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IMPORTANT INSTRUCTIONS

Daniel Measurement and Control, Inc. (Daniel) designs, manufactures and tests its products to
meet many national and international standards. Because these instruments are sophisticated
technical products, you must properly install, use and maintain them to ensure they continue to
operate within their normal specifications. The following instructions must be adhered to and
integrated into your safety program when installing, using and maintaining Daniel products.

Read all instructions prior to installing, operating and servicing the product. If this
instruction manual is not the correct manual, call 1-912-489-0200 and the requested
manual will be provided. Save this instruction manual for future reference.

If you do not understand any of the instructions, contact your Daniel representative for
clarification.

Follow all warnings, cautions and instructions marked on and supplied with the product.

Inform and educate your personnel in the proper installation, operation and maintenance
of the product.

Install your equipment as specified in the installation instructions of the appropriate
instruction manual and per applicable local and national codes. Connect all products to the
proper electrical and pressure sources.

To ensure proper performance, use qualified personnel to install, operate, update, program
and maintain the product.

When replacement parts are required, ensure that qualified people use replacement parts
specified by the manufacturer. Unauthorized parts and procedures can affect the product's
performance and place the safe operation of your process at risk. Look-alike substitutions
may result in fire, electrical hazards or improper operation.

Ensure that all equipment doors are closed and protective covers are in place, except when
maintenance is being performed by qualified persons, to prevent personal injury.

ALWAYS READ AND FOLLOW THE COMPACT PROVER OWNER’S MANUAL
AND ALL PRODUCT WARNINGS AND INSTRUCTIONS.




CAUTION

DAMAGE TO ELECTRONIC COMPONENTS

Proper handling procedures must be observed during the removal, installation or other
handling of internal circuit boards or devices.

Failure to properly handle the instrument can damage electronic components that are
susceptible to static electricity.

Handling Procedure:

1. All power to the unit must be disconnected.

2. Personnel must be grounded, via a wrist strap or other safe, suitable means before any
printed circuit card or other internal device is installed, removed or adjusted.

3. Printed circuit cards must be transported in a conductive bag or other conductive container.

Boards must not be removed from protective enclosure until immediately before installation.
Removed boards must immediately be placed in a protective container for transport, storage
or return to the factory.

CAUTION

DAMAGE TO ELECTRONIC COMPONENTS

This instrument is not unique in its content of ESD (electrostatic discharge) sensitive
components. Most modern electronic designs contain components that utilize metal oxide
technology (NMOS, CMOS, etc.).

Small amounts of static electricity can damage or destroy these devices. Damaged components
will exhibit early failure even though they appear to function properly.
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NOTICE

DANIEL MEASUREMENT AND CONTROL, INC. ("DANIEL") SHALL NOT BE LIABLE FOR TECHNICAL OR
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WARRANTY

1. LIMITED WARRANTY: Subject to the limitations contained in Section 2 herein and except as otherwise expressly
provided herein, Daniel Measurement and Control, Inc. ("Daniel") warrants that the firmware will execute the
programming instructions provided by Daniel, and that the Goods manufactured or Services provided by Daniel will be
free from defects in materials or workmanship under normal use and care until the expiration of the applicable warranty
period. Goods are warranted for twelve (12) months from the date of initial installation or eighteen (18) months from the
date of shipment by Daniel, whichever period expires first. Consumables and Services are warranted for a period of 90
days from the date of shipment or completion of the Services. Products purchased by Daniel from a third party for resale
to Buyer ("Resale Products") shall carry only the warranty extended by the original manufacturer. Buyer agrees that
Daniel has no liability for Resale Products beyond making a reasonable commercial effort to arrange for procurement
and shipping of the Resale Products. If Buyer discovers any warranty defects and notifies Daniel thereof in writing during
the applicable warranty period, Daniel shall, at its option, promptly correct any errors that are found by Daniel in the
firmware or Services, or repair or replace F.O.B. point of manufacture that portion of the Goods or firmware found by
Daniel to be defective, or refund the purchase price of the defective portion of the Goods/Services. All replacements or
repairs necessitated by inadequate maintenance, normal wear and usage, unsuitable power sources, unsuitable
environmental conditions, accident, misuse, improper installation, modification, repair, storage or handling, or any other
cause not the fault of Daniel are not covered by this limited warranty, and shall be at Buyer's expense. Daniel shall not
be obligated to pay any costs or charges incurred by Buyer or any other party except as may be agreed upon in writing
in advance by an authorized Daniel representative. All costs of dismantling, reinstallation and freight and the time and
expenses of Daniel's personnel for site travel and diagnosis under this warranty clause shall be borne by Buyer unless
accepted in writing by Daniel. Goods repaired and parts replaced during the warranty period shall be in warranty for the
remainder of the original warranty period or ninety (90) days, whichever is longer. This limited warranty is the only
warranty made by Daniel and can be amended only in a writing signed by an authorized representative of Daniel. Except
as otherwise expressly provided in the Agreement, THERE ARE NO REPRESENTATIONS OR WARRANTIES OF
ANY KIND, EXPRESS OR IMPLIED, AS TO MERCHANTABILITY, FITNESS FOR PARTICULAR PURPOSE,

OR ANY OTHER MATTER WITH RESPECT TO ANY OF THE GOODS OR SERVICES. It is understood that
corrosion or erosion of materials is not covered by our guarantee.

2. LIMITATION OF REMEDY AND LIABILITY: DANIEL SHALL NOT BE LIABLE FOR DAMAGES
CAUSED BY DELAY IN PERFORMANCE. THE SOLE AND EXCLUSIVE REMEDY FOR BREACH OF
WARRANTY HEREUNDER SHALL BE LIMITED TO REPAIR, CORRECTION, REPLACEMENT OR REFUND
OF PURCHASE PRICE UNDER THE LIMITED WARRANTY CLAUSE IN SECTION 1 HEREIN. IN NO EVENT,
REGARDLESS OF THE FORM OF THE CLAIM OR CAUSE OF ACTION (WHETHER BASED IN CONTRACT,
INFRINGEMENT, NEGLIGENCE, STRICT LIABILITY, OTHER TORT OR OTHERWISE), SHALL DANIEL'S
LIABILITY TO BUYER AND/OR ITS CUSTOMERS EXCEED THE PRICE TO BUYER OF THE SPECIFIC
GOODS MANUFACTURED OR SERVICES PROVIDED BY DANIEL GIVING RISE TO THE CLAIM OR CAUSE
OF ACTION. BUYER AGREES THAT IN NO EVENT SHALL DANIEL'S LIABILITY TO BUYER AND/OR ITS
CUSTOMERS EXTEND TO INCLUDE INCIDENTAL, CONSEQUENTIAL OR PUNITIVE DAMAGES. THE
TERM "CONSEQUENTIAL DAMAGES" SHALL INCLUDE, BUT NOT BE LIMITED TO, LOSS OF
ANTICIPATED PROFITS, LOSS OF USE, LOSS OF REVENUE AND COST OF CAPITAL.

ii PREFACE
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1.0 INTRODUCTION
1.1 General

This manual is designed to provide information and guidance to personnel responsible for the
operation and maintenance of the Compact Prover. The content of this manual is intended to
describe the normal operational characteristics of the Compact Prover. By necessity, this manual
is written for standard provers. It does not include specific information pertinent to specially
designed items or non-standard equipment. Operating and Maintenance Instructions for special
equipment will be supplied as necessary.

The Compact Prover is not a stand-alone system. The prover requires the use of an operating
computer that is capable of Dual Chronometry Pulse Interpolation. The operating computer will
process and summarize all proving data. Refer to the Operation section of this manual for more
information.

1.2 Description

The Compact Prover provides improved accuracy, rapid operation and continuous flow for
performance testing, or ‘proving’, of liquid flowmeters in an operational line. Modern electronics
permit exact time determination and pulse counting, which provides high accuracy proving with a
smaller volume and fewer flowmeter pulses than any previous proving technology.

Because of its reduced size and a unique patented piston design, which includes an internal poppet
valve, the Compact Prover can be easily installed in most operational lines and operated with
minimal disturbance to flow. The prover’s internal design incorporates an inherent fail-safe feature
constructed to assure uninterrupted liquid flow.

The Interface Enclosure contains a printed circuit board which conditions the signals generated by
the prover. The operating computer, which is typically located in a control room, receives these
signals and generates data from the proving passes. This data can be printed for manual
implementation to the process line flow meter. Some proving applications can be programmed for
automatic implementation.

INTRODUCTION 1-1
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A typical proving run should generate the following raw data:

a. The exact time interval, in seconds, for the certified volume of the prover to be displaced.
The exact time interval, in seconds, to tabulate flow meter pulses.
c. The exact number of whole meter pulses generated by the liquid displaced during the

proving run.

Typical data given by the operating computer include:
Frequency: Flowmeter pulses/second, Hz
Flow rate: Units of volume/minute or hour (Can be gpm, bph, Ipm or m’/hr.)
K-Factor: Flowmeter pulses/unit of volume
Meter Factor: Correction factor (multiplier) for meter readout

1.3 Mechanical Description

The basic outline of the Compact Prover and it’s component parts are shown in Figure 1-1. The
Compact Prover consists of a free flowing measurement piston and a coaxial mounted poppet valve,
all within a precision flow tube. The poppet valve is incorporated within the measurement piston
and is connected to the hydraulic cylinder by way of an actuator shaft. A calculated pressure in the
pneumatic spring plenum, in combination with the hydraulic system, operates the actuator piston
within the hydraulic cylinder. The pressure in the pneumatic spring plenum closes the poppet valve,
allowing the piston to proceed through a proving pass. Once the pass is complete, the hydraulic
system returns the piston to the upstream (standby) position while holding the poppet valve open.
Normal flow of the liquid will pass through the open poppet valve. Optical sensors are used to
detect the position of the piston inside the flow tube. These sensors generate position signals, which
are used for proper operation and data calculation. Reference Section 3 for complete operation
instructions.

Flow Tube:
The flow tube is a stainless steel tube with a precision machined, hard chrome-plated bore. It
contains the prover piston, poppet valve, and fail-safe mechanism.

End Connections:
The inlet and outlet end connections for installing the Compact Prover in line are ANSI 16.5 raised
face flanges. Reference Section 1-4 for specifications.

Hydraulic Cylinder:

The hydraulic cylinder contains the actuator piston to act as a barrier between the gas in the
pneumatic spring plenum and the hydraulic oil. It provides the forces necessary to open and close
the poppet valve and to operate the prover through it’s cycle. Connected to the actuator piston is the
actuator shaft, which is connected to the poppet on the opposite end.

1-2 INTRODUCTION
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Optical Assembly:

This intrinsically safe component is precision designed for accurate volume measurement within 5
ten thousandths (0.0005) of one inch. There are three optical sensors (switches) used: one for the
upstream (standby) position, and two for defining the displaced volume of fluid flowing through the
prover. These slotted switches have an infrared LED and a phototransistor on opposite sides of the
slot. The prover generates a signal when a “flag” passes through the slot and blocks the infrared
light from the phototransistor. The flag is attached to the measurement piston by means of the
detector shaft. The passage of the flag through the slotted optical switches defines the displaced
volume (base volume) of the prover. For detailed information on the Optical Assembly, see Section
4.

Hydraulic Control Valve:

This normally closed two-way valve controls the hydraulic operation of the prover. The valve is
energized to open during a proving pass, and de-energized to close for the piston return to the
upstream (standby) position. There are two styles of control valve used. Style is dependent upon
prover size and electrical system (CSA or CENELEC Type). See Figure 1-1.

Hydraulic Pump:

The hydraulic pump is a variable displacement vane-type unit driven by an electric motor. It
supplies the power necessary to overcome the plenum pressure and return the piston upstream. Once
the piston has reached the upstream position, the pump assumes a neutral condition maintaining
hydraulic pressure at no flow for minimum power consumption.

Pneumatic Spring Plenum:

The charge of pressurized gas in the pneumatic spring plenum supplies the energy necessary to
overcome the shaft seal friction and close the poppet valve. A portion of the charge is required to
overcome the force generated by the product pressure within the prover acting on the actuator shaft
and the detector shaft. When properly adjusted, this charge allows for minimum pressure differential
(usually only a few inches of water column) across the piston.

INTRODUCTION 1-3
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Figure 1-1. Outline Drawings - Compact Prover
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Typical 12" Mini Cenelec Type
Figure 1-1. Outline Drawings - Compact Prover (Continued)
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14 Specifications

AWARNING

SERIOUS PERSONAL INJURY OR DAMAGE TO EQUIPMENT
DO NOT operate this instrument in excess of the specifications listed.

Failure to operate this equipment according to specifications could result in serious personal
injury or damage to equipment.

Materials of Construction:
Standard: 17-4 stainless steel flow tube with hard chrome plating, carbon steel pipe and flanges

Standard Maximum Working Pressure: @ 100° F (38°C)
8 to 24" Size: 600 Ib. ANSI, 1480 psig (10230 kPa)
34” and 40" Size: 300 Ib. ANSI, 740 psig (5106 kPa)

Prover size based on flow tube diameter.
Maximum Working Temperature:

8” to 24" Size: -20 to 200°F (-29 to 93°C)
34” and 40" Size: 20 to 120°F (-7 to 49°C)

Temperature span differential between tie rods and flow tube not to exceed 200°F (93°C) on
standard 8" to 24" models and 100°F (38°C) on 34” and 40" models.

Performance:
Repeatability 0.02% or better (water draw)

1-6 INTRODUCTION



COMPACT PROVER

SEP 2002

Standard Capacities and Specifications:
Flow Range (1000:1): See Table 1-2
Prover Nominal Base Volume (dependent on size): See Table 1-2
Volume Ratio (Upstream/Downstream Volume): See Table 1-2
Hydraulic System: Fill with type MIL-H-5606 (Aviation Grade E Hydraulic Fluid) or equivalent in

quantities shown below.

Table 1-1. Hydraulic Capacity

Prover Size

System Capacity

8" 3gal (11.4L)
12" Mini 3gal (1141L)
12" 3gal (1141L)
18" 10 gal (38 L)
24" 10 gal (38 L)
34" 60 gal (227 L)
40" 93 gal (352 L)

INTRODUCTION
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Table 1-2. Standard Compact Prover Set-up Data

Nominal Prover Flow Rate Nominal Multiplier Flowtube Wall Inlet/ Nominal Prover Approximate
Flow Ranges Minimum Prover for L.D. Thickness Outlet Shipping Shipping
Tube Maximum Base Upstream Flange Dimensions Weight
Dia. Volume Volume Size (LXWXH)

8" 0.25 gpm 250 gpm 5 gal 0.990590 8.250 0.6875 2" 121" x 56" x 50" 2,200 Ibs
0.946 lpm 946 Ipm (20 liters) (20.955 cm) (1.746 cm) 600 1b. (307cm x 142cm (998 kgs)
0.357 bph 257 bph ANSI x 127cm)
0.057 m*ph | 57 m’ph

12" Mini 1.0 gpm 1000 gpm 10 gal 0.991670 12.250 0.8750 4" 147" x 62" x 55" 4,400 Ibs

3.78 Ipm 3,780 Ipm (40 liters) (31.115 cm) (2.222 ¢cm) 600 Ib. (373¢cm x 157¢cm (1,995 kgs)
1.43 bph 1,430 bph ANSI x 140cm)
0.227 m°ph | 227 mph

12" 1.75 gpm 1750 gpm 15 gal 0.991670 12.250 0.8750 6" 172" x 67 x 57" 4,900 Ibs
6.623 Ipm 6,623 Ipm (60 liters) (31.115 ¢cm) (2.222 cm) 600 1b. (437cm x 170cm (2,2223 kgs)
2..5bph 2500 bph ANSI x 145cm)
0.397 m°ph | 397 mph

18" 3.5 gpm 3,500 gpm 30 gal 0.993020 17.500 1.2500 8" 193" x 76" x 56" 7,300 lbs
13.247 Ipm 13,247 Ipm (120 liters) (44.450 cm) (3.175 cm) 600 Ib. (490cm x 193cm (3,311 kgs)
5.0 bph 5,000 bph ANSI x 142¢m)
0.794 m°ph | 794 m*ph

24" 7.0 gpm 7,000 gpm 65 gal 0.993464 25.500 1.0625 12" 220" x 96" x 66" 13,400 1bs
26,495 lpm 26,495 Ipm (250 liters) (64.770 cm) (2.699 c¢cm) 600 1b. (559c¢m x 244cm (6,078 kgs)
10.0 bph 10,000 bph ANSI x 168cm)
1.589 m*ph 1,589 m*ph

34" 12.6 gpm 12,600 gpm 100 gal 0.988536 34.00 1.2500 16" 230" x 102" x 74" 19,200 Ibs
47,691 Ipm 47,691 Ipm (400 liters) (86.360 cm) (3.175 cm) 300 1b. (584cm x 259cm (8,709 kgs)
18.0 bph 18,000 bph ANSI x 188cm)
2.860 m*ph | 2,860 m’ph

40" 17.5 gpm 17,500 gpm 170 gal 0.985938 40.00 1.500 20" 240" x 130"x77" 35,000 Ibs
66,237 Ipm 66,237 lpm (650 liters) (101.60 cm) (3,810) 300 1b. (610cm x 330cm (13,876 kgs)
25.0 bph 25,000 bph ANSI x 196¢cm)

3.972m’ph | 3,972 m’ph

Notes:

l- Temperature and Pressure tap on the outlet flange (1 dia.) can be supplied
upon request.

2- Fluid viscosity ranges up to 10,000 centistokes.

3- Considerations for meter type and pulse output quality should be made for all
Compact Prover applications.

4 - Compact Prover performance depends upon the quality of the pulse signal
from the meter being proved.

5- For more information on pulse quality and Compact Provers, reference API
Chapter 4.3.

6 - For certified dimensional drawings, please contact the factory.

7 - Upstream multipliers are approximate. Actual values can be obtained from

the Base Volume Certification (water draw) method.
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Table 1-3. Power Requirements

Size AC Line Voltage, Hydraulic System Hydraulic System Motor Hydraulic Control
Frequency and Phase Motor Full Configuration Valve In-Rush
Load Amps Amperage
115/60/1 13.4 1 Hp Single 10
220/50/1 & 230/60/1 6.7 1 Hp Single 5
8" and 12" Mini 380/50/3 3.0 1.5 Hp Single <0.5
415/50/3 2.7 1.5 Hp Single <05
460/60/3 2.2 1.5 Hp Single 5
115/60/1 16.8 10
220/50/1 & 230/60/1 8.4 5
12" 380/50/3 3.0 1.5 Hp Single <05
415/50/3 27 <05
460/60/3 22 5
115/60/1 16.8x2 1.5 Hp Dual, 2 Circuits <0.5
220/50/1 & 230/60/1 16.8 1.5 Hp Dual, 1 Circuit <0.5
18" 380/50/3 94 5 Hp Single <0.5
415/50/3 8.2 5 Hp Single <0.5
460/60/3 6.5 5 Hp Single <0.5
230/60/3 13 <0.5
380/50/3 9.4 <0.5
2 415/50/3 8.2 5 Hp Single <05
460/60/3 6.5 <0.5
230/60/3 39 <0.5
380/50/3 22 <0.5
34 415/50/3 20 15 Hp Single <05
460/60/3 19.5 <0.5
230/60/3 50 <0.5
380/50/3 28 <0.5
40" 415/50/3 26 20 Hp Single <05
460/60/3 25 <0.5
Notes:
l- Consult the factory for optional voltages not listed.
2- The operating computer must be connected to a power source separate from that of the prover to avoid variance
in signal caused by line load charge and discharge.
3- Grounding wire within power cable must be connected to the installed location electrical system grounding bus
or electrical equivalent. A supplemental grounding cable is available as an option.
4 - For provers that are not equipped with a main circuit breaker, sizing of the main circuit breaker should be based

upon the hydraulic system motor Full Load Amperage.
requirements.

Follow applicable electrical codes for proper
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1-9



SEP 2002 COMPACT PROVER

Connection Requirements:
Reference Table 1-2 for ANSI flange sizes

Pneumatic Spring Plenum:
Dry compressed Nitrogen is required for charging the spring plenum.

Pressure Drop: (Inlet flange to Outlet flange)
Approximately 11.2 psig on gasoline at maximum flow
Piston only: Approximately 3 inches of water during a proving pass

Approvals: For standard provers, sizes 8” thru 24”

Canadian Standards Association (CSA) for Class 1, Division 1, Group D

File Number: LR 32408-18, Class 2258-02, Process Control Equipment for Hazardous Locations
PED, CE Mark, and ATEX certifications are pending for all sizes

For special build (non standard) provers of any size, electrical systems are constructed using
electrical components certified for hazardous locations. Minimum classification as stated above.
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2.0 INSTALLATION AND SET-UP

2.1 General

This section contains the procedures for receipt and installation of the Compact Prover.
2.2 Receipt of Equipment

The Compact Prover is fully assembled and tested prior to shipment from the factory. However,
when the equipment is received, all contents of the shipping crate should be inspected for any
damage incurred during shipment. Upon receipt, remove the envelope containing the packing list.
Carefully remove the equipment from the packing container making certain that no replacement or
spare parts are discarded and inspect for damaged or missing parts. In the event that any contents
are damaged, the local carrier should be notified at once regarding his liability.

If any items inside the shipping crate are missing or damaged, contact a Daniel representative for
assistance. The serial number and sales order number will be required to properly identify your
order. A report will be submitted to the Product Service Department, Daniel Measurement and
Control.

2.3 Return Shipment
Before any attempt is made to return the shipment, in part or whole, contact a Daniel representative.

The Daniel Product Service Department in Statesboro, Georgia or Houston, Texas should be
contacted for all requests or inquiries relating to service, operation, repair and/or replacement.

Daniel Measurement and Control Daniel Measurement and Control
Attn: Service Department Attn: Service Department

19267 Highway 301 North 9720 Old Katy Road

Statesboro, Ga 30461 USA Houston, Tx 77055

Telephone: 912-489-0200 Telephone: 713-827-6314

FAX: 912-489-0435 Fax: 713-827-6312
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2.4 Installation

The Compact Prover may be installed permanently in a process line or used as a portable unit. The
prover is intended for above ground use and should be operated level to prevent the formation of air
pockets within the flow tube. A permanently installed standard prover should be set up horizontally
with considerations given to the accessibility of electrical power and control operation. Consult a
Daniel representative for further information regarding portable provers.

For optional vertical installation, special modifications to the prover hydraulic system
and flow tube supports will be required. The standard prover built for horizontal
installation should not be installed in a vertical position without proper modifications.

Refer to Figure 2-1 for a typical, permanent, Compact Prover installation in a process line.
Installation of a double block and bleed valve configuration is recommended in the process line to
assure that all metered fluid is passing through the prover. Be sure to follow API guidelines for
ANSI flanged connections and proper locating distance from the meter under test. Use gaskets and
retaining bolts of proper size and pressure rating for prover inlet and outlet flanges. Reference Table
1-2 for correct flange information. Consideration of available workspace around the prover is
necessary for normal operation and maintenance.
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PROCESS FLUID DIVERTER VALVE METER UPSTREAM
(DOUBLE BLOCK & BLEED VALVE) OF PROVER

I 8<—
FLOW

METER PULSE SIGNAL CABLE

—

PROVER CONTROL CABLE
L ELECTRICAL
PANEL
AC P WER<}=J
¢ PO OPERATING

COMPUTER

AC P0WERQ=J
AC POWER <] =2 —
PRINTER

NOTE: AC POWER FOR THE OPERATING COMPUTER
MUST BE FROM A CLEAN, REGULATED SOURCE
SEPARATE FROM THE AC POWER FOR
THE PROVER.

Figure 2-1. Typical Prover Installation
2.5 SETUP
2.5.1 Supplying Electrical Power to the Compact Prover

Reference Table 1-3 for standard voltage and amperage information. Optional voltage and amperage
information not listed in Table 1-3 is provided with the documentation package (electrical
schematic) shipped with every prover. If this information is not included with the shipment, contact
a local Daniel representative for assistance.

Standard provers are shipped with a multi-conductor power cable for connection to a power supply.
If an electrical conduit connection is desired, remove the existing power cable. Access to the motor
starting switch will be necessary for this conversion. Be sure to follow all applicable electrical codes
for the area of installation.
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2.5.2 Connection of the Operating Computer

Standard provers are shipped with a control cable for connection to the operating computer. If an
electrical conduit connection is desired, remove the existing control cable. Access to the interface
enclosure will be necessary for this conversion. Be sure to follow all applicable electrical codes for
the area of installation.

The Compact Prover control signals are designed to worldwide control standards. This includes
digital and analog signals. The electrical schematic will define how each connection (conductor)
isused. Manuals and instructions supplied with the operational computer of choice will assist with
proper control connections. Reference Section 5.2 for additional troubleshooting information. If
you require further assistance for these connections, contact a local Daniel representative.

The operating computer will need to be properly configured for the application and must be capable
of Dual Chronometry Pulse Interpolation. This calculation method requires the computer to have
a high frequency master oscillator, which counts time in 0.000001 parts of a second.

This master oscillator must operate two counters, referred to here as “Time A” and “Time B”. Time
“A" must start counting when the flag trips the first detector switch. Time “B” must start counting
with the leading edge of the first flowmeter pulse after Time A has started.
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Time “A” is stopped when the flag trips the final detector switch. Time “B” is stopped with the
leading edge of the first flowmeter pulse after Time “A’ has stopped, (Reference Figure. 2-2). Using
the ratio of Counter Time “A” and Counter Time “B” will allow for accurately counting a fraction
of a flowmeter pulse to within 1 part in 10,000 as shown below:

K:Tlme A ><C

Time"B" D
K= K-Factor, or counts per unit volume, from the flowmeter
A= Time for displaced volume
B = Time for whole meter pulses
C=  Total number of whole meter pulses
D= Displaced volume

Qualified personnel who are knowledgeable of the computer’s operating system, configuration
variables, and compact proving applications should complete the configuration of the operating
computer.

FIRST FINAL
DETECTOR SWITCH DETECTOR SWITCH

-4———— YOLUMED —————————»—

VAVAVAVAVE NS W\Mf" ELAPSED TIME OF

PISTON TRAVEL

MEASUREMENT
PISTON
—{ DT [}
0 1 2 3 4
p COUNT C
WHOLE
\ FLOWMETER
VAVAVAVATRVE
ELAPSED TIME TO
~JUVVUV mmes NN \>t coLLECT wHOLE

FLOWMETER PULSE

Figure 2-2. Double Chronometry
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2.5.3 12 or 24V DC Interface Board

There are two (2) different styles of interface boards: 12V DC and 12/24V DC. See Figure 2-3 and
2-4. The power required for the interface board is supplied through the control cable. The DC
power source is typically located in the control room or can be supplied from the operating computer
if so equipped. See the electrical schematic provided with the prover documentation package for
proper connections of the control cable.

The 12V interface board is designed to operate on 12V DC (£15%, 100mA max). The 12/24V
interface board can operate on either 12 (£15%, 100mA max) or 24V DC (£15%, 250mA min)
depending on the configuration of jumper J6, see Figure 2-4. For 12V operating power, J6 must be
jumpered to pins 1 and 2. For 24V operation, J6 must be jumpered to pins 1 and 3. If operating
voltage is applied incorrectly, there is an integral fuse for board protection. In the event that the fuse
is blown, confirm the configuration of jumper J6 and replace the fuse with a 100mA, fast blow fuse
ONLY.

The 12/24V interface board is installed in all Compact Provers made after September 2002. It may
also be used to replace the 12V interface board on older model provers. Contact a Daniel
representative if you are unsure which interface board your Compact Prover is equipped with or if
you need assistance replacing the old 12V board with the new 12/24V board. Request service
bulletin SE101 for detailed retrofit information.
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Figure 2-3. 12V Prover Interface Board Figure 2-4. 12/24V Prover Interface Board
J1: To Optical Assembly J1: To Optical Assembly

(pin 6 not used) (pin 6 not used)

J2: To Control Connection J2: To Control Connection

J3: To Water Draw Hardware Kit J3: To Water Draw Hardware Kit

J4: To Run Valve J4: To Run Valve

J5: For External Control of S1 and S2 J5: For External Control of S1 and S2
S1: Run — Return J6: 1-2 12V Operation

S2: Upstream - Downstream 1-3 24V Operation

S1: Run — Return
S2: Upstream - Downstream

2.5.4 Charging the Pneumatic Spring Plenum

The pneumatic spring plenum must be charged for proper operation. The prover is shipped from the
factory with an empty spring plenum for safety. Nitrogen is NOT supplied with the Compact Prover
and must to be acquired locally before meter proving can begin. Calculations for proper pressure
settings of the spring plenum are discussed in Section 3-2.
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As an option, the Compact Prover may be equipped with an automatic plenum adjustment panel.
The panel consists of charge and vent solenoid valves and a pressure transmitter. A typical panel
is shown in Figure 2-5, a connection diagram is shown in Figure 2-6. An operating computer with
the adjustment routine pre-programmed, using an analog input (4-20mA) and two digital outputs,
will be able to automatically adjust the spring plenum pressure before proving runs begin.

NITROGEN SUPPLY
CONNECT ION

CHARGE SOLENOID—"]

/////—VENT SOLENOID

TO SPRING

PLENUM PRESSURE

TRANSMITTER

Figure 2-5. Nitrogen Adjust Panel
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2.6 Base Volume Certification

The prover base volume has been certified at the factory using the volumetric displacement method
(water draw) per API guidelines. The base volume has been adjusted to 0.0 gauge pressure and the
reference temperature as stated on the volumetric determination report supplied with each prover
documentation package. The operating computer will need to be programmed with these base
volumes. Upstream or downstream volumes will be used depending on the application and location
of the meter under test.

The volumetric displacement (water draw) technique, described in Section 4.2, is the factory
recommended procedure for certification of the base volume of the Compact Prover. It is
recommended that this procedure be repeated at regular intervals to confirm proper operation.
Frequency of base volume determination is dependent on usage, but should not exceed 3 years.
Certification will be necessary following repair or service procedures involving any disassembly or
seal replacement of the piston, poppet or flow tube. Certification is not necessary following repair
of the hydraulic cylinder if the flow tube is not disassembled. For specific information regarding
prover base volume certification related to maintenance of the optical assembly, see Section 4.6.

e oo ===

|
—] I | ||
0-1000 PSIG | 1 1
I | | |
I | VENT TO | |
| | ATMOS. I |
| VENT TO I 1
| ATMOS. i I
TO CONTROL o | 0 _! @ I
ELECTRONICS ¥

GggTP gG 0-1000 PSIG I:J

<

é NITROGEN
SUPPLY

NITROGEN TANK

Figure 2-6. Connection Diagram
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3.

3.

0 OPERATION

1 General Operational Theory

The operational sequence of the Compact Prover is as follows:

1.

The measurement piston is normally in the upstream (standby) position, with the poppet
valve open, and is held in place by the hydraulic pressure on the actuator piston (Figure 3-1).

The hydraulic control valve opens and releases the hydraulic pressure. Pressure from the
pneumatic spring plenum, on the upstream side of the actuator piston, closes the poppet
valve and the piston begins moving downstream at the process fluid flow rate (Figure 3-2).

As the measurement piston moves downstream, the optical volume switches are ‘tripped’ by
the flag connected to the piston (Figure 3-3). These volume switch signals are instantly sent
to the operating computer for calculations discussed in Section 4-6.

When the flag trips the second optical volume switch, the hydraulic control valve closes.
Hydraulic pressure builds and begins to push the actuator piston upstream, opening the
poppet valve. Process fluid is then allowed to flow through the piston (Figure 3-4).

The actuator piston, measurement piston, poppet, actuator shaft, detector shaft and flag will
then move back to the upstream (standby) position (Figure 3-5). Once the upstream position
is reached (Figure 3-1), the hydraulic pump will assume it’s neutral condition maintaining
hydraulic pressure to hold the measurement piston upstream. The prover is now ready to

begin another pass.
NOTICE

A positive stop feature is incorporated into the outlet flange for failsafe operation. This
prevents any accidental blockage of the process flow stream. Reference Figure 3-4.
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Figure 3-1 Standby Position
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Figure 3-2 Initial Motion
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Figure 3-5. Piston Returning to Upstream Position
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3.2 Operating Instructions

The Compact Prover should be connected to the process line, similar to Figure 2-1, either upstream
or downstream of the meter under test. Electrical power should be supplied and the operating
computer should be connected to the prover. The operating computer should also be configured for
the application. If these conditions are not met, DO NOT attempt to operate the Compact Prover.
Refer to Section 2 for Installation and Set-up procedures.

1. Check all drain and vent valves to be sure that they are closed. Vents and drains are located

on the top and bottom of the flow tube end flanges. Reference Figure 1-2.

2. Open the spring plenum shut-off valve.

3. The pneumatic spring plenum must be charged with dry nitrogen for proper operation.
Check the pressure in the spring plenum. There will be a factory-installed gage mounted to
the plenum tank for reference (Figure 3-6). The proper plenum pressure is determined by

the following formula:

Pipeline Gauge( psig)

Plenum Pressure =

where R is a known constant for each size prover. See Table 3-1 below.

Table 3-1. Spring Plenun ‘R’ Values

R

Prover Size R
8" 3.5

12" Mini 3.2
12" 3.2

18" 5
24" 5.88
34" 3.92
40" 4.45

OPERATION
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SPRING PLENUM PRESSURE GAUGE
SPRING PLENUM CHARGE PRESSURE
PIPELINE PSIG % R + 60 PSIG
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Z il
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3 PRESSURE

ON/OFF

Figure 3-6. Spring Plenum

If the plenum pressure is greater than the calculated value, the excess pressure must be vented from
the plenum. If the plenum pressure is less than the calculated value, the supply bottle will need to
furnish the necessary pressure needed. Connect the supply bottle according to manufacturer’s

instructions and charge the spring plenum to the required pressure.

Notes:

1- As a guideline, spring plenum pressure should be within 0 to +5% of the
calculated pressure.

2- If prover installation is vertical, use 40 psig in the above formula in place
of 60 psig.

3- For provers equipped with the Automatic Plenum Adjustment Panel,

plenum pressure should be automatically adjusted before the proving
cycle begins. The operating computer should be configured for this

application. See Section 2-5 for Set-up information.

4. With the hydraulic system motor not running, check to see that the hydraulic reservoir is
filled to approximately 75% capacity. If not, fill tank to proper level using hydraulic fluid

specified in Section 1-4.

5. Turn on the hydraulic pump. The hydraulic pressure should build to 380-400 psig once the
piston reaches the upstream (stand-by) position. This is verified by the hydraulic system
pressure gage, typically located on the hydraulic pump (Figure 3-7).

6. Slowly open the inlet valve to allow the process fluid to flow into the prover.

3-6
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7. Vent all air from the system using the hand valves located on the top and bottom of the inlet
and outlet flanges of the flow tube. Slowly close the process fluid diverter valve (double
block and bleed) and open the outlet valve. The prover is now ready to begin the proving

cycle.
ACTUATOR
PISTON
TO SPRING
PLENUM
SPRING PLENUM
PRESSURE
HYDRAULIC A
CONTROL N
VALVE \ ‘Q!\
SOLENOID /\,«}\ %’
A
LS
DISCHARGE
PUMP
SUCTION
HYDRAULIC
PRESSURE
GAUGE
HYDRAULIC
PUMP
PUMP
BYPASS
HYDRAULIC
SYSTEM
MOTOR
Figure 3-7. Hydraulic System
8. Connect the signal cable from the meter under test to the operating computer for proving

operations. Once the operating computer receives all the signals, proving runs can begin.
Reference the operating computer instruction manual for proper computer operation.
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9. After proving runs are completed and results are satisfactory, the process flow may be
diverted back to the process line as described in steps 10 and 11. Once this is done, power
down the prover.

If the process flow is to be left running through the prover, be sure to leave the hydraulic
system motor running. The hydraulic pump will go into by-pass mode and hold the piston

upstream. The motor will draw minimal current for low power consumption.

10. Open the process fluid diverter valve (double block and bleed) and slowly close the
inlet/outlet valves to the process line.

11. Drain the prover flow tube by opening the appropriate drain and vent valves located on the
top and bottom of the inlet and outlet flanges.

Disposal of drained fluid should be done in an environmentally responsible manner.
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4.0 MAINTENANCE
4.1 Seal Leak Check
For factory part number of seal Leak Detector Kit, see Section 7, Parts.

Reference Figures 4-1 and 4-2.

Figure 4-1. Leak Detector Kit

It is ESSENTIAL that the liquid and prover temperatures remain stable during the leak
check procedure as thermal expansion or contraction will give incorrect results.

The kit shown in Figure 4-1 is designed to operate with the Optical Assembly cover tube securely
anchored in place. The mounting boss on the outboard end of the cover tube must be approximately
90° from the support bracket. Re-position if necessary.
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The Compact Prover measurement piston seals may be checked as follows:

1. Block the prover OUTLET using a double block and bleed valve (bubble-tight shut off) or
blind flanges. Check the block and eliminate any leaks.

2. Fill the prover with fluid and bleed ALL AIR from the flow tube by operating the vent
valves located on the inlet and outlet flanges. This operation may move the measurement
piston within the flow tube. Verify that all the vent and drain valves on the prover are free
from leaks. Eliminate any and all leaks if necessary.

3. Verify the spring plenum pressure for the fluid pressure applied. See Section 3-2, step 3, for
proper calculations. Adjust the spring plenum pressure to the correct calculated value. A
minimum of 75 psig is required.

4. Remove the screw from the boss on the end of the optical cover. Thread the indicator stand
into the boss. Mount the dial indicator onto the indicator stand. Remove the screw from the
end of the optical support stud.

Indicator rod \ -

Figure 4-2. Leak Detector Kit Installed

5. Place the measurement piston in the upstream position for simple attachment of the indicator
rod. The measurement piston may be moved upstream by activating the hydraulic system.
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6. The indicator rod is designed in multiple sections to span a distance that will reach the length
of the optical assembly. This allows for multiple leak check positions along the flow tube.
The first rod piece to be used is the piece with the larger thread. Insert this piece through
the hole in the support stud and thread into the end of the detector shaft. Add rod sections
as necessary to reach leak check positions desired, pay attention to the area between the
volume switches. The measurement piston can be moved downstream by releasing pressure
on the outlet flange vent valve.

CAUTION

MECHANICAL EQUIPMENT DAMAGE

Do not allow indicator rod to completely go into the support stud while moving the
measurement piston downstream.

Allowing the indicator rod to go completely into the support stud may result in severe
damage to the equipment.

7. Be certain the hydraulic system motor is not running before the leak check test begins. This
assures that only the spring plenum pressure is acting on the measurement piston.

8. Position the dial indicator probe near the indicator rod. Slide the screw collar down the
indicator rod until contact is made with the probe of the dial indicator. Move the screw
collar only slightly more in order to ‘pre-load’ the dial indicator and then tighten the collar
to the indicator rod.

9. Zero the dial indicator and monitor for five minutes. A dial indicator movement greater than
0.004 inches in five minutes indicates that a leak is present in the system. Inspect the system
and eliminate any leaks. Remove any possible trapped air. See Section 5 for detailed
instructions on Measurement Piston seal replacement if necessary.

10. Once testing is complete and results are satisfactory, return the measurement piston to the
full upstream position and remove all parts of the indicator rod and the remaining
components of the seal Leak Detector Kit from the prover and replace the screws in the
support stud and mounting boss.
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4.2 Base Volume Determination
4.2.1 Certification Techniques

Compact Prover base volume determination varies with frequency of use and operating environment.
Annual base volume re-certification is typical. Re-certification cycles should not exceed three (3)
years. The volume determination procedures in this manual are designed to assist the user in
creating an effective certification program.

The exact upstream and downstream base volumes must be known for correct proving calculations.
For example, a 12” Compact Prover with a nominal volume of 15 U.S. gallons could be determined
to have an exact volume of 15.00123 or 14.99712 gallons. These types of numbers are typical and
necessary. The particular volume used is determined by the physical location of the meter under test,
either upstream or downstream of the prover. If only one base volume is used for proving, base
volume certification will only need to be completed for the needed volume and not for both.

The base volume of the Compact Prover is verified at the factory using test measures that are
traceable to the National Institute of Standards and Technologies (NIST). Additional information
about certification techniques can be found in the American Petroleum Institute (API) manual of
Petroleum Measurement Standards, Chapter 4.3 for Small Volume Provers, Chapter 4.7 for Field
Test Measures, and Chapter 12.2 for Calculation of Petroleum Quantities.

Volume Displacement Certification:

The following procedures describe the Compact Prover base volume determination using the water
draw method. There are three procedures explained; (a) an Upstream only, (b) a Downstream only,
and (c) the Combined method. The measurement piston seal integrity should be verified prior to any
water draw by performing the seal leak check as described in Section 4.1.

Before certification is attempted, the prover should be level and isolated from any
connecting piping systems other than those related to the water draw. In choosing the
location of the prover during the test, temperature variations must be considered.
Temperatures must be maintained as stable as possible throughout the operation.
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Equipment Required

Water draw hardware kit with manual valves and a solenoid valve similar to Figure 4-3. For
part numbers of factory available water draw hardware kits, see Section 7.

A plumbing setup as shown in Figure 4-4. Check all valves and any threaded connections
for leaks prior to beginning the water draw procedure. The plumbing setup must be leak
free.

Certified High Sensitivity (Field Standard) Test Measure traceable to the National Institute
of Standards and Technology (N.I.S.T.) or other certifying agency.

A water source with a flow rate of approximately 10 gpm (.038 lpm) at 30-100 psi (207 to
689 kPa) non-fluctuating.

One digital thermometer with contact probe.

Three (3) glass stem thermometers with 1/5 degree divisions and a range of 30 to 124°F (-1
to 50°C), traceable to the National Institute of Standards and Technology (N.I.S.T.) or other
certifying agency, as applicable. One thermometer may be mounted in a temperature thief
device. See Figure 4-5.

One pressure gauge, 0-100 psig range (689 kPa).

Certification Data Sheet for recording data. Refer to Figure 4-6 for example data sheet.
Refer to Section 4.3 for explanation of symbols.

Notes:

1. Temperature transmitters are not recommended.

2. Factory water draw hardware kits are provided with (2) thermometers.
3. Pressure transmitters are not recommended.

4. Pressure gauges are not included in factory water draw hardware kits.
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CONNECTION TO WATERDRAW
PLUMBING ASSEMBLY

TO POWER SUPPLY:
(WIRE NOT SUPPLIED
WITH KIT)

TO CONNECTOR J3
ON PROVER
INTERFACE BOARD

RELAY ENCLOSURE

THERMOMETER
LOCATION
(12)

AUXILIARY AUXILIARY
VALVE VALVE
(W1) (wW2)
LOCATION OF LOCATION OF
TEST MEASURE TEST MEASURE
NO. 1 NO. 2
(OPTIONAL)

TO J3 ON PROVER
INTERFACE BOARD

I
|
RED —
1’ [Frep 20AWG-2 COND
1 Bk -BLK
[ sle
-] © 14 GRN s|s f— CUSTOMER SUPPLIED
| POWER CABLE TO 115
AR OR 230VAC 60HZ
| POWER SUPPLY
BLK AR AS APPLICABLE
[l & [
2|2 [r—
20AWG-2 COND
WHT 1, w2
BLK ] L1 ] | |
GRN
TO WATERDRAW
SOLENOID

WIRING SCHEMATIC

Figure 4-3. Compact Prover Water Draw Assembly
Typical CSA Style (non-explosion proof)
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CONNECT TO WATERDRAW
PLUMBING ASSEMBLY

SOLENOID VALVE POWER CABLE TO

WATERDRAW PLUG (NOT SHOWN)

THERMOMETER
LOCATION
(T2)

AUXILIARY
VALVE AUXILIARY

VALVE
(Ww1) w2)

LOCATION OF LOCATION OF
TEST MEASURE TEST MEASURE
NO.1 NO.2
(OPTIONAL)

|

Figure 4-3. Compact Prover Water Draw Assembly (Continued)

Typical CENELEC Style
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Figure 4-4. Water Draw System
Water Draw Procedure: (Reference Figure 4-4 and notes on page 4-14)

Isolate the prover from operational lines using double block and bleed valves or blind
flanges. Verify that the prover is level. Drain and flush all process fluid from the prover.
Dispose of all process fluids in an environmentally safe manner.

Assemble the water draw plumbing system. See Figure 4-4. All connections must be leak-
free to assure proper operation. It is recommended that thread sealant be used on all pipe
connections. Pipe sizing should be equal to or greater than the size of the vent and drain
connections (V1, V2, D1, D2) that are supplied on the prover.

For factory built CSA type water draw hardware kits, connect a 3 conductor cable from the
enclosure terminal block to the correct power source, 115 or 230 VAC as applicable. See
Figure 4-3. The remaining 2 conductor cable, connects to receptacle J-3 on the prover
Interface Board. Access to the interior of the interface enclosure will be necessary. Figure
4-7 shows the location of the interface board on the CSA-type prover electrical panel.
Figures 2-3 and 2-4 show the different locations possible for J-3 on the different interface
boards.
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For factory built CENELEC type water draw hardware kits equipped with the water draw
plug, simply connect the plug to the receptacle on the control enclosure. The water draw
plug and receptacle is available as an option for the CSA style factory built water draw
hardware kits. Contact a Daniel representative for more information.

4. Supply appropriate operational voltage (+12 or 24 VDC) to the prover interface board at
receptacle J-2, pins 2 (-) and 4 (+). Reference Section 2.5 to verify proper voltage required
for the interface board. Reference Figures 2-3 and 2-4 for the location of J-2.

5. Loosen and remove the cover on the optical detector switch assembly. Be careful not to
damage the optical switches on removal or replacement of optical cover during the entire
water draw process. See Note 4.

6. Be sure the prover hydraulic system is connected to the appropriate AC power source.
Reference the documentation package for the electrical schematic to verify proper voltage
required.

Do not start the hydraulic system motor at this time. Check to see that the hydraulic tank is
filled to its proper level, reference Section 3.2, step 4.

7. Verify the spring plenum cut off valve is open and adjust the spring plenum pressure to
approximately 75 psig.
8. The prover and water draw system must now be filled with water and cycled to purge ALL

air. See Note 1 on page 4-14.

Open valves V1, V2, D1, D2, W1 and W3. Start the flow of water into the prover. As the
prover fills with water, air will escape through valve W1. Observe the flag position.

The measurement piston will travel to the full downstream position. Once water appears at
W1, set the valves for upstream flow by closing V2 and D1. Valves V1, D2, W1 and W3
remain open. Observe the flag position.

The measurement piston will now travel to the full upstream position. When water appears
again at W1, reset the valves for downstream flow by opening D1 and V2, and then closing
V1 and D2. After the piston reaches the full downstream position, this process should be
repeated until ALL air is removed from the system.
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9.

10.

11.

12.

13.

Once all the air is removed, set the valves for downstream flow (first open V2 and D1, then
close V1 and D2). Close valve W3 to allow the test measure to begin filling. When the test
measure fills, throttle valve W3 to allow water to escape at the same rate that water is
entering the test measure to maintain the water level in the test measure at or near the zero
mark. Allow system to circulate until the prover and test measure temperatures are within
1/2 °F (1/4°C) of each other.

Be sure this procedure places the measurement piston and flag into the full downstream
position.

The measurement piston must now be placed into the start position for the measurement
cycle.

For an Upstream water draw (procedure a): Skip to step 19.

For a Downstream (procedure b) or Combined (procedure c) water draw: Turn on the
hydraulic system motor. Toggle the UPSTREAM/DOWNSTREAM switch (S2) on the
interface board to the downstream position. Actuate the RUN/RETURN switch (S1) to the
return position. (See Note 3 on page 4-14.) This will engage the hydraulic system and
return the piston upstream. Reference Figure 2-3 and 2-4.

Once the measurement piston reaches the upstream position, actuate the RUN/RETURN
switch (S1) to the run position. This will release the hydraulic pressure and the measurement
piston will begin traveling downstream. This will also open the solenoid valve (SV) on the
water draw hardware kit. (If this water draw procedure is being repeated from step 19, valve
W1 may be re-opened). When the flag nears the first optical switch (within 17 to 2”), close
valve W1 while throttling valve W3 back to maintain water level in the test measure at or
near the zero mark. Replace the optical assembly cover immediately. The hydraulic system
motor may now be turned off if desired.

Water flow into the test measure is now only through the solenoid valve (SV). When the
flag enters the first optical volume switch, the solenoid valve (SV) will close and all water
flow will stop. At this point, fully open valve W3 to drain the test measure and wait any
specified drain time. Close valve W3.

Check and record the system (flow tube) pressure at P1. Actuate the RUN/RETURN switch
(S1) to the run position. (See Note 3 on page 4-14.) This will open the solenoid valve (SV)
on the water draw hardware kit and begin to fill the test measure. Open valve W1, if
desired, to increase piston travel speed.

Record temperature measurements at T1 and T2 under flowing conditions.

4-10
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14.

15.

16.

Valve W1 must be closed before flag reaches the second optical volume switch. This can
be determined by listening to the tone of the water splashing in the test measure. When the
water level begins to rise into the tapered top of the test measure, the tone will rapidly
increase. At this point, immediately close valve W1. When the flag enters the second
optical volume switch, valve SV will close and the water flow will stop. The test measure
now contains the downstream volume.

Test Measure

Option 1 — After reading the
Test Measure, insert Thermometer

Test Measure

Temperature Thief

1

Option 2 — Check Test Measure temperature during drain

Figure 4-5. Test Measure Temperature Stabilization

Slide optical assembly cover back to expose the second optical volume switch and the ends
of the invar rods. Measure and record the temperature at Td (invar rod temperature) using
the digital thermometer and contact probe. Replace the optical assembly cover. See Note
4 on page 4-14.

Record the water level shown on the calibrated section of the test measure. This
measurement must be taken from the bottom of the meniscus inside the glass tube.
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17.

18.

19.

20.

21.

22.

23.

24.

Record Tm, the temperature of the test measure (i.e. the water temperature inside the test
measure). Open valve W3 momentarily, allowing about '2 gallon of water to drain out, and
measure the temperature of the drained water with the temperature thief. (Figure 4-5).

Open valve W1 momentarily to replace the water drained from the test measure. This will
allow the flag to proceed downstream just beyond the second optical volume switch.

For the Upstream (procedure a) and Combined (procedure c) water draw: Verify valve W1
is closed and reset the valves for upstream flow (V1 and D2 open; V2 and DI closed).
Proceed to step 20.

For the Downstream (procedure b) water draw: Return to step 10 and repeat the process for
as many Downstream cycles as desired. See Note 2 on page 4-14.

Be certain the optical assembly cover is in place and toggle the
UPSTREAM/DOWNSTREAM switch (S2) on the interface board to the upstream position.
Actuate the RUN/RETURN switch (S1) to the run position. (See Note 3 on page 4-14.)
This will open the solenoid valve (SV) and the measurement piston will begin to move
upstream. Throttle valve W3, if necessary, to maintain the water level in the test measure
near the zero mark. When the flag exits the second optical volume switch, the solenoid
valve (SV) will close and the water flow will stop.

Fully open valve W3 to drain the test measure and wait any specified drain time. Close
valve W3.

Check and record the system (flow tube) pressure at P1. Actuate the RUN/RETURN switch
(S1) to the run position. (See Note 3.) This will open the solenoid valve (SV) on the water
draw hardware kit and begin to fill the test measure. Open valve W1, if desired, to increase
piston travel speed.

Record temperature measurements at T1 and T2 under flowing conditions.

Valve W1 must be closed before the flag reaches the first optical volume switch. This
can be determined by listening to the tone of the water splashing in the test measure. When
the water level begins to rise into the tapered top of the test measure, the tone will rapidly
increase. At this point, immediately close valve W1. When the flag exits the first optical
volume switch, valve SV will close and the water flow will stop. The test measure now
contains the upstream volume.

4-12
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25.

26.

27.

28.

29.

30.

31.

Slide optical assembly cover back to expose the second optical volume switch and the ends
of the invar rods. Measure and record the temperature at Td (invar rod temperature) using
the digital thermometer and contact probe. Replace the optical assembly cover. See Note
4 on page 4-14.

Record the scale reading shown on the calibrated section of the test measure. This
measurement must be taken from the bottom of the meniscus inside the glass tube.

Record Tm, the temperature of the test measure (i.e. the water temperature inside the test
measure). See Figure 4-5. Open valve W3 momentarily, allowing about %2 gallon of water
to drain out, and measure the temperature of the drained water with the temperature thief.

Open valve W1 momentarily to replace the water drained from the test measure. This will
allow the flag to proceed upstream just beyond the first optical volume switch.

For the Upstream (procedure a) water draw: The measurement piston must be moved to the
downstream position. Close valve D2, and open valves V2 and D1. This will allow the
measurement piston to move downstream. Observe the flag position until the piston reaches
the full downstream position and replace the optical cover. Proceed from step 19 for as
many Upstream measurement cycles as desired. See Note 2 on page 4-14.

For the Combined (procedure c) water draw: Reset the valves for downstream flow (V2 and
D1 open; V1 and D2 closed) and continue to step 30.

Toggle the UPSTREAM/DOWNSTREAM switch (S2) on the interface board to the
downstream position. Actuate the RUN/RETURN switch (S1) to the run position. (See
Note 3 on page 4-14.) This will open the solenoid valve (SV) and the measurement piston
will begin to move downstream. Throttle valve W3, if necessary, to maintain the water level
in the test measure near the zero mark. When the flag enters the first optical volume switch,
the solenoid valve (SV) will close.

Fully open valve W3 to drain the test measure and wait any specified drain time. Close
valve W3. At this point, actuating the RUN/RETURN switch (S1) will begin the next
measurement cycle. (See Note 3 on page 4-14.) The procedure may now be repeated from
step 12 for as many Combined water draw cycles as desired. See Note 2 on page 4-14.
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Notes for water draw procedures:

1- Once the water draw displacement procedure is started it should be carried to
conclusion in a continuous process without interruption or delay.

2 - One measurement cycle of the water draw process must be performed with the flow rate
reduced 25 to 50%. This may be accomplished by throttling valve W1. This is typically
performed for the second cycle.

3- Run/Return and Upstream/Downstream selector switches are labeled S1 and S2
(respectively) on the Interface Board itself. CENELEC style provers, and CSA provers
equipped with the optional water draw plug, have these switches operational to the front of
the control enclosure, or interface enclosure (as applicable). Labels on the front of the
enclosure will dictate the switch operation for water draw purposes.

4 - The optical cover should be replaced for each measurement cycle. However, it does not
have to be fastened permanently each time. Simply slip the cover completely over the
optical assembly to black out any ambient light that could alter optical switch operation.
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Figure 4-6. Volumetric Determination Data Sheet
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Figure 4-7. Typical Prover Control Panel Assembly (12" shown)

4.3 Certification Data Sheet and Calculations

4.3.1 Data Sheet Entries

The following is a step-by-step procedure for using the water draw certification sheet to obtain the
base volume of the prover, adjusted (corrected) to reference conditions.

An example of a typical data sheet is shown in Figure 4-6.

Record the following variables on a data sheet for each measurement cycle as defined below:

I. Water Inlet Temperature (T1): The temperature of the water as it enters the prover.
2. Water Outlet Temperature (T2): The temperature of the water as it exits the prover.
3. Prover Temperature (Tp): The average of T1 and T2.
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4.

Test Measure Temperature (Tm): The temperature of the water in the test measure. This
is measured with the temperature thief during the water draw procedure.

Sensor Mounting Temperature (Td): This is the temperature of the Invar Rods used for
spacing the optical switches. The temperature is measured during the water draw procedure.
As an option, ambient temperature may be used.

Water Pressure (P): The pressure recorded from the pressure gage of the water draw
system.

Test Measure Scale Reading: Actual measurement recorded from the calibrated section
of the test measure. This is a + or — reading from the zero mark.

4.3.2 Calculations

The following formula will be used in the process of calculating the Compact Prover base volume
at reference conditions:

Vtp = (Vme Tmpe Css)/ (Cpl* Cps)
Vtp: The corrected prover volume at reference conditions.

Vm: The stated volume of the test measure, plus or minus the scale reading recorded on the
data sheet from the water draw.

Tmp: Volumetric correction factor for differences between the prover and the test measure
temperatures as found in American Petroleum Institute (API) Chapter 11.2.3(m) Water
Certification of Volumetric Provers.

Css: This is the correction factor for the temperature of the stainless steel test measure, the
carbon (or stainless steel) flow tube, and the Invar rods. The correction factor is determined
using the following formula:

_ 1+ (Tm —Tb)Etm
[1+(Tp — Th)Eft][1+ (Td — Th)Eir]
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Where:

Tm  is the temperature of the test measure recorded from the water draw procedure using
the temperature thief.

Tb is the reference temperature.

Etm is the cubical coefficient of expansion of the stainless steel test measure depending
on temperature units being used: 0.0000265/°F or 0.0000477/°C. The manufacturer
of the test measure will also give this value that may be used if desired for improved
accuracy.

Tp is the temperature of the prover. This is the average of T1 and T2.

Eft  isthe squared coefficient of expansion used for the flow tube. This number will vary
depending on the material of the flow tube.

Use the following values based on material and temperature units:

°F °C

Carbon Steel: 0.0000124  0.0000223

17-4 Stainless Steel: 0.0000120  0.0000216
Cast 304 Stainless Steel: 0.0000177  0.0000319
304 Stainless Steel: 0.0000192  0.0000346

Td is the Sensor Mounting Temperature recorded from the water draw procedure.
Eir  is the linear coefficient of expansion for the Invar Rods. This value is based on the
temperature units used and will be 0.0000008/°F or 0.0000014/°C.

Cpl: This is the compressibility reduction factor for water. This factor is determined by the
following formula:

Cpl = !
1-(0.0000032¢ P)

Where P is the pressure recorded at P1 during the water draw procedure in psig,

or
~ 1
1-(0.000000464 « P)

Cpl

Where P is the pressure recorded at P1 during the water draw procedure in kPa.

4-18

MAINTENANCE



COMPACT PROVER SEP 2002

6. Cps: This is the correction factor for the expansion of the flow tube due to pressure.
This factor is determined by the following formula:

PeD
Cps =1+
E*t
Where:
P is the pressure recorded at P1 during the water draw procedure.
D is the inside diameter of the flow tube.

€ is the Modulus of elasticity for the material of the flow tube. If pressure is
measured in psi, this value will be 28,500,000 for stainless steel and 30,000,000
for carbon steel. If pressure is measured in kPa, the Modulus of elasticity for
stainless steel will be 196,500,574.5 and 206,842,710 for carbon steel.

t is the wall thickness of the flow tube. Be sure to use identical units of measure
for the thickness as used for the diameter of the flow tube.

Vtp must be calculated for each set of data collected during each measurement cycle of the water
draw procedure.

The downstream base volume will be the average of the corrected volumes (Vtp’s) of the
downstream cycles of the water draw. The repeatability of the downstream corrected volumes must
be within .02%, see formula below. Enter the downstream base volume into the operating computer
if the meter under test is located downstream of the prover.

The upstream base volume will be the average of the corrected volumes (Vtp’s) of the upstream
cycles of the water draw. The repeatability of the upstream corrected volumes must be within .02%,
see formula below. Enter the upstream base volume into the operating computer if the meter under
test is located upstream of the prover.

repeatability (%) = [M8hestVip ~ lowest Vip) |,

lowest Vip
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4.4 Seal Replacement

Should the seals within the Compact Prover ever need to be replaced, the procedures in this section
will guide the qualified technician through a simple step by step process. Before attempting any
repair or disassembly procedures, the following details must be observed:

- Disconnect power to the operating computer and the prover. This will prevent accidental
power up of the prover hydraulics and electronics.

- Disconnect, or isolate, the prover from the process line (pressure and flow).

- Drain all fluid from the flow tube by opening the drain and vent valves located at the top and
bottom of the end flanges on each end of the flow tube. Dispose of any process fluids in an
environmentally safe manner.

4.4.1 Measurement Piston and Flow Tube

To determine if the measurement piston seals need inspection for possible replacement, perform the
leak test as described in Section 4.1. If line product is leaking from either end of the flow tube
(between the flow tube and end flanges), the flow tube seals in the end flanges are in need of
inspection for possible replacement.

There are two methods for measurement piston and flow tube seal replacement. Procedure A will
be necessary if a complete tear-down of the prover is required. Procedure B will be necessary if only
the piston and flow tube seals are in need of replacement.

Procedure A: Piston and Flow Tube Disassembly
Reference Figure 7-2, Section 7.

1. Disassemble the optical and hydraulic systems following the appropriate disassembly
instructions. See Section 4.4.2 and 4.4.3 respectively.

2. Slide a piece of plastic tubing, approximately 2 feet longer than the flow tube, over the
actuator shaft and remove the optical detector shaft from the threaded mounting boss.

3. Attach the outlet flange to a hoist and support the flange so that it will be held in place when
the tie rods are removed.
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4.

10.

I11.

12.

13.

14.

15.

16.

Make sure that the support saddles below the flow tube will hold it in position without
allowing it to drop when the outlet flange is removed. Adjust if necessary.

Remove the tie rod nuts securing the outlet flange assembly.

Remove the outlet flange.

Use the tube protecting the actuator rod to push the measurement piston to the end of the
flow tube. DO NOT PUSH THE MEASUREMENT PISTON OUT OF THE FLOW
TUBE.

Using sufficient personnel (at least 2), pull the measurement piston out of the flow tube. Be
sure to support the weight of the piston as it is removed from the flow tube. This will keep

the actuator shaft from damaging the flow tube.

After removal, support the piston in such a way as to prevent the piston weight from resting
on the seals on the front of the measurement piston.

Press the poppet valve open and secure it in position using a wooden block or non-marring
dowel.

Remove the o-ring from the groove in the poppet valve. Removal of the poppet valve at this
time will ease replacement of the poppet seal.

Remove the piston seals and rulon riders.

Carefully clean and examine the flow tube bore for scoring, corrosion or other signs of wear
or damage. Consult the factory concerning replacement.

Remove the tie rods from the prover excluding the two tie rods at the bottom. These may
remain in place.

Lift the flow tube slightly off the support saddles. Pull it away from engagement with the
inlet flange. A hoist will be necessary for this operation.

Remove the inlet and outlet flange o-rings and inspect for damage.
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Procedure A: Piston and Flow Tube Assembly

In the following procedure where lubrication of parts is recommended, it should be noted that
excessive amounts of lubrication should be avoided as the base volume of subsequent water draw
could be affected.

1. If the upstream flow tube o-ring is to be replaced, install the new o-ring in its groove using
lubricant (white lithium grease) to hold in place.

2. Install the flow tube on its’ saddles, flush against the inlet flange. Adjustment of the saddles
may be necessary.

3. Place the pieces of guide conduit (used in disassembly) through the upstream flange and
flow tube.
4. Lubricate the poppet valve o-ring and fit it onto the groove in the poppet valve. It is

recommended that the o-ring be pressed into the groove in places 90° apart to help eliminate
any twisting or stretching. See Figure 4-8. Care must be taken when working the seal into
the poppet groove as the seal may stretch and not seat correctly. The use of a smooth plastic
tool may assist in working the seal into the poppet groove. Working the seal on opposite
sides of the groove every few inches will assist in proper installation. Use care to prevent
damage to the o-ring.

Figure 4-8. Poppet O-Ring Installation
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5. If the poppet valve has been removed from the measurement piston, install it at this time.
Torque the poppet bolts to 22 ft Ibs (30 Nm).

6. Lubricate the two measurement piston seals with light oil and install them on the piston. The
open sides of the two seals will be facing away from each other when installed correctly.
Each seal will require proper fitting. Once the seal is around the groove, the seal must be
pushed into the groove. A ‘snap’ will be heard once the seal seats in the groove. Be sure
to check that the entire seal is properly seated.

7. Test fit of the rulon riders on the measurement piston. Trim any excess length so that there
will be a 1/16” gap between the ends of each rider. Remove the riders from the piston and
lay them over the end of the flow tube.

The 12” Compact Prover has two different sized riders; a thick rider and a thin rider. The
thick rider fits in the upstream groove of the piston. The thin rider fits in the downstream
groove of the piston, between the two piston seals. All other size provers have identical
riders.

8. Lubricate the inside of the flow tube with light oil. Align the measurement piston with the
flow tube and insert the actuator shaft into the guide conduit. Pay attention to the threaded
mounting boss (for the detector shaft) and align as necessary.

9. Carefully insert the measurement piston into the flow tube until the first rulon rider groove
is about to go into the flow tube. Install the first rulon rider onto the measurement piston
with the gap at the bottom of the piston. Lubricate the rider with light oil.

10. Slide the measurement piston into the flow tube up to the upstream seal. Lubricate the
upstream seal with light oil. If the upstream seal is installed correctly, the seal should slip
into the flow tube when gently pressing on the piston.

11. Press the measurement piston into the flow tube until the second rulon rider groove is about
to go into the flow tube. Install the second rider onto the piston with the gap at the bottom
of the piston. Lubricate the rider with light oil.

12. Press the piston into the flow tube past the second rulon rider and up to the downstream seal.
Lubricate the downstream seal with light oil. Gently press on the poppet until the
downstream seal slips into the flow tube.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

Using a flashlight, look through the hole in the inlet flange where the optical detector shaft
goes through. Check the alignment of the threaded mounting boss on the piston. The boss
must be aligned with this hole in the inlet flange for correct installation of the detector shaft.
Rotate the piston if necessary to align the boss.

Remove the guide conduit from the actuator shaft. Pull the actuator shaft out from the tee
of the inlet flange until the piston is approximately half way inside the flow tube. Recheck
the alignment of the mounting boss on the piston with the hole in the inlet flange for the
detector shaft.

If realignment is necessary, the poppet must be used to ‘tap’ the piston into position. Pull
on the actuator shaft enough to open the poppet. Spin the actuator shaft, in the direction
necessary for alignment, when slightly pushing the poppet against the piston. This will make
the poppet ‘tap’ on the piston and move the piston into alignment. It may be necessary to
repeat this procedure to align the threaded mounting boss correctly.

Install the detector shaft into the threaded mounting boss and tighten by hand. At this point,
it is recommended to install the optical seal support over the detector shaft. This holds the
piston in alignment for the remainder of the assembly procedures. See Section 4.42 for
optical seal support assembly and installation.

Install the o-ring in the groove of the outlet flange using lubricant to hold it in place.

Lift the outlet flange with a hoist and align it on the end of the flow tube. Insert four (4) tie
rods through the flow tube flanges that are diagonal from each other.

Install the tie rod nuts to the four tie rods and tighten them to pull the flow tube and the
outlet flange snug against the inlet flange. Pay attention to the o-rings in the end flanges and
be certain they remain in place. Care should be taken to avoid scraping paint into the space
between the flanges and the flow tube.

Install the remaining tie rods and nuts. Tighten nuts enough to bring the flanges and flow
tube together.

Check the alignment of the outlet flange with the inlet pipe flange. A standard level and the
installation studs (for the outlet flange) may be useful. Rotation of the outlet flange will
bring the bolt pattern into alignment.

Torque the tie rod nuts to the values specified in Table 4-1 for the proper prover size.
Torque all the tie rod nuts in a ‘criss-cross’ pattern.
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22.

23.

24.

Follow the appropriate assembly procedures for installation of the hydraulic seal support,
hydraulic cylinder, optical seal support, and optical assembly. See Sections 4.4.2 and 4.4.3.

It is recommended that the leak check procedure be performed after seal replacement to
assure that the measurement piston seals are working correctly. See Section 4.1.

A hydrostatic pressure test is also recommended following the re-assembly of the Compact
Prover.

Table 4-1. Tie Rod Nut Torque

Prover Size Torque value

8" 415 ft lbs (563 Nm)

12" Mini 934 ft Ibs (1,267 Nm)
12" 934 ft Ibs (1,267 Nm)
18" 1,637 ft lbs (2,221 Nm)
24" 3,734 ft 1bs (5,067 Nm)
34" 2,926 ft lbs (3,971 Nm)
40" 2,340 ft Ibs (3,175 Nm)

Procedure B: Piston and Flow Tube Disassembly

1.

Place the measurement piston in the full upstream position.

Attach the outlet flange to a hoist and support the flange so that it will be held in place when
the tie rods are removed.

Make sure that the support saddles below the flow tube will hold it in position without
allowing it to drop when the outlet flange is removed. Adjust if necessary.

Remove the tie rod nuts securing the outlet flange assembly.

Remove the outlet flange and then all but the lower two tie rods.
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6.

10.

11.

12.

Using a hoist, support the flow tube. Take care to keep the flow tube level to prevent
damage to the piston, actuator shaft, and detector shaft.

Keeping the flow tube level, slide the flow tube off the piston.

After removal, support the piston in such a way as to prevent the piston weight from resting
on the seals of the hydraulic seal support or the optical seal support.

Press the poppet valve open and secure it in position using a wooden block or non-marring
dowel.

Remove the o-ring from the groove in the poppet valve. Removal of the poppet valve at this
time will ease replacement of the poppet seal.

Remove the piston seals and rulon riders.

Carefully clean and examine the flow tube bore for scoring, corrosion or other signs of wear
or damage. Consult the factory concerning replacement.

Procedure B: Piston and Flow Tube Assembly

In the following procedures where lubrication of parts is recommended, it should be noted that
excessive amounts of lubrication should be avoided as the base volume of subsequent water draw
could be affected.

If the upstream flow tube o-ring is to be replaced, install the new o-ring in its groove using
lubricant (white lithium grease) to hold in place.

Lubricate the poppet valve o-ring and fit it onto the groove in the poppet valve. It is
recommended that the o-ring be pressed into the groove in places 90° apart to help eliminate
any twisting or stretching. See Figure 4-8. Care must be taken when working the seal into
the poppet groove as the seal may stretch and not seat correctly. The use of a smooth plastic
tool may assist in working the seal into the poppet groove. Working the seal on opposite
sides of the groove every few inches will assist in proper installation. Use care to prevent
damage to the o-ring.

If the poppet valve has been removed from the measurement piston, install it at this time.
Torque the poppet bolts to 22 ft Ib (30 Nm).

4-26

MAINTENANCE



COMPACT PROVER

SEP 2002

4. Lubricate the two measurement piston seals with light oil and install them on the piston. The
open sides of the two seals will be facing away from each other when installed correctly.
Each seal will require proper fitting. Once the seal is around the groove, the seal must be
pushed into the groove. A ‘snap’ will be heard once the seal seats in the groove. Be sure

to check that the entire seal is properly seated.

5. Test fit of the rulon riders on the measurement piston. Trim any excess length so that there
will be a 1/16” gap between the ends of each rider. Remove the riders from the piston and

lay them aside for later use.

The 12” Compact Prover has two different sized riders; a thick rider and a thin rider. The
thick rider fits in the upstream groove of the piston. The thin rider fits in the downstream
groove of the piston, between the two piston seals. All other size provers have identical
riders.

6. Lubricate the inside of the flow tube with light oil. Align the flow tube with the

measurement piston.

7. Carefully slide the flow tube over the measurement piston until the first seal goes into the

flow tube. Take care to prevent the seal from folding backwards during this process.

Install

the first rulon rider onto the measurement piston with the gap at the bottom of the piston.

Lubricate the rider with light oil.

8. Slide the flow tube over measurement piston up to the rear rider. The second piston seal

should slip into the flow tube without fail.

9. Install the second rulon rider onto the measurement piston with the gap at the bottom of the

piston. Lubricate the rider with light oil.

10. Press the flow tube over the measurement piston until the second rulon rider goes into the

flow tube.

11. Slide the flow tube up to the upstream flange.

MAINTENANCE
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12.

13.

14.

15.

16.

17.

18.

19.

Install the o-ring in the groove of the outlet flange using lubricant to hold it in place.

Lift the outlet flange with a hoist and align it on the end of the flow tube. Insert four (4) tie
rods through the flow tube flanges that are diagonal from each other.

Install the tie rod nuts to the four tie rods and tighten them to pull the flow tube and the
outlet flange snug against the inlet flange. Pay attention to the o-rings in the end flanges and
be certain they remain in place. Care should be taken to avoid scraping paint into the space
between the flanges and the flow tube.

Install the remaining tie rods and nuts. Tighten nuts enough to bring the flanges and flow
tube together.

Check the alignment of the outlet flange with the inlet pipe flange. A standard level and the
installation studs (for the outlet flange) may be useful. Rotation of the outlet flange will
bring the bolt pattern into alignment.

Torque the tie rod nuts to the values specified in Table 4-1 for the proper prover size.
Torque all the tie rod nuts in a ‘criss-cross’ pattern.

It is recommended that the leak check procedure be performed after seal replacement to
assure that the measurement piston seals are working correctly. See Section 4.1.

A hydrostatic pressure test is also recommended following the re-assembly of the Compact
Prover.
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4.4.2 Optical Seal Support

To determine if the optical seal support is in need of repair, check the weep hole at the bottom of the
seal support. If line product is leaking from the weep hole, the seals internal to the support should
be inspected for possible replacement.

Disassembly
Reference Figure 4-9.

1. Remove the bracket securing the optical switch cover.
2. Remove the optical switch cover and o-ring.
3. Disconnect the main plug to the optical switch wiring harness near the seal support. Remove

the ‘hoop style’ wire anchor that holds it to the optical frame.
4. Loosen the clamping screws that hold the flag assembly to the detector shaft.

5. Carefully slide the flag assembly off of the shaft. DO NOT damage or disturb the position
of the optical switches. Be careful not to strike them with the flag when it is removed.

6. Remove the optical assembly by removing the four (4) socket head screws holding it to the
seal support. Temporarily place the optical assembly where it will not get damaged.

AWARNING

SERIOUS PERSONAL INJURY

Verify that all pipeline/process fluid pressure has been removed from the prover.

Failure to release pressure prior to the next step may result in serious personal injury.

7. Remove the three (3) socket head screws from the optical seal support that hold it to the inlet
flange. Remove the seal support and o-ring by carefully sliding it off the detector shaft.
Inspect for wear or damage.

TIP: If the conduit connection to the optical seal support needs to be removed, loosen the
clamping nut on the blue conduit and remove the connection pins from inside the wiring
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harness plug described in step 3. A small pointed utensil may be used for this. Once the
wires are removed from the plug, the wires may be pulled out of the seal support. Do not
remove the clear tubing protecting the wires in the seal support.

BAL-SEAL

RETAINING RING

BACK-UP WASHER

CAP SCREW

OPTICAL SUPPORT ASSEMBLY

, 0-RING

RETAINING RING

BACK-UP WASHER

SMALL OPTICAL SEAL WASHER

Figure 4-9. Optical Seal Support Assembly

8. Referring to Figure 4-9 remove the retaining rings, seals, and back-up washers from the
optical seal support. Inspect for wear or damage.

9. Clean all parts (except electrical assemblies) in a suitable solvent as required and inspect for
signs of abnormal wear, corrosion, cracking, etc.

10. Inspect optical shaft for nicks, scratches, galling or build up of contaminants. Polish with
400 grit or finer sandpaper with water and wipe with solvent as required.
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11. Check the rulon bushings in the optical seal support for clearance on the optical shaft.
Correct clearance is .0015 to .005 inch. If clearance is excessive consult the factory
concerning replacement.

Assembly

Reference Figure 4-9.

1.

On the narrow end of the optical seal support, install the small optical seal washer, the small
bal-seal, the backup washer, the larger bal-seal and retaining ring in that order. The open
ends of all seals are to face into the flow tube. On the opposite end, install the bal-seal and
the backup washer. Secure with the retainer ring.

Install the o-ring on the optical seal support.

Install the optical seal support assembly to the inlet flange using the three (3) socket head
cap screws. Pay attention to the location of the modified cap screw, which is located across
from the conduit elbow.

NOTE: If the wiring harness plug was removed during disassembly, reinstall the wires and
plug at this point. The mating harness plug on the optical assembly may be used as reference
to install the wires back into the plug. Make the wire colors match one another. Slightly
bend the retaining clip out if necessary to make the pins fit securely. A ‘snap’ sound will
be heard when the pins are in place.

Slide the flag back and forth along the optical assembly checking to assure that it passes
through the center of each optical switch. Adjust if necessary.

Slide the optical assembly and the flag over the detector shaft. Install the optical assembly
to the seal gland using the four (4) socket head cap screws. Pay attention to the location of
the small cap screw.

Place the piston in the full upstream position, the piston will stop against the inlet flange.

Center the flag in the upstream switch then tighten the clamp screws. The flag should be
firmly clamped to the detector shaft.

After achieving proper alignment of the optical system, install the o-ring and the cover tube.
The cover should be positioned with the boss on the side.

Install the brace from the support bar to the optical assembly.
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4.4.3 Hydraulic Cylinder and Hydraulic Seal Support

To determine if any of seals in the hydraulic cylinder or the hydraulic seal support are in need of
replacement, check the weep hole at the bottom of the seal support. If line product is leaking from
the weep hole, the support seals are in need of replacement. If there is hydraulic fluid leaking from
the weep hole, the seals internal to the hydraulic cylinder are in need of inspection for possible
replacement.

Disassembly
References Figures 4-10 and 4-11.

ACTUATOR SEAL SUPPORT~_| \\{,
\%% ZH———RETAINING RING
_—N ',{ )L-

RETAINING RING T——SEAL

A
o
N A

/7.
N

77

o BACK-UP WASHER
== \\\

BUSHINGJ SEAL

Figure 4-10. Hydraulic Seal Support Assembly

1. Close the spring plenum shut-off valve to the hydraulic cylinder and remove the valve’s
handle. This will prevent accidental opening of the spring plenum and loss of the nitrogen
within.
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2.

10.

Loosen the Nitrogen supply line at the end of the hydraulic cylinder. Allow the gas in the
supply line to escape.

Disconnect the Nitrogen supply line from the hydraulic cylinder.

Drain the hydraulic fluid from the hydraulic cylinder by disconnecting the pressure hose
from the hydraulic pump. If the fluid is caught in a clean container, it may be reused.

Remove the four nuts securing the upstream flange of the hydraulic cylinder.
Remove the support bracket holding the upstream end of the hydraulic cylinder.
Remove the upstream flange and o-ring from the actuator cylinder.

Remove the four hydraulic cylinder tie rods. If the rods cannot be removed by hand, install
two nuts, tighten them together and use a wrench on the inner nut to unscrew the rod.

Remove the hydraulic cylinder tube and o-ring taking care not to damage the actuator piston
or cylinder tube. Oil will drain from the cylinder as it is pulled from its' downstream flange.

Remove the lock nut attaching the actuator piston. An impact wrench is recommended for
this step. However, if one is not available the strap wrench listed in Section 6-1 may be used
to hold the actuator shaft while a wrench is used to remove the actuator piston nut.

MECHANICAL EQUIPMENT DAMAGE
Do not damage the outer surface of the actuator shaft.

Damaging the actuator shaft may result in seal damage.

CAUTION

11.

Remove the actuator piston and cushion. Care should be taken when removing the piston
from the actuator shaft, as there is an o-ring inside the piston. Remove the actuator piston
as if unthreading a nut from a screw.
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HYDRAULIC
ACTUATOR CYLINDER

PISTON

RETAINING
NUT PISTON SEALS
W/ BACKUP RINGS
BACKUP BACKUP
RING ) RING
O-RING O-RING
\ ORING
R SEAL
a0000000 98
SINT \'\:‘
ROD
SCRAPER
O-RING
ACTUATOR SHAFT ROD
CUSHION BEARING
ACTUATOR
PISTON
NOTE: ALL SEALS AND O-RINGS ARE INCLUDED
IN SEAL KIT FOR RESPECTIVE PROVER SIZES.
SEE TABLE 7.1 FOR PART NUMBERS.
Figure 4-11. Typical Hydraulic Cylinder Assembly
12. Remove the hydraulic lines from the downstream flange of the hydraulic cylinder.
13. Remove the downstream flange of the hydraulic cylinder. Some prover sizes will require

the removal of mounting screws for this flange.

AWARNING

SERIOUS PERSONAL INJURY

Verify that all pipeline/process fluid pressure has been removed from the prover.

Failure to release pressure prior to the next step may result in serious personal injury.
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14. Remove the socket head screws attaching the actuator seal support to the tee of the inlet
flange. Remove the actuator seal support by carefully sliding it off the actuator shaft.

15. Referring to Figure 4-10, remove the retaining ring, seals and back-up washer from the
actuator seal support. Determine the suitability of the backup washer for reuse.

16. Clean all parts in a suitable solvent as necessary and inspect for signs of abnormal wear,
corrosion, cracking etc.

17. Inspect the actuator shaft for nicks, scratches, galling, or build up of contaminants. Polish
with 400 grit or finer sandpaper (emory cloth) and water. Wipe with solvent as needed.

18. Check the bushing in the actuator seal support for clearance on the actuator rod. Correct
clearance is .002 to .005 inch. If clearance is excessive, consult the factory for replacement.

Assembly

In the following procedure where lubrication of parts is recommended, it should be noted that
excessive amounts of lubrication should be avoided as the base volume of subsequent water draw
could be affected.

Reference Figure 4-10 and 4-11.

1.

Install the inner seal, the backup washer, the outer (larger) seal and retaining ring into the
hydraulic seal support. Open ends of both seals are to face the flow tube.

Install the o-ring on the hydraulic seal support holding it in place with a small amount of
lubricant.

Install the hydraulic seal support on the inlet flange by sliding it onto the actuator shaft.
Apply a small amount of grease to the actuator shaft at the beveled edge to assure the seals
do not fold over. Align the support with the weep hole pointing down. A slight rotation of
the support may be necessary to align the bolt pattern between the support and the inlet
flange. Secure the support with the socket head screws.

Install the downstream flange of the hydraulic cylinder by sliding it onto the actuator shaft.
Apply a small amount of grease to the actuator shaft at the beveled edge to assure the seals
do not fold over. Align the hydraulic ports in the flange with the hydraulic hoses and the
stud holes with those in the hydraulic seal support.
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5.

10.

11.

12.

13.

14.

15.

Install the braking washer on the actuator shaft. The chamfer on the braking washer must
face the flow tube.

Install new seals on the actuator piston and install the piston to the actuator shaft. Use care
not to damage the o-ring in the bore of the actuator piston with the shaft threads by threading
it onto the actuator shaft.

Install the locking nut and tighten with an impact wrench. The locking nut should be
tightened until the actuator piston is unable to turn.

Install the two (2) o-rings on the end of the hydraulic cylinder tube. Pay attention to the flat
o-ring as it must be installed with the flat side against the shoulder on the end of the tube.
Then install the round o-ring.

Install the hydraulic cylinder tube over the actuator piston. Use a smooth piece of plastic to
compress the piston seal as necessary. Slide the tube up to within approximately 1" of the
downstream flange. Be sure the o-rings are in place.

Install the hydraulic cylinder tie rods into the tee of the inlet flange. If the rods have longer
threads on one end, install these ends in the tee.

Install the o-rings onto the upstream end of the hydraulic cylinder tube. These o-rings are
installed in the same manner as in step 8.

Install the upstream flange of the hydraulic cylinder. Also install the bracing plate from the
support bar if so equipped.

Install the four nuts on the hydraulic cylinder tie rods. Double check the o-rings on each end
of the hydraulic cylinder tube to assure they are in place. Tighten the nuts evenly to bring
the hydraulic cylinder tube and flanges together. Torque to specifications listed in Table 4-2.

Tip: To ensure proper alignment of the hydraulic cylinder, use a level to verify the alignment
with the flow tube.

Connect the nitrogen supply hose from the spring plenum and the hydraulic hoses to the
hydraulic cylinder.

Install the operating handle on the nitrogen shut-off valve. Open the shut-off valve and
check for and eliminate any leaks.
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16. Once the prover is fully assembled, check the hydraulic reservoir for proper level. Turn on
the power and start the hydraulic system motor. Check for and eliminate any hydraulic
system leaks. Once all air is eliminated from the hydraulic system, turn off the motor and
re-check the reservoir for proper level.

Table 4-2. Hydraulic Cylinder Tie Rod Nut Torque

Prover Size Torque Value

8" 25 ft 1bs (34 Nm)

12" Mini 45 ft 1bs (61 Nm)
12" 45 ft 1bs (61 Nm)
18" 125 ft lbs (170 Nm)
24" 220 ft lbs (299 Nm)
34" 600 ft 1bs (814 Nm)
40" 1,400 ft Ibs (1900 Nm)

4.5 Instrument Package Conversion Kit

Compact Provers purchased prior to June 1989 are designed with a ‘shotgun’ style optical assembly.
These older provers may be retrofitted to accommodate the new ‘plug style’ optical assembly.
Installation instructions are provided with the kit. Switch replacement on the new design has been
simplified from the old design. Volume re-certification is no longer necessary when replacing a
volume switch on the ‘plug style’ or the ‘pin-and-socket’ optical assemblies.

See Section 4.6 for further information regarding switch replacement on the ‘plug style’ optical
assembly.

See Table 7-1 for part numbers of retrofit kits for these older provers.

Compact Provers built from June 1989 to December 2000 have the ‘pin-and-socket’ optical
assemblies. Ifan upgrade to the new ‘plug style’ optical assembly is desired, a new optical assembly
will be required. See Table 7-1 for these part numbers.

MAINTENANCE 4-37



SEP 2002 COMPACT PROVER

4.6 Detector Switch Replacement

Reference Figures 4-12, 4-13 and 4-14.

The Switch Pad location has been factory set and under normal conditions will not require
adjustment.

Figure 4-12. Detector Switch Removal #1

1. Disconnect electrical power to the unit.
2. Remove the support bracket at the outboard end of the detector shaft dust cover.
3. Remove the dust cover.
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4.

Carefully cut the wire ties holding the plug for the inoperative switch and remove any ‘hoop
style’ anchors necessary. Disconnect the plug from the main harness by releasing the latch
and separating the plug. (Figure 4-12)

Remove the mounting/adjustment screws holding the optical switch to the switch pad.
(Figure 4-12)

Figure 4-13. Detector Switch Removal #2

Carefully remove the switch assembly while feeding the switch plug through the frame. Be
careful not to catch the plug on any other wires. (Figure 4-13)

Install the new switch. For a volume switch, ensure that the assembly base is positioned flat
against the switch pad and square against the right end of the pad where the elongated holes
are located.

Adjust the switch position so that the detector passes through the center of the switch. If
necessary, loosen the bearing housing and slide it along the shaft while adjusting the switch
position.
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It may be necessary to pry the bearing housing free from the optical shaft by using a small
screwdriver in the rear slot. Return the bearing housing to its original position and tighten
all screws. (Figure 4-14)

Figure 4-14. Detector Switch Adjustment

9. Plug the new switch into the main harness, feeding the plug back through the frame to the
original location. Anchor the plug to the frame using a new wire tie and replace any “hoop-
style” wire anchors.

10. Verity wires will not interfere with the detector movement. Adjust and/or anchor as
necessary.

11. Replace the dust cover and support bracket.
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If the switch replacement procedure has been performed correctly, the replacement switch will be
within 0.001 inches from the original switch position. The formula for cylinder volume can be used
to determine the degree of change in the water draw volume.

Example for a 12” prover:

Water draw volume change for 0.001 inch of switch movement =

n (d/2)* (0.001) = m (12.25/2)* (0.001) = 0.1178 in’

Since 15 gallons = 3465 in’:

The percent change = 0.1178/3465(100) = 0.0034%

This percent change in the water draw volume is well within the 0.02% allowed.
Similar changes can be expected in the other size provers. See Table 4-3 below.

Table 4-3. Volumetric Percent Change for Compact Provers

Prover Nominal Flow Tube Base Volume Percent Change
Size Prover Base L.D. From Nominal
Volume
8" 5 gal 8.250" 1,155 in’ 0.0046%
(20L) (20.955 cm) (20000 cm?) (-:0017%)
12" Mini 10 gal 12.250" 2,310 in’ 0.0051%
(40L) (31.115 cm) (40000 cm?) (-:0019%)
12" 15 gal 12.250" 3,465 in’ 0.0034%
(60 L) (31.115 cm) (60000 cm?) (.0012%)
18" 30 gal 17.500" 6,930 in® 0.0035%
(120 L) (44.450 cm) (120000 cm?) (.0012%)
24" 65 gal 25.500" 15,015 in’ 0.0034%
(250 L) (64.770 cm) (250000 cm”?) (-0013%)
34" 100 gal 34.00" 23,100 in® 0.0039%
(400 L) (86.360 cm) (400000 cm”?) (.0014%)
40" 170 gal 40.00" 39,270 in’ 0.0032%
(650 L) (101.60 cm) (650000 cm?) (.0012%)
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5.0 TROUBLESHOOTING
5.1 General

Should the electrical system of the Compact Prover require repair, the following two sections contain
solutions and information to help solve problems that may be encountered. If these steps and
information do not help solve the operational problem, contact a Daniel representative for assistance.
Figures 5-2 and 5-3 are provided as typical wiring diagrams for reference. Special build electrical
systems will have an electrical diagram supplied with the documentation package.

A DANGER

SERIOUS PERSONAL INJURY OR DEATH

Always use caution when working with high voltage electrical circuits.

Failure to use caution can result in serious injury or death.

5.2 Interface Signals
Reference Figures 2-3 and 2-4.

The Compact Prover interface board control circuits communicate with the operating computer using
digital signals. These signals are the RUN command input, the UPSTREAM output, and the volume
DETECTOR output.

RUN command: The run command signal is held high (approx. 12VDC) by the interface board and
must be pulled low (less than 2VDC) by the operating computer to launch the measurement piston.
This signal is present between pins 2(-) and 5(+) of J-2.

UPSTREAM output: The upstream signal is designed as an open collector (30VDC, 400mA max)
output. This signal must be pulled high by the operating computer. It is pulled low by the interface
board whenever the flag is within the upstream switch. This signal is present between pins 2(-) and
6(+) of J-2.

DETECTOR output: The detector signal is designed as an open collector (30VDC, 400mA max)
output. This signal must be pulled high by the operating computer, and is pulled low by
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the interface board whenever the flag is within either of the optic volume switches. This signal is
present between pins 2(-) and 7(+) of J-2.

Figure 5-1 is a timing diagram that shows the interface signal operation that the operating computer
will see coming from the Compact Prover during a proving cycle. The diagram positions are
explained below.

tl - Computer sends RUN signal low, hydraulics go into bypass, poppet closes and measurement
piston and flag start downstream.
t2 - Flag clears upstream (stand-by) switch; upstream signal goes high.
t3 -  Flag enters the first volume switch sending detector signal low.
As flag exits switch, signal goes high.
t4 -  Flag enters the second volume switch sending detector signal low.
As flag exits switch, signal goes high.
t5-  Computer sends RUN signal high, hydraulics are activated, poppet opens and measurement
piston starts upstream.
t6 -  Flag enters the second volume switch sending detector signal low. As flag exits switch,
signal goes high. Computer ignores pulses during return stroke.
t7-  Flag enters the first volume switch sending detector signal low. As flag exits switch, signal
goes high. Computer ignores pulses during return stroke.
t8 - Flag enters upstream (stand-by) switch, upstream signal goes low.
Compact Prover remains in this condition until RUN command is received from computer.
t——— PROVE CYCLE | RETRACT cvcu-:‘——ai
Lt 2 t3 t4 tS t6 t7 ]
N o | a L — -
UPSTREAM =l E ; -
Figure 5-1. Prover Signal Timing
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5.3

Measurement Piston Movement

Piston does not move upstream: (No hydraulic pressure)

1-

Check to be sure the hydraulic system motor is running. If so, check the hydraulic control
valve operation by disconnecting the AC voltage at the junction box adjacent to the valve.
If the Piston fails to return, the hydraulic control valve is stuck open and is in need of repair
or the hydraulic pump is defective.

If the piston returned in step 1, reconnect the AC voltage to the control valve and then
unplug the DC power to the control relay at connection J-4 on the prover interface board.
If the piston does not return, the control valve relay is defective.

If the piston returned in step 2, check the voltage between pins 2 (-) and 5 (+) of connection
J-2 on the interface board. If this voltage is low (less than 2V), the operating computer is
responsible. If this voltage is high (more than 8V), the interface board is defective.

If the operating computer is found responsible, check the red LED on the prover interface
board. If this LED is illuminated, and the flag is not in a volume switch, this indicates a
problem in the volume switch circuit. Make a jumper connection between pins 2 and 3 of
connection J-1 on the prover interface board. If connecting this jumper turns the LED off,
check the optical barriers for approximately 230 ohms resistance (for fuse barriers, 250 ohms
for non-fused) across connection terminals 1 and 3. If no resistance is detected, replace the
fuse of the barrier in question (or replace the non-fused barrier) and check the grounding
system integrity.

If the barrier resistance is found acceptable, the cause will be in the optical assembly wiring
or volume switches.

Piston does not move downstream: (Hydraulic pressure will not release)

1-

Apply the correct AC voltage for the solenoid at the connection to the hydraulic control
valve. If the control valve fails to open (piston does not launch), the solenoid may be
defective or the valve itself is stuck closed.

If the control valve opened in step 1, disconnect J-4 on the prover interface card and apply
a voltage of 12VDC to the control side of the relay. If the control valve does not open, the
control valve relay is defective.

TROUBLESHOOTING 5-3
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3.

If the control valve opened in step 2, reconnect J-4 and jump a connection between pins 2
and 5 of J-2 on the prover interface board (control voltage must be present at pin 4 (+) and
2 (-) of J-2).

If the control valve does not open (piston does not launch), the prover interface board is
defective.

If the control valve opened in step 3, the operating computer is not sending the run command
(dropping to 0V) to pin 5 of J-2. One possible cause for this problem may be that the
operating computer is not receiving the upstream signal from the optical assembly. The
voltage between pins 6 (+) and 2 (-) of J-2 on the prover interface board should be low (less
than 2V) and the green LED illuminated (if equipped) with the piston in the full upstream
position. Be sure to check the safety barriers for proper resistance. If the barrier resistance
is acceptable, the cause may be in the optical assembly wiring or upstream switch.

TROUBLESHOOTING
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Figure 5-3. Prover Wiring Diagram (Three Phase Power)
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6.0

6.1

SPECIAL TOOLS AND EQUIPMENT
Tool List
The following list of parts will aid the qualified technician in repair of the Compact Prover:

Heavy Duty non-marking Strap Wrench, McMaster-Carr part number: 5349A12
McMaster-Carr

P.O. Box 440

New Brunswick, NJ 08903-0440

Ph: 732-329-3200

Fax: 732-329-3772

Net: www.mcmaster.com

Torque Wrenches

Torque wrenches are necessary for assembly and repair of the Compact Prover. See Tables
4-2 and 4-3 for specified torque ratings of the Compact Prover Tie Rods and Hydraulic
Cylinders. Minimum torque necessary for installation of the poppet is 22 ft Ibs (30 Nm).

Standard Allen Wrenches, Box-end Wrenches and other common tools may also be used for
repair of the Compact Prover.
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7.0 PARTS LIST
7.1 General

This section contains those parts required to properly maintain and service a standard Compact
Prover. Reference those drawings applicable to the specific prover size and configuration. See
Figures 7-1, 7-2 and 7-3.

7.2 Replacement Parts List

Table 7-1 is a list of the parts that may require replacement in the Compact Prover. Parts listed as
‘N/S’, are not shown in the figures. A part number designated as ‘N/A’ is not applicable. A part
number designated as ‘C/F’ will require factory consultation.

If a part is necessary for repair of the Compact Prover and is not listed in Table 7-1, contact a Daniel
representative or the factory for assistance. The following information will be needed to properly
identify the part(s) needed for repair:

- Compact Prover Serial Number

- Compact Prover Model Number

- Compact Prover size (i.e. 87, 12”Mini, 127, 187, 24”, 34” or 40”)
- Part Description and Number (if available)

- Quantity required

The following companies are quality manufacturers of the components parts used in construction
of the Compact Prover:

Compact Prover Daniel Measurement and Control, A division of Emerson Electric
Kalrez E.I. DuPont deNemours and Co.

Rosemount Rosemount, Inc.

Teflon E.I. DuPont deNemours and Co.

Viton E.I. DuPont deNemours and Co.

PARTS LIST 7-1
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Table 7-1. Parts List

Item | Description Qty 8" 12" Mini 12" 18" 24" 34" 40"
1 Complete Seal Kit* 1
Buna-N SKO08 SK12 SK12 SK18 SK24 SK34 CIF
Viton-A SK08-022 SK12-022 SK12-022 SK18-022 SK24-022 SK34-022 SK40-022
Kalrez SK08-075 SK12-075 SK12-075 SK18-075 SK24-075 SK34-075 C/F
Neoprene SK08-116 SK12-116 SK12-116 SK18-116 SK24-116 SK34-116 CIF
Nitrile/Kalrez SK08-12X SK12-12X SK12-12X SK18-12X SK24-12X CIF CIF
2 Bal Seal 1 157367 157367 157367 157367 157367 1500127 156958
3 Bal Seal 1 157364 157364 157364 157364 157364 1500126 156957
4 Bal Seal 1 157364 157364 157364 157364 157364 1500127 156957
5 Bal Seal 1 157385 157362 157362 157372 157392 1500134 156959
6 Bal Seal 1 157384 157363 157363 157374 157338 1500135 156960
8 Poppet O-Ring 1 157357-022 157337-022 157337-022 1567371-022 157395-022 1500136-022 159605-022
9 Front Piston Rider 1 911-08-017-00 911-12-017-00 911-12-017-00 911-18-018-00 911-24-018-00 911-34-018-00 911-40-018-00
10 Rear Piston Rider 1 911-08-017-00 911-12-018-00 911-12-018-00 911-18-018-00 911-24-018-00 911-34-018-00 911-40-018-00
11 Piston Bal Seal 2 157338 157365 157365 157373 157393 1500137 158993
12 |Hydraulic O-Ring 1 157386-022 157084-022 157084-022 157011-022 157081-022 1500131 156902-022
13 | Optical O-Ring 1 157360-022 157360-022 157360-022 157360-022 157360-022 1500125 156900-022
14 | Flowtube O-Ring 2 157383-022 157336-022 157336-022 157370-022 157394-022 1500124-022 158919-022
15 | Seal Backup Wshr 1 911-12-027-00 911-12-027-00 911-12-027-00 911-12-027-00 911-12-027-00 911-34-027-00 911-40-025-00
16 | Op. Retaining Ring 1 156551 156551 156551 156551 156551 1500130 156571
17 Small Op. Seal Wshr 1 911-12-025-00 911-12-025-00 911-12-025-00 911-12-025-00 911-12-025-00 911-34-025-01 911-40-025-00
18 Seal Backup Wshr 1 911-12-024-00 911-12-024-00 911-12-024-00 911-12-024-00 911-12-024-00 911-34-025-00 911-40-027-00
19 Op. Retaining Ring 1 156549 156549 156549 156549 156565 1500128 156570
20 Seal Backup Wshr 1 911-08-029-00 911-12-029-01 911-12-029-01 911-18-029-00 911-24-029-00 911-34-029-00 911-40-029-00
21 Hyd. Retaining Ring 1 156561 156558 156558 156552 156563 1500133 156572
22 Hydraulic System Motor (V/Hz/ph)
115/60/1 CSA 1 1500709 1500709 1500731 1500731 (2) N/A N/A N/A
230/60/1 CSA 1 1500709 1500709 1500708 1500708 (2) N/A N/A N/A
230/460/60/3 CSA 1 CIF CIF 1500707 1500711 (1) 1500711 1500718 1500719
220/50/1 CSA 1 1500710 1500710 1500706 1500706 (2) N/A N/A N/A
220/440/50/3 CSA 1 CIF CIF CIF 1500712 (1) 1500712 CIF CIF
380/50/3 CENELEC 1 1500267 1500267 1500267 1500269 (1) 1500269 1500071 CIF
415/50/3 CENELEC 1 1500266 1500266 1500266 1500268 (1) 1500268 1500272 CIF
23 Hydraulic Pump 1 157925 157925 157925 157925 (2) 157983 158916 158916
157983 (1)
24 | Hyd. Control Valve Solenoid (V/Hz)
110/60 CSA 1 158263 158263 158263 1500673 1500673 1500673 1500673
230/60 CSA 1 158264 158264 158264 1500274 1500274 1500274 1500274
220/50 CSA 1 158266 158266 158266 1500627 1500627 1500627 1500627
380/50 CSA 1 1500639 1500639 1500639 1500639 1500639 1500639 1500639
220/50 CENELEC 1 1500113 1500113 1500113 1500113 1500113 1500113 1500113
25 | Optical Barriers 1-5 159944 159944 159944 159944 159944 159944 159944
Replacement Fuses 5pk 159946 159946 159946 159946 159946 159946 159946
26 Interface Board 12/24V 1 911-12-072-03 911-12-072-03 911-12-072-03 911-12-072-03 911-12-072-03 911-12-072-03 911-12-072-03
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Table 7-1. Parts List
Item |Description Qty 8" 12" Mini 12" 18" 24" 34" 40"
27 Control Valve Relay
<250V, CSA 1 158220 158220 158220 158220 158220 158220 158220
>250V, CSA 1 158721 158721 158721 158721 158721 158721 158721
CENELEC 1 158220 158220 158220 158220 158220 158220 158220
28 | Motor Start Switch
Single Phase 1 158807 158807 158807 158807 (2) N/A N/A N/A
Three Phase 1 CIF CIF 1500463 1500463 (2) 1500463 CIF CIF
CENELEC CIF CIF CIF CIF CIF CIF CIF
29 Control Cable
CSA 50ft 1500237 1500237 1500237 1500237 1500237 1500237 1500237
CENELEC Option 1 50ft 1500278 1500278 1500278 1500278 1500278 1500278 1500278
33 |Power Cable
Single Phase CSA 25ft | HW-968D-036 HW-968D-036 HW-968D-036 HW-968D-036 N/A N/A N/A
Three Phase CSA 25ft CIF CIF HW-968D-038 HW-968D-038 HW-968D-038 1500386 1500386
Three Phase CEN 25ft CIF CIF 1500275 1500275 1500275 CIF CIF
Hydraulic Cylinder Seal
34 Kit 1 159409 158260 158260 1568273 159410 1500123 159623
35 Seal Support Bushing 1 158647 911-12-009-01 911-12-009-001 911-18-009-00 911-24-009-00 911-34-009-00 CIF
36 Retaining Ring 1 156561 156559 156559 156553 156452 1500133 CIF
37 Seal Back-up Washer 1 N/A N/A N/A N/A 911-24-029-01 911-34-029-01 911-40-029-01
N/S | Optical Retrofit Kit
Gallons 1 911-08-384-02M | 921-12-384-02M | 911-12-384-02M | 911-18-384-02M | 911-24-384-02M N/A N/A
Liters 1 911-08-384-01M | 921-12-384-01M | 911-12-384-01M | 911-18-384-01M | 911-24-384-01M N/A N/A
N/S | Optical Assembly
Gallons 1 911-08-325-11 921-12-325-11 911-12-325-11 911-18-325-11 911-24-325-11 911-34-325-11 911-40-325-11
Liters 1 911-08-325-16 921-12-325-16 911-12-325-16 911-18-325-16 911-24-325-16 911-34-325-16 911-40-325-16
N/S | Waterdraw Kit
115V, °F, CSA 1 911-12-372-01 911-12-372-01 911-12-372-01 911-18-372-01 911-18-372-01 911-18-372-01 CIF
115V, °C, CSA 1 911-12-372-51 911-12-372-51 911-12-372-51 911-18-372-51 911-18-372-51 911-18-372-51 CIF
230V, °F,CSA 1 911-12-372-02 911-12-372-02 911-12-372-02 911-18-372-02 911-18-372-02 911-18-372-02 CIF
230V, °C,CSA 1 911-12-372-52 911-12-372-52 911-12-372-52 911-18-372-52 911-18-372-52 911-18-372-52 CIF
220V, °F, CENELEC 1 911-12-372-03 911-12-372-03 911-12-372-03 911-18-372-03 911-18-372-03 911-18-372-03 CIF
220V, °C, CENELEC 1 911-12-372-53 911-12-372-53 911-12-372-53 911-18-372-53 911-18-372-53 911-18-372-53 CIF
N/S | Leak Detector Kit 1 911-12-360-00 911-12-360-00 911-12-360-00 911-12-360-00 911-12-360-00 911-12-360-00 911-12-360-00
PARTS LIST 7-3
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Table 7-2. Compact Prover Model Code
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PROVER SIZE

A AT G Lo B ok

0 8 | 5 GAL, (20 LITERS) 2" 0.26 TO 250 0.946 TO 946 0.357 TO 357 0.057 T0 57

2 | M | 10 GAL. (40 LITERS) 4" 1.0 70 1,000 3.78 70 3,780 1.43 70 1,430 0.227 T0 227
1 2 | 15 GAL. (60 LITERS) 6" 175 T0 1,750 6.623 TO 6,623 2.5 70 2,500 0.397 TO 397
1 8 |30 GAL. {120 LITERS) 8" 3.5 T0 3,500 13.247 TO 13,247 5.0 TO 5,000 0.794 TO 794
2 4 165 GAL. (250 LITERS) 12" 7.0 T0 7,000 26.495 TO 26,495 10 TO 10,000 1589 TO 1,589
3 4 100 GAL. (400 LITERS) 16" 12.6 70 12,600 47.691 TO 47,691 18 TO 18,000 2.860 TO 2,860
4 | 0 [170 GAL. (650 LITERS) 20" 17.5 TO 17,500 66.237 TO 66,237 25 TO 25,000 3.972 70 3,972

[ Z |mountiva

N©O~NDG B WN -

I I I I B B

HORIZONTAL (STD.)

HORIZONTAL WITH TRAILER

VERTICAL STATIONARY

VERTICAL HYDRAULIC POSITIONER

VERTICAL HYDRAULIC POSITIONER AND TRAILER
MIRROR IMAGE HORIZONTAL

MIRROR IMAGE HORIZONTAL WITH TRAILER
MIRROR IMAGE VERTICAL HYDRAULIC POSITIONER
nSfII’RE%?ELIMAGE VERT. HYD. POSITIONER AND TRL.

REVISION LEVEL
[ A Jpressune raTiNG

150 LB. ANSI 285 PSI (1,966 kPa)
300 LB. ANSI 740 PS! (5,104 kPa)
600 LB. ANSI 1480 PSI (10,207 kPa)
900 LB. ANSI 2220 PSI (15,310 kPa)
SPECIAL

EXTERIOR FINISH

NCI®TMOO®P»

Uy

PAINT SYSTEM INSULATION

2 COATS - WHITE NONE
3 COATS - WHITE NONE
4 COATS - WHITE NONE

2 COATS - WHITE
3 COATS - WHITE
4 COATS - WHITE
2 COATS - WHITE
3 COATS - WHITE
4 COATS - WHITE
SPECIAL

PERMANENT FIBERGLASS JACKET
PERMANENT FIBERGLASS JACKET
PERMANENT FIBERGLASS JACKET
DETACHABLE FOAM JACKET
DETACHABLE FOAM JACKET
DETACHABLE FOAM JACKET

[ C |uniTs oF caLBRATION

1
2
4
5
z

GALLONS - SINGLE VOLUME
LITERS - SINGLE VOLUME
GALLONS - DUAL VOLUME
LITERS - DUAL VOLUME
SPECIAL

@SEAL MATERIALS ’

NMODO®X»

[ R

POPPET SEAL FLOWTUBE AND SEAL
-RING SUPPORT 0-RINGS

VITON VITON

NITRILE (BUNA-N NITRILE

KALREZ KALREZ

KALREZ LOW SWELL NITRILE

NEQPRENE NEQPRENE

SPECIAL

MATERIAL OF CONSTRUCTION

1

NO O b wN =
[ T T I

[F Jwo

CIEGTMMOO®>
'

FLOWTUBE
MATERIAL

(TCHROMEPLATED)
17-4 PH ST.STL.

7-4 PH ST.STL.

17-4 PH ST.8TL.
17-4 PH ST.STL.
17-4 PH ST.STL.
17-4 PH ST.STL.
SPECIAL

TOR VOLTAGE

115 VAC/60 Hz - SINGLE PHASE
220 VAC/50 Hz - SINGLE PHASE

PIPING FLANGE
MATERIAL

CARBON STEEL
304 ST. STL.
{OW CARBON STEEL
304 ST. STL.
CARBON STEEL
304 ST. STL.

K
zZ -

240 VAC/60 Hz - SINGLE PHASE
220 VAC/50 Hz - THREE PHASE
240 VAC/60 Hz ~ THREE PHASE

380 VAC/50 Hz - THREE
415 VAC/50 Hz - THREE

PHASE
PHASE

460 VAC/60 Hz - THREE PHASE
208 VAC/60 HZ ~ THREE PHASE

OPERATING

CONDITIONS
-20 T0 200°F (-29 T0 93°C)
-20 TO 200°F (-29 T0 93°C)
-50 TO 170°F (~45 TO 77°C)
-50 TO 170°F {-45 T0 77°C)
50 TO 270°F {10 T0 132°C)
50 TO 270°F (10 TO 132°C)

400 VAC/50 Hz - THREE PHASE
SPECIAL

VENT AND DRAIN OPTIONS / INSTRUMENT CONNECTIONS

1 -
2 -
3 -

VENTS WITH
BALL VALVES*

NPT CONN.
WELDED FLANGES
WELDED FLANGES ONLY
(NO BALL VALVES)
WELDED FLANGES

WELDED FLANGES

6 - NPT CONN.
7 - WELDED FLANGES
8 - WELDED FLANGES ONLY

(NO BALL VALVES)
WELDED FLANGES

WELDED FLANGES
SPECIAL

DRAINS WITH
BALL VALVES%

NPT CONN.
WELDED FLANGES

WELDED FLANGES ONLY

(NO BALL VALVES

)
WELDED SYSTEM WITH OUTLET

AT CENTRAL POINT ON SKID

WELDED SYSTEM WITH QUTLET

AT CENTRAL POINT ON SKiD

NPT CONN.
WELDED FLANGES

WELDED FLANGES ONLY

(NO BALL VALVES)

WELDED SYSTEM WITH QUTLET

AT CENTRAL POINT ON SKiD

WELDED SYSTEM WITH QUTLET

SIGHT PRESS/TEMP

FLOW  INSTR. CONN'S
NO 1" NPT
NO 1" NPT
NO 1" NPT
NG 1" NPT
YES 1" NPT
NO  1-1/27600# RF FLG
NO  1-1/27600# RF FLG
NO  1-1/2"600# RF FLG
NGO 1-1/27600# RF FLG
YES  1-1/2"600# RF FLG

AT CENTRAL POINT ON SKID

PARTS LIST



COMPACT PROVER

SEP 2002

Table 7-2. Compact Prover Model Code (Continued)

SENSORS
4-20 ma SMART 4-20 ma SMART (100 OHM)
PRESSURE PRESSURE TEMPERATURE  TEMPERATURE  RTD PROBE

A ——————————————————————————————

B 0 TO 300 PSI -55 TO 435°F

C 0 TO 1,000 PSI -55 TO 435°F

D | 070 3.000 PSI 55 T0 435°F

E 0 TO 300 PSI -55 TO 680°F

F 0 TO 1,000 PSI -55 TO 680°F

G 0 TO 3,000 PSI -55 TO 680°F

H 0 TO 300 PSI X

J 0 TO 1,000 PS! X

K 0 TO 3,000 PSI X

L 0 TO 300 PSI -55 T0 1,832°F

M 0 TO 2,000 PSI -55 T0 1,832°F

N 0 TO 300 PSI

P 0 TO 2,000 PS! X

zZ SPECIAL X

OPTIONS/INDICATORS
ONE PRESSURE ONE THERMOWELL PRESSURE DUAL SCALE
RELIEF VALVE WITH CAP GAGE THERMOMETER
A - e e
B - X
c - X
D - X X
E - 0 70 350 PSI -40/160°F (-40/70°C)
F - 0 TO 350 PSI 50/300°F {10/150°C)
G - X 0 TO 350 PSI -40/160°F (-40/70°C)
H - X 0 TO 350 PSI 50/300°F (10/150°C)
J - X 0 TO 350 PSI -40/160°F (-40/70°C)
K - X 0 TO 350 PSI 50/300°F {10/150°C)
L - X X 0 TO 350 PSI -40/160°F (-40/70°C)
M - X X - 0 TO 350 PSI 50/300°F (10/150°C)
N - 0 TO 1,400 PSI ~40/160°F (-40/70°C)
P - 0 TO 1,400 PSI 50/300°F (10/150°C)
R - X 0 TO 1,400 PSI -40/160°F (-40/70°C)
S - X 0 TO 1,400 PSI 50/300°F (10/150°C)
T - X 0 TO 1,400 PSI -40/160°F (-40/70°C)
U - X 0 T0O 1,400 PSI 50/300°F (10/150°C)
v - X X 0 TO 1,400 PSI -40/160°F (-40/70°C)
w - X X 0 TO 1,400 PSI 50/300°F (10/150°C)
1 - 0 TO 2,200 PSI -40/160°F (-40/70°C)
2 - 0 TO 2,200 PSI 50/300°F {10/150°C)
3 - X 0 T0 2,200 PSI -40/160°F (-40/70°C)
4 - X 0 TO 2,200 PSI 50/300°F {10/150°C)
5 - X 0 7O 2,200 PSI ~-40/160°F (-40/70°C)
6 - X 0 TO 2,200 PS! 50/300°F (10/150°C)
7 - X X 0 T0 2,200 PS| -40/160°F (-40/70°C)
8 - X X 0 70 2,200 PSI 50/300°F (10/150°C)
zZ - SPECIAL
PARTS LIST 7-9



SEP 2002 COMPACT PROVER

Table 7-2. Compact Prover Model Code (Continued)

DOCUMENTATION

ELECTRICAL COVERAGE LEVEL*

A - C(SA 120/240, 50-60 Hz, 1PH 1
B - CSA 120/240, 50-60 Hz, 1PH 2
C - CSA 120/240, 50-60 Hz, 1PH 4
D - CSA 120/240, 50-50 Hz, 1PH 6
E - UL/CSA COMPONENTS ONLY 1
G - UL/CSA COMPONENTS ONLY 2
H - UL/CSA COMPONENTS ONLY 4
J - UL/CSA COMPONENTS ONLY 6
K~ CENELEC COMPONENTS ONLY 1
N - CENELEC COMPONENTS ONLY 2
P - CENELEC COMPONENTS ONLY 4
R - CENELEC COMPONENTS ONLY 6
S - CSA 120 & 208, 60 HZ, 1PH & 3PH 1
T - CSA 120 & 208, 60 HZ, 1PH & 3PH 2
U - CSA 120 & 208, 60 HZ, 1PH & 3PH 4
V - C(CSA 120 & 208, 60 HZ, PH & 3PH 6
W - CSA 240, 50-60 HZ, 3 PH 1
X - CSA 240, 50-60 HZ, 3 PH 2
Y - CSA 240, 50~60 HZ, 3 PH 4
Z - CSA 240, 50-60 HZ, 3 PH 6
1 - SPECIAL

NOTES!
1. AT RULE A - ALL TRAILERS STANDARD WITH TANDEM AXLE, LEVELING JACKS, ELECTRIC BRAKES,
12VOLT DC RUNNING LIGHTS, SPARE TIRE, 25/16” BALL HITCH, AND EPOXY YELLOW CHROMATE
PRIMER WITH BLUE URETHANE TOPCOAT.
2. AT RULE B - 2 COAT PAINT SYSTEM = EPOXY PRIMER/URETHANE
3 COAT PAINT SYSTEM = ORGANIC ZINC/EPOXY/URETHANE
4 COAT PAINT SYSTEM = INORGANIC ZINC/EPOXY(2 COATS)/URETHANE
3. AT RULE D - ALL MAIN PISTON SEALS, HYDRAULIC SHAFT AND OPTICAL SHAFT SEALS ARE
MOLYBDENUM DISULFIDE IMPREGNATED TEFLON. ALL MAIN PISTON RIDERS ARE RULON.
4. AT RULE E - 40" TEMPERATURE RANGE 20 TO 120°F (-7 TO 49°C)
FOR HIGHER TEMPERATURE APPLICATIONS CONSULT FACTORY.
. AT RULE F - MAXIMUM MOTOR VOLTAGE VARIANCE NOT TO EXCEED *10%.
. AT RULE G - % EXCEPT WHERE NOTED
. AT RULE H AND J - X = YES, BLANK = NO
. AT'RULE K - CODES A,B,C,D,S THRU Z CARRY CSA ELECTRICAL CERTIFICATION FOR STANDARD SKID ONLY
AND DOES NOT COVER ADDITIONAL ELECTRICAL OPTIONS. FOR APPLICATIONS REQUIRING
ADDITIONAL ELECTRICAL OPTIONS, SELECT 'COMPONENTS ONLY' CATEGORY.
9. AT RULE K - LEVEL #1 - BROOKS CERTIFICATE OF CONFORMANCE.
LEVEL #2 - MATERIAL TEST REPORTS, MTR'S, FOR ALL PRESSURE RETAINING COMPONENTS TO
FIRST ISOLATION POINT.
LEVEL #4 - MTR'S AS IN #2 ABOVE WITH NON-DESTRUCTIVE EXAMINATION,NDE, FOR ALL
PRESSURE RETAINING WELD JOINTS. INCLUDES RADIOGRAPHIC (RT), MAGNETIC PARTICLE (MT)
OR LIQUID PENETRANT (LP) TESTING AS APPROPRIATE FOR JOINT TYPE AND MATERIALS OF CONSTRUCTION.
LEVEL #6 - MTR'S AND NON-DESTRUCTIVE EXAMINATIONS AS IN #4 ABOVE WITH DOCUMENTED WELDING
AND NDE PROCEDURES.

O ~NDDO

7-10 PARTS LIST



DANIEL MEASUREMENT AND CONTROL, INC.
INSTRUMENT DECONTAMINATION STATEMENT

RMA Number

Item Being Returned

List all chemicals, process fluids, and gases that have come in contact with the equipment,
including cleaning agents. Attach additional pages if necessary. A Material Safety Data Sheet
(MSDS) is required if non-food grade products have been used with the item being returned.

Information Required Product 1 Product 2

Gas or chemical name

Health and safety hazards

Precautions, first aid

I hereby certify the equipment being returned has been cleaned and decontaminated in
accordance with good industrial practices and in compliance with OSHA and DOT regulations.
This equipment poses no health or safety risk due to contamination.

Signature

Name (Please print)

Title

Company Name

Phone Number

Fax or TLX Number

Reason for Return

Reminder

All items being returned must be packaged separately. This decontamination statement and the
MSDS sheet must be placed on the outside of the shipping container.






WARRANTY CLAIM PROCEDURES

To make a warranty claim, you, the Purchaser, must:

1.

Provide Daniel with proof of the Date of Purchase and proof of the Date of Shipment of the
product in question.

Return the product to Daniel within twelve (12) months of the date of original shipment of
the product, or within eighteen (18) months of the date of original shipment of the product
to destinations outside of the United States. The Purchaser must prepay any shipping
charges. In addition, the Purchaser is responsible for insuring any product shipped for return,
and assumes the risk of loss of the product during shipment.

To obtain Warranty service or to locate the nearest Daniel office, sales, or service center call
(713) 827-6314, Fax (713) 827-6312, or contact:

Daniel Measurement Services
9753 Pine Lake Drive
Houston, Texas 77024

When contacting Daniel for product service, the purchaser is asked to provide information
as indicated on the following page entitled "Customer Problem Report".

For product returns from locations outside the United States, it will be necessary for you to
obtain the import consignment address so that Daniel’s customs broker can handle the
importation with the U.S. Customs Service.

Daniel Measurement Services offers both on call and contract maintenance service designed
to afford single source responsibility for all its products.

Daniel reserves the right to make changes at any time to any product to improve its design
and to insure the best available product.






DANIEL MEASUREMENT AND CONTROL, INC.
CUSTOMER PROBLEM REPORT

FOR FASTEST SERVICE, COMPLETE THIS FORM, AND RETURN IT ALONG WITH THE AFFECTED
EQUIPMENT TO CUSTOMER SERVICE AT THE ADDRESS INDICATED BELOW.

COMPANY NAME:

TECHNICAL CONTACT: PHONE:
REPAIR P. O. #: IF WARRANTY, UNIT S/N:
INVOICE ADDRESS:
SHIPPING ADDRESS:

RETURN SHIPPING METHOD:

EQUIPMENT MODEL #: S/N: FAILURE DATE:

DESCRIPTION OF PROBLEM:

WHAT WAS HAPPENING AT TIME OF FAILURE?

ADDITIONAL COMMENTS:

REPORT PREPARED BY: TITLE:

IF YOU REQUIRE TECHNICAL ASSISTANCE, PLEASE FAX OR WRITE THE CUSTOMER SERVICE
DEPARTMENT AT:

DANIEL MEASUREMENT SERVICES PHONE: (713) 827-6314
ATTN: CUSTOMER SERVICE FAX: (713) 827-6312
9753 PINE LAKE DRIVE

HOUSTON, TEXAS 77024









The sales and service offices of Daniel Measurement and Control are located
throughout the United States and in major countries overseas.
Please contact Daniel Measurement Services at
9753 Pine Lake Drive, Houston, Texas 77024, or phone (713) 827-6314
for the location of the sales or service office nearest you.
Daniel Measurement Services offers both on-call and contract
maintenance service designed to provide single-source
responsibility for all Daniel products.

Daniel Measurement and Control, a Division of Emerson Process Management
reserves the right to make changes to any of its products or services
at any time without prior notification in order to improve that product or service and to supply
the best product or service possible.
www.daniel.com

EMERSON.




