6.

TOPOGRAPHICAL SURVEYS

This chapter describes the different types of topographical surveys and defines specific obligations
that the Surveyor must meet when undertaking such surveys.

6.1.

6.1.1

6.1.2

It prescribes what needs to be surveyed for the different scales of surveys and what information
is to be provided when submitting the final survey drawing/datasets.

It also prescribes specific survey observations that must be observed when fixing certain
features such as Culverts, drains, manholes etc.

Borrowpit and railway survey specifications must adhere to the requirements laid down by the
relevant authorities.

Provision for the Client to prescribe certain special requirements is also dealt with in this
chapter.

General requirements for all topographical ground surveys

The Purpose of these surveys

The purpose of these surveys is to represent the original ground line as accurately as possible
and to produce a comprehensive topographical survey for the design of relevant engineering
facilities, infrastructure etc. In this case this will obviate the necessity for staking, referencing
and cross-sectioning with reference to road alignments. This type of survey must be sufficiently
accurate so that the setting out of the works can take place immediately prior to construction.
The Digital Terrain Model (DTM) which is a product of this type of survey will also be utilised to
accurately quantify all earthwork volumes during the construction stage(s).

Phases of the survey

The survey must include the following stages:

a) Basic Survey: This being the establishment and survey of a network of Permanent
Survey Control located in pre-selected positions and within the survey area as described
in terms of paragraph 5.1.1(b) “Spacing of the Permanent Survey Control”.

b) The Detailed and Digital Terrain Model (DTM) Survey

The detail survey: This being the survey of all natural and man-made features which
may have an impact on the design or the development itself.
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6.1.3

6.14

The Digital Terrain Model (DTM): This being the establishment of a mathematical
model of the ground surface where points are surveyed so as to accurately define terrain
features that are material to the DTM.

C) The Mapping: This being the compilation of drawings from the data recorded during the
survey process.

d) The Cadastral Compilation: This being the sourcing and compilation of datasets which
define the Cadastral boundaries and the property designations and which are then
superimposed onto survey drawing(s).

e) Check Cross-Sections, Office and Field Checks: This being the quality control survey
undertaken prior to the submission of the final output of the survey.

f) Submitting of Records: This being the datasets, documents, plans etc. submitted to the
Client on completion of the survey project.

Establishment of Permanent Survey Control

A network of Permanent Survey Control beacons must be established for all such survey
projects to be utilised for the setting out of the construction works. Refer to Chapter 5 “THE
ESTABLISHMENT OF PERMANENT AND OTHER SURVEY CONTROL POINTS”.

Detail To Be Surveyed:

As a general requirement, all detail which may have a bearing on the design of the Client’s
projects must be surveyed.

The standard feature codes as per Annexure 15 must be used. Where no specific codes have
been provided, then new codes may be created taking into account the principals used for the
creation of codes for Annexure 15. The following is therefore relevant and must be defined by
survey:

a) The edges of all existing gravel roads, including the convex or concave shape of the
Road Surface and any super-elevation;

b) The edges of asphalt and/or kerb (top and bottom) with respect to all surfaced roads,
including the convex or concave shape of the Road Surface and any super-elevation;

C) The positions and invert levels of all side drains (whether lined or not);

d) The size, position and invert levels of all drainage and storm water pipe inlets and
outlets, notwithstanding their location being beyond the defined survey area. The inlet
must be linked to the correct outlet when shown on the final survey drawings;

e) All drainage structure detail including ‘wing walls’. It is noted that the position, height of

the ‘head wall’, invert levels and dimensions must be surveyed and recorded. Sufficient
observation must be taken so as to enable the extraction of a section along the drainage
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f)

)

h)

p)

a)

furrow and the extraction of a cross section across the drainage structure. The
generation of accurate contours of the area where the drainage structure is located must
be possible from the observations taken (Refer to Annexure 17);

All power and telephone lines showing individual poles, pylons or structures etc. It be
noted that overhead clearances relative to the edge of the Road Surface must be
surveyed and recorded. The temperature at the time of measurement must be recorded;

Fences;

Bridge column/pillar, expansion joints, deck width and length and the horizontal and
vertical clearances with respect to overpass Bridges. Such clearances must be
measured in relation to both edges of the road. The exact position where the clearances
have been measured must then be shown on the CAD drawing;

All visible municipal services such as sewerage, water, electricity, lamp posts, traffic
lights, etc. Only visible services including markers of underground services must be
surveyed,;

Cover, invert and ground levels of all manholes where the type of service must be
recorded as well as the pipe diameter and direction of flow;

Valve chambers of existing water mains;

‘Top’ and ‘toe’ of cut and fill batters and all changes in terrain slope that may have an
impact on the generation of the digital terrain model (DTM) and the contours (These will
serve as break lines in the final DTM);

Existing accesses to adjoining properties;

Cross- and intersecting roads (excluding minor access roads) must be surveyed (the
entire Road Reserve) up to a distance of 200m along the intersecting/cross road where
distance is measured from the primary road centre line. The road sign destinations of all
roads must be shown on the final drawings. Intersecting streets must be surveyed (the
entire street reserve) up to a distance of 50m along the intersecting/cross streets;

Any encroachment onto the Road Reserve;
Soil erosion within the survey area;
Generally all ‘road furniture’;

All road signs must be surveyed and a photograph taken thereof where their positions
and photograph number must be shown on the drawings. The photographs must be
supplied in digital format and printed hard copies. The position of all ‘gantry footings’ and
to what extent the gantry extends over the road and further the height clearance between
the Road Surface and the bottom of the gantry must be surveyed and shown on the
drawings;
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s)

B

y)

2)

aa)

bb)

cC)

dd)

ee)

ff)

gg)

hh)

)

All road markings such as yellow lines, lane divider lines, etc., must be surveyed and be
shown on the drawings and where the line type (solid, broken, solid and broken, etc.) is
clearly indicated;

All break lines that might have an impact on the creation of the digital terrain model
(DTM);

All Permanent Survey Control to be shown on the drawings;

Rivers, streams, springs, canals, dams, pans, marshes and areas subject to tidal
flooding including their names and annotated where relevant the direction of flow;

Highest known flood levels of all major streams/rivers determined from local evidence or
information gathered. (The source of such information and the date must be indicated on
the drawings);

High Water Mark of the sea, tidal rivers etc. and flood levels of streams and dams;
A description of the river bed e.g. sandy, boulders, solid rock, silted etc.;

Forests, plantations, bushes, shrubs, orchards, hedges and noteworthy trees which may
be landmarks or when the preservation of which may be desirable for scenic purposes
etc.;

Cultivated lands (where a differentiation is to be made and recorded between dry and
irrigated), rock outcrops and continuous rock, cliffs, sand dunes etc.;

Natural drainage lines and drainage structures;

Where applicable, position of foundation ‘test holes’ where the actual ground level is
recorded,;

Generally any topographical features;

Road numbers together with the road destination, where this destination is determined
by the point and direction where the relevant road exits from the survey area. This must
be applied to each drawing submitted;

All buildings where a differentiation is made between the types of construction and
whether of a permanent nature or of a temporary nature and where the general use of
the buildings or groups of buildings, save for habitable dwellings (e.g. school, store,
office etc.) are recorded and shown;

National monuments and buildings/structures of known historical interest. These must
be briefly described;

Gates and fences where a differentiation is to be made between ordinary, stock-proof;
jackal-proof security fences etc.;

Stone, brick or any other type of walls;

Wells, boreholes, windmills;

Standard Survey Methods TMH11 Version 2.0 March 2012

6-4



6.1.5

kk)  Kilometer markers and the kilometer values shown on the marker board;
1)) Quatrries, tunnels, mines and their related work, etc.;
mm) Graves and cemeteries and specifically individual graves; and

nn)  Generally all features that are not noted above but could have an impact on the design
for which such topographical survey is required.

Every point of detail must be fixed in Y, X and Z and must be presented on the drawings by
standard feature descriptions. The density of the survey must be adhered to so as to enable
cross-sections to be extracted from the DTM at 10m intervals. (For standard feature description
codes refer to Annexure 15).

Digital Terrain Model (DTM)

a) DTM observations shall be taken generally at maximum of 20m spacing (excluding the
Road Prism where 10m spacing is required). Depressions evident on the Road Surface
will dictate the additional DTM observations that must be taken.

b) In addition to the survey of all normal detail and the DTM survey that covers the entire
area of the survey the following must be surveyed using a Total Station or Laser
Scanning equipment as detailed. Points surveyed must adhere to a maximum spacing of
10m where a Total Station is used and a spacing of 2m where a Laser Scanning
instrument is used. (Reference here is specifically for a Road Prism and shall be used as

break lines).

i) LHS Toe Line Total Station

i) LHS Shoulder Breakpoint Laser Scanning or Total Station
i) LHS Edge Tar/Road Surface Laser Scanning or Total Station
iv) LHS Yellow Line Laser Scanning or Total Station
v) Centre Line Laser Scanning or Total Station
vi) RHS Yellow Line Laser Scanning or Total Station
vii) RHS Edge Tar/Road Surface Laser Scanning or Total Station
viii) RHS Shoulder Breakpoint Laser Scanning or Total Station
ixX) RHS Toe Line Total Station

Also refer to Annexures 16.1 and 16.2 for typical road profile surveys.

C) Where super-elevation of the road is evident then additional measurements must be
observed in order to determine the precise start, rate and length of the super-elevation.
This information is specifically important where any change in the super-elevation may

be seen with the naked eye.

d) All changes in slope must serve as break-lines in the DTM.
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6.1.6

6.1.7

6.1.8

6.1.9

6.2

6.2.1

e) A careful and rigorous quality check must be carried out on the mathematical DTM
triangulation in particular where the DTM was computer generated and where there is a
general spread of features that will have an impact on the accuracy of the DTM.

f) The decimal point in the height value must denote the actual position of the spot shot
observed.

Moving of survey instruments and GPS base stations

Three points on the tar surface of the last row of survey observations from a station shall be
marked. Sufficient markings for non-road type surveys shall be made to be identified.

The same positions shall be surveyed from the next instrument station position.

The spot shots for both observations shall be shown on the CAD drawings.
Observation limitations

Survey observations taken on the Road Prism shall be limited to a maximum distance of 150m
from the instrument station.

GPS survey observations from a GPS base shall be limited to a maximum distance of 500m on
either side of the base station.

Check surveys
Refer to Chapter 13 “QUALITY CONTROL".
Data to be supplied

Refer to Chapter 12 “DELIVERABLES”.

Specific requirements for road detail and a DTM strip survey (including
the Road Prism)

In addition to the general requirements stated above, the survey must include the following
where applicable:

Phases of the survey

Refer to paragraph 6.1.2 “Phases of the survey”.
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6.2.2 Areato be surveyed

6.2.3

6.3

6.3.1

The area to be surveyed is to be indicated by the Client and may comprise of a description, key
plan or dimensions. The Client may issue special instructions with respect to the survey of
under/overpasses.

Survey equipment

Conventional survey, Global Positioning System (GPS) or Terrestrial and Mobile Laser
Scanning equipment may be employed for these surveys, provided that:

a)

b)

d)

e)

No elevation observations using GPS equipment are permitted on the Road Prism (toe
line to toe line) or for drainage structures;

Laser Scanning may only be permitted for the survey up to the Shoulder Break Point of
the Road Surface provided that the Shoulder Break Point is clear of vegetation i.e. only
the surfaced road area shall be scanned,;

The methodology used must meet the level of accuracy as specified in Chapter 3
“SURVEY REGULATIONS AND STANDARDS OF ACCURACY” above;

For laser type surveys refer to Chapter 14 “LASER SCANNING FOR STRUCTURES,
THE COLLECTION OF DIGITAL TERRAIN DATA AND ROAD SURFACE MARKINGS”;
and

The most recent South African geoid determination must be applied to all GPS
measurements if a local geoid was not determined or specified.

Specific requirements for rail reserve detail & DTM surveys

Specific permission must be obtained from the rail authorities prior to entering into their rail
reserve.

In addition to the general requirements stated above, the survey must include the following
information where applicable:

Phases of the survey

Refer to paragraph 6.1.2 “Phases of the survey”.

Standard Survey Methods TMH11 Version 2.0 March 2012

6-7



6.3.2 Areato be surveyed

6.3.3

6.3.4

6.3.5

The area to be surveyed will be determined by the Client.

Survey equipment

Conventional survey and Global Positioning System (GPS) equipment may be used for these
surveys provided that:

a)

b)

GPS equipment is not permitted for the determination of elevation of railway lines (toe
line to toe line) or drainage structures.

The methodology used must meet the level of accuracy as specified in Chapter 3
“SURVEY REGULATIONS AND STANDARDS OF ACCURACY” above;

For terrestrial laser type surveys refer to Chapter 14 “TERRESTRIAL AND MOBILE
LASER SCANNING FOR STRUCTURES AND THE COLLECTION OF DIGITAL
TERRAIN DATA AND ROAD SURFACE MARKINGS”

Digital Terrain Model (DTM)

DTM observations on the existing railway prism shall be spaced at a maximum of 10m intervals
together with all elements of the railway prism and any change of slopes that will impact on the
DTM. The top of the railway line must not be utilised in generating the final DTM but be
recorded separately in an Excel file clearly labelled as “top of rail”.

Longitudinal section

a)

b)

c)

d)

e)

Longitudinal sectional observations are required to be taken along the top of each
railway line. The length of such longitudinal section must be confirmed by the Client.

The scale of 1:100 in a vertical plane and 1:1000 in a horizontal plane is preferable and
where the levels taken on top of the railway lines must be spaced at 10m intervals. The
kilometer distances must be recorded and shall always be shown as increasing from left

to right relative to the road direction (increasing kilometer distances).

The start and end positions of the longitudinal section must be shown on the CAD
drawing.

The Y, X and Z co-ordinates for the longitudinal section must be supplied in Excel format.

No longitudinal section drawings are required.
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6.3.6 Additional detail to be surveyed

6.4

6.4.1

In addition to the general requirements these surveys must include the following where

applicable:

a) Railway line levels (Both rails) — Not to be used for the DTM,;

b)  Sufficient information so as to determine radii of railway curves;

c) Railway line kilometer marker positions and their values, including grade posts;

d)  Turnouts;

e) Signals;

f) Signal Wire runs;

g) Electrification masts;

h)  Telephone and telegraph routes;

i) Power line routes;

i) Cables (signal, power and communication)

k)  Railway reserves indicating their ownership and the destinations thereof;

)] Road and Railway layout with leading dimensions in respect of formation width, and
distance between carriageways and between railway lines;

m) Position of overhead electrical gantries and masts situated on the railway lines including
the exact position of the concrete footings; and

n)  Position of cross-over and crossings on railway lines.

Site surveys (ground method)

General

Note:

Instructions for bridge site surveys will specifically be given by the Client.
Instructions to undertake site surveys do not automatically include structural
surveys and visa versa.

Instructions to undertake site surveys at culverts must be specifically given by the
Client. The locations thereof will be listed in the relevant tables as specified.
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This paragraph specifically describes the requirements for all types of site surveys and is to be
read with the general requirements as set out in Paragraph 6.1 “General requirements for all
topographical ground surveys”.

a) Purpose of Site Surveys

The purpose of this type of survey is to be able to generate an accurate DTM and to
provide plans with contours and all topographical features including relevant longitudinal
and cross-sections with reference to roads or waterways etc. so as to enable the design
and accurate placing of the proposed structures and to establish fixed Permanent Survey
Control to be used for future setting out of such structures and the control and monitoring
thereof.

b) Phases of the survey

The survey shall include the following phases:

i)

ii)

iv)

Vi)

vii)

Basic Survey: This being the establishment and survey of a network of
Permanent Survey Control and placed in selected positions within the site area
and as defined in terms of paragraph 5.1.1(b) “Spacing of the Permanent Survey
Control”.

The Detailed and Digital Terrain Model (DTM) Survey

. The detailed survey: This being the survey of all natural and man-made
features which may have an impact on the design or development.

. The Digital Terrain Model (DTM): This being the observations taken in
both position and height and at regular ‘grid’ spacings including all changes
of slope and break lines so as to depict the existing terrain to the required
accuracy.

The Mapping: This being the compilation of drawings from the data recorded
during the survey process.

The Cadastral Compilation: This being the sourcing and compilation of datasets
which define the Cadastral boundaries and property designations and which are
then superimposed onto the survey drawing(s).

Check Cross-Sections and Field Checks: This being the quality control survey
undertaken prior to the submission of the final output of the survey.

Submitting of Records: This being the datasets, documents, plans etc. submitted
to the Client on completion of the survey project.

Sectioning: This being the presentation of the ground survey in the form of a

cross-section(s) and long-section(s) and in a format or medium as defined by the
Client (Sectioning will only be done when specifically instructed by the Client).

Standard Survey Methods TMH11 Version 2.0 March 2012

6-10



C) Plan requirements

i) Site Plan

Unless otherwise specified, the Site Plan shall comprise of a combination of the
Locality Sketch and the detail contour survey plan.

ii) Locality Sketch

Unless otherwise specified, the Locality Sketch shall be shown as an inset on the
Site Plan. Relevant detail such as longitude, latitude and a reference to the
1:50 000 maps so as to be able to locate the site from any given direction must be
reflected therein.

iii) Survey Plan

The survey plan must be rotated so that the stake value or kilometer distance of
the structure increases from left to right. For all other structures the survey plan
shall be compiled with the North Direction pointing to the top of the plan.

6.4.2 Specific requirements for Bridge site detail and DTM survey: road crossing (including
pedestrian Bridges)

In addition to the general requirements stated in Paragraph 6.1 “General requirements for all
topographical ground surveys” and 6.4 “Site surveys (ground method)” this survey must include
the following where applicable:

a) Area to be surveyed
Unless otherwise instructed the area to be surveyed must comprise of a circular area

defined by a radius of 150 metres as measured from the actual Bridge site centre point.
The Client will describe each Bridge site in accordance with the table below:

Bridge Site Centre Point Description of
Bridge Site Km Ref. Coordinates Bridge Site
Description WGS 84 Rectangular Centre Point
Y (meters) X (meters)

The directional convention of a Bridge which will cross over or under a road is
determined from facing in the direction of increasing kilometer distance of that road.
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b) Survey equipment

Conventional survey, laser and Global Positioning System (GPS) equipment may be
used for this survey provided that the Road Prism (toe line to toe line) is surveyed using
Total Stations or Laser Scanners up to the Shoulder Break Point of the Road Prism and
subject further to the following:

i) The methodology used must at all times adhere to the levels of accuracy as
specified in Chapter 3 “SURVEY REGULATIONS AND STANDARDS OF
ACCURACY” above; and

ii) The survey must be based on the Permanent Survey Control beacons within the

Road Reserve and on the Permanent Survey Control beacons established
specifically for the Bridge site survey.

6.4.3 Specific Requirements for Bridge Site Detail and DTM Survey: River Crossings

In addition to the general requirements stated include the following where applicable:

a) Area to be surveyed

Unless otherwise instructed, the area to be surveyed must comprise of a circular area
defined by a radius of 250 metres as measured from the actual Bridge site centre point
and always include the area 250 metres upstream and downstream. The Client will
describe each Bridge site in accordance with the table below.

The underwater observations must form part of the final DTM.

Special instructions for the surveying of cross-sections through the river and outside of
the 250m radius area may be issued by the Client.

Bridge Site Centre Point Description of
Bridge Site Km Ref. Coordinates Bridge Site
Description WGS 84 Rectangular Centre Point
Y (meters) X (meters)

b) Locality sketch

The Locality Sketch must be shown as an inset on the Site Plan. The position and size
of existing structures within 3km upstream or downstream from the proposed Bridge
must be shown including a description thereof. It is common that more than two
structures on either side are shown.
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6.4.4

c)

d)

Survey equipment

Conventional survey, laser and Global Positioning System (GPS) equipment may be
used for this survey provided that the Road Prism (toe line to toe line) is surveyed using
Total Stations or Laser Scanning up to the Shoulder Break Point and is further subject to
the following:

i) The methodology used must at all times adhere to the levels of accuracy as
specified in Chapter 3 “SURVEY REGULATIONS AND STANDARDS OF
ACCURACY” above; and

ii) This survey must be based on the Permanent Survey Control beacons within the
Road Reserve or the Permanent Survey Control beacons established for the
Bridge site survey.

Sectioning

i) Provided that a DTM is surveyed, no long or cross sections of the river within the
250m radius are required.

ii) The Client must issue a special instruction should cross sections through the river
be required outside the 250m radius.

iii) No drawings of any long and cross sections taken are required.

Survey plan

Should the Client instruct that the cross-sections taken must be represented on the
survey plan and should there not be enough space available, then a separate plan(s)
must be prepared.

Specific requirements for Bridge site detail and DTM surveys: railway crossings

In addition to the general requirements stated in paragraphs 6.1 “General requirements for all
topographical ground surveys”, 6.3 “Specific requirements for rail reserve detail & DTM
surveys” and 6.4 “Site surveys (ground method)” above this survey must include the following
where applicable:

a)

Area to be surveyed

Unless otherwise instructed, the area to be surveyed must comprise of a circular area
defined by a radius of 300 metres as measured from the actual Bridge site centre point.
The survey must also include a strip 50m either side of the road centre line and which
extends from the 300m radius limit up to 600m or along a railway line up to 400m.
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The Client will describe each Bridge site in accordance with the table below:

Bridge Site Centre Point Description of
Bridge Site Km Ref. Coordinates Bridge Site
Description WGS 84 Rectangular Centre Point
Y (meters) X (meters)

b) Survey equipment

Conventional survey, laser and Global Positioning System (GPS) equipment may be
used for this survey provided that the Road and Railway Prisms (toe line to toe line) are
surveyed using Total Stations or Laser Scanning up to the Shoulder Break Points and
subject further to the following:

i) The methodology used must at all times adhere to the levels of accuracy as
specified in Chapter 3 “SURVEY REGULATIONS AND STANDARDS OF
ACCURACY” above.

c) Additional detail to be surveyed in the rail reserve:

i) Railway line levels (both rails). These levels are not be used in the creation of the
final DTM,;

ii) Sufficient information to determine radii of road and railway line curves;

iii) Railway line kilometer marker board positions and values and grade posts;
iv) Turnouts;

V) Signals;

vi) Signal Wire runs;

vii)  Electrification masts;

viii)  Telephone and telegraph routes;

iX) Power line routes;

X) Cables (signal, power and communication);

Xi) Railway reserves indicating its ownership and the destination;

xii)  Road and Railway layout with leading dimensions in respect of formation width,
and distance between carriageways and between railway lines;
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d)

xiii)  Position of overhead electrical gantries and masts situated over railway lines and
including the position of the concrete bases;

xiv)  Position of cross-over and crossings on railway lines; and

Xv)  Where the area is located in a highly urbanised area then detail considered
irrelevant may be omitted provided such approval has first been obtained from the
Client.

Every point of detail must be fixed in Y, X and Z and must be displayed by a standard
feature description. The density of survey must be sufficient to enable cross-section to
be extracted from the DTM at 10m intervals.

Sectioning
i) Longitudinal sections along railway lines:

o A longitudinal section is required for each track of the railway line affected
by the Bridge crossing. These sections must cover a distance of at least
300m on either side of the proposed Bridge(s). The exact length of the
survey must be confirmed by the Client.

o Scale of 1:100 in the vertical plane and 1:1000 in the horizontal plane are
preferred.

. Kilometer distances must always increase from left to right in relation to the
direction of the road. The output provided shall be computer plots and in an
appropriate digital format. Each section must be shown as a separate
profile. The position of where the sections were taken must be clearly
indicated on the survey drawing(s).

. Sections and profiles must be clearly numbered on the CAD drawing.

ii) The longitudinal sections must show the following:

. Levels on top of both tracks of the railway line at 10m intervals together with
rail kilometer distances.

. Sufficient survey information must be surveyed so that the designer is able
to determine the geometric data with respect to the vertical and horizontal
alignments of the tracks of the railway line.

. The crossing point of the rail and road centre lines.

. Railway line destinations.

. The position of existing structures including railway line drainage pipes and
services.
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In general all requirements as stipulated by the relevant railway authority must
also be considered and met with, if applicable.

Road forming part of the railway crossing

All requirements as stipulated in paragraphs 6.1 “General requirements for all
topographical ground surveys”, 6.2 “Specific requirements for road detail and a DTM strip
survey (including the Road Prism)” and 6.3 “Specific requirements for rail reserve detail
& DTM surveys” shall be applicable to this part of the site survey.

6.4.5 Specific requirements for Culvert site surveys

a)

b)

Area to be surveyed

The extent and scope of the survey must be supplied by the Client. The Client will
describe each culvert site in accordance with the table below:

Culvert Site Centre Point Description of
Culvert Site Km Ref. Coordinates Culvert Site
Description WGS 84 Rectangular Centre Point
Y (meters) X (meters)

Site survey requirements

The survey and drawing requirements for these surveys shall be as per those specified
for river crossings in Paragraph 6.4.3 “Specific Requirements for Bridge Site Detail and
DTM Survey: River Crossings” above provided that the exact extent and scope of the
survey must be supplied by the Client. For further survey requirements on the culvert
structure itself refer to Annexure 17.

6.5 Borrowpit and Quarry site detail contour survey

6.5.1 General

This paragraph specifically describes the requirements of these surveys and must be read with
the general requirements specified in paragraph 6.1 “General requirements for all topographical
ground surveys” above.
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a)

b)

c)

d)

Purpose of the survey

The purpose of this survey is to produce plans for Quarry sites and Borrowpits as
determined and required by the Inspector of mines and for planning and construction
purposes.

Phases of the survey

Refer to paragraph 6.1.2 “Phases of the survey” above.

Survey instruments

Conventional survey, Laser and Global Positioning System (GPS) equipment may be
used for this survey, provided that:

i) The methodology used must at all times adhere to the levels of accuracy as
specified in Chapter 3 “SURVEY REGULATIONS AND STANDARDS OF
ACCURACY” above.

Survey control

The survey must be based on a network of Permanent Survey Control beacons. A
minimum of three Permanent Survey Control beacons must be established around each
Borrowpit for future surveys during the construction phase of a project for which the
Borrowpit is to be utilised (Refer to paragraph 5.4 “Specific requirements for the
establishment of Permanent Survey Control for Borrowpit surveys”);

Digital Terrain Model (DTM)

DTM observations must be taken at maximum spacing of 20m and all changes in slope
surveyed. The area is demarcated by the Client and the survey must extend 20m beyond
the perimeter of the demarcated area;

6.5.2 Specific requirements for Borrowpit detail and DTM survey

In addition to the general requirements specified in Paragraph 6.1 “General requirements for all
topographical ground surveys” the following shall also be applicable:

a)

Area to be surveyed

If the Quarry/Borrowpit is unfenced then the Client will indicate where the approximate
positions of the proposed corner posts of a fence are which demarcates the area to be
surveyed.
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b) The staking of the designed Borrowpit boundary points

i) Where the Quarry/Borrowpit is fenced prior to survey, then the positions of corner
posts and gates must be adopted, surveyed and recorded.

ii) The Client must provide the coordinates so as to set out the boundaries of the
Borrowpit/Quarry.

iii) Steel pegs 16mm diameter and 450mm in length must be used to demarcate all
the corner positions. A substantial cairn of stones shall be placed over each peg
and duly painted with a durable white paint.

C) Borrowpit access road survey

d) Area to be surveyed

i) The most logical, practical and the shortest access route to the Borrowpit must be
determined and where the Borrowpit is not located directly adjacent to a public
Road Reserve and where no alignment is provided,;

ii) Unless otherwise specified, in the case of a new access road only the centreline of
the proposed access route is to be surveyed at 10m spacings. Where the access
road is adjacent to a fence line or a Cadastral boundary, then the fence line must
also be surveyed. The survey must take the design of the access road into
account where this is obtainable from the Client;

iii) In the case of an existing fenced access road the LHS and RHS road bending
points thereof must be surveyed, at an effective minimum spacing of 50m. Where
the access road is not fenced the position of the existing road with all its features
and beyond 10m from both edges of the road must be surveyed;

iv) Such access roads must be shown on the survey drawings and reflected in a
separate CAD layer; and

V) It must be noted that an existing access road which is also a right of way to
neighbouring properties shall not traverse through any part of the Borrowpit area
as demarcated by the Client.

6.5.3 Specific requirements for Quarry site surveys

In addition to the general requirements specified in paragraph 6.1 “General requirements for all
topographical ground surveys” the survey must also include the following:

a) Quarry surveys where blasting is to take place
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b)

i) An area extending 500m from the perimeter of the Quarry is to be surveyed. This
must be contoured at 5m intervals and plotted at a scale of 1:2 000.

ii) The area extending 20m from the perimeter of the Quarry must be surveyed to the
same specifications as that for Borrowpit surveys specified in Paragraph 6.5.2
“Specific requirements for Borrowpit detail and DTM survey”. This shall be
contoured at 1m intervals and plotted at a scale of between 1:200 and 1:500 so as
to fit onto an AO sheet.

Quarry surveys where no blasting is to take place

i) An area extending 20m from the perimeter of the Quarry is to be surveyed to the
same specifications as that for Borrowpit surveys specified in Paragraph 6.5.2.
“Specific requirements for Borrowpit detail and DTM survey”. Where topographic
features such as buildings and power or pipeline servitudes are within 200m of the
perimeter of the quarry, then the area must be extended so as to include these
features. This area must be contoured at 1m intervals and plotted at a scale of
between 1:200 or 1:500 so as to fit on an AO sheet.

6.6 Requirements for photogrammetric topographical surveys: 1:500 to
1:2000 scale

6.6.1 General requirements

a)

b)

Purpose of the survey

The general purpose of this type of survey is to enable the preparation of detailed
topographical plans and to provide for the establishment of Permanent Survey Control
beacons to be used in future surveys. These surveys are utilised inter alia for the
selection/design of a future road centre line but is also used with reference to revision
type surveys, the study of the engineering requirements for the future road construction
and/or rehabilitation of roads and for the acquisition of land for such road.

Phases of the survey

The following are generally recognised as distinct phases of this type of survey and the
necessity to carry each phase out will be determined by the Client and recorded in the
project instructions.

i) The Photography: This being the aerial photography, the processing of the film,

the supply of negatives, contact prints, diapositives, digital images and Flight
Plans and as specified in Chapter 4 “AERIAL PHOTOGRAPHY” .
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c)

i)

ii)

Vi)

vii)

viii)

iX)

The Basic Survey: This being the establishment of a horizontal and vertical
survey network of Permanent Survey Control on which the survey must be based.

The Photo Ground Control: This being all field survey work required for the
establishment of Photo Control Points which must be based on the Permanent
Survey Control established for the project, the Annotation of detail on the
photographs, the aerial triangulation and additional ground surveys such as the
recording of dimensions, height clearances, invert levels etc.

Photo Annotation: This being the annotation of features listed under Paragraph
6.6.1(d) “Detail to be surveyed” that is not clearly visible from the aerial
photography.

The Mapping: This being the photogrammetric or other plotting and recording of
digital data of all topographical detail and includes the drawing of plans, and the
transfer of annotated and field surveyed information onto the drawings.

The Digital Terrain Model Observations (DTM): This being the observations in
both position and height in a regular grid fashion and recording of all changes in
slope and ‘break lines’ so as to represent the existing terrain topography and to
the required accuracy.

The Cadastral Compilation: This being the collection and compilation of all data
which defines the Cadastral boundaries as per the designations determined by the
office of the Surveyor—General.

Quality Control: This being quality control surveys and office checks undertaken
prior to the submission of the final output of the survey.

Submission of final data: This being the data that must be submitted to the
Client on completion of the survey project.

Area to be surveyed

i)

ii)

The width of the ‘strip’ to be surveyed for a road survey is normally 750m for
surveys of 1:2 000 scale, 450m for surveys of 1:1 000 scale and 250m for surveys
of 1:500 scale provided the extent has not been delineated on the photographs or
otherwise indicated or laid down by the survey requirements of the specific project.

All other areas to be surveyed shall be shown on any plan/photo at a convenient
scale to clearly identify the boundaries of the survey area.

The photogrammetric survey is not required within the Road Reserve where

ground survey forms part of the photogrammetric survey project. This must
however always be confirmed by the Client in writing.
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d)

Detail to be surveyed

i)

ii)

iv)

Vi)

vii)

viii)

Xi)

i)

Rock outcrops, cliffs, sand dunes, eroded areas and gullies;

Railways (differentiating between standard and narrow gauge and between
Spoornet and privately owned lines). The destination of all railway lines must be
indicated on the plans;

Roads (differentiating between bitumen, concrete paved and gravel surfaces)
indicating status, number and destination, footpaths, guardrails, kerbing, manholes
and side drainage must be shown;

Road markings (i.e. lines dividing lanes on the Road Surface). The line types shall
be shown as on the ground, i.e. solid, broken, broken and solid, etc.;

Bridges (stating Bridge numbers) and Culverts. Detail such as the dimensions and
types of construction for those structures which are situated on or across roads, or
which could have a bearing on the drainage thereof (possible annotation required);

Elevations of the centre of the road at the point of intersection of road and Culvert,
and including Culvert sizes, invert levels of Culverts, Bridges and manholes
(including cover invert and ground levels, the type of service, pipe diameter and
direction of flow) must be obtained by means of ground survey methods;

Drainage and irrigation furrows:

. Wherever a surveyed feature of any kind, is contained within well-defined
outlines, these outlines shall be shown in their true shape and by the correct
symbol,

. In general, all topographical features and manmade structures, the plotting

of which must be consistent with the scale of the plans;

With respect to urbanised areas such as townships, industrial or mining sites, etc.,
written approval must be obtained from the Client to omit same detail which may
be considered to be irrelevant or not applicable;

The edges of all existing gravel roads, including the convex or concave shape of
the Road Surface and any super-elevation;

The edges of the asphalt, and/or kerb (top and bottom) of all surfaced roads,
including the convex or concave shape of the Road Surface and any super-
elevation;

The positions and invert levels of all side drains (whether lined or not). Inverts to
be surveyed by ground method;

The size, positions and invert levels of all drainage and storm water pipe inlets and
outlets, even if these extend beyond the defined survey width and must be
surveyed by ground method,;
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xiii)

Xiv)

XV)

XVvi)

XVii)

Xviii)

Xix)

XX)

Xxi)
Xxii)
Xxiii)
XXiv)

XXV)

XXVi)
XXVii)

XXViii)

XXiX)

All drainage structure detail such as wing walls (including their positions, height
of the head walls), invert levels and dimensions. Sufficient observation must be
taken in order to be able to extract cross-sections along the drainage furrow
and across the Culvert. The survey must be done in such a way to represent
accurate contours around the Culvert structure and wing wall area. Invert
levels must be surveyed by ground survey methods;

All power and telephone lines including their individual poles or pylons as per
their surveyed position and further the overhead clearances relative to the
edges of the Road Surface. Overhead clearances must be surveyed by ground
method (possible annotation);

Fences;

Bridge columns/pillars including the horizontal and vertical clearances of all
overpass bridges which must be surveyed by ground method;

All visible municipal services such as sewerage, water, electricity, lamp posts,
traffic lights, etc. It is noted that only visible services and markers of
underground services are to be surveyed (to be annotated on the photos);

Cover, invert and ground levels of all manholes which must be surveyed by
ground method;

Valve chambers of all existing water mains;

Top and toe of cut and fill batters and all changes in slope that may have an
influence on the creation of the DTM and contours generation;

Existing accesses to adjoining properties;
Any encroachment within the Road Reserve ;

Any soil erosion within the survey area;

All road furniture;

All road signs must be surveyed and their positions accurately depicted on the
plan (possible annotation);

All break lines that may have an impact on the creation the DTM;
Positions of Permanent Survey Control beacons;

Rivers, streams, springs, canals, dams, pans, marshes and areas subject to
tidal flooding including their names and the direction of flow where applicable;

Highest known flood levels of main streams/rivers or as close as possible and
where this is determined from local evidence or information gathered (the
sourcing of such information, its location and date must be indicated on the
plan) (to be annotated on the photos);
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XXX)

XXXi)

XXXii)

XXXiii)

XXXiV)

XXXV)

XXXVi)

XXXVii)

XXXViii)

XXXiX)

xl)

xli)
lii)
lii)
xliv)
xIv)

xlIvi)

xlvii)

High tide marks and High Water Marks of rivers, streams and dams (to be
annotated on the photos);

A description of the bed of the stream or river bed e.g. sandy, boulders, solid
rock, silted etc. (possible annotation);

Forest, bush, shrub, plantations, orchards, avenues, hedges, individual trees
which are landmarks, or where the preservation of which may be desirable for
scenic purposes, etc.;

Cultivated lands (differentiating between dry and irrigated), rock outcrops and
hard or continuous rock areas, cliffs, sand dunes etc.;

Natural drainage lines and manmade drainage improvements;

Position of foundation test holes with their ground levels if applicable (possible
annotation);

Any special features that may not be of a topographical nature;

Road numbers and the destination in the direction of the road as it exists
leaving the surveyed area;

All freestanding buildings, differentiating between types of construction i.e.
permanent or temporary and indicating the general use of the buildings or
groups of buildings (e.g. school, store, office etc.), save for habitable dwellings
(possible annotation);

National monuments and buildings or structures of historical value where a
brief description is included (to be annotated on the photos);

Fences and their gates (differentiating between ordinary, stock-proof; jackal-
proof; security fences etc.) (possible annotation);

Stone, brick or any other type of walls;

Wells, boreholes, windmills (to be annotated on the photos);

Kilometer markers with their kilometer values (to be annotated on the photos);
Quarries, tunnels, mine workings, etc.;

Graves and cemeteries and individual graves (to be annotated on the photos);

In addition, any feature not listed above, that may be required to accurately
model the surface or may affect earthworks and designs within the surveyed
area; and

Any structures or development which might have an influence on the design.
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The above must be fixed in Y, X and Z. The density of the DTM must be sufficient to
enable cross-section to be generated from the data at 10 meter spacing.

Contours must be shown at generally 0.5m or 1m intervals and supplemented by ‘spot’
heights wherever the contours are insufficient to depict the ground surface accurately.
Additional spot heights must be observed at regular intervals and also on such features
such as roads, railways and bridges etc. and where elevations may affect the future
engineering design to be done. In particular, deck levels of all bridges, railway line tracks
and major roads, where the latter two must be observed at a minimum spacing of 10m.

6.6.2 Photogrammetrical Digital Terrain Modelling (DTM)

Note: On instruction from the Client the ground surveyed DTM (triangles and detail)
must be spliced/added to the photogrammetric DTM (triangles and detail) and from
which contours must then be generated. (Refer to paragraph 6.8 “Manipulation of
photogrammetric/Lidar DTM and detail survey data by Splicing the ground survey TIN
and detail into photogrammetric/Lidar Model” for Splicing methodology)

a)

b)

d)

e)

f)

a)

Photogrammetric DTM observations must be observed at maximum spacing of 20m and
also at all changes in slope.

In addition the following must be observed at spacing of 10m and with reference to the
typical cross section of a Road Prism provided that no ground survey Splicing has been
specified:

i) LHS Toe Line;

i) LHS Shoulder Breakpoint;

iii) LHS Edge Tar/Road Surface
iv) LHS Yellow Line;

V) Centre Line

vi) RHS Yellow Line

vii) RHS Edge Tar/Road Surface
viii) RHS Shoulder Breakpoint

iX) RHS Toe Line

All the above features must be used as ‘break lines’ in the generation of the DTM.

The DTM density must be sufficient to enable cross-sections to be generated at 10 meter
intervals.

The decimal point in the height value must denote the actual position of the spot shot
observed.

The DTM heights must be recorded in a separate layer within the 3D Continuous Model.

No auto correction techniques shall be allowed to generate a DTM.
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6.7

6.7.1

6.7.2

Note:

i)

Lidar technology as specified in paragraph 6.9 “Lidar surveys for the production of
Orthophotos and line mapping” (and all other relevant chapters/paragraphs may
be used to generate photogrammetric DTMs and line mapping, provided the final
product complies fully with all requirements as specified in paragraph 6.6
“Requirements for photogrammetric topographical surveys: 1:500 to 1:2000 scale”
(and other relevant chapters/paragraphs of this document.)

Lidar surveys shall only be used with the written permission of the Client. The
final deliverables and output shall comply with all specifications where applicable
for the production of line mapping as provided for in this document.

Seamless aerial photography as the “Push Broom” digital imagery systems can be
used to produce DTMs and line mapping provided the final product adheres to all
requirements as stipulated in paragraph 6.6 “Requirements for photogrammetric
topographical surveys: 1:500 to 1:2000 scale” and all other relevant chapters in
this document.

If a Surveyor intends employing such methodology which must satisfy the requirements
of the specific project it shall first be submitted to the Client for approval.

Again all final deliverables and outputs shall fully comply with all specifications
contained in this manual for the production of line mapping.

Orthophoto production and DTM surveys

Purpose of the survey

The purpose of this survey is to produce small and large scale Orthophoto maps.

Phases of the survey (Conventional and Lidar surveys)

The following are generally recognised phases of this type of survey.

a)

b)

c)

The Photography: This being the aerial photography, the processing and supply of the
negative film, all negatives, contact prints, diapositives digital images and Flight Plans.
The photo scale or the Ground sample distance, in the case of digital photography, will
be determined by the final scale of the Orthophoto required.

The Basic Survey: This being the establishment of a horizontal and vertical survey
network of Permanent Survey Control on which the survey must be based.

The Photo Ground Control: This being all field survey work required for the
establishment of Photo Ground Control points which must be based on the Permanent
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6.7.3

6.7.4

d)

f)

a)

h)

Survey Control established for the project, the aerial triangulation and additional ground
surveys such as the recording of dimensions, height clearances, invert levels etc.

Photo Annotation: This being the annotation of features listed under Paragraph 6.7.10
“Features to be annotated in the field and shown as Orthophoto detail (Conventional and
Lidar surveys)” that is not clearly visible from the aerial photography.

The Mapping: This being the recording of all detail as prescribed for production of
Orthophotos, the drawing of the plans and the transfer of annotated and field surveyed
information onto the drawings.

The Digital Terrain Model Observations (DTM): This being the observations in both
position and height in regular grid fashion and recording of all changes in slope and
‘break lines’ so as to represent the existing terrain topography and to the required
accuracy which is then used to ortho rectify the photo imagery.

The Orthophoto Process: This being the digital photogrammetric process to produce
Orthophoto maps.

The Cadastral Phase: This being the collection and compilation of data which defines
the Cadastral boundaries as per the designations determined by the office of the
Surveyor-General.

Quality Control: This being quality control surveys and office checks undertaken prior to
the submission of the final output of the survey.

Submission of final data: This being the data that must be submitted to the Client on
completion of the survey project.

Area to Be Surveyed (Conventional and Lidar Surveys)

a)

b)

The scale for the final Orthophotos will be specified by the Client.

The width of the strip to be surveyed for road surveys is generally 750m for surveys of
1:2 000 scale, 450m for surveys of 1:1 000 scale and 250m for surveys of 1:500 scale
provided that the area is not specifically shown on the photographs or otherwise
specified in the Survey Requirements for a particular project.

All other areas to be surveyed must be shown on a plan/photo and at a convenient scale so as
to clearly identify the boundaries of the survey area.

The Orthophoto process (Conventional and Lidar surveys)

Before commencing with the preparation of the Orthophotos the Surveyor must submit and
have approved a provisional key plan to a scale of 1:50 000, showing the proposed layout of
the sheets if line mapping was not specified. The plan must also depict major features such as
rivers, towns, roads, railways and interchanges within the area to be mapped. On completion
of the work, a final key plan layout depicting the final sheets must be provided in digital format.
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6.7.5

6.7.6

If the production of Orthophotos forms part of photogrammetric line mapping then the sheet
layout for the Orthophoto shall be the same as for the Mapping.

Terminology

a)

b)

c)

d)

e)

f)

Digital Photogrammetric Workstation (DPW) — generally referred to as a Software
System.

Digital Image/lmage — a photograph taken either directly with a digital camera or with an
analogue metric camera where the negative or diapositive has been scanned to a high
degree of accuracy.

Pixel — The smallest element of a digital image. It is generally used to indicate the
degree of accuracy with which a photograph has been scanned or at which it was directly
captured in the case of a digital camera. The unit used is generally the micron (one
thousand of a millimetre) so a 12.5 micron image will have twice as many Pixels in each
row and column as opposed to a 25 micron image. It will therefore have 4 times the
storage requirements of the 25 micron image. Refer to Paragraph 4.2 “Digital Scanning
of Analogue Aerial Photographs” for the scanning of photographic images.

Orthophoto — The term in the strictest sense i.e. where each individual Pixel is rectified to
its planimetric position to the same degree of accuracy as the Digital Elevation Model
(DEM) and any vector data. An image that has been stretched or warped to fit Photo
Ground Control Points (points identified as common on image and ground co-ordinate
system) is therefore not regarded to be an Orthophoto.

Exterior Orientation — The 6 parameters defining the exact position and altitude of an
image in space i.e. the Y, X, Z Coordinates and the 3 rotational angles in the Perspective
(projection) Centre.

Model — a stereo pair of digital images with a minimum of 55% Overlap.

Obtaining the digital elevation model (Conventional survey)

a)

Most sophisticated DPW systems allow the automatic creation of a DEM using auto
correlation techniques. It is imperative that the software used for this purpose allows
user control over:

i) Minimum correlation values;

ii) Height tolerances; and

iii) Exclusion areas and points, etc. to minimize the generation of garbage
information.

This method will only be allowed for the production of controlled mosaics or small scale
Orthophotos. For the production of normal large scale Orthophotos physical DTM and
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break-line observations must be observed in accordance with Paragraph 6.6.2
“Photogrammetrical Digital Terrain Modelling (DTM)”.

6.7.7 Photogrammetric DTM (Conventional survey)

6.7.8

6.7.9

Refer to photogrammetric DTM section in Paragraph 6.6.2 “Photogrammetrical Digital Terrain
Modelling (DTM)”".

The DTM is observed using photogrammetric methods (spot shots and break lines) or a
combination of photogrammetric and ground survey (splicing) from which contours are
generated, and are then used to rectify the photographic imagery.

Undertaking the Rectification and production of the Orthophoto (Conventional and Lidar
surveys)

a)

b)

The Digital Photogrammetric Workstation (DPW) must enable the user to create the
Orthophoto automatically once the exterior orientation(s) and DTM have been created.

The software used must also enable the Orthophotos to be created as a batch process
so that a number of Orthophotos are created, with little or no user intervention, once the
parameters have all been set.

Each Pixel must be positioned to the same degree of accuracy as the DTM, thus
enabling Orthophoto to be used as if all the features were accurately mapped, but with
the added advantage of a fully rectified image of the area (Rectification).

The mapping scale, contour interval and grid spacing must be proportional to the limits of
accuracy for the Orthophoto.

The Orthophoto shall be produced as continuous workable size models and also in
individual AO sheets.

Detail to be shown on the Orthophoto sheets (Conventional and Lidar surveys)

a)

The following detail shall be shown:

i) A title block in accordance with the Clients’ specifications, where the title of the
survey, sheet numbers, scale and a co-ordinate list of the Permanent Survey
Control are depicted;

ii) Y & X gridlines every 200mm;
iii) The compilation of the cadastre in accordance with Chapter 7 “CADASTRAL

DATA AND CADASTRAL KEY PLANS FOR TOPOGRAPHICAL AND OTHER
SURVEYS”;
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iv)

Vi)

Vi)

Contours at appropriate and agreed intervals. Contour values shall be given at not
less than 400mm spacing;

All Permanent Survey Control, Benchmarks and Trig Beacons located within the
limits of the survey strip;

For road surveys the layout of each strip must be from left to right in the direction
of increasing route distance and section numbers, unless this is otherwise
specified; and

For non-road surveys the layout must be in accordance with the Client's
requirements. If no requirements are specified then the sheets must be such that
the north point is to the top of the sheet.

6.7.10 Features to be annotated in the field and shown as Orthophoto detail (Conventional and
Lidar surveys)

a)

The features listed below must be annotated in the field and be noted on the final
Orthophoto sheet. The description of a feature must be positioned so as clearly to
refer to the feature. However, where features are large enough to be clearly visible on
the final Orthophoto, such as large rivers, dams, etc., the names of such features
need be given:

i) Power lines, telephone lines and fences are to be shown as symbols and not
as individual poles, and as close to the correct position of the line as is possible
if not clearly visible on the Orthophoto. (The height clearances of all services
which cross over a major road must be surveyed by ground survey methods
and must then be shown on the Orthophoto).

i) Underground services (such as pipe lines and cables, the position of which
must be ascertained from surface indications).

iii) All fences must be shown, with particular attention given to fences demarcating
property boundaries and Road Reserves. In urbanised areas internal fences
need not be shown.

iv) Kilometer Markers on roads.

V) River and stream names, springs, canals, boreholes, dams, pans, marshes and
areas subject to tidal flooding (with additional spot heights).

vi)  The type of crops grown in large cultivated fields.
vii)  The origin and the destination of all roads and railway lines.
viii)  Description of buildings other than those for residential use.

iX) Culvert information and invert levels. (Invert levels to be surveyed by ground
survey methods).

Standard Survey Methods TMH11 Version 2.0 March 2012 6-29



6.7.11

X) Cemeteries and individual graves.

xi)  Any other features that are not clearly visible on the photo.

Rectified ortho images (controlled mosaics)

a)

Note:

iii)

Where ortho rectified images are required for the same area for which
photogrammetric line mapping has been done, then the following applies:

i) The rectified image must be generated as per the normal Orthophoto method
using the final photogrammetric DTM;

i) The photo images shall be cut to fit the exact A0 sheet produced for the line
mapping; and

iii) No Annotations as stated in paragraph 6.7.10 “Features to be annotated in the
field and shown as Orthophoto detail (also applicable to Lidar surveys)” will be
required.

Lidar technology as specified in paragraph 6.9 (and all other relevant
chapters/paragraphs may be used to generate photogrammetric DTMs and
orthophotos, provided the final product complies fully with all requirements as
specified in paragraph 6.7 “Orthophoto production and DTM surveys” (and
other relevant chapters/paragraphs of this document).

Lidar surveys shall only be used with the written permission of the Client. The
final deliverables and output shall comply with all specifications where
applicable for the production of line mapping as provided for in this document.

Seamless aerial photography as the “Push Broom” digital imagery systems can
be used to produce DTMs and orthophotos provided the final product adheres
to all requirements as stipulated in paragraph 6.7 “Orthophoto production and
DTM surveys” (and other relevant chapters/paragraphs of this document).

Again all final deliverables and outputs shall fully comply with all specifications
contained in this manual for the production of line mapping.

6.8 Manipulation of photogrammetric/Lidar DTM and detail survey data by the

Splicing the ground survey TIN and detail into the photogrammetric/Lidar
Model

6.8.1 DTM to be spliced
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a) This is applicable to all photogrammetric/Lidar surveys where ground surveyed data has
been created, as:

i) Line mapping and DTM - Continuous Model.

ii) Bridge site surveys.

iii) All under- and over pass DTMs where the emphasis of the TIN is on the opposite
road as indicated on the Continuous Model.

iv) Only the ground surveyed DTM shall be spliced into the Lidar / photogrammetric
orthophoto DTM and not the detail.

b) Splicing

i) The surveyed area by ground methods must replace the relevant photogrammetric
area data by the removal of the photogrammetric/Lidar triangles and detail and
then Splicing the ground survey data into that same area.

i) The necessary tests must then be undertaken to ensure that all triangles in the
newly created TIN are correctly constructed.

iii) Rectification of the photos and production of the final contours can only be
undertaken once the ‘splicing’ has been completed and checked.

iv)  The spliced ground survey TIN must be depicted in a different colour in the final
TIN and as submitted to the Client.

V) Only the ground surveyed TIN shall be spliced into the orthophoto. No detail shall

be spliced.

c) Submission of data

Data submitted must state as to whether the DTM and detail has had Splicing done. It
must be clearly recorded on the cover of the CD and also in the final DTM/TIN file name.

6.9 Lidar surveys for the production of Orthophotos and line mapping

6.9.1 General

Orthophotos and DTMs may be produced from Lidar and digital camera data but must adhere
to all the requirements specified for Orthophotos and line mapping with specific respect to the
final product and the information to be supplied to the Client.

Standard Survey Methods TMH11 Version 2.0 March 2012

6-31



6.9.2

Refer to paragraphs 6.7. “Orthophoto production and DTM surveys” and 6.8 "Manipulation of
photogrammetric DTM/Lidar and detail survey data by the Splicing the ground survey tin and
detail into the photogrammetric TIN” under Orthophoto.

Specific Lidar specification

In addition to the general Orthophoto requirements the following shall also apply:

a)

b)

c)

d)

e)

f)

)

Average DTM point density shall not be less than 5 points/m2 (equivalent to an average
point spacing of 0.45m or less).

Higher point densities are required such that small features reflecting significant height
changes are not missed out.

Multiple Returns to be recorded

i) Laser system should be able to penetrate vegetation where data for both the
vegetation and the ground below the vegetation is available. Four (4) returns are
preferable.

Laser data to be classified

i) Points should be classified as “ground” and “non-ground” points.  Further
classification may then be project specific.

i) A third class for an elevated Road Surface is also required and is to be named.
This is for Road Surfaces that are situated at approximately normal ground level
e.g. Bridges. This category is essential in the production of Orthophotos where the
combined surface being the ground and elevated Road Surface, is to be used to
rectify the imagery.

iii) Manual checking and editing of the classification shall be undertaken.

DTM Filtering — The ground points must be filtered to minimize the number of points that
adequately depict the ground surface. The recommended methodology is the use of
model key points. The model key points are classified from the ground points so that a
required accuracy is obtained. The maximum allowed elevation differences between a
ground Lidar point and the triangulated model are set as distances above and below the
model. The specified range for large scale Orthophotos and DTMs is approximately
50mm.

The application must locate a small set of points (model key points) in order to create a
triangulated model to the required accuracy.

The Client can request that breaklines must be observed and used in the final DTM.
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6.9.3 Imagery specifications

a)

b)

c)

Cloud free, 24 bit colour digital imagery:

i) Regional weather conditions may prevent the capture of cloud free images. The
operator must then contact the Client who will then decide and direct as to the
achievement of the best balance between image quality and the meeting of project
deadlines.

ii) If cloud shadows are present, these should be smoothed by radiometric
techniques.

Image Resolution at capture: 10cm Pixel Ground Sample Distance (GSD) or smaller:
i) 10cm Pixel GSD offers double the resolution of the 15cm Pixel GSD commonly
encountered in standard aerial photography where this is made possible by

modern, higher resolution digital cameras.

Forward motion compensation must be used or the forward motion should be kept to
below 50% of a Pixel.

6.9.4 Accuracies

a)

Accuracies: Y and X — better than 10cm, Z — better than 5cm for flying heights less than
500m (large scale) and 10cm for flying heights of greater than 500m.

i) These 1-sigma accuracies to be relative to the established ground control (40% of
all test results to be within the specified accuracy of 5 and 10cm).

ii) 80% of all test results to be within 2.5 times of the 1-sigma accuracy.

iii) Horizontal accuracies determined on imagery (which is based on laser derived
DTM for rectification) to also verify laser YX accuracy.

iv)  Vertical accuracies determined on laser data.

V) A comprehensive report on the vertical accuracy of the Lidar ground surface must
be prepared using both all of the Lidar points and also using the model key points.

6.9.5 Ground control

a)

b)

The Lidar and digital camera survey shall be based on the Permanent Survey Control
beacons established for a project. Permanent ground control shall be established to suit
the requirements and as specified for all other surveys.

If no Permanent Survey Control beacons are to be established then all Photo Ground

Control and check point coordinates must be surveyed and calculated in Hartebeesthoek
ellipsoidal values. The latest SA Geoid from CDSM in Cape Town must be used to
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convert ellipsoidal to orthometric values. The Client must approve this methodology as
opposed to spirit levelling so as to model the Geoid.

C) Refer to paragraph 5.7 “Ground control for Lidar surveys” for the detail requirement on
the establishment of permanent ground control for Lidar surveys.

6.9.6 Formats for final submission to Client

In addition to the requirements specified in paragraphs 12.1 “General — all surveys” and 12.13
“Orthophoto production” the data must also be supplied in the following formats:

a) Imagery formats:
i) GeoTIFF - highest possible resolution to offer detail view of ground features.
i) Enhanced Compression Wavelet (ECW) — compressed format which offers high

resolution, slightly lower than GeoTIFF, but which is more resource effective in
CAD environments. A compression ratio of 5 shall be applied.

iii) Sample photo images at the start, middle and end of the project in TIFF format.
b) Laser data formats: (DTMs)

i) Binary formats for further analysis — LAS.

i) TIN format in MicroStation DGN and AutoCAD DWG formats.

iii) DTM in Model Maker and Civil Designer formats.
c) CAD formats:

i) MicroStation DGN and AutoCAD DWG formats.
d) Line mapping:

If line mapping is required, then the formats and requirements as specified for
photogrammetric detail surveys shall apply.
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