TABLE|. COMPARATIVE TABLE Il. COMPARATIVE
SURFACE MOISTURE COAL QUALITY
BY MINING METHOD BY MINING METHOD
Type of Mining Raw Coal Surface Moisture ik Feed Product
(% by Weight) Type of Mining Weight Ash Yield Ash
surface 5.0 Surface 100.0 180 750 8.7
Confinuous B0 Continuous 100.0 19.6 740 8.5
Hydraulic 12.0 Hydraulic 100.0 20 730 8.5

PROCESS SIMULATION

A key to unlocking the

problems of process control

typical conversation that might
be heard between a coal miner
and a plant man may involve the
miner expressing his dissatisfaction
about a large amount of his mined
coal being discarded. The same con-
versation probably would consist of
the plant manager telling the miner
to mine more coal and less rock.
Unfortunately, both ceoal miners
and plant managers may be hearing
those refrains too often, and it is easy
to see from this hypothetical conver-
sation that the mining of coal and the
cleaning of coal are viewed by many
as two separate processes. Mot so.

Author information
Michael C. Albrecht is president of Pacific
Coal Energy.

Mining and cleaning should be
considered integral parts of one com-
plete process. What happens in the
mine will always affect what happens
in the preparation plant, and vice
versa. Furthermore, because coal
preparation begins with mining, the
production of a quality product at an
acceptable cost becomes the true in-
terrelationship between mining and
coal preparation.

As with coal preparation, process
control of the preparation plant also
begins during mining. Process con-
trol, however, is more than selection
of instruments: Good process control
must look at the entire operation as
an integrated whole.

Given the above, it is safe to
assume that anything affecting the

mwunsnt (perational Control by Frocess Slmicklon weeeses

process—and anything the process
does that affects the mining—will
affect process control.

Several studies of two Consolida-
tion Coal Co. mines in Pennsylvania
and of Westar Mining’s Balmer op-
eration in British Columbia have
shown that feed characteristics vary
significantly depending on the min-
ing method used.!? At the time of the
first study, Balmer consisted of two
underground mines—one using con-
tinuous miners and one utilizing hy-
draulic—and a large surface pit. All
three mines were mining the same
seam, but there was up to a 20% vari-
ation in the minus 100 mesh plant
feed (Fig. 1, Tables I and II).

There are several factors that may
limit the methods used to mine coal.

Fig. 1. Although mining the same seam, the three mines had a Fig. 2. Variations in the coal can be seen by plotting quality

20% variation in the minus 100 mesh plant feed.
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parameters as sopeth maps.
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In one of the above studies, for
instance, variations in the coal are
observed by plotting quality parame-
ters (ash, sulfur, Btu, etc.) as isopleth
maps (Fig. 2), and are dependent on
how and where mining is conducted.
Predicting variations in new coal and
its impact on clean coal will help
optimize mine and plant operation.

The preparation plant also has
limits that should be considered: If
circuit control problems or equip-
ment breakdown lowers the vield,
more raw coal must be mined to
obtain the same amount of clean
coal. More raw coal mined means
less maintenance and more produc-
tion hours, which are not always easy
to find. In addition, if the plant is
having many mechanical problems,
raw coal storage may fill up and
cause a reduction in mine operations,
which is never cheap.

Another factor that may limit the
mining options is the design of a
plant and its components. Bottle-
necks may occur that require a coars-
er or finer feed. Also, the ability to
handle large swings in refuse content
may limit mining of certain areas or
establish the mine cut-off height.

Predicting the above situations,
then, involves knowing how the mine
impacts the plant and how the plant
impacts the mine. This is the first
step to good process control, and the
key to this is the ability to simulate
the plant in order to handle changing
mining conditions. This is accom-
plished using process simulation.

PROCESS SIMULATION

Process simulation is a model of a
plant, existing either on paper or in a
computer. With this model, one can
see the impact of feed changes
caused by mining. One can also
determine potential plant bottle-
necks. Other possible applications for
process simulation include: mine de-
sign and planning to maximize clean
coal recovery and assure quality; pro-
cess design; process development;
and flowsheet design. The main use
of process simulation, however, is its
use by plant designers.

Fifteen vyears ago, the personal
computer industry was in its infancy,
and doing good process and mine
simulation required large, expensive
computers. Most mine simulation
programs were developed by the
companies that used them. But, while
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these systems were significantly fas-
ter than doing the same work by
hand, trying to use them for on-line
control was difficult and expensive.
Today, however, many high-powered
systems can be bought for a few
hundred dollars, with program prices
ranging from free to over $50,000.
The wvariation in cost, however,
does not always reflect the capability
of the program, but rather the
amount of support you can expect.
The instrumentation system has also
improved dramatically, and process
control by use of on-line analyzers
has been gaining increasing accept-
ance. Each process simulation pro-

gram uses a different way of calcu-
lating the results. The main differ-
ence, noticeable to the user, is the
relative ease of use, Selection should
be made by each person or company
in light of their needs.

Two pieces of information are re-
quired to simulate a cleaning circuit
and to predict the clean coal vield
and quality. These are: 1) partition
curves for the various gravity clean-
ing devices, and 2) washability and
sink-float tests on the coal.

Table 111 gives typical washability
data. The data shows how one coal
would separate at various specific
gravities. The cumulative float at any

Top size: 50.00
Float Sink %Wt %Ash
1.200 1.300 5676 2.460
1.300 1.350 1340 7.10
1.350 1.400 214 10.00
1.400 1.450 378 1440
1.450 1.500 250 17.80
1.500 1.550 117 21.80
1.550 1.600 1.41 27.80
1.600 1.700 117 2940
1.700 1.800 095 43.30

+ 28 Mesh Sample Wt: 45.46
Top size: 0.50

Float Sink %Wt %Ash
1.200 1.300 2555 1.30
1.300 1.350 8.68 210
1.350 1.400 11.91 3.20
1.400 1430 1786 390
1.450 1.500 20.34 6.20
1.500 1.550 670 13.80
1.550 1.600 227 24.30
1.600 1.700 1.4% 34.00
1.700 1.900 074 45.10
1.800 2.700 050 54.60
1.200 2.000 025 61.80
2,000 2.700 3.71 77.80

Top size: 0.20
Float Sink %Wt %Ash
1.200 1.500 87.73 7.50
1.500 1.580 8.12  13.00
1.550 1.700 239 17.60
1700 2700 366 4300

TABLE Ill. TYPICAL WASHABILITY RESULTS

. Bot. size: 0.20 Ave. size: 0.35

28 Mesh x 60 Mesh Sample Wi: 25.35

%Wt %Ash %Wt %Ash
87.73 7.50 100,00 9.38
93.95 7.86 1217 4612
96.24 8.10 605 5449
100.00 7.38 3.66 43.00

60 Mesh x 0 Sample Wit: 29.09

Bot. size: 0.50 Ave. size: 25.25
%Wt %Ash %Wt %Ash
5676 2460 10000 1262
70,146 3.46 4324 3734
79.30 4.21 2984 4924
83.08 4,68 20,70 54.83
B85.58 5.05 1692 &0.56
B&.75 527 14.42 62.61
88,146 5.63 1325 A7.94
B89.33 5.94 11.84 7176
90.28 6.33 10467 7523

%Wt %Ash %Wt %Ash
25.55 1.30 100.00 8.48
34.23 1.50 74,45 12.39
46.14 1.94 65,77 14.80
64.00 249 5386 2108
84.34 3.28 3600 44.01
?1.04 4.15 15.66 6284
2331 4.64 896 7034
94.80 5.10 6.69 79.89
95.54 541 520 8179
@6.04 5.67 4.46 B3.68
96.29 5.81 396 8195
100.00 8.48 371 77.80

Bot. size: 0.00 Ave. size: 0.10
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float specific gravity is what a perfect
separation would produce in the way
of clean coal yield and quality, with
the cumulative sink being the refuse
from the perfect separation.

Each type of washing equipment
has its own characteristic perform-
ance curve, commonly called a parti-
tion (distribution) curve. A typical
curve is shown in Fig. 3. The term
partition is derived from the process
whereby the equipment separates or
partitions the coal into two fractions,
plus or minus the specific gravity of

separation.

The matching of these two pieces
of information is the heart of most
process simulation routines. Comput-
ers have been used to automate this
process for the last 25 years.3+

MINE PLANNING

The use of process simulators for
mine planning means the same cir-
cuit will be used in the preparation
plant, but the mine plan will be var-
ied. Some mining companies, such as

Consol, have been doing this for more
than 10 years.’

A key use of computer process
simulation in this manner is to deter-
mine the minimum and maximum
flows at various points in the circuit.
Sizing of equipment, pipes and
chutes can thus be adjusted, without
over-designing, in oder to handle flow
variations.

The general procedure is designed
to prepare typical plant feed washa-
bilities and run them through the
simulator to determine how the plant

TABLE IV. PLANT PERFORMANCE RESULTS
Overall Plant Performance—Existing Plant
1989 1990 1991 1992 1993 1994
Separating .

Gravity %Wt %Ash| %Wt %Ash| %Wt %Ash| %Wt %Ash| %Wt %Ash| % Wt % Ash
1.50 7802 693 | 7442 735 | 7494 703 | 7612 682 | 7616 bH.68 | 7540 678
1.55 7920 7.5 | 7592, 743 | 7630 732 | 7733 770 (7732 492 | 7657 703
1.60 7998 735 | 7680 787 (7720 756 | 7816 730 (7809 7.4 | 7737 726
1.65 B0OSY 753 | 7747 B8 | 778B 779 | 7877 750 | 7B66 733 | 7794 746
1.70 8107 771 | 7805 835 | 7846 803 [ 7927 771 | 7913 753 | 7844 7467
1.75 8154 793 | 78462 843 | 7904 831 7976  T95 | 79.61 776 | 7894 7.9
1.80 8205 819 | 7923 894 | 79465 8463 | 8030 823 | 8014 805 | 7949 B8.2]
1.85 8255 846 | 7981 927 | 8024 897 | 8081 853 | B80S 835 | 8004 853

7.2% Ash 941 720 Fae0 720 7574 720 FVe2 F20 7828 V20 76 7120
C/CTonne 2497.83 2438.37 2440.83 2476.38 2503.07 2459 .32
Plant Perfformance by Circuit—Existing Flant, 7.2% Ash
1989 1990 1991 1992 1993 1994
%Wt %Ash| %Wt %Ash| %Wt %Ash| %Wt % Ash| % Wt % Ash! % Wt % Ash
Total

Feed 100.00 17.35 | 100,00 18.59 | 100.00 18.58 | 100.00 17.02 | 10000 17.14 | 100.00 17.86

Product 7941 720 7390 720 7574 720 7782 720 7828 720 7796 720

Tails 2059 56.48 | 26,10 50.84 | 2426 5409 | 22,18 5149 | 2172 5297 | 2284 5387

+28 Mesh 60.88 40.73 63.85 | 60.45 62.29 63.05

Feed 10000 1927 | 10000 21.16 | 100,00 21.28 | 100,00 19.31 | 100.00 1‘?.321 100.00 20.0%

Product 7699 597 | 7042 572 73.47 629 7710 628 7803 &38| 7630 629

Tails 2301 6378 | 2958 57.90 | 2653 4277 | 2290 63.18 | 2197 6528 | 2370 6452

28 Mesh x 60 17.23 16.36 15.34 16.24 15.48 15.32
|

Feed 99.98 1640 | 100.02 17.05 99.99 1569 | 9998 1573 | 100.00 1546 | 99.99 1630

Product 88.48 1085 88.27 11.24 89.07 10.30 ga.ee 1027 88.89 1008 | 88.32 1043

Tails 11.50 &0.87 11.756 &60.73 1092 59.58 1099 59294 | 111.11 6027 11.67 60.70

60 Meshx0 2189 22.91 20.81 233 2223 21.63
|

Feed 10001 1258 | 100.01 1289 | 100.00 1241 | 9998 11.99 | 10002 12056 | 99.98 1246

Product 7900 732 7284 749 728y 7122 7189 7.10 7140 720 7116 720

Talls 21.01 3237 2707 27.36 271 2637 28.09 24.50 2842 24301 2822 2585
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Typical Partition curve

Fig. 3. A parlition curve 5 derived from the process whereby

would perform under those hypothe-
tical conditions. Expected variations
due to the mine plan or to known
mining conditions are used to gener-
ate the best- and worst-case condi-
tions.

Using this method, the initial cir-
cuit set points can be determined.
Table IV shows a typical perform-
ance result based on mine plan varia-
tions. In this case, the set points were
used to determine what performance
would produce a 7.2% ash.

After this stage, preliminary mass
balances can be developed, either by
the same routines or by separate rou-
tines. The larger process simulation
packages often do the complete bal-
ance system to include graphical rep-
resentations of flowsheets, The
simpler programs provide only the
yield and the quality figures for a
specific cut point, which then must
be put into a mass balance formula.
This can be achieved, with excellent
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% Ash by Weight
Feed versus Product

fig. 5. The mine can produce various products dependent on

time or an the mine plan,
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results, using spreadsheet programs.

Pacific Coal Energy has worked
with several clients to define the
impact of alternative mining plans
{both during design and during oper-
ations) on the plant performance in
an effort to maximize recovery at
target ash levels. These studies
showed the changes that needed to be
made in the plant circuit, as well as
how to achieve the same results by
changing either the mine plan or the
direction of mining.

For instance, Fig. 4 shows a typi-
cal mine plan. This is from a project
in Illinois, and shows the cleaned iso-
ash contours (from Fig. 2) superim-

posed over an alternative mine plan.

The mine can produce various prod-
ucts, which are dependent on time or
on the mine plan. Fig. 5 shows the
variation in feed and product ash
based on the mine plan.

The plant was a jig plant, and
product ash was taken from the train

] C W Fig. 4. Cleaned fso-ash confours are supernimposed over an alter-
the equipment separates the coal plus or minus the spedfic  native mine plan.
gravity of separation.

loading samples. The large variation
in product ash was the result of noth-
ing more than steady plant operation.
The important point is that coal that
was often considered uniform (such
as Illinois #6 coal), produced a wide
variation in feed and product quality.
Some method of tighter control was
needed to improve the operation.
The important part of any simula-
tor 15 how well it can predict actual
plant performance for a given feed.
But, if a simulator cannot predict
plant performance to within labora-
tory repeatability and reproducibility
accuracy, all the best graphical inter-
faces are not needed. Could process
simulation have been used in the
above case to predict actual plant
performance? Fig. & shows the re-
sults of a process simulation (predict-
ed) versus actual plant performance.

The important point is that simu-
lation-thinking is needed to allow one

sinunes (paratiosal Control by Prooess Stmlation sewssss

% Yield

Aotual versus Predicted

Fig. 6. Results of a process simulation can be plotted against

actual plant performance.
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to adopt a new control concept. Feed-
back on-line control, which relies on
the analysis of the cleaned product,
will probably produce a consistent
product. This method, however, will
not maximize recovery. Feedback
process control strategy and systems
allow for heuristic variations and
may achieve an unstable plant opera-
tion, but these variations arise from
lag time during the interim between
the cleaning process and the down-
stream analyzer. In other words, this
process does not take into account
the history of the plant.

THE SIMULATION SYSTEM

The idea presented here is a sys-
tem that would use a data base of
expected coal quality over time. The
data base would be used to predict
the mine plan and would be updated
as mining changes. This data base,
along with a model of the plant cir-

cuitry, can simulate the cleaning of

the coal. An on-line analyzer would
monitor the raw coal characteristics
and then update the expected raw
coal quality. The process simulation
module would then determine the
optimal set points from:

sthe current circuit operation set
points

«the expected coal characteristics
sthe known response time for the
plant circuit.

The optimal adjustments would
then be made to achieve the maxi-
mum results in energy recovery and
in ash and sulfur rejection.

The proposed system is an interre-
lated, intelligent supervisory system
for automatic control of a prepara-
tion plant. The novelty of this ap-
proach is the use of a feed-forward
system, which contains a process si-
mulator that would react to what will
happen, rather than to what did hap-
pen. This would facilitate maximum
plant performance and coal recovery,
and would provide high ash and sul-
fur rejections with high Btu recovery.

Reducing the problems of coal use
at an acceptable cost requires maxi-
mum energy recovery at maximum
ash and sulfur rejection. Convention-
al process control works by analyzing
the product of the plant. If the ash is
increasing, the cut point decreases; if
the ash decreases, the cut point is
raised. But while the basic reasoning
is sound, this is a reactive idea. The
plant is always adjusting to what

B0

happened in the past. If you have a
highly variable coal, coming from
more than one seam, or two different
areas in the mine, you either have to
have a wide tolerance band or con-
stantly make changes. This will pro-
duce heuristic variations and may
cause an unstable plant operation.

A study several years ago showed
that by lengthening the time between
making process adjustments, the
yield was increased at the same ash
level. This was achieved by using a
four-hour moving average for deter-
mining the cut point adjustment. It
was concluded that the original idea,
using a one-hour fast ash analysis,
and adjusting from there, caused a
constant change, which meant that
the plant was always reacting.

It can be argued that using on-line
analyzers on the output product only,
and using the averages of several 3-
hour testing periods, can achieve
good results. [ will not dispute this,
because 1 believe any well-run sys-
tem will provide reliable and consis-
tent results. My contention, however,
is that any reactive system will pro-
vide a lower yield then a proactive
system. And until recently, with the
improvement and lowered cost of
computer systems, a proactive sys-
tem was expensive and too slow to
provide any better results.

The components of the proposed
system will consist of 1) an on-line
analyzer on the plant feed, far
enough away from the cleaning cir-
cuit to allow reaction time, 2) a data
base of the current mine plan, and 3)
a process simulation routine.

This idea is combined with an
expert systems approach to prepara-
tion plant operation. The expert sys-
tem will have a structure based on a
human operator model. The expert
system will consist of a knowledge
base containing a data base de-
scribing the uncleaned coal and the
preparation process, and a rules base
with logic used by an operator when
supervising the plant. The process
simulation module will tell how the
plant circuitry would react to various
feed conditions; and the on-line ana-
lyzer, placed on plant feed, will tell
how the feed is changing.

This system will allow maximum
energy recovery at maximum ash and
sulfur rejection and at an economi-
cally viable cost. It will smooth out
the heuristic variations in conven-
tional on-line process control sys-

tems, and achieve a more stable plant
operation. The inherent mining oper-
ation impact on preparation plant
operation will be minimized.

Can we safely say whether process
simulation can predict actual plant
performance? Coal is the United
States” most available fuel, but its
use is constrained by environmental
disadvantapes. These disadvantages
relate to the coal itself: Nitrogen and
sulfur are precursors to acid rain.
The non-combustible matter (ash)
must be disposed of at the combus-
tion site, or may end up as suspended
particles in the air. Ash also causes
maintenance problems in the com-
bustion system. Some studies have
shown that it may be the single big-
gest source of operating costs in pow-
er production.®

Thus we cannot hope to change the
content of the coal itself. We can,
however, use a computerized process
simulator to predict actual plant per-
formance, thus reducing the inherent
problems of elemental coal to a mini-
mum, while obtaining efficient, max-
imum energy recovery, O
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