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1. INTRODUCTION 

1.1 SURVEY DESCRIPTION 

This report presents summary and the results of a geological – geotechnical investigation conducted 

by JSC „Geobaltic“ according to the technical parameters provided by Ministry of Energy of the Republic 

of Lithuania in Lithuanian Baltic sea territory. Coordinates for the center of the investigation (LKS-94) X – 

6204847,40; Y – 278173,60. 

This is a continuation of stage II shallow geophysics survey (ŽGR No.: 37877-2022, “Jūros dugno 

geofiziniai tyrimai Lietuvos jūrinėje teritorijoje, kurioje tikslinga organizuoti konkursus vėjo elektrinių 

plėtrai ir eksploatacijai. II dalis. Geofiziniai sekliosios seismikos ir hidrografiniai tyrimai”). 

The aim of this geotechnical investigation was to provide information about general geological – 

geotechnical conditions, subsurface soil and provide summarized results and recommendations. This 

geological investigation falls into prospecting stage category according to STR 1.04.02:2011. 

Parameters of the investigation points (boreholes) such as the amount, depth and location were 

agreed up on with the client and JSC “Geobaltic”. A detailed map of investigation point locations is 

presented in Appendix No. 7. 

The investigation was conducted under the supervision of project manager D. Michelevičius, the 

report prepared by geologist J. Liugas and field data collected by geologists J. Bičkūnas and V. Jucevičius.  

JSC “Geobaltic” Underground Exploration Permit No. 1077779 (2020-07-01) (Appendix No. 1). 

1.2 SCOPE AND METHODOLOGY OF GEOTECHNICAL INVESTIGATION 

20 boreholes of 6 meters and 2 boreholes of 100 meters in depth were drilled to determine 

lithological composition of subsoil and hydrological conditions of the survey site. Vibro-coring was used 

for 6 meter boreholes (core diameter – 80 mm) and core drilling with metal casing and heave 

compensating drilling rig was used for 100 meter boreholes (core diameter – 100 mm) 

Core drilling was used to extract disturbed and undisturbed soil samples. Soil samples were 

extracted and selected to be examined under laboratory conditions and was classified according to LST 

EN ISO 14688-1 and Lithuanian Geological and Geotechnical soil classification (2019).  

Cone Penetration Tests (CPT) of 0,3 – 25,8 meters in depth were conducted at the borehole sites to 

detail geological – geotechnical information and determine mechanical and deformational properties of 

the soil. CPT tests were conducted in accordance with LST EN 1997–2:2007 standard using electrical 

seismic type probe. During CPT testing Cone Resistance qc (MPa) and Sleeve Friction fs (kPa) were 

recorded every centimeter (0.01 m). CPT testing was halted if any of critical values (oil pressure, tipping 

angle, cone resistance or sleeve friction) were reached. 

CPT testing in Z1-Z20 locations was conducted continuously using a probing cage that was deployed 

on the sea surface. WISON system was used for CPT tests in 100 meter boreholes. Probing is segmented 

in to sections of 1 meter while using this method. Destructive drilling was used after each 1 meter section 

in order to anchor CPT probing system in the borehole itself. 
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Destructive drilling was used to pass very stiff soil and these intervals have qc and fs values equal to 

zero (intervals from 6.4 to 11.8 meters at borehole G21 and from 19.1 to 22.2 meters at borehole location 

G21). 

Following downhole geophysics tests were conducted in boreholes G21 and G22: 

natural gamma ray, short (16') and long (64') normal electrical resistivity, formation density, caliper (data 

is represented with G21 and G22 borehole lithology and CPT logs in Appendix 8). 

Core drilling, CPT testing and downhole geophysics was conducted by LOTOS Petrobaltic S.A. 

(Poland) using geological-geophysical research vessel Sylur (Fig. 1). 

Fig. 1. Research vessel Sylur. 

 

Soil testing under laboratory conditions was conducted by Coastal Environment and Biochemistry 

Laboratory of Klaipėda University. A summary of laboratory results and technical data sheets are 

presented in Appendix No. 6. 

During data interpretation borehole logs with lithological, geophysical downhole and seismic data, 

CPT data and soil cross-sections were compiled. Moreover, distinct geological – geotechnical soil layers 

(IGS) were identified and characterized. 
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2. SEA BOTTOM CONDITIONS 

Survey site is located in Lithuanian Baltic Sea territory, around 43 km from Lithuanian shore. Area is 

irregularly shaped (around 23 km in length and 13 km in width), detailed view is provided in Appendix No. 

1. Survey site’s elevation is changing from around -42.0 meters to 30,3 meters (according to borehole 

altitudes), sea bottom altitudes are rising in northeast direction (Fig. 2)  

Fig. 2. Sea bottom elevation map 
 

3. SITE GEOLOGY 

Sea bottom sediment thickness varies from 0.1 to 0.4 m in thickness. These types of sub bottom soil 

were identified in the survey site: 

Post-Littorina sea (m IV) soil that consists of gap graded sandy gravel (saGrG), poorly graded sand 

(grSaP and grSa), uniformly and poorly graded sand (SaP and Sa and SaU), medium and poorly graded 

silty-clayish sand (SaFM and SaFP), silty sand (siSa), sandy gravely low plasticity clay and silt (sagrClL-SiL), 

sandy low plasticity clay and silt (saClL-SiL).  

Fluvioglacial (f II md) soil that consists of sandy silty gravel (sasiGr); (f III nm3) soil that consists of 

silty gravely sand (sigrSaO).  
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Limnoglacial (lg II md) soil that consists of low plasticity silt (SiL), low and medium plasticity clay (ClL 

and ClM); (lg III bl) soil that consists of sand (Sa), poorly graded silty-clayish sand (SaFP), silty sand (siSa), 

low plasticity and nonplastic silt (saSi and saSiN and saSiL), low plasticity clay and silt (ClL-SiL and Cl-Si), 

low, medium and high plasticity clay (ClL and ClM and ClH); (lg III gr) soil that consists of uniformly and 

medium graded silty-clayish sand (SaFM and SaFU), silty sand (siSa), sandy nonplastic silt (saSiN), low 

plasticity and nonplastic silt (SiL and SiN), sandy low plasticity clay (saClL), low plasticity clay (ClL).  

Glacial (g III bl) soil that consists of sandy clay (saCl); (g III nm3) soil that consists of sandy low 

plasticity silt (saSi and saSiL), sandy low plasticity clay (saCl and saClL), low plasticity clay (ClL); (gd II md) 

soil that consists of gravely silty sand (grsiSa), silty sand (siSa), sandy low plasticity silt (saSiL), low plasticity 

silt (SiL), gravely sandy low plasticity clay and silt (grsaClL-SiL), sandy low plasticity clay and silt (saClL-SiL), 

sandy low plasticity clay (saClL), low plasticity clay (ClL); (gd III nm3) soil that consists of  low plasticity clay 

and silt (ClL-SiL), sandy low plasticity clay (saCl and saClL), low plasticity clay (ClL).  

Middle Jurassic (J2) soil that consists of poorly graded gravely silty sand (grsiSaU), uniformly graded 

sand (SaU), well and gap and poorly graded silty-clayish sand (SaFW and SaFG and SaFP), silty sand (siSa), 

sandy low plasticity silt (saSiL and saSiOL), sandy low plasticity clay (saClOL), sandy low plasticity clay and 

silt (saClL-SiL), low plasticity clay (ClL and and ClOL). 

Triassic (T) soil that consists of silty clayish sand (siclSa). 

As can be observed from previous survey stage findings, Quaternary sediments a not distributed 

evenly in the survey area (Fig. 3). 

Jurrasic sediments can were encountered only in borehole G22 as borehole G21 is in one of the 

paleo-incision structures. 
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Fig. 3. Representation of Quaternary sediment bottom from the sea bottom. Darker color – more depth. 

 

4. HIDROGEOLOGICAL CONDITIONS 

No pressurized subsurface water bearing layers were identified. Yet, special attention should be 

paid to coarse soil layers that are overlaid and underlaid by layers that are of fine graded material, 

especially medium stiffness, stiff and very stiff soils (e.g. sandy soil in G.21 from 12 to 21 meters). 

5. GEOTECHNICAL SOIL LAYERS 

Identified soils were categorized by genesis, composition, and CPT values. 

• Genesis order: from organic matter rich soils, limnic, fluvial to till soils. 

• Composition order: from coarsiest to finest material. 

• CPT value order: from very loose/very soft to very dense/very stiff (according to 

“PROJEKTINIŲ INŽINERINIŲ GEOLOGINIŲ IR GEOTECHNINIŲ TYRIMŲ REKOMENDACIJOS”, 

2016). Lastly, soil layers that were lacking a CPT tested qc were subcategorized. Additionally, 

some layers were tested during field work and attributed a torvane value in kPa (Appendix 

No. 5. 



Lithuanian Baltic Sea territory 

8  

After combined field and laboratory testing data analysis and based on physical properties 

subsurface soil was categorized in to 74 geotechnical soil layers (IGS): 

IGS-1 Silty gravely sand (sigrSaO), very loose, dark brown, with small amount of organic material, water 

bearing.  Encountered at borehole No. Z17. 

IGS-2 Sandy low plasticity silt (saSiOL), dark grey, with small amount of organic material and with water 

bearing sand interbeds.  Encountered at borehole No. G22. 

IGS-3 Low plasticity silt (SiOL), dark grey, with small amount of organic material and with water bearing 

sand interbeds.  Encountered at borehole No. G22. 

IGS-4 Sandy low plasticity clay (saClOL), dark grey, with small and medium amount of organic material 

and with water bearing sand interbeds.  Encountered at borehole No. G22. 

IGS-5 Low plasticity clay (ClOL), dark grey, with small and medium amount of organic material and with 

water bearing sand interbeds.  Encountered at borehole No. G22. 

IGS-6 Gap graded sandy gravel (saGrG), loose, greyish brown, water bearing.  Encountered at borehole 

No. Z03. 

IGS-7 Sandy silty gravel (sasiGr), very dense, grey, with clay and silt interbeds, water bearing.  

Encountered at borehole No. G22. 

IGS-8 Gravely sand (grSa), very loose, brown, with medium amount of organic material, water bearing.  

Encountered at borehole No. Z01. 

IGS-9 Poorly graded gravely sand (grSaP), medium dense, dark grey, water bearing.  Encountered at 

borehole No. Z14. 

IGS-10 Poorly graded gravely silty sand (grsiSaP), grey, with small amount of organic material and with 

clay and silt interbeds.  Encountered at borehole No. G22. 

IGS-11 Sand (Sa), very loose, greyish brown and light grey, water bearing.  Encountered at borehole No. 

Z09 and G21. 

IGS-12 Uniformly graded sand (SaU), very loose, greyish brown and dark grey, water bearing.  

Encountered at borehole No. Z14. 

IGS-13 Poorly graded sand (SaP), medium dense, greyish brown, water bearing.  Encountered at 

borehole No. Z11. 

IGS-14 Sand (Sa), dense, greyish brown, water bearing.  Encountered at borehole No. Z09. 

IGS-15 Poorly graded sand (SaP), dense, greyish brown, water bearing.  Encountered at borehole No. 

Z04. 

IGS-16 Uniformly graded sand (SaU), grey and greyish brown, water bearing.  Encountered at borehole 
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No. Z04 and G22. 

IGS-17 Uniformly graded silty-clayish sand (SaFU), very loose, grey, water bearing. Encountered at 

borehole No. G21. 

IGS-18 Poorly graded silty-clayish sand (SaFP), very loose, dark brown, light and dark brown, water 

bearing.  Encountered at borehole No. Z07, Z11, Z12, Z17. Z18 and Z20. 

IGS-19 Medium graded silty-clayish sand (SaFM), very loose, grey, and brownish grey, water bearing.  

Encountered at borehole No. Z16 and G22. 

IGS-20 Poorly graded silty-clayish sand (SaFP), loose, grey, and light grey and greyish brown and 

brownish grey, water bearing. Encountered at borehole No. Z05, Z06, Z15 and Z20. 

IGS-21 Poorly graded silty-clayish sand (SaFP), medium dense, grey, and light grey and greyish brown 

and brownish grey, water bearing.  Encountered at borehole No. Z02, Z06, Z07, Z10, Z17 and Z19. 

IGS-22 Poorly graded silty-clayish sand (SaFP), dense, light grey and grey, water bearing. Encountered 

at borehole No. Z02, Z06 and Z07.  

IGS-23 Poorly graded silty-clayish sand (SaFP), very dense, light grey, grey and brownish grey, water 

bearing.  Encountered at borehole No. Z02, Z07 and Z18. 

IGS-24 Medium graded silty-clayish sand (SaFM), very dense, brownish grey, water bearing.  

Encountered at borehole No. G22. 

IGS-25 Poorly graded silty-clayish sand (SaFP), grey, water bearing.  S Encountered at borehole No. G22. 

IGS-26 Well graded silty-clayish sand (SaFW), grey, water bearing.  Encountered at borehole No. G22. 

IGS-27 Gap graded silty-clayish sand (SaFG), grey, water bearing.  Encountered at borehole No. G22. 

IGS-28 Silty sand (siSa), very loose, greenish grey, grey and dark grey, with small amount of organic 

material, water bearing.  Encountered at borehole No. Z10, Z13, Z15, Z16, Z18 and Z19. 

IGS-29 Silty sand (siSa), medium dense, brownish grey, water bearing. Encountered at borehole No. Z20. 

IGS-30 Silty sand (siSa), dense, grey, water bearing.  Encountered at borehole No. Z03. 

IGS-31 Silty sand (siSa), very dense, light grey and grey, with clay and silt interbeds, water bearing.  

Encountered at borehole No. Z12 and G22. 

IGS-32 Silty sand (siSa), dark grey, with clay and silt interbeds, water bearing.  Encountered at borehole 

No. G22. 

IGS-33 Silty clayish sand (siclSa), grey, with clay and silt interbeds, water bearing.  Encountered at 
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borehole No. G21 and G22. 

IGS-34 Sandy silt (saSi), stiff, greyish brown, with water bearing gravel interbeds.  Encountered at 

borehole No. Z09. 

IGS-35 Sandy nonplastic silt (saSiN), stiff, greyish brown, with small amount of organic material and with 

water bearing interbeds.  Encountered at borehole No. Z16. 

IGS-36 Sandy nonplastic silt (saSiN), very stiff, grey, and brownish grey, with water bearing interbeds.  

Encountered at borehole No. Z12 and G22. 

IGS-37 Sandy low plasticity silt (saSiL), very stiff, greyish brown, with water bearing gravel interbeds.  

Encountered at borehole No. Z09. 

IGS-38 Nonplastic silt (SiN), very stiff, grey, with water bearing interbeds.  Encountered at borehole No. 

G22. 

IGS-39 Low plasticity silt (SiL), very stiff, grey, with water bearing interbeds.  Encountered at borehole 

No. G22. 

IGS-40 Sandy gravely low plasticity clay and silt (sagrClL-SiL), very soft, with water bearing interbeds.  

Encountered at borehole No. Z08. 

IGS-41 Sandy low plasticity clay and silt (saClL-SiL), greyish brown and dark grey, with small amount of 

organic material and with water bearing interbeds.  Encountered at borehole No. Z04 and G22. 

IGS-42 Low plasticity clay and silt (ClL-SiL), soft, brownish grey, with water bearing interbeds.  

Encountered at borehole No. Z18. 

IGS-43 Low plasticity clay and silt (ClL-SiL), medium stiffness, yellowish grey, with water bearing 

interbeds.  Encountered at borehole No. Z06. 

IGS-44 Clay and silt (Cl-Si), stiff, brownish grey, with water bearing interbeds.  Encountered at borehole 

No. Z07. 

IGS-45 Low plasticity clay and silt (ClL-SiL), very stiff, greyish brown, with water bearing interbeds.  

Encountered at borehole No. Z15. 

IGS-46 Sandy low plasticity clay (saClL), very soft, greyish brown, with water bearing interbeds.  

Encountered at borehole No. G21. 

IGS-47 Sandy low plasticity clay (saClL), soft, greyish brown, with water bearing interbeds.  Encountered 

at borehole No. G21. 

IGS-48 Low plasticity clay (ClL), soft, greyish brown, with water bearing interbeds.  Encountered at 

borehole No. Z19. 

IGS-49 High plasticity clay (ClH), soft, greyish brown, with water bearing interbeds.  Encountered at 
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borehole No. Z19. 

IGS-50 Low plasticity clay (ClL), medium stiffness, brown and greyish brown, and greyish brown, with 

water bearing sand and gravel interbeds.  Encountered at borehole No. Z05, Z09 and Z20. 

IGS-51 Low plasticity clay (ClL), stiff, brown, with water bearing interbeds.  Encountered at borehole No. 

Z15, Z16 and Z20. 

IGS-52 Low plasticity clay (ClL), very stiff, greyish brown and brown and dark grey, with water bearing 

interbeds. Encountered at borehole No. Z15, Z16, G21 and G22. 

IGS-53 Medium plasticity clay (ClM), very stiff, brown, and dark grey, with water bearing interbeds.  

Encountered at borehole No. Z16 and G21. 

IGS-54 Low plasticity clay (ClL), brown and dark grey, with water bearing interbeds. Encountered at 

borehole No. G21 and G22. 

IGS-55 Medium plasticity clay (ClM), brown and dark grey, with water bearing interbeds.  Encountered 

at borehole No. G21 and G22. 

IGS-56 Gravely silty sand (grsiSa), till, brownish grey, water bearing.  Encountered at borehole No. G22. 

IGS-57 Silty sand (siSa), till, very dense, grey, with clay and silt interbeds, water bearing.  Encountered 

at borehole No. G22. 

IGS-58 Sandy low plasticity silt (saSiL), till, stiff, grey, with water bearing sand interbeds.  Encountered 

at borehole No. Z02. 

IGS-59 Sandy silt (saSi), till, very stiff, greyish brown, with water bearing sand interbeds.  Encountered 

at borehole No. Z03. 

IGS-60 Sandy low plasticity silt (saSiL), till, greyish brown, with water bearing interbeds. Encountered at 

borehole No. G22. 

IGS-61 Low plasticity silt (SiL), till, greyish brown, with water bearing interbeds.  Encountered at 

borehole No. G22. 

IGS-62 Gravely sandy low plasticity clay and silt (grsaClL-SiL), till, greyish brown, with water bearing 

interbeds.  Encountered at borehole No. G21. 

IGS-63 Sandy low plasticity clay and silt (saClL-SiL), till, greyish brown and brown, with water bearing 

interbeds.  Encountered at borehole No. G21 and G22. 

IGS-64 Low plasticity clay and silt (ClL-SiL), till, medium stiffness, greyish brown, with water bearing 

interbeds.  Encountered at borehole No. G21. 

IGS-65 Sandy low plasticity clay (saClL), till, very soft, greyish brown, with water bearing interbeds.  

Encountered at borehole No. Z13. 
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IGS-66 Sandy clay (saCl), till, medium stiffness, greyish brown, with water bearing interbeds.  

Encountered at borehole No. G22. 

IGS-67 Sandy low plasticity clay (saClL), till, medium stiffness, greyish brown, and brown and greyish 

brown, with water bearing interbeds.  Encountered at borehole No. Z05, Z13, Z14, Z17 and G21. 

IGS-68 Sandy low plasticity clay (saClL), till, stiff, greyish brown, and brown and greyish brown, with 

water bearing interbeds. Encountered at borehole No. Z05, Z11, Z14 and Z17. 

IGS-69 Sandy clay (saCl), till, very stiff, greyish brown and greyish brown and brownish grey, with water 

bearing interbeds.  Encountered at borehole No. Z06, Z07, Z08, Z11 and G22. 

IGS-70 Sandy low plasticity clay (saClL), till, very stiff, greyish brown, and brown and greyish brown, with 

water bearing interbeds.  Encountered at borehole No. Z05, Z10, Z14 and G21. 

IGS-71 Low plasticity clay (ClL), till, soft, greyish brown, with water bearing interbeds.  Encountered at 

borehole No. Z03. 

IGS-72 Low plasticity clay (ClL), till, medium stiffness, greyish brown, and brownish grey, with water 

bearing interbeds.  Encountered at borehole No. Z01 and G22. 

IGS-73 Low plasticity clay (ClL), till, stiff, greyish brown, and brownish grey, with water bearing interbeds.  

Encountered at borehole No. Z01, Z02 and Z03. 

IGS-74 Low plasticity clay (ClL), till, very stiff, greyish brown, and brown, and brownish grey, with water 

bearing interbeds.  Encountered at borehole No. Z01, Z02 and G22. 

6. DATA INTERPRETATION 

Based on the results of previous survey stage surveys (geophysical and seismic), paleo-incision 

formations were discovered (Fig. 4) in the area. For this reason, boreholes of 100 meter in depth were 

planned to investigate this phenomenon. 

Location G22 provides data that Quaternary sediments overlay a series of middle Jurassic and 

Triassic sediments.  On the other hand, findings in location G21 prove that during the Quaternary, most 

likely with a help of the energy of high mass flowing fluvioglacial streams, most of the Jurassic and parts 

of the Triassic sediments were eroded and replaced with Quaternary deposits (see cross-section No.7, 

Appendix No. 7). 
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Fig. 4. Paleo-incision structures (in red) where thicker layers of Quaternary sediments are found. 

 

Core drilling and CPT testing also confirmed that layers of weak/loose sediments are thicker in west-

southwest direction (Fig. 5). Also, stiff and very stiff layers of sandy till clay are closest to the sea bottom 

and is only covered in thin layer of contemporary sea bottom sediments in the northeast part of the 

survey area (CPT testing depth of boreholes Z04 and Z08 only managed to reach 0.3 meters of depth 

before reaching critical resistance values).  
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Fig. 5. Bottom of the weak/loose soil layer from the sea bottom. 

 

A section of very loose sand and sandy material layers was encountered in borehole G21 from 12.3 

to 22.2 meters. This section of the material was extremely water saturated. During the CPT testing this 

soil was partly washed out and mixed with drilling mud from previous coring. As a result, registered cone 

resistance and sleeve friction values are very low (0.1-0.7 MPa in qc and 1.0-20.0 kPa in fs). This was also 

confirmed by downhole geophysics density and caliper readings as the surrounding material density 

decreased and borehole diameter expanded. According to seismic data, layers possessing these 

properties extend further from the location of borehole G1 and follow the contour of paleo-incision 

structure.  

Coring and CPT test results affirm the sea bottom soil map from stage II of this research that was 

compiled from seismo-acoustic data (Fig. 6). 
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 Fig. 6. Sea bottom soil map according to seismo-acoustic data and borehole locations. 

 

According to data, the northeastern part of the survey area (boreholes Z4 and Z8) is dominated by 

gravely sandy till clay. CPT probing data shows that this soil is stiff/very stiff. Moreover, soil was under 

low hydrodynamic conditions for a period of time and most of the small clay particles were displaced that 

result in hard very sandy and gravely surface. This type of soil can be problematic for underground cable 

laying and other kind of construction. 

 

7. SOIL PHYSICAL AND MECHANICAL PROPERTIES 

Average values of physical and mechanical properties of each individual IGS layer are presented in 

Appendix No.5. Actual cone resistance (qc) and sleeve friction (fs) values of each IGS are presented in 

borehole logs (Appendix No. 8) together with soil lithology. Pore shoulder data is provided with digital 

appendixes. 

Laboratory testing results of mechanical soil properties are provided in appendix No.6. 
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8. DIGITAL APPENDIXES 

These digital appendixes are provided together with the report: 

1. Geological cross-sections in .pdf format; 

2. Borehole lithological description with CPT curves in .png format; 

3. CPT testing data in .txt format (depth, cone resistance, sleeve friction); 

4. Initial soil description of 100 meter boreholes in .pdf and .xlsx formats; 

5. 100 meter downhole geophysic data in .pdf and .las formats; 

6. Spatial data (location of boreholes, distribution of loose/soft soil) in .tab format; 

7. Stage III reports in Lithuanian and English in .pdf and .docx formats. 

 

 

9. CONCLUSIONS AND RECOMMENDATIONS 

− Quaternary, Jurassic (contains soils with small to medium organic material) and Triassic deposits were 

encountered in the survey area. 

− Weak/loose soil layers, that are located just below the sea bottom, are increasing in thickness toward the 

south-southwest. According to CPT data thickness of these layers reach up to 6.0 meters. Special attention 

should be paid to areas around Z13, Z17 and Z19 boreholes. 

− Paleo-incision structures were identified. Findings in borehole G21 suggest that Jurassic and Triassic material 

were displaced by Quaternary glacial and limnoglacial deposits. 

− Very loose and water saturated sandy material layers (12.3 to 22.2 meters) encountered in borehole G21 

(IGS-17 and IGS-19). According to geophysics data, these deposits may extend further from location G21 and 

follow the shape of paleo-incision structure. This should be confirmed by additional core drilling and CPT 

tests. 

− Apart from the above-mentioned coarse sediment sections, most of the geological strata is dominated by 

medium stiffness/medium dense, stiff/dense and very stiff/dense soils. 

− Further and more detailed geotechnical investigation is recommended. 
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APPENDIXES 
Appendix No.1. Subsurface Exploration Permit 
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Appendix No.2. CPT Cone Calibration Certificate 
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Appendix No.3. Technical parameters of the survey 
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Appendix No.4. Coordinates and Elevations of Investigation Points 

 

No. Borehole / CPT 
No. 

Coordinates 
Altitude, m 

Borehole 
depth, m X Y 

1. Z01 6206491,20 271799,50 -40,00 4,40 

2. Z02 6208316,20 274474,70 -35,20 6,90 

3. Z03 6210073,00 277000,30 -34,40 3,40 

4. Z04 6212183,70 280103,00 -30,30 1,10 

5. Z05 6205184,10 274307,80 -40,40 6,40 

6. Z06 6206944,50 276829,80 -37,30 5,50 

7. Z07 6208625,60 279324,30 -33,70 4,20 

8. Z08 6210018,50 281360,20 -32,40 0,30 

9. Z09 6204916,40 278365,80 -41,80 5,00 

10. Z10 6206672,40 280942,70 -36,70 6,50 

11. Z11 6208031,30 282867,00 -32,30 6,40 

12. Z12 6203123,80 280113,10 -40,90 2,40 

13. Z13 6204309,70 281902,80 -38,20 6,00 

14. Z14 6205590,20 283765,30 -34,90 4,70 

15. Z15 6200277,10 280383,20 -42,00 6,10 

16. Z16 6201700,40 282523,40 -40,00 5,50 

17. Z17 6203140,70 284547,70 -36,70 4,90 

18. Z18 6198298,40 281937,80 -42,00 3,00 

19. Z19 6199775,60 284102,50 -39,90 6,00 

20. Z20 6197511,10 284513,30 -40,50 9,00 

21. G21 6207391,70 273094,90 -38,80 100,00 

22. G22 6203028,70 282672,60 -39,80 100,00 
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Appendix No.5. Generalized Soil Parameters and Torvane test values 
IG

S 
N

o.
 

Soil denomination Stiffness/Density 
Cone 

Resistance qc 
(MPa) 

Sleeve friction fs 
(kPa) 

Angle of internal friction 
ϕ´ (degree) 

Undrained shear strength 
Cu (kPa) Cohesion C (kPa) 

   Min - Max Min - Max    
   Average Average    

1 Silty gravely sand (sigrSaO) Very loose 1,7 68 - - - 

2 Sandy low plasticity silt (saSiOL)  - - 
32,83 – 39,35 

36,09 
- 

10,08 – 21,89 

15,99 

3 Low plasticity silt (SiOL)  - - - - - 

4 Sandy low plasticity clay (saClOL)  - - 32,89 190,66 79,73 

5 Low plasticity clay (ClOL)  - - 
21,9 – 25,19 

23,43 
41, 65 – 226,21 

133,93 
49,53 – 179,04 

105,28 

6 Gap graded sandy gravel (saGrG) Loose 3,7 8 - - - 

7 Sandy silty gravel (sasiGr) Very dense 27,1 287 - - - 

8 Gravely sand (grSa) Very loose 1,2 - - - - 

9 Poor graded gravely sand (grSaP) Medium 
dense 6,3 30 - - - 

10 Poor graded gravely silty sand (grsiSaP)  - - - - - 

11 Sand (Sa) Very loose 1,1 - 1,7 
1,4 

0 - 47 
24 - - - 

12 Uniformly graded sand (SaU) Very loose 1,2 - 1,6 
1,4 

1 - 5 
3 - - - 

13 Poorly graded sand (SaP) Medium 
dense 7,8 24 - - - 

14 Sand (Sa) Dense 17,1 143 - - - 

15 Poorly graded sand (SaP) Dense 12,7 3 - - - 

16 Uniformly graded sand (SaU)  0,0 0 - - - 

17 Uniformly graded silty-clayish sand 
(SaFU) Very loose 0,5 - 1,2 

0,8 
4 - 9 

7 - - - 

18 Poorly graded silty-clayish sand (SaFP) Very loose 0,5 - 2,2 0 - 13 - - - 
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1,4 5 

19 
Medium graded silty-clayish sand 

(SaFM) Very loose 
0,5 - 1,3 

0,9 7 - - - 

20 Poorly graded silty-clayish sand (SaFP) Loose 
3,3 - 4,7 

3,8 
5 - 21 

13 - - - 

21 Poorly graded silty-clayish sand (SaFP) 
Medium 

dense 
5,1 - 7,7 

6,7 
11 - 55 

29 - - - 

22 Poorly graded silty-clayish sand (SaFP) Dense 
10,3 - 18,1 

14,3 
53 - 138 

90 - - - 

23 Poorly graded silty-clayish sand (SaFP) Very dense 
20,9 - 23,7 

22,2 
120 - 297 

183 - - - 

24 
Medium graded silty-clayish sand 

(SaFM) Very dense 37,8 181 - - - 

25 Poorly graded silty-clayish sand (SaFP)  - - - - - 

26 Well graded silty-clayish sand (SaFW)  - - - - - 

27 Gap graded silty-clayish sand (SaFG)  - - - - - 

28 Silty sand (siSa) Very loose 0,5 - 1,9 
0,9 

0 - 3 
2 - - - 

29 Silty sand (siSa) Medium 
dense 5,4 157 - - - 

30 Silty sand (siSa) Dense 12,3 120 - - - 

31 Silty sand (siSa) Very dense 25,5 - 41,5 
36,1 

62 - 248 
151 - - - 

32 Silty sand (siSa)  - - - - - 

33 Silty clayish sand (siclSa)  - - - - - 

34 Sandy silt (saSi) Stiff 2,7 70 - - - 

35 Sandy nonplastic silt (saSiN) Stiff 3,4 110 - - - 

36 Sandy nonplastic silt (saSiN) Very stiff 10,0 - 44,8 
27,6 

76 - 460 
184 - - - 

37 Sandy low plasticity silt (saSiL) Very stiff 14,6 - 21,8 
18,2 

199 - 266 
232 - - - 

38 Nonplastic silt (SiN) Very stiff 49,2 91 - - - 
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39 Low plasticity silt (SiL) Very stiff 
26,4 - 28,4 

27,4 
247 - 321 

284 
30,39 – 42,5 

36,45 
25,57 – 63,03 

44,3 
27,65 – 50,52 

39,09 

40 
Sandy gravely low plasticity clay and silt 

(sagrClL-SiL) Very soft 0,1 - - - - 

41 
Sandy low plasticity clay and silt (saClL-

SiL)  - - - - - 

42 Low plasticity clay and silt (ClL-SiL) Soft 1,0 12 - - - 

43 Low plasticity clay and silt (ClL-SiL) 
Medium 
stiffness 2,1 62 - - - 

44 Clay and silt (Cl-Si) Stiff 2,6 80 - - - 

45 Low plasticity clay and silt (ClL-SiL) Very stiff 4,7 30 - - - 

46 Sandy low plasticity clay (saClL) Very soft 0,5 1 - - - 

47 Sandy low plasticity clay (saClL) Soft 1,0 7 - - - 

48 Low plasticity clay (ClL) Soft 1,0 33 - - - 

49 High plasticity clay (ClH) Soft 1,0 31 - - - 

50 Low plasticity clay (ClL) Medium 
stiffness 

1,3 - 2,2 
1,7 

34 - 54 
43 - - - 

51 Low plasticity clay (ClL) Stiff 2,9 - 3,4 
3,1 

102 - 128 
116 - - - 

52 Low plasticity clay (ClL) Very stiff 7,1 - 31,7 
13,8 

110 - 276 
210 31,36 34,94 31,55 

53 Medium plasticity clay (ClM) Very stiff 10,5 - 10,9 
10,7 

289 - 331 
310 - - - 

54 Low plasticity clay (ClL)  - - 
18,6 – 29,09 

23,85 
55,14 – 61,2 

58,17 
31,55 – 66,09 

48,82 

55 Medium plasticity clay (ClM)  - - 
26,59 – 32,73 

28,715 
65,01 – 133,75 

89,53 
20,45 – 77,03 

45,28 

56 Gravely silty sand (grsiSa)  - - - - - 

57 Silty sand (siSa) Very dense 35,3 32 - - - 

58 Sandy low plasticity silt (saSiL) Stiff 2,6 28 - - - 

59 Sandy silt (saSi) Very stiff 12,2 127 - - - 
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60 Sandy low plasticity silt (saSiL)  - - - - - 

61 Low plasticity silt (SiL)  - - 31,73 74,75 34,73 

62 
Žvyringas Sandy low plasticity clay and 

silt (grsaClL-SiL)  - - 42,56 178,89 104,74 

63 Sandy low plasticity clay and silt (saClL-
SiL)  - - 

40,37 – 49,08 

44,43 
319,55 – 397-63 

373,65 
41,17 – 109,51 

70,23 

64 Low plasticity clay and silt (ClL-SiL) 
Medium 
stiffness 1,7 31 - - - 

65 Sandy low plasticity clay (saClL) Very soft 0,5 6 - - - 

66 Sandy clay (saCl) 
Medium 
stiffness 2,3 53 28,95 71,22 50,48 

67 Sandy low plasticity clay (saClL) 
Medium 
stiffness 

1,1 - 2,4 
1,9 

13 - 92 
62 

31,33 – 48,39 

39,88 
>596,77 

142,57 – 214,79 

171,21 

68 Sandy low plasticity clay (saClL) Stiff 3,0 - 3,9 
3,5 

39 - 153 
107 - - - 

69 Sandy clay (saCl) Very stiff 4,8 - 22,8 
11,6 

2 - 429 
190 23,59 398,87 225,6 

70 Sandy low plasticity clay (saClL) Very stiff 4,1 - 26,6 
10,6 

110 - 228 
167 39,15 578 172,71 

71 Low plasticity clay (ClL) Soft 1,0 21 - - - 

72 Low plasticity clay (ClL) Medium 
stiffness 

1,4 - 2,2 
1,9 

13 - 81 
45 33,51 573,12 242,39 

73 Low plasticity clay (ClL) Stiff 2,7 - 4,0 
3,2 

108 - 115 
113 - - - 

74 Low plasticity clay (ClL) Very stiff 4,5 - 17,4 
9,2 

83 - 211 
133 37,56 340,03 180,71 

 

qc, fs – results from CTP testing and using calculations recommended in „Inžinerinių geologinių ir geotechninių tyrimų rekomendacijų 7 priedas“; 
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Borehole G21 Borehole G22 
depth of test (m) Torvane (kPa) depth of test (m) Torvane (kPa) depth of test (m) Torvane (kPa) depth of test (m) Torvane (kPa) 

2,00 24,50 33,90 >250 0.5 134.75 0.5 134.75 
2,20 61,25 34,30 110,25 1.3 85.75 1.3 85.75 
2,30 90,65 35,00 85,75 1.7 83.3 1.7 83.3 
3,80 93,10 35,50 102,90 2 139.65 2 139.65 
4,00 93,10 36,10 102,90 3.4 110.25 3.4 110.25 
4,00 93,10 36,60 102,90 4.3 >250 4.3 >250 
4,80 88,20 37,40 49,00 5.2 >250 5.2 >250 
5,30 85,75 38,10 61,25 5.9 >250 5.9 >250 
5,80 78,40 38,80 171,50 11.7 49 11.7 49 
6,40 >250 39,40 98,00 12.6 >250 12.6 >250 
7,10 >250 40,00 58,80 14 23.52 14 23.52 
7,30 >250 40,90 110,25 14.5 15.68 14.5 15.68 
7,80 >250 41,40 127,40 15.2 16.66 15.2 16.66 
8,20 >250 41,90 49,00 18.9 30.38 18.9 30.38 
8,60 >250 42,20 61,25 19.15 34.3 19.15 34.3 
9,00 >250 43,50 110,25 19.6 73.5 19.6 73.5 
9,40 >250 43,80 102,90 20.5 159.25 20.5 159.25 

10,10 >250 44,60 134,75 20.7 >250 20.7 >250 
10,60 >250 45,30 127,40 21.5 >250 21.5 >250 
11,00 >250 46,00 129,85 21.8 102.9 21.8 102.9 
22,50 >250 46,30 85,75 22.4 61.25 22.4 61.25 
22,60 >250 46,90 110,25 23 >250 23 >250 
23,10 >250 47,40 73,50 25.1 >250 25.1 >250 
23,60 >250 48,00 73,50 25.6 >250 25.6 >250 
23,80 >250 48,90 >250 26.2 >250 26.2 >250 
24,20 >250 49,10 >250 26.6 >250 26.6 >250 
24,60 >250 49,50 >250 27.15 >250 27.15 >250 
25,00 >250 52,10 >250 28 78.4 28 78.4 
25,60 >250 52,80 >250 30.2 >250 30.2 >250 
26,40 >1 55,20 >250 30.6 >250 30.6 >250 
26,80 >1 55,80 >250 31.7 >250 31.7 >250 
27,30 >1 58,35 >250 32.7 >250 32.7 >250 
28,50 73,50 61,40 >250 33.6 61.25 33.6 61.25 
28,90 61,25 64,20 >250 34 44.1 34 44.1 
29,30 49,00 67,50 >250 35.75 93.1 35.75 93.1 
29,80 122,50 70,30 >250 36.2 24.5 36.2 24.5 
30,40 73,50 70,70 >250 37.2 21.56 37.2 21.56 
30,90 73,50 73,10 85,75 37.5 124.95 37.5 124.95 
31,00 >250 73,80 80,85 38.4 >250 38.4 >250 
31,70 >250 76,10 >250 38.9 >250 38.9 >250 
33,20 >250 76,80 >250 41 18.62 41 18.62 

  79,10 159,25 43.75 73.5 43.75 73.5 
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Appendix No.6. Laboratory Test Results 
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Appendix No.7. Detailed Investigation Site Plan 
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Appendix No.8. Borehole logs and CPT curves 
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Appendix No.9. Geotechnical-Geological Cross-Sections 
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