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IN-CORE PERMANENT-MAGNET FLOW-THROUGH-TYPE FLOWMETER FOR LIQUID METAL SERVICE 

1. SCOPE 

This standard presents the requirements for the design, fabrication, testing, 
and inspection of sodium-immersible in-core permanent-magnet flow-through-type 
flowmeters. Flowmeters of this type are used to measure the sodium flow through 
various types of fuel, blanket, control, and experimental assemblies in reactors 
germane to the LMFBR program at temperatures up to 1000F. 

For procurement use, this standard must be supplemented with Ordering Data 
to meet requirements dictated by a specific application, and may be used to 
procure flowmeters of a specfic design supplied by the purchaser or 
designed by the supplier. 

flowmeters 

1.1 Applicability. The technical requirements and quality assurance 
provisions of this standard, together with a set of completed Ordering Data, 
meet the requirements for LMFBR assembly flowmeters in the plant operating 
instrumentation system or experimental assembly flowmeters. 

1.2 Introductory Discussion. The principle of permanent magnet (PM) 
flowmeter operation is based upon Faraday's law of induced voltage. 
conducting liquid, in this case sodium, flows through a tube positioned in a 
stable magnetic field produced' by permanent magnets, a potential is developed 
across the tube and at right angles to the magnetic field. The potential or 
emf, when measured across two electrodes affixed to the tube at opposite ends 
of a diameter perpendicular to the magnetic field, is proportional to the 
volumetric flow rate of the liquid and the magnetic flux density. 

is shown in Figure 1. 
magnets operating in parallel. Other components include f u l l y  annealed hot 
rolled carbon steel pole pieces, which may not be essential, and a body, 
electrodes, and extension lead wires all constructed of austentitic stainless 
steel. Using identical materials for the flow tube, electrodes, and lead 
wires minimizes thermoelectricand thermal expansion temperature effects. The 
lead wires are insulated with high purity alumina. Finally, the flowmeter 
internals are backfilled with dry helium or other inert gas to minimize corrosion of 
the pole pieces and magnets and to help remove the gamma heat generated in the 
isolated internal components. 

A s  the 

A typical PM flowmeter configuration designed for an in-core application 
The magnetic field is produced by two Alnico permanent 

1.3 Definitions 

Assembly - A grouping of fuel elements, poision elements, blanket 
elements, etc., which is not taken apart during the charging and discharging 
of reactor core. (See ANSI N1.1, "Glossary of Terms in Nuclear Science nad 
Technology" for other definitions). 

Envelope - The outline drawing of the flowmeter showing dimensions 
and allowable tolerances. 
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Figure 1-- Schematic of In-Core P-M Flow-Through-Type Flowmeter 
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Flow Duct - The pipe or tubing containing the flowing sodium. 
Interface Details - A drawing or word description delineating the 

surroundings of the flowmeter installed in its operating condition. 

Sensitivity - A ratio of the output signal of the flowmeter to the 
flow through the flowmeter. 
minute. 

Usually expressed as millivolts per gallon per 

Signal Electrodes - Electrical conductors attached to the outer surface 
of the flow duct. They are also attached to the conductors in the signal 
cable. 

2. APPLICABLE DOCUMENTS 

The following documents are a part of this standard to the extent specified 
herein. The issue of a document in effect on the date of invitation to bid, 
including any amendment also in effect on that date, shall apply unless other- 
wise specified. Where this standard appears to conflict with the requirements 
of a referenced document, such conflict shall be brought to the attention of 
the purchaser for resolution. 

2.1 RDT Standards 

RDT C 7-14T 

RDT C18-1T 

RDT E 15-2T 

RDT F 2-2T 

RDT F 4-20T 

RDT F 5-1T 

RDT F 7-2T 

RDT F 7-3T 

RDT F 9-IT 

RDT M 1-2T 

RDT M 3-2T 

Metal Sheath, Ceramic-Insulated, Thermocouple, Cable and 
Heater Eulk Material 

Ceramic ElectricalInsulators 

Requirements for Nuclear Components (Supplement to ASME 
Boiler and Pressure Vessel Code, Section 111) 

Quality Assurance Program Requirements 

Operation and Maintenance Manuals 

Cleaning and Cleanliness Requirements for Nuclear Components 

Preparations for Sealing, Packaging, Packing, and Marking 
of Components 

Requirements for Identification Marking of Reactor Plant 
Components and Piping 

Requirements for Nuclear Components at Elevated Temperatures 
(Supplement to ASME Elevated Temperature Code Case 1331) 

Stainless Steel Welding Rods and Bare Electrodes (ASME SFA- 
5.9 with Additional Requirements) 

Stainless and Alloy Steel Seamless Tubes 
(ASME SA-213 with Additional Requirements) 

for Shipment and Storage 
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RDT M 3-3T Austenitic Stainless Steel Seamless Pipe 
(ASME, SA-376 with Additional Requirements) 

Stainless Steel Plate, Sheet and Strip RDT M 5-1T 
240 with Additional Requirements) 

RDT M 7-3T Stainless Steel Bars and Shapes 
(ASME SA-479 with Additional Requirements) 

2.2 American National Standards Institute (ANSI) , 

ANSI B46.1 Surface Texture. 

ANSI Y14 

ANSI N1.l 

USA Standard Drafting Manual- 

Glossary of Terms in Nuclear Science and Technology. ' 

2.3 American Society for Testing and Materials (ASTM) 

ASTM A511 Seamless Stainless Steel Mechanical Tubing, 

ASTM A478 Chromium-Nickel Stainless Steel Weaving Wire. 

ASTM A576 Special Quality Hot-Rolled Carbon Steel Bars. 

2.4 Magnetic Materials Producer's Association (MMFA) 

WA-0100 Standard Specification for Permanent Magnet Materials. 

2.5 American Society of Mechanical Engineers (ASME) 

ASME Boiler and Pressure Vessel Code, Section 111, Nuclear Power Plant Com- 
ponents. 

3. TECHNICAL REQUIREMENTS 

3.1 General. The flowmeter envelope, interface details,' and material 
specifications for sodium wetted parts are dictated by the individual 
reactor assembly design. 

. . ?  

The flowmeter may be: 

a. 

b. 

Inserted into an end of an assembly. 

Added to an end of the assembly forming an integral extension of the 
assembly. 

c. Be an integral part of an experimental assembly of facility. 

If a flowmetermf specific design supplied by the purchaser is to 
procured, this section (3. TECHNICAL REQUIREMENTS) shall appply only as 
designated in the Ordering Data. 
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3 . 2  Design Requirements 

3 . 2 . 1  Environmental Conditions. The flowmeter shall be designed to 
operate totally immersed in liquid sodium under the environmental conditions 
to temperature, pressure, neutron flux, gamma flux, thermal transients, and 
lifetime as specified in’theordering Data. 

3 . 2 . 2  Mechanical and Operational Loadings. The flowmeter shall be designed 
to withstand shock, vibration, static and dynamic loads, connection loads and 
differential temperature loads (caused by a difference in temperature between 
the flow duct and sheath) as specified in the Ordering Data. 

3 . 2 . 3  Measurement Range and Output Signal Requirements. The measure- 
ment range shall be as specified in the Ordering Data. The flowmeter shall 
have a minimum sensitivity as specified in the Ordering Data and calculated 
as indicated by Appendix A of this standard. 

3 . 2 . 4  Magnet Size Requirements. Unless otherwise specified in the 
Ordering Data the value of the ratio R/d shall be a minimum of 3 . 5  where R 
is the length of the magnet pole face along the flow duct and d is the inside 
diameter of the flow duct. 

3 . 2 . 5  Dimensional Requirements. The complete flowmeter shall conform 
to the requirements for size, shape, dimensional tolerance, surface finish, 
etc., as specified in the Ordering Data. 

3 . 2 . 6  Signal Cable End Termination. The signal cable end termination 
shall be as specified the Ordering Data. 

3 . 2 . 7  Fill Gas. Unless otherwise specified in the Ordering Data, the 
gas used to fill the internal volume of the flowmeter shall be helium at a 
pressure of 30 inches Hg (absolute) - + 1 inch. 

3.2.8 Crevices and Dead Spaces. Crevices, dead spaces, and other 
unflushable or undrainable spaces shall not be permitted on the sodium wetted 
surface of the flowmeter. 

3 . 3  Design Analysis. Although there is no requirement for a code 
stamp Ion the flowmeter, it shall be constructed* in accordance with the 

uirements for Class 1 components of Section I11 of the ASME Boiler and 
ssure Vessel Code (hereinafterreferred to as the Code), supplemented by 

RDT‘E15-2 and RDT F 9-1 as applicable. In applying these requirements, it 
should be noted that this flowmeter is not a part of the pressure-retaining 
boundary. 

*The term constructed as used in this standard and in the Code,, is an all 
inclasive term comprising materials, design, fabrication, examination, testing, 
inspection, and certification required in the manufacture and installation of 
components, parts, and appurtenances. 
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The flowmeter shall be designed for continuous operation under all 
normal operating conditions, and to withstand the abnormal service conditions 
specified in this section without l o s s  of sensitivity. It shall be analyzed for 
all specified service conditions; should greater values for pressure, tem- 
perature, or mechanical loads result, the greater values shall be used as the 
design conditions and the purchaser shall be notified. 
contain all parts and appurtenances necessary to meet these requirements. 

The flowmeter shall 

3.3.1 Steady State Operation. The flowmeter shall be designed to 
withstand thenormal operating conditions specifed in the Ordering Data for the 
number of years specified in the Ordering Data without impairing its ability 
to function in accordance with the requirements of this standard. 

3 . 3 . 2  Trainsient Conditions. The flowmeter shall be designed to 
remain operable after being subjected to the transient conditions specified 
in the Ordering Data. 
which the flowmeter must withstand without failure or permanent l o s s  of 
sensitivity . 

Transient conditions are anomolous operating conditions 

3 . 3 . 3  Design Life. The design life of the flowmeter shall be as specified 
in the Ordering Data. 
free during the design life under all service conditions specified in the 
Ordering Data. 

Pressure-containing parts shall be designed to be leak- 

3.3.4 Vibration. The flowmeter shall be designed to withstand mechanical 
vibrations transmitted from components to which it is connected and flow-induced 
vibration without damage, malfunction, or impairment of operation. Fundamental 
excitation frequencies for vibration analysis shall be as specified in the 
Ordering Data. 

3 . 3 . 5  Corrosion Allowance. No corrosion allowance is necessary in the 
design of the flowmeter unless otherwise specified in the Ordering Data. 

3.4 Design Report and Drawings 

3.4.1 Design Report. The supplier shall submit and obtain purchaser 
approval of a design report demonstrating 
been met prior to ordering materials or commencing fabrication. 
report shall include the following as a minimum: 

that the design requirements have 
The design 

a. A design description of the unit, including operating characteristics 
and limitations. 

b. Heat transfer and fluid-flow analyses. 

c. Thermal transient stress analysis of regions of discontinuities and 
thick sections. 

d. Str2ss.s report satisfying the rules of the Code; the report shall 
include a discussion of the high-temperature design criteria used. 
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e. Vibration analysis which consider the amplitudes and effects of 
vibrational motion in addition to natural frequency response. 

f. Differential thermal expansion analysis. 

g. Materials of construction (includingthosenot specified in the 
Ordering Data). 

h. Shock design analyses when specified in the Ordering Data. 

i. Sealing method and verfication of seal of pressure retaining 
parts. 

j. The magnetic field strength analysis and flowmeter sensitivity 
(per Appendix A) calculation. 

k. Assembly drawing as described in section 3.4 .2 .3 .  

Information furnished in the design report shall be in sufficient detail 
to permit independent audit; references from which data or formulas are taken 
shall be identified; the validity of the data and conclusions supporting the 
design shall be discussed; computer programs used in design shall be identi- 
fied by name and source and described in sufficient detail topermitindependent 
audit and verification. 

The supplier shall make additions and corrections to the report as necess- 
ary to keep the information current during the procurement period. 
itions and corrections shall be numbered and dated, and shall be submitted to 
the purchaser for approval. 

design in sufficient detail to indicate areas of design to be investigated and 
the general method of analysis. 
identification of analytical criteria, design methods, etc. 

Such add- 

The proposal for the flowmeter shall include an outline of the proposed 

Applicable documents may be referenced for 

3.4 .2  Drawings. All drawings shall be arranged and prepared in 
accordancewith theconventions and recommendations of ANSI Y 1 4 .  The times 
and approval requirements of submittals of drawings, and the number of copies 
required foreach sumbittal, shall be as specified in the Ordering Data. 
Drawings shall include the following information, as applicable: 

3 . 4 . 2 . 1  Outline Drawings. Outline drawings shall include: 

1. Design and salient features including principal and critical 
dimensions. 

2.  Identification of reference drawings. 

3.4 .2 .2  Detail Drawings. Detail drawings shall include: 

1. Detailed dimensions, tolerances, surface-roughness requirements 
for critical surfaces. 

2 .  Tolerance block including dimensional tolerances. 
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3. Material specifications and special requirements concerning non- 
destructive testing, heat treatment, hardness, etc. 

4. Fabrication instructions including welding, cleaning, and inspection 
symbols and reference to assembly procedure requirements. 

3.4.2.3 Assembly Drawings. Assembly drawings shall include: 

1. Dimensions establishing size, shape, fits, and clearances of each 
major part and subassembly. 

2.  Pressure and temperature data including design pressures and 
temperatures. 

3.  Bill of materials shoving location, identity (drawing and part 
numbers) and material of each part. 

4. Location of final closure and seal welds, with identification of 
welding procedures. 

5 .  References to cleaning, marking, and handling instructions. 

6 .  Identification of non-destructive test procedures for each weld. 

3.5 Materials. Table I "Material Selection Table" shall be used in the 
selection of materials for the various parts of the flowmeter. 

3.5.1 Sodium Wetted Materials. All sodium wetted materials of the 
completed flowmeter shall be of the type or grade specified in the Ordering 
Data and shall conform to the RDT or ASTM specifications indicated in Table 
I. 

3.5.1.1 Signal Cable. The sheath of the signal cable will be wetted 
by the sodium. 
Data. 

Therefore, it shall be of the type specified in the Ordering 

The insulation shall be alumina and shall conform to the requirements 
of RDT C 18-1. 

The signal-carrying conductors shall be of a material with similar 
thermoelectric characteristics to the signalelectrodes so that the Seebeck 
potential is minimized. 

3.5.2 Nonsodium Wetted Materials 

3.5.2.1 Permanent Magnet Material. The permanent magnet material 
employed shall be Alnico 5 ,  or equivalent, in accordance with MMPA-0100 and 
magnetized. The magnets may be procured in the temperature stabilized con- 
dition in accordance with Appendix B of this standard. 
stabilized f o r  a maximum operating temperature of 1000°F unless otherwise 
specified in the Ordering Data. 

The magnets shall be 



TABLE I 

Sensor Part 

MATERIAL SELECTION TABLE 

Material and/or Type 

Flow Duct Per Ordering Data 

Outer Sheath Per Ordering Data 

Applicable Standard 

RDT M 3-2 or RDT M 3-3 or 
RDT M 7-3 or ASTM A511 
(dictated by shape and 
fabrication) 

RDT M 3-2 or RDT M 3-3 or 
RDT M 5-1 or ASTM A511 
(dictated by shape and. 
fabrication) 

End Pieces Per Ordering Data RDT M 7-3 

Permanent Magnet Cast Alnico 5 MMPA-0100 

Pole Pieces 

Signal 
Electrodes 

Electrical 
Insulators 

Signal Cable 

Sheath 

Insulation 

Conductors 

Welding Rod 

Grade 1020 Hot rolled steel ASTM A576  

Thermoelectric compatibility ASTM A478 
with flow duct required 

Alpha alumina RDT C 18-1 

RDT C 7-14 

P e r  Ordering D a t a  

Alumina 

Thermoelectric compatibility 
with signal electrodes required 

Type must be compatible with RDT M 1-2 
base material 
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3.5.2.2 Simal Electrodes. The signal electrodes shall be of a material 
with similar thermoelectric characteristics to the flow duct so that the See- ' 
beck potential is minimized. 
requirements of ASTM A478. 

The electrode material shall conform to the 

i 

3.5.2.3 Pole Pieces. Whenever pole pieces are part of the flowmeter 
design, the hot-rolled steel used must be fully annealed &rior to finish 
machining. 

3.5.2.4 Electrical Insulators. The electrical insulators used on 
the signal electrodes shall bealphaalumina conditioned in accordance with 
Appendix B of RDT C18-1. 

3.5.3 Check Analysis. Each piece or lot of material received by the 
supplier for use in the flowmeter shall be sampled and the samples sent to 
an independent laboratory for a check analysis except for the permanent magent 
material or as otherwise stated in the Ordering Data. 

3.6 Design and Construction 

3.6.1 General. A code stamp on the flowmeter is not required. How- 
ever, the flowmeter shall be designed and constructed in accordance with the 
requirements of Section I11 of the Code (Class 1) supplemented by RDT E 15-2 
and RDT F 9-1 as applicable. 
noted that this flowmeter is not part of the pressure-retaining boundary. 

In applying these requirements, it should be 

Ordering 
sectional 

3.6.2 Outer Sheath. Depending on the configuration required by the 
Data, the outher sheath may have a circular, hexagonal, or other cross 
shape. If circular, tubing meeting the requirement of RDT M 3-2 

or pipe meeting the requirements of RDT M 3-3 shall be used. 
sectional shapes are required, tubing meeting the requirements of ASTM A511 
may be used, or the shape may be fabricated from plate meeting the requirements 

If other cross 

of RDT M 5-1. 
If the stress analysis indicates unacceptable stress levels due to a 

difference in operating or transient temperature between the flow duct and 
outer sheath, the use of a bellows may be considered - preferably in the outer 
sheath. i 

3.6.3 Flow Duct. Depending on the configuration required by the Ordering 
Data, the flow duct may have a circular or other cross-sectional shape. If 
circular, tubing meeting the requirements of RDT M 3-2 or pipe meeting 
requirements of RDT M 3-3 shall be  used or the duct may be machined from stock 
meeting the requirements of RDT M 7-3. 
required, tubing meeting the requirements of ASTM A511 may be used and calcu- 
lational flrocedures other than that shown in Apppendix A must be used. 

If other cross-sectional shapes are 

3.6.4 End Pieces. If at all possible, the end pieces shall be 
monolithic and be machined from material meeting the requirements of RDT 
M 7-3. 



3 .6 .5  Magnetic Circuit. The design of the flowmeter shall be of such 
a nature that components (i.e., permanent magnets and pole pieces, if any) 
in the magnetic circuit are not load bearing members. 

the magnetic field across the duct is uniform, the flow duct is circular 
and the R/d ratio ( 8  = length of magnetic field, d = inside diameter of the 
duct) is large enough for the output to be directly proportional to the 
velocity. The requirement of this standard for R/d of 3 .5  minimum will 
assure a linear output for flow velocities up to 6 0  ft/sec. 
the magnetic circuit should be designed to provide as uniform a magnetic 
field as possible across the duct. The use of the largest volume of 
permanent magnet material consistent with other requiremetns will maximize sen- 
sitivity and shall be used. 

The equation used in Appendix A of this standard is valid only if 

If space allows, 

3 . 6 . 6  Fill and Evacuation Tube. Although not required for the function 
of the flowmeter, the use of a gas fill and evacuation tube through one of the 
end pieces is recommended. Its use will permit (1) use of inert backing 
gas for certain weld; ( 2 )  helium leak testing of all closure welds; ( 3 )  a 
simplification of the procedure for backfilling the flowmeter with the gas 
specified in the Ordering Data. 

3.7 Fabrication 

3 . 7 . 1  General. The supplier develop, maintain and conform to 
written procedures for welding, bending and forming, assembly, cleaning and 
cleanliness control, housekeeping, materials and parts handling, and other 
critical operations. Copies of such procedures shall be furnished t o  and 
approved by the purchaser before they are placed in use; copies shall also 
be made available to representatives of the purchaser at the manufacturing 
site upon request. 

3 .7 .2  Welding. Weld design, qualification of welders and welding 
machine operators, welding and exaninationof welds shall conform to the 
r equ i r emen t so f theCode  and RDT E 15-2 (for t h e  proper  class of components 
as specifiedin the Ordering Data) where possible. The gas tungsten arc 
weld (GTAW) process or theelectronbeam (EB) process only shall be used for 
any sodium wetted weld. 
discharge welding within the containment of the flowmeter. 

given to the magnetic field produced by the permanent magnets. In add- 
ition, ground connections must be carefully positoned so that welding 
currents will haveoneffect on the permanet masnets. 

Consideration may be given to brazing or electric 

In the development of weldingprocedures, careful consideration must be 

3 . 7 . 3  Bending and Forming. Thickness of materials after bending and 
forming shall be not less that the minimum design thickness. The supplier 
shall evaluate the need forheat treatment for stress relief, improvement 
of grain structure or improvement of magnetic permeahility of the material 
following bending and forming operations. 

3 . 7 . 4  Assembly. Written assembly procedures shall include, but are 
not limited to the following: 
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1. Assembly sequence. 

2.  Cleaning procedures to be used and sequence of cleaning operations. 

3.  Cleanliness control and housekeeping requirements to be employed at each 
step of assembly. 

Special machining and fit-at-assembly instructions. 4 .  

5 .  Handling and storage methods and procedures, 

6. Procedures for welding and tack-welding, 

7 .  Procedures for helium leak testing. 

8. Drawings or photographs or both to illustrate problem areas and 
assembly techniques which may present problems. 

3 . 7 . 5  Cleaning and Cleanliness Control. The supplier shall maintain 
and conform to written procedures for cleaning and preventing contamination 
or recontamination of materials, parts, subassemblies, and the finished 
component in accordance with Section 4.2 of RDT F 5-1. 

3 . 7 . 6  Surface Finish. The finish of machined surfaces and surfaces 
which will be in contact with sodium shall be as specified in the Ordering 
Data, 
a finish of 60 microniches AA (per ANSI B46.1) or better to permit sat- 
isfactory liquid penetrant inspection. 

Surfaces which will be examined by nondestructive methods shall have 

3 . 7 . 7  Identification Marking 

3 . 7 . 7 . 1  Identification of Materials and Parts During Manufacture<. 

Methods and procedures for identifying and maintaining the identity and source of 
all materials and purchased items that will become a part of the pressure 
boundary or internals of the flowmeter shall be established and followed at 
all times during the course of manufacture. Identification shall permit 
accurate tracing of the item to original certification data. Methods and 
materials for both temporary and permanent marking shall meet the require- 
ments of RDT F 7-3. When materials are cut or sectioned, the identification 
of theoriginalpiece shall be transferred to the cut to sectioned piece. 

3 . 7 . 7 . 2  Identification Marking of Component. Permanent identification 
marking of the flowmeter shall be as specified in the Ordering Data and shall 
conform to the requirements of RDT F 7-3. 

I 4 .  QUALITY ASSURANCE REQUIREMENTS 

4.1 Quality Assurance Program. The supplier shall establish and conform 
to a written program of plans 
t3okal reliability of items furnished in accordance with the standard. The 
quality assurance program shall be in accordance with Section 1 through 5 and 
Section 8 of RDT F2-2 and the additional requirements for inspection and test- 
ing of this standard. 

and procedures for assuring the quality and furnc- 
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4.1 .1  Access to Supplier's Plant. The purchaser and his designated re- 
presentative shall be permitted to visit those areas of the supplier's plant 
and the plants of his subcontractors necessary to witness work being done under 
this standard, to inspect materials, parts, and the completed component, to 
witness or conduct tests specified in this standard, and to examine applicable 
documentation, drawings, records, and certifications. 

4.1.2 Purchaser Witness. The purchaser may witness examinations, inspec- 
tions, and tests. Such examination, inspections and tests will be designated 
as witness points. The purchaser may expand the list of witness points by agree- 
ment with the supplier, or may waive any witness point. The supplier shall 
notify the purchaser at least five days advance of each designated witness point, 
and shall conf rm the schedule within 24 hours of the specified examination, in- 
spection, or test. 

4.2 Special Inspections and Tests 

4.2.1 Magnetic Tests. Before assembly, the magnetized and stabilized 
magnets, pole pieces (if any), and flow duct shall be temporarily assembled and 
the magentic field strength at the center of the flow channel (where the 
electrodes will be attached) measured. The measurement shall be made with a 
1/8 in. wide transverse "Hall" probe and a gausmeter with an accurancy of at 
least + 1 percent full scale or other approved device. If the measured field 
strengFh is 80 percent or more of the calculated field strenth, the assembly 
procedure may proceed. If not, the discrepancy shall be resolved to the satis- 
faction of the purchaser. 

During assembly of the flowmeter the magnetic field strength shall be 
measured at the same spot, as before, after each weld when the magnets are in 
place. A reduction in field strength of more than 10 percent indicates damage 
to the magnets by welding currents and shall be cause for rejection. The magnets 
may be salvaged by remagnetizing and restabilizing with the approval of the 
purchaser. 

After final assembly of the flowmeter, the magnetic field strength as 
measured at the same spot as before shall be minimum of 90 percent of the 
original measurement: If the magnetic field strength is less than this, the 
flowmeter shall be rejected. 

After final assembly of the flowmeter, two magnetic field strength 
profiles shall be measured and recorded: 
the flow duct from one end of the magnet to the other (readings taken every 
1/8 inch) and 2) across the diameter of the flow duct between the electrodes 
(readings taken every 1/8 inch). 

1) along the centerline axis of 

4.2.2 Electrical Resistance Tests 

4.2 .2 .1  Sipnal Cable Insulation Resistance. Before assembly, the 
insulation resistance of the signal cable shall be measured using 500V DC. 
The insulation resistance shall be at least 100 megohms between conductors 
or between each conductor and sheath. 
protected from moisture absorption. 

During assembly the cable shall be 

4.2.2.2 Conductor Resistance. Before assembly, the electrical re- 
sistance of each conductor in the signal cable shall be measured w i t h  
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an accurzcy of 2 0.1 percent. 
shall be measured with an accuracy of f. 0.1 percent. 

Also, the electrical resistance of each electrode 

4 . 2 . 2 . 3  Assemblv Resistance. After final assembly, the resistance between 
the end of each signal conductor and the flow tube shall be measured with an 
accuracy of & 0.1 percent. For acceptance this must agree within + 0 . 2  percent 
of the resistance calculated by adding the resistance of the cable-conductor to 
the resistance of the electrode. 

4 . 3  Manufacturing Plan. The supplier shall prepare a manufacturing plan 

The plan may be first submitted in pre- 
that identifies each manufacturing, assembly, and cleaning operation, the methods, 
and procedures that will be employed. 
liminary form, showing in outline from the steps required and the supplier's 
intended organization.for implementation of the plan and the proposed format. 
preliminary plan shall be submitted to the purchaser for review, finalized, and 
submitted for approval. 
release. 

The 

Purchaser approval shall be obtained before manufacturing 

4 . 4  Operation and Maintenance Manual. The supplier shall prepare an op- 
eration and Maintenance Manual in accordance with the requirements of those 
sections of RDT F 4-20 specified in the Ordering Data. 

4 . 5  Documentation. The supplier shall furnish copies of all test reports, 
certifications, work plans, drawings, procedures, technical manuals, and 
other documentation specified in this standard and other applicable documents 
in the quantities specified in the Ordering Data. 
purchaser approval shall be obtainedbefore usingmaterials or operations affected 
by the documents. 

Unless otherwise specified, 

4 . 6  Progress Reports. Reports of progress in design, fabrication, in- 
spection, testing, and shipment shall be made at times specified in the 
Ordering Data. The reports shall show the progress made since the previous 
report, with only enough repetition to place the present report in its proper 
context. 
taken or planned to overcome them. Problems foreseen as possible disruptions 
of the schedule shall be brought to the attention of the purchaser as early 
as possible. 

Progress reports shall show difficulties experkenced and the efforts 

Breakthroughs of significance shall be discussed fully. 

4 . 7  Final Report. The supplier shall submit a final report which 
summarizes the design, development, fabrication, testing, and shipping 
of the flowmeter. The teport should not contain proprietary information 
but should include: 

a. 

b. 

Analyses specified by this standard, The Code, and RDT E 15-2. 

Copies of final as-built drawings, reduced to convenient size for 
binding with the report. 

c. Illustrations, sketches, schematic diagrams, and photographs of 
major stages of fabrication, assembly, cleaning, testing, repair, 
packing, packaging and shipping. 
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5. PREPARATION FOR DELIVERY 

5.1 General. Preparation, packing packaging, and marking shall be in 
accordance with the requirements of RDT F 7-2 as supplemented below unless other- 
wise specified in the Ordering Data: 

1. Each flowmeter, with the sheathed cable coiled in a diameter of 
4 feet, or larger, shall be placed in a separate container in a 
moisture-vapor proof envelope meeting the requirements of Section 8.2. 
In addition, the shipping container shall be designed so that t h e  
outside surface of the flowmeter is maintained a minimum of three 
three inches from the outside of the shipping container. Yocntirg 
braces or brackets for the fiowmetershall be made of nonmagr~et_lc 
material. 

2. Desiccants and humidity indicating cards are not required. 

3 .  The flowmeters may be sealed and packed to a commerical level a s  
indicated in 8 . 3 .  

4 .  Sealed metal containers are not required. 

5. A preproduction model pack and rough handling tests are not required. 

6. Special markings meeting the requirements of 10.3 for warehouse storage 
only and 10.4 for fragile items shall be used. 
following special marking shall appear on the exterior of the shipping 
container. 

a 
In addition, the 

SENSITIVE MAGNETIC INSTRUMENT 
KEEP AT LEAST TWO FEET FROM 
ENERGIZED ELECTRICAL EQUIPMENT 
OR POWER CABLES. 

6. NOTES AND ORDERING DATA CHECKLIST 

6.1 Ordering Data Checklist. The following technical and procurement 
data will be furnished by the purchaser. If not furnished with the purchase 
documents, the supplier shall request any necessary data before submitting his 
bid. 

Item Applicable Section 

n 

1. Drawings 
a. Configuration control - shows dimensions, 3 . 2 . 5  

tolerances, surface finish, etc. 

b. Force - shows forces, vibration, 3 . 2 . 2  
(freq. and magnitude in 3 axes) normal 3.3.4 
pressures and shock pressures, etc. 3.4.1.h 
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Item Applicable Section 

2.  Materials 

Indicates types of approved.materia-1s for 
sodium wetted parts and any exceptions to 
Table 1. 

3. Environment 

3.5.1 

Indicates the following for steady state ope’ration, 
s?xtdown and transients (e.g., scram, orother). 

3.2.1 

Temperature - F 

Within the flowduct 

Around the sheath 

4. Pressures 

Within the flowduct 
Around the sheath 

5. Radiation 

Gamma flux in R/hr 
or watts/gm hearing effect 
neutron flux - nv 

6. Other Requirements 

Fill gas type and pressure 

Signal Cable end fitting 
Measurement range 
Minimum sensitivity 
Life 
Identification required on flowmeter 
Magnet stabilization temperature 
Magnet length requirements 
Numbers of transients expected 
Description of transients 
Corrosion allowance 

. 7. Documentation 

Tabulate all documents to be supplied by 
the manufacturer, along with approval and/or 
review requirements and quantities for each and 
applicable sections of RDT F 4-20. 

3.2.1 

3.2.1 

3.2.7 

3.2.6 
3.2.3 
3.2.3 
3.3.1, 3.3.3 
3.7.7 
3.5.2.1 
3.2.4 
3.2.1 
3.3.2 
3.3.5 

3.4.2, 4.5 
3.7.1, 4.6 
4.4, 4.8 
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8. Witness Points 

A preliminary listing of purchaser witness 
points will be tabulated. 

4 . 1 . 2  

6.2 Proposal Information. The supplker's proposal shall include the 
following as a minimum: 

1. Preliminary design information indicating: The proposed magnetic 
circuit and estimated flowmeter sensitivity; the proposed method 
of fabricating the sheath; and an elementary assembly procedure. 

2 .  Supplier's approach to quality assurance, including organization. 

3 .  Proposed tests, as required to prove adequacy, and proposed test 
instrumentation. 

4 .  A schedule. 
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APPENDIX A 

FLOWMETER SENSITIVITY CALCULATION METHOD 

The following formula can be used to calculate the sensitivity of a 
flowmeter. The following assumptions are made when using the formula: 

The flow duct has a circular cross-section and 
The magnetic field is uniform. 

E Bkl k2 k3 
Q 3162 d k4 
- =  

I where : 

Q = flow rate (gpm) 
E = Output signal (mv) 
d - inside flow duct diameter (in.) , 
B - magnetic flux density (Gauss) 

kl = pipe-wall shunting-effect correction factor 

k2 = end-effect correction factor 

k3 = magnet-temperature correction factor 

k4 = pipe-expansion correction factor 

- 2d D - 
k1 D2 + d2 + p f / p w  (D2 - d2) 

where : 

D = outside flow duct diameter (in.) 
= the ratio of the fluid and pipe wall resistivities, which varies Pf /pw 
with temperature. For. sodium and 304 stainless steel pf/pw is: 

f pw Sodium Temperature 

400 F 

600 F 

900 F 
1200 F 
1400 F 

0.16 
0.19 
0.25 

0.31 

0.36 

was experimentally derived and is a function of the ratio of the pole- 2 piece length ( a ) ,  in the direction of the flow duct, to inside flow duct 
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d iameter  ( d ) ;  k2 f a c t o r s  are g i v e n  i n  t h e  f o l l o w i n g  t a b l e :  

- a l a  
1 .5  

1 .7  

1 . 9  

2 . 1  

2 .4  

3.0 

3 .5  

kz - 
0 . 9 1  

0.94 

0.96 

0.97 

0.98 

0.99 

0.995 

k 
p e r a t u r e .  
material durgng o p e r a t i o n .  

i s  o b t a i n e d  from e x p e r i m e n t a l  d a t a  on t h e  r e v e r s i b l e  f l u x  loss w i t h  tern- 
i s  based upon t h e  a v e r a g e  t e m p e r a t u r e  of t h e  permanent magnet 3 k 

The f o l l o w i n g  v a l u e s  may b e  used f o r  Aln ico  5: 

Temperat-ure of Permanent.Magnet Material 

300 F 

400 F 

500 F 
600 F 

700 F 

800 F 
900 I? 

1000 P 

i s  c a l c u l a t e d  from t h e  fo lkowing e x p r e s s i o n ;  4 

where : 

3. 
0.982 

0.973 

0.963 

0.951 

0.938 

0.920 
u .  900 
0 , 8 6 8  

y= thermal  expans ion  c o e f f i c i e n t  f o r  p i p e  w a l l  material 

t= p i p e  t e m p e r a t u r e  ( d e g r e e s  F) 
t= p i p e  t e m p e r a t u r e  when d i s  measured ( d e g r e e s  F) 

kz = 1 + t x f o r  300-ser ies  s t a i n l e s s  steels. 
0 



APPENDIX B 

METHOD FOR TEMPERATURE STABILIZING ALNICO PERMANENT MAGENTS 

This method shall be used to temperature stabilize magnetized Alnico 
permanent magnets prior to use in fabrication of flowmeters. 

B . l  EQUIPMENT REQUIRED 

Furnace, capable of being controlled over a temperature range from 
900 to 1400 F. 

Strip chart recorder for Chromel/Alumel (Type K) thermocouples. 
Chromel/Alumel (Type K) thermocouples with stainless steel flat 
washers attached to the hot junction. 

Fluxmeter. 

Magnet handling tool (s) [1/8 inch thick monmagnetic bar ( s )  to set the 
magnets on during furnace handling]. 

B.2 PROCEDURE 

B . 2 . 1  Cleaning and Storage. The marked magnets, keepers, and handling 
tools shall be cleaned in accordance with RDT F5-1 and all parts thereafter 
handltng with rubber surgical gloves or other means to prevent contamination 
of the cleaned surfaces. In addition, all parts cleaned shall be stored in 
clean plastic containers before and between heating cycles. 
shall be applied to the magnets during storage. 

The keepers 

B.2.2 Temperature Stabilization. 

B . 2 . 2 . 1  The necessary data to be taken, as outlined below, shall be 

recorded on a data sheet having the following typical format: Date, Magnet 
Number, Time Placed in Furnace, Time Taken Out of Furnace, Time at Temperature, 
Average Temperature, Number of Temperature Cycles on Magnet, Date Flux Density 
Measured. 

B . 2 . 2 . 2  
in a clean plastic container. 
and recorded. 
is maintained between each magnet to prevent magnetic flux interactions. 

The magnet keepers shall be removed from the magnet and stored 
The flux density of each magnet shall be measured 

More than one magnet may be stabilized at a time if a distance 

C 

B . 2 . 2 . 3  The furnace shall be preheated t o  the stabilization temperature 
determined from Table B.l for the maximum eventual operating temperature of 
the magnet. 
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B.2.2.4 A thermocouple shall be attached to each magnet to be stabilized 

The thermo- 
or on the magnet holder using a hole present as a fastening point. 
steel screws and nuts shall be used as the attachement device. 

Stainless 

L 

* 
couple (s) shall be connected to an operating strip chart recorder and checked 
to see that the reading (s) recorded is the ambient temperature. The 
magnet (s) shall be placed on the handling tool ( s ) .  

L 

B.2.2.5 The furnace shall be turned off and the magnet ( s )  and handling 
tool (s) shall be inserted into the furnace. The furnace is again +,urn.ed 
on. The magnet temperature shall be raised to the value determined from 
Table B.l and kept at this temperature for 30 minutes. The recorder chart 
shall be marked with the date, time, and magnet number ( s )  just after the 
magnet ( s )  is inserted. 

B.2.2.6 After 30 minutes at temperature, the furnace shall be turned 
off and the magnet (s)  removed from the furnace. The handling tool ( s )  
shall be placed on a firebrick to air cool the magnets to ambient tempera- 
ture. The recorder strip chart shall be marked with the date, time, and. 
magnet ( s )  number (s) .  

B.2.2.7 The furnace shall be turned on and raised to the required pre- 
heat temperature in preparation for the next heating cycle. 

B.2.2.8 Steps B.2.2.5 through B.2.2.7 of this procedure shall be 
repeated a total of three ( 3 )  times for each magnet after it has cooled 
back to essentially ambient temperature. 

B.2.2.9 After the third heating cycle, the furnace shall be turned 
off and left off until the furnace is at essentially ambient temperature. 

B.2.2.10 The magnet (s) and handling tool (s) shall be inserted into the 
cold furnace. The furnace shall be turned and the magnet temperature 
raised at an average rate of 30 F per minute to the temperature required 
by Table B.l. The magnet (s) shall be kept at this temperature f o r  3!2 minutes. 
The recorder chart shall be marked with the date, time and magnet (s)  number 
(s) just after the furnace is turned on. . 

%. B.2.2.11 After 30 minutes at temperature, the furnace shall be turned 
off and the magnets and furnace allowed to cool to essentially ambient 
temperature. 

B.2.2.1~ After the magnets have cooled to room temperature in the furnace, 
they shall be removed and the flux density measured and recorded. 

B.2.2.13 The keepers shall be removed from the plastic storage container 
and affixed to the magnets. 

B.2.2.14 The magnets and keepers shall be placed in a clean plastic con- 
tainer and the container marked to indicate the part number, magnet number 
and conditioning treatment. 

B.2.2.15 The data sheets and recorder charts shall be saved, identified 
and included as a part of a test report. 
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Stabilization ” Temperatures 

B.2  TEST REPORT 

up to 900 

The data sheets and recorder charts used during magnet stabilization shall 
be assembled into a test report and the report certified that this stabilization I 

procedure has been followed in its entirety. 
the purchaser or included as a part of a flowmeter test report. 

The test report shall be sent to 

1000 

- TABLE B.l 

STABILIZATION TEMPEFWTURES FOR 
VARIOUS MAGNET OPERATING CONDITIONS 

1000 1100 

Q 
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AMENDMENT 2 

This amendment forms a part of RDT C 4-613 
dated April 1973 

1. Page 3, 2.1: Delete: 

RDT F 9-1T Requirements for Nuclear components at Elevated 
Temperatures (Supplement to ASME Elevated Temp- 
eratures Code Case 1331) 

2. Page 3 ,  2.1: Add: 

RDT F 9-4T Requirements f o r  Construction of Nuclear System 
Components at Elevated Temperatures (Supplement to 
ASME Code Case 1592, 1593, 1594, 1595, and 1596) 

RDT F 9-5T Guidelines and Procedures for Design of Nuclear 
System Components at Elevated Temperatures 

3. Page 5, 3.38 Replace reference to RDT F 9-1 with RDT F 9-4 .  

4. Page 6 ,  3.4.1.d: Replace with: 

d. Stress report satisfying the Code and RDT E 15-2 and 
RDT F 9-4. 

5. Page 10, 3.6.1: Replace reference to RDT F 9-1 with F 9-4. 

A 
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AMENDMENT 1 

This amendment forms a part of RDT C 4-6T 
dated April 1973 

1. Page 3.2.1: Replace RDT C 7-14T with: 

RDT C 17-5T Metal-Sheathed, Mineral-Insulated Cable Bulk Material 

I 2. Page 11, Table I: Replace reference to RDT C 7-14 w i t h  RDT C 17-5. 
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DIVISION OF REACTOR RESEARCH AND DEVELOPMENT PAGE 1 OF 1 

-_  IN-CORE PERMANENT-MAGNET FLOW-THROUGH-TYPE nOWMETER FOR LIQUID METAL SERVICE 
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AMENDMENT 2 

This amendment forms a part of RDT C 4-6T 
dated April 1973 

1. Page 3,  2.1: 

RDT F 9-1T 

2. Page 3 ,  2.1: 

RDT F 9-4T 

RDT F 9-5T 

3. Page 5, 3.32 

De le te : 

Requirements for Nuclear Components at Elevated 
Temperatures (Supplement to ASME Elevated Temp- 
eratures Code Case 1331) 

Add: 

Requirements for Construction of Nuclear System 
Components at Elevated Temperatures (Supplement to 
ASME Code Case 1592, 1593, 1594, 1595, and 1596) 

Guidelines and Procedures for Design of Nuclear 
System Components at Elevated Temperatures 

Replace reference to RDT F 9-1 w i t h  RDT F 9 - 4 .  

4 .  Page 6 ,  3.4.1.d: Replace w i t h :  

d. Stress report satisfying the Code and RDT E 15-2 and 
RDT F 9-4. 

5 .  Page 10, 3.6.1: Replace reference to RDT F 9-1 with F 9-4. 

1- 
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