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ABSTRACT

Pressurized water reactor loss-of-coolant accident (LOCA) phenomena are
being simulated with a series of experiments in the U-2 Toop of the National
Research Universal Reactor at Chalk River, Ontario, Canada. The first of these
experiments includes up to 45 parametric thermal-hydraulic tests to establish
the relationship among the reflood delay time of emergency coolant, the re-
flooding rate, and the resultant fuel rod cladding peak temperature. Sub-
sequent experiments establish the fuel rod fajlure characteristics at selected
peak cladding temperatures. Fuel rod cladding pressurization simulates high
burnup fission gas pressure levels of modern PWRs.

This document contains both an experiment overview of the LOCA simulation
program and a review of the safety analyses performed by Pacific Northwest
Laboratory (PNL} to define the expected operating conditions as well as to
evaluate the worst case operating conditions. The primary intent of this doc-
ument is to supply safety information required by the Chalk River Nuclear Lab-
oratories (CRNL), to establish readiness to proceed from one test phase to the
next and to establish the overall safety of the experiment., A hazards review
summarizes safety issues, normal operation and three worst case accidents that
have been addressed during the development of the experiment plan.






SUMMARY

Pacific Northwest Laboratory (PNL)} is conducting tests for the Nuclear
Regulatory Commission (NRC), Division of Reactor Safety Research, Fuel! Behav-
ior Branch, to evaluate the consequences of a hypothetical loss-of-coolant
accident (LOCA) in a light water reactor (LWR). PNL will provide the test
train, the reactor fuel assembly for the test, data reduction and analysis,
and management for the LOCA simulation program. Atomic Energy of (Canada,
Ltd., (AECL), Research Company will provide the test facility and irradiation
space in the Canadian National Research Universal {NRU)} Reactor at Chalk
River, Ontario.

This program will develop a well-characterized data set for evaluating
the consequences of a hypothetical LOCA in an LWR. Heatup, reflood, and
quench will be simuiated using low-ievel fission heat as a surrogate for the

system enthalpy and decay heat that would drive the hypothetical LOCA terminatl
transient.

The data derived from the irradiation tests will be used to assess various
calculational models for reactor safety analyses and to assess conclusions
derived from the series of electrically heated tests and smaller scale in-pile
tests being conducted elsewhere.
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1.0 INTRODUCTION

A loss-of-coolant accident (LOCA) in a commercial light water reactor
(LWR) consists of four distinct phases: blowdown, heatup, reflood, and quench.
Each of these phases has a path-dependent process that is a function of 1) the
type of event that initiated the accident and 2) the reactor's operating condi-
tions at the time the LOCA was initiated. No single set of conditions would
exist at the time of a LOCA; rather, a broad range of operating parameters
could exist in one of many possible combinations,

The ideal simulation of a LOCA would inciude the entire LOCA sequence--
blowdown, heatup, reflood, and quench. However, such a simulation would
require examination of a large range of parameters related to the reactor event
initiating the accident, which in turn would require many in-reactor tests.
Because of the technical difficulties of such an effort and the large number
of parameters involved in a test program that would be typical of all LOCAs,
it was decided that these experiments would address only those phases that are
most damaging to the cladding integrity: heatup, reflood, and quench.

During the most damaging phases, the highest fuel cladding temperatures
are reached with the maximum relative pressure differential occurring across
the cladding wall. The cladding typically will rupture, releasing fission pro-
ducts early in the heatup phase. During the heatup phase, the cladding tem-
perature and the resulting cladding oxidation will continue to increase until
the reflood water reaches a depth sufficient to halt the increase, turn the
cladding temperature around, and finally guench the cladding.

Pacific Northwest Laboratory (PNL) has prepared this document to define
both normal operating and worst-case conditions that might occur during test-
ing. This report is intended to help Nuclear Regulatory Commission (NRC) and
Chalk River Nuclear Laboratories (CRNL} staff members ensure the safety and
integrity of the National Research Universal (NRU} reactor during the tests.

The following subjects are discussed in the rest of the report.
® test series design
e test train design
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® operating procedures and conditions
postirradiation examination
® wastes generated by the tests and waste disposal

e hazards involved in testing.

Appendices A through G include detailed drawings of the test train and its com-
ponents, copies of key specifications, and additional plots predicting peak
cladding temperatures for different reflood rates and delay times.



2.0 SCOPE AND OBJECTIVES OF THE PROGRAM

The LOCA simulation program will develop a well-characterized data set for
evaluating the consequences of a hypothetical LOCA in an LWR., Heatup, reflood,
and guench will be simulated using Tow-level fission heat as a surrogate for
the system enthalpy and decay heat that would drive the hypothetical LOCA term-

inal transient.

Six full-length test assemblies will be irradiated. The geometric con-
figuration of each assembly represents a 6 x 6 segment of a 17 x 17 pressurized
water reactor {(PWR) fuel bundie. The tests will be performed in the U-2 locop
of the NRU Reactor at Chalk River, Ontario, provided by the Atomic Energy of
Canada, Ltd. (AECL). The tests are expected to yield the folilowing data:

® temperature distribution in a full-length bundle as a function of
time

® interaction between thermal-hydraulics and cladding deformation
® quench front propagation

& quenching characteristics of nuclear-heated, Zircaloy-clad rods for
comparison with electrically heated, Inconel or Stainless steel-clad
{ss) rods

e temperature-stress-time of cladding deformation

e distribution of cladding strain within bundle and information on
failure propagation

e axial distribution of diametral strain in test fuel rods
o flow-area reduction caused by cladding expansion,

The data will be used to assess various calculational models for reactor safety
analyses and to assess conclusions derived from the series of electrically

heated tests and smaller scale in-pile tests being conducted elsewhere,

Experiments will be designed and conducted to use the advantages inherent
in the NRU reactor for testing of this kind. These advantages include 1) capa-
bilities for testing multirod bundles with lengths to 3.66 m (12 ft) under
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thermal-hydraulic conditions representative of contemporary LWRs and 2) the
ability to achieve requisite power densities using fuels with normal commercial
enrichments. The former advantage will reduce uncertainties in scaling factors
that must be applied to results from small-scale tests; the Tatter will permit
reasonable uniformity in horizontal power distribution within a test fue!
bundle and the use of actual commercial fuel rods in test bundies.

This program is related generally to those NRC programs concerned with
performance characteristics of nuclear reactor fuels. Experimental work will
extend and complement thermal-hydraulic/cladding deformation tests that include
out-of-pile tests {i.e., PWR FLECHT SEASET), the Power Burst Facility (PBF)
test and loss-of-flow test (LOFT).

It is anticipated that this program will be conducted over a 5-year period
beginning with approval of the initial contract. The program's major mile-
stones are:

AECL Subcontract Approved December 1978
Data Acgquisition and Control System Delivered May 1980

Final Safety Analysis Approved by AECL June 1980

Loop Modifications and Tests Completed August 1980
Nuclear Tests Begun October 1980
Nuclear Tests Completed June 1982
Final Reports Completed September 1083



3.0 TEST SERIES DESIGN

There will be a total of six tests and six assemblies; one assembly will
be used for thermal-hydraulic testing for a maximum of 45 test runs, the other
five will be used for mechanical deformation testing and will be Timited to one
test run each (Hann 1979}.

The thermal-hydraulic test series will be conducted during the first of
six testing intervals. All rods will be unpressurized; conseguently, no severe
cladding deformation will occur. The test series will provide replicate condi-
tions for assessment of mathematical heatup and reflood models. It will also
serve to calibrate the response of the system and further refine knowledge of
boundary conditions of those pressurized rod assemblies that will experience
severe deformation and rupture. The tests will provide a transition from well-
controlled and rather benign conditions 1o more severe test conditions.

Several options exist for performing test series that will allow replica-
tion of test parameters to improve data correlation and potentially reduce the
number and types of instruments required for the testing. Some of the vari-
ables included in these options are reflood injection time, reflood rate, and
heatup rate. The current design for the thermal-hydraulic tests is based on
using one heatup rate to minimize reactor control problems and experimental
perturbations. The reflood rate and reflood injection times will be used as
the prime independent variables and will in various combinations be used to
reverse the temperature transient at the desired peak cladding temperature
1imit. The proposed conditions for the thermal-hydraulic tests series are
listed in Table 3.1. and shown in Figure 3.1.

The five fuel cladding performance tests will be conducted for selected
conditions based on the results obtained during the thermal-hydraulic tests.
The objective of the tests will be to use a constant heatup rate and vary the
refliood rate and reflood delay time to obtain peak cladding temperatures
between 1033K {1400°F) and 1255K (1800°F). Table 3.2 shows the approximate
range of variables planned for the fuel cladding performance tests.
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TABLE 3.1. Thermal-Hydraulic Test Series(a)

Predicted(b)
Test RefTood Max imum Peak Cladding

Test  Series Reflood Rate Delay Heating Rate Temperature

Day Number m/s in./s Time, s K/s  °F/s K F
2 101 0.102 4.0 3lc) 8 15 <8l <1000
2 102 0.102 4.0 20 8 15 92 1200
2 103 0.102 4.0 29 8 15 977 1300
2 104 0.102 4.0 37 8 15 1033 1400
3 105 0.051 2.0 7 8 15 1033 1400
3106 0.051 2.0 19 8 15 1088 1500
3 107 0.051 2.0 30 8 15 1144 1600
3 108 0.048'9) 1.9 y(c) 8 15 1033 1400
3 109 0.038 1.5 3 8 15 1144 1600
3 110'9 o0.038(9 1509 q 8 15 1200 1700
311 0.038 1.5 11 8 15 1200 1700
3112 0.076 3.0 32 8 15 1033 1400
& 11 0.204 8.0 39 8 15 1033 1400
& 114N 9200 8.0 46 8 15 1088 1500
& 115 0.204 8.0 53 8 15 1144 1600
4 116 0.254{?) 10,0 40 8 15 1033 1400
s 17t g.2sa 10.0 47 8 15 1088 1500
s 118 0.254 10.0 54 8 15 1144 1600
¢ 1199 o.155(8) 5109 5 8 15 1144 1600
4 120 0.155 6.1 52 8 15 1144 1600
& 121 0.076 3.0 48 8 15 1144 1600
5 122090 0.076(9)  3.0(9) 53 8 15 1200 1700
5 123 0.076 3.00¢) 53 8 15 1200 1700
5 12a(f) 5,102 4.0 37 8 15 1033 1400
5 125 0.102 4.0 51 8 15 1144 1600
5 126 0.102 4.0 70 8 15 1255 1800
5 127(F) 0,102 4.0 37 8 15 1033 1400
5 128 0.033 1.3 3(c) 8 15 1255 1800




































































































































































































































































































































































































































APPENDIX B
MATERIALS SPECIFICATIONS



MATERIAL SPECIFICATIONS

Specification Title
TTMS-1000 Rev 2 Zircaloy Alloy Sheet, Strip and Plate
TTMS-1001  Rev 2 Zirconium Alloy Seamless Tubes
TTMS-1002 Rev QO Zirconium Allcy Bar, Rod and Wire Stock
TTMS-1014 Rev 1 Inconel X-750 Spring Wire
TTM5-1015 Rev O Inconel 718 Sheet, Strip, and Plate
TTMS-1016 Rev O Inconel 600 Bar and Rod
TTMS-1031 Rev 1 Stainless and Heat Resisting Steel Wire
TTMS-1032 Rev 1 Stainless Steel Plate, Sheet and Strip
TTMS-1033 Rev 1 Stainless Steel Bars and Shapes
TTMS-1035 Rev 2 Seamless Stainless Steel Tubing
TTMS-1037 Rev O Precipitation Hardening Stainless Steel
TTMS-1039 Rev O HI3 Tool Steel
TTMS-1060 Rev O Uranium Dioxide Powder
TTMS-1062 Rev O Boron Nitrate
TTMS-1063 Rev D Aluminum Oxide Powder
TMMS-1070 Rev O Wrought Platinum
TTMS-1075 Rev O Niobium Alloy Strip, Sheet, Foil and Plate
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1.0

2.0

3.0

4.0

5.0

TTMS-1000, Rev 2

Zircaloy Alloy Sheet, Strip, and Plate
C. Nealley

SCOPE: This material specification describes the material requirements
for zircaloy atloy sheet, strip, and plate.

APPLICABLE DOCUMENTS: The following decument forms a part of this
specification.

ASTM B 352 Zirconium and Zirconium Alloy Sheet, Strip, and Plate
for Nuclear Application

MATERTAL REQUIREMENTS:

3.1 Grade: The grade of the alloy shall be as designated on the
fabrication drawing or in the ordering data.

3.2 Heat Treatment: The material shali be in the annealed condition.

TECHNICAL REQUIREMENTS:

4.1 Mechanical Properties: The mechanical properties shall conform to
the requirements of ASTM B 352, for the designated grade.

4.2 Alloy Composition: The chemical analysis snall meet the requirvements
of ASTM B 352, for the designated grade.

4.3 Surface Condition: The surface condition and finish shail conform
to that specified in ASTM B 352.

QUALITY ASSURANCE:

5.1 Inspection: The sheet, strip or plate shall be visually inspected
for cleanliness, workmanship, and defects.

5.2 Certification: The supplier shall provide certificaticns on ail

tests conducted to meet the requirements of this specification.



TTMS-1001, Rev 2

Zirconium Alloy Seamiess Tubes
C. Nealley

1.0 SCOPE: This material specification describes the regquirements for
Zirconium alioy seamless tubes.

2.0 APPLICABLE DOCUMENTS: The following document forms a part of this
specification except where modified by this specification.

ASTM B 353 Wrought Zirconium, Zirconium Alloy Seamless and
Welded Tubes for Nuclear Service.

3.0 MATERTAL REQUIREMENTS:

3.7 Grade: The grade of the alloy shall be UNS R60804, commonly
designated Zircaloy-4.

3.2 Condition: The tubing shall be cold worked to a minimum of 70%
reduction and stress relieved at 500°C (930°F} for 4 hours.

4.0 TECHNICAL REQUIREMENTS:

4.1 Mechanical Properties: The minimum room temperature tensile strength

shall be 483 MPa (70,000 psi}. The minimum room temperature yield
strength (0.2% offset) shall be 414 MPa {60,000 psi). The zirconium
tubes shall have a minimum elongation of 14% at room temperature,
Tensile tests shall be performed at 385°C (725°F) for information
only.

4.2 Alloy Composition: The chemical analysis shall meet the requirements
of ASTM B 353, Grade UNS R60804.

4.3 Surface Condition: The tubes shall be supplied with a belt ground
0D and an etched ID.

4.4 Grain Size: The grain size of the recrystallized tubing shall be
ASTM Size No. 7 or finer prior to final tube reduction.

4.5 Ultrasonic Inspection: Ultrasonic inspection shall be made as sopec-
ified in ASTM B 353. The inspection technique shall detect a longi-
tudinal notch 1.6 mm (0.062 1in.} in length by 0.06 mm (0.002 in.)
in width and depth on the ID and on the 0D; and shall detect a

B-3



TIMS-1001, Rev 2

transverse notch 5 mm {0.187 in.) in length by 0.06 mm {0.002 in.)
in width and depth on the ID and the 0D of the standard sample.

4.6 Oxygen Content: The amount of oxygen shall be determined by analyzing

sampies from two finished tubes. Oxygen content shall not exceed
1600 ppm.

4.7 Corrosion Properties: The corrosion properties shall be determined
per paragraph 11.2.1 of ASTM B 353.

4.8 Hydride Orientation: The hydride orientation ratio shall not exceed

0.30 in accordance with the requirements of Appendix A2 of ASTM B 353.
QUALITY ASSURANCE:

5.1 Inspection: Each tube shall be visually inspected for cleanliness,
workmanship, and defects. Each tube shall be identified with an
electro etched number one inch from one end. Analog test charts
showing 0D, ID and wall thickness dimensions shall be furnished
for each tube. The orientation of the test chart shall be indexed
to the electro etched number. A1l analog charts, test results and
certifications will be delivered with the tubing.

5.2 Certification: The manufacturer shall provide certifications on

the starting material and cn all tests made to meet the reguirements
of this specification.
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1.0

2.0

3.0

4.0

TTMS-1002, Rev O

Zirconium Alloy Bar, Rod, and Wire Stock
C. Nealley

SCOPE: This material specification describes the requirements for zir-

conjum alloy bar stock used in fabricating test train components.

APPLICABLE DOCUMENTS: The following document forms a part of this

specification except where modified by this specification.

ASTM B 351 Hot-Rolled and Cold-Finished Zirconium, Zirconium Alloy
Bars, Rod, and Wire for Nuclear Application (latest edition).

TECHNICAL SPECIFICATIONS:

3.1 Grade: The grade of the alloy <hall be UNS Rb60804, commonly desig-
nated Zircaloy-4.

3.2 Condition: The material shall be in the fully annealed condition.

3.3 Mechanical Properties: The mechanical properties shall conform to
the requirements of ASTM B 351.

3.4 Alloy Composition: The chemical analysis shall meet the require-
ments of ASTM B 351, Grade UNS R60804.

3.5 Grain Size: The grain size of the bars shall be equal to ASTM
Size No. 7 or finer.

3.6 VUltrasonic Inspection: Each bar shall be ultrasonically inspected

over its entire length for internal defects by a method that will
detect a mutuaily agreed upon standard.

3.7 Dye Penetrant Inspection: The ends of each bar shall be dye pene-

trant inspected for stringers and center bursts.

QUALITY ASSURANCE:

4.1 lInspection: Each bar shall be visually examined for cleanliness,
workmanship, and defects.

4.2 Certification: The manufacturer shall provide certifications on alil

tests made to meet the requirements of this specification.
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1.0

2.0

3.0

2.0

TIMS-1014, Rev 1

Inconel X-750 Spring Wire
C. Nealley

SCOPE: This specification describes material requirements for Inconel

X-750 spring temper wire used in fabricating plenum compression springs
for fuel rods.

APPLICABLE DOCUMENTS: The following document, forms a part of this

specification except where modified by this specification.
AMS 56998 Atloy Wire, Corrosion and Heat Resistant, Revised 1-15-63.
TECHNICAL REQUIREMENTS:

3.1 Form: The wire shall be cold drawn, round wire.

3.2 Composition: The composition shall conform to the requirements of
AMS 56998,

3.3 Mechanical Properties: The wire shall have a minimum tensile
strength of 1000 MPa (150,000 psi).

3.4 MWrapping: Wire shall withstand, without cracking, wrapping at
room temperature for 5 full, closely spaced turns around a diameter
equal to 3 times the nominal diameter of the wire.

3.5 Condition: The wire condition shall con“orm to the requirements of
AMS 5699B. In addition, the wire shall be uniform in quality and
free from pits, abrasions, kinks, twists. scrapes, splits, pipes,
cold shuts, and other injurious imperfections.

3.6 Surface: The surface shall have a clean, smooth finish that is free
from grease, oil, drawing lubricants, anc other contaminants.

QUALITY ASSURANCE:

4.1 Inspections and Reports: Inspections and reports shall be in
conformance with AMS 5699B.

4,2 Certification: Certifications shall be in compliance with AMS 5699B.
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Inconel 718 Sheet, Strip, and Plate
C. Nealley

SCOPE: This material specification describes the material requirements
for Inconel 718 Sheet, Strip, and Plate.

APPLICABLE DOCUMENTS: The following document forms a part of this
specification.

AMS 5596C Alloy Sheet, Strip, and Plate, Corrosion and Heat
Resistant

MATERIAL REQUIREMENTS:

3.1 Grade: The grade of the allay shall be Inconel 718.

3.2 Heat Treatment: The material shall be solution heat treated at
9U54°C + 14°C {1750°F + 25°F), as specified in AMS 5586C.

TECHNICAL REQUIREMENTS:

4.1 Mechanical Properties: The mechanical properties shall conform to
the requirements of AMS 5556C.

4.2 Alloy Composition: The chemical analysis shall meet the requirements

of AMS 5596C.

4.3 Surface Condition: The surface condition and finish shall conform
to that specified in AMS 5596C.

QUALITY ASSURANCE:

5.1 Inspection: The sheet, strip or plate shall be visually inspected
for cieanliness, workmanship, and defects.

5.2 Certification: The supplier shall provide certifications on all

tests conducted to meet the requirements of this specification.
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TTMS-1016, Rev O
Tnconel 600 Bar and Road
C. Nealley

SCOPE: This material specification describes the material requirements
for Inconel 600 bar and rod.

APPLICABLE DOCUMENTS: The following document forms a part of this
specification.

ASTM B 166 Nickel-Chromium Alloy (UNS NC6600) Rod and Bar

MATERTAL REQUIREMENTS:

3.1 Grade: The grade of the alloy shall be Inconel 600.

3.2 Heat Treatment: The material shall be annealed.

TECHNICAL REQUIREMENTS

4,1 Mechanical Properties: The mechanical properties shall conform to
the requirements of ASTM B 166.

4.2 Alloy Composition: The chemical analysis shall meet the requirements
of ASTM B 166.

4.3 Surface Condition: The surface condition and finish shall conform
to that specified in ASTM B 166.

QUALTITY ASSURANCE:

5.1 Inspection: The rod or bar shall be visually inspected for
cleanliness, workmanship and defects.

5.2 Certification: The supplier shall provice certifications on ail
tests conducted to meet the requirements of this specification.
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Stainless and Heat-Resisting Steel Wire
C. Nealley

SCOPE: This material specification describes the material requirements

for stainiess and heat-resisting wire,.

APPLICABLE DOCUMENTS: The following document forms a part of this
specification.

ASTM A 580 Stainless and Heat-Resisting Steel Wire

MATERIAL REQUIREMENTS:

3.1 Grade: The grade of the alloy shall be as designated on the

fabrication drawing or in the crdering data.

3.2 Heat Treatment: The material shall be in the solution heat treated
condition. This condition is specified in ASTM A 580 as Condition A.

TECHNICAL REQUIREMENTS:

4.1 Mechanical Properties: The mechanical properties shall conform to
the requirements of ASTM A 580, for the designated grade.

4.2 Alloy Composition: The chemical analysis shall meet the reguirements
of ASTM A 580, for the designated grade.

4.3 Surface Condition: The surface condition and finish shall conform
to that specified in ASTM A 580.

QUALITY ASSURANCE:

5.1 Inspection: The wire shall be visually inspected for cleanliness,
workmanship, and defects.

5.2 Certification: The supplier shall provide certifications on all
tests conducted to meet the requirements of this specification.
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Stainless Steel Plate, Sheet and Strip
C. Nealley

SCOPE: This material specification describes the material requirements

for stainless steel plate, sheet or strip.

APPLICABLE DOCUMENTS: The following document forms a part of this

specification.

ASTM A 240 Heat Resisting Chromium and Chromium-Nickel Stainless
Steel Plate, Sheet and Strip for Fusion Welded Unfired Pressure
Vessels.

MATERIAL REQUIREMENTS:

3.1

3.2

Grade: The grade of the alloy shall be designated on the fabrication
drawing or in the ordering data.

Heat Treatment: The materiai shall be “‘n the solution heat treated
condition.

TECHNICAL REQUIREMENTS:

U

4.2

4.3

Mechanical Properties: The mechanical groperties shall conform to
the reguirements of ASTM A 240, for the designated grade.

Alloy Composition: The chemical analysis shall meet the requirements
of ASTM A 240, for the designated grade.

Surface Condition: The surface condition and finish shall conform
to that specified in ASTM A 240.

QUALITY ASSURANCE:

5.1

5.2

Inspection: The plate, sheet or strip shall be visually inspected
for cleaniiness, workmanship and defects.

Certification: The supplier shall provide certifications on all

tests conducted to meet the requirements of this specificatian,
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Stainless Steel Bars and Shapes
C. Nealley

SCOPE: This material specification describes the material requirements

for stainless steel bars or shapes.

APPLICABLE DOCUMENTS: The following document forms a part of this

specification.

ASTM A 478 Stainless and Heat-Resisting Steel Bars and Shapes for
Use in Boilers and Other Pressure Vessels.

MATERIAL REQUIREMENTS:

3.1

3.2

Grade: The grade of the alloy shall be as designated on the
fabrication drawing or in the ordering data.

Heat Treatment: The material shall be in the sclution heat treated
condition, as specified in ASTM A 479.

TECHNICAL REQUIREMENTS:

4.1

4.2

4.3

Mechanical Properties: The mechanical properties shall conform to
the requirements of ASTM A 479, for the designated grade.

Alloy Composition: The chemical analysis shall meet the requirements
of ASTM A 479, for the designated grade.

Surface Condition: The surface condition and finish shall conform
to that specified in ASTM A 479.

QUALITY ASSURANCE:

5.1

5.2

Inspection: The bar stock or shape shall be visually inspected for
cleanliness, workmanship and defects.

Certification: The supplier shall provide certifications on all
tests conducted to meet the requirements of this specification.
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Seamless Stainless Steel Tubing
C. Nealley

SCOPE: This material specification describes the material requirements
for seamiess stainless steel tubing.

APPLICABLE DOCUMENTS: The following document. forms a part of this
specification.

ASTM A 517 Seamless Stainless Steel Mechanical Tubing
MATERIAL REQUIREMENTS:

3.1 Grade: The grade of the alloy shall be as designated on the
fabrication drawing or in the ordering data.

3.2 Heat Treatment: The material shall be in the solution heat treated
condition, as specified in ASTM A 571.

TECHNICAL REQUIREMENTS:

4.1 Mechanical Properties: The mechanical properties shall conform to
the requirements of ASTM A 511 for the designated grade.

4.2 Alloy Composition: The chemical analysis shall meet the requirements
of ASTM A 511 for the designated grade.

4.3 Surface Condition: The surface conditior and finish shall conform
to that specified in ASTM A 511,

QUALITY ASSURANCE:

5.1 Inspection: The tubing shail be visually inspected for cleanliness,
workmanship and defects.

5.2 Certification: The supplier shall provide certifications on all

tests conducted to meet the requirements of this specification.
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Precipitation Hardening Stainless Steels
C. Nealley

1.0 SCOPE: This material specification describes the material requirements
for precipitation hardening stainless steel bars or shapes.

2.0 APPLICABLE DOCUMENTS: The following document forms a part of this
specification.

ASTM A 564 Hot-Rolled and Cold-finished Age-Hardening Stainless
and Heat-Resisting Steel Bars and Shapes.

3.0 MATERIAL REQUIREMENTS:

3.1 Grade: The grade of the alloy shal} be as designated on the
fabrication or in the cordering data.

3.2 Condition: The material shali be supplied in the solution annealed
condition in accordance with the requirements of the ASTM A 564.

4.0 TECHNICAL REQUIREMENTS:

4.1 Mechanical Properties: The mechanical properties shall conform to
the requirements of ASTM A 564 for the heat treatment specified.

4.2 Alloy Composition: The chemical analysis shall meet the requirements
of ASTM A 564, for the designated grade.

4.3 Surface Condition: The surface condition and finish shall conform
to Class A as specified in ASTM A 564.

5.0 QUALITY ASSURANCE:

5.1 Inspection: The bar stock or shape shall be visually inspected for
cleanliness, workmanship and defects.

5.2 Certification: The supplier shall provide certifications on all
tests conducted tc meet the requirements of this specification.
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H13 Tool Steel
C. Nealley

SCOPE: This material specification describes the material requirements
for H13 tool steel.

APPLICABLE DOCUMENTS: The following document forms a part of this
specification,

ASTM A 681 Alioy Tool Steel
MATERIAL REQUIREMENTS:

3.1 Grade: The grade of the alloy shall be H13 tool steel.

3,2 Heat Treatment: The material shall be in the austenitized, quenched
and tempered condition, as specified in ASTM A 681.

TECHNICAL REQUIREMENTS:

4.7 Hardness: The minimum hardness shall conform to the requirements
of ASTM A 681 for HI3 tool steel.

4.2 Alloy Composition: The chemical analysis shall meet the requirements
of ASTM A 681 for H13 tocl steel.

4.3 Surface Condition: The surface cecndition shall conform to that
specified in ASTM A 681.

QUALITY ASSURANCE:

5.1 Inspection: The Hi3 tool steel shall be visually inspected for
cleanliness, workmanship, and defects.

5.2 Certification: The suppliier shall provide certifications on ail

tests conducted to meet the reguirements of this specification.
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Reference Specification for Uranjum Dioxide Powder
R. L. Goodman

1.0 INTRODUCTION: This specification is intended as a reference standard for
nuclear applications. Insofar as practicable, it recognizes the

diversity in specific product requirements and the methods of manufacture
of specific products. It is therefore anticipated that a purchaser

may suppiement this specification with more stringent and/or additional
requirements for specific applications.

2.0 SCOPE:

2.1 This specification is for nuclear grade, sinterable uranium dioxide
powder. It applies to uranium dioxide powder containing uranium of

235
y

an U concentration.

2.2 This specification does not include (a) provisions for preventing
criticality accidents or {b) requirements for health and safety.
Observance of this standard does not relieve the user of the obli-
gation to be aware of and conform to all federal, state, and iocal
reguiations pertaining to possessing, shipping, processing, or
using source or special nuclear material.

2.3 Impurity and Equivalent Boron Specifications are listed in Appendix A.
2.4 Special tests and procedures are listed in Appendix B.
2.5 Applicable documents are 1isted in Appendix C.

3.0 TECHNICAL REQUIREMENTS:

3.1 Chemical Reguirements: All chemical analyses shall be performed on

portions of the representative sample prepared in accordance with
Section 4.0. Analytical chemistry methods used shall be as stated
in ASTM Method (C696-77.

3.1.1 Uranium Content: The uranium content shail be a minimum of
87.7% by weight on a dry weight basis.

3.1.2 Impurity Content: The impurity content shall not exceed
the individual element 1imit specified in Table 1, Appendix A,
on a uranium weight basis. The summation of the contribution
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3.3

3.1.3
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ot each of the impurity elements listed in Table T,
Appendix A, shall not exceed 15G0 ppm.

Moisture Content: The moisture content shall not exceed
0.40 weight percent.

Nuclear Requirements:

3.2.1

3.2.2

Isotopic Content: The isotopic content of the uranium in the

e 234

UDg powder shall be determined by mass spectrometry. Th u,
23
U

s 236U, and 238U content of the uranium shall be reported

on a weight percent basis. The isotopic concentrations
shall be as specified by the buyer.

Equivalent Baron Content: For thermal reactor use., the total

equivalent boron content (EBC), based on a summation of the
contributions from each of the elements indicated in Table 2,
Appendix A, shall not exceed 4.0 ppm on a uranium weight
basis. {Factors for cenverting constitutent concentrations
to eguivalent boron concentrations are given in Table 2,
Appendix A.) The ERC of each element shall be calculated
individually using the following formula:

EBC of impurity = (EBC factor} x {opm of impurity)
where:
(at.wt boron) x {o. element}

EBC factor = a

(Ua boron} x {at.wt element}

Alternatively the EBC may be determined by a comparative
reactivity test against a known standard. For fast reactor
use, the above limitations dc not &pply.

Physical Characteristics:

3.3.1

Particle Size: A1l of the uranium dioxide shall pass through

a 20-mesh U.S. Standard sieve. Sieving practice shall be
in accordance with ASTM B214-76.
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3.3.2 Bulk Density: Bulk density shall be a minimum of 0.75 g/cc
as determined by the Scott Yolumeter, ASTM B329-76.

3.4 Sinterability: Test pellets produced and measured in accerdance with

the sintering performance test described in Appendix B shall have
a minimum density of 92.0% theoretical. (Theoretical density of

natural UO2 = 10.96g9/cc).

LOT REQUIREMENT:

4.1 A lot is defined as a quantity of uranium dioxide powder which is
uniform in isotopic, chemical, physical,and sinterability
characteristics.

4.2 The identity of a lot shall be retained throughout processing with-
out mixing with other established lots.

4.3 A powder lot shall form the basis for defining sampling plans used
to establish conformance to specification.

4.4 Sampling pians shall be mutually agreed upon by the buyer and the
seller and will be as defined on the purchase requisition. ASTM
Standard: E 105-58 (1975) is referenced as a guide.

SAMPLING: Uranium oxide is hygroscopic and cap absorb sufficient water

during exposure to a moist atmosphere to cause detectable analytical
errors. Sampling, weighing of the sample, and handling the samplie shall
be done under conditions which do not alter the moisture content of the
sample.

5.1 A representative sample of powder from each lot shall be taken for
the purpose of determining chemical and physical properties and
for sintering performance testing.

5.2 The lot sample shall be of sufficient size to perform quality
assurance testing at the seller's plant, acceptance testing at the
buyer's plant, and referee tests in the event they become necessary.
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The lot sample for acceptance testing at the buyer's plant shall

be packaged in a separate container, c¢learly identified by lot
number, and shipped with the lot. The referee sampie shall be
clearly identified and retained at the seller's plant until the Tot
has been formally accepted by the buyer.

The Tot sample shall be prepared by biending and splitting the
container samples.

To obtain a container samplie, specimens shall be taken with a thief
at random locations along any vertical traverse through each sample
container selected at random. The thief samples from the selected
containers shall then be blended and split down to the required
size.

The number of containers so sampled shall be 5 + n/10, where n is
the total number of containers per lot rounded to the nearest
decade. 1If there are five or fewer containers per lot, each con-
tainer shall be so sampled.

TESTING AND CERTIFICATION:

6.1

6.2

6.3

The seller shail test the sample described in Section 4.0 to assure
conformance of the powder to the requirements of Section 3.0. A}l
testing shall be conducted by techniques mutually agreed to by the
buyer and the seiler.

The seller shall provide to the buyer documents certifying:

6.2.1 the isotopic content and identity of the starting material
lot.

6.2.2 that the powder meets all the requirzments of Section 3.0.

Test data on the following characteristics shall be supplied upon
request:

® uranium isotopic content
e yranium content

o individual impurity levels
® moisture content

e sinterability test results
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Lot Acceptance: Acceptance testing may be performed by the buyer

on gither the sample provided by the seller or on a sampie taken at
the buyer's plant by sampling one or more individual containers with
a thief. Acceptance shall be on a lot basis and shall be contin-
gent upon the material properties meeting the requirements of
Sectian 3.0.

Referee Methed: The buyer and seller shall agree to a third party

as a referee in the event of & dispute in analytical results.

PACKAGING AND SHIPPING:

7.1

7.2

Uranium dioxide powder shall be packaged in sealed containers to
prevent loss of material and undue contamination from air or

the container materials. The exact size and method of packaging
shall be as mutualiy agreed upon by the buyer and seller.

Each outer container shall bear as a minimum a Jabel on the 1id
and side with the foilowing information:

Seller’s Name Gross, Tare, Net Oxide Weights
Material in Container Uranijum Weight
Lot Number Purchase QOrder Number

Uranium Enrichment

QUALTTY ASSURANCE:

(a)

Section and Item Significance Reference
3.1 Chemical Requirements ASTM (C696-77
3.1.1 Uranium Content Critical
3.1. Impurity Content Criticail
3.1.3 Moisture Content Major
3.2 Nuclear Requirements
3.2 Isotopic Content Critical ASTM Cp96-77
3. Equivalent Boron Content Critical
3.3 Physical Characteristics
3.3.1 Particle Size Major ASTM BZ214-76
3.3.2 Bulk Density Major ASTM B329-76
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Section and Item Significanca(a) Reference
3.4 Sinterability Critical ASA N5.5
4.0 Lot Requirements Major ASA N5.9
5.0 Sampling Major
6.0 Testing and Certification Critical

{a) These terms are defined as follows:

Critical

Inadequate control of this characteristic car result in a critical
defect that could cause failure of fuel, especially in a reactor. A
critical defect is a defect that judgment and experience indicate is
likely to result in hazardous or unsafe conditions for individuals
using, maintaining, or depending upon the product; or a defect that
judgment and experience indicate is 1ikely to prevent performance of
the function of a major end product such as a fuel rod, fuel assembly,

(8)

or reactor fuel core.

Major

Inadequate control of this characteristic can result in a major defect.
A major defect is a defect, other than criticel, that is likely to
result in failure, or to reduce materially the usability of the unit
of product for its intended purpose.(g
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APPENDIX A - IMPURITY AND EQUIVALENT BORON SPECIFICATIONS

The elements listed in Table 1 require gquantitative determination. The
total impurity content, based on the summation of the contribution from each
element Tisted in Table 1, shall not exceed 1500 ppm. The total equivalent
boron caontent shall not exceed 4 ppm as determined from a summation of the
contribution from each element listed in Table 2. The equivalent boron
factors Tisted in Table 2 shall be used to compute equivalent boron contents.

TABLE 1. Impurity Elements and Maximum Concentration Limits

Maximum Concentration

Element Limit (ppm)
Aluminum 100
Barium 250
Beryliium 250
Carbon 100
Calcium plus Magnesium 200
Chlorine pius Flucrine 125
Chromium 20D
Cobalt 100
Copper 250
Tron 400
Lead 250
Manganese 250
MoTlybdenum 250
Nickel 200
Nitrogen 200
Phosphorus ' 250
Silicon 200
Tantalum 250
Thorium 30
Tin 250
Titanium 250
Tungsten 250
Vanadium 250
2inc 250
Zirconium 250
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TABLE 2. Equivalent Boron Factors

Absorption Cross(a)
Section, o,

Element {barns-2200 m/sec) Atomic Weight EBC Factor
Aluminum 0.235 26.98 0.0001
Barium 1.2 137.34 0.0001
Boron 759.0 10.81 1.0000
Cadmium 2,450.0 11Z2.40 0.3104
Calcium 0.44 4(.08 0.0002
Cesium 30.0 138.97 0.0031
Chlorine 33.2 35.45 0.0133
Chromium 3.1 52.00 0.0008
Cobalt 37.2 58.93 0.0090
Copper 3.8 63.54 0.0009
Dysprosium 930.0 162.50 0.0815
Europium 4,400.0 151.96 0.4124
Gadolinium 49,000.0 157 .26 4.438
Hafnium 105.0 178.49 0.0084
Tron 2.55 55.85 0.0007
Lithium 71.0 6.939 0.1457
Manganese 13.30 54.94 0.0034
Malybdenum 2.70 95.94 0.0004
Nickel 4.60 58.71 0.001
Nitrogen 1.85 14.01 0.0018
Phosphorus 6.19 30.97 0.0001
Samarium 5,820.0 150.35 0.5513
Silicon 0.16 28.19 0.0001
Tantalum 21.0 108.135 0.0017
Titanium 6.1 47 .90 0.0018
Tungsten 18.5 183.85 0.0014
Vanadium 5.06 50.494 0.0014
Zinc 1.10 65.37 0.0002

(a) Brookhaven National Laboratory Publication BNL-325, Second Edition,
July 1958 and Supplement No. 1, January 19€0, and Suppiement No. 2,
1964-1966.
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APPENDIX B - SINTERING PERFORMANCE TEST

B.1 A sinterability performance test shall be performed using ten pellets
produced from each lot sample obtained according to the sampling pro-
cedure in Section 5.0. The density shall be determined and shall not
deviate from the ten-peilet average by more than +2.0% of the average.
Minimum density of any one pellet shall not be less than 92.0% of
theoretical. (The theoretical density of stoichiometric natural U02
is 10.96 g/cc.)

B.2 The purpose of the sinterability test is to verify the sinterability of
each Tot of UO2 powder. It is not intended to simulate the buyer's
pellet fabrication process. The buyer should select either the dry
(B.5) or the wet (B.6) process performance test.

B.3 Ali1 parameters of the performance test, once established, shall
remain unchanged throughout ail lots of the order.

B.4 The geometrical density of the fired and unfired pellets shall be
determined as follows:

B.4.1 Diameter: Record the average of four readings taken at equally
spaced intervals along a 180° helix 1/16 in. from each end
of the pellet using a blade micrometer and reading to the nearest
0.0002 in.

B.4.2 Length: Record the average of three readings taken from end to
end of the pellet at equally spaced intervals along a verically
bisecting plane using a pointed anvil micrometer and reading to
the nearest 0.D005 in.

B.4.3 MWeight: Weight to the nearest 0.001 g.

B.4.4 Density: Calculate the density of each pellet fo the nearest
0.01 g/cc.

B.5 Dry Process Performance Test

B.5.1 The pellet shall be cold pressed, without addition of any binder
or Tubricant to the powder to a density between 45 and 55% of
theoretical density. The density of each pellet shall vary no
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more than +0.5% TD from the average of the ten required test

pellets. The density, pressing pressure, and dwell time shall be
reported.

B.5.2 The dimension of the unfired test pellets shall be approximately
that of the production pellet. The length-to-diameter ratio shall
be unity or greater. The variation in length of the unfired
pellets shall be held to +0.020 in. The type of press and press-
ing conditions, including die taper and identification of die
lubricant, if used, shall be reported.

B.5.3 The pellets shall be fired as one batch in hydrogen or dissociated
ammonia through a firing schedule tc allow the pellets to be at
1625 + 25°C for a maximum of four hcurs. The type of furnace used
and the atmosphere shall be reported and shail remain unchanged
throughout all performance tests. The actual firing schedule shalil
be mutually agreed upon, and the lgocation of the temperature mea-
surament shall be indicated.

B.6 Wet Process Performance Test

B.6.1 While slowly adding 1.5 weight percent of polyvinyl alcohol water
solution, the sample shall be mixed in a planetary mixer. Suffi-
cient water shall be added to bring the mix to the consistency
agreed upon between buyer and seller.

B.6.2 The oxide-binder mixture shall be granutated through a 20-mesh
U.S. Standard stainltess steel screen. The granules shall be
placed on a stainless steel tray about 1/2 in. deep in a Stokes
{or equivalent} vacuum drying oven for five hours at 50°C. After
drying, the granules shall be regranulated through a 20-mesh
screen and blended with 0.4% weight dry Sterotex jubricant by
sTowly rotling the mix for five minutes in a polyethylene bottle.

8.6.3 The sample shall be cold pressed to a density between 50 and 60%
TD. The density of each pellet shall vary by no more than +0.5%
TD from the average of the ten required test pellets. The density,
pressing pressure, and dwell time shall be reported.
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The dimension of the unfired test peliets shall be approximately
that of the production pellet. The length-to-diameter ratio

shall be unity or greater. The variation in length of the unfired
pellets shall be held to +0.020 in. The type of press and pressing
conditions, including die taper, shall be reported.

The pellets shall be placed in a Tow-temperature {about 430°C)
furnace for removal of binder and lubricant. The type of fur-

nace and atmosphere shall be reported and shall remain unchanged
throughout all performance tests. The actual heating cycle time
(approximately 28 hours} shall be reported to the nearest half
hour, and the method of temperature measurement shall be indicated.

The pellets shall be fired in one batch in a hydrogen or disso-
ciated ammonia atmosphere through a firing schedule to allow the
pellets to be at 1,625°C + 25°C for a maximum of four hours. The
type of furnace and atmosphere used shall be reported and shall
remain unchanged throughout all performance tests. The actual
firing schedule shall be mutually agreed upon, and the Tocation

of the temperature measurement shall be indicated.
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APPENDIX C - APPLICABLE DJCUMENTS

Code of Federal Regulations, Title 10.

Nuclear Safety Guide, U.S. Atomic Energy Commission Report TID-7016,
Latest Edition.

"Handbook of Nuclear Safety,” H. K. Clark, U.S. Atomic Energy Commission
Report, DP-532.

ASTM Method C 696-77, "Standard Methods for Chemical, Mass Spectrometric,
and Spectrochemical Analysis of Nuclear-Grade Uranium Dioxide Powders and
Pellets."

ASTM B8214-76, "Standard Test Method for Sieve Analysis of Granular Metal
Powders."

ASTM B329-76, "Standard Test Method for Apparent Density of Powders of
Refractory Metals and Compounds by the Scoit Volumeter.™

ASTM E105-58 {1975), “Recommended Practice for Probability Sampling of
Materials," Parts 15, 32 and 41.

Military Standard, MIL-STD-1098. April 4, 1969. (Page 2, 3, 4 and 6).
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BORON NITRIDE BAR STQCK
C. Nealley

This material specification describes the material requirements

for boron nitride bar stock.

MATERIAL REQUIREMENTS:

The material shall be densified, solid boron

nitride in bar form.

TECHNICAL REQUIREMENTS:

2.0

3.0
3.1
3.2
3.3

Mechanical Properties: The boron nitride bar stock shall have a

density of 1.9 gm/caj. The minimum compressive strength shall be

16,000 psi, and the minimum bending strength shall be 7800 psi.

Chemical Composition: The chemistry of the bar stock shall be

determined, Minimum values shall be:

8 42.0
N 53.5
C 0.05
8203 0.10
5102 Trace
Ca 1.5
o 0.20

Electrical Properties: The dialetric strength shall be measured,
and shall be at least 790 volts/mil.

4.0 QUALITY ASSURANCE:

4.1

4.2

Inspection: The bar stock shall be visually inspected for

cleanliness, workmanship and defects,

Certification: The supplier shall provide certifications on all

tests conducted to meet the requirements of this specification.
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Aluminum Oxide Powder
C. Nealley

SCOPE: This material specification describes the material requirements

for aluminum oxide powder.

APPLICABLE DOCUMENTS: The following documents form a part of this
specification,

MIL-STD-109B

“Engineering Guide to Structural Ceramics," Materials Engineering,
Special Report, November 1970.

MATERIAL REQUIREMENTS:

3.1 Aluminum Oxide Content: The aluminum cxide content of the insulator
pellet shall be at least 99.3% on a dry weight basis.

3.2 Impurity Limits: The impurity Timits shall not exceed the individual
element limit specified in Table 1.

3.3 Equivalent Boron Content: The equivalent boron content (EBC), based
on a summation of the contributions from each of the elements Tisted

in Table 2, shall not exceed 80 ppm. (Factors for converting consti-
tuent concentrations te equivalent boron concentrations are listed in
Table 2.) The EBC of each element shall be calculated individually,
using the following formula:

EBC of constituent = (EBC factor) x (ppm of constituent)

where:

EBC factor = (at.wt boron) x (Ua element)

(ca boron) x {at.wt element)

Alternatively, the EBC of the alumina may be determined by a compara-
tive reactivity test against a known standard.
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TECHNICAL REQUIREMENTS

4.1 Gas Content: The gas content, excluding moisture, as measured by
vacuum outgassing at 3000°F, shall not exceed (0.05 cc¢/gram of
aluminum oxide with the gas at standard temperature and pressure.

QUALITY ASSURANCE:

5.1 Certification: The supplier shall provide certifications on ail

tests conducted to meet the requirements of this specification.
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TABLE 1. Impurity Elements and Maximum Concentration Limits

Maximum Concentration

tlement Limit {ppm)
Carbon 100
Chiorine 10
Fluorine 10
Nitrogen 75
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TABLE 2. Equivalent Boron Factors

Absorption Cross{a)

Section, a,

Element {(barns-220 m/sec) Atomic Weight EBC Factor
Aluminum 0.235 26.98 0.0001
Barium 1.2 137.34 0.0001
Boron 759.0 16.81 1.0000
Cadmium 2,450.0 112.40 0.3104
Caicium 0.44 40.08 0.0002
Cesium 30.0 138.91 0.0031
Chlorine 33.2 35.45 0.0133
Chromium 3.1 52.0 0.0008
Cobalt 37.2 58.93 0.0090
Copper 3.8 63.54 0.0009
Dysprosium 930.0 162.50 0.0815
Europium 4,400.0 151.96 0.4124
Gadolinjum 49,000.0 157.26 4.438
Hafnium 105.0 178.49 0.0084
Iraon 2.55 55.85 D.0007
Lithium 71.0 6.939 0.1457
Manganese 13.30 54.94 0.0034
Mo 1ybdenum 2.70 95.95 0.0004
Nickel 4.60 58.71 0.0011
Nitrogen 1.85 14.01 0.0018
Phosphorus 0.19 30.97 0.0001
Samarium 5,820.0 150.35 D.5513
Silicon 0.16 28.09 0. 0001
Tantalum 21.0 108.95 0.0017
Titanium i 47.90 0.0018
Tungsten 18.5 183.85 0.0014
Yanadium 5.06 50.54 0.0014
Zinc 1.10 65.37 £.0002

(a) Brookhaven National Laboratory Publication BNL-325, Second Edition,
July 1958; Supplement No. 1, January 1960, and Supplement No. 2,
1964-1966.
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Wrought Platinum
C. Nealley

1.0 SCOPE: This material specification describes the material requirements
for wrought platinum.

2.0 APPLICABLE DOCUMENTS: The following document forms a part of this
specification.

ASTM B 61 Refined Platinum
3.0 MATERIAL REQUIREMENTS:

3.1 Grade: The grade of the alloy shall be as designated on the
fabrication drawing or in the ordering data.

3.2 Heat Treatment: The material shall be supplied in the annealed

condition.

4.0 TECHNICAL REQUIREMENTS:

4.1 Alloy Composition: The chemical analysis shall meet the requirements
of ASTM B 61, for the designated grade.

4.2 Surface Condition: The surface condition and finish shall conform
to that specified in ASTM B 61.

5.0 QUALITY ASSURANCE:

5.1 Inspection: The wrought material shall be visually inspected for
cleanliness, workmanship and defects.

5.2 Certification: The supplier shall prov-de certificaticns on all

tests conducted to meet the requirements of this specification.
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Niobium Alloy Strip, Sheet, Foil, and Plate
C. Nealley

1.0 SCOPE: This material specification describes the material requirements
for niobium alloy strip, sheet, foil, and plate.

2.0 APPLICABLE DOCUMENTS: The following document forms a part of this speci-
fication.

ASTM B 393 Niobium and Niobium Alloy Strip, Sheet, Foil, and Plate

3.0 MATERIAL REQUIREMENTS:

3.1 Type: The type of the alloy shall be as designated on the fabri-
cation drawing or in the ordering data.

3.2 Heat Treatment: The material shall be in the annealed condition,
as specified in ASTM B 393.

4.0 TECHNICAL REQUIREMENTS:

4.1 Mechanical Properties: The mechanical properties shall conform to
the requirements of ASTM 8 393, for the designated grade.

4.2 Alloy Composition: The chemical analysis shall meet the requirements
of ASTM B 393 for the designated grade.

4.3 Surface Condition: The surface condition and Tinish shall conform
to that specified in ASTM B 393,

5.0 QUALITY ASSURANCE:

5.1 Inspection: The strip, sheet, foil or plate shall be visualiy
inspected for cleanliness, workmanship and defects.

5.2 C(Certification: The supplier shall provide certifications on all
tests conducted to meet the requirements of this specification.
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SPECIFICATIONS FOR LVYDT-BELLOWS~-TYPE PRESSURE TRANSOUCERS
FOR NUCLEAR SERVICE
R. K. Marshall

SCOPE: This specification presents the requirements for pressure
transducers of the Linear Variable Differential Transformer (LVYDT)-
bellows type for measuring absolute pressures in a nucliear environment.
In this type, the bellows {s directly attached to the transformer core of
the LVOT. The LVDT senses the motion of the bellows caused by a change
in pressure and provides an electrical output signal 1inearly
proportional to the change in pressure. Extsnsion cables attached to the
transducer transmit the electrical signal to readout instrumentation
located outside of the nuclear environment. A summary of the design
requirements is shown in Table 1. Applicablz documents are listed in
Appendix A.

ENYIRONMENTAL CONDITIONS: The transducers and a portion of the extension

cable will operate in flowing pressurized water up to 2500 psig and
345%¢ (GSOOF) and must be designed to withstand a total neutron
fluence of 3 x 1020 nvt at a flux of 5 x 1013 nv and a gamma flux of
1.0 x 10° R/hr. At the end of some tests the tranducers will be
subjected to temperatures as high as 760°¢C (1400°F) for a maximum

time of one hour.

The water in which the transducers operate i: turbulent and moving at
high velocities; consequently, flow induced vibrations and shocks can be
expected.

QPERATING CONDITIONS: The pressure transducers will measure pressures

within the 0-2500 psig range. The fluid whose pressure is being measured
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will be either the water of the environment or helium contaminated with
fission gasses. For the latter case, the transducer will be attached
directly to an operating fuel rod.

The transducer and a portion of the extension cables will operate in the
nuclear environment, the remainder of the cables will gperate at room
temperature and pressure,

CONSTRUCTION

4.1 Transducer: A1l materials must be inorganic. The internal
components of the transducers must be enclosed in an all welded
hermetically sealed Inconel case to withstand the environmental
conditions. The transducer must be evacuated and sealed in such a
manner to provide absolute pressure measurements. The volume within
the transducer occupied by the fluid whose pressure is being
measured should be less than 1.3 cm3 (0.080 in3).

The design of the transducer shall be such that if the beliows fails
the fluid within the bellows cannot have access to the extension
cables. The selection of materials and construction must be such as
to minimize temperature related null shifts.

The transducers will be used in an in-reactor experimental assembly
in which space is at a premium. The maximum envelope dimension for
the transducers are 25.4 mm (1 in.) OD with 15.2 mm (0.6 in.) OD as
a goal, and up to 102 mm (4 in.) Tong for 25.4 mm {1 in.) OD
transducers, and up to 127 mm (5 in.) Tong for 15.2 mm (0.6 in.) OD
transducers. These dimensions are exclusive of extension cable
attachment and pressure port.

A center tap conductor for the secondary windings shall be provided
so that the sense of direction of core movement can be maintained
and so that closed loop temperature compensation can be employed if
desired.
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Extension Cables: The extension cables must minimize space, he

flexible encugh to extend from the transducer to a location outside
the reactor, and must withstand the same 2nvironmental conditions as
the transducer. Two 1.59 mm (0.063 in.) diameter MgQ insulated
metallic sheathed cables, one containing two conductors and the
other three conductors are required. Cables up to 11.6 m (38 ft)
leng are to be employed.

It is important that the extension cable he manufactured to
standards that are applicable to in-reactor use. It is recommended
that the cable sheath be either Inconel 600 having a carbon content
<0.05% or 347 stainless steel. The mineral insulation shall be Mg0
with a 99.4% minimum content of magnesia and with a maximum content
of boron plus cadmium of 30 ppm. A1l impurities including boron and
cadmium must be Tess tham 6000 ppm. The sulfur content must be less
than 50 ppm and the carbon content Tess than 300 ppm.

The finished cables shall be annealed in a vacuum or an atmosphere
of hydrogen.

The following certification should be obtazined from the
manufacturer:

« Chemical analysis of the sheath material

» Certified results of insulation composition
e Test results on insulation tests

o Test results on sheath integrity tests

o Test results on metallurgical structure

e Results of liquid penetrant inspection

ASTM Specification E-235 can be used as a guide.

Extension Cable to Transformer Housing Attachment: In affixing the

cables to a transition attachment a braze or weld may be employed.
1f a braze is considered, the braze procedure must be reviewed and
approved by PNL before being used.
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4.4 Pressure Port: The pressure port shall be a tube 6.1 mm {1/4 in.) OD
with a wall thickness of at least 2.41 mm {(0.095 in.) x 152 mm
{6 in.) long,

TESTS: Each completed transducer with leads attached shall be heated to
345°¢ (650°F) and maintained at that temperature for 24 hours. At

least one foot of leads shall be heated. The wire continuity and
insulation resistance of the coils shall be measured before, during, and
after heating. Transducers which show changes in insulation resjstance
indicating a short or open circuit in the coil windings shall be subject
te rejection. One transducer shall be heated to 760°¢ [1400°F) and
tested as above,

A1l seal welds and brazes shall be tested with a helium mass spectrometer
leak detector. A Teak rate in excess of 6 x 1079 standard cma/sec of
helium shall be used as a basis for rejection.

CALIBRATION: A minimum of 20 calibration points on each transducer shall

be made at each of three temperatures over the specified pressure range.
These data shall be taken for up runs and down runs with a minimum of 10
points for each run at 25°C, 270°C, and 540°C (77°F, 500°F, and

IOOOOF). The foregoing procedure shall be repeated twice.

QUALITY ASSURANCE

7.1 Documentation: Documentation of all manufacturing, materials,

testing, and quality records for each detector shall be maintained
and submitted to the purchaser.

7.2 Inspection: PNL reserves the right to inspect all materials and
procedures during fabrication, testing, and before shipment to
assure that the prescribed requirements are met.
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7.3 Acceptance Tests at PNL: Acceptance testing at PNL will include the
following:

» Visual inspection

« Verification of Sections 5.0 Tests and 6.0 Calibration.

PREPARATION FOR SHIPMENT

8.1 Cable Seals: The ends of the extension cables shall be sealed in
such a manner that handling during shipment will not break the
seal,

8.2 Cable Packing and Shipping: The cable shall be coiled for shipping
in a diameter of not less than 460 mm {18 in.). The detectors and
extension cables shall be cleaned, packaged and shipped in such a
manner that they are received in an undaméged condition.

READOUT EQUIPMENT: A single channel signal corditioner for reading the

output of the LVYDT's and capable of expansion to four channel operation
shall be provided (115 V, 60 cycle). The signal conditioner shall
provide compensating circuitry to substantially reduce the temperature
sensitivity of the LVDT. The output of the signal conditioner shall be
capable of being read on a 4-1/2 digit type digital voltmeter.
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TABLE 1. Summary of Requirements for LVYDT-Bellows Type Pressure
Transducers for Nuclear Service

Environmental Conditicns

Pressurized flowing water up to 2500 psig and 354°C (650°F)
Total thermal neutron fluence - 3 x 1020 nvt
Thermal flux - 3 x 1013 nv

Gamma flux - 1.0 x 107 R/hr

Transducer Dperating Conditions

Range: 0-2500 psia (transducer evacuated and sealed for zero
pressure reference)
Accuracy: + 0.1% at all points in the Tinear range
Linearity: + 0.5% over the nominal range
Resolution: 0.025 mm (0.001 in.) or better
Response time: Less than 30 msec (step change, 10-90% F.S.)
Shock: 10 g @ 11 milliseconds
Vibration: 10 g 8 2K Hz
Construction

Transducer and extension cables to be an integral unit
Materials: all inorganic
Maximum Transducer Envelope

Maximum Allowable: 25.4 mm {1 in.} OD x 102 mm (4 in.) long
Goal: 15.2 mm (0.6 in.) 0D x 127 mm {5 in.) long
Maximum Measuring Volume: 1.3 crn3 (0.080 in.a)
Prassure Port: Tube, 6.1 mm {1/4 in.) 0D with a wall

thickness of at lease 2.41 mm {0.095 in.) x
152 mm {6 in.) Tlong.

Extension Cable Length: up to 11.6 m+ 0.3 m (38 ft + 1 ft).
Length to be specified in purchase order.
Diameter: 1.588 + 0.038 mm (0.0625 + 0.0015 in.)
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APPENDIX A

APPLICABLE DOCUMENTS

ASTM E 235 - Thermocouples, Sheathed Type K, for Nuclear or for Other
High Reliability Applications.
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Specification for a Self-Powered Neutron Detector With Cobalt Emitter
R. K. Marshall

1.0 SCOPE: This specification presents the requirements for self-powered
neutron detectors for monitoring the thermal neutron flux in a nuciear
reactor under steady state and transient testing conditions.

2.0 APPLICABLE DOCUMENTS: The latest official issue of the following
standards:

e ASTM B-166 Specifications for Nickel-Chromium-Iron Alloy Rod and
Bar.

e ASTM B-167 Specifications for Nickel-Chromium-Iron Alloy Seamless
Pipe and Tube.

3.0 ENVIRONMENTAL CONDITIONS: The detector and a portion of the extensian
cables will operate in flowing pressurized water up to 17.2 MPa
(2500 psig) and 616 K {650°F} under steady state conditions. The detec-
tors will operate in steam up to 810 K (1000°F} and 0.34 MPa {50 psig)
for approximately 30 minutes under transient conditions. The detectors

shall operate in a thermal neutron flux of 1 x 1014
9

n/cmz/sec and a
R/hr for a duration equivalent to a detector life-
nvt (thermal).

gamma flux of 1 x 10
time of 1 x 102!

4.0 CONSTRUCTION: The construction is the biaxial type with a cobalt emitter.
In this type, the censtruction of the background component is jdentical
to the self-powered component except that the emitter is not included.
The two conductor wires are helically wound.

4.1 Sensor: The sensor consists of the emitter, mineral insulation,
and collector,

4.1.1 tmitter:

{a) Material: Cobalt with a purity not less than 99.9%.
(b) Diameter: Shall be determined by contractor to provide
sensitivity given in 6.0,
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(c) Length: 101.6 + 4.8 mm (4.00 + 0.19 in.}.
(d) Mass difference: The emitter mass difference among
finished sensors shall not exceed 0.5 milligram.

Mineral Insulation:

{a) Material: The mineral insulation shall be electrically
fused magnesia (Mg0) with a 99.4% minimum content of
magnesia and with a maximum content of boron plus cadmium
of 30 ppm. All impurities including boron and cadmium
shall be less than 6000 ppm. The sulfur content shall be
less than 50 ppm and the carbon content less than 30C ppm.

{b) Insulation Thickness: The minimum thickness shall be
0.127 mm (0.005 in.}.

Collector:

(a) Material: Inconel-600 in accordance with ASTM B-167
with carbon content restricted to <0.05%.

(b) Diameter: 3.81 + 0.08 mm {0.150 + 0.003 1in.).

(c) Length: Minimum length required toc house and separate
emitter from collector.

Extension Cable: The extension cable consists of the twog inner con-

ductors, mineral insulation, and sheath.

4.2.1

4.2.2

Inner Conductors:

(a) Material: Inconel-600 in accordance with ASTM B-166 with
chemistry as specified in paragraph 4.1.3(a).

(b} Diameter: MNominal diameter shall be 0.254 mm {(0.010 in.).

(c) Helix pitch: The conductors shall be formed into a helix
having a pitch of approximately 25.4 mm (1.0 1in.}.

Mineral Insulation:

{a) Material: As specified in paragraph 4.1.2(a).
(b) Insulation thickness: As specified in paragraph 4.1.2(b).
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4.2.3 Sheath:

(a) Material: Inconel-600 as specified in paragraph 4.1.3(a).

(b) Diameter: 1.587 + 0.002 mm {0.0625 + 0.0010 in.).

(c) Wall thickness: HNominal wall thickness shall be 0.254 mm
(0.010 in.).

4.2.4 Cable Flexibility: The cable shall withstand a once-only bend
at any location. The bend shall extend up to 360° on a radius
of not Tess than three diameters of any section undergoing
the bend.

Detector: The detector consists of the sensor and extension cable

as an integral unit.

4.3.1 Surface finish: The surface finish of the completed detectors
shall not have a roughness greater than 0.00081 mm
(32 microinches).

4.3.2 Length: The length of the completed detectors shall be speci-
fied in the ordering data.

5.0 TESTS:

5.1

5.2

Insulation Resistance: The insulation resistance of the finished

detectors shall be measured at 294 K (70°F) and at 672 K (750°F).
The minimum leakage resistance at 294 K (70°F} shall be 1 x 1013

ohms and at 672 K (750°F) 7 x 108 ohms.

Sheath and Collector Integrity: The sheath and collector integrity

of the finished detectors shall be tested. The manufacturer shall
perform at lteast ope of the following tests; the manufacturer can
select which test to perform.

5.2.17 Helium Leak Test: Test the finjshed detectors as follows:
weld the open end of the sheath or otherwise seal, and wipe
the detector clean with a solvent-saturated material. The
recommended solvents are alcohol, methyl ethyl ketone, or
methyl iscbutyl ketone. Pressurize the sheath externally
with helium to at Teast 6.9 MPa {1000 psig) for a period of
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5 to 10 min. Wipe the detector again with a solvent-
saturated tissue and insert within 2 hr inte a test chamber.
Evacuate the interior of this chamber to a pressure of 50 um
Hg or less and test for the presence of helium using a mass
spectrometer-type helium-leak detector. An indication of
helium leakage of 6 x 10°? standard cm3/3 or greater shall
be taken as evidence of a Teak, and the detector shall be
rejected,

5.2.2 C(Calorimeter Test: Test the finiched detectors as follows:
Seal weld the open end of the sheath and place the detector
in a water environment in a hydrcstatic chamber. (perate the
chamber at a pressure of 17.2 MPz {2500 psig) and 616 K {650°F)
for at least 24 hcours. Remove from the chamber and measure
the insulation resistance of the detectors in accordance with
paragraph 5.7. If the detector does not meet the reguirements
of paragraph 5.1, it shall be taken as evidence of a leak and
the detector shall be rejected.

5.3 Short Circuit Test: Tests shall be performed on the finished detec-

tors to demonstrate that the short circuit current is Timited to 0.1
nanoamp at a temperature of 616 K {650°F).

5.4 Thermal Shock Test: The testing medium shall be noncorrosive, and
shall be maintained at a temperature of 586 + 14K (775 + 25°F) dur-
ing the test. Cycle by immersing the emitter end of the detectpr and

at least 25 mm {1 in.} of cable in the tasting medium and hold for

2 to 5 min. Remove from the testing medium and cool to room tempera-
ture by means of a water quench within 5 sec. The total elapsed

time at room temperature shall be no less than 1 min before recy-
cling, The insulation resistance after %esting shall be as speci-
fied in paragraph 5.1.

6.0 SENSITIVITY: The emitter neutron sensitivity shall be > 1.6 x 10"23
A/nv-cm.

7.0 CALIBRATION: Calibration by the manufacturer is not required.
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8.0 QUALITY ASSURANCE:

8.1 Inspections:

8.1.1 Examination of Materials and Procedures: PNL reserves the
right to inspect all materials and procedures during fabri-
cation, testing, and before shipment to assure that the pre-

scribed requirements are met.

8.1.2 Visual: The surface of the sheath shall be bright with no
visible oxidation, scale or discoloration.

8.1.3 Radiongraphic Inspection: The emitter end and at Teast 51 mm
(2 in.} of cable of the fabricated detector shall be examined
by radiography for defects and shall be certified to be defect
free, The detectors shall be radiographed in two directions
50° apart and perpendicular to the detector axis. Defects which
are cause for rejection are as follows:

{a} Cracks, voids or inclusions in the sheath wall or end
weld greater than 10% of the sheath wall thickness or
0.025 mm {0.001 in.), whichever is greater, are cause
for rejectian.

(b) Cracks, voids, inciusions, discontinuities, and size
reductions of the emitter, conductors, insulation, or
sheath diameter greater than 0.025 mm {0.001 in.) are
cause for rejection.

8.2 Acceptance Tests at PNL:

8.2.1 Visual inspection, paragraph 8.1.2,
8.2.2 Verification of insulation resistance, paragraph 5.1.

8.3 Documentation: Certified copies of the following test and inspec-
tion reports shall be submitted to the purchaser,

8.3.1 Dimensijonat:

(a) Distance from center of emitter to end of collector.
(b) Distance from end of emitter to end of collector.
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8.3.2 Chemical Analyses:

Emitter material (see 4.1.1{(a)).

Emitter mineral insulation (see 4.1.2{a))}.

Inner conductors {see 4.2.1{a}).
Cable mineral insulation (see 4.2.2(a)).

)
)
) Collector material {see 4.1.3(2)}.
)
)
) Sheath material (see 4.2.3(a)).

(a) Insulation resistance (see 5.1).

(b) Sheath and collector integrity (see 5.2).
{c) Short circuit test (see 5.3).

d)

(d) Thermal shock test (see 5.4).
8.3.4 Inspection: Radiographs of emitter end of detectors {see
8.1.3).

9.0 PREPARATION FOR SHIPMENT

8.1 Cable Seals: The end of the mineral insulated cable shall be
permanently sealed.

9.2 Cable Termination: The end of the cable shall have a temporary flex-

ible lead approximately 152 mm {6 in.) in length, attached for the
purpose of inspection and calibration. The leads shall be coded so
that the emitter and background conductors may be identified. The
coding information shall be included with the shipment.

9.3 Cleaning: The surface of the finished detectors shall be free of
grease, 0il, fingermarks, dirt, scale, and ather foreign matter
before packaging.

9.4 Marking: Each detector shall be assigned a serial number. The serial
number shall be inscribed on a corrosion-resisting metal tag and
affixed to the assembly with paper or plastic-coated corrosion-resistant
wire approximately 152 mm {6 in.} from the end of the metal sheath
cable.
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Packing and Shipping: The cable shall be coiled for shipping in a

diameter of not less than 305 mm (12 in.). The detectors and cables
shall be packaged and shipped in such a manner that they are received
in an undamaged condition.
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Specification for Zircaloy-4 to Type 304L Stainless Steel
Transition Pieces Provided by Coextrusion

R. F. Klein

1.0 SCOPE: This specification defines the materials and the gquality contro)
provisions which shall apply to the parts machined to the applicable
drawing. The finished machined part will be a transition piece from

2.0

3.0

one metal to another.

The finished machined parts shall be made from Zircaloy-4 zirconium alloy
and type 304L stainless steel. These two materials shall be joined by
a coextrusion process.

APPLICABLE DOCUMENTS:

ASTM Specification B 351-67, "Hot-Rolled and Celd-Finished Zirconium
and Zirconium AlToy Bars, Rod, and Wire for Nuciear Application.”

ASTM Specification A-276, "Specification for Stainless and Heat-
Resisting Steel Bars and Shapes."

MIL-1-6866, latest revision, "Penetrant Method of Inspection."

SPECTAL PROVISIONS:

3.1

3.2

rarts: The total number of finished parts obtained from any one

extrusion shail be at the vendor's option.

Lot: For the purpose of this specification, the term "lot" is
defined as one unmachined extruded bar.

Tolerance: The tolerance on the diameter of the Zr-4/304L inter-
face shall be as shown on the drawing. However, it will be the
vendor's responsibility to see that there will be no zircaloy

in the area of the stainless steel weld preparation and no stainless
steel in the area of the zircaloy weld preparation when the parts
are finished machined to the dimensions of the drawing.
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4.0 QUALITY CONTROL PROVISIONS:

4.1

4.2

Unmachined Extrusion:

4.1.1 Wafers: The unmachined extrusion shall be cut into sections
long enough to obtain finished machined parts plus a wafer
from both ends of each part. It will be necessary to have
only three wafers for every two parts as long as the wafers
from each part can be directly correlated to the ends from
which they were cut. The thickness of the wafers shall be
vendor's option but shall be sufficient to make possible the
practical execution of all inspection steps pertaining thereto.

4.1.2 Interface Diameter: The bond interface diameter shall be
measured on all wafers to assure that it is within the dimen-
sions shown on the drawing.

4.1.3 L.P. Inspection: All wafers shall be liquid penetrant-
inspected per MIL-I-6866 prior to machining on the part.
Any evidence of a crack shall be cause to reject the next
adjacent piece{s) of the extrusion.

4.1.4 Metallography: One wafer shall be selected at random from
each lot, mounted and polished and one photomicrograph of the
bond interface shall be obtained. The mount and photomicro-
graph shall be furnished to the customer.

Finished Machined Parts:

4.2.1 Leak Test: All finished machined parts shall be helium leak
tested. A standard Teak-rate cell calibrated to 2.0/4.0 x
1078 std cc/sec shall be used. Any evidence of a leak in
excess of the standard shall be cause for rejection of the
part.

4.2.2 L.P. Inspection: A1l finished machined parts shall be Jiquid
penetrant-inspected. Any indications of cracks, laps or
unbonded areas shall be cause for rejection of the part.
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4.2.3

4.2.4

4.2.5

4.2.6

4.2.7

TTP5-1013 Revision 0

Dimensional Inspection: A dimensional inspection of the
finished parts shall be performed. Parts with dimensions
outside of the tolerance on the drawing shall be rejected.

Cleaning: All parts (wafers and finished machined parts)
shall be thoroughly cleaned on the interior and exterior
first with acetone, then alcohol.

Packaging: A1l parts {wafers and finished machined parts)
shall be individually packaged in sealed plastic envelopes.
The envelope of each machined part shail be marked with its
serial number; Tikewise, the envelopes containing the wafers
shall be identified. A separate Tist shall be provided

to identify wafers with associated machined part and identify
from which end of the machined part the wafer comes. The
nature of markings shall prevent obliteration. If it becomes
necessary to mark directly on a machined part or a wafer at
any time, only a chloride- or fluoride-free marking pen shall
be used.

Part/Extrusion Location: A separate "map" of the extrusion
shall be provided to show the locatjon along the Tength of the
extrusion from which each machined part was taken.

Shipping: A1l parts shall be shipped in a wooden box and
packed in a manner to preclude in-transit damage.
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2.0

SCOPE:
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NRU STANDARD AND INSTRUMENTED FUEL RQDS

C. Nealley

This product specification describes the test fuel rods used in

the LOCA Simulations in MRU Project, the requirements for the final

product, verification of these requirements and the associated

documentaticn.,

APPLICABLE DOCUMENTS: The following documents form a part of this

specification.

TTMS-1001
TTMS-1002
TTMS-1014
TTMS-1033
TTMS-1060
TTMS-1063
TTHTS-1003
TTPS-1013

TTPS-1019
TTPS-1029

TTWS-1000
TTWS-1004
ASTM A 276
ASTM B 352

Zirconium Alloy Seamless Tubs

Zirconium Alloy Bar, Rod, and Wire Stock

Inconel X-750 Spring Wire

Stainless Steel Bars and Shapes

Uranium Dioxide Powder

Aluminum Oxide Powder

Inconel X-750 Heat Treatment Requirements

lZircaloy-4 to Type 304L Stainless Steel Transition
Pieces Produced by Coextrusion

Uranium Dioxide Peliet

Inconel-600 Sheathed Chromel-Alumel Thermocouples
with Single or Dual Diameters for Nuclear
Applications.

Specification for Welding Austenitic Stainless Steel
Zirconium Alloy Welding

Stainless and Heat-Resisting Steel Bars and Shapes
Zirconium and Zirconium Alloy Sheet, Strip, and Plate
for Nuclear Applications
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MATERIAL REQUIREMENTS:

3.1 Cladding Assemblies: The cladding assemblies shall consist of
cladding made from Zircaloy-4 in accordance with PNL specification

TTMS-1001 and thermocoupies made in acccrdance with PNL
specification TTPS-1029.

3.2 End Caps: The upper and lower end caps shall be made from Zircaloy-4
in accordance with PNL specification TTMS-1002.

3.3 Plenum Springs: The pienum springs shall be made from Inconel X-730

in accordance with PNL specification TTMS-1014.

3.4 Insulator Discs: The insulator discs shall be made from aluminum

oxide powder in accordance with PNL specification TTMS-1063.

3.5 Fuel Pellets: The fuel pellets shall be made from UO2 powder in
accordance with PNL specification TTMS-1060.

3.6 Zirconium-to-Sainless Steel Transition Pieces: The zirconium-to-

stainiess steel transition pieces shall be made from coextruded
Zircaloy-4 and 304l stainless steel in accordance with ASTM
specifications B 352 and A 276, respectively.

3.7 Stand 0ffs: The stand offs shall be made from Zircaloy-4 in
accordance with PNL specification TTMS-1002.

3.8 Instrument and Thermocoupie Adapters: The instrument and

thermocouple adapters shall be made from 304L stainless steel in
accordance with PNL specification TTMS-1033.

3.9 Thermaocouple Adapters: The thermocouple adapters shall be made from
304L stainless steel in accordance with PNL specification TTMS-1033.

TECHNICAL REQUIREMENTS: There are 14 types of fuel rods in the LOCA

Simulations in NRU test. These test fuel rods will be fabricated in
accordance with PNL drawings:
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Rod Type 1

Instrumented
Instrumented
Instrumented
Instrumented
Instrumented
Instrumented
Instrumented
Instrumented
Instrumented
Instrumented
Instrumented
Instrumented
Instrumented

Rod
Rod
Rod
Rod
Rod
Rod
Rod
Rod
Rod
Red
Rod
Rod
Rod

Type 11
Type 111
Type IV
Type V
Type VI
Type VII
Type VIII
Type IX
Type X
Type XI
Type XII
Type XIII
Type XIV

PNL Drawing
H-3-41837

H-3-41833
H-3-41834
H-3-41835
H-3-41836
H-3-41837
H-3-41838
H-3-41839
H-3-41840
H-3-41841
H-3-41842
H-3-41881
H-3-41882
H-3-41883

TTPS-1017, Rev 1

In addition, the requirements of the following section apply to the

fabrication of the test fuel rods.

4.1

Cladding Assemblies:

4.1.1 Types:
be fabricated in accordance with PNL drawings:

Cladding Assembly Type I

Lladding Assembly Type II
Cladding Assembly Type III
Cladding Assembly Type IV
Cladding Assembly Type V

4,1.2 Application:

PNL Drawing
H-3-41861

H-3-41864
H-3-41869
H-3-41871
H-3-41884

There are five types of cladding assembiies that shall

The five types of cladding assemblies shall be

used in the test fuel rods in accordance with the reguirements

of Table 1.
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TABLE 1.
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Fuel Rod Cladding Assembiv Tvpe End Cap Plenum Spnings Tvpe  Imsularor Discs Tvpe
Type [ It I v W H-3-41852" L pper Lower 1 " m i 1]
; L L4 X A 2 1
it X X X s
IH X ¥ X X 3
I X! kO 1 X 2
¥ X X kLt X 2
Vi X i ¥ X 3
Wik X X X b
YiH X X ¥ 2
X X X X 1 1
x X X X 3
X1 x L4 X 2
LA} X X X X 1 2
il X L X 2
RAAY X X X 2
Fuel Rod Fuel Peiler Tvpe Zirconium to Stainless Steel Stand QI Type

Tvpe E i L\f W v_i Vil \_(l!_r_ [E3 i X Transition Piece 1] ill

| 184

n 01 12 RN X

it 99 v 1 &2 X

AY |5 X X

v 134

W 300 7 2 R X

il E VY | X

W 300 ke r X

[ W o W X X

ht 184 X

Xl 01 132 X

3N 300" T 2 X X
[t 300 b A e X
LY 369 510 X X

Fuel Rod Instrument and Thermocouple Adapter Type Thermoccuple Adapter Type

Type I I i A M ] [ [ W

|

i

3] X Xt

¥ X

v

Wl X

it

Yl X

X X

X X

X X

0l X¢ X
xm X

Xy X

‘Three fuel rod types do not have cladding rthermocoupies. These 3 fuel rod types will not have i cladding assembly type,
but wili have 1 cladding made frarm PNL drawing - 1+-413358
Fuel rod type [V has six assemblies. Three of these assembiies will use cladding assembly rype 1] and rhree of ihese
assemblies will use cladding assemply wpe 1Y
¥yel rod type IV has six assemblies. Three of these assembriies will use 384 peflets of type | The cther three assemblies will

use 369 pellets of type |, 5 pellets of tvpe || and 10 pellets of type il

“This is 2 nominal value,

There are four assemblies n fuel cod type il Twa assemblies have thermacouple adaprer type | and two assemblies have

thermocauple adaprer type |1,

sThere are two assembilies in fyuel rod type XUl One assembly his thermocouple adapter tvpe ¥ and one assembly has thermo-

couple acapter type ¥
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4.3
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4,1.3 Cladding: The cladding assemblies shall be made from two

different types of cladding. Cladding assembiies types I, II,
IIT and V shall be fabricated from cladding in accordance with
PNL drawing H-3-41858. Cladding assembly IV shall be fabri-
cated from cladding in accordance with PNL drawing H-3-41872.

4.1.4 Thermocouples: Cladding assemblies types I, II, III and V
shall have internal resistance spot welded thermocouples.
Cladding assembly type IV shall have imbedded thermocoupies.
The location of these thermocouples shall be in accordance
with the PNL drawings listed in Section 4.1.1.

End Caps:

4.2.1 Types: The lower end cap shall be fabricated in accordance
with PNL drawing H-3-41823. The upper end cap shall be
fabricated in accordance with PNL drawing H-3-41824.

4.2.2 Application: The upper and lower end caps shall be used in

the test fuel rods in accordance with the requirements of
Table 1.

Plenum Springs:

4.3.1

Types: There are three types of pienum springs that shall be
fabricated in accordance with PNL drawings:
PNL Drawing
Plenum Spring Type I H-3-41828
Plenum Spring Type II H-3-41862
Plenum Spring Type III H-3-41862

4.3,2 Application. The three types of plenum springs shall be used

in the test fuel rods in accordance with the requirements of
Table 1.
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4.4

4.5

4.6
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4.3.3 Heat Treatment: The plenun springs shall be heat treated in
accordance with PNL specification TTHTS-1003.

Insulator Discs:

4.4.1 Types: The two types of insulator discs shall be fabricated
in accordance with PNL drawing H-3-41829,

4.4,2 Application: The two types of insulator discs shall be used
in the test fuel rods in accerdance with the requirements of
Table 1.

Fuel Pellets:

4.5.1 Types: The eleven types of fuel pellets shall be fabricated
in accordance with PNL drawing H-3-41830.

4.5.2 Application: The eleven types of fuel pellets shall be used
in the test fuel rods in accordance with the requirements of
Table 1.

4.5.3 Product Requirements: In addition to the above requirements,
the requirements in PNL specificatian TTPS-1019 apply.

Zirconium-to-Stainless Steel Transition Pieces:

4.6.1 Types: The zirconium-to-stainiess steel transition pieces
shall be fabricated in accordance with PNL drawing H-3-41825.

4.6.2 Application: The zirconium-to-stainless steel transition
pieces shall be used in the test fuel rods in accordance with
the requirements of Tabie 1.

4.6.3 Product Requirements: In addition to the above reguirements,
the requirements in PNL specification TTPS-1013 apply.
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4.8
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Stand Offs:

4,7.1 Types: There are three types of stand offs that shall be
fabricated in accordance with PNL drawings:

PNL Drawing

Stand Off Type I H-3-41859
Stand Off Type II H-3-41870
Stand Off Type III H-3-41885

4.7.2 Application: The three types of stand offs shall be used in
the test fuel rods in accordance with the requirements of
Table 1.

Instrument and Thermocouple Adapters:

4.8.1 Types: There are six types of instrument and thermeocouple
adapters that shall be fabricated in accordance with PNL
drawings:

PNL Drawin

Instrument and Thermocouple Adapter Type I  H-3-41860

Instrument and Thermocouple Adapter Type II H-3-41860
Instrument and Thermocoupie Adapter Type III H-3-41873
Instrument and Thermocouple Adapter Type IV H-3-41873
Instrument and Thermocouple Adapter Type ¥V  H-3-41886

Instrument and Thermocouple Adapter Type VI H-3-42081

4.9

4.8.2 Application: The six types of jinstrument and thermocouple
adapters shail be used in the test fuel rods in accordance
with the requirements of Tabile 1.

Thermocouple Adapters:

4.9.1 Types: There are six types of thermocouple adapters that
shall be fabricated in accordance with PNL drawings:
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PNL Drawing

Thermocouple Adapter Type I H-3-41863
Thermocouple Adapter Type II H-3-41863
Thermocouple Adapter Type III H-3-41874
Thermocouple Adapter Type IV H-3-41865
Thermocouple Adapter Type V H-3-41887
Thermocouple Adapter Type VI H-3-41887

4.9.2 Application: The six types of thermocouple adapters shall be
used in the test fuel rods in accordance with the requirements
of Table 1.

5.0 FUEL RQD ASSEMBLY: The fuel rod components, which are listed in sections

4.1 to 4.9 of this specification, shall be assembled into a completed

fuel rod as specified in the PNL drawings listed in section 4.0. In

addition, the requirements of this section shall apply.

5.1

5.2

5.3

Bottom End Cap Welding: The bottom end cap shall be welded to the

fuel rod cladding prior to any other assembly step. Welding shalil
be performed in accordance with PNL speci®ication TTWS-1004.

Pellet Stack Assembly: The pellet stack shall be assembled in a V-

trough for measurement and weighing. Pellet stack length shall
conform to the dimensions given in the corresponding drawing listed
in section 4.0. The pellet stack shall weigh between 1925 and

2050 grams.

Rod Assembly: The pellet handiing and asc<embly procedure, including
storage and assembly environments, shall ke such that the moisture
content of the loaded pellets does not exceed the limits set forth
in PNL specification TTPS-1019. The pellets to be loaded in one lot
shall be selected within 12 hr of tube loading, and all pellets
represented by the samples shall be held in the controlled humidity
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atmosphere of the weld box between the time the sample is seiected
and the rod is sealed. Total time of exposure outside a controlled
atmosphere shall not exceed 3 hr.

5.4 End Cap Welding: The top end cap shall be aligned such that the rod

identification number on the top end cap is parallel to within 10°
of the open slot in the lower end cap.

5.4.1 Upper End Caps and Zirconium-to-Stainless Steel Transition
Pieces: The upper end caps and the zirconjum-to-stainiess
steel transition pieces, when required in a fuel rod, shall
be welded to the fuel rod in accordance with PNL specification
TTWS-1004,

5.4.2 Instrument and Thermocouple Adapters and Thermocouple
Adapters: The instrument and thermocouple adapters and the
thermocouple adapters, when required in a fuel rod, shall be
welded to the zirconjum-to-stainless steel transistion pieces
in accordance with PNL specification TTWS-1000.

5.5 Rod Pressurization: After or during welding of the top end cap,

each fuel rod that is to be pressurized shall be pressurized with
helium to the specified pressure. The helium shall confaorm to the
requirements for pure helium as set forth by the National Bureau of
Standards.

6.0 Cleanliness:

6.1 Prior to Assembly: The c¢ladding, end caps, and springs shall be

c¢leaned with ethanc]l or other appropriate residue-free solvent prior
to assembly to remove oil, grease, or any other surface contaminant.
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6.2 Radiation Level: Exterior surface smezr tests shall be performed.

No rod shall exceed a smearable alpha :ctivity level of 20 dpm per

100 cm2 or a smearable beta-plus-gamma activity level of 1000 dpm/
2

100 cm™.

6.3 Prior to Bundle Assembly: A1l fuel rods shall be cleaned of o0il,

grease, and any other surface contaminant with ethanol or other
appropriate residue-free solvent prior to bundle assembly.

QUALITY ASSURANCE:

7.1 Pellet Fabrication: The quality assurance requirements for fuel

peliet fabrication shall be documented in a process outline. This
document will be prepared by the peliet fabricator and approved by
the Project Manager and Project Quality Representative.

7.2 Rod Assembly: The quality assurance requirements for fuel rod
assembly shall be documented in an assembly procedure. This
document will be prepared by the rod assembler and approved by the
Project Manager and Project Quality Representative.
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Uranium Dioxide Pellet
Robert Goodman

1.0 INTRODUCTION: This specification is intended as a reference standard

for nuclear applications. Insofar as practicable, it recognizes the
diversity in specific product requiremernts and the methods of manufacture
of specific product. It is therefore anticipated that a purchaser may
supplement this specification with more stringent and/or additional
requirements for specific applications.

2.0 SCOPE:

2.1 This specification is for sintered uranium dioxide pellets. It

235

applies to uranium dioxide pellets containing uranium of any U

concentration.

2.2 This specification does not include {a) provisions for preventing
criticality accidents or (b} requirements for health and safety.
Observance of this standard does not relieve the user of the obliga-
tion to be aware of and conform to all federal, state, and local
regulations pertaining to possessing, shipping, processing, or using
source or special nuclear material.

2.3 The function of the uranium dioxide fuel pellet is to provide heat
energy throughout the operating cycle(s) at rates specified by the
fuel management program. The fuel pellet must operate without melting

and within the irradiation swelling limits specified by clad strain
Jimits.

2.4 Impurity and Equivalent Boron Specifications are listed in Appendix A.
2.5 Applicable Documents are listed in Appendix B.

3.0 TECHNICAL REQUIREMENTS:

3.1 Chemical Requirements: A1l chemical analyses shall be performed on

portions of the representative sample prepared in accordance with
Section 5.0. Analytical chemistry methods used shall be as stated
in ASTM Method C696-77.
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3.1.1

3.1.2

3.1.3

3.1.4

3.1.5
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Uranium Content: The uranium content shail be a minimum of

87.7 percent by weight on a2 dry w~eight basis.

Impurity Content: The impurity content shall not exceed the

individual element limit specifizd in Table 1, Appendix A, on

a uranium weight basis. The summation of the contribution from
each impurity element listed in Tabie 1, Appendix A, shall not
exceed 1500 ppm.

Stoichiometry: The oxygen-to-uranium ratio of sintered fuel

pellets shall be within the range of 1.99 to 2.02.

Moisture Content: The moisture content of a given pellet

shall not exceed 20 ppm onr a uranium weight basis. The
average moisture content of the U02 peilets in a fuel rod
shall not exceed 10 ppm on & urarium weight basis.

Gas Content: The gas content of a given sintered pellet,

excluding moisture, shall not exceed, at standard temperature
and pressure, 0.10 cc/g of uranium. The average gas content
of the peliets in a fuel rod shall not exceed, at standard
temperature and pressure, 0.05 cc/g of uranium. Gas content
shall be determined by vacuum outgassing at 3000°F.

Nuclear Regquirements:

3.2.1

3.2.2

Isotopic Content: The isotopic content of the uranium in

the UO2 pellets shall be determinad by mass spectrometry. The
234U 236U and 238

on a weight percent basis. The isotopic¢ concentrations shall

U content of *he uranium shall be reported

be as specified by the buyer,

Equivalent Boron Content: For thermal reactor use, the total

equivalent boion content (EBC), based on a summation of the
contributions from each of the elements indicated in Table 2,
Appendix A, shall not exceed 4.0 ppm on a uranium weight basis.
(Factors for converting constituent concentraticns to equivalent
boron concentrations are given in Table 2, Appendix A.) The
EBC of each element shall be calculated individually using
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the following formula:
EBC of impurity = (EBC factor) x {ppm for impurity)
where:

{at.wt boron) x (ca element)
EBC factor =
TBa

baron} x (at.wt element)

Alternatively, the EBC may be determined by a comparative
reactivity test against a known standard. For fast reactor
use, the above Timitations do not apply.

3.3 Physical Characteristics:

3.3.1 Dimensions: The dimensions of the pellet shall be specified
on the PNL drawing.

3.3.2 Pellet Density: The density of sintered pellets shall be

as specified. The theoretical density for UO2 pellets shall
be considered to be 10.56 g/cc.

3.3.3 Grain Size: Ne fuel pellet grain size is required.
3.3.4 Defects:

3.3.4.1 The Timits for surface cracks and fissures are:
o radial cracks on the pellet ends - 1/8 in.
o circumferential cracks - 1/2 circumference
e axial crack - 1/8 in.

3.3.4.2 The }imits for chips are:

e pellet ends - 0.030 in. deep x 10% of surface
area of the pellet end

e circumferential chips ~ 0.030 in. deep x 10% of
the pellet circumference

3.3.4.3 Peilets with intentional slits to accommodate thermo-
couple Teads are exempt from the requirements of 3.3.4.

3.3.5 (leanliness and Workmanship: Finished pellets shall be free

of loose chips, powder and foreign residues.
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3.3.6 Identification: Each finished pellet shall have a mark placed
on the end of the peliet that permits identification of the
pellet enrichment.

3.3.7 Pellet Resintered Density: The density change (increase} of
the resintered pellets shall be leus than or equal to 1.0% TD.
The theoretical density for UO2 pellets shall be considered to

be 10.96 g/cc. The sintered pellets chosen for the resintering
test shall be hald at a resintering temperature of 1700°C for
24 hours prior to determination of the resintered pellet densities.

4.0 LOT REQUIREMENTS:

4.1 A peliet lot is defined as a group of pellets, made from a single
UO2 powder lot, which has undergone identical sintering procedures.

4.2 The identity of a lot shall be retained throughout processing without
mixing with other established lots,

4.3 A pellet lot shall form the basis for defining sampling pians used to
establish conformance to specification.

(a)

4.4 Sampiing plans shall be mutually agreed upon by the buyer and the

seller.

5.0 SAMPLING: Uranium dioxide pellets are hygroscopic and can absorb sufficient
water during exposure to a moist atmesphere to cause detectable aralytical
errors, Sampling, weighing, and handling the sample shall be done under
conditions which do not alter the moisture content of the sample.

(a)

taken for the purpose of determining chemical and physical properties.

5.1 A representative sample of peliets from each peliet 1ot shall be

5.2 The Tot sample shall be of sufficient size to perform guality assurance
testing at the seller’s plant, acceptance testing at the buyer's plant,
and referee tests in the event they become necessary.

5.3 The lot sample for acceptance testing at the buyer's plant shall be
packaged in a separate container, clearly identified by lot number,

{a) to be defined on the purchase requisition.
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and shipped with the tot. The referee sample shall be clearly
identified and retained at the seller's plant until the lot has been
formaily accepted by the buyer.

The number of regquired archive pellets shall be specified on the
purchase requisition.

TESTING AND CERTIFICATION

6.1

6.2

6.3

6.4

6.5

The sellier shall test the sample described in Section 5.0 to assure
conformance of the powder to the requirements of Section 3.0. AT
testing shall be conducted by techniques mutually agreed to by the
buyer and seller.

The seller shall provide to the buyer documents certifying:

6.2.1 the isotopic content and identity of the starting material
lot, and

6.2.2 that the peilet meets all the requirements of Section 3.0.

Test data on the following characteristics shall be supplied upon
request:

e uranium isotopic content

® uranium content

®» individual impurity levels

e mpisture content

e peliet density, both sintered and resintered.

The selier shail report the sintering time and temperature for the
pellets.

Lot Acceptance: Acceptance testing may be performed by the buyer(a)
on either the sample provided by the seller or on a sample taken at
the buyer's plant. Acceptance shall be on & lot basis<a) and shali

be contingent upon the material properties meeting the requirements

of Section 3.0.

(a) to be defined on the purchase requisition.

C-33



TTPS-1019, Rev 1

6.6 Referee Method: The buyer and seller shall agree to a third party

as a referee in the event of a dispute in analytical results.

7.0 PACKAGING AND SHIPPING:

7.1 Uranium dioxide pellets shall be packaged in sealed containers to
prevent loss of material and undue contamination from air or the
container materiais. The exact size and method of packaging shall
be as mutually agreed upon by the buyer and seller.

7.2 FEach outer container shall bear as a minimum a label on the 7id and
side with the follawing information:

Seiler's Name Gross, Tare, Net Oxide Weights
Material in Container Uranium Weight
Uranium Enrichment Purchase Order Number

Lot Number

8.0 QUALITY ASSURANCE

Section and Item Significanca(a) Reference
3.1 Chemical Requirements ASTM ChS6-77
3.7.1 Uranium Content Major
3.1.2 Impurity Content Critical
3.1.3 Stoichiometry Critical
3.1.4 Moisture Content Critical
3.1.5 Gas Content Critical
3.2 Nuclear Requirements
3.2.1 Iscotopic Content Critical ASTM C656-77
3.2.2 Equivalent Boron
Content Major
3.3 Physical Characteristics
3.3.1 Dimensions Critical
3.3.2 Peliet Density Critical
3.3.3 Grain Size None
3.3.4 DBefects Major

(a) to be defined on the purchase reguisition.

€-34



TTPS-1019, Rev 1]

(a)

Section and Item Significance

3.3.5 Cleanliness and

Warkmanship Critical
3.3.6 Identification Major
3.3.7 Pellet Resintered Density Major
4.0 Lot Requirements Major
5.0 Sampling Major
6.0 Testing and Certification Critical

(a) These terms are defined as follows:
Critical

Inadequate control of this characteristic can result in a critical defect that
could cause failure of fuel, especially in a reactor. A critical defect is a
defect that judgment and experience indicate is likely to result in hazardous
or unsafe conditions for individuals using, maintaining, or depending upon the
product; or a defect that judgment and experience indicate is 1ikely to prevent
performance of the function of a major end product such as a fuel rod, fuel

assembly, or reactor fuel core.
Major

Inadequate control of this characteristic can result in a major defect. A
major defect is a defect, other than critical, that is Tikely to result in
failure, or to reduce materially the usability of the unit of product for its
intended purpose.
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APPENDIX A - IMPURITY AND EQUIVALENT BORON SPECIFICATIONS

The elements Tisted in Table 1 require quantitative determination. The
total impurity content, based on the summation of the contribution from each
element listed in Table 1, shall not exceed 1500 prm. The total equivalent
boron content shall not exceed 4 ppm as determined from a summation of the
contribution from each element tisted in Table 2. The equivalent boron factors
listed in Table 2 shall be used toc compute egquivalent boron contents.

TABLE 1. Impurity Elements and Maximum Concentration Limits

Maximum Concentraticn

Elements Limit (ppm)
Aluminum 100
Carbon 100
Calcium plus Magnesium 200
Chiorine 25
Chromium 200
Cobalt 100
Fluorine 25
Hydrogen Exclusive of Moisture 5
Iron 500
Nickel 250
Nirtogen 75
Silicon 250
Thorium 30
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TABLE 2. Equivalent Boron Factors

Absorption Cross(a}
Section, 0a
Element (barns-2200 m/sec) Atomic Weight EBC Factor

Aluminum 0.235 26.98 0.0001
Barium 1.2 137.34 0.0001
Boron 759.0 10.81 1.0000
Cadmium 2,540.0 112.40 0.3104
Calcium 0.44 40.08 0.0002
Cesium 30.0 138.91 0.0037
Chlorine 33.2 35.45 0.0133
Chromium 3.1 52.00 0.0008
Cobait 37.2 58.93 0.0090
Copper 3.8 63.54 0.0009
Dysprosium 930.0 162.50 0.0815
Europium 4,400.0 151.96 0.4124
Gadolinium 49,000.0 157.26 4.438

Hafnium 105.0 178.49 0.0084
Iron 2.55 55.85 0.007

Lithium 71.0 6.939 0.1457
Manganese 713.30 54,94 0.0034
Mo1lybdenum 2.70 95.94 0.0004
Nickel 4.60 58.71 G.0011
Nitrogen 1.8% 14,01 0.0018
Phosphorus .19 30.97 0.0001
Samarium 5,820.0 150.35 0.5513
Silicon 0.16 28.09 0.0007
Tantalum 21.0 108.95 0.0017
Tin .63 118.69 0.0001
Titanium B 47.90 0.0018
Tungsten 18.5 183.85 0.0014
Yanadium 5.06 50.94 0.0014
Zinc 1.10 £5.37 0.0002

(a) Brookhaven National Laboratory Publication BNL-325, Second Edition, July 1958
and Supplement No. 1, January 1960, and Supplement No. 2 1964-1966.
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APPENDIX B - APPLICABLE DOCUMENTS

Code of Federal Reguiations, Title 10.

Nuciear Safety Guide, U.S. Atomic Energy Commicsion Report TID-7016,
Latest Edition.

"Handbook of Nuclear Safety,"” H. X. Clark, U.S. Atomic Energy Commission
Report, DP-532.

ASTM Method C696-77, "For Chemical, Mass Spectrometric, and Spectrochemical
Analysis of Nuclear Grade Uranium Dioxide Powder and Pellets."

Military Standard, MIL-STD-109B. April 4, 1969. (Pages 2, 3, 4 and 6).
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Eddy Current Pressure Transducer System for Measuring
Fuel Rod Internal Pressure in a Nuclear Reactor
R. X. Marshall

SCOPE: This specification presents the requirements for high temperature,
eddy current type pressure transducers for measuring the interal pressure
of a fuel rod in an operating nuclear reactor. A summary of the design

requirements is shown in Table 1.

ENVIRONMENTAL CONDITIONS: The transducers and a portion of the extension
cables will operate in flowing pressurized water up to 2500 psig and 345°C
(650°F) and must be designed to withstand a total thermal neutron fluence
of 3 x 1020 nvt at a flux of 5 x 1013 ny and a gamma flux of 1.0 x 10g R/hr.

TRANSDUCER OPERATION: The transducer will be welded to the end of a fuel
rod and will monitor the internal pressure of the fuel rod. The internal

pressure range will be 0-500 psi.

CONSTRUCTION:
4.1 Transducer:

Materials - all inorganic
Size Limitations - As specified on vendor information drawings
supplied with the ordering information.

4.2 Extension Cable: The extension cable shail consist of a metal sheathed
cable coupled to a soft cable. The transition connector between the
metal sheathed and soft cable and the terminating connector which
connects the soft cable to the signal conditioner shall be vendor
designed and supplied. The metal sheathed cable shall extend from
the transducer housing to the transition connector and shall be

capable of withstanding the environmental conditions listed in
Section 2.0. The metal sheathed cable shall have a
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maximum 0D of 1.59 mm {0.063 in.}). The cable insulation shall be
inorganic. The length of the metal sheathed cable and, the Tength
of the soft cable shall be specified in the ordering information.

The finished cable shall Be annealed in either a vacuum or hydrogen
atmosphere.

As a goal, straightness of the meta) sheathed cable should be such
that a go-no-gc gauge having a length of 1.59 cm (5/8 in.) and a
hole diameter not greater than 0.051 mm (0.002 in.) greater than the
cabie diameter should pass over the ful  Tlength of the metal
sheathed cable without binding.

PNL reserves the right to review the verdor quaiity assurance plan
for fabrication of the metal sheathed czbles to assure adequacy for
nuclear service.

4.3 Signal Conditioner: Each transducer and extension cable shall be

calibrated with its signal conditioner and matching circuit cards
supplied for each transducer as required.

5.0 SYSTEM ASSEMBLY:

5.1 Extension Cable Routing: The transducer housing will be Tocated in

the core of an operating nuclear reactor with the metal sheathed
cable routed through a pressure boundary penetration to the readout
instrumentation. The transition connector attached to the end of
the metal sheathed cable must be designed so that it can be removed
and installed in the field without signi“icantly affecting the
system calibration. The sheathed cable with the connector removed
must he capable of being inserted through a hale nat greater than
0.051 mm {0.002 in.) greater than the cable diameter. The removal
of the connector is required to permit the transducer and metal
sheathed cable to be assembled as part of an experimental
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apparatus. In addition, the pressure transducer metal sheathed
cable along with a number of other instrument cables (no power
cables) will penetrate a Hastealloy plug to which the metal sheathes
will be brazed.

Cables from several eddy current type pressure transducers in the
same test assembly will be assembled with other instrument cables
such as thermocouples, Tlinear variable differential transforms,
turbine flow meters, and self powered neutron detectors into
protective metal tubes within the reactor core. It is not possible
to isolate the pressure transducer cable from ground between the
sensor and the electronics.

Depending on the location of the transducer in the reactor test
facility, up to 3.7 m (12 ft) of the metal sheathed cable will
operate at approximately 315% (GOOOF). A transition

temperature zone occurs below and above the pressure boundary
penetration. This zone is approximately 3 m (10 ft) long and the
temperature of the cable decreases from 315°C (600°F) to 21°C
(70°F) within this region. The remaining cable length of
approximately 4.9 m (16 ft)} as well as the signal conditioner
operate at 21°C (70°F).

5.2 Transducer End Fittings: The transducer will be welded to the fuel

rod. The end fitting design is shown on the vendor information
drawing supplied with the ordering information. The cable end of
the transducer will be attached to other instrumentation. The
design requirements for this end of the transducer are shown on the
vendor information drawing.

CALIBRATION: A minimum of 20 calibration points on each transducer
system shall be made at each of three temperatures over the specified
pressure range. These data shall be taken for up runs and down runs with
a minimum of 10 points for each run at 25°C, 270%C, and 540°C (77°F,
SOOOF, and 1000°F). The foregoing procedure shall be repeated twice.
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QUALITY ASSURANCE

7.1 Documentation: Documentation of all manufacturing, materials

testing, and quality records for each transducer system shall be
maintained and submitted to the purchaser,

7.2 Inspection: PNL reserves the right to inspect all materials and
procedures during fabrication, testing. and before shipment to

assure that the prescribed requirements are met.

7.3 Acceptance Tests at PNL:

Acceptance testing at PNL will include the following:

Visual inspection
Verification of Section 6.0, Calitration.

PREPARATION FOR SHIPMENT:

2.1 tCable Seals: The ends of the extension cables shall be sealed in
such a manner that handling during shipment will not break the seal.

8.2 Cable Packing and Shipping: The cable shall be coiled for shipping

in a diameter of approximately 25 ¢m (12 in.}. The transducer
systems shall be cleaned, packaged, and shipped in such a manner
that they are received in an undamaged zondition.
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Summary of Reguirements for High Temperature Eddy Current Type

Pressure Transducer System for Measuring Water Pressure in a

Nuclear Reactor Facility

Environmental Conditions

Pressurized flowing water up to 2500 psig and 650°F

Total neutren fluence: 20

Neutron flux: 13

Gamma flux:

Pressure Transducer System Specification

Pressure

Range 0-500 psi

Temperature

Design Temperature Range

Sensor and Metal Sheathed Cable
Connector on Metal Sheathed Cable
Soft Cable and Connector
Electronics

Calibration

Rate of Temperature Change for
Specified Thermal Zero or
Sensitivity Shifts

Thermal Zero Shift (25°C to max.
operating temperature)

Sensor
Electronics

C-43

3 x 10 n
F x 10 n
1.0 x 10° R/hr

vt

v

-75% to 540°% (-100°F to 1000°F)
=759 to 150% (-100°F to 300°F)

-55%¢ to 105°C (-67°F to 220°F)

0°C to 55°% (329 to 132°F)

25%, 270%, 5409 (77°F, 500°F,
1000°F) See Section 6.0 for additional
requirements.

0.5%/sec (0.9%F/sec) max.

Less than + 0.0270 Fs0/°C
Less than + 0.04% FS0/%C
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System Performance

Frequency Response

Sensor 25K Hz
Electronics zere to 10K Hz
Linearity, Least Squares within + 1% FSO
Repeatability @ 25°C (779F) within 0.1% FSO
Hysteresis @ 25°C (77°F) 0.5% F50
Output Voltage, Analog 0 to 1 Vdc
Construction

Pressure transducer and metal sheathed cablie to be an integral unit.
Materials: A1l incrganic
Extension Cable: Up to 11.6 m+ 0.3 m (38 ft + 1 ft) length specified
in purchase order,
Diameter: 1.588 + 0.038 mm {0.0625 + 0.0015)
Maximum Envelope for Transducer: As specified on the vendor information
drawing supalied with ordering

information.
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Specification for Special Multipair Extension Cable
R. K. Marshall

SCOPE: This specification presents the requirements for multipair extension

cable for transmitting electrical signals from special quick disconnect
connectors to signal conditioning electronics.

CONSTRUCTION: Extension cable with pairs of chromel-alumel conductors

twisted to reduce magnetic interference. The number of pajrs shall be
specified in the ordering information. Each conductor to be 24 gauge
stranded (7/32) wire insulated with PVC. Individual pairs shielded with
aluminum backed Mylar tape and a 24 gauge bare stranded copper drain wire

in contact with the aluminum to reduce electrostatic interference. A second
overall aluminum backed Mylar tape shield with a 24 gauge bare stranded
copper drain wire in contact with the aluminum and with a PVYC outer jacket.
Primary insulation to withstand ambient temperatures up to at least 378 K
(331°F). Outer jacket to withstand ambient temperatures up to at least

353 K (176°F). The outside diameter of the insulation over each conductor
shall be less than 1.37 mm {0.054 in.} and greater than 0.76 mm {0.030 in.).
Individual conductors shall be color coded and individual pairs shall be
uniquely marked for easy identification.
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Specification for Standard Multipair Ex-ension Cable
R.K. Marshall

SCOPE: This specification presents the requirements for multipair
extension cable for transmitting electrical cignals from signal con-
ditioning electronics to a data acquisition system.

CONSTRUCTION: Extension cable with pairs of copper conductors twisted to
reduce magnetic interference. The number of pairs shall be specified in
the ordering information. Each conductor to be 20 gauge copper

insulated with PYC. Individual pairs shielded with aluminum backed Mylar
tape and a bare copper drain wire in contact sith the aluminum to reduce
electrostatic interference. A second overall aluminum backed Mylar tape
shield with a bare copper drain wire in contact with the aluminum and with
a PVC outer jacket. Primary insulation to withstand ambient temperatures
to at teast 378 K (221°F). Outer jacket to withstand ambient temperatures
up to at least 353 K (176°F). Individual conductors shall be color coded
and individual pairs shall be uniquely marked for easy identification.
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Specification for Inconel-600 Sheathed Chromel-Alumel Thermocouples with
Single or fual Oiameters for Nuclear Application
R. K. Marshall

1.0 SCOPE:

1.1 Intent: This specification presents the requirements for sheathed,
Type K (chromel-alumel) thermocouples for nuclear service, The reguire-
ments of this specification include Inconei-600 for sheathing, magnesium
oxide or aluminum oxide as insulation and Type K thermocouple wires for
thermoeiements.

1.2 General Design: The general design of the finished thermocuples is

shown in Figure 1. By appropriate selection of dimensions A, B, C, D
and £, either single diameter or dual diameter thermocuples can be
specified. Sheath dimensjons and tolerances for each nominal dimension
shall be in accordance with Table 1.

2.0 APPLICABLE DOCUMENTS: The latest official issue of the following standards:

2.1 ASTM Standards:

e B 167 Specifications for Nickle-Chromium-Iron Alloy Seamless
Pipe and Tubing,

o [ 2 Methods of Preparation of Micrographs of Metals and Alloys
(IncTuding Recommended Practice of Photography as Applied to
Metallography),

e [ 3 Mathods of Preparation of Metallographic Specimens,

e E 94 Recommended Practice for Radiographic Testing,

e [ 142 Method for Controiling Quality of Radiographic Testing,

e E 165 Method for Liquid Penetrant Inspection,

e L[ 220 Method for Calibration of Thermocouples by Comparison
Techniques,

e E 230 Standard Temperature Electromotive Force (EMF) for Thermo-
couples, and

e £ 235 Thermocouples, Sheathed, Type K, for Nuclear or Other
High Reliability Applications.
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2.2 ANSI Standard

* B 46.1 Surface Texture

3.0 ORDERING INFORMATION

4.0

5.0

MAT

The quantity, lengths, and nominal diameters of the sheathed
thermocouple (dimension A, B, C, D, E of Figure 1},

The 1imits of error if other than standard limits (see Tables E 230)
Ihe type of ceramic insulation required, either magnesia {Mg0} or
alumina (A1203),

The class of thermocouple measuring junction, either grounded {Class 1)
or ungrounded {Class 2}, see Figures 2 and 3,

The type of dye-penetrant inspection procedure to be used.

ERIALS AND MANUFACTURE:

4.1

4.2

4.3

4.4

Sheath Material: The Inconel-600 tubing used for the sheath
material shall conform to B8 167 with carbon content restricted to
<0, 05%.

Thermocouple Wires: Thermocouple wires referred to in the

specification shall be Type K with standard limits of error.

Insulation: As specified in £ 235 paragraph 5.1.3 and subpara-
graphs 5.1.3.1, 5.1.3.2, and 5.7.3.3.

Processing: Cleantiness as specified in paragraph 5.2.1.

INSPECTION AND METHODS OF TEST

5.1

5.2

General Procedure: As specified in paragraph 6.1 and subparagraphs
6.1.1 and 6.1.2 in E 235.

Insulation Resistance: As specified in paragraph 6.2 of E 235
except that resistances shall be greater than 1090hms. Measurements

shall be made at room temperature. Conditions and resistances as
specified in Table 2 of E 235 shall not apply.
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Radiographic Inspection: As specified in 6.3.1, 6.3.1.1,
6.3.2, 6.3.3, 6.3.4, 6.3.4.1, 6.3.5, 6.3.6, and 6.3.7 of
E 235.

Sheath Integrity: As specified in 6.4.7, 6.4.2 and 6.4.3 of
E 235,

Surface Finish: As specified in 6.5 of E 235.

Surface Defects: As specified in 6.6 of £ 235.

Metallurgical Structure of the Sheath: As specified in
6.7.1, 6.7.3 of E 235.

Thermal Cycling of Measuring Junction: As specified in
6.8, 6.8.71, and 6.8.2 of £ 235.

Insulation Resistance After Thermal Cycling: As specified
in 6.9 of E 235.

6.0 CALIBRATION: As specified in 6.10.1 and 6.10.2 of E 235.

7.0 CERTIFICATION AND TEST REPORTS:

Chemical analysis of the sheath material in accordance with 4.1
Certification that the type of thermocoupie wire used in the
manufacture of the thermoccouples is in accordance with the
purchaser's ordering documents and the requirements of Tables

E 230 for the designated material described in 4.2.

Certified results of insulation composition tests (see 4.3).
Test results in insulation resistance tests {see 5.2).
Radiograph results of radiographic inspection {see 5.3).
Test results of sheath integrity tests (see 5.4}.

e Results of liquid penetrant inspection {see 5.6).
o Test results on metallurgical structure (see 5.7)
® Test results from thermal cycle tests (see 5.8).
o Calibration results {see 6.0).
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8.0 PREPARATION FOR SHIPMENT

8.1

8.2

8.3

8.4

8.5

Cabie Seals: The end of the mineral insulated cable shall be

permanently sealed.

Cable Termination: The end of the cab e shall have a temporary

flexible lead approximately 152 mm (6 *n.} in length, attached
for the purpose of inspection and calibration. The leads shall
be coded so that the chromel and alumel conductors may be identi-
fied. The coding information shall be included with the shipment.

Cleaning: The surface of the finished thermocouples shall be free
of grease, oil, fingermarks, dirt, scale, and other foreign matter

before packaging.

Marking: Each thermocouple shail be assigned a serial number.

the serial number shall be inscribed on a corrosion-resisting

metal tag and affixed to the assembiy with paper or plastic-

coated corrosion-resistant wire approximately 152 mm {6 in.) from
the cold junction end of the metal sheath cable. For dual diameter
thermocouples, the metal tag shall include the nominal diameter and
Tength of the reduced portion of the cable.

Packing and Shipping: The thermocoupie shall be coiled for shipping
in a diameter of not less than 205 mm (12 in.). The thermocouples
shall be packaged and shipped in such a manner that they are re-
ceived in an undamaged condition.
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FIGURE 1. General Design of Sheathed Thermocouples
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TABLE 1. Dimensions and Tolerances for Sheathed Thermocouples,
see Figures 2 and 3.

Sheath Qutside Diameter, A Minimum Minimum Minimum
Sheath Insulation Wire
Nominal Tolerance Hall Thickness Diameter E, Tolerance F, Tolerance
min max B C 0 min max min max

Millimeters

1.588 1.562 1.624 g.23 0.13 0.25 0.23 0.81 0.13 (.81
1.016 0.991 1.054 0.15 0.10 0.13 .15 0.5] 0.10 0.53
0.508 0.483 0.533 0.069 0.05 0.094 0.069 0,381 0.076 0.381
0.254 0.241 0.267 0.036 0.025 0.033 0.036 0.254 0.076 0.254
Inches
0.0625 0.0615 0.0640 0.009 0.005 0.010 0.009 0.032 0,005 0.023
0.04900 0.0390 0.0415 0.006 0.004 0.005 0.006 0.020 0.004 0.021
0.0200 0.0190 g.0210 0.0027 0.002 0.0037 0.0027 0.015 0.003 0.015

0.0100 0.0095 0.0105 0.0014 0.001 0.0013 0.0014 0.010 0.003 0.010
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FIGURE 2. Grounded Measuring Junction, Class 1
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FIGURE 3. Ungrounded Measuring Junction, Class 2
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Metallic Sheathed Mineral-Insulated Cables for Nuclear Service

R. K. Marshall

This specification presents the requirements for a metallic

sheathed, mineral-insulated cables extending from in-reactor sensors to

out-of-reactor signal conditioners.

APPLICABLE DOCUMENTS: The latest official issue of the following

standards.

2.7 ASTM Standards:

2.2 ANSI

A262 Recommended Practives for Detecting Susceptibility to
Intergranutar Attack in Stainless Steels

B167 Specifications for Nickel-Chromium-Iron Alloy Seamless
Pipe and Tube

A632 Specifications for Seamiess and Welded Austenitic Stainless
Steel Tubing (small diameter) for General Service

E2 Methods of Preparation of Micrographs of Metal Alloys
(including recommended practice for photography as applied
to metallography)

E3 Method of Preparation of Metallographic Specimens

E34 Recommended Practice for Radiographic Testing

E112 Methods for Estimating the Average Grain Size of Metals
E142 Method for Controlling Quality of Radiographic Testing
E165 Methods for Ligquid Penetrant Inspection

E235 Specifications for Thermocouples, Sheathed, Type K, for
Nuclear or other High-Reliability Appiications.

Standard:

B46.1 Surface Texture,

ENVIRONMENTAL CONDITIONS: The metal sheathed cables will operate under

both steady-state and transient conditions in 3 recirculating Toop facility

in a nuclear reactor and shall be designed to operated under the following

environmental conditions.
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Nuclear: A thermal neutron flux up to 1 x 10
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14 anmz/sec and a

gamma flux of 1 x 109 R/hr.
Steady State: Pressurized flowing water up to 17.2 MPa (2500 psig)

and 616 K {650°F).
Transient: Steam up to 0.34 MPa (50 psig) and 977 K {1300°F).

4.0 ORDERING INFORMATION: The purchase order documents shall specify the

following information.

The guantity, length, and nominal diameters of sheathed cable, ejther
1.588 mm (0.0625 in.) or 1.016 mm {0.0400 in.)
the type of ceramic insulation required, either alumina (A1203) or

magnesia {Mg0)

the type of tubing material

the type and quantity of conductor wires.

5.0 MATERIALS AND MANUFACTURE

5.1

Cable:
5.7.1

5.1.2

5.1.3

Material: AISI types 304, 308, 310, 316, 321, or 347 stainless
steel in accordance with A632. Inconel-600 in accordance

with B167 except that carbon content shall be <0.05%.

Conductor wire: Material and quantity to be specified by

the buyer

Insulation: The insulating material shall be either magnesia
(Mg0) or alumina (A]203) and shall comply with the following
requirements as to composition:

e the magnesia shall be electrically fused with a 99.4
percent minimum content of magnesia and with a maximum
content of boron plus cadmium of 30 ppm. Al]l impurities
inciuding boron and cadmium shall be less than 6000 ppm.
The sulfur content shall be less than 50 ppm and the
carbon content less than 300 ppm.

e The alumina shall be alpha alumina with a minimum content
of 99.5 percent alumina. The maximum boron plus cadmium
content shall be 30 ppm. Sulfur shall not exceed 50 ppm
while carbon shall not exceed 300 ppm. All impurities
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in the alumina, inciuding the boron and cadmium, shall
be no more than 5000 ppm.
o A certified analysis of the composition of the insulating
material as supplied to the thermocouple manufacturer
shall be furnished to the purchaser. The thermocouple
manufacturer shall be responsibie for maintaining the
purity within the specified Timits in the finished product.
5.2 Processing:
5.2.1 Cleanliness: The surface of the completed cables at the time
of delivery shall be free of residues containing nuclear
poisons such as boron and cadmium ¢ompounds, or foreign
substances such as chlorine compourds, strong acids, bases,
0ils, greases, or dust that could tecome the source of corro-
sions of chemistry changes in a primary coolant or heat-transfer
medium. The use of compounds containing halogens is prohibited
for final cleaning. Alcohol or methyl isobutyl ketone may be
used unless otherwise specified.
5.2.2 Annealing: The sheath of the finished cable shall be solution
annealed and shall not be sensitized.

6.0 INSPECTION AND TEST METHODS

6.1 Insulation Resistance: The electrical resistance between conducting

wires and between each conducting wire and sheath shall be in accordance
with Table 1, with the applied voltabe specified (both direct and
reversed polarity) for a cable length not exceeding 15 m {50 ft).

6.2 Radiographic Inspection:

6.2.1 A length of the fabricated cable extending a minimum of 102 mm
(8 in.) from one end of the cable shall be examined by
radiography to determine that the dimensicns are in accordance
with Table 2 and that any defects do not exceed the following
requirements:

e Cracks, voids or inclusions in the sheath wall greater
than 15 percent of the sheath wall thickness, or 0.05 mm
(0.002 in.), whichever is greater.
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e {(racks, voids, inclusions, discontinuities, or local
reduction of the conductors, insulation, or sheath
diameter greater than 0.05 mm (0.002 in.).

6.2.2 The cable shall be radiographed in two directions 90 degrees
apart and perpendicular to the cable axis. The radiography
shall be performed in accordance with Recommended Practice
E94, and the design of the penetrameter shall be as specified
in E142 as modified according to E235, Section 6.3.4.1.

The radiograph shall be supplied to the purchaser along with
appropriate means of identifying the cable with its radiograph.

6.3 Sheath Integrity: The sheath integrity of the finished cables shall
be tested. The manufacturer shall perform at least one of the following

tests, the manufacturer can select which test to perform.

6.3.1 Helijum Leak Test: Test the finished cables as follows: weld
the open end of the sheaths or otherwise seal, and wipe the
cable clean with a solvent-saturated material. The recommended
solvents are alcohol, methyl ethy! ketone, or methy! isobuty]l
ketone. Pressurize the sheath externally with helium to at
feast 6.9 MPa (1000 psig) for a period of 5 to 10 min. Wipe
the cable again with a solvent-saturated tissue and insert
within 2 hr into a test chamber. Evacuate the interior of
this chamber to a pressure of 50 um Hg or less and test for
the presence of helium using a mass spectrometer-type helium-
leak detector. An indication of helium Teakage of 6 x 1077
standard cm3/s or greater shall be taken as evidence of a
leak, and the cabie shall be rejected.

6.3.2 Hydrostatic Test: Test the finished cables as follows.

Seal weld the ends of the sheath and place the cable in a
water envirgnment in a hydrostatic chamber. Operate the
chamber at a pressure of 24.1 MPa (3500 psi) and room
temperature for a minimum of one hour. Remove from the
chamber and measure the insulation resistance of the cahles
in accordance with 6.1. If the cable does not meet the
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requirements of 6.7, it shall be taken as evidence of a leak
and the cable shall be rejected.

6.4 Surface Finish: The surface of the sheaths of all cables in the
completed condition shall have a bright appearance with a finish
no rougher than 0.00081 mm (32 pin.). Make a visual comparison
with roughness standards in accordance with ANSI B46.1.

6.5 Surface Defects: There shall be no cracks, seams, holes, qr other
defects on the surface of the sheath of tke finished thermocouples
when tested in accordance with Procedure 22 of Methods E165. Any
indication of cracks, seams, holes, or other defects shall be cause
for rejection.

6.6 Metallurgical Structure of the Sheath:

6.6.1 Select a sample cable at random from each "lot" of cables. A
"lot" of cables is defined as a group of 15 cables or fraction
thereof, manufactured from the same materials in the same
production run., Using a section of the sample cabie, close-
wind the selected section of the sheath three full turns on a
mandrel that is twice the sheath diameter. Prepare the
metallographic specimen in accordance with Method E3. The
sheath material of the mounted specimen shall not contain
evidence of cracks or localized wall thinning when longitudinally
sectioned and examined by normal metallographic practice at
a magnification ¢f 200 to 500 X in accordance with Method E2.

6.6.2 Mount another section of the sample cable which has not been
bent and examined for grain size. tonduct the grain size
measurements in accordance with Methods E112. The maximum
allowable grain size is ASTM Number 6. The sheath material
of the straight section shall not contain evidence, when
examined at 200 to 500 X, of any cracks, inclusions, porosity,
or grain boundary attack. In addition Types 304, 304L and 316
stainless steel sheaths shall not contain continuous envelopes
of precipitated carbides defined as "ditch structure" in
Recommended Practice A262.
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7.0 CERTIFICATION AND TEST REPORTS: Copies of the following certified tests

and inspection reports shall be submitted to the purchaser,

Chemical analysis of the sheath material (see 5.1.1)

chemical analysis of conductor wires {see 5.1.2)

certified results of insulation composition tests (see 5.1.3)
results or insulation resistance tests (see 6.1)

resuits of radiographic inspection (see 6.2}

results of sheath integrity tests (see 6.3)

results of liquid penetrant inspection (see 6.5)

test results on metallurgical structure {see 6.6).

8.0 PREPARATION FOR SHIPMENT

8.1

8.2

8.3

8.4

8.5

Cable Seals: The ends of the mineral insulated cable shall be

permanently sealed.
Cable Termination: Both ends of the cable shall have a temporary

flexibie lead approximately 152 mm (6 in.) in length, attached for
the purpose of inspection,

Cleaning: The surface of the finished cables shai] be free of

grease, 0il, fingermarks, dirt, scale, and other foreign matter
before packaging.

Marking: Each cable shail be assigned a serial number. The serial

number shail be inscribed on a corrosion resisting metal tag and
affixed to the cable with paper or plastic-coated corrosion-resistant
wire approximately 152 mm {6 in.) from one end of the cable.

Packing and Shipping: The cable shall be coiled for shipping in a
diameter of not less than 305 mm (12 in.). The cables shall be
packaged and shipped in such a manner that they are received in an
undamaged condition.
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TABLE 1, Insulation Resistance

Applied DC Voltage Required Minimum
(Both Direct and Insulation Resistance
Sheath Outside Qiameter, mm (in.) Reverse Polarity at Room Temperature, MO
1.0 (0.040} 50 Vdc {min) 1000
1.587 (0.0625) 500 Vdc 5000

TABLE 2. Dimensions and Telerances for Cables

Sheath Outside Diameter Minimum Minimum Minimum
Nominal Tolerance Sheath Insulation Wire
Min Max Wall Thickness Diameter

Millimeters

1.016 0. 991 1.054 0.15 0.10 0.13

1.588 1.562 1.625 0.23 0.13 0.25
inches

0.0400 0.0330 Q.0415 0.006 0.034 0.005

0.08625 0.0615 0.0640 0,009 0.0925 0.010
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Self-Powered Pressure Switch

R.K. Harshall

SCOPE: This specification presents the design and operating requirements
for a self-powered pressure switch which, when attached to a fuel rod,
will indicate cladding failure during reactor operation.

APPLICABLE DDCUMENTS: The latest official version of the following
documents:

® PNL Specification: TTPS$-1030, Revision 0, Metallic Sheathed Mineral-
Insulated Cabies for MNuclear Service.

* PNL Design Drawings: H-3-41367, Sheets 1 & 2.
* ASTM A479 for 304L stainless steel.

ENVIRONMENTAL CONDITIONS: The switch and metal sheathed cable will operate
under steady~state and transient conditions in a recirculating loop faciiity

in a nuclear reactor and shall be designed to operate under the following
environmental conditions.

14

3.1 Nuclear: A thermal neutron flux up to 1 x 10 n/cmzlsec and a gamma

flux of 1 x 107 R/hr for a maximum operating time of 48 hours.

3.2 Steady-State: Pressurized flowing water up to 17.2 MPa (2500 psig)
and 616K (65Q°F).

3.3 Transient: Steam up to 0.34 MPa (50 psiq) and 811K (1000°F).
FUEL ROD INDICATOR OPERATION:

4.]1 Description: The device is an on-off pressure~activiated switch
combined with a thermocouple. The device is welded to the top end
of a fuel rod. Pressure increase within the fuel rod causes compression
of the two beliows shown in Drawing H-3-41863 sheet 1. The switch is
open at atmospheric pressure and closes when the fuel rod internal pressure
reaches a predetermined value. When the switch closes, continuity is
established between each thermoelement conductor and the cable sheath.
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When the pressure drops below the predetermined value, the circuit is
opened indicating the reduction in pressure. The break in continuity
can be determined by electrical means.

Pressure Switch Adjustment: The adjustmert of the switch closing and
opening pressure is accompiished by adjusting the gap between the
thermocouple tip and bellows adapter extension, dimension A, The re-
gquirement for the gap width, Orawing H-3-41867, Sheet 1, Dimension A
is included in the orderina information,

Switch Cesign Operating Conditions: The switches shall be designed to be

operated under the loop environmental conditions specified in Section
3.0 and under the following switch internal pressure and temperature
conditions. The pressure difference across the bellows wall is approx-
imately 8.10 MPa {1175 psi) with the higher pressure on the bellows
outside.

4.2.1 Steady-State: 4.3 #Pa (870 psig) at 616K {650°F).
4.2.2 Transient: 8.3 MPa (1200 psiag) at E11K (1000°F}.

5.0 CONSTRUCTION:

5.1

5.2

5.3

Switch:
5.1.1 HMaterials: A1l inorganic.

5.1.2 Bellows: Incone! 718 or Inconel 750. Material specification
specified by bellows manufacturer.

Extension Cable: The extension cable consists of an Inconel-600

metal sheathed cable with chromel-alumel conductors insulated with

MGO. The cabie shall be purchased in accordance with PNL Specification
TTPS-1030, Revision 0. The required ordering information is 1isted

in TTPS-1030, Revision Q.

Welds and Brazes: Qualification tests of weld and braze procedures

shall demonstrate that adequate welds and brazes are produced. PNL
reserves the right to review the weld and braze procedures and quai-
ification tests before use.
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6.0 TESTS:

7.0

6.0

6.1 Leak Tests: Ail containment welds and brazes shall be tested with a
helium mass spectrometer leak detector. A leak rate in excess of
b x 10_9 standard cm3/sec of helium shall be used as a basis for
rejection,

6.7 Resistance Measurements: The resistance of the chromel-alumel con-

ductors shall be measured to assure thermocouple continuity. The re-
sistance shall conform to the calculated or premeasured values for the
thermoelectric circuit. The resistance of each thermoeliement conduc-
tor to the cable sheath shall be measured when the switch is open and
when closed. When the switch is open, infinite resistance should be
read. Mhen closed, the resistances should conform to the nominal re-
sistance values for each conductor. The above measurements shall be
made after assembly of the device has been completed.

6.3 Thermocoupie Attachment Test: The weld or braze of the thermocouple
sheath to the end bulkhead shall be designed to withstand and axial lcad
of at least 18 kg (40 1bs) applied to the internal end of the thermo-
couple wire. Tests shall be performed to demonstrate that this require-

ment is net.

CALIBRATION: The switch shall be calibrated by internally pressurizing the

assembly with helium, argon, nitrogen or air at room temperature and re-
cording the pressure at which the switch closes and opens. Switch closure
and opening shall be determined by measuring the resistance of each thermo-
etement to the sheath. The values shall conform to those determined in 6.2.
This procedure shail be repeated twice for a total of three runs. The design
closure pressure and tolerances will be specified in the ordering information.

QUALITY ASSURANCE:

8.1 Inspection:
8.1.1 Examination of Materials and Procedures: PNL reserves the right
to inspect all materials and procedures during fabrication, test-
ing, and before shipment to assure that the prescribed requirements
are met.

8.1.2 Visual : The surface of the indicator and cable shall show no
visible oxidation, scale or discoloration.
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8.2 Acceptance Tests at PNL:

8.2.1 Visual inpsection, paragraph 8.1.2
8.2.2 Verification of Section 7.0, Calibration.

8.3 Documentation: Certified copies of the following inspection and

calibration reports shall be submitted to tre purchaser.
8.3.1 Chemical and Physical Analyses:

{a) Bellows
(b} 304L stainless steel

3.3.2 Extension cable documentation as specified in TTPS-1030, Rev. o

8.3.3 Results of leak tests resistance meas.irements and thermo-
couple attachment tests (see 6.0).

£.3.4 Calibration data (see 7.0}.

9.0 PREPARATICN FOR SHIPMENT:

8.1 Cable Termination: The readout end of the cabie shall have a temoorary,

flexible lead approximately 152 mm (6 in.) ir length, attached for the
purpose of inspection and calibration.

9.2 Cleaning: The surface of the finished asserblies shall be free of
greasa, oil, fingermarks, dirt, scale, and other foreign matter before
packaging.

9.3 Marking: Each assembly shall be assigned a sa2rial numer. The serial
number shall be inscribed on a corrosion-resistant tag and affixed to
the assembly with paper or plastic-coated, corrosion-resistant wire
approximately 152 (6 in.) from the end of the metal sheath cable.

9.4 Packaging and Shipping: For shipping, the cable shall be coiled in a

diameter of not less than 254 mm (10 in.}. The assemblies shall be
packaged and shipped in such a manner that they are recieved in an un-
damaged condition.
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Shroud Assembiy

C. Nealley

1.0 SCOPE: This specification describes the fabrication requirements for a

2.0

3.0

4.0

shroud.

APPLICABLE DOCUMENTS: The following documents form a part of this

specification:

ASTM A 276, Stainless and Heat-Resisting Steel Bars and Shapes
PNL Material Specification TTMS-1033, Revision 2
PNL Heat Treatment Specification TTHTS-1008

PNL Drawing H-3-41811, Sheet 2

MATERIAL REQUIREMENTS: The material shall conform to PNL Specification

TTMS-1033, Revision 2.

TECHNICAL REQUIREMENTS:

4.1

4.2

4.3

Shape and Dimensions: The shroud shall be machined to meet the
shape and dimensions shown in PNL Drawing H-3-41811, Sheet 2.

Heat Treatment: The initial heat treatment of the material shall
be in accordance with ASTM A 276, Stainless and Heat-Resisting Steel
Bars and Shapes. Any stress-relieving heat treatment performed

during fabrication shall be in accordance with PNL Heat Treatment
Specification TTHTS-1008.

Pickiing: After the final heat treatment, the shroud shall be
pickled to remove any heat treatment discoloration. This pickling
operation shall be performed in accordance with PNL Heat Treatment
Specification TTHTS-1008.

4.4 Workmanship: A1l material shall be free of laps, cracks, voids,

seams, and other defects. The surface finish of the shroud shail
be in accordance with PNL Orawing H-3-41811. In addition, the
shroud shall be free of burrs which might interfere with assembly or
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function of the final shroud assembly and be free of chips, dirt,
grease, corrosion or other foreign material.

QUALITY ASSURANCE:

5.1 Inspection: Each shroud shall be visually inspected for defects,
surface condition and cleanliness. The shroud shall also be
inspected for all items specified on PNL Drawing H-3-31811, Sheet 2.

5.2 Certification: All tests and inspections shall be certified and
reported to the buyer.

5.3 Acceptance: Acceptance shall be at the seller’s facility by a
buyer's representative.

PACKAGING: Each shroud assembly (two matched halves) shall be sealed with

tape in a flat, plastic viny?! tube. The plastic wrapped shroud assembly
shall then be crated in wooden containers for shipment to the buyer. Scrap
or rejected parts shall be crated in a wooden container and shipped to the
buyer.
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TTWS-1009 Rev O Brazing Specification D-24



1.0

2.0

Specification for Welding Austenitic Stainless Steels
R. F. Klein

SCOPE: This specification describes the requirements for welding austenitic
stainless steel.

TECHNICAL SPECIFICATION:

2.1

2.2

2.3

Base Metals: Base matals shall be in accordance with HPS-230-W ar an

equivalent specification.

Filler Metals: Filler Metals shall be in accordance with HPS-230-W

or an equivalent specification.

Welding Processes: Welding process shail be in accordance with the

processes in HPS-230-W with the following exceptians:

M

i. Paragraph 2.1 shall not apply.

2. Paragraph 3.1.a shall be amended to read: Welding operations
performed under this specification shall meet the requirements of
the ASME Code, Sections III or VIII, or AN3SI B31.1.0, as appnlicable,
or as approved by the BiW Project Lngineer except as modified
herein or otherwise defined on drawings, in the construction
specitications, or in the purchase order.

3. Paragraph 3.2.a(1) shall be amended to reai: Welding procedure
specifications shall be prepared for all welding processes to be
used on projects where this specificatien governs. The minimum
elements to be included in the procedure specificaticns shail be
as defined in Section IX of the ASME Code or by the BRW Project
Engineer. Except as otherwise defined herein, the procedures shall
be qualified in accordance with Section IX and shall be formally
approved by the Project Engineer prior to use in production
operations,

4. Paragraph 3.2.a{2) shall be amended to read: Sheet meta} welding
procedures shall be qualified in accordance with Section IX or as
approved by the BNW Welding Engineer and Project Manager. The
Contractor shall maintain current records of the procedure
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specifications, qualification test results and approval documentation;
all of which shall be subject to audit. The contractor shall alsc
maintain copies of the approved procedure specifications at the job
site to permit their use for reference nurposes by concerned
personnel,

5. Paragraph 3.2.b5 shall be amended to read: Welders and Welding
Operators, except those involved with special process welding
such as sheet metal or other appiications not directly addressed
by national codes, shall be qualified in accordance with Section IX
of the ASME Code. However, if the welder or welding cperator
performs the weld parameter development for a specific weld and
these parameters and welds are approved by the BNW welding engineer
or BlW project engineer, the welder or welding operator shall be
considered qualified to perform that specific weld.

6. Paragraph 3.6.n shall be amended to read: Water shall not be
piaced on the weldment until the weld area has cooled to room or
embient temperature.

3.1 Terminology: The term "administration" as used in the "Manford
Process Specifications" (HPS) shail be specifically defined as

Batteile Memorial Institute, Pacific Northwest Laboratories (BNW).

3.2 Velcment Type: MWeldments made under this specification shall be

Type 1I.
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SPECIFICATION FOR WELDING INCONEL ALLOYS X-750 and 718
R. F. Klein

1,0 SCOPE: This specification defines the minimum requirements for welding
Inconel X-750, and Inconel 178.

2.0 REFERENCED CODES AND STANDARDS: The following codes and standards form a
part of this specification to the extent defined herein. The issue in

effect, including any addenda, on the date of invitation for bids or
request for approval, shall be applicable.

» AMERICAN NATIONAL STANDARDS INSTITUTE
ANST 749.1 Safety Precautions

o AMERICAN SDCIETY OF MECHANICAL ENGINEERS (ASME)
ASME Code Boiler and Pressure Vesse)l Copde

e AMERICAN SOCIETY FOR NDNDESTRUCTIVE TESTING (ASNT)

e AMERICAN WELDING SOCIETY (AWS)
AWS A2.4 Symbols for Welding and Nondestructive Testing
AWS A3.0 Terms and Definitions
AWS A5.12 Specification for Tungsten Arc Welding Electrodes

3.0 REFERENCES:
3.1 General:

a. Welding operations performed under this specification shall meet
the requirements of the ASME Code, Sections III or VIII, or ANSI
B31.1.0, as appliicable, or as approved by the Battelle Northwest
project engineer, except as modified herin or otherwise defined
on drawings, in the construction specifications or in the
purchase order.
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Symbols, Terminology and Safety Precautions: Welding symbols and

terminology used in communications and documentation shall be in
accordance with AWS A2.4 and A3.0 latest edition respectively.
Safety precautions shall conform to ANSI Z49.1 latest edition.

Definitions

(1) The term "Buyer" as used herein shall be interpreted as the
Battelle PNL Project Manager or Welding Engineer. The term
"As specified by contract documentation," used herein, shall
mean as specified by product design drawings, project speci-
fication, purchase order, or other contract documentatiagn.

(2) The term "Inspector" as used herein shall be interpreted as
tha person or persons designated by the Buyer to determine
compliance with the regquirement of this specification. For
construction requiring ASME certification, the designated
individuals shall be authorized inspectors who have been
qualified as required by the applicable sections of the
ASME Code.

3.2 Qualification Requirements

a.

Welding Procedures:

{1) Welding procedure specifications shall be prepared for all
welding processes £o be used on projects whera this specifi-
cation governs., The minimum elements to be included in the
procedure specifications shall be as defined in Section IX of
the ASME Code or by the Buyer. Except as otherwise defined
herein, the procedures shall be qualified in accordance with
Section IX or as approved by the Buyer prior to use in
production operations.
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(2) Current records of the procedure specifications,
qualification test results and approval documentation shall be
maintained and shall be subject to audit.

Personnel: Welders and welding cperators, except those

involved with special process welding such as sheet metal or
other applications not directly addressed by national codes,
shall be qualified in accordance with Section IX of the ASME
Code., However, if the welder or welding operator develops the
welding parameter for a specific weld, and these parameters and
welds are approved by the Buyer, tha welder or welding operator
shall be considered qualified to pe~form that specific weild.

J.3 Materials and Welding Processes

d.

Base Metals: Base metals covered by this specification shall
be Inconel X-750 in the annealed or solution-treated condition
and Inconel 718 in the solution annealed condition. The
material shall be purchased under the following specifications:

Inconel X-750 Inconel 718

AMS 5542G for sheet AMS 50968 or 5597A for sheet
AMS 5582 for tube AMS 5589 or 5590 for tube

AMS 5671 for bar AMS 5£62B, 55638, 5564A for bar

Welding Processes and Filler Metals: Except where otherwise

approved by the Buyer, welding processes and filier metals used
shall be capable of producing welds having corrosion resistance
and mechanical properties equal to or exceeding those of the
base metal being welded. Inconel filler metal 718 purchased to
AMS 5832 1is recommended for both base metals. The following
welding processes shall be acceptable for use in manual,
semiautomatic or automatic modes of operation, as applicable,
subject to the provisions defined herein.
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Gas Tungsten Arc Welding (GTAW) - GTAW may be employed for
all applications and positions. Tungsten electrodes shall
conform to AWS A5.12, Classification EWTh-2. Filler metal
may be cut-length rod or spooled wire as appropriate for
the mode of operation. Automatic GTAW not using filler
wire, shall be permitted on base metal not exceeding 1/8
inch thickness where it is shown in procedure
qualification tests that no degradation in the properties
of the base metal occurs. Such evidence may require
limited testing beyond that specified in Section IX of the
ASME Code and sellers proposing use of the process should
review test requirements with the Buyer prior to
conducting qualification tests. Current characteristic
for GTAW shall be Direct Current Straight Polarity

(DCSP), It is preferred that GTAW equipment have high
frequency arc initiation capabilities. However, equipment
without such capabilities may be used subject to
provisions defined in Paragraph 3.6 of this

specification. The welding torch shall be equipped with a
gas lens cup for minimum shielding gas turbulance.

Plasma Arc Welding {PAW) - PAW may be employed for Jjoining
materials in thicknesses from 0.1 to 0.3 inch. The arc
system shall be of the transferred type using the keyhole
method without filler metal. Tungsten electrodes shatl
conform to AWS A5.12, Classification EWTh-Z. Shielding

and orifice gases shall be similar to the shielding gases
permitted for other welding processes except that

oxidizing or reducing gas additives shall not be permitted.
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Argon containing not more than 6§ percent dry hydrogen
(Hz) may be used for the orifice gas but shall not be
permitted as shielding gas. Joints in material over 0.3
inches thick can be plasma ar: welded by use of the
keyhole method, without fille~ metal, for the root pass,
followed by a nonkeyholing pass with filler metal added.
In this case, filler metal may be cut-length rod or
spooled wire as appropriate for the equipment involved.

Electron Beam Welding (EBW) - EBW may be employed for all
practical applications. The parts to be welded shall be,
at a minimum, thoroughly degreased per paragraph 3.5c¢ (2).
It may be necessary to chemically clean the parts prior to
welding using a pickling solution as recommended by the
metal supplier. A vacuum of at least 1 x 1074 torr

shall be achieved prior to welding on the parts. The
welded parts shall be allowed to cool prior to backfilling
the chamber.

Shielding and Purging Gases - Shielding gases for use with
gas-shielded welding processes shall be argon (Ar) or
helium (He) of welding grade, 99.99% or better purity and
have a dewpoint of -60°F or less. Mixed gases used for
shielding such as Argon-Helium shall have a dewpoint of
-50°F or less and be of welding grade quality. Purging
gases for use with all welding processes where an inert
backing is required shall be argon or helium or duplex mix
of same, unless otherwise approved by the Buyer. Oxidiz-
ing or reducing gas additives shall not be acceptable for
purging applications.
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Welding Materials Handling and Control: Electrodes and filler wires

shall be stored in a clean, dry location in a manner that assures
complete protection from contamination of any type and freedom from
condensation. Spooled electrode and bare filler wire shall not be
left uncovered in the field or shop when not in use.

Preweld Preparation

a. Jdoint Design: Joint design shall be in accordance with the

drawing requirements and applticable codes. Unusal joint
designs which are required for special applications or to suit
particular processes may be approved where the technical
soundness of each for its proposed application is established
to the satisfaction of the Buyer.

b. Edge Preparation: Joint edges shall be prepared by machining,

grinding, power chipping, filing, shearing or by arc cutting
with the plasma arc process. The edges of the base metal to be
welded shall be free of shearing cracks, laminations, burrs, or
other defects and the surface roughness shall not exceed

125 RMS.

C. Cleaning

(1) General - Surfaces to be welded and the weld zone {i.e. a
distance of 2 inch minimum from the weld pass) and bare
filler metal shail be thoroughly cleaned of moisture,
grease, oil, point, cutting fluids, marking crayons or
inks, temperature indicating markings and other foreign
material that would prevent proper welding.

(2) Methods - Shop dirt and oil or grease based materials can
be vapor degreased with perchlorcethylene. Other
materials not scluble in this agent may be cleaned with
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methylene chloride, alkaline «leaners, alcohol,
trichlorethylene, etc., not containing sodium
sesquisilicate or sodium carbonate. Oxides shall be
removed by grinding, abrasive blasting, machining or
pickling in a solution approved by the buyer. Abrasion
and wire brushing shalil be limited to clean aluminum oxide
abrasives and brushes having stainless steel bristles
respectively. Chemically cleaned material shall be
thoroughly rinsed or otherwise neutralized to assure all
traces of cleaning solution have been removed, and
immediately dried.

d. Joint Alignment

{1) General Structure - Joint edges in fitup shall not be
of fset by greater than the limits defined in Section 4.0
of this specification.

{2} General Piping and Tubing - For general piping and tubing
other than that used for structural or critical
appiication purposes, alignment shall not be offset by
greater than the Timits defined in Section 4.0. In
addition, except where otherwise defined by drawings,
misalignment (the deviation from 180° is measured along
the axes of two abutting pipes or tubes} shall not exceed
5%, Root openings prior to welding shall be as
specified in the joint design requirements of the approved
welding procedure specification.

e. Tacking

(1) General - Tacking as required shall be of small size and
kept to the minimum necessary tc maintain alignment of
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joint edges during welding. Tacks which will be
incorporated into the finished weld shall be deposited in
such a manner that complete fusion to the weld joint root
occurs. Tacking shall be accomplished by certified
personnel only.

(2) Defective Tacks - Cracked, broken and otherwise defective
tacks shall be completely removed before welding is
completed in the area where the faulty tacks were located.

f. Preheating: Where base metal temperature is below 60°F but
above OOF, preheating of the material shall be required. In
such cases, the weld area and two inches back from the prepared
edge shall be heated to within a temperature range of 60-80°F
(warm to bare hand) prior to tacking or welding. Preheating
may be by flame, resistance, furnace, or induction techniques.

3.6 Welding Operations

a. MWelding Process - The acceptable welding process ar pracesses

for specific applications shall be as defined on the drawings.

b. Base Metal and Ambient Temperatures - Welding shall not be

permitted on base metals which are at a temperature of less
than 60°F until the base metal has been preheated in
accordance with Paragraph 3.5f of this specification. Neither
welding nor preheating shall be permitted where base metal
temperature or ambient temperature is 0%F or less.

c. Protection from Adverse Environment - Protection from direct
winds, drafts, air currents, raih, snowfall and other adverse
conditions shall be required. Special observation of this
provision shall be given where gas-shielded welding processes
are involved. The protection given shall, as a minimum, shield
the actual weld zone, weld gun or holder and the welder or
welding operator.
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Minimum Root Openings - Except where otherwise approved by the
Buyer, joint designs in base metal exceeding 3/8 inch thickness
shall have a maximum root opening of 1/16 inch and for

thicknesses of 3/4 inch and greater shall have a maximum root
opening of 1/8 inch.

Condition of Joint Area - Weld joint areas shall be completely

dry and clean before commencing the welding operation. Drying
of damp metal may be accomplished by flame heating or other
means acceptable to the Buyer. Cleanliness of the base metal
in the area to be welded shall be datermined by visual
examination and wiping with a clean, white, lintfree cloth
moistened with a volatile compound such as isopropyl alcohol.
Dangerous substances such as carbon tetrachloride (CCTa),
trichlorethylene (CZHC13) gasoline and similar materials

shall not be permitted for such purposes. After wiping, the
cloth shail exhibit no discoloration upon drying.

LCleanliness of Filler Metal - Bare filler rods and electrodes

shall meet the same cleanliness criteria as the base metal to
be welded.

Arc Striking - Runoff tabs and arc-striking plates may be
employed as required providing the composition is identical to
the alloy being welded or is composed of pure copper (Cu}. Use
of arc striking plates shall be mandatory for GTAW processes
not having high frequency arc initiating capabilities except
where the arc strike area is to be removed from the subsequent
weldment and discarded. Under no circumstances shall arc
striking be permitted on other than the tabs or plates or in
the immediate joint area where weld metal will be deposited.
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Weld Positions and Deposition Techniques - Welding may be

performed in any position. Weld deposition shall be
essentially stringer passes. Vertical joints shall be welded
in the upward direction except where otherwise specifically
approved by the Buyer. For Inconel 718, the heat input should
be Tow.

Multipass Deposition Requirements - In multipass welds,

starting and stopping points shall be staggered. The points
shall be faired by grinding before the subsequent passes are
deposited. Each weld pass shall deposit a layer of weld metal
not exceeding 1/8 inch thick excluding depth of penetration
except where otherwise approved by the Buyer for the particular
application involved. For Inconel 718, many 1ight beads are
preferable to a few heavy beads. Minimum requirements for
piping and tubing welds shall be similar except no less than 2
weld passes shall be deposited per joint unless otherwise
approved by the Buyer.

Interpass {leaning and Repair - Each weld pass shall be

completely cleaned by abrasive blasting or grinding, prior to
depositing a subsequent pass. Completely remove the abrasive
grit before continuing to weld. Any defects noted shall be
removed or repaired and recleaned before further welding.

Interpass Temperatures - Interpass temperature shall not exceed

350°F as determined by temperature sensing crayons or paints,
thermocouple temperature measuring devices or by other means
acceptable to the Buyer. Temperature measuring shall be
accomplished in such a manner that no contaminants or residues
reach the actual surfaces being welded or previously deposited
weld passes.
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Shielding - Gas-shielded welding pruocesses shall be handled or
adjusted in such a manner that gas “low commences slightly
ahead of arc initiation and continues to shield the weld zone
until slightiy after the arc is terminated. For GTAW and PAW
processes being used in the manual mode of operation, the
heated end of the filler rod shall not be removed from the
shielding atmosphere during welding or until after the shield
flow has stopped at termination of welding. For all gas-
shielded processes operating at a travel speed of 25 inches per
minute or greater, a trailing shield of the same gas used for .
shielding the weld zone shall be required except where welding
is performed in an inert atmosphere filled enclosure.

Purging - For ail welds to be deposited from one side except
where welded into backing of similar ailoy, or where welding is
being performed in an inert atmosphere, the root side of the
joint shall be protected by a purgirg gas until the weld and
base metal have cooled to 700°F or lower. The purging gas

flow shall be started and continued for a sufficient time prior
to welding to assure all ambient air has been displaced. Water
soluble barrier paper or tissue may be used for making a
purging dame in pipe and tube weldments providing the type of
barrier material is chemically neutral after dissolving in
water and there is no prohibitation against use of water in the
particular weldment. Water shall nct be placed in the weldment
until the weld area has cooled to rcom or ambient temperature.

Weld Reinforcement - Weld reinforcement or crown shall not

exceed the limits specified in Section 4.0.
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Repair or Defective Welding - The defective weld shali be

totally removed in a manner acceptable to the Buyer except that
flame and arc-gouging techniques shall not be permitted.
Peening, caulking and other cover-up methods shall not be
acceptable. No more than two repair attempts on major defects
(those requiring correction of other than minor surface
imperfections) shall be permitted on any weld joint without
specific approval of the buyer. Repaired welds shall conform
in all respects to requirements of the original weld.

Wash Passes - Wash passes, the act of smoothing a weld surface
by remeliting the upper surface layer but without addition of
filler metal shall not be permitted.

Buttering or Buildup - Buttering or buildup of joint surfaces

by welding to correct oversize root opening or other errors in
joint preparation, or to facilitate welding operations shall be
compieted prior to final fitting and shall not exceed 3/8 inch
thickness on each joint edge. Where the degree of a deviation
is such that correction cannot be accomplished within this
limitation, the defective material shall be replaced, or the
contractor may propose a suitable repair method for specific
approval of the Buyer prior to beginning the repair. Buttering
or buildup shall be considered part of the involved weld and
shall be subject to all quality requirements applicable to the
weld.

Removal of Temporary Attachments - In removing temporary

attachments such as 1ifting pads, erection brackets, mounts for
alignment devices, etc., the welds shall be removed by
chipping, grinding, or machining. The base metal surfaces
shall be restored by grinding (and polishing where required by
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service conditions) to fair out the temporary weld area
providing the operation does not reduce the material thickness
below the specified minimum. Where excess base metal would be
removed in fairing, suitable preparation welding shall be
completed prior to surface restoration. ATl restored temporary
attachment areas shall be inspected by penetrant techniques
after compietion to assure surface integrity.

s. Heat Treatment - Heat-treating of these metals will not

normally be required except for special purposes. Where,
because of service requirements, such special heat-treating is
necessary, the procedures to be fallowed shall be detailed on
the drawings or in other contract documentation.

4,0 QUALITY ASSURANCE PROVISIONS

4.1

4.2

General: Inspection and acceptance rejuirements for the welds shalil

include visual inspection as a minimum and where required on the
drawings or in other contract documentation, radiographic,
ultrasonic and/or penetrant inspection., Nondestructive testing
shall be in accordance with requirements of the applicable codes
and/or specified by contract documentation.

Visual Inspection

a. General - Visual inspection shall be accomplished on welds
which are in finished, as-welded “orm prior to any alteration
of the deposits for purposes such as facilitating
nondestructive testing. Inspection shall be 100% on pressure
vessels, pressure piping, major s“ructure and other critical
weldments such as those subject to severe corrosive
environment. Weldments of less critical nature may be subject
to spot examination only where permitted by contract
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documentation. The first weld pass of critical welds and rear
side preparation of joints to be welded from both sides may be
subject to spot or 100% visual inspection as specified on the
engineering drawings.

Supplementary Inspection Devices - Visual inspection of welds

and base metals may be accomplished with the aid of
supplemental magnifying devices not exceeding 10X or with
inspection mirrors and other remote examination devices.
Resolution capability of supplementary inspection devices shall
be at Teast equal to that obtainable by direct visual
examination.

Acceptance Criteria - The minimum acceptance criteria specified

herein shall be considered applicable to all welds regardiess
of service application. Where opther criteria are required,
such shall be as specified on the drawing or in other contract
documentation.

(1) Prohibited Defects - Welds and weld zones shall be free of
the following defects.

o Cracks of any description

e (nderfill {except for limits defined herein)

e Incomplete fusion

o Over Taps

e Surface porosity and gas pockets

s Arc strikes

o Crevices of any type (except where permissible for
the joint design type specified on the drawing)

e Weld spatter

o Crater pits and depressions

e Surface checking and crazing
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» Gouge marks and other surface imperfections resulting
from removal of slag or temporary attachments

Excessive Melt-Through - Excessive melt-through including
globules of any degree shail not he acceptable until
properiy repaired so that the resulting welds meet minimum
acceptance criteria,

Undercut - Undercut {not to be corfused with underfill}
shall not be acceptable on pressure vessels, pressure
piping and major structure. For all other welds, undercut
shall not exceed 1/64 inch or 10% of the base metal
thickness, whichever is less, except for base metal
thicknesses of 1/2 inch and greater, undercut not
exceeding 1/32 inch may be allowed if the accumulated
length of undercut deeper than 1/64 inch does not exceed
20% of the joint length or 12 inches accumulative in any
36 inch length of weld, whichever is less.

Surface Oxidation - Weld and base metal surfaces showing
avidence of oxidation accompanied 3y a wrinkled cor
crystalline appearance {as caused arimarily by improper
shielding or purging) shall not be acceptable. Tightly
adhering color temper films caused by local heating during
welding shall not be considered as a defect.

Weld Contour - The contour or configuration of welds shall
biend smoothly and gradually into the base metal. Where
grinding is required, it shall be performed in such a
manner that the thickness of the weld and adjacent base
metal is not reduced below the min-mum specified
thickness.

D-18



TTWS-1003, Rev 1

(6) Weld Reinforcement - Except where ctherwise specified on
the drawing, the as-deposited height of weld
reinforcement, as measured from the base metal surface,
shall be within the following limits:

Base Metal Maximum
Application Thickness Reinforcement Reinforcement

A11 to 1/2 in. Flush with base 1/16 inch
metal surface
over 1/2 " 3/32 inch
to 1 inch
over 1 inch " 1/8 inch

(7} Pipe Root Reinforcement - The reinforcement of pipe and
tube welds shall be as specified in Item {6) except that
the root reinforcement for welds not using backing rings
or consumabie inserts and which are not welded on the rear
side shall meet the following criteria. No concavity
(internal underfill} shall be permitted unless the
resuiting total thickness of weld melt is equal to or
exceeds the minimum thickness of the adjacent base metal.

Condition Pipe Size Nominal Maximum Reinforcement
Convexity Less than 2 inches 1/16 inch
Convexity 2 inches and over 3/32 inch
Concavity Less than 2 inches 1/32 inch
Concavity 2 inches and over 1/16 1inch
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Weld Joint Offset - Except whe~e otherwise specified
herein or on the drawing, the maximum permissible offset
between components of a joint shall not exceed the
following:

Base Metal Thickness Maximum Offset

1/4 inch and less 20% of thickness of thinner
member

gver 1/4 to 3/4 inch 25% of thickness of thinner
member but not exceeding
3/32 inch

over 3/4 to 1-1/2 inch 1/8 inch

over 1-1/2 inch 10% of thickness of thinner
member but not exceeding
3/16 1inch

Fillet Welds - The minimum size of fillet welds shall be
as specified on the drawing. Maximum deviation shall not
be greater than 1/16 inch above that specified on the
drawing for welds to 1/2 inch nor greater than 1/8 inch
above that specified for weilds over 1/2 inch. Under no
circumstances shall the size of a fillet weld leg be
greater than the thickness of the base metal in the weld
zone except where differing leg lengths for a given weld
are specified on the drawing for particular applications.
Weld convexity shall not be greater than 1.05 + 0.3 inch
nor concavity greater than 0.1% - 0.0l inch, where S is
the actual weld leg length in ‘nches based on the shortest
leg.
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4.3 Nondestructive Testing (NDT) - NDT including methods and applicable
acceptance criteria shall be as specified on the drawing or in other

contract documentation. Testing will generally be limited to
pressure vessels, pressure piping, major structure, weldments
exposed to highly corrosive or radioactive environments and similar
critical applications, but may be required in other cases where in
the judgment of the designer such testing is desirable to assure
integrity of the weld for its service requirements. The following
test methods, singly or in conjunction, may be employed subject to
the provisions defined.

{a) Radiographic Inspection (RT) - RT inspection may be 100 percent
or spot test as specified Dy the drawing or in other contract
documentation. Where spot examination is involved, the
examination shall meet regquirements of Section III or VIII of
the ASME Code, as applicable. Spot examination of particular

weld joints shall include representation of the welding of each
welder or welding operator involved in producing the joint,

{b) Ultrsonic Inspection (UT) - UT inspection may be 100 percent or
spot test as specified by the drawing or in other contract
documentation. Where spot examination is involved, the
examination provisions shall be similar to that specified for
RT above.

(c) Penetrant Inspection (PT) - PT inspection may be of dry (DPT)
or fluorescent (FPT) type at the option of the Seller axcept
where the method is specifically defined on the drawing or in
other contract documentation. Examination shall meet
requirements of Section III or YIII of the ASME Code as
applicable.
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Zirconium Alloy Welding
R. F. Klein

1.3 SCOPE: This welding specification describes the requirements for welding
zirconium alloys.

2.0 TECHNICAL REQUIREMENTS:

2.1 Method: The end caps shall be welded to the tubing by the Gas
Tungsten Arc Welding (GTAW) method. No filler metal shall be allowed
and an inert gas chamber shall be used.

2.2 Gas Composition: The shield gas shall be at least 99.9% inert and

shall consist of helium with an allowance for up to 10% argon to aid
in maintaining the weld arc.

2.3 Weld Throat Thickness: The weld fusion bead shall provide a minimum
thickness at the weld throat of 70% of the normal tube thickness.

2.4 Void Porosity, Defects, and Inclusions: The fusion zone shall not

contain any inclusion or void porosity where the largest dimension
of such inclusion or void porosity is greater than 0.13 mm (0.005 in.}.
The fusion zone shall be free of fissures or cracks.

3.0 QUALITY ASSURANCE:

3.1 Tests and Inspections: The porosity, irclusions, and weld throat

thickness requirements shall be determired by 100% radiographic
inspection. Each end cap weld shall be x-rayed in two views 90°
apart. Each end cap weld shall be helium leak checked. A Teak

rate of less than or equal to 1.7 x 10-7 STD cc/sec is acceptable.

3.2 Certification: All inspections and test reports shall be recorded

and certified.
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Welding Procedures: Welding procedures shall be prepared for all

welding processes used.

Welding Operator Qualification: Welding operators who develop the

welding parameters for a specific weld are qualified to perform that
weld, if these parameters and welds are approved by the BNW Welding
Engineer or the BNW Project Engineer. Other welding operators may
become qualified by demonstrating their skill in performing the
welds to the satisfaction of the BNW Welding Engineer or BNW Project
Manager.
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BRAZING SPECIFICATION
R. F. Klein

SCOPE: This brazing specification describes the general requirements for

oxy-acetylene torch brazing to be performed during fabrication of fuel
rods and fuel assembly compcnents.,

TECANICAL REQUIREMENTS:

2.1 Filler Metal: Brazing filler metal shall meet the requirements
prescribed in the American Welding Soc’ety "Specification for
Brazing Filler Metal," AWS A5.8, latest issue. The filler metal
used shall be recommended by the manufacturer for use with the torch
brazing process.

2.2 Method: The process used for brazes performed under this
specification shall be the oxy-acetylere torch brazing methed.

2.3 Braze Length: The length of the braze or the amount of the joint
filled with the braze material shall be determined on a case-by-case
basis by the PNL Project Manager and tre PNL Welding Engineer.

QUALITY ASSURANCE:

3.1 Qualification

3.1.1 Braze Quaiification: A particular brazing operation for a

specific joint shall be considered qualified after the
brazing parameters have been established to the satisfaction
of the PNL Welding Engineer, three consecutive brazes have
been made on actual or representative parts, and the brazes
meet the standards established in paragraph 3.3.
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3.1.2 Brazing QOperator Qualification: Brazing operators who

develop the parameters for a specific braze, and these para-
meters and brazes are approved by the PNL Welding Engineer
and/or the PNL Project Manager, shall be considered qualified
to perform those specific brazes. Other brazing operators may
become quatified by demonstrating their skill in performing
these brazes to the satisfaction of the PNL Welding Engineer
or PNL Project Manager.

Tests and Inspections: Each braze, when practical, shall be helium

Jeak checked. A Teak rate not exceeding 1.7 x 1077 std cc/sec

will be acceptable. Visual inspection of the brazes may be made for
Tack of fusion and cracks. A 10X magnification may be used.
Radiographic examination for lack of penetration and porosity may
also be employed, when practical, at the discretion of the PNL
Project Manager.

Certification: All inspection and test reports shall be recorded

and certified.

Brazing Procedures: Brazing procedures shall be prepared for each

different braze joint or each braze using a different filler
material.
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Aging Heat Treatment of Inconel 718

C. Nealley

1.0 SCOPE: This specification describes the aging heat treating procedure
for Inconel 718 nickel base material.

2.0 APPLICABLE DOCUMENTS: The following document forms a part of this
specification.

TTMS-1015, Revision 0, Inconel 718 Sheet, Strip and Plate

3.0 MATERIAL REQUIREMENTS: The material shall meet the regquirements of PNL
specification TTMS-1015, Revision 0.

4.0 HEAT TREATING PROCEDURE: The following prccedure shall be followed during
heat treatment.

4.1 Cjeaning: The components shall be cleaned with a fresh commercial
cleaning soivent to remove any traces of dirt, oil, marking crayons,
or other possible contaminants. Cleanliness of the parts shall be
inspected to assure that all visible evidence of contaminants has
been removed. Residues left from the cleaning solvent shall be
removed by wiping with denatured alcohol and a clean cloth.

4.2 Handling: After cleaning, all parts shall be handled with clean
gloves to avoid further contamination. If visible evidence of
contamination from fingerprints or cther sources is observed, the
affected parts shall be recleaned in accordance with paragraph 4.1,
"Cleaning", prior to heat treating.

4.3 Racking: During the heat treating cycle, the parts shall be placed
on a support of such size as to offer adequate but not constrained
support. The support shall be Incone series of nickel base
alloys or high purity refractory material.
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Furnace Temperature: The parts shall be heated to 718°C * 8°C
(1325°F + 15°F) at a rate of 138.5°C per hour, and then held at
this temperature for 8 hours, then furnace-cooied at a rate not
to exceed 55.5°C per hour to 621°C = 8°C (1150°F = 15°F) and held
for an additional 8 hours, and finally cooled to room temperature

at a rate not to exceed 138.5°C per hour. Total aging time shall
be 18 hours.

Furnace Atmosphere: The heat treating cycle can be performed in

either a vacuum or an air atmosphere. If the parts are to be heat
treated in air, the furnace shall be prebaked to >1093°C {2000°F)
for 4 hours to remove any potential contamination from prior heats.

Storage: After cooling, the parts shall be packaged and stored to
prevent contamipation.

QUALITY ASSURANCE

5.1

5.2

Inspections: Each part shall be visually inspected for defects,
warpage, color and surface condition. Hardness and yield strength
measurements shall be made on selected samples when required.

Certificatjon: Certification that the parts were heat treated in

conformance with this specification is required.
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Inconel X-750 Heat Treatment Raquirements
C. Nealley

SCOPE: This specification describes the heat treating procedure for
Inconel X-750 nickel base material.

APPLICABLE DOCUMENTS: The following documents form a part of this
specification,

TTMS-1014, Revision 1, Inconel X-750 Spring Wire
AMS 5699B, Aljoy Wire, Corrosion and Heat Resistant, Revised 1/15/63.

MATERIAL REQUIREMENTS: The material shall meet the requirements of PNL
specification TTMS-1014, Revision 1 and AMS 5699B.

HEAT TREATING PROCEDURE: The following procedure shall be followed during
heat treatment.

4.1 C(leaning: The components shall be cleaned with a fresh commercial
cleaning solvent to remove any traces of dirt, oil, marking crayons,
or other possible contaminants. Cleanliness of the parts shall be
inspected to assure that all visible evidence of contaminants has
been removed. Residues left from the cleaning sclvent shall be
removed by wiping with denatured alcohol and a clean cloth.

4.2 Handling: After cleaning, all parts shail be handled with clean
gloves to avoid further contamination. I[f visible evidence of con-
tamination from finger prints or other sources is observed, the
affected parts snall be recleaned in accordance with paragraph 4.1,
“Cleaning”, prior to heat treating.

4.3 Racking: During the heat treating cycle, the parts shall be placed
on a support of such size as to offer adequate but not constrained
support. The support shall be the Incorel series of nickel based
alloys or a high purity refactery material,

4.4 Furnace Temperature: The part shall be heated to 650 + 14°C
(1200 = 25°F) for 4 hours and then air cooled. Temperature chart
recordings of the furnace temperature shall be retained for certifi-
cation.
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Furnace Atmosphere: The heat treating cycle can be performed in

either a vacuum or an air atmosphere. If the parts are to be heat
treated in air, the furnace shall be prebaked to > 1093°C (2000°F)
for 4 hours to remove any potential contamipation from prior heats.

Storage: After cooling, the parts shall be packaged and stored to
prevent contamination.

QUALITY ASSURANCE:

5.1

5.2

Inspections: Each part shall be visually inspected for defects,
warpage, color and surface condition. Hardness and yield strength
measurements shall be made on selected samples when reguired.

Certification: Certification that the parts were heat treated in

conformance with this specification is reguired.
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Precipitation Hardening Stainless Stee}
533°C Heat Treatment Requirements
C. Nealley

1.0 SCOPE: This specification describes the 593°C heat treating procedure

for precipitation hardening stainless steeils.

2.0 APPLICABLE DOCUMENTS: The following documents form a part of this
specification.

TTMS-1037, Revision O, Precipitation Hardening Stainljess Steel

ASTM A 564, Hot-Rolled and Cold-Finishec Age-Hardening Stainless
and Heat-Resisting Steel Bars and Shapes.

3.0 MATERIAL REQUIREMENTS: The material shall meet the requirements of PNL
specification TTMS-1037, Revision 0.

4.0 HEAT TREATING PROCEDURE: The following procedure shall be followed during
heat treatment.

4.1 Cleaning: The components shall be cleanad with a fresh commercial
cleaning sotvent to remove any traces of dirt, oil, marking crayons,
or other possible contaminants. Cleanliness of the parts shall be
inspected to assure that all visible evidence of contaminants has
been removed. Residues left from the cleaning solvent shall be
removed by wiping with denatured alcohol and a ciean cloth.

4.2 Handling: After cieaning, all parts shall be handled with clean
gloves to avoid further contamination. If visible evidence of con-
tamination from finger prints or other sources is observed, the
affected parts shall be recleaned in accordance with paragraph 4.1,
"Cleaning”, prior to heat treating.

4.3 Racking: During the heat treating cycie, the parts shall be placed
on a support of such size as to offer adequate but not constrained
support. The support shall be stainless steel or high purity re-
fractory material,
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4.4 Furnace Temperature: The part shall be heated to 593 * 8°C
(1700 = 15°F) for 4 hours and then air cooled. Temperature chart

recordings of the furnace temperature shall be retained for certifi-
cation.

4.5 Furnace Atmosphere: The heat treating cycle can be performed in

either a vacuum or an air atmosphere. If the parts are to be heat
treated in air, the furnace shall be prebaked to >1093°C (2000°F)
for 4 hours to remove any potential contamination from prior heats.

4.6 Storage: After cooling, the parts shall be packaged and stored to
prevent contamination.

QUALITY ASSURANCE:

5.1 Inspections: Each part shall be visually inspected for defects,
warpage, color and surface condition. Hardness and yield strength
measurements shall be made cn selected samples when required.

o
(%]

Certification: Certification that the parts were heat treated in

conformance with this specification.
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Precipitation Hardening Stainless Steel
Alternate Heat Treatment Requirements
C. Nealley

1.0 SCOPE: This specification describes the alfernate heat treating procedure

2.0

3.0

4.0

for precipitation hardening stainless steel.

APPLICABLE DCOCUMENTS: The following documerits form a part of this
specification.

TTM5-1037, Revision O, Precipitation Hardening Stainless Steel

ASTM A 564, Hot-Rolled and Cold Finished Age-Hardening Stainless
and Heat-Resisting Steel Bars and Shapes.

MATERIAL REQUIREMENTS: The material shall meet the requirements of PNL

Specification TTMS-1037, Revision 0.

HEAT TREATING PROCEDURE: The following procadure shall be followed during

heat treatment.

4.1 Cleaning: The components shail be cleaned with a fresh commercial
cleaning solvent to remove any traces o” dirt, oil, marking crayons,
or other possible contaminants. Cleanliness of the parts shall be
inspected to assure that all visible evidence of contaminants has
been removed, Residues Teft from the ¢ eaning solvent shall be
removed by wiping with denatured alcoho’ and a clean cloth.

4.2 Handling: After cleaning, all parts shzll be handled with clean
gloves to avoid further contamination. If visible evidence of con-
tamination from finger prints or other sources is observed, the
affected parts shall be recleaned in accordance with paragraph 4.7,
"Cleaning", prior to heat treating.

4.3 Racking: During the heat treating cycle, the parts shall be placed
on a support of such size as to offer adequate but not constrained
support. The support shall be stainless steel or high purity
refactory material.
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4.4 Furnace Temperature: The part shall be heated to 760 = 15°C
(1400 + 25°F) for 90 minutes, and then cooled to 15 & 3°C (55 = 5°F)
within one hour. This temperature shall be held for not less than

30 minutes. After holding this temperature, the part shall be heated
to 566 * 6°C {1050 + 10°F)} for 90 minutes and then ajr cooled.
Temperature chart recordings of the furnace temperature shall be
retained for certification.

4.5 Furnace Atmosphere: The heat treating cycle can be performed in

either a vacuum or an air atmosphere. If the parts are to be heat
treated in air, the furnace shall be prebaked to >1093°C {2000°F)
for 4 hours to remove any potential contamination from prior heats.

4.6 Storage: After cooling, the parts shall be packed and stored to
nrevent contamination.

5.0 QUALITY ASSURANCE:

5.1 Inspections: Each part shall be visually inspected for defects,
warpage, color and surface condition. Hardness and yeild strength
measurements shall be made on selected samples when required.

5.2 Certification: Certification that the parts were heat treated in

conformance with this specification and ASTM A 564 is required.

E-9



1.0

2.0

3.0

4.0

TTHTS-1007, Rev O

Solution Heat Treatmest
of Austenitic Stainless Steel
C. Nealley

SCOPE: This specification describes the solution heat treating procedure
for austenitic stainless steeis.

APPLICABLE DOCUMENTS: The foliowing document forms a part of this
specification,

TTMS-1032, Revision 1, Stainless Steel Flate, Sheet and Strip

MATERIAL REQUIREMENTS: The material shall meet the requirements of PNL

specification TTMS-1032, Revision 1.

HEAT TREATING PROCEDURE: The following procedure shall be follaowed during

heat treatment,

4.1 Cleaning: The components shall be cleanad with a fresh commercial
cleaning solvent to remove any traces of dirt, oil, marking crayons,
or other possible contaminants. Cleanliness of the parts shail be
inspected to assure that all visible evidence of contaminants has
been removed. Residues left from the cleaning solvent shall be
removed by wiping with denatured alcohol and a clean cloth.

4.2 Handling: After cleaning, all parts sha!l be handled with clean
gloves to avoid further contamination. 1f visible evidence of
contamination from finger prints or other sources is observed, the
affected parts shall be recleaned in acccrdance with paragraph 4.1,
"Cleaning", prior to heat treating.

4.3 Racking: Ouring the heat treating cycle, the parts shall be placed
on a support of such size as to offer adequate but not constrained
support. The support shall be stainiess steel or high purity
refractory material,
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Furnace Temperature: The part shall be heated to 1038°C (1900°F)
for 1/2 hour per inch of material thicknmess, and then water

quenched. Temperature chart recordings of the furnace temperature
shall be retained for certification.

Furnace Atmosphere: The heat treating cycle can be performed in

either a vacuum or an air atmosphere. If the parts are to be heat
treated in air, the furnace shall be prebaked to >1093°C {2000°F)
for 4 hours to remove any potential contamination from prior heats.

Storage: After cooling, the parts shall be packaged and stored to
prevent contamination,

QUALITY ASSURANCE

5.1

5.2

Inspections: Each part shall be visually inspected for defects,
warpage, color and surface condition. Hardness and yield strength
measurements shall be made on selected samples when required.

Certification: Certification that the parts were heat treated in

conformance with this specification is required.
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1.0

2.0

3.0

4.0

TTHTS-1008, Rev 1

Stainless Steel Stress Rel- eving
Heat Treatment Requirements

C. Nealley

SCOPE: This specification describes the heat treatment requirements for
stress relieving stainless steel.

APPLICABLE DOCUMENTS: The following documents form a part of this

specification.

TTMS-1033, Revision 2, Stainless Steel Bars and Shapes

ASTM A 276, Stainless and Heat-Resisting Steel Bars and Shapes

MATERIJAL REQUIREMENTS: The material shall mezt the requirements of PNL

Specification TTMS-1033, Revision 2.

HEAT TREATING PROCEDURE:

The following procedure shall be followed during

heat treatment.

4.1

4.2

Cleaning: The components shall be cleaned with a fresh commercial
cleaning solvent to remove any traces of dirt, oil, marking crayons,
or other possible contaminants. Cleanliness of the parts shall be
inspected to assure that all visible evidence of contaminants has
been removed. Residues left from the cleaning solvent shall be
removed by wiping with denatured alcohol and a clean cloth. A final
cleaning shall be performed after all fatrication processes have been
completed.

Handling: After cleaning, all parts shall be handled with clean
gloves to avoid further contamination. If visible evidence of con-
tamination from finger prints or other sources is observed, the
affected parts shall be recleaned in accordance with paragraph 4.1,
“Cleaning", prior to heat treating.

4.3 Fixturing: During the heat treating cycle, the parts shall be

fixtured, if necessary, to obtain the optimum benefits from the
stress reljeving heat treatment. Materials used for fixturing shalil
be stainless steel or high purity refractory material.
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4.4
4.5

4.6

4.7

4.8
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Furnace: The parts shall be heat treated in a vertical type furnace.

Furnace Atmosphere: The heat treating cycle can be performed in

either a vacuum or an air atmosphere. If the parts are to be heat
treated in air, the furnace shall be prebaked to >1093°C (2000°F)
for 4 hours to remove any potential contamination from prior heats.

Thermal Treatment:

4.6.1 Intermediate Stress Relieving Heat Treatment: If the parts

require heat treatment to relieve internal stress between
machining operations, they shall be heated to 900 + 8°C

(1650 + 25°F)} for a minimum of two hours and furnace cooled
to at Teast 205°C (400°F). The parts shall then be removed
from the furnace and cooled to room temperature in still air.

4,6.2 Final Stress Relieving Heat Treatment: If a final stress

relieving heat treatment is required after the final machining,

the procedure shall be the same as in Section 4.6.1, "Intermediate

Stress Relieving Heat Treatment."

Pickling: After final heat treatment, the parts shall be pickled to
remove all heat treatment thermal discoloration. The parts shall be
pickled by immersing them in a 10 to 15 volume percent solution of
concentrated hydrochloric acid at 60 to 66°C {140 to 150°F) for

10 to 15 minutes, followed by a rinse in water. Then the parts shall
be immersed in a 10 to 15 volume percent solution of nitric acid at
60 to 66°C (140 - 150°F) for 10 to 15 minutes. This is followed by
a final water rinse.

Storage: After cooling, the parts shall be packed and stored to
prevent contamination.
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5.0 QUALITY ASSURANCE:

5.1 Inspections: Each part shall be visually inspected for defects,
warpage, color and surface condition. The parts shall be measured
before and after heat treatment to determine the effect of the heat
treatment on the dimensions. This measurement data shall be furnished
to the buyer.

5.2 C(ertification: Certification that the parts were heat-treated in
conformance with this specification is required.
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APPENDIX F
THERM CODE CALCULATIONS! 3/

{a) Prepared by Combustion Engineering, Inc. under subcontract to PAL




























































