
DSR                                    GEODETIC SURVEYS 

1 

CHAPTER II 

 

  
CHAPTER II 

GEODETIC SURVEYS 

HORIZONTAL & VERTICAL CONTROL NETWORK 

INDEX 

                                                                                                                      Page 

 

2.1    Historical Background                                                                                      3 

2.2    Sri Lanka Datum (SLD99)                 3 

2.3    Classification of GNSS Control Points                           4  

2.4    Specifications for Establishing GNSS Control Points                                     5 

2.5    Usage of Monuments for GNSS Control Points                  5 

2.5.1 Monument Type : A3                          6 

2.5.2 Monument Type : A4                                               6 

2.5.3 Monument Type : A5        7 

2.5.4 Monument Type : A6        7 

2.5.5 Monument Type : B1 & B2       8 

2.5.6 Monument Type : B3         8 

2.5.7 Monument Type : B4         9 

2.6 Numbering of GNSS Control Points      9 

2.7   Guide Lines for Establishment of Survey Control Points with  

          GNSS Technology                                                             10 

2.7.1 General constraints in selecting GNSS control points   10 

2.7.2 General constraints in selecting GNSS control points   10 

2.7.3  General constraints in selecting GNSS control points   11 

2.7.4 Data Storing & Final Coordinates      11 

2.7.1 Specifications for GPS Traverses      11 

2.8 Control Traversing.        12 

2.9 Classification of Control Survey Traverses     12 

2.10 Usage of Monuments for Control Survey Traverses    12 

2.11 Specification for Control Survey Traverses.     12 

2.12 Guide Lines for Control Survey Traversing     14 

2.12.1 Field Procedure        14 

2.12.2 Angular & Distance measurements      14 

2.12.3 Traverse Observation Procedure      15 

2.12.4 Data Reduction, Computation and Adjustment    16 

2.13 Traverse & Station Numbering System     16 

2.14 Calibration of EDM Instrument      17 

2.15 Geodetic Vertical Control       18 

2.15.1. History of the Geodetic Vertical Control Network    18 

2.15.2 Datum          19 

2.15.3.  Fundamental Benchmarks (FBM)      19 



DSR                                    GEODETIC SURVEYS 

2 

CHAPTER II 

2.15.4. Standard Benchmarks (FBM)       19 

2.15.5 Primary Level Network       22 

2.15.6 Secondary(SL) & Tertiary(TL) Leveling     22 

2.15.7 Numbering of Level Lines       22 

2.15.8 Numbering of Benchmarks       22 

2.15.9 Specifications for Geodetic Leveling      23 

2.15.10Establishment of Level lines (PL, SL & TL)     24 

2.15.11Specification for Conventional Methods     25 

2.15.12Verification of Fundamental Benchmarks     25 

    

 

List of Annexes 

 

 Annexure I          26 

 Annexure II          27 

 Annexure III          29 

 Annexure IV          30 

 Annexure V          31 

 Annexure VI          32 

 Annexure VII          33 

 Annexure VIII          34 

 Annexure IX          35 

 Annexure X          36 

 Annexure XI          37 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



DSR                                    GEODETIC SURVEYS 

3 

CHAPTER II 

 

CHAPTER II 

GEODETIC SURVEYS 

HORIZONTAL & VERTICAL CONTROL NETWORK 

 

2.1 Historical Background 

Traingulation of Sri Lanka was commenced in 1857 and this network has been re computed 

by Mr. J.E. Jackson, Asst. Supdt. of Surveys in 1933. This Network consisted of 110 primary 

Trigonometrical Stations The accuracy of the network was around 1:20,000. Later this 

network was densified through secondary, tertiary & minor Trigonometrical Stations. 

Primary, Secondary & Tertiary traverse network between the trigonometrical stations was 

also established to densify control further.  

During 1980’s it was found that the accuracy provided by the above network was not 

adequate to meet the challenges of new technological developments in the field of surveying 

such as Cadastral Surveys, Construction Surveys, Engineering Surveys, Land Information 

Systems (LIS) & Geographical Information Systems (GIS) etc. Hence the Survey Department 

organized a seminar to find solutions for the above problems in February 1992. As a result, it 

was decided to upgrade the control network by using triangulation, trilateration & Global 

Positioning System (GPS) observations. 

2.2 Sri Lanka Datum (SLD99) 

A tedious program was commenced in 1992 to upgrade the control network of Sri Lanka by 

Triangulation, Trilateration and Global Positioning Systems (GPS). Finally in 1999 the entire 

horizontal network was upgraded and the new control network was established. It consists 

273 Control points in following categories. 

1. Base Station (ISMD)    =   01 

2. No of Principal(AA) GPS Stations  =   10 

3. No of Primary(A)  GPS Stations  = 194 

4. No of Trigonometrical (TN, TO) Stations =   48 

5. No of Fundamental Bench Marks(FBM) =   20 

      Total = 273 

This new system was named as SLD99 and parameters related to that are given below. 

I. Reference Local Ellipsoid  :  Everest-1830  

Semi Major axis   : a = 6377276.3450m 

Semi Minor axis   : b = 6356075.4131m 

II. Datum Transformation 

a) 7-Paramerer Datum Transformation (from WGS84 to Reference Local Ellipsoid)  

Transformation Method  :  Bursa Wolf 

Translation  X  : 0.2933 m  

Translation  Y  : -766.9499 m  

Translation  Z  : -87.7131 m 

Rotation about X axis  : 0.1957040”  

Rotation about Y axis  : 1.6950677” 

Rotation about Z axis  : 3.4730161 
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Scale factor   : 1.0000000393 

 

b) 3-Paramerer Datum Transformation (from WGS84 to Reference Local Ellipsoid)  

Some hand held type GPS devices supports only 3-Parameters for datum 

transformation instead of 7-Parameters described above.  

 

Translation  X   : 97.000 m  

Translation  Y   :         -787.000 m  

Translation  Z   :         -86.0000 m 

  

III. Map Projection Parameters 

a) Transverse Mercator projection parameters  

Map Projection   :  Transverse Mercator  

Longitude of the Origin  : 80
0 

 46’ 18.16710” E 

Latitude of the Origin   : 07
0  

 00’  1.69750” N 

Scale factor    : 0.9999238418 

False Northing    : 500,000.00m 

False Easting    : 500,000.00m 

 

Pidurutalagala Trigonomerical Station in old Triangulation Network has been used as 

the origin of the projection as used in the old system. 

This projected coordinate system is defined as National Coordinate System (National 

Grid System).  

 

b) UTM Projection Parameters  

Instead of the Transverse Mercator projection Parameters described above, some hand 

held type GPS devices support only UTM parameters for the projection to get the 

Grid Coordinates.  

Map Projection   :  UTM  

Longitude of the Origin  : 80
0 

 46’ 18.16710” E 

Scale factor    : 0.9999238418 

False Northing    : -273,992.00m  

False Easting    : 500,000.00m 

 

2.3 Classification of GNSS Control Points 

The control points of SLD99 are classified according to their accuracies as follows. 

GNSS Control Accuracy 

Principal control points (AA) 1:700,000 

Primary  control points  (A) 1:200,000 

Secondary control points (B) 1:100,000 

Tertiary  control points (C) 1: 50,000 

 



DSR                                    GEODETIC SURVEYS 

5 

CHAPTER II 

 

2.4 Specifications for Establishing GNSS Control Points :-  

 

 

 

2.5 Usage of Monuments for GNSS Control Points 

 

Order of the Control Point Types of Monuments to be used 

Principal A3, B1, B2, B3  

Primary A3, B1, B2, B3  

Secondary Order  A4, B1, B2, B3  

Tertiary  A5, A6, B1, B2, B3 

 

 

 

 

 

 

 

 

 

 

 

 

 
Establishment of 

GPS control Station  

Principal 

(AA) 
Primary (A) 

Secondary 

(B) 
Tertiary (C) 

1 Accuracy 1:700,000 1:200,000 1:100,000 1:50,000 

2 
Mode of 

Observation 
Static Static Static Static 

3 
Length of GPS 

observation session 

3 Sessions of 

8 Hours  
3 Hours 3 Hours 45 minutes 

4 GDOP <4 <4 <6 < 6 

5 GPS receivers 
Dual 

frequency 

Dual 

frequency 

Dual 

frequency 
Dual frequency 

6 Adjustment  Network  Network  Network  Network  

7 Loop closure 1:1,000,000 1:200,000 
1:100,000  or 

< 3 cm 

1:50,000  or   

< 5 cm 

8 No. of Base stations 3 3  3 2 

9 Station spacing 50-100km 
15km - 

30km 
4-8km 

100m-500m 

between 

consecutive 3 

points and 2km 

between 2 sets 
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2.5.1 Monument Type : A3 

Brass Bolt on Large Concrete Block with following dimensions. Monument should 

be constructed in situ. 

 

Ground         

   

 

      

         40 cm   

 

 

        30 cm        Brass bolt 

 

          

 

        30 cm 

 

 

    60 cm  

 

 

               Description :- Brass bolt in Concrete Block 

 

 

 

2.5.2 Monument Type : A4 

Brass Bolt in Concrete Monument with following dimensions  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

               Description :- Brass bolt in Concrete Monument 
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2.5.3 Monument Type : A5 

Brass Rod in Concrete Monument with following dimensions  

 

 
               Description :- Brass Rod in Concrete Monument (3mm brass rod) 

 

 

2.5.4 Monument Type : A6 

Brass bolt in Concrete Monument with following dimensions 

 

 
 

               Description :- Brass Bolt in Concrete Monument 



DSR                                    GEODETIC SURVEYS 

8 

CHAPTER II 

 

 

2.5.5 Monument Type : B1 & B2 

Brass Bolt on Live Rock Below Ground Surface (B1) or Above Ground 

Surface.(B2) with following dimensions. Brass bolt 7.5cm to be buried on live rock 

 

                Description :- Brass Bolt in Live Rock  

 

2.5.6 Monument Type : B3 

Brass Bolt in Concrete Slab or Pavement.  Brass bolt of 7.5cm to be buried into concrete 

slab or pavement. 
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2.5.7 Monument Type : B4 

Brass Rod in Concrete Monument with following dimensions (Surface Monument) 

Monument should be buried underground with 10 cm projected above ground and to be 

covered with a concrete tapered base 30X30 cm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

               

 Description :- Brass Rod in Concrete Monument 

 

 

2.6 Numbering of GNSS Control Points 

Numbering system adopted for assigning numbers in Principal & Primary Control Networks 

are described below. 

Station Point No 

Base Station at ISM, Diyatalawa ISMD 

Principal Control Points AA01-AA10 

Primary Control Points A001, A002, …. 

Old Triangulation Points TO034,TO037, …. 

New Triangulation  TN036,TN048, .... 

 

 

10 

cm 

10 

cm 

10 

cm 
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Geodetic Survey Unit and Provincial Geodetic Survey Units are responsible for numbering 

Secondary and Tertiary GNSS Control points. In order to adopt a uniform system for each 

unit and to identify the accuracy level (Secondary or Tertiary) point numbers should be 

assigned in the following manner. 

Secondary Point No: PQBXXXXX  Tertiary Point No: PQCXXXXX 

PQ -   District Code used in Cadastral Maps (See Annexure I of Chapter XXI ) 

Third Digit -B for Secondary & C for Tertiary GNSS points  

Geodetic Survey Unit, ISM     00001-40000 

Provincial Geodetic Survey Unit, WP   40001-50000 

Provincial Geodetic Survey Unit, NWP   50001-60000 

Provincial Geodetic Survey Unit, SP    60001-70000 

Provincial Geodetic Survey Unit, CP   70001-80000 

Provincial Geodetic Survey Unit, NP   80001-90000 

 

 

2.7 Guide Lines for Establishment of Survey Control Points with GNSS Technology 

Requirements to establish Secondary GNSS (B-Type) controls will be identified by Geodetic 

Survey Unit and it is to be implemented through respective Districts. Tertiary GNSS controls 

(C-Type) will be established according to the District level requirements. Every Tertiary 

GNSS control station should consists of two successive GNSS control stations which are 

inter visible and at least 100m apart from each other. This required for the starting of 

traverses form the GNSS control station with azimuth control and correct identification. 

Therefore tertiary GNSS control station means a set of three GNSS control stations and all 

these three points should have clear visibility of satellites. 

Thorough investigation should be carried out in order to determine the availability of pre-

established GNSS controls in the concern area as per specifications depicted in para 2.4. 

Should not available any controls, only new GNSS control points to be established. 

 

2.7.1 General constraints in selecting GNSS control points 

(i) Good Sky Visibility ( 15
0
 cut of angle above horizon)  

(ii) Undisturbed location due to natural or human activities and preferably 

in state lands / properties. 

(iii) Easy access to the location 

(iv) Suitability to set up any type of survey equipment in future work 

 

2.7.2 Establishing Monuments & Preparation of Location Diagram 

(i) Correct type of monument to be buried / constructed at selected 

locations vide specifications in para 2.5. 

(ii) Assign district reference numbers for new controls 
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(iii) A clear complete diagram to be prepared for each control point in a Field 

Book giving all information shown in Annexure I. Minimum of 3 tie 

measurements for prominent permanent features should be shown in the 

diagram. An approximate coordinate of monument to be taken with Hand 

Held GPS receiver and mentioned in field note.  

(iv) Prepare a 1:50,000 location diagram / kml file showing newly established 

control points 

(v) Scan relevant FBB pages and named those images with respective 

reference number  

(vi) Submit an approximate coordinate listing of new controls to Geodetic 

Survey Unit along with documents mention in above (iv) & (v)  

2.7.3. Work flow in the Geodetic Survey Units  

(i) On receipt of a formal request from the District Senior SS along with all 

required documents mentioned above, DSG(Geodetic) will assign the work 

to a Provincial Geodetic Unit to attend the survey. 

(ii) Provincial Geodetic Survey Unit should prepare a detail programme for 

the requested survey task and execute the same accordingly. 

(iii)During the data collection at each station, a GNSS observation record 

sheet as per Annexure II should be filled and submitted with the recorded 

data for processing. 

(iv) Point numbers to be assigned for Secondary & Tertiary GNSS Control 

points as described in 2.6 above. 

(v) Finalized data  

 

2.7.4 Data Storing & Final Coordinates 

(i) GNSS observation data and the processed data should be stored in the 

relevant Provincial Geodetic Survey Unit. 

(ii)  Diagrams of all Secondary & Tertiary GPS control points surveyed by 

Provincial Geodetic Survey Units should also be filed in Provincial 

Geodetic Survey Unit. 

(iii)  Scanned images along with the list of adjusted coordinates as per table 

shown in the Annexure III should be sent to DSG(Geodetic) at the 

completion of each  job.  

(iv) DSG(Geodetic) will make necessary arrangements to update records and 

receive them to relevant District Snr.SS and to all Provincial Geodetic 

Survey Units. 
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2.8 Control Traversing  

 

With introduction of  GNSS technology for horizontal geodetic control, requirement of long 

traverses has been minimized.  Anyhow traverses are classified into 3 main categories 

according to their accuracy.  

 

2.9 Classification of Control Survey Traverses 

 

Control Survey Traversing Accuracy 

First order traverse control points 1:50,000 

Second order  traverse control points  1:30,000 

Third order traverse control points 1:20,000 

 

2.10 Usage of Monuments for Control Survey Traverses 

 

Order of the 

Traverse 

Types of Monuments to be used 

First  Order  A6, B1, B2, B3  

Second Order  A6, B1, B2, B3 

Third Order A6, B1, B2, B3, Rock Landmarks,  

 

2.11 Specification for Control Survey Traverses 

Traverses in each order to be run as follows 

 

Traverse Start End 

1
st
 Order Tertiary GNSS Tertiary GNSS 

2
nd

 Order Tertiary GNSS or 1
st
 order Traverse 

Station  

Tertiary GNSS or 1
st
 order Traverse 

Station  

3
rd

 Order Tertiary GNSS or 1
st
 order Traverse 

Station or 2
nd

 order Traverse 

Station 

Tertiary GNSS or 1
st
 order Traverse 

Station or 2
nd

 order Traverse 

Station 

 

In general maximum precautions should be taken in making linear and angular measurements 

in order to maintain high standards of accuracy. Requirement of the Survey decides the Order 

of the traverse to be run. Following specifications should be followed to achieve accuracies 

of traverses in each category.  
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  Type of Control Traverses 

  

1
st
 Order 2

nd
 Order 3

rd
 Order 

Total 

Station 

detail 

A
n
g
u
lar m

easu
rem

en
ts 

 Angular Observation accuracy 

nearest  
1” 3” 5´’ 5´ 

Angular closing error limit  30” 1´ 2´ 3´ 

Method of Angular measurements Included 

angle  
Included 

angle 

Included 

angle 
Azimuth 

Number of zeros (Hz)  6 (0
0
,30

0
,60

0 
, 

90
0
, 20

0
,150

0
) 

4 (0
0
, 45

0
, 

90
0
, 135

0
) 

2 

(0
0
, 90

0
) 

 

Number of zeros (V)  4 2 1  

Faces 2 2 2  

Max. Std dev of mean of Hz  4”  8”  12”  

Max. Std dev of mean of V  8”  20”  30”  

L
in

ier m
easu

rem
en

ts 

Station Spacing (m) 200-800 100-300 50-100  

Length measurements Dual 

direction 

Dual 

direction 

Dual 

direction 

One 

direction 

Permissible Discrepancy. in mm 

between mean of D/R 

measurements   

5mm 

 

5mm 

 

5mm 

 

Not 

applicabl

e 

Max. Std dev of mean of dist 

measurement 

5mm 

 

5mm 

 

5mm 

 
 

Standard Correction (Temperature 

& Pressure to be fed at the time of 

observation 
Yes Yes Yes  

Instrument & Target Height Yes Yes Yes  

Accuracy of Instrument & Target 

Height 

 

 10 mm 

 

 10 mm 

 

 10 mm 
 

Accuracy of Temperature  1° C  1° C  1° C  

Accuracy of Pressure  5 mbar  5 mbar  5 mbar  

A
ccu

racy
 

Az Control  20 Stations 25 Stations 30 Stations  

3 Intermediate Tertiary GNSS to be established in case 

of exceeding above limit 

Az Closure 5”N ; N is 

no of Stns 

10”N ; N is 

no of Stns 

20”N ; N 

is no of Stns 
 

MSL Correction  Yes  Yes Yes  

Coordinate closing limits  Value 

of C  

 ( C√K  , K – length of traverse in 

km) 

0.2 0.3 0.4  
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2.12  Guide Lines for Control Survey Traversing 

A proposed traverse diagram on 1:50,000 scale should be prepared under the direction of 

relevant District Snr Supdt. of Surveys prior to commencement of traversing and Traverse no 

should be obtained. A register should be maintained at every District Survey Office to issue 

traverse numbers for 1
st
, 2

nd
 and 3

rd
 order traverses. 

2.12.1 Field Procedure 

Special attention should be given to selection of suitable sites for monuments with a 

view to their easy identification, stability and free of disturbances. Correct type of 

monument to be buried at selected locations vide specifications in para 3.1. 

Two surveyors are expected to be deployed for field work (one for observations and 

other for recording). 

A clear diagram has to be prepared for each traverse point in EDM traverse Field Book. 

Minimum of 3 tie measurements for prominent permanent features should be shown 

and additional information, e.g., proximity to culverts or gardens, which would 

facilitate identifying the locality of the monument, should also be given. Diagrams and 

the observations should be recorded in EDM Field Book as per specimen in Annexure 

IV. 

2.12.2 Angular & Distance measurements 

Suitable survey equipments should be selected and field procedure should be followed 

to achieve the accuracy of the proposed traverse. Anyhow all instruments and 

accessories to be used should be calibrated and checked for adjustment before field 

work of each traverse.  

Optical or laser plummets should be used for centering the instruments and targets. 

Instruments and targets should be centered to within  2mm over the survey mark. 

Optical plummet should be checked at each station for verticality by rotating through 

360°. The center mark should be coincided with the center mark of the monument at 

any position. 

Whenever the difference between F/L and F/R readings of the instrument from l80° by 

more than 30”, the instrument should be adjusted for collimation error. Also, when 

difference between F/L and F/R readings of vertical angles depart from 360° by more 

then 30” the instrument should be adjusted. This adjustment has to be done under the 

direction of District Senior Superintendent of Surveys. 

Independent observations at each station will be made for angular and distance 

measurements. It is necessary to take appropriate no zeros set observations for both 

horizontal angles and vertical angles according to the order of traverse as per 

specifications in para 2.11. 

Temperature & Pressure to be applied to the instrument at the time of observation and 

the ppm to be recorded. Instrument & Target heights should be measured to nearest  

10 mm and to be recorded. Prism Constant of the reflector to be applied to the 

instrument before making distance measurements. 
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2.12.3 Traverse Observation Procedure. 

Always use three tripod system for traverse observations. Tripods should be centered 

accurately over the traverse point. Independent included angle-measuring technique to 

be adopted for all control traverses. In this method the clockwise angle from back-sight 

to fore-sight to be measured in both faces. 

In this method clockwise angle from back-sight to fore-sight to be measured in Face 

Left and anti-clockwise angle from fore-sight to back-sight to be measured in Face 

Right. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Following four steps will complete first independent angle (Zero). 

(a) Observe the back-sight in face left. Set the instrument reading to zero setting. 

Observe and record the horizontal angle, zenith angle & slope distance to 

back-sight target in face left (FL). 

(b) Then swing the telescope in clockwise direction and observe fore-sight 

without over shooting the target. Record the horizontal angle, zenith angle and 

slope distance & to fore-site target. 

(c) Turn the telescope slightly to pass over the fore-sight target and invert the 

telescope to change the face to face right (FR). Observe the fore-sight target in 

anti- clockwise direction without over shooting the target and record the 

horizontal angle, zenith angle and slope distance & to fore-site target. 

(d) Then observe back-sight in anti-clockwise direction without over shooting the 

target and record the horizontal angle, zenith angle and slope distance & to 

fore-site target. 

Change face to FL and unclamp the upper plate and rotate clockwise approximately to 

the next zero position [(n-1)*180°/N ; N - Number of Zeros, n - n
th

 Zero ] 

approximately. Clamp the upper plate, unclamp the lower plate and turn the instrument 

clockwise until back-sight target is in sight and repeat the same procedure (a) to (d) 

above to complete second independent angle (zero). 

Repeat the above steps until completion of required number of zeros. 

Back-sight 
 

Fore-sight 
 

Fore-sight 
 

Back-sight 
 

Instrument Station 

 
 

Instrument Station 
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At the end of each zero, observer must check the means and standard deviations are 

within the allowed errors according to the EDM traverse technical specifications. If the 

error is exceeding the allowed error new observation should be taken. 

 

2.12.4 Data Reduction, Computation and Adjustment 

Observations recorded on Field Book at each station should be reduced to compute 

mean Hz included angle, mean V angles and mean distances for each zero settings. 

After rejecting blunders, computed data to be extracted into abstract sheet as Specimen 

shown in Annexure V. 

Mean of the included angles, vertical angles and distances in the abstract to be 

computed and data exceeding the limits giving in the specifications to be rejected.  

The maximum azimuth misclosure allowed for traverses will be calculated from the 

formulas 5”N, 10”N, 15”N for 1
st
 , 2

nd
  and 3

rd
 order of traverses respectively ; 

where N is total no of stations of the traverse. 

Azimuth of each traverse leg to be computed using mean angles and misclosure with 

the Azimuth of the closing leg. Misclosure to be checked and error to be distributed 

equally if the closure is within permissible limits. 

Mean distances should be corrected for calibration errors by applying Constant Error & 

Scale Error. 

The maximum linear misclosure allowed for traverses will be calculated from the 

formula c√K meters, where K will be the length of the traverse in km. The value of c 

with respect to traverse order is given in para 2.11. 

Linear misclosure shall be distributed according to the Bowditch Rule or any other 

suitable method if the misclosure is within permissible limits. 

Finally adjusted azimuth and corrected distances or included angles and distances to be 

used for traverse computation & adjustment. 

Traverses computation and adjustment can be done using SDCAD software or any 

other software acceptable to the Department. 

This chapter describes Control Survey Traverses in 1
st
, 2

nd
 and 3

rd
 order and detail 

traversing has been described in Chapter XXII.  

 

2.13 Traverse & Station Numbering System 

Traverses should be numbered sequentially for each category in each district. Traverse 

number consists of the traverse order district number and sequential number. First two letters 

generally denotes the class of control traverse followed by a hyphen and two digits for 

identification of the District followed by a hyphen and four digit sequential identification 

number. (e.g. is 15
th

 First order Traverse in Kurunegala District will be numbered as E1-42-

0015). This number should be obtained from District Senior Supdt of Surveys for each 

traverse.  

Station number of a control traverse will be generated with traverse number and sequential 

two digit number for station identification. (e.g. 24
th

 traverse station of 18
th

 Second order 

Traverse in Kandy District will be numbered as E2-32-0018-24).  Assigned district code 

numbers are given in Annexure X of Chapter XXII. 
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2.14 Calibration of EDM Instrument 

Periodic calibration of EDM Instrument is essential to safeguard the accuracy of distance 

measurements but full calibration is tedious and time consuming. Further the instrument will 

have to be taken to a especially prepared/constructed Calibration Base at ISM, Diyatalawa or 

SGO, Colombo. In order to avoid this difficult situation, it has been decided to do a 

performance check for every EDM Instrument once in month or after surveying 

approximately 500 survey lines or whichever comes first. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(I - Instrument Station, R1, R2, R3, R4 Reflector Stations.) 

 

For this purpose a test field must be established closer to every Divisional Survey Office. 

This test field consists of one instrument station preferably closer to the office and four other 

easily accessible reflector stations at approximately 50, 100,200, 300  meters away from 

instrument station. These stations can be along straight lines such as a road, or as shown in 

the diagram above. A4 type monuments can be used for this purpose. It is preferred if one 

additional reflector station is established at a distance little more than 1 km away. The 

reference lengths of the lines are determined with the working EDM instruments immediately 

after full calibration at ISM or SGO Calibration Base. This will give the actual reference 

values (standard lengths) and should be recorded in a logbook maintained for the home test 

field for future reference. 

The reflector stations should be selected such that the elevation or depression of the lines 

from instrument station not to exceed 5 degrees. 

The surveyors who are working with the EDM instruments should measure these lines and 

enter the logbook. Horizontal distances should be measured and recorded in F/L and F/R 

positions in the home test field record sheets. The temperature and pressure should also be 

recorded and fed to the instrument when measuring each of the lines. The mean values of the 

R3 

R2 

R1 
R4 

50 m. 

100 m. 

m.

00 m. 

 50 m. 

200 m. 

400 m. 

I 
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horizontal distances should be corrected for the calibration parameters for the fully calibrated 

instruments. The calibrated horizontal distances finally should be recorded in the log book. 

A logbook consisting of home test field record sheets and log sheets for one set of the home 

test field lines should be maintained by the S.S. The differences with the standard distances 

should be checked by the  S.S. and his comments on the instrument should make in the log 

book itself. If the difference of the all measured distances are differed by   0.020m or more 

with the standard distances, it is recommended that the check be repeated very carefully. If 

the second comparison check confirms the results of first, it is necessary to do the full 

calibration, otherwise it will be considered that the instrument is not in good working 

condition. 

District/Provincial Senior Supdt. of Surveys and Provincial Surveyor General must scrutinize 

these logbook whenever they visit the Divisional Survey Offices. 

 

2.15 Geodetic Vertical Control 

2.15.1. History of the Geodetic Vertical Control Network 

The earliest level recorded are dated 1865 and 1000 miles single leveling completed in 

44 years. Old level lines formed no network since leveling was only done as the need for 

it arose. Between 1904 and 1909 the standard of leveling was improved and more 

attention was given to construction of permanent Benchmarks.  In 1909 more staff was 

deployed and leveling operations were undertaken systematically. As a part, new 

network was tied down to the mean sea level determinations made by the Grate 

Trigonometry Survey of India at Colombo, Galle and Trincomalee between 1884 and 

1895.  

During the period of 1909 - 1914, supplementary benchmarks were constructed and 650 

miles of double leveling completed. Work was stopped at the outbreak of 1st World War 

in 1914 and operation was resumed in 1923 and 200 miles completed by 1924.  

In 1925 whole leveling procedure was reviewed and decided to start afresh with modern 

instruments and methods of precision. The leveling was done with precise levels as well 

as invar staves. And grate care was adopted in leveling procedures in order to achieve 

results of the highest accuracy. The geodetic leveling network comprises of 59 FBMM, 5 

SBMM, and 4000 km of double-leveling forming 27 circuits. 

The primary leveling network covers entire country and compares favorably with 

leveling of high accuracy in other countries of the world. 

From then on, leveling has been extended by secondary, tertiary and minor leveling to 

provide height control for all development projects in Sri Lanka. 

In this process 6 FBMM constructed in 1924, 31 FBMM in 1925, 22 FBMM in 1926 and 

principle net work was completed by 1928. 

Observation and adjustment of Geodetic Leveling Network of Sri Lanka was completed 

in 1926-1930 and the results were published by Surveyor General in 1932 through “The 

Geodetic Leveling of Ceylon- Vol I and II”. 
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2.15.2. Datum 

Mean Sea Level of Sri Lanka is treated as the reference level or datum for Orthometric 

heighting. All geodetic leveling should be based on this datum. 

2.15.3.  Fundamental Benchmarks (FBM) 

There were 59 Fundamental Bench Marks built on large masses of rock similar in design 

to BMs of Ordnance Survey with a bolt in the underground chamber (Lower bolt ) and a 

bolt in a pillar above ground (Upper bolt). 

2.15.4. Standard Benchmarks (FBM) 

Standard Benchmarks, of which there are 5, of the form of bolts set in large concrete 

block constructed in situ at a depth below ground surface of 3 ft. These were constructed 

instead of FBMM in locations where solid rock foundations could not be found. Even 

though they are named as Standard (SBM), their accuracy remains similar to FBMM. 
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2.15.5 Primary Level Network 

Primary Level Network consists of Fundamental Benchmarks and series of Primary level 

lines run among them. This network has already been established and fully described in 

volume I of the Report on the Geodetic Leveling of Ceylon. The descriptions and values 

of Primary benchmarks are published in volumes II of the same Report. Following 

diagram depicts location of FBMM /SBMM and Preliminary level lines with their 

respective numbers.  Monuments have been used for leveling are described in the 

Annexure VI and the monument types currently used for leveling are described in para 

2.15.9, 2.5.1 and 2.5.7. 

2.15.6 Secondary(SL) & Tertiary(TL) Leveling 

Secondary level lines were run to break down the Primary Level Network and to densify 

the vertical control. Tertiary(TL) and Minor(ML) leveling are run for the further 

densification of leveling. Detail leveling is done in order to determine the elevation of 

required points.  

2.15.7 Numbering of Level Lines 

In numbering level lines prefixes PL for Primary level lines, SL-Secondary Level lines, 

TL-Tertiary Level lines, ML-Minor Level lines and DL-Detail Level lines are followed 

by their respective level line number. For geodetic leveling (PL, SL, TL) level line 

numbers will be assigned by Geodetic Survey Unit. Minor & Detail Level line numbers 

to be assigned by respective districts. This number should be written on level books, 

diagrams and corresponding documents.  

2.15.8 Numbering of Benchmarks 

Benchmark number of a level line will be generated with 3 digit level line number and 

sequential 3 digit number for station identification. (e.g. 134
th

 benchmark of 18
th

 tertiary 

level line will be numbered as TL-018-138). 

Benchmark numbers of Minor & Detail level lines will be numbered in district level. It 

will be generated with district number, 3digit level line number and sequential 3 digit 

number for station identification. 

e.g. 120
th

 benchmark of 15
th

 Minor Level line in Matara District will be numbered as 

ML-82-015-120 

e.g. 120
th

 benchmark of 15
th

 Detail Level line in Matara District will be numbered as DL-

82-015-120 
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2.15.9 Specifications for Geodetic Leveling 

 
Type of Geodetic 

Level Lines  
Primary(PL) 

Secondary 

(SL) 

Tertiary 

(TL) 
Minor(ML) 

Detail 

(DL) 

1 Instrument 

Digital Level 

with 0.2mm 

accuracy for 

1 km double 

run or better 

Digital Level 

with 0.2mm 

accuracy for 

1 km double 

run or better 

Digital 

Level with 

1.0mm 

accuracy for 

1 km double 

run or better 

Digital 

Level with 

1.5mm 

accuracy for 

1 km double 

run or better 

Digital 

Level with 

1.5mm 

accuracy 

for 1 km 

double run 

or better 

2 Monument Type A4, B1,B2 A4, B1,B2 A6 A6 E 

3 

Starting Point 
LB of FBM / 

SBM 

LB of FBM / 

SBM / PL 
PL or SL 

PL, SL or 

TL 
 

Ending Point 
LB of FBM / 

SBM 

LB of FBM / 

SBM /PL/ SL 
SL or TL TL or ML  

3 Procedure Precise Precise 
Precise or 

Ordinary 
Ordinary Ordinary 

4 

Mode of 

Observation  

(B-Back Sight,  

F – Fore Sight) 

BFFB BFFB BF BF BF 

5 

Allowable 

discrepancy 

between two back 

Sights or two Fore 

Sight readings 

0.05 mm 0.05 mm - - - 

6 

Allowable 

discrepancy in 

distance between 

back Sight & Fore 

Sight 

0.5m 0.5m 1m 2m 2m 

7 
Maximum Length 

of Level line 
- - 20 km 12km 5km 

8 

Min distance 

between Instrument 

& Staff 

7m 7m  - - - 

9 

Max distance 

between Instrument 

& Staff 

50 m 50m 60m 60m 60m 

10 
Allowed Error 

Closure (m) 

0.00276√K ; 

K: length of 

line in km 

0.004√K ;  

K: length of 

line in km 

0.006√K  

K: length of 

line in km 

0.010√K  

K: length of 

line in km 

0.024√K 

K: length 

of line in 

km 
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2.15.10 Establishment of Level lines (PL, SL & TL) 

The Deputy Surveyor General (Geodetic) will direct all primary, secondary and tertiary 

leveling. Fieldwork will be carried out by officers assigned to Geodetic Survey Units. 

However establishment of benchmarks in a level line will be carried out by relevant 

district.  All level lines should be established considering following criteria.  

a) Every 500m interval BM should be established and their base and the collar 

should be concreted. 

b) No obstacles should be above the BM to enable holding leveling staves vertically 

and the BM location should be suitable to set up bipod or any other surveying 

instruments and work conveniently. 

c) BM bolt should emerge minimum 8mm above concrete to facilitate free 

movements of leveling staves. 

On successful competition of monumentation, following documents should be prepared 

and send them to DSG(Geodetic) for further action. 

a) A complete diagram to be prepared for each BM in a Field Book giving all 

information shown in Annexure  X. Minimum of 3 tie measurements for prominent 

permanent features should be shown in the diagram. An approximate coordinate of 

monument to be taken with Hand Held GPS receiver and mentioned in field note.  

b) Prepare a 1:50,000 location diagram / kml file showing newly established control 

points 

c) Scan relevant FBB pages and named those images with respective reference number  

With the receipt of all documents at the completion of monumentation a considerable 

period of time should be lapsed to settle before commencement of leveling. 

 

Where new level line starts or closes on an old established benchmark (not a 

Fundamental Benchmark), the existence of the old benchmark must be verified by 

running a test leveling to another known benchmark in the vicinity.   

With the commencement of field process, raw data of geodetic leveling should be 

downloaded and printout to be pasted on a numbered level book under relevant loop of 

the level line as per specimen in Annexure VII. Anyhow this format could be somewhat 

different from the instrument to instrument. 

Height difference of benchmarks in each loop obtained by forward and backward 

leveling will be extracted to an abstract form given in Annexure VIII. Results in a 

abstract form will be scrutinized to determine the loops that are not in the permissible 

limit and to re-level the misclosed loops. With the acceptance of all loops in the level 

line adjustment will be done using the format shown in Annexure IX. 

A clear complete diagram as in Annexure X showing the location, tie measurements, 

approximate coordinates and height will be prepared for each benchmark in the level line 

and report on level line will be published by DSG(Geodetic). 
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2.15.11 Specification for Conventional Methods 

At present digital levels and bar-coded staves are used for Geodetic Leveling. Therefore 

most of the procedures adopted in past have diminished. However, different settings have 

to be made in the instruments according to their make & accuracy to achieve the 

standards required.  

Followings are the conditions of agreement for Primary and Secondary leveling with 

conventional methods. Chapter V in Technical Instructions fully describes the manual 

operations of precise leveling.       

 Conditions of Agreement Must not exceed 

Primary Secondary 

i The differences of the stadia hair readings 0.006096m 0.012192m 

 

ii 

The differences of the level hair readings on 

one staff (back or fore) 

0.000457m 0.000610m 

 

iii 

The difference of the sum of the stadia hair 

and the sum of the level hair readings 

0.001067m 0.001524m 

iv The stadia distance   38.1m   41.1m 

 

v 

The discrepancy between back and fore  

leveling for each section and for each line ; 

where k is the distance in kilometers. 

0.00276√k 0.00386√k 

 

The limits of errors remain unchanged in conventional methods too. 

  Primary  = 0.003√k 

  Secondary  =0.004 √k 

Tertiary      = 0.006√k 

  Minor      = 0.010√k 

  Detail        = 0.024√k 

 

  where k is the length of level line in kilometers. 

 

2.15.12 Verification of Fundamental Benchmarks 

Senior Supdt. of Surveys in District/Province should inspect or arrange for the inspection 

by a competent officer of all Fundamental Benchmarks in their district/province annually 

and submit a report in the given form to Senior Supdt of Surveys (Geodetic) for further 

action with copy to relevant Provincial Surveyor General. However Provincial Surveyor 

General concerned should take proper action accordingly if he considers that special 

action is required in connection with any Fundamental Benchmarks.  

If found any benchmarks in PL, SL or TL are destroyed or missing, Senior Supdt. of 

Surveys in relevant District should inform to the Geodetic Survey Unit. 
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Annexure 1 
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Annexure IV 
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Annexure V 
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Annexure VI 

 

 
 

 



DSR                                    GEODETIC SURVEYS 

33 

CHAPTER II 



DSR                                    GEODETIC SURVEYS 

34 

CHAPTER II 

Annexure VIII 
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          Annexure IX 
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Annexure X 
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CORRECTION SLIPS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



DSR                                    GEODETIC SURVEYS 

38 

CHAPTER II 

CORRECTION SLIPS 

 


