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Abstract

Purpose. This paper aims to investigate the process of modeling and simulating the mill plant operations with a specific
emphasis on the use of AggFlow software. The main purpose is to highlight the importance of modern approaches in to mill
plant operation, with a focus on the crucial role of simulation in improving production processes, reducing inefficiencies and
optimizing resource use.

Methods. The AggFlow software is used to model current operations at a mill plant in Jordan with a specific emphasis on
the limestone production in different size fractions. The accuracy of the simulation is verified by carefully comparing it with
actual operational data, confirming the AggFlow effectiveness in predictive modeling to enhance mill plant performance.

Findings. This study has systematically increased the production rates of mill plant products through thorough analysis
while ensuring that the supplying conditions remain consistent. The aim was to increase production efficiency while guaran-
teeing the marketability of the finished products. The findings provided useful insights into effective operational modifications
and strategies for enhancing production rates while maintaining product quality.

Originality. This research provides novel insights by integrating actual mill plant operations with sophisticated simulation
utilizing AggFlow software. The study confirms the reliability of AggFlow as a tool for predicting models and offers new
insights into enhancing production efficiency in mill plant environments.

Practical implications. The research results are directly applicable to mill plant operators, providing a realistic method for
improving operational efficiency through the use of AggFlow simulation. The research provides practical methods that can be
implemented to optimize production rates and maintain consistent product quality in mill plant operations.
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1. Introduction allows operators to conduct experiments to test various process
The crushing process is one of the most important mining ~ configurations and parameters [6], [7], [9]. o
operations, which are considered as an important step to crush The utilization of an iterative strategy facilitates the identi-

the rock and facilitate the next process or other purposes such ~ fication of the optimal and economically viable method of
as building roads, houses and dams [1]-[4]. The crushing plant ~ &chieving the target level of output and quality. Through the
has different operations depending on its location in the quar- ~ Process of simulating and developing mill plant operations, the
ry; there is a primary, secondary and tertiary crusher [1], [5].  OPtimization of resource utilization can be achieved. This in-
In general, quarries use simulation to predict plant perfor-  cludes optimizing the distribution of labor, energy, and equip-
mance such as capacity, quality and productivity using a flow ment to achieve maximum productivity while minimizing both
process [6]. There are many software packages used to evalu- ~ Waste _and operating expenses. The process of designing and
ate the plant performance in steady-state simulation, such as ~ Modeling the mill plant processes provides the means to ensure
PlantDesigner, JKSimMet, AggFlow and USIM PAC [6]-[9]. accurate and thorqugh cont_rol over the final output quallty_ [10].

The efficiency of mill plant operation depends on several ~ The implementation of this process ensures that the ultimate
aspects, encompassing the effectiveness of machinery, the ~ outcome aligns with the intended requirements, hence miti-
quality of raw materials, and adherence to product specifica- ~ 9ating the potential for deviations and subsequent customer
tions [10], [11]. Simulation and design are crucial for optimiz- d_|ssat|sfact_|on. The utlllzat_lon o_f eff|C|er_1t design and simula-
ing these activities, as they provide numerous advantages. ~ (ion techniques helps to identify possible bottlenecks and
Simulation enables mill operators to predict and evaluate the ~ Operational inefficiencies. By effectively tackling these con-
operational outcomes of their facilities under different scenari- ~ Cerns, operators of milling facilities can decrease instances of
os. It provides valuable insights into the influence of several ~ unscheduled operational halts and enhance the overall acces-
aspects, including equipment settings, material quality and sibility an_d reliability of the plant. _Slmulatlon and_deS|gn
processing sequences, on overall performance. Simulation ~ technologies offer a platform for doing cost analysis. Mill
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operators have the opportunity to investigate solutions aimed
at reducing costs, optimizing machine utilization, and mini-
mizing material waste. These efforts can ultimately lead to
improved financial performance of the operation.

The design and optimization of mill plants are essential
factors in attaining efficiency, productivity, and cost-
effectiveness across a variety of industries. AggFlow takes a
central position in facilitating this endeavor [12]-[14]. The
platform offers a comprehensive solution for the design and
optimization of mill plant operations. During the design
phase, engineers have the capability to generate a virtual
prototype of a mill plant via AggFlow. This allows them to
experiment with various layouts, equipment configurations,
and process sequences before starting any tangible building
activities. The software facilitates the entry of comprehensive
specifications pertaining to raw materials and equipment,
thus allowing for simulations pertaining to material flow,
equipment interaction and physical layout. AggFlow also
optimizes pre-existing mill plants, enabling engineers to
detect inefficiencies, adjust equipment configurations, and
improve processes to increase overall performance. This
system facilitates the implementation of quality control pro-
tocols, management of material properties, and optimization
of production capacity by ensuring efficient usage of equip-
ment and making necessary process adjustments. Moreover,
AggFlow plays a crucial role in conducting cost analysis,
enhancing resource efficiency, and attaining financial per-
formance objectives. Consequently, it serves as an indispen-
sable instrument for the design and optimization of mill
plants in many industries [12]-[16].

The implementation of AggFlow in mill plant operations
provides numerous benefits that are crucial for improving
performance and productivity. This software provides opera-
tors with the ability to efficiently design and optimize mill
plants, allowing them to virtually prototype and experiment
with layouts, equipment configurations, and process se-
quences. As a result, it helps to minimize the expenses in-
volved in physical construction. The real-time modeling
capabilities and resource allocation insights provided by
AggFlow enable the optimization of material flows and
equipment usage, resulting in increased efficiency, reduced
downtime, improved product quality, and compliance with
environmental and regulatory standards. The software’s
ability to facilitate long-term strategic planning and adapt to
dynamic market conditions promotes sustainability and en-
hances competitiveness. Through the adoption of data-driven
decision-making, AggFlow effectively contributes to the
financial success of mill plant operations by reducing operat-
ing expenses and optimizing output capacity [13]-[17].

Jordan has long been known for its rich mineral resources,
and the mining industry has played an important role in the
country’s economy. Phosphate, limestone, copper, and oil
shale are the important minerals extracted in Jordan, and they
are economically significant [18]-[21]. Due to its abundant
phosphate reserves, Jordan has played a crucial role in the
worldwide phosphate industry. Jordan is a significant supplier
of phosphate rock, which is a crucial mineral used in the pro-
duction of fertilizers [22]-[24]. The nation’s phosphate re-
serves have significant strategic value, serving as a crucial
resource for both domestic agricultural requirements and glob-
al trade. Limestone is a crucial mineral resource that is exten-
sively mined in Jordan. The nation is renowned for its abun-
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dant reserves of superior-grade limestone, which finds exten-
sive application in several sectors. Limestone is an essential
primary material in industries such as construction, cement and
lime production [18], [20]. The limestone mined in Jordan is
often distinguished by its advantageous chemical composition,
rendering it appropriate for many industrial purposes [20].

Recently, there have been efforts to investigate and ex-
ploit fresh mineral reserves in Jordan. The government has
been promoting exploratory endeavors to discover supple-
mentary resources and broaden the mining industry. For
example, copper exploration and prospecting endeavors in
Jordan encompass the identification of possible deposits,
evaluation of their economic feasibility, and conducting
feasibility studies [21], [25], [26]. These endeavors are com-
monly undertaken by both governmental entities and private
enterprises with a vested interest in investing in the mining
industry. Implementing copper concentration projects in Jor-
dan has the potential to make a substantial contribution to the
nation’s economy. Copper, being a commodity sold world-
wide, has the potential to provide higher exports and money
for the country if mining activities are successful [25], [26].

This paper has contributed to the field of mill plant opera-
tions by demonstrating the practical application of AggFlow
for modeling and evaluating production processes. The pre-
sented case study not only validates the accuracy of the simu-
lation results, but also provides a framework for strategically
enhancing production rates in mineral processing industries.
The findings offer valuable guidance for industry profession-
als seeking to optimize mill plant operations to improve
productivity and profitability.

2. Methods

2.1. Field survey and data collecting

A field survey was conducted at a mill plant of limestone
located in southern Jordan. The mill plant is designed to
produce four main products derived from different size frac-
tions of limestone: (-6” +4”, -4” +1”, and -1” +0”) and the
rejected oversize fraction (-24” +20”). The three main prod-
ucts are used in road construction and sometimes in cement
production. The reason for choosing this mill plant is its
layout, which encompasses crushers, mills, and conveyors
intricately connected to produce various size fractions to
meet the software features. The data collected during the
field survey provide an important benchmark for validating
the AggFlow model and refining assumptions to ensure accu-
racy in the simulation results. The survey collected valuable
information on various parameters such as feed material
characteristics, equipment specifications, operational settings
and production rates, providing a comprehensive foundation
for building the AggFlow model. The data collected during
the field survey is comprehensively presented in Table 1,
which encompasses various crucial aspects such as unit oper-
ations, number of trucks, bulk and solid densities of lime-
stone, feed fraction size, etc.

2.2. Data investigations

The mill plant produces products by hauling and dumping
the material into single-deck vibrating scalper with 20” cut
size. The oversize fraction is stockpiled as a waste product,
which is used later if there is a failure in hauling system, while
the underflow fractions goes to the primary jaw crusher.
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Table 1. Mill plant survey data

Feed weight (ton)

~35 ton

Number of trucks per hour

4 truck/hour

Bulk density 100.0 Ibs./ft®
Solid densities 165.32 Ibs./ft3
Feed _ Solid_ SG _ 2_.65
Maximum size fraction 24 inches
Minimum size fraction #4
Pso 14.7 inches
Single-deck vibrating scalper Deck cut size 20 inches
Crusher model Universal 2436
Jaw crusher Manufacturer Ii'mi.ts for maxi.mum feed 21.6 inches
Manufacturer limits for maximum rate 110-175 ton/hour
Cut size setting 3 inches
Screen model 2 decks inclined screen 6x8
Screen 1t deck cut size 4 inches
2" deck cut size 1inch
Rejected oversize ~12
. -6” +4” ~18
Average production rate stph e 75
-1” ~35

A 3” cut size universal jaw crusher was set up to crush
the feed and then classify it into three main products using
double-deck inclined screen.

According to the valuable insights from the mill plant op-
eration department, and the feed size distribution is assumed
to range within -24” and #4, with a Pgo value of 14.7 inches,
as clearly depicted in Figure 1.
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Figure 1. Limestone size distribution
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In addition, several samples were collected from the screen
feeds, production lines and oversized waste area to calculate
the efficiency of the screen and single-deck vibrating scalper.
The samples were sieved using a laboratory sieve shaker ma-
chine in the Tafila Technical University laboratories. The
efficiency was then calculated based on the oversize and un-
dersize fractions from the screen using these Equations:

Qms (0)-(1-My (0))

E(O): Qms(f)'(l_Mu(f)) ’
Qms (u)'(l_Mu (u))

E(U): Qms(f)'(l_Mu(f)) .

Overall screen efficiency was then calculated by multi-
plying these two efficiencies together.

E=E(u)-E(0),

(1)

@)

®3)
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where:

Qms (0) — is the mass flow rate in the screen of oversize;

Qms (f) — is the mass flow rate of feed;

Qms (u) — is the mass flow rate in the screen of undersize;

M. (0) — is the mass undersize fraction in the oversize;

M (f) — is the mass undersize fraction in the feed;

My (u) — is the mass undersize fraction in the undersize;

E(u) — is the efficiency based on the undersize;

E(o) — is the efficiency based on the oversize.

The dry density of samples was determined using caliper
method according to ISRM standards. The results show that
the dry sample ranged from 158.5 to 168.5 Ibs./ft3. The uni-
axial compressive and tensile strengths of samples were also
assessed. Dry samples have an average tensile strength of
6.2 MPa and uniaxial compressive strength of 55.5 MPa.

3. Results and discussion

The current mill plant, designed using AggFlow (Fig. 2)
based on surveyed field data, demonstrated more than 95%
accuracy in its flowchart, as verified by comparing actual
production rates (APR) with simulated production rates
(SPR). Notably, main product averages, such as 37, 72, and
20 stph in APR are closely related to 35, 75 and 18 stph in
SPR. Verification also involved calculating the product Pgy
and comparing it with sieve analysis samples. Table 2 shows
the comparison of surveyed field data with simulated data for
main mill plant products. for instance, the particle size distri-
bution and Pgy for -6”+4” product was 5.67” (sample) vs.
5.425” (simulated) and for -1” product, 0.787” (sample) vs.
0.786” (simulated). These results affirm the high screen
efficacy of the system.

Based on the field survey, the rejected oversize product is
typically torn to pieces and utilized as feed for the primary
crusher in the event of a hauling failure in the quarry, as shown
in Figure 2. Consequently, the created layout was used to
assess the production rates under a new scenario. The scenario
of changing some specifications of two main units in the mill
plant to meet the production requirements, namely single-deck
vibrating scalper and jaw crusher, is depicted in Figure 3.
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Figure 2. Current operational process design using AggFlow (current scenario)

Table 2. Comparison of field survey data with simulation data for main mill plant products

Particle size fractions (Pso)

Production rate (tph)

Surveyed field data

Simulated data

Surveyed field data  Simulated data

Product 1 (+67-4") 5.67” 5.424” 18 20"
Product 2 (-47+1”) 2.824” 2.974” 75 82"
Product 3 (-1) 0.787” 0.786” 35 38"
Rejected oversize 23.2” 23.2” ~12 ~12"
*The total tph when the oversize re-crushed again
"In event of hauling failures this oversize will be fed into the crusher
Haull Truck
-24 +#4
P8O: 14769 |, 4 _—
Conveyor Belt |/
4 ~ -
// /
77 s‘ph 80 sroh 20 stph\
-1 +0 4 +1
P80: 0.786 P80: 2.974 pso 5.424
4

Figure 3. Layout utilization for assessing production rates — scenario of modification of specifications in the single-deck vibrating scalper
and jaw crusher to meet production requirements (proposed scenario)

After numerous simulation trials, it was ascertained that
the crusher’s feed size can be increased to 23.5”, with a ca-
pacity range of 155-230 tph. To enable the movement of this
fraction size to the crusher, the cut size of the single-deck
vibrating scalper was adjusted to 23”. As a result, undersized
materials will be sent to the crusher, while oversized fractions
over 23” will be sent to the rejected oversized stockpile. It is
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important to note that the capacity specifications of the convey-
or belt will not be surpassed by undersized material. Table 3
illustrates a comparison of the current and proposed scenarios,
demonstrating that modifying the operation units (crusher size
and screen size) results in producing the uniform size specifica-
tions and reducing the quantity of rejected oversize material.
This adjustment eliminates the need for a ripper and loader.
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Table 3. Comparative analysis of current and proposed scenarios using AggFlow

Particle size fractions (Pso)

Production rate (tph)

Current scenario

Proposed scenario

Current scenario  Proposed scenario

Product 1 (+6-4) 5.67” 5.424” 20 20
Product 2 (-47+1”) 2.824” 2.974” 82 80

Product 3 (-17) 0.787” 0.786” 38 37
Rejected oversize 23.2” 23.2” 12 3

Future research will further investigate the operational
aspects of the mill plant, with a specific emphasis on identi-
fying areas that can be optimized and improved. The main
objective is to perform comprehensive evaluations of process
efficiency, equipment performance and product quality in
order to identify potential areas for improvement. In addition,
researchers are striving to investigate sophisticated modeling
techniques and cutting-edge technologies in order to improve
simulation models and more accurately predict plant beha-
vior. This research is crucial as it allows for the formulation
of tactics to increase productivity, reduce expenses, and
mitigate environmental impacts in the mill plant and other
similar industrial environments. Ultimately, these advances
play a role in promoting sustainable and efficient operations
in the mining and processing industry.

Verification of the AggFlow model accuracy was a para-
mount aspect of this case study. Numerous verification
methods were employed, including a rigorous comparison of
simulated production rates (SPR) with actual production
rates (APR). Remarkably, the AggFlow model achieved over
95% accuracy in reflecting the real-world production rates of
the main products, thus confirming the reliability and robust-
ness of the simulation, which has already been assessed accu-
rately by other researchers [5], [14], [15], [17]. Furthermore,
particle size distribution analysis and comparison of Pg
values validated the model accuracy in determining key
performance metrics, particularly screen efficacy.

4. Conclusions

In conclusion, this project embarked on a comprehensive
endeavor to model and evaluate the production process of a
limestone mill plant using the powerful AggFlow simulation
tool. Through careful field survey and data collection, crucial
insights were gained on feed material characteristics, equip-
ment specifications, operational settings, and production rates.
These data formed the cornerstone for the development of an
accurate and representative AggFlow model, which success-
fully simulated the existing mill plant operation process.

Building upon this foundation, the case study delved into
scenario analysis to explore process optimization opportuni-
ties. The ingenious repurposing of rejected oversize material
as feed for the primary crusher in the event of hauling fai-
lures has demonstrated a sustainable and resource-efficient
approach. By adjusting specifications of pivotal units within
the mill plant, specifically the single-deck vibrating scalper
and jaw crusher, the case study unveiled a new operational
scenario. Through extensive simulation trials, it was deter-
mined that an increased crusher feed size of 23.5” and an
adjusted capacity range could be achieved, bolstered by a
harmonious adjustment of the scalper cut size to 23”.

Ultimately, this case study has significant implications
for the quarry operations. The thorough modeling, validation,
and scenario analysis conducted herein have unveiled path-
ways to enhance both operational efficiency and resource
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utilization. By harnessing the power of AggFlow, the mill
plant can confidently explore and implement changes that
align with real-world performance, thereby optimizing pro-
duction processes and maximizing the utilization of available
resources. As a result, the case study outcomes stand to bol-
ster the quarry productivity, reduce waste, and contribute to a
more sustainable and efficient operation in general.
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Mopae/loBaHHSI Ta OLiHKA BUPOOHUYOI0 Npoluecy ApodapHOi yCTAHOBKH i3 BUKOPHCTAHHAM
nporpamu AggFlow: TemaTuune xociaimkenns Ha nisaui Uopaauii

A. Ampcadachex

Merta. [locnikeHHs POIecy MOJIETIOBAHHS Ta CUMYJIALIi BHPOOHUYOrO0 MPOIecy IpoOapHOi yCTAaHOBKH 3 OCOOJIMBHUM aKIIGHTOM Ha BHKO-
pucranti nporpamu AggFlow 11 BockoHaJIeHHS! BAPOOHUYMX HPOIIECiB, MiABUIICHHI e()eKTHBHOCTI Ta ONTUMI3allil BUKOPHCTAHHS PECYpPCIB.

MeTtoauka. [Iporpamue 3a6e3neuenHst AggFlow BUKOPHCTOBYETBCS ISl MOJCIIOBAHHS ITIOTOYHUX Ollepalliil Ha ApoOapHii ycTaHOBII B
HMopnanii 3 0cO6TMBIM yIOpPOM Ha BHPOOHHITBO BAMHSKY Pi3HEX (paxiiii. TOUHICTE MOJETIOBAHHS MEPEBIPSETHCS UIIIXOM PETENHHOrO
TIOPIBHAHHS HOTO 3 (PAKTHYHUMH €KCILTyaTalliiHIMK JaHUMH, IO MiATBEpIKYe edekTuBHICTh AggFlow y mporHO3HOMY MOJENIOBaHHI st
T IBUIICHHS IPOAYKTHBHOCTI pOOOTH Jp0o0OapHOi YCTaHOBKH.

PesyabTaTu. [IpogeMoHCTpOBaHO CTiiiKHid Ta pecypco30epiraroumii MiIXia Ha OCHOBI BUHAXIIIMBOTO MepenpodiroBaHHs BinOpakoBa-
HOTO HerabapuTHOTO Marepiajiy SIK CHPOBHHH JUIS NMEPBHHHOI ApoOapku y pasi 3001B mpu TpaHCHOpTyBaHHI. Po3kpuTo HOBHI cueHapiit
eKCIUTyaTalil NIIIXOM KOPHUI'YBaHHS XapaKTepHCTHK OCHOBHUX arperaTiB MJIMHA, 30KpeMa, OJJHOJIEKOBOTO BiOpaliifHOro CKaibIepa Ta IIo-
KOBO1 ipoOapku. BeTaHOBIEHO HA OCHOBI KOMITIIEKCY CUMYJISILIIHHUX BUIIPOOYBaHb, 0 MOYKHA JIOCSTTH 301JIbIICHHS pO3MIpY 3aBaHTa)KEHHS
npobapku 10 23.5 mI0iMIB Ta CKOPHIOBAHOTO Jialla3oHy MPOJIYKTHBHOCTI, sIKAa IiJKPIIUTIOETBCS TapMOHIHUM PETyJIIOBaHHAIM PO3Mipy
cKasbrepa 70 23 moiMiB.

HaykoBa HoBu3Ha. OTpUMaHO HOBI 3HaHHS 3aBIKH IHTETpallii peaqbHHUX Orepariii ApoOapHOi YCTAaHOBKH 1 CKJIQJHOTO MOICTIOBAHHS
13 BUKOPUCTaHHAM IporpaMHoro 3abesneueHns AggFlow. JlocmimkenHs miaTBepmKye HaaiiHicTh AggFlow sk iHCTpYMEHTY LIS TPOTHO3Y-
BaHHs MOJIEIICH Ta MPOTIOHYE HOBE PO3YMiHHSA MiIBUIIEHHS €()eKTUBHOCTI BUPOOHHUIITBA B YMOBaX 3aCTOCYBaHHS IPOOapHOi YCTAHOBKH.

IpakTnyHa 3HauYuMicTh. Pe3ynpraTn mociimkeHHS 0e3MmocepelHbO 3aCTOCOBYIOTCS ONEpaTopaMu ApOOapHHUX YCTaHOBOK, HAAIOUU
peanicTHYHUK METOJ MiIBHIIEHHS e(pEeKTHBHOCTI POOOTH 3a PaXyHOK BHUKOpUCTaHHS MojenroBaHHs AggFlow. JlocnimkeHHs NponoHye
MPaKTHYHI METOIH, SIKi MOXKHA 3aCTOCYBAaTH IS ONTUMI3allii TEMIiB BUPOOHHUIITBA Ta MIATPUMKH CTA0IIBHOT SKOCTI MPOIYKILii, BUTOTOBIIC-
HOI Ha ApoOapHil yCTaHOBLI.

Knrouosi cnosa: npocpamne 3abesneuenns AggFlow, poboma opobapnoi ycmanogxku, kap 'ep, onmumizayis 6upobnuymea, opobapra
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