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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.
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Primary Earthworks Operations
Mineral excavation operations

Secondary Earthworks Operations

o Backfill
Backfill

Capping
o Haul road construction and maintenance
» General earthworks operations

Focus of this project
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Secondary Earthworks Operations Example

gt | s S 78/ s Mine waste generated from Coal cleaning
©apping i AR it =il process
e RN & One strip ~2.5m m3 of backfill
’ Y B One strip takes ~3 months to complete
(ConveyoridMine)lVastel Three backfill zones operational at 3 levels
'{ : R concurrently
WL A j 8l Backfill progresses to West

e
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Capping
/—’L‘f—

Backfill

Existing
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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

CappinglSuriace
EXiStinglSurace

BackfillfSurface)
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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

Firewall

Open Internet




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

o Rockpile Solutions worked with Trimble Consulting Services

o 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

P

N4

Trimble Consulting Services

=

Rockpile Solutions LLC

Trimble Inc.




Project Components / Functions

Trimble Business Center

. 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

- =

Work Earthworks

Orders  Website

RPS Earthworks

. Create the RPS Earthworks System
. Map layers

o Image tiles
o Linework overlays
o Work Order overlays

o Survey surface overlays
. Incorporate Trimble “Raptor” Production

Server and other Trimble Web Services
. Create Work Order Manager
. Create Work Order Results Analysis
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File Locations

Baring Log

CIV Manager Settings

Cut / Fill Colors

Earthworks Settings
Highlight Colors
Multi-Cffset Line Templates
Optimize Linestrings

Piling Settings

Paint Creator Settings
Point Creator Settings - PKG
Point Detail Report Settings
Show Direction

Slope Indicator Settings
Table Settings

Server configuration  Tolerances

Server address: https.//cis.test.rockpilesolutions.com/

User name: cisadmin
Organization: cis
Password: (TITTTYTYY

Verify credentials

File Locations

Baring Log

CIV Manager Settings

Cut / Fill Colors

Earthworks Settings
Highlight Colors
Multi-Cffset Line Templates

View

Optimize Linestrings

Piling Settings

Earthworks project: | Test Project for Alan

[+] Only show work orders created with this TBC project
[] show archived work orders

Controls RPS Earthworks Site Connectivity

Controls automated Login

” Paint Creator Settings
Point Creator Settings - PKG
Paoint Detail Report Settings
Show Direction
Slope Indicator Settings
Table Settings

QK | | Cancel

Design tolerance styles

Server configuration Tolerances

esm

Name High Low
Tolerance  Tolerance
GLK - Design Tolerance 0.49 0.08
Test 1 0.33 0.33
Capping tolerance styles Fal |
Surface Surface Thickness  Thickness
Name High Low Thickness High Low
Tolerance  Tolerance Tolerance Tolerance
GLK - Capping Tolerance l033 |0.00 |9.84 l0.49 0.00
Controls Work Order Tolerances
Backfill, Capping, Grading Styles
QK | | Cancel
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s Earthworks Work Orders - B X % Earthworks Work Orders - b 0 o Earthworks Work Orders -

VE T ueERkR0 g VE ek g vE T eetRkKe0 :
Waork orders Surveyed surfaces Images Work orders Surveyed surfacas Images Work orders Surveyed surfaces Images WO r k O rd e rS C re atl O n

Type fiter | Al v Surtace Syvey Ugload Mgdified — Creates WO .
— , e Loads Surfaces and Boundaries
atus filtker  All Image date Select a date f—;
— Sets Tolerances
Id Title Type Status | Create transparant image
(&) Add surveyed surface Flotbox <Mone=
Surface <None> " Save image
Boundary k| Images
Create work order

T Name e e e Surveyed Surfaces

Loads Survey Surfaces with Date / Time
Assigns surface boundary to limit

Refrash work order list

| Allow updating "In progress” work orders ,:5:, Command Tips

.11:. Work order surfaces Date of Survey tips
- * Press the calendar icon in the "Date of survey™ field to display a dialog to [ ]
Surface Type Upload date Modified date help selecting the date = Map Layers Hefmshlo Fal

[ Aerial Imagery (100529)

* You can input the date as text. The control should handle most generally
: used formats. The defaull month-day-year format is controlied by the

Work order type - computer's sething

Boundory R Images
Starting Onginal ground w B 8 . . .
(&) Results Upload imagq Creates high resolution images
Deesign Original ground = - :
9 e Uploads images to map layers
Design style GLK - Design Tolerance b [_'_i:"_l Command Tips
L-apping <MNone= * Image date is the date the image was taken. Click the calendar icon to
select a date
Capping style  GLK - Capping Tolerance
* Created date is the date the image was created by this command by
Upload surface information clicking Save image
* Plotbox lists the currently defined plotboxes. To create a new plotbox
click the "Create Plotbox" icon in the command toolbar.
(4 ) Resuits

Clicking "Save Image” saves the image to the Projects folder. Large
area high res images can take a while to creale

To create Map Layers use the right click context menu in the Map
Layers area to creale Folders, Layers and Sub Layers. Images can be
created on the Sub Layer level only

To upload an image, select the image to be uploaded, select the sub
layer for the image upload and click Upload Image

Double chick on an image in the st 1o see a praview ’0

Close Close Close >



TBC - Earthworks Website

W Grootegeluk Mine (Oid) v E /\/ )K 8 PU MAP

[ ]
i

MAP WORK ORDERS

\\

Steenbokpan Roag
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RPS Earthworks - Map Layers

Grootegeluk Mine (Old) ¥ - 'LSAeleCtiFi]I)Jectj

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

BRI MAP & =

MAP WORK ORDERS

+

llineworke,~
%

>

Aerial/lmagery;

~ i \\\ork«@rder{Controls
<= Survey/Surface,Controls

R

StreetiMap
Sttt sttt
Background -

\ SurnveyiSurfaces; -

o qosd b

green®®”

Medupi
Power Station

| A = Z
MapjLayeriControls; s |
e # e/
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Production

o Defined as work completed
« In this case unit of production = earthworks volume m?3

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)
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Work Orders define

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

o 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)

o The planned and actual start date

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

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

e The planned production rate per shift per crew

e The number of crews assigned per shift to the task

« Days expected to be lost due to holidays, operational
breaks, bad weather

o Days required for completion and approvals process

Work Orders

o Compute the expected duration of the task and an
expected end date for the task

e This becomes the basis for production and productivity

monitoring

Xm3 Work Order - Burn Down Chart

Q

E
S )(Deofed
S Rate
Of p

g Toq,

g “Ctio,

Q

(@

x

L]

Expected Duration

Om3
Start Date End Date
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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?

- Atarget 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 1Tmm 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
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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

Out / High

Near

IN

Near

Out / Low
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Target Volume

P Fill: 45388635 m? Cut 219,492.6 m? 4,319,370.5 m? E 0m?
g Toleance: | o1 n owTomncs | 03 - List View
T ess Hi
F e om?
Inspection & Approval Time Required
Please enter the number of anticipated days/hours required to complete inspections and approvals: 3 days W
Extend Scheduled Workdays
Number of workdays unable to work (holidays, weather, etc): i} days
Approve/Accept Pending Approval
Cancel/Suspend Active
Woark Order History
o’ Add Note
Alan Sharp - 2022-03-1507:26
Work Order hit delays because of bad weather today - bad weather expected to last 2-3 days - schedule will be imp[acted by 3 days &8s a result
L] PN
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Scheduled Start: 2021-10-01 21:21

Actual Start: 2021-10-08 06:00

Working Days

Cut +F

Scheduled Work Order Duration:

.ag-— N

iy st

Scheduled End: 2022-0
Actual End:
Calendar Days Surface 85.6%
12 Cut + Fill days 3437 C t 0%
3 Cut + Fill + Ins days 3517 F 14.4%

-4

Estimated End*
20220918

3517 calendar days

Scheduled Start:
2021-10-01 21:21

Scheduled End:
2022-04-13 21:21

Estimated Work Days to Complete Work Order: 12 days*
* Estimated days [0 complete work order s Not Dased on calendar aay's, DUt days of actual wiork.
Projected Work Days: 7 days/week
Sunday Monday Tuesday Wednesday Thursday Friday Saturday
Production Rate Estimate
Curt Fill
Production Rate Production Rate
“olume moved per hour Wolume moved per hour
Rrst shift crew 200 m? 200 me Crew starts at 18:00
Second shift crew 200 m2 200 e Crew starts at 06:00
Total volume moved per hour: B0 e 800 me

A

-13 21

Dashboard View
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A oo WORK ORDERS &

MAP WORK ORDERS

EW-0000084 BF - 860 - 16 - Charts and Reports ~

Work Order: EW-0000084 B X

[ Suspend, archive and hide?

Reference ID BF-260-16-1 N Created B Admi
Grootegeluk N - =a Y €15 Admin
Coal Mine "-,\ 2022-03-13 21119
Title Backfill - 860 - Move 16 -1 - , 2022-09-06 14:01
. !
\
A Crortioo © WD € rfara - Benr Tred 331
Description: Backfill - 860 - Move 16| Ggﬁz:e; \ Starting Surface WIP Surface - Nov 3rd 202
| 260 - Movel6 - DS
y f 260 - Moveld - DS
;, - Estimated End:
Type Backfill with Cappin, 7
' o / 2022-09-18

Limit WO results to machine Design Name tag data omitting any Survey Surfaces @

i EW-0000201 BFODOOT 2022-07-03 2022-11-09 2022-12-15 Behind Schedule 4,724,581 613,131 4,111,450 13 87

Work Order Header
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R Grootegeluk Mine (Old) v Ei*aru WORK ORDERS &

MAP WORK ORDERS
‘ Work Order Type: All~ | Status: In Progress ~ View: Dashboard - [J Include Archived
Dashboard Search Q

Burndown Chart ID Reference ID Date Started Planned End Expected End l:_ Schedule Target Volume (m?) Volume Completed (m?) Volume Remaining (m?) Complete (%) Remaining (%)

% EW-0000151 CF-010-AS 2022-04-01 2022-04-10 2022-09-08 Behind Schedule 57.141 57.934 0 101.4 0
| EW-0000131 Test CF 2 2022-03-12 2022-04-24 2022-09-09 Behind Schedule 524,408 530,257 0 101.1 0
| EW-0000150 HR1 - CF - 001 2022-02-01 2022-05-27 2022-09-09 Behind Schedule 2,589,788 2,604,806 0 100.6 0
% EW-0000078 BF-86-16 2021-10-10 2022-04-13 2022-09-10 Behind Schedule 4,758,356 6,540,562 0 137.5 0
| EW-0000084 BF - 860-16-1 2021-10-08 2022-04-13 2022-09-18 Behind Schedule 4,758,356 5777030 0 121.4 0
| EW-0000201 BFOOOOT 2022-07-03 2022-11-09 2022-12-15 Behind Schedule 4,724,581 613,131 4,111,450 13 37

Work Order Schedule




Work Order Charts & Reports

Quality Metrics - Design Surface e
EW-0000084 BF - 860 - 16 - |

Burndown Chart

Total Surface Area

326,672.19 m*

% of surface at grade (in tolerance) 85.6%

% of surface out of tolerance (Cut)

% of surface out of tolerance (Fil)

0%

14.4%

o= Quality

2022-09-06 14:36

\ Cut
@uahtyAMetrlc Y
Legend\
——"“ b F|II
e | N

\



Work Order Charts & Reports

Surface Elevation Map

Productivity Toward Goal W

. Productivity Metrics - 2021-10-08 - 2022-09-05 o
o ravome o <= Display/Method|Selectors

() Average per Hour g

e

e

2000000
2600000
3 24000004
2200000
2000000
1800000 -
1600000 -
1400000 <
1200000 <
1000000 -}
800000 <
G00000
400000

EW'0000084 BF - 860 - 16 - I _P‘etl O‘d éele_LCtor' * Entire Work Order

As ¢ 5 31

200000 - .
04 L}

]

T T T T T T T T T
2081-10-032021-10- 10208 1-10- 172021-10-242021-10-312021-11-07 202 1-11- 14202 1-11- 21208
2021-10-060021-10-1 B2021-10-Z2021-10-302021-11-062021- 1113202111 202021- 11- 272021

T T T T T
128002 1-12-D6R021-12- 12202 1-12- 1600211 2-2R2022-01-0220 2,

12-042021-12- 11202112

T T T T T T T T
1000208 200023 02 2TR0E2-03-06N22-03- 130022-00- 200023 03272082 04-DAA022-04 - 102082-0d- 1720122-04- 24302,
21600122 02 260022 03 0S002-05-122022-03-1 82022 03 2600 22 04 02022 04 -DAD0Z2-04-1 B2022-04- ZD032-04-3

T T T T T T
172022-07-2 O7-312022-06-0) 08142022062 200020604
20207 MDZZ-0B-0B022 0513002208 202022 08 272022 05 03022 09-10

Overall Totals

Shift 1 i Cut 337476 m? Shift2 i Cut 13201.6 m? Total [ Cut 46,9492 m#

Fill 4,577,388 me WFI 3863168mE MRl 45637040 m2 _ B_E._Od u Ct IVIt\y B esu |tS




Work Order Charts & Reports

Cut / Fill Map

Cut Fill Map - Design Surface

| Desn Surace vsmeime [0 <= Display/Method/Selector: EW-0000084 BF - 860 - 16 - | Date /ATime Selector: sz ez

+ ‘ :\. Cut remaining

om

= L] ) 01m
E | (CUR[N——

Fill remaining

Target Volume Volume Completed Volume Remaining % Complete % Remaining
Cut 2104026 m* 2783842 m* Om* 126.8

Fill 45388835m® 7.836420.3m* om* 1882
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Work Order Charts & Reports

Productivity Metrics

Surface Elevation Map - 2022-09-06
baemesutace v 0 s Display/Method|Select: EW-0000084 BF - 860 - 16 - | Date ,/‘Ilime.SAeIect' —y | 22000

+

4:23

Max

> &xp. max
2045 m
8836m
8826 m

Elevation !

8808 m
8408 m
8389m
8279m
817m
806 m
785.1m
<705.1m

Min

Map

4
Steenbakin
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Work Order Charts & Reports

Quality Metrics

EW-0000084 BF - 860 - 16 - 1

5000000 -

4500000 4

=5

Burndown Chart~

sSunvey/Surface)Injections

Burndown Charte

)sm:m—ﬁ—\

3000000 -

2500000 -

2000000 -

1500000 -

1000000 |

500000 -

EW-0000084 BF - 860 - 16 - |

Rlanned Burndown

Cut:/

i

Eill Burndown

—_—

2021-10-06 08:00

W Remaining Cut
W Remaining Fll

W Total Remaining Cut = Fill

2021-10-08 06:00 2021-10-08 18:00 2021-10-09 18:00 2021-10-10 18:00

219,492 6 m? 2194413 m? 219,441.3 m? 2194413 m?

45388635 m®  37725386m* 37725386m* 37725386m?

47583561 m®  3991,380mF  3991980mF 3,391,980 m?
‘

Y
2022-04-13 211

Total Yolume: 4,755 356.1 m® Volume Remaining: 1,018,674.1 m#

2021-10-11 18:00 2021-10-12 18:00 2021-10-13 18:00 2021-10-14 18:00 2021-10-15 18:00 2021-10-16 18:00 2021-10-17 18:00 2021-10-18 18:00 2021-10-19 18:00 2021-10-20 18:00

215441 3 m2 2194413 m2 2194413 m? 219413 m? 219438.3 m? 2154883 m? 2194883 m? 2194883 m?
37725386m2  37725386md  377253B6mF  37725386m* 35325029m*  3,5325029m?  35325025m? 35325025 m:

3,991,580 m? 3,991,980 m? 3,551,580 m? 3551980 m® 37519913 37519913 m®  37519913m 37515913 m?

Daily\Volumes

2194883 m?
35325029 m?

375159913 m?

2194385 m?
3,532,502.9 m?

37519915 m?

2021-10-21 18:00 2021-10-22 18:00

2154883 m?
3,532,502.9 m?

3,751,9913 m?

2194881 m?
341,253 m2

36307412 m2

2021-10-23 18:00 2021-10-24 18:00 2021-10-25 18:01

219,488.1 e
3,411,253 m2

3,630,741.2 m?

218,4881 m?
341,253 @

3,630,742 P

219,4881 m
3,411,2531 m

3,520,7412 m
3
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Problems / Issues Solved

. Performance / Speed . South Azimuth Coordinate Systems
. Graphics performance with large Hi- . Simplicity of use / automation of results
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
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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 -
| ow resolutions

. Geo-reference scan data to South

Azimuth integration with Point Cloud
Processor

——
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ROCKPILE "9 9 TBC - Creating and Managing Work Orders For RPS Earthworks

i A | RPS Earthworks System [l RPS Earthworks - TBC Documentation

Note: All surfaces that re uploaded to the RPS Earthworks system are cropped automatically to the

‘ IRPs Earthworks System » H IRPS Earthworks - Earthworks Documentation » ‘ Top # Edit  + New Topic work order boundary prior to upload. The original surfaces are not affected by the cropping process.

Results:

As the surfaces and boundary data are uploaded to the RPS Earthworks system the progress and

¥ About the RPS - Earthwork
success / failure of the upload is captured in the Results area.

The RPS Earthworks Module provides a work process management system for earthmoving operations
including Large scale Cut to Fill Earthworks operations Grading and Tnmming operations Backfill and
Capping operations Th... Command TipS:

The command tips provide hints to you as a user on how to use the command where tips are useful.
The tips are supplemented by pressing the F1 key to access this help document and video.

Video Demonstration:

The following video shows you how to use the Images tab of the Earthworks Work Order command

TBC - Creating a Backfill Design Work Order

» 0:00/12:01

Command Header toolbar:

b 3
b 3
b 3
b 3
b 3
b 3
b 3
b 3
b 4
b 4
b 4
b 3




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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