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ABSTRACT 

A series of in-reactor experiments were conducted using full-length 32-rod 
pressurized water reactor (PWR} fuel bundles as part of the Loss-of-Coolant 
Accident (LOCA} Simulation Program by Pacific Northwest Laboratory (PNL). The 
third materials test (MT-3} was the sixth experiment in a series of thermal
hydraulic and materials deformation/rupture experiments conducted in the National 
Research Universal (NRU) Reactor, Chalk River, Ontario, Canada. The MT-3 experi
ment was jointly funded by the U.S. Nuclear Regulatory Commission (NRC) and the 
United Kingdom Atomic Energy Authority (UKAEA) with the main objective of evalua
ting ballooning and rupture during active two-phase cooling at elevated tempera
tures. All 12 test rods in the center of the 32-rod bundle failed with an aver
age peak strain of 55.4%. 

At the request of the UKAEA, a destructive postirradiation examination 
(PIE) was performed on 7 of the 12 test rods. The results of this examination 
were presented in a previous report. Subsequently, and at the request of UKAEA, 
PIE was performed on three additional rods along with further examination of one 
of the previously examined rods. Information obtained from the PIE included 
cladding thickness measurements, cladding metallography, and particle size analy
sis of the fractured fuel pellets. This report describes the additional PIE 
work performed and presents the results of the examinations. 
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SUMMARY 

The Loss-of-Coolant Accident (LOCA) Simulation Program was conducted by 
Pacific Northwest Laboratory to evaluate the thermal-hydraulic and mechanical 
deformation behavior of full-length light-water reactor (LWR) fuel bundles under 
LOCA conditions. The tests were designed to simulate the heatup, reflood, and 
quench phases of a large-break LOCA and were performed in the National Research 
Universal (NRU) Reactor using nuclear fission to simulate the low-level decay 
power typical of these conditions. 

The sixth experiment in the program--Materials Test 3 (MT-3)--was jointly 
funded by the U.S. Nuclear Regulatory Commission (NRC) and the United Kingdom 
Atomic Energy Authority (UKAEA). The main objective of the MT-3 experiment was 
to obtain data pertinent to the licensing requirements for ballooning and block
age of fuel rod cladding. By agreement with the NRC, the test conditions were 
identified and selected by the UKAEA. 

The results of a postirradiation examination (PIE) performed on several of 
the ruptured rods from the MT-3 experiment are presented in this report. Par
ticle size analyses of the fuel from various rod sections were conducted, and 
metallographic specimens of the Zircaloy cladding from these sections were pre
pared and examined. 

Metallographic examination of the Zircaloy cladding revealed that tempera
tures were sufficient to cause alpha grain growth and possibly an alpha to 
alpha-plus-beta phase transformation. Alpha grain boundaries in a number of 
cladding sections were lightly decorated with particles speculated as being 
incipient prior beta phase. 

Oxidation occurred on both the inner and outer surfaces of the Zircaloy 
cladding, creating both zirconium oxide and an oxygen-enriched layer. The 
oxygen-enriched layers on the inside and outside surfaces never exceeded 2 ~m in 
thickness. Cracking of the oxygen-enriched layer was not observed on the sec
tions examined. 

Size analy~is of the fuel particles from Rod Sections 3C5, 4C5, and 405 
revealed that o e pellet from Rod Section 3C5 remained intact. The remainder of 
the pellets era ked into particles; most of the particles (73.12%, 59.66%, and 
56.68% from Rod Sections 3C5, 4C5, and 405, respectively) were less than 0.233 
in. (5.6 mrn} and greater than 0.157 in. (4.0 mrn). 
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INTRODUCTION 

A series of iQ-reactor experiments were conducted by Pacific Northwest 
Laboratory {PNL)(aJ using full-length 32-rod pressurized water reactor (PWR) 
fuel bundles as part of the Loss-of-Coolant Accident (LOCA) Simulation Program 
(Hann 1979). The third materials test {MT-3) was the sixth in the series of 
thermal-hydraulic and materials deformation/rupture experiments conducted in the 
National Research Universal {NRU) Reactor at the Chalk River Nuclear Laboratory 
(CRNL),(b) Chalk River, Ontario, Canada. The experiment was jointly funded by 
the U.S. Nuclear Regulatory Commission {NRC) and the United Kingdom Atomic 
Energy Authority (UKAEA). 

The main objective of MT-3 was to evaluate the ballooning and rupture behav
ior of the cladding during active two-phase cooling in the temperature range 
from 1400 to 1500°F (1030 to 1090K). The 32-rod assembly contained 12 test rods 
in the center of the assembly (Table 1); 7 of the 12 rods were selected for 
destructive postirradiation examination (PIE). The results of the examination 
were presented in an earlier report (Rausch 1984). 

Subsequently, additional destructive PIE was performed on three additional 
rods and the ruptured area of Rod 2C, which had been examined in the first cam
paign. The rods were sectioned for metallographic examination and fuel fragment 
size analysis. A detailed metallographic examination of the cladding was per
formed around the ruptured region of each rod, and cladding thickness measure
ments were made around the circumference of the cladding cross sections. Speci
men MET-4 from Rod Section 2C5, previously examined for wall and oxide thickness 
measurements, was re-examined. 

The PIE is described and the results of the examination are presented in 
this report. 

TABLE 1. MT-3 Fuel Rod Parameters 

Cladding Material 
Cladding Outside Diameter (OD} 
Cladding Inside Diameter (ID) 
Pitch (rod to rod) 
Fuel Pellet (OD) 
Fuel Pellet Length 
Active Fueled Length 
Total Shroud Length 
Helium Pressurization 
Fuel Enrichment 

Zircaloy-4 
0.379 in. (0.963 em) 
0.331 in. (0.841 em) 
0.502 in. (1.275 em) 
0.325 in. (0.825 em) 
0.375 in. (0.953 em) 
144 in. (365.75 em) 
170.125 in. {423.1 em) 
550 psig (3.8 MPa) 
2.93% 2J5u 

(a) Operated for the U.S. Department of Energy (DOE) by Battelle Memorial 
Institute. 

(b) Operated by Atomic Energy of Canada, Ltd. (AECL). 
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DESCRIPTION OF POSTIRRADIATION EXAMINATION 

Three rods (3C, 4C, and 4D) were selected for detailed examination of the 
cladding and size analysis of the fragmented fuel. Sections approximately 
18 in. long, including the ruptured region, were cut from each rod in the 
universal cells and transported to the hot cells for detailed PIE. In addition, 
the section of Rod 2C containing the ruptured region and a metallographic sample 
(MET-4) from Rod Section 2C5 that had been previously examined were obtained 
from storage for examination. 

The locations of the metallographic samples were determined from photo
graphs and reference markings scribed along the length of the rod during the 
DERM (Disassembly, Examination, Reassembly Machine) analysis (Mohr et al. 1983). 
The rupture centerline was also used to locate additional areas of interest. 
The 18-in. long sections were dissected into l-in. long samples for metallographic 
preparation and examination of the cladding cross sections. Details of the 
sample sectioning, mounting, and preparation procedure were outlined in a pre
vious report (Rausch 1984). The sample cross sections that were examined and 
their axial locations are identified in Table 2. 

Cladding wall thickness measurements were taken around the circumference of 
each sample cross section at regular intervals (cord of 0.040 in. or 1.02 mm) 
using the microscope viewing screen at a magnification of 200X. The Zircaloy 
cladding sections were anodized in Picklesimer•s solution (Picklesimer 1957) to 
reveal possible beta phase. The cladding sections were then metallurgically 
examined and photographed at high magnifications. The appearance of the grain 
structure at different locations around the circumference was noted. The thick
nesses of the zirconium oxide and the oxygen-enriched layer on the outer and 
inner surfaces of the cladding were measured. 

Particle size analysis was performed on the fuel from Rod Sections 3C5, 
4C5, and 4D5 . Six standard 8-in. (203-mm) diameter sieves were stacked on a 
portable sieve shaker. The mesh sizes were 0.223 in. (5.60 mm), 0.157 in. 
(4.00 mm), 0. 111 in. (2.80 mm), 0.0787 in. (2.00 mm), 0.0394 in. (1.00 mm), 
and 0.0117 in. (300 ~m). After approximately 10 min of shaking, the fuel 
fragments in each sieve were poured onto a tarred tissue paper, which was then 
weighed to 0.001 gram on a balance in the hot cell. 
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TABLE 2. Axial Locations of Cladding Cross Sections 

MT-3 Rod 

3C 
3C 
3C 
3C 
3C 
3C 
3C 
3C 
3C 
3C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
4C 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
2C 
2C 

Oesignation(a) 

3C5-1 
3C5-2 
3C5-3 
3C5-4 
3C5-5 
3C5-6 
3C5-7 
3C5-8 
3C5-9 
3C5-10 
4C5-1 
4C5-2 
4C5-3 
4C5-4 
4C5-5 
4C5-6 
4C5-7 
4C5-8 
4C5-9 
405-1 
405-2 
405-3 
405-4 
405-5 
405-6 
405-7 
405-8 
405-9 
405-10 
2C5-7 
2C5-4 

Position(b) 

98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
99.5 

100.5 
101.5 
102.5 
103.5 
104.5 
105.5 
106.5 
107.5 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
103 

98 

{a) For example, 3C5-1 = Rod 3C from Assembly 5 (MT-3 was the sixth test 
in the NRU LOCA Program; however, two of the earlier tests used the 
same assembly}, Metallographic Section 1. 

(b) Elevation in inches from the bottom of the rod. 
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POSTIRRADIATION EXAMINATION RESULTS 

The l-in. long metallurgical sections were mounted, prepared, and photo
graphed for detailed examination of the cladding cross section. Observations of 
the microstructure along with zirconium oxide and oxygen-enriched layer thick
ness measurements on the inner and outer surfaces of the cladding were made at 
different locations around the circumference. Reproductions were made from the 
photographs, which depict the contour of the cladding. The reproductions, pre
sented in Figures 1 through 16, were not of adequate quality to show the grain 
structure or the zirconium oxide layer; therefore, the features of interest are 
noted on the figures. 

The thicknesses of the oxygen-enriched layers on the specimens are pre
sented in Table 3. The layers varied in thickness from 0.5 to 2.0 ~m on the 
inner and outer surfaces of all cladding sections except 3C5-l, 3C5-9, 4C5-8, 
and 4C5-9, where no oxygen-enriched layer was visible. Cracking of the oxygen
enriched layer was not observed on any of the cladding sections. Figure 17 is a 
representative photomicrograph showing the zirconium oxide and oxygen-enriched 
layers on the inner and outer surfaces of the cladding. 

An examination of the cladding microstructure indicated that the cladding 
had reached temperatures that caused alpha grain growth and possibly transformed 
the structure of certain cladding sections to alpha plus beta. Alpha grain 
boundaries of a number of Zircaloy cladding sections examined were found to be 
lightly decorated with a small amount of a precipitated phase as noted in Fig
ure 18. The precipitated phase is speculated to be incipient prior beta phase. 
A photomicrograph showing alpha grain boundaries with a small amount of inci
pient prior beta phase, for comparison, can be found in a previous report {Chung, 
Garde, and Kassner 1975). Incipient prior beta phase precipitated at alpha 
grain boundaries was readily observed in a number of the Zircaloy cladding sec
tions examined; namely, Rod Sections 4C5-4, 4D5-2, 4D5-3, 4D5-4, 4D5-5, and 4D5-6. 
The alpha to alpha-plus-beta phase transformation temperature of Zircaloy-4 has 
been reported to be 8Q90C {Chung, Garde, and Kassner 1975). Because of the 
minuteness of the prior beta phase, the cladding sections with the incipient 
prior beta are estimated to have attained temperatures slightly higher than the 
phase transformation temperature. 

To further verify that the cladding sections did indeed approach the alpha 
to alpha-plus-beta phase transformation temperature, it is possible to compare 
the observed zirconium oxide layer thickness of the Zircaloy-4 cladding sections 
examined with thicknesses formed at known temperatures and time. Studies of 
Zircaloy-2 oxidation were performed at various time/temperature combinations 
(Donaldson and Evans 1980). The rate at which the zirconium oxide layer grew 
was reported to follow a parabolic rate equation of the form: 

where e = the thickness of the zirconium oxide layer 
t = the time at elevated temperature 
k = the parabolic rat~ constant. 
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FIGURE 1. Zirconium Oxide Thicknesses on Outer and Inner Surfaces of Rod Sections 3C5-1 
and 3C5-2 (white triangles indicate the reference point for wall thickness 
measurements) 
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Plate No. C11 5C Plate No. C115D 

FIGURE 2. Zirconium Oxide Thicknesses on Outer and Inner Surfaces and Areas of Textural 
Banding of Rod Sections 3C5-3 and 3C5-4 (white triangles indicate the reference 
point for wall thickness measurements) 
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a) Section 3C5-5; 102.0 in. b) Section 3C5-6; 103.0 in. 

Areas with Textural Banding l:l:l:l:l:rl:l:l:l:l] 

Plate No. C115E Plate No. C115F 

FIGURE 3. Zirconium Oxide Thicknesses on Outer and Inner Surfaces and Areas of Textural 
Banding of Rod Sections 3C5-5 and 3C5-6 (localized areas of thicker oxides are 
indicated; white triangles indicate the reference point for wall thickness 
measurements) 
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a) Section 3C5-7; 104.0 in. 

Plate No. C115G 

b) Section 3C5-8; 105.0 in. 
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C115-H6 and H7 

Areas with Alpha Grain Growth W#/ffi'l/.11 

Plate No. C115H 

FIGURE 4. Zirconium Oxide Thicknesses on Outer and Inner Surfaces and Areas of Alpha Grain Growth 
of Rod Sections 3C5-7 and 3C5-8 (localized areas of thicker oxides are indicated; 
triangles indicate the reference point for wall thickness measurements) 
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b) Section 3C5-1 0; 107.0 in. 

Plate No. C115J 

FIGURE 5. Zirconium Oxide Thicknesses on Outer and Inner Surfaces and Areas of Alpha Grain Growth 
of Rod Sections 3C5-9 and 3C5-10 (localized areas of thicker oxides are indicated; white 
triangles indicate the reference point for wall thickness measurements) 
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a) Section 4C5-1; 99.5 in. b) Section 4C5-2; 100.5 in. 

Areas with Alpha Grain Growth WIII/IIUA 

Plate No. C115K Plate No. C115L 

FIGURE 6. Zirconium Oxide Thicknesses on Outer and Inner Surfaces and Areas of Alpha Grain Growth 
of Rod Sections 4C5-1 and 4C5-2 (localized areas of thicker oxides are indicated; white 
triangles indicate the reference point for wall thickness measurements) 
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FIGURE 7. Zirconium Oxide Thicknesses on Outer and Inner Surfaces and Areas of Alpha Grain Growth 
of Rod Sections 4C5-3 and 4C5-4 (localized areas of thicker oxides are indicated; white 
triangles indicate the reference point for wall thickness measurements) 
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FIGURE 8. Zirconium Oxide Thicknesses on Outer and Inner Surfaces, Areas of Alpha Grain Growth, and 
Textural Banding of Rod Sections 4C5-5 and 4C5-6 (localized areas of thicker oxides are 
indicated; white triangles indicate the reference point for wall thickness measurements) 
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FIGURE 9. Zirconium Oxide Thicknesses on Outer and Inner Surfaces of Rod Sections 4C5-7 and 4C5-8 
(white triangles indicate the reference point for wall thickness measurements) 
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2-3 pm (avg 2 pm) 

a) Section 4C5-9; 1 07 .5 in. 

Plate No. C1 15T 

FIGURE 10. Zirconium Oxide Thicknesses on Outer and Inner Surfaces of Rod Section 4C5-9 (localized 
area of thicker oxide is indicated; white triangle indicates the reference point for wall 
thickness measurements) 
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2-6 11m (avg 4 JJm) 3-6 11m (avg 4 JJm) 

a) Section 405-1; 98.0 in. b) Section 405-2; 99.0 in. 

Plate No. C1 16A Plate No. C116B 

FIGURE 11. Zirconium Oxide Thicknesses on Outer and Inner Surfaces of Rod Sections 405-1 and 
405-2 (localized areas of thicker oxides are indicated; white triangles indicate 
the reference point for wall thickness measurements) 



~ 
.......s 

2-8 11m (avg 5 11m) 

a) Section 405-3; 1 00.0 in. b) Section 405-4; 1 01 .0 in. 

Plate No. C116C Plate No. C1160 

FIGURE 12. Zirconium Oxide Thicknesses on Outer and Inner Surfaces of Rod Sections 405-3 and 405-4 
(localized area of thicker oxide is indicated; white triangles indicate the reference 
point for wall thickness measurements) 
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4-12 11m (avg 6 Jim) 
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a) Section 405-5, 102.0 in. 

Areas with Textural Banding (:~:~:~:~:~:i:i:~:i:if] 

Plate No. C116E 

4-12 Jlm (avg 5 Jim) 
Zr0 2 Broken Up 

--· ··----~-'---'· I 

b) Section 405-6; 103 0 m. 

Areas with Alpha Grain Growth W//1/1/ff/i,l 

Areas with Textural Banding l:if:~f:~:1:1:1:~t:J 

Areas with Alpha Gram Growth WUAtH/4 
and Textural Bandmg 

Plate No. C116F 

FIGURE 13. Zirconium Oxide Thicknesses on Outer and Inner Surfaces, Areas of Alpha Grain Growth, 
Textural Banding, and Combined Alpha Grain Growth and Textural Banding of Rod Sections 
405-5 and 405-6 (white triangles indicate the reference point for wall thickness 
measurements) 
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a) Section 405-7; 104.0 in. 

Areas with Alpha Grain Growth ~ 

Areas with Textural Banding f:;:;:::::::::::::::~:;::~J 

Plate No. C 11 6G 

2 -5 ,urn (avg 3 ,urn) 
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........... ,.~ 

b) Section 405-8; 105.0 in . 

Areas with Alpha Grain Growth ~ 

Areas with Textural Banding 

Areas with Alpha Grain Growth 
and Textural Banding 

Plate No. C116H 

fi:;:;:;:;:;:;:;:;:;:;:;:;::J 

FIGURE 14. Zirconium Oxide Thicknesses on Outer and Inner Surfaces, Areas of Alpha Grain Growth, 
Textural Banding, and Combined Alpha Grain Growth and Textural Banding of Rod Sections 
405-7 and 405-8 (white triangles indicate the reference point for wall thickness 
measurements) 
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2-5 J.Lm (avg 3 J.Lm) 3-8 J.Lm (avg 4 J.Lm) 

\~J 
2-4 J.Lm (avg 3 J.Lm) 

~ 

a) Section 405-9; 1 06.0 in. b) Section 405-1 0; 107.0 in. 

Plate No. C1161 Plate No. C116J 

FIGURE 15. Zirconium Oxide Thicknesses on Outer and Inner Surfaces of Rod Sections 405-9 and 
405-10 (white triangles indicate the reference point for wall thickness meas~rements) 
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3-8 J.im (avg 5 J.Jm) 
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a) Section 2C5-7; 103.0 in. 

Areas with Alpha Grain Growth WIII//11!/A 

Areas with Textural Banding [::;:;:;:;:;:;:;:;:;::] 

Plate No. C116K 

FIGURE 16. Zirconium Oxide Thicknesses on Outer and Inner Surfaces, Areas of Alpha Grain Growth, and 
Textural Banding of Rod Section 2C5-7 (white triangle indicates the reference point for 
wall thickness measurements) 



TABLE 3. 

Rod Section Identity 

3C5-1 
3C5-2 
3C5-3 
3C5-4 
3C5-5 
3C5-6 
3C5-7 
3C5-8 
3C5-9 
3C5-10 
4C5-1 
4C5-2 
4C5-3 
4C5-4 
4C5-5 
4C5-6 
4C5-7 
4C5-8 
4C5-9 
405-1 
405-2 
405-3 
405-4 
405-5 
405-6 
405-7 
405-8 
405-9 
405-10 
2C5-7 
2C5-4 

Thickness of Oxygen-Enriched Layers 
of Zircaloy Cladding 

Thickness of Oxygen-Enriched Layer, ~m 
Outer Surface Inner Surface 

None Visible 
0.5 to 2.0 
1. 0 to 2. 0 
0.5 to 2.0 
0.5 to 2.0 
0.5 to 2.0 
0.5 to 1.5 
0.5 to 1.0 
0.5 to 1.0 
0.5 to 1.0 
0.5 to 1.0 
0.5 to 2.0 
0.5 to 1.5 
0.5 to 2.0 
0.5 to 2.0 
0.5 to 1.5 
0.5 to 1.0 

0.5 
0.5 to 1.0 
0.5 to 2.0 
0.5 to 2.0 
0.5 to 2.0 
0.5 to 2.0 
0.5 to 2.0 
0.5 to 2.0 
1. 0 to 2. 0 
1. 0 to 2. 0 
0.5 to 1.0 
0.5 to 1.0 
0. 5 to 1. 5 
0.5 to 1.5 
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None Visible 
None Visible 
0.5 to 1.5 
0.5 to 1.5 
0. 5 to 1. 5 
0.5 to 1.5 
0. 5 to 1. 0 
0.5 to 1.0 
None Visible 
0. 5 to 1. 0 
0.5 to 1.0 
0.5 to 2.0 
0.5 to 1.0 
0.5 to 2.0 
0.5 to 2.0 
0.5 to 1.0 
0. 5 to 1.0 
None Visible 
None Visible 
0.5 to 2.0 
0.5 to 2.0 
0.5 to 2.0 
0.5 to 2.0 
0.5 to 1.5 
0.5 to 1.5 
0. 5 to 1. 5 
0.5 to 1.5 

>1.0 
0.5 to 1.0 
0.5 to 1.0 
0. 5 to 1. 5 
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FIGURE 17. Typical Zirconium Oxide and Oxygen-Enriched Layers on the Outer (a) and Inner (b) 
Cladding Surfaces of All Rod Sections Examined Except 3C5-1, 3C5-9, 4C5-8 and 4C5-9 
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b) Plate C 116-E3 
500X, Polarized Light 

Typical Decorated Alpha Grain Boundaries of Rod Sections 
4C5-4, 405-2, 405-3, 405-4, 405-5, and 405-6 



During the early stage of oxidation, the parabolic rate constants of 
Zi~caloy-2 and Zircaloy-4 are considered to be equal. With equal parabolic rate 
constants, the following relationship is derived to compare the zirconium oxide 
layer formation of Zircaloy-2 and Zircaloy-4. 

(2) 

where £2, £4, t2, and t4 are the thicknesses of and the time to form the zir
conium oxide layers on the Zircaloy-2 and Zircaloy-4. 

The length of time in which the fuel rods for the MT-3 test were at ele
vated temperatures (760 to 8150C) was estimated to be at least 150 s (Mohr 
et al. 1983). Other investigators have reported that the zirconium oxide layer 
formed on Zircaloy-2 after 10 min at 8000C was about 4.8 ~m (Donaldson and Evans 
1980). Using the above relationship, the calculated thickness of the zirconium 
oxide layer expected to form on the Zircaloy-4 cladding sections from the MT-3 
test is about 2.4 urn. Thus, the calculated zirconium oxide thickness is less 
than what was actually observed, i.e., 2.4 urn versus an average of 3 to 6 ~m. 
However, the calculated thickness does not account for zirconium oxide formed at 
times other than the 150 s at 760 to 81ooc, such as pre-existing oxide and oxide 
formation during heating to test temperature and subsequent cooling to ambient 
temperatures. Thus the observed zirconium oxide thickness is consistent with 
the calculated thickness for Zircaloy-2 exposed to these conditions. 

Figure 19 is a typical photomicrograph of the alpha grain growth observed 
in certain areas of Rod Sections 3C5-8, 3C5-9, 4C5-2, 4C5-3, 4C5-4, 4C5-6, 4D5-6, 
4D5-7, 4D5-8, and 2C5-7 (Figures 4 through 8, 13, 14, and 16). Textural banding, 
which is the clustering of grains that are close to the same orientation, was 
observed in certain areas of Rod Sections 3C5-3, 3C5-4, 3C5-5, 4C5-5, 4C5-6, 
4D5-5, 4D5-6, 4D5-7, 4D5-8, and 2C5-7 (Figures 2, 3, 8, 13, 14, and 16). 
Figure 20 is a representative photomicrograph of textural banding. Areas con
taining textural banding and alpha grain growth were observed in Rod Sections 
4D5-6 and 4D5-8 (Figures 13, 14, and 21). 

The cladding thickness was measured on each metallographic section at regu
lar intervals around the circumference (cord of 0.040 in. or 1.02 mm) using the 
microscope viewing screen at 200X. These measurements are listed in Tables 4 
through 19. 

Particle size analyses were performed on the fragmented fuel from Sections 
3C5, 4C5, and 4D5. The results are reported in Table 20 as percent of the total 
fuel weight retained by each sieve and the bottom receiver. The bulk of the 
fuel fragments (73.12%, 59.66%, and 56.68% from Rod Sections 3C5, 4C5, and 4D5, 
respectively) were retained on the 0.157-in. (4.0-mm) sieve. One pellet from 
Rod Section 3C5 remained intact following the sieve analysis, which indicates 
that the preconditioning phase of the test did not fragment all the uo2 fuel 
pellets. 
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N 
0"1 

Plate Cll5-H4 - 200X 

FIGURE 19. Typical Alpha Grain Growth of 
Rod Sections 3C5-8, 3C5-9, 4C5-2, 
4C5-3, 4C5-4, 4C5-6, 405-6, 405-7, 
405-8, and 2C5-7 

Plate Cll6-K4 - 500X 

FIGURE 20. Typical Textural Banding of 
Rod Sections 3C5-3, 3C5-4, 3C5-5, 
4C5-5, 4C5-6, 405-5, 405-6, 405-7, 
405-8, and 2C5-7 
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Plate C 116-K2 - 200X 

FIGURE 21. Typical Areas Containing Alpha Grain Growth and Textural Banding 
of Rod Sections 405-6 and 405-8 



TABLE 4. Cladding Thickness Measurements for Rod 
and 3C5-2(a) 

3C5-1 
D1stance from Wall 

Reference Point,(b) Thickness, 
in. in. 

0.00 0.0220 
0.04 0.0224 
0.08 0.0224 
0.12 0.0223 
0.16 0.0224 
0.20 0.0225 
0.24 0.0223 
0.28 0.0220 
0.32 0.0220 
0.36 0.0220 
0.40 0.0216 
0. 44 0.0214 
0.48 0.0216 
0.52 0.0215 
0.56 0.0213 
0.60 0.0213 
0.64 0.0212 
0.68 0.0207 
0. 72 0.0203 
0.76 0.0205 
0.80 0.0208 
0.84 0.0209 
0.88 0.0212 
0. 92 0.0216 
0.96 0.0214 
1.00 0.0213 
1.04 0.0219 
1. 08 0.0222 
1.12 0.0224 
1.16 0.0226 
1. 20 0.0228 
1. 24 0.0225 

{a) See Figure 1 for reference points. 
(b) Direction of travel -clockwise. 

3C5-2 
Distance from 

Reference Point,(b) 
in. 

0.00 
0.04 
0.08 
0.12 
0.16 
0.20 
0.24 
0.28 
0.32 
0.36 
0.40 
0.44 
0.48 
0.52 
0.56 
0. 60 
0.64 
0.68 
0. 72 
0.76 
0.80 
0.84 
0.88 
0.92 
0.96 
1.00 
1.04 
1.08 
1.12 
1.16 
1.20 
1. 24 
1.28 

28 

Sections 3C5-1 

Wall 
Thickness, 

in. 

0.0222 
0.0224 
0.0226 
0.0222 
0.0218 
0.0217 
0.0218 
0.0214 
0.0215 
0.0216 
0.0210 
0.0205 
0.0202 
0.0202 
0.0198 
0.0192 
0.0191 
0.0187 
0.0180 
0. 0177 
0.0181 
0.0185 
0.0185 
0.0188 
0.0197 
0.0204 
0.0207 
0.0212 
0.0217 
0.0217 
0.0215 
0.0219 
0.0224 



TABLE 5. Cladding Thickness Measu(e~ents for Rod 
Sections 3C5-3 and 3C5-4 a 

3C5-3 3C5-4 
Distance from Wall Distance from Wall 

Reference Point,(b) Thickness, Reference Point,(b) Thickness, 
in. in. in. in. 

0.00 0.0215 0.00 0.0205 
0.04 0.0215 0.04 0.0202 
0.08 0.0216 0.08 0.0199 
0.12 0.0215 0.12 0.0200 
0.16 0.0214 0.16 0.0191 
0.20 0.0213 0.20 0.0180 
0.24 0.0207 0.24 0.0175 
0. 28 0.0202 0.28 0.0174 
0.32 0.0200 0.32 0.0170 
0.36 0.0203 0.36 0.0164 
0.40 0.0197 0.40 0.0167 
0.44 0.0194 0.44 0.0172 
0.48 0.0192 0.48 0.0174 
0.52 0.0189 0.52 0.0168 
0.56 0.0181 0.56 0.0165 
0.60 0.0167 0.60 0.0165 
0.64 0.0161 0.64 0.0169 
0.68 0.0158 0.68 0.0167 
0. 72 0.0155 0.72 0.0165 
0.76 0.0152 0.76 0.0165 
0.80 0.0152 0.80 0.0166 
0.84 0.0156 0.84 0.0168 
0.88 0.0164 0.88 0.0164 
0.92 0.0167 0.92 0.0158 
0.96 0.0169 0.96 0.0160 
1.00 0.0178 1.00 0.0169 
1.04 0.0190 1.04 0.0175 
1.08 0.0198 1.08 0.0179 
1.12 0.0204 1.12 0.0188 
1.16 0.0212 1.16 0.0197 
1.20 0.0213 1.20 0.0200 
1.24 0.0214 1. 24 0.0203 
1. 28 0.0217 1.28 0.0205 

1.32 0.0205 
1..36 0.0210 
1.40 0.0209 
1.44 0.0207 

(a) See Figure 2 for reference points. 
(b) Direction of travel - clockwise. 
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TABLE 6. Cladding Thickness Measurements for Rod 
Sections 3C5-5 and 3CS-6(a) 

3C5-5 
Distance from 

Reference Point,(b) 
in. 

0.00 
0.04 
0.08 
0.12 
0.16 
0.20 
0.24 
0.28 
0.32 
0.36 
0.40 
0.44 
0.48 
0.52 
0.56 
0.60 
0.64 
0.68 
0. 72 
0.76 
0.80 
0.84 
0.88 
0.92 
0.96 
1.00 
1.04 
1.08 
1.12 
1.16 
1.20 
1.24 
1. 28 
1. 32 
1.36 
1.40 
1.44 

Wall 
Thickness, 

in. 

0.0211 
0.0207 
0.0199 
0.0198 
0.0200 
0.0196 
0.0194 
0.0194 
0.0193 
0.0189 
0.0180 
0.0178 
0.0180 
0.0176 
0.0167 
0.0169 
0.0169 
0.0164 
0.0157 
0.0152 
0.0149 
0.0149 
0.0144 
0.0135 
0.0133 
0.0144 
0.0161 
0.0169 
0.0178 
0.0189 
0.0196 
0.0197 
0.0199 
0.0198 
0.0201 
0.0205 
0.0206 

3C5-6 
Distance from 

Reference Point,(b) 
in. 

0.00 
0.04 
0.08 
0.12 
0.16 
0.20 
0.24 
0.28 
0.32 
0.36 
0.40 
0.44 
0.48 
0.52 
0.56 
0.60 
0.64 
0.68 
0.72 
0.76 
0.80 
0.84 
0.88 
0.92 
0.96 
1.00 
1.04 
1.08 
1.12 
1.16 
1.20 
1.24 

{a) See Figure 3 for reference points. 
(b) Direction of travel -clockwise. 

30 

Wall 
Thickness, 

in. 

0.0219 
0.0213 
0.0212 
0.0211 
0.0210 
0.0206 
0.0204 
0.0204 
0.0198 
0.0195 
0.0196 
0.0199 
0.0195 
0.0191 
0.0191 
0.0190 
0.0185 
0.0182 
0.0188 
0.0197 
0.0200 
0.0207 
0.0214 
0.0216 
0.0214 
0.0216 
O.Q221 
0.0220 
0.0222 
0.0224 
0.0225 
0.0221 



TABLE 7. Cladding Thickness Measur(~ents for Rod 
Sections 3C5-7 and 3C5-8 a) 

3C5-7 
Distance from 

Reference Point,(b) 
in. 

0.00 
0.04 
0.08 
0.12 
0.16 
0.20 
0.24 
0.28 
0.32 
0.36 
0.40 
0.44 
0.48 
0.52 
0.56 
0.60 
0.64 
0.68 
0.72 
0.76 
0.80 
0.84 
0.88 
0.92 
0.96 
1.00 
1.04 
1.08 
1.12 
1.16 
1. 20 
1.24 
1.28 
1. 32 
1.36 

Wall 
Thickness, 

in. 

0.0202 
0.0197 
0.0195 
0.0194 
0.0191 
0.0192 
0.0191 
0.0188 
0.0179 
0.0176 
0.0181 
0.0184 
0.0180 
0.0177 
0.0177 
0.0179 
0.0178 
0.0177 
0.0177 
0.0186 
0.0191 
0.0190 
0.0196 
0.0204 
0.0209 
0.0211 
0.0212 
0.0218 
0.0217 
0.0214 
0.0217 
0.0218 
0.0216 
0.0216 
0.0214 

(a) See Figure 4 for reference points. 
(b) Direction of travel -clockwise. 
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3C5-8 
Distance from 

Reference Point,(b) 
in. 

0.00 
0.04 
0.08 
0.12 
0.16 
0.20 
0.24 
0.28 
0.32 
0.36 
0.40 
0.44 
0.48 
0.52 
0.56 
0.60 
0.64 
0.68 
0. 72 
0.76 
0.80 
0.84 
0.88 
0.92 
0.96 
1.00 
1.04 
1.08 
1.12 
1.16 
1. 20 
1. 24 
1.28 
1. 32 
1. 36 
1.40 
1.44 
1.48 
1.52 
1.56 
1.60 

Wall 
Thickness, 

in. 

0.0075 
0.0184 
0.0188 
0.0168 
0.0167 
0.0169 
0.0168 
0.0163 
0.0159 
0.0155 
0.0158 
0.0159 
0.0164 
0.0172 
0.0177 
0.0179 
0.0173 
0.0167 
0.0169 
0.0175 
0.0184 
0.0192 
0.0199 
0.0201 
0.0198 
0.0199 
0.0202 
0.0200 
0.0196 
0.0196 
0.0195 
0.0194 
0.0190 
0.0187 
0.0185 
0.0174 
0.0158 
0.0146 
0.0146 
0.0094 
0.0083 



TABLE 8. Cladding Thickness Measurements for Rod 
Sections 3C5-9 and 3C5-1o(a) 

3C5-9 3C5-10 
D1stance from Wall D1stance from Wall 

Reference Point,(b) Thickness, Reference Point,(b) Thickness, 
in. in. in. in. 

0.00 0.0129 0.00 0.0215 
0.04 0.0152 0.04 0.0219 
0.08 0.0168 0.08 0.0219 
0.12 0.0170 0.12 0.0221 
0.16 0.0173 0.16 0.0224 
0.20 0.0171 0.20 0.0225 
0.24 0.0166 0.24 0.0224 
0.28 0.0168 0.28 0.0224 
0.32 0.0176 0.32 0.0227 
0.36 0.0179 0.36 0.0227 
0.40 0.0180 0.40 0.0228 
0.44 0.0182 0.44 0.0229 
0.48 0.0185 0.48 0.0229 
0.52 0.0189 0.52 0.0227 
0.56 0.0186 0.56 0.0226 
0.60 0.0186 0.60 0.0227 
0.64 0.0189 0.64 0.0227 
0.68 0.0189 0.68 0.0227 
0. 72 0.0187 0. 72 0.0228 
0.76 0.0186 0.76 0.0229 
0.80 0.0185 0.80 0.0227 
0.84 0.0203 0.84 0.0227 
0.88 0.0204 0.88 0.0226 
0.92 0.0206 0.92 0.0223 
0.96 0.0208 0.96 0.0220 
1.00 0.0204 1.00 0.0219 
1.04 0.0198 1.04 0.0220 
1.08 0.0197 1.08 0.0219 
1.12 0.0198 1.12 0.0219 
1.16 0.0192 1.16 0.0219 
1. 20 0.0194 1. 20 0.0218 
1. 24 0.0187 1. 24 0.0216 
1. 28 0.0184 
1. 32 0.0166 
1. 36 0.0149 
1.40 0.0179 
1.44 0.0123 
1.48 0.0114 
1.52 0.0116 
1. 56 0.0113 

(a) See Figure 5 for reference points. 
(b) Direction of travel -clockwise. 
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TABLE 9. Cladding Thickness Measurements for Rod 
Sections 4C5-1 and 4C5-2(a) 

4C5-1 4C5-2 
D1stance from Wall 01stance from 

Reference Point,(b) Thickness, Reference Point,(b) 
in. in. 

0.00 0.0206 
0.04 0.0210 
0.08 0.0214 
0.12 0.0222 
0.16 0.0229 
0.20 0.0230 
0.24 0.0234 
0.28 0.0234 
0.32 0.0234 
0.36 0.0233 
0.40 0.0237 
0.44 0.0240 
0.48 0.0237 
0.52 0.0235 
0.56 0.0233 
0.60 0.0229 
0.64 0.0229 
0.68 0.0222 
0. 72 0.0219 
0.76 0.0213 
0.80 0.0210 
0.84 0.0207 
0.88 0.0202 
0.92 0.0192 
0.96 0.0190 
1.00 0.0185 
1.04 0.0182 
1.08 0.0181 
1.12 0.0188 
1.16 0.0194 
1. 20 0.0197 

(a) See Figure 6 for reference points. 
(b) Direction of travel - clockwise. 
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in. 

0.00 
0.04 
0.08 
0.12 
0.16 
0.20 
0.24 
0.28 
0.32 
0.36 
0.40 
0.44 
0.48 
0.52 
0.56 
0.60 
0.64 
0.68 
0. 72 
0.76 
0.80 
0.84 
0.88 
0.92 
0.96 
1.00 
1.04 
1.08 
1.12 
1.16 
1.20 
1.24 
1.28 

Wall 
Thickness, 

in. 

0.0196 
0.0207 
0.0211 
0.0218 
0.0224 
0.0226 
0.0228 
0.0233 
0.0237 
0.0234 
0.0234 
0.0234 
0.0232 
0.0229 
0.0229 
0.0228 
0.0222 
0.0216 
0.0212 
0.0202 
0.0199 
0.0198 
0.0193 
0.0184 
0.0174 
0.0169 
0.0159 
0.0149 
0.0144 
0.0153 
0.0164 
0.0169 
0.0179 



TABLE 10. Cladding Thickness Measureme~t0 for 
Rod Sections 4C5-3 and 4C5-4 a 

4C5-3 4C5-4 
Distance from Wall D1stance from Wall 

Reference Point,(b) Thickness, Reference Point,(b) Thickness, 
in. in. in. in. 

0.00 0.0135 0.00 0.0037 
0.04 0.0160 0.04 0.0069 
0.08 0.0163 0.08 0.0098 
0.12 0.0200 0.12 0.0123 
0.16 0.0207 0.16 0.0144 
0.20 0.0213 0.20 0.0169 
0.24 0.0221 0.24 0.0185 
0.28 0.0224 0.28 0.0195 
0.32 0.0224 0.32 0.0207 
0.36 0.0230 0.36 0.0217 
0.40 0.0232 0.40 0.0222 
0.44 0.0231 0.44 0.0221 
0.48 0.0229 0.48 0.0222 
0.52 0.0229 0.52 0.0222 
0.56 0.0227 0.56 0.0219 
0.60 0.0225 0.60 0.0222 
0.64 0.0223 0.64 0.0225 
0.68 0.0220 0.68 0.0224 
0.72 0.0216 0. 72 0.0221 
0.76 0.0214 0.76 0.0218 
0.80 0.0212 0.80 0.0214 
0.84 0.0205 0.84 0.0209 
0.88 0.0199 0.88 0.0209 
0.92 0.0191 0.92 0.0208 
0.96 0.0184 0.96 0.0203 
1.00 0.0174 1. 00 0.0199 
1.04 0.0165 1.04 0.0194 
1.08 0.0162 1.08 0.0189 
1.12 0.0158 1.12 0.0180 
1.16 0.0149 1.16 0.0173 
1. 20 0.0135 1. 20 0.0169 
1.24 0.0119 1. 24 0.0162 
1.28 0. 0112 1. 28 0.0148 
1. 32 0.0112 1. 32 0.0134 
1. 36 0.0110 1. 36 0.0124 
1.40 0.0122 1.40 0. 0115 

1.44 0.0108 
1.48 0.0099 
1.52 0.0072 
1.56 0.0047 

(a) See Figure 7 for reference points. 
(b) Direction of travel - clockwise. 
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TABLE 11. Cladding Thickness Measu~e~nts for Rod 
Sections 4C5-5 and 4C5-6 a 

4C5-5 4C5-6 
D1stance from Wall Distance from 

Reference Point,(b) Thickness, Reference Point,(b) 
in. in. in. 

0.00 0.0114 0.00 
0.04 0.0123 0.04 
0.08 0.0137 0.08 
0.12 0.0159 0.12 
0.16 0.0169 0.16 
0.20 0.0179 0.20 
0.24 0.0183 0.24 
0.28 0.0204 0.28 
0.32 0.0212 0.32 
0.36 0.0213 0.36 
0.40 0.0217 0.40 
0.44 0.0222 0.44 
0.48 0.0219 0.48 
0.52 0.0219 0.52 
0.56 0.0219 0.56 
0.60 0.0219 0.60 
0.64 0.0218 0.64 
0.68 0.0218 0.68 
0. 72 0.0219 0. 72 
0.76 0.0217 0.76 
0.80 0.0212 0.80 
0.84 0.0209 0.84 
0.88 0.0205 0.88 
0.92 0.0201 0.92 
0.96 0.0201 0.96 
1.00 0.0200 1.00 
1.04 0.0197 1.04 
1.08 0.0190 1.08 
1.12 0.0184 1.12 
1.16 0.0174 1.16 
1.20 0.0164 1.20 
1.24 0.0156 1.24 
1.28 0.0153 1.28 
1.32 0.0152 1. 32 
1.36 0.0144 1.36 
1.40 0.0126 1.40 

1.44 

(a) See Figure 8 for reference points. 
(b) Direction of travel - clockwise. 
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Wall 
Thickness, 

in. 

0.0139 
0.0152 
0.0169 
0.0180 
0.0187 
0.0192 
0.0197 
0.0202 
0.0205 
0.0208 
0.0213 
0.0217 
0.0214 
0.0212 
0. 0211 
0.0206 
0.0203 
0.0203 
0.0202 
0.0199 
0.0195 
0.0194 
0.0192 
0.0187 
0.0184 
0.0185 
0.0184 
0.0179 
0.0175 
0.0177 
0.0172 
0.0166 
0.0158 
0.0152 
0.0145 
0.0138 
0.0138 



TABLE 12. Cladding Thickness Measurerents for Rod 
Sections 4C5-7 and 4C5-8 a 

4C5-7 4C5-8 
D1stance from Wall D1stance from 

Reference Point,(b) Thickness, Reference Point,(b) 
in. in. 

0.00 0.0179 
0.04 0.0184 
0.08 0. 0186 
0.12 0.0189 
0.16 0.0187 
0.20 0.0192 
0.24 0.0202 
0.28 0.0209 
0.32 0.0212 
0.36 0.0212 
0.40 0.0212 
0.44 0.0209 
0.48 0.0207 
0.52 0.0207 
0.56 0.0208 
0.60 0.0206 
0.64 0.0202 
0.68 0.0198 
0. 72 0.0194 
0.76 0.0188 
0.80 0.0187 
0.84 0.0187 
0.88 0.0185 
0.92 0.0184 
0.96 0.0184 
1.00 0.0186 
1.04 0.0186 
1.08 0.0181 
1.12 0.0181 
1.16 0.0184 
1.20 0.0183 
1.24 0.0181 
1.28 0.0179 
1.32 0.0187 
1.36 0.0182 

(a) See Figure 9 for reference points. 
(b) Direction of travel - clockwise. 
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in. 

0.00 
0.04 
0.08 
0.12 
0.16 
0.20 
0.24 
0.28 
0.32 
0.36 
0.40 
0.44 
0.48 
0.52 
0.56 
0.60 
0.64 
0.68 
0.72 
0.76 
0.80 
0.84 
0.88 
0.92 
0.96 
1.00 
1.04 
1.08 
1.12 
1.16 
1. 20 
1. 24 
1. 28 
1. 32 

Wall 
Thickness, 

in. 

0.0207 
0. 0208-
0.0207 
0.0202 
0.0201 
0.0205 
0.0208 
0.0209 
0.0209 
0.0210 
0.0212 
0.0209 
0.0206 
0.0205 
0.0204 
0.0201 
0.0202 
0.0202 
0.0201 
0.0197 
0. 0194 
0.0194 
0.0192 
0.0196 
0.0199 
0.0202 
0.0201 
0.0201 
0.0200 
0.0199 
0.0198 
0.0204 
0.0209 
0.0207 



TABLE 13. Cladding Thickn~ss Measurements for Rod 
Section 4C5-9(aJ 

4C5-9 
Distance fro!Jl 

Reference Point,lb) 
in. 

0.00 
0.04 
0.08 
0.12 
0.16 
0.20 
0.24 
0.28 
0.32 
0.36 
0.40 
0.44 
0.48 
0.52 
0.56 
0.60 
0.64 
0.68 
0.72 
0.76 
0.80 
0.84 
0.88 
0.92 
0.96 
1.00 
1.04 
1.08 
1.12 
1.16 
1.20 

(a) See Figure 10 for reference points. 
(b) Direction of tra~el - clockwise. 
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Wall 
Thickness, 

in. 

0.0238 
0.0242 
0.0239 
0.0234 
0.0233 
0.0230 
0.0227 
0.0228 
0.0229 
0.0229 
0.0224 
0.0219 
0.0219 
0.0214 
0.0214 
0.0216 
0.0217 
0.0215 
0.0216 
0.0217 
0.0219 
0.0220 
0.0224 
0.0224 
0.0225 
0.0230 
0.0231 
0.0234 
0.0235 
0.0238 
0.0234 



TABLE 14. Cladding Thickness Measurements for Rod 
Sections 405-1 and 405-2(a) 

405-1 405-2 
Distance from Wall D1stance from 

Reference Point,(b) Thickness, Reference Point,(b} 
in. in. in. 

0.00 0.0219 0.00 
0.04 0.0219 0.04 
0.08 0.0217 0.08 
0.12 0.0215 0.12 
0.16 0.0215 0.16 
0.20 0.0217 0.20 
0.24 0.0218 0.24 
0.28 0.0217 0.28 
0.32 0.0215 0.32 
0.36 0.0214 0.36 
0.40 0.0215 0.40 
0.44 0.0217 0.44 
0.48 0.0219 0.48 
0.52 0.0218 0.52 
0.56 0.0218 0.56 
0.60 0.0219 0.60 
0.64 0.0220 0.64 
0.68 0.0224 0.68 
0.72 0.0225 0.72 
0.76 0.0224 0.76 
0.80 0.0223 0.80 
0.84 0.0224 0.84 
0.88 0.0225 0.88 
0.92 0.0227 0.92 
0.96 0.0228 0.96 
1.00 0.0227 1.00 
1.04 0.0224 1.04 
1. 08 0.0222 1.08 
1.12 0.0220 1.12 
1.16 0.0220 1.16 

{a} See Figure 11 for reference points. 
(b) Direction of travel - clockwise. 
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Wall 
Thickness, 

in. 

0.0214 
0. 0211 
0.0210 
0.0209 
0.0214 
0.0214 
0.0214 
0.0212 
0.0210 
0.0209 
0.0212 
0.0214 
0.0216 
0.0215 
0.0213 
0.0210 
0.0212 
0.0213 
0.0215 
0.0215 
0.0215 
0.0213 
0.0213 
0.0216 
0.0216 
0.0216 
0.0216 
0.0214 
0.0215 
0.0216 



TABLE 15. Cladding Thickness Measu{~ents for Rod 
Sections 405-3 and 405-4 a 

405-3 405-4 
D1stance from Wall 01stance from 

Reference Point,(b) Thickness, Reference Point,(b) 
in. in. in. 

0.00 0.0203 0.00 
0.04 0.0206 0.04 
0.08 0.0203 0.08 
0.12 0.0204 0.12 
0.16 0.0209 0.16 
0.20 0.0209 0.20 
0.24 0.0209 0.24 
0.28 0.0209 0.28 
0.32 0.0207 0.32 
0.36 0.0206 0.36 
0.40 0.0211 0.40 
0.44 0.0212 0.44 
0.48 0.0209 0.48 
0.52 0.0207 0.52 
0.56 0.0206 0.56 
0.60 0.0206 0.60 
0.64 0.0207 0.64 
0.68 0.0208 0.68 
0.72 0.0207 0. 72 
0.76 0.0202 0.76 
0.80 0.0200 0.80 
0.84 0.0197 0.84 
0.88 0.0199 0.88 
0.92 0.0205 0.92 
0.96 0.0207 0.96 
1.00 0.0203 1.00 
1.04 0.0203 1.04 
1.08 0.0201 1.08 
1.12 0.0199 1.12 
1.16 0.0203 1.16 
1. 20 0.0203 1.20 
1.24 0.0204 1.24 

1.28 

(a) See Figure 12 for reference points. 
(b) Direction of travel - clockwise. 
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Wall 
Thickness, 

in. 

0.0183 
0.0187 
0.0188 
0.0194 
0.0199 
0.0205 
0.0204 
0.0204 
0.0204 
0.0204 
0.0207 
0.0211 
0.0213 
0.0210 
0.0209 
0.0208 
0.0209 
0.0212 
0.0209 
0.0206 
0.0205 
0.0200 
0.0194 
0.0196 
0.0199 
0.0197 
0.0192 
0.0193 
0.0191 
0.0189 
0.0191 
0.0194 
0.0191 



TABLE 16. Cladding Thickness Measurements for Rod 
Sections 405-5 and 4D5-6(a) 

405-5 405-6 
01stance from Wall D1stance from 

Reference Point,(b) Thickness, Reference Point,(b) 
in. in. in. 

0.00 0.0160 0.00 
0.04 0.0165 0.04 
0.08 0.0164 0.08 
0.12 0.0177 0.12 
0.16 0.0187 0.16 
0.20 0.0194 0.20 
0.24 0.0192 0.24 
0.28 0.0191 0.28 
0.32 0.0191 0.32 
0.36 0.0191 0.36 
0.40 0.0194 0.40 
0.44 0.0199 0.44 
0.48 0.0200 0.48 
0.52 0.0201 0.52 
0.56 0.0201 0.56 
0.60 0.0204 0.60 
0.64 0.0206 0.64 
0.68 0.0212 0.68 
o. 72 0.0215 0. 72 
0. 76 0.0214 0.76 
0.80 0.0207 0.80 
0.84 0.0206 0.84 
0.88 0.0200 0.88 
0.92 0.0197 0.92 
0.96 0.0195 0.96 
1.00 0.0194 1.00 
1.04 0.0188 1.04 
1.08 0.0177 1.08 
1.12 0.0173 1.12 
1.16 0.0162 1.16 
1. 20 0.0158 1. 20 
1. 24 0.0159 1. 24 
1.28 0.0164 1. 28 
1.32 0.0163 1. 32 
1. 36 0.0160 1. 36 
1.40 0.0157 1.40 

1.44 
1.48 

(a) See Figure 13 for reference points. 
(6) Direction of travel - clockwise. 

40 

Wall 
Thickness, 

in. 

0.0126 
0.0141 
0.0155 
0.0174 
0.0186 
0.0189 
0.0187 
0.0184 
0.0184 
0.0182 
0.0191 
0.0195 
0.0201 
0.0202 
0.0206 
0.0108 
0.0212 
0.0216 
0.0219 
0.0218 
0.0217 
0.0217 
0.0210 
0.0209 
0.0207 
0.0199 
0.0186 
0.0177 
0.0160 
0.0142 
0.0138 
0.0136 
0.0134 
0.0134 
0.0128 
0.0116 
0.0112 
0.0118 



TABLE 17. Cladding Thickness Measurements for Rod 
Sections 405-7 and 4D5-8(a) 

405-7 405-8 
D1stance from Wall D1stance from 

Reference Point,(b) Thickness, Reference Point,(b) 
in. in. 

0.00 0.0094 
0.04 0.0109 
0.08 0.0129 
0.12 0.0153 
0.16 0.0169 
0.20 0.0177 
0.24 0.0178 
0.28 0.0176 
0.32 0.0174 
0.36 0.0176 
0.40 0.0182 
0.44 0.0184 
0.48 0.0189 
0.52 0.0194 
0.56 0.0203 
0.60 0.0206 
0.64 0.0214 
0.68 0.0221 
0.72 0.0223 
0.76 0.0223 
0.80 0.0221 
0.84 0.0218 
0.88 0.0218 
0.92 0.0217 
0.96 0.0217 
1.00 0.0208 
1.04 0.0201 
1.08 0.0185 
1.12 0.0170 
1.16 0.0158 
1. 20 0.0150 
1. 24 0.0142 
1.28 0.0128 
1. 32 0.0112 
1. 36 0.0097 
1.40 0.0094 
1.44 0.0096 
1.48 0.0091 

(a) See Figure 14 for reference points. 
(b) Direction of travel - clockwise. 
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in. 

0.00 
0.04 
0.08 
0.12 
0.16 
0.20 
0.24 
0.28 
0.32 
0.36 
0.40 
0.44 
0.48 
0.52 
0.56 
0.60 
0.64 
0.68 
0. 72 
0. 76 
0.80 
0.84 
0.88 
0.92 
0.96 
1.00 
1.04 
1.08 
1.12 
1.16 
1. 20 
1. 24 
1. 28 
1. 32 
1. 36 
1.40 

Wall 
Thickness, 

in. 

0.0103 
0.0115 
0. 0130 
0.0133 
0.0137 
0.0151 
0.0163 
0.0173 
0.0183 
0.0193 
0.0202 
0.0209 
0.0212 
0.0216 
0.0218 
0.0222 
0.0226 
0.0228 
0.0227 
0.0226 
0.0223 
0.0226 
0.0226 
0.0223 
0.0218 
0.0213 
0.0209 
0.0202 
0.0199 
0.0192 
0.0179 
0.0167 
0.0149 
0.0133 
0.0118 
0.0105 



TABLE 18. Cladding Thickness Measur(m}nts for Rod 
Sections 405-9 and 405-10 a 

405-9 405-10 
01stance from Wall 01stance from 

Reference Point,(b) Thickness, Reference Point,(b} 
in. in. 

0.00 0.0173 
0.04 0.0169 
0.08 0.0170 
0.12 0.0177 
0.16 0.0184 
0.20 0.0197 
0.24 0.0205 
0.28 0.0212 
0.32 0.0213 
0.36 0.0213 
0.40 0.0217 
0.44 0.0217 
0.48 0.0224 
0.52 0.0229 
0.56 0.0229 
0.60 0.0228 
0.64 0.0228 
0.68 0.0225 
0.72 0.0226 
0.76 0.0227 
0.80 0.0228 
0.84 0.0225 
0.88 0.0223 
0.92 0.0217 
0.96 0.0216 
1.00 0.0216 
1.04 0.0208 
1. 08 0.0202 
1.12 0.0196 
1.16 0.0187 
1. 20 0.0183 
1. 24 0.0180 

(a) See Figure 15 for reference points. 
(b) Direction of travel - clockwise. 
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in. 

0.00 
0.04 
0.08 
0.12 
0.16 
0.20 
0.24 
0.28 
0.32 
0.36 
0.40 
0.44 
0.48 
0.52 
0.56 
0.60 
0.64 
0.68 
0.72 
0.76 
0.80 
0.84 
0.88 
0.92 
0.96 
1.00 
1.04 
1.08 
1.12 
1.16 

Wall 
Thickness, 

in. 

0.0209 
0.0209 
0.0207 
0.0208 
0.0212 
0.0215 
0.0219 
0.0220 
0.0222 
0.0224 
0.0226 
0.0231 
0.0233 
0.0231 
0.0231 
0.0231 
0.0232 
0.0235 
0.0235 
0.0233 
0.0230 
0.0228 
0.0228 
0.0226 
0.0224 
0.0220 
0.0216 
0.0212 
0.0210 
0.0212 



TABLE 19. Cladding Thickn~ss Measurements for Rod 
Section 2C5-7(a) 

2C5-7 
Distance frQm 

Reference Point,tb) 
in. 

0.00 
0.04 
0.08 
0.12 
0.16 
0.20 
0.24 
0.28 
0.32 
0.36 
0.40 
0.44 
0.48 
0.52 
0.56 
0.60 
0.64 
0.68 
0. 72 
0.76 
0.80 
0. 84 
0.88 
0.92 
0.96 
1.00 
1.04 
1.08 
1.12 
1.16 
1. 20 
1. 24 
1. 28 
1.32 
1. 36 
1.40 
1.44 
1.48 
1.52 

(a} See Figure 16 for reference points. 
(b) Direction of travel - clockwise. 
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~I all 
Thickness, 

in. 

0.0034 
0. 0072 
0.0098 
0.0138 
0.0165 
0.0173 
0.0183 
0.0198 
0.0211 
0.0217 
0.0220 
0.0225 
0.0225 
0.0225 
0.0229 
0.0230 
0.0229 
0.0229 
0.0225 
0.0222 
0.0219 
0.0214 
0.0209 
0.0208 
0.0204 
0.0195 
0.0194 
0.0189 
0.0181 
0. 0172 
0. 0171 
0.0163 
0.0140 
0.0120 
0.0112 
0.0112 
0.0094 
0.0073 
0.0048 



~ 
~ 

Total 
Rod Weight of 

Section Fuel, 9 

3cs(a) 246.750 

4C5 256.468 

405 258.515 

TABLE 20. Fuel Particle Size Distribution of Fuel from 
Rod Sections 3C5, 4C5, and 405 

% of Total Sample Weight Retained on Each Sieve 

No. 3-1/2 No. 5 No. 7 No. 10 No. 18 No. 50 
(0.233 in. (0.157 in. (0.111 in. (0.0787 in. (0.0394 in. (0.0117 in. 
or 5.6 mn) or 4.0 mn) or 2.8 mn) or 2.0 mn) or 1.0 mn) or 3.0 1-1m) 

12.59 73.12 11.26 0.80 0.82 0.53 

9.98 59.66 23.31 3.71 1.64 1.07 

19.74 56.68 16.60 3.49 1. 73 1.18 

Receiver 
(<0.0117 in. 
or < 3. 0 1-1m) 

0.88 

0.63 

0.58 

(a) One whole fuel pellet was present in the sample from Rod Section 3C5 before and after the sieve analysis. 
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