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1. INTRODUCTION 
The purpose of this report is to summarize results of the preliminary desktop study of the 
existing geotechnical information at the various sites associated with the Metropolitan Washington 

District of Columbia Coastal Storm Risk Management Feasibility Study (DC Coastal).  This desktop study 
focused on areas where structural measures are proposed, specifically Alternatives 4b (Reagan 
Airport flood walls and perimeter road elevation), 4c (Arlington Water Pollution Control Plant 
flood wall), 5a (Four Mile Run flood wall and levee), and 5c (Greater Belle Haven 
Neighborhood flood wall and levee).  Information and discussion in this report was developed 
through a desktop study of existing geotechnical information and it is intended for use by design 
engineers and planners to evaluate feasibility alternatives for the proposed coastal storm control 
structures.  Information in this report is not intended for use in construction contract documents.  
A project area map is provided below in Figure 1-1. 

 

Figure 1-1 – Project Area Map 

2. PREVIOUS GEOTECHNICAL STUDIES  
A desktop study revealed that a number of previous geotechnical studies have been performed 
either within or in close proximity to the limits of each of the four areas where structural 
measures are proposed for coastal storm damage reduction.  The geotechnical data obtained from 
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these previous studies is described below in the Existing Geotechnical Information section, and 
is included in Attachment A.   

3. GEOLOGY 

3.1 Regional Geology 
All the sites associated with the project lie within the Coastal Plain physiographic province of 
Virginia, specifically in the lowland subprovince, which is characterized as a flat, low-lying 
region along major rivers and near the Chesapeake Bay.  The study area is characterized by 
Mesozoic-era, quaternary sediments consisting of sand, mud, and gravel.   

3.2 Local Geology 

3.2.1 Ronald Reagan Washington National Airport (Reagan Airport) 
Based on the soil survey of Arlington County, Virginia (USDA-NRCS, 2022) shown in Figure 
3.1, the soils within the proposed project limits of Reagan Airport consist of the Urban land-
Udorthents complex.  The soil properties include 2 to 15 percent slopes, depth to restrictive 
features greater than 80 inches, and depth to water table also greater than 80 inches.   
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Figure 3-1 – Soil Survey Map of Reagan National Airport 

3.2.2 Arlington Water Pollution Control Plant (WPCP) 
Based on the soil survey of Arlington County, Virginia (USDA-NRCS, 2022) shown in Figure 3-
2, the soils within the proposed project limits of the WPCP consist of the Urban land-Udorthents 
complex and the Udorthents, loamy complex.  As noted above, the Urban land-Udorthents 
complex soil properties include 2 to 15 percent slopes, depth to restrictive features greater than 
80 inches, and depth to water table also greater than 80 inches.  The Udorthents, loamy complex 
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soil properties are similar, including 0 to 10 percent slopes, depth to restrictive features greater 
than 80 inches, and depth to water table also greater than 80 inches. 

 

Figure 3-2 – Soil Survey Map of Arlington WPCP 

3.2.3 Four Mile Run 
Based on the soil survey of Alexandria City, Virginia (USDA-NRCS, 2022) shown in Figure 3-
3, the soils within the proposed project limits of Four Mile Run consist of Grist Mill sandy loam 
and Woodstown sandy loam, as well as a segment of Urban land in the northwestern corner of 
the site.  Grist Mill sandy loam properties include 0 to 25 percent slopes, depth to restrictive 
features greater than 80 inches, and depth to water table ranging from 24 to 79 inches.  Grist Mill 
sandy loam is a well drained material that originates from earthy fill of fluviomarine deposits.  
Woodstown sandy loam properties include 2 to 7 percent slopes, depth to restrictive features 
greater than 80 inches, and depth to water table ranging from 18 to 42 inches.  Woodstown sandy 
loam is a moderately well drained material that originates from fluviomarine deposits.   
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Figure 3-3 – Soil Survey Map of Four Mile Run 

3.2.4 Belle Haven 
Based on the soil survey of Fairfax County, Virginia (USDA-NRCS, 2022) shown in Figure 3-4, 
the soils within the proposed project limits of Belle Haven consist of Grist Mill sandy loam, 
Grist Mill-Matapeake, Grist Mill-Woodstown, Gunston silt loam, Honga peat, Matapeake silt 
loam, Mattapex loam, Urban Land-Grist Mill, and Urban land.  Grist Mill sandy loam properties 
were discussed above in Section 3.2.3.  Grist Mill-Matapeake soil properties include 0 to 15 
percent slopes, depth to restrictive features greater than 80 inches, and depth to water table 
ranging from 24 to 79 inches.  Grist Mill-Matapeake is a well drained material that originates 
from earthy fill of fluviomarine deposits.  Grist Mill-Woodstown soil properties include 0 to 20 
percent slopes, depth to restrictive features greater than 80 inches, and depth to water table 
ranging from 24 to 79 inches.  Grist Mill-Woodstown is also a well drained material that 
originates from earthy fill of fluviomarine deposits.  Gunston silt loam soil properties include 0 
to 2 percent slopes, depth to restrictive features greater than 80 inches, and depth to water table 
ranging from 8 to 30 inches.  Gunston silt loam is a somewhat poorly drained material that 
originates from fluviomarine deposits.  Honga peat soil properties include 0 to 1 percent slopes, 
depth to restrictive features greater than 80 inches, and depth to water table of about 0 inches.  
Honga peat is a very poorly drained material that originates from organic material over loamy 
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alluvium.  Matapeake silt loam soil properties include 2 to 7 percent slopes, depth to restrictive 
features greater than 80 inches, and depth to water table greater than 80 inches.  Matapeake silt 
loam is a well drained material that originates from fluviomarine deposits.  Mattapex silt loam 
soil properties include 2 to 7 percent slopes, depth to restrictive features greater than 80 inches, 
and depth to water table of 24 to 36 inches.  Mattapex silt loam is a moderately well drained 
material that originates from fluviomarine deposits.  Urban Land-Grist Mill soil properties 
include 0 to 25 percent slopes, depth to restrictive features greater than 80 inches, and depth to 
water table of 24 to 79 inches.  Urban Land-Grist Mill is a well drained material that originates 
from earthy fill of fluviomarine deposits. 

 

Figure 3-4 – Soil Survey Map of Belle Haven 
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4. TOPOGRAPHY 
The Coastal Plain is an area of low elevation and low relief characterized by narrow well-drained 
ridges, broad poorly-drained flats, and marine coastal areas.  The coastal areas consist of 
marshland and wetlands adjacent to the Potomac River.  The natural terrain in the vicinity of the 
proposed project areas is flat, with much of the area near sea level. 

5. EXISTING GEOTECHNICAL INFORMATION 
This section provides an overview of the existing geotechnical information available for the 
locations where structural coastal storm risk management measures are proposed.  No 
information was obtained for locations not listed below.  Borings that happen to have fallen 
along or adjacent to proposed flood wall or levee structures were used to create basic soil profiles 
to depict the subsurface conditions beneath the coastal storm risk control structures.  These soil 
profiles are presented in Attachment A, along with the boring logs and associated subsurface 
exploration plans, and soils laboratory data, as available. 

5.1 Reagan Airport 
A series of 25 soil borings were performed for the South Area Roads Project No. 3 project by the 
Metropolitan Washington Airports Authority at Reagan Airport.  A boring location plan and 
boring logs were included in a plan set dated 1 November 1994.  A second series of 8 soil 
borings for the South Area Roads Project No. 4B project was also performed and was provided 
along with a partial boring location plan in a plan set dated 17 August 1999.  Soil borings were 
advanced to depths ranging from 17 to 65 feet below grade.  The soil borings from both of these 
past projects were located in the southwestern area of the airport property.   

The subsurface conditions disclosed by the South Area Roads borings consisted of an upper 
stratum of fill material that ranged from 7 to 22 feet thick.  The fill stratum was underlain by an 
organic silt stratum in some locations, and by clayey sand interbedded with sandy clay in other 
locations.  Where penetrated, the organic silt stratum ranged from 9 to 34.5 feet thick and was 
underlain by a sand stratum.  This sand stratum was penetrated in one of the 65-foot-deep 
borings and was underlain by a stratum of clay in which the boring was terminated.   

The fill stratum consisted of grey-brown to black sand with varying percentages of gravel, silt 
and clay and contained concrete, asphalt, wood, and glass fragments.  Standard penetration test 
(SPT) N-values collected in the fill stratum ranged widely from 2 blows per foot (bpf) to 100 
bpf, indicating a range of relative densities from very loose to very dense.  There was no 
observed trend in the observed N-values with depth, indicating that the fill material is of highly 
variable composition and was likely placed in an uncontrolled manner.   

The organic silt stratum consisted of green-grey clayey silt with trace sand, mica, and fibrous 
organic material.  SPT N-values collected in the organic silt stratum ranged from weight of 
sampling hammer (W.O.H.) to 2 bpf, indicating a very soft consistency.  Considering the 
observed consistency and organic content, the organic silt is believed to be highly compressible.   
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The clayey sand/sandy clay stratum consisted of brown to grey sand and clay in near equal 
proportions.  SPT N-values in the clayey sand/sandy clay ranged from 10 bpf to 14 bpf with an 
average value of 11 bpf in the primarily coarse-grained material, which corresponds to a medium 
dense material, and from 13 bpf to 26 bpf with an average value of 21 bpf in the primarily fine-
grained material, which corresponds to a very stiff consistency.   

The sand stratum underlying the organic silt consisted of grey to grey-green fine to medium sand 
with trace to some fines.  SPT N-values in the sand ranged from 3 bpf to 100 bpf, with lower N-
values consistently observed in the upper portion of the stratum that then increase with depth.  
The observed N-values correspond to a range of relative densities from very loose to very dense.   

The clay stratum beneath the sand stratum was encountered at a depth of 63 feet below grade and 
consisted of grey-green silty clay with an SPT N-value of 22, corresponding to a very stiff 
consistency. 

5.2 Arlington WPCP and Four Mile Run 
A series of 105 soil borings and 6 test pits were performed along Four Mile Run during the 1978 
subsurface exploration for the Four Mile Run Flood Control Project Channel Improvements.  
These soil borings were located along the north and south banks of Four Mile Run between 
Interstate Route 95 on the west and U.S. Route 1 on the east, with several borings located along 
the proposed alignment of flood wall and levee structures on the Arlington WPCP and Four Mile 
Run sites.  Approximately one-third of the 1978 soil borings were sampled using a 3-inch outer 
diameter split spoon sampler, while the remaining two-thirds were sampled using a standard 2-
inch outer diameter split spoon.   

5.2.1 Arlington WPCP 
Eight borings located along the proposed flood wall alignment were reviewed to evaluate the 
subsurface conditions beneath the structure.  The subsurface conditions disclosed by these eight 
borings consist of an upper stratum of fill material that ranged from 5 to 23 feet thick that was 
underlain by an organic silt stratum.    The organic silt stratum was penetrated in five of the eight 
borings, where the stratum ranged from 10 to 14 feet thick and extended to between 16.5 and 21 
feet below grade.  The remaining three borings terminated in the organic silt stratum at depths 
ranging from 25 to 40 feet below grade.  Where penetrated, the organic silt was underlain by a 
sand and gravel stratum. 

The fill stratum consisted of grey-brown to black sandy silt with varying percentages of gravel, 
and clay and contained concrete, brick, wood, cinders, and glass fragments.  Standard penetration 
test (SPT) N-values collected in the fill stratum ranged widely from 4 bpf to 92 bpf, indicating a 
range of relative densities from loose to very dense.  There was no observed trend in the 
observed N-values with depth, indicating that the fill material is of highly variable composition 
and was likely placed in an uncontrolled manner.   

The organic silt stratum consisted of dark brown to green-grey clayey silt with trace sand, mica, 
and fibrous organic material.  SPT N-values collected in the organic silt stratum ranged from 3 
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bpf to 15 bpf with an average value of 7 bpf, indicating a medium consistency.  Considering the 
observed consistency and organic content, the organic silt is believed to be highly compressible.   

The sand and gravel stratum underlying the organic silt consisted of brown-grey gravelly fine to 
medium sand with varying amounts of fines.  SPT N-values in the sand and gravel ranged from 8 
bpf to 38 bpf with an average value of 23 bpf, indicating a medium-dense relative density. 

5.2.2 Four Mile Run 
Fourteen borings located along the proposed flood wall and levee alignment were reviewed to 
evaluate the subsurface conditions beneath the structures.  The subsurface conditions disclosed 
by these fourteen borings are similar to those encountered on the north side of Four Mile Run 
beneath the Arlington Wastewater Treatment Plant flood wall, with an upper stratum of fill 
material overlying organic silt and sand and gravel.  However, two additional soil strata were 
observed beneath the proposed Four Mile Run Coastal storm risk control structures: an upper 
stratum of clayey sand, and a deeper stratum of sandy silt.  The fill stratum was encountered in 
all but four of the fourteen evaluated soil borings, ranging in thickness from 2.5 to 14.5 feet.  The 
clayey sand stratum was encountered beneath the fill in five borings and beginning at ground 
surface in one boring.  The clayey sand ranged from 3 to 14.5 feet thick where penetrated, and 
one boring terminated in the clayey sand at 25 feet below grade.  The organic silt stratum was 
encountered in eleven of the fourteen evaluated borings, typically beneath the fill or clayey sand 
strata.  However, the organic silt was encountered beginning at ground surface in three borings 
located in Four Mile Run Park adjacent to existing wetlands.  The organic silt was consistently 
underlain by the sand and gravel stratum, wherein the majority of the borings were terminated at 
depths ranging from 25 to 30 feet below grade.  The sand and gravel stratum was penetrated in 
four of the evaluated soil borings, and was underlain by the sandy silt stratum.  Five of the 
evaluated soil borings terminated in the sandy silt stratum at depths ranging from 30 to 60 feet 
below grade. 

The fill stratum consisted of grey-brown to black sandy silt with varying percentages of gravel, 
and clay and contained concrete, brick, wood, cinders, and glass fragments.  Standard penetration 
test (SPT) N-values collected in the fill stratum ranged from 3 bpf to 17 bpf, indicating a range 
of relative densities from loose to medium dense.  There was no observed trend in the observed 
N-values with depth, indicating that the fill material is of highly variable composition and was 
likely placed in an uncontrolled manner.   

The clayey sand stratum consisted of brown to grey sand and clay in near equal proportions.  
SPT N-values in the clayey sand ranged from 6 bpf to 39 bpf with an average value of 21 bpf 
which corresponds to a medium dense material.   

The organic silt stratum consisted of dark brown to green-grey clayey silt with trace sand, mica, 
and fibrous organic material.  SPT N-values collected in the organic silt stratum ranged from 2 
bpf to 11 bpf with an average value of 7 bpf, indicating a medium consistency.  Considering the 
observed consistency and organic content, the organic silt is believed to be highly compressible.   



 

10 
 

The sand and gravel stratum underlying the organic silt, fill, or clayey sand consisted of brown-
grey gravelly fine to medium sand with varying amounts of fines.  SPT N-values in the sand and 
gravel ranged from 6 bpf to 22 bpf with an average value of 11 bpf, indicating a medium-dense 
relative density. 

The sandy silt stratum consisted of green-grey sandy silt.  SPT N-values in the sandy clay ranged 
from 16 bpf to 67 bpf with an average value of 42 bpf, which corresponds to a hard consistency.   

5.3 Belle Haven 
The available geotechnical data was somewhat limited for the Belle Haven site, consisting of two 
soil borings (B-9A and B-10A) performed as part of a small subsurface exploration for the Final 
Flood Damage Reduction Analysis for Belle Haven Watershed, prepared by the USACE 
Baltimore District.  The two soil borings are located in the central portion of the Belle Haven 
site, with one boring near the alignment of the proposed flood wall.     

The subsurface conditions disclosed by the Belle Haven borings consisted of an upper stratum of 
fill material that ranged from 2.5 to 12 feet thick.  The fill stratum was underlain by a 9-foot-
thick sandy clay stratum in one of the two borings (B-10A).  Beneath the sandy clay in boring B-
10A and the fill in B-9A is a 20 to 24.5-foot-thick stratum of silty sand, followed by a sand and 
gravel stratum wherein the borings were terminated at 50 feet below grade.     

The fill stratum consisted of grey-brown sand and silt with varying percentages of gravel and 
clay and contained trace amounts of asphalt fragments.  Standard penetration test (SPT) N-values 
collected in the fill stratum ranged from 2 bpf to 7 bpf with an average value of 5 bpf, indicating 
a loose relative density.   

The sandy clay stratum consisted of brown clay with sand.  SPT N-values in the sandy clay 
ranged from 3 bpf to 6 bpf with an average value of 5 bpf, which corresponds to a soft to 
medium consistency.   

The silty sand stratum consisted of brown silty medium to fine sand with trace gravel.  SPT N-
values collected in the silty sand stratum ranged from weight of sampling hammer (W.O.H.) to 
12 bpf, with lower N-values observed in the upper portion of the stratum that then increase with 
depth.  The observed range of SPT N-values corresponds to a range of relative densities from 
very loose to medium dense.     

The sand and gravel stratum consisted of light- to orange-brown sand and gravel with trace to 
some fines.  Standard penetration test (SPT) N-values collected in the sand and gravel stratum 
ranged from 12 bpf to 28 bpf with an average value of 18 bpf, indicating a medium-dense 
relative density. 

6. GROUNDWATER 
Groundwater levels encountered at the time of drilling were recorded on the boring logs of the 
previous subsurface explorations and are summarized below: 
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 Reagan Airport: groundwater depth range of 4.5 to 11.3 feet below grade, corresponding 
to an elevation range of EL 7.2 to EL 0.4. 

 Arlington WPCP: groundwater depth range of 4.5 to 14 feet below grade, corresponding 
to an elevation range of EL 2.7 to EL -0.9. 

 Four Mile Run: groundwater depth range of 0 to 11.5 feet below grade, corresponding to 
an elevation range of EL 8.0 to EL -0.4. 

 Belle Haven: groundwater depth range of 1.2 to 5.7 feet below grade, corresponding to an 
elevation range of EL 4.4 to EL 3.8. 

It should be noted that as all of the sites of the proposed coastal storm risk protection measures 
are near tidally-influenced waterways, and so the groundwater levels will be affected by the tidal 
cycle as well as seasonal variation. 

7. SEISMICITY 
The seismic hazard in Arlington and Fairfax Counties is low.  Virginia is not located near 
tectonic plate boundaries; however, the commonwealth does host three seismic zones, defined as 
“an area of seismicity probably sharing a common cause” by the U.S. Geological Survey.  The 
closest seismic zone to the project area is the Central Virginia Seismic Zone (CVSV), which 
stretches from Richmond to Charlottesville and has been recognized as an area of long-term, 
low-magnitude seismic activity.  The largest earthquake to hit Virginia in the past 30 years was a 
magnitude 5.8 event in Mineral, VA on 8/23/11, approximately 90 miles southwest of the 
Arlington area.   Other recorded seismic events near the Arlington area are summarized in Table 
7-1 below. 

Table 7-1 – Summary of Past Seismic Events Near Proposed Project Site 

Date Location Magnitude 
Distance to Arlington 

Area (miles) 
8/4/2021 Clarksville, MD 2.1 40 
8/17/2018 Belmont, VA 1.3 30 
8/9/2015 Crofton, MD 1.9 30 
5/6/2008 Ravensworth, VA 2.0 15 
9/29/1997 Manassas, VA 2.5 30 

 

8. COASTAL STORM RISK MANAGEMENT STRUCTURES 
Coastal storm risk management structures under consideration for this project include earthen 
levees and concrete T-walls, to be constructed in various orientations among the sites to employ 
structural coastal storm risk control measures.  Additional ancillary structures include aluminum 
stop log closure gates, elevated curbing, and concrete box culverts with pump stations.  Wall 
heights are expected to range from 5 to 8 feet for earthen levees and from 3 to 9 feet for proposed 
T-wall structures.    
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9. GEOTECHNICAL CONCERNS 
Based on a review of the available subsurface information, three primary geotechnical items of 
concern arise: the nature of the existing fill material, the presence of the highly compressible 
organic silt stratum, and the loose state of the fill and natural soil deposits encountered at the 
Belle Haven site. 

Fill material was encountered at all four of the project sites.  The variable composition and 
density of the fill is typical of urban environments, particularly in low-lying areas that were 
reclaimed for their original construction as is the case for Reagan Airport.  Fills placed during 
land reclamation are often placed with little to no engineering controls or compactive effort, 
resulting in a material with poor engineering characteristics that is unsuitable for the support of 
new loading associated with pavements or shallow foundations.  It is therefore necessary to 
consider improving the fill material to correspondingly improve its engineering properties or 
bypass the fill through the use of deep foundation systems to support new structures.   

The presence of highly compressible organic cohesive material is not uncommon in waterfront 
construction, where sometimes thick alluvial deposits of soft, fine-grained material are found.  
The nature of coastal storm risk control structures is to raise grade, whether through the 
construction of earthen levees or concrete T-wall structures.  Design and construction of the 
proposed levee and wall systems  will need to include detailed settlement and global stability 
analyses to properly evaluate the short- and long-term effects of the compressible stratum on the 
structure’s performance. 

The loose state of the fill and natural materials disclosed in the two Belle Haven soil borings is of 
particular concern due to the primarily cohesionless nature of the soil profile.  Granular soils in a 
loose state of relative density are subject to liquefaction under seismic loading and can become 
the controlling factor in geotechnical design.  A related challenge associated with the loose, 
granular nature is the elevated hydraulic conductivity of the soil mass and resulting seepage 
implications beneath coastal storm risk control structures during storm events. 

10. GEOTECHNICAL DESIGN AND RECOMMENDATIONS 

10.1 Material Properties 
The historic boring logs and laboratory test results were used to develop preliminary design soil 
profiles for use in the geotechnical evaluations.  Soil properties were developed considering 
laboratory test results, correlation with SPT N-values, and documented typical values based on 
soil type and consistency.  Soil properties used for the 10% design effort for the Arlington 
WPCP and Belle Haven sites are provided below in Tables 10-1 and 10-2, respectively. 
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Table 10-1 – Summary of Soil Strength Parameters, Arlington WPCP Site 

  
Layer 

Elevation   
USCS 

  
γ (pcf) 

Q-Strength 
(Short-Term) 

S-Strength 
(Long-Term) 

Top Bottom c (psf) φ c (psf) φ 
1 13.5 3.5 SM 120 0 30 0 30 
2 3.5 -8.5 ML 110 750 0 0 28 
3 -8.5 - SW 125 0 34 0 34 

 

Table 10-2 – Summary of Soil Strength Parameters, Belle Haven Site 

  
Layer 

Elevation   
USCS 

  
γ (pcf) 

Q-Strength 
(Short-Term) 

S-Strength 
(Long-Term) 

Top Bottom c (psf) φ c (psf) φ 
1 10 7.5 SM 120 0 30 0 30 
2 7.5 -1.5 CL 110 750 0 0 28 
3 -1.5 -26.5 SM 110 0 28 0 28 
4 -26.5 - SW 125 0 34 0 34 

 

10.2  Settlement 
Fill placement will be necessary to raise grades for the construction of proposed levees in the 
southern limit of the coastal storm risk protection measures of the Belle Haven site.  Levee 
heights ranging from 3 to 8 feet are expected, with a 10-foot crest width and 3.0H:1.0V side 
slopes.  The effect of this fill placement will induce consolidation and immediate settlement of 
the underlying existing fill, clay, and sand strata. 

Soil settlement analysis was performed in accordance with methods listed in EM 1110-1-1904.  
Immediate settlement of cohesive soil was estimated using the Perloff approximation, provided 
in section 3-8.b of the EM.  Consolidation settlement was evaluated using the one-dimensional 
consolidation test results performed on the clay stratum.  Immediate settlement of the underlying 
sand stratum was estimated using the Schmertmann approximation, provided in Section 3-3.d.  
Stress influence values were selected using the influence value chart for vertical stresses beneath 
an embankment of infinite length (NAVFAC DM 7.1, Chapter 4, Figure 6).  Using these 
methods and an embankment height of 7 feet, an immediate settlement of approximately 0.4 
inches and a consolidation settlement of approximately 2.8 inches is expected beneath the 7-foot-
high fill, for a total post-construction settlement of 3.2 inches.  The immediate settlement portion 
is expected to occur relatively quickly during placement of new fill material, whereas the 
consolidation settlement is expected to occur gradually over the life of the project.       

Soil settlement calculations are included in Attachment B. 

10.3 Liquefaction Screening 
Liquefiable soils typically consist of saturated loose sand of uniform gradation or low-plasticity 
silt of soft consistency.  No instances of such materials were observed in the historic boring logs 
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performed at the Arlington WPCP site, but loose sands were observed in the boring logs 
performed at the Belle Haven site.   

A liquefaction screening was performed for both sites following the method described in Youd 
and Idriss, 2001 and is included in Attachment B.  The peak ground acceleration (PGA) used in 
the liquefaction screening was obtained from the USGS site specific hazard tool using a 2% 
probability of exceedance in 50 years, which corresponds to an event with a return period of 475 
years.  The results of the liquefaction screening indicate that the soils underlying the Arlington 
WPCP are not susceptible to liquefaction under the evaluated seismic load, whereas the loose 
sand stratum underlying the sandy clay stratum at the Belle Haven site is susceptible to 
liquefaction.   

10.4 Seismic Site Class 
The seismic site class was evaluated using the site classification defined in Section C3.10.3 of 
the LRFD Bridge Design Specifications, 8th Edition (LRFD 8) (AASHTO 2017b). The average 
corrected N-value method (Method B) was used to establish the site classification.  

The average corrected N-value was calculated at all four of the 2-inch split spoon-sampled SPT 
historic soil boring locations along or adjacent to the proposed flood wall alignment at the 
Arlington WPCP site.  The average corrected N-value for each boring ranged from 10 to 29, with 
an overall average of 18. Per Table 3.10.3.1-1 of LRFD 8 seismic site class methodology, the 
Arlington WPCP site classifies as Site Class D.  It should be noted that corrected SPT blow 
counts within 100 feet of ground surface are needed to properly evaluate seismic site class, and 
the available historic borings were limited to a depth range from 22.5 to 30 feet.  Therefore, 
additional depth data is necessary before a proper evaluation of seismic site class can be made.  
A copy of the seismic site class determination spreadsheet for Arlington WPCP is included in 
Attachment B. 

Due to the presence of liquefiable soils beneath the Belle Haven site, the seismic site class for 
this site classifies as Site Class F.  As with the Arlington site, the current assessment of seismic 
site class for Belle Haven is based on a very limited amount of soil borings and must be 
substantiated through the performance of additional subsurface exploration.   

10.5 Foundations 

10.5.1 Arlington WPCP Flood Wall 
The proposed flood T-wall structure protecting the Arlington WPCP may be supported on shallow 
foundations designed for a net allowable bearing pressure of up to 3,000 pounds per square foot 
(psf).  Shallow foundation elements shall be constructed a minimum of 2 feet below adjacent 
ground surface elevation for frost protection.  Geometry of the proposed stream bank 
improvements shall be considered when determining foundation subgrade elevation.  In addition, 
foundation elements shall not be constructed until the following foundation subgrade improvement 
procedures have been implemented.   
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The existing soils should first be excavated to a depth of 3 feet below the planned bottom of 
foundation level. The excavation should extend laterally a distance of at least 1.5 feet from the 
outside edges of the foundations.  The exposed subgrade should then be thoroughly compacted 
with at least six passes of a vibratory roller with a static drum weight of at least 12,000 pounds.  
Following proof compaction, the excavation should be backfilled to restore foundation subgrade 
elevation using structural fill placed and compacted in controlled lifts not exceeding 12 inches in 
loose thickness.   
 
Shallow foundation geometry for the proposed T-walls was evaluated using the USACE program 
CTWALL-R.  CTWALL-R runs were performed for four wall heights: 3-foot, 4-foot, 5-foot, and 
6-foot, resulting in footing base widths of 5 feet, 6 feet, 7 feet, and 8 feet, respectively.  
CTWALL-R analysis outputs are provided in Attachment B.   
 

10.5.2 Belle Haven Flood Wall 
The proposed flood T-wall structure protecting the Belle Haven site must be designed to resist 
the possible liquefaction of the loose sand stratum in the event of a seismic event.  The options 
available can be broadly grouped into two categories: shallow foundations combined with a 
subgrade improvement program, or deep foundations to bypass the problematic soils.  Following 
discussion with the project team, it was decided to move toward using deep foundations in lieu 
of subgrade improvement, at least at this early stage of the project.   

Both driven and drilled pile types could be suitable to support the proposed Belle Haven flood 
walls and pump house structures, which are expected to range in height from 5 feet to 9 feet for 
the flood walls, and up to 12 feet for the pump houses.  A pile capacity evaluation was performed 
for two types of 14-inch-diameter drilled piles: standard continuous flight auger (CFA) piles and 
drilled displacement (DD) piles using guidance provided in Geotechnical Engineering Circular 
(GEC) No. 8, Design and Construction of Continuous Flight Auger Piles.  Drilled displacement 
piles offer advantages over standard continuous flight auger piles due to their unique tooling, 
including increased capacity and reduced cuttings generation during installation.   

The pile capacity evaluation assumed no contribution to capacity from the soils between ground 
surface and the liquefiable loose sand stratum (Stratums 1 through 3) and a 60-foot pile length.  
This resulted in an allowable pile capacity of approximately 32 tons for the CFA pile and 48 tons 
for the DD pile.  Pile capacity spreadsheets are provided in Attachment B. 

10.6 Global Stability Analysis 
A preliminary global stability analysis was performed for the proposed 7-foot-high levee of the 
Belle Haven site using the SlopeW module of GeoStudio.  SlopeW performs a two-dimensional 
limit equilibrium stability analysis.  The analyses were run using Spencer’s Method and were 
based on a steady-state condition, wherein the embankment is hydraulically loaded to flood stage 
and steady-state seepage is occurring.  Under these conditions, it was observed that the proposed 
levee did not achieve a satisfactory factor of safety against slope stability failure.  Subsequent 
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SlopeW runs were performed following the addition of a clay core within the embankment cross 
section, which resulted in a factor of safety against slope stability failure of 1.3. 

   

10.7 Seepage Analysis 

10.7.1 Seepage Analysis of Levees 
Preliminary seepage analysis was performed assuming a 7-foot-high levee with a 10 foot wide crest 
and 3 horizontal to 1 vertical slopes.  Permeability constants for native materials and the levee 
materials were chosen to be consistent with published values corresponding to similar materials 
placed via standard construction techniques.  GeoStudio SEEP/W is a finite element program that 
can identify phreatic levels, exit gradients, and pore- water pressures in both steady state and 
transient cases. Analysis was completed using the SEEP/W software. The total seepage rate for the 
steady state case is provided below in Table 10-3. 
 

Table 10-3 – Summary of Seepage Rates – Belle Haven Levee 

Evaluated Case 
Total Seepage 
Rate (ft3/sec) 

Levee without Clay Core 1.5 x 10-5 
Levee with Clay Core 5.6 x 10-6 

10.7.2 Seepage Analysis of Flood Walls 
Preliminary seepage analysis was also performed for the proposed T-Wall flood walls for both 
the Arlington WPCP site and Belle Haven site.  The seepage analysis for Arlington WPCP was 
based on a 5-foot-high T-Wall founded on shallow foundations, whereas the seepage analysis for 
Belle Haven was based on an 8-foot-high T-wall founded on pile foundations.  The Belle Haven 
T-Wall was evaluated with and without a 25-foot-deep sheet pile cutoff to observe the effect of a 
cutoff wall on the seepage rate.  The total seepage rates for the flood wall cases are provided 
below in Table 10-4. 
 

Table 10-4 – Summary of Seepage Rates – Flood Walls 

Evaluated Case 
Total Seepage 
Rate (ft3/sec) 

Arlington WPCP T-Wall 5.9 x 10-5 
Belle Haven T-Wall, No Cutoff 5.5 x 10-6 

Belle Haven T-Wall, with Cutoff 5.1 x 10-6 
 

Based on the data in Table 10-4, there is little difference in the observed total seepage rates of 
the Belle Haven T-Wall with and without the sheet pile cutoff; however, additional analysis and 
subsurface data collection is necessary before the cutoff can be ruled out, and so for the time 
being the cutoff should be included in the preliminary Belle Haven T-Wall design. 
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11. RECOMMENDATIONS FOR ADDITIONAL SUBSURFACE 
EXPLORATION     

Additional geotechnical subsurface exploration activities are necessary to supplement the 
available geotechnical data and enable the proper design and construction of the proposed coastal 
storm risk control structures.  This additional subsurface exploration would be completed during 
the pre-construction engineering & design (PED) stage.  Subsurface exploration activity should 
follow the guidance in EM 1110-2-1913, Design and Construction of Levees, and is expected to 
consist of field exploration activity including but not limited to soil borings, cone penetrometer 
soundings, geophysical testing, and in situ strength testing.  

With regard to levee design, future subsurface exploration activity will be crafted to identify 
subsurface characteristics that affect levee design, such as the fines content of soil strata and the 
presence of any confining aquicludes. 
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12.1.1 – Reagan Airport Geotechnical Data 
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D n l l c r 'I'homas Chew 
Driller's He lper Paul Wel ly 
t-Oggcd h y J.C. Giese 

6 0 -

1.0-

- -9.0 -

- -14.0 -

- -19.0 

\ 
/ 

< 

11 

15 

20 

13 

12 

R l iMARKS: 

SHI: KEY S H E E T EOR EXIM-ANATION O I : 

S Y M B O U S A N D A B B R E V l A ' n O N S U S l - D A B O V E 

TEST BORING RECORD 

BORING NUMBER 
DATE DRILLED 
PROJECT NUMBER 
PROJECT 
PAGE 1 OF 1 

B-3 
April?, 1992 
482-9352-01 
National Airport, South Area Roads 

^ LAW ENGINEERING 

DEPTH 
(FT.) 

0.0 

DESCRIPTION ELEVATION 
(FT.) 

14.7° 

PENETRATION - BLOWS/FOOT 

10 20 30 40 60 K0 100 

25 

5.0 

15 

9.0 

A S P H A L T 

13.0 

17.0 

f- ILL - brown clay with little fine sand and trace 
fine gravel 

F I L L - brown gray clayey fine to medium sand 

H L L - brown gray clayey fine lo medium sand 
w-iih some fine to coarse gravel 

F imi gray medium S A N D (SC)wi lh l i n k fine 
gravel and Inile lo trace clay 

/>, 

I.oose lo firm brown fine to coarse S A N D (SM^ 
wilh some silt 

BORING T E R M I N A T E D A T 17, 4-10-92. 

Note: Final water level is 15 minutes after end of 
boring. 

A T V Rig 
Dri l l ing Meihod: Hol low Stem Augers 
Drilfei; 'I'homas Chew 
Driller's Helper Kevin Hammond 
Logged hy. J.C. Giesc 

- - 0 . 4 -

9.7-

4.7-

- -5.4 

- -10.4 

- -15.4 

17 

21 

28 

21 

10 

s 
2 

REMARKS: 

SEE KEY S H I - r r FOR l-XPI A N A T I O N OP 
SYMHOIJ i A N D A B B R E V I A T I O N S USEI) A I l J V I ; 

TEST BORING RECORD 

BORING NUMBER 
DATE DRILLED 
PROJECT NUMBER 
PROJECT 
PAGE 1 OF I 

B-10 
April 10,1992 
482-9352-01 
National Airporl , South Area Roads 

J ^ U W ENGINEERING 

DEPTH 
(FT) 

0.0 
0.3 

DESCRIPTION 

7j> 

13.0 

17.0 

ASPHALT 

Very stiff brown fine lo medium sandy C I A Y ( C L ) 

l,oosc io firm gray fine to medium SAND(SC) with 
lit l lc clay 

CORING T H R M I N A T E D A T 17, 4-7-92. 

A T V Rig 
Dri l l ing Method: I follow Stem Augers 
Dr i l le r Thomas Chew 
Driller's Helper. Paul Welly 
lagged by. J.C Giesc 

REMARKS: 

SHI- Kirr SHEEP IOR EXriANATION «1 : 

SYMBOLS AND AHnREVlATIONS USED ABOVE 

ELEVATION • PENETRATION - BLOWS/FOOT 
(FT.) 

140 0 10 20 30 40 60 80 100 

H L L - b r o w n fine to medium s.indy clay 

4.0-

9.0-

- 1 . 0 -

- -4.0 

- -11.0 

- -16.0 

7 
1 

10 

16 

12 

24 

26 

10 
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BORING NUMBER 
DATE DRILLED 
PROJECT NUMBER 
PROJECT 
PAGE I OF 1 

B-ll 
April 7,1992 
482-9352-01 
National Airport, South Area Roads 

^ LAW ENGINEERING 

NOTE : FOR BORING LOCATIONS SEE BORING LOCATON PLAN 

N O . REVISION DATE 

J o h n s o n , M i rm i ran 
& T h o m p s o n , P .A . 

ENGINEERS - PLANNERS - SURVEYORS - LANDSCAPE ARCHITECTS 

72 LOVETON CIRCLE SPARKS. MD. 21152 

(410) 329-3100 

• • • • • 

/ > 0 

* O 
DANIEL 1. CHENG 

v. 
> g * w ^ dug ; 

\£k ozntf- JZ* 

• • • * • • * , J 
i t f i / f * 

DATE NOVEMBER I, 1994 

SCALE 
NONE 

DESIGNED M.R.M. 
CHECKED 

D.A.L. 
ACCEPTED 

DRAWN 
L.E.E, 

D.R.H. 

SUBMITTED 
D.A.J. 

APPROVED F.D.H. 

METROPOLITAN WASHINGTON 
AIRPORTS AUTHORITY 

ENGINEERING DIVISION 
DESIGN BRANCH 

SOUTH AREA ROADS 
PROJECT N o . 3 

WASHINQTON NATIONAL AIRPORT 
WASHINGTON. D.C. 

BORING LOGS 

DRAWING NUMBER 

X A-3017-48 

SHEET NUMBER 

C7.2 

file:///UOVI


DEPTH 
trr.) 

00 

DESCRIPTION 

1.0 
ASPHALT 

3.5 

FILL - brcrft-D tan gray dayty medium santl wiih 
little gra\-el 

Loose to nrm brown medium S.'\ND (SM) with 
trace dsy ar.d trace Tine gravel 

7.0: 

Loo« brown gray fine ? \ N D (SM) with little silt 

17.0 

BORING TERMINATED AT ~ 4-10-92 

i Note: Final water level shown • 15 minutes .- T 
! endofbonng. 
i 

i AT\ 'Rig 
Drilling Method: Hollow Ste .Augers 

! Dnller Thomas Chew 
i Driller's Helper Kevin Harr. lond 
i LoggeJ b>-. J .C Gicie 

ELEVATION 
(FT.) 

11.5° 

6.8-

LS-

- -3.2 

r- -S.2 

- -13.2 

- -18.2 -

REMARKS: 

SEE KEY SHEET FOR EXPLANATION OF 
SYMBOLS AND ABBREVIATIONS USED ABOVE 

PENKTRATION - BLOWS/KOOT 

10 20 30 40 60 SO 100 

\ 

\ 

I 

y i 

TEST BORING RECORD 

BORING NUMBER 
DATE DRILLED 
PROJE TT NUMBER 
PROJECT 
PAGE 1 OF I 

20 

30 

7 

10 

B-17 
April 14,1992 
432-9352-01 
National Airpon, South Area Roads 

J ^ LAW ENGINEERING 

I 
77 

DEPTH 
i r r . ) 

DESC'KIPTION ELEVATION • PENETRATION - BLOWS/EOOI 
(FT.j 

14 0 10 20 30 40 60 80 100 

40 

17.0 

I ILL • b r w n fine io medium vindy clay with 
trace fmc grave! 

Very mtf to soft dark gray clayey silt (.ML-M1I) 
with little fine sand, trace or^jrucs 

BORING TERMINATED AT 17.4-l>92. 

Notes: 

1. Bonngdryat lime of drilling. 
2. Water level shown is at lime of fconng and 15 
mmutes alter end of bonng. 

ATV'' Rig 
Drilling Method: Hollow Stem Augers 
Dnller "I'homas Chew 
Driller's Helper. Kevin Hammond 
Logged by: J .C Giesc 

E# 

m 

4.1-

9 l - r 

- -09 

- -5.9 

r- -109 

- -15.9 

\ 

y 

REMARKS: 

SEE KEY SHEET FOR EXPLANATION OF 
SYMBOLS AND ABBREVIATIONS USED ABOVE 

TEST BORING RECORD 

BORING NUMBER 
DATE DRILLED 
PROJECT NUMBER 
PROJECT 
PAGE 1 OF 1 

24 

3 - ! 

B-18 
April 13,1992 
482-9352-01 
National Airport, South Area Roads 

J ^ IAW ENGINEERING 

DEPTH 
(rr.) 

00 

DESCRIPTION 

I I JLL - b r w n medium ur.d with litllc lire gravel, 
j trare slay 

j IJX&C gray bro*Ti fine to medium SAND (SM) 
i with little silt 

17.0 

BORING TERMINATED AT 17. 4-13-92. 

. Note: Water level sho*-n is at time of bonng and 
• 15 romuies after end of bonng. 

i ATV'Rig 
. Dnlhng Method: Hollow Stem Augcn 
1 Dnller. Thomas Chew 

Dnller's Helper Kevin Hammond 
Logged by. J.C. Giesc 

ELEVATION 
(FT.) 

1 2 . 0 

PENETRATION - HLOYVyi-OOT 

10 20 30 40 60 80 100 

• 
m 
ffi 

§1 7.8-

28 -

- . ^ i 

r- -7.2 

U . \ t i 12.2 

- -17.2 - r 

/ 
/ 
i 

/ 

\ 

X 
\ 

A 
/ 

\ 

i i 

: io 

2-3 

B ' 

1 I I 

REMARKS: 

SEE KEY SHEET FOR EXPLANATION OF 
SYMBOLS AND ABBREVIATIONS USED ABOVE 

TEST BORING RECORl) 

BORING NUMBER 
DATE DRILLED 
PROJECT NUMBER 
PROJECT 
PAGE 1 OF 1 

B-19 
April 13,1992 
482-9352-01 
National Airport, South Area Roads 

^ IAW ENGINEERING 

DEPTH 
(fT.) 

0 0 

DESCRIPTION 

OS! ASHl-U.l 
13 - .GKAVELDASE 

35 

5 0 

SO 

10 0 

FILL- b r w n fine to medium sar.u »iih little Tne 
gnj«l, liiitc clay 

170 

.•im brown-gny clayey SANDfSCJ 

BORING TERMINATED AT 17.4-9-92 

Note: n-.ai ^-atcr lc*.-cl ihc^-r. is 15 rr.xutes af::: 
cr.L-1 -.I bonng. 

-vrv Rig 
Dnlling MeihcJ. Hollow Stem Augcn 
Dnller. Thomas Cnew 
Dnller's Helper Kevin Hammond 
Logged by: J .C Giesc 

ELEVATION 
(fT.) 

0 
12t* 

PILL - bro47j ar.d gray fine (0 n c i i - m undy cUv 

FILL- bro*-n d a ^ y fire io medium u n j v \ \ \ 
I \ i | t I l e fir.c gra%-cl 

FILL - bioan Tire to medium lar.dy da-, v.th 
I little fmc gni\-el 

r -12.4 -T 

r -17.4 

REMARKS: 

i.-"ii KI?Y SHEET FOR EXPLANATION OF 
SYMBL : S A. TJ ABBREVIATIONS USED ABOVE 

PENETRATION - HLOWS/EOOr 

10 20 30 40 60 .« 100 

rm 
V. I-W-

, & m % 
' 0 

.% .Vd" 

ii m 
ml tm » 

1 b m % m WM 
B§ wim vy//A. 

-2 4 W, 
' / / 

- • A 

TEST BORING RECORD 

BORING NUMBER 
DATE DRILLED 
PROJECT NUMBER 
PROJECT 
PAGE 1 OF I 

15 

&i 

24 

21 ' 

B-20 
April 9,1992 
482-9352-01 
National AirporL South Area Roads 

J ^ JAW ENGINEERING 

DEPTH 
(FT.) 

0.0 

DESCRIPTION 

1.2 
(\SP1L\LT 

RLL - brown c la^y fine to medium sand 
chanpng to sandy clay with little fine gravel 

S.O 

FILL - gray clayey silt with little fine sand and 
trace fine gravel 

S-s! 

Loose dark brown clayey fine SAND (SC) 

13.0 

I 

| Firm brown SAND ( S Q ^ t h little to trace clay 

17 0 

BORING TERMINATED AT 17. 4-13-92. 

Note: Final water level shown is 15 minutes after 
! endofbonng. 

! ATVRjg 
Dnlling Meihod: Hollow Stem Augcri 
Driller Thomas Chew 
Dnller's Helper Kevin Hammond 
Logged by. J .C Giese 

ELEVATION 
(FT.) 

7.2 • 

-7.8 

-2.S 

-12.S 

- -17.S 

PENETRATION - BLOWS/FOOT 

10 20 30 40 60 80 100 

T 

REMARKS-

SEE KEY SHEET FOR EXPLANATION OF 
SYMBOLS AND ABBREVZATIONS USED ABOVE 

TEST BORING RECORD 

BORING NUMBER 
DATX DRILLED 
PROJECT NUMBER 
PROJECT 
PAGE 1 OF 1 

19 

c 

a 59 
-ts 

29 a 

8 

a 
d 5 

17 

B-21 
April 13,1992 
4S2-9352-01 
National Airport, South Area Roads 

^ LAWENGINEERING 

N O . REVISION DATE 

DEPTH 
(FT.) 

0.0 

DESCRIPTION 

0.4 

10.0 

13.0 

ASPHALT 

Loose brown grav clavey fine to medium 
SAND(SQ 

17.0 

Soft gray clayey SILT(MH) with trace fine sand 

Loose gray siliy fine to medium SAND(SM) 

BORING TERMINATED AT 17, 4-3-92. 

ATV R,g 

Dnlling Method: Hollow Stem Augers 
Driller: Donan Duval 
Dnller's Helper Jorge Del-Cid 
Logged by. J.C. Giesc 

ELEVATION 
(FT.) 

1 1 . 0 ° 

FILL - brown fine to medium sand with some clay 
and little fine gravel 

-4.0 

-9.0 

- -14 0 

- -19.0 

PENETRATION - BLOWS/FOOT 

10 20 30 40 60 80 100 

-T 
1 

A 

REMARKS: 

SEE KEY SHEET FOR EXPLANATION OF 
SYMBOLS AND ABBREVIATIONS USED ABOVE 

TEST BORING REC6RD 

BORING NUMBER 
DATE DRILLED 
PROJECT NUMBER 
PROJECT 
PAGE 1 OF 1 

S 

25 

26 

10 

I 5 

B-22 
April 3,1992 
482-9352-01 
National Airport, South Area Roads 

J ^ IAW ENGINEERING 

c i 

J o h n s o n , M i rm i ran 
& T h o m p s o n , P . A . 

ENGINEERS - PLANNERS - SURVEYORS - LANDSCAPE ARCHITECTS 

72 LOVETON CIRCLE SPARKS. MD. 21152 

(410) 329-3100 

« * • * • 

.••yy. 

.* aWKL T. CHENG I 

'•%, «oaB2 W*' 

s-EE-ta 

DEPTH 
(FT.) 

0.0 

DESCRIPTION 

0 4 •_. ASPHALT 

3.5 i 

FILL - gray fine to medium sandy silt with little 
i fine gravel and trace organics 

6.5 

9.0 

FILL - tan fine to medium sand wiih some clay 
and little fine gravel 

Loo« io to firm tan fine to medium SAND (SC) 
with little coarse sand and fine gravel and I.tile to 
trace clflv 

17.0 

BORING TERMINATED AT 17. 4-6-92. 

ATV' Rjg 
Dnlling Method: Hollow Stem Augers 
Dnllcr Thomas Chew 
Dnller's Helper Kevin Hammond 
Logged by J .C Giese 

ELEVATION • PENETRATION - BLOWS/FOOT 
(FT.) 

0 10 20 30 40 60 SO 100 

j FILL - brown clayey fine to medium sand with 
trice fine gravel 

10.4 

»WK 

SSS 
M M 
I-N-X 

SSS ;•»: -• 5.4 

x*. 
*T"rvi 

& 
5 « « 
ftftSS 
:«« 

0.4 

m- •4.6 

Wz 

- -9.6 -

- -14.6 

- -19.6 

\ 
"^ 

/ 

REMARKS: 

SEE KEY SHEET FOR EXPLANATION OF 
SYMBOLS AND ABBREVIATIONS USED ABOVE 

TEST BORIUG RECORD 

BORING NUMBER 
DATE DRILLED 
PROJECT NUMBER 
PROJECT 
PAGE 1 OF 1 

19 

11 

3S 

21 

10 

B-23 
April 6,1992 
4S2-9352-01 
National Airport, South Area Roads 

J l IAW ENGINEERING 

DATE MARCH 10, 1 9 9 3 

SCALE 
NONE: 

DESIGNED M.R.M. 
CHECKED 

D.A.L. 
DRAWN 

L.E.E, 
ACCEPTED 

u.F .K. 
SUBMITTEO n A , 

D.A.J. 

APPROVED"~FTD>r 

* , 

f 

DEPTH 
(FT.) 

0.0 
0J 

3.5 

DESCRIPTION 

7.0 

95 

17.0 

AiP HALT 

FILL-gray fine sandy clay with little fine gn%el 

Very stiff gray fine sandy SILT(ML) 

Loose gray fine to medium SAND(SC) with little 
clav 

BORING TERMINATED AT 17. 4-9-92. 
Note: Finai »-atcr level shoa-n is 15 minutes after 
end of bonng. 

ATVRjg 
Dnlling Method: Hollow Stem Augere 
Driller Thomas Chew 
Dnller's Helper. Kevin Hammond 
Logged by J.C Gic^c 

ELEVATION • PENETRATION - BLOWS/FOOT 
(FT.) 

s , 0 10 20 30 40 60 SO 100 

FILL - brown gray medium sand wiih some clay 
and little fine gravel 

3.2-

-1.S 

-6.S 

- -ILS 

- -16.8 

- -21.8 

\ 

\ 

/ 

/ 
A 

¥ 

REMARKS: 

SEE } & \ ' SHEET FOR E JLANATION OF 
S^M"OLS, \ND ABBREVIATIONS USED ABON'E 

TEST BORING RECORD 

BORING NUMBER 
DATE DRILLED 
PROJECT NUMBER 
PROJECT 
PAGE I OF 1 

D 

H 

20 

16 

B-25 
April 9,1992 
482-9352-01 
National Airport, South Area Roads 

A 1 A W ENGINEERING 

METROPOLITAN WASHINGTON 
AIRPORTS AUTHORITY 

ENGINEERING DIVISION 
DESIGN BRANCH 

SOUTH AREA ROADS 
WASHINGTON NATIONAL AIRPORT 

WASHINGTON. D.C. 

BORING LOGS 

DRAWING NUMBER 

DCA-3016-40 

SHEET NUMBER 

C7.2 

file:///SP1L/LT
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DRAINAGE STRUCTURES SCHEDULE 

NUMBER 
MH 2-1 
MH 2-2 
EW 2-1 

E STATION 

STA. 1+05,14.0'LT. 
STA. 1+05, 2.0'RT. 

STA. 3+41, 6 

TYPE 

STANDARD PRECAST 60" MH 
STANDARD PRECAST 96" MH 
PRECAST ENDWALL FOR 54" 

CIRCULAR PIPE CULVERT 

T.G. ELEV. 
6.00 
5.76 

PIPE SCHEDULE 

NUMBER 
P 2-1 
P 2-2 
P 2-3 
P 2-4 

TYPE 
36" RCCP 
36" RCCP 
54" RCCP 
54" RCCP 

LENGTH 
83.0' 
13.0' 
36,0" 
79.0' 

INVERT IN 
-1.91 
-2.81 
-3.73 
0.25 

INVERT OUT 
-2.71 
-2.91 
-3.94 
-0.16 

BASELINE CONSTRUCTION CULVERT 

CURVE NO.2 

A = 46 0 45 , 42 .8 , 

D = 19° 00* 00.0 " 
R = 301.56 ' 
T = 130.38' 
L = 246.12' 
E = 26.98 ' 

NOTE: CONNECTION BETWEEN SEDIMENT COLLECTION 
CULVERT AND PIPES P 2-3 AND P 2 -4 SHALL BE 
RESILIANT TO SHEAR CAUSED BY DIFFERENTIAL 

SETTLEMENT AND SHALL PROVIDE A WATERTIGHT SEAL. M A T C H L | N E S E E RQADWAY AND STORM DRMH PLAN NO. 3 (SHEET NO. C1.11) 
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MAJOR DIVISIONS 

COARSE 
GRAINED 

SOILS 
(More than 50% of 

material is 
LARGER than No 

200 sieve size) 

FINE 
GRAINED 

SOILS 
(More than 50% of 

material is 
SMALLER than 

No 200 sieve size) 

GRAVELS 
(Moicthan50%of 
coarse fraction is 

I.ARULR than the 
No 4 sieve size) 

SANDS 
(More than 50% of 
coarse fraction is 
SMALLER than 
the No 4 Sieve 

Size) 

CLEAN 
GRAVELS 

(Little or no fines) 

GROUP 
SYMBOLS 

GRAVELS 
WITH FINES 

(Appreciable 
amount of fines) 

r GW 
* * 

0 G 
^ 

Ao GM 

GC 

CLEAN 
SANDS 

(Little or no fines) 

S A N D S 
W I T H F I N E S 

(Appreciable 
amount of fines) 

% 

SILTS AND CLAYS 
(Liquid limit LF.SS than 50) 

SILTS AND CLAYS 
(1 iquid limit GREATER lhan 50) 

HIGHLY ORGANIC SOILS 

% 

% 

Z 

SW 

SP 

SM 

SC 

ML 

CL 

OL 

MH 

0 
m 
- A - f - S 

•A-A 

CH 

OH 

PT 

TYPICAL NAMES 

Well graded gravels, gravel - sand 
mixtures, little or no fines 

Poorly graded gravels or gravel - sand 
mixtures, little or no fines 

Silty gravels, gravel - sand - silt mixtures 

Clayey gravels, gravel - sand - clay 
mixtures 

Well graded sands, gravelly sands, little or 
no fines 

Poorly graded sands or gravelly sands, 
little or no fines 

Silty sands, sand - silt mixtures 

Clayey sands, sand - clay mixtures 

Inorganic silts and very fine sands, rock 
(lour, silty or clayey fine sands or clayey 
silts and with slight plasticity 
Inorganic clays of low to medium 
plasticity, gravelly clays, sandy clays, silty 
clavs. lean clavs 

Organic silts and organic silty clays of low 
plasticity 

Inorganic silts, micaceous or diatomaceous 
fine sandy or silty soils, elastic silts 

Inorganic clays of high plasticity, fat clays 

Organic clays of medium to high 
plasticity, organic silts 

Peat and other highly organic soils 

BOUNDARY CLASSIFICATIONS: Soils possessing characteristics of two groups are designated by 
combinations of group symbols. 

SILT OR CLAY 
SAND 

Fine Medium Coarse 

GRAVEL 

Fine Coarse 
Cobbles Boulders 

No 200 No 40 NolO No 4 3/4" 

U.S. STANDARD SIEVE SIZE 
r 12" 

Reference: The Unified Soil Classification System, Corps of Engineers, U.S. Army Technical 
Memorandum No. 3-357, Vol. I. March. 1953 (Revised Aoril. 1960) 

Undisturbed Sample 

Split Spoon Sample 

Rock Core 

Dilatometer 

Packer 

2 Water Table at time of drilling I Water Table after 24 hours 

Auger Cuttings 

Bulk Sample 

Crandall Sampler 

Pressure Meter 

O No Recovery 

Correlation of Penetration Resistance 
with Relative Density and Consistency 

SAND & GRAVEL 
No. of Blows 

0 - 4 

5- 10 
11-20 
2 1 - 3 0 

3 1 - 5 0 

Over 50 

Relative Density 
Very Loose 

Loose 
Firm 

Very Firm 
Dense 

Very Dense 

SILT & CLAY 
No. of Blows 

0 - I 
2 - 4 

5-8 
9 - 1 5 

16-30 
Over 31 

Consistency 
Very Soft 

Soft 
Firm 
Stiff 

Very Stiff 
Hard 

KEY TO SYMBOLS AND 
DESCRIPTIONS 

LAW 
LAWGIBB Group Member A L 

D 
E 
P 
T 
H 

(oft) 

- 15 

10 -

- 20 

- 25 

SOIL CLASSIFICATION 
AND REMARKS 

SEE KEY SYMBOL SHEET FOR EXPLANATION OF 
SYMBOLS AND ABBREVIATIONS BELOW. 

ASPHALT 18 inches 

E 
L 
E 
V 

(ft) 
8.5 

FILL - sampled as loose to firm brown fine to medium sand, 
some silt, little to some gravel, moist 

- very loose, some clay below 6 feet 

Very loose gray fine to medium SAND (SM), little to some ^ 
silt, wet V . 

Very soft gray SILT (ML), trace fine sand, wet 

Very soft gray clayey SILT (MH), trace fine sand, wet 

BORING TERMINATED AT 15.0 FEET. 

NOTES: 
1 Ground water was encountered at 9.1 feet on 10/10/98 
2 Cave-in depth was measured at 9.2 feet on 10/10/98. 
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DRILLER LAW M Potter 
EQUIPMENT CME-55 
METHOD: HSA 
HOLE DIA. 3-1/4" 
Logged by. E. Leipski 
Checked by 
REMARKS 

THIS RECORD IS A REASONABLE INTERPRETATION 
OF SUBSURFACE CONDITIONS AT THE EXPLORATION 
LOCATION. SUBSURFACE CONDITIONS AT OTHER 
LOCATIONS A N D AT OTHER TIMES M A Y DIFFER 
INTERFACES BEWEEN STRATA AJ*E APPROXIMATE. 
TRANSITIONS BETWEEN STRATA MAY BE GRADUAL 

SOIL TEST BORING RECORD 

PROJECT South Area Roads and Pipe Extension 
BORING NO. B-1 

DRILLED: 
PROJ. NO: 

November 10, 1998 
20310-8-2222 P A G E 1 O F 1 

LAW 
LAWGIBB Group Member Mk 

D 
E 
P 
T 
H 

W 

- 5 -

- 10 -

SOIL CLASSIFICATION 
AND REMARKS 

SEE KEY SYMBOL SHEET FOR EXPLANATION OF 
SYMBOLS AND ABBREVIATIONS BELOW. 

L 
E 
G 
E 
N 
D 

ASPHALT 18 inches 

FILL - sampled as very loose to firm gray-brown fine to 
medium sand, some silt, trace to some clay, little gravel, 
moist to wet 

- petroleum odor at 5 feet and at 8.5 feet 

Very loose gray silty fine SAND (SM), wet 

- 15 

- 20 -

- 25 -

- 35 -

- fine to medium SAND (SP), trace silt below 13.5 feet 

- blue-green siltv fine SAND (SM) at 15 feet 
BORING TERMINATED AT 15 FEET. 

NOTES: 
1 Ground water was encountered at 8 feet on 11/10/98 
2. Cave-in depth was measured at 9.5 feet on 11/10/98 
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DRILLER LAW M Potter 
EQUIPMENT CME-55 
METHOD HSA 
HOLE DIA 3-1/4" 
Logged by: E. Leipski 
Checked by 
REMARKS 

THIS RECORD IS A REASONABLE INTERPRETATION 
OF SUBSURFACE CONDITIONS A T THE EXPLORATION 
LOCATION. SUBSURFACE CONDITIONS A T OTHER 
LOCATIONS A N D AT OTHER TIMES M A Y DIFFER. 
INTERFACES BEWEEN STRATA A R E APPROXIMATE 
TRANSITIONS BETWEEN STRATA MAY BE GRADUAL 

SOIL TEST BORING RECORD 

PROJECT South Area Roads and Pipe Extension 
BORING NO. B-2 

DRILLED: November 10, 1998 
PROJ. NO: 20310-8-2222 P A G E 1 O F t j 

LAW 
LAWGIBB Group Member M k 

NOTE: 

REFER TO ROADWAY AND STORMDRAIN PLANS, 
SHEET NO.'S C1.9 AND C1.10 FOR SOIL BORING 
LOCATIONS. 

tt 

NO. REVISION DATE 

wm m w a H i 
JOHNSON, M I R M I R A N & THOMPSON 

Engineering A Brighter Future 
72 Loveton Circle Baltimore, Maryland 21152-0949 
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DESIGNED 

C.D.L. 
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E.B.B. 
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D.A.L. 
ACCEPTED 

D.R.H, 
SUBMITTED D.AJ. 
APPROVED 

F.D.H. 

* / • 

METROPOLITAN WASHINGTON 
AIRPORTS AUTHORITY 

OFFICE OF ENGINEERING 
DESIGN DEPARTMENT 

DRAWING TITLE 

SOUTH AREA ROADS 
PROJECT 4B 

RONALD REAGAN WASHINGTON NATIONAL AIRPORT 
WASHINGTON, D.C. 

BORING LOGS 

DRAWING NUMBER 

DJCC7001 

SHEET NUMBER 

C7.1 
sh 4 0 of 52 
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SOIL CLASSIFICATION 
AND REMARKS 

SEE KEY SYMBOL SHEET FOR EXPLANATION OF 
SYMBOLS AND ABBREVIATIONS BELOW. 

ASPHALT: 12 inches 

FILL - sampled as loose to dense gray-brown fine to 
medium sand, some silt, little to some gravel, littie to some 
concrete, trace to some clay, trace wood, moist to wet 

BORING TERMINATED AT 15 FEET. 

NOTES: 
1. Ground water was encountered at 6.5 feet on 11/10/98 
2. Cave-in depth was measured at 11.5 feet on 11/10/98. 

DRILLER: LAW M. Potter 
EQUIPMENT CME-55 
METHOD: HSA 
HOLE DIA. 3-l/4,• 
Logged by E. Leipski 
Checked by: 
REMARKS: 

THIS RECORD IS A REASONABLE INTERPRETATION 
OF SUBSURFACE CONDITIONS AT THE EXPLORATION 
LOCATION. SUBSURFACE CONDITIONS AT OTHER 
LOCATIONS A N D AT OTHER TIMES M A Y DIFFER 
INTERFACES BEWEEN STRATA A R E APPROXIMATE 
TRANSITIONS BETWEEN STRATA MAY BE GRADUAL 
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SOIL T E S T B O R I N G R E C O R D 

P R O J E C T South Area Roads and Pipe Extension 
BORING NO. B-6 

D R I L L E D : November 10, 1998 
P R O J . N O : 20310-8-2222 P A G E 1 O F 1 

LAW 
LAWGIBB Group Member M L 

D 
E 
P 
T 
H 

(V 
K ASPHALT: 4 inches 

FILL: sampled as LOOSE brown sandy gravel, little clay, 
H moist 

10 

15 H 

SOIL CLASSIFICATION 
AND REMARKS 

SEE KEY SYMBOL SHEET FOR EXPLANATION OF 
SYMBOLS AND ABBREVIATIONS BELOW. 

h 20 

h 30 H 

25 H 

35 

40 

45 

BASE: 8 inches 
FILL sampled as LOOSE gray, green, black fine to medium 
sand, little mica, some silt, some gravel, moist 

FILL: sampled as VERY LOOSE dark gray-brown clayey ^7 
fine to medium sand, some gravel, moist -^-

FILL: sampled as SOFT dark gray clayey silt, trace fine 
sand, moist 

FILL; sampled as asphalt and concrete fragments 

VERY SOFT green, gray, black clayey SILT (MH), trace to 
little fine sand, trace mica, moist to wet 

DRILLER: LAW: M. Potter 
EQUIPMENT: CME-55 
METHOD: 3.25" ID HSA 
HOLE DIA. 
Logged by: C. Tin 
Checked by: 
REMARKS: 

THIS RECORD IS A REASONABLE INTERPRETATION 
OF SUBSURFACE CONDITIONS AT THE EXPLORATION 
LOCATION. SUBSURFACE CONDITIONS AT OTHER 
LOCATIONS AND AT OTHER TIMES MAY DIFFER. 
INTERFACES BEWEEN STRATA ARE APPROXIMATE. 
TRANSITIONS BETWEEN STRATA MAY BE GRADUAL. 
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SOIL TEST B O R I N G R E C O R D 

P R O J E C T South Area Roads Box Culvert - DCA 
BORING NO. B-1 A 

DRILLED: May 24, 1999 
P R O J . NO: 20310-8-2222.01 P A G E 1 O F 2 

LAW 
LAWGIBB Group Member J U 
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P 
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H 4 ^ 

h 50 

\ - 55 

SOIL CLASSIFICATION 
AND REMARKS 

SEE KEY SYMBOL SHEET FOR EXPLANATION OF 
SYMBOLS AND ABBREVIATIONS BELOW 

VERY SOFT green, gray, black clayey SILT (MH), trace to 
little fine sand, trace mica, moist to wet 

H 65 

60 

h 70 H 

h 75 H 

3 
21-
2 

80 - \ 

85 H 

90 

LOOSE gray fine to medium SAND (SP), trace clay, wet 

VERY DENSE gray fine to medium SAND (SP), trace clay, 
wet 

VERY STIFF gray-green silty CLAY (CL), trace fine sand, 
little gravel, moist 

BORING TERMINATED AT 65.0 FEET BELOW 
GROUND SURFACE (BGS) ON 5/24/99. 

NOTES 
1 Ground water level was measured at 6.5 feet bgs on 
5/24/99. 
2 Cave-in depth was measured at 51.7 feet bgs on 5/24/99. 

DRILLER LAW: M Potter 
EQUIPMENT CME-55 
METHOD: 3 25" ID HSA 
HOLE DIA. 
Logged by C Tin 
Checked by 
REMARKS: 

THIS RECORD IS A REASONABLE INTERPRETATION 
OF SUBSURFACE CONDITIONS AT THE EXPLORATION 
LOCATION SUBSURFACE CONDITIONS AT OTHER 
LOCATIONS A N D A T OTHER TIMES M A Y DIFFER 
INTERFACES BEWEEN STRATA ARE APPROXIMATE. 
TRANSITIONS BETWEEN STRATA M A Y BE GRADUAL 
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SOIL T E S T B O R I N G R E C O R D 

P R O J E C T South Area Roads Box Culvert - DCA 
B O R I N G NO. B-1 A 

D R I L L E D : May 24, 1999 
P R O J . N O : 20310-8-2222.01 P A G E 2 O F 2 

LAW 
LAWGIBB Group Member M L 

NOTE: 

REFER TO ROADWAY AND STORMDRAIN PLANS, 
SHEET NO.'S C1.9 AND C1.10 FOR SOIL BORING 
LOCATIONS. 
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DRAWING TITLE 
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PROJECT 4B 
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SOIL CLASSIFICATION 
AND REMARKS 

SEE KEY SYMBOL SHEET FOR EXPLANATION OF 
SYMBOLS AND ABBREVIATIONS BELOW 

FILL: sampled as LOOSE gray-green sandy gravel, little 
clay, moist 

FILL: sampled as VERY LOOSE tan, gray, black clayey 
fine to medium sand, some gravel, moist 

FILL, sampled as LOOSE TO VERY FIRM dark gray 
clayey fine to medium sand, little gravel, moist 

VERY SOFT TO SOFT green, gray, black clayey SILT 
(MH), trace to some fine sand, trace mica, moist to wet 

DRILLER: LAW M Potter 
EQUIPMENT CME-55 
METHOD 3.25" ID HSA 
HOLE DIA; 
Logged by C. Tin 
Checked by: 
REMARKS: 

THIS RECORD IS A REASONABLE INTERPRETATION 
OF SUBSURFACE CONDITIONS AT THE EXPLORATION 
LOCATION. SUBSURFACE CONDITIONS AT OTHER 
LOCATIONS AND AT OTHER TIMES MAY DIFFER. 
INTERFACES BEWEEN STRATA ARE APPROXIMATE. 
TRANSITIONS BETWEEN STRATA MAY BE GRADUAL. 
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SOIL TEST BORING RECORD 

PROJECT South Area Roads Box Culvert ^ DCA 
BORING NO. B-2 A 

DRILLED: May 25, 1999 
PROJ. NO: 20310-8-2222.01 PAGE 1 OF 2 

LAW 
LAWGIBB Group Member Ak 

D 
E 
P 
T 
H 

50 H 

SOIL CLASSIFICATION 
AND REMARKS 

SEE KEY SYMBOL SHEET FOR EXPLANATION OF 
SYMBOLS AND ABBREVIATIONS BELOW 

VERY SOFT TO SOFT green, gray, black clayey SILT 
(MH), trace to some fine sand, trace mica, moist to wet 
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VERY LOOSE dark gray, brown, white Fine to coarse 
SAND (SC), little to some clay, little gravel, wet 

VERY DENSE dark gray, brown, white fine to coarse 
SAND (SC), little to some clay, little gravel, wet 

BORING TERMINATED AT 65.0 FEET BELOW 
GROUND SURFACE (BGS) ON 5/25/99. 

NOTES: 
1 Ground water level was measured at 8 0 feet bgs on 
5/25/99. 
2 Cave-in depth was measured at 52.5 feet bgs on 5/25/99 

DRILLER: LAW: M Potter 
EQUIPMENT CME-55 
METHOD 3.25" ID HSA 
HOLE DIA.. 
Logged by: C Tin 
Checked by 
REMARKS 

THIS RECORD IS A REASONABLE INTERPRETATION 
OF SUBSURFACE CONDITIONS AT THE EXPLORATION 
LOCATION SUBSURFACE CONDITIONS AT OTHER 
LOCATIONS AND AT OTTIER TIMES MAY DIFFER 
INTERFACES BEWEEN STRATA ARE APPROXIMATE 
TRANSITIONS BETWEEN STRATA MAY BE GRADUAL 
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SOIL TEST BORING RECORD 

PROJECT South Area Roads Box Culvert - DCA 
BORING NO. B-2 A 

DRILLED: May 25, 1999 
PROJ. NO: 20310-8-2222.01 PAGE 2 OF 2 
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NOTE: 

REFER TO ROADWAY AND STORMDRAIN PLANS, 
SHEET NO.'S 01.9 AND 01.10 FOR SOIL BORING 
LOCATIONS. 
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DESIGN DEPARTMENT 

DRAWING TITLE 
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PROJECT 4B 

RONALD REAGAN WASHINGTON NATIONAL AIRPORT 
WASHINGTON, D.C. 
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DRAWING NUMBER 
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SHEET NUMBER 
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SOIL CLASSIFICATION 
AND REMARKS 

SEE KEY SYMBOL SHEET FOR EXPLANATION OF 
SYMBOLS AND ABBREVIATIONS BELOW 

ASPHALT 6 inches 
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BASE. 6 inches 
FILL - sampled as loose to firm gray-brown fine to medium 
sand, some silt, some gravel, moist 

- micaceous from 6 to 7.5 feet 

- black to gray rock fragments, little fine to medium sand, 
little silt, wet from 8 5 to 10 feet 

SAMPLES 
i 

D 
E 
N 
T 

- trace glass at 13.5 feet 

BORING TERMINATED AT IS FEET. 

NOTES 
1. Ground water was encountered at 4.5 feet on 11/10/98 
2 Cave-in depth was measured at 9 feet on 11/10/98 
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DRILLER LAW M Potter 
EQUIPMENT: CME-55 
METHOD HSA 
HOLE DIA 
Logged by 
Checked by 
REMARKS. 

3-l/4,, 

E Leipski 

THIS RECORD IS A REASONABLE INTERPRETATION 
OF SUBSURFACE CONDITIONS AT THE EXPLORATION 
LOCATION. SUBSURFACE CONDITIONS AT OTHER 
LOCATIONS A N D A T OTHER TIMES MAY DIFFER. 
INTERFACES BEWEEN STRATA ARE APPROXIMATE. 
TRANSITIONS BETWEEN STRATA MAY BE GRADUAL. 

SOIL TEST BORING RECORD 

PROJECT South Area Roads and Pipe Extension 
BORING NO. B-3 

DRILLED: November 10, 1998 
PROJ. NO: 20310-8-2222 P A G E 1 O F 1 

LAW 
LAWGIBB Group Member A 

D 
E 
P 
T 
H 

h 5 -

h 15 

10 -

SOIL CLASSIFICATION 
AND REMARKS 

SEE KEY SYMBOL SHEET FOR EXPLANATION OF 
SYMBOLS AND ABBREVIATIONS BELOW 

L 
E 
G 
E 
N 
D 

ASPHALT: 6 inches 

E 
L 
E 
V 

(ft) 
6.7 

BASE: 6 inches 
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sand, some silt, some gravel, trace to little bnck, moist to 
wet 
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BORING TERMINATED AT 15 FEET. 

NOTES 
1 Ground water was encountered at 5.5 feet on 11/10/98. 
2 Cave-m depth was measured at 10.5 feet on 11/10/98. 
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DRILLER LAW: M Potter 
EQUIPMENT CME-55 
METHOD: HSA 
HOLE DIA. 3-1/4" 
Logged by: E. Leipski 
Checked by 
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THIS RECORD IS A REASONABLE INTERPRETATION 
OF SUBSURFACE CONDITIONS AT THE EXPLORATION 
LOCATION SUBSURFACE CONDITIONS AT OTHER 
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FILL - sampled as very loose to firm gray-brown-black fine 
to medium sand, some silt, some gravel, trace to little clay, 
trace to little bnck fragments, trace asphalt, trace concrete, 
moist 

- wet below 8 5 feet 

Very soft gray clayey SILT (MH), trace fine sand, wet 

BORING TERMINATED AT 30 FEET. 

NOTES 
1 Ground water was encountered at 4.5 feet on 11/10/98 
2 Cave-in depth was measured at 9 feet on 11/10/98. 
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METHOD HSA 
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TRANSITIONS BETWEEN STRATA MAY BE GRADUAL 

E 
L 
E 
V 

(ft) 
6.0 

10 -

SAMPLES 
i 

D 
E 
N 
T 

SPT-1 

SPT-2 

HSPT - 3 

-40 -

-9.0 -

- - 1 4 . 0 -

SPT-4 

N-COUNT 

to ** fc 
ts "g *2 
«— CN m 

M 
% 

SPT-5 $ 

SPT-6 X 

h - 1 9 . 0 - ! 

-24 0 -

-29.0 -

h -34 0 

-390 

SPT-7 K 

SPT-8 

6-4-18 
N=22 

3-2-15 
N=17 

4-1-1 
N=2 

WOH-1-2 
N=3 

PL(%) NM (%) 

— e — 
LL(%) 

tf 
• FINES (%) 

• SPT(bpO 

10 20 30 40 50 60 70 80 90 100 

4-2-1 
N=3 

K 

1-5-1 
N=6 

WOH/12"-l 
N=l 

A 

1-0-1 
N=l 

fc-

10 

15 

20 

25 

30 

35 

40 

0 10 20 30 40 50 60 70 80 90 100 

SOIL TEST BORING RECORD 

PROJECT South Area Roads and Pipe Extension 
BORING NO. B-5 

DRILLED: November 10, 1998 
PROJ. NO: 20310-8-2222 P A G E I O F 1 

LAW 
L A W G I B B Group Member M k 

NOTE: 

REFER TO ROADWAY AND STORMDRAIN PLANS, 
SHEET NO.'S C1.9 AND C1.10 FOR SOIL BORING 
LOCATIONS. 

t 

f 
E ? 

NO. REVISION DATE 

1 « e 1 Hi ^ 

JOHNSON, MIRMIRAN & THOMPSON 
Engineering A Brighter Future 

72 Loveton Circle Baltimore, Maryland 21152-0949 •cj^XAF 

DATE 
AUG 17,1999 

SCALE r^o'-cr 
DESIGNED 

C.D.L. 
DRAWN 

E.B.B. 
CHECKED 

D.A.L. 
ACCEPTED D.R.H. 
SUBMITTED 

D.AJ. 
APPROVED 

F.D.H. 

METROPOLITAN WASHINGTON 
AIRPORTS AUTHORITY 

OFFICE OF ENGINEERING 
DESIGN DEPARTMENT 

DRAWING TITLE 

SOUTH AREA ROADS 
PROJECT 4B 

RONALD REAGAN WASHINGTON NATIONAL AIRPORT 
WASHINGTON, D.C. 

BORING LOGS 

DRAWING NUMBER 

DJCC7002 

SHEET NUMBER 

C7.2 
sh 41 of 52 



Drill Year 1992 1992 1992 1992 1998 1998 1998

G.S. EL 13.7 11.8 14 11 6.7 6.9 6
GW Depth (ft) 6.5 10.2 11.3 dry 5.5 6.5 4.5

GW EL 7.2 1.6 2.7 N/A 1.2 0.4 1.5

MIN MAX AVG
0.5 0.5 FILL 2 100 16
1 1 Sandy CLAY 13 26 21

1.5 1.5 Clayey SAND 10 14 11
2 2 Organic SILT/CLAY W.O.H 2 1

2.5 2.5 SAND & GRAVEL 3 100 29
3 3 CLAY 22 22 22
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12.1.2 – Arlington WPCP and Four Mile Run Geotechnical Data 
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G.S. EL 10.5 6.6 10 8.6 6.7 6.9 6.6 14.7
GW Depth 10.5 5 7.3 7 4.5 6.5 7.5 14

GW EL 0 1.6 2.7 1.6 2.2 0.4 -0.9 0.7

MIN MAX AVG
0.5 0.5 FILL 4 92 17
1 1 Organic SILT/CLAY 3 15 7

1.5 1.5 SAND & GRAVEL 8 38 23
2 2

2.5 2.5
3 3

3.5 3.5 MIN MAX AVG
4 4 FILL 3 50 13

4.5 4.5 Organic SILT/CLAY W.O.R. 37 6
5 5 SAND & GRAVEL 5 41 20
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6 6 ## Denotes an Illegible Number on the Historic Drawings
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G.S. EL 19 12.9 14.6 13.3 11 11 8.5 6.4 5.1 5.7 5.3 4.6 3 8
GW Depth 11 11 11.5 11.5 5 11.4 8.5 1.3 3.2 5.1 3.3 0.9 0 4.8

GW EL 8 1.9 3.1 1.8 6 -0.4 0 5.1 1.9 0.6 2 3.7 3 3.2

MIN MAX AVG
0.5 0.5 FILL 3 17 9
1 1 Clayey SAND 6 39 21

1.5 1.5 Organic SILT/CLAY 2 11 7
2 2 SAND & GRAVEL 6 22 11

2.5 2.5 CLAY/SILT 16 67 42
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3.5 3.5
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12.1.3 – Belle Haven Geotechnical Data 
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13.2.1 – Settlement Analysis 

  













Project Name: DC Coastal - Belle Haven Site - 10% Design
Project Location: Belle Haven, VA
Project Number:
Calculations By: Michael Fritzges, PE
Date: 2/9/2023

P (psf) 875
Width (ft) 52
Poisson's Ratio 0.4

Immediate Settlement of Clay Stratum

Layer Top EL (ft) Bott. EL (ft) Thickness (ft) I Es (tsf) Settlement (ft)
1 6 4.5 1.5 0.5 500 0.019

SUM: 0.019 ft
0.229 in

Consolidation Settlement of Clay Stratum

Layer Top EL (ft) Bott. EL (ft) Thickness (ft)  (pcf) Cc e0 P'o (psf) I P'f (psf) e Settlement (ft)
2 4.5 2.5 2 110 0.18 0.8 212.6 0.49 641.35 0.09 0.096
3 2.5 0.5 2 110 0.18 0.8 307.8 0.48 727.8 0.07 0.075
4 0.5 ‐1.5 2 110 0.18 0.8 403 0.47 814.25 0.05 0.061

SUM: 0.232 ft
2.781 in

Immediate Settlement of Sand Stratum

Schmertmann Input Parameters
Δp  (tsf) 0.4375
t (years) 50

C1 0.5
Ct 1.5398

Layer Top EL (ft) Bott. EL (ft) Thickness (ft)  (pcf) I Es (tsf) Settlement (ft)
5 ‐1.5 ‐3.5 2 110 0.46 200 0.0015
6 ‐3.5 ‐5.5 2 110 0.44 200 0.0015
7 ‐5.5 ‐8.5 3 110 0.41 200 0.0021
8 ‐8.5 ‐11.5 3 110 0.37 200 0.0019
9 ‐11.5 ‐14.5 3 110 0.34 250 0.0014
10 ‐14.5 ‐18.5 4 110 0.31 250 0.0017
11 ‐18.5 ‐22.5 4 110 0.3 250 0.0016
12 ‐22.5 ‐26.5 4 110 0.27 400 0.0009
13 ‐26.5 ‐31.5 5 125 0.24 750 0.0005

SUM: 0.013 ft
0.157 in

Total Anticipated Soil Settlement

Immediate Clay 0.229 in
Consolidation 2.781 in
Immediate Sand 0.157 in
Total 3.167 in



13.2.2 – Liquefaction Screening 

  



DC Coastal Feasibility Analysis 
Liquefaction Screening

PGA: 0.0688 Water Depth: 11

Note: Greyed out soils are not subject to liquafaction because they either, 1) are not granular; 2) have an (N1)60 value greater than 30; or are above water table 

Depth (ft) Depth (m) USCS γ σvo σvo' rd N CSR FC α β CN CE CB CR CS (N1)60 (N1)60cs CRR7.5 FS

1 0.30 SM 120 120 120 1.00 16 0.04 13 1.89 1.04 1.75 0.80 1.00 0.75 1.00 17 19 0.21 4.63

4.5 1.37 SM 120 540 540 0.99 40 0.04 13 1.89 1.04 1.51 0.80 1.00 0.75 1.00 36 40 0.11 2.40

8 2.44 ML 110 925 925 0.98 6 0.04 13 1.89 1.04 1.34 0.80 1.00 0.75 1.00 5 7 0.09 1.98

11.5 3.51 ML 110 1310 1279 0.98 5 0.04 13 1.89 1.04 1.22 0.80 1.00 0.80 1.00 4 6 0.08 1.77

15 4.57 ML 110 1695 1445 0.97 9 0.05 13 1.89 1.04 1.17 0.80 1.00 0.85 1.00 7 9 0.11 2.11

18.5 5.64 ML 110 2080 1612 0.96 15 0.06 13 1.89 1.04 1.12 0.80 1.00 0.85 1.00 11 14 0.15 2.67

22 6.71 SM 125 2518 1831 0.95 38 0.06 13 1.89 1.04 1.07 0.80 1.00 0.95 1.00 31 34 4.93 84.33

120
110
125SAND & GRAVEL

Organic SILT/CLAY
FILL
Stratum

Arlington WPCP, DH‐37



DC Coastal Feasibility Analysis 
Liquefaction Screening

PGA: 0.0688 Water Depth: 7

Note: Greyed out soils are not subject to liquafaction because they either, 1) are not granular; 2) have an (N1)60 value greater than 30; or are above water table 

Depth (ft) Depth (m) USCS γ σvo σvo' rd N CSR FC α β CN CE CB CR CS (N1)60 (N1)60cs CRR7.5 FS

1 0.30 SM 120 120 120 1.00 13 0.04 13 1.89 1.04 1.75 0.80 1.00 0.75 1.00 14 16 0.17 3.82

4.5 1.37 SM 120 540 540 0.99 12 0.04 13 1.89 1.04 1.51 0.80 1.00 0.75 1.00 11 13 0.14 3.21

8 2.44 ML 110 925 863 0.98 5 0.05 13 1.89 1.04 1.37 0.80 1.00 0.75 1.00 4 6 0.08 1.71

11.5 3.51 ML 110 1310 1029 0.98 6 0.06 13 1.89 1.04 1.30 0.80 1.00 0.80 1.00 5 7 0.09 1.59

15 4.57 ML 110 1695 1196 0.97 4 0.06 13 1.89 1.04 1.25 0.80 1.00 0.85 1.00 3 5 0.08 1.22

18.5 5.64 ML 125 2133 1415 0.96 8 0.06 13 1.89 1.04 1.18 0.80 1.00 0.85 1.00 6 9 0.10 1.55

120
110
125

Stratum
FILL

Organic SILT/CLAY
SAND & GRAVEL

Arlington WPCP, DH‐78



DC Coastal Feasibility Analysis 
Liquefaction Screening

PGA: 0.0688 Water Depth: 8

Note: Greyed out soils are not subject to liquafaction because they either, 1) are not granular; 2) have an (N1)60 value greater than 30; or are above water table 

Depth (ft) Depth (m) USCS γ σvo σvo' rd N CSR FC α β CN CE CB CR CS (N1)60 (N1)60cs CRR7.5 FS

1 0.30 SM 120 120 120 1.00 11 0.04 13 1.89 1.04 1.75 0.80 1.00 0.75 1.00 12 14 0.15 3.33

4 1.22 SM 120 480 480 0.99 10 0.04 13 1.89 1.04 1.54 0.80 1.00 0.75 1.00 9 11 0.13 2.85

8 2.44 SM 120 960 960 0.98 4 0.04 13 1.89 1.04 1.33 0.80 1.00 0.75 1.00 3 5 0.07 1.67

12 3.66 SM 120 1440 1190 0.97 5 0.05 13 1.89 1.04 1.25 0.80 1.00 0.80 1.00 4 6 0.08 1.52

14.5 4.42 SM 120 1740 1334 0.97 6 0.06 13 1.89 1.04 1.20 0.80 1.00 0.85 1.00 5 7 0.09 1.55

18 5.49 SM 120 2160 1536 0.96 7 0.06 13 1.89 1.04 1.14 0.80 1.00 0.85 1.00 5 8 0.09 1.52

21 6.40 SM 120 2520 1709 0.95 92 0.06 13 1.89 1.04 1.10 0.80 1.00 0.95 1.00 77 81 0.58 9.16

24.5 7.47 ML 110 2905 1875 0.94 7 0.07 13 1.89 1.04 1.05 0.80 1.00 0.95 1.00 6 8 0.09 1.43

120
110
125

Stratum
FILL

Organic SILT/CLAY
SAND & GRAVEL

Arlington WPCP, DH‐83



DC Coastal Feasibility Analysis 
Liquefaction Screening 

PGA: 0.0688 Water Depth: 5

Note: Greyed out soils are not subject to liquafaction because they either, 1) are not granular; 2) have an (N1)60 value greater than 30; or are above water table 

Depth (ft) Depth (m) USCS γ σvo σvo' rd N CSR FC α β CN CE CB CR CS (N1)60 (N1)60cs CRR7.5 FS

1 0.30 SM 120 120 120 1.00 7 0.04 13 1.89 1.04 1.75 0.80 1.00 0.75 1.00 7 10 0.11 2.43

4 1.22 SM 120 480 480 0.99 7 0.04 13 1.89 1.04 1.54 0.80 1.00 0.75 1.00 6 9 0.10 2.28

8.0 2.44 SM 120 960 773 0.98 4 0.05 13 1.89 1.04 1.41 0.80 1.00 0.75 1.00 3 5 0.07 1.37

12.0 3.66 ML 110 1400 963 0.97 3 0.06 13 1.89 1.04 1.33 0.80 1.00 0.80 1.00 3 5 0.07 1.08

14.5 4.42 ML 110 1675 1082 0.97 4 0.07 13 1.89 1.04 1.29 0.80 1.00 0.85 1.00 3 6 0.08 1.13

18.0 5.49 ML 110 2060 1249 0.96 4 0.07 13 1.89 1.04 1.23 0.80 1.00 0.85 1.00 3 5 0.07 1.05

21.0 6.40 ML 110 2390 1392 0.95 5 0.07 13 1.89 1.04 1.18 0.80 1.00 0.95 1.00 5 7 0.08 1.15

24.5 7.47 ML 110 2775 1558 0.94 12 0.08 13 1.89 1.04 1.14 0.80 1.00 0.95 1.00 10 13 0.14 1.82

120
110
125

Stratum
FILL

Organic SILT/CLAY
SAND & GRAVEL

Arlington WPCP, DH‐85



DC Coastal Feasibility Analysis 
Liquefaction Screening

PGA: 0.0688 Water Depth: 1

Note: Greyed out soils are not subject to liquafaction because they either, 1) are not granular; 2) have an (N1)60 value greater than 30; or are above water table 

Depth (ft) Depth (m) USCS γ σvo σvo' rd N CSR FC α β CN CE CB CR CS (N1)60 (N1)60cs CRR7.5 FS

1 0.30 SM 120 120 120 1.00 7 0.04 13 1.89 1.04 1.75 0.80 1.00 0.75 1.00 7 10 0.11 2.43

3.5 1.07 SM 120 420 264 0.99 4 0.07 13 1.89 1.04 1.66 0.80 1.00 0.75 1.00 4 6 0.08 1.13

6 1.83 SM 120 720 408 0.99 4 0.08 13 1.89 1.04 1.58 0.80 1.00 0.75 1.00 4 6 0.08 1.00
9.5 2.90 SM 120 1140 610 0.98 2 0.08 13 1.89 1.04 1.48 0.80 1.00 0.75 1.00 2 4 0.06 0.77
14.5 4.42 SM 110 1690 848 0.97 0 0.09 13 1.89 1.04 1.37 0.80 1.00 0.85 1.00 0 2 0.05 0.61
19.5 5.95 SM 110 2240 1086 0.96 7 0.09 13 1.89 1.04 1.28 0.80 1.00 0.85 1.00 6 8 0.10 1.11

24.5 7.47 SM 110 2790 1324 0.94 12 0.09 13 1.89 1.04 1.21 0.80 1.00 0.95 1.00 11 13 0.14 1.61

29.5 8.99 SM 110 3340 1562 0.92 10 0.09 13 1.89 1.04 1.14 0.80 1.00 0.95 1.00 9 11 0.12 1.37

34.5 10.52 SM 110 3890 1800 0.89 11 0.09 13 1.89 1.04 1.07 0.80 1.00 1.00 1.00 9 12 0.13 1.48

39.5 12.04 SW 125 4515 2113 0.86 12 0.08 0 0.00 1.00 1.00 0.80 1.00 1.00 1.00 10 10 0.11 1.34

44.5 13.57 SW 125 5140 2426 0.81 23 0.08 0 0.00 1.00 0.94 0.80 1.00 1.00 1.00 17 17 0.18 2.40

49.5 15.09 SW 125 5765 2739 0.76 28 0.07 0 0.00 1.00 0.88 0.80 1.00 1.00 1.00 20 20 0.21 2.98

γ

120
110
110
125SAND & GRAVEL

Stratum
FILL

Sandy CLAY
Silty SAND

Bell Haven, B9‐A



DC Coastal Feasibility Analysis 
Liquefaction Screening

PGA: 0.0688 Water Depth: 6

Note: Greyed out soils are not subject to liquafaction because they either, 1) are not granular; 2) have an (N1)60 value greater than 30; or are above water table 

Depth (ft) Depth (m) USCS γ σvo σvo' rd N CSR FC α β CN CE CB CR CS (N1)60 (N1)60cs CRR7.5 FS

1 0.30 SM 120 120 120 1.00 6 0.04 13 1.89 1.04 1.75 0.80 1.00 0.75 1.00 6 8 0.10 2.23

3.5 1.07 CL 110 395 395 0.99 5 0.04 13 1.89 1.04 1.59 0.80 1.00 0.75 1.00 5 7 0.09 1.94056

6 1.83 CL 110 670 670 0.99 6 0.04 13 1.89 1.04 1.45 0.80 1.00 0.75 1.00 5 7 0.09 2.04038

9.5 2.90 CL 110 1055 837 0.98 3 0.06 13 1.89 1.04 1.38 0.80 1.00 0.75 1.00 2 4 0.07 1.23255

14.5 4.42 SM 110 1605 1075 0.97 1 0.06 13 1.89 1.04 1.29 0.80 1.00 0.85 1.00 1 3 0.06 0.88
19.5 5.95 SM 110 2155 1313 0.96 3 0.07 13 1.89 1.04 1.21 0.80 1.00 0.85 1.00 2 4 0.07 0.97
24.5 7.47 SM 110 2705 1551 0.94 4 0.07 13 1.89 1.04 1.14 0.80 1.00 0.95 1.00 3 5 0.08 1.03

29.5 8.99 SM 110 3255 1789 0.92 7 0.08 13 1.89 1.04 1.08 0.80 1.00 0.95 1.00 6 8 0.09 1.26

34.5 10.52 SW 125 3880 2102 0.89 13 0.07 0 0.00 1.00 1.00 0.80 1.00 1.00 1.00 10 10 0.12 1.58

39.5 12.04 SW 125 4505 2415 0.86 15 0.07 0 0.00 1.00 0.94 0.80 1.00 1.00 1.00 11 11 0.12 1.75

44.5 13.57 SW 125 5130 2728 0.81 16 0.07 0 0.00 1.00 0.88 0.80 1.00 1.00 1.00 11 11 0.12 1.84

49.5 15.09 SW 125 5755 3041 0.76 19 0.06 0 0.00 1.00 0.83 0.80 1.00 1.00 1.00 13 13 0.14 2.14

γ

120
110
110
125

Stratum
FILL

Sandy CLAY
Silty SAND

SAND & GRAVEL

Bell Haven, B109‐A



13.2.3 – Seismic Site Class 

  



Corrected N‐Value with Elevation
N‐Value Correction Site Class Determination

Field Boring Log Data Flood EL 14.3 Feet

Proposed Subgrade EL at Wall Alignment

MIN MAX AVG

4 92 17 120 Boring Nbar
3 15 7 110 DH‐37 29 18

G.S. EL 10.5 8.6 6.7 6.6 8 38 23 125 15 DH‐78 17
GW Depth 10.5 7 4.5 7.5 14.5 DH‐85 10
GW EL 0 1.6 2.2 ‐0.9 14 DH‐83 16

13.5
t w ' t w ' t w ' t w ' 13

(psf) (psf) (psf) (psf) (psf) (psf) (psf) (psf) (psf) (psf) (psf) (psf) 12.5
0.5 0.5 60 0 60 2.17 60 0 60 2.17 60 0 60 2.17 60 0 60 2.17 0.75 1 12
1 1 120 0 120 1.94 120 0 120 1.94 120 0 120 1.94 120 0 120 1.94 0.75 1 11.5
1.5 1.5 180 0 180 1.81 180 0 180 1.81 180 0 180 1.81 180 0 180 1.81 0.75 1 11
2 2 240 0 240 1.71 240 0 240 1.71 240 0 240 1.71 240 0 240 1.71 0.75 1 10.5 10.5
2.5 2.5 300 0 300 1.64 300 0 300 1.64 300 0 300 1.64 300 0 300 1.64 0.75 1 10
3 3 360 0 360 1.58 360 0 360 1.58 360 0 360 1.58 360 0 360 1.58 0.75 1 9.5
3.5 3.5 420 0 420 1.52 420 0 420 1.52 420 0 420 1.52 420 0 420 1.52 0.75 1 9
4 4 480 0 480 1.48 480 0 480 1.48 480 0 480 1.48 480 0 480 1.48 0.75 1 8.5 8.6
4.5 4.5 540 0 540 1.44 540 0 540 1.44 540 0 540 1.44 540 0 540 1.44 0.75 1 8
5 5 600 0 600 1.40 600 0 600 1.40 600 31.2 568.8 1.42 600 0 600 1.40 0.75 1 7.5  
5.5 5.5 660 0 660 1.37 660 0 660 1.37 660 62.4 597.6 1.41 660 0 660 1.37 0.75 1 7
6 6 720 0 720 1.34 720 0 720 1.34 720 93.6 626.4 1.39 720 0 720 1.34 0.75 1 6.5 6.7 6.6
6.5 6.5 780 0 780 1.32 775 0 775 1.32 780 124.8 655.2 1.37 780 0 780 1.32 0.75 1 6
7 7 840 0 840 1.29 830 0 830 1.30 840 156 684 1.36 840 0 840 1.29 0.75 1 5.5
7.5 7.5 895 0 895 1.27 885 31.2 853.8 1.29 900 187.2 712.8 1.35 900 0 900 1.27 0.75 1 5
8 8 950 0 950 1.25 940 62.4 877.6 1.28 960 218.4 741.6 1.33 960 31.2 928.8 1.26 0.75 1 4.5
8.5 8.5 1005 0 1005 1.23 995 93.6 901.4 1.27 1020 249.6 770.4 1.32 1020 62.4 957.6 1.25 0.75 1 4
9 9 1060 0 1060 1.21 1050 124.8 925.2 1.26 1080 280.8 799.2 1.31 1080 93.6 986.4 1.24 0.75 1 3.5
9.5 9.5 1115 0 1115 1.20 1105 156 949 1.25 1140 312 828 1.30 1140 124.8 1015.2 1.23 0.75 1 3
10 10 1170 0 1170 1.18 1160 187.2 972.8 1.24 1195 343.2 851.8 1.29 1200 156 1044 1.22 0.75 1 2.5
10.5 10.5 1225 0 1225 1.17 1215 218.4 996.6 1.23 1250 374.4 875.6 1.28 1260 187.2 1072.8 1.21 0.75 1 2
11 11 1280 31.2 1248.8 1.16 1270 249.6 1020.4 1.23 1305 405.6 899.4 1.27 1320 218.4 1101.6 1.20 0.75 1 1.5
11.5 11.5 1335 62.4 1272.6 1.15 1325 280.8 1044.2 1.22 1360 436.8 923.2 1.26 1380 249.6 1130.4 1.19 0.75 1 1
12 12 1390 93.6 1296.4 1.15 1380 312 1068 1.21 1415 468 947 1.25 1440 280.8 1159.2 1.18 0.75 1 0.5
12.5 12.5 1445 124.8 1320.2 1.14 1435 343.2 1091.8 1.20 1470 499.2 970.8 1.24 1500 312 1188 1.18 0.75 1 0
13 13 1500 156 1344 1.13 1490 374.4 1115.6 1.20 1525 530.4 994.6 1.24 1560 343.2 1216.8 1.17 0.75 1 ‐0.5
13.5 13.5 1555 187.2 1367.8 1.13 1545 405.6 1139.4 1.19 1580 561.6 1018.4 1.23 1620 374.4 1245.6 1.16 0.85 1 ‐1
14 14 1610 218.4 1391.6 1.12 1600 436.8 1163.2 1.18 1635 592.8 1042.2 1.22 1680 405.6 1274.4 1.15 0.85 1 ‐1.5
14.5 14.5 1665 249.6 1415.4 1.12 1655 468 1187 1.18 1690 624 1066 1.21 1740 436.8 1303.2 1.15 0.85 1 ‐2
15 15 1720 280.8 1439.2 1.11 1710 499.2 1210.8 1.17 1745 655.2 1089.8 1.20 1800 468 1332 1.14 0.85 1 ‐2.5
15.5 15.5 1775 312 1463 1.11 1765 530.4 1234.6 1.16 1800 686.4 1113.6 1.20 1860 499.2 1360.8 1.13 0.85 1 ‐3
16 16 1830 343.2 1486.8 1.10 1820 561.6 1258.4 1.16 1855 717.6 1137.4 1.19 1920 530.4 1389.6 1.12 0.85 1 ‐3.5
16.5 16.5 1885 374.4 1510.6 1.10 1875 592.8 1282.2 1.15 1910 748.8 1161.2 1.18 1980 561.6 1418.4 1.12 0.85 1 ‐4
17 17 1940 405.6 1534.4 1.09 1937.5 624 1313.5 1.14 1965 780 1185 1.18 2040 592.8 1447.2 1.11 0.85 1 ‐4.5
17.5 17.5 1995 436.8 1558.2 1.09 2000 655.2 1344.8 1.13 2020 811.2 1208.8 1.17 2100 624 1476 1.10 0.85 1 ‐5
18 18 2050 468 1582 1.08 2062.5 686.4 1376.1 1.13 2075 842.4 1232.6 1.16 2160 655.2 1504.8 1.10 0.85 1 ‐5.5
18.5 18.5 2105 499.2 1605.8 1.08 2125 717.6 1407.4 1.12 2130 873.6 1256.4 1.16 2220 686.4 1533.6 1.09 0.85 1 ‐6
19 19 2160 530.4 1629.6 1.07 2187.5 748.8 1438.7 1.11 2185 904.8 1280.2 1.15 2280 717.6 1562.4 1.08 0.85 1 ‐6.5
19.5 19.5 2215 561.6 1653.4 1.07 2250 780 1470 1.10 2240 936 1304 1.14 2340 748.8 1591.2 1.08 0.85 1 ‐7
20 20 2270 592.8 1677.2 1.06 2312.5 811.2 1501.3 1.10 2295 967.2 1327.8 1.14 2400 780 1620 1.07 0.85 1 ‐7.5
20.5 20.5 2332.5 624 1708.5 1.05 2375 842.4 1532.6 1.09 2350 998.4 1351.6 1.13 2460 811.2 1648.8 1.07 0.95 1 ‐8
21 21 2395 655.2 1739.8 1.05 2437.5 873.6 1563.9 1.08 2405 1029.6 1375.4 1.13 2520 842.4 1677.6 1.06 0.95 1 ‐8.5
21.5 21.5 2457.5 686.4 1771.1 1.04 2500 904.8 1595.2 1.08 2460 1060.8 1399.2 1.12 2580 873.6 1706.4 1.05 0.95 1 ‐9
22 22 2520 717.6 1802.4 1.04 2562.5 936 1626.5 1.07 2515 1092 1423 1.12 2640 904.8 1735.2 1.05 0.95 1 ‐9.5
22.5 22.5 2582.5 748.8 1833.7 1.03 2625 967.2 1657.8 1.06 2570 1123.2 1446.8 1.11 2700 936 1764 1.04 0.95 1 ‐10
23 23 2645 780 1865 1.03 2625 1154.4 1470.6 1.10 2755 967.2 1787.8 1.04 0.95 1 ‐10.5
23.5 23.5 2707.5 811.2 1896.3 1.02 2680 1185.6 1494.4 1.10 2810 998.4 1811.6 1.03 0.95 1 ‐11
24 24 2770 842.4 1927.6 1.01 2735 1216.8 1518.2 1.09 2865 1029.6 1835.4 1.03 0.95 1 ‐11.5
24.5 24.5 2832.5 873.6 1958.9 1.01 2790 1248 1542 1.09 2920 1060.8 1859.2 1.03 0.95 1 ‐12
25 25 2895 904.8 1990.2 1.00 2845 1279.2 1565.8 1.08 2975 1092 1883 1.02 0.95 1 ‐12.5
25.5 25'‐0" 25'‐0" 25.5 2957.5 936 2021.5 1.00 0.95 1 ‐13
26 26 3020 967.2 2052.8 0.99 0.95 1 ‐13.5
26.5 26.5 3082.5 998.4 2084.1 0.99 0.95 1 ‐14
27 27 3145 1029.6 2115.4 0.98 0.95 1 ‐14.5
27.5 27.5 3207.5 1060.8 2146.7 0.98 0.95 1 ‐15
28 28 3270 1092 2178 0.97 0.95 1 ‐15.5
28.5 28.5 3332.5 1123.2 2209.3 0.97 0.95 1 ‐16
29 29 3395 1154.4 2240.6 0.96 0.95 1 ‐16.5
29.5 29.5 3457.5 1185.6 2271.9 0.96 0.95 1 ‐17
30 30 3520 1216.8 2303.2 0.95 0.95 1 ‐17.5
30.5 30‐'0" ‐18

‐18.5
‐19 25'‐0" 25'‐0"
‐19.5
‐20 30‐'0"

di (ft) 1.5 1.5 1.5 1.5
Σdi (ft) 30 23 25 25
Σ (di/Ni) 1.04 1.36 2.39 1.60
Nbar 29 17 10 16

Overall 
Avg.

DC Coastal Geotechnical Data Summary

Boring Data Summary for
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 2‐inch O.D. Split Spoon Borings

DH‐37 Data

CN
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N‐Value Summary ‐ 2‐inch spoon

Stratum

Unit Weight 
(pcf)
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CN
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FILL
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13.2.4 – Arlington WPCP Flood Wall Foundations 

  



 ****************** Echoprint of Input Data ******************

 Date: 2022/12/19                               Time: 10.23.55 

 Structural geometry data:
   Elevation of top of stem (ELTS)       =    14.30 ft
   Height of stem (HTS)                  =     3.50 ft
   Thickness top of stem (TTS)           =     1.50 ft
   Thickness bottom of stem (TBS)        =     1.50 ft
   Dist. of batter at bot. of stem (TBSR)=     0.00 ft
   Depth of heel (THEEL)                 =     1.50 ft
   Distance of batter for heel (BTRH)    =     0.50 ft
   Depth of toe (TTOE)                   =     1.50 ft
   Width of toe (TWIDTH)                 =     1.50 ft
   Distance of batter for toe (BTRT)     =     0.00 ft
   Width of base (BWIDTH)                =     5.00 ft
   Depth of key (HK)                     =     0.00 ft
   Width of bottom of key (TK)           =     0.00 ft
   Dist. of batter at bot. of key (BTRK) =     0.00 ft

 Structure coordinates:

    x (ft)    y (ft)
   ==================
       0.00      8.80
       0.00     10.30
       2.00     10.80
       2.00     14.30
       3.50     14.30
       3.50     10.80
       5.00     10.80
       5.00      9.30

 NOTE: X=0 is located at the left-hand side
       of the structure.  The Y values correspond
       to the actual elevation used.

 Structural property data:
   Unit weight of concrete =    0.150 kcf

 Driving side soil property data:

                       Moist   Saturated          Elev.
    Phi        c      Unit wt.  unit wt.  Delta   soil
   (deg)     (ksf)     (kcf)     (kcf)    (deg)   (ft)



 =======================================================
    30.00    0.000     0.120     0.125     0.00   11.30

 Driving side soil geometry:

   Soil      Batter    Distance
   point    (in:1ft)     (ft)
   =============================
    1         0.00    500.00
    2         0.00      0.00
    3         0.00    500.00

 Driving side soil profile:

   Soil        x          y    
   point      (ft)       (ft)
   =============================
    1     -1498.00     11.30
    2         2.00     11.30

 Resisting side soil property data:

                       Moist   Saturated  Elev.
    Phi        c      Unit wt.  unit wt.  soil    Batter
   (deg)     (ksf)     (kcf)     (kcf)    (ft)   (in:1ft)
 ========================================================
    30.00    0.000     0.120     0.125    11.30    0.00

 Resisting side soil profile:

   Soil        x          y    
   point      (ft)       (ft)
   =============================
    1         3.50     11.30
    2       503.50     11.30

 Foundation property data:
   phi for soil-structure interface =    30.00 (deg)
   c for soil-structure interface   =    0.000 (ksf)
   phi for soil-soil interface      =    30.00 (deg)
   c for soil-soil interface        =    0.000 (ksf)

 Water data:
   Driving side elevation   =    14.30 ft
   Resisting side elevation =     9.80 ft
   Unit weight of water     =   0.0624 kcf
   Seepage pressures computed by Line of Creep method.

 Minimum required factors of safety:
   Sliding FS   =    1.50



   Overturning  =  100.00% base in compression

 Crack options:
   o  Crack depth is to be calculated
   o  Computed cracks *will* be filled with water

 Strength mobilization factor =   0.6667

 At-rest pressures on the resisting side *are used*
 in the overturning analysis.

 Forces on the resisting side *are used* in the sliding analysis.

 *Do* iterate in overturning analysis.

 ***** Summary of Results *****

 ***************    *** Satisfied ***
 * Overturning *    Required base in comp. = 100.00 %
 ***************    Actual base in comp.   = 100.00 %
                    Overturning ratio      =   2.01

 Xr (measured from toe) =   1.84 ft
 Resultant ratio        = 0.3669
 Stem ratio             = 0.3000
 Base pressure at heel =    0.0795 ksf
 Base pressure at toe  =    0.7107 ksf

 ***********    *** Satisfied ***
 * Sliding *    Min. Required =   1.50
 ***********    Actual FS     =   2.77

 ***********    
 * Bearing *    
 ***********    

 Net ultimate bearing pressure =     2.7069 (ksf)
 Factor of safety =      5.052

 ********************** Output Results **********************

 Date: 2022/12/19                               Time: 10.23.55 



 ***************************
 **  Overturning Results  **
 ***************************

 Solution converged in  1 iterations.

 SMF used to calculate K's =   0.6667
 Alpha for the SMF          = -55.5496
 Calculated earth pressure coefficients:
   Driving side at rest K    =   0.4714
   Driving side at rest Kc   =   0.6866
   Resisting side at rest K  =   0.5000
   Resisting side at rest Kc =   0.7071
   At-rest K's for resisting side calculated.

 Depth of cracking =     0.00 ft

 ** Driving side pressures **

   Water pressures:
     Elevation   Pressure
       (ft)        (ksf)
     ======================
         14.30     0.0000
         11.30     0.1872
          8.80     0.2557

   Earth pressures:
     Elevation   Pressure
       (ft)        (ksf)
     ======================
         11.30     0.0000
          8.80     0.1150

 ** Resisting side pressures **

   Water pressures:
     Elevation   Pressure
       (ft)        (ksf)
     ======================
          9.80     0.0000
          9.30     0.0487
          8.80     0.2557

   Earth pressures:
     Elevation   Pressure
       (ft)        (ksf)
     ======================
         11.30     0.0000
          9.30     0.0969



 ** Uplift pressures **

   Water pressures:
      x-coord.   Pressure
        (ft)       (ksf)
     ======================
          0.00     0.2557
          5.00     0.0487

 ** Forces and moments **

 ========================================================================
               Part          |    Force (kips)    | Mom. Arm  |  Moment |
                             |  Vert.   |   Horiz.|    (ft)   |  (ft-k) |
 ========================================================================
 Structure:                 
   Structure weight...........    2.025                 -2.41     -4.88
 Structure, driving side:   
   Moist soil.................    0.000                  0.00      0.00
   Saturated soil.............    0.188                 -4.11     -0.77
   Water above structure......    0.000                  0.00      0.00
   Water above soil...........    0.374                 -4.00     -1.50
   External vertical loads....    0.000                  0.00      0.00
   Ext. horz. pressure loads..               0.000       0.00      0.00
   Ext. horz. line loads......               0.000       0.00      0.00
 Structure, resisting side: 
   Moist soil.................    0.090                 -0.75     -0.07
   Saturated soil.............    0.000                  0.00      0.00
   Water above structure......    0.000                  0.00      0.00
   Water above soil...........    0.000                  0.00      0.00
 Driving side:         
   Effective earth loads......               0.144       0.33      0.05
   Shear (due to delta).......    0.000                  0.00      0.00
   Horiz. surcharge effects...               0.000       0.00      0.00
   Water loads................               0.834       1.46      1.22
 Resisting side:            
   Effective earth loads......              -0.097       0.67     -0.06
   Water loads................              -0.088      -0.24      0.02
 Foundation:                
   Components of normal.......   -1.975     -0.198      -1.84      3.66
   Components of shear........    0.060     -0.596       0.00      0.00
   Uplift.....................   -0.761                 -3.07      2.33
 ========================================================================
 ** Statics Check **   SUMS =     0.000      0.000                 0.00

 Angle of base        =     5.71 degrees
 Normal force on base =    1.985 kips
 Shear force on base  =    0.598 kips
 Max. available shear force =    1.146 kips



 Base pressure at heel =   0.0795 ksf
 Base pressure at toe  =   0.7107 ksf

 Xr (measured from toe) =     1.84 ft
 Resultant ratio        =   0.3669
 Stem ratio             =   0.3000
 Base in compression    =   100.00 %
 Overturning ratio      =     2.01

 Volume of concrete =     0.50 cubic yds/ft of wall

 NOTE:  The engineer shall verify that the computed
 bearing pressures below the wall do not exceed the
 allowable foundation bearing pressure, or, perform a
 bearing capacity analysis using the program CBEAR.
 Also, the engineer shall verify that the base pressures
 do not result in excessive differential settlement of
 the wall foundation.

 ***********************
 **  Sliding Results  **
 ***********************

 Solution converged.  Summation of forces = 0.

            Horizontal   Vertical
   Wedge      Loads       Loads
   Number    (kips)       (kips)
   ==================================
      1       0.000       0.380
      2       0.281       0.374
      3       0.000       0.000

   Water pressures on wedges:

              Top      Bottom
     Wedge    press.   press.   x-coord.    press.
     number   (ksf)    (ksf)     (ft)       (ksf)
   ================================================
       1    0.1872    0.2557
       2                         0.0000     0.2557
       2                         5.0000     0.0487
       3    0.0000    0.0487

 Points of sliding plane:
   Point 1 (left),  x =     0.00 ft,   y =     8.80 ft



   Point 2 (right), x =     5.00 ft,   y =     9.30 ft

 Depth of cracking =     0.00 ft

           Failure   Total    Weight    Submerged   Uplift
   Wedge    angle    length  of wedge    length     force
   number   (deg)     (ft)    (kips)      (ft)      (kips)
   ========================================================
      1   -50.916     3.221      0.317    3.221     0.713
      2     5.711     5.025      2.303    5.025     0.765
      3    39.146     3.168      0.296    0.792     0.019

   Wedge     Net force
   number     (kips)
   ===================
      1       -0.755
      2        0.398
      3        0.358
   ===================
      SUM =    0.000

 +-----------------------------+
 | Factor of safety =    2.775 |
 +-----------------------------+

 ***********************
 **  Bearing Results  **
 ***********************

             Base width =      5.025 (ft)
                     Xr =      1.843 (ft)
   Effective base width =      3.705 (ft)
    (measured along slope)
             Base slope =     5.7106 (deg)

                    phi =     30.000 (deg)
                      c =      0.000 (ksf)
        Effective gamma =     0.0626 (kcf)

            Normal load =      1.985 (kips)
       Load inclination =     16.776 (deg)
      Load eccentricity =      0.660 (ft)

              Surcharge =     0.2113 (ksf)
              Embedment =      2.000 (ft)
           Ground slope =     0.0000 (deg)



           Bearing Capacity Factors
 =============================================
                     C        Q         G
 =============================================
 Bearing         30.1396   18.4011   15.6680
 Embedment        1.1870    1.0935    1.0935
 Inclination      0.6619    0.6619    0.1943
 Base Tilt        0.8818    0.8882    0.8882
 Ground Slope     1.0000    1.0000    1.0000

 Net ultimate bearing pressure =     2.7069 (ksf)

 +-------------------------------+
 | Factor of safety =      5.052 |
 +-------------------------------+





 ****************** Echoprint of Input Data ******************

 Date: 2022/12/19                               Time: 11.23.10 

 Structural geometry data:
   Elevation of top of stem (ELTS)       =    14.30 ft
   Height of stem (HTS)                  =     4.50 ft
   Thickness top of stem (TTS)           =     1.50 ft
   Thickness bottom of stem (TBS)        =     1.50 ft
   Dist. of batter at bot. of stem (TBSR)=     0.00 ft
   Depth of heel (THEEL)                 =     1.50 ft
   Distance of batter for heel (BTRH)    =     0.50 ft
   Depth of toe (TTOE)                   =     1.50 ft
   Width of toe (TWIDTH)                 =     2.00 ft
   Distance of batter for toe (BTRT)     =     0.00 ft
   Width of base (BWIDTH)                =     6.00 ft
   Depth of key (HK)                     =     0.00 ft
   Width of bottom of key (TK)           =     0.00 ft
   Dist. of batter at bot. of key (BTRK) =     0.00 ft

 Structure coordinates:

    x (ft)    y (ft)
   ==================
       0.00      7.80
       0.00      9.30
       2.50      9.80
       2.50     14.30
       4.00     14.30
       4.00      9.80
       6.00      9.80
       6.00      8.30

 NOTE: X=0 is located at the left-hand side
       of the structure.  The Y values correspond
       to the actual elevation used.

 Structural property data:
   Unit weight of concrete =    0.150 kcf

 Driving side soil property data:

                       Moist   Saturated          Elev.
    Phi        c      Unit wt.  unit wt.  Delta   soil
   (deg)     (ksf)     (kcf)     (kcf)    (deg)   (ft)



 =======================================================
    30.00    0.000     0.120     0.125     0.00   11.30

 Driving side soil geometry:

   Soil      Batter    Distance
   point    (in:1ft)     (ft)
   =============================
    1         0.00    500.00
    2         0.00      0.00
    3         0.00    500.00

 Driving side soil profile:

   Soil        x          y    
   point      (ft)       (ft)
   =============================
    1     -1497.50     11.30
    2         2.50     11.30

 Resisting side soil property data:

                       Moist   Saturated  Elev.
    Phi        c      Unit wt.  unit wt.  soil    Batter
   (deg)     (ksf)     (kcf)     (kcf)    (ft)   (in:1ft)
 ========================================================
    30.00    0.000     0.120     0.125    11.30    0.00

 Resisting side soil profile:

   Soil        x          y    
   point      (ft)       (ft)
   =============================
    1         4.00     11.30
    2       504.00     11.30

 Foundation property data:
   phi for soil-structure interface =    30.00 (deg)
   c for soil-structure interface   =    0.000 (ksf)
   phi for soil-soil interface      =    30.00 (deg)
   c for soil-soil interface        =    0.000 (ksf)

 Water data:
   Driving side elevation   =    14.30 ft
   Resisting side elevation =     8.80 ft
   Unit weight of water     =   0.0624 kcf
   Seepage pressures computed by Line of Creep method.

 Minimum required factors of safety:
   Sliding FS   =    1.50



   Overturning  =  100.00% base in compression

 Crack options:
   o  Crack depth is to be calculated
   o  Computed cracks *will* be filled with water

 Strength mobilization factor =   0.6667

 At-rest pressures on the resisting side *are used*
 in the overturning analysis.

 Forces on the resisting side *are used* in the sliding analysis.

 *Do* iterate in overturning analysis.

 ***** Summary of Results *****

 ***************    *** Satisfied ***
 * Overturning *    Required base in comp. = 100.00 %
 ***************    Actual base in comp.   = 100.00 %
                    Overturning ratio      =   2.12

 Xr (measured from toe) =   2.28 ft
 Resultant ratio        = 0.3787
 Stem ratio             = 0.3333
 Base pressure at heel =    0.1330 ksf
 Base pressure at toe  =    0.8450 ksf

 ***********    *** Satisfied ***
 * Sliding *    Min. Required =   1.50
 ***********    Actual FS     =   3.56

 ***********    
 * Bearing *    
 ***********    

 Net ultimate bearing pressure =     4.5202 (ksf)
 Factor of safety =      7.025

 ********************** Output Results **********************

 Date: 2022/12/19                               Time: 11.23.10 



 ***************************
 **  Overturning Results  **
 ***************************

 Solution converged in  1 iterations.

 SMF used to calculate K's =   0.6667
 Alpha for the SMF          = -55.5397
 Calculated earth pressure coefficients:
   Driving side at rest K    =   0.4714
   Driving side at rest Kc   =   0.6866
   Resisting side at rest K  =   0.5000
   Resisting side at rest Kc =   0.7071
   At-rest K's for resisting side calculated.

 Depth of cracking =     0.00 ft

 ** Driving side pressures **

   Water pressures:
     Elevation   Pressure
       (ft)        (ksf)
     ======================
         14.30     0.0000
         11.30     0.1872
          7.80     0.2857

   Earth pressures:
     Elevation   Pressure
       (ft)        (ksf)
     ======================
         11.30     0.0000
          7.80     0.1598

 ** Resisting side pressures **

   Water pressures:
     Elevation   Pressure
       (ft)        (ksf)
     ======================
          8.80     0.0000
          8.30     0.0483
          7.80     0.2857

   Earth pressures:
     Elevation   Pressure
       (ft)        (ksf)
     ======================
         11.30     0.0000
          8.30     0.1571



 ** Uplift pressures **

   Water pressures:
      x-coord.   Pressure
        (ft)       (ksf)
     ======================
          0.00     0.2857
          6.00     0.0483

 ** Forces and moments **

 ========================================================================
               Part          |    Force (kips)    | Mom. Arm  |  Moment |
                             |  Vert.   |   Horiz.|    (ft)   |  (ft-k) |
 ========================================================================
 Structure:                 
   Structure weight...........    2.494                 -2.91     -7.25
 Structure, driving side:   
   Moist soil.................    0.000                  0.00      0.00
   Saturated soil.............    0.547                 -4.81     -2.63
   Water above structure......    0.000                  0.00      0.00
   Water above soil...........    0.468                 -4.75     -2.22
   External vertical loads....    0.000                  0.00      0.00
   Ext. horz. pressure loads..               0.000       0.00      0.00
   Ext. horz. line loads......               0.000       0.00      0.00
 Structure, resisting side: 
   Moist soil.................    0.360                 -1.00     -0.36
   Saturated soil.............    0.000                  0.00      0.00
   Water above structure......    0.000                  0.00      0.00
   Water above soil...........    0.000                  0.00      0.00
 Driving side:         
   Effective earth loads......               0.280       0.67      0.19
   Shear (due to delta).......    0.000                  0.00      0.00
   Horiz. surcharge effects...               0.000       0.00      0.00
   Water loads................               1.108       1.86      2.06
 Resisting side:            
   Effective earth loads......              -0.236       1.00     -0.24
   Water loads................              -0.096      -0.25      0.02
 Foundation:                
   Components of normal.......   -2.934     -0.245      -2.28      6.71
   Components of shear........    0.068     -0.812       0.00      0.00
   Uplift.....................   -1.002                 -3.71      3.72
 ========================================================================
 ** Statics Check **   SUMS =     0.000      0.000                 0.00

 Angle of base        =     4.76 degrees
 Normal force on base =    2.944 kips
 Shear force on base  =    0.815 kips
 Max. available shear force =    1.700 kips



 Base pressure at heel =   0.1330 ksf
 Base pressure at toe  =   0.8450 ksf

 Xr (measured from toe) =     2.28 ft
 Resultant ratio        =   0.3787
 Stem ratio             =   0.3333
 Base in compression    =   100.00 %
 Overturning ratio      =     2.12

 Volume of concrete =     0.62 cubic yds/ft of wall

 NOTE:  The engineer shall verify that the computed
 bearing pressures below the wall do not exceed the
 allowable foundation bearing pressure, or, perform a
 bearing capacity analysis using the program CBEAR.
 Also, the engineer shall verify that the base pressures
 do not result in excessive differential settlement of
 the wall foundation.

 ***********************
 **  Sliding Results  **
 ***********************

 Solution converged.  Summation of forces = 0.

            Horizontal   Vertical
   Wedge      Loads       Loads
   Number    (kips)       (kips)
   ==================================
      1       0.000       0.558
      2       0.281       0.468
      3       0.000       0.000

   Water pressures on wedges:

              Top      Bottom
     Wedge    press.   press.   x-coord.    press.
     number   (ksf)    (ksf)     (ft)       (ksf)
   ================================================
       1    0.1872    0.2857
       2                         0.0000     0.2857
       2                         6.0000     0.0483
       3    0.0000    0.0483

 Points of sliding plane:
   Point 1 (left),  x =     0.00 ft,   y =     7.80 ft



   Point 2 (right), x =     6.00 ft,   y =     8.30 ft

 Depth of cracking =     0.00 ft

           Failure   Total    Weight    Submerged   Uplift
   Wedge    angle    length  of wedge    length     force
   number   (deg)     (ft)    (kips)      (ft)      (kips)
   ========================================================
      1   -49.593     4.596      0.652    4.596     1.087
      2     4.764     6.021      3.401    6.021     1.006
      3    40.463     4.623      0.634    0.770     0.019

   Wedge     Net force
   number     (kips)
   ===================
      1       -1.257
      2        0.516
      3        0.742
   ===================
      SUM =    0.000

 +-----------------------------+
 | Factor of safety =    3.564 |
 +-----------------------------+

 ***********************
 **  Bearing Results  **
 ***********************

             Base width =      6.021 (ft)
                     Xr =      2.280 (ft)
   Effective base width =      4.576 (ft)
    (measured along slope)
             Base slope =     4.7636 (deg)

                    phi =     30.000 (deg)
                      c =      0.000 (ksf)
        Effective gamma =     0.0626 (kcf)

            Normal load =      2.944 (kips)
       Load inclination =     15.475 (deg)
      Load eccentricity =      0.723 (ft)

              Surcharge =     0.3313 (ksf)
              Embedment =      3.000 (ft)
           Ground slope =     0.0000 (deg)



           Bearing Capacity Factors
 =============================================
                     C        Q         G
 =============================================
 Bearing         30.1396   18.4011   15.6680
 Embedment        1.2271    1.1136    1.1136
 Inclination      0.6857    0.6857    0.2344
 Base Tilt        0.9009    0.9063    0.9063
 Ground Slope     1.0000    1.0000    1.0000

 Net ultimate bearing pressure =     4.5202 (ksf)

 +-------------------------------+
 | Factor of safety =      7.025 |
 +-------------------------------+





 ****************** Echoprint of Input Data ******************

 Date: 2022/12/19                               Time: 11.11.59 

 Structural geometry data:
   Elevation of top of stem (ELTS)       =    14.30 ft
   Height of stem (HTS)                  =     5.50 ft
   Thickness top of stem (TTS)           =     1.50 ft
   Thickness bottom of stem (TBS)        =     1.50 ft
   Dist. of batter at bot. of stem (TBSR)=     0.00 ft
   Depth of heel (THEEL)                 =     1.50 ft
   Distance of batter for heel (BTRH)    =     0.50 ft
   Depth of toe (TTOE)                   =     1.50 ft
   Width of toe (TWIDTH)                 =     2.50 ft
   Distance of batter for toe (BTRT)     =     0.00 ft
   Width of base (BWIDTH)                =     7.00 ft
   Depth of key (HK)                     =     0.00 ft
   Width of bottom of key (TK)           =     0.00 ft
   Dist. of batter at bot. of key (BTRK) =     0.00 ft

 Structure coordinates:

    x (ft)    y (ft)
   ==================
       0.00      6.80
       0.00      8.30
       3.00      8.80
       3.00     14.30
       4.50     14.30
       4.50      8.80
       7.00      8.80
       7.00      7.30

 NOTE: X=0 is located at the left-hand side
       of the structure.  The Y values correspond
       to the actual elevation used.

 Structural property data:
   Unit weight of concrete =    0.150 kcf

 Driving side soil property data:

                       Moist   Saturated          Elev.
    Phi        c      Unit wt.  unit wt.  Delta   soil
   (deg)     (ksf)     (kcf)     (kcf)    (deg)   (ft)



 =======================================================
    30.00    0.000     0.120     0.125     0.00    9.30

 Driving side soil geometry:

   Soil      Batter    Distance
   point    (in:1ft)     (ft)
   =============================
    1         0.00    500.00
    2         0.00      0.00
    3         0.00    500.00

 Driving side soil profile:

   Soil        x          y    
   point      (ft)       (ft)
   =============================
    1     -1497.00      9.30
    2         3.00      9.30

 Resisting side soil property data:

                       Moist   Saturated  Elev.
    Phi        c      Unit wt.  unit wt.  soil    Batter
   (deg)     (ksf)     (kcf)     (kcf)    (ft)   (in:1ft)
 ========================================================
    30.00    0.000     0.120     0.125     9.30    0.00

 Resisting side soil profile:

   Soil        x          y    
   point      (ft)       (ft)
   =============================
    1         4.50      9.30
    2       504.50      9.30

 Foundation property data:
   phi for soil-structure interface =    30.00 (deg)
   c for soil-structure interface   =    0.000 (ksf)
   phi for soil-soil interface      =    30.00 (deg)
   c for soil-soil interface        =    0.000 (ksf)

 Water data:
   Driving side elevation   =    14.30 ft
   Resisting side elevation =     7.80 ft
   Unit weight of water     =   0.0624 kcf
   Seepage pressures computed by Line of Creep method.

 Minimum required factors of safety:
   Sliding FS   =    1.50



   Overturning  =  100.00% base in compression

 Crack options:
   o  Crack depth is to be calculated
   o  Computed cracks *will* be filled with water

 Strength mobilization factor =   0.6667

 At-rest pressures on the resisting side *are used*
 in the overturning analysis.

 Forces on the resisting side *are used* in the sliding analysis.

 *Do* iterate in overturning analysis.

 ***** Summary of Results *****

 ***************    *** Satisfied ***
 * Overturning *    Required base in comp. = 100.00 %
 ***************    Actual base in comp.   = 100.00 %
                    Overturning ratio      =   1.72

 Xr (measured from toe) =   2.40 ft
 Resultant ratio        = 0.3421
 Stem ratio             = 0.3571
 Base pressure at heel =    0.0224 ksf
 Base pressure at toe  =    0.8262 ksf

 ***********    *** Satisfied ***
 * Sliding *    Min. Required =   1.50
 ***********    Actual FS     =   1.67

 ***********    
 * Bearing *    
 ***********    

 Net ultimate bearing pressure =     1.8603 (ksf)
 Factor of safety =      3.008

 ********************** Output Results **********************

 Date: 2022/12/19                               Time: 11.11.59 



 ***************************
 **  Overturning Results  **
 ***************************

 Solution converged in  1 iterations.

 SMF used to calculate K's =   0.6667
 Alpha for the SMF          = -55.5659
 Calculated earth pressure coefficients:
   Driving side at rest K    =   0.4714
   Driving side at rest Kc   =   0.6866
   Resisting side at rest K  =   0.5000
   Resisting side at rest Kc =   0.7071
   At-rest K's for resisting side calculated.

 Depth of cracking =     0.00 ft

 ** Driving side pressures **

   Water pressures:
     Elevation   Pressure
       (ft)        (ksf)
     ======================
         14.30     0.0000
          9.30     0.3120
          6.80     0.3668

   Earth pressures:
     Elevation   Pressure
       (ft)        (ksf)
     ======================
          9.30     0.0000
          6.80     0.1215

 ** Resisting side pressures **

   Water pressures:
     Elevation   Pressure
       (ft)        (ksf)
     ======================
          7.80     0.0000
          7.30     0.0514

   Earth pressures:
     Elevation   Pressure
       (ft)        (ksf)
     ======================
          9.30     0.0000
          7.30     0.0955



 ** Uplift pressures **

   Water pressures:
      x-coord.   Pressure
        (ft)       (ksf)
     ======================
          0.00     0.3668
          7.00     0.0514

 ** Forces and moments **

 ========================================================================
               Part          |    Force (kips)    | Mom. Arm  |  Moment |
                             |  Vert.   |   Horiz.|    (ft)   |  (ft-k) |
 ========================================================================
 Structure:                 
   Structure weight...........    2.963                 -3.40    -10.08
 Structure, driving side:   
   Moist soil.................    0.000                  0.00      0.00
   Saturated soil.............    0.281                 -5.67     -1.59
   Water above structure......    0.000                  0.00      0.00
   Water above soil...........    0.936                 -5.50     -5.15
   External vertical loads....    0.000                  0.00      0.00
   Ext. horz. pressure loads..               0.000       0.00      0.00
   Ext. horz. line loads......               0.000       0.00      0.00
 Structure, resisting side: 
   Moist soil.................    0.150                 -1.25     -0.19
   Saturated soil.............    0.000                  0.00      0.00
   Water above structure......    0.000                  0.00      0.00
   Water above soil...........    0.000                  0.00      0.00
 Driving side:         
   Effective earth loads......               0.152       0.33      0.05
   Shear (due to delta).......    0.000                  0.00      0.00
   Horiz. surcharge effects...               0.000       0.00      0.00
   Water loads................               1.628       2.13      3.47
 Resisting side:            
   Effective earth loads......              -0.096       0.67     -0.06
   Water loads................              -0.013       0.17      0.00
 Foundation:                
   Components of normal.......   -2.970     -0.212      -2.40      7.15
   Components of shear........    0.104     -1.460       0.00      0.00
   Uplift.....................   -1.464                 -4.38      6.41
 ========================================================================
 ** Statics Check **   SUMS =     0.000      0.000                 0.00

 Angle of base        =     4.09 degrees
 Normal force on base =    2.978 kips
 Shear force on base  =    1.464 kips
 Max. available shear force =    1.719 kips



 Base pressure at heel =   0.0224 ksf
 Base pressure at toe  =   0.8262 ksf

 Xr (measured from toe) =     2.40 ft
 Resultant ratio        =   0.3421
 Stem ratio             =   0.3571
 Base in compression    =   100.00 %
 Overturning ratio      =     1.72

 Volume of concrete =     0.73 cubic yds/ft of wall

 NOTE:  The engineer shall verify that the computed
 bearing pressures below the wall do not exceed the
 allowable foundation bearing pressure, or, perform a
 bearing capacity analysis using the program CBEAR.
 Also, the engineer shall verify that the base pressures
 do not result in excessive differential settlement of
 the wall foundation.

 ***********************
 **  Sliding Results  **
 ***********************

 Solution converged.  Summation of forces = 0.

            Horizontal   Vertical
   Wedge      Loads       Loads
   Number    (kips)       (kips)
   ==================================
      1       0.000       0.555
      2       0.780       0.936
      3       0.000       0.000

   Water pressures on wedges:

              Top      Bottom
     Wedge    press.   press.   x-coord.    press.
     number   (ksf)    (ksf)     (ft)       (ksf)
   ================================================
       1    0.3120    0.3668
       2                         0.0000     0.3668
       2                         7.0000     0.0514
       3    0.0000    0.0514

 Points of sliding plane:
   Point 1 (left),  x =     0.00 ft,   y =     6.80 ft
   Point 2 (right), x =     7.00 ft,   y =     7.30 ft



 Depth of cracking =     0.00 ft

           Failure   Total    Weight    Submerged   Uplift
   Wedge    angle    length  of wedge    length     force
   number   (deg)     (ft)    (kips)      (ft)      (kips)
   ========================================================
      1   -54.554     3.069      0.278    3.069     1.042
      2     4.086     7.018      3.394    7.018     1.468
      3    35.509     3.443      0.337    0.861     0.022

   Wedge     Net force
   number     (kips)
   ===================
      1       -1.012
      2        0.550
      3        0.462
   ===================
      SUM =    0.000

 +-----------------------------+
 | Factor of safety =    1.670 |
 +-----------------------------+

 ***********************
 **  Bearing Results  **
 ***********************

             Base width =      7.018 (ft)
                     Xr =      2.401 (ft)
   Effective base width =      4.815 (ft)
    (measured along slope)
             Base slope =     4.0856 (deg)

                    phi =     30.000 (deg)
                      c =      0.000 (ksf)
        Effective gamma =     0.0626 (kcf)

            Normal load =      2.978 (kips)
       Load inclination =     26.173 (deg)
      Load eccentricity =      1.102 (ft)

              Surcharge =     0.2113 (ksf)
              Embedment =      2.000 (ft)
           Ground slope =     0.0000 (deg)



           Bearing Capacity Factors
 =============================================
                     C        Q         G
 =============================================
 Bearing         30.1396   18.4011   15.6680
 Embedment        1.1439    1.0720    1.0720
 Inclination      0.5029    0.5029    0.0163
 Base Tilt        0.9147    0.9194    0.9194
 Ground Slope     1.0000    1.0000    1.0000

 Net ultimate bearing pressure =     1.8603 (ksf)

 +-------------------------------+
 | Factor of safety =      3.008 |
 +-------------------------------+





 ****************** Echoprint of Input Data ******************

 Date: 2023/ 2/16                               Time:  9.15.44 

 Structural geometry data:
   Elevation of top of stem (ELTS)       =    14.30 ft
   Height of stem (HTS)                  =     6.50 ft
   Thickness top of stem (TTS)           =     1.50 ft
   Thickness bottom of stem (TBS)        =     1.50 ft
   Dist. of batter at bot. of stem (TBSR)=     0.00 ft
   Depth of heel (THEEL)                 =     1.50 ft
   Distance of batter for heel (BTRH)    =     0.50 ft
   Depth of toe (TTOE)                   =     1.50 ft
   Width of toe (TWIDTH)                 =     2.50 ft
   Distance of batter for toe (BTRT)     =     0.00 ft
   Width of base (BWIDTH)                =     8.00 ft
   Depth of key (HK)                     =     0.00 ft
   Width of bottom of key (TK)           =     0.00 ft
   Dist. of batter at bot. of key (BTRK) =     0.00 ft

 Structure coordinates:

    x (ft)    y (ft)
   ==================
       0.00      5.80
       0.00      7.30
       4.00      7.80
       4.00     14.30
       5.50     14.30
       5.50      7.80
       8.00      7.80
       8.00      6.30

 NOTE: X=0 is located at the left‐hand side
       of the structure.  The Y values correspond
       to the actual elevation used.

 Structural property data:
   Unit weight of concrete =    0.150 kcf

 Driving side soil property data:

                       Moist   Saturated          Elev.
    Phi        c      Unit wt.  unit wt.  Delta   soil
   (deg)     (ksf)     (kcf)     (kcf)    (deg)   (ft)



 =======================================================
    30.00    0.000     0.120     0.125     0.00    9.30

 Driving side soil geometry:

   Soil      Batter    Distance
   point    (in:1ft)     (ft)
   =============================
    1         0.00    500.00
    2         0.00      0.00
    3         0.00    500.00

 Driving side soil profile:

   Soil        x          y    
   point      (ft)       (ft)
   =============================
    1     ‐1496.00      9.30
    2         4.00      9.30

 Resisting side soil property data:

                       Moist   Saturated  Elev.
    Phi        c      Unit wt.  unit wt.  soil    Batter
   (deg)     (ksf)     (kcf)     (kcf)    (ft)   (in:1ft)
 ========================================================
    30.00    0.000     0.120     0.125     9.30    0.00

 Resisting side soil profile:

   Soil        x          y    
   point      (ft)       (ft)
   =============================
    1         5.50      9.30
    2       505.50      9.30

 Foundation property data:
   phi for soil‐structure interface =    30.00 (deg)
   c for soil‐structure interface   =    0.000 (ksf)
   phi for soil‐soil interface      =    30.00 (deg)
   c for soil‐soil interface        =    0.000 (ksf)

 Water data:
   Driving side elevation   =    14.30 ft
   Resisting side elevation =     7.80 ft
   Unit weight of water     =   0.0624 kcf
   Seepage pressures computed by Line of Creep method.

 Minimum required factors of safety:
   Sliding FS   =    1.50



   Overturning  =  100.00% base in compression

 Crack options:
   o  Crack depth is to be calculated
   o  Computed cracks *will* be filled with water

 Strength mobilization factor =   0.6667

 At‐rest pressures on the resisting side *are used*
 in the overturning analysis.

 Forces on the resisting side *are used* in the sliding analysis.

 *Do* iterate in overturning analysis.

 ***** Summary of Results *****

 ***************    *** Satisfied ***
 * Overturning *    Required base in comp. = 100.00 %
 ***************    Actual base in comp.   = 100.00 %
                    Overturning ratio      =   1.65

 Xr (measured from toe) =   2.68 ft
 Resultant ratio        = 0.3343
 Stem ratio             = 0.3125
 Base pressure at heel =    0.0029 ksf
 Base pressure at toe  =    0.9580 ksf

 ***********    *** Satisfied ***
 * Sliding *    Min. Required =   1.50
 ***********    Actual FS     =   1.97

 ***********    
 * Bearing *    
 ***********    

 Net ultimate bearing pressure =     2.7682 (ksf)
 Factor of safety =      3.860

 ********************** Output Results **********************

 Date: 2023/ 2/16                               Time:  9.15.44 



 ***************************
 **  Overturning Results  **
 ***************************

 Solution converged in  1 iterations.

 SMF used to calculate K's =   0.6667
 Alpha for the SMF          = ‐55.5432
 Calculated earth pressure coefficients:
   Driving side at rest K    =   0.4714
   Driving side at rest Kc   =   0.6866
   Resisting side at rest K  =   0.5000
   Resisting side at rest Kc =   0.7071
   At‐rest K's for resisting side calculated.

 Depth of cracking =     0.00 ft

 ** Driving side pressures **

   Water pressures:
     Elevation   Pressure
       (ft)        (ksf)
     ======================
         14.30     0.0000
          9.30     0.3120
          5.80     0.4213

   Earth pressures:
     Elevation   Pressure
       (ft)        (ksf)
     ======================
          9.30     0.0000
          5.80     0.1547

 ** Resisting side pressures **

   Water pressures:
     Elevation   Pressure
       (ft)        (ksf)
     ======================
          7.80     0.0000
          6.30     0.1403
          5.80     0.4213

   Earth pressures:
     Elevation   Pressure
       (ft)        (ksf)
     ======================
          9.30     0.0000
          6.30     0.1136



 ** Uplift pressures **

   Water pressures:
      x‐coord.   Pressure
        (ft)       (ksf)
     ======================
          0.00     0.4213
          8.00     0.1403

 ** Forces and moments **

 ========================================================================
               Part          |    Force (kips)    | Mom. Arm  |  Moment |
                             |  Vert.   |   Horiz.|    (ft)   |  (ft‐k) |
 ========================================================================
 Structure:                 
   Structure weight...........    3.413                 ‐3.68    ‐12.55
 Structure, driving side:   
   Moist soil.................    0.000                  0.00      0.00
   Saturated soil.............    0.875                 ‐6.10     ‐5.33
   Water above structure......    0.000                  0.00      0.00
   Water above soil...........    1.248                 ‐6.00     ‐7.49
   External vertical loads....    0.000                  0.00      0.00
   Ext. horz. pressure loads..               0.000       0.00      0.00
   Ext. horz. line loads......               0.000       0.00      0.00
 Structure, resisting side: 
   Moist soil.................    0.450                 ‐1.25     ‐0.56
   Saturated soil.............    0.000                  0.00      0.00
   Water above structure......    0.000                  0.00      0.00
   Water above soil...........    0.000                  0.00      0.00
 Driving side:         
   Effective earth loads......               0.271       0.67      0.18
   Shear (due to delta).......    0.000                  0.00      0.00
   Horiz. surcharge effects...               0.000       0.00      0.00
   Water loads................               2.063       2.49      5.13
 Resisting side:            
   Effective earth loads......              ‐0.170       1.00     ‐0.17
   Water loads................              ‐0.246       0.05     ‐0.01
 Foundation:                
   Components of normal.......   ‐3.844     ‐0.240      ‐2.68     10.32
   Components of shear........    0.105     ‐1.678       0.00      0.00
   Uplift.....................   ‐2.247                 ‐4.67     10.49
 ========================================================================
 ** Statics Check **   SUMS =     0.000      0.000                 0.00

 Angle of base        =     3.58 degrees
 Normal force on base =    3.851 kips
 Shear force on base  =    1.681 kips
 Max. available shear force =    2.223 kips



 Base pressure at heel =   0.0029 ksf
 Base pressure at toe  =   0.9580 ksf

 Xr (measured from toe) =     2.68 ft
 Resultant ratio        =   0.3343
 Stem ratio             =   0.3125
 Base in compression    =   100.00 %
 Overturning ratio      =     1.65

 Volume of concrete =     0.84 cubic yds/ft of wall

 NOTE:  The engineer shall verify that the computed
 bearing pressures below the wall do not exceed the
 allowable foundation bearing pressure, or, perform a
 bearing capacity analysis using the program CBEAR.
 Also, the engineer shall verify that the base pressures
 do not result in excessive differential settlement of
 the wall foundation.

 ***********************
 **  Sliding Results  **
 ***********************

 Solution converged.  Summation of forces = 0.

            Horizontal   Vertical
   Wedge      Loads       Loads
   Number    (kips)       (kips)
   ==================================
      1       0.000       0.816
      2       0.780       1.248
      3       0.000       0.000

   Water pressures on wedges:

              Top      Bottom
     Wedge    press.   press.   x‐coord.    press.
     number   (ksf)    (ksf)     (ft)       (ksf)
   ================================================
       1    0.3120    0.4213
       2                         0.0000     0.4213
       2                         8.0000     0.1403
       3    0.0000    0.1403

 Points of sliding plane:
   Point 1 (left),  x =     0.00 ft,   y =     5.80 ft



   Point 2 (right), x =     8.00 ft,   y =     6.30 ft

 Depth of cracking =     0.00 ft

           Failure   Total    Weight    Submerged   Uplift
   Wedge    angle    length  of wedge    length     force
   number   (deg)     (ft)    (kips)      (ft)      (kips)
   ========================================================
      1   ‐53.218     4.370      0.572    4.370     1.602
      2     3.576     8.016      4.738    8.016     2.251
      3    36.875     4.999      0.727    2.500     0.175

   Wedge     Net force
   number     (kips)
   ===================
      1       ‐1.605
      2        0.715
      3        0.890
   ===================
      SUM =    0.000

 +‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐+
 | Factor of safety =    1.969 |
 +‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐+

 ***********************
 **  Bearing Results  **
 ***********************

             Base width =      8.016 (ft)
                     Xr =      2.680 (ft)
   Effective base width =      5.370 (ft)
    (measured along slope)
             Base slope =     3.5763 (deg)

                    phi =     30.000 (deg)
                      c =      0.000 (ksf)
        Effective gamma =     0.0626 (kcf)

            Normal load =      3.851 (kips)
       Load inclination =     23.582 (deg)
      Load eccentricity =      1.323 (ft)

              Surcharge =     0.2739 (ksf)
              Embedment =      3.000 (ft)
           Ground slope =     0.0000 (deg)



           Bearing Capacity Factors
 =============================================
                     C        Q         G
 =============================================
 Bearing         30.1396   18.4011   15.6680
 Embedment        1.1935    1.0968    1.0968
 Inclination      0.5446    0.5446    0.0458
 Base Tilt        0.9252    0.9292    0.9292
 Ground Slope     1.0000    1.0000    1.0000

 Net ultimate bearing pressure =     2.7682 (ksf)

 +‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐+
 | Factor of safety =      3.860 |
 +‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐+
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CFA Pile Capacity Analysis  Per Geotechnical Engineering Circular No. 8 (FHWA) Design and Construction of Continuous Flight Auger Piles
Rt = Rs + Rb

Rs = fs * Ashaft Rt
Rb = qp * Abase Rs

Rb
Cohesive Soils Cohesionless Soils Ashaft

Abase

fs
qp
α
Su
K
σv'
ф
N*c
L
D
N60

Pa
Ir
Es
Z

If Es not measured, estimate Ir using table below
Su Ir N*c

0.25 tsf 50 6.5 NOTE: Requires separate calculation of effective vertical stress
0.50 tsf 150 8.0
1.00 tsf 250 8.7
2.00 tsf 300 8.9

Scenario: CFA pile bearing in Sand & Gravel Stratum, 14" pile diameter, assuming no capacity from Fill, Clay, and Sand due to liquefaction
gwt @ 6'

End bearing

Soil 
Layer

Type
Layer 

Thickness (ft)
Pile Dia. 

(ft)
Z (ft)

Segment 
Length 
(ft)

Su (tsf) N (bpf) Su/Pa α fs (tsf) Es Ir N*c qp (tsf) β σv' (psf) σv' (tsf) fs (tsf) qp (tsf)
Ashaft   

(sf)
Abase   

(sf)
Rt   (tons)

1 Fill 2.5 1.17 1.25 0 ‐‐ 9 0.809439 150 0.075 0.06070794 0 0
2 Clay 9 1.17 7 0 0.38 5 0.35849 0.55 0.209 7.1 2.698 0 0
3 Sand 23 1.17 23 0 ‐‐ 4 0.22735 1432 0.716 0.16278265 2.4 0 0
4 Sand & Grav 25.5 1.17 47.3 25.5 ‐‐ 18 0.571538 2605 1.3025 0.74442767 10.8 93.7294 1.07513 81.3862

Σ= 81.3862
NOTE: If bearing on clay, neglect one pile diameter from bottom of pile for side friction. 
NOTE: Neglect upper‐most 5' for side friction due to shrinkage and/or frost effects

FS
Ashaft (‐) R (‐) Rt Ashaft (‐) R (‐) Rt 2.5

0 0 81.38619 0 0 81.3862

Downdrag  
(tons)

Rult FS Rallow

0 81.3862 2.5 32.5545

Unit side‐shear resistance Unit side‐shear resistance

Unit end‐bearing resistance Unit end‐bearing resistance

Variables/Symbols
Ultimate pile capacity
Shaft resistance
End‐bearing resistance

Area of shaft

SPT N‐value uncorrected for overburden

Area of base
Unit side‐shear resistance
Unit end‐bearing resistance
Side‐shear coefficient
Undrained shear strength
Lateral earth pressure coefficient
Effective vertical stress (average along pile segment)
Internal friction angle
Bearing capacity factor
Pile embedment depth
Pile diameter

Cohesive soil Cohesionless

Ultimate Capacity (tons)
81.38619241

Atmospheric pressure, 1.06 tsf
Rigidity index
Undrained Young's Modulus
Depth from ground surface to middle of segment in feet

End bearingSide friction Side friction

32.55447696

Accounting for downdrag

Total Pile Length (ft)
60

After neglecting upper 5ft If bearing on clay, neglect one pile diamter at bottom Allowable Capacity (tons)
32.55447696

Rallow,downdrag          
(tons)

𝒇𝒔 ൌ 𝜶 · 𝑺𝒖

𝒒𝒑 ൌ 𝑵𝒄
∗ · 𝑺𝒖    𝒇𝒐𝒓 𝑳  𝟑𝑫

𝒇𝒔 ൌ 𝑲 · 𝝈𝒗⬚
ᇱ

· 𝒕𝒂𝒏𝝋  𝟐 𝒕𝒔𝒇

𝒒𝒑 𝒕𝒔𝒇 ൌ 𝟎.𝟔𝑵𝟔𝟎    𝑓𝑜𝑟 0  𝑁  75

𝒒𝒑 ൌ 𝟒𝟓 𝒕𝒔𝒇   𝑓𝑜𝑟 𝑁  75

𝛼 ൌ 0.55   𝑓𝑜𝑟 𝑆௨/𝑃  1.5

𝛼 ൌ 0.55െ 0.1
𝑆௨
𝑃
െ 1.5    𝑓𝑜𝑟 1.5  𝑆௨/𝑃  2.5

𝛼 ൌ 0.45   𝑓𝑜𝑟 𝑆௨/𝑃  2.5

𝑁∗ ൌ 9   𝑓𝑜𝑟 2 𝑡𝑠𝑓  𝑆௨  2.6 𝑡𝑠𝑓  

𝑁∗ ൌ
ସ
ଷ

ln 𝐼  1    𝑓𝑜𝑟 𝑆௨ ൏ 2 𝑡𝑠𝑓  

𝐼 ൌ  ாೞ
ଷௌೠ

    ሺ𝐸௦ ,𝑆௨  𝑎𝑡 𝑝𝑖𝑙𝑒 𝑡𝑖𝑝ሻ

𝛽 ൌ 𝐾 · 𝑡𝑎𝑛𝜑, 𝑤ℎ𝑒𝑟𝑒 0.25  𝛽  1.2

𝛽 ൌ 1.5 െ 0.135 · 𝑍.ହ   𝑓𝑜𝑟 𝑁  15 𝑏𝑝𝑓

𝛽 ൌ
𝑁
15 ሺ1.5െ 0.135 · 𝑍.ହሻ   𝑓𝑜𝑟 𝑁 ൏ 15 𝑏𝑝𝑓



Drilled Displacement Pile Capacity Analysis  Per Geotechnical Engineering Circular No. 8 (FHWA) Design and Construction of Continuous Flight Auger Piles
Rt = Rs + Rb

Rs = fs * Ashaft Rt
Rb = qp * Abase Rs

Rb
Cohesive Soils Cohesionless Soils Ashaft

Abase

fs
qp
α
Su
K
σv'
ф
N*c
L
D
N60

Pa
Ir
Es
Z

If Es not measured, estimate Ir using table below
Su Ir N*c

0.25 tsf 50 6.5 NOTE: Requires separate calculation of effective vertical stress
0.50 tsf 150 8.0
1.00 tsf 250 8.7
2.00 tsf 300 8.9

Scenario: CFA pile bearing in Sand & Gravel Stratum, 14" pile diameter, assuming no capacity from Fill, Clay, and Sand due to liquefaction
gwt @ 6'

End bearing

Soil 
Layer

Type
Layer 

Thickness (ft)
Pile Dia. 

(ft)
Z (ft)

Segment 
Length 
(ft)

Su (tsf) N (bpf) Su/Pa α fs (tsf) Es Ir N*c qp (tsf) β σv' (psf) σv' (tsf) fs (tsf) qp (tsf)
Ashaft   

(sf)
Abase   (sf) Rt   (tons)

1 Fill 2.5 1.17 1.25 0 ‐‐ 9 0.809439 150 0.075 0.45 0 0
2 Clay 9 1.17 7 0 0.38 5 0.35849 0.55 0.209 7.1 2.698 0 0
3 Sand 23 1.17 23 0 ‐‐ 4 0.22735 1432 0.716 0.2 0 0
4 Sand & Gra 25.5 1.17 47.3 25.5 ‐‐ 18 0.571538 2605 1.3025 0.9 34.2 93.7294 1.07513 121.126

Σ= 121.126
NOTE: If bearing on clay, neglect one pile diameter from bottom of pile for side friction.
NOTE: Neglect upper‐most 5' for side friction due to shrinkage and/or frost effects

FS
Ashaft (‐) R (‐) Rt Ashaft (‐) R (‐) Rt 2.5

0 0 121.126 0 0 121.126

Downdrag  
(tons)

Rult FS Rallow

0 121.126 2.5 48.4504 48.4503896

121.125974 48.4503896

Total Pile Length (ft)
60

Accounting for downdrag
Rallow,downdrag          

(tons)

Side friction End bearing Side friction

After neglecting upper 5ft If bearing on clay, neglect one pile diamter at bottom Ultimate Capacity (tons) Allowable Capacity (tons)

Cohesive soil Cohesionless

Internal friction angle
Unit end‐bearing resistance Unit end‐bearing resistance Bearing capacity factor

Pile embedment depth
Pile diameter
SPT N‐value uncorrected for overburden
Atmospheric pressure, 1.06 tsf
Rigidity index
Undrained Young's Modulus
Depth from ground surface to middle of segment in feet

Variables/Symbols
Ultimate pile capacity
Shaft resistance
End‐bearing resistance
Area of shaft

Unit side‐shear resistance Unit side‐shear resistance Area of base

Effective vertical stress (average along pile segment)

Unit side‐shear resistance
Unit end‐bearing resistance
Side‐shear coefficient
Undrained shear strength
Lateral earth pressure coefficient

𝒇𝒔 ൌ 𝜶 · 𝑺𝒖

𝒒𝒑 ൌ 𝑵𝒄
∗ · 𝑺𝒖    𝒇𝒐𝒓 𝑳  𝟑𝑫

𝒇𝒔ሺ𝒕𝒔𝒇ሻ ൌ 𝟎.𝟎𝟓𝑵𝑾𝒔 𝒇𝒐𝒓 𝑵  𝟓𝟎

𝒒𝒑 𝒕𝒔𝒇 ൌ 𝟏.𝟗𝑵𝟔𝟎  𝑾𝒕  𝒇𝒐𝒓 𝑵𝟔𝟎  𝟓𝟎

𝛼 ൌ 0.55   𝑓𝑜𝑟 𝑆௨/𝑃  1.5

𝛼 ൌ 0.55െ 0.1
𝑆௨
𝑃
െ 1.5    𝑓𝑜𝑟 1.5  𝑆௨/𝑃  2.5

𝛼 ൌ 0.45   𝑓𝑜𝑟 𝑆௨/𝑃  2.5

𝑁∗ ൌ 9   𝑓𝑜𝑟 2 𝑡𝑠𝑓  𝑆௨  2.6 𝑡𝑠𝑓  

𝑁∗ ൌ
ସ
ଷ

ln 𝐼  1    𝑓𝑜𝑟 𝑆௨ ൏ 2 𝑡𝑠𝑓  

𝐼 ൌ  ாೞ
ଷௌೠ

    ሺ𝐸௦ ,𝑆௨ 𝑎𝑡 𝑝𝑖𝑙𝑒 𝑡𝑖𝑝ሻ

𝑊𝑡 ൌ 0 𝑓𝑜𝑟 𝑞𝑝  75 tsf and uniform, rounded soil up to 
40% fines

𝑊𝑡 ൌ 14 𝑡𝑠𝑓 𝑓𝑜𝑟 𝑞𝑝  89 tsf and well‐graded, angular 
soil up to 10% fines

𝑊𝑠 ൌ 0,𝑎𝑛𝑑 𝑓𝑠  1.7 tsf for uniform, rounded soil up to 
40% fines

𝑊𝑠 ൌ 0.5 𝑡𝑠𝑓, 𝑎𝑛𝑑 𝑓𝑠  2.2 tsf for well‐graded, angular 
soil up to 10% fines





13.2.6 – Global Stability Analysis 

  



0.900

Color Name Unit 
Weight 
(pcf)

Cohesion'
(psf)

Phi' 
(°)

Embankment (SM/ML) 125 0 34

Fill (SM) 120 0 30

Sand & Gravel (SW) 125 0 34

Sandy Clay (CL) 110 0 28

Silty Sand (SM) 110 0 28
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Method: Spencer



1.285

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi' 
(°)

Clay Core 125 0 33

Embankment 
(SM/ML)

125 0 34

Fill (SM) 120 0 30

Sand & Gravel 
(SW)

125 0 34

Sandy Clay 
(CL)

110 0 28

Silty Sand (SM) 110 0 28

PLATE
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DATE:
DRAWN BY:
CHECKED BY:
FILE NAME:
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2 FEB 2023

CMM
MBF
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BALTIMORE, MD, 21201

SLOPE STABILITY RESULTS
With Clay Core
Method: Spencer



13.2.7 – Seepage Analysis 

 



Seepage = 5.91e-5 ft^3/sec

Color Name Sat Kx (ft/sec)

Backfill (SM) 3.28e-05

Fill (SM) 3.28e-05

Organic Silt 
(ML)

3.28e-07

Sand & Gravel
(SW)

0.00328

Color Name Parameters

Flood Stage 
Arlington

14.3 ft

Seepage 0 ft³/sec

PLATE
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MBF
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BALTIMORE 
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BALTIMORE, MD, 21201

SEEPAGE ANALYSIS  RESULTS



Seepage = 1.49 e-5 ft^3/sec

Color Name Sat Kx (ft/sec)

Embankment (SM/ML) 3.28e-06

Fill (SM) 3.28e-05

Sand & Gravel (SW) 0.00328

Sandy Clay (CL) 1.64e-07

Silty Sand (SM) 3.28e-05

PLATE

DC Coastal Feasibility Study 
BELLE HAVEN LEVEE 

DATE:
DRAWN BY:
CHECKED BY:
FILE NAME:

CONTRACT NO.:
2 FEB 2023

CMM
MBF

U.S. ARMY ENGINEER DISTRICT
BALTIMORE 

2 HOPKINS PLAZA
BALTIMORE, MD, 21201

SEEPAGE ANALYSIS RESULTS
W/o Clay Core



Seepage = 5.62 e-6 ft^3/sec

Color Name Sat Kx (ft/sec)

Clay Core 3.28e-08

Embankment 
(SM/ML)

3.28e-06

Fill (SM) 3.28e-05

Sand & Gravel 
(SW)

0.00328

Sandy Clay 
(CL)

1.64e-07

Silty Sand (SM) 3.28e-05

PLATE

DC Coastal Feasibility Study 
BELLE HAVEN LEVEE 

DATE:
DRAWN BY:
CHECKED BY:
FILE NAME:

CONTRACT NO.:
2 FEB 2023

CMM
MBF

U.S. ARMY ENGINEER DISTRICT
BALTIMORE 

2 HOPKINS PLAZA
BALTIMORE, MD, 21201

SEEPAGE ANALYSIS RESULTS
With Clay Core



Seepage to Toe Drain = 5.54e-6 ft^3/sec

Color Name Sat Kx (ft/sec)

Backfill (SM) 3.28e-05

Drainage Sand and
Gravell (SW) 

0.0328

Sand & Gravel 
(SW)

0.00328

Sandy Clay (CL) 1.64e-07

Silty Sand (SM) 3.28e-05

Color Name Parameters

Flood Stage 
Belle Havon

13 ft

Seepage 0 ft³/sec

SEEPAGE ANALYSIS RESULTS
Without Cutoff Wall
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Seepage to Toe Drain = 5.10e-6 ft^3/sec

Color Name Sat Kx 
(ft/sec)

Backfill (SM) 3.28e-05

Drainage Sand 
and Gravell (SW)

0.0328

Sand & Gravel 
(SW)

0.00328

Sandy Clay (CL) 1.64e-07

Silty Sand (SM) 3.28e-05

Wall

Color Name Parameters

Flood Stage 
Belle Havon

13 ft

Seepage 0 ft³/sec

PLATE

DC Coastal Feasibility Study 
BELLE HAVEN LEVEE 

DATE:
DRAWN BY:
CHECKED BY:
FILE NAME:

CONTRACT NO.:
2 FEB 2023

CMM
MBF

U.S. ARMY ENGINEER DISTRICT
BALTIMORE 

2 HOPKINS PLAZA
BALTIMORE, MD, 21201

SEEPAGE ANALYSIS RESULTS
With Cutoff Wall


	Appendix cover page for DC.pdf
	Appendix G Cover
	CZMP Consistency Determination
	Air Conformity Analysis
	Wetland Delineation Report
	Cooperating and Part Agencies
	EPA Cooperating Agency Letter
	EPA Cooperating Agency Response
	FAA Cooperating Agency Letter
	FEMA Cooperating Agency Letter
	MWAA Participating Agency Letter
	MWAA Participating Agency Response
	NFMS Cooperating Agency Letter
	NMFS Cooperating Agency Response
	NMFS Cooperating Agency Second Response
	NPS Cooperating Agency Letter First Transmittal
	NPS Cooperating Agency Letter Second Transmittal
	USFWS Cooperating Agency Letter
	USFWS Participating Agency Response
	VADEQ Participating Agency Letter
	VADEQ Participating Agency Response
	VMRC Participating Agency Letter
	VMRC Participating Agency Response

	Planning Aid Report Transmittal Letter
	Planning Aid Report
	Introduction
	Project Description
	Climate Change
	Aquatic and Terrestrial Resources
	Belle Haven
	Reagan National Airport
	Four Mile Run (Arlandria and Arlington WPCP)

	Effects on Fish and Wildlife Resources
	Data Quality
	Wetlands
	Federally Listed Endangered and Threatened Species
	State-Listed Species
	Migratory Birds
	Anadromous and Catadromous Fish and their Habitats

	Conditions of the No Action Alternative
	Conclusion
	References
	TABLES
	FIGURES

	PAR Appendices
	APPENDIX A
	APPENDIX B
	APPENDIX C
	APPENDIX D
	APPENDIX E
	APPENDIX F
	APPENDIX G
	APPENDIX H

	DraftNoEffectDetermination.pdf
	Chesapeake Bay Program. 2022. “Eastern Black Rail.” Accessed March 10, 2022. https://www.chesapeakebay.net/discover/field-guide/entry/eastern_black_rail
	Commonwealth of Virginia. 2022. “2VAC5-320-10. Listing of endangered and threatened plant and insect species.” Accessed January 18, 2022. https://law.lis.virginia.gov/admincode/title2/agency5/chapter320/section10/
	---------. 2020b. “Dwarf wedgemussel (Alasmidonta heterodon).” Accessed January 13, 2022. https://www.fws.gov/raleigh/species/es_dwarf_wedgemussel.html

	March 2022 Update Including EDR_NoVA CSRM Study- HTRW Investigation Reagan National Airport Floodwall and Levee.pdf
	EDR Report
	Property Location
	Reagan National Airport Levee Road Elevation
	Reagan National Airport Levee Road Elevation
	Arlington, VA 22202
	Lat/Lon 38.850076 / 77.032313

	Executive Summary
	Target Property
	Surrounding Sites
	SEMS
	W107 - WASHINGTON NATIONAL  - SOUTH END OF AIRPORT - ARLINGTON, VA 22030 - SEMS...

	SEMS-ARCHIVE
	N83 - DAVIS INDUSTRIES AR - 311 SIXTH STREET SOU - ARLINGTON, VA 22202 - SEMS-ARCHIVE
	AA117 - US DEPT OF COMMERCE  - FILE REPOSITORY 1232 - ARLINGTON, VA 22202 - SEMS-ARCHIVE...

	RCRA-SQG
	I34 - WMATA METRO BUS GARA - 3501 SOUTH GLEBE ROA - ARLINGTON, VA 22202 - RCRA-SQG...
	K51 - KIRBY LITHOGRAPHICS  - 2900 SOUTH EADS ST - ARLINGTON, VA 22202 - RCRA-SQG...
	G58 - FIRST CHOICE BODY SH - 525 31ST ST - ARLINGTON, VA 22202 - RCRA-SQG...
	M69 - CRYSTAL CAR CARE INC - 3700 JEFFERSON DAVIS - ALEXANDRIA, VA 22305 - RCRA-SQG...

	RCRA-VSQG
	F25 - HEISHMAN BMW INC - 3154 JEFFERSON DAVIS - ARLINGTON, VA 22202 - RCRA-VSQG...
	F27 - HEISHMAN BMW INC - 3100 JEFFERSON DAVIS - ARLINGTON, VA 22202 - RCRA-VSQG
	E38 - HYATT REGENCY CRYSTA - 2799 JEFFERSON DAVIS - ARLINGTON, VA 22202 - RCRA-VSQG...
	M50 - SHOPPERS FOOD WAREHO - 3801 JEFFERSON DAVIS - ALEXANDRIA, VA 22305 - RCRA-VSQG...
	E54 - V CLEANERS - 2711 JEFFERSON DAVIS - ARLINGTON, VA 22202 - RCRA-VSQG...
	M64 - AUTO BENZ BODY SHOP - 3700 JEFF DAVIS HWY - ALEXANDRIA, VA 22305 - RCRA-VSQG...
	J68 - GATEWAY AUTOBODY - 700 S BALL ST - ARLINGTON, VA 22202 - RCRA-VSQG...
	P74 - DBA RITE AID #3676 - 1671 CRYSTAL SQ ARCA - ARLINGTON, VA 22202 - RCRA-VSQG...

	VA SWF/LF
	G32 - ARLINGTON COUNTY REF - 500 31ST ST S - ARLINGTON, VA 22202 - VA SWF/LF...
	V98 - US DEPARTMENT OF DEF - 425 OLD JEFFERSON DA - ARLINGTON, VA 22202 - VA SWF/LF...

	VA LUST
	A5 - FAA -REAGAN NATIONAL - REAGAN NAITONAL AIRP - ARLINGTON, VA 22202 - VA LUST
	D18 - NATIONAL PARK SERV M - 2700 GEORGE WASHINGT - ARLINGTON, VA 0 - VA LUST...
	G32 - ARLINGTON COUNTY REF - 500 31ST ST S - ARLINGTON, VA 22202 - VA LUST...
	I33 - WMATA - BUS GARAGE - 3501 SOUTH GLEBE ROA - ARLINGTON, VA 22202 - VA LUST...
	N56 - READY MIX FORMER - 300 SOUTH 6TH STREET - ARLINGTON, VA 0 - VA LUST
	O61 - ALAMO RENT-A-CAR - 2780 JEFFERSON DAVIS - ARLINGTON, VA 0 - VA LUST...
	H63 - FAA DCA-RV-RA - NATIONAL AIRPORT - ARLINGTON, VA 0 - VA LUST
	J66 - RF&P FACILITY - 700 BALL STREET - ARLINGTON, VA 0 - VA LUST
	P75 - CRYSTAL SQUARE 5 - 251 18TH ST S - ARLINGTON, VA 22202 - VA LUST...
	N78 - DAVIS METAL SCRAPERS - 311 SOUTH 6TH STREET - ARLINGTON, VA 22202 - VA LUST
	N79 - DAVIS METAL SCRAPERS - 311 SOUTH 6TH STREET - ARLINGTON, VA 22202 - VA LUST
	R89 - HELMS CONCRETE SITE  - 3800 JEFFERSON DAVIS - ALEXANDRIA, VA 22305 - VA LUST...
	T93 - CRYSTAL PLAZA 5 - 2211 SOUTH CLARK PLA - ARLINGTON, VA 22202 - VA LUST...
	S94 - ARLINGTON POTW - 3401 SOUTH GLEBE ROA - ARLINGTON, VA 22207 - VA LUST...
	U95 - COLUMBIA CENTER - 1211 SOUTH EADS STRE - ARLINGTON, VA 22202 - VA LUST
	P97 - CRYSTAL GATEWAY MARR - 1700 JEFFERSON DAVIS - ARLINGTON, VA 22202 - VA LUST...
	V98 - US DEPARTMENT OF DEF - 425 OLD JEFFERSON DA - ARLINGTON, VA 22202 - VA LUST...
	Q99 - NATIONAL CAR RENTAL - 117 EAST REED AVENUE - ALEXANDRIA, VA 0 - VA LUST
	V101 - RF&P TRUCK FACILITY - 450 OLD JEFFERSON DA - ARLINGTON, VA 0 - VA LUST
	V103 - CARDINAL CONCRETE - 450 OLD JEFFERSON DA - ARLINGTON, VA 22202 - VA LUST...
	T105 - CRYSTAL PLAZA 1 - 2001 JEFFERSON DAVIS - ARLINGTON, VA 22202 - VA LUST...
	U109 - LCOR ARLINGTON II PR - 1331 SOUTH EADS STRE - ARLINGTON, VA 22202 - VA LUST
	V110 - EXXON #2-5644 - 355 OLD JEFFERSON DA - ARLINGTON, VA 22202 - VA LUST...
	Y112 - JUST TIRES - 3300 JEFFERSON DAVIS - ALEXANDRIA, VA 22305 - VA LUST...
	U114 - BUDGET RENTAL CAR - 1450 SOUTH EADES STR - ARLINGTON, VA 0 - VA LUST
	Z115 - FORMER VALUE RENT-A- - 2400 JEFFERSON DAVIS - ARLINGTON, VA 22202 - VA LUST...
	116   - 400 ARMY NAVY DRIVE  - 400 ARMY NAVY DRIVE - ARLINGTON, VA 22202 - VA LUST...
	X120 - CRYSTAL HOUSE I - 1900 EADES STREET - ARLINGTON, VA 22202 - VA LUST
	AA123 - BUDGET RENT-A-CAR - 1200 EADS STREET - ARLINGTON, VA 0 - VA LUST
	Y125 - CROWN #VA-007 - 3216 JEFFERSON DAVIS - ALEXANDRIA, VA 22305 - VA LUST...
	AC127 - CRYSTAL PLAZA 6 - 2221 JEFFERSON DAVIS - ARLINGTON, VA 0 - VA LUST
	Z128 - EXXON #2-2816 - 2300 JEFFERSON DAVIS - ARLINGTON, VA 22202 - VA LUST...
	AA129 - CAFRITZ WAREHOUSE - 1411 SOUTH FERN STRE - ARLINGTON, VA 0 - VA LUST
	AC131 - HAMPTON SUITES SITE - 2000 JEFFERSON DAVIS - CRYSTAL CITY, VA 22202 - VA LUST...
	AD135 - CORA B. KELLY SCHOOL - 3600 COMMONWEALTH AV - ALEXANDRIA, VA 22305 - VA LUST

	VA LTANKS
	A1 - FAA - REAGAN NATIONA - RONALD REAGAN WASHIN - ARLINGTON, VA 22202 - VA LTANKS
	B14 - NATIONAL GATEWAY LAN - 3400 POTOMAC AVE - ARLINGTON, VA 22202 - VA LTANKS...
	D18 - NATIONAL PARK SERV M - 2700 GEORGE WASHINGT - ARLINGTON, VA 0 - VA LTANKS...
	F24 - HEISHMAN BMW - 3154 JEFFERSON DAVIS - ARLINGTON, VA 22202 - VA LTANKS
	G28 - VDOT - CRYSTAL CITY  - 2910 JEFFERSON DAVIS - CRYSTAL CITY, VA 22202 - VA LTANKS
	G31 - THRIFTY CAR RENTAL - - 2900 JEFFERSON DAVIS - ARLINGTON, VA 22201 - VA LTANKS...
	I35 - WMATA - FOUR MILE RU - 3501 S GLEBE RD - ARLINGTON, VA 22202 - VA LTANKS...
	E37 - HYATT REGENCY CRYSTA - 2799 JEFFERSON DAVIS - ARLINGTON, VA 22202 - VA LTANKS...
	G42 - VIRGINIA PUBLIC WORK - 500 31ST ST S - ARLINGTON, VA 22202 - VA LTANKS
	J46 - NORTH TRACT LOFTS PR - 305 S 10TH ST - ARLINGTON, VA 22202 - VA LTANKS
	N55 - READY MIX FORMER - 300 S 6TH ST - ARLINGTON, VA 22202 - VA LTANKS
	G59 - 1ST CHOICE BODY SHOP - 525 31ST ST S - ARLINGTON, VA 22202 - VA LTANKS
	O61 - ALAMO RENT-A-CAR - 2780 JEFFERSON DAVIS - ARLINGTON, VA 0 - VA LTANKS...
	J65 - RF AND P FACILITY - 700 BALL ST - ARLINGTON, VA 22202 - VA LTANKS
	L72 - CRYSTAL PARK CONDOMI - 1805 CRYSTAL DR - ARLINGTON, VA 22202 - VA LTANKS
	P77 - CRYSTAL SQUARE 5 - 251 18TH ST S - ARLINGTON, VA 22202 - VA LTANKS...
	N80 - DAVIS INDUSTRIES - R - 311 S 6TH ST - ARLINGTON, VA 22202 - VA LTANKS
	Q85 - ALEXANDRIA CITY PROP - 3600 JEFFERSON DAVIS - ALEXANDRIA, VA 22305 - VA LTANKS
	R89 - HELMS CONCRETE SITE  - 3800 JEFFERSON DAVIS - ALEXANDRIA, VA 22305 - VA LTANKS...
	S90 - ARLINGTON COUNTY WAT - 3402 S GLEBE RD - ARLINGTON, VA 22201 - VA LTANKS...
	T91 - CRYSTAL PLAZA 6 - 2221 S CLARK PL - ARLINGTON, VA 22202 - VA LTANKS
	T92 - CRYSTAL PLAZA 5 - 2211 S CLARK PL - ARLINGTON, VA 22202 - VA LTANKS...
	U96 - COLUMBIA CENTER - 1211 S EADS ST - ARLINGTON, VA 22202 - VA LTANKS
	P97 - CRYSTAL GATEWAY MARR - 1700 JEFFERSON DAVIS - ARLINGTON, VA 22202 - VA LTANKS...
	V98 - US DEPARTMENT OF DEF - 425 OLD JEFFERSON DA - ARLINGTON, VA 22202 - VA LTANKS...
	Q100 - NATIONAL CAR RENTAL - 117 E REED AVE - ALEXANDRIA, VA 22305 - VA LTANKS...
	V102 - CARDINAL CONCRETE - 450 OLD JEFFERSON DA - ARLINGTON, VA 22201 - VA LTANKS
	T105 - CRYSTAL PLAZA 1 - 2001 JEFFERSON DAVIS - ARLINGTON, VA 22202 - VA LTANKS...
	W106 - FAA - RONALD REAGAN WASHIN - ARLINGTON, VA 22202 - VA LTANKS
	U108 - LCOR ARLINGTON II PR - 1331 S EADS ST - ARLINGTON, VA 22202 - VA LTANKS...
	V110 - EXXON #2-5644 - 355 OLD JEFFERSON DA - ARLINGTON, VA 22202 - VA LTANKS...
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	Z128 - EXXON #2-2816 - 2300 JEFFERSON DAVIS - ARLINGTON, VA 22202 - VA LTANKS...
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	E23 - JEFF DAVIS ASSOCIATE - 2800 CRYSTAL DR - ARLINGTON, VA 22209 - VA UST
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	G30 - THRIFTY CAR RENTAL  - 2900 JEFFERSON DAVIS - ARLINGTON, VA 22201 - VA UST
	I35 - WMATA - FOUR MILE RU - 3501 S GLEBE RD - ARLINGTON, VA 22202 - VA UST...
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	R88 - ALEXANDRIA TOYOTA - 3800 JEFFERSON DAVIS - ALEXANDRIA, VA 22305 - VA VCP
	R89 - HELMS CONCRETE SITE  - 3800 JEFFERSON DAVIS - ALEXANDRIA, VA 22305 - VA VCP...
	V104 - SEI-ARLINGTON ACQUIS - 399 OLD JEFFERSON DA - ARLINGTON, VA 22202 - VA VCP
	AB118 - WASHINGTON NATIONAL  -  - ARLINGTON, VA  - VA VCP...
	126   - POTOMAC YARD LANDBAY - 3000 POTOMAC AVE - ALEXANDRIA, VA 22305 - VA VCP...

	VA SPILLS
	A2 - REAGAN WASHINGTON NA - OGDEN FUELING AREA - ARLINGTON, VA  - VA SPILLS
	A3 - REAGAN NAT;L AIRPORT - TRUCK 20 ON AVIATION - ARLINGTON, VA  - VA SPILLS
	A4 - RONALD REAGAN AIRPOR - CRYSTAL CITY - CRYSTAL CITY, VA  - VA SPILLS
	A6 - REAGAN NATIONAL AIRP - REAGAN NATIONAL AIRP - CRYSTAL CITY, VA  - VA SPILLS
	A7 - REGAN NATIONAL AIRPO - REGAN NATIONAL AIRPO - ARLINGTON, VA  - VA SPILLS
	A8 - RONALD REGAN AIRPORT - REMOTE RAMP AT AIRPO - ARLINGTON, VA  - VA SPILLS
	A10 - REAGAN NATIONAL AIRP - GATE 39, TERMINAL C - ARLINGTON, VA  - VA SPILLS
	A11 - MWAA - RONALD REGAN  - NATIONAL AIRPORT - ARLINGTON, VA  - VA SPILLS
	17   - 901 AIR CARGO RD BA - ARLINGTON, VA 22202 - VA SPILLS

	RCRA NonGen / NLR
	J39 - JORSS, A F WORKS INC - 300 S 10TH ST - ARLINGTON, VA 22202 - RCRA NonGen / NLR...
	J41 - ALUMINUM FINISHING C - 300 S 10TH ST - ARLINGTON, VA 22202 - RCRA NonGen / NLR
	M53 - ALEXANDRIA TOYOTA SI - 3800 JEFFERSON DAVIS - ALEXANDRIA, VA 22313 - RCRA NonGen / NLR...
	P76 - CRYSTAL SQUARES - 251 18TH STREET SOUT - ARLINGTON, VA 22202 - RCRA NonGen / NLR

	FUDS
	H29 - WASHINGTON NAT-L ARP -  - NO CITY, VA  - FUDS
	139   - BOLLING AIRFIELD -  - WASHINGTON, D.C., DC  - FUDS
	140   - PENTAGON BUIL SITE -  - NO CITY, VA  - FUDS
	141   - HAINS POINT -  - E. POTOMAC PK, DC  - FUDS

	DOD
	CUSA134035 - NAVAL RESEARCH LABOR -  - , DC  - DOD
	CUSA133990 - BOLLING AIR FORCE BA -  - , DC  - DOD
	CUSA133908 - NAVAL STATION ANACOS -  - , DC  - DOD
	CUSA133902 - PENTAGON -  - , VA  - DOD

	ICIS
	C16 - RONALD REAGAN WASHIN - AVIATION CIRCLE - WASHINGTON, DC 20001 - ICIS...

	FINDS
	A12 - JET BLUE RONALD REAG - 1 AVIATION CIRCLE - WASHINGTON, DC 20001 - FINDS...
	A13 - AEROLINK TRANSPORTAT - 51 POST OFFICE RD - GRAVELLY POINT, VA 22202 - FINDS...
	B15 - POTOMAC YARD LAND BA - 3400 POTOMAC AVE - ARLINGTON, VA 22202 - FINDS...
	C16 - RONALD REAGAN WASHIN - AVIATION CIRCLE - WASHINGTON, DC 20001 - FINDS...

	ECHO
	A12 - JET BLUE RONALD REAG - 1 AVIATION CIRCLE - WASHINGTON, DC 20001 - ECHO...
	A13 - AEROLINK TRANSPORTAT - 51 POST OFFICE RD - GRAVELLY POINT, VA 22202 - ECHO...
	B15 - POTOMAC YARD LAND BA - 3400 POTOMAC AVE - ARLINGTON, VA 22202 - ECHO...
	C16 - RONALD REAGAN WASHIN - AVIATION CIRCLE - WASHINGTON, DC 20001 - ECHO...

	VA DRYCLEANERS
	E54 - V CLEANERS - 2711 JEFFERSON DAVIS - ARLINGTON, VA 22202 - VA DRYCLEANERS...

	NJ MANIFEST
	F25 - HEISHMAN BMW INC - 3154 JEFFERSON DAVIS - ARLINGTON, VA 22202 - NJ MANIFEST...

	PA MANIFEST
	C21 - JET BLUE AIRWAYS - R - 1 AVIATION CIRCLE - ARLINGTON, VA  - PA MANIFEST
	F26 - PORSCHE ARLINGTON - 3100 JEFFERSON DAVIS - ARLINGTON, VA 22202 - PA MANIFEST
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	116   - 400 ARMY NAVY DRIVE SITE - 400 ARMY NAVY DRIVE - ARLINGTON, VA 22202 - VA LUST, VA LTANKS, VA SPILLS
	AA117 - US DEPT OF COMMERCE PATENT OFFICE - FILE REPOSITORY 1232 S EADS - ARLINGTON, VA 22202 - SEMS-ARCHIVE, RCRA NonGen / NLR
	AB118 - WASHINGTON NATIONAL AIRPORT -  - ARLINGTON, VA  - VA VCP, VA SPILLS
	X119 - CRYSTAL HOUSE I - 1900 S EADS ST - ARLINGTON, VA 22202 - VA LTANKS, VA UST
	X120 - CRYSTAL HOUSE I - 1900 EADES STREET - ARLINGTON, VA 22202 - VA LUST
	AB121 - FOUR MILE RUN SAMPLING PROJECT - 2401 SMITH BLVD - ARLINGTON, VA 20001 - VA LTANKS, VA SPILLS
	AA122 - BUDGET RENT A CAR - 1200 S EADS ST - ARLINGTON, VA 22202 - RCRA-VSQG, VA LTANKS, FINDS, ECHO
	AA123 - BUDGET RENT-A-CAR - 1200 EADS STREET - ARLINGTON, VA 0 - VA LUST
	AC124 - CRYSTAL PLAZA - 2111 JEFFERSON DAVIS HWY - ARLINGTON, VA 22202 - VA LTANKS
	Y125 - CROWN #VA-007 - 3216 JEFFERSON DAVIS HIGHWAY - ALEXANDRIA, VA 22305 - VA LUST, VA LTANKS, VA SPILLS
	126   - POTOMAC YARD LANDBAY G, PARCEL A-2 - 3000 POTOMAC AVE - ALEXANDRIA, VA 22305 - VA ENG CONTROLS, VA INST CONTROL, VA VCP
	AC127 - CRYSTAL PLAZA 6 - 2221 JEFFERSON DAVIS HIGHWAY - ARLINGTON, VA 0 - VA LUST
	Z128 - EXXON #2-2816 - 2300 JEFFERSON DAVIS HIGHWAY - ARLINGTON, VA 22202 - VA LUST, VA LTANKS, VA SPILLS
	AA129 - CAFRITZ WAREHOUSE - 1411 SOUTH FERN STREET - ARLINGTON, VA 0 - VA LUST
	AA130 - CAFRITZ WAREHOUSE - 1411 S FERN ST - ARLINGTON, VA 22202 - VA LTANKS
	AC131 - HAMPTON SUITES SITE - 2000 JEFFERSON DAVIS HWY - CRYSTAL CITY, VA 22202 - VA LUST, VA LTANKS
	132   - MONTE CARLO FINANCIAL LTD LIABILITY CO PROPERTY - 112 LYNHAVEN DR - ALEXANDRIA, VA  - VA LTANKS
	AA133 - PENTAGON EAST PROPERTY - 1401 S FERN ST - ARLINGTON, VA  - VA LTANKS
	AD134 - CORA B KELLY SCHOOL - 3600 COMMONWEALTH AVE - ALEXANDRIA, VA 22305 - VA LTANKS
	AD135 - CORA B. KELLY SCHOOL - 3600 COMMONWEALTH AVENUE - ALEXANDRIA, VA 22305 - VA LUST
	AE136 - BAUMGARTNER CHRISTOPHER L AND DECHINO BRITTANIE F - 3109 S HIGH ST - ARLINGTON, VA 22202 - VA LTANKS
	AE137 - KONRAD MATTHEW J RESIDENCE - 3113 S HIGH ST - ARLINGTON, VA  - VA LTANKS
	AE138 - VERA LUIS MANUEL RESIDENCE - 3110 S HIGH ST - ARLINGTON, VA 22202 - VA LTANKS
	139   - BOLLING AIRFIELD -  - WASHINGTON, D.C., DC  - FUDS
	140   - PENTAGON BUIL SITE -  - NO CITY, VA  - FUDS
	141   - HAINS POINT -  - E. POTOMAC PK, DC  - FUDS
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