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1 .      I N T R O D U C T I O N  

1 . 1  P u r p o s e    a n d    S c o p e  

This report contains presentation and evaluation of the geotechnical investigations which 
were carried out for the onshore Regasification Facilities of the LNG Regasification 
Terminal at Delimara, Malta for the purpose of deriving geotechnical design parameters. 

The results of the field investigations and laboratory tests are contained in the report No 
"2779-77-CI-RE-00006- Geotechnical Investigation for Regasification Plant Area- Factual 
Report" (25 Feb. 2015). This report will be referred to hereafter as Factual Report. 

1 .2  Work   P e r f o r m ed 

Field work was carried out between 28.10.2014 and 04.11.2014. 

Planning and coordination of the field investigations and the laboratory testing was made by 
Mr. Sp. Nikoloudakos, Senior Geologist of Castor Ltd. Mr Nikoloudakos supervised all the on 
land boreholes and partly the laboratory tests. 

Execution of the boreholes and the laboratory tests was done by Messrs Terracore Ltd, Malta. 
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2 .       B AC KG ROU ND    I N F O R M A T I O N  

2 . 1  G e n e r a l  

Detailed description of the facilities of the Regasification plant , general arrangement, 
loadings and foundations will be given in the Design Reports and drawings. 

2 . 2  G e o t e c h n i c a l    R e p o r t s    R e l a t e d    to   t h e    P r o j e c t  

The following   reports   contain   geotechnical   data at the   area of the   Delimara   LNG 
Regasification facilities: 

a. "2779-77-CI-RE-00010- Excavation and Disposal for Regasification Plant-
Geotechnical Slope Stability Study Report" (19 Nov. 2014) 

b. "2779-77-CI-RE-00001- Excavation and Disposal for Regasification Plant-
Geotechnical Investigation -Factual Report" (19 Nov. 2014) 
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3.      F I E L D    I N V E S T I G A T I O N S    AND   LABORATORY   T E S T S  

3 . 1  F i e l d    I n v e s t i g a t i o n s  

Four (4) boreholes, namely GL1 to GL4, were rotary drilled at the locations shown in figure 

1. 

Boreholes GL1, GL2 and GL4 were drilled from elevation +6.2m after removal of a previous 
fill to create a graded level at the area of the Regasification Facilities (not shown in figure 
1). Borehole GL3 was drilled at the top of the existing deposits at elevation +24.0m near 
the recently excavated permanent slope. 

All boreholes were drilled into the natural ground to the depths shown in the subsurface 
profile of figure 2. Standard penetration tests were executed in general at 2m to 3m intervals 
and undisturbed samples were obtained in Shelby tubes. 

All samples were properly labeled and transferred to the testing laboratory in Malta. 

The results of the field investigations and the laboratory tests on samples from the 
boreholes are presented in the Factual Report ("2779-77-CI-RE-00001- Excavation and 
Disposal for Regasification Plant-Geotechnical Investigation -Factual Report" (19 Nov. 
2014). 

3 . 2  P i e z o m e t e r s  

One standpipe piezometer was installed in borehole GL1 in order to be able to monitor 
fluctuations of ground water table (if any) with time. Piezometer tip was sealed with betonite 
above sea level. 

3 . 3  L a b o r a t o r y   T e s t s  

Laboratory tests on samples from the boreholes were carried out in Malta in according to 
the British Standards BS1377:1990. Tables 1 and 2 summarize the results of soil 
classification tests, and unconsolidated undrained (UU) Triaxial strength tests respectively. 
Both tables were compiled on the basis of relevant data presented in the Factual Report. 

Soil descriptions are according to the Unified Soil Clarification System (USCS). 
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The results of the UU triaxial test results on samples from the boreholes are presented in 
table 2 for info only, as they were not used in this report for the evaluation of the 
geotechnical investigations for the reasons given in the Note of table 2. 

In addition to the above, the Geotechnical Consultant, Castor Ltd, requested the execution 
of three UU triaxial tests on reconstituted specimens on materials from the deposits at 95% 
of maximum modified Proctor density with compaction water content equal to the optimum 
increased by 4 units. The results of these tests were never reported. 
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4 .       P R E S E N T A T I O N    O F    T H E    G E O T E C H N I C A L    I N V E S T I G A T I O N  
D A T A  

4 . 1    G e n e r a l  

The results of the geotechnical investigations are summarized in the subsurface profile of 
figure 2. It can be seen that subsoil can be broadly differentiated in the deposits of 
excavation materials (formations Da & Db), the upper soil formations (layers II and I la) and 
the underlying very low and low strength marly rock formations (layers III and IV). 

The subsurface conditions at the flat area at elevation +6.2m for the Regasification 
Facilities of the complex are presented in the following paragraph 4.2, while the subsurface 
conditions near the excavated slope at the deposits are presented in paragraph 4.3. 

Characteristics of the soil formations (deposits Da & Db plus layers I, II and I la) considered 
as one entity are presented in paragraph 4.4. Strength characteristics of the underlying very 
low and low strength marly rock formations (layers III and IV) are given in paragraphs 4.5 
and 4.6 respectively. 

Evaluation of the geotechnical data and selection of design parameters are given in chapter 
5. 

Important Note: The main characteristic of the soil formations is that they have low values of 
specific gravity of grains (Gs), which were found to vary between 2.47 and 2.57 (see table 
1). This observation was reported also in both previous geotechnical reports of paragraph 
2.2. Similarly, the very low and low strength marly rock formations have low values of bulk 
unit weight of the order of 2.13 Mg/m3 (see table 5). 

4 . 2  A r e a    of  t h e    Regasification Facilities 

Based on the results of boreholes GL1, GL2 and GL4 which were drilled from elevation 
+6.2m, subsurface consists of the following formations: 

.   Deposits Db        Medium dense clayey gravel (GC) which extends from the graded 
level at elevation +6.2m to depths of 6m to 7m. 

 
.   Layer II:   Medium dense clayey gravel (GC) and sandy clay (SP-SC) with thickness 3m to 

4m. This layer was encountered only in borehole GL1 
• Layer lla: Dense clayey gravel (GC) and silty sand (SM) with thickness 2m to 3m in 

boreholes GL2 and GL4. 
• Layer III : Very low strength clay marl of light brown to light grey colour with thickness 

of 0.5m to 2m. This layer was encountered in all boreholes. 
.   Layer IV:  Low strength limestone of grey colour which was encountered in boreholes 

GL1, GL2 and GL4 at elevations -2.0m to -5.0m, underlying all previous layers. 

Layers II, lla, III and IV are similar to those presented in the two geotechnical reports listed in 
paragraph 2.2. 

Ground Water Table : Water level in the surface piezometers of borehole GL1 dropped within 
one month after completion of the borehole, from 2.4m to 4.6m from ground at elevation of 
+6.2m. It is believed that this is entrapped water from the borehole drilling fluid and that ground 
water table will eventually reach the sea level at elevation ±0.0. 
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4 . 3   E x c a v a t e d    P e r m a n e n t    S l o p e    ( B o r e h o l e    G L 3 )    -
S u b s u r f a c e    C o n d i t i o n s  

Based on the results of borehole GL3 which was drilled at the top of the slope, 
subsurface conditions consist of the following formations: 

.   Deposits Da      Loose to medium dense clayey sandy gravel (GC) and gravelly sandy 
clay (CL), with thickness of the order of 28m. 

• Layer I Very loose to loose silty sand (SM) underlying formation Da with 
thickness of the order of 9m. 

• Layer III Very low strength clay marl of light brown to grey colour with thickness 
of about 8m. 

.   Layer IV Low strength marly limestone of grey colour with thickness of about 6m. 

Layers I, III and IV are similar to those presented in the two geotechnical reports listed in 
paragraph 2.2. 

4 . 4  C h a r a c t e r i s t i c s    o f   t h e    S o i l    F o r m a t i o n s    ( D e p o s i t s D a  &    
D b ,    L a y e r s    I ,    I I    a n d    l l a )  

a.    Classification Properties 

Classification properties of the above soil formations are given in figure 3. Original data are 
given in table 1. 

Water contents vary between 15 and 40 percent and dry unit weights between a minimum of 
1.30 Mg/m3 and a maximum of 1.88 Mg/m3. Water contents are higher than plastic limits 
(figure 3c). 

b.   Organics Content 

Loss on ignition on one sample from borehole GL2 yielded a value of 7.1 percent (table 4). 
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c. Compaction Characteristics 

One modified Proctor compaction test was performed according to BS1377-4 : 1990 on a 
composite sample of excavation materials which was taken in the area of boreholes GL1, 
GL3 and GL4. It yielded the following results: 

•     Maximum dry unit weight:     Ydmax = 1.81 Mg/m3 

Optimum water content:         wopt=13% 

Original data are given in the Factual Report. 

d. Compressibility 

Two one-dimensional consolidation tests were carried out on Shelby tube samples of the 
Deposits Db and of layer I in boreholes GL1 and GL3 respectively. 

Figure 4 shows the results of these tests plotted in terms of oedometer modulus Eoed versus 
vertical pressure (EOed=1/Mv). Analytical data are given in Factual Report and summarized in 
table 3. Oedometer modulus values are low  at vertical pressures equal to the overburden 
plus 200kPa, Eoed was found to be equal to 4750kPa for the deposits Db and equal to 
6100kPa for layer I. 

In addition to these, one oedometer test was performed on a reconstituted specimen of 
deposited materials with the following compaction characteristics: 

Dry unit weight: 95% Ydmax = 95%  1.81 Mg/m3 = 1.72Mg/m3 
Compaction water content:    wopt + 4% = 13% + 4% =17% 

The results of this test are given in figure 4 plotted in terms of oedometer modulus Eoed 
versus vertical pressure. Analytical data are given in the Factual Report and summarized in 
Table 3. Oedometer modulus values are low: at vertical pressure equal to 300kPa the 
oedometer modulus Eoed was found to be equal to 5200kPa. 

4 . 5   C h a r a c t e r i s t i c s    o f   t h e    C l a y    M a r l    ( L a y e r    I I I )  

Layer III consists of very low strength clay marl. As mentioned in paragraphs 4.2 and 4.3, 
this layer was encountered in boreholes GL1, GL2 and GL4 with thickness of 0.5m to 2m, 
and in borehole GL3 with thickness of about 8m. 

Strength and compressibility characteristics from one sample are given in table 5. Similar 
data were also obtained from the geotechnical reports of the offshore investigations and the 
investigations at the deposits (see paragraph 2.2) and are included in figures 7 and 8. 

4 . 6   C h a r a c t e r i s t i c s    o f   t h e    U n d e r l y i n g    M a r l y    L i m e s t o n e  
F o r m a t i o n    ( L a y e r    I V )  

Layer IV consists of low strength marly limestone of grey colour. Statistical presentations of 
strength, bulk unit weight and Young's modulus are given in figures 5 and 6. Original data 
are given in the Factual Report and summarized in table 5. 

Uniaxial compressive strengths vary between a minimum of 8.2 MPa and a maximum of 
14.6MPa. Youngs modulus values vary between a  minimum of about 1400kPa and a 
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maximum of about 9100kPa. The majority of the reported Poisson ratio values are high and 
therefore not realistic. 

Point load strength ls50 axial varies between 1.9MPa and 2.8MPa, and ls50 oblique between 
0.8MPaand 1.3MPa. 

Bulk unit weight is low varying between a minimum of 2.10 Mg/m3 and a maximum of 
2.23Mg/m3. 

4 . 7  S e i s m i c i t y  

According to EN 1998-1: 2004, the subsurface formations are classified to the following 
ground types: 

• Deposits Da: Ground type D 
Deposits Db: Ground type D 

• Layer II: Ground type C 
Layer I la: Ground type C 

• Layer III: Ground type A 
Layer IV: Ground type A 
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5 .       E V A L U A T I O N    A N D    S E L E C T I O N    O F    G E O T E C H N I C A L    
D E S I G N  P A R A M  E T E R S  

5 . 1    E v a l u a t i o n    o f  t h e    G e o t e c h n i c a l    I n v e s t i g a t i o n    D a t a  

Evaluation of the field investigations and the laboratory tests, leading to selection of 
geotechnical design parameters is given in Appendix A. Sheets A-1 to A-9 present 
the evaluation of strength and compressibility parameters of the upper soil 
formations, while sheets A-10 to A-18 present the evaluation of strength and 
compressibility parameters of the underlying marly rock formations. 

Cautious estimates of design parameters for each borehole are given in figures 7 and 8. 

Selection of geotechnical design parameters for the Regasification Facilities will be 
based on these data when the loads and the layout of these installations will be 
finalized, depending on the method(s) of foundation which will be decided to be applied. 
 










































































