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1.1
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Monitoring Objectives

NPL were awarded a contract by Intertek Limited to carry out emissions compliance testing at South
Hook LNG plant near Milford Haven, Pembrokeshire. The scope of work includes carrying out
emissions monitoring on the SCV flue stacks phases one and two.

There are a total of fifteen SCV units on the South Hook site that require monitoring, eight on phase one
and seven on phase two. Three units were measured for oxides of nitrogen and carbon monoxide.

In addition, oxygen measurements were taken to allow a correction to reference conditions. Water
vapour and flow measurements were also taken to determine the moisture content and velocity of the flue

gas.

NPL carried out the monitoring visit between the 13th and 14th August 2018. The report documents the
results obtained.

Reference: XP3538LD/INTERTEK/SHLNG/AUG2018/SCV/PPC/Q3/V1
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Continuation Sheet

South Hook LNG Terminal, situated in Pembrokeshire South West Wales, is a regasification plant for natural gas.
The LNG is transported in specially designed vessels to Milford Haven where it is then transferred into storage tanks,

where it awaits reheating and distribution into the UK National Grid.

A total of fifteen SCVs have been built across two phases. Each one has at least two five inch ports installed, as set
out in BS EN 13284-1. The ports are located approximately thirteen metres from the base of the stack and can be
accessed by ladders that lead to a permanent platform. The sampling platform has lighting, toe boards and handrails.
There is sufficient parking on the roadway at the base of the stacks for the mobile laboratory and provision of 240v

16A power supply outlets.

Continuous or Batch Process?

Each SCV operates on a batch process. The number of SCVs operating and
the load at which they are set depend upon the required site output.

What part of the batch process was
sampled? (If applicable)

The periodic monitoring is carried out once an SCV has been brought online
to the operators required load and has stabilised. This loading remains

constant through the one hour test.

What fuel was used during
monitoring? (If applicable)

A small amount of LNG is used as fuel to heat a volume of water. This heat
exchange warms up the LNG allowing it to be passed out into the National

Grid system.

'What feedstock was used during
monitoring? (If applicable)

N/A

'What was the load during
monitoring?

Emission Point

Load (Ton/hr)

Burner Demand (%)

SCV 1A 80 19
SCV 2A 80 20
SCV 2F 80 20

'What abatement systems are
present? Were they in operation?

Each SCV uses water injection to abate NOx emissions. The system was in
operation during the periodic monitoring of each SCV.

Periodic monitoring results and
corresponding CEM values

Periodic
Emission CEM Monitoring
Point Substance Monitored Result Result Units
SCV 2A Oxides of Nitrogen 45.5 36.6 mg/Nm3
SCV 2A 12.1 12.3 % Vol

Reference: XP3538LD/INTERTEK/SHLNG/AUG2018/SCV/PPC/Q3/V1
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¥ A
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Monitoring Deviations

Were all substances in the
monitoring objectives monitored? All substances set out in the objective were monitored.
If not why?

Were all substances monitored in
accordance to the relevant
method? If not why?

All substances set out in the monitoring objectives were measured in
accordance to the relevant standards.

Were there any other issues

No.
relevant to the monitoring results? ©

1.5

1.6

Conclusions

NPL carried out the emissions monitoring at South Hook LNG over a period of one week. Three SCV's were
monitored for the required determinands.

The client is aware of BS EN 15259 and the requirement to carry out homogeneity testing. These tests were carried
out on SCVs 1H and 2A, both units passed.

Reference - XP3538LD/INTERTEK/SHLNG/JULY2011/SCV/HOMOGENEITY.

References

1. STA — Risk Assessment Guide: Industrial-emission monitoring.

2. Environmental Agency - Manual Stack emission monitoring performance standard for Organisations.

3. Environmental Agency — M1 Technical Guidance Note — Sampling requirements for stack emission monitoring.
4. Environmental Agency — M2 Technical Guidance Note — Monitoring of stack emissions to air.

5. Environment Agency - MID 14792 - Stationary source emissions - Determination of mass concentration of
nitrogen oxides (NOx) - Reference Method: Chemiluminescence.

6. Environment Agency - MID 15259 - Stationary source emissions - Requirements for the measurement sections
and sites and for the measurement objective, plan and report.

7. Guidance on Assessing Measurement Uncertainty in Stack Emissions Monitoring, by Pullen J and Robinson R,
Source Testing Association, Quality Guidance Note QGN1.

Reference: XP3538LD/INTERTEK/SHLNG/AUG2018/SCV/PPC/Q3/V1
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The conventional analyser zero and span settings were checked before and after each test run using zero grade
nitrogen (ex BOC), a suitable gas mixture (BOC beta gas standard), traceable to national reference standards and
a gas dilution system. The certified accuracies of the gas standards are listed below: -

GOty Sample Location Cylinder Certified Certified
ID Amount Uncertainty
Carbon Monoxide 146117 153.2 ppm 1%
Nitrogen Oxide Phase 1 & 2 SCVs| 146117 152.8 ppm 1%
Oxygen 172344 14.86% 1%

These measurement uncertainties are expressed at a 95% level of confidence.

The ranges of the Horiba PG-250 SRM analyser used for the testing and the values used to calibrate the
instrument before and after the testing are listed below: -

Gaseous Components Horiba Ranges Calibrated Values
Carbon Monoxide 0 - 200 ppm 153.2 ppm
Oxides of Nitrogen (as NO,) 0 - 250 ppm 152.8 ppm
Oxygen 0 - 20% 14.86%

A leak test was conducted before testing to confirm hydraulic integrity of the gaseous sampling system. This was
conducted by sending nitrogen down the entire sample line and ensuring a zero reading was obtained.

The electrical volt/millivolt outputs from the PG-250 gas analyser was collected by data logger software on a PC
and downloaded to digital media at the end of each day. Under the program used during the tests, the software
records and stores individual readings either every 1 or 10 seconds. From this data, the logger can perform a
series of calculations to output 1 minute averaged measurement on a volume/volume or mass/volume basis. After
each 1 minute average has been established the data buffer is reset and the process repeats.

Equipment Checklist Reference

See workfile INTK41AUG18/Equipment Checklist.

Data Capture Location Reference

All data collected using the NPL computer system on site is backed up at the end of each day onto a memory
stick. When the team returns to site this information is then uploaded onto the NPL servers and stored in the

relevant location for that job. The link below is where the South Hook emissions data is stored:

P:\Stack Emissions Team\South Hook LNG - Intertek\INTK41AUG18\7. Monitoring Record Sheets

Reference: XP3538LD/INTERTEK/SHLNG/AUG2018/SCV/PPC/Q3/V1
Checked by: /Z Version 1
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2.2.1 - Stack Diagram

Reference: XP3538LD/INTERTEK/SHLNG/AUG2018/SCV/PPC/Q3/V1 Page 13 of 50
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2.2.2 - Flow Criteria Measurements
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NATIONAL PHYSICAL LABORATORY
Continuation Sheet

2.2.3 - One Minute Averaged Gaseous Emissions Data

Reference: XP3538LD/INTERTEK/SHLNG/AUG2018/SCV/PPC/Q3/V1 Page 22 of 50
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NATIONAL PHYSICAL LABORATORY

Continuation Sheet

Minute Averaged Gaseous Data from South Hook LNG 13th August 2018
SCV A - Phase One

Referenced to 273K, 101.3kPa and 3% Oxygen on a Dry Basis

Time (hh:mm) Carbon Mor;omde Oxides of ngrogen Oxygen (%)
(mg/Nm’) (mg/Nm’)

13:55 495 54.1 11.8
13:56 504 53.2 11.8
13:57 499 52.6 12.0
13:58 496 63.9 12.2
13:59 138 136.1 12.4
14:00 129 139.4 12.6
14:01 147 138.3 12.8
14:02 143 139.6 12.9
14:03 151 139.2 12.9
14:04 147 139.9 12.9
14:05 136 142.5 12.8
14:06 137 141.8 12.8
14:07 129 143.7 12.8
14:08 115 146.8 12.6
14:09 96 147.6 12.3
14:10 84 148.8 12.1
14:11 216 108.0 12.0
14:12 454 58.3 11.9
14:13 478 55.6 11.9
14:14 490 54.2 11.9
14:15 488 53.6 11.9
14:16 491 52.8 11.9
14:17 506 52.1 12.0
14:18 428 74.4 12.2
14:19 128 135.2 12.4
14:20 127 138.7 12.6
14:21 127 139.3 12.8
14:22 140 140.3 12.8
14:23 138 140.8 12.9
14:24 141 140.7 12.9
14:25 145 141.0 12.9
14:26 141 141.6 12.9
14:27 140 142.4 12.8
14:28 106 146.7 12.4
14:29 95 147.1 12.2
14:30 106 136.8 -12.0
14:31 419 61.5 11.8
14:32 457 56.8 11.8
14:33 465 56.2 11.7
14:34 479 53.7 11.7
14:35 480 54.0 11.8
14:36 484 53.0 11.8
14:37 494 51.7 12.0
14:38 324 98.3 12.3
14:39 118 136.9 12.5
14:40 133 137.5 12.7
14:41 137 138.6 12.9
14:42 152 137.7 13.0
14:43 150 138.4 13.0
14:44 151 138.0 13.0
14:45 148 139.1 13.0
14:46 143 140.5 12.9
14:47 113 143.7 12.5
14:48 93 145.4 12.3
14:49 159 119.9 11.8
14:50 470 58.3 11.8
14:51 474 55.4 11.7
14:52 472 54.0 11.7
14:53 485 53.4 11.7
14:54 479 52.8 11.8
14:55 491 52.0 11.8
Min Value 84 51.7 11.7
Max Value 506 148.8 13.0
Average 272 105.8 12.3

Reference: XP3538LD/INTERTEK/SHLNG/AUG2018/SCV/PPC/Q3/V1
Version 1

Checked by:

y

/
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NATIONAL PHYSICAL LABORATORY

Continuation Sheet

Minute Averaged Gaseous Data from South Hook LNG 14th August 2018
SCV A - Phase Two

Referenced to 273K, 101.3kPa and 3% Oxygen on a Dry Basis

e QL) Carbon Mor;oxxde Oxides of ngrogen Oxveeh (%)
(mg/Nm’) (mg/Nm’)

12:00 775 36.6 12.3
12:01 788 36.3 12.3
12:02 795 36.6 12.3
12:03 767 36.6 12.3
12:04 755 36.7 12.2
12:05 737 36.3 12.3
12:06 736 36.7 12.3
12:07 714 36.5 12.3
12:08 709 36.9 12.3
12:09 695 36.7 12.3
12:10 671 37.1 12.2
12:11 674 37.0 12.2
12:12 681 36.7 12.2
12:13 658 37.1 12.2
12:14 662 37.0 12.2
12:15 677 36.8 12.3
12:16 664 37.1 12.3
12:17 698 36.8 12.3
12:18 708 36.5 12.3
12:19 717 36.6 12.3
12:20 717 36.7 12.4
12:21 724 36.9 12.3
12:22 723 36.5 12.3
12:23 730 36.7 12.3
12:24 737 36.8 12.2
12:25 719 36.6 12.2
12:26 719 36.9 12.2
12:27 705 36.7 12.2
12:28 705 36.6 12.3
12:29 734 36.4 12.3
12:30 723 36.4 12.3
12:31 738 36.0 12.3
12:32 735 36.2 12.3
12:33 738 36.4 12.3
12:34 738 36.0 12.3
12:35 722 36.5 12.3
12:36 725 36.4 12.3
12:37 710 36.8 12.3
12:38 698 36.9 12.3
12:39 706 36.8 12.3
12:40 715 36.4 12.3
12:41 718 36.4 12.3
12:42 723 36.3 12.3
12:43 717 36.3 12.4
12:44 731 36.1 12.4
12:45 729 36.4 12.3
12:46 710 36.6 12.3
12:47 714 36.6 12.3
12:48 727 36.4 12.3
12:49 712 36.6 12.3
12:50 716 36.7 12.3
12:51 731 36.4 12.3
12:52 731 36.4 12.4
12:53 733 36.4 12.4
12:54 729 36.7 12.3
12:55 717 36.6 12.3
12:56 707 36.6 12.3
12:57 710 37.0 12.3
12:58 713 36.6 12.3
12:59 708 36.8 12.3
13:00 698 37.0 12.3
Min Value 658 36.0 12.2
Max Value 795 37.1 12.4
Average 718 36.6 12.3

Reference: XP3538LD/INTERTEK/SHLNG/AUG2018/SCV/PPC/Q3/V1
Version 1

Checked by:

4"
/e

Page 24 of 50



NATIONAL PHYSICAL LABORATORY

Continuation Sheet

Minute Averaged Gaseous Data from South Hook LNG 13th August 2018
SCV F - Phase Two

Referenced to 273K, 101.3kPa and 3% Oxygen on a Dry Basis

3 Carbon Monoxide Oxides of Nitrogen
Time (hh:mm) 5 3 Oxygen (%)
(mg/Nm”) (mg/Nm")

16:45 517 42.9 12.9
16:46 509 43.3 12.8
16:47 513 43.3 12.8
16:48 504 43.2 12.7
16:49 502 43.1 12.8
16:50 505 43.2 12.8
16:51 494 43.6 12.8
16:52 501 43.2 12.8
16:53 495 43.4 12.8
16:54 488 43.3 12.8
16:55 482 43.4 12.8
16:56 488 43.1 12.8
16:57 495 43.2 12.9
16:58 512 42.8 12.9
16:59 513 42.6 13.0
17:00 512 42.7 13.0
17:01 507 43.0 13.0
17:02 514 42.7 13.0
17:03 515 42.8 12.9
17:04 534 41.8 12.9
17:05 533 41.7 13.0
17:06 522 42.2 12.9
17:07 535 41.6 12.9
17:08 546 41.1 12.9
17:09 542 41.4 12.9
17:10 539 41.5 12.9
17:11 548 41.4 13.0
17:12 528 42.1 12.9
17:13 515 42.4 12.9
17:14 516 42.5 12.8
17:15 524 42.3 12.8
17:16 504 42.5 12.8
17:17 512 42.6 12.8
17:18 502 43.0 12.8
17:19 509 42.7 12.8
17:20 490 43.1 12.7
17:21 498 42.7 12.7
17:22 491 42.9 12.8
17:23 483 43.0 12.8
17:24 504 42.1 12.8
17:25 516 41.3 12.8
17:26 522 41.5 12.8
17:27 514 41.5 12.8
17:28 513 41.6 12.8
17:29 524 41.5 12.9
17:30 516 41.8 12.9
17:31 517 41.9 12.9
17:32 505 42.3 12.9
17:33 514 42.5 12.9
17:34 515 42.2 12.9
17:35 509 42.7 12.9
17:36 517 42.4 12.9
17:37 536 42.1 13.0
17:38 551 42.1 13.0
17:39 532 42.3 12.9
17:40 529 42.6 12.8
17:41 518 42.9 12.8
17:42 516 42.6 12.8
17:43 518 42.7 12.8
17:44 545 414 12.8
17:45 543 41.1 12.8
Min Value 482 41.1 12.7
Max Value 551 43.6 13.0
Average 515 42.4 12.9

Reference: XP3538LD/INTERTEK/SHLNG/AUG2018/SCV/PPC/Q3/V1
Version 1

Checked by:

/;Z.”
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NATIONAL PHYSICAL LABORATORY
Continuation Sheet

2.2.4 - Gaseous Emissions Graphical Data

Reference: XP3538LD/INTERTEK/SHLNG/AUG2018/SCV/PPC/Q3/V1 Page 26 of 50
Checked by: /7'/ Version 1
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2.2.7 - Calculations Used in Reporting Results
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Nozzle Selection

For isokinetic sampling, the pressure difference of the orifice meter must equal the
pressure difference of the Pitot tube pressure multiplied by the K-factor. Where:

M, \1-B,, ) (T, +273) P
M, \1-B,, ) | T, +273 | P

S

S

K = Constant x sz X Dn4 x DHg x

m
DH =K x Dp
Where:-

Constant: is a constant dependent on the units used to measure the nozzle (8.038x10'5 for mm)

D, the nozzle diameter mm

DHe a constant dependent on the sampler control box orifice and gas meter
By the percent water vapour in tﬁe emission as a fraction i.e.12% = 0.12
Bum the percentage water vapour in the air around the meter box often assumed to be zero
Cp Pitot tube coefficient dependent on the Pitot tube type

T,, the meter temperature in °C

T, the stack temperature in °C

P the stack pressure

P the meter pressure

M, dry gas molecular weight

M; apparent stack gas molecular weight

DH pressure drop across the orifice (mm water)

DP differential Pitot pressure (mm water)

From this the correct nozzle size can be determined.

D, = Constant.Q P, (1—meJ \/(TS +273 )M,
(T, +273)C, | 1-B,, (p,.(apP),,)

Where the Constant = 0.6071 Metric

Qm = Orifice flow rate normally 21.2 actual Imin”

(T, +273)AH
" PrnM m

Where Km =Orifice meter coefficient

PmMm

Km=Qm |——=—"—— =Const
AH(T, +273) AH,
Where Const = 183.7 metric
Reference: XP3538LD/INTERTEK/SHLNG/AUG2018/SCV/PPC/Q3/V1 Page 48 of 50
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Moisture Determination Calculations
These calculations are based at 273K and 101.325kPa

To calculate moisture the following equation is used:

B = 0.001245 x W, x100
ws AH

P, +

13.6

(0.001245 x W)+ 0.359V | —20—
(T, +273)

Particulate Concentration Cin stack Gases
At 273K and 101.325kPa and dry gas

_W, T, +273 760
v, 273 AH,,
P, +
13.6

Oxygen Concentration Correction C,,, to Particulate concentration

C %1000 mg/Nm®

_ Cx (20.9 — %0 , ref) mg/Na®

™ (20.9 — %0 ,Meas )

Dry Molecular Weight of gases
Mp = 0.44(%CO,) + 0.32(%0,) + 0.28(%CO + %N)

Stack Molecular Weight of gases

M
4.(100-B,,)

M, =0.18(B,,) +
100

Stack Gas Velocity

T, +273
(V) e =34.96 XC, x/(AP),,, o

Mass Emission Rate My

avg

R 106

C, x(V,),.. XA x3600

M kg/hr

Reference: XP3538LD/INTERTEK/SHLNG/AUG2018/SCV/PPC/Q3/V1 Page 49 of 50
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IsoKinicity

212 x10°xVm XY x| P, +

I =

AH ., )\ 273 +T,
13.6 273 + T,

W
Vi
BWS

o]

%OZref
% 02Meas
Cp

DP

DH

®P 1D 2 (Vs)avg (100 -B )

= the weight change of the impingers during sampling in g

= volume of dry gas sample in litres at temperature of the meter box
= the percent water vapour in the emission

= length of time sampling in minutes

= Gas Meter Calibration correction factor

= Velocity of stack gas m/s

= measured concentration of particulate matter (mg/m3)

average temperature at dry gas meter (°C)

atmospheric pressure (mmHg)

= % oxygen at standard temperature & pressure
= % oxygen measured on site

= Pitot tube coefficient

= mean differential Pitot pressure drop (mm H,0)
= mean orifice pressure drop (mm H,0)

= diameter of stack (m)

= Nozzle diameter (mm)

= stack temperature (°C)

= molecular weight of dry stack gas

= moisture fraction

= stack pressure (mmHg)

= duct c.s.a. (m2)

= molecular weight of wet stack gas

= molecular weight of dry stack gas

= total weight of particulate matter (g)

Reference: XP3538LD/INTERTEK/SHLNG/AUG2018/SCV/PPC/Q3/V1
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