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ABSTRACT

With the current growth of the midstream industry, gas processing companies are increasingly
focused on acquiring, expanding, and constructing new gas processing facilities. This diverts the
attention of process engineers and operations management towards working on facilities design
and commissioning. The result is limited time available for troubleshooting and analysis of plant
performance.

Enogex, LLC has experienced many of the above challenges. Enogex discussed with
eSimulation, Inc. if the existing web-based optimization systems, installed at their cryogenic
plants, could be enhanced to proactively address performance degradation.

Working with Enogex, eSimulation developed a new tool called the “Process Engineer Support
Package” which provides rigorous process performance information. This web based solution
allows users to remotely monitor plant and equipment performance for their facility. It also
allows them to compare plant operating and economic performance against previous operating
periods. The solution includes statistical analysis, charting, and downloading of data required for
detailed analysis of plant performance.

The paper will describe situations whereby standard process analysis techniques failed to identify
the source of the problem and how a rigorous analysis was able to avoid process downtime. The
paper will also include a detailed description of the rigorous equipment performance analysis
that is provided by eSimulation on a 24/7 basis.
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BACKGROUND

Enogex has employed eSimulation’s electronic Process Monitoring (ePM) system since July
2000, which collected data and calculated equipment performance parameters and made the
results available securely and remotely via the internet. This technology was then upgraded to
the eSimOptimizer®™ technology which uses this plant data to run optimization cases to improve
value at the plant by incorporating the existing prices and aggregated contract system and
suggesting moves on various control handles.

Over the years the natural gas industry has seen strong liquid margins and higher demand for
ethane due to which fuel vs. recovery optimization has been replaced by maximizing liquid
recoveries while processing maximum throughput. To maximize liquid recoveries and
throughput meant not just running the plants to their process limits as guided by the optimizer
but also direct efforts to swiftly troubleshoot process problems, minimize equipment efficiency
losses and processing downtime.

This lead to brainstorming to improve the present optimization package that eSimulation
provided and convert it into an automated tool to monitor plant performance and troubleshoot
problems.

OBJECTIVE

The goal was to develop a tool which would easily spot plant and equipment issues, value
bottlenecks and also supplement process and equipment data in order to troubleshoot these
problems. To identify the process issues automatically, eSimulation used industry standard Key
Performance Indicators (KPI) like liquid recoveries, fuel to feed ratio, natural gas GPM and BTU
calculations. These KPIs, although very useful in determining process efficiency disruption, do
not pinpoint the problem and do not provide a complete picture of what is happening at the plant.

To find the source of the disruption, the data needs to be analyzed. Due to the dynamic nature of
the process, data from each tag representing a plant transmitter depends on some other tag. The
use of a commercial data historian is hence limited as the dependence of one tag reading over the
other is not easily understood. Spreadsheets allow ease of calculations but do not always reveal
the existing problems easily.

The solution to this issue was a need to represent all this data over a process flow diagram (PFD)
which helps the engineer or trained operator to quickly spot issues. Also, to help confirm these
issues this tool needed a function to compare the plant between two different historical periods,
like comparing the problem ridden process data with some good data from the past.

This led to the development of a complete online package called ‘Process Engineer Support
Package’ (PESP) which helps the process engineers and operations management by providing
critical process and equipment performance data laid out interactively on the plant PFD.
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IMPLEMENTATION:

The implementation of the Process Engineer Support Package at a new facility would require
collection of process data, running simulations on this data and displaying the results online on
the plant PFD.

1. DATA COLLECTION:

The data is collected using an industry standard OPC Client called the eSimulation DataPump™
which communicates to any DCS, PLC or SCADA system via the OPC server. The
communication is once every minute and sends a five minute averaged data for each transmitter
reading using a secure web transaction to eSimulation’s website. The data from each transmitter
is uniquely identified and is associated with a value, timestamp and an OPC quality which is
stored on eSimulation’s Structured Query Language (SQL) database. Figure 01 gives a
schematic representation of how eSimulation gathers data from a facility.

Distributed Control System

. .,
(DCS) eSimulation’s

Programmable Logic Controller
(PLC)

Supervisory Control And Data Database
Acquisition (SCADA)

Figure 01: Data acquisition from a DCS/PLC/SCADA system and stored on eSimulation’s SQL Database.

The raw data that eSimulation collects are primarily from flow transmitters, pressure
transmitters, temperature transmitters and chromatographs; some of these readings are processed
on calculations scripts to evaluate KPIs, gas BTU, product constraints etc.

eSimulation uses the data from the plant to perform a series of material balance calculations and
generates a live profit value calculation based on aggregated product contracts and the current
gas and liquid pricing. These value numbers are used to track the value generated at the plant.
Figure 02 shows an example of profit value based material balance calculations on a cryogenic
facility. These value numbers can be compared between timeframes to check the performance of
the plant and identify the value drivers.
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Plant Performance for DemoPlant

Time Period:

Last30Days - Update

1/1/2011 to 1/31/2011

INLET GAS FLOW 54.98 MMSCFD GAS BUY PRICE 3.95 $/MMBTU ETHANE MARGIN 23.58 cents/gal
RESIDUE GAS FLOW 48.06 MMSCFD GAS SELL PRICE 4.20 £/MMBTU PROPANE MARGIN 83.49 cents/gal
FUEL GAS FLOW 0.80 MMSCFD ETHANE PRICE 56.00 cents/gal ISOBUTANE MARGIN 122.46 cents/gal
INLET LINE PRESSURE 896.95 P51G PROPANE PRICE 126.00 cents/gal n-BUTANE MARGIN 115.69 cents/gal
RESIDUE LINE PRESSURE 1,003.36 PSIG ISOBUTANE PRICE 178.00 cents/gal GASOLINE MARGIN 152.88 cents/gal
Ambient Temperature 51.38 DEG. F n-BUTANE PRICE 161.00 cents/gal

GASOLINE PRICE 204.50 cents/gal

PRODUCT T&F PRICE 3.78 cents/gal

PRODUCT
Galflb || HHV GAL/DAY | BTU/SCF GAL/DAY | BTU/SCF | GAL/DAY RECOWERY 51757y
Mole | BTU/scF % oA

COMPONENTS

-
6.4170 | 1,010.00 84.75 14.33  787,990.15 855.97 96.51 16.32  784,476.06 974.75 3,514.09 0.90 0.44 0.00
10.1187 | 1,769.60 8.15 2.17 | 119,478.43 144.25 2.06 0.55 | 26,267.64 36.52 | 93,210.79 48.96 77.91 48,539.78
10.4243 | 2,516.10 3.76 1.03 54.65 0.02 0.01 0.61 29.73 99.44  69,305.17
12.3830 | 2,251.50 0.48 0.16 15.57 0.00 0.00 4.51 100.00 | 14,274.04
11.9350 | 3,262.30 0.98 0.31 31.93 0.00 0.00 0.58 0.00 8.90 100.00 | 27,129.27
“ 13.8540 | 4,000.50 0.22 0.08 8.94 0.00 0.00 1.26 0.00 2.35 99.97 9,124.04
13.7110 | 4,008.50 0.21 0.07 8.22 0.00 0.00 0.00 0.00 4,074.88 2.14 100.00 8,288.27
16.5166 | 4,755.90 0.18 0.08 8.75 0.00 0.00 1.68 0.00 4,415.03 2.32 99.96 8,978.57
6.4216 0.00 0.71 0.12 6,598.19 0.00 0.76 0.13 6,213.42 0.00 384.77 0.1% 5.74 0.00
N2 4.1643 0.00 0.56 0.06 3,361.08 0.00 0.64 0.07 3,361.08 0.00 0.00 0.00 0.00 0.00
TOTAL - - | 100.00 3.91 | 214,747.88 | 1,168.29 | 100.00 0.56 | 26,591.75  1,011.89 | 192,054.99 | 100.00 - 1B5.639.14

ECONOMICS

INLET GAS COST 256,875.19 $/day
RESIDUE GAS VALUE 208,761.32 $/day
FUEL GAS COST 3,462.34 $/day
POWER COST 4,613.60 $/day
SHRINKAGE COST 48,213.87 $/day
NGL PRODUCT VALUE  185.639.14 $/day
TOTAL VALUE 129,349.33 $/day

Figure 02: Plant performance calculations based on the transmitter readings from the plant and the latest gas and

liquids pricing.

2. PROCESSS SIMULATION:

eSimulation employs the eSimOptimizer™ simulation/optimization technology to do process

equipment efficiency calculations along with its process optimization service.

The eSimOptimizer engineering model allows the user to develop a complete thermodynamic
model of the gas processing plants. This is done like any commercial simulation and modeling
software by linking one process unit to another to develop a complete model of the gas
processing facility. The basic thermodynamic models that this technology provides are stream,
splitter, mixer, flash, rigorous expander, rigorous centrifugal & reciprocating compressor, motor
models and a profit model to configure gas and NGL contract systems. It allows a user to run
series of Solution Cases using a non-linear algebraic solver to fit plant data, perform simulation

case studies, find sensitivities value for control handles and to optimize the facility.
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The wvarious Solution Cases included in this package are Parameter/Reconcile,
Simulate/Optimize and Sensitivity.

The Parameter/Reconcile case allows the user to fit the plant transmitter readings in the model
and to calculate various performance indicators for process equipment like heat transfer co-
efficient for exchangers, efficiencies for expander and compressors, etc. Since the overall model
is connected to a profit model, this solution also evaluates the monetary value generated at the
plant. This case also evaluates how closely the solver fits to other floating transmitter readings in
the model to calculate biases on the readings and offsets on equipment performance derived from
datasheets and performance curves. The difference between the parameter case and reconcile
case is the parameter case completely depends on the transmitter readings while the reconcile
case allows added degrees of freedom to compensate for bad readings and/or missing data from
the plant.

The Simulate/Optimize case allows the user to add degrees of freedom to the solver which
allows the solver to move these handles independently while keeping the model offsets and
biases constant. These degrees of freedom represent control handles at the plant which the
operators use to run the plant. Typical control handles on a cryogenic gas processing facility are
the tower pressure, bottoms temperature, reflux flow etc. The difference between the simulate
and optimize case is the simulate case generally doesn’t have an aimed objective function and
relates to what-if scenario cases to be evaluated on the model whereas the optimize case has set
objectives like increasing profit, reducing out of bound product specifications etc. Figure 03
displays an optimization screen for a gas processing plant which the operators use to make the
process moves.

Dashboard for DemoPlant
Last Data Received: 1/31/2011 4:00:54 PM
Optimization Results for <— 1/24/20111201.00AM ~

Current | Optimal - Month
Mm Product Constraint o Ie=in

Advisory
fitoom MEASUREMENT PLANT INLET GAS FLOW | MMSCFD 55.2 55.2 C1/C2 Ratio Lvie 0.73 0.81 0.73 1.80 -

CO2/CZ Ratio LV 0.43 0.48 0.59 0.80 -

C2 Recoven Y % 75.3 g1.5 21

FFIC162PV | VAPOR TO SUBCOQLER PERCENT % 24.5 25.0

ted40 DEMETHANIZER REBOILER OUTLET TEMP | DEGF 51.5 50.0

e 9

pt1000 EXP/COMP COMPRESSOR OUTLET PRESS | PSIG 283.7 282.6

€3 Recoven ¥ % 99.5 59.5 0.0
Plant Profit Performance

. N Profit Product | Power Shrink €1 Penalty | CO2 Penalty | Penalty
Profit Contributi u v J : Y
rolit Contribulion | ($/day) | ($/day) | ($/day) | ($/day) | ($/day) | ($/day) ($/day) Froduct Flo GeM 121.85| 123.76| 130.00
Current Operation 107,595 180,301 4,405 65,587 (1] 456 456

Differance sie | 1,232 18 693 -0 7 7 Inlet Gas BTU BTW/adf | 1,170.63

Optimal Operation 108,113 181,533 4,423 66,280

Inlet Gas Pressure PSIG §94.76
Margins

p—r—

W 1. /17/ +37:00 PI

Ethane Margin 21.61 weg 1/17/2011 1:37:00 PM Inlet Gas Pressure $/psid 28,73
Propane Margin 85.93 | cpg 1/17/2011 1:37:00 PM

Iscbutane Margin | 125.38 | cpg | 1/17/2011 1:37:00 PM

n-Butane Margin 113.57  cpg 1/17/2011 1:37:00 PM

Gasoline Margin 154.95 | cpg 1/17/2011 1:37:00 PM

Figure 03: A typical optimization screen with optimization moves on each control handle is displayed.
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The Sensitivity case gives an estimate of the change in the objective function for a unit increase
on a control handle; for example when the objective function is set to the total profit at the plant,
the sensitivity for inlet pressure control will provide a value in dollar for a one psi increase in
that value ($/psi). Table 01 gives an example of sensitivity data on some control parameters.

Inlet Gas Flow $/MMSCFD 1,798.00
Inlet Gas Pressure $/PSID 69.14
Cold Separator Temperature $/degF ifterence) -211.42

Table 01: Sensitivity data on the plant inlet volume, inlet pressure and cold separator temperature.

The eSimOptimizer technology is run once every two hours on stored data and can write all
equipment efficiencies, optimization targets for the control system, biases etc. for the averaged
time period back to the database. The eSimulation web application uses this data from the
database and displays the optimization and performance results on the website.

3. ONLINE PFD:

A PFD of the process is generated using Microsoft Visio software and this PFD is then displayed
securely over the web. The web script allows the user to select time frames to refresh data on the
PFDs averaged over the time selected. Visual layers are developed on the process flow diagram
which allows the users to non-exclusively select between Flows, Pressure, Temperatures,
Analyzers and Calculated Values. This makes the tool interactive and keeps the process flow
diagram from being flooded with information. Some of the features it provides are as follows:

e Viewing plant data over a PFD for a user selected timeframe.

e Comparing plant operations between two distinct timeframes.

e Select between Flow, Pressure, Temperature, Analyzer and Calculated layers to remove
unnecessary information from the view.

e Select transmitter readings to view data points and chart them for the selected time frame.

e One click statistical data available for each transmitter reading.

e Viewing unit performance for the selected period; comparing this data with design data
either from datasheets or performance curves.

e Downloading data for individual tags or for all tags facility-wide in a coma separated
value (CSV) format accessible in Microsoft Excel.

FEATURES

The Process Engineer Support Package offers various tools for getting a macro level view to a
micro level view of the plant and its performance on the same process flow diagram. The PESP
offers many applications such as process overview, equipment maintenance, troubleshooting,
operator & plant performance, etc. A typical Online PFD is displayed in figure 04.
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RESDUE ||

0,00 MMSCFD|

57.61 MMSCFD|
900.86 PSIG

51.08 deg. F|

13.54 gal/kef (GPM)|

=74.01 deg. F

147 deg. F|

21860 psiG| |

49.53 deg. F|

[13.20 mmscro) [138.22 deg. 7]
-40.01 deg. FE ( A) J E
25,7\’:%' S Ontiolt Ve
e

C2 RECOVERY: 77.29 %

C3 RECOVERY: 99.42 %

105.37 GPHI
? 9.31 deg. rI

;

Defrydeator

8.85 deg. F]

% .
¥ 5 @l 12.90 deg. |
=

i 112.41 Degh ,L LEE deg.fl

. T $4.20 deg. r]é ==
E-440

[Eowge

? 53.99 deg. F|

C1/C2_RATIO: 0.83 LV RATIO %

PRODUCT

CO2/C2_RATIO: 0.42 LV RATIO %

Period Start End
Base: 01/05/2011 09:00 AM 01/06/2011 09:00 AM | Refrash Downioad Al Layers: [ Flows V! Pressures ¥ Temperatures [¥] Analyzers ¥ Calculated
Compare:
DEMOPLANT
; -
(stage 2) (stage 1)

Figure 04: A typical Online Process Flow Diagram; notice all layers are selected on the top menu bar.

The user can isolate the data to be displayed on the PFD by selecting the layer that needs to be
displayed. In figure 05 only the pressure transmitters are displayed by selecting only the pressure
check box on the Menu Bar; this allows the user to do a pressure survey on the facility.

Period Start End

Base: 01-05-2011 09-00 AM 01/0672011 08:00 AM [Refresh |  pownload Al Layers: Flows [ Pressures Temperatures Analyzers [ Calculated
Compare:
DEMOPLANT
o

241,60 PS1G|
g -

G ] l
N
A} -Toos
e
(Subocker]
e—
= oo St
870,16 PSIG.
300,86 PSIG 15
é s re %
?
Detwydrator
o o~ i |
& o
s 1 ®
& i
o 5
Botioms et €
: : T
PRODUCT

Figure 05: Only the Pressure tags displayed on the PFD; notice only the pressure layer selected on the top menu bar.
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By selecting each individual transmitter tag the user can get access to the statistics on the data
gathered from the transmitter, can view data points, chart and download them. In figure 06, by
clicking the inlet flow transmitter FIL00M; the user can see the range of gas processed between
the selected periods; view standard deviation information and decide if the dataset is reliable to
do performance calculations.

Period Start End

— Layers: [V Flows 7| pressures (¥ Calc. Values
Base: 01/05/2011 09:00 AM 01/06/2017 09:00 AM [Rekesh | Download Al
Compare: v| Temperatures  [¥] Analyzers
DEMOPLANT
-
{stage 2
-74.01 DEGF 147 DEGF|

12,20 MMECFD l =138.22 DEGF
4001 DeaFlh AT E | -161.40 nsﬁrlﬁw
\l

49,57 MMSCFD| | 32148 nan \ ___1 ! omdlivane
218.60 PSIG[_ E420
(sebcooker)
[®  [mwoer e
— X TR |matesmal
51.08 DEGF 1] MV 105,37 @PM
e |
S ommm
3,94 gal/kef » Ihdanncs 8.65 DEGF
€2 RECOVERY: = e = L
38.92 DEG rl i @l 12.90 uwrl
€3 RECOVERY: —
bt = =4
A1 Degt X ? 52.00 DEGF|
5 p ' 44.20 DEGE’é ==
E40
otona b ==
g 51.44 DEGF| \.‘,/
C1/CZ_RATIO: 0.83 LV RATIO % =
& FIL00M - Windows Internet Explorer =[5
e https: w.esimulation.com/ePMView/ pld_chartaspPviewid=1008tagName=FIL00M 8B
Summary Date F1100M (MMSCFD) | DemoPlant: FI1L00OM
01/05/2011 09:00 B :
01/05/2011 09:05 803
01/05/2011 09:10 753
01/05/2011 09:15
01/05/2011 09:20 s
01/05/2011 09:25 . 453
01/05/2011 09:30
609 B e T
01/05/2011 09:35 e W“"\“M’M MMWW
01/05/2011 09:40 53.77 = ssg \W \
01/05/2011 09:45 53.75 =03
01/05/2011 09:50 53.90
01/05/2011 09:55 53.85 Aer |
01/05/2011 10:00 53.50 | . e
ELE
30 T rk
£} Ej B}
Date
Done @ Internet | Protected Mode: Off v RI1N% -

Figure 06: Each individual tag can be clicked to display information about the transmitter, view data, chart data and
see statistics on the readings like standard deviation, range, minimum, maximum and most recent value.

The user can also select two time frames to compare plant performance as well as the individual
equipment performance. All relevant data from the plant and the process equipment is compared
online to swiftly troubleshoot problems as shown in figure 07.
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Period Start End

S Layers: [l Flows 7| pressures ¥l Cak. Values
Base: 01/01/2010 1200 AM 02/01/2010 1200 AM ahash | Download Al
7] Compare: 05/01/201012.00 AM 06/01/2010 12:00 AM 7| Temperatures [/ Analyzers
DEMOPLANT
Iag Name UOM  Avo Valye Compare Val Desion
Duty MMBTU/hr 3.375 /3.245 3.280
[ASSR A5 MMRCTD| Hest Transfer Co-efficent  BTU/hrRi2.F  357.669 /60.462

119.26/ 120.02 DEGF = Het In DEGF ~40.176 f-41.77%
— [79as w090 oice] [48/-1a5 0808 |}k out Temperature DEGF 144537 /142943

— Cold In Temperature DEG F -160.835 [ -161.046
i -/ 10.42 | |,l“_,. 7-142.94 DEGF Cold Out Temperature DEGF -78.249  /-80.902

39,65/ 4448 «qscm‘

22679/ 229,12 DSIGI

-40,18/-31.78 DegF[ T, €084 16105 pear| | Mot Aperoach Temperature  DEG F 38.073 /39123
} Cold Approach Temperature DEG F 0.947 fL.703
\
s o ot TS
420
(Subcooier] Iog Name YoM  Avg valus Compare val Design
Speed RPM 30773.51 f31769.48
- MMSCFD 32.14 /3592

-39.22 / -40.79 DEGF| Suction Flow

0,36/ 0,18 MMSCFD 48,66 /6129 DEGF

Suction Pressure PSIG 856.04 [/ 957.84
L e
TR T Discharge Pressure  PSIG 24150 /247m
& 81
& (oot Lo Sution Temperature  DEG F -39.22 1 +40.78
T T Discharge Temperature DEG F 121,88 /-123.79
A b BEOTH 2000 DN Efficiency = 85.03 /82.80 86.19
Horsepower BHP 676.02 / n3az
370/ 370 galfkef (GPM) Detrydrator 13.04/16.81 DEGF uom Ayg Valye Comeare Val Desion
Q HSli% 13 veon RPM 30773.51 [ 31769.48
C2 RECOVERY: 75.64 / 72.84 % =) ] k .48
4{ T DEE {::.n 145,36 DEG rl :{ el“" 1364 aasp] MMSCFD 39.65 /8448
C3 RECOVERY: 99,14/ 99,22 % |
g = F T PSIG 226.7% f225.12
878/115.7 e PSIG 292.87 / 293.65
870 N7 e g[sa17 /5350 pecr & Becw et RS
e IN—
(=) | Discharge Temperature DEG F %015 /10288
T 4425 4850 bEGr =l Efficiency % 67.84 /7260 75.80
; | Head Generated KFT-LBHBm 1159 /1150 12.07
107 107, w0 -
{Battoms Reoboder) S S e Horsepawer e 676.02 /71317
]
: o]

CL/C2_RATION 1,22/ 2,10 LV RATIO %
PRODUCT
€O2/C2_RATIO: 0.61 / 0.74 LV RATIO %

Figure 07: The data from two different time frames is compared on this display. The numbers displayed in black
colored text are averaged over the base time frame and the ones in blue text are from the compared time frame.

PROCESS APPLICATIONS

With the help of this tool eSimulation was able to provide timely guidance on a potential
freezing situation in one of the reflux exchangers. The ethane recovery on the plant was dropping
which was initially attributed to higher GPM gas being processed. Although when the data for
the relevant period was loaded on the PFD and compared with identical conditions from the past
as shown in figure 08, it showed the hot-side outlet temperature from the reflux exchanger being
25 degF warmer than the compared period. A quick plot of the duty across that exchanger for the
relevant period showed a gradual drop in heat exchange. This was conveyed to the plant
personnel, which was followed by a methanol injection and normal heat exchange resumed as
plotted in Figure 09. A detailed value analysis as shown in Table 02 determined that the value
recovered by timely troubleshooting this issue was worth $ 2,875/day in the form of increased
liquid recoveries.

Baseline (10-25-2010 to 10-30-2010) 69.90% 12551 1.73%

Post Troubleshooting (10-31-2010 to 11-02- 73.19% 126.09 1.71%
2010)

$4,314 $1,487 -$47 $2,875

Table 02: Value improvement after the troubleshooting effort.
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Period Start End
Base:  10/28/2010 09:00 AM 10/28/2010 09:00 AM [ Refiesh | pownload Al
¥ Compare: 10;28/2003 09.00 AM 10/23/2008 05.00 AM | Temperatures  [¥] Analyzers

E-1 (Warm Gas/Gas Exchanger) x
‘-122,5,‘-1:3:«,:[ |-um!-:u.-1u9f| IsgName  UOM  AvgValue Compare Val

Layers: ¥| Flows ¥| Pressures | Calc. Values

DUTY (Q) MMBTU/HR 2.52 /334
!_E B7 L ua BTu/hr.degF 154628 /312802
TTYTTTOrTT LY |- —|3,a dog P -174.1/-175.4 deg.F E-2A/B (Cold Gas/Gas Exchanger) X
: § 22.3/21.6 MMSCFD] N 1 —'I/ TagMame  UOM  Avg Value Compare val
Fis9) 7162 REI0 PAB - Lr puTY MMBTU/HR 21.47 /19.51
B = uA BTU/hr.deg P 581451 /630124
94.6/93.3 degF r.deg
s 35 tnet Gos/Liauid Exchanger) x
INLET 75.3/-71.3 deg.F| = TagMame UOM  Avg Value Compare Val
1.83/2.07 gallkact (GPM)) Duty MMBTU/HR 0.69 /106
ua BTU/hrdegF 35227 /15730

I- 146.4/-146.2 deg.F| E-3A (Inlet Gas/Liquid Exchanger)

- g 2 TagName  LOM Avg Valye Compare Val
E3A S ouTY MMBTU/HR 1.05 /127
T1 ua BTU/hr.deg F 7453 /4784
28.2/ 29.4 deg.F|
J E-4 (Demethanizer Trim Reboiler) X

80.4/85.5 deg.F

TagName  UOM  Avg Value Compare val
puTY MMBTU/HR 3.03 /338
uA Btu/hr.deg F 26324 / 31855
L
TagMame  LOM  Avg Valye Compare Val
\ DuTY MMBTU/HR 4.84 /655

39.8/41.4 dlg.Fl UA BTU/hr.deg F 68484 /133149
= =
2373155 mscra]
11 21.9/21.0 degF Ava  Compare

!
8874/ 925.0 PSIG) Tea tams VO vale Yal

Tower Pressure PSIG 186,45 fiss.68

e
_RESIDUE =1 Vapor Feed to Absorber Temperature deg.F -144.08  /-140.98
E® L] - Demethanizer Overhead Temp degF  -146.42 [ -146.15

2 RECOVERY: 68,21/ 75.57 % | Demethanizer Absorber Feed deg.F  -147.94 [ -147.70
€3 RECOVERY: 97.34 / 58.68 % ] e e e Liquid from E-3A Temperature deg.F  28.24 12936
170.8/134.5 GBM Bottom Reboiler Draw Temperature  deg.F -1.33 f-2.74

59.2/38.1 deg Battom Reboiler Return Temperature deg.F 26,11 124,64

Demethanizer Bottom Temperature  deg.F 25.23 f21.02

Overhead Pressure Drop PSI 0.79 7056

—,_Q C1/C2 RATIO: 1,57 / 1,67 LV Ratie %
Sroduct COZ: 100.64 / 373.50 ppm 173.4/157.3 een| PRODUCT || Trays Pressure Drop PSI 1.01 70.89

Figure 08: Comparing performance of the plant on datasets year apart detailing the issue on reflux exchanger E-7 in
more detail.

Inlet Gas BTU . Reflux Exchanger Duty
(BTU/scf) Reflux Exchanger Troubleshooting (MMBTU/hr)
1200.00 7.000
> ® Inlet Gas BTU
(BTU/scf)
—— Duty (MMBTU/HR)
6.000
1150.00 r\_/-
5.000
1100.00
\dm—wv—Jwa—’\__,—A
4.000
1050.00
3.000
® ® Methanol Injection
to counter freezing.
1000.00
2.000
950.00
1.000
900.00 + T T T 0.000
10/24 10/25 10/26 10/27 10/28 10/29 10/30 10/31 11/1 11/2

Figure 09: Reduction of heat exchange due to freezing and increased heat exchange after methanol treatment.
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This tool has also helped finding performance issues in identically designed cryogenic facilities
by comparing process data of each cryogenic train side-by-side. Figure 10 displays the
temperature difference between the two trains is carried forward from the gas/gas exchanger hot
outlet, to the cold separator, followed by the expander and into the tower setting up a different
temperature profile on the tower and causing a 2.7% lower ethane recovery on the second train
compared to the first. The preliminary pressure drop analysis on the plant has shown a larger
drop prior to the gas/gas exchanger on the second train compared to the first. Steady state
simulations on the plant data has shown a lower heat exchange on the gas/gas exchanger on
second train calculated at 3.72 MMBTU/hr compared to the first train gas/gas exchanger at 3.84
MMBTU/hr.

P

te e = Layers: ¥l Flows | pressures ¥l Calc. Values
Base: 01/03/2011 1200 AM 01/04/2011 1200 AM Refresh | Download Al

Compare: ¥ Temperatures ¥ Analyzers

E-1A (Gas/Gas Exchanger)
L Tag Mame UOM Avg value

Mot Inlet Temperature DEGF 85.91
Cold Inlet Temperature DEGF -65.31
Cold Inlet Temparature DEGF -150.81

=150.8 DEGF| -138.1 DEE‘l Cold Qutlet Temperature DEGF 75.06

- Duty (Q) MMBTU/hr 3.84

E-1B (Gas/Gas Exchanger) X

Ing Name uoM Avg value

-1352 n

g

Hot Inlet Temperature DEGF 85.91
Hot Qutlet Temperature DEGF -58.20
Cold Inlet Temperature DEGF -138.11
Celd Qutlet Temperature DEGF 72.55

Duty (Q) MMETU/hr 372

£5.5 DEGF

18.6 MMSCFD|

A CZRECOVERY: 69.3 %

B CZRECOVERY: 66.6 %

pc2

3

Figure 10: The data from two train cryogenic facilities is compared to show how differently they are operated and
also to find transmitter issues.

This tool has been easily extended to liquids fractionation systems as shown in figure 11. Product
specifications like vapor pressure can be monitored every two hours based on the simulation
calculations. The user can also check the detailed component analysis of the fractionated product
by clicking the analyzer block to see how close the fractionation plant is run to the specifications
set for the product.
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Period Start

Compare:

Base: 01/01/2011 1200 AM

End
01/02/2011 1200 AM

Layers: 7| Flows 7| Pressures ¥| Calc. Values

4| Temperatures ¥ Analyzers

‘é 202.4 DEGF|

2237 PSIG

E-203 (De-ethanizer Overhead Condenser)

Tag Name UoM Avg Value
Duty (Q) MMETU/hr 178
E-204 (De-Ethanizer Reboiler)
Tag Name UoM Ao Value
DC2 Reboiler Return Temperature DEGF 202.43

DUTY (Q) MMBTU/hr 2.48
AC-3A/8 (DC3 Overhead Condenser Air Cooler) X

Tag Name UoM  Ava Value
Overhead Condenser Outlet Temperature DEGF 44.26
Duty (Q) MMETU/hr 2.21

E-5 (De-Propanizer Reboiler)

Tag Name UOM  Avg valus
DC3 Bottom Rebailer Qutiet Temperature DEGF 252.07
Duty (Q) MMBETU/hr 214

Tag Name LUOM Avg Valye
Rack Propane C2  LV% 7.606

Rack Propane C3  LV% §2.146
Rack Propane IC4 LV 0.226
Rack Propane NC4 Lv3% 0.022

Tag Name UOM Avg Value
B/GMix C3 Lv%  2.431
B/G Mix IC4 LV 10.282
B/G Mix NC4 LV3%
B/G Mix ICS LV 7.666
B/G Mix NCS LV%  7.029
B/G Mix C6  LV%  35.016

31722

—
Hat ol |

Figure 11: The fractionation train is displayed on this PFD monitoring the averaged rack propane vapor pressure and
its detailed analysis.

eSimulation was also able to find maintenance issues with residue reciprocating recompressors;
where the PESP tool found a discrepancy in the cylinder temperatures on the same stage of
compression. The reciprocating compressor valve had lost good sealing and leaked the heated
gas back into the compression process, where it got heated again and that resulted in a higher
temperature in the cylinder.

C-001F X

Tag Name UOM  Avg Value
Flow MMSCFD 0.00
Suction Pressure PSIG 268.07
1st Stage Discharge Pressure PSIG 512.30
2nd Stage Suction Pressure PSIG 506.28
Discharge Pressure PSIG 960.50
Cylinder 1 Temperature deg F /ﬁiﬁék\
Cylinder 3 Temperature deg F |: 219.70 t|
Cylinder 5 Temperature deg F \‘\_220.04_1/"
Inter Cooler Inlet Temperature deg F 219.52
Cylinder 2 Temperature deg F 211.69
Cylinder 4 Temperature deg F 205.45
Cylinder 6 Temperature deg F 208.68
Speed RPM 875
Vibrations 4022 mil 42.41
Vibrations 42038 mil 0.00
Vibrations 4025 mil 94.32
Turbo Vibrations mil 0.00

Figure 12: There was an 8 degF change in the cylinder 1 compared to cylinder 3 and 5 on the 1st stage of
compression.
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The PESP tool was used to find a process issue, where the product temperature specification of minimum
50 degF was being violated because a process switch from summer operation to winter operation was
overlooked. Figure 13 compares this winter operation (base period) to the summer operation (compare
period) and details the temperature profile around the product heater E-450.

Period Start End - .
Layers:  Flows ¥ Pressures ¥ Calc. Values

Base: [02/01/20111200AM fozi0272011 1200 AM Rekesh | Download A
M Compare: [05/08/720100535FM [os/08/2010 0550 v W Temperatures  Analyzers
DEMOPLANT

[P | i i S
237.74 [ 245.13 PSIG

‘771.19 -81.33 oscr‘ I.us -n-‘snza‘i

T
o]

0.00/ 0,00 MMSCFD|
46,53/ 46.62 MMSCFD|

£ E410
875.14 /875.24 BS1G P dett | et

Ia.u 1923 m-lscml I.N;_.p -143.55 OEGF

=~ ? ‘-:sua -161.47 asss!

Ortolt Vake

39,86/ -41.92 Dag F

4070/3ssemmscro]  [a07e3/3isas mem

222.68/ 230.21 vsml

Vo160

855.03 / 849.55 PSIG

43,69 1 63.03 DEGF| 8633/ 92.91 aPM
g
INLET » ?Ln 13.21 DEG F|
381/ 2.81 galkef (GPM)] a— 12.54 18.26 DEGF
1174/ 1469 pecr
C2 AECOVERY: 73,70/ 74.09 % . I
ol eas |3- 18/44.32 nssx{ (2 g[997 1549 peor
C3 RECOVERY: 9938 99.33 % 1 ]
{2
e (5393 3352 pear

L=)
- I 45,17 / 43.92 DEGF| I -=]

_ET.:IS [96.41 GPM E440 -
[Bomoms Asbodes) 54.77 / 54.67 DEGF|
46,90/ 61,40 DEGF|
2 {.r*, 55,55/ 56.53 DEGF|

|c:rcz_m7m: 0.13/2.75 LV q.:\vm%;
PRODUCT

Ecorcz_m'm 0.27 /101 LV qn:oﬁal

Figure 13: Product heater (E-450) performance compared between winter and summer operations.

The E-450 product heater is in service to keep the natural gas liquids temperature above the 50
degF limit and is designed to heat the product liquids by exchanging heat with the hot inlet gas.
However due to the winter conditions the temperature of the inlet gas dropped to 44 degF and
was incapable of heating the liquids above the 50 degF temperature limit. With the help of the
bottom reboiler E-440, the bottoms temperature on the tower was kept at 55 degF by exchanging
bottom reboiler liquids draw with the hot residue gas at 112 degF from the residue compressors.
The product from the tower bottoms although at 55 degF then exchanged with this cold inlet gas
at 44 degF and dropped below the specification of 50 degF. This was the reverse of what the
heater was designed for and was also heating up the inlet gas which raised the cold separator
temperature to affect the recoveries on the plant marginally. This information was then used to
bypass NGL liquids around the product heater to meet the liquids temperature specification and
from preventing the inlet gas to be heated up.

ENHANCEMENTS:

eSimulation is considering various enhancements to the Process Engineering Support Package
based on industry feedback, client recommendations, potential projects and tool shortcomings.
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Some of these enhancements include:

Run pre-configured simulations from the PFD; for example a user could change the
throughput to the plant to see its effect on recoveries/equipment performance.
Incorporating an automatic alerting system on the PFD to display process problems and
maintenance requirement.

Displaying equipment status for the selected period to determine if the selected
equipment was in service.

Updating material balance sheets automatically with simulation results.

Displaying data on the plant P&IDs as an option versus the plant PFDs.

Allowing sub-flow sheets for easy translation of information from one PFD to another.
Unit conversions on the PFD for international clients and/or user preference.
Automatically chart the current performance of compressors on the design curves online
as represented in figure 14 (currently this feature is only available offline)
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Figure 14: Performance of the booster compressor plotted offline on the performance curves provided by the vendor.

CONCLUSION:

eSimulation with the valued guidance from Enogex has developed and validated the Process
Engineer Support Package and has demonstrated a method to effectively monitor and/or
troubleshoot issues common to a gas processing plant. Enogex has now employed this tool on
five of their gas processing facilities in Oklahoma. The snapshots of the online PFDs are now
included in the bi-weekly Value Capture Reports and are discussed with management and

operators on regularly scheduled conference calls.
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