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1. INTRODUCTION

| '

Remote metrological and visual monde structive examinations were per-

formed on 62 irradiated fuel and reflector elements removed from the High Tem-

perature Gas Cooled Reactor (HIUR) core of the Fort St. Vrain (FSV) Nuclear
Generating Station * following the January 1984 refueling operation. The

| examinations of these core segment 3 elements were performed in the hot se r-

j vice facility (HSF) at FSV from June 2 through June 23, 1984.

The standard fuel and reflector elements are 793 mm loss graphite

bodies with a hexagonal cross section of 359 mm (across-the-flats) and a total
weight of 128 kg (Figures 1-1 and 1-2). Examinations of these large

irradiated elements were performed by a metrological robotic device and an

experimental samma robotic device both developed by GA Technologies (GA) . The
inspected elements isoladed all 42 fuel elements and 9 reflectors elements

from region 18, a side reflector and 4 fuel elements including FTE-2 from

region 22, a fuel element from region 3, 2 reflector elements and 3 fuel

elements from region 13. All of the selected elements from regions 13 and 3,

and 2 of the selected elements from region 22 were surveillance elements.

Survellianos elements, easily recognized by the fidseial holes drilled la

their oormers, were extensively characterized prior to insertion into the core

(Ref. 1).

The mondestructive examination laoladed the followlag:

1. Dimensional measurements (all fuel elements, selected reflector ele-

meats) on the following:

*The Fort St. Vrain Nuclear Gomeration Station is owned and operated by the
Public Service Company of Colorado (PSC).
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a. Aeross-flats dimensions

b. Length

c. Coolant hole, diameters

d. Distances between coolant holes
e. Distances between fiducial boles (surveillance elements and FIE-2

' only)

f. Bow

2. Gross samma activity (selected elements) and aestron activity (selected

elements) measurements.

3. Visual laspections (all elements) for the following:

O
a. Cracks

b. Graphite oxidation

c. Amy other structural damage (chips, scrathces, etc.)

. d. Evidence of mechanloal interaction between elements
; e. Other features of interest (discolorations, corrosion, flow marks,

etc.)
;

4. Fission product isotopic distributions (selected elements)
,

(NOM: This data will be reported la early 1985) .

| Table 1-1 sammarises the surveillance of FSV core segment 3.

i

i

| These mondestructive examinations were performed mader the FSV Fuel

Surveillance Program sponsored by the Department of Energy (DOE). Previously,
| 51 fuel and reflector elements from core segment 1 were similarly examined in

| July 1979 (Ref. 2), and fif ty-four feel and reflector elements from core ses- i

meat 2 were inspected in April 1982 (Ref. 3).

Page 7

-- -_ - ______-_



_ _. _____.__ ._ ___ _ . _ _ _ _

E

GA TBCENCLOGIES I Q C.

TITIA: NONDESTEDCTIVE RIANINATION OF 62 FUEL AND REFLECTOR ELEMENTS PRON FORT
ST. VRAIN CORE SBBMENT 3.

: 190 6 NO. 907785 |ISWE NO./LTE. N/C
i l i

?

The acadestructive survellissees are intended to accomplish the fol-

| lowing objectives:

o obtain graphite element strain and bow data over a range of irradiation

temperatures and f ast fluences for comparison with large high-temperature
,

gas-cooled reactor (HTUR) design code calculations
i

I

j o verify the structural integrity and dimensional stability of the graphite

I elements
i

!

f o obtain gross samma and mentron activity data for comparison with H1ER

shielding code calculations

O4

o obtain fission product isotopio distributions in fueled elements for cal-
1

esisting fuel barasp for comparison with E1UR design code calculations'

,

t

t

o obtain fission prodset isotopio distribution on reflector elements for

eosperison with plateout code calculations.>

i

,

!

!

i

;

i
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Table 1-1

SUllMARY OF FSV SEGISNT 3 CORE SURVEILLANG(a)

Ir-

i spec- Nuclear
tion Element Core Measurement Measure-
No. Se r. No . Location (b) Element Type Sequences (c) monts(d)

1 42-1005 13.05.R.03 Top Reflector L,1,2,3,4,5

(Surve111ance)
2 42-1008 13.05.R.10 Botton Reflector L,1,2,3,4,5

(Sarveillance)
3 1-2606 13.03.F.06 Fuel (Sarveillance) L,1,2,3,4,5 GG, GS

4 1-0335 13.03.F.09 Fuel (Sarveillance) L,1,2,3,4,5 GG, GS
5 2-2781 13.01.F.03 Control Rod L,1,2,3,4,5 GS

(Sarveillance)
6 1-2943 03.06.F.09 Fuel (Surveillance) L,1,2,3,4,5 GG, GS
7 41-1004 22.10.R.06 Side Reflector L,1,2,3,5

O (Sarveillance)
{ 8 5-2104 22.04.F.06 Fuel (Sarveillance) L,1,2,3 GG, GS

9 8-0206 22.06.F.06 Fuel (FTE-2) L,1,2,3,4,5 GG*

{ 10 5-2191 22.03.F.06 Fuel (Surveillance) L,1,2,3,5 GS

11 5-0751 22.02.F.06 Fuel L,1,2,3,4 GG, GS
12 1-1805 18.06.F.09 Fuel A,1,2,3,4

13 1-0530 18.04.F.09 Fuel A,1,2,3,4 GG, GS
14 1-1018 18.04.F.04 Fuel A,1,2,3,4 GG, GS
15 1-2640 18.05.F.09 Fuel A,1,2,3,4 GG

16 1-1049 18.03.F.09 Fuel A,1,2,3,4

17 1-2563 18.02.F.09 Fuel A,1,2,3,4
18 1-1397 18.05.F.06 Fuel A,1,2,3,4 GG,GS'

19 4-0463 18.03.F.04 Fuel A,1,2,3,4

20 1-2351 18.04.F.06 Fuel A,1,2,3,4 GG,GS
21 1-2447 18.02.F.06 Fuel A,1,2,3 GS

(a) Visual examination were performed for all elements (Section 5.0)
(b) Core location is given as: Region Column + Element type (F = fuel element,!

R = reflector element)
(8)L = full-length vesion A = abbreviated versions 1 acros s-the-flat s=

.

'
measurements, 2 - Side face measurements, 3 = top surface measurements, 4
= coolant hole messarements, 5 = fiducial hole measurements (see Section

. 3.2)
; (d)N = Neutron measurement performed GG = gross samma activity measurement

performed G8 = gamma scanned.

!O
;

I
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! Table 1-1 (com't)

! SUIBl&RY OF FSV SEGIENT 3 CORE SURVEILLANCg(a)
i

In-
spoo- Nuclear
tion Element Core Me asurement Measure-
No. Ser. No. Location (b) Element Type Sequence s(c) meats (d)

22 1-1228 18.03.F.06 Fuel A,1,2,3,4 GS

23 1-0684 18.02.F.04 Fuel A,1,2,3,4

24 3-0787 18.01.F.08 Control Rod A,1,2,3,4

25 1-0715 18.07.F.09 Feel A,1,2,3,4
,

26 2-1707 18.01.F.03 Control Rod A,1,2,3,4

27 1-1612 18.07.F.04 Fuel A,1,2,3,4

28 1-0647 18.06.F.04 Fuel A,1,2,3

) 29 1-2282 18.05.F.04 Fuel A,1,2,3,4

30 1-5217 18.06.F.07 Fuel A,1,2,3,4'

! 31 1-2939 18.04.F.07 Fuel A,1,2,3,4 GS

O 32 1-2396 18.04.F.08 Fuel A 1,2,3,4 GS

33 1-4304 18.05.F.07 Fuel A,1,2,3,4 GG4

j 34 1-1817 18.03.F.07 Fuel A,1,2,3,4

35 1-0443 18.02.F.07 Fuel A,1,2,3,4

36 2-1120 18.01.F.05 Control Rod A,1,2,3,4 GS
4

37 1-4091 18.03.F.08 Feel A,1,2,3,4 GG'

38 1-1918 18.07.F.06 Feel A,1,2,3,4 GS

39 1-1621 18.02.F.08 Fuel A,1,2,3,4,

| 40 1-0873 18.06.F.06 Fuel A,1,2,3 N,0G,GS

| 41 2-0265 18.01.F.06 Control Rod A,1,2,3 N.GG,GS

42 1-1773 18.07.F.07 Fuel A,1,2,3

43 2-1950 18.01.F.07 Control Rod A,1,2,3

44 1-0536 18.07.F.08 Fuel A,1,2,3

45 1-1337 18.06.F.08 Feel A,1,2,3

46 1-1796 18.05.F.08 Fuel A,1,2,3

47 1-1990 18.02.F.05 Fuel A,1,2,3 N,GG

48 1-0192 18.03.F.05 Fuel A,1,2,3 N,GG

49 1-1555 18.05.F.05 Fuel A,1,2,3

50 1-1410 18.06.F.05 Fuel A,1,2,3

(a) Visual examination were performed for all elements (Section 5.0)
(b) Core location is given as: Region Columa Element type (F = fuel element,

R = reflector element)
(8)L = full-length vesions A = abbreviated versions 1 across-the-flats=

measurements, 2 = Side face measurements, 3 = top surf ace measurements, 4
= coolant hole measurements, 5 = fidseial hole measurements (see Section

O 3.2)
(d)N = Neutron measurement performed: GG = gross samma activity measurement

yerformede G8 = 8amma seanasd.
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Table 1-1 ( con' t)

SUltNARY OF FSV SEGRENT 3 CORE SURVEILLANCg(a)

In- !'

! spe c- Nuclear
tion Element Core Measurement Neasure-
No. Ser. No. Imation(b) Element Type Sequences (c) ments(d)

51 1-0974 18.07.F.05 Fuel A,1,2,3

52 2-2815 18.01.F.04 Control Rod A,1,2,3

( 53 1-0305 18.04.F.05 Fuel A,1,2,3 N,GG.GS
; 54 17-1394 18.04.R.03 Top Reflector A,1,2,3 N,GG,GS
. 55 17-1371 18.07.R.03 Top Reflector N.N.*
! 56 17-1388 18.07.R.10 Bottom Reflector N.M.*

57 18-1008 18.01.R.09 Botton Reflector N.N.*
58 17-1412 13.05.R.10 Botton Reflector N.N.*

i 59 17-1409 18.06. R.10 Botton Reflector N.M.*
I 60 17-1270 18.04.R.10 Bottom Reflector A,1,3 GS
! 61 17-1128 18.03 . R.10 Bottom Refleotor N.M.*

62 17-1182 18.02.R.10 Bottom Reflector N.N.*
1

l
'

(a) Visual examination were performed for all elements (Section 5.0)
| (b) Core location is given as: Region Colema. Element type (F = fuel element,

R = reflector element)
(c)L = full-length vesions A = abbreviated versions 1 acros s-the-fla t s=

measurem ents, 2 = Side face measurements, 3 = top surf ace measurements 4
= coolant hole measurements, 5 = fiducial hole measurements (see Section

3.2)
(d)N = Neutron measurement performeds GG = gross samma activity measurement

performed GS = gamma scammed.

e
M = Not Measured

O
.
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2. IRRADIATION CONDITIONS

The time-and-volume-averaged graphite calculated (via the SURVEY code)

irradiation temperatures for the core segment 3 fuel elements examined in the

HSF at FSV ranged from 3800C to 6700C at the element midplane. The fast

2neutron fluences ranged from approximately 0.96 to 2.82 x 10 5 n/m2 (E > 29

fJ) HTUR.

The following HTUR codes were used to simulate the irradiation condi-

tions:

o GAUGE (Ref. 4) . A two-dimensional, four group neutron diffusion and core

depletion code. GAUGE treats the core as a single layer and calculates

nuclide densities as a function of time and radial core location.
,

o PEVER (Ref. 5). A one-dimensional, multigroup neutron diffusion and de-

pletion program for calculating nuclide densities as a function of axial

core location.

o BUG-2 (Ref. 6). A two-dimensional, multigroup neutron diffusion and de-

pletion program for calculating nuclide densities as a function of axial

core location for fuel assemblies influenced by partially inserted con-

trol rods.

. o SURVEY. A computer program for the thermal and fuel performance analysis

of fuel elements. The code performs coarse mesh survey analyses for
1

large numbers of spatial positions, calculating a time history of the

irradiation conditions and fuel performance for each space point. SURVEY

calculations are based on radial power distributions obtained from GAUGE
,

and axial power distribution obtained from FEVER and BUG-2.
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The reactor operating power is logged hourly. However, because of the

numerous changes in power during cycles 1, 2, and 3, a simulation of the ac-

taal reactor operating history would be prohibitively expensive. Consequent-

ly, . the reactor power history for the cycles was represented by 651 time in-
tervals of approximately uniform power. Cycle s 1, 2, and 3 were simulated

with the GAUGE code using this detailed power history. A SURVEY analysis of

the segment 3 elements was then performed based on the GAUGE results. The

I number of time intervals was further reduced from 651 to 100 for this anal-

ysis. Figure 2-1 shows the reactor power history used for the SURVEY anal-

ysis. The time- and volume-averaged graphite irradiation temperatures for the

segment 3 elements were obtained from the SURVEY code results.

The temperature uncertainty is primarily due to the uncertainty in the

power. Based on the results of nuclear and thermal design verification

studies performed with data from the Peach Botton HTUR (Ref. 7), the uncer-
tainty in the power (and fast neutron fluence) calculated for a given core

location is ~_+10% (la). The uncertainty for a given temperature is therefore

approximately 10% of the difference between the calculated temperature and the
gas inlet temperature (~3350C, time averased) .

O
'

.
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3. MTROLOGICAL EXAMINATIONS

Metrological examinations were performed on 55 of the 62 elements in-

f spected. Seven reflector elements from region 18 were not measured but were

examined visually. The dimensional measurements were performed in the HSF at

FSV with the GA metrology robot. The strains and bow data obtained from these

messarements were compared with the H1UR design code strain and bow predic-

j tions.

1

1 i

3.1 Descriotion of Metroloav Robot System

!
! The metrology robot (Figure 3-1) consists of a structural frame, rotary

table, probe, and instrumentation. Irradiated core components are placed on

the rotary table by the FSV fuel handling machine. The rotary table permits

) all polats on the top and sides of a component to be positioned within the
i

; operating range of the probe. The two-finger probe (Figure 3-2) moves in the

! 1x, iy, and is directions (Fig. 3-3) . Upon contact with the test object, the
I

probe head undergoes a displacement which activates a microswitch and termi-

nates probe movement. The probe head has a primary and backup microswitch for

each direction of displacement (1x, ty, is).

Programmable stepping motors power the four drive systems of the robot.

The stepping motors are coupled with free-wheeling d.c. motors which serve as

| anziliary drive sy s tems. The motor drives are modularized for quick replace-

| meat. Each full motor step is equivalent to 0.025 mm (0.001 in.) movement in

! the z and y directions, 0.032 mm (0.00125 in.) la the a direction, and 0.03-

degree rotation. The coordinates of a palat on the surface of an element are

j determined by remains the probe into the element and recordlag the position

and displacement of the probe. Massatio encoders (Sony Magno scale s) and

O rotary potentiometers (backup) measure the position of the probe. Linear

potentiometers and linear variable differential transformers (backup) measure

|
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,

the displacement of the probe head. A resolver measures the positloa of the

rotary table. A second resolver serves as a backup. Resistivity thermometer.

! devices (RTD's) monitored the temperatures of robot components.

;

'

4 The robot is controlled by a Nuclear Data 6620 process computer. The

computer operates under the Nuclear data MIDAS operating system. The computer

! controls the robot and processes the data. A set of custos designed and f ab- ;

1 |

ricated circuit cards collects the raw data from the instrumentation systems4

iof the robot. He cards are wired directly to the computer memory system so

} that a simple program sabroutine can collect the robot data la a very short +

time (~1 millisecond) and deposit it directly into main memory. This more

efficient method of data collection and transmissica reduced the time for a

fall length inspe ction (approximately 600 data points) from 4-1/2 to 2-1/2

; hours.

1

I The robot ope rate s la a fully automated, closed-loop mode. This la-

clades computer verification of proper movement and corrective actions without

| any, or mialmen, operator laterface. Comparison of redundant measurement de-
t

| vices, as well as on-line data reduction, is done by the computer. This

| allows the sy stem to automatically overcome potential malfunctions, such as

; motor stalling or missing an intended hole or surface. System redandancy is

used to maainize data output and minimize downtime.

3.2 Descrintion of Metroloalcal Examination

The dimensional examination of an irradiated fuel or reflector element

may consist of up to five type s of measurements. The measurement type and

order of performance (if selected) are as follows:

O
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!
1

1 1. Across-the-flats measurements: measure the across-the-flats dimensions
|

| of the hexagonal element to determine radial strain (Fig. 3-4) .

i
:

i 2. Side face measurements: map the element bow at the side faces of the

j element at up to 55 points per face (Fig. 3-5) .

!

3. Top surface measurements: map the element height at the top surface of

the element at up to 54 pelats to determine bulk length change for;

axial strain (Fig. 3-6) .

i
2 4. Coolant hole measurements: measure the distance between and diameter

of 40 coolant holes at the top of the element to determias the incre-

i mental radial strain (Fig. 3-7) .

}

|
| 5. Fiducial hole messarements: measure distances between predrilled fida-

cial holes located along the corner of preselected elements only (sur-

veillance elements and FTE-2) to determine incremental changes in axial

|'
.

1engths and axial strala (Fig. 3-8) .

The measurement sequence and length of inspection are selective. The

side face, top surface, and coolant hole measurements have both in11 length

and abbreviated versions. The fall length versions are need for the surveil-

lance and test elements. The abbreviated version is generally used for all

other elements. The abbreviated version is shorter by approximately one hour.

3.3 Metroloav Robot Quality Accentance

1

| The metrology robot was accepted by GA's Quality Assurance Department

! for shipment to PSV. The acceptance was in accordance with requirements

i O
I

i

!
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specified for the calibration of the robot (Ref. 8). The detailed calibration

data and a diseassion of the metrology robot calibration are presented la Ay-
pendix A.

3.4 Resnits of Metrolony Robot

Fifty-one H-327 graphite and one H-451 graphite fuel elements were

metrologically examined. An infrared thermometer temperature gas was setup to
perform the surface temperature measurements: however, it failed af ter eight
inspe ct ions. A resistivity thermometer device located on the probe was them
used to measure the surface temperstares. The measured element surface

temperatures ranged from 330C to 480C. The metrological resnits along with

the calculated results are presented in Tables 3-1 and 3-2. The core segment

O 3 maximum element average shrinkages in length and across-the-flats dimensions
were 5.80 mm (0.23 in.) sad 2.05 mm (0.08 in.), respectively. The maximum

observed bow (see Fig. 3-9) was 0.69 mm (0.027 in.). The axial and radial
dimensions of nearly all of the fuel elements shrank as a resnit of the irre-

diation. One H-327 graphite fuel element expanded siishtly 0.03 mm (0.001

in.) across-the-flats (radial). This element was located la region 18 core

; layer 9. This phenomena was also noted in the core segment 2 surveillance
where one fuel element and a side reflector also expanded slightly in the

radial direction (Ref. 3). The core 2 fuel element was also located one layer
,

i

j above the reflector elements (layer 9) . No core segment 3 fuel elements ex-

| panded axially. However, there was measured axial expansion in the examined
I

i reflectors (one top, one side and one bottom) . The maximum expansion measured

f was 0.48 mm (0.02 in.) in the bottom reflector.
1

i
All of the fuel elements la region 18 were f acinded in the core 3 sur-

a

j veillanee. Figure 3-10 shows the axial strain and bow distributions measured

! for these fuel elements. The latra-element axial strains tended to be lower
on the E isee side and on the sides adjacent to the E face, the F and D f aces.

The bow in region 18 corresponded with the axial strains. The sides with
,
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lower (less negative) axial strains, faces B, D and F, had small bow or had

megative bow (convez) . The opposite sides, A, B and C, tended to have greater*

bow or positis e bow (comaave) . The bow and axial strains in the other exam-

imod regions did not follow these trends. See Figures 3-11, 3-12, and 3-13.

The radial strains tended to peak la core layer 5. This was also true of the
;

| axial strains. Figures 3-14, 3-15, and 3-16 show the intra-element measured

radial strain for region 18, 22, and 13 and 3, respectively.
,

!

Bach core surveillance provide additional in pile data. These data are'

used to gain a better perspective of the range of potential strains la H1GR

fuel elements *. The fast neutron doses received by the core segment 3 ele-
|

meats [<2.8 x 1025 m/m2 (E < 29 fJ)RIUR] were less than the expected lifetime;

! doses that would be received by most fuel elements in a E1UR. Since the fast

fluences were low, the measured strains were relatively small ((1.0%) . Fig-

ares 3-17 and 3-18 show the envelopes of measured strains for core segments 1,

| 2 and 3 surveillances as compared to the range of potential strains using the

| H-327 graphite design curves.

3.5 connarisons of Measured ==A caloalated Strains and Bow

Strain and bow predictions were obtained using the SURVEY / STRESS (Ref.

9) code. SURVEY / STRESS calculates stresses, strains and deformations (bow) in

an E1UR fuel element based on viscoelastic beam theory. It is the simplest

and most officient of three code s used to caloalate stresses in H1UR fuel
elements. It is used to survey the entire core to identify potential critical

elements which eam be further studied by more refined analysis. Since

SURVET/ STRESS models all the important physical effects and structural

*The measured strains (AL/L) facinde the creep strain and elastic strain as

well as the irradiation-indsoed strain. However, the creep strain and elas-
tio strain for these elements were small, so the measured strain is approzi-

,

mately egaal to the irradiation-indsoed strain (at room temperature).|
|
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interactions, the results should correlate reasonably well with the more

refined analyses. Tables 3-1 and 3-2 compare the measured axial strain and

bow, and radial strain with the SURVEY / STRESS predictions.

1

Figures 3-19 and 3-20 show the differences between calculated and mes ,
sured element-average axial and radial strains for the segment 3 elements

versas fast neutron fluence. The results of core segment 3 surveillance

strain comparisons are given below:
i

1. Axial Strain2

a. The calculated axial strains were consistently lower for all ten-

perature and fluence ranges. The disagreement between measured and
calculated strains increased with higher fast fluences.

b. The agreement between measured and calculated axial strain was

within the 10.0001 mm/mm to 0.002 mm/mm range for fluences lower
25than 2.0 x 10 m/m2 Whereas, the agreement between measured and

25calculated axial strain for fluences greater than 2.0 x 10 n/m2

ranged from 0.002 mm/s to 0.0045 medse.

2. Radial Strain

a. The calculated radial strains were consisM atly lower than the

measured straina.

b. The agreement be tween calculated and measured strains was within

10.003 mm/mm for all elements.

c. The agreement between calculated and measured strains varied with
fast fluence. The lower the fast finance the better the agreement.

1
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'

The polynomial expression used la SURVEY /SHESS code to represent the

design data for irradiation-induced dimensional change of E-327 graphite has
been revised (Ref. 10) since the core segment 2 surveillance. The revised

polynomial expression no longer exaggerates the rate at which the H-327 graph-
! its shrinks with fast mostros exposure (Ref. 3). The revised expression does

not exaggerate the strain la the low temperature, low flaeace ranges. At
25finances between 2.0 and 3.0 x 10 n/m2 the revised expression anderpredicts

the strain by a ratio of 2 to 1.

3.6 FM-2 Metrolomical Results

FTE-2 underwent very little dimensional change as a result of irradia-i

tica. The element average axial and radial strains were measured to be

; -0.262% (0.9 mm shrinkage) and -0.099% (0.4 am shrinkage), respectively. The

I maximum bow was 0.10 mm. The radial and axial strala distributions, (from

| across-flats dimension and element length messarements), for F11-2 are shown
|

in Figures 3-11 and 3-15. The maximum bow for each side face is also shown la|

Figure 3-11.

The measured strains were compared with the calculated strains (via the

SURVEY /SHESS code) . The differences between calculated and messared axial
and radial stratas weice -0.013% and -0.112%, respectively (see Tables 3-1 and

3-2). The polynomial expression used in SURVEY / STRESS to represent the design
data for irradiation-induced dimensional change of H-451 graphite slightly

overpredicted the stralas (see Tables 3-1 and 3-2) .

O
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Fig. 3-3 Metrology robot coordinate system
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Fig. 3-4 Across-the-flats measurements
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Fig. 3-7 Coolant hole measurements
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Table 3-1
,

SE88L73 0F BIlme8Icelai. IIISPECTI0188 0F PST 8581mff 3
(XIEE COW 0eWITS AIIAL STRAIM AltD 345

; Asial Strata (%)
i Irred. Conditione (s)
- Element blessated . Boy (mm)
! Serial Core Temp. Fast Fleense Cale.(e) Differenee

ss(alo afet)leumber 14eetles (*C) (B )e-(8 ). Mees. Cale.(d)(3 1s ile (B )e2 Z Z 2

01-4304 18.05.F.07 392 2.21 -4.349 1 008 -0.130 0.219 0.20 0.04
01-5217 10.04.F.07 560 2.13 -0.373 1 015 -0.143 0.230 0.25 0.05
01-1773 18.07.F.07 $43 2.04 -0.342 1 008 -4.156 0.186 0.13 0.07
02-1950 18.01.F.07 SM 1.46 -0.1 84 1 008 -0.119 0.065 0.05 0.04
01-1621 18.02.F.08 5 83 1.64 -0.220 1 007 -0.130 0.0 90 0.20 0.02
01-4091 18.03.F.08 602 1.72 -0.223 1 008 -0.121 0.102 0.20 0.02
01-23M 10.04.F.08 649 1.82 -0.204 1 012 -0.124 C.000 0.20 0.13
01-11M 18.05.F.00 638 1.79 -0.228 1 008 -0.112 0.116 0.23 0.07
01-1337 18.06.F.08 602 1.71 -0.237 1 007 -0.112 0.125 0.20 0.03

,
01-4536 18.07.F.08 $82 1.63 -0.220 1 007 -0.172 0.048 0.13 0.03

i 03-4707 18.01.F.00 613 0.M -0.0$2 1 012 -0.0 87 -0.0$$ 0.08 0.03
01-2563 18.02.F.09 601 1.00 -0.106 1 012 -4.100 0.006 0.00 0.02
01-1949 18.03.F.09 621 1.14 -0.103 1 008 -0.093 0.010 0.15 0.03
01-4530 18.04.F.09 671 1.21 -4.0 M 1 015 -0.101 -0.005 0.15 0.15
01-2640 18.0 5.F.09 659 1.19 -0.129 1 008 -0.090 0.039 0.15 0.08
01-1985 18.06.F.09 621 1.13 -0.095 1 012 -0.0 86 0.009 0.10 0.02
01-4715 10.07.F.09 598 1.07 -0.106 1 015 -0.097 0.009 0.08 0.02
08-4206 22.06.F.06 $12 2.07 -0.262 1 005 -0.200 -0.018 0.10 0.05
(PTB-2)
05-1191 22.03.F.06 484 1.34 -0.244 1 008 -0.187 0.057 0.61 0.38
05-0731 23.04.F.06 497 1.92 -4.361 1 012 -0.199 0.162 0.69 0.36
05-2104 22.04.F.06 493 2.07 -0.373 1 008 -0.217 0.156 0.33 0.27,

01-2943 3.06.F.09 639 1.42 -0.122 1 007 -0.0 M 0.026 0.18 0.03
02-2781 13.01.F.03 300 1.63 -4.376 1 008 -0.350 0.026 0.18 0.01
01-2406 13.03.F.06 SSS 2.82 -0.637 1 011 -0.233 0.404 0.46 0.06
01-0335 13.03.F.09 644 1.20 -0.108 1 011 -0.085 0.023 0.25 0.06

(a)Touperatures med feet fluemees were obtataed from 855VIT eede estestatione bened on the GADGE
, sede deFlettes analyste of F87 eretos 1. 2. and 3. Toeperatures are time and velame eversted.
i The temperatore sneertainty (le) is estimated by 10E of the difference between the temperature

and the See-talet temperatore (~93 S'C. time avere8ed). The feet neutres fluemees (E > 29
fJ)ggga are volamo evere8ed. The sneertalaty in the feet finenee le 1106 (le).

(b) Aalat straise are cleesst everages.
I*IThe estestated salal stralse were obtained by subtreetla8 the thermal strata at 177'C (350*F)

(0.027 a 10-2 mm/mm) free the end-of-Ilfe shutdeva straine.
(4)See sales 1sted at the eleesst aldplane by 85575Y/87EE88.,

e
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Table 3-1

RESOLT5 0F DIlWISIONAL INSFECTIONS OF FET Saeleff 3
CORE (B W ONENTS AIIAL STRAIN AND B05

EAntal Strata *' (t)
*

Irred. Conditiese(s)
Blomoat Ilseeered Bow (m)
serial Core Temp. Feet F1 sense Cale.(e) Differesse '

(g ),.(Ez). Nese. Cale.(d)Number Leestles ('C) (z1025a/m2) (g ), 31, (g ), gg g

41-1004 22.10.R.04 IIC(*) NC 0.024 1 000 NC NA 0.20 NC

17-13 M 18.04.R.03 10C IIC 0.070 1 020 NC NA -0.0$ NC

17-1270 18.04.R.10 00C NC 0.043 1 020 NC NA NE NC

(a) Temperatures and feet fleenses were obtained from SOEVET sede salesistions bened on the GAUGE
eede depleties smalysis of FST eyelee 1. 2. sad 3. Temperatures are time and velame averaged.
The temperstsee useertalaty (1e) is astinated by 105 of the differesee between the toeperature
sad the gae-talet temperatore (-3 3 5'C. time everaged). The feet mestres fluemees (E ) 29i

f!)ygga are volume averaged. The sneertelaty la the feet fleesee le 1105 (1e).,

(b)Astal strains are element averages.'

(e)The salentated estat straine were obtained by subtreettas the thermal strata at 1778C (350*F)
(0.027 x 10-2 mm/mm) from the end-of-life shutdown strains.

(d)Bev ealestated at the element midplane by 35ETET/ STRESS.
(e)MC = Not Catestated IIA = Not Avellables le = Not benented

|

.

.

f
\
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Table 3-2

RESULTS OF DINENSIONAL INSPECTIONS OF FSV SEGNENT 3
CORE COMPONENTS, RADIAL S7 RAIN

Irradiation
Conditions (*)

Radial Strain (b) (%)
Tem- Fast

Element pera- Finance Measured Calcu-
Serial Core ture (x1025 1sted(*) Difference
Number Location ('C) n/m2) (Ex). ile (Ex)e (Ex)c-Ex) ,

02-1707 18.01.F.03 387 1.67 -0.274 0.046 -0.208 0.066
01-0684 18.02.F.04 381 1.71 -0.271 0.014 -0.220 0.051
04-0463 18.03.F.04 386 1.69 -0.334 0.008 -0.219 0.115
01-1018 18.04.F 04 398 1.87 -0.357 0.016 -0.244 0.113
01-2282 18.05.F.04 396 1.88 -0.303 0.017 -0.249 0.054
01-0647 18.06.F.04 3 84 1.72 -0.311 0.013 -0.227 0.084

O 01-1612 18.07.F.04 379 1.67 -0.241 0.025 -0.217 0.024
02-2815 18.01. F.04 457 2.20 -0.420 0.081 -0.189 0.231
01-1990 18.02.F.05 448 2.37 -0.480 0.008 -0.211 0.269
01-0192 18.03.F.05 457 2.42 -0.479 0.039 -0.220 0.259
01-0305 18.04.F.05 482 2.62 -0.491 0.006 -0.221 0.270
01-1555 18.05.F.05 476 2.59 -0.513 0.014 -0.227 0.286
01-1410 18.06.F.05 456 2.45 -0.569 0.042 -0.230 0.339
01-0974 18.07.F.05 446 2.36 -0.502 0.061 -0.220 0.282
02-1120 18.01.F.05 517 2.25 -0.325 0.030 -0.121 0.204
01-2447 18.02.F.06 506 2.50 -0.344 0.013 -0.140 0.204
01-1228 18.03.F.06 519 2.60 -0.401 0.068 -0.144 0.257
01-2351 18.04. f. 06 554 2.76 -0.336 0.023 -0.125 0.211
01-1397 18.05.F.06 546 2.74 -0.425 0.027 -0.130 0.295
01-0873 18.06.F.06 518 2.63 -0.406 0.013 -0.152 0.254
01-1918 18.07.F.06 504 2.51 -0.356 0.021 -0.150 0.206

(a) Temperatures and f ast fluences were obtained from SURVEY code calcula-
| tions based on the GAUGE code depletion analysis of FSV cycles 1, 2, and

3. They are time- and volume-averaged temperatures for axial point 3,
the mid plane of the block. The temperature nacertainty (le) is esti-
mated by 10% of the difference between the tempreature and the gas-inlet

:

| temperature (~3350C), time averaged).
(b) Radial strains are element-averaged strains at the mid plane of the ele-

|
meats.'

(8)The radial strains were obtained by subtracting the thermal strain at
177'C (350*F) (0.056 x 10-2 mm/am) from the end-of-life shutdown strain'

,
calculated by SURVEY /SHESS for axial point 3, the mid plane of the

! element.

!
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TITI2: NONDES7RUCTIVE EXAMINATION OF 62 FUEL AND REFLECTOR ELEIENTS FRON FORT
ST. VRAIN CORE SEGMENT 3

|memmtur NO. 907785 IISSE NO./L11. N/C
i 1

Table 3-2 ;

<

RESULTS OF DIMENSIONAL INSPECTIONS OF FSV SEGMENT 3
CORE COMPONENTS, RADIAL S7EAIN i

Irradiation ;

Conditions (a) !

Radial Strain (b) (%) !

Tem- Fast
Element pera- Fluence Measured Calcu-
Serial Core ture (x1025 lated (*) Difference
Number Location (OC) n/m2) (Eg) , 11e (Eg), (Eg) -Eg) ,

02-0265 18.01.F.06 557 1.80 -0.135 0.021 -0.073 0.062
01-0443 18.02.F.07 545 2.03 -0.164 0.015 -0.084 0.080
01-1817 18.03.F.07 562 2.11 -0.1 82 0.002 -0.080 0.102
01-2939 18.04.F.07 602 2.24 -0.201 0.014 -0.057 0.144
01-4304 18.05.F.07 592 2.21 -0.164 0.019 -0.057 0.107

'
01-5217 18.06.F.07 560 2.13 -0.231 0.011 -0.081 0.150
01-1773 18.07.F.07 543 2.04 -0.210 0.011 -0.089 0.121'

02-1950 18.01.F.07 596 1.46 -0.119 0.003 -0.042 0.077
01-1621 18.02.F.08 5 83 1.64 -0.137 0.026 -0.049 0.088
01-0091 18.03. f.08 602 1.72 -0.104 0.028 -0.042 0.062
01-2396 18.04.F.08 649 1.82 -0.060 0.020 -0.024 0.036
01-1796 18.05. F.08 638 1.79 -0.074 0.012 -0.019 0.055
01-1337 18.06.F.08 602 1.71 -0.113 0.013 -0.037 0.076
01-0536 18.07.F.08 5 82 1.63 -0.109 0.014 -0.050 0.059
03-0787 18.01.F.08 613 0.96 -0.011 0.019 -0.021 -0.010
01-2563 18.02.F.09 601 1.08 -0.041 0.029 -0.025 0.016
01-1049 18.03.F.09 621 1.14 -0.005 0.014 -0.018 -0.013
01-0530 18.04.F.09 671 1.21 -0.028 0.023 -0.003 0.025
01-2640 18.05. F. 09 659 1.19 -0.052 0.017 -0.000 0.052
01-1805 18.06.F.09 621 1.13 -0.047 0.007 -0.014 0.033
01-0715 18.07.F.09 598 1.07 0.009 0.015 -0.026 -0.035
08-0206 22.06.F.06 512 2.07 -0.099 0.012 -0.211 -0.112
(FTE-2)

|
(*) Temperatures and fast fluences were obtained from SURVEY code calcula-

tions based on the GADGE code depletion analysis of FSV cycles 1, 2, and:

( 3. They are time- and volume-averaged temperatures for axial point 3,

,

the mid plane of the block. The temperature uncertainty (la) is esti-
j mated by 105 of the difference between the tempreature and the gas-inlet
l temperature (~3350C), time averaged).

(b) Radial strains are element-averaged strains at the mid plane of the ele-
'

monts.
(c)The radial strains were obtained by subtracting the thermal strain at

1770C (3500F) (0.056 x 10-2 mm/ma) from the end-of-life shutdown strain
calonlated by SURVEY / STRESS for axial point 3, the mid-plane of the
element.
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Table 3-2

RESULTS OF DIMENSIONAL INSPECTIONS OF FSV SBGMENT 3
CORE COMPONENTS, RADIAL STRAIN

Irradiation
Conditions (*)

Radial Strain (b) (%)
Tem- Fast

Element pera- Finence Measured Calca-
Serial Core tore (x1025 lated (*) Difference
Number Location (OC) n/m2) (Ex) , ile (Ex)c (Ex)c-Ex) ,

05-2191 22.03.F.06 4 84 1.54 -0.186 0.024 -0.148 0.038
05-0751 22.02.F.06 497 1.92 -0.243 0.032 -0.155 0.088
05-2104 22.04.F.06 493 2.07 -0.311 0.032 -0.165 0.146
01-2943 03.06.F.09 639 1.42 -0.082 0.022 -0.025 0.057
02-2781 13.01.F.03 3 80 1.63 -0.298 0.034 -0.228 0.070

0 01-2606 13.03.F.06 535 2.82 -0.455 0.019 -0.180 0.275
01-0335 13.03.F.09 644 1.20 -0.048 0.024 -0.013 0.035
41-1004 22.10.R.06 NC(d) NC -0.038 0.018 NC NC

i 17-1394 18.04.R.03 NC NC 0.016 0.092 NC NC

17-1270 18.04. R.10 NC NC 0.071 0.026 NC NC

(a) Temperatures and fast fluences were obtained from SURVEY code calc.la-
tions based on the GAUGE code depletion analysis of FSV cycles 1, 2, and
3. They are time- and volume-averaged temperatures for axial point 3,
the mid plane of the block. The tempe rature uncertainty (la) is esti-
mated by 10% of the difference between the tempreature and the gas-inlet
temperature (~3350C), time averaged) .

(b) Radial strains are element-averaged strains at the mid plane of the ele-
meats.

(0)The radial strains were obtained by subtracting the thermal strain at
1770C (3500F) (0.056 x 10-2 na/an) from the end-of-life shutdown strain
calculated by SURVEY / STRESS for axial point 3, the mid plane of the
element.

(d)NC = Not Calculated.

O
,

|
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4. GAIGIA AND NEUIRON ACTIVITY MEASUREMENTS
,

4.1 Gamma Dose Rates

! Gamma dose rates at 91 cm (3 f t) and at 100 cm (39.5 in.) were measured
for selected segment 2 elements with a Reuter-Stokes, Model RS-C4-1606-203,

samma ionization chamber.

Figure 4-1 shows the geometry for the samma dose rate measurements.

The PATH (Ref.11) gamma shielding code was used to calculate the gamma

| dose rate at the above specified distances. The PATE analysis calculated

nuclide densities of the major gamma contributors. Dose rates calculated by

the PATH model were then scaled according to the nuclide densities of the'

major gamma contributors to give the calculated dose rate for each fuel ele-

ment.

Table 4-1 shows the results of the measured and calculated gamma dose

rates. The measured gamma dose rate for a top reflector was 76 mR/h. The

nearared samma dose rate for fuel elements ranged from 605 to 2815 R/h. The

ratio of calculated to measured samma dose rate for examined fuel elements
ranged from 0.78 to 2.11 with an average of 1.04. If the worst case ratio of

2.11 is omitted (see Table 4-1), the average ratio of calentated to measured

gamma dose rate is 0.99. The previous surveillance (Ref. 3) had an average

calculated to measured gamma dose rate of 1.7. The better agreement for the

ccre 3 segment can be attributed to more precise source terms used in the PATE

calculations.

|

4.2 Neutron Count Rates

Neutron count rates for selected segment 3 fuel elements were measured

using a SNOOPY-type detector system equipped with a Reuter-Stokes, model RS- -
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P6-085-134, fission counter. The measured counts are not believed to be cor-

rect because the detector indicated higher counting rates for the background

than for a fuel element. The system is believed to have degraded due to elec-

tronic noise. Therefore, the neutron counts will not be presented in this

report.

!O
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Table 4-1

COMPARISONS OF CALCULATED AND MEASURED GAMMA
DOSE RATES FOR FSV SEGMENT 3 ELEMENTS

Gamma Dose
Distance (1/ h)

Element from Center
Serial Core of Face Calcu- Mea- Calc./
Number Location (ca) lated sured Me a s.

1-2606 13.03 . F. 06 91 2497 2664 0.94
100 2141 2370 0.90

1-0335 13.03.F.09 100 1275 605 2.11
1-2943 3.06.F.09 91 1632 1227 1.33

100 1398 1076 1.30
5-2104 22.04.F.06 91 2669 2462 1.08

\ 8-0206 22.06.F.06 91 2924 2387 1.22
100 2507 2462 1.02

5-0751 22.02.F.06 91 2895 2815 1.03
100 2482 2521 0.98

1-0530 18.04.F.09 100 1285 1471 0.87
1-1018 18.04.F.04 100 1404 1630 0.86
1-2640 18.05.F.09 91 1438 1471 0.98
2 1397 18.05.F.06 100 2162 2546 0.85
1-2351 18.04.F.06 100 2223 2622 0.85
1-4304 18.05.F.07 91 2118 2303 0.92
1-0091 18.03.F.08 91 1948 2487 0.78
1-0873 18.06.F.06 91 2562 2555 1.00
2-0265 18.01.F.06 91 1566 1462 1.07
1-1990 18.02.F.05 91 2493 2479 1.01
1-0192 18.03.F.05 91 2286 2513 0.91
1-0305 18.04.F.05 91 2223 2345 0.95

| 100,, 1905 2311 0.82
._17-1394 18.04.R.03 104 NC* 0.076 -

t Average 1.04

e
NC = Not Calculated

I **
i Detector was moved
!

l

!
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5. VISUAL EIANINATION

,

The visual examinations were performed concurrently with the metrologi-

cal examination. A core component (element) was lower into the HSF by the

fuel handling machine (FHN). The element was placed on the turntable of the

metrology robot. During the metrological examination, the turntable rotated

the element so that each side face (Fig. 1-2) could be viewed through the HSF

window and by the camera system.
;

| The 62 segment 3 fuel and reflector elements were visually examined
!

using four remotely controlled television cameras equipped with pan / tilt units

and zoom lenses. Lighting was provided by the HSF lighting, by remotely con-

trolled camera lights, and by three light banks. All surfaces of each element
,

were thoroughly inspected and recorded on videotape. In addition the element4

side faces were photographed through the HSF window with a 35-am camera equip-
pod with a telephoto lens. Two photographs (the top half and bottom half) of

' each face were taken to give a composite picture of the entire face. Polaroid

photographs were taken from the television monitors of features of interest.

The visual examinations were hampered by numerous camera and peripheral
'

equipment malfunctions resniting from the high dose rates (12900 R/h at 1

meter). The dose rate for segment 2 elements 1500 R/h at 1 meter. However,

all 62 elements were videotaped.

The inspected elements were in good condition. No cracks were detec-

ted. Three dowel pins on an element were damaged. Another element had ex-

terior damage in one dowel socket. Little evidence was observed of graphite

oxidation or erosion. Most blemishes observed on the elements were typical
strains of scratches, scrapes, rub marks, interface marks and flow marks (Fig.

O
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;

! 5-1). These were similar to the observations of the first two segments (Ref s.

; 2 and 3) and of the inspection of core region 35 in March of 1979 (Ref.12) .
i

| The results of the visual examinations of the regular and surveillance fuel

and reflector elements are discussed in more detail below. The fuel test

element, FTE-2, is also discussed below in a separate subsection.

! 5.1 Reaular and Surveillance Elements Visual Results
i

!

The regular and surveillance fuel and reflector elements were fabrica-

ted from H-327 graphite. The observed blemishes are discussed below.

t

!

5.1.1 31ging

O:
Dark stains were observed on many side faces of the elements. However,

stains were seen most frequently on the control rod elements (column 1) and on
the E face of elements (Fig. 5-2). The E face was always toward the control

column. The general appearance of a typical stain was as if liquid had

trickled down the element face leaving a dark residue. In general, there was

no consistent staining pattern. Some stains were very prominent others were

barely visible. Some stains could be traced down a column, while others

started or ended abruptly. The paths of a few stains were disrupted by the

top edge of the adjacent element leaning against it which caused the staining
liquid to run horizontally and disperse or continue downward at an offset

(Fig. 5-3).

,

*

Similar stains were observed on the fuel and reflector siements during
!

previous inspe ctions. During the inspection of region 35 (Ref.12), samples

! of the staining material were collected and subjected to gamma spectroscopic
analysis. A high concentration of iron and silicon and lesser amounts of

,

|O
I

i

i
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aluminum, copper, and silver were detected. The presence of iron may have

come from the unplanned water ingresses into the prestressed concrete reactor

vessel (PCRV). The silicon and aluminum are believed to have come from the

Knowool insulation used in the core. The copper apparently came from alloys

used for reactor or water system components. These material were apparently

carried down the elements by the water, and was lef t behind as a residue.

Figure 5-4 shows arother observed stain. These localized stains were

seen on several elements. The appearance is circular with a darker central

area which may contain contaminants.

5.1.2 Scratches and Scranes

O
Numerous scratches and scrapes were observed on the surf aces of many of

the elements. Most of these markings were insignificants however, some are

notable and are listed below.

oA continuous (sometimes discontinuous) vertical scratch of some depth

down the center of face C of an element (Fig. 5-5).

Four of the core segment 3 elements were observed to have this scratch.

This scratch was also noted during the previous two inspections, but is

not believed to be of a depth to cause any structural problems.

o Vertical scrapes and scratches on the left and/or right sides of face D

of the element (Fiss. 5-6).

This type of marking varied in length and degree of scraping and scratch-
ing. Some elements only had a scrape or scratch for only a few vertical
inches on the left or right side, while other had marking extending the
length of the block. Forty-five elements were observed to exhibit these
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markings on face D. Elements from the segment 2 surveillance were ob-

served to have similst markings.

o Vertical scratch on right and/or left side on f ace F of an element (Fig.

5-7).

Twenty one segment 3 elements exhibited this scratch on the right and

some time left side of face F. This particular marking was noted only on

one element during a previous surveillance.

Since the above mentioned scratches and/or scrapes were nearly identi-
cal in location and appearance, they are believed to have been made during

handling and are not believed to be of sufficient consequence to cause any

future structural problems.

| 5.1.3 0xidation

Iron, which is a catalyst for graphite oxidation, was found on the

residue of the evaporated stains (see Section 5.1.1) . This suggests that

f oxidation may have occurred due to contamination by iron which seeped into the
! graphits. Therefore, darkened areas in the vicinity of stains or on control

elements and face E of regular elements are possible sites for localized
,

graphite oxidation. Figures (5-8, 9) show two suspicious darken areas which

may have a little oxidation.

5.1.4 Rub Marks

|

| Light vertical bands and/or columns of short, horizontal marks were
|

| observed near the left and/or right edge s on some side faces (Fig. 5-10).

| Twenty of the examined elements showed this type of burnishing indicating some
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contact with adjacent elements. The rubbing highlighted the machining marks

on the side faces, but did not removed them. Since the degree of abrasion

appears to be about the same as observed in surveillances 1 and 2, the ob-

served rub marks probably are the results of earlier core movement (Ref. 2, 3

and 12). This observation represents evidence that the core restraint devices

installed at the start of cycle 3 were effective in reducing fuel element

movement.

5.1.5 Flow Marks

Dark horizontal bands, approximately 45 mm wide, were observed on near-

ly all faces of the control-rod elements (Fig. 5-11) and on face E of the

regular fuel elements (Fig. 5-12). Face E of the regular elements always

f aced the column of control-rod elements. In the FSV core, the control-rod

columns are vertically offset from the surrounding columns of regular fuel

elements by one quarter of a block length. The dark bands appeared at the

axial locations corresponding to the top and bottom chaefers of the adjacent

fuel elements. Two chaefers are a total of 45 mm wide, the same width as the
1

! dark bands.

| The dark appearance of these areas is indicative of surface roughening

|
due to graphite erosion caused by particulates in the coolant flowing through

the flow paths formed by the sides of elements and the top and bottom chaefers

| of the adjacent elements. The horizontal displacement of stains (Subsection

j 5.1.1) at these block interfaces suggests that substantial coolant flowed

through these flow paths. On several blocks, there were dark areas above or

i below the dark bands (Fig. 5-13). These are thought to have been soot depos-

its formed by the graphite abraded from the elements.

!
!
i

: O
;
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5.1.6 Chins. Nicks and Debris

There were a few small nicks and chips on the elements. Most of these

were very minor and insignificant. However, element serial number 1-1228

(core location 18.03.F.06) had minor damage to all three of its dowel pins.

The two E face dowel pins were more chipped than the B face dowel pin. Figure

5-14 shows the damage to the E face dowel pins. The elements located above

and below this element appeared to be free of dowel pin or socket damage.

Element serial number 2-1707 (core location 18.01.F.03) had damage to

the B face dowel socket. A small chip of the graphite web between the dowel

socket and the central coolant hole (319) on the B face edge was missing (Fig.

5-15). The element located above this element appeared to be free of dowel

socke t damage. The element located directly below element 2-1707 had debris

around both E f ace dowel pins, but was free of debris near the B face dowel

pin (Fig. 5-16). This indicates that probably all three dowel socke t s of

element 2-1707 had minor scaping and chipping. Since only the exterior of the

E face dowel sockets of element 2-1707 could be viewed with the failing camera

system, only the damage to the B face socke t was observed.

|
A few dowel pins also had wear debris, which came to rest on the top ofi

the dowels (Fig. 5-17). Apparently, material was shaved of f dowel sockets in

the bottom of one element by the dowel pins on the top of an element stacked

below, and the shavings tended to accumulate on the upper dowel pin surf ace.

5.2 Fuel Test Element F1E-2 Visual Results

Fuel test element FTE-2, one of eight precharacterized elements with
I

i fuel test arrays (Ref. 13) was laserted in the FSV core during the first

| reload in March and April of 1979. Unlike the regular FSV fuel elements which

!O
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were cured-in-bed, the fuel rods in FTE-2 were cured-in place. Also, FTE-2

was fabricated from near isotropic H-451 grade graphite instead of the needle-

coke H-327 grade graphite used in the initial core elements. Elements fabri-

; cated from H-451 grade graphite are designated for FSV refueling segments and

advanced HTUR designs. The visual examinations cf the test elements provide

observable and concrete evidence of the H-451 graphite structural integrity

i and performance.

FTE-2 was in excellent condition. There were small scratches but no

significant structural damage. No cracks were observed on any of the sur-

faces. There was no evidence of graphite oxidation.

!

The side faces of FTE-2 are shown in Figures 5-18 through 5-23. There

was a discontianots vertical scratch running nearly the length of face C (Fig.

} 5-20). Face D had vertical scrapes and scratches on the lef t side (Fig. 5-

21). The upper right side of face F also had vertical scratches (Fig. 5-23).

Siellar markings were observed on the regular FSV elements during this and

previous surveillances, and are believed to have been caused during handling.

|

| The photographs and video tape of some of the side faces had darkened

areas which had the appearance of build-up of some substance (Figs. 5-20, 21,

22, 23). However, the darkened areas disappeared when the element was

f rotated. A possible explanation is that particulate matter from the coolant

flow or outgassing from the care-in-place caused a change in the surface

finish which altered the reflectivity. Some of the darkened areas on the E

I face did not disappear upon rotation and are thought to have been soot dep-

osits formed by the graphite abraded from the elements (Fig. 5-22) .

|
!

i O
!
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The top surface of FIE-2 is shown in Figure 5-24. A few dark markings (Fig.

5-25) were seen on this surface. The se markings were located around fuel

+ holes, coolant and adjacent barnable poison holes. These markings also were

observed in FTE-1 where it was demonstrated that the darkened areas were not

build-up of substances, but most probably stains caused by outgassing from the

graphite cement used to cement the fuel hole plugs in place (Ref.14) .

None of the observed regular FSV elements showed these types of markings.
.

|

The bottom surf ace of FTE-2 was in excellent condition and was relativ-
ely free of blemishes.

; O
,

i

|

>

|
\

|

O
'

.
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Fig. 5-24 Top surface of FTE-2 (element serial number 8-0206)
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Fig. 5-25 Dark circular markings observed around fuel holes coolant
and adjacent burnable poison holes on the top surface of '

FTE-2,
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6. SUMMARY AND CONCLUSIONS
f

Sixty-two fuel and reflector elements from FSV core segment 3 were non-
'

destructively examined in the HSF at FSV during June, 1984. These examina-

tions were performed by GA at FSV as part of the DOE-sponsored surveillance

: program. The time- and volume-averaged graphite irradiation temperatures and
volume-averaged f ast neutron finences for the elements ranged from approxi-

25mately 3800 to 670'JC and from 0.96 to 2.82 x 10 n/ m2, respectively. The

examinations were intended to verify the structural integrity and dimensional

stability of the elements and to obtain dimensional change data and samma dose
rates to verify HItiR design code calculations.

The results and conclusions of the nonde structive examinations are
summarized below.

6.1 Core Connonent Performance
.

.

The axial and radial dimensions of nearly all the inspected H-327;

graphite fuel elements shrank as a result of irradiation, but the dimensional

changes were relatively small. The maximum element-average axial (AZ/Z) and

radial (AX/I) strains were -0.73% and -0.57%, respectively. The maximum bow,

was 0.69 mm. The examined reflector elements underwent very little dimen-
!

sional expansion (less than 10.48 mm) . The measured strains in segment 3 ele-

ments were reasonably close to or greater than the calculated dimensional

change s. The measured bow was consistently higher than the calculated bow.

The visral examinations of the elements showed the elements to be in
good condition. No cracks were observed. There was little evidence of graph-
its oxidation. The evidence of mechanical interactions (rub marks) was no
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more severe than in the two previous surveillances which suggested that the

core movement was very minimal or had stopped. Minor dowel pin and dowel

socket damage was observed on two elements, but the damaged arets did not af-

fect the handling, storage nor core performance of the elements. A few chips,

nicks and other handling scratches were noted, but these blemishes did not

af fect the performance of the core components.

6.2 Code Verification

Strain calculations were performed with the H1UR code SURVEY / STRESS and

the re sul t s compared with measured strains. The results of the comparison

showed the calculated (SURVEY / STRESS) strains to be underpredicted in almost

every case. The differences between the calculated and measured axial strains
25were less than 0.16% for fast fluences less than or equal to 2.0 x 10 n/m2

25For fast fluence greater than 2.0 x 10 n/m2 the maximum difference was
0.45%. The differences between calculated and measured radial strains were

250.12% and 0.34% for less than and greater than 2.0 x 10 n/m2, respectively.
The polynomial expression for the H-327 graphite irradiation induced strain

,

calculations models the strains better at lower fluences. The measured bow

was consistently higher than the SURVEY / STRESS calculated values.

Gamma dose rates were calculated with the gamma shielding code PATH and

compared with measured dose rates. The maximum measured dose rate at a dis-

tance of 36.0 inches (91 cm) for the examined elements was 2815 R/h. The cal-
culated to measured ratio for gamma dose rate ranged from 0.78 to 2.11 with an

average ratio of 1.04. If the worst case of 2.11 is omitted, the range is

from 0.78 to 1.33 with an average of 0.99. These results are considered to be

quite good for gamma dose rate calcriations.

O.
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6.3 FTE-2 Performance

ne visual examination of FIE-2 provided observable and concrete evi-

dence of the H-451 graphite structural integrity and performance. There were

small scratches, but no significant structural damage. A few darkened areas

were observed on the top surface, but these discolorations were not considered

significant. No cracks were observed on any of the surfaces. There was no

evidence of graphite oxidation.

The measured strains were slightly lower than the calculated strains.

The differences between the calculated and measured axial and radial strains

were -0.018% and -0.112%, re spect ively.
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APPENDIX A

METROLOGY ROBOT CALIBRATION

i

Eight full-length inspections of calibration element 8-0182* were per-
formed prior to shipping the metrology robot to FSV for the surveillance of

core segment 3. The accuracies of the robot measurements were determined and
found to satisfy the accuracy requirements specifled in Ref. 8 (Table A-1).
The results were reviewed and approved by GA Quality Assurance (QA). Quality
Assurance approval of these results constituted QA acceptance of the metrology
robot for shipment to FSV (Table A-1).4

Five more inspections of calibration element 8-0182* were performed at
FSV prior to the inspection of the first irradiated element. The results of

the first four of these inspections (Table A-2) demonstrated that the quality
of the robot measurements had not deteriorated after shipping and established
the measurement biases to be used in processing the robot measurement da ta
into fuel or reflector block dimensions. Run 5 included the biases and was
used to verify calibration runs 1 through 4 (Table A-3) . The robot calibra-

tion procedure (Ref. 8) specifies that a final inspection of calibration

element 8-0182 be performed af ter the last irradiated element of a surveil-
lance campaign has been examined, this was done and the results are in Table

'

A-4.

! * Element 8-0182 is a fully-machined graphite fuel element on which quality
! control measurements, corresponding to those performed on irradiated core

components by the metrology robot, have been performed using calibrated mes-
surement equipment traceable to the National Bureau of Standards. GA Quality
Assurance has certified element 8-0182 as a special calibration standard for
the metrology robot.

O
,
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E 3 3-119 31.223
* 4 316-317 31.223 -

S C-1L= 3L.223 -

6 6 275-2S9 31.223 -
,

j 7 293-196 31.;;2 -

8 296-297 31.22; . ,.
g 9 2:5-ial 31.243 i -

J: 10 5-239 J1.222 -

U L1 257-272 -3L.;;; _

' ,2 237-254 31.;23 ,.

J 15L-252 31.;22 '

.L4 223-244 31.222 ,

13 2.e=232 31.222
16 3-I44 31.222 - ^y

g 17 190-209 31.223
la 197-21.1 31.2'',

5 19 195-214 31.222 - -

.if 20 233-221 31.222 '.m
c 21 200-124 21.;;; -'

| } 22 2 C3-226 31.222 - -

23 C-171 11.;;3 -g
.3 to 165-164 31.222 - -

E 25 01-i.3 31.;;;
i u

26 G-220 JL.222.
*l 27 41-194 31.222
* 20 s3-i27 31.;;2-

.

.6 29 55-125 31.222
y 30 E3-La2 31.222 - -

,j 31 L3 % Le4 JL.;22 - -:*

E 32 0-i34 31.223 - e

5 33 ora-L17 JL.223 -

22 34 L31-119 31.222 -

M 12e-122 M .22
in 111-L20 31.223 -

17 '?4-123 31.222 - -

1R lifr-13 5 31.223 ~-

39 S-41 31.222 - --

40 93-79 21.222
41 76-42 31.222 -o

42 73-74 31.;;;

43 71-ed 31.222 -

44 53-*4 31.222 -

45 S-ee 31.223,

46 24- 17 H.223
47 2?- 29 21.222 i

44 21-32 ?!.222 --
,

49 35-50 31. 22 -

| 50 C-L1 1L.222
SL 4-9 31 222a

52 %* 31.222
33 e 1-4 31.222 -

54 i C-1 31.222 - -

-y - _ _, ytieso , ..

Std. Dev. ?"~f (
, 3

7

: e_ . ~
+ fue Nie

_

. . . . - ~
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| 'TRBLE A-2 VM-)

Distances Between Coolant Roles - Calibration Element 8-0182 A'''

INSTRIMENTATION

' ' * -Probe Table Position
Probe Displacement F "-. . -

H61e to Hole Q. C. Robot Robot - Q. C.

312 to 270 1.595 / f II
~

l- - -

270 to 219 1.594 /TU - - >

| 219 to 106 3.814 : ,se . ..

* 106 to 55 1.594 i "- -'' -

I _55 to 13 1.593 "" - m -
# 312 to 13 12.693 l' - .~. e

'
, .

319 to 295 t 0.656 - - -

295 to 267 1 0.657 - o - s

267 to 235 0.656 .e? . . , - >-

A 235 to 90 4.500 l J a ~/ - < -

90 to 58 1 0.656 t - . - 1
--

E 58 to 30 0.655 .~ . e 2 / .s
-

-'

j 30 to 6 0.655 -- << - -
;

.

| 7 319 to 6 | 12.189 - , . -

E 303 to 264 1.595 i < c-" - e..

$ 264 to 216 1.594 I ~ r 'r -,

j 216 to 109 3.814 .: Sir - ,
t

di 109 to 61 1.593 < w - <- --

JE 61 to 22 1.593 i -2- e,, . ,

| 303 to 22 12.693 1 ,: ca> - e

i 170 to 167 1.594 i e oo - .- -
3 167 to 164 1.595 I m2 - - -'

a
164 to 161 1 3.815 L ' xi' < ',

161 to 158 1 1.594 -'/ : - -

158 to 155 l 1.594 I t Ot.7 -

170 to 155 i 12.695 i >>7n, -
-

| 13 to 22 6.034 1 -- e ,1 e -;

22 to 170 60033 1 <- e rs - '

170 to 312 6.033 1
-

.
-

312 to 303 6.034 . ,
_

-

303 to 155 i 6.034 5 c .1 ; _
'

155 to 13 6.033 -

3 <, ; y . ,

_

Mean - c c. 2 .-
[.

-
_;e

.

Std. Dev. .,
~

+ Asc.107

. ~ - , c -



O L) V U W U FJ W lb 8 611 U U KU W. l'

IDOCUMENT NO. 907785 | ISSUE NO./LTI. N/C
/' I I

f
I

TABl.E A - 2. ..,

ccourwusur

Coolant Hole Diameters - Ca[ibration Element 8-0182 ' f"

INSTRUMENTATION
. . ,

,

Probe Table Position *: t '' s,

c' ;Probe Displacement
_

. , .

|
'*
. Hole Q. C. Rdbot Robot - Q. C.

'
6 .627 - + '':-

13 .627 e- T c . c<
g 22 .627 :2 '

-

a 30 .627 e' -r

E 55 .626 - <> c
^ 58 .627 '

' '' c *

h
-

61 .627 D'' ''
. '

* 66 .626 To - <4
81 .626 /in ~C*

90 .626 - 2 '+ # M'
103 .626 e "^ '

g 106 .626 'V - ' ' ~<-

, 2
'E 109 .626 c ? <>' * '~

| 112 .626 s'n + r < -1
-

| E 126 498 Cm - ''

j $ 144 .498 cc: ' 'J
! "

145 498 Te l.2 ". -

5 155 .626 c2x .<'>
.5 158 .626 4- N * '' '

g 161 .625 ^2' " ' ' '
,g 164 .626 r "/ - ''-

i
1; 167 .626 4 "' +'-'*

! 170 .626 < I' ' ' ' ' ''
'

; 180 498 2 9 ')
181 498 G - _ ' ' . ,

+ e

l 199 .498 t r' ' c---

213 .625 t "' * ""

216 .626 /2* * -'

219 .626 27 * ' ' ' ' '

222 .626 'zA .n-- -
-

235 .626 <- '- - < '

244 .626 'm * ~ <' -!
259 .626 .' J r - - <''

264 .626 . 26 + <.?
267 .626 4de

( |
- <-

270 .625 '> ? '' - 2*''

295 .626 '' 4 ' -

303 .626 <- - ''

312 .626 - '" ' ' ~+

-> 319 626 - 5/ '7 -*

Mean Pase tog,k ,.$ ' |'_33
'4 ,

Std. Dev.
- - _ _ _ _ _ . . _ _ _ _ _ _-
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table A-2 @&
L., i

*

Distances between Fiducial Holes - Calibration Element 8-0182
(inches)

INSTRUMENTATION
'

Probe Table Position ' ' + <
-

Probe Displacement /M-

Corner
4 Measurement L Dim M Dim N Dim R Dim
o No.
G

k 1 Q. C. 9.003 9.002 9.000 ~27.005
.sa Robot P . / 'i 7 -547 c977 v., v e,

E Robot - Q. C. . _ c,3 . ,(.- _ e g,3 , , q-

.c

2 Q. C. 9.003 9.001 9.000 27.004
Robot a c 19 f , s e r. o .~ . c , f9r4 Robot - Q. C. _ ._ g 4 , ,_ y , _ , g e,.,

.
,

:E
3 Q. C. 9.003 9.001 9.001 27.005.

3 Robot o enz c ::: a ! m'; 3.- we

] Robot - Q. C. _, cc/ , _ c3 ,ccz - C0 6
e

! 4 Q. C. 9.004 9.001 9.001 27.007
% _ Robot i 'r c : <-s s ~~1 .- ve-

.E Robot - Q. C. - oc4 _

.<..m-

-

. & . ie,my
e
;; 5 O. C. 9.004 9.002 9.001 27.006

| ,! Robot c- '? 9 7 8 'io 7 c .' s o c _r -m

j Robot - Q. C. ,co 7 _ -g . gf _ ,g
E

!

| 6 0. C. 9.002 9.002 9.001 [27.005
i Robot ? 9a; I c. ~r . - . - . z .,,

Robot - Q. C. , 4 , _- 7 .,.y _ ,, y,

Robot - Q. C. Mean -- O c 5 - . C C 'l C'C3 - C '~ b [-

Std. Dev. a ,3 .o if .. e j y cold

T.:.
-

/ ,.
C; r' .h ; * * c% ) . C0 2 'f

*

5. %. CO24
.

i, N - / f I
... eo i.~

6

Pase for
->

- - - . - .m . _. . _ _ _ _ re
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! yg g.2 (yar.) -

/.i 1
Distances Between Coolant Holes - Calibration Element 8-0182

INSTRUMErrATION

Probe Table Position < ' /r'

Probe Displacement A6-

Himle to Hole Q. C. Robot Robot - Q. C.

j 312 to 270 1.595 / f?e * - '
E 270 to 219 1.594' c97 -

->

3 219 to 106 1 3.814 - e." . r
a 106 to 55 1.594 r 57, - .'
| _55 to 13 1.593 r wi - --

# 312 to 13 12.693 i'c;T * < ' , a
g 319 to 295 0.656 r '<c </-

295 to 257 0.657 - .- - ;<-

267 to 235 O.656 - e ec. 2-
'

A 235 to 90 4.500 4 'Je 2. ..v> - -

90 to 58 0.656 -e_r <- / .:
'

j 58 to 30 1 0.655 c.c? - - < . ,

j 30 to 6 1 0.655 - ? - - -

319 to 6 | 12.189 r? / M i - .e-

E 303 to 264 1 1.595 / '/ -' i - - *

$ 264 to 216 1.594 I e *: ~ - .c'
j 216 to 109 3.814 - <- r . _ .-2
5 109 to 61 1.593 << -'

.5 61 to 22 1.593 11 < r< > - .~ J*

| 303 to 22 12.693 I i f e. c . - .ie

i 170 to 167 1.594 I i cv i - -

j 167 to 164 1.595 i e 59 3- --

164 to 161 3.815 i 5 2, . m -?

161 to 158 1.594 I i O,* -<-/

158 to 155 1.594 I tes ? - <

170 to 155 12.695 t />7y ; 3-

13 to 22 6.034 1 <e~' - < - '

22 to 170 6;033 i e r34 1 -
-

/

170 to 312 6.033 I -e - '

312 to 303 6.034 ..c- .i -

303 to 155 6.034 c -

' . - f

155 to 13 6.033 ,; e je
_ ,

r ' #~ * -Mean yStd. Dev, is

+
fo. : //0

. . _ _ . , m _ , . %
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TA6LE N-2 (Co#F.f

~?
'

;t ,al -

Coolant Hole Diameters - Calibration Element 8-0182

..
INSTRUMENTATION

Brobe Table Position A'
,

Probe Displacement J' " 5

|

|

l . . - Hole Q. C. Robot Robot - Q. C.

3 6 .627 n + -^'-

i 13 .627 "' - ''2.

g 22 .627 -?" - ~!

| o 30 .627 ; - c- - -

[ 55 .626
' '' ~

-- ',
' * 58 .627 -1 7 ^

3. 61 .627 - 'n > ''?'C
= 66 .626 ? -7 '~' /

3
-

81 .626 - ' ~ ' -/-

90 .626 ar - -/

103 .626 's - ^
106 .626 -// +-

' ~ -

3
:s 109 .626 ^ ' -' "
.5

-

112 .626 c'" 4 <>/

h 126 498 c- - ' '

| $ 144 .498 cc " - ' ~ '
'

% 145 4c8 e -J - '

5 155 .626 '27- + 'o/
.5 158 .626 ''- ' ' < ~ ~ '-

E 161 .625 - , - -
'' ' ' -.

j 164 .626 -(- ? 7 - ' ' ' ' '
! *

Ei 167 .626 /'" * ''
*

| 170 .626 7/^ -<

180 498 4- -4 'i '-
'

181 498 4 'r -e ''

199 498 - ' '- - -

213 .625 '" ''- '

| 216 .626 x C

219 .626 ' 'r -

222 .626 .' : 7 i ee'
235 .626 -m c-

~

244 .626 's '. -

| 259 .626 - ' '; -'

264 .626 '7 -- '*

267 .626 ; -' 4 4 '<

{ ) 270 .625 ' ' -

295 .626 -

| 303 .626 - ''

312 .626 ' - - '

i> 319 626 o -

Mean s, f _ ( ~4 e A,ye fffStd. Dev. N \,
|

.-

-- n w-. _ ._ ,-
_ _

~
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)
TABL5 R-2(tow)-

.,
f, w c.

*

Distances between Fiducial Holes - Calibration Element 8-0182
(hdu) .

INSTRUMENTATION

Probe Table Position ' ~4 ^
-

Probe Displacement C -r C,-

- ..

Corner Measurement L Dim M Dim N Dim R Dim'

No. - 82

j 1 Q. C. 9.003 9.002 9.000 '27.005
' 'l : ' / ^"> 'i ' ' 'Robot i ^h 1~r

S Kobot - Q. C. , c ,_ ' T a
^ . r,c I - CB 1

'

1

2 Q. C. 9.003 9.001 9.000 27.004 :

| Robot a cv. >a97 a :<2 - mr-

Robot - Q. C. .cC / -. . . c 4 ;m - 'n ? |
''

j i

3 Q. C. 9.003 9.001 9.001 27.005
.
j Robot 6an- o'r' 9 'r" ~ ~'' :

-c 7 i} Kobot - Q. C. , e e,3, ,cc t . c.c /
e '

! 4 Q. C. 9.004 9.001 9.001 27.007
,

! 3 _ Robot F,o' -m' o - ' l a r; w'

j Robot - Q. C. . CI 2 ,c c L- ci, - r-*4

e
5 O. C. 9.004 9.002 9.001 27.006--

h ; TyRobot o e c'2 - 't ' r ? 99- - ' -

f Robot - Q. C. _ ,~g ty 3 _ ;c3 . ,y
* .

6 0. C. 9.002 9.002 9.001 .27.005
Robot -9u a o r.r . w -. < . . '; 3

Robot - Q. C. , g. ,,,
_ .-_; _ _ , ,,;,

Robot - Q. C. Mean .CCGI - OU + '' ' C - W
Std. Dev. . c- c .33 co/7 r v3 4- _ g,.m.

_.

!

( p r':m dA ' lo, p - c'' C 3 |'
.

,i'C$Of:c .' ~.,

,s-

f
b - '',

'
. a_ n . ,

e

ble //2

._ -_. . . _ . . _ - . _ . - - . . _ _ . - _-- - . - - . . _ . _ - . . . - - _ . - . . _ - c> ...
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TABLE A-2(CoNr.y
-

/0 a 3
Across Flat Dimensions - Calibration Element 8-0182

(inches)
INSTRUMENTATION

- Probe Table Fosition Ar:-

Probe Displacement +s i

I

.

Faces /
' Test Combination -

Measurement Mean Std. Dw.
Corner 1~- 2 3 - 4__ 5-6

j A-D Q. C. 14.175 14.176 14.175 ,z r w t-

Robot IJ ' 7" - 'd /J ' <-- -

j 2 Robot - Q. C. .e] ; ..wl ,; c;l -

A-D Q. C. 14.176 14.176 14.176 ' -e.

.: ,, .~ t ,Robot o 19 ; 1 ;,7 ia 17 3 1 ,

5 Robot - Q. C. . 0 0 *, ccf .CO3 ,c; c , ;~ ,y >-
.

.
j B_E Q. C. 14.175 14.174 14.174 ia , % cc4

] Robot id <77 7 .: r '/ < t ,a rri ,, -i..-

3 Robot - Q. C. . u
E .tc3 - C _l -CC' ,ccq c c_ je

~5

." B-E Q. C. 14.174 14.174 14.174 , .2 i7J :.

n Robot ,a <7? <J i/ 1 ,' a e,- -~

.g
e 6 Robot - Q. C. - cG u ~ c. c' .3 .CC2 - c C -L : ;pc (.,

~

3 C-F Q. C. 14.176 14.176 14.176 c ,n __.

& Robot --
.a 1,2 ,-,,: ~r i, .<~r ->

1 Robot - Q. C. u
. . ~ 'L. A L ',r - . _ , ,

-, ' ; _ 7. ,,

C-F Q. C. 14.176 14.176 14.176 ,; -

' -'' ~' 7Robot l' t'O '~~ ! ' a ''''s c '

4 Robot - Q. C. 3

. C C L- - cC3 ~:3 .: .: //"
.

GC 3 N'' 2 -( C3 J%Robot - Q. C. Mean - F C' S '
-

-

Std. Dev. C ' l o. . . ./ ,ec26 c t// ,et./,- - .m s
,

,

I l
-

.

Afe. //3
.

- - . _ . - . . - , n n * * L
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TRBLE A-2(CONSJ -

-~7
' ----

.-
.

'

.

-
_ . . .

,

-
.,

A SIDE FACE BOW (*) - CALIBRATION ELEMENT 8-0182 A ' 'ri J

(inches)

INSTRUMENTATION

~
''Probe Table Position. " 23- -- - - - - - - - - -

Probe Displacement / -* ' .W M == ' - - - - - -
-

f
. _ _ . . . . _. _ _. . . - _ _ _ . . . _ . . . . . _ _ _ _ . . _

i Axial Face Face Face Face Face Face
Level (b) A(o) B(8) C(*) D(8) E(C) F(C) Mean St.Dev.

g . . . . ._ _ . _ _ . . . . _ . . _ _ . . . ._. __ .___

.d3

'

, _ . . .. .? T. G C]. . 'C' .Gf. | . Mc '_ . $ _. .'.02 *A .. M ~~*

5 ,
_ - .

'' W I *0.05 !ES'.|- * k c?. U.S$ |&&L LEY . $ $ ',"'
.

5 4 #m * cG * c.:cs 1 21 . .*& c.T 1 cc 1.cc?. . *_ C.C. ; W
.

5
- ''A t.O..C). .*. r~,,Qu.3 r;< * 1 _s . i r % ) _s.C_O_1_: -CC*) - m .

'r'?*< N.'\} r as
. . _ .3

3 6
. .c c3 :_cq; . e c:3 - c< 2. .m3 exa w:f.ca:9 s

.

.

e 7
> .~ a - -

''''-w.-_2 , .~ c. ' ' c.c..i 'x' ' . .c ' . ~^<s''. _ > ~ ~ - 'G, . . _ _ . . - _,

o 8
. _ . . - < -

u
t.t c t + cc,1 ~. cc , ~ . ~ < e .s. .m_

,, , .,s, . ,.
_

>
.

- m m

S
9 F.5

. . . - > a. ..t...i , . r .t . &.__ .a__ n. n, .rm- . c._c.i o._.-.z -

,,
,

, e
.s 10 .-

' ' ' ' '=- ':- ay ._ r ,moL." ''- - - - '

o
a Mean

1. cc_2 s .c. _o_z_.e. >c.e.t.. +.cc' 2 ..a m .> +om- .ne' n..
. . -_

St.Dev.
1 . m ii ccto :cc_P _-c. I-- _. c_x.._L..< ' c c i-~ '~_l._'_ ::D_
[

.

| (*) Average for 5 points.
(b)Both measured and actual bow are 0 at levels 1 and 11, by

**definition.

| (*)The measured bow represents a measurement error since the
.

| actual bow (determined f rom QC measurements) is zero
| (<0.0005 in.) at all axial levels for all faces.
t

~

I l

> Se //V

. . . . . . . * * n
- _ _ . . _. . _ _ _ . _

. *.
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_ ~~ . ~ .
'%

-
-'

~ r s i, .> ,
ht Leasth - t'af Natise r1-g 3 0132

'

(lashes)'
%

DSTRIMElf'ATTCW
*

Prebe Table Positiae b*'

!- Probe Displan -
,

' r -

> I
! a

|

IEmmeur m at . Escatics Q. C. Estoc Embot = Q. C.-

I c-124 31.223 - "/'

| 2 321-312. 31.223 - v-
i 3 9-310 31.223 - -

| 4 316-317 31.223
9 C-314 31.2;J ,

in 275-299 31.223 - ,-

29 3- Z 94 31.222 _g
4 296-i97 31.222 - _

9 2%3-301 31.223 - -,
"JE 10 5 254 31.222 _ - ,

** 11 257-272 31.''' t

f .2 237-28 31.;2J - -,

e J 23i-232 31.222
.4 233-244 3L.222 -

15 :'-2?2 31.222 ..

16 5-24= 31.222 ~,,

17 190-2C9 31.223 ,,

11 192-211 3L.222 - ,,
** 19 19 %214 31.222

20 203-221 31.222 - re.] 21 206-22. 31.422
""

22 2C3-226 31.222

h 23 G-!71 31.22J -

=3 24 165-16, 31.222 -

'E 23 a-in) 3t.222 - ,."
26 c-1CO 31.222 --

*E 27 Er-196 31.222 - - * *
I 28 -3-i27 31.222 , ,

.5 2, s3-t23 , 31.222 -

g 30 E"2- t o 2 6 31.222
e 31 L; M Led ) .11.222 - -
-

g 32 c-t2= 4 31.223 -

3 33 94-L17 31.223 i

*E 34 101-119 31.222 - *d
35 116-L22 31.222
la 111-L20 t 21.222
17 ''4-123 i 31.222
in 115- 135 31.223 .

39 3-41 31.222 - ,

40 63-79 31.222 - ,

41 74-42 31.222 - ,, .i

42 7bl4 31.222
43 11-d4 31.222
44 53-46 11.222 - >

41 5-es 31.223 - .
,

46 26-37 IL 222
47 ??-29 31.222 - *i=

44 31-32 31.222 - <-
,

49 36- N 31.222
30 C-11 31.222
51 9- 9 31.222

* -4 31.22252 - '

53 e 3-6 11. 22

$4 C-1 31.222
fleam .i : 4 .' e gf e/7,

Std. Dev. A ;n J - J;-

, /I
-> Rye //5-

_ _ _ _ . - - -
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'TH8lE R-2 (CONT.)~

_ _ ~ _.
4^ -* '

Across Flat Dimensions - Calibration Element 8-0182
(inches)

INSTRUMENTATION

Probe Table Position - L '-*-

Probe Displacement <s

.

Faces /
' Test Combination -

Measurement Mean Std. Dev.
Corner 1-2 3 - 4__ 5-6

A-D Q. C. 14.175 14.176 14.175 a '7- e-
j ' ~ ' ' '

Robot 'a '/i :- '= '''~

'

j 2 Robot - Q. C. . _, . . . _ , .

-t, - . v .s . L C, .: - c7

A-D Q. C. 14.176 14.176 14.176 .1 '7- :-

~4Robot 14.17: 12 ', aa 177 <J >"7 . <

5 Ro bo t - Q. C.
. c. c + .c o4 .cc3 - C c v, , : C e,:

,

e
B,E Q. C. 14.175 14.174 14.174 ,a , , .a <;c

RoboC /4 17? 'd !' i !"! ^! ' I1 *" ''~l ~7

3 Robot - Q. C. , .j .j ,

3

3 B-E Q. C. 14.174 14.174 14.174 ,e ' 7 2 s

$
~ iu ! ''' i ' ~

Robot ta oi ' <1 i '' '

.s 6 Robot - Q. C. . c C,1 . l G. I
,,

.c~.I . :: c:44,---

b
3 C-F Q. C. 14.176 14.176 14.176 i .: ,'. .:-

& Roboc 'a - ? .: ''L '; ''? "

1

| 1 Robot - Q. C. ". x c. ji .cx 6 - e a,

--
t

!

C-F Q. C. 14.176 14.176 14.176 na - .:'

Robot ;" ''' ' ' - ' ' ' ''= ''' '" '" '=

4 Robot - Q. C. 4

- . c c.;- .cc4 -(ca . 06 .. ,, , c,
_

.003 '(C2 -i : - *~% "
Robot - Q. C. Mean

Std. Dev. .

c t L.3 . C C /;. ,

../' c c. . / -ri.cof 6 4 u

.

i > .

.

5 &e //fo

_ - _ e m
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L'~ /b, i d*
..

'
W Lasch - Calibrattaa r1% 3-0181

! ftamham) %
i '
'

IBEItMENTATION
'' ' * 'Probe Table Feettima

.

t prebe M 1asament , - f'

I.
e

" - - 1msation Q. C.. Robot Rates = q. C.-

C-424 - 31.223 - '' / I

321-312. 31.223 - ,-

5-319 31.223 - - - , <

4 316-317 31.223 -

S C-314 31.223 _ ,

6 275-299 31.223 - ,,

7 29 b 294 31.222 - ,

8 29 t>-29 7 31.222 _ ,

il 238-301 31.223 ,

m ,0 s-239 31.22; e .

.1 257-272 31.222 - , D
1 237-2% 31.22J -

.

J 251-232 31.42Z ,

24 23F2H 31.222
[ 13 2'.6-232 31.222

(%
in 5-24e 31.222 - - w

17 190-209 31.223 -e <
18 192-211 31.222 e .,
19 199214 31.222 ,

( 20 203-221 31.222 - ,-

21 200-224 31.222

22 208-226 31.222 - #

23 C-L71 31.223 -

24 163-16e 31.222 -

23 Eli-it) 31.i22

26 HS-200 31.222 .-

E 827 iGr-195 31.222 - ,

23 h3-127 31.222 - ,,i

.I 29 EH-L23 i 31.222 - .

, 30 E2-te2 L 31.222 - e

: 1 13 %100 J1.I;;

== : 2 C-L5* 31.223 7

33 95-117 31.223 - -

3 % 101-119 31.222 '

13 104-122 31.222
31.222 - -ta 11 > 130 i

17 ?? 4 - 13 3 31.222 -

is 11 *>- 13 3 31.223
39 5-41 31.222 -

40 6bi9 31.222 ,

41 76-42 31.222 - ., .
*

42 73-74 31.222
43 71-44 3L.222
44 53-44 31.222 -

43 5-ee 31.223 --
,

46 24-37 11.223
47 29-19 31.222

| 44 31-32 31.222 - -
,

49 36-?O 31.222 ,

30 C-11 31.222 '

31 4-9 31.222.g

| F S2 *-4 31.222
j 13 e be 11.222

*

i S4 C-1 31.222 -

2
' G f.neem ' it L2L

See. Dee. E, k,*.atu4 :t: JJ

, j e . 4. ,I "l'
.

+ ~

Age. #7-

- _- _ m - _ _ _ _ . - -
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TABLE A-3

CalSrdion b 5 a$ FS v' f/ftf64%. % 1-4~-

Across Flat Dimensions - Calibrati ement 8-0182

(inches)
INSTRUMENTATION f

Probe Table Position [O I

Probe Displacement [$ttaa/ 78 Ih

.

Faces / Test Cembination -g g Mean Std. Dev.
Corner 1-2 |3-4 5-6g

! A-D Q. C. 14.175|14.176 14.175 //,/ 73' * d # # [o
Robot 14. r R'0 6 14. IW IV,/Ro 19. /7h .0029}

y 2 Robot - Q. C.
001 .665 .00 3 *003 9c . co G -

A-D Q. C. 14.176 14.176 |14.176$ /f,/76 Ol

Robot fy,/ff jy,j g 7| jy j 7 9 jy.jgg ,pp s/ 4
O '

s .009 . 001 , 08 2 .004 00 %
,$ B-E Q. C. 14.175 14.174 14.174 /9'./7M ,0006
y Robot f y,jg7 N.179 /V, /79 /4, /R / . 0 0 Y9

'~

3 Robot - Q. C.
Q .nl2 .00Y 605 .06 7 00 V4'

-.$ B-E Q. C. 14.174 14.174 14.174 //./7$ e-
/ /,/7s- /4./f/ / V.179 /4. /7 F . O ed //5 Robot

'

.s 6 Robot - Q. C.
.001 .007 . 00 5 80 4 .003/e

C-F Q. C. 14.176 14.176 14.176 / /, /7G 79-
U Robot l Y , /? t{ |Y,17f (Y /74 / Y 11f . n02 3

'

1 Robo t - Q. C.
~.602 .M2 .092 . doi 602 3

I C-F Q. C. 14.176 14.176 14.176 /Y/7G &
~ Y./80 .bn29| Robot 14.17 7 /y,JX2 ( V.112 /

4 Robot - Q. C.
.so/ . dolo 00(, co y .0019

| Robo t - Q. C. Mean ,00% .6032 .0035 .003 E
"

.o054 .DD31 .003o .003 8 -

1 .

| h

Aye il 8
| +

< _. . m .n . . m



GA TOCENCLOGIE5 I C C3

|DOGMENT NO. 907785 | ISSUE NO./LTL N/C
I I

(Oc)-> 1,
-

../}hy 3 &cnf.) '
g p? ] yS

. 7_

SIDE FACE BOW (*) - CALIBRATION ELEMENT 8-0182A
(inches)

INSTRJRENTATION
r

Probe Table Po sition 3 AI . Y S . . . . . .--
j) t] ./ d / S.Probe Displacement m

. . . . . . . . . . . . - . . . - . . . .

4 Azial Face Face Face Face Face Facoa

Level (b) A(c) (c) C(c) D(c) E(c) p(c) Mean St.Dev.
_ _ _ __

E
2

% .e. & 0-- c.co I 0 00 I. o.co I. . o.coe5 Apped-.a

.c
3*

b .. .. . &. & .+ 0,40I o. col. o.0.01 0,un 0 0905-..

95 - e. p.co I R .. W o. col o.coj Moos e,oce S ._4
e
n

b . . . . . . e- 4 .- &. . o.00I Q ooL pa0I . o.co.b5 .4 06on. -
w

.. - .O~. . &. D09$ . . ?- .. 0 0,DQo2 b.t$co.Y-

e 7
g .. Os00 l. 0.o.oI. o.coI . .P. . & .&. . 09@S 0Mo.5 .-

E 8 0.o eS..
.e . 9- o.00l o.coI y .+. .&.. 0J_o03 .e
.c

'

h a.ool . . .k- 0 002 0.o*] +.. mool. oAeo8ospo01.--
.. . . . . .

E 10
2 - 0.00.1 K .. ado.l 0 00l 0 00l- ..t . M*01 0.00.oS--

O Mean
. .

O.ooo3 0*000 3 o deo.7 0s900f 0.00.0G oo***$ 0,c'05 0.*.00?.2..u

.. ?" 0,00650.000 5 eso407 Q,0005 P.M.S 0.00AS Meofda 0.00 L.*

(*) Average for 5 points.
(b)Both measured and actual bow are 0 at levels 1 and 11, by

definition.
(c)The measured bow represents a measurement error since the

actual bow (determined f rem QC measurements) is zero
((0.0005 in.) at all axial levels for all faces.

p
V

S e. || 9J

->
__

_- -- - _ --.- -, --
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TA8I.s R 5(cont.)-

i

* -

,9 m /. o~ _ N.
- .

|-.

O sment Length - Calibration u nnant 8-0182
.

(inches) -

INSTICHE?ffATION

5691'5Frobe Table Positive
Probe Displacement ben t N Vd7*

!
e

Measurm ent Location Q. C. Robot Robot - Q. C.

I c-324 31.223 00C
2 321-332 31.223 . rt /) 6

.E 3 5-319 31.223 .na1
_

g 4 316-117 31.223 fin (m
$ C- 314 31.223 .od /

E 6 275-299 31.223 7j 7 293-29* 31.2;2 nof
8 296-297 31.222 .noye

$ 9 223-301 31.223 f, o.3
.c to S-259 31.222 . O ddy it 257-272 31.222 , g o e/

@ 12 231-2 S 31.2;3 odJ
13 231-232 31.222 .G-
14 211-2 9

3L.22f__ . d o */
13 246-Ze2 31.2; &
16 $-214 31.222 +

g 17 19& 209 31.223 -e.
18 192-211 31.222 #,

.-g 19 195-214 31.222 e o o t,

20 203-221 31.222 _ns
3 21 206-224 31.222 , c d, r
~

22 2 C.1-2 2 6 31.222 , a cA

h 23 C-171 31.223 , e o f.

m 24 165-te4 31.222 doV,
~
o 25 nH-ke3 31.222 #=
u

2G IG-2 01 31.222 e
.] 27 int- L 9 3 31..;2 .A.-
** 28 H3-127 31.222 .do/
.5 29 H+-125 31.222 .&
w 30 EM- 1 '2 2 31.222 -e>
$ 31 15 4100 31.2;2 aoof
*g 32 c-1 % 31.223 ,oo3

g 33 99-117 11.223 . O ct--

2 34 101-119 31.222 .oo#
M to -li2 11.222 .OOj
H 11 n-! 30 IL.222 . e o 4/
17 116-133 31.222 .604
't 116- t M . 3L.223 .oof
39 S-41 31.222 +
40 61- N 31.222 005
41 16-+2 31.222 , ao q
42 7'-74 31.222 .oo1
4) 71-< J 31.222 =. sol
44 5 )-+ 4 31. 22 a
43 5-se 31. 23 , 0 0.L

6$ 2 f.- 31 31..;3 . od 8s
47 2929 1 31.222 . o 8.2.,

4A 31-32 t 31.22' .602
ee 3&N l 31.222 . OoV

1 c-it i 11, 22 oCO
5L 4- 4 | }t. 2 . ool
$2 %4 ? ?t.2 2 401.

$3 a 9. I 31. 22 402.

34 C-f ! 31.222 * Mo 1
nuo 71,a23 \/ ' d o 8 2.

.oo o9 Y- . O o 2. 5sea. Dev.

Of t /Jo
-> -

.-. ~ .. . _ . _ . . -
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& W 5 & VS V G fl S L)
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'1:13be -.

Distances Between Coolant Holes - Calibrat on Element 8-0182

INSTRUME'iTATION ,

SoNYsProbe Table Position
Probe Displacement b w dI 3

Hole to Hole Q. C. Robot Robot - Q. C.

j 312 to 270 1.595 /. 5 9 ~7 . o o 2_
E 270 to 219 1.594 / , c 9 r, 002
g 219 to 106 3.814 3 , 9 .2 31 ,oo8
.o 106 to 55 1.594 / . 5-99 _oaV
$ _55 to 13 1.593 /. 593 e

/S. 6 f1 &** 312 to 13 12~.693 '

,

gi 319 to 295 0.656 . (cy8 o o 2.
295 to 267 0.657 . 6_c8 ,o o /

267 to 235 0.656 . t,s; 6 e
A 235 to 90 4.500 9.f05- .ooS- .

8 90 to 58 0.656 6SB . c a 2.
. 65 tr - .oo/5 58 to 30 0.655 |

$ 30 to 6 0.655 1 ,G57 .oa2
5 319 to 6 12.189 | /S, / 9 / .o a 2.

5 303 to 264 1.595 1 / . 5fV .oo/-

$ 264 to 216 1.594 1 / . 5 95- .oo/
J.7Jp , a to,$ 216 to 109 3.814 1:

5 109 to 61 1.593 /,c93 -6-

.E 61 to 22 1.593 /.F7/ .oo/
E 303 eo 22 12.693 I /J. Gf(a ,3 a 3

'$ 170 to 167 1.594 i / e 59 3 .Mo/
E 167 to 164 1.595 1 / , 5 9V .d o /

164 to 161 3.815 I J . 6/ 3 . O o 2-* -

161 to 158 1.594 i /.599 . O o.C"
158 to 155 1.594 I /.5 7/ oo 3
170 to 155 12.695 | /S 10 0 .o C
13 to 22 6.034 i to.off . O / f/
22 to 170 6.033 1 6 , 013 -&~~

170 to 312 6.033 1 6.o/1 . n 1 t/'

312 to 303 6.034 /, . d Ja, . e I 1._

303 to 155 6.034 G.o23 -.Oll-

155 to 13 6.033
(p * O k 3 .(20 0

00 M
| ) sean

[ . 0 07 yStd. Dev.

+
Ate /2/

~ _ _ _ _ _ _ _ _ _ - _
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Tabt.e A-5(coni)]
Ca l;6 A 5 @ Fs v 6/ sy

MQ b 1-y..

.

Coolant Hole Diameters - Calibration Element 8-0182
INSTRUMENTATION

Probe Table Position .bu f 'l
,

Probe Displacement Cara /cT 'J

Hole Q. C. Robot Robot - Q. C.

4 6 .627 . 6 2 6-- . o o ~2.-

E 13 .627 .67r . n a '2.-

5 22 .627 62r - o o ~2-

Ia 30 .627 . c 2 5- o o 2.- .

7, 55 .626 623 . o o .~3-

t 58 .627 , 6 Af~ . <> c ~2-

y 61 .627 .676 Oo /- .

g 66 .626 62A - . oo3
rs 81 .626 . a, 2 G -G-
( ) 90 .626 .A29 . co2-

N/ 103 .626 . 62f ao/-

j 106 .626 .Cf9 , o () 7-

:s 109 .626 . / 2 5~ 0OI-

5 112 .626 4.16 -&-.

$ 126 498 . vf 9 .na f
f 144 .498 . y s" , A> a 3 ')~

2 145 .498 . </ 9f c) 03-

5 155 .626 . (#7 .OO/
.5 158 .626 . 4.2 F , d o 2.-

E 161 .625 e 44 . CC 1
E 164 .626 .630 0 0 */
h 167 .626 .GA9 M 013* 170 .626 . 629 0o4

180 498 . 500 m co 2
181 .498 .yW .ooy-

199 .498 .VfG o o 2.- .

213 .625 ,4A7 oo 2.

n n.8216 .626 .423 -
.

o of"219 .626 . 64/ -- .

222 .626 6 23 .OO3-

235 .626 , 4 ."L h -G-
244 626 . 6 A4- CC/- .

. C o t/259 .626 .643 '

264 d26 . d. 24 ody~ .

( ) 267 .626 . 4 AS" O o /--
.

270 .625 e 4 2y OO/- .

295 .626 , 4 A/ o es-*- ,

303 .626 . 6 A7 Oo/.

312 . 6 :!6 .6A7 oo/.

-> 319 .676 . /, A 3 ,CO3-

Ae /M-fO C / ,3Mean - .

Std. Dav. y / ,( ogy ,
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TABLE A-3 (Co#r)

.. y ,

*

Distances between Fiducial Holes - Calibration Element 8-0182
(inches)

INSTRUMENTATION

Probe Table Position M /'>
'

Probe Displacement Li e ATS

#
Measurement L Dim M Dim N Dim R Dim

$ 1 Q. C. 9.003 9.002 9.000 27.005
Robot 9,oct V.dd.6 V.Cd3 J 7. od f.
Robot - Q. C. .o03 e dd.3 + , c o-[

h 2 Q. C. 9.003 9.001 9.000 27.004
'

Robot cy, ces/ V.979 Y, oq 27,06$
Robot - Q. C. ,go y _ , gg y yj , g g)

f 3 Q. C. 9.003 9.001 9.001 27.005
.Q Robot 9.d03 9.503 T.777 37. ddfo

Robot - Q. C. + , gg y_ _ ,, g g ,og/.

$ 4 Q. C. 9.004 9.001 9.001 27.007
~8 Robot 9o Co 7 T.997 9.00f,* 2 L 0f/ .
j Robot - Q. C. ,gg.3 , go p ,o g ,g.

~$ 5 0. C. 9.004 9.002 9.001 27.006
.0 Robot 9,00.5 9, deb 9,06 2. 21.b/_0
y Robot - Q. C. ,o o j 9 ,dc / ,dd4
z .

6 0. C. 9.002 9.002 9.001 _27.005
Robot ?.996 7.007 <p,0cd .7 7. 0d K
Robot - Q. C. , , og g ,g ,ggj ,ogy.,,.

.0 07 .0007 .000 7 ,0017Robot - Q. C. Mean -

Std. Dev. .o433 .0033 . 0 0 3-Y ,d010

hr& Mw O. 0 D O h

-39 - so o Ib
i I

.y hje. M3

_. .
. ., . . ,_
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( I TABLE A-y

Cd{ h N Gi Fs v fo 2 Ty
_ .

Across Flat Dimensions - Calibration Element 8-0182

(inches)
INSTRUMENTATION

Probe Table Position Jod(>
Probe Displacement C+w /c7 'r

.

Faces / est ComMnation -g Measurement Mean Std. Dev.
Corner 1-2 |3-4 5-6g

$ A-D Q. C. 14.175 14.176 14.175 /Y,/7f , doo G

$ Robot IV./74 / V . f'7V' I V e l7T /%i74 . O O d Ca
'

'

A 2 Robot - Q. C.
2 - no I .001 - n ol .co I +-. .

A-D Q. C. 14.176 14.176 |14.176 / /, / 76 4-
Robot j y, (7 cf i jy, j 'y9 -

r~
( ) 5 Robot - Q. C.
'w J 603 003 -

$ B-E Q. C. 14.175 14.174 14.174 / Y./7V . do o Io
? Robot / y, /7 6 I tl,116 IVe l</ 11,17'7 a 06A 2
~

3 Robot - Q. C.
5 * 0 0| 001 .007 .co.so >003 K

-.$ B-E Q. C. 14.174 14.174 14.174 / 6/7y @
C _R_o b o t / V, /(,9 / 9, //M ~

.5 6 Robot - Q. C.
,s

.vg 40.5
_

-
__

3 C-F Q. C. 14.176 14.176 14.176 /Y /7/o &
A liobo t /# . i 7 / _ /4. /79 /y. / 8/ 19./7 7 . o 05- /

1 Robot - Q. C.
~.cor .o02 . so s o.om7 .ooS~l

C-F Q. C. 14.17_6 14.176 14.176 /f /76 d~
Robot | Y, l'/O / y}9b -

4 Robot - Q. C.
,00L .00(o -m

Robot - Q. C. Wan ,dd12 .00o7 003 7 r,dooT -

Std. Dev.
.063 7 00/r .0042 .003 I

.

+ Af e /J.S
.

%
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Ca (;o. 6 loc k y.x f --
' '

.-

SIDE FACE BOW (1) - CALIBRATION ELEMENT 8-0182A
(inches)

JNSTRUMENTATION

Probe Table Position f*O - - - - -

W#f- /''? '/ -- -

Probe Displacement
. .. . . . . . . . . . . . . . . . . .

.
I Axi al Face Face Fece Face Face Face

C C) D(c) E(c) p(c) Mean St.Dev.E toyet(b) A(C) B(C) l
g . . .. . __. .. . _ . . _ _ . .e

,I 4 . s. .oo I . , co,2 .+. .0ol > OM7 > 990R.I
.o *

j . .. ..co I .coI & .ooL . o.oI . on.1 .00d . . o d o 'I3"

5 4
e . . .0oI + ,coz 001 . .Dd I ? .0008 . 00 @ ..
E 5

. 00 f. O~ .001. ? ..d* .0.01. 0A45 *0005-
** . . . .

'

6u

{j . . . . . . . . . . . .. ... . . . . _ _ _ . __

*

e 7
e

3 8
.

. . . .. . . . . . . - . . . .

3
9~

.5

.N 10
y . - . . . . - . . . - . . . . . . . . . . . . . . . . . . . . -

z Mean
. .0 @ 8. 0003 . 00IO W!f .00.05.0006 . 0.08 . . . . . . ..

.

St.Dev.
... . 00os' .oop5 .0006 .0008 .000(p . 0005 400k . . . . . ..

(a) Average for 5 points.
(b)Doth measured and actual bow are 0 at levels 1 and 11, by

definition.
(0)The measured bow repre sent s a measurement error since the

actual bow (de termined f rom QC measurement s) is oro
(<0.0005 in.) at all axial levels for all f aces.

O
+

/h.pe /M
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TABLE 4 '/(CCWD | ,_

0dbYr'.h b A3 Y~.,

N
'N.. . _ . _

Element Length - Calibration Elessant 8-0182
.

(inches)- .

INSTI N ATION
f

IProbe Table Foottion t

IIn# A.c Po T'sProbe Displaceneat*

o

Maamur ement Location Q. C. Robot tobot - Q. C.,

1 C-124 11.223 .6O/
2 321-332 31.223 A>

$ 3 5-319 31.223 9-

E"8
6 316-317 31.223 .Mo/
3 c.31, 31,223 _, oo y

$ 6 2792'19 3L.223 , , rJ d _ 7
j ? 29F2N 3L.222 . og /

8 296-297 31.222 ,oo/,

g 9 22*-10L 31.223 , dol
C 13 5-259 31.222 oo/g | '. 2*7-272 31 .22 . , a a f_
p 12 237-254 3L.223 , o M .'?

13 231-252 31.222 _oca
14 23b2 9 3L.222 , g dj'
tS 2 '.w lV 31.2:2 , 000

J 5-246 31.222 = . n o 'M""_

g j 19A209 31.223 .0//
18 102-2t1 3L.222 ===, h o f,,

g 19 19 9214 31.222 . o o j.
9 20 203-221 31.222 ,ogg
} 21 206-224 31.222 _no9
-
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Notations in Cis column in there changes have been made,

V -

TABLE R-1(CMr.)
, ,

X & [dtACbt f 0[ @ FTV 6 /23/N
Summary of Robot Measurement Accuracy - Calibration Element 8-0182

SONY - L. Pot SONY - LVDT R. Rot - L. Pot R. Pot - LVDT MeanType of Measurement
Test Accuracy Bias Accuracy Bias Accuracy Bias Accuracy B ias

I # 10 I # 1a I # 1a # 10
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Hean t.

,
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