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INTRODUCTION

= Where does the measurement process begin?

= |n the oil and gas industry, even though some studies on the metrological evaluation

of fuel analyses address measurement uncertainty, sampling uncertainty is rarely

discussed.

= [SO/IEC 17025 makes it clear that sampling is an essential contributor to the overall

measurement uncertainty and, as such, is a mandatory item in accreditation audits.
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INTRODUCTION

Thus, to deepen the understanding of sampling-related uncertainty and its impact

on overall analytical uncertainty, this study seeks to:

= underscore sampling as an indispensable contributor to measurement

uncertainty; and

= demonstrate just how decisive this component can be in conformity

assessment.
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Case Study 1: Risk Assessment of Manganese Concentration in Formation
Waters by ICP-MS
The formation water is assumed homogeneous at S1A1  S1A2 S2A1 S2A2
the sampling point. Sampling uncertainty reflects A 0.0703 0.0834 0.0947 0.0805
temporal/process  variability, not material B 0.0858 0.0789 0.0842 0.0880
heterogeneity. C 0.0796 0.0963 0.0747 0.0878
D 0.0859 0.1048 0.0928 0.0899
Considering an Upper Specification Limit (USL) of E 0.0809 0.0666 0.1027 0.0937
o ) F  0.0795 0.0745 0.0994 0.0982
0.1 mg L™, evaluate whether consumer risk should G 0.0721 0.0739 0.0839 0.0968
be accepted or rejected under two scenarios: (1) H 0.0951 0.0776 0.0956 0.0932
using analytical uncertainty only; and (2) using the
analytical uncertainty + sampling uncertainty. 4
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Case Study 1: Risk Assessment of Manganese Concentration in Formation
Waters by ICP-MS

Considering an Upper Specification X =0.0863 Uanayticat = 0.0079942

Limit (USL) of 0.1 mg L™, evaluate

whether consumer risk should be 8= Uanaiyicar X k = 0.0079942x1.64 =0.0131104

accepted or rejected under two

UAL (Upper Acceptance Limit) =USL-g=0.1-
0.0131104 = 0.0869 > 0.0863

ACCEPTED

scenarios: (1) using analytical

uncertainty only.
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Case Study 1: Risk Assessment of Manganese Concentration in Formation
Waters by ICP-MS
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Considering an Upper Specification UAL USL

Limit (USL) of 0.1 mg L™, evaluate

whether consumer risk should be

Relative frequency

accepted or rejected under two

scenarios: (1) using analytical

uncertainty only. \\
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Case Study 1: Risk Assessment of Manganese Concentration in Formation
Waters by ICP-MS

Considering an Upper Specification
Limit (USL) of 0.1 mg L', evaluate
whether consumer risk should be
accepted or rejected under two
scenarios: (2) using the analytical

uncertainty + sampling uncertainty.
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X =0.0863

u =0.0079942 and u =0.00836

analytical — sampling —

8= Uponsuromen: X k= 0.011567 x 1.64 = 0.018969

UAL (Upper Acceptance Limit) =USL-g=0.1 -
0.018969 =0.08103 < 0.0863
REJECTED
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Case Study 1: Risk Assessment of Manganese Concentration in Formation
Waters by ICP-MS

Considering an Upper Specification
Limit (USL) of 0.1 mg L', evaluate
whether consumer risk should be
accepted or rejected under two
scenarios: (2) using the analytical

uncertainty + sampling uncertainty.
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USL

Relative frequency

0.04 0.1 0.11 0.12 0.13

mg L
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Case Study 2: Sulfur Mass Fraction in Diesel Fuel in the storage tank

MWDXRF, USL 10.0 mg kg~" and a measurement result of 8.6 mg kg™’

(1) analytical uncertainty only: 1.5 mg kg™’

(2) combined analytical + sampling uncertainty: 2.0 mg kg™’
UAL X UsL

(M X,UAL UsL @

ACCEPTED “REJECTED
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g
g
£
=

45 55 5 ©
mg kg

WREonk 1 and 12 May 20206

Amusmxu:alc:a‘s" _ : 4
Case Study 3: Ethane Molar Percentage in Natural Gas Pipeline
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GC-TCD, USL 12.0 mol % and a measurement result of 10.8 mol %

(1) analytical uncertainty only: 1.4 mol %
(2) combined analytical + sampling uncertainty (temporal/process variability, not
spatial heterogeneity): 1.6 mol %

UAL . X USL

X.UAL USL
M : )

ACCEPTED

El
i3
=

% mol/mol
10

8 9 1
% mol/mol
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Case Study 4: Phosphorus Mass Fraction in Biodiesel in a storage tank

ICP-OES, USL 10.0 mg kg~", with a measurement result of 9.0 mg kg™"

(1) analytical uncertainty only: 0.9 mg kg™’

(2) combined analytical + sampling uncertainty: 1.4 mg kg™

() X UAL UsL @ UAL ;X USL
ACCEPTED |/ REJECTED “

mg kg! il
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Case Study 5: Water in Crude Oil in a storage tank

Karl Fischer Coulometric, USL 1.0 % v/v, with a measurement result of 0.85 % v/v

(1) analytical uncertainty only: 0.05 % v/v

(2) combined analytical + sampling uncertainty: 0.20 % v/v

M X UAL USL 2) uaL X UsL

ACCEPTED _ REJECTED

Frequency

08 0.85 0.9 0.95 1 105 L R 045 055 0.65 0.75 0.85 0.95 1.05 115 2
% VIV % VIV
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CONCLUSION

= The first stage of any analytical workflow is sampling, which depends first on
how the measurand is defined: an instant in time or an average over material
delivered. Even though it is usually performed outside the laboratory — and

not always by an analytical chemist — it must still be tightly controlled.

= Based on arisk assessment relative to the specification limit, the uncertainty

arising from sampling in chemical and physicochemical analyses cannot

always be overlooked.
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