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Nomenclature / Glossary

a(y) Limit of the range of uncertainty due to random errors about a single
measurement y

b(y) Limit of the range of uncertainty due to systematic errors about a single
measurement y

c(y) Limit of the range of uncertainty due to combined random and systematic errors
about a single parameters y

e Estimate of systematic error

n Number of repeated measurements.

t Value of Student’s t-distribution

tos, n-1 The value of the t-distribution for (n-1) degrees of freedom and for a two-sided

probability of 95 percent

v Variance, o2

w Range of a set of data

X Observed mean value of a set of data

X Observed value of a variable

y Observed mean value corrected for bias

y Observed value of a variable corrected for bias
[l Mean of Gaussian normal distribution

o] Standard deviation of a Gaussian normal distribution
O] Degrees of freedom

BFSL Best fit straight line

™M Coriolis meter

DC Direct current

FSO Full scale output

PIT Pressure indicating transducer

PRV Pressure relief valve
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RTD Resistance temperature detectors

\ Volts

VDC Volts (direct current)

VOC Volatile organic carbons

BF Buoyancy factor

BLM Bureau of Land Management

BPV Base prover volume

BVC Buoyancy vapor correction

CPL Correction for the effect of pressure on liquid

CPLm Correction factor for the effect of pressure on a liquid passing through a meter
(during a proof)

CPLvm Pressure correction factor of the master meter

CPLmut Pressure correction factor of the meter under test

CPLp Correction factor for the effect of pressure on a liquid in a prover

CPS, Correction factor for the effect of pressure on steel on a liquid in a prover

CTL Correction for the effect of temperature on liquid

CTLm Correction factor for the effect of temperature on a liquid passing through a
meter (during a proof)

CTLmm Temperature correction factor of the master meter

CTLmut Temperature correction factor of the meter under test

CTLp Correction factor for the effect of temperature on a liquid in a prover

CTSp Correction factor for the effect of temperature on steel on a liquid in a prover

DG Coriolis drive gain

DMF Density meter factor

DSF Dynamic start/finish

GVF Gas void fraction

IPC Immersed pipe correction
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ISVivm Indicated standard volume of the master meter

ISVmut Indicated standard volume of the meter under test

IVimm Indicated volume of the master meter

IVmur Indicated volume of the meter under test

MPFoe Meter factor adjusted for high drive gain

MFum Meter factor of the master meter

MFp Meter factor due to proving

MM Master meter

MUT Meter under test

NIST National Institute of Standards and Technology

NKF Nominal K-factor

RM Reference meter

SSF Static start/finish

SVP Small volume piston

TSM Transfer standard method

uuT Unit under test

Vo Volume at base conditions

VCF Volume correction factor

Vip Volume at alternate conditions

Dgas Density of the gas (kg/m?3)
Pliquid Density of the “bubble-free”, standard density (via APl 11.1) (kg/m3)
Pmix Density of the two-phase flow (kg/m?3)
CAL-V Calibration validation (in-situ calibration)

Co Gas heat capacity at constant pressure (J/g*°C)
Ccsv Current sense voltage

DUT Device under test

10
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FT3 Fox thermal meter model 3

I current supplied to the heated element (Ampere)
Kact Gas thermal conductivity of the actual gas composition (W/m/K)
Keal Gas thermal conductivity of the calibrated gas composition (W/m/K)
M Mass flow rate (8/s)
MSCFD Thousands of standard cubic feet per day

n Constant (unitless)
Pract Prandtl number of the actual gas composition (unitless)
Preal Prandtl number of the calibrated gas composition (unitless)
Vact Gas velocity of the actual gas composition (m/s)
Veal Gas velocity of the calibrated gas composition (m/s)
R1 The electrical resistance of the heated RTD element (ohms)
Mact Gas dynamic viscosity of the actual gas composition (Pa*s)
Heal Gas dynamic viscosity of the calibrated gas composition (Pa*s)
AT Temperature difference between the heated and reference RTDs (°C)
A75mm Cross sectional area of a pipe with diameter of 75mm (m?)
A77.93mm Cross sectional area of the in-situ pipe (m?)
PF75mm Position factor based on a pipe diameter of 75mm (Vaverage / Viocal = 0.796) (-)
PF77.93mm Position factor based on a pipe diameter of 75mm (Vaverage / Viocal = 0.802) (-)
Qactual Actual gas flowrate through the pipeline (m3/h)
Qmeasured Measured flow rate (m3/h)
QMs Quality Management Systems

r Distance of each cup from the rotational axis (m)
U Velocity of the measured gas (m/s)
v Gas correction value due to compositional change (m/s)
Vo, real Actual smallest starting value (m/s)

11
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V0, spec Specified smallest starting value (m/s)
Vactual Actual local velocity (m/s)
Vaal Gas velocity measured by the vane anemometer during the calibration (m/s)
Vmeasured Local velocity measured by the vane anemometer (m/s)
Vref Reference gas velocity from the vane anemometer calibration (m/s)
Preal Actual gas density (kg/m?3)
w Rotational speed of the vane wheel (rad/s)
Qv Standard volume flow rate (sft3/hr)
Cd Orifice plate discharge coefficient (-)
Ev Velocity approach factor (-)
Y1 Upstream gas expansion factor (-)
d is the orifice bore diameter (in)
Gr Real gas relative density (-)
Zs Compressibility factor of gas at standard conditions (-)
Zn Compressibility factor of the upstream gas at flowing conditions (-)
PCCU Portable configuration and calibration unit (software)

P Upstream pressure (psia)
Ts Absolute temperature of gas at flowing conditions (degree Rankine)
hw Differential pressure (inches of water at 60°F)
B Ratio of the orifice bore diameter to the pipe diameter (-)
K Isentropic exponent of the gas = C,/Cy (-)
MWogas Molecular weight of the measured gas (Ib/lb-mol)
MW i Molecular weight of air (Ib/lb-mol)
Zp air Compressibility factor of air at 14.73 psia and 60°F (-)
Zp,gas Compressibility factor of the measured gas at 14.73 psia and 60°F (-)
DLS Digital liquid sensor

12
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EEPROM Electrically erasable programmable read-only memory

EFM Electronic flow measurement

PLC Programmable logic controller

RTU Remote terminal unit

ADC Analog-to-digital converter

High_ADC ADC reading at the top of the range (used during calibration of PITs and RTDs)

Low Calculated pressure at the bottom of the range (used during calibration of PITs
and RTDs)

Low_ADC ADC reading at the bottom of the range (used during calibration of PITs and

RTDs)

Range Total range of the analog device (used during calibration of PITs and RTDs)

Raw_ADC Current reading of the ADC (used during calibration of PITs and RTDs)

TTL Transistor-to-transistor logic

Modbus Method used to for transmitting information over serial lines between electronic
devices

R Electrical resistance (ohms)

p Resistivity of the resistor material (ohms*m)

I Length of the pressure sensor (m)

A Cross sectional area of the pressure sensor (m?)

A Constant (Callendar-Van Dusen equation) (-)

B Constant (Callendar-Van Dusen equation) (-)

C Constant (Callendar-Van Dusen equation) (-)

CvD Callendar-Van Dusen

lex Known current passed through the RTD (ampere)

Ro Resistance of the RTD at 0°C (ohms)

R100 Resistance of the RTD at 100°C (ohms)

Rt Resistance of the RTD at temperature “T” (ohms)

13
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Vo

Recording temperature
Measured RTD voltage
Temperature coefficient
Constant

Constant

February 7, 2018

(°C)
(vDC)
(-)

(-)

(-)
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1.0 Introduction
1.1 Purpose

The purpose of the pressurized hydrocarbon (HC) liquids sampling and analysis (PHLSA) study is
described in paragraph 37 of the Consent Decree:

“The purpose of the study is to isolate individual variables of the sampling and analytical
methods typically used to obtain information regarding the flash potential and makeup of
pressurized hydrocarbon liquids and to identify protocols for determining how these samples
can be reliably obtained, handled, and analyzed to produce accurate analytical results for
practical application in modeling flashing losses.”

Based on this purpose, an accurate analytical results used for practical application in modeling
flashing losses is of great interest. In other words, a true characterization of all of the
independent variables required to estimate flashing losses is needed to achieve the specified
purpose. To do so, the Bernhardt test site was instrumented with over 30 measurement devices
that encapsulate what is believed to provide an accurate representation of the pertinent
process as a function of space and time.

1.2 Organization

This report depicts several chapters and sections:

Chapter 2: provides background information on statistical terms and nomenclature that will
be used throughout this report. Calculation of the relevant statistical parameters
will be demonstrated.

Chapter 3: provides a detailed outlook of the majority of instrumentations used in the test
site. Each section will depict a different measurement device or sensor.

Chapter 4: provides a detailed description of the pressure transducers used in the test site.
Each section will depict a different measurement device.

Chapter 5: provides a detailed description of the resistance temperature detectors used in
the test site. Each section will depict a different measurement device.

References: a bibliographic list of sources used in this report.

Appendices: supporting documentation relating to chapters 2 through 5 will be shown.
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2.0 Background

February 7, 2018

2.1 Statistical terms and nomenclature

This report will use the statistical terms defined by the third edition (2008) of the “International
vocabulary of metrology — Basic and general concepts and associated terms (VIM)” [1].

2.1.1 Quantities and units

Quantity:

Kind:

Quantity value:

2.1.2 Measurement

Measurement:

Metrology:
Measurand:

Measurement result:

Measurement quantity value:

Measurement accuracy:

Measurement trueness:

Measurement precision:

Measurement error:

Property of a phenomenon, body, or substance, where the
property has a magnitude that can be expressed as a
number and a reference.

Aspect common to mutually comparable quantities.

Number and reference together expressing magnitude of a
quantity

Process of experimentally obtaining one of more quantity
values that can reasonably be attributed to a quantity.

Science of measurement and its application.
Quantity intended to be measured.

Set of quantity values being attributed to a measurand
together with any other available relevant information.

Quantity value representing a measurement result.

Closeness of agreement between indications of measured
quantity values obtained by replicate measurements on
the same or similar objects under specified conditions.

Closeness of agreement between the average of an infinite
number of replicate measured quantity values and a
reference quantity value.

Closeness of agreement between indications of measured
quantity values obtained by replicate measurements on
the same or similar objects under specified conditions.

Measured quantity value minus a reference value.
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Systematic measurement error:

Measurement bias:

Random measurement error:

Measurement uncertainty (MU):

Standard MU:

Combined standard MU:

Input quantity:

Output quantity:

2.1.3 Devices for measurement

Measuring instrument:

Measuring system:

Reference quantity value:

Measuring transducer:

February 7, 2018

Component of measurement error that in replicate
measurements remains constant or varies in a predictable
manner.

Estimate of a systematic measurement error.

Component of measurement error that in replicate
measurements varies in an unpredictable manner.

Non-negative parameter characterizing the dispersion of
the quantity values being attributed to a measurand,
based on the information used.

Measurement uncertainty expressed as a standard
deviation.

Standard measurement uncertainty that is obtained using
the individual standard measurement uncertainties
associated with the input quantities in a measurement
model.

Quantity that must be measured, or a quantity, that value
of which can be otherwise obtained, in order to calculate a
measured quantity value of a measurand.

Quantity, the measured value of which is calculated using
the values of input quantities.

Device used for making measurements, alone or in
conjunction with one of more supplementary devices.

Set of one or more measuring instruments and often other
devices, including any reagent and supply, assembled and
adapted to give information used to generate measured
guantity values within specified intervals for quantities of
specified kinds.

Quantity value used a basis for comparison with values of
guantities of the same kind.

Device, used in measurement, that provides an output
guantity having a specified relation to the input quantity.
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Sensor:

Detector:

February 7, 2018

Element of a measuring system that is directly affected by
a phenomenon, body, or substance carrying a quantity to
be measured.

Device or substance that indicates the presence of a
phenomenon, body, or substance when a threshold value
of an associated quantity is exceeded.

2.1.4 Properties of measuring devices

Indication:

Instrumental bias:

Instrumental drift:

Calibration diagram:

Calibration curve:

Quantity value provided by a measuring instrument or a
measuring system.

Average of replicate indications minus a reference
guantity value.

Continuous or incremental change over time in indication,
due to changes in metrological properties of a measuring
instrument.

Graphical expression of the relation of indication and
corresponding measurement result.

Expression of the relation between indication and
corresponding measured quantity value

2.2 Calculation of statistical parameters

The following calculations and statistical definitions are obtained from APl Chapter 13.1 —

“Statistical Aspects of Measuring and Sampling” [2].

Standard deviation of a Gaussian distribution:

Variance:

Uncertainty due to random error:

o) = | =3 (i-7) (2-1)
V() = d*(y) (2-2)
a(y) = (tosp-1) * o () (2-3)
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Uncertainty due to systematic error:

b(y) = 0.95 [<=22 (2-4)
Combined uncertainty due to (2-3) and (2-4):
c() =a2(@) + b2(¥) (2-5)

The equations listed above may not encapsulate all the statistical parameters necessary for the
calculation of uncertainty for each of the meters to be discussed in the next chapter. Hence, in
the case of an uncertainty calculation different than that listed in this sub-section, it will be
shown under each meter, individually.
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3.0 Summary of Instrument Measurement Uncertainty Estimates

3.1 Summary of Bernhardt Site Instruments

The test site includes over 30 instrumentation installed on different process units (e.g. separator, tank, VOC burner etc.) and piping.
All instruments transmit to an automation stand / data-logger via Wi-Fi, and are downloaded manually in a csv file. Throughout the
study there have been three different instrument configurations: (1) winter; (2) summer and (3) post-summer, as shown below.

ABB TotalFlow Meter
DCP (Not Usabie)

Gas sales Line

VOC umer

}/ 1 [

Seperator

Multi Temp Prode| |

PITS
eparator Dump Line—‘

Figure 3-1. Instrumentation map of the test site as of the winter sampling week
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Following the winter-phase testing, it was suggested that the addition of several more instrumentations would improve the
understanding of both the separator and the tank. Thus, additional pressure transducer and thermocouple were added downstream
of the Coriolis meters (PIT7 and RTD 16, respectively). Also, since the reading of PIT5 may have been underestimated (due to the fact
that its range was well below the actual pressure measured), it was decided to add a new 0-100 psig pressure transmitter (PIT8).
Additionally, a sun radiation meter was added to correlate breathing loss with the sun’s radiation. Finally, and perhaps most
importantly, the vane anemometer has been added to the tank-to-burner pipe to set as another flowrate verification for the flash

gas.
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Figure 3-2. Instrumentation map of the test site as of the summer sampling week

At the conclusion of the summer phase testing it was discovered that a hole exists in the so-called ‘down-comer’ (last segment of the
separator-to-tank pipe) whose target is to avoid of a case of a separator overflow during upset conditions (since a negative pressure
is applied and consequently oil flows from the tank back to the separator). In order to estimate the two-phase flow outside of the
small orifice, the closet pressure reading was at the top of the pipe prior to entering the tank. Therefore, RTD4 was placed by PIT9
and a series of post-summer experiments were conducted in mid-August to help determining the oil fraction leaving through the
small orifice.
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Figure 3-3. Instrumentation map of the test site as of the post-summer sampling week
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The following tables summarize the instrumentation by process unit and shows all meters

includes the measured parameter, engineering units, range and accuracy.

Table 3-1: Pressure Transducer on the High-Pressure Separator

Data Data
Parameter logger Location Instrument | Range | Accuracy | Collection
ID Frequency
Separator PIT1 Separator Pressure 0-500 | +2% of 1 second
Pressure headspace transducer | psig measured
value
Separator Dump | PIT6 Upstream of | Pressure 0-500 | £ 2% of 1 second
Pressure Coriolis transducer | psig measured
meter value
Separator-to-oil | PIT7 Downstream | Pressure 0-100 | £0.25% of | 1 second
tank pipe gas / of dump transmitter | psig measured
liquids pressure valve value at
Post dump valve FSO at 75°F
Table 3-2: RTDs on the High-Pressure Separator
Data Data
Parameter logger Location Instrument | Range | Accuracy | Collection
ID Frequency
Separator Oil RTD 1 Separator oil | RTD 0—2009F | £ 29F 1 second
Temperature layer
Separator Gas RTD2 Separator RTD 0-2009F | *+ 2°F 1 second
Temperature gas
headspace
Separator Dump | RTD5 Upstream of | RTD 0-2009F | £ 2°9F 1 second
Temperature Coriolis
meter
Separator Dump | RTD16 Downstream | RTD 0-2009F | £ 2°9F 1 second
leg of dump
valve
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Table 3-3: Flow Rate Measurement (including Coriolis meter) on the High-Pressure Separator

Data
Parameter Data Location | Instrument | Range | Accuracy | Collection
logger ID
Frequency
Separator ABB Flow | Separator | XFC G4 0-250 | 0.05% 1 second
produced gas gas leg 6413Y MSCFD
flowrate Dp?
0-500
MSCFD
SPP
Separator oil CM Flow Upstream | Coriolis 0-6576 | +0.5% of | 1 second
flowrate to tank of oil dump | meter Std. rate
[R100-series] valve bbl/d
Separatoroilto | CM Upstream | Coriolis 0-3.0 +10 1 second
tank density Density of oil dump | meter SGU kg/m3
valve
Separator oilto | CM RTD Upstream | Coriolis (-)40— | x1°C 1 second
tank of oil dump | meter 140 °F | £ 0.5% of
temperature valve reading
Coriolis meter CM DG Upstream | Coriolis 0- N/AC 1 second
drive gain of oil dump | meter 100%
valve
Separator water | CMW Upstream Coriolis 0-6576 | +£0.28% 1 second
flowrate to tank | Flow of water meter Std. of rate
[F100-series] dump valve bbl/d
Coriolis meter CM DG Upstream | Coriolis 0- N/Ac 1 second
Water drive gain of water meter 100%
dump valve

2 Differential pressure (pressure difference through the orifice plate.

bStatic pressure (total pressure in the line).

¢ The drive gain is not typically used as a process measurement parameter, more of a diagnostic

to determine what is going on in the process.
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Table 3-4: Instruments on the Separator-to-Tank Pipe Segment and Tank Headspace

Data Data
Parameter logger Location Instrument Range | Accuracy | Collection
ID Frequency

Separator-to- | PIT5 Where the Pressure 0-1.5 + 2% of 1 second
oil tank pipe sep-to-oil transducer psig measured
gas/liquids tank pipeline value
pressure Lo comes to the

surface, base

of upcomer
Separator-to- | PIT 8 Where the Pressure 0-100 | +0.25% of | 1 second
oil tank pipe sep-to-oil transmitter psig measured
gas/liquids tank pipeline value at
pressure Hi comes to the FSO at

surface, base 75°F

of upcomer
Top of riser PIT9Y | Justpriorto | Pressure 0-100 | +2% of 1 second
pressure entering the | transducer psig measured

tank on the value

horizontal

section
Oil tank PIT 2 Bulk tank Pressure 0-1.5 + 2% of 1 second
headspace headspace transducer psig measured
gas pressure pressure value

(gauge)
Oil tank RTD3 In tank, at Thermocouple | (-)25—- | +2°9F 1 second
headspace top of tank, 175 °oF
gas centerline
temperature
Separator-to- | RTD 4¢ | Just priorto | Thermocouple | 0-250 | +2¢9F 1 second
oil tank pipe entering the 2
gas/liquids tank on the
temperature horizontal

section

4 On 08/10/2016, PIT 9 was replaced by RTD 4 to obtain more information regarding the dump
pressure near the tank.
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Table 3-5: RTDs on the Tank

Data Data
Parameter logger Location Instrument | Range | Accuracy | Collection
ID Frequency

Oil tank RTD 8 In tank, RTD (-)40- | £1.5¢9F 1 second
gas/liquids cernterline, 14” 185 °F
temperature above tank

bottom
Oil tank RTD 9 In tank, RTD (-)40- | £1.5¢°F 1 second
gas/liquids cernterline, 32” 185 °F
temperature above tank

bottom
Oil tank RTD 10 | In tank, RTD (-)40- | £1.5¢°F 1 second
gas/liquids cernterline, 52” 185 °oF
temperature above tank

bottom
Oil tank RTD 11 | In tank, RTD (-)40- | £1.5¢°F 1 second
gas/liquids cernterline, 72” 185 °oF
temperature above tank

bottom
Oil tank RTD 12 | In tank, RTD (-)40— | £1.5¢9F 1 second
gas/liquids cernterline, 92” 185 °oF
temperature above tank

bottom
Oil tank RTD 13 | In tank, RTD (-)40- | +1.59F 1 second
gas/liquids cernterline, 112” 185 °F
temperature above tank

bottom
Oil tank RTD 14 | In tank, RTD (-)40- | +1.5¢9F 1 second
gas/liquids cernterline, 135” 185 °F
temperature above tank

bottom
Oil tank RTD 15 | In tank, RTD (-)40- | £1.5¢°F 1 second
gas/liquids cernterline, 152" 185 °oF
temperature above tank

bottom
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Table 3-6: Temperature and Pressure Monitors on the Tank-to-Burner Pipe Segment

Data Data
Parameter logger Location Instrument | Range | Accuracy | Collection
ID Frequency
Oil tank VOC burner | RTD 6 Intank VOC | RTD (-)30— | +£2°9F 1 second
line gas temperature burner line 150 °F
downcomer
upstream of
flowmeters
Oil tank VOC burner | PIT 3 In tank VOC | Pressure 0-1.5 | £2%of 1 second
line gas pressure burner line | transducer | psig measure
downcomer d value
upstream of
flowmeters
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Table 3-7: Flow Rate Measurement on the Tank-to-Burner Pipe Segment

Data Data
Parameter logger Location Instrument | Range | Accuracy | Collection
ID Frequency

Oil tank VOC Fox1 In tank VOC | Thermal 0-500 | 1% 1 second
burner line gas Flow burner line flowmeter | MSCFD | Reading
flowrate downcomer Two® +0.2%

upsteam of curves | Full Scale

knockout pot
Oil tank VOC Fox2 In tank VOC | Thermal 0-500 | 1% 1 second
burner line gas Flow burner line flowmeter | MSCFD | Reading
flowrate downcomer Threef | +0.2%

upsteam of curves | Full Scale

knockout pot
Oil tank PRV vent | Fox3 In tank PRV | Thermal 0-500 | 1% 1 second
gas flowrate Flow vent line flowmeter | MSCFD | Reading

upstream of Twod +0.2%

the PRV curves | Full Scale
Oil tank VOC Vane Intank VOC | Vane 0- <1.5% 1 second
burner line gas anemo- | burner line anemo- 253.2
flowrate meter | downcomer | meter actual

upsteam of m3/hr

knockout

€ Calibration was performed using gas compositions at two temperatures (40°F and 90°F)

fCalibration was performed using gas compositions at three temperatures (40°F, 65°F and 90°F)
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Table 3-8: Miscellaneous Instruments

Data
Parameter Data Location Instrument Range | Accuracy | Collection
logger ID
Frequency

Solar Radiation | Solar_Rad | 7 m south SRO5 0-1600 1 second
meter of storage pyranometer | W/m?

tanks
Oil tank liquid LL1 Oil tank Tank level 0-180 | +£0.125 1 second
level liquid sensor inch inch

surface
Ambient PIT 4 In tank VOC | Pressure 0-1.5 + 2% of 1 second
pressure burner line | transducer psig measure

downcomer d value

upstream of

flowmeters
Oil dump valve | O_Dump | Oil dump Valve 0-3¢ N/A 1 second
on/off position | _Po valve position
& dump time/ indicator
duration
VOC valve BRN_ Valve Valve Oorl N/A 1 second
on/off position | valve position position
& dump time/ sensor on indicator
duration the VOC

valve

& Units depends on valve position (0 = off, 1 = dumping, 2 = in cycle, 3 =in cycle & dumping)
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3.2 Coriolis Meter
3.2.1 Description and principle of operation

Coriolis mass flowmeters measure the force resulting from the acceleration caused by mass
moving toward (or away from) a center of rotation. The meter utilizes a vibrating tube in which
Coriolis acceleration of a fluid in a flow loop can be created and measured. The measuring
tubes are forced to oscillate such that a sine wave is produced. At zero flow, the two tubes
vibrate in phase with each other. When flow is introduced, the Coriolis forces cause the tubes
to twist, which results in a phase shift. The time difference between the waves is measured and
is directly proportional to the mass flow rate [3].

Outlet pickoff
displacement

Inlet pickoff E
: displacement W

Time — ' Time— —! i« Time difference

Outlet pickoff

displacement
Inlet pickoff E

displacement

Figure 3-4. Comparison of zero flow and full flow in Coriolis tubes [3]

3.2.2 Output specifications

There are two models of Coriolis meters used in the test site: (1) R100 (oil leg) and (2) F100
(water leg). Both Coriolis meters have the same output specifications listed in Table 3-9:

Table 4-5: Output Specifications of Coriolis Meter

Specification
Analog input flow 17.3VDC
Analog output flow | 1-5VDC

Calibration code Z
Temperature range | (-)40-140°F
Accuracy class +0.5% of rate

In order to translate the measurement data (e.g. tubes vibration frequency, mass flow rate of
the fluid traveling through the tubes etc.) into meaningful insight, a transmitter wired to the
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Coriolis meter is needed. The in-situ transmitter used is Micro Motion Model 5700 with the
input/output characteristics shown in Table 3-10 below:

Table 3-10: Model 5700 Transmitter Specifications

Specification
Internal voltage | 24 VDC (nom)
External voltage | 30 VDC (max)
Scalable range | 4-20 mA
Downscale fault | Configurable from 1.0 —3.6 mA,
default value = 2.0 mA
Upscale fault Configurable from 21.0 — 23.0 mA,
default value = 22.0 mA
Linearity 0.015% Span, Span =16 mA

The transmitter provides users with an access to detailed measurement history (“Coriolis logs”)
up to 30 days from the measurement itself. The logs can be downloaded to a csv file by the
user.

3.2.3 Summary of calibration/proving procedures

By default, the Coriolis meter measures the mass flow rate of the desired fluid going through its
tubes. However, volume of the fluid will change with varying temperature, due to thermal
expansion; and pressure, due to fluid compression. Custody transfer measurement typically
requires the meter accuracy to be proved in the field against a known volume reference. Thus,
this sub-section differentiates between the calibration and the proving of the Coriolis meter.

Calibration is typically performed in a laboratory at several different flow rates, densities, or
temperatures (using water as a medium) so that the meter’s calibration factor is determined
based on ISO/IEC 17025 standard. Each certified calibration facility performs liquid mass flow,
density, and volume flow calibrations with mass flow uncertainties as low as 0.03% or less.

The Coriolis meters maintain two typical calibration stands: (1) Transfer Standard Method
(TSM) and (2) gravimetric flow. Typically, two calibration techniques are used: (1) static
start/finish and (2) dynamic start/finish. A short description of each calibration stand is shown
below [4].

Static start/finish (SSF)

SSF is a gravimetric calibration method where the calibration batch begins and ends at no flow
condition. The reference used in this method is a weigh scale. The test fluid is water which is
collected in a tank. The tank is placed on a scale so that the mass of the water is determined.
The mass indication of the scale is corrected with the Buoyancy Factor (BF) and an Immersed
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Pipe Correction (IPC). BF is influenced by values taken during the use of the scale, Buoyancy
Vapor Correction (BVC). Fluid pressure and temperature are measured both upstream and
downstream of the unit under test (UUT). Additionally, ambient pressure, temperature and
humidity are measured during each test.

Dynamic start/finish (DSF)

DSF is a gravimetric calibration method where the calibration batch begins and ends at stead-
state flow. The calibration is performed in closed conduits and it uses water as a test fluid. The
water passes through the unit under test (UUT) and the reference meter (RM). The reference
meters (also called Master meters) are known good meters initially calibrated on an ISO 17025
accredited Primary gravimetric flow stand and TSM traceability is maintained annually by using
Global Reference Meters. The mass total from the UUT is compared to the mass total from the
RM via pulse counters. Fluid temperature and pressure is measured upstream and downstream
of the UUT.

Proving

In addition to the factory-based calibration, a series of meter proving tests (under normal
operating conditions in the field) were conducted to the Coriolis meters at the test site.
Flowmeters are proven by comparing the indicated flow measurement (volume or mass) to a
reference flow volume or mass. The results of the proving generate a Meter Factor (MFp), a
number near 1.000 that adjusts the flow calibration factor so that the unit under test matches
the reference.

The test consisted of connecting a Coriolis master meter (MM) in series with the meter under
test (MUT) and comparing the MUT to a known NIST-traceable volume by master meter
according to standards set forth in APl MPMS Ch. 4.5. The proving was performed with a non-
hazardous, non-combustible petroleum distillate to minimize the potential for multi-phase flow
during the proving period. The petroleum distillate was a 42°API gravity oil surrogate which was
pumped in upstream from the isolated MUT, through both the MUT and the MM, and then
returned to the distillate tank (Figure 3-5). The pressure and flow rate were controlled through
the pumping trailer and were set to mimic normal operational conditions of the MUT.
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Figure 3-5. In-field testing setup (red arrows indicate closed valves)

3.2.4 Summary of calibration results

Multiple calibration and proving tests were conducted on the two meters used in the test-site,
namely:

e Calibration report for F-100 Coriolis meter (water-leg)
e Calibration report for R-100 Coriolis meter (oil-leg)

e Meter proving prior to winter phase sampling week

e Meter proving prior to summer phase sampling week

e Meter proving following summer phase sampling week

As discussed above, the most representative parameter for a meter’s accuracy is the meter
factor. While this parameter is more common in proving terminology, the calibration lab also
reports this factor, though with different definition: the ratio of the “Referenced Total” and the
“Meter Total”, as reported by the calibration lab. Table 3-11 below illustrates the calibration
results for both Coriolis meters used in the test site (for oil and water flow rate measurement).

Table 3-11: Summary of Coriolis Calibration and Proving Tests

Test type | Coriolis Model Date SG of Medium | Flow % (of max) | Meter Factor
) ) 5.00 0.999
Calibration
F-100 07/29/2014 1.00 25.0 0.999
(water-leg)
50.0 0.999
Calibration R-100 12/13/2011 1.00 50.0 Not
(oil-leg) Reported
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An in-field, in-situ meter proving test was conducted on 3/4/16, 7/21/16 and 8/4/2016 to
determine the meter factor or correction for installation and operational affects as well as
random error. Since the meter factor calculation in the proving process is more complex than
that of the calibration value determined by the lab, the following section addresses the method
used to evaluate that parameter.

Meter Factor Determination by Master Meter Method

The meter-under-test (“MUT” in Figure 3-5) was proved against a master meter (“MM” in
Figure 3-5) according to APl MPMS Ch.4.5 using a transfer of meter factor approach from the
MM to the MUT. The meter factor was determined by comparing collected pulses, which
corresponds to Indicated Volume (IV), on both meters simultaneously. The average of 5 of
these collected pulses test-runs determines the average IV that both the MUT and MM
detected during the test period. The IV on both meters is then corrected for any temperature
(correction for the temperature of liquid or CTL) or pressure (correction for the pressure of
liguid or CPL) effects to arrive at an Indicated Standard Volume (ISV). Finally, a master meter
factor is applied according to the following equation (3-1):

ISV MF *[Vppg*CTL *CPL
MFP — MM — MM MM MM MM (3_1)

ISVmuT IV pmuyT*CTLyyT*CPLMUT

Where:

MPFp is the Coriolis meter factor due to proving

ISVmwm is the indicated standard volume of the master meter

ISVmur is the indicated standard volume of the meter under test
MFmwm is the meter factor of the master meter

IVmm is the indicated volume of the master meter

IVmur is the indicated volume of the meter under test

CTLmwm is the temperature correction factor of the master meter
CTLmur is the temperature correction factor of the meter under test
CPLmwm is the pressure correction factor of the master meter

CPLmur is the pressure correction factor of the meter under test

A different approach determine the meter factor based on direct meter pulses (to obtain
volumetric flow) is reported in APl 13.3.B.1.3, as shown in equation (3-2) [6]:

MFp = BPV % CTS, * CPS, %~y Z 0, Z7w

p * (3'2)
Pulses (CTL,; CPLp

Where:
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BPV is the base prover volume

CTSp is the correction factor for the effect of temperature on steel on a liquid in a prover

CPS; is the correction factor for the effect of pressure on steel on a liquid in a prover

NKF is the nominal K-factor

CTL, is the correction factor for the effect of temperature on a liquid in a prover

CTLm is the correction factor for the effect of temperature on a liquid passing through a meter
(during a proof)

CPLy is the correction factor for the effect of pressure on a liquid in a prover

CPLn is the correction factor for the effect of pressure on a liquid passing through a meter
(during a proof)

Measurement Uncertainty of Secondary Test Measure (Master Meter)

The master meter method described in API MPMS Ch.4.5 is a secondary test measure method
as contrasted to measurement against a fixed volume displacement prover as described in API
MPMS Ch.4.2. As such, the master meter method has an additional random measurement
uncertainty above the random uncertainty contained within a primary test measure (prover).

The master meter used in this test was proved at multiple flow rates against a Small Volume
Piston Prover (SVP) to determine a curve of meter factor versus flow rate (Figure 3-6). Once the
proving flow rate was determined, a MM meter factor was interpolated from Figure 3-6 to
determine the applicable MM meter factor to be applied in equation (3-1).
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1.0045
1.0040
1.0035
1.0030
1.0025
1.0020
1.0015
1.0010
1.0005
1.0000

MM Meter Factor

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Flow Rate (bbl/hr)

Figure 3-6. Master meter MF versus flow rate
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Each MM meter factor carries a random uncertainty according to APl MPMS Ch.4.5 of 0.027%
(MFp £ 0.00027) or better using the repeatability criteria of proving against a SVP of 5 test runs
that repeat within a tolerance range of 0.05%. A simple linear interpolation was used to
guantify the MM meter factor between flow rates. The maximum allowable meter factor shift
between two adjacent proving flow rates for the master meter is set at 10/10000%™ or density
meter factor (DMF) |DMF| < 0.001. While this linear interpolation will increase the potential
uncertainty of the MM meter factor, the potential for uncertainty has been limited to +0.077%
as a worst case and can generally be expected to be much less than this value, especially given
the proximity of the MUT proving flow rate to one of the MM proving flow rates.

Additional sources of measurement uncertainty are encapsulated within the uncertainty of the
meter factor itself where they are used in the determination of the meter factor. These
uncertainties are the uncertainty of temperature and pressure. Being a secondary test
measure, the MM meter factor also carries the uncertainty of the base prover volume or BPV of
the SVP with which the MM was proved. This allowable uncertainty is standardized in API
MPMS Ch.4.9 and set at 0.027%. The uncertainty of the SVP used in proving the master meter is
roughly an order of magnitude better than the standard and is listed in the water draw
calibration of the SVP.

Results of the Master Meter Proving

A before and after proving of the MUT was performed and the stability of the MUT during the
well testing period was assessed. The MUT meter factor before and after along with associated
proving uncertainties is listed in Table 3-12 below.

Table 3-12: Coriolis’s Meter Factor Summary

Date Proving Flow MUT Meter Meter Factor
Performed | Rate (bbl/hr) Factor Uncertainty %
3/4/2016 10 1.0008 0.022
7/21/2016 8 0.9979 0.018
8/4/2016 8 0.9995 0.022
8/4/2016 25 1.0001 0.009
8/4/2016 47 1.0003 0.022

The proving results show that the MUT is functioning with relatively little installation and
operational errors. For comparison, a meter factor of exactly 1.0000 according to equation (3-1)
above indicates an exact agreement with the NIST standards of measure. The Bureau of Land
Management (BLM) standard criteria for custody transfer is a meter factor that is within the
range of 0.9900 and 1.0100, has an uncertainty of 0.027% or better, and shows no more than
10.0025 deviation between two proving tests. While API has no set standards for these criteria,
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these values have been widely accepted by the industry to be acceptable custody transfer
criteria.

By these criteria, the MUT meter factors show good agreement from before and after the well
testing period at the flow rate of interest (8 bbl/hr). Additionally, the MUT meter factors
indicate good zero stability of the meter when viewed over a wide range of flow rates. Coriolis
meters in general have a low flow turndown limit where accuracy of measurement tends to
suffer. For this particular make and model of Coriolis meter, the stated low flow turndown is set
at ~12.6 bbl/hr. Given the range of flow rates tested, minimal drift of accuracy is seen even
below this manufacturer-stated limit.

Adjustment for high drive gain

The Coriolis’s drive gain (abbreviated DG) is a measure of the power usage required to maintain
the tube vibration at the specified frequency, and is expressed in a percentage of available
power. A typical value for the DG is below 15% (e.g. no more than 15% of the power is required
to maintain the tube at the specified frequency). The DG serves as an indicator to spot whether
an entrained gas is present in the production flow, therefore any DG values higher than 15%
have to be adjusted accordingly.

In order to correct the volume flow for bubbles (i.e. two-phase flow in the oil), the Gas Void
Fraction (GVF) for all densities needs to be calculated based on equation (3-3a):

GVF = Pmix~Pliquid (3-3a)

Pgas—Pliquid
Where:

GVF is the gas void fraction (unitless)

Pmix is the density of the two-phase flow (kg/m?3)

Piiquid is the density of the “bubble-free”, standard density (kg/m3)
Pgas is the density of the gas (kg/m?3)

Since piiquid >> Pgas, €quation (3-3a) can be rearranged to equation (3-3b):

GVF = Pliquid=Pmix (3-3b)

Pliquid

The GVF calculated in equation (3-3b) indicates whether the standard volume measurement is
too high (if GVF > 0) or too low (if GVF < 0), so that the new meter factor adjusted for DG is:

MFp; =1 — GVF (3-4)
Where:

MFpe is the adjusted meter factor for high drive gain readings.
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Volumetric adjustment to standard conditions

The Coriolis readings (e.g. flow rate or total flow) are depicted in line conditions, without any
correction applied from the manufacturer (i.e. MFp = 1 when the meter leaves the factor).
Given that the test site is located near Greeley (CO), the ambient pressure is approximately 12.3
psia. Since the density (and therefore volume) of hydrocarbons is sensitive to temperate and
pressure, a volume correction factor (VCF) is used to correct observed volumes to equivalent
volumes at standard temperature and pressure (60°F and 14.7 psia), which serve as a way to
use volumetric measures equitably in general commerce.

The most common and widely recognized standard that establish such a correction to crude oils
and other relevant oil products (e.g. liquid refined products, lubricating oils etc.) is APl 11.1 [5]
(“Manual of Petroleum Measurement Standards — Temperature and Pressure Volume
Correction Factors for Generalized Crude Oils, Refined Products, and Lubricating Oils”), which is
applicable for crude oils with density ranging from 610.6 kg/m3 to 1163.5 kg/m?3.

As stated above, the correction factor should consist of a temperature and pressure portions to
correct hydrocarbon liquids to standard conditions. The temperature portion of this correction
is referred as the “Correction for the effect of Temperature on Liquid” (CTL) and the pressure
portion is referred as the Correction for the effect of Pressure on Liquid (CPL), both of which are
defined in APl 11.1. However, this correction is relatively small for liquids compared to gases (<
1%).

The actual Coriolis flow is adjusted to standard conditions based on the following conversion
illustrated in equation (3-5):

Veo = Vip ¥ MEp * Crp * Cpp ¥ MFpg (3-5)
Where:

Veo is the volume at standard conditions (60°F and 14.7 psia)
Vip is the volume measured at alternate conditions

MPFp is the Coriolis meter factor due to proving

Cris the correction for the effect of temperature on liquid
CrL is the correction for the effect of pressure on liquid

3.2.5 List of related files / documentation

e Calibration record of F-100 meter by Micro Motion, Inc.
e Calibration record of R-100 meter by Micro Motion, Inc.
e Micro Motion Calibration Procedure (Emerson Process Management).
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Calibration and Measurement Capability of Transfer Standard Method Flow Meter
Calibration Stands (Emerson Process Management).

Proving records (including master meter) for winter phase testing by Volumetrics.
Proving records (including master meter) for summer phase testing (pre and post) by
Volumetrics.

Proving records for master meter (HANK)

Gravimetric waterdraw certificate.
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3.3 Thermal Mass Flow Rate (Fox Thermal FT3 Model)

3.3.1 Description and principle of operation

Thermal mass meters measure gas flow based upon the concept of convective heat transfer
(since gases absorb heat). Figure 3-7 is a schematic of the Fox meter. A heated resistance
temperature detector (RTD) placed in an air or gas stream transfers heat to the gas in
proportion to the mass flow rate of the gas. A second RTD acts as a reference sensor and
determines the gas temperature.

Flow cools heated element;
electronics adds power to
maintain constant AT

Heated Element Reference RTD

Probe shown without
protective shield

Electronics

Figure 3-7. Concept of thermal mass flow meters [7]

The electrical power required to maintain a constant temperature differential between the two
detectors is proportional to the gas mass flow rate [7], as shown in equation (3-6a).

W =I%R, (3-6a)
Where:

W is the electrical power supplied to the heated RTD element (Watts)
| is the current supplied to the heated RTD element (ampere)
R1 is the electrical resistance of the heated RTD element (ohms)

This electrical power is measured and converted to a gas flow rate using the relationship
developed by Thomas (1911) [8], as shown in equation (3-6b):
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M=— (3-6b)

Where:

M is the mass flow rate in g/s
Cp is the heat capacity of the gas at constant pressure J/g*°C
AT is the temperature difference between the heated and reference RTD elements in °C

3.3.2 Output specifications

Once the flow rate has been determined based on the electrical power required to maintain a

constant temperature differential between the sensors, the microprocessor (which controls the

sensor and determines the resulting electrical characteristics) linearize the signal to deliver a

linear 4 to 20mA signal. The following is provided from the manufacturer:

3.2.3

Two isolated 4 to 20mA outputs (output one is for flow rate and output two is
programmable for flow rate or temperature).

For input voltage, 24 VDC is recommended, however +10% of the base value is
satisfactory.

Summary of calibration procedures

The thermal mass meters used in the test site were model FT3 manufactured by Fox Thermal

Instruments, Inc. For the FT3 meters, a factory calibration and an in-pipe calibration validation,

also abbreviated CAL-V, are conducted:

Factory calibration — occurs in the calibration laboratory and uses calibration standards
traceable to NIST.

CAL-V calibration — allows the operator to validate the meter’s calibration accuracy
under actual flow conditions by testing the functionality of the sensor and associated
signal processing circuitry.

For the factory calibration procedure, the process begins with a detailed customer application

data review and sign-off by lab personnel. The following steps are then completed [9]:

a.

Select lab, lab piping and accessories to replicate actual installation.

Install the flowmeter (Device Under Test or DUT), pressurize and leak test the
calibration system.

Charge calibration tunnel with calibration gas or gas mixture (the customer provides two
gas compositions with similar components to simulate the ‘process’ gas because the gas
heat transfer properties (primarily thermal conductivity, density, and viscosity) impact
the heat transfer and the sensor response).

Perform preliminary test of calibration standard and data acquisition system.

47



Perform zero stability tests and take zero calibration point.
Collect approximately 12 calibration flow range data points and an over range point.
Download collected calibration data to DUT.

> @ oo

Perform final calibration verification over the entire flow range to ensure calibration

parameters have been properly downloaded and that the DUT is performing within the

published accuracy specification.

i. Download all flow meter calibration data and settings to master and back-up calibration
databases.

j-  Prepare calibration QC documents to record all raw data, parameters and settings and
store in master and back-up calibration databases.

k. Prepare customer calibration certificate to include raw sensor voltages, flow velocities

and flow rates in customer-specified units, standard asset number, reference standard

data, gas/gas mixture, and calibration technician signature.

For the testing at the Bernhardt site, three gas compositions” were used to factory calibrate the
Fox FT3 meters. These compositions were based on process simulation modelling of equilibrium
tank headspace gas compositions for three temperatures: 40°F (gas curve 1, Winter operation
simulation), 65°F (gas curve 3, Spring/Fall operation simulation) and 90°F (gas curve 2, Summer
operation simulation). These compositions are shown in Table 3-13:

Table 3-13. Flash Gas Compositions (in mol%) For Fox FT3 Factory Calibrations

Component Gas Curve 1 | Gas Curve 2 | Gas Curve 3
Methane 32.43 20.89 26.26
Ethane 25.81 18.16 22.05
Propane 18.17 16.53 18.19
Butanes 12.40 17.99 15.96
Pentanes 6.51 15.50 10.64
Hexanes N/A N/A 1.45
Carbon dioxide 1.98 1.32 1.63

AGas curve 3 was used in FT3 S/N 21776 to see whether the calibration
output was linear.

The calibration for each meter consists of 20 data points with output signal varying from 4 mA
(= 0 MSCFD) to 20 mA (= 500 MSCFD). Using proprietary software designed by Fox Thermal
Instruments, a trained calibration technician using automatic data collection equipment collects
flow data through the customers flow range. In a Fox Thermal Flowmeter the sensor, the DC
voltage signal is referred to as Current Sense Voltage (abbreviated CSV). Velocity at standard
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conditions is referred to as velocity. Under normal® operation, the flowmeters microprocessor
reads CSV and calculates the mass velocity from the calibration table stored in the meter’s
memory. Mass flow rate is calculated by multiplying the mass velocity times the cross sectional

area of the customers pipe? [13].

The second calibration procedure performed in-situ under actual pipe conditions is the CAL-V
calibration. During CAL-V mode (Figure 3-8a), the microprocessor controls the sensor and
determines the resulting electrical characteristics, whereas during factory mode (Figure 3-8b)

the signal processing electronics control the sensor.

CAL-V™ MODE
L
:d
H
o e
S o = =
Amma® MICROPROCESSOR
CALIBRATION Calibration
).__ VALIDATION Validation
PASS/FAIL

PowerPro™ Sensor

Figure 3-8a. Circuitry of CAL-V measurement mode of FT3 model [10]

NORMAL MEASUREMENT MODE

_..-i-n._. /—Sqensur Control Signal

SEMSOR
SIGNAL MICROPROCESSOR
MASS FLOW

PROCESSING B oy =l MEASUREMENT Outputs

ELECTRONICS

PowerPro™ Sensor

Figure 3-8b. Circuitry of normal measurement mode of FT3 model [10]

The in-situ calibration results are compared with the factory-based calibration. The CAL-V test
provides three output parameters shown on the calibration validation certification:

1 Normal refers to a reference condition at 0°C and 760 mmHg.
2 The factory based calibration was conducted on a 3-inch pipe diameter (ID = 3.068 inch).
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1. CAL-V Result: A “Pass” or “Fail” result shown on the screen. If the CAL-V diagnostic
finds the sensor too far out of range compared to the factory calibration baseline, that’s

a “Fail” result. If the diagnostic finds the meter within tolerances, it’s a “Pass”.
2. CAL-V Value: This is the baseline value from the most recent factory calibration of the

meter. It is a measure of the ratio in resistance (in ohms) between the meter’s two

sensors at the CAL-V diagnostic’s test voltage.
3. CAL-V Verify: This is the percentage difference between the factory baseline resistance
ratio and the in-the-moment resistance ratio. If this value is too large, i.e. an absolute
value greater than 2.5%, the CAL-V Result will be “Fail.” If the absolute value of the
Verify value is 2.5% or less, it’s a “Pass.”

3.2.4 Summary of calibration results

Unlike the proving process for the Coriolis meter, there is no independent check for the FT3

meters.

Table 3-14 below summarizes the available documentation of the calibration certificates (from

the factory) as well as the calibration validation certifications performed at the test site. Note
that for the two tested seasons, all CAL-V tests were performed by the same method and by the

same technician.

Table 3-14: Summary of FT3’s Calibration and CAL-V Records

Calibration Type Season | S/Nof | Dateof Test | CAL-V | CAL-V | CAL-V
FT3 Result | Value | Verify

Factory Calibration 21773 02/23/2016 N/A N/A N/A
CAL-V 02/25/2016 PASS 21.8 | 4.05%
Factory Calibration Winter 21775 | 02/22/2016 N/A N/A N/A
CAL-V (PRV) 02/25/2016 PASS | 22.81 | 0.01%
Factory Calibration 21776 02/22/2016 N/A N/A N/A
CAL-V 02/25/2016 PASS | 22.84 | 3.15%
Factory Calibration 21773 06/13/2016 N/A N/A N/A
CAL-V 07/20/2016 PASS | 22.17 | 2.68%
Factory Calibration summer 21775 | 06/10/2016 N/A N/A N/A
CAL-V (PRV) | 07/19/2016 PASS | 22.81 | 0.32%
Factory Calibration 21776 06/10/2016 N/A N/A N/A
CAL-V 07/20/2016 PASS | 22.84 | 3.91%
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The above table indicates that the three Fox flow meters were accurate and within the
manufacturer’s specifications. The CAL-V values are typical and represent the ratio of the
typical resistance of the 200-220 ohms RTD element with that of the maximum resistance that
corresponds to the maximum temperature/current at which it can operate before it shuts down
(factory set) and is typically in 9-10 ohmes.

Following the summer phase testing, a series of post-test, “as-found” factory calibrations were
performed on each meter using the gas compositions listed in Table 3-14. These “as found”
meter calibrations were conducted to check for meter response drift (i.e. from the pre-test
voltage vs. flow rate calibration curve). For the same voltage, the calibrated flow rate was
compared to that of the ‘post-test’ flow rate, and the difference between the two flow rates
(per voltage) was compared against the manufacturer specification reading.

Due to the fact that the meters were calibrated against a modeled flash gas composition, it was
expected that during high flow rates the percent difference between the pre- and post-test
calibration results would be smaller than during low flow rates since smaller flow rates are
harder to measure. To evaluate the sensor response drift between the pre-test and post-test
calibrations, voltage versus flow rate was compared, as shown in Figure 3-9.
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100 3

0.2 0.3 0.4 0.5 0.6 0.7 0.8
Input Volts

Figure 3-9. Pre-test and post-test calibration for FT3 S/N 21776 (gas curve 2)
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As shown in Figure 3-9, during high flow rates the absolute sensor drift (pre-test calibration
versus post-test calibration) is much larger than during low flow rates. Nevertheless, the
relative difference between the pre-test and post-test readings is on average 10% (pre-test flow
rates are higher) almost consistently through all flow rates larger than 9 MSCFD.

An additional source of uncertainty in the FT3 output is the FT3 location on the vertical pipe
(i.e. tank-to-burner pipe, also called as “riser”). The 21773 meter was installed 60 inches below
a 90-degree elbow, and 30 inches above the 21776 meter on the vertical pipe segment from
the tank to the knockout pot. Figure 3-10 below illustrates the pre-test and post-test calibration
for the upper FT3 meter.
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Figure 3-10. Pre-test and post-test calibration for FT3 S/N 21773 (gas curve 2)

As shown in Figure 3-10, and unlike the trend from Figure 3-9, it can be seen that for the upper
meter closer to the 90-degree elbow, a negative drift exists (i.e. per specified voltage, the post-
test flow rate is higher than the pre-test flow rate). This contrasts the bottom meter with a
positive drift.

This trend was confirmed during the testing period, as the upper meter closer to the 90-degree
elbow consistently depicted smaller integrated volumes by 5-10% than the lower meter (further
away from the disturbance).
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Given that the flash gas composition constantly changes due to various reasons (e.g. ambient
temperature, liquid level in the tank and more), the flow rate and the integrated flow
measurements become less accurate, and a correction factor needs to be applied to account
for this compositional change.

The comparison of the pre-test and post-test calibration tests for the remaining gas curves are
shown in Figures 3-11 through 3-15.
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Figure 3-11. Pre-test and post-test calibration for FT3 S/N 21776 (gas curve 1)
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Figure 3-12. Pre-test and post-test calibration for FT3 S/N 21776 (gas curve 3)
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Figure 3-13. Pre-test and post-test calibration for FT3 S/N 21773 (gas curve 1)
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Figure 3-14. Pre-test and post-test calibration for FT3 S/N 21775 (gas curve 1)
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Figure 3-15. Pre-test and post-test calibration for FT3 S/N 21775 (gas curve 2)

Review of measurement uncertainty

The discussion above indicates that two major sources of uncertainty exist: (1) uncertainty of
the actual FT3 measurement and (2) uncertainty of the calibration procedure itself. While the
flow uncertainty (i.e. uncertainty of the actual FT3) is + 1.0% of reading and + 0.2% of full scale
(with NIST standards in accordance with Mil-Std-45662A), the measurement uncertainty in
actual conditions in the field may be larger because of compositional change (see below). To
factory calibrate the FT3 meter, a source of known flow is needed as a reference. Consequently,
Fox uses two types of calibration systems: (1) Positive Displacement Flowmeter-based
standards and (2) Thermal Sensor-based transfer standard. For the purposes of this study, the
thermal sensor-based calibration was applied.

In this calibration method, a thermal flow sensor is interfaced to the automated data
acquisition system via a precision digital voltmeter calibrated to less than or equal to + 0.0035
% uncertainty. These transfer standards measure directly in mass units without the need of
pressure or temperature compensation. Thermal sensor-based calibration tunnels have a total
system uncertainty of + 0.50%.

Uncertainty due to compositional change
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As discussed above, for this study, the calibration gas has a different composition than the
measured gas due to dynamic field conditions (e.g. storage tank level, ambient temperature
etc.). A compositional adjustment to the Fox thermal mass meters has been made by
calculating heat transfer properties (e.g. Prandtl number etc.) using King’s equation (3-7):

1/n
Hact*Pcal % (kcal*Prcall/g) / (3_7)

1/3
Hcal*Pact Kact*PTact /

Vact = Vear *
Where:

Vact is the gas velocity of the actual gas composition (m/s)

Veal is the gas velocity of the calibrated gas composition (m/s)

Hact is the gas dynamic viscosity of the actual gas composition (Pa*s)

Ucal is the gas dynamic viscosity of the calibrated gas composition (Pa*s)

Kact is the gas thermal conductivity of the actual gas composition (W/m/K)

keal is the gas thermal conductivity of the calibrated gas composition (W/m/K)
Pract is the gas Prandtl number of the actual gas composition (unitless)

Preal is the gas Prandtl number of the calibrated gas composition (unitless)

n is a constant (unitless)

Equation (3-7) was used to estimate the corrected velocity adjusted for composition by
considering all flow rate regimes as shown in the polynomial-shaped curves of the Fox thermal
mass meters (Figures 3-9 through 3-15). The comparison between the measured and adjusted
(averaged) flow rates recorded during all well cycles during the summer phase testing is shown
in Figures 3-16a-b, respectively.
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Figure 3-16b. Measured flow rate from the Fox thermal mass meter (post-adjustment)
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The adjustment of the Fox thermal meters to take into consideration the compositional change
was almost consistent between the two thermal mass meters installed on the riser. For the
upper thermal mass meter (i.e. Fox 1), the post-adjustment correction was lower by 18.1% than
the pre-adjustment (actual recording), while for the lower thermal mass meter (Fox 2), the
post-adjustment correction was lower by 19.60%. Therefore, it is assumed in this report that
the average uncertainty due to compositional change is the average between the two thermal
mass meters, therefore 18.85%.

In conclusion, by combining the uncertainties discussed above, the total uncertainty of the FT3
can be determined from equation (2-5) in subsection 2.2:

1/(0.0052) + (0.0022) + (0.012) + (.1885)2 = 18.88%.

3.2.5 List of related files / documentation

For each testing season (i.e. winter and summer), the following tests were performed on three
FT3 meters used at the test site, namely:

e Calibration report for FT3 on top of riser (S/N 21773) — two curves (2 gas compositions)
e Calibration report for FT3 on PRV (S/N 21775) — two curves (2 gas compositions)

e Calibration report for FT3 on top of riser (S/N 21776) — three curves (3 gas compositions)
e Winter CAL-V calibration validation for S/N 21773

e Winter CAL-V calibration validation for S/N 21775

e Winter CAL-V calibration validation for S/N 21776

e Summer CAL-V calibration validation for S/N 21773

e Summer CAL-V calibration validation for S/N 21775

e Summer CAL-V calibration validation for S/N 21776

e As-Found calibration certificate for S/N 21773 (summer testing only)

e As-Found calibration certificate for S/N 21775 (summer testing only)

e As-Found calibration certificate for S/N 21776 (summer testing only)
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3.4 Vane Anemometer

3.4.1 Description and principle of operation

The vane anemometer (also known as vane wheel flow sensor) is a mechanical velocity
anemometer that measures velocity and volumetric flow rate. It is used in conjunction to the
Fox thermal mass meters to measure the flash gas volumetric flow rate during a well cycle. A
vane anemometer consists of a small vane wheel that rotates in the same axis of rotation as
that of the flow, as illustrated in Figure 3-17.

Figure 3-17. Vane anemometer wheel [11]

The rotational speed of the vane wheel (denoted as “w”) is directly proportional to the velocity
of the gas (e.g. air, flash gas etc.) based on the following equation (3-8):

U=w=x*r (3-8)
Where:

U is the velocity of the measured gas (m/s)
w is the rotational speed of the vane wheel (rad/s)
r is the distance of each cup from the rotational axis (m)

3.4.2 Output specifications

The vane anemometer used in the test site was connected directly to the pipe. Any changes to
the pipe diameter and the velocity profile were made through a HART communicator via
modem adapter for PC connection and UCOM PC software. The specification for the vane
anemometer are illustrated in Table 3-15.
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Table 3-15: Specifications of Vane Wheel Flow Sensor ZS25

Specification mA output
Analog output flow 4-20 mA
Maximum resistance = 500 Ohms
Output limit value or quantity pulse | Potential-free relay contact (normally-open),
Max =300 mA / 27 VDC
Power supply 24 VDC (20-27 vDC)
Power consumption <5W

3.4.3 Summary of calibration procedures

The calibration process of the vane anemometer is incorporated in the Quality Management
Systems (QMS) DIN EN ISO 9001:2008 and is carried out in close compliance with ISO 17025. A
series of six data points of known air velocities is compared with the measured velocity
recorded by the anemometer.

To perform the calibration process, the vane anemometer flow rate was recorded in a 75 mm
pipe diameter and a profile factor® of 0.796. The recorded flow rate was converted into a
velocity using the following equation (3-9):

1 1 1

v = * * * (3-9)
measured Qmeasured A7smm 3,600  PFrsmm

Where:

Vmeasured is the calculated velocity (m/s)

Qmeasured is the recorded flow rate (m3/hr)

A7smm is the cross sectional area of the pipe (m?)

PF7smm is the position factor based on a pipe diameter of 75mm (Vaverage / Viocal = 0.796)
3,600 is the conversion factor (seconds/hour)

3.4.4 Summary of calibration results

The vane anemometer was calibrated against six known reference velocities from 1 to 20 m/s.
The deviations of the recorded velocities from the reference velocities were recorded and
plotted with a tolerance limit*, as shown in Figure 3-18.

3 The profile factor (denoted PF) specifies the ratio of mean flow velocity in the measuring section and the flow
velocity measured in the sensor.
4 The measurement uncertainty has less than 1.5% of the measured value and 0.5% of terminal value.
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Figure 3-18. Vane anemometer calibration results with tolerance limit

Determination of measuring uncertainties

The measuring uncertainties shown on the calibration certificate are determined according to
the “Guide of Expression of Uncertainty in Measurement”. The expanded measurement
uncertainties result from the standard measurement uncertainties being multiplied with the
coverage factor k = 2. The value of the measureable variable lies as a rule with a probability of
approximately 95% within the normal distribution. The standard uncertainty of measurement is
determined according to DKD-3 / EAL — R2 (German translation of publication EAL-R2
Expression of the Uncertainty of Measurement in Calibration) [12].

Flow measurement in different pipe diameters

The in-situ measurements were conducted under a different pipe diameter than the calibration.
Additionally, the calibration gas differs (in most cases) from the process gas being measured in
the field, which consequently requires some adjustment to both the flow rate and the profile
factor.

The actual local (i.e. centerline) velocity of the gas includes a gas density correction term that
considers the density ratios, as show in equation (3-10):

— Vref
Vactual = Vmeasured * Veal -V (3‘10)

Where:

Vactual is the actual local velocity (m/sec)
Vmeasured IS the local velocity measured by the vane anemometer from equation (3-9) (m/s)
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Vref is reference gas velocity from the vane anemometer calibration (m/s)
Veal is the gas velocity measured by the vane anemometer during the calibration (m/s)
v is the gas correction value due to compositional change (m/s)

The density of gases can be strongly modified against pressure and temperature. Such severe
modifications have a minor impact on the measured value of a vane wheel sensor. This impact
manifests itself in a determinable correction value, which is added to or subtracted from the
measured value. The percentage impact of this correction value is however negligible with
average to high velocity flow. With low and very low values, consideration of the density
correction becomes more expedient.

To determine this correction value the measuring range initial value (starting value) of a vane
wheel is examined. The specified starting value in the vane wheel sensor (0.4 m/s) arises from a
medium density of 1.204 kg/m?3 (factory calibration). The only slightly deviating actual starting
value, even with considerably different working density of the medium (in the actual
application) ensues in good approximation of the following:

1.204

Vo,real = Vo,spec * (3-11a)

Preal
Where:

Vo,real IS the actual smallest starting value (m/s)
Vo,spec 1S the specified smallest starting value (m/s)
Preal is the actual gas density (kg/m?3)

The correction value is now the difference between real and specified starting value. The
characteristic of the sensor is displaced by this value, as shown in equation (3-11b):

U = Vo,real — Vo,spec (3-11b)

If the operating density of the medium is greater than the calibration density of 1.204 kg/m3,
then the determined correction value must be deducted from the measured value. If it is less
than the calibration density of 1.204 kg/m?, then the determined correction value must be
added to the measured value.

Since the in-situ nominal pipe diameter is 3.068 inches (77.93 mm), a new profile factor is
obtained to be 0.802. This results in a new equation to estimate the vane anemometer flow
rate that is adjusted to pipe diameter and density change, based on the following equation (3-
12).

Qactual = Vactual * PF77.93mm * A77.93mm * 3,600 (3-12)

Where:
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Quctual is the actual gas flowrate through the pipeline (m3/hr)

Vactual IS the actual local velocity (m/sec) — from equation (3-10)

PF77.93mm is the position factor based on a pipe diameter of 75mm (Vaverage / Viocal = 0.802)
A77.93mm is the cross sectional area of the in-situ pipe (m?)

3,600 is the conversion factor (seconds/hour)

A post-summer, “as-found” test was performed on the vane anemometer (Figure 3-19), which
attempted to check whether a drift in the anemometer’s response has occurred during the
testing period, as was indicated from the as-found test of the thermal meters used in adjacent
to the vane anemometer during the summer testing period (Figures 3-19 and 3-20).
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Figure 3-19. Pre-summer calibration and post-summer as-found tests for the vane anemometer

During active well-cycles, the typical highest instantaneous flow rate recorded by the vane
anemometer was approximately 160 m3/hr, or 9.3 m/s. However, for typical breathing losses
during the day, the typical highest instantaneous flow rate was approximately 75 m3/hr, or 4.3
m/s. As indicated from Figure 3-19, it is clear that the drift in the anemometer’s response is the
largest during lower flow rates, although it does not surpass 3%. This can be explained due to
the fact that there are many more breathing cycles during the day than active well-cycles,
which would most likely lead to higher fouling and consequently to a larger drift in the
anemometer’s response.
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Similar to Figure 3-18, the as-found test is shown to be well within the tolerance limit of the
measurements (less than 1.5% of the measured value and 0.5% of terminal value), as illustrated
in Figure 3-20.
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Figure 3-20. Tolerance limits (black lines) of as-found test (dots)

In conclusion, a drift was observed in the vane anemometer, in particularly at the flow velocity
most common to its application (5 m/s), as explained above. However, since the as-found test
has shown that the vane anemometer is within the measurement tolerance limits, no post-

correction needs to be applied.

Comparison of the vane anemometer with Fox thermal mass meters

As discussed above, the main objective of the vane anemometer during this study was to serve
as an additional check on the thermal mass meters, and vice versa. Since the vane is a
mechanical velocity anemometer, whereas the Fox is a thermal mass meter, it was hoped that
the two independent meter types would read similar values, therefore strengthening the
estimation of the total gas volume produced during a cycle, a pertinent parameter for the mass
balance calculations.

A comparison of the average gas flow rate during a well cycle, as recorded by the vane and
computer for the two thermal mass meters (post-adjustment for compositional effect) is
illustrated in Figure 3-21.
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Figure 3-21. Comparison of the three gas meters during summer testing

After the compositional adjustment to the two Fox thermal mass meters, it is evident from
Figure 3-21 that the three gas meters are in good agreement, aside from well cycle HP1 which
had technical difficulties.

3.4.5 List of related files / documentation

e Vane anemometer operating manual
e Vane anemometer calibration certificate
e Vane anemometer as-found certificate
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3.5 ABB Total Flow

3.5.1 Description and principle of operation

The in-situ ABB total flow is a device that measures the gas flow rate going from the high
pressure separator to the sales line. The total flow measures the gas flow rate by a pressure
differential (in inches of water), which can be converted to flow rate if the orifice size is known,
as shown in equation (3-13) [14]:

Q, = 7709.61 * E, + Y, # Cy + d? » |22 lw (3-13)
GT*Zfl*Tf

Qy is the standard volume flow rate (standard ft3/hr)

Cq is the orifice plate discharge coefficient® (dimensionless)
Ev is the velocity approach factor (dimensionless)

Y1 is the upstream gas expansion factor (dimensionless)

Where:

d is the orifice bore diameter (inches)

Gr is the real gas relative density (dimensionless)

Zs is the compressibility factor of gas at standard conditions (dimensionless)

Zs1 is the compressibility factor of the upstream gas at flowing conditions (dimensionless)
Ps1 is the upstream pressure (psia)

Ts is the absolute temperature of gas at flowing conditions (degree Rankine)

hw is the differential pressure (inches of water at 60°F)

The velocity approach factor, E,, relates to the geometry of the meter run by relating the
velocity of the flowing fluid in the upstream pipe to the velocity in the orifice bore, as shown in
equation (3-14) [14]:

E, = (3-14)

Where:
B is the ratio of the orifice bore diameter to the pipe diameter.

The gas expansion factor, Y1, relates to the geometry of the meter run, the fluid properties and
the pressure drop. It is an empirical term used to adjust the coefficient of discharge to account
for the change in the density from the fluid’s velocity change and static pressure change as it
moves through the orifice, as shown in equation (3-15) [14]:

5 This is an empirical term that relates to the geometry of the meter run and relates the true flow rate to the
theoretical flow rate. An approximate value is 0.6 (i.e., a square edged orifice passes about 60% of the flow one
would expect through a hole the size of the orifice bore).
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Y, =1— (041 + 0.355%) — 2

(3-15)
27.707KxP gy

Where:

K is the isentropic exponent of the gas = Cp/C, (dimensionless)

The real gas relative density is a property of the fluid and is defined in equation (3-16) [14]:

— MWgas Zp,air _
Gr N (MWair) (Zb,gas> (3 16)
Where:
MWgas is the molecular weight of the measured gas (Ib/Ib-mol)
MW.ir is the molecular weight of air (Ib/Ib-mol)
Z,air is the compressibility factor of air at 14.73 psia and 60°F
Zy,gas is the compressibility factor of the measured gas at 14.73 psia and 60°F
3.5.2 Output specifications
Table 3-16: Specifications of ABB Total Flow (Model XFC G4 6413)
Specification mA output
Analog input flow 0-5 VDC (Maximum resistance of 250 ohms)

Pulse input bandwidth

Up to 20 kHz

Maximum allowable voltage range (input)

-0.5VDCto 15 VDC

Maximum  allowable voltage

(output)

range

0.5VDCto 26.5 VDC

Power supply

Battery 12 VDC

Solar of 14-26 VDC

Charger

3.5.3 Summary of calibration procedures

The main calibration tests of the ABB total flow include the following tests with accuracy
traceable to NIST:

a. Calibration of the static pressure: 3 data points are applied to the cell from a known
traceable source with resultant pressure values entered into the XFC G4 using PCCU
software: (1) atmospheric pressure; (2) 50% of upper range limit (URL) and (3) 100% of
URL (500 psia).

b. Calibration of the differential pressure: 3 data points are applied to the cell from a

known traceable source with resultant pressure values entered into the XFC G4 using
PCCU software: (1) zero; (2) 50% of URL and (3) 100% of URL (250 inches of water).
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c. Calibration of thermoprobe: The calibration procedure are based on ASTM E-644-06.

The probe is immersed in a constant temperature bath with a reference thermometer
that determines the actual test temperature. The readings are compared, and
correction factors for the probe are calculated. Verification of the thermoprobe is done
at one point, as close to operating temperature as practical. The verification is done
using a test thermos-well, thermometer and flowing gas temperature (if gas is flowing)
or a bath and test thermometer. Must be calibrated to within +0.5% of reading of
calibration equipment reading.

From equation (3-13) it is evident that an inverse correlation exists between the recorded flow
rate and the gas temperature. Furthermore, a direct relationship exists between the recorded
temperature and pressure, therefore if the meter is all meters are not calibrated correctly,
lower flow rates will be measured.

The calibration process is typically performed for orifice meters with beta ratios (orifice to pipe
diameter ratio, d/D) from 0.20 to 0.60 on flange tap meters. However, unless otherwise
approved or required by the BLM, the low flow cutoff (set up by the user) cannot be set higher
than 0.5 inches of water otherwise the possible pulsation effects can be considered as a flow,
even when the downstream valve (of the ABB total flow) is shut in (per requirement of API
21.1.4.2.3).

3.5.4 Summary of calibration results

Two calibration tests were performed on the ABB Total Flow meter prior to the winter and
summer phase testing weeks. For each calibration test performed, if the as-found values were
not within the uncertainty range, a new calibration has to be performed. These ranges are:

a. For the static pressure: £0.25% (accuracy of the electronic flow meter) of the calibration
equipment set point must be calibrated.

b. For the differential pressure calibration: +0.12% (accuracy of the electronic flow meter).

c. For the temperature calibration: £0.50% of reading.

A comparison between a standard and the as-found measurements was performed for the
static pressure, differential pressure and the temperature, as shown below in Tables 3-17
through 3-19.

Table 3-17: ABB’s Static Pressure Calibration
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Standard (psia) As-found Flow Rate As-found Flow Rate
“Winter” (psia) Error% “Winter” (psia) Error%

0.00 12.41 0.45 12.28 -0.08

250.00 262.56 0.05 262.10 -0.04

500.00 512.36 0.01 512.06 -0.02

Table 3-18: ABB’s Differential Pressure Calibration

Standard As-found Flow Rate As-found Flow Rate
(inches of “Winter” (inches Error% “Winter” (inches Error%
water) of water) of water)
0.00 -0.01 0.45 0.00
125.00 124.97 -0.05 125.01 0.00
250.00 249.94 -0.01 249.95 -0.01

Table 3-19: ABB’s Temperature Calibration

Testing Standard (°F) Winter Flow Rate
Season “Actual” (°F) Error%
Winter 56.07 55.46 0.55
Summer 95.96 96.15 -0.10

The above tables indicate that the three major calibration parameters of the ABB Total Flow
meter (static pressure, differential pressure and thermometer) have accuracy traceable to NIST,
which implies that the recorded sales gas flow rates are representative of the actual flow rates
of the tested high-pressure separator.

3.5.5 List of related files / documentation

e (Calibration certification on the thermoprobe (measures temperature)

e Certification on the pressure equipment used to calibrate the total flow gas meter

e ABB Total Flow calibration certificate (static pressure, differential pressure and
temperature) from 02/26/2016.

e ABB Total Flow calibration certificate (static pressure, differential pressure and
temperature) from 07/20/2016.
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3.6 Liquid Level Sensor (2100 DLS)

3.6.1 Description and principle of operation

The 2100 digital level sensor (DLS) is a device that measures and reports fluids level and
temperatures in storage tanks. The sensor uses a float imbedded with magnets to sense the top
of a liquid level. There is a temperature sensor mounted inside the tube one-foot from the
bottom. When the sensor is polled for data, a series of microprocessors read and determine the
position of the float along the sensor tube. The main microprocessor then calculates the level
and temperature and returns the data in a serial stream. Additionally, the DLS monitors up to
eight temperature sensors (RTD8 through RTD15) in the same tank at different heights.

3.6.2 Output specifications

Table 3-20: Model 2100 DLS Specifications

Category Specification

Operating temperature range (-)40°C—-85°C

Power supply 5.6-12.9VDC

Output signal 4-20 mA (when connected to
digital-to-analog converter
board)

Power consumption 15 mA nominal
20 mA maximum

3.6.3 Summary of calibration procedures

The only calibration required for the DLS is to set the offset value using the HHC-1000 Hand-
Held Communicator. This can be done in the DLS or at the Electronic Flow Measurement (EFM),
Remote Terminal Unit (RTU) or Programmable Logic Controller (PLC) by determining the
difference of the level between the electronic reading and the actual fluid level in the tank,
measured with an approved gauge line. Once the level offset is entered in either the DLS or
SCADA system, the level offset will be added to the raw value of the DLS to provide and
accurate fluid level.

The calibration procedure to set the initial offset is as following:

a. Using the Hand-Held Communicator (HHC-1000), connect to the DLS and take initial
readings of level and temperature.

b. If readings are providing both water and oil levels, then verify that the two readings are
more than 3 inches apart. If the difference is less than 3 inches, the two floats will be
touching and a valid offset cannot be determined.
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c. Verify that the water level is more than 3 inches. If less than 3 inches, then the water
float is sitting on the bottom of the tank and level offset cannot be determined.

d. Using a gauge line, measure the actual level in the tank and note the level. Subtract the
electronic reading from the gauged level to determine the level offset value.

As an example, if the actual level is 156.25” and the DLS reading is 155.50”, then the offset
value will be 0.75” (156.25-155.50=0.75).

The temperature offset is determined by comparing the digital temperature signal from the in-
situ sensors to a calibrated temperature sensor and obtaining the difference in temperature.
This offset is added to or subtracted from the reported temperature and input into the
EEPROM in the sensor. The level offset, for accuracy, can only be performed in the field in a
tank that has sufficient fluid to raise the float. Since the float will float on the surface of a fluid
at varying levels due to the specific gravity of the fluid, this can only be performed while the
sensor is in service. This offset will only need to be performed once, during installation, since
the buoyancy of the float will not change, and the specific gravity of the fluid is fairly constant.

3.6.4 Summary of calibration results

An as-found test on the liquid level sensor which was compared with a manual gauge was
performed on 11/9/2016 prior to well cycle (1) and post-well cycle (2), as shown in Figure 3-22.
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Figure 3-22. As-found test on the liquid level sensor
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The as-found test indicates an average difference of +3/8”, which is higher than the
manufacturer’s specifications for this sensor (1/8”). This observed difference is consistent with
field observations performed during the winter and summer testing periods.

Unlike the level sensor, an as-found test on the eight temperature sensors was not performed,
since it was only done during installation (as indicated in the previous section). The
temperature offset for each of the eight temperature sensors is summarized in Table 3-21.

Table 3-21: Temperature Offset of DLS Sensors

Data logger ID Location Temperature Offset (°F)
RTD 8 In tank, cernterline, 14” above tank bottom 0
RTD 9 In tank, cernterline, 32” above tank bottom 0.5
RTD 10 In tank, cernterline, 52” above tank bottom 0.5
RTD 11 In tank, cernterline, 72” above tank bottom 1.5
RTD 12 In tank, cernterline, 92” above tank bottom 0.5
RTD 13 In tank, cernterline, 112” above tank bottom 2.0
RTD 14 In tank, cernterline, 135” above tank bottom 1.5
RTD 15 In tank, cernterline, 152” above tank bottom -0.4

3.6.5 List of related files / documentation

e Digital Level Sensor 2100 — User Manual
e Temperature sensors calibration
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3.7 Solar Radiation Meter (Pyranometer)

3.7.1 Description and principle of operation

A pyranometer measures the solar radiation received by a plane surface from a 180° field of
view angle. The radiation, expressed in W/m?, is called “hemispherical”
a radiation spectrum between 285 and 3000 nm (see Figure 3-23). The pyranometer has two

main components:

solar radiation, covering

(1) A thermal sensor with black coating that absorbs all solar radiation and, at the moment
of absorption, converts it to heat. The heat flows through the sensor to the sensor body.
The thermopile sensor generates a voltage output signal that is proportional to the solar
irradiance.

(2) A glass dome that limits the spectral range from 285 to 3000 nm, while preserving the
180° field of view angle. Another function of the dome is that it shields the thermopile
sensor from the environment (convection, rain).
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1 = colar radiation
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Figure 3-23. Spectral response of the pyranometer compared to the solar spectrum [16]

3.7.2 Output specifications

The SR05-DA2 measures irradiance in W/m? as a digital output and as a 4-20 mA output. It must
be used in combination with suitable power supply and a data acquisition system which uses
the Modbus communication protocol over TTL or one that is capable of handling a 4-20 mA
current loop signal.

75



Table 3-22: Specifications of SR05-DA2

Specification

Value Winter Summer

Transmitted range | 0-1600 W/m?

Supply voltage 5-30 VDC
Analog output | 4-20 mA

flow

Power < 240 mW at
consumption 12 vDC

Response time

11.1 seconds

Accuracy class®

Hour: <9.9% (+158.4 W/m?) Hour: <6.2% (+99.2 W/m?)

Day: <8.1% (+129.6 W/m?) Day: <5.9% (+94.4 W/m?)

3.7.3 Summary of calibration procedures

The SRO5 is calibrated based on ISO 9847 (1992): Solar Energy — “calibration of field
pyranometers by comparison to a reference pyranometer” [15] and is recommended by the
manufacturer to be repeated every two years. The calibration procedure depends whether it is
performed indoors or outdoors. The SRO5 manufacturer (Hukseflux) calibrates based on the

indoor calibration, therefore this procedure will be described in this sub-section. Calibration
traceability was done based on the WRR (World Radiometric Reference) maintained at the
World Radiation Center in Davos, Switzerland.

An overview of the indoor calibration procedure goes as following [15]:

a.

The reference and test pyranometers are aligned together at the same orientation so

that the hemispheres are geometrically symmetrical.

The reference and test pyranometers are connected to a common digital voltmeter,

using a proper shielding. Once connected, the electrical continuity, signal polarity, signal

strength and stability are compared.

The loci of both instruments is compared to test whether the two instruments receive

the same irradiance.

Either:
l.

An instantaneous voltage readings of 21 points of the reference and test
pyranometers is taken simultaneously. Or:

Simultaneous integrated voltage readings of the reference and test
pyranometers are taken over a minimum of five periods of sufficient length (8
minutes typically) to ensure an accuracy of 0.25% and a precision of +0.25%.

6 Accuracy values refer to mid-latitude conditions.
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e. The bodies’ temperature of both instruments are taken, as well as of the wall of the
integrating sphere.
f. A general mathematical treatment described in section 5.4.1 of ISO 9847 is applied.

3.7.4 Summary of calibration results

The SRO5 that was used in the test-site was well within the recommended two-year calibration
window suggested by the manufacturer. The calibration results are as following:

a. Sensitivity: S =20.02 x 10 V/(W/m?)
b. Uncertainty: +0.24x10°V/(W/m?)

The Sensitivity of the test SRO5 is 0.01 mA/(W/m?). The calibration uncertainty of the SRO5 (i.e.
expanded uncertainty, K-2 coverage factor) as stated by the factory is 1.8%. The key
specification criteria impacting measurement uncertainty at the field level are: calibration
uncertainty, temperature response, directional response, and routine sensor maintenance (i.e.
cleaning and checking instrument leveling).

3.7.5 List of related files / documentation

The following information is related to the SRO5 pyranometer:

e Product certificate (including calibration results)
e SRO5 manual
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4.0 Pressure Indicating Transducer (PIT)

4.1 Background

A pressure transducer (often called a pressure transmitter) is a device that senses pressure and
converts it into an electric signal where the amount depends upon the pressure applied. A
pressure transducer consists of two main parts: (1) an elastic material which will deform when
exposed to a pressurized medium (e.g. gas or liquid); and (2) an electrical device which detects
the deformation.

The conversion of pressure into an electrical signal is achieved by the physical deformation of
strain gages which are bonded into the diaphragm of the pressure transducer. Electrical
resistance is proportional to the resistivity and length of the pressure-sensor channel and
inversely proportional to the cross-sectional area of the channel according to the electric-
resistance theory form given by equation (4-1):

R=p(3) (4-1)
Where:

R is the electrical resistance (ohms)

p is the resistivity (ohms*m)

| is the length of the pressure sensor (m)

A is the cross-sectional area of the pressure sensor (m?)

Pressure applied to the pressure transducer produces a deflection of the diaphragm, therefore
changing its cross-sectional area. This change introduces a strain to the silicon gages within the
sensor assembly. The differential pressure transducer measures the difference between two
pressures applied to opposite sides of the silicon strain gauge microsensor. The resistance
change is then converted to 4 to 20 mA signal (be taken into an analog input card in the PLC or
it may be taken to a strain gage conditioner card in an instrumentation system) proportional to
the square root of differential pressure.

Pressure transducers are generally available with three types of electrical output: (1) millivolt;
(2) amplified voltage; and (3) 4-20 mA. In general, this chapter will address the different
transducers in accordance with the above classification, such that [17]:

1. Pressure sensor (voltage output is normally around 30 millivolts): The actual output is

directly proportional to the pressure transducer input power or excitation. If the
excitation fluctuates, the output will change also. Because of this dependence on the
excitation level, regulated power supplies are suggested for use with millivolt
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transducers. Due to the low output signal, the pressure sensor is very susceptible to
electrical noise.
2. Pressure transducer (voltage output is normally 1-5 VDC): Includes integral signal

conditioning which provide an amplified voltage output than a millivolt transducer. The
output of the transducer is not normally a direct function of excitation, therefore
unregulated power supplies are often sufficient as long as they fall within a specified
power range. Due to the higher level output (compared to pressure sensors), the
pressure transducer is not as susceptible to electrical noises, thus making it very
applicable to use in many industrial applications.

3. Pressure transmitter (4-20 mA signal): The 4-20mA signal is least affected by electrical

noise and resistance in the signal wires, thus these transducers are best used when the
signal must be transmitted long distances (not when lead wire is longer than 1000 ft).

4.2 PIT1
4.2.1 Description and principle of operation

PIT1 is a pressure transducer manufactured by Foxboro. It is located on the high-pressure
separator’s headspace volume. It is used in conjunction with PIT6 to (downstream of it) to
determine the true pressure reading of the high pressure separator, which was manipulated by
a back-pressure regulator.

4.2.2 Output specifications

Table 4-1: Specifications of PIT1

Specification Value
Pressure range 0-500 psig
Analog input flow 9-30VDC
Analog output flow | 1-5VDC
Accuracy class 2% of measured flow

4.2.3 Summary of calibration procedures

The factory based calibration is characterized over the full rated differential pressure of the
transducer. The applied differential pressure is measured and converted into an internal digital
value that is always available (regardless if the transducer is or is not calibrated). This allows the
transducer to measure any applied differential pressure within its range limits regardless of the
calibrated range.

The transducer is factory calibrated to either a specified or a default calibration range. This
calibration optimizes the accuracy of the internal digital value of differential pressure over that
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range (that is, calibration assures that the transducer rated accuracy is achieved over the
calibration range). If no range is specified, the default range is zero to the sensor upper range
limit (URL).

Field calibration is performed in-situ and is done based on a “3-point linear” method, where the
lowest, highest and mid-point transducer’s ranges are selected to test its functionality.

In-situ calibration procedure (“3-point linear”):

a. The pressure transducer is brought to atmospheric pressure to calibrate LOW_ADC. This
calibration is done in the PLC by comparing RAW_ADC value to LOW_ADC value and
adjusting LOW_ADC to match RAW_ADC value.

b. The pressure transducer is isolated and pressurized to max range to calibrate
HIGH_ADC. This calibration is done in the PLC by comparing RAW_ADC value to
HIGH_ADC value and adjusting HIGH_ADC to match RAW_ADC value.

c. The pressure transducer is isolated and pressurized to mid-range to verify linear
calculation.

d. The pressure transducer will be blown down to atmospheric pressure and the LOW_ADC
value will be adjusted. Then the PIT is pressurize to its maximum range (500 psig for
PIT1) and the HIGH_ADC value is adjusted. Afterwards, the pressure is released down to
the mid-range pressure (250 psig for PIT1) and verification that the above calculation is
delivering an EU reading of 250 psig is performed. In the event that EU is reading
incorrectly at mid-range, a second calibration test will be performed. In the event that
EU reads incorrectly a second time, the PIT will be replaced and all calibration steps for
this specific PIT will be repeated.

The engineering unit value from the analog transducer is determined (e.g. for PIT1 in this case)
in the PLC using equation (4-2):

PIT1 ={ (PIT1Raw apc=PITtiow anc) | , PITlRange} + PIT1,0y gy (4-2)

(PIT1yign_apc—PIT1L0w_aDC)

Where:

PIT1raw_aoc is the current reading of the ADC

PIT1wow anc is the reading of the ADC at the bottom of the range

PIT1nigh_apc is the reading of the ADC at the top of the range

PIT1range is the total range of the analog device (e.g. 0 psig to 500 psig = Range = 500 psig)
PIT1owis the calculated pressure at the bottom of the range

4.2.4 Summary of calibration results
The manufacturer did not produce a calibration certificate for this meter.

80



An “as-found” test performed on the transducer post-summer testing was carried out in-situ.
The actual pressure readings were compared with five pressure points: 0 psig (smallest range),
175 psig (low pressure group category), 225 psig (medium pressure group category), 260 psig
(high pressure group category) and 500 psig (maximum range) as illustrated in Figure 4-1.
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Figure 4-1. As-found test of PIT1

As illustrated from Figure 4-1, the as-found test indicates that the pressure transducer was
over-reading the pressure by approximately 10 psig for the desired pressure ranges pertinent to
the study. Nevertheless, since the as-found test carried out three months after the conclusion
of the summer phase testing, the effect of time on the transducer’s reading is unknown.

4.2.5 List of related files / documentation

e Instruction manual for I/A Series Pressure Transmitters (Foxboro).

81



4.3 PIT2
4.3.1 Description and principle of operation

PIT2 is a pressure transducer manufactured by Ashcroft. It is located at the bulk tank
headspace, measuring the gas headspace pressure (in 0z/in?). The upper range of PIT2 extends
up to 24 oz/in?, therefore implying that the typical gas pressures experienced at the tank
headspace is well within its measurement range (i.e. ~14-15 oz/in? maximum).

4.3.2 Output specifications

Table 4-2: Specifications of PIT2

Specification
Pressure range 0-1.5 psig
Analog input flow 10-30VDC
Analog output flow | 1-5VDC
Temperature range | (-)4—185°F
Accuracy class +0.5% of span (total error band)

4.3.3 Summary of calibration procedures

The pressure transducer is logged into a temperature compensated oven and is leak tested at
full scale. The transducer is then run through calibration at different temperatures and is
linearized at zero pressure, mid pressure and full scale pressures. This is done several times
over the temperature specification range.

The manufacturing company of PIT2 (Ashcroft) performs the calibration process based on 9
point individual NIST-traceable chart. Nine different pressure points are selected so that the
output (in VDC) is recorded. The certified calibration chart made per ASME B40.100 2013
(“Pressure gauges & attachments”) includes an accuracy range that was determined after
considering non-linearity (terminal point method), hysteresis’, non-repeatability, zero offset
and span setting errors.

For in-situ calibration, see guidelines set forth in sub-section 4.2.3.
4.3.4 Summary of calibration results
Using the calibration procedure discussed above, the transducer’s accuracy was tested using

nine pressure points. Calibration results indicated that all nine points were within the +0.5%
accuracy reading, with the highest uncertainty margins being between 45% and 75% of the

7 The maximum deviation between the increasing and decreasing characteristic curves.
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pressure (10.8 and 18 oz/in?, respectively). All nine points had a positive error band, meaning
that the instrument was over-reading the pressures. Summary of the calibration results is

illustrated in Figure 4-2.
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Figure 4-2. Calibration result of PIT2

An “as-found” test performed on the transducer post-summer testing was carried out in-situ.
The actual pressure readings were compared with eight pressure points that are typical with
the pressure reading of the tank headspace: 0 oz/in? (smallest range), 2 oz/in? 4 oz/in?, 6
0z/in?, 8 0z/in?, 12 0z/in?, 16 o0z/in? and 24 oz/in? (maximum range) as illustrated in Figure 4-3.
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Figure 4-3. As-found test of PIT2
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The as-found test performed on the transducer indicates a similar trend of having higher
percentages of error for increasing pressure. Additionally, all data points are over-reading the
pressures, which is another similarity to the original calibration certificate (i.e. a positive error
band).

4.3.5 List of related files / documentation

e Calibration certificate from manufacturer.
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4.4 PIT3
4.4.1 Description and principle of operation

PIT3 is a low-pressure transducer manufactured by American Sensor Technology, located at the
tank VOC burner line (also known as “riser”). It has a very low pressure range (0-2 psig), which
makes it suitable for the pertinent measurement of flash gas pressure exiting the storage tank.

4.4.2 Output specifications

Table 4-3: Specifications of PIT3

Specification
Pressure range 0-2 psig
Analog input flow 10-28 VDC
Analog output flow | 1-5VDC
Accuracy class < £0.5% of measured value for 0-1 psig

4.4.3 Summary of calibration procedures

One test voltage between 10 and 28 VDC is selected, as the sensors will operate the same
throughout this range. The pressure transducer is final tested in room temperature at zero
pressure, midpoint pressure (1 psig) and full pressure (2 psig) with the corresponding output
signals listed at zero pressure, full span and non-linearity. If the transducer meets the
specifications in the data sheet (e.g. 1 VDC for zero pressure and < 5 VDC for max rated
pressure etc.), the calibration report would read “Pass”.

4.4.4 Summary of calibration results

A test voltage of 17 VDC was used to test the sensor functionality during the calibration
process. At zero pressure the voltage reading was 0.998 whereas at full span the voltage
reading was 4.005, with very small non-linearity (0.06%). This indicates that the sensor passed
the calibration test.

In addition to the calibration test, an in-site as-found test was carried out post-summer testing
at the test site, using the procedure discussed in sub-section 4.2.3. Similar to PIT2, the actual
pressure readings were compared with eight pressure points that are typical with the pressure
reading of the tank headspace: 0 0z/in? (smallest range), 2 0z/in?, 4 oz/in?, 6 0z/in?, 8 oz/in?, 12
0z/in?, 16 oz/in? and 32 oz/in? (maximum range) as illustrated in Figure 4-4.
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Figure 4-4. As-found test of PIT3

The as-found test on PIT3 has indicated that the pressure transducer reads very accurate values
to the test pressure, as indicated by the small pressure differences. Based on the test, the
average percent difference between the as-found and the calibrated values is approximately
0.45%, which is within the accuracy listed by the manufacturer, therefore giving a confidence
that the pressure transducer has measured accurate pressure readings during the study.

445 List of related files / documentation

e C(Calibration certificate from manufacturer
e Data sheet of pressure transducer
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4.5 PIT4
4.5.1 Description and principle of operation

PIT4 is a low-pressure transducer manufactured by Dylix Corporation. PIT4 measures the
atmospheric pressure at the test site, and is located in the automation stand at the south-east
corner of the storage tanks.

4.5.2 Output specifications

Table 4-4: Specifications of PIT4

Specification
Pressure range 0-1 psig
Analog input flow 8-38 VDC
Analog output flow | 1-5VDC
Accuracy class < £0.25% of full-scale output (FSO)

4.5.3 Summary of calibration procedures

Calibration of PIT4 is performed in accordance to ISA-37.3-1982 (R1995) “Specifications and
Tests for Strain Gage Pressure Transducers”. Two or more complete calibration cycles (each
with at least 11 data points) are run consecutively, using both ascending and descending
directions.

From the data obtained during the calibration test, the following characteristics are
determined: (1) end points; (2) full-scale output; (3) zero measured output; (4) linearity; (5)
hysteresis; (6) hysteresis and linearity; (7) repeatability and (8) static error band.

Repeated calibration cycles over a specified period of time should establish both zero shift and
sensitivity shift for this period of time.

4.5.4 Summary of calibration results

PIT4 was calibrated by using six different pressures with increments of 0.2 psig between each
one (no check for hysteresis). The output (in VDC) was recorded for each pressure, indicating
that for zero pressure the voltage was 1.017 VDC, whereas for the maximum pressure (1 psig)
the recorded voltage output was 5.027 VDC. Additionally, the determined static accuracy (BFSL)
was smaller than 0.25%.

In addition to the calibration test, an in-site as-found test was carried out post-summer testing
at the test site, using the procedure discussed in sub-section 4.2.3. Since PIT4 is an ambient

87



pressure, only three pressure points (zero, mid-range and full-range) were tested in the as-
found test, using a base pressure of 12.20 psia. The as-found results are illustrated in Figure 4-5.
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Figure 4-5. As-found test of PIT4

Results of both the calibration and the as-found tests indicate that the pressure transducer
reads accurate values. However, this pressure transducer is different than the other
transducers used in the test site since it needs to use a certain base pressure (12.2 psia = 0
psig), instead of measuring the barometric pressure. This implies that this pressure transducer
may read inaccurate pressure readings that are not representative of the true ambient

pressure.

4.5.5 List of related files / documentation

e Calibration certificate from manufacturer
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4.6 PITS
4.6.1 Description and principle of operation

PIT5 is a pressure transducer manufactured by Ashcroft. It is located at the point where the
separator-to-oil tank pipeline comes to the surface (base of up-comer). It measures the oil
pressure inside the pipe. This pressure transducer was used during the winter test period
(Figure 3-1) until it was discovered that during active well cycles, the oil pressure exceeds the
transducer’s pressure ranges, therefore it was replaced by PIT8 during the summer phase
testing period.

4.6.2 Output specifications

Table 4-5: Specifications of PIT5

Specification
Pressure range 0-1.5 psig
Analog input flow 10-30VDC
Analog output flow | 1-5VDC
Temperature range | (-)4—185°F
Accuracy class +0.5% of span (total error band)

4.6.3 Summary of calibration procedures

See sub-section 4.3.3.
For in-situ calibration, see guidelines set forth in sub-section 4.2.3.

4.6.4 Summary of calibration results

Using the calibration procedure discussed above, the transducer’s accuracy was tested using
nine pressure points. Calibration results indicated that all nine points were within the +0.5%
accuracy reading, with the highest uncertainty margins being at around 50% of the pressure
range (0.75 psig). All nine points had a positive error band, meaning that the instrument was
over-reading the pressures. Summary of the calibration results is illustrated in Figure 4-5.
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Figure 4-6. Calibration result of PIT5
No as-found test was performed on this pressure transducer.

4.6.5 List of related files / documentation

e Calibration record from manufacturer
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4.7 PIT6
4.7.1 Description and principle of operation

PIT6 is a pressure transducer manufactured by Ashcroft. It is located at the separator dump leg,
just upstream of the Coriolis meter. It is used in conjunction with PIT1 to monitor the separator
pressure, as well as to calculate any potential losses between the bulk separator pressure and
the dump pressure.

4.7.2 Output specifications

Table 4-6: Specifications of PIT6

Specification
Pressure range 0-500 psig
Analog input flow 10-30VDC
Analog output flow | 1-5VDC
Temperature range | (-)4—185°F
Accuracy class +0.5% of span (total error band)

4.7.3 Summary of calibration procedures

See sub-section 4.3.3.
For in-situ calibration, see guidelines set forth in sub-section 4.2.3.

4.7.4 Summary of calibration results

No calibration certificate exists for this meter.

An “as-found” test performed on the transducer post-summer testing was carried out in-situ.
The actual pressure readings were compared with five pressure points: 0 psig (smallest range),
175 psig (low pressure group category), 225 psig (medium pressure group category), 260 psig
(high pressure group category) and 500 psig (maximum range) as illustrated in Figure 4-7.
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Figure 4-7. As-found test of PIT6

As indicated from the as-found test, the pressure transducer under-reads the actual pressure.
For the pressure ranges applicable to the study (i.e. 175, 225 and 260 psig), the drift in
transducer’s response is, on average, 6 psig below the actual pressure. However, as indicated in
the previous sub-sections, the effect of drift in transducer’s response with time is unknown.
Nevertheless, an external Crystal pressure gauge (provided by SPL) was used during both the
winter and summer phase testing weeks, and showed close resemblance with PIT6 and PIT1.

4.7.5 List of related files / documentation

No documentation is available on this pressure transducer.
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4.8 PIT7
4.8.1 Description and principle of operation

PIT7 is a pressure transmitter manufactured by Barksdale. It is located at the separator dump
leg, downstream of the Coriolis meter. It was used in conjunction with PIT6 to check the
pressure drop across the Coriolis meter, therefore indicating whether a two-phase flow existed
during active well dumps.

4.8.2 Output specifications

Table 4-7: Specifications of PIT7

Specification
Pressure range 0-100 psig
Analog input flow 12-28 VDC
Analog output flow | 4-20 mA
Accuracy +0.25% of measured pressure

4.8.3 Summary of calibration procedures

Calibration procedure is proprietary. However, the room sum square root of the linearization,
hysteresis and repeatability is computed to produce the transducer’s accuracy. In addition, the
output at 4 mA and 20 mA is tested and compared with the transducer’s pressure range.

4.8.4 Summary of calibration results

Neither calibration certificate nor as-found record exist for this pressure transmitter.

4.8.5 List of related files / documentation

e Manufacturer data sheet
e Manufacturer’s installation and maintenance instructions
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4.9 PIT8
4.9.1 Description and principle of operation

PIT8 is a pressure transmitter manufactured by Barksdale. It is located at the point where the
separator-to-oil tank pipeline comes to the surface (base of up-comer). It measures the oil
pressure inside the pipe. This pressure transmitter was used during the summer test period
(Figure 3-2) after it was discovered that during active well cycles, the oil pressure exceeded
PIT5’s pressure ranges.

4.9.2 Output specifications

Table 4-8: Specifications of PIT8

Specification
Pressure range 0-100 psig
Analog input flow 12-28 VDC
Analog output flow | 4-20 mA
Accuracy + 0.25% of measured pressure

4.9.3 Summary of calibration procedures

See sub-section 4.8.3.

4.9.4 Summary of calibration results

Neither calibration certificate nor as-found record exist for this pressure transmitter.

4.9.5 List of related files / documentation

e Manufacturer data sheet
e Manufacturer’s installation and maintenance instructions
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4,10 PIT9
4.10.1 Description and principle of operation

PIT9 is a pressure transducer manufactured by Ashcroft. It is located at the separator-to-tank
pipe, just prior to entering the tank on the horizontal section. It measures the oil pressure at
the top of the tank, a useful measurement for estimating the flow rate of the two-phase oil
exiting the siphon hole® located one foot below, as illustrated in Figure 4-8.

~1"(0.3048m)
from the tank top

3/8" diameter hole drilled in
the downcomer pipe

Qil Leg
Dump Valve

—»N /. PIT8

~ 22-25 psig during
separator dump

Figure 4-8. lllustration of the siphon hole location within the down-comer

4.10.2 Qutput specifications

Table 4-9: Specifications of PIT9

Specification
Pressure range 0-1.5 psig
Analog input flow 10-30VDC
Analog output flow | 1-5VDC
Temperature range | (-)4—185°F
Accuracy class 10.5% of span (total error band)

8 The siphon hole is 3/8” in diameter, and is supposed to avoid separator over-fill in case of an upset conditions
where the oil flow is reversed from the tank back to the separator.
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4.10.3 Summary of calibration procedures

See sub-section 4.3.3.

4.10.4 Summary of calibration results

No calibration certificate exists for this meter.

However, the observed pressure exceeded the transducer’s range by one order of magnitude,
therefore any pressure readings from this transducer need to be flagged. Nonetheless, the
pressure readings are considered (in bulk part) to perform estimate of flow discharge through
the siphon hole.

4.10.5 List of related files / documentation

No documentation is available on this transducer.
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5.0 Resistance Temperature Detector (RTD)

5.1 Background

A resistance temperature detector (RTD) is a temperature sensor that contains a resistor that
changes resistance value as its temperature changes. The majority of the RTD elements consist
of a length of fine coiled wire wrapped around a ceramic or glass core that is placed inside a
sheathed probe to protect it due to its fragility. The RTD element is made from a pure material
whose resistance at various temperatures has been documented [18] (e.g. a platinum RTD has a
typical resistance of 100 ohms at 0°C).

The relationship between an RTD’s resistance and the surrounding temperature is highly
predictable if the temperature coefficient (denoted as a), it allows an accurate and consistent
temperature measurement. Although various manufacturers may specify a differently, it is
defined over the temperature span of 0-100°C and is expressed as ohm/ohm/0°C. The formula
for determining a is shown in equation (5-1):

R100—Ro

& = R,+1000C (5-1)

Where:

a is the temperature coefficient (ohms/ohms/°C)
Rio00 is the resistance of the RTD at 100°C (ohms)
Ro is the resistance of the RTD at 0°C (ohms)

In order to correct for the departure from linearity at temperatures other than 0-100°C, a curve
fitting is required. The Callendar-Van Dusen (CVD) equation (5-2a) is commonly used to
approximate the RTD curve for temperatures of the range -200°C < T < 0°C, while equation (5-
2b) is used for T > 0°C:

Ry = Ry[1 + AT + BT? + C(T — 100)T3] (5-2a)
Ry = Ry[1 + AT + BT?] (5-2b)
Where:

T is the temperature in °C
Rr is the resistance of the RTD at temperature “T” (ohms)
A, B, C are coefficients of the CVD equation shown in Table 5-1.
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Table 5-1: Callendar-Van Dusen Coefficients Corresponding to Common RTDs [18]

Standard a (Q/Q/°C) A B c
DIN 43760 0.003850 3.9080 x 103 | -5.8019 x 107 -4.2735 x 1012
American 0.003911 3.9692 x 103 | -5.8495 x 107/ -4.2325x 10°%?
ITS-90 0.003926 3.9848 x 103 | -5.870x 107 -4.0000 x 10712

The CVD constants can be also calculated empirically, as shown in equations [18] (5-3a-c).

A=a+ 700 (5-3a)
—ad

B = 100; . (5-3b)

c==2 (5-3¢)

Where:

B is obtained by calibration at a negative temperature (e.g. triple point of mercury and argon,
or liquid nitrogen), and is determined by the manufacturer if T < 00C, otherwise it is zero.

6 is obtained by calibration at a high temperature [19] (e.g. freezing point of zinc or aluminum),
and is determined by the manufacturer, or empirically from equation (5-3d):

_ R0(1+a*260)—R200
- 4.16%Rg*a

6

(5-3d)
Where:
R200 is the resistance of the RTD at 200°C

For temperature range of 0°C < T < 661°C, equation (5-2) is reduced to a quadratic form. Thus,
by supplying an RTD with a constant current and measuring the resulting voltage drop across
the resistor, the RTD’s resistance can be calculated, and the temperature can be determined
based on equation (5-4) [18]:

2(Vo—IgxRo)

—IgyR
A+ |a2+4pV0~IEXR0)
IgxRo

IgxRo

l (5-4)

Where:

Vo is the measured RTD voltage (VDC)
lex is the excitation current (ampere)

° For temperatures below 0° C only; C = 0.0 for temperatures above 0° C
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5.2 RTD1
5.2.1 Description and principle of operation

RTD1 is a 100 ohm platinum RTD manufactured by Thermocouple Technology (TTEC), located
within the separator oil layer. RTD1 conforms to the European Curve / DIN 43760 standards,
therefore using a temperature coefficient of 0.00385 (See Table 5-1).

5.2.2 Output specifications

Table 5-2: RTD1 Output Specifications

Specification
Temperature range | 0—250°F
Analog input flow 12 VvDC
Analog output flow | 1-5VDC
Accuracy class 12°F

5.2.3 Summary of calibration procedures

Calibration procedure was not provided by manufacturer.

In-situ calibration procedure

The RTD is calibrated with a calibration bath to signal exactly 1 VDC at bottom of range and 5
VDC at top of range. After installation, in order to remove variables from signal resistance, a
1VDC is sent individually through the signal wire to the PLC where LOW_ADC value is compared
to RAW_ADC value and adjusted to match RAW_ADC value. Afterwards, a 5VDC is then sent
through the signal wire to the PLC where HIGH_ADC value is compared to RAW_ADC value and
adjusted to match RAW_ADC value.

5.2.4 Summary of calibration results

No calibration record exists for this RTD.

An in-situ, “as-found” test was performed on RTD1 based on the in-situ calibration procedure
discussed in sub-section 5.2.3. The as-found test was performed by varying the voltage
between 1 and 5 VDC and recording the output temperature, as shown below in Figure 5-1.
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Figure 5-1. As-found test results on RTD1

It is illustrated from Figure 5-1 that the deviation in temperature is almost identical for both the
low end of the temperature spectrum (1 VDC, 0°F) and of the high end of the temperature
spectrum (5 VDC, 250°F). Since RTD1 may under-read the temperature, it may be suspected as
a bias.

5.2.5 List of related files / documentation

No documentation is available on this transducer.

100



53 RTD2
5.3.1 Description and principle of operation

RTD2 is a 100 ohm platinum RTD manufactured by Thermocouple Technology (TTEC), located
within the separator gas headspace. RTD2 conforms to the European Curve / DIN 43760
standards, therefore using a temperature coefficient of 0.00385 (See Table 5-1).

5.3.2 Output specifications

Table 5-3: RTD2 Output Specifications

Specification
Temperature range | 0—250°F
Analog input flow 12 VvDC
Analog output flow | 1-5VDC
Accuracy class 12°F

5.3.3 Summary of calibration procedures
See sub-section 5.2.3.

5.3.4 Summary of calibration results

No calibration certificate exists for this meter.

An in-situ, “as-found” test was performed on RTD2 based on the in-situ calibration procedure
discussed in sub-section 5.2.3. The as-found test was performed by varying the voltage
between 1 and 5 VDC and recording the output temperature, as shown below in Figure 5-2.
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Figure 5-2. As-found test results on RTD2

In contrast to Figure 5-1, it is evident that for RTD2 there is a large drift in the high temperature
range of the RTD sensor.

5.3.5 List of related files / documentation

No documentation is available on this transducer.
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54 RTD3
5.4.1 Description and principle of operation

RTD3 is a 100 ohm platinum RTD manufactured by Thermocouple Technology (TTEC), located at
the top of the storage tank. RTD3 conforms to the European Curve / DIN 43760 standards,
therefore using a temperature coefficient of 0.00385 (See Table 5-1).

5.4.2 Output specifications

Table 5-4: RTD3 Output Specifications

Specification
Temperature range | (-)25-175°F
Analog input flow 12 vDC
Analog output flow | 1-5VDC
Accuracy class 12°F

5.4.3 Summary of calibration procedures

See sub-section 5.2.3.

5.4.4 Summary of calibration results

No calibration certificate exists for this meter.

An in-situ, “as-found” test was performed on RTD3 based on the in-situ calibration procedure
discussed in sub-section 5.2.3. The as-found test was performed by varying the voltage
between 1 and 5 VDC and recording the output temperature, as shown below in Figure 5-3.
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Figure 5-3. As-found test results on RTD3

5.4.5 List of related files / documentation

No documentation is available on this transducer.
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5.5 RTD4
5.5.1 Description and principle of operation

RTD4 is a 100 ohm platinum RTD manufactured by Thermocouple Technology (TTEC), located at
the separator-to-oil tank pipe, just prior to entering the tank on the horizontal section. RTD4
conforms to the European Curve / DIN 43760 standards, therefore using a temperature
coefficient of 0.00385 (See Table 5-1).

5.5.2 Output specifications

Table 5-5: RTD4 Output Specifications

Specification
Temperature range | 0—250°F
Analog input flow 12 vDC
Analog output flow | 1-5VDC
Accuracy class 12°F

5.5.3 Summary of calibration procedures

See sub-section 5.2.3.

5.5.4 Summary of calibration results

No calibration certificate exists for this meter.

An in-situ, “as-found” test was performed on RTD4 based on the in-situ calibration procedure
discussed in sub-section 5.2.3. The as-found test was performed by varying the voltage
between 1 and 5 VDC and recording the output temperature, as shown below in Figure 5-4.
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Figure 5-4. As-found test results on RTD4

5.5.5 List of related files / documentation

No documentation is available on this transducer.
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5.6 RTD5
5.6.1 Description and principle of operation

A resistance temperature detector (RTD)

5.6.2 Output specifications

Table 5-6: RTD5 Output Specifications

Specification

Temperature range | 0—200°F
Analog input flow <30VDC
Analog output flow | 4-20 mA
Accuracy class 12°F

5.6.3 Summary of calibration procedures

See sub-section 5.2.3.

5.6.4 Summary of calibration results

No calibration certificate exists for this meter.

5.6.5 List of related files / documentation

No documentation is available on this transducer.
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5.7 RTD6
5.7.1 Description and principle of operation

A resistance temperature detector (RTD)

5.7.2 Output specifications

Table 5-7: RTD6 Output Specifications

Specification
Temperature range | (-)30-150°F
Analog input flow 9-30VDC
Analog output flow | 1-5VDC
Accuracy class 12°F

5.7.3 Summary of calibration procedures

See sub-section 5.2.3.

5.7.4 Summary of calibration results

No calibration certificate exists for this meter.

An in-situ, “as-found” test was performed on RTD6 based on the in-situ calibration procedure

discussed in sub-section 5.2.3. The as-found test was performed by varying the voltage

between 1 and 5 VDC and recording the output temperature, as shown below in Figure 5-5.
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Figure 5-5. As-found test results on RTD6

5.7.5 List of related files / documentation

No documentation is available on this transducer.
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5.8 RTD7
5.8.1 Description and principle of operation

A resistance temperature detector (RTD)

5.8.2 Output specifications

Table 5-8: RTD7 Output Specifications

Specification

Temperature range | (-)25-175°F
Analog input flow 12 VDC
Analog output flow | 1-5VDC
Accuracy class 12°F

5.8.3 Summary of calibration procedures

See sub-section 5.2.3.

5.8.4 Summary of calibration results

No calibration certificate exists for this meter.

5.8.5 List of related files / documentation

No documentation is available on this transducer.
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5.9 RTD16
5.9.1 Description and principle of operation

RTD16 is a 100 ohm platinum RTD manufactured by Thermocouple Technology (TTEC), located
at the top of the storage tank. RTD3 conforms to the European Curve / DIN 43760 standards,
therefore using a temperature coefficient of 0.00385 (See Table 5-1).

5.9.2 Output specifications

Table 5-9: RTD16 Output Specifications

Specification
Temperature range | (-)25-175°F
Analog input flow 12 vDC
Analog output flow | 1-5VDC
Accuracy class 12°F

5.9.3 Summary of calibration procedures

See sub-section 5.2.3.

5.9.4 Summary of calibration results

No calibration certificate exists for this meter.

5.9.5 List of related files / documentation

No documentation is available on this transducer.
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Calibration Records

INSTRUMENTS
7200 E. Dry Creek Rd. C-102
Centennial, Co. 80112
303-804-0867
cal lab@apex-instruments.com

Automation X
2881 5. 31st Ave, #21
Gresley, CO BOB31

Page 1
CALIBRATION CERTIFICATE: 2681-HP
Feb 19 2016

Dievice Informaton: DuT Referance
Modsl 1533 B2T0A
Manufacturer Cryatal Engingering Fluke
Serial Number F2E2-340180 3270005
Pregsure Range 0.000 to 000,000 30, 300, 1000, 3000 psi
Talerance 1.005 %Span + 0.05 %Rdg #- 0.003% span or 0.01% Rdg
Data Aquisiton Mode RS232 RS232
Date of Calibration Feb 1% 2018 Sep 10 2015
Calibratian Due Feb 19217 Sep 10 2016
Test Information Conditions
Tast Labla - 3000 psi Ambient Pressure
Date Feb 13 2015 Ambient Temperaiure 23degC #-3C
Time 9042 AM Ambiant Relative Humidity  20% - 80%
Cperator Steven L
Station 1D APEX-HPZ-HP

As Received Data:

Test Paint  Reference ouT DUT Raw  Abs, Error

Prassure  Pressure Output

psl psi psi ps
1 0.00002 0.000 0000 0.000
2 EODLOO02E 529,911 589.811 -0.083
3 1196.89842 1155 541 1163.941 -0 0s7
4 1E00.00005 1795900 1785,900 0400
5 2350 958583 2309 B40 2385 840 0.158
8 2009 007TES 2999 830 20308249 0,158
7 240000117 2309500 2330600 <010
B 1805.00042 1789.871 1G5 T =0.029
B 1198 95060 1200.040 1200.040 0.040
10 5OE.09831 &00.011 G00.011 0013
B 000001 0.005 0,008 a0

As Recaived First Order Fi; y = 1.000052E00x » -1 374852802

As Left Data:
Tesl Point  Reference ouT OUT Raw  #hs, Error
Prassure Pressura Cutput
pei pEl psi psl
1 nooG2 2.000 0.000 0.000

"5 Span”

Error
B

00000
-0.0030
00019
£.00a3
00053
-0.0053
00034
-0.0010
00013
0.0004
0,000

“% Span’
Errar

%
0.0000

DuT
Talerance

psl

0.150
0.450
0,780
1.050
1.350
1.850
1.350
1.050
0,750
0,450
0.150

ouT

Tolerance

pai
0150

Status

Fass
Pass
Pass
Prss
Pasy
Pass
Fass
Fass
Pass
Fass
Fass

Status

Pazg

Crystal Certification Calibrating Total Flow DP and SP
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Report of Test
ThermoProbe Report of Test e
' This report 1§ 1o certfy thal the instrument isted below
e by ThemoPratie, Ing: 1 MBT: Test Method: The calibraticn used were . Inc. Calibration based on ASTM £-
ey 644-06. This probe was Immersed in a constant bath with a ref which
the actual test temperature. The readings were compared and correction factors for the probe were calculated. The
Report No.: 2015-11-18 - 1-15668 As Left readings refiect the TL's readings after calibration
Model: TUL-A Unit SN: 1-15668
Nominal Temp Bath Fluid Refercnce Calibration Date N'"C:.‘:""“
Calibration Date: 11/18/2015 2 : " :
Ambient Temp: 75 °F +/-2° (ROFC | ¢-HePT Fuke 740 | water/glycol L2009 152015 152016
Calibrated By: MS N ) B
wre noF Fluke 7340 | water/glycol TL20016 V150m5 41526
Calibration Data As Found
New Unit or no "As Found" data avalable fKeC 1200FF | PolyScience 8101|  mmeral ol T12. 0008 4152015 152016
Fluke 15024 - ASP
3 ¥ 572 s
R2&C | 19FF | Fuke6B30 | mneral oil S0 V152M5 4152016
r Thke 15024 - ASP e "
e [ 302F | Fuke63 silicon oil szl V152015 152016
2000°C | SSADF | PoyS oy wel TL2A-0083 #182015 182016
Calibration Data As Left
This device has been adjusted to read as closely as possible to actual temperature. _Thia and the refe stated above are traceable to NIST through an
Tested temperatures and corractions are as follows unbroken chain of comparisons.
M,
Nominal Valee | Actunl Test Temp. Correction Telerance | ‘:" ~ l’:;:::" Uncertainty Statement. U_ncertalmiaj were computed using the concepts, methods and
T3 T, “F C F T ¥ C ¥ T F . techniques of the 1SO Guide to the of Ur n {the GUM). The
2 003 o = 2017 uncertainty is an expanded uncertainty (k=2). It does not consider errors due 1o
) L e LN L) o LT 8 B L B Yo Lo oar possible damage to the TL from shipping, temperature drift, or thermal hysteresis effect To
120 49 [120003 | 4589 | 12001 | 4589 | 001 | 60 | 0.10 | 006 Yes | 0.030 } 0017 maintain the accuracy of the TL, users should take care to protect it during shipping, avoid using
199 vi  19vace| 92798 | 19904 | w280 | om0 | o | ere | v Yes 0030 | 0os7 it to measure temperatures significantly above the highest calibrated temperature, and have the
300 199 | 300202 | 149.001 | 30021 | 14901 | 001 | 000 | 010 | 006 Yes 0.030 | 0oi7 T i annually
Calibrator's Signature:
Test Results App
3 Van Cxaen Cosicenis
RO 10000 A 39140003 B 8035105.07 C: 417100E-11

Date: 111812015

The results stated on this report relate only to the items specifically identified.
This test report or i shail not be except in full,
without written approval of the laboratory.

Thermoprobe Certification for Calibrating Total Flow Temp
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Orifice Meter Test Report

Meter: 0000001 - Bernhart 31-32 Date Performed: February 26, 2016 10:20 Rev 1
Company: City: State 10: Ugar Defined 12
Division: County: Waild Federsl ID: Ugar Defined 2:
Area: Stata: Colgrado APl Coda: Uger Defined 3:
Sub-Area: Agency: Latitudea: Uear Dafined 41
Lest Test: O262016 Reason for Test: Calibration Longitude: Site Elsvation:
Flowing Conditions Meter Constants
Found Laft Byarsoe Calculation Mathod:  AGAS-1002 FPV Methad: AGAE-Dets
Differzntial: 0.00 3a.0q 2500 | PSIAPSIG: PSIA Masaurad HV:
Pressure: 150.18 186,18 1000 | Atmos. Prass: 1230 Spacific Cravity:
Tamperature: 5473 65,30 sppp | Fressurs Base: fa 73 M-
Temp. Basa: 6 COk
RTU Flow Rata: 0.00 72621
Found:
Matar Tima:
Meter Inspection
PrimBrand: Danials Modet: _Jumicr Sar & C100530.001
RTUBrana: Totsifiow Model: XFC G4 SarE T121881581
OF Ranga: 0-250 Modal: XFC G4 Sar#: DF Callbration
SF Range: 0-500 Modat: XFC G4 Sar & Standard Found Left Flow Rate Error
Tmp Range:  0-150 Model: XFC G4 SarE Ressta PO =001
Resat W PO .00 -0.02
Static Location: Upsatraam Tap Type: Flange 0.00 .01
125.00 12497 125.01 0.01 g
Leak Test - ZeroCutoff, 050 250.00 219.94 250.08 001,
Orifice Flate
Frate Size Existing: 1280 Orifice Seral:
Fiste Size Found: 1 Sesl Inspection:
Meater Tube Size Existil 2060  ter Tube Size Left
Pate | ad: Yo o o N c 5 v I, SF Callbration
= INE e . Yas n o fa) G ; YBs
? = Peetean 2 ge Sham = oY= Atmos. Press Source: Fiaa Obs_ Atmes. Press: 1230
Smooth _No Surface Flat_No Dirty Yes
Standard (PSIE) Found (PS51A) Left (PSIA) F Rats E
Baval Mo Bavelea DS _NO Rougn_No =l ' oundll : ! ’ o e
N N 0.00 12 1231 0450
o cuan MO -
Bowad MNickes 70 250.00 26256 262.30 005%
Fiats Cnanged: Mo Mew Plate Sariat S00.00 512.36 51213 0.070g
Fista Size Laft:
Temperature Callbration
Standard Found Laft Flow Rata Error
S6.07 55.46 56.00 0550z
Total Erar:
Remarks:
Caliprated SP
Caliprated DP
Caliprated TF
Witness: Signed: Coay Winbarg

TEST

Clmasrmmmm o

£ e b B VPO WAL Chmasr ot i Ll i T

M—1

Rearch 11 2R4E 4020 - Bona 4

Test It Report Total Flow Calibration Documentation
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THERMAL INSTRUMENTS, INC.
Fox ile IZ0 P0OT ceriiiied

THERMAL MASS FLOW METERS

29 RESERVATION RI3AL
AAARINA, CA SFPFTI 4050
PHOMNE: 331 -FEF-F3NO0
FAX: BEST-IEF-F5L
sales@foxthermalinstruments, oo
Wi foxrhrermalinstruments. oom

FLOW METER CALIBRATION CERTIFICATE

Serial #: 21773 Dia. = 3.088 in
Model #: FT3-18R Area = 0.0513379 Ftaz
Fluid Type: 20.89% CH4, 18.16% C2H4, 16.52% CIHE, 17 99% C4H10, 15.49% CSH12, 2.63% CoH14, 1.85% C7H14, 1.32% CO2, et al
STP: &0F, 14,73 psia 4mA = 0 MSCFD
IDTag: . 20mA = 500.00 MSCFD
Curve 2
Data Point Input Volis MNMPH at 0 C 740 mmHg MSCFD at STP

1 0.29208 0.00 Q.00

4 0.315%5 341.27 1.45

3 0.34480 651.22 2.78

4 0.38240 140935 &.01

5 0.39980 205%9.42 B.78

& 0.42058 304310 1257

7 0.44783 4771 .59 20.34

8 047022 £602,.29 28.15

¢ 0.48841 8342.92 35.45

10 0.50701 10:581.30 45.11

11 0.52915 1370129 58.41

12 0.54871 14603.46 71.83

13 0.56416 19971.47 85.14

14 0.58204 23777 46 101.37

15 0.59446 26554.77 113.21

14 0.83171 34360.68 155.01

17 0.67714 5241820 223,46

18 0.72152 7042848 30110

19 0.7584% F0707 97 386.70

2 081519 117529.30 S01.04

This unit was calibrated using colibration standards traceable to National Institute of Standards and Technology [NIST), fo
an uncertainty of +/-1.0% of reading +/-0.2% of full scale. Fox Thermal Instruments, Inc. is an 15O 2001 certified company.

This carfificate shall not be reproduced, except in full, without the written corsent of Fox Thermal Instruments,

Approved By: Oclavio Avila

S

Description

Meter DM
Ref1 OWM
Pressure transducer
Thermometer
Therm Flowmeter

Inst. ID #

FOR ADOD
FOX aD121
PRESS-007

TEMP-8YS-001
2135

Cal Date:

“Calibration Standards

2/23/201610:04

Due Date

1000612016
1052016
03062016
100720186
121206

Fox mainiains oll equipment according to the Equipment Confrol Procedure (P-040).
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THERMAL INSTRUMENTS, INC.

Fes fx IS0 804071 oariifiod

THERMAL MASS FLOW METERS

99 RESERVATION R340
PAARINA, CA QI3 LS54
PHONE: B21-38F-213200
FAX: BEZ1-IRA-AZIF

salesE foxthermalinstrumrents, corrr
wwww . foxitfrermalinstrum ents. ooms

FLOW METER CALIBRATION CERTIFICATE

Serial #. 21773 Dia. = 3.048

Maodel #: FT3-12R Area= 0.0513379

Fluid Type:  32.43% CHd, 25.81% C2H4, 18.17% CIHE, 12.39% C4HIC, 6.51% C5HI2, | 98% CO2, ot al.

STP: S0 F, 14.73 psia 4mA = 0

20mA= 50000
1DTag: -
Curve 1
Data Point Input Vaolts NMPH at 0 C 760 mmHg MSCFD at STP

[ 0.28017 0.00 0.00
2 0.32885 354.78 1.4l
3 0.352%0 690,55 294
4 0.38273 143651 6.12
3 0.39977 2168.45 7.25
& 0.42200 3153.77 13.44
7 0.44582 463218 19.75
8 0.46787 4655438 27.94
g 0.48560 B471.47 34,11
10 0.50338 107 46,84 45,81
11 0.52472 13651.84 58.20
12 0.54271 1706597 7275
13 055720 20002.41 8530
14 0.57476 23673.33 100.92
15 0.59194 26798.56 114.25
14 0.62213 37159.18 158,41
17 0.67087 54703.91 233.21
18 0.70071 SB748.61 293.08
19 0.73779 89843.52 383.01
20 076997 11755428 501,15

in

Ftaz

MSCFD
MSCFD

This unit was calibrated using calibrafion standards fraceable to Nafional Institute of Standards and Technology (MIST), to
an uncertainty of +/-1.0% of reading +/- 0.2% of full scale. Fox Thermal Instruments, Inc. is an 150 2001 certified compony.
This certificate shall not be reproduced, except in full, without the written consent of Fox Tnermal Instrurments,

Approved By: Oclovio Avila

et e e s e A A L AR o

Description

Meter DV
Ref1 DVl
Prassure transducer
Thermometer
Tharm Flawmeter

" Calibration Standards

Inst. 1D #

FOX A008

FOX A0121
FRESS-007
TEMP-SYS-001
2135

Cal Date:

2/23/2014 B:58

Due Date

10/06/2016
10/06/2016
DBM6/2016
1040712016
121112016

Fox maintains all equipment according to the Equipment Confrol Procedure (P-040).

£ e e R e 4t ) A ISR
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299 RESERVATION ROAD
AARINA, CA 93833 USA
PRONE BEE R E 0D
FAN: BiL-A84-4382

ales @ fox thermalingtrumen s cam
THERMAL INSTRUMENTS, INC. i roxtnermatinitruments.com

FOX THERMAL INSTRUMENTS IS5 IS0 9001 CERTIFIED

CAL-VIM CERTIFICATE

CALIBRATION VALIDATION

CAL-V™ Performed on: February 25 2016 16:54:20 CAL-V™ Results: PASS
Firmware Version: FT3 V3.1 CAL-V™ Value: 21.8
Fox Meter Serial Number: 21773 CAL-V™ Verify: 4.05%
Tag #iMeter location: 21773

Test performed by: Cody Winberg

Additional Comments: Middle Fox Thermal

Calibration Table Stored in Flow Meter

Compars the below Colibrofion Table to the ofginal Colibration Ceriificote

Data Paint Input Volts MMPH at 0 C 760 mmHg

1 028017 0.00

2 0.32885 5478
3 0.35290 690.55
4 038273 1436.51
5 039977 2168.65
& 0.42200 3153.77
7 0.44582 463218
8 046442 614522
] 0.48560 B4T147
10 0.50338 10746.84
1 0.52672 13651.86
12 054271 17065.97
13 0.55720 20008.41
14 057476 23673.33
15 059194 26798 56
16 062213 37154.18
17 0.67087 54703.91
18 0.70071 BBT48.61
18 073779 8984352
20 0.76997 117554 30

CAL-V™ is an in-situ calibration routine that validates the flow meter's calibration accuracy by testing the functionality of the sensor and its
associated signal processing circuitry.

Al the conclusion of the test, the meter will display a pass/fail message and the CAL-V™ data.
A "pass” result confirms the meter is measuring accurately.

1. The CAL-V™ jast i3 valid for checking the colioration occurocy of flow melers istallad in the apolicafion for which # was calionated, including fhe gasigos midure, caliorafion ronge and pipe
sze snown on fhe Caliorafion Cedicale.
2 For apoiicafions with tempanct.re excasding 250°F (12752, CAL-V™ test results may vary.

Fox Flow Meter 21773 Certification Documentation, Pre-Winter Testing
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THERMAL INSTRUMENTS, INC.

Foex ix Ii50 0007

eeriilied

THERMAL MASS FLOW METERS

2O RESERVATION RO3AD
NAARINA, €A 93933 1055
PIHONE: BI31-38F-F300
FAXN: BET-3BJ-217T 2
soles@ Ffoxthermalinstrumrents. oo
W Foxthermalinstrunyents, oo

FLOW METER CALIBRATION CERTIFICATE

Serial #:
Model #:
Fluid Type:

STP:
IDTag:

21775

FT3-18R

20.89% CH4, 18.14% C2HA, 14.52% C3HE, 17.99% C4H10, 15.49% C5H12, 2.43% CAHI4, 1.85% C7H14, 1.32% CO2, ot al

Dia. =

Area =

3.068 in

0.0513379 Fin2

40 F, 14,73 psia 4ma= ] MSCFD
) 20 mA = 500.00 MSCFD
Curve 2
Data Point Input Volis NMPH at 0 C 740 mmHg MSCFD at STP
1 0.28430 0.00 0.00
2 031238 359 44 1.53
3 0.35289 744,87 3.18
4 0.37780 13846.57 5921
5 0.39517 2093.77 8.93
4 (0.41648 305097 13.01
7 043739 4278 .50 1824
g 0.46593 &5R1.17 28.10
9 0.48435 B370.50 35.68
10 0.50244 10405.27 45.21
11 0.52497 13474.75 58.31
12 0.544%7 17139.31 73.07
13 0.56197 2020412 84,13
14 0.57635 23678.74 100.95
15 0.59038 26324.54 114,78
14 0.62776 36047 20 153.68
17 0.67550 52495.28 22379
18 0.71440 70126.07 298.96
17 0.75504 B9572.62 381.84
20 0.80352 118364.75 504,60

This unit was calibrated using calibration standards fraceable to National Institute of Standards and Technology (NIST), o
an uncertainty of +/-1.0% of reading +/- 0.2% of full scale, Fox Thermal Instruments, Inc. is an 150 9001 cerified company.
This cerfificats shall nat be reproduced. axcept in full, without the writlen consent of Fox Thermal Instruments.

Approved By: Octavio Avila

Description

Meter DVIM
Ref1 DV
Pressure transducer
Thermometar
Therm Flowmeter

Inst. ID #
FOX AQOS
FOX ADME1
PRESS-007
TEMP-SYS-001
2135

Cal Date:

" Colibration Standards

2/22/2016 15:56

Due Date

10/06/2016
10062015
08062016
1040712016
12112016

Fox maintains all equipment according o the Equipment Confrol Procedure (P-060).

Rt VA g L I T TR b
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THERMAL INSTRUMENTS, INC.

Fox iz 150 BOR7T cartificd

THERMAL MASS FLOW METERS

sales@foxthrermalinstruments, o

399 RESERVATION ROAD

WILARINA, CA Q3933 LS50
PHOME: 83138412
FAX: I 1-I3 84~

W e foxtfhermalifnstruments. oo

FLOW METER CALIBRATION CERTIFICATE

Serial #: 21775
Model #: FT3-18R

Fluid Type: Customn

Dig. =

Area=

32.43% CH4, 2581% C2Hé, 18.17% C3HE, 12.39% C4H10, 4.51% C5H12, 1.98% COZ, et al.

3.0468 in

0.051337% Fra2

STP: &0°F, 14.73 psia 4ma = 1} MSCFD
1DTag: - 20 mA, 500,00 MSCFD
Curve |
Data Point Input Volis NMPH at 0 C 760 mmHg MSCFD at STP

1 0.30134 0.00 0.00

2 0.31387 35606 1.53

3 0.34322 472.74 287

4 037449 141933 4,05

5 0.39900 2321.25 9.90

& 041589 057,22 13.04
7 044029 4508.14 19.22
8 0.44231 £384.19 27.23
] 047947 8237.14 3512
0 0.49716 10472.63 44,65
11 0.52055 13709 26 56,44
12 0.5379% 17092 .48 7287
13 0.55243 1996094 85.10
14 0.56917 23606.45 100,64
15 0.58428 27364.50 | 14.66
14 0.61203 35898.55 153.04
17 0.45934 5281423 225.15
18 0.69945 70303.82 29271
1% 0.72635 BEATE.24 37037
20 0.77338 117733.63 501.91

This unit was colibrated wsing calibration standards traceable to Mational Institute of Standards and Technology [MNIST), 7o
an uncertainty of +/-1.0% of reading +/- 0.2% of full scale. Fox Thermal Instruments. Inc. s an 180 $001 cerlified company.
This cerlificale shall not be reproduced. excepl in full, withoul the wiitten consenl of Fax Thermal Instruments.

Approved By: Octavio Avila

e e e et s L R SR

Description
Meter OV
Ref1 OWM

Pressure transducer

Thermometer

Therm Flowmeter

Inst. 1D #

FOX AQ09

FOX AD121
FRESS-007
TEMP-SYE-001
2135

brofion Standards

Cal Date:

2/22/2016 14:48

Due Date

10M06/2016
10/06/2016
DBM0G/2015
100072016
12111/2018

Fox maintaing all equipment according to the Equipment Confrol Frocedure (P-060).
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THERMAL INSTRUMENTS, INC.

299 RESERVATION ROAD

ATARINA, CA SISIF USA

PRONE . BEE- B4 FOD

FAN: AAL-J54-4352

saie P fon the rma linuiramanis. com
R S TR P ERT A

FOX THERMAL INSTRUMENTS IS IS0 9001 CERTIFIED

CAL-VIM CERTIFICATE

CALIBRATION VALIDATION

CAL-V™ Performed on: February 25 2016 17:03:49 CAL-V™ Results: PASS
Firmware Version: FT3 V3.1 CAL-V™ Value: 22.81
Fox Meter Serial Number: 21775 CAL-V™ Verify: 0.01%
Tag #/Meter location: 21775

Test performed by: Cody Winberg

Additional Comments: Highest Fox Thermal

Calibration Table Stored in Flow Meter

Compars the below Colbrotfion Table to the orginal Caolibrotion Cerdificata

Data Point Input Volts MMPH at 0 C 760 mmHg

1 0.30134 0.00

2 031387 358.06
3 034322 BI2.75
4 0.37469 1418.33
5 0.39900 2321.25
] 0.41589 3058.22
7 0.44029 4508 14
] 0.46231 638618
] 047947 B237.14
10 049716 1047263
11 052055 13709.28
12 053798 17092 68
13 055243 19960 94
14 056917 23606.45
15 058428 27364.50
16 061203 35898 55
17 0.65934 52814.24
18 0.69945 70303.82
18 0.72635 BEBTE. 24
20 0.77338 117733.60

CAL-V™ js an in-situ calibration routine that validates the flow meter's calibration accuracy by testing the functionality of the sensor and its
associated signal processing circuitry.

At the conclusion of the test, the meter will display a passifail message and the CAL-V™ data.
A "pass” result confirms the meter is measuring accurately.

1. The CAL-Y™ fest 5 volid for checking the coliorofion cocurocy of fiow melers insholled in the apoficafion for which it was coliorated, inciuding fhe gos/gos mixdure, cofibrofion nonge and pipe
sze svown on fhe Coliorofion Ced@icaie.
2 For apolicafions with tempencture exceeding 230°F (121°C), CAL-V™ fest rasults may vary.

Fox Flow Meter 21775 Certification Documentation, Pre-Winter Testing
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I RESERWVATICIN [ROCra
ATARINA, CA SIFFF L |

PHONE: 83T - 383330000

THERMAL INSTRUMENTS, INC. FAX: BT -FEF- AT 13

Fox i@ 180 87T ceartifiod saoles@ foxthermalinstruments, corrr

THERMAL MASS FLOW WMETERS WA, Foxtherm alinstruments. oo
FLOW METER CALIBRATION CERTIFICATE

Serial #: 21776 Dia. = 3.068 in

Model #: FT3-18R Area = 0.0513379 Fth2

Fluid Type: 20.89% CH4, 18,16% C2HA, 14.52% C3IHE, 17.99% C4AHIN, 15,49% C5H1Z, 2.63% CAH14, 1.85% CTHI 4, 1.32% CO2, et al,

STP: 0 F, 14.73 peia 4 mhA = 1] MSCED
IDTag: ) 20mA= 500,00 MSCFD
CURVE #2
Data Paint Input Volts NMPH at 0 C 740 mmHg MSCFD at §TP

1 024167 0.00 0.00

2 0.31024 354 49 1.51

3 0.34274 704,73 3.00

4 037014 1367.35 583

5 0.38%13 085,69 B8.59

& D.41190 054,25 13.03
7 D.43537 442556 18.87
i 0.46017 624845 2673
g 0.48454 8430.13 38,79
10 0.50280 106%6.79 45,60
11 0.524%0 13551.34 57,77
12 0.545858 14922 84 7214
13 0.56385 2004533 85,44
14 0.58215 23559.30 100,44
15 0.59510 26738.73 113.59
16 063196 36180.04 154,24
17 0.67560 51580.91 219.90
18 0.72540 FOOT0.96 298.72
19 0.76541 P0640.58 386.41
20 0E1299 118131.44 503.61

This unit was calibrated using calibration standards fraceable to National Instifute of Standards and Technology  (NIST], o
an uncertainty of +/-1.0% of reading +/- 0.2% of full scale, Fox Thermal Insfruments, Inc. is an 130 9001 cerified company.
This certificate shall not be reproduced, except in full, without the witlen consent of Fox Thermal Insruments.

Approved By: Qciavio Avila Cal Date: 2/22/2016 7:43

o T S aaran B A o A AN 21 T S 3 F ST B MES SR

" Calibration Standards

Description Inst. ID # Due Date
Meter DV FOR AD0S 10/06/2016
Ref1 DWW FOX A0121 ! 10062016

Pressure fransducer PRESS-007 080672016

Thermometer TEMP-SYS-001 100772016

Therm Flowmeter 2135 121172016

Fox mainiains all equipment according fo the Eguipment Confrol Frocedure [F-060).
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IO RESERVWVATIIN RO3AD
AAARINA, CA DIFII L1540
PHOME: 831 - 3844200

THERMAL INSTRUMENTS, INC. FAX: 831 -FFA- 5 E

Fox éix i50 0087 oevriified salesE@ Fforthermalinstruments. conm

THERMAL MASS FLOW METERS WA, FOX TR erm G iinsTrumen tE, o
FLOW METER CALIBRATION CERTIFICATE

Serial #: 21776 Dia. = 3.068 in

Model #: FT3-18R Area = 0.0513379 Finz

Fluid Type: 26.25% CH4, 22.05% C2HS, 18.19% CIHE, 15.96% C4H10, 10.64% CE5H12. 1.45% CaH14, 1,635 CO2, et al,

STP: &0F, 14.73 psia AdmA = 0 MSCFD
IDTag: = 20 mA = 500.00 MSCFD

CURVE #3 |data only not installed an meter)

Data Point Input Volts NMPH at 0 C 760 mmHg MSCFD at TP
1 0.24285 0.00 000
2 0.31321 33205 |.42
3 0.34452 69970 298
4 0.37666 141674 604
5 0.37232 2023.77 B.63
] 0.41797 313314 13.36
7 0.43920 4447 50 19.05
8 0, 44380 4632854 2498
9 0.4800% B117.45 34,61
10 0.50128 10517.43 44,84
11 0,52357 13758.14 58.65
12 0,54374 16740,18 7137
13 0.56081 19895.07 84.81
14 0.57444 23573.91 100.50
15 0.59333 27454.67 117.04
16 0.62494 36550.09 155,82
17 0.466858 31953.37 221.48
18 0.70878 £9970.88 298,29
12 0.74904 21525.14 370,18
20 0.79234 117882.04 502.54

This unit was calibrated using calicration standards traceable to National Instifute of Standards and Technelogy [MIST), to
an uncertainty of +/-1.0% of reading +/- 0.2% of full scale. Fox Thermal Instruments, Inc. is an 18O %001 certified company.
This cerfificate shall not be reproduced, except in full, without the written consent of Fox Thermal Instrurants.

Approved By: Qciavio Avila Cal Date: 2/22/2016 ¥:44

i e e T T T T S T T A LT T T T L o e e g e e T AL IETEV I

Collbration Stondards

Description Inst. ID # Due Date
Meter DVM FOX ADDY 1000612016
Ref1 DVM FOX a0121 1010612016

Fressure fransducer PRESS-007 QSBIDG2016

Thermometer TEMP-SY S-001 1072016

Therm Flowmeter 2135 121112018

Fox malnfains all equipment according to the Egulpment Confrof Procedure (P-060).
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THERMAL INSTRUMENTS, INC.

Fox is 180 0001 certilticd

THERMAL MASS FLOW METERS

sales@foxthermalinstruments. corng
www. foxthermalinstruments. comn

FLOW METER CALIBRATION CERTIFICATE

399 RESERVATION ROALD

MARINA, CA S3933 U'SA

PHONE: 831-384-43100
FAX: BF51-38F-<F31Z

Serial #: 21776 Dia. = 3.068

Maodel #: FT3-18R Areq = 0.0513379

Fluid Type: 32.43% CH4, 25.81% C2Hé, 18.17% C3H8, 12.39% C4HI10, 6.51% C5H12, 1.98% CO2, et al.

STP: 60 F, 14.73 psia 4mA = 0

IDTag: ) 20mA = 500.00

CURVE #1
Data Point Input Volts NMPH at 0 C 760 mmHg MSCFD at STP

1 0.24594 0.00 0.00
2 0.30973 335.67 1.43
3 0.34114 688.36 2.93
4 0.37186 1386.33 591
5 0.38804 2072.40 8.84
é 0.41072 3034.09 1293
7 0.43504 4428.54 18.88
8 0.45752 6364.54 27.13
9 0.47453 8150.92 34.75
10 0.49398 10534.52 44,21
1 0.51585 13467.07 57.4]
12 0.53645 16817.01 71.69
13 0.55486 20041,29 85.44
14 0.57197 23495.03 100.16
15 0.59094 27004.66 11512
16 0.62026 36767 .85 156.75
17 0.66113 51776.19 220.73
18 049811 70148.38 299.05
19 0.73877 89759.54 382.65
20 0.77817 117832.35 502.33

n

FtA2

MSCFD
MSCFD

This unit was calibrated using calibration standards traceable to National Institute of Standards and Technology (NIST), ta
an unceriainty of +/-1.0% of reading +/- 0.2% of full scale. Fox Thermal Instruments, Inc. is an 1SQ 9001 certified compaony.
This certificate shall not be reproduced, except in full, without the written consent of Fox Thermal Instruments.

Approved By: Octavio Avila

e e R —

Description
Meter DVM
Ref1 DVM

Pressure transducer

Thermometer

Therm Flowmeter

Cal Date: 2/22/2016 9:42

Calibration Standards el
Inst. ID # Due Date
FOX A009 10/06/2016
FOX AD121 10/06/2016
PRESS-007 08/06/2016
TEMP-SYS-001 10/07/2016
2135 12/11/2016

Fox maintains all equipment according fo the Equipment Confrol Procedure (P-060).
9
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A9Y RESERVATION ROAD
AARINA, CA 93933 USA
PRONE BB 00
FAN BA1- 4844322

sade & @ fon Ehe fmaling frarmen B cam
r"lml 'mr!".l""' l"‘l wr, foatharmalimitrume nr. com
FOX THERMAL INSTRUMENTS IS5 ISO 9001 CERTIFIED

CAL-V™M CERTIFICATE

CALIBRATION VALIDATION

CAL-V™ Performed on: February 25 2016 16:46:06 CAL-V™ Results: PASS
Firmware Version: FT3V3.11 CAL-V™ Value: 22.84
Fox Meter Serial Number: 21776 CAL-V™ Verify: 3.15%
Tag #/Meter location: 21776

Test performed by: Cody Winberg

Additional Comments: Lowest Fox Thermal

Calibration Table Stored in Flow Meter

Compars the balow Caolibration Tabls to the arginal Caolioratfion Cerificote

Data Point Input Valts NMPH at 0 C 760 mmHg

1 024594 0.00

2 030973 33567
3 0.34114 GES. 36
4 0.371886 1386.33
5 038804 207260
[ 041072 3034.09
7 0.43504 4428 .54
] 0.45752 B354 54
] 047453 815092
10 0.48398 10534 51
11 0.51585 13467.07
12 053645 16817.01
13 0.55488 2004130
14 0571487 23495 03
15 0.559094 2700466
16 062026 36767 85
17 066113 51776.19
18 0.69811 7014837
19 0.73877 BAT759 55
20 o0.FraT 117832.40

CAL-V™ s an in-situ calibration routine that validates the flow meter's calibration accuracy by testing the functionality of the sensor and its
associated signal processing circuitry.

Al the conclusion of the test, the meter will display a pass/fail message and the CAL-V™ data.
A "pass” result confirms the meter is measuring accurately.

1. The CAL-V™ fest 5 valid for checking the colforotion oocurocy of fiow melers instolled in the apoficafion for which it was colioroted, inciuding fhe gosigos mixdture, colibrofion onge and pioe

sz svown on fhe Caliorofion Cerd@ioaie.
2 For apolicafions with tempenat.re excasding 250°F [1213C], CAL-V™ besi results may vary.

Fox Flow Meter 21776 Certification Documentation, Pre-Winter Testing
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399 RESERVATION ROAD
NMARINA, CA 93933 USA
PHONE: 831-23284-4300

THERMAL INSTRUMENTS, INC. FAX: 831-384-4312

Fox is 1SO 9007 certified sales@foxthermalinstruments.corm

THERMAL MASS FLOW METERS www. fFoxthermalinstruments. comn
FLOW METER CALIBRATION CERTIFICATE

Serial #: 21773 Dia. = 3.068 in

Model #: FT3-18R Area = 0.0513379 FtA2

Fluid Type: 32.43% CH4, 25.81% C2H6, 18.17% C3H8, 12.4% C4H10, 6.51% C5H12, 1.98% CO2 et al.

STP: 40 F, 14.73 psia 4mA= 0 MSCFD

IDTag: - 20 mA = 500.00 MSCFD

CURVE #1 (WINTER PHASE)

Data Point Input Volts NMPH at 0 C 760 mmHg MSCEFD at STP
1 0.24843 0.00 0.000
2 0.31411 361.57 1.541
3 0.34489 720.92 3.073
4 0.37772 1416.74 6.040
5 0.39928 2124.81 9.058
6 0.42117 3047.04 12.990
7 0.44471 4479.92 19.098
8 0.46667 6337.85 27.019
9 0.48473 8213.58 35015
10 0.50410 10681.78 45.538
11 0.52471 13620.33 58.065
12 0.54271 16871.31 71.924
13 0.55893 20039.26 85.430
14 0.57581 23476.32 100.082
15 0.59098 27135.50 115.482
16 0.62424 36702.57 156.467
17 0.66444 51551.51 219.770
18 0.70342 69025.67 294.264
19 0.74421 91700.81 390.931
20 0.78249 118310.34 504.370

This unit was calibrated using calibration standards traceable to National Institute of Standards and Technology (NIST), to
an uncertainty of +/-1.0% of reading +/- 0.2% of full scale. Fox Thermal Instruments, Inc. is an ISO 9001 certified company.
This certificate shall not be reproduced, except in full, without the written consent of Fox Thermal Instruments.

Approved By: Ross Johnson Cal Date: 6/13/2016 9:31

Caolibration Standards

Description Inst. ID # Due Date
Meter DVM FOX A009 10/06/2016
Ref1t DVM FOX A0121 10/06/2016
Pressure transducer PRESS-007 08/06/2016
Thermometer TEMP-SYS-001 10/07/2016
Therm Flowmeter 2135 12/11/2016

Fox maintains all equipment according fo the Equipment Confrol Procedure (P-060).
o it quik

F-131, Flow Meter Calibration Certificate Rev. C, 05/08/14
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FOX~s

399 Reservation Road, Marina, California 93933 (831) 384-4300

AS LEFT CALIBRATION CERTIFICATE

Serial #: 21773
Model #: FT3-18R
Fluid Type: 32.43% CH4, 25.81% C2Hé, 18.17% C3H8, 12.4% C4H10, 6.51% C5H12, 1.98% CO2 et al.
Calibration Range: 0 to 100 MSCFD
Actual Flow Device Under Test Error Error Fox Specification
MSCFD MSCFD MSCFD % Reading % Reading
0 0 0.00 0.00% + 0.00%
6.32 6.20 -0.11 -1.81% +4.16%
12.16 12.39 0.24 1.96% + 2.65%
25.03 25.19 0.15 0.62% + 1.80%
50.65 51.05 0.40 0.78% +1.39%
75.51 76.02 0.51 0.68% + 1.26%
100.19 100.16 -0.03 -0.03% +1.20%

This calibration is traceable to the National Institute of Standards and Technology to an uncertainty of +/-1% of reading

4/~ 2% of full scale using measurements traceable to NIST Standards in accordance with Mil-Std-45662A.

Prepared By: Ross Johnson

Cal. Equip. No:

Date:

June 13,2016

12/08/11. ALTICHG
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399 RESERVATION ROAD
MARINA, CA 93933 USA
PHONE: 831-384-4300

THERMAL INSTRUMENTS, INC. FAX: 831-384-4312

Fox is SO 2007 certificd sales@foxthermalinstruments.com

THERMAL MASS FLOW METERS www . Foxthermalinstruments.com
FLOW METER CALIBRATION CERTIFICATE

Serial #: 21773 Dia. = 3.068 in

Model #: FT3-18R Area = 0.0513379 FtA2

Fluid Type: 20.89% CH4, 18.16% C2H6, 16.52% C3H8, 17.99% C4H10, 15.49% C5H12, 2.63% C6H14, 1.85% C7H16,1.32% CO2 et al.

STP: 40 F, 14.73 psia 4mA= 0 MSCFD

= .00 FD
IDTag: - 20 mA 500.0 MSC

CURVE #2 ( SUMMER PHASE )

Data Point Input Volts NMPH at 0 C 760 mmHg MSCFD at STP
1 0.24207 0.00 0.000
2 0.30961 347.59 1.482
3 0.34132 692.77 2,953
4 0.37812 1439.68 6.138
fs) 0.40067 2138.94 9119
6 0.42172 3089.35 13.170
7 0.44412 4511.51 19233
8 0.46814 6414.52 27.346
9 0.48823 8335.38 35535
10 0.50664 10514.75 44.826
11 0.52997 13737.18 58.563
12 0.54990 16973.42 72.360
18 0.56658 20114.83 85.752
14 0.58277 23461.18 100.018
15 0.60025 27264.21 116.230
16 0.63782 36519.42 155.686
17 0.67888 52024.99 221.788
18 0.72084 69134.47 294.728
19 0.76361 90832.28 387.228
20 0.79654 117734.83 501.916

This unit was calibrated using calibration standards traceable to National Institute of Standards and Technology (NIST), to
an uncertainty of +/-1.0% of reading +/- 0.2% of full scale. Fox Thermal Instruments, Inc. is an ISO 9001 certified company.
This certificate shall not be reproduced, except in full, without the written consent of Fox Thermal Instruments.

Approved By: /? /? st CalDate:  6/13/2016 0:00
Lot

2 Calibration Standards

Description Inst. ID # Due Date
Meter DVM FOX A009 10/06/2016
Reft DVM FOX A0121 10/06/2016
Pressure transducer PRESS-007 08/06/2016
Thermometer TEMP-SYS-001 10/07/2016
Therm Flowmeter 2135 12/11/2016

Fox maintains all equipment according fo the Eguipment Confrol Procedure {P-080}.

F-131, Flow Meter Calibration Certificate Rev. C, 05/08/14
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FOX~s

399 Reservation Road, Marina, California 93933 (831) 384-4300

AS LEFT CALIBRATION CERTIFICATE

Serial #: 21773
Model #: FT3-18R
Fluid Type: 20.89% CHA, 18.16% C2H6, 16.52% C3HB, 17.99% CAH10, 15.49% C5H12, 263% C6H14, 1.85% C7H16, 1.32% CO2 et al.
Calibration Range: 0 to 100 MSCFD
Actual Flow Device Under Test Error Error Fox Specification
MSCFD MSCFD MSCFD % Reading % Reading
0 0 0.00 0.00% + 0.00%
6.36 6.49 0.13 2.04% + 4.15%
12.71 12.94 0.23 1.81% +2.57%
2522 25.64 0.42 1.66% + 1.79%
50.18 50.55 0.37 0.74% +1.40%
75.86 76.17 0.32 0.42% +1.26%
100.38 100.57 0.19 0.19% + 1.20%

This calibration is tra

ble to the National I

of Standards and Technology to an uncertainty of +/-1% of reading

+/= 2% of full scale using measurements traceable to NIST Standards in accordance with Mil-Std-45662A.

Prepared By:

Ross Johnson

Cal. Equip. No:

Date:

June 13, 2016

12/08/11, ALT/CHG

Fox Flow Meter 21773 Certification Documentation, Pre-Summer Testing
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399 RESERVATION ROAD
MIARINA, CA 93933 USA
PHONE: 831-384-4300

THERMAL INSTRUMENTS, INC. FAX: 831-384-4312Z

Fox s S0 8081 cowrtitled sales@foxthermalinstruments.com

THERMAL MASS FLOW METERS www.foxthermalinstruments.com
FLOW METER CALIBRATION CERTIFICATE

Serial #: 21775 Dia. = 3.068 in

Model #: FT3-18R Area = 0.0513379 FtA2

Fluid Type: 32.43% CH4, 25.81% C2H6, 18.17% C3H8, 12.4% C4H10, 6.51% C5H12, 1.98% CO2 et al.

STP: 60 F, 14.73 psia 4mA= 0 MSCFD

20mA = 500.00 MSCFD
IDTag: =

CURVE #1 (WINTER PHASE)

Data Point Input Volts NMPH at 0 C 760 mmHg MSCFD at STP
1 0.24956 0.00 0.000
2 0.30806 325.85 1.389
3 0.34091 713.84 3.043
4 0.37326 1408.25 6.004
) 0.39505 2111.87 9.003
6 0.41702 3085.73 13.155
7 0.43996 4489.01 19.137
8 0.46208 6443.38 27.469
9 0.47936 8287.92 35:332
10 0.49824 10623.15 45.288
11 0.51875 13682.28 58.329
12 0.53634 16985.44 72.411
13 0.55162 19936.80 84.993
14 0.56887 23558.24 100.431
15 0.58253 26849.46 114.462
16 0.61645 36463.13 155.446
17 0.65672 51955.80 221.493
18 0.69528 69190.18 294.965
19 0.73299 90524.99 385.918

20 0.77205 117683.74 501.699

This unit was calibrated using calibration standards traceable to National Institute of Standards and Technology (NIST), to
an uncertainty of +/-1.0% of reading +/- 0.2% of full scale. Fox Thermal Instruments, Inc. is an ISO 9001 certified company.
This certificate shall not be reproduced, except in full, without the written consent of Fox Thermal Instruments.

Approved By: Ross Johnson Cal Date: 6/10/2016 15:21

Calibrotion Stondards

Description Inst. ID # Due Date
Meter DVM FOX A009 10/06/2016
Reft DVM FOX A0121 10/06/2016

Pressure transducer PRESS-007 08/06/2016

Thermometer TEMP-SYS-001 10/07/2016

Therm Flowmeter 2135 12/11/2016

Fox maintains alf equipment according o the Equipment Conlrol Procedure (P~060}.

F-131, Flow Meter Calibration Certificate Rev. C, 05/08/14
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FOX~s

399 Reservation Road, Marina, California 93933 (831) 384-4300
AS LEFT CALIBRATION CERTIFICATE

Serial #: 21775
Model #: FT3-18R
Fluid Type: 32.43% CH4, 25.81% C2Hé, 18.17% C3H8, 12.4% C4H10, 6.51% C5H12, 1.98% CO2 et al.
Calibration Range: 0 to 100 MSCFD
Actual Flow Device Under Test Error Error Fox Specification
MSCFD MSCFD MSCFD % Readin % Reading
0 0 0.00 0.00% + 0.00%
6.27 6.45 0.19 2.96% +4.19%
12.14 12.39 0.256 2.02% + 2.65%
25.53 25.98 0.45 1.75% + 1.78%
50.22 50.05 -0.17 -0.33% + 1.40%
75.88 76.44 0.56 0.74% +1.26%
100.15 100.55 0.40 0.40% + 1.20%

This calibration is traceable to the National Institute of Standards and Technology to an uncertainty of +/-1% of reading

+/- 2% of full scale using ble to NIST § in with Mil-Std-45662A.
Prepared By: Ross Johnson Cal. Equip. No: 2135
Date: June 10, 2016

12/08/11, ALTICHG
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THERMAL INSTRUMENTS, INC.

Fox is 1SD 800807 certified

THERMAL MASS FLOW METERS

399 RESERVATION ROAD

NMARINA, CA 93933 USA

PHONE: 831-384-4300

FAX: 831-384-4312
sales@foxthermah'nstruments,corn
www.foxthermalinstrumenrs,com

FLOW METER CALIBRATION CERTIFICATE

Serial #: 21775 Dia. = 3.068 in
Model #: FT3-18R Area = 0.0513379 FiA2
Fluid Type: 20.89% CH4, 18.16% C2H6, 16.52% C3H8, 17.99% CA4H10, 15.49% C5H12, 2.63% C6H14, 1.85% C7H16,1.32% CO2 et al.
STP: 60 F, 14.73 psia 4mA= 0 MSCFD
IDTag: B 20 mA = 500.00 MSCFD
CURVE #2 (SUMMER PHASE )
Data Point Input Volis NMPH at 0 C 760 mmHg MSCEFD at STP

1 0.25087 0.00 0.000

2 0.30618 346.13 1.476

3 0.34148 742.08 3.164

4 0.37384 1424.38 6.072

5 0.39636 2165.37 9.231

é 0.41655 3077.94 13.122

7 0.44074 4555.05 19.419

8 0.46176 6358.24 27.106

9 0.48202 8269.25 35.253

10 0.50132 10577.25 45.092

11 0.52306 13755.86 58.643

12 0.54156 16863.68 71.892

13 0.55842 20119.64 85.772

14 0.57475 23601.98 100.618

15 0.59140 27175.32 115.851

16 0.62831 36421.34 155.268

17 0.66842 5147213 219.431

18 0.71273 69968.20 298.282

19 0.74875 89856.30 383.067

20 0.78550 117844.08 502.382

This unit was calibrated using calibration standards traceable
an uncertainty of +/-1.0% of reading +/- 0.2% of full scale. Fox
This certificate shall not be reproduced, except in f

to National Institute of Standards and Technology (NIST), to
Thermal Instruments, Inc.is an ISO 9001 certified company.

Ull, without the written consent of Fox Thermal Instruments.

Approved By: Ross Johnson Cal Date: 6/10/2016 16:19
Calibration Standards
Description Inst. ID # Due Date
Meter DVM FOX A009 10/06/2016
Reft DVM FOX A0121 10/06/2016
Pressure transducer PRESS-007 08/06/2016
Thermometer TEMP-SYS-001 10/07/2016
Therm Flowmeter 2135 12/11/2016

Fox maintains all equipment according fo the Equipment Conirol Pt

F-131, Flow Meter Calibration Certificate

rocedure (P-060).

Rev. C, 05/08/14
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399 Reservation Road, Marina, California 93933 (831) 384-4300

FOX~s

AS LEFT CALIBRATION CERTIFICATE

Serial #: 21775
Model #: FT3-18R
Fluid Type: 20.89% CH4, 18.16% C2H8, 16.52% C3H8, 17.99% C4H10, 15.49% C5H12, 2.63% CéH14, 1.85% C7H16, 1.32% CO2 et al.
Cadlibration Range: 0 to 100 MSCFD
CURVE #2
Actual Flow Device Under Test Error Error Fox Specification
MSCFD MSCFD MSCFD % Reading % Reading
0 0 0.00 0.00% + 0.00%
6.27 6.36 0.09 1.45% + 4.19%
12.54 12.86 0.32 2.53% + 2.59%
25.65 26.03 0.38 1.48% + 1.78%
50.50 50.26 -0.24 -0.48% + 1.40%
76.03 76.43 0.40 0.53% + 1.26%
100.80 101.06 0.27 0.27% +1.20%

This calibration is traceable to the National Institute of Standards and Technology to an uncertainty of +/-1% of reading

+/- 2% of full scale using measurements traceable to NIST Standards in accordance with Mil-Std-45662A.

Prepared By:

Ross Johnson

Cal. Equip. No:

Date:

June 10, 2016

12/08/11, ALT/CHG

Fox Flow Meter 21775 Certification Documentation, Pre-Summer Testing
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THERMAL INSTRUMENTS, INC.

Fox is 1S5S0 9007 certificd

THERMAL MASS FLOW METERS

FLOW METER CALIBRATION CERTIFICATE

399 RESERVATION RUAL
MARINA, CA 93933 USA
PHONE: 831-384-4300
FAX: 831-384-4312
sales@foxthermalinstrumen ts.com
www.foxthermallnstruments.com

Serial #: 21776 Dia. = 3.068 in
Model #: FT3-18R Area = 0.0513379 FtA2
Fluid Type: 32.43% CH4, 25.81% C2H6, 18.17% C3H8, 12.39% C4H10, 6.51% C5H12, 1 98% CO2 et al.
STP: 60 F, 14.73 psia 4mA= 0 MSCFD
2 20 mA = 500.00 MSCFD
IDTag: <
CUREV#1 (WINTER PHASE)
Data Point Input Volts NMPH at 0 C 760 mmHg MSCEFD at STP

1 0.25281 0.00 0.000

2 0.30696 338.93 1.445

3 0.33680 713.76 3.043

4 0.37021 1390.98 5.930

5 0.39197 2100.04 8.953

6 0.41356 3077.17 13.118

7 0.43567 4431.26 18.891

8 0.45820 6410.16 27.327

9 0.47524 8248.02 35.162

10 0.49336 10594.71 45.166

1 0.51357 13637.28 58.137

12 0.53108 16960.82 72.306

13 0.54525 19884.95 84.772

14 0.56214 23565.38 100.462

15 0.57555 26940.11 114.849

16 0.60708 36597.02 156.017

17 0.64608 51663.01 220.245

18 0.68398 69499.35 296.283

19 0.71948 90617.97 386.314

20 0.75660 117840.11 502.365

This unit was calibrated using calibration standards traceable to National Institute of Standards and Technology (NIST), to
an uncertainty of +/-1.0% of reading +/- 0.2% of full scale. Fox Thermal Instruments, Inc. is an 1SO 9001 certified company.

This certificate shall not be reproduced, except in full, without the written consent of Fox Thermal Instruments.

Approved By: Ross Johnson Cal Date: 6/10/2016 12:55
Calibration Standards
Description Inst. ID # Due Date
Meter DVM FOX A009 10/06/2016
Reft DVM FOX A0121 10/06/2016
Pressure transducer PRESS-007 08/06/2016
Thermometer TEMP-SYS-001 10/07/2016
Therm Flowmeter 2135 12/11/2016

Fox maintains all equipment according fo the Equ

F-131, Flow Meter Calibration Certificate

ipment Confrol Procedure (P-060).

Rev. C. 05/08/14
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FOXs

399 Reservation Road, Marina, California 93933 (831) 384-4300

AS LEFT CALIBRATION CERTIFICATE

Serial #: 21776
Model #: FT3-18R
Fluid Type: 32.43% CH4, 25.81% C2H6, 18.17% C3H8, 12.39% C4H10, 6.51% C5H12, 1.98% CO2 et al.
Calibration Range: 0 to 100 MSCFD
Actual Flow Device Under Test Error Error Fox Specification
MSCFD MSCFD MSCFD % Reading % Reading
0 0 0.00 0.00% + 0.00%
6.63 6.84 0.21 3.17% + 4.02%
12.04 12.30 0.26 2.16% + 2.66%
25.47 25.81 0.34 1.35% +1.79%
50.42 50.57 0.15 0.30% + 1.40%
76.32 77.03 0.71 0.93% +1.26%
100.30 100.35 0.05 0.05% + 1.20%

This calibration is traceable to the National Institute of Standards and Technology to an uncertainty of +/-1% of reading
/- 2% of full scale using measurements traceable to NIST Standards in accordance with Mil-Std-45662A.

Prepared By:

Ross Johnson

Cal. Equip. No:

Date:

June 10, 2016

12/08/11, ALTICHG
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THERMAL INSTRUMENTS, INC.

Fox s Iso 8007 certified

THERMAL MASS FLOW METERS

399 RESERVATION ROUAL

MARINA, CA 93933 USA

PHONE: 831-384-4300

FAX: 831-384-4312
sales@foxthermalinstruments.com
www.foxthermalinstruments.com

FLOW METER CALIBRATION CERTIFICATE

Serial #: 21776

Model #: FT3-18R

Fluid Type: 20.89% CH4, 18.16% C2H6, 16.52% C3H8, 17.99% C4H10, 15.49% C5H12, 2.63% C6H14, 1.85% C7H16, 1.32% CO2 et al.

Dia. = 3.068

Area = 0.0513379

in

FtA2

STP: 60 F, 14.73 psia 4mA= 0 MSCFD
IDTag: - 20 mA = 500.00 MSCFD
CURVE# 2  SUMMER PHASE )
Data Point Input Volis NMPH at 0 C 760 mmHg MSCEFD at STP

1 0.25202 0.00 0.000

2 0.30420 305.49 1.302

) 0.33253 675.84 2.881

4 0.37029 1415.01 6.032

5 0.39308 2110.01 8.995

6 0.41437 3108.68 13.253
7 0.43513 4448.27 18.963
8 0.45737 6290.17 26.816
9 0.47725 8208.03 34.992
10 0.49705 10652.81 45.414
1 0.51776 13668.24 58.269
12 0.53657 16982.11 72:397
13 0.55249 20099.58 85.687
14 0.56809 23503.04 100.196
15 0.58426 27281.23 116.303
16 0.62062 36716.38 156.526
17 0.65979 51800.27 220.830
18 0.69911 69658.95 296.964
19 0.73679 90127.54 384.223
20 0.77558 119101.22 507.741

This unit was calibrated using calibration standards fraceable to National Institute of Standards and Technology

(NIST), to

an uncertainty of +/-1.0% of reading +/- 0.2% of full scale. Fox Thermal Instruments, Inc. is an 1SO 9001 certified company.

This certificate shall not be reproduced, except in full, without the written consent of F

Approved By: Ross Johnson

ox Thermal Instruments.

Cal Date: 6/10/2016 13:47

Calibration Standards

Description Inst. ID #
Meter DVM FOX A009
Ref1 DVM FOX A0121

Pressure transducer PRESS-007

Thermometer TEMP-SYS-001

Therm Flowmeter 2135

Fox maintains all equipment according to the Equipment
g £

F-131, Flow Meter Calibration Certificate

Due Date

10/06/2016
10/06/2016
08/06/2016
10/07/2016
12/11/2016

Conirol Procedure (P-040}

Rev. C, 05/08/14
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FOoX~

399 Reservation Road, Marina, California 93933 (831) 384-4300
AS LEFT CALIBRATION CERTIFICATE

Serial #:

21776

Model #:

FT3-18R

Fluid Type:

20.89% CHA4, 18.16% C2H6, 16.52% C3H8, 17.99% C4H10, 15.49% C5H12, 2.63% C6H14, 1.85% C7H16, 1.32% CO2 et al.

Calibration Range: o to 100 MSCFD

CURVE #2
Actual Flow Device Under Test Error Error Fox Specification

MSCFD MSCFD MSCFD % Reading % Reading
0 0 0.00 0.00% + 0.00%
5.90 6.04 0.14 2.29% + 4.39%
12.19 12.41 0.22 1.78% + 2.64%
2537 25.70 0.33 1.32% +1.79%
50.44 50.33 -0.11 -0.21% +1.40%
75.06 75.71 0.65 0.87% +1.27%
101.03 101.07 0.04 0.04% +1.20%

This calibration is traceable to the National Institute of Standards and Technology to an uncertainty of +/-1% of reading

4/~ 2% of full scale using measurements traceable to NIST Standards in accordance with Mil-Std-45662A.

Prepared By:

Ross Johnson Cal. Equip. No: 2135

Date:

June 10, 2016

12/08/11, ALT/ICHG

Fox
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THERMAL INSTRUMENTS, INC.

oxs Fom LS50 WOEY e meEnted

THERMAL MASS FLOW METERS

299 RESERVATION rROAD

MARINA, CA 93933 USA

PHONE: 831-384-4300

FAX: 831-384-4312
sales@foxthermalinstruments.com
WAL WA - oxthermalinstruments.comn

FLOW METER CALIBRATION CERTIFICATE

Serial #: 21776

Model #: FT3-18R

Dia. = 3.068

Area = 0.0513379

in

FtA2

Fluid Type: 26.25% CH4, 22.05% C2H6, 18.19% C3H8, 15.96% C4H12, 10.64% C5H12, 1.45% C6H14, 1 .63% CO2 et al.

STP: 60 F, 14.73 psia
IDTag: =

Curve #3 Intermediate phase (data only)

4mA= 0
20 mA = 500.00

MSCFD
MSCFD

Data Point Input Volts NMPH at 0 C 760 mmHg MSCED at STP
1 0.24538 0.00 0.000
2 0.31373 365.69 1:559
3 0.33771 707.65 3.017
4 0.37373 1435.64 6.120
5 0.39553 2112.35 9.005
6 0.41609 3063.63 13.061
7 0.43854 4402.57 18.769
8 0.46190 6398.36 27.277
9 0.47934 8211.05 35.005
10 0.49880 10552.38 44,986
1 0.51905 13658.25 58.227
12 0.53839 16926.08 72.158
13 0.55452 20172.90 85.999
14 0.56928 23476.98 100.085
15 0.58245 26972.29 114.986
16 0.61628 36642.51 156.211
17 0.65654 52129.83 222,235
18 0.69279 69619.08 296.794
19 0.72998 90912.78 387.571
20 0.76891 119171.89 508.043

This unit was calibrated using calibration standards traceable fo National Institute of Standards and Technology (NIST
an uncertainty of +/-1.0% of reading +/- 0.2% of full scale. Fox Thermal In

This certificate shall not be reproduced, except in full, without the written consent of Fox Thermal Instrument

Approved By: Ross Johnson

Sa

Cal Date: 6/10/2016 12:02

), to

struments, Inc. is an ISO 9001 certified company.

“Calibration Standards

Description Inst. ID #
Meter DVM FOX A009
Ref1t DVM FOX A0121
Pressure transducer PRESS-007
Thermometer TEMP-SYS-001
Therm Flowmeter 2135

Fox maintains ali equipment according fo the Eqguipment

F-131, Flow Meter Calibration Certificate

Due Date

10/06/2016
10/06/2016
08/06/2016
10/07/2016
12/11/2016

Control Procedure (P-0460}

Rev. C, 05/08/14
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399 Reservation Road, Marina, Califor

FOX~

nia 93933 (831) 384-4300

AS LEFT CALIBRATION CERTIFICATE

21776

FT3-18R

Fluid Type:

26.25% CH4, 22.05% C2Hé, 18.19% C3H8, 15.96% C4H12, 10.64%

C5H12, 1.45% C6H14, 1.63% CO2 etal

Calibration Range:

0

to

100

MSCFD

Curev #3 Intermidiate phase (data only)
Actual Flow Device Under Test Error Error Fox Specification

MSCFD MSCFD MSCFD % Reading % Reading
0 0 0.00 0.00% + 0.00%
6.03 6.11 0.08 1.31% + 4.32%
12.63 12.89 0.26 2.04% + 2.58%
2571 25.92 0.20 0.79% + 1.78%
50.74 50.79 0.05 0.10% +1.39%
75.93 75.81 -0.12 -0.16% + 1.26%
100.51 100.34 -0.17 -0.17% + 1.20%

This calibration is traceable to the National Institute of Standards and Technology to an uncertainty of +/-1% of reading

+/- 2% of full scale using measurements traceable to NIST Standards in accordance with Mil-Std-45662A.

Prepared By: Ross Johnson

Date:

Cal. Equip. No: 2135

June 10, 2016

12/08/11, ALT/CHG

Flow Meter 21776 Certification Documentation, Pre-Summer Testing
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FOX~»

399 Reservation Road, Maring, California 93933 (831) 384-4300
AS FOUND CALIBRATION CERTIFICATE

serial #: 21773
Model #: FT3
Fluid Type: Curve 2
Calibration Range: ] to 500.00 MSCFD
June October csv Error Fox Specification
MSCFD MSCFD VOLTS % Readin, % Reading
0.00 0.00 0.2421 0.00%
0.84 1.48 0.2802 -76.88% +120.54%
251 3.01 0.3327 -19.85% +40.85%
5.86 6.09 0.3754 -3.94% +18.08%
8.37 8.87 0.3955 -6.06% +12.95%
12.55 13.17 0.4188 -4.92% +897%
18.40 18.96 0.4413 -3.04% +6.43%
26.77 26.93 0.4666 0.61% *4.74%
34.30 34.97 0.4854 -1.97% +3.92%
44.34 45.13 0.5057 -1.80% +3.26%
57.72 58.24 0.5286 0.89% +273%
70.27 71.95 0.5471 -2.39% +242%
82.82 84.63 0.5631 -220% +221%
98.71 100.02 0.5813 -1.33% +201%
113.77 115.42 0.5977 -1.45% +1.88%
153.92 156.38 0.6364 -1.60% +1.65%
21499 218.73 0.6748 -1.74% +1.47%
287.77 283.12 07172 -1.86% +1.35%
363.89 385.50 0.7542 -5.94% *127%
491.04 501.04 0.7934 -2.04% +1.20%
This calibration is traceable (o the National Institute of Standards and Technology to an uncertainty of +/-1% of reading
+1-.2% of full scale using measurements traceable to NIST Standards in accordance with Mil-Std-456624.
Prepared By: Octavio Avila Cal. Equip. No: 2135
Date: October 26, 2016

12/08/11, ALT/CHG
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FOX~s

399 Reservation Road, Marina, California 93933 (831) 384-4300
AS FOUND CALIBRATION CERTIFICATE

Serial #: 21773
iModel #: F13
Fluid Type: Curve 1
Calibration Range: ] to 500.00 MSCFD
June October csv Error Fox Specification
MSCFD MSCFD VOLTS % Readin, % Reading
0.00 0.00 0.2484 0.00%
1.68 1.46 0.3173 13.41% +60.48%
252 299 0.3349 -18.60% +40.65%
5.88 6.07 0.3763 -3.17% +17.99%
8.41 9.04 0.3950 -757% +12.90%
12.61 13.08 0.4193 -3.72% +8.93%
18.49 18.95 0.4426 -2.47% +6.41%
26.06 27.07 0.4642 -3.89% +4.84%
34.47 35.26 0.4836 -2.30% +3.90%
44.55 45.04 0.5024 -1.08% *+3.24%
56.32 57.69 0.5221 -2.43% +2.78%
70.61 71.86 0.5411 1.77% +2.42%
84.06 85.47 0.5573 -1.67% +219%
98.35 100.09 0.5740 1.77% +2.02%
112,64 114.95 0.5881 -2.05% +1.89%
152.99 155.45 0.6216 -1.61% +1.65%
216.88 221.34 0.6628 -2.06% +1.46%
290.85 296.36 0.7018 -1.89% +1.34%
37912 387.21 0.7396 -213% +1.26%
488.40 504.33 0.7771 -3.26% +1.20%

‘This calibration is traceable to the National Institute of Standards and Technology to an uncertainty of +/-1% of reading
+/- 2% of full scale using measurements traceable to NIST Standards in accordance with Mil-Std-45662A.

Prepared By:

Octavio Avila

Cal. Equip. No:

2135

Date:

October 26, 2016

Flow Meter 21773 Certification Documentation, Post-Summer Testing

12/08/11, ALT/CHG
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FOX~s

399 Reservation Road, Maring, California 93933 (831) 384-4300
AS FOUND CALIBRATION CERTIFICATE

Serial #: 21776
Model #: F13
Fluid Type: Curve 2
Calibration Range: 0 to 500.00 MSCFD
June October csv Error Fox Specification
MSCFD MSCFD VOLTS % Reading % Reading
0.00 0.00 0.2520 0.00%
1.30 0.84 0.3042 35.84% +77.79%
2.88 251 0.3325 13.00% +35.71%
6.03 5.85 0.3703 3.04% +17.58%
9.00 8.36 0.3931 711% +1212%
13.25 11.70 0.4144 11.73% +8.55%
18.96 16.71 0.4351 11.88% +6.27%
26.82 23.40 0.4574 12.76% +4.73%
34.99 30.92 0.4773 11.65% +3.86%
45.41 40.11 0.4971 11.69% +3.20%
58.27 51.80 0.5178 11.10% +2.72%
72.40 64.34 0.5366 11.13% +2.38%
85.69 76.87 0.5525 10.29% +*217%
100.20 90.24 0.5681 9.94% +2.00%
116.30 104.44 0.5843 10.20% +1.86%
156.53 140.37 0.6206 10.32% +1.64%
220.83 194.68 0.6598 11.84% +1.45%
296.96 261.52 0.6991 11.93% +1.34%
384.22 345.91 0.7368 9.97% +1.26%
507.74 455.37 0.7756 10.31% +1.20%
‘This calibration is traceable to the National Institute of and Te gy to an of +/-1% of reading
+- 2% of full scale using measurements traceable to NIST Standards in accordance with Mil-Std-456624.
Prepared By: Octavio Avila Cal. Equip. No: 2135
Date: October 26, 2014

12/08/11, ALT/CHG
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FOoXs

399 Reservation Road, Marina, California 93933 (831) 384-4300
AS FOUND CALIBRATION CERTIFICATE

Serial #: 21776
Model #: F13
Fluid Type: Curve 2
Calibration Range: 0 to 500.00 MSCFD
June October csv Error Fox Specification
MSCFD MSCFD VOLTS % Reading % Reading
0.00 0.00 0.2520 0.00%
1.30 0.84 0.3042 35.84% *77.79%
2388 2.51 0.3325 13.00% +35.71%
6.03 5.85 0.3703 3.04% +17.58%
9.00 8.36 0.3931 711% +1212%
13.25 11.70 0.4144 11.73% +8.55%
18.96 16.71 0.4351 11.88% +6.27%
26.82 23.40 0.4574 12.76% +4.73%
34.99 30.92 0.4773 11.65% +3.86%
45.41 40.11 0.4971 11.69% +3.20%
58.27 51.80 0.5178 11.10% +2.72%
72.40 64.34 0.5366 11.13% +2.38%
85.69 76.87 0.5525 10.29% +2.17%
100.20 90.24 0.5681 9.94% +2.00%
116.30 104.44 0.5843 10.20% +1.86%
156.53 140.37 0.6206 10.32% +1.64%
220.83 194.68 0.6598 11.84% +1.45%
296.96 261.52 0.6931 11.93% +1.34%
384.22 34591 0.7368 9.97% +1.26%
507.74 455.37 0.7756 10.31% +1.20%
This calibration is traceable to the National Institute of Standards and Technology to an uncertainty of +/-1% of reading
+/- 2% of full scale using measurements traceable to NIST Standards in accordance with Mil-Std-d56624.
Prepared By: Octavio Avila Cal. Equip. No: 2135
Date: October 26, 2016

12/08/11, ALT/CHG

144



FOX~s

399 Reservation Road, Marina, California 93933 (831) 384-4300

AS FOUND CALIBRATION CERTIFICATE

Serial #: 21776
[Model #: FI3
Fluid Type: Curve 1
Calibration Range: 0 fo 500.00 MSCFD
June October csv Error Fox Specification
MSCFD MSCFD VOLTS % Reading
0.00 0.00 0.2528 0.00%
1.44 0.84 0.3070 41.94% +70.21%
3.04 252 0.3368 17.29% +33.86%
5.93 5.87 0.3702 0.97% +17.86%
8.95 8.39 0.3920 6.30% +1217%
13.12 11.74 0.4136 10.47% +8.62%
18.89 16.78 0.4357 11.19% +6.29%
27.33 24.33 0.4582 10.98% +4.66%
35.16 31.04 04752 11.73% +384%
4517 40.27 0.4934 10.85% +321%
58.14 52.01 0.5136 10.54% +272%
72.31 64.59 0.5311 10.67% +238%
84.77 75.50 0.5453 10.94% +218%
100.46 90.60 0.5621 9.82% +2.00%
114.85 103.18 0.5756 10.16% +1.87%
156.02 138.42 0.6071 11.28% +1.64%
220.25 195.46 0.6461 11.25% +1.45%
296.28 262.57 0.6840 11.38% +1.34%
386.31 338.91 0.7195 12.27% +1.26%
502.37 44293 0.7566 11.83% +1.20%
This calibration is traceable to the National Institute of Standards and Technology to an uncertainty of +/-1% of reading
+/- 2% of full scale using measurements traceable to NIST Standards in accordance with Mil-Std-45662A.
Prepared By: Octavio Avila Cal. Equip. No: 2135
Date: October 26, 2016

Flow Meter 21776 Certification Documentation, Post-Summer Testing

12/08/11, ALT/CHG
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Mass Flowmeter Calibration Certificate

Micro Motion, Inc.

14267449

Product Code

Customer Tag

Serial ID Order ID

T 10112352

Line

Fl00SBZ1CQ

Process
———

Item

Process ID : 7
Process Time : 2

Process Stand :

Stand Uncertainty :

Fluid = -
100% Rate : Error (%} O

Pickoff : 1 -
100% PIT: 114.5

Results

Status :

D1 :
D2 :
K1 :
K2 :
DT :
FD : 0

o 10 20

Flow Rate

30

40

50

60 70 80

Flow (%)

Meter
Total

(kg)

Reference
Total

(kg)

20

100

Specification
(+%%)

Error

DTG : 0 (kg/min)
prat = 9 10.0
DFQ2 : 0 <00

FlowCal : 273.854.67

FFQ : 0
FTG : 0
DensCal : 03682043
FCF : 273.85
FT : ¢

Technician

204.4
20.3
102,

204.

204.4
20.

i02

0.200
200
200
0.200

Tr ble to Inter

ds. Meter total based on pulse output. Details at www.micromotion.com.

Coriolis Serial ID 14267449
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Micro Motion, Inc.

Mass Flowmeter Calibration Certificate

14430099

Product Code

Serial ID Order ID Line

Item

Customer Tag

R1005B2 1NWE

Process

Results
—

30099 T 10173854 5.1

Process ID : 7

Process Time :
Process Stand :
Stand Uncertainty :
Fluid : -
100% Rate :
Pickoff : 1
100% PIT :

Status
D1: ¢
D2 : 1

K1 :
K2 :
DT : 4.4
FD :
DTG :
DFQ1 :
DFQ2 :
FlowCal :
FFQ :
FTG :
DensCal
FCF :
FT:

Technician

Tr

ble to Inter

ds. Meter total based on pulse output. Details at www.micromotion.com.
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Customer. Noble Energy Dwision e "
Operator: Noble Energy Arex . H
Location: Other Noble Locations County. Weld % 3
Federal ID: State: CO .
State 10 LegalDesc: Barnhardt Volumetrics
aommsiment  ThMsciien asassiiian
Meter Data Product Data Proving Data
MNoble Bernhardt J31-32D Name Crude Previous Carren:
NOB_BH_J31-32D Baich No.
- Task D
. Obs. Gravity 42.0°API (s
Factor Tracked Meter Factor(MF) Obs. Temp 80.0°F Date w4018
Ternp Compensated No Obs. Press 0.0 psi Time 9:07
NKF 100000.0000  NABOI AP Table Table A - Crude Oil (2004) Product Crude
Manufacturer MicroMotion Base Density 42.0 °API HYC Y P 10 b
Size 1.00 in
Senal No. 14430099 Tob Totakzer 88
Model No. R100 Tolerance Type.  None Throughput
Maximun Deviation: 0.029 % Base Density 42.0 °API
. Master Meter Data
i
Name VOL Hank
No Avg X Prav Meler Factor Dewation: Avg Frer Tacp 2
e Companaaind Enabled? N Passed? Y Prod Dep? N Avg Prvr Fress 50
| NKF 10000000  NGbl Prav X Factor Count Sought: 1 Ropoatabiity 0.042 %
Maniufaciuror MicroMotion Prov X Factor Count Used: 0 s 1.0008
Size 1.00 in Cut Off History? N Cutolf Daie: .I.F
Serial No. 14428325 Prev Meter Factor Deviation:  0.28
Enabled? Y Passod? ¥  Prod 7 N
1 Cortified Coe Liquid Properties at Metering
J Meter Factor 1.0034 Proving Mode: Volumetric Conditions for CMF
Density Mode: Manual
| Calc. Method: Avg. Meter Factor Normal Op. Presaure psig
- Proving Method: Manual Eq. Vapor Fressure peig
‘ Passas Per Run 1 CPL 1.0000
TEMPERATURE PRESSURE PULSES Flowrate
Run TP Tm Pp Pm Np N Run Accepted 7 IMF
1 50.1 50.3 50 5.0 12022.000  12057.000 1 Yes 1.00058 10.26
2 0.1 80.3 50 50 12005.000 12036.000 2 Yes 1.00082 10.27
3 50.2 50.4 50 50 12006.000  12040.000 3 Yes 1.00087 10.27
4 80.2 50.4 50 50 12015000  12045.000 4 Yes 1.00101 1027
5 50.2 50.4 50 5.0 12015.000 12046.000 5 Yes 1.00093 1028
Average 80.2 50.4 80 5.0 12012.6000 120448000 1.00082 10.270
(1) GSVp: [N{avg) + NKFp = [Vp] * [CTLp * CPLp = CCFp] Status
Npjavgl NKFp v CTiLp CPLD CCFp GSvD Mo previous prowvings found for prior deviation
12012.6000 100000.0000 0.120128 100503 100003  1.00848 0.121145  comparison.
(2)1SVm: [N{avg) + NKF = I¥m] * [CTLm * CPLm = CCFm)]
Novg) NKF Ivim cim CPLm  CCFm Isvm
12044 8000 100000.0000 0.120448 1.00483 1.00003  1.00495 0.121045
(3) Proving Factors: 5
3> (1) GSVp +ISVm = 1.0008 MF mi.“c:'“ru& Notes
2) MF *CPL = 10008 cwF Densiy Callb Facior Start Tot= 86 4544
)] 1+MF = 09942 A End Tot= 88.7708
(4) NKF + MF = 89620 KF  |Frequency Set Point
(5) KF + GPL = 99920 CKF :':"HM
Repeatability: D.042 % As Found As Lait
Uncertainty: 0.022 %
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= "energy

Location: _ 1@t hacd ¥ 31 -39

Checklist

Measurement Maintenance Process:

Witnessing Master Meter Proving

3-4-le

Date:

Prover Company Name: \/o lumete s

Name of Prover Employee Performing Task: TJ \ér brgua

Title of Prover Employee Performing Task: _MNMC)C}

Yech

Yes/No Facility Characteristics:

Meter Prove

o Any modifications to upstream facilities
since last prove

Any modifications to downstream
facilities since last prove

Building condition, heat, and power
Physical Piping Characteristics:

Proving ections located downstream

of meter ( losed\ LwY 6\’5

Meter and prover bypass valves - double-
block and bleed

Coriolis Meter Installations

Meter installed in free standing position
and without bind

Turbine Meter Installations

Meter installed with adequate upstream
and downstream straight lengths

3
Wh

Upstream obstructions that could interfere
with meter operation or cause flow

disturbances

ns:

Stable product temperature and pressure
Stable flow rate

System valves and seals checked to ensure
there is no leakage

/ o
/ o  Trial runs conducted to evacuate any
air/gas from system

o / Potential sources of pulsation or vibration
Potential sources of liquids and solids
o contamination

'?I ~No
z

Yes/No/NA

0O 00 0O0OOOO

Base Density:

-
Base density is ) at 60 F determined by

19 Yosbrova
J

Flowing Density: (required only if meter

configured to indicate mags)

o
_mmnnj%]_n GO~ Fas
determined by "1y ACW’DU&\'\

Temperature and Pressure:

_Observed Master Meter temperature 50-2°V |
S0.4

. r
_Observed Meter temperature r

Observed Master Meter pressure 5.0 75|

Observed Meter pressure &.0 PsS)

Meter system (instrumentation/flow computer)
CTL and CPL are correct

Vyﬂo
]

Repeatability:

Yy:o

Yes/No

Meter proves repeat to <0.05%
Reproducibility:

Meter proof changes by +0.0025 from last prove
and historical meter proves vary by +0.25% for
similar compositions and flow rates

Totalizer Reading: &

-0~
N/A

Meter Factor: | . 000 B

Seals in place:

Sample Probe

Sampler volume control

All valves entering or leaving sample pot
Meter assembly(counter head, ATC, ATG)
Temperature recorder (if so equipped)
Back pressure valve

Any drain valves

00 00O0O0CO

NAsAR

o

Proving Legs, valves, etc.
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- noble
energy Checklist

Measurement Maintenance Process:

Witnessing Master Meter Unit Proving

Witnessed by (Name of Noble Representative): &’A"f w«‘ v\bef'a

Title of Noble Representative: /}¥]ga5u remend—Tech I

Summary: O/Pm
o Fail

Provide detailed comments on failed proving/sampling events, including follow-up with Corporate Measurement

Coriolis Serial ID 14430099
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"FLOW MANAGEMENT DEVICES, LLC

S2255, 37th 3 Phoeets, A2 85080 - Phone (502)233-5853 « Fax (602)233-5887 « Websiia: www FlowMD. com

zed
SO
——— ISONEC 17026.2005 Accredited
Y i Gravimetric Waterdraw Certificate
Job Number :|002331-0001
Prover Serial Number :|000480
Prover Tag Number:[N/A
SECONDARY YOLUME
Ares Thermal CoeMficient (Ga)] __ 1.92E05
Detector Thermal Coefficient 9.60E-06
Modulus of (flow tube) 2.80E+07
Standerd Pressure 0.0 Flow Tube Inside Dismeter (inches) (ID) 9.650
Fiedd Test Wi 784 Flow Tube Wall Thickness (inches) (WT) 0.89
Refereace Test W 2] Conduciviy Resdiog @S)| 7
am— —— - ——
Fill Fill Fill Fill Fill
Collected Data 1 2 3 4 5
R Tisse (sec) 52 86 7 8% 56
‘Apparent Blass of Waser (W) 15137 6 1313 6 151372 151362 151371
Air Temperstare (°F) 747 739 738 735 74.1
Detector Bar T *F) 745 T4S T4 4 744 743
Prover Temperacsrs (Tp) (F) 738 736 756 736 737
Prover 150 180 180 180 18.0
wu—mé%ﬁl 0.0 0.0 0.0 0.0 0.0
Calcuiated Densifies
of Al ) 0.001147 0001148 | 0001149 | 0001149 | 0001148
Water 0.997527 | 0997513 | 0997513 | 0997513 | 0997500

Valume

Tree Misss of Waser 15152 803 [ 15151826 | 15152438 | 15151437 | 18152321
Voume of Water 15190376 | 15189597 | 15190211 | 15189207 | 15190295

Correction Factors to Standard Conditions

Effect of Press. on Water (CPL3)| 1.000058 1.000058 000058 000058 000058

Temp. corvection CTS for SVP| 000398 000400 000399 000399 000400

Pressure corvection CPS for SVP) 000007 000007 000007 000007 000007

Combined Correction Factor (CCF) 00463 000465 000464 1.000464 000465
Calculated Volume

Velume at Standsrd Conditions (sL)| L5183 346 15182537 | 15183166 | 1s182162 | 15183238
Calculated Devistion

Run perceat devistion from sveraga) GO0M% | 00023% | 00018% | 00048% | 00023%

Aversge Volume st Standsrd Conditions

Expanded
tainty by

2.091907
5.000002
0.000504
ooooorz | Rt of measure
0.116384
0.0126%

ity Espanded
La Room Ti uncertainty
L v Room Relative Humidity expressed in
| Laberatory Room Barometric Pressure] 278 \mm /Hg Dercentsge |
Combiras urcertaaty for this ALIT0N is the sum of (CMC) ared th of vak CNC b Based o= the accuracy of the
g the pr of woderve s based o0 of thre five indi ~

osrebined by e of 210 gve the expanded defines an i h
Calbration standa’ €5 uied are traceable to NIT theough filo). Tha purchase arder nuember, sales order sureber and serud
on this repart s the wnigue tracead Py used in referencing meassrement 1raceabiity for eefects identfied n tha report. Prover with VD

Gocument 000-100663-00C and AFI 494

Performed By:
Witnessed:;
Quality:
Alr T Therssemeter ; 1034
Bar Therseeeter ;. 1077
Prover T¢ Thermemeter : 1097
Meckxaical Presmre Gauge | E196203
PiTage: 101410128
LD, 3 546363018683
Coaductivity Mator Tost ¥iuid | CDSA-4S
i NA
1-1.000-107 3 "

Date: /O, 7 2
For: <
U

Test [ B437

Test 2 0438

Test Wi f 80439

Text 3 20480

Test Wi 3

Tent Wi [l

Test Weights

Teat W,
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F 7.5.1-7 Water Draw Data Collection

Gravimetric Water Draw Data Collection Form
1\

Customer Name Test Date o/16/20 Rel. Humidny ____3S 70
Sales order # 00233/ - %00) Witness Name Elevation /
Serlal # (2] Technician Name n/ Conductivity Calibration __ CO3A ~¥J~
Model # Yy /, wwes tri 5)
Primary Volume Conductivity 7
Run 1 Fast Run 2 Slow Run 3 Fast Run 4 Slow Run 5 Fast
 echoocs 6 97 S /0% ¥
Apparent Mas of Water 15870.8\ /18562, | 198207 188694 [19870Y
v ymptoton 74.0 73.32 23.b | 2Y. 24Y.6
St | Y, S | 24,4 129 ¢ 1744 | 4y
Prover Temperature 232 | 73,2 73,31 73.3 23.Y
P e ¢ /¥ (¥ 7% 4
Encoder Counts
Secondary Volume Conductivity _/
Run 1 Fast Run 2 Slow Run 3 Fast Run 4 Slow Run 5 Fast
Run Time S [TA 7 g8 Se
Aopem Mot Wote | /5 /596 | 16730, b | /5132, | /5 /362 | ISI32. I
A S 74.2 22.2 | 73.5° 2.S |-729.)
euchor oy S 7Y.8 79.5 24.9 1 74.9 7.3
Prover Temperature 1369 2361 22:6.1 236 & P d
ProvarPewene /5 /8 /8 /8 V14
Encoder Counts

— A

Date /O'A/‘- T

swe__ /027 Prover__ /D92 Ambient  /OY

Date 76/16/2013~ Pressure Gage £/26203 Hygrometer /42 /6/022 Barometer /1L 262 1T~

Test Weights_J0Y¥27  30Y3F& &S0Y29

Joyyo

Technician Signature
Quality Sig by Date (g[/&//f Conductivity Meter Y7 ¥6¥.2
| Doc # 000-104614-DOC | Rev D | Release Date 09/11/2015
52255, 37" St. Phoenix, AZ 85040- Tel: 602-233-9885 Fax: 602-233-9887
1of2 | Page
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F 7.5.1-7 Water Draw Data Collection

AP! 4.9.4 Water Draw Checklist -
APl DESCRIPTION
SECTION | API SECTIONTITLE | SECTION Vedliod | Spiomer | Lub e
Nei e A
522 | Calibration Records | 7.2.1 hand written records match data entered e | 2
Verify Data on Water Draw Cert = 7
5262 Weigh Scale 623 | Level Empty / AN {
| Level Full / 3
| Prolected from Elements /
Container is 10 hold volume '
Scale verification with in +/-0.0025% \
52863 Test Weights 513 Verify that they have been certfied in the past 3 \
| yoors
" Are ASTM Class 1,2, 3, or 4 \ \
‘est Weight Tolerance +/- 0.002% A /
5265 Weight Scale 623 | Two Calibration verification A {
Verification lest weights within +/- 20% of Total Mass 1 \
Mass indication 0.005% 3 AY
5266 Draining the 7414 | The container is completely drained \ )
Container 7.43
5.2.6.7 Ti 7.18 The scale has been Tared/Zeroed [
5.2.7.2 r 6.22 | Water rvity 5 <50 miCroseimens. \
5.2.8 Bleed Alr T4 Venty there ts no air in system by
5.29 Flow Rate 42 Verify that flow rate changed by 25% between /
runs
5.2.10 Callbration Runs 7.20 5 consecutive runs / D =
6.2 1.2 Thermometer are calibrated within 0.2 F (0.1 C) / V4
Preparath [XK] calibrated accurate to 1 ,@l v
7 All and closed valves are leak free ol
/it ® /( Aj vate /€1
Technician Sig ‘M’ Date /0/"'/20'\"-
| Doc # 000-104614-DOC | RevD | Release Date 09/11/2015 |
52255. 37" St. Phoenix, AZ 85040- Tel: 602-233-9885 Fax: 602-233-9887
20f2|Page

Volumetrics Water Draw Volumetrics Water Draw
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FLOW MANAGEMENT DEVICES, LLC

$2365. 37 5¢. Phoens, AZESM40+ Phove ((A21233-981S « Fix (G02)03)-4887 » Wehsite: wurm FlowMD com

2 y 1SONEC 170252008 Accredted -
Ty = M Gravimetric Waterdraw Certificate

Job Number :|062331-0001
Prover Serial Number ;| 000480
Prover Tag Number: [N/A

PRIMARY VOLUME
Compressidiliay factor for water (°F, 326406 Ares Thermal Coefficient (Ga)| 192805
1128 Detector Thermal C (G 9.60E-06
Standard Temperature (°F)| 60.0 Moduls of Elssticity (flow tube) (E)|  290E+07
Pressure 0.0 Flow Tube Insiée Diameter (inches) (ID)| L“O—
Fleld Test Wi 784 Flow Tube Wall Thickness (inches 089
Reference Test W 784 7
il il b il il
e I 1 2 3 i s
Rum Thme [ o8 65 104 68
Apparest Mass of Water (W) (g} 18870 8 18865 § 18870 7 18869.4 18870.4
Alr Tompecature (°F)| 74.0 733 36 741 74.6
Desectee Bar Temperature (Td) (°F) 7 744 744 744 744
Prover Temperwture (Tp) (D) 73 732 733 733 734
Prover pressure (Tp) 18 130 18.0 18.0 180
wmwsliég] 0.0 00 0.0 0.0 0.0
| Cricelated Densities
Deasity of Alr (DENa) (gmviec)| 0.001 148 [ 0001150 | 0001145 | 0001148 | 0.001147
| "-"-vmm 0.997566 | 0997566 | 0.997553 | 0.997553 | 0997540
Volume C:
True Mess of Water (Mw) 18889.777 | I8BBRSO1 | 18389651 | 1S8ER37T2 | 18889.356
Vielume of Water 18935.867 18934 587 18936.050 15934 708 18935543
Correction Factors to Standard Coaditions
Effect of Press. on Water (CPLp)] 1.000058 1.000058 1.000058 1000058 1000058
‘carrection CTS for SVP) 1.000393 1000392 1.00039¢ 0003 1.000356
Pressere corvection CPS for SVP) 1.000007 1.000007 1.000007 000007 1.000007
Coasbised Carrective Factoe (OCF) 1.000458 1000457 1000459 000459 1.000461
Caiculated Volume =
Vahume 2t Stamdard Canditisns 18927 198 | 8928 938 18927 342 18926 021 18927 218
Caiculated Deviation
Han percenst deviation from average] 5.0024% 00043% | Oooaz% | 0oo3s% | ooozsw
2269543
0.002270
Average Velume at Standard Cosditions 00000021 o ereataty by
8000689 umit of measure
0.000014
0.138496
0.00742% Expanded
Laborstory Room Tempersture; By Ambient { F) 0.0120% wncertainty
Laborutory Room Reletive Humidity 350 % (rh) expressed in
| Laberasory Room Barometric hu-nl 7.0 Jemm | Hp percentage |
b (CME) and wolume CMC I
9% confidence feved. Calt NST throogh spproved ¢ So—_—
00der number and this report ngee " 1 this repont. Frover

Volumetrics Water Draw Volumetrics Water Draw
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Customer: Volumetrics, Inc Drivision: - -
Operator: Velumetrics, Inc Area: i
Location: Velumetrics, Inc County: ; A
Federal ID: State: CO 4 =
Logat besc Volumetrics
measureman:  anginearing  cansuiting
Meter Data Product Data Proving Data
VOL Hank Name Crude Previous Cument
MASTER_7 Batch No. Task ID 1456965163 1456968017
Obs. Gravity 45.2=API
Factor Tracksd Meter Factor(MF) Obs. Temp §0.0 °F Date 0310212016 03/02/12016
Temp Compensated No Obs. Fress 0.0 psi Time 12:22 12:36
NKF 100000.0000  N/bbi AP Table Table A - Crude Oil (2004) Product Crude Crude
MicroMotion . il
Manufacturer Base Density 45.2 *API HYC Y Flowrats 8 bBlhr 5 bblihr
Size 1.00 in
Serial No. 14428325 Totalizer 5745 5747
F100 Tolerances Throughput -998 2
Model No. Tolerance Type:  Repeatability e
Maximum Dewiation: 0,050 % Base Densily 45.2°AP1 45.2 "API
Prover Data Enabred?: Pass:d? ¥ Min#of Runs: § Switch Bar Temp 622 631
Criteria: ol of conseculive runs
BPy 0119046 bbl — Avg Prvr Tesmp T70.4 .8
0. 9.650 in Avg X Prav Meter Faclor Devialion:
- 0,830 | Enabled? N Passed? Y Prod Dep? N Avg Prvr Press 20.9 21.2
WL F-I b n Prev X Factor Count Sought: ; Repeatability 0,035 % 0.019 %
Manufact oW o
anufacturer FPrev X FE.CJD«" Counl Used: ME 1.0034 1.0045
Type Displacement-Piston Cut Off History? N Cutoff Date:
) — MF Variance 0.0004 0.0011
Sevrial No. 480 FPrev Meter Factor Deviation:
Elasticity 2.BET 1/psi Enabled? N Passed? ¥ Prod Dep? N . . .
asticity ps il Ligquid Properties at Metering
Proving Mode: Velumetric Conditions for CMF
Fipe Ga 1.92E-5 1°F Density Mode: Manual
External Shaft I 9.6E-6 1PF Cale. Method: Avg. Data Factor MNormal Op. Pressure psig
Certified Froving Method: PIU Eq. Vapor Pressurs psig
Passes Per Run 1 CPL 1.0000
TEMPERATURE FRESSURE PULSES Flowrate
Run e Tm Pp P N Run Accepted 7 IMF bblhr
1 .7 736 21.2 2.2 11864.630 1 Yas 1.004866 5173
2 16 Ti6 21.2 21.2 11865.044 2z Yas 1.00458 5167
3 T Ti6 21.2 21.2 11866.888 3 Yas 1.00446 5168
4 T8 Ti6 2.2 21.2 11866.642 4 Yas 1.00446 5166
a T21 Ti6 211 211 11864 698 5 Yas 1.00446 58157
Average 71.8 73.6 21.2 21.2 11865.5804 1.00454 5.166
(1} GSVp: BPY " [CTSp~ CPSp ™ CTLp " CPLp = CCFp)
Y Cisp CiEp Citp oip ook HEVD
0.119046 1.00026 1.00001 0.99370 1.00013 0.98410 0118344
(2} 1SVm:  [N{avg)} = NKF =IVm]* [CTLm " CPLm = CCFm]
Niavg] [ vm Cilm CiLm CCFm EVm
11865.5804 100000.0000 0. 118656 099273 1.00013  0.85286 0. 117809
{3} Proving Factors:
fr 1 = - ! Tranz. Serlal Ho.
:2: GSvR .IS\."rn : gg:: MF Flow Callb Faclor
MF = CPL = - CMF| penety Caim Factor
(3) 1= MF = 09955  MA
4 NKF+ MF = 99552 KF | Frequency Set Point
51 KF+ CPL = 99552 CKF | Flowrate Set Paint
Repeatability: 0.019 % iri verfies Zeraed
aund Az Laft
Uncertainty: 0.012 %
[———
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Customer: Velumetrics, Inc

Division:

Operator: Volumetrics, Inc Area: g
Lacation: Velumetries, Inc County: 0
Faderal ID: State: CO S .
Looa s Volumetrics
tivhramnat. YUaIATLIIND  CwhieTiiEy
Meter Data Product Data Proving Data
VOL Hank Name Crude Drevieus Lwment
MASTER_7 O:r;h NrD 45.2 AP Task ID 1456967615 1456968163
ravily A
Faclor Tracked Meter Factor(MF) Obe. Tomp 60.0°F Dats 0310212016 0310212016
Temp Compensaled No Obs. Press 0.0 psi Time 12:13 12:22
NKF 100000.0000  Nibbi API Table Table A - Crude Oil (2004) Product Crude Crude
Manufacturer MicroMotion Base Density 45.2 °API HYC ¥ Fiowrate 13 bblhr 8 bblhr
Size 1.00 in
Seral No. 14428325 Tol Totalizer 6743 5745
Model No. F100 olerances Throughput 1002 998
: Tolerance Type:  Repeatability
Maximum Deviation: 0.050 % Base Densily 45.2°API1 45.2 “API
Prover Data Enabied? ¥ Passed? ¥ Min#ofRuns: 5 |g 0 po qoms 61.6 §2.2
Criteriaz: 5§ owlof 5§ conseculive runs
BPy 0119046 bbl — Avg Prvr Temp 69,7 T0.4
LD 9.650 n Awvg X Prev Meter Faclor Dewvialion:
T Enabled? N Passed? Y Prod Dep? N Avg Prer Press 20.0 0.9
w.T 0890 in Prev X Faclor Couni Sought: 1 Repeatabili
Ja] ¥ 0.020 % 0.035 %
Manufacturer Flow MD Prev X Faclor Coun! Used: o ME 1.0030 {.0034
Type Displacement-Piston Cut Off Mistory? N Culoff Date: . N
MF Variance 0.0008 0.0004
Seral No. 480 Prev Meter Factor Deviation:
Elasticity 2.8E7 1lpsi Enabled? N Passed? ¥  Prod Dep? N Liguid Properties at Metering
Proving Mode: Valumetric Conditions for CMF
Pipe Ga 1.92E5  1PF Density Made: Manual
External Shaft GI 9.6E-6 1FF Cale. Method: Avg. Data Factor Normal Op. Pressure psig
Certifisd Proving Method: PIU Eq. Vapor Fressive psig
Passes Per Run 1 CPL 1.0000
TEMPERATURE PRESSURE PULSES Flowrate
Run Tp Tm Pp Pm N Run Accepted 7 IMF bblhr
1 70.3 7.8 20.8 208 11874.452 1 Yas 1.00358 a8.23
2 T0.3 718 209 209 11877143 2 Yasz 1.00335 B.234
3 T0.3 7.8 209 209 11877.823 3 Yas 1.00330 8.224
4 T0.5 T1.8 209 20.9 11876.083 4 Yas 1.00333 8.225
5 T0.7 7.8 209 209 11873681 5 Yas 1.00344 a8.221
Average 704 71.8 20.9 20.9 11875.8364 1.00340 8.227
(1) GSVp: BBV * [CTSp* CPSp~ CTLp * CPLp = CCFp]
BV CiEp Ci'Ep cip crp corp BEVE
0. 119046 1.00022 1.00001 0.95445 1.00013 0.55481 0118428
(2) 1Is¥m: [N{avg)~ NKF = IW¥m] * [CTLm * CPLm = CCFm]
Niavg) i vm ciLm ci'Lm CoEm mvm
11875.8364 100000.0000 0. 118758 0.989370 1.00013 0.95383 0. 118025
(3} Proving Factors:
=mms 1 - - ! Tranz. Sarial Mo
:2; Gsve .IS\."m : gg;: MF Flow Callb Facior
MF * CPL = - CMF| pansay cam Facter
{3) 1= MF = 0.95686 MA
4) NKF= MF = 99661 KF | Frequency Set Point
(5) KF = CPL = 9O681 CKF | Flowrsts SatPoint
Repeatability: 0.035 % Zars Vertes Zeroed
ound A= Left
Uncertainty: 0.015 %
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i t

Customer: Volumetrics, Inc Diivision: K ‘,p
LY )
Operatar: Volumetrics, Inc Area: E z
Lacation: Veolumetrics, Inc Caounty: A i
Fadaral ID: Slate: CQ V I o t H
Stata ID: Legal Desc: o ume rlcs
masEuramant anginesaring cansulting
Meter Data Product Data Proving Data
VOL Hank Name Crude Lrevious Lument
MASTER_7 Batch No. Task [D 1456867370 1456867615
Obs. Gravity 45.2 *API
Factor Tracked Meter Factor(MF) Obs. Temp 60,0 °F Date 03/02/12016 03i02/2016
Temp Compensaled No Obs Press 9.0 psi Time 12:09 12:13
NKF 100000.0000  N/bbi AFI Table Table A - Crude OIl (2004) Product Grude Crude
Manufact MicraMotion . i .
anufacturer Base Density 45.2°AFI HYG ¥ Flowrate 26 bbfhr 13 bblfhr
Size 1.00 in
Serial No. 14428325 Totalizer 5741 6743
F100 Tolerances Throughput 8 1002
Model No. Tolerance Type:  Repeatability
Maximum Dewviation: 0.050 % Base Densily 45.2°API 45.2 "AP|
Prover Data . ; .
Enabled? : F‘aas:d? ¥ Min#of Runs: 5§ Switch Bar Temp 81.1 61.6
Crileria: oul of conseculive runs
gPy 0.119046  bbl — Avg Prvr Temp 69.1 69.7
LD, 9.650 n Avg X Prev Meler Faclor Dewvialion:
= n'sm | Enabled? N Passed? Y Prod Dep? N Avg Prer Press 44.6 20.0
3 n
W Frow MD Prev X Factor Count Sought: ; Repeatabilty 0.042% 0.020 %
Manufacturer oW Prev X Factor Count Ussd:
B e e e MF 1.0022 1.0030
Type Displacement-Piston Cut Off History? N Culoff Date:
) MF Vanance 0.0007 0.0008
Serial No. 480 Prev Meter Factor Deviation:
Elasticity 2.8E7 1ipsi Enabled? N Passed? ¥ Prod Dep? N - . .
v pe e Liquid Properties at Metering
) Proving Mode: Volumetric Conditions for CMF
Pipe Ga 1.92E-5 1FF Density Mode: Manual
External Shaft G 9.6E-6 1PF Cale. Method:- Avg. Data Factor Normal Op. Pressure psig
Certified Proving Method: PIU Eqg. Vapor Fressure pslg
Passes Per Run 1 CPL 1.0000
TEMPERATURE PRESSURE PULSES Flowrate
Run e Tm Pp Pm N Run Accepted 7 IMF bblihr
1 68.3 1.9 20.0 20.0 11884.020 1 Yes 1.00334 12.853
2 69.5 T1.8 20.0 20.0 11884.639 2 Yes 1.00320 12,823
k] G9.8 716 200 200 11885.286 3 Yas 1.00282 12.925
4 69.9 716 19.9 19.9 11884.154 4 Yas 1.00286 12.870
a2 T0.0 T1.6 20.0 20.0 11882897 5 Yes 1.00291 12.858
Average 69.7 .7 20.0 20.0 11884.1992 1.00303 12.906
(1) GSVp: BPV " [CTSp~ CPSp~™ CTLp " CPLp = CCFp]
B Cisp Ci'sp Cilp otip cUtp =EVD
0. 119046 1.00020 1.00001 0.99482 1.00012 0.99515 Q118469
(2) 1IS¥m: [N{avg) = NKF = IVm] * [CTLm * CPLm = CCFm]
Hifavg) MK vm [ ] crium CoRm sYm
118841982 100000.0000 0.118842 0.99375 1.00012  0.989387 0118113
(3} Proving Factors:
>>>> (1) GSWp <ISVm = 1.0030  F | Trene Serisl o
(2 ME*CPL = 1.0030 CME Flow Callb Facor
- ) Drenaity Calld Factor
(3) 1+ MF = 0.9970 [
4) NKF = MF = 99701 KF | Frequency Set Point
(5) KF = CPL = 99701  CKF | Flowrste Sat Point
Zamm Venfieg Zsroed
Repeatability: 0.020 % As[:nund AsTefl
Uncertainty: 0.028 %
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Cuslomer. Volumetrics, Inc Division:
Operalor. Velumetrics, Ine Area:
Location: Velumetrics, Inc County:
Fedaral 10: State: CO
State 1D: Legal Dasc:
meaasuramant anginearing cansulting
Meter Data Product Data Proving Data
VOL Hank Name Crude Lrevisus Lurrent
MASTER_7 Batch No. Task ID 1455966575 1456967370
Obs. Gravity 45.2 *API
Factor Trackad Meter Factor{MF) Obs. Temp §0.0 °F Dale 03M02/12016 03/02/2016
Temp Compensated No Obs. Fress 0.0 psi Time 11:56 12:09
NKF 100000.0000  Nibbl AP Table Table A - Grude OIl (2004) Product Crude Crude
MicroMaotion . .
Manufacturer Basze Density 45.2 *API HYC ¥ Elowrate 37 bblhr 26 bblhr
Size 1.00 in
Serial No. 14428325 Totalizer 5733 5744
F100 Tolerances Throughput 5 5
Model No. Tolerance Type:  Repeatability
Maximum Dewviation: 0.050 % Base Densily 45.2°AP| 45.2 API
Prover Data Enabled? Y Passed? ¥ Min#ofRuns: 5 | g us porTemn 60.6 811
Criteria: 5 oulof 5 consecutive runs
BgPy 0119046  bbl — Avg Prer Temp 68.4 69.1
0. 9.650 n Avg X Prev Meler Faclor Deviation:
= Enabled? N Passed? Y ProdDep? N Avg Prvr Press 46.8 44.6
wr uFlsso D in Prev X Faclor Counl Sought: 1 Repeatability 0,012 % 0.042 %
Marnufact ow e O
anufacturer FPrev X Fa_cJDr Count Used: ME 1.0015 1.0022
Type Displacement-Piston Cut Off History? N Cutoff Date:
) MF Variance -0.0003 0.0007
Seral No. 480 Prev Meter Factor Dewviation:
Elasticitly 2.BET 1ipsi Enabled? N Pazsed? ¥ Prod Dep? N L . .
asticily pe e Liquid Properties at Metering
Proving Mode: Volumetrie Conditions for CMF
Pipe Ga 182E5  1FF Density Mode: Manual
External Shaft GI 9.6E-6 1°F Cale. Mathod: Avg. Data Factor Normal Op. Pressure psig
Certified Proving Method: PIU Eq. Vapor Pressure psig
Passes Per Run 1 CPL 1.0000
TEMPERATURE PRESSURE PULSES Flowrate
Run Tp Tm Pp Pm N Rumn Accepted 7 IMF bblhr
1 B8.9 T0.4 446 446 11888.432 1 Yas 1.00237 26.268
2 69.0 T0.4 44.5 44.5 11888.064 2 Yes 1.00235 26.241
3 69.1 T0.4 44.5 44.5 11887.330 3 Yes 1.00237 26.247
4 69.1 T0.4 44.6 44.6 11892.303 4 Yas 1.00194 26.258
a2 69.2 T0.4 44.5 44.5 11882.329 5 Yes 1.00188 26.244
Average 69.1 70.4 44.6 446 11889.6916 1.00218 26.252
(1} GSVp: BPV " [CTSp~ CPSp” CTLp " CPLp = CCFp]
Y Crsp chsp Cip Citp Cikp SEVD
0.119046 1.0001% 1.00002 0.99514 1.00027 0.898562 0.118525
(2} 18Wm: [N{avg)}= NKF = [Vm] * [CTLm * CPLm = CCFm)]
Nfavg) g nm Cilm Ci'bm Cohm Evm
11889.6916 100000.0000 0. 11aaa7 0.99445 1.00027 0.99472 0. 118269
{3} Proving Factors:
s 1 = = X Trans. Serial No.
lZJ Gsvp -IS\."rn : gg:: MF Flow Callb Factor N_Otﬂ
2) MF " CPL = : OMF [ bty faiin Factor sixth run 11894.887
(3] 1+ MF = 0.8578 A
4] NKF+ MF = 98780 KF | Frequency Set Point
{5) KF+- CPL = 9aTRD CIKF | Flowrste Set Point
Repeatability: 0.042 % irﬁ::;:ﬁ&d zrf;
Uncertainty: 0.026 %
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Cuslomer. Volumetrics, Inc Division: -
Operator: Volumetries, Inc Area: s
Location: Volumetrics, Inc County: >
Faderal ID: Stale: CO V I t H
Slate ID: Legal Desc: o ume rlcs
mAMENTAmART anginesring cansulting
Meter Data Product Data Proving Data
VOL Hank Name Crude Drevisis Lyt
MASTER_7 Balch No. Task ID 1456966128 1456866575
Obs. Gravity 45.2 *API
Factor Tracked Meter Factor(MF) Qbs. Temp 60.0%F Date 0310212016 03102/2016
Temp Compensated No Obs. Fress 0.0 psi Time 11:48 11:56
hKF 100000.0000  N/bbl AP Table Table A - Crude Ol (2004) Product Crude Grude
MicroMotion 2 .
Manufacturer Base Density 45.2°API HYC ¥ Flowrate 50 bbihr 37 bblhr
Size 1.00 in
Seral No. 14428325 Tolalizer 5728 5733
F100 Tolerances Throughput 21 5
Model No. Tolerance Type:  Repeatability o
Maximum Dewiation: 0.050 % Base Densily 42.5°AP| 45.2 "AP|
Prover Data Enamed?;' Paeis:d? Y Min#ofRuns' 5 |g i mo oms 59.5 60.6
Criteria: oul of CONSecUlive runs
EPy 0119046 bbl — Avg Prwr Temp 66.7 68.4
10 8.650 In Avg X Prev Meler Faclor Dewvialion:
- n.sso | Enabled? N Passed? Y Prod Dep? N Avg Frer Press 39.5 46.8
W.T F'I - n Prev X Faclor Count Sought: 1 Repeatability 0.026 % 0.012 %
M, fact o o [}
anufaciurer Prev X Fa.dnr Counl Used: ME 1.0018 1.0015
Type Displacement-Piston Cut Off History? N Culolf Date:
) — MF Variance 0.0002 -0.0003
Seral No. 480 Prev Meter Factor Deviation:
Elasticity 2.8ET 1lpsi Enabled? N Passed? ¥  Prod Dep? N L . .
astiedly ps e Liquid Properties at Metering
Proving Mode: Velumetric Conditions for CMF
Pips Ga 1.92E-5 1°F Density Mode: Manual
External Shaft GI 9.6E-6 1PF Cale. Mathod: Avg. Data Factor Normal Op. Pressure psig
Certified Proving Method: BlU Eq. Vapor Fressure psig
Passes Par Run 1 CPL 1.0000
TEMPERATURE PRESSURE PULSES Flowrate
Run Tp Tm Pp P N Run Accepted 7 IMF bblhr
1 68.3 68.7 46.7 46.7 1891.311 1 Yas 1.00150 ar.z02
2 68.3 68.7 46.8 46.8 11880.852 2 Yas 1.00153 37.205
3 68.4 68.7 46.9 46.9 11892.309 3 Yas 1.00138 3723
4 68.4 68.7 46.8 46.8 11881.237 4 Yas 1.00147 37.202
a8 68.4 68.7 46.8 46.8 11881.384 5 Yas 1.00145 a7.182
Average 68.4 68.7 46.8 46.8 11891.4188 1.00147 37.204
{1} GSVp: BPV " [CTSp~ CPSp” CTLp * CPLp = CCFp]
o Crup Crsp cip crip ooHp EEVp
0. 119046 1.00017 1.00002 0.98552 1.00028 0.98599 0.118569
{2} 1SVm: [Nfavg) = NKF = IWm] * [CTLm * CPLm = CCFm]
nigavg) M Vim crem orLm Conm Hvm
11891.4186 100000.0000 0.118914 0.99536 1.00028  0.99565 0. 118397
(3} Proving Factors:
. 1 + - ! Tranz. Serlal Mo,
:2; GEVR .IS\."rn _ :gg:: MF Flow Callb Facior N_ﬂu
MF " CPL = B CMF Density Calin Factor sixth run 11894 887
(3) 1+ MF = 08585 MA
4) NKF+ MF = 99850 KF | Fraquency Set Point
(5) KF = CPL = 99850  CKF | Flowrste SetPoint
Repeatability: 0.012 % z'ﬁn\lﬁlﬁ&d zr:::
Uncertainty: 0.007 %
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Customer: Volumetrics, Inc Drivision:
Operator. Velumetrics, Inc Area:
Location: Velumetrics, Inc County: R -
Federal ID: State: CO s H
Lo oc: Volumetrics
manEUramant anginearing cansulting
Meter Data Product Data Proving Data
VOL Hank Name Crude Drevious Lyrrent
MASTER_7 Batch No. Task i0 1456862172 1456966128
Obs. Gravity 42.5°API
Factor Tracked Meter Factor(MF) Obs. Temp §0.0 °F Date 031022016 0310212016
Temp Compensated No Obs. Press 0.0 psi Time 10:42 11:48
NKF 100000.0000  Nibbl API Table Table A - Crude OIl (2004) Product Crude Crude
MicroMaotion 2 .
Manufscturer Base Density 42.5°API HYC ¥ Flowrate 52 bblfhr 50 bblfhr
Sire 1.00 in
Serial No. 14428325 Totalizer 5707 5728
F100 Tolerances Throughput 121 21
Model No. Tolerance Type:  Repeatability
Maximum Dewviation: 0.050 % Base Density 42.5°AP| 42.5 "API
Prover Data Enabiled? ;' Passsen'? Y Min#of Runs: 5 Switch Bar Temp 58.T 58,5
Criteria: oul of conseculive runs
BFy 0119046  bbl — Avg Prvr Temp 65.5 66.7
0. 9.650 n Awvg X Prev Meler Faclor Deviation:
= 0.890 | Enabled? N Passed? Y Prod Dep? N Avg Prvr Press 47.9 39.5
W F.| D n Prev X Fador Counl Sought: 1 Repeatabilty 0036 % 0.026 %
Manufact oW . a
anufacturer Prev X Fa.l:mr Count Used: ME 1.0018 1.0018
Type Displacement-Piston Cut Off History? N Cutoff Date:
) — MF Vanance 0.0013 0.0002
Serial No. 480 Prev Meter Factor Deviation:
Elasticity 2.BET 1/psi Enabled? N FPassed? ¥  Prod Dep? N P R -
asticity pe il Liquid Properties at Metering
Proving Mode: Volumetric Conditions for CMF
Pipe Ga 1.92E-5 1°F Density Mode: Manual
External Shaft GI 9.6E-6 1*F Cale. Mathod: Avg. Data Factor Nomnal Op. Pressure psig
Certified Proving Method: PIU Eg. Vapor Pressure psig
Passes Per Run 1 CPL 1.0000
TEMPERATURE PRESSURE PULSES Flowrate
Run Tp Tm Pp Pm N Run Accepted 7 IMF bblkr
1 66.6 679 8.5 385 11890.749 1 Yes 1.00188 50.085
2 G667 67.9 39.5 39.5 11891.499 2 Yes 1.00187 50.066
3 GE.7 67.9 39.5 38.5 11892.312 3 Yes 1.00180 50.043
4 G6.7 67.9 38.8 39.6 11892.830 4 Yes 1.00176 49.926
5 66T G67.9 396 39.6 11893.809 5 Yas 1.00167 49.903
Average 66.7 67.9 39.5 39.5 11892.2398 1.00182 50.006
{1) GSVp: BPV " [CTSp~ CPSp~ CTLp " CPLp = CCFp]
B Clsp Ci'sp CiLp cip CoHp EEVD
0.119046 1.00012 1.00002 0.99653 1.00023  0.92690 0.1M8677
{2) 1I5¥m: [N{avg}+ NKF = IWm] * [CTLm * CPLm = CCFm]
Nfsvg) K vm Citm ciiLm cotm VM
11892.23%8 100000.0000 0118922 0.99591 1.00023  0.99614 0.118463
(3} Proving Factors:
>EBnm 1 = = ! Tranz. Serial Mo
123 GSWe -IS\."rn : gg:: MF Flow Callb Facior N_Otu
12) MF " CPL = . CMF | Gonety Gam Factor sixth run 11894, 887
(3 1= MF = 09582  MA
4) NKF+ MF = 99820 KF | Frequency Set Point
(5) KF = CPL = [+T=T2%d0]) CKF | Flowrste Sat Point
Repeatability: 0.026 % Zers Vertes Zeroed
ound As Left
Uncertainty: 0.017 %
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QEMEIN,
o
-

Customer: Volumetrics, Inc Division: .
Operator: Volumetrics, Inc Area: >
Lacation: Velumetrics, Inc County: ?a‘. q:‘
Fadaral ID: Slale: CO H
Loga Do Volumetrics
mEasuremant anginearing cansulting
Meter Data Product Data Proving Data
VOL Hank Name Crude Drevicus Lurent
MASTER_7 Batch No. Task ID 1455176870 1456962172
Obs. Gravity 42.5°API
Factor Trackad Meter Factor{MF) Obs. Temp §0.0 °F Dats 021012016 0310212016
Temp Compensated No Obs Fress 0.0 psi Time 18:47 10:42
NKF 100000.0000  Nfbbl API Table Table A - Crude OI1 (2004) Product Crude Crude
MicroMotion 2 i
Manufacturer Base Density 42.5°API HYC ¥ Flowrate 16 bbhr 62 bblhr
Size 1.00 in
Seral No. 14428325 Totalizer 5586 5707
F100 Tolerances Throughput 3 121
Model No. Tolerance Type:  Repeatability
Maximum Deviation: 0,050 % Base Densily 43.3°AP| 42.5 "API
Prover Data Enabled? Y Passed? ¥ Min # of Runs: 5 Switch Bar Temp 4.9 E8.T
Criteria: 5 oulol 5 conseculive runs
EPY 0119046  bbl —— Avg Prvr Temp 69.6 65.5
|0 9.650 in Awvg X Prev Meter Faclor Deviation:
. 0.820 | Enabled? N Passed? Y Prod Dep? N Avg Prvr Press 38.9 47.9
wr F.| M n Prev X Faclor Count Sought: 1 Repeatability 0.027 % 0.036 %
M. fact oW por s o
anufacturer Prev X Fa.ch:\r Counl Used: ME 1.0003 1.0016
Type Displacement-Piston Cut Off History? N Culolf Date:
) MF Variance -0.0012 0.0013
Senal No. 480 Prev Meter Factor Dewviation:
Elasticity 2.8ET 1ipsi Enabled? N Passed? ¥  Prod Dep? N - . .
asticily ps P Liquid Properties at Metering
Proving Mode: Volumetric Conditions for CMF
Pipe Ga 1.92E-5 1°F Density Mode: Manual
External Shaft GI 9.6E-6 1F°F Cale. Method: Avg. Data Factor Normal Op. Pressure psig
Centified Proving Method: PIU Eq. Vapor Pressure psig
Passes Per Run 1 CPL 1.0000
TEMPERATURE PRESSURE PULSES Flowrate
Run Tp Tm Pp Pm N Run Accepted 7 IMF bblhr
1 65.4 66.1 47.8 47.8 11888.075 1 Yas 1.00186 61.779
2 65.5 66.1 48.0 48.0 11880.689 2 Yas 1.00158 61.682
3 65.5 66.1 48.0 48.0 11882.342 3 Yas 1.00145 61.815
4 65.6 66.1 477 47.7 11881.720 4 Yas 1.00145 61.833
a2 65.7 66.1 47.8 47.8 11888.429 5 Yas 1.00168 61.887
Average 655 66.1 479 47.9 11890.2510 1.00161 61.799
(1) GSVp: BPV "[CTSp " CPSp” CTLp " CPLp = CCFp]
LY CrEp crsp CiLp crp corp GEVD
0. 1189046 1.00008 1.00002 0.88715 1.00028 0.959754 0118753
(2) 1SVm:  [N{avg)= NKF = I¥m] " [CTLm " CPLm = CCFm)]
Niavg) MK vm crem orum coHm mYm
11890.2510 100000.0000 0.118903 0.99684 1.00028 099712 0. 118561
(3) Proving Factors:
e 1 = = I Trans. Serial Mo
lZJ GSVe .IS\."rn : gg:g MF Flow Callb Factor Hlolﬂ
2) MF " CPL = . CMF | Ganoay caim Factor sixth run 11894.887
(3) 1+ MF = 0.9%84  MA
4 MNKF+ MF = 99840 KF | Frequency Set Point
51 KF = CPL = 99840 CKF | Flowrste Set Point
Repeatability: 0.036 % zr::::ﬂﬁea zrf::
Uncertainty: 0.022 %

Volumetrics Hank
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Calibration

mn
hontzsch
flow measuring technology

Wvp Water flow rate in test bench with
sech
Reference elactromagnetic flow rate meter
Measuring uncertalnty 0.5 %
Calibration range 0.5 ... 125 m*/h
({equal to 0.018 ... 4.42 m/s (at Di 100 mm))
Calibration medium water

Calibration / Measuring uncertainty / Recalibration

Héntzsch is able to carry cut an cptimally tailored calibration for every type of aperation. As close an
approximation as possible to the real conditions is achieved using a variation of pressure, temperature
and type of calibration medium,

This ideal choice of calibration conditions means that measuring uncertainties in practical applications
are reduced ta a minimum. Hantzsch calibration certificates documant the set value and actual value
and provide the user with proof and reliabilty that faultless and accurate measuring equipment is in
use for solving measuring problems,

The measuring uncertainties for the references are relative values,

The measuring uncertainties shown on the calibration certificate are determined according to the
"GUIDE OF EXPRESSION OF UNCERTAINTY IN MEASLUREMENT". The expanded measurement
uncertainties result from the standard measurement uncertainties being multiplied with the coverage
factor k = &, The value of the measurable variable lies as a rule with a probability of approx. 95 %
within the respective value interval.

It must be painted out that additional measuring uncertainties can arise from modified application
conditions. Influencing factors are, for example, pressure, temperature, flow profile and the degree of
turbulence of the flow to be measured. Details regarding measuring uncertainty of each measuring
system can be found in the relevant data specification.

It is the responsibility of the user to determine the re-calibration interval. The intervals should be
chosen so that the re-calibration takes place before a significant change in the medium for the
measurement problem. Please take into account the specific application conditions, environmental
influences and the extent of potential secondary damage caused by values gutside the specified
tolerance.

Standards, directives or legal requirements can also determing the right time for a re-calibration.

Héntzech GmbH
Gottlieb-Daimler-Strafie 37
D-71334 Waiblingen {Hegnach)
Telefon  +49 7151 / 17 16-0
Telefax  +49 7151 /5 84 p2

_zertifiziert nach_
ISO 9001 : 2008
certified quality

E-Mail infa@hoentzsch,com -
Internet  www. hoentzsch.com Subject to alteration
474 hetp:/fwww . hoantzsch.com U335_Kal_D e 110718

162



L1}
Calibration hontZSCh
flow measuring technology

High pressure flow rate test bench in closed
construction

Reference DKD calibrated transfer measurement standards
Measuring uncertainty 1%

Calibration range 0,22 ... 4000 m3/h  *{0.10 .., 220 Nm/s)
Pressure range 1000 ... 10000 hPa

Temperature range +20 ... +45 °C

Calibration medium air

* calculsted from flow rate and averags fow velacity

with the respective proflle factor

Reference LOA calibrated transfer measurement standards
Measuring uncertainty 0.5 %

Calibration range 0.06 ... 100 m3/h  *(0.08 ... 150 Nm/s)
Pressure range 1000 .., 10000 hPa

Calibration medium NUMErous gases

* calculatad from flow rate and average flow velocity

Reference calibrated measuring velume § precision timing
Measuring uncertainky 1 %

Calibration range 0.02 ... 9 1/min

Calibration medium numerous liquids

High temperature flow test facility HTP in closed censtruction ‘University of Stuttgart’

U325_Kal D e 110718 http: £ www_hoentzsch.com 3/4
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IIIJ
flow measuring technology

Reference laser Doppler anemometer (LDA)
Measuring uncertainty 0.3 %
Calibration range 0,18 ... 7O m/s
Calibratien medium air
WK320 [ Transfer Gittinger free jet wind tunnel
Reference LA calibrated transfer measurement standards
Measuring uncertainty 0.5 %
Calibration range 0.18 ... 7O m/s
Calibration medium air
Reference LDA calibrated transfer measurement standards
Measuring uncartainty 0.6 B
Calibration range 0.35 ... 30 m/s
Calibraticn medium air
_ Low velocity wind tunnel with closed
test section
Reference LDA calibrated transfer measurement standards
Measuring uncertainkty 0.6 %
Calibration range 0.10 ... 5.0 m/s
Calibration medium air
HTP High temperature flow test bench in closed

construction 'University of Stuttgart’

Reference LDA calibrated transfer measuremeant standards
Measuring uncertainty 3 % (0.18 ... 2.0 m/s);
259 (> 2.0 mfs)
Calibration range 0,18 ... 70 m/s
Temperature range +20 ... +400 *C
Calibration meadium air
214 http: ffwww. hoentzsch.com U325 _Kal_D_ea_ 110718
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11}
Al hontzsch
flaow measuring technology

Calibration of flow velocity and flow rate

LDA f DKD

Hantzsch Test
Facilitias

Free jet wind tunnel WK320 with laser Doppler anemameter (LDA)

The Héntzsch calibration system

The Héntzsch calibratian process is incorporated in the Quality Management Systems QMS
DIN EN IS0 2001:2008 and is carried aut in close compliance with ISOJIEC/EN 17025, All Hntzsch
calibrations can be attributed to national measurement standards.

Ensuring global unifarmity of dimensions, Hentzsch GmbH works closely with other national and
international metrological institutes, Exchange of research findings and extansive international
comparisons have proved successful.

Héntzsch works resolutely and in close collaboration with national and international accredited
lzboratories to further develop calibration metheds and reduce measuring uncertainties.

Calibration equipmeant

Description Abbreviation
Free jet wind tunnel WK320 / LDA
Free jet wind tunnel WHK320 / Transfer
Free jat wind tunnel WK130 / Transfer
Low welocity wind tunnel MWK
High temperature flow test bench HTP
High pressure flow rate test bench HODWFP
Real gas flaw rate test bench RVP
Liguid Aow rate test bench FVF
‘Water flow rate test bench WP

U325 _Kal_D_e_110718 http: ffwww hoentzsch.com 1/4
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