) for a HydroTurf CS spillway.

The auxiliary spillway at SMP-11 is a 79-foot long by 6-foot wide reinforced concrete drop inlet structure
outletting through twin 36-inch RCPs that discharge to a riprap apron downstream of the retaining wall. The
drop inlet structure will have 18” thick reinforced concrete walls and footing underlaid by 6” of aggregate
base course on compacted subgrade. A single concrete cradle will be used for both RCPs. The 36-inch
RCPs will also be surrounded by a filter diaphragm that will outlet through a slotted 6-inch HDPE pipe which
transitions to solid pipe and then discharges through the retaining wall.

For temporary sediment basin conditions, the NYSDEC Blue Book requires principal (service) and
emergency (auxiliary) spillways to convey the 10-year storm event. In permanent conditions, the
stormwater management design guidelines require the auxiliary spillway to be designed to accommodate
events greater than the 100-yr storm but does not define the exact flows. Without specific design criteria,
the combined service and auxiliary spillways were conservatively designed to convey the incoming,
unattenuated 100-yr storm event. Thus, if back-to-back 100-year storm events were to occur, the
successive storm event could be safely passed through the two combined spillways such that the inflows
to the dam would match the outflow from the dam. This was the basis of the design of the hydraulic
capacity of the auxiliary spillways at each dam.

24 Retaining Wall at SMP-11

A reinforced concrete cantilever retaining wall supports the embankment of SMP-11. The retaining wall
extends well beyond the limits of SMP-11 and its purpose to retain fill being placed at the northern end of
the proposed site. Within the footprint of SMP-11, the wall will retain a maximum of 16 feet of soil (the
embankment height) and is designed to be 24 feet tall, and the wall’s footing will be 2-feet-thick and 22’-9”
long with a 2’-by-3’ shear key to resist sliding. All structural cast-in-place concrete for the wall will have a
minimum compressive strength of 5,000 psi at 28-days, maximum water/cement ratio of 0.40 and minimum
entrained air of 5.5%. The top of the wall will extend approximately 4 feet above the final proposed grade
and contain a safety fence for public safety. It will be heavily reinforced and contain waterstops at
construction joints. Refer to Appendix D — Structural Engineering Report for detailed calculations for
applicable load cases.

Prepared for: Jacobs & NYSDEC AECOM
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3. Geotechnical Analysis

Documentation of the material properties selected for geotechnical analysis in the design of SMP-11 and
TEMP-SMP-01 can be found in Appendix A — Geotechnical Memorandum: SMP-11 and TEMP-SMP-01
Geotechnical Input Properties. This memorandum includes descriptions of subsurface stratigraphy as well
as the selection of engineering properties. It was submitted to NYSDEC on February 25, 2026.

Documentation of the geotechnical engineering and analyses for SMP-11 and TEMP-SMP-01 can be found
in Appendix B — Geotechnical Engineering Report: SMP-11 and TEMP-SMP-01. The key analyses
presented in this report include seepage and slope stability analyses, filter compatibility analyses, filter
diaphragm design, bearing capacity analyses and design, and settlement analyses and design. The results
of the analyses shows that the embankments for SMP-11 and TEMP-SMP-01 meet or exceed the minimum
requirements for factor of safety. It was submitted to NYSDEC on March 6, 2026 and revised on March 18,
2026.

4. Hydrologic and Hydraulic Analysis

A two-dimensional HEC-RAS dam breach analysis was performed for SMP-11 and TEMP-SMP-01. The
analysis showed there is an inconsequential difference in the downstream inundation area between the
breach and non-breach scenarios, and there are no impacts to any occupied buildings, roads or railroads
for any of the four dams evaluated. Therefore, SMP-11 and TEMP-SMP-01 are each recommended to be
classified as a Low Hazard (Class “A”) dams. Additionally, calculations were completed for the sizing and
performance of the spillways and the riprap outlet protection. The dams were evaluated for conformance
with relevant hydraulic NYSDEC Guidelines for Design of Dams and all applicable criteria is satisfied.
Detailed documentation of these analyses and calculations can be found in Appendix C — Hydrologic and
Hydraulic Report. A draft version of this report was submitted to NYSDEC on February 20, 2026.

5. Structural Analysis

Documentation of the structural engineering and analyses for the retaining wall and structural spillways of
SMP-11 can be found in Appendix D — Structural Engineering Report. The purpose of this report was to
evaluate the structural adequacy, stability, and design methodology of the retaining wall system for
compliance with dam safety criteria, including sliding, overturning, and bearing capacity, and construction
detailing such as drainage and joint detailing. SMP-11 includes two drop inlet spillways: one service spillway
and one auxiliary spillway. The report also includes summaries of the structural stability analyses and
reinforced concrete design for those spillways. The results of these analyses show that the structures
reviewed meet or exceed minimum requirements for factors of safety.

Prepared for: Jacobs & NYSDEC AECOM
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6. Construction Considerations

Construction of the stormwater management ponds will require special considerations during the
performance of the work. The following sections describe these considerations.

6.1  Clearing and Grubbing

Before site grading and excavating, existing vegetation, topsoil, and any debris should be cleared and
stockpiled in accordance with the project specifications. The clearing and grubbing depths are anticipated
to be up to 18 inches in depth unless organic soils or tree roots are encountered. Where concentrations of
organic soils and tree roots are found, deeper removal may be required. The geotechnical engineer may
be consulted to provide additional recommendations for removal of deeper organics, if encountered. Topsoil
and debris should not be incorporated into any engineered fill.

6.2 Foundation Preparation

Subgrade preparation is applicable to the areas of proposed embankment fill, the proposed filter
diaphragms, conduits, and appurtenant structures. The geotechnical engineer should observe the
excavated subgrade for these areas to verify potentially soft or overly-compressible soils are not present.
The contractor should be prepared to provide a small excavator for shallow test pits as needed. The
geotechnical engineer will determine the presence of loose, soft, or compressible material and recommend
undercut depths as needed. The subgrade should be clean and free of unsuitable materials (trash, organics,
wood, and other degradable or deleterious materials).

Before the start of construction of structures or placement of fill, the subgrade should be proof-rolled with a
fully loaded dump truck or similarly heavy-wheeled vehicle to detect soft or loose zones. If pockets of
unsuitable materials encountered in this process cannot be satisfactorily compacted at the subgrade, these
soils should be removed and replaced with embankment fill or other material as approved by the
geotechnical engineer and compacted as recommended in the project specifications.

6.3 Groundwater Control

Groundwater was encountered in the borings and will likely be encountered in subgrade excavations of the
cutoff trench and in other excavations at the project sites. Groundwater controls may be necessary for the
entire duration of earthwork operations. Groundwater levels must be maintained at least 2 feet below the
proposed excavation bottom for trafficability and stability. Temporary dewatering is the responsibility of the
contractor and requirements are outlined in the project specifications.

Groundwater levels can fluctuate depending on rainfall, runoff conditions, and other factors. The contractor
must verify groundwater conditions before construction and submit a plan to the Engineer for approval prior
to implementation of the work.

Prepared for: Jacobs & NYSDEC AECOM
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Appendix A — Geotechnical Memorandum: SMP-11 and
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Appendix B — Geotechnical Engineering Report: SMP-11 and
TEMP-SMP-01
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Appendix C — Hydrologic and Hydraulic Report
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Project Yankee
Project number: 60778293

Report Structural Engineering Design Report: DRAFT
2026-03-09

The proposed service spillway’s geometry will consist of a precast concrete riser with an inner diameter of
5-feet and wall thickness of 5-inches. The riser will rest on a 10-foot-by-10-foot (length x width), 18-inch-
thick foundation slab.

The precast concrete service spillway’s reinforcement design will be the responsibility of the fabricator, with
minimum requirements provided in the project’s technical specifications.

Table 18. Service Spillway Stability Analysis Results — Sliding and Flotation

L. Sliding Criteria (FOS) Flotation Criteria (FOS)
Load Combination - - - -
Required Analysis Required Analysis
U1 — Usual Loading (Normal) 15 14.3 1.3 N/A
UN1 — Unusual Loading (SDF1) 1.5 N/A 1.2 14
UN3 — Unusual Loading (SDF2) 1.5 N/A 1.2 1.2
E1 — Extreme Loading (Seismic) 1.25 >99 1.1 N/A

Table 19. Service Spillway Stability Analysis Results — Overturning and Bearing

Overturning Criteria (Resultant Bearing Criteria (psf)
Load Combination Location)
Required Analysis Required Analysis
U1 — Usual Loading (Normal) Middle 1/3 Middle 1/3 4,000 408
UN1 — Unusual Loading (SDF1) Middle 1/3 Middle 1/3 4,000 312
UN3 — Unusual Loading (SDF2) Middle 1/3 Middle 1/3 4,000 183
E1 — Extreme Loading (Seismic) Within Base Middle 1/3 4,000 405

4.3 Auxiliary Spillway

The results of the auxiliary spillway stability analysis are presented in Table 20 below. The NYSDEC
requirements for stability are met for all relevant load cases and the bearing pressure on its supporting soil
foundation is within allowable values.

The auxiliary spillway’s geometry consists of two 11.8-foot-high, 18-inch-thick walls supported on a 6-foot-
wide, 18-inch-thick footing.

Table 20. Auxiliary Spillway Stability Analysis Results — Sliding and Flotation
Sliding Criteria (FOS) Flotation Criteria (FOS)

Load Combination

Required

Analysis

Required

Analysis

UN3 — Unusual Loading (SDF2)

1.5

N/A

1.2

1.3

The auxiliary spillway’s reinforcement consists of the following:

o Wall Stem (Vertical): #6 bars at 6” O.C.
¢ Wall Stem (Horizontal): #4 bars at 12” O.C.

e Wall Footing (Longitudinal): #6 bars at 6” O.C.
o Wall Footing (Horizontal): #4 bars at 12" O.C.

AECOM
16

























































- Imagine it. 625 Ridge Pike
Delivered. Conshohocken, PA
Telephone: (610)
832-3500

www.aecom.com

Calculated By: KA/MAD
Date: 1/21/2026

Project: Yankee Checked By: NP
Task: SMP-11 Retaining Wall Design for Date: 3/6/2026

Load Case 2 - Unusual (Spillway Design Flood) Job Number: 60586008
Purpose:

These calculations are for the purpose of checking the structural stability of the retaining wall at the
maximum section of SMP 11. As an appurtenant structure to the dam, this stability analysis was
performed in general accordance with USACE EM 1110-2-2100, Stability Analysis of Concrete
Structures

Assumptions:

Headwater and tailwater elevations are assumed for the analyzed loading condition.
Surcharge loads were adopted based on Jacob’s assumptions.

Wall elevations were taken from Jacob’s calculations.

Soil properties were obtained from Jacob’s analysis file and AECOM based on the
geotechnical assumption.

The case studied corresponds to the 100-year design event.

Backfill behind wall is placed at EL. 395 ft and to finished grade in front of the wall, as soil
excavation is not anticipated to be performed during the design flood event.

Wall can be evaluated as a retaining wall based on unit strip.

Wall footing has a shear key. Uplift is calculated per Appendix C of USACE [6].

Wall drains (weep holes through wall stem) are provided, however, assumed to be not
effective for stability analysis.

A=~

o o

© N

References:

[1]- ACI 318-19, Building Code Requirements for Structural Concrete.

[2]- ACI 350-20, Code Requirements for Environment Concrete Structures.

[3]- USACE EM 1110-2-2502, Retaining and Flood Walls (2022).

[4]- DRB-04 Site Retaining Wall Structural Calculation Report by Jacobs Solutions, Inc.,
Revision 1 dated 11/06/2025.

[5]- New York State Department of Environmental Conservation (NYSDEC) Guidelines for
Design of Dams (1989).

[6]- USACE EM 1110-2-2100, Stability Analysis of Concrete Structures (2005).
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Figure 1: General Location Plan

Material Properties

Yeone *= 150 pef

Ywater = 02.4 pcf

Oallow :=4000 psf

Vsoit_m*= 125 pef

Vsoil b= Vsoit m— Ywater = 02.6 pcf
Opn =33 deg

1,:=60 ksi

f1=5 ksi

pe:=0.4

c:=0 psf

2
K,:=tan (45 deg—(d);l])) =0.29

1
K, ::E tan (45 deg +

Unit Weight of Concrete

Unit Weight of Water

Allowable Foundation Bearing Capacity,[4]

Moist Unit Weight of The Soil, [4]

Submerged Unit Weight of the Soil

Coefficient of Internal Friction of The Soil
Reinforcement Yield Strength, [4]

Concrete Compressive Strength (28 day), [4]
Friction Coefficient for Sliding within the Foundation

(Assumed at upper end of range) [4]

Conservatively, Neglect Cohesion at Concrete/
Foundation Interface, [6]

Active Earth Pressure Coefficient, [6]

Passive Earth Pressure Coefficient, [6]




Wall Properties

ELTO.wall =398 ft
ELBO.footing =375 ft

thace 1= 24 in

ELTO.footing = ELBO.footing + tbase =377 ﬁ

ELy,=372 fi
lhey'=2 fi

ey =ELgo footing— ELkey =3 ft
EL s s0i=395 ft

EL g soi'=379 ft

EL,.. =39157 fi
ELyy=379 fi

hwall = ELTO.wall - ELBO.footing =23 ﬁ

hwall.stem = ELTO.wall - ELTO-fOOIing =21 ft

t,:=30 in

hus_soil = ELus_soil - ELkey =23 ft

hds_soil = ELds_soil - ELkey =7 ﬁ

hus_soil_TF = ELus_soil - ELTO.footing =18 ﬁ

hds_soil_TF = ELds_soil - ELTO.footing =2 ft

h

water "

ELwater _ELkey =19.57 ft

haw=ELpy—EL, =17 ft

hHW_Top = ELwater - ELTO.footing =14.57 ft

hTW_TOP ::ELTW_ELTO:footing: 2 ﬁ

Ly :=22.775 ft

Top of Wall

Bottom of wall footing

Base Thickness

Top of Wall Footing

Bottom of Shear Key

Shear Key Thickness

Depth of Shear Key

U/S Backfill soil Elevation

D/S Backfill soil Elevation
Headwater Elevation

Tailwater Elevation

Height of The Wall

Height of the Wall stem

Wall Thickness

U/S Soil Height

D/S Soil Height

Soil Height on Top of The Heel
D/S Soil Height on Top of The Toe
Headwater Height

Tailwater Height

Water Height on Top The Heel
Water Height on Top The Toe

Footing Length




L.:=4.5 ft Length of Wall Toe

Lheel = Lbase - Ltoe - tw =15.75 ft
I/Vsurcharge =0 D Sf

bi=1 ft Unit Width

Surcharge Load

Length of Wall Heel

ELrpwan = Tw
?.;'f' ELus_sou
* 4+ P T =TT =TT T T T—TT 1
== =T
=I=I=I=I=I=I=]E A
h-alsten
hwall
h
____!_ELTuuter ELds soil ’—tEnse
’ s soil
ey Pas_soal “.‘:’
i -J.r 7 z . i
F Lawr. | s
[htor : Lo
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Figure 3: Section Free Body Diagram
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Calculate the vertical load

Calculate the area of the section
AI = hwall.stem oly= 52.5 ﬁ2
AZ ::Lbase * thase = 45.5 ftz
(A) Gravity Load of Section
W] = YCOHC . b ‘AI = 7875 lbf
tW
xwl ::?-’_Ltoe: 575 ﬁ

W= one b+ A,=6.83 kip

Ly,
X0 1= —20¢ — 1138 ft
2
W= hkey' tkey *Yconc * b=0.9 kip

t
Xws3 ::Lbase_%:?‘ljs St

Wtotal:: W] + W2+ W3: 15.6 ki])

Wiex, ;+Wyex,,+Wsiex
X, = 1°Xwi ;/WZ 3 W3:9.13ft
i1

otal

(B) U/S Hydrostatic Load on top heel

Viw = Ywater * Lol * hHW_Top +b=14.32 kip

Lheel

=14.88 ft

Xvhw = Lbase -

(B) D/S Hydrostatic Load on top toe

Viw="Ywater * Ltoe * hTW_Top +b=0.56 kip

Viw "

L
Xy 1= ;"3:2.25 ft

Area of the Wall Stem

Area of Footing

Wall Stem Load Section
Moment Arm

Foundation Load Section
Moment Arm

Shear Key Section

Moment Arm (key at U/S heel)

Total Weight

Total x Centroid

Headwater Load

Moment Arm

Tailwater Load

Moment Arm




(C) U/S Backfill on The Heel

hus_soil_TF: 18 ft

hus soit ary v*= || I ELyarer LELT0 footing =343 ft
EL s s0i=EL70 footing

it EL70 footing < ELywater <ELys soir

EL, sou—EL
if ELys soi< ELygier
0 ft

water

hus_soil_sub_V:: if ELwater < ELTO.footing =14.57 ﬁ

0 ft
if EL TO.footing < ELwater < ELus_soil

ELwater —EL TO.footing
if EL, . <EL

us_soi water

ELusﬁsoil - ELTO.footing
pus_soil]_V:: 0 Psf

pus_soil2_V:: if ELwater < ELTO.footing =428.75 pSf

(ELusisoil —EL TO.footing> * Vsoil_m
if ELTO.fooling < ELwater < ELus_soil

<ELusisoil - ELwater) * Vsoil_m
if EL >FEL

water = us_soil

pus_soil]_V

pus_soil.?_V:: if ELwater < ELTO.footing =912.08 pSf

p us_soil2 V

if ELTO.fooling < ELwater < ELus_soil
<ELwater —EL TO.footing> * Vsoil b
if EL >FEL

water = us_soil

(ELus_soil —ELy O.footing> * Vsoil b

Vus_soil_dry_V::pus_soil2_V' <Lheel> «b=6.75 kip
Vus_soil_sub_V::pus_soiB_V' <Lheel> «b=14.37 kip

Vus_soil = Vus_soil_dry_V+ Vus_soil_sub_V: 21.12 klp

Height of Dry Soil on Top of The
Heel

Height of Submerged Soil on Top the
Heel

Top soil Pressure

Soil Pressure at Water Elevation

Top Footing Soil Pressure

Vertical Dry Soil Load on
The Heel

Vertical Submerged Soil
Load on The Heel

Weight of soil on Upstream Face of
Wall




Xy :=if Vi =0 kip| = 14.88 fi

o
else
Lbase - Lheel
2

(B) D/S Backfill on The Toe
hds_soil_TF: 2 ft

hds_soil_dry_V:: if ELTW < ELTO.footing

ELdsﬁsoil —EL TO.footing

ELdsﬁsoil —EL ™
if ELdsﬁsoil < ELTW
0 ft

hds_soil_sub_V:: if ELTWS ELTO.footing

0 ft

ELTW_ ELTOfooling
if ELyq sou<ELpy

ELdsisoil - ELTO.footing

pds_soil]_V:: 0 Psf

Pas soiz vi= || i EL7y <EL70 foosing

if ELTO.fooling < ELTW < ELds_soil
<ELdsisoil —EL TW) * Vsoil_m
if ELTW > ELdsisoil

Pas soill v

Pas soi3 vi=|| i EL7y <EL70 foosing

V4 ds_soil2 V

if ELTO.fooling < ELTW < ELds_soil
<EL ™W = EL TO, footing) * Vsoil b

if ELTW > ELdsisoil

<ELds_soil —ELy, O.jboting> * Vsoil b

if ELTO.footing < ELTW < ELds_soil

if EL TO.footing <EL w< ELds_soil

(ELdvjoil —EL TO.footing> * Vsoil_m

=125.2 psf

Moment Arm

Height of Dry Soil on Top of The
Toe

Height of Submerged Soil on Top the Toe

Top soil Pressure

Soil Pressure at Water Elevation

Top Footing Soil Pressure




Vds_soil_dry_V::p ds soil2 V* <Lt0e> +b=0 kip
Vds_soil_sub_V::pds_soiB_V' <Ltoe> +b=0.56 kip

de_soil = Vds_soil_dry_V+ Vds_soil_sub_V: 0.56 klP

X,0= lf Vds_soil=0 kip :225 ﬁ
o7

else
Ltoe

2
(C) Vertical Surcharge on Heel

Vsurcharge = Wsurcharge * Lpeer* b=0 kip

Lieel
XVsurcharge ::Lbase_ 2ee = 1488ﬁ

Vertical Dry Soil Load on The Toe

Vertical Submerged Soil Load on
The Toe

Weight of soil on Upstream Face
of Wall

Moment Arm

(D) Uplift Force at Foundation/Concrete Interface

Line of Creep Method per USACE EM 1110-2-2502

Total head difference

water

Seepage Path Segment Lengths

L,p=0 ft (assume no head
loss U/S of key)

Lpci=ti, =2 ft

Lep=ELgo footing= ELiey =3 ft
Lpr=Lyase = trey=20.75 ft
Legp:=ELyy— ELBo.jbotmg =4 ft
L= Lpgse = trey=20.75 ft
Le=ELpo footing— ELjey=3 ft

Lop=ELry—EL,, =7 St

SEEPAGE

PATH _\:

,,,,,, ——
D E
B c oG

Case 1 - Seepage Path for Overturning Analysis




SEEPAGE

:
PATH \
:

Case 2 - Seepage Path for Sliding Analysis

Case 1 - Uplift for Overturning Analysis

Upi= <ELwater - ELkey) * Ywater = 1221.17 psf

Uei= | (ELyygier— ELgy) — A+ 0 +<ZZ>+ ™ “Vwater = 1160.25 psf
g3=| (ELyygier— ELyey) — 4 (LBiLjCLJ;DLiDL)DE> Yuater = 1068.86 psf
U= | (ELyygier— ELggy) — A+ (LBiLjCL J;ji”;;}fi‘?ﬁ) Yater = 542.26 psf
Uperturning = —%  (up+11,) * Lygs» b=—20.06 kip

2y it Rt ) g fi

3 . <1/lb+1/le>

Case 2 - Uplift for Sliding Analysis

u,=1221.17 psf

Lpc+Lcg
Ug:= (ELwater - ELkey> — Ay < > * Ywater = 021.36 psf
(LBc+LCG +LGF>
1 .
Usliding = _E ° <ub + ug) *Lpuse® b=-20.96 kip

Lbase . <2 * Uy + Mg>
3 . <ub+ ug>

xUsliding:: =12.61 ﬁ

e




Overturning Analysis

For retaining walls with shear keys, the overturning analysis considers the point of rotation at the D/S Toe
@ BO Footing. U/S headwater and soil loads computed to the bottom of shear key. The D/S soil force is
not calculated explicitly. Rather, the required D/S soil force is assumed to be equal to the force to maintain
horizontal sliding equilibrium, ignoring frictional resistance along bottom of footing. Force is assumed to
act at mid-height of key. Soil above the key (e.qg. above the footing bearing elevation) is ignored in the

lateral force calculation [3].

Calculate the Horizontal Load

(A) Driving Hydrostatic Load

Hpyy o= —% “tty* (EL g — ELy,,) «b=—11.95 kip
EL, ..., —EL

Yiw ::W”’+"ey: 6.52 ft

YuW.ot = YHW — hkey =3.52 ft
M or'=Hywor* Yuw.ot = —42.1 kip - ft

(B) Resisting Hydrostatic Load

1 .
Hryy, ’:3' Ue* (ELTW_ELBO.]‘ooting> +b=1.08 kip

ELyy—EL ;
Yrwp = ™ BO.footing + hkey:4-33 ﬁ

1 .
Hpy» ::3 « (u.+1g) * (ELgo footing— ELyey) + b=3.34 kip
hkey . (2 . T/ld+ Mc>

=148 ft
3 (ot g /

Yrw2i=

Hryor=Hpy; + Hpy, =4.43 kip

Hoyyy o Yrwi +Hywo * Yrw:
YTWot*= =2.138 ft

HTW.ot

Mynor'=—Hrwor* Yrwor=—9.65 kip« ft

Headwater Load
Moment Arm to B.O. Key

Moment Arm (note: above
ELBO.footing)(CW moment)

Moment about D/S Toe

Tailwater Load above Shear
Key
Moment Arm

Tailwater Load on Shear Key

Moment Arm

Tailwater Load

Moment Arm (note: below
ELBO.footing)(CW moment)

Moment about D/S Toe




(C) Upstream Backfill

hus_soil =23 ft

h

us_soil_dry =

h

us_soil_sub "~

if ELwater < ELkey
ELMSfSOl’l - ELkey

if ELyy, < EL,y0<EL

ELusisoil —EL

if ELusisoil < EL

0 ft

=3.43 ft

us_soil
water

water

if EL,
0 ft

if ELgy < ELyger
EL,uer—ELp,
if EL s soit <ELyter
EL, oy —ELg,

SELkey =19.57 ft

<EL

us_soil

us_soil

Pus_soill *= VVsurcharge -K,=0 psf

pus_soil2 =

pus_soil3 =

if

if

if

if

if

if

water —

<ELusisoil - ELkey) * Vsoil_m*® I<a +pusﬁsoi11
ELkey <EL < ELus_soil

<ELusisoil - ELwater> * Vsoil_m*® Ka +pusisoill
EL >FEL

water —

EL ey <ELy,,

water

us_soil

p us_soill

EL ey <ELy,,

water —

pusﬁsoilZ
ELkey <EL < ELuS_mﬂ

<ELwater - ELkey> * Vsoil b*® Ka +p us_soil2
ELwater > ELusisoil
<ELus_soil - ELkey) * Vsoil b*° K, +pus_soil2

water

=126.4 psf

=487.55 psf

1 ,
us_soil_dry= " <pus_soill +p us_soil2> ¢ <hus_soil_dry> «b=—0.22 kip

H

2

1 ,
Hus_soil_sub = _E <pus_soi12 +pus_soil3> ° <hus_soil_sub> «b=—6.01 kip
Hus_soil.ot = us_soil_dry + Hus_soil_sub =—06.22 klp

Total Height of U/S Backfill

Height of Dry U/S Backfill

Height of Submerged U/S Backfill

Top U/S Backfill Pressure

U/S Backfill Pressure at Water
Elevation

Bottom Footing U/S Backfill
Pressure

Dry U/S Backfill Load

Submerged U/S Backfill
Load

Total Lateral U/S Backfill
Load




yus_soil_dry = if Hus_soil_dry =0 klp =20.71 ﬁ
o
else
hus_soil_dry ¢ (2 °p us_soill +p us_soi12>
+ husﬁsoilisub
3. <pus7soill +pus7soi12>
yus_soil_sub = if Hus_soil_sub =0 klp =7.87 ft
o
else
hus_soil_sub * (2 'pus_soiIZ +pus_soil3>
3. <pusisoi12 +pusﬁsoil3>
Vus soil = H us_soil_dry *Yus_soil dry +4, us_soil_sub * Yus_soil_sub =831 ft
Husﬁsoil.ot
Yus_soil.ot *=Yus_soil — hkey =531 ft
MHus_soil.ot =14y soil.ot * Vus soil.ot = —33.07 kip - ft
(C) Downstream Backfill
Hds_soil.ot = |Hus_soil4ot + HHW.ot + HTW.ot =13.75 klp
hk
des_soil.ot:: = = L5 ft
MHds_soil.ot = _Hds_soil.ot *VHds_soil.ot— —20.62 kip - ft
Overturning Stability
Mige := Wiotar* X+ Vus_soil <Xyt Vds_soil X+ VwsXonw 4 =309.3 ft- kip

+ VTW * Xviw + Uoverturning *XUot + Vsurcharge °X Vsurcharge d
+ Mth.ot + MHtW ot + MHusisoil.ot + MHdsisoil. ot

FN:: VVtotal+ Vus_soil+ Vds_soil+ Vsurcharge 4=32.1 klp

overturning

Moment Arm for Dry Soil to
B.O Key

Moment Arm for Submerged
Soil to B.O. Key

Total Moment Arm to B.O. Key

Total Moment Arm to D/S Toe
(note: above ELBO.footing)(CW
moment)

Moment about D/S Toe

Total D/S Backfill Load

Total Moment Arm to D/S Toe
(note: above ELBO.footing)(CCW
moment)

Moment about D/S Toe

Total Moment about D/S Toe

Total Vertical Load Resisting
Overturning




Mtoe
X:= =9.63 ft
FN

L
e::%—){:l.ﬂft

Lbase_3 79ﬁ
5 =>5.

Resultant Location := || if |e| gﬂ
B 6

H “100% of Base in Compression”

base base

else if <lel<

H “75% of Base in Compression”

L L
else if base < |€| < base
4 3

“50% of Base in Compression”

base base

else if <lel<

“Resultant Within Base”
else

Foundation Bearing Stresses

F .
o= —2 o [14+8 e):2059.3 psf
L base * b base
F .
Dhoot = —~ -(1—6 e)=762-9PSf
L base * b base

Gmax = Max <qtoe ’ qheel> =2059.3 psf
G =14.3 psi

Checkyearing = 1 Gqiiow > Gmax
ok
else
“NO GOOD”

“Unstable-Resultant Outside Base”

Resultant Location from D/S Toe

Resultant Eccentricity to Center
of Base

Limit for Base Being in
Compression Only

Resultant_Location ="“100% of Base in Compression’

The requirements for overturning in a Unusual
loading condition is "75% of Base in
Compression”. (USACE [6])

Gomin*=min <Qtoe ) qheel) =762.9 psf

Gin="15.3 psi

Checkpeging = “OK”




Sliding Analysis

For retaining walls with shear keys, sliding evaluated at horizontal plane through the soil foundation at
ELkey , corresponding to plane C-F. Upon inspection of the wall, the loads, and the foundation soils,
this is assumed to be the critical slip plane. D/S soil forces based on passive wedge resistance using
the full depth of the D/S soil. Frictional resistance is calculated on plane C-F using the internal friction of
the soil foundation. Uplift pressures calculated on plane C-F as well. [3]

(A) Downstream Backfill

hds_soil =7 ft

hds_soil_dry =

hds_soil_sub =

if ELyyy<ELy,, =0 ft
ELdsﬁsoil —EL key

if ELy, <ELpy<ELy s
ELdsisoil —EL ™w

if ELdsisoil < ELTW

0 ft

if EL;yy<ELy,, =7ft
0 ft

if ELy,, <ELpy<ELgys g0
ELpy—ELy,,

if ELys soi <ELpy

EL s soi1— ELjey

pds_soil] =0 psf

pds_soil2 =

pds_soilj’ =

if

if

if

if

if

if

ELpy<ELy, =0 psf
<ELdsisoil - ELkey> * Vsoil_m*® K‘p

ELjey < ELryy<ELys i1

<ELds7soil —EL TW> * Vsoil m* Kp

ELpy>EL s g0i

p ds_soill

ELpy<EL key

Pas soil2

ELjey < ELryy<ELys i1

(EL ™= ELkey> *Vsoit_b* Kp+ Pas_soit2
ELpy>EL s g0i

(ELys soir—ELyey) * Vsoit 5* K+ Pas soit2

=743.21 psf

Total Height of D/S Backfill

Height of Dry D/S Backfill

Height of Submerged D/S Backfill

Top D/S Backfill Pressure

D/S Backfill Pressure at Water
Elevation

Bottom Footing D/S Backfill
Pressure




1 ,
Hds_soil_dry ::5 <pds_soill +p ds_s0i12> ° <hds_soil_dry> +b=0 kip

1 ,
Hds_soil_sub ::E (pds_soiIZ +pds_soil3> ° <hds_s0il_sub> «b=2.6 kip

H ds_soil =H ds_soil_dry +H ds_soil sub= 2.6 klp

(B) Soil Under the Footing

Dry D/S Backfill Load

Submerged D/S Backfill
Load

Total Lateral D/S Backfill
Load

Total weight of the soil between the base of the footing and bottom of the shear key contributes to the

resultant normal force acting on the slip plane.

Asoil.ﬁg = hkey ° <Lbase - tkey) =62.25 ﬁ2

Vsoil.ftg =Vsoil m 'Asoil.ﬁg «b=7.78 klP

Sliding Stability

F N= VVtotal + Vus_soil + Vds_soil + Vsoil.ﬁg+ Vsurcharge 4=38.99 k ip
+ Ve + Viw+ Usiiding

FH ::HHWot +HTW.ot+Hus_soil.ot +Hds_soil =-—11.14 klp

Fyepy

FS
|Ful

1.4

sliding *=

FS 1.3

req =

CheCksliding = if FSsliding > FSreq
H “OK”
else

“NOT OK”

Soil area under footing

Weight of soil under footing

Total Vertical Loads Resisting Sliding

Sum of Sliding Forces

Sliding Factor of Safety (Cohesion
Conservatively Ignored)

The requirements for sliding in an
Unusual loading condition is a factor of
safety of 1.3 (USACE [6])

Check “OK”

sliding =




Calculating Factor of Safety for Flotation

Wet We+S

FSﬂotution = U— WG

WS:: Wtotal+ Vus_soil+ Vds_soil+ VHW+ VTW: 52.16 klp
WC = 0 ki])

Si= Vsurcharge =0 klp

U= Uoverturning =—20.059 kip
We:=0 kip
Wot WetS
ESporation = |U|—W =26
S

FSreq_ﬂotation =12

Checkﬂotation = if FSﬂomtion ZFSreq_ﬂotation
H [13 OK”
else

“NOT OK”

Calculate Shear/Moment:

¢H = 16

¢F = 1.2

¢D = 12

a) Calculate Load on Stem

U/S Hydrostatic Load

= hHW_TOpz *Voater * 0 =0.62 kip

F 1_stem :

1
2

h
V1 stem = HV;—”” =4.86 ft

Weight of the structure

Weight of the water Contained on within the
structure

Surcharge Load
Uplift Force

Weight of The Water Above Top Surface of The
Structure

Minimum Required Flotation Factor of Safety
(USACE [6])

CheCkﬁatation =“0OK”

Soil Load Factor Per ACI 350-20
Section 9.2.1 (Equation 9-2)

Fluid Load Factor Per ACI 350-20
Section 9.2.1 (Equation 9-2)

Dead Load Factor Per ACI 350-20
Section 9.2.1 (Equation 9-2)




U/S Backfill load

hus_soil_TF = ELus_soil - ELTOJboting =18 ft

Pus soit1 = Weurcharge * Ka =0 psf Top U/S Backfill Pressure
Pus s0i12°= (ELus soit=ELvyater) * Vsoit m* Ko+ Pus soir1 = 1264 psf U/S Backfill Pressure at Water
- - - - Elevation
Pus_soil3*= <ELwater_ELTOfooting> * Vsoit b* KaFPus soi12=395.28 psf Bottom Footing U/S Backfill
- - - Pressure
Hus_soil_dry ::% <pus_soill +pus_soi12> ° <hus_soil_dry> «b=0.22 kip Dry U/S Backfill Load
Hys soit sub ::l <pus soil2 T Pus soil3> ° <hus soil sub) «b=5.1 kip Submerged U/S Backfill
- 2 - - - Load
Fy stem=Hys soit dry+ Hus soit sup="5-32 kip Total Lateral U/S Backfill
- - - Load
Vus soit dry*= || I Hyg soit ary="0 kip =20.71 ft Moment Arm for Dry Soil to
- H 0 f; - B.O Key

else
hus_soil_dry ¢ (2 °p us_soill +p us_soilZ)
3. <pus7soill +pus7soi12>

+ husﬁsoilisub

Vus soit sub = || i Hys soit sup=0 Kip =8.1 ft Moment Arm for Submerged
Hoft Soil to B.O. Key
else
s soit sub* (2 *Pus_soil2 +pus_soil3>
3. <pusisoi12 +pusisoil3>

H . . . +H . . . .
Vs stom = us_soil_dry Yy us_soil_dry us_soil_sub Yy us_soil_sub —8.62 ft Total Moment Arm TOp Foundation
B FZfstem
M;:= Fl_stem *¥1 stem + F2_stem *Y2 stem = 78.02 kip - ft Service Moment
Vii=F| gem+F2 stem=11.94 kip Service Shear Force
Mu = ¢F * Fl_stem ¢ YI_stem + ¢H * F2_stem * y2_stem =111.97 klp 'ft Factored Moment (LRFD)

V=0 F gom+ O Fa geem=16.46 kip Factored Shear Force (LRFD)




Concrete Reinforcement Design Per ACI 350-20

Rectanqular Section in

Flexure:

b:=12 in c:=2in
ReinfBar:= Bar: #8 v s:= Spacing: 6 ¥
h:i=¢,=2.5 ft

d, .
d::h—c—7:27.5 in

wedy’ +b )
A provi=— 2 =1.57 in
4es
a::M:Lgs in
0.85+1b

Calculate Net Tensile Strain:

. 2
:=0.85—.00005 + 2. (1. — 4000 psi) =0.8
Bi I (f'c pSt)
g 1= 0.003- (p,-d—2) =0.03
a
¢RF:: if StZ 0.005/=0.9
[0
else
|0.65

§>0.005  Tension-Controlled Section

Calculate Environmental Durability Factor:

dy:= Bar: #8 v
Depth of Section

Depth to
Reinforcement

Total Area of Reinforcement
Provided

Depth of Equivalent Stress Block

Equivalent Depth Factor

Net Tensile Strain

Strength Reduction Factor

B:=if h>16in =1.2 Strain Gradient Factor
|12
else
|1.35
M, . )
vi= =1.44 Combined Load Factor (Section 9.2.6)




kip

320 —
fsmax = m =34.143 ksi
d 2
B-\/s2 +4.|2 in+22
2
Sd::max(d)RF.fy ,1.0):1.1
Y * Tsmax

M, =Sy M, =123.4 kip-ft

Check Flexural Strength:

a .
My = A, povefy e (d—z) =208.73 kip - ft

Mul
=0.66
¢RF 'Mn

CheCkFlex i=if M, < ¢RF ‘M,
H “PASS,’

else
“FAIL”

Check Minimum Area of Reinforcement Required:

A proy=1.57 in’
ol le
) C*pst .

Ay, *=max PSi g 200psizhed |y g,

b b
CheCkReinforcement = if Asmin < As _prov

H “PASS”
else

‘GFAIL’ 9

Permissible Stress in Reinforcement for
Normal Environmental Exposure (Section
10.6.4.5)

Environmental Durability Factor (Section
9.2.6)

Required Moment Strength

Nominal Flexural Strength

Design Flexural Strength

Demand Capacity Ratio

Checkp,, = “PASS”

Area of Reinforcement Provided

Minimum Area of Reinforcement Required
(Section 10.5.1)

CheCkReinforcement =“PASS”




Rectanqular Section in Shear (Per ACI 350-20 Section 11.1):

Ai=1
0,:=0.75
V,=16.46 kip
P Se _ .
V,:=2 psiehs - +b+d=46.67 kip
psi
[Vl
=0.47

05+ Ve

Checkgpeyi=1if V, <0+ V.
“PASS”
else

“FAIL”

Shrinkage steel calculation for horizontal steel

P i=0.0025

. 2
As.ts.req =Pis* hwall.stem +1,=18.9 in

Ap:=Bar: #5v s:= Spacing: 12 ¥
A4,=0.31
A
nb’req = s.ts..req :60,97
Ay ein
h

I.stem — € .
spmv::M:ﬁZ,S in

Modification Factor for Normal Weight Concrete
Shear Reduction Factor
Factored Shear Force

Nominal Shear Strength Provided by
Concrete

Demand Capacity Ratio

Checkgpeq = “PASS”

Assume reduced restraint, per ACI 350-20
Table 12.13.2.1

Total required area of T&S reinforcement

Number of bars required are 48 bars, 24 at
each face

greater than 12" (max), reduce
spacing

24" thick wall stem with #8 @ 6" E.F. vertical & #5 @ 12" E.F. horizontal is OK




Design Footing

Calculate the Moment/Shear of Each Applied Load

Structure Self Weight load

Wtotal:: W] + W2: 14.7 kiI’

Wiex,+W,e
X,= 1°Xw] 2 XW2:8.36ﬁ
VVtolal
P:= Wtotal
W. . e
X, ="M _g 36 f

total

w

Lbase
e, = 5 —-X,=3.01ft

6.
P=—L 14 eW)zS.OSpsi
L base * b base
6.
p=—t 1= ew)=0.92psi
L base * b base
P,—P, .
Py,:=P,— *Lica | =312 psi
base
P,—P
Py=P,— | ——L (Lo +1,) | =233 psi
base
Total Centroid X
L. (P,+2 P
Xpool = heel < 1 2> :671ft
3-(P;+P,)
L.+ (P;+2 P
Xigo 1= toe < 3 4) :192ft

3+ (Ps+P,)

Calculate Moment/Shear at Heel/Toe

1 ,
Mheel_w = (E ° <PI +P2> *Licer b) * Xjeer = 85.04 fit+ kip

Mtoe_w = (%' <P3+P4> .Lt0e°b) * Xpeer = 1.08 ft- kip

1 .
Vheel_w = (E ° (PI +P2> * Lheel) «b=12.67 kip

Total Weight Stem and Foundation

Total x Centroid
Wall structure Load

Moment Arm

Eccentricity about the resultant

Location.

Pressure at end the heel

Pressure at the end of the toe

Pressure at the beginning the heel

Pressure at the beginning of the toe




Vtoe_w = (%' <P3 +P4> 'Ltoe) «b=1.05 klp

Vertical U/S Soil Load

v,

us_soi

,=21.12 kip

X — Vus_soil'xvl —14.88 ft

us_soil "=
us_soil

L
base X

e B us_soil = =35 ft

us_soil *—

P:=V

us_soil

6

¢ eus_soil) =0.5 psi

base

6.e

Lbase

”S—S"”) =12.4 psi

. Lheel) = 873 psi

base

=10.04 psi

¢ <Lheel + tw>

base

Total Centroid X

_ Lheel'<P1+2 P2>

= —1022 ft
Fheel =737 (P, +P)) %

_ Lyet (P35+2 P))

= =233
Xtoe 3. <P3 +P4> St

Calculate Moment/Shear at Heel/Toe

1

Myeer vus= (E (Py+P3)  Lig* b) “ Xpoe1 = 106.96 fit+ kip
Mo yus= (% <P3+P4> 'Ltoe-b) X, =16.93 ft«kip

1 .
Vieel vusi= (E (P+Py)- Lheel) «b=10.47 kip

1 .
Viee yus*= (E . <P3 +P4> . Ltoe) «b=7.27 kip

U/S Vertical Load

Total x Centroid

Eccentricity about the resultant

Location.

Pressure at end the heel

Pressure at the end of the toe

Pressure at the beginning the heel

Pressure at the beginning of the toe




Vertical D/S Soil
Vds_soil =0.56 klp

Vi wi®X
de—mil::M: 2.25 ft

ds_soil

Lb
€ds soil = % _de_soil =9.13 ft

P:= Vds_soiZ:O'56 klp

6. .
Pi= P + eds—ml):o.59 psi
L base * b base
6. .
Py= F . 1— eds‘sml):—o.24 psi
L base * b Lbase
P,—P, .
Py=P,— +Ljee1|=0.01 psi
base
P,—P
Py=P,— | ——2L. (Lo +1,) |=—0.08 psi
base
Total Centroid X
L., (P,+2 P
Xheel = heel < ! 2> :536.ﬁ
3' <P1 +P2>
L.+ (P;+2 P
xtoe:: o < J 4> :263ft

3+ (Ps+P,)

Calculate Moment/Shear at Heel/Toe

1 .
Myeer vpsi= (E (P;+P;) *Lyear® b) * Xjeet = 3.64 ft + kip

Mo ypsi= (% <P3+P4> 'Ltoe-b) “Xye=—0.27 ft+kip
1 .
Vieel vps*= (5 (PI +P2> . Lheel) +b=0.68 kip

1 .
Viee vps*= (E . <P3 + P4> . Ltoe) «b=—0.1 kip

D/S Vertical Load

Total x Centroid

Eccentricity about the resultant
Location.




Vertical Headwater water Load

Xm0 14,88 fr
VHW

6.
+ e“HW) —0.34 psi

base

base

6.
J1- e“HW) —8.41 psi

. Lheel) = 592 psi

base

=6.81 psi

° <Lheel + tw>

base

Total Centroid X

_ Lheel'<P1+2 P2>

cel = =10.22 ft
Xheel 3. (P,+P2> L

i Lt0e°<P3+2 P4>

= =233
Xtoe 3. <P3 —|—P4> ﬁ

Calculate Moment/Shear at Heel/Toe

1

Myyeer viw= (5 <PI +P2> .Lheel'b) *Xppe1 = 12.52 ft - kip

1

Mipe viw= (E <P3+P4> °Ltoe-b) X0 = 11.48 ft+kip

1 .
Vieel vw:= (5 : <P1 + P2> . Lheel) «b="7.1 kip

Vtoe_VHW:: (% . <P3 +P4> B Ltoe) +b=4.93 kip

Vertical Headwater Load

Total x Centroid

Eccentricity about the resultant
Location.




Vertical Tailwater water Load

Viw=0.56 kip
Voo
XTW::TW—XVtW:zzsﬁ
VTW

Lyyse
CnTw = Zm —Xpp=9.13 ft

P:VTW
6.
P=—L |14 e“””):o.ss psi
Lbase b base
6.
p=—t 1= e“TW)=—0.24 psi
Lbase b Lbase
P,—-P, .
Py,:=P,— *Lice|=0.01 psi
base
P,—P
Py=P,— | ——2L. (Lo +1,) |=—0.08 psi
base
Total Centroid X
Lice* (P;+2 P
Xpool 1= heel < 1 2> :536ﬁ
3-(P;+P,)
L..-(P;+2P
Xigo 1= toe < 3 4> :263ft

3+ (Ps+P,)
Calculate Moment/Shear at Heel/Toe

1 ,
Mheel_VTW:: (E ° <P1 +P2> *Licer® b) * Xjoot = 3.63 ft+ kip

1 ,
Mtoe_VTW:: (E ¢ <P3 +P4> *Lige* b) *X10e=—0.27 ft+ kip

1 .
Vieel yrw= (5 . <P1 +P2> . Lheel) +b=0.68 kip

1 .
Viee vrw+= (z <P3 +P4> 'Ltoe) «b=—0.1 kip

Vertical Tailwater Load

Total x Centroid

Eccentricity about the resultant
Location.




Horizontal Headwater water Load

Hy= —%- Uy * (EL ygier— ELp0 footing) * b =—10.12 kip Horizontal Headwater Load
EL —EL j
Xypyi= — 22T 3 BOfooting — 552 fi Total x Centroid
L
ey i=—28e _ X, =585 ft Eccentricity about the resultant
2 Location.
P=Hpy
6
P,:= P HW) =—7.85 psi
Lbase b base
6
P,i= P 1 eHW) =1.68 psi
Lbase b L base
P,—P,
P,:=P,— Lice | =—1.26 psi
base
o Pi—Py :
P;:=P,— . <Lheel+tw> =—0.21 psi
Lbase
Total Centroid X
Lipeer* (P;+2 P
Xpool = heel < 1 2> :597ﬁ
3-(P;+P,)
Lie* (P3+2 P
Xige 1= toe < 3 4> =3.21 ft

3+(Ps+P,)
Calculate Moment/Shear at Heel/Toe

1 ,
Mheel_HW:: (E' <P1 +P2> 'Lheel'b) *Xpeet=—61.71 ft+ kip

1 ,
Mtoe_HW:: (E' <P3+P4> *Lioe 'b) *X10e=1.53 ft kip

Vieel Hw*= (% (P,+P,) 'Lheel) «b=—-10.33 kip

Vtoe_HW:: (% * <P3 +P4> . Ltoe) +b=0.48 kip




Horizontal Tailwater water Load

Hyy=1.08 kip Horizontal Tailwater Load

Xpy=yrw1 =433 ft
Total x Centroid

Lpyse
eTW:: bz[lS(, —XTW: 704ﬁ

P:=Hpy, Eccentricity about the resultant
Location.
6.
P=—T |14 eTW):o.% psi
Lbase b base
6.
p=—t 1= eTW):—o.zs psi
Lbase b Lbase
P;—P, .
Py,:=P,— *Lieet | =0.09 psi
base
P,—P
Py=P,— | ——2L. (Lo +1,) |=—0.04 psi
base
Total Centroid X
Licey* (P;+2 P
Xpool = heel < 1 2> :573ﬁ
3-(P;+P,)
Lige* (P3+2 P
Xigo 1= toe < 3 4> :281ft

3+ (Ps+P,)

Calculate Moment/Shear at Heel/Toe
1 .
Mheel_TW:: (E ¢ <P1 +P2> *Licer* b) *Xjeet = 0.76 ft+ kip

Mo 1wi= (% (P;+Py) -Lwe-b) X,pp=—0.3 ft-kip

1 .
Vieel Twi= (E (P;+P) 'Lheel) «b=1.18 kip

1 .
Vtoe_TW:: (E' <P3+P4> 'Ltoe) «+b=—0.11 kip




Horizontal U/S Soil Load
s soit ary=ELys soit = ELyygier =343 ft

s soit sub*=ELvaier— ELBO fooring=16.57 ft

Pus soit1 = Wurcharge * Ka=0 psf

Pus soi12°= (ELus soit=ELvyater) * Vsoit m* Ko+ Pus soir1 = 1264 psf

Pus s0it3 = (ELvater = ELB0 fooring) * Vsoit 5* Ko+ Pus soirz=432.19 psf
H 1

us_soil dry*= "

B <pus_soill +pus_soil2> * <hus_soil_dry> «b=-0.22 klp

1 ,
Hus_soil_sub = _E <pus_soi12 +pus_soil3> ° <hus_soil_sub> «b=—4.63 kip
H us_soil =H, us_soil_dry +4H, us_soil_sub— —4.84 klp

v ._ hus_soil_dry ° <2 *Pus_soill +p us_soil2>
us_soil_dry*—
3. <pus7501'11 +pusﬁsoi12>

+ hus_soil_sub

hus_soil_sub ° <2 *Pus soil2 +p us_soil3>
3. (pusisoiﬁ +p usisoi13>

Y us_soil_sub =

Vus soit™= H, us_soil_dry *Yus_soil dry +H, us_soil_sub * Yus_soil_sub —5.65 ft
Husﬁsoil.ot
P::Hus_soil
Xus_soil =y us_soil
Lb
eus_soil.ot:: 2ase _Xus_soil:5~72 ft
6.c .
P] — P 1+ us_sozl) ——0.11 pSl
LbaSe b Lbase
6.c .
P4 — P J1- us_sozl) —_284 pSl
LbaSe b Lbase
P,—P, _
P2 ::Pl - ° Lheel =-2 DSt
base
P,—P
P3 ::P]_ 1 4 R <Lheel+tw> =-23 psi
base

U/S Soil Load

Dry U/S Backfill Load
Submerged U/S Backfill

Load

Total Lateral U/S Backfill
Load

Moment Arm for Dry Soil to
T.0 Key

Moment Arm for Submerged
Soil to T.O. Key

Total Moment Arm to T.O. Key

Total x Centroid

Eccentricity about the resultant
Location.




Total Centroid X

_ Lheel'<P1+2 P2>

el = =10.22 ft
Fheel 3-(P,+P)) %

Y = Ltoe'<P3+2 P4>
toe 30<P3—|—P4>

=233 ft

Calculate Moment/Shear at Heel/Toe

1 ,
Mheel_us_soil = (E ° <P1 +P2> *Licer* b) *Xpeot=—24.54 ft+ kip

Mtoe_us_soil = (% ¢ <P3 +P4> *Lie* b) X0 =—3.88 ft+ kip

1 .
Vheel_us_soil = (5 * <P1 +P2> . Lheel) h=-24 kip

1 :
Vtoe_us_soil = (3 * <P3 + P4> . Ltoe) «b=—-1.67 kip

Horizontal D/S Soil Load
hds_soil_sub = ELTW_ ELBO.footing =4 ft
pds_soil] =0 psf

Pas_soil2 = <ELds_soil _ELTW> * Vsoil_m* I<p +pds_soil] =0 psf

Pus_soil3*= <ELTW_ ELBO.footing> * Vsoil b*® I<p +pds_soil2 =424.69 psf

1 ,
Hds_soil_dry ::E <pds_soill +p ds_soi12> ° <hds_soil_dry> «b=0 kip

1 ,
Hds_soil_sub = 5 (pds_soiIZ +pds_soi13> ¢ <hds_soil_sub> «b=1.49 kip

Hds_soil = Hds_soil_dry + Hds_soil_sub =1.49 klp

_ hds_soil_sub ° <2 *Pus_soil2 +p ds_soil3>

Yds_soil *= =241 ft
N 3. <pusisoi12 +p usisoil3>

P::Hds_soil: 1.49 klp

de_soil =Yy ds_soil

Dry U/S Backfill Load

Submerged U/S Backfill
Load

Total Lateral U/S Backfill
Load

Moment Arm for Submerged
Soil to T.O. Key




Ly,
eds_soil.ot = _de_soil =8.97 ft

6. .
P] — P J1- eds_sozl.ot ——0.62 pSl
Lbase b L base
6. .
P4 — P + eds_sozl.ot) —=1.53 pSl
Lbase b base
PI_P4 .
Py,:=P,— *Lieet | =0.87 psi
base
P,—P
Py=P,— | ——2L. (Lyou +1,) |= 1.1 psi
base
Total Centroid X
L. (P,+2 P
Xpoot i = heel < 1 2> :2364ﬁ
3-(P;+P,)
Lot (P;+2 P
Xpppi= toe < 3 4> :237ﬁ

3+(Ps+P,)

Calculate Moment/Shear at Heel/Toe

1 ,
Mheel_ds_soil = (E ° <P1 +P2> *Licer* b) * Xjeot = 0.03 ft + kip

1 .
Mtoe_ds_soil = (5 ¢ <P3 +P4> *Lige* b) *X10e=2.02 ft+ kip

1 :
Vheel_ds_soil = (3 * <P1 +P2> . Lheel) -6b=0.28 kip

1 .
Vtoe_ds_soil = (E * <P3 + P4> . Ltoe) «+b=0.85 kip

Uplift Pressure
hiw=ELyyuer — EL0 footing

hpws=ELpy— ELBO.footing

1 .
U:= _E <hHW+ hTW) * Lpase * Ywater * b=—14.6 kip

 Lpgger (2 hyy+ hTW)

X, = —13.69 fi
3. <hHW+ hTW>




L
e, = 1’2 —X,=—-2232 ft

6.
p=—" . u)=_1.73 psi
Lbase b L base
6.
Pr=— L 1-2"% )| 718 psi
Lbase b L base
P;—P, .
Py,:=P;,— *Lice | =—5.5 psi
base
P,—P
Py=P,— | L. (Lyou +1,) |=—6.1 psi
base
Total Centroid X
Ly (P,+2 P
Koot i = heel < 1 2> :924ﬁ
3-(P;+P,)
L..-(P;+2P
Xpppi= toe < 3 4> :231ft

3+(Ps+P,)

Calculate Moment/Shear at Heel/Toe

1 ,
Mheel_u = (5 ° <P1 +P2> *Licer* b) *Xpoot=—715.86 ft+ kip

Mige ui= (% (Ps+Py)Lige+ b) “Xppe=—9.95 ft+kip

1 .
Vheel_u = (E' <P1 +P2> * Lheel) «b=-8.21 kip

Vtoe_u = (%' <P3 +P4> . Ltoe) «b=—43 kip

Mheel s Mheel_w + Mheel_VUS + Mheel_VDS + Mheel_VHW+ Mheel_VTW+ Mheel_HW+ Mheel_TW 4=123.08 ft ° klp
+M, heel_us_soil + Mheel_ds_soil + Mheel_u

Mtoe ::Mtoe_w +Mtoe_VUS+ Mtoe_VDS +Mtoe_VHW+Mtoe_VTW+ Mtoe_HW+Mtoe_TW 4=24.37 ﬁ ° klp

+M, toe_us_soil +M, toe_ds_soil +M, toe_u

Vheel = Vheel_w + Vheel_VUS + Vheel_VDS + Vheel_VH wt Vheel_VT wt Vheel_H wt Vheel_T /4 4=12.11 klp

+ Vheel_us_soil + Vheel_ds_soil + Vheel_u




Vtoe = Vtoe_w + Vtoe_VUS + Vtoe_VDS + Vtoe_VH W+ Vtoe_VT W+ Vtoe_HW+ Vtoe_T w d= 8.3 klp

+ Vtoe_us_soil + Vtoe_ds_soil + Vtoe_u

M, :=M,,,,;=123.08 kip-ft

V= V= 12.11 kip

Service Moment

Service Shear

M, :=¢p- <Mheel_w + Mheel_VUS + MheeZ_VDS> + g <Mheel_us_soil + Mheel_ds_soil> d=140.53 kip - ft
+ 0 (Myeer viw+ Micer yrw+Micer s+ Myeer 7w+ Mieer )

Factored Moment

V= ¢D ¢ <Vheel_w + Vheel_VUS + Vheel_VDS> + ¢H ° <Vheel_us_soil + Vheel_ds_soil) 4=13.68 kip
+ ¢F * <Vheel_VHW+ VheeZ_VTW+ Vheel_HW+ Vheel_TW+ Vheel_u>

Rectanqular Section in
Flexure:

b:=12 in

ReinfBar:= Bar: #10 v
h:= tbase =2 ﬁ

d, .
d::h—c—7:20.37 in

wedy’ +b )
Ay provi= =253 i
4eg
A .
a::M:‘zQS in
0.85+7+b

Calculate Net Tensile Strain:

. 2

By :=0.85—.00005 + - (,,— 4000 psi) =0.8
Ibf

0.003« (By+d—
= (Bi-d=2) 1
a
¢RF:: if StZ 0.005/=0.9
03
else

|0.65

c:=31in

s:=Spacing: 6 ¥

Factored Shear

dy:= Bar: #10 v
Depth of Section

Depth to
Reinforcement

Total Area of Reinforcement
Provided

Depth of Equivalent Stress Block

Equivalent Depth Factor

Net Tensile Strain

Strength Reduction Factor




€>0.005 Tension-Controlled Section

Calculate Environmental Durability Factor:

Bi=if h>16 in =12
|12
else
|1.35

Mu
=1.14
M;

’Y::

320 1P

£ n

smax::
B-\/s2 +4.

S, = max (M 1.0) —1.42

¥ * Tsmax

=33.393 ksi

d 2
2in+—b
2

M, :=Sq+ M, =199.03 kip-ft

Check Flexural Strength:

a N
M, = Ay proy ® fy-(d—g):239.l kip « ft
Opr* M, =215.19 kip - ft

Mul
=0.92
¢RF 'Mn

Checkyey = if My <dpp+M,
| pass”
else
“FAIL”

Strain Gradient Factor

Combined Load Factor (Section 9.2.6)

Permissible Stress in Reinforcement for
Normal Environmental Exposure (Section
10.6.4.5)

Environmental Durability Factor (Section
9.2.6)

Required Moment Strength

Nominal Flexural Strength

Design Flexural Strength

Demand Capacity Ratio

Checkp,, = “PASS”




Check Minimum Area of Reinforcement Required:

A proy=2.53 in’
ol le
) s *pst .
Ay, *=max PSi_ L p.q, 200psizhed | gg iy
b b
CheCkReinforcement = if Asmin < As _prov
H “PASS”
else
‘GFAIL”

Area of Reinforcement Provided

Minimum Area of Reinforcement Required
(Section 10.5.1)

CheCkReinforcement =“PASS”

Rectanqular Section in Shear (Per ACI 350-20 Section 11.1):

Ai=1
0,:=0.75
V,=16.46 kip
NP Se _ .
V,:=2 psiehs - +b+d=34.56 kip
psi
[Vl
=0.64

05+ Ve

CheCkShear i=if V< ¢s -V,
‘CPAS S,’

else
“FAIL”

Shrinkage steel calculation for horizontal steel

P i=0.0025

. 2
As.ts.req =Pis* hwall.stem +1,=18.9 in

Ap:=Bar: #5v s:= Spacing: 12 ¥
A4,=0.31
A
nb’req = s.ts..req :60,97
Ay ein
h

—C
Sy = —IM = 62.25 in

Modification Factor for Normal Weight Concrete
Shear Reduction Factor
Factored Shear Force

Nominal Shear Strength Provided by
Concrete

Demand Capacity Ratio

Checkgpeq = “PASS”

Assume reduced restraint, per ACI 350-20
Table 12.13.2.1

Total required area of T&S reinforcement

Number of bars required are 48 bars, 24 at
each face

greater than 12" (max), reduce
spacing




24" thick footing with #10 @ 6" E.F. vertical & #5 @ 12" E.F. horizontal is OK

Calculate Load on Shear Key

U/S Hydrostatic Load
P water_top_key = <hwater - hkey) * Ywater = 7.18 D Si

P water_Bottom_Key *= hkey * Ywater — 1.3 pst

1 ,
F 1_SK_HW ::E <P water_top_key +P water_Bottom_Key> ° hkey «b=1.83 kip

hkey * <2 P water_top_key +P water_Bottom_Key) =185 ft

Y1 SK HW =
3. <P water_top_key +P wateriBottamiKey>

D/S Hydrostatic Load
PTW_top_key = <hTW_ hkey) * Ywater = 0.43 psi

P TW _Bottom Key ‘= hkey"‘/water: 1.3 psi

1 ,
F 2 SK TW = E <P TW top key +P TW_Bottom_Key> * hkey «b=0.37 kip

Py * (2 "Prw iop_key+ Prw_Bottom key > =1.25 ft

Y2_sk_Tw =
3. (P T Witopikey_*_P TWiBottomiKey>

U/S Backfill load

pus_soil]_K = I/Vsurchar;ge * Ka =0 pSf

Pus soil2 K= <<ELus_soil - ELwater> * Vsoil_m*® Ka) d =487.55 psf
+ <<ELwater - ELkey> * Vsoil b° Ka> +pus_soill

Pus_soil3 K= <ELus_soil - ELkey> * Vsoil b*° K, +pus_soil2 =550.85 psf

1 ,
F3_SK_soi1 = 5 <pus_soi12_K+pus_soil3_K> ° hkey +b=1.56 kip

hkey ¢ <2 *Pus soil2 K +pus_soil3_K> =147 ft
3. <pusisoi127K +p usﬁsoil37K>

Y3 SK soil ‘=

Top U/S Backfill Pressure

U/S Backfill Pressure at Water
Elevation

Bottom Footing U/S Backfill
Pressure




D/S Backfill load

pds_soil]_K = I/Vsurchar;ge * Ka =0 pSf

Pas soil2 K= <<ELds_soil - ELTW> * Vsoil_m*® Ka) d

+ <<ELTW_ ELkey) * Vsoil b* Ka> +pus_soil]

=129.18 psf

Pas soil3 K= <ELds_soil - ELkey> * Vsoil b*° K, +pds_soil2 =129.18 psf

1 ,
F4_SK_soi1 = 5 <pds_soi12_K +pds_soi13_K> ° hkey +6=0.39 kip

hkey ¢ <2 *Pds soil2 K +p a’s_soil3_K> =15 ft

Y4 sk soil ‘=

3. <Pds7soi1271< +P¢s7soil371<>

Top U/S Backfill Pressure

U/S Backfill Pressure at Water
Elevation

Bottom Footing U/S Backfill
Pressure

M:=F; gk nw*¥1 sk maw+F2 sk tw*¥2 sk tw+F3 sk soit* Y3 sk soit 4 =843 kip«ft Service Moment

+F3 sk soil * Y3 SK_soil

Vei=F sk uw+F2 sk 1w+ F3 sk soit 7 F3 sk _soit =5.32 kip

M, =g+ (F5 sk soit* Y3 sk_soit + F3 s _soil* Y3 sk soit) ¢ =11.95 ft-kip

+ g+ (FI_SK_HW *¥i sk aw tF2 sk twe Yz_SK_TW>

V=0 (F3 sk soit + F3 sk soit) + 95 * (F1_sk_nw +F2 sk tw) =7.63 kip

Concrete Reinforcement Design Per ACI 350-20

Rectanqular Section in
Flexure:

b:=12 in

ReinfBar:= Bar: #8 v
h:= tkey =2 ft

d, .
d::h—c—7:21.5 in

medy,® b

4es

A =1.57 in®

S_prov "

—M:Lgs in

a:=
0.85+f+b

c:=2in

s:=|Spacing: 6 ¥

Service Shear Force

Factored Moment (LRFD)

Factored Shear Force (LRFD)

dy:= Bar: #8 v
Depth of Section

Depth to
Reinforcement

Total Area of Reinforcement
Provided

Depth of Equivalent Stress Block




Calculate Net Tensile Strain:

in’
Ibf

_0.003+ (B, -d—a)

a

B, :=0.85—.00005 - — (. — 4000 psi) =0.8

g =0.02

O 1= if £,>0.005/=0.9
0.9
else
|0.65

§>0.005  Tension-Controlled Section

Calculate Environmental Durability Factor:

Bi=if h>16 in =12
|12
else
|1.35

=34.143 ksi

Sd::max(m, 1.0):1.12

¥ * Tsmax
M, :=Sy- M, = 13.33 kip - fi

Check Flexural Strength:

a N
Mn::AS_pmV-fy-(d—E): 161.6 kip- ft
O+ M, = 14544 kip - fi

Mul
=0.09
¢RF * Mn

Equivalent Depth Factor

Net Tensile Strain

Strength Reduction Factor

Strain Gradient Factor

Combined Load Factor (Section 9.2.6)

Permissible Stress in Reinforcement for
Normal Environmental Exposure (Section
10.6.4.5)

Environmental Durability Factor (Section
9.2.6)

Required Moment Strength

Nominal Flexural Strength

Design Flexural Strength

Demand Capacity Ratio




CheCkFlex i=if M, < ¢RF ‘M,
H “PASS,’

else
“FAIL”

Check Minimum Area of Reinforcement Required:

A proy=1.57 in’
ol le
) s *pst .
A, = max psi vbed, 200 psi-b-d
b b
CheCkReinforcement = if Asmin < As _prov
H “PASS”
else
‘GFAIL”

Checkp,, = “PASS”

Area of Reinforcement Provided

=0.91 in* Minimum Area of Reinforcement Required

(Section 10.5.1)

CheCkReinforcement =“PASS”

Rectanqular Section in Shear (Per ACI 350-20 Section 11.1):

Ai=1
0,:=0.75
V,=7.63 kip
P Se _ .
V,:=2 psiehs - +b+d=36.49 kip
psi
[Vl
=0.28

05+ Ve

Checkgpepri=if V, <0,V
| “pass”

else
“FAIL”

C

Shrinkage steel calculation for horizontal steel

P i=0.0025

. 2
As.ts.req =Pis* hwall.stem +1,=18.9 in

Ap:=Bar: #5v s:= Spacing: 12 ¥

4,=031

Modification Factor for Normal Weight Concrete
Shear Reduction Factor
Factored Shear Force

Nominal Shear Strength Provided by
Concrete

Demand Capacity Ratio

Checkgpeq = “PASS”

Assume reduced restraint, per ACI 350-20
Table 12.13.2.1

Total required area of T&S reinforcement




A

M rog = ”mz =60.97 Number of bars required are 48 bars, 24 at
Ay+in each face
h _
spmv::%’"c: 62.5 in greater than 12" (max), reduce
spacing

24" thick shear key with #8 @ 6" E.FE. vertical & #5 @ 12" E.F. horizontal is OK




- Imagine it. 625 Ridge Pike
Delivered. Conshohocken, PA
Telephone: (610)
832-3500

www.aecom.com

Calculated By: KA/MAD

Date: 1/21/2026

Checked By: NP
Project: Yankee Date: 3/6/2026

Task: Retaining Wall Design for Job Number: 60586008
Load Case 3 - Extreme (Seismic)

Purpose:
These calculations are for the purpose of checking the structural stability and strength of the retaining

wall at the maximum section of SMP 11. As an appurtenant structure to the dam, this stability analysis
was performed in general accordance with USACE EM 1110-2-2100, Stability Analysis of Concrete
Structures.

Assumptions:

1. Surcharge loads were adopted based on Jacob’s assumptions.

2. Wall elevations were taken from Jacob’s calculations.

3. Soil properties were obtained from Jacob’s analysis File and AECOM based on the
geotechnical assumption.

4. The case studied corresponds to the 2,475-year design event.

5. Backfill behind wall is placed at EL. 395 ft and to finished grade in front of the wall, as
soil excavation is not anticipated to be performed during the design seismic event.

6. Wall can be evaluated as a retaining wall based on unit strip.

References:

[1]- ACI 318-19, Building Code Requirements for Structural Concrete.

[2]- USACE EM 1110-2-2502, Retaining and Flood Walls (2022).

[3]- DRB-04 Site Retaining Wall Structural Calculation Report by Jacobs Solutions, Inc., Revision 1
dated 11/06/2025.

[4]- New York State Department of Environmental Conservation (NYSDEC) Guidelines for Design of
Dams (1989).

[5]- USACE EM 1110-2-2100, Stability Analysis of Concrete Structures (2005).

[6] - USACE EM 1110-2-6053, Earthquake Design and Evaluation of Concrete Hydraulic Structures
(20007)

NYSDEC Load Cases:

Load Case 3: Extreme (Seismic)
Normal Pool Elevation = 379 feet, Uplift, Dead, Surcharge Load, Seismic (PGA = 0.12g), Soil

to finished grades




Figure 1: General Location Plan

Material Properties

Yeone 7= 150 pef

Ywater := 62.4 pcf

Gallow :=3000 psf

Vsoit_m =125 pef

Vsoil_b*= Vsoil m — Ywater = 02.6 pcf
gy =33 deg

J,:=60 ksi

f.=5 ksi

pe=0.4

c:=0 psf

Unit Weight of Concrete

Unit Weight of Water

Allowable Foundation Bearing Capacity,[3]

Moist Unit Weight of The Soil, [3]

Submerged Unit Weight of the Soil

Coefficient of Internal Friction of The Soil
Reinforcement Yield Strength, [3]

Concrete Compressive Strength (28 day), [3]
Friction Coefficient for Sliding within the Foundation

(higher end of assumed range) [4]

Conservatively, Neglect Cohesion at Concrete/
Foundation Interface, [5]




Seismic Soil Coefficients:

K,:=0.118- 2 _0.08 Peak Horizontal Ground Acceleration in G's (USGS
3 Hazard Tool) - Reduced by 2/3 per EM 1110-2-6053
K,:=0.0 Vertical Acceleration in G's

v

Mononobe-Okabe Seismic Analysis Lateral Soil Pressure Coefficients [5]:

v

K, L .
= atan( 1 h ) =4.5 deg Seismic Inertia Angle

B:=atan (0) =0 deg Inclination of Soil Surface

2. <tan <¢ﬂu) — Kh)

= =1.086
CI 1 + Kh . tan <¢ﬁ11>
crim tan <¢ﬁll> . (1 —tan <¢ﬁll> - (tan (B)) — (tan (B)) + Kh> —1.026
tan <¢ﬁ11> * <1 + Kh ° tan <¢ﬁll)>
c;+ V <C]2 +4'02>
Olgesive = atan 5 =1.037
—CI+ V <C]2 +4'02>

Opassive = atan 5 =0.545
K = ( 1= tan (0 - 0t (dene) ) ( tan (Gcne) )“ =029 Active Wedge Lateral

L+tan (gy) « tan (¢yeine) ) | tan (a acnve> tan () )| Pressure Coefficient
Kpi= ( 1 +tan <¢ﬂll) - cot (apamve> J ( tan < pmwve> )” —342 Passive Wedge Lateral

1 —tan (dg) - tan (Gpqssive) ) | 1N (@assive) — tan (B) Pressure Coefficient

( 1 —tan (g

<0t (¢ ) ( +( an (Gacrve) - l) . y‘“’”’”) =0.29 Buoyant Lateral Pressure
1 +tan ¢ﬁll *tan acttve> tan < actlve> tan (B) Vsoil b “

Coefficients in Active &
Passive Wedges

1 —tan (dgy)

(a

(a
* cot <apamve> 1+ tan < pamve) —1]. Vsoil m =342
*tan <apamve> tan < pamve) tan (B) ysoilib ”

Rl Rl |

(
(
K, = ( 1 +tan §¢ﬂ“




Wall Properties

EL70.yan*=398 ft

ELBO./boting =375 ft

tpase := 24 in

EL 16 footing = ELB0 footing T+ tase =377 ft
ELy,, =372 ft

lhey =2 fi

hkey = ELBO.fouting - ELkey =3 ft
EL,, g=395 ft

ELjys sir=379 ft

EL, 0r =379 ft

ELpy=379 ft

hvair = EL10,vann — ELBOfooting =23 ft
vait.siem ™= EL 70 wai — ELTO./buting =21ft
t,:=24 in

hyoii = ELusisoil - ELBOfuoting =20 ft
hdsﬁsoil = ELdsisoil - ELBO./boting =4 ft
hsoilfTF = ELusisail - ELTOﬁ)oting =18 ft
hdsisoiliTF = ELdUoﬂ - ELTOfooting =2ft
Mgater = ELyyater = ELBO fooring =4 ft
hyw=ELpy— ELBO.footing =4 ft

hHWiTop = EL,qper— ELTOfooting =2 ft
hTWiTup :=ELpy— ELTO./buting =2 ft

Lyusei=22.75 ft

Top of Wall

Bottom of wall footing

Base Thickness

Top of Wall Footing

Bottom of Shear Key

Shear Key Thickness

Depth of Shear Key

U/S Backfill soil Elevation

D/S Backfill soil Elevation
Normal Pool Headwall Elevation
Normal Pool Tailwater Elevation
Height of The Wall

Height of the Wall stem

Wall Thickness

Soil Height

D/S Soil Height

Soil Height on Top of The Heel
D/S Soil Height on Top of The Toe
Headwater Height

Tailwater Height

Water Height on Top The Heel
Water Height on Top The Toe

Footing Length




Ltoe =45 ft
Licel = Lpgse — Lioe — 1 = 16.25 ft
I/Vsurcharge =0 Psf

b:=1ft

Length of Wall Toe
Length of Wall Heel
Surcharge Load

Unit Width

EL us_soil
EL rpwau *'_T"_'j
' ===
ZMmMﬁ_UT
—[[I=1=H
_:m:m:l h<oi
Nyal stem :mﬁmﬁmT
- —[[I==E
!ELT-N*@" ELas_sot [tBosel" —1i—u |—111-Em5m%l Y il
= iy T F ’Mﬁ! A ELua!er T
hrw Pz sl ,_'. 4 hiw
ﬁ — —EVII‘ BD.;;}otin«g
2 11 7 R AT T
L toe ™ - L eet e i
“Base
Figure 2 : Typical section of the retaining wall
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Figure 3: Section Free Body Diagram
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Calculate the vertical load
Calculate the area of the section

A;=h t,=42 ft°

wall.stem

AZ = Lbase * Thase = 45.5 ﬁ2

(A) Gravity Load of Section
Wii="Yeone*b+A;=6.3 kip

t,
Xwi ::7+Ltoe:5'5 ft

._ hwallstem _
Pap = b =125 fi

W2 *=Yconc * b 'AZ

L
X0 i= ”2 =11.38 ft

tbase 1 _ﬁ
Y2 i= =
)

Wsi= hkey * tkey *Yeonc * b=0.9 kip
— Yhey _
%37 Ly, ~ =275 f

Yw3 = _hkey =-3 ﬁ

Woari=W;+ W, + W;=14.03 kip

Wiex, i+ Wyex,,+ Wje
P Xpp T WoeXy+ W3 xw3:9'4ﬁ
I/Vtotal

Wiy + Wy o+ Wsey,
= 1°Ywi 2° Vw2 3y3:5.91ft
I/Vtotal

Area of the Wall Stem

Area of Footing

Wall Stem Load Section

Moment Arm

Foundation Load Section

Moment Arm

Shear Key Section

Moment Arm (key at U/S heel)

Total Weight

Total x Centroid

Total y Centroid




Vertical load

(A) U/S Hydrostatic Load on top heel

Viw = Ywater * Lneel * hHWiTop +b=2.03 kip

L
Xyvhw = Lbase_ };el =14.63 ﬁ

(B) D/S Hydrostatic Load on top heel

Viw = Ywater * Ltoe * hTWiTop +b=0.56 kip

vtw

Ltoe ) 25 ﬁ
X, = = 2.
2

(C) U/S Backfill on The Heel

hsoiliTF: 18 .ﬁ

hsoit ary vi= || I ELygier <EL70 fporing =16 ft
EL s s0i = EL10 footing
it EL70 footing < ELywaer <ELys o1t
H ELMUO[] —FEL
if ELuS_Soi[ <EL
o

‘water

water

hsoit sub vi=|| i ELygser <EL70 fooring =2 ft
oz
i EL70 footing < ELywater <ELys soir
ELwater - ELTO.footing
if EL, ,oq<EL

water

H ELusisuil - ELTOJboting

pusﬁsoilliV:: 0 psf

DPus_soit2 vi=|| i ELyqier <EL70 fooring =2000 psf
<ELquil —EL TO footin g) * Vsoil_m

it EL10 footing < ELyater <ELys o1t

(EL, sou—EL
if EL >FL

water < us_soil

water) * Vsoi I m

pus_soill_V

Head Water Load

Moment Arm

Head Water Load

Moment Arm

Height of Dry Soil on Top of The
Heel

Height of Submerged Soil on Top the
Heel

Top soil Pressure

Soil Pressure at Water Elevation




pusﬁsoil37V:: if ELwater < ELTOJboting =1252 pSf

Pus soil2 v

it EL10 footing < ELyater <ELys o1t
<ELwater - ELTO.footing> * Vsoil_b
if ELyuier 2 ELys soi

<EL us_soil — EL TO.footin g) * Vsoil b

VsoilﬁdryiV::pusisui127V' (Lheel> «b=325 klp
VsoilﬁsubﬁV::pusisoilj’iV' (Lheel> +b=2.03 klp

V

N

0il = Vsoilﬁdry7V+ VsoilfsubiV: 34.53 klp

x,:=1f V,y=0 kip =14.63 ft
Jos

else

1
Lbase - E * Lheel

(D) D/S Backfill on The Toe

hdsﬁsoilﬁTF =2 .ﬁ

has soit_ary v*= || i ELrw < EL70 footing =0 ft
‘ EL s soit = EL10 fooring

it EL10 footing < EL7w < EL 45 5011

if ELds_soil <ELpy
o

has soit sub v= || I ELr <EL10 fooring =2 fi
Jos

if EL70 fooring < ELw <ELgs _soit
‘ ELqy—EL TO footing

if ELys oy <ELry

H ELdsisoil - ELTO.footing

Top Footing Soil Pressure

Vertical Dry Soil Load on
The Heel

Vertical Submerged Soil
Load on The Heel

Weight of soil on Upstream Face of
Wall

Moment Arm

Height of Dry Soil on Top of The
Toe

Height of Submerged Soil on Top the Toe




psoilliV =0 psf

Psoitz vi=|| it ELryw <EL70 footing

(ELdsisoil —EL TOfooting> * Vsoil_m
it EL70 fooring < EL7w < ELyq 5011
(ELduoﬂ - ELTW> * Vsoil_m

if ELpy> ELjq soir

psoi[l_V

psoileV = || if ELTWS ELTO.footing
Psoir2 v
if ELTO.ﬁ)oting <EL w< ELdsisoil

<EL ™ EL TOfooting) ° ysoilib
if EL ™ > ELds_soil

(ELds_soil —EL TOfooting> * Vsoil b

VsoilﬁdryiV::psiniV' <Lt0e> +b=0 klp

VsoilﬁsubﬁV::psoiBiV' (Ltoe) +b=0.56 klp

Vdsisuil = VsoilidryiV-i_ VsoilﬁsubﬁV: 0.56 klp

Xy =1f Vi ooy =0 kip =2.25 ft
Jos

else

Ltoe
2

=125.2 psf

Top soil Pressure

Soil Pressure at Water Elevation

Top Tooting Soil Pressure

Vertical Dry Soil Load on
The Toe

Vertical Submerged Soil
Load on The Toe

Weight of soil on Upstream Face of
Wall

Moment Arm




(D) Uplift Force at Foundation/Concrete Interface

Line of Creep Method per USACE EM 1110-2-2502

Total head difference
Ah = ELwater _ELTW: 0 ﬁ
Seepage Path Segment Lengths

L,p:=0 ft (assume no head
loss U/S of key)

L=t =2 ft

Leps= ELBO.ﬁwting - ELkey =3 ft
Lppi=Lygse — trey=20.75 ft
Lgp:=ELpy— ELBOfooting =4 ft
LG = Lypase = trey=20.75 ft
Lgg= ELBOfooting - ELkey =3 ft

Lgp=ELpy—EL, =17 ft

Case 1 - Uplift for Overturning Analysis
Uy = (ELyygter— ELpyy) * Vyater = 436.8 psf
u.==u,=436.8 psf

g = (ELyyater = EL B0 footing) * Ywater = 2496 psf
u,=uy;=249.6 psf

Uoverturning = _% * <ub + ue> . Lbase «b=-7.81 klp

_ LbaSe ° <2 cUp+ ue)

= =12.409 ft
o 3. <ub + ue> %

SEEPAGE

PATH _\:

,,,,,, ——
D E
B c oG

Case 1 - Seepage Path for Overturning Analysis

SEEPAGE
PATH

Case 2 - Seepage Path for Sliding Analysis




Case 2 - Uplift for Sliding Analysis
u,=436.8 psf

ugi=u, =436.8 psf

Usliding = _% * (ub + ug> . Lbase +b=-9.94 klp
L ase * 2eu,+u
xUsliding:: ba < b g) = 11375ﬁ

3. (ub + ug>
(F) Vertical Surcharge

Vsurcharge = Wsurcharge * Lheel +b=0 klp

L
szurcharge = Lbase - 1;61 =14.625 _ft

Overturning Analysis

For retaining walls with shear keys, the overturning analysis considers the point of rotation at the D/S Toe
@ BO Footing. U/S headwater and soil loads computed to the bottom of shear key. The D/S soil force is
not calculated explicitly. Rather, the required D/S soil force is assumed to be equal to the force to maintain
horizontal sliding equilibrium, ignoring frictional resistance along bottom of footing. Force is assumed to
act at mid-height of key. Soil above the key (e.q. above the footing bearing elevation) is ignored in the

lateral force calculation [3].

Horizontal Load

(A) Driving Hydrostatic Load

_l * Ywater * hwater2 «b=-0.5 kip

Hyppyi=
HW b

hwater
YHW ’:TZ 1.33 ft
(B) Resisting Hydrostatic Load
1 2 ,
HTW::? *Vwater * ™ +b=0.5 kip

h
mz%zlssﬁ

Headwater Load

Moment Arm

Tailwater Load

Moment Arm




(C) Upstream Backfill Heights
hsoil =20 ﬁ

h if ELwater < ELBOﬁ)oting =16 .ﬁ

soil_dry ‘=
ELys soit = ELB0 footing

if ELgo footing < ELvyaier < EL

if ELy sou < ELygrer

o

water us_soil

water

h if ELyuier < ELBo fooring =4 ft
o

it ELgo jooting < ELwater < ELys soi1
H ELwater - ELBO.footin g

if EL,; soy<EL

soil_sub =

water

H ELusisoil - ELBO.ﬁ)oting
(D) Downstream Backfill Heights
hdsﬁsoil =4 ﬁ

has soit_ary*= || i ELrw < ELpo fooring =0 ft
H EL gy soit = ELp0 footing

it ELo fooring < EL7w < ELgg 5o
H ELys son—ELrw

if ELdS_SO” <ELry
o

hdsﬁsoilﬁsub = if ELTWg ELBOfaoting =4 ﬁ

o
if ELgo footing < ELw <ELyq g0
‘ ELryy— ELpo footing
if ELyy ou<ELpy

H EL s soit = ELp0 footing

(E) Downstream Soil Passive Load (Dynamic)

Vsoil m*® hds soil dry2 .
APpp; ==K+ = == «b=0 k
™ ! (2 ° <tan (apasxive> —tan (B)) ] ?

ek 2
APPEQ — _Kh . ysmlfb ds_soil_sub h=—0.06 klp
2-tan <apassive>

Total Height of Soil

Height of Dry Soil on Top of The
Heel

Height of Submerged Soil on Top The
Heel

Total Height of Soil

Height of Dry Soil

Height of Submerged Soil

Dynamic Passive Soil Load Above
Phreatic

Dynamic Passive Soil Load Below
Phreatic




Moment Arm (Dynamic)

2
YapPpel *= ? * hdsﬁsoil =2.67 ﬁ

3 * hdsﬁsoilﬁsub =2.67 ﬁ

YapPpe2= 3

APpp;» +APps -
Vappei= PE1°) APpel PE2°YAPpe2 —2.67 fi
APpg

(F) Upstream Soil Active Load (Static)

1 .
PAI = _E * KA * Vsoil_m*® (hsoilidry) 2. b=-4.7 klp

1 .
PAZ = _E * hsoilfsub <(2- KA * Vsoil_m * (hsail - hsuilisub) d)+b=-25 klp

+ Kb_a * Vsoil b* hsoil_sub

(G) U/S Dynamic Active soil

Vsoil_ m*® hsoil dry2 .
AP g ==K+ = = +b=—-0.74 k
A ! (2 ° <tan (aactive> —tan (B)) ] v

I
AP 1= —K » | 120" Dsoilsb | 0 02 kip
2-tan <aactive>

Moment Arm (Static)
p1+=0 psf
Dr= KA * ysuilfm * hsuilfdry =587.197 psf

P3=pD; +2- KA * ysoilim * (hsoil - hsoilﬁsub) 4=1835.107 psf
+ Kb_a * Vsoil b* hsoil_sub

Vpues = hsm’lidrjy ° <2 *Pi +p2>
“ 3 (P] +P2>

+ hsoilﬁsub =9.33 .ﬁ

hsoilfsub ° <2 P2 +p3)

Ypae2 = :166_ﬁ
rae? 3 <P2+P3)

Total Dynamic Passive Soil Load

Dynamic Passive Load Moment
Arms

Active Soil Load Above Phreatic

Active Soil Load Below Phreatic

Total Active Soil Load

Dynamic Active Soil Load Above
Phreatic

Dynamic Active Soil Load Below
Phreatic

Total Dynamic Active Soil Load

Static Active Soil Pressure at
Ground Surface

Static Active Soil Pressure at
Phreatic Surface

Static Active Soil Pressure at
Base

Static Active Load Moment Arms




Pyp+ +Pyse
Voo = Al *YPael A2 °YPae2 —6.67 ft
Pug

Moment Arm (Dynamic)
2
YAPael :Zg . hsoil: 13.33 ﬁ

2
YiPae2 = 3 *hypit sup=2.67 ft

AP gy - + AP e
Vppag i= e AEL APl TETAR2 T aPae? _ 13 ) gy
AP,

(H) Inertial Loads

W,

wW.

e::_<VVtutal'Kh> =-1.1 klp

Yww.e ::yw:5'9l .ﬁ

V

us_soil_seismic *—

—Kh'V

S

i=—2.72 kip
soil

Yus_soil_seismic = % + thase = 12 _ﬁ

Vdsisailiseismic = _Kh * Vdsisuil =-0.04 klP

o hdsﬁsoil
Y ds_soil_seismic "

+ tyase = 4 ﬁ

Viwe= _<VHw'Kh) =—0.16 kip

hH W _Top

Yvhwe =

+ tbase =3 ﬁ

Viwe:= _(er‘ K;,) =—0.044 kip

— hTWfTOp
Yviwe =

+ tbase =3 ft

(l) Downstream Backfill

Hdsﬁsoilot = HHW+ HTW+ PAE+APAE +APPE d
+ Ww.e + Vus_soil_seismic + Vds_soil_seismic + VH W.e + VTW.e

=12.093 kip

hke
desisuil.ot = Ty =1.5 _ft

Dynamic Active Load Moment
Arms

Wall Weight Load
Moment Arm
U/S Soil Load

Moment Arm

D/S Soil Load

Moment Arm

HW Vertical Load

Moment Arm

TW Vertical Load

Moment Arm

Total D/S Backfill Load

Total Moment Arm to D/S Toe
(note: above ELBo.footing) (CCW
moment)




MHdsﬁsoil.ot = _Hdsisoilot * YHds_soil.ot = — 18.14 klp 'ﬁ Moment about D/S Toe

Overturning Stability

Mtoe = Wiotal * Xw + Vsoil * Xyl + Vdsﬁsoil * X2 + VHW' Xvhw + VTW' Xytw d =456.22 ﬁ' klp
+ Uoverturning *Xuot + Pag* Ypae + AP 45 * Y apge + MHds_soil,ot d
+ Ww.e *Ywwe + Vusﬁsoilﬁse[smic iz us_soil_seismic + Vdvisniliseismic iz ds_soil_seismic d

+ Viwe* Yviwe + Viwe * Yviwe Total Moment about D/S Toe
FN = W+ Vioir+ Vs soir+ Vi + Vew + Unvertuming =439 kip Total Vertical Load Resisting Overturning
Mtoe .
X:= - =10.39 ft Resultant Location from D/S Toe
N
L ..
e:= % —X=0.98 ft Resultant Eccentricity to Center of Base
Lyuse . . .
T‘:3.79 ft Limit for Base Being in Compression Only
. . Lbase . . o
Resultant_Location := || if |e| < o Resultant Location = “100% of Base in Compression”

“100% of Base in Compression” . .
’ P The requirements for overturning in an Extreme

<le|< Lpase loading condition is that the resultant is located
4 within the base (USACE [5])

“75% of Base in Compression”

.o Lpa
else if 2%

Lbase
3
“50% of Base in Compression”

L, .
else if —2ee

<le|<

L L
else if base<|e|S base

“Resultant Within Base”
else

“Unstable-Resultant Outside Base”




Foundation Bearing Stresses

F .
Goeim—N (14522} 2 2430.6 psf
Lbaxe -1 ﬁ base
Fy 6.¢c
Qheel = | 1- =1429.2 psf
e Lbaxe -1 ﬁ ( Lbase)

qmax *=Max (qtoe ’ qheel) =2430.6 psf
Qo= 16.9 psi

CheCkbearing i=if Sallow = 9max

o
else
|“No Goop~

Sliding Analysis

Dmin "= min (qtoe ’ qheel) =1429.2 psf

Qin="9.9 psi

Checkpeging = “OK”

For retaining walls with shear keys, sliding evaluated at horizontal plane through the soil foundation at
ElL«ey, corresponding to plane C-F. Upon inspection of the wall, the loads, and the foundation soils, this
is assumed to be the critical slip plane. D/S soil forces based on passive wedge resistance using the
full depth of the D/S soil. Frictional resistance is calculated on plane C-F using the internal friction of the

soil foundation. Uplift pressures calculated on plane C-F as well. [3]

Horizontal Load

(A) Downstream Soil Passive Load (Static)

P,;:=0 kip
1 2 ,
PpZ = E * KP * ysoilib * hdsﬁsoilﬁsub <b=1.71 klp

Ppyi=P,;+P,,=1.71 kip

Moment Arm (Static)
p1:=0 psf

p2= KP * ysuilfm * hdsﬁsoilfdry =0 psf

P3=p; +2- KP * ysoilim * (hdsisoil - hdsﬁsoilﬁsub) 4=2855.424 psf

+K,  p* Vsoil b*® hds_soil_sub

preI::()ﬁ:Oﬁ

_ hdsﬁsoilisub ° <2 P2 +p3>

Yonei= =133 fi
e 3 <P2+P3>

Passive Soil Load Above Phreatic

Passive Soil Load Below Phreatic

Total Passive Soil Load

Static Passive Soil Pressure
at Ground Surface

Static Passive Soil Pressure at
Phreatic Surface

Static Passive Soil Pressure at
Base

Static Passive Load Moment
Arms




Ppl 'pre] +Pp2'pr62
PPE

pre:_ :133ﬁ

(B) Soil Under the Footing

Total weight of the soil between the base of the footing and bottom of the shear key contributes to the

resultant normal force acting on the slip plane.

Asoil.ftg = hkey * <Lbase - tkey) =62.25 ﬁz
Vsoilﬁg = ysoilim * Asoil.ftg +b="1.81 klp
(B) Inertial Force of Soil Under the Footing

Vsoil.ftge = _<I/;0ilﬁg M Kh) =—-612.125 lbf

Sliding Stability
FN:: I/Vtotal-i- Vsoil+ Vdsisail+ VHW+ VTW+ Usliding: 41.78 klp

FD::PAE+APAE+PPE+APPE(J :—1099 ki[’
+ Ww.e + Vus_soil_seismic + Vds_soil_seismic d
+ VHW.e + VTW.e + Vmil.ftg.e

Fyeug
Fssliding = W =152
D

FS 1.1

req*=

o
else
H “NOT OK”

CheCksliding = if Fssliding > Fsreq

Soil area under footing

Weight of soil under footing

Total Vertical Loads Resisting Sliding

Total Horizontal Loads

Sliding Factor of Safety (Cohesion
conservatively neglected)

Minimum Required Sliding Factor of Safety
(Extreme Load Condition, USCE [5])

Checksliding =“0OK”
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— Ima g ineit. 12420 Milestone Ctr Drive Calculated By: NRP
- Delivered. Germantown, MD Date: 2/26/2026
Telephone: (301) 820-3000 Checked By: RW
WWW.aecom.com Date: 2/27/2026
Project Number: 60778293
Project: Project Yankee

Task: Service Spillway Intake Tower Design - Stability Analysis

Description:

These structural design calculations evalute the proposed precast concrete intake tower that serves as the service spillway structure three
stormwater pond embankment dams. The most critical riser configuration was selected for analysis based on governing hydraulic,
geometric, and foundation conditions. The evaluation verifies structural stability under normal, flood, and extreme loading conditions,
including overturning, sliding, bearing, and flotation. The analysis is performed in accordance with the NYSDEC Guidelines for Design of
Dams and USACE EM 1110-2-2100 to confirm compliance with applicable stability requirements.

Codes. Standards. & References:

1. New York State Department of Environmental Conservation (NYSDEC) Guidelines for Design of Dams (1989)

2. USACE EM 1110-2-2400, Structural Design and Evaluation of Outlet Works

3. USACE EM 1110-2-2100, Stability and Analysis of Concrete Structures

4. Yankee, Design Phase 1, 000-Site-Civil Miscellaneous Site, 000_B000_C0_7600

5. ACI 350, Code Requirements for Environmental Concrete Structures

6. DRB-04 Site Retaining Wall Structural Calculation Report by Jacobs Solutions, Inc., Revision 1 (11/6/2025)

7. ASCE 7-22, Minimum Design Loads and Associated Criteria for Buildings and Other Structures

8. NAVAC Facility Engineering Command Publication Transmittal

9. Project Yankee SMP-11 and TEMP-SMP-01 Stormwater Management Pond Dams, Basis of Design Report (AECOM)

Assumptions:

e Under normal load conditions the stormwater pond is dry or dewatered with only normal groundwater conditions.

* This calculation applies to the following riser structures: SMP-01, SMP-11, and TEMP SMP-01. Calculations are based on SMP-11,
as this was considered the most critical riser. By demonstrating SMP-11 meets stability criteria, all risers meet the criteria.

e Design the design flood event, the riser is assumed to be fully dewatered.

* Wind load is calculated based on ASCE 7-22 (Chapters 26 and 29) and is assumed to apply for only Load Combination 1 - Normal
Pool. A separate spreadsheet was used to calculate the wind loading (attached).

* The point of rotation is calculated against the downstream toe of the footing.

e Groundwater elevation is assumed to be EL 381.0 ft. Flood elevation is assumed to be EL 392.1 ft based on the H&H analysis [9].

* For the Seismic load case, backfill is assume to be yielding and the Mononobe-Okabe method (Appendix G of EM 1110-2-2100) is
utilized.

* The riser wall is assumed to have a fixed connection at the base slab.

e Uplift pressure beneath the slab is assumed equal to full hydrostatic head.

¢ Sliding resistance is calculated using friction only unless passive pressure in included. Cohesion is conservatively neglected.

e If field conditions differ from the assumptions stated herein, the design shall be evaluated prior to construction.




NOTE: ALL JOINTS BETWEEN
PRECAST RISER SEGMENTS
SHALL BE MADE WATERTIGHT
WITH BUTYL RUBBER O-RING
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DETAIL 4 ON SHEET 7605
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§
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WATERTIGHT CONNECTION -\
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— \ J
e J Cj_j v ORIFICE #1 (SEE TABLE)
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// \‘

Figure 1 - Typical Section of Riser Structure

Material Properties (* Provided by Geotechnical Engineer

Geotechnical parameters for the embankment backfill and foundation are based on and supported by the project Geotechnical

Engineering Report [9].

All other structural, material, and loading parameters not explicitly defined in the referenced documents are based on typical
industry practice and values consistent with applicable codes, material specifications, exposure classifications, and durability

requirements.
Y. =150 pcf
Yy i=02.4 pcf
f'.:==5000 psi

Ymoist_finl*= 125 pef
Ysae i = 130 pef
Oallow := 4000 psf
de:=17 deg

Ggn =33 deg
ue:=tan (¢r) = 0.306

c:=0 psf

Unit Weight of Concrete (Normalweight Reinforced Concrete)

Unit Weight of Water

Concrete Compressive Strength

Moist Unit Weight of Backfill*

Saturated Unit Weight of Backfill*

Allowable Foundation Bearing Capacity*

Internal Friction Angle of Foundation*

Internal Friction Angle of Backfill*

Friction Coefficient for Sliding Concrete/Foundation Interface

Conservatively, Neglect Cohesion at Concrete/Foundation Interface




Lateral Soil Coefficients:

At-rest earth pressure conditions were assumed for normal and flood loading cases, reflecting limited lateral deformation of the
intake tower under service conditions. Active and passive earth pressure conditions were only considered for the extreme (seismic)
load case, where sufficient structural movement may occur to mobilize reduced or increased lateral soil pressures, respectively.

K,:=1—sin <¢ﬁll> =0.455 At-Rest Earth Pressure Coefficient (Rankine)
2
K,:=tan (45 deg — (%)) =0.295 Active Earth Pressure Coefficient (Rankine)
2
K,:= 1 [tan (45 deg+ &)) ] =1.696 Passive Earth Pressure Coefficient (Rankine). Conservatively
2 2 reduced by 50%

Seismic Soil Coefficients:
Maximum Design Earthquake (MDE) is defined as the 2,500-year return period seismic event. Site-specific ground motion
parameters were obtained from the USGS Seismic Hazard Analysis Tool and used to establish the seismic loading criteria for this

evaluation.

Seismic Soil Coefficients are based on Mononobe-Okabe Theory.

k,:=0.118 Peak Horizontal Ground Acceleration in G's (USGS Hazard Tool)
k,:=0.0 Vertical Acceleration in G's
Ky o .

W :=atan - =6.73 deg Seismic Inertia Angle
B:=0 deg Inclination of Soil Surface

2
Koap = cos (¢ — ) —037 Dynamic Acti i i

AB = —=0. ynamic Active Earth Pressure Coefficient (Equation
cos(y) +|1+ \/ sin (¢gn) - sin (¢rn— v —B) G-20f[3])
cos (B) - cos (v)
2
cos -

Kpg = <¢ﬁu W> . i =1.58 Dynamic Passive Earth Pressure. Coefficient.

22 Conservatively reduced by 50% (Equation G-4 of [3])

cos(y) +|1— sin (¢g)  sin (¢ — v +B)
v (1 \/ cos (B) - cos ()




Intake Tower Details & Geometry

Elevations for structure and civil grading are based on civil drawings. Normal pool and flood water surface elevations are defined by
the approved Hydraulic and Hydrology (H&H) Analysis [9]. Groundwater elevations based on geotechnical slope stability and

seepage analysis.

ELfoundation *=378.0 ft

EL,,=390.0 fi

ELgq g1 :=382.0 ft

ELq s :=382.0 ft

L:=5ft

tyan =35 in

ly=1i4 2ty =5.833 ft

toundation 1= 1.5 ft

ltoundation *= 10 ft

Wioundation := 10 ft

ELpw norm :=381.0 ft

ELpw flooa:=392.1 ft

Huw norm *= ELtw norm — ELfoundation =3 ft
Hiuw fiood = ELtw_flood — ELfoundation = 14.1 ft

Husﬁsoil :=EL — ELoundation =4 ft

us_soil
Hys soit = ELgs_soit = ELfoundation =4 ft

Hya1 3= ELiop — ELgoundation — toundation = 105 ft
Dgificer :=11 in

T
Voriﬁcel = tyan ® 4

Dyjificer - =0.275 ft°

DoriﬁceZ =9 in

T
Vorifice2 = twan * 2

Dyjificea =0.184 ft°

Woriﬁce3 =36 in Horiﬁce3 =24 in

Elevation of Bottom of Foundation Slab

Elevation of Top of Structure

Elevation of Downstream Soil Elevation

Elevation of Upstream Soil Elevation

Inside Diameter of Tower

Thickness of Tower Wall

Outside Diameter of Tower

Thickness of Base Foundation

Length of Base Foundation

Width of Base Foundation

Elevation of Headwater (Normal)

Elevation of Headwater (100-year Flood)

Height of Headwater (Normal)

Height of Headwater (100-year Flood)

Height of Upstream Soil

Height of Downstream Soil

Height of Walls

Diameter of Orifice 1

Volume of Orifice 1

Diameter of Orifice 2

Volume of Orifice 2

Width and Height of Orifice 3




— _ 3
Vorifice3 = twant * Worifice3 * Horifices = 2.5 ft
Doutlet =36 in

T
Vouttet = tyail * Z . Douﬂetz =2.945 ft°
Calculate Weight and Section Properties of Tower

Ffoundation = 1foundation * Wroundation * foundation * Ye = 22.5 klp

1 ;
oundation
Xfoundation ‘= T =5ft

tfoundation
Yfoundation ‘= T =0.75 ft

Volume of Orifice 3

Diameter of Outlet

Volume of Outlet

Weight of Foundation Slab

Centroid of Foundation Slab (x-bar)

Centroid of Foundation Slab (y-bar)

T . . .
Fiower = Z * <102 - li2 ) * Hyail = Vorifice1 — Vorificez — Yorifice3 — Youtlet | * Ye = 10.282 kip Weight of Tower Riser Walls
1 .
Kipwer = —IO — 5 ft Centroid of Tower Riser Walls (x-bar)
Hwall . .
Yiower i= + ttoundation = 6.75 ft Centroid of Tower Riser Walls (y-bar)

WS = Ffoundation + Ftower =32.782 klp

_ F foundation * Xfoundation + Frower * Xtower

Xys i= =5ft
Ws

Ve 1= Ffoundation ° onund\;t;on + Ftower * Yiower —2.632 ft
S

Loads and Loading Conditions:

Total Weight of Structure (Trashrack weight
conservatively ignored)

Centroid of Structure (x-bar)

Centroid of Structure (y-bar)

Loading Conditions to be analyzed in accordance with NYSDEC Dam Guidelines and EM 1110-2-2400:

Case No. 1: Usual Loading Condition - Ul

Normal Pool Elevation = 381.0 feet (groundwater, interior dry), Uplift, Dead, Water Surface Inside Structure at Normal

Pool (empty), Soil, Wind

Case No. 2: Unusual Loading Condition (Flood) - UN1

Flood Pool Elevation = 392.1 feet (Flood), Dead, Uplift, Water Surface Inside Structure to Top Slab (critical bearing

pressure load case)

Case No. 3: Unusual Loading Condition (Flood) - UN3

Flood Pool Elevation = 392.1 feet (Flood), Dead, Uplift, No Water Inside Structure (critical flotation load case)

Case No. : Extreme Loading Condition (Seismic) - E1

Load Combination Ul plus Maximum Design Earthquake




Case 1 - Usual Load Condition (Normal - Ul)

Free Body Diagram:

Top of Structure

EL 390.0
Weight of
Structure
Wind Force ] (Ws)
(Fino) Tl
Soil
EL 382.0 | Weight of | Groundwater
Soil Qutside EL 381.0
Tower =
(Fy)
A
FAILURE PLANE (EL 378.0) P
f POINT OF ROTATION
| uplit

L)

Figure 2: Free Body Diagram - Usual Loading Condition (U1)




Calculate Vertical Loads:

(A) Gravity Load of Tower

Wg=32.782 kip Total Weight of Structure

Xys =93 ft Moment Arm

(B) Gravity Load of Soil Around Structure Foundation

Weight of Soil Around
4 Tower Foundation

4

_ 2
F, = Wfoundation * 1foundation - 10 *

¢ <<Husfsoil + Hdsfsoil) +0.5— tfoundation) * Ymoist_fill = 22.898 kip

‘_ 1foundation =5 f

V1t Moment Arm

X

(C) Uplift Force at Concrete/Foundation Interface

U:=Hpyw norm * ioundation * Woundation * Yw = 18.72 kip Uplift Force Under Tower

_ 1foundalion

X, = T =5 ft Moment Arm

u

Calculate Horizontal L.oads:

(A) Lateral Soil Forces and Hydrostatic Forces
Due to symmetry around the tower foundation, lateral soil and hydrostatic forces are assumed to counteract each other

(B) Wind Load

Fp,;:=0.790 kip Wind Load on Tower

Xpp =8 ft Moment Arm
VARIABLES S
Normal Load Combination
zorh K, q, p R Ay F
Velocity
Step. Variable Value Unit Notes Pressure Velocity Wind Projected

step 1) Risk Category of Structure n Table 1.5-2 wall Height  Coefficient Pressure  Pressure  Outer Radius Area Force Moment Arm
step2)  Basic Wind Speed % 110 mph  Figure 26.5-1D [ftl [psf] [psf] [ft] [ftr2] [Ibf] [ft]
Step 2)  Wind Directionality Factor Ky 1 Section 26.6 (round tank) Windward Wall

Exposure Category ¢ Section 26.7 3 0.85 26.3296 14.0995 3.5 56 790 g

Topographic Factor Ky 1 Section 26.8

Ground Elevation Factor Ko 1 Section 26.9

Gust-Effect Factar G 0.85 Section 26.11

Enclosure Classification Partially enclosed Section 26.12

Internal Pressure Coefficient GCy 0.5 Section 26.13
Step4)  Determine Velocity Pressure Coefficient (See Tabletot K, Table 26.10-1
step5)  Determine Velocity Pressure (See Table to the Right) N Equation 26.10-1

Figure 29.4-2-1 (External Walls of Isolated

Step6)  Determine Force Coefficient c 0.63 Circular Bins, Silos and Tank)
[Step 7)  Determine external pressure coefficient for roofs/undersides N/A
Step8)  Calculate Wind Force (See Table to Right) F Equation 28.4-1

Figure 4: Wind Load Calculation Assumptions




Overturning Stability Check

MOT = Fhl . Xhl =+ U . Xu = 99.92 klp . ft

Mg :=Wgex,+F, +x,,=278.4

M
R 2786

FSOvenuming =
OoT

Resultant Location:

Fyi=Wg+F,, —U=36.96 kip

Mg —M
Xi=—R 0T 4809 ft

Fx

::M_x=o 171 ft

eCC

1foundation =1.667 ft
—6 .

Resultant_Location := || if |ecc| <

1
else if

“75%

1
else if

else

“100% of Base in Compression’

foundation

foundati
oundation <|

kip - ft

1foundation

6

i

1foundation
4
of Base in Compression”

< |ecc| <

foundation

1
e < .

“Resultant Within Base”

“Unstable-Resultant Outside Base”

Total Overturning Moment

Total Restoring Moment

Factor of Safety Against Overturning (Note overturning
stability is evaluated based on location of resultant, see
below)

Total Vertical Load Resisting Overturning

Center of Total Weight from Edge of Toe

Eccentricity of the Resultant

Limit for Base Being in Compression Only

il

Resultant_Location =“100% of Base in Compression’

The resultant location is within the middle third of
the base and thus the base is 100% in compression.
The requirement for overturning for Case 1 is the
resultant force should be in the middle third of the
base (NYSDEC). Meets the requirements.




Check Stresses at the Base

1 .
Qo 3= || 1 [ec] s% Qo = 2.83 psi o = 408 psf
Fy 6-¢e. .
|1+ Equations 3-1 and 3-2 from EM 1110-2-2502 [5]
Wifoundation * lfoundation 1foundation
else
4.Fy
3 * Wroundation * <lfoundation -2 ecc>
= || if 1foundation _ . _
min = | 1 |ecc| < 6 Qmnin = 2.303 psi Omin = 332 psf
Fy (1 6-¢e )
Witoundation * 1foundation lfoundation
else Oyiiow = 27.778 psi 110w = 4000 psf
H 0 psi
CheCkbearing = if Gallow = 9max CheCkbearing =“PASS”
| ~Pass”
else
“FAIL”

The allowable bearing capacity of the foundation is not exceeded. Additionally, the stresses are significantly less than the
assumed strength of concrete and as a result, concrete crushing is not considered to be a viable failure mechanism.

Sliding Stability Check

Fy=36.96 kip Total Vertical Loads Resisting Sliding

Fp:= |Fh1| =0.79 kip Sum of Sliding Force

€ * Wfoundation * lfoundation + FN °Hr =14.304

FSiiding = Sliding Factor of Safety (Cohesion conservatively
Fp neglected)
FSreq sliding usual 3= 1.5 Minimum Required Sliding Factor of Safety
CheCksliding = if Fssliding > Fsreq;slidingfusual CheCksliding =“PASS”
” “PASS”

else
” “FAIL”




Case 2 - Unusual Load Condition (Flood With Water Inside Structure - UN1)

Free Body Diagram:

Gravity Load of

Water Outside
Flood Water Structure
EL 392.1 (W)
Top of Structure
EL 390.0 ]
Gravity Load|of
Water Inside
tructure
(We)
Weight of
) Soil Outside
Soil Tower
__FEL 3820 (Fy1) i i
+ Weight of
HEEUE = Structure e e
FAILURE PLANE (EL 378.0) (Ws) L
f POINT OF ROTATION

Uplift |
(U)

Figure 3: Free Body Diagram - Unusual (Flood) Loading Condition (UN1)




Calculate Vertical Loads:

(A) Gravity Load of Tower

Wg=32.782 kip Total Weight of Structure

Xys =93 ft Moment Arm

(B) Gravity Load of Water Inside Tower

We=17- Z . (ELmlD — EL ¢ undation — tfoundati0n> v, = 12.865 kip Weight of Water Inside Structure
1 .
Xy 1= —oundation _ 5 gy Moment Arm
(C) Gravity Load of Water Outside the Tower
T . .
WGJ = | Wfoundation * 1foundation - 102 ° 2 ° <ELtop — ELfoundation — tfoundation) * Y =48.01 kip Weight of Water Around Structure
W o= (Wfoundaﬁon . lfoundmion> . <ELHW7ﬂ00d - Epr> vy = 13.104 kip Weight of Water Above Structure
Wg:=Wg +Wg ,=61.114 kip Weight of Water Above Structure
1 A
Xyg i= % =51t Moment Arm
(D) Uplift Force at Concrete/Foundation Interface
U:=Hpuw fiood * Lioundation * Wroundation * Yw = 87.984 kip Uplift Force Under Tower
1 A
Xy i= % =5 ft Moment Arm

(E) Gravity Load of Soil Around Structure Foundation

Fvl = (Wfoundation ° 1foundation - 102 ° ) ° <<Husisoil + Hdsfsoil) 05— tfoundation) ° <’Ysatiﬁll - Yw> =12.383 klp Welght of Soil Around
4 Tower Foundation

_ 1foundation

X1 i= T =5 ft Moment Arm

vl




Calculate Horizontal L.oads:

(A) Lateral Soil Forces

Due to symmetry around the tower foundation, lateral soil forces are assumed to counteract each other

Overturning Stability Check

Mgr:==U-x,=439.92 kip - ft Total Overturning Moment
Mg := Wy Xy + We e Xy + Wa e Xyg + Fyp 0 X, =595.718 kip - ft Total Restoring Moment
Mg . . .
FSovertuming = =1.354 Factor of Safety Against Overturning (Note overturning
oT stability is evaluated based on location of resultant, see
below)

Resultant Location:

Fnyi=Wg+Wc+W5—-U+F,; =31.16 kip Total Vertical Load Resisting Overturning
_ Mg—Mor _ .
Xi=e—————=5ft Center of Total Weight from Edge of Toe
Fx

1 .
€ i= _foundation w0 f¢ Eccentricity of the Resultant
2

% =1.667 ft Limit for Base Being in Compression Only

1foundation
6
“100% of Base in Compression”

Resultant_Location := || if |ecc| < Resultant Location =“100% of Base in Compression”

The resultant location is within the middle third of
else if Ifoundation |ecc| < Ifoundation the base and thus the base is 100% in compression.

- 4 The requirement for overturning for Case 2 is the
resultant force should be within the middle 1/3 of the
base (NYSDEC). Meets the requirements.

“75% of Base in Compression”

foundation

1
€| < .

1 .
.¢ ‘foundat
else if M<|

“Resultant Within Base”
else
“Unstable-Resultant Outside Base”




Check Stresses at the Base

1 .
Qo 3= || 1 [ec] s% Qo = 2.164 psi Q=312 psf
Fy 6-¢e. .
|1+ Equations 3-1 and 3-2 from EM 1110-2-2502
Woundation * ]foundation 1foundation
else
4-Fy
3 * Wroundation * <lfoundation -2 ecc>
1 .
Qmin *= if |ecc| < % Qmin = 2.164 p51 Imin = 312 PSf
Fy (1 6-¢e )
W foundation * 1foundation lfoundation
else
opsi Gaon =27.778 psi Gaton, = 4000 psf
CheCkbearing = if Gallow = Amax CheCkbearing =“PASS”
‘ “PASS?’
else
“FAIL”

The allowable bearing capacity of the foundation is not exceeded. Additionally, the stresses are significantly less than the
assumed strength of concrete and as a result, concrete crushing is not considered to be a viable failure mechanism.

Check Flotation Stability

Ws+We+Ws+F,,

FSotation := 1.35 Factor of Safety for Flotation (Equation
U 3-2 from EM 1110-2-2100)
FSnusual flotation *= 1-2 Required Factor of Safety for Flotation
B (Table 3-4 from EM 1110-2-2100)
CheCkﬂotation = if Fsﬂotation 2 Fsunusualiﬂotation CheCkﬂotation =“PASS”
‘ 6‘PASS?7
else
“FAIL”

The requirements for flotation in an Unusual loading condition is a factor of safety of 1.2 (EM 1110-2-2100). The structure
passes this condition.

Sliding Stability Check

Sliding stability is not applicable to this loading combination due to the absence of unbalance lateral loads.




Case 3 - Unusual Load Condition (Flood With No Water Inside Structure - UN4)

Free Body Diagram:

Flood Water
EL 392.1

Gravity Load of
Water Outside
Structure

| (Wg)

:

op of Structure Weight of
EL 390.0 Structure
l (Ws) i
Soil
EL 382.0 | Weight of
Soil Outside
Tower

(Fy1)

FAILURE PLANE (EL 378.0)

g

Uplit |
(V)

POINT OF ROTATION

Figure 4: Free Body Diagram - Unusual (Flood) Loading Condition (UN1)




Calculate Vertical Loads:

(A) Gravity Load of Tower

Wg=32.782 kip Total Weight of Structure

Xys =93 ft Moment Arm

(B) Gravity Load of Water Inside Tower

We:=0 kip Weight of Water Inside Structure
(Assumed Empty)
1 .
Xy 1= —oundation _ 5 gy Moment Arm
(C) Gravity Load of Water Outside the Tower
7 . . .
W6 = | Wroundation * lfoundation — 1o2 ° 4 ° <ELtop — EL foundation — tfoundation> Y =48.01 kip Weight of Water Outside Structure
W o= (Wfoundaﬁon . lfoundmion> . <ELHW7ﬂ00d - Epr> vy = 13.104 kip Weight of Water Above Structure
Wg:=Wg +Wg ,=61.114 kip Weight of Water Above Structure
1 .
Xyg i= % =51t Moment Arm
(D) Uplift Force at Concrete/Foundation Interface
U:=Hpuw fiood * Lioundation * Wroundation * Yw = 87.984 kip Uplift Force Under Tower
1 .
Xy i= % =5 ft Moment Arm

(E) Gravity Load of Soil Around Structure Foundation

Fvl = (Wfoundation ° 1foundation - 102 ° ) ° <<Husisoil + Hdsfsoil) 05— tfoundation) ° <’Ysatiﬁll - Yw> =12.383 klp Welght of Soil Around
4 Tower Foundation

_ 1foundation

X1 i= T =5 ft Moment Arm

vl




Calculate Horizontal L.oads:

(A) Lateral Soil Forces

Due to symmetry around the tower foundation, lateral soil forces are assumed to counteract each other

Overturning Stability Check

Mgr:==U-x,=439.92 kip - ft Total Overturning Moment
Mg :=Wg e Xy + We e Xy + Wi e Xy + Fyp 0 X, =531.393 kip - ft Total Restoring Moment
Mg . . .
FSovertuming = =1.208 Factor of Safety Against Overturning (Note overturning
oT stability is evaluated based on location of resultant, see
below)

Resultant Location:

Fyi=Wg+Wc+W5—-U+F,,=18.295 kip Total Vertical Load Resisting Overturning
_ Mg—Mor _ .
Xi=e—————=5ft Center of Total Weight from Edge of Toe
Fx

1 .
€ i= _foundation w0 f¢ Eccentricity of the Resultant
2

% =1.667 ft Limit for Base Being in Compression Only

1foundation
6
“100% of Base in Compression”

Resultant_Location := || if |ecc| < Resultant Location =“100% of Base in Compression”

The resultant location is within the middle third of
else if Ifoundation |ecc| < Ifoundation the base and thus the base is 100% in compression.

- 4 The requirement for overturning for Case 3 is the
resultant force should be within the middle 1/3 of the
base (NYSDEC). Meets the requirements.

“75% of Base in Compression”

foundation

1
€| < .

1 .
.¢ ‘foundat
else if M<|

“Resultant Within Base”
else
“Unstable-Resultant Outside Base”




Check Stresses at the Base

1 .
G = | 1 [ecc] < =0 Qe =127 psi G = 183 psf
Fy 6-¢e. .
|1+ Equations 3-1 and 3-2 from EM 1110-2-2502
Woundation * ]foundation 1foundation
else
4.Fy
3 * Wroundation * <lfoundation -2 ecc>
= || if 1foundation _ . _
Imin = | L |ecc| ST Amin = 1.27 pst Qmin = 183 pSf
Fy (1 6-¢e )
W foundation * 1foundation lfoundation
else
opsi Gaon =27.778 psi Gaton, = 4000 psf
CheCkbearing = if Gallow = 9max CheCkbearing =“PASS”
‘ “PASS?’
else
“FAIL”

The allowable bearing capacity of the foundation is not exceeded. Additionally, the stresses are significantly less than the
assumed strength of concrete and as a result, concrete crushing is not considered to be a viable failure mechanism.

Check Flotation Stability

Ws+We+Ws+F,,

FSpotation = 1.21 Factor of Safety for Flotation (Equation
U 3-2 from EM 1110-2-2100)
FSnusual flotation *= 1-2 Required Factor of Safety for Flotation
- (Table 3-4 from EM 1110-2-2100)
CheCkﬂotation = if Fsﬂotation 2 Fsunusualiﬂotation CheCkﬂotation =“PASS”
‘ 66PASS?7
else
“FAIL”

The requirements for flotation in an Unusual loading condition is a factor of safety of 1.2 (EM 1110-2-2100). The structure
passes this condition.

Sliding Stability Check

Sliding stability is not applicable to this loading combination due to the absence of unbalance lateral loads.




Case 4 - Extreme Load Condition (Load Condition Ul Plus Seismic - E1)

Free Body Diagram:

Top of Structure

EL 390.0
Weight of
Structure
(Ws)
i Weight of
— Soi_II_Outside
. Inerti ower
Soil rz: |)a F.)
. EL 382.0 & Groundwater
EL 381.0
e = _ A P Te
- » FAILURE PLANE (EL 378.0) \—'V -—
Static Active Dynamic Active \ Dynamic Passive
Soil Soil "-.\ Soail
(Fro) (Fra) X (Fna)

\
\

Uplift
()

\
\

\POINT OF ROTATION

Figure 5: Free Body Diagram - Extreme (Seismic) Loading Condition (E1)




Calculate Vertical Loads:

(A) Gravity Load of Tower
Wg=32.782 kip Total Weight of Structure

Xys =93 ft Moment Arm

(B) Gravity Load of Soil Around Structure Foundation

Weight of Soil Around
n ) .
Fyp:= (wfoundation * Ligundation — 102 ‘ 2 ) ‘ <<Husfsoi1 + Hdsfsoil) 0.5— tfoundation) * Ymoist_fill = 22.898 kip Tower Foundation
1 )
Xyp = % =5ft Moment Arm
(C) Uplift Force at Concrete/Foundation Interface
U:=Hyw norm * ioundation * Woundation * Yw = 18.72 kip Uplift Force Under Tower
1 )
Xy i= % =5 ft Moment Arm
Calculate Horizontal Loads:
(A) Seismic Force (Inertia)
Fp; :=Wg -k, =3.868 kip Seismic Inertial Force
Vs =2.632 ft Moment Arm
(B) Upstream Lateral Soil Forces (Static Active)
Fip:= % * Vimoist_fill * Husisoil2 + K, * Weoundation = 2-948 kip Downstream Lateral Earth Pressure
_ Husisoil _
Xpo 1= P 1.333 ft Moment Arm
(C) Upstream Lateral Soil Forces (Dynamic Active)
Fis= % * Vimoist_fill * Husisoil2 . <K AE— Ka> * Wioundation = 0-711 kip Downstream Lateral Earth Pressure

2+H,
Xpg 1= %Sml =2.667 ft Moment Arm




(D) Downstream Lateral Soil Forces (Static Passive)

Fi3:=min % * Ymoist_fill * Hdsisoilz * K * Weoundation s Fnt + Fuo + Fa | = 7.527 kip Downstream Lateral Earth Pressure

H,. .
Xy = dS;‘“‘ =1333 ft

Overturning Stability Check

MOT = Fhl . YWS + th * Xh2 + Fh4 * Xhg + U. Xu = 109.608 klp . ft
MR = WS ] XWS =+ FV] . le + Fh3 ] Xh3 = 288.437 klp . ft

M
R 2632

FSOvenuming =
OoT

Resultant Location:

Fyi=Wg+F,, —U=36.96 kip

M, —M
Xz ROT _ 4838 ft

Fx

eCC

::M_x=o 162 ft
> .

1foundation =1.667 ft
—6 .

1foundation
6
“100% of Base in Compression’

Resultant_Location := || if |ecc| <

i

1foundation
4
“75% of Base in Compression”

foundation

1
else if < |ecc| <

foundati
oundation <|

elseif - _foundation

1
€| < .

“Resultant Within Base”
else
“Unstable-Resultant Outside Base”

Moment Arm

Total Overturning Moment

Total Restoring Moment

Factor of Safety Against Overturning (Note overturning
stability is evaluated based on location of resultant, see
below)

Total Vertical Load Resisting Overturning

Center of Total Weight from Edge of Toe

Eccentricity of the Resultant

Limit for Base Being in Compression Only

Resultant Location =“100% of Base in Compression”

The resultant location is within the middle third of
the base and thus the base is 100% in compression.
The requirement for overturning for Case 4 is the
resultant force should be within the base (NYSDEC).
Meets the requirements.




Check Stresses at the Base

1 .
Gmax 1= || IF [l g% Qo = 2.815 psi Qoo = 405 psf
Fy 6-¢e. .
(14 Equations 3-1 and 3-2 from EM 1110-2-2502
Woundation * lfoundation 1foundation
else
4.Fy
3 * Wroundation * <lfoundation -2 ecc>
1 .
Qmin = if |ecc| S% qmin=2‘318 p51 qmin=334 PSf
Fy (1 6-¢e )
W foundation * 1foundation lfoundation
else Oyiiow = 27.778 psi Oi1ow = 4000 psf
H 0 psi
CheCkbearing = if Gallow = 9max CheCkbearing =“PASS”
| ~pass”
else
“FAIL”

The allowable bearing capacity of the foundation is not exceeded. Additionally, the stresses are significantly less than the
assumed strength of concrete and as a result, concrete crushing is not considered to be a viable failure mechanism.

Sliding Stability Check

Fy=36.96 kip Total Vertical Loads Resisting Sliding
Fpyi=|Fy; + Fyp + Fry — Fg| =0 kip Sum of Sliding Force
FSyiding = || if |FD‘ =0 kip =1+10"" Sliding Factor of Safety (Cohesion conservatively
” " neglected)
else

€ * Wfoundation * 1foundation + 1:N K

Fp
FSieq stiding extreme 3= 1.25 Minimum Required Sliding Factor of Safety
CheCksliding = if FSsliding > Fsreq;slidingiextreme CheCksliding =“PASS”
” “PASS”
else
” CFAIL”

The requirements for sliding in an Extreme loading condition is a factor of safety of 1.25 (NYSDEC). The structure passes
this condition.




Report Structural Engineering Design Report: DRAFT Project Yankee
2026-03-09 Project number: 60778293

Appendix C. Auxiliary Spillway Structural Calculations

AECOM
20



- Imagine it. 625 Ridge Pike
Delivered. Conshohocken, PA
Telephone: (610)
832-3500

www.aecom.com

Calculated By: MM
Date: 3/13/2026

Project: Yankee Checked By: NRP
Task: Auxiliary Spillway Design Date: 3/13/2026

Case 3 - Spillway Design Flood Job Number: 60778293
Purpose:

These calculations are for the purpose of checking the stability and designing reinforcement for the
auxiliary spillway. This stability analysis was performed in general accordance with NYSDEC, Guidelines
for the Design of Dams. Strength design was performed in general accordance with ACI 350-20, Code

E gwre ents for Environmental Structures.
S ons

1. The water level extends to the crest of the drop inlet (conservative).

References:

[1]- ACI 318-19, Building Code Requirements for Structural Concrete.

[2]- ACI 350-20, Code Requirements for Environment Concrete Structures.

[3]- DRB-04 Site Retaining Wall Structural Calculation Report by Jacobs Solutions, Inc.,
Revision 1 dated 11/06/2025.

[4]- New York State Department of Environmental Conservation (NYSDEC) Guidelines for
Design of Dams (1989).




Material Properties

Yeone =150 pef

Ywater := 62.4 pcf

Oalow := 3000 psf
J,:=60 ksi
f.:=5 ksi

Vsoil m =125 pef

Vsoil_b*= Vsoil_m — Ywater = 62.6 pcf

Opn =33 deg

= tan () =0.65

Spillway Properties

EL70p ani=3923 ft

EL70 fooring "= 380.5 « ft

thase := 18 in

ELo footing = EL10 footing — tbase =379 ft
EL, 0 =392.3 ft

Myvair = EL 70, yan — ELBOfooting =133 ft
vait.siem ™= EL 70 wai — ELTO./buting =118 ft
t, =18 in

Posater = EL yter = ELg fooiing = 13.3 ft
Lygse:=3 ft

Wurcharge =0 PSf

b:=1ft

Unit Weight of Concrete

Unit Weight of Water

Allowable Foundation Bearing Capacity,[3]

Reinforcement Yield Strength, [3]

Concrete Compressive Strength (28 day), [3]

Moist Unit Weight of The Soil, [3]

Submerged Unit Weight of the Soil

Coefficient of Internal Friction of The Soil

At-rest Friction Coefficient

Top of Wall

Top of Wall Footing
Base Thickness
Bottom of wall footing
Headwater Elevation
Height of The Wall
Height of the Wall stem
Wall Thickness
Headwater Height
Base Length
Surcharge Load

Unit Width




Vertical Load

A= (EL10 watr— ELp0 fooiing) * 2 =39.9 f* Area of the Wall Stem
A= Lygge* tipse =45 ft° Area of Footing

W, =Yeone* b+ A;=5985 Ibf Wall Stem Load Section
W,yi=Yeone* b+ A; =675 Ibf Foundation Load Section
Woptar'=W,;+ W,=6.66 kip Total Weight

Uplift Force

A3+=EL yter— EL 0, oosing=13.3 ft Head

U= Vyater* (Lpase +2 4 1,,) + b=4.98 kip Uplift Force

Calculating Factor of Safety for Flotation

FS = ot _y 34
flotation *— U -t

FSreq ftotation =12 Minimum Required Sliding Factor of Safety
(USACE EM 1110-2-2100)

CheCkﬂutation i=if FSﬂotation ZFSreqﬂotatio;z CheCkﬂatation =“0K”

o
else
] “NOT OK”

Footing Thickness Check:

V,i=12W,,,=(799.10°) Ibf Factored Shear on Slab
Dy,i=.75¢in Base Bar Diameter (#6)
Ce pase:=3+in Ref2:12.7.1a Clear Cover in Base
Dbar . .
d=tye— C, pase———=14.63 in Depth to Reinforcement
- 2 Centroid

@V,:=0.75-2 A/, «psi +b+d=(1.86+10") Ibf Ref 2: Eq 11-3  Shear Strength




Footing e = || if ¢V, >V, | =“OK”
o
else
| “Not OK”

Base Flexural Reinforcement Check:

Shear Check for Adequate
Thickness

tw 2. tw + Lbase 4
M= 12| =W W | 20, | —=—493.10" Ibf-ft

3
hwall.stem b

hw Il.s }
_1'6'Ywater'aTtem'b_uf' 1.6+ (Vsoilfb) ° 6

s:=6¢in
A,:=2.D,, L =088 in’
N

=60~ ksi

Aof
a::sify: 1.04 in

0.85+1.+b
B,:=0.75 Ref 1: 22.2.2.4.3
320 Kip.

forim m =(5.58-10*) psi

,31'\/52 +4-

oM, =09+ Ag+ (min £y finas)) * (d—%) =(521-10%) tbf-t

. Dbar ?
2+in+—
2

Footing o o= || if $M,>|M,|| =“OK”
o
else

|“Not OK”

Footing Minimum Reinforcement Check:

s_min*

3. epsi +bed ebe
, e psi [ 200-5+d | _ 6 in> Ref2: 13.5.2.1
Jy

‘=max
5

psi

Moment in Slab at Face of
Stem (full water)

Reinforcement Spacing
Area of Reinforcement

Yield Strength of
Reinforcement

Depth of Stress Block

Permissible stress in concrete
for Normal Environmental
Exposure (Ref 1: 10.6.4.5)

Flexural Strength

Flexure Check

Minimum Required
Reinforcement




FOOtingcheckfminireinf:: if As ZAsimin ="0K”
“OK’,
else

“Not OK”

Check Tension or Compression Controlled:

a .
Clooting'=—=1.39 in
1

(4= oing) _ 3

&t footing = 0.003 « Ref 1: 21.2.2
Cfooting
Reinfpock rension = || I & fooring < 0.002 = “Tension Controlled”
“Compression Controlled”
else
if 0.002 <¢, : footing < 0.005
“Transition”
else
if ¢, - footing = 0.005
I “Tension Controlled”
Use #6 at 6" longitudinal reinforcement
Footing Temperature and Shrinkage Reinforcement:
1,
o.omsw-% , Ref 1:24.4.3.2
t in
Asitsjooting:: b =0.19 7
Dbarﬁtsjooting :=0.5-in
Stomp_max_footing =N (5 * thyse , 18 +in) =18 in Ref 1: 24.4.3.3

Stransverse _footing :=12+in
2 .2
y _T Dbarﬁtijoting —0.2 in
s_transverse "= ° - Y
4 Stransverse _footing ﬁ

I — |l 3 13 29
Relnf;’heckitemp _footing *— if Asﬁtmnsverse ZAsits _footing | — OK
H “OK”
else

| ot o

Use #4 at 12" temp and shrinkage reinforcement

Minimum Reinforcement
Check

Neutral Axis Depth

Reinforcement Strain

Minimum Temperature and
Shrinkage Reinforcement
(each side top and bottom)

Temperature and Shrinkage
Reinforcement Bar Diameter
(#4)

Max Temperature and
Shrinkage Spacing

Temperature and Shrinkage
Reinforcement Spacing

Design Temperature and
Shrinkage Reinforcement




Stem Shear Check:

V

Dbarﬁstem :=.75+in

Sstem *= 6-in

Co yiomi=3+in Ref 2: 12.7.1b
— D bar_stem __ .

dstem = tw - Ccistem - T =14.63 in

OV, stom=0.7527\[f,~ psi siem 2 (3.72-10*) 1bf

Sstem

Stemcheckishear:: if ¢Vnistem > Vuﬁstem =“OK”
” “OK?’
else

| ot o

Stem Reinforcement Check:

M,

u u_stem

hwa .Stem
mm::(—V . ’3“ ):—4.52.104 Ibf- ft

7 Dyar sien”
o ar_stem _ . 2
A giomi=—+—————2b=0288 in

4 Sstem

A .
Aggom = estem Iy fy =1.04 in
0.85+f".+b

320 K2
- n =(5.58-10*) psi

f:vmax stem *
- 2
2
ﬂ 1°\| Sstem +4-

¢Mnistem = 09 'Asistem ° <mln (fy 7f;max7stem>) * (dstem -

. Dbar
2+¢in+——
2

a

Stemcheck . flexure = || if ¢Mnistem > |Muistem| ="“OK”
H “OK,’
else

| [ vororc

u_stem =1.6+ (OS * Ywater * hwall.stem2> «b+1.6- <05 ° HKge ysoilib * hwallAstemz) b= <115 * 104) Ibf

x;em) — <521 . 104> lbf.ft

Shear Force on Stem
Stem Bar Diameter (#6)

Stem Reinforcement Spacing

Clear Cover in Stem

Depth to Centroid of Tension
Steel

Shear Strength
Ref 2: Eq 11-3

Moment at Stem Intersection
with Slab

Area of Reinforcing Steel per
Foot of Stem

Depth of Equivalent
Rectangular Stress Block

Permissible stress in concrete
for Normal Environmental
Exposure (Ref 1: 10.6.4.5)

Flexural Strength




Check Tension or Compression Controlled:

a

Corom = —2=1.39 in Ref 1: 22.2.2.4.3  Depth of Stem Neutral Axis
1
dstem — Cstem - .
& stom=0.003 e ————— =10.03 Ref1:21.2.2 Strain in Stem Reinforcement
B Cstem
SteMmepeck. contror = || It & siem <0.002 = “Tension Controlled”

| “Compression Controlled”
else
if 0.002 <ég; g, <0.005

“Transition”

else
if & stem > 0.005

I H “Tension Controlled”

Reinforcement Limit Check:

iz min| NPT D iy 200D dyen | g 4,
- 5 5
psi
Stemepect min reins™= || I Ay stom =As min siem = OK”
o
else
I “Not OK”

Use #6 at 6" longitudinal reinforcement

Stem Temperature and Shrinkage Reinforcement:

t
0.0018+b-—

2

As Is stem ‘= ﬁ —=0.19 l; Ref 1: 24.4.3.2
o (1
Dbaritsistem =0.5-in
Stemp_ma_stem 3=min (S +1,,, 18 im) = 1.5 ft Ref 1: 24.4.3.3
s transverse_stem =12+in
D, . 2 .2
A _ B Thartsstem o M

s_transverse_stem "~ 4
S transverse_stem .ﬂ

Minimum Allowable
Reinforcement in Stem

Ref2:13.5.2.1

Required Temperature and Shrinkage
Reinforcement (each side)

Temperature and Shrinkage
Reinforcement Diameter (#4)

Max Temperature and
Shrinkage Spacing

Temperature and Shrinkage
Reinforcement Spacing

Temperature and Shrinkage
Reinforcement Provided




I = 3 6 2
Relnf;’heckitempistem = lf Asﬁtransverseﬁstem >Asﬁtsﬁstem - OK
H “OK?’
else
I | “Not OK”

Use #4 at 12" temp and shrinkage reinforcement

Base Development Length Check Ref. 1 section 25.4.2.3
w,:=1.0 Epoxy Modification Factor
Casting Position Modification
v, =1.0 Factor
Reinforcement Grade
=10 Modification Factor
Concrete Weight Modification
2:=1.0 Factor
14, :==max M-Dbm, 12+in|=31.82 in Minimum Development Length

20 A<\ f'.« psi
Lavaitabie = Liase t 1w+ 2 = Ce siom*2— Dpgrs2 =3 -in=061.5 in Available Development Length

Footingepeck 1a+= || I Lavaitapie > lan | = “OK”
e

else

“Not OK”

Stem Development Length Check: Ref. 1 section 25.4.2.3

SV vwe v,

20+ 2\/f".psi

Ly stem*=max *Dpoy siom»> 12+in|=31.82 in Minimum Development Length

Lavaitabie stem ™= Pwatt.stom — 3 * i1 + thase — Ce pase — Dpay = 152.85 in Available Development Length
Si temcheckfld = || if lavailableistem > Zdistem ="“OK”
| “OK”
else

“Not OK”
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