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ABSTRACT 

The loss-of-fluid test (LOFT) fuel modules have evolved from a comprehensive 
five-year design, characterization, and fabrication program which has resulted in tlie 
accomplishment of many technical activities of interest in .pressurized water reactor fuel 
design development and safety research. This report summarizes !he highlights which 
include: 

( 1) Determination of fundamental high-temperature reactor material properties 

(2) Design invention related to in-core instrumentation attachment 

(3) Implementation of advanced and/or unique fuel bundle characterization tech­
niques 

(4) Implementation of improved fuel bundle fabrication techniques 

(5) Planning and execution of a multimillion dollar design, characterization, and 
fabrication program for pressurized water reactor fuel. 

The total program described herein has achieved an objective of technical activity 
documentation and component characterization in a manner that (a) indicates the effort to 
provide a fuel module that will credibly represent a large pressurized water reactor (LPWR) 
fuel bundle during a loss-of-coolant accident (LOCA) and (b) 'determines the representative 
characteristics of the LOFT fuel bundles. 

This document is an updated version of the previously published Aerojet Nuclear 
Company Report ANCR-1223, LOFT Fuel Modules Design Characterization and Fabri­
cation Program, October 197 5, which was distributed under r.fltP.eory NRC-2. 
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LOFT FUEL MODULES DESIGN, 
CHARACTERIZATION, AND FAB.RICATION PROGRAM 

I. INTRODUCTION 

The loss-of-fluid test (LOFT) fuel modules have evolved from a comprehensive 
five-year design, characterization, and fabrication program which has resulted in the 
accomplishment of many technical activities of interest in pressurized water reactor fuel 
design dt:velopment and safety research. This report summarizes the campaign highlights 
which include: 

( 1) Determination of fundamental high-temperature reactor material properties 

{2) Design invention related to in-core instrumentation attachment 

{3) Implementation of advanced and/or unique fuel bundle characterization tech­
niques 

(4) Implementation of improved fuel bundle fabrication techniques 

(5) Planning and execution of a multimillion dollar design, characterization, and 
fabrication program for pressurized water reactor fuel. 

ll. FUNCTIONS 

The general objectives of the LOFT Program are: 

To evaluate the capability of analytical methods to predict the 
loss-of-coolant accident (LOCA) response of large pressurized-water 
power reactors, the performance of the engineered safety systems, and 
the margins of safety inherent in that performance 

To identify any unexpected events or thresholds not presently 
accounted for in the analysis of plant response or in the design of 
engineered safdy systems. 

To accomplish the stated objectives the LOFT facility must provide data that have 
been produced under environments and conditions representative of that which would occur 
in large pressurized-water power. reactors during an LOCA. 

1 
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The LOFT core design evolved the core configuration shown in Figure 1. The test 
instrumentation design developed the following instrumentation to be attached to the fuel 
modules: 

Instrumentation Item Quantity 

(1) Fuel rod cladding thermocouples 185 

-(2) Guide tube thermocouples 11 

(3) Core inlet coolant thermocouples 17 

(4) Core outlet coolant thermocouples 21 

(5) Core liquid level detectors 3 

(6) Core inlet pressure taps 2. 

(7) Core outlet and upper plenum pressure taps 4 

(8) Reactor vessel upper plenum pressure detectors 2 

(9) Neutron flux scan tubes 4 

(10) N~utron flux detectors 4 

(11) Upper structure thermocouples 10 

(12) FuAI module linear motion detectors 2 

(13) Core outlet flow detectors 3 

In addition to composing the reactor core and providing test instrumentation locations, the 
fuel modules also provide: 

( 1) The materials and geometry features which will assure that the important heat 
transfer, hydraulic, .mechanical, chemical; metallurgical, and nuclear behaviors 
are typical of those expected in large pressmized water reactors (LPWRs) during 
blowdown and emergency core coolant (ECC) injections 

(2) The neutron absorber material needed, in conjunction with the borated water 
system, to control the reactivity of the LOFT core· 

(3) A neutron source that will allow reactor startup with the neutron multiplication 
within the measurement capability of the reactor startup instrumentation. 

2 
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lll. DESIGN 

1. INTRODUCTION 

The design of the LOFT fuel modules spanned the calendar years 1971, 1972, 1973, 
and 1974 and included comprehensive programs for mechanical design, structural and 
thermal-hydraulic analysis, and confirmatory testing. A list of contributors to the design 
program is provided in Table I. 

To fulfill the functional and design requ·rP.mP.nts the LOFT fuel module mechanical 
doGign evolved: 

(1) Modular-type units combining the basic fuel bundle (fuel rods, skeleton, spacer 
grids, guide tubes, end boxes, and control rods) with: (a) the test instrumenta­
tion detectors and cable leadouts, (b) an upper support structure extending to 
the reactor vessel top, (c) an instrumentation penetration assembly, and (d) the 
neutron source. 

(2) Three basic design configurations: (a) the highly instrumented center (15 x 15 
fuel rod array) module that does not contain control rods, (b) the control (15 x 
15 fuel rod array with control rod assembly) module, and (c) the corner 
(triangular-shaped) module. 

A list of selected LOFT fuel module design values is provided in Table II. 

2. MECHANICAL DF.STGN 

2.1 Fuel Modules 

The LOFT fuel module arrangements are shown in (a) Figures A-1 through -9 for 
center fuel modules, (b) Figures A-10 through -17 for control fuel muuuh::>, and (c) Pigurcs 
A-18 through -30 for comer fuel modules. Figures A-1 through -30 are provided in Appen­
dix A. 

The fuel module quantities are based on two core loads plus spares as follows: 

(1) First core load consisting of fuel-module types as follows: one center (Type A), 
three instrumented controls (Type B), twu instrumented comers (Type C), one 
noninstrumented control (Type D), and twononinstrumented comers (Type E). 

(2) A lot of spare fuel modules consisting of the following types: one center (Type 
A), one instrumented control (Type B), one instrumented comer (Type C), anu 

4 



TABLE I 

ORGANIZl\TIONS[a] INVOLVED IN LOFT FUEL MODULE DESIGN PROGRAM 

Thermal-Hi:draulic Structural 
Miscellaneous 

Mechanical Analysis Testing AnalysiS· Testing Activities 

Component EG&G ENC MPR EG&G ENC MPR EG&G ENC EG&G ENC MPR EG&G ENC EG&G BMI I ITRI ------ ------ ---- ------ ---- ----
Fuel Rods I I I I I I 

Control Rods I I I I I I 

Fuel Bundle Skeleton I I I I I I 

Upper Support Structure I I I I I I 

Instrumentation I I I I I 
Penetration 

Fuel Bundle Instrumen- I I I 
tation Support 

Upper Structure Instru- I I I I 
mentation Support 

Neutron Source I I I 

EG&G - EG&G Idaho. Inc., Idaho Falls, Idaho 
BMI - BattelJe Columbus Laboratories, Columbus, Ohio 
ENC - Exxon Nuclear Company, Richland, Washington 
IITRI Illinois Institute of Technology Research Institute, Chicago, Illinois 
MPR - MPR Associate, Inc., Washington, DC 
[a] ERDA (formerly AEC) participated in the review of the design program. 



TABLE II 

LOFT FUEL MODULE DESIGN VALUES 

Mechanical Design Values 

Fuel Pellet 

Fuel Material 

Density, % of TD 

Enri.chment, w/o Fissile, Average 

·Diameter, in. 

Lenath, in. 

Dish 

Dish Volume (total}, %of Pellet Volume 

Fuel Rod 

Active Fuel Length, in. 

Fuel Stack Density, % TD 

Diametral Pellet-to-Clad Gap, in. 

Plenum Length, gro~~, in. 

Cladding Material 

Clad OD~aJ. in. 

Clad I.D; in. 

Clad Thickness, nominal, in. 

·clad Thickness, minimum, in. 

·Weight; lb 

Fuf:\ 1 Rundle 

Number of Fuel 

Number of Fuel 

Fuel Rod Array, 

Fuel Rod Array, 

Fuel Rod. Pitch, 

Rods, square 

Rods, corner 

square 

corner 

in. 

6 

U02 Sintered Pellets 

93.0 + 1.5 

4.00 + 0.05 

0.3659 + .0005 

0.600 + 0.025 

Bu Lh End! 

2.0 

66.00 + 0.20 

91.1 

0.0075 + 0.002 

3.00 

Zircaloy-4 

0.422 i· 0.002 

0.3734 + 0.0015 

0.0243 

0.0228 

3.06 

204 

70 

15 X 15 

12 x 12 triangular 

0.563 

.. 



TABLE II (continued) 

Mechanical Design Values (continued) 

Fuel Rod S~paration, nominal, in. 0.141 

Fuel Rod Separation, minimum, in. 0.120 

Fuel Bundle Length, in. 78.568 

Fuel Weight, lb U02/lb U square assembly 511/450.3 

Fuel Weight, lb U02/lb U corner assembly 175.4/154.5 

Spacers 

Type 

Material 

Egg-Crate - Integral Spring 

Inconel 718 

Number per Bundle 5 

t4echanical Integrity Bundle Average Design 30,000 
Burnup, MWd/MTM 

Core Data 

Number of Fuel Bundles 

Number of Active Fuel Rods 

Neutron Source 

Material 

Strength (700 days after delivery) 

Control R~d Clusters 

Poison Material 

Poison Rods per Cluster 

Height , 1 b 

Assembly weight, lb 

Fuel Bundle 

Upper Support Structure 

Fuel Module 

7 

9 (5 square - 4 corner) 

1300 

Californium-252 

2 x 108 n/sec 

80Ag-15In-5Cd 

20 

87 

Fuel -~_undle TyQe 

A B c D 

698 700 268 G86 

829 685 280 685 

1730 1730 800 1500 

E 

262 

280 

545 
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TABLE II {continued) 

Thermal and Hydraulic Design Values 

Reference Design Thermal Output, 
(MWt)/Btu/hr 

Effective Flow Rate for Heat Transfer, 
1 b/hr 

Maximum 

High 

Low 

System Pressure, nominal, psig 

55/1876 X 108 

4.28 X 106 

3.42 X 106 

2. 77 X 106 

2253 

System Pressure, Desjgn, psig 2208 

Average Power Density, kW/1 "·109.4. 

Maximum Heating Rate, kW/ft rated power 19.0 

Average Heating Rate, kW/ft 7.49 

Active Heat Transfer Surface, 
ft 2 789.93 

2 Maximum Heat Flux, (@Overpower) Btu/hr-ft 644,830 

Average Heat Flux, Btu/hr-ft2 231,400 

Maximum U02 Temperature, ~F rated ~ower 4700 

Maximum Fuel Rod Surface Temperature, °F 664 

MCHFR at Overpower Conditions[b] 1.30 (low flow) 

Coolunt Inlet TempP.r~ture, °F 

Maximum Flow 

High Flow 

Low Flow 

Design·Power Peaking Factors 

Heat Generated in Fuel,% 

Relative Fuel Bundle Power Factor plus 
Local Power Peaking Factor 

8. 

562 

557 

551 

97.4 

1. 573 



TABLE II (continued) 

Thermal and Hydraulic Design Values 
(continued) 

Axial Power Peaking Factor 

Total Nuclear Peaking Factor 

Engineering Heat Flux Factor 

Total Power Peaking Factor, FqN 

[a] After etching. 

[b] Based on W-3 correlation. 

1.56 

2.45 

l. 03 

2.53 

one center with zircaloy (instead of Type 304 stainless steel) guide tubes and 
pressurizaole fuel rods (Type F). 

(3) Core reload consisting of fuel module types as follows: one center (Type A), 
three instrumented controls (Type B), two instrumented corners (Type C), one 
noninstrumented control (Type D), and two noninstrumented.corners (Type E). 
The reload fuel bundles also have pressurizable fuel rods. 

The LOFT fuel modules include numerous examples of (a) mechanical design invention 
and/or development and (b) changes from contemporary design features, which are describ­
ed in the following paragraphs. 

2.1.1 Fuel Rods. 

(1) End Cap Seal Welds - The weld configuration is a proprietary design 
geometry developed by the LOFT fuel supplier which has a high demon­
strated reliability. 

(2) Instrumented Fuel Rod Upper End Cap -See Subsection 2.1.7, Fuel Bun­
dle Instrumentation Attachment. 

(3) Pressurizuble End Cap • The reload ami Type F fuel rods have a modified 
upper cap (see Figure 2) that allows .the fuel rod to be pressurized to 800 
psig maximum after fabrication of the fuel rods by a laser drilling and 
rewdding technique. · 

( 4) Thermocouple Attachment - See Suhsection ? .. 1 7, Fuel Bundle Instru­
mentation Attachment. 

9 
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(5) Fuel Rod Assembly - The LOFT design configuration in conjunction with 
the supplier's proprietary comprehensive fabrication quality assurance 
programs is expected to provide exceptional reliability characteristics 
based on the supplier's fuel rod reliability record. 

2.1.2 Spacer Grids. 

(1) Intersection Joining Method- The LOFT spacer grids (see Figure 3) fea­
ture a TIG welded intersection joint compared to the brazed joints of 
contemporary designs. The technique is judged to provide design improve­
ments in dimensional control and joint reliability although strength testing 
during the design development indicated that for tensile loading along the 
joint axis the welded joint was 40% weaker than a brazed joint. The 
structural design program (see Table IV) indicated that the additional 
strength of the brazed construction was not necessary for achiev~g the 
design objectives. 

2.1.3 Skeleton (subassembly consisting of spacer grids, guide tubes, and end boxes). 

(1) Triangular Skeleton Alignment- The triangular shape causes the control of 
twist and lean (runout from true position) to be difficult. The fabrication 
experience resulted in improvements to the fuel bundle assembly fixtures 
design and assembly instructions to achieve the triangular-shaped skeleton 
alignment objectives. 

2.1.4 Control Rods. 

(1) The control rod spiders (see Figure 4) were designed to be machined from 
forgings instead of the contemporary construction by brazing the fingers 
to the hub. Fabrication problems that were experienced included (a) un­
expected porosity of the raw ma~erial even though satisfactory precau­
tionary ultrasonic examination of the raw material had been performed, 
and (b) surface roughness above specified values. The solid spiders are 
considered to yield improvements in reliability compared to the contem­
porary construction. 

2.1.5 Upper Support Structures (upper support structures provide lateral and hold­
down support for the fuel bundles). 

(I) Lateral Support - The lateral support is accomplished by achieving a close 
fit at three locations: the upper structure lower extremity and immedi­
ately above and below the reactor vessel nozzles. The close fit (room 
temperature ) is approximately 0.010 inch between mating surfaces at the 
lower extremity and 0.055 inch between the mating surfaces adjacent to 
the nozzles. This lateral support is designed to provide the following fea­
tures: 

11 
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Fig. 3 LOFT 15 x 15 spacer grid. 
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(a) Prevention of fuel module vibration during normal operation 

(b) Maintenance of allowable stress limitations during (LOCE) sub­
cooled blowdowns 

(c) Noninterference during core loading. 

Details of this design development are described in MPR letter report 
"Lateral Clearances for Fuel Module Upper Support Structures and Inter­
facing Components", May 24, 1972. 

(2) Holddown - The fuel bundle holddown is accomplished by a combination 
of upper structure dead weight and coil-holddown springs. The coil spring 
force-deflection characteristics are designed to prevent the exceeding of 
allowable fuel bundle stress limitations during normal, transient, and plan­
ned LOCE plant operations. 

2.1.6 Instrumentation Penetration. The Instrumentation Penetration (see Figure 
A-9 , -10, -11, -12, -17, -20, -21,-22,-28,-29,-30) provides the primary coolant pressure 
boundary penetration for the LOFT fuel module instrumentation. The LOFT design 
objectives are (a) high efficiency in area for making the individual cable or tube seals (140 
cables and 2 tubes in a 7-inch diameter and 40 cables and 4 tubes in a 4-inch diameter), 
(b) high-pressure boundary reliability, and (c) leakproof seals between dissimilar metals 
(titanum to Inconel, carbon steel to lnconel, and stainless steel to Incoilel). The special 
design features that achieve these ohjectives are as follows: 

( 1) High Seal-to-Area Efficiency - Each penetration uses three or more indivi­
dual buttons (see Figure 5) which (a) can accommodate up to approxi­
mately 35 instrument cables, (b) are brazed to the instrument cable or 
tube, and (c) are welded to the instrumentation penetration body (pres­
sure plate). 

(2) High-Pressure Boundary Reliability - Each penetration features two seals 
in series for increasecl pressure. boundary reliability. 

(3) Titanium to Tnconel Seal - The pressure boundary seal between the 
titanium-sheathed thermocouples and Inconel penetration is accomplished 
using an explosion bonded titanium - tantalum-Inconel sandwich material 
button that is brazed to the tlH::nuocouple using a titanium - zirconium -
beryllium ftller metal and TIG welded to the lnconel penetration. 
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UPPER BUTTON 

TITANIUM ----.. 

TANTALUM 

Vl INCONEL --

LOWER BUTTON 

Fig. 5 LOFT braze button. 



Selection of the braze material was ba5:ed on an extensive brazing material 
evaluation which included selection of a satisfactory brazing filler material 
from seven candidate materials. This evaluation is described in IITRI re­
port "IITRI-B6112-l, Evaluation of Brazing Filler Metals for C.P. Titani­
um Reactor Instrumentation Components", October 20, 1971. Process 
demonstrations have indicated this design will be successful. 

( 4) Stainless-Steel-to-Inconel Seal - The pressure boundary seal between the 
stainless-steel-sheathed instrument cables and Inconel is accomplished 
with a gold-nickel filler metal braze of the instrument cable to the Inconel 
button and TIG weld between button and penetration. 

(5) Iul,;unel~to-Carbon Steel- The pressure boundary seal between the 
imtrumentation penetration and reactor vessel head is accomplished using 
K-seal type mechanical seals which were chosen over 0-rings because they 
were judged to provide increased reliability for this service condition. 

2.1.7 Fuel Bundle Instrumentation Attachment. 

( 1) Thermocouple Attachment - The LOFT design features titanium-sheathed 
thermocouples attached to the outside of zircaloy-clad fuel rods (see Fig­
ure 6) by laser welding using titanium filler wire . Titanium was selected 
over zircaloy because the technology for satisfactory fabrication of the 
small diameter zircaloy-sheathed thermocouples had not been developed. 
Noteworthy features of the weld design are as follows: 

(a) Alloy-Mixing- The mixing between titanium and zircaloy is pre­
cisely controlled for a compromise between strength enhancement 
obtained from high-mixing and corrosion resistance resulting from 
luw-mi.AiJig. The photomicrographs show acceptable (Pigurc 7) and 
unacceptable (too-high and too-low) (Figures 8 and 9) mixing char­
acteristics. 

(b) Heat-Affected Zone- The fragile thermocouple sheath (0.009 inch 
thick) heat-affected zone is precisely controlled to prevent penetra­
tion of the sheath during welding. The photomicrographs show an 
acceptable penetration condition (Figure 7) and results of reaching 
the thermocouple insulator (MgO) with the melt zone (Figure 10). 

(c) Weld Spadng- The individual weld nuggets, consisting of eight over­
lapping laser spots, are spaced at approximately 0.8-inch intervals to 
allow for differential thermal expansion between the zircaloy and 
titanium at temperatures expected during LOFl' expenments. 
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Fig. 7 LOFT laser weld - acceptable-mixing. 

Fig. 8 LOFT laser weld - too much mixing. 
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Fig. 9 LOFT laser weld - insufficient mixing. 

Fie . 10 LOFT laser weld - penetrated T/C she~t~. 
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Thermal cycling and corrosion testing of the design indicate that the 
weld design will provide the following expected lifetimes: 

Exposure to reactor coolant conditions (650°F and 2300 
psig): 6000 hours. 

Thermal cycles: 

400 to II 00°F 
400 to 1400°F 
400 to 1500°F 
400 to 1700°F 

(1 cycle) 
(5 cycles) 
(5 cycles) 
(5 cycles) 

(2) Guide Tube Instrumentation Assembly - The LOFT fuel bundle design 
requires attachment of thermocouples to the guide tubes, locating fixed 
flux detectors inside the guide tubes, and routing lower end box coolant 
thermocouples inside the guide tubes in a manner that will satisfy the 
following design conditions: 

(a) Differential Pressure Conditions- The components must withstand a 
differential pressure loading of 300 psi taken in the most adverse 
direction across each component , instrument, or mounting device, 
etc. The 300-psi loading req uiremenl shall be evalualed assuming the 
same thermal conditions that exist at reactor full power (55 MWt). 

(b) Temperature Conditions 

Zircaloy components at 
nonnal sleady slale 
operatiug <.;oadiliom; 

Components attached to 
support tubes 
(guide tubes) 

20 

Rate of Change 

20°F/sec 

Peak Temperatures 

2I00°F (15 
cydes only) 



Components attached to 
fuel assembly end boxes 

Rate of Change Peak Temperatures 

900°F (15 
cycles only) 

(c) Transient Termination- After five seconds at the maximum tem­
perature , the instrumentation shall be assumed to be quenched by 
immersion in a saturated steam-water mixture at a pressure of 25 
psia. 

Exxon invented a design (see Figures 11, 12, and 13) consisting of a 
system of coiled instrument cables, intermediate supports, and precise 
positioning of thermocouple spades to satisfy the design conditions and 
instrument location requirements. 

(3) Instrument Cable Routing- The instrument cable routing features contin­
uous protection of the cables from hydraulic buffeting and differential 
pressures: Figures 14, 15, and 16 show the cable routing in the center 
fuel bundle. Some significant features include: 

(a) The thermocouple cable transition from fuel rod to upper tie plate 
(Figure 16) in a manner that minimizes exposure to high-velocity 
coolant and eliminates cable flexing during thermal cycling by 
machine-screw fastening the instrumented fuel rods to the upper tie 
plate. The fuel rod end cap and tie plate are fluted for passage of the 
thermocouples. 

(h) The thermocouple routing protection across the tie plate surface 
provided by recessed channels and cover plates. 

(c) Tnstrument cable routing protection up the end box sides provided 
by compact bundles of straight cables clamped at close intervals by 
staples which are match fit , lightly pressed against the cable bundle, 
and protruding staple ends welded to the end box from the outside 
(see Figure 16). The development of this design included considera­
tion of unsatisfactory experiences with crossing cables underneath 
the cable clamp and sharp or protruding cable clamp edges. 

(d) Routing paths for the instmment cables have generous radii on all 
edges, avoiding unsatisfactory experience with sharp edges in 
contact with the fragile instrument cable sheaths. 
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3. THERMAL-HYDRAULIC DESIGN 

The thermal-hydraulic design consists of a comprehensive program of analysis and 
testing for the following purposes: 

(1) Establish and confirm fuel module flow distribution and pressure drop charac­
teristics 

(2) Determine fuel rod thermocouple effect on thermal-hydraulic behavior 

(3) Esta"bli~h thennal-hydraulic operating limitations for the LOFT fuel modules. 

Table III is a summary of the thermal-hydraulic analysis and testing tasks that comprise this 
program. 

The flow distribution test , which employed a laser-Doppler velocimeter to obtain the 
velocity and turbulence intensity data, is considered an advance in technology since the 
measuring instrument does not disturb the flow being measured. The pressure drop test 
program has provided data for core exit pressure losses that are applicable to contemporary 
core exit flow geometries. 

4. STRUCTURAL DESIGN 

The structural design consists of a comprehensive program of analysis and testing for 
the followine purposel:>. 

(1) Establish structural loading of fuel modules during LOCEs 

(2) Confirm the structural adequacy of the fuel module during anticipated handling, 
reactor operation, and LOCE conditions. 

Table lV is a summary of the slrudural design analysis and testing tasks that cornprise this 
program. 

A continuing program is plan11ed for development, us~::, evaluation, l"tncl improvement . 
of computer code predictions of fuel rod and fuel module structural behavior under LOCE 
conditions. Specific planned activities are as follows: 

(I) Develop SAP code model of LOFT fuel modules l"mcl predict fuel module 
structural response during planned LOCE events 

(2) Predict fuel rod thermal and mechanical response to planned LOCE events using 
FRAP-T computer code with rod bowing prediction capability 

28 
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Purpose 

A. Pressure Drop 

1. Preliminary predictions Jf LOFT 
fuel bundle pressure drop fJr use in 
LOFT primary system a~d fuel module 
upper support structure design. 

2. Prediction of upper stru:ture 
pressure drop for use in LOFT primary 
system desi~n. 

3. ~ressure drop test data from 
flow distribution test. 

4. Pressure drop test data from 
Type A &·c fretting corrosion test. 

5. Pressure drop test data from 
Type B fuel module mockup and mod­
ified Type A & C fretting corrosion 
test bundles. 

TABLE III 

LJFT FUEL ~ODULE THERMAL-HYDRAULIC DESIGN PROGRAM 

Performing 
Organization 

Et\C 
(Battelle 
Nortrwest 
Laboratories) 

HC 

ENC 

Results 

The analysis predicted total fuel bundle 
flow loss coefficient of 6.62 (14.6 psi 
at 2.45 x 106 lb/hr-ft2 flow rate). 

The analysis predicted upper structure 
pressure drop of 5.5 psi at 3.1 x 106 
lb/hr-ft2. 

Testing results indicated spacer grids 
flow loss coefficient to be 3.65 (5 
grids) compared to the predicted value 
of 3.53. 

Test results indicated significant pres­
sure drop mismatch between Type A & C 
fuel bundles at core exit and total fuel 
bundle flow loss coefficient of B.55 for 
Type A and g.74 for Type B. 

Test results indicated acceptable im­
provement in. core exit pressure drop 
mismatch of Type A, B, and C fuel 
bundles after the design changes to 
Type A & C components. Measured flow 
loss coefficients were: 

Inlet Fuel Upper 
Flow* Bur.dl e Structure 

Type A 3.00 5.62 7.35 
Type B 3.00 5.62 7.29 
Type C 3.41 5.265 8.20 
Core 

Average 3.105 5.53 7.55 

* Includes core mounting plate. 

Documentation 

Exxon report, "Preliminary Pressure Drop 
Calculations for Jersey Nuclear LOFT Fuel 
Assembly", January 6, 1g71. 

MPR report, "Upper Plenum Pressure Drop", 
MPR-316, Volume II, Appendix G, December 
22. 1971. 

Exxon report, "XN-74-53, Analysis of the 
LOFT Instrumented Fuel Assembly Flow 
Distribution Experiments", October 15, 
1974. 

Exxon report, "XN-75-61, Hydraulic Perfor­
mance of LOFT Fuel Assemblies, Volumes I & 
II, June 1976 .. 

Same as above. 



Purpose 

B. Flow Distribution 

l. Determine fuel bundle flow dis­
tribution characteristics in region 
cf high them'al flux (inlet). 

2. Determine core inlet flo~ dis­
tribution from reactor ves~el ·>ower 
plenum flow tests usin9 a 213-~cale 
model. 

3. Prediction of maximum f'~id 
velocities in the core and Jpper 
plenum region during worst _OCE. 

c. Thermal Mixing - Determine !lOFT 
center fuel bundle interchannel 
thermal mixing coefficients. 

D. Departure from Nucleate Boiling (DNB)t" 

1. Preliminary prediction of LOFT 
fuel bundle DNB behavior for u~e 
in fuel bundle: warranty limiitations. 

2. DNB test data to confirm that the 
LOFT fuel bundle with therm•xouJles 
provided the same DNI! behavior .~s 
fuel bundles ~ithcut thermocouples. 

Performing 
Organization 

ENC 
(Battelle 
Northwest 
Laboratories) 

CEI 

MPR 

ENC 
(Cohrnbia 
Unill€rsity) 

ENC 

E~C 
(Coluii!lbia 
Univ~rsity) 

TA3LE I{I (continued) 

Results 

Test resUilts provided velocity and 
turbulence index factor maps of the center 
fuel bundle obtained upstream and down­
stream of the first three spacer grids 
aoo confi!'med that the flow distribution 
becomes uoi f•Jrm from the diffuser effects 
of spacer grids. 

Test results indicated that the indi­
vi:!ual fu·:l bundle flow velocities at 
the bottom of the fuel rods did not 
exceed.3% of average core flow velocity. 

Th~ evalu~tion conc~uded that so· ft/s~c 
wa; a con~ervative value after predicting 
ma.dmum velocities as follows: · 

a. core region 29.8 ft/sec 
b. upper ~lenum region 31 ft/sec 
c. upper plenum core flow 3.4 to 26.5 

d. at pv2 detector - center 
ft/sec 
ll .4 ft/sec 

e. at pv2 detector - corner 26.8 ft/sec 

Test results confirmed that .conventional 
bare-bundle interchannel thermal-mixing 
coefficiert correlations are appropriate 
for LOFT ~redictions. 

The analysis pred~cted that the LOFT low­
flew limitation was 2.77 x 106 lb/hr 
based on the W-3 correlation predic:ion' 
and a mini"num allo·11able DNB ratio of ·].30. 

Test results i ndi c.~ted that a trend existed 
in the sub:ooled region that departed 
(adversely) from the W-3 correlation 
Jrer:liction. 

Documentation 

Exxon ro?port, "XN-74-53, Analysis of the 
LOFT Instrumented Fuel Assembly Flow Dis­
tribution Experiments", October 15, 1974, 
abstract presented in "Water Reactor Safety 
Program - Experimental and Analytical Pro­
::~ram Activities", Monthly Report, December 
1974. 

:ombust'on Engineering report 
"CEND-369, LOFT Reactor Vessel 
=low Model Test Program Test 
~eport", October 1974. 

:~PR repc•rt "MPR-509, Report of LOFT Fuel 
Jynamic Analyses", Volume III, Section B.l, 
tlarch 1 S76. 

Exxon report, "XN-74-40, Thermal Mixing 
·n LOFT Fuel. Assemblies", Decenber 2, 1974. 

Exxon reJort, "JN-72-14, Preliminary Thermal-
1-ydrauli: Analysis for LOFT Fuel Assemblies", 
J!,pril 24, 1972. · 

Exxon reJort, "NX-73-30, LOFT Fuel De­
parture =rom Nucleate Boiling Test Anal­
ysis and Results", December 1973. 



Purpose 
Performing 

Organization 

D .. Departure from Nuclea~e Boiling (DNB) (continued) 

3. Additional DNB tes: data and 
evaluation to investigate and 
quantify adverse trend results of 
previous testing. 

E. Combined - Final prediction of LOFT 
fue'i bundle thermal-h;draulnc be­
havior based on evaluation of test 
program results. 

F. Cono.rol Rods 

1. Prediction of control raj poison 
temperatures and guide tube flow rates. 

2. Prediction of control ro3 poison 
temperature during worst case planned 
LOCEs to evaluate potential melting 
(1425°F) of the AG-In-Cd poison 
material. 

G. Neutron Source - Prediction of heat 
generation and cooling requirements. 

EG&G 
(Columbia 
University) 

ENC 

me 

ENC 

TABLE III (continued) 

Results 

Test data were obtained from 25 rod test 
bundles with and without thermocouple 
simulation. The data evaluation indicated 
a DNB penalty (5 to 28% lower) caused by 
the LOFT fuel rod external thermocouple 
arrangement. A LOFT DNB correlation was 
developed which predicted a DNB ratio of 
1.13 would satsify 95% confidence level 
safe operating criteria. 

Analysis incomplete. 

The analysis predicted that the worst 
case temperature of the poison material 
would be 803°F maximum and that the guide 
tube flow rate should not exceed 1.84% 
of the total fuel bundle flow rate at 
worst case (withdrawn control rod) 
conditions. 

The analysis which assumed both helium 
and argon fill gas conditions predicted 
that the melting temperature would not 
reach 1425°F until approximately 90 sec 
after initiation of the pipe break which 
corresponds to a fuel rod cladding tem­
perature above 2000°F. 

The analysis predicted an equivalent heat· 
source of 0.008 watt which could raise 
the capsule temperature only l°F assuming 
convection cooling of the outside guide 
tube surface only. 

Documentation 

EG&G report, TREE-NUREG- 1043, Evaluation and 
Results of LOFT Steady State Departure 
from Nucleate Boiling Tests, April 1977. 

Exxon report to be published. 

Exxon report, "JN-72-15, LOFT Control 
Rod Cluster Design Report", July 18, 1972. 

ANC L TR 1111-6, "LOFT Contra 1 Rod Poi son 
Temperature History after a 100% Inlet 
LOCE with Delayed ECC Injection", June 27, 
1972.and ANC letter report "Control Rod 
Poison Temperature History: Effect of Using 
Helium Instead of Argon in Contrpl]Rod Gas 
Space - HFR-5-72", July 11, 1972La . 

Exxon report, "XN-74-48, Design Report, LOFT 
Neutron Source Assembly", December 1974. 



Purpose 

H. Fuel Module Thermal Expansi:n - Pre­
diction of differential thermal growth 
between the fuel module and its end · 
s~pports during steady stat~ anj 
planned LOCE environments. 

I. Fuel Bundle Irstrumentation .Routing -
Prediction of guide tube initru­
mentation component temperal:iure5 during 
reactor operation. 

[a] ANC is now EG&G Idaho, Inc. 

Performing 
Organization 

A.i'IC[a] 

E~C 

T~BLE III {continued) 

Results 

T1e ~nalysis predicted a diffe-ential 
t:1erma 1 expansion of 0. 804 inc 1 for fue 1 
macules with stainless s:eel g~ide tubes 
ailG 0. 252 inch with z i rca 1 oy g·Ji de tubes. 

The analysis pred ·:ted that the coolant 
flow through the 1strumented ,uide tubes 
satisfactorily rna 1tains the i•strunent­
tation components at acceptable temper-
3.-ture 1 evel s. 

Documentation 

ANC LTR 1111-7, "LOFT Fuel Assembly and Upper 
Support Struct~rj Thermal Expansion Analysis~ 
March 12, l973La . 

ENC report, "JN-72-16, LOFT Instrumentation 
Routing Design Report", July 20, 1972. 



Purpose 

A. General ---
1. Preliminary prediction of fuel 
module axial loadings during 
representative el<pected LOGEs 
assuming 1 msec break time. 

2. Prediction of LOFT fuel module 
axial loadings during representative 
expected LOGEs assumirg 1 msec 
break time. 

3. Latest prediction of LOFT fuel 
module axial loadings during 
repr·esentati 'le expected LOGEs 
·usi~g an improved model and 
assLming both 1-msec break of 
an E;-in. diameter pipe and · 5-msec 
break ot·a 5-in. diameter pipe. 

4. :ndependent predic:ion of LOFT 
fue~ module axial loadings from 
Iten A.2 data. 

5. Prediction of LOFT fuel ~odule 
axial loadings during earthquakes. 

TABLE IV 

LOFT FUEL MODULE STRUCTURAL DESIGN PROGRAM 

Perfonning 
Organization 

MPR 

MPR 

Results 

A WHAM code analysis of the hydraulic 
·environment and a lumped-mass-system 
response model analysis resulted in a 
prediction of a worst case loading of 
8000 lb to a 15 x 15 size fuel bundle. 

A WHAM code analysis of the hydraulic 
environment and a SHOCK code analysis 
using a lumped-mass-system response 
model resulted in a prediction of a 
worst case loading of 11,668 lb to a 
15 x 15 size fuel bundle. 

A WHAM code analysis of the hydraulic 
environment and a SHOCK cmie analysis 
using a lumped-mass-system response 
model resulted in prediction of a 
worst case loading to a 15 x 15 fuel 
module of 11,140 lb and comparison 
loading of 14,035 lb if the energy 
absorption parameter is omitted in 
the WHAM hydraulic model. The slower 
(planned) break load was predicted to 
be 6248 lb with the energy absorption 
parameter. 

The evaluation predicted a worst case 
loading of 11,540 lb to a 15 x 15 size 
fuel bundle. 

The evaluation, using ANC[a] generated 
reactor vessel seismic response ·spectra, 
predicte'd a vertical loading of 5.03 g 
compared to 4.15 g for bedrock response 
spectra and 10 g from subcooled blowdown 
loads. 

Documentation 

ANC L TR 1.1. 1. 3-1, "A Preliminary Dynamic 
Analysis of the LOFT Reactgr Fuel Assem­
blies", January 23, 1971[aJ. 

ANC LTR 1115-25, "Dynamic Analysis of 
LOFT Re3ctor Flow Skirt-Core Filler 
Assembly for Nonnuclear and Nuclear Los~­
of-Coolant Experiments", March 24, 1974LaJ. 

EG&G LTR 1111-31, "Dynamic Analysis of the 
LOFT Reactor Fuel Modules for Subcooled 
Blowdown Loads", De1=ember 21, 1976. 

MPR report, "l•lPR-509 Report of LOFT Fue 1 
Module Dynamic Analysis", Volume II, · 
Section A.2, March 1976. 

Same as above Volume II, Section A.3. 



Purpose 

A. General (continued) 

6. Prediction of LOFT fuel module 
lateral loadings during e-.arthquakes. 

7. Prediction of LOFT fuel bundli 
guide tube and fuel rod lioca] forces 
and deflections when mid-spar, lateral _. 
deflection equals the avajlable 
clearances. 

8. Prediction of _OFT fue· module 
lateral loadings during L:CE. 

9. Predicticn of LOFT fuel module 
axial loadirgs during reflood. 

8. Fuel Rods 

1. Prediction of fuel and cladding 
temperatures for use in or.,er 
subsequent structura 1 eva· Jat·· ons. 

Perforrr.i n·~ 
Or:~anization. 

MPR 

MPR 

MPR 

MPR 

ENC , 

. TABLE IV .(continued) 

Results 

Tne eva!uation, using ANC[a] generated 
reactor vessel seismic response spectra, 
predicted a lateral ·loading of 6.7 g 
compared to 6.2 g for bedrock response 
spectra. 

The evaiuation predicted worst case 
loadings as follows: 
a. Fuel Rod 

Shear load 
Axial load 
Bending moment 

b. Guice Tube 
Shear load 
Axial load 
Bending .11oment 

1. 7 lb 
5. 7 lb 

12.6 in.-lb 

6.25 lb 
18.8 lb . 
46.5 in.-lb 

The evaulatbn predicted a l.~teral 
impact load of 922 lb assuming water­
mass daiTping of the core banel motion 
(undamped loads were predicted to be 
2090 lb). 

The evaluation predicted an axial load 
of 6220 lb at 1700°F guide tube tempera­
ture on the ·15 x 15 fuel bundle w·"th 
stainles5 steel guide tubes and 3l00 lb 
at 1700°F ·~ui de tube temperature on the 
i5 x 15 fuel bundle with zircaloy guide 
tJbes. 

The anal}sis predicted a peak centerline 
fuel tempe1·ature of 4642°F assumir.g the 
linear heat generation rate of 19.0 kW/ft 
and using the Lyons U02 thermal conduc­
tivity correlation. The predicted maxi­
mum cladding temperature was 799°F at 
19 kW/ft 

~ ' ... 

-Documentation 

Same as above Volume II, Section A.4. 

Same as above Volume II, Section A.5. 

MPR report, "I~PR-509, Report of the LOFT 
Fuel fo)odule Dynamic Analysis", Volume II, 
Section A.6, Appendix A, March 1976. 

Same.as above Volume II, Section A.7. 

Exxon reports: 
a. "JN-72-4, Standard LOFT Fuel Rod 

Design Report", March 2, 1972. 
b. "JN-72-5, Standard LOFT Fuel Rod 

Design Report Addendum 1", March 17, 
1972. 
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Purpose 

B. Fuel Rods (continued; 

2. Prediction of cladding strains to 
co~firm that strain iimit~tions of 1% 
are: not exceeded. 

3. Prediction of fis~ion gas release 
and resulting internal fuei rod 
pressure for use in subsequent 
structural ~valuations. 

4. Analysis of fuel rod cladding 
stresses to predict: 
a. Instantaneous col·apse pressure 
b. Time to ·:reep col;apse 

c. Primary stresses 

d. Thermal-mechanica· effects 
(mechanical bending, thermal bowing, 
temperature gradient and flow-induced 
vibrations) 
e. Axial loads from fuel bundle 
skeleton differentia·! thermal ex­
pansion. 

5. Prediction of.pellet stack holddown 
spring force requirement and spring 
characteristics. 

6. Prediction of potential fuel den­
sification effects of fuel rod behavior. 
Specific parameters predicted were: 
a. Pellet stack gap size and frequency 

Performing 
Organization 

EWC 

EWC 

ElK 

E~C 

TABLE IV (continued) 

Results Documentation 

The analysis, which included consider- Same as ·above. 
ation of fuel swelling, thermal condi-
tions, and power history, indicated the 
design satisfied the 1% strain limitation. 

The analysis, which included temperature- Same as above. 
zoned release of all or portions of the 
volatile U02 impurities and gaseous fis-
sion products to the fuel rod void volume, 
predicted a total EOL gas pressure of 
2500 psi assuming a commercial PWR life-
time requirement of 30,000 MWd/MTU. 

The analysis predicted the following: Same as above (Item a). 
a. An instantaneous collapse pressure 
of 4697/2995 psig at 70 and 735°F. 
b. Time to creep collapse of approximately. 
1800 hours. 
c. Primary stresses slightly exceeding 1/3 
of the minimum specified ultimate strength 
d. (Results included in c) 

e. A total force of 24 lb (stress results 
included in c). 

The analysis results determined, the geo- Same a.s above. 
metrical requirements for an Inconel X-750 
spring that would provide a nominal 4 g 
s·pri ng force. 

The analysis which used the November 14, 
1972, USAEC fuel densification guidelines 
predicted: 
a. Cladding collapse could occur in 
1050 hours 

Exxon report, "XN-73-28, LOFT F.uel Den­
sification Study", October 22, 1973. 



Purpose 

B. Fuel Rods tcontinued) 

b. Claddin~ stresses 
c. Creation of power spi~es 
d. Fuel centerline temperature 
e. DNB behavior. 

7. Analytical evaluation of fuel r:>d 
cladding stresses during worst caS2 
expected LC•CEs. 

8. Prediction of stresses in the fJel 
rod·claddirg at spacer g-id ·:ontact 
locations during worst case _QCE a1d 
earthquake .. 

9. Prediction of fuel rod st·esses 
under I tern E. 12 (bowed goJi de tube) 
conditions. 

C. Control· Rods 

1. Prediction of tuffer spring 
assembly characteristics required 
to absorb_ the terminal· kinetic 
energy of the cortrol rod cl~ster 
assembly. · 

2. Prediction of buffer 5Jring 
stresses 'dwring absorptian o-· 
control rod cluster assenJly 
kinetic energy. 

3. Prediction of spider crm stresses 
during sera~ deceleration 

Performing 
Organization 

MPR 

MPR 

MPR 

ENC 

ENC 

ENC 

TABLE IV {continued) 

Result~ 

b.· Centerl L1e fuel tenperature less tha.o 
melting at 19 kW/ft 
c. Precautions are necessary to preserve 
the 1.30 DNB margin. 

The evaluation predicted a 22% s:ress in­
tensity increase during the LOCE and con­
cluded primary stresses would be less than 
yield stresses as long as the cold worked 
material properties al'"e maintained. 

Documentation 

MPR report, "1·1PR-509, Report of LOFT Fuel 
Module Dynamic Analysis", Volume II, 
Section 8.4, March 1976. 

The eva.luation predicted worst case ioad MPR report, "t.JPR-509, Report of LOFT Fuel 
fuel cladding stress c.f 41,280 psi compared Module Dynamic Analysis", Volume III, 
to 60,000 psi allowable. Section C.6, March 1976. 

The evaluation predicted no adve1·se (a) 
mechani:al effects or (b) th~rmai effects 
based o~ FLECHT simulated flow biockage 
test results. 

The anaDysis determined that, two concentric 
Inconel X-750 spri~gs would achieVe the 
jesign•Jbjective. 

rhe analysis predicted st~esses approx­
imately 5% below allol'.able stres~=~·· 

The analysis predicted stresses, approx­
imately 10~ bel,ow ·a.nowable stresses. 

MPR report, "Addendum No. 2 to t·1PR-509, 
Report of LOFT Fuel Modules Dynamic 
Analysis", Appendix B, Attachment 1, 
December 1976. 

Exxon report, "JN-72-15, LOFT Control Rod 
Cluster Design Report", July 18, 1972. 

Same as above. 

Same as above. 
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Purpose 

C. C~ntrol Rods (continued) 

4. Prediction of control rod 
elastic behavior under worst 
case misalignment conditions. 

5. Prediction of control rod 
cladding stresses and collapse 
characteristics. 

6. Prediction of control rod vibra­
tion characteristics. 

7. Prediction of control rod drop 
time to provide information for 
designing buffer springs and 
spider webs. 

8. Experimental determination of 
control rod cluster drop time 
and confirmation of control rod 
cluster structural capabilities. 

Performing 
Organization 

ENC 

ENC 

MPR 

ENC 

ANC[a) & 
.f:NC 

ENC 

TABLE IV (continued) 

Results 

The analysis predicted the control 
rods to be flexible and accommodating to 
potential worst case misalignment conditions. 

The analysis predicted that cladding 
stresses from external pressure, thermal 
gradients, and potential mechanical bending 
to be less than allowables. The internal 
collapse pressure was predicted to be 
3140/2775 psi at RT and 650°F. 

This analysis which included as-built 
material and dimensional characteristics 
and more accurate ana.l yti ca·l techniques 
predicted internal collapse pressures to 
be 3989/3711 psi at RT and 650°F. 

The analysis concluded that the control 
rod vibration within the guide tube would 
not be a problem. 

The analysis predicted the control rod 
drop times to be 0.97 sec for 75% insertioD 
and 2.97 sec for full insertion from full 
withdrawal at reactor operating conditions. 

The experimental data confirmed the LOFT 
control rod cluster structural capabilities 

·and indicated 0.75 and 2.0 sec to 75 and 
100% insertion under expected alignment 
conditions, 0.95 and 2.15 sec to 75 and 
100% insertion under simulated worst case 
misalignment conditions, and terminal 
velocity of 5.2 ft/sec. 

Documentation 

Same as above. 

Same as above. 

ANC LTR-1111-16, "LOFT Control Rod 
Collapse Prediction", February 25, 1975[aJ. 

Exxon report, "JN-72-20, LOFT Fuel Design 
Report -Addenda", September 18, 1972. 

ANC internal letter BVW-4-71, "LOfT Scram 
Time Analysis", August 20, 1971LaJ. ENC 
report (see C.l). 

ENC report; "XN-74-57, LOFT·Reactor Control 
Cluster Insertion Tests", December 1974. 
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Purpos~ 

9. Prediction of m~chanica1 loads 
and therm~l conditions during 
LOCE and seismic events. 

10. Prediction of stress uroder Item 
C.9 loading conditions for the 
:fo 11 owing co1.1tro 1 rod componen•ts: 
a. Spider 
b. Control rod c1addir.g en~ 
fittings, absorber rod, an: spring 
c. Shafts 
d. Buffer springs and retainer 
e. Spring retaining bolt f3stening. 

11. Prediction of control ~od stress~s 
under Item E.l2 (bowed guide tJbe) 
conditions. 

D. Spacer Grids 

1. Establish spacer grid s~ring 
geometry to "force a node" when 
the fuel rod is vibrating, elasti­
cally accommcdate manufacturing 
tolerances ard imposed assenbl:t 
deflection, accommc•date fuel rod 
diametral changes and prevent 
damage to the fuel rod cladJing. 

2. Predict stresses in spac~r grid 
springs and 1\E 1 ds due to e:::pec·o.ed 
verti ca 1 1 oads. 

Performing 
Organization 

:MPR 

t·1PR 

~PR 

:Nc 

ENC 

TABLE I~ (continued) 

Results 

The evaluation predicted loadings as 
fallows: 

Documentation 

MPR report, "l·lPR-509, Report of LOFT Fuel 
Modu 1 e Jynami c Ana 1 ys is" , Vo 1 ume I II , 

a. Vertical load 6.8 g (seismic event) Section A.l, March 1976. 
b. Horizontal load 
~. Peak poison 

temperature 

6.7 g (seismic event) 
1472°F (LOCE reflood). 

The analysis predicted that all control rod .Same as above Volume III Sections A.2 
components analyzed would have stress con- ·through A.6. 
,jitions below the allowable stresses. 

:he evaluation predicted no adverse 
mechanica.l effects. 

A combinej analytical and experimental 
program w:~s employed. The analytical 
~rogram W3S based on a beam model and the 
experimental program consisted of dead­
weight lo3ding a single spacer grid cell 
liiOdup. A spring configuration was de­
veloped t1at satisfied the design require­
fllelts. 

h Binear elastic analysis using a beam -
11ojel predicted the maximum stresses to 
oc:ur at :he intersection welds and that the 
11admum s:resses ~tould not exceed allowable 
~t-esses. 

MPR report, "Addendum 2 to I~PR-509, Report 
::>f LOFT Fuel Modules Dynamic Analysis," 
~ppendi~ B, Attachment 1, December 1976. 

::xxon report, "JN-72-9, LOFT Fuel Rod 
:Jri d Spacers, Design Report", April 24, 
n 972. 

5ame as above.· 



Purpose 

D. Spacer Grids (contin~ed) 

3. Predict stresses in strip due to 
possible·unbalanced spring-to­
dimple load. 

4. Evaluate combined effects of 
vertical and unbalanced loads. 

5. Predict the fatigue betavior of 
the springs. 

6. Determi~e the spacer grid weight. 

7. Evaluation of spacer grid response 
to loadings during fuel loading 
(fuel assembly lower tie ·Jlate 
contacting spacer g~id toJ at 
vertical velocity of 40 i1./min). 

8. Evaluation of sp~cer grid re­
s~onse to a lateral 6-g load 
aJplied during ship:nent or a 1500 
lj seismic load. 

g_ Experimental determination of 
intersection joint strength. 

Performing 
Organization 

ENC 

ENC 

ENC 

ENC 

~NC 

[NC 

ENC 

TABLE IV (continued) 

Results Documentation. 

A linear elastic analysis using a shell Same as above. 
model predicted a maximum stress intensity 
of 74,500 psi compared to the material 
allowable yield stress of 150,000 psi. 

The analytical evaluation predicted a Same as above. 
maximum combined stress intensity of 
101,200 psi. 

The analytical evaluatiorr predicted the 
fatigue life, based on an alternating 
friction load (26,700 psi max), would 
not result in failure during the expected 
103 to 106 number of cycles since the 
alternating stress limit for 106 cycles 
is 110,000 psi. 

The analysis predicted the weight to be 
860 grams for the 15 x 15 spacer. Actual 
measured weights are 848.3 and 363.8 g 
for the 15 x 15 and corner spacer, respec­
tively. 

'The analysis, which used a beam model and 
the STRESS-II code, predicted that in the 
abrupt stop situation the spacer strips, 
under direct loading, would yield locally 

•but not fracture at the strips or inter­
sect-ion joints. 

The analysis predicted maximum stress in 
the strips of 55,000 psi (approximately 
80% of the allowable load). 

The experimental results indicated a 
strength of 387 lb in tension compared 
to a 14 lb design requirement and 1135 lb 
in shear. 

Same as above. 

Same as above (analysis only). 

Exxon report, "JN-72-20, LOFT Fuel Design 
Report - Addenda" , September 18, 1972. 

Same.as above. 

Exxon report, "XN-104, Report of Experi­
mental Determination of LOFT Grid Spacer 
Strength", February 1973. 



Purpose 

D. Spacer Grids (continued) 

lD. Experime~tal determina:ior of s·de 
plate weld strength. to evaluate 
shear resistance characteristics 
during the fuel lo~ding ccnditio~ 
of Item 7 above. 

11. Experimental determination of 
spacer grid response to the fuel 
loading condition of Item;. 

12. Experimental confirmation tha: 
o.he spacer grid des;gn dam;ens fuel 
rod vibration and prevents damage by 
the fretting corrosion pro:ess. 

i3. Prediction of LOFT spa·:er ~rid 
lateral impact loads durin·~ LO:E 
and earthquake events. 

14. Test of LOFT spacer gri::l lateral 
impact load capacity. 

15. Prediction of rroments c1d shear 
forces applied to .spacer gdd during 
fuel assembly lateral defle-·:tion. 

16. Predictio1 of stresses in the 
spacer grid structure durir9 worst 
case LOCE and sei smi·: loads. 

Per-forming 
Orge:nization 

ENC 

ENC 

ENC 

'1PR 

ENC & 
Westinghouse 

MPR 

HPR 

TABLE IV (continued) 

Results 

The experimental results indicated a 
weld joint- bending moment capability of 
1.39 in.-lb compared to the Item 7 pre­
dicted load of 0.2 in.-lb. 

The experimental results indicated the · 
spacer grid would not fail catastr·Jphi­
:ally (fracture) up to ·lOads of 4000 lb 
·:·Jmpared to the Item 7 loading condition 
•Jf 3500 lb. 

The experiments, which included 1500-hour 
flow environment test of full-size 15 x 
15 and earner instrumented fuel bundle 
prototypes, demonstrated that the design 
was sa ti sf a·: tory. 

-he evaluation 
·ings or i"npact 
a. LOCE 
b. Earth~uake 

p~edicted worst case load 
velocities as follo~s: 

1.2.1 in./sec 
3630 lb. 

The testi1g indicated the spacer grids 
could absorb, without permanent distortion, 
the follo~ing lateral ·impact loads: 

Westinghouse Test 4400 lb 
Exxon Test 3600 lb. 

The evaluation predicted worst case 
rrome-nts ~= 4.4 in.-lb and·shear forces 
cf 1.31 lb at each fuel rod location. 

The evaluation concluded that (a) t1e 
spacer gr·ds should be capable of with­
standing LDCE subcooled blowdown ve·rtical 
loads, t); spacer strip and intersection 
welds (fuel rod locations) stresses do 
not exceec. allowables during lateral fuel 

Documentation 

Same as above. 

Same as above. 

Exxon report, "XN-74-61, LOFT Fretting 
Corrosi•Jn Test Report", December 30, 1974. 

MPR report, "MPR-509, Report of LOFT Fuel 
Module Dynamic Analysis", VollDlle II, 
Section A.6, March 1976. 

Same as above. 

Same as above Volume II, Section B.3, 
Appendi> A. 

Same as above Volume II, Section B.3. 



Purpose 

D. Spacer Grids (conti,ued) 

17. Prediction of stresses in spacer 
grid springs and di~ples during worst_ 
c~se LOCE and earthquake. 

E. Skeleton 

1. Preliminary prediction of guide 
tube geometry needed to satisfy the 
LOFT fuel technical specifications. 

2. Prediction of guide tube structural 
response to expected axial loads 
(maximum) of 5490 lb (for 15 x 15 
bundle) at room teffiperature. 

3. Prediction of stresses in the upper 
and lower tie plate,s. 

4. Prediction of guide tube mechanical 
attachments stresses. 

Performing 
Organization 

iMPR 

ENC 

ENC 

ENC 

ENC 

TABLE IV (continued) 

Results 

assembly deflection (see Item A.7), (c) 
spacer strip intersection welds at guide 
tube locations exceed allowables, and 
(d) fatigue tests of the intersection 
weld joint should be run. 

The evaluation concluded that neither 
LOCE o·r earthquake would result in 
adverse effects to the spacer grids. 

The analysis, which considered the com­
bined effects of bending and column in­
stability, predicted the required guide 
tube wall thicknesses of 0.038 in. for 
304 SS and 0.100 in. for Zr-4 compared 
to a desired 0.015 in. 

This analysis predicted that the LOFT 
guide tube wall thickness should be 
0.017 in. to satisfy the revised (com­
pared to Item 1) LOFT fuel technical 
specifications. 

This analysis, which used a beam element 
analysis program, predicted the expected 
axial loading conditions would result in 
a maximum tie plate stress of 9000 psi 
compared to the allowable level of 
14,000 psi. 

This analysis, which considered the attach­
ment of the guide tube to sleeve, the 
guide tube to lower end cap, and upper 
sleeve to nut fastening system, indicated 
the attachments were capable of with­
standing axial loads of 2000 lb. 

Documentation 

Same as above Volume III, Section e.G. 

Exxon ·report, "JN-72-7, LOFT Fuel Supply 
Guide Tube Strength", April 4, 1972. 

Exxon report, "JN-72-10, LOFT Fuel Assembly 
Structural Design and Analysis", May 8, 1972. 

Same as above. 

Same as above for 304 SS. For Zr-4 see 
Exxon reports, "XN-74-47, LOFT Type F Fuel 
Assembly Structural Design and Analyses", 
December 1974 and "XN-74-41 Revision 1, 
LOFT Type F Fuel Assembly·Structural Design 
and Analysis", July 1976. 



Purpose 

E. Skeleton (continued) 

5. Determination of guide tube to 
spacer grid locking ring 
attachment (4 spot welds p~r 
ring) strength. 

6. Experimental determinatiion Jf fuel 
bundle strencth characteristics 
~ncl uding se~·arate determi ;ati:Jns 
of tie plate and empty skeleto1 
characteristics and fuel bJndl~ 
response to ~orst case mis~lig1-
ment conditicns. 

7. Experimental cetermination •)f LOFf 
guide tubes mechanical pro·:~ertDes 
in compressicn at high tem::~eratures 
(1000, 1300, and 1500°F) f•Jr u;e in 
evaluating LCFT fuel bundle re­
sponse durins LOCEs. 

8. Prediction of guide tube and end 
box maximum expected tempe-atu-es 
riuring LOCE. 

9. Prediction of stress under worst 
case LOCE and seismic load~ (see 
Items A.4 through 1!..9) for the 
following fuel buncle skeleton 
components: 
a. SS guide tubes 
b. Zircaloy guide tubes 
c. Upper end box 
d. Lower end box 
e. Instrumentation tub: 

Performing 
Organization 

ENC 

::Nc 

MPR 

TABLE IV (conti~ued) 

Results 

The experimental results indicated the 
axial load caJabilities to be 1620 lb 
for the 304 SS and 1170 lb for the 
Zr-4 compared to a design load of 200 lb. 

The experimental results indicated: 
a. Tie plate (upper) yield stresses at 
10,000 lb axial load 
b. Guide tube-spacer grid (skeleton) load 
capabilities of 22,000 lb . 
c. No significant deter.ioration of axial 
strength in the misaligned condition 
d. A fuel bundle naturai frequency o: 
320 Hertz. · 

The experimental results indicate nechan­
ical properties in compression at these 
te:nperatures are lower (up to 40% for 304 
SS and 10% f·Jr Zr-4) than published ten­
sile mechanical properties data. 

Documentation 

;Exxon r~port, "XN-104, Report of Experi­
mental :Jetermination of LOFT Grid Spacer 
Strengt1", February 1973. 

Exxon report, "XN-74-28, LOFT Fuel Assem­
bly Strength Test, Test Report", July· 15, 
lg74. 

Exxon report, "XN-74-50, .Guide Tube Com­
pression Tests -Test Report", November 
1974. 

. ~ . 

The evaluation concluded that the following ~PR report "MPR-50g, Report of LOFT Fuel 
maximum temperatures should be used for ~odule Dynamic Analyses", Volume III, 
subsequent evaluations: Section A.7, March 1976. 
a. Guide tubes l700°F 
b. Upper end box l000°F 
c. Lower end box 700°F 

The evaluation concluded that the following 
additional work should be accomplished: 
a. Modification of several Type F fastener 
connections 
b .. Fatigue life testing of the spacer grid 
intersection welds and tie-plate-to-upper 
end box connection 
c. Elevated temperature load testing of the 
zircaloy guide tubes 
d. Reprediction of subcooled blowdc-wn loads 

Same as above Volume I, Appendix B, and 
Jolume :1, Section II.B. 

,, 



Purpose 

E. Skeleton (continued) 

f. Upper end box to tie plate 
connection 
g. SS guide tube to tie plate 
connections 
h. Zircaloy guide tube to tie 
plate connections 
i. Guide tube to spacer grid 
co1nection 
j. Instrumentation tube to 
lower tie plate connection 
k. Instrumented fuel rod to 
ti~ plate connection 

10. Reprediction of stress under 
worst case LOCE loads (see Item 
A. 3, Appendix !\) for the upper 
tie pl:ate to end box connection. 

11. Additional ~rediction of guide 
tube thermal conditions and axial 
mechanical loads during worst case 
LOCE. 

12. Prediction of stresses in stain­
less steel guide tubes considering 
the radial temperat~re gr"'dients 
p~edicted in Item E.ll. 

Performing 
Organization 

NPR 

NPR 

~PR 

TABLE IV (continued) 

Results 

e. More accurate predicti·on of guide tube 
temperatures during LOCE. 

The evaluation predicted that the dowel 
pin bearing stress was 18,600 psi com­
pared to 15,200 psi allowable and 
48,270. predicted in Item E.9. 

The evaluation; which considered results 
from FLECHT and Semiscale tests, predicted 
the following: 
a. Peak guide tube temperature 1540°F 
b. Hottest guide tube average 
temperature lll0°F 
c. Maximum radial guide tube 
temperature variance from 
average bundle guide tube 
temperature ~uring saturated 
blowdown 152°F 
d. Maximum radial guide tube 
temperature variation in fuel 
bundle during reflood 750°F 
e. Maximum guide tube le-ads at 
1700°F guide tube temperature 311 lb 

The evaluation predicted bowing of the 
guide tubes contact, with fuel rods ex­
ternally and control rods internally 
(where appropriate) while ma-intaining 

Documentation 

Same as above Volume II, Section A.6, Appen­
dix A. 

MPR report, ... Mdendum 2 to f·1PR-509, Report 
of LOFT Fuel Module Dynamic Analysis",· 
Appendix A, December 1976. 

Same as above P.ppendi x .B. 



Purpose 

E. Skeleton (continued) 

13. Prediction of stresses in :ircaloy 
guide tubes considerin·~ the radlial 
temperature gradients pred·:ted in 
Item E. 11. 

~ F. Neutron Source 
~ 

1. Prediction of hcldd·Jwn spring assem­
bly.cliaracteristics requirej to pro­
vide a 65-lb force of engag:ment. 

2. Experimental corfirmatimn o-= desi9n 
configuration durirg e~pos~re :o 
expected reactor operating :ondlitions. 

G. Upper Support Struiture 

1. Prediction of LOFT fuel 110d11le 
upper structure a.xial loads during 
normal, LOCE, and LOCA conditions. 
The LOCE loads were pr:dict:d 
assuming an instantaneous breat 
of an 8 in. Schedule 150 p·pe close 
to the reactor vessel. The ~DCA 
loads were predicted assum·1g 
an instantaneous break of an 1'-in. 
ID pipe in the reactor vess:l 
outlet nozzle. 

Performing 
Organization 

MPR 

ENC 

ENC 

MPR 

TABLE IV (continued) 

Results 

(a) stresses within allowable values 
and (b) mechanical load carrying capac­
ities. 

The evaluation predicted the guide tubes 
have sufficient strength to withstand the 
resulting axial loads up to abou~ 1500°F 
and reco~ended additional experimental 
investiga:ion of the guide tube buckling 
characteristics at elevated temperature. 

The analy;is determined that two con­
centric Inconel X-750 springs would 
ach'eve tile design objective. 

The experiment, which included a 1~·00-
hou~ flow environment test of a pro­
totJpe ne11tron source rod assembly 
demonstrated that .the design was 
sat'sfactl)ry. 

The analy;is predicted the following axial 
loads: 

Load (lb) 
r~orma 1 LOCE 

Corner st-uc:ure --ras- 1340 
Control s:ructure 534 3880 
Center st-ucture 384 2800 

LOCA 
24,610 
71,000 
51,100. 

Documentation 

Same as above Appendix C. 

Exxon report, "XN-74-48, Design Report, 
LOFT Neutron Source Assembly", December 
197111. 

Exxon report, "XN-74~61, LOFT Fretting 
Corrosion Test Report", December 30, 1974. 

MPR report, "MPR-316, Design Report for 
LOFT Fuel Assembly Upper Support Struc­
tures", November 1971. 



Purpose 

G. Upper Support Structure (continued} . 

2. Prediction of corn~r structure 
stress and fatigue co~ditions 
under normal, LOCE, a1d LOCA com­
ditions for the follo~ing con­
ponents: 
a. Hain support tube 
b. Lower and intermediate support 
pads 
c. Core plate pins 
d. Holddown spring 
e. Spring deflector. 

3. Prediction of cent~r structure. 
stress and fatigue co1dition under 
norma 1 , LOCE, and LOCI conditions 
for the following comJonents: 
a. Hain support box structure 
b. Main support cornef bars (at 
reactor vessel nozzle level} 
c. Instrument channel 
d. Lower, intermediate, and upper 
support pads 
e. Holddown spring 
f. Adjusting nut 
g. Orifice plate. 

4. Prediction of cont-ol guide structure 
stress and fatigue conditions under 
nornal, LOCE, and LOCrl conditions for 
the following components: 
a. Drive shaft shroud 
b. Control rod guide tubes 
c. Alignment pads 
d. Alignment pins. 

Performing 
Organization 

M~ 

MPR 

TABLE IV (continued) 

Results 

The analysis predicted that all structure 
components analyzed would have (a} stress 
conditions below the allowable stresses 
and in most cases substantially below 
(factor of 10} allowables, and (b) no 
cumulative fatigue usage factor. 

Same as above. 

Same as above. 

Documentation 

Same as above. 

Same as above except Item 4 (lower support 
pads} and Item 7 are reported in MPR letter 
report, "Analysis of Center Fu~l Module 
Orifice Modification", June 10, 1g74. 

Same as G.l. 



Purpose 

G. Upper Support Structure (continued) 

5. Prediction of control structure 
stress and 7atigue condit;ons 
under normal, LOCE, and LOCA con­
ditions for the following com­
ponents: 
a. Main support box structure 
b. Main support corner ba-rs (at 
reactor vessel nozzle level) 
c. Instrume~t channel 
d. Lower and intermediate su~port 
pads 
e.· Upper core supJort pla1:e pins 
f.· Support gussets. 

6. Preliminary prediction of thermal 
stresses during LOCE reflooding 
(bottom injection) or dell!ging 
(top inject-:on). 

7. Additional prediction of effect 
of LOCE top· .ejection on upper 
support structures. . 

8. Prediction of natural frequency 
for the fol:owing: 
a. Control upper structure-s 
b. Center upper s:ructure~ 
c. Corner upper s:ructur~ 
d. Control rod shaft shroLd 
e. Control rod guide stru:ture 

9. Preliminary prediction of holddeotm 
spring design characteristics. This 
analysis included prediction of 
the holddown force requir:ments. 

Performing 
OrGclnization 

MPR 

MPR 

MPR 

MPR 

MPR 

TABLE IV (continued) 

Results 

Same as abcve. 

The anali.ysis predicted that (a) str-ess 
levels "ould be acceptable during re­
floodino;, (b) stress levels durin·3 
:.elugins could limit the number of cycles 
to 37, and (c) additional analysi; ;hould 
t·e perfcrmed. · 

Documentation 

Same as above. 

Same a; above. 

This analysis predicted that unsati ;factory MPR letter report, "Effects of Upper 
·:istortfon could occur during top ejection. Plenum Injection of LOFT Fuel Module 

Upper Support Structures", May 10, 1973. 

lhe analysis predicted the fJll.ciwing 
ratural frequencies: · 
Control stru:ture - 270 to 2380 cps 
Center structure - 270 to 2380 cps 
Corner structure - 105 to 545 cps 
~hroud - 360 cps 
Euide structure - 510 to 4100 cps. 

The analysis pre~icted.the holddown 
;p"i"ings should pr;ovide a holddown force 
cf 6500 lb for 15 x 15 fuel modules 
and allow up,to 0.70-inch differential 
·;rowth of the fuel module. 

Same as G·. 1. 

Same as above. 



Purpose 

G. Upper Support Structure (continued) 

10. Additional prediction of holddown 
spring characteristics to provide 
a holddown force of 1000. lb for 
15 x 15 fuel modules and 500 lb for 
conner fuel modules and spring rate 
of 2000 lb/in. 

11. Additional ·prediction of holddown 
spring characteristics to provide a 
spring constant of 5~ lb/in. 

12. Additional prediction of holddown 
spring characteristics to correct 
the differential gro~th require-
ment to 1.07 in. (ce~ter bundle) 
and 1.02 in. for corner and control 
bundles. 

13. Final prediction of ·holddown 
spring characteristics to correct 
a rrisunderstanding ~egarding the 
definition of "installed length" 
which had resulted in a higher 
than specified holddc•wn load. 

H. Instrumentation Penetration 

1. Prediction of stresses during 
normal operating conditions for 
the following (5-in.-diameter 
penetration) pressure boundary 
components: 
a. Head bolts 
b. Pressure tube 
c. Pressure plate 
d. Braze buttons. 

Performing 
Organization 

MPR 

Mli'R 

TABLE IV (continued) 

Results 

This analyses predicted a set of spring 
geometries to meet the specified re­
quirements. In addition, evaluations 
were made of fuel bundle loading during 
LOCE subcoo 1 ed b 1 owdown and core heat•Jp 
phases and predictions of improved fuel 
bundle guide tube characteristics. 

This analysis resulted in a recommenda­
tion to correct the ho 1 ddown spring C•Jn­
stant to 500 lb/in. and predicted a set 
of spring parameters that satisfied the 
revised spring constant requirement. 

The analysis predicted a set of spring 
parameters that satisfied. the require­
ment for holddpwn force and spring 
constant.. 

This analysis resulted in the estab­
lishment of a set of spring design param­
eters that finally satisfied the re­
quirement for holddown force, spring 
rate and differential growth. 

The analysis predicted that the design 
for all configuration analyzed was ade­
quate (within ASME Section Ill, Class I 
allowables) for the design conditions 
with one exception, which was corrected 
by increasing the quantity ofheat bolts. 

Documentation 

MPR letter report, "Alternate Holddown 
Spring Designs for LOFT Fuel Modules", 
August 22, 1972. 

MPR letter report, "Spring Constant for Fuel 
Module Holddown Springs", August 29, 1972. 

ANC 1 etter report, "LOFT Reactor Fue 1 
Assembly Holddown Springs-Saff-22-72", 
October 12, 1972 and "Type F Fuel Module 
Holddown Spring-Saff-26-72", November 27, 
1972LaJ. 

Unpubl~shed ANC analysis dated May 21, 
1973LaJ. 

ANC letter report, "LOFT Instrumentation 
Center Penetr~tlon, 5 in. - Fors-3-73", 
April 4, 1973LaJ. 



Purpose 

H. Instrumentati.on Penetratio1 (C•)ntinu:!d) 

2. Predictior of stresses -:turi1g 
normal operating condition; fo· 
Iriconel-titarium upper and lower 
buttons, 304 SS lower butt·m 
and the follcwing weld desi9ns: 
a. Pressure tube weld 
b. Teleflux tube weld 
c. Connector weld 
d. Lead seal weld 
e. Mounting sleeve weld 
f. Standoff ~eld. 

3. Prediction of stresses under 
expected 1 oads for the fo 1·: owing 
_pivot arm corrponents: 
a. Lower pivot pi~ 
b. Upper pivot pin 
c. Support bracket (part o: 
upper structure) 
d. Arm (shoulder area). 

4. Experimen-tal determinat· :m of 
titanium-tantalum-Inconel e~plosion­
bonded .sandwich ( Detac 1 ad) , 
material mechanical charact:!r­
istfcs under the fcllowing :on­
ditions: 
a. Simple tensile loading 
b. Ram tensile loading 
c. Braze cycling 
d. Bending loading 
e. Thermal cycling (100 cycles 
135 to (:!50°F) _ . 
f. Stress-corrosion (1300 p;i 
stress levels for 3000 hour; in 
2500 psi, 600"F borated water 
simulating LOFT coolant che~istry 
conditions. 

Performing 
Orga1ization 

TABLE IV (continued) 

Results 

-he analysis predicted that the design, 
;or all C)nfigurations analyzed, w~s 
adequate (within ASME Section III, Class 
: allowables) for the design conditions 
with one :!xcepfion, which was corrected 
by increasin·~ the lead seal weld leg to 
at least ).078 in. The button analysis 
used a fi1ite element model of the button. 

The analysis predicted the design, for all 
configura t'i on·s ana ly~ed; was adequ~ te 
lwithin A>ME Section'III, Clas·s I ~llow­
Ebles) fo- vertical loadings up to 500 lb. 

~he exp~~i~ents indi~a~ed that the Deta­
clad mate-ial has (a) adequate lo'ac­
carryin~ capability for the LOFT service 
conditions, (b) s·atisfactory corrosic•n 
resistance, and (c) satisfactory dimen­
sional and nechan~cal properties stability 
Lnder both brazing and normal operation 
thermal eye· ing. 

Documentation 

At\C letter report, "Analysis of LOFT In­
strwmentatiop ~enetrations - SVW-5-73", 
J~l:, g, 1 g73LaJ. 

ANC letter report, "Analysis of LOFT Fuel 
Mcxlule P~vjt Arm Assembly- BVW-4-73", May 
23, 1973 a . 

Art: letter report, "Transmittal of Test 
Results Detaclad Compos~ tEl Material, 
GU-9-7_~", July 10, 1g73LaJ. _ 



·Purpose 

H. Instrumentation Pene~ration (continued) 

5. Experimental determination of the 
cemter fuel bundle instrumentation 
per:~etration assembly response.to four 
500-hour cycles of exposure to 
2500 psi, 600°F borated water 
{simulating LOFT coolant cl1emistry 
condition) terminated by a blowdown 
plus a preliminary hJdrostatic test 
at 3125 psig. 

6. Prediction of str~sses Jnder worst 
case LOCE and seismk loads for the 
instrumentation penetration pressure 
tubes. 

I. Fuel Bundle Instrumentation Attachment 

1. Prediction of stresses in instru­
mented fuel rod-to-upper-tie-plate 
fastener arrangement. 

2. Prediction of stresses and 
fatigue life in the coolant thermo­
couple· hot-junction rprotrusion (0.125 
in.) into the tie plate fl.ow channel. 

3. Prediction of stresses in the 
instrument cable unsupported spans 
including the guide tube instrumen­
tation assembly instrument cable coils. 

Perf•Jnning 
Organization 

1-FR 

ENC 

ENC 

ENC 

TABLE IV (continued) 

Results Documentation 

The experimental results indicated satis- Not available. 
factory performance of the instrumentation 
assembly. 

The evaluation concluded that the pres­
sure tube will not be adversely affected 
during LOCE ·or earthquake;. 

The analysis predicted that allowable 
strength limitations would not be ex­
::eeded at an instrumented fuel rod cap 
screw torque of 8 in.-lb at ambient 
conditiqns. 

The analysis predicted· that the design 
configuration would withstand both normal 
operating and the specified LOCE design 
conditions. 

The analysis, which included evalua-
tion of flow-induced vibration, pre­
dicted that the design configuration was 
adequate (a) for a 300-psi transverse 
differential pressure except for the 
fuel rod themocouples where transverse 
loads of this magnitude were judged to be 
unappropriate, and (b) the specified 
temperature conditions. 

MPR report, "t·IPR-509, Report of LOFT Fuel 
Module Dynamic Analysis", Volume III, 
Section A.l, March 1976. 

Exxon report, ".JN-72-20, LOFT Fuel Design 
Report Addenda", September 13, 1972. 

Exxon report, "JN-72-16, LOFT Instru­
mentation Routing Design Report", July 10, 
1972 .. 

Same as above. 



V'l 
0 

?urpose 

I. Fuel Bundle I~strumentation Attachme1t 
(continued) 

4. Prediction. of stresses i1 the 
instrument cable bundle tiedowns 
(staples). 

5. Prediction of stresses i1 the 
1 iquid-level routing fixtur-~. 

6. Experiment3l confirmatiC•l of fuel 
bundle instru~ent attachment designs 
to withstand expected norm~l reactor 
flow conditions. 

7. Experiment31 confirmatieo1 of fuel 
rod thermocouple attachment.response 
to a series of te:nperature .:yci ing 
programs representing reactor con­
ditions as follows: 
a. Cycle program consistin'g of 1 
cycle, 400 to 1100°F; 5 cycles, 
400 to 1500°F; and 5 cycles, 400 
to 1700°F 
b. Cycle program consisting of 
20 cycles, 40J to 745°F; aro·j 1.5 cycles, 
400 to 1400°F. 

8. Experiment3l confirmatieo1 of guide 
tube instrumentation assembly !4 
guide tube T/: models) res~·onse to 
a temperature cycling progr.3m 120 
cycles, 400 tJ 675°F; ~nd 15 cycles, 
400 to 1400°F) representing normal 
reactor operating and LOCE ·:ondit ion!.. 

Performing 
Organization 

ENC 

ENC 

,. ENC 

ENC 

ENC 

TABLE. IV.,{continued) 

Results 

The.analy~is predicted that the de~ign 
ccnfigura:ion could.withstand the 30C~psi 
transverse differential pressure. 

The analy~is predicted that the design 
cc·nfigura:ion would withstand the 300-psi 
tral"sverse differentia-l pressure. 

The exper·.ment consisted of 1500-hour 
flow environnent tests of· a full-size 
~rototype and demonstrated that the design 
~o.-as sati s-=actory for expected normal 
reactor f'ow conditions. 

The exper.·ment results indicated that 
improvemetts could be'made in the ~eld 
design si1c~ som~ weld failures occurred 
during te~ting. 

The exper·ment results indicate that the 
design is satisfactory. 

Documentation 

$a.11e as above. 

:;a11e as above. 

:xxon reports, "XN-74-61, LOFT Fretting 
•:orrosicn Test Report", Decemb~r 30, 1974, 
-9n:l '"XN-75-12, LOFT Fretting Corrosion 
:est Re~·ort, Addendum 1, Instr•Jmentation 
.oX3nrination Results", March 1975. 

·:xxon report, "XN-74-62, LOFT Instrumented 
=uel Roc and Guide Tube Thermal Cycling and 

· O:orrosicn Test"·, December 31, 1974. 

$a11e as above. 



Purpose 

I. Fue· Bundle Instrumentation Attachment 
(continued) 

9. Experimental confirmation of fuel 
rod thermocouple attachment response 
to a combination thermal and hydraulic 
loading cyclic program representing 
expected LOCE conditions as follows: 
a. ~ three-cycle test consisting 
of heating to 1400, 1600, and 
190J°F ·cladding temperature and 
blo·t~ing down (4-joule weld charac­
teristics) 
b .. II. nine-cycle test -:onsisting 
of heating to 1300°F (1 cycle), 
1400°F (5 cycles), 1600°F (1 
cycle), and 1700°F (2 cycles) 
(6.5-joule weld characteristics). 

Test specimens include full-length 
sall1Ples. 

10. Experimental confirmation of fuel 
rod thermocouple attachment response 
to·a combi'nation thermal and hydr;aulic 
loading cycle program consisting of 
2l...:thermal cycles by heating in• 
steam to ll00°F (1 cycle), 1400°F (5 
cycles), 1500°F (5 cycles), 1600°F 
(5 cycles), and 1700°F (5 cycles); 
each cycle followed by bottom flooding. 
The 10-in. test sample has 4 simulated 
thermocouples representing the full 
range of acceptable weld characteristics. 

11. Experimental confirmation of 
fuel rod thermocouple attach­
ment corrosion behavior under 
the expected LOFT environment 
(borated water at 2500 psia and 
650°F) conditions. 

Performing 
Organization 

TABLE IV (continued) 

Results 

The experiment results indicated that the 
weld characteristics of the 6.5-joule weld 
were satisfactory and the weld character­
istics of the 4.0-joule welds were likely 
satisfactory based on the results of the 
abbreviated program. 

This is a routine experimental progra8 to 
confirm the stress and corrosion capabil­
ities of the weld design. Recent results 
indicated that a new weld design based on 
4.0 joules, 275 spot size, and 40 aperature 
was unsatisfactory. 

This is a routine test of the long-term 
weld corrosion characteristics. Recent · 
results indicated that the expected life­
time of the welds in the LOFT reactor 
would be about 6000 hours. 

. :" 

Documentation 

ANC LTR-141-6, "LOFT Heater Pin Ther;mocouple 
Attachment Testing", May 17, 1973laJ. 

ANC letter report, "Tube Furnace Thermal ] 
Cycle Tests, Mes-1-73", January 5, 1973La . 
Recent test results to be published. 

ANC LTR 1.4.1-29, "Autoclave Life Tests 
of LOFT Fuel Rrg]Thermocouple Welds", 
March 13, 1975 . 



VI 
N 

Purpose. 

I. Fuel Bundle Instrumentati:n Attach~ent 
Icontinued) 

·· 12. Predict the ma>:imum s'tres;es 
under Items B.3 anc C.9- loadin~ 
r:onditions for the followi111g 
·components: 
a. Coolant thermocouple h•rt 
junction 
b. Guide tute T/C cable spans 
c. Fuel rod T/C cable spans. 

J. Upper Structure Instrumen:ation 
Attachment 

1. Predictions of stresses durinq 
normal operating, LOCE, and LOCA­
conditions for the following 
components: 
a. Density-velocity detec~r 
mounting bracket 
b. Density-velocity detec~r 
mounting fl a'llge (inc 1 ud i ng: 
fastener counter bore) 
c. Type C upper structure 
window-frame cutout f·Jr 
density-velocity cete-:tor 
bracket 
d. Type A upper structure 
window-frame cutout f·Jr 
density-yelocity detector 
e. Type A density-velocit! 
detector cable conduit 
f. Type A density-velocity 
detector cable conduit stcJles 
g. Free-field pressure.det~ctor 
mounting flange 
h. Displacement transducer 
bolt preload 
i. 1/4-in. cap screw 
j. 1/4-, 3/8-, and 3/4-in. 
capscrew locking cups. 

Perform~ng 
Org3nization 

MPR 

MPR 

TJl.BLE IV (continuej) 

Result~-

Tlhe study ·:oncludes thc:.t the compcnents 
evaluated meet ASME roes requirements 
I.A'lder th:!· w-Jrst case LC•CE and sei2111iC 
loading :o1ditions. 

The analyses predicted that the des~gn 
of all cJmponents was adequate for normal 
operatin~. LOCE, and LCCA conditions with 
one exceJtion which was corrected by adding 
a strate~icaily locateG Type A density­
velocity detector cable conduct SUPport. 

.. 

Documentation 

MPR report, "NPR-5Qg, Report of LOFT Fuel 
Module Dynamic Analyses", Volume III, 
Section 8.6, March 1976. 

MPR letter report, "Design Analysis for Up­
per Core Support Structure Replaceable In­
struments", May 21, 1973. 



J. 

Purpose 

2. Predict the maximum stresses 
under Item C.9 loadinq condi­
tions for the center fuel module 
density,.ve.locity detector cable 
conduit, conduit clips, and 
conduit clip attachment welds. 

3. Predict the maximum stresses 
under Item C.9 loadi~Q condi­
tions for the followinq com-
ponents: ·· 
1. Center fuel module 
a. Flux scan tube 
b. Flux scan tube bracket and fasteners. 
2. Corner fuel module 
a. Pressure tubes 
b. Pressure and cable con­
duit tube clips and ~elds 
c. Flux scan tube, tube 
brackets, and fasteners. 

[a] ANC is now EG&G Idaho, Inc. 

Performing 
Organization 

MPR 

MPR 

TABLE IV (continued) 

Results 

The study concluded the components evalu­
ated meet the applicable ASME stress re-
quirements. • 

Documentation 

MPR report, "MPR-509, Report of LOFT Fuel 
Module Oyna~ic Analysis", Volume III, 
Section 8.4, March 1976. 

The study concluded that the components Same as ·above Volume III, Section 8.5. 
meet the applicable ASME code stress re-
quirements except for: 
a. ·earner fuel module flux scan tube 
fasteners 
b. Center fuel module flux scan tube. 

Recommendations were made to reduce the 
fastener torque to 3.5 ft-lb (8.1 ft-lb 
specified) and raise the flux scan tube 
natural frequency of vibration by improve­
ment in the support arrangement. 



(3) Predict worst case LOCE event guide tube temperature conditions with MOXY 
computer code 

(4) . Incorporate FRAP-T features into MOXY computer code and predict core-wide 
region of fuel rod damage during planned LOCE events with MOXY /SCORE 
computer codes 

(5) Predict fuel rod cladding mechanical response to planned LOCE events at local 
worst case fuel rod positions with existrng computer code. 

The LOFT test data will be compared to the analytically predicted responses and 
appropriate code adjustments made for improved prediction capability. 

5. MISCELLANEOUS DESIGN 

The total design program effort also included some design activities classified as mis­
cellaneous. These activities are of interest since the purposes of some were to determine 
fundamental material properties at high temperatures. Table V is a summary of these design 
activities. 
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TABLE V 

LOFT FUEL MODULE MISCELLANEOUS DESIGN ACTIVITIES 

Purpose 

A. Fuel Rod Cladding -- Determine the rate 
and amount of annealing of LOFT cold­
worked zircaloy cladding wmen exposed 
to temperat1Jres (BOO to 1800°F} 
expected in LOC Es. 

B. Cor,trol Rod Poison -- Determine the 
furdamental material properties of 
melting temperature, and coefficient 
of expansion near the melting temper­
atLire of the LOFT 80f..g-15In-5Cd 
poison mate~ial. 

Performing 
Organization 

AWC[a] 

Bll'll 

C. Control Rod Poison -- Determine the AWC[a] 
compatibility of the 80Ag-15In-5Cd 
LOFT poison material with Type 304 SS 
at expected LOCE temperatures 
(1400 to 2000°F). 

D. Fuel Bundle Components -- Evaluate elec-. EWC 
trical d1scharge mach1ning (EDM) as a 
technique for machining in-core components. 

[a] ANC is now EG&G Idaho, Inc. 

Results 

The experimental results indicated that 
rapid annealing would occur in the 1100 
to 1200°F range with more rapid rates 
up to 1500°F where instantaneous (less 
than 1 sec) annealing was indicated. 

The experimental results indicated.the 
following properties: 

Melting temperature -- 1472 to. 1562°F 
Volume expansion in melting -- 5.4% 
Thermal expansion coefficient after 
melting -- 3.83 x ·1Q-2in./in. oF 
( 1562 to 1859°F} 

Thermal expansion belog melting tem-
perature --· 13.3 X 10 in./in. °F. 

The experimental results indicated th!t 
the poison rod alloy and 2.04 SS are 
compatible. 

The combined literature information eval­
uation, corrosion tests and metallurgical 
investigation indicated the EDM is an 
acceptable machining technique. 

-r·· 

Documentation 

ANC LTR 1.1.1.1-4, "Zircaloy-4 Annealing· 
Study",· October 29, · 1974[a]. 

ANC LTR 1.1.1.1-15, "Experimental Deter­
mination of Behavior of the Ag-In-Cd 
Poison Rod Alloy at Ex~e~ted LOCE Temper­
atures", February 1975LaJ. 

Same as above. 

Exxon report "JN-72-21, Evaluation of · 
Electrical Discharge as a Technique for 
Machining In-Core Components", September 
8, 1972. 



IV. FABRICATION PROGRAM 

The fabrication for the LOFT fuel modules is based on the following objectives: 

(I) Preproduction process demonstration of all difficult fabrication processes and 
measurement techniques 

(2) Characterization ofthe fuel module with emphasis on characteristics that could 
influence the fuel bundle response during the LOCE 

(3) Fabrication program based on the quality assurance requirements of RDT 
3LdliUdid P2·2. 

. . 

I. PREPRODUCTION PROCESS DEMONSTRATION PROGRAM 

The preproduction process demonstration program for fabrication processes was com­
prehensive and thorough. The program performed for fuel bundle fabrication at Exxon is 
summarized in Table VI. Similar comprehensive programs were performed-- for the upper 
support structures l?Y L&S Machine Co, and for the instfl!mentation penetration assemblies 
and fuel module assembly by EG&G_Idaho, Inc. 

The process demonstration programs were effective in identification of unsatisfactory 
design and fabrication conditions and confirming that the corrective action was satisfactory. 

The qualification/demonstration programs for measurement techniques were also 
comprehensive and thorough. Table VII is a summary of some of these qualification activi­
ties which are of special interest because of the unique character of the inspection. All 
equipment and inspection equipment operators are covered by a comprehensive program to 
maintain equipment accuracy and operator skills. 

?. .. CHAR ACTERTZATTON 

The fuel module characterization is designed to provide (a) traceability to raw 
materials, fahrication processes, inspection techniques, and· participating personnel, (b) 
measurement of characteristics which could influence the fuel bundle response during its use 
in the LOFT experimental program, and (c) measurement of characteristics required to 
demonstrate that the components satisfy the agreed upon specifications. Table VIII. is a 
summary of some of the more important fuel bundle characteristics which have been or will 
be determined and recorded. The laser-Doppler determination of the fuel bundle flow 
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VI 
-.....) 

TABLE VI 

LOFT FUEL BUNDLE FABRICATION PROCESS QUALIFICATIONS/DEMONSTRATIONS PROGRAM 

Purpose 

1. Fuel rods 
a. End cap welds (WP-27 and -61 

b. Rotary fuel pelle: pressing 
c. Fuel rod assembly 
d. Fuel rod oressuri~ation 

2. fuel Bundle Skeleton 
a. Guide tube sleeve weld (WP-39) 

b. Guide tube sleeve edge weld (WP-40) 
c. Guide tube lower end weld (WP-41) 

d. 15 x 15 spacer grid intersection 
joint welds, end tab weld, and 
corner overlap weld (SP-114) 

e. 15 x 15 spacer grid assembly 
(SP-114) 

f. Corner spacer grid assembly 
( SP-117) 

g. Spacer grid locking ring weld 
(WP-50) 

h. Instrumentation tJbe plug weld 
(WP-42) 

3. Fue 1 Bundle End Boxe'; 
a. Upper (15 x 15) e1d box 90-degree 

corner weld (LSWP-1) 
b. Upper (corner) end box 45-degree 

corner weld (LSWP-3) 

PerfJrming 
Organization 

ENC 

E~C 
ENC 
ENC 

ENC 

ENC 
~c 

CAHAN 

CARAN 

CARAN 

ENC 

ENC 

L&S 

L&S 

Results 

Satisfactory (40 welds each) 

Satisfactory (507 pellets) 
Satisfactory (6 rods) . 
Satisfactory after a design modification 
to prevent contamination of the seal weld 
with spatter from the Inconel pellet 
holddown spring. 

Satisfactory (6 s~mples) with rework to 
correct alignment 
Satisfactory (6 samples) 
Satisfactory (16 samples) with rework to 
correct alignment 
Satisfactory (10 samples each) after 
changes were made to eliminate porosity 
in weld centers 
Satisfactory (1 assembly) after design 
changes were made to center strips in 
slots during welding 
Satisfactory (one) 

Satisfactory (6 samples) 

Satisfactory (6 samples) 

Satisfactory (2 samples) 

Satisfactory (2 samples) 

Documentation 

Exxon reports, 7/8/72 (WP-27) and 9/17/73 
(WP-61). 

Exxon report, 6/2/72. 
No report available. 
Exxon report, "XN-145, LOFT Prepres­
surization Process Demonstration", 
Augu5t 1973. 

Exxon report, 2/20/73. 

Exxon report, l/30/73. 
Exxon report, 2/20/73. 

Caran report, 8/19/72.· 

Caran report, 8/19/72. 

No report available. 

Exxon report, 9/3/74. 

Exxon report, 2/5/73. 

L&S report, ~larch 1973. 

L&S report, ~13rch 1973. 



Purpose 

3. Fuel Bundle End Bo:<es (corrtin~.~ed) 

4. 

c. _Upper end box side plare to collar 
weld (LSWP-2) 

Fuel Bundle :nstr.umen'tatior Attachment 
a. Guide tube thermocouple to guide 

tube attachment laser ~ld (WP-lCl) 
b. Guide tube assembly support to tulle 

weld (WP-44) 
c. Different·al pressure tube locki"9 

ring weld (WP-45) 
d. Liquid le .. el routing fi>.ture gusset 

and lock welds (\.IP-46) 
e. Coolant Uermocouple hot jl61ction 

attachment to tie plate (metal uJ:Set) 
". Instrument cable bt;ndle· staple 

weld (WP-59) 

g. Lower tie plate to T/C cover plate 
weld (WP-52) 

h. Thermocouple seaw weld CWP-56) 
i. Fuel rod thermocouple. attachment 

laser weld 

j. Fuel rod/t'e pla:e fasterer sys­
tem (including metal ups:t) 

k. Guide tube instrumentati:n assembly 

Performing 
Organization 

L&S 

ENC 

ENC 

[NC 

[NC 

[NC 

H:NC 

ENC 

E_NC 
ENC 

ENC 

ENC 

TABLE VI (continued~ 

Results 

5c:tisfc.ctory (1 sample) 

5c:tisfc.ctory (12 samples) 

5c:tisfc.ct<>ry (16 welds) 

5c:tisfc.ct<>ry (8 welds) 

5c:tisfc.ct<>ry (6 samples) 

5: tis fc.ct<>ry ( 4 samp 1 es) 

5:tisfact<>ry (6 samples) afte~ imp~ove­
ments for minimizing instrume1t cable 
1eatino 
5:tisfact<>ry (14 samples) 

5:tisfact<>ry (12 samples) 
5:tisfactory (1 full length, ~ T/C samples 
J~r machi~e) after numerous p~ocess im-
Jrovements over a 3-year periJd. To date, 
3~·proximately 6 full-length P)Q units, many 
H•-inch Frocess requalificatiJn units and 
5i prototypes have been fabri:ated as part 
Jf the tctal process demonstr>tion program 

Documentation 

L&S report, March 1973. 

Exxon report, 3/12/73. 

_Exxon report, 2/5/73. 

Exxon report, 3/l/73. 

Exxon report, 3/19/73. 

Exxon report, 4/73. 

Exxon report, 3/22/74. 

Exxon report, 2/13/73. 

Exxon report, 2/8/73. 

5.: tis factory ( 3 samp 1 es) Exxon report, 3/7 3. 

)re satisfactory assembly per model Exxon reports:_ 



Purpose 
Performing 

Organization 

4. Fuel Bundle Instrume1tation Attachment (continued) 
(l) Type B instrumentation tube 

model 
(2) Two coolant thermocJuple models 
(3) Four coolant thermocouple models 
(4) Fixed flux detector model 
( 5) One guide tube T /C .11ode l 
(6) Four guide tube T/C.models. 

5. Fuel Bundle Assembly 
a. Upper tie plate tJ end box weld ENC 

(WP-4g) 
b. Fuel bundle tack and retaining welds ENC 

(WP-88) 
c. Fuel bundle assembly plug weld (in- ENC 

eluding pins and :lowels) (WP-89) ENC 
d. Center (15 x 15) fuel bundle pro­

totype 

e. Corner instrumented fuel bundle 
prototype 

ENC 

TABLE VI (continued) 

Results Documentation 

(l) To be published 

(2) 2/8/75 
(3) 2/8/75 
(4) No report available 
(5) 2/B/75 
(6) To be published. 

Satisfactory (8 samples) Exxon report, 3/l/73. 

Satisfactory (approximately 8) Exxon report, l/22/75. 

Satisfactory (approximately 8) Exxon report, 10/7/74. 
Successful (l complete unit) -- The result Exxon monthly report for January 1973. 
indicated the following improvements were 
necessarx or desirable: 
1. ANc[aJ furnished titanium-sheathed 

thermocouple quality 
2. Fuel ·rod thermocouple attachment tech­

nique 
3. Instrument cable bundle attachment to 

upper end box 
4. Liquid level detector alignment 
5. Lower end box thermocouple positioning 
6. Skeleton alignment 
7. Guide tube locking ring welding 
Successful (1 complete unit) -- The results Exxon monthly report for July 1973. 
indicated satisfactory improvement of Items 1 
through 5 above and indicated the following 
improvements were necessary or desirable: 
1. Guide tube locking ring welding 
2. Assembly shop management 
3. Skeleton alignment tilt (caused by 

inherent triangular shaped sensitivity) 



0\ 
0 

Purpose 

5. Fuel Bundle Assembly (.:ont;1ued) 

6. 

f. Contro 1 ( 15 x 1 ~-) fue 1 bund~ e 
prototype. 

Control Rod Assembly 
a. Control rod end fitting sea·: weld 

(WP-54) 
b. Control rod·to spider plug weld 

(WP-55) 
c. Extension shaft weld (WP-581 
d. Control rod asse~bly. 

7. Neutron Source ASsembly. 

8. Fuel Bundle_Packaging and Ship?ing. 

[a] ANC is now EG&G Idaho, Inc. 

'I 

Per=ormi ng 
Organization 

ENC 

ENC 

ENC 

~::NC 
.::NC 

oNC 

oNC 

\ 

TABLE v: (co.ntinued) 

Results Documentation 

4. Ske 1 et•ln a 1 i gnment twi s"t (caused by 
guide :ube residual torque introduced 
by..nut torquing) 

5. Cleara1ce and access to lower end box 
guide·~ube nuts 

6. Weldin-~ head access to peripherc.l spacer 
grid locking rings 

·su:cessful {l noninstrumented unit mock- ~o report available. 
up) -- .Th~ results indicated satisfactory 
imoroveme1t of Items S.d. 6 and 7 c.nd 5.e. 
anj 4 abo1e. · · 

Satisfact•Jry (14 samples) 

Satisfact-Jry .00 welds) 

Satisfact .. Jry (3 samples) 
Su:cessful (2 prototypes) -- "The results 
in.jicated that improvements were desir­
a~le in r~ducing porosity in the spider 
raN material and spider surface finish. 

~xxon report 6/10/74. 

~xxon report 4/3/74. 

~xxon report 6/13/73. 

Su:cess fu I ( 1 comp 1 ete prototype) -- 3ame. as Item 5. e. 
Th: results indicated improvements were 
d~irable for positioning the tube-to-
shaft crimping tool. 

Successful (1 instrumented (15 x 15) control ,o report available. 
fuel bundle mockup] -- The results indicated 
improveme1ts were desirable in shipping 
container cleanliness: inside (before 
pa:kaging) and outside (during transport); 
and assuring all support equipment was 
installed. · 



TABLE VII 

LOFT FUEL MODULE SPECIAL INSPECTION TECHNIQUE PROCESS DEMONSTRATIONS 

Ins~ection Device:Technigue 

A. LOFT fuel bundle and RCC alignment 
vert i ca 1 ga·3e 

B. LOFT fuel bundle rod-to-rod inspection 
ga~e 

c. Fue·l pellet diameter ·automatic 
inspection instrument 

D. Fuel rod thermocouple attachment 
weld torque tests 

[a] ANC is now EG&G Idaho, Inc. 

PerfJrming 
Organization 

E~C 

E.~c 

ENC 

EWC 
Awe[ a] 

Results Documentation 

Satisfactory demonstration of repeatability ENC report, March 1973. 
on a center fuel bundle prototype. 

Satisfactory comparison of measured versus ENC report, March 1g73. 
actual dimensions in a typical. 15 x 15 
configuration. 

Satisfactory rejection of 10 oversize and ENC report, f'./22/71. 
10 undersize pellets mixed into a batch 
of acceptable pellets. 

Numerous test results developed a meaning- No report available. 
ful correlation between the torque test 
results and the thermal-cycling (strength) 
capabilities of the weld. 
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Item 

A. Fuel Bundle 

TABLE VII I 

AS-BUILT LCFT FUEL BLNCLE CHARACTERISTICS TO BE DOCUMENTE~ 

Cha racterii s tics 

1. Weight 
2. Length 
3. Envelope 

a. Square 

b. Corner 

4. End surface 
squareness 

5. Spacer grid 
spacing 

6. Pressure drop 
7. Flow distributior 
8. Strength 
9. Flow vibration 

sensitivity 
1 0. DNB 
11. Flow mixing 
12. Control rod drop 

time 
13. Rod-to-rod spacing 

Values 

NA 
78.568 ± 0.060 in. 

8.449 in. square 

7.429 in. legs X­
,10.506 in. hypotenuse 

Parallel to 0.005 in~ 

16.60 ± 0.06 in. 

Determined by test 
Determined by test 
Determined by test 
Determined by test 

Determined by test 

Determined by test 
75% of travel in 2 sec, 
100% of travel .in 3 sec 
0. 120 in. min 

.. 

Notes 

Actual value 
Tabulate actual dimension 

Must fit full length with bottom 
centered · 

Must fit full length with bottom 
centered 
Certification of compliance 

Certification of compliance 

Actual test data· 
Actual test data 
Actual test data 
Actu~l:test data 

Actual test data 

Actual test data 
Determined by test, actual test 
data 

Determined with electron1c device, 
Certification of compliance 



TABLE VIII (continued) 

Item Characteristics Values Notes 

B. Each Component 1. Chemical Composition: 
a. Fuel pellet (U02) Stoichiometric 2:oo to Actual value per lot 

2.02 oxygen to uranium 
ratio,·4.00% enrichment 

b. Fuel rod cladding ASTM B 351 GR RA-2 
(Zr-4) 

Actual value per lot 

c. Fuel rod ::n- 99.3% pure Al 2o3 Actual value per lot 
sulating washer 

d. Fuel rod spring AMS-5698B or 5699B Actual value per lot 
(Inconel X-750) 

0\ e. Fuel rod end ASTM B351 GR RA-2 Actual value per lot w 
fittings (Zr-4) 

f. Spacer grid AMS 5596 C ( Inconel 718) Actual value per lot 
straps 

g. Locking rings ASTM A 213 (304 L SS) Actual value per lot 
h. Guide tube ASTM A 213 (304 L SS) Actual va 1 ue per 1 ot 
i . Guide tube fitting ASTM A 276-70 (304 L SS) Actual value per lot 
j. End boxes ASTM A 240-70 (304·L SS) Actual value per lot 
k. Miscellaneous fuel·Mostly 304 L SS Actual value per lot 

bundle co~ponents 
1. Control rod 80% Ag, 15% In, 5% Cd Actual value per lot 

poison 
m. Control rod ASTM A-213 (304 L SS) Actual value per lot 

cladding 
. . . 



Item 

B. Each ComJonent 
(continued) 

C. Fuel Pellet 
Drawing No. 
JN 300343 

D. Fuel Rod 
Cladding 
JN .300336 

TABLE VIII (continu=d) 

Characteristics Value5 Notes 

n .· Contra 1 rod spring AMS-5698 or 5699B Actua 1 ·-ta 1 ue per 1 ot 
o. Control rod end ASTM A 276-70 (304 L SS) Actua·l -talue per lot 

f·tting 

p. Control rod spider AST~ A 240-70 (304 L SS) Actual ~alue per lot 

q. M·scellaneous con- Mostly 304 L SS 
trol rod components 

[mpurities: 
[ndividual 
Tota ·, gasecus 

J-1ois:ure 
Boron equ i \ia 1 ent 

2. )iameter 

3 . ..,,eng~h 

4. ?erpendicularity 

5. )ish geometry 

E. Jefects (chips, 
:rac<s) 

?. JensHy 

f. Surface finish· 

t. Impu"'ities: 
IndiJiduai 
Fini 5hed pt·oduct 

Boro1 equivalent 

· JN 530061, Appendix :B 
0.1 C cc/g 

20 ppm max 
3 ppm max 

0.3659 ± 0.0005 in. 

0.600 ± 0.025 in· .. 

End surface 1 0.005 in. 
0.420 in. sphErical 
(both ends) 

See JN-530061~ 
Paragraph 3.5.3 

93 ± 1.5% thecretical 
63 

\ (RMS) 

JN-530084, Appendix C 
N2, H2, 02, C 

40 ppm max 

Actual value per lot 

Value for each lot 
Vacuum outgassing at 3000°F, 
value .fbr each lnt 
Value for each lot 
Value for each lot 

Certification of compliance 

Certification of compliance 

Certification of compliance 

Certification of compliance 

Certification of compliance 

Certification of compliance 

Certification of compliance 

Value for each lot 
Value for each lot 
Value for each lot 



0'1 
VI 

Item 

D. Fuel Rod 
Cladding 
JN 300336 
(continued) 

TABLE VIII (continued) 

Characteristics 

2. Tensile properties 
ambient to 650°F 

3. Flare 

4. Burst 

5. Defects 

6. Grain size 

7. Hydride orientation 
8. Corrosion 

resistance 
9. Wa 11 thickness 

10. Inside diameter 

11. Outside diameter 

- Va 1 ues 

JN 530084, Paragraph 
3.5.2 

JN 530084, Paragraph 
3.5.3 
JN 530084, Paragraph 
3.5.4 
0.002 in. deep x 0.004 
in. wide x 0.125 in. 
long max 
Size 7 longitudinal, 
8 transverse (max) 
FN less than 0.30 
Weight gain per 
ASTM B 353 
0.0228 in. min 

0.3734 ± 0.0015 in. 

0.4240 ± 0.0015 in. 

Notes 

Value for each lot 

Value for each lot 

Value for each lot 

Certification of compliance 
(test on each tube} 

Value foi each lot 

Value for each lot 
Value for each lot 

Value for each center assembly 
tube. Certification of compli­
ance for others 

Value for each center assembly 
tube. Certification of compli­
ance for others ,. 

Value for each center assembly 
tube. Certification of compli­
ance for others 
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Item 

D. Fuel Rod 
Cladding 
JN 300336 
(continu2d) 

E. Fue 1 Rod End 
Caps 

F. Fuel Rod In­
sulating· 
~~asher 

JN 300337 

TA3LE VIII (continued) 

Characteristics 

12. Strc,ightness 

13. Surface finish 

1. Implllrities: 
·rnd·.vidual 
Finished product 
Boro~ equivalent 

2. Tensile properties 
ambient and 650°F 

3. Hardness 

4. Defects 

5; Grain size 

Values 

0. 015 in. in 12 in. 
32 "'liiax 

JN S30085, Appendix C 
N, f-, 0 
40 ~pm max 

JN ~30085, Paragraph 
3.5.3 
Rockwell 392 max 
0.005 in. deep x 0.004 
in. wide x 0.125 in. 
long max 

' Size 7 max longitudinal 
.and transverse 

6. Corrosion resistance Weight gain per ASTM 
B 351 

7. Dirrensions Drawings JN-300460 and 
JN-300436 

1. Impurities: 
Individual 
Total gases 

Moisture content 
Boron equivalent 

JN S30067 Paragraph 3.22 
0.05 cc/g 

35 ppm max 
76 ;:>pm max 

Notes 

Certificati6n of compliance 
Certification of compliance 

Value fJr each lot 
Value for each lot 
Value for each lot 

Value for each lot 

f 

Value for each lot 

Also 0.0136-in~ diameter hole 
Value f·or each rod or bar 

Value for each lot 

Valu~ for each lot 

Certification of compliance 

Value for each lot· 
Vacuum-outga~ at 3000°~, value for 
each lot 
Valu~·for each lot 
Value for each lot 



Item 

F. Fuel Rod In-
sulatin.g Washer 
J.'J 300337 
(continued) 

G. Fr;.~e 1 Rod 
Plenum Spring 
JN 300338 

H. Fuel Rod 
Assembly 
JN 300463 

:, . ' 

TABLE VIII (continued) 

Characteri~tics 

2. Compressive strength 

3. Pits, chips, and 
cracks 

4. Dimensions 

1. Boron equi\ialent 
( i mpurit i e~.) 

2. Tensile properties 
(wire) 

3. Spring constant 

4. Dimensions (free 
length, diameter, 
etc.) 

1. Fill gas pLrity 
. (99. 9% pure·) 

2. Pellet stack weight 
3. Pellet stack length 
4. End cap weld 

,quality 
5. End cap weld 

strength 
6. Plenum length 

7. Pellet seating 

Values 

250,000 psi 
JN S30067, Paragraphs 
3.3.3 and 3.3.4 
Drawing JN 300337 
1300 ppm max 

AMS 5698 B or AMS 
5699B 
10.4 ± 1.4 lb/in. at 
3 in. 
Drawing JN 300339 

95% He min (5% Argon) 

1134 g max to 1112 g min 
66.000 ± 0.125 in. 
JN S30106, Paragraph 
3.3 
Joint efficiency 80% 
clad strength 
3. 00 in. 

No space 

Notes 

Value for each lot 
Certification of compliance 

Certification of compliance 
Value for each lot 

Value for each lot 

Certification of compliance 

Certification of compliance 
(0.360 ± 0.004 in. dia, 3;64 ± 
0.020 in. free length) 
Verify by process qualification, 
certification of compliance 
Value for each stack 
Value for each stack 
Certification of compliance with 
100% radiograph 
Verify by process qualification 

Certification of compliance 
w/radiographs on samples 
Certification of compliance 
w/radiographs on ~amples 
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Item 

H. Fuel RoG 
Assembly 
JN 300463 
(continued) 

I. Spacer Grid 
JN 300443 
JN 300440 

Cha"'acteristics 

8. Corrosion test 

9. Pressure boundary 
defects 

iO. Straightness 
"'1. Diameter 
i 2. Length 
1. Boron equivalent 
2. Welds: 

a. 'Quality 

b. Inters:ction 
·weld lJad 
capacity 

TABLE VI1I (continued) 

Values 

Free of white and brown 
con·osion 

-8 1 x 10 cc He/sec 
hr/max 
0.015 in. in 12 in. 
0.4220 ± 0.002 in. 
70.380 in. 
1250 ppm max 

JN S30154, Paragraph 
3.2.2 
Det:rmined by test 

3. Tersile properties Pro:ess control 
Determined by.tes~ 4. As~embly bearing 

·loc:d capacity 
5. Fuel rod spring 

constant 
6. Guide tube spring 

constant 
7. Dimensions 

2.5 lb at 0.020-in. 
deflection 
2 lb at 0.10-in. 
deflection 
See drawings 

Notes 

Ec.C'l rod 

(5C~icron vacuum) each rod 

Certification of compliance 
Certification of compliance 
Value for each rod 
ValLe for each lot. 

Certification of compliance 

Actual test data 

S~e JN S30l54, Paragraph 3.2.3 
A-:cua 1 te.st data 

C:rtification of compliance 

C:r:ification of compliance 

ce~:ifications of compliance for 
each spacer 
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Item 

J. Guide Tube 
JN 300346 

K. End Boxes 
(tie plates, 
end box, and 
cover plate) 

TABLE VIII (continued) 

Characteristics Values 

1. Boron equivalent 850 ppm max 
2. Tensile properties: 

Ambient and 650°F JN S30034, Paragraph 
3. 3.1 

Ambient to 1600°F 
Flare test 
Burst test 

3. G;~ain size 
4. Straightness 

5. Defects 

6. Corrosion resistance 
7. Dimensions: 

Inside diameter 

Determined by test 
Determined by test 
Determined by test 
Size No. 7 max 
0.015 in. in 12 in. max 
0.002 in. deep x 0.004 
in. wide x 0.125 in. 
long max 
0.005 in./month max 

0.511 ± 0.0015 in. 
Outside diameter 0.545 ± 0.0015 in. 
Miscellaneous See drawing 

1. Boron equivalent 850 ppm max 
2. Tensile properties: 

Raw material ASTM A 240 
Finished parts Determined by test 

3. Corrosion resistance 0.003 in./month ma·x· 

Notes 

Value for each lot 

Value for each lot 

Actual test data 
Value for each lot 
ASTM A 450, value for each lot 
Value for each lot 
Certification of compliance 
All tubing (UT examination) 

ASTM A 262 Practice C 

Certification of compliance 
Certification of compliance 
Certification of compliance 
Value for each lot 

Value for each lot 
Actual test data 
ASTM A 262 Practice C 
Value for each lot 
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Item 

K. End Boxes 
(tie plates, 
end box. and 
cover p;ate) 

(continued) 

L. Control Rod 
Poison 
JN 300373 

M. Control Rod 
Assembly 

N. Control Rod 
Assembly 
Hardware 

TABLE VII I ( cont1 nue.d) 

Characteristics 

4. Defects 

5. Weld quality 

6. Dimensions 

1. Impt.rities 
2. Density 
3. Dimensions (lengt1, 

diameter, etc.) 

l. Fit- up with fue 1 
buncle 

Values Notes 

Max holes 0.032-in. dia- Certification of compliance 
meter at ·o.5 in. from sur-

. face· and 0.047-in .. -dia-
meter hole at 3 in. from 
surface 
See drawings Certification of camp 1 i an.ce 

See drawings Certification of compliance 
JN 530220, Appendix B 

I 
Value for each lot 

9.5 to 10.3 g/cm3 Value for each lot 
See drawing Certification of cp~pliance 

(66 ± 0.030 in. long x .0.398 
0.001 in. diameter) 

lO~lb drag force max Each assembly 

The component characteristics will be documented in the same manner as fuel bundle 
pieces. 

± 
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distribution characteristics, the fuel bundle strength test, the DNB and thermal-mixing test, 
the control rod drop tests, and the pressure drop test (see Tables Ill and IV) are also 
components of the characterization program and demonstrate the emphasis given to fuel 
module characterization. 

3. FABRICATION 

The fabrication program is based on the quality assurance requirements of RDT 
Standard F2-2. All manufacturing and inspection operations are performed in accordance 
with detailed procedures and under facility conditions !hat assure cleanliness requirements 
are satisfied. Deviations from approved specifications of components or processes are 
formally reported and dispositioned by the appropriate technical agencies. The fuel bundle 
and upper structure fabrication programs at Exxon Nuclear Co. in Richland, Washington, 
and L&S Machine Co. in Latrobe, Pennsylvania, have been performed under a policy· of 
full-time EG&G Idaho Quality Division surveillance and periodic technical audits by EG&G 
Idaho, MPR Associates, Inc. (Exxon only), and ERDA (Exxon only). Table IX is a summary 
list of the fabricators of the fuel module components. The performance of the principal 
fabricators was exemplary; each demonstrated skill, efficiency, pride in their product and 
corporate image, and responsiveness to frequent design changes and requests for technical 
assistance. The success of this fabrication program is indebted to these suppliers. Some 
interesting information from the fabrication program is as follows. 

3.1 Laser Welding 

This part of the fabrication program is of special interest because of the experience 
and limited success in performing an extremely difficult welding task. LOFT fuel rods 
requi~e the welded attachment of fragile thermocouples having a sheath thi~kness of only 
0.009 inch to the fuel rod. Up to four thermocouples are attached over virtually the entire 
fuel rod length. In some cases this required approximately 5000 weld spots that had to be 
(a) positioned on the filler wire between the thermocouple and fuel rod cladding within 
±0.002 inch and (b) identical in size and thermal intensity. The welding equipment includes 
two identical units each consisting of a basic Korad (Korad Division of Hedron, Inc., Santa 
Monica, California) laser-driller model KWD which uses a Y AG (Yttrium-Aluminum-Garnet) 
laser rod and a specially designed pneumatically controlled positioning and indexing tool 
provided by S/P Product Design of Costa Mesa, California. 

This laser welding system has been in a continuous improvement status since late 
1971. Equipment improvements include: 

(1) Shutter positioning 
(2) Power supply component shock mounting 
(3) Power supply instrumentation 
(4) Binocular sight reticle 
(5) Optic alignment techniques 
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Component 

1. Fuel pellets (UO~) 
c. 

2. Fuel rod cladding. (Zr-4-) 
3. Fuel rods 

4. Spacer grids (Inconel) 
5. Guide tubes: SS 

Zr-4 
6. End boxes 
7. Fuel bundles 
8 .. Control rod pois.on (Ag-In-Cd} 
9. Control rod spider 

10. Control rods 
11. Control rod clus~er assembly 
12. Holddown springs 
13. Upper structure assemblies 
14. Instr. Penetration Pivct Arm 
15. Ti-Ta-:nconel Sandwich 
16. Instr. Penetration Com~onents 
17. Neutron Source 

(Californium) As5em~ly 
18. Fuel Module Assembly 

TABLE IX 

LOFT FUEL MODULE FABRICATORS 

Fabricator 

Exxon Nuclear Co. · 

Sand~it Special Metals Co. 
Exxo1 Nuclear Co. 

Caran Precision Eng'g Mfg'g Co. 
Superior Tube Co. 
Sand~ik Special Metals Co. 
L&S "1achine Co. 
Exxon Nuclear Co. 
Hand:t and Harman 
Allied Pacific Manufacturing Co. 
Exxon Nuclear Co. 
Exxon Nu·: 1 ear Co. 
Duer SJring Co. 
L&S Ma·:hine Co. 
Unit-ed Precision t-1achine Works 
EI DupJnt deNemours & Co. 
EG&G Ijaho, Inc. 
Monsanto Research Co. 

EG&G Idaho, -Inc. 

Address 

Richl~nd, Washington 
Kennewick, Washington 
Ricrl~nc, Washington 

Pararourt, California 
.. 

Morristown, Pennsylvania 
Ken~e~ick, Washington 
Latrobe~ Pennsylvania 
Richland, Washington 
New York, New York 
Compton! California 
Richland, Washington 
Richland, Washington 

Coraopo1is, Pennsylvania 
Latrdbe, Pennsylvania 
Salt Lake City, Utah 
Wilnington, Delaware 
Idahc National Engineering Lab. 
Daytcn, .. Ohio 

Idah~ National Engineering Lab. 
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(6) 
(7) 
(8) 
(9) 
(10) 
(II) 

Flash lamp support 
Tooling alignment techniques 
Preventive maintenance program 
Optical and pneumatic system cleanliness 
Laser beam intensity pattern measurement and adjustment techniques 
Laser room temperature stability. 

The laser system production record is of interest because of an evalution of significant 
improvement in efficiency. A production record summary is shown-in Table X. 

The first core and spares compaign peak production period was preceded by 
~evelopment of techniques for measuring and adjusting the laser spot energy intensity 
pattern which solved a chronic problem of nonuniformity between the "frontside" and 
"backside" welds (see Figure 10). The reload core compaign was ·preceded by several process 
and equipmen! improvements designed to increase equipment reliability and reduce operator 
errors. 

The complexity of the operation is very demanding on the operators, and operator 
errors accounted for approximately 5% of the rejecte.d rods during the first core and spares 
production campaign. The system is capable of producing a four-thermocouple fuel rod in 
approximately I 0 hours per machine. 

3.2 Fuel Bundle Assembly 

This activity has also undergone an evolutionary process to achieve the specified 
alignment objectives. The assembly is accomplished in a horizontal position for instrument~­
tion handling purposes. Fuel bundle alignment objectives were achieved after several 
technical problems were solved. Some of the highlights are as follows: 

(I) The skeleton assembly involves spacer grid attachment to the guide tubes by 
split rings positioned above and below the spacer grids and welded to the guide 
tubes. The locking-ring-to-spacer-grid separation was discovered to be important 
to spacer grid parallelism characteristics, and welding process improvements 
were required. It was later discovered that shrinkage from the locking-ring-to­
guide-tube welding also contributed to the spacer grid parallelism, and welding 
sequence improvements were made. 

(2) The upper end box is attached to the guide tubes by mechanical (threaded) 
techniques. The torquing of the nuts results in residual torque in the. guide 
tubes which causes the free-standing skeleton or fuel bundle to twist. Process 
improvements were made to minimize residual torque in the guide tubes. 

3.3 Fuel Module Assembly 

The assemhly of the LOFT instrumented fuel modules involves a complex procc~s 
consisting of parallel (two fuel modules) assembly processes requiring coordinated, 
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TABLE X 

LOFT FUEL R0D THERf.'OCOUPLE ATTACHMENT HISTORY 

Cam~aign 

l. First core and spares: 

a. Average 

b. Peak production 

2. Reload core 

Years 

,.914 & 5 

1975 

1977 

[a] Equ~pment time-p~erating ~ffi~iency. 

Duration 
. (Week) 

69 

10 

12 

Fabrication Data 

Tota 1· 
Rods 

143 

65 

~7 

Rods Per 
Week 

2 •. , 

6 .. 5 

4.8 

Rejects 
(%) 

19 

15 

0 

Laser 
TOE[a] 

36 

95 

. 97 



sequenced, highly skilled participation by. pipe fitters, mechanics, welders, equipment 
operators, and instrument cable brazing, splicin·g, and terminating technicians. Errors in the 
fuel module ·final assembly stages are especially serious, because the instrumentation- is 
generally not replaceable and the completed instrumented fuel module value is approxi­
mately $500,000. 

A program for management risk appraisal and correction was implemented using the 
results of the prototype assembly activities, a committee review of facility readiness, and the 
production activities. Improvements in fuel module quality and reductions in the fuel 
module assembly time, which were experienced during the assembly campaign, indicate the 
risk appraisal_program was effective. Also fuei'module da~age was avoided during a flooding 
incident while the assembly facility was unattended by prior recognition of the risk and 
implementation of mitigating safeguards. 

Technical highlights of the fuel module assembly program include the following: 

(I) The brazing and welding process for sealing the instrument cable to the reactor 
pressure boundary was performed without instrument cable drainage. Special 
control of component dimensional and cleanliness characteristics likely con­
tributed to process reliability. A technician-developed brazing-process sequence 
change resulted in an improvement in reproducibility. 

(2) The hard-to-soft sheath instrument cable splice reliability and reproducibility 
was improved by development of (a) a stronger splice design (see Appendix A, 
Figure A-12 drawing zone -7C) and (b) a method for confirming the correct splice 
lead matchups (heat splice and measure detector output). The only instrument 
loss (one thermocouple) occurred atthis assembly step. 

(3) The development of a technique for confirming the function and location of 
each thermocouple. The technique consists of applying a focused stream of hot 
inert gas (argon) to the thermocouple hot junction and measuring the 
thermocouple output. Several location irregularities were discovered. 

75 



V. CONCLUSION 

The total program for the design, characterization, and fabrication of the LOFT fuel 
modules has achieved an objective of technical activity documentation and component 
characterization in a manner that (a) indicates an effort to provide a fuel module that will 
credibly represent an LPWR fuel bundle during a. LOCA and (b) determines the 
representative characteristics of the LOFT fuel bundles. The achievement of design 
objectives and success of the total fuel module design, ch(l!acterizati<;m,. and fabrication 
program will be deterrnjned by the performance of the fuel modules in the LOFT testing 
program. The planning and preparation activities for the interim fuel bundle inspection 
(requalification) and fmal fuel bundle examination .(posttest autopsy) components Of the . 
LOFT testing·program are proceeding. 
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APPENDIX A 

LOFT FUEL MODULE ASSEMBLY DRAWINGS 
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I RE MO\.E ALL BUAR,S &. .SHARP EDGE S. 

2 WELD PER AS ME BCILER & PRESSURE VE SSE- CODE 
SECTION m A$ SUPPLEMENTED BY ROT E15·~T . 

INSTRJMENT LEADS TO BE BR .. ZEC INTO SUlTON 
ASSY~ PER A~-: BA.6ZE PROCEDURE BR 1.2 -4f.:) & ll61. 

31 DATUM ffi IS DEFINED AS THE VERTIC AL REFE RENCE 
CEN TERLINE PASSING THROUGH THE CENTER OF 
BOUNDARY PLANES FORMED BY A RI GHT TRIA NGLE HAVING 
2 ADJACENT@~ S IDE S. THE CENTER OF THE RIGHT 
TRIAN GLE IS DETERMINED BY THE II\ TERSECTION OF 

BUTTCt-4 ASSY. SHALL BE HELIUM LEAK CHECKED F-.R ROT F3-IIT 
AF"TEF: BRAZING &. AFTER WE~G WTTON SET INTJ PRESSLRE F\.ATE. 

~PE~~Zrill&lT~~liJ~lSIOIG, ~~~u~a~c~R BRAZ-

LINES WHICH ARE PERPENDICULAR TO THE SlOES AND 
HYPOTENUSE OF THE TRIANGLE AND HAVING THEIR 
INTE RSECTION POINT EQUI -DISTANT -o All 3 SIDES OF 
THE TRIAN GLE . CLEA~jiNG & CLEANLINE SS PER ROT F5·fl. 

:JsLp~;~gsWI~~ R~?~~E~A~~I;I~~TI~~S :c~0EP8T~;·6~~~~~RIA 
PER RTD F6-2T PARP 6.3.2. l EXCEPTIONS AS NCTEO IN THE 
SPECIFIC WELD C"GCEDt iRES . 
LOCK CUPS TO @E LOCKED BY DEFORMING CUP INTO 
GROO'IES ON CAP !:~C REW HtAD EXCEPT AS /'ooOTEO. 
VISUALLY INSPECT. NO CRACKS ALLOWED. 

LUBRI:ATE UNDER HEADS 4 ON THREADS OF ALL 
THREADED FA STENERS PER ROT F8-IT WITH 2 COATS OF 
NEOLJBE B, OAG I~S OR EQUIV. 

TORQUE FASTE NE RS PER ROT FB·IT TO VALUE SI-('IWN IN TCRXJE 
TABL E. TIGHTEN TC• INITIAL TORQUE VALUE, RELAX 

!~~~E& T~o~i~~ ~L~~~O~U~H6ow:I~L ~~~~~EF&. 
A MARK PER ROT n -:n USING VIBRATING MARl:ING 

12g1... M~THO._P.. Will-I 204024 ! APPL IC ABLE 0"SH NO. &. 

£ 111 M"&E&'iil~A.I- c':?IO<EL ·ALUMEL THERMOCCUPLE 
LEADS. 

Ill 
a 
~ 

TO BE USED WITH PLATINUM-RHODIUM THERMCKOUPLE 
LEADS. 
TO EE SUPPLIED AS PART OF INSTRUI.AENT BY 
INSTRUMENTATION BRANCH . 
LOCKWIRE PER ROT M6- 2T CLASS 8 . 

A THESE PARTS FURMSHEO AS LOOSE PIECE ITEMS ON 

ASS1'S 204:588-:5. 204:589· 3 ,20680]- 1 OR 20461~·1 AND ARE 

SHOWN IN LJ\.4 TO ASSIST IN PROCUREMENT A~D,A:>R 
FABRICATION ONLY. SEPARATE OROEFING IS NO"T REOO 
UIIL~SS PARTS ARE NOT INQ..UDED IN THE P~ENT 
AS~Y PACKAGE. REF G,/N a · 

& INSTALL FITTING PER VENDOR'S INS.TRUCTIONS EXCEPT 
TO~UE 1/4 TO t/2 TURN BEYOND FINGER TI::;HT 

17 SURFACE ROUGHNESS 12r UNLESS. OTHERWISE NOTED. 

WELD TO BE PERFORMED AFTER FINAL INS ... ALLATION 
OF FA STENER. 

LIO.JID PENETRANT INSPECT PER ROT F3· 6T. 
ACCEPTANCE CRITERIA PER ROT F6-2T PAR._ 6 .3.3 . 

-20 (i) DENOTES TORQUE REQUIREMENTS . SEE TABLE 
r6P. VALUES. 

~DENOTES WELD IDENTIFIC ATION NO . 

WEL D TO BE PERFORMED IN UPPER .50 
OF CHANNEL ONLY. 

.INCHES 

23 CA.UTION : WELDS TO BE PERFORMED ALTERN,.TELY ON 
PA ·HS WITH COMPLETE COOLOJWN TIJ A-ABI EN T 
TEYPE~ATURE BETWEEN WEt OS TO MINIMIZ( 
Ot~. tnPTION CAUSED BY WELDING 

A ~~reJ~~~~t, t~T~~A~3~~LorOR~r~fo~-~ AND 
9-4 AN> A LEAD LENGUI CY 35.0 FOR BIJTTOOS B-3 AN) 
B-2,FROM PLANE EJd3 TO SURFACE ffi CJRING BRAZING 
OF' BUTTONS. TO INSURE ADEQUATE LEAD LENtiTH DURING 
FINAL ASSY. 

A TI-ESE ASSYS INC.LUOE LOOSE PIECE ITEMS CARE 
SHOULD BE EXERCISED TO OBTAIN ALL THE 5E 1.JEMS 
AS A PART OF T~E PARENT ASSr. REF G/N~ 

THREAD LENGTH SHALL BE 1.12 MIN . 

THIS ASSY MODifiED BY 204614· 1 ASsvA 

TO BE USED WITH FLOWME TER COL LEADS. 

THESE PARTS ARE NOT INTERCHANGEABLE AND ARE 
TJ BE SERIALIZED AND MAINTAINE D AS ~ MATCHED 
S~T DURING HAt~OLING, STORA G'£ & A SSY. 

30 ASSEMBLY SEQUENCE FOR THE FUEL MODULE ASSY 
S~ALL BE IN AC:OROANCE WI TH THE APPL CABLE 
SECTIONS OF THE LOFT FUEL HANDLING 114ANUAL. 

32 DATUM ti:) IS DEFINED AS THE VERTICAL REFERENCE 
CENTERLINE PASSING THROUGH THE CENTERS OF THE 
TRIANGULAR SECTIONS OF THE UPPER SUPPORT 
STRUCTURE LOC ATING PAD AT STA 27B.46 AND TH E 
UPPER SUPPORT STRUCTURE LOWEP. END BOX AT STA 
19 1.82. THE CENTER OF THE TRIANGULAR SECTIONS IS 
DEl ERMINED BY THE INTERSECTION OF LINES WHICH 
ARE PERPENDICUL AR TO THE SlOES & HYPOTENUSE OF 
EACH TRIANGULAR SECTION AND H~VING THEIR INTERSECTION 
POINT EQUI-DISTANT TO ALL 3 SIDES OF THE TRIANGULAR 
SECTION. 

33 DURING ASSY. HANDLING & STOR AGE OF THE FUEL 
MOWLE ASSYS PREC.t.UTIONS SHALL BE TAKEN 
TO INSI..RE THAT THE FINAL FUEL ~E ALIGN.ENT IS MAINT~EO. 

34 CAUTION: THE FUEL ASSY A ND /OR FUEL 
MODULE AS SY SHALL NOT AT ANY TIME 
BE ROTATED BEYOND THE HORIZONTAL ATTITUDE TO 
AN INVERTED ATTITUDE 

35 THE UPPER SUPPORT STRUCTURE ffi OR ffi & FUEL 
ASSEMBLY SHALL BE ORfENTEDlo EACH 
BY ~CHING...J:.t!E LOWER END BOX FLANGE 
OF \.i) OR (.V AND UPPER END BOX OF lHE FUEL ASSY. 

36 SPECIAL INSTRUMENTATION ASSY REQUIREMENTS, 
CONTINUITY CHECKS , HANDLING REC.UIREMENTS & LEAD 
PREPARATION REQUIREMENTS SHALL BE IN ACCORDANCE 
WITH Lt.AP 306 EXCEPT AS tK>TEO . 

.& ASSY TO BE GAGED AFTER INSTALLATION & WELDING BY 
INSERTION & WITH DRAWL OF THE FOlLOWING GAGE : 

I GAGE PROBE , PART NO. 135B9845, GENERAL 
ELECTRIC CO., SAN JOSE , CALIF . 

GAGE MUST PASS THE FULL LENGTH OF THE CALIBRATION 
TUBE FREELY WHEN MANUALLY INS::RTEO & WITHDRAWN . 

38 DATUM (±] SHALL BE CO INCIDENTAL WITH DATUM ffi 
DURING ALIGNMENT . REF G/N 39. 

:5 THE ASSEMBLED ALIGNED FUEL MODULE IN THE VERTICAL 
POSITION BETWEEN STATIONS 113.25 & 278.46 SHALL FIT 
WITHIN THE ENVELOPE OF BOUNDARY PLANES H~A RIGHT 
TRIANGULAR CROSS SECTION WITH 2 ADJACENT ~. SIDES . 

40 C·X DENOTES CO NNECTOR REFERENCE DESIGNATION . 

4 I DURING ASSY, HANDLING, S'rORAGE & SHIPPING ACTIVITIES 
THE FUEL MODULE ASSY SH~. LL NOT BE SUBJECTED 
TO LOADS GREATER THAN' 3G. 

42 DURING ASSY L HANOUNG ACTIVITIES WHICH ARE IN CLOSE 
PROXIMITY TO OTHER HARDWARE THE VERTICAL VELOCITY 
a= AN UNSUPPORTED FUEL MODULE ASSY 
SHALL NOT EXCEED 40 INCHES/MINUTE. 

43 DURING ASSY &. HANDLING ACTIVITIES WHICH ARE IN CLOSE 
PROXIMITY TO OTHER HARDWARE THE HORIZONTAL VELOCITY 
OF AN UNSUPPORTED FUEL MODULE ASSY 
SHALL NOT EXCEED 40 INCHES /._IINU TE . 

~4 RECORDS SHALL 8E MAINTAINED FOR EACH FUEL 
MODULE ASSY SO THAT ALL PARTS & SUBASSEMBLIES 
CA N BE TRACEABLE TO FABRICATION & SOURCE LOT . 

45 WELDING PROCEDURE QUALIFICATION &. PERFORMANCE 
QUALIFICATION OF THE WELDER 5 SHAU BE IN 
ACCORDANCE WITH ROT F6 ·2T WITH THE EXCEPTION 
OF PARAGRAPH 6 .2.1. 

_A HARD TO SOFT CABLE SPLICE JOINTS AND FINAL 
CONNECTOR ASSEMBLY SHALL !E MADE IN ACCORDANCE 
WITH LMP 224 & LMP 046. 

£11NOIVIOUAL LEAD IDENTIFICATION TO BE TRANSFERRED 
FROM THE Ml CABLE TO THE POTTING CUP AT THE 
TIME EACH SPLICE JOINT IS COJ.IPLETEO . MARKING 
SHALL 8E IN ACCORDANCE WITH ROT F7·3T PARA 3.i.CI. 
ON INDICATED SURFACE . 

Fig. A-1. 
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t.l H V R~V c.S1}:~'f - ~ tl 12 I 
G"' L N N 

PRIOR TO 4SSEMBLY OF THF UPPER SUPPORT ST RUCTURE 
(9) TO FUEL ASSEMBLY ADJUST CALIBRATION TUBE @ 
fO' OBTAIN ~HE 72 .2 DIM NOTED. MEASURE & RECORD 

~~~E~risE~V~ O~~~A~ELEEEJ. T~~R~~~E FiNu:c A~ OF 

PRESSURE PLATE @ TO TI<E TUBE O AND PERFOR MANCE 
OF W-25 MAINTAIN THE RECORDED DIMEN SIO N TO INSURE THE 
PROPER POSITION OF THE CALIBRATION TUBE @IN THE 
FUEL ASSY 

THE TOTAL LENGTH OF THE FUEL ASSY AND 

1\ A OWG REVISED.SEE 
I\ ECRA NO.L- 5014& L-511 

ADDEO SHT 13. 

1

\ OW G REVI~C~I ~II( . 
D SEE INC C AOCN, AND ,., ~,_, I //1 /I/ 

.D .. U(..N l ltfl If 1/ 1/ 
1"-.. G ~Erf(_~NC [AND F ADCN AN "'"':,.,fHl l/ /l/i7 
1'- M ~<l;(:f H,J,><,L AOCN AND<-""' !t:' / /VI/ 
I"- N SEE INC N AOCH ~ 1i'Z77/V 

UPPER SUPPORT STRUCTURE@ OR G)SHAU.BE-20 INCHES 
LONGE R THAN THE AS BUILT ENVELOPE Olt.IENSION {18 6.718) FROt.l 

~~~T:o:~OS~ ~~Fri;~ o:o!~~B U~~E~HiO~P SS~R7AR6E & THE DI M NOTED SHALL BE OBTAINED BY PERFORMING 

OF THE LOWER CORE SUPPORT STRUCTURE MOUNTING THE FOlLOWING STEPS : 
PLATE REF OWG 204065. THE REQUIRED TOTAL LENGTH I THE AS BUILT DIM FROM THE TOP 
SHALL BE OBTAI NED BY MACHINING THE UPPER Et!Q_QF SURFACE OF REACTOR VESSEL INSTRUMENT 
THE SPRING DEFLECTOR IN (4) OR {9),SURFACE l:.£j OR NOZZLES DESIGNATED H· &. P REF OWG 205142 
EQ3 AS AFPLICABLE , AS RE00 TO OefAJN DIM NOTED. TO THE BOTTOM OF THE PIVOT ARM SLOT IN 

THE CORE BARR EL REF STA 293. 40 ON OWG 
204059 IS 4 6.820. CAUTION: !:PRING DEFLECTOR IS TO BE ~MOVED FROU 

ASSY FOR SUBSEQUENT MACHINING PER ~· THIS REMCVAL 
SHALL BE PERFORMED BY THE USE OF AN 18-8 SST BOLT 
.750·10UNC · 2Ax 24.0 LONG WITH 2 .25 MIN CHROME 
PLATED THREAD LENGTH AND AN 18-B SST FLAT 
WASHER .7~0 NOM OIA TO RETAI N THE SPRING AND 
SPRING OE=-LECTOR DURING DISASSEMBLY. TO RELAX 
SPRING AFTER FLANGE REMOVAL FROM HOUSING REQUIRES 
S7 SPRING TRAVEL FROM THE INST ALLED PRELOAD OF 
386- 427 LBS. BOLT & WA SHER MAY BE USED FOR 
COMPRESSING SPRING & DEFLECTOR DURING REINSTALLATION 
OF FLANGE AND DEFLECTOR ON TO HOUSING. 

PRIOR TO WELDING THE BUTTONS ~ THRU @ AND 
TUBES (8). PT · I, PT - 2 & PT - 3 INtrr'PRESSUJ:fr"PLATE 
@THE PRESSURE PLATE MUST BE POSITIONED ANO 

~~~M~f~s W~JiTER6 .SPECT TO HIE SUPPORT STRUCTURE G) 
PROTECTIVE CLOSURES REQUIRED FOR ALL TUBING E~DS 
PER ROT F7- 2T. PLUGS OR CAPS SHALL CONFORM TO 
ROT F7·2T, PARA 6 .5 . A COMPLETE LIS TING OF PROTE•:TIVE 
DEVICES INCORPORATED SHALL BE MAINTAINED. PRIOP. 
TO INSERTION OF THE FUEL MODULE ASSY 
INTO THE REACTOR VESSEL AN INVENTORY OF THESE 
DEVfCES SHALL BE MADE TO INSURE THEIR PROPER 
REMOVAL 

AFTER IN&TALLATION OF ~INTO @,(79),~,(fi) & 
@ CHECK TO INSURE THAr'® IS )16T f!(sTJ!AI Ntlf 
IN THE VERTICAL ATTITUDE. 

BUTTONS TO BE VISUALLY INSPECTED AFTER INSTALLATION 
&. BRAZIN:; OF INSTRUMENT LEADS TO INSURE THAT 
EACH LEAD IS FULLY BRAZED AS INDICATED BY THE 
PRESENCE. OF A BRAZE FILLET FORMED AROUND EACH 
LEAD AT LOCATION SHOWN. 

WHEN 2 OR MORE FAST-ENERS ARE REOO TO ASSEMBLE 
MATING FARTS ALTERNATELY TORQUE FASTENERS IN 
STEPS OF 1/3 THE APPLICABLE TORQUE VALUES SHOWN 
DURING ASSY UNTIL TORQUI NG IS COMPLETED. 

B-X DENOTES INSTRUMENTATION BUTTON REFERENCE 
DE SIGNA-ION. 

DATUM EE:J IS DEFINED AS THE VERTICAL REFERENCE 
PLANE FORMED BY THE EDGE SHOWN OF THE 
TRIANGULAR CROSS SECTION ON THE UPPER SUPPORT 
STRUCTURE LOWER FLANGE LOCATED AT STA. l9t.82. 

DATUM ffi IS DEFINED AS THE VERTICAL REFERENCE 
CENTERLINE PASSING THROUGH THE CENTERS OF THE 
UPPER CORE SUPPORT PLATE LOCATING PIN HOLES I~ 
THE ASSEMBLED UPPER FLANGE OF THE UPPER SUPPORT 
STRUCTURE . 

2 SUBTRACT .250 FROM 46.820 . 

3 SUBTRACT .125 FROM THE RESULTANT DIM OF 
STEP 2 . TH IS WILL GIVE THE MAXIMUM 
ALLOWABLE DIM NOTED ON THIS OWG. 

4 IF THE AS BUILT TO'f~ DIM ·NOTED RESULTING 
FROM THE AS SY OF 5 • (1(5) • ® EXSEEDS 
THE DIM DETERMINED N Sill 3, MACHINE 
SURFACE ffi TO MAKE DIM NOTED AS RESULT 
.OF ASSY BE WITHIN THE LIMIT SPECIFIED IN 
STEP 3 PWS 0.000 MINUS 0.060 

~ AFTER MACHINING SPRING DEFLECTOR PER G/N A 
AND REINSTALLATION OF SPRING DEFLECTOR AND 
FLANGE ONTO THE UPPER SUPPORT STRUCTURE ASSY, 
MEASURE THE RESULTANT DIMENSION FRON sURF ACE 
ill OR EQ:I,AS APPLICABLE, TO SURFACE 0. 
ThiS RESULT ANT DIM SHALL BE A MINIMUM OF t."tZr. 

62 INSTRUMENT LEAD ROUTING & HOOKUP SHALL BE IN 
ACCORDANCE WITH LMP 317 FIG I 

A REMOVEO 

64 Pf- X DENOTES PRESSURE TUBE REFERENCE 
O::SIGNATION. 

A TO BE USED WITH PRESSURE TRANSDUCER LEADS. 

~ S:.REW HEAD TO HAVE .040 OIA I-O.E THRU TO ACCQt.(X)ATE 
LXKWIRE SIZE NOTED. 

11 OObt_ANT TEMPERATURE THERMOCOUPLE TO BE !NSTALLEC 
FER LMP 306 AT LOCATION SHOWN. 

A ~TAKE OR DEFORM CHANNEL DOVE TAI L EDGE ON 12.0 
CENTERS TO PREVENT COVER VIBRATION . 

A DURING ASSY & HANDLING ACTIVITIES SUPPORT SHALL 
fiE PROVIDED FOR THE INSTRUMENTATION PENETRATION 
ASSY ABOVE DATUM -G- WHICH MAINTAINS ASSY AND/OR 
INDIVIDUAL COMPONENTS WITHIN .12~ OF DIM NOTED C 

70 DURING ASSY HANDLING &. STORAGE WHILE IN A 
~ORIZONTAL POSITION THE FUEL MODULE ASSY 
>AUST BE SUPPORTED AT THE FOLLOWING LOCATIONS 
5UCH THAT THE FUEL MODULE ALIGNMENT IS 
MAINTAINED : 

I THE UPPER END BOX AT STA 191.82 AND LOWER 
END BOX AT STA 113.25 OF THE· FUEL ASSYS. 

G/N CONTINUED ON SHT 2 ZONE SH I 

REM 1\1 ; !: 

SU >.HT 2 fOR LIST OF MATERIA L ~ 
C~~--~-~~-~----~-~~--_,_--~-=---~.~---~~~ 

.. 



00 
0 

NOTES 
70 CONTINUED: 

2 THE3CENTRALL'r LOCATED FUEL SPAC::~ AS~YS 
BETWEEN STATIONS 113. 2~ AND 191.82. 

3 THE LOWER END BOX AT STA 91.82 ~"40 LC<:ATING 
PADS AT STA 278.46 OF THE UPPER SUPPs)RT 
STRUCTURES CD OR (D . 

tfl REMOVED 

I 

'C•RQUE TABLE M 
TORQU:: INITIAL FINAL 

ID~N® m'l'1~ me~~ 

I 

SHT I 
ZONE 

~ I 
CO'IfiN~ ZONE A- 7 THIS DWG. 

I I 
1-:: - I 
1--J'N~----==-J-'-.~"-'~"-I'I'-....O>JI....::L'-..1'-..-"'"'-'J"--'t"'-

1 

-
- & THIS ASSY MOD IF lEO BY 206807· 1 ASSY ~. 

& TO BE USED WITH LIQUID LEVEL DEl ECTN: 

89 ±5 71 ± 4 

5~ !: 3 4/5,6 

5/7B, 

-

-

-

-

( · 

-

I 

-

A 

INSTRUMEN T LEADS. 

&. CUSTOM FIT CLIP BY GRtNCIN.G L ENGTH OF CLIP 
TAB INSERTED INfO HOUSit~G SLOT, UNTIL _E AOS 
ARE A SUP FIT WITHIN HOUSING SLOT. 

A WELD THROAT THICKNESS SHALL s:: .040 MN. 

76 THE ASSIGNED SERIAL NO SHALL CONSIST OF -HE 
DESIGNATION SN FOLLOWE.O BY THE APPLCAI!LE 
SEQUENTIAL 2DIGIT NO OF THE ASSY. jEH .MPLE: 
SN-OI,SN-02 1 SN-03, ETC. 

CUSTOM FIT CUP BY REAMING CL P 1,0. Ut.. TIL 
LEADS AR£ A SUP FIT WITHIN CLIP PRICF TO 
WELDING CUPS TO FUEL ASSY 

ALL HARD TO SOFT SPLICE JOINTS TO BE HADE 
WITHN SPACE NOTED. 
DO NOT WELD (IT) TO @: UNTIL AFTER CCNPLETit)N /\ 
Of SPLICING OF SOfT CABLE: TO M.l. CABLE,FE.F N)TE~. 
INSTALL FITTINGS PER VE,.,OORS INS- RUCTION EXCE?T TORQUE 
3/4 TO I TURN BEYOND FI'IGER TIGH T. HEL.W LEAK TEST -HE 

~R~ ~1{~?~,~[~ ~~~K~E''J ~~F3f~~:~~~.'1°E~.oPSIG 
REMOVE MAT 1l FROM THE PRESSURE PLATE AS NECESSARY ·o 
Prn-11! ASSY OF THE CALIBRATION TU8E INTO 1 HE PFESSURE PLATE. 
THE TOP SURFI>CE OF THE P"ESSURE PLATE ~LL SO .OOI·.OC5 
INCHES LARGER THAN THE CALIBRATION TUE 0.0. 

REFER TO THE INDIVIDUAL COMPONENT OWGS. FOR THE 
APPLICA BLE QUALITY LEVEL 

REMOVED 

QUALITY LEVEL II 

LASER BEAM WELD THE SPACER PINS TO -HE UP,ER & 
LOWER INSTRUMENT LEAD 3UTTONS I 'I ACCOF ~NCE WITH LMP 317. 
TOTAL RUNOUT BETWEEN THE UPPER l LO\\ER SUlTON 

~ ~:~:E ~~McE:SR:ys~:~lJ:T T~C~~ ·:~~:r:~~l;:~:;~Nl> 
ARE A SUP FIT WITHIN THE CUP SLOT ANC THE CLPS .ARE ~ 
FUNCTIONAL FIT WITHIN THE UPPER CORE :iUPPOR-

£ ~~~u;,~r;_~ ~~~~il.cUPS SHALL CONFOF'- TO fHE 
INSTRUMENT ROUTING AT THE LOCATION NJ PEO. 

A MODIFY LENGH OF ITEM 53 TO PERMIT FLU SH FIT WITH 
BRACKET SURFACE PRIOR TO WELD NG. 

GEP-ERAL NOTES CONTINUED ON SHEET 3 ZONE 50 
PARTS LIST CONTINUED ON SHEET 3 
4 4 205157-8 SPACER 

2 2 06143-2 CLIP 

I I 106143·21 CLIP 

I I 2()6143·2( CLIP 

I I 206143·19 CUP 

I I izo6143·18 CLIP 

1'1.. SEALANT >OLO<.UN< ''UOOOK "0 OU£ 

' 3 204852-2 SLEEVE 

! l 204672-4 T/C CUP 

I I ~04614·32 TUBE CU P 

-116 REMOVED 

I 206875 · 1 DUMMY FOWMETER 

2 2 tzo6143·15 CU P 

2 L j206143-ll CUP 

4 4 t2<J6143·10 CLIP 

1515 204389-17 CLIP 

151 iz04389i! CLIP 

...::.,::00). ~- ..... ~no. 

-~ 

I 1 I 

26 

25 

24 

2 

122 

121 

12( 

I 

"' II 

116 

115 

1'4 

1 3 

12 

I I 
IJ 

p, 
-:: 

14.:t I l I :! l 

+.I± I 

14 .! I II:. I 6/4C 

'f .I ±I 
ta! ltNILB': 10! IINil.BS 12/4G 

TAELE 

w - 2 41 ' G :s-z.o.o 
W - 3 4I6E jS·2.lC 

W - 4 5'6C jS·2.39 

W • 5 61 6G IS-2., 

" I ll I206143·7 ICLIP 

&2> - 101 !ASSEMBLY, TYPE C 

2 I 2 1206143·5 I CUP 

Is 

- 99 IREMOVEO 
- 98 !REMOVED 

1204388·2E i50CKE1 LOCK 

I50CKET L_OCK 

I SOCKET LOCK 

!SCREW 

I PIN 

I204+ 31EIFERRULE,8ACK IINO cu. 

203·1·31E IFER RULE ,FRONT ~ ~~r/r~o~l/,{ 11 liNG CO 

202·1·316INUT 1 ~8Cci'N"~611'Kf """ co 

20.614·" 1BOLT 

SOL 

LOCK CUP 

w - 8 6 I 4 F I S-2.;6 20461 4·9 BRACKET 

10< 

101 
I)( 

98 

9E 
95 

las 

Iss 

ls1 

I~ 

w - 9 61 1c 1s-2.~6 204614-B BRACKET lac 

w -10 D 1'</~P. I S-2.!1 204614-5 TUBE CLIP 179 

W-1 '61 IS-~9 204614·4 TUBE CUP 

w -12 ~ ~~[F l s-~-91 2Q4614·3 DUAL TUBE cuP In 
W-13 ~ 7/5E I S·~.S3 I I ~ 

LSo 205186·6ISCREW 
d~~~~~~511~~-II E~~K~<~~-A~SSY~~----------~. 

d~ ~~BR--~~L~UBRICA~NT~-EINE~OLL~UBE~8~~~ 
1.032 DIA_ WillE 300 SERIES SST ANNEAL£[ '6 

~(.-"'~ '·118·8 SST 

£!2 l'_ 204720·3iPIN i"' I 

a) I I ' j205185·1 BRACKET ASSY 139 

"lA' 
"I" 
II 

1 11 

;j '212 

I 

~05121 ·3 POTTING CUP 

120~121 - 2 POTTING CUP 

1205185·9 SCREW 
1205185·. SCREW 

SOCKET LOCK 

SOCKET LOCK 
SOCK ET LOCK 

SCREW 

CHANNEL COVER 

BRAZE A_L_LOY 

WELD FILLER MEl 

WELD FILLER METAL ER308L 

lfl\-'\.1~ WASHER 

~6_51:MM POTTING 

132 
j31 I 

j3o 

28 
27 ... 

26 

AWS A5.14 25 

23 I 

w · 14 r 1 3c IS-".93 205157-9 SPACER 17~ 

w -15 'I 3G ls-:.93 ,(!!l-=t=JH:=:::206B0~7-2B~RACK::':E . . -:= ASSY:---1--------+:-=1 "~~· 1.020DIA WIRE ,300SERIES ssT 20 

~W~-~116+-~~7~/13~F~~S-OO;~~ I A~Y.TYPEC ~ ~~,R~~Bf!~~3~-l7 ~~~~~~~~====~l-~w~--::"' +-?0:--+-:'8~,/8:-:--1GI75 ··~·~.93 I 205121 POTTING CU P 172 ~ iii,~ : 118 · 8 SST 

f-'N:...-...::·118+*+5,..,.,/,:;-2G+IS:-:··:'::::'··'9::\3 205157·1 BUTTON- LOWER 171 I ~04720·1 i PIVOT ARM AS S1 17 
c.:"':...' -...::·119'-t-*-1-'8'-7':-1 B::-fi S:_;·<<~-~;, 205157·3 Be !10 '-:-,t:+t~~4600~-I,F::;-;;;;LOW=MEO!.~ER'---f--------1i;-;:-j 
...,:"':.....' -320~<-+7-i:9, 1 2 =-+EI H:-:''::::-l··B' 206137·31 BUl 169 A~.· 2$t~~~;l.~~~~~'i.l.rJ'll''Y'~nb=~ml~~==~l5 
1-:'w'-' -7.:+2' ~H-::-';' 9 .'2c:--1EI:::-:=' 1-<, .. B<l:::J 206137-:IE 168 & C 

l-':'-:=-"-"-f-~:~,__.=..!::~+"-::+t~:-,:~;'=J.9B•; : al6137-IE BUT~~::~::: ::~ h,'~ ~:72"2~ irn~ 1
1: 

~W:;_I--=-24 ~~(,......,...:..91'-:'-"-,/68-+:-IS-:-:-l·<.se I <~ooo ~ ou"·u•"<" !65 --,++, -f~~0485:"-"+.2·1~'!'f;.,j~IIO~N+-------+,'-l, 
I:-'W:_I--"-"-f-25 ~:--+=-<IOI/c,-:.4'"-+HIIS:....::..:,...j·28• 1 2061>7-17 !64 " " A I I j2o-4851·1IPRESSUAE TUBE 10-

~· W~I-~26 ~~~~10J/4~E~IS-~2 .. B~• ~!1~2~0613~7~ ~~TrT~ON·LL~·~E~R~~~~~~~~~~.~~~~It1~~~38~9-~~~~~"~0<~~~~~~~ ~Wo._l-..=..~27 ~~ (;-t'-'-'-;II ,I5=--Et-:S-::':-c-i:_2.80 206137·" lUTTON-UPPER ;II; I -8 !SPRING DEFLECTOR "AKE 'ROM 204389-2 

t-;"':,.-'c~2118+-*'-li-:'111-715:7-!EC7-~7=1~'' I611AiAAfl. -7 !SPRING DEFLECTOR IMAKE FROM 204388-2 1 

f-'w'--·-=:_'29 H~+~9 •14:,:-0 ~s-=,·21 -:-:-~'4 IBRAZE ALLOY IT•48Z,48Bo4 160 i'N301,27B FUEl ASSY,TYPE c l&ft"Y'l. 

f-'"':.....' -7.'-i-:;o ~H...;.;' !.7./s~Of"-IS·-':'218':':1< ~OSI~NISI'I'CU !~~ " " " ~4850-IIPRESSURE PLATI 

f-'W'-1 --:-'-31H~-\-"';-',5'-=:--Ef::I-::::=::I·L.8" 20~157·5ISI.EEVl '"" ~ r~.<:Tl<IF 
f-:'1 W,_• -..::':-32H~+.''T'-'::-f:'IS-:-·21~ B2 206194-1 !GASKET 157 . ASSY , <PE E 
I w- 33 IV 1·2.n -~ f.;;f.:II-F::.c.::..:..-'-tlirn~~Tiilr:rr'Lll.i<i--+-~:-----BI56 . ,§2 -2 !ASSEMBLY, rYPE c 

: :~ ~: ::~:~ :~~::: £M-:1jj~+-lzo~-@54-~f1-3ii~CA1.-~L~-~:~In~.-~j::~=~=======~~:'-=l: 1\1 ~,:. IASSE.::;::YPE E 
1-l W_ ·· .,-'+ 36 .....;(~+--:'-;-: I ;>/51> D-:-+IS::-::'::-:·2. 30 1,3 

I w ·· 37 ( 9/4C 5-2.94 1~ 4SW6 . Ill~ WELD ~ ~~~~L'iot.in.OHIO 152 

~ -38 9/2C s-2.3~ ""'UWI2()4~s;;n~-~ ~~~~+=::::::=~ t~= -~ 39j=:tj~9~/' 4~'1Dj~sf 2.:3.. ..:lllolo -· ·-- ~~ 
N· 4C 5/ 4F 5·2 02 

I 

"""~""""" lo.:.-

Fig. A-2. 

.V ·41 1/2C S-2.'8 C~"t iNUED ON SHEET 3 ZONE 4H 

I t I I I I I I 
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UPPER 
SUPPORT 
STRUCTURE 

BOUNDARY 
ENVELOPE 

00 

FUEL 
ASSY 

' I 

l 
I 
I 

~-~~-. 

7 ~ 590 
REF 

ALIGNMENT DIAGRAM 
SEE G/N 
SCALE!NONE 

STA 278.46 

/ 

1 STA 113.25 

'/ 

> / 
7.590 
RS:F 

9/2B 

9/IA 

B/~0 

13/4G 

9/~G 

9/5G 

12/3F 

s 2.94 

s 2.94 

s 2.92 

s 2.B9 

5 2.94 

s 2.94 

5 2.81 

UPPER SUPPORT 
STRUCTURE UPPER 
fLANGE REF 

NOTES CONTINUED FROM SHEET 2 ZONE 8C 

REDUCE BRACKET LENGTH TO OBTAIN DIMENSION 
NOTED PRIOR TO WELDING. 

INSTALLATION OF THE BOLTS ( TEM 53) SHALL BE 
MADE PRIOR TO PERFORMING WELD W-45. 

& TIE THE INSTRUMENT LEADS INTO A BUNDLE IN 
ACCORDANCE WITH FHP 308, FIGURE 2 USING ITEM 46. 

£ THIS BRAZE APPLIES ONLY TO SST SHEATHED M I CABLES. 
ITEM 20 TO 8E GROUNDED AS St-ONN IN VIEW A 8 SHEET 12 
ZONE 3f FOR TITANIUM SHEATHED M I CABLES. 

Fig. A-3. 

ALIGNME"'T DIAGRAM 
SEE G/N 57 & 58 
SCALE : foONE 

r ~~~~~T~~:p~~~ER 
FLANGE TRIANGULAR 
CROSS SECTION REF 

NUTHEX.I38·32LN:·2B IB·BSST 

·K· 

127 
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.. JR .. 

SEE VIEW ~\~ 

DATUM -L· 
REF 

~TA 
29l .. 85 

F EF 

I~TRU M :: NTAT ON-

-1 !SSHIBL·r 
TYPE E ASSY 
S>:AL::II/;:"•12' 

~=~~~:67 
~~~:~/ 

~___1_----l:l.~l 

lr-==------= 

O,A.lU!i -=­
RE" 

L ~ \lEW ~ 

:o;:'~-0~:·· ·--1 r . r-------
STA ST •. 

29E.85 278 .::.6 
R:.F RE=-

STA 
252.57 

REF 
- ~)I ASSEMBLY 
- 2 ASSEMBLY 

SA~ E •s CD ASSr 
EX:EPT AS SHOWN 
&. .No)TED 
TYP:: C ASSY 
SCAL E I l/f~ 12 " 

Fig. A-4 . 

S TA 
19.82 
REF 

VIEW I=' l3ll 
2 PLACES 

_.._-----(Sg Q)ASSY ONLY 

Q)@ASSY ONLY 

VIEw (: ~ 

SEE VIEW I :Gl]__../' 

CORE SUPPORT UPPER 
STAUCTI.RE REF 

SECTION 15 -15 ~ 
SCALE :t/2 

SOCKET LOCKS, INSTRUMENTATION &. SIMULATION 
HARDWARE OMITTED FROM VIEW FOR :LARITY 
SEE VIEWS G &. F FOR SOCKET LOCKS 
INSTALLATION &. ORIENTATION 

I 

i 
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~~ 
s,.____A ~x..l@rnv..J I 
191,82 r.m , .. .J 
REF l!w ' I 

sr. 
200.20 

RE::' 

v-, • I 

SEE VIEW (: !ill] 
1»-, 

12.0-------1 

[ill] I, .J A 2~~~00 REF 
STA 

278.416 
R F 

r--@REF T., .2s- 1-

T = 

STA 
~90.00 

R F 

§ID s.lj 
~I! I J @IID M.J 

9 

VIE .. H- H BID 
SCAL E: 1/2 

@(b• ASSY ONLY 
::tfVOT ARM ASSY, INSTRUMENTATION 
STAL K, FUEL MODULE &. PRESSURE 
TRANSDUCER ASSY OMITTED FROM VIEW 

',"-... __ / 

SECTIO' lJ- lJ ~ 

Fig. A-5 . 

STA 
23~.00 

REF 

lL__jj 

I 

i 

2 REF 

VIEW (~ 8;] 
ROTATED 4!;• CW INTO PLANE 
OF OWG &. 90• CCW ON OWG 
FOR CLARITY 

L_ STA. 252.!>7 REF 

SECTION M - M 0fl 

"" L 

I 

i 



;--@REF 

-'2 :lLACESJ\. 
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SECTION T-T @JID 

- x§t 
; ECTO' ~ OMITTED rLCWMET:. 
fRO M 'VlEW 

?ig. A-6. 

·~~ 
6 PLACES 

Y-Y @[j 
SECTION MIT TED FROM VIEW ERACKET O 

~-s ~ SECTION ;,) R7l 

-v mJ SECTIO N v 



00 
Vl 

,. 

STA 199.70JJ 
REF 

~:~SURE 'TUBE 
REF FUEL ASSY 

VIEW Z -z ~ 

ORIENTATION 0 
SLEEVE TC BE F 
AS SHOWN 

Fii!. A-7 . 

'~IZPLACES 

.06 10 PLACES 

~ • 

i 
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0\ 

3 FL ACE~ 
~ 

PT-1 REF 

~INSTRU~ENT 
LEADS REF 

R:.F 78 

Fig. A-8. 

INSTRUMENT 
LEADS REF 

' TACK £ 
· 60 PL:~~~ (4 PLACEs\ \EACH CLIP) 

6.0 
13 PLACES 

• ; 



2 PLACES@--
17 REF 

INSTRU MENT 
LEADS REF 

Fig. A-9. 

/tg;R: 
005 
.BEFORE : I WELDING 

~"" 
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00 

r 
~\J 

REF 10 

• 

VIEW K~ 
ROTATED go• CW 

FT·2 REF 

~~~g~---_x 
T>JBE REF ([) 

PT-3 REF 
SEE VIEW AM rn 

-CALIBRATION 
TUBE REF 

PT-2 REF 

VIEW ~\J -AJ ~ 

VI EW AM ~ 
3 PLACES F 

Fig. A-10 . 

18.00 R 
REF 

VIEW ;\l ~ 

SECTION I~ I) ·I~ I) ~ 

I ; 



00 
\0 

~LOT S 
WITH rt~AJ.....GN 
WITHIN.Z.5 W 
6 PLACES E.o · Z 

VIEW ~\H- ~\H Em 

VIEW ~\N rn 
Q)ASSY ONLY H 

68 

@ASSY ONLY 

8-3 

A 
3 PLACES 

,1,&v1EW A K B]J 

Fig. A-11 . 

BUTTON 
REF ~@tH c ~ 4 
@e·.J orwt..~ 

4 PI..ACC' 

INSTRUMENT 
LEAD REF 

BRAZE USING ~ 
@o•®'= 
APPLICABLE AS 

ONLY& 

ONLY& 
ONLY 

~8-Z ONLY& 

~ 8-3,8-4 ONLY& 

@ASSY ONLY 

~LIGNMEN T SLOT 
PLACES REF 

L1& VIEW ~\I'~ 
1..,5 TRUMEN 
PATTERN o1r\~AD HOLE 
~ ~~ACFOR CLAR~f y FROM 

ES~A 3 PLACES SSY ONLY 
I ASSY ONLY 

I 

i 



\0 
0 

,. 

SEE VIEW I::~ 
@) OETAIL 

A VI'" "'' ll r:m rill 
CABLE SPL CE 
SC ALE : NONE 

PT-1 REF 

SEE VIEW .I>\T~ 
LEAKA;E 
MONITCR 
TUBE P.EF 

SEEVIEw AV 2i 

SEE v 1e w AT~ 
PT-3REF~ I 

PT- 2 REF--;' 

SEE VIEW "'\T §ill _} 

vc;:w ;\X -AX 

COVER_/ 
204 852<~ 

RE F 

SEE VIEW A I) ~ 

/ 

~ :ALIBFATI~N 
TUBE ~EF 

SEE VIEW .1>\tJ §Uj 

~"'"" "" 
C· E REF 

r :TAC<. WELD 
19 2 P_/.CES 

4PL~ ~RT 
\ 4FUCES 

0 tfh\\ ~0 / 4 FLACES 

~~ @> GROUND HIRE 
CAlLE ~-~0 OF SO~T 
T.l SH::A CHEO TO 
10 LEAJ;~~R T/C LEADS. 
REF LMf· 04G LUG MAX 

\ 
L([) \ 

REF. '-----@ 

"IIEW A IJ ~ 
2 PLA :ES L1.£j 

EXCEFT FOR= 
NO. •JF PL~c= ~ & ~ 
TO BE DE-::R~I~~~ BTY~·i'Es E ITEM S 

OF LE.AD~; AT ASS .f. NO. 

PLACES 

SEE VIEW ;\ IJ §f) 

Fig. A-12. 

~~~E~~BE END PER 

GE/'IERAL E~~c~~~~-34520 
SAR JOSE , CALIF CC 

'-@REF 

VIEW j\ tJ §IE] 

PT· I 
FEF PT- 3 

REF 

VIEW "'\T ~ 
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204388 
ITEM NO~ 
REF "" 

VIE W AX-AX I1] 
CD ASSY ONLY G 

.)4 ,1-4 (6 PLAC ES£ . (8) 

~.ECTJON 

Fig. A-13. 

~~3 PLACESA& 

~ ~ 
~-+ 

AY - AY ffil 

I 

i 



NOTES : 

REMOVE ALL BURR S &. SHARP EDGES. 

WELD PER ASME BOILER&. PRESSURE VES!: EL CODE 31 DATUM m IS OEFI ~lE D AS rHE "'ER-ICAL REFERENCE A 
SECTION ill AS SUPPLEMENTED BY FDT El!t-21. CENTERLINE PASSIN:; THROE-•GH THE CE NTER OF -' 

.& INSTRUMENT l EAOS TO BE BRAZED INTO Et.TTON ASSY5 PO ~ SQUARE ENVELO;:,E JF P,.tRALLEL BOUNOA~Y 
ANC BRAZE PROCEWAE BR 1.2 460 OR 461 AS ,..PPUCABLE. PLANES. 

LUBRICATE UNDER HEADS & ON THREADS OF A.__ 

THREADED FASTENERS PER ROT FB - IT WITH 2 COATS 
NEOLUBE, OAG 156 OR EQUIV. 

DATUM m IS DEFIHED AS 1HE VERTICAL REFERENCE 
CE NTERLINE PASSING THROJGH • HE CENTERS OF THE 
8.465-8.460 SQUARE UPPEt.. SU~PORT STRUCTURE 
LOCATING PADS AT ST A 30?.2 7 t.N D THE 8.460- 8 .45"" 
SQUARE UPPER SUP:IORT s· RUC' URE LOWER END BOI( 
AT STA 191.82. 

33 DA TUME[}SHALL BE CO-INC:JENhL WITH DATUM EE] 
DURING ALIGNMENT REF G/t- 34. 

3 4 THE ASSEMBLED ALIGNED F<UE_ MQ[IULE IN THE 
VERTICAL POSITION SHALL - 11 Y.ITHIN THE EN~E 
OF PARALLEL BOUNDARY PL ANE..i HAVING AN ~ 
SQUARE CROSS SECTION. 

35 REMOVED 

TORQUE FASTENER'S. PER ROT FB·IT TO VALUE 9-UoiN IN TOROlJE 
TABLE. TIGHTEN TO INITIAL TORQUE VALUE, ~ELAX 

~~~~~E& T~o~:~~ ~L~~~O~~u~Hrgw:I~L :O'f~~u~EFA. 
36 DURING ASSY. HANDL NG & S 'DRACE OF THE FUEL 

~~~ET~~ST~i FINA_ FU::L K)PA~~~J:TL~S~~~~~~g_ ~ 
& 
.!11 

MARK PER ROT F7-3T USING VIBRATING 
MARKING T<}Qh WIT!j, 204025 A. APPUC).BLE O .~~H NO. &. 

~!~l¥'1'6°ei" ~tkFB~MED AFTER FINA. INST>LLATION 
OF G) 4 @. 
~~T~E rn:ALLEO AFTER INSTAU.ATIOto. OF @ &. @) 

TO BE SiJPPLIEO AS PART OF INSTRUMENT BY 
INSTRUMENTATION BRANCH. 
LOCKWIAE PER ROT M6 -2 T CLASS B. 

AFT ER MOUNTING @ONTO UPPER STRUCTUFOE ASSY 

{1) OR @,HOLD 205188-1 IN PLACE &. ADJL•~.T 
205188-8 TO OBTAIN DIM NOTED. WELD TO B:. MADE 
AFTER ADJUSTMENT IS COMPLETED. REMOVE 205188-2 
FROM @AFTER ADJUSTMENT &. WELDING ARE C()MPI..ETEO. 

I 6 REMOVED 

17 SURFACE ROUGHNESS 12~ UNLESS OlHERWIH NOTED. 

~ WELD TO BE PERFOR MED AFTER FINA L INST ... l LA liON 
OF FASTE NER. 

A LIQUID PENETRANT INSPECT PER ROT F3-6T. 
ACCEPTANCE CRITERIA PER ROT FG-2- PARA 5.3.3. 

20 (X) DENOTES TORQUE REQUIREMENTS. SEE 1.4BLE 
FOR VALUES. 

21 @:B)DENOTES WELD IDENTIFICATION NO. 

22 REMOVED 

23 REMOVED 

A ANY INSTRUMENT WHICH ORIGINATES BELOW SL F' FACE 
II} OR ~ SHALL MAINTAIN A LEAD LENGTt- OF 
18.0 1:,5 FROM SURFACES [0 OR ffi TO 

SURFACES m OR Ef:l DURING BRAli'IG OF ~lJTTONS 
TO INSURE A'f>!OUATE LEAD LENGTH DURING 
FINAL ASSY. 

- A A LVOT LEAD LENGTH OF 42 . 50'.50 SHALL E 
MAINTAINED FROM THE LEAD EXIT POINT ON L\ 'Dl 
BRACKET TO POINT OF ENTRY ON LOViER BRA~~ 
BUTTON. 

26 REMOVED 

THIS ASSY MODIFIED BY 204613-1 ASSYA . 

THIS ASSY MODIFIED BY 204613-15 ASSYA_. 

THESE PARTS ARE NOT INTERCHANGEAELE AND ARE 
TO BE SERIALIZED AND MAINTAINED AS A MtliCHED 
SET DURING HANDLING, STORAGE &. ASSY. 

30 ASSEMBLY SEOUENCE FOR THE FUEL MODU LE A SSY 
SHALL BE IN ACCORDANCE WI TH FUEL HANOLI~ 
PROC EDURE FHP 302, 

37 CAUTION: THE FUEL ASSY .*ND/CH FUEL 
MODULE ASSY SHALL NOT AT ANY T ME 
BE ROTATED BEYOND THE HC!RIZQ..jTA_ ATTITUDE -o 
AN INVERTED ATTITUDE 

~ THE UPPER SUPPORT STRV:TLR~ (Z) OR (9) &. FUEL 
ASSEMBLY 5HA_L Bi Qm'ENTEDYo EACH OT~ 
BY ~CHING....I.HE - N ~ MA~KS ON -HE LOWER FLAP..GE OF~ 
OR (.V &. <2.!) AND UPFER END 80)1 OF THE FUEL ASSY- ~ 

39 SPECIAL INSTRUMENTATJON A5S'f. ~EQUIREMENTS, 
CONTINUITY CHECKS,HANDLIIlG ~EQUIREMENTS &. LEAC• 
PREPARATION REOUIP.EMENTS SHM...L BE IN ACCORDANCE 
WITH LMP 306 EXCEP- A5 NOTED. 

£ ASSY TO BE GAGED AFTER 1-.ISTA.LATION &. WELOIIIIG BY 
INSERTION & WITHDR.o\WL OF lfHE =aLLOWING GAGE 

I GAGE PROBE, PART NC. 1!5J9845, GENERAL 
ELECTRIC CO. , SAN J05E .. ~LIF. 

GAGE MUST PASS THE FUL LE,..GTH OF THE CAUBRATIJN 
TUBE FREELY WHEN MANUALLY lf<SERTEO &. WITHDRAWN. 

41 DURING ASSY,HANDLING STV\AGE & SHIPPING ACTI\1TIES 
THE FUEL MODU_E ASs~· SH.- LL NOT BE SUBJECT~D 
TO LOADS GREATER THA'II :G. 

42 DURING ASSY, HANDLING !. l JAC:I~ I~TO THE REACTOR 
VESSEL THE VERTICAL V::LD>::IT" )F AN UNSUPPORTED 
FUEL MODULE ASSY SHALL folOT E<CEED 

43 tiSR:~~H!liE~~NL~TfNo HANO_ING ACTIVITIES WHIOi ARE 
IN CLOSE PROXIMITY TO OT -.ER ~ARDWARE THE 
HORIZONTAL VELOCITY OF A..j Ut\.5UPOlORTED 
FUEl MODULE ASSY 5HALL ~•oT EXCEED 
40 INCHES / MINUTE. 

~ MARK PER ROT F7-3T USINC: REN-JVABLE TAG WITh 
204025 & APPUCAB_£ OASt- N). 

45 WELDING PROCEDURE OUALIF :All~ & PERFORMANCE 
QUALIFICATION OF THE WELOER S SH.ALL BE IN 
ACCORDANCE WITH ROT F6 -~1 \111-H THE EXCEPTION 
OF PARAGRAPH 6.2.1. 

~ HARD TO SOFT CABL:: SPLICE JCIN.TS AND FINAL 
CON NECTOR ASSEMBLY SHAl L 3£ MADE IN ACCORDANCE 
WITH LMP 224 t LMP 046. 

.£1 INDIVIDUAL LEAD IDENTIFICA-ION 10 BE TRANSFERRED 
FROM THE MJ CABLE TO THE P)HlN(; CUP IN 
ACCORDANCE WITH LMP 22 4. 

52 
53 

63 

B 7 
H H 

PRIOR TO ASSEMBLY OF THE UPPER SUPPORT STRUCTURE 
(4) OR (9) TO FUEL ASSEMBLY' ADJUST 
CALIBRATiil'N TUBES @ & <:§) TO OBTAIN THE 72.2 
DIM NOTED. MEASURE & RECORD THE DIMENSION )F TH~ 
LENGTH THAT THE TUBES (9) &. ~ EXTEND ABO IE 
SURFACES ffi OR []] A'S"'APPLlC'ABLE. DURING FINAL 
ASSY OF PRESSURE PLATE @ TO T JBES (sib & (55)&. 
PERFORMANCE OF WELD W-3 ._,AINTA N THIS""""RECORDfD 
DIMENSION TO INSURE THE PROPER POSITION OF H·E 
~~~:RATION TUBES {8) & @ IN THE FUEL MODULE 

THE TOTAL LENGTH OF THE FUL ASSY AND 
UPPER SUPPORT STRUCTURE (1;• SHALL BE ,200 NCHE5: 
LONGER THAN THE AS BUILT ENVELOP :: DI MENSION FROM 
THE BOTTOM SURFACE OF THE REACTOR VESSEL 
CLOSURE HEAD REF DWG 794-E- 062 C.E . AVERY CO, 
NEWINGTON, N.H. TO THE TOP SURFACE OF THE LOWER 
CORE SUPPORT STRUCTURE MOU~TING PLATE REF DWG 64 RECORDS SHALL BE MAINTAINED FOR EACH FUEL 
204065. THE REQUIRED TOTAL LENGTH SHALL e=. MODULE ASSY SO THAT ALL PARTS A SUBASSEMBLIES 

fir~~D (D ~~c~~~~G T~H~B\oA~!R01 ~N~0~~~.suRFACE A ~:sNT:~L r;,~~~::L:E;ov:::'~:T~~s~R~~~:s L~;~EPT 
THE TOTAL LENGTH OF THE FUEL ASSY AND TORQUE 1/ll TO 1/2 TURN EEYOND FINGER TIGH-. 

~:p~:RF~~~~~T T~~R~~~~~~~~ SHALL BE OBTAINED A THESE ASSYS INCLUDE LOOSE PIECE ITEMS . CARE 

I REMOVE SHIM (D FROM .\SSY @. ~~L~A~~ g:ET~~S~~R~~TC~~A~~. ALiEFTHG)~EJI.E.MS 
2 PROCEED IN THE SAME MANNER NOTED IN A /"). 

EXCEPT REF SURFACE r:o:1 AND OMIT SHIMt§} &I:::,. THESE PARTS FURNISHED AS LOOSE PIECE ITEMS ON 

THICKNESS WHEN DETERMiNING THE LENGTH TO ~~~y~RiO~~~-N3 • 1~0~~~0~65 ;..~~~:i3 ;~ ~:O~~~~~-~~T 
MACHINE CJ) . AND/OR FABRICATION ONLY. SEPARATE ORDERING IS 

3 RENSTALL SHIM @ INTO {]) 'SSY AFTER lo\ACHINNG. T REQO ESS PA TS RE OT UOEO I T E 

PRIOR TO WELDING THE BUTTONS @ ... HRU ~AND ~~RENT AS~~LPACKAG:. RtF G/~ :4.~CL N H 
TUBES (5-b & ~INTO PRESSURE PLATE S THE 68. INSTRUMENT LEAD ROU TI NG & HOOKUP SHALL BE IN 
PRESSUFir'PLATt-icUST BE POSITIQNEC' AND ~MPED ACCORDA NCE WITH LMP 317. 

~~THFORLEC6~;~ TO THE SUPPORT STRUCTURE <...V OR® 69 REMOVED 

I AFTER MACHINING (7) PER A OR.& MEASJRE /\. 
TO THE NEAREST ,OIDT HE DI ST.ANCE FROM R::F /lS1J. SCREW HEAD TO HAV£ .040 D A HOlE THRU TO ACCX:t.«))o\T£ 

LOCKWIRE SIZE NOTED. SURFACE r-C-l OR r:o=l TO THE CENTER OF THE HO- ES 
IN (J) PO's"fTibNIN~ 3 PLACES. & ~~T1R: £~1~~A~~~~~~'AcmsVfJ~~L 2E~s~E!2t~ 

2 TO DETERMINE THE DIMENSION FROM REF SURFACE 1\ 
Ei;::J OR EJB TO THE BOTTOM SURFACE OF G) liZ; 

BOTTOM END TO PREVENT COVER VIBRATION. 

20 5188-8 MAY BE MACHINED IN ORDER TO ADJUST AND 
ACHIEVE DIM NOTED. REF 204844-2 SUBTRACT .750 FROM THIS 

MEASURED DIMENSION. 
CAUTION: CHECK CENTERLINE ORIENTATit)N OF (5) 
PRESSURE PLATE PRIOR TO WELDING TO INSUR£"THAT 

~P;~~~su:~6~T T~~RB~~~~;L~~ -.?: .6~~-@ OR ® 
C- X DENOTES CONNECTOR REFERENCE DESIGNATtON. 

B-X DENOTES INSTRUMENTATION BUTTON REFERENC:: 
DESIGNATION. 

BUTTONS TO BE VISUALLY INSPECTED AFTER INSTALLATIOt­
& BRAZING OF INSTRUMENT LEADS TO INSURE THAT 
EACH LEAD IS FULLY BRAZED AS I 'IDICA-ED BY THE 
PRESEt££ OF A BRAZE FILLET FORMED AROUND EACH 
LEAD AT LOCATION SHOWN. 

WHEN 2 OR MORE FASTENERS AfOE REOD TO ASSEMBLE 
MATING PARTS ALTERNATELY TORQUE FASTENERS IN 

73 DURING ASSY &. HANDLING ACTIVITIES SUPPORT SHALL 
BE PROVIDED FOR THE INSTfOUMENTATION PENETRATION 

~~TZH ".:~~A~:~u~S~A~~~~N~Iel~':'t.Lig~~NENTS 
WITHIN . I25 OF DATUM ffi. 

74 DURING ASSY,HANDLING &. SloJRAGE WHLE IN A 
HORIZONTAL POSITION THE FUEL MODULE ASSYS . 
MUST BE SUPPORTED AT THE FOLLOWING LOCATIONS 
SUCH THAT THE FUEL MODULE ALIGNMENT IS 
MAINTAINED: 

I THE UPPER END BOX AT STA 191.82 AND LOWER 
END BOX AT STA 113.25 OF THE FUEL ASSYS. 

2 THE ~ CENTRALLY LOCATED FUEL SPACER ,I.SSYS 
BETWEEN STATIONS 113.25 AND 191.82. 

STEPS OF 1/3 THE APPLICABLE TORQUE VALUES SHO"''N 3 THE LOWER END BOX .AT STA 191.82 AND LOCATING 
DURING ASSY UNTIL TORQUING IS 1:0 MPLETED. PADS AT STA 302.27 OF THE UPPER SUPPOF.T 

ACCEPTABLE SUBSTITUTE FOR 20.;144·1 IS 206144-3. STRUCTURES @ OR (!). 
BRACKET SHALL BE POSITIONED ON {]:1 so THAT NO A DESIGNATED STATION APPLIES ONLY PRIOR TO 
PORTION OF BRACKET OR ATTACHING WELDS SHALL INSTALLATION OF THE FUEl MODULE ASSY INTO THE 

EXTEND BEYOND THE OUTER DIA OF@. ~~~~~~~E6Ei~~~~N~HT:NE ~~~i~iaJ~~L~ ~~~~AtiED 

*?~:~~~A~R'r'I~TO~E~R~~~C)K 1~0 T~i~~~T:~:~ .i1n ~N-2T~~N~~~~~~R H~~S~~~~ CABLES, NICKEL PLATED 
COPPER, 22 GA SOLID WITH SST SHIELD &. JACKET..f.P I 

TO BE USED WITH CHROMEL - ALUMEL THERMOCOUPLE LEADS MAY BE USED AS ACCEPTABLE SUBSTITUTE FOR ~· 
TO BE USED WITH PLATINUM-RHOOIJM THERMOCOUPLE LEAD=. 1.1 TO BE USED WITH LIQUID LEVEL DETECTOR INSTRU~ENT ~ 

LEADS. 
TO BE USED WITH FLOWMETER COIL LE.ADS. NOTES CONTINUED ON SHT 2 

TO BE USED WITH LVDT INSTRUME"lT LEADS. SEE SHT 2 FOR LIST OF MATERIAL 

PROTECTIVE CLOSURES REQUIRED FO[jA~L~L~TU~B~IN~G~EN~O~S~~~~~~~~i~~~~~~?.~~~~~'::,~" PER ROT F7- 2T. PLUG S OR CAPS SHA LL CO NFORM TO 

~~~~~~-5; · :~~:E;f~E AD~~~;i~TE - ~~~·•~.-r ~~':.,~ceMrMf Y 
INCORPORATED SHALL BE tMNTAKD. 
PRIOR TO INSERTION OF THE FUEL 
MODULE ASSY INTO 
THE REACTOR VESSEL , AN INVENTO 
OF THESE DEVICES SHALL BE MADE • 
TO INSU RE THEIR PROPER REMOVAL. 

Fig. A-14. 
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78 THE ~SSIGNED SERIAL NO SHALL CO -l$ 1ST OF THE 
DESIGNATION S/N FOLL OWED BY THE APPLICABL E 
SEQUENTIAL 2 DIGI T NO CF THE AS3EMBLY. 
EXA~E SN-OI.SN-02 . Sf<l -03, ETC. 

WEL[ THRCV\T THICKNESS SHALL BE .0 4 0 MIN. 

ALL -lARD TO SOFT 3PLI CE JOINTS 10 BE MADE 
WI THIN THIS SPACE . 

DO N.;)T WELD ~ TO @ UNTIL AFT ER o:».1R...ETION 
~TS:L~NG OF OFT CABl...E TO Ml CABLE , REF 

INST.lLL FITTING PER VENDORS INS-RUCTIONS 
EXCEPT TORQUE 3.4 TO I TURN EEY0 -.! 0 FINGER 
TIGH-. 

T HE SIZE OF THIS WELD MUS T NOT EXCEED .09. 

RE FER TO THE INOhiiOUAL COMPONENT DRAWINGS 
FOR THE APPLICA8_E QUALITY LEVEL. 

A QUALITY LE VEL II 

A. LAZE R BEAM WELO: THE SPACER Pl<o/S TO THE UPPER 
AND LOWER LEAD E.UTTONS IN ACCJROANCE WITH 

LMP 317. TOTAL RU~OUT BETWEEN THE UPPER AND 
LOW::R BUTTON OUTSIDE OIAME TE~S SHALL NOT 
EXC[£0.002 AFTE ~ wf.LOING. 

A cus-o~ FIT cuPs (ITEMS uo AND II) BY GRINDING THE 
CUP TABS AND WELLS UNTIL LEAD"; ARE ARE A SLIP 
FIT WITHIN THE CL P Assv AND THE CUPS ARE A 
FUNCTIONAL FIT WITHIN THE UPPER CORE SUPPORT 
STRUCTURE CHANNEL. 

A cus-oM FIT cuP tNTO MATING PART UNTIL LEADS ARE 
A SLP FIT WITHIN CLIP SLOT. 

A THIS BRAZE JOINT APPLIES ONLY TO SST SHEATH Ml CABLES. 
ITE~ 20 TO BE GROUNDED AS SHO'WN IN VIEW R, SHT 7 
ZONE 4F FOR TITAr'UUM ~THEO Ml CABLES. 

A cus TOM FIT CALIBRATION TUBE INTO PRESSURE PlATE BY 
REA-iiNG PRESSURE PLATE .OOI-.0051NCHES LARGER 
THAI~ CALIBRATION TUBE ::>.D. 

~ H£ AS BUILT DIMENSION F~ THE -op OF THE "K' SEAL 
SURfACE ON THE PRoSSURE TUIE, ITE\1 10 (REF. SURFACE AT 
STA 347.19, SHl4, ZONE 7· B) TO THE TOP fY THE SLOTS 
IN T-i£ PRESSI.IlE PlATE, I-EM 5 (RE= SHT 4, ZONE 4-E) 
SHA_L BE LESS THAN THE AS BUILT DIMENSION FROM 
THE TOP OF TI-E SlEEVE, ITEM 7 TO THE CENTER OF n£ 
PIN (ITEM 33) HOtES PlUS 21.434 INCHES. 

A CUSTOM FIT THE CA.UBRA-ION TUBE;, ITEMS ~ &. 55 TO 
THE UPPER CORE SUPPO~T STRUC-URE GUIDE TUBES 
(2C<613-n) BY REMI'lGn£ .575/58HIA.CBOOE (REF 
204013 SHt I ZONE 5/ CI AS REQUIRED TO PERMIT A .004 
TO .010 INTERFERENCE FIT WITH THE CALIBRATION TUBE 
CE"ERING SPRING (REF OWG. 205r58 ITEM 5 ) 

~C 16 202Ci"'OI57 8 Sf't,CER 

TORQUE TABLE & 
SHT/ 
ZONE 

I 83:!:5 71 ±4 5 / 8E 

119 .! 5 95:!: 5 5 / 5E 

14 ±I II :!. I 6 / SE 

\O!I IN/LB \C>t \ IN /LBS 1/ 7F 

14 :!: I II ! I 5 f3 G 

4.~:!: I -3. ~ ± I 5 /4G 

I 
I 

WELD TABLE 

WELD 
NO 

w- 1 

w - 2 

w- 3 

w- 4 

w- 5 

W- 6 

w- 7 

w - 8 

W - 9 

w- 10 

W-11 

w- 12 

w- 13 

w - 14 

w - 15 

w - t6 

w- 11 

w - 18 

w - 19 

w - 20 

113 

112 

Ill 

2 5 7 / 4C I S-2.8C• 

S-2.80 

1- 2.6(1 

5/80 S-2.80 

5/6 E 

S-2.8 

S·2. 82 

5/8 H 

6/8 8 5·2.84 

5-2.65 

8/8C S-2.86 

8/4 0 1·2.82 

8/4 C 

4/60 15-2.84 

9/8 E S-2.87 

9/6F 

9/8G 

9/JC,IE 1-2.81 

9/4G,:JE IS-2.85 

8/40 15·2.82 

-r,;o 

-

-102 ASSEMBLY, TYPE F 

- 101 ASSEMBLY, TYPE A 

I I 206137-3 BUTTON-LOWER 

I I 206137-3 BUTTON-UPPER 

06137-3 BUTTON -LOWER 

206137-3 SUTTON -UPPER 

I I I I 204-1 - 31 FERRULE,BACK """ cu. 
I I I I 203- h~l FERRULE ,FRONT 

I I I I 202-1 -316 NUT 

A~~~~~lbi~IF2~00~-~p~~~lbP~L~UG~------~~ ~~St~~~ ~ ' _"NuCU-
t.BU I I I I - 88 MALE CONNECTOR • 
-/\\'1-1--'-1 b l-1--'-1 t.:2700'0"'::6-731:-::6f'U"'N-=:IO=:-N====--w "N" w. 

2 2 2 2 l'~",:'~lf'" 'c'A'r ir!l'imrl'· 

6 6 6 6 206144·2 CLIP 

I I I I 06144-1 BRACKET 

2 2 2 2 206143- 3 CUP 

I I I I 06143- 1 BRACKET 

I I I I 06143·4 CUP 

4 4 4 06137-13 BUTTON-LOWER 

4 4 4 206137-7 BUTTON-UPPER 

I 206137-14 BUTTON-LOWER 

I 206137- BUTTON·UPPER 

I 206137-9 BUTTON-LOWER 

I() 

I() 

101 

99 

98 

97 

96 

95 

94 

93 

92 

91 

89 

88 

87 

86 

85 

84 

82 

81 

80 

79 

78 

77 

76 

75 

73 

72 

71 

-~ 

H -
£!:> 6 6 6 6 205186-7 SCREW 5C 

3 3 3 205186-6 SCREW 

ii!JI I I I 05186-<: BRACKET ASSY 

~· R LUBRICANT NEOLUBE 

WIRE.032 OIA ~~{.h_~OS SST ~6 
16 16 16 16 [",t;', ii,".{:xuNc- 18- 8 SST 45 

ARAR ~~INSTRUMENTATION LEAD 

Lf"X'l:A-±-AR±:H---t~ INSTRUMENTATION LEAD 

~''1.:ERf:'"::!R"++--+ll!tW :~~~:~~~~~:~~: ~::~ ~I 

£!D. 2 2 fr'ri,"~ SCREW 39 

2 2 2 2 205 121-4 POTTING CUP 38 
2424 4 05 21-3 POTTING CUP 

76 76 205 21 - 2 POTTING CUP 

19 19 205121 - 5 POTTING CUP 

3 3 3 3 WASHER 

3 3 3 3 PIN 33 

2 2 SCREW 32 

2 2 2 2 SOCKET LOCK 

SOCKET LOCK 0 
4 4 4 4 SCREW 

2 2 2 2 ~HANNEL COVER 

REMOVED 

BRAZE ALLOY BA"4 26 

AWS A5. 14 2~ 

WELD FILLER METAL ER308L AWS A5.9 24 

23 

d£if''f'Rf'A 2651 - MM POTTING COMPOUNO)~~!i~i/~N; rTS 2 

A!IA_R IA~Y'I'\~.1-i&,? Ur0.:','tll'A'l-m 21 

,{;; A f\!,~~,"" 300 SERIES SST Al\t.IEALEO 0 
h) 16 16 I 16 206143 -1 ~>Nu LUu 18-8 SST 19 

,£3333 ' 18-8 SST 18 

17 

. : E:::: ~::::~:::: = ~ : : ::.~,~a ,.., ...... ""~ : 
~~=t~=l ~206~;13~7~- ;~2~8U~T~T~O~N=-L~O:W~E~R==:=================16~7 &/i!J. I I I 1 - 13 ~'"~~~~t'ilSfi~M~~-~~~~- ~~~-itt,l3~ 

I 2.06137-6 BUTTON·UPPER 66 2 2 2 2 05189 -1 12 
H-:-, H-:-, t.:2""06"'13"'7:-_-:-4t.:BU77T'"'r:-::o'"'N:-:-u""P"'P"'ER::--+---------+6"='15 , , 1 , 0484<!-1 lk"i,'l.l ~MEN ATION 11 

H-'-'H,-'t:2-:-06::-:I::-:37,--1:0-0f:8:-:UT::cT:-:0-:-N--:-L':CN/=ER::--+---------+6"='!4I A 1\ 1\ I I I I 2Qt..843·1 PRESSURE TUBE 10 

r '+-' t-'+-'t-2_06_1_37_-_, 1-8-UT_T_O_N_-U_P_P_ER _ _,, ________ -+6:712 Ai£ I I 043ro-4! SHIM Jib. 8 

H-::l-±:l---l::-::-=:---::-:--+:-=:--:c,--:-----f6::=11 . I I I I -7 S LEEVE£~ MAKE FROM 204390-2 7 I 

I I I I 206137-2 BUTTON-LOWER 63(~ I I 2<)<_390-4 9 

rF:~::::::::::B~RA:Z~E:A:L:LO~Y~~~~:T:i4~8~Z~·~48~8:•~4~~~~~~~~~:~:5&::~C~~~~-lrotllr.t~~~~·~2~F~U~EL~A~SS~Y~,T~Y=P~E=F-i-~~-~y-~-------r,:;2~i 
4 8 4 4 0 5-157-7 SPACER .., I I I I 204644- 1 PRESSURE PLATE ..., 

I I I I 205157-5 SLEEVE I I 204390-!~ STRUCTl.RE 

1\ 4 4 4 4 206194- 1 GASKET I XN301.26 FUEL ASSY, TYPE A· i~}.'IW1 1 
l'l. '1f ll~~\J11~i\.;"'l - 2 ASSEMBLY, TYPE F 

~ I I I I 205158 · 8 CALIBRAT ION TUBE 55 - I ASSEMBLY, TYPE A 

~ I 1 I I 205158· 7 CALIBRATION TUBE 54 

I "":102,320 FUEL ASSY, TYPE F i;i)l',ll'l.J1,U'@.'i:~\\,f.\'nN 53 

I ~302,.318 FUELASSV,TYPE A 52 

£1. I I I I 20439().47 ORIFICE PLATE 51 

·:· 'E'~oo.;;rt,204025 H 
r12 --- J -t-!J/...,t 2 

Fig. A-15. 
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NOTES: 

I 

2 

REtAOVE All.. BURRS&. SHARP EDGES. 
WELD PER ASME eo•LER , PREssuRE vEssEL cooE 31 DATUM m IS DEFINED As THE VERTICAL REFERENCE A 
SECHON m AS SUPPLEMENTED B"' ROT El~-21 . CENT ERLINE PASSING THROUGH TH:: CE NTER OF AN 

& 
6 

5 
6 

INSTRUMENT L EADS TO BE BRAZ::O INTO BUTTON 18. !9~1 SOLAR£ ENVELOPE OF PARALLEL BOUNDARY 
AS SYS PER ANC BRAZE PRJ.:-EOUR( BR 1.2-460 &. 461. PLANES. 

BU~ ASSt. 9W..L 8E t€LIUM LEAK OiECKEO PER ROT F3-HT AFTER 

~NDA:tlE~frwLE~~ ~1rT?N~ ¥-11 s1~T?Sl~~'!.f:lf-r"'J~8RAZING. 
MAX. PERtMSSIBLE LEAKAGE Tttru BRAZE 10·• AT~t CC/SEC. 
CLEANING &. CLE ... NLINESS PER ROT F5· 1T AS IMPlEMENTED BY LMPOOt. 

ALL WELDS PERFCRMEO AT THIS ASSY TO BE 32 DATUM Ej31S DEFINED AS THE VERTICAL REFERENCE 
VISUALLY INSPECTED WITH 5 -,lOX MAGNIFICATION . CENTERLINE PASSING THROUGH THE CENTERS OF THE 

~i~f~lt6fil2~1N~~ ~~E~H~0~~~if1~ ~~~~ ~R&i~:J~. ~~~1~!c~:D~0~iR~1~P~i:.~~PE~t~PiT:~c~~~o A 
7 LOCK CUPS TO BE LOCKED BY DEFORMING CUP INTO AND THE '--~60 - 8.~57 SQUARE UPPER SUPPORT 

GROOVES ON CAP SCREW MEAD EXCEPT AS NOTED. STRUCTURE. LOWER END BOX LOCATED AT STA 191.32 
VISUALLY INSPECT NO CRACKS ALLOWED. EXCEPT AS NOTED . REF GIN 63 . 

8 

9 

& 
& 

LUBRICATE UNDER HEADS & ON THJ; EAOS OF ALL 
THREADED FASTENERS PER ROT FS-IT WITH 2 COATS OF@ 

TORQUE FASTENE RS PER ROT F8·fl TO VALUE 9-0N'N IN TCR:XJE 
TABLE . TIGHTEN TO INITIA L TORQUE VALUE • RELAX 

~~~~~El T~oi:~~ ~L~~~o~u;~~:~~L ~~~~~~EFA. 
MAAK PER ROT F7 - 3T USING VIBRATING MARKING 
J,Qgb- ,\'NHRfRI~rH 20.026 < APPL ICABLE DASH NO. l 
Ti5 8l MED 'WITH c~EL-ALUMEL THERMOCOUPLE 
LEADS. 

~ TO IE US£0 WITH PlATINUM -RHODIUM THERtr.IOCOUPLE 

a ~~A~:·SUPPLIED AS PART OF INSTRUMENT BY 

i 
EXXON NUCLEAR CO. 
LOCKWIRE PER ROT M6 -2 T CLASS B . 

THESE PARTS FURNISHED AS LOOSE PIECE ITE'-!S ON 

ASSYS 204386-~ OR 20<4720 -2 AND ARE 
SHOWN IN L;\1 TO ASSIST IN PROCUREMENT ANO;t)R 
FABRICATION ONLY. SEPARATE OROE~I NG IS NOT R£00 
U~ESS PARTS A~E NOT INQ-UDED IN THE PARENT 
ASSY PACKAGE. REF G~ ~· 

&. INSTALL FIT liNG PER VENDOR'S INSTRUCTIONS EXCEPT 
TORQUE 1/ 4 TO 112 TURN BEYOND FINGER TIGHT 

17 SURFACE ROUGHNESS 12r UNLESS OTHERWISE NOTED. 

WELD TO BE PERFORWEO AFTER ;INAL INSTALLATION 
Of FASTENER . 

LIOJIO PENETRA.N- INSPE CT PER ROT FJ· 6T. 
ACC EPTANCE CRITERIA PER ROT F6 -2T PARA 6 .3 . 3 . 

20 (x) DENOTES TOR!lUE REQUIREMENTS. SEE TABLE 
1'6R VA LUES. 

~DENOTES WELD IOENTIFICATON NO. 
WELD TO BE PERFORMED IN LOWER 7.4 3 INCHES 
OF CHANNEL. ONLY . 

23 CAUTION: WELDS 10 BE PERFORMED ALTERNATELY ON 
PARTS WITH COMPlETE COOLDOWN TO AMBIENT 
TEMPERATURE BETWEEN WELDS TIJ MINIMIZE 
DISTORTION CAUSED BY WELDING 

A ~X~~s~=T ,"!'81, ~~LESOFI£:lz~ ~F~ho~a-1 
AND A LEAD LEf.GTH ~ ~ FCfl BLIT~S B-2 4 B-3FROM 
PLANE EliG TO 9-R'.ACE 83 WliiG BRAZING OF SUTTONS 
TO INSURE .AOEQ\.Io'.TE LEAD LENGTH OUHING FINAL ASSY. 

THESE ASSYS INCLUDE L.OOSC: PIE : £ ITEMS. CARE 
SHOULD BE EXERCISED TO OBTAIN ALL THESE QE '-45 
AS A PART OF THE PARENT ASSY . REF G~~ 

THREAD LENGTH SHALL. BE 1.12 l.I IN . SCREW HEAD 
TO HAV£.062 OIA HOLE THRU 10 J.CCOMOOATE LOCKWIR E 
SIZE NOTED. 
SCREW HEAD TO HAVE .040 OIA HOLE THRU TO ACCOMOOATE 
LOCKWIRE SIZE NOTED. 
STAKE OR OEFOR'-4 CHANNEL DOVE TAIL. EDGE ON 12.0 
CENTERS TO PREVENT COVER VIBRATION . 
THESE PARTS ARE NOT INTERCHA \IGEABL.E AND ARE 
TO BE SERI ALIZED AND MAINTAI\IEO AS A MATCHED 
SET DURING HANDLING , STORAG E &. ASSY . 

30 ASSEMBLY SEQUENCE FOR THE FUEL MODULE ASSY 
SHALL BE IN ACC.ORDANCE WITH THE APPLICABLE 
SECT)()NS OF THE LOFT FUEL HANDLING MANUAL. 

33 DURING ASSl'. HANDLING &. STORAGE OF THE FUEL 
MODULE AS.SVS. (i} OR (2), PRECAUTIONS SHALL BE TAKEN 
TOIN~E'fl-..'T THEI='iNAL A.Jt(~ro«XX.LE AllGNJI€NT IS MAINTAINED. 

34 CAUTION ; T-iE FUEL ASSY (l) OR (!) AND/OR FUEL 
MODULE A~.SY (i) OR ffi~AL- NOT AT ANY TIME 
BE ROTATEC BEYmt"O THE"'--FfORIZONTAL ATTITUDE TO 
AN INVERED ATTITUDE 

35 THE UPPEF~PPORT STRUCTURE (4) &. FUEL 
ASSEMBLY 3 OR (6) SHALL BE ORIENTED TO EACH 
BY M~CHIMi HE LavfER END BOX FLANGE DOWEL PINS 

~ 
4 AND UPPER END BOX ALIGNMENT HOlES OF 

3 R fst EXCEPT AS NOTED. REF G/N 37 . 
36 S ClAL "iN"sTRUMENTATION ASSY fOEQUIREMENTS, 

CONTI NUIJY CHECKS,HANOLING RE:lUIREMENTS & LEAD 
PREPARATIC'N REOUIREMENTS SHA-L BE IN ACCORDANCE 
WITH LMP 306 EXCEPT AS NOTED . 

& THE UPPEF SUPPORT STRUCTURE (4) AND FU£L ASSY@ 
SHALL BE ORIENTED TO EACH OTHElr BY MATCHING THE 
INSTRUMEP' T LEAD CHAN NELS OF THE UPPER SUPPORT 52 
STRUCTURE AND FUEL ASSY IN ADDITION TO THE 
REQUIREME.NTS NOTED. REF G,+./ 35. 

38 DATUM Ei:] SHALL BE CO-iNCIDENTAL WITH DATUM ffi 
DURING AL-GNMENT . REF G/N 39. 

J3 THE ASSEMBLED ALIGNED FUEL MODULE IN THE VERTICAL 
POSITION B::TWEEN STATIONS 113.2~ &. 27B. 46 SHAL L. FIT WITHIN 
Tt£ ENVELCPE OF At.RALLEL BOUNOA~Y PLANES HAVING AN 
!iJil!Q) SCUARE CROSS SECTION EXCEPT AS NOTED. REF G/N 63. 

40 e-x DENO-ES CONNECTOR REFERENCE DESIGNATION . A 
<CII DURING ASSY, HANDLING, STORAGE &. SHIPPING ACTIVIT IES 

THE fiJEL MODULE ASSY SHALL NOT BE SUBJECTED 
TO LOADS GREATER THAN· 3G . 

<CI2 DURI NG ASSY &.HANDLING ACTIVITIES WHICH ARE IN CLOSE 
PROXIMITY TO OTHER HARDWARE - HE VERTI CAL VELOCITY 

~~NL u::;:p~~~~~ ~~E~Nc':?E~x~:~Ts; CD OR ® 
-43 DURING ASSY & HANDLING ACTIVITIES WHICH ARE IN CLOSE 

PROXIMITY TO OTHER HARDWARE THE HORIZONTAL VEI;..Q_CITY 
OF AN UNWPPORTEO FUEL MODULE ASSY(D OR c_v 
SHALL NOT EXCEED 40 INCHES / lo!INUTE. 

<CI4 RECORDS SHALL BE MAINTAINED FOR EACH FUEL 
MODULE ASSY SO THAT ALL PARTS &. SUBASSEMBLIES 
CAN BE TFACEABLE TO FABRICATION &. SOURCE LOT. 

45 WELDING PROCEDURE QUALIFICATION & PERFORMANCE 
QUALtFIC ,t.TION OF THE WELDERS SHAU BE IN 
ACCORDANCE WITH ROT F6 - 2T W TH THE EXC EPTION 
OF PARA(i;qAPH 6.2.1. 

A&. HARD TO 50FT CABLE SPLICE JOINTS A ND FINAL 
CONNEC TeR ASSEMBLY SHALL BE MADE IN ACCORDANCE 
WITH LMP 224 & LMP 046. 

i1 1NOIVIOUAL LEAD IDENTIFICATION TO BE TRA NSFERRED 
FROM THE MJ CABLE TO THE PeTTING CUP AT THE 
TIME EAC-i SPLICE JOINT IS COMPLE TEO . MARKING 
SHAlL BE IN ACCORDANCE WITH ROT F7-3T PARA 3.1. a. 
ON INOIC,tl£0 SURFACE . 

56 

ORIENTATIC N OF CONTROL ROO CLUSTER ASSY @)INTO CD OR@ 
ASSY IS NJT REQD EXCEPT @ MUST FIT FREELY INTO THE FUEL 
ASSY GUIDE TUBE:S. AFTER INSTAL~TION, WITH THE ()) OR ([> 
ASSY IN A VERTICAL ATTITUDE , 16 IS TO BE WITHOJ:fAWN 
OVER A LENGTH OF TRAVEL OF 6 DURING WHICH TIME THE 
WITHDRAWING FORCE SHALL N-:>T EXCEED BY MORE THAN 5L BS 
MAX THE WEIGHT Of THE @ ASSY. REF G/N 66. 

THE TOTAL LENGTH OF THE FUEL ASSY G) Oil@ ANO 
UPPER SUPPORT ST RUCTURE@ SHALL 8£.20 INCHES 
LONGER THAN THE AS BUILT ENVELOPE 011.4ENSION (IE.6 .71B) FROM 

~~~T:o:1°s~ ~~F~;~ 0~o!~~B ~6E~Hi~P SSU~R~iE A H·E DIM NOTED SHALL BE OBTAI NED BY PERFORMING 
OF THE LOWER CORE SUPPORT STRUCTURE MOUNTING THE FOLLOWING STEPS: 
PLATE REF OWG 204065. THE REQUIRED TOTAL LENGTH I THE AS BUILT DIM FROM THE TOP 
SHALL BE OBTAINED BY MACHINING THE UPPER E~ SURFACE OF REACTOR VE SSE L INSTRUMEN T 
THE SPAIN:; DEFLECTOR IN (4iJ SURFACE tf..: OR NOZZLES DESIGNATED J.Gl N REF OWG 205142 
EQ:} AS ,t.PPLICABLE, AS RE00 TO OBTAIN Olt.l NOTED. TO THE BOT TOM Of THE PIVOT ARM SLOT IN 

CAUTION : SPRING DEFLECTOR IS TO BE ~MOVED FROio! 
ASSY FOR SUBSEQUENT MACHI "'iNG PER ~· THIS RE~AL 
SHALL BE PERFORMED BY THE USE OF TOOL 206774-1 TO 
RETAIN THE SPRING AND SPRI ~~G DEFLECTOR DURING 
DISASSEM3LY. TO RELAX SPFI ING AFTER FLANGE 
REMOVAL REQUIRES 1.69<CI SPRING TRAVEL FROM THE 
INSTALLED PRELOAD OF 97B-1037 LBS WITH .872 THREAD 
ENGAGEMENT ON 204386 ITEM NO. 31. TOOL 20677~ -1 
MAY BE USED FOR COMPRE SSING SPRING AND DEFLECTOR 
DURING R:::INSTALLATION OF FLANGE AND OEFLECTO=t 
ONTO HOLSING. 

PRIOR TO '~ELOING THE BUTTONS @ THRU@ INTO 
@THE PRESSURE PlATE MUST BE POSITIONED AND 

~~~M~f~sW~~Tf5.SPECT TO THE SUPPORT STRUCTURE@) 

PROTECTIVE CLO SURES REQUIRED FOR ALL TUBIN G ENOS 
PER ROT =-7 - 2T. PLUGS OR CAPS SHALL CONFORM TO 
ROT F7·2T. PARA 6 .5. A COWPLETE LI STING OF PROTECTIVE 
. DEVICES INCORPORATED SHALL BE MAINTAI NED. PROR 
TO INSERTION OF THE FUEL MODULE ASSY, (T) ORffi . 
INTO THE REACTOR VESSEL AN INVE NTOR Y ~ THEg-' 
DEVICES SHALL BE MADE TO INSURE THEIR PROP£ R 
REMOV~L. 

CHANNEL COVER 20<CI386 ITEM NO. '36 ; CLIP 204386 1· EM 
N0. 37; A"'O CLIP 2Qoq3861TEM NO. 41 MAY BE OMITTED 
ON CD ASSY ONLY. 

BUTTONS TO BE VISUALLY IN5PECTEO AFTER INSTALLATION 
& BRAZING OF INSTRUMENT LEADS TO INSURE THAT 
EACH LEAD IS FULLY BRAZED AS INDICATED BY THE 
PRESENC£ OF A BRAZE FILLET FORME D AROUND EACH 
LEAD AT LOCATION SHOWN . 

WHEN 2 OR MORE FASTENER S ARE REQO TO AS SEMBLE 
MATING F:ARTS ALTERNATELY 4 0ROUE FASTENERS IN 
STEPS o= 1/3 THE APPUCABL E TORQUE VALUES SHOWN 
DURI NG A'SSY UNTIL TORQUING IS COMPLETED. 

8-X DENOTES INSTRUMENTATION BUTTON REFERENCE 
DESIGNA-ION. 

INSTRUM:::NT LEAD ROUTING & HOOKUP SHALL BE IN 
ACCOROJNCE WITH U.4P 317, :1G I . 

MARK PER ROT F7·3T USING REMOVABLE TAG WITH 
204026 AND APPLICABLE D,t.SH NO. 

REMOVED 

,-

THE CORE BARREL REF STA 293.40 ON OWG 
20<CI059 IS <46 . B20. 

2 SUBTRACT . 250 FROM 46 . 820. 

3 SUBTRACT .12!> FROM THE RESULTA NT DIM OF 
STE P 2. THIS WILL GIVE THE MAXIMUM 
ALLOWABLE DIM NOTED ON THIS OWG. 

~ IF THE AS BUILT TOT~ DIM NOTED RESULTING 
FRQI.I THE ASSY OF , (K5) l @ EXCEEDS 
THF DIM Q..t.I!RMINEO N sffi 3, MACHINE 
SURFACE l:£j TO MAKE DIM NOTED AS RESULT 
OF ASSY BE WITHIN THE LIMIT SPECIFIED IN 
STEP 3 PLUS .000 MINUS .060. 

~ ;.=TEA MACHINING SPRING DEFLECTOR PER G/N A 
AND REINSTALLATION OF SPRIN G DEFLECTOR AND 
FL ANGE ONTO THE UPPER SUPPORT STRUCTURE ASSY, 
MEASURE THE RESULTANT DIMENSION FROM SURF ACE 
E£:) Oil EQ:),A5 APPLICABLE, TO SURFACE ffi . 
T,.IS RESULTANT DIM SHALL BE A MINIMUM OF 1.12!> . 

A DI M APPliES AFTER MACHINING PER A . 
6:5 THOSE PORTIONS OF THE LOCATING PADS AT STATIONS 

278.46, 252.56 & 191.82 WHICH BY CO MPONENT DESIGN 
EXTENDS BEYOND THE~ ENVELOPE ARE 
EXCLUDED FROM THE EMENTS OF G{N 39 . 

64 ~NG HANDLING & SHIPPING ACTIVITIES IN WHICH THE 
OR (2) ASSY IS IN A HORIZONTAL ATTITUDE 

T E CON'tl(QL ROO CLUSTER ASSY ~ MUST BE 
FlESTRAIN£0 IN THE FULLY INSERTED 'J50SITION. 

65 THE W!THORAWL ~NSERTION Of THE CONTROL ROD 
CLUSTER ASSY 16 MUST BE CONTROLLED AT ALL 
TIMES AND THE 16 ASSY MUST NOT BE ALLOWED TO 
FoREE FALL. 

A CAUTK)N : PRIOR TO INSTALLATION OF ® ASSY INTO 
ffi OR ffi ASSY CHECK TO INSURE THAT CONTROL 
RNJ SHAff JN300.374 IS ORIENTED ON CONTROL ROD 
SPIDER ..N300,359 AS SHOWN SO TH AT SUBSEQUENT 
HOOKUP WITH THE CONTROL ROO DRIVE MECHANISM 
COUPLING MAY BE ACCOMPLISHED. 

i1 DATUM @:]IS DEFINED AS THE VERTICAL REFERENCE 
PLANE FORMED BY THE EDGE SHOWN OF THE 2().q386 
ITEM NO. 6 PART ON THE UPPER SUPPORT STRUCTURE. 

A DURING ASSY & HANDLING ACTIVITIE S SUPPORT SHALL 
BE PROVIDED FOR THE INSTRUMENTATION PENETRAT ION 
ASSY AB')VE DATUM~ WHICH MAl NT AINS ASSY AND/OR 
INDIVIDUAL COMPONENTS WITHIN . 12!> OF DIMS NOTED. 

G/N CONTINUED ON Em 
SE::: SHT Z FOR LIST OF MATERIAL 

'E' b.Yhaoi; ldri:l 20402 6 ~-

Fig_ A-23 -
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69 DURING ASSY, HANDLING & s-ORAGE WHILE II" A 
~IZONT~ POSITION THE FJEL MODULE AS:il'S 

I l!) OR (.£) MUST BE SUPPORTED AT THE 
FOLLOWING LOCATIONS SUCH THAT THE FUEL ~ODULE 
ALIGNMENT IS MAINTAINED: 

I THE UPPER END BOX AT STA. t91 .82 tNO 
LOWER END BOX AT STA. 113. 25 OF ~ -IE 

FUEL ASSYS· G) ' (§). 
- 2 THE 3 CENTRALLY LOCATED :-uEL EFACER 

ASSYS BETWEEN STAT IONS 113.25 & E1. 82 . 

-

-

-

-

-

-

3 THE LOWER END BOX AT STA 191.82 ~D 
LOCATING PADS Al ' S"" A 278.~ OF 1 -t:: 
UPPER SUPPORT STRUClURE \.i) . 

70 THE ASSIGNED SERIAL NO. SH"LL CONSIST OF THE 
DE SIGN ATION SN FOLLOWED BY THE A ?PUC AS _E 
SEQUENTIAL 2 DIGIT NO. OF .., HE ASSY. EXAMJlt.E: 
SN-OI,SN-02, SN-031 ETC. 

CUSTOM FIT CLIP BY GRINDING LENGTH OF C_P 
TAB INSERTED INTO HOUSING SLO T UNTIL LE." OS 
ARE A SUP FIT WITHIN HOUS NG SLOT. 

CUSTOM FIT CLIP BY REA MING LD. UN-IL LEA:;S 
ARE A SLIP FIT WtlHIN CLIP ;)RIOR TO WELDIN.; CUPS 
TO FUEL ASS1. OTEMS 52, ~.~•,& ~5) 

ALL HARD TO SOFT SPLICE JOINTS TO BE ~"'DE 

WITHIN THIS SPACE. 

& 00 NOT WELO @) TO@ LNTIL AFTER COH'lETICN 
OF SPLICING OF SOFT CABLE TO M I CABLE R.=:F NOTE & 
INSTALL FITTING PER VENDORS INSTRUCTIONS E ( CEPT 
TORQUE ~ TO I TURN BEYOND FINGER TIGHT. 

QJSTOM FIT CLIPS (ITEMS 38 ~ 39) Bf 6RINDINC THE 
CUP TABS C WELLS UNTIL LEAOS ARE A SLIP =IT 
WITHIN THE CUP SLOT. 

THIS WIRE TO BE ANNEALED. 

REFER TO THE INDIVIDUt\l COMFONENT DRAWINGS =oR THE 
APPLICABLE QUALITY LEVEL. 

LAZER BEAM WELD THE SPACER PINS TO THE Ui>=~ & _OWER 
INSTRUMENT LEAD BUTTONS IN ACCOROAMCE WIT -1 LMP 317. 
TOTAL RUN OUT BETWEEN THE LPPER & LI)WER 8 ffiON OUTSIDE. 
DIAMETERS SHALL NOT EXCEE) .002 AfTER WELDING . 

QUALITY LEVEL TI . 
GRIND CHANNEL IN AREA INDICATED AS REQUIRED TO 
PRECLUDE INTERFERENCE~ INSTRUMENT LEAD 
0TEM 51) CURING INSTALLATION. 

SUBJECT BRAZE APPLIES ONLY TO SST SHEATHED 
Ml CABlES. ITEM 20 TO BE ERClJf.IJEO AS SHCWN 
IN VIEW "V" SHEET 8 ZONE 78 FOR TITANIUM 
SHEATHED Ml CABLES 

TIE THE INSTRUMENT LEADS INTO A BUMlLE IN .o.:COROANCE 
WITH FHP 306, FIGURE 2. 
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Fig. A-24 . 
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ALIGNMENT OIAGR.& M 
SEE G/N 31 THRU 34 ,38 ,39 &. 59 
SCALE : NONE 

ATTITUDE 
AXIS 2 PlACES 

STA 191.82 

51' 113. 25 

Fig. A-25. 
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FLANG E REF --.e!!:oC""'-~==!'.:>.'­

PIN REF 
2 PLACES 

HOUSING 
REF 

SE:: VIEW 

HE VIE.._. c: 

STA 
278.46 
REF 

STA 
265.8E 

REF 

STA 
252.!:7 
REF 

STA 
298.85 

REF 
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T1PE 0 ASSY 
S::ALE : I 1/2'"• 12 
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21e.qs 

REF 

STA 
265.88 

REF 
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191.82 
REF 

FLAN~E 
REF 

@204386 
ITEM r-.0. 31 
REF 

- 2 ASSY 
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SECTIO N I) -I) Gm 
2 PLACES 
SCALE:t/1 
VIEW ROTATED 135• CW 

STA 
191.82 
REF 

5AME AS - t ASSY 
EXCEPT AS SHOWN 
l. NOTED 
~CALE : I I/'[: 12 ~ 

Fig. A-26. 
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STA---===t$1m~+-----r 
209.419 

REF 

UPPER 
SUPPORT 
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REF 

STA ------E::::::\r---1 
191.82 
REF 

VIEW II ~ 
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Sl A 188.69 REF 

TOP OF FUEL ASSY 
UPPER END BOX 
GRID PLATE 
JN 300.378 REF -1 ASSY ONLY 
JN 300,424 REF • 2 ASSY ONLY 

Fig. A-27. 
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Fig. A-28. 
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SEE VIEW J 
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ROTAT€0 • 
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Fig. A-29. 
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20•B •2 '-. 
IT:.M -40.11 ' 
REF ' 

•:OVER~/ I 
20•852·3 1" 
REF 7.) 
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.K 

h L
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SCALE: NONE 
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~C-BREF 

Fig. A-30. 
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