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upstream and two hydraulic diameters downstream (or five hydrau-
lic diameters from the top of the stack)”
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1. Situation
Keadby 2 CCPP HRSG stack with circular design with following characteristics:

Total height:         app. 75 m level
Lower end:          app. 48 m level
D:            hydraulic diameter
Inside diameter:       app.   8 m (= hydraulic diameter D for circular stacks)
CEMS nozzles:        app. 71 m level
Undisturbed upstream distance:  app. 2.0 x D to silencer, 2.8 x D to stack damper
Undisturbed downstream distance: app. 0.5 x D to stack exit

At Keadby 2 CCPP it is foreseen to install the sampling port location for CEMS and reference
measurements at the HRSG stack at a height of around 71 m. The diameter of the stack will
be app. 8 m. The gas inlet to the stack is at the top of the HRSG at about 48 m level and the
stack top exit is at 75 m level. Stack damper and silencer are both located at the stack inlet
area.

Hence the undisturbed straight duct upstream of the measurement plane would be about 2.0
times the hydraulic diameter and 0.5 times downstream to the stack exit.

2. Normative requirements
BS EN 15259   Requirements for measurement sections and sites [1]
TGN M1     Sampling requirements for stack emission monitoring [2]

(guidance on meeting requirements of BS EN 15259)
EN 14181    Quality assurance of automated measuring systems [3]

At 6.2.1 of the BS EN 15259 requirements for planning and selection of a measurement sec-
tion are stated:

Clause b: measurement plane should be situated in a section of the duct (stack) where ho-
mogenous flow conditions and concentrations can be expected

Clause c: measurements at all sampling points defined in 8.2 and Annex D shall prove that
the gas stream at the measurement plane meets the following requirements:

1) angle of gas flow less than 15° with regard to duct axis
2) no local negative flow
3) minimum velocity depending on the flow rate measuring method used
4) ratio of the highest to the lowest local gas velocities less than 3:1.

For both clauses in the standard is given a note (informative), that the above requirements
would be generally fulfilled in cases of at least 5 hydraulic diameters of straight duct up-
stream the measurement plane and 2 hydraulic diameters downstream (with 5 hydraulic di-
ameters from the top of a stack).

The informative note of 5 diameters up- and downstream is not a strict normative re-
quirement and is therefore stated as “recommendation” in TGN M1.
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3. Procedure for verification of normative requirements

BS EN 14181 describes requirements to the AMS including QAL 2 procedure (functional test
of the AMS and calibration with SRM).

Requirements from this standard refer to the QAL 2 procedure because of the necessity of
performing comparative measurements by using a standard reference method (SRM). To
enable execution of this procedure, number, position of measurement ports and design of the
measurement plane is to plan according BS EN 15259 as well.

This QAL 2 is also used to confirm above requirements of clause 6.2.1 b) and c) 1 to 4 of BS
EN 15259.

4. Proposed execution
Keadby 2 CCGT exhaust gas primary emission source is the gas turbine, which is located
very distant to the stack, as all exhaust gas passes through a HRSG using the energy of the
hot gas. A SCR is located in the first half of the HRSG which uses ammonia (NH3) to reduce
the NOx emissions. This is the last position, where exhaust gas emissions are influenced.

Exhaust gas then passes through the heat exchanger modules of the HRSG towards the
stack inlet.

Thus in the case of Keadby 2 CCPP according to our experience with other installations, an
undisturbed gas stream of about 2.0 times the hydraulic diameter should not really influence
the concentration and velocity profile of the measured components in comparison to 5 times
upstream installation (recommendation of the BS EN 15259 and TGN M1). The same applies
to the undisturbed gas stream of about 0.5 time the hydraulic diameter downstream to the
stack exit.

Therefore requirements of clause 6.2.1 b) and c) 1 to 4 of BS EN 15259 will be tested and
confirmed during QAL2.

A prolongation of the stack pipe (e.g. from 2.0 to 5 hydraulic diameters) is normally not ex-
pected to result in a significant improvement of the flow profile. Beside this, the working situa-
tion at a platform much higher than at the planned stack, will mostly get more problematic for
maintenance and QAL 2 works without better quality of the measurement plane.

This view is also supported by the document Joint Environmental Programme (“JEP”), Elec-
tric Supply Industry – IED Compliance Protocol for Utility Boilers and Gas Turbines [4].

“JEP” Chapter 4.3.1 Monitoring Requirements – Where to Monitor – General Guidance:

The requirement to extract samples from locations that are positioned so that they accurately
represent the system as a whole is central to good monitoring practice.

Technical Guidance Note M1 (TGN M1) considers the location of CEMs in relation to flow
disturbances, such as bends and branches. Guidance is based on EN 15259, noting that the
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IED requires the use of CEN standards and the Competent Authority is required to determine
the sampling location. CEMs should ideally be installed with at least five straight pipe hydrau-
lic diameters upstream and at least two diameters of straight pipe downstream of the CEM
(rising to five downstream diameters when the disturbance is the chimney exit). It is not al-
ways possible to meet these recommendations, even at new gas turbine plant as noted be-
low, in which case every effort is required to meet the specified flow criteria at the sampling
plane.

“JEP” Chapter 4.3.3 Monitoring Requirements – Where to Monitor – Monitoring Location New
Plant:

However, HRSG flues at gas turbine plant are typically 7 to 9m diameter on large plant and
the flues are squat, due to overall design constraints (the base of the flue is situated at the
top of the HRSG and is already elevated). It is often not practical, from a health and safety
perspective, to work to the general guidelines but this is not a problem since the gaseous
components are usually well mixed in the stack. In these circumstances, it is recommended
that the monitoring location meets at least the EN 15259 homogeneity requirements and
there is sufficient access to perform the required concentration survey at, for example, the
base of the stack. The location must therefore be clear of flow straighteners or rain dampers
that might restrict probe access. Provided that the Operator is only required to measure gas
concentrations, and the location is demonstrated to be homogeneous for gases, simpler
monitoring arrangements are acceptable (Section 6 of TGN M1). Besides the cost savings
that can be achieved, it is also much better for monitoring personnel to be able to work from
ground level.

According chapter 1, the (“JEP” documents) content has been agreed with the Competent
Authorities in England, Wales, Scotland and Northern Ireland, noting that there are differing
legal and regulatory positions defined in the participating administrations.

The guidance is suitable for utility boilers, i.e., large water tube boilers used to raise steam
for power generation, and gas turbines firing gaseous and liquid fuels in Combined Cycle
Gas Turbine (CCGT) installations, Open Cycle Gas Turbine (OCGT) installations or large
Combined Heat and Power (CHP) installations. The guidance applies to installations, con-
taining Large Combustion Plant, with a total net aggregated thermal input ≥ 50MW.

5. Summary
The shorter up- and downstream situation is not in contradiction to the standard BS EN
15259 and TGN M1. It is to expect that the exhaust gas flow conditions and concentrations
will be representative and acceptable at this plane. The real situation will be shown after in-
stallation and operation of the gas turbine by QAL 2 procedure and report.
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