Evaluation of On-Site Inspection Technique for Nuclear Fuel
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(#&3) Fuel Bundle and Rod Mensuration

Fuel Parameter Mensural Tool

- Visual gage consisting of a pe-
riscope and background scales

-CCTV and background scales

~Dial indicator and fixed gage
length

—CCTYV and background scales
—Periscope and background

* L ength

scales
—LVDT gage and large anvil
Fuel channel
Bundle — Angle encoded fuel bundle pl-
atform and visual alignment

* Bow

e Twist . .
with periscope

— Special probe consisting of
leaf spring and strain gage

~Visual gage consisting of a
periscope and background
scales

e Water
Channel

—Optical gage consisting of a
length standard

—Depth micrometer and anvil

—LVDT and anvil system with

Fuel calibrated standard

Rod . —LVDT gage and calibrated
¢ Profile
standard

¢ Length

— Periscope and background
*» Bow
scales
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(#F4) Common Mensural Tools and Their
Gaging Accuracies

Mensural Tool

Accuracy

¢ Periscope with bifilar
eye piece

« CCTV with enhance
roster and encoder posit-
ion readout

* Rotary table encoder and
peri scope

* Strain gage probe( b)

¢ Dial indicator/depth mi-
crometer

s Linear voltage differen-
tial transformer(LVDT)

+0.51mm (+0.020 in. )

+0.13am (4+0.005 in.)
Bias(a)

+1/2 degree

+0.051mm (+0.002 in.) {¢)
+0.64mm (+0.025 in, )

+0.005 1mm (£0.0002 in. )

B R

(a) Precision(one sigma level)is=+0, 023mm (10, 0009 in, )
(b) Probe accurracy is 0. 0051mm (+0. 0002 in.)

(c) Includes analysis of measurements
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(1% 6 ) Example Eddy-Current Inspectlon Station at Poolside

EDDY-CURRENT ELECTRONICS,
CONTROL AND MEASURING UNIT

] CARRIAGE DRIVE
—FUEL ROD TURN DRIVE

X
N > SUPPORTS

™ FUEL ROD

L_BJ /

i COLLET
ASSEMBLY

FUEL ROD EXCHANGE DEVICE
UNDERWATER TV CAMERA

Q;ZF____FUEL ROD GUIDE

ENCIRCLING
EDDY-CURRENT PROBE

o

BEAM WITH
CONVEYOR SLIDE
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a) Gas-filled, defect-free rod
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a IT =initial transmitter pulse

RW=reflected through-wall pulse
TT = through-transmission pulse

(13l 8) Typical Plots of Fuel Assembly With
Defective Rod
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b) Water-filled, leaking rod
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(&5 ) Summary of Fuel System Parameters Observed and/or Measured in Each Inspection
Technique and Ranges for Approximate Number of Persons Needed Per Shift and
the Approximate Throughput of Fuel Rods Fuel Bundles and BWR Channel Boxes

] ONSITE INSPECTION TECHNIQUE
FUEL SYSTEM PARAMETER VISUAL s((;:m:fn?c SIPPING | MENSURAL cui?;g:w USLOTNRIACu
BOWING . .
| PWR FUEL CHANNEL [CORNER WEAR * .
BOX DISPLACEMENT .
FLATNESS . hd
TWIST o
CONDITION AND PATTERN o
THICKNESS . .
BOWING s .
ACTIVE JAXIAL GAPS .
CORNER FUEL ggfl‘J‘MN HEIGHT .
RODS RELATVE POWER .
CRUD ON FUEL PROFILE(0OD) .
BUNDLE, FUEL ROP | FUEL ROD-TO- FUEL BUNDLE UPPER
AND BWR CHANNEL | END FITING GAP *
BOX FUEL BUNDLE | FUEL ROD CLADDING END PLUG AND . .
WELD INTEGRITY (2) (b)
FUEL ROD- TO- FUEL ROD(a) SPACING . .
(i, ¢ WATER CHANNEL WIDTH) )
FUEL ROD(a)-TO- GUIDE TUBE SPACING . .
(i, eWATER CHANNEL WIDTH)
FUEL ROD (a) WITHDRAWAL, FORCE o
HOLDDOWN SPRING FORCE .
IDENTI FICATION .
LENGTH .
WEIGHT .
AXIAL GAPS o
ACTIVE FUFL
HEIGHT »
COLUMN RELATIVE POWER .
CORROSION VARIATIONS(a) o . o .
DEGRADATION (a) o s . .
DIAMETER (2) . . 9
FRETTING WEAR (a) [ ] . [
FUEL-TO- CLADDING .
CLADDING | BONDING
FUEL ROD HYDRIDING (a) . .
INCIPIENT DEFECTS @) . .
INTEGRITY (s) (b) . . .
QUALITY (a) .
REDGE HEIGHT ( a) s
| DENTIFICATI ON(a)
oo e | K0 B | .
INTEGRITY (a) ) .
IDENT! FICATION (a) .
LENGTH (s)
MOLSTURE INSIDE FUEL ROD (a) .
STRUCTURAL. INTEGRITY . o
GUIDE TUBE INSIDE DIAMETER ® (c) .
WEAR L) L) [
STRUCTURAL INTEGRITY .
SPACER GRID POSITION . .
SPRING FORCE .




ONSITE INSPECTION TECHNIQUE
FUEL SYSTEM , GAMMA EDDY
VISUAL SCANNING | SIPPING MENSURAL CURRENT |ULTRASONIC
PERSONNEL/ SHIFT (d) . as . .
~ - 3-10 -
(10-12HR. SHIFT. TYPICAL) 6 Z-4
CAN RANGE| -1 MIN/ROD
IMIN/ROD | (d) FOR LE-
(d) TO SE- | AKER TEST
TIME FOR FUEL ROD INSPECTION V3-3HR / -1HR / |NA(e) 3-4HR/ROD VERAL A FEW MIN
HOURS / | /ROD(d) FOR
ROD ROD(d) ROD DEFECT AND
BOND TEST
TO-1DAY/
BUNDLE WITH NO
2-17HR / 4(CORNER | 6.05-1.2 DI SASSEMBLY :TO
TIME FOR FUEL BUNDLE INSPECTION BUNDLE RODS HR/ 10DAYS/BUNDLE
ONLY) BUNDLE WITH DISASSE - NA NA
MBLY FOR INDIV-
IDUAL ROD INSPE-
CTION
NO STANDA- 2 HR/ CHANNEL
RD TIME WITH OLD SYST-
TIME FOR BWR CHANNEL INSPECTION STATED EM ¢.25~ 1HR/CHA-
(DEPENDS NNEL WITH NEW
ON DETAILS) SYSTEM

(a) ALSO APPLIES TO BURNABLE POISON RODS
(b) SPECIFICALLY LEAK TIGHT INTEGRITY
(¢) ON ONLY PART OF THE GUIDE TUBE

(d) EXCLUDES FUEL HANDLING TIME (i, e FUEL BUNDLE DISASSEMBLY/REASSEMBLY AND FUEL

ROD HANDLING TIME)
(e) NA-NOT APPLICABLE
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