Application Note

Oil & Gas

Hydrocarbon Dew Point Application

Hydrocarbon dew point is the temperature, at a defined
pressure, at which hydrocarbon liquids begin to form. The
determination of the hydrocarbon dew point (HCDP) for natu-
ral gas has become a critical issue for the natural gas industry
because of the rapid expansion of interconnecting pipelines
and the rise of non-traditional sources of natural gas. Hydro-
carbon liquids in the gas stream can cause hydrate formation,
increase compression costs, cause issues with pressure regula-
tor freezing, and lead to damage to end-user equipment such
as gas turbines. To protect against this risk, custody transfer
agreements are increasingly specifying limits for the HCDP,
which, in turn, requires a reliable method of reporting the
HCDP at the custody transfer location.

Determining the Hydrocarbon Dew Point

The traditional method of determining the hydrocarbon dew
point online is to use a chilled-mirror device that reduces the
temperature of a mirror in a measurement chamber filled with
the natural gas. Other dedicated HCDP analyzers using differ-
ent measurement techniques are also available; however, they
all provide a HCDP only at a single pressure and are dedicated
analyzers that provide a single measurement.

The theoretical HCDP can be calculated using the composi-
tion determined by a gas chromatograph using industry
accepted equations of state at multiple pressures, along with
the cricondentherm (the maximum HCDP at any pressure.)
By including the equation-of-state calculation capability in
the gas chromatograph, the HCDP and cricondentherm can
be calculated and reported using the same analyzer used for
other custody transfer measurements, reducing the number
of analyzers and associated equipment required, and thus
cost.

Using a Gas Chromatograph to Calculate the
Hydrocarbon Dew Point

A C6+ gas chromatograph (typically used for the natural gas
custody transfer) calculates theoretical values for the hex-
anes, heptanes, and octanes used in the energy and physical
properties calculations from fixed ratios of the measured C6+
concentration. However, it is these heavier components that
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will form the hydrocarbon liquid in the stream, so assuming
the values results in large errors (Figure 1) when compared to
a calculation performed with a full analysis up to C12.

To overcome this limitation, Emerson Process Management
developed the five-minute C9+ extended analysis application
to quantify the heavier components found in natural gas and
provide more accurate calculations with the Peng-Robinson
(PR) or Soave-Redlich-Kwong (SRK) equations of state. This
application uses two robust thermal-conductivity detectors
(TCD) more suited to the typical custody transfer environ-
ment than the flame-ionization detector required for the
C12 analysis, and provides results within +/- 5 °F of the values
calculated using a full C12 analysis The calculation can be
characterized further to match isomer ratios determined by
detailed spot laboratory analysis.
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Figure 1 - Calculation errors for various gas compositions when using common fixed ratios of C6+ to calculate the cricondentherm
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Figure 2 - A typical phase curve showing the Cricondentherm
and the hydrocarbon dew point calculated at three pressures
for practical operational use.

Practical Applications

The principal purpose for the HCDP application is to calculate
the cricondentherm or HCDP at a fixed pressure for reporting
and gas quality monitoring. However, the ability to calculate
the HCDP at up to four different pressures provides some
further practical applications.

Two-Phase Flow Early Warning

All of the flow measurement technologies will produce signifi-
cant errors if there is two-phase flow (gas and liquid.) If there
is two-phase flow in the pipeline, the HCDP (at the flowing
pressure) of the gas that has been sampled and analyzed
by the GC will be at the same as the flowing temperature.
Therefore, calculating the HCDP at the flowing pressure and
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comparing to the flowing temperature can provide an alert if
there is two-phase flow, providing an early alert that the flow-
ing stream is approaching two-phase to enable mitigation
efforts before it results in flow measurement errors.

Sample System Performance

The same principle can be used to compare the sample HCDP
to the ambient temperature to determine if the sample han-
dling system is working correctly, and is not being affected by
ambient conditions.

The HCDP can be calculated at the regulated sample pressure
(typically 20 PSIG/100 kPa) and compared to the ambient
temperature. If the HCDP begins to track the ambient tem-
perature, it can indicate that the heavy components are falling
out in the sample lines.

Pre-heater Control

The calculated HCDP at the line pressure and the downstream
regulated pressure can be used at requlator stations to deter-
mine the set-point of gas pre-heaters to optimize the heater
performance, lower heater operating costs, and reduce the
risk of requlator freezing or hydrate formation.

The 700XA Application

The C9+ HCDP calculation application has been available as an
option in the Danalyzer Model 500 and Model 700 chromato-
graphs for many years. The recently released 700XA builds on
this heritage by including the HCDP calculation as standard
for all Danalyzer C9+ applications and enabling the calculation
pressures to be sourced from the analog inputs or through
the Modbus communication link. The single oven/dual
detector design, integral controller, improved repeatability,
expanded calculation and alarming capabilities, and increased
operating temperature range provides an effective package
forincorporating HCDP monitoring with the industry leading
natural gas analysis and custody transfer capabilities that the
Danalyzer is renowned for.
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Figure 3 - Flow Pressure used to calculate flowing HCDP and
provide two-phase flow early warning. A hydrocarbon dew
point within 10 °F of the flowing pipeline temperature indicates
the immediate risk of a two-phase flow condition occurring.
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Figure 4 - HCDP comparison with ambient temperature show-
ing sample system heating issue resulting in the heavy (and
high energy content) components dropping out in the sample
lines.
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700XA Specifications

Power:
» Standard: 24 VDC (21-30 VDC)
e Optional: 90-264 VAC, 47-63 Hz

Power Consumption at 22° C (72°F):

. Startup: 105 Watts DC (125 Watts AC)

. Steady State: 35 Watts DC (40 Watts AC)
Note: Add 15.5 Watts DC (18 Watts AC) for LOI

Environmental temperature:
-20°to 60° C (-4° to 140°F)

Environmental temperature without safety certification:
-40°to 60° C (-40° to 140°F)

Enclosure Protection Rating: IP66 and NEMA 4X

Dimensions (without sample system):

¢ Wall-mount:
711.20 mm H x444.5 mm W x 497.84 mm D
(28”Hx17.5"Wx 19.6” D)

* Pipe-mount:
711.20 mm H x444.5 mm W x 670.56 mm D
(28”Hx17.5" Wx 26.4” D)

¢ Floor-mount:
1531.62 mm H x444.5 mmWx612.14 mm D (60.3” Hx 17.5” W x 24.1” D)

Mounting: Free-standing (standard), wall- or
pipe-mount (optional)

Approximate Weight (without sample system): 49.895 kg (110 Ibs.)

Area Safety Certification Options: *

< CSA:
- USA
e Class|,Zone 1,AExdIIC, T6
e Class |, Division 1, Groups B, C, D, T6, Enclosure Type 4
— Canada
e Class|, Zone 1, Exd IIC, T6
e Class|,Zone 1, Exd IIC, T6

« ATEX[IECEX
— ExI12GExdIICT6 Tamb = 60° C

Oven: Airless heat sink, maximum 150° C (302° F)

Valves: 6-port and 10-port diaphragm chromatograph valves. Other types of valves,
such as liquid injection or rotary valves, may be used depending on the application

Carrier Gas: Application-dependent. Typically zero-grade helium, nitrogen, or hydrogen

2. http://twitter.com/RAIhome
@ Follow our blog at http://www.analyticexpert.com.
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Sample Input Pressure Range (recommended): 15-20 psig
Carrier Gas Input Pressure Range (recommended): 90-100 psig

Detector: Thermal conductivity detector (TCD), flame ionization detector (FID), TCD/
TCD or TCD/FID dual detector configurations possible; flame photometric detector (FPD)
available (see FPD module data sheet)

Gating Options: Fixed-time or automatic, slope-sense gating of peaks
Streams: Up to 18 streams (including calibration stream), 8 streams standard

Chromatograms stored|archived internally: Stores up to 30 days of analysis report
data and up to 2500 individual chromatograms.

Communications (Standard):
. Ethernet: Two available connections - one R]-45 port & one 4-wire termination —
with 10/100mbps

. Analog inputs: Two standard inputs filtered with transient protection, 4-20mA
(user scalable and assignable)

. Analog outputs: Six isolated outputs, 4-20mA

. Digital inputs: Five inputs, user assignable, optically isolated, rated to 30VDC @
0.5A

. Digital outputs: Five user-assignable outputs, Form C and electro-mechanically
isolated, 24vDC

. Serial: Three termination blocks, configurable as RS-232, RS-422 or RS-485 and
one D-sub (9-pin) port for PC connection

Communications (Options):
Two expansion slots available for additional communications. Each slot has the capacity
to add one of the following:

. 4 analog inputs (isolated) card

. 4 analog outputs (isolated) card

. 8 digital inputs (isolated) card

. 5 digital outputs (isolated) card

. 1RS-232, RS-422 or RS-485 serial connection card
. 1 modem card, 300-19.2k baud

Additionally, a Founbarion fieldbus module is available as
an option.

Memory Capacity: 128 Mb of flash memory for data storage; 64 Mb of SDRAM system
memory with 2 Mb static RAM (battery-backed)

Internal Modem (optional): 14.4K bps with V.42 bis. Providing up to 57.6K bps
throughput.

Ethernet: 10/100 mbps with RJ-45 port and phoenix terminals.

*Use of the optional LSIV will result in a temperature rating of T4.
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