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Appendix 7, Part Il (F/S)
Wastewater Management in Skopje

APPENDIX 7 EVALUATION OF PRIORITY PROJECT AND

RECOMMENDATIONS
7.1  Septic Tank Cost
1)
Septic tank initial cost:
MKD 60,000
Life (yr) 20
Discount rate of capital 12
(bank rate) %
USCF* 0.134  *Uniform Series Capital Recovery Factor
Annuity of capital cost 8,033
O&M cost of the tank 4,000 (1) Disposal of sectic tank sludge 2,000
Total annual cost 12,033 (2) Maintenance of the tank - every 3 2,000
months: 500
2)
Cost of sewerage services
(1) Connection fee 20,000 USCF: 0.177 Repayment term (yr) 10
* Annuity of above 3540
(2) Sewage volume 17.5 m3/month/HH
(3) Sewerage charges 3045 Domestic sewerage rate:MKD/m3 14.5 <==1.2%12.12
Total sewerage charges/yr 6585
3)
Consumer surplus 5,448 MKD/HH/yr
Population served '06 531,000
Population served '20 619,000
Population increase 88,000
No. of Households 29,333
Annual increase 5,867 for each year from '13-'17: 20% of incremental No. of Households
Annual consumer surplus 31.962

1,000MKD
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JICA
LEI
LEI Europe
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TOR
M&QC
WP
O&M
FS
WWTP
WEF
SAGW
SKM
PMT
RMS
DTM

Acronyms and Abbreviations

Japan International Cooperation Agency
Land Equity International Pty Ltd

Land Equity International Europe DOOEL Skopje
Team Leader

Terms of Reference

Monitoring and Quality Control

Work Plan

Operation and Maintenance

Feasibility Study

Waste Water Treatment Plant

Water Economy Facility

State Agency for Geodetic Works
Skopje Municipality

Project Management Team

Root Mean Square

Digital Terrain Model
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Project Team of the study on Wastewater Management in Skopje

1. Introduction

This document is the Project Final Report that has been prepared under the contract Project Team of
the study on Wastewater Management in Skopje between the Japan International Cooperation Agency
(JICA) and Land Equity International Europe (LEI Europe), signed on 10" of June 2008. This report
was prepared by Suleiman Dabbas (Manager) and Aleksandar Pecalevski (Team Leader).

The key counterparts for this report were the Team Leader Mr. Kazufumi Momose and JICA
Engineers.

The project scope of work was discussed in a meeting on 10" of June 2008, and in the field during
project execution.

According to the terms of reference (TOR) and the situation in the field, the LEIE team collected the
data and calculated the field data in the office to produce the attached annexes.

The field Team successfully cooperated with the Japanese team and Skopje municipality to complete
the work.

The work had been done according to the schedule without any delay and in the line of the TOR and
inception report.

The Draft Final Report was presented and delivered to JICA team on Thursday, 26" June 2008 as
agreed.

2. Terms of Reference

Skopje City, the capital of the Republic of Macedonia, is Macedonia’s political, cultural and
economic centre. The pollutants that originate from domestic and industrial wastewaters are
discharged into the rivers without any treatment, which results in deterioration of sanitary
environmental conditions and contamination of the river water environment.

The results of a Topographic Survey have been prepared by LEI Europe team.
The data and maps produced will be a base for the Japanese Team to prepare the Feasibility Study and
basic project planning.
The subjects of the Surveying for this Project were:
a) Topographic Survey;
b) Profile survey and plane survey - longitudinal profile of the main collector;

c) Cross section survey — bed of river Vardar including 5 sections downstream of the river - see
Annex 6 ; and

d) Invert level survey —see Annex 7.

3. Working Areas
The following surveying locations have been surveyed:

The Surveyed Area covered the project sites of the wastewater treatment plant, which is located in
the Trubarevo area, between the river Vardar from the south, the local road Skopje - Petrovec from
the north and the railway from the west (see the picture below).

Final Report 01.07.2008 4
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Surveying Area: Rationale

Topographic Surveying Proposed survey area cca 124ha, 60% mainly flat but cultivated,
approximately 10% of the area are open pit mines for excavation of
sand and the last 30% in the middle of the proposed area covered with
plains and forestry.

Profiles Total predicted length is cca 10.3km which approximately 60% are
settled in the urban area. The rest is in settled outside of the urban area.

Manholes Total number of manholes is 10. Their location is along the length of
the profile and covers almost entire area.

Cross Sections Predicted number of cross section is 6. 5 of these are cross section of

the river Vardar which includes the waterbed of the river. The last
cross section is located on the left side of the down stream of the river
Vardar and represents the cross section of the railroad lane with
embankment.

The surveying work created digital topographic maps, longitudinal section and cross sections data and
maps for the above area.

4, Approach/Methodology:

4.1. Introduction
The measurement and data given in the Project ensures the required accuracy defined in the TOR.
The survey accuracy did not exceed the following tolerance:
Topographic survey error of horizontal location 1.0 mm on the map: less then ToR on the
field

The digital and graphical data give a full oversight view of the field situation and reflect the current
situation on the ground and thus serve the purpose of the Project.

Final Report 01.07.2008 5
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4.2. Production of Digital Maps

The digital topographic maps set out the actual conditions in the field and the data resulting from the
measurement. The digital topographic maps provide the basis for developing the Feasibility Study
(FS).

LEI Europe undertook surveys over the defined project area for producing the digital topographic
maps (see annex 1) at a scale of 1:5000
The LEI Europe team used the following instruments and materials:

1. Trimble R3 GPS set

2. Total Station Pentax V227N (reflector less)
3. Digital Level SOUTH NL-20
4

Orthophoto maps in the scale of 1:5000 (from the year 2006), as a sketch and base for
data collection and position control.

Satellite images from Google earth of required area, for a control purposes.
Official SAGW legal frame work, laws and Regulations:

a. The Law on Survey, Cadastre and Registration of Rights to Real Property for
Basic Geodetic Works,

b. Manner of Survey and Real Properties Measurements:
c. Production of Digital maps, and
d. Digital Topographic Key.

o o

The following Data has been used to produce the digital topographic maps:

1. Digital (coordinates of control points) and graphical data (control points position
description and orthophoto maps) from SAGW,

2. New established reference survey/geodetic points,;
3. Detail points data measurement and their calculated coordinates and heights;

4.3. Methodology for Project Implementation

The specifications set out in the TOR have guided the development of the methodology for project
implementation which is described below.

LEI Europe’s first step was to obtain the necessary legal regulations and manuals mentioned above,
and the required alpha-numeric and graphic data from the State Authority for Geodetic Works
(SAGW).

The LEI Europe team identified the following processes during the field work execution and office
calculation and map production:

e Establishment of additional reference and control points;

e Position and heights measurements of the Wastewater area (124 ha) ;

e Position and heights of the longitude profile of the main collector (10.3 km)
e Cross Section survey of the Vardar river bed (position and heights)

e Survey of the manholes (position and Invert heights);

Survey of the geo-mechanic boreholes excavation..

4.3.1. Establishment of Reference Points

The data is given in Gauss-Kruger projection coordinate system and Bessel 1841 ellipsoid datum.

Final Report 01.07.2008 6
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The LEI Europe team executed the levelling work from known control points found in the field and
suitable for the field work. Coordinates of the used benchmarks are stated in the table below:

No. Y X 4

10725 | 7540433.017 | 648983.118 | 237.404

10727 | 7540220.715 | 4648637.308 | 237.884

10862 | 7541368.164 | 4648167.324 | 238.662

10855 | 7542049.916 | 4648167.324 | 238.581

10857 | 7541683.131 | 4648193.526 | 233.635

The point with the number 10725 has been used as starting point of the profile surveying and also as a
GPS base. For the GPS surveying benchmark the number 10855 was used for the initialization
purposes before the surveying started. The rest of the benchmarks were used as control points.

4.3.2. Topographic Survey (plane table survey)

The topographic survey consisted of plane table survey (position, Y, X) and level survey (H) of 124
ha. The location of the survey was the entire area of "Water Economy Facility" as described in the
TOR.

The following work and results were identified and completed:

In the northwest side of the boundary, the plane table survey extends an inclusion of
approximately 50 m apart from the bottom of the train track's mound.

In the northeast and southeast side (side "C" and "D") of the boundary, the plane table survey
conducted along the boundary of the "Water Economy Facility".

In "Water Economy Facility”, geotechnical survey conducted at 12 locations and included in
plane table survey.

The survey result is produced at a scale specified with 0.5 m contours, and the measurement
is at approximately 50 m of pitch X and Y axis.

All relevant natural (forest, stream, buildings roads, railway, and pylons for high-voltage
power line and gas line) have been drawn up within the delineated area.

The boundaries of roads around/in the "Water Economy Facility" prepared under Urban
Development Plan in City of Skopje have been indicated on the survey result.

The Plane table surveying, was performed by the LEI Europe field team 1 and the LEI Europe field
team 2, according to the Work Plan in the given area with borders defined in the TOR. Despite the
short time provided for the teams to finish the work specified in the TOR, the LEI Europe teams
succeeded in finishing the work with the appropriate accuracy, using GPS equipment and total station
surveying instruments.

The GPS was the best equipment to be used because of the lack of precisely determined
transformation parameters on national level control points. The LEI Europe surveying teams used two
sets of GPS equipment with the first set used as a permanent station over a known state data control
point with given coordinates and height in the official Gaus-Kriguer coordinate system, and the
second set used as a Rover for measuring the detail field points (gathering positional information for
the surveyed points).

The LEI Europe teams determined that 15 sec is enough time to keep the rover gathering good quality
information from satellites for defining the position and the height for each detail point in the field.,

Final Report 01.07.2008 7
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and in some detail surveying points, the teams performed 3 epoch’s (series) with duration of 5
sec/epoch (which gives 15sec).
The surveyed detail included:
Local dirt roads;
terrain transformation points - low and high points of the terrain, (characteristic points);
Detail surveying points on grid of 50m;
Forest boundary, which is settled in the middle of the surveyed area;
Railway truck,
Topographic entities and utilities (high points, electric power lines and gas pipelines) and
levelling points within the working area (130 ha)
The office work begins after the completion of the field work. The post processing activities of the

gathered field data was performed using the software Trimble Geomatic Office. The results from the
post processing of the vector data is shown in Annex 1.

The accuracy of the measurement according to the results from RMS (Root Mean Square-indicator of
the degree of error established from the surveying) is less than 3.4cm. (Between 0.3 and 3.6 cm)

The final coordinates of the surveyed points were transferred to Autodesk software to create the
digital topographic map (see Annex 3).

The DTM (Digital Terrain Model) was created and visualised with 0.5m contours range. Visualisation
was made for all of the topographic entities with appropriate topographic Signes, as defined in the
official topographic key.

Beside the topographic survey of the specified area, the LEI Europe teams performed surveying of the
boreholes specified by the JICA Project Team. The position and coordinates are shown and given in
Annex 3.

4.3.3. Profile Survey

The profile survey is conducted along main collector route, which will be installed under main roads
presented in the Urban Development Plan of Skopje. The length of the profile survey is as following:

(@) | Main collector route of Right bank 3.4 km
(b) | Main collector route of Left bank 5.1 km
(c) | Profile on the other side of the railroad lane 1.8 km

Total: 10.3 km

LEI Europe field team 3 was responsible for the survey of the longitudinal profile.

The direction of this profile was defined from the coordinates, which were taken from the maps
supplied by JICA project Engineering team.

Steps for measuring the longitudinal profile were performed as follows:
— Determine the control points and benchmarks which are needful and exist on the field;
— Acquire the coordinates for these points from SAGW;.
— Stakeout of the direction of the profile, and
— Survey of the profile points between stakeout profile points.

The Pentax Total Station was used for the profile surveying. .

Final Report 01.07.2008 8
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For field work control, the team measured and calculated the coordinates of the existing control points
and benchmarks along the profile area, and compared these with the state coordinates given officially
by SAGW, to confirm that the collected data measurement of the field points were accurate.

As these points was a quality control of the measurement data, the differences in coordinates between
surveyed control points and those provided by SAGW, are: 2 cm (position error)

The team encountered problems in the field during the profile surveying as some of the directions
were omitted by private yards and through private houses, (see the picture below).

The data processing was performed after the field surveying. The profile Layout is provided in Annex
4. and the Profile visualisation (map) generated is provided in Annex 5.

4.3.4. Cross Section Survey

The position of the cross sections was defined and read out from the maps and coordinates supplied
by JICA project Engineering team.
Steps of measuring the 5 cross sections were performed as following:

— Determine the control points and benchmarks which are required and exist on the field, as
well as close to the cross sections area;

— Acquire the coordinates for these points from SAGW;

— Stakeout of the direction of the cross section, by materialising it with stabilizing a
METAL INVAR SCALED WIRE between the both sides of the river, and

— Level each cross section of the river bed, using levelling staff, and moving by boat
between the banks of the river.

The data calculation was performed after the field levelling work on the river and the cross sections
layout and visualisation (map) was generated and is provided in Annex 6.

The 6" cross section was measured at the middle of the railway track. The layout of this cross section
is provided in Annex 6.

4.3.5. Manholes Survey

The level of ground and invert of manholes and inlet and outlet pipes were measured, as well as the
size and depth of the manholes. Plan location is transferred to topographic map (scale: 1/1000 or
available smallest scale).

According to the position of the manholes on the field, which had been defined by the JICA Project
team, The LEI Europe team surveyed, and calculated the coordinates to determine the location of the
manhole covers.

Final Report 01.07.2008 9
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The invert level of these manholes was also determined. The LEI Europe team used the levelling staff
to determine the depth of the manhole, after opening them, as it shown on the picture below.

Some of the manholes cannot be opened as they are covered by new layer of asphalt or permanently
welded, as shown in the picture below.

Also within this framework some outlets were surveyed (see picture below) at top elevation and the
width and height of the outlet was determined.

Final Report 01.07.2008 10
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5. The Final Products and Deliverables
All of the Final Products are considered as deliverables of the project. As such the final products of
the detailed field surveying will contain the following:
1. Final Report;
Data processing of the GPS Vector Data (Annex 1)
Index map at scale 1:5000(Annex 2)
Topographic layout of the plane table survey at scale 1:5000 (Annex 3);
Positional topographic map of the surveyed longitude profile (Annex 4);
Profiles at scale 1:100/1000 (Annex 5)
Cross Sections of the river bed and railway truck at 1:500/500 (Annex 6);
List of coordinates of invert levelling for each Manhole (Annex 7).
Manhole position sketches (Annex 8)
10. Boreholes coordinates(Annex 9)
11. Profile Data(Annex 10)
The alpha-numeric data given in Gauss-Kruger projection coordinate system and Bessel 1841

ellipsoid datum and the calculation of these coordinates (Y, X, H) have been undertaken using
Trimble Geomatic Office software and stored in Access database.

© o Nk WD

All of the final products are available in:
— Printed hardcopy form; and
— Digital form on a CD (Compact Disk).

6. Work Plan Actions
The Survey work was performed as stated in the Work Plan and TOR with no delays.

All deliverables were also performed within the deadline stated in the Work Plan.

7. Quiality Control

The LEI Europe Team implemented a quality Project in the field, with all necessary surveying data
according to the TOR.

The office team headed by the Team Leader, ensured the quality of digital and graphical data (map
production), as well as the quality of alphanumeric data and surveying data, to ensure all data and
maps were produced in accordance with the LEI Europe quality system and domestic regulations.

The Manger and TL’s Quality Control consisted the following:

Project management responsibility;

Supervision of the field and office work;

Supervision of coordinates and raw data;

Supervision of the digital maps production;

Supervision of the all deliverables, and

Internal monitoring of quality.

o gk~ wbdE

8. Balance of Deliverables
— Final Report; and
— Final invoice for the rest of the value(~ 60% of the Project Value).

Final Report 01.07.2008 11
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9. Annexure

Annex 1 — GPS Vector data Processing

Annex 2 — Index Map at scale 1:5000

Annex 3 — Topographic layout of the plane table at scale 1:5000
Annex 4 — Topographic layout of the profile position at scale 1:5000
Annex 5 — Longitudinal profile at scale 1:100/1000

Annex 6 — Cross Sections at scale 1:500/500

Annex 7 — Manhole coordinates and depths

Annex 8 — Manhole Sketches

Annex 9 — Boreholes

Annex 10 — Profile Data
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LONGITUDINAL PROFILE 1
(RIGHT BANK OF THE RIVER)
SCALE 1:1000
Annex 51
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LONGITUDINAL PROFILE 1
(LEFT BANK OF THE RIVER)
SCALE 1:1000
Annex 51
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LONGITUDINAL PROFILE 2
SCALE 1:1000
Annex _5 2
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Annex 7: Manholes coordinates and depths

MANHOLE COORDINATES AND DEPTHS

=
©

Y

X

Depth

7538557.34

4650443.31
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LAND EQUITY INTERNATIONAL EUROPE DOOEL
Annex 8

DRAWING SKETCH

LOCATION ‘outlet near twins bridge’

|z¢ . i Trip~ . .‘.

Part 11: A8-70




LAND EQUITY INTERNATIONAL EUROPE DOOEL
Annex 8

DRAWING SKETCH

LOCATION ‘outlet near twins bridge’
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LAND EQUITY INTERNATIONAL EUROPE DOOEL
Annex 8

DRAWING SKETCH

LOCATION ‘GAZELA'
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LAND EQUITY INTERNATIONAL EUROPE DOOEL
Annex 8

DRAWING SKETCH

LOCATION ‘GAZELA'

241.38

258.05

237.58J

|z¢ ., z Trin~ . .<.
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LAND EQUITY INTERNATIONAL EUROPE DOOEL
Annex 8

DRAWING SKETCH

LOCATION ‘ENTRANCE OF LISICE'

lzrabotil: Nataja Trip~eva dipl.geod.in’.
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LAND EQUITY INTERNATIONAL EUROPE DOOEL

Annex 8
DRAWING SKETCH
LOCATION ‘ENTRANCE OF LISICE®
section of
manhole
not able
to open
lzrabatil: Nataja Trip~eva dipl.geod.in’.
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LAND EQUITY INTERNATIONAL EUROPE DOOEL

Annex 8
DRAWING SKETCH
LOCATION ‘outlet near entrance in lisice’
\ //
//
<
lzrabatil: Nataja Trip~eva dipl.geod.in’.
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LAND EQUITY INTERNATIONAL EUROPE DOOEL

Annex 8
DRAWING SKETCH
LOCATION ‘outlet near entrance in lisice’
section
of
outlet
lzrabatil: Nata$a Trip~eva dipl.geod.in’.
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LAND EQUITY INTERNATIONAL EUROPE DOOEL
Annex 8

DRAWING SKETCH

LOCATION ‘VARDARISTE'

l7r .. g Trip~ . .<.
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LAND EQUITY INTERNATIONAL EUROPE DOOEL

Annex 8
DRAWING SKETCH
LOCATION ‘VARDARISTE'

section section
of of
manhole manhole
1 %

_|237.73

123714
_1235.5]7 _1235.04
lzrabatil: Natafa Trip~eva dipl.geod.in’.
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LAND EQUITY INTERNATIONAL EUROPE DOOEL
Annex 8

DRAWING SKETCH

LOCATION ‘VARDARISTE NEAR RIVER

VARDAR'

(
X

Izrabotil: Natafa Trip~eva dipl.geod.in".
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LAND EQUITY INTERNATIONAL EUROPE DOOEL

Annex 8
DRAWING SKETCH
LOCATION ‘VARDARISTE NEAR RIVER
VARDAR'
section
of
manhole
238.95
_1234.33
Izrabatil: Natafa Trip~eva dipl.geod.in’.
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LAND EQUITY INTERNATIONAL EUROPE DOOEL
Annex 8

DRAWING SKETCH

LOCATION ‘RESTOURANT DOJRANA'

O4
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LAND EQUITY INTERNATIONAL EUROPE DOOEL
Annex 8

DRAWING SKETCH

LOCATION '‘RESTOURANT DOJRANA'

245.05

242.05

SN
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Annex 9: Borehole coordinates

BOREHOLE COORDINATES

Y

X

540613.27

649098.38

237.40

540927.88

649664.43

239.45

541888.36

648104.52

233.82

542042.15

648248.82

235.90

542667.39

648613.33

234.31

542589.17

648392.62

234.34

542772.00

648545.13

232.61

O N[OOI B|WIN|F-

542717.02

648125.83

233.22

o

543164.16

648407.67

233.18

=
o

542975.71

647896.34

232.38

-
-

542192.88

648350.96

233.74

=
N

543383.95

647727.05

232.24
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Table for Longitudinal

Profile Data 1

Annex 10: Profile data

Station Height
0+031.27 239.58
0+095.19 238.43
0+187.25 239.08
0+248.83 239.77
0+293.32 240.44
0+339.07 239.43
0+371.83 238.99
0+384.75 238.83
0+384.94 238.83
0+452.24 238.55
0+453.36 238.54
0+493.12 238.42
0+504.55 238.38
0+532.90 238.33
0+552.32 238.30
0+553.12 238.30
0+687.07 238.02
0+854.41 237.68
0+860.19 237.67
0+863.14 237.66
0+863.26 237.66
0+913.90 237.55
0+923.11 237.53
0+964.56 237.46
0+987.00 237.43
1+002.99 237.45
1+050.77 237.53
1+071.66 237.61
1+111.10 237.78
1+141.91 237.97
1+164.27 238.09
1+173.12 238.02
1+173.39 238.02
1+173.41 238.02
1+181.28 237.71
1+183.51 237.62
1+189.52 237.21
1+192.17 237.04
1+271.63 236.83
1+295.80 236.77

Station Height
1+315.12 236.72
1+352.36 236.94
1+384.24 237.13
1+417.95 237.34
1+421.32 237.37
1+421.81 237.36
1+422.60 237.36
1+442.32 237.21
1+503.84 237.18
1+543.72 237.03
1+545.09 237.02
1+598.46 236.88
1+604.00 237.02
1+605.79 236.82
1+607.13 236.77
1+607.34 236.77
1+610.47 236.68
1+637.07 236.59
1+659.44 236.37
1+697.88 236.14
1+703.27 236.07
1+703.35 236.07
1+704.08 236.07
1+775.30 236.02
1+808.42 235.33
1+808.59 235.32
1+808.80 235.32
1+808.81 235.32
1+809.63 235.34
1+831.53 235.82
1+856.79 236.38
1+857.17 236.39
1+889.96 236.24
1+890.48 236.24
1+892.90 236.22
1+898.53 236.29
2+093.30 235.34
2+100.67 235.31
2+133.58 235.29
2+148.98 234.78
2+151.24 234.71
2+151.45 234.70
2+232.98 234.92
2+246.70 234.96
2+272.70 235.03
2+287.60 235.00
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Annex 10: Profile data

Station Height
2+287.70 235.00
2+287.73 235.00
2+290.30 234.99
2+351.79 234.79
2+352.11 234.79
2+352.11 234.79
2+365.24 234.75
2+418.19 234.50
2+563.17 235.00
2+564.01 235.02
2+564.05 235.02
2+564.08 235.00
2+565.31 234.35
2+692.37 231.05
2+770.13 233.08
2+842.18 233.07
2+842.84 233.07
2+876.12 232.98
2+894.22 232.94
2+898.25 232.93
2+898.51 232.93
2+902.97 232.93
2+946.04 232.92
2+961.48 232.92
2+978.00 232.92
2+979.30 232.92
3+028.53 233.70
3+052.61 234.12
3+056.97 234.20
3+057.11 234.19
3+057.25 234.20
3+057.27 234.20
3+057.69 234.20
3+063.66 234.21
3+200.10 234.65
3+324.18 233.95
3+334.15 234.55
3+337.58 234.54
3+348.53 237.21
3+348.73 237.27
3+348.78 237.27
3+350.82 237.44
3+351.29 237.42
3+351.30 237.42
3+357.90 237.22
3+368.70 233.81

Station Height
3+369.68 233.49
3+385.73 233.13
3+418.97 233.10
3+419.01 233.10
3+419.48 233.11
3+448.28 233.69
3+448.88 233.99
3+455.34 235.00
3+459.53 237.33
3+459.90 237.34
3+463.40 235.63
3+464.00 235.22
3+465.70 235.31
3+470.43 235.56
3+471.30 235.14
3+474.15 234.02
3+487.40 234.19
3+535.69 234.06
3+881.50 234.37
3+942.25 234.55
4+082.65 234.62
4+132.18 234.57
4+135.23 235.96
4+138.12 236.07
4+140.92 234.40
4+141.87 233.96
4+142.30 233.80
4+142.31 233.80
4+177.57 233.39
4+178.62 233.38
4+178.96 233.38
4+213.67 234.04
4+244.44 233.86
4+288.43 234.07
4+362.51 234.48
4+378.51 234.57
4+408.56 234.40
4+472.72 234.61
4+473.48 234.61
4+507.48 234.60
4+543.35 234.79
4+554.19 234.69
4+562.40 234.62
4+565.09 235.02
4+568.70 235.03
4+570.15 234.87
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Annex 10: Profile data

Station Height
4+581.92 234.47
4+582.60 234.47
4+710.27 234.28
4+781.11 234.30
4+786.09 236.18
4+792.50 236.15
4+796.16 235.95
4+826.60 234.97
4+874.69 235.45
4+895.65 235.49
4+983.73 235.64
5+073.89 235.19
5+075.33 235.18
5+118.28 235.16
5+201.13 235.43
5+312.43 235.63
5+398.34 235.60
5+429.25 235.76
5+523.79 235.84
5+525.70 235.84
5+547.71 235.86
5+598.16 235.95
5+598.19 235.95
5+599.05 235.98
5+702.77 237.44
5+725.83 237.17
5+785.09 236.76
5+786.64 236.37
5+793.28 236.57
5+795.14 236.96
5+835.29 236.76
5+859.17 237.66
5+876.88 237.69
5+918.76 237.47
5+951.54 237.53
5+951.66 237.53
6+030.21 237.99
6+107.05 238.11
6+161.39 237.80
6+162.76 237.79
6+164.98 237.79
6+313.47 237.80
6+329.05 237.80
6+336.05 237.80
6+382.66 237.82
6+410.71 237.84

Station Height
6+428.79 237.65
6+459.59 237.93
6+575.24 240.22
6+618.74 239.85
6+635.15 239.57
6+651.04 239.30
6+653.57 239.26
6+665.53 239.06
6+667.44 239.08
6+690.87 239.30
6+775.90 239.91
6+796.38 239.76
6+808.61 239.79
6+808.67 239.79
6+810.05 239.79
6+810.74 239.78
6+831.12 239.57
6+831.12 239.57
6+831.17 239.57
6+850.17 239.47
6+853.44 239.52
6+857.87 239.58
6+932.08 240.71
6+976.03 240.65
7+022.29 240.48
7+068.70 240.33
7+108.78 240.61
7+108.81 240.61
7+261.14 239.71
7+303.62 239.80
7+346.39 239.94
7+389.82 240.09
7+413.69 240.09
7+415.40 240.09
7+444.88 240.15
7+481.88 240.16
7+508.54 240.45
7+518.64 240.21
7+527.82 240.05
7+622.53 241.33
7+629.00 241.42
7+637.56 243.74
7+639.36 244.21
7+727.19 246.87
7+809.23 246.83
7+884.27 245.85
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Station Height
7+953.33 245.44
7+953.48 245.44
7+953.98 245.45
8+019.21 247.03
8+124.35 242.11
8+133.93 242.27
8+148.36 242.57
8+245.02 242.95
8+290.06 243.06
8+357.19 246.22
8+366.04 243.34
8+379.82 243.19
8+411.46 243.94
8+500.66 245.97
8+518.16 245.77
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Appendix 8, Part 1l (F/S)
Wastewater Management in Skopje

8.2  Geotechnical Survey

Part 11: A8-89



El doo Skopj
ne Sandanski
rodrom, Sko
:+389 2 2454
e-mail:
ffice@hei.co

Geotehnika
ihail Chakov 2
1000 Skopje
+ 389 2 2777
+ 389 2 27717
e-mail:
l@geotehnika.co

FINAL REPORT
ON GEOTECHNICAL SURVEY

Study on Wastewater Management in Skopje in
Republic of Macedonia

Part 11: A8-90



e

ON GEOTECHNICAL SURVEY

Study on Wastewater Management in Skopje in Republic
of Macedonia

Spiﬁ Wiv.eng.
) ZaN

EOTEXHUKA-2

200 j EC,LV_,/
,,QJ\‘» /
June, 2008
Skopje

Part 1l: A8-91



Table of Contents

S | 1 o o 1¥ o o] o IO PUUUPPTTPPTTN 2

2. Field INVESHIQAatiONS ... 3

3. LabOoratory tESIS ....couuuiiiii e 10

4. Geomechanical profile of location ... 11

5.  Hydrogeological CONAItIONS ..........uuuiiiiiiiiiiiiiiee e 12
5.1. Types of aquifers . . .. i e i 12
5.1. Determination of the aquifer parameters .. ... .. ... .. .. .. ... 12

6. Bearing and deformation characteristics . . . . . . . o oo ool 13
6.1. Computation of ultimate and bearing capacity -Terzagi metod.. 14
6.2. Computation of ultimate and bearing capacity -Brich-Hansen

metod
6.3. Review of results - . - .. .. 14

/A ©o ] [ 11 1= (o ] o TR SRP 15

List of Appendixes

1. Layout - disposition of boreholes, geological and hidrogeological map...1.0 - 1.2

2. Longitudinal profiles across the boreholes.............ccoiiii. 21-25

3. Geomechanical profiles of boreholes.............cccooooiiiiiiii 3.1-3.12

4.  Diagram of grain size distribution ...........ouiiiiiiiiiii 4.1-4.12

5. Diagram of plasticity (Aterberg)........cuueiiiiiiiiiiiieeee e 5

6. Diagram of shear strength ... 6.1-6.10

7.  Diagram of triaxial Strenght ... 7

8. BeArNG CAPACILY .eeeeeeiiiiiee et 8.1-8.6

9.  Permeability fEAtUIeS ......cocee i 9

10. PhOto QpPENIXES .. ..o 10.1-10.4

11. Table examinationS .........oouuuiiiiiiiiiiii et 11.1-11.2

12. Tableof executed laboratory test ...........ccovviiiiiiiiiiiiii e 12.1-12.2

Part I1: A8-92 1



1. INTRODUCTION

The Skopje City, the capital city of the Republic of Macedonia, is Macedonia’s
political, cultural and economic center. The pollutants originated from domestic
and industrial wastewaters have been discharged to the rivers without any
treatment, which resulted in deterioration of sanitary environmental conditions and
contaminating the river water environment.

Under the circumstances, to decrease the pollutants loads discharging into the
rivers from various pollution sources in order to improve the sanitary and water
environment in the Skopje City, the Japan International Cooperation Agency, the
official agency responsible for the implementation of the technical cooperation
programs of the Government of Japan, dispatched the JICA Study Team to
conduct the Study on Wastewater Management in Skopje to formulate the
Sewerage System Improvement Basic Plan and carry out the Feasibility Study for
selected priority projects in the Basic Plan. In order to identify the issues that
should be addressed during the planning, design, construction and operation of
the sewerage system in Skopje City it was necessary to carried out geotechnical
survey, which results, will be used by the JICA Study Team for the preparation of
the Study.

Geotechnical survey was carried out by Company for geological survey
GEOTEHNIKA — doo Skopje (GEOTEHNIKA) associated with Hydro Energo
Engineering DOO Skopje (HEI) starting from 30.05.2008 during period of four
weeks as shown in Time schedule - Attachment 12. The main members of Local
Consultant Team with their positions are as follows:

No | Name and surname | Project position Graduation Company
graduated civil
1 | Emilija Spirovska Project manager engineer HEI
Assistant
2 | Zoran Dopcev manager technician HEI
Manager for
Geotechnical graduated civil
3 | Dusko Spirovski Investigations engineer Geotehnika
Technical
manager for Geotehnika
Geotechnical graduated civil
4 | Vido Markovski Investigations engineer
Manager for
geotechnical Geotehnika
Keti Dolnenec investigation graduated civil
5 | Vckova works engineer
graduated civil
6 | Igor Krstev Site manager engineer Geotehnika
7 | Dragan Arsovski Site manager technician Geotehnika
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The rest of personal consists of seven persons including three data entry and
laboratory operators and four field surveyors. Field surveyors worked in two
groups in order to fulfill defined time schedule and all tasks according to TOR:

| Team Il Team
Site Manager Igor Krstev Site Manager Dragan Arsovski
No. Surname&Name No. Surname&Name
1 Milcev Pante 1 Spasovski Goce
2 Rajcic Ranko 2 Petrovik Ivica

As defined in Terms of reference Activities for performing geotechnical survey as
a source for TOR realization were as follows:

1. Boring and on-site investigation
2. Laboratory testing
3 Reporting and data submission

The aim of the investigation is the disposition and characteristics of the soll
material on the investigated location, as well as the conditions for foundation of
the structure and underground water level.

The results obtained from geomechanical investigations are shown in graphical
enclosures and appendixes, tabular review and diagrams while their interpretation
is shown in following parts.

2. FIELD INVESTIGATION WORKS

Field investigations were carried out in the course of June, year 2008. Twelve
(12) boreholes were extended on the location in question, depth shown on the
table No.1 Disposition of the boreholes is shown on the layout of the enclosure
No.1.

Table No.1
BOREHOLE | DEPTH[m] | Ground
level[m]
B-1 15.0 239.45
B-2 12.0 237.40
B-3 18.0 233.82
B-4 16.0 235.90
B-5 19.0 234.31
B-6 17.0 234.34
B-7 16.0 232.61
B-8 17.0 233.22
B-9 15.0 233.18
B-10 17.0 232.88
B-11 20.0 233.74
B-12 18.0 232.24
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The boreholes and wells have been drilled by drilling equipment, which contains
two rigs: GDR 500 and GAK 300. The boreholes were made by a rotary drilling
“on dry” method. The test wells have been drilled in using rotary technique with
coring with “vidia” crowns and using rotary technique with water. The start drilling
diameter was & 131 and 146 mm. The extracted core is marked on site, and from
all changes in material representative samples are taken, packaged, marked and
brought to the laboratory for testing.

Ground water had been established up to the executed excavation depth.
During the drilling, it was condacted a terrain test “in sity” (SPT) Standard

dynamic penetration test at every one meter depth, which give us parameters for
soil compressability. The results are shown in the following Table No2.

Table No.2
Penetr- Number of Density/ M(;)ed:sliety()f
Bor- | Deph tion impacts consistence accg&iil?g to Symbol
Mv

hole | [m] efcm] [ N [ N'| N" | N* [MPa]

B-1 1.00 23.00 |30 |23f 30 compacted 19.84 SFs
B-1 2.00 20.00 |30 |23 34 compacted 22.52 SFs
B-1 3.00 7.00 30 )1 23] 98 Very compacted 81.17 GW
B-1 4.00 8.00 30123 ]| 86 Very compacted 71.40 GW
B-1 5.00 8.00 30 | 23| 86 | 50 | Very compacted 43.20 GW
B-1 6.00 8.00 30 1 23| 86 | 50 | Very compacted 43.20 GW
B-1 7.00 8.00 30 | 23| 86 | 50 | Very compacted 43.20 GW
B-1 8.00 8.00 30 1 23| 86 | 50 | Very compacted 43.20 GW
B-1 9.00 8.00 30 | 23| 86 | 50 | Very compacted 43.20 GW
B-1 | 10.00 8.00 30 1 23| 86 | 50 | Very compacted 43.20 GW
B-1 [ 11.00 8.00 30 1 23| 86 | 50 | Very compacted 43.20 GW
B-1 | 12.00 8.00 30 1 23| 86 | 50 | Very compacted 43.20 GW
B-1 [ 13.00 8.00 30 | 23| 86 | 50 | Very compacted 43.20 GW
B-1 | 14.00 8.00 30 1 23| 86 | 50 | Very compacted 43.20 GW
B-1 [ 15.00 8.00 30 | 23| 86 | 50 | Very compacted 71.40 GW

Penetr- Number of Density/ Mé)edrlljsliety()f
Bor- | Deph tion impacts consistence accg&iil?g to Symbol
e

hole | [m] efcm] [ N [ N'| N" | N* hole [m'] [cm]
B-2 1.00 18.00 |30 |23] 38 compacted 33.40 GW
B-2 2.00 16.00 | 30 | 23] 43 compacted 37.20 GW
B-2 3.00 19.00 |30 |23] 36 compacted 31.80 GW
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B-2 4.00 17.00 |30 (23] 40 compacted 35.19 GW
B-2 5.00 16.00 | 30| 23] 43 compacted 37.20 GW
B-2 6.00 17.00 |30 (23] 40 compacted 35.19 GW
B-2 7.00 21.00 |30 [23] 33 |24 | Medium comp. 29.06 GW
B-2 8.00 24.00 |30 23] 29 | 22| Medium comp. 25.80 GW
B-2 9.00 22.00 |30 (23] 31 | 23| Medium comp. 27.87 GW
B-2 | 10.00 | 21.00 | 30 23] 33 |24 | Medium comp. 29.06 GW
B-2 | 11.00 ] 20.00 | 30|23 34 |25 compacted 30.36 GW
B-2 | 12.00 | 20.00 | 30|23 34 |25 compacted 30.36 GW
Penetr- Number of Density/ M(;)edrlljsliety()f
Bor- | Deph tion impacts consistence accg&ﬂ?g to Symbol
e
hole | [m] efcm] [ N [ N'| N" | N* hole [m'] [cm]
B-3 1.00 23.00 |30 |23f 30 Medium comp. 26.79 GW
B-3 2.00 20.00 |30 |23 34 compacted 30.36 GW
B-3 3.00 18.00 |30 |23] 38 compacted 33.40 GW
B-3 4.00 17.00 |30 (23] 40 compacted 35.19 GW
B-3 5.00 23.00 |30 (23] 30 |22 ] Medium comp. 26.79 GW
B-3 6.00 21.00 |30 23] 33 |24 | Medium comp. 29.06 GW
B-3 7.00 19.00 |30 [23] 36 |26 compacted 31.80 GW
B-3 8.00 18.00 |30 (23] 38 |27 compacted 33.40 GW
B-3 9.00 21.00 |30 23] 33 |24 | Medium comp. 29.06 GW
B-3 | 10.00 | 23.00 |30 {23] 30 |22 ] Medium comp. 26.79 GW
B-3 | 11.00 | 20.00 | 30|23 34 |25 compacted 30.36 GW
B-3 | 12.00 | 21.00 | 30 {23] 33 |24 | Medium comp. 29.06 GW
B-3 | 13.00 | 22.00 |30 23] 31 |23 ]| Medium comp. 27.87 GW
B-3 | 14.00 | 24.00 |30 {23] 29 | 22| Medium comp. 25.80 GW
B-3 | 15.00 | 24.00 | 30 23] 29 |22 | Medium comp. 25.80 GW
B-3 | 16.00 | 23.00 |30 {23] 30 |22 ] Medium comp. 26.79 GW
B-3 | 17.00 | 20.00 | 30|23 34 |25 compacted 30.36 GW
B-3 | 18.00 18.00 |30 (23] 38 |27 compacted 33.40 GW
Penetr- Number of Density/ M(;)edrlljsliety()f
Bor- | Deph tion impacts consistence accg&iil?g to Symbol
Mv
hole | [m] efcm] [ N [ N'| N" | N* [MPa]
B-4 1.00 20.00 |30 |23| 34 Solid 14.88 ML
B-4 2.00 16.00 | 30 | 23] 43 Solid 18.30 ML
B-4 3.00 7.00 30 )1 23] 98 Very compacted 81.17 SFs
B-4 4.00 8.00 30123 ]| 86 Very compacted 71.40 GW

Part 11: A8-96



B-4 5.00 8.00 30123 ] 86 Very compacted 71.40 GW
B-4 6.00 8.00 30 1 23| 86 | 50 | Very compacted 43.20 GW
B-4 7.00 8.00 30 | 23| 86 | 50 | Very compacted 43.20 GW
B-4 8.00 8.00 30 1 23| 86 | 50 | Very compacted 43.20 GW
B-4 9.00 8.00 30 | 23| 86 | 50 | Very compacted 43.20 GW
B-4 | 10.00 7.00 30 1 23| 98 | 56 | Very compacted 48.09 GW
B-4 | 11.00 9.00 30 [ 23| 76 | 46 compacted 39.40 GW
B-4 | 12.00 8.00 30 1 23| 86 | 50 | Very compacted 43.20 GW
B-4 [ 13.00 8.00 30 1 23| 86 | 50 | Very compacted 43.20 GW
B-4 | 14.00 7.00 30 )1 23| 98 | 56 | Very compacted 48.09 GW
B-4 [ 15.00 7.00 30 | 23| 98 | 56 | Very compacted 48.09 GW
B-4 | 16.00 8.00 30 | 23| 86 | 50 | Very compacted 43.20 GW
Penetr- Number of Density/ M(;)edrlljsliety()f
Bor- | Deph tion impacts consistence accg&iil?g to Symbol
e
hole | [m efcm] [ N [ N'| N" | N* hole [m] [cm]
B-5 1.00 26.00 | 30 [ 23| 26 half solid 11.72 ML
B-5 2.00 30.00 |30 [23][ 23 half solid 0.00 ML
B-5 3.00 17.00 |30 (23] 40 compacted 35.19 GW
B-5 4.00 20.00 |30 |23| 34 compacted 30.36 GW
B-5 5.00 8.00 30 | 23| 86 | 50 | Very compacted 43.20 GW
B-5 6.00 10.00 |30 (23] 68 |42 compacted 36.36 GW
B-5 7.00 15.00 |30 (23] 46 |30 compacted 27.24 GW
B-5 8.00 9.00 30 [ 23| 76 | 46 compacted 39.40 GW
B-5 9.00 10.00 |30 [23] 68 |42 compacted 36.36 GW
B-5 | 10.00 13.00 |30 (23] 53 | 34 compacted 30.05 GW
B-5 | 11.00 12.00 |30 [23] 57 [36 compacted 31.80 GW
B-5 | 12.00 10.00 |30 23] 68 |42 compacted 36.36 GW
B-5 | 13.00 8.00 30 1 23| 86 | 50 | Very compacted 43.20 GW
B-5 [ 14.00 7.00 30 1 23| 98 | 56 | Very compacted 48.09 GW
B-5 | 15.00 9.00 30 [ 23| 76 | 46 compacted 39.40 GW
B-5 [ 16.00 8.00 30 | 23| 86 | 50 | Very compacted 43.20 GW
B-5 | 17.00 9.00 30 [ 23| 76 | 46 compacted 39.40 GW
B-5 [ 18.00 8.00 30 | 23| 86 | 50 | Very compactd 43.20 GW
B-5 [ 19.00 7.00 30 | 23| 98 | 56 | Very compactd 48.09 GW
Penetr- Number of Density/ M(;)edrlljsliety()f
Bor- | Deph tion impacts consistence accg&iil?g to Symbol
e
hole | [m e [cm] [ N | N' | N" | N* hole [m] [cm]
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B-6 1.00 30.00 |30 ]23f 23 Medium comp. 10.32 ML
B-6 2.00 25.00 | 30| 23| 27 Medium comp. 24.89 GW
B-6 3.00 23.00 |30 ]|23{ 30 Medium comp. 26.79 GW
B-6 4.00 19.00 | 30| 23] 36 compacted 31.80 GW
B-6 5.00 22.00 | 30|23 31 [23] Medium comp. 21.44 GW
B-6 6.00 23.00 | 30|23 30 [22] Medium comp. 26.79 GW
B-6 7.00 20.00 | 30|23 34 |25 compacted 30.36 GW
B-6 8.00 22.00 | 30|23 31 [ 23] Medium comp. 27.87 GW
B-6 9.00 22.00 | 30|23 31 [23] Medium comp. 27.87 GW
B-6 | 10.00 [ 21.00 |30 |23] 33 |24 | Medium comp. 29.06 GW
B-6 | 11.00 | 20.00 |30]23] 34 |25 compacted 30.36 GW
B-6 | 12.00 [ 21.00 |30 |23] 33 |24 | Medium comp. 29.06 GW
B-6 | 13.00 | 20.00 |30]23] 34 |25 compacted 30.36 GW
B-6 | 14.00 { 23.00 |30 ]23] 30 |22 Medium comp. 26.79 GW
B-6 | 15.00 [ 22.00 |30 ]23] 31 | 23| Medium comp. 27.87 GW
B-6 | 16.00 [ 25.00 |30 |23) 27 |21 | Medium comp. 24.89 GW
B-6 | 17.00 { 23.00 |30 |23] 30 | 22| Medium comp. 26.79 GW
Penetr- Number of Density/ M(;)edrlljsliety()f
Bor- | Deph tion impacts consistence accg&iil?g to Symbol
e
hole | [m1 e fcm] [ N [ N'] N" | N* hole [m] [cm]
B-7 1.00 20.00 |30 |23| 34 compacted 0.00 SFs
B-7 2.00 17.00 | 30| 23] 40 compacted 0.00 SFs
B-7 3.00 15.00 | 30|23 ]| 46 compacted 0.00 SFs
B-7 4.00 19.00 | 30|23 36 |26 compacted 23.40 GW
B-7 5.00 7.00 30 1 23| 98 | 56 | Verycompactd 48.09 GW
B-7 6.00 9.00 30 1 23| 76 | 46 compacted 39.40 GW
B-7 7.00 10.00 | 30| 23| 68 | 42 compacted 36.36 GW
B-7 8.00 6.00 30 | 23 14%. 65 | Verycompactd 54.60 GW
B-7 9.00 8.00 30 | 23| 86 | 50 | Very compacted 43.20 GW
B-7 | 10.00 | 11.00 |30]23] 62 |39 compacted 33.87 GW
B-7 | 11.00 { 13.00 [30(23] 53 |34 compacted 30.05 GW
B-7 | 12.00 9.00 301 23| 76 | 46 compacted 39.40 GW
B-7 [ 13.00 8.00 30 | 23| 86 | 50 | Very compactd 43.20 GW
B-7 | 14.00 9.00 301 23| 76 | 46 compacted 39.40 GW
B-7 [ 15.00 7.00 30 | 23| 98 | 56 | Very compactd 48.09 GW
B-7 | 16.00 9.00 30 1 23| 76 | 46 compacted 39.40 GW
Penetr- Number of Density/ M(;)edrlljsliety()f
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Bor- | Deph tion impacts consistence accg&ﬂ?g to Symbol
e
hole | [m] efcm] [ N [ N'| N" | N* hole [m'] [cm]
B-8 1.00 15.00 |30 |23] 46 compacted 39.48 GW
B-8 2.00 13.00 |30 | 23] 53 compacted 45.09 GW
B-8 3.00 10.00 30 )1 23| 68 Very compacted 57.72 GW
B-8 4.00 20.00 | 30|23 34 |25 compacted 30.36 GW
B-8 5.00 22.00 |30 (23] 31 | 23| Medium comp. 27.87 GW
B-8 6.00 21.00 | 30 | 23| 33 [ 24 | Medium comp. 29.06 GW
B-8 7.00 21.00 |30 [23] 33 |24 | Medium comp. 29.06 GW
B-8 8.00 19.00 |30 (23] 36 |26 compacted 31.80 GW
B-8 9.00 22.00 |30 (23] 31 | 23| Medium comp. 27.87 GW
B-8 | 10.00 | 24.00 | 30 23] 29 |22 | Medium comp. 25.80 GW
B-8 | 11.00 | 26.00 |30 [23] 26 |21 | Medium comp. 24.05 GW
B-8 | 12.00 | 22.00 | 30 23] 31 | 23| Medium comp. 27.87 GW
B-8 | 13.00 | 21.00 |30 [23] 33 |24 | Medium comp. 29.06 GW
B-8 | 14.00 { 20.00 |30]23] 34 |25 compacted 30.36 GW
B-8 | 15.00 | 20.00 |30]23] 34 |25 compacted 30.36 GW
B-8 | 16.00 | 22.00 | 30 {23 ]| 31 | 23| Medium comp. 27.87 GW
B-8 | 17.00 | 24.00 | 30 23] 29 | 22| Medium comp. 25.80 GW
Penetr- Number of Density/ M(;)edrlljsliety()f
Bor- | Deph tion impacts consistence accg&ﬂ?g to Symbol
e
hole | [m] efcm] [ N [ N'| N" | N* hole [m'] [cm]
B-9 1.00 2200 | 30|23 31 Solid 13.64 ML
B-9 2.00 18.00 | 30 | 23| 38 Solid 16.40 ML
B-9 3.00 16.00 |10| 8 | 14 Medium comp. 10.55 SFs
B-9 4.00 19.00 |30 |23] 36 Medium comp. 23.60 SFs
B-9 5.00 11.00 |30 [23] 62 |39 compacted 33.87 GW
B-9 6.00 9.00 30 [ 23| 76 | 46 compacted 39.40 GW
B-9 7.00 8.00 30 1 23| 86 | 50 | Verycompactd 43.20 GW
B-9 8.00 11.00 |30 (23] 62 |39 compacted 33.87 GW
B-9 9.00 10.00 |30 [23] 68 |42 compacted 36.36 GW
B-9 | 10.00 { 12.00 |30 ]23] 57 |36 compacted 31.80 GW
B-9 | 11.00 | 20.00 |30 {23] 34 | 25| Medium comp. 22.68 GW
B-9 | 12.00 | 15.00 [ 30 (23] 46 |30 compacted 27.24 GW
B-9 | 13.00 | 18.00 | 30 [23] 38 |27 | Medium comp. 24.20 GW
B-9 | 14.00 | 19.00 | 30 23] 36 |26 | Medium comp. 23.40 GW
B-9 | 15.00 | 17.00 | 30 {23 ]| 40 | 28 | Medium comp. 25.09 GW
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Penetr- Number of Density/ M(;)edrlljsliety()f
Bor- | Deph tion impacts consistence accg&ﬂ?g to Symbol
e
hole | [m] efcm] [ N [ N'| N" | N* hole [m'] [cm]
B-10 | 1.00 23.00 |30 |23f 30 Medium comp. 13.10 ML
B-10 | 2.00 20.00 |30 |23 34 Medium comp. 22.52 SFs
B-10 | 3.00 30.00 |10 ] 8 8 0.00 Ol
B-10 | 4.00 19.00 |30 (23] 36 |26 compacted 31.80 GW
B-10 | 5.00 21.00 |30 [23] 33 |24 | Medium comp. 29.06 GW
B-10 | 6.00 25.00 |30 [23] 27 |21 | Medium comp. 24.89 GW
B-10 | 7.00 22.00 |30 {23 | 31 | 23| Medium comp. 27.87 GW
B-10 | 8.00 22.00 |30 23] 31 | 23| Medium comp. 27.87 GW
B-10 | 9.00 22.00 |30 [23] 31 | 23| Medium comp. 27.87 GW
B-10 [ 10.00 { 19.00 |30 (23] 36 |26 compacted 31.80 GW
B-10 [ 11.00 { 18.00 |30 (23] 38 |27 compacted 33.40 GW
B-10 [ 12.00 { 19.00 |30 (23] 36 |26 compacted 31.80 GW
B-10 [ 13.00 | 19.00 |30 (23] 36 |26 compacted 31.80 GW
B-10 | 14.00 { 20.00 |30 (23] 34 [25 compacted 30.36 GW
B-10 [ 15.00 | 21.00 |30 ]|23] 33 [24| Medium comp. 29.06 GW
B-10 [ 16.00 | 18.00 | 30 [ 23| 38 [ 27 | compacted 33.40 GW
B-10 { 17.00 { 17.00 |30 [ 23] 40 [ 28 | compacted 35.19 GW
Penetr- Number of Density/ M(;)edrlljsliety()f
Bor- | Deph tion impacts consistence accg&ﬂ?g to Symbol
e

hole | [m] e [ecm][ | N | N | N" [ N*| hole [m'] [cm]
B-11 | 1.00 25.00 |30 (23| 27 half solid 12.14 ML
B-11 | 2.00 18.00 |30 |23] 38 compacted 24.80 SFs
B-11 | 3.00 1400 |30 |23] 49 compacted 42.09 GW
B-11 | 4.00 17.00 |30 | 23] 40 | 28 [ Medium comp. 25.09 GW
B-11 | 5.00 15.00 |30 [23] 46 [ 30| compacted 27.24 GW
B-11 | 6.00 20.00 | 30 [ 23| 34 | 25 | Medium comp. 22.68 GW
B-11 | 7.00 22.00 |30 {23 | 31 | 23| Medium comp. 21.44 GW
B-11 | 8.00 20.00 | 30 [ 23| 34 | 25 | Medium comp. 22.68 GW
B-11 | 9.00 17.00 |30 | 23] 40 | 28 | Medium comp. 25.09 GW
B-11 [ 10.00 { 19.00 | 30 | 23] 36 [ 26 [ Medium comp. 23.40 GW
B-11 [ 11.00 { 16.00 |30 | 23] 43 [ 29 [ Medium comp. 26.10 GW
B-11 [ 12.00 { 15.00 | 30 (23| 46 [ 30 | compacted 27.24 GW
B-11 [ 13.00 | 14.00 |30 [23] 49 [ 32| compacted 28.54 GW
B-11 [ 14.00 { 18.00 | 30 | 23] 38 [ 27 [ Medium comp. 24.20 GW
B-11 [ 15.00 [ 16.00 | 30 | 23] 43 [ 29 [ Medium comp. 26.10 GW
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B-11 [ 16.00 { 19.00 | 30 | 23| 36 [ 26 [ Medium comp. 23.40 GW
B-11 [ 17.00 { 18.00 |30 | 23] 38 [ 27 | Medium comp. 24.20 GW
B-11 [ 18.00 | 15.00 |30 (23] 46 [ 30 | compacted 27.24 GW
B-11 [ 19.00 [ 17.00 ] 30 | 23] 40 | 28 | Medium comp. 25.09 GW
B-11 [ 20.00 { 18.00 | 30 | 23| 38 [ 27 | Medium comp. 24.20 GW
Penetr- Number of Density/ M(;)edrlljsliety()f
Bor- | Deph tion impacts consistence accg&ﬂ?g to Symbol
e
hole | [m] efcm] [ N [ N'| N" | N* hole [m'] [cm]
B-12 | 1.00 22.00 |30 [23]| 31 Medium comp. 13.64 ML
B-12 | 2.00 20.00 |30 |23 34 compacted 30.36 GW
B-12 | 3.00 19.00 |30 |23] 36 compacted 31.80 GW
B-12 | 4.00 25.00 |30 [23]| 27 |21 | Medium comp. 24.89 GW
B-12 | 5.00 24.00 |30 (23] 29 | 22| Medium comp. 25.80 GW
B-12 | 6.00 27.00 |30 (23] 25 |20 | Medium comp. 23.27 GW
B-12 | 7.00 29.00 |30 (23] 24 |19 ]| Medium comp. 21.87 GW
B-12 | 8.00 30.00 |30 [23] 23 |19 | Medium comp. 21.24 GW
B-12 | 9.00 27.00 |30 (23] 25 | 20| Medium comp. 23.27 GW
B-12 | 10.00 | 25.00 |30 (23] 27 |21 | Medium comp. 24.89 GW
B-12 [ 11.00 | 24.00 |30 [23] 29 | 22| Medium comp. 25.80 GW
B-12 | 12.00 | 25.00 |30 (23] 27 |21 | Medium comp. 24.89 GW
B-12 | 13.00 | 25.00 |30 (23] 27 |21 | Medium comp. 24.89 GW
B-12 | 1400 | 20.00 |30 (23] 34 [25 compacted 30.36 GW
B-12 | 15.00 [ 21.00 |30 (23] 33 |24 | Medium comp. 29.06 GW
B-12 | 16.00 [ 21.00 |30 [23] 33 | 24| Medium comp. 29.06 GW
B-12 | 17.00 { 19.00 |30 (23] 36 |26 compacted 31.80 GW
B-12 | 18.00 { 17.00 |30 (23] 40 |28 compacted 35.19 GW

3. LABORATORY TESTS

Certain laboratory tests have been conducted on the samples of selected soil
materials, taken in trial boring, according to current standards of the R. of
Macedonia, to determine:

Classification of soils:

Specific weight;

Moisture content ;

Natural density ;

Grain size distribytion test;
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e Permeability test;

e Aterberg;

Strength — deformation characteristics:
e Shear strenght test;

e Triaxial compression test.

Laboratory test results are showed in the enclosures to this document in the form
of diagrams, tables and in the descriptions of enclosures No.4 through 7.

4. GEOMECHANICAL PROFILE OF LOCATION

The field investigations and laboratory tests conducted provide enough data to
define and classify soil strata of the location up to the investigated depth.

According to the investigations conducted and the results of those investigations,
there can be generally defined the composition of the investigated location. On
the basis of the investigations the following soil profile of the terrain has been
established:

ML Sandy and clayly silt, low plasticity, light brown colour, established in all
boreholes as bed with depth of 0.5to 1.2 m;

SFs Silty sand, rarely with gravel pieces, light brown colour. It has been
established in the boreholes under the silt: B-1 (0.6-2.5m), B-2 (0.5-
1.0m), B-4 (2.3-4.0m), B-7 (1.0-3.5m), B-9 (3.0-4.0m), B-10 (1.2-2.8m), B-
11 (1.2 -2.2m);

GW  Silty and sandy gravel, locally clayly, rarely with blocks, well size
distribution, with fine and softy grains surface dmax=8.0cm, compacted,
gray colour. It has been established in all boreholes under the silt and
sand to the investigation depth.

Underground water level has been encountered in all boreholes on the variety
depth shown on the table No.3.

Table No.3

BOREHOLE | UGWL[m]
B-1 -4.6
B-2 -7.0
B-3 -4.2
B-4 5.7
B-5 4.4
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B-6 -5.0
B-7 -3.8
B-8 -3.9
B-9 -4.2
B-10 -3.5
B-11 -3.8
B-12 -3.5

Physical and mechanical characteristics of above mentioned materials are
showed in the Table of enclosure No.9.

5.HIDROGEOLOGICAL CONDITIONS

The geotechnical drilling program has allowed the determination of the
characteristics of the various lithological units in the investigated area. The strata
of silty sands and gravelly sands, which form part of the sequence of alluvial
sediments, represent layers with reasonable thickness, apparent large lateral
extent and good permeability / transmissivity. Clayly,sandy silts on surface lauers
are typical roof hydrogeological aquiclude. These strata represent favorable
aquifers. (see: Enclosures N°.1.2)

5.1 Types of aquifers

The investigations have shown that these aquifers are formed of non-
consolidated sediments with a free water table (phreatic) and primary permeability
(intergranular porosity and permeability).

The river Vardar apparently provides a permanent recharge boundary.

The groundwater flow direction is similar to that of Vardar River. An assumption
that groundwater flow is similar to that of Vardar River is very usual for river and
underground flows trough alluvial environments consist of gravelly sands, which
are characterized with great intergranular porosity..

5.2 Determination of the aquifer parameters

The permeability features and hydraulic conductivity (or coefficient of
permeability) are defined according to the grainsize distribution curves of drilling
samples by an empirical formula and by means of field and laboratory tests.

The coefficient of permeability, according to the grainsize distribution curves, is
calculated using the empirical equation of USBR as follows:

\N/Vhere
k - coefficient of permeability (m/s),

Part Il: A8-103 12



d - grainsize (mm) of unconsolidated sediment at intersection of 20%-line with
accumulative curve of grainsize distribution (weight rate).

The values for the coefficient of permeability, obtained according to this method
of calculation, are shown in the Enclosures N° 4.1 to 4.12 and varies from,
4.21x10™ to 4.06x10° m/s for sandy gravel.

As a comparative method, the permeability conducted on site is performed using
A. Ansberg method. This method is conducted by pouring water directly into
borehole, keeping water level to be constant while measuring water flow using
watermeter. Measuring is performed on every 5 min 2 or 3 times with difference
between measuring not more than 10%.

Value of coefficient of permeability (k) is calculated according to A. Ansberg
equation:

k =0.525-q-log 066-1,

k — coefficient of permeability (m/s)
g — specific discharge (I/min)

lo — length of the investigated layer
r — borehole radius (m).

The values for the coefficient of permeability, obtained according to this method
of calculation, are shown in the Enclosures N2 9 and varies from, 5.11x10° to
1.96x10* m/s for sandy gravel.

Sample permeability is tested into permeameters with constant pressure of 2 bars
for samples built in with natural condition.
__ 19
Axtxh

k — coefficient of permeability (m/s)
g — specific discharge

t — flow interval

h — constant pressure

Coefficient of permeability tested into permeameters with constant pressure of 2
bars for samples built in with natural condition is 2,64 h 10™ — 6,2x10° m/s, which

points to material with good permeability. The values are shown in the
Enclosures N°. 9.

6. BEARING CAPACITY AND DEFORMABLE CHARACTERISTICS

On the basis of the defined soil profile of site, characteristics of materials and the
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test results, there was calculated the bearing capacity for sandy and silty gravel ,
of very good density, with geomechanical designation according to Artur
Casagrande, GW and of characteristics showed in Table No. 2.

Table N°.4
Friction angle Cohesion Unit Weights Safety factor
() c(kN/m®) n/ Class F
(kN/m?)
31.5 0.0 21.5/11.5 GW 3.0

Computation of the bearing capacity according to the theory of failure of soil, was
carried out according to method of Terzaghi with values showed in Table No.4, for
simple spread footing sized 1.0 x 1.0 m; 2.0 x 2.0 m; 3.0 x 3.0 m and 4.0 x 4.0 m,
effective foundation depth being Df, such amounting to 0.85; 1.0 and 1.2 m, as
well as for continuous footing with 0.6, 0.8, 1.0, 1.2 and 1.4 m and for foundation
plate 10 x 10; 12 x 12 and 15 x 15 m width; effective foundation depth being Df,
such amounting to 0.4; 0.6 and 1.2 m.

6.1 Calculation of ultimate and bearing capacity - Terzaghi method

The ultimate bearing capacity will be calculated for the following types of
foundations, applying the Terzaghi method:

e Simple spread footing
Gf =2/3-1.3-C-N; +71-Dg-Ny + 0,4-7,-B-N,
e Continous footing

gs = 2/3¢-N +7,-D; N +0,5:9,-B-N,,

e Foundation plate
Gf =2/3-(1+0.3n) -c-N, +7y,-Df N +0,5-7,-B-N,

where:

s T ultimate bearing [kPa];

c ¥ cohesion [kPa];

n ¥ relation of sides B/A;

Y1, V2 T bulk specific gravity over and under foundation levels [kN/m3];
Dy + effective depth of foundation [m];

B t foundation width [m];

N, Ny, N, ¥ reduced factors of bearing capacity for assumed friction angle -
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. o . . P
Bearing capacity is computed according to the expression: o, =%

Where F=3.0 and represents safety factor.

6.2 Calculation of ultimate and bearing capacity — Brinch-Hansen
method

According to this method, the ultimate bearing capacity, depending on the shape
of foundations, foundation depth and inclination of load is computed according to
the following expression:

where:

c + cohesion [kPa];

Y1, V2 + volume weights over and under foundation level [kN/m3];
Ds + effective depth of foundation [m];

B ¥ foundation width [m];

L + foundation length;

Nc . Ng. Ny T factors of bearing capacity for assumed friction angle ;
S, Sq Sy - factors of shape depending on the relation between the width and

length of the centrally loaded foundation and the friction angle;
dc dqd, - factors depending on the relation between the depth and width of the

centrally loaded foundation and the friction angle;

Y

To calculate bearing capacity there are adopted partial safety factors for elements
of the internal resistance of soil material.

C’ tge’
= — t =
"= =

c ¢

The calculation considers the safety factor Fc=2.5 i Fo=1.50 .

C

6.3 Review of results

Summary of results of computations of bearing capacity is included in enclosure
No. 8.1 - 8.6. The computation is carried out applying the program for
computation of bearing characteristics (Visual basic).

The values of bearing capacity obtained applying failure criteria are ruling, and
the maximum value when spot footings and foundation strips are in question is
limited to o40..= 100 - 300 KPa, depending on the type and size of foundation and
the effective depth of foundation Df > 0.4m.
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7. CONCLUSION

On the basis of the done calculations, following conclusions and
recommendations for certain location are:

¢ In general the location is consist of silt and sand depth from ground
surface to maximum 2.5m and sandy and silty gravel, well size distribution
to the investigation depth.

e Underground water level has been encountered in all boreholes on the
varety depth, shown in the table no.3 and on the enclouser no.3.1-3.12.

e The investigations have shown that these aquifers are formed of non-
consolidated sediments with a free water table (phreatic) and primary
permeability (intergranular porosity and permeability). The varety coficient
of permeability according to Usbr, laboratory and fields tests are:
k=nx10"-nx10"m/s.

e The values of bearing capacity obtained applying failure criteria are ruling,
and the maximum value when spot footings and foundation strips are in
qguestion is limited to ogo,.= 100 - 300 KPa, depending on the type and size
of foundation and the effective depth of foundation Df > 0.4m .

e It is recimmended to prepeare design for drenaiging the construction
trench, water evacuation and also support the trench.

e After performing a construction hole, it is recommended that inspection
and acceptance has to be done by authorized expert person -
geomechanical engineer.

Prepared by:

Keti Dolnenec Vckova, grad.civ.eng.

Dusko Spirovski, grad.civ.eng.
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