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Session Abstract

In the process of coordinating large earthwork operations information is invaluable to ensure 

projects are completed on time and on budget. This SlideShare covers how a system was 

implemented on a large coal mining operation in South Africa. 

Using a browser-based platform, the mining operation was able to leverage Trimble 

technology for the tracking of cut/fill operations, haul road construction, and earthwork 

transportation operations. Given that this information is communicated in real time, 

managers can generate reports for any given operation. 

It covers the challenges presented throughout the implementation and lessons learned. 

Additionally how this technology is currently being utilised and some potential use-cases for 

the industry at large.



Overview

Primary Earthworks Operations
● Mineral excavation operations

Secondary Earthworks Operations
● Backfill

○ Backfill

○ Capping

● Haul road construction and maintenance

● General earthworks operations

Focus of this project



Secondary Earthworks Operations Example

● Mine waste generated from Coal cleaning 
process

● One strip ~2.5m m3 of backfill
● One strip takes ~3 months to complete
● Three backfill zones operational at 3 levels 

concurrently
● Backfill progresses to West

Existing

Backfill

Capping



Backfill & Capping Example Overview

Secondary Earthworks Operations
● Earthmoving fleet of dozers and graders

● Equipped with Trimble GCS900 systems

● Survey department uses Trimble Business 

Center alongside Vulcan and other 

software

● Survey department flies the site weekly 

with drones to map current state / work in 

progress updates



Mine Project Requirements
The mine wanted a system to monitor their secondary 

earthmoving fleet operations that could

● Show the position / working state of their secondary 

equipment fleet

● Use GCS900 machine productivity data to supplement their 

weekly surveys to provide daily shift volumes and progress 

analysis

● Provide Production, Productivity and Quality metrics

The mine does not allow any production data on the open 

internet. The solution had to provide a closed network 

operation using their Mesh Radio network on site and 

corporate network at the mine only

Mine Operations

On

Rajant Radio Network

Office Operations

On

Corporate Network

Open Internet

Firewall



Trimble Consulting Services

Development / Project Process
● The Mine worked with SITECH South Africa initially on the request

● SITECH South Africa came to Rockpile Solutions with the initial 

request

● Rockpile Solutions worked with the Mine to scope the requirement 

details

● Because the requirements needed Trimble approval / involvement

○ Rockpile Solutions worked with Trimble Consulting Services

○ Gained approval to utilise / access Trimble Technologies to provide solution

● Project was quoted / estimated based on statement / scope of work

● Project was approved – work commenced in Q4 2021 / delivered and 

commissioned in Q3 2022

The Mine

SITECH South Africa

Rockpile Solutions LLC Trimble Inc.



Project Components / Functions

● Provide a direct link to RPS Earthworks

● Create a settings file to control

● Create a “Work Order” and “Data 

Manager” for RPS Earthworks

● Provide a bi-directional data link to RPS 

Earthworks using APIs from Earthworks

● Create the RPS Earthworks System

● Map layers

○ Image tiles

○ Linework overlays

○ Work Order overlays

○ Survey surface overlays

● Incorporate Trimble “Raptor” Production 

Server and other Trimble Web Services

● Create Work Order Manager

● Create Work Order Results Analysis

Trimble Business Center RPS Earthworks



TBC - RPS Earthworks Settings

Controls RPS Earthworks Site Connectivity

Controls automated Login

Controls Work Order Tolerances

Backfill, Capping, Grading Styles



TBC - Earthworks Work Orders
Work Orders Creation

Creates WO

Loads Surfaces and Boundaries

Sets Tolerances

Surveyed Surfaces
Loads Survey Surfaces with Date / Time

Assigns surface boundary to limit

Images
Creates high resolution images

Uploads images to map layers



TBC – Earthworks Website



RPS Earthworks - Map Layers

● Aerial Imagery – updated weekly

● Source Data - High Resolution ECW

● Linework – key mine features

● Source Data – CAD Linework / GIS Lines

● Work Order Boundary Lines

● Source Data – TBC Boundary Lines

● Survey Surface limits

● Source Data – TBC Survey Surfaces



Production / Productivity

● Production

● Defined as work completed

● In this case unit of production = earthworks volume m3

● Productivity / Production Rate

● Defined as the rate of production output i.e. equals 

production completed / time elapsed

● In this case unit of productivity is m3/hour or m3/shift

Note Production and Productivity will vary by task

A task and task type are needed (Work Order and Work Order Type)



Work Orders
● Work Orders define

● The type of task / work order (Backfill, Cut/Fill, Grading)

● The starting point surface, design surface and in 

backfill operations the capping surface

● The quantity of work (volume between starting surface 

and target surface in Cut/Fill)

● The planned and actual start date

● The planned days to work (i.e. 5 days or 7 days)

● The planned shift pattern (i.e. 2x 12 hour shifts)

● The planned production rate per shift per crew

● The number of crews assigned per shift to the task

● Days expected to be lost due to holidays, operational 

breaks, bad weather

● Days required for completion and approvals process

● Work Orders

● Compute the expected duration of the task and an 

expected end date for the task

● This becomes the basis for production and productivity 

monitoring

Expected
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End DateStart Date

Work Order - Burn Down Chart
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Quality / Work Order Completion

● When is a Work Order completed?

○ Work orders have a target surface that when created, the work order is completed (from a production 
standpoint)

● How do we know when the target surface has been created?

○ A target surface has been created when 100% of the target surface is at the desired elevation and 
there is no remaining cut or fill to be carried out

● Does the target surface have to be accurate to 1mm to pass this test?

○ No – there is a tolerance that we work to - a +/- value above and below the design that is acceptable

○ For backfill capping surfaces they also have to meet a minimum thickness of capping material



In / Near and Out of Tolerance (High / Low)

● Earthworks Surface Tolerances

○ Define what is “In Tolerance”

■ In tolerance can be High or Low

○ Define what is “Near to Tolerance”

■ Near to tolerance can be High or Low

○ Define what is “Out of Tolerance”

■ Out of tolerance can be High or Low

In

Near

Near

Out / Low

Out / High

On Grade



List View



Dashboard View



Work Order Header



Work Order Schedule



Work Order Charts & Reports

Burndown Chart



Work Order Charts & Reports

Surface Elevation Map



Work Order Charts & Reports

Cut / Fill Map



Work Order Charts & Reports

Productivity Metrics



Work Order Charts & Reports

Quality Metrics



Problems / Issues Solved

● Performance / Speed

● Graphics performance with large Hi-

Res imagery

● Graphics generation of e.g. Map 

overlays for Cut Fill, Quality, Elevation

● Volumetric computations and methods 

to generate the numbers required

● Parallel development of backfill and 

capping quantities

● South Azimuth Coordinate Systems

● Simplicity of use / automation of results



Project Status

● Current Status

● Documentation and Testing Completed

● Training & Rollout with the Planning 

and Survey departments

● Initial data from machines being 

captured and processed to supplement 

survey data

● Refinement of some tools and 

processes

● System Refinements Completed

● TBC Point Cloud Processor to decimate 

point clouds from surveys intelligently

● Image generation at High – Medium –

Low resolutions

● Geo-reference scan data to South 

Azimuth integration with Point Cloud 

Processor



Documentation – Written & Video Content



Lessons Learned / Summary
● There are many things that go into a complete solution

● There are many people / parties that contribute to a solution like this
1. The Mine

2. SITECH SA

3. Trimble

4. Rockpile Solutions

● Requirements change / evolve as work is completed – flexibility is required

● Getting the desired results / reports takes time and the “correct” approach
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