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1.0 INTRODUCTION 

This manual is applicable to the installation, operation, and maintenance of the GasTech

The process and function described herein applies to this equipment exclusively.

The purpose of this manual is to familiarize the operators with the design features and
operating characteristics of the filter.  Please review this manual thoroughly prior to
installation and/or operation of this equipment.

number 676280 by Williams Gas Pipeline. 
Horizontal Cyclone Separator designed and fabricated in accordance with purchase order



Safety is a very special commitment at GasTech.  Good safety performance is an item of
added value that GasTech takes pride in bringing to our projects.

The heart of our safety program is a firm commitment by all members of management,
supervision and our craftsmen to prevent accidents and the conditions that lead to
injuries.  This commitment applies to not only our own in-house activities during
fabrication, but to the design and performance of the equipment that we manufacture.
Although safety flows from top down, it depends on the awareness and cooperation of
each individual employee in his or her daily work assignments to meet this challenge.
Management must provide effective safety training, must provide a safe environment to
work in and must enforce the developed safety program.

At GasTech, safety is viewed as a quality that cannot be delegated.  The level of safety
performance on a project is a direct reflection of the project leadership.  Each supervisor
must accept the responsibility and be held accountable for the safety performance of
those employees under his direct supervision.  In a like manner, each employee has the
responsibility to perform the work in a safe manner and for reporting unsafe acts or
conditions to his supervisor.  At GasTech, working safely is a condition of employment
for all employees.

Carrying this safety message to the field, the end user should be aware that the
equipment supplied under this contract is potentially hazardous to operate. Therefore, the
end user is expected to provide adequate barriers, warning signs and supervision to
prevent the exposure of any uninformed personnel to this potential hazard.

Furthermore, the owner, and/or operator, is expected to train all operation personnel,

using this manual as a guide.

2.0 SAFETY



3.0 DESIGN CONDITIONS

Type of Fluid
Gas Flow Rate  (MMSCFD)
Operating Pressure (psig)
Operating Temperature (°F)
Specific Gravity (Air = 1.0)
Liquid Droplet Removal Efficiency
Particulate Removal Efficiency
Pressure Drop, Calculated (psi)
Design Pressure (psig)
Design Temperature (°F)
Minimum Design Metal Temperature (°F)
Process Connection, Inlet/Outlet

Natural Gas
650 to 1172
512 to 642
50 to 70
0.5 to 0.6 (Assumed)
98% of  ≥ 3 micon; 99.9% of  ≥ 10 micron
98% of  ≥ 3 micon; 99.9% of  ≥ 10 micron
< 3
860
200
-20
36" ANSI 600#



4.0 EQUIPMENT DESCRIPTION

Horizontal Centrifugal Separator:
     Upper Barrel 72" ID x 10'-0" S/S x 860 psig mechanical design pressure at 200 F 
mechanical design temperature, ASME BPVC Section VIII, Division 1 constructed and 
stamped, with lower barrel of 12.75" OD x 10'-0" S/S x 860 psig mechanical design 
pressure at 200 F mechanical design temperature. GasTech designs the separator for the 
most limiting flow conditions: maximum gas flow rate (1,172 MMSCFD), minimum 
operating pressure (512 psig) and maximum operating temperature (70 F).
 
     The gas-liquid separation is represented by horizontal cyclotubes with internal hub 
assembly. The internal hub assembly includes a spinner device which initiates the gas-
liquid rotation or cyclonic motion. A recycling port is provided in the cyclotube design to 
recycle the gas back to the tube. The spinner assembly is permanently installed in each 
cyclotube. All cyclotubes are welded between two (2) vertical tubesheets. The direction 
of gas flow through the cyclotube is horizontal. 
 
     The compact horizontal centrifugal scrubber handles large gas volumes in a relatively 
small footprint. Due to the large centrifugal force generated by the spinning motion, 
liquids and solids are forced to the wall of the cyclotube where separation takes place. 
The separated liquids are swept toward the end of the cyclotube by the flowing gas. Prior 
to exiting the scrubber, the liquids and a side stream of gas are drawn through two small 
circumferential openings in the cyclotube. Two separation stages are provided 
downstream of the cyclotube. Outside the cyclotube, the liquids settle out of the gas 
under the influence of gravity and drain into the sump. The remaining gas is recycled 
back into the cyclotube through a circumferential opening. A low-pressure area along the 
axis of the spinning gas stream provides the necessary differential pressure driving force.
 
     In terms of removal efficiency, the cyclotubes are capable of removing 99.9% of 
liquid droplets and solid particles 10 microns and larger, 99% of liquids and solids 5 
microns and larger and 98% of liquids and solids 3 microns and larger which meets the 
performance required in the specification (98% of liquids and solids 3 microns and 
larger). The horizontal centrifugal scrubber is equipped with two hand-holes. One (1) 2" 
600# vent/blowdown connection is provided on the upper barrel. There are two (2) liquid 
downcomers which are of 6" (in the cyclotube bundle section). 
 
     GasTech cyclotubes provide a high gas capacity (i.e. smaller optimized vessel size) 
and relatively low pressure drop. The dry gas which is free of liquids, leaves the vessel 
through the outlet nozzle. The liquid carryover in the effluent gas stream would be less 
than 0.10 US gallons per million standard cubic feet of gas passing through the horizontal 
      



4.0 EQUIPMENT DESCRIPTION (cont.)

centrifugal scrubber. 
 
     Inlet and outlet nozzles are of 36" ANSI Class 600#. Inlet and outlet nozzles will 
comply with ASME B16.47 Series A. The gas inlet nozzle is installed on one end of the 
vessel and the gas outlet nozzle is installed on the opposite end of the vessel. Inlet and 
gas outlet nozzles will have the same elevation with respect to grade.
 
     The calculated pressure drop from inlet nozzle to outlet nozzle at the most 
limiting flow conditions: maximum gas flow rate (1,172 MMSCFD), minimum 
operating pressure (512 psig) and maximum operating temperature (70 F) is 
less than 3 psid meeting the specification requirement. 
 
     The design provided by GasTech will handle a typical liquid rate for a horizontal 
centrifugal separator of approximately 1 bbl/MMSCF. This liquid load converts to a 
liquid rate of 34.18 gpm. The liquid handling capacity of the vessel is also affected by the 
density of the liquid. Since no information is provided regarding the liquid rate, inlet 
knockout section is not provided in the current offering.
 
     A liquid sump collects the liquids separated by the vessel and cyclotubes during 
normal operation. The liquid sump is equipped with two (2) 12" 600# blind flanges with 
hinges, one on each end for inspection and/or clean-out. Lower barrel/sump is a single 
vessel i.e. there is no separation plate inside, and thus will require only one (1) bridle, one 
(1) 2" liquid outlet and one (1) 2" drain. 
 
     The liquid storage capacity of the lower sump is about 55.15 gallons based on 10'-0" 
length. The lower sump collects the liquids separated by the cyclotubes. GasTech 
supplies the horizontal gas centrifugal separator with two (2) saddles, two (2) carbon steel 
lifting lugs and also grounding lugs. The horizontal centrifugal separator is provided with 
liquid vortex breaker to ensure smooth exit of liquids and avoid gas re-entrainment into 
the liquid phase. 
 



5.0 EQUIPMENT LIST

One (1) Horizontal Vessel, 75" O.D. / 72" I.D. X 10'-0" Lg S/S

One (1) Horizontal Sump, 12" Sch 60 X 10'-0" Lg S/S
with 12"600# RF Hinged Blinds for Cleanout Access

5.1 ASME CODE VESSEL - UPPER BARREL

with 36" 600# RF Inlet & Outlet Nozzle Connections

5.2 ASME CODE VESSEL - LOWER BARREL



1.  Place the vessel assembly on a suitably designed level foundation. Install anchors. 
Refer to the General Arrangement drawing for anchor locations.

2.  Inspect all items, both assembled and shipped loose, for any damage that may have 
occurred in transit. If damage is discovered, notify the appropriate authorities. 

3.  Remove any shipping braces that may have been employed. 

4.  Various instruments and equipment may have been dis-assembled prior to shipping. 
This was done to prevent damage and/or to comply with shipping limitations. Any 
such items must be reassembled prior to start-up. 

5.  Examine instrumentation for loose fittings tighten as required. 

6.  Examine all flange connections for loose bolts, tighten as required. 

7.  Assemble field process piping to the vessel inlet and outlet flanged connections. 
Sufficient support of field piping must be provided to prevent any external 
loads from being applied to the inlet and outlet flanges.

6.0 EQUIPMENT INSTALLATION



Caution:
Awareness and safety procedures are never to be abbreviated. The common sense of
an alert operator cannot be “Designed In” to this type of equipment.

7.0 START-UP & OPERATION

1.	 Install all accessories (if any), and relief valve that were provided with the unit. 

2.	 Connect electrical components and ground lugs as required. 

3.	 Purge the vessel and piping.

4.	 With the outlet gas valve closed slowly open the inlet block valve. Never allow 

the pressure in the unit to exceed the maximum allowable vessel pressure 

stamped on the vessel nameplate. Serious injury or death could result.  

5.	 Allow the unit to pressurize to 25 PSIG. 

6.	 Check for leaks around all flanged or threaded joints. Correct any leaks and 

increase the pressure to 100 PSIG.  Again, correct any leaks and increase the 

pressure incrementally to operating pressure. Constantly check for and correct 

any leaks.

7.	 Slowly open the gas outlet block valve and gradually start flowing gas through 

the unit.

8.	 Always monitor the unit after startup for a period sufficient to ensure proper 

operation.



There is very little maintenance required for a cyclone vessel.  Follow your Company’s

safety practices concerning calibration and testing of safety devices such as relief valves,

pressure switches, level switches etc. Also, check the vessel regularly for signs of corro-

sion, erosion, or damage.  Do not operate a pressure vessel that you suspect has

been damaged or is corroded or eroded.

 

Most maintenance activities will be cleaning the cyclone pack. Always be aware that 

the gas or liquid in the vessel could be flammable or poisonous, take appropriate pre-

cautions.  NEVER open the vessel when it has any pressure in it.

 

8.0 EQUIPMENT MAINTENANCE



It is the responsibility of the field operator to quickly identify and if possible, eliminate

an operating problem. Delay in correcting a malfunction can be very costly in both capital 

expense and down time due to damage to the equipment.

Leaking flanges
Flange bolts need tightening 
Check gasket for damage and replace as necessary. 

Level Switches not functioning
Defective level switch 
Replace level switch 

Problem:
Possible cause:

Solution:

Problem:
Possible Cause:

Solution:

9.0     TROUBLESHOOTING



10.0     DRAWINGS



10.1     DRAWING INDEX

GASTECH
DRAWING # DESCRIPTION

11048-100 PIPING & INSTRUMENT DIAGRAM
11048-200  GENERAL ARRANGEMENT DRAWING
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GENERAL NOTES:
ALL FLANGES TO HAVE BOLT HOLES STRADDLING TRUE CENTERLINES.1.
ALL CONNECTIONS TO BE PROTECTED BEFORE SHIPPING.2.
DRAIN LINE AND BRIDLE PIPING SHIPPED LOOSE TO BE SUPPORTED 3.
BY OTHERS.
HEAT TRACE AND/OR INSULATION BY OTHERS.4.
SURFACE PREPARATION AND COATING SPECIFIED IN PAINT MATRIX. 5.
HYDRO TEST @ 1315 PSIG FOR (4) HOURS.6.
LEVEL BRIDLE, RELIEF VALVE, & VENT PIPING MANUAL VALVES AND 7.
ALL NUTS, BOLTS, & GASKETS ARE TO BE SHIPPED LOOSE.

CONNECTION LEGEND

INLET
36" - 600# RF FLANGE

OUTLET
36" - 600# RF FLANGE

LIQUID OUTLET
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VENT
2" - 600# RF FLANGE
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11.0     VENDOR DOSSIER



11.1     BILL OF MATERIAL



JOB #: 11048
P.O. #: 676280

DWG. #: 11048-100

ISSUE DATE: 2/26/2018

QUANTITIES SHOWN FOR ONE (1) UNIT REVISION: 0

ITEM REV NOTE TAG# QTY DESCRIPTION MATERIAL MANUFACTURER MODEL #

1 0 1/2" D2S 3 VALVE, BALL, 1/2", NPT CONNECTIONS, FULL PORT, CS BODY, 4500 PSI BODYMAWP; 316 SS BALL CS JAMESBURY VALVES 5H-22HB-RT

2 0 2" D2R 7 2" 600# RF, BALL VALVE, F.P., W/ LEVER HANDLE, API 6D, TRUNION MOUNTED, 11.5" END TO END CS/STD TRIM WKM VALVES 370D4600RFXRF24YFF24WR

3 0 LG 1414 1 GAUGE, LEVEL, MAGTECH MAGNETIC LEVEL GAUGE WITH 1/4" FLIPPER STYLE FLAGS  24" OF VISIBLE LENGTH. SS ROSEMOUNT
L055DAC1E02400SE2AC14SB8A

ZD8F3F02400C0ZZ 

4 0 LIT 1414 1
TRANSMITTER, LEVEL INDICATING,  MAGTECH MAGNETORESTRICTIVE ANALOG LEVEL TRANSMITTER, 2 WIRE 4-20MA, 24VDC  (15" MEASURING 

RANGE), 24" CTC CONNECTIONS, TOP MOUNT
AL ROSEMOUNT LTM350ZZTR1E02400S00C1E8Z 

5 0 PSV 1414 1 VALVE, PRESSURE SAFETY, FIRE, 2" 600# RF X 3" 150# RF OUTLET, SET @ 860 PSIG  -20 TO 200 DEG F, 28132.239 LB/HR REQUIRED CS CROSBY 2H3JOS-E45J

6 0 TAGS TAGS FOR ALL INSTRUMENTS CS/SS TRIM U.S. SIGN ..

TRANSCONTINENTAL GAS PIPE LINE 

PO#:  676280

WO#: 1185731

PROJECT: SATION 200

LOCATION: CHESTER CO, PA

Note 1: QUANTITY CHANGE 

           2: TAG NAME UPDATE

           3: DESCRIPTION UPDATE Page 1 of 1



The following pages list the accessories used to assemble this unit.  
The listing is sorted in alphabetical order according to manufacturer. 

11.2     VENDOR LITERATURE







































1 GENERAL
This instruction manual contains important information
regarding the installation,operation and troubleshooting of
the Jamesbury Series 5H and 5HW VALUE-LINE 1/4"-2" (DN
6 - 50) 2-Piece High Pressure Ball Valves. Please read these
instructions carefully and save them for further reference.

IMO - 209 Issue Date: 12/01

INSTALLATION, MAINTENANCE, AND
OPERATING INSTRUCTIONS

SERIES 5H & 5HW 
VALUE-LINE® 1/4” – 2”
(DN 6 – 50) 2-PIECE 
HIGH-PRESSURE
BALL VALVES

Read entire instructions carefully before installation or servicing

WARNING
FOR YOUR SAFETY AND PROTECTION, IT IS IMPORTANT THAT THE
FOLLOWING PRECAUTIONS BE TAKEN PRIOR TO REMOVING THE
VALVE FROM SERVICE OR BEFORE ANY DISASSEMBLY OF THE VALVE.

1. AT ALL TIMES DURING THIS ENTIRE PROCEDURE, KEEP HANDS
OUT OF THE VALVE. A REMOTELY ACTUATED VALVE COULD CLOSE
AT ANY TIME AND RESULT IN SERIOUS INJURY.

2. KNOW WHAT MEDIA IS IN THE LINE. IF THERE IS ANY DOUBT,
CHECK WITH THE PROPER AUTHORITY.

3. WEAR ANY PROTECTIVE CLOTHING OR EQUIPMENT NORMALLY
REQUIRED WHEN WORKING WITH THE MEDIA INVOLVED.

4. DEPRESSURIZE THE LINE AND VALVE AS FOLLOWS:

A. OPEN THE VALVE AND DRAIN THE LINE.

B. CLOSE AND OPEN THE VALVE TO RELIEVE ANY RESIDUAL
PRESSURE THAT MAY BE IN THE VALVE PRIOR TO REMOVING
THE VALVE FROM SERVICE. LEAVE THE VALVE IN THE OPEN
POSITION.

C. AFTER REMOVAL AND PRIOR TO ANY DISASSEMBLY, DRAIN
ANY REMAINING MEDIA BY PLACING THE VALVE IN THE VER-
TICAL POSITION AND CAREFULLY OPEN AND CLOSE THE
VALVE SEVERAL TIMES.

2 INSTALLATION

The valve may be installed for flow in either direction. It is
recommended, however, that a screwed valve be installed
with the body cap facing upstream. Screwed end valves
have NPT threads. To insure a leaktight joint, liberal use of
a compatible pipe joint compound is necessary. Figure 351
and 356 valves may be installed for flow in either direction.
Use standard piping practices when installing valves with
threaded parts. When tightening the valve to the pipe,
apply the wrench to the end nearest the pipe being
worked. Adjust packing prior to installation. See
MAINTENANCE Section of this IMO. (See Figure 1.)
Include compatible pipe fitting compound or PTFE tape.

3 MAINTENANCE

Periodically observe the valve to be sure of proper perform-
ance. More frequent observation is recommended under
extreme operating conditions.

Routine maintenance consists of tightening the stem nut
1/4-turn periodically to compensate for the wear caused by
the stem's turning against the resilient PTFE seal.

5. SEAT AND BODY RATINGS - THE PRACTICAL AND SAFE USE OF
THIS PRODUCT IS DETERMINED BY BOTH THE SEAT AND BODY
RATINGS. READ THE NAME TAG AND CHECK BOTH RATINGS. THIS
PRODUCT IS AVAILABLE WITH A VARIETY OF SEAT MATERIALS.
SOME OF THE SEAT MATERIALS HAVE PRESSURE RATINGS THAT
ARE LESS THAN THE BODY RATINGS. ALL OF THE BODY AND SEAT
RATINGS ARE DEPENDENT ON VALVE TYPE AND SIZE, SEAT MATE-
RIAL, BOLTING MATERIAL, AND TEMPERATURE. DO NOT EXCEED
THESE RATINGS.



2

3.1 Disassembly

If complete disassembly becomes necessary, replacement
of all seats and seals is recommended. Refer to Service Kit
chart.

1. Remove the valve. Then remove the upper stem nut
(16), lockwasher (9), handle (15), and lower stem nut
(16). (See Figure 2.)

2. Remove the compression ring (18).

3. Unscrew and remove the body cap (2) and body seal
(6). Heat may be required.

4. If the ball (3) and seats (5) do not fall from the body
with the ball in the fully closed position, use a piece of
wood or some other soft material to gently tap the ball
(from the end opposite the body cap). This will unseat
these parts without damaging the ball.

5. Press the stem (4) from the top into the valve body and
remove it through the body cap end of the body.

6. Using a wire brush, clean the body cap thread and
body threads to remove any excess thread lock.

7. Using a pointed instrument, pry out and discard the
old stem seals (7), stem bearings (8), and FIRE-TITE
bearing (13), if applicable. Be very careful not to scratch
any sealing surfaces in the valve body  (surfaces on
which seats and seals rest).

Figure 1

PARTS
ITEM NAME QTY.

1 Body 1
2 Body Cap 1
3 Ball 1
4 Stem 1
5 Seat 2
6 Body Seal 1
7 Stem Seal 2
8 Stem Bearing 2
9 Lockwasher 1

13 Secondary Stem Seal 1
15 Handle 1
16 Stem Nut 2
18 Compression Ring 1

Figure 2

Wrenching here (hex flats)
when installing or removing
pipe this end.

Wrenching here (hex flats)
when installing or removing
pipe this end.

8 9

2 6 3 5 1

13

16

18

15

7

16

4



3

4. Holding the stem bearing in place from inside the
valve, install two stem seals (7), the compression ring
(18), and thread on one of the stem nuts (16) until the
stem starts to turn.

5. Place a wrench through the body on the bottom of the
stem blade to hold the stem stationary. Place another
wrench on the stem nut (16), and turn the nut down
until the seals bottom and the stem comes snugly into
place. Tighten the stem nut (16) until snug, plus an
additional 1/4-1/2 turn.

6. Align the stem blade inside the valve body (1) with the
ball (3). Insert the ball (3) and rotate the stem (4) to the
ball fully closed position.

3.2 Assembly

1. Clamping valve body (1) securely in a vise, drop in one
seat (5) with the flat surface on the bottom. (See
Figure 2.)

2. Insert from the inside a stem bearing (8), a FIRE-TITE seal
(13), and another stem bearing (8) into the lower stem
bore.

3. Insert the stem (4) through the open end of the body
(1), being careful not to scratch the stem bearings and
stem bearing surfaces. Press it gently up into the stem
hole.

Figure 3

PARTS
ITEM NAME QTY.

1 Body 1
2 Body Cap 1
3 Ball 1
4 Stem 1
5 Seats 2
6 Body Seal 1
7 Stem Seals 2
8 Stem Bearings 2
9 Lockwasher 1

13 Secondary Stem Seal 1
15 Handle 1
16 Stem Nut 2
18 Compression Ring 1

15

16

9

18

7

16

1

8

5
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13

2

6

3
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4

7. Insert second seat (5) into the body (1) so that the
sealing surface of the seat is towards the ball. Insert
the body seal (6).

8. Apply Loctite® 272 or equivalent, one bead 360˚
around the body cap (2) covering a minimum of two
threads.

9. Insert the body cap (2), screw it down and tighten to
the required torque, (See Table 1 for Body Cap
Torque specifications).

10. Place the handle (15), lockwasher (9), and stem nut (16)
over the stem (4). Tighten the stem nut (16) until snug.

11. Cycle the valve slowly twice to ensure permanent posi-
tion of the ball between the two seats.

4 SERVICE KITS

Service kits include two seats (5), two stem seals (7), two
stem bearings (8), a secondary seal (13), and one body seal
(6).

5 REPAIR KITS/SPARE PARTS

For further information on spare parts and service or assis-
tance visit our web-site at www.jamesbury.com

TABLE 1
Service Data

Valve Size Body Cap Service Kit
Assembly Torque (DELRIN Seats)

1/4” – 1/2” (DN 8 – 15) 100 lb.-ft. (136 Nm) RKN-220-RT

3/4” (DN 20) 225 lb.-ft. (305 Nm) RKN-221-RT

1” (DN 25) 225 lb.-ft. (305 Nm) RKN-221-RT

1-1/4” (DN 30) 275 lb.-ft. (373 Nm) RKN-222-RT

1-1/2” (DN 40) 350 lb.-ft. (475 Nm) RKN-223-RT

2” (DN 50) 600 lb.-ft. (814 Nm) RKN-224-RT

IMO-209-12/01 © 2001 Metso Automation Printed in U.S.A.-M-J
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Magtech™ Magnetic Level Indicators

 Visual level indication to 100 ft. (30 m)
 Designed to ASME B31.3 Process Piping Code. ASME B31.1 Power Piping Code is available upon request 

 Minimal leak points as compared to sight glasses

 No process liquid in contact with indicator glass

 Designed for both gas/liquid (top level) and/or liquid/liquid (interface) measurements

 Optional construction is available for cryogenic, high-temperature, high-pressure, and corrosive 
applications

 Dual chamber design optimized for use with the Rosemount™ 5300, 3308, and 3300 Guided Wave Radars 
also available
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Overview
Measurement principle

Magnetic level indicators consist of a chamber, a magnet 
equipped float which rises and lowers with the fluid level, and an 
indicator mounted to the chamber.

The indicator houses a column of small flags, which indicate the 
level of the fluid in the chamber, based on the position of the 
float. As the fluid level rises and lowers, the float rises and lowers 
as well, and the flags are tripped from one orientation to the 
other; typically the red side indicates the liquid level and the 
silver side indicates the vapor space.

As the float rises and falls with the process level, tripping the 
flags, it also stimulates any attached transmitters and switches, 
providing a signal back to the control system.

Application Examples
 Turbulent tanks

 Heat exchangers

 Boiler applications

 Site glass replacement

 Separators

 Acid storage tanks

Test and inspection

All Magtech chambers can be hydrostatically tested to 1.5 times 
the specified flange/pressure rating prior to shipment to ensure 
pressure tolerance.

Additional testing and documentation, such as Material 
Traceability Reports (MTRs), radiography, hydrostatic pressure 
tests, Postive Material Identification (PMI), dye penetrant, 
NACE®, or witness testing are available.

Contents

Overview  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

Ordering Information  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

Specifications  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .15
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Ordering Information
Magtech Magnetic Level Indicator (MLI)

Specification and selection of product materials, options, or components must be made by the purchaser of 
the equipment, see Magtech Level Indicator Quick Data Sheet. For more information on Material Selection see 
page 15

Additional Information

Specifications: page 15

Dimensional Drawings: page 17

 Table 1. Magtech Magnetic Level Indicators Ordering Information

Model Product description

L Magnetic level indicator

Measurement type(1)

0 Liquid level (gas/liquid interface)

2 Submerged interface (liquid/liquid interface)

4 Flashing application (consult factory for model selection)

Float selection

Liquid level (gas/liquid interface) applications, measurement type code 0

Float material Minimum SG
Float max. operating
pressure in psig (bar)
at 100 °F (37.8 °C)

Chamber size 
and schedule

“A” Dimension in 
inches (mm)

76 316 Stainless steel 0.76 125 (8.6) 2-in. S10 12.0-in. (305 mm)

78 316 Stainless steel 0.78 285 (19.7) 2-in. S10 12.0-in. (305 mm)

81 316 Stainless steel 0.81 500 (34.5) 2-in. S10 12.0-in. (305 mm)

58 316 Stainless steel 0.58 75 (5.2) 21/2-in. S10 12.0-in. (305 mm)

60 316 Stainless steel 0.60 135 (9.3) 21/2-in. S10 12.0-in. (305 mm)

62 316 Stainless steel 0.62 220 (15.2) 21/2-in. S10 12.0-in. (305 mm)

83 316 Stainless steel 0.83 285 (19.7) 21/2-in. S10 12.0-in. (305 mm)

86 316 Stainless steel 0.86 740 (51.0) 21/2-in. S10 12.0-in. (305 mm)

54 Titanium 0.54 125 (8.6) 21/2-in. S10 12.0-in. (305 mm)

59 Titanium 0.59 285 (19.7) 21/2-in. S10 12.0-in. (305 mm)

61 Titanium 0.61 740 (51.0) 21/2-in. S10 12.0-in. (305 mm)

68 316 Stainless steel 0.68 115 (7.9) 21/2-in. S40 12.0-in. (305 mm)

82 316 Stainless steel 0.82 175 (12.1) 21/2-in. S40 12.0-in. (305 mm)

87 316 Stainless steel 0.87 285 (19.7) 21/2-in. S40 12.0-in. (305 mm)

88 316 Stainless steel 0.88 740 (51.0) 21/2-in. S40 12.0-in. (305 mm)
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Float material Minimum SG
Float max. operating 
pressure in psig (bar)

Chamber size 
and schedule

“A” Dimension in 
inches (mm)

40 316 Stainless steel 0.40 50 (3.5) 3-in. S10 18-in. (457 mm)

69 Titanium 0.69 2300 (158.6) 21/2-in. S40 16-in. (406 mm)

63 Titanium 0.63 2300 (158.6) 21/2-in. S40 20-in. (508 mm)

45 Titanium 0.45 2100 (144.8) 3-in. S10 20-in. (508 mm)

55 Titanium 0.55 2100 (144.8) 3-in. S40 14-in. (356 mm)

49 Titanium 0.49 2100 (144.8) 3-in. S40 17-in. (432 mm)

46 Titanium 0.46 2100 (144.8) 3-in. S40 20-in. (508 mm)

41 Titanium 0.41 2100 (144.8) 3-in. S40 25-in. (635 mm)

74 Titanium 0.74 3400 (234.4) 3-in. S80 20-in. (508 mm)

67 Titanium 0.67 3400 (234.4) 3-in. S80 25-in. (635 mm)

85 Titanium 0.85 3400 (234.4) 3-in. S160 16-in. (406 mm)

73 Titanium 0.73 3400 (234.4) 3-in. S160 20-in. (508 mm)

64 Alloy 400 0.64 90 (6.2) 3-in. S10 12-in. (305 mm)

80 C-276 0.80 135 (9.3) 2-in. S10 12-in. (305 mm)

89 C-276 0.89 425 (29.3) 2-in. S10 12-in. (305 mm)

Submerged interface (liquid/liquid interface) measurement type code 2

Float material
Minimum delta 
SG

Float max. operating
pressure in psig (bar)
at 100 °F (37.8 °C)

Chamber 
diameter and 
schedule

“A” Dimension in 
inches (mm)

37 316 Stainless steel 0.37 450 (31.0) 2-in. S10 12-in. (305 mm)

21 316 Stainless steel 0.21 740 (51.0) 21/2-in. S10 12-in. (305 mm)

23 316 Stainless steel 0.23 175 (12.1) 21/2-in. S40 12-in. (305 mm)

10 316 Stainless steel 0.10 50 (3.5) 3-in. S10 12-in. (305 mm)

28 Titanium 0.28 2300 (158.6) 21/2-in. S40 12-in. (305 mm)

20 Titanium 0.20 2300 (158.6) 21/2-in. S40 12-in. (305 mm)

15 Titanium 0.15 2100 (144.8) 3-in. S10 12-in. (305 mm)

14 Titanium 0.14 2100 (144.8) 3-in. S40 12-in. (305 mm)

11 Titanium 0.11 2100 (144.8) 3-in. S40 12-in. (305 mm)

30 Titanium 0.30 3400 (234.4) 3-in. S80 12-in. (305 mm)

29 Titanium 0.29 3400 (234.4) 3-in. S160 12-in. (305 mm)

38 C-276 0.38 135 (9.3) 2-in. S10 12-in. (305 mm)

13 Alloy 400 0.13 90 (6.2) 3-in. S10 12-in. (305 mm)

 Table 1. Magtech Magnetic Level Indicators Ordering Information
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Mounting style (see Figure 1 for mounting options or consult factory for custom mounting)

A Style A - Flanged top and bottom, with stop plates, no side process connection

B Style B - Access flange on top and bottom with side process connections

C Style C - Access flange on bottom, flanged bottom with side(s) process connection

D Style D - Access flange on top, flanged top, closed bottom with side(s) process connection

L Style L - No float access flanges, with or without side(s) process connection

Instrument rating

AA ANSI/ASME B16.5 Class 150 

AB ANSI/ASME B16.5 Class 300

AC ANSI/ASME B16.5 Class 600

AD ANSI/ASME B16.5 Class 900

AE ANSI/ASME B16.5 Class 1500

AF ANSI/ASME B16.5 Class 2500

Access flange type

0 Not applicable (Style L only)

1 Raised Face (RF) Weld Neck

2 RF Slip-On

3 RF Socket Weld

4 Ring Type Joint (RTJ) Weld Neck

5 RTJ Slip-ON

6 RTJ Socket Weld

Indicator scale unit of measure

E Imperial (English), inches

M Metric, millimeters

Mounting dimension (center-to-center for style B, C, D, L and top-to-bottom for style A)(2)

XXXXX XXX.XX inches or XXXXX mm 04863 = 48.63 inches or 4863 mm

Chamber material

S 316/316L Stainless steel (standard)

1 317 Stainless steel

2 321 Stainless steel

7 347 Stainless steel

X Special (consult factory)

 Table 1. Magtech Magnetic Level Indicators Ordering Information
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Side process connection design

D Drill (1/2-in. hole)

F Drill (full bore)(2)

E Extrusion (limited to chamber size S10 or S40 with 11/2-in. or 2-in. NPS process connection size)(2)

T Buttweld Tee (ASME B16.9)

N None (Style A)

X Special (consult factory)

Process connection size (NPS)

0 Same diameter as chamber (Style A only)

8 1/2-in. 

9 3/4-in.

1 1-in.

5 11/4-in.

6 11/2-in. 

2 2-in.

7 21/2-in. 

3 3-in.

4 4-in.

X Special (consult factory)

Process connection rating Process connection type

ZZ Same as instrument rating (Style A only) Z

AA ANSI/ASME B16.5 Class 150 1, 2, 3, 4, Y

AB ANSI/ASME B16.5 Class 300 1, 2, 3, 4, Y

AC ANSI/ASME B16.5 Class 600 1, 2, 3, 4, Y

AD ANSI/ASME B16.5 Class 900 1, 2, 3, 4, Y

AE ANSI/ASME B16.5 Class 1500 1, 2, 3, 4, Y

AF ANSI/ASME B16.5 Class 2500 1, 2, 3, 4, Y

FA ANSI/ASME B16.11 Class 3000 A, C, E, G, H, K, L

FB ANSI/ASME B16.11 Class 6000 A, C, E, G, H, K, L

FC ANSI/ASME B16.11 Class 9000 A, C, E, G, H, K, L

SA ANSI/ASME B16.9 STD M, P, N

SB ANSI/ASME B16.9 XS M, P, N

SC ANSI/ASME B16.9 XXS M, P, N

 Table 1. Magtech Magnetic Level Indicators Ordering Information
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Process connection type Process connection rating

Z Same as access flange (Style A only) ZZ

1 RF Weld neck AA, AB, AC, AD, AE, AF

2 RF Slip-on AA, AB, AC, AD, AE, AF

3 RF Socket weld AA, AB, AC, AD, AE, AF

4 RTJ Weld neck AA, AB, AC, AD, AE, AF

5 RTJ Slip-on AA, AB, AC, AD, AE, AF

6 RTJ Socket weld AA, AB, AC, AD, AE, AF

Y Raised face lap joint (RFLJ) AA, AB, AC, AD, AE, AF

A Nipple - Plain end FA, FB, FC

C Nipple - Male NPT FA, FB, FC

E Coupling - Female NPT FA, FB, FC

G Coupling - SW FA, FB, FC

H Fitting FA, FB, FC

K Fitting FA, FB, FC

L Fitting FA, FB, FC

M Fitting - Plain End SA, SB, SC

P Fitting - Beveled End (37.5°) SA, SB, SC

N Fitting - Male NPT SA, SB, SC

Process connection schedule(3)

0 Same schedule as chamber (Style A only)

1 S10

4 S40

8 S80

6 S160

Process connection material

0 Same Material as Chamber

S 316/316L Stainless steel (standard)

2 321 Stainless steel 

7 347 Stainless steel 

4 304/304L Stainless steel 

1 317 Stainless steel 

C Carbon steel

X Special (consult factory)

 Table 1. Magtech Magnetic Level Indicators Ordering Information
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Top of the chamber 

B Blind flange

D Dome cap

F Flat cap

Z Open flange with stop plate

X Special (consult factory)

Top vent size

0 No top vent

8 1/2-in. 

9 3/4-in.

1 1-in.

X Special (consult factory)

Top vent type

Z No top vent

A NPT tap only with Plug

C SW tap only

D Flanged

F Coupling - FNPT with Plug

H Coupling - SW

K Fitting - Plain End

M Fitting- Male NPT End

X Special (consult factory)

Top vent schedule or rating 

Z(4) No top vent

1 S10

4 S40

8 S80

6 S160

3 Class 3000

5 Class 6000

Bottom of the chamber

B Blind flange

D Dome cap

F Flat cap

 Table 1. Magtech Magnetic Level Indicators Ordering Information
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Z Open flange with stop plate

X Special (Consult Factory)

Bottom drain size

0 No bottom drain

8 1/2-in. 

9 3/4-in.

1 1-in.

Bottom drain type

Z No bottom drain

A NPT tap only with plug

C SW tap only

D Flanged

F Coupling - FNPT with plug

H Coupling - SW

K Fitting- Plain end

M Fitting- Male NPT end

X Special (consult factory)

Bottom drain schedule or rating 

Z No bottom drain

1 S10

4 S40

8 S80

6 S160

3 Class 3000

5 Class 6000

Indicator 

F Flag

B Follower (birdie/shuttle)

Measuring range(5)

XXXXX XXX.XX inches or XXXXX mm 04863 = 48.63 inches or 4863 mm

Scale units

Z Feet and inches (1/2-in. increments)

A Metric (5 mm increments)

B Percentage (custom increments)

 Table 1. Magtech Magnetic Level Indicators Ordering Information
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C Inches only (1/2-in. increments)

D +/- (custom increments)

E Dual (feet and inches, percent)

F Dual (metric, percent)

Indicator enclosure material

0 Anodized aluminum housing with glass

1 Anodized aluminum housing with polycarbonate

2 Anodized aluminum housing with acrylic frost extension

3 Stainless steel housing with glass

4 Stainless steel housing with polycarbonate

5 Stainless steel channel with glass tube

6 Stainless steel channel with polycarbonate tube

Indicator indicator color 

Z Red and silver flags

A Red and white flags

C Yellow and black flags

B Red follower

D Green follower

Indicator mounting (see Figure 2)

Z Standard orientation (180° from process connections)

R Right mount

L Left mount

C Customer specified

Typical model number: L 0 76 C AA 1 E 03600 S E 6 AA 1 1 S D 8 Z Z B 8 Z Z F 03600 Z 0 Z Z

1. For flashing applications please consult factory.

2. Maximum mounting dimension per single unit is 20 ft. (6 m) for Style A and 18 ft. (5.5 m) for Style B/C/D. 

3. Process connection schedule needs to be equal or greater than the chamber schedule.

4. Must select for Top Vent type Z Option Z.

5. Should be equal to or smaller than the Mounting dimension. Please provide datum offset using Magtech Level Indicator Quick Data Sheet.

 Table 1. Magtech Magnetic Level Indicators Ordering Information
10 Emerson.com/Magtech



Magtech Magnetic Level IndicatorsNovember 2017
Order options - must be specified at time of order

Test and inspection

 Hydrostatic pressure test

 Weld inspection

 NDE (non-destructive examination)

Documentation

 Approval and as-built drawings

 Weld procedures and welder qualifications

 Quality control plans 

 Material Traceability Record (MTR)

 Float curves

Accessories

 Valves (vent and drain)

 Insulation blanket

 Steam trace

 Heat trace

 Hard shell cryogenic insulation with frost protection

 Chamber support clips

Associated products
 Dual chamber unit with Guided Wave Radar

 Switches

 Magnetostrictive transmitter
11Emerson.com/Magtech



Magtech Magnetic Level Indicators November 2017
 Table 2. Process Connection Rating

ANSI/ASME B16.5 ANSI/ASME B16.11 ANSI/ASME B16.9

Process connection style 150 300 600 900 1500 2500 3000 6000 9000 STD XS XXS

RF Weld Neck X X X X X X

RF Slip-on X X X X X X

RF Socket Weld X X X X X X

RTJ Weld Neck X X X X X X

RF Lap Joint (RFLJ) X X X X X X

Fitting - Plain End X X X

Fitting - Male NPT X X X

Coupling - Female NPT X X X

Coupling - SW X X X

Fitting X X X

Fitting X X X

Fitting X X X

Fitting - Plain End X X X

Fitting - Beveled End (37.5) X X X

Fitting - Male NPT X X X
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Figure 1. Mounting Styles

Style A
Flanged top and bottom, 

no side process 
connection(s)

Style B
Flanged top and 

bottom with side 
process connection(s)

Style C
Closed top, flanged 

bottom with side 
process connection(s)

Style D
Flanged top, closed 

bottom with side 
process connection(s)

Style L
Closed top and bottom 

with or without side 
process connection(s)
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Figure 2. Indicator/Scale Orientation

Magtech

Right mount

Process connection

Left mount

Standard orientation Standard orientation 

Top view Front view
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Specifications

Performance specifications

Resolution

Approximately 1/4 -inch resolution

Measuring range 

Maximum mounting dimension per single unit is 20 ft. (6 m) for 
Style A and 18 ft. (5.5 m) for Style B/C/D.

Maximum viscosity

2000 cP

Minimum Specific Gravity (SG)

0.40 (consult factory for lower specific gravities)

Minimum delta SG

0.11

Functional specifications

Temperature rating

850 °F (454 °C)

Float Pressure rating

Up to 4000 psig (275.8 bar) at 100 °F (38 °C)

Visual indicator

Visible from 100 ft (30 m)

Indicator options

 Flag (standard)

 Follower (optional)

Physical specifications

Material selection
Emerson™ provides a variety of products with various options 
and configurations including materials of construction that can 
be expected to perform well in a wide range of applications. The 
product information presented is intended as a guide for the 
purchaser to make an appropriate selection for the application. 
It is the purchaser’s sole responsibility to make a careful analysis 
of all process parameters (such as all chemical components, 
temperature, pressure, flow rate, abrasives, contaminants, etc.), 
when specifying product, materials, options and components 
for the particular application. Emerson is not in a position to 
evaluate or guarantee the compatibility of the process fluid or 
other process parameters with the product, options, 
configuration or materials of construction selected.

Chamber design options
Designed to ASME B31.1 or B31.3, or CRN (all provinces). 
Welding and welder qualification in accordance with ASME 
Section IX.

 ASME B31.3

 ASME B31.1

 CRN Registration (all provinces)

Note 
Welding and welder qualifications in accordance with ASME 
Section IX.

Process connection sizes
1/2-in. to 4-in. 
15Emerson.com/Magtech



Magtech Magnetic Level Indicators November 2017
Materials of construction

Chamber

 300 Series stainless steel (standard 316/316L)

 Optional: Other non-ferrous materials that do not exhibit 
ferro-magnetic properties such as Alloy C-276, CB20, Alloy 
600, Alloy 400, T-321 stainless steel, CPVC, and Kynar.

Float

 316 stainless steel 

 Titanium

 Alloy 400

 Alloy C-276

 Special options: Kynar, CPVC, PTFE coating

Indicator viewing window
Glass or polycarbonate

Gasket
All gauges are shipped complete with 0.125-in. composition 
gaskets for protection of flanges. Customer is responsible for 
process compatible gaskets for protection of flanges.

Note
If composition gaskets are not compatible with your process 
conditions, appropriate gaskets should be used in place of those 
shipped with the gauge. 
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Dimensional Drawings
Figure 3. Standard MLI - style A

A

Measuring range

Magtech

Front view Right side view

Datum

Mounting 
dimension

B

Note
For reference use only. Do not use for 
construction purposes or as built unless 
certified by Magtech. Drawing is generic - see 
Table 1 for detailed options.
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Figure 4. Standard MLI - style B

Magtech

C

A

Mounting dimension
(center-to-center)

B

Front view Right side view

Datum

Note
For reference use only. Do not use for 
construction purposes or as built unless 
certified by Magtech. Drawing is generic - see 
Table 1 for detailed options.
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Figure 5. Standard MLI - style C

Magtech

C

B

A

Mounting dimension
(center-to-center)

Front view Right side view

Datum

Note
For reference use only. Do not use for 
construction purposes or as built unless 
certified by Magtech. Drawing is generic - see 
Table 1 for detailed options.
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Figure 6. Standard MLI - style D

B

A

C

Mounting dimension

Front view

Datum

Right side view

(center-to-center)

Magtech

Note
For reference use only. Do not use for 
construction purposes or as built unless 
certified by Magtech. Drawing is generic - see 
Table 1 for detailed options.
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Figure 7. Standard MLI - style L

Front view

Datum

Right side view

C

A

B

Mounting dimension
(center-to-center)

Magtech

Note
For reference use only. Do not use for 
construction purposes or as built unless 
certified by Magtech. Drawing is generic - see 
Table 1 for detailed options.
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Section

1 Warranty

1.0  Warranty

All Magtech products are warranted against defects 
in materials and workmanship for a period of no 
less than one year from the date of shipment.  The 
level gage chamber and process connections are 
guaranteed for the life of the tank or vessel to 
which it is attached.  Floats are guaranteed for two 
years.  Magtech will repair or replace at its 
discretion those products that fail to perform as 
specified, with the following exceptions:

1. Products repaired or modified by persons 
that are not authorized by Magtech.

2. Products subjected to misuse, negligence or 
accidents.

3. Products that are connected, installed, or 
otherwise used in such a way not in strict 
accordance with manufacturer’s 
instructions.

This warranty is in lieu of any other warranty 
expressed or implied by any party other than 
Magtech.  Repairs and/or replacements shall be at 
the sole discretion of Magtech based on the terms 
and conditions of this warranty.  Defective products 
shall be returned to the factory prepaid by the 
buyer after obtaining a Return Authorization 
Number from Magtech.  All warranty repairs or 
replacements will be performed at the factory in 
Pearland, Texas.  Surface return freight will be paid 
by Magtech.  Factory warranties do not include field 
service.  Field service warranty repairs will be at the 
buyer’s expense.  Consult Magtech for field service 
rates.

Any modifications to terms and condition of this 
warranty will not be binding unless made in writing 
and signed by an authorized agent or official of 
Magtech.

All Magtech gages and transmitters should 
be unpacked and thoroughly inspected upon 
receipt.  Gages are shipped FOB factory and 
are fully protected against damage or loss 
during shipment.  Any claims for parts 
damaged during shipment should be 
submitted within 15 days of receipt of goods 
by customer.

We value your opinion and want to better 
serve you.  Please go our website: 
www.isemagtech.com and click the customer 
feedback survey option (on the left side of the 
screen).  Some of the best suggestions for 
improvement come from our valued 
customers.  Let us know how we are doing and 
what we can do better to improve your 
satisfaction with our product and service.
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Section

2 Transmitter Overview

2.0 General Description

The LTM-Series are 2-wire electronic field 
instruments, suitable for installation in hazardous 
and non-hazardous locations.  Testing and 
certification has been obtained from different 
agencies for installation in such areas.  This 
instrument is designed to measure and transmit an 
analog and/or digital signal proportional to liquid 
level in a tank.  The complete assembly includes an
explosion-proof enclosure and attached sensor tube 
and a magnetic float.  The LTM-Series are available 
in a variety of lengths and wetted materials to 
accommodate many different applications.

2.1 Product Identification

Figure 1. Example   label/name plate

The product can be identified by the stainless steel 
label that is located on the side of the transmitter 
enclosure/housing.

The label can be read as follows:

wwww = Any hazardous location area classification 
markings that the instrument is approved for.

ZZ/ZZ = Born on date; the2 digit month and 2 digit 
year the instrument was shipped to the customer.

AAAA = The specific serial number assigned by 
Magtech for complete traceability.

BBBB = The overall probe length of the instrument.
    Note:  THIS IS NOT THE MEASURING RANGE.

XXXX = The measuring range of the instrument.  
The 0 and 100% (4/20mA) output range.

YYYY = The end user specified tag number (only 
when specified).

2.2 Transmitter Configurations

LTM-Series transmitters generally have two 
configurations:

1. Gage Mounted:  Where the transmitter is
mounted on the outside of a magnetic level 
gage and strategically located within a 
certain longitudinal distance from the 
transmitter sensor probe and a magnetic 
float is placed inside the level gage.

2. Standalone (or Direction Insertion Type):  
Where the transmitter has a magnetic float 
directly around the transmitter sensor 
probe and the probe is directly inserted into 
a tank/vessel.

In either configuration as the tank level changes, 
the float tracks the change and continuously 
activates the sensor probe.  The electronics process 
the change in signal and output an analog and/or 
digital signal.  This output is precisely the liquid level 
in the tank.

Magtech is always willing to explore 
unique applications that require their own 
distinctive configurations.  Please consult the 
factory for guidance.
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2.3 Gage Mounted Transmitter

The LTM-Series may be strapped to the outside of 
the Magtech LG series magnetic level gage.  In such 
an installation, it is used as an accessory transmitter 
for the visual level gage.  The same float used to 
activate the magnetic gage is also used to activate
the magnetostrictive sensor of the LTM and 
transmit a directly proportional 4/20mA signal.

The depiction below shows the gage mount
installation of the LTM-Series to a mag-gage.  The 
transmitters may be calibrated for the same range 
as the visual indicator on the mag-gage, or for part 
of the range depending on the application.

Figure 2. Gage mounted transmitter

Magtech transmitters may also be used in 
conjunction with other manufacturers’ 
magnetic level gages. Full warranties will apply 
upon factory approval.  Float and or Indicator
replacement may be required.

2.4 Standalone Transmitter

When a magnetic level gage is not present, the LTM
can be inserted into the tank/vessel with its own 
float mounted around the sensor tube.

The depictions below show the standalone version 
of the LTM-Series with various process connections
and the standard float stop with centering ring.

Figure 3.  Transmitters with various process connections.

In Figure 3: 
Transmitter A depicts a standard ¾” compression 
fitting that is on all standalone transmitters.  
Transmitter B depicts a ¾” compression fitting and 
a hex plug.  This option is highly recommended 
because the hex plug is selected based on the 
float’s diameter (OD), so if the instrument ever 
needs to be removed or serviced for any reason it 
can be removed by the hex plug.  
Transmitter C depicts a flanged option with a ¾” 
compression fitting and a hex plug.
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A stilling well may be used along with the 
transmitter inside the tank. Stilling-well is a pipe 
external to the sensor probe and float encasing the 
entire assembly protecting it from surface agitation 
or from physical damage due to the length of the 
sensor probe.  A depiction of a transmitter with a 
stilling well is provided below.

Figure 4.  Transmitter with a Stilling-well

When a stilling well is used, care should be 
exercised when installing the tube to center it in 
the chamber so that the float can freely travel 
the entire length of the probe.  Stilling wells are 
required for transmitters over 10 feet or the 
instrument cannot be considered under 
warranty.

Optional Features that are available with the    
LTM-350 but NOT the LTM-250 are:

1. HART Protocol, which enables:

a. A second digital output proportional to 
an interface level (requires a second 
float of different specific gravity)

b. A digital temperature output that 
reflects the liquid temperature.

c. Advanced diagnostics and features 
highly beneficial for commissioning, 
troubleshooting or monitoring.

Up to two floats may be used with the LTM-350 
only.  The second float will typically sense the 
interface level (the heavier of the two fluids) in the 
tank.  The specific gravity of the second float will be 
such that it can be totally immersed in the lighter 
fluid.  The drawing below shows a transmitter with 
dual floats, one for total level and the other for 
interface level (also available with various process 
connections).

Figure 5.  Dual Output Transmitter

A dual output transmitter is also available 
in a gage mount configuration.  Consult factory 
for further details.
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Section

3 Transmitter Description

3.0 Detailed Description 

The LTM-Series is an assembly of two major 
components:

The Sensor Tube Assembly:  This is a 5/8” diameter 
stainless steel probe, sealed on one end, with the 
magnetostrictive waveguide in its center.  In 
addition to the magnetostrictive waveguide, the 
tube also houses the optional temperature sensor 
and the sensing elements.  The tube is made to 
lengths of 2-30ft. in rigid construction.

The Enclosure and Electronics: The extruded 
aluminum housing has two compartments.  The 
enclosure is rated NEMA 4X and 7.  One side 
contains the microprocessor board assembly and 
calibration push buttons.  The other side contains 
the field wiring termination board.  The electronics 
module is connected to the detector board of the 
sensor tube assembly via a plug-in cable.  The 
electronics module houses printed circuit boards 
(PCB) that encompass surface mount component 
construction utilizing the latest integrated circuit 
technology.

Magtech also has a stainless steel enclosure 
that can be utilized.  Please contact factory for 
further details.

3.1 Technology – Theory of Operation

The LTM-250/350 series level transmitters are 
based on the principle of magnetostriction, first 
used for digital delay lines and later precision 
distance or displacement in the machine tool 
industry.  This principle, if designed and applied 
properly, has potentially very high measurement 
resolution, typically better than 0.001 inch.  In the 
machine tool industry such a high resolution is 
desirable.  In the level measurement application, 
however, a resolution of 0.03 inch is more than 
adequate.

In a brief description, the magnetostrictive principle 
consists of a wire extruded and heat treated under 
carefully chosen conditions to retain desired 
magnetic properties, which is pulsed by a circuit 
with a relatively high current pulse.  The high 
current pulse produces a circular magnetic field as it 
travels down the wire at the speed of sound.  
Another magnetic field generated by a permanent 
magnet (the float), placed near or around the wire 
at some distance from the point of entry of this 
pulse interferes with the magnetic field of the 
current pulse and a torsional force results at the 
collision point.

Figure 6. Principle of Operation

The effect of this torsion force is a twist to the wire 
at this point producing torsion wave traveling 
towards both ends of the wire.  The propagation 
time (or time-of-flight) of this wave is measured 
precisely and if the wire properties remain stable, it 
is very repeatable at about 5-10 microseconds per 
inch, which is approximately the speed of sound in 
that medium.  By measuring the exact number of 
microseconds it took the torsion wave to reach a 
designated termination point of the wire, the 
distance to the magnet from this termination point 
can be easily calculated.
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A high-speed microcontroller is utilized in the 
design to process and calculate the elapsed time 
measurement.  Accurate crystals are used for the 
time based to resolve sub-microsecond timing 
increments.  The binary number, equivalent to the 
microseconds of the echo travel time is used to 
calculate the distance of the float and a 
corresponding digital signal is output.  A basic block 
diagram describing the operation is shown below.

Figure 7.  Basic Transmitter Block Diagram

Calibration routines are included in the software to 
the 0% and 100% points for any distance desired.  
Even reverse calibration is a simple task using the 
software routines.  Reverse calibration is desirable if 
ullage instead of level is required, or when the 
probe is installed with bottom mount electronics.  

The LTM-350 transmitter has four output 
configurations. 

Configuration options must be chosen at 
quoting stage.

1. Primary Level – The most basic version of this 
transmitter is that it computes the distance 
between the float and the detector from the 
elapsed time measurement.  A specific 
interrogation pulse is applied to the waveguide.  
Any feedback signal received before and after 
this window is rejected as noise.  Even signals 
received during the active window are 
evaluated and filtered so that only high integrity 
data is accepted.  The conditioned signal is 
converted to a percent of full-scale number and 
a number representing the distance and output 
as a digital signal. (LTM-250/350)

LTM-350, via HART protocol only.

2. Primary Level and Interface Level – A second 
float may be added below the first, and the 
second output will be calibrated automatically.  
The second time interval is timed in the same 
manner as the first one and added to the first to 
derive the position of the heavier float. The two 
floats require a separation of approximately 
three inches.  The float size, geometry, and 
magnetic strength all play a factor in how close 
the two floats can be without interfering with 
each other.

3. Primary Level and Temperature – An optional 
temperature sensor is embedded inside the 
bottom tip of the probe, and it is configured to 
be the third digital output of the transmitter, 
and comes factory calibrated for the operating 
range of -50C to 149C (-58F to 300F)

4. Primary Level, Interface Level, and 
Temperature – This options is called a ‘full-
blown” unit and offers all three possible 
outputs.

A deadband of approximately three inches, 
next to the detector, is fixed in the software 
and the float is not permitted to enter this 
area.  If this happens output readings maybe 
erratic or go to fail mode.
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Section

4
Installation

4.0 Gage Mount Installation

The LTM-Series can be mounted to the side of a 
Magtech LG series level gage using special mounting 
brackets and stainless steel hose clamps.  When 
mounting the transmitter to an LG series gage the 
active sensor region of the probe should fall within 
the centerline of the process connections on the 
gage.  If the transmitter’s deadband region is inside 
the centerline of the process connections the 
transmitter will not output an accurate 
measurement because the active region of the 
probe is too short.  When placing an order for a 
transmitter to accompany an existing gage it is 
important to indicate the style of the gage, the 
temperature, and the center-to-center dimension.  
Calibration of the probe is factory set to the   
center-to-center dimensions provided; however a             
re-ranging may have to be performed to match the 
probe to the desired control room specifications.  
See Section 7.1 “Change Range” for more details.

4.1 Standalone Installation

The LTM-Series standalone transmitter comes 
equipped with a ¾” mnpt compression fitting, 
mounted approximately 3 to 6 inches below the 
electronics housing.  The fitting is placed in this area 
to ensure the transmitter is calibrated in the sensor 
tubes active region.  Refer to the standalone 
drawings for a visual description of the transmitter 
features.  Optional configurations are available 
upon request (2” mnpt, flanges, etc…). The 
magnetic float used in the stand-alone unit is 
designed to travel up the sensor tube with the 
change in fluid level.  If build-up of process or 
contaminates should restrict the movement of the 
float, the transmitter sensor tube will have to be 
cleaned or the float may have to be replaced with 
one that has a larger inside diameter.  The floats are 
designed to match the pressure and specific gravity 
for the process being measured and come in various 
materials ranging from stainless to kynar. The 
magnetic float can be changed out at any time to 
accommodate the processes being measured. The 
float stop, located at the bottom of the 

transmitters, can be removed to allow the float to 
slide off the sensor tube.

4.2 General Installation Guidelines

The basic steps to installing the LTMs are:

1. Inspection of equipment:  Inspect the parts 
that are listed on the packing slip.  Make sure 
nothing appears to be damaged such as a 
broken glass from the level indicator assembly 
(flippers), damaged float, or a damaged 
transmitter.  Please file a claim with the 
shipping company immediately if it is believed 
the shipment has arrived damaged and be 
prepared to provide pictures.

The sensor probe of the transmitter 
SHOULD NOT BE BENT, BOWED, OR KINKED in 
any way or the transmitter will not work (will 
most likely go into fail mode). 

The following is a depiction of damaged probes:

Figure 8.  All damaged sensor probes
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2. Identify Proper Orientation of Transmitter:  
There are a few possible orientations of the 
LTM Series transmitters, they are:

Figure 9.  Possible transmitter configurations

Transmitter A is a standard top mount 
configuration.  
Transmitter B is a top mount with elbow, usually 
utilized when there are temperature or head room 
issues.  There is also a bottom mount with elbow 
configuration which is not depicted.  
Transmitter C is a bottom mount transmitter with 
remote electronics.  This configuration is utilized in 
more extreme temperatures or for accessibility.  
There is also top mount with remote electronics 
which is not depicted.

3. Mounting the Transmitter.  Align the 4/20 mA 
(or 0 and 100%) markings with the center of the 
top and bottom process connection. Mount the 
transmitter along the level gage and use a nut 
driver to tighten the clamps so the sensor probe 
of the transmitter is held securely (will not slip 
up and down).  Keep the transmitter supported 
while the clamps are being tightened (this can 
require more than one person).

Do not over tighten the clamps because 
they will bend and distort.

Figure 10. Top view of mounting clamps and sensor probe

A:  Is the correct way to have clamps tightened.  

The clamps do not have to meet.

B:  Is incorrect because the clamp is flipped around 
and will not grip the sensor probe.

C:  Is incorrect because the clamp has been tighten 
too much and damaged/distorted.

Effects of high vibration can be minimized 
early on by notifying the factory at time of 
order.  The electronics can be remote mounted 
and special insulators can be installed. Please 
see the depiction below.

Figure 11.  Insulator for high vibration
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4. Remote Mount Electronics Option.  Due to 
process temperature, vibration or accessibility 
the housing/electronics of the LTM transmitter 
can be remote mounted as far as 25 ft.  The 
housing/electronics are supplied with a pipe-
mount bracket that can be mounted most 
nearby posts or pipes with hose clamps.  The 
drawing below depicts a gage mounted 
transmitter in the top mount remote electronics 
configuration.

Figure 12.  Gage mount transmitter in the top mount remote 
electronics configuration.

NEVER install the sensor probe inside an 
insulation blanket that may be around the 
level gage.  This will overheat the sensor probe 
and cause failure.

NEVER bend, bow or cause a kink in the 
sensor probe, this will damage the instrument 
and void the warranty.  Do not attempt to 
straighten the sensor probe, this will not help 
the instrument work.  If the shipment arrives 
damaged please file a claim with the shipping 
company and contact the factory to arrange for 
a replacement.

There are a variety of ways to install a 
standalone transmitters (i.e. crane, lift, etc…), 
the basic rule to remember when installing an 
LTM transmitter is DO NOT DAMAGE the 
sensor probe, this will void the warranty.  If 
damage is suspected please contact the factory 
and be prepared to provide pictures.

In REMOTE MOUNT electronic options 
please support the sensor probe at the 
elbow/condulet and then every 3 feet 
(depending on length of cable).  Support at 
every 2 feet may be required if explosion proof 
conduit is utilized by the end user.

9



4.3 Insulation (against extreme heat/cold)

Magtech strongly recommends that an experienced 
Magtech Technician do insulation of the magnetic 
level gages at the factory with externally mounted 
transmitters.

If Cryogenic “Hard Skin” cold service type 
insulation is required, it must be done at the 
factory due to the custom “TUBE in TUBE” 
design necessary for removal of the 
transmitter if needed.

If insulation is going to be done in the field, then the 
following guidelines MUST be followed:

1. Flexible type insulation jackets (NOT HARD 
SKIN) are required and must be installed around 
the mag-gage chamber only.  DO NOT cover the 
LTM sensor tube, as this may burn up the 
sensor and possibly the electronics.

2. After the insulation jacket is installed, the LTM
sensor tube must be remounted at its factory-
preset distance from the mag-gage chamber 
and must be parallel to the chamber as well 
(small cut-outs in the jacket are required to re-
attach the transmitter properly).

3. Make sure that the 0% and 100% (4/20mA) 
marking on the sensor tube are re-aligned at 
the centers of the process connections.

(When insulating gages):
Magtech level transmitters have a maximum 
operating temperature of 300 F.  When insulating a 
mag-gage and transmitter assembly in HOT service, 
keep the transmitter OUTSIDE the insulating 
material.  Special blankets for this type of insulation 
are available from Magtech, and recommended to 
guarantee proper insulation.  For further 
information consult the factory.
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Section

5 Field Wiring

5.0 Recommended Loop Wiring

The following is the recommended loop wiring.

Figure 13.  Recommended Loop Wiring

11



The following is the Hart Topology.

Figure 14.  HART Loop Topology

Please visit www.hartcomm2.org to learn more about HART Protocol.
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5.1 Area Classification Installation Safety

If the instrument is used as an explosion proof (exp) device then exp conduit must be sealed within 18 
inches of the termination point – at the instrument.

Power must be supplied by an isolated supply.

Caution-To reduce the risk of ignition of hazardous atmospheres, disconnect the device from the supply 
circuit, or area must be known to be non-hazardous, before opening.
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6
Transmitter Specifications

6.1 Hazardous Locations /              
       General Ratings

CSA and CSAUS:  Explosion Proof:
Class I Div. 1 or 2, Grps. B, C, D                                                
Class II, Grps. E, F, G                                                                  
Class III                          
Tamb -40°C to 85°C (-40°F to 185°F)

ATEX:  Ex d:
Sira 10ATEX1308X
Ex d IIC T5 Gb
Ex tb IIIC T100°C IP66 Db
Tamb -40°C to 85°C (-40°F to 185°F)

0344  II 2GD

IECEx: Ex d:
IECEx SIR 10.0150X
Ex d IIC T5 Gb
Ex tb IIC T100°C IP66 Db
Tamb -40°C to 85°C (-40°F to 185°F)

6.2 Electronic Specifications

Supply Voltage: 13 – 36 Vdc (13V @ 20mA)

Repeatability: .005% of full scale or                                                                 
.010”, whichever is greater

Non-Linearity: .01% of full scale or .030”, 
whichever is greater

Sensor Accuracy:            .01% of full scale or .030”, 
whichever is greater

Damping: 1 to 26 seconds 

Operating Temp: -50 to 85 C
(-58 to 185 F)

Housing: Explosion proof, dual compartment, 
½”npt conduit, epoxy coated 
aluminum; NEMA 4X, 7

Humidity Limits: SAMA PMC 31.1-5.2

Vibration Limits: SAMA PMC 31.1-5.3

RFI Limits: SAMA PMC 31.1-
20 to 1000 MHz 
Up to 30 V/m

6.3 Sensor Probe Specifications

Material: 5/8” 316ss standard, optional: 
Hastalloy, Monel, or Kynar sleeved

Operating Temperature: -50 to 149 C 
(-58 to 300 F)

Maximum Pressure: 2000psig @ 300F

Range: 12 in. to 30 ft.
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Section

7 Menu Structure and Features

7.0  Pushbutton Operation

The menu structure and pushbutton operation of the LTM series transmitters is simple and user-friendly.  The 
electronics module has 3 pushbuttons (from left to right):

↑ :  This button is used to increment values and change “Yes” to “No” and “No” to “Yes”.

↓ : This button is used to decrement values and change “Yes” to “No” and “No” to “Yes”.

← : This is the enter button used to execute functions and enter/exit into or out of submenus.

The pushbuttons are timed not pressurized.  It does not matter how hard/firm you press them. The 
buttons depend on the length of time they are pressed.  The longer you hold the button the faster it will 
increment/decrement values.  Hold the enter button down for 2 seconds to enter the configuration menus 
and 1 second for all subsequent menus.

Figure 15.  Front Panel of Electronics Module
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7.1  Menu Structure

Main Screen (scrolling):

The menu structure has been designed so the end user can make parameter changes relatively fast and easy.  
Below is a detailed description of these menus.

The LTM-250/350 LCD is a 2x8 character screen.  The main screen scrolls between the following parameters:

1. Level (in selected engineering units)
2. Interface (when option is provided – in selected engineering units)-LTM-350 only
3. Temperature (when option is provided – in selected engineering units)-LTM-350 only
4. The analog current corresponding to level (in mA)
5. Percent of range corresponding to level (in %)

If the user desires to enter into the configuration menus simply press/hold the enter button for 2 seconds. 

Make sure the electronics are not in write protect mode.  

The menu order can change and new menus can be introduced based on transmitter output options and    
hardware or software revisions.
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The following is the LTM-250/350 LCD Menu Flowchart

Magtech Magtech
LTM-250      or LTM-350

SW Rev
1.00.00

HW Rev
1.00.00

Display?
Scroll > Level > Intrface*    > Temp**    > mA Out   > % Range

SelLngth
30.00 in

Lvl Unit
in > ft > mm > cm > m

Temp Unit**
C > F > R > K

Sel PV*
Level > Interface

Sel Alrm
FailHigh > FailLow > HoldOut

ChgRnge?  >>> Sel LRV    >>>    Sel URV
Yes > No    (yes) 0.00 in              24.00 in

SelDamp
1 sec

ROC Fltr
10.0in/s

TrmSnsr?  >>> TrimZero  >>> TrimZero  >>> TrimSpan  >>> TrimSpan  >>> Span
Yes > No    (yes) -Busy- 24.00in -Busy- Error (if incorrect)

Offset
0.00in

TrimDAC?  >>> Trim 4mA  >>> Trim20mA
Yes > No   (yes)           120           3860

TstLoop?  >>>    LoopTest
Yes > No   (yes)  4.00 mA

Exit?
Yes > No

* Only applies when Interface Float is included
**  Only applies when Temperature Sensor is included

17



7.1  Menu Structure Continued…

Description

Manufacturer and Model:

Software Revision Status:
This is the current software revision.

Hardware Revision Status:
This is the current hardware revision.

Scrolling Option:
Allows the user to stop the main menu from 
scrolling and choose 1 of 5 possible parameters:  
Engineering Units (level, interface, and temp), 
Current (mA), or Percentage. Select the desired 
parameter and then press enter. “Scroll” is the 
default parameter this option keep the main menu 
scrolling.  See section “7.2 Features” for more 
details.

Interface and Temperature options only 
appear if the option(s) are configured.

Select Length:
Note: THIS IS NOT THE MEASURING RANGE. 
This parameter should only reflect the overall 
sensor length.  It can be adjusted by incrementing 
and decrementing the value and then pressing 
enter.

Level Units:
This menu can be used to change the level 
engineering units. It can be changed by 
incrementing/decrementing to one of the following 
units:  in, ft, mm, cm, m and then pressing enter.

Temperature Units:
This menu can be used to change the temperature 
engineering units. It can be changed by 
incrementing/decrementing to one of the following 
units: F, C, R, K and then pressing enter.

This menu only appears if the temperature
option is provided. 

LCD Menu (example)

M a g t e c h
L T M - 3 5 0

S W R e v
1 . 0 0 . 0 0

H W R e v
1 . 0 0 . 0 0

D i s p l a y ?
S c r o l l

S e l L n g t h
3 0 . 0 0 i n

L v l U n i t s
i n

T e m p U n i t
o C
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7.1  Menu Structure Continued…

Description

Select PV:
This menu allows the user to select the 
measurement that controls the transmitter’s
current output (mA).

This menu only appears if the interface        
(2 floats) option is provided.

Select Alarm:
The following alarm settings can be chosen:
“FailHigh” = 21.00mA
“FailLow”  = 3.50mA
“HoldOut” = holds last good reading until 
transmitter recovers.

Change Range:
This menu allows the user to change the measuring
range or span.  Enter the menu by changing the 
“No” to a “Yes” and press enter.

-   Select Lower Range Value (LRV):
This is the 4.00mA (0.00%) point on the senor.  This 
value should only be incremented.  For example if 
the value is changed from “0.00in” to “3.00in” the 
4.00mA point will shift 3.00 inches higher than the 
original point.  It is recommended to leave this at 
0.00 most of the time unless a special circumstance 
arises.  Press enter to go the next screen.

-   Select Upper Range Value (URV):
This is the 20.00mA (100.00%) point on the sensor.  
This value should only be decremented.  Changing 
this parameter will change the measuring range or 
span of the transmitter.

Select Damping:
This parameter is used to slow down the reaction of 
the instrument in order to ignore or average out 
any agitation on the process surface that may be 
causing an unsteady output.  The units are fixed in 
seconds and values can be from 1 to 26 seconds. 

LCD Menu (examples)

S e l P V
L e v e l

S e l A l a r m
F a i l H i g h

C h g R n g e ?
N o

S e l L R V
0 . 0 0 i n

S e l U R V
2 0 . 0 0 i n

S e l D a m p
1 s
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7.1  Menu Structure Continued…

Description

Rate of Change (RoC) Filter:
This parameter helps ignore erroneous readings 
from the transmitter’s surroundings.  If the user 
knows how fast the level can change in the vessel 
(i.e. inches per second) then this parameter should 
be set at a rate that the level in the vessel cannot 
suddenly jump to.  See section “7.2 Features” for 
more details.

Trim Sensor:
This menu can be used to recalibrate the 
transmitter.

There is no need to recalibrate the 
instrument simply use the “Change Range” 
menu and change the LRV and URV as desired.

If the need arises to use this menu then 
level simulation will be required at 0 and 100 
percent.

Offset:
This parameter simply adds a digital value to the 
measuring range or span it does NOT shift or move 
the measuring range.  See section “7.2 Features” for 
more details.

The span will not change and the 4/20mA 
will not shift from its original calibrated points. 
This value also affects the reading for interface 
level when available.

LCD Menus (examples)

R o C F l t r
1 0 .0 i n / s

T r m S n s r ?
N o

O f f s e t
0 . 0 0 i n
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7.1 Menu Structure Continued…

Description

Trim Digital-Analog-Converter (DAC):
These are factory set parameters used to provide an 
accurate 4.000mA and 20.000mA.  This parameter 
should not be changed as Magtech uses NIST 
traceable equipment to calibrate our transmitters 
and only accredited laboratories for the annual
calibration of our equipment.  This menu will allow 
the user to change the accuracy of the transmitter 
output.
  

A current meter should be used to monitor 
the 4/20mA when this function is selected.

Test Loop:
This function allows for direct control of the 
Transmitter’s current output (mA) capability.  
Simply enter into this menu and change the current 
(mA) output as desired.  This option is excellent for 
plant startup verification.

Exit:
This signifies the last menu before the main screen.  
If the user desires go back through the 
configuration menus then change the “Yes” to “No” 
and review the configuration again else press enter 
while the screen shows “Yes” and return to the 
main screen.

LCD Menu (examples)

T r i m D A C ?
N o

T s t L o o p ?
N o

E x i t ?
Y e s
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7.2  Features

This section will describe in more detail some of the LCD Menus and new features exclusive to models         
LTM-250/350.

Scrolling Option:  When choosing not to scroll the main menu the following options can be chosen by pressing 
the up and down push buttons (exclusively for models LTM-250/350).

1. Display? Display? Display? Display? Display? Display?
Scroll (or) Level    (or) Intrface     (or) Temp   (or) mA Out    (or) % Range

The “Scroll” option will vary depending on how many outputs are configured.

Rate of Change (RoC) Filter:  The RoC filter is a continuous monitor of how fast (the rate) the level is rising 
and falling.  It is also an excellent tool to help eliminate any temporary spontaneous noise that may be present
in-field. For example if the level in a tank cannot rise or fall faster than 30.0 in/s then the setting for the RoC 
filter should be set to 15.0 in/s or less to help filter/ignore erroneous readings. Note:  The engineering units will 
change according to units selected (i.e. cm/s) – (exclusively for models LTM-250/350).

Offset:  The offset is a digital number that gets added to both the LRV and URV to account for any distance 
below the sensor probes measuring distance.  For example if the offset is changed from “0.00in” to “2.00in” the 
‘Level’ on the main screen will show “2.00in” at 4.00mA and the 20.00mA value will simply have 2.00 inches 
added to it. 

The span will not change and the 4/20mA will not shift from its original calibrated points. This offset 
value will also add to the interface level when available. 
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7.2  Features (Exclusive to the LTM-250/350 models)

There is an “advance” menu incorporated into the LTM-250/350 models. To access this menu press and 
hold the increment (↑) button first then while holding the increment button press and hold the enter 
button for 3 seconds.  A new menu will appear on the LCD screen.  

The following is a flow chart of the “advanced” menus

ComPort?  >>>  Serial
Yes > No   (yes) Active
v
Default?  >>> Default? >>> Select >>>>>>>>>>>>>>>>>>>>>>>>>>>>>> Defaults
Yes > No  (yes) Load >Save (Load) Factory > Sensor1 > Sensor2 > Sensor 3 Loaded

>>> Select   >>>>>>>>>>>>>>>>>>>>>>>>>>>>>> Defaults
(Save) Sensor1 > Sensor2 > Sensor3 Saved

v
Deadzone
1.50in
v
1pt Cal?  >>>  SelLngth  >>>  Sel LRV  >>>  Sel URV  >>> Energy  >>>  DCOffset  >>>  HoldTime  >>> CrntLvl?  >>> CrntLvl?
Yes > No   (yes)  30.00in       0.00in           24.00in             22%                1.50V              4 us              0.00in          -Busy-
v
LvlAdjst  >>> CrntLvl?  >>> CrntLvl?
Yes > No  (yes)   0.00in           -Busy-
v
FlipPrb? >>> Config >>>  ReRange? >>> Sel LRV >>> Sel URV  >>> CrntLvl?  >>> CrntLvl?
Yes > No  (yes) Bottom > Top Yes>No     (yes) 0.00in       24.00in 0.00in             -Busy-

    (no)  >>>>>>>>>>>>>>>>>>>> ^
v
ChgSgnl?  >>> Energy  >>> DCOffset  >>> HoldTime
Yes > No   (yes)       22% 1.50V 4 us
v
PW Filter  >>> PW Min >>> PW Max
On>Off    (On) 40 tics 100 tics
v
Exit?
Yes > No
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7.2  Features (Exclusive to the LTM-250/350 models)

This section describes the “advance” menus in detail.

ComPort:  This menu is currently only utilized at the factory and will not assist in any troubleshooting.  When 
the menu first appears the “No” option is defaulted, simply press enter to bypass this option.  If “Yes” is selected 
and this menu is accidently entered into then the push buttons will be locked out.  Simply cycle the power to the 
instrument to clear the effect of entering into this option.

Default: The next menu is the “Default Configurations” menu.  This option allows the user to “load” the original 
factory settings or load settings saved in slots labeled “Sensor 1”, “Sensor 2” or “Sensor 3” (if utilized by end 
user).  If desired one electronics module can save settings for 3 other sensor probes by calibrating the 
electronics module to a particular sensor probe then saving those settings into slots labeled sensor 1, 2, or 3. 
Change the menu screen from “load” to “save”.  Then the user can save current setting into slots labeled sensor 
1, 2 or 3 and load from these slots as desired.

- Loading Factory Defaults: Enter into the “Defaults” menu by changing the “no” to a “yes”.  Then the 
option to “Load” will appear. Press enter and the “Factory” option will appear then press enter on more 
time to execute the load from defaults (settings can also be loaded from Sensor 1, 2, or 3 by using the 
up or down arrows on the “Factory” screen if the user has utilized the other slots).

- Saving Settings:  Enter into the “Defaults” menu by changing the “no” to a “yes”.  Then the option to 
“Load” will appear.  Use the up or down arrow to change the “Load” to “Save” option.  Press enter and 
the next menu will appear with “Sensor 1”.  By pressing enter the current settings of the transmitter will 
be saved.  At the “Sensor 1” menu screen if the up or down arrow is pressed the user has the option to 
save the transmitter settings into “Sensor 2” or “Sensor 3” slots.  Note:  One electronics module can 
potentially hold up to 3 other transmitter settings.

The factory settings can never be overwritten (or saved to), only loaded from.

Deadzone: This menu is mainly utilized at the factory to achieve optimal linearity near the deadband
close to the electronics.  This feature was released just in case in-field adjustments are necessary.

This option/feature only appears in software revisions 1.01.15 or higher.
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7.2  Features (Exclusive to the LTM-250/350 models)

Please consult factory before attempting this procedure.  Document transmitter’s serial number for 
better assistance.

1-point Calibration Procedure (1pt Cal):  The following menu is the 1 –point Calibration procedure.  
This procedure was designed to help the user get up and running in an emergency.  If electronics have to be 
shared in an emergency the following procedure guides the user through a “quick” calibration procedure that 
does not require level simulation but instead works with the current level (1 point) in the vessel/tank.

1. Enter into the “1pt Cal” menu by changing the “no” to a “yes” and pressing enter.
2. The first menu is “SelLngth” or select length.  This is not the measuring range but the overall probe 

length.  This information can be found on the label of the instrument housing.  (See Section 2.1 Product 
Identification).  Enter the value in using the up or down arrows and press enter.

3. The second menu is “Sel LRV” or select lower range value.  Most of the time this value is at 0.00in.  It is 
recommended to leave this value at zero and press enter.

4. The next menu is “Sel URV” or select upper range value.  Enter in the desired measuring range and press 
enter.

5. The “Energy” menu is next.  This parameter controls the amount of energy being sent down the sensor 
probe.  Longer sensor probes require more energy shorter sensor probes require less energy.  Please 
contact the factory for guidance with this parameter.

6. The “DCOffset” menu is the signal to noise ration.  Please contact the factory for guidance with this 
parameter.

7. The “HoldTime” menu is the amount of time the energy being sent down the probe is sustained.  Note: 
a longer hold time can increase the deadband near the electronics.  Please contact the factory for 
guidance with this parameter.

8. The last menu is the “CrntLvl” or current level menu.  Enter the known current level in the vessel/tank 
(in engineering units) and press enter. The calibration should take place and the transmitter should be 
operational.  If the next menu appears then the operation was successful.  If the menu reverts back to 
the beginning of the “1pt Cal” menu then the operation was unsuccessful.  Further troubleshooting may 
be necessary if the operation is unsuccessful.  See Section 8 for troubleshooting guide.

The 1-point calibration may not be within the published accuracy specification.   Again this procedure 
was designed to get a critical application up and running.  A recalibration (two point calibration) may be 
highly desirable as soon as the opportunity presents itself.

Level Adjustment (LvlAdjst):  If the level gage indicator and level transmitter reading do not match or appear 
to be incorrect by a few inches then the “LvlAdjst” function can be utilized.  Enter into the menu and simply use 
the up and down push buttons to enter the current level being displayed by the level gages visual indicator and 
then press enter.  The transmitter will adjust the calibration and output accordingly.  Note: Be careful make sure 
this is what is desired.
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7.2  Features (Exclusive to the LTM-250/350 models)

Field Reversible Transmitter (FlipPrb):  An important and key feature of the LTM-250 and LTM-350 Models is 
the ability to flip (rotate) the entire transmitter 180 degrees.  This procedure is only for gage mount 
transmitters with an elbow connection on them.  If the transmitter does not have an elbow connection please 
contact factory for assistance. If the need arises and a bottom mount transmitter is preferred over a top mount 
transmitter or vice versa then following these simple steps.  THIS PROCEDURE IS FOR GAGE MOUNT 
TRANSMITTERS ONLY.

1. Physically flip (rotate) the entire transmitter (this includes the sensor probe) and mount it accordingly.

Be careful not to damage the sensor probe while rotating the transmitter.

2. Remove the front glass cover of the transmitter enclosure and then using needle nose pliers pull on the 
protection screws (snake-eye screws) to pull out the electronics module.  Alternate pulling on the screws 
in order to prevent damage to the electronics module.

3. Rotate the electronics 180 degrees module and insert it back into the enclosure.  The module should 
now be right side up.

Do not twist or rotate the transmitter housing to adjust the conduit entry.  The conduit entry must be 
left in the opposite position.

4. There is a “special” configuration menu that is utilized to achieve this task. To access this menu press 
and hold the increment (↑) button then while holding the increment button press and hold the enter 
button for 3 seconds.

5. The “FlipPrb?” (Flip Probe) menu should appear. Use the up or down buttons to select “Yes” if rotating 
the sensor is what is desired else select no and exit the menu.

6. When “Yes” is selected the next menu is the “Config” (Configuration/Orientation) menu.  This is where 
the “Top” or “Bottom” mount configuration is selected.  This configuration/orientation is with reference 
to where the sensor probe “bulkhead” is located on top or bottom.  Select the appropriate “Config” and 
press enter.  If the original orientation is selection the menu will revert back to “FlipPrb?” menu.

7. The next menu is “Rerange?” (Change Range) menu.  Select “Yes” if the measuring range (or span) is 
changing from the original span.  Select “No” if the span is to able to remain the same.  Selecting “Yes” 
will then go through change range procedure discussed in section 7.1 of this manual.

8. After the “Rerange?” menu is the “CrntLvl?” (current level) menu.  Simply enter where the existing level 
is in the vessel and a one-point calibration will take place automatically and the next menu will appear.  
If the next menu appears then the operation was successful.  If the menu reverts back to the beginning 
of the “FlipPrb” menu then the operation was unsuccessful.  Further troubleshooting may be necessary 
if the operation is unsuccessful.  See Section 8 for troubleshooting guide. 
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7.2  Features (Exclusive to the LTM-250/350 models)

Change Signal (ChngSgnl): The next and final menu in the special features menu is “ChngSgnl” or change 
signal option.  The feature allows the adjustment of the signal being sent down the sensor probe.  It can be 
utilized when one electronics module is being utilized to save settings for various different length sensor probes.

This menu has 3 parameters that can be adjusted.  The first is “Energy” [%], it is increased for a longer sensor 
probe and decreased for a shorter sensor probe.  The second parameter is “DCOffset” or DC Offset [v], this 
parameter is decreased for longer sensor probes and increased for shorter sensor probes.  The third (and final) 
parameter is the “HoldTime” or hold time [us], this parameter recommended to stay within a certain range.

There is purposely not much detail on this option as it is recommended that these parameters not be 
changed unless the electronics module is being utilized for more than one sensor probe.  It is also 
recommended that the user be guided by the factory if this option is being utilized.

This option is also intended for mainly factory use.  Changing these parameters can cause undesirable 
results.  Please consult factory with any questions.  The “factory” default configurations can be loaded if the 
parameters have been drastically changed.

Pulse Width Filter (PW Filtr):  The pulse width filter can be utilized for dual output (level and interface) 
applications if there are any erroneous readings being transmitted or displayed.  This feature can be adjusted so 
the unique signal from the magnetic float can be concentrated on and all other false signals are ignored.

This option/feature only appears in software revisions 1.01.15 or higher.

Conversion from Gage Mount to Standalone:  When converting from a gage mount transmitter to a 
standalone transmitter or vice versa simply contact the factory to order appropriate parts.  Please have the 
serial number of the transmitter documented so the factory can make traceable record changes and offer better 
assistance.  Most conversions can now be done in-field with minor configurations and calibration.

Converting from gage mount to standalone: Remove the transmitter from the gage, then remove 
4/20mA (or 0/100%) stickers from the sensor probe.  Call factory with serial number and desired process 
connections (3/4”mnpt, 2”mnpt hex plug, flanges, etc…).

Converting from standalone to gage mount: Remove the transmitter from the vessel, then remove 
process connections and float.  Call factory with serial number of transmitter and the level gage to which 
the transmitter is to be mounted. 

Always be careful not to damage the sensor probe when removing/installing the transmitter to/from the 
gage or vessel.
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Section

8
Transmitter Calibration and
LTM Troubleshooting

8.0  Calibration

There really is no need to re-calibrate this 
instrument.  The LTM-Series arrive calibrated 
to specified measuring ranges at order 
placement.

If the need arises and a recalibration is deemed 
necessary please follow these instructions carefully.

Level simulation will be required at 0% and 
100% positions.

1. Verify the “probe length” is not the same as 
the” measuring range” desired.  If so please 
change accordingly.
See Sections 2.1 and 7.1.

2. Go to the “Change Range” menu and set 
the desired URV (measuring range).

3. Go to the “Trim Sensor” menu and enter.
4. At the “Trim Zero” screen place the level (or 

magnet/float) at 0% (4mA point) and then 
press enter.

5. At the “Trim Span” screen place the level 
(or magnet/float) at 100% (20mA point) and 
then press enter.

6. “Exit” the configuration menus and the 
instrument should be calibrated.  If not 
begin to troubleshoot or consult factory for 
assistance.

Error Preventative Calibration: The LTM-250/350 
transmitters are protected from incorrect 
calibration so if something is done incorrectly it will 
display “Span Error” on the LCD for 5 seconds and 
then return to the beginning of the “Trim Sensor” 
menu.

Recommendation:  Again there is no need to 
recalibrate the instrument simply go to the 
“Change Range” menu and adjust the LRV or URV 
as desired.

8.1 Troubleshooting

Magtech manufactures custom built products so 
each transmitter has been specifically designed to 
fit on a magnetic level gage or be inserted into a 
tank/vessel and has been approved by the end user 
at some point during the ordering/purchasing 
process.  Each transmitter has been factory 
calibrated to meet end user requirements so there 
is no need to recalibrate these transmitters unless 
the requirements have changed from the time of 
purchase/delivery to installation.  If the need arises 
to calibrate these units to a new range please 
carefully read and follow the calibration procedure 
in the instruction and operation (I/O manual) or 
consult the factory.  Always feel free to contact the 
factory if any questions or uncertainties arise.  The 
following guide has been established to guide the 
end user through some troubleshooting procedures 
if the need arises.

There are 3 basic scenarios that can potentially 
cause issues.  They are:

1. Physical damage to the sensor probe.  
Accidents can happen during the installation 
process and if the sensor is permanently bent, 
bowed, or kinked it will no longer work 
properly.  Some symptoms of damage to the 
sensor probe are:

a. Erratic output, unit jumping to full scale 
(alarm mode) randomly, usually around 
the damage point.

b. Unit in constant alarm condition
c. Unit going into alarm condition after a 

certain point.

If the unit arrives damaged please contact 
factory immediately.  
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2. Water damage to the electronics module or 
sensor probe.  This is potentially the most 
severe case the symptoms are unpredictable. If 
there is any suspicion that the transmitter may 
have incurred water damage please contact the 
factory to make arrangements to have the unit 
sent back for factory inspection.

Physical and water damage are not 
covered under warranty.

3. Magnetic Indentation.  It is possible for any 
magnetostrictive instrument to have residual 
magnetic energy stored along the length of the 
waveguide.  These magnetic anomalies can 
interfere with the output response signal.  If 
this appears to be the case a level gage float (or 
a bar magnet preferably) may be run along the 
length of the sensor tube, past the head of the 
transmitter, in an even motion without 
stopping.  This will usually clear all such 
magnetic anomalies.

Never move a magnet in perpendicular 
motion away from the sensor tube.  This will 
always leave a residual magnetic field in the 
waveguide which causes the transmitter 
output to be erroneous or unstable.

The LTM-350 is HART compatible, however 
HART communication will not work if the unit 
is not powering up.

8.2  Power Supply Troubleshooting

The LTM-250/350 is designed to operate with a 
supply voltage of 13 – 36 Vdc (minimum 13V @ 
20mA) across its terminal without affecting the 
analog current output.  The most common supply 
voltage used is 24Vdc.

At times additional resistance in the loop is 
necessary, either in the form of a second load 
resistor or higher resistance safety barrier.  This will 
appear to limit the maximum output of the 
transmitter to below 20mA.  The transmitter will 
perform correctly up to a certain point.  To resolve 
this problem, the voltage of the loop supply must 
be increased.  Even a slight adjustment of 1Vdc may 
be sufficient.

All connections must be checked for improper 
wiring or polarity before power is applied.  LTM-
Series transmitters are polarity protected.

8.3  General Troubleshooting

Below are some troubleshooting procedures for the 
LTM transmitters that have been established 
overtime.

Symptom:  Transmitter is not powering up.  
      The LCD is not turning on.

Resolutions:  

1. Make sure power is applied correctly (meaning 
plus and minus are not reversed).  The 
transmitter is polarity protected.

2. Make sure the electronics module is seated 
properly.  Open the front cover (where the LCD 
is) and firmly push on the “Magtech” text.  A 
good way to tell if the electronics are not 
seated properly is by making sure the 
protection screws are not physically higher than 
the outside of the housing.  Sometimes pulling 
the electronics module out and putting it back 
in can reseat the electronics correctly.  Use 
cutters or needle nose pliers to grip the 
protection screw and lightly pull on each screw 
(alternate).
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Section

9
LTM-350 has HART Protocol

9.0 Hart Protocol: General Information

The LTM-350 is a HART registered and certified instrument. The section presents how the HART Communication 
Protocol has been utilized in the LTM-350.  This section does not explain what HART Protocol is, please visit 
www.hartcomm2.org to learn about HART.

The following is a flow chart of our HART menu structure.  This flow chart can be utilized to access desired 
parameters and operations when using a handheld communicator or a HART enabled host system.

HART Menu Flowchart for LTM350 Transmitter

Device 
Setup>>>> >

Process 
Variables>> > Level

PV Value (Note 
1) Interface (Note 2 )

Loop Current Temper (Note 3)

LRV %Range
URV Loop Current

Diag/Service>>>>>
>> > Loop Test

Diagnostics>>>>>>>
>> > Device Status

Operation Status
Calibration Status

Level Alarm Status

Calibration>>>>>>>>
>> > D/A trim

Full Level trim

Full Temp trim (Note 3)
Calibration 
Review>>>>>>>>>>> > Level Gain

Lvl UTP Value
Live 
Measurements>>> > Level Pulse Sensor UTP Value

Interface Pulse (Note 4) Lvl LTP Value

Tic Limit Sensor LTP Value

Raw Temper A/D (Note 4)
Temperature Gain  
(Note 3)
Temperature Offset 
(Note 3)
RTD UTP Value       
(Note 3)

A/D UTP Value (Note 3)

RTD LTP Value (Note 3)

A/D LTP Value (Note 3)

DAC Zero

DAC Full
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9.0 Hart Protocol: Menus and Flowchart (continued…)

Basic 
Setup>>>>>>> >

Level 
Setup>>>>>>>>>> >

Keypad 
Rerange>>>>>>>>>>>> > LRV

Orientation is: Level Offset URV

PV is: (Note 2) Rate of Change Unit

LCD Output is: LSL

Probe Length USL

Level Units

Temper Units (Note 3)

Damping

Detailed 
Setup>>>>> >

Device 
Profiles>>>>>>>> > Factory Slot

Load

User 1 Slot

Load

Save

User 2 Slot

Load

Save

User 3 Slot

Load

Save

Signal 
Setup>>>>>>>>>> > Energy

DC Offset

Hold Time

Digital Level 
Alarms>>>> > Alarms are: (Enabled/Disabled)

Alarm High High

Alarm High

Alarm Low

Alarm Low Low

Level Alarm Status

Output 
Condition>>>>>> >

Analog 
Output>>>>>>>>>>>>>> > Loop Current Mode

Ao Alrm typ

D/A trim

Loop test

Hart 
Output>>>>>>>>>>>>>>>>> > Poll addr

Num req preams
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9.0 Hart Protocol: Menus and Flowchart (continued…)

HART 
Information>>>>>> > Manufacturer

Model

Unique ID

Serial Number

Date

Sales Order

Purchase Order

Tag

Long Tag

Message

Descriptor

Revision 
#s>>>>>>>>>>>>>>>>> > Universal rev

Fld dev rev

Final asmbly num

Note 1.  When Interf is PV, Interf is displayed. Software rev

Note 2.  Only applies when interface float is included. Hardware rev

Note 3.  Only applies when temperature sensor is included.
Note 4.  Value displays 0 if interface float/temperature sensor is not present.
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PREFACE

The procedures included in this book are to be performed in conjunction with the requirements 
and recommendations outlined in API Specifications.  Any repairs to the equipment covered by 
this book should be done by an authorized Cameron service representative.  Cameron will not 
be responsible for loss or expense resulting from any failure of equipment or any damage to any 
property or death or injury to any person resulting in whole or in part from repairs performed by 
other than authorized Cameron personnel.  Such unauthorized repairs shall also serve to termi-
nate any contractual or other warranty, if any, on the equipment and may also result in equip-
ment no longer meeting applicable requirements.

File copies of this manual are maintained.  Revisions and/or additions will be made as deemed 
necessary by Cameron.  The drawings in this book are not drawn to scale, but the dimensions 
shown are accurate.

This book covers Cameron products.

Cameron 
P.O. Box 1212 
Houston, Texas 77251-1212 
713-939-2211 
http://www.c-a-m.com
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Figure 1 - WKM DynaSeal 370D4 Ball Valve
2” - 4” x 3” Class 150-900
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Bill of Materials 
2” - 4” x 3” Class 150-900

Item Qty Description

1 1 Body

2 1 Tailpiece

3 1 Lower Cover Plate

1 4 * Body Stud

1 5 * Body Nut

6 4 Bolts (Lower Cover Plate)

7 1 Bearings (Stem)

8 1 Bearings (Trunnion)

9 1 Stop Plate

10 2 Retaining Ring

11 1 Nameplate

12 2 Drive Screw

13 2 Caution Tag

14 2 Grease Fitting

15 2 Hidden Check Valve

16 1 1/2” Vent Fitting

17 1 Screw

18 1 Tailpiece O-Ring

19 2 Stem O-Ring

20 1 Trunnion O-Ring

21 2 Seat O-Ring

22 2 Grease Seal Seat O-Ring

23 1 Stem Seal

24 1 Ball

25 1 Trunnion

26 1 Stem

27 2 Seat Assembly

28 2 Seat Wave Spring

29 1 Wave Spring

1 	 Body stud and nut qty. =	 4 for 2” 150-300
		  8 for 2” 600-900 and 3” 150-900

TC-003001-09 Rev 01



7TC9276

Figure 2 - WKM DynaSeal 370D4 Ball Valve
4” - 6” x 4” Class 150-900
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Bill of Materials 
4” - 6” x 4” Class 150-900

Item Qty Description

1 1 Body

2 1 Tailpiece

3 1 Lower Cover Plate

1 4 * Body Stud

1 5 * Body Nut

6 4 Bolts (Lower Cover Plate)

7 1 Bearings (Stem)

8 1 Bearings (Trunnion)

2 9 * Stop Plate

2 10 * Retaining Ring

3 11 * Key

12 1 Nameplate

13 2 Drive Screw

14 2 Caution Tag

15 2 Grease Fitting

16 2 Hidden Check Valve

5 17 1 Drain Fitting

18 1 Tailpiece O-Ring

19 2 Stem O-Ring

20 1 Trunnion O-Ring

21 2 Seat O-Ring

22 2 Grease Seal Seat O-Ring

23 1 Stem Seal

24 1 Ball

25 1 Trunnion

26 1 Stem

27 2 Seat Assembly

28 2 Seat Wave Spring

29 1 Ground Wave Spring

2 30 * Lock Plate

3 31 * Adapter Plate

4 32 * Plate Bolts
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1 	 Body stud and nut qty. =	 4 for 4” 150
		  8 for 4” 600-900

2 	 Parts required for “bare stem” valves = 1
	 (0 required for valves adapted for actuators)

3 	 Parts required for valves adapted for actuators = 1
	 (0 required for “bare stem” valves)

4 	 Plate bolts 	 2 for valves with “bare stem”
		  4 For valves adapted for actuator

5 	 Drain fitting	 4” = 1/2”
		  6” x 4” = 3/4”
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Figure 3 - WKM DynaSeal 370D4 Ball Valve
2” - 6” x 4” Class 1500-2500
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Bill of Materials 
2” - 6” x 4” Class 1500-2500

Item Qty Description

1 1 Body

2 1 Tailpiece

3 1 Lower Cover Plate

1 4 * Body Stud

1 5 * Body Nut

6 6 Bolts (Lower Cover Plate)

7 1 Bearings (Stem)

8 1 Bearings (Trunnion)

9 1 Stop Plate

2 10 * Retaining Ring

3 11 1 Stop

4 12 * Key (Square)

13 1 Nameplate

14 2 Drive Screw

15 2 Caution Tag

16 2 Grease Fitting

17 2 Hidden Check Valve

5 18 1 Drain Fitting

19 1 Tailpiece O-Ring

20 1 Tailpiece Backup Ring

21 2 Stem O-Ring

22 2 Stem Backup Ring

23 1 Trunnion O-Ring

24 1 Trunnion Backup Ring

25 2 Seat O-Ring

26 2 Seat Backup Ring

27 2 Grease Seal Seat O-Ring

28 1 Stem Seal

29 1 Ball

30 1 Trunnion

31 1 Stem

32 2 Seat Assembly

33 2 Seat Wave Spring

34 1 Ground Wave Spring
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1 	 Body stud and nut qty. =	 6 for 2” 1500
		  8 for 2” 2500 and 3” - 4” 1500-2500
		  16 for 6” and 8” x 6” 1500

2 	 Retainer ring =	 3 for 2” 1500
		  0 for 2”, 3”, 4” 2500 and 4” 1500
		  2 for 3” 1500
		  0 for 6” and 8” x 6” 1500

3 	 Stop =	 Socket head screw for 2” - 4” 150 and 2” - 3” 2500
		  Pin for 4” 2500, 6” and 8” x 6” 1500

4 	 Key, square qty. =	 0 for 2” - 3” 1500
		  1 for 2” - 4” 2500 and 4” 1500, 6” and 8” x 6” 1500

5 	 Drain fitting	 2” through 4” = 1/2”, 6” x 4” = 3/4”

TC-003001-09 Rev 01



13TC9276

Figure 4 - WKM DynaSeal 370D4 Ball Valve
6” - 16” Class 150 - 900
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Bill of Materials 
6” - 16” Class 150 - 900

Item Qty Description

1 1 Body

2 1 Tailpiece

3 1 Lower Cover Plate

1 4 * Body Stud

1 5 * Body Nut

6 4 Bolts (Lower Cover Plate)

7 2 Bearings (Trunnion and Stem)

8 1 Stem Key

9 1 Nameplate

10 2 Drive Screw

11 2 Caution Tag for Check Valve

12 3 1/2” Grease Fitting

13 2 1/2” Check Valve

4 14 1 Drain Fitting

15 1 Tailpiece O-Ring

16 3 Stem and Trunnion O-Ring

17 2 Stem Backup Ring

18 4 Seat O-Ring

19 4 Seat Backup Ring

20 1 Stem Thrust Washer

21 1 Ball

22 1 Trunnion

23 1 Stem

2 24 * Stem Retainer

25 1 Pin

3 26 * Grease Fitting Stem Retainer

2 27 * Pipe Plug

28 2 Seat Assembly

31 2 Seat Wave Spring

32 1 Ground Wave Spring

33 1 Adapter Plate

34 4 Bolts (Adapter Plate)

35 2 Pin (Adapter Plate)
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1 	 Body stud and nut qty. =	 10 for 6” - 8” 150, 6” 300 and 10” 150
		  12 for 8” 900 and 12” 150
		  16 for 6” - 8” 900 and 10” - 12” 300 and 14” - 16” 150
		  20 for 6” - 4” 600 and 10” - 12” 900 and 16” 300
		  24 for 16” 600

2 	 Stem retainer and pipe plug qty. =	 0 for 6” - 12” 150, 6” - 12” 300 and 6” - 8” 600
		  1 for 10” - 16” 600 and 6” - 12” 900

3 	 Grease fitting retainer qty. =	 1 for 6” - 12” 150, 6” - 12” 300, 6” - 8” 600 and 
		  8” - 10” 900 
		  0 for 10” - 16” 600, 6” 900 and 12” 900

4 	 Drain fitting =	 6” and 8” = 3/4”
		  10” and up = 1”
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Nameplate Information

A nameplate is permanently affixed to each WKM DynaSeal 370D4 Ball Valve. The nameplate 
lists all the information necessary to identify the valve when making inquiries. Attaching the 
nameplate to the valve is the final step in a series of operations designed to provide you with 
quality service when ordering replacement parts, accessories, or making any inquiry about 
your valve’s operation or maintenance.

  

Figure 5 - WKM
DynaSeal 370D4 Ball Valve Nameplate

Item Stamp

1 Size If full bore, size is nominal bore size. If reduced (regular or venturi port), 
size is nominal (end size) x bore through ball x nominal (end size)

2 Class Pressure classification

3* SN Valve’s unique serial number

4 B/M Number of valve assembly bill of material

5 CWP Cold working pressure; the working pressure of the valve in psi @ 100° F

6 Body Body material

7 Temp Operating temperature range

8 Model Valve’s model designations

9 Stem Stem material

10 Ball Ball material

11 Seat Seat material

12 Seals Seal material

13 6D For 6D valves with special lengths, end-to-end length is stamped here

14 DOM Date of manufacture

15 MIT Maximum impact temperature

16 LN API license number

* Most important data for obtaining replacement parts.

Scope

The WKM DynaSeal 370D4 end-entry, double block and bleed, trunnion ball valve is 
engineered for lengthy reliable performance. Manufactured in a variety of body and seal 
materials, this valve meets the requirements of the oil and gas pipeline industries, oil 
production industries as well as specialized pipeline and industrial process applications.
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Available Sizes

Sizes 150 300 600 900 1500 2500

2” x x x x x x

3x2” x x

3” x x x x x x

4x3” x x

4” x x x x x x

6x4” x x x x x x

6” x x x x x

8x6” x x x x x

8” x x x x

10x8” x x x x

10” x x x x

12x10” x x x x

12” x x x x

14x12” x x x x

14” x x x

16” x x x

Storage

After WKM DynaSeal 370D4 Ball Valves are assembled and tested, the valves are left in the full 
open position, seats and bores are greased and end protectors are installed. These measures 
will provide protection for approximately six months. The following care should be taken 
when storing valves:

1.	Make sure the valve end connection covers remain in place during storage.

2.	If the valve does not have an operator and the valve will be stored outside, the ex-
posed stem or the stem adapter should be covered to avoid accumulation of water 
and debris. 

If long-term storage is required, the valve should be conditioned by following procedure 
X-150771-01 and  ensure adequate end connection covers are in place. Request a copy of 
X-150771-01 from Cameron’s  Valves & Measurement group.

Installation

DynaSeal 370D4 Ball Valves may be installed in most positions with flow from either direction. 
However, for best service life there is a preferred horizontal position to maximize sealing and 
minimize the accumulation of sediment. In horizontal piping it is preferrable to have the stem 
lying horizontal (i.e. stem toward the viewer) with pressure from the right. During operation, 
flow will act as a siphon and minimize retention of sediment. When handling or installing a 
valve, keep the valve in the full open position whenever possible to prevent foreign object 
damage to the ball.

1.	The valve should be lifted in such a way that the body supports the load.
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Caution: The journal and the end connection necks are suitable places to attach lifting slings. 
Never use handwheels or other protruding parts of the valve, gearbox or actuator 
not designated for this purpose.

2.	If the valve is equipped with lifting lugs, these should be used for handling.

3.	The end protector covers should be kept in place on the end connections during all 
handling. Remove only during final installation of the valve.

Caution: During handling, protect the end connection faces and fittings against damage from 
the lifting devices. Failure to cover faces and fittings could cause damage to the 
valve.

Flanged-end valves may be bolted into the line using two open or boxed end wrenches.

1.	Threads of flanged bolts and nuts should be lubricated to obtain proper loading of 
bolts.

2.	Finger-tighten all nuts first.

3.	When tightening bolts, use the crisscross method and torque each bolt to ASME or 
gasket manufacturer’s specification.

Butt welded ends - To prevent seat and seal damage due to excessive heat or weld slag, the 
following procedure is recommended for welding DynaSeal 370D4 Ball Valves into a line:

1.	Use solvent to clean grease or rust inhibitor from the ball and/or bore of the valve.

2.	Electric welding equipment is preferred for all installations. However, if only oxy-
gen-acetylene welding  equipment is available, extreme caution should be taken 
regarding excess welding temperature.

3.	Weld with the ball in the “Full Open” position.

4.	Make sure the temperature of the body/seat area does not exceed 250° F. (Check 
with Tempil stick).

5.	Avoid rapid application of excess welding material. Weld each end of valve with a 
continuous bead using a 1/8” maximum diameter electric welding rod.

6.	Thoroughly clean (by pigging and/or flushing) weld slag from the valve bore and 
line before turning ball to the closed position. 

If the ball must remain in the closed position during the installation of the valve, coat the 
exposed surfaces of the ball with grease. This will protect the ball from damage due to weld 
splatter.

Caution: A weld end valve without pup pipes should never be installed in the closed position.

After installation (of the valve in line) is complete and any desired 
testing is finished, the valve should be thoroughly drained to 
eliminate water or other test fluid from the body (see Draining 
Valve and Releasing Body Pressure, page 25). If the valve is 
equipped with seat injection, the seats should be charged with 
valve lubricant to displace any residual moisture in the seal areas 
(see Maintaining Seals, page 27).

Caution: Do not leave the valve in a partially open position for an 
extended period of time.

Figure 6 - Correct Valve Lifting 
Using End Connection Necks

TC-003001-09 Rev 01



19TC9276

Hydrostatic Testing 

When WKM DynaSeal 370D4 Ball Valves are installed in a piping system that requires hydrostatic 
testing of the adjoining pipe, follow these procedures to minimize any damage that could occur 
to the sealing surface and seat seals inside the valve.

Caution: Ensure that all test fluid contains corrosion inhibitors and that these are compatible 
with the valve seat and seal material.

1.	The valve should be in the fully open position when the injection of test fluid be-
gins. This will allow any pipeline debris to be flushed through the valve bore and 
out of the piping.

2.	Once the piping system has been purged of debris and the system has been filled 
completely with the test fluid, the ball should be placed in the partially open posi-
tion (approximately 10 degrees from the fully open position). This allows test fluid 
into the body cavity of the valve.

3.	The valve is now ready to be hydrostatic pressure tested.

4.	Upon completion of hydrostatic testing, the valve should be returned to the fully 
open position before removing the test fluid from the piping system. The test fluid 
in the body cavity can be drained through the body drain port located on the lower 
portion of the valve body (see Draining Valve and Releasing Body Pressure, page 
25).

5.	Close the valve body bleed fitting and return the valve to required operating posi-
tion, either fully open or fully closed.

Mounting a Gear/Actuator

To mount a gear on a valve, use the following as guidelines:

Note: The following information is for typical gear designs. Specific instructions for each de-
sign should be obtained from gear manufacturer.

1.	Make sure the valve is in the fully open or closed position and position the actuator 
to match.

2.	Depending on the valve stem and the gear mounting kit, it is possible that the 
actuator may be installed in multiple positions. If this is the case, determine where 
the customer desires the handwheel and install it accordingly. A thin layer of anti-
seize or grease on the valve stem is recommended.

3.	Once the operator is mounted, secure it with the appropriate bolts. If the bolt 
holes do not line up, slightly operate to the open or closed to match the mounting 
flange.

4.	It is now necessary to set the operator stops as outlined in the following section.

Setting Stops

DynaSeal 370D4 Ball Valves do not have stops when mounting a gear or actuator on 2” 
through 4x3” class 150 through 2500 and 4” through 6x4” class 1500 and 2500. The stop plate 
(item 9) and stop (item 17, class 150 – 900 /item 11, class 1500 – 2500) are removed before 
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mounting an operator. The 4” and 6x4” class 150 through 900 also has no manual stop plate 
when specified for actuation. An adapter plate (item 31) is provided. All other DynaSeal 370D4 
Ball Valves, 6” and larger, are equipped with a slot in the adapter plate (item 33 of figure 4). 
The key on the valve stem overlaps this slot and will indicate the stem location for full open 
and full closed.

Caution: This slot is not designed to absorb the full operating torque of the valve. It is provid-
ed as a positive location to set the gear/actuator stops. Apply only enough torque or 
power to move the ball and stem to the open or closed position with no differential 
pressure across the valve.

1.	Make sure that operating the valve to the fully open and fully closed position will 
not disrupt current operation of the line.

2.	Loosen the open and closed stop 
screw locknuts on the operator.

3.	Partially back out the stop screw 
on the open side of the opera-
tor.

4.	Operate the valve to the full 
open position. This is indi-
cated when the flats on the 
stem are in line with the bore 
(2” through 6x4”) or when 
the key touches the slot in 
the adapter plate (6” through 
14x12”). If the ball stops short 
of the full open position, addi-
tionally back out the open stop 
screw on the operator and move 
the ball to the full open position.

5.	Turn the open stop screw clockwise until it stops, then tighten the locknut.

6.	To set the closed stop, partially back out the stop screw on the close side of the 
operator.

7.	Operate the valve to the full close position. This is indicated when the flats on the 
stem are perpendicular to the bore (2” through 6x4”) or when the key touches 
the slot in the adapter plate and the key is perpendicular to the bore (6” through 
14x12”). If the ball stops short of the full close position, additionally back out the 
closed stop screw and move the valve to the full close position.

8.	Turn the close stop screw clockwise until it stops, then tighten the locknut.

9.	After mounting the operator, operate the valve three times to check for proper 
movement.

10.	Perform a seat seal test on each side of the valve.

Operation 

DynaSeal 370D4 Ball Valves operate from fully open to fully closed by a 90 degree turn of the 
handle. The handle aligned with the pipe always means the valve is open. The handle perpen-
dicular to the pipe means the valve is closed. Additionally, for stems with keys the bore of the 

Figure 7 - Typical Gear Box with Stops
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ball is in line with the key and for stems with two flats, double D configuration, the bore of 
the ball is in line with the flats. 

Worm gear operators, available on all size valves, have an arrow on the top of the operator 
unit that indicates the “OPEN - CLOSE” position of the ball. The open and closed position of 
the valve is set or controlled by stops on the worm gear unit. Facing the handwheel, rotating 
the handwheel clockwise closes the valve while counterclockwise opens the valve. The hand-
wheel should be turned until it contacts an open stop or closed stop depending on the desired 
valve position. 

Note: Handwheel movement in these directions is an accepted industry practice for opening 
and closing any valve with a worm gear operator. 

DynaSeal 370D4 Ball Valves may be power actuated. Pneumatic and hydraulic actuators, 
whether of the fail-open, fail-close, or fail-last position type, have “OPEN - CLOSED” indicators 
on the top of each unit. On a pneumatic actuator, make sure filters and lubricators (if recom-
mended by the actuator manufacturer) are installed prior to the valve and actuator installa-
tion. Should any maintenance be necessary, obtain the part number from the unit’s nameplate 
and contact Cameron’s Valves & Measurement group or the nearest representative.

The body cavity of a DynaSeal 370D4 Ball Valve can be blown down or drained through the 
body vent port when the valve is closed with pressure on each side of the ball. Take the fol-
lowing steps when double block and bleeding the valve.

Warning: Make sure proper safety garments are worn and follow all customer safety proce-
dures. Failure to do so could injure you or others.

1.	Note the location of the body vent fitting. Check the direction the hole on the side 
of the vent fitting. Any debris in the valve or fitting will be exhausted at a high 
velocity.

Warning: To avoid possibly being struck by liquid or foreign sold matter, position yourself so 
the hole of the bleed fitting is pointing safely away from you and backup the vent 
body so only the hex head on the top of the fitting is unscrewed.

2.	With the valve fully closed, open the body vent fitting all the way. A backup 
wrench on the body of the fitting should be used to prevent accidental loosening 
and removal of the body vent fitting. 

For additional information on venting, see Draining Valve and Releasing Body Pressure on 
page 25.

Warning: Never try to block and bleed the valve in the partially open position.

Routine Maintenance

Under normal working conditions, the WKM DynaSeal 370D4 Ball Valve is designed for lengthy, 
reliable service. The following recommended practices and procedures will ensure optimum per-
formance of your valve.

Caution: Verify compatibility of any sealant, lubricant, or antifreeze with the trim of the valve 
and product in the line.
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Types of Fittings:

                  

Draining Valve and Releasing Body Pressure

After lengthy service, there is a possibility of water, line scale, sediment or other foreign 
matter collecting in the lower body cavity. It is advisable to periodically drain the valve to 
discourage development of conditions that can possibly lead to valve damage or impair the 
operation of your valve. If draining is not regularly scheduled, it is strongly recommended to 
drain the valve at these times:

1.	After hydrostatic testing;

2.	After cleaning the line;

3.	When valve cannot be fully opened or closed (foreign matter in the bottom of 
valve cannot only prevent placing valve in a fully open or closed position, it can also 
cause permanent damage to the internal sealing surfaces). 

If valve is equipped with a vent or bleed fitting in the lower drain (to release body pressure or 
drain the valve) first place ball in closed position.

Figure 8 - Typical Injection Fitting Figure 9 - Vent or Bleed Fitting

Figure 10 - Pressure Releasing Tool Shown on Injection Fitting
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Warning: To avoid possibly being struck by liquid or foreign solid matter, position yourself so 
relief port of vent or bleed (drain) fitting is pointing safely away from you and back 
up the vent or bleed (drain) fitting so only the stinger is unscrewed.

Carefully unscrew the stinger of the vent or bleed (drain) fitting to allow free flow of air, liq-
uid or foreign solid matter to escape from body cavity. After body pressure is released or valve 
is drained, screw the stinger of the vent or bleed (drain) fitting back in to close the vent. 

If valve is equipped with a grease fitting in the lower drain, a safety pressure releasing tool is 
required to simplify the procedure of releasing body pressure or draining the valve. To release 
body pressure or to drain valve, first place ball in closed position.

Warning: To avoid possibly being struck by liquid or foreign solid matter, position yourself so 
the outlet port of grease fitting is pointing safely away from you and back up the 
grease fitting so only the safety cap is unscrewed. 

Carefully remove the safety cap of the lower drain grease fitting. Back out the stinger of the 
pressure releasing tool until it stops. Install the safety pressure releasing tool onto the un-
capped grease fitting. Carefully screw the stinger of the releasing tool in (until the ball check 
in the grease fitting is pushed off its seat). This will allow the valve to drain or to release body 
pressure. After completion, back out the stinger of the pressure releasing tool to allow the 
ball check in the grease fitting to reseat and permit easy removal of the pressure releasing 
tool. Replace safety cap on the lower drain grease fitting.

Low Temperature Precautions

Prior to exposure to freezing temperatures, it is highly recommended the valve be drained. 
Water that may be trapped in the body cavity could freeze and impair the operation of the 
valve or damage the valve. If the valve has a grease fitting in the lower drain, a sufficient 
amount of antifreeze injected into the body cavity via the lower drain grease fitting will pre-
vent accumulated water from freezing. 

It is also advisable to inject a sufficient amount of valve lubricant into the grease fittings of 
valve and operator (if present) prior to extended cold temperature exposure. 

Trapped water should be drained from stem extensions. Some stem extensions in the field 
are equipped with plastic plugs that can be removed to drain trapped water from the piped 
extension.

Routine Seat Cleaning 

The seat pocket area is the primary area where any valve can be affected by contaminants in 
the lines. To ensure the seat’s free movement, it is recommended that the valve seat pockets 
be cleaned routinely with an approved product. (The frequency of routine cleaning depends 
on the severity of service, but once a year is a good guideline). The following cleaning proce-
dure can be used on valves equipped with seat injection fittings:

1.	Locate the seat injection fittings on the valve.

2.	Make sure the grease gun / pump is in working order and loaded with the appro-
priate product.

Warning: Back up the seat grease fitting so only the safety cap will be removed from the fit-
ting. Carefully remove the safety cap from the seat grease fitting. NEVER remove 
the grease fitting when the valve is under pressure.
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3.	Remove the safety vent cap from each grease fitting. Attach grease gun connection 
onto grease fitting and inject the full seat capacity of valve flush into each seat.

4.	Make sure it is safe to operate the valve. Fully operate the valve three times.

5.	Remove grease gun and replace safety vent caps on the grease fittings. 

If additional cleaning is desired, inject the full seat capacity of valve flush into each seat 
and allow to soak for one to six hours. Inject the full capacity of valve flush again and 
operate the valve (if safe to do so) three times. This additional cleaning may help break 
up buildup of contaminates.

Maintaining Seals

The WKM DynaSeal 370D4 Ball Valve is non-lubricated. Unlike a typical plug valve the DynaS-
eal 370D4 does not depend upon the injection of sealant to activate seals. However, occasion-
ally injecting valve lubricant into seat and stem grease fittings will ensure optimum perfor-
mance of the seat and stem seals and can help maintain long reliable service.

Temporary Seal Restoration

If your valve seats or stem seal fail, normally it is possible to restore the seal or minimize any 
seat or stem leakage for an extended period of time (until it is convenient to remove the valve 
from service and replace the seals) with the injection of a sufficient amount of valve sealant 
into grease fitting (see chart for list of sealants). The valve must be equipped with the seat 
and/or stem injection feature. 

WKM 103 Sealant is viscous grease with a consistency of peanut butter. It consists of synthetic 
oils, a suspending agent, friction-reducing filler, plastic, and an antioxidant. WKM 103 Seal-
ant may be used in valves with a temperature range of -50º F through 250º F. This sealant is 
suitable in lines transporting hydrocarbon liquids and gases where water, dilute acids, alkalies 
or salt solutions may be present as well as where sweet or sour produced gas with water or 
organic condensate, LPG and aqueous solutions are being transported. The gallon containers 
are for use with bucket-type high-pressure grease guns. Gun cartridges are poly bags sized to 
fit screw/prime high pressure handguns.

Temporary seat seal restoration with the valve under line pressure for valves equipped with 
seat injection:

1.	Fill the WKM high pressure grease gun with valve sealant. 

2.	Place the valve in a fully closed position. 

Warning: Back up the seat grease fitting so only the safety cap will be removed from the fit-
ting. Carefully remove the safety cap from the seat grease fitting. NEVER remove 
the grease fitting when the valve is under pressure.

3.	Remove safety vent cap from grease fitting. Attach grease gun connection onto 
grease fitting and inject sealant.

4.	Repeat process for the second seat grease fitting. If injection of the sealant is dif-
ficult, flush the valve seats and attempt to inject sealant again. Replace safety caps 
on seat grease fittings. 

Temporary seat seal restoration with the valve out of line: 
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Note: Before removing the valve from the line, all pressure must be relieved from the valve 
and line.

1.	Fill the high pressure grease gun with valve sealant.

2.	Back up the seat grease fitting so only the cap will be removed from the fitting.

3.	Carefully remove the safety cap from the seat grease fitting.

4.	With the valve out of line, you should be able to view the bore interior.

5.	Attach the high pressure grease gun connection onto the grease fitting and inject 
sealant until sealant enters the valve bore.

6.	Repeat process for the second seat grease fitting. Replace safety caps on seat grease 
fittings.

7.	Excess sealant should be removed from the valve bore before valve is put back in 
service.

Temporary stem seal restoration for valves equipped with stem injection fittings:

1.	Fill the WKM high pressure grease gun with valve sealant.

Warning: Back up the stem grease fitting so only the safety cap will be removed from the fit-
ting.

2.	Carefully remove the safety cap from the stem grease fitting.

3.	Attach grease gun connection onto grease fitting and inject sealant in stem grease 
fitting.

4.	Replace safety cap on stem grease fitting.

Sealant, Lubricant, and Flush Volumes for Valves with Individual Seat Injection

Nominal Size (Inches) Sealant or Lubricant per Seat (Ounces) Valve Flush per Seat (Ounces)

2 3 5

3 4 7

4 5 9

6 7 13

8 9 17

10 12 21

12 14 26

WKM Sealant and Lubricant

Sealant No. 103 Part Number Valve Lubricant 58G Part Number

Gun Cartridge                     K155812
1 gal - 10 lbs                        K155849
3 gal - 30 lbs                        K155853
5 gal - 50 lbs                        K155857
16 gal - 150 lbs                    K155866
55 gal - 551 lbs                    K155869

Gun Cartridge K154208
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	 Figure 11 - Screw/Prime Hand Gun
	                    Part No. 2122495-01
	                    (Exact configuration may vary from
	                    photograph.)

	 Figure 12 - Bucket-Type Gun
	                    Part No. K065189
	                    (Exact configuration may vary 
	                    from photograph.)

	          	       
	 Figure 13 - Air Over Hydraulic Foot Pump
	                    Part No. 2330398-01

	 Figure 14 - Adapter Fitting
	                    Part No. K296434
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Approved Flush/Sealant 
The following products are recommended by the cleaner/sealant manufacturers for the 
indicated service and condition. Contact your Cameron Valves & Measurement group’s 
representative for availability.

Service 
Conditions

Product
Cleaner / Sealant Manufacturer

WKM Val-Tex Sealweld Lubchem

Natural 
Gas

Flush Valve Flush Valve Cleaner Valve Saver

Standard Valve 
Lubricant

WKM 58G 2000 Light Lube EQ 80 Lubchem “50-400”

Standard 
Sealant

WKM 103 80 bulk/80-Hs stick Total Lube 911* Everlast No. 1

Standard Low Temp 750 bulk/stick Winterlub 7030* Everlast No. 1 AG

Severe Leak Sealant 80+FTFE bulk/stick* Sealweld #5050* Formasil RS

Sour Gas

Flush Valve Flush Valve Cleaner Valve Saver

Standard Valve 
Lubricant

WKM 58G 2000 Ligh Lube EQ 80 Lubchem “50-400”

Standard 
Sealant

WKM 103 700 bulk/stick Total Lube 911* Lubchem “50-400”

Standard Low Temp 750 bulk/stick Winterlub 7030* Lubchem “50-300”

Severe Leak Sealant 700+FTFE bulk/stick* Sealweld #5050* Formasil RS

Dry CO2

Flush Valve Flush Valve Cleaner Valve Saver

Standard Valve 
Lubricant

WKM 58G 2000 Light Lube Sealweld Silicone 
Lubricant

Everlast WR

Standard 
Sealant

WKM 103 700 bulk /stick Sealweld Silicone 
Lubricant

Everlast WR

Standard Low Temp 750 bulk/stick Sealweld Silicone 
Lubricant

Everlast WR

Severe Leak Sealant 700+FTFE bulk/stick* Sealweld Silicone 
Sealant

Formasil CO2

Crude Oil

Flush Valve Flush Valve Cleaner Valve Saver

Standard Valve 
Lubricant

WKM 58G 2000 Light Lube EQ80 Lubchem “50-400”

Standard Sealant WKM 103 700 bulk/stick Total Lube 911* Lubchem “50-400”

Standard Low Temp 750 bulk/stick Winterlub 7030* Lubchem “50-300”

Severe Leak Sealant 700+FTFE bulk/stick* Sealweld #5050* Formasil WR
 

* Contains PTFE

Valve Cleaner / Sealant Manufacturers 
Headquarters
Cameron Valves & Measurement
3250 Briarpark Drive, Suite 300
Houston, TX 77042
281/499-8511
800/323-9160
281/261- 3588 Fax
www.c-a-m.com

Val - Tex
Valves Incorporated of Texas
10600 Fallstone Rd.
Houston, TX 77099
281/530-484
800/627-9771

Sealweld
7240 Brittmore Suite 120
Houston, TX 77041
713/937-9222
800/237-0564

Lubchem Inc.
P.O. Box 2626
Spring, TX 77383
281/350-9600
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Troubleshooting

Trouble Probable Cause Remedy

The valve is hard to operate

Actuator Unit Refer to actuator maintenance 
manual or remove actuator cover 
and check stem adaptation and 
linkage for damage.

Infrequent operation - lack of 
lubrication

Lubricate seats with valve 
lubricant and actuator with 
suitable industrial grease.

Ice in valve operator Apply heat or inject antifreeze 
solution intovalve, but consult 
with authorized dealer prior to 
using remedy on operators.

Buildup in the seat area due to 
line contaminates

Clean the seat area as outlined in 
Routine Seat Cleaning.

Ball is not properly aligned with 
bores of seats

Restrictions in bore of valve or 
stop not set properly

Remove bore restrictions or check 
stop in worm gear actuator and/or 
actuator limit switches.

Erratic Operation

Damaged actuator unit Replace broken or damaged parts.

Restriction of pneumatic actuator 
vent

Remove restriction.

Faulty power supply Check power supply.

Infrequent operation - lack of 
lubrication

Lubricate seats with valve 
lubricant and actuator with 
suitable industrial grease.

Valve is leaking between tailpiece 
and body

Damaged O-ring seal Disassemble and replace O-rings.

Leakage around valve stem Damaged O-ring seal Inject valve sealant into stem\
fitting (if present) or replace stem 
O-ring.

Valve will not fully close

Ice in body of valve Apply heat or inject antifreeze 
solution into body of valve. Drain 
periodically to eliminate water 
accumulation.

Improper setting of actuator limit 
switches or stops in worm gear

Reset actuator limit switches or 
stops for proper closing.

Infrequent operation - lack of 
lubrication

Lubricate seats with valve 
lubricant and actuator with 
suitable industrial grease.

Grease fitting leaking

Damaged fitting Tighten safety cap or replace 
safety cap if damaged.
WARNING: Never remove entire 
grease fitting when valve is under 
pressure.

Trash in fitting Inject a small amount of cleaner 
into fitting to dislodge trash.
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Trouble Probable Cause Remedy

Valve will not seal

Contamination around seat area 
due to service

Clean the seat area as outlined in 
Routine Seat Cleaning.

Damaged seat face or seat O-ring Inject seat sealant for temporary 
seal or replace seats.

Valve not fully closed Check that operator or limit-
switches do not stop the rotation 
of ball prior to reaching the fully 
closed position.

Valve stops incorrectly set Adjust stops on actuator.

Gear operator hard to operate or 
stuck

Water in gear Drain water and lubricate if pos-
sible. Replace weather seal if 
applicable.

Pneumatic operators excessive 
chatter during operation

Low air flow Increase air flow and operation 
speed.

Dried operator seals Lubricate operator cylinder and 
seals with approved lubricant.

Restriction in vent Clear restriction.

Actuator was undersized for 
service conditions

Check torque requirements of 
valve for service conditions.

Service conditions require routine 
maintenance and/or lubrication

Refer to operator maintenance 
manual.

TC-003001-09 Rev 01
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12.0     APPENDIX



GasTech Engineering LLC offers commissioning assistance and service. For a 

quotation of fees concerning such service contact the following.

GasTech Engineering LLC 
2110 Industrial Road

Sapulpa, Oklahoma 74066

Telephone (918) 663-8383 
Fax (918) 663-8460

12.1     SERVICE AND ASSISTANCE



Regardless of any implication or expression of function or process warranty in this

manual, the only warranty in effect is that stated specifically in the original offering

quotation  #

12.2     WARRANTY

17-8579R3.



All equipment, material, design and fabrication procedures will be in accordance with 
applicable codes listed below:

12.3     CODES AND STANDARDS

Pressure Vessel: ASME B&PV Code, Section VIII, Division I
ASME B&PV Code, Section IX
ASME B31.3
ASME B16.5 and ASME B16.47 Series A
ASME B16.10
ASTM A193 Class 2A Grade B7
ASTM A194 Class 2B Grade 2H
Class 1 Division II, Group D

Structural Welding:
Process Piping:

Flanged Connections:
Valve Dimensions:

Fasteners - Studs:
Fasteners - Nuts:

Electrical:
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Gastech Engineering, LLC Pressure Relief Valve Sizing & Selection Report
1007 e admiral blvd 25-Oct-2017

tulsa ok 74120
United States of America

9186638383
dnorris@gastecheng.com

Quote Number: No Prpd. Chk. Appr. Date Revision
Client: My Company

Location: End-User Ref. No.:                                                                                                                                                                                                         
Project: 11048 Project Ref. No.:

1 Valve ID 41 SIZING DATA
2 Tag No. 11048-PSV-1414 42 Design Code ASME Section VIII Sizing Std. API 520
3 Service NATURAL GAS 43 Sizing Basis Fire Case
4 PID No. 11046-100 44 Fluid State at Inlet Gas / Vapor
5 Line No. Quantity 45 Relieving Case Pressure Relief
6 1 46 Fluid Properties
7 GENERAL 47 Fluid Name Natural Gas (SG=0.6)
8 Valve Type Conventional, DSO, O-ring Seat 48 Molecular Weight, M 17.400
9 Safety / Relief Safety Balanced No 49 Compressibility, Z 1.000

10 Nozzle Semi Bonnet Closed 50 Ratio of Sp. Heats, k (Cp / Cv) 1.31
11 CONNECTIONS 51 Gas Constant, C 347.9
12 Inlet 1 1/2" Flngd. 600# RF Standard 52
13 Outlet 3" Flngd. 150# RF ASME B16.5 53
14 MATERIALS OF CONSTRUCTION 54
15 Body CS SA216-WCB 55
16 Inlet Bushing N/A 56
17 Bonnet CS A105 (Zinc Cobalt Plated) 57
18 Cap CS A108-12L14 58
19 Nozzle SS A479-316 59 Sizing Coefficients Unit -
20 Seat 60 K, Gas Kd, Gas 0.816 0.907
21 Seals 61 Kb Kc 1 1
22 Spindle SS A479-316 62
23 Guide SS A479-316 63
24 Spring STL 1060-1075 Aluminized 64 Required Capacity Unit lb/hr
25 Cap Type 65 Total 28132.239
26 NACE MR0175 (2002) No 66
27

A
cc

es
so

rie
s 67 Pressures Unit psig

28 68 MAWP Operating 860 642
29 69 Set CDTP 860 860
30 70 Over Pressure 180.6 21%
31 SIZING / SELECTION SUMMARY 71

Back
Pressure

Constant Superimposed 0
32 Valve Model No. 83S1U12C24A-H_ 72 Variable Superimposed 0
33 Brand Anderson Greenwood 73 Built-Up 6
34 Area Calculated Selected 0.662 0.785 74 Total 6
35 (in²) Data Set Orifice ASME H 75 Inlet Loss 17.2 2%
36

Flow
Unit Required lb/hr 28132.239 76 Atmospheric (Barometric) 14.696 psia

37 Rated Actual 33362.836 37069.818 77 Temperatures Unit °F
38 78 Normal System 90
39 Estimated Reaction Force 79 Operating Relieving 70 377.625
40 Estimated Noise Level (db) 120.7 at 100-ft 80 Design Min Design Max -20 200
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Gastech Engineering, LLC Pressure Relief Valve Calculation Report
1007 e admiral blvd 25-Oct-2017

tulsa ok 74120
United States of America

9186638383
dnorris@gastecheng.com

Quote Number: No Prpd. Chk. Appr. Date Revision
Client: My Company

Location: End-User Ref. No.:                                                                                                                                                                                                         
Project: 11048 Project Ref. No.:

1 VALVE ID 11 CALCULATION NOTES
2 Tag No.  11048-PSV-1414 12
3 Valve Model No.  83S1U12C24A-H_  Qty. 1 13
4 SIZING DATA 14
5 Design Code ASME Section VIII Sizing Std. API 520 15
6 Fluid State at Inlet Gas / Vapor 16
7 CALCULATION SUMMARY
8

Flow
Required 28132.239  lb/hr 18

Area
Required 0.662  in²

9 Rated 33362.836  lb/hr 19 Selected 0.785  in²
10 Estimated Reaction Force  20 Estimated Noise Level (db) 120.7  at 100 ft
Variable Type Variable Name Symbol Input Value Equation Value
 Fluid Properties Molecular Weight M 17.400  17.400  
 Ratio of Specific Heats k 1.31  1.31  
 Compressibility Z 1.000  1.000  
 Process Cond. Required Mass Flow Wreq 28132.239  lb/hr 28132.239  lb/hr
 Set Pressure Pset 860  psig 860  psig
 Over Pressure Pover 180.6  psig 180.6  psig
 Inlet Line Loss Ploss 17.2  psig 17.2  psig
 Back Pressure Pback 6  psig 6  psig
 Atmospheric Pressure Patm 14.696  psia 14.696  psia
 Relieving Temperature T 377.625  °F 837.295  °R
 Distance from Valve (noise) r 100  ft 100  ft
 Rupture Disc CCF Kc 1  1  
 Valve Data Discharge Coefficient (actual) Kd 0.907  0.907  
 Discharge Coefficient (derated) K 0.816  0.816  
 Orifice Area A 0.785  in² 0.785  in²
 Back Press. Correction Factor Kb 1  1  
 Outlet Diameter Do     
 Calculate Inlet Relieving Pressure, Outlet Pressure, Absolute Pressure Ratio
 P1 = Pset + Pover - Ploss + Patm P1 1038.096  psia
 P2 = Pback + Patm P2 20.696  psia
 PR = P2 / P1 PR 0.02  

 Calculate Gas Constant C 347.9  
 C = 520 * {k * [2 / (k + 1)]^[(k + 1) / (k - 1)] }^0.5

 Calculate Mass Critical Flow W 33362.836  lb/hr 33362.836  lb/hr
 W = A * C * K * P1 * Kb * Kc * [M / (T * Z)]^0.5

 Calculate Required Orifice Area Areq 0.662  in² 0.662  in²
 Areq = A * Wreq / W

 Calculate Mass Critical Flow (for Noise Calc) W 37069.818  lb/hr
 W = A * C * Kd * P1 * Kb * Kc * [M / (T * Z)]^0.5

 Calculate Noise Level at 100-ft (30-m) L100 120.7  db
 L100 = [6.5 * log( 1/PR ) + 51.28] + [10 * log(0.29354 * W * k * T / M)]

Printed On: 8-Dec-2017 Pentair PRV²SIZE Software Version pr7_20161223.1 Page : 2
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Gastech Engineering, LLC Pressure Relief Valve Calculation Report
1007 e admiral blvd 25-Oct-2017

tulsa ok 74120
United States of America

9186638383
dnorris@gastecheng.com

Quote Number: No Prpd. Chk. Appr. Date Revision
Client: My Company

Location: End-User Ref. No.:                                                                                                                                                                                                         
Project: 11048 Project Ref. No.:

1 VALVE ID 11 CALCULATION NOTES
2 Tag No.  11048-PSV-1414 12
3 Valve Model No.  83S1U12C24A-H_  Qty. 1 13
4 SIZING DATA 14
5 Design Code ASME Section VIII Sizing Std. API 520 15
6 Fluid State at Inlet Gas / Vapor 16
7 CALCULATION SUMMARY
8

Flow
Required 28132.239  lb/hr 18

Area
Required 0.662  in²

9 Rated 33362.836  lb/hr 19 Selected 0.785  in²
10 Estimated Reaction Force  20 Estimated Noise Level (db) 120.7  at 100 ft
 Calculate Noise Level at Distance, r Lp 120.7  db
 Lp = L100 - 20 * log(r / 100)

 Calculate Outlet Static Pressure Po   
 Po = [(0.00245 * A * C * Kd * P1 * Kc) / (Do^2 * (k * Z)^0.5)] - Patm

 Calculate Reaction Force for Open Discharge Fr     
 Ao = (π * Do^2) / 4
 Fr = (A * C * Kd * P1 * Kc / 366) * {k / [(k + 1) * Z]}^0.5 + (Ao * Po)
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Gastech Engineering, LLC Pressure Relief Valve Dimensional Drawing
1007 e admiral blvd 25-Oct-2017

tulsa ok 74120
United States of America

9186638383
dnorris@gastecheng.com

Quote Number: No Prpd. Chk. Appr. Date Revision
Client: My Company

Location: End-User Ref. No.:                                                                                                                                                                                                         
Project: 11048 Project Ref. No.:

1 Valve ID 7 SELECTION SUMMARY
2 Tag No. 11048-PSV-1414 8 Valve Model No. 83S1U12C24A-H_

3 Service NATURAL GAS 9 Brand Anderson Greenwood

4 PID No. 11046-100 10 CONNECTIONS
5 Line No. Quantity 11 Inlet 1 1/2" Flngd. 600# RF Standard

6 1 12 Outlet 3" Flngd. 150# RF ASME B16.5
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• Weight and dimensions shown
are approximate.

• Actual valve may vary from.
image.
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Pentair PRV²SIZE Software

Summary Report

Project Information

Company: My Company Project: 11048
Location: Project Ref. No.:

Tag Information

Tag Number: 11048-PSV-1414
Revision: Last Modified: 10/26/2017 10:35:45 AM
Prepared By: Checked By: Approved By:

Specific Tank Data

Sized Using User Defined Flow
Pressure Fluid: Natural Gas (SG=0.6)
Pressure Set Point: 860 psig
Allowed Over Pressure: 180.6 psig
Pressure Flow Rate: 28132.239

Valve Sizing Information

Valve Type: 83, H
Part Number: 83S1U12C24A-H_ Quantity to Order: 1
Max Pressure Flow Capacity: 33362.836 lb/hr

Selected Valve Description

Code Category Description
N Teflon Cap Seal Standard Without Teflon Cap Seal
N Test Gag None
1 Code Case No code case
AH Internals Range 20 - 2580
C_ Body Selection Carbon Steel
JH Set Range 765.5 - 1150.5
ZZ Valve Support N/A

Seat Range
H Max Operating Pressure 95% of Set Pressure
Z Body Type N/A
AH Seal Range 20 - 2580
83 Valve Type DSO PRV, O-ring Seated, Air/Gas Service
GS Valve Service Gas other than "Air"
H Orifice H Orifice
C Body Material Carbon Steel
12 Inlet Size 1 1/2 Inch
C Inlet Flange Rating 600#
24 Outlet Size 3 Inch
A Outlet Flange Rating 150#
1 Flange Facing In x Out RF x RF
U Port Type In x Out Weldneck Flange x Standard Cast Flange
Z NACE Standard (without NACE)

Seat Material
Seal Material
Lift Lever

UH Group PT - OR - 2 UH
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Gastech Engineering, LLC API 521 Fire Sizing Calculation
1007 e admiral blvd 25-Oct-2017

tulsa ok 74120
United States of America

9186638383
dnorris@gastecheng.com

Quote Number: No Prpd. Chk. Appr. Date Revision
Client: My Company

Location: End-User Ref. No.:                                                                                                                                                                                                         
Project: 11048 Project Ref. No.:

1 Valve ID 41 SIZING DATA
2 Tag No. 11048-PSV-1414 42 Design Code ASME Section VIII Sizing Std. API 520
3 Service NATURAL GAS 43 Sizing Basis Fire Sizing - API 521
4 PID No. 11046-100 44 Method Wetted (Liquid Filled) Vessel
5 Line No. Quantity 45
6 1 46
7 VESSEL SCHEMATIC 47 VESSEL DATA
8 48 Surface Area Determination Calculated
9 49 Prompt-Fire Fighting Efforts and Adequate Drainage No
10 50 Geometry Cylindrical
11 51 Orientation Horizontal
12 52 End Types 2:1 Elliptical
13 53 Diameter d 12 in
14 54 Height h
15 55 Liquid Depth f 12 in
16 56 Elevation H 18 in
17 57 Seam-to-Seam Length Ls 120 in
18 58 End-to-End Length Lt 126 in
19 59 Wetted Surface Area Awet 33.58 ft²
20 60 Environmental Factor F 1.0
21 61

Q = 34500 * F * Awet^0.8222 62
23 63
24 64 where Q=BTU/hr, Awet=ft2
25 65 Heat Input from Fire Exposure Q
26 66 Latent Heat of Vaporization Hvap 50 BTU/lb
27 67

W = Q / Hvap28 68
29 69
30 70 where W=lb/hr, Q=BTU/hr, Hvap=BTU/lb
31 71 Required Capacity W 28132.239 lb/hr
32 72
33 73
34 74
35 75
36 76
37 77
38 78 SIZING / SELECTION SUMMARY
39 79 Valve Model No. 83S1U12C24A-H_
40 80 Brand Anderson Greenwood
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W CALCULATION IS:
W = (Areq) (C * K * P1 * Kb * [M / (T * Z)]^0.5) / (Asel)
EQ is equivalent to API 521 EQ 13 pg 43.
F=1 F is the environmental factor used in the tank
sizing data.







14.0     PRESSURE VESSEL DESIGN CALCULATIONS



GasTech Engineering LLC

2110 Industrial Road

Sapulpa, OK, 74066

GTE 11048 Upper Barrel Design Calculations

Item:  Horizontal Cyclone Separator

Vessel No:  V-1414

Customer:  Williams Gas Pipe Line

Contract:  676280

Designer:  Kamyar Najmi

Date:  Wednesday, May 09, 2018

Location:  Chester County, PA

Purchaser:  Transcontinental Gas Pipe Line

Name:  11048-CC Upper Barrel REV 0

P.O. Number:  676280

Tag Number:  V-1414

Revision:  0
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Deficiencies Summary

No deficiencies found.
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Nozzle Schedule

Specifications

Nozzle
mark Identifier Size Materials Impact

Tested Normalized Fine
Grain Flange Blind

Downcomer - Inlet Downcomer - Inlet NPS 6 XXS Nozzle SA-106 C Smls
pipe No No No N/A No

Downcomer - Outlet Downcomer - Outlet NPS 6 XXS Nozzle SA-106 C Smls
pipe No No No N/A No

Drain

Drain NPS 2 Sch 160 Nozzle SA-106 B Smls
pipe No No No N/A No

Elbow (Drain) NPS 2 Sch 160 B16.9
Elbow SA-234 WPB No No No N/A No

Elbow Pipe (Drain) NPS 2 Sch 160 Nozzle
Piping

SA-106 B Smls
pipe No No No

NPS 2 Class
600

WN A105 N
No

HandHole-Inlet HandHole-Inlet 8 ID x 1.375 Nozzle SA-105 No Yes No
NPS 8 Class

600
LWN A105 N

NPS 8
Class
600
A105
N

HandHole-Outlet HandHole-Outlet 8 ID x 1.375 Nozzle SA-105 No Yes No
NPS 8 Class

600
LWN A105 N

NPS 8
Class
600
A105
N

Inlet Inlet 34 ID x 3 Nozzle SA-350 LF2 Cl
1 No Yes No

NPS 36 Class
600

WN A350 LF2
Cl.1 N

No

Outlet Outlet 34 ID x 3 Nozzle SA-350 LF2 Cl
1 No Yes No

NPS 36 Class
600

WN A350 LF2
Cl.1 N

No

Plugged Connection
1

Plugged Connection
1

NPS 1 Class 6000 -
threaded Nozzle SA-105 No No No N/A No

Plugged Connection
2

Plugged Connection
2

NPS 1 Class 6000 -
threaded Nozzle SA-105 No No No N/A No

PSV PSV 2 ID x 0.655 Nozzle SA-105 No Yes No
NPS 2 Class

600
LWN A105 N

No

Vent Vent 2 ID x 0.655 Nozzle SA-105 No Yes No
NPS 2 Class

600
LWN A105 N

No
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Nozzle Summary

Dimensions

Nozzle
Identifier

OD
(in)

tn
(in)

Req tn
(in)

Shell Reinforcement
Pad Corr

(in)

Gov. Stress

Ratio
(%)Nom t

(in)
Design t

(in)
User t
(in)

Width
(in)

tpad
(in)

Downcomer - Inlet 6.625 0.864 0.4229 1.75 N/A N/A N/A 0.125 101.0

Downcomer - Outlet 6.625 0.864 0.4229 1.75 N/A N/A N/A 0.125 101.0

Drain 2.375 0.344 0.2969 1.75 N/A N/A N/A 0.125 Exempt

HandHole-Inlet 10.75 1.375 0.4444 1.75 N/A N/A N/A 0.125 100.4

HandHole-Outlet 10.75 1.375 0.4444 1.75 N/A N/A N/A 0.125 100.4

Inlet 40 3 0.8774 1.625* N/A N/A N/A 0.125 107.1

Outlet 40 3 0.8774 1.625* N/A N/A N/A 0.125 107.1

Plugged Connection 1 2.25 0.4675 0.1875 1.75 N/A N/A N/A 0.125 Exempt

Plugged Connection 2 2.25 0.4675 0.1875 1.75 N/A N/A N/A 0.125 Exempt

PSV 3.31 0.655 0.314 1.75 N/A N/A N/A 0.125 Exempt

Vent 3.31 0.655 0.314 1.75 N/A N/A N/A 0.125 Exempt

*Head minimum thickness after forming

Definitions

tn Nozzle thickness

Req tn Nozzle thickness required per 4.5.4.1
Increased for pipe to account for 12.5% pipe thickness tolerance

Nom t Vessel wall thickness

Design t Required vessel wall thickness due to pressure + corrosion allowance per 4.5.17

User t Local vessel wall thickness (near opening)

Gov. Stress Ratio Minimum stress ratio, Sallow / PL, S / τ , S / τn

Corr Corrosion allowance on nozzle wall
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Pressure Summary

Component Summary

Identifier
P

Design
(psi)

T

Design
(°F)

MDMT
(°F)

MDMT
Exemption

Impact
Tested

Inlet Head 860 200 -26.1 Note 1 Yes

Straight Flange on Inlet Head 860 200 -22.3 Note 2 Yes

Shell 860 200 -21.9 Note 3 Yes

Straight Flange on Outlet Head 860 200 -22.3 Note 2 Yes

Outlet Head 860 200 -26.1 Note 1 Yes

Saddle #1 860 200 N/A N/A N/A

Downcomer - Inlet (Downcomer - Inlet) 860 200 -155 Note 4 No

Downcomer - Outlet (Downcomer - Outlet) 860 200 -155 Note 4 No

Drain (Drain) 860 200 -155 Note 5 No

Elbow (Drain) 860 200 -155 Note 6 No

Elbow Pipe (Drain) 860 200 -155 Note 6 No

HandHole-Inlet (HandHole-Inlet) 860 200 -55 Note 7 No

HandHole-Outlet (HandHole-Outlet) 860 200 -55 Note 7 No

Inlet (Inlet) 860 200 -55 Note 8 No

Outlet (Outlet) 860 200 -55 Note 8 No

PSV (PSV) 860 200 -55 Note 9 No

Plugged Connection 1 (Plugged Connection 1) 860 200 -155 Note 10 No

Plugged Connection 2 (Plugged Connection 2) 860 200 -155 Note 10 No

Vent (Vent) 860 200 -55 Note 9 No

Chamber Summary

Design MDMT -20 °F

Rated MDMT -21.9 °F @ 860 psi

MAWP hot & corroded 860 psi

(1) This pressure chamber is not designed for
external pressure.

Notes for Maximum Pressure Rating

Note # Details

1. Option to calculate MAP was not selected. See the Calculation->General tab of the Set Mode dialog.

2. Option to calculate MAWP was not selected. See the Calculation->General tab of the Set Mode dialog.
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Notes for MDMT Rating

Note # Exemption Details

1. Material is impact tested per UG-84 to -20°F. UCS-66(i) reduction of 6.1°F applied (ratio = 0.939).

2. Material is impact tested per UG-84 to -20°F. UCS-66(i) reduction of 2.3°F applied (ratio = 0.9768).

3. Material is impact tested per UG-84 to -20°F. UCS-66(i) reduction of 1.9°F applied (ratio = 0.9812).

4. Material is impact test exempt to -155°F per UCS-66(b)(3) (coincident ratio = 0.1792)

5. Nozzle is impact test exempt to -155°F per UCS-66(b)(3) (coincident ratio = 0.2854).

6. Material is impact test exempt to -155°F per UCS-66(b)(3) (coincident ratio = 0.2854)

7. Material LWN rated MDMT per UCS-66(c)(4)
Flange rated MDMT per UCS-66(b)(1)(b) = -85°F (UCS-68(c) applies, coincident ratio = 0.5811) Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

8.
Material Flange rating governs:
Flange is impact tested per material specification to -50°F.
UCS-66(i) reduction of 44.5°F applied (ratio = 0.5811).

Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

9.
LWN rated MDMT per UCS-66(c)(4)
Flange rated MDMT per UCS-66(b)(1)(b) = -55°F (Coincident ratio = 0.5811)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

10. Nozzle is impact test exempt to -155°F per UCS-66(b)(3) (coincident ratio = 0.1008).

6/103



Revision History

Revisions

No. Date Operator Notes

0 12/ 6/2017 knajmi New vessel created ASME Section VIII Division 1 [COMPRESS 2017 Build 7710]
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Settings Summary

COMPRESS 2018 Build 7800

ASME Section VIII Division 1, 2015 Edition

Units U.S. Customary

Datum Line Location 0.00" from left seam

Vessel Design Mode Design Mode

Minimum thickness 0.0625" per UG-16(b)

Design for cold shut down only No

Design for lethal service (full radiography required) No

Design nozzles for Design P only

Corrosion weight loss 100% of theoretical loss

UG-23 Stress Increase 1.20

Skirt/legs stress increase 1.0

Minimum nozzle projection 3"

Juncture calculations for α > 30 only Yes

Preheat P-No 1 Materials > 1.25" and <= 1.50" thick No

UG-37(a) shell tr calculation considers longitudinal stress No

Cylindrical shells made from pipe are entered as minimum thickness No

Nozzles made from pipe are entered as minimum thickness No

ASME B16.9 fittings are entered as minimum thickness No

Butt welds Tapered per Figure
UCS-66.3(a)

Disallow Appendix 1-5, 1-8 calculations under 15 psi No

Hydro/Pneumatic Test

Shop Hydrotest at user defined pressure 1,315 psi

Test liquid specific gravity 1.00

Maximum stress during test 90% of yield

Required Marking - UG-116

UG-116(e) Radiography RT1

UG-116(f) Postweld heat treatment HT

Code Cases\Interpretations

Use Code Case 2547 No

Use Code Case 2695 Yes

Apply interpretation VIII-1-83-66 Yes

Apply interpretation VIII-1-86-175 Yes
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Apply interpretation VIII-1-01-37 Yes

Apply interpretation VIII-1-01-150 Yes

Apply interpretation VIII-1-07-50 Yes

Apply interpretation VIII-1-16-85 Yes

No UCS-66.1 MDMT reduction No

No UCS-68(c) MDMT reduction No

Disallow UG-20(f) exemptions No

UG-22 Loadings

UG-22(a) Internal or External Design Pressure Yes

UG-22(b) Weight of the vessel and normal contents under operating or test
conditions Yes

UG-22(c) Superimposed static reactions from weight of attached equipment
(external loads) Yes

UG-22(d)(2) Vessel supports such as lugs, rings, skirts, saddles and legs Yes

UG-22(f) Wind reactions Yes

UG-22(f) Seismic reactions Yes

UG-22(j) Test pressure and coincident static head acting during the test: No

Note: UG-22(b),(c) and (f) loads only considered when supports are present.

License Information

Company Name GasTech Engineering LLC

License Commercial

License Key ID 23449

Support Expires June 01, 2018
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Radiography Summary

UG-116 Radiography

Component

Longitudinal Seam Left Circumferential Seam Right Circumferential Seam

MarkCategory
(Fig
UW-3)

Radiography / Joint
Type

Category
(Fig
UW-3)

Radiography / Joint
Type

Category
(Fig
UW-3)

Radiography / Joint
Type

Inlet Head N/A Seamless No RT N/A N/A B Full UW-11(a) / Type
1 RT1

Shell A Full UW-11(a) / Type
1 B Full UW-11(a) / Type

1 B Full UW-11(a) / Type
1 RT1

Outlet Head N/A Seamless No RT B Full UW-11(a) / Type
1 N/A N/A RT1

Nozzle Longitudinal Seam Nozzle to Vessel Circumferential
Seam

Nozzle free end Circumferential
Seam

Inlet (Inlet) N/A Seamless No RT D N/A / Type 7 C Full UW-11(a) / Type
1 RT1

PSV (PSV) N/A Seamless No RT D N/A / Type 7 C N/A N/A

Downcomer - Inlet (Downcomer - Inlet) N/A Seamless No RT D N/A / Type 7 N/A N/A N/A

Vent (Vent) N/A Seamless No RT D N/A / Type 7 C N/A N/A

Plugged Connection 2 (Plugged Connection 2) N/A Seamless No RT D N/A / Type 7 N/A N/A N/A

HandHole-Inlet (HandHole-Inlet) N/A Seamless No RT D N/A / Type 7 C N/A N/A

HandHole-Outlet (HandHole-Outlet) N/A Seamless No RT D N/A / Type 7 C N/A N/A

Downcomer - Outlet (Downcomer - Outlet) N/A Seamless No RT D N/A / Type 7 N/A N/A N/A

Plugged Connection 1 (Plugged Connection 1) N/A Seamless No RT D N/A / Type 7 N/A N/A N/A

Drain (Drain) N/A Seamless No RT D N/A / Type 7 B UW-11(a)(4) exempt /
Type 1 N/A

Elbow (Drain) N/A Seamless No RT B UW-11(a)(4) exempt /
Type 1 B UW-11(a)(4) exempt /

Type 1 N/A

Elbow Pipe (Drain) N/A Seamless No RT B UW-11(a)(4) exempt /
Type 1 C UW-11(a)(4) exempt /

Type 1 N/A

Outlet (Outlet) N/A Seamless No RT D N/A / Type 7 C Full UW-11(a) / Type
1 RT1

Nozzle Flange Longitudinal Seam Flange Face Nozzle to Flange Circumferential
Seam

ASME B16.5/16.47 flange attached to Inlet
(Inlet) N/A Seamless No RT N/A N/A / Gasketed C Full UW-11(a) / Type

1 RT1

ASME B16.5/16.47 flange attached to PSV
(PSV) N/A Seamless No RT N/A N/A / Gasketed C N/A N/A

ASME B16.5/16.47 flange attached to Vent
(Vent) N/A Seamless No RT N/A N/A / Gasketed C N/A N/A

ASME B16.5/16.47 flange attached to
HandHole-Inlet (HandHole-Inlet) N/A Seamless No RT N/A N/A / Gasketed C N/A N/A

ASME B16.5/16.47 flange attached to
HandHole-Outlet (HandHole-Outlet) N/A Seamless No RT N/A N/A / Gasketed C N/A N/A

ASME B16.5/16.47 flange attached to right end
of Elbow Pipe (Drain) N/A Seamless No RT N/A N/A / Gasketed C UW-11(a)(4) exempt /

Type 1 N/A

ASME B16.5/16.47 flange attached to Outlet
(Outlet) N/A Seamless No RT N/A N/A / Gasketed C Full UW-11(a) / Type

1 RT1

UG-116(e) Required Marking: RT1
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Thickness Summary

Component Data

Component
Identifier

Material Diameter
(in)

Length
(in)

Nominal t
(in)

Design t
(in)

Total Corrosion
(in)

Joint
E

Load

Inlet Head SA-516 70 72 ID 19.625 1.625* 1.5335 0.125 1.00 Internal

Straight Flange on Inlet Head SA-516 70 72 ID 2 1.75 1.7123 0.125 1.00 Internal

Shell SA-516 70 72 ID 120 1.75 1.7196 0.125 1.00 Internal

Straight Flange on Outlet Head SA-516 70 72 ID 2 1.75 1.7123 0.125 1.00 Internal

Outlet Head SA-516 70 72 ID 19.625 1.625* 1.5335 0.125 1.00 Internal

*Head minimum thickness after forming

Definitions

Nominal t Vessel wall nominal thickness

Design t Required vessel thickness due to governing loading + corrosion

Joint E Longitudinal seam joint efficiency

Load

Internal Circumferential stress due to internal pressure governs

External External pressure governs

Wind Combined longitudinal stress of pressure + weight + wind
governs

Seismic Combined longitudinal stress of pressure + weight + seismic
governs
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Weight Summary

Weight (lb) Contributed by Vessel Elements

Component Metal
New*

Metal
Corroded Insulation Insulation

Supports Lining Piping
+ Liquid

Operating
Liquid Test Liquid Surface Area

ft2
New Corroded New Corroded

Inlet Head 2,555.5 2,371.8 0 0 0 0 0 0 2,352.7 2,383.7 42

Shell 13,630.8 12,678.8 0 0 0 0 0 0 17,676.9 17,803.2 196

Outlet Head 2,555.5 2,371.8 0 0 0 0 0 0 2,352.7 2,383.7 42

Saddle #1 2,348 2,348 0 0 0 0 0 0 0 0 154

TOTAL: 21,089.8 19,770.4 0 0 0 0 0 0 22,382.3 22,570.6 434

*Shells with attached nozzles have weight reduced by material cut out for opening.

Weight (lb) Contributed by Attachments

Component Body Flanges Nozzles &
Flanges Packed

Beds Trays Tray
Supports

Rings &
Clips

Vertical
Loads

Surface
Area
ft2

New Corroded New Corroded

Inlet Head 0 0 2,880.1 2,800.7 0 0 0 0 0 31

Shell 0 0 951.6 911.7 9,777.4 0 0 56.1 1,200 19

Outlet Head 0 0 2,880.1 2,800.7 0 0 0 0 1,200 31

TOTAL: 0 0 6,711.8 6,513 9,777.4 0 0 56.1 2,400 80

Vessel Totals

New Corroded

Operating Weight (lb) 40,035 38,517

Empty Weight (lb) 40,035 38,517

Test Weight (lb) 62,417 61,087

Surface Area (ft2) 514 -

Capacity** (US gal) 2,609 2,630

**The vessel capacity does not include
volume of nozzle, piping or other
attachments.

Vessel Lift Condition

Vessel Lift Weight, New (lb) 40,035

Center of Gravity from Datum (in) 60.2047
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Long Seam Summary

Shell Long Seam
Angles

Component Seam 1

Shell 330°

Shell Plate Lengths

Component Starting
Angle Plate 1

Shell 330° 231.6925"

Note

1) Plate Lengths use the circumference of the vessel based on the mid diameter of the components.
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Shell Rollout
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Test Report

Horizontal shop test based on user defined pressure

Gauge pressure at 70°F = 1,315 psi

Horizontal shop test

Identifier
Local test
pressure
(psi)

Test liquid
static head

(psi)

Inlet Head 1,317.879 2.879

Straight Flange on Inlet Head 1,317.879 2.879

Shell 1,317.879 2.879

Straight Flange on Outlet Head 1,317.879 2.879

Outlet Head 1,317.879 2.879

Downcomer - Inlet (Downcomer - Inlet) 1,318.231 3.231

Downcomer - Outlet (Downcomer - Outlet) 1,318.231 3.231

Drain (Drain) 1,318.086 3.086

Elbow (Drain) 1,318.189 3.189

Elbow Pipe (Drain) 1,318.189 3.189

HandHole-Inlet (HandHole-Inlet) 1,316.724 1.724

HandHole-Outlet (HandHole-Outlet) 1,316.724 1.724

Inlet (Inlet) 1,317.193 2.193

Outlet (Outlet) 1,317.193 2.193

PSV (PSV) 1,315.217 0.217

Plugged Connection 1 (Plugged Connection 1) 1,316.603 1.603

Plugged Connection 2 (Plugged Connection 2) 1,316.603 1.603

Vent (Vent) 1,315.217 0.217

(1) The zero degree angular position is assumed to be up,
and the test liquid height is assumed to the top-most flange.

The field test condition has not been investigated.

The test temperature of 70 °F is warmer than the minimum recommended temperature of 8.1 °F so the brittle fracture
provision of UG-99(h) has been met.
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Bill of Materials

Heads / Covers

Item # Type Material Thk [in] Dia. [in] Wt. [lb] (ea.) Qty

H1 Ellipsoidal Head SA-516 70 (N, Impact (-20 °F)) 1.625 (min.) 72 ID 3,133.4 2

H2 ASME B16.5/B16.47 Blind NPS 8 Class 600 A105 (N) 2.44 16.5 OD 165 2

Shells

Item # Type Material Thk [in] Dia. [in] Length [in] Wt. [lb] (ea.) Qty

S1 Cylinder SA-516 70 (N, Impact (-20 °F)) 1.75 72 ID 120 13,769.5 1

Nozzles / Nozzle Piping

Item # Type Material NPS Thk [in] Dia. [in] Length [in] Wt. [lb]

Noz1 Nozzle SA-350 LF2 Cl 1 (N) - 1 34 ID 31.3 2,350.2

Noz2 Nozzle SA-106 C Smls pipe NPS 6 XXS 0.864 4.897 ID 19.8 87.6

Noz3 Nozzle SA-105 NPS 1 Class 6000 - threaded 0.4675 1.315 ID 9.5 7.1

Noz4 Nozzle SA-106 B Smls pipe NPS 2 Sch 160 0.344 1.687 ID 5.8 3.6

P1 Nozzle Piping SA-106 B Smls pipe NPS 2 Sch 160 0.344 1.687 ID 4 2.5

ASME B16.9 Fittings

Item # Type Material Size [in] Qty

EB1 B16.9 Elbow Short Radius SA-234 WPB NPS 2 Sch 160 1

Flanges

Item # Type Material NPS Dia. [in] Wt. [lb] (ea.) Qty

AF1 ASME B16.47 Welding Neck - Class 600 - Series A A350 LF2 Cl.1 (N) 36 51.75 x 34 1,705 2

AF2 ASME B16.5 Long Weld Neck - Class 600 - 7.8" len. A105 (N) 2.0 Flange 6.5 x 2; Nozzle 0.655 thk. x 2 ID dia. 12 2

AF3 ASME B16.5 Long Weld Neck - Class 600 - 12.2" len. A105 (N) 8 Flange 16.5 x 8; Nozzle 1.375 thk. x 8 ID dia. 120 2

AF4 ASME B16.5 Welding Neck - Class 600 A105 (N) 2.0 6.5 x 1.687 12 1

Fasteners

Item # Description Material Length [in] Qty

FB1 2-1/2" series 8 bolt SA-193 B7 Bolt <= 2 1/2 16 56

FB2 5/8" coarse bolt SA-193 B7 Bolt <= 2 1/2 4.3 24

FB3 1-1/8" series 8 bolt SA-193 B7 Bolt <= 2 1/2 7.8 24

SB1 1-1/2" series 8 bolt F 1554 Gr 36 - 4

All listed flange bolts require associated nuts and washers in accordance with Division 1, UCS-11.
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Packed Beds

Item # Dia. [in] Depth [in] Density [lb/cu ft] Wt. [lb] (ea.) Qty

PB1 71.25 OD 42.375 100 9,777.4 1

Plates

Item # Material Thk [in] Wt. [lb] Qty [ ft²]

Plate1 SA-36 1 384.9 9.44

Plate1 - Note: Applies to saddle base plate

Plate2 SA-36 0.75 1,963.7 64.25

Plate2 - Note: Applies to saddle web plate

Plate3 A36 1 56.6 1.39

Plate3 - Note: Applies to lift lug plates
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Inlet Head

ASME Section VIII Division 1, 2015 Edition (Code Case 2695)

Component Ellipsoidal Head

Material SA-516 70 (II-D p. 18, ln. 37)

Impact
Tested Normalized Fine Grain

Practice PWHT Optimize MDMT/
Find MAWP

Yes (-20°F) Yes No Yes No

Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 860 200 -20

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Test horizontal 2.88 79.75 1

Dimensions

Inner Diameter 72"

Head Ratio 2

Minimum Thickness 1.625"

Corrosion Inner 0.125"

Outer 0"

Length Lsf 2"

Nominal Thickness tsf 1.75"

Weight and Capacity

Weight (lb)1 Capacity (US gal)1

New 2,555.5 246.76

Corroded 2,371.76 249.95

Radiography

Category A joints Seamless No RT

Head to shell seam Full UW-11(a) Type 1
1 includes straight flange

Results Summary

Governing condition Operating Hot & Corroded

Design thickness due to internal pressure (t) 1.5335"

Minimum thickness per 4.1.2 0.1875"

Rated MDMT -26.1°F
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Material Toughness Requirements

Material impact test temperature per UG-84 = -20°F

Stress ratio = 1.4085*1 / (1.625 - 0.125 - 0) = 0.939

Reduction in MDMT from Figure UCS-66.1 = 6.1°F

MDMT = max[Timpact - TR, -155] = max[ -20 - 6.1 , -155] = -26.1°F

Design MDMT of -20°F is acceptable.

Division 2 4.3.7.1 Design Thickness for Internal Pressure

k = D / (2*h) (4.3.26)

r = D*(0.5 / k - 0.08) (4.3.24)

L = D*(0.44*k + 0.02) (4.3.25)

0.7 ≤ L / D ≤ 1 (4.3.5)

r / D ≥ 0.06 (4.3.6)

20 ≤ L / t ≤ 2,000 (4.3.7)

βth = arccos[(0.5*D - r) / (L - r)] (4.3.8)

φth = (L * t)1/2 / r (4.3.9)

Rth = (0.5*D - r) / cos[βth - φth] + r for φth < βth (4.3.10)

Rth = 0.5*D for φth ≥ βth (4.3.11)

C1 = 9.31*r / D - 0.086 for r / D ≤ 0.08 (4.3.12)

C1 = 0.692*r / D + 0.605 for r / D > 0.08 (4.3.13)

C2 = 1.25 for r / D ≤ 0.08 (4.3.14)

C2 = 1.46 - 2.6*r / D for r / D > 0.08 (4.3.15)

Peth = C1*ET*t2 / (C2*Rth*(Rth / 2 - r)) (4.3.16)

C3 = Sy   (time-independent properties)

C3 = 1.1*S   (time-dependent properties 90% yield criterion)

C3 = 1.5*S   (time-dependent properties 67% yield criterion)

Py = C3*t / {C2*Rth*(Rth / (2*r) - 1)} (4.3.17)

G = Peth / Py (4.3.20)

Pck = 0.6*Peth for G ≤ 1 (4.3.18)

Pck = {(0.77508*G - 0.20354*G2 + 0.019274*G3) / (1 + 0.19014*G - 0.089534*G2

+ 0.0093965*G3)} * Py
for G > 1 (4.3.19)

Pak = Pck / 1.5 (4.3.21)

Pac = 2*S*E / (L / t + 0.5) (4.3.22)

Pa = min[Pak , Pac] (4.3.23)

Operating Hot & Corroded
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k = 72.25 / (2*18.125) = 1.9931

r = 72.25*(0.5 / 1.9931 - 0.08) = 12.345"

L = 72.25*(0.44*1.9931 + 0.02) = 64.8058"

0.7 ≤ L / D = 64.8058 / 72.25 = 0.897 ≤ 1 OK

r / D = 12.345 / 72.25 = 0.1709 ≥ 0.06 OK

20 ≤ L / t = 64.8058 / 1.5 = 43.2038 ≤ 2,000 OK

βth = arccos[(0.5*72.25 - 12.345) / (64.8058 - 12.345)] = 1.1003

φth = (64.8058 * 1.4085)1/2 / 12.345 = 0.7739

Rth = (0.5*72.25 - 12.345) / cos[(1.1003 - 0.7739)*180 / π] + 12.345 = 37.4508"

C1 = 0.692*12.345 / 72.25 + 0.605 = 0.7232

C2 = 1.46 - 2.6*12.345 / 72.25 = 1.0158

Peth = 0.7232*28.8E+06*1.40852 / (1.0158*37.4508*(37.4508 / 2 - 12.345)) = 170,243.28 psi

Material is not governed by time dependent properties which start at 750°F (Design T = 200°F)

C3 = Sy = 34,800 psi

Py = 34,800*1.4085 / {1.0158*37.4508*(37.4508 / (2*12.345) - 1)} = 2,492.99 psi

G = 170,243.28 / 2,492.99 = 68.2889

Pck = {(0.77508*68.2889 - 0.20354*68.28892 + 0.019274*68.28893) / (1 + 0.19014*68.2889 -
0.089534*68.28892 + 0.0093965*68.28893)} * 2,492.99 = 5,047.62 psi

Pak = 5,047.62 / 1.5 = 3,365.08 psi

Pac = 2*20,000*1 / (64.8058 / 1.4085 + 0.5) = 860 psi

Pa = min[3,365.08 , 860] - 0 = 860 psi

td = 1.4085 + 0.125 = 1.5335"

Operating Cold & Corroded

tr = (860 + 0)*64.8058 / (2*20,000*1 - 0.5*(860 + 0)) = 1.4085"

Division 2 6.1.2.3 % Extreme Fiber Elongation

εf = 100*ln[Db / (Df - 2*t)] (Table 6.1)

Forming strain not calculated.
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Straight Flange on Inlet Head

ASME Section VIII Division 1, 2015 Edition (Code Case 2695)

Component Cylinder

Material SA-516 70 (II-D p. 18, ln. 37)

Impact
Tested Normalized Fine Grain

Practice PWHT Optimize MDMT/
Find MAWP

Yes (-20°F) Yes No Yes No

Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 860 200 -20

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Test horizontal 2.88 79.75 1

Dimensions

Inner Diameter 72"

Length 2"

Nominal Thickness 1.75"

Corrosion Inner 0.125"

Outer 0"

Weight and Capacity

Weight (lb) Capacity (US gal)

New 229.49 35.25

Corroded 213.46 35.5

Radiography

Longitudinal seam Seamless No RT

Right Circumferential
seam Full UW-11(a) Type 1

Results Summary

Governing condition Operating Hot & Corroded

Design thickness due to internal pressure (t) 1.7123"

Minimum thickness per 4.1.2 0.1875"

Rated MDMT -22.3°F
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Material Toughness Requirements

Material impact test temperature per UG-84 = -20°F

Stress ratio = 1.5873*1 / (1.75 - 0.125 - 0) = 0.9768

Reduction in MDMT from Figure UCS-66.1 = 2.3°F

MDMT = max[Timpact - TR, -155] = max[ -20 - 2.3 , -155] = -22.3°F

Design MDMT of -20°F is acceptable.

Division 2 4.3.3.1 Design Thickness for Internal Pressure

td = D / 2 * (exp[P / (S*E)] - 1) + Corrosion (4.3.1)

Operating Hot & Corroded

td = 72.25 / 2 * (exp[(860 + 0) / (20,000*1)] - 1) + 0.125 = 1.7123"

Operating Cold & Corroded

tr = 72.25 / 2 * (exp[(860 + 0) / (20,000*1)] - 1) = 1.5873"
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Inlet (Inlet)

ASME Section VIII Division 1, 2015 Edition (Code Case 2695)

Component Nozzle

Nozzle Material SA-350 LF2 Cl 1 (II-D p. 18, ln. 28)

Impact
Tested Normalized Fine Grain

Practice PWHT Optimize MDMT/
Find MAWP

Nozzle No Yes No Yes No

Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 860 200 -20

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Test horizontal 2.19 60.75 1

Location and Orientation

Attached to Inlet Head

Orientation radial

Offset, L 42"

Angle, θ 0°

Distance, r 0"

Through a Category A Joint No
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Dimensions

Inside Diameter 34"

Nominal Wall
Thickness 3"

Minimum Wall
Thickness 1"

Local Vessel
Minimum
Thickness

1.625"

Leg41 0.75"

Leg43 0.75"

External
Projection

Available, Lpr1
12.0072"

Internal
Projection, Lpr2

2"

Heavy Barrel
Length, Lpr3

6"

Projection
outside vessel to
flange face, Lf

23.3772"

Corrosion Inner 0.125"

Outer 0"

ASME B16.47-2011 Flange

Description NPS 36 Class 600 WN A350 LF2 Cl.1 N Series A

Bolt Material SA-193 B7 Bolt <= 2 1/2 (II-D p. 344, ln. 31)

Blind included No

Rated MDMT -55°F

Liquid static head 0 psi

MAWP rating 1,360 psi @ 200°F

MAP rating 1,480 psi @ 70°F

Hydrotest rating 2,225 psi @ 70°F

PWHT performed Yes

Impact Tested No

Bore diameter, B (specified by purchaser) 34"

Notes

Flange is impact tested per material specification to -50°F.
UCS-66(i) reduction of 44.5°F applied (ratio = 0.5811).
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F
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Summary Tables

Division 2 4.5.10 Maximum Local Primary Membrane Stress

Condition P
(psi)

PL
(psi)

Sallow
(psi)

Over
stressed

Design P 860 28,013 30,000 No

Division 2 4.5.4.1 Nozzle Neck Minimum Thickness

Condition P
(psi)

td1
(in)

td,STD
(in)

t
(in)

td
(in)

tn,min
(in) Status

Design P 860 0.8774 0.4531 1.625 0.8774 1 OK

Division 2 4.5.14 Strength of Nozzle Attachment Welds Summary

Condition P
(psi) ky

Lτ
(in)

L41T
(in)

L43T
(in)

fwelds
(lbf)

τ
(psi)

S
(psi)

Over
stressed

Design P 860 1.1679 31.4159 0.5303 0.4053 270,176.97 6,331 20,000 No

Division 2 Table 4.2.10 Minimum Fillet Weld Sizes

Fillet Leg Required
Leg Size (in)

Actual
Leg Size (in) Status

Leg41 0.3571 0.75 weld size is adequate

Leg43 0.5357 0.75 weld size is adequate

Material Toughness Requirements Nozzle At Intersection

Impact test temperature per material specification = -50°F

Stress ratio = 1.4085*1 / (1.625 - 0.125 - 0) = 0.939

Reduction in MDMT from Figure UCS-66.1 = 6.1°F

MDMT = min[Timpact - TUCS-66(g), max[Timpact - TR, -155]] = min[ -50 - 5, max[ -50 - 6.1 , -155]] = -56.1°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Material Toughness Requirements Nozzle

Impact test temperature per material specification = -50°F

Stress ratio = 0.7524*1 / (1 - 0.125 - 0) = 0.8599

Reduction in MDMT from Figure UCS-66.1 = 14°F

MDMT = min[Timpact - TUCS-66(g), max[Timpact - TR, -155]] = min[ -50 - 5, max[ -50 - 14 , -155]] = -64°F

Material is exempt from impact testing at the Design MDMT of -20°F.
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Shell

ASME Section VIII Division 1, 2015 Edition

Component Cylinder

Material SA-516 70 (II-D p. 18, ln. 37)

Impact
Tested Normalized Fine Grain

Practice PWHT Optimize MDMT/
Find MAWP

Yes (-20°F) Yes No Yes No

Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 860 200 -20

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Test horizontal 2.88 79.75 1

Dimensions

Inner Diameter 72"

Length 120"

Nominal Thickness 1.75"

Corrosion Inner 0.125"

Outer 0"

Weight and Capacity

Weight (lb) Capacity (US gal)

New 13,630.78 2,115.07

Corroded 12,678.83 2,129.78

Radiography

Longitudinal seam Full UW-11(a) Type 1

Left Circumferential
seam Full UW-11(a) Type 1

Right Circumferential
seam Full UW-11(a) Type 1

Results Summary

Governing condition Internal pressure

Minimum thickness per UG-16 0.0625" + 0.125" = 0.1875"

Design thickness due to internal pressure (t) 1.7196"

Rated MDMT -21.9 °F
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UCS-66 Material Toughness Requirements

Material impact test temperature per UG-84 = -20°F

tr = 860*36.125 / (20,000*1 - 0.6*860) = 1.5945"

Stress ratio = tr*E* / (tn - c) = 1.5945*1 / (1.75 - 0.125) = 0.9812

UCS-66(i) reduction in MDMT, TR from Fig UCS-66.1 = 1.9°F

MDMT = max[Timpact - TR, -155] = max[ -20 - 1.9 , -155] = -21.9°F

Design MDMT of -20°F is acceptable.

Design thickness, (at 200 °F) UG-27(c)(1)

t = P*R / (S*E - 0.60*P) + Corrosion
= 860*36.125 / (20,000*1.00 - 0.60*860) + 0.125
= 1.7196"

% Extreme fiber elongation - UCS-79(d)

EFE = (50*t / Rf)*(1 - Rf / Ro)
= (50*1.75 / 36.875)*(1 - 36.875 / ∞)
= 2.3729%

The extreme fiber elongation does not exceed 5%.
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Cyclone Pack

ASME Section VIII Division 1, 2015 Edition

Inputs

Distance from Bottom of Bed to Datum 81.375"

Bed Depth 42.375"

Bed Diameter 71.25"

Bed Density 100.00 lb/ft3

Liquid Holdup 0.00% of dry
weight

Weight

Estimated Bed Weight, Empty 9,777.5 lb

Estimated Bed Weight, Operating 9,777.5 lb

Loading Conditions

Included in Vessel Lift & Shipping Weight Yes

Present When Vessel is Empty Yes

Present During Test Yes
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Downcomer - Inlet (Downcomer - Inlet)

ASME Section VIII Division 1, 2015 Edition (Code Case 2695)

Component Nozzle

Nozzle Material SA-106 C Smls pipe (II-D p. 22, ln. 1)

Impact
Tested Normalized Fine Grain

Practice PWHT Optimize MDMT/
Find MAWP

Nozzle No No No Yes No

Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 860 200 -20

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Test horizontal 3.23 89.5 1

Location and Orientation

Attached to Shell

Orientation radial

Offset, L 50"

Angle, θ 180°

Distance, r 45.75"

Through a Category A Joint No
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Dimensions

Description NPS 6 XXS

Inside Diameter 4.897"

Pipe Nominal
Wall Thickness 0.864"

Pipe Minimum
Wall Thickness1 0.756"

Local Vessel
Minimum
Thickness

1.75"

Leg41 1.125"

External
Projection

Available, Lpr1
8"

Corrosion Inner 0.125"

Outer 0"
1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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Summary Tables

Division 2 4.5.5 Maximum Local Primary Membrane Stress

Condition P
(psi)

PL
(psi)

Sallow
(psi)

Over
stressed

Design P 860 29,711 30,000 No

Division 2 4.5.4.1 Nozzle Neck Minimum Thickness

Condition P
(psi)

td1
(in)

td,STD
(in)

t
(in)

td
(in)

tn,min
(in) Status

Design P 860 0.2381 0.37 1.75 0.37 0.756 OK

Division 2 4.5.14 Strength of Nozzle Attachment Welds Summary

Condition P
(psi) ky

Lτ
(in)

L41T
(in)

fwelds
(lbf)

τ
(psi)

S
(psi)

Over
stressed

Design P 860 1.2872 5.2033 0.7955 7,411.4 1,044 20,000 No

Division 2 Table 4.2.10 Minimum Fillet Weld Sizes

Fillet Leg Required
Leg Size (in)

Actual
Leg Size (in) Status

Leg41 0.3571 1.125 weld size is adequate

Material Toughness Requirements Nozzle

Governing thickness, tg = 0.756"

Exemption temperature from Figure UCS-66 Curve B = 15.38°F

Stress ratio = 0.1131*1 / (0.875*0.864 - 0.125) = 0.1792

Rts ≤ 0.35, MDMT = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.
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Downcomer - Outlet (Downcomer - Outlet)

ASME Section VIII Division 1, 2015 Edition (Code Case 2695)

Component Nozzle

Nozzle Material SA-106 C Smls pipe (II-D p. 22, ln. 1)

Impact
Tested Normalized Fine Grain

Practice PWHT Optimize MDMT/
Find MAWP

Nozzle No No No Yes No

Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 860 200 -20

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Test horizontal 3.23 89.5 1

Location and Orientation

Attached to Shell

Orientation radial

Offset, L 68"

Angle, θ 180°

Distance, r 45.75"

Through a Category A Joint No
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Dimensions

Description NPS 6 XXS

Inside Diameter 4.897"

Pipe Nominal
Wall Thickness 0.864"

Pipe Minimum
Wall Thickness1 0.756"

Local Vessel
Minimum
Thickness

1.75"

Leg41 1.125"

External
Projection

Available, Lpr1
8"

Corrosion Inner 0.125"

Outer 0"
1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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Summary Tables

Division 2 4.5.5 Maximum Local Primary Membrane Stress

Condition P
(psi)

PL
(psi)

Sallow
(psi)

Over
stressed

Design P 860 29,711 30,000 No

Division 2 4.5.4.1 Nozzle Neck Minimum Thickness

Condition P
(psi)

td1
(in)

td,STD
(in)

t
(in)

td
(in)

tn,min
(in) Status

Design P 860 0.2381 0.37 1.75 0.37 0.756 OK

Division 2 4.5.14 Strength of Nozzle Attachment Welds Summary

Condition P
(psi) ky

Lτ
(in)

L41T
(in)

fwelds
(lbf)

τ
(psi)

S
(psi)

Over
stressed

Design P 860 1.2872 5.2033 0.7955 7,411.4 1,044 20,000 No

Division 2 Table 4.2.10 Minimum Fillet Weld Sizes

Fillet Leg Required
Leg Size (in)

Actual
Leg Size (in) Status

Leg41 0.3571 1.125 weld size is adequate

Material Toughness Requirements Nozzle

Governing thickness, tg = 0.756"

Exemption temperature from Figure UCS-66 Curve B = 15.38°F

Stress ratio = 0.1131*1 / (0.875*0.864 - 0.125) = 0.1792

Rts ≤ 0.35, MDMT = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.
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Drain (Drain)

ASME Section VIII Division 1, 2015 Edition

Note: round inside edges per UG-76(c)

Location and Orientation

Located on Shell

Orientation 180°

Nozzle center line offset to datum line 32"

End of nozzle to shell center 41.75"

Passes through a Category A joint No

Nozzle

Description NPS 2 Sch 160

Access opening No

Material specification SA-106 B Smls pipe (II-D p. 14, ln. 15)

Inside diameter, new 1.687"

Pipe nominal wall thickness 0.344"

Pipe minimum wall thickness1 0.301"

Corrosion allowance 0.125"

Projection available outside vessel, Lpr 4"

Local vessel minimum thickness 1.75"

Liquid static head included 0 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg41 0.375"

Nozzle to vessel groove weld 1.75"
1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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UCS-66 Material Toughness Requirements Nozzle

tr = 860*0.9685 / (17,100*1 - 0.6*860) = 0.0502"

Stress ratio = tr*E* / (tn - c) = 0.0502*1 / (0.301 - 0.125) = 0.2854

Stress ratio ≤ 0.35, MDMT per UCS-66(b)(3) = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Reinforcement Calculations for Internal Pressure

UG-37 Area Calculation Summary
(in2)

UG-45
Summary (in)

For P = 860 psi @ 200 °F The nozzle passes
UG-45

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.2598 0.301

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)

UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.1533 0.2625 weld size is adequate

This opening does not require reinforcement per UG-36(c)(3)(a)
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Elbow (Drain)

ASME Section VIII Division 1, 2015 Edition

Component ASME B16.9 Elbow

Type Short Radius

Material SA-234 WPB (II-D p. 14, ln. 17)

Pipe NPS and
Schedule NPS 2 Sch 160

Attached To Drain (Drain)

Impact
Tested Normalized Fine Grain

Practice PWHT Optimize MDMT/
Find MAWP

No No No Yes No

Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 860 200 -20

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Test horizontal 3.19 88.3435 1

Dimensions

Inner Diameter 1.687"

Nominal Thickness 0.344"

Minimum Thickness1 0.301"

Center-to-End, A 2"

Corrosion Inner 0.125"

Outer 0"

Weight and Capacity

Weight (lb) Capacity (US gal)

New 1.95 0.03

Corroded 1.32 0.04

Radiography

Longitudinal seam Seamless No RT

Left Circumferential
seam Full UW-11(a) Type 1

Right Circumferential
seam Full UW-11(a) Type 1

1 minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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Results Summary

Governing condition UG-16

Minimum thickness per UG-16 0.0625" + 0.125" = 0.1875"

Design thickness due to internal pressure (t) 0.1753"

Rated MDMT -155 °F

UCS-66 Material Toughness Requirements

tr = 860*0.9685 / (17,100*1 - 0.6*860) = 0.0502"

Stress ratio = tr*E* / (tn - c) = 0.0502*1 / (0.301 - 0.125) = 0.2854

Stress ratio ≤ 0.35, MDMT per UCS-66(b)(3) = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Design thickness, (at 200 °F) UG-27(c)(1)

t = P*R / (S*E - 0.60*P) + Corrosion
= 860*0.9685 / (17,100*1.00 - 0.60*860) + 0.125
= 0.1753"
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Elbow Pipe (Drain)

ASME Section VIII Division 1, 2015 Edition

Component Nozzle Pipe

Material SA-106 B Smls pipe (II-D p. 14, ln. 15)

Pipe NPS and
Schedule NPS 2 Sch 160

Attached To Elbow (Drain)

Impact
Tested Normalized Fine Grain

Practice PWHT Optimize MDMT/
Find MAWP

No No No Yes No

Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 860 200 -20

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Test horizontal 3.19 88.3435 1

Dimensions

Inner Diameter 1.687"

Length 4"

Pipe Nominal
Thickness 0.344"

Pipe Minimum
Thickness1 0.301"

Corrosion Inner 0.125"

Outer 0"

Weight and Capacity

Weight (lb) Capacity (US gal)

New 2.48 0.04

Corroded 1.68 0.05

Radiography

Longitudinal seam Seamless No RT

Left Circumferential
seam Full UW-11(a) Type 1

Right Circumferential
seam Full UW-11(a) Type 1

1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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ASME B16.5-2013 Flange

Description NPS 2 Class 600 WN A105 N

Bolt Material SA-193 B7 Bolt <= 2 1/2 (II-D p. 344, ln. 31)

Blind included No

Rated MDMT -55°F

Liquid static head 0 psi

MAWP rating 1,360 psi @ 200°F

MAP rating 1,480 psi @ 70°F

Hydrotest rating 2,225 psi @ 70°F

PWHT performed Yes

Impact Tested No

Circumferential joint radiography Full UW-11(a) Type 1

Bore diameter, B (specified by purchaser) 1.687"

Notes

Flange rated MDMT per UCS-66(b)(1)(b) = -55°F (Coincident ratio = 0.5811)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

Results Summary

Governing condition UG-16

Minimum thickness per UG-16 0.0625" + 0.125" = 0.1875"

Design thickness due to internal pressure (t) 0.1753"

Rated MDMT -155 °F

UCS-66 Material Toughness Requirements

tr = 860*0.9685 / (17,100*1 - 0.6*860) = 0.0502"

Stress ratio = tr*E* / (tn - c) = 0.0502*1 / (0.301 - 0.125) = 0.2854

Stress ratio ≤ 0.35, MDMT per UCS-66(b)(3) = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Design thickness, (at 200 °F) UG-27(c)(1)

t = P*R / (S*E - 0.60*P) + Corrosion
= 860*0.9685 / (17,100*1.00 - 0.60*860) + 0.125
= 0.1753"
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HandHole-Inlet (HandHole-Inlet)

ASME Section VIII Division 1, 2015 Edition (Code Case 2695)

Component Nozzle

Nozzle Material SA-105 (II-D p. 18, ln. 23)

Impact
Tested Normalized Fine Grain

Practice PWHT Optimize MDMT/
Find MAWP

Nozzle No Yes No Yes No

Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 860 200 -20

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Test horizontal 1.72 47.75 1

Location and Orientation

Attached to Shell

Orientation radial

Offset, L 30"

Angle, θ 90°

Distance, r 47.75"

Through a Category A Joint No
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Dimensions

Inside Diameter 8"

Nominal Wall
Thickness 1.375"

Local Vessel
Minimum
Thickness

1.75"

Leg41 0.375"

External
Projection

Available, Lpr1
7.56"

Projection
outside vessel to
flange face, Lf

10"

Corrosion Inner 0.125"

Outer 0"

ASME B16.5-2013 Flange

Description NPS 8 Class 600 LWN A105 N

Bolt Material SA-193 B7 Bolt <= 2 1/2 (II-D p. 344, ln. 31)

Blind included Yes

Rated MDMT -55°F

Liquid static head 0 psi

MAWP rating 1,360 psi @ 200°F

MAP rating 1,480 psi @ 70°F

Hydrotest rating 2,225 psi @ 70°F

PWHT performed Yes

Impact Tested No

Notes

Flange rated MDMT per UCS-66(b)(1)(b) = -85°F (UCS-68(c) applies, coincident ratio = 0.5811)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F
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Summary Tables

Division 2 4.5.5 Maximum Local Primary Membrane Stress

Condition P
(psi)

PL
(psi)

Sallow
(psi)

Over
stressed

Design P 860 29,894 30,000 No

Division 2 4.5.4.1 Nozzle Neck Minimum Thickness

Condition P
(psi)

td1
(in)

td,STD
(in)

t
(in)

td
(in)

tn,min
(in) Status

Design P 860 0.3062 0.4444 1.75 0.4444 1.375 OK

Division 2 4.5.14 Strength of Nozzle Attachment Welds Summary

Condition P
(psi) ky

Lτ
(in)

L41T
(in)

fwelds
(lbf)

τ
(psi)

S
(psi)

Over
stressed

Design P 860 1.303 8.443 0.2652 19,513.95 2,092 20,000 No

Division 2 Table 4.2.10 Minimum Fillet Weld Sizes

Fillet Leg Required
Leg Size (in)

Actual
Leg Size (in) Status

Leg41 0.3571 0.375 weld size is adequate

Material Toughness Requirements LWN

MDMT per 3.11.2.4(a)(3) = -55°F

Material is exempt from impact testing at the Design MDMT of -20°F.
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HandHole-Outlet (HandHole-Outlet)

ASME Section VIII Division 1, 2015 Edition (Code Case 2695)

Component Nozzle

Nozzle Material SA-105 (II-D p. 18, ln. 23)

Impact
Tested Normalized Fine Grain

Practice PWHT Optimize MDMT/
Find MAWP

Nozzle No Yes No Yes No

Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 860 200 -20

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Test horizontal 1.72 47.75 1

Location and Orientation

Attached to Shell

Orientation radial

Offset, L 90"

Angle, θ 90°

Distance, r 47.75"

Through a Category A Joint No
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Dimensions

Inside Diameter 8"

Nominal Wall
Thickness 1.375"

Local Vessel
Minimum
Thickness

1.75"

Leg41 0.375"

External
Projection

Available, Lpr1
7.56"

Projection
outside vessel to
flange face, Lf

10"

Corrosion Inner 0.125"

Outer 0"

ASME B16.5-2013 Flange

Description NPS 8 Class 600 LWN A105 N

Bolt Material SA-193 B7 Bolt <= 2 1/2 (II-D p. 344, ln. 31)

Blind included Yes

Rated MDMT -55°F

Liquid static head 0 psi

MAWP rating 1,360 psi @ 200°F

MAP rating 1,480 psi @ 70°F

Hydrotest rating 2,225 psi @ 70°F

PWHT performed Yes

Impact Tested No

Notes

Flange rated MDMT per UCS-66(b)(1)(b) = -85°F (UCS-68(c) applies, coincident ratio = 0.5811)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F
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Summary Tables

Division 2 4.5.5 Maximum Local Primary Membrane Stress

Condition P
(psi)

PL
(psi)

Sallow
(psi)

Over
stressed

Design P 860 29,894 30,000 No

Division 2 4.5.4.1 Nozzle Neck Minimum Thickness

Condition P
(psi)

td1
(in)

td,STD
(in)

t
(in)

td
(in)

tn,min
(in) Status

Design P 860 0.3062 0.4444 1.75 0.4444 1.375 OK

Division 2 4.5.14 Strength of Nozzle Attachment Welds Summary

Condition P
(psi) ky

Lτ
(in)

L41T
(in)

fwelds
(lbf)

τ
(psi)

S
(psi)

Over
stressed

Design P 860 1.303 8.443 0.2652 19,513.95 2,092 20,000 No

Division 2 Table 4.2.10 Minimum Fillet Weld Sizes

Fillet Leg Required
Leg Size (in)

Actual
Leg Size (in) Status

Leg41 0.3571 0.375 weld size is adequate

Material Toughness Requirements LWN

MDMT per 3.11.2.4(a)(3) = -55°F

Material is exempt from impact testing at the Design MDMT of -20°F.
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Lifting Lug #1

Geometry Inputs

Attached To Shell

Material A36

Orientation Longitudinal

Distance of Lift Point From Datum 12"

Angular Position 0°

Length, L 10"

Height, H 10"

Thickness, t 1"

Hole Diameter, d 3"

Pin Diameter, Dp 2.75"

Load Eccentricity, a1 0"

Distance from Load to Shell or Pad, a2 5"

Load Angle Normal to Vessel, β -45°

Load Angle from Vertical, φ -45°

Welds

Size, tw 0.75"
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Intermediate Values

Load Factor 2.0000

Vessel Weight (new, incl. Load Factor), W 80,070.3 lb

Lug Weight (new), Wlug 28.1 lb

Distance from Center of Gravity to this lug, x1 48.2047"

Distance from Center of Gravity to second lug, x2 47.7953"

Allowable Stress, Tensile, σt 19,980 psi

Allowable Stress, Shear, σs 13,320 psi

Allowable Stress, Bearing, σp 29,970 psi

Allowable Stress, Bending, σb 22,201 psi

Allowable Stress, Weld Shear, τallowable 13,320 psi

Allowable Stress set to 1/3 Sy per ASME B30.20 No

Summary Values

Required Lift Pin Diameter, dreqd 1.6415"

Required Lug Thickness, treqd 0.684"

Lug Stress Ratio, σratio 0.74

Weld Shear Stress Ratio, τratio 0.94

Lug Design Acceptable

Local Stresses WRC 107 Acceptable

Lift Forces

Fr = force on vessel at lug
Fr = [W / cos(φ1)]*(1 - x1 / (x1 + x2))

= (80,070.3) / cos(-45)*(1 - 48.2047/ (48.2047 +
47.7953))

= 56,377 lbf
where 'x1' is the distance between this lug and the center of gravity

'x2' is the distance between the second lift lug and the center of gravity

Lug Pin Diameter - Shear stress

dreqd = (2*Fr / (π*σs))0.5

= (2*56,377 / (π*13,320))0.5 = 1.6415"

dreqd / Dp = 1.6415 / 2.75 = 0.60 Acceptable

σ = Fr / A
= Fr / (2*(0.25*π*Dp

2))
= 56,377 / (2*(0.25*π*2.752)) = 4,746 psi

σ / σs = 4,746 / 13,320 = 0.36 Acceptable
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Lug Thickness - Tensile stress

treqd = Fr / ((L - d)*σt)
= 56,377 / ((10 - 3)*19,980) = 0.4031"

treqd / t = 0.4031 / 1 = 0.40 Acceptable

σ = Fr / A
= Fr / ((L - d)*t)
= 56,377 / ((10 - 3)*1) = 8,054 psi

σ / σt = 8,054 / 19,980 = 0.4 Acceptable

Lug Thickness - Bearing stress

treqd = Fv / (Dp*σp)
= 56,377 / (2.75*29,970) = 0.684"

treqd / t = 0.684 / 1 = 0.68 Acceptable

σ = Fv / Abearing
= Fv / (Dp*(t))
= 56,377 / (2.75*(1)) = 20,501 psi

σ / σp = 20,501 / 29,970 = 0.68 Acceptable

Lug Thickness - Shear stress

treqd = [Fv / σs] / (2*Lshear)
= (56,377 / 13,320) / (2*3.9989) = 0.5292"

treqd / t = 0.5292 / 1 = 0.53 Acceptable

τ = Fv / Ashear
= Fv / (2*t*Lshear )
= 56,377 / (2*1*3.9989) = 7,049 psi

τ / σs = 7,049 / 13,320 = 0.53 Acceptable

Shear stress length (per Pressure Vessel and Stacks, A. Keith Escoe)

φ = 55*Dp / d
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= 55*2.75 / 3
= 50.4167°

Lshear = (H - a2 - 0.5*d) + 0.5*Dp*(1 - cos(φ))
= (10 - 5 - 0.5*3) + 0.5*2.75*(1 - cos(50.4167))
= 3.9989"

Lug Plate Stress

Lug stress tensile + bending during lift:
σ ratio = [Ften / (Aten*σt)] + [Mbend / (Zbend*σb)] ≤ 1

= [(Fr*cos(β) ) / (t*L*σt)] + [(6*abs(Fr*sin(β)*Hght - Fr*cos(β)*a1) ) / (t*L2*σb)] ≤ 1

= 56,377*cos(-45.0) / (1*10*19,980) + 6*abs(56,377*sin(-45.0)*5 -
56,377*cos(-45.0)*0) / (1*102*22,201)

= 0.74         Acceptable

Weld Stress

Weld stress, tensile, bending and shear during lift:

Direct shear:

Shear stress at lift angle -45.00°; lift force = 56,377 lbf

Aweld = 2*(0.707)*tw*(L + t)

= 2*(0.707)*0.75*(10 + 1) = 11.6655 in2

τt = Flug*cos(β) / Aweld

= 56,377*cos(-45.0) / 11.6655 = 3,417 psi

τs = Flug*sin(β) / Aweld

= 56,377*sin(-45.0) / 11.6655 = -3,417 psi

τb = M * c / I
= 3*(Flug*sin(β)*Hght - Flug*cos(β)*a1) / (0.707*h*L*(3*t + L))

= 3*abs(56,377*sin(-45.0)*5 - 56,377*cos(-45.0)*(0)) /
(68.9325)

= 8,675 psi

τ ratio = sqr( (τt + τb)2 + τs2 ) / τallowable ≤ 1
= sqr ( (3,417 + 8,675)2 + (-3,417)2 ) / 13,320
= 0.94 Acceptable
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WRC 107 Analysis

Geometry

Height (radial) 10"

Width (circumferential) 1"

Length 10"

Fillet Weld Size: 0.75"

Located On Shell (17" from right end)

Location Angle 0.00°

Applied Loads

Radial load, Pr -39,864.45 lbf

Circumferential moment, Mc 0 lbf-in

Circumferential shear, Vc 0 lbf

Longitudinal moment, ML -199,322.2 lbf-in

Longitudinal shear, VL -39,864.45 lbf

Torsion moment, Mt 0 lbf-in

Internal pressure, P 0 psi

Mean shell radius, Rm 36.875"

Design factor 3

Maximum stresses due to the applied loads at the lug edge

γ = Rm / T = 36.875 / 1.75 = 21.0714

C1 = 1.25, C2 = 5 in

Note: Actual lug C1 / C2 < 1 / 4, C1 / C2 = 1 / 4 used as this is the minimum ratio covered by WRC 107.

Local circumferential pressure stress = P*Ri / T =0 psi

Local longitudinal pressure stress = P*Ri / (2*T) =0 psi

Maximum combined stress (P
L
+P

b
+Q) = 25,003 psi

Allowable combined stress (P
L
+P

b
+Q) = ±3*S = ±60,000 psi

The maximum combined stress (P
L
+P

b
+Q) is within allowable limits.

Maximum local primary membrane stress (P
L
) = 3,439 psi

Allowable local primary membrane stress (P
L
) = ±1.5*S = ±30,000 psi

The maximum local primary membrane stress (P
L
) is within allowable limits.
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Stresses at the lug edge per WRC Bulletin 107

Figure value β Au Al Bu Bl Cu Cl Du Dl

3C* 3.6111 0.1003 0 0 0 0 2,231 2,231 2,231 2,231

4C* 3.9889 0.0814 2,464 2,464 2,464 2,464 0 0 0 0

1C 0.2043 0.0597 0 0 0 0 15,956 -15,956 15,956 -15,956

2C-1 0.168 0.0597 13,121 -13,121 13,121 -13,121 0 0 0 0

3A* 0.212 0.0538 0 0 0 0 0 0 0 0

1A 0.106 0.0698 0 0 0 0 0 0 0 0

3B* 1.4893 0.0854 975 975 -975 -975 0 0 0 0

1B-1 0.0574 0.0763 7,968 -7,968 -7,968 7,968 0 0 0 0

Pressure stress* 0 0 0 0 0 0 0 0

Total circumferential stress 24,528 -17,650 6,642 -3,664 18,187 -13,725 18,187 -13,725

Primary membrane
circumferential stress* 3,439 3,439 1,489 1,489 2,231 2,231 2,231 2,231

3C* 3.7948 0.0814 2,344 2,344 2,344 2,344 0 0 0 0

4C* 3.8866 0.1003 0 0 0 0 2,401 2,401 2,401 2,401

1C-1 0.1759 0.0847 13,738 -13,738 13,738 -13,738 0 0 0 0

2C 0.1329 0.0847 0 0 0 0 10,380 -10,380 10,380 -10,380

4A* 0.2774 0.0538 0 0 0 0 0 0 0 0

2A 0.0588 0.097 0 0 0 0 0 0 0 0

4B* 0.3973 0.0854 463 463 -463 -463 0 0 0 0

2B-1 0.084 0.1052 8,458 -8,458 -8,458 8,458 0 0 0 0

Pressure stress* 0 0 0 0 0 0 0 0

Total longitudinal stress 25,003 -19,389 7,161 -3,399 12,781 -7,979 12,781 -7,979

Primary membrane
longitudinal stress* 2,807 2,807 1,881 1,881 2,401 2,401 2,401 2,401

Shear from Mt 0 0 0 0 0 0 0 0

Circ shear from Vc 0 0 0 0 0 0 0 0

Long shear from VL 0 0 0 0 1,139 1,139 -1,139 -1,139

Total Shear stress 0 0 0 0 1,139 1,139 -1,139 -1,139

Combined stress (PL+Pb+Q) 25,003 -19,389 7,161 -3,664 18,417 -13,943 18,417 -13,943

* denotes primary stress.
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Lifting Lug #2

Geometry Inputs

Attached To Shell

Material A36

Orientation Longitudinal

Distance of Lift Point From Datum 108"

Angular Position 0°

Length, L 10"

Height, H 10"

Thickness, t 1"

Hole Diameter, d 3"

Pin Diameter, Dp 2.75"

Load Eccentricity, a1 0"

Distance from Load to Shell or Pad, a2 5"

Load Angle Normal to Vessel, β 45°

Load Angle from Vertical, φ 45°

Welds

Size, tw 0.75"
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Intermediate Values

Load Factor 2.0000

Vessel Weight (new, incl. Load Factor), W 80,070.3 lb

Lug Weight (new), Wlug 28.1 lb

Distance from Center of Gravity to this lug, x1 47.7953"

Distance from Center of Gravity to second lug, x2 48.2047"

Allowable Stress, Tensile, σt 19,980 psi

Allowable Stress, Shear, σs 13,320 psi

Allowable Stress, Bearing, σp 29,970 psi

Allowable Stress, Bending, σb 22,201 psi

Allowable Stress, Weld Shear, τallowable 13,320 psi

Allowable Stress set to 1/3 Sy per ASME B30.20 No

Summary Values

Required Lift Pin Diameter, dreqd 1.6485"

Required Lug Thickness, treqd 0.6899"

Lug Stress Ratio, σratio 0.74

Weld Shear Stress Ratio, τratio 0.95

Lug Design Acceptable

Local Stresses WRC 107 Acceptable

Lift Forces

Fr = force on vessel at lug
Fr = [W / cos(φ1)]*(1 - x1 / (x1 + x2))

= (80,070.3) / cos(45)*(1 - 47.7953/ (47.7953 +
48.2047))

= 56,860 lbf
where 'x1' is the distance between this lug and the center of gravity

'x2' is the distance between the second lift lug and the center of gravity

Lug Pin Diameter - Shear stress

dreqd = (2*Fr / (π*σs))0.5

= (2*56,860 / (π*13,320))0.5 = 1.6485"

dreqd / Dp = 1.6485 / 2.75 = 0.60 Acceptable

σ = Fr / A
= Fr / (2*(0.25*π*Dp

2))
= 56,860 / (2*(0.25*π*2.752)) = 4,787 psi

σ / σs = 4,787 / 13,320 = 0.36 Acceptable
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Lug Thickness - Tensile stress

treqd = Fr / ((L - d)*σt)
= 56,860 / ((10 - 3)*19,980) = 0.4065"

treqd / t = 0.4065 / 1 = 0.41 Acceptable

σ = Fr / A
= Fr / ((L - d)*t)
= 56,860 / ((10 - 3)*1) = 8,123 psi

σ / σt = 8,123 / 19,980 = 0.41 Acceptable

Lug Thickness - Bearing stress

treqd = Fv / (Dp*σp)
= 56,860 / (2.75*29,970) = 0.6899"

treqd / t = 0.6899 / 1 = 0.69 Acceptable

σ = Fv / Abearing
= Fv / (Dp*(t))
= 56,860 / (2.75*(1)) = 20,676 psi

σ / σp = 20,676 / 29,970 = 0.69 Acceptable

Lug Thickness - Shear stress

treqd = [Fv / σs] / (2*Lshear)
= (56,860 / 13,320) / (2*3.9989) = 0.5337"

treqd / t = 0.5337 / 1 = 0.53 Acceptable

τ = Fv / Ashear
= Fv / (2*t*Lshear )
= 56,860 / (2*1*3.9989) = 7,110 psi

τ / σs = 7,110 / 13,320 = 0.53 Acceptable

Shear stress length (per Pressure Vessel and Stacks, A. Keith Escoe)

φ = 55*Dp / d
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= 55*2.75 / 3
= 50.4167°

Lshear = (H - a2 - 0.5*d) + 0.5*Dp*(1 - cos(φ))
= (10 - 5 - 0.5*3) + 0.5*2.75*(1 - cos(50.4167))
= 3.9989"

Lug Plate Stress

Lug stress tensile + bending during lift:
σ ratio = [Ften / (Aten*σt)] + [Mbend / (Zbend*σb)] ≤ 1

= [(Fr*cos(β) ) / (t*L*σt)] + [(6*abs(Fr*sin(β)*Hght - Fr*cos(β)*a1) ) / (t*L2*σb)] ≤ 1

= 56,860*cos(45.0) / (1*10*19,980) + 6*abs(56,860*sin(45.0)*5 - 56,860*cos(45.0)*0) /
(1*102*22,201)

= 0.74         Acceptable

Weld Stress

Weld stress, tensile, bending and shear during lift:

Direct shear:

Shear stress at lift angle 45.00°; lift force = 56,860 lbf

Aweld = 2*(0.707)*tw*(L + t)

= 2*(0.707)*0.75*(10 + 1) = 11.6655 in2

τt = Flug*cos(β) / Aweld

= 56,860*cos(45.0) / 11.6655 = 3,447 psi

τs = Flug*sin(β) / Aweld

= 56,860*sin(45.0) / 11.6655 = 3,447 psi

τb = M * c / I
= 3*(Flug*sin(β)*Hght - Flug*cos(β)*a1) / (0.707*h*L*(3*t + L))

= 3*abs(56,860*sin(45.0)*5 - 56,860*cos(45.0)*(0)) /
(68.9325)

= 8,749 psi

τ ratio = sqr( (τt + τb)2 + τs2 ) / τallowable ≤ 1
= sqr ( (3,447 + 8,749)2 + (3,447)2 ) / 13,320
= 0.95 Acceptable
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WRC 107 Analysis

Geometry

Height (radial) 10"

Width (circumferential) 1"

Length 10"

Fillet Weld Size: 0.75"

Located On Shell (113" from right end)

Location Angle 0.00°

Applied Loads

Radial load, Pr -40,205.89 lbf

Circumferential moment, Mc 0 lbf-in

Circumferential shear, Vc 0 lbf

Longitudinal moment, ML 201,029.5 lbf-in

Longitudinal shear, VL 40,205.89 lbf

Torsion moment, Mt 0 lbf-in

Internal pressure, P 0 psi

Mean shell radius, Rm 36.875"

Design factor 3

Maximum stresses due to the applied loads at the lug edge

γ = Rm / T = 36.875 / 1.75 = 21.0714

C1 = 1.25, C2 = 5 in

Note: Actual lug C1 / C2 < 1 / 4, C1 / C2 = 1 / 4 used as this is the minimum ratio covered by WRC 107.

Local circumferential pressure stress = P*Ri / T =0 psi

Local longitudinal pressure stress = P*Ri / (2*T) =0 psi

Maximum combined stress (P
L
+P

b
+Q) = 25,217 psi

Allowable combined stress (P
L
+P

b
+Q) = ±3*S = ±60,000 psi

The maximum combined stress (P
L
+P

b
+Q) is within allowable limits.

Maximum local primary membrane stress (P
L
) = 3,469 psi

Allowable local primary membrane stress (P
L
) = ±1.5*S = ±30,000 psi

The maximum local primary membrane stress (P
L
) is within allowable limits.
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Stresses at the lug edge per WRC Bulletin 107

Figure value β Au Al Bu Bl Cu Cl Du Dl

3C* 3.6111 0.1003 0 0 0 0 2,250 2,250 2,250 2,250

4C* 3.9889 0.0814 2,485 2,485 2,485 2,485 0 0 0 0

1C 0.2043 0.0597 0 0 0 0 16,093 -16,093 16,093 -16,093

2C-1 0.168 0.0597 13,233 -13,233 13,233 -13,233 0 0 0 0

3A* 0.212 0.0538 0 0 0 0 0 0 0 0

1A 0.106 0.0698 0 0 0 0 0 0 0 0

3B* 1.4893 0.0854 -984 -984 984 984 0 0 0 0

1B-1 0.0574 0.0763 -8,037 8,037 8,037 -8,037 0 0 0 0

Pressure stress* 0 0 0 0 0 0 0 0

Total circumferential stress 6,697 -3,695 24,739 -17,801 18,343 -13,843 18,343 -13,843

Primary membrane
circumferential stress* 1,501 1,501 3,469 3,469 2,250 2,250 2,250 2,250

3C* 3.7948 0.0814 2,364 2,364 2,364 2,364 0 0 0 0

4C* 3.8866 0.1003 0 0 0 0 2,422 2,422 2,422 2,422

1C-1 0.1759 0.0847 13,856 -13,856 13,856 -13,856 0 0 0 0

2C 0.1329 0.0847 0 0 0 0 10,469 -10,469 10,469 -10,469

4A* 0.2774 0.0538 0 0 0 0 0 0 0 0

2A 0.0588 0.097 0 0 0 0 0 0 0 0

4B* 0.3973 0.0854 -467 -467 467 467 0 0 0 0

2B-1 0.084 0.1052 -8,530 8,530 8,530 -8,530 0 0 0 0

Pressure stress* 0 0 0 0 0 0 0 0

Total longitudinal stress 7,223 -3,429 25,217 -19,555 12,891 -8,047 12,891 -8,047

Primary membrane
longitudinal stress* 1,897 1,897 2,831 2,831 2,422 2,422 2,422 2,422

Shear from Mt 0 0 0 0 0 0 0 0

Circ shear from Vc 0 0 0 0 0 0 0 0

Long shear from VL 0 0 0 0 -1,149 -1,149 1,149 1,149

Total Shear stress 0 0 0 0 -1,149 -1,149 1,149 1,149

Combined stress (PL+Pb+Q) 7,223 -3,695 25,217 -19,555 18,575 -14,062 18,575 -14,062

* denotes primary stress.
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PSV (PSV)

ASME Section VIII Division 1, 2015 Edition

Note: round inside edges per UG-76(c)

Location and Orientation

Located on Shell

Orientation 0°

Nozzle center line offset to datum line 68"

End of nozzle to shell center 43.75"

Passes through a Category A joint No

Nozzle

Access opening No

Material specification SA-105 (II-D p. 18, ln. 23) (normalized)

Inside diameter, new 2"

Nominal wall thickness 0.655"

Corrosion allowance 0.125"

Projection available outside vessel, Lpr 4.75"

Projection available outside vessel to flange face, Lf 6"

Local vessel minimum thickness 1.75"

Liquid static head included 0 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg41 0.375"

Nozzle to vessel groove weld 1.75"
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ASME B16.5-2013 Flange

Description NPS 2 Class 600 LWN A105 N

Bolt Material SA-193 B7 Bolt <= 2 1/2 (II-D p. 344, ln. 31)

Blind included No

Rated MDMT -55°F

Liquid static head 0 psi

MAWP rating 1,360 psi @ 200°F

MAP rating 1,480 psi @ 70°F

Hydrotest rating 2,225 psi @ 70°F

PWHT performed Yes

Impact Tested No

Notes

Flange rated MDMT per UCS-66(b)(1)(b) = -55°F (Coincident ratio = 0.5811)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

UCS-66 Material Toughness Requirements

LWN rated MDMT per UCS-66(c)(4) = -55°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Reinforcement Calculations for Internal Pressure

UG-37 Area Calculation Summary
(in2)

UG-45
Summary

(in)

For P = 860 psi @ 200 °F The nozzle
passes UG-45

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.314 0.655

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)
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UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.25 0.2625 weld size is adequate

This opening does not require reinforcement per UG-36(c)(3)(a)
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Plugged Connection 1 (Plugged Connection 1)

ASME Section VIII Division 1, 2015 Edition

Note: round inside edges per UG-76(c)

Location and Orientation

Located on Shell

Orientation 270°

Nozzle center line offset to datum line 50"

End of nozzle to shell center 40.75"

Passes through a Category A joint No

Nozzle

Description NPS 1 Class 6000 - threaded

Access opening No

Material specification SA-105 (II-D p. 18, ln. 23)

Inside diameter, new 1.315"

Nominal wall thickness 0.4675"

Corrosion allowance 0.125"

Projection available outside vessel, Lpr 3"

Local vessel minimum thickness 1.75"

Liquid static head included 0 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg41 0.375"

Nozzle to vessel groove weld 1.75"
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UCS-66 Material Toughness Requirements Nozzle

tr = 860*0.7825 / (20,000*1 - 0.6*860) = 0.0345"

Stress ratio = tr*E* / (tn - c) = 0.0345*1 / (0.4675 - 0.125) = 0.1008

Stress ratio ≤ 0.35, MDMT per UCS-66(b)(3) = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Reinforcement Calculations for Internal Pressure

UG-37 Area Calculation Summary
(in2)

UG-44
Summary (in)

For P = 860 psi @ 200 °F The nozzle passes
UG-44

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.1875 0.4675

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)

UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.2398 0.2625 weld size is adequate

This opening does not require reinforcement per UG-36(c)(3)(a)
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Plugged Connection 2 (Plugged Connection 2)

ASME Section VIII Division 1, 2015 Edition

Note: round inside edges per UG-76(c)

Location and Orientation

Located on Shell

Orientation 270°

Nozzle center line offset to datum line 72"

End of nozzle to shell center 40.75"

Passes through a Category A joint No

Nozzle

Description NPS 1 Class 6000 - threaded

Access opening No

Material specification SA-105 (II-D p. 18, ln. 23)

Inside diameter, new 1.315"

Nominal wall thickness 0.4675"

Corrosion allowance 0.125"

Projection available outside vessel, Lpr 3"

Local vessel minimum thickness 1.75"

Liquid static head included 0 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg41 0.375"

Nozzle to vessel groove weld 1.75"
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UCS-66 Material Toughness Requirements Nozzle

tr = 860*0.7825 / (20,000*1 - 0.6*860) = 0.0345"

Stress ratio = tr*E* / (tn - c) = 0.0345*1 / (0.4675 - 0.125) = 0.1008

Stress ratio ≤ 0.35, MDMT per UCS-66(b)(3) = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Reinforcement Calculations for Internal Pressure

UG-37 Area Calculation Summary
(in2)

UG-44
Summary (in)

For P = 860 psi @ 200 °F The nozzle passes
UG-44

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.1875 0.4675

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)

UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.2398 0.2625 weld size is adequate

This opening does not require reinforcement per UG-36(c)(3)(a)
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Vent (Vent)

ASME Section VIII Division 1, 2015 Edition

Note: round inside edges per UG-76(c)

Location and Orientation

Located on Shell

Orientation 0°

Nozzle center line offset to datum line 50"

End of nozzle to shell center 43.75"

Passes through a Category A joint No

Nozzle

Access opening No

Material specification SA-105 (II-D p. 18, ln. 23) (normalized)

Inside diameter, new 2"

Nominal wall thickness 0.655"

Corrosion allowance 0.125"

Projection available outside vessel, Lpr 4.75"

Projection available outside vessel to flange face, Lf 6"

Local vessel minimum thickness 1.75"

Liquid static head included 0 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg41 0.375"

Nozzle to vessel groove weld 1.75"
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ASME B16.5-2013 Flange

Description NPS 2 Class 600 LWN A105 N

Bolt Material SA-193 B7 Bolt <= 2 1/2 (II-D p. 344, ln. 31)

Blind included No

Rated MDMT -55°F

Liquid static head 0 psi

MAWP rating 1,360 psi @ 200°F

MAP rating 1,480 psi @ 70°F

Hydrotest rating 2,225 psi @ 70°F

PWHT performed Yes

Impact Tested No

Notes

Flange rated MDMT per UCS-66(b)(1)(b) = -55°F (Coincident ratio = 0.5811)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

UCS-66 Material Toughness Requirements

LWN rated MDMT per UCS-66(c)(4) = -55°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Reinforcement Calculations for Internal Pressure

UG-37 Area Calculation Summary
(in2)

UG-45
Summary

(in)

For P = 860 psi @ 200 °F The nozzle
passes UG-45

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.314 0.655

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)
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UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.25 0.2625 weld size is adequate

This opening does not require reinforcement per UG-36(c)(3)(a)
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Straight Flange on Outlet Head

ASME Section VIII Division 1, 2015 Edition (Code Case 2695)

Component Cylinder

Material SA-516 70 (II-D p. 18, ln. 37)

Impact
Tested Normalized Fine Grain

Practice PWHT Optimize MDMT/
Find MAWP

Yes (-20°F) Yes No Yes No

Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 860 200 -20

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Test horizontal 2.88 79.75 1

Dimensions

Inner Diameter 72"

Length 2"

Nominal Thickness 1.75"

Corrosion Inner 0.125"

Outer 0"

Weight and Capacity

Weight (lb) Capacity (US gal)

New 229.49 35.25

Corroded 213.46 35.5

Radiography

Longitudinal seam Seamless No RT

Left Circumferential
seam Full UW-11(a) Type 1

Results Summary

Governing condition Operating Hot & Corroded

Design thickness due to internal pressure (t) 1.7123"

Minimum thickness per 4.1.2 0.1875"

Rated MDMT -22.3°F
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Material Toughness Requirements

Material impact test temperature per UG-84 = -20°F

Stress ratio = 1.5873*1 / (1.75 - 0.125 - 0) = 0.9768

Reduction in MDMT from Figure UCS-66.1 = 2.3°F

MDMT = max[Timpact - TR, -155] = max[ -20 - 2.3 , -155] = -22.3°F

Design MDMT of -20°F is acceptable.

Division 2 4.3.3.1 Design Thickness for Internal Pressure

td = D / 2 * (exp[P / (S*E)] - 1) + Corrosion (4.3.1)

Operating Hot & Corroded

td = 72.25 / 2 * (exp[(860 + 0) / (20,000*1)] - 1) + 0.125 = 1.7123"

Operating Cold & Corroded

tr = 72.25 / 2 * (exp[(860 + 0) / (20,000*1)] - 1) = 1.5873"
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Outlet Head

ASME Section VIII Division 1, 2015 Edition (Code Case 2695)

Component Ellipsoidal Head

Material SA-516 70 (II-D p. 18, ln. 37)

Impact
Tested Normalized Fine Grain

Practice PWHT Optimize MDMT/
Find MAWP

Yes (-20°F) Yes No Yes No

Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 860 200 -20

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Test horizontal 2.88 79.75 1

Dimensions

Inner Diameter 72"

Head Ratio 2

Minimum Thickness 1.625"

Corrosion Inner 0.125"

Outer 0"

Length Lsf 2"

Nominal Thickness tsf 1.75"

Weight and Capacity

Weight (lb)1 Capacity (US gal)1

New 2,555.5 246.76

Corroded 2,371.76 249.95

Radiography

Category A joints Seamless No RT

Head to shell seam Full UW-11(a) Type 1
1 includes straight flange

Results Summary

Governing condition Operating Hot & Corroded

Design thickness due to internal pressure (t) 1.5335"

Minimum thickness per 4.1.2 0.1875"

Rated MDMT -26.1°F
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Material Toughness Requirements

Material impact test temperature per UG-84 = -20°F

Stress ratio = 1.4085*1 / (1.625 - 0.125 - 0) = 0.939

Reduction in MDMT from Figure UCS-66.1 = 6.1°F

MDMT = max[Timpact - TR, -155] = max[ -20 - 6.1 , -155] = -26.1°F

Design MDMT of -20°F is acceptable.

Division 2 4.3.7.1 Design Thickness for Internal Pressure

k = D / (2*h) (4.3.26)

r = D*(0.5 / k - 0.08) (4.3.24)

L = D*(0.44*k + 0.02) (4.3.25)

0.7 ≤ L / D ≤ 1 (4.3.5)

r / D ≥ 0.06 (4.3.6)

20 ≤ L / t ≤ 2,000 (4.3.7)

βth = arccos[(0.5*D - r) / (L - r)] (4.3.8)

φth = (L * t)1/2 / r (4.3.9)

Rth = (0.5*D - r) / cos[βth - φth] + r for φth < βth (4.3.10)

Rth = 0.5*D for φth ≥ βth (4.3.11)

C1 = 9.31*r / D - 0.086 for r / D ≤ 0.08 (4.3.12)

C1 = 0.692*r / D + 0.605 for r / D > 0.08 (4.3.13)

C2 = 1.25 for r / D ≤ 0.08 (4.3.14)

C2 = 1.46 - 2.6*r / D for r / D > 0.08 (4.3.15)

Peth = C1*ET*t2 / (C2*Rth*(Rth / 2 - r)) (4.3.16)

C3 = Sy   (time-independent properties)

C3 = 1.1*S   (time-dependent properties 90% yield criterion)

C3 = 1.5*S   (time-dependent properties 67% yield criterion)

Py = C3*t / {C2*Rth*(Rth / (2*r) - 1)} (4.3.17)

G = Peth / Py (4.3.20)

Pck = 0.6*Peth for G ≤ 1 (4.3.18)

Pck = {(0.77508*G - 0.20354*G2 + 0.019274*G3) / (1 + 0.19014*G - 0.089534*G2

+ 0.0093965*G3)} * Py
for G > 1 (4.3.19)

Pak = Pck / 1.5 (4.3.21)

Pac = 2*S*E / (L / t + 0.5) (4.3.22)

Pa = min[Pak , Pac] (4.3.23)

Operating Hot & Corroded
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k = 72.25 / (2*18.125) = 1.9931

r = 72.25*(0.5 / 1.9931 - 0.08) = 12.345"

L = 72.25*(0.44*1.9931 + 0.02) = 64.8058"

0.7 ≤ L / D = 64.8058 / 72.25 = 0.897 ≤ 1 OK

r / D = 12.345 / 72.25 = 0.1709 ≥ 0.06 OK

20 ≤ L / t = 64.8058 / 1.5 = 43.2038 ≤ 2,000 OK

βth = arccos[(0.5*72.25 - 12.345) / (64.8058 - 12.345)] = 1.1003

φth = (64.8058 * 1.4085)1/2 / 12.345 = 0.7739

Rth = (0.5*72.25 - 12.345) / cos[(1.1003 - 0.7739)*180 / π] + 12.345 = 37.4508"

C1 = 0.692*12.345 / 72.25 + 0.605 = 0.7232

C2 = 1.46 - 2.6*12.345 / 72.25 = 1.0158

Peth = 0.7232*28.8E+06*1.40852 / (1.0158*37.4508*(37.4508 / 2 - 12.345)) = 170,243.28 psi

Material is not governed by time dependent properties which start at 750°F (Design T = 200°F)

C3 = Sy = 34,800 psi

Py = 34,800*1.4085 / {1.0158*37.4508*(37.4508 / (2*12.345) - 1)} = 2,492.99 psi

G = 170,243.28 / 2,492.99 = 68.2889

Pck = {(0.77508*68.2889 - 0.20354*68.28892 + 0.019274*68.28893) / (1 + 0.19014*68.2889 -
0.089534*68.28892 + 0.0093965*68.28893)} * 2,492.99 = 5,047.62 psi

Pak = 5,047.62 / 1.5 = 3,365.08 psi

Pac = 2*20,000*1 / (64.8058 / 1.4085 + 0.5) = 860 psi

Pa = min[3,365.08 , 860] - 0 = 860 psi

td = 1.4085 + 0.125 = 1.5335"

Operating Cold & Corroded

tr = (860 + 0)*64.8058 / (2*20,000*1 - 0.5*(860 + 0)) = 1.4085"

Division 2 6.1.2.3 % Extreme Fiber Elongation

εf = 100*ln[Db / (Df - 2*t)] (Table 6.1)

Forming strain not calculated.
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Outlet (Outlet)

ASME Section VIII Division 1, 2015 Edition (Code Case 2695)

Component Nozzle

Nozzle Material SA-350 LF2 Cl 1 (II-D p. 18, ln. 28)

Impact
Tested Normalized Fine Grain

Practice PWHT Optimize MDMT/
Find MAWP

Nozzle No Yes No Yes No

Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 860 200 -20

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Test horizontal 2.19 60.75 1

Location and Orientation

Attached to Outlet Head

Orientation radial

Offset, L 42"

Angle, θ 0°

Distance, r 0"

Through a Category A Joint No
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Dimensions

Inside Diameter 34"

Nominal Wall
Thickness 3"

Minimum Wall
Thickness 1"

Local Vessel
Minimum
Thickness

1.625"

Leg41 0.75"

Leg43 0.75"

External
Projection

Available, Lpr1
12.0072"

Internal
Projection, Lpr2

2"

Heavy Barrel
Length, Lpr3

6"

Projection
outside vessel to
flange face, Lf

23.3772"

Corrosion Inner 0.125"

Outer 0"

ASME B16.47-2011 Flange

Description NPS 36 Class 600 WN A350 LF2 Cl.1 N Series A

Bolt Material SA-193 B7 Bolt <= 2 1/2 (II-D p. 344, ln. 31)

Blind included No

Rated MDMT -55°F

Liquid static head 0 psi

MAWP rating 1,360 psi @ 200°F

MAP rating 1,480 psi @ 70°F

Hydrotest rating 2,225 psi @ 70°F

PWHT performed Yes

Impact Tested No

Bore diameter, B (specified by purchaser) 34"

Notes

Flange is impact tested per material specification to -50°F.
UCS-66(i) reduction of 44.5°F applied (ratio = 0.5811).
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F
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Summary Tables

Division 2 4.5.10 Maximum Local Primary Membrane Stress

Condition P
(psi)

PL
(psi)

Sallow
(psi)

Over
stressed

Design P 860 28,013 30,000 No

Division 2 4.5.4.1 Nozzle Neck Minimum Thickness

Condition P
(psi)

td1
(in)

td,STD
(in)

t
(in)

td
(in)

tn,min
(in) Status

Design P 860 0.8774 0.4531 1.625 0.8774 1 OK

Division 2 4.5.14 Strength of Nozzle Attachment Welds Summary

Condition P
(psi) ky

Lτ
(in)

L41T
(in)

L43T
(in)

fwelds
(lbf)

τ
(psi)

S
(psi)

Over
stressed

Design P 860 1.1679 31.4159 0.5303 0.4053 270,176.97 6,331 20,000 No

Division 2 Table 4.2.10 Minimum Fillet Weld Sizes

Fillet Leg Required
Leg Size (in)

Actual
Leg Size (in) Status

Leg41 0.3571 0.75 weld size is adequate

Leg43 0.5357 0.75 weld size is adequate

Material Toughness Requirements Nozzle At Intersection

Impact test temperature per material specification = -50°F

Stress ratio = 1.4085*1 / (1.625 - 0.125 - 0) = 0.939

Reduction in MDMT from Figure UCS-66.1 = 6.1°F

MDMT = min[Timpact - TUCS-66(g), max[Timpact - TR, -155]] = min[ -50 - 5, max[ -50 - 6.1 , -155]] = -56.1°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Material Toughness Requirements Nozzle

Impact test temperature per material specification = -50°F

Stress ratio = 0.7524*1 / (1 - 0.125 - 0) = 0.8599

Reduction in MDMT from Figure UCS-66.1 = 14°F

MDMT = min[Timpact - TUCS-66(g), max[Timpact - TR, -155]] = min[ -50 - 5, max[ -50 - 14 , -155]] = -64°F

Material is exempt from impact testing at the Design MDMT of -20°F.
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Saddle #1

ASME Section VIII Division 1, 2015 Edition

Saddle Material SA-36

Saddle Construction Web at edge of rib

Welded to Vessel Yes

Saddle Allowable Stress, Ss 20,000 psi

Saddle Yield Stress, Sy 38,000 psi

Foundation Allowable Stress 1,658 psi

Design
Pressure Left Saddle Right Saddle

Operating 860 psi

Test 1,317.88 psi

Dimensions

Right saddle distance to datum 108"

Tangent To Tangent Length, L 124"

Saddle separation, Ls 96"

Vessel Radius, R 37.75"

Tangent Distance Left, Al 14"

Tangent Distance Right, Ar 14"

Saddle Height, Hs 86"

Saddle Contact Angle, θ 120°

Web Plate Thickness, ts 0.75"

Base Plate Length, E 68"

Base Plate Width, F 10"

Base Plate Thickness, tb 1"

Number of Stiffening Ribs, n 2

Largest Stiffening Rib Spacing, di 66.25"

Stiffening Rib Thickness, tw 0.75"

Saddle Width, b 9"

Bolting

Material F 1554 Gr 36

Bolt Allowable Shear 10,000 psi

Description 1.5" series 8 threaded

Corrosion on root 0"

Anchor Bolts per Saddle 2
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Base coefficient of friction, µ 0.45

Weight

Operating,
Corroded Hydrotest

Weight on Left Saddle 18,063 lb 30,014 lb

Weight on Right Saddle 18,106 lb 30,055 lb

Weight of Saddle Pair 2,348 lb

Notes

(1) Saddle calculations are based on the method presented in "Stresses in Large Cylindrical Pressure Vessels on
Two Saddle Supports" by L.P. Zick.

Stress Summary

Load Condition Saddle

Bending + pressure between saddles
(psi)

Bending + pressure at the saddle
(psi)

S1
(+)

allow
(+)

S1
(-)

allow
(-)

S2
(+)

allow
(+)

S2
(-)

allow
(-)

Seismic Operating Right Saddle 9,604 24,000 45 20,662 9,560 24,000 1 20,662

Left Saddle 9,560 24,000 1 20,662

Wind
Operating Right Saddle 9,600 24,000 41 20,662 9,560 24,000 1 20,662

Left Saddle 9,560 24,000 1 20,662

Test Right Saddle 13,616 34,200 61 20,684 13,556 34,200 1 20,684

Left Saddle 13,556 34,200 1 20,684

Weight Operating Right Saddle 9,598 20,000 39 17,218 9,560 20,000 1 17,218

Left Saddle 9,560 20,000 1 17,218
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Stress Summary

Load Condition Saddle

Tangential
shear (psi)

Circumferential
stress (psi)

Stress over
saddle (psi) Splitting (psi)

S3 allow S4
(horns)

allow
(+/-) S5 allow S6 allow

Seismic Operating Right Saddle 332 16,000 -524 30,000 753 17,400 450 13,333

Left Saddle 331 16,000 -523 30,000 751 17,400 449 13,333

Wind
Operating Right Saddle 301 16,000 -477 30,000 684 17,400 409 13,333

Left Saddle 301 16,000 -475 30,000 683 17,400 408 13,333

Test Right Saddle 446 27,360 -667 34,200 982 34,200 654 34,200

Left Saddle 445 27,360 -666 34,200 980 34,200 653 34,200

Weight Operating Right Saddle 288 16,000 -455 30,000 653 17,400 390 13,333

Left Saddle 287 16,000 -454 30,000 652 17,400 389 13,333
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Seismic base shear on vessel

Vessel is assumed to be a rigid structure.

Method of seismic analysis IBC 2009 ground supported

Vertical seismic accelerations considered Yes

Importance factor, I 1

Site Class C

Short period spectral response acceleration as percent of g, Ss 27.6

1 second spectral response acceleration as percent of g, S1 6.1

From ASCE Table 11.4-1, Fa 1.2

From ASCE Table 11.4-2, Fv 1.7

Occupancy Category (Table 1-1) II

Hazardous, toxic, or explosive contents No

Equations

SMS = Fa*Ss

SM1 = Fv*S1

SDS = (2 / 3)*SMS

SD1 = (2 / 3)*SM1

Fp = 0.3*SDS*I*W*0.7

Results

SMS = 1.2*0.276 0.3312

SM1 = 1.7*0.061 0.1037

SDS = (2 / 3)*0.3312 0.2208

SD1 = (2 / 3)*0.1037 0.0691

Seismic Design Category (Section 11.6) B

Fp = 0.3*0.2208*1*36,169*0.7 1,677.08 lbf
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Saddle reactions due to weight + seismic

Vv = vertical seismic force acting on the saddle

V = horizontal seismic shear acting on the saddle (worst case if not slotted)

Seismic longitudinal reaction, Ql

Seismic transverse reaction, Qt

Equations

Ql = V*Hs / Ls + Vv

Qt = V*Hs / (Ro*Sin( θ / 2 )) + Vv

Q = W + max[ Qt , Ql ]

Results

Operating

Right Saddle
Ql = 1,677.08*86 / 96 + 0.14*0.2208*18,106 2,062.08 lbf

Qt = 839.54*86 / (37.75*Sin( 120 / 2 )) + 0.14*0.2208*18,106 2,768.16 lbf

Q = 18,106 + max[ 2,768.16 , 2,062.08 ] 20,874.16 lbf

Left Saddle
Ql = 1,677.08*86 / 96 + 0.14*0.2208*18,063 2,060.75 lbf

Qt = 837.55*86 / (37.75*Sin( 120 / 2 )) + 0.14*0.2208*18,063 2,761.59 lbf

Q = 18,063 + max[ 2,761.59 , 2,060.75 ] 20,824.59 lbf
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Saddle reactions due to weight + wind

Wind longitudinal reaction, Ql

Wind transverse reaction, Qt

Wind pressure, Pw 11.3215 psf

Equations

Vwt = Pw*G*(Cf(shell)*(Projected shell area) + Cf(saddle)*(Projected saddle area))

Vwe = Pw*G*(Cf(shell)*π*Ro
2 / 144 + Cf(saddle)*(Projected saddle area))

Qt = Vwt*Hs / (Ro*Sin( θ / 2))

Ql = Vwe*Hs / Ls

Q = W + max[ Qt , Ql ]

Results

Operating

Right Saddle

Vwt = 11.32*0.85*(0.7*40.2281 + 2*3.0156) 329.03 lbf

Vwe = 11.32*0.85*(0.5*π*37.752 / 144 + 2*25.4825) 640.05 lbf

Qt = 329.03*86 / (37.75*Sin( 120 / 2)) 865.54 lbf

Ql = 640.05*86 / 96 573.37 lbf

Q = 18,106 + max[ 865.54 , 573.37 ] 18,971.54 lbf

Left Saddle

Vwt = 11.32*0.85*(0.7*40.2281 + 2*3.0156) 329.03 lbf

Vwe = 11.32*0.85*(0.5*π*37.752 / 144 + 2*25.4825) 640.05 lbf

Qt = 329.03*86 / (37.75*Sin( 120 / 2)) 865.54 lbf

Ql = 640.05*86 / 96 573.37 lbf

Q = 18,063 + max[ 865.54 , 573.37 ] 18,928.54 lbf

Test

Right Saddle

Vwt = 3.74*0.85*(0.7*40.2281 + 2*3.0156) 108.58 lbf

Vwe = 3.74*0.85*(0.5*π*37.752 / 144 + 2*25.4825) 211.21 lbf

Qt = 108.58*86 / (37.75*Sin( 120 / 2)) 285.63 lbf

Ql = 211.21*86 / 96 189.21 lbf

Q = 30,055 + max[ 285.63 , 189.21 ] 30,340.63 lbf

Left Saddle

Vwt = 3.74*0.85*(0.7*40.2281 + 2*3.0156) 108.58 lbf

Vwe = 3.74*0.85*(0.5*π*37.752 / 144 + 2*25.4825) 211.21 lbf

Qt = 108.58*86 / (37.75*Sin( 120 / 2)) 285.63 lbf

Ql = 211.21*86 / 96 189.21 lbf

Q = 30,014 + max[ 285.63 , 189.21 ] 30,299.63 lbf

Load Case 1: Seismic, Operating

Longitudinal stress between saddles (Seismic, Operating, right saddle loading and geometry govern)
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S1 = ± 3*K1*Q*(L / 12) / (π*R2*t)
= 3*0.4858*20,874.16*(124 / 12) / (π*36.93752*1.625)
= 45 psi

Sp = P*R / (2*t)
= 860*36.125 / (2*1.625)
= 9,559 psi

Maximum tensile stress S1t = S1 + Sp = 9,604 psi
Maximum compressive stress (shut down) S1c = S1 = 45 psi

Tensile stress is acceptable ( ≤ 1.2*S*E = 24,000 psi)
Compressive stress is acceptable ( ≤ 1.2*Sc = 20,662 psi)

Longitudinal stress at the right saddle (Seismic, Operating)

Le = 2*(Left head depth) / 3 + L + 2*(Right head depth) / 3
= 2*19.625 / 3 + 124 + 2*19.625 / 3
= 150.1667 in

Seismic vertical acceleration coefficient m = 0.6667*0.0464 = 0.0309

w = Wt*(1 + m) / Le = 36,169*(1 + 0.0309) / 150.1667 = 248.3 lbf/in

Bending moment at the right saddle:

Mq = w*(2*H*Ar / 3 + Ar2 / 2 - (R2 - H2) / 4)
= 248.3*(2*19.625*14 / 3 + 142 / 2 - (37.752 - 19.6252) / 4)
= 5,260.6 lbf-in

S2 = ± Mq*K1' / (π*R2*t)
= 5,260.6*1 / (π*36.93752*1.625)
= 1 psi

Sp = P*R / (2*t)
= 860*36.125 / (2*1.625)
= 9,559 psi

Maximum tensile stress S2t = S2 + Sp = 9,560 psi
Maximum compressive stress (shut down) S2c = S2 = 1 psi

Tensile stress is acceptable ( ≤ 1.2*S = 24,000 psi)
Compressive stress is acceptable ( ≤ 1.2*Sc = 20,662 psi)

Tangential shear stress in the shell (right saddle, Seismic, Operating)

S3 = K2.3*Q / (R*(t))
= 0.8799*20,874.16 / (36.9375*(1.625))
= 306 psi

Tangential shear stress is acceptable ( ≤ 0.8*S = 16,000 psi)

Tangential shear stress in the right head (Seismic, Operating)

S3 = K2.3*Q / (R*th)
= 0.8799*20,874.16 / (36.9375*1.5)
= 332 psi
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Tangential shear stress is acceptable ( ≤ 0.8*S = 16,000 psi)

Additional stress in the head used as a stiffener (right saddle, Seismic, Operating)

S3h = K2.4*Q / (R*th)
= 0.4011*20,874.16 / (36.9375*1.5)
= 151 psi

Sp = P*(K*Di + 0.2*th) / (2*th)
= 860*(1*72.25 + 0.2*1.5) / (2*1.5)
= 20,798 psi

Total stress in the head = S3h + Sp = 20,949 psi

Stress in the head is acceptable ( ≤ 1.25*Sh = 25,000 psi)

Circumferential stress at the right saddle horns (Seismic, Operating)

S4 = -Q / (4*t*(b+1.56*Sqr(Ro*t))) - 12*K3*Q*R / (L*t2)
= -20,874.16 / (4*1.625*(9+1.56*Sqr(37.75*1.625))) - 12*0.0132*20,874.16*36.9375 / (124*1.6252)
= -524 psi

Circumferential stress at saddle horns is acceptable ( ≤ 1.5*Sa = 30,000 psi)

Ring compression in shell over right saddle (Seismic, Operating)

S5 = K5*Q / (t*(ts + 1.56*Sqr(Ro*tc)))
= 0.7603*20,874.16 / (1.625*(0.75 + 1.56*Sqr(37.75*1.625)))
= 753 psi

Ring compression in shell is acceptable ( ≤ 0.5*Sy = 17,400 psi)

Saddle splitting load (right, Seismic, Operating)

Area resisting splitting force = Web area + wear plate area

Ae = Heff*ts + tp*Wp
= 12.5833*0.75 + 0*0
= 9.4375 in2

S6 = K8*Q / Ae
= 0.2035*20,874.16 / 9.4375
= 450 psi

Stress in saddle is acceptable ( ≤ (2 / 3)*Ss = 13,333 psi)

Longitudinal stress at the left saddle (Seismic, Operating)

Le = 2*(Left head depth) / 3 + L + 2*(Right head depth) / 3
= 2*19.625 / 3 + 124 + 2*19.625 / 3
= 150.1667 in

Seismic vertical acceleration coefficient m = 0.6667*0.0464 = 0.0309

w = Wt*(1 + m) / Le = 36,169*(1 + 0.0309) / 150.1667 = 248.3 lbf/in
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Bending moment at the left saddle:

Mq = w*(2*H*Al / 3 + Al2 / 2 - (R2 - H2) / 4)
= 248.3*(2*19.625*14 / 3 + 142 / 2 - (37.752 - 19.6252) / 4)
= 5,260.6 lbf-in

S2 = ± Mq*K1' / (π*R2*t)
= 5,260.6*1 / (π*36.93752*1.625)
= 1 psi

Sp = P*R / (2*t)
= 860*36.125 / (2*1.625)
= 9,559 psi

Maximum tensile stress S2t = S2 + Sp = 9,560 psi
Maximum compressive stress (shut down) S2c = S2 = 1 psi

Tensile stress is acceptable ( ≤ 1.2*S = 24,000 psi)
Compressive stress is acceptable ( ≤ 1.2*Sc = 20,662 psi)

Tangential shear stress in the shell (left saddle, Seismic, Operating)

S3 = K2.3*Q / (R*(t))
= 0.8799*20,824.59 / (36.9375*(1.625))
= 305 psi

Tangential shear stress is acceptable ( ≤ 0.8*S = 16,000 psi)

Tangential shear stress in the left head (Seismic, Operating)

S3 = K2.3*Q / (R*th)
= 0.8799*20,824.59 / (36.9375*1.5)
= 331 psi

Tangential shear stress is acceptable ( ≤ 0.8*S = 16,000 psi)

Additional stress in the head used as a stiffener (left saddle, Seismic, Operating)

S3h = K2.4*Q / (R*th)
= 0.4011*20,824.59 / (36.9375*1.5)
= 151 psi

Sp = P*(K*Di + 0.2*th) / (2*th)
= 860*(1*72.25 + 0.2*1.5) / (2*1.5)
= 20,798 psi

Total stress in the head = S3h + Sp = 20,948 psi

Stress in the head is acceptable ( ≤ 1.25*Sh = 25,000 psi)

Circumferential stress at the left saddle horns (Seismic, Operating)

S4 = -Q / (4*t*(b+1.56*Sqr(Ro*t))) - 12*K3*Q*R / (L*t2)
= -20,824.59 / (4*1.625*(9+1.56*Sqr(37.75*1.625))) - 12*0.0132*20,824.59*36.9375 / (124*1.6252)
= -523 psi

Circumferential stress at saddle horns is acceptable ( ≤ 1.5*Sa = 30,000 psi)
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Ring compression in shell over left saddle (Seismic, Operating)

S5 = K5*Q / (t*(ts + 1.56*Sqr(Ro*tc)))
= 0.7603*20,824.59 / (1.625*(0.75 + 1.56*Sqr(37.75*1.625)))
= 751 psi

Ring compression in shell is acceptable ( ≤ 0.5*Sy = 17,400 psi)

Saddle splitting load (left, Seismic, Operating)

Area resisting splitting force = Web area + wear plate area

Ae = Heff*ts + tp*Wp
= 12.5833*0.75 + 0*0
= 9.4375 in2

S6 = K8*Q / Ae
= 0.2035*20,824.59 / 9.4375
= 449 psi

Stress in saddle is acceptable ( ≤ (2 / 3)*Ss = 13,333 psi)

Load Case 2: Wind, Operating

Longitudinal stress between saddles (Wind, Operating, right saddle loading and geometry govern)

S1 = ± 3*K1*Q*(L / 12) / (π*R2*t)
= 3*0.4858*18,971.54*(124 / 12) / (π*36.93752*1.625)
= 41 psi

Sp = P*R / (2*t)
= 860*36.125 / (2*1.625)
= 9,559 psi

Maximum tensile stress S1t = S1 + Sp = 9,600 psi
Maximum compressive stress (shut down) S1c = S1 = 41 psi

Tensile stress is acceptable ( ≤ 1.2*S*E = 24,000 psi)
Compressive stress is acceptable ( ≤ 1.2*Sc = 20,662 psi)

Longitudinal stress at the right saddle (Wind, Operating)

Le = 2*(Left head depth) / 3 + L + 2*(Right head depth) / 3
= 2*19.625 / 3 + 124 + 2*19.625 / 3
= 150.1667 in

w = Wt / Le = 36,169 / 150.1667 = 240.86 lbf/in

Bending moment at the right saddle:

Mq = w*(2*H*Ar / 3 + Ar2 / 2 - (R2 - H2) / 4)
= 240.86*(2*19.625*14 / 3 + 142 / 2 - (37.752 - 19.6252) / 4)
= 5,102.9 lbf-in

S2 = ± Mq*K1' / (π*R2*t)
= 5,102.9*1 / (π*36.93752*1.625)
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= 1 psi

Sp = P*R / (2*t)
= 860*36.125 / (2*1.625)
= 9,559 psi

Maximum tensile stress S2t = S2 + Sp = 9,560 psi
Maximum compressive stress (shut down) S2c = S2 = 1 psi

Tensile stress is acceptable ( ≤ 1.2*S = 24,000 psi)
Compressive stress is acceptable ( ≤ 1.2*Sc = 20,662 psi)

Tangential shear stress in the shell (right saddle, Wind, Operating)

S3 = K2.3*Q / (R*(t))
= 0.8799*18,971.54 / (36.9375*(1.625))
= 278 psi

Tangential shear stress is acceptable ( ≤ 0.8*S = 16,000 psi)

Tangential shear stress in the right head (Wind, Operating)

S3 = K2.3*Q / (R*th)
= 0.8799*18,971.54 / (36.9375*1.5)
= 301 psi

Tangential shear stress is acceptable ( ≤ 0.8*S = 16,000 psi)

Additional stress in the head used as a stiffener (right saddle, Wind, Operating)

S3h = K2.4*Q / (R*th)
= 0.4011*18,971.54 / (36.9375*1.5)
= 137 psi

Sp = P*(K*Di + 0.2*th) / (2*th)
= 860*(1*72.25 + 0.2*1.5) / (2*1.5)
= 20,798 psi

Total stress in the head = S3h + Sp = 20,935 psi

Stress in the head is acceptable ( ≤ 1.25*Sh = 25,000 psi)

Circumferential stress at the right saddle horns (Wind, Operating)

S4 = -Q / (4*t*(b+1.56*Sqr(Ro*t))) - 12*K3*Q*R / (L*t2)
= -18,971.54 / (4*1.625*(9+1.56*Sqr(37.75*1.625))) - 12*0.0132*18,971.54*36.9375 / (124*1.6252)
= -477 psi

Circumferential stress at saddle horns is acceptable ( ≤ 1.5*Sa = 30,000 psi)

Ring compression in shell over right saddle (Wind, Operating)

S5 = K5*Q / (t*(ts + 1.56*Sqr(Ro*tc)))
= 0.7603*18,971.54 / (1.625*(0.75 + 1.56*Sqr(37.75*1.625)))
= 684 psi

Ring compression in shell is acceptable ( ≤ 0.5*Sy = 17,400 psi)
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Saddle splitting load (right, Wind, Operating)

Area resisting splitting force = Web area + wear plate area

Ae = Heff*ts + tp*Wp
= 12.5833*0.75 + 0*0
= 9.4375 in2

S6 = K8*Q / Ae
= 0.2035*18,971.54 / 9.4375
= 409 psi

Stress in saddle is acceptable ( ≤ (2 / 3)*Ss = 13,333 psi)

Longitudinal stress at the left saddle (Wind, Operating)

Le = 2*(Left head depth) / 3 + L + 2*(Right head depth) / 3
= 2*19.625 / 3 + 124 + 2*19.625 / 3
= 150.1667 in

w = Wt / Le = 36,169 / 150.1667 = 240.86 lbf/in

Bending moment at the left saddle:

Mq = w*(2*H*Al / 3 + Al2 / 2 - (R2 - H2) / 4)
= 240.86*(2*19.625*14 / 3 + 142 / 2 - (37.752 - 19.6252) / 4)
= 5,102.9 lbf-in

S2 = ± Mq*K1' / (π*R2*t)
= 5,102.9*1 / (π*36.93752*1.625)
= 1 psi

Sp = P*R / (2*t)
= 860*36.125 / (2*1.625)
= 9,559 psi

Maximum tensile stress S2t = S2 + Sp = 9,560 psi
Maximum compressive stress (shut down) S2c = S2 = 1 psi

Tensile stress is acceptable ( ≤ 1.2*S = 24,000 psi)
Compressive stress is acceptable ( ≤ 1.2*Sc = 20,662 psi)

Tangential shear stress in the shell (left saddle, Wind, Operating)

S3 = K2.3*Q / (R*(t))
= 0.8799*18,928.54 / (36.9375*(1.625))
= 277 psi

Tangential shear stress is acceptable ( ≤ 0.8*S = 16,000 psi)

Tangential shear stress in the left head (Wind, Operating)

S3 = K2.3*Q / (R*th)
= 0.8799*18,928.54 / (36.9375*1.5)
= 301 psi
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Tangential shear stress is acceptable ( ≤ 0.8*S = 16,000 psi)

Additional stress in the head used as a stiffener (left saddle, Wind, Operating)

S3h = K2.4*Q / (R*th)
= 0.4011*18,928.54 / (36.9375*1.5)
= 137 psi

Sp = P*(K*Di + 0.2*th) / (2*th)
= 860*(1*72.25 + 0.2*1.5) / (2*1.5)
= 20,798 psi

Total stress in the head = S3h + Sp = 20,935 psi

Stress in the head is acceptable ( ≤ 1.25*Sh = 25,000 psi)

Circumferential stress at the left saddle horns (Wind, Operating)

S4 = -Q / (4*t*(b+1.56*Sqr(Ro*t))) - 12*K3*Q*R / (L*t2)
= -18,928.54 / (4*1.625*(9+1.56*Sqr(37.75*1.625))) - 12*0.0132*18,928.54*36.9375 / (124*1.6252)
= -475 psi

Circumferential stress at saddle horns is acceptable ( ≤ 1.5*Sa = 30,000 psi)

Ring compression in shell over left saddle (Wind, Operating)

S5 = K5*Q / (t*(ts + 1.56*Sqr(Ro*tc)))
= 0.7603*18,928.54 / (1.625*(0.75 + 1.56*Sqr(37.75*1.625)))
= 683 psi

Ring compression in shell is acceptable ( ≤ 0.5*Sy = 17,400 psi)

Saddle splitting load (left, Wind, Operating)

Area resisting splitting force = Web area + wear plate area

Ae = Heff*ts + tp*Wp
= 12.5833*0.75 + 0*0
= 9.4375 in2

S6 = K8*Q / Ae
= 0.2035*18,928.54 / 9.4375
= 408 psi

Stress in saddle is acceptable ( ≤ (2 / 3)*Ss = 13,333 psi)

Load Case 3: Wind, Test

Longitudinal stress between saddles (Wind, Test, right saddle loading and geometry govern)

S1 = ± 3*K1*Q*(L / 12) / (π*R2*t)
= 3*0.4858*30,340.63*(124 / 12) / (π*36.8752*1.75)
= 61 psi

Sp = P*R / (2*t)
= 1,317.88*36 / (2*1.75)
= 13,555 psi
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Maximum tensile stress S1t = S1 + Sp = 13,616 psi
Maximum compressive stress (shut down) S1c = S1 = 61 psi

Tensile stress is acceptable ( ≤ 0.9*Sy*E = 34,200 psi)
Compressive stress is acceptable ( ≤ 1.2*Sc = 20,684 psi)

Longitudinal stress at the right saddle (Wind, Test)

Le = 2*(Left head depth) / 3 + L + 2*(Right head depth) / 3
= 2*19.625 / 3 + 124 + 2*19.625 / 3
= 150.1667 in

w = Wt / Le = 60,069 / 150.1667 = 400.02 lbf/in

Bending moment at the right saddle:

Mq = w*(2*H*Ar / 3 + Ar2 / 2 - (R2 - H2) / 4)
= 400.02*(2*19.625*14 / 3 + 142 / 2 - (37.752 - 19.6252) / 4)
= 8,474.8 lbf-in

S2 = ± Mq*K1' / (π*R2*t)
= 8,474.8*1 / (π*36.8752*1.75)
= 1 psi

Sp = P*R / (2*t)
= 1,317.88*36 / (2*1.75)
= 13,555 psi

Maximum tensile stress S2t = S2 + Sp = 13,556 psi
Maximum compressive stress (shut down) S2c = S2 = 1 psi

Tensile stress is acceptable ( ≤ 0.9*Sy = 34,200 psi)
Compressive stress is acceptable ( ≤ 1.2*Sc = 20,684 psi)

Tangential shear stress in the shell (right saddle, Wind, Test)

S3 = K2.3*Q / (R*(t))
= 0.8799*30,340.63 / (36.875*(1.75))
= 414 psi

Tangential shear stress is acceptable ( ≤ 0.8*(0.9*Sy) = 27,360 psi)

Tangential shear stress in the right head (Wind, Test)

S3 = K2.3*Q / (R*th)
= 0.8799*30,340.63 / (36.875*1.625)
= 446 psi

Tangential shear stress is acceptable ( ≤ 0.8*(0.9*Sy) = 27,360 psi)

Additional stress in the head used as a stiffener (right saddle, Wind, Test)

S3h = K2.4*Q / (R*th)
= 0.4011*30,340.63 / (36.875*1.625)
= 203 psi
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Sp = P*(K*Di + 0.2*th) / (2*th)
= 1,317.88*(1*72 + 0.2*1.625) / (2*1.625)
= 29,328 psi

Total stress in the head = S3h + Sp = 29,531 psi

Stress in the head is acceptable ( ≤ 0.9*Sy = 34,200 psi)

Circumferential stress at the right saddle horns (Wind, Test)

S4 = -Q / (4*t*(b+1.56*Sqr(Ro*t))) - 12*K3*Q*R / (L*t2)
= -30,340.63 / (4*1.75*(9+1.56*Sqr(37.75*1.75))) - 12*0.0132*30,340.63*36.875 / (124*1.752)
= -667 psi

Circumferential stress at saddle horns is acceptable ( ≤ 0.9*Sy = 34,200 psi)

Ring compression in shell over right saddle (Wind, Test)

S5 = K5*Q / (t*(ts + 1.56*Sqr(Ro*tc)))
= 0.7603*30,340.63 / (1.75*(0.75 + 1.56*Sqr(37.75*1.75)))
= 982 psi

Ring compression in shell is acceptable ( ≤ 0.9*Sy = 34,200 psi)

Saddle splitting load (right, Wind, Test)

Area resisting splitting force = Web area + wear plate area

Ae = Heff*ts + tp*Wp
= 12.5833*0.75 + 0*0
= 9.4375 in2

S6 = K8*Q / Ae
= 0.2035*30,340.63 / 9.4375
= 654 psi

Stress in saddle is acceptable ( ≤ 0.9*Sy = 34,200 psi)

Longitudinal stress at the left saddle (Wind, Test)

Le = 2*(Left head depth) / 3 + L + 2*(Right head depth) / 3
= 2*19.625 / 3 + 124 + 2*19.625 / 3
= 150.1667 in

w = Wt / Le = 60,069 / 150.1667 = 400.02 lbf/in

Bending moment at the left saddle:

Mq = w*(2*H*Al / 3 + Al2 / 2 - (R2 - H2) / 4)
= 400.02*(2*19.625*14 / 3 + 142 / 2 - (37.752 - 19.6252) / 4)
= 8,474.8 lbf-in

S2 = ± Mq*K1' / (π*R2*t)
= 8,474.8*1 / (π*36.8752*1.75)
= 1 psi

Sp = P*R / (2*t)
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= 1,317.88*36 / (2*1.75)
= 13,555 psi

Maximum tensile stress S2t = S2 + Sp = 13,556 psi
Maximum compressive stress (shut down) S2c = S2 = 1 psi

Tensile stress is acceptable ( ≤ 0.9*Sy = 34,200 psi)
Compressive stress is acceptable ( ≤ 1.2*Sc = 20,684 psi)

Tangential shear stress in the shell (left saddle, Wind, Test)

S3 = K2.3*Q / (R*(t))
= 0.8799*30,299.63 / (36.875*(1.75))
= 413 psi

Tangential shear stress is acceptable ( ≤ 0.8*(0.9*Sy) = 27,360 psi)

Tangential shear stress in the left head (Wind, Test)

S3 = K2.3*Q / (R*th)
= 0.8799*30,299.63 / (36.875*1.625)
= 445 psi

Tangential shear stress is acceptable ( ≤ 0.8*(0.9*Sy) = 27,360 psi)

Additional stress in the head used as a stiffener (left saddle, Wind, Test)

S3h = K2.4*Q / (R*th)
= 0.4011*30,299.63 / (36.875*1.625)
= 203 psi

Sp = P*(K*Di + 0.2*th) / (2*th)
= 1,317.88*(1*72 + 0.2*1.625) / (2*1.625)
= 29,328 psi

Total stress in the head = S3h + Sp = 29,531 psi

Stress in the head is acceptable ( ≤ 0.9*Sy = 34,200 psi)

Circumferential stress at the left saddle horns (Wind, Test)

S4 = -Q / (4*t*(b+1.56*Sqr(Ro*t))) - 12*K3*Q*R / (L*t2)
= -30,299.63 / (4*1.75*(9+1.56*Sqr(37.75*1.75))) - 12*0.0132*30,299.63*36.875 / (124*1.752)
= -666 psi

Circumferential stress at saddle horns is acceptable ( ≤ 0.9*Sy = 34,200 psi)

Ring compression in shell over left saddle (Wind, Test)

S5 = K5*Q / (t*(ts + 1.56*Sqr(Ro*tc)))
= 0.7603*30,299.63 / (1.75*(0.75 + 1.56*Sqr(37.75*1.75)))
= 980 psi

Ring compression in shell is acceptable ( ≤ 0.9*Sy = 34,200 psi)

Saddle splitting load (left, Wind, Test)
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Area resisting splitting force = Web area + wear plate area

Ae = Heff*ts + tp*Wp
= 12.5833*0.75 + 0*0
= 9.4375 in2

S6 = K8*Q / Ae
= 0.2035*30,299.63 / 9.4375
= 653 psi

Stress in saddle is acceptable ( ≤ 0.9*Sy = 34,200 psi)

Load Case 4: Weight, Operating

Longitudinal stress between saddles (Weight, Operating, right saddle loading and geometry govern)

S1 = ± 3*K1*Q*(L / 12) / (π*R2*t)
= 3*0.4858*18,106*(124 / 12) / (π*36.93752*1.625)
= 39 psi

Sp = P*R / (2*t)
= 860*36.125 / (2*1.625)
= 9,559 psi

Maximum tensile stress S1t = S1 + Sp = 9,598 psi
Maximum compressive stress (shut down) S1c = S1 = 39 psi

Tensile stress is acceptable ( ≤ S*E = 20,000 psi)
Compressive stress is acceptable ( ≤ Sc = 17,218 psi)

Longitudinal stress at the right saddle (Weight, Operating)

Le = 2*(Left head depth) / 3 + L + 2*(Right head depth) / 3
= 2*19.625 / 3 + 124 + 2*19.625 / 3
= 150.1667 in

w = Wt / Le = 36,169 / 150.1667 = 240.86 lbf/in

Bending moment at the right saddle:

Mq = w*(2*H*Ar / 3 + Ar2 / 2 - (R2 - H2) / 4)
= 240.86*(2*19.625*14 / 3 + 142 / 2 - (37.752 - 19.6252) / 4)
= 5,102.9 lbf-in

S2 = ± Mq*K1' / (π*R2*t)
= 5,102.9*1 / (π*36.93752*1.625)
= 1 psi

Sp = P*R / (2*t)
= 860*36.125 / (2*1.625)
= 9,559 psi

Maximum tensile stress S2t = S2 + Sp = 9,560 psi
Maximum compressive stress (shut down) S2c = S2 = 1 psi

Tensile stress is acceptable ( ≤ S = 20,000 psi)
Compressive stress is acceptable ( ≤ Sc = 17,218 psi)
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Tangential shear stress in the shell (right saddle, Weight, Operating)

S3 = K2.3*Q / (R*(t))
= 0.8799*18,106 / (36.9375*(1.625))
= 265 psi

Tangential shear stress is acceptable ( ≤ 0.8*S = 16,000 psi)

Tangential shear stress in the right head (Weight, Operating)

S3 = K2.3*Q / (R*th)
= 0.8799*18,106 / (36.9375*1.5)
= 288 psi

Tangential shear stress is acceptable ( ≤ 0.8*S = 16,000 psi)

Additional stress in the head used as a stiffener (right saddle, Weight, Operating)

S3h = K2.4*Q / (R*th)
= 0.4011*18,106 / (36.9375*1.5)
= 131 psi

Sp = P*(K*Di + 0.2*th) / (2*th)
= 860*(1*72.25 + 0.2*1.5) / (2*1.5)
= 20,798 psi

Total stress in the head = S3h + Sp = 20,929 psi

Stress in the head is acceptable ( ≤ 1.25*Sh = 25,000 psi)

Circumferential stress at the right saddle horns (Weight, Operating)

S4 = -Q / (4*t*(b+1.56*Sqr(Ro*t))) - 12*K3*Q*R / (L*t2)
= -18,106 / (4*1.625*(9+1.56*Sqr(37.75*1.625))) - 12*0.0132*18,106*36.9375 / (124*1.6252)
= -455 psi

Circumferential stress at saddle horns is acceptable ( ≤ 1.5*Sa = 30,000 psi)

Ring compression in shell over right saddle (Weight, Operating)

S5 = K5*Q / (t*(ts + 1.56*Sqr(Ro*tc)))
= 0.7603*18,106 / (1.625*(0.75 + 1.56*Sqr(37.75*1.625)))
= 653 psi

Ring compression in shell is acceptable ( ≤ 0.5*Sy = 17,400 psi)

Saddle splitting load (right, Weight, Operating)

Area resisting splitting force = Web area + wear plate area

Ae = Heff*ts + tp*Wp
= 12.5833*0.75 + 0*0
= 9.4375 in2

S6 = K8*Q / Ae
= 0.2035*18,106 / 9.4375
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= 390 psi

Stress in saddle is acceptable ( ≤ (2 / 3)*Ss = 13,333 psi)

Longitudinal stress at the left saddle (Weight, Operating)

Le = 2*(Left head depth) / 3 + L + 2*(Right head depth) / 3
= 2*19.625 / 3 + 124 + 2*19.625 / 3
= 150.1667 in

w = Wt / Le = 36,169 / 150.1667 = 240.86 lbf/in

Bending moment at the left saddle:

Mq = w*(2*H*Al / 3 + Al2 / 2 - (R2 - H2) / 4)
= 240.86*(2*19.625*14 / 3 + 142 / 2 - (37.752 - 19.6252) / 4)
= 5,102.9 lbf-in

S2 = ± Mq*K1' / (π*R2*t)
= 5,102.9*1 / (π*36.93752*1.625)
= 1 psi

Sp = P*R / (2*t)
= 860*36.125 / (2*1.625)
= 9,559 psi

Maximum tensile stress S2t = S2 + Sp = 9,560 psi
Maximum compressive stress (shut down) S2c = S2 = 1 psi

Tensile stress is acceptable ( ≤ S = 20,000 psi)
Compressive stress is acceptable ( ≤ Sc = 17,218 psi)

Tangential shear stress in the shell (left saddle, Weight, Operating)

S3 = K2.3*Q / (R*(t))
= 0.8799*18,063 / (36.9375*(1.625))
= 265 psi

Tangential shear stress is acceptable ( ≤ 0.8*S = 16,000 psi)

Tangential shear stress in the left head (Weight, Operating)

S3 = K2.3*Q / (R*th)
= 0.8799*18,063 / (36.9375*1.5)
= 287 psi

Tangential shear stress is acceptable ( ≤ 0.8*S = 16,000 psi)

Additional stress in the head used as a stiffener (left saddle, Weight, Operating)

S3h = K2.4*Q / (R*th)
= 0.4011*18,063 / (36.9375*1.5)
= 131 psi

Sp = P*(K*Di + 0.2*th) / (2*th)
= 860*(1*72.25 + 0.2*1.5) / (2*1.5)
= 20,798 psi
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Total stress in the head = S3h + Sp = 20,928 psi

Stress in the head is acceptable ( ≤ 1.25*Sh = 25,000 psi)

Circumferential stress at the left saddle horns (Weight, Operating)

S4 = -Q / (4*t*(b+1.56*Sqr(Ro*t))) - 12*K3*Q*R / (L*t2)
= -18,063 / (4*1.625*(9+1.56*Sqr(37.75*1.625))) - 12*0.0132*18,063*36.9375 / (124*1.6252)
= -454 psi

Circumferential stress at saddle horns is acceptable ( ≤ 1.5*Sa = 30,000 psi)

Ring compression in shell over left saddle (Weight, Operating)

S5 = K5*Q / (t*(ts + 1.56*Sqr(Ro*tc)))
= 0.7603*18,063 / (1.625*(0.75 + 1.56*Sqr(37.75*1.625)))
= 652 psi

Ring compression in shell is acceptable ( ≤ 0.5*Sy = 17,400 psi)

Saddle splitting load (left, Weight, Operating)

Area resisting splitting force = Web area + wear plate area

Ae = Heff*ts + tp*Wp
= 12.5833*0.75 + 0*0
= 9.4375 in2

S6 = K8*Q / Ae
= 0.2035*18,063 / 9.4375
= 389 psi

Stress in saddle is acceptable ( ≤ (2 / 3)*Ss = 13,333 psi)

Shear stress in anchor bolting, one end slotted

Maximum seismic or wind base shear = 1,677.08 lbf

Thermal expansion base shear = W*µ = 19,280*0.45 = 8,676 lbf
Corroded root area for a 1.5" series 8 threaded bolt = 1.405 in2 ( 2 per saddle )

Bolt shear stress = 8,676 / (1.405*1*2) = 3,088 psi

Anchor bolt stress is acceptable ( ≤ 10,000 psi)

Shear stress in anchor bolting, transverse

Maximum seismic or wind base shear = 1,677.08 lbf
Corroded root area for a 1.5" series 8 threaded bolt = 1.405 in2 ( 2 per saddle )

Bolt shear stress = 1,677.08 / (1.405*2*2) = 298 psi

Anchor bolt stress is acceptable ( ≤ 10,000 psi)

Web plate buckling check (Escoe pg 251)
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Allowable compressive stress Sc is the lesser of 20,000 or 4,300 psi: (4,300)

Sc = Ki*π2*E / (12*(1 - 0.32)*(di / ts)2)
= 1.28*π2*29E+06 / (12*(1 - 0.32)*(66.25 / 0.75)2)
= 4,300 psi

Allowable compressive load on the saddle

be = di*ts / (di*ts + 2*tw*(b - 1))
= 66.25*0.75 / (66.25*0.75 + 2*0.75*(9 - 1))
= 0.8055

Fb = n*(As + 2*be*ts)*Sc
= 2*(6.1875 + 2*0.8055*0.75)*4,300
= 63,598.3 lbf

Saddle loading of 31,514.63 lbf is ≤ Fb; satisfactory.

Primary bending + axial stress in the saddle due to end loads (assumes one saddle slotted)
σb = V*(Hs - xo)*y / I + Q / A
= 1,677.08*(86 - 31.219)*6.375 / 196.07 + 20,874.16 / 61.4137
= 3,327 psi

The primary bending + axial stress in the saddle ≤ Ss = 20,000 psi; satisfactory.

Secondary bending + axial stress in the saddle due to end loads (includes thermal expansion, assumes one
saddle slotted)
σb = V*(Hs - xo)*y / I + Q / A
= 10,353.08*(86 - 31.219)*6.375 / 196.07 + 20,874.16 / 61.4137
= 18,781 psi

The secondary bending + axial stress in the saddle ≤ 2*Sy = 76,000 psi; satisfactory.

Saddle base plate thickness check (Roark sixth edition, Table 26, case 7a)

where a = 66.25, b = 9.25 in

tb = (β1*q*b2 / (1.5*Sa))0.5
= (3*46*9.252 / (1.5*20,000))0.5
= 0.6297 in

The base plate thickness of 1 in is adequate.

Foundation bearing check

Sf = Qmax / (F*E)
= 31,514.63 / (10*68)
= 46 psi

Concrete bearing stress ≤ 1,658 psi ; satisfactory.
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Seismic Code

Seismic calculations are reported in the saddle report.
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Wind Code

Building Code: ASCE 7-05

Elevation of base above grade 0.00 ft

Increase effective outer diameter by 0.00 ft

Wind Force Coefficient, Cf 0.7000

Occupancy Category (Table 1-1) II

Basic Wind Speed, V 90.0000
mph

Importance Factor, I 1.0000

Exposure Category B

Wind Directionality Factor, Kd 0.9500

Topographic Factor, Kzt 1.0000

Enforce minimum design load of 10 psf per ASCE 6.1.4.1.: Yes

Hazardous, toxic, or explosive contents No

Wind Pressure (WP) Calculations

Kz = 2.01 * (Z/zg)2/α

= 2.01 * (15.00 / 1,200.00)0.2857

= 0.5747

qz = 0.00256 * Kz * Kzt * Kd * V2 * I
= 0.00256 * 0.5747 * 1.0000 * 0.9500 * 90.00002 * 1.0000
= 11.3215 psf

qz = max[ 11.3215, 10.0000 ]
= 11.3215 psf

Table Lookup Values

α = 7.0000, zg = 1,200.00 ft [Table 6-2, page 78]

Shear calculations are reported in the saddle report.
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Sump Weight-Inlet

ASME Section VIII Division 1, 2015 Edition

Inputs

Load Orientation Vertical Load

Position from datum 0"

Direction Angle 0.00°

Magnitude of Force 1,200 lb

Loading Conditions

Present When Operating Yes

Included in Vessel Lift Weight Yes

Present When Vessel is Empty Yes

Present During Test Yes
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Sump Weight-Outlet

ASME Section VIII Division 1, 2015 Edition

Inputs

Load Orientation Vertical Load

Position from datum 120"

Direction Angle 0.00°

Magnitude of Force 1,200 lb

Loading Conditions

Present When Operating Yes

Included in Vessel Lift Weight Yes

Present When Vessel is Empty Yes

Present During Test Yes
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GasTech Engineering LLC

2110 Industrial Road

Sapulpa, OK, 74066

GTE 11048 Lower Barrel Design Calculations

Item:  Horizontal Cyclone Separator

Vessel No:  V-1414

Customer:  Transcontinental Gas Pipe Line

Contract:  676280

Designer:  Kamyar Najmi

Date:  Tuesday, May 22, 2018

Location:  Chester County, PA

Purchaser:  Transcontinental Gas Pipe Line

Name:  11048-CC Lower Barrel REV 0

P.O. Number:  676280

Tag Number:  V-1414

Revision:  1



REV 1: Hydro test pressure chnaged to 1315 psi
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Deficiencies Summary

No deficiencies found.
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Nozzle Schedule

Specifications

Nozzle
mark Identifier Size Materials Impact

Tested Normalized Fine
Grain Flange Blind

Bridle Bottom Tap

Bridle Bottom Tap NPS 2 Sch
160 Nozzle SA-106 B Smls

pipe No No No N/A No

Elbow (Bridle Bottom Tap) NPS 2 Sch
160 B16.9 Elbow SA-234 WPB No No No N/A No

Elbow Pipe (Bridle Bottom
Tap)

NPS 2 Sch
160

Nozzle
Piping

SA-106 B Smls
pipe No No No

NPS 2 Class
600

WN A105 N
No

Downcomer-Inlet Downcomer-Inlet NPS 6 XXS Nozzle SA-106 C Smls
pipe No No No N/A No

Downcomer-Outlet Downcomer-Outlet NPS 6 XXS Nozzle SA-106 C Smls
pipe No No No N/A No

Liquid Outlet

Liquid Outlet NPS 2 Sch
160 Nozzle SA-106 B Smls

pipe No No No N/A No

Elbow (Liquid Outlet) NPS 2 Sch
160 B16.9 Elbow SA-234 WPB No No No N/A No

Elbow Pipe (Liquid Outlet) NPS 2 Sch
160

Nozzle
Piping

SA-106 B Smls
pipe No No No

NPS 2 Class
600

WN A105 N
No
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Nozzle Summary

Dimensions

Nozzle
Identifier

OD
(in)

tn
(in)

Req tn
(in) A1? A2?

Shell Reinforcement
Pad Corr

(in)
Aa/Ar
(%)

Nom t
(in)

Design t
(in)

User t
(in)

Width
(in)

tpad
(in)

Bridle Bottom Tap 2.375 0.344 0.2969 Yes Yes 0.562 N/A N/A N/A 0.125 Exempt

Downcomer-Inlet 6.625 0.864 0.4229 Yes Yes 0.562 0.4329 N/A N/A 0.125 100.4

Downcomer-Outlet 6.625 0.864 0.4229 Yes Yes 0.562 0.4329 N/A N/A 0.125 100.4

Liquid Outlet 2.375 0.344 0.2969 Yes Yes 0.562 N/A N/A N/A 0.125 Exempt

Definitions

tn Nozzle thickness

Req tn Nozzle thickness required per UG-45/UG-16
Increased for pipe to account for 12.5% pipe thickness tolerance

Nom t Vessel wall thickness

Design t Required vessel wall thickness due to pressure + corrosion allowance per UG-37

User t Local vessel wall thickness (near opening)

Aa Area available per UG-37, governing condition

Ar Area required per UG-37, governing condition

Corr Corrosion allowance on nozzle wall
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Pressure Summary

Component Summary

Identifier
P

Design
(psi)

T

Design
(°F)

MAWP
(psi)

MAP
(psi)

MDMT
(°F)

MDMT
Exemption

Impact
Tested

ASME B16.5/16.47 Blind on Sump-Head (Sch 60) 860 200 1,359.79 1,480 -55 Note 1 No

Sump 860 200 1,018.2 1,376.7 -23.69 Note 2 No

ASME B16.5/16.47 Blind on Sump-Head (Sch 60) 860 200 1,359.79 1,480 -55 Note 1 No

Sump-Head (Sch 60) 860 200 1,359.79 1,480 -55 Note 1 No

Sump-Head (Sch 60) 860 200 1,359.79 1,480 -55 Note 1 No

Bridle Bottom Tap (Bridle Bottom Tap) 860 200 1,018.33 1,376.84 -155 Note 3 No

Elbow (Bridle Bottom Tap) 860 200 2,693.57 4,823.45 -155 Note 4 No

Elbow Pipe (Bridle Bottom Tap) 860 200 1,359.45 1,480 -155 Note 4 No

Downcomer-Inlet (Downcomer-Inlet) 860 200 861.39 1,232.28 -23.69 Note 5 No

Downcomer-Outlet (Downcomer-Outlet) 860 200 861.39 1,232.28 -23.69 Note 5 No

Liquid Outlet (Liquid Outlet) 860 200 1,018.33 1,376.84 -155 Note 3 No

Elbow (Liquid Outlet) 860 200 2,693.57 4,823.45 -155 Note 4 No

Elbow Pipe (Liquid Outlet) 860 200 1,359.45 1,480 -155 Note 4 No

Chamber Summary

Design MDMT -20 °F

Rated MDMT -23.69 °F @ 861.39 psi

MAWP hot & corroded 861.39 psi @ 200 °F

MAP cold & new 1,232.28 psi @ 70 °F

(1) This pressure chamber is not designed for
external pressure.

Notes for MDMT Rating

Note # Exemption Details

1. Flange rated MDMT per UCS-66(b)(1)(b) = -55°F (Coincident ratio = 0.5822) Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

2. Material impact test exemption temperature from Fig UCS-66 Curve B = -7.79°F
Fig UCS-66.1 MDMT reduction = 15.9°F, (coincident ratio = 0.8412) UCS-66 governing thickness = 0.4918 in

3. Nozzle is impact test exempt to -155°F per UCS-66(b)(3) (coincident ratio = 0.2859).

4. Material is impact test exempt to -155°F per UCS-66(b)(3) (coincident ratio = 0.3334)

5. Nozzle impact test exemption temperature from Fig UCS-66 Curve B = -7.79°F
Fig UCS-66.1 MDMT reduction = 15.9°F, (coincident ratio = 0.8409) UCS-66 governing thickness = 0.4918 in.
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Revision History

Revisions

No. Date Operator Notes

0 12/13/2017 knajmi New vessel created ASME Section VIII Division 1 [COMPRESS 2017 Build 7710]
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Settings Summary

COMPRESS 2018 Build 7800

ASME Section VIII Division 1, 2015 Edition

Units U.S. Customary

Datum Line Location 6.37" from left seam

Vessel Design Mode Design Mode

Minimum thickness 0.0625" per UG-16(b)

Design for cold shut down only No

Design for lethal service (full radiography required) No

Design nozzles for Design P only

Corrosion weight loss 100% of theoretical loss

UG-23 Stress Increase 1.20

Skirt/legs stress increase 1.0

Minimum nozzle projection 3"

Juncture calculations for α > 30 only Yes

Preheat P-No 1 Materials > 1.25" and <= 1.50" thick No

UG-37(a) shell tr calculation considers longitudinal stress No

Cylindrical shells made from pipe are entered as minimum thickness No

Nozzles made from pipe are entered as minimum thickness No

ASME B16.9 fittings are entered as minimum thickness No

Butt welds Tapered per Figure
UCS-66.3(a)

Disallow Appendix 1-5, 1-8 calculations under 15 psi No

Hydro/Pneumatic Test

Shop Hydrotest at user defined pressure 1,315 psi

Test liquid specific gravity 1.00

Maximum stress during test 90% of yield

Required Marking - UG-116

UG-116(e) Radiography RT1

UG-116(f) Postweld heat treatment None

Code Cases\Interpretations

Use Code Case 2547 No

Use Code Case 2695 No

Apply interpretation VIII-1-83-66 Yes

Apply interpretation VIII-1-86-175 Yes
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Apply interpretation VIII-1-01-37 Yes

Apply interpretation VIII-1-01-150 Yes

Apply interpretation VIII-1-07-50 Yes

Apply interpretation VIII-1-16-85 Yes

No UCS-66.1 MDMT reduction No

No UCS-68(c) MDMT reduction No

Disallow UG-20(f) exemptions No

UG-22 Loadings

UG-22(a) Internal or External Design Pressure Yes

UG-22(b) Weight of the vessel and normal contents under operating or test
conditions No

UG-22(c) Superimposed static reactions from weight of attached equipment
(external loads) No

UG-22(d)(2) Vessel supports such as lugs, rings, skirts, saddles and legs No

UG-22(f) Wind reactions No

UG-22(f) Seismic reactions No

UG-22(j) Test pressure and coincident static head acting during the test: No

Note: UG-22(b),(c) and (f) loads only considered when supports are present.

License Information

Company Name GasTech Engineering LLC

License Commercial

License Key ID 23449

Support Expires June 01, 2018
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Radiography Summary

UG-116 Radiography

Component

Longitudinal Seam Left Circumferential Seam Right Circumferential Seam

MarkCategory
(Fig
UW-3)

Radiography /
Joint Type

Category
(Fig
UW-3)

Radiography / Joint
Type

Category
(Fig
UW-3)

Radiography / Joint
Type

ASME B16.5/16.47 Blind on Sump-Head (Sch 60) N/A Seamless No RT N/A N/A N/A N/A / Gasketed N/A

Sump N/A Seamless No RT C Full UW-11(a) / Type
1 C Full UW-11(a) / Type

1 RT1

Sump-Head (Sch 60) N/A Seamless No RT N/A N/A / Gasketed C Full UW-11(a) / Type
1 RT1

Sump-Head (Sch 60) N/A Seamless No RT C Full UW-11(a) / Type
1 N/A N/A / Gasketed RT1

ASME B16.5/16.47 Blind on Sump-Head (Sch 60) N/A Seamless No RT N/A N/A / Gasketed N/A N/A N/A

Nozzle Longitudinal Seam Nozzle to Vessel
Circumferential Seam

Nozzle free end Circumferential
Seam

Downcomer-Inlet (Downcomer-Inlet) N/A Seamless No RT D N/A / Type 7 N/A N/A N/A

Downcomer-Outlet (Downcomer-Outlet) N/A Seamless No RT D N/A / Type 7 N/A N/A N/A

Bridle Bottom Tap (Bridle Bottom Tap) N/A Seamless No RT D N/A / Type 7 B UW-11(a)(4) exempt
/ Type 1 N/A

Elbow (Bridle Bottom Tap) N/A Seamless No RT B UW-11(a)(4) exempt
/ Type 1 B UW-11(a)(4) exempt

/ Type 1 N/A

Elbow Pipe (Bridle Bottom Tap) N/A Seamless No RT B UW-11(a)(4) exempt
/ Type 1 C UW-11(a)(4) exempt

/ Type 1 N/A

Liquid Outlet (Liquid Outlet) N/A Seamless No RT D N/A / Type 7 B UW-11(a)(4) exempt
/ Type 1 N/A

Elbow (Liquid Outlet) N/A Seamless No RT B UW-11(a)(4) exempt
/ Type 1 B UW-11(a)(4) exempt

/ Type 1 N/A

Elbow Pipe (Liquid Outlet) N/A Seamless No RT B UW-11(a)(4) exempt
/ Type 1 C UW-11(a)(4) exempt

/ Type 1 N/A

Nozzle Flange Longitudinal Seam Flange Face Nozzle to Flange
Circumferential Seam

ASME B16.5/16.47 flange attached to right end of
Elbow Pipe (Bridle Bottom Tap) N/A Seamless No RT N/A N/A / Gasketed C UW-11(a)(4) exempt

/ Type 1 N/A

ASME B16.5/16.47 flange attached to right end of
Elbow Pipe (Liquid Outlet) N/A Seamless No RT N/A N/A / Gasketed C UW-11(a)(4) exempt

/ Type 1 N/A

UG-116(e) Required Marking: RT1
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Thickness Summary

Component Data

Component
Identifier

Material Diameter
(in)

Length
(in)

Nominal t
(in)

Design t
(in)

Total Corrosion
(in)

Joint
E

Load

Sump SA-106 B Smls pipe 11.626 ID 120 0.562 0.4331 0.125 1.00 Internal

Definitions

Nominal t Vessel wall nominal thickness

Design t Required vessel thickness due to governing loading + corrosion

Joint E Longitudinal seam joint efficiency

Load

Internal Circumferential stress due to internal pressure governs

External External pressure governs

Wind Combined longitudinal stress of pressure + weight + wind
governs

Seismic Combined longitudinal stress of pressure + weight + seismic
governs
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Weight Summary

Weight (lb) Contributed by Vessel Elements

Component Metal
New*

Metal
Corroded Insulation Insulation

Supports Lining Piping
+ Liquid

Operating Liquid Test Liquid Surface
Area
ft2New Corroded New Corroded

ASME B16.5/16.47 Blind on Sump-Head (Sch
60) 355 355 0 0 0 0 0 0 0 0 4

Sump 718.4 564.4 0 0 0 0 255.7 266.4 524.8 547.2 33

ASME B16.5/16.47 Blind on Sump-Head (Sch
60) 355 355 0 0 0 0 0 0 0 0 4

TOTAL: 1,428.4 1,274.4 0 0 0 0 255.7 266.4 524.8 547.2 41

*Shells with attached nozzles have weight reduced by material cut out for opening.

Weight (lb) Contributed by Attachments

Component Body Flanges Nozzles &
Flanges Packed

Beds Trays Tray
Supports

Rings &
Clips

Vertical
Loads

Surface
Area
ft2

New Corroded New Corroded

ASME B16.5/16.47 Blind on Sump-Head (Sch 60) 0 0 0 0 0 0 0 0 0 0

Sump 450 450 159.5 137.7 0 0 0 0 0 20

ASME B16.5/16.47 Blind on Sump-Head (Sch 60) 0 0 0 0 0 0 0 0 0 0

TOTAL: 450 450 159.5 137.7 0 0 0 0 0 12

Vessel Totals

New Corroded

Operating Weight (lb) 2,294 2,128

Empty Weight (lb) 2,038 1,862

Test Weight (lb) 2,563 2,409

Surface Area (ft2) 53 -

Capacity** (US gal) 61 63

**The vessel capacity does not include
volume of nozzle, piping or other
attachments.

Vessel Lift Condition

Vessel Lift Weight, New (lb) 2,038

Center of Gravity from Datum (in) 59.9518

11/42



Test Report

Horizontal shop test based on user defined pressure

Gauge pressure at 70°F = 1,315 psi

Horizontal shop test

Identifier
Local test
pressure
(psi)

Test liquid
static head

(psi)

Sump-Head (Sch 60) 1,315.86 0.86

Sump 1,315.86 0.86

Sump-Head (Sch 60) 1,315.86 0.86

Bridle Bottom Tap (Bridle Bottom Tap) 1,316.096 1.096

Downcomer-Inlet (Downcomer-Inlet) 1,315.42 0.42

Downcomer-Outlet (Downcomer-Outlet) 1,315.42 0.42

Elbow (Bridle Bottom Tap) 1,316.199 1.199

Elbow (Liquid Outlet) 1,316.199 1.199

Elbow Pipe (Bridle Bottom Tap) 1,316.199 1.199

Elbow Pipe (Liquid Outlet) 1,316.199 1.199

Liquid Outlet (Liquid Outlet) 1,316.096 1.096

(1) The zero degree angular position is assumed to be
up, and the test liquid height is assumed to the
top-most flange.

The field test condition has not been investigated.

The test temperature of 70 °F is warmer than the minimum recommended temperature of 6.31 °F so the brittle
fracture provision of UG-99(h) has been met.

12/42



Bill of Materials

Covers

Item # Type Material Thk [in] Dia. [in] Wt. [lb] (ea.) Qty

H1 ASME B16.5/B16.47 Blind NPS 12 Class 600 A105 (N) 2.87 22 OD 355 2

Shells

Item # Type Material Thk [in] Dia. [in] Length [in] Wt. [lb] (ea.) Qty

S1 Cylinder SA-106 B Smls pipe; NPS 12 Sch 60 0.562 11.626 ID 120 730.8 1

Nozzles / Nozzle Piping

Item # Type Material NPS Thk [in] Dia. [in] Length [in] Wt. [lb]

Noz1 Nozzle SA-106 C Smls pipe NPS 6 XXS 0.864 6.625 OD 26.4 117

Noz2 Nozzle SA-106 B Smls pipe NPS 2 Sch 160 0.344 2.375 OD 13.4 8.3

P1 Nozzle Piping SA-106 B Smls pipe NPS 2 Sch 160 0.344 2.375 OD 10 6.2

ASME B16.9 Fittings

Item # Type Material Size [in] Qty

EB1 B16.9 Elbow Short Radius SA-234 WPB NPS 2 Sch 160 2

Flanges

Item # Type Material NPS Dia. [in] Wt. [lb] (ea.) Qty

AF1 ASME B16.5 Welding Neck - Class 600 A105 (N) 12 22 x 11.626 225 2

AF2 ASME B16.5 Welding Neck - Class 600 A105 (N) 2.0 6.5 x 1.687 12 2

Fasteners

Item # Description Material Length [in] Qty

FB1 1-1/4" series 8 bolt SA-193 B7 Bolt <= 2 1/2 8.8 40

FB2 5/8" coarse bolt SA-193 B7 Bolt <= 2 1/2 4.3 16

All listed flange bolts require associated nuts and washers in accordance with Division 1, UCS-11.
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Liquid Level on Sump-Head (Sch 60)

ASME Section VIII Division 1, 2015 Edition

Location from Center Line (in) 0

Operating Liquid Specific Gravity 1
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ASME B16.5/16.47 Blind on Sump-Head (Sch 60)

ASME B16.5-2013 Blind

Description NPS 12 Class 600 Blind A105 N

Attached to Sump-Head (Sch 60)

Bolt Material SA-193 B7 Bolt <= 2 1/2 (II-D p. 344, ln. 31)

Rated MDMT -55°F

Liquid static head 0.21 psi

MAWP rating 1,360 psi @ 200°F

MAP rating 1,480 psi @ 70°F

Hydrotest rating 2,225 psi @ 70°F

Impact Tested No

Notes

Blind rated MDMT per UCS-66(b)(1)(b) = -55°F (Coincident ratio = 0.5822)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F
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Sump-Head (Sch 60)

ASME B16.5-2013 Flange

Description NPS 12 Class 600 WN A105 N

Attached to Left end of Sump

Bolt Material SA-193 B7 Bolt <= 2 1/2 (II-D p. 344, ln. 31)

Blind included Yes

Rated MDMT -55°F

Liquid static head 0.21 psi

MAWP rating 1,360 psi @ 200°F

MAP rating 1,480 psi @ 70°F

Hydrotest rating 2,225 psi @ 70°F

PWHT performed No

Impact Tested No

Circumferential joint radiography Full UW-11(a) Type 1

Bore diameter, B (specified by purchaser) 11.626"

Notes

Flange rated MDMT per UCS-66(b)(1)(b) = -55°F (Coincident ratio = 0.5822)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F
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Sump

ASME Section VIII Division 1, 2015 Edition

Component Cylinder

Material SA-106 B Smls pipe (II-D p. 14, ln. 15)

Pipe NPS and
Schedule NPS 12 Sch 60

Impact
Tested Normalized Fine Grain

Practice PWHT Optimize MDMT/
Find MAWP

No No No No No

Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 860 200 -20

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Operating 0.21 5.938 1

Test horizontal 0.86 23.813 1

Dimensions

Inner Diameter 11.626"

Length 120"

Pipe Nominal
Thickness 0.562"

Pipe Minimum
Thickness1 0.4918"

Corrosion Inner 0.125"

Outer 0"

Weight and Capacity

Weight (lb) Capacity (US gal)

New 718.41 55.15

Corroded 564.45 57.54

Radiography

Longitudinal seam Seamless No RT

Left Circumferential
seam Full UW-11(a) Type 1

Right Circumferential
seam Full UW-11(a) Type 1

1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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Results Summary

Governing condition Internal pressure

Minimum thickness per UG-16 0.0625" + 0.125" = 0.1875"

Design thickness due to internal pressure (t) 0.4331"

Maximum allowable working pressure (MAWP) 1,018.2 psi

Maximum allowable pressure (MAP) 1,376.7 psi

Rated MDMT -23.69 °F

UCS-66 Material Toughness Requirements

Governing thickness, tg = 0.4918"

Exemption temperature from Fig UCS-66 Curve B = -7.79°F

tr = 861.61*5.938 / (17,100*1 - 0.6*861.61) = 0.3085"

Stress ratio = tr*E* / (tn - c) = 0.3085*1 / (0.4918 - 0.125) = 0.8412

Reduction in MDMT, TR from Fig UCS-66.1 = 15.9°F

MDMT = max[ MDMT - TR, -55] = max[ -7.79 - 15.9 , -55] = -23.69°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Design thickness, (at 200 °F) UG-27(c)(1)

t = P*R / (S*E - 0.60*P) + Corrosion
= 860.21*5.938 / (17,100*1.00 - 0.60*860.21) + 0.125
= 0.4331"

Maximum allowable working pressure, (at 200 °F) UG-27(c)(1)

P = S*E*t / (R + 0.60*t) - Ps
= 17,100*1.00*(0.562*0.875 - 0.125) / (5.938 + 0.60*(0.562*0.875 - 0.125)) - 0.21
= 1,018.2 psi

Maximum allowable pressure, (at 70 °F) UG-27(c)(1)

P = S*E*t / (R + 0.60*t)
= 17,100*1.00*(0.562*0.875) / (5.813 + 0.60*(0.562*0.875))
= 1,376.7 psi
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Bridle Bottom Tap (Bridle Bottom Tap)

ASME Section VIII Division 1, 2015 Edition

Note: round inside edges per UG-76(c)

Location and Orientation

Located on Sump

Orientation 180°

Nozzle center line offset to datum line 84"

End of nozzle to shell center 12.375"

Passes through a Category A joint No

Nozzle

Description NPS 2 Sch 160

Access opening No

Material specification SA-106 B Smls pipe (II-D p. 14, ln. 15)

Inside diameter, new 1.687"

Pipe nominal wall thickness 0.344"

Pipe minimum wall thickness1 0.301"

Corrosion allowance 0.125"

Projection available outside vessel, Lpr 6"

Local vessel minimum thickness 0.4918"

Liquid static head included 0.23 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg41 0.375"

Nozzle to vessel groove weld 0.562"
1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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UCS-66 Material Toughness Requirements Nozzle

tr = 861.62*0.9685 / (17,100*1 - 0.6*861.62) = 0.0503"

Stress ratio = tr*E* / (tn - c) = 0.0503*1 / (0.301 - 0.125) = 0.2859

Stress ratio ≤ 0.35, MDMT per UCS-66(b)(3) = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Reinforcement Calculations for MAWP

The vessel wall thickness governs the MAWP of this nozzle.

UG-37 Area Calculation Summary
(in2)

UG-45
Summary (in)

For P = 1,018.56 psi @ 200 °F The nozzle passes
UG-45

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.2598 0.301

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)

UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.1533 0.2625 weld size is adequate

This opening does not require reinforcement per UG-36(c)(3)(a)
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Reinforcement Calculations for MAP

The vessel wall thickness governs the MAP of this nozzle.

UG-37 Area Calculation Summary
(in2)

UG-45
Summary (in)

For P = 1,376.84 psi @ 70 °F The nozzle passes
UG-45

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.1348 0.301

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)

UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.2408 0.2625 weld size is adequate

This opening does not require reinforcement per UG-36(c)(3)(a)
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Elbow (Bridle Bottom Tap)

ASME Section VIII Division 1, 2015 Edition

Component ASME B16.9 Elbow

Type Short Radius

Material SA-234 WPB (II-D p. 14, ln. 17)

Pipe NPS and
Schedule NPS 2 Sch 160

Attached To Bridle Bottom Tap (Bridle Bottom Tap)

Impact
Tested Normalized Fine Grain

Practice PWHT Optimize MDMT/
Find MAWP

No No No No No

Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 860 200 -20

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Operating 0.55 15.3435 1

Test horizontal 1.2 33.2185 1

Dimensions

Outer Diameter 2.375"

Nominal Thickness 0.344"

Minimum Thickness1 0.301"

Center-to-End, A 2"

Corrosion Inner 0.125"

Outer 0"

Weight and Capacity

Weight (lb) Capacity (US gal)

New 1.95 0.03

Corroded 1.32 0.04

Radiography

Longitudinal seam Seamless No RT

Left Circumferential
seam Full UW-11(a) Type 1

Right Circumferential
seam Full UW-11(a) Type 1

1 minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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Results Summary

Governing condition UG-16

Minimum thickness per UG-16 0.0625" + 0.125" = 0.1875"

Design thickness due to internal pressure (t) 0.1836"

Maximum allowable working pressure (MAWP) 2,693.57 psi

Maximum allowable pressure (MAP) 4,823.45 psi

Rated MDMT -155 °F

UCS-66 Material Toughness Requirements

tr = 861.94*1.1875 / (17,100*1 + 0.4*861.94) = 0.0587"

Stress ratio = tr*E* / (tn - c) = 0.0587*1 / (0.301 - 0.125) = 0.3334

Stress ratio ≤ 0.35, MDMT per UCS-66(b)(3) = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Design thickness, (at 200 °F) Appendix 1-1

t = P*Ro / (S*E + 0.40*P) + Corrosion
= 860.55*1.1875 / (17,100*1.00 + 0.40*860.55) + 0.125
= 0.1836"

Maximum allowable working pressure, (at 200 °F) Appendix 1-1

P = S*E*t / (Ro - 0.40*t) - Ps
= 17,100*1.00*(0.344*0.875 - 0.125) / (1.1875 - 0.40*(0.344*0.875 - 0.125)) - 0.55
= 2,693.57 psi

Maximum allowable pressure, (at 70 °F) Appendix 1-1

P = S*E*t / (Ro - 0.40*t)
= 17,100*1.00*(0.344*0.875) / (1.1875 - 0.40*(0.344*0.875))
= 4,823.45 psi
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Elbow Pipe (Bridle Bottom Tap)

ASME Section VIII Division 1, 2015 Edition

Component Nozzle Pipe

Material SA-106 B Smls pipe (II-D p. 14, ln. 15)

Pipe NPS and
Schedule NPS 2 Sch 160

Attached To Elbow (Bridle Bottom Tap)

Impact
Tested Normalized Fine Grain

Practice PWHT Optimize MDMT/
Find MAWP

No No No No No

Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 860 200 -20

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Operating 0.55 15.3435 1

Test horizontal 1.2 33.2185 1

Dimensions

Outer Diameter 2.375"

Length 4"

Pipe Nominal
Thickness 0.344"

Pipe Minimum
Thickness1 0.301"

Corrosion Inner 0.125"

Outer 0"

Weight and Capacity

Weight (lb) Capacity (US gal)

New 2.48 0.04

Corroded 1.68 0.05

Radiography

Longitudinal seam Full UW-11(a) Type 1

Left Circumferential
seam Full UW-11(a) Type 1

Right Circumferential
seam Full UW-11(a) Type 1

1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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ASME B16.5-2013 Flange

Description NPS 2 Class 600 WN A105 N

Bolt Material SA-193 B7 Bolt <= 2 1/2 (II-D p. 344, ln. 31)

Blind included No

Rated MDMT -55°F

Liquid static head 0.55 psi

MAWP rating 1,360 psi @ 200°F

MAP rating 1,480 psi @ 70°F

Hydrotest rating 2,225 psi @ 70°F

PWHT performed No

Impact Tested No

Circumferential joint radiography Full UW-11(a) Type 1

Bore diameter, B (specified by purchaser) 1.687"

Notes

Flange rated MDMT per UCS-66(b)(1)(b) = -55°F (Coincident ratio = 0.5824)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

Results Summary

Governing condition UG-16

Minimum thickness per UG-16 0.0625" + 0.125" = 0.1875"

Design thickness due to internal pressure (t) 0.1836"

Maximum allowable working pressure (MAWP) 2,693.57 psi

Maximum allowable pressure (MAP) 4,823.45 psi

Rated MDMT -155 °F

UCS-66 Material Toughness Requirements

tr = 861.94*1.1875 / (17,100*1 + 0.4*861.94) = 0.0587"

Stress ratio = tr*E* / (tn - c) = 0.0587*1 / (0.301 - 0.125) = 0.3334

Stress ratio ≤ 0.35, MDMT per UCS-66(b)(3) = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Design thickness, (at 200 °F) Appendix 1-1

t = P*Ro / (S*E + 0.40*P) + Corrosion
= 860.55*1.1875 / (17,100*1.00 + 0.40*860.55) + 0.125
= 0.1836"
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Maximum allowable working pressure, (at 200 °F) Appendix 1-1

P = S*E*t / (Ro - 0.40*t) - Ps
= 17,100*1.00*(0.344*0.875 - 0.125) / (1.1875 - 0.40*(0.344*0.875 - 0.125)) - 0.55
= 2,693.57 psi

Maximum allowable pressure, (at 70 °F) Appendix 1-1

P = S*E*t / (Ro - 0.40*t)
= 17,100*1.00*(0.344*0.875) / (1.1875 - 0.40*(0.344*0.875))
= 4,823.45 psi
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Downcomer-Inlet (Downcomer-Inlet)

ASME Section VIII Division 1, 2015 Edition

Note: round inside edges per UG-76(c)

Location and Orientation

Located on Sump

Orientation 0°

Nozzle center line offset to datum line 50"

End of nozzle to shell center 18"

Passes through a Category A joint No

Nozzle

Description NPS 6 XXS

Access opening No

Material specification SA-106 C Smls pipe (II-D p. 22, ln. 1)

Inside diameter, new 4.897"

Pipe nominal wall thickness 0.864"

Pipe minimum wall thickness1 0.756"

Corrosion allowance 0.125"

Projection available outside vessel, Lpr 11.625"

Local vessel minimum thickness 0.4918"

Liquid static head included 0 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg41 0.375"

Nozzle to vessel groove weld 0.562"
1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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UCS-66 Material Toughness Requirements Nozzle At Intersection

Governing thickness, tg = 0.4918"

Exemption temperature from Fig UCS-66 Curve B = -7.79°F

tr = 861.39*5.938 / (17,100*1 - 0.6*861.39) = 0.3084"

Stress ratio = tr*E* / (tn - c) = 0.3084*1 / (0.4918 - 0.125) = 0.8409

Reduction in MDMT, TR from Fig UCS-66.1 = 15.9°F

MDMT = max[ MDMT - TR, -55] = max[ -7.79 - 15.9 , -55] = -23.69°F

Material is exempt from impact testing at the Design MDMT of -20°F.

UCS-66 Material Toughness Requirements Nozzle

tr = 861.39*2.5735 / (20,000*1 - 0.6*861.39) = 0.1138"

Stress ratio = tr*E* / (tn - c) = 0.1138*1 / (0.756 - 0.125) = 0.1803

Stress ratio ≤ 0.35, MDMT per UCS-66(b)(3) = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Reinforcement Calculations for MAWP

Available reinforcement per UG-37 governs the MAWP of this nozzle.

UG-37 Area Calculation Summary (in2)
UG-45

Summary
(in)

For P = 861.39 psi @ 200 °F
The opening is adequately reinforced

The nozzle
passes UG-45

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

1.5875 1.5876 0.3004 1.1466 -- -- 0.1406 0.37 0.756

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(1)
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UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.25 0.2625 weld size is adequate

Reinforcement Calculations for MAP

Available reinforcement per UG-37 governs the MAP of this nozzle.

UG-37 Area Calculation Summary (in2)
UG-45

Summary
(in)

For P = 1,232.28 psi @ 70 °F
The opening is adequately reinforced

The nozzle
passes UG-45

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

2.1441 2.1442 0.2643 1.7393 -- -- 0.1406 0.245 0.756

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(1)

UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.25 0.2625 weld size is adequate
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Downcomer-Outlet (Downcomer-Outlet)

ASME Section VIII Division 1, 2015 Edition

Note: round inside edges per UG-76(c)

Location and Orientation

Located on Sump

Orientation 0°

Nozzle center line offset to datum line 68"

End of nozzle to shell center 18"

Passes through a Category A joint No

Nozzle

Description NPS 6 XXS

Access opening No

Material specification SA-106 C Smls pipe (II-D p. 22, ln. 1)

Inside diameter, new 4.897"

Pipe nominal wall thickness 0.864"

Pipe minimum wall thickness1 0.756"

Corrosion allowance 0.125"

Projection available outside vessel, Lpr 11.625"

Local vessel minimum thickness 0.4918"

Liquid static head included 0 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg41 0.375"

Nozzle to vessel groove weld 0.562"
1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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UCS-66 Material Toughness Requirements Nozzle At Intersection

Governing thickness, tg = 0.4918"

Exemption temperature from Fig UCS-66 Curve B = -7.79°F

tr = 861.39*5.938 / (17,100*1 - 0.6*861.39) = 0.3084"

Stress ratio = tr*E* / (tn - c) = 0.3084*1 / (0.4918 - 0.125) = 0.8409

Reduction in MDMT, TR from Fig UCS-66.1 = 15.9°F

MDMT = max[ MDMT - TR, -55] = max[ -7.79 - 15.9 , -55] = -23.69°F

Material is exempt from impact testing at the Design MDMT of -20°F.

UCS-66 Material Toughness Requirements Nozzle

tr = 861.39*2.5735 / (20,000*1 - 0.6*861.39) = 0.1138"

Stress ratio = tr*E* / (tn - c) = 0.1138*1 / (0.756 - 0.125) = 0.1803

Stress ratio ≤ 0.35, MDMT per UCS-66(b)(3) = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Reinforcement Calculations for MAWP

Available reinforcement per UG-37 governs the MAWP of this nozzle.

UG-37 Area Calculation Summary (in2)
UG-45

Summary
(in)

For P = 861.39 psi @ 200 °F
The opening is adequately reinforced

The nozzle
passes UG-45

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

1.5875 1.5876 0.3004 1.1466 -- -- 0.1406 0.37 0.756

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(1)
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UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.25 0.2625 weld size is adequate

Reinforcement Calculations for MAP

Available reinforcement per UG-37 governs the MAP of this nozzle.

UG-37 Area Calculation Summary (in2)
UG-45

Summary
(in)

For P = 1,232.28 psi @ 70 °F
The opening is adequately reinforced

The nozzle
passes UG-45

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

2.1441 2.1442 0.2643 1.7393 -- -- 0.1406 0.245 0.756

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(1)

UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.25 0.2625 weld size is adequate

32/42



Liquid Outlet (Liquid Outlet)

ASME Section VIII Division 1, 2015 Edition

Note: round inside edges per UG-76(c)

Location and Orientation

Located on Sump

Orientation 180°

Nozzle center line offset to datum line 36"

End of nozzle to shell center 12.375"

Passes through a Category A joint No

Nozzle

Description NPS 2 Sch 160

Access opening No

Material specification SA-106 B Smls pipe (II-D p. 14, ln. 15)

Inside diameter, new 1.687"

Pipe nominal wall thickness 0.344"

Pipe minimum wall thickness1 0.301"

Corrosion allowance 0.125"

Projection available outside vessel, Lpr 6"

Local vessel minimum thickness 0.4918"

Liquid static head included 0.23 psi

Longitudinal joint efficiency 1

Welds

Inner fillet, Leg41 0.375"

Nozzle to vessel groove weld 0.562"
1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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UCS-66 Material Toughness Requirements Nozzle

tr = 861.62*0.9685 / (17,100*1 - 0.6*861.62) = 0.0503"

Stress ratio = tr*E* / (tn - c) = 0.0503*1 / (0.301 - 0.125) = 0.2859

Stress ratio ≤ 0.35, MDMT per UCS-66(b)(3) = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Reinforcement Calculations for MAWP

The vessel wall thickness governs the MAWP of this nozzle.

UG-37 Area Calculation Summary
(in2)

UG-45
Summary (in)

For P = 1,018.56 psi @ 200 °F The nozzle passes
UG-45

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.2598 0.301

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)

UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.1533 0.2625 weld size is adequate

This opening does not require reinforcement per UG-36(c)(3)(a)
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Reinforcement Calculations for MAP

The vessel wall thickness governs the MAP of this nozzle.

UG-37 Area Calculation Summary
(in2)

UG-45
Summary (in)

For P = 1,376.84 psi @ 70 °F The nozzle passes
UG-45

A
required

A
available A1 A2 A3 A5

A
welds treq tmin

This nozzle is exempt from area
calculations per UG-36(c)(3)(a) 0.1348 0.301

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)

UW-16 Weld Sizing Summary

Weld description Required weld
throat size (in)

Actual weld
throat size (in) Status

Nozzle to shell fillet (Leg41) 0.2408 0.2625 weld size is adequate

This opening does not require reinforcement per UG-36(c)(3)(a)
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Elbow (Liquid Outlet)

ASME Section VIII Division 1, 2015 Edition

Component ASME B16.9 Elbow

Type Short Radius

Material SA-234 WPB (II-D p. 14, ln. 17)

Pipe NPS and
Schedule NPS 2 Sch 160

Attached To Liquid Outlet (Liquid Outlet)

Impact
Tested Normalized Fine Grain

Practice PWHT Optimize MDMT/
Find MAWP

No No No No No

Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 860 200 -20

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Operating 0.55 15.3435 1

Test horizontal 1.2 33.2185 1

Dimensions

Outer Diameter 2.375"

Nominal Thickness 0.344"

Minimum Thickness1 0.301"

Center-to-End, A 2"

Corrosion Inner 0.125"

Outer 0"

Weight and Capacity

Weight (lb) Capacity (US gal)

New 1.95 0.03

Corroded 1.32 0.04

Radiography

Longitudinal seam Seamless No RT

Left Circumferential
seam Full UW-11(a) Type 1

Right Circumferential
seam Full UW-11(a) Type 1

1 minimum thickness = nominal thickness times pipe tolerance factor of 0.875.

36/42



Results Summary

Governing condition UG-16

Minimum thickness per UG-16 0.0625" + 0.125" = 0.1875"

Design thickness due to internal pressure (t) 0.1836"

Maximum allowable working pressure (MAWP) 2,693.57 psi

Maximum allowable pressure (MAP) 4,823.45 psi

Rated MDMT -155 °F

UCS-66 Material Toughness Requirements

tr = 861.94*1.1875 / (17,100*1 + 0.4*861.94) = 0.0587"

Stress ratio = tr*E* / (tn - c) = 0.0587*1 / (0.301 - 0.125) = 0.3334

Stress ratio ≤ 0.35, MDMT per UCS-66(b)(3) = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Design thickness, (at 200 °F) Appendix 1-1

t = P*Ro / (S*E + 0.40*P) + Corrosion
= 860.55*1.1875 / (17,100*1.00 + 0.40*860.55) + 0.125
= 0.1836"

Maximum allowable working pressure, (at 200 °F) Appendix 1-1

P = S*E*t / (Ro - 0.40*t) - Ps
= 17,100*1.00*(0.344*0.875 - 0.125) / (1.1875 - 0.40*(0.344*0.875 - 0.125)) - 0.55
= 2,693.57 psi

Maximum allowable pressure, (at 70 °F) Appendix 1-1

P = S*E*t / (Ro - 0.40*t)
= 17,100*1.00*(0.344*0.875) / (1.1875 - 0.40*(0.344*0.875))
= 4,823.45 psi
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Elbow Pipe (Liquid Outlet)

ASME Section VIII Division 1, 2015 Edition

Component Nozzle Pipe

Material SA-106 B Smls pipe (II-D p. 14, ln. 15)

Pipe NPS and
Schedule NPS 2 Sch 160

Attached To Elbow (Liquid Outlet)

Impact
Tested Normalized Fine Grain

Practice PWHT Optimize MDMT/
Find MAWP

No No No No No

Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 860 200 -20

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Operating 0.55 15.3435 1

Test horizontal 1.2 33.2185 1

Dimensions

Outer Diameter 2.375"

Length 6"

Pipe Nominal
Thickness 0.344"

Pipe Minimum
Thickness1 0.301"

Corrosion Inner 0.125"

Outer 0"

Weight and Capacity

Weight (lb) Capacity (US gal)

New 3.73 0.06

Corroded 2.52 0.08

Radiography

Longitudinal seam Full UW-11(a) Type 1

Left Circumferential
seam Full UW-11(a) Type 1

Right Circumferential
seam Full UW-11(a) Type 1

1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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ASME B16.5-2013 Flange

Description NPS 2 Class 600 WN A105 N

Bolt Material SA-193 B7 Bolt <= 2 1/2 (II-D p. 344, ln. 31)

Blind included No

Rated MDMT -55°F

Liquid static head 0.55 psi

MAWP rating 1,360 psi @ 200°F

MAP rating 1,480 psi @ 70°F

Hydrotest rating 2,225 psi @ 70°F

PWHT performed No

Impact Tested No

Circumferential joint radiography Full UW-11(a) Type 1

Bore diameter, B (specified by purchaser) 1.687"

Notes

Flange rated MDMT per UCS-66(b)(1)(b) = -55°F (Coincident ratio = 0.5824)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

Results Summary

Governing condition UG-16

Minimum thickness per UG-16 0.0625" + 0.125" = 0.1875"

Design thickness due to internal pressure (t) 0.1836"

Maximum allowable working pressure (MAWP) 2,693.57 psi

Maximum allowable pressure (MAP) 4,823.45 psi

Rated MDMT -155 °F

UCS-66 Material Toughness Requirements

tr = 861.94*1.1875 / (17,100*1 + 0.4*861.94) = 0.0587"

Stress ratio = tr*E* / (tn - c) = 0.0587*1 / (0.301 - 0.125) = 0.3334

Stress ratio ≤ 0.35, MDMT per UCS-66(b)(3) = -155°F

Material is exempt from impact testing at the Design MDMT of -20°F.

Design thickness, (at 200 °F) Appendix 1-1

t = P*Ro / (S*E + 0.40*P) + Corrosion
= 860.55*1.1875 / (17,100*1.00 + 0.40*860.55) + 0.125
= 0.1836"
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Maximum allowable working pressure, (at 200 °F) Appendix 1-1

P = S*E*t / (Ro - 0.40*t) - Ps
= 17,100*1.00*(0.344*0.875 - 0.125) / (1.1875 - 0.40*(0.344*0.875 - 0.125)) - 0.55
= 2,693.57 psi

Maximum allowable pressure, (at 70 °F) Appendix 1-1

P = S*E*t / (Ro - 0.40*t)
= 17,100*1.00*(0.344*0.875) / (1.1875 - 0.40*(0.344*0.875))
= 4,823.45 psi
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Sump-Head (Sch 60)

ASME B16.5-2013 Flange

Description NPS 12 Class 600 WN A105 N

Attached to Right end of Sump

Bolt Material SA-193 B7 Bolt <= 2 1/2 (II-D p. 344, ln. 31)

Blind included Yes

Rated MDMT -55°F

Liquid static head 0.21 psi

MAWP rating 1,360 psi @ 200°F

MAP rating 1,480 psi @ 70°F

Hydrotest rating 2,225 psi @ 70°F

PWHT performed No

Impact Tested No

Circumferential joint radiography Full UW-11(a) Type 1

Bore diameter, B (specified by purchaser) 11.626"

Notes

Flange rated MDMT per UCS-66(b)(1)(b) = -55°F (Coincident ratio = 0.5822)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F
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ASME B16.5/16.47 Blind on Sump-Head (Sch 60)

ASME B16.5-2013 Blind

Description NPS 12 Class 600 Blind A105 N

Attached to Sump-Head (Sch 60)

Bolt Material SA-193 B7 Bolt <= 2 1/2 (II-D p. 344, ln. 31)

Rated MDMT -55°F

Liquid static head 0.21 psi

MAWP rating 1,360 psi @ 200°F

MAP rating 1,480 psi @ 70°F

Hydrotest rating 2,225 psi @ 70°F

Impact Tested No

Notes

Blind rated MDMT per UCS-66(b)(1)(b) = -55°F (Coincident ratio = 0.5822)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F
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15.0     QC DATA PACKAGE



PO #:

Quote #:

PROJECT MANAGER

11048-01
WILLLIAMS 

TRANSCONTINENTAL

HORIZONTAL CENTRIFUGAL SEPARATOR

3100038034

Q17-8579 R3

Kamyar Najmi


































































































































































































































































































































































































