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HRP RADIATION CORROSION STUDIES: IN-PILE LOOP L-4-11

SUMMARY

The sixth in-pile loop experiment, L-4-11, was completed. The loop operated in-pile for a total
of 1109 hr, during which time the LITR energy output was 2175 Mwhr.
temperature was 250°C. During this run the loop was drained and then recharged with fresh so-

The main-stream operating
lution. Based on oxygen data, the corrosion rate for the first 110 hr of operation was 5.0 mpy;
for the next 232 hr the rate was 1.7 mpy. For the first 120 hr of operation with the second fuel
solution the corrosion rate was 7.2 mpy, and for the remainder of the run the rate was 1.9 mpy.
The nickel data gave parallel results.

Corrosion specimens of a large variety of zirconium alloys, titanium alloys, and stainless
steels, as well as specimens of synthetic sapphire, sintered alumina, platinum, and Incoloy, were
included in the experiment. Corrosion rates of most of the zirconium alloys, titanium alloys, and
stainless steels were generally consistent with rates observed in the previous in-pile loops.

The zirconium alloys Zr-3 (3% Ag), Zr-3 (0.52% Sn, 5.71% Ti, 40 ppm N2), Zr-3 (0.52% Sn,
0.28% Fe, 5.66% Ti, 60 ppm N2), Zr-3 (1.4% Fe), and Zr-4 (0.7% Fe, 2.8% Cr) corroded at rates
about two to three times those observed for Zircaloy-2 at the same power density, The zirconium
alloy containing 3.84% Al and 2,5% Mn corroded at rates about 10 to 20 times those for Zircaloy-2.
The zirconium alloy containing 2% niobium corroded at the same rate as Zircaloy-2 in the core but
ot a much higher rate, 17 mpy, in the in-line position. However, a zirconium alloy containing 15%
niobium corroded at less than one-third the Zircaloy-2 corrosion rates in the core and exhibited
rates similar to Zircaloy-2 in the in-line position. Corrosion rates for Incoloy were found to be
about the same as those for stainless steel exposed to similar conditions. All sintered aluminum
oxide specimens in the main stream disintegrated; however, the aluminum oxide bearings in the
low temperature region of the pump showed no measurable wear. Synthetic sapphire became claudy

and corroded at a rate of 12 mpy. Platinum was slightly affected in the core.

INTRODUCTION

Loop L-4-11 is the sixth completed in-pile loop
experiment. This experiment was inserted in the
HB-4 hole at the LITR on October 21, 1955, and
removed on December 12, 1955.

The purpose of this experiment was to compare
the performance of a large number of materials
under similar irradiation and exposure conditions.

EQUIPMENT AND CONSTRUCTION

The equipment employed in this experiment was
similar in most respects to that used in the pre-
vious in-pile loop experiments.'=®¢ A schematic
drawing of the loop package is shown in Fig. 1.

The loop was constructed of type 347 stainless
steel. A tabulation of the specimens in this loop
is given in Tables 1-3, Inclusion of a large
variety of test materials in this loop necessitated
the adoption of a code for identification purposes.

Loop volumes and other specifications are given
in Table 4; the sample loading is given in Table 5.
Coupon specimens, ]/2 x V x 0,06 in., in non-
tapered Zircaloy-2 holders were located in both the
core and in-line positions. This is the first in-pile
loop in which non-tapered holders were used. The ar-
rangement of the coupons in the holders is shown in

6. H. Jenks et al,, HRP Quar. Prog. Rep. Jan. 31,
1956, ORNL-2057, p 92-96 (classified).

2J. E. Baker et al.,, HRP Radiation Corrosion Studies:
In-Pile Loop L-4-8, ORNL-2042 (Aug. 21, 1956).

36. H. Jenks et al., HRP Quar. Prog. Rep. Jan, 31,
1955, ORNL-1853, p 88-106.

4G. H. Jenks et al., HRP Quar. Prog. Rep. April 30,
1955, ORNL-1895, p 99~118.

5G. H. Jenks et al,, HRP Quar. Prog. Rep. July 31,
1955, ORNL.-1943, p 109125 (classified).

6G. H. Jenks et al.,, HRP Quar. Prog. Rep. Oct. 31,

1955, ORNL-2004, p 121152 (classified).




Table 1. Sample Code and Specimen Materials: Zirconium and Zirconium Alloys

Code Alloy Alloy Description

Letters No.

Red | Zircaloy-3 0.7% Fe

Red II Zircaloy-3 1.4% Fe

Red Il Zircaloy-3 3.5% Fe

Rod |V Zircaloy-4 0.7% Fe, 2.8% Cr
wB Zircaloy-2 cut from Newport News bottom weld
WC Zircaloy-2 cut from Newport News weld
Z 50-57 Zircaloy-2 5 ppm H,
Z 58-65 Zircaloy-2 500 ppm H,
Z 66-73 Zircoloy-2 1000 ppm H,
z8 Zircaloy=2 ltem #1157
zC Zircaloy-3 3% Ag
ZD 6 Zircaloy-3 0.26% Sn, 0.19% Fe, 40 ppm N,
ZE 12A Zircaloy-3 0.50% Sn, 0,44% Fe
ZF 13A Zircaloy-3 0.50% Sn, 0.24% Fe, 0.25% Ni )
ZG 19 Zircaloy-3 1.46% Sn, 0.25% Fe, 0.21% Mo, 50 ppm N,
ZH 1-8 Zircaloy-2 1000 ppm H, )
ZH 9-16 Zircaloy-2 5 ppm H,
ZH 17-24 Zircaloy-2 2000 ppm H,
ZH 25-32 Zircaloy-2 3000 ppm H2
zl 328 Zircaloy-3 0.47% Sn, 0.85% Fe, 0.78% Ni, 50 ppm N,
z) 38 Zircaloy-3 0.56% Sn, 0.71% W, 60 ppm N2
ZK 44 Zircaloy-3 0.52% Sn, 5.71% Ti, 40 ppm N,
ZL 51 Zircaloy-3 0.52% Sn, 0.28% Fe, 5.66% Ti, 60 ppm N,
ZM 57 Zircaloy-3 0.24% Fe, 0.32% Nb, 70 ppm N,

ZN 61 Zircaloy-3 1.54% Sn, 0.26% Fe, 0.83% Nb, 80 ppm N,
Z0 73 Zircaloy-3 3.84% Al, 2.5% Mn
zP 70 Zircaloy-3 0.69% Sn, 0.69% Cu, 40 ppm N,

zQ Zircaloy-3 0.81% Fe, 0.77% Cr
ZR Zircaloy-3 0.72% Fe, 0.73% Cr, 0.45% Sn
y43 Zircaloy-3 1.5% Cr, 0.50% Sn
ZT Zircaloy-3 15% Nb; 500°C, 2 hr, in vacuo, slow cool -
ZU Zircaloy-3 2% Nb
zz Crystal-bar zirconium #1591-8 ’
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Table 2. Sample Code and Specimen

‘aterials: Stainless Steel

ZLINE SAMPLE
OLDER

ITR in-Pile Loop.

Table 4 Loop Volumes and Other Specifications

Loop volume (including pressurizer), ml 1540
Code
Letters Description Pressurizer volume, ml 559
Empty core volume, ml 370
SA SS 347, ltem #1149
Loaded core volume, mli 298
SE SS 443, Lot #2, hot rolled ond annealed
Flow rates
SF SS 446, Lot #2, rolled and pickled
Pressurizer, cc/sec 5.3
SG SS 350A, Item #381, as annealed Core, gpm 7.3
In-line, gpm 7.3
Table 3. Sample Code and Specimen . .
Materials: Titanium Pump bearing material A|2O3
Pump journal material A|203
Code D s
Letters escription System pressure checked at, psi 1200
Minimum clearance for core and in-line holders
TB Ti-75A, ltem #45
Channe! depth, in. 0.200
D Ti-110AT, Item #1176 Channel width, in. 0.437
TE Ti-130AM, ltem #1175
specimens is shown in detail in Fig. 4. This

Fig. 2. Eight core rod coupon assemblies were in-
stalled in the core surrounding the core holder as
shown in Fig. 3. Each assembly consisted of 11
corrosion coupon specimens, ]/2 X l/2 x 006 in.,
mounted on type 347 stainless steel rods and
separated by type 347 stainless steel tubular
spacers. Each coupon had a 0.204-in.-dia hole
drilled through its center through which the 0.200-
in,~dia rod was passed. Arrangement of these

loop also contained a special in-line specimen
array consisting of four rod coupon assemblies as
shown in Figs. 5 and 6. These assemblies were
similar in construction and materials to those in the
core but contained only ten coupons per rod.
Both core and in-line rod coupon arrays contained
zirconium alloys in the form of pins. The pins
were 70 mils in diameter and 4 in. in length.
Figs. 3 and 5 show the location of these pins.




Table 5. Corrosion Sample Units

Unit

Specimens

Core holder coupons

Ineline holder coupons

Core rod coupons

Special in-line rod coupons

Core pin specimens

Special in-line pin specimens

PT, Al

PT, Al,O,, ZZ, WB,

1D, TE, ZD, ZE, ZF,
ZG, 21, ZJ, ZK, ZL,

ZM, ZN, Z0, ZP, ZC,
Z50, Z68, Incoloy, SE, SA

.03 2Z, WB,
TD, TE, ZD, ZE, ZF,
26, ZI, 24, ZK, ZL,

ZM, ZN, Z0, ZP, ZC,

Z50, 268, Incoloy, SE, SA

Z7,PT, ZF, Z0O, ZS,
ZH, A|203, ZG, ZP,
T8, SF, ZQ, 2Z, 24,
ZC, SG, ZR, WC,

Z), ZU, TD, ZK, TE,
ZL, Incoloy, ZD, ZM,
SE, ZE, ZN, SA, ZR

PT, TB, ZD, ZG, ZK,
ZN, ZC, Incoloy, SA, TD,
ZE, 7%, ZL, ZO, ZH, SE,
Z7Z, TE, ZF, ZJ, ZM, ZP,
ZT, ZQ, ZR, ZS, SF, SG, ZU

Zircaloy-3, Zircaloy-4

Zircaloy-3, Zircaloy-4

Special core specimens Sapphire
Core and in-line holders ZB
UNCLASSIFIED
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Fig. 2 Arrangement of Coupon Corrosion Specimens in the Core Holder and in the InsLine Holder













Table 7.

Total Areas Exposed to High Temperature Solution: Stainless Steel Specimens

$5-347 §5-443% $s-446° $5-350A°
Total
Component Total Total Total Total Area
Number Area Number Area Number Area Number Area (cm2)
(em?) (em?) (em?) (em?)
Core coupons 1 2.1 1 2.1
In-line coupons 1 2.1 1 2.1
Core rod coupons 3 1.5 3 11.5 2 7.7 2 7.7
Special in-line rod 5 19.2 1 3.8 1 3.8 1 3.8
coupons
Core rod assembly 88 293
spacers
Special in-line rod 42 154.2
assembly spacers
Core spiders 2 77
Sapphire holders 2 6
Sapphire holder spiders 1 16
Core rod assembly rods 8 182
Special in-line rod 4 91
assembly rods
Total 854.1 19.5 1.5 1.5 896.6
“Lot #2 hot rolled and annealed.
Lot #2 rolled and pickled.
“Item #381 as annealed.
Table 8. Total Areas Exposed to High Temperature Solution: Titanium
Component
Core In-Line Core Rod Special In-Line
Coupons Coupons Coupons Rod Coupons Total
Material Area
Total Total Total Total (cm2)
Number Area Number Area Number Area Number Area
(em?) (em?) (em?) (em?)
Ti-75A, ltem #45 2 7.7 6 23 30.7
Ti- 110AT, ltem #1176 1 2.1 1 2.1 3 1.5 1 3.8 19.5
Ti- 130AM, ltem #1175 1 2.1 1 2.1 3 1.5 1 3.8 19.5
Total 69.7




Table 9. Total Areas Exposed to High Temperature Solution: Zirconium and Zirconium Alloys

Component
Core In-Line Core Rod Special In-Lina Coupon Core Pin  Special in-Line
Coupons  Coupons  Coupons  Rod Coupons  Holders  Specimens Pin Specimens Total
Moterial Total Total Total Total Total Total Total (i:;)
No. Area No. Area No. Area No. Area No. Area No. Area No. Area
(em?) (em?) (em?) (em?) (em?) (em?) (em?)
Zircaloy-2
Item #1157 2 346 346

Cut from Newport News bottom weld 1 2.1 1 2.1 4.2
Cut fram Newport News weld 3 11.5 11.5
5ppm Hy 1 2.1 1 2. 3 n.s 1 3.8 19.5
1000 ppm H, 1 2.1 1 2.1 3 1.5 1 3.8 19.5
3000 ppm H, 2 7.6 1 3.8 1.4
Total Zircaloy-2 4121

Zircaloy-3
0.7% Fe 1 5.7 1 5.7 1.4
1.4% Fe 1 5.7 1 5.7 1.4
3.5% Fe 1 5.7 1 5.7 11.4
3.0% Ag 1 2.1 1 2.1 3 11.5 1 3.8 19.5
0.26% Sn, 0.19% Fe, 40 ppm N, 1 2.1 t 2.1 3 1.5 1 3.8 19.5
0.50% Sn, 0.44% Fe 1 2.1 1 2.1 3 1.5 1 3.8 19.5
0.50% Sn, 0.24% Fe, 0.25% Ni 1 2.1 1 2.1 3 1.5 1 3.8 19.5
1.46% Sn, 0.25% Fe, 0.21% Mo, 50 ppm N, 1 2.3 1 2.1 3 1.5 1 3.8 19.5
0.47% Sn, 0.85% Fe, 0.78% Ni, 50 ppm N, 1 2.1 1 2.1 3 11.5 1 3.8 19.5
0.56% Sn, 0.71% W, 60 ppm Ny 1 21 1 2.1 3 1.5 1 3.8 19.5
0.52% Sn, 5.71% Ti, 40 ppm Ny 1 2.1 1 2.1 3 1.5 1 3.8 19.5
0.52% Sn, 0.28% Fe, 5.66% Ti, 60 ppm N2 1 2.1 H 2.1 3 1.5 1 3.8 19.5
0.24% Fe, 0.32% Nb, 70 ppm N, 1 2.1 1 2.1 3 1.5 1 3.8 19.5
1.54% Sn, 0.26% Fe, 0.83% Nb, 80 ppm Ny 1 241 1 2.1 3 1.5 1 3.8 19.5
3.84% Al, 2.5% Mn 1 2.1 ) 241 3 115 1 3.8 19.5
0.69% Sn, 0.69% Cu, 40 ppm N, 1 2.1 1 2.1 3 1.5 1 3.8 19.5
0.81% Fe, 0.77% Cr 2 7.6 1 .8 1.4
0.72% Fe, 0.73% Cr, 0.45% Sn 2 7.6 1 3.8 1.4
1.5% Cr, 0.50% Sn 2 7.6 1 3.8 1.4
15% Nb, 500°C 2 hr in vacuo, slow cool 2 7.6 1 3.8 11.4
2% Nb 2 7.6 1 .8 1.4
Total Zircaloy-3 347

Zircaloy-4
0.7% Fe, 2.8 Cr 1 5.7 1 5.7 1.4
Crystal-bar zirconium 1 2.1 1 2.1 3 1.5 1 3.8 19.5

Total zirconium 787.7




Table 10, Total Areas Exposed to High Temperature Solution: Miscellaneous Specimens

Component
. Special Special Core
Core In-Line Core Rod In-Line Rad Sapphire Total
Material Coupons Coupons Coupons Coupons Specimens Area
Total Total Total Toral Toral (emd)
Number Are; Number Are; Number Area Number Area Number Area
(em®) {em?) (em®) (em?) (em?)
Sapphire 2 9.2 9.2
Sintered aluminum 1 2.1 1 2.1 1 3.8 8.0
oxide
Platinum 1 2.1 1 2.1 3 11.5 1 3.8 19.5
Incoloy, Item #275 1 2,1 1 2.1 3 1.5 1 3.8 19.5
Total 56.2
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Table 11. Analyses of Samples from Loop Inventory During Preparatory Operations*

T°"°l Circulation Invs.mery at Uraniuvm Suifate Copper Nickel iron Chromium Aluminum Chlorine Phosphate
. Time for Each Time of LI il
Solution Solution Sampling Conc  Total Conc Total Conc Total Conc Total Conc Totel Conc Total Conc Total Conc Total pH Conc  Total
(hr) (ml) (mg/ml)  (g) (mg/ml} (g) (ug/ml) (mg) (ug/ml) (mg) (pg/ml) (mg) (ug/ml) (mg) (pg/ml) (mg) (ug/ml) (mg) (ug/ml)  (mg)
First pretreatment
3% TSP (He, 100°C) 4 1100 <1 1.0 <1 1.1 1 1A 1 1.1 <2 22 11,35
5% HNO; (He, 100°C) 1" 1100 8 8.8 13 140 112 123 13 14 10 1 <2 2.2 22
H,0 (0, 250°C) 30 1100 <1 1.0 1 1.1 <1 1.1 1 1.1 1 1.1 <1 1.1 4.42
017 M UOZSO‘ (natural)
0.03 M CuSO, 73 1100 34.4 378 1950 21,5 1780 1.65 116 128 10 n 31 34 4 4.4 1.65
0.04 M H, S0,
Second pretreatment {after 343.5 hr circulation with enriched solution}
H,0 6 1100
3% TSP 6 1300 0.095 0.12 0.0 0.0 11.6
5% HNO, 8.5 1300 0.238 0.31 17.0 22,1 0.85
5% HNO, 4.7 1300 0.10 0.13 250 32,5 0.0 0.0 0.6 0.0 0.0
H,0 7.7 1100 6.5

*Constituent concentrations ond totals shown are not cumulative but represent the quantities present for operation with each solution.




straight channel coupon holders increased from
13.3 fps to about 17 fps for the remainder of the
run,

While the reactor was down, an attempt was
made to unplug what was assumed to be a partially
plugged pressurizer inlet or outlet line by re-
ducing the pressurizer solution temperature to
250°C and raising the loop temperature to 255°C.
There was hope that the plug would dissolve or
loosen at the lower pressurizer temperature.
After '|l/2 hr at these conditions the pressurizer
temperature was raised to 270°C and the loop
temperature lowered to 250°C, where they were
maintained for the remainder of the run. After the
pressurizer flow had gradually risen to 2.2 cc/sec,
the reactor was taken to power. During the next
205 hr of operation at power the pressurizer flow
decreased to 0.9 cc/sec. At this time the re-
actor and the loop were shut down and the so-
lution was drained. The accumulated total circu-
lation time for the first original solution was
344 hr. The loop was then given a standard pre-
treatment operation, as shown in Table 11, and the
loop was recharged with fresh solution and oper-
ation was resumed. After 45 hr of operation, during
which time the pressurizer flow was 2 cc/sec,
the reactor was taken to power. During the re-
maining hours of operation the pressurizer flow
decreased to 0.6 cc/sec. After 786 hr of total
circulation time with the second original solution,
the experiment was terminated.

During the normal shutdown operation the drain
line on the loop plugged while the third rinse was
being made, and the loop had to be drained through
the pump drain line. Since the loop cannot be
completely drained through this line, a portion of
the rinse water was still in the loop when it was
removed from the reactor.

The two original enriched solutions charged to
the loop for in-pile operation and the solution
used to replace liquid drawn from the loop during
sampling operations were of approximately the
same composition, as shown in Table 12.

The total circulation time with enriched solution
was 1130 hr. The energy output of the LITR
during this time was 2175 Mwhr, and essentially
all the power was liberated at the 3-Mw level.
The reactor operating schedule for the exposure is
shown in Fig. 9.

Oxygen partial-pressure measurements were made
hourly during the run. When the oxygen partial
pressure in the pressurizer was near 40 psi, the
reactor was shut down and additional oxygen was
added to bring the pressure to about 130 psi.

Two-milliliter samples of solution were taken
periodically with the loop at temperature. About
0.2 ml of each sample was used for Cs'37 analysis.

The sampling system was purged with loop so-
lution before a sample was taken; the total volume
removed from the circulating stream during the
sampling operation was about 8 ml for each sample.
The schedule of solution sampling is shown in
Table 13. All but eight of the samples taken after
loop insertion were withdrawn with the reactor at
power. The eight exceptions are shown in Fig. 9
and are summarized in Table 14,

Radiolytic gas pressure measurements were
made, usually once per week, by measuring the
difference in pressure during reactor operation
prior to a shutdown and 30 min after the shutdown.
Fission and gamma heat measurements were made
at the same time by observing the difference
between electric power requirements of the loop
heaters during operation at full reactor power
and during reactor shutdown.

Table 12, Composition of Enriched Solutions

Total U Calculated Assay Copper Nickel

(mg/ml) (U235 ftotal U) (mg/ml) PH (mg/ml)
First original solution 38.44 89.71 1.864 1.25 0.504 .
Second original solution 39.24 92.66 2.140 1.30 0.0
Makeup solution 38.26 88.78 1.939 1.30 0.0 .
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Table 13, Analyses of Samples from Loop Inventory During Enriched-Solution Operation”

Total Accumulated \'/’;‘;::':’:' R Uranium Sulfate Copper Chromium Nickel Chlorine Iron Zirconium Aluminum Manganese ot
sorple ST LT Tmeor O ol R ot e’ R Gl o R ol e ool T ced T e T ed T e T e Tt DT Gy
(hr) {Mwhr) 5°'“"::1'I)25C Factor” (mg/mi) (mg/mi) (mg/ml) (mg/ml) (mg/mi) (mg/ml) (mg/ml) (mg/ml) (mg/ml) (mg/ml) (@ (me/mh o (me/mb ) (mg/mb) (o) (mg/ml) oy (mg/m) o (mg/mb)
First original charge 0 0 1102 0 0 38.4 38.4 38.4 24.4 24.4 24.4 1.86 1.86 1.86 (ND) (ND) 0.504 0.555 (ND) (ND)  0.001 0,001 (ND) (ND) (ND) (ND) (ND) (ND) 1.25 1.063
L-4-11-orig
Make-up solution 0 0 0 0 38.3 38.3 38.3 24.6 24.6 24.6 1.94 1.94 1.94 (ND) (ND) (ND) (ND)  (ND)  (ND) (ND) (ND)  (ND)  (ND) (ND) (ND}  (ND) (ND) 130 1.061
L-4-8-20
L-4-11-1 17.2 0 1093 0.136 117 34.5 40.3 38.4 20.4 22,7 24.3 1.95 2.28 1.86 0.032 0.034 0.531 0.035 (ND) (ND) 0.016 0.018 0.021 0.023 (ND)  (ND) (ND) (ND) 1.45
L-4-11-2 39.8 47.3 1093 0.190 1.25 31.5 39.3 38.4 20.1 23.5 24.3 1.65 2.06 1.86 0.040  0.044 0.543 0,051 (ND) (ND)  0.015 0.016 0,029 0.032 (ND)  (ND) (ND) (ND) 1.50
L-4-11-3/ 91.4 190.4 1093 0.163 1.21 32.0 38.6 38.3 21.6 24.7 24.3 1.45 1.74 1.86 0.024 0.026 0.891  0.437 (ND) (ND) 0.005 0,006 0.025 0.027  (ND) (ND) (ND) (ND) 1.55
L-4-11-47 1.5 190.4 1091 0.166 1.21 31.9 38.6 38.3 20.4 23.3 24.3 1.39 1.69 1.86 0.064 0.070 1.052 0.625 (NB) (ND)  0.005 0.006 (ND) (ND)  (ND) (ND)  0.124 0.135 1.65
L-4-11-5 156.5 190.4 1108 0.153 1.19 32.2 38.3 38.3 21.8 24.8 24.3 2,15 2.56 1.86 0.071  0.079  1.206 0.828  (ND) (ND) 0,043 0.048 0.049 0.054 (WD) (ND) 0,043 0.050 1.70
L-4-11-6 182.2 249.7 1100 0.165 1.21 31 37.7 38.3 21.6 24.8 24.3 1.49 1.80 1.86 0.211 0.232 1.053 0.670 (ND) (ND) w110 0.121 0.017 0.019 (ND) (ND)  0.100 0.113 155
L-4-11-7 254.0 465.0 1097 0.170 1.22 32.4 39.4 38.3 21.3 24.5 24.3 1.64 2.00 1.86 0.079 0.087 1.388 1.052 (ND) (ND) 0.044 0.048 0.017 0.019 (ND) (ND)  0.122 0.139 1.55 |
L-4-11-8 301.6 589.6 1100 0.139 1.7 30.9 36.2 38.3 20.8 23.2 24.2 1.59 1.86 1.86 0.119 0.131 1.614 1.325 (ND) (ND)  0.045 0.049 0.011 0.012 (ND) (ND)  0.130 0.150 1.55 |
L-4-11.9 342.4 701.9 1098 0.230 1.32 32.3 42.6 38.3 21.0 25.6 24.2 .21 1.60 1.86 0.071 0.078 1.344 1.056 (ND) (ND)  0.036 0.039 0.042 0.046 (ND) (ND)  0.150 0.175 1.80 ;
Second original charge 0.0 0.0 1116 0.0 0.0 39.2 39.2 39.2 25.7 25.7 25,7 2.14 2.14 2.14 0.012 0.013 (ND) (ND) (ND) (ND) 0.012 0,013 (ND) (ND) (ND)  (ND) (ND)  (ND)  1.30  1.054 - |
L-4-11-second orig
Make-up solution 0.0 0.0 0.0 0.0 38.3 38.3 38.3 24.6 24.6 24.6 1.94 1.94 1.94 (ND) (ND) (ND) (ND) (ND) (ND) (ND) ((ND)  (ND) (ND) (ND) (ND) (ND) (ND)  1.30  1.061
L-4-8-20 -
L-4-11.177 375.4 701.9 1107 0.141 1.17 33.1 38.9 39.2 22,2 24.9 25.6 1.48 1.74 2.14 0.021 0.023 0.072 0.080 (ND) (ND)  0.047 0.052 0,063 0.070 0.012 0013 0.073  0.081 1.40
L-4-11-18 447.4 872.9 1107 0.163 1.21 33.0 39.9 39.1 23.9 27.5 25.6 1.47 1.77 2.13 0.048 0.053 0.512 0.568 (ND) (ND)  0.076 0.084 0.052 0.058 0,007 0.008 0,078 0.086 1.55
L-4-11-24' 452.5 888.4 107 39.1 25.6 2.13
L-4-11-25 495.3 993.5 1107 0.175 1.23 3.5 38.6 39.1 22,2 25.7 25.6 1.73 2.11 2.13 0.061 0.068 0.555 0.627 (ND) (ND)  0.061 0.068 (ND) (ND) (ND) (ND)  0.116 0.108 1.55
L-4-11-267 545.6 1113.8 1108 0.193 1.25 32,7 .1 39,1 22.4 26.4 25.5 1.5 1.96 2.12 0.128 0.142 0.814 0.926 (ND) (ND)  0.029 0.032 0,023 0.026 0.011 0.013 0.154 0.176 1.65
L-4-11-277 615.8 1312.4 1107 0.201 1.27 35.0 44.4 39.0 21.5 25.5 25.5 1.56 1.98 2.12 0.156 0.173 0.884 1.018 (ND) (ND) 0.038 0,042 0.072 0.080 0.011 0.013 0.132 0.134 170
L-4-11-28 664.6 1433.2 1108 0.204 1.27 31.3 39.9 39.0 21.8 25.9 25.5 1.37 1.74 2.12 0.437 0.484 0961  1.122 (ND) (ND) 0.047 0.052 0,053 0,059  (ND) (ND) 0.136  0.161 1.70 |
L-4-11-241 713.5 1555.6 1107 0.197 1.26 31.9 40.3 39.0 22.0 26.0 25.5 1.40 1.77 2.12 0.140 0.155 0.832 1.108 (ND) (ND)  0.033 0.037 0.016 0.018 0.011 0.013 0.145 0.174 1.70
L-4-11-25 785.4 1735.3 1107 0.191 1.25 32.1 40.2 39.0 21.5 25.3 25.4 1.49 1.87 2.1 0.184 0.204 1.059 1.266 (ND) (ND)  0.028 0.031 0.038 0.042 0.009 0,013 0.146 0.178 1.80
L-4-11-267 833.6 1779.6 1108 0.165 1.21 34.5 4.7 38.9 20.6 23.5 25.4 1.68 2.03 2.1 0.107 0.119  0.948  1.165 (ND) (ND) 0.023 0.025 0.006 0.007  (ND) (ND) 0.152  0.188 1.80
L-4-11-277 881.5 1779.6 1107 0.206 1.28 30.9 39.4 38.9 20.2 23.9 25.4 1.50 1.91 2.11 0.089 0.099 1.236 1.501 (ND)  (ND)  0.041 0.045 (ND) (ND)  (ND)  (ND)}  0.161 0,200 1.80
L-4-11-28% 953.2 1779.6 1108 0.196 1.26 32,2 40.6 38.9 23.7 28.2 25.4 1.43 1.80 2.1 0.166  0.184 1.109  1.386 (ND) (ND) 0.034 0.038 (ND) (ND) (ND) (ND) 0.136  0.176 1.75 |
L-4-11-29 1001.5 1834.7 1108 0.205 1.28 37.4 47.7 38.9 21.9 26.2 25.4 1.85 2.36 2.10 0.092 0.102 1.377 1705 (ND) (ND) 0.041 0.045 (ND) (ND) (ND) (ND) 0.185 0.233 170
L-4-11-30 1049.3 1947.3 1106 0.214 1.29 30.1 38.9 38.9 20.8 24.9 25.4 1.35 1.74 2.10 0.052 0.058 1.202 1.536  (ND)  (ND) 0.015 0.017 (ND) (ND)  (ND) (ND) 0167 0.217 1.85
L-4-11-31 1121.4 2156.2 1107 0.209 1.26 30.7 38.9 38.9 21.4 25.6 25.4 1.37 1.76 2.10 0.022 0.024 1.510 1.900 (ND) (ND}  0.035 0.039 (ND) (ND) (ND)  (ND)  0.208 0.265 1.80 |
Reactor down 1127.8 2175.2 1107 1]
“Where no values are given, either an analysis was not requested or the analytical results were not reliable. ND, not detected. 8(Reported concentrotion) x (dilution factor) x (inventory volume).

bWash water contained L52$04 at 0.0684 M.

b(Reporfed concentration corrected for sample dilution, amounts withdrawn in previous samplas, and less amount present frum
“Dilution factors calculated on lithium concentration found in sample.

original solution) x (inventory volume).

d(Reporfed concentration) x (dilution factor). i(Reporfed concentration corrected for sample dilution and amnounts withdrawn in previous samples) x (inventory volume).

e . . .
Determined from calculated uranium, copper, or sulfate inventory balances.

jSumple taken with reactor down,
/(Reporfed concentration) x (dilution factor); corrected for sulfate from Li2504.




Table 14, Samples Taken with Reactor Down

Sample Reactor Down
No. (hr)
L-4-11-3 0.8
L-4-11-4 20.9
L-4-11-5 65.9
L-4-11-9 2.4
L-4-11-24 0.4
L-4-11-26 27.8
L-4-11-27 759
L-4-11-28 147.4

Pressurizer flow measurements were made by
observing the difference in the electric power re-
quirements for the pressurizer heater at two dif-
ferent loop temperatures.

Dismantling

The loop was dismantled without any significant
difficulties.  The core and two in-line sample
holders were transferred to the corrosion ex-
amination facility for disassembly and inspection.
Four sections of the main line piping were trans-
ferred to the Chemical Technology Division for
decontamination studies. The pressurizer and the
attached inlet and outlet lines were removed as a
unit, and flow measurements were made through
this system in an effort to locate the cause of the
reduced pressurizer flow encountered during
operation. This component was then disassembled
and examined in the corrosion examination facility.
The pump was separated from the remainder of the
loop, and the flange bolts and volute seal weld
were cut in the dismantling cell. Portions of the
loop not retained for further evaluation were sent
to the burial ground and stored in hole No. 193.

Representative samples of Incoloy and zirconium
alloys were taken from the core holder and core
rod assemblies, decontaminated, and sent to the
Analytical Chemistry Division for induced activity
determinations, These specimens were compared
with irradiated control specimens which had been
exposed along with standard cobalt samples in the
LITR.

Various sections of the steel loop components
together with several of the titanium and zirconium
alloy specimens were sent to the Solid State Di-
vision for metallographic examination.

RESULTS

Oxygen-Consumption Data

The results of oxygen-consumption measure-
ments are shown in Table 15. The values for
corrosion penetration listed in the final column of
Table 15 were calculated with the assumption that
all steel surfaces in contact with high temperature
solution corroded uniformly and that oxygen was
consumed in the corrosion of steel only. The
average quantity of oxygen in the loop at a given
oxygen partial pressure was 13.4 cc(STP)/psi at
280°C and 12,4 cc(STP)/psi at 270°C. As calcu-
lated from the oxygen data, the corrosion rate for
the first 110 hr of operation was 5.0 mpy. For the
next 232 hr the rate was 1.7 mpy. With the second
fuel solution, the corrosion rate was 7.2 mpy for
the first 120 hr of operation and 1.9 mpy for the
remaining 666 hr of the run. A plot of oxygen
consumption against circulation time is shown in

Fig. 10.

Solution Analyses

The results of solution analyses for constituents
other than fission products are tabulated in Table
13.  Sample L-4-11-9 was taken just before the
first enriched solution was drained from the loop.
Similarly, sample L-4-11-31 was taken just before
the second enriched solution was drained from the
loop.

Calculated values for the total amounts of
corrosion products for the entire in-pile run are the
sums of the values for L-4-11-9 and L-4-11.31.
Since the first enriched solution charged to the
loop contained added nickel, the calculated value
of nickel in the solution at the time of taking
L-4-11-1 through L-4-11-9 has been
corrected for the amount of the added
nickel remaining in the inventory at the time of
sampling.  The calculated values for the total
amounts of corrosion products for all samples have
been corrected for sample dilution and for the
amounts previously withdrawn in sampling.

As was observed during all previous experi-
ments, the reported values for the uranium, copper,
and sulfate content of the samples from this loop
were found to be, in general, appreciably lower
than the calculated values for these constituents.
Applying dilution factors based on the amount of
lithium tracer found in the samples, the corrected
concentrations were in most cases in better

samples
initial
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Table 15. Oxygen Consumption in Loop

Total o, 0, Total O, 0, Volume 0, Calculated
Sample LITR Solution Additions Withdrawn Charged to Loop  4f Time of Consumed  Total 02 Corrosn?n
Remarks No. Energy Circulation 4o Loop  from Loop* Less O2 Withdrawn Sample Since Last Consumed Penetration
(Mwhr) Time (cc at STP) (cc at STP) in Sampling (cc at STP) Sample  (cc at STP) of- Type 347
(hr) (cc at STP) (cc at STP) Stainless Steel
(mils)
Operation with 1st Enriched Solution
02 addition 0 0 1487 0 1487 1487 0 0 0
(L-4-11-3)
Leg-11-1** 0 17.2 0 0 1487 1487 0 0 0
L-4-11-2 47.3 39.8 0 10 1477 1339 138 138 0.006
02 addition 88l 9 2349
(L-4-11-4)
L-4-11-3** 190.4 91.4 0 0 2349 1274 937 1075 0.05
L-4-11-4** 190.4 111.5 0 8 2341 846 420 1495 0.06
0, addition 1199 5 3535
(L-4-11-5)
L-4-11-5** 190.4 15645 0 0 3535 1920 120 1615 0.07
L-4-11-6 249.7 182.2 0 8 3527 1685 227 1842 0.08
L-4-11-7 465.0 254.0 0 8 3519 1345 332 2174 0.09
02 addition 576 6 4089
(L-4-11-6)
L-4-11-8 589.6 301.6 0 0 4089 1675 240 2414 0.10
L-4-11-9** 701.9 34244 0 8 4081 1511 156 2570 o.n
Pump off 701.9 345.5 0 0 4081
Solution 701.9 345.5 0 1511 2570
drained
Operation with 2nd Enriched Solution
02 addition 701.9 1624 0 4194 1533 2661
(L-4-11-7)
L-4-11-17**  701.9 377.4 0 0 4194 1533 9N 2661 0.1

*Calculated amount removed as 02 dissolved in sample,

**Samples taken with reactor down,



Table 15 (continued)

Calculated

Total Total 02 0

LITR Solution 02 . 02 Charged to Loop 02 YOlume Consflmed Total O Corrosu.:n
Sample . . Additions Withdrawn at Time of 2 Penetration
Remarks Energy Circulation Less O, Withdrawn Since Last Consumed
No. (Mwhr) Time to Loop from Loop* in 52CImp|ing Sample Sample (cc at STP) of Type 347
(cc at STP) (cc at STP) (cc at STP) Stainless Steel
(hr) (cc at STP) (cc at STP)
(mils)
Operation with 2nd Enriched Solution
02 addition 843 9 5028
(L-4-11-8)
L-4-11-18 872.9 449.5 0 0 5028 890 1477 4138 0.18
L-4-11-19 888.4 454 0 6 5022 778 106 4244 0.18
02 addition 774 5 5791
(L-4-11-9)
L-4-11-20 993.5 497.3 0 0 579N 799 748 4992 0.21
02 addition 712 5 6498
(L-4-11-10)
L-4-11-21 1113.8 5477 0 0 6498 1228 278 5270 0.22
L-4-11-22 13124 617.8 0 7 6491 895 326 5596 0.24
0, addition 626 5 7112
(L-4-11-11)
L-4-11-23 1433.2 66545 0 0 7112 1208 308 5904 0.25
L<4-11-24** 1555.6 713.5 0 8 7104 1001 199 6103 0.26
L-4-11-25 1735.3 785.4 0 7 7097 731 263 6366 0.27
02 addition 766 5 7858
(L-4-11-12)
L-4-11-26** 1779.6 833.6 0 0 7858 1385 107 6473 0.28
L-4-11-27** 1779.6 881.5 0 8 7850 1036 341 6814 0.29
L-4-11-28** 1779.6 953.2 0 6 7844 512 518 7332 0.31
02 addition 1016 3 8857
(L-4-11-13)
L-4-11-29 1834.7 1001.5 0 0 8857 1262 263 7595 0.32
L-4-11-30 1947.3 1049.3 0 8 8849 1032 222 7817 0.33
L-4-11-31 215642 1121.4 0 6 8843 682 344 8161 0.35
End of Run 215642 1130.1 0 4 8839 639 39 8200 0.35

Ll

*Calculated amount removed as 02 dissolved in sample.

**Samples taken with reactor down.




agreement with the calculated concentrations for
these constituents. The reported, corrected, and
calculated vaives for the uranium, copper, and
sulfate concentrations are compared graphically

values for total fissions in Table 16 have been
obtained through use of the listed dilutions. No
correction was applied to pH measurements.

The nickel and manganese data given in Table

in Fig. 11. The calculated values for the other 13 are plotted .against circulation time in Fig. 10.
elements listed in Table 13 and the corrected  Also shown on another ordinate in Fig. 10 is the
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Table16. Fissions in Loop Solution

Accumulated

Inventory Volume  Calculated Uranium

Total Fissions

Total Fission Power

Sample ) . et Milliliter .
) No. LITR Energy at Time of Sample Concentration P in Loop Solution
(Mwhr) (ml at 25°C) (mg/ml) Analysis  Corrected* at 3 Mw (w)
Operation with 1st Enriched Solution
x 1013 x 103

L-4-11-1 0 1093 38.4
L-4-11-2 47.3 1093 38.4 1.13 1.41 867
L-4-11-3 190.4 1093 38.3 4.05 4.91 750
L-4-11-4 190.4 1091 38.3 3.70 4.55 694
L-4-11-5 190.4 1108 38.3 4406 4.95 767
L-4-11-6 249.7 1100 38.3 450 5.62 659
L-4-11-7 465.0 1097 38.3 8.78 10.9 684
L-4-11-8 589.6 1100 38.3 1.7 14.0 695
L-4-11-9 701.9 1098 38.3 13.1 17.8 741

: Operation with 2nd Enriched Solution
L-4-11-17 0 107 39.2

) L-4-11-18 17140 1107 39.1 3.50 4.22 727
L-4-11-19 186.5 1107 39.1
L-4-11-20 291.6 1107 391 4.87 6402 608
L-4-11-21 4119 1108 39.1 726 9,22 660
L-4-11-22 610.5 1107 39.0 10.7 13.8 666
L-4-11-23 731.3 1108 39.0 14.0 18.2 734
L-4-11-24 853.7 1107 39.0 17.3 22.4 774
L-4-11-25 1033.4 1107 39.0 18.3 23.7 676
L-4-11-26 1077.7 1108 389
L-4-11-27 1077.7 1107 38.9 19.1 25.4 695
L-4-11-28 1077.7 1108 389 19.6 26.0 712
L-4-11-29 1132.8 1108 38.9 19.2 2641 680
L-4-11-30 12454 1106 38.9 22.2 306 724
L-4-11-31 1454.3 1107 389 2441 33.1 671

Av 709

*Corrected to include amounts withdrawn in previous samples and for sample dilution,
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corrosion penetration of the type 347 stainless
steel, based on the nickel and manganese data.
This plot is based on the assumption that all
steel surfaces in contact with the high temper-
ature solution corroded uniformly.

Free Acid Concentration

The change in free H,SO, concentration in the
loop solution with circulation time has been
calculated. The calculations are based on the
assumption that the nickel and manganese pro-
duced during the corrosion process consume the
acid mole for mole and that no production of

hydrogen ions takes place during the corrosion
process. The amount of nickel and manganese
produced and the calculated free acid in solution
at the time of each sample are given in Table 17.
Figure 12 is a plot of the nickel, manganese, and
free acid in solution vs circulation time.

Uranium Balance

The balance sheet for the uranium charged to
and recovered from the loop is shown in Table 18.
The weigh tank was emptied once during operation
and again at the end of operation. Material col-
lected before the first emptying is designated as

Table 17. Calculated Free H2504 in Solution

Nickel* and Manganese* Calculated Free Acid

Sample No. Inventory Circulation Time Produced at Time of in Solution at Time
(mi) (hr) Sample (moles) of Sample (moles)
First original 1093 0.0 0.0 0.0437

charge
L-4-11-1 1093 17.2 0.0006 0.0431
L-4-11-2 1093 _ 39.8 0.0009 0.0429
L-4-11-3 1093 91.4 0.0074 0.0362
L-4-11-4 1091 1115 0.0131 0.0306
L-4-11-5 1108 156.5 0.0149 0.0293
L-4-11-6 1100 182.2 0.0133 0.0308
L-4-11-7 1097 254.0 0.0202 0.0239
L-4-11-8 1100 301.6 0.0239 0.0205
L-4-11-9 1098 342.4 0.0206 0.0239

Second originol 1107 0.0 0.0 0.0443

charge
L-4-11-17 1107 375.4 0.0028 0.0415
L-4-11-18 1107 447.4 0.0112 0.0330
L-4-11-19 1107 452.5
L-4-11-20 1107 495.3 0.0126 0.0290
L-4-11-21 1108 545.6 0.0188 0.0230
L-4-11-22 1107 615.8 0.0199 0.0222
L-4-11-23 1108 664.6 0.0217 0.0206
L-4-11-24 1107 713.5 0.0215 0.0210
L-4-11-25 1107 785.4 0.0242 0.0186
L-4-11-26 1108 833.6 0.0225 0.0204
L-4-11-27 1107 881.5 0.0283 0.0148
L-4-11-28 1108 953.2 0.0258 0.0177
L-4-11-29 1108 1001.5 0.0321 0.0117
L-4-11-30 1106 1049.3 0.0288 0.0153
L-4-11-31 1107 1121.4 0.0357 0.0087

*Includes amounts withdrawn in previous samples.
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collected afterward is

first weigh tank; that

UNCLASSIFIED

0.08 T ORINL_LIFDIWG 2[7773 designated as second weigh tank.  Analytical
| oot results indicated that 7.9% more uranium was
SOLUTION iqi
LTI ] recovered than was originally charged to the loop.
0.03 - > L.
2 Neutron Flux, Fission Power, and Gamma Heat
—oo02 E
,\ ~ The neutron flux at a given specimen position
8 a, in the core was determined from the induced
£ = activity measurements. The Cr3! activity was
§ 0oz 7 § employed for the Incoloy determinations and the
+ — 0038, Zr%5-Nb?3 activity was employed for the zirconium
z W . . .
x determinations.  The results of these determi-
AVERAGE nations are given in Table 19. In Fig. 13 the
0.0 INVENTORY = 103 m! logarithms of the neutron fluxes of the specimens
o moles FREE ACID . are .
IN SOLUTION —0.04 are plotted against the position of the specimens.
o moles Ni AND Mn From this plot the neutron flux along the length
IN SOLUTION
of the core can be used to calculate the corre-
0& Lol L L sponding fission power density. The power
0 200 400 600 800 1000 1200 densities thus determined ranged from 7.2 w/ml at
CIRCULATION TIME (hr) .
the leading core-holder coupon to 1.3 w/ml at the
Fig. 12, Nickel plus Manganese and Free Acid in So- rear. The calculations were based on a value of
lution, 200 Mev for the average energy per fission.
Table 18, Actual Uranium Balance
Enriched Solution Operation
Total Uranium
Solution Specific Solution Concentration Toh':l
Source Weight Gravity Yolume by Analysis Uranium
(9) (ml) (mg/m|) (9)
Charged to Loop
Original solution charged to loop 1171.2 1.063 1101.8 38.44 42.35
Second solution charged to loop 1176.1 1.054 1115.8 39.24 43.78
Solution additions to loop during 452.6% 1.061 426.6 38.26 16.32
operation (fuel expansion)
Total 102.45
Recovered from Loop
Loop inventory samples sent to 55.20 2.21
laboratory
Weigh tank samples sent to 13.05% 1.08 13.05 5.81-6.48 0.08
laboratory
First weigh tank contents 8409 1.0° 8409 5.956 50.08
Second weigh tank contents 8938° 1.0 8938 6.503 58.12
Total 110.49

“Calculated. bAssumed. “From weigh tank reading.
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Table 19. Induced Activity in Specimens

Specimen Exposure Time

Cleaned Weight Relative Zr%5-Nb%5 Activity . 51 . - - Cooling Time Neutron Flux ) Disfa'nce from
Specimen No.  When Counted 0.76 Mev Gommo R:'ﬂ'-" cr _/]*c'lv,l)'y Periog Total Eq""': ';’; Time  Before Analysis at 3 Mw P°;°h; D:“;'fIY) L;‘]’d'"cg Edge
tsemin— g~ counts.min” ".g erio a w h tronseem=2.sec—1) ot 3Mw (w/ml) of 1st Coupon

(g) {counts:min~ g™ 1) (hr) (Morhe//3 M) (hr) (neutrons.cm~“:sec™ ') iy

Core Coupons

x 1012
Zircaloy-2 (500 ppm H,)
Z-50 0.7577 2.35 1st 62 62 5424 1.374 179 4.875
2nd 645 530 4560
3rd 146 132 4248
Zircaloy-3 (1.46% Sn, 0.25% Fe, 0.21% Mo, 50 ppm N,)
2G-1 0.7494 3N Tst 62 62 5424 4.26 572 2.375
2nd 645 530 4560
3rd 146 132 4248
Zircaloy-3 (0.52% Sn, 5.71% Ti, 40 ppm NZ)
ZK-1 0.7335 2.37 Ist 62 62 5424 2.09 2.80 3.125
2nd 645 530 4560
3rd 146 132 4248
Zircaloy-3 (0.26% Sn, 0.19% Fe, 40 ppm Ny)
2D-1 0,7643 1.83 1st 62 62 5424 2.81 3.78 1.625
2nd 645 530 4560
3rd 146 132 4248
Zircaloy-3 (1.54% Sn, 0.26% Fe, 0.83% Nb, 80 ppm Nz)
ZN-1 0.8061 1.41 st 62 62 5424 1.70 2.28 3.875
2nd 645 530 4560
3rd 146 132 4248
Incoloy {ltem #275)
IN-1 0.9702 0.54 st 62 62 5640 0.97 1.31 2.625
2nd 645 530 4776
3rd 146 132 4464
Zircaloy-2 {cut from Newport News bottom weld}
WB-1 0.7438 1.97 1s¢ 62 62 6312 593 7.97 0.875
2nd 645 530 5448
3rd 146 132 5136
Zircaloy-3 (3% Ag)
ZC-1 0.6219 0.853 Tst 62 62 6216 1.39 1.87 4.625
2nd 645 530 5352
3rd 146 132 5040
Core Rod Coupons
Zircaloy-2 {500 ppm Hz)
ZH-1 1.1963 2.77 st 62 62 5424 1.620 21 4,313
2nd 645 530 4560
3rd 146 132 4248
Zircaloy-3 (1.46% Sn, 0.25% Fe, 0.21% Mo, 50 ppm Nz)
ZG-18 1.2216 1.59 1st 62 62 5424 1.824 2.45 3.913
2nd 645 530 4560
3rd 146 132 4248
Zircaloy-3 (0.52% Sn, 5.71% Ti, 40 ppm Nz)
ZK-n 1.2445 2.74 st 62 62 5424 2.410 3.24 2.813
2nd 645 530 4560
3rd 146 132 4248
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Table 19 (continued)

Cleaned Weight
When Counted

Relative Zr?3-Np?% Activity

Specimen No. 0.76 Mev Gamma

Relative Cr31 Activity

Specimen Exposure Time

Equivalent Time

Cooling Time

Distance from

Leading Edge

Neutron Flux
Power Density

Before Analysis at 3 Mw
bt i emin=lg=1)  Period Total t 3 M Z2,. -
(@) {counts:min= g~ (countsemin™ '-g— ") erio the) (M:hr/g ;w) (he) {neutrons-cm~2.s8c I) at 3 Mw (w/ml)  of 'ls(!i:;)upon
Core Rod Coupons
x 1012
Zircaloy-3 (0.26% Sn, 0.19% Fe, 40 ppm N,)
ZD-7 0.9564 2.47 st 62 62 5424 3.797 5.10 1.313
2nd 645 530 4560
3rd 146 132 4248
Zircaloy-3 (1.54% Sn, 0.26% Fe, 0.83% Nb, 80 ppm N,)
None re- 1st 62 62 5424
turned 2nd 645 530 4560
3rd 146 132 4248
lacoloy (ltem #275)
IN-13 1.6480 117 st 62 62 5640 2.107 2.84 3.113
2nd 645 530 4776
3rd 146 132 4464
Zircaloy-2 {cut from Newport News weld)
wC-1 1.1288 2.43 1st 62 62 6312 7.313 9.819 1.113
2nd 645 530 5448
3rd 146 132 5136
Zircaloy-3 (3% Ag)
2Cc-7 1.0014 1.07 1s¢ 62 62 6216 1.747 2,346 4.413
2nd 645 530 5352
3rd 146 132 5040
Controt Specimens
Zircaloy-2 (500 ppm)
Z-60 0.7937 1.0 32.0 4848 12.0
Zircaloy-3 (1.46% Sn, 0.25% Fe, 0.21% Mo, 50 ppm N,)
ZG-3 0.8092 1.0 57.92 3984 10.5
Zircaloy-3 (0.52% Sn, 5.71% Ti, 40 ppm Nz)
ZK-3 0.7702 1.0 57.92 3984 8.05
Zircaloy-3 (0.26% Sn, 0.19% Fe, 40 ppm Ny)
ZD-3 0.7490 1.0 61.0 4080 13.9
Zircaloy-3 (1.54% Sn, 0.26% Fe, 0.83% Nb, 80 ppm N,)
ZN-3 0.7943 1.0 61.7 3912 10.1
Incoloy (Item #275)
IN-3 0.9741 1.0 61.0 4248 10.2
Zircaloy-2
WB-4 0.7933 1.0 61.83 4632 13.6
Zircaloy-3 (3% Ag)
ZC-2 0.7644 1.0 61.7 4704 13.5
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The fission power generated in the loop has been
determined by using the Cs'37 analytical results
for calculating total fissions in the experiment.
The samples were allowed to decay three months
before the final analyses were made. The values
calculated are given in Table 9. Each value
represents the average power between samples.

The average combined fission and gamma heat,
as determined by electrical power differences,’
was 1054 + 63 watts during the initial operation
and 1067 * 14 watts after the refueling of the
loop. The average combined fission and gamma
heat is plotted against the circulation time in
Fig. 8.

As in experiments GG (ref 8), EE (ref 9), and
L-4-8 (ref 10), there was a fuel element directly

7E. J. Walter, Operation of In-Pile Loop L+4~11, ORNL
CF-56-8-1 (Aug. 1, 1956).

8G. H. Jenks et al., HRP Quar. Prog. Rep. July 31,
1955, ORNL-1943, p 109-125 (classified).

9G. H. Jenks et al., HRP Quar. Prog. Rep. Oct. 31,
1955, ORNL-2004, p 121152 (classified).

IOJ. E. Baker et al., HRP Radiation Corrosion Studies:
In-Pile Loop L-4-8, ORNL-2042 (Aug. 21, 1956).
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Flux in Core.

in front of hole HB-4 in position C-58 of the
LITR lattice during this run. However, the fuel
element between holes HB-4 and HB-5 in position
C-56 was replaced prior to startup of this experi-
ment with an element containing 68% more U235
than the element previously in this location.
The value for total fission power, calculated from
solution analyses for Cs'37, is about 15% higher
than in the previous experiment,'® L-4-8. A
corresponding 16% increase in the combined
fission and gamma heat was also noted. The
volume of solution in the core in both experi-
ments was the same. However, an integrated
value for neutron flux in the core, from specimen
activity data, is 46% higher in this experiment
than in L-4-8. Some major operating variables in
previous experiments are given in Table 20.

Radiolytic Gas Pressure

The radiolytic gas pressure in the pressurizer
varied with changing flow through the pressurizer.
The pressurizer flow rate and the radiolytic gas
pressure in the pressurizer are plotted against the
circulation time in Fig. 8.










Table 21,

Data for Corrosion Specimens

Exposed

Corrosion Rate*

Corrosion Rate*

Sample Flow Weight Data Somole Corrosion (Exposed Area) Total Corrosion (Total Avea) D‘is'fmce fron:| Front Neutron Flux at Power D?"s"y Appearance
Position Velocity o X P Penetration Area  Penetration of First Specimen to Specimen Locotions at Specimen
No Initial As Removed Defilmed Change A {mpy) (mpy) R P R .
. (fps) (o) @) @) (ma) re; (mils) (cm2) (mils) Center of Specimen (neu'rons-cm’z-sec_]) Locations As Removed Defilmed
9 9 8 9 (cm®) 1128 hr 725 hr 1128 hr 725 hr (in.) (w/ml)
I. 24 Core Corrosion Sample Coupons
A. Platinum X ]0‘2
PT-10 1 13 and 17 2.5385 2.5383 2.5383 ~0.2 1.57 0.0023 0.018 0.028 2.1 0.0017 0.013 0.020 0.125 5.20 6.98 Light-brown stain over all surfaces Bright shiny surfaces
B. Alumina
Al,0,4 2 13 and 17  0.4530 1.40 2.1 0.375 4.86 6.53 (Specimen disintegrated)
C. Crystal-Bar Zirconium
zZ-1 3 13 and 17 0.7951 0.7874 0.7873 -7.8 1.40 0.337 2.61 4.06 2.1 0.225 1.74 2.7 0.625 4.50 6.04 Light-brown stain over all surfaces No scale; thin gray film with a metallic luster
on all surfaces
D. Zircaloy-2
WB-1 4 13 and 17  0.7890 0.7818 0.7814 7.6 1.40 0.329 2.55 3.96 2.1 0.219 1.70 2.64 0.875 4.20 5.64 Light-brown stain over all surfaces No scale; thin gray film with a metallic luster
on all surfaces; brown stain on one side
Z-50 20 13and 17  0.7832 0.7794 0.7790 -4.2 1.40 0.182 1.4 2.19 2.1 0.121 0.94 1.46 4,875 1.33 1.79 Black scale with etched appearance No scale; thin gray film with.a metallic luster
on all surfaces
Z-68 21 13 and 17 0.7975 0.7941 0.7935 -4.0 1.40 0.173 1.34 2.08 2.1 0.115 0.89 1.39 5.125 1.24 1.67 Thin oxide film with scale in spots No scale; thin gray film with o metallic luster
on all surfaces
E. Incoloy
IN-1 22 13and 17 0.9853 0.9881 0.9838 -1.5 1.40 0.050 0.39 0.60 2.1 0.033 0.26 0.40 2.625 2.55 3.42 Thin oxide film with scale in spots Generally clean with a thin brown stain on one
side
F. Stainless Steel
SE-1 23 13 and 17  0.8837 0.8960 0.8789 -4.8 1.40 0.178 1.38 2.14 2.1 0.118 0.91 1.42 5.625 1.08 1.45 Thin oxide film with scale in spots Thin dark film on all surfaces
SA-1360A 24 13and 17  0.9366 0.9418 0.9307 -5.9 1.57 0.184 1.43 2,22 2.1 0.138 1.07 1.66 5.875 1.00 1.34 Scattered flakes of heavy black scale Clean, slightly etched appearance on all
surfaces
G. Titanium
TD-1 5 13 and 17 0.4992 0.4988 0.4979 -1.3 1.40 0.081 0.63 0.98 2.1 0.05% 0.42 0.65 1.125 3.91 5.25 Very thin black scale Thin iridescent film on all surfaces
TE-1 6 13and 17 0.5368 0.5364 0.5352 -1.6 1.40 0.099 0.77 1.19 2.1 0.066 0.51 0.80 1.375 3.65 4.90 Very thin black scale Thin iridescent film on all surfaces
H. Zircaloy-3
ZD-1 7 13 and 17 0.7795 0.7726 0.7718 -7.7 1.40 0.333 2.58 4.01 2.1 0.222 1.72 2.68 1.625 3.40 4.57 Thin brown film on all surfaces No scale; thin gray film with a metallic luster
on all surfaces
ZE-1 8 13 ond 17 0.7888 0.7784 0.7815 -7.3 1.40 0.316 2.45 3.81 2.1 0.211 1.63 2.54 1.875 3.17 4.26 Thin black scale in spots No scale; thin gray film with a metallic luster
on all surfaces, with some brown stain
ZF-1 9 13 and 17 0.7853 0.7675 0.7781 -7.2 1.40 0.3 2.41 3.75 2.1 0.207 1.60 2.49 2.125 2.93 3.93 Light-blue oxide film, uniform over all No scale; thin gray film with a metallic luster
surfaces on all surfaces; brown stain on one side
ZG-1 10 13 and 17 0.7899 0.7835 0.7829 ~7.0 1.40 0.303 2.35 3.65 2.1 0.202 1.56 2.43 2.375 2.73 3.67 Light-blue oxide film, uniform over all No scole; thin gray film with a metallic luster
surfaces on all surfaces; brown stain on one side
ZI-1 1 13 and 17 0.7900 0.7834 0.7826 ~7.4 1.40 0.320 2.48 3.86 2.1 0.213 1.65 2.57 2.625 2.55 3.42 Clean, with brown film on one edge No scale; thin gray film with a metallic luster
on all surfaces, with some brown stain
ZJ-1 12 13and 17 0.7936 0.7873 0.7867 -6.9 1.40 0.299 2.32 3.60 2.1 0.199 1.54 2.40 2.875 2.38 3.20 Black scale, uniform over all surfaces No scale; thin gray film with a metallic luster
on all surfaces
ZK-1 13 13and 17 0.7503 0.7384 0.7365 -13.8 1.40 0.596 4.62 718 2.1 0.397 3.07 4.78 3.125 2.2 2,95 Etched; light-blue oxide film No scale; thin gray film with a metallic luster

*Two corrosion rates are presented: one based on the total operation time of 1128 hr and the other based on the total radiation time of 725 hr (3 Mwhr of reactor time equivalent to 1 hr of total radiation time).

on all surfaces; slightly etched
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Table 21 (continued)

Exposed

Carrosion Rate

*

Corrosion Rate*

Distance from Front

Power Density

Flow Weight Data Corrosion Total Corrosion Neutron Flux at
E d Al (Total Area) . . . Appearance
Sample Position Velocity Initial  As Removed Defilmed Change S;mple Penetration ( xpo(:: ) rec) Area  Penetration (mpy) of First Specimen to Specimen Locations at Specimen -
Ne. (fps) () () (9) (mg) '°2° (mils) Py (em?) (mils) Center of Specimen (neutronsscm™2.sec=) Locations As Removed Defilmed
(em®) 1128 hr 725 hr 1128 he 725 hr (in.) (w/ml)
H. Zircaloy-3 X ]0]2
ZL 14 13and 17 0.7682 0.7515 0.7504 -17.8 1.40 0.763 5.9 9.19 2.1 0.509 3.94 6.13 3.375 2.05 2,75 Etched; light-blue oxide film No scale; thin gray film with a metallic luster
on all surfaces; slightly etched
ZM-1 15 13and 17 0.7736 0.7675 0.7690 ~4.6 1.40 0.199 1.54 2.40 2.1 0.133 1.03 1.60 3.625 1.90 255 Etched; light-blue oxide film No scale; thin groy film with a metallic luster
on all surfaces
ZN-1 16 13 and 17 0.8258 0.8220 0.8210 -4.8 1.40 0.208 1.61 2.51 21 0.139 1.08 1.67 3.875 1.78 2.39 Clean, except scattered flakes of black No scale; thin gray film with o metallic luster
scale on all surfaces
Z0-1 17 13 and 17 0.7584 0.6495 0.6455 ~112.9 1.40 4.884 37.83 58.85 21 3.256 25.22 39.23 4,125 1.65 2,22 Rough surfaces covered with white chalky Cleon after defilming; white chalky appear-
powder ance returned on standing in air
ZP-1 18 13and 17  0.7720 0.7817 0.7672 —4.8 1.40 0.208 1.61 2.51 2.1 0.139 1.08 1.67 4.375 1.53 2.05 Thin oxide film; etched appearance No scale; thin gray film with a metallic luster
on all surfaces
ZC 19 13 and 17  0.7655 0.7563 0.7545 -11.0 1.40 0.476 3.69 5.74 2.1 0.317 2.46 3.82 4.625 1.43 1.92 Black scale in spots; etched appeorance No scale; thin gray film with a metallic luster
on all surfaces, with some brown stoin
1. 8 Core Rod Coupon Assemblies (88 Coupons)
A. Platinum
PT-14 2(A) 1.5192 1.5170 -2.2 3.37 0.012 0.093 0.14 3.83 0.011 0.085 0.13 1.313 3.70 4.97 Dork gray scale, very soft appearance Bright shiny surfaces
PT-15 5(A) 1.5021 1.4777 -24.4 3.37 0.133 1.03 1.60 3.83 0.117 0.91 1.41 2.413 2.70 3.63 Heavy black film, uniform over ali surfaces Bright shiny surfaces; damaged in removal
from rod
PT-16 8(A) 1.5114 1.5063 =5.1 3.37 0.028 0.22 0.34 3.83 0.025 0.19 0.30 3.613 1.9 2.57 Whitish-gray film; on rod there is a heavy Bright shiny surfaces; damaged in removol
black scale broken loose from specimen from rod
B. Alumina
A|203 2(B) 0.7953 0.1666** 3.37 3.83 1.113 3.91 5.25 Very small portion of sample remaining ot
time of disassembly
C. Crystal-Bar Zirconium
Z2Z-13 2(C) 1.3493 1.3404 1.3369 -12.4 3.37 0.223 1.73 2.69 3.83 0.196 1.52 2.36 1.313 3.70 4.97 Flakes of heavy black scale scattered Thin gray film with a metallic luster; some
over all surfaces scattered spots of scole retained
ZZ-14 5(C) 1.3324 1.3172 1.3169 -15.5 3.37 0.279 2.16 3.36 3.83 0.245 1.90 2,95 2.413 2.70 3.63 Clean with some stain on one side Thin gray film with a metallic luster
Z2z-11 8(C) 1.3516 1.3427 1.3401 =11.5 3.37 0.207 1.60 2.49 3.83 0.182 1.41 2.19 3.613 1.91 2.57 Flakes of brown scale scattered over all Thin gray film with o metallic luster
surfaces
D. Zircaloy-2
ZH-25 1(B) 1.2838 1.2670 1.2652 ~18.6 3.37 0.334 2.59 4.02 3.83 0.294 2.28 3.54 0.713 4.40 591 Metallic bronze color; thin black film in Thin gray film with a metollic luster;
spots brown stains
WC-1 2(D) 1.3453 1.3333 1.3322 -13.1 3.37 0.235 1.82 2.83 3.83 0.207 1.60 2.49 1.113 3.9 5.25 Light-brown film uniformly over al! surfaces Thin gray film with a metallic luster
ZH-9 4(D) 1.3273 1.3142 1.3135 -13.8 3.37 0.248 1.92 2.99 3.83 0.218 1.69 2.63 1.913 3.12 4.19 Light-brown film uniformly over all surfaces Thin gray film with a metallic luster
wC-3 5(D) 1.3498 1.3349 1.3347 -15.1 3.37 0.271 2.10 3.27 3.83 0.238 1.84 2.87 2.313 2.79 3.75 Light-brown film, with spots of black scale  Thin gray film with a metallic luster
ZH-10 7(D) 1.4016 1.3885 1.3883 -13.3 3.37 0.239 1.85 2.88 3.83 0.210 1.63 2.53 3113 221 297 Light-blue stain with two spots of black Thin gray film with a metallic luster
scale on one side
wC-2 8(D) 1.3630 1.3531 1.3516 ~-11.4 3.37 0.205 1.59 2.47 3.83 0.180 1.39 2.17 3.513 1.98 2.66 Light-blue stain with spots of black scale Thin gray film with a metallic luster
on one side
ZH-N 10(D) 1.3320 1.3225 1.3215 -10.5 3.37 0.189 1.46 2.28 3.83 0.166 1.29 2.00 4.313 1.58 2,12 Clean except for a few spots of stain Thin gray film with a metallic luster

*Two cofrosion rates are presented: one based on the total operation time of 1128 hr and the other based on the total radiotion time of 725 hr (3 Mwhr of reactor time equivalent to 1 hr of total radiation time).

**Broken.
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Table 21 (continued)

Corrosion Rate*

. E d . Corrosion Rate* . X
Samole Flow Weight Data S:'::slee Corrosion (Exposed Area) Total  Corrosion (Totol Area) Dnsh.:nce fronT Front Neutron Flux at Power Density Appearance
P Position Velocity . ) P Penetration Area Penetration of First Specimen to Speci Locati at Specimen
Ne Initial  As Removed Defilmed Change Areo (mpy) (mpy) i pecimen Locations X
. (fps) (9 (@ (@) (mg) 5 (mils) (cmz) (mils) Center of Specimen (neufrons-cm'z-sec_]) Locations As Removed Defilmed
9 (em®) 1128 he 725 hr . 1128 he 725 hr (in.) (w/ml)
D. Zircaloy-2 x 1012
ZH-2 4(E) 1.3678 1.3527 1.3531 -14.7 3.37 0.264 2.04 3.18 3.83 0.232 1.80 2.80 2.013 3.03 4.07 Clean with a light-bluish color; some brown  Thin gray film with o metallic luster
stain
ZH-3 7(E) 1.3323 1.3231 1.3207 -11.6 3.37 0.208 1.61 2.51 3.83 0.183 1.42 2.21 3.213 2.16 2.90 Very thin oxide film; few flokes of scale Thin gray film with a metallic luster; some
scattered over surfaces brown stains
ZH-4 10(E) 1.3530 1.3440 1.3435 -9.5 3.37 0171 1.32 2.06 3.83 0.150 1.16 1.81 4.413 1.52 2,04 Very thin uniferm sccle Thin gray film with o metallic luster
ZH-27 11(F) 1.3608 1.3552 1.3499 ~10.9 3.37 0.196 1.52 236 3.83 0.172 1.33 2.07 4.713 1.40 1.88 Clean with scattered flakes of scale over Thin gray film with a metallic luster; one
oll surfaces edge slightly etched
E. Incoley
IN-12 4(F) 1.6343 1.6299 1.6018 ~32.5 3.37 0.446 3.45 5.37 3.83 0.392 3.04 4,72 1.913 3.12 4.19 Heavy black scale that is thin in spots Cleon metallic surfaces with brown stain
on one side
IN-13 7(F) 1.6720 1.6841 1.6676 —4.4 3.37 0.060 0.46 0.72 3.83 0.053 0.41 0.64 3.3 2.21 297 Gun-metal blue in appearance with black Clean metallic surfaces
flakes of scale
IN-11 10(F) 1.6363 1.6644 1.6349 -1.4 3.37 0.019 0.15 0.23 3.83 0.017 0.13 0.20 4.313 1.58 2.12 Black velvety film over all surfaces Clean metallic surfaces
F. Stainless Steel
SF-2 11(B) 1.3309 1.3941 1.3294 -1.5 3.37 0.023 0.18 0.28 3.83 0.020 0.15 0.24 4.713 1.40 1.88 Heavy black velvety film over all surfaces  Clean metallic surfaces; machine marks
visible
SG-14 11(C) 1.7077 1.7287 1.7066 -1.1 3.37 0.017 0.13 0.20 3.83 0.015 0.12 0.18 4.813 1.36 1.83 Block oxide scale, flaked off in places Clean metallic surfaces; machine marks
visible
SF-1 (F) 1.3200 1.2504 1.2346 —-85.4 3.37 1.313 10.17 15.82 3.83 1.155 8.95 13.92 0.713 4.40 5.91 Black thin film which is heavy in spots Clean metallic surfaces; machine marks
visible
$G-13 1(G) 1.7170 1.7147 1.7050 -12.0 3.37 0.184 1.43 2.22 3.83 0.162 1.25 1.94 0.913 4.17 5.60 Very thin brown film Clean metaliic surfaces; machine marks
visible
SE-9 7(G) 1.5520 1.6003 1.5519 -0.1 3.37 0.002 0.02 0.02 3.83 0.001 0.001 0.008 3.213 2.16 2.90 Heavy black scale over all surfaces Ciean metallic surfaces; machine marks
visible
SE-10 4(G) 1.5320 1.5319 1.5270 -5.0 3.37 0.077 0.60 0.93 3.83 0.068 0.53 0.82 2.013 3.03 4.07 Scattered flakes of black scale; specimen Thin light-gray film retained on all surfaces;
is a light gray in color machine marks visible
SE-12 10(G) 1.5541 1.5921 1.5540 -0.1 3.37 0.002 0.02 0.02 3.83 0.001 0.01 0.02 4.413 1.52 2.04 Heavy black scale over all surfaces Thin light-gray film retained on all surfaces;
machine marks visible
SA-1262A 4(H) 1.6510 1.6440 ~7.0 3.37 0.102 0.79 1.23 3.83 0.090 0.70 1.08 1.913 3.12 4.19 Rust-red scale uniformly over all surfaces Clean metallic surfaces; machine marks
visible
SA-1273A 7(H) 1.6547 1.6753 1.6534 -1.3 3.37 0.019 0.15 0.23 3.83 0.017 0.13 0.20 3.113 2.21 2.97 Heavy black scale, uniform over cll Clean metallic surfaces; machine marks
surfaces visible
SA-1270A 10(H) 1.6498 1.6808 1.6488 -1.0 3.37 0.015 0.12 0.18 3.83 0.013 0.10 0.16 4.313 1.58 2.12 Heavy black scale, velvety in oppearance Clean metallic surfaces; machine marks
visible
G. Titanium
TB-1481A 5(B) 0.9212 0.9215 0.9198 -1.4 3.37 0.036 0.28 0.43 3.83 0.032 0.25 0.39 2.313 2.79 3.75 Clean with a flake of scale on one side Thin iridescent film on all surfaces
TB-1477A 8(B) 0.9416 0.9414 0.9410 -0.4 3.37 0.010 0.08 0.12 3.83 0.009 0.07 0.11 3.513 1.98 2.66 Clean except for o few spots of black Thin iridescent film on all surfaces
scale on both sides
TD-12 2(E) 0.9353 0.9342 0.9336 -1.7 3.37 0.044 0.34 0.53 3.83 0.039 0.30 0.47 1.313 3.70 4,97 Metallic bronze color with scattered flakes Thin iridescent film on all surfaces
of film
TD-14 5(E) 0.8305 0.9315 0.9297 -0.7 3.37 0.018 0.14 0.22 3.83 0.016 0.12 0.19 2.413 2.70 3.63 Thin oxide film, metallic bronze in color, Thin iridescent film on all surfaces

*Two corrosion rates are presented: one based on the total operation time of 1128 hr and the other based on the totol radiation time of 725 hr (3 Mwhr of reactor time equivalent to 1 hr of total radiation time).

with scattered spots of scale
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Table 21 (continued)

Corrosion Rote*

Corrosion Rate*

Flow Weight Data Exposed Corrosion (E 3 Area) Total  Corrosion (Total Area) Distance from Front Neutron Flux at Power Density Appearance
Sample - . Sample . xpose rea . otal Area of First Specimen to . . at Specimen PP
p Position Velocity nitial d Defilmed Ch Penetration ( ) Area Penetration ( ) Specimen Locations
No. nitia As Remove etiime ange Area . mpy 2 . mpy Center of Specimen -2 -1 Locations As Removed Defilmed
(fps) (@ (9) (mg) 2 {mils) (em®) (mils) (neutronsscm™ “ssec™ ")
(g) 9 9 mg (em?) 1128 he 725 hr 1128 b 725 hr (in.) (w/ml)
G. Titanium X ]012
TD-13 8(E) 0.9310 0.9690 0.9311 +0.1 3.37 3.83 3.613 1.91 2.57 Heavy black scale on surface; edges bare Thin iridescent film on all surfaces
TE-12 2(F) 0.9301 0.9302 0.9280 ~2.1 3.37 0.054 0.42 0.65 3.83 0.048 0.37 0.58 1.113 3.91 5.25 Metallic bronze color; scattered flakes of Thin iridescent film on all surfoces
black scale
TE-14 5(F) 0.9391 0.9397 0.9375 ~1.6 3.37 0.041 0.32 0.49 3.83 0.036 0.28 0.43 2.313 2.79 3.75 Metallic bronze color; scattered flakes of Thin iridescent film on all surfaces
black scale
TE-15 8(F) 0.8855 0.9274 0.8824 -3.1 3.37 0.080 0.62 0.96 3.83 0.070 0.54 0.84 3.513 1.98 2.66 Heavy black scale flakes; rust-red in bare Thin iridescent film on all surfaces
spots
H. Zircaloy-3
Z7-1 HA) 1.4017 1.3960 1.3958 -5.9 3.37 0.101 0.78 .22 3.83 0.089 0.69 1.07 0.913 4.7 5.60 Light-purplish oxide film with a few flakes  Very thin oily-appearing film speckled over
of black film the entire surface
ZF-7 3(A) 1.3717 1.3580 -13.7 3.37 0.246 1.9 2.96 3.83 0.216 1.67 2.60 1.713 3.30 4.43 Heavy black film, uniform on oll surfaces Thin gray film with a metallic luster; slightly
scarred on removal
Z0-1 4(A) 1.3356 1.0183 -317.3 3.37 5.703 44.17 68.72 3.83 5.018 38.86 60.47 2.013 3.03 4.07 Dark gray scale, very soft in appearance Uniformly etched surfoces; clean on defilm-
and uniform over all surfaces ing; chalky powder reforms on air exposure
ZF-9 6(A) 1.3782 1.3660 -13.2 3.37 0.237 1.84 2.86 3.83 0.209 1.62 2.52 2.813 2.41 3.24 Heavy brown scale, uniform over all Thin dark-blue film with a metallic luster
surfaces
Z0-12 7(A) 1.3367 1.0570 -279.7 3.37 5.027 38.93 60.57 3.83 4.423 34.25 53.30 3.213 2.16 2.90 Dark gray scale, very soft in appearance, Uniformly etched surfaces; clean on defilm-
uniform over all surfaces ing; chalky powder reforms on air exposure
ZF-8 9{A) 1.3759 1.3673 -8.6 3.37 0.155 1.20 1.87 3.83 0.136 1.05 1.64 4.013 L7 2.30 Specimen has a band of whitish-gray film; Thin gray film with a metallic luster; some
remainder of specimen covered with soft spots of brown stoin
black film
Z0-8 10(A) 1.3278 0.7667 -561.1 3.37 10.084 78.10 121.51 3.83 8.873 68.72 106.92 4.413 1.52 2.04 Has a white-gray film over all surfaces, Etched and pitted surfaces; clean on defilm-
powdery in appearance ing; chalky powder reforms on air exposure
Zs-10 11(A) 1.3493 1.3404 1.3409 -8.4 3.37 0.151 1.17 1.82 3.83 0.133 1.03 1.60 4.813 1.36 1.83 Light-purplish oxide film Thin dark film with a metallic luster; some
spots of brown stain
72G-12 3(B) 1.3773 1.3680 1.3623 -15.0 3.37 0.270 2.09 3.25 3.83 0.238 1.84 2.87 1.513 3.50 4.70 Light blue in appearance; some stain on Thin gray film with a metallic luster
surfaces
ZP-16 4(B) 1.3213 1.3060 1.3045 -16.8 3.37 0.302 2.34 3.64 3.83 0.266 2.06 3.21 1.913 3.12 4.19 Clean with rust-red stain over all surfaces Thin gray film with a metallic luster
2G-14 6(B) 1.3466 1.3340 1.3328 ~13.8 3.37 0.248 1.92 2.99 3.83 0.218 1.69 2.63 2.713 2.48 3.33 Light blue in appearance; one corner Thin gray film with a metollic luster
covered with reddish-brown scale
ZP-13 7(B) 1.3034 1.2902 1.2901 -13.3 3.37 0.239 1.85 2.88 3.83 0.210 1.63 2.53 3.113 2.21 2,97 Clean in appearance with a few spots of Thin gray film with a metallic luster.
black scale on both sides
7G-18 9(B) 1.3746 1.3648 1.3642 ~10.4 3.37 0.187 1.45 2.25 3.83 0.165 1.28 1.99 3.913 1.77 2.38 Clean with stain on both sides Thin gray film with a metallic luster
ZP-15 10(8) 1.3280 1.3179 1.3170 ~11.0 3.37 0.198 1.53 2.39 3.83 0.174 1.35 2.10 4.313 1.58 2.12 Cleon except for a few spots of black scale  Thin gray film with a metallic luster
on both sides
Q-2 1(C) 1.3356 1.3196 1.3191 —16.5 3.37 0.297 2.30 3.58 3.83 0.261 2.02 3.14 0.913 4.17 5.60 Flaky brown scale over all surfaces Thin gray film with a metallic luster
Z1-12 3(C) 1.3726 1.3586 1.3556 -17.0 3.37 0.306 2.37 3.69 3.83 0.269 2.08 3.24 1.713 3.30 4.43 Flokes of heavy black scale scattered Thin gray film with a metollic luster; some
over all surfaces spots of scale retained
ZC-10 4(C) 1.3298 1.2954 1.2919 ~37.9 3.37 0.681 5.27 8.21 3.83 0.599 3.86 7.22 2,013 3.03 4.07 Thin gray film with scattered flakes of Thin gray film with a metallic luster; surface
black scale generally roughened
ZI-13 6(C) 1.3663 1.3499 1.3501 -16.2 3.37 0.291 2.25 3.51 3.83 0.256 1.98 3.08 2.813 2.4 3.24 Light gray in appearance with flakes of Thin gray film with a metallic luster

*Two corrosion rates are presented: one based on the total operation time of 1128 hr and the other based on the total radiation time of 725 hr (3 Mwhr of reactor time equivalent to 1 hr of total radiation time).
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Table 21 (continued)

Corrosion Rate* Col ion Rate™ . .
Flow Weight Data Exposed Corrosion Total Corrosion fresion Rate Distance from Front Neutron Flux ot Power Density
Sample Sample (Exposed Areo) (Total Area) f First Speci + . Appearance
Position  Velocity Initial  As Removed Defilmed Change Penetration (mpy) Area  Penetration (mpy) o it Specimente Specimen Locations ot Specimen
No. (fps) (o) (9) () (mg) A"°; (mils) (cmz) (mils) Y Center of Specimen (neu'rons-cm_2~sec—l) Locations As Removed Defilmed
(em*) 1128 hr 725 hr 1128 hr 725 hr (in.) (w/ml)
H. Zircoloy-3 x10'2

ZC-9 7(C) 1.3267 1.3009 1.2934 -33.3 3.37 0.598 4.63 7.21 3.83 0.526 4.07 6.34 3.213 2,16 2.90 Heavy flakes of film scattered over all Thin gray film with a metallic luster; slightly
surfaces etched surfaces

Z1-14 9(C) 1.3410 1.3292 1.3278 -13.2 3.37 0.237 1.84 2.86 3.83 0.209 1.62 2.52 4,013 1.71 2.30 Clean except for few flakes of scale on Thin gray film with a metallic luster
edges

zC-7 10(C) 1.3375 1.3215 1.3171 -20.4 3.37 0.367 2.84 4.42 3.83 0.323 2.50 3.89 4.413 1.52 2.04 Light red in appearance with brown scale Thin gray film with a metallic luster; slightly
scattered over all surfaces etched surfaces

ZR-1 1(D) 1.3712 1.3559 1.3536 =17.6 3.37 0.316 2.45 3.81 3.83 0.278 2.15 3.35 0.713 4.40 ERA Light-brown film, uniform over all surfaces  Thin gray film with a metallic luster

ZJ-14 3(D) 1.3622 1.3473 1.3458 -16.4 3.37 0.295 2.28 3.55 3.83 0.260 20 3.13 1.513 3.50 4.70 Light-brown film, uniform over all surfaces  Thin gray film with a metallic luster

ZJ5 6(D) 1.3735 1.3592 1.3583 -15.2 3.37 0.273 PAR 3.29 3.83 0.240 1.86 2.89 2.713 2,48 3.33 Clean in appearance with same stain on Thin gray film with a metallic luster; some
specimen brown stain on one side

ZJ13 9(D) 1.3713 1.3614 1.3599 -11.4 3.37 0.205 1.59 2.47 3.83 0.180 1.39 217 3.913 1.77 2.38 Light-biue stain with two spots of film on Thin gray film with o metallic luster
one side

ZUu-1 11(D) 1.3783 1.3638 1.3618 -16.5 3.37 0.294 2.28 3.54 3.83 0.259 2.00 3.12 4.713 1.40 1.88 Black oxide scale, flaked off in places Thin gray film with o metallic luster

z5-9 1(E) 1.3710 1.3547 1.3549 =16.1 3.37 0.289 2.24 3.48 3.83 0.254 1.97 3.06 0.913 4.17 5.60 Light gray in appearance with same scale Thin gray film with a metallic luster
on edges

ZK-12 3(E) 1.3177 1.27N 1.2784 ~-39.3 3.37 0.706 5.47 8.51 3.83 0.621 4.81 7.48 1.713 3.30 4.43 Very thin brown oxide film Thin gray film with a metallic luster

ZK-11 6(E) 1.2990 1.2700 1.2685 -30.5 3.37 0.548 4.24 6.60 3.83 0.482 3.73 5.81 2.813 2.4 3.24 Poatches of scale; otherwise clean Thin gray film with o metallic luster; slightly

etched surfaces

ZK-14 9(E) 1.3138 1.3036 1.2920 ~21.8 3.37 0.392 3.04 4.72 3.83 0.345 2.67 4.16 4.013 1.7 2.30 Heavy black scale, uniform over all Thin black film on ali surfaces; all surfaces
surfaces slightly etched

Z7-2 11(E) 1.4218 1.4268 1.4218 0.0 3.37 0.0 0.0 0.0 3.83 0.0 0.0 0.0 4.813 1.36 1.83 Black thin scale, uniform over all surfaces  Very thin oily-appearing film speckied over

all surfaces

ZL-Nn 3(F) 1.3302 1.2874 1.2863 -43.9 3.37 0.789 6.1 9.51 3.83 0.694 5.37 8.36 1.513 3.50 4.70 Light gray in color with spots of black film  Thin black film on oll surfaces

ZL-13 6(F) 1.3184 1.2852 1.2831 -35.3 3.37 0.634 4.9 7.64 3.83 0.558 4.32 6.72 2.713 2.48 3.33 Gun-metal blue in appearance with scat- Thin black film on all surfaces
tered black flakes of scale

ZL-12 9(F) 1.3227 1.2969 1.2945 -28.2 3.37 0.506 3.92 4.89 3.83 0.445 3.45 5.36 3.913 1.77 2.38 Light gray in color; flakes of brown scale Thin black film on all surfaces
scattered over all surfaces

ZD-7 2(G) 1.2157 1.1989 1.1979 -17.8 3.37 0.320 2.48 3.86 3.83 0.282 2.18 3.40 1.313 3.70 4,97 Very thin loose brown film Thin gray film with a metallic luster

ZM-13 3(G) 1.3392 1.3226 1.3228 -16.4 3.37 0.294 2.28 3.54 3.83 0.259 2.01 3.12 1.713 3.30 4.43 Clean in appearance with spots of black Thin gray film with a metallic fuster
stain

ZD-8 5(G) 1.2940 1.2789 1.2791 -14.9 3.37 0.268 2.08 3.23 3.83 0.236 1.83 2.84 2.413 2,70 3.63 Clean in appearance with a few flakes of Thin gray film with a metallic luster
scattered black scale

ZM-N 6(G) 1.3507 1.3430 1.3392 -11.5 3.37 0.207 1.60 2.49 3.83 0.182 1.4 2.19 2.813 2.41 3.24 Light-blue color; flakes of black scale Thin gray film with a metallic luster
over both sides

ZD-9 8(G) 1.1997 1.1928 1.1895 -10.2 3.37 0.183 1.42 221 3.83 0.161 1.25 1.94 3.613 1.9 2.57 Gray in appearance with patches of heavy Thin gray film with a metallic luster
scale

ZM-14 9(G) 1.3398 1.3330 1.3302 -9.6 3.37 0.173 1.34 2.08 3.83 0.152 1.18 1.83 4.013 1.71 2.30 Clean except for loose brown stain scat- Thin gray film with a metallic luster
tered over area

Q1 11(G) 1.3257 1.3205 1.3180 ~7.7 3.37 0.138 1.07 1.66 3.83 0.121 0.94 1.46 4.813 1.36 1.83 Light gray in color; flakes of brown scale Thin gray film with a metallic luster; small
over all areas brown stain

ZU-2 (H) 1.4043 1.3832 1.3821 -22.2 3.37 0.395 3.06 4.76 3.83 0.348 2.70 4.19 0.713 4.40 5.91 Thin rust-red film over all surfaces Thin gray film with o metallic luster

*Two corrosion rates are presented:

ane based on the total operation time of 1128 hr.and the other based on the total radiation time of 725 hr (3 Mwhr of reactor time equivalent to 1 hr of total radiation time).
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Table 21 {continued)

Exposed

Corro

sion Raote*

Corrosion Rate*

Distonce from Front

Power Density

Flow Weight Data Carrosion Total  Corrosion Neutron Flux ot
(Exposed Area) Total Al . . v x L Appearonce
Sample Position Velocity Lot R Sample Penetrotion Area Penetration (Total Arec) of First Specimen to Specimen Locations at Specimen
Initial  As Removed Defilmed Change (mpy} (mpy) . P . i
No. f Area ; 2 . 4 Center of Specimen -2 -1 Locotions As Removed Defilmed
tfps) {(g) (g) (a) (mg) 2 {mils) (em?) (mils) (neutrons:cm™ “-sec
(em®) 1128 hr 725 hr 1128 hr 725 hr (in.) (w/ml)
H. Zircaloy-3 X ]012
ZE-6 2(H) 1.3367 1.3219 1.3199 ~16.8 3.37 0.302 2.34 3.64  3.83  0.266 2.06 a2 1.113 39N 5.25 Thin rust-red film over all surfaces Thin gray film with a metollic luster
ZN-14 3(H) 1.4082 1.3979 1.3956 -12.6 3.37 0.226 1.75 272 3.83  0.199 1.54 2.40 1.513 3.50 4.70 Cleon with scattered spots of soft black Thin gray film with a metallic luster; small
scale brawn stain
ZE-9 5(H) 1.3156 1.3012 ~14.4 3.37 0.259 2.01 3.12  3.83  0.228 1.77 2.75 2.313 2.79 3.75 Rust-red scale, uniform over all surfaces Thin gray film with a metallic luster
ZN-12 6(H) 1.3517 1.3418 1.3401 -11.6 3.37 0.208 1.61 2.51 3.83 0.183 1.42 2.21 2.713 2.48 3.33 Clean in appeorance with spots af black Thin gray film with a metallic luster
scale scattered aver surface
ZE-8 8(H) 1.3485 1.3392 1.3374 ~11.1 3.37 0.199 1.54 2.40 3.83 0.175 1.36 2.1 3.513 1.98 2.66 Very thin red oxide film; flakes of black Thin gray film with o metallic luster
scale
ZN-1N 9(H) 1.3627 1.3560 1.3536 -9.1 3.37 0.164 1.27 1.98  3.83 0.144 1.12 1.74 3.913 .77 2.38 Very thin red oxide film with flakes of Thin groy film with o metallic luster
black scale scattered over area
ZR-2 11(H) 1.2936 1.2872 1.2855 -8.1 3.37 0.146 1.13 1.76 3.83 0.128 0.99 1.54 4.713 1.40 1.88 Rust-red in color; very thin oxide scale Thin groy film with o metallic luster
1, 24 In-Line Corrosion Sample Coupons
A. Platinum
PT-11 1 13 and 17  2.5308 2.5358 2.5309 +0. 1.57 2.1 0.125 Dark, heavy black scale, unifarm over ali Bright, heavy surfaces with some flakes of
surfaces scole retoined on the edges
B. Alumina (Natched)
A|203 2 13 ond 17  0.4577 1.40 2.1 0.375 (Specimen disintegrated)
C. Crystal-Bar Zircanium
22-2 3 13and 17 0.7724 0.7764 0.7726 +0.2 1.40 2.1 0.625 Dork, heovy black scole, uniform over all Thin groy film with a metallic luster; some
surfaces scale retoined in clomping areos
D. Zircaloy-2
WB-2 4 13ond 17 0.7975 0.8030 0.7983 +0.8 1.40 2.1 0.875 Heovy block scale, flaked off in spots on Thin gray film with a metallic luster; some
both sides scale retoined in clamping areas
Z-51 20 13and 17 0.7744 0.7831 0.7762 +1.8 1.40 2.1 4.875 Thin blue scale, uniform aver all surfoces Thin iridescent film with a metallic luster;
some scole retained in clomping oreas
Z-69 21 13 0ond 17 0.7886 0.7940 0.7895 +0.9 1.40 2.1 5.125 Thin blue scale, uniform over all surfoces Thin iridescent film with o metollic luster;
some scale retained in clamping areos
E. Incolay
IN-2 22 13 and 17 0.9562 0.9652 0.9560 ~0.2 1.40 0.007 0.05 0.08 2.1 0.005 0.04 0.06 2.625 Thin blue scale, uniform over all surfoces Thin gray film on all surfaces; some scale
retained in clomping areos
F. Stainless Steel
SE-2 23 13 0.9047 0.9139 0.8994 -5.3 1.40 0.196 1.52 2.36 2.1 0131 1.01 1.58 5.625 Thin blue scale, uniform over oil surfoces Thin sooty-black film an all surfoces
SA-2 24 13 and 17 0.9531 0.9622 0.9524 -0.7 1.40 0.022 0.17 0.27 2.1 0.016 0.12 0.19 5.875 Thin blue scale, unifarm over all surfaces Very thin dork film on oll surfaces
G. Titonium
TD-2 5 13 0.4888 0.4974 0.4876 -1.2 1.40 0.074 0.57 0.89 2.1 0.049 0.38 0.59 1.125 Heavy black film, uniform over oll surfaces; Thin iridescent film an all surfaces
rust-red on edges
TE-2 [ 13 0.5306 0.5388 0.5289 -1.7 1.40 0.105 0.81 1.27 2.1 0.700 5.42 8.43 1.375 Heovy black film, uniform over all surfaces; Thin iridescent film on all surfoces

*Two corrosion rates are presented:

one based on the tatal operation time of 1128 hr ond the ather bosed on the tatal radiation time of 725 hr (3 Mwhr of reactor time equivalent ta 1 hr of total radiotion time).

rust-red on edges




Table 21 (continued)

Corrosion Rate*

Carrosion Rate*

Flow Weight Data Exposed Corrosion (Exposed Area) Total Corrosion (Total Area) Disfflnce fm".' Front Neutron Flux at Power Density Appearance
Sample Position Velocity Initiol As Removed Defilmed Change Sample Penetration (mpy) Area Penetration (mpy) of First Specimen to Specimen Locations at Specimen -
No. (fps) (g) () (a) (mg) Are; (mils) (cm2) (mils) Center of Specimen (neu'rons-cm"2-sec—]) Locations As Removed Defilmed
9 8 9 9 {cm*) 1128 hr 725 hr 1128 he 725 hr (in.) {(w/ml)
H. Zircaloy-3
ZD-2 7 13 and 17 0.7588 0.7704 0.7598 +1.0 1.40 2.1 1.625 Heavy black uniform scole over all surfaces Thin iridescent film with metallic luster;
some scale in clamping areas
ZE-2 8 13 and 17 0.7535 0.7647 0.7541 +0.6 1.40 2.1 1.875 Heavy black uniform scale over all surfaces Thin iridescent film with metallic luster;
some scale in clomping areas
ZF-2 9 13 and 17 0.7497 0.7542 0.7503 +0.6 1.40 2.1 2.125 Heavy black uniform scale over all surfaces Thin iridescent film with metallic luster;
some scale in clamping areas
Z2G-2 10 13and 17  0.7931 0.7980 0.7937 +0.6 1.40 2.1 2.375 Heavy black scale, flaked off in places on Thin iridescent film with metallic luster;
both sides some scale in clamping areas
Z1-2 1 13 and 17  0.7814 0.7950 0.7822 +0.8 1.40 2.1 2.625 Heavy black scale, uniform over all sur- Thin iridescent film with metsllic luster on
faces all surfaces
232 12 13 and 17 0.7922 0.8015 0.7934 +1.2 1.40 2.1 2.875 Heavy black scole, flaked off in places on Thin iridescent film with metallic luster on
both sides all surfoces
ZK-2 13 13 and 17  0.7724 0.7777 0.7754 +3.0 1.40 2.1 3.125 Heavy, black, uniform scale over all Thin iridescent film with metallic luster on
surfaces edges
ZL-2 14 13and 17 0.7652 0.7739 0.7672 +2.0 1.40 2.1 3.375 Heavy black scale, uniform over all sur- Thin iridescent film with metallic luster on
faces edges
ZM-2 15 13 and 17 0.7725 0.7773 0.7732 +0.7 1.40 2.1 3.625 Rose-colored thin film over all surfaces Thin iridescent film with metallic luster; very
heavy scale olong one edge
ZN-2 16 13 and 17 0.7928 0.8008 0.7950 +2.2 1.40 2.1 3.875 Heavy scale on edges, flaked off on sides Thin iridescent film with metallic luster;
some flakes of scale along edges
Z0-2 17 13and 17  0.7688 0.6780 0.6554 -113.4 1.40 4.906 38.00 59.12 2.1 3.270 25.32 39.40 4.125 Uniform white chalky appearance with Very heavy attack in flow regions; clamping
scattered flakes of brown scale areas portiolly protected; chalky-powder
edges
ZP-2 18 13 and 17 0.7788 0.7816 0.7797 +0.9 1.40 2.1 4.375 Spots of brown scale scattered over all Thin iridescent film with a metallic luster;
surfaces; mochine marks visible some scale in clamping areas
ZC-2 19 13 and 17  0.7668 0.7610 0.7572 -9.6 1.40 0.415 3.21 5.00 2.1 0.277 2.15 3.34 4.625 Clean except for one spot of brown film on Thin layer of chalky powder on all surfaces
one side
1V. 4 Line Rod Coupon Assemblies (40 Coupons)
A. Platinum
PT-17 1(J) 1.4501 1.4602 1.4501 0.0 3.37 0.0 0.0 0.0 3.83 0.0 0.0 0.0 Heavy uniform brown scale over all sur- Bright metallic surfaces; some scale retained
faces inside center hole
B. Crystal-Bar Zirconium
zz-12 L) 1.3252 1.3422 1.3296 +4.4 337 3.83 Heavy rust-red scale, uniform over all
surfaces
C. Zircaloy-2
ZH-13 7(K) 1.3973 1.4161 1.4001 +2.8 3.37 3.83 Heavy rust-red scale, uniform over all Thin gray film with a metallic luster; some
surfaces scattered flakes of scale
ZH-5 7{L) 1.3038 1.3217 1.3048 +1.0 3.37 Light-blue oxide scale; one side has a spot  Thin gray film with a metallic luster; some
of brown film scattered flakes of scale
ZH-31 Z(M) 1.2693 1.2881 1.2716 +2.3 3.37 3.83 Heavy rust-red scale uniformly over all Thin blue film with a metallic luster; some

*Two cofrosion rates are presented: one based on the total operation time of 1128 hr and the other based on the total radiation time of 725 hr (3 Mwhr of reactor time equivalent to 1 hr of total radiation time).

surfaces

scattered flakes of scale

33




Table 21 (continued)

Exposed

Corrosion Rate*

Corrasion Rate™

Distance from Front

Power Density

ight Dat i .
Sample . Weis o Sample Corrosn?n (Exposed Area) Totel Corrosu?n (Tatal Area) of First Specimen to Net:tron Flux ?' at Specimen Appearance
Position T A Penetration Area Penetration P Specimen Locations
Initial As Removed Defilmed Change (mpy) (mpy) . ; :
No. Area (mils) ( 2 i Center of Specimen -2 -1 Locations As Removed Defilmed
(9) (g) () (mg) 2 em*®) {mils) ) {neutronsecm™ “ssec™ ')
(em®) 1128 hr 725 hr 1128 he 725 hr (in.) {w/ml}
D. Incoloy
IN-14 8(J) 1.6180 1.6367 1.6174 -0.6 3.37 0.008 0.06 0.10 3.83 0.007 0.05 0.08 Heavy uniform brown scale over oll surfaces Clean metallic surfaces with some brawn
stains
E. Stainless Steel
SA-1272A 10(J) 1.6249 1.6455 1.6247 +0.2 3.37 3.83 Heavy brown scale, uniform over all sur- Clean metallic surfaces with some brown
faces stains
SE-11 8(K) 1.5546 1.5716 1.5548 +0.2 3.37 3.83 Heavy rust-red scale with one white spot Clean metallic surfaces with some brown
on one side stains
SA-1265A 10(K) 1.6517 1.6700 1.6524 +0.7 3.37 3.83 Heavy rust-red scale, uniform aver all Clean metallic surfaces with some brown
surfaces stains
SA-1271A 8(L) 1.6659 1.6842 1.6661 +0.2 3.37 3.83 Heavy rust-red scale, uniform over all Clean metcllic surfaces with some brown
surfaces stains
SA-1269A 10(L) 1.6530 1.6724 1.6539 +0.9 3.37 3.83 Heavy rust-red scale, uniform over all Clean metallic surfaces with some brown
surfaces stains and scale on edges
SF-3 6(M) 1.2971 1.3138 1.2959 -1.2 3.37 0.019 0.15 0.23 3.83 0.017 0.13 0.20 Heavy rust-red scale, uniform over all Clean metallic surfaces with some scale
surfaces retained on edges
SG-15 7(M) 1.7125 1.731 1.7120 -0.5 3.37 0.008 0.06 0.10 3.83 0.007 0.05 0.08 Heavy rust-red scale, uniform over all Clean metollic surfoces with some brown
surfaces stains
SA-1266A 10(M) 1.6514 1.6714 1.6508 -0.9 3.37 0.014 o.n 0.17 3.83 0.012 0.09 0.14 Heavy rust-red scale, uniform over all Clean metallic surfaces with some brown
surfaces stains
F. Titanivm
TB-1483A 29 0.9052 0.9372 0.9041 -1.1 3.37 0.028 0.22 0.34 3.83 0.025 0.19 0.30 Heavy brown scole, uniform over all Thin blue film on all surfaces, with scattered
surfaces spots of scale
TB-1478A 9(J) 0.9301 0.9533 0.9299 -0.2 3.37 0.005 0.04 0.06 3.83 0.004 0.03 0.05 Heavy brown scole, uniform over all Thin blue film on ol surfaces, with some
surfaces brown stains
TB-1484A 1K) 0.9315 0.9463 0.9316 +0.1 3.37 3.83 Heavy rust-red scale, uniform over all Thin blue film on all surfaces, with some
surfaces brown stains
TD-N 2(K) 0.8977 0.9115 0.8980 +0.3 3.37 3.83 Heavy rust-red scale, uniform over all Thin blue film on all surfaces, with scattered
surfaces spots of scale
TB-1475A 9(K) 0.9312 0.9518 0.9260 -5.2 3.37 0.134 1.04 1.61 3.83 0.118 9.14 14.22 Heavy rust-red scale, uniform over all Thin blue film on oll surfoces
surfaces
TE-13 2{L) 0.8918 0.9056 0.8905 -1.3 3.37 0.033 0.26 0.40 3.83 0.029 0.22 0.35 Heavy rust-red scole, uniform over all Thin blue film on all surfaces, with some
surfaces brown stains
TB-1474A 9(L) 0.9393 0.9568 0.9378 -1.5 3.37 0.038 0.29 0.46 3.83 0.033 0.26 0.40 Heavy rust-red scale, uniform over oll Thin blue film on all surfoces, with some
surfaces brown stains
TB-1480A (M) 0.9317 0.9531 0.9252 -6.5 3.37 0.165 1.28 1.99 3.83 0.145 1.12 1.75 Heavy rust-red scale, uniform over all Thin blue film on all surfaces, with some
surfoces brown stains
G. Zircaloy-3
ZD-10 3(J) 1.1704 1.1941 1.1714 +1.0 3.37 3.83 Heavy brown scale, uniform over all Thin dark film on all surfoces, with scattered
surfaces flakes of scale
ZG-1 4(J) 1.3340 1.3508 1.3354 +1.4 3.37 3.83 Heavy rust-red scale, flaked off in spots; Thin dark film on all surfaces, with scattered

*Two corrosion rates are presented: one based on the total operation time of 1128 hr and the other based on the total radiation time of 725 hr (3 Mwhr of reactor time equivalent to 1 hr of total radiation time).

34

light blue underneath

flakes of scale




Table 21 (continued)

Corrosion Rate*

Corrosion Rate*

R Exposed . . Distance from Front Power Density
| Flow Weight Data s o Corrosion (Exposed Area) Total Corrosion (Total Area) of First Soecimen 1o Neutron Flux at \ : Appearance
Sample Position Velocity - - amp Penetration Area Penetration P Specimen Locations at Specimen
N Initial As Removed Defilmed Change A (mpy) 2 (mpy) Center of Specimen 2 1 Locati As Removed Defilmed
o (fps) () (9) ) (mg) rezu (mils) (cm*®) (mils) P (neutronssem™ “+sec™ ') ocations
9 9 (s mg (em?) 1128 he 725 hr 1128 he 725 hr (in.) (w/ml)
12
G. Zircaloy-3 x 10
ZK-13 5(J) 1.3036 1.3195 1.3060 +2.4 3.37 3.83 Heavy rust-red scale, flaked off in spots; Thin dark film on all surfaces, with scattered
light blue underneath flakes of scale
ZN-13 6(J) 1.3342 1.3541 1.3355 +1.3 3.37 3.83 Heavy rust-red scale, flaked off; light Thin blue film on all surfaces, with scattered
blue underneath flakes of scale
ZC-8 7(3) 1.3106 1.3090 1.2965 -14.1 3.37 0.253 1.96 3.05 3.83 0.223 1.73 2.69 One side clean; other side has a heavy Thin gray film on all surfaces, with scattered
rust-red film flokes of scale; general etched appearance
ZE-7 3(K) 1.2878 1.3068 1.2882 +0.4 3.37 3.83 Heavy rust-red scale, uniform over ail Thin blue film on all surfaces
surfaces
ZI-1 4(K) 1.3610 1.3796 1.3611 +0.1 3.37 3.83 Heavy rust-red scale, uniform over all Thin blue film on all surfaces, with scattered
surfaces flakes of scale
ZL-14 5(K) 1.3112 1.3252 1.3134 +2.2 3.37 3.83 Heavy rust-red scale, flaked off in places; Thin gray film on all surfaces, with scattered
blue underneath flakes of scale
Z0-13 6(K) 1.3146 0.9706 0.9362 -378.4 3.37 6.800 52.66 81.94 3.83 5.983 46.34 72.09 White powdery film with brown overlay in Rough etched surfaces clean as defiimed, with
spots chalky powder reforming in air
ZF-6 3(L) 1.3385 1.3556 1.3390 +0.5 3.37 3.83 Heavy rust-red scale, uniform over all Thin blue film on all surfaces, with scattered
surfaces flakes of scale
ZJ-12 4(L) 1.3674 1.3874 1.3687 +1.3 3.37 3.83 Heavy rust-red scale, uniform over all Thin blue film on all surfaces, with scattered
surfaces flakes of scale
ZM-12 5(L) 1.3359 1.3494 1.3362 +0.3 3.37 3.83 Heavy rust-red scale, uniform over all Thin blue film on all surfaces, with scattered
surfaces flakes of scale
ZP-14 6(L) 1.3452 1.3532 1.3456 +0.4 3.37 3.83 Heavy rust-red scale, unifarm over all Thin blue film on all surfaces, with scottered
surfaces flakes of scale
ZT-3 1(M) 1.3846 1.4012 1.3890 +4.4 3.37 3.83 Heavy rust-red scale, uniform over all Flokes of thin black scale retained on all
surfaces surfaces
ZQ-3 3(M) 1.2904 1.3082 1.2908 +0.4 3.37 3.83 Heavy rust-red scale, uniform over all Thin blue film on all surfaces, with scottered
surfaces flakes of scale
ZR-3 4(M) 1.3687 1.3855 1.3705 +1.8 3.37 3.83 Heavy rust-red scale, uniform over all Thin blue film on all surfaces
surfaces except on edge which is bare
Z5-8 5(M) 1.3512 1.3707 1.3511 0.1 3.37 0.002 0.15 0.24 3.83 0.002 0.02 0.02 Heavy rust-red scale, one side flaked off Thin blue film on all surfaces, with flakes of
scale retained around hale
ZU-4 8(M) 1.3702 1.3086 1.2893 -80.9 3.37 1.441 11.16 17.36 3.83 1.268 9.82 15.28 Heavy rust-red scale, floked off in spots; Etched surfaces; clean on defilming, with
powdery white underneath chalky powder forming in air
Y. 8 Pin Specimens (Zircaloy-3 and -4)
A. Core Pin Specimens
6(Zr-3) 1.9583 1.9224 1.9205 -37.8 5.60 0.409 3.17 4.93 5.72 0.400 3.10 4.82 2.46 2.82 3.79 Light film with coloring from light blue to Thin gray film with metallic luster; all sur-
purplish; band of white film on one end faces roughened
7 (Zr-3) 1.8807 1.7867 1.7863 ~94.4 5.60 1.021 7.9 12.30 5.72 0.999 7.74 12.04 2.46 2.82 3.79 Light film with interference colors ranging Thin gray film with metallic luster; all sur-
from light blue to purple faces roughened
8 (Zr-3) 1.9722 1.9321 1.9307 -41.5 5.60 0.449 3.48 5.41 5.72 0.440 3.41 5.30 2.46 2.82 3.79 Heavy black scale, uniform over all Thin gray film with metallic luster; all sur-
surfaces faces roughened
9 (Zr-4) 2.0319 1.9391 1.9383 -93.6 5.60 1.012 7.84 12.19 5.72 0.9 7.67 11.94 2,46 2.82 3.79 Heavy black scale, uniform over all Thin gray film with metallic luster; all sur-

*Two corrosion rates are presented: one based on the total operation time of 1128 hr and the other based on the total radiation time of 725 hr (3 Mwhr of reactor time equivalent to 1 hr of total radiation time).

surfaces

faces roughened
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Table 21 (continued)

Corrosion Rate* Corrosion Rate*

: Exposed . .

I ht p . \ Distance from Front P D t

Somple 3 F ov'v Weight Data Sample Corros:o’n (Exposed Area) Total Corrosion (Total Area) of First & m r°:' Neutron Flux at °ws°r .en5| Y Appearonce

No Position Velocity Initial _ As Removed Defilmed Change A Penetration (mpy) Area Penetration (mpy) pecum.en ° Specimen Locations at Specimen i
. mils R r of Specimen - - ocations ettime
! {fps) () (a) (g) (mg) re; (mil's)  (cmd (mils) Center of § (neutronsecm~2.sec™") L i As Removed Defitmed
(em®) 1128 hr 725 hr 1128 he 725 he (in.) (w/ml)
B. Line Pin Specimens x 1012

1(Zr-3) 1.8792 1.8836 1.8796 +0.4 5.60 5.72 L.ight gray appearance; flokes of red scale Thin gray fitm with metallic luster; some
scattered over all areas scale retained on eoch end

2 (Zr-3) 1.9443 1.9464 1.9427 ~1.6 5.60 0.017 0.13 0.20 5.72 0.017 0.13 0.20 Light gray oppeorance; flakes of red scole Thin gray film on etched surfaces
scattered over oll areas

3 (Zr-3) 1.9484 1.9578 1.9391 -9.3 5.60 0.101 0.78 1.22 5.72 0.099 0.77 1.19 Light gray oppearance; flokes of red scale Thin gray film on etched surfaces
scattered over all oreas

4 (Zr-4) 1.9293 1.9682 1.9299 -0.6 5.60 0.006 0.05 0.07 5.72 0.006 0.05 0.07 Heavy red scole, floked off in spots; light Thin gray film with a metallic luster; some
gray appearance underneath scale retained on each end

V1. Sapphire Specimens

L Core 2.3505 2.3367 2.3359 -14.6 2.07 0.945 7.32 11.39 4.59 0.426 3.30 5.13 -0.5 6.20 8.33 Dark brawn film over surface with patches  Translucent omber color; no scale retained
of no film; bare places translucent

M Core 2.3267 2.3117 2.3109 ~15.8 2.07 1.021 7.91 12.30 4.59 0.460 3.56 5.54 -0.5 6.20 8.33 Dark brown film over surface with patches Tronslucent amber color; no scole retained
of no film; bare places translucent

VIl. Core Coupon Holder #110 (Zircaloy-2)

Part A 74.2747%* 86.5 95.3 3.0 2.57 3.45

Part B 75.6682 75.4570 75.3650 -303.2 86.5 0.212 1.64 2.55 953 0.192 1.49 2.31 3.0 2.57 3.45 Thin holder was in the most part cleon Thin gray film with o metallic luster; some
with scattered spots of scale scale retained in clamping bond oreas

VIll. In-Line Coupon Holder #111 (Zircoloy-2)

Part A 75.4929** 86.5 95.3

Part B 75.3447 75.6391 74.2626 -1082.1 86.5 0.758 5.87 9.13 953 0.688 5.33 8.29 Heavy black scale, uniform over all Some scattered scale retained; central region

surfaces

bodly etched; ends smooth

*Two corrosion rates ore presented: one based on the total operation time of 1128 hr and the other based on the total radiation time of 725 hr (3 Mwhr of reactor time equivalent to 1 he of total rodiation time).

**Damaged in disassembly.







flow rate of 3 cc/sec through sections of the
pressurizer circuit were measured and compared
with calculated pressure drops for the same
sections. The drop through the entire circuit was
measured first; then additional measurements were
made following the removal of sections of the
tubing from either end of the circuit. The pressure
drop attributable to any section was thus obtained
by difference. These measurements indicated that
most of the flow reduction noted during operation
of the loop was probably caused by an increased
resistance to flow in the ]/4-in. lines leading to
and from the pressurizer and pressurizer heater.
Yisual examination failed to reveal a noticeable
accumulation of foreign material in the tubing
sections removed from the circuit.

Quantitative Inspection of Loop

Sample-weight data, together with other pertinent
information, are presented in Table 21. Two
different values for corrosion penetration were
calculated for each specimen from the weight-
change data. One value is based on the exposed
area of the specimen, and the other is based on the
total area. Two different corrosion-rate values
are listed for each penetration value. One value
was computed with total circulation time as a
basis; the other was computed with radiation time
as a basis. The value for the neutron flux to
which o given core specimen was exposed during
operation and the corresponding fission power
density in solution are also listed in the table.
The flux values are those which correspond to the
specimen position in the core as shown by the
flux vs position plot in Fig. 13. The values for
the pin specimens and core coupon holder were
obtained by averaging logarithmically the flux
values at the ends of each. Table 22 lists the
factors used in computing the amount of specimen
corrosion penetration from weight losses. The
materials represented by the various code numbers
are given in Table 12,

This is the first loop experiment in which
straight-channel coupon holders were used; hence
no effect of velocity gradient on the core and in-
line coupons could be observed. The solution
velocity, which was initially 13.3 fps through the
holders, is assumed to have increased to 17 fps
when the pump speed was increased during the
run, as previously mentioned. The corrosion-rate
values summarized below were calculated from
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Table 22, Corrosion Penetration Factors

Factor
Material Density (mg °f2
(g/cc) material/em“/mil
penetration)

Platinum 21.45 54.48

Crystal-bar zirconium 6.5 16.51

Zircaloy-2 6.5 16.51

Zircaloy-3 6.5 16.51

Zircaloy-4 6.5 16.51

Zr-15% Nb 6.81 17.30

Zr-3% Nb 6.56 16.66

A|203 4.0 10.15

Sapphire 4.0 10.15
Stainless steel

Type 347 8.02 20.37

Type 443 7.60 19.30

Type 446 7.60 19.30

Type 350A 7.79 19.79

Incoloy 8.51 21.61

Titanium 4.54 11.53

weight-loss data, with the exposed areas and
total radiation time (equivalent to 725 hr of LITR
operation at 3 Mw) used as the basis for the
calculations.

Zirconium and Zirconivm Alloys. — The corrosion
results obtained on Zircaloy-2 specimens were in
good agreement with those obtained for Zircaloy-2
specimens in previous loops.'2 Rates observed
varied from 2 mpy at 2 w/ml power density to 4 mpy
at 6 w/ml power density. One of the striking
results is that most of the other zirconium alloys
tested corroded at about the same rate as Zircaloy-
2 in the core region, with the same general power
density dependency. The ZC, ZK, and ZL speci-
mens corroded at roughly 2 to 3 times the Zircaloy-
2 rates under similar conditions. The ZO coupons,
zirconium with aluminum and manganese, corroded
at rates of 59 to 121 mpy in the core region. The
zirconium alloy pin-type specimens, rods | and
Itl, corroded at a rate of about 5 mpy while rods |l
and |V corroded at a rate of 12 mpy. These pin

]2J. E. Baker et al., HRP Radiation Corrosion Studies:
In-Pile Loop L-4-8, ORNL-2042 (Aug. 21, 1956).



specimens were at an average power density of
3.8 w/ml.

The ZT specimens, zirconium with 15% niobium,
exhibited a negligible corrosion rate at 1.9 w/mi
and a low rate of 1.2 mpy at 5.6 w/ml. The latter
rate is less than one-third the rate observed for
Zircaloy-2 at the same power density.

Most of the zirconium alloys in the in-line
positions could not be defilmed completely, and
weight gains were observed after the final defilming.
Some of the exceptions were the ZO, ZC, and
ZU specimens. In-line corrosion rates for the
Z0O specimens ranged from 59 to 82 mpy. Rates
for the ZC coupons ranged from 3 to 5 mpy. The
single ZU coupon corroded at a rate of 17 mpy.
The in-line ZT specimen showed a weight gain of
2 to 3 times that of the Zircaloy-2 in-line speci-
mens.

The Zircaloy-2 weld specimens and the Zircaloy-
2 specimens with added H, did not appear to
corrode at rates higher than those observed for
Zircaloy-2.

All the zirconium alloy corrosion data from the
core are shown in Fig. 18, where the logarithms of
the corrosion rates of the specimens are plotted
against the power density. The data in the shaded
section are considered to be in good agreement
with Zircaloy-2 data. The Zircaloy-2 corrosion
data and other corrosion data in this shaded area
are plotted against the power density in Fig. 19.

Titanium Alloys. —~ The average corrosion rates
of titanium coupons inthe core and in-line positions
were 0.6 and 0.7 mpy, respectively., The corrosion
rate of the holder coupons at a velocity of 13.3 fps
was about 1 mpy as compared with an average of
0.4 mpy exhibited by the core rod coupons at a
low velocity, Two of six Ti-75A in-line rod
specimens exhibited corrosion rates of over 1 mpy
as compared with a maximum rate of 0.4 mpy for a
core rod coupon of this material.

Corrosion-rate values for the titanium alloy
specimens in the core are plotted against the power
density in Fig. 20.
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Stainless Steel. — In Fig. 21, the corrosion
rates of the stainless steel specimens in the core
are plotted against the power density.

Only two stainless steel specimens were located
in the core holder: one of type 347, the other of
type 443. Both specimens were exposed at a
power density of about 1.3 w/ml and at a solution
velocity of 13 fps. The corrosion rate determined
for each specimen was 2.2 mpy. This rate is
approximately 1.3 times the rate observed for type
347 stainless steel under similar conditions in
experiment L-4-8.

Core rod coupons of types 347, 350A, 443, and
446 stainless steel were exposed at power densities
below 4 w/ml. The observed corrosion rate in
each case is less than 1 mpy. One specimen of
type 350A and one of type 446 stainless steel
were exposed at higher power densities, about

5.5 w/ml. The observed rate for the type 350A is
2.2 mpy; that for the type 446 is 15.8 mpy.

The corrosion rate of the type 443 stainless steel
coupon, which was located in the in-line holder,
was about the same as that for the coupon in the
core holder. However, the type 347 stainless
steel coupon in the in-line holder had a corrosion
rate of only 0.2 mpy.

The corrosion rates of the in-line rod coupons
were inappreciable.

Incoloy. — The core coupon array contained one
Incoloy specimen in the low flux region of the
holder. The core rod coupon assembly contained
three Incoloy specimens. With the exception of
the core rod Incoloy specimen in the high flux
region (4.2 w/ml), which had a high corrosion
rate of 5.4 mpy, the corrosion rates were in general
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Table 23.

Summary of Results from Metallographic Examination of Coupons

Calculated

Coupon Exposure Penetration Surface Conditions
No. Position .
(mils)

ZT CR* 1(A) 0.1 Smooth, even; no evidence of corrosion attack

ZR CR 1X(E) 0.0 Smooth, even; no evidence of corrosion attack

ZT ILR** 1(M) Wt gain Smooth, even; no evidence of corrosion attack

yAY) CR 1(H) 0.4 Slight surface roughening; approximately ]/2 mil
penetration

ZU ILR 8(M) 1.4 Slight surface roughening; approximately ]/2 mil
penetration; ends heavily attacked

ZD-8 CR 5(G) 0.3 Smooth, undulating surface; no lacalized attack

ZE-6 CR 2(H) 0.3 Smooth, undulating surface; no localized attack

ZK-12 CR 3(E) 0.7 Smooth, undulating surface; no localized attack

Z0-11 CR 4(A) 5.7 Very rough, uneven surface; heavy surface film
or scale

20-13 ILR 6(K) 6.8 Very rough, uneven surface; heavy surface film
or scale

IN-12 CR 4(F) 0.4 Slight surface roughening, approximately ]/2 mil
deep

IN-14 ILR 8(J) 0.01 Smooth, undulating surface; no localized attack

TB-1481A CR 5(B) 0.04 Smooth, even surface; no evidence of corrosion
attack

TB-1478A ILR 9(J) 0.01 Smooth surface; slightly undulating surface

TB-1475A | ILR 9(K) 0.13 Smooth, even surface; no evidence of corrosion

attack

*CR 1(A): core rod A, position 1
**ILR 1(M):

in-line rod M, position 1

the oxygen was consumed in the oxidation of other
metals. |f the oxygen consumed in the oxidation
of metals other than steel (primarily zirconium
alloys) is considered, the over-all rate for steel
is about 18% lower. The average steel corrosion
penetration based on corrected oxygen data would
be 0.28 mil, which would indicate an over-all
rate of 2.2 mpy.

Correlation Between Excess Acid

and Over-All Rate

The initial excess acid was over 0.04 m; how-
ever, as shown in Fig. 12, the nickel and man-
ganese produced in the corrosion of the steel re-
duced the excess acid to less than 0,03 m in less

44

than 200 hr. The corrosion rate during irradiation
after this time appears to be considerably less
than that when the acid was higher. A similar
effect was noted in experiments FF (ref 18),
GG (ref 19), and L-4-8 (ref 20). Operating con-
ditions of these experiments are listed in Table

20,

18G. H. Jenks et al., HRP Quar. Prog. Rep. April 30,
1955, ORNL-1895, p 99-118.

196. H. Jenks et al.,, HRP Quar. Prog. Rep. July 31,
1955, ORNL-1943, p 109=125 (classified).

20J. E. Baoker et al., HRP Radiation Corrosion Studies:
In-Pile Loop L-4-8, ORNL-2042 (Aug. 21, 1956).




Quantitative Weight Data

Only one of the many zirconium alloys tested
exhibited corrosion rates appreciably lower than
Zircaloy-2. That alloy, zirconium with 15%
niobium, corroded at a rate less than one-third the
rate observed for Zircaloy-2 at the same power
density.

The corrosion rates of most of the zirconium
alloys and crystal-bar zirconium were in agreement
with  Zircaloy-2 data; however, a few alloys
corroded at considerably higher rates. For in-
stance, the ZO coupons, zirconium with aluminum
and manganese, corroded at rates over 20 times
those observed for Zircaloy-2 at the same power
density. The in<line rate on these specimens
was also very high, over 50 mpy.

In a previous discussion of Zircaloy-2 in-pile
corrosion data2! the relationship between corrosion
rate and power density over the range studied was
shown to be expressed by equations of the general
form:

(CR) = A(PD) (1 = ¢=B/CR'™S)

where
CR = corrosion rate in mpy,
PD = power density in w/ml,
A = constant depending on solution composition
and temperature,

B = constant depending on temperature.

Values for the constants A and B were previously
established as 1.25 and 8.3, respectively, from
in-pile autoclave and loop experiments conducted
at 250°C and utilizing 0,17 m UO,50, solutions.
These data plus more recent autoclave data were
re-evaluated, and the resulting constants A and B

21G. H. Jenks et al., HRP Quar. Prog. Rep. Oct. 31,
1956, ORNL-2222, p 100, esp 111.

are 1,25 and 6.5, respectively. The corrosion data
on Zircaloy-2 in this experiment are expressed
reasonably well by the above equations using the
latter constants.

The corrosion rates observed on titanium alloy
specimens were in the range of those observed on
such alloys in out-of-pile experiments. There
was little difference between the average core and
in<line rates. The experiment contained no ti-
tanium 55AX; however, the rates on the in-line
titanium specimens (types 75A, 110AT, and
130AM) were higher than those observed on ti-
tanium 55AX in previous experiments.1?

Solution Stability

No evidence of solution instability was noted
during this experiment. The corrected uranium
and copper concentrations remained near their
initial values throughout the run. The indication
by analytical results that more uranium was re-
covered in the weigh tank than was originally
charged to the loop is additional evidence that the
uranium was in solution when the loop was drained.

Metallographic Results

The metallographic results are summarized in
Table 23. In general, these observations con-
firm the macro surface examination findings and
show further that the type of attack was not highly
localized on any of the materials examined. For
example, it is felt that the undulations in Fig. 24
of titanium coupon TB-1478A are the remains of
the original machine marks. There were three
bands of highly twinned structure on TB-1475A, as
shown in Fig. 25. The worked condition of this
sample may account for the relatively high pene-
tration as calculated from weight-loss measure-
ments, but there is no indication of surface de-
pression in the region of twinning. |t appears, to
date, that differences in the success of the de-
filming operation in removing the thin adherent
titanium oxide account for the variations between
samples from a given loop.
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