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Figure 1: General Location Map of Study. 

1 GEOTECHNICAL 

1.1 Scope/Background 

The San Juan Metro Area Coastal Strom Risk Management Study is currently investigating areas 
vulnerable to flooding in the Back Bay due to storm surge. The study is currently assessing six (6) 
planning reaches, as named and abbreviated shown in Table 1 and Figure 1. 

The scope of this appendix, prepared by the Geosystems Branch of the Jacksonville District, is to provide 
Seawall recommendations for the project, to the extent required to calculate benefit cost ratios. This 
appendix shall not be used for final design. 

Table 1: Study Area. 

Study Areas Study Area Abbreviation 

West San Juan Bay Area 1a WSJB 1a 

West San Juan Bay Area 1b WSJB 1b 

West San Juan Bay Area 2 WSJB 2 

West San Juan Bay Area 3 WSJB 3 

West San Juan Bay Area 4 WSJB 4 

Condado Lagoon CL‐1 
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1.2 Geology 

1.2.1 Regional Geology 

Puerto Rico is a volcanic island located within the boundaries of the Caribbean and North American 
tectonic plates. The island is predominantly composed of volcanic and plutonic rock of Jurassic to 
Eocene age overlain by limestone and other sedimentary deposits of Oligocene to recent age. Since the 
island is wedged between two active tectonic plates seismic activity is prevalent resulting in earth 
quakes, tsunamis and landslides. 

1.2.2 Local Geology 

The study area is located within the shallow marine shelf that surrounds the Commonwealth of Puerto 

Table 2: Boring Locations. 

Designation 
State Plane, PR VI NAD27 
X Y 

CB‐AT90‐3 612128 218410 
CB‐AT90‐6 611895 217028 
CB‐AT90‐12 612522 216867 
CB‐AC91‐12 612366 219471 
CB‐AC91‐16 612229 221369 
CB‐AC91‐20 612116 223255 
CB‐ATC94‐3 611803 217893 
CB‐ATC94‐5 612260 219902 
CB‐ATC94‐7 612215 222150 
CB‐PN‐16 613864 217441 

listed in Table 2 and depicted in Figure 2. 

Rico. Sediments of Holocene to and Pleistocene overlie limestone of Tertiary age. The limestone is 
found at depths varying from 25 feet to more than 100 feet in depth. Periods of fluctuating sea levels 
occurred during the glacial periods at the end of the Neogene period exposing the limestone allowing 
for weathering and erosion to occur. Shallow lagoons formed in depressions along the coast and 
sediments including silt and clay were deposited on the bottom of the Bahia de San Juan and Condado 
Lagoon. To date, fine gained carbonate and siliciclastic sediments are transported from upland areas by 
streams and are deposited into the Lagoons. 

1.3 Existing Geotechnical Information 

1.3.1 Existing Borings 

San Juan Harbor is located within the Bahia de San Juan. The outline of the maintained Harbor Channels 
is shown Figure 2. Numerous borings were drilled within the San Juan harbor channel for deepening 
and maintenance dredging over the years. Those existing borings provide valuable information for this 
project and borings which are very close to the project site or borings which gave valuable information 
about the top elevation of rock were selected for inclusion in this project. The selected borings are 

Boring logs are attached in Paragraph 1.10 Boring Logs. 
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Miles 

Designation 
State Plane, PR VI NAD27 
X Y 

CB‐PN94‐1 618513 221752 
CB‐PN94‐5 618084 220007 
CB‐PN94‐7 616351 218905 
CB‐PN94‐9 614213 218205 
CB‐SJH00‐16 610241 229274 
CB‐SJH00‐31 614621 228881 
CB‐SJH00‐38 618629 228528 
CB‐SJH00‐39 618544 227844 
CB‐SJH‐8 612547 218864 

Figure 2: Existing Boring Location Map. 
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mouth of the Bahia de San Juan (near El Morrow) which needed to be blasted during the last harbor 

Boring 
Designation 

Sample 
Designation 

USCS GS 

CB‐AT90‐3 2 MH 2.67 

CB‐AT90‐3 4 CH 2.70 

CB‐AT90‐6 3 MH 2.68 

CB‐AT90‐6 9 GP‐GM* 

CB‐AT90‐12 2 MH 2.69 

CB‐AT90‐12 9 CH 2.73 

CB‐AC91‐12 2 MH 2.71 

CB‐AC91‐16 1 MH 

CB‐AC91‐16 5 CH 2.65 

CB‐AC91‐20 4 SM* 

CB‐AC91‐20 7 SC* 

CB‐ATC94‐5 5 CH 2.67 

CB‐ATC94‐7 1 CH 

USCS: Unified Soil Classification System; Gs: specific gravity 
*Limestone fragments and coral fragments 

1.3.2 Laboratory Testing and Materials Encountered 

Laboratory testing is available for some of the borings and is summarized in Table 3. The lab data sheets 
are attached in Paragraph 1.11 Laboratory Testing. For the most part the soil profile consists of soft 
clay over clays of varying stiffness, underlain by limestone of varying depths as shown in Table 4 and 
depicted in Figure 4 and Figure 5. Some of the borings encountered silty and clayey sands with 
intermittent limestone layers (CB‐AC91‐20), or layers of loose sand (CB‐PN94‐7, CB‐SJH00‐31, CB‐SJH00‐
39). Strength testing of the rock is not available. However it is known that hard rock is present at the 

deepening. Boring CB‐SJH00‐39 which is closest to Condado Lagoon is located in shallow water and 
encountered a peat layer from 14.6 to 27.1 feet MLW (Figure 5). 

Table 3: Laboratory Testing. 
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1.3.3 Existing Soil Information 

For the inland portions of WSJB 1, a USDA soil map was obtained. These maps are generally accurate for 
planning level assessments to a depth of about 80 inches. The soil map is shown below in Figure 3. 

Figure 3: USDA Soil Map. 

Legend 
Symbol Soil 
AmB Almirante Clay 
Ba Bajura Clay 

Coloso Silty Clay Loam Cs 
Durados Sandy Loam Dr 

Made Land Md 
Martin Pena Muck Mp 
Sabana Seca Clay ScB 
Saladar Muck Sm 

Urban Land‐ Durados 
Complex 

Ud 

Urban Land‐ Sabana 
Seca Complex 

Us 

Vega Alta Clay Loam VaB 
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Legend 
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-- San Juan Harbor Channel 

0.6 0.9 1.2 
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1.3.4 Top of Rock Elevations 

Table 4 summarizes top of rock elevations found in the existing borings. Figure 4 and Figure 5 show 
known top of rock elevation locations throughout the harbor. 

Table 4: Top of Rock Elevations. 

Boring 
Top of Rock Elevation 

(feet MLW) 
Location 

CB‐AT90‐6  ‐42.3* 
South Western Part of Bahia de 

San Juan 
CB‐ATC94‐3  ‐46.5 
CB‐SJH‐8  ‐43.2 
CB‐SJH00‐16  ‐25.3 Northern Part of Bahia de San 

Juan (San Antonio Channel) CB‐SJH00‐31  ‐35.6 
*shown as limestone gravel and with higher blow counts on log* 

Figure 4: Top of Rock Map 1: South Western Part of Bahia de San Juan 
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Figure 5: Top of Rock Map 2: Northern Part of Bahia de San Juan (San Antonio Channel) 

1.4 Coastal Engineering Information 

The Coastal Engineer assigned to the project provided top of wall elevations, average seaward elevation, 
and average landward elevation. The information provided is summarized in Table 5 below. Figure 6 
below shows who the elevations are positioned on a typical seawall. 

Table 5: Wall Elevations. 

Area Average 
Seaward* 

Top of Wall 
Elevation* 

Average 
Landward* 

WSJB‐1B, 2, and 4 ‐3 8 4 
WSJB‐3 ‐3.86 17.14 3.08 
CL 1 ‐6.38 8 2.38 

*All elevations are in PRVD02 Datum 
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Figure 6: Wall Elevations on Wall. 

1.5 Wall Alternatives Analyzed 

1.5.1 Cantilevered Sheet Pile Wall 

Cantilevered Sheet Pile Walls are advantageous, in comparison with other wall types, due to shorter 
construction durations and lower construction costs. In general if the top of rock elevation was greater 
than two (2) to three (3) times the maximum retained height (top of wall elevation minus average 
seaward elevation), it is assumed that a cantilevered sheet pile would be feasible design alternative. 
Cantilevered Sheet Pile Walls resist the active lateral earth pressures, hydrostatic pressure, and other 
loadings with passive earth pressure from the soils it is embedded in. If the sheet pile can be embedded 
in two (2) to three (3) times the maximum retained height into soil, enough passive earth pressure 
should be present to adequately resist the active and hydrostatic pressures. Limestone can, in theory, 
provide large amounts of passive resistance, but the pile will need to have a larger steel cross sectional 
area, than is usually present in sheet piles, to resist being driven into the rock. Therefore, if rock is 
shallower than two (2) to three (3) times the maximum retained height, a cantilevered sheet pile wall is 
not feasible. 

1.5.2 King Pile Wall 

King Pile Walls offer larger section moduli, moments of inertia, and cross sectional areas required for 
larger retained heights and situations in which the top of rock is not deep enough for a cantilevered 
sheet pile wall. King Pile Walls resist loadings using the same mechanism as the Cantilevered Sheet Pile 
Walls, passive earth pressure. The primary difference is that King Pile Walls are a combination of steel 
sheet piles and either pipe piles or W‐sections. This provides the opportunity to provide a larger section 
modulus, moment of inertia, and steel cross sectional area. The larger steel cross sectional area would 
allow this type of wall to be driven into the rock. This has potential to be used in CL 1 due to high top of 
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above the heel of the wall. Additionally, the wall can be supported on piles to resist the weight and 
eccentricity of the wall and sliding forces acting along the wall. Borings in the area indicate that soft 
clays could be present below the footings; this leads us to believe that the wall will need to be 
supported on piles. Piles can be driven straight of at a batter. Given the differing load scenarios, such as 
maximum flood were the water elevation at the front of the wall is very high or regular operations were 
the water elevation is at the normal pool, piles battered in opposite directions are recommended. See 
Figure 7 for a typical T‐Type Wall layout. T‐Type Walls can be designed to use common steel sections 
and materials which may improve construction duration and costs in comparison with King Pile Walls 
due to other projects throughout the island importing similar materials from the continental United 
States. This alternative was analyzed using EM 1110‐2‐2502 Retaining and Flood Walls. 

rock elevation. A potential setback for this alternative is the availability of wall sections on the island. All 
steel required for the project will most likely be shipped from the continental United States, making the 
selection of common sections much more critical for both construction duration and cost. This 
alternative was analyzed using EM 1110‐2‐2504 Design of Sheet Pile Walls. 

1.5.3 T‐Type 

T‐Type Walls can be founded on soil or piles and consist of a concrete stem and footing. The main 
mechanism to resisting lateral earth or water pressure is the wall’s weight and the weight of material(s) 

Figure 7: T‐Type Wall. 
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1.6 Wall Alternatives by Reach 

1.6.1 WSJB 1B, WSJB 2, and WSJB 4 

The maximum retained height (Top of Wall minus Average Seaward) of these areas is 11 feet. With the 
top of rock elevation estimated to range from ‐42.3 to ‐46.5 MLW, this leaves nearly 4 times the 
retained height for sheet piles. It is anticipated that a Cantilevered Sheet Pile would be feasible in this 
location. 

An alternative of a small T‐Type Wall was desired by the Project Development Team (PDT). The results of 
the analyses are displayed in Figure 9 and Table 6 below. 

The preliminary wall started with Figure 8.2 of Das’s textbook Principles of Foundation Engineering 6th 

Edition (Figure 8 of this appendix), which gives dimensions in terms of retained height. This was then 
checked for sliding and overturning stability, using the methods as outlined in EM 1110‐2‐2502. The 
loads considered were Hydrostatic from the storm surge, lateral earth, and uplift along the footing. 
Knowing that the area generally contains soft clays beneath the wall, piles driven into rock where 
chosen to meet bearing capacity requirements of the wall. For this the methods as outlined in EM 1110‐
2‐2906 where used to calculate the Tension and Compression capacity of the piles and determine the 
required pile spacing for the wall. It was assumed that the pile would be driven 7.5 feet into rock. Given 
the unknown strength of the rock, further refinement will be required in later stages of the study. 

Figure 8: Principles of Foundation Engineering 6th Edition 
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A potential failure mode of retaining walls is global stability. This is typically a deep seated failure that 
could result in failure of the wall. As a result, the global stability of the wall was also checked assuming 
that the wall is underlain by a soft clay with a cohesion of 500 psf, based on typical values given by Das 
and Illinois Department of Transportation. The results of which can be found in Table 7. After borings 
are collected, global stability will be reevaluated with more accurate shear strength parameters, as this 
the most important soil property for global stability analyses. 

Figure 9: T‐Type Wall Dimensions. 

*All dimensions are in feet 
**Requires two HP14x89 piles 

Table 6: Pile Demand vs Capacity Results. 

Pile Spacing 
Required 
Tension 

Required Axial 
Compression 

Tension Capacity 
(7.5’ into Rock) 

Axial Capacity 
(7.5’ into rock) 

5’ 11 115.2 18.3 246 
7.5’ 16.5 172.7 18.3 246 
10’ 22 230.3 18.3 246 

Table 6 shows that the piles could handle the loads from either 5 foot or 7.5 foot spacing, we 
recommend using the 7.5 foot spacing for cost preparation purposes. The pile length to be used for cost 
purposes should be 55 feet, except for WSJB 4, for WSJB 4 the pile length should be 60 feet. 

Table 7: Global Stability Analyses. 
Event Factor of Safety 
Storm Surge 2.5 
Low Tide 1.5 
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results of which can be found in Table 9. 

Figure 10: T‐Type Wall Dimensions. 

Given the Low Tide Factor of Safety is close to the Criteria of 1.5, special attention will need to be paid 
to the Global Stability Analysis once additional borings are acquired. 

1.6.2 WSJB 3 

The maximum retained height (Top of Wall minus Average Seaward) is 21 feet. Given the top of rock is 
estimated to be at Elevation ‐46.5, this leaves slightly less than two times the retained height for a 
cantilevered sheet pile wall. The PDT decided to explore a T‐Type Wall for this area, mostly due to the 
reasons given in 1.5 Wall Alternatives Analyzed. The results of the analyses are displayed in Figure 10 
and Table 8 below. 

The preliminary wall started with Figure 8.2 of Das’s textbook Principles of Foundation Engineering 6th 

Edition, which gives dimensions in terms of retained height. This was then checked for sliding and 
overturning stability, using the methods as outlined in EM 1110‐2‐2502. The loads considered were 
Hydrostatic from the storm surge, lateral earth, and uplift along the footing. Knowing that the area 
generally contains soft clays beneath the wall, piles driven into rock where chosen to meet bearing 
capacity requirements of the wall. For this the methods as outlined in EM 1110‐2‐2906 where used to 
calculate the Tension and Compression capacity of the piles and determine the required pile spacing for 
the wall. It was assumed that the pile would be driven 10 feet into rock. Given the unknown strength of 
the rock, further refinement will be required in later stages of the study. 

The global stability of the wall was also checked assuming that the wall is underlain by a soft clay with a 
cohesion of 500 psf, based on typical values given by Das and Illinois Department of Transportation. The 
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be around ‐42 PRVD02 and that a Nucor PAZ42/NZ19 King Pile should be analyzed for cost purposes. 

1.7 Future Refinements 

Table 8: Pile Demand vs Capacity Results. 

Pile Spacing 
Design Sliding 

Force 
Weight Tension Axial Compression 

5’ 100.15 155 23.3 224 
7.5’ 150.23 232.5 34.9 336 
10’ 200.3 310 46.5 448 

Table 8 Shows that the piles could handle the loads from a 5‐foot spacing. The pile length to be used for 
cost purposes is recommended to be 55 feet. 

Table 9: Global Stability Analyses. 
Event Factor of Safety 

Storm Surge 3.6 
Low Tide 1.5 

Given the Low Tide Factor of Safety is close to the Criteria of 1.5, special attention will need to be paid 
to the Global Stability once additional borings are acquired. 

1.6.3 CL 1 

The area of the project provides a unique challenge because the estimated top of rock is higher than the 
other areas. Boring CB‐SJH00‐31 shows the top of rock at elevation ‐35.6. While a T‐Type Wall could be 
designed for this area, and may be the direction the PDT goes later in the study, the wall’s close 
proximity to hotels makes a king pile desirable due to the wall having a narrower cross section than the 
T‐Type Wall. For costs estimation purposes a Nucor King Pile Section was selected. It is noted that in 
final design this wall manufacturer cannot be specified because of the proprietary shape. As stated in 
previous sections, King Piles do have the risk of not being readily available on the island. For this 
preliminary analysis, EM 1110‐2‐2504 was consulted with only the maximum storm surge event as being 
the primary consideration. In later phases of the study more design cases will be considered. The 
results of the analysis (See Section 11 of this Appendix) shows that the wall’s tip elevation will have to 

Currently, Jacksonville District’s EN‐GG Section is in the process of acquiring borings along the alignment 
of the walls. These will be SPT borings that will give better shear strength parameters. Lab tests will also 
be gathered from these borings. The scope of work includes gathering gradations on granular materials 
and pocket penetrometer readings on cohesive samples. More critically, the top of rock will be more 
accurately defined and since the borings will be taken to refusal, we will have a better understanding 
about the shear strength of the bedrock. 
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Other refinements will include, a more final selection of wall type which will allow for the analysis of 
other design events, such as low tide or seismic. Liquefaction screening from the parameters provided in 
the new borings will also be done. Future work will utilize the Army Corps CASE programs CI‐WALL and 
CWALSHT and or locating other computer programs capable of analyzing the multiple scenarios given. It 
should be noted that CWALSHT will not run scenarios where the active side of soil is lower in elevation 
than the passive side of soil, which is the case for the storm event. 

1.8 Wall Calculations per Reach 

1.8.1 WSJB 1B, WSJB 2, and WSJB 4 T‐Type Wall Calculations 

Evaluate Storm Surge Case as shown below 

Loads acting on wall: Hydrostatic, Lateral Earth, and Uplift 

Max Hydrostatic Pressure= 8’‐(‐3)’X64 pcf=704 psf 

Hydrostatic Force 1= ½ 704(11)=3.9 kips/ft 
Hydrostatic Force 2=704(4)=2.8 kips/ft 

Max Soil Pressure=(120 pcf‐64 pcf)*4 (‐3‐(‐7))*1/3 (Ka assuming a phi of 30 degrees)=74.7 psf 
Soil Force= ½(74.7*4)=0.15 kips/ft 

Uplift 

EL +8 

EL +4 
EL ‐3 

12’ Wide 

EL ‐7 
1.5’ Thick 

Stem is 1’ Wide on Top and 1.5’ Wide at Base 

704 
1 
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D 

Max Pressure (at heel)= (8’‐(4’*11’)/23’)* 64=390 psf 
Where: 8 feet is top of water elevation, 4 feet is difference in water head along wall, 11 feet is depth of 
foundation landward side, and 23 is length of total drainage path 

Min Pressure (at toe)=(4’‐(16’*4’)/23’)*64=77.9 psf 
Where: 4 feet is top of water elevation, 16 feet is depth of foundation seaward side plus footing width. 
4 feet is difference in water head along wall , and 23 is length of drainage path 
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Uplift Force= ½(390+77.9)*12=2.8 kips/ft 

Sliding Force=Hydrostatic Force+ Earth Force=3.9+2.8+0.15=6.85 kip/ft. 
Apply Factor of Safety of 1.5 (per Table 4‐3 of EM 1110‐2‐2502) to get design Sliding Force. 
Design Sliding Force=6.85*1.5=10.3 kips/ft 

Overturning Moment=Moment from Hydrostatic Force+ Moment from Earth Load+ Moment from Uplift 
Overturning Moment=3.9*7.67+2.8*2+0.15*1.33+2.8*4.7=48.9 kft/ft 

Area Unit Weight Sq Ft Total Weight Arm (from 
Toe) 

Moment 

Stem 145 16.88 2447.6 2.25 5507.1 
Footing 145 18 2610 6 15660 

Water/Heel 64 99 6336 7.5 47520 
Soil/Heel 56 22.5 1260 7.5 9450 
Soil/Toe 56 14.25 798 0.75 598.5 

Total 13.5 kip/ft 78.7 kft/ft 

78.7 (Resisting Moments)/ 48.9 (Overturning Moments)=1.6>1.5 Ok 

�̅� ൌ 
78.7 െ 48.9

13.5 
ൌ 2.21′ 

𝑒 ൌ  
𝐵
2 
െ �̅� ൌ 6 െ 2.21 ൌ 3.79 

B/6=2<3.67 No Good! Need Tension from Seaward Pile 

For e to be less than or equal to 2, �̅� must equal 4. 

�̅� ൌ 
଼.ିସ଼.ଽାଵ்

ଵଷ.ହ 
ൌ 4 this implies T=2.4 kips/ft 

Pile Spacing 
Design Sliding 

Force 
Weight Tension Axial Compression 

5’ 51.5 70 12 115.2 
7.5’ 77.25 105 18 172.7 
10’ 103 140 24 230.3 

For a pile driven 7.5’ into rock 

𝑞 ൌ 𝑞௨ሺ𝑁ఝ  1ሻ Eq 11.59 Das 

Assume 𝑞௨ (unconfined compressive strength) is 1000 lb/sq in (from near by projects) 

𝑁ఝ ൌ 𝑡𝑎𝑛ଶ ቀ45  
ఝ

ଶ
ቁ 

Assuming a phi angle of 25 degrees 
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𝑄௦ሺ௦௦ሻ ൌ 
1746.5 ∗ 35

3 
ൌ 20.3 𝑘 

Total Axial Capacity=226+20.3=246 kips 

Total Tension Capacity=18.3 kips 

Capacities are adequate for 7.5 foot spacing. 

Global Stability Checks 

The wall was placed into a Slope/W Model to check Global Stability both during the Storm Surge and at 

𝑞 ൌ 144 𝑘𝑠𝑓 ቀ𝑡𝑎𝑛ଶ ቀ45  
ଶହ

ଶ
ቁ  1ቁ ൌ 498.8 𝑘𝑠𝑓 

𝑄 ൌ
𝑞 ∗ 𝑎 ൌ 

498.8 𝑘𝑠𝑓 ∗ 1.36 𝑠𝑞 𝑓𝑡 
ൌ 226 𝑘𝑖𝑝 

𝐹𝑆 3 

From EM 1110‐2‐2906 Design of Pile Foundations 

𝑓௦ ൌ 𝜎௩ᇱ ∗ ሺ𝐾𝑜𝑟𝐾௧ሻ ∗ tanሺ𝛿ሻ  𝛼𝑐  

𝜎௩ᇱ ൌ 𝛾𝐷 ൌ 56 𝑝𝑐𝑓 ∗ 20 ∗ 1.17′ ൌ  1310.4 𝑝𝑠𝑓 

Assuming a cohesion of 2500 psf (conservative for limestone) 𝛼𝑐 ൌ 0.5 ∗ 2500 ൌ 1250 𝑝𝑠𝑓 
𝛿 ൌ  0.83 ∗ 𝜑  ൌ  0.83 ∗ 25 ൌ 20.75 

𝑄௦ ൌ
𝑓௦ ∗ 𝑎௦
𝐹𝑆 

ሻ ൌ 
1571.9 ∗ 35

𝑄௦ሺ௧௦ 3 
ൌ 18.3 𝑘 

𝑓௦ሺ௧௦ሻ ൌ 0.9 ∗ 1310.4 ∗ ሺtanሺ20.75ሻሻ  1250 ൌ 1571.9 𝑝𝑠𝑓 

𝑓௦ሺ௦௦ሻ ൌ 1.0 ∗ 1310.4 ∗ ሺtanሺ20.75ሻሻ  1250 ൌ 1746.5 𝑝𝑠𝑓 

Low Tide, pictures of outputs are placed below. It should be noted shear strength parameters are 
assumed based on available boring information and will need refinement later, as more geotechnical 
data is acquired. 
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1.8.2 WSJB 3 T‐Type Wall Calculations 

Evaluate Storm Surge Case as shown below 

Loads acting on wall: Hydrostatic, Lateral Earth, and Uplift 

Max Hydrostatic Pressure= 17.14’‐(‐7.86)’X64 pcf=1,600 psf 

Hydrostatic Force 1= ½ 1600(25)=20 kips/ft 

Max Soil Pressure=(120 pcf‐64 pcf)*4 (‐3‐(‐7))*1/3 (Ka assuming a phi of 30 degrees)=74.7 psf 
Soil Force= ½(74.7*4)=0.15 kips/ft 

Uplift 
Max Pressure (at heel)= (17.14’‐(14’*11’)/28.5’)* 64=751 psf 
Where: 17.14 feet is top of water elevation, 14 feet is difference in head along the wall, 11 feet is depth 
of foundation landward side, and 28.5 is length of drainage path 

Min Pressure (at toe)=(3’‐(14’*21.5’)/28.5’)*64=‐483 psf. 
Where: 8 feet is top of water elevation, 21.5 feet is depth of foundation seaward side plus footing width, 
14 feet is difference in head along the wall, and 28.5 is length of drainage path 

Uplift Force= (751+‐483)*17.5=4.7 kips/ft 

EL +17.14 

EL +3.08 
EL ‐3.86 

17.5’ Wide 

EL ‐7.86 2.5’ Thick 

Stem is 1’ Wide on Top and 2.5’ Wide at Base 

1,600
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Sliding Force=Hydrostatic Force+ Earth Force=20+0.15=20.15 kip/ft 
Apply Factor of Safety of 1.5 (per Table 4‐3 of EM 1110‐2‐2502) to get design Sliding Force 
Design Sliding Force=20.15*1.5=30.23 kips/ft 

Overturning Moment=Moment from Hydrostatic Force+ Moment from Earth Load+ Moment from Uplift 
Overturning Moment=20*8.33+0.15*1.33+4.7*8.75=207.9 kft/ft 
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ൌ 
ଷଵ.ିଶ.ଽାଵହ.ହ்

ଷଵ 

Area Unit Weight Sq Ft Total Weight Arm (from 
Toe) 

Moment 

Stem 145 39.4 5713 3.75 21423.75 
Footing 145 43.75 6343.75 8.75 55507.8 

Water/Heel 64 262.5 16800 11.25 189000 
Soil/Heel 56 18.75 1050 11.25 11812.5 
Soil/Toe 56 24.1 1181.6 1.25 1477 

Total 31 k/ft 279.2 kft/ft 

Passive Resistance Landward Side 
Passive Pressure= 11 ft*56 pcf* 3 (Kp)=1848 psf 
Passive Force‐ ½*1848 psf*11 ft=10.2 kip/ft 
Passive Moment= 10.2*11/3=37.4 kipft/ft 

�̅� ൌ 5.83 this implies T=4.65 kips/ft 

Pile Spacing 
Design Sliding 

Force 
Weight Tension Axial Compression 

5’ 100.15 155 23.3 224 
7.5’ 150.23 232.5 34.9 336 
10’ 200.3 310 46.5 448 

Design Lateral Force Taken by Piles: 30.23 kips/ft‐10.2 kip/ft=20.03 kip/ft 

279.2+37.4 (Resisting Moments)/ 207.9 (Overturning Moments)= 1.52>1.5 Ok 

�̅� ൌ 3.51′ൌ 
316.6 െ 207.9 

31 

𝑒 ൌ  
𝐵
2 
െ �̅� ൌ 8.75 െ 3.51 ൌ 5.24 

B/6=2.92<5.24 No Good! Need Tension from Seaward Pile. 

For e to be less than or equal to 2.92, �̅� must equal 5.83. 

For a pile driven 10’ into rock 

𝑞 ൌ 𝑞௨ሺ𝑁ఝ  1ሻ Eq 11.59 Das 

Assume 𝑞௨ (unconfined compressive strength) is 1,000 lb/sq in (from near by projects) 

𝑁ఝ ൌ 𝑡𝑎𝑛ଶ ቀ45  
ఝ

ଶ
ቁ 

Assuming a phi angle of 25 degrees 
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𝑓௦ሺ௧௦ሻ ൌ 0.9 ∗ 1310.4 ∗ ሺtanሺ20.75ሻሻ  1250 ൌ 1,571.9 𝑝𝑠𝑓 

𝑓௦ሺ௦௦ሻ ൌ 1.0 ∗ 1310.4 ∗ ሺtanሺ20.75ሻሻ  1250 ൌ 1,746.5 𝑝𝑠𝑓 

𝑄௦ሺ௦௦ሻ ൌ 
1746.5 ∗ 46.68 

3 
ൌ 27.2 𝑘 

Total Axial Capacity=226+27.2=253.2 kips 

Total Tension Capacity=24.4 kips 

Capacities are adequate for 5 foot spacing. 

The nominal bearing to drive 10 feet into the assumed rock is equal to: 

Total Axial Capacity*FS=253.2*3=759.6 kips 

𝑞 ൌ 144 𝑘𝑠𝑓 ቀ𝑡𝑎𝑛ଶ ቀ45  
ଶହ

ଶ
ቁ  1ቁ ൌ 498.8 𝑘𝑠𝑓 

𝑄 ൌ
𝑞 ∗ 𝑎 ൌ 

498.8 𝑘𝑠𝑓 ∗ 1.36 𝑠𝑞 𝑓𝑡 
ൌ 226 𝑘𝑖𝑝 

𝐹𝑆 3 

From EM 1110‐2‐2906 Design of Pile Foundations 

𝑓௦ ൌ 𝜎௩ᇱ ∗ ሺ𝐾𝑜𝑟𝐾௧ሻ ∗ tanሺ𝛿ሻ  𝛼𝑐  

𝜎௩ᇱ ൌ 𝛾𝐷 ൌ 56 𝑝𝑐𝑓 ∗ 20 ∗ 1.17′ ൌ  1,310.4 𝑝𝑠𝑓 

Assuming a cohesion of 2500 psf (conservative for limestone) 𝛼𝑐 ൌ 0.5 ∗ 2,500 ൌ 1,250 𝑝𝑠𝑓 
𝛿 ൌ  0.83 ∗ 𝜑  ൌ  0.83 ∗ 25 ൌ 20.75 

𝑄௦ ൌ
𝑓௦ ∗ 𝑎௦
𝐹𝑆 

ሻ ൌ 
1571.9 ∗ 46.68 

𝑄௦ሺ௧௦ 3 
ൌ 24.4 𝑘 

Using 0.85Fy as described in Figure 4‐3 of EM 1110‐2‐2906 the max nominal bearing of an HP 14x89 is 
1109 kips. So this design is ok. 

Global Stability Checks 
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Factor of Safety of 1.5 was applied to passive pressures. 

Need to determine embedment depth: 

1.8.3 CL‐1 Wall Calculations 

Area Force (pound) Moment Arm 
A1 ½*360*5.6=1008 40.3+x

A2 (1/2*(360+230))*9.2=2714 34.1+x

A3 ½*620*10.56=3274 18.2+x

P1 ½*860*14.64=6295 8.9+x

P2 (1/2*(1810+1980))*4=7580 2+x

Table sets up following equation: 

 6730ሺ𝑥ሻሺ𝑥 2ൗ ሻ

𝑀  ൌ  0 ൌ െ1008ሺ40.3  𝑥ሻ െ 2714ሺ34.1  𝑥ሻ െ 3274ሺ18.2  𝑥ሻ  6295ሺ8.9  𝑥ሻ  7580ሺ2  𝑥ሻ 

This simplifies to… 

0=‐40622.4‐1008x‐92547.4‐2714x‐59586.8‐3274x+56025.5+6295x+15160+7580x+3365𝑥ଶ 

Further simplifies to… 

0=3365𝑥ଶ+6879x‐121571.1 
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-
or… 

0=𝑥ଶ+2.04x‐36.13 

using solver function on TI‐83 Plus x=5.08’. We will use 6’. Which leaves use with a tip elevation of ‐36‐
6=‐42 PRVD02. 

Next we will solve for the maximum moment, to do this the point of Zero Shear must be found. 

A1+A2+A3=6996 lbs 

P1=6295 lbs 

6996‐6295=701 lb 

Location of zero shear is within P2 Thus… 

0=1810x‐710 

Implies x=0.4’ 

Next we must sum moments about this point 

Area Force (pound) Moment Arm 
A1 1008 36.7 
A2 2714 30.5 
A3 3274 22.1 
P1 6295 5.3 
P2’ 701 0.2 

This sets up the following: 

𝑀௩ୀ ൌ 1008 ∗ 36.7  2714 ∗ 30.5  3274 ∗ 22.1 െ 6295 ∗ 5.3 െ 701 ∗ 0.2 ൌ 158622.3 𝑙𝑏𝑓𝑡/𝑓𝑡 

Using the maximum moment the section modulus can be determined as outline in EM 1110‐2‐2906: 

𝑆 ൌ  
158622.3 

𝑙𝑏𝑓𝑡
𝑓𝑡 ∗ 12 

𝑖𝑛
𝑓𝑡 ∗ 

1
1000 𝑘/𝑙𝑏 

50 𝑘𝑠𝑖 ∗ 0.5 
ൌ 

1904
25 

ൌ 76.2 𝑖𝑛ଷ/𝑓𝑡 

Selected section must meet section modulus requirement and have a large enough area of steel to be 
driven 6 feet into rock. From Section 10 of this appendix this could be on the range of 800+ kips. 

Pile (Nucor Shapes) S ሺ
య

௧ 
ሻ Area of Steel (𝑖𝑛ଶ/𝑓𝑡) Max Nominal Bearing 

(kips) 
AZ 42‐700N 78.2 12.22 305.5 
AZ 46‐700N 85.7 13.56 339 

AZ 50 93.3 15.22 380.5 
PAZ42/NZ 19 88.1 65.2 2771 
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Factor of Safety of 1.5 was applied to passive pressures. 

Need to determine embedment depth: 

Area Force (kip) Moment Arm 
A1 6.27 32.67+x 
A2 3.28 25.56+x 
P1 7.46 11.87+x 
P2 4.98 2.99+x 

Table sets up following equation: 

1.8.4 Verification of Sheet Pile Wall Depth Assumption 

To verify the assumption of Cantilevered Sheet Pile Walls are feasible if the rock is deeper than two (2) 
to three (3) time the retained height, this section will analyze the tallest retained height, WSJB‐3, 
assuming low shear strength properties. All calculations will be refined once additional borings are 
acquired. 

𝑀  ൌ  0 ൌ 6.27ሺ32.67  𝑥ሻ  3.28ሺ25.56  𝑥ሻ െ 7.46ሺ11.87  𝑥ሻ െ 4.98ሺ2.99  𝑥ሻ െ 0.839ሺ𝑥ሻሺ
𝑥
2
ሻ 

This simplifies to… 

0=204.8+6.27x+83.8+3.28x‐88.55‐7.46x‐14.62‐4.89x‐0.42𝑥ଶ 

0=185.43‐2.8x‐0.42𝑥ଶ 
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Mo 

17 16.45 

17.5 7.805 

17.75 3.40375 

17.85 1.62855 

17.9 0.7378 

17.95 -0.15505 

Using Excel to solve for x 

This implies x is roughly 18 feet below P2’s bottom elevation of ‐25, or around elevation ‐43. This makes 
the total depth of embedment equal to 39 feet, which is 1.86 times the retained height, validating the 
assumption that bedrock needs to be 2 to 3 times deeper than the maximum retained height, provided 
the average shear strength of materials present, when borings are acquired, is 500 psf. 
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1.10 Boring Logs 
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Hole Ho. CB-AT90-3 

IDIVISION INSTALL~TION ISHEET l 
DRILLING LOG South Atlantic Jacksonville District oF l sHEETs 

,. PROJECT 10. s1zE AND TYPE oF e1T See remarks 
San Juan Harbor Deeoeni na 11. DA. uM FuR c.Lc.v........N :::1H .....N, .&,... °' MS....,, 

h2~.~L~o~c~AT=1~o~N~r~c~.-=m~.~,~••~.-,~s~,.=,...,<.:;:.:-'-'-'=--------4 MLW 
t:--;:xc::=c,6..,..,l,,2:=-':.l':2,,,8=,,.....~v•=~2~1~8~,·~4~1~0~---------;'"•~•~-~,.~A~Nu~F=A~c~T~u~R~E~R~'s=D=Es~1=G~NA~T=1~o~N~o~F-DR=1~L~L--------1 
,. DRILLING AGENCY Fai 1 i ng 1500 

t:--:scc::o,_r.,,·""'psc-,o,.f---:E_n-qi_n_e..,e_r_s,...,.-=,....,..----------t 13_ TOTAL No. oF ovER• 101sTuRa£0 !: uN01sTuRaEp 
4. HOLE NO. (A• ahown on tlr•wlni title! BURDEN SAMPLES TAKEN j 

.... 1110 
nua,bo,) \ CB-AT90-3 

...-.~N""'A~M=E""'O-,F~D=R=l~L~L=E=R------'--=--'-'-'-"-.;;.....;;....___414. TOTAL NUMBER CORE BOXES l 
M. Whitson 15. ELEVATION GROUND WATER Tidal 

IS. DIRECTION OF HOLE !STARTED I COMPLETED 

(x]vERTICAL □ •NcL•NEo _____ oEo. FROM vERT. 1-•-•_·_DA_T_E_H_o_L_E___~;i_1~/_3_1~/_9_1__~:__l~/_3_1~/_9_1_---1 
------------------------< 17. ELEVATION TOP OF HOLE -35.5 
7. THICKNESS OF OVERBURDEN
------------------------< 18. TOT AL CORE RECOVERY FOR BORING 68 
1-"-·_D_E_P_T_H_D_R_IL_L_E_D_IN_T_o_R_o_c_K____________-t 19. SIGNATURE OF INSPECTOR 

,. TOTAL DEPTH oF HOLE lo. 5' Geo1ogi st, G. Ba;;;c..;u;.;t;.;a;;...._________---1 

ELEVATION DEPTH LEGEND CLASSIFICATION OF MATERIALS 
(Deacrlptlon) 

• b C d 

--------
-35.5 0.0 -

-lY~)' CLAY, very soft, medium =~v/ plasticity, trace silt,--= • ) trace quartz sand, trace 
=~shell, gray (CL) 

~~ ~0 

'SCORE 
RECOV•

ERY 
• 

33 

67 

13 

NO. 
I 

1 

2 

3 

REMARKS 
(DrUlln, Urne, -ter loH, depth of 

-•therl~, etc., II al1nll1cand

• 
Bit or Barrel 

----,__-,_ ,_ 
-35.5 Blows/0.5Ft ,_ 

settled,_ 
Split Spoon ,_--37.0 ' / -

settled -" --
-38.5 " / -

settled -
" ----40.0 4.5 = ;/y!------'--'=F=----fL-,-4---,-------· ·· ----+-----'f----+-=-'-.::__-------"'"--,-+--0 CLAY, stiff to very stiff, "-40.0 / 

12 -
-/~ brown with red stains, high 
=~~plasticity (CH) 

-42 5 7 0 ;~ 

93 4 

100 5 

" 20 -
-41.5 24 -

16 -
" 30 -

-_
43 

· 0 7 · 5 -~•, bed of sandy clay from -42.5 
· · • • to -43. O 1----+---+--'-"--'-'-----------+--43.0 40 

- 19 --- 80 6 " 23 --- -44.5 36 --- 8 --- 87 7 " 14 --
30 --46.0 10.5- -46.01---..:..:::-=-=+=-=~_~-'"L-.f----------~----. -----+----+---t~=~-----------t_-

--= Soils are field visually 140# hammer with =-
----- ----- ----- ----- -----

classified in accordance 30" drop used on 
with the Unified Soils 2.0' split spoon. 
Classification System. (l-3/8" ID x 2" OD) 

SPWLE 
ELEVATION 
-37.0 to -38.5 
-40.0 to -41.5 

L.AOCRATffiY 
CLASSIFICATIOI 

(111)* 
(CH)* 

*Visual classification based on 
G-adation Curve. tb Atterberg 
Limits. 

------------------------------- ----- ---------

--

I-

---
PROJECT IHOL.E NO.

EHG FORM 18 36 PREVIOUS EDITIONS ARE OBSOLETE. 
MAR 71 San Juan Harbor Deepening CB-AT90-3 
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_______ 

Holo No CB-AT90-6 

lDIVISION INSTALLATION SHEU ] 

DRILLING LOG South Atlantic Jacksonville District IOF ] SHEETS 

1. PROJECT 10. SIZE AND TYPE OF BIT c,.,.,... --------~ 
San Juan Harbor Deepening 11. oA,uM Fu" ---•A•·- sHowN.,e.,_..,.., 

b,-.-L-o-c-AT=,-o-N_<_C_oattl_;_m_•~•~••-•~,~•.:.,M.:.,c....,.;;.,.c.-'-""'-----------l MLW 
1-.:.:x_=.;:6..:1..:1_,,.;:B:.:9:.:5:__.vc.=..:2=.1!.7l.,_.o,c2,,_B:::....__________-l 12. MANUFACTURER' s OESI GNATION OF DR I LL 
,. 0R1LL1NG AGENcv Fai 1; ng 

1-.::C.::o.:.r=ns:....::o..:f_,E:,n:..:•n,._i..:n.:.:e:::e::.:r'--s::____________-Ju. TOTAL No. oF ovER· 1o,nuRuo lUNDISTURBED 
4. HOLE NO. (Aa •ho-a on drawlnl tWe I BURDEN SAMPLES TAKEN I 

•"" lllenurnb..J i CB-AT90-6 
14. TOTAL NUMBER CORE BOXES5. NAME OF DRILLER 1 
15. ELEVATION GROUND WATERM. Whitson Tidal 

15. DIRECTION OF HOLE !STARTED I COMPLETED 
16. DATE HOLE j 3/] /9] t 3/] /9]

KX!VERTICAL 01NCLINEO _____ OEG. FROM YERT.1---------'--'-'--'-.:....C..:....--~-..-=..:....:..:c..::._:__--f 

I-----------------------J17. ELEVATION TOP OF HOLE -JQ.J 
7. THICKNESS OF OVERBURDEN
1----------"-------------lta. TOTAL CORE RECOVERY FOR BORING 35 
L·-·_D_E_P_T_H_D_R_,L_L_E_D_,N_T_o_R_o_c_K____________.J 19. SIGNATURE OF INSPECTOR 

9. TOTAL DEPTH OF HOLE 

11!:LEVATION DEPTH LEGEND 

b C• 

--- ---
-30.3 0.0-

-~17 CLAY, soft to very soft,:V// medium plasticity, gray 

~~(CL) 

-33.3 ,_,ij
-1/2~ trace organics (wood) and 

-=I/ , trace shell from -33.3 to
=r/ 1-36.3 

~. /. ~ 

~ 0; 
-36.3 6-~~ 

~~ 
~~ ~r% 

-41.8 11 ;5-~ CLAY, high plasticity, 

-
---- ----- ----- ----- -------

15.0' Geoloaist, G. ~acuta 
CLASSIFICATION OF MATERIALS 

(De.crlptlon) 

d 

~ CORE 
RECOV-

ERY 
• 

SAMPLE 
NO. 
I 

27 1 

27 2 
'\ I :::-l--~--+--=-33::,:·:..:3:______.....'.il__+-,,. 

3 

53 4 

0 5 

47 6 

13 7 

0 8 

REMARKS 
(DrHIUIQ time, water Jo••• dept.h ol 

-•U.rl1q1, etc., JI •IQnUJcant)

• 
Bit or Barre1 

-30.3 

settled 
Split Spoon ---31.8 ' , -

settled,_ 
" ,_ 

" 
settled,_ 

-34.B 
settled '

" ,_ \ ,.... 
-36.3:=.=-----~'/--I-- / 

-37.8 

-39.3 

-40.8 

-42.3-42.3 12.n-l/_r brown l~H) ··········----+---+---+--=--=:..:..=;.-
__:,,-,,~ GRAVEL, trace brown stiff 

- ~~ clay, large limestone frag- 60 9 
:1~c,/ ments (moderately hard to -43.8 

__:~It hard, little pits and pores) 
- ~•• tan to 1 i ght brown, gray 27 10: • stains (GC) 

-45.3 15_0- • ◄ • -----l---1----+-...:4..:.5..:.·=.3 

,_ 
,_ -
,------ ,)-

settled -
" 

' I 
settled'-

" '
'

' I 
,__ 

settled 1-;. 

" 1-
1--/fJ

\ I .....···•·· -····--=--1-

" 

" 

" 

settled ..... 

'I; 

16'-'-
18t-
43..,.. 
21--
5 ._ 

--=9-t--r 
---Soils are field visually 140# hammer with -

classified in accordance 30" drop used on -
with the Unified Soils 2.0' split spoon. --
Classification System. (1-3/8" IO x 2'' OD) -,_ 

'-
SIW1£ U\IDlATCRY ,_ ,_ 

,_El£VATION CU\SSIFICATION ,_ 
-33.3 to -34.8 (MH)* 
-42.3 to -43.8 (GP-c:M)* 

1---
,_ -,_*Visual classification based on 
I-l:t'adation Curve. NJ Atterberg ,._ ,_Limits. -,_ ,___ .... ,_-- --

PROJECT · !HOLE NO.ENG FORM 18 36 PREVIOUS EDIT•DNS ARE OBSOLETE. 
MAR 71 San Juan Harbor Deepening CB-AT90-6 



-
-

C 

Hole Ho. CB-AT90-l 2 

IDIVISION INSTALLATION ISHEET 1 
DRILLING LOG South Atl an ti C Jacksonville District o• 1 sHEETS 

1. PROJECT 10. SIZE AND TYPE OF BIT <::.ce rPmr1rks , 
San Juan Harbor 0eeneninq 11. DATUM FUK ELEVA,ION SHuwN .,.,,..,.,.,._,

1--,_-L-=o-=cA:.:.T...:,o:.:N:.:<c.:c__,....:.:.:m::.•-=••-"'-•'-••-'s"',.'-",onJ=c:..:.:.:.,_______--l MLW 
1-..:.x:..=..:6:..l..:2:..e•..:5..:2:.:2;___,!.y_=.=2..:.1.::6.,_,.::8.::6.:..7_~--------i''=2.~M~A~N=u=,=A=cT~U~R~E~R~.s~D=E~S~IG~N~A=T~IO~N~OF~D=R1~L~L-------1
•· DRILLING AGENcv Fai 1 i ng 1500 

1-..:C:::o:::rc..1·n:::s~o::;fc.....,E::.n:..:•ffz.:ic.:.n:..::e:..::e::.r.;:s:.___________--1,3• TOTAL No. oF ovER• 10,sTuRaEo ; uN01sTuRaEp 
4. HOLE NO. (Aa ahown on drall'ff14 title I BURDEN SAMPLES TAKEN ! \ 

• .., ,,,. numbarl i CB-AT90-12
L...___________..:__:.::.._.:..:.:.=_;_:::___...jl4. TOTAL NUMBER CORE BOXES 1 
5. NAME OF DRILLER 

M. Whitson 1s. ELEvAnoN GRouNo wATER Tidal 
6- DIRECTION OF HOLE \STARTED I COMPLETED 

[X)vERT1c•L □ ,NeL1NEo _____ DEG.FROM vERT. 1-'-•_·D_A_T_E_"_0_L_E___.1-,1_2__:/_1:..5:../...c9:..1:..___;~--=2:.:./....;1..:5.:../..:9..:1_~ 
L----------------------'17. ELEVATION TOP OF HOLE -28.6 
7. THICKNESS OF OVERBURDEN '---------------------..L-----------------------' 18. TOT AL CORE RECOVERY FOR BORING 50 

L·-·_D_EP_T_H_DR_I_L_LE_D_IN_T_o_R_o_c_K___________..., 19. SIGNATURE OF INSPECTOR 

9. TOTAL DEPTH OF HOLE 16.5' Geoloqist, G. Bacuta 
% CORE REMARKS 

ELEVATION 
CLASSIFICATION OF MATERIALS

DEPTH LEGEND RECOV• SAMPLE (Drllllna tbne, WIiler loH, depth ol(De•crlptlOIV ERV NO. wwather"111, etc., If •lanlllc•nd 
b d • I• • 

>-
>- .....- .....- Bit or Barrel ,.._-
>- .....- .....-

-28.6 0.0 -

-0 
-28.6 Blows/0.5 Ft >

settled >- D=½~7> CLAY, very soft, trace of 
Splitshell, medium plasticity, Spoon ~ l=_--=~ dark gray to b 1 ack (CL) 

27 1 
-30 .1,_____,____,_______ - ··-·seffTea::: 

" 40 2 
/i=_ ~~')

V_/ 
' ) =,.. ,::.:.. -31.6 \ 

settled 1--:ll.1 to -31.6 (MH)* 
- -40.6 to -42. 1 (CH)* "80 3 

/-33.1 \=__ r/M~,/)/ *Visual classification based on settled .- 'J- / // G--adation Curve. N:J Atterberg " 0 4 -: ,y/> Limits. 
-34.6 '\ / 

settled 

53 5 
-36.1 

" __ _1_...~,__110 <----I---+-=-'-'-----------
settled ,_ 

67 6 " -=~ \ ,, -,___-37.6 =~ 1----1----1----------- --

sett1 ed ,_ 
67 1-7 " J--K-38.9 10.,.:: ; /J / I--39.1 \ 

='>/>.. CLAY, trace shell, red and 
_ ~, black stains, brown (CH) 33 

_ ,: I very soft from -38.9 to
40 

_
61.-..=~.1Jlc:2c.::.0~ -40 . 6 

--='~soft to very stiff, high 
" 9 .....67 9=/~ plasticity, traces of small 

-42.1 10 ,_-42.1 13.5-~ lenses of white clay fromL...~~:...J.!.=_~, -40. 6 to -42. 1 4 ,___ 
" 16 ,_53 10~'l: 1----1----1--_4:..:3.::.·.::..6______--'1-'--7-+>--/

1 
-44.6 15.5-v/ 6 -

12 ,_=V~sandy clay from -44.6 to 60 11 " 
45 1-45. 1 6 • ..--:n-:,:.·".4··~1!'.!•,l..-__·_________-+--+--+-...::!4~5~.1______2..:15"--t--

-Soils are field visually 140# hammer with --classified in accordance 30" drop used on -- - with the Unified Soils 2.0' split spoon. -
- -
- Classification System. (l-3/8" ID x 2" 00) ---
- ----

-
-

. 

-

-

-
-

-
--

PROJECT IHOLE NO.
ENG FORM 18 36 PREVIOUS EDITIONS ARE OBSOLETE. San Juan Harbor Deepening CB-AT91-12MAR 71 

8 " 



--

--

-
-
-

-----

-------

IDIVISION 
DRILLING LOG South Atlantic 

1. PROJECT 

San Juan Harbor Deepening 
2. LOCATION (Co«dinatea or Station) 

~ .C1 ') ~rr "-219 471 
3. DRILLING AGENCY 

Cor □ s of Enaineers 
4. HOLE NO. (Aa •ho"" on dralftnl tlll• I 

and Ill• numb.> l CB-AC9l-12 
S. NAME OF DRILLER 

M. Whitson 
&. DIRECTION OF HOLE 

(x]YERTICAL □ INCLINED DEG. FROM VERT. 

7. THICKNESS OF OVERBURDEN 

8. DEPTH DRILLED INTO ROCK 

9. TOTAL DEPTH OF HOLE 

ELEVATION DEPTH LEGEND 

a b C 

-
-
--- ---

o.o--40.2 
----

. .' /l .<r-~-41.7 
- 77 
- I:?"/- --
-

-~ 
-

- ~ 
-

-
-~ -

_.,,? ,: n-~ 
- --

-

-
- -

-
-

-

-
-
-
-
-

-

--- ----- ---
-

-
---- -
-

-
-

·--

-

-

---
-

-

----
- ----- ----

ENG FORM 18 36 
MAR 71 

6.0' Geolonist-
CLASSIFICATION OF MATERIALS 

(Deacrlptlon) 

d 

---· -

CLAY, very soft, trace silt, 
trace shell, medium plastic-
ity, gray (CL) 

" 
CLAY, stiff, with small 
lenses of sandy clay, traces 
of black stains (organics), 
light brown (CH) 

---·•--

Soils are field visually 
classified in accordance 
with the Unified Soils 
Classification System. 

S/lWLE I.J\lrnAT!RY 
ELEVATION CLASSIFICATION 
-41.7 to -43.2 (CH)* 

* Visual classification based on 
G-adation Curve. l'tl Atterberg 
Limits. 

'I. CORE 
RECOV-

ERV 

• 

13 

67 

53 

73 

PREVIOUS EDITIONS ARE OBSOLETE. 

Hole Ho. CB-AC91-l 2 
INSTALLATION 'SHEET l

Jacksonville District OF l SHEETS 

10. SIZE AND TYPE OF BIT See remarks 
11. DATUM FUN: 1:.1..1::.VAIIUN SHuwN (:I.ti.Ill o,MSZ..J 

MLW 
12. MANUFACTURER'S DESIGNATION OF DRILL 

Failino 
13. TOTAL NO. OF OVER- IDISTURBED !UNDISTURBEP 

BURDEN SAMPLES TAKEN 

14. TOT AL NUMBER CORE BOXES l 
15. ELEVATION GROUND WATER Tidal 

ISTARTED I COMPLETED 
16. DATE HOLE j 2/l /91 ; 2/1 /91 
17. ELEVATION TOP OF HOLE -40.2 
18. TOTAL CORE RECOVERY FOR BORING 52 .. 
19. SIGNATURE OF INSPECTOR 

G. Bacuta 
REMARKS 

SAMPLE (DrlllffllJ tfll'le, _,er lo••• depth of 
NO. -•tberln41, etc., II ■ lanllJcanU 

f • ._ 
._ 
._ ._

Bit or Barrel ,__ 
._ 
._ ._ ._

-40.2 BJowsLQ.5 J:"+ 
settled ._ 

Split Spoon ._l ._ ...._-41.7 --~~-- >-·
3 -" 16 -

-43.2 13 -2 

- -· -·------10 I-

3 I--" 10 
I--44.7 12 

11 ._ 

4 I-" 20 
-46.2 21 

- - - - ·--- . - ---~--,---I-

140# hammer with 
30" drop used on 
2.0' split spoon. 

( 1-3/8" ID x 2" OD) 

-

San Juan Harbor Deepening CB-AC91-12
IHOLE NO. 

I-
I-._ ._ 
i--._ ._ 
._ 
I-,__ 
I-
I--I-,__ ._ 
I-._ 
._ ,__ 
I-
I--I--... I-
I-

..... 
,-
I-
I-
I-----I-
I-
I--...I-

._ 

._ 
,-..... 
I-
I-
I-
,-
I-
I-
I-

,__----.....----I-

PROJECT 



Hol• Ho. CB-AC91-16 
INSTALLATION

I
DIVISION 

DRILLING LOG South Atlantic Jacksonville District !SHEET ] 
OF ] SHEETS 

1. PROJECT ,o. s1zE AND TYPE oF e1T see rPmr1rks 
San Juan Harbor Deeoeni nCl 11. D-, UM FOR ELEVA HUN SHuwN pall_ ...~, 

~.~.~L~O~C~A=T:.;IO~N~r~c~.---,m~.-,-••-.,~s~,.~,...,"i-''-'--''-"----------1 MLW 
1-:---:Xc:=c:6",l:.;2~,2=,2:,,9~=--"-y=-=2:.::2:..,1..,.c:3:..:6:..:9:__________..:-,=•--=..-A-N-uF=A=c=T=u-R=E=R--s-D=Es=1-G-N-AT=1=o=N-o=F=DR=1-L-L-------1 
•- DRILLING AGENcv Fai 1 i ng 1500 

l--'C:.;o:..:r'e!·pc.,s~o=,f;,...--=-E'-'n-"--'-oi'--'n-=e-=e..:.r-=s--~-----------1 13_ TOTAL No. oF ovER- 101sTuF1.eEo !: uN01sTuR11E~ 
4. HOLE NO. (A• ahown on dralll'ffl, tltlel BURDEN SAMPLES TAKEN! 

and Ille ....,,e,J i CB-AC91-16 
s. NAME OF DRILLER 

14. TOT AL NUMBER CORE BOXES l 

M. Whitson 15. ELEVATION GROUND WATER Tidal 
IS. DIRECTION OF HOLE !STARTED I COMPLETED 

l[ivERTICAL □ 1NcL1NEo _____ oEG. FROM vERT. 1-'-•_·_D_AT_E_"_0_L_E___Li,_:2:.:./..::6:.:./.:9:..:1:____~i~_2=./:...::c6'-/=-9..:.l__-l 
~7-_-T-H-IC_K_N_E_S_S_O_F_O_V_E_R_B_U_R_D_E_N___________--1~•-7_._E_LE_v_A_T_1_o_N_T_o_P_o_F_H_O_LE____-...c3:.8::..:..3=--------1 
1------------------------118. TOTAL CORE RECOVERY FOR BORING 6]
~•--_D_E_P_T_H_D_R_IL_L_E_D_IN_T_o_R_o_c_K____________--119. SIGNATURE OF INSPECTOR 

~•:..:·_T_o_T_A_L_D~E~P..:.T_H_o_•..,.."-o_L_E_-r-_~7~-~5'-'--------.......-G_e_o~l~o~>Cl~i_s~t--',, G. Bac~u~t~a"-------------1 
% CORE REMARKS 

ELEVATION DEPTH LEGEND 

a b C 

----
---

CLASSIFICATION OF MATERIALS 
(DHcrjptlon) 

d 

RECOV• SAM L 
ERV NO. 

• f 

(Drlllin, time, water lo••• depth ol
--•then,.,, etc., ll •linmcand

• 
Bit or Barrel 

--------
-38.3 Blows/0.5 Ft-

-39.8 
-40.3 

-41.3 
-41 .8 

-42.8 

2-~~ 

:.~~ 
-• .-
- A-

CLAY, very soft, slight to 
medium plasticity, trace 
shell, gray (CL) 

CLAY, medium to high 
plasticity, very soft to 
stiff, light brown with 
black and red stains (CH); 
trace shell from -39.8 to 
-40.3; trace limestone 
gravel from -41.3 to -41.8 
and from -42.8 to -44.8 

53 

67 

73 

67 

1 Split 

-39.8 
. 

" 2 
-41 .3 

' " 3 
-42.8 

4 " 

settled -
Spoon .... .... 

' / I--

settled '-.... 
~ 

" / .... 
6 '-
4 ~ 

8 .... 
- " ·--~-

2 -
6 - 5 

4.5-~// 

1-:-~44!_.,_.~8_J_E_6.,_;.:;~==1~ 
- 73 

-45.8 7 .5 = / -45.8t-----t----1"'---L-+--------------j-----jl--·····---- ·······-··-----'--'--1---

-44.3 

5 " 

10 -
4 -
8 -

11 -
- -
- Soils are field visually 140# hammer with = -- classified in accordance 30" drop used on =.-= with the Unified Soils 2.0' split spoon. -
- Classification System. (1-3/8" ID x 2" OD) = -- -- ----- ----- ----- ----- ----- ----- ----- ---

S/IWLE 
ELEVATICX'l 
-38.3 to -39.8 
-44.3 to -45.0 

I.AlmATffiY 
CLJ\SSIFir.ATICX'l 

(M-1)* 
(CH)* 

* Visual classification based on 
&-adati on Curve. l'-b Atterberg 
Limits. 

' 

-
_/ 

-------------

I--

PROJECT IHOLE NO. 

San Juan Harbor Deepening CB-AC91-16 

------- ----
ENG FORM 18 36 PREVIOUS EDITIONS ARE OBSOLETE. 

MAR 71 



---

- ---

--

--

-
-
-

1-iole Ho. Cli-AC!Jl -20 
INSTALLATIONIDIVISIOH ISHEET l

DRILLING LOG South Atlantic Jacksonville District OF 1 SHEETS 

I. PROJECT 10. SIZE AND TYPE OF SIT See remarks 
1t. Or,, UM FOR c.i.c.V"' 1 u,1N SHOWN (.aaM or MS.a..)San Juan Harbor DeeoeninQ 

2. LOCATION (Coord'Jnatea or Statton.) MLW 
x=612,116 y-223,255 12. MANUFACTURER'S DESIGNATION OF DRILL 

3- DRILLING -AGENCY Failing 1500
Coros of Engineers 13. TOT AL NO. OF OVER• !DISTURBED !UNDISTURBED 

BURDEN SAMPLES TAKEN!4. HOLE NO. (Aa ahown on dr-awfnQ tJtle \ 
and file numbed j CB-AC91-20 

14. TOTAL NUMBER CORE BOXES 1
S. NAME OF DRILLER 

1!5. ELEVATION GROUND WATER TidalM. Whitson 
!STARTED I COMPLETEDI. DIRECTION OF HOLE 

16. DATE HOLE i l /25/91 ' l /25/91 IXXVERTICAL □ INCLINED DEG. FROM VERT. 

17. ELEVATION TOP OF HOLE -28. 1 
7. THICKNESS OF OVERBURDEN 

18. TOT AL CORE RECOVERY FOR BORING 42 ~ 
8. DEPTH DRILLED INTO ROCK 19. SIGNATURE OF INSPECTO~ 

I. TOTAL DEPTH OF HOLE 18.0' GeoloQist, G. Bacuta 

ELEVATION 

• 

-28.1 

-29.6 

-31 . 1 

-35.1 

-37. 1 

-40.6 

-44.6 

-46.1 

CLASSIFICATION OF MATERIALS
DEPTH LEGEND (De•crlptlon) 

b dC 

----- ---o.o-
- CLAY, very soft, slight- plasticity, gray (CL)-

1.s-= 0 
-
- ' -- )3.0-
- ..-- , 
--- ~ ) 

--, -- ) ' -- f-.-
7.o- ) 

-- ' 
=> 
- ' 

9.6-- ) 

-

-

-•-
-=) 
-,-- )-- 4-

) .-
12.5-

----- ----- ----

SAril), fine to mediu@ quartz,
' trace silt, very soft to 

; stiff, trace to s~me shell, 
1 i ght brown to gray (SM) 

'' traces of gravel (cm-size
) cemented shell, corals and 

sand) and small lenses of
't clay (CH) from -31.1 to -35.1 
) 

SoWLE I..A!m/.\TCRY
' ELEVATION CLASSIFICATION 
-fl) -32.6 to -34.1 (SM)* 

-37.1 to -38.6 (SC)*
' -41.6 to -43. l (SC)*) 

* Visual classification based on' - G-adation Curve. l'b Atterberg
' Limits. 
' 

) 
. 1 

) trace gravel (cm-size coral, 
sand and cemented shell) 

•
) . from -37.1 to -40.6 

CLAY, stiff to very stiff, 
traces of small lenses of 
cemented sand-shell, brown 
(CH) 

16.~ traces of limestone gravel
- from -44.6 to -46.1~ --

~- ~18.o- -·---- ' - Soils are field visually- classified in accordance-- with the Unified Soils-- Classification System.- ---------
ENG FORM 18 36 PREVIOUS EDITIONS ARE OBSOLETE. 

MAR71 
(TRANSLUCEN1' 

%CORE 
RECOV• 

£RY 
• 

0 

20 

13 

33 

53 

0 

47 

27 

80 

80 

67 

87 

PROJECT 

SAMPLE 
NO. 

f 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

San Juan Harbor Deepening CB-AC91-20 

REMARKS 
(DrllllnQ tbne, -ter loH, depth ol 

-•therinQ, etc., ll •llnillcand

• .... .... .... 
Bit or Barrel .... 

1--.... .... .... 
-28. l Blows/0.5 Ft >-

settled >-
Split Spoon >--/-29.6 -' settled .... ' 

" t ....
i 1--

-31. 1 ,i/ -
1 ,_ 

" 3 1--

2 ,_-32.6 
/ 

-7 
" 2 -

--34.1 3 
22 -

" -10 
--35.6 3 
-40 
-" 4 

-37.1 settled -
-5 
-" 4 
- (C

-38.6 6 / 

-4 
" settled -

--40.1 7 
-13 
-11" 

-41.6 - . --~lJl --
-~.Ll ---" 20 

'--43.l 26 
r. - I

7 
" 25 -

-~44.6 26 
-15 
-" 13 
-~46.1 15 
--140# hammer with -

30" drop used on -2.0' split spoon. -
(1-3/8" ID x 2" OD) -

,_ 
,_ 
,__ .... 
>--
>--
>--

IHOLE NO. 



Hole No.CB-ATC94-3 
II lN::i' I ALLA I !UN

DRILLING LOG I South Atlantic Jacksonville District 
1. PROJECT 10. SIZE AND TYPE OF BIT See Remarks 

1-,.....,.:S;.:a;.:.n~Ju;.:a;.:.n:.,.;;H.::a;..:rb;.:.o:.:r~D::..e::..e:cpCae;.:.n_;;i.,.:n"'g----------j 11. OATUM FOR ELEVATION SHOWN /TB/I or 1/SLJ
2. LOCATION (Coordinates or Station/ MLW 

1-,.....,;.X;..,=,...:6;.:l.,.:I,8;;.0::.,3'-_;;Y_=;:2.:..:17-'-,8::..9::..3'-------------j 12. MANUFACTURER S DESIGNATION OF DRILL 
3. DRILLING AGENCY Failing 1400 

1-,-.,.:C:,:o_;;r;c,p_;;s...:o~f.,.:E::cn.:;ge:.in_;_e:_e_r_s~~~~-----------, 13. TOTAL NO. OF OVERBURDEN SAMPLES TAKEN 
4. HOLE NO. /As shown on drawing title disturbed: O undisturbed: 0 

k-~an~d=fll~e~n~um~b~e~r)=______..:C.:::;B_-.:..A:..:T_:C:..:9:...4:...-...c3:..__--l14. TOTAL NUMBER OF CORE BOXES I 
5. NAME OF DRILLER 

R. Gordon 15. ELEVATION GROUND WATER Tidal 
6. DIRECTION OF HOLE 16, DATE HOLE ST ARTE □ COMPLETED 

1:8J VERTICAL O INCLINED 4/16/94 4/16/94 
1----------------------117.ELEVATION TOP OF HOLE -27.3 Ft. 
7. THICKNESS OF BURDEN O Ft. 

i.:..:,;..,.:..:c.:..:_;..,_;___..::..;__;;;..,____________--118. TOTAL CORE RECOVERY FOR BORING 4 5 % 
~B_._D_E_PT_H_D_R_I_LL_E_D_I_N_T_O_R_o_cK_O_F_t_.-----------, 19. SIGNA TUR_E OF GEOLOGIST 
9. TOTAL DEPTH OF HOLE 22.5 Ft. M. Goff 

ELEV. DEPTH ~ 
w 
(.!) 

w_, 

CLASSIFICATION OF MATERIALS 
(Description) 

CORE 
REC 

% 

wa: 
-JW 
CL CD 
::E::;:
<(:::, 
(f) z 

REMARKS 
Bit or Barrel 

SHEET I 
OF I 

...... 
(f) 
x·0"'_, 
CD 

1--'-2""7""'.3'+--'-"·o~=,i--.,,..------,,,-------,---,---t--+-+--=2"-7"'.3'-----------:=:::--:i-O 
SETTLE! 

blue gray with trace of sand 
from -37.0 to -37.3 

SPLIT SPOON 

1-,--1----1---=3'=2-".3'-------------+-5 
SETTLE! 

43 2 SPLIT SPOON 
. 
-7.5 . 

". 
-. 
. 
. 

l-,--l----11---3"-7'--'.,,_3___________--1·-10 

64 3 SPLIT SPOON 

SETTLE 

" "1-.. 
~ 

~ 

-39.8 ~I1----1--1--"-"-"'------------¼- 2.5 

24 4 SPLIT SPOON 

SETTLE,. .... 
1-...... 

i--je---l---"4=-2'-".3'-------------l..f--15 
5 

100 -
6 43.8 

60 7 

-45.3 

73 8 

"g- -46.8 

73 10 

-48.3 

53 11 

SPLIT SPOON 

SPLIT SPOON 

SPLIT SPOON 

,SPLIT SPOON 

SPLIT SPOON 

SETTLE'-

44 ~ 

28 " 
6 ___.,_17.5 
8 ~ 

14 

8 1-

22 

14
-'---1-20 

18 " 

13 " 
14 1-

17 " 

-49.8 21e---1---1-="-"--------------l-22.E 

ENG FORM 1838 PREVIOUS EOITIONS ARE OBSOLETE. 
MAR 71 lPROJECT 

San Juan Harbor Deepening I
HOLE NUMBER 
CB-ATC94-3 

-43.3 16.0 

16.5 - : LIMESTONE, moderately hard, 

·:W \L_s_li-g-ht-ly_p_it~te_d_,_s_li_g_h_tly----~~ weathered, white 

-~ 
. 
. 

19.2 • ~ 

-49.8 22.5 

• ~ CLAY, very soft, very wet, trace 
• ~ peat, & silt dark gray to black 

(CH) 

~~ . 
. 

. 

. 

. 

. 
: ~./~ 

:~ 
-~~ 
. ~ 

. ~ -~ ~ . ., 

. 
-
. 
. 
. 
. 

. ~ 

-~ . 
• ~ 

· 1I 
_:II 
.II 
-II 
· II 
·II
-:I~.
_II 
. II. 
·,!!. 

CLAY, firm to stiff, fat, some 
limestone fragments (to gravel 
size), yellowish-brown (CH) 

soft below -45.3 

LIMESTONE, with clay (soft, 
yellow-brown), weathered, 
pitted, white 

-43.8 

-46.5 



--

Hole No.CB-ATC94-5 
SHEET IDRILLING LOG South Atlantic OF I 

1. PROJECT 10. SIZE AND TYPE OF BIT See Remarks 
k-;:;S;;;a~n.;J;;u.;;a:.:n,.;.H;:::a::.r:;b::..or:..,.::D.::e.::ep""e;;.:n.:;i::.nge..-------------l 11. DATUM FOR ELEVATION SHOWN TBH or HSL 
2. LOCATION Coordinates or Station MLW 

k-,;;X;_.,=,:;6c,;I2;:;;,;;:_26c;.c0~Y;;.=~2::.;l.::9.:.:,9:.:0.::2;___________-----l12. MANUFACTURERS DESIGNATION OF DRILL 
3. DRILLING AGENCY Failing 1400 

k--.::C;:o.;,:rp::.;s;.,..:.o:....f.::E=-n.,,_g"-in.::e.::e...:rs;____~-----------113. TOTAL NO. OF OVERBURDEN SAMPLES TAKEN 
4. HOLE NO. As shown on drawing title disturbed: O undisturbed: 0 

and file number) CB-ATC94-5 
k-=====~----------------114. TOTAL NUMBER OF CORE BOXES I5. NAME OF DRILLER 

R. Gordon 15. ELEVATION GROUND WATER Tidal 
6. DIRECTION OF HOLE 16. DATE HOLE STARTED COMPLETED 

0 VERTICAL □ INCLINED 4/22/94 4/22/94 
1------------------------117.ELEVATION TOP OF HOLE -26.9 Ft. 
7. THICKNESS OF BURDEN O Ft.i-:..:-===-=-:.:_:..:.::.=::.:..;_;__________-----l18. TOTAL CORE RECOVERY FOR BORING 64 % 

i-.:8::.. .:.DE:..P_T...:H..:D...:R:::IL.::LE:..D:....I_N_T_O_R_OC_K_O_F_t.__________, 19. SIGNATURE OF GEOLOGIST 
9. TOTAL DEPTH OF HOLE 22.5 Ft. M. Goff 

wa:_,w (/JELEV. DEPTH ~ CLASSIFICATION OF MATERIALS OR 
()._ (Il REMARKS :a:· 

(!) 
w (Description) REC :::,: :::,: _,Bit or Barrel.., :::, 0"'w %_, (Il(/J z 

1--=,22c6o.!.84-__,_,.o'--b..,,l------------,------,----t---t--+---'-2=-'6"'.9"---------------:::=::--;:;t-O 

-27.8 .9 

-49.4 22.5 

ENG FORM 1838 PREVIOUS EOITIONS ARE OBSOLETE. PROJECT 
MAR 71 

CLAY, very soft, very wet, trace 
shell & limestone fragments, 
gray-black (CH) 

CLAY, fat, soft to stiff, with 
layers of white, sandy, 
moderately hard limestone 
throughout 

SETTLE 

13 SPLIT SPOON 

-28.4 5 

9 

60 2 SPLIT SPOON 8 ___,_2.5 
7-29.9 
6 

73 3 SPLIT SPOON 11 

9-31.4 
7 __-,....5 

73 4 SPLIT SPOON 8 

10-32.9 
g 

67 5 SPLIT SPOON 11 

k----l--+--"'-3::c4-c::,4:____________9 --lf-7.5 
8 

67 6 SPLIT SPOON 12 

11 

6 

-35.9 

57 7 SPLIT SPOON 9 ___,_10 
11-37.4 
6 

73 8 SPLIT SPOON 7 

4 

4 

-38.9 

---1-12.5 
100 9 SPLIT SPOON 4 

7 

7 

-40.4 

73 10 SPLIT SPOON 8 

1----1--l---.::!.4:!.cl.z.9__________15_+-15 
15 

67 II SPLIT SPOON 8 

10-43.4 
12 

80 12 SPLIT SPOON 6
---1-17.5 

12-44.9 
16 

53 13 16SPLIT SPOON 

9-46.4 

__ 9 _,_20 
67 14 SPLIT SPOON 7 

13-47.9 
10 

47 1115 SPLIT SPOON 

-49.4 12l----ll----+....::!.:?c..:c...___________-+-22.! 

HOLE NUMBER 

San Juan Harbor Deepening CB-ATC94-5 



-36.2 

50.2 

DRILLING LOG r"s~~vih Atlantic 
1. PROJECT 

San Juan Harbor Deepening 
2. LOCATION 7Coordinates or Station) 

X=612,215, Y=222,150 
3.DRILLING AGENCY 

Corps of Engineers 
4. HOLE NO. /As shown on drawing title 

and tile number) CB-ATC94-7 
5.l'JAME OF DRILLER 

R. Gordon 
8. DIRECTION OF HOLE 

C8J VERTICAL 0 INCLINED 

7. THICKNESS OF BURDEN O Ft. 

8, DEPTH DRILLED INTO ROCK 0 Ft. 

9. TOTAL DEPTH OF HOLE 14 Ft. 

ELEV. DEPTH 

.0 

-

. 

. 
-. 

. 
-

-

-

. 

. 
-

-

-

. 

14.0 
. 
. 
. 

- . 
. 
-
--. 
. 
. 
. 

- . 
. 
. 
. 
-. 
. 
. 
. 

-

-
-
-
-

-

. 

-

0 
...I UJCLASSIFICATION OF MATERIALS COREz 

UJ (Description)(.!l 

UJ 
....J 

CLAY, soft, very wet, gray (CH) 

" 

stiff, brown from -41.0 to -50.2 

~ 

ENG FORM 1838 PREVIOUS EDITIONS ARE OBSOLETE. PROJECT 

nodules and layers of hard fine 
grained quartz sandstone from 
-47.0 to -50.2 

" 

Soils are field visually classified 
in accordance with the Unified Soils 
Classification System. 

*Visual classifiction based on 
Gradation Curve. No Atterberg 
Limits . 

1 
" 

Hole No.CB-ATC94-7 
lN~,. AITAl!UN SHEET/ 

Jacksonville District OF I 
10. SIZE AND TYPE OF BIT See Remarks 
11. DATUM FOR ELEVATION SHOWN (TBM or MSLJ 

MLW 
12. MANUFACTURER R DESGNATION OF DRILL 

Failing 1400 
13. TOTAL NO. OF OVERBURDEN SAMPLES TAKEN 

disturbed: 0 undisturbed: 0 
14. TOTAL NUMBER OF CORE BOXES I 

15. ELEVATION GROUND WA TEA Tidal 
18. DATE HOLE STARTED COMPLETED 

4/7/94 4/7 /94 
17. ELEVATION TOP OF HOLE -36.2 Ft. 

18. TOTAL CORE RECOVERY FOR BORING 46 % 
19. SJGNA TUHt: OF GEOLOGIST 

J. Hand 
UJ a: 
a.. 00REC ::E ::E... ::,% cnz 

---enREMARKS 3:· 
0 "lBit or Barrel ....J 
00 

-36.2 0 
SETTLE~ 

-" 
" 

..... 
" 

2.E20 I 2" X 5' SPOON 
~ 

.. 
I-

-~ ~ 
-41.2 5 

3 

94 3 SPLIT SPOON 4 ...-42.7 8 

3 

33 4 SPLIT SPOON 6 
7.E 

8 

4 
94 

-44.2 

5 SPLIT SPOON 6 ... " 

-45.7 9 " 
5 " 10 

74 6 SPLIT SPOON 11 " 
14 "-47.2 

,_11 
33 7 SPLIT SPOON 12 

-48.7 II 
12. 

5 

33 8 SPLIT SPOON 8 " ,_850.2 

.. " " 
140# HAMMER WITH 30" DROP -15 .USED ON 2" SPLIT SPOON 
(I 3/8" ID X 2" 00) 

" ,._ 
-

SAMPLE LABORATORY 
ELEVATION CLASSJFICA TION 
-36.2/-39.9 (CH)* 

-
" " ,._17. 
" " " I-,._ 
I-
I-
I-

~20 
" 
" 
" 

• 
,___ 

I-
I-
I-,___22 

MAR 71 San Juan Harbor Deepening CB-ATC94-7 
IHOLE NUMBER 



Hole No CB-PN-16IDIVISION INSTALLATION 'SHEET l
DRILLING LOG South Atlantic Jacksonvi 11 e Di'strict OF l SHEETS 

1. PROJECT 10. SIZE AND TYPE OF BIT See remarks 
c;:;:::in .lu::in 1-1::il'"h,...,. ·na 11, --· -- F--· ---V , --·· :tH--N ,---err--,, 

1Z- LOCATION (C--,fjn•••• w Station) MLW 
x=613 864 v=217 441 12. MANUFACTURER'S DESIGNATION OF DRILL 

3. DRILLING AGENCY Failing
Corps of Engi neer·s 13. TOTAL NO. OF OVER- I0ISTUJil ■ E0 ! UNDISTUR ■ l:D 

4. HOLE NO. (A• aha... on dra>ftft41 mt•! 
CB-PN-16 

BURDEN SAMPLES TAKEN , ;
urdlU•maobW ! 

14. TOTAL NUMBER CORE BOXES l5- NAME OF DRILLER 

M. Whitson IS. ELEVATION GROUND WATER Tidal 
e. DIRECTION OF HOLE 

ISTA2}i2191 
!C:0MPLETIED 

11. DATE HOLE : 2/12/91(XlvERTIC:AL O1NC:LINED DEG. FROM VERT. 

17. ELEVATION TOP OF HOLE -33.7 
7. THICKNESS OF OVERBURDEN 

6811. TOTAL CORE RECOVERY FOR BORING •8. DEPTH DRILLED INTO ROCK 19. SIGNATURE OF INSPECTOR 

I. TOTAL DEPTH OF HOLE 12.0' Geoloaist, G. Bacuta 
CLASSIFICATION OF MATERIALS ~CORE REMARKS 

ELEVATION DEPTH LEGEND (D••crll)tlan) RECOV• SAMPLE fDdJlm, t11:n-. -,.,. Jo••• dept.II of
ERY NO. -u.n,v. •t~, lt a1,n11lcand

• ' • d • I •- -- -- Bit or Barrel -- -- -- -- -- -
_,, 7 0.0 - _n 7 Blows/0.5 Ft-

-

1// CLAY, soft to very soft, settled --- medium plasticity, trace 13 l Split Spoon 

~I 
-- shell, trace silt, gray -- ~ -35.2 -- from -33.7 to -35.7 (CL) settled-35.7 2.0 - -

" 2--

~ 
80 2- - -36.7 12 --- 6 --

"-

~ 
73 3 16 -- CLAY, stiff, traces of- -38.2 23 -- weathered black and red - fragments (possible metallic " 

9-- 67- reddish brown, high plastic- 4 9--- ity (CH) -39.7 26 --

~ - 12 --
"- 80 5 28 --- -41.2 38 -- -

~ 
12 -- " - 87 6 19 --- -42.7 25 --

~ - 8-- " - 67 7 16 -I- -0 -44.2 16 -- 11-

~ -- 73 8 " 16- --
23-45.7 12.0- -~•.7 -/ 

- -- .--- Soils are field visually 140# hanmer with -- -- classified in accordance 30 11 drop used on -- -- with the Unified Soils 2.0' split spoon. -- -- Classification System. ( 1-3/8" ID x 2" OD) -- -- SPWI..£ J.AIDlATCRY -- -- £1£VATIO'i CLASS!fICATIO'i -- -- -35.7 to -36.7 (CH)* -- -- -- * Visual classification based on -- -- &-adation Curve. rt, Attertierg -- -- Limits. -- -- -- -- -- -- >-- >-- -- -- .--- -- -- I-- -- -- -- -- -- -
ENG FORM 18 36 PROJECT HOLE NO. 

PREVIOUS EDITI0M,; AftE. 0ltS0LETE. c-,,,.. ____l,,_.,_.., 1.t-v! ~- n.~/-~ .. ·~ "- q '.'' ------ .... --•.> - .'.:". .O .. f!~l 



----

Hole No.CB-PN94-1 
SHEET IDRILLING LOG South Atlantic Jacksonville District OF I 

1. PROJECT 10. SIZE ANO TYPE OF BIT See Remarks 
1-.-.:.:S;..;a::.n..;,J;..;u.:;ac:..;n.,;H.:;a:;.r.:;b;;..o;._,r-=D-=e-=ec:,p;:..en::.i.,.;n:e.g__________, 11. DATUM FOR ELEVATION SHOWN TB/,/ or /,/SL 
2. LOCATION Coordinates or Station MLW 

1-.-,;.X~=.:.:6..;,19;:;•;;.5;,:l3~Y==.,;2c.::2"-'1,'-7"-52=---------------,12. MANUFACTURERS DESIGNATION OF DRILL 
3. DRILLING AGENCY Failing 1400 

1-.-.,;C.,;o~rp~s;..,,..:.o~f,.::E::.n.;eg_in_;.e_;.e_rs~~~~----------,13. TOTAL NO. OF OVERBURDEN SAMPLES TAKEN 
4. HOLE NO. As shown on drawing title disturbed: o undisturbed: o 

and file number} CB-PN94-I 
"s~.=NA~M=E~o=F~D=R=IL~L=R---------------,14. TOTAL NUMBER OF CORE BOXES I 

R. Gordon 15. ELEVATION GROUND WATER Tidal 
6. DIRECTION OF HOLE 16. DATE HOLE STARTED COMPLETED 

C8J VERTICAL O INCLINED 4/14/94 4/14/94 
1-.----------------------,17.ELEVATION TOP OF HOLE -39.I Ft. 
7. THICKNESS OF BURDEN O Ft. 

J.:..:..:..c::==.:....:.:....:..:.:.::=c......:--'-"-------------116. TOTAL CORE RECOVERY FOR BORING 53 % 
8. DEPTH DRILLED INTO ROCK O Ft. EOLOGIS 
9. TOTAL DEPTH OF HOLE 17.5 Ft. 

Cl UJ a:ELEV. DEPTH z CLASSIFICATION OF MATERIALS OR ...JUJ Cf)
UJ a.. CD REMARKS 3:-(Description) REC(.!) ::E ::E 0 "l 

<(:::, Bit or BarrelUJ ...J%...J (fJ z CD 

-39.1 .0 -39.1 0
CLAY.soft, very wet, trace silt, SETTLE 
black (CH) 

20 SPLIT SPOON 2.5 

f----l--1---.=4.:,:4,.c.l__________-+5 
SETTLE 

30 2 SPLIT SPOON 

7.5 

-41.6 
-48.1 

17.5 

CLAY, fat, trace silt, green (CH) 

trace of sand size rock 
fragments 

soft to firm 

Soils are field visually classified 
in accordance with the Unified Soils 
Classification System. 

SETTLE 

3 SPLIT SPOON SETTLE 

-49./ 
3 

100 4 SPLIT SPOON I 
-:, 

-50.6 
j 2 

2 

100 5 SPLIT SPOON 2 

-52.1 2 

2 

53 6 SPLIT SPOON SETTLE 

-53.6 
SETTLE 

100 7 SPLIT SPOON 3 
7---55.1 

100 8 

-56.6 

SPLIT SPOON 
Cr 
I 

2 

3 

6 
17.5 

140# HAMMER WITH 30" DROP 
USED ON 2" SPLIT SPOON 
(I 3/8" ID X 2" OD) 

20 

ENG FORM 1836 PREVIOUS EDITIONS ARE OBSOLETE. PROJECT HOLE NUMBERMAR 71 
San Juan Harbor Deepenin CB-PN94-I 

-56.6 

10 

12.5 

15 

4 

22.1 



-38.3 

41.3 

-42.8 

50.3 

DRILLING LOG I "''~ 
South Atlantic 

I. PROJECT 
San Juan Harbor Deepening 

2. LOCATION 7Coorc/inates or Station! 
X=618,084 Y=220,007 

3. ORILL!NG AC,ENCY 
Corps of Engineers 

4. HOLE NO. (As shown on drawing title 
anc/ file number) CB-PN94-5 

5. NAME OF DRILLER 
R. Gordon 

6. DIRECTION OF HOLE 

IZ:J VERTICAL □ INCLINED 

7. THICKNESS OF BURDEN O Ft. 
.8. DEPTH DRILLED INTO ROCK 0 Ft. 

9. TOT AL DEPTH OF HOLE 12 Ft. 

ELEV. DEPTH 

.0 

. 

. 

. 
-

-

3.0 · 
. 
. 

-. 
4.5 · 

12.0 
. 

-

. 
-

' 
. 

-

-

-

. 

. 

. 
-

. 

. 

. 

. 
- . 

. 

. 

. 
-. 
. 
. 
. 

-

0 z 
UJ 
(!) 
UJ 
..J 

ENG FORM 1838 PREVIOUS EDITIONS ARE OBSOLETE. PROJECT 

Hole No.CB-PN94-5 
m;:,T ALLAT J.Ul'i SHEET 1 

Jacksonville District 

10. SIZE ANO TYPE OF BIT See Remarks 
11. DATUM FOR ELEVATION SHOWN (TB/./ or /.ISL) 

MLW 
12. MANUFACTURER S OESIGNATION OF DRILL 

OF 1 

Failing 1400 
13. TOTAL NO. OF OVERBURDEN SAMPLES TAKEN 

disturbed: 0 undisturbed: 0 

14. TOTAL NUMBER OF CORE BOXES I 

15. ELEVATION GROUND WATER Tidal 
16. DATE HOLE STARTED COMPLETED 

4/21/94 4/21/94 

17. ELEVATION TOP OF HOLE -38.3 Ft. 

18. TOTAL CORE RECOVERY FOR BORING 73 % 
19. SIGNATURE OF GEOLOGIST 

-M. GOff 
UJ a:

CORE ..J UJ 
a.. 00 REMARKSREC ::c ::c 
<(::::, Bit or Barrel

% (/)Z 

-38.3 

(/) --~-0"'..J 
00 

0 

CLASSIFICATION OF MATERIALS 
(Description) 

CLAY, very, soft, very wet, dark 
gray - black (CH) 

40 

SILT, with some fat clay, 
yellow-brown, with veins of 73
white clayey silt (MH) 

CLAY, firm to stiff, fat, trace 
weathered rock fragments and 93
shell, gray-green to yellow-tan 
(CH) 

" 
87 

trace of black, damp, orgnic 
material 

80 

80 

93 

Soils are field visually classified 
in accordance with the Unified Soils 
Classification System. 

. 

I 

I 

2 

3 

4 

5 

6 

7 

SETTLE! 

" 
" 

SPLIT SPOON • 
~ 

" .. 
>-2.5 

-41.3 ..5 

SPLIT SPOON 6 >-

10 

5 
-42.8 

5 
SPLIT SPOON 9 

..18-44.3 
I-5 

SPLIT SPOON 11 

17-45.8 7.5 
6 

..SPLIT SPOON 11 

17 I--41.3 ..5 
..SPLIT SPOON 10 

10..15 

6 
-48.8 .. 

>-SPLIT SPOON 8 

1250.3 

" I-12.5 
140# HAMMER WITH 30" DROP 
USED ON 2" SPLIT SPOON 
(I 3/8" ID X 2" OD) I-

>-15 

-

- 17.5 

-

- 20 

->----->-22,t

IHOLE NUMBER
MAR 71 San Juan Harbor Deepening CB-PN94-5 



Hole No.CB-PN94-7 
DRILLING LOG I South Atlantic 

J.N~T AL.L.A T J.UN 

Jacksonville District 
1. PROJECT 10. SIZE AND TYPE OF BIT See Remarks 

'--=S-=a..;.n_Jc.:u.c:a..;.n..;.H.:..:a..;.r_;_b.;..or--=-D-'-e-'-ep'-e'-n_i-'ng"-__________,11. DATUM FOR ELEVATION SHOWN (TBM or MSL}
2. LOCATION 7coor<1inates or Station} MLW 

'--'-X'-=-'6_16:..:'.;..35.;..l..;...;.Y_=..:2c...18:..:,.;..9.;..0..;.5_____________,12. MANUFACTURERS DESIGNATION OF DRILL 
3. DRILLING AGENCY Failing 1400 

L-..::C..::o~rP::.:S:...::.Of:....::E.:..:n,E.g·:::,n.::e.::e:..:rs:.___________---113. TOTAL NO. OF OVERBURDEN SAMPLES TAKEN 
4. HOCE NO. 7As shown on drawing title disturbed: o undisturbed: O 

and file number) CB-PN94-7 
'°"5-_-NA_M_E_O_lF-□-R-IL-L-ER______--=..::.....;...;...:..;...;...;.____---114. TOTAL NUMBER OF CORE BOXES I 

R. Gordon 15. ELEVATION GROUND WATER Tidal 
6. DIRECTION OF HOLE 16. DATE HOLE STARTED COMPLETED 

C8J VERTICAL O INCLINED 4/18/94 4/18/94 
L----------------------117. ELEVATION TOP OF HOLE -37.4 Ft. 
7. THICKNESS OF BURDEN O Ft.
i-:-.;...:..:'-'-=-'----'---------------118. TOTAL CORE RECOVERY FOR BORING 70 % 
LB_._□ E_P_T_H_D_RI_L_LE_D_I_N_T_O_R_OC_K_O_F_t._________, 19. SIGNATURE OF GEOLOGIST 
9. TOTAL DEPTH OF HOLE 13 Ft. M. GOff 

ELEV. DEPTH ~ 
w 
(!) 
w 
_J 

-37.4 

40.4 3.0 · 

~ ii~~~ 

:\}\ 

CLASSIFICATION OF MATERIALS 
(Description) • 

CLAY, very, soft, dark gray -
black (CH) 

SAND, quartz. fine to medium, 
trace clay, gray (SP) 

:ORE 
REC 

% 

60 

55 

60 

20 

wo: 
-'w
CL CO
:::;::::;: 
<C:::,
(/) z 

-37.4 

I 

40.4 

2 

-42.4 

3 

-43.9 

4 

REMARKS 
Bit or Barrel 

SPLIT SPOON 

SPLIT SPOON 

SPLIT SPOON 

SPLIT SPOON 

SHEET/ 
OF I 

----(/)
:,:: . 
0~ 
_J 

co 

SETTLE 

6 

7 

9 

9 

4 

6 

8 

3 

I 

" 
" 

" 

SE TTL El• 

-45.9 8.5 - \:<:.,;1::______________-l----ll----+---"""-"'---------------I--45.9 " 
-

. 

. 

. 

. 
-. 
. 
. 
. 

50.4 13.0 · 

-

-

. 
-. 
. 
. 
. 

-

-
. 

. 

. 

. 

- . 
. 
. 
. 
-. 
. 
. 
. 

-

CLAY, soft, slightly wet, trace 
coarse sand size rock 
fragments and peat, yellow to 
brown mottled (CH) 

Soils are field visually classified 
in accordance with the Unified Soils 
Classification System. 

100 5 

100 6 

100 7 

I 

SPLIT SPOON " 
-47.4 SETTLE• 

2 " 
SPLIT SPOON 3 

-48.9 10 

6 

SPLIT SPOON 10 

50.4 18 

" "I-
140# HAMMER WITH 30" DROP " USED ON 2" SPLIT SPOON " "(I 3/8" ID X 2" OD) " 

. 

. 

. 

. 

. 

" 
" 
" 
" 
" 
"-" 
" 
" 

IHOLE NUMBER 

0 

-
2.5-
-

5 

I-

7.5 

I-

10 

-
12.5 

I-15 

-

-17.5 

-

-20 

-22.( 

ENG FORM 1838 PREVIOUS EDITIONS ARE OBSOLETE. lPROJECT 
MAR 71 San Juan Harbor Deepening CB-PN94-7 



----------- --

Hole No.CB-PN94-9 
DRILLING LOG SHEET I 

South Atlantic Jacksonville District OF 2 
I. PROJECT 10. SIZE AND TYPE OF BIT See Remarks 

San Juan Harbor Deepening 11. DATUM FOR ELEVATION SHOWN TBN or NSL
~2~.~Lo~c~A~T~IO~N.-r.c~o7or~~~na~1~es::-:cor~s~ta~t""ro~n.---------- MLW 
l.--asXss=,,,6,..14.'i',,C2.,13"""'Y"'="2;_18-","'2_0_5__________--jh1"""2..;.M;:;A:;,NU"'F"-A""C'"TU;;,R;;-E;;,R"'S'D""E"'SI"'G"'N-,-.AT'"'I"O;:r;sO,,..,,Di5'RI"LrL--------i 
3. DRILLING AGENCY Failing 1400 

h--riC"'1o,rp:;.,s~oT,fr::E'-::nr.g::::in::,e-::e-;:-rs===;;;:----------113. TOTAL NO. OF OVERBURDEN SAMPLES TAKEN 
4. HOLE NO. As shown on drawing title disturbed: O undisturbed: O

and file number) CB-PN94-9 
l.-=====,,..----------------114. TOTAL NUMBER OF CORE BOXES 25. NAME OF DRILLER 

R. Gordon 15. ELEVATION GROUND WATER Tidal 
8. DIRECTION OF HOLE 18. DATE HOLE STARTED COMPLETED 

1ZJ VERTICAL O INCLINED 4/15/94 4/15/94 
t----------=,---;:c-:::-;------------111. ELEVATION TOP OF HOLE -3.5 Ft.
7. THICKNESS OF BURDEN O FI. 

l-'-.:..:..._.:..:..._..:______----:c-=-:------------,18. TOTAL CORE RECOVERY FOR BORING 65 % 

i-:-::,3~.5+---'-"·o:......+777'.!----,-------,--,-----,----,--,---t---t-+---"3'"".5'-----------:=:::-:::rO 
CLAY, very soft to soft, Wei, SETTLE 
trace shell, silt and sand, dark 
gray to brown (CH) 

2.5 

24 SPLIT SPOON 

l---t--t----'l-"-/."-0---------=-::,::=-:::t-7.5 

1-8_.D_E_P_T_H_D_RI_L_LE_D_I_N_TO_Ro_c..,.K::--::::0--:F::-,t_._________,19. SIGNATUR 
9. TOTAL DEPTH OF HOLE 43.5 Ft. M. GOif 

ELEV. DEPTH ~ CLASSIFICATION OF MATERIALS 
UJ (Description)C!) 
UJ 
...J 

SETTLE 

60 2 SPLIT SPOON 

-16.0 
SETTLE 

100 3 SPLIT SPOON 

-11.5 
SETTLE 

60 4 SPLIT SPOON 

-20.5 

SETTLE 

76 5 SPLIT SPOON 

-23.0 

SETTLE 

76 6 SPLIT SPOON 

-25.5 
60 7 SPLIT SPOON SETTLE 

(continued) 
ENG FORM 1838 PREVIOUS EDITIONS ARE OBSOLETE. PROJECT HOLE NUMBERMAR 71 

San Juan Harbor Deepening CB-PN94-9 

OF GEOLOGIST 

wa: 
...JUJ 
a. co REMARKS 
::E ::E Bit or Barrel<t::, 
C/JZ 

10 

12.5 

15 

17.5 

20 

22.[ 

5 



25 

30 

35 

40 

45 

50 

-----------

Hole No.CB-PN94-9 
SHEET 2 DRILLING LOG (Cont. Sheet) 

OF 2-3.5 Ft. 
PROJECT INSTALLATJON 

San Juan Harbor Deepening Jacksonville District 

ELEV. DEPTH z 0 
CLASSIFJCATJON OF MATERIALS 

LU 
{.!) (Description) 
LU 
..J 

-26.0 22.5 

CLAY, soft to firm, fat, trace 
silt, yellow-brown (CH) 

firm to stiff 

stiff to very stiff 

Soils are field visually classified 
in accordance with the Unified Soils 
Classification System. 

SAMPLE LABORATORY 
ELEVATION CLASSIFICATION 
-11.0/-16.0 (CH) 
-39.0/-30.5 (CH) 

*Visual classifiction based on 
Gradation Curve. No Atterberg 
Limits. 

ENG FOAM 1838 PREVIOUS EDITIONS ARE OBSOLETE. PROJECT
MAR 71 

60 

100 

l00 

100 

100 

l00 

100 

73 

73 

60 

47 

67 

67 

LUO: 
..J LU 
c.. ID 
~ ~ 
<::,
cnz 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

...... 
enREMARKS 3:• 

Bit or Barrel 0"'..J 
ID 

SPLIT SPOON 

-28.5 
SETTLE 

SPLIT SPOON 

-30.0 
SETTLE 

SPLIT SPOON 

-32.0 
SETTLE 

SPLIT SPOON 

-33.5 
SETTLE 

SPLIT SPOON 

-35.0 

SETTLE 

SPLIT SPOON 

-36.5 2 

SETTLE 

SPLIT SPOON I 

-38.0 2 

4 

SPLIT SPOON 5 

-39.5 6 

2 

SPLIT SPOON 4 

-4/.0 12 

6 

SPLIT SPOON 8 

-42.5 16 

7 

SPLIT SPOON IO 

-44.0 18 

6 

SPLIT SPOON 16 

-45.5 24 

7 

SPLIT SPOON 10 

-47.0 22 

140# HAMMER WITH 30" DROP 
USED ON 2" SPLIT SPOON 
(I 3/8" ID X 2" OD) 

HOLE NUMBER 

47.! 

San Juan Harbor Deepenin CB-PN94-9 

22.[ 

27.[ 

32.[ 

37.f 

42.! 



Hole No CB-SJH00-16. 
DRILLING LOG 1 SHEET J 

South Atlantic Jacksonville District OF I 
I. PROJEC, 10. SIZE ANO TYPE OF BIT See Remarks 

San Juan Harbor, Puerto Rico II, DATUM FOR f,.~VA llON .,,,v,.,~ 1TBN or NSL1 
• ~--~ ••_,. 11,ooramares or ;;;1ar1on1 NAO 27 PR VI 5201/NGVO 29 MLW 

X 610,241 Y 229,274 '., ...... 
3, DRILLING AGENCY Acker Tripod on Barge

Corps of Engineers 13. TOTAL NO. OF OVERBURDEN 5,..,.,,,_._., '""'-" 
14· ''"':-': ..'"'' l"':S shown on Olai'ilnlJ mrc: disturbed: 7 undisturbed: 0

and fie numt>erJ CB SJHOO 16 
14. TOTAl NUMBER OF CORE BOXES I6. NAME Ot ORJL....,, 

L. C. Gregory 16. ELEVATION GROUND HATER tidal 

6. DIRECTION OF HOlE I'"• UAIC. MULC ~'"'"1,;;u __ , .. --·--

0VERTICAL □ INCLINED 10/07/00 10/07 /00 
17. ELEVATION TOP OF HOLE 20.8 Ft. 

7. THICKNESS OF BUROEN O Ft. 
18. TOTAl CORE RECOVERY FOR BORING 51 % 

8. DEPTH DRILLED INTO ROCK O Ft. IY, SIGNATURE OFGEOLOGJST 
Q, TOTAL OEPTH OF HOLE 18,0 Ft. C. Papiernik 

0 lcORE "'"' -ELEV. DEPTH CLASSIFICATION OF MATERIALS ---'"' REMARKS 
V,z .. ., "to"' (Description) REC :,:,; Bit or Barrel O,"' X <C:, ---'"' v,z "'---' 

20,8 0,0 20,8 0 

~ 
CLAY, silty, very soft, saturated, WOR 
dark gray, (CH). WOR 

~ WOR --
WOR 

~ 20 1 5' X 1 3/8" ID SPOON WORD-1 2.-

~ 
WOR 

WOR 

-½ WOR -
25,3 WOR25,3 4,5 

5 

I LIMESTONE, coral, soft, 4 
5-

I interlayered with clay and 67 2 SPLIT SPOON 20
occasional shells, gray to green,

I (LM). 26,8 5 

~ I 14 f-

'I 47 3 SPLIT SPOON 15 

5I 28.3 7-: I 

. I 14 N/S SPLIT SPOON 5 
' I 8 f-
~ 29.8 

' 
I 6 

,5 

I 47 4 SPLIT SPOON 8 
-: I D-4 I 

31,3 7 

I 4 

0 

~I 53 5 SPLIT SPOON 5 -
I 32,8 9 > 

' 

I 5' I- I 87 8 SPLIT SPOON 4 > 
2.5 

:I 34,3 5 

·I 2 f-

I 40 N/S SPLIT SPOON 4 

8 > II 35,8-
1I 
6 > 

. I 7 -- 5' X 1 3/8" ID SPOONI 33 7 
10 > 

5 

:I 10 
I- I 38,8 9 >38,8 18.0 
7,5 

. 140# Hammer with 30" drop used > - NOTES: 2.0' split spoon {I 3/8" 1.0. X 2" f-
' O. 0.) or 5' X 13/8" ID spoon.
' 1. Soils are field visually Wash to depth before spoon >

classified in accordance with the advancement. --: Unified Soils Classification System. 20 
> 
> 

. 
- -> 

> 

- ,_22,5 

R~~ ~~RM '830 PREVIOUS EOJTJONS ARE OBSOLETE. IPROJECT 
San Juan Harbor, Puerto Rico 

IHOLE NUMBER 
CB-SJH00-16 



' . 
DRILLING LOG 1 south Atlantic Jacksonville District '""-o~ I 

Hole No CB-SJH00-31 

'. ····--· IO. SIZE AND lYf'f Of' err See RemarksSan Juan Harbor, Puerto Rico ...... .,.... ._ ~-~ .._..,, -~,Iii:• .___,, •••• .1",.00(__-_:-_••-•• -, ~,.-••••• NAO 27 PR-Vi .520UNGVO 29 MLWX 814,821 Y•228,881 - ......1~- .......... ··--··- Acker Tripod on BaraeCorps ot Engineers 
- ' - ............. ,.,._,.

14, '. '."":':.'a"''..'..'-....'~-=-• ..#« M ......... ···- disturbed: 6 undisturbed: O- ,,_ _,I CB-SJHOO 31 
14, TOTAl NUNBEfll Of' COA! 80>:H I'""·--· LC, GregorY 15, ELEVATION GROUNJ WATER Tidal 

I, .... ,..v,.ON .... ,,..._ 
! 1 

'"· ....... ........ iOF03iOo 1010310018] VERTICAL □ INCLINED 

7, THICKNESS oj IUROEN O Ft. 17, ELEVATION TOP OF HOlE -28,9 Ft. 

I, DEPTH DRilll!O INTO ROCK O Ft. 18, TOTAL CORE RECOVERY P'OR BORING 48% 

9, TOTAL DEPTH Of'·H04.E 9,0 Ft. C. Papiernik 

ELEV, DEPTH I ct.ASSIFICATION OF MATERltLS ¢ORI i"' REMARKS 
·,n

(De,crlptlon) , REC ~! Bit or Barrel !"li X 
-?RO 0.0 : -7R9 n 

:'••1 SAND, sllty with little shells, ve~y WOR..... loose, saturated, dark gray, : 87 1 SPLIT SPOON WOR 

;;: j 
(SM) , 0-1. 

-30.4 WOR ~ 
WOR. 

20 2 SPLIT SPOON WOR\~ ~ -
' 3l9 3-32,2 3.3 ' :::-! 

5 

6 

~ 
CLAY, tat, stiff, moist, trace sjr.d 

47 3 SPLIT SPOON 6 ...- In upper 1/2 foot, brown. (CH),. 0-3. 
-33.4 9: ~ Stiff sample slipped out 01 spo~n 

18 .-: 4.5-6 feet. 
' 0 SPLIT SPOON 14 

. 
. ~ i -34.9 ---.. 

~ 26 -- 4 
--;a-35.6 8.7 • 

67 ,-- SPLIT SPOON 

~ 
LIMESTONE, weathered, hard w)th 5 20clay tenses, tan, ILM) ; -38,4 

T-
76 

;;c; ' 67 6 SPLIT SPOON 43D-8 
-37,9 9.0 • ::i: -31.9 68 ~ 

.5 

1401 Hammer with 30" drop used ~NOTES: 2,0' split spoon (1 3/8" I.O. X 2" •- 0. 0.) Wai.h to depth before split -I. Soils are field visually i spoon advancement. •classified in accordance with t~ 

'Unified Soils Classification Syst m, ...-
' 

IO 

'- ' ~,12.5 

' 
. •I 

. ...•
•: 
J:.- 15 

"- ... 
' 

- : ...,7.5 

. '. I ... 
! 

- 20-

' - -
. 
. - ...22.5 

91,,.,..me Pfll:VJDUI !DITIONS Afll OUOI.ITE. l'"o J<CT IHOL! NUMBcR 
Sa Juan Harbor Puerto Rico CB-SJH00-31 



Hole No.CB-SJH00-38 

5 

.5 

2.5 

5 

22.5 

CB-SJH00-38 

DRILLING LOG 1 
SHEET I 

South Atlantic Jacksonville Oistrict OF I 
I. PROJ....,, 10. SIZE ANO TYPE OF BIT See Remarks 

San Juan Harbor, Puerto Rico II, DA 1Vl"I ruR ELEV,., ....,,~ :sHOWN , ,..,,~ or H-.-, 

1.::, - ·- 11,;oorQ/nlnes or.., auon, NAO 27 PR VI 5201/NGVO 29 MLW 
X 618,629 Y 228,528 ..,~··-· ~..,,_,,_,. - .. .. """" 

3. unu.dNG AGE,...,, Acker Tripod on Barge 
Corps of Engineers 13. 1 O, ,..,. NO, OF O...,,BURDEN SAMPLES TAKEN 

.ot, , ,.., .........,. ,,..s styown on arawlflg ..,,.,. disturbed: 5 undisturbed: 0 
tlfld fie number} CB SJHOO 38 

14, TOT AL NUMBER OF CORE BOXES 1
6, NA,.,.. ..,, DRI...... R 

L. C. Gregory 16. ELEVATION GROUND HATER tidal 

6. DIRECTION OF HOLE I'"'..,.. ,._,...,.... ..,,,.,.,, .... 
I0/17/00

['8';J VERTICAL □ INCLINED 
. 10/17/00 

17, ELEVATION TOP OF HOLE 26.2 Ft. 
7. THICKNESS OF BURDEN O Ft. 18. TOT Al CORE RECOVERY FOR BORING 49 % 
8. DEPTH DRILLED INTO ROCK O Ft, 19, SIGNA, vnE OFGEOLO,..•.., 
9. TOTAL DEPTH OF HOLE 12.5 Ft. C. ~apiernik 

0 CLASSIFICATION OF MATERIALS [cORE ~ffi ' ELEV. DEPTH z REMARKS 
(/) 

w 
"' 

(Description) REC O.<D ~~:,: :,: Bit or Barrel
% <::> _, 

w .,_, (l)Z 

26.2 0.0 -26.2 0 .t% CLAY, silty, trace sand to 5', WOR 
. very soft, organic, plastic, WOR 

~ saturated, dark gray, (CH). 
WOR f,--

~ WOR 

I WOR 
5' X I 3/8" IO SPOON 

WOR 
"2.- ~ 20 0-1 

. 

~ 
WOR ' - WOR C" 

~ WOR 

0 -31.2 WOR 
5- WOR 

0 WOR . 
WOR --0 CLAY as above, less sand with . WOR 

. depth 
5' X I 3/8" IO SPOON WOR0 79 2 7-. WOR 

~ WOR 
. 

WOR C"-
~ CLAY as above, turning green 

-35.7 WOR
and more firm at 9'.. 

~ 3,0-3 5 
' I

. 
CLAY, sandy, stiff, plastic, 

73 SPLIT SPOON 11 
. 
~ 

cohesive, moist, light gray, 4 12beginning at 10.0, 37.2 ' -~ 
12.5 

0-

5 C" 

33 5 SPLIT SPOON 12 ' 0-5 

38.7 
1/, -38.7 17 I 

140:# Hammer with 30" drop used 
NOTES: 5.0' spoon (I 3/8" I. □. X 5') or 2' 

1. Soils are field visually 
X 13/8"ID split spoon. Wash to -- depth before spoon advancement. 

classified in accordance with the . Unified Soils Classification System . . I-
. . 

-- -. . 

- H 7.5 

. ' ~-

. ' - c-.20 

' 
C"- ' 

- ~ 

~~~ ~VAN HJ30 PREVIOUS EOITIONS ARE OBSOLETE. IPROJECT 
San Juan Harbor, Puerto Rico 

IHOLE NUMBER 



Hole No CB-SJH00-39. 
DRILLING LOG 1 

SHEET I 
South Atlantic Jacksonville District OF 2 

• PROJECT 10. SIZE ANO TYPE OF BIT See Remarks 
San Juan Harbor, Puerto Rico Ill, DATUM FOR t:LEVATION Snvn"' ITBH or N,x.1 

:,. -,coordinates or :::;rallow NAO 27 PR VI 5201/NGVD 29 MLW 
X-618,544 Y 227,844 112, .. , VC UMM 

3, DRIL..u G AGENCY Acker Tripod on Barge 
Corps of Engineers 3. TOTAl NU. ur OVERBuR,...... SAMPLES , """'"" 

:4. nv1.~ ,~u. fAS sr,owr, on ur8W11//{J 11110" disturbed: ll undisturbed: 0 
and 118 rwmt>erJ CB SJHOO 39 

141, TOTAL NUMBER OF CORE BOXES I 
6, N"'l'IC Of ORILLcn 

D. Hewitt 16. ELEVATION GROUNO WATER Tidal 

6. OJRECTION OF HOLE 10, U"'IC MULC. ;:; ...... ......~, .......... 
C8J VERTICAL □ INCLINED 

10/18/00 10/18/00 

7. THICKNESS OF BURDEN O Ft. 
17, ELEVATION TOP OF HOLE 14.6 Ft. 

18. TOTAL CORE RECOVERY FOR BORING 53 % 
8. DEPTH DRILLED INTO ROCK O Ft. 19, SIGNATURE OfGEOLOGIS 1 
9. TOT Al DEPTH OF HOLE 24.5 Ft. C. Papiernik 

ELEV. DEPTH 0 CLASSIFICATION OF MATERIALS icORE 
wo: ' z JW REMARKS 

(/) 

w (Description) REC O.<D x· 

"' 
:,; :,; Bit or Barrel o"l 

w X <::, J 

J (f)z <D 

-/4,6 0.0 -14.6 

PEAT, trace fine sand and shells, WOR 
0 

very soft, saturated, brown, WOR • 
-

(Ol). 
WOR ~ 

WOR • 
. I WOR • - 20 5' X I 3/8" ID SPOOND-1 WOR 

2.5 
. . WOR 

- WOR -. . WOR 

- Clean organic debris {peat) 
-19.6 WOR 

. beginning at 5'. 
WOR 

WOR 

5 

- WOR I-

WOR 
. 

- 5' X I 3/8" ID SPOON 
WOR 

30 2 
. WOR 

7.5 

WOR 

- WOR I-

WOR 

- -24.6 WOR 

WOR 
to 

WOR • 
- 20 5' X I 3/8" ID SPOON WOR -. . WOR 

21.I 12.5 21.I WOR 12.5 
. 

:% 
CLAY, soft, moist, light gray, I 
(CH). 100 3 SPLIT SPOON 2 . 

~ 
0-3 

- -28.6 2 -
2 

~ 4 
29.6 15.0 · 100 SPLIT SPOON 7 

~ I5 

.;:t SAND, clayey, clay content 5 JO.I 13 
varies with depth, dense, moist, 7 • 

- it light green, {SP-SC). 6 SPLIT SPOON 13 ~67 
. 0-6 
. ::;1:,, -31.6 20 • 

- '.t 10 
.1

BO 7 SPLIT SPOON 12 

33./ 15 

-

[!! 
B I-

IOO 8 SPLIT SPOON 12 

-34.6 19 •- 7 

35.6 21.0 87 9 SPLIT SPOON 13 

7.5 

20 

-

1!@ 
SAND, fine grained, quartz, trace -36.I 19 -
medium sand and silt, dense, 10 3 
saturated, white, (SP). 60 SPLIT SPOON

0-10 12 
-- ------ (continued) 

22.5 

!~~ ~YAN 1838 PREVIOUS EOJTJONS ARE OBSOLETE. IPROJECT 
San Juan Harbor, Puerto Rico 

IHOLE NUMBER 
CB-SJH00-39 



25 

30 

35 

40 

45 

50 

Hole No CB-SJH00-39. 
DRILLING LOG (Cont. Sheet) 1 

....... ,. ··-·• 1ur ,,., , ,.,. .... SHEET 2 
-14.6 Ft. OF 2 

PROJ.... IINS, ......ATION 
San Juan Harbor, Puerto Rico Jacksonville District 

ELEV. DEPTH 
0 CLASSIFICATION OF MATERIALS ~ORE 

wa: 'z ~w REMARKS en 
w (Description) REC ~<D ,.. 
"' 

:,: :,: Bit or Barrel o"l 
w l "'" ~ 

~ cnz ., 
_:::]!.:1 22.5 --------

·l:\ 60 -37.6 SPLIT SPOON 26 

7 

22.5 

-?:·.::'.: 67 11 SPLIT SPOON 30 ~ 

-39.I 24.5 
. ?:/i 

-39.1 63::,•:; 
. 

- NOTES: 140;f Hammer with 30" drop used -· 
2.0' split spoon (I 3/8" 1.0. X 2" . I. Soils are field visually 0, 0.) or 5' X I 3/B"IO spoon.. 

- classified in accordance with the Wash to depth before spoon -Unified Soils Classification System. advancement.. . 
- -27.5 . 

' . - -
. . 

- ~: . 

- ~ 

. 
- 32.5-

' 
- -
. 

. 
- -. 

. . 
- -. . . 
- -37.5 . 

e - ~ . 
. . 

- -· 
'. 

- -
' ' . 

- 42.5_, 
. 

. 
. 

- -. 
. . 

- -· 
. 

. 
- -. 

. 
- 47.5_, 

. . 
- -. 

. . - -· 
~~~ ';-CjlRM l830 PREVJOUS EOJTJONS ARE OBSOLETE, IPROJECT -

San Juan Harbor, Puerto Rico 
IHOLE NUMBER 

CB-SJH00-39 



--

- -

0 

-39.2 

-40.2 

-43.2 

IDIVISION 
DRILLING LOG South Atlantic 

1. PROJECT 

San Juan Harbor 
2. LOCATION (Coordinates or Stati~n) X=bl2,54/

Y=218.864 
3. DRILLING AGENCY 

Corps of Engineers 
4. HOLE NO. (As ahown on drawing title! · · 

and tile numbell j CB-SJH-8 
5. NAME OF DRILLER 

H. Sierra 
6. DIRECTION OF HOLE 

~VERTICAL QINCLINED 

7. THICKNESS OF OVERBURDEN 

B. DEPTH DRILLED INTO ROCK 

9. TOTAL DEPTH OF HOLE 

ELEVATION DEPTH LEGEND 

-49. 7 

b C 

--- .-
-
-· --

a.a-= 
--

1.0--~ 
-

-
-

- /
/----- -1/4.0 - ' -- lI-

-
- T..L-- - II--- II-
--
-II 
-- -II 
--
- :II 

- - :I:I
10.5= 

- ----- ----- -----
-
---- ---

-
---- ----- --
-
-- ----

ENG FORM 18 36 
MAR 71 

-~~ 

DEG. FROM VERT. 

10.5' 
19. 

CLASSIFICATION OF MATERIALS 
(Description) 

d 

CLAY, very soft, gray 
(CL) 

CLAY, 

f 

yellowish brown, stiff, 
sandy (CH), limes tone 
and sandstone cobbles, 
fragments, some 
weathered, some not, 
range from soft to hare 
from -40. 7 to -43. 2 j 

LIMESTONE, sandy,_medium hare 
with hard layers, clay-
ey, yellowish 

PREVIOUS EDITIONS ARE OBSOLETE. 

Hole No CB-SJH-8 
INSTALLATION ISHEET 1 

': Jacksonville District OF 1 SHEETS 

10. SIZE AND TYPE OF BIT See remarks 
11. DATUM FOR ELEVATION SHOWN (TBM orMSL) 

MTT.T 

12. MANUFACTURER'S DESIGNATION OF DRILL 

Acker Drive Head 
13. TOTAL NO. OF OVER• i DISTURBED \ UNDISTURBED 

BURDEN SAMPLES TAKEN\ 
' ' ' 

14. TOT AL NUMBER CORE BOXES na.rt (1 /?) 
15. ELEVATION GROUNO WATER Tidal 

!STARTED !COMPLETED 
16. DATE HOLE 

i3-27-72 3-27-72 
17. ELEVATION TOP OF HOLE -39.2 
1B. TO"fAL CORE RECOVERY-FOR BORING 61 % 

~~~-
GEOLOGIST: 'J. Mindock 

% CORE 
RECOV-

ERY 
• 

38 

77 

44 

55 

55 

88 

72 

SAMPLE 
NO. 

f 

1 

2 

3 

REMARKS 
(DriilinQ time, water loss, depth of 

weat~rlr,4, etc., if sianlficanV 
g 

-BIT OR BARREL ----------39.2 Bls/0. 5 ft. -
settled -

SPLIT SPOON ,I, -
-40.7 pushed -

5 -" " 
8 ,.... 
8 ,....-42.2 

14 >--

" " 6 ,.... 
~43.7 10 ,.... 

17 ,.... 
15 ,...." " " 

-45.2 27 >--

-15
" " 23 -

-46.7 .LU -
-

18 
11 

-

-48.2 28 -
,a -
21 -

-49.7 % ,.... 

140/1 hammer with 30" dro1 >--,.... ,....used on 2.0 1 split spoon. 
(1-3/8" I.D. X 2" O.D.) --

,-
~ 

,-
>-
>-
>--
>-,--,-
>--,-
,-
,-
--
-
--------
>--
>-
>-
>-----
-
---
-
--

IHOLE NO. 

San Juan Harbor <;B-S.TH-8 
PROJECT 



 

               
  

 

 

 

 

 

 

 

1.11 Laboratory Testing 

San Juan Metro Coastal Storm Risk Management Study 
Draft Integrated Feasibility Report and Environmental Assessment 

D‐35 
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DEPAR 11v1ENT OF THE ARMY, SOUTH ATLANTIC DIVISIO~ LABORATORY WORK ORDER: 6398 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE , MARIETTA, GA. 30060 REQUISITION: RM_CW_91_0112 

U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 

100 6 4 3 2 1.5 1 3/4 1/2 3/8 3 4 6 8 10 1416 20 30 40 50 71) 100 140 200
I j lj ! II I II I 11 I II l I I I I I I I 0i ! I 

r, \._i---lj_! 
90 I r-r--. 

,~ 10 

80 -· -
20 

I- I-70I :r:30 
H H 
(!) (.!) 

w w 
3. :I 

-)-
60 -- 40 :,.. 

a:i ,:0- -
0::: a::Iw 50 w 
z 50 (I) 
H 0::: 
LL <C 

a 
I- u40 
..::.. 60 w I-
u - z 
a::: w 
w u30D... a::70 w 

a. 

20 -· - -
! ·- 80 

I 

I10 90 

0 100
500 100 .50 10 5 1 0.5 0.1 0.05 0.01 0.005 0.001 

GRAIN SIZE IN MILLIMETERS 
GRAVEL I SAND ICOBBLES SILT OR CLAYI COARSE I FINE I COARSE MEDIUM I FINE I 

Sample No. Depth/Elev Vi s ua l Classification Nat w"/. LL PL Pl 
Proiect SAN JUAN HARBOR2 -37.0/-38.5 Gr~ nor ac1n ic aJJ..:l..blsh L.L (MH), cla!:jeY - - - -

l,/_Ltb._iL.l i t t le S~.Q__...§.__ic_~~h,:, I I 
and or ganic matter. 

Lab No. 73/4557SPec if ic Gr av itu = 2 . 67 
Barino No. CB- AT90-3 

GRADATION CURVES IDate 07/ 16/91 

See Sedimentati on Rate Time 
CL1rve on SAD Forr.i 3023. 
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0.1 0.1 0.5 2\ N ,~, 
.-1 I i 
oco 

1 en i------.;-..i---...... 
~, (Y) 

(J) '° l 
3' 1 
u • lI () 

:;::z 
0:: 1----,--......-t-.,....._-r'+-H'----

100 

5 10 ,0 50 100 200 500 

NOTES: 
_ * 1. Test specimens ( 50 gms/liter) 

Xl00.~~tttt~~3 suspended in sea 

I 000 WOO 

l 
~ I 
water-

(salinity about 10 ppT) in 100 cm -
long bottom Yithdrawal tubes. -

..... L...-....... 2. Suspended sediment-time curves 
:represent t he contact surface between -
the sediment still in suspension and -
the Hclearn wa ·t:er on top at the ~ 
elapsed time indicated. 

} .. See gradation curve and other data. 
on ENG Form 2087w 

i I I !1'!1 Ii! ii! l-1J.J..LL-1--+~ ! !i 1 

1 )er nti sbl!ild!~ 1= 4© Li2 : : :-+++Ht ~ 

0 .. r-r-- ,--1-+-l+-+..._..._'--I 
C) u i"'!'. i 1 i I
(T') ---t~ 

c---+-+-+-+-+-++-H--+---t---t-+++l\:t-Hi-+,c++-1---r+++➔+·r+t-H--t-
.u I --+·-~j c:: 1\, ! 

i tIll 801---+--+--+-H+l-++---1-+-+-i+H-+++¥++--+-l-+++++++1-1++-++-H-1++rn•~;r:.....,· 
~~ ....l:i ''i ' I ! i j ! 
1--<0 "O I ' 
~ta,l ll) ! i 
0 c., (I') I\ ; ! i I 
!.:l ~ 

-0 
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C 

:i~ 
I 

z faJ ll)0 H p,. \ 
.... et: !QI~< ::; ! i 

1-----+--+-+-+-1--H•++-----+-l-++-t+-+-++-H---t---,\c-r-1-t-t-tt-t-!-t-t-t--- 1"-- r i ' (I)~::i: \... .. --+---+-1--HH+-+-t-+H.... 
0~ 0 t I Ii 
U H .u \ 
H ~ 

~A ~ 
(\):s ~ -.-4 

zHO I 
<:U 

~ 

=~ 
20!;~ I 

00 
V) v.i j....~ I \ I --
>, ....; i IE·.o 

~< f(./) II i 
0w i:>::: 

~ w l Ii 
f-, W 

z 
ti:. ,-.I 
0 c., 

i-< ra z i I I l 11 ! l I i ! i 1 ! l ! i i I I! I 1 It ! i:.i i:,..

i5 0 0 ,1 <U 0.5 2 .'S 10 10 50 TOO lOO 5-00 1000 2000 
,:,; (:.'l 28: 0<: P<

"'~ WO 
OU 

f'IICJK"f San Juan Ha r bor 

,_!_Mif<--'--A------ - -~-- ----------,,-,---~~L=a~b~~,1-JL:.1!""'>~"'--;7'------ ----! 
L~~~~~-AT90-3 l~NO 2 !~37.0/-38. ~) !!Mn 2? ~Ju1,Ll,.9-"-9......_..,.. 

SUSPENDED SEDIMENT-TIME CURVESL_ . 
SAD Form 3023 

26 Oct. 72 

0 . l---+--+-++....-H++----i;--..._,_ I-+'"~-+-1-+,ct+++-t-+1·--+-·+i-t-l-t-t+t
\.0 J r,-.., ! !a -

I' 

--H, 

, i I I 
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DEPARI ,vlENT OF THE ARMY, SOUTH ATLANTIC orv1sro~ LABORATORY WORK ORDER: 6398 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE , MARIETTA, GA. 30060 REQUISITION: RM_CW_91_0l12 

·100 6 
l 

U.S. STANDARD SIEVE OPENING IN INCHES 

4 3 2 1.5 1 3/4 1/2 3/8 3 4 6 
j11 t! I l I t I I 

I 

U.S. STANDARD SIEVE NUMBERS 

810 1416 20 30 40 50 70 100 140 200 
I I I I I 

HYDROMETER 

0 

90 - 10 

60 20 

t-
:r: 
(.!J 
H 
w 
3 

>-
a:l 

Ct'. w z 
H 
LL. 

I-
z w u 
0:: 
lJJ 
0... 

70 

60 

50 ·- -

~·..-

40 

30 

.. I-,- -

30 

40 

50 

60 

70 

t-
:i: 
(!) 
H w 
3 

>-
al 

0:: w 
(/) 
0:: 
<I: 
0 
u 
t-z 
w 
u 
0:: w 
Q.. 

20 - ,-- 80 

10 

0 
500 

Samp!e Ne . 

4 

I 
i 
I 

100 

COBBLES 

Depth/Elev 

-40.0/-41.5 

'. I-~· 

j 
I 
I 

I 
50 10 5 1 0.5 

GRAIN SIZE IN MILLIMETERS 
I GRAVEL I SAND 
I COARSE I FINE ! COARSE MEDIUM I FJNE 

!Visual Classificalion !Nat wo/~ LL Pl 
Tan ..& orange -fat clau <CH) .. ..wi t h a trace 
lof sand and saog I i ..,,,,_s i ;;;~ ~b~ 11 aod 
stone fraqments. 
Specific Gravitl.l = 2 . 70 

0.1 

I 
I 

Pl 

-

0.05 0.01 0.005 

SILT OR CLAY 

Proiect SAN JUAN HARBOR 

Lab No. 73/4558 

Borlna No. CB- AT90- 3 

90 

100 
0.001 

J 

GRADATION CURVES Date 071'16/91 

See Sedimentation Rate Time 
Curve on SAD Forr.1 3023. 
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TIMf IN MINU'IU 

0.1 0.2 0 . .5 1 2 S 10 20 SO 100 200 .500 1()0() 2000 

NOTES: l 
1. Test specimens ~lj;ij(~~ l 

1---+--+---+-J-+-+........,.----1_....__.*(lOO gms/liter) suspended in sea water-
( salinity about 10 ppT) in 100 cm . 
long bo ttom withdrawal tubes. 

2. Suspended sediment -time curves 
1---+--l--+-+--++-H+---+-· - represent the contact su rface between 

the sediment stil l in suspension and 
- the "clear" water on top at the 

1-----+--+--+-..-+++-1+---+---l-- e lap•ed time ind le.a ted. 

3. See gradation curve and other data 
on ENG Form 2087. 

I 'i ! l I I ! j • I I I ! 
, ~ (!IL :lp ll~ ~ 0.11 I 11 ,... - 00 l---1--+-l-4-++1+---+-+-++l+li-!+-+-,,~=+-H+t+H--IH+t-+-+-i+H++-:-"1-r.-i 

0 
,_:--!-. I : i i 

t.O . 
0 G N. ! Ill 

u0 
<"'"') 

~ ~ 

~ 801--4-++++++l+---+-+-++l+l--++-+++tt-+-H-+t+t!~!>-H-t+-~4'+-i-HH+t+' ~l l--1,·. 
~ ' \ i ! : ' '" ] I 

ti') 1----+--+~++++-~---+--4~-+-H-l-1++++++-+--1-+-+-!-++-1-H--++r--+--+l-\!- !+i++-!1\++1H+.... 
..,,v \ I : ; j 

"g 6o 1-- -1--+-l-4-++l+---+--1-++l+ll-l+-+++H--+-H+++t!--Hl-ttt-+-+-ifi\tttt+
1t-

1 
! 

,V ~k j Mi 

p. 

~ NI 
Cl) i ~ 
~ ii' --r---.. o 1---1--+-l-4-++~--+--l-++t-HH+-+++H--+-H-H+Hr+H+t-++-iH-H+++, ttt1 
.., 40 ~--l--++4-l-+l-1---+-4-++++,H++t-+H-+-H++++ll-l-H-+t-+-Hl+Hitt' ttt1 
,,c I i 
~ I! 
~ I l :• ·Y ! 

I I I ii i201.--.1---1-..w-4--;~~-.1----1-~µ.....,4+1+H-++-++-,j--HH+H-t-+++-+-+-++tffirH:Hii 
' 1 

-1--4-++l----+---J------+---" H- --. ~-· - ..........1-+++r-++...+·t- ,__ -- -· t4f-
r- ! !II ! ' l 

<o ~-+--+-11--+-++++-l-1---+-J-4+++1H+-+!++i++--+--++--l-++tt-++Ht----1:-t----:-rrttt,1.,..!mil I I I I I ! I ' I ; 1 i !' ' -lfMoist Weigh t ' 
l

of Specimen ~~t~~:=~~~=~::~;~11~~=:=:::;:;~=~!1:1 
I I..._Final Concentrs tio.o in gr·111.J.'.1£.._•-J..~-lh1 +H--+-H-H+Hh-H+t-,----HH-H--ttt-t-1n1!

Ti T i 
I : I!! 

I l I I 111 !I I I I I I. Ill I I I I 
O. l 0.2 0 . .$ .5 10 20 .50 100 200 soo 1000 2000 

~lH~ 43 1 0 

,10no San Juan Harbor 

Lab . No . 4558 

~ ..o.CB - l\ T 9 0 - 3 ~NO 4 l>...TE z;! ,July 1991 

SUSPENDED SEDil-iENT··TlME CURVES 

SAD Fonn 3023 
26 Oct 7'1. 



S
ection 00 31 32 P

age 209

1

DEPAR1rvrENT OF THE ARMY, SOUTH ATLANTIC DIVISION LABORATORY WORK ORDER: 6398 

CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MARIETTA, GA. 30060 REQUISITION: RM_CW_91_~112 

U.S. ST,\NDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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I COARSE I FINE I COARSE MEDIUM I FINE I 

Sr,rnpi(, No. Depth/Elev IV i sua I Classification Nat w'¾ LL PL Pl ...........................,_.....,_.......:..___+-------------------r---r---r-----r---, Proiect SAN JUAN HARBOR 
3 -33.3/-'.34.8 IGraL! i norsian i c s i It high LL (MH).....t.S~=e.<..t-+-____t-----+------1..... .... 

f-----+------+=-!wLLh...sL.ic...e..GsL..QL'fill.M.1....2.b.sLUJM.,...Q..C.99.sun!...l..,i""---c+----+---+----+---l------------------, 
!matter.~-------·-·-···--------,,·~~---- Lab No. 73/4559

··--"·---·---t-------rlSpec if i c Gravit~ = 2. 68 
Borina No. CB-AT90-6 

GRADATION CURVES Date 07/ 16/91 

See Sedimentation Rate Time 
Curve on SAD Form 3023. 
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(100 gi:ns/lit:er) suspended in sea water -
(salinity about 10 ppT) in 100 cm -
long bottom withdrawal tubes. -

·-· -~ 2. Suspended sediment-time curves 
represent the contact surface bet.ween · 
the sediment still in suspension and 
the nclear" water on t.op at the 
elapsed time indicated. 

3. See gradation curve and o thet: data 
on ENG Form 2087. 
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DEPAR1 ,·•. -NT OF THE ARMY, SOUTH ATLANTIC DIVISIOF\£ ..~,BORATORY WORK ORDER: 6398 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE , MARIETTA, GA. 30060 REQUISITION: RM_CW_91_0112 

I U.S. STANDARD SIEVE OPENING IN INCHES U.S. ST1\N0ARD SIEVE NUMBERS HYDROMETER 
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Sample No. Depth/1:leY Visua l Classification Nat w'¾ LL PL Pl 
Proiect SAN JUAN HARBOR9 -42.3/-43.8 Tan Poorly qraded s i It u oravef size I ime -· - ·- -

SiQO!; £ca9.!rull~ wi±b SQffi~ ~-'Ind 
sizes and a trace of wood fraqments. 

Lab No, 73/4560 

Borina No. CB-AT90-6 ..~-,.•-.•----· 
GRADATION CURVES Date 0 7/17/91 
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DEPAR, ,,.,1ENT OF THE ARMY, SOUTH ATLANTIC DIVISIOt,n::.ABORATORY WORK ORDER: 6398 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MARIETTA, GA. 30060 REQUISITION~ RM_CW_9l_0112 

U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS 
6 4 3 2 1.5 1 3/4 1/2 3/8 3 4 6 8 10 1416 20 30 40 50 70 100 140 200! l ll I ll I 11 I I I I I I I JI' 
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c I r1y_g_y_,__Y..i...1h..,.a....1r::i;l.£s:LQ.Llil09-> shel I 
and or::.g..@nic matter. 
Soecific Gravitu = 2.69 

GRADATION CURVES 

HYDROMETER 
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Proiect SAN JUAN HARBOR 

Lab No. 73/4561 

Borinn No. CB-AT90-12 

Date 07/18/91 

See Sedimentation Rate Time 
Curve on SAD For~ 3023. 
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TlMEIHMINI.ITU 
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N ..... 1--.......--+-+-+-1-....+++----+-+-ij NOTES: ~ ..... 
oco fl< 1 . Test specimens (50 gms/litex} ~~ 
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kOOX~~iii~n~xauspended in sea water -
(salinity about 10 ppT) in 100 cm -
long bottom withdrawal tubes. . 

2. Suspended sediment-time curves 
represent the contact surface between 
tne sediment still in suspension and 
the ''clear" water on top at the 
elapsed time indicated. 

3, See gradation curve and other data 
on ENG Form 2o87. 
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DEPAR11y1ENT OF THE ARMY, SOUTH ATLANTIC DIVISIOl\i t..ABORATORY WORK ORDER: 6398 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MARIETTA, GA. 30060 REQUISITION: RM...CW_91_0112 

U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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GRAIN SIZE IN MILLIMETERS 
i GRAVEL I SANDi COBBLES j 

I SILT OR CLAYCOARSE I FiNE I COARSE MEDIUM I FINE I !' 
-~_:!.~ie No. Deptil/Elev Visual Classification ~at w"/ LL PL Pl 

Proiect SAN JUAN HARBORB -40.6/-42.1 Tan & red fat cla~ (CH) 2 with a litt le - -- -- --
~d sod Q tr.;JJ:;e n + sh~ I I • 
SPecific Grav i t u ::: 2.73 

Lab No. 73/4562 

, Borinq No. CB-AT90-12 

GRADATION CURVES Date 07/16/91 

See Sedimentation Rate Time 
Curve on SAD Forr.1 3023. 
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.-<CV') 

10"\ ~:oo<~~t suspended in sea water
OHO 

I 
3 (salinity about 10 ppT) in 100 cm 
u • 

I 0 long bottom withdrawal tubes . 
:EZ 
a:: ).. --- - ·-, 2. Suspended sediment-time curves 
~ (U f---f--+-~-H-++l-l---+- 1- represent the contact surface between -

z 0 -0).. i 
the sediment still in suspension and . 0 
the "clear" water on top at the

C,;,/. 
O' .... 
/J) 0 elapaed time indicated. 
0,: :x 

3. See gradation curve and other data 
on ENG Form 2087. 
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DEPAR'1 w1ENT OF THE ARMY, SOUTH ATLANTIC DIVISIOt,r·LABORATORY WORK ORDER: 6398 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MARIETTA, GA. 30060 REQUISITION: RM_CW_91_0ll 2 

U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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GRADATION CURVES Date 07/15/91 

See Sediment at ion Rate Time 
Curve on SAD Form 3023. 
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TIME IN MINUTES 

'() 1 0.2 0.5 1 2 5 10 :ro 50 100 700 500 1000 2000 
.('\I ! 
...... I NOTES: ~ ..... co 
00'\ I 1. Test specimens :(~~~~ L 

I M 

0)...... '° 
:..1 (100 gms/liter) suspended in sea water-

I (salinity about 10 ppT) in 100 cm -
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<..) ~ long bottom withdrawal tubes. 
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::;;:- ··- - I-
0::: ).; 2. Suspended sediment-time curves 

• Qj -- ~ represent the contact surface betweeno-.:;
z).; . 0 __ ,_ the sediment still in suspension and 

the "clear" water on top at theC: .:,t. 
0- ).; 
Cl 0 elapsed time indicated. 

CZ:: ~ 3. See gradation curve and other data 
on ENG Form 2087. 
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DEPAR'nv1ENT OF THE ARMY, SOUTH ATLANTIC DIVISIQl\rLABORATORY WORK ORDER: 6398 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MAR.JETTA, GA. 30060 REQUISITION: RM_CW_91_0112 

U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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GRADATION CURVES Date 07/151'91 

See Sedi mentati on Rate Time 
Curve on SAD Form 3023. 
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DEPAR,1v!ENT OF THE ARMY, SOUTH ATLANTIC DIVISION l..ABORATORY WORK ORDER: 6398 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE , MARIETTA, GA. 30060 REQUISITION: RM_CW_91_0112 

U.S. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD S!EVE NUMBERS HYDROMETER 
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GRADATION CURVES Date 07/17/ 91 

See Sediment ation Ra te Time 
Curve on SAD Form 3023 . 
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OEPAR"l 1vtENT OF THE ARMY, SOUTH ATLANTIC DIVISION LABORATORY 
CORPS OF ENGINEERS, 611 SOUTH COBB DRIVE, MARIETTA, GA. 30060 

U.S. STANDARD SIEVE OPENING IN INCHES U.S. S1ANDARD SIEVE NUMBERS 
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DEPAR.uvIENT OF THE ARMY, SOOTH ATLANTICDIVISIOn·LABORATORY WORK ORDER: 7302 
CORPS OF ENGJJ~EERS, 611 SOUTH COBB DRIVE , MARIBTTA, GA. 30060 REQUISITION: RM-CW-94-0112 
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U S ARMY CORPS OF ENGINEERS 
SOUTH ATLANTIC DIVISION Lt\BORATORY 

MARIETTA, GEORGIA 
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NOTES: 1. Test specimens (100 grams/ liter ,moist weight of specimen) 
suspended in sea water(salinity about 10 ppT) in 100 cm. long 
bottom withdrawal tubes. 

2. Suspended sediment-time curves represent the contact surface 
between the sediment stilt in suspension and the "clear'' water 
on top at the elapsed time indicated. 

3. See grain-size data on enclosed gradation curve. 
4. Percent Solids = 72,94 

PROJECT: San Juan Harbor REQ'N NO: RM-CW-94-0112 
W.O.NO: 7302 

AREA: DATE RECEIVED: 4-May-94 
DATE REPORTED: 13-Jul-94 

BORING NO: CB-ATC94-5 I ELEV; -32.9 to -34 4 
SAMPLE NO: 5 f LAB NO: 73 / 6337 
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DEPAR'Il\;fENT O:F THE ARMY, SOUTH ATLANTICDlVISIOrx· GAHORATORY WORK ORDER : 7302 
CORPS OF ENGE'{EERS, 611 SOUTH COBB DRIVE , MARIETTA, GA. 30060 REQUISITION: RM-CW-94-0112 
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U,S. ARMY CORPS OF ENGINEERS 
SOUTH ATLANTIC DIVJSION LABORATORY 

MARIETTA, GEORGIA 

SUSPENDED SEDIMENT~TtME CURVE 
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NOTES: 1. Test specimens (100 grarnsi liter ,moist weight of specimen)
suspended in sea water(salinity about 10 ppT) in 100 cm. long
bottom withdrawal tubes.

2. Suspended sediment-time curves represent the contact surface
between the sediment still in suspension and the "clear" water
on top al the elapsed time indicated.

3. See grain-size data on enclosed gradation curve .
4 Percent Solids = 40.06 

PROJECT: San Juan Harbor REQ'N NO: RM-CW-94-0112
W.O. NO: 7302

AREA: DATE RECEIVED: 4-May-94
DATE REPORTED: 13-Jul-94

BORING NO: CB-ATC94-7 I ELEV: -36.2 to -39 ,9 
SAMPLE NO: 1 l LAB NO: 73 / 6338 
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