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1 Impact of volume measurements
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Presenter
Presentation Notes
Each year US consumes 1200 metric tons of petroleum, 11 L/day for each person, half imported from…
Japan is #3 consumer, 310 metric tons, 7 L/day/person
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Presenter
Presentation Notes
Errors in flow measurements lead to very large amounts of money
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Presentation Notes
Crude oil moves through pipelines from the US, Canada and the Gulf of Mexico to refineries (Gulf and Midwest)
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Presenter
Presentation Notes
2/3 of petroleum shipments in the US are by pipelines, cheap, adds only 2% to price of gas
6 to 16 km/hr, 14 to 22 days from Houston to NY. Batches move in the same pipeline, flowmeters calibrated in each product.
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Presenter
Presentation Notes
Pipelines cover just part of Mexican Territory. A lot of custody transfer operations take place by using road and rail tanks.


Distribution Terminals -

74  Storage and  Distribution
Terminals nationwide

Over 900 installed measurement
skids for loading and/or unloading
road- and rail Tanks
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2 Calibration and Traceability Chain
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Presenter
Presentation Notes
How to assure accuracy and fair sales of valuable petroleum products? Custody transfer operations


Elements of the Traceability Chain | s¢

1.  Flowmeter (PD, Turbine, Coriolis, Ultrasonic)
2. Prover (Small Volume Prover, Ball Prover)

3.  Tank prover

4.  Master Meter

5. Fleld Test Measures or Masses

6.  National Metrology Laboratory
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Presenter
Presentation Notes
JW: petroleum industry has developed a testing methods that connect flow measurements to national standards.
Use the following elements. We describe them individually and then their usage in various combinations (different traceability chains)
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Presenter
Presentation Notes
JW: typical types used in petroleum in the US and Mexico… In general, PD and turbine for refined products, coriolis for fuel oil, PD and ultrasonic for crude oil.


Small Volume Prover °e
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iive remainz closed, and thizs may be relied upon under the worst surge

plications Flow Tube

Hydraulic Motor and Pump
Hydraulic Reservoir Brooks
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Presenter
Presentation Notes
RA
Mostly, compact provers are used in cases where space is limited. Common use in offshore applications. Make use of the double chronometry method to diminish the impact of the reduced number of collected pulses.
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Presentation Notes
RA
Care has to be taken in some SVP due to fact that upstream and downstream volumes can be different!! Pressure variations could affect the results of meter provings.


Small Volume Prover HE

Operation :
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Presentation Notes
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Ball Prover oo
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RA


Tank Prover 33T
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Presenter
Presentation Notes
JW: a permanently located calibrated volume used to determine MF for flowmeters. It is calibrated wit field test measures.


L 000

Field Test Measures :°

-

Meter Engineers
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Presenter
Presentation Notes
JW: Volumes calibrated gravimetrically or by volume transfer in the national labs. Various sizes added together can calibrate tank , SV, or ball provers.


Master Meters oe

g Prover Tank

CENAM
Master Meter 3000 L

(v, -SRu)-CTS,, -CTL,,
F =
IV_-CTL, -CPL_
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Presenter
Presentation Notes
RA: flowmeters with highest metrological qualities: repeatability, linearity, robustness, understood behavior for environmental effects, liquid property changes, installation effects. Cost effective method to verify performance of in line meters.


Definition of Traceability o2t

JCGM 200:2008

2.41 (6.10)

metrological traceability

property of a measurement result whereby the result can be

related to a reference through a documented unbroken chain of
calibrations, each contributing to the measurement uncertainty.
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Volume Traceabillity -

Ball Prover N

Standards Laboratory T)
(NIST or CENAM)

Field Test Measures Flowmeter
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Presenter
Presentation Notes
We show the most commonly used arrangements of the traceability elements.
JW


Volume Traceabillity

Tank Prover

Standards Laboratory T)
(NIST or CENAM)

Field Test Measures Flowmeter
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Volume Traceability

Standards Laboratory T)
(NIST or CENAM)

Flowmeter

Each step adds

uncertainty!!!
Master Meter
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Meter Proving °e
Calibration performed by comparing a
flowmeter totalized volume to:
1. ball prover
2. small volume prover
3. tank prover
4. master meter
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Presentation Notes
RA, we will cover ball prover


Meter Proving
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Principle of Operation ser
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3 Volume Calibrations at NIST

NST
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NIST Special Publication 250-72 43

NIST Calibration Services for Liquid Volume
NIST Special Publication 250-72

e WWW.Nist.gov

e Documentation for
customers

e Methods and
equations

Fluid Metrology Group

L] L]
Process Measurements Division
Chemical Science and Technology Laberatory .
National Institute of Standards and Technology

Gaithersburg, Maryland. 20899

e Sample reports
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Graduated Neck (4 L to 8000 L) | s::

e Y1

=
;

1 Drain valve

2 Drain slope 57 4 L

3 Levels

4 Level cover

5 Gauge mounting

8 6 Rolled bead 2000 L

7 Top Cone Pitch 25

8 Reinforcing bands

9 Bottom cone pitch 20°

10 Adjustable legs
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Presenter
Presentation Notes
& methods used at NIST, volume transfer, etc. I will cover the most common, direct weighing.


Direct Weighing Procedure +:

o Level
e Weigh dry

e Fill to “0”, measure t,
weight, room t, p, rh

e Drain (30 s after main flow)
and weigh

e Repeat 5 times

| Lo J
National Institute of Standards and Technology iLsICENAM
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TXx
Y XX
Contained Volume 13
— M= m
Vcontain ( w)_ - — h
,O( W) ~ Pair
t : temperature
: m : mass
Delivered Volume - density
_ h : neck scale reading
V dgeliver ( W): Mt =Ma h S+ prover coeff. Thermal exp.
Pltw) = Pai ' water
f: full
e : empty (dry)
. d : drained (wet)
Thermal EXx Pansion ref : reference (15.56 °C)
V(tref):V( w)[l ) ,Bt (tw ) tref)]
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Contained and Delivered

Volumes .. :

(V. - VN, 1%

1

300 400

e Data from 15 . _ _ __

e Differ by 0.02% for a 400 L volume, 0.05% for a
20 L volume

e Ratio of surface area to volume increases as
volume decreases
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Drainage Uncertainty

More liquid remains on the walls if the viscosity and surface
tension are larger

Uncertainty in delivered volume due to liquid property
changes (t changes)

Drainage uncertainty is proportional to V_ -V,

v, =) vit [ )

For a 400 L volume at 22 °C, 17 parts in 10° more liquid
delivered due to a smaller viscosity than if used at 15.56 °C

For a 20 L volume, the same temperature difference gives
48 parts in 10 increase in delivered volume

We handle as an uncertainty, not a correction
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Data Reduction Spreadsheet

42 gal sample xls

Name of Company:
NIST Seal Number:
Serlal Number:

Nominal Volume of Vessel:
Neminal Vel per Scale Div:

ABC Co. Scale Capacity: 600 [kal T#d Coef, by:  -3.520000E-02 [C]
1224 Scale Coeficient, a;: 1.0007 E+00 [1/kg] T#4 Coef., by: 8.993000E-01 [1/C]
1234 Scale Coeficient, ag: -3.1240E-07 [1/kg®] Cal Date: 1072712005

42 gallons Cal Date: S/28/2005 T#6 Coef., cp:  -1.882000E-01 [C]

0.4 cubic inches

THE Coof., cy:

1.007348E+00 [1/C]

T#5 Coef., dyg:
TH#S Coef., dy:

Cal Date:
T#3 Coef., e
T#3 Coof., o4

-2.00800E-02 [C]

8.992500E-01 [1/C]
10/27/2005

-3.560000E-02 [C]

1.002220E+00 [1/C]

e 10/27/2005
Water Temperature Water Density Alr Temperature — Barometric Pressure Rel. Humidity Air Density
Corrected #5 Corrected #3 /" Average Pattersen & Momris] Corrected #4 Corrected #5 Average [ E Read Read Jaeger & Davis
Icl \, D [kaim®) <] =S [kPa] [Fa] %] [kaim®)
19.810 19.875 19.842 998 238 22.594 23.602 23 598 100.70 100,700 2350 1.17801
20.335 20.337 20.336 998.136 23.225 23.245 23.235 99.76 99,761 46.0 116711
20.351 20.382 20.356 998,131 26.346 26.333 26.339 99.67 99,667 42.0 1.15333
20.361 20.360 20.360 998,131 23.895 24.015 23.955 99.70 99,700 39.0 b T ek
20426 20.424 20.425 998117 25.249 25.251 25.250 59.80 95,800 37.0 1.16022
Neck Scale Callbration
Weight Dry Weight Full j Weight Drained Scale Reading Unceorrected Prover Volume | - _— Reading calculated correction
Read Corrected Read Corrected | r _.-'Read Corrected Read - Corrected Contained Delivered I ] J [cirv] [dive] [ ]
[ka] [ka] — [kl [iv] [m® [m] T =4.0 -8.7 -4.7
136.9338 137.0283 295,3832 2855725 136.9824 137.0770 -4.0 -0.000026 0.159028 0.158989 -1.0 -3.9 2.9
136.9338 137.0283 2954183 2956077 136.9970 137.0916 -1.0 -0.000007 0 159068 0, 159005 5.0 -8.8 -38
136.9338 137.0283 285.3805 2055698 136.9899 137.0844 -5.0 -0.000033 0.159055 0.158999 5.0 -9.4 -4.4
136.9338 137.0283 285.3766 285.5660 136.8916 137.0862 -5.0 -0.000033 0.152053 0.158995 0.5 5.6 5.1
£ 7 028 ge 4n7a 0 0158901 =202 -205.1 -3.1
-98 =-101.9 -3.9
Ref. Temp. Thermal Expansion Corrected Prover Volume Water 99 830 -6.0
<] Contained Deliverad Contained Deliverad Contained Dellvared Ax/so, Tem perature Density in. Vise. 200.5 192.0 -7.5
15.56 [m”] [gal) [in] Patterson & Morri RC & Kell slope intercept
015900543 015895664 42,0048 . 419919 a703. 11 a700.13 0.58 ) y [ka/m™] [m~/s] 0.989 -4.18 [div]
0.15903186 0.15896829 420118 | /419880 9704.72 9700.85 1.51 } ./ sasois 125E-08 0.296 -1.67 [in®]
0.155901843 015896214 420082 41.9934 a9703.90 aA700.47 0.40 998,151 O00E-06 5. 484E-06 -2.741E-05 [m*]
0.15901641 0.15895837 42,0077 41,9924 9703.78 970024 0.27
0.15901927 0.15895390 42.0084 41.9912 9703.95 9699.96 1.07 o.0o
0.1590183 0.1589599 42.0082 41.9928 9703.89 8700.33 K'chrages:. Thermal Expansion Corrected -1.00 ~
0.1588563 4 "r 141.9918 9700.11 Ds.iverages, Therm. Exp. & Viscosity Gorrected -2.00
59 35 59 ' 35 59 35 Repeatability [x 10"] -3.00
0.016 0.012 0.016 0.012 0.016 0.012 Expanded Uncertainty [%] _a.00 |
L -5.00
':_M) ” _6.00
Estimation of Uncertainty k=236 - Vier 7 95% confidence, Taylor & Kuyatt 700
X; Value 1V oV ak,; Value of 1/V oW/ ax; ufx, for k=1 1V o/ ok ufxy [ x 10°° _&.00 hid
3 — o ¥ 3 -300.0 -200.0 -100.0 0.0  100.0 2000 3000
h -— [m~] ( .\) 1/v 0 [1/m?] 1.6E-06 [m7] y 0.0 Neck Scale Reading [div]
my 295.58 [kg] N Vime-m,) M) 0.01 [1/kg] 3.6E-03 [kyg] 226
e 137.03 [kg] =1/ -1 ) -0.01 [1/kg] 3.6E-03 [kg] -22.6 maker: Can Co.
3 3 3
Po 1000 [kg/m~] -10p -1E-03 [m“/kg] 2.0E-03 [kg/m~] -2.0 min scale: 250
yom 2.0E-04 [1/C] (T w-T rorn) -20.3 [C] 3.3E-07 [1/C] -6.7 max scale: 250
yor 4.8E-05 [1/C] AT w-Tror) -4.7 [C] 7.0E-07 [1/C] 3.3 levels: bubble
Tw 20.3 [C] Lw-[3 2E-04 [1/C] 4.0E-02 [C] 6.1 valve:  butterfly valve
; 3 3 3
P 1.17 [kg/m~] 10, 1E-03 [m~/kg] 2.0E-03 [kg/m~] 2.0 old / new: old
v SIM Metrology School 2013: Gaithersburtg-fMD drain time (s): 20

42 qgal


Presenter
Presentation Notes
1 prover info, sensor calibrations, 2 data from 5 repeats, 3 neck scale calibration, 4 uncertainty analysis
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Neck Scale Calibrations

e Done gravimetrically at -80%,
-40%, 0%, 40%, and 80%

o]
o

DEUVERS | 5 US GALLONS

!
i I|II|I|II I||I|I||I|I|II||III I|I|||I||

th m

L1 [ |
NN
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o000
Neck Scale Calibration
calculated correction
[div] [div] [div]
-4.0 -8.7 -4.7
-1.0 -3.9 -2.9
-5.0 -8.8 -3.8
-5.0 -9.4 -4.4
-0.5 -5.6 -5.1
-202 -205.1 -3.1
-98 -101.9 -3.9
99 93.0 -6.0
200.5 193.0 -7.5
slope intercept
0.989 -4.18 [div]
0.396 -1.67 fin’]
6.484E-06 -2.741E-05  [m’]
0.00
gt -1.00
§: > -2.00 A
Al 2. -3.00 - o <
5 c
T 2 -4.00 - 3 ©
i 5
£ -5.00 1 o>
o
O -6.00 A
-7.00 A
<&
-8.00 ‘

SIM Metrology School 2013; Gaithersburg, Mp300-0

-200.0 -100.0 0.0

Neck Scale Reading [div]

100.0 200.0 300.0



000
0000
. e0o00
o000
ncertainty o
o
Ref. Temp. Thermal Expansion Corrected Prover Volume Water
[C] Contained Delivered Contained Delivered Contained Delivered Ax [ oy Temperature Density
1556 [m3 [gal] [in% Patterson & Morris
0.15900543 0.15895664 42.0048 41,9919 9703.11 9700.13 0.58 [C] [kg/ma]
0.15903186 0.15896839 42.0118 41.9950 9704.72 9700.85 1.51 15.560 999.015
0.15901843 0.15896214 42.0082 41.9934 9703.90 9700.47 0.40 20.264 998.151
0.15901641 0.15895837 42.0077 41.9924 9703.78 9700.24 0.27
0.15901927 0.15895390 42.0084 41,9912 9703.95 9699.96 1.07
0.1590183 | 0.1589599 & 42.0082 41.9928 | 9703.89 | 9700.33 Averages, Thermal Expansion Corrected
0.1589563 41.9918 9700.11 Averages, Therm. Exp. & Viscosity Corrected
59 35 59 35 59 35 Repeatability [x 10
0.016 0.012 0.016 0.012 0.016 0.012 Expanded Uncertainty [%]
Estimation of Uncertainty k=236 Veii= 7 95% confidence, Taylor & Kuyatt
X Value 1N 6VI6x; Value of LIV 6V/6X; u(x; fork=1 1NV VIS Xiu(X [xlo'6
h — [m? Y 0 [1/m?] 1.6E-06 [m?] 0.0
m ¢ 295.58 [kg] /(me-my) 0.01 [1/kg] 3.6E-03 [kg] 22.6
me 137.03 [kg] -1/(m-my) -0.01 [1/kg] 3.6E-03 [kq] -22.6
Po 1000 [kg/m’] 1po -1E-03 [m7/kg] 2.0E-03 [kg/m’] 2.0
Bw 2.0E-04 [1/C] (T w-T rerw) -20.3 [C] 3.3E-07 [1/C] 6.7
B 4.8E-05 [1/C] (Tw-T ref) -4.7 [C] 7.0E-07 [1/C] -3.3
Tw 20.3 [C] Bw- B 2E-04 [1/C] 4.0E-02 [C] 6.1
Pair 1.17 [kg/m’] 1po 1E-03 [m’kg] 2.0E-03 [kg/im’] 2.0
v 129 °
NISI- SIM Metrology School 2013; Gaithersburg, MD "@gx
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Presentation Notes
H 1/3 division, … repeatability, Welch-Satterthwaite.
Each prover has a different uncertainty.


Uncertainty +

0.1 -
0.09 -
> 0.08 - 1.2
e 0.07 U, =[0.015+}%
o VUl T \/
> 0.06 -
~3 0.05 -
>| 0.04 -
o 0.03 - o
S 0.02 - > ~g D
O 1 1 1 1
0 100 200 300 400
VC/L
Eﬂonul Institute of Standards and Technology SIM Metrology School 2013; Gaithersburg, MD ’?%CENAM

uuuuuuuuuuuuuuuuuuuuuuuuuu

Technology Administration, U.S. Department of Commerce


Presenter
Presentation Notes
Past 2 years of data


4 \Volume Calibrations at
CENAM
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CENAM

Organization

Small volumes

Large volumes

Volume and Flow

Water
Liquid Flow .
Oill
Gas Flow
Viscosity master meters

In situ services

proving tanks

NST

pipe provers

SIM Metrology School 2013; Gaithersburg, MD

National Institute of Standards and Technology
Technology Administration, U.S. Department of Commerce
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Laboratory Layout

Gravimetric Method

1 Water reservoir (deionized and filtered) |
2 Device under test L
3 Auxilliary reservoir H
4 Mass comparator (60 kg / 0.01 g)
5 Reference weights (OIML F1)
6 t, p and hr sensors
4
5 [
S}
]
PT,HR ’
[ loml =« AL @ /
A A B
ler SIM Metrology School 2013; Gaithersburg, MD

National Institute of Standards and Technology
Technology Administration, U.S. Department of Commerce
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Laboratory Layout

Volumetric Transfer

Water quality: tap water (filtered)
Reference standards: (50 + 0.002) L
(500 £ 0.090) L
Calibration capabilities: up to 3 000 L
Typical uncertainties: (0.02 to 0.04) %; (k=2)
Applications: Verification of fuel dispensers (20 L)
Verification of LPG meters ( 500 L)
Calibration of compact provers
Calibration of pipe provers

Calibration of master meters (3 000 L)

NISI- SIM Metrology School 2013; Gaithersburg, MD
National Institute of Standards and Technology
Technology Administration, U.S. Department of Commerce
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Math Models oo

Gravimetric: double substitution

Zn:mf_zn:mi 1P +A - A

" [1-5-(t,-20)]
Pw ~ Pa

m;: mass of the final reference weights
Pa m; mass of the initial reference weights
} p,. air density
P, Water density
pn- reference weights density
A;: final mass differential

. [1 Pa } A;: initial mass differential
 Lip+liz-Lyg—Lig U e L: balance readings
L ' Pms. density of sensitivity weights

ms{l
A - Lio + Ltz —Lf1 —Leg Pms
= .

2 Ltz —Lt2

2 Liz —Li> . .
a. prover thermal coefficient of expansion
t,. water temperature
ler SIM Metrology School 2013; Gaithersburg, MD "@"
W& CENAM
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Math Models oo

gravimetric: direct reading

(If _Ie)' -

P
= {1-B-(t, - 20
Vzoc 0 — P [ ,B( )]

l;;  balance indication at full condition

| balance indication at empty condition

p,. air density

P Water density

a. stainless steel thermal coefficient of expansion
water temperature

ler SIM Metrology School 2013; Gaithersburg, MD "@"
" CENAM
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Math Models oo

water density: Tanaka et. al.

metrologia

Recommended table for the density of water between
0 °C and 40 °C based on recent experimental reports'

M. Tanaka, G. Girard, R. Davis, A. Peuto

and N. Bignell
2 o
0 = s [1 — (t T ﬂ’l) (t t m;) Other models:
asz(t + aq)

where Patterson & Morris
a1/°C = —3.983035 + 0.00067 ~ Bettin
12/°C = 301.797 Masui & Fujii

2 eAmc Kell

a3/°C” = 522528.9 Watanabe

EL4!"°C = 069.34881 IAPWS
az/(kg m™) = 999.974950 + 0.000 84

ler SIM Metrology School 2013; Gaithersburg, MD '7'@{1
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Math M | oot
a odels oo
- - .
air density
IOP PUBLISHING METROLOGIA
Metrologia 45 (2008) 149-155 doi:10.1088/0026-1394/45/2/004
Revised formula for the density of moist
air (CIPM-2007)
A Picard', R S Davis!, M Gliser? and K Fujii3
2. The CIPM-2007 equation and its uncertainty
2.1. The CIPM-2007 equation
Formally, the derivation of the CIPM-2007 equation is the same
as that of its predecessors [1,2].
The density of moist air is evaluated using an equation of
state y y
p a v
a — 1 — v 1 —— ’ 1
=g | (-5 .
where the quantities and units are p/Pa: pressure, ¢ /°C: air
temperature, T /K: thermodynamic temperature = 273.15 +
t/°C, x,: mole fraction of water vapour, M,/(zgmol™'):
molar mass of dry air, M,/(gmol™'): molar mass of
water, Z: compressibility factor, R/(Jmol~' K~'): molar gas
NIST comstant: ) Metrology School 2013; Gaithersburg, MD afle
National Institute of Standards and Technology elrology Sehoo - alihersburg, ?f‘CENAM

Technology Administration, U.S. Department of Cormmerce R
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Math Models

air density; Excel add-in

- S—
E Microsoft Visual Basic para Aplicaciones - densidades.xlam - [Madulol (Cadiga)]

W gy, e — o —

i

El-%f VBAProject (Leasl
+]-- (7] Microsoft Excel €
E]-E§ Médulos

Loy LSFitBothCal

&3 LSFitBothFur
) CFiCal At

'Constantes de Tanaka
Glokal Const WD _al &s
Global Const WD a2 As

Lt P

o e TAITL A m

NIST

National Institute of Standards and Technology
Technology Administration, U.S. Department of Commerce

'Constantes para factor de acrecentamiento
Glokbal Const F_ALPHAR As Double = 1.00062

Glokal Const F_BETA Rs Double
Global Const F GAMMAR As Double

“‘ m E 'Constantes para factor de compresibilidad
Propiedades - Médulol ﬁl Glokal Const Z A0 As Double =
- - Glokbal Const Z Al As Double =
Mddulo1 Mddulo = Global Const Z A2 As Double =
Alfabética |Por mtegon‘asl Global Const Z_BO As Double =
W Global Const Z Bl As Double =
Glokal Const Z CO As Double =
Glokal Const Z_Cl1 As Double =
Glokal Const Z D As Double = 0O
Glokal Const Z_E As Double = -

[Tanaka,
Double =
Double

e

- —

SIM Metrology School 2013; Gaithersburg, MD

% Archive Edicion  Ver Insertar Formate Depuracién Ejecutar Herramientas Complementos  Ventana Ayuda
EE-Ed 42 n® 9 o0 @ NEFY o @ Lnocols :
Proyecto - VBAProject ﬁl I[General: j I[Decla
EHEE]
B4 ! Cption Explicit
L——_IE VBAProject (dens - 'Constantes para presidn de wvapor (1991)
[:l Microsoft Excel C Glokal Const VP_R As Double = 0.000012378847
B3 Mddulos — Global Const VP_B A= Double = -0.019121316&
Lo Médulol Global Const VP_C As Double = 33.93711047
[]"-@ VBAProject (FUNC| = Glokal Const VP_D As Double = -6343.1645

(1991)

0.0000000314
0.00000056

(1991)
0.00000158123
-0.000000029331
0.00000000011043
0.000005707
-0.00000002051
0.00019898
-0.000002376
0000000000183
0.00000000765

M. et. al.
-3.983035
301.7897

FaAaran o~

; Recommended table for the densit

fe,
°A* CENAM
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Math Mod 44
a odels oo
o
data processing
I_ A E c u] E F G H | J L
L1 2 I A S A
57
58 PESAS UTILIZADAS
53 MASA FESAS UTILIZADAS Juego de pesas CERFIFICALI
B0 DE SEMSIEILIDAD [laza Coarreccion Maza Corr.  Incertidumbre  Wolumen Densidad
El q myg g q cmd glcm
B2 0.0 0.001 0.a0a01 0.aaa0onz 0.0004 2.50
B3 0.002 -0.0028 0001947 0000002 0.0007 2.85
E4 o.on2 -0.003 0001947 0000002 0.0007 2.85
EA 0.005 0.0019 0.005002 0.aaa0o0z 0.0014 283
EE 0.0 -0.0054 0.009945 0.0000027 0.0013 7.5
EY 0.0z 0.0008 0020001 0.0000033 0.0025 £.00
Ed ooz 0.0007 0.oz2a00 0.0000033 0.0025 2.00(| EMM-CC-730-21102005
B4 0.05 -0.0053 0.049994 0000004 0.0063 T.94
Yo 01 -0.0024 0.099947 0.0000053 00126 T.94
T 0.z -0.010% 0199340 0.0000066 0.0252 794
T2 02 -0.001 0199933 00000066 00262 T.04
T3 05 -0.0272 0.499973 0.0000083 0.082 8.0E
T4 1 -0.004 0.999996 0.00001 01262 782
Th 2 0.0034 2.00000 0.000013 02517 T.95
TE 2 00166 199998 0.000013 0.251 T.49E
7 5 -0.0148 499999 0.000017 0.6302 783
Ta T 7 10 -0.016 999993 0.0000z2 12549 T.A7
T4 20 -0.001 20.00000 0000027 25156 7.95/|CMM-CC-730-1324201
20 F F noz® 20.00002 0.000 25175 T.94
il 7 A0 I 0000033 E.2862 T.9E
a2 7 10 100.000 0.a000 12,5841 7.495
a3 20 200.00 a. 2517 7.495
L) 200 . 200.00015 0.0001 20,134 T.9E
85 7 7 500 0.37 50000037 0.00027 E2.921 7.495
o1 000 155 1000.00165 0.00053 125.887 T.94
ar 000 0.8 1000.00030 0.0017 126.662 798| CMM-CC-730-1504201
ag 2000 2.3 2000.00230 0.00:33 26119 TAE||CShM-CC-TA0-1510201
24 2000 1.7 200000170 0.0033 25119 7.9E6|| CMM-CC-730-15642011
a0 1 1 5000 7.4 S000.007 40 0.0083 E29.29 7.95/|CMM-CC-730-15242011

[=11

NIST

National Institute of Standards and Technology
Technology Administration, U.S. Department of Commerce
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Math Models

H =] L u] E r £} H 1 J k.
i RECIPIENTE YACIO O MOJADDO
11 Condiciones ambientales Oensidad [laza Recipiente Recipiente Mlasa
12 Presidn Humedad Temp. Bire patron Wacio Wacio + ws patron + Ws Al
13 hFa. * T glcm3 g g g g q
114 30 Beh| -0.0%
15 21563 40.5 19.5 000096707 BE00.08 5E01.51 AE11.52 HE10.1 1423574145
& 1492 40.0 18.7 000096555 RE00.05 =41 R AE11.52 AE10.07 14EE4E412
17 811.9% 6.4 19.9 000096173 BE00.03 BEO145 GE11.45 5E10 1438559137
12 2217 382 13.4 000096135 RE00.04 AEOLE AE11.5% AE10.05 1542093715
14
120 813675 38.3 19.8| 0.00036409 560005 56015225 561152 5610055 146917278
121
122
123 RECIPIENTE LLENDO
124 Condiciones ambientales Oenszidad Temp. Densidad Maza Fecipiente Fecipiente [laza
126 Presidn Humedad Temp. Rire Agua Aigua patran Llena Llena + W= patron + wWs kel
126 hFa. b = glems3 = gicm g q q g q
127 40 Beh| -0.0%
128 5440 40.5 19.6 000096643 19.45 0.933304 265602 2a5G0.04 2RAE0.09 2ERE013)| -0.033502
129 214.850 40.1 19.7 000096547 19.43 0.993298 2BEE0.17 2654991 2666988 ZEREOAV|| 0275827
130 811330 36.8 13.4 0.00036131 19.73 0.933235 2RER0.17 2a549.07 2RA53.08 2RRE0.1E -1.1010949
13 212.290 387 19.4 0.00098217 19.83 0993227 2666014 266449.04 2666A.02 ZEREOIE| 1122243
132
133 $13.643 38.0 19.8| 0.00096398 196375 0998266 2a560.17 25549515 25559 5125 2556016 -0_G4967
134
135
136
137 WOLUMERM 2 20 C
138 Mlaza ‘Walumen ‘Walumen
139 agua de agua 20
140 g ml ml
iLal
142 199654 19999363 199949.89 -0.058
143 199662 19999246 19994974 0.0y Suma [eituily]]"2 0124
144 199643 19999643 199949.84 -0.014 Raiz[=uma) 0.359
145 199642 19999682 199949.84 -0.015
145 k. al 95,45 ¥ apros. 2.00
147 19964 672 19999563 19999 83 Inc. Expandida [em3] 0.72
148 061 021 006
M 4 F M| Hojal . Hoja?2 Hoja3 d

NST

National Institute of Standards and Technology
Technology Administration, U.S. Department of Commerce
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Volume Measurements oce

Large volume Laboratory
(2 -3000) L

Small volume Laboratory
(0.0l mL-2L) -glassware-

ler SIM Metrology School 2013; Gaithersburg, MD
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0000
Volume Measurements, °sec
Main Customers °

Large volume Laboratory
(2 —3000) L

O Secondary laboratories
O Verification officers

O Petrol stations

0 PEMEX

Small volume Laboratory
(0.0l mL-2L) -glassware-

0 Secondary laboratories
O Food industry; Pharmaceutical,
O Chemical industry

ler SIM Metrology School 2013; Gaithersburg, MD

National Institute of Standards and Technology
Technology Administration, U.S. Department of Commerce




Standard formulation Standard

National Mass Water density Temperature National
10 pg 0.02 mK

Digital thermometer
+ Pt-100

0.01°C

Volume National

Standard
50 L == 0.0035 %

u
l

Reference tank prover
500L = 0.012 %

|
|

Working standard
3000L = 0.018%

Traceability chart for volume of liquids measurements by using
tank provers.

N'SI- SIM Metrology School 2013; Gaithersburg, MD $ﬂ§1
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00O
| 00

| Volume working C X ]

standard
3000 L + 0.018 % »

water draw method

Bi-directional pipe prover

Vigoc. opa = 0.03 %

Direct volume

In line Turbine or PD comparison method
meter

V,p = 0.1%

Traceability chart for volume of liquids measurements by using
bi-directional pipe prover

ler SIM Metrology School 2013; Gaithersburg, MD %l{lCENAM
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5 International comparability
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CCM.FF-K4 00
0000
Transfer standard artifacts 0000
000
o0
Glass pycnometer (6 items) ®
Type: Gay-Lussac
Volume: 100 mL
Stainless steel pipette (3 items)
Type: overflow
Volume: 20 L
Temperature: Pt-100
Design: to deliver
NIST | - SIM Metrology School 2013; Gaithersburg, MD %’CEN AM
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CCM.FF-K4; APMP.M.FF-K4;EURAMET.M.FF-K4 AND
SIM.M.FF-K4
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