e

SOUTHWEST RESEARCH INSTITUTE®

Post Office Box 28510, 6220 Culebra Road
San Antonio, Texas 78238

REPEATABILITY AND EFFECTIVENESS OF
SUBSURFACE-CONTROLLED
SUBSURFACE SAFETY VALVES

FINAL REPORT
SwRI Project No. 18.04772

Prepared by

David B. Walter
André M. Barajas

Prepared for

Texas Engineering Experiment Station
Office of Sponsored Research
Texas A&M University
3000 TAMU
College Station, Texas 77843-3000

March 31, 2003

Approved:

~

- (bl B
4oc Danny M. Deffenbaugh, Director
Mechanical and Fluids Engineering Department




EXECUTIVE SUMMARY

Subsurface Safety Valves (SSSVs) are required in all offshore oil and gas producing
wells located in Outer Continental Shelf (OCS) water that fall under the jurisdiction of the Min-
eral Management Service (MMS). The purpose of these valves is to shut off well flow in the
production tubing below the mudline in the event of emergencies, such as fire or production tub-
ing separation. One type of SSSV that is used in offshore wells is actuated by a differential pres-
sure created by the well fluid flowing through the valve. These valves, called Subsurface-
Controlled Subsurface Safety Valves (SSCSVs), or velocity valves, are sized or configured to
close when the loss of tubing backpressure from a disaster causes the well to flow in excess of its
normal production rates. Velocity valves are sized using programs developed by the valve
manufacturers that predict the closing flow rate for a given valve configuration and well condi-
tions. MMS personnel have raised concerns about the accuracy of these sizing programs to pre-
dict the size of the appropriate valves for current well conditions.

The goal of this project was to gather data through testing to develop technically defensi-
ble recommendations for the suitability of velocity valves for usage in OCS waters by evaluating
the ability of each manufacturer’s sizing program to accurately predict the closing points of the
valves in single-phase and multiphase flow conditions. This was accomplished by testing a rep-
resentative sample of velocity valves in controlled laboratory conditions with natural gas and wa-
ter and then comparing the results with predictions obtained by exercising the manufacturer’s
sizing programs. The data was then analyzed and organized in a way so that MMS would have
a basis to make recommendations concerning the use of velocity valves in OCS waters.

Six valves from three manufacturers were tested in a multiphase flow loop with natural
gas and water to produce several closing points with different gas-liquid ratios for each valve
configuration. In all, the test matrix included 18 different valve configurations and 163 closing
points. The measured valve closing points were compared to the manufacturer’s sizing predic-
tion to evaluate the prediction error for each program.

Overall, the test data shows that, on average, the manufacturers’ sizing programs over-
predict the actual closing points by 29% with a standard deviation of 43%. These values are
somewhat misleading because this overall average is dominated heavily by an 80% average error
and 18% standard deviation that were produced by one of the manufacturers’ programs. The av-
erage error for a second manufacturer’s program was —3.0% with a standard deviation of 7.8%.
The third manufacturer’s data is not included here because the manufacturer’s valves malfunc-
tioned during the testing and only limited data could be collected. The error data for the more
accurate manufacturer’s model indicate that it is possible to predict, fairly accurately, the closing
points for velocity valves when the downhole conditions are known. The poor performance of
the other manufacturer’s model, however, shows that the velocity valve sizing accuracy is heav-
ily dependent on which manufacturer’s valve and program are used.

As demonstrated by the test results and additional factors described in the report, simply
relying on the manufacturer’s sizing program provides little certainty that a velocity valve will
close when required without actually testing the valve after it is installed. The sizing program
can be used effectively for preliminary sizing, but field-testing may be the only way to verify,
with any real certainty, that the valve is sized properly and will function when required.
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1. INTRODUCTION

Subsurface Safety Valves (SSSVs) are required in all offshore oil and gas producing
wells located in QOuter Continental Shelf (OCS) water that fall under the jurisdiction of the Min-
eral Management Service (MMS). The purpose of these valves is to shut off well flow in the
production tubing below the mudline in the event of emergencies, such as fire or production tub-
ing separation. One type of SSSV that is used in offshore wells is actuated by a differential pres-
sure created by the well fluid flowing through the valve. These valves, called Subsurface-
Controlled Subsurface Safety Valves (SSCSVs), or velocity valves, are sized or configured to
close when the loss of tubing backpressure from a disaster causes the well to flow in excess of its
normal production rates.

Velocity valves are sized using programs, developed by the valve manufacturers, that
predict the closing flow rate for a given valve configuration and well conditions. MMS person-
nel have raised concerns about the accuracy of these sizing programs to predict the size of the
appropriate valves for current well conditions, or the performance of existing valves in wells
with changing conditions, especially when the well fluids include increasing amounts of liquid.
Southwest Research Institute® (SWRI®) conducted a project (MMS Contract No. 1435-01-97-
CT-30880, SWRI Project 18-1298) for the MMS in 1999 that addressed this issue.

This previous study evaluated two velocity valves from two manufacturers and compared
the measured closure rates to the manufacturers’ model predictions. This limited study showed
that the MMS’s concerns about velocity valves might be valid. This current study is intended to
be an extension of the previous project to better evaluate the manufacturers’ sizing models with
the objective of gathering enough information for the MMS to make an engineering judgment
regarding the appropriate use of velocity valves in MMS jurisdictions.

1.1 VELOCITY VALVE SIZING MODELS

Velocity valves operate on a simple force balance principle. The valves utilize a choke
(sometimes called a bean) to create a differential pressure when fluid is flowing through the
valve. The differential pressure acts on a choke/flow tube assembly to produce a force that acts
on a valve power spring. When the force generated by the differential pressure exceeds the pre-
set closing force of the power spring, the valve actuates to the closed position, shutting off the
well flow.

Properly sizing a velocity valve for an oil well is a difficult procedure requiring informa-
tion about the well’s maximum flowing potential, knowledge of the valve’s differential closing
pressure, and an estimation of the differential pressure created by the desired closing flow rate
for a particular valve configuration. In addition, changing well conditions further complicate the
sizing procedure. The consequences of incorrect valve sizing are either premature closures or
loss of protection during an operational upset or emergency.

In general, sizing models can be broken down into three major correlations. One correla-
tion is needed to estimate the downhole flowing conditions from measurements taken at the sur-
face. The second correlation is needed to predict the differential pressure across the valve choke
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required to overcome the spring and friction forces that keep the valve in the open position. The
third correlation is needed to calculate the differential pressure across the valve as a function of
the liquid and gas flow rates and fluid properties. The valve should close when the calculated
differential pressure developed by the flow exceeds the calculated differential pressure required
to close the valve. Each of these correlations involves calculations that can contribute to errors
in the sizing models.

The first major correlation is required because the downhole flowing conditions at the ve-
locity valve cannot, in most cases, be measured. These values must be estimated using correla-
tions based on the valve setting depth, the tubing ID, the wellhead temperature and pressure, the
gas and liquid production flow rates, and the fluid compositions. These calculations are further
complicated by the fact that the production flow rates are normally measured in terms such as
stock tank barrel (STB) for oil, and standard cubic feet (scf) for gas, which are evaluated at some
standard set of conditions rather than the actual well conditions. In oil and natural gas systems, a
certain amount of the gas dissolves into the oil at elevated temperatures and pressures. As the
produced oil is brought to stock tank or standard conditions, gas evolves out of the oil, and the
oil’s volume decreases. This phenomenon, commonly called shrinkage, must be accounted for
using additional calculations such as the solution gas-oil ratio or oil-formation volume factor cor-
relations.

The second major correlation required for the sizing models calculates the differential
pressure required to close the valve. The general operation of a velocity valve can be described
by the following proportional relationships:

F,, < DPe(D’ —d*)+C, (Equation 1)
Fopg = KoloAL+C, (Equation 2)

where Fj,,, = force produced on the valve by the flowing fluid
Fpring = force produced by the valve spring to resist closure
DP = differential pressure created across choke by the flowing fluid
D = flow tube outer piston diameter (actual dimension depends on design)
d = choke internal diameter

C, = constant that includes other factors that contribute to force, such as fluid momentum
or drag. This factor is normally small.

K = spring rate
1 = pre-compression of spring (related number of configuration spacers)
AL = flow tube stroke (additional spring compression required for valve closure

C, = constant related to other factors that contribute to force, such as friction. This factor
is normally small.

The velocity valve closes when Fgo, > Fopring.  These correlations are based on a static
mechanical model of the valve and are fairly straightforward.
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The third major correlation is required to calculate the differential pressure across the
valve choke that is produced from the flowing fluid. In single-phase flow conditions, these cal-
culations are fairly simple. For subcritical, single-phase flows, the differential pressure can be
described by the following proportional relationship:

2
DPo (e (%} {Equation 3}

where DP = differential pressure created across choke by the flowing fluid
Q = single-phase flow rate
C3 = constant related to the fluid properties and choke geometry
d = choke internal diameter

The calculation for multiphase flow is difficult and cannot be described in general terms
because there are a variety of different approaches. Some correlations are based on empirical
data and others are based on analytical models. In many cases, these multiphase calculations
contribute to much of the uncertainty and inaccuracy in the sizing models.

By combining the second and third correlations, we can get a sense of how the valve pa-
rameters affect the valve’s closing flow rate. Substituting Equation 3 into Equation 1 and then
setting Equations ! and 2 equal to each other, we find the following relationship for the flow rate
(Q) as a function of the valve parameters:

4
Qo< \[ K (.Dl: aled (Equation 4)

This simplified expression shows the effect of the valve parameters on the closing flow
rate. Velocity valves are normally sized or configured by changing the choke diameter (d), the
spring rate (K), and/or the spring spacer length (1) for a given valve model. This is an oversim-
plified expression that shows only the effects of the valve parameters on the closing flow rate at
a particular set of flowing conditions.

1.2 SUMMARY OF PREVIOUS PROJECT

During the project mentioned above, testing was conducted on valves from two different
SSCSV manufacturers. Each valve was tested with five different choke and spring/spacer com-
binations. Each configuration was tested with both single-phase and multiphase conditions with
nitrogen and water as the test media. The single-phase tests were conducted by pressurizing the
system and then increasing the gas flow rate slowly until the valve closed. For the multiphase
tests, a water flow rate was established and then the gas flow rate was increased until the valve
closed. For each test point, the water and gas flow rates, static pressure, temperature, and valve
differential pressure were recorded.

Summaries of the test results are presented in Table 1.1 and Table 1.2. These summary
results show a good indication of the accuracy of each manufacturer’s models in predicting the
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closing rates of their valves. A detailed discussion of the test facility, test procedure, and test
results may be found in the Final Report of the above-mentioned MMS project.

Manufacturer A uses one model to predict the closing rates for both oil and gas wells.
Manufacturer B uses one model for oil wells, which it defines as having gas-oil ratios less than
40,000 cubic feet per barrel, and another model for gas wells, which it defines as having gas-oil
ratios greater than 10,000 cubic feet per barrel.

Table 1.1 shows the results for Manufacturer A’s model and valve. The average pre-
dicted liquid error varied from —-31.9% to 373.6%, and the average predicted gas error varied
from —3.3% to 33.7%. Negative errors indicate that the model under-predicted the closing flow
rates; the valve actually closed at rates greater than the predicted rates. From an operational and
safety standpoint, these negative errors are more serious than positive errors. If a valve is sized
with a model that under-predicts the closing flow rates, the installed valve may not close because
the well may not be capable of flowing enough fluid to close the valve.

Table 1.2 shows the results for Manufacturer B’s model and valve. The errors are all
negative, indicating that the model under-predicted the valve closing rates. The liquid errors for
both the oil and gas well programs are -100%. This is because the gas flow rates of the test
points were higher than the highest gas rate that the model predicted, which was with no water
flow. The gas flow rate errors were fairly consistent, varying between —23.3% and —28.3% for
both the oil and gas well programs. The errors between the gas and oil well programs showed
little significant difference.

Table 1.1 Summary of Results for Manufacturer A's Sizing Model and Velocity Valve.
For the first and last two valve configurations, the manufacturer’s mods! over-predicted the closing rates.

For the second and third configurations, the manufacturer's model under-predicted the closing rates.
Choke/Spacer Average Predicted | Average Predicted | Number of Test
Configuration Liquid Error (%) Gas Error (%) Points

Choke A, Spacer C 177.7 19.1 10
Choke B, Spacer A -11.7 0.7 15
Choke B, Spacer B -31.9 -3.3 19
Choke B, Spacer C 243.7 245 13
Choke C, Spacer A 373.6 33.7 9
Overall Averages: 150 14.7

Table 1.2 Summary of Results for Manufacturer B's Sizing Model and Velocity Valve.
For all five valve configurations, the manufacturer’'s model under-predicted the closing rates.

Qil Well Program Gas Well Program
Choke/Spacer Average Pre-| Average Pre- | Average Pre- | Average Pre- Number of
Configuration  |dicted Liquid | dicted Gas Er- | dicted Liquid | dicted Gas Te‘;’:‘Pgi'n:s
Error (%) ror (%) Error (%) Error (%)

Choke A, Spacer A -100* -25.4 -100* -23.7 18
Choke A, Spacer B -100* -27.4 -100* -28.3 19
Choke A, Spacer C -100* -25.2 -100* -25.2 30
Choke B, Spacer A -100* -23.3 -100* -26.0 18
Choke B, Spacer B -100* -24.4 -100* -280 22
Overall Averages: -100" -25.14 -100* -26.2

*Note: The —100% errors for the water indicate that the model did not predict any water flow at each test point’s
corresponding gas rate.
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The SSCSV sizing procedure recommended in API Recommended Practice 14B - De-
sign, Installation, Repair, and Operation of Subsurface Safety Valve Systems - (API 14B) can be
used to put the magnitude of these errors into perspective. In section 4.4, API 14B recommends
that velocity valve “closure rates should be no greater than 150 percent but no less than 110 per-
cent of the well test rate.” If a midpoint closure rate of 130 percent were selected, a +20 percent
window is left to remain within the recommendation. Many of the sizing errors shown in these
tests would cause the valves to fall outside the API 14B recommendation (see Figure 1.1).

The results and conclusions drawn from this study indicated that MMS’s concerns about
velocity-valve sizing might be valid. Because only two valves were tested in this study, the re-
sults were not conclusive, and it was not appropriate to make a decision about terminating the
use of velocity valves in OCS waters. Therefore, recommendations from the previous study in-
cluded conducting further testing to gain enough information to make a clear judgment about the
continued use of velocity valves.
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Figure 1.1 Plot of the Percent Error for Each Test Point.
The +20% sizing window recommended by AP! 148 is indicated inside the boxed area. Most of the test
points fall outside this window.

1.3 CURRENT PROJECT SCOPE

The goals of the current project were to expand on the results gathered in the previous
project and develop technically defensible recommendations for the suitability of velocity valves
for usage in OCS waters. This was to be accomplished by testing more valves in more field-
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realistic flow conditions to evaluate the accuracy of the manufacturers’ sizing models and evalu-
ate the repeatability of the valves. The project’s focus was on evaluating the ability of each
manufacturer’s sizing program to accurately predict the closing points of the valves in single-
phase and multiphase flow conditions. This was accomplished by testing a representative sample
of velocity valves in controlled laboratory conditions with natural gas and water and then com-
paring the results with predictions obtained by exercising the manufacturer’s sizing programs.
The data was then analyzed and organized in a way to facilitate MMS’s objective of making rec-
ommendations concerning the use of velocity valves in OCS waters. Since the more important
aspect of the project was the evaluation of the sizing programs, the focus of the testing was cen-
tered on evaluating the software accuracy and valve repeatability. Therefore, the repeatability
was not directly tested, but was assessed through a qualitative analysis of the test data collected
for the software evaluation. The goal of this program was to gather and present information and
data to the MMS regarding the performance of velocity valves and their sizing models so that
MMS could draw conclusions and make decisions regarding their acceptability for use. This re-
port does not attempt to provide any conclusions other than those directly regarding the perform-
ance of velocity valves.
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2. EXPERIMENTAL APPROACH

Since the intent of this project was to evaluate the accuracy of the manufacturers’ sizing
programs, the experimental approach was developed to test the valves in conditions as field-
realistic as practical, while still allowing for a fair and accurate evaluation of the sizing pro-
grams. This was accomplished by understanding how the velocity valves work and, in general,
how the manufacturers’ sizing programs predict their behavior.

As noted above, the sizing models include three major correlations: the first to estimate
the flowing conditions at the velocity valve from wellhead measurements; the second to predict
the differential pressure required to close the valve; and the third to calculate the differential
pressure generated by the fluid flowing through the valve. Testing all three of these correlations
is difficult. The second and third correlations can be evaluated at the same time by testing veloc-
ity valves in a multiphase flow loop. The loop can be used to establish, control, and measure the
flowing conditions (pressure, temperature, fluid rate, and fluid composition) at the valve. Test-
ing the first correlation, however, would require a vertical tubing section that would be long
enough to simulate a downhole safety valve installation. This type of testing would be impracti-
cal to perform in a test facility and therefore would require field-testing. Field-testing with
valves installed in a downhole application would be more realistic, but it would limit the ability
to control the flowing conditions and make the measurements of the downhole conditions at the
valve impractical. For these reasons, the testing for this project was conducted in a multiphase
flow loop at SWRI and therefore focuses on evaluating only the second and third correlations.

In addition, a decision was made to test with water rather than oil because the sizing pro-
grams require that the fluid flow rates be entered in terms of stock tank conditions. Testing with
water eliminated the need to calculate the shrinkage of the fluid (described previously) that re-
sults from gas coming out of solution when the pressure and temperature are brought to stock
tank conditions. Although testing in this manner may not be quite as field realistic, it provides
for more accurate measurements, decreases the testing costs, and provides more of a best-case
evaluation of the sizing programs. Based on our knowledge of how the sizing models work, we
decided that these modifications did not significantly impact the ability to evaluate the manufac-
turers’ programs and provided more accurate measurements, which in turn provided more tech-
nically defensible data.

As discussed in the previous section, a decision was made to focus the testing on the
software evaluation rather than the valve repeatability to maximize the evaluation of this more
important aspect of the project. The repeatability was assessed using the data collected to ana-
lyze the sizing program accuracies. By closing each valve with the static pressure and tempera-
ture held constant over a range of gas-liquid ratios, the repeatability could be qualitatively as-
sessed by evaluating the trend of the closing points. The decision to not directly measure the re-
peatability of the valves was not made without basis, but was made with SwRI’s knowledge that
the valves were repeatable in the last project, and the repeatability is one of the failure criteria of
the API Specification 14A verification test for SSCSV products.
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2.1 TEST MATRIX

One of the main differences between this project and the previous project was the number
of valves in the test matrix. Six valves were selected to provide a representative sample of the
valves used in OCS waters. Three manufacturers each agreed to provide two of their most popu-
lar vaives for a total of six valves. One of the manufacturers actually agreed to provide only one
valve on loan for this project; SwRI purchased the second valve to complete the text matrix. The
valves were configured with spring, spacer, and choke combinations to match the flowing capa-
bilities of the test facility. Each valve was tested with between 2 and 4 configurations to provide
a variety of closing points. Each configuration was tested with between 5 and 8 closing points
conducted over a variety of gas-liquid ratios (GLR), which typically ranged from all gas to a
GLR of around 2,000. This GLR range represented well conditions for both oil and gas wells.

For each series of tests on a particular configuration, the static pressure and temperature
was maintained at a constant level so that each test point could be compared to a common pre-
diction curve. The testing was conducted at ambient temperature with a static pressure of 1,500

psig.
2.2 TEST FACILITY

Testing was conducted at the Multiphase Flow Facility of SwRI. A schematic of the fa-
cility may be found in Figure 2.1. A detailed process and instrumentation diagram (P&ID) of the
facility can be found in Appendix A.

The flow path in this facility is summarized below.

e Water and natural gas exit the discharge side of the Multiphase Pump (LP01).
e The water and the gas are separated in the high-pressure separator (VOO1).

¢ A portion of the water is metered (FE13), filtered (LSO1), and returned to the multiphase
pump inlet (the multiphase pump requires a minimum of 5% liquid by volume at the
pump inlet).

e The temperature of the process fluid at the test section inlet (TE02B) is controlied by
cooling the liquid bypass stream with the high-pressure heat exchanger (HX01).

¢ The gas stream exits the high-pressure separator (V001) and passes through a bank of cy-
clone separators (to remove any excess water in the gas stream) located in V002.

o The gas exits V002, where the gas is metered in the 6-inch orifice meter (FY01).

¢ The flow rate through the meter is controlled by the 2-inch control valve (CV11), which
allows a portion of the gas flow to return to the pump inlet.

e The flow of water from the high-pressure separator (V001) is controlled using the 2-inch
control valve (CV13) and is metered using the 1-inch coriolis meter (FE12).

e The gas and water are combined downstream of the 6-inch valve (GV08).
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e The pressure (PT04) and the temperature (TE02B) of the multiphase flow stream are then
measured as it enters the vertical test section.

¢ The flow stream is then filtered (LS01) and returned to the muitiphase pump inlet.
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Figure 2.1 SwRI Multiphase Flow Facility Schematic.
The schematic shows the SwRI Multiphase Flow Facility with the test section and associated
instrumentation. Multiphase flow sections are shown in green. Single-phase gas and liquid sections are
shown in red and blue, respectively.
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Figure 2.2 shows a photograph of the SWRI Multiphase Flow Facility. The multiphase
pump is shown just to the right of the yellow cover.

I

it i s bl

Figure 2.2 SwRI Multiphase Flow Facility.
The multiphase pump is located just to the right of the yellow cover.

Figure 2.3 shows a photograph of the test section. Pressure and temperature transmitters
are located at the inlet and the outlet of the test section. The flow enters the test section from the
left of the photograph. The pressure and temperature are measured just before the flow enters
the vertical test section. A special connector was designed and fabricated so that the test valve
could be installed in a long section of properly sized pipe to match the valve’s nominal tubing
size. The long, vertical test section included adequate upstream and downstream piping to pro-
vide proper multiphase flow at the velocity valve. A photograph of the special connector can be
found in the inset of Figure 2.3.

2.3 INSTRUMENTATION

A variety of equipment and instrumentation is utilized in the flow facility. Table 2.1 lists
the primary equipment and instrumentation, along with the manufacturer and the manufacturer’s
uncertainty specifications.

The prime mover for the water and gas is the multiphase pump. The pump operates at
speeds between 600 rpm and 1,800 rpm, and is capable of producing a differential pressure of up
to 250 psig. The pump is also capable of operating with as little as 5% liquid by volume.

The water flow rate is measured using a l-inch Micro Motion coriolis meter (Model
DH100). The flow rate measurement accuracy is better than +£0.4% of reading. The gas flow
rate is measured using a 6-inch orifice meter built to the specifications of the latest edition of
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AGA Report No. 3. The calibration of the meter was verified at the Gas Technology Institute’s
Metering Research Facility located at SwRI. For the conditions tested, the accuracy for this me-
ter should be better than +1.0% of reading.

Rosemount Model 3051TG pressure transmitters are used for pressure measurement
throughout the flow loop, while a Rosemount Model 3051 CDE differential pressure transmitter
is used to measure the differential pressure across the orifice meter. All temperature measure-
ments are made using a Weed Instruments RTD Model 203-01B.

Figure 2.3 MMS Test Section.
Pressure and temperature transmitters are located at the iniet and the outlet of the test section. The flow
enters the test section from the left of the photograph. The pressure and temperature are measured just
before the flow enters the vertical test section. The inset picture shows the special connector for the test

valve.
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Table 2.1 Primary Equipment and Instrumentation.
The table shows the manufacturer, model, and accuracy of the primary instrumentation used in the MMS

testing, along with the manufacturer and size of the primary equipment.

COMPONENT DESCRIPTION MANUFACTURER MODEL SIZE ACCURACY
1]
PTO1 Pressure Trans- | p osemount 3051TG +0.075% of
mitter span (3 psig)
. . +0.075% of
DPTOI Differential Pres- | o o mount 3051CD span (0.1875
sure Transmitter :
inches of H;0
TEOLA RTD Weed Instruments 203-01B +1.5°F
TTOI Temperature | p o emount 3244MV £1.5F
Transmitter
- 0,
PTO2 Pressure Trans- | p semount 3051TG =0.075% of
mitter span (3 psig)
TEO02A RTD Weed Instruments 203-01B +1.5°F
TE02B RTD Weed Instruments 203-01B +1.5°F
TTO02 Temperature Rosemount 3244MV +1.5°F
Transmitter
- 0
PTO04 Pr_essure Trans Rosemount 3051TG £0.075% (.)f
mitter span (3 psig)
TE11B RTD Weed Instruments 203-01B +1.5°F
TTI1 Temperature Rosemount 3244MV +1.5°F
Transmitter
- 0,
PTI12 Pressure Trans- | p o cemount 3051TG +0.075% of
mitter span (3 psig)
LPO1 Multiphase Pump | Leistritz L4HK 6”
V001 High-Pressure Malone Crawford 22”ID x
Separator Tank 15’long
Cvi3 Control Valve Fisher EHD 2”
FE12 Liquid Flow Me- | \ . Motion DH100 1 £0.40% of
ter reading
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2.4 TEST PROCEDURE

Numerous test closures were conducted on each valve. The general procedure for each
test is as foll